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JOURNAL OF CHROMATOGRAPHY I

CHROM. 4318
A SIMPLE MOLECULA < WOEYT, CF ADSORPTION CHROMATOGRAPHY

IIT. SOLVENT COMPOSIT ON E~f ECTS IN THIN-LAYER
CHROMATOGRAPHY OF ACIDIC SOLUTES 1IN SYSTEMS OF THE TYPE:
ELECTRON DONOR SOLVENT-POLYAMIDE

E. SOCZEWINSKI, W. GOLKIEWICZ anp H. SZUMIEO
Department of Inovganic and Analytical Chemistry, Medical Academy, Lublin ( Poland)

(First received April gth, 1969; revised manuscript received July 23rd, 1969)

“JMMARY

An equation is discussed relating the Ry value of a nroton donor solute with the
composition of a binary developing solvent system of the type electron donor solvent -+
neutral diluting solvent. The equation was derived assuming that adsorption of the
solute by polyamide is mainly governed by competitive H-bonding between the solute
(proton donor) and the solvent and the polyamide (electron donors), the formation of
solvation and adsorption complexes being described by the law of mass action.
Experimental results for some solvent systems were found to be in agreement with
theoretical predictions.

INTRODUCTION

In the preceding papers of this series’2, the adsorption of the solute was con-
sidered as the reversible formation of molecular complexes between the solute, the
solvent and the surface groups of the adsorbent, the law of mass action being applied
to the H-bonding equilibria.

These considerations were applied to adsorption by silica; the surface silanol
groups were considered as one of the components of a non-aqueous solution whose
composition was expressed in mole fractions; the fundamental assumption was that
the strongest non-solvated functional group of the solute is adsorbed by a non-solvated
silanol group (neglecting non-specific solvation due to dispersion forces as much weaker
than H-bonding). In other words, it was assumed that the probability of adsorption
of a solute molecule by a silanol group, which is at the time H-bonded by a solvent
molecule, is greatly diminished in comparison to adsorption by a free silanol group;
the adsorption affinity is thus dependent on the fraction of time which an average
silanol group spends in the free (not H-bonded) form. Applying the law of mass action
to the competitive H-bonding equilibria and assuming certain simplifications, an
equation was derived which postulated a linear relationship between the Rj; value
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2 E. SOCZEWINSKI; W. GOLKIEWICZ, H. SZUMIEO

and logarithm of the mole fraction of the active solvent in the binary developing
solvent! and a linear relationship between the Ej; values of related organic bases
(adsorbed by single point adsorption) and their pK . valiies in aqueous solutions?.

Silica belongs to a group of adsorbentz w:ith predominately proton donor
properties®-3; it, therefore, seemed of interest *o irnvest.gate whether the law of mass
action could also be applied to adsorbents v~t: <. ficrent properties, first of all to
polyamide which is an adsorbent commonly u3¢:l 'n TLC, particularly in the chromato-
graphy of proton donor solutes, such as pher 7!z, amino acids etc.5.

Polyamide has a structure of linear m:olecules in which the -CO-NH- groups
are separated by alkyl chains; the molecules are held together by a three-dimensional
network of =NH - - -OC= hydrogen bonds®. In adsorption of proton donor molecules,
the carbonyl groups play the role of active sites as a result of their increased basicity
due to a mesomeric effect (cf. ref. 7, for formamide); however, the =NH groups can
also contribute to adsorption properties, although in a minor degree, according to
some reports in the literature®. Nitrocompounds and some other types of compounds
can be also strongly adsorbed by interaction with free amino groups®?®. Certain strong
solvents with small molecules (CHCl,, CH,Cl,, CH,CI-CH,Cl) can loosen the structure
of polyamide forming a gel which can dissolve the molecules of the solute®; other
solvents, e.g., formic acid, can dissolve the polyamide completely.

From a theoretical viewpoint we shall consider the adsorption of a proton donor
solute (class A or AB in the classification proposed by PIMENTEL AND McCLELLAN?)
from a mixed solvent of the N 4+ B type (i.e., diluting solvent, e.g., cyclohexane,
mixed with an electron donor solvent, e.g., cyclohexanone). It is assumed that the
adsorption of the solute is caused by H-bonding with the polyamide carbonyl groups
and that the variation of the solvent composition does not entail changes in the
polyamide structure. Under these conditions the scheme of molecular interactions
involved can be represented by the diagram in Fig. ra (solid lines represent H-bonding,
dashed lines—dipole-dipole interactions, dotted lines—dispersion forces). Thus, as
opposed to the adsorption by silica where the decisive process is competition of solute
and solvent for active sites of the adsorbent surface (Fig. 1b), in the case of adsorption
on polyamide the governing process is competition of the solvent and active sites for
the solute (cf. BARK AND GRaHAM!!). Solvation of the less strongly adsorbing part of
the solute molecule is similar in the adsorbed and non-adsorbed state and thus is

(@) 7z Z:-
() Zooezomom—5-—— s
A

Fig. 1. Diagrammatic representation of interactions involved in adsorption from an electron
donor solvent S diluted by an inert solvent N by polyamide (a, proton donor solute) and silica
(b, electron donor solute).
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MOLECULAR MODEL OF ADSORPTION CHROM: TOGRAPHY. III. 3

largely cancelled (ref. 3 p. 16(), associat ~r of the solvent S is relatively weak (dipole—
dipole interactions) and so is the assci.ion of the solute in view of its low concen-
tration and the presence of the electren df)nor solvent in the solution.

Since in the model considered the solvents are only weakly adsorbed relative to
the solute, the Z-S interactions acquire the decisive role, that is to say, the solvation
of solute molecules (or rather their active groups); since the same interactions also
determine the solubility of the solute.in the solvent, the adsorption of the solute can,
in these cases, be expected to corre;at:)xwth its solubility, contrary to the solvent—
adsorbent systems in which solvent— soite interactions are of minor importance (see
ref. 3, p. 230). In particular, parallelism of adsorption and solubility in a series of binary
solvent mixtures could be anticipated (compare ref. 12 for partition and solubility).

As in the preceding paperst:? we will assume the components of the non-aqueous
system to be the surface carbonyl groups of the polyamide (A); the developing solvent
(N -+ S); the solute (Z); the complexes AZ (solute molecules immobilized at a given
moment by H-bonding with the polyamide); and the (mobile) solvation complexes
ZS and ZS, (the latter occur in the case of bifunctional solutes, e.g., dihydroxy com-
pounds). Thus, the composition can be expressed in mole fractions as:

Xa+ Xs+ Xn + Xz + Xaz + Xgs + Xz, =T
As before, we can reasonably assume that

Xs+ Xn > Xa>» Xpz 4+ Xzs + Xzs,

Applying the law of mass action, we have

A+Z=AZ Kaz = Xaz/XaXy
the adsorption coefficient of solute Z then being

RO = Xpz/Xz = KazXa (1)
Assuming that the two proton donor groups of the solute are equivalent, we have

Z +S=15 Kzs = X5/ X2 X5

ZS + S = 1S, Kzs, = Xuzs,/X2sXs

KzsKzs, = Xzs,/XzXs?

The overall distribution coefficient, 7.¢., the ratio of concentrations of the solute
in the stationary phase (AZ) and in the mobile phase (Z, ZS and ZS,) is

k= Xaz/(Xz + Xgs + Xuzs,) = Xaz/Xz(1 + KzsXs + KzsKzs,Xs?)
k= ko/(1 + KzsXs -+ KzsKys, Xs%) (2)

Ry — log k = log k° — log(1 + KzsXs + KzsKzs,Xs%) (3)

The terms in the parentheses belong to MicHAELIS’ pH-functions for a biprotic
electrolyte, and the last equation is analogous to the theoretical Ry vs. pH relationship
so that the analysis of the function given in an earlier paper (cf. ref. 13 p. 36, 37,eqn. 56)
can be applied, assuming that 20, Kzg and Kzs are constants. Under certain conditions,
linear Ry vs. log Xg relationships are obtained, depending on the relative numerical
values of the three terms in the parentheses:

J. Chromatog., 45 (1969) 1-13



4 E: $QGZEWINSKI, W. GOLKIEWICZ, H. SZUMIZO

T3> KysXs + KzsKzs, Xs® X7> Xas + Xus, slope = o

KzsXs:> 1 + KyzsKzs, Xs? Xzs > Xz + Xzs, slope = 17

(under thése conditions the solute still behaves as a ménohydroxy compound)
KZSKZSZXSZ > 1 4 KgsXs AXZS2 > Xz + Xy slope =2

When double sclvates cannot be formed (Kzs, = o), eQn. 3 simplifies to an
equation analogous to the Ry vs. pH relationship of a monoprotic electrolyte:

Ry = log k0 — iog(1 + KzsX5s) (4)
the Rys vs. X; line thexn having only two asymptotes: ﬁ?stly for Low X values

1> KzsXs;  Xz>» Xgs, slope=o
and secondly at higher concentrations of S:

KzsXs > 1, Xzs > Xz,  slope=r1

Theoretical Ry vs. X curves are illustrated in Fig. 2 for a monofunctional
electrolyte Z’' and a bifunctional electrolyte Z"’. The Ry axis is directed downwards
so that Ry and Rg both increase.

The above simplified model permits the effect of the molecular structure of the
solute, solvent and adsorbent to be expressed as simple physico-chemical parameters,
such as the mole fraction of the electron donor solvent, the adsorption coefficient k°
of the non-solvated (not H-bonded) solute, solvation constants etc.

Scale unit
)
-logkzs Y Ao
logXg —» : o
|
Z ceid tlog k'
2
NS
4/ ~log Kzs,
z’ +log k°*
~log K- R, R,
OgAzs M M

Fig. 2. Idealized Ry vs. log Xs relationships for a monohydroxyl solute Z° and a dihydroxyl
solute Z’. From TLC data only fragments of the relationships can be obtained (Rps values in the
range —1I, -+1I).

Fig. 3. Idealized Ry vs. log Xs relationshilps of a bifunctional solute adsorbed from three series
of binary solvents: N 4 S (1), N + &’ (2) and N’ 4+ S (3).

Because the intersection points of the asymptotes are determined by the for-
mation constants of solvation complexes, (Fig. 2}, a simple interpretation of the effect
of the solvent S is possible: its increased basicity should increase the solvation con-
stants Kzg and KZS2 thus shifting the curve to the left so that the — Ry value of the
solute incréases at lower concentrations of the active solvent. (Fig. 3, compare curves 1
and 2). Substitution of the diluting solvent influences the position and shape of the

* Absolute values of slopes are given.
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MOLECULAR MODEL OF ADSORP¥ION CHROWMATOGRAPHY. III. 5

curve through the values of &0, Ky and Kgs . (Fig. 3, compare curves 1 and 3).

However, the simplifying asswm. >tions introduced in the theoretical cohsider-
ations may cause deviations from anticipated behaviour in real adsorptior systems.
Among the possible causes of deformation of the theoretical refationship the following
should be mentioned: '

(1) Formation of composition gradients (demixion) and variation of the ratio
of solvent to adsorbent weight dlong the chiromatogram.

(2) Variation of 20 = K 47X s with the composition of the solvent due to:

(a) Changes of the activity coefficients,

(b} Variation of X, ca ised by changes in the structure of the adsorbent (e.g.,
swelling) and by vaiiations .f the molar ratio of the solvent'and surfdce adsorbent
groups for a series of inixed solvents (see below).

(3) Not only K az but.also Kzs and Kzs, may vary with the composition of the
solvent.

(4) The =NH groups can also contribute to adsorption, e.g., by H-bonding
with the solvent molecules, thus decreasing their concentration in the solution; how-
ever, most authors report only a minor contribution due to imido groups (e.g., ref. 8).
In addition, some effect due to desorption of the solvent molecules from the polyamide
carbonyl groups can be expected; the effect will differ for the diluting solvent N and
the electron donor solvent S, since the former interacts by dispersion forces and the
second by dipole-dipole interactions (Fig. 1a) and although these two types of inter-
actions are much weaker than H-bonding, the adsorption of the solute Z is, never-
theless, probably weakened at higher Xg values in view of the competition of the
solvent S for active sites on the adsorbent surface. Consequently, increase of X may
cause increased desorption of the solute not only by stronger solvation of its proton
donor groups (formation of ZS and ZS, complexes) but also by increased competition
of the solvent for the active sites. The latter effect results in £9, the adsorption coeffi-
cient of non-solvated molecules of the solute, possibly being a decreasing function
of Xs.

Since the problem of solvent composition effects has been considered from the
viewpoint of its application to the theory of thin-layer chromatography, the practical
applicability of the theoretical relationships was tested using the TLC technique,
although more precise and reliable results could be obtained from column chromato-
graphy experiments where at least the evaporation of the solvent and gradient effects
can be eliminateds.

Solvent composition effects have great theoretical and practical significance
since most developing liquids employed in liquid chromatography are mixed solvents.
Before discussion of our experimental results, it is worthwhile discussing this briefly
and comparing other approaches to this problem.

SnYDER? derived the following fundamental equation by applying the law of
mass action to the displacement of solvent by solute from the adsorbent surface and
assuming two-phase partition:

Ry = log (V W[V0) 4 a(S° — Ase) (5)
where:

a = volume of adsorption layer, proportional to the specific surface area of
the adsorbent

J. Chvomatog., 45 (1969) 1—-13



6 E. SGCZEWINSKI, W. GOLKIEWICZ, H. SZUMILO

W = .weight of adsorbent

Vo = volume of solvent

a == adsorbent surface activity function

S0 -= gdsorption energy of solute on adsorbent of unit activity (¢ = 1.00) from
‘pentane solutions (e° = o)

Ag = area occupied by absorbed solute molecules (in 8.5 A2 units)

g% = solvent strength parameter.

In systems of the type silica—electron donor solvent, anomalously large values
of As are obtained so-that the parameter loses its simple physical sense (ref. 3, p. 202).
In the case of binary developing solvents composed of an inert diluting liquid
and a strong solvent B(e) >> ¢;), and moderately large mole fractions of B, the solvent
strength of the mixed solvent is given by the approximate equation (ref. 3, eqn. 8—10a):

log X
60 = 6§ + o0

(6)
anp

where Xy denotes mole fraction of the strong solvent and #y the area occupied by a

single solvent molecule (in 8.5 A2 units equal to 1/6 of the area of benzene molecule).

Combining the last two equations, we have

' A
Ry = log (VaW|V9) 4 aS° — adsed — 22 log Xy (7)
(43

Assuming that the molecules of the solvent and solute displace each other in a
I:Iratio, the Ry value should be linearly dependent on log Xy, the slope being 1. The
remaining terms express various parameters determining the absolute value of Ry,
1.e., adsorption affinity of the solute (S°) and solvent (£7) etc. However, the last equations
mainly refer to situations where the governing process is the competition between the
solute and solvent for the adsorbent surface.

OscIK et al.1415 applied the thermodynamic theory of conformal solutions to
the analysis of solvent composition effects deriving the following equation for the
adsorption of solutes from binary solvents: '

Ry = wiRuy,, + usRr,, + (45 — uy)(log &, + Rm,, — Rum,)) + Y (8)

(2)

where the subscript 1 denotes the active solvent (S) and z—the diluting solvent (N),
u denotes volume fraction of the solvent, #—volume fraction of the solvent in the
surface layer and k7, is the hypothetical partition coefficient of the solute between
solvents I and 2 (at a first approximation equal to the ratio of the partition coefficients
of the solute in two partition systems: 1/water and 2/water, provided that solvents
I and 2 are immiscible with water). Y is a function of «,; however, for conformal
solutions its maximum value does not exceed 0.075 Ry units and thus its omission
does not introduce any significant error in most cases. The effects determining ad-
sorption are expressed here by different parameters, thus, the adsorption affinity of
the solute from pure component solvents is expressed by the values of Ry, and Ry ,;
differences in solvation of the solute by the two solvents are reflected by the value of
E,; and the difference #3 — u, reflects the effect of the shape of the adsorption iso-
therm of the solvent S from solutions in the diluting solvent N. For dilute solutions
of the active solvent (i.e., 1, — 0) it may be assumed that «$ >»> #, and since the initial

J. Chyomatog., 45 (1969) 1-13



MOLECULAR MODEL OF ADSORPTION CHRUMATOGRAPHY. IIL. 7

part of the adsorption isotherm is usually linear (13 = const -u,), it follows that
Ry = ulRMm -+ u2RM(2) -+ const -uy (9)

that is to say, Ry is then a linear function of u,. For higher concentratiér.s »t the strong
solvent the Ry vs. 1, relationships were found to be parabolic in shape!® and tend to
straighten in Ry vs. log u, plots (cf. ref. 16).

EXPERIMENTAL

The phenols and their derivatives were chromatographed on thin layers of
polyamide (polyamid-pulver, Merck AG, Darmstadt, G.F.R.). The polyamide was
mixed with 45 ml of a 3:2 mixture of CH;OH and CHCl; and spread over 18X 19 cm
glass plates in layers ca. 0.1 mm thick, excess solvent was evaporated and the plates
heated for 15 min at 80°!L. After spotting the samples, the plates were conditioned for
1.5 h in the tanks and developed with binary mixed solvents; the spots were detected

TABLE I

SLOPES OF R vS. LOG X g LINES FOR VARIOUS ELECTRON-DONOR SOLVENTS (S) DILUTED WITH
CYCLOHEXANE

Solute Electvon-donor solvent

Acctone  Methyl — Dioxane Cyclo- Tetra- Diethyl

ethyl hexanone hydyvo- ketone
ketone furan
Phenol P 2.0 1.6 1.3 1.0 1.0 0.9
o0-Cresol 2MP 2.0 1.6 1.4 1.0 0.8 —
m-Cresol 3MP 2.0 1.6 .4 1.0 0.8 —
p-Cresol 4MP 2.0 1.6 1.7 1.0 0.9 —
-2,3-Xylenol 23MP 2.0 1.6 1.2 1.0 0.8 0.8
2,4-Xylenol 24MP 2.0 1.6 1.2 1.0 0.8 0.8
2,5-Xylenol 25MP 2.0 1.6 1.2 1.0 0.8 0.9
2,6-Xylenol 26MP — — — — 0.8 —
3,4-Xylenol 34MP 2.0 1.6 1.2 1.0 0.8 0.9
3,5-Xylenol 35MP 2.0 1.6 1.2 1.0 0.8 0.9
Pyrocatechol i2HB 3.1 2.0 — 1.8 - 1.3
Resorcinol 13HB 3.8 2.0 — 2.0 - —
Hydroquinone 14HB 3.8 2.0 — — — 1.4
Phloroglucinol 135HB 5.4 — — 2.7 — —
Pyrogallol 123HB  — — — — 2.6 —
p-Methoxyphenol 13MOP 2.0 1.4 — 0.9 — —
Orcinol OR — 2.2 2.0 1.5 2.5 —
(3,5-dihydroxytoluene)
o-Nitrophenol 2NP 1.8 — — -— 1.0 —
p-Nitrophenol 4NP 2.1 2.0 2.0 1.0 0.8 —
m-Aminophenol 3AP 2.7 — — 1.4 — —
p-Aminophenol 4AP 3.0 — — 1.6 — —
o-Chlorophenol 2CP — 1.3 0.9 0.7 2.4 —
p-Chlorophenol 4CP — 1.5 0.9 0.7 2.4 —
1-Naphthol THN 1.9 1.4 0.9 0.7 2.4 —
2-Naphthol 2HN 1.9 1.4 0.9 0.7 2.4 —
1,6-Hydroxynaph-
thalene 16HN 3.9 2.1 2.0 2.0 4.0 —
2,7-Hydroxynaph-
thalene 27HN 3.9 2.1 2.0 2.0 4.0 —
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TABLE II

E. SCCZEWIRSKI, W. GOLKIEWICZ, H. SZUMILO

Rp X I00 VALUES FOR VARIOUS MOLE FRACTIONS OF THE ACTIVE SbLVENT

Solute Mole fractions of acetone Mole fractions of methyl  Mole fractions of
ethyl ketone diethyl ketone
0.2 0.35 0.5 0.65 0.8 0.1 0.2 0.4 0.6 08 0.2 0.4 06 08
Phenol P 13 30 51 62 70 9 23 48 62 — 28 41 50 356
0-Cresol 2MP 19 38 57 68 76 1T 25 52 65 — 31 42 49 58
m-Cresol 3MP 18 37 54 65 74 12 28 53 67 — 3T 43 49 58
p-Cresol 4MP 12 29 49 61 70 8 21 47 61 — 30 41 48 57
2,3-Xylenol 23MP 21 43 61 70 8o 14 32 55 71 — 37 48 57 64
2,4-Xylenol 24MP 21 43 61 70 8o 14 32 55 71 — 37 48 57 64
2,5-Xylenol 25MP 21 43 61 70 8o 14 32 55 71 -— 37 48 57 64
3,4-Xylenol 34MP 25 47 67 77 — 15 30 54 70 75 38 54 60 65
3.5-Xylenol 35MP 25 47 67 77  — 15 30 534 70 75 38 54 60 65
Pyrocatechol 12HB — 13 31 53 68 — 5 18 33 46 8 17 23 33
Resorcinol 13HB — 8 25 45 63 — 5 15 29 43 —_ = = —
Hydroquinone 14HB — 10 33 56 — — 5 I7 31 43 7 15 24 35
Phloroglucinol 135 HB — — 10 30 52 —_ = = = — — 3 7 14
Pyrogallol 123HB — — — — —_ = = = — —_ = = —
p-Methoxyphenol 13MOP 14 33 53 66 — — 20 48 60 71 _— = = —
Orcinol
(3,5-dihydroxytoluene) OR _ = — = — — 5 15 31 47 —_ = — —
o-Nitrophenol 2NP 30 53 67 79 — _ = = = — _— = = —
p-Nitrophenol 4NP 7 16 30 45 — — 6 21 38 49 —_ = - —
m-Aminophenol 3AP 5 16 37 57 — _— = = — — —_ = - —
$-Aminophenol 4AP _ - = — — _ = - —
o-Chlorophenol 2CP _— = — - 14 20 38 50 59 —_ — = —
p-Chlorophenol 4CP —_ = = = — 12 15 33 49 58 —_ = = —
1-Naphthol 1HN I5 33 49 61 70 12 20 39 56 66 —_ = - —
2-Naphthol 2HN 13 28 44 56 65 9 18 35 53 63 —_ = - —
1,6-Hydroxynaph-
thalene 16HN — 6 16 38 58 — — 10 22 33 —_ = = —
2,7-Hydroxynaph-
thalene 27HN — 8 21 42 62 — — 12 25 38 —_ = = —

by coupling with bis-diazotized benzidine. The experimental results are presented in
Figs. 4-9 as Rys vs. log X5 plots and are averages from three chromatograms.

RESULTS AND DISCUSSION

The solutes are denoted by symbols (P = phenol, N = naphthalene, M =
methyl, H = hydroxyl etc.; where 1,6 HN = 1,6-dihydroxynaphthalene, see Table I).
The Ry value is defined according to BATE-SMITH AND WESTALL. The experimental
results are presented in Tables II, I1I and in Figs. 4-9.

The results obtained for the system cyclohexane + acetone are plotted in Fig. 4.
Although linear Ry vs. log X's relationships are observed, the slopes of the lines are not
in agreement with theoretical predictions: Thus, for monohydroxyl compounds
possessing additional weakly adsorbing groups (—-CHj,, -OCH,, ~NH,, —NO,) the slopes
exceed the expected values by 100%, (#n = 2, ¢f. Table I). Also in the case of dihydroxy
compounds the slopes are higher than expected (# = 4 instead of 2), except for pyro-
catechol where # = 3, 7.¢., exceeds the expected value by 50%,.

For systems of the type cyclohexane-methyl ethyl ketone (Fig. 5) the slopes

J. Chromatog., 45 (1969) 1-13
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TABLE III

Rp X 100 VALUES FOR VARIOUS MOLE FRACT.ONS OF THE ACTIVE SOLVENT

Solute Mole fractions of Molz fractions of Mole fractions of tetrahydvofuran
dioxane cyclohexanone

0.1 0.2 0.4 06 038 0.2 0.4 06 08 0.1 0.2 0.3 0.4 0.45 0.6 0.7 0.8

Phenol P 13 27 47 63 — 35 50 60 65 16 27 38 — 42 58 63 78
o-Cresol 2MP 10 26 47 66 — 38 54 62 68 22 32 41 — 44 63 68 83
m-Cresol 3MP 12 26 49 63 — 35 30 60 65 19 26 37 — 43 62 66 82
p-Cresol 4MP 10 24 50 66 — 33 48 56 62 18 24 36 — 42 59 63 78
2,3-Xylenol 23MP 18 35 56 68 — 41 59 67 75 25 34 43 — 52 65 68 85
2,4-Xylenol 24MP 18 35 56 68 — 41 59 67 75 25 34 43 — 52 65 68 8j5
2,5-Xylenol 25MP 18 35 56 68 — 41 59 67 75 23 31 42 — 51 62 66 84
2,6-Xylenol 26MP @ — — — — — —_— = — 42 52 60 — 65 8o 8o 8o
3,4-Xylenol 34MP 23 43 63 72 — 39 55 03 70 23 33 44 — 48 60 68 84
3,5-Xylenol 35MP 23 43 63 72 — 39 55 63 70 23 33 44 — 48 60 68 84
Pyrocatechol izHB — — — — — 8 23 40 51 — 8 — 21 — 59 — 8o
Resorcinol i3HB — — — — — 6 19 35 350 2 — 8 — 42 — 72
Hydroquinone 4HB @ — — — — — _ = = — — 7 — 16 — 50 — 77
Phloroglucinol i3sHB — — — — — 2 8 20 35 —_— — — 4 20 — 60
Pyrogallol 234B — — — — — —_ = — — — — 5 — IT 25 32 37
p-Methoxyphenol 13MOP 35 50 60 63 — 40 55 62 68 — 5 — 12 29 — 51
Orcinol
(3,5-dihydroxy-

toluene) OR — 3 I5 30 43 9 20 33 42 — 5 8 — 13 30 38 48
o-Nitrophenol 2NP _ = = = — _ — - — — 56 71 — 76 -— 83
p-Nitrophenol 4NP — 2 12 23 36 I4 25 35 40 5 8 11 — 18 35 38 42
m-Aminophenol 3AP —_ = = = — 24 46 61 68 — 5 19 — 39 — 65
p-Aminophenol  4AP —_ = = — — 25 53 68 75 _ - = = = = = —
o-Chlorophenol 2CP 19 31 46 55 62 39 50 58 62 — 20 — 51 — 77 — 86
p-Chlorophenol  4CP 18 29 45 54 60 2 55 62 67 — 21 — 33 — 78 — 87
1-Naphthol 1HN 19 31 46 55 62 43 55 62 67 1o 25 — 36 — 8o — 87
2-Naphthol 2HN 18 28 45 54 60 42 51 60 64 8§ 18 — 350 78 — 87
1,6-Hydroxy-

naphthalene 16HN — — 13 23 36 4 12 26 40 - — — 8 — 31 — 57
2,7-Hydroxy-

naphthalene 27HN  — 6 20 31 46 5 17 33 48 — 3 — 11 — 35 — 61

are lower but still deviate from the expected values. Better results were obtained with
diethyl ketone (Fig. 6), and especially with cyclohexanone (Fig. 7} when the mono-
phenols with additional -CH, or —OCHj groups have unit slopes; for dihydroxy-
benzenes the slope is 2 and for the trihydroxy-benzenes 2.7 which approaches the
expected value of 3.0. Good agreement with theoretical predictions was obtained with
dioxane for dihydroxy-benzenes and some monohydroxy-phenols (Fig. 8). The data
are incomplete because some of the dihydroxy compounds gave low Ry values so that
their Ry vs. log Xg relationships could not be determined.

In the case of pyrocatechol (1,2-dihydroxy-benzene) the slope was lower than
for the remaining dihydroxy compounds, presumably due to an ortho-effect. ENDRES!
has reported that in an aqueous system pyrocatechol behaves like a monophenol and
explained this by the formation of an internal H-bond. In our experiments (non-
aqueous systems) pyrocatechol gave slopes intermediate between those of mono-
hydroxy- and dihydroxy-compounds.

For cyclohexane + tetrahydrofuran mixtures linear relationships of unit
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Fig. 4. Experimental Ry vs. log Xg relationships for developing solvents composed of cyclo-
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Fig. 5. Experimental Ry vs. log X5 relationships for developing solvents composed of cyclo-
hexane and methyl ethyl ketone.
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Fig. 7. Experimental R;; vs. log X relationships for developing solvents composed of cyciohexane

and cyclohexanone.
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Fig. 9. Experimental Ry vs. log X5 relationships for developing solvents composed of cyclohexane
and tetrahydrofuran.

slopes are observed up to Xg = 0.5, the slope increasing to 2.0 in the range of higher
concentrations of tetrahydrofuran (Fig. 9). The dihydroxy-benzenes migrated only
at higher concentrations of tetrahydrofuran, the slope being twice that of the expected
value as in the acetone systems.

In view of complicating effects it was difficult to demonstrate a clear correlation
between the basicity of the solvent and its elution power. Apparently the solvation

power increases from acetone (pKa = —7.2) through methyl ethyl ketone (pK\ =
—7.2), to dioxane (pKa = —3.22) and tetrahydrofuran (pKs = —2.08). The
strongest solvation effects were observed in the case of cyclohexanone (pKs = —6.8)

presumably due to the good accessibility of the carbonyl group. Steric factors can also
play an important role in other solvents, and in the case of dioxane the fact that two
ether oxygens are present in a single molecule should be taken into account. Moreover,
even with solvents where the steric situation of the active group is similar (e.g., a
homologous series of ketones), the chromatographic data are not strictly comparable
when the molecular level properties are considered, unless the molar volumes of the
solvents are taken into account? Even if it is assumed that the volume of the solvent
per 1 g of the adsorbent (Vgoiv/Waas) is constant for various solvents, the difference
in the molar volumes of two solvents results in the molar ratio of the active groups of
the solvent and of the adsorbent not being identical; for a solvent with a lower molar
volume its active groups are in a larger excess, so that the mole fraction X of the
active groups of the adsorbent surface is lower. The same reasoning also applies to a
series of mixed solvents where the molar volume of the active solvent (e.g. acetone)
differs from that of the diluting solvent (e.g., cyclohexane); X, (and thus also &°,
cf. eqn. 1) is then a decreasing function of Xg and this effect may contribute to the
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abnormally high slopes of the Ry vs. log X relationships (Fig. 4), the second contri-
bution probably being due to competition of acetone molecules for the adsorption sites
resulting. from dipole-dipole interactions. For higher homologues, whose molar
volunies are comparable to that of cyclohexane, both effects are less pronounced and
the slopés are approximately equal to the expected values. The better agreement
" observed for diethvl ketone and cyclohexanone could thus be attributed to the following
circuniitances:
(1) Molar volumes comparable to that of the diluting solvent, cyclohexane.

(2) Lowér molar volume concentrations of carbonyl groups even at high values
of Xgso that the variation of the foermation constants with X is reduced and the non-
specific solvation of the surface carbonyl groups becomes differentiated less at higher
and lower values.of Xs.

(3) Any swelling of the polyamide is reduced in comparison to acetone systems.

(4) Decreased experimental errors due to changes in composition of the solvent
caused by evaporation.

For solvents differing in molar volumes it may be advantageous to substitute
mole fractions for molar concentrations; analogous Ry wvs. solvent composition
relationships would then be obtained. The formation constants would then have other
numerical values and would be more strongly dependent on the concentration of the
active solvent, in comparison with the constants expressed in mole fractions.

The authors are aware of the fact that in view of the above mentioned compli-
cating effects the relationships derived require further investigation and improvement,
and at the present moment can be only regarded as semi-empirical; nevertheless, it
is remarkable that in most cases linear Ry vs. log X relationships have been obtained,
the slopes being different for monehydroxy-, dihydroxy- and trihydroxy-compounds;
this partial agreement with theoretical prediction apparently suggests that in certain
types of non-aqueous solvents the decisive mechanism is also solvation of the hydroxyl
groups of the solute (cf. BARK AND GRAHAM, ref. 11). A further stimulus to present the
provisional conclusions and experimental results is the importance of solvent com-
position effects in the theory of optimization of chromatographic solvent systems;
moreover, the theoretical relationships suggest that the realization of the simplified
model could allow one to determine the solvation constants (Kzs,Kzsz) from Rps vs.
log Xsrelationships (see Figs. 2, 3), provided that an appropriately modified adsorbent
of the polyamide type is employed and the complicating effects can be eliminated or
accounted for.
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THE RELIABILITY OF PEAK AREA MEASUREMENTS
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Labovatory of the Government Chewmist, Stamford Street, London, S.E. 1 (Gveat Britain)

(Re‘cé'ived August 15th, 1960)

SUMMARY

The reliability of various methods of area measurement commonly employed
is assessed, for peaks of varying symmetry. Some quantitative data on the use of the
new technique of interval programmed integration are presented, and the value of
the technique is compared with existing methods. A comparison is also made between
the reliability of quantitative data based on peak areas using a differential detector
and step heights using an integral detector.

INTRODUCTION

The majority of gas chromatographic detectors have a differential response,
and the composition of a mixture can be estimated either by measuring peak heights
or peak areas, after calibration of the detector for the compounds under analysis.
The reliability of a quantitative analysis will depend a great deal on the accuracy and
precision to which the measurements can be made. A number of papers have been
published!—* in which various methods of area measurement have been compared.
It is not always possible to select the most suitable method for the problem in hand,
based on the information presented in these papers. Most comparisons have been
carried out on Gaussian or near Gaussian peaks, where several techniques are found to
be fairly satisfactory. It is the purpose of this paper to compare several methods of
area measurement with a new technique, for the common situations in which all
peaks are resolved and fairly symmetrical, and for chromatograms exhibiting drifting
baselines. A comparison is also made between the reliability of measurements of peak
areas resulting from a differential detector response, and step heights arising from an
integral detector.

DISCUSSION

Using a differential detector the composition of a mixture can be estimated
either by measuring peak heights or peak areas. It is more fundamental to measure
peak areas in that the total area is proportional to the total amount of material present:
this method is normally used where the detector response is a simple function of a
stoicheometric property of the components. However, in cases where the detector
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response is not predictable it is often adequate to use peak height measurements. The
use of peak height which represents the concentration of the component at a given
time, demands constant column operating conditions. I'or example, changes in the
operating temperature during an analysis will affect retention times, and hence peak
heights are affected, while the corresponding peak areas remain constant.

Commonly used methods of peak area measurement are: (1) cutting out and
weighing, (2) planimetry, (3) triangulation, (4) peak height x width at half height,
(5) peak height x retention distance, and (6) automatic integration. Of these, method 1
has the obvious disadvantages of destroying the chromatogram and of depending on
the uniformity of the chart paper. Methods 2, 3, and 4 have been assessed by ScotT
AND GRANTZ, who concluded that method 4 was the most precise for symmetrical
peaks. A comparison has been made?® between methods 1, 2, and 3 for Gaussian peaks
of varying height and width at half height ratios. The relative error was greatest for
very sharp peaks, broad flat peaks, and those of small area. Minimum error was found
for values lying between 1 and 4. It was shown that triangulation offered no advantages,
and planimetry was less precise than height/width measurements for small areas but
was capable of giving better precision for large areas. It was also found that a signif-
icant improvement in precision was obtained when peak width measurements were
made much below the half height position. The peaks were not derived from a gas
chromatographic system, but were manually constructed.

Method 5 assumes that column performance is independent of the substances
under analysis, and that the calibration constants for the detector are proportional
to retention volumes.

Method 6, which includes electromechanical and electronic methods of inte-
gration, produces results rapidly and demands a minimum of operator time. Electronic
methods are costly, particularly when designed to cope with baseline drift.

The precision of an electromechanical and an electronic method of area measure-
ment was compared by EMERY% Most painstaking replicate analyses were carried out,
and the resulting peak areas measured using a ball and disc integrator and a relatively
expensive electronic integrator. The variation of the areas measured with the electronic
integrator was about half that of the corresponding areas measured by the ball and
disc integrator. The precision of manual peak height measurements carried out on the
same chromatograms lay between the precision of these two methods. The effect of
relative component concentration on precision, using only the electronic integrator
was measured. Not unexpectedly precision, expressed as the coefficient of variation,
improved with increasing proportion of component in the mixture.

DEeans’ has examined the reliability of using peak height measurements alone
to determine the percentage composition of mixtures. The results are compared with
those obtained using electronic integrators, on a six-component mixture which
included a partially resolved pair of components. All integrators tested, embracing
the simplest to those incorporating drift correction devices, gave similar results which
were significantly worse than the precision of the height measurements. The measure-
ments were made on peaks of large height/width ratios, and using a system incor-
porating gas pressure controllers.

It must be recognised that a digital integrator, used conventionally, cannot
begin counting until there has been a finite baseline shift, typically 0.29, full-scale
deflection (f.s.d.) for a completely noise free signal. As a result the integrator will not
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take into account any fraction of the peak area below this value. This is insignificant
for symmetrical peaks, but could lead to a substantial error in the case of a peak
exhibiting a long tail. For a simple digital integrator it is necessary to maintain a
completely stable baseline throughout a run, and any drift in baseline above the 0.2%,
level will contribute to the peak areas. Recently a method has been described by
YEENDS, in which the integrator is deliberately set above zero when there is zero signal
from the gas chromatographic detector. By means of a simple modification, described
below, the number of integrator counts at fixed time intervals is recorded. It is thus
possible to follow any drift in baseline by observing the change in count rate when no
components are being eluted. On elution of a component the count rate of the inte-
grator will change in the normal manner, but it will continue to print out at the same
time interval. The peak area is obtained from the sum of the counts, above the zero
signal count rate. The method has several advantages over the conventional operating
procedure:

(i) detector baseline drift and integrator zero drift can be taken into account in
peak area calculations;

(ii) there is no threshold below which the integrator does not count;

(iii) the integrator will count negative peaks without the need for a signal
polarity reversal switch, provided that the zero count rate is set sufficiently high.
In the conventional operating mode the integrator will not count negative peaks,
and a polarity reversing switch can only be used satisfactorily if peaks are well sepa-
rated;

(iv) the performance of the device should not be significantly affected by peak
shape, and should not deteriorate for peaks exhibiting excessive tails.

Some results using this technique (interval programmed integration) are
presented below.

Many of the difficulties in the integration of a differential signal would be avoided
by the use of an integral detector, but few practical designs are commercially available.
The precision and accuracy attainable with the mass detector have been the subject
of recent publications?=®. For the purposes of comparison some further measurements
were made and the results are presented below (Table 1V).

EXPERIMENTAL

Experiments were undertaken to compare the reliability of measurement of
peak areas by two methods commonly regarded as fairly satisfactory, namely peak
weight, and peak height X width at half height measurements. In addition a digital
and mechanical integrator were used. The initial study was limited to a comparison
of the reliability of various methods for completely resolved peaks, and peaks where
only a small amount of distortion was observed. It is necessary to separate effects
not caused by errors in area measurement. The results must be independent of errors
caused by syringe delivery etc. This can be accomplished by injecting nominally the
same amount of material of a two-component mixture several times, and expressing
peak areas as percentage composition. The true composition of the mixture is not
required to calculate the standard deviation of the results (precision), but it is required
to find the bias (accuracy). The accuracy and precision of step height measurements,
using the mass detector were measured under the same conditions. Mixtures of known
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composition were prepared, the details of which are given in Table III. The first series
of runs was performed using a Shandon KGz Chromatograph fitted with a Martin gas
density balance and mass detector. The output of the gas density balance was connected
to a potentiometric recorder in the usual manner, and in addition to a digital inte-
grator.” A total of 31 runs were performed, each using a nominal sample size of 3 ul.
The peak areas of all runs were calculated from peak height and width measurements,
and the results are given in Table IV. Peak heights, and step heights were of the order
of 5 cm. The areas of fourteen of the runs were measured by the digital integrator used
in the conventional manner. In this mode the integrator cannot begin counting until
there is a finite baseline shift, which was set for this experiment at 0.5%, f.s.d. Fifteen
of the runs were carried out using the integrator in the interval programmed mode.
The integrator was set above the zero count position when no signal was received
from the gas density balance, and by means of a micro-switch printed out the number
of counts at fixed intervals of time. The device used to trip the print-out mechanism
of the integrator was made in the laboratory. To the shaft of a synchronous motor,
geared to give a speed of rotation of 2 r.p.m. at 50 cycles sec™!, was attached a 2} in.
diameter disc. Near the circumference of the disc were attached, at equal distances
apart, small protrusions made from 4BA screw heads. A wiping contact was positioned
such that each screw head in turn was touched by the wiper as the disc rotated, thus
momentarily completing an electrical circuit and causing the integrator to print.
With four contacts spaced at intervals of go°, print out will occur every 7.5 sec. Pro-
vision was made for print out at other time intervals by changing the number of
contacts, and by using a 1 r.p.m. motor. For the device to be satisfactory the following
conditions must be fulfilled: (1) mains frequency must not fluctuate significantly,
(i) the distance between each contact must be identical, and (iii) the wiper must
always make contact at the same point on each head.

The performance of the device was checked by timing ten contacts starting at
each contact point in turn. The results are given in Table I. The performance was
regarded as satisfactory.

The peak areas of fifteen of the runs were obtained by cutting out the peaks
and weighing them on an ordinary laboratory four-place balance. The repeatability
of weighing a single peak was measured: no variation of results measured to 0.1 mg

TABLE I

VARIATIONS IN PRINT OUT TIMES

Contact Time for Time per

No. ten comtacts  contact
(sec) (sec)

1 74.8 7-48

2 74-9 7-49

3 75-0 7-59

4 75-0 7-59

r 75-1 7 5

2 75.1 7.

* Honeywell Precision Integrator, Honeywell Controls Ltd., Brentford, Middlesex, Great
Britain.
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TABLE 1I

VARIATIONS IN CHART PAPER WEIGHT
o = standard deviation; V = coefficient of variation.

No.of  Mean o4 14

squaves  weight (mg) (%)
(mg)

6 12.00 0.36 3.0

6 11.62 0.21 1.8

(1% of the total weight) was observed. The variation of weight of the chart paper over
the length containing the runs was measured by cutting out small squares of equal
size, about the weight of a typical peak. The results are given in Table I1.

Published data® on the coefficient of variation of recorder chart paper weight
gives a value of 2.59, for the same area of paper.

Variations in chart speed during a run will affect peak areas obtained by all
methods except the digital integrator: no measurable variations in chart speed were
observed, and the accuracy of the speed on each setting was quite satisfactory.

The performance of a ball and disc integrator” was assessed. The integrator was
attached to a potentiometric recorder, and a similar mixture to that used above was
analysed using a Pye 104 chromatograph fitted with a flame ionisation detector.
Sample details are given in Table IIT and results in Table IV.

Data published by Scort aND GRANT? have been recalculated in the form used
in the present work and are given at the foot of Table IV.

TABLE II1

SAMPLE DETAILS
GDB = gas density balance; MD = mass detector; FID = flame ionisation detector.

Series Peak Sample composition Area corvvection factors
No. area
(em?) Compound True % weight GDB MD FID
1 1.7 n-Propyl alcohol 44.94 1.87 1.00 —
2.8 Methyl n-propyl ketone 55.00 1.48 1.00 —
2 n-Propyl alcohol 47.07 — — 1.64
Methyl n-propyl ketone 52.93 - — 1.4

The most satisfactory peak area measurements were obtained using the digital
integrator, but contrary to expectations, better results were obtained using the
integrator in the conventional mode. The peak areas under study were “typical’’
rather than ideal peaks. For a very broad and low peak it would be expected that the
results obtained using the integrator conventionally would become poorer, but that
the performance of the integrator using the fixed interval print-out technique would

* Disc Series 200 Integrator, Disc Instruments Ltd., Hemel Hempstead, Hertfordshire,
Great Britain.
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TABLE 1V

RELIABILITY OF AREA MEASUREMENTS

n = No. of determinations; # = mean 9% weight of n-propyl alcohol; ¢ == standard deviation;
V = coefficient of variation.

Bias 9% bia s

Method of avea measurement Series " 7 o v

Peak height/width I 31 43.41 1.4 2.9 —1.53 3.4

Peak weight 1 15 44.90 2.1 4.7 —0.04 o.1

Digital integrator :conventional 1 14 45.12 1.2 2.5 +o0.18 0.4
fixed interval print out 1 15 46.20 1.1 3.0 +1.26 2.8

Step height (mass detector) I 8 45.36 0.9 2.0 +0.43 1.0

Ball and disc integrator 2 18 45.54 1.0 2.2 +2.25 4.8

Peak width and height ref. 2 20 23.37 0.2 I.2

Triangulation ref. 2 20 22.56 0.60 2.7

Planimetry ref. 2 16 23.49 1.23 5.2

be unaffected. A similar result would occur for a peak with a long tail, irrespective of
its height. The precision of the results obtained using the ball and disc integrator was
equally satisfactory. Peak weight determinations gave a very accurate result, but the
coefficient of variation was high due in part to variations in paper weight (Table IT).
The mass detector gave results as good as the best peak area results.

The effect of a drifting baseline on the precision and accuracy of several methods
of area measurement was measured, using a Pye 104 chromatograph fitted with a
katharometer and using helium as carrier gas. Each area was measured manually
using the peak height/width method, and by two digital integrators connected in
parallel, one used in the conventional mode* and the other in the interval programmed
mode**. The interval timer wasmade from acommercially available timer™**fitted with
a synchronous motor geared to give 6 r.p.m. A single wiping contact on the motor
shaft tripped a micro-switch once per revolution, giving a print out interval of 10.0 sec.

TABLE V

SAMPLE DETAILS

Series Peak Sample composition Drift Avrea
No. area —_— % f.s.d.] covrection
(cm?) Compound True 9, min) factor
composition
3 4.5 #n-Propyl alcohol 42.69 zero 0.72
5.0 Isoamyl alcohol 57.31 zero 0.81
4 4.5 n-Propyl alcohol 42.69 zZero 0.72
5.0 Isoamyl alcohol 57.31 0.38 0.81
5 4.5 n-Propyl alcohol 42.71 1.3 0.72
5.0 Isoamyl alcohol 5

7.29 0.23 0.81

* Kent Chromalog I Integrator, Kent Instruments Ltd., Luton, Bedfordshire, Great
Britain.
** Honeywell Precision Integrator, Honeywell Controls Ltd., Brentford, Middlesex, Great
Britain.
*** Constant cycle sequence timer type 22r1-1, motor type 392, Crouzet (England) Ltd.,
Brentford, Middlesex, Great Britain.
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Fig. 1. Chromatogram of a two-component mixture (series 3). A = n-propy! alcohol; B = iso-
amyl alcohol.

Fig. 2. Chromatogram of a two-component mixture (series 4). A = n-propyl alcohol; B = iso-
amyl alcohol.
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Fig. 3. Chromatogram of a two-component mixture (series 5). A = water; B = =n-propyl alcohol;
C = isoamyl alcohol.
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Provision was made for several contacts per revolution and for the interchange of
motors of different speeds of rotation. Several sets of runs were performed, each
consisting of twenty replicate analyses, the chromatograms of each set exhibiting
different degrees of drift (see Figs. 1-3). All peaks exhibited a tail. Reproducibly
drifting baselines were induced, in the case of series 4 by temperature programming,
and in the case of series 5 by injecting 5 ul of water 8.0 min before the injection of each
sample so that the sample was eluted on the tail of the water peak. A comparison of
the reliability of the three methods is given in Table VI. Details of the samples analysed
are given in Table V.

TABLE VI

RELIABILITY OF AREA MEASUREMENTS (DRIFTING BASELINE)

Method Series Z c 14 Bias 9% bias
Peak height/width 3 42.41 0.95 2.18 —o0.27 0.63
’ 4 41.07 1.25 3.03 —1.62 3.79
5 43.01 .61 1.42 +0.31 0.73
Integrator—conven- 3 43.75 o0.18 0.41 “+1.07 2.50
tional mode 4 45.81 1.33 2.90 +3.13 7.32
5 49.52 7.17 14.48 +7.82 18.4
Integrator—interval 3 44.19 0.31 0.71 +1.50 3.52
programmed mode 4 42.62 0.78 1.82 —0.06 0.14
5 45.34 0.46 1.01 +2.64 6.17

The precision of the manual method was significantly worse than that of the
integrators for a straight baseline (series 3), but did not deteriorate as drift increased.
The results using the integrator in the conventional mode became progressively worse
as baseline drift increased and were excessively poor for series 5 runs. Using the
interval programmed technique precision was unaffected by baseline drift and in all
cases was satisfactory.

TABLE VII

SAMPLE DETAILS (SERIES 6)

Compound % weight Baseline Arvea
change covrection

(% f.s.d.| factor

min)
o, | m-Butyl alcohol 47.65 4.7 L.I5
Solute 4% | Methy! isobutyl ketone 52.33 2.6 0.86
100.00
. Acetone 20
c o, @
Solvent 969, { Water 3o
100
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Fig. 4. Chromatogram of a two-component mixture in solvent (series 6). A = acetone; B —
water; C = #n-butyl alcohol; D = methyl isobutyl ketone.

The difficulty of estimating the proportions of components eluted on the tail
of a solvent is illustrated in Fig. 4. Clearly it is not possible to use peak height/width
measurements since the leading edge of the first peak is only a third of the height of
the tailing edge. Peak height alone, or peak weight could be used, bearing in mind the
disadvantages previously noted. The new technique of interval programmed inte-
gration may offer advantages, and this method was compared with those mentioned
above. Sample details are given in Table VII, and results in Table VIIL.

Elution of the solutes in the presence of excess solvents will result in a change in
response of the detector. Previous results (Table 1V) showed that although the peak
weight method is not very precise it gives good accuracy. The relative response of the
detector was calculated from peak weight measurements assuming zero bias and was

TABLE VIII

RELIABILITY OF MEASUREMENTS (IN THE PRESENCE OF SOLVENT)

Method ol 14 Bias 9% bias
Peak weight 1.58 3.33 — —
Peak height 0.82 1.40 — —
Interval programmed

integration 4.09 II.42 —2.57 5.39
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used to find the bias of the integrator results. Response factors based on height measure-
ments will be different, so that it was not possible to compare the accuracy of the three
methods. However, in view of the nature of the chromatograms and the fact that the
solute represented only 4%, of the solution, the accuracy of the interval programmed
method is acceptable. Although precision in this case is significantly worse than using
the other methods, in the long-term interval programmed integration may be prefer-
able since the limitations associated with the other methods are not inherent in interval
programming.

CONCLUSIONS

No single method of area measurement is satisfactory for all types of gas chro-
matographic peak. Triangulation and planimetry offer no advantages over the other
methods. The peak weight method is useful for grossly asymmetric peaks, and gives
good accuracy, although precision is rather poor. Quantitative results obtained using
the peak height/width method are satisfactory even for chromatograms exhibiting
a small degree of baseline drift. The ball and disc, and digital integrators, were satis-
factory for symmetrical peaks with a stable baseline. The performance of a digital
integrator (without baseline drift correction facilities) used in the conventional mode
becomes progressively worse as baseline drift increases. Interval programmed inte-
gration was found to give good results not significantly affected by tailing peaks or
drifting baselines, and was able to give acceptable results even for an extreme case
in which minor amounts of solute were eluted in the presence of a solvent. The tech-
nique offers a means of obtaining good precision and accuracy for a variety of peak
geometries, by a simple modification to a basic digital integrator. Quantitative
analyses based on step height measurements, using an integral detector, were entirely
satisfactory.
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SUMMARY

The purpose of the investigation was to make a thorough study of the chemistry
of derivatization of the twenty protein amino acids as their N-trimethylsilyl tri-
methylsilyl (TMS) esters. Major emphasis was directed toward chromatographic
separation of the derivatives, precision and accuracy of the method, silylation as a
function of reaction temperature and time, molar excess of reactants, stability of the
TMS derivatives, quantitative analysis of a synthetic amino acid mixture, and
application to biological samples.

The gas-liquid chromatcgraphic separation of the N-trimethylsilyl TMS esters
of the twenty protein amino acids was achieved after evaluation of a number of com-
binations of siloxane liquid phases. The final chromatographic conditions used for
the total separation on a single column for all twenty of the amino acids consisted of
a mixed liquid phase of 3.0 w/w9%, OV-7 and 1.5 w/w%, OV-22 coated on high-per-
formance 100/120 mesh Chromosorb G in a 1.75 m x 4 mm L.D. U-shaped borosilicate
glass column. Phenanthrene was a suitable internal standard as it was completely
resolved from the TMS amino acids. The instrumental settings were %5°, initial hold
7 min, program rate 2°/min, and carrier flow (N,) of 42 ml/min for fourteen of the
amino acids, and 100° initial column temperature for the other six. Prior to chromato-
graphy, it is essential to analyze performance blanks under the same chromatographic
and instrumental conditions to establish the purity of all chemical reagents.

The reaction conditions were investigated for the quantitative silylation of the
twenty amino acids. Fourteen of the amino acids were reproducibly converted to the
respective TMS derivatives in 15 min at 135° in a closed vial using a 30 molar excess
of bis(trimethylsilyl)trifluoroacetamide (BSTFA)/total amino acids. A comparison of
various silylation temperatures showed that silylation at 135° produced the most

* Contribution from the Missouri Agricultural Experiment Station, Journal Series No. 5759.
Approved by the Director. Supported in part by grants from the National Aeronautics and
Space Administration (NGR 26004-011), the National Science Foundation (GB-7182), and the
United States Department of Agriculture (12-14-100-8468(34)).

** Professor, Experiment Station Chemical Laboratories.
“** Experimental data taken in part from Master’s Thesis, University of Missouri, February
1969. '
§ National Science Foundation Fellow.
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reproducible relative molar response values. Also, molar excess studies showed that
a 30 molar excess of BSTFA was adequate. This molar excess corresponds to 0.24 ml of
BSTFA/mg of amino acid. Acetonitrile was used as a solvent ina 1:1 ratio with BSTFA.

For six of the amino acids (glutamic acid, arginine, lysine, histidine, tryptophan,
and cystine) the reaction conditions required were 4 h at 135°. For a complete analysis
of all twenty of the protein amino acids, the sample is heated for 15 min at 135°in a
closed tube with a teflon-lined screw cap, cooled within 3 min, then an aliquot is injected
into the gas chromatograph. This analysis provides data for the quantitative determi-
nation of alanine, glycine, valine, leucine, isoleucine, proline, serine, threonine,
hydroxyproline, aspartic acid, methicnine, cysteine, phenylalanine, and tyrosine.
After injection of the sample, the reaction vial is again tightly recapped, placed in a
135° bath for 4 h, again cooled, and an aliquot injected. After the first injection the
column was programmed to about 225° and then cooled to the initial helding temper-
ature of 100° prior to the second injection. This gives the analysis for GLU,, ARG,,
LYS,, HIS,;, TRY,, and CYS,. The subscripts dencte the number of TMS groups
attached. The chromatographic time is about 50 min for the six amino acids.

A synthetic known mixture at a 1.0 mg level each of selected amino acids was
analyzed to determine the quantitation of the total derivatization and chromatc-
graphic method. The accuracy was found to be very goed, with recoveries ranging
from 93.6 to 105.99,, with an average recovery of 100.8%,. The average relative
standard deviation (RSD) for the relative molar response values of fourteen of the
amino acids was 0.809%, and 1.259, for the remaining six amino acids.

The N-trimethylsilyl TMS amino acid esters were found to be completely stable
for a period of five to seven days when stored at room temperature in a tightly capped
vial. Glycine was the only exception, and deteriorated within a period of 3 h. Glycine
changed from GLY, to GLY,. In preliminary experiments, the minimal detectable
amount of the TMS derivatives that can be detected in a flame ionization detector at
a signal/noise level of 3:1 was found to be 0.3 to 0.5 ng, or 3 X 10712 moles of each
amino acid injected. It is most important that the experimental and instrumental
conditions as outlined in this manuscript be followed precisely.

The analysis of ribonuclease as the TMS amino acid derivatives established the
applicability of this method for the quantitative analysis of biological materials. The
data obtained from the GLC analysis of ribonuclease were found to be in agreement
with the values obtained by classical ion-exchange chromatography.

The TMS derivatives of urea, ornithine, citrulline, and ammonium chloride were
synthesized and silylated at 135° for both 15 min and 4 h. The second peak for urea
increased relative to the first with an increasing reaction time; however, an overall
decrease in peak size was noted when silylated for 4h. On silylation at 150° for 4 h, a
further decrease in peak size was noted. Citrulline was found to yield three chro-
matographic peaks when heated at 135° for 15 min. On heating for 4h at this temper-
ature, only two peaks were observed, with the higher retention temperature peak
being the largest. No chromatographic peaks were observed for ammonium chloride
when silylated under any of the above experimental conditions. A complete silylation
of ornithine required reacting at 135° for 4 h.
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INTRODUCTION

The amino. acids have been the subject of intense study by biochemists, nu-
tritionists, medical scientists, biologists, bacteriologists, and investigators in many
other areas of science during the past ten years. The literature in this field is immense
and provides broad evidence of the striking advances which have been made since the
isolation of the first amino acids, asparagine and cystine, about 160 years ago. Since
this time, the existence of more than 170 amino acids has been reported, most of them
in the last decade. The research on amino acids has been mainly directed toward:
(a) a consideration of the amino acids which occur in nature and the forms in which
they have been found; (b) observations resulting from nutritional studies; (c) the
metabolism of the amino acids, their synthesis, degradation, and the relationships to
other metabolites; (d) studies on abnormalities of amino acid metabolism associated
with disease states; and (e) protein biosynthesis. In this latter area the scientific
advances have been rapid and dramatic during recent years in studies on protein
structure. Only some fourteen years separate the reporting by SANGER, Nobel Lau-
reate, of the primary structure of insulin from its complete synthesis almost simul-
taneously in three different countries.

The increasing activity in this field means that many scientists are faced with
the problem of accurate, sensitive, precise, and rapid amino acid analyses.

In the period of 1950 to 1969 the elegant investigations of MOORE, SPACKMAN,
STEIN, HAMILTON, P1EZ, and others have developed classical ion-exchange chromato-
graphy into a refined method for amino acid analysis. The methods now range from
the relatively simple and inexpensive, to the sophisticated, completely automated,
and costly.

Also, during the past ten years GLC techniques have reached great sophisti-
cation, instruments have become more sensitive and dependable, and there has been
a steady flow of reports on the application of GLC to biomedical problems. With such
extensive use of GLC for carbohydrates, steroids, lipids, metabolites, and drugs of
all kinds, it is at first sight strange that similar methods for the routine analysis of
amino acids, compounds of simple structure but of great biochemical interest, have
only recently begun to appear. During this same period, research into the functions
and behavior of amino acids has formed a fair proportion of the phenomenal research
effort that has yielded our present knowledge of the structure of peptides and proteins
and of their biosynthesis.

Further, the great upsurge of interest in amino acids and proteins in the last
twenty years has led to the development of automated analytical techniques and
instrumentation as stated earlier, and their availability has not only taken some of
the urgency out of the development of gas chromatographic methods but has also
tended to set up resistance to an approach that threatens obsolescence to sophisticated
and expensive classical ion-exchange equipment. However, anyone who has used
GLC does not need to be convinced of the speed and sensitivity of the method, and any
operator of the amino acid analyzer equipment should be further convinced on the
grounds of convenience.

The origin of the protein amino acids lies far back in the evolution of life, and
chemically they have little in common but their g-carbon atom, with its steric ©-
configuration depending on the attachment of four different groups. Including these,
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there are a dozen different organic chemical functional groups, and it is difficult to
devise reaction schemes that will deal successfully with all of these groups with their
chemical differences and varying reactivities. However, for a satisfactory analysis by
GLC a substantially complete derivatization is necessary. GLC of amino acids has
been held back by the lack of agreement on the volatile derivative that should be used.
Although there are only about twenty amino acids commonly found in proteins, they
have varied chemical structures and it would appear that this would permit an easy
separation. This has not necessarily been found to be true, and quantitative de-
rivatization of all the functional groups under a single set of experimental conditions
has been most difficult.

The research efforts of GEHRKE, co-workers, and graduate students during the
period of 1964-1969 have led to the development of a general quantitative GLC
method for the twenty natural protein amino acids and of their complete separation.
The derivative of final choice was the N-trifluoroacetyl (N-TFA) n-butyl ester. Studies
were made on yield, volatility, stability, limit of detection, and general applicability.
In our research the following criteria were considered most important for a suitable
volatile derivative: (a) no rearrangements or structural alteration should occur during
formation; (b) derivatization reaction should be 95 to 100%, complete; (c) no sample
loss on concentration; (d) stability with respect to time; (e) derivative must have
increased volatility ; and (f) there must be little or no reactivity of the derivative with
the substrate and/or support phase. From this research a good quantitative method
was developed, and one which met most of the criteria outlined above. However, there
is still need of further simplification of the N-TFA n-butyl ester derivatization reaction,
for a method which will lend itself to automation, and for a derivative that will be
simpler in certain of its chromatographic aspects; as well as for entirely new derivati-
zation and chromatographic approaches.

It was the purpose of this investigation to make a thorough study of the chem-
istry of derivatization of the twenty protein amino acids as their N-trimethylsilyl
TMS esters; emphasis was directed toward precision and accuracy of the method,
single column separation, substrate-derivative interaction, recovery, stability of
derivative, and application to analysis of amino acids in biological samples.

LITERATURE REVIEW

The trimethylsilyl (TMS) group was introduced by RUHLMANN AND GIESECKE!
in 161 for the GLC analysis of amino acids before BENTLEY ¢t al.? adopted the TMS
group in the carbohydrate field in 1963.

RUHLMANN AND MicHAEL34 introduced the TMS derivatives into the field of
GLC, and reported that after silylation with trimethylsilyldiethylamine (TMSDA)
several amino acids could be chromatographed on a column containing 19%, silicone
oil on Sterchamol. They chromatographed fourteen TMS amino acids, but only valine
and phenylalanine were completely resolved, and decomposition was noted for cysteine,
lysine, and histidine. Also, RUHLMANN AND MicHAEL? discovered amino acid TMS
esters as artifacts in the gas chromatographic analysis of N-TMS amino acid TMS
esters, from which they were produced by ammonolysis. The TMS esters (free amino
groups) were more volatile than the N-TMS amino acid TMS esters, and a quantitative
single-step reaction was devised for their preparation. These authors report quanti-
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tative results, but no peaks were obtained for the basic amino acids, presumably
because being diamines they would not be sufficiently volatile.

It is well known that gas chromatography of the free bases of amino acid esters
is attended by problems associated with the free amino groups. Free amino groups do
not lend themselves to GLC and therefore are much better acylated, silylated, or
derivatized in some way.

BENTLEY e¢f al.? dissolved or suspended carbohydrates in pyridine and reacted
the mixture with hexamethyldisilazane (HMDS) at room temperature using trimethyl-
chlorosilane (TMCS) as a catalyst, and investigated the analysis of the TMS derivatives
of the sugars by GLC.

Until 1965, only a few researchers experimented with the TMS derivatives of
the amino acids and with limited success due to the instability of the N-TMS group
and the non-availability of an effective silylating reagent. Following the development
of some new silylating reagents, studies were renewed on the preparation of the TMS
derivatives of the amino acids and it was then considered that the TMS derivatives
hold considerable promise as the reaction is complete in one step.

SuiTH and coworkers’:8, in 1965 and 1960, investigated the reaction conditions
for the formation of TMS derivatives of amino acids using HMDS and TMCS with
different catalysts. They also studied TMSDA, which gave the highest yields (from
899% to 999%,, for leucine, serine, and aspartic acid). The boiling points ranged from
76° at 15 mm Hg for alanine, to 147° at 4 mm Hg for lysine. They concluded that TMS
diethylamine with some kind of catalyst gave the highest yields of the derivatives of
leucine, serine, and aspartic acid. TMS dimethylamine recently has been claimed to
react more rapidly and to be more volatile and is recommended for these reasons”.
BIRKOFER AND DONIKE have suggested the use of N-TMS-N-methyl-acetamide or
N-TMS-N-methyl-formamide®, and KLEBE ef al. in 1966 reported studies on the syn-
thesis and application of the now widely used N,O-bis(trimethylsilyl)acetamide
(BSA)? and were able to obtain “sharp single peaks for all the amino acids except
arginine, which showed indications of decomposition on the column’. Also, the
derivatives of glycine and alanine could not be separated from one of the reaction
products of BSA, mono(trimethylsilyl)acetamide (MSA), due to its similar chromato-
graphic retention on the SE-30 column they used.

BLAU, in a general review of the analysis of amino acids by GLC, cites some
further reports on silylation methods by RUELMANN AND MICHAEL. They studied the
properties of a number of other silylated derivatives?, 7.e., the N-TMS amino acid
ethyl esters were not found to be any better for gas chromatography then the N-TMS
amino acid TMS esters. Further, an extra step, which was not quantitative, was needed
to make them, and this derivative appeared to be less stable and thus was not pursued
further. RUALMANN AND MICHAEL also tried other trialkylsilyl derivatives, viz. N-
triethylsilyl amino acid triethylsilyl esters, N-tripropylsilyl amino acid TMS esters,
and N-tripropylsilyl amino acid tripropylsilyl esters. These were found to be no longer
sufficiently volatile for general gas chromatographic purposes. RUHLMANN AND
MrcHAEL also made some N-acetyl amino acid TMS esters and N-TFA amino acid
TMS esters that were rapidly prepared and gave sharp symmetrical peaks on gas
chromatography.

To obviate the interference due to MSA, lack of complete solubility of BSA in
CH,CN, and quantitation of silylation, GEHRKE and coworkers!!:1% in 1968 synthesized
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a new chemical reagent, bis(trimethylsilyljtrifluoroacetamide (BSTEFA). This new
reagent was investigated as to the reaction conditions required for the precise and
quantitative formation of the twenty TMS amino acid derivatives. It was found that
BSTFA is an active silylating reagent, has increased volatility and appears with the
solvent front, and has a lower detector response and greater solubility in some solvents
than BSA. The fluorine in BSTFA results in less SiO, deposits and thus decreased
detector noise. Silylation at 125° for 15 min in a closed tube resulted in single repro-
ducible derivatives for eighteen of the twenty protein amino acids, and cystine was
derivatized in 30 min at 150°. However, no reproducible chromatographic peak was
obtained for arginine. Asp(NH,) was converted to the TMS derivative in 30 min at
150°, and Glu(NH,) in 30 min at 70°. BSTFA and its reaction product mono(trimethyl-
silyl)trifluoroacetamide (MSTFA) were found to be more volatile than BSA and did
not interfere in the chromatographic separation of alanine and glycine. It was further
observed that nonpolar liquid phases must be used in the chromatography of the
TMS amino acid derivatives as decomposition occurs on polyester columns. From these
studies it was concluded that silylation of amino acids and other biologically important
molecules with BSTFA holds considerable promise as the derivatives can be prepared
in a single step with little time.

A series of papers has just been published by GEHRKE and coworkers on the
experimental conditions for silylation and GLC analysis of some biologically important
groups of molecules: nucleic acid components!®!4, jodo-containing amino acids'?,
sulfur-containing amino acids'®, and N-acetylneuraminic acidl”. An extensive series
of studies was made on the exact reaction conditions required for quantitative silylation
of each organic class. Detailed methods are presented and data reported on the pre-
cision, accuracy, recovery, and application of the methods.

EXPERIMENTAL

In the following sections, the chemical derivatization method, chromatographic
and instrumental conditions, and calculations are presented for the analysis of the
TMS derivatives of the amino acids.

Reagents and materials

Acetonitrile. Obtained from Mallinckrodt Chemical Works, St. Louis; nano-
grade purity. Store over anhydrous CaSO, in a 1-liter screw top bottle with a teflon-
lined cap.

Amino acids. Obtained from Mann Research Laboratories, New York, N.Y.;
“Mann Assayed’’ chromatographically pure. Amino acids were also obtained from
Nutritional Biochemicals Corp., Cleveland, Ohio, and were chromatographically pure.

Methylene chloride (anhydrous). Reflux 1000 ml of ACS reagent grade CH,Cl,
over 25 g of anhydrous CaCl, for 30 min. Distill in an all-glass apparatus and store in
an all-glass inverted top bottle (Scientific Glass Apparatus Co., JB-1740) to protect
from atmospheric moisture.

Bis(trimethylsilyljtrifiuvoroacetamide. Regis Chemical Co., Chicago. Store in a
refrigerator at 4°.

Compressed gases. From Air Products and Chemicals, Inc., Kansas City, Mo.

N,, 99.995%: H,, 99.09,; air, water pumped.
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Bath oil. Fisher Scientific Thermally Stabilized Bath Oil No. o-2.

Substrates. OV-7 (phenylmethyl 20/80 siloxane), and OV-22 (phenylmethvl
65/35 siloxane), Applied Science Laboratories, Inc., State College, Pa.

Support material. High-performance 100/120 mesh Chromosorb G. This support
material was obtained from Johns-Manville Products Corporation, New York, N.Y.

Silanized spun glass wool. Analabs, Inc., North Haven, Conn. Store in a de-
siccator over P,O;.

Stock solutions
Standard amino acids solution. An aqueous solution (0.1 N HCl) containing the
twenty protein amino acids at individual concentrations as given in Table 1.
Phenanthrene internal standard solution. An acetonitrile solution of phenan-
threne, 1.023 mg/ml (roo ml), 5.74 X 10~3 mmole/ml.

TABLE

GRAMS OF AMINO ACIDS REQUIRED FOR A 2.5 MILLIMOLAR STOCK SOLUTION

Molecular weights of the free amino acids are given. These values must be altered when the amino
acid hydrochlorides are used. ‘

Amino acid Molecular Amount vequived
weight
(g) g pglro ui

Alanine 89.1 0.2228 2.228
Glycine 75.1 0.1878 1.878
Valine 117.1 0.2928 2.928
Leucine 131.2 0.3280 3.280
Isoleucine 131.2 0.3280 3.280
Proline 115.1 0.2878 2.878
Serine 105.1 0.2628 2.628
Threonine I119.1 0.2978 2.978
Hydroxyproline I31.1 0.3278 3.278
Aspartic acid 133.1 0.3328 3.328
Methionine 149.2 0.3730 3.730
Cysteine 121.2 0.3030 3.030
Glutamic acid 147.1 0.3678 3.678
Phenylalanine 165.2 0.4130 4.130
Arginine 174.2 0.4355 4-355
Lysine 146.2 0.3655 3.655
Tyrosine 181.2 0.4530 4.530
Histidine 155.2 0.3880 3.880
Tryptophan 204.2 0.5105 5.105
Cystine 240.3 0.6008 6.008

Apparatus and glassware (macro and semimicro method)

The oil bath, in which the closed-tube trimethylsilylation reaction was con-
ducted, consisted of a 34 in. X 4 in. X 6 in. aluminum pan supported on a hot plate
to maintain uniform temperature of the oil bath. Temperature control was achieved
with two 100-W heaters, and a Variac. A sand bath can be used.

A super D-21-36 safety shield obtained from Instruments for Research and
Industry (I2R) was used to provide protection from accidental breakage of the silyl-
ation reaction vessel. )

An all-teflon rotary evaporator obtained from California Laboratory Equipment
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Company (Calif. Lab. Model C rotary evaporator) was used to remove the volatile
solvents. The vacuum was produced with a Welch Duo-Seal vacuum pump (W. M.
Welch Scientific Co., Chicago, Ill.) baving a capacity of 140 l/min. A Calab “cold-
finger’’ condenser containing dry ice in ethylene glycol monomethyl ether was placed
between the evaporator and the vacuum pump to prevent volatile compounds from
reaching the pump. A sodium hydroxide trap was placed between the condenser and
the vacuum pump to protect it from corrosive acidic compounds.

Silylation reaction tube. A standard pyrex glass, Corning Glass Works Co.
No. 9826, 16 X 75 mm, screw-cap culture tube with teflon-lined cap was used.

Dry heated bath. Thermolyne Corporation, Dubuque, lowa. Constant temper-
ature 106°.

Syringes. Hamilton 701 N, 10 pl, Hamilton Co., Whittier, Calif.

Filter-driers for the carrier gas of the gas chromatograph were obtained from
MicroTek Instruments, Inc., Baton Rouge, La. (Catalog No. 830041), and contained
activated carbon, silica gel, and CaSQ,. Filters for the N, gas used in evaporating the
solvents from the samples were obtained from The Koby Corp., Melrose, Mass. (Catalog
No. 93975) and contained activated charcoal and CaSO,. Filter-driers can also be
prepared by packing 10-in. by 1-in. metal cylinders with silica gel and Linde molecular
sieve type 5A. Filters are recommended for the nitrogen, hydrogen, and air lines to
remove water and hydrocarbons.

Instrumental and chromatographic conditions

Minimum. Single-column instrument with temperature programming, single
hydrogen flame-ionization detector, and recorder equipped with disc integrator.
Instrument should have glass injection ports or glass injector liners which can be
inspected for buildup of deposits and readily replaced and cleaned. Early experiments
indicated that threonine and arginine were decomposed when injected into a hot metal
flash heater. The use of direct on-column injection eliminated problems of derivative
thermal breakdown. When glass injectors were used in metal columns at elevated
temperatures, no adverse effects on these or other amino acid derivatives were ob-
served. The availability of multiple program rates greatly facilitates the chromato-
graphic examination of samples, since the program rate may be systematically varied.
The resolution of derivatives with high retention temperatures is more readily achieved
using a more rapid program rate (4 to 6°/min) than the resolution of derivatives with
low retention temperatures.

Instrumental operation and chvomatographic conditions used

Instruments used. MicroTek Model MT-220 automatic sequential programmed-
temperature instrument equipped with a four-column oven bath, with two dual-flame
ionization detectors, Model 73980, and two electrometers, Model 636800. It was also
equipped with a linear temperature programmer and a Varian Model 20 dual pen
recorder. Each of the four columns could be operated independently. A Packard In-
struments Co. Model 7300 dual column gas chromatograph with two flame ionization
detectors and equipped with a Honeywell Electronic 16 strip chart recorder was also
used. The chromatographs were equipped with an Infotronics magnetic tape recorder
Model CRS-42 RSI and a digital readout system Model CRS-11AB/HS/42, and a
CRS-104 digital integrator.
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Conditions. The chromatographic conditions used with the columns of the mixed
liquid phase of 3.0 w/w%, OV-7 and 1.5 w/w%, OV-22 on high-performance (H.P.)
100/120 mesh Chromosorb G in a 1.75 m X 4 mm I.D. U-shaped borosilicate glass col-
umn were: :

Column temperature: initial 75 and 100°, final 225°
Program rate: 2°/min
Detector temperature:  230°
Sensitivity: macro 10 X 64
semimicro 10X 16
Carrier flow, N,: 42 ml/min
Air (to detector): 475 ml/min
Hydrogen (to detector): 30 ml/min
Chart speed: 0.33 in./min

Substrates and supports. A mixed liquid phase of OV-7 (20/809%, phenylmethyl-
siloxane) and OV-22 (65/35%, phenylmethylsiloxane) was used for the separation of
the TMS derivatives of the amino acids. Acid-washed (a.w.) H.P. Chromosorb G 100/
120 mesh was used with the mixed liquid phase. The liquid phase was coated on the
a.w. H.P. Chromosorb G at a concentration of 3.0 w/w%, OV-7, and 1.5 wjw?%, OV-22,
then packed in a 1.75 m X 4 mm L.D. glass column.

Columm preparation. To prepare 30.00 g of column packing, weigh 0.90 g of
OV-7intoa 50-ml Erlenmeyer flask, and weigh 0.45 g of OV-2zinto another Erlenmeyer
flask. Dissolve each with anhydrous methylene chloride (25 to 30 ml), respectively.
Weigh 28.65 g of 100/120 mesh a.w. H. P. Chromosorb G into a 500-ml ribbed round
bottom flask. Add methylene chloride until the liquid level is % in. above the Chroimo-
sorb G. Then quantitatively transfer the OV-7 and OV-22 solutions to the flask con-
taining the Chromosorb G and methylene chloride. Evaporate the slurry to dryness,
slowly to achieve uniform coating with a rotary evaporator and a 60° water bath.
(30 g of packing is sufficient to pack two 1.75 m X 4 mm I.D. columns.) The column
material is now ready for packing in clean, dry glass columns. The column should be
gently tapped during filling with the packing to ensure uniform distribution. A plug
of silanized spun glass wool is then packed in each end of the column to hold the
column packing in place. After placing the column in the oven bath, it is conditioned
for at least 24 h at 235° 4 5° with a carrier flow rate of 30 to 35 ml/min of N, gas.

A properly prepared column gives excellent separation for at least three months,
however, it is recommended that a performance standard amino acid mixture be
analyzed periodically to evaluate any change in the separation characteristics of the
column. Note. It is essential that moisture be excluded from the support materials,
liquid phases, and solvents during the total preparation procedure.

Dertvatization method—preparation of TMS amino acids

General. The chemical derivatization of amino acids involves the following
steps: (1) Removal of water to give the dry amino acid hydrochlorides. (2) Trimethyl-
silylation of the amino acids.
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Trimethylsilylation of an amino acid

NH,—CH-—-COOH 6] Si(CH,),
| N7 CH;CN
R + 2 CF3—C—N —
AN 135°
Si(CHy)s
Amino acid BSTFA (6]
I mg 0.24 ml

I
(CH,)4Si—NH—CH—C—0—Si(CHy),

|
R

TMS amino acid

The reaction is conducted in a closed tube at 135° for 15 minutes o7 4.0 h.
The BSTFA/CH,CN ratio is 1:1.

Analytical derivatization methods

Macro and semimicro method (20 mg to 100 ug)

(1) Add an aqueous aliquot containing 0.1-20.0 mg of total amino acids to a
No. 9826 culture tube (Note 1).

Evaporate the solution just to dryness by placing the tube in a dry, heated sand
bath at 106° while directing a regulated stream of filtered, dry N, gas (ca. 100 ml/min)
into the heated tube, or place tube on a black surface under an IR lamp.

(3) Add o.5 ml of CH,Cl, and evaporate as in Step 2 to ensure complete azeo-
tropic removal of water. Repeat, take just to dryness.

(4) Add an appropriate exact amount of phenanthrene internal standard solution
(1-0.1 mg) or an amount equivalent to one of the amino acids in higher concentration.

(5) Add 30 molar excess BSTFA (0.24 ml of BSTFA per 1 mg of amino acids)
(Note 2), and the same volume acetonitrile, close tube securely with a teflon-lined cap,
and effect solution by manual inversion and ultrasonic mixing.

(6) Trimethylsilylate at 135° in an oil or sand bath for 15 min. Remove the
reaction tube after 15 min and cool immediately under the tap, dry with tissue paper.

Chromatograph 3-10 ul in the gas chromatograph equipped with a 1.75 m X
4 mm I.D. glass column containing 100/120 mesh a.w. H.P. Chromosorb G which has
been coated with a mixture of 3.0 w/w9, OV-7 and 1.5 wjw?%, OV-2z and properly
conditioned. After an initial hold for 7 min, program the oven temperature from 75°
at 2°/min (Note 3). The detector temperature should be maintained at 255° and the
injection port at 300°. The carrier gas (N,) flow rate should be adjusted to achieve
maximum separation. This corresponds to a flow rate of 42 ml/min with a pressure of
40 p.s.ig.

(7) During chromatography, re-silylate the same reaction tube at 135° for 4 h
(Note 4). This additional reaction time is necessary for six of the amino acids, viz.
GLU, ARG, LYS, HIS, TRY, and CYS.

(8) Chromatograph 3-10 ul of the sample (Step 7) on the same column. After an
initial hold for # min, program the oven temperature from ro0° at 2°/min (Note 5).

Note 1. All glassware must be thoroughly washed, rinsed repeatedly with double
distilled water, and dried.
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Note 2. Various volumes of BSTFA and acetonitrile were investigated for the
complete silylation of 1 mg of amino acid. Also, experiments were made with BSTFA
alone, without solvent added. A critical evaluation of all the data showed that the best
results for the complete derivatization of the twenty natural protein amino acids was
obtained with a solution of 6.24 ml of BSTFA and o0.24 ml of acetonitrile for 1 mg of
amino acid.

Note 3. About 8o min were required to obtain a total chromatogram from the
first peak to the last, cystine.

Note 4. After the initial injection (Step 6), the reaction tube was securely closed
and again placed in the oil bath and heated at 135° for 4 h. A reaction temperature of
135° and time of I5 min gave three small peaks for arginine. These are the 2-TMS,
3-TMS, and 4-TMS derivatives (ARG,, ARG,;, ARG,). Lysine gave a 3-TMS and a
4-TMS derivative (LYS,;, LYS,). Both the 2-TMS and 3-TMS derivatives were ob-
tained for histidine and tryptophan, respectively (HIS, TRY,). A large 3-TMS
derivative was obtained for glutamic acid. However, a small amount of cyclized
compound was also obtained for glutamic acid, and is the 2-pyrrolidone-3-carboxylic
acid TMS derivative. Cystine gave a small peak. However, when the reaction con-
ditions were changed to 135° for 4 h, arginine, lysine, and histidine were completely
converted to the trimethylsilylated derivative, and each gave one peak. Under these
conditions, tryptophan gave a large 3-TMS peak and a much smaller 2-TMS peak.
The RMR of TRY,/TRY; was constant with a value of 0.18, and the RMR of GLU,/
GLU, was 4.15, and remained constant. Glutamic acid was converted mainly to the
2-pyrrolidone-5-carboxylic acid TMS derivative, with a small amount of the 3-TMS
glutamic acid derivative remaining. Many different experimental conditions of
temperature and time were investigated. The temperatures studied were: 125°,
135°, 150°, and 170°; reaction times varied from 15 min to 13 h. An evaluation of all
the different experimental conditions showed that 135° for 4 h was the best set of
conditions.

Note 5. A complete chromatogram required about 60 min from the first peak
to the last peak, cystine.

Internal standard method of calculation

This method was used to calculate the mole9,, or w/w9%,, for each amino acid.
The calculation of the absolute amounts of amino acid in a sample is best accomplished
by the use of an internal standard (I.S.). Phenanthrene was found suitable as an
internal standard because it was well resolved from the amino acids on a column of
the mixed liquid phase of 3.0 wjw?%, OV-7 and 1.5 w/w9%, OV-22 on 100/120 mesh
H.P. Chromosorb G.

Aa.a,/N101eSa.a.

RM = dps [Molesrs,
Ra.a./phen Ars./Molesy s,

In these experiments, electronic and disc integration were used and peak areas
were measured as counts. After the molar response of each amino acid has been de-
termined relative to an I.S. (phenanthrene) from at least three independent analyses,
these values may then be used to calculate the quantity of amino acids present in a
sample.
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Aa.a.

Sa.a.
GMW, ,.
A1s.

1.8,
GMWry s,

After the addition of an evact known amount of the 1.S. to the sample and sub-
sequent analysis by GLC, the following formula may be used to calculate the amount
of each amino acid present in the sample.

_ Aga. X GMW,.a. X grs.

faa = o GMWrs. X RMR, 4 /1.5,

grams of amino acid

RMR,../1.S. =

+I00

w/w 9%, of amino acid =
grams sample

GMW denotes gram molecular weight of amino acid.

Comments on internal standavd method

(1) Gives exact mole%, or w/w%, of an amino acid with a minimum of instru-
mental calibration.

(2) Does not require the preparation of calibration curves for amino acids. This
requires considerable work if pure reference standards are not available.

(3) Does not require a calibration curve for the internal standard.

(4) Does require information on the exact amount of internal standard added to
the sample flask.

(5) Does require information on the relationship of RMRa.a./L.S.

(6) Dilution or concentration of sample, after addition of internal standard are
of little importance. The area ratio for the unknown and the I.S. remains constant,
providing there is no selective substrate—amino acid derivative interaction, or selective
loss of 1.S. or derivative in some other way.

(7) Amount of derivatized sample injected is not critical as long as a well-sized
peak is obtained.

The proposed structures of the N-trimethylsilyl TMS esters of the twenty protein
amino acids are given in Table II. Further positive identification of the derivatives
will necessitate elemental analysis and other instrumental studies on the pure syn-
thesized derivatives.

RESULTS AND DISCUSSION

Chromatographic separation studies

An evaluation was made of various OV (phenylmethylsiloxane) substrates and
combinations for the separation of the twenty protein amino acids. Preliminary
experiments with various substrate loadings indicated that difficulties would be
encountered in achieving a complete separation.

A fairly acceptable separation was achieved with a 3.0 w/w%, 2.0 m column of
OV-7 on 100/120 mesh H.P. Chromosorb G (Fig. 1). An extensive series of experiments
was then conducted in which the experimental conditions of initial temperature, iso-
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thermal hold time, carrier gas flow rate, temperature programming, and column
length were evaluated. These experiments were made over a period of about three
months, and it was noted that changes in these parameters significantly affected the
separation. From this work the best experimental conditions were defined, and these
are described in the section EXPERIMENTAL under Conditions. For the samples that
were derivatized at 135° for 15 min, the initial column temperature was 75°; and for

TABLE 11

STRUCTURE OF THE TMS DERIVATIVES OF AMINO ACIDS

I ! ' f .
Glycine, GLY,  (CH3)3Si —NH—CHy—C —O—Si(CH3)3 Glycine, GLY3 (CHg)aSi—N— CHp—=C—O—Si{CH3)3

Si(CH3)y
1 [
i ' ) :
Alanine, ALAg  (CHg)3Si—NH—CH— C—O—Si(CH3)3 Valine, VAL (CH3)3 Si—NH-—CH—C—O0—Si(CHy)3
CHg _CH
CH3 CHa
i I
Leucine, LEU;  (CH3)3Si—NH— CH—C-~O—Si(CH3)3 Isoleucine ILEU, (CHg)ySi—NH—CH-—C——O0—Si{CH3)y’
il P
| CHaCA,  CH3
CH
e
CA; CHy
o} o]
I , I .
Serine, SER3 (CH3)3Si—NH—CH—C —0—Si(CHg)3. Threonine, THRy  (CH3)3Si—NH—CH— C—O—Si(CHy)3
CH, CH
2 chy O—Si(CHy)
O—Si(CHz)3
i A T
Histidine, HIS, (CH3)3Si——NH—(]2H——C—O——-Si(CH3)3 Histidine, HiS3 (CH3)3S|~NH—<|:H—C—0—S.(CH3)3
CHy CHp
ZaN %\N
- | L
HN (CH3)3Si—N
i i
If N ) )
Cystine, CYS;  (CH3)aSi—NH—CH—C—O—Si{CHy)y Aspartic acid, ASPy {CHz)3S81—NH~—~CH—C—O—Si{CH3),
CH,—S CHp
S—CHy O==C—O-Si{CH3)3
(CH3)3si——NH——CH—ﬁ——o—si(CH3)3
. i
It - ' .
Arginine, ARGy (CH3)3Si~—NH—CH—C-—0--5i(CH3)3 Arginine, ARG, (CH3)3St—NH—CH-— C —O—Si(CH3)3
(CHp)3 (CHo)3
NH—C==N—=Si(CH3)3 NH———C|=N~—Si(CH3)3
NHp NH—Si(CH3)3

Hydroxyproline, HyPRO;  (CH3)3Si—O Proline, PRO, U
[ :LC—O—Si(CH3)3 lC—O~Si(CH3)3

(CH3)3Si—N 0 (CH3)3SI—N |
(¢} [¢]
I o . I ,
Cysteine, CYSHy  (CHg)38i—NH—CH—C—0-—Si(CH3) Methioning,MET,  (CH3)3Si~NH—CH—C—O~—Si(CH3)3
CHp CHy
S—Si(CH3)3 CHp~—S—CHgy
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TABLE II (continued)

! I
tysine, LYS3 (CH3)3SI—NH—CH—C —0 —Si{CH3),

I
(CHp)y
NH—SI(CH3)5

' I
Tyrosine, TYRy  (CH3)38i —NH—CH—C~~0—-Si(CH3),

CH2@—O—Si(CH3)3

o
I

Tryptophan, TRY, (CH3)3Si-—NH—(l.‘H—C—O—Si(CHa):;

CHa
NS
NH
(e}
Glutamic acid, I
GLU; (CH3)3Si—NH—CH—C—O0—Si(CHy)3
(CHa)p

O=C—0—Si(CH3)3

o]
) |
Lysine, LYS, (CH3)3Si—NH—CH—C — O —Si(CHy)y
(CHa)y
(CH3)3Si—N—Si(CHz)3

i
Phenylaianine, PHE, (CHy)3Si—NH—CH—C—0 —Si(CHz)3

L

|
Tryptophan, TRY;  (CHy)s Si—NH_(liH——C —O—Si({CHy)4

=0

CHp
~
N—Si{CH3)5
2-Pyrrolidone -5- I
carboxylic acid, (CH3)3 Si~N—CH—C—0 —SiCHy)3
GLU, _ I
0=C_ _CHp
CHp

COLUMN 1

~1ISO—————60 144

255 °C

RESPONSE

OO

15 27

COLUMN 2

ALA
ks
Glyy

45 MIN

60——1507 MIN —60

Fig. 1. Separation of TMS amino acids. Column 1: 3.0 w/w 9% OV-7 on 1oof/1z0 mesh H.P.
Chromosorb G, 2.0 m X 4 mm I.D., glass; initial temperature 60°, 15 min hold, then 7.5°/min.
Column 2: 1.5 w/w 9% OV-22 on roof1zo mesh H.P. Chromosorb G, 2.o0m X 4 mm I.D., glass;

initial temperature, 60°, 7 min hold, then 7.5°/min.
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the samples derivatized at 135° for 4 h, 100°. In each case the temperature was pro-
grammed to a final temperature of 225°.

Eighteen of the amino acids were separatedona 4.0 w/w%, 1.75m X 4mm 1D,
column of OV-7 coated on a.w. 100/120 mesh H.P. Chromosorb G. Hydroxyproline and
aspartic acid were the only two amino acids that overlapped. The separation of these
two TMS amino acid derivatives was achieved on a 1.5 w/w%,, I.75 m X 4 mm 1.D.,
column of OV-22 on a.w. 100/120 mesh H.P. Chromosorb G. However, with this column
four other pairs of amino acids had the same retention temperatures. These were
alanine and glycine, serine and threonine, methionine and cysteine, and tryptophan
and cystine (Fig. 1). From information gained in these experiments a mixed liquid
phase of OV-7 and OV-22 was next tried. This resulted in the complete separation of
the TMS derivatives of the twenty protein amino acids with phenanthrene as I.S.
on a mixed liquid phase of 3.0 w/w9, OV-7 plus 1.5 w/w%, OV-22 on an a.w. 100/120
mesh H.P. Chromosorb G column, 1.75 m X 4 mm I.D.

Sixteen of the amino acids were soluble in BSTFA. Aspartic and glutamic acids,
cystine, and histidine were only partially soluble. Thus it was necessary to use a polar
solvent with BSTF A in the derivatization reaction. Acetone, tetrahydrofuran, dioxane,
and acetonitrile were investigated. The best solvent was acetonitrile. All of the amino
acids were soluble with a BSTFA/CH,CN ratio of 1:1.

In chromatographic experiments it was further found that H.P. Chromosorb G
was necessary to obviate the tailing of the acetonitrile solvent peak into alanine and
glycine as these amino acids were eluted from the column. Acid-washed Chromosorb G
was not satisfactory as a support phase. The silanized H.P. Chromosorb G was entirely
satisfactory and apparently all of the hydroxyl groups were masked and thus inter-
action of the solvent with the support was decreased. With the above recommended
mixed liquid phase and support material, the life of a column was found to be at least
three months. Figs. 2 and 3 represent typical chromatograms for the GLC separation

]

HWRu MET 1359 - 15 min

‘ 6LU3

sgr TR ASP CYSH

f PHE Hs
IS,
ARG3
5N

i
6LY; THR HyPRO ‘;SP MET 135%C - 4 b
SER I J——

GLU
2 LVS4 lS TYRAHIS
PRO oS
¥
GLlI3 TRY,
ARG, J\)
s

] 7 5 0 72 MR

RESPONSE

Fig. 2. GLC chromatogram of TMS protein amino acids. Sample: 13.06 mg in 6.2 ml, 21.06 ug total
amino acids injected (10 pl). BSTFA/CHCN ratio 1:1. Column: mixed liquid phase of 3.0 w/w 9%,
OV-7 and 1.5 w/w 9%, OV-22 on 100[/120 mesh H.P. Chromosorb G, 1.75 m x 4 mm L.D., glass.
Initial temperature 75° 7 min hold, then 2°/min.

J. Chromatog., 45 (1969) 24~51



GLC oF PROTEIN AMINO ACID TMS DERIVATIVES 39

VAL 6Ly HyPRO

ILEY MET
N THR ASP. l oS
LEU SER olu, PHEN
LYS4 1S, HIS
R

RESPONSE

PRO
's cYs

TRYy

BLU;
ARG,

100 1SOD- 100 150- 190 224-9¢

1
0 8 ] '] 2 M

Fig. 3. GLC chromatogram of TMS protein amino acids; 135° for 4h. Sample: 13.06 mg in
6.2 ml, 21.06 ug total amino acids injected (10 ul). BSTFA/CH,CN ratio 1:1. Initial temperature
100°, 8 min hold, then 2°/min. Column, same as Fig. 2.

of the TMS protein amino acids. Details for the derivatization, instrumental, and
chromatographic conditions are given in the legends to the figures. Fourteen of the
amino acids, including phenylalanine and tyrosine (Fig. 2, top), must be derivatized
at 135° for 15 min; and for six of the amino acids (GLU,, ARG,, LYS,, HIS;, TRY,
and CYS,) the required derivatization temperature and time were 135° for 4 h (Fig. 2,
bottom).

Injection port temperature. For the chromatography of the TMS amino acids it
was found necessary to maintain the injection port temperature at 250-300°. At lower
temperatures incomplete elution of the less volatile derivatives (HIS;, TRY,, TRYj,
and CYS,) occurred, resulting in reduced responses and reappearance of these peaks
as ghosts or breakdown products in subsequent chromatographic analysis.

Solventtailing. In some instances it was noted that the solvent peak of the reaction
mixture (BSTFA, MSTFA, and CH,CN) tailed badly, thus interfering with the quanti-
tation of the most volatile TMS amino acid derivatives (ALA,, GLY,, and VAL,).

Tailing of the solvent peak was apparently a result of the loss of the liquid phase
in that portion of the column which was in direct contact with the hot injection port,
maintained at 250-300°. The solvent was probably adsorbed on the surface of the
altered packing material, and thus was less rapidly eluted than would be the case if
the support were coated with liquid phase. This problem can be obviated by removing
the packing from that portion of the column which comes in direct contact with the
heated injection port.

Column conditions. Some important observations and points of emphasis about
the chromatographic column and the separations are: the exact w/w%, of the OV-7
and OV-2z liquid phases used are not too critical. One of the first observations that a
chromatographic column is deteriorating was indicated by the many small peaks
between HIS; and CYS,, and resolution was lost first for phenanthrene (1.S.), TYR,,
and HTS,. Other indications were that the base line between BSTFA and ALA, was
not sharp, the CH,CN solvent peak tailed into the ALA, peak, and the ALA, peak
appeared early. To achieve a good separation of the twenty amino acids the flow rate
of carrier gas (N,) is most critical (40—42 ml/min), and next the temperature program
rate (2°/min).
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Performance blank

Performance blank studies were made on all reagents, and with the chromato-
graphic, and instrumental conditions as presented to determine the existence and -
source of extraneous peaks and contamination. Chromatograms were made for
acetonitrile, BSTFA, BSTFA heated at 135° for 15 min, BSTFA plus CH,CN heated
at 135° for 15 min, and BSTFA heated at 135° for 4 h. A good blank chromatogram
was achieved for CH;CN at the sensitivity settings normally used. However, the
commercial BSTFA sometimes showed extraneous peaks. The retention temperatures
of these extraneous peaks were at 100° 115° and 140° and a careful distillation re-
moved much of the extraneous material. When the BSTFA was heated at 135° for
15 min, these extraneous peaks became larger; at 135° for 4 h, these three peaks were
quite large and other peaks appeared. All of them were found below a retention
temperature of 145°. It was most fortunate that these extraneous peaks did not occur
at the same retention temperatures for any of the protein amino acids. The commercial
BSTFA that is now available does not show these extraneous peaks. In general, these
peaks resulted from the silylation of trace impurities present in BSTFA, or from
break-down products of impure BSTFA which were then silylated. It is essential that
only highly purified BSTFA should be used.

Derivatization veaction conditions

Some derivatization experiments were conducted using only BSTFA and no
organic solvent. Other experiments were conducted using solvents of different po-
larities to help dissolve four of the amino acids. Acetonitrile was found to be the best
solvent at an equal volume to BSTFA. The following reaction temperatures were
investigated: 125°, 135°, 150°, and 170°. Reaction times were: 5, 10, 15, and 30 min,
andr, 2, 3, 4, 5,6, and 13 h. The molar excess of BSTFA to the total amino acids studied
was: 8, 10, 20, 30, 50, and 100. The following amino acids gave multiple peaks under
different experimental conditions: glycine, glutamic acid, arginine, lysine, histidine,
and tryptophan. Multiple peak formation for arginine and lysine occurs because these
amino acids have an w-amino group which is silylated to different extents; histidine
and tryptophan have a heterocyclic nitrogen atom; glutamic acid gives a cyclized
compound 2-pyrrolidone-5-carboxylic acid TMS derivative; and the g-amino group
on glycine can be doubly silylated due to lack of steric hindrance.

Tromethylsilylation reaction for lysine

For all the amino acids except glycine, the ¢-amino group is substituted by
only one TMS group, whereas the w-amino group is substituted by one or two TMS
groups, depending upon the reaction temperature and time. This is due to the presence
of steric hindrance to the g-amino group for all of the amino acids except glycine.

The best reaction conditions for the trimethylsilylation of fourteen amino acids
is at 135° for 15 min. Phenylalanine and tyrosine are included in the fourteen. Refer
to the top chromatogram in Fig. 2. However, to quantitatively convert the remaining
six amino acids, it was necessary to heat at 135° for 4 h. These amino acids are GLU,,
ARGy, LYS,, HIS,;, TRY,, and CYS,. When glycine was derivatized at 135° for 15 min,
the ratio of GLY,/GLY, was found to be 6.7 and remained constant. Trimethyl-
silylation at 135° for 4 h gave a ratio of 0.10 for GLY,/GLY,. Glycine is included with
the fourteen amino acids because GLY;, has a retention temperature between that for

J. Chvomatog., 45 (1969) 24—51



GLC oF PROTEIN AMINO ACID TMS DERIVATIVES 41

H H 0 Si(CHy),
2 H2N—~(!2—(CH2)3—(|Z—COOH + 7 CF3(1Z|—N/ o
H II\TH2 Si(CH,),
(LYS) (BSTFA)

(CH,),Si H H
NH—(|Z—(CH2)3—|C—COOSi(CH3)3 (LYS,)
H I|\IH—Si(CH3 s
(CH,),Si H H

| |
N—C——(CH,)y—C—COOSi(CHy), (LYS,) -~ 7 MSTFA

a | :
(CH,),Si H NH—Si(CH,),

isoleucine and proline, and thus interfered in the separation of these two amino acid
derivatives (Figs. 2 and 3).

To trimethylsilylate and to chromatographically separate the twenty amino
acids, two sets of reaction conditions and two injections were required. The sample
was initially heated at 135° for I5 min, then an aliquot was injected onto the column
at an initial temperature of 75°. The reaction vessel was closed and again heated at
135° for 4 h, after which time a second injection of the sample was made, with the
initial temperature of the column at 100°. After the first injection the column was
programmed to about 225° and then cooled to the initial holding temperature of
100° prior to the second injection. An isothermal hold was also used at the beginning
of each chromatogram. The amino acids from alanine to cysteine are included in the
first chromatogram, plus phenylalanine and tyrosine; and from glutamic acid to
cystine in the second chromatogram. Glutamic acid was converted into a cyclized
compound 2-pyrrolidone-5-carboxylic acid TMS derivative (GLU,, Table II). At the
reaction conditions of 135° for 15 min, GLU, gave only a small peak; whereas at 135°
for 4 h the pyrrolidone derivative was the major peak, and the remaining GLU, did
not interfere in the chromatography. The glutamic acid content of the samples was
determined by the summation of the areas of GLU, and GLUj.

The trimethylsilylation of a number of the amino acids as a function of reaction
conditions is presented in Fig. 4. One peak was obtained for ARG,, LYS,, HIS;, and
CYS,, respectively. At 135° for 4 h, tryptophan yielded two peaks, TRY, and TRY,
(Table II). The RMR ratio for TRY,/TRY, was found to be 0.18 and remained con-
stant. The GLC chromatogram of the TMS derivatives of tryptophan and cystine is
shown in Fig. 5. Although TRY, and CYS, have the same retention temperature, the
CYS, content can be measured by subtracting 189, of the total area of TRY, from
the total area for TRY, plus CYS, (Fig. 5). From the above experiments on trimethyl-
silylation conditions, studies on the relative molar response of the amino acid deri-
vatives as a function of temperature (Table III), and molar excess of BSTFA (Table
IV), it was concluded that the best reaction conditions for the twenty amino acids
were as follows: Take 1 mg total amino acids, add 0.24 ml BSTFA and 0.24 mi CHZCN.
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TABLE III

RELATIVE MOLAR RESPONSE OF TMS AMINO ACIDS AS A FUNCTION OF REACTION TEMPERATURE

Molar ratio of BSTFA/Total amino acids = 30. BSTFA/CH,CN ratio, 1:1. Each value is an
average of at least two independent analyses.

Amino acid RMRy 4. 1pren. and silylation conditions

125°—15 min I135°—I5 nwun 135°—4 h I150°—2 h

ALA, 0.35 0.53 0.32 —
GLY, 0.46 0.48 0.00 0.00
GLY, 0.08 0.09 0.46 0.44
VAL, 0.68 0.87 0.5I —
LEU, 0.78 0.94 0.88 —
ILEU, 0.95 1.06 1.04 —
PRO, 0.43 0.61 0.36 —
SER, 0.87 0.96 1.00 —
THR, 0.88 1.06 0.96 —
HyPRO, 0.93 I.14 0.96 —
ASP, 0.84. 0.86 0.80 0.66
MET, 0.48 0.56 0.52 —
CYSH, 0.45 0.52 0.21 0.27
GLU, 0.I3 0.15 0.54 —
GLU, 0.52 0.53 0.15 —
PHE, 1.02 1.08 0.93 0.85
ARG, — —_— 0.51 0.24
LYS, — — 0.89 0.52
TYR, 1.36 1.53 1.44 —
HIS, — — 0.55 0.2
TRY, — — 0.87 —
TRY, — — 0.16 —
CYS, — — 0.81 0.98
TABLE 1V

RELATIVE MOLAR RESPONSE OF TMS AMINO ACIDS AS A FUNCTION OF MOLAR RATIO OF BSTFA

Closed tube silylation at 135-—°15 min. BSTFA/CH,CN ratio, 1:1. Molar ratio of BSTFA/Total
amino acids = 20, 30 and 50. Each value is an average of at least two independent analyses.

Amino acid RMRy q.1phen. and molay vatio

20 30 50
ALA, 0.41 0.53 0.54
GLY, 0.49 0.48 0.36
GLY, 0.II 0.09 0.18
VAL, 0.88 0.87 0.86
LEU, 0.96 0.94 0.90
ILEU, 0.97 1.06 I1.12
PRO, 0.58 0.61 0.58
SER, 0.93 0.96 0.86
THR, 1.00 1.06 0.92
HyPRO, 1.15 1.14 0.99
ASP, 0.85 0.87 0.83
MET, 0.78 0.77 0.73
CYSH, 0.54 0.54 0.42
PHE, 1.02 1.08 —
TYR, 1.36 1.53 1.56
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135°C - 15min

LYS3

1359 -2 h

RESPONSE

ARGy

HJ

135% 4 h cYs

00-S0- 100 T - X 17 = = 0%
4 8 16 20 24 B 32 36 40 44 43 52 5 60 min

Fig. 4. Silylation of amino acids as a function of reaction time. Sample: 6.3 mg in 4.8 ml, 10.5 ug
total amino acids injected (8 ul). BSTFA/CH,CN ratio 1:1. Initial temperature 100°, 4 min hold,
then 2°/min. Column, same as Fig. 2.

Heat at 135° & 2° for 15 min 4- I min, followed by heating at 135° + 2° for 4 h 4
I0 min.

Relative molar vesponse of TMS amino acids

The relative molar response values, RMR, 4. ,phen., for fourteen of the TMS
amino acid derivatives silylated under the optimum conditions of 135° for 15 min
are given in Table V. The RMR values for the remaining six amino acids silylated at
135° for 4 h are presented in Table VI. The number of TMS groups attached to each
amino acid is denoted as a subscript. Phenanthrene was used as I.S. and was arbitrarily
assigned a value of unity. Each solution contained ca. 0.5 mg of each amino acid and
0.5 mg of I.S. The amino acids were analyzed singly as well as in groups, and no inter-
actions were observed. All of the chromatographic experiments were made on the
mixed liquid phase of OV-7 and OV-22 at a w/w9, ratio of 3/1.5. No amino acid
derivative-substrate interactions were noted with the siloxane substrate phases.
However, it was earlier noted that polyester substrates could not be used for chro-
matography of the TMS derivatives. Under the experimental conditions used, the
RMR values were very reproducible; and the average RSD (%) for the fourteen
amino acids (Table V) was found to be 0.80, and the average RSD (%,) for the remaining
six amino acids (Table VI) was found to be 1.25. It was noted in general that the RMR
values for the fourteen amino acids decreased when the silylation time was increased
to 4 h (Table V). Data are presented in Table VII giving the RMR values for a number
of the TMS amino acid derivatives as a function of reaction time. It was observed that
the optimum silylation time for GLU,, ARG,, LYS,, HIS;, TRY,, and CYS, was 4 h.
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TABLE V

RELATIVE MOLAR RESPONSE OF THE TMS AMINO ACIDS

Optimum conditions, 135°--15 min. The number of TMS groups attached to the amino acid is
denoted as a subscript.

Awmino acid RMRy.q./phen. and conditions®
I135°—1I5 min Av. RSD (%) 135°—4h
ALA, 0.53 0.55 0.52 0.53 0.6 0.32
GLY, 0.50 0.47 0.42 0.48 1.3 0.00
GLY, 0.09 0.II 0.08 0.09 3.30 0.46
VAL, 0.89 0.84 0.88 0.87 0.6 0.51
LEU, 0.94 0.93 0.95 0.94 0.1 0.88
ILEU, 1.07 1.06 1.04 1.06 0.2 1.04
PRO, 0.62 0.64 0.58 0.61 1.6 0.36
SER, 0.98 0.94 0.95 0.96 0.3 1.00
THR, .1.04 1.09 1.04 1.06 0.5 ' 0.96
HyPRO, 1.12 1.09 1.20 1.14 1.7 0.96
ASP, 0.86 0.84 0.87 0.82 0.2 0.80
MET, 0.53 0.59 0.57 0.56 1.9 0.52
. CYSH, 0.51 0.50 0.54 0.52 1.2 0.21
PHE, 1.09 1.07 1.07 1.08 o.I 0.93
TYR, 1.52 I.5I 1.55 1.53 1.3 1.44

a Comparison of silylation in a closed tube at 135° for 15 min, and 135° for 4 h.
Aa..a./M()leSa.a.

RMRa.a./phen‘ =

Al.s,/l\/[()lesl,s,

Av. RSD (%) = o.80.

b GLY, is not included.

TABLE VI

RELATIVE MOLAR RESPONSE OF THE TMS AMINO ACIDS

Optimum conditions, 135°—4 h. The number of TMS groups attached to the amino acid is
denoted as a subscript.

Awmino acid RMR . a./phen. and conditions®
135°—4 h Av. RSD (%), 135°—15min

GLU, 0.52 0.56 0.53 0.54 1.1 0.I5
GLU, 0.14 0.12 0.14 0.13 6.1° 0.53
ARG, 0.04 0.00 0.00 0.01 — 0.02
ARG, 0.54 0.50 0.48 0.51 2.4 0.03
LYS, 0.00 0.00 0.00 0.00 — 0.20
LYS, 0.86 0.89 0.89 0.88 2.3 0.10
HIS, 0.55 0.54 0.55 0.55 1.8 0.31
TRY, 0.87 0.87 0.86 0.87 I.I 0.72
TRY, 0.16 0.17 0.15 0.16 5.0P 0.67
CYS, 0.80 0.84 0.79 0.81 0.1 0.48

a Comparison of silylation in a closed tube at 135° for 15 min, and 135° for 4 h.
Aa.a./MOIeSa.a.

RMRa.a./phen. - -

Ax.s./Molesy. s,

Av. RSD (%) = 1.25.

b GLU,; and TRY, are not included.
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TRY;

RESPONSE

RMR 9.9/pHEN TRY,
CYS 1.09 TRY; 0.24
TRY; 1.32 TRY,/TRY3 0.18

21 223_°C
66 72 MIN

Fig. 5. GLC chromatogram of TMS tryptophan and cystine;. 135° for 4h. BSTFA/CH,CN
ratio 1:1. Initial temperature 75° 7 min hold, then 2°/min. Column, same as Fig. 2.

TABLE VIIL
RELATIVE MOLAR RESPONSE OF TMS AMINO ACID DERIVATIVES AS A FUNCTION OF REACTION TIME

Closed tube silylation at 135° Molar ratio of BSTFA/Amino acid = 30. BSTFA/CH,CN ratio,
I:1.

Awmino RMR . q.jphen. and silylation time?
acid

I5 min Av. 2 h 4h Av. 6k
GLY, 0.50 0.46 0.46 0.48 0.00 0.00 0.00 0.00 0.00
GLY, 0.08 ©0.09 oO.II 0.09 0.41 0.37 0.46 0.42 0.46
GLU, 0.15 0.18 o0.12 0.15 — 0.52  0.56 0.54 —
GLU, 0.54 0.53 0.5I 0.53 — 0.I4 0.12 0.13 —
ARG, 0.03 0.00 0.0I 0.01 0.01 0.00 0.00 0.00 0.00
ARG, 0.0 0.28 o.15 0.14 0.26 0.54 0.50 0.52 0.48
LYS, 0.07 0.18 0.37 0.21 0.01 0.00 0.00 0.00 0.00
LYS, 0.10 0.I3 0.07 0.10 0.65 0.86 0.84 0.85 0.80
HIS, 0.I9 0.42 0.32 0.31 0.53 0.54 0.55 0.55 0.42
TRY, 0.88 0.80 o0.47 0.72 — - 087 0387 0.87 —
TRY, 0.46 0.64 0.96 0.67 — 0.16 o0.19 0.18 —
CYSs, 0.36 0.5 0.5I 0.57 0.86 0.78 0.84 0.82 0.78

Agq.a./Molesy a.

a Rl\l}za,m/pheu. = - -
Ar1.s./Molest.s.

At a 6-h reaction time, some of the RMR values decreased. The best value for
glycine as GLY, was at a reaction time of 15 min. On standing, GLY, changed into
GLY,, which had a retention temperature between that of isoleucine and proline.
Therefore, it is essential that glycine remains as GLY,. The silylation temperature
should be held to 135° 4+ 2°, and the reaction time to 15 min -~ I min. The silylated
sample must be cooled within 3 min, otherwise glycine changes from GLY, to GLY,.
These conditions are not as critical for the other amino acids in the group of fourteen.
At the silylation conditions of 135° for 4 h, the reaction time can be varied 4 10 min.
The temperature should again be held to 135° + 2°.

Stability of TMS amano acid devivatives
An important factor considered in this investigation was the stability of the
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TMS amino acid derivatives on standing in a closed vial after silylation. The samples
were silylated under the optimum conditions as determined earlier, and then analyzed
over a seven-day period. Care was exercised to exclude moisture from. entering into
the reaction tube. Following silylation, and between chromatographic analyses, the
silylated samples were held in the teflon-capped reaction vials at room temperature.
The vials were opened only long enough to remove the sample for injection into the
gas chromatograph. Stability of the TMS amino acid derivatives was evaluated by
comparison of the RMR values as a function of standing time. The results are presented
in Table VIIIL. Only glycine showed a lack of stability. It is necessary that the analysis
for this amino acid be made within 3 h.

TABLE VIII

STABILITY OF THE TMS AMINO ACID DERIVATIVES AS A FUNCTION OF TIME

Sample held in closed tube at room temperature. Closed tube silylation at 135°—15 min and
135°—4 h. Each value is an average of at least two independent runs. RMR with respect to phen-
anthrene as internal standard.

Amino acid RMRy o.1phen. and time

0 3h 8h 24 h 3 days 7 days

Silylation at 135°—15 min

ALA, 0.49 0.50 0.51 0.48 0.48 0.52
GLY, 0.48 0.47 0.40 0.22 0.08 0.03
GLY, 0.09 0.12 0.29 0.48 0.54 0.59
VAL, 0.81 0.84 0.85 0.80 0.83 0.86
LEU, 0.94 0.93 0.97 0.95 0.96 0.95
ILEU, 1.06 I.I1T 1.13 0.99 1.09 1.12
PRO, 0.56 0.58 0.54 0.60 0.58 0.56
SER, 0.92 0.95 0.96 0.95 0.96 0.93
THR, 0.98 1.02 0.99 1.03 0.98 0.98
HyPRO,; 1.07 1.09 1.04 1.08 1.12 1.02
ASP, 0.85 0.84 0.87 0.84 0.88 0.82
MET, 0.82 0.86 0.83 0.87 0.81 0.81
CYSH, 0.52 0.53 0.55 0.55 0.54 0.56
PHE, 1.08 1.07 1.03 1.04 1.12 1.08
TYR; 1.46 1.52 1.50 1.48 1.53 1.46
Silylation at 135°~—4 h

GLU, 0.54 0.53 0.59 0.59 0.55 0.53
GLU, 0.13 0.14 0.15 0.15 0.13 0.10
ARG, 0.55 0.53 0.60 0.56 0.61 0.58
LYS, 0.88 0.92 0.93 0.98 1.01 1.02
HIS, 0.52 0.56 0.56 0.54 0.51 0.47
TRY, 0.87 0.86 0.87 0.89 0.86 0.82
TRY, 0.16 0.15 0.I3 0.17 0.13 0.08
TRY,/

TRY, o0.18 0.17 0.15 0.19 0.15 0.I0
CYS, 0.81 0.81 0.88 0.91 0.93 0.83

Quantitative analysis of a synthetic amino acid mixture
To establish the quantitation of the GLC analysis of the TMS amino acids, a
mixture containing known amounts of selected amino acids was analyzed. The syn-
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thetic mixture contained the following amino acids and amounts in Too ml of 0.05 N
HCI:

Amino acid mg

Glutamic acid  57.6

Arginine 45.1
Lysine 41.0
Histidine 49.2
Tryptophan 50.6
Cystine 48.4

Three (2.0 ml) aliquots of the solution were placed in three culture tubes, dried,
then derivatized, chromatographed, and electronically integrated as described in the
section EXPERIMENTAL.

The quantity of each amino acid in the samples was calculated using the relative
molar response values, RMRa a. /phen., obtained from the analysis of a standard amino
acid solution with phenanthrene as I.S.

The per cent recovery of each amino acid was determined by comparison of the
experimental results with the actual, or theoretical, values. The per cent recovery of
the six selected amino acids is given in Table IX. The recoveries ranged from 93.6 to
105.9%, and were considered good.

The GLC chromatograms for the recovery of the TMS amino acids in a mixture
(Table IX) are shown in Figs. 6 and 7.

TABLE IX

GLC anaLvysis oF TMS AMINO ACIDS IN A MIXTURE

Awmino acid Milligrams of amino acid
Added Recovered by GLC8P Av. Recovery
(%)

GLU, + GLU, 1.152 1.186 1.169 1.169 1.174 101.9
ARG, 0.902 0.965 0.870 0.918 0.917 101.6
LYS, 0.820 0.838 0.773 0.783 0.798 97.3
HIS, 0.984 1.078 1.041 1.003 1.042 105.9
TRY,; + TRY, 1.0I2 0.989 0.909 0.943 0.947 93.6
CYS, 0.968 1.075 0.992 0.968 I.0II 104.4

a Phenanthrene as internal standard.
b Each value represents an independent analysis.

The per cent recovery of glutamic acid was obtained by summing the peak areas
of GLU, and GLU,. The amount of TRY, which coincided chromatographically with
CYS, was calculated as being 189, of TRY3, and thus TRY, and TRY, were summed
to give the total area of tryptophan.

An example of the calculations used to determine the recovery of the amino
acids follows. Phenanthrene, as I.S., was assigned the value of unity, and the recovery
for histidine in a sample was calculated by the internal standard method:

o Anis X GFWrhis X grs.
£iis Ars. X GFWig, X RMRris/ts.
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200I2 X I55.2 X 0.0005I2
17667 X 178.22 X 0.52

SHis =

gHis = 1.003 X 1072 = 1.003 mg

TMS derivatives of urea, ornithine, and citrulline

Urea, ornithine, and citrulline were trimethylsilylated at 135° for 15 min and
135° for 4 h. All of the other chromatographic and instrumental conditions were the
same as for the twenty amino acids. The experimental details are given on the re-
spective Figs. 8, g and 10. It was observed that urea, ornithine, and citrulline all gave
more than one peak. UREA; was essentially converted to UREA, at 135° for 4 h, and

—\ G, LYs,
RY,
PHEN
2 1s. CYS4
cz) GLY ARG HIS 2
3

&
w
[+ 4

No——150—=10 144 180 027C

0 7 24 2 8 MIN

Fig. 6. GLC chromatogram of TMS amino acids; 135° for 4 h. Sample: 6 mg in 3.0 ml, 1o ug
total amino acids injected (5 ul). BSTFA/CH,CN ratio 1:1. Initial temperature 110°, 7 min hold,
then 2°/min. Column, same as Fig. 2.

G, L1Ys,

TRY,

cy
+SA
TRY,

PHEN
LS. HIS

RESPONSE

GLlu, ARG
4

JuL__J

150—ISQ——150—— 2°C/MIN. 168—————5°C/MIN._—— 938 o¢
0 5 14 238 MIN

Fig. 7. GLC chromatogram of TMS amino acids; 135° for 4 h. Sample: 6 mg in 3.0 ml, 10 ug
total amino acids injected (5 ul). BSTFA/CH,CN ratio 1:1. Initial temperature 150° 5 min hold,
then 2° for 9 min, then 5°/min. Column, same as Fig. 2.
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UREA4
1359C-15 MIN
ORN3 ORNy
g
2 b 135 °C - 15 MIN
41 Z
e @]
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1359C-4 H ~ q l
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J 135°C - 4H ORN,
- /\15000-4 H ,J \
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S ! N 1 N Y ; g
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Fig. 8. GLC chromatogram of TMS urea. Sample: 1.0 ul. BSTFA/CH,CN ratio 1:1. [nitial tem-
perature 75°, 7 min hold, then 2°/min. Column, same as Fig. 2. Attenuation: 10 X 64.

Fig. 9. GLC chromatogram of TMS ornithine. BSTFA/CH,CN ratio 1:1. I[nitial temperature 75°,
7 min hold, then 2°/min. Column, same as Fig. 2.

135 0C - 15.MIN
CITy CiT4
wo
2
s 1350 - 4
%
& CIT4
T3
161 185 [
62 MIN.

Fig. 10. GLC chromatogram of TMS citrulline. BSTFA/CH,CN ratio 1:1. [nitial temperature 75°,
7 min hold, then 2°/min. Column, same as Fig. 2.

at a temperature of 150° for 4 h the peaks were reduced. Trimethylsilylation of
citrulline at 135° for 15 min yielded three peaks, CIT,, CIT;, and CIT,, which upon
heating at 135° for 4 h resulted in a loss of the CIT, peak and an increase in the area
for the CIT, and CIT, peaks. In a similar manner, ornithine was converted from
ORN, to ORN, when silylated at 135° for 4 h.

Analysis of biological materials

To establish the applicability of the entire TMS derivatization and chromato-
graphic method for the analysis of amino acids in biological materials, ribonuclease
was selected as a representative protein. Fifty milligrams of ribonuclease were hy-
drolyzed with 50 ml of constant boiling HCl (6 N) for 18 h at 105° under a nitrogen
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Fig. 11. GLC chromatogram of TMS amino acid derivatives of ribonuclease; 135°—1I5 min.
Sample: 4 mg in 2.0 ml, 8 ug total amino acids injected (4 wpl). Initial temperature 70° 6 min
hold, then 2°/min. Column, same as Fig. 2.

TABLE X

COMPARISON OF GAS—LIQUID AND ION-EXCHANGE CHROMATOGRAPHIC ANALYSES OF RIBONUCLEASE

Protein hydrolyzed for 18 h at 105° in a closed tube with constant boiling HCI.

Amino acid wlw %,
Gas—liquid chromatography® Av.p lon-exchange
chvomatographyc
Alanine 6.45 6.59 6.80 6.61 6.91
Glycine 1.56 1.71 1.62 1.63 1.78
Valine 6.43 6.60 6.28 6.44 6.33
Leucine 2.18 2.03 2.22 2.14 2.07
Isoleucine 1.63 I1.71 1.65 1.66 1.84
Proline 2.72 2.63 2.71 2.69 2.96
Serine 8.91 9.20 9.13 g9.08 9.01
Threonine 6.94 6.77 6.91 6.87 7.03
Aspartic acid 12.72 12.89 12.63 12.75 13.06
Methionine 3.16 3.04 2.81 3.00 3.35
Glutamic acid 11.49 11.62 I1.35 11.49 I11.37
Phenylalanine 3-47 3.41 3.21 3.36 3.24
Arginine 5.01 5.27 4.96 5.08 4.92
Lysine 10.39 10.49 10.21 10.36 10.25
Tyrosine 6.29 6.67 6.49 6.48 6.81
Histidine 3.49 3.42 3.21 3.40 3.69
Cystine 6.04 6.21 5.89 6.05 5.88
99.09 100.50

a TMS derivatives.
b Average of three independent samples. Phenanthrene as internal standard.
¢ Norleucine as internal standard.

RESPONSE

13— 190~1S6—190 2407150240
0 15 0 36 Min

Fig. 12. GLC chromatogram of TMS amino acid derivatives of ribonuclease; 135°—4 h. Sample:
4 mgin 2.0 ml, 8 yg total amino acids injected (4 ul). Initial temperature 130°, 4°/min for 15 min,
then 5 min hold, then 4°/min to 240°. Column, same as Fig. =.
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atmosphere in a closed tube. After evaporating the sample to dryness at room temper-
ature with a rotary evaporator, the sample was transferred to a 50-ml volumetric flask
and brought to volume with 0.1 N HCL. Five milliliter aliquots of this stock ribonuclease
solution were then transferred to 16 mm X 75 mm glass reaction tubes, dried, and
derivatized as described in the section EXPERIMENTAL.

The chromatograms obtained on silylation at 135° for 15 min and 4 h, respective-
ly, are presented in Figs. 11 and 12. The data obtained from three independent GLC
analyses are given in Table X, and the results are in good agreement with those from
classical ion-exchange analysis.

Preliminary investigations on the GLC analysis of cation and anion-exchange
cleaned human urine by the TMS technique have shown that some problems still
exist. The urine samples contained a large amount of glycine, and difficulty in ob-
taining a single peak for glycine was noted. Both the di-trimethylsilyl (GLY,) derivative
and the tri-trimethylsilyl (GLY, ca. 10%,) derivative were obtained when the samples
were derivatized at 135° for both 10 and 15 min. The GLY, peak interfered with the
resolution of TMS leucine and TMS proline due to the large quantity of glycine in the
sample. Further investigations are needed to obviate this problem.

CONCLUSIONS

The experiments conclusively demonstrate that the twenty natural protein
amino acids and other nonprotein amino acids can be quantitatively analyzed as their
TMS derivatives by GLC. This method offers important advantages in terms of simpli-
city and speed, as derivatization involves only the addition of reagents with no
transfers. The chromatographic separation can be accomplished on a single column.
Complex biological materials as urine and blood can be analyzed by this method.
Research scientists will find this GLC method of the TMS amino acids valuable in
their investigations of biologically important substances which contain many function-
al groups that can be trimethylsilylated.
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SUMMARY

A method is described whereby ammonia or an amino acid, produced by the
enzyme-catalyzed hydrolysis of an amino acid amide or ester, can be determined in
sets of five samples with a single 2-h chromatogram of an amino acid analyzer.

INTRODUCTION

We have recently examined the different methods of determining ammonia
with the object of selecting one which would be suitable for use for a study of the
kinetics of the trypsin-catalyzed hydrolysis of some amino acid amides. The direct
methods, using reagents such as phenol-hypochlorite! or Nessler’s reagent?, were
inapplicable because of the known interference on color development by nitrogen-
containing compounds®—®. The more recently described isocyanurate-salicylate
method!® was considered but also found to be strongly affected by the presence of
amino acids and proteins!'. The virtues and drawbacks of the well known Conway
microdiffusion technique!®!3 are apparent from the work of CEDRANGOLO et al.1%. To
our disappointment, we came to the conclusion that none of the available methods
was entirely satisfactory for our purpose. We therefore resorted to the use of a Beckman
amino acid analyzer. This paper describes a procedure, generally suitable for monitoring
the enzyme-catalyzed hydrolysis of amino acid amides or esters, by which three to
five samples of ammonia or amino acid can be determined on one chromatogram
with an amino acid analyzer.

MATERIALS AND METHODS

Three times crystallized salt-free trypsin (Winley-Morris Diagnostics, Montreal),
N-tris(hydroxymethyl)methyl-z-aminoethanesulfonic acid (TES) (Calbiochem, Los
Angeles), Aminex A-5 spherical resin (Bio-Rad Labs., Richmond), sulfosalicylic acid

* Supported by grants from the Medical Research Council of Canada.

** Holder of a Medical Research Council of Canada Bursary, 1968—1969.

“** Associate of the Medical Research Council of Canada.
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and primary standard ammonium sulfate (Fisher) were from the designated suppliers.
a-N-Benzoyl-L-lysinamide was a synthesized product?®. The amino acid analyzer was
a standard Beckman model 120B instrument equipped with an additional intermediate
length column (30 cm). The pH 5.28 buffer reservoir was protected from the atmos-
phere by a citric acid guard tube.

Enzymatic reactions were terminated by the addition of half a volume of 209,
sulfosalicylic acid and the tubes were centrifuged after having been cooled for at least
30 min. An aliquot of the supernatant solution was placed on a 0.9 X 15 cm column of
Aminex A-j resin surrounded by a water-jacket kept at 57°. The sample was rinsed
into the column as usual with the eluting buffer (3 x 0.2 ml), the column head was
filled with buffer, the buffer outlet was secured to the column, and buffer was pumped
through at a rate of 68 ml/h. After 1o min, the buffer in the column head was removed,
and a second sample was placed on the column. Buffer was pumped through again for
10 min, and this was repeated two or three more times. After the application of the
last sample, the ninhydrin pump was turned on (34 ml/h) and the effluent stream was
sent to the reaction coil. After use, the columin was regenerated with 0.2 N sodium
hydroxide, and equilibrated with buffer as usual.

RESULTS AND DISCUSSION

Before proceeding with any experiments, the suitability of the reagents was
verified. Some previously unopened bottles of reagent grade sulfosalicylic acid could
not be used because they contained too much ammonia. The common buffer tris-
(hydroxymethyl)aminomethane was ammonia free, but was deemed unsatisfactory
for use because it gave a slight colour with ninhydrin (C = 0.08 relative to 22.0 for
lysine) and was eluted from the column with the basic amino acids. Phosphate buffer
was incompatible with the calcium ions required for tryptic action assays. A most
satisfactory buffer proved to be TES!, which is completely ninhydrin negative.

0.6 0.80 (pmoles)

0.5
0.60
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o
~
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Fig. 1. Chromatograpihy of ammonia on a 0.9 X I5cm column of Aminex A-3 resin at 57° eluted
with 0.35 N sodium citrate, pH 5.28, at a flow rate of 68 ml/h. Ammonia solutions consisted of
1 ml of 209, sulfosalicylic acid, 1 ml of 0.02 M TES buffer, x m! of a 6 ymole/ml ammonia stock
solution, and 1—x ml of water. The blank had ¥ = o. One-milliliter samples were deposited on
the column at 10-min intervals.
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Fig. 2. Standard curves for ammonia from two chromatograms. The blank has been subtracted
for each point. Conditions, and solutions prepared, as in Fig. 1.

A chromatogram of different amounts of ammonia, obtained as described above,
is illustrated in Fig. 1. A plot of H X W (H == net height of peak = absorbance:
W = width of peak at half net height) versus concentration, of data from two chro-
matograms (one for each half of the curve), gave a straight line going through the
origin, as illustrated in Fig. 2A. However, when H was plotted versus concentration,
two parallel lines, neither going through the origin, were obtained as in Fig. 2B. This
shows that H is not a true measure of the concentration of ammonia when the chro-
matography technique described here is used. This is in contrast to the case where
amino acids are determined with an analyzer by the conventional procedure when
H is a true measure of the concentration!?. When doing amino acid analyses, it is also
customary to use in the calculations a constant C which is characteristic for each
amino acid. When (H X W)/C was plotted versus concentration in our case, a straight
line passing through the origin resulted. However, this was not the case when this
work was initiated. At that time our instrument was equipped with new high-sensi-
tivity cuvettes”. When data obtained using the high-sensitivity cuvettes were plotted
as (H x W)/C versus concentration (C = the constant for a sample giving an absorbance
of 0.3), the curve was not linear, but slightly convex due to the variation of the constant
with concentration. It transpires that a straight line results from data obtained with
the regular cuvettes because the variation of the constant is within the limits of the
experimental error. The plot adopted for calculating the results of ammonia de-
terminations by our method was therefore the plot of H X W versus concentration.

Since the ammonia to be determined would be in the presence of large amounts
of amino acid amide substrate and an equal amount of amino acid product, as well as
some protein, the effect of these substances on the recovery of ammonia and on the
applicability of the method was verified. The data recorded in Table I show that the
recovery of ammonia from incubation mixtures containing a large excess of a typical
substrate and product was within 4 39, of the amount added. An additional experi-
ment indicated that a 0.40 ymole sample of ammonia could be recovered quantitatively
after a 2o-min incubation in the presence of 5 mg/ml of trypsin. Since the results in

* These were soon abandoned due to continuous leakage problems.
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TABLE 1

RECOVERY OF AMMONIA IN THE PRESENCE OF SUBSTRATE AND PRODUCT

Known amounts of ammonia, «-N-benzoyl-L-lysinamide (5 pmoles) and «-N-benzoyl-lysine
(5 umoles) were incubated in 2 ml of o.or M TES, pH 7.5, containing o0.05 M calcium chloride
and 0.1 M sodium chloride. One milliliter of 209, sulfosalicylic acid was added to each mixture
at the time indicated.

Time Awmmonia Ammonia
incubated added vecoveved
(min) (umoles) (umoles)
10 0.30 0.29

20 0.60 0.61

30 0.90 0.93

Table I were obtained from a single chromatogram, they also show that the chromato-
graphic method itself is applicable to the determination of ammonia in the presence
of these other substances.

It should be noted that when several samples are successively deposited on a
column as in the method described here, the components which are not retarded by
the resin emerge with the void volume of effluent of the column shortly after each
sample application and have therefore traversed the ammonia peaks of the previously
applied samples on their way down the column. This apparently has no effect on the
peaks. The components of the last peak applied, however, must emerge before the
first ammonia peak to preclude interference with the colour development of the peak.
With the Aminex A-5 system described here, the first ammonia peak emerges at 71 min,
therefore up to five samples of ammonia, deposited on the column at 10-min intervals,
could be determined on one chromatogram. If some component in the mixture other
than ammonia is also retarted by the resin, not so many samples can be successfully
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Fig. 3. Chromatography showing the hydrolysis of a-N-benzoyl-L-lysinamide by trypsin at
pH 7.5 and 25°. Conditions as in Fig. 1. Trypsin solution was added to equal volumes of 0.02 M
TES containing 0.1 M calcium chloride, 0.2 M sodium chloride, and a-N-benzoyl-L-lysinamide.
Reactions were terminated at the times indicated by the addition of half a volume of 209, sul-
fosalicylic acid, and the mixtures centrifuged. An aliquot of each supernatant solution was placed
on the column at ro-min intervals.
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determined on one chromatogram. Such was the case encountered in our kinetic
studies when ammonia was determined in the presence of a-N-benzoyl-lysine. The
chromatogram from a typical kinetic experiment is represented in Fig. 3. It is seen
that four samples could be determined, the first ammonia peak to emerge being
preceded by the a-N-benzoyl-lysine from the last sample deposited on the column by
only 11 min. This circumstance, however, proved fortuitous since the a-N-benzoyl-
lysine was actually the other product of the reaction and it could be determined
simultaneously with the ammonia on the same chromatogram. It is seen in Fig. 3 that
very good agreement was obtained between the amounts of ammonia and e-N-benzoyl-
lysine liberated by the enzymatic reaction after 5 and 7.5 min, respectively. This
confirmed the reliability of the chromatographic method and moreover showed that
ammonia assay was a reliable criterion as a measure of substrate hydrolysis.

The method described here has been used successfully for studying the kinetics
of the trypsin-catalyzed hydrolysis of the a-N-benzoyl amides of e-N-methyl-r-lysine
and pL-homolysine!®, and is presently being used for studying the kinetics of the
chymotrypsin-catalyzed hydrolysis of r-phenylalanine esters at basic pH values.
For the latter, five samples of phenylalanine are analyzed as a set on one chromatogram
using 0.2 N sodium citrate, pH 3.80, as the eluent. When the samples are placed on the
column at ro-min intervals, the first peak emerges after 64 min, with the remainder
following at about 5-min intervals. A similar result is obtained for the analysis of
valine samples when the pH 3.28 buffer is used. The method can therefore probably
be used for the determination of any amino acid once a buffer of appropriate pH has
been found.

We acknowledge that the idea to develop this technique came from the work
of JURASEK AND WHITAKER, who determined ammonia in sets of five samples with
a single 6 to 7-h chromatogram of an amino acid analyzer after first having separated
ammonia from protein using Conway cells!s.
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SORPTIONSWARMEN VON FLUCHTIGEN STOFFEN AN EINIGEN
LEBENSMITTELBESTANDTEILEN

H. G. MAIER
Uwiversitils-Institut fiiv Lebensmittelchemie, Frankfurt a. M. (B.R.D.)

(Eingegangen am 29. Juli 1969)

SUMMARY

Sorption heats of volatiles on some components of foodstuffs

By means of gas chromatography the sorption heats of »-pentane, acetone,
ethyl acetate and ethanol on glucose, lactose, sucrose, and sodium chloride have been
determined (with some exceptions) in the presence of dry helium, wet helium, and
dry air as carrier gases. For the sugars, values of 5-19 kcal/mole have been found. They
are attributed to physical adsorption. For acetone on sodium chloride, values of 17-20
kcal/mole (dry) and 39 kcal/mole (wet) have been found, on potassium bromide 27
and 31 kcal/mole, resp. They are attributed to another type of sorption, possibly
chemisorption.

EINLEITUNG

Im Verlauf von Arbeiten iiber die Bindung von fliichtigen Aromastoffen an
Lebensmittel, welche sich in festem Aggregatzustand befanden, interessierte auch die
Ermittlung der Sorptionswirmen, denn aus deren Grosse lassen sich Riickschliisse
auf die Art und die Stirke der Bindung ziehen. Die Sorptionswarmen wurden mit Hilfe
der Elutions-Gaschromatographie bestimmt. Als Aromastoffe wurden vier leicht-
fliichtige Stoffe ausgewihlt, welche sehr unterschiedliche Polaritdten und funktionelle
Gruppen besitzen. Als Lebensmittel wurden einige solche ausgewihlt, welche bei
andersartigen Sorptionsversuchen! keine Quellung in den verwendeten Aromastoffen
zeigten. Es war namlich zu vermuten, dass sich zwischen den Aromastoffen und quell-
baren Lebensmitteln kein Sorptionsgleichgewicht in der Sdule einstellt. Ein solches
ist aber Voraussetzung fiir die angewandten Bestimmungsmethoden.

EXPERIMENTELLER TEIL

Material

Die Aromastoffe und Festkérper wurden in reinster Form aus dem Handel be-
zogen. Die Festkérper sind an anderer Stelle? nidher charakterisiert. Als Trdgergase
wurden verwendet: Helium 99.99%, und besonders reine synthetische Luft {Firma
Linde, Hollriegelskreuth).

J. Chromatog., 45 (1960) 5762
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Gaschromatographie

Es wurde das Fraktometer 116 E der Firma Bodenseewerk Perkin-Elmer be-
niitzt, welches mit einer Einrichtung zum Anfeuchten des Trigergasstroms (ge-
gebenenfalls mit 0.0136 mg/ml Wasserdampf) und einem Seifenblasenstrémungsmesser
versehen war. Die genauere Beschreibung findet sich an anderer Stelle3. Als Siulen
wurden 2 m lange Glassdulen (4 mm innerer Durchmesser) verwendet. Sie wurden
mit Festkérpern von der Korngrosse 0.15-0.30 mm gefiillt und vor den Versuchen
einige Tage im Trigergasstrom bei 60~80°C ausgeheizt. Wurde feuchtes Tragergas be-
niitzt, so wurde dieses bei der Versuchstemperatur einige Tage lang durch die Siule
geleitet. Die Aromastoffe wurden zu je 13.6 - 10~-® mmol eingespritzt. Die gemessenen

Daten dienten zur Berechnung des auf die Sdulentemperatur korrigierten Retentions-
volumens

VgT _ lr':fk'Fm'TS
AW -Th
Dabei bedeuten:
Ay = die Retentionszeit des Aromastoffs, gemessen in cm Papiervorschub des
Schreibers,
fr = den Martinfaktor zur Korrektur der Kompressibilitit des Trigergases,

Fy, = Volumengeschwindigkeit des Trigergasstroms (ml/min),
T's = Temperatur der Saule (°K),
A = Papiervorschubgeschwindigkeit des Schreibers (cm/min),
W = Gewicht der Saulenfiillung (g},
Ty = Temperatur des Strémungsmessers (°K).

Es wurden stets Dreifach- bis Sechsfach-Bestimmungen ausgefiihrt.

ERGEBNISSE

Die gefundenen Sorptionswirmen zwischen 30 und 60°C sind in den Tabellen
I-11I zusammengestellt. Sie wurden aus der Temperaturabhingigkeit des Retentions-
volumens erhalten?. Streuten die einzelnen Werte im g V,T/*/p-Diagramm lings einer
Geraden, so wurde diese durch Regressionsrechnung genau ermittelt. Dabei wurde
die Temperatur als die am wenigsten fehlerbehaftete Grosse betrachtet. Aus der
Steigung der Geraden wurde die Sorptionswirme erhalten. Wurde im Ig VTt p-

_ mot/g.10
T T T 17T

T 1771

sorbierte Menge
\\\\\

/ I | | |

10 20 30 40
Damptdruck Torr

Fig. 1. Sorptionsisothermen von Aceton an Glucose.
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Fig. 2. Sorptionsisothermen von Aceton an Lactose.

Diagramm keine Gerade erhalten, so wurde der Wert nicht angegeben. Die Werte fiir
Athanol an Glucose und Lactose in Luft wurden deshalb nicht angegeben, weil kgin
Athanol-Peak erschien, dafiir aber der Peak eines anderen, offensichtlich von Athanol
desorbierten Gases (O,?).

In den Tabellen sind ausserdem angegeben die Vertrauensbereiche der Repro-
duzierbarkeit fiir 999, statistische Sicherheit. Sie wurden nach DOERFFEL® aus den
Streuungen der Punkte lings der Regressionsgeraden berechnet.

Zur Uberpriifung der erhaltenen Werte und zur Ermittlung der Abhingigkeit
der Sorptionswirmen von der Oberflichenkonzentration wurden diese bei Aceton und

° 32eC
E=Y
- /~ 40°C
g
- S0°C
E /.
//. " so%e
@ 21 —
[=4
$ /
b3 ,/.
2 /
s
2
s
©
@
1 1 1 i | 1 1 1 ! ! L
50 100
Dampfdruck Torr

Fig. 3. Sorptionsisothermen von Aceton an Natriumchlorid.

Glucose, Lactose sowie Natriumchlorid in trockenem Helium aus der Riickfront der
Peaks nach KNOZINGER UND SPANNHEIMER® ermittelt. Die erhaltenen Sorptionsiso-
thermen sind in den Fig. 1-3 dargestellt. Fig. 4 zeigt die Abhéngigkeit der entsprechen-
den Sorptionswirmen, welche aus den Isosteren berechnet wurden, von der sorbierten
Menge.

DISKUSSION

Um die nach KNOZINGER UND SPANNHEIMER erhaltenen Sorptionswarmen mit
denjenigen aus den Ig V 7'/ r-Diagrammen erhaltenen vergleichen zu kénnen, miissen

J. Chromatog., 45 (1969) 57-62
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Fig. 4. Abhéngigkeit der Sorptionswirmen, berechnet nach KNOZINGER UND SPANNHEIMER, VoI
der sorbierten Menge. Gec = Glucose, La = Lactose, Na = Natriumchlorid.

die ersteren beil derjenigen sorbierten Menge entnommen werden, welche dem Peak-
Maximum entspricht. Dies ist der grisste ermittelte Wert fiir die sorbierte Menge.
Die nach KNOZINGER UND SPANNHEIMER erhaltenen Werte sind dann grosser als die
anderen (bei Glucose und Lactose um 1-2 kcal/mol), stimmen aber doch einigermassen
iiberein. Die Berechnung aus der Temperaturabhingigkeit des Retentionsvolumens
gilt als die genauere Methode.

Wie die Tabelle I zeigt, liegen die in trockenem Helium gefundenen Sorptions-
wirmen in der Grdssenordnung der Verdampfungswirmen der Aromastoffe (n-Pentan
6.2 kcal/mol, Aceton 7.7 kcal/mol, Essigsiduredthylester 8.7 kcal/mol, Athanol 10.3
kcal/mol). Sie sind bei den Zuckern an demselben Festkérper normalerweise um so
grosser, je grosser die Verdampfungswirme des Aromastoffs ist. Die Sorptionswiarmen
an Natriumchlorid verhalten sich umgekehrt und erreichen mit 20 kcal/mol bei Aceton

TABELLE I

SORPTIONSWARMEN IN TROCKENEM HELIUM (IN KCAL/MOL)

Avromastoff Glucose Lactose Saccharose Natriumchlovid
n-Pentan 5.65 4 0.29 7.04 £ 0.01 — —

Aceton 8.79 + 0.06 8.40 + 0.04 9.87 &+ o.02 19.95 4 0.19
Essigsduredthylester 9.57 4 0.09 9.53 + 0.05 12.95 &+ 0.02 11.50 4~ 0.03
Athanol 11.33 4 0.08 10.20 + 0.06 12.35 4- 0.0I 9.25 -+ 0.04

eine Grosse, welche eine andere als physikalische Sorption vermuten ldsst. An den
Zuckern hingegen diirfte stets physikalische Sorption erfolgen.

Dasselbe gilt fiir die Sorption in Gegenwart von trockener Luft (Tabelle TII).
Die gefundenen Werte sind aber stets etwas grosser, mit Ausnahme desjenigen von
Aceton an Natriumchlorid. Daraus ist zu schliessen, dass die Ergebnisse von Ver-
suchen in Helium nicht unbedingt auf die lebensmitteltechnologische Praxis iiber-
tragen werden kénnen, denn hier finden Sorptionen meist in Gegenwart von Luft statt.

In Gegenwart von Wasser (Tabelle IT) wurden durchweg noch grossere Sorptions-
wirmen gefunden, und zwar besonders grosse bei solchen Aromastoffen, welche gut
in Wasser loslich sind. Es scheint so, als ob hydrophile Aromastoffe an einer in Gegen-

F. Chromatog., 45 (1969) 57-62
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TABELLE It

SORPTIONSWARMEN IN FEUCHTEM HELTUM (IN KCAL{MOL)

Avromastoff Glucose Lactose Saccharose Natriumchlovid

n-Pentan — 4.89 4+ 0.03 — —
Aceton I1.50 4 0.I3 13.45 -= 0.0T 18.80 + o.or 38.60 4- 0.17
Essigsdureithylester 10.64 - 0.03 12.20 + 0.03 13.29 + 0.02 2Q.20 4 0.30
Athanol — 14.02 &+ 0.09 17.75 - 0.03 —

wart von Wasser hydrophileren Oberfliche stirker gebunden werden, das hydrophobe
Pentan hingegen schwicher. Dies wiirde mit den Beobachtungen von PERRY? hin-
sichtlich der Retentionsvolumina von n-Alkanen an verschiedenen polaren und apo-
laren Siulenfiillungen iibereinstimmen.

Bemerkenswert ist der grosse Wert fiir Aceton an Natriumchlorid. Er ist ver-
bunden mit relativ geringen sorbierten Mengen, was bei einer Chemisorption oft vor-
kommt, und liegt ausserhalb des Bereichs der physikalischen Sorption. Auch bei
Kaliumbromid fanden wir dhnlich grosse Werte, némlich 27.47 - 0.10 kcal/mol in
trockenem, 30.90 - 0.0z kcal/mol in feuchtem Helium. Obwohl damit noch keine
Chemisorption bewiesen ist, kann doch vermutet werden, dass hier ein anderer Bin-

TABELLE IIf

SORPTIONSWARMEN IN TROCKENER LUFT (IN KCAL/MOL)

Avomastoff Glucose Lactose Natviwmchlorid
#n-Pentan 6.99 4 0.01 8.13 £ 0.0I —_—

Aceton 9.60 4 0.04 9.47 4 0.01 16.70 + 0.07
I_Essigséiure;ithylester 10.11 <4 0.03 10.70 4 0.02 17.41 - 0.04
Athanol — — 18.43 4 0.08

dungstyp vorliegt. Auch beziiglich der Abhéngigkeit der Sorptionswarme von der
sorbierten Menge wich Natriumchlorid von den anderen Festkorpern ab: die Sorptions-
wirme nahm mit der sorbierten Menge zu. Vielleicht tritt eine dhnliche Bindung ein,
wie sie bei anderen Salzen (z.B. Nal, NaClO,, ZnCl,, HgCl,, ZnBr,) schon untersucht
wurde. SLovokHOTOVAS schloss auf Grund der Verdnderungen in den IR- und Raman-
Spektren der gesittigten Losungen solcher Salze in Aceton auf dessen Enolisierung.
GuLIK-KRZYWICKI UND KECKI? stellten fest, dass erst Spuren von Wasser eine Enoli-
slerung hervorrufen.

DANK

Trl. CrrisTA voN StoscH danke ich fiir die gewissenhafte Ausfithrung der Ver-
suche, Herrn Professor Dr. I. HarLAsz fiir bereitwillige Diskussion.

ZUSAMMENFASSUNG

Die Sorptionswirmen von n-Pentan, Aceton, Essigsduredthylester und Athanol
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an Glucose, Lactose, Saccharose und Natriumchlorid wurden, mit einzelnen Aus-
nahmen, in Gegenwart von trockenem Helium, feuchtem Helium und trockener Luft
als Trigergase bestimmt. Fiir die Zucker wurden Werte von 5-19 kcal/mol gefunden
und physikalischer Sorption zugeschrieben. Fiir Aceton an Natriumchlorid wurden
Werte von 17-20 kcal/mol (trocken) und 39 kcal/mol (feucht) gefunden, an Kalium-
bromid entsprechend 27 und 31 kcal/mol. Sie werden einem anderen Sorptionstyp
zuggschrieben, moglicherweise einer Chemisorption.
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SUMMARY

The gas chromatographic method described is considered a quick routine
analytical control method both for the assay of pure hydantoins and of those in
drug form.

INTRODUCTION

Hydantoins are cyclic ureides related in structure to barbiturates. The hy-
dantoins, e.g. Diphedan (5,5-diphenylhydantoin) and Sacerno (5-ethyl-3-methyl-5-
phenylhydantoin), are anticonvulsants most effective against “grand mal’’ and psycho-
motor seizures’.2. Diphedan and Sacerno are chosen for this investigation because they
are good representative examples of the hydantoins and because they are available,
have a wide application and acceptance and are most commonly used in pharmacy
and medicine.

The official method of assaying the hydantoins is through the determination of
their nitrogen content, based on the principle of the Kjeldahl method. The disadvantage
of this method is that it does not differentiate between hydantoins and that it de-
termines only the total nitrogen content. In addition, this long, tedious method has
a wide range of error. The added ingredients, usually prescribed with the active
constituent, may interfere with the method leading to inaccurate results. Also this
assay is not applicable in the presence of biological fluids.

From the above discussion, it is evident that an improved accurate analytical
method for the determination of hydantoins, especially those in drug form, is needed.

Gas chromatography is considered a desirable technique and has been found
very suitable for analysis. Few such methods have been reported in the literature®-5.

The purpose of this study was to develop a rapid specific gas chromatographic
procedure for hydantoins. Such a method would not be subject to the limitations of
the official method and would be suitable for determining and assaying samples both
in pure and in drug form.
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EXPERIMENTAL

A Carlo Erba Fractovap, Model D, gas chromatographic apparatus with a
Carlo Erba integrator, Model 75, equipped with a flame ionization detector and a
Kienzle-type printer were used. The optimum values of gas chromatographic param-
eters found are shown in Table I.

TABLE I

THE OPTIMUM VALUES OF GAS CHROMATOGRAPHIC PARAMETERS

Detector: FID
Attenuation: 64 X 1oo for dioxan and Sacerno
8 x 1oo for Diphedan
Carrier gas: nitrogen
Carrier gas inlet pressure: 1.65 kp/cm?
Carrier gas flow rate: 6.52 ml/min, measured at 765 torr and 22.8°
Auxiliary gases: oxygen, inlet pressure: 1.75 kp/cm?
hydrogen, inlet pressure: 1.25 kp/cm?
Column: spiral of stainless steel, 3.0m X 4.0 mm I.D.; packing:
12.5 w/w 9%, SE-30 on 60/80 mesh Chromosorb W
Column temperature: 256.0 4 0.1 °
Temperature of the evaporator: 36g9.0 4 1.0°
Recorder: Speedomax G; 2.5 mV; 1 sec
Paper speed: 1.27 cm/min

Fig. 1 shows the typical chromatogram, under optimum conditions for analysis,
of Diphedan and Sacerno.

The pure active constituents, Diphedan and Sacerno, were first quantitatively
analyzed, using 1-5 w/w 9, solutions in dioxan. Certain known aliquots were taken for
analysis. Fig. 2 shows the calibration curve of the pure active constituents, with the
corrected integrator values. Values were corrected from the integrator-measured area,

mv ’-‘

|/

5 2(min)

Fig. 1. Typical chromatogram, under optimum conditions for analysis, of Diphedan (2) and
Sacerno (3). The first peak on the chromatogram represents dioxan.
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Fig. 2. Calibration curves of the pure active constituents.

while in practice there was always a difference between the base line of the apparatus
and the work line of the integrator.

Consecutively, Diphedan and Sacerno in drug form were quantitatively ana-
lyzed. The tablets were prepared for analysis by the usual standard pharmacopoeia
methods, using dioxan as the solvent. A solution of 1-10 w/w 9, of each was prepared.
Certain known aliquots were taken for analysis. The peak areas were measured with
the Carlo Erba integrator, Model 75.

Galvgnometer
readings (scale)

Scale

Weight loss (%) o1
5

10
15
20
25 TG
30
35

100 200 300 400 500
°C
Fig. 3. Derivatogram of Sacerno.
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Fig. 4. Derivatogram of Diphedan.

Fig. 5. Derivatogram of the Sacerno—Diphedan (1:1, w/w) mixture.

This corrected improved method was then applied for the final quantitative
determination of Diphedan and Sacerno, as pure active constituents as well as in
drug form.

For completing the gas chromatographic examinations, derivatograms of
Diphedan and Sacerno were made using a Derivatograph instrument (MOM, Budapest,
Hungary)®?. The derivatograms are shown in Figs. 3-5.

Fig. 3 shows that up to 150° Sacerno contains neither volatile components nor,
in addition, any adsorbed moisture (DTG and TG curves). The DTA curve shows that
Sacerno melts at 130° (endothermic peak maximum); above this temperature, at
150°, decomposition takes place in the melted phase and, up to 300°, about 40 w/w%,
of the sample decomposes.

Fig. 4 shows that Diphedan is practically thermostable up to 100°. Above 100°
a slow decomposition process begins, reaching its maximum speed at 290°.

Fig. 5 shows the DTA curve at 130° with the endothermic peak maximum,
characteristic for Sacerno. The maximum which appears at 2go° on the DTG curve
indicates the maximum decomposition speed of Diphedan. An evaluation of the
derivatogram of the mixture proved that Sacerno melts at 1 30° and that, in its melted
phase, Diphedan is slowly dissolved. Thus, the viscosity of the melted phase becomes
greater, and the loss in weight becomes smaller in relation to what was mentioned
before.

Finally we should point out that there is a possible contradiction between the
temperature used in gas chromatography and the one used in derivatography. The
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reason for this contradiction is that the materials decompose at a lower temperature
in derivatography than at the temperature used in gas chromatography. The con-
ditions of the two procedures have been quite different. For derivatographic analysis,
the work is carried out in a static air atmosphere in the presence of oxygen, which is
contrary to the conditions for gas chromatography, where a dynamic nitrogen at-
mosphere exists in the absence of oxygen. Under the latter conditions, dioxan also does
not decompose®. This phenomenon had already been observed$, but an exact expla-
nation could not be given.
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SUMMARY

A simple and efficient method for the identification of steroid cardenolides as
their “f”-anhydro derivatives has been developed, resulting in greatly reduced
retention times and enhanced resolution. Retention data of eighteen cardenolides on
three liquid phases are reported. Spectral evidence is presented showing that the
tertiairy 14f8-hydroxy group is neither affected by esterification nor etherification.

INTRODUCTION

In connection with biogenetic studies of physiologically important natural
products, the need arose for developing a reliable method for the detection of Digitalis
cardenolides on a microgram scale, which may also be applied to radioactively labelled
metabolites. Several colour reactions with 3,5-dinitrobenzoic acid'~3, picric acid*-®,
m-dinitrobenzene® and 2,4,2’,4'-tetranitrodiphenyl!® are known for the characteri-
sation of the free genins or their glycosides on thin-layer and paper chromatography'!.
However, none of these reactions can be regarded as specific. The criteria for a specific
chemical reaction must be based upon the salient features of the compounds to be
investigated.

The socalled cardioactive steroids are distinguished by the presence of a tertiairy
hydroxy group at the C-14 ring junction. The pseudoaxial configuration of the alcohol
group makes this class of naturally occurring compounds unique among the steroids.
Together with the conjugated five membered lactone ring in the case of the carden-
olides, or the doubly conjugated six membered pyrone ring in the case of the bufa-
dienolides, this oxygenated substituent defines the strong biological activity of the
cardiotonic steroids. We have thus focussed our attention to the 148-hydroxy group.
In particular its lability caused by 1,3-diaxial interaction with the r78-butenolide
moiety, and its tertiairy nature. Our approach consisted in utilising this very in-
stability as a point of attack.

Because of its high sensitivity, reproducibility and resolution, as well as its
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applicability for the measurement of labelled steroids, gas-liquid chromatography!?
appealed to us as the analytical method of choice.

EXPERIMENTAL

Materials and methods

Digitoxigenin, gitoxigenin and digoxigenin were obtained from K & K Labora-
tories, Plainview, N.Y. Their purity was verified by TLC with two solvent systems,
ethyl acetate and chloroform-methanol (g:1). All solvents were analytical grade and
redistilled before use. Thionyl chloride was freshly distilled shortly before use. Bis-
trimethylsilylacetamide, hexamethyldisilazane and trimethylchlorosilane were pur-
chased from Pierce Chemical Company, Rockford, Iil. All silylation reactions were
conducted in glass vials under nitrogen atmosphere. Melting points were determined
on a Kofler hot stage under microscopic magnification and were not corrected.

Thin-layer chromatography

TLC was performed on 4 X 20 or 20 X 20 cm glass plates, coated with 0.2 mm of
Silica Gel HF,;, (E. Merck, Darmstadt). The spots were visualized either by spraying
with KEDDE reagent!® at room temperature, or with 509, aqueous sulphuric acid and
heating at 110° for 2 min.

Infraved spectroscopy

IR spectra were recorded on a Perkin Elmer 457 double beam grating spectro-
meter equipped with a beam condensor. Micro disks of 1.5 mm diameter were used.
The potassium bromide pellets were dried under an IR lamp before measurement.
Cardenolide-potassium bromide weight ratios were maintained at I:100.

Gas—liquid chromatography

A Hewlett-Packard F & M, Model 4oz high efficiency gas chromatograph,
equipped with dual hydrogen flame ionisation detectors, was used. Column support
consisted of 100-120 mesh silanized Gas-Chrom Q (Applied Science Laboratories,
State College, Penn.). Three types of glass columns were used: column A, go X 0.4 cm,
coated with 39, SE-30; columns B and C, 180 X 0.3 cm, coated respectively with 39,
OV-1 and 39, QF-1. Operating conditions were: oven temperature 250°, injection
port temperature 275° detector temperature 285°, input attenuation Io, output
attenuation 16. Helium carrier gas flow was held at 23 ml/min for column A and 33
ml/min for columns B and C at 40 p.s.i. inlet pressure. A Hamilton 10 yul syringe
(Hamilton Company, Whittier, Calif.) was used for all injections.

Preparation of “ B -anhydyoduigitossgenin ( 3p-hydroxy-5p-carda-14,20, 22-dienolide) I1a

A solution of 20 mg of digitoxigenin (Za) in 0.6 ml of anhydrous pyridine was
cooled in an ice bath. Under nitrogen atmosphere was added 0.z ml of trifluoroacetic
anhydride and the esterification allowed to proceed at room temperature for 2 h.
The yellow coloured reaction mixture was then cooled again to 0° and a solution of
0.04 ml of thionyl chloride in 0.2 ml of anhydrous chloroform added. After 16 h at 4°,
2 ml of methanol was added, the crude reaction product taken up in 150 ml of a mixture
of chloroform-ether (z:1). The organic extract was washed successively with dilute
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hydrochloric acid, aqueous sodium hydrogen carbonate and water, dried over sodium
sulphate and evaporated in vacuum to give 16 mg of crude I/a. Recrystallisation from
acetone-hexane gave 11 mg of colourless needles, m.p. I99~201°. ¥max(KBr): 3500
and 1030 cm™* (-OH); 1775, 1735 and 1620 cm—! (~butenolide ring). A mixed melting
point with authentic material” gave no depression and their IR spectra were super-
imposable.

Preparation of “B’-anhydrodigitoxigenintrimethylsilylether (11d)

(A) From “B’-anhydrodigitoxigenin (Ila)

Procedure 1. 2 mg of I1a was dissolved in 0.2 ml of anhydrous pyridine. Under
nitrogen atmosphere was added 0.z ml of N,O-bis-(trimethylsilyl)-acetamide (BSA),
tollowed by two drops of trimethylchlorosilane (TMCS). After 2 h at room temperature,
the mixture was blown dry with a stream of nitrogen, the residue dissolved in 1 ml of
anhydrous dichloromethane and filtered through a 2 ml syringe, equipped with a
Swinny adapter and a membrane filter. I to 2 ul of the clear filtrate was then used for
each gas chromatographic analysis. Evaporation of the solvent with a stream of dry
nitrogen gas gave colourless crystals of I7d. vmax(xBr) : 1780, 1745 cm~; no~OH absorp-
tion bands.

Procedure 2. The same as procedure I, except that the BSA reagent was replaced
by an equal volume of hexamethyldisilazane (HMDS).

(B) Directly in situ from digitoxigenin (Ia)

2 mg of Ja was silylated as described above. The crystalline material obtained
was redissolved in 0.2 ml of anhydrous pyridine and cooled to 4°. To the cooled solution
was then added 0.4 ml of a freshly prepared mixture of thionylchloride-benzene—
pyridine (1:15:5). Dehydration occurred within 15 min and the reaction mixture gave

after injection a peak with the same retention time as I1d, prepared by silylation
of I1a.

Preparation of digitoxigeninacetate (Ig)

z mg of Ja was acetylated overnight with equal (0.2 ml) volumes of anhydrous
pyridine and acetic anhydride at 35°. Excess of anhydride was then destroyed by
addition of 0.4 ml of methanol. The organic solvents were evaporated over a stream of
nitrogen to give slightly coloured crystalls, m.p. 218-224° (ref. 14, reported m.p. 222~
225°); ¥max(kBr) : 3400, 1025 (OH), 1780, 1620 (lactone), and 1730, 1260 (acetate) cm-1.

In analogous manner were prepared gitoxigeninacetate (I%4) and digoxigenin-
acetate (I7).

General procedure for the preparation of “B’-anhydro derivatives (IIa—i)

For gas chromatographic analysis, compounds IId— were prepared in situ
directly from the corresponding 148-hydroxylated parent cardenolides Id-i, by
addition of the thionylchloride-benzene-pyridine reagent!® at 4°, as described previ-
ously under procedure (B).

The cardadienolides I7a, ITb and Ilc were prepared respectively from Za, Ib
and [c via their TMS-derivatives, followed by dehydration with the thionylchloride—

* Kindly furnished by Prof. K. MEVER, University Basle, Switzerland.
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Fig. 1. Structural formula of the cardenolides studied.

No. Name of pavent cavdenolide Substituents

(1)
a Digitoxigenin R, = f-OH; R, = R; = H
b Gitoxigenin R,=R,=80H; Ry =H
¢ Digoxigenin R, =R, =fOH; R, = H
d Digitoxigenin-TMS R, = B-OTMS; R, = Ry = H
e Gitoxigenin-TMS R, = R, = -OTMS; R, = H
f Digoxigenin-TMS R, — R, = f-OTMS; R, = H
g Digitoxigeninacetate R, = $-OAc; R, = Ry = H
h Gitoxigeninacetate R, = R, =p0Ac; R, = H
i Digoxigeninacetate R, = R; = B-OAc; R, = H

benzene—pyridine reagent in the cold and subsequent hydrolysis of the TMS-group
by treatment with go9%, methanol at room temperature.

RESULTS AND DISCUSSION

The gas chromatographic analysis of cardenolides and bufadienolides on a non-
selective phase has been reported previously with more or less success!®~18. Thus, on
a 360 x 0.4 cm SE-30 column, JELLIFFE AND BLANKENHORN'® found the trimethyl-
silyl (TMS) ethers of digitoxigenin (Id) and of digoxigenin (If) to exhibit retention
times of 37.5 and 47.5 min respectively. Silylation of the 148-hydroxy group in both
compounds was thereby assumed. The validity of this critical postulate was not

TABLEI

IR ABSORPTION DATA OF SEVERAL CARDENOLIDES

Cavdenolide  Vmaznkpr) i% cm™*

OH-group Butenolide and acetate
groups

Ia 3400—3510, 1025 1780, 1725, 1620
Ib 3320-3480, 1030 1780, 1750, 1730, 1620
Ic 3400, 1030 1775, 1725, 1620
1d 3350, 1070, 1030 1780, 1750, 1650, 1620
Ie 3400, 1030 1780, 1720, 1655, 1620
If 3350, 1025 1730, 1660, 1620
lg 3400, 1025 1780, 1730, 1620, 1260
Ih 3450, 1030 1775, 1730, 1620, 1260
It 3480, 1025 1780, 1725, 1620, 1245
Ila 3500, 1030 1775, 1735, 1620
11d no absorption 1780, 1745
Ilg no absorption 1780, 1750, 1725, 1250
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further clarified by the paper of WILsON, et al.l’. Our spectral analysis (Table 1)
indicate beyond doubt that neither the bulky trimethylsilyl ether group, nor the
smaller acetyl cation are able to attack the tertiairy C-14 alcohol substituent. All
acetylated and silylated 148-hydroxy cardenolides studied (Id—4), showed hydroxyl
absorbtion. However, no hydroxyl absorbtion bands were observed with the spectra
of those compounds, in which the 148-OH group has been removed, 7.e. I1d and IT. g.
Although under more drastic conditions in the presence of a strong acidic catalyst,
angular hydroxy groups at the steroid nucleus are known to be acetylated, for instance
at position 174 in 17a-methyltestosterone!® and 17a-ethinyl-1g-nortestosterone?9, and
at the epimeric a-position in 17a-hydroxyprogesterone®-22, in the case of the steroid
cardenolides, approach to C-14 from the $-side of the molecule is severely hindered
by the bulky 178-butenolide moiety. Thus, in the presence of the strong reagent
thionyl chloride, nucleophilic attack at the 15a-hydrogen atom from the rear is
favoured and the cardenolides undergo an elimination reaction with release of steric
strain to yield derivatives containing a planar trigonal C-14 atom.

CHy a o
CHy
Tl — e d
O—" ©

N —e
Fig. 2. Mechanism of diaxial elimination of cardenolides, depicting release of steric compression.
N = nucleophilic species.

In our approach for a sensitive and specific identification method of Digitalis

TABLE II

RETENTION TIMES, RELATIVE TO CHOLESTANE, CO-INJECTED AS AN INTERNAL STANDARD

Compound  Relative vetention

Column A Column B Column C

(SE-30) (OV-1) (QF-r)
Cholestane  1.00 (2.56 min)a 1.00 (4.35 min)# 1.00 (I.08 min)2
Ia 5.04 5.22 49.43
1b 4.56 4.98 61.59
Ic 8.78 6.83 47.96
Id 5.02 5.19 39.85
Ie 5.84 5.69 46.52
If 6.12 6.69 42.69
Ig 6.39 6.61 102.00
Ih 6.03 6.26 85.71
Ii 9.24 9.00 138.76
Ila 3.13 3.18 18.64
Iib 1.92 2.02 12.07
Ilc 2.51 2.66 9.66
IId 3.14 3.29 16.60
Ile 3.66 3.75 20.00
LIf 4.33 4.45 21.34
Iig 4.03 4.11 41.66
ITh 4.89 5.05 50.38
II; 6.19 6.46 39.69

a Absolute retention time.
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cardenolides, we have made use of the inherent instability, offered by the unique
combination of a tertiairy C-14 hydroxy group and a C-17 lactone ring, present in a
1,3-pseudodiaxial steric relationship. The possibility of selectively acetylating or
silylating only the secondary hydroxy groups at positions 38, 12f or 16f, while leaving
the 148-OH group intact, provided us with a facile method for preparing i stfu, the
desired A10%_cardadienolides IJa—i, suitable for gas chromatographic analysis.

Ie If
Id
<
Q
:O_ Cholestane
1 1 i 1 1 J;'
5 15 25 35 min
Ie fpf
Id
< |||Cholestane
Q
o
1 1 1 1 1 H
S 15 25 min
o
2
8.3720_
o £
¢ 0151
=
£ §10or
85
~ (=4
&7 o
1

L 1 . 1 A
1.4 2.8 4.2 5.6 7.0 84
Millimicromole (x10%) of “B"™anhydrodigitoxigenin injected

Fig. 3. Incomplete separation of the TMS-ethers of digitoxigenin, gitoxigenin and digoxigenin
on OV-1 at 250° He: 33 ml/min. Glass column, 180 X 0.3 cm.

Fig. 4. Complete separation of the “f”-anhydro TMS-ethers of digitoxigenin, gitoxigenin and
digoxigenin on QF-1 at 250°. He: 33 ml/min. Glass column, 180 X 0.3 cm.

Fig. 5. Relative detector response to “f’-anhydrodigitoxigenin in the 1.4-8.4 mumole range on
OV-1 at 250°. Glass column, 180 X 0.3 cm.

Of the free genins, digitoxigenin (/a) has two hydroxy groups, whereas gitoxi-
genin (7b) and digoxigenin (I¢) have each three. Since Ia has the smaller molecular
weight, it was to be expected that on the non-polar phases SE-30 and OV-1, /a would
be eluted before I and Ic. On the other hand, based on polarity considerations, Ib
and I¢ should have longer retention times on the selective QF-1 phase. Table II shows
that this prediction is indeed true for Ia and I¢, as well as for the derivatives Id, If,
Ig and Ii. However, Ib and Ik exhibited an anomalous pattern on both columns A
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and B; they were eluted before Ia and Ig respectively. The overall behaviour of the
cardenolides on the QF-1 phase was even more unpredictable. Ia and Id were eluted
before Ib and Ie respectively, and Ic before Ia, but Ig was retained longer than Ik
by the fluorosilicone polymer. It should further be noted that Ia and its TMS-ether
1d displayed nearly identical retention times, both on the SE-30* and OV-1 columns.
This was also the case for the “f”’-anhydro compounds I7a and its TMS-ether I74.
The slight difference in molecular weight was apparently not sufficient to cause their
separation on a non-selective phase;

All the “f”-anhydro cardadienolides obtained showed greatly reduced retention
times, and were well resolved, when compared with the 14f-hydroxylated parent
cardenolides. The peaks obtained on all three columns were symmetrical; a pre-
requisite for quantitative measurements.

TABLE III

CALCULATED RETENTION TIME RATIOS CARDENOLIDE/CARDADIENOLIDE

Compounds  Retention time ratio

Column A Column B Column C

(SE-30) (OV-1) (QF-1)
ITajlla 1.61 1.64 2.65
Ib/11b 2.37 2.46 5.10
IelIlc 3.30 2.05 4.96
IdjIld 1.59 1.57 2.40
Iejlle 1.59 1.51 2.32
Ifji1If I.41 1.50 2.00
Igjilg 1.58 1.60 2.44
IR|ITh 1.23 1.24 1.70
LIl 1.49 1.39 3.49

Table III demonstrates the remarkable similar behaviour of the steroids
investigated on the SE-30 and OV-1 columns, the only exception being digoxigenin
(Zc). The greatest reduction in retention times were obtained with column C, which
is the better column for the separation of the free genins Ia, Ib and Ic.

The response of a flame ionisation detector to the jet stream of a gaseous organic
substance is, when operated under the same parameters of temperature, carrier gas
flow and concentration of sample, essentially dependent only on the number of carbon
atoms present in the molecule. Since by the dehydration reaction no carbon atoms are
lost, our method is suitable for activity measurements of labelled cardenolides as well;
with the exception of 15a-tritiated compounds. To our knowledge, however, tritiated
cardenolides, specifically labelled at position 15a, have not been described so far.

We conclude that while no satisfactory separation could be achieved between
the cardenolides digitoxigenin and gitoxigenin on a SE-30 or OV-1I column, and be-
tween gitoxigenin and digoxigenin on a QF-T column, after dehydration, in the form
of the “f”-anhydro derivatives, the cardadienolides thus obtained were easily sepa-
rated on a selective, as well as a non-selective phase.

" We confirm in this respect the findings of WiLSON ef al.? with the same two compounds
on a SE-30 column.
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SUMMARY

A method is described for the measurement of oestriol in pregnancy urine. After
hydrolysis of the urine, oestrogens are reacted with 1-dimethylaminonaphthalene-5-
sulphonyl chloride (DANSYL-chloride) to give fluorescent derivatives. The oestriol
derivative is separated by thin-layer chromatography on Kieselgel G in a solvent of
ethanol—chloroform (5:95). It is located by viewing under UV light, eluted and meas-
ured in a spectrofluorimeter, using wavelengths of 346 myu and 525 mu, respectively,
for activation and emission.

INTRODUCTION

Urinary oestriol is generally considered to be a valuable index of foetal viability.
However, since the clinician requires results as soon as possible, most methods for
determination of oestriol measure only total oestrogens and rely on the observation
that oestriol is usually by far the major component in the later stages of pregnancy.

In order to measure oestriol specifically, BRownN AND CovLiE! developed a
~method involving methylation and column chromatography. This procedure has
become widely adopted but is still longer and more complicated than the less specific
methods.

More recently, a note appeared? (without description of procedure) on thin-layer
chromatographic separation of the fluorescent dimethylaminonaphthalene sulphonyl
(DANSYL) derivative of oestrogens, followed by measurement of the fluorescence
intensity. This procedure was applied to the determination of oestrogens in the plasma
of the domestic fowl, where, however, there was much interference from other phenolic
constituents.

In human pregnancy urine, the content of oestriol is considerably elevated,
and we considered that the preparation, separation and measurement of the DANSYL
derivative in this case should be a relatively simple matter.

MATERIALS AND METHODS

1-Dimethylaminonaphthalene-5-sulphony! chloride (DANSYL-chloride) was
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obtained from the Aldrich Chemical Company, Inc. Material obtained from three
other sources was unsuitable as judged by melting point determination and solubility
in acetone. The DANSYL-ation reagent was prepared as a solution of 2 mg/ml of
DANSYL-chloride in acetone. The solution was kept in the refrigerator and was stable
for at least one month. In practice, however, fresh solutions were prepared every week.

Acetone and ethanol were analytical-grade reagents, and the latter was re-
distilled. Diethyl ether was washed with ferrous sulphate solution and redistilled.
QOestriol was obtained from Ikapharm, Ltd.

Buffer solution (pH 10.5) was prepared by mixing 1oo ml of 89, sodium bicar-
bonate solution with 15 ml of 5 N sodium hydroxide, and by adjusting the pH exactly
with the aid of a pH meter with an addition either of more sodium hydroxide or bicar-
bonate.

Final procedure for determination of oestriol

Samples of T ml of a 24-h urine collection were diluted to 1o ml with distilled
water in a 10o-ml round-bottomed flask fitted with a reflux condenser. Concentrated
hydrochloric acid was added (1.5 ml), and the solution was boiled under reflux for
30 min, then 1.5 g of sodium chloride were added to prevent emulsification. The cooled
solution was extracted with 2o ml of ether, and the ether layer was washed with 8 ml
of 89 sodium bicarbonate.

The ether extract in a 25-ml conical centrifuge tube fitted with a ground-glass
joint was evaporated to dryness by warming in a water bath at 40-45° under a stream
of air. In order to aid evaporation of residual water, 0.2 ml of alcohol was added, and
the evaporation was repeated. To the evaporated extract were added 0.2 ml of buffer
solution (pH 10.5) and 0.2 ml of DANSYL-chloride reagent. The mixture was allowed
to stand at room temperature for 15 min and then was heated in a beaker of water.
The heating was continued until the water had reached boiling point, and for a sub-
sequent period of 20 min. The mixture was cooled, 3 ml of 0.5 N aqueous sodium hy-
droxide solution were added and the DANSYL-oestriol was extracted into 6 ml of
ether by shaking in the stoppered tube. The lower, aqueous layer was removed by suc-
tion and the ether layer was evaporated to dryness, as previously, in the same tube.

To the evaporated extract was added 0.5 ml of chloroform, and o.1 ml of this
solution was applied to a thin-layer chromatography plate of Kieselgel G (Merck),
250 u thick, which had been activated at 120° for 30 min. Chromatography was per-
formed in a solvent of ethanol-chloroform (5:95) and, after allowing the solvent to
evaporate, the separated DANSY L-oestriol was identified by viewing the plate under
a UV-lamp giving maximum transmission at about 366 mu. The spot, having an Rp
value of about 0.3, was scraped into a centrifuge tube and extracted by standing for
3 min in 3 ml of ethanol (after initial vibration on a vortex mixer). The centrifuged
solution was decanted into a 1-cm-square quartz flucrimeter cuvette, and the fluo-
rescence intensity was measured in a Farrand MK-1 spectrofluorimeter. Wavelength
settings were 346 mu for activation and 525 my for emission. Slit system number 20
was used and the sensitivity setting was o.1.

A standard sample of 10 ug oestriol was run with each batch of urine samples,
and oestriol values were estimated in terms of fluorescence intensity of the standard.
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Variations of the method

Formation of DANSY L devivative. Variables in the DANSYL-ation procedure
include:

(1) Solvent for preparing the solution of DANSY L-chloride and concentration
of the solution.

(2) Composition and pH of the medium in which DANSYL-ation is carried out.

(3) Time and temperature of the reaction.

In the present study, methyl ethyl ketone was tried as a substitute for acetone
in order to use a higher-boiling solvent. Concentrations of DANSYL-chloride were in
the range of 1—5 mg/ml. In all cases, 0.2 ml of the DANSYL-chloride reagent was
treated with 0.2 ml of an alkaline solution. For the latter, three different solutions were
tried: 89, NaHCOQO;, buffer (pH 10.5) and 0.5 N NaOH. Temperature was varied from
ambient to 100°, and time of reaction from I min at 100° to several hours at room
temperature.

Chromatography. Kieselgel G plates were used as described above. Although the
DANSYI-oestriol is soluble in a number of solvents, chloroform was found to be most
suitable for applying a compact spot.

Suitable solvents for chromatography were ethanol-benzene (5:95), ethanol-
chloroform (5:95) and dioxan—chloroform (5:95). In these solvents, DANSYL-oestriol
gave spots of low Rp, and DANSYL-oestradiol gave high Rp values. DANSYL-
oestrone ran almost with the solvent front.

Cyclohexane—ethyl acetate (3:2) was also tried in order to lower the Ry value
of DANSYL-oestrone, but with this solvent the Rz value of DANSYL-oestriol was
too low.

RESULTS

Formation of DANSY L-oestriol

Change of concentration of DANSYL-chloride in acetone from 1—5 mg per ml
gave no changes in results. However, in order to allow for a safety margin in the event
of deterioration of the reagent, it was decided to adopt a concentration of 2 mg/ml.

Of the various alkaline solutions tried, there was no appreciable difference
between them, but buffer solution (pH 10.5) gave the most constant results. Linear
calibration graphs were obtained when the reaction mixture was left overnight at
room temperature, but quantitative formation of DANSYL-oestriol could be attained
much more quickly by heating in a boiling water bath. The time of heating was rela-
tively unimportant within the range of 1-30 min, and a zo-min period was finally
adopted.

Although, in practice, the results were reproducible, there appeared to be a
disadvantage in using so volatile a solvent as acetone and heating it at 100°. Under
these conditions, the acetone is volatilised very quickly, with evolution of large
bubbles. This brings about two problems: firstly, the reaction no longer takes place in
a medium that is 509, aqueous acetone and, secondly, some of the solute tends to be
carried onto the sides of the tube above the bulk of the reaction mixture.

In an attempt to lessen the volatility of the solvent, the next higher homologue,
methyl ethyl ketone, was tried. This is not entirely miscible with water and did not
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give reproducible results. An additional disadvantage was the need for more vigorous
conditions for volatilising the solvent at a later stage.

Finally, as a compromise measure, acetone was again used as solvent, but the
reaction mixture was allowed to stand at room temperature for 15 min, and was then
brought gradually to 100° by standing in a water bath that was heated from room
temperature to boiling. The tube was kept in the water bath for a further 20 min.
Under these conditions, constant results and maximum derivative formation were
obtained.

Chromatography
Thin-layer chromatography of standard DANSY L-oestrogens and of DANSYL-
ated urine extracts is shown in Fig. 1. The solvent was ethanol-chloroform (5:95).

Fig. 1. Thin-layer chromatograms of DANSYL-ated oestrogens, photographed under UV light
at 366 mu. The support is Kieselgel G (Merck) applied to a thickness of 250 u. Solvent is ethanol-
chloroform (5:95). () Chromatogram of DANSYL-ated oestrogen standards. 1 = ‘blank’ (no
oestrogen added); 2 = oestrone; 3 = oestradiol; 4 = oestriol. (B) Chromatogram of DANSYL-
ated urinary oestrogen extracts. I == standard oestriol; 2, 3 and 3 - oestrogen extracts of
pregnancy urines.

The R value of the oestriol derivative is about 0.3, and this allows separation both
from more polar and less polar materials. This solvent was highly suitable for DANSYL-
oestriol but less so for DANSY L-oestradiol; the oestrone derivative ran almost with
the solvent front.

Sensitivity and reproducibility of the method
Linearity of the fluorescence intensity with quantity of chromatographed spots

. Chromatog., 45 (1969) 76-81
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of DANSY L-oestriol was obtained over a range of 0.1 to 50 ug oestriol in the original
sample. So it can be said that measurements can be made on 1 ml of a 24-h urine that
contains approximately 0.1-50 mg oestriol. The only adjustment required is change
in the sensitivity setting of the spectrofluorimeter.

Reproducibility was studied on twenty urine samples. Duplicate samples were
measured ; then recovery experiments were performed with known amounts of standard
oestriol added before and after hydrolysis of the urine. The standard deviation between
duplicates was 4+ 4.49%, of the quantity of oestriol. There was no significant difference
between recovery of oestriol added before or after hydrolysis. Thus the average
recoveries, with standard deviations, were 92.4 4 7.7% and 92.9 4 7.29%,, respective-
ly, for oestriol added before and after hydrolysis of the urine.

DISCUSSION

It is by no means certain that oestriol determination is the best oestrogenic
measure of foetal distress. Thus CoHEN®4 has shown that oestrogen fractions other
than the three classical ones may be of importance, especially in complicated pregnan-
cies, and that these compounds are acid labile. A further drawback in methodsinvolving
acid hydrolysis is the destruction of oestriol in the presence of large quantities of
sugar, as may occur in diabetic pregnancy.

Despite these reservations, oestriol measurement is still a valuable aid in
obstetric practice, and a need exists for a speedy and specific method for its determi-
nation. Not only does TLC satisfy this requirement for specificity, but presumably
the method could also be applied to the labile oestrogens if a sufficiently mild, though
speedy, procedure could be found for their release from the conjugates.

In the present method, the advantage of fluorescence has been added in
order both to permit location of the separated oestriol and to provide great sensitivity.
The latter factor allows for the dilution of the urine by a factor of 10 before hydrolysis,
which means that any deleterious effect of sugar will be minimised. A further benefit
of the fluorimetric method is that oestriol may be measured over the whole concen-
tration range, without the need to dilute the sample or to change the standard.

Since derivative formation is performed on the crude ether extract of the
hydrolysed urine and purification is effected by means of TLC, the whole procedure is
speedy, and a complete analysis can easily be performed during one working day. It
may also be noted that many samples may be analysed simultaneously since the time-
consuming steps are hydrolysis, evaporation of solvent, derivative formation and
chromatography. There is no theoretical limit to the number of samples that can be
put simultaneously through these stages.

As may be seen in Fig. 1, DANSY L-ated urine extracts give rise to slight tailing
in the chromatographic system used. In theory, therefore, it should be necessary to
measure the background fluorescence and to subtract this ‘blank’ determination from
the oestriol value. This could indeed be important when measuring samples in which
the level of oestriol is much less than 1 mg/day. However, in pregnancy urine there is
no significance in measuring quantities less than this. Inasmuch as ‘blank’ values in
normal pregnancy excretion of oestriol are less than 19, of the measured value, it is
unnecessary to measure the background fluorescence.

Similarly, in theory, it is advisable to use more than one standard sample, but
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in practice the linearity of fluorescence with concentration over the entire range is so
good that the one oestriol standard is sufficient. Nevertheless, when first introducing
the method, it may be advisable to use two or more standards in order to check this
linearity.

A final test of any clinical method is the comparison with an existing accepted
method. Since most methods for determining oestriol in pregnancy are simply measure-
ments of total oestrogens, we have preferred to compare our results with those ob-
tained by the method of BRowN axD CovLE!, which is also a chromatographic pro-
cedure. In general, results have been similar, but in cases of missed abortion we have
occasionally noted complete absence of oestriol by the present method whilst obtaining
positive values by the method of BRow~ axp CovrE. In this condition, there is
excretion of other oestrogenic material, which, however, is not oestriol. The nature of
this material will be described in a future publication.

The method described in this communication is economical in terms of quantity
of reagents and solvents required and can be performed by relatively unskilled tech-
nicians. It has been in routine use in our laboratory for nearly a year, and the results
are in good accordance with clinical findings.
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SUMMARY

Seven chromogenic reagents for detecting primary, secondary, and tertiary
amines on thin-layer chromatograms have been evaluated systematically. The reagents
are p-dimethylaminobenzaldehyde, 2,3-dichloro-1,4-naphthoquinone, salicylaldehyde,
furfural, copper sulfate, 2-thiobarbituric acid, and o-tolidine. All were screened for
usefulness on at least three amines; the first four were further evaluated on 28 amines
and 24 other organic compounds. 2,3-Dichloro-1,4-naphthoquinone is the most
generally useful reagent, although it also reacts with classes of compounds other than
amines. p-Dimethylaminobenzaldehyde will detect most aromatic amines and a few
aliphatic amines and gives the best sensitivity of any of the tests. Salicylaldehyde is
useful only for detecting primary amines.

INTRODUCTION

Because of the increasingly widespread use of thin-layer chromatography for
the separation and identification of organic compounds, many classes of chromogenic
reagents for detecting these separated compounds must be systematically studied to
permit the elucidation of the most satisfactory reagents. This paper is the first in a
series intended to fulfil this objective. Because of widespread interest in detection of
primary, secondary, and tertiary amines, chromogenic reagents for their detection
were selected for our first report.

Aliphatic and aromatic amines must often be detected or determined at trace
levels in complex samples or in micro amounts as impurities in natural waters or in
body fluids. If the detection follows separation by paper or thin-layer chromatography,
the detection reagent should be capable of producing a visible color with microgram
amounts of many different amines.

Many chromogenic reactions have been proposed for the detection of amines

* Present address: Stauffer Chemical Co., Richmond, Calif. 94804 U.S.A.

J. Chvomatog., 45 (1969) 82-93



CHROMOGENIC REAGENTS IN TLC. 1. 83

on paper and thin-layer chromatograms and for spot-test and colorimetric analysis.
Among the more widely used reactions are those employing Dragendorff’s reagent for
tertiary and quaternary amines':?, diazo salts for aromatic amines’~$, furfural for
aromatic amines? 1%, ninhydrin!:12, salicylaldehyde for primary arylalkyl amines?®14,
and p-dimethylaminobenzaldehyde®.%:15.

Other reactions of interest employ 2,4-dinitrofluorobenzene!®:1?, 2-nitro-1,3-
indanedione, aconitic anhydride for tertiary and quaternary amines!®-2°, piperonal
for aromatic amines?!, 2,3-dichloro-I,4-naphthoquinone for n-alkylvinylamines?%23,
copper sulfate for secondary aliphatic and cyclic amines?¥, 2-thiobarbituric acid for
pyrimidines?®, o-tolidine for pyridines?, and nitroprusside for secondary amines®.
Most other reagents, such as acid-base indicators, will detect too many other functional
groups and structures.

Thorough examination of the literature relating to the detection and identi-
fication of amines by chromogenic reagents resulted in the selection of seven reagents
for systematic study. These were p-dimethylaminobenzaldehyde, 2,3-dichloro-1,4-
naphthoquinone, salicylaldehyde, furfural, copper sulfate, z-thiobarbituric acid, and
o-tolidine. These reagents were selected because (1) they have been reported to
selectively detect trace amounts of different types of amines by producing brilliant
colors, (2) they are simple to use, and (3) they are relatively specific for amines.

Four of these reagents survived preliminary evaluation and were tested with
28 different amines and compounds containing amino groups, to determine their
sensitivity, and with 24 other organic compounds, to determine what other types of
compounds might also react and thus interfere with the test under the selected experi-
mental conditions. The ISCC-NBS color name charts?® were used to classify the ob-
served colors. The 2,4-dichloro-1,4-naphthoquinone reagent appears to be the most
widely useful reagent. Both p-dimethylaminobenzaldehyde and salicylaldehyde also
have areas of utility, and the latter reacts with the greatest variety of amines. Both
were reasonably free from interferences caused by other classes of organic compounds.

EXPERIMENTAL

In order to evaluate as many chromogenic reagents as possible, the experimental
program was divided into three series of tests: preliminary screening, general appli-
cability, and evaluation of interferences. In the first series, all of the reagents selected
for study were screened for their potential usefulness by studying their reactions with
5, 10, and/or 50 ug of three amines of the type with which the reagent was reported
to react. The compounds selected for the preliminary screening tests are given in
Table I. An additional six amines were used to evaluate the copper sulfate reagent
because of inconclusive results on the first three.

In the second series, the four reagents that survived the first series were evaluated
on twenty-eight amines. These compounds are listed in Table IV. Both simple amines
and amines containing other functional groups were included. Heterocyclic nitrogen
compounds were omitted unless they also contained an amino group.

In the third series, the same four reagents were evaluated on twenty-four
organic compounds representing a variety of functional groups and structures. These
compounds are shown later in Table VI. One amino compound, morpholine, was
included in this group rather than in the second group because it often undergoes
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TABLEI

COMPOUNDS USED IN PRELIMINARY SCREENING TESTS

Chyvomogenic veagent Compound

#p-Dimethylaminobenzaldehyde #p-Nitrosodiphenylamine, furosemide, benzidine

2,3-Dichloro-1,4-naphthoquinone Allylamine, benzimidazole, #-butylamine

Salicylaldehyde Nicotinamide, isonicotinic acid hydrazide, n-butyl-
amine

Furfural 2,4-Toluenediamine, phenylenediamine, 2-amino-
naphthalene

Copper sulfate Morpholine, diphenylamine, 1(—)-proline, dipropyl-

. amine, piperidine, adrenaline, caprolactam, diethyl-

amine

2-Thiobarbituric acid Barbituric acid, folic acid, theobromine

o-Tolidine Isonicotinic acid hydrazide, nicotinonitrile, nicotin-
amide

different reactions than do amines. Because of our interest in organometallic and organo-
phosphorus compounds in natural waters, four of these compounds were included in
the test group.

All of the tests were conducted on Brinkman Catalog No. 5762 precoated silica
gel thin-layer chromatoplates. Ten microliters of the test solutions were evaporated
on the plates with the aid of a 50-ul Hamilton syringe, using a technique to produce
a spot about 2 mm in diameter. Most evaporations were accomplished by warming
the chromatoplate slightly on a hot plate. When the volatile amines were spotted,
the chromatoplate was kept at room temperature. These amines are strongly retained
by the silica gel, and the solvent was simply removed by directing air across the plate.
All chromogenic reagent solutions were sprayed on the plates with MISCO 10-ml tube
sprayers selected to produce a fine spray when compressed air at about To p.s.ig.
was used as a carrier.

The three sets of test compounds were originally prepared for use as 50r2.5mg/ml
solutions, in the solvents shown in Table II, so that 10 #1 would contain the largest
amount (50 or 25 ug) of the compound that was tested. When smaller amounts of
compounds were desired for testing, they were obtained by diluting the 5 or 2.5 mg/ml
solution with the appropriate solvent to produce a new solution containing the re-
quired amount in 10 ul. All of these test solutions were stored in z-oz. glass bottles
fitted with Poly-Seal caps, which contain a polyethylene conical seal.

Chromogenic reagents

p-Dimethylaminobenzaldehyde. Spray the plate with a 19, (w/v) solution of
p-dimethylaminobenzaldehyde in glacial acetic acid.

2,3-Dichloro-1,4-naphthoquinone. Prepare a 1%, (w/v) solution of 2,3-dichloro-
I,4-naphthoquinone in benzene. Use this solution as the chromogenic reagent.

Salicylaldehyde. Prepare a 1%, (w/v) solution of salicylaldehyde in benzene. Use
this solution as the chromogenic reagent.

Furfural. Add 500 mg (about ten drops) of furfural to 10 ml of glacial acetic
acid and mix the solution thoroughly. Use this solution as the chromogenic reagent.

Copper suifate. Prepare a 5%, (w/v) solution of copper sulfate pentahydrate in
distilled water. Prepare a 1:3 (w/v) mixture of carbon disulfide and benzene. Spray
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TABLE I1

SOLVENTS USED FOR TEST SOLUTIONS

Solvent Compound Solvent Compound
Ethyl alcohol,  Adipic acid Diethyl ether Benzonitrile
absolute Benzenearsonic acid (cont.) Benzyl alcohol
Benzimidazole Benzylamine
Caprolactam n-Butylamine
Carbazole 3-Chloroaniline
Diphenylaminc p-Chlorobenzenethiol
Folic acid Diethylamine
Isonicotinic acid hydrazide N,N-Diethylaniline
Maleic acid hydrazide Dipropylamine
N-Methylphenylamine n-Heptylamine
Nicotinamide 2-Hydroxyethylhydrazine
Piperidine Isobutylamine
Methyl benzoate
Acetone Furosemide Morpholine
Hexamethylenetetramine 1-Naphthol
Nicotinonitrile
Benzene Anthracene Nitrobenzene
1,6-Hexanediamine N-Nitrosodimethylamine
Lindane p-Nitrosodiphenylamine
2,4-Pentanedione
Water Adrenaline o-Phenylenediamine
Chloramine-T p-Phenylenediamine
1(—)-Proline Phloroglucinol dihydrate
Theobromine Propylamine
Pyrrole
Diethyl ether Acetophenone 2,4-Toluenediamine
Acridine u-Toluenethiol
Allylamine Tributylamine
1-Aminonaphthalene Triphenylamine
2-Aminonaphthalene
Aniline Methyl alcohol  Dimethylchlorophosphate
Anisole Monoethyl acid ortho-
Barbituric acid phosphate
Benzaldehyde Phenylphosphonic acid

Benzoic acid

the thin layer plate consecutively with the copper sulfate solution, with ammonium
hydroxide, and with the carbon disulfide-benzene mixture.

2-Thiobarbituric acid. Dissolve 250 mg of 2-thiobarbituric acid and 0.25 ml of
4 N sodium hydroxide in distilled water and dilute the solution to 25 ml with distilled
water. Dissolve 1.85 g of sodium citrate dihydrate in 1.6 ml of concentrated hydro-
chloric acid and dilute this solution to 12.5 ml with distilled water. Mix these two
solutions to obtain the chromogenic reagent.

o-Tolidine. Two different sets of reagents were tested ; in one the order of addition
of the reagents was changed so that three different studies were conducted. (1) Prepare
a 19, solution of o-tolidine in ethyl alcohol. Add saturated bromine water to a 1%
(w/v) aqueous solution of potassium cyanide until a permanent yellow color is ob-
tained. Then decolorize the solution by dropwise addition of more of the potassium
cyanide solution. A solution of cyanogen bromide is thus produced. Spray the thin
layer plate first with the o-tolidine solution, then with the cyanogen bromide solution.
(2) Prepare a saturated aqueous suspension of o-tolidine, a saturated aqueous solution
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of bromine, and a 19, aqueous solution of potassium cyanide. Spray these reagents
in the order given. (3) Prepare a saturated aqueous solution of bromine, a 19, aqueous
solution of potassium cyanide, and a 19, solution of o-tolidine in ethyl alcohol. Spray
these reagents in the order given.

The sources of the compounds used in these studies are shown in Table II1.

TABLE III

SOURCES OF COMPOUNDS, SOLVENTS, AND REAGENTS

Compound

Source

Grade (if any)

Acetic acid

Acetone

Acetophenone

Acridine

Adipic acid

Adrenaline

Allylamine
i-Aminonaphthalene
2-Aminonaphthalene
Ammonium hydroxide
Aniline

Anisole

Anthracene
1(+)-Ascorbic acid
Barbituric acid
Benzaldehyde

Benzene

Benzenearsonic acid
Benzidine

Benzimidazole

Benzoic acid

Benzonitrile

Benzyl alcohol
Benzylamine
n-Butylamine
Caprolactam

Carbon disulfide
Carbazole

Chloramine-T
p-Chlorobenzenethiol
Copper sulfate pentahydrate
Chloroaniline
N,N-Diethylamine
N,N-Diethylaniline
Diethyl ether
Dimethylchlorophosphate
p-Dimethylaminobenzaldehyde
Diphenylamine
Dipropylamine

Ethyl alcohol

Folic acid

Furaldehyde (furfural)
Furosemide
n-Heptylamine
Hexamethylenetetramine
Hexanediamine
Hydrochloric acid
2-Hydroxyethylhydrazine
Isobutylamine

Matheson Scientific
Mallinckrodt
Fisher

Eastman

Fisher

Eastman
Eastman

MCB

Aldrich
Matheson Scientific
Eastman

Fisher

Eastman

MCB

Eastman

Fisher
Mallinckrodt
Eastman

E. Merck AG
Eastman

J. T. Baker
Eastman

Fisher

Eastman
Eastman
National Aniline
Fisher

Fisher

Eastman
FEastman
Mallinckrodt
MCB

Eastman
Eastman
Mallinckrodt
Aldrich

E. Merck AG
Fisher

Eastman

U.S. Industrial
City Chemical
MCB

National Laboratories
Eastman
Eastman
Eastman
Matheson Scientific
Aldrich
Eastman

ACS Reagent
Analytical Reagent
Certified

Certified

ACS Reagent

Certified

Certified
Analytical Reagent

Reagent grade
Bakers Analyzed
Certified
Spectranalyzed
Certified
Certified

Practical
Analytical Reagent

Analytical Reagent
Purified

USP/NF
USP

ACS Reagent
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TABLE III (continued)

Isonicotinic acid hydrazide TEastman

Maleic acid hydrazide Eastman Practical
Methyl alcohol Mallinckrodt Analytical Reagent
Methyl benzoate Fisher Reagent
N-Methylphenylamine Eastman

Monoethyl acid orthophosphate  Victor

Lindane Diamond-Shamrock

Morpholine Fisher Parified
1-Naphthol Irastman

Nicotinamide Eastman

Nicotinonitrile Eastman

Nitrobenzene IFisher Certified
N-Nitrosodimethylamine Lastman

p-Nitrosodiphenylamine Eastman

2,4-Pentanedione Lastman

o-Phenylenediamine Eastman Practical
p-Phenylenediamine Fisher Certified
Phenylphosphonic acid MCB

Phloroglucinol dihydrate MCB

Piperidine Fisher Certified
Potassium cyanide Merck Reagent grade
1(—)-Proline Aldrich

Propylamine Eastman

Pyrrole MCB Practical
Salicylaldehyde MCB Practical
Sodium citrate Merck Reagent grade
Sodium hydroxide Mallinckrodt Analytical Reagent
Theobromine Eastman

a-Toluenethiol Eastman

2,4-Toluenediamine Eastman Practical
Tributylamine Eastman

Triphenylamine Eastman

RESULTS AND DISCUSSION

Four reagents—p-dimethylaminobenzaldehyde, 2,3-dichloro-1,4-naphthoquin-
one, salicylaldehyde, and furfural-—survived the preliminary evaluation, while the
other three tests—copper sulfate, 2-thiobarbituric acid, and o-tolidine—failed. The
four tests chosen for further study all gave positive tests with a least one amine at the
5-ug level. The copper sulfate test proved not to be reliable because it produced a color
only with two of the nine amines that were tested. 2-Thiobarbituric acid was rejected
because it produced no color with 50 ug of the three amines and produced rapidly
fading colors with 5 ug. o-Tolidine suspended in water or dissolved in absolute alcohol
was evaluated in several combinations with ¢n situ prepared cyanogen bromide. The
combination of o-tolidine in absolute ethyl alcohol and preprepared cyanogen bromide
gave a color with 50 ug of the three amines but not with smaller amounts, and the
other combinations gave no positive tests.

Results that were obtained on the 28 amines with the four chromogenic reagents
that survived the preliminary screening tests are shown in Table IV. Results obtained
on the 24 other organic compounds with the 2,3-dichloro-1,4-naphthoquinone reagent
are shown in Table V. Tests on these 24 compounds with p-dimethylaminobenzaldehyde
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TABLE V

89

COLORS PRODUCED BY ORGANIC COMPOUNDS WITH 2,3-DICHLORO-I,4-NAPHTHOQUINONE

Compound Colov obsevved fov amount tested (ug)
25 M I

Benzoic acid ad a a
Adipic acid a a a
Anisole a a a
Benzaldehyde a 28 28
Acetophenone a 28 28
2,4-Pentanedione a a a
Methyl benzoate a a a
Benzonitrile a a a
p-Tolyl disulfide 86 a 31
Morpholine 34 34 34
Carbazole 2 2 4
Acridine 98/g7P 98/97" g8/101P
Benzylalcohol a a a
Nitrobenzene a a a
1-Naphthol 15/55" 5/55" 7154
Phloroglucinol dihydrate 68 66 76
a-Toluenethiol a 86 86
Anthracene 221 221 226
Benzenearsonic acid a a a
Lindane a a a
p-Chlorobenzenethiol 83 101 28
Dimethylchlorophosphate a a a
Monoethyl acid ortho-

phosphate a a a
Phenyl phosphonic acid a a a

& a = No color observed.
P First color listed is color observed before spraying.

gave only one positive reaction, color number 84, with acridine at 25, 5 and 1 ug. Tests
with salicylaldehyde and furfural gave the colors listed in Table VI.

For convenience in comparing the colors, a list of names for the color numbers,
as designated by the National Bureau of Standards, is shown in Table VII.

TABLE VI

COLOURS PRODUCED WITH SALICYLALDEHYDE AND FURFURAL

Compound

Color observed for amount tested (g)

Salicylaldehyde Fuvfural

25 5 T 23 3 I
Acridine 98/104P g8/101b 98/104P 97 97 97
1-Naphthol 42[157 33/29° 31/32° 9 3 9
Phloroglucinol dihydrate 73 a a a a

73

a No color observed.

b First color is color before spraying.
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TABLE VII

COLOR NUMBERS AND COLOR NAMES

Number Name Number Nawme
2 Strong pink 68 Strong orange yellow
4 Light pink 70 Light orange yellow
5 Medium pink 73 Pale orange yellow
7 Pale pink 76 Light yellowish brown
8 Grayish pink 79 Light grayish yellowish brown
9 Pinkish white 82 Vivid yellow
15 Medium red 83 Brilliant yellow
18 Light grayish red 84 Strong yellow
26 Strong yellowish pink 86 Light yellow
27 Deep yellowish pink 87 Medium yellow
28 Light yellowish pink 89 Pale yellow
29 Medium yellowish pink 90 Grayish yellow
31 Pale yellowish pink 92 Yellowish white
32 Grayish yellowish pink 97 Vivid greenish yellow
33 Brownish pink 98 Brilliant greenish yellow
34 Vivid reddish orange 10I Light greenish yellow
37 Medium reddish orange 104 Pale greenish yellow
42 Light reddish brown 201 Dark purplish blue
43 Medium reddish brown 213 Vibid pale violet
50 Strong orange 221 Vivid light purple
52 Light orange 223 Moderate purple
54 Brownish orange 224 Dark purple
55 Strong brown 226 Vivid pale purple
66 Vivid orange yellow 230 Blackish purple
67 Brilliant orange yellow 231 Purplish white
248 Deep purplish pink
250 Moderate purplish pink
256 Deep purplish red
257 Very deep purplish red

p-Dimethylaminobenzaldehyde test

The p-dimethylaminobenzaldehyde test used in this study was developed for use
in detecting aromatic amines!. The compound will form Schiff-type bases with primary
aromatic amines®. It has also been used for detecting carboxylic acids?® and pyrroles?°.
Table IV shows that p-dimethylaminobenzaldehyde gave a color primarily with
aromatic amines. It failed to give a color with only three of the ones tested, »iz. folic
acid, N-methyldiphenylamine, and p-nitrosodiphenylamine. It gave colors with five
aliphatic amines, viz. #-butylamine, allylamine, 1,6-hexanediamine, 2-hydroxyethyl-
hydrazine, and benzylamine.

No clear pattern emerges regarding the classes of amines that did or did not
give a color with p-dimethylaminobenzaldehyde. The differences in color formation
observed for similar compounds, such as n-butylamine and isobutylamine, or di-
phenylamine and p-nitrosodiphenylamine, may have arisen because of the arbitrary
rules selected for determining if a color formed, 7.e., more colors may have been ob-
served if higher levels of some amines were tested or if longer times were allowed for
color formation.

As previously noted, p-dimethylaminobenzaldehyde gave a color with only one
of the other types of compounds tested, 7.¢. acridine. This is not surprising because
this reagent is nearly specific for compounds containing the amine group. This ability
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of the test to be specific for amines makes it useful for detecting this class of compounds,
even though many aliphatic amines are not detected at the 50-ug level.

2,3-Dichloro-1,4-naphthoquinone test

The 2,3-dichloro-1,4-naphthoquinone test used in this study was devised for
the detection of n-alkylvinylamines??. The reaction produces purple 2-chloro-3,2'-
alkylvinylnaphthoquinones. The reagent has not been generally used for detection of
amines.

No #n-alkylvinylamines were included in the 28 amines tested, but Table IV
shows that this reagent will give colors with a wide variety of amines. Colors produced
varied from orange to pink to purple. Aliphatic amines generally gave light orange or
pink colors, while aromatic amines gave more intense violet or purple colors. Limits
of detection were not as low as with p-dimethylaminobenzaldehyde for aromatic
amines.

The mechanism that has been proposed?® for the reaction of 2,3-dichloro-1,4-
naphthoquinone with n-alkylvinylamines—splitting out HCl to form a monochloro-
derivative—cannot be the mechanism for reaction with these amines. The wide variety
of compounds that will react with the reagent suggests that molecular association
complexes may be formed. It is futile to speculate further regarding the mechanism
without more information about the reaction, which these studies were not designed
to produce. The reaction mechanism should be investigated in detail.

Unfortunately, the usefulness of this chromogenic reagent for detecting amines
is limited because, as shown in Table V, it also reacts with other types of compounds,
among them disulfides, heterocyclics, phenols, polynuclear aromatics, and thiols.
Nevertheless, the compound should receive consideration as a possible chromogenic
reagent for amines in systems where other types of compounds are not present.

Salicylaldehyde test

The salicylaldehyde test used in this study was devised for primary arylalkyl-
amines!. It has also been used for detecting phloroglucinol®!. Table IV shows that
this reagent gives colors with primary alkyl and aryl amines. It does not give colors
with secondary or tertiary alkyl or aromatic amines under the conditions studied.
The proposed reaction is the formulation of aldimines'4 by reaction with primary
amines. Evidently other chromogenic reactions cannot take place with secondary
and tertiary amines.

As already stated, it reacted only with acridine, T-naphthol, and phloroglucinol
among the other types of compounds tested. Salicylaldehyde is thus a useful chromo-
genic reagent only for detection of primary amines.

Fuyfural test

The furfural test selected for this study was devised for detecting aromatic
amines™8. A condensation reaction takes place between furfural and the aromatic
amine to give a Schiff base. FEIGL32 reports that furfural will also react with secondary
aromatic amines, aliphatic amines, and amino acids. Table IV shows that furfural
reacts with all of the primary, none of the secondary, and two of the three tertiary
aromatic amines under the reaction conditions employed in these studies. The only
other type of amine that gave any color formation with furfural at the levels studied
was 2-hydroxyethylhydrazine.
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As was previously stated, only acridine and naphthol among the other classes
of compounds gave a chromogenic reaction with furfural. Unfortunately, this lack
of interference is of little consequence since furfural is not a useful chromogenic
reagent for more different types of amines.

Changes in test colors with concentration

Perhaps the most surprising result of these studies is the observation that some
of the chromogenic reagents produce different colors for different amounts of the
same compound. Inseveral of these instances the intensity of the color merely decreases
as the relative amount of the compound to be detected decreases. The apparent change
in color is probably produced by the presence of an excess amount of the chromogenic
reagent in the area on the plate containing the other compound, or by the effect of
the white silica gel. Examples of this type of change are the reactions of salicylaldehyde
with allylamine and p-phenylenediamine with 2,3-dichloro-1,4-naphthoquinone.

However, in other systems, a definite change in color occurs. For example, the
color produced by the reaction between p-phenylenediamine and p-dimethylamino-
benzaldehyde changes from medium reddish orange to light orange to deep yellowish
pink to pale yellowish pink to pinkish white as the amount of p-phenylenediamine
decreases, and the color produced by the reaction between 2-aminonaphthalene and
p-dimethylaminobenzaldehyde changes from strong orange to bright orange yellow
to brilliant yellow to pale orange yellow to pale yellow. Two of the most striking color
changes occur in the reactions between 2,4-toluenediamine and furfural, in which the
color changes from very deep purplish red to deep purplish red to light orange yellow
to pale yellow, and in the reaction between z-aminonaphthalene and furfural, in which
the color changes from dark purple to deep purplish red to pinkish white to pale yellow.
The most dramatic color changes occur in reactions with furfural. FEIGL32 reports
that transient colors are formed in reactions between furfural and m-hydroxybenzenes.
However, he also reports that the Schiff bases formed between furfural and aryl
amines are purple, whereas our results show that the violet color is produced with large
amounts of the amine and a yellow color is produced with smaller amounts.

These remarkable color changes suggest that a different compound is formed
as the ratio of the reactants changes. The nature of the compound produced with
smaller amounts of chromogenic reagents is not known and could be the subject of
a future investigation. The important corollary pertinent to these studies is that
colors produced by some chromogenic reagents cannot be simply reported.

Comparison of tests for usefulness

The principal criteria for selection of a general purpose chromogenic reagent for
detecting amines are (I) sensitivity, (2) general applicability to a variety of amines,
and (3) lack of colors produced by other types of compounds. Critical examination of
the results in Tables IV and V shows that the most widely useful reagent is 2,3-di-
chloro-1,4-naphthoquinone, although it also reacts with classes of compounds other
than amines. The p-dimethylaminobenzaldehyde test will detect most aromatic
amines and a few aliphatic amines; it gives the best sensitivity of any of the tests, but
only for aromatic amines. Salicylaldehyde is useful only for detecting primary aliphatic
and aromatic amines. Hence, if a variety of amines are to be detected, the 2,3-dichloro-
1,4-naphthoquinone test should be used. If maximum sensitivity is desired in the
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reagent and only aromatic amines are to be detected, then the p-dimethylamino-
benzaldehyde test is the best.

Precautions

It should be pointed out that the results presented herein were obtained for the

seven chromogenic reagents under the stated experimental conditions. The changes
in colors with amount and the known dependence of the reactions involved on pH and
relative amounts of reactant indicate that different colors and lower limits of detection
may be obtained under different experimental conditions. To obtain the results
presented here, the stated experimental conditions should be followed carefully.
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SEPARATION ET IDENTIFICATION PAR CHROMATOGRAPHIE SUR
COUCHE MINCE DE CINQ ANTIDEPRESSEURS THYMOANALEPTIQUES
DERIVES DE 1.A DIBENZOAZEPINE

A. VIALA, F. GOUEZO et C. GOLA

Laboratoive de Toxicologie, Faculté wixte de Médecine et de Phavmacie, 27 Bd. Jean Moulin, 13,
Mayrseille 5e (France)

(Regu le 14 juillet 1969; modifié le 27 aolit 1969)

SUMMARY

Separation and identification by thin-layer chromatography of five thymoanaleptic drugs
derived from dibenzoazepine

Two thin-layer chromatographic procedures on activated Silica Gel G are pre-
sented. They are used for the separation and identification of: imipramine, desi-
pramine, clomipramine, trimeprimine, and opipramol. Developing solvents consist of:
(A) dehydrated peroxide-free diethyl ether—acetone—diethylamine (go:10:1); (B) ben-
zene-acetone (100:20), shaken with 10 ml of 59, aqueous ammonia solution. Spots
are detected by spraying first with diluted iodoplatinum reagent, then with 509,
sulphuric acid. Fluorescence can be performed after 24 h. Positive results are obtained
with only 100 ng of product. Migration of the five mixed compounds does not signi-
ficantly affect the R values with respect to those obtained in case that every substance
migrated separately.

INTRODUCTION

Les médicaments groupés sous la dénomination clinique de “thymoanalep-
tiques’’? sont parmi les plus utilisés des agents chimiques psychotropes destinés au
traitement des états dépressifs. La nécessité de les utiliser a4 doses relativement élevées
pendant de longues périodes fait qu’ils sont souvent en quantités trés importantes
entre les mains des malades. Ceux-ci peuvent songer a attenter 4 leurs jours et possédent
alors, avec ces drogues, une arme redoutable et efficace, hélas trop souvent utilisée.
En effet, le nombre d’intoxications volontaires dues a cette classe de médicaments, en
particulier a son chef de file, I'imipramine, est actuellement trés important. Nous n’en
voulons pour preuve que les chiffres donnés par FREJAVILLE et al.? sur la part de
responsabilité de ces composés dans les intoxications traitées a la Clinique toxicolo-
gique de I’'Hépital Fernand Widal en 1966: selon ces auteurs, 5%, des malades traités
durant cette période auraient été les victimes de tentatives de suicide & I'imipramine;
le taux de mortalité chez ces malades serait supérieur a 159, alors qu'il atteint seule-
ment 69 pour ’ensemble des intoxications aigués recues.
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La fréquence des intoxications de ce type et leur gravité rend donc impérative
la possession de techniques toxicologiques simples et rapides pour la recherche de
ces poisons dans les milieux biologiques. Plusieurs auteurs se sont déja attachés a la
séparation chromatographique sur papier®=? ou sur couche mince®¢-1 de I'imipramine,
de quelques uns de ses dérivés ou de composés a structure chimique voisine. Il nous a
semblé intéressant de compléter les résultats obtenus en analysant, par chromato-
graphie sur couche mince, cing antidépresseurs de la série de la dibenzoazépine, nous
réservant d’appliquer par la suite ces procédés aux milieux biologiques.

Structure chimique des composés étudiés
Le groupe des antidépresseurs dérivés de la dibenzoazépine, homogene sur le
plan clinique, I'est aussi dans sa structure chimigue. Tous ces représentants possédent

5H DIBENZOAZEPINE

CHAINES LATERALES

-cuz—cuz—euz—n<§:3 imipramina {tofranii®
3 chlorhydrate
'c"z_c"z_‘"f"<“ désipramine [pertofran*/
‘“3 chiorhydrate
—cuz—cln—cuz—-u<:"3 triméprimine {surmontit®
H
CHy 3 maléate ocide
-:uz-cnz-cnz—-n<: :; clomipramine lanafranil®

chiorhydrate

'(“2)3" DL/N—CHZ-CNIOH opipramol {insidon*/

dichlorhydrate

Fig. 1. Noyau de la 5H-dibenzoazépine et chaines latérales portées par P'azote chez les composés
antidépresseurs étudiés. 1 = imipramine (Tofranil) chlorhydrate; 11 = désipramine (Pertofran)
chlorhydrate; 111 = triméprimine (Surmontil) maléate acide; IV = clomipramine (Anafranil)
chlorhydrate; V = opipramol (Insidon) dichlorhydrate.

un noyau tricyclique dont la partie centrale est constituée par un hétérocycle hepta-
gonal azoté (Fig. 1). On peut, structuralement y distinguer deux séries:

(1) les dibenzodihydroazépines (ou iminodibenzyles) chez lesquels la double
liaison en 10-II est saturée;

(2) les dibenzoazépines proprement dites.

Les seuls représentants de la premiére série actuellement utilisés sont: V'imi-
pramine (“Tofranil” N.D.); la clomipramine (“Anafranil” N.D.); la desipramine
(“Pertofran’’ N.D.); le triméprimine (“Surmontil’” N.D.).

Ils ne different entre eux que par des modifications légéres de la chaine latérale
substituée sur 'azote du noyau, a 'exception de la clomipramine qui possede en outre
un chlore en position 3 sur I'un des noyaux benzéne (I'ig. 1).
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La deuxiéme série comprend deux représentants: la carbamazépine (“Tegretol”’
N.D.) qui, uniquement utilisée comme antiépileptique, ne nous intéresse pas ici, et
I'opipramol (“Insidon’ N.D.) dont la chaine latérale comporte une structure pipéridi-
nique analogue 2 celle existant chez certaines phénothiazines & propriétés neurolep-
tiques puissantes (Fig. 1).

PARAMETRES EXPERIMENTAUX

Techmique employée
Chromatographie monodimensionnelle ascendante en atmosphére sursaturée et
sans équilibration préalable des plaques (migration effectuée sur 15 cm).

Phases adsorbantes

(1) Silica Gel G Merck activé.

(2) Silica Gel G Merck activé, additionné d’un indicateur fluorescent excitable
a 254 nm (nous avons employé dans ce cas des plaques de 20 X 20 cm prétes a emploi,
commercialisées par les laboratoires Camag sous le sigle DSF-A).

Phases mobiles
(A) Ether éthylique déperoxydé et déshydraté-acetone-diéthylamine (go:10:1)*;
(B) Benzéne-acétone (100:20), chargé en NH, par agitation avec 10 ml d’une
solution aqueuse ammoniacale & 5%, pour une température de 18 & 20°, titrée juste
avant 'emploi™.

Dépéts

Des solutions méres de chaque composé 4 T mg par ml (exprimé en base) dans
le mélange acétone-méthanol (2:1) ont été déposées sous forme de taches & raison de
10 pul. Le mélange des solutions méres a parties égales fut déposé a raison de 30 ul.
Pour les essais de sensibilité, des dilutions comprises entre 1/10 et 1/200 ont été
réalisées dans le méme solvant & partir des solutions méres.

Enfin, pour la mesure des Ry des médicaments testés, nous avons déposé une
solution de papavérine, préparée dans les mémes conditions.

Procédés de vévélation

Plusieurs procédés ont été expérimentés.

Examen en lumiére UV. Avec les couches ne comportant pas d’indicateur de
fluorescence I'irradiation 4 350 nm est inexploitable, seuls 'opipramol et la papavérine
émettant alors une fluorescence jaune d’intensité convenable. En revanche I'excitation
sous 254 nm est plus valable: ’émission jaune de la papavérine et de I'opipramol est
intense, tandis que les dibenzodihydroazépines apparaissent en bleuté.

Avec les couches additionnées d’un indicateur de fluorescence, V'irradiation &

* Ce mélange avait déja €té utilisé par 'un de nous 4 P'occasion de I'étude de médicaments
psychotropes variés!t,
** Ce solvant est une modification de la phase préconisée par DANHIER pour I'imipramine
et d’autres antidépresseurs!? et précédemment utilisée par PAULUS ef al. pour la séparation des
dérivés de la phénothiazinel?.
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254 nm fait apparaitre le fond en jaune tandis que les emplacements de tous les com-
posés essayés se manifestent par des taches sombres.

Révélation par voie chimique. Nous avons utilisé deux réactions: (1) Pulvérisation
d’acide nitrique concentré: les antidépresseurs dibenzodihydroazépiniques se colorent
en bleu intense virant au jaune avec le temps, I'opipramol prend immédiatement une
teinte jaune, alors que la papavérine ne réagit pas; (2) double pulvérisation, d’abord de
réactif iodoplatinique de MUNIER T MacHEBEUF! dilué au tiers dans HCI N, puis
immeédiatement apres d’acide sulfurique au demi p.v.11:15: dans ces conditions, clomi-
pramine, triméprimine et papavérine apparaissent en rouge brique, 'opipramol en
bleu violacé, tandis que I'imipramine et la désipramine se manifestent par une tache
possédant un noyau brique entouré, pour les quantités ¢levées, d’un halo bleu (parti-
culitrement important pour l'imipramine).

Révélation chimique suivie d’examen en lumiére UV Les plaques révélées par
le réactif iodoplatinique et 'acide sulfurique sont séchées et examinées sous lumiére
UV au bout de 24 h; les taches correspondant aux composés essayés possedent alors,
autant & 254 nm qu’a 350 nm, une intense fluorescence jaune a I'exception de la papa-
vérine qui émet en rouge faible tirant sur I'orangé.

RESULTATS

Les résultats obtenus sont illustrés par les Fig. 2 et 3.

Ces photographies de chromatogrammes montrent que, quel que soit le systeme
solvant, les résolutions sont parfaitement satisfaisantes, la diffusion des taches en
cours de migration étant cependent beaucoup moins importante avec le solvant B
qu’apres usage du solvant A. En outre la reproduction photographique nous a permis
de déceler sur le chromatogramme obtenu avec le solvant A et quel que soit le procédé
de révélation emplové, deux particularités que I'oeil n'était pas parvenu a détecter:
(1) lexistence d’un front de démixtion au niveau de la tache de trim¢primine (celle-ci
est méme partagée par ce front sur la piste du composé isolé); (2) la présence sur la
piste de Popipramol d'une tache parasite possédant le méme Rp que I'imipramine;

Mélange
.-

riméprimine

lomipramine

mipramine

%ig. 2. Chromatographie sur couche mince de cing antidépresseurs dibenzoazépiniques et d'un
dtalon de papavérine. Solvant A.

1

J. Chromatog., 45 (1969) 94-103



()8 A. VIALA, F. GOUEZO, C. GOLA

lomipramine

mipramine

Fig. 3. Chromatographie sur couche mince de cinq antidépresseurs dibenzoazépiniques et d’'un
étalon de papavérine. Solvant B.

cette tache est vraisemblablement imputable a un produit de décomposition de la
dibenzoazépine étudiée, préexistant ou se formant en cours de migration.

DISCUSSION

Phases adsorbantes

L’emploi de Silica Gel G additionné d’un indicateur fluorescent ne présentant
aucun avantage particulier sur celui de Silica Gel G simple, nous n’avons donc pas
d’intérét a préconiser I'usage du premier.

Phases mobiles

Aucun commentaire spécial n’est a faire sur le mélange A. Pour la mise au point
du solvant B, nous nous sommes inspirés de la formule proposée par PAuLus!3 et par
DaNHIER'2 Ces auteurs indiquent la composition suivante:

benzene-acétone—-ammoniaque a 259, (50:10:5).

Préparé ainsi, ce mélange se sépare en deux phases; de plus le volume total
indiqué est tout juste suffisant pour assurer une immersion correcte du bas de la plaque
dans les conditions ot nous avons opéré. Aussi avons-nous préféré, d’abord doubler
le volume total, puis, aprés agitation en ampoule & décantation du mélange benzéne-
acétone avec 'ammoniaque, éliminer la phase aqueuse excédentaire. Ainsi obtenu le
solvant assure une excellente résolution pour l'opipramol et la désipramine mais ne
différencie pas les trois autres thymoanaleptiques.

Pour pallier cet inconvénient nous avons effectué une série d’essais en diminuant
progressivement la quantité de NH; saturant le mélange benzéne-acétone. Pour cela
nous avons utilisé de “I'ammoniaque RP pour analyses, Prolabo’’ dont la teneur en
NH; devait se situer entre 26.5 et 289, mais qui n’était en fait que de 18.99, car il
s’agissait d'un flacon entamé. A partir de cette solution exactement titrée nous avons
préparé une série de dilutions en étendant a To ml respectivement 4, 3, 2 et T ml du
réactif; chaque dilution nous a servi ensuite a la préparation d’un solvant de migration
différent par agitation avec la phase organique et décantation. Les chromatogrammes
obtenus dans ces différentes conditions sont schématisés sur la Fig. 4.
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Fig. 4. Schéma des différentes séparations chromatographiques obtenues avec des solvants du
type B (benzéne—acétone, 100:20) possédant des teneurs en NH, différentes (charges effectuées
par agitation avec des solutions ammoniacales contenant 1. 2, 3, 4 -+ 10 ml d’ammoniaque a
18.9%, /10 ml).

On observe sur ce schéma que les valeurs des Ry s’élevent d’autant plus que la
teneur en NH, du solvant de migration est plus forte. Mais il est encore plus intéressant
de constater que les taches de I'imipramine, de la clomipramine et de la triméprimine
sont beaucoup mieux séparées que celles de la désipramine et de I'opipramol pour les
faibles teneurs en NH, du solvant, le phénomeéne étant exactement inversé pour les
fortes teneurs. Nous avons émis & ce sujet 'hypothése que les séparations sont en

d
,-O
1717
1-7""’1’ ’/O
imeprimi ayrvr7?”’ S
trimeéprimine O>7>>>>77777v /’, O
O/ ,"
-~ -
“} '-'
e O
clomipramine O,_A,......--'-" e
_:-" ,»"'
imipramine Q"'""””‘ R
papaverine e
désipramine -0
opipramol
2 25 3

mi de NHz0H 3 w,s%/ 10m/!
de phase equeuse

Fig. 5. Schéma des ditférentes séparations chromatographiques obtenues avec des solvants du
type B (benzéne-acétone, 100:20) possédant des teneurs en NH, différentes (charges effectuées
par agitation avec des solutions ammoniacales contenant 2.5, 2.6, 2.7, -+ 3 ml d’ammoniaque
a 18.99%/100 ml).
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relation avec la structure chimique des composés étudiés (influence des groupements
CH; et Cl) et avec V'existence possible de fronts de démixtion. Sa vérification expéri-
mentale est en cours et le tout fera ’objet d’un mémoire ultérieur.

Quoiqu'il en soit, la résolution la plus satisfaisante pour les cinq composés (et
pour la papavérine) se réalise avec des solvants traités par des solutions ammoniacales
de concentration comprise entre 2.5 et 3 ml d’ammoniaque a 18.9%, pour 10 ml. Pour
préciser la teneur optimale en ammoniaque nous avons fait une nouvelle série d’essais
en faisant varier de 0.1 ml en 0.1 ml entre ces limites la teneur en ammoniaque a
18.9% de la phase aqueuse destinée a charger le solvant en alcali. La Fig. 5 schématise
les résultats de cette expérimentation.

Les meilleures résolutions sont obtenues avec des concentrations de 2.5 4 2.9 ml
d’ammoniaque & 18.9%, pour 10 ml, soit 4.7 & 5.59%, de NH; dans 10 ml de phase
aqueuse. Nous avons estimé légitime d’adopter une teneur moyenne de 59, et nous
avons fixé le protocole de préparation du solvant de migration comme suit: Benzéne—
acétone (100:20) chargé en NH, par agitation avec 10 ml exactement mesurés d’une
solution aqueuse ammoniacale a 5%, titrée immédiatement avant I’emploi, et éli-
mination de la phase aqueuse excédentaire par décantation.

Senstbilité des différents procédés de révélation

Le Tableau I mentionne les limites de sensibilité des différents procédés de
révélation employés.

Ces limites ont été évaluées & I'examen visuel, mais il est possible qu’elles soient
encore reculées en ayant recours a la photographie des plaques. Quoiqu’il en soit, le
procédé de révélation le plus sensible parait étre, pour cette série médicamenteuse,
la double pulvérisation iodoplatinique/sulfurique suivie ou non d’'un examen en
lumiére UV. I faut également souligner un autre intérét de ce dernier procédé sur la
révélation par la seule voie chimique: alors que les taches deviennent invisibles a la
lumiére du jour aprés quelques heures, tout au moins pour les plus faibles quantités,
elles demeurent encore apparentes plusieurs jours en examinant les plaques sous
lumiére UV,

TABLEAU 1

LIMITES DE SENSIBILITES (Ng) POUR LES DIFFERENTS PROCEDES DE REVELATION EMPLOYES

Iyvadiation  Procédés chimiques Réactif
a 254 nm iodoplatini-
NHO, Réactif Réactif que + H,S0,
concentré iodoplati- todoplatini- au demi;
nigque que + H,SO, séchage et
au dewmsi vepos de

24 h; examen
sous wva-

diation

254 ou

350 nm
Opipramol 100 1 l 1 100
Désipramine 1000 200 250 100 100
Autres dibenzoazépines 1ooo J I J 350
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Valeurs moyennes des Rp et des Ry, calcul des paramétres statistiques et analyse de
variance pour les composés chromatographiés isolément ou en mélange
Nous avons effectué une interprétation statistique sur les différentes valeurs des
Ry et des Ry établis par rapport & la papavérine 2 I'aide des solvants standardisés.
Son exploitation nous a permis:
(1) de chiffrer la reproductibilité des parametres mesurés (Rp et Ry) pour
chaque composé étudié¢ et dans chaque systéme chromatographique;
(2) de comparer entre eux les deux groupes de mesures (Rp et Rx) et de déduire
la confronce qui peut étre attachée a chacun de ces deux parametres;
(3) d’établir enfin s'il est licite de considérer que les valeurs des Ry (et des Rx)
mesurées sur les composés migrant isolément ou en mélange font partie de la méme
population statistique et donc si le mélange des composés a ou n'a pas d’influence sur
la valeur des Ry (et des Rx).
Les valeurs des paramétres statistiques essentiels (moyennes et coefficients de
variation), calculées a4 partir des Rp et des Rx mesurés, sont mentionnés dans le
Tableau II.
L’examen comparatif des coefficients de variation montre que la dispersion des
résultats augmente en régle générale lorsque les valeurs des Ry (ou des Rx) diminuent,
quel que soit le solvant employé. Cette constatation est particulicrement évidente

TABLEAU {1

PARAMETRES STATISTIQUES (MOYENNES ET COEFFICIENTS DE VARIATION JCALCULES A PARTIR DES MESURES DE
Rp DE CINQ ANTIDEPRESSEURS DIBENZOAZEPINIQUES ET DES MESURES DE LEURS Ry PAR RAPPORT A LA PAPA-
VERINE PRISE COMME ETALON

Systéme A: 10 essais; systéme B: 8 essais.

Systéme chromatogrvaphique A

Svstéme chromatographique B

Trimépri-
mine

Clomipra-
mine

Imipramine
Papavérine
(étalon)

Désipramine

Opipramol

Produit isolé
Meélange

Produit isolé
Mélange

Produit isolé
Mélange

Produit isolé
Mélange

Produit isolé
Mélange

Produit isolé
Mélange

Rp Ry Rp
Moyen-  Coeff. Moyen-  Coeff. Moyen-  Coeff.
nes de nes de nes de
variation variation variation
de la de la de la
moyenne moyenne moyenne
(%) (%) (%)
0.866 3.6 2.614 5.6 0.781 2.5
0.872 2.65 2.235 6.75 0.784 2.5
0.717 6.0 2.158 8.3 0.034 3.5
0.666 9.5 1.946 8.8 0.626 3.5
0.552 11.9 1.693 15.4 541 5.2
0.554 10.9 1.631 11.2 0.531 5.8
0.335 8.1 0.402 5.2
0.345 8.2 0.400 5.9
0.170 5.8 0.555 9.4 54 12.6
0.176 5.4 0.535 5.9 154 I4.2
0.115 11.2 0.344 8.1 0.079 16.1
0.104 6.6 0.318 5.15 0.076 19.6

Ry
Moyen-  Coeff.
nes de
variation
de la
noyenne
(%)
1.927 4.2
1.945 4.4
1.580 5.6
1.564 3.3
1.349 4.9
1.332 4.1
0.4006 14.8
0.397 2.1
0.194 12.4
0.189 2.0
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avec le systeme B. Avec le solvant A, cependant, 'imipramine se singularise, les
valeurs mesurées des Ry ayant une dispersion beaucoup plus importante que celle des
composés de plus faible mobilité; ce phénomeéne peut s’expliquer par le fait que les
taches de désipramine et d’opipramol sont bloguées I'une contre ’autre (probablement
par Peffet d’un front de démixtion situé immédiatement au dessus de la tache de
désipramine): ainsi leurs Ry sont relativement peu sujets & variations alors que dans
le systéme B, elles sont nettement détachées I'une de ’autre et ainsi plus libres.

Quant 2 la comparaison entre elles des valeurs des Rp et des Ry par l'inter-
médiaire des coefficients de variation, elle nous permet de conclure, quel que soit le
solvant, que ’emploi d’un étalon interne de papavérine et le calcul des Ry n’améliorent
en rien la reproductibilité des paramétres mesurés.

Enfin, dans le but de savoir si nous pouvions légitimement considérer que les
prcduits en mélange possedent le méme Ry (ou Rx) que lorsqu’ils migrent isolés, nous
avens soumis nos résultats a une analyse de variance par la méthode du “test F’.
Nous avons ainsi pu conclure qu'’il n’existait aucune différence significative entre les
Rp (et les Ry) d’'un méme composé migrant isolément ou en mélange, sauf dans les
cas de la clomipramine et de Vopipramol en systéme A; il est apparu alors une trés
légere différence significative. Un complément d’information analytique s’imposerait
donc pour ces deux composés afin de confirmer ou infirmer I'analyse de variance
actuelle, et dans le cas d’une confirmation, afin de rechercher la nature du facteur de
perturbation intervenant lorsque ces composés sont mélangés aux autres.

CONCLUSION

Le grand intérét toxicologique actuel des antidépresseurs thymoanaleptiques
a noyau de dibenzoazépine nous a incités a4 présenter deux méthodes de chromato-
graphie sur couche mince assurant la séparation et I'identification de 1'imipramine,
de la désipramine, de la clomipramine, de la triméprimine et de I’opipramol.

L’une d’elles nécessite que des précautions rigoureuses soient prises en ce qui

- concerne la teneur en agent alcalin du solvant de migration. Avec les deux techniques
la reproductibilité des Rp et la résolution des taches sont pleinement satisfaisantes.
La sensibilité est extréme puisque certains procédés de révélation permettent de
déceler jusqu’a 100 ng de produit.

Enfin une analyse statistique nous a permis de montrer que, 4 ’exception de
deux composés sur lesquels nous n’avons pu conclure avec I'un des solvants, le fait
que les cing corps étudiés soient en mélange ne perturbe pas significativement la
migration de chacun d’entre eux.

RESUME

Les auteurs présentent deux méthodes chromatographiques sur Silica Gel G
activé permettant la séparation et I'identification de cinq antidépresseurs a structure
dibenzoazépinique: imipramine, désipramine, clomipramine, triméprimine, opipra-
mol. Les mélanges solvants utilisés sont les suivants: (A) éther éthylique déperoxydé
et déshydraté-acétone—diéthylamine (go:10:1); (B) benzéne-acétone (100:20), chargé
en ammoniac par agitation avec 16 ml d’eau ammoniacale a 59%,. Le meilleur procédé
de révélation consiste & pulvériser d’abord un réactif iodoplatinique dilué puis de
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I'acide sulfurique au demi; éventuellement un examen de fluorescence est effectué au
bout de 24 h. Dans ces conditions, il est encore possible d’obtenir un résultat positif
avec seulement 100 ng de produit. Les deux méthodes sont de valeurs pratiquement
égales et, en régle générale, la migration des cinq composés en mélange ne perturbe
pas significativement les Rp par rapport a ceux qui sont obtenus lorsque chaque sub-
stance migre isolément.
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I. THIN-LAYER CHROMATOGRAPHY OF ALIPHATIC ACIDS
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Institute of Chemistry, Reactov Centve Seibevsdorf, Lenaugasse 1o, A-1080 Wien (Austria)

(First received June 17th, 1969; revised manuscript received August gth, 1969)

SUMMARY

About sixty aliphatic acids, predominantly fatty acids, hydroxy acids, amino
acids and halogen acids, were separated on cellulose layers with the solvent mixture
n-butanol-diethylamine—water (85:1:14). The Ry values so obtained illustrate in
most cases the validity of MARTIN’s theoretical postulates for the relationship between
chemical structure and Rp value in partition chromatography. Thus when Ry is
plotted against the number of substituent groups of any one kind a close approximation
to linearity results, except in the case of acids with vicinal hydrophilic groups. The
calculation of group constants and binding increments was done by direct comparison
of the Rys values of substances differing by only one group or increment. These data
facilitate the chromatographic elucidation of structural problems; only very small
amounts of the substances which do not even need to be isolated in pure form are
required.

INTRODUCTION

In the course of our investigations of radiation induced carboxylation of organic
acids with 14C labelled CO, an analytical procedure was required to separate the
organic acids formed by this process. The method was also required to indicate how
many COOH-groups were introduced into the model substrate and in what position
relative to other functional groups, they were located. A chromatographic procedure
appeared to be especially suited, since there were already a number of papers on the
relationship between molecular structure and chromatographic behaviour!—18.

Based on predictions of CONSDEN ef al.?® and MARTIN??, a linear relationship
between the Ry value and the number of identical groups has been proved experi-
mentally by many authors!—18,21-29;

RM == GO —|— ’}’LGX + mGy _l_ ......... (I)
Gx, Gy, -+ — group constant of X, Y, -+« -
Go = basic constant.

Some of these group constants are known in the case of paper chromatography
(PC)%-4-6,23 but for TLC which is better suited for the separation of organic acids?®,39,31
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only a few constants have been published!®'3. Furthermore, in TLC the contribution
of one group to the Ry value of the molecule is dependent on the other groups in the
molecule, as was shown by PaTakr'® who compared the Ry values of amino acids
differing by specific groups.

It is the aim of this and a following paper® to establish the group constants
from the Ry values of more than a hundred organic acids. In addition, the effect of
criteria so far hardly considered, for instance binding increments, such as double
- bonds, chain branching, ring closure and the relative positions of functional groups
are taken into account. These data can facilitate the elucidation of structural problems.

EXPERIMENTAL

The separation of the acids was carried out on cellulose layers for two reasons.
First, the best results for the chromatography of acids were obtained on cellulose
layers®-35. Secondly, cellulose layers correspond well with PC in their chromato-
graphic behaviour, thus facilitating the transferability of PC experience to TLC3.
Cellulose layers, however, have the advantages of giving better separations, and
having shorter development times and greater sensitivity than PC.

Preparation of the plates

Fifteen grams cellulose powder HR 300 (Macherey, Nagel) were stirred vigor-
ously with 75 ml water. Adsorbent layers of 0.25 mm thickness were prepared on
20 X 20 cm glass plates with Desaga equipment, (Heidelberg). The plates were air-
dried horizontally, at room temperature overnight. Almost all the acids were spotted
as their diethylamine salts, dissolved in methanol, along a line 2.5 cm from the lower
end of the plate. Approximately 1o ug of test substance (1 ul of 19, solution) were used
for each spot. The plates were then equilibrated for 4 h at constant temperature
(23° 4= 1°) and developed by the ascending technique in a tank lined with solvent-
soaked filter paper.

Solvent system

System: #n-butanol-diethylamine-water (85:1:14). The duration of develop-
ment is 85 min. After that time the front is at a distance of 10 cm from the starting
line. After development the solvent is allowed to evaporate at 60°, which is below the
decomposition temperature of the diethylamine salts.

The use of diethylamine as the volatile alkali instead of the otherwise more
common ammonia was first proposed by JonNEs et al.3” for the PC of some volatile
organic acids. It prevents the partial separation of the eluting system possible under
certain conditions, since diethylamine dissolves well in both phases. Furthermore it
facilitates the identification of the acids as diethylamine salts after spraying with
ninhydrin reagent.

Detection reagent

Various reagents were tried, e.g., pH-indicators such as bromocresol purple or
bromocresol green, sodium nitroprusside and ninhydrin reagent. The best results,
however, for minute amounts of even very weak acids were obtained with ninhydrin.
After spraying with ninhydrin the plates were warmed for 30 min at 60°. Ninhydrin
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reveals the acids as blue violet spots on a white or pale rose background. The diethyl-
amine salts appear as more durable and more clearly defined spots than the ammonium
salts. The detection limit is about 0.5 ug acid.

To correlate the chromatographic behaviour of substances with their chemical
structure an accurate knowledge of the Rr values is necessary. Recently, new tech-
niques for the exact determination of Rr values have therefore been proposed, such
as tankless or flatbed chromatography in the case of PC''. We worked with con-
ventional equipment, but strictly observed the following points to achieve repro-
ducible and accurate results: constant temperature, time of saturation and size of
spots. A control substance, in most cases glycolic acid, was always run alongside and
if its Ry value differed by more than 0.0z from the standard value, the run was dis-
carded.

RESULTS AND DISCUSSION

Momnocarboxylic acids

The separation of organic acids by chromatography has been reported in a
number of publications. Some of them make use of PC, e.g., the work by LoNG et al.22,
Howe?? and HARTLEY®S, other authors however prefer TLC. The separation of straight
chain carboxylic acids by TLC was carried out by HROMATKA AND AUE? as well as
by LyNES?® and BRAUN AND VORENDOHRE??, who obtained good results. Branched
carboxylic acids however have been investigated less.

TABLEI

UNSUBSTITUTED MONOCARBOXYLIC ACIDS

No. Acid Rp Ry Rp ARy ARp
exp. —— — calc.
measuved calc.

1 TFormic 0.41 0.16 0.30 0.33 0.14 0.08
2 Acetic 0.45 0.09 0.08 0.45 0.01 0.00
3 Propionic 0.58 —o0.14 —o0.14 0.58 0.00 0.00
4 Butyric 0.69 —0.35 —0.36 0.70 0.01 0.01
5 Valeric : 0.79 —o0.58 —o0.58 0.79 0.00 0.00
6 Caproic 0.86 —0.79 —o.80 0.86 0.01 0.00
7 Enanthic 0.92 —1.06 —1.02 0.91 0.04 0.0I
8 Caprylic 0.95 —1.28 —1.24 0.95 0.04 0.00
9. 2-Methylpropionic 0.71 —0.39 —0.39 0.71 0.00 0.00
10 2-Methylbutyric 0.80 —o.60 —o0.61 0.80 0.01 0.00
11 2,2-Dimethylpropionic 0.81 —0.63 —0.64 0.81 0.01 0.00
12 2,2-Dimethylbutyric 0.88 —o0.87 —0.86 0.88 0.01 0.00
13 2-Ethylbutyric 0.87 —0.83 —o0.83 0.87 0.00 0.00
14 2-Methyl-2-ethylbutyric 0.92 —1.06 —1.08 0.92 0.02 0.00
15 2,2-Dimethylvaleric 0.92 —1.06 —1.08 0.92 0.02 0.00
16 2-Ethylpropionic 0.95 —1.28 —1I1.27 0.95 0.01 0.00
17 3,3-Dimethylbutyric 0.78 —0.55 —0.52 0.77 0.03 0.0I
18 4-Methylvaleric 0.82 —0.66 —0.66 0.82 0.00 0.00
19 2,2,4,4-Tetramethylcaproic  0.97 —1.51 —1I.46 0.96 0.05 0.01
20 Acrylic 0.53 —0.05 —0.05 0.53 0.00 0.00
21 Crotonic 0.64 —o0.25 —0.27 0.65 0.02 0.01
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The experimental}RF and Rjs values of straight chain and branched mono-
carboxylic acids, as well as the Ry and R p values calculated by means of the established
group constants, are given in Table I (Nos. 1-19). The differences, i.e. ARy and ARF,
are presented in the last two columns. It can be seen that only formic acid shows a
discrepancy between the experimental and calculated Ry value. This can be explained
by the fact, that the calculated Ry value of formic acid is obtained by the sum of the
basic constant and the Ry constant of the carboxylic group. Thus the hydrogen atom
of formic acid is not accounted for.

The method described does not give a satisfactory separation of formic and
acetic acid. This is in agreement with Bavzer? who found that for the complete
separation of the alkali derivatives of C;~C; carboxylic acids a combination of TLC
and electrophoresis is necessary. The separation of the hydroxamates however can
be achieved by TLC alone.

When the Ry values of the fatty acids are plotted against their carbon number
a close approximation to linearity is obtained. The difference of the Rj; values between
these homologues gives the constant for the CHy-group, G(cay = —0.23. Based on
the data of other homologous compounds, especially hydroxy acids and dicarboxylic
acids3?, the Ry constant of the CH,-group as well as of any other aliphatic C-atom
was established as —o0.22 (Table VI). For an example might be mentioned:

G(cH2) = R 1eucine —RyM valine = —0.22 (2)

The calculation of other group constants was carried out in the same manner,
by using the difference between the Ry values of two compounds, differing only by
the group in question.

The Ry constants for chain branching were determined by way of the Ry values
of branched fatty acids (Nos. g-19) and branched amino acids. For a branching in the
a-position the value is —0.03, for any other branching it is +o0.12 (Table VI). The
data available were not sufficient to establish these values very accurately or to
distinguish between chain branching in the - and y-position. One can assume that
these positions would also show rather different values for chain branching, an as-
sumption which is supported by the special value of the g-position. A comparison

TABLE 1L

HYDROXY ACIDS

No. Acid Rp Rar Rp ARy AR g

Glycolic 0.25 0.48 0.57 0.21 0.09 0.04

272

23 Lactic 0.31 0.35 0.35 0.31 0.00 0.00
24 3-Hydroxypropionic o0.27 0.43 0.42 0.2 0.01 0.00
25 2-Hydroxybutyric 0.42 0.14 0.14 0.42 0.00 0.00
26  3-Hydroxybutyric 0.38 0.21 0.20 0.39 0.0l 0.01
27 4-Hydroxybutyric 0.28 0.41 0.40 0.28 0.0t 0.00
28 2-Hydroxyvaleric 0.55 —0.09 —0.09 0.55 0.00 0.00
29 2-Hydroxycaproic 0.66 —o0.29 —o0.31 0.67 0.02 0.01
30 2-Hydroxyhexanoic  o.77 —0.52 —0.53 0.77 o.0r 0.00
31 Glyceric 0.12 0.87 0.91 o.11 0.04 0.01
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between the Rys values of acrylic and crotonic acid and the corresponding saturated
compounds leads to a mean value of -}-0.09 for the Ry constant of the double bond.

Hydroxy acids

The Rr and Ry values of 10 hydroxy acids (Nos. 22-31), predominantly -
hydroxy acids are reported in Table II. With the exception of the first member of the
series, glycolic acid, and glyceric acid, there is a good agreement between the experi-
mental and calculated Ry values. Exceptions from the rule of additivity have already
been noted before in the case of vicinal groups, as in glycolic and glyceric acid.

Although REeIcHLY, from the very limited data available to him, differentiated
between primary and secondary hydroxy groups, it appears to be much more important
to take into account the position of the hydroxy group, if one regards the data given
in this paper.

In calculating the Rjs value of the ¢-hydroxy group, glycolic acid was not
accounted for due to its vicinal groups. The differences between Ry values of the
other e¢-hydroxy acids and the_ corresponding unsubstituted carboxylic acids lead
to a Gg.om of 40.49. 3-Hydroxy propionic acid and 3-hydroxy butyric acid were
used to calculate the constant for the §-OH group:

G(B—OH) - RM 3-hydroxy propionic —RM propionic = 0.57 (3)

Gg-0H) = Ry 5-nydroxy butyric — R butyric = 0.56 4)

According to the above equations it does not appear to matter whether the -OH
groups are primary or secondary. Owing to the lower §-OH value of the amino acid
pair threonine/z-aminobutyric acid, the G g-om) was defined as 0.56. Using 4-hydroxy
butyric acid according to the method described above, G ,-omy was found to be 40.76.

Amano acids

A thorough study of the relationship between molecular structure and the
Ryr values of the amino acids has been carried out by SCHAUER AND BULIRSCH?,
PaTakI'® and Trzaska aAND KowkaBany?®. The latter authors also used butanol in

TABLE III

AMINO ACIDS

No. Acid Rp Ry RFp ARy ARp
exp. _ calc.
measured calc.

32 Glycine 0.07 1.12 1.06 0.08 0.06 0.01
33 Alanine 0.I3 0.83 0.84 0.13 0.0I 0.00
34 2-Aminobutyric 0.19 0.62 0.62 0.19 0.00 0.00
35 3-Aminobutyric 0.17 0.69 0.68 0.17 0.01 0.00
36 4-Aminobutyric 0.14 0.79 0.78 0.14 0.01 0.00
37 2-Aminoisobutyric 0.21 0.58 0.59 0.20 0.01 0.01
38 Norvaline 0.27 0.43 0.40 0.28 0.03 0.01
39 Valine 0.22 0.55 0.54 0.22 0.01 0.00
40 Leucine 0.32 0.33 0.32 0.32 0.01 0.00
41 Isoleucine 0.31 0.35 0.32 0.32 0.03 0.01
42 6-Aminocaproic 0.14 0.79 0.78 0.I4 0.01 0.00
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their solvent system but in an acid solution, #-butanol-acetic acid-water (4:1:5), and
obtained a similar mean value for G (¢m,) 0f —0.20. Due to the small number of com-
pounds investigated, they did not calculate any other group constants.

Table IIT shows the Ry and Ry values of 11 amino acids (Nos. 32—42). The
values of phenylalanine and tyrosine are listed in the second part of this work3? under
aromatic acids in order to make it possible to calculate the Ry constant of the phenyl
group. In this other paper the data of other amino acids run in methanol solutions
can also be found.

Comparison of experimental and calculated Ry values shows that a high discre-
pancy is only observed with glycine due to its vicinal groups. The calculation of the
NH,-group constants was done in the same way as for hydroxy compounds. Here too,
emphasis was put on the relative positions of the amino and carboxyl groups (Table VI).
The high positive value of G- nmy which was obtained according to the following
equation is notable:

G(s-NHz) - RM 6-amino caproic "RM caproic — +I-58 (5)

A similar relation between the group constants for the NH,-group was observed by
SCHAUER AND BuLirscH?. They too, found G 4.~y and G g-xms) to be close together,
whereas the group constants of the remaining positions showed distinct differences.

Halogen acids
The halogen acids (Nos. 43-53) display a rather complex behaviour. Chloro-,
bromo- and iodoacetic acid for instance have almost identical Rp values. The Ry

TABLE IV

HALOGEN ACIDS

No. Acid Rp Rar Rp AR AR

exp. - —_— cale.
measured calc.

43 Difluoroacetic 0.67 —o0.31 —o0.28 0.66 0.03 0.01
44 Trifluoroacetic 0.78 —0.55 —0.50 0.76 0.03 0.02
45 Chloroacetic 0.52 —0.04 —0.06 0.53 0.02 0.01
46 2-Chloropropionic 0.64 —0.25 —o0.28 0.65 0.03 0.01
47 2-Chlorobutyric 0.75 —0.48 —0.50 0.76 0.02 0.01
48 Dichloroacetic 0.04 —o0.25 —o0.28 0.66 0.03 0.02
49 Trichloroacetic 0.74 —0.45 —0.50 0.76 0.05 0.02
50 Trichlorolactic 0.69 —0.35 —o0.31 0.67 0.04 0.02
51  Bromoacetic 0.54 - 0.07 —0.06 0.56 0.01 0.01

2 Tribromoacetic 0.75 —0.48 —0.50 0.73 0.02 0.01
53 lodoacetic 0.54 —0.07 —0.06 0.53 0.01 0.01

values obtained experimentally lead to the conclusion, that the number of halogen
atoms rather than kind and position of the halogens are of more importance for the
R value. Therefore an attempt was made to obtain good agreement between measured
and calculated Ry values with a small number of group constants and to keep the
calculation of the theoretical Ry values of halogen acids as simple as possible. As.a
first approximation it appears to be sufficient to introduce, apart from the group
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constant of the first halogen atom in e-position (G = —o.14), only one more constant
for any further halogen atom independent of its position with respect to any other
functional group in the compound (G = —o.22). This simplified approach only causes
greater deviations in the case of the trisubstituted acids, whereas good agreement is
obtained with the other compounds.

Other acids

Rp and Ry values of six organic acids (Nos. 54-59) with different functional
groups were also investigated (Table V). The first three contained a carbonyl group.
The successful TLC separation of ketocarboxylic acids on cellulose layers has already
been described: RiINK AND HERRMANN separated the acids as rhodamine derivates,
and CHIARI AND ROHR? separated the 2,4-DPHs of a-ketocarboxylic acids.

TABLE V

OTHER ACIDS

No. Acid RF RM RF AR]V] ARF
exp. _ calc.
measured calc.

54 Glyoxylic 0.30 0.37 0.37 0.30 0.00 0.00
55 Pyruvic 0.49 0.02 o.01 0.49 0.01 0.00
56 Levulinic 0.57 —o0.12 —0.13 0.57 0.01 0.00
57 Ethoxyacetic 0.55 —o.08 —o0.09 0.55 0.01 0.00
58 Thioglycolic 0.52 —0.04 —0.05 0.53 0.01 0.01
59 Butane-1-sulfonic 0.64 —o0.25 —0.25 0.64 0.00 0.00

The calculation of the group constant for -CHO could not be done by direct
comparison of the Ry values of formic acid and glyoxylic acid, since, as already
mentioned, the Ry value measured for formic acid differs greatly from the theoretical.
Therefore G (q-cmo) was directly determined from glyoxylic acid:

Ga-cHO) = R giyoxylic —Gcoom — Go = +0.07 {6)

The difference between the Ry values of pyruvic and acetic acid leads to a G (a-coy
of —0.07, that between levulinic and butyric acid to a G (,-¢coy of +0.23. Here too, one
can observe, that the hydrophilic properties of a group are greatly weakened, when
in the a-position.

The group constant for the ether group was obtained by subtracting the Ry
value of butyric acid from the Ry of ethoxyacetic acid {(Gether = -+0.27).

Thioglycolic acid, when compared with acetic acid, yields a G (4.smy of —0.13;
and butane-1-sulfonic acid a value for G sozm = +1.59.

Calculation of the basic constant

For the calculation of group constants and binding increments by direct com-
parison of the Ry values of substances differing by only one group or binding incre-
ment, the knowledge of the value for the basic constant is not necessary. For its de-
termination, straight chain fatty acids, hydroxy acids and other simple acids were
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TABLE VI
BASIC CONSTANT, GROUP CONSTANTS AND BINDING INCREMENTS

Adsorbent: Cellulose HR 300 (Macherey, Nagel). Solvent: #-Butanol-diethylamine—water (84:1:
14). Temperature: 23° 4+ 1°.

Basic constant —o0.96
Aliphatic C-atom --0.22
Chain branching, in ¢-position —0.03
in other positions +o.14
C = C double bond +0.09
OH in a-position +0.49
in f-position +0.56
in y-position +o0.76
NH, in a-position +0.98
in fB-position -1.04
in y-position +1.14
in e-position +1.58
CHO in a-position +o0.07
CO in a-position —0.07
in p-position -+0.2
COOH +1.26
Halogen atom, the first if in ¢-position —o.14
any other one —o0.22
—O—, ether groups +o0.27
SH in a-position —0.13
—SO;H +1.59

E.g. the Ry value for valine is calculated thus: Ry = G, -+ Gecoon) + 4Gy + Gra-Nmay +
G(pranening)- Ryr = —0.96 + 1.26 — 0.88 4 0.98 - 0.14 = -+ 0.54 (see No. 39).

used. The calculation was done by inserting the experimental Rp; value and the
group constants determined (Table VI) in equation (1). For instance one can determine
the basic constant G, from butyric acid and alanine in the following way:

R putyrie = Go + Gcoonm + 3G Go = —0.96 7)
Rar atanine = Go + Gcoory + Ga-§12) + 26 Go = —0.96 (8)

The mean value obtained from 14 different acids by this method was found to be

Go = —0.96.
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PAPIERCHROMATOGRAPHISCHE TRENNUNG DER STELLUNGS-
ISOMEREN ALKANDISULFONSAUREN DER KETTENLANGE VON C-Cy”

A.SAUS, G. GUBELT uxp F. ASINGER
Institut fiir Technische Chemie und Petrolchemie, Technische Hochschule, Aachen (B.R.D.)

(Eingegangen am 17. Juli 1969; gednderte Fassung am 29. August 1969)

SUMMARY

Paper chromatographic separation of the positional isomers of alkanedisulphonic acids
with chain lengths of 1—5 carbon atoms

The positional isomers of alkanemono- and -disulphonic acids theoretically
obtainable on sulphoxidation of C,~Cy paraffinic hydrocarbons can be separated by
means of paper chromatography. This has been confirmed with synthesized test
samples. The mixture tert.-butanol-n-butanol-ammonia~water (rT:11:1:3) is a
suitable solvent system for the homologous alkanemonosulphonic acids. The sepa-
ration of the alkanedisulphonic acids is mostly achieved by repeated elution with
tert.-butanol-n-propanol-ammonia (I:4:I).

EINLEITUNG

Bei Substitutionsreaktionen an Paraffinkohlenwasserstoffen entstehen neben
den Monosubstitutionsprodukten auch disubstituierte Verbindungen. Innerhalb einer
Reihe systematischer Arbeiten zur Untersuchung der Isomerenverteilung bei Disub-
stitutionsreaktionen an Paraffinkohlenwasserstoffen (vgl. Lit. 1) priiften wir auch die
Verhéltnisse bei der Disulfoxydation, iiber die wir an anderer Stelle berichten werden.

Eine quantitative Untersuchung und einwandfreie Zuordnung der bei der Di-
sulfoxydation auftretenden stellungsisomeren Verbindungen setzt die Erfillung
folgender Forderungen voraus:

(a) Synthese aller theoretisch méglichen Alkanmono- und -disulfonsduren des
zu untersuchenden Kettenlingenbereiches;

(b) vollstindige, reproduzierbare und analytisch quantitativ auswertbare
Trennung der unter (a) genannten Verbindungen;

(c) quantitative Bestimmung aller durch Sulfoxydation des betreffenden
Paraffinkohlenwasserstoffs bzw. der betreffenden Alkanmonosulfonsauren erhaltenen
stellungsisomeren Alkandisulfonsauren.

* Teil der Dissertation von G. GuBgLT, Techn. Hochschule, Aachen, 1967.
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Im folgenden beschreiben wir die Herstellung und papierchromatographische
Trennung dertheoretisch méglichen Alkanmono- und -disulfonsiuren von C,-C,.

DARSTELLUNG DER TESTSUBSTANZEN

Bei der Sulfoxydation bzw. der Disulfoxydation der homologen Alkane von
C,—-C; koénnen theoretisch die in der Tabelle T aufgefithrten Alkanmono- bzw. -disulfon-
sduren entstehen. Alle dort aufgefiihrten Alkansulfonsduren wurden nach Literatur-
vorschriften synthetisiert und durch Elementaranalyse oder durch Schmelzpunkts-
bestimmung geeigneter, bereits in der Literatur beschriebener Derivate oder durch
gaschromatographische Analyse der reinen, stellungsisomeren Sulfonsiuremethyl-
ester (vgl. Lit. 2) charakterisiert.

Von den zahlreichen Méglichkeiten (s. vollstindige Literaturiibersicht in Lit. 3)
zur Synthese reiner, stellungsisomerer Alkanmonosulfonsiduren wandten wir die ge-
brauchlichste Methode an, die darin besteht, dass man die entsprechenden Brom-

TABELLE 1

ALKANMONO- UND -DISULFONSAUREN DER KETTENLANGE C,~C;

Sulfonsduve Daystel- Literatuy
lungsver-
fahven

Methan- A 4

Methan-(1,1)-di- 15

Athan- A 4

Athan-(1,1)-di- E 16

Athan-(1,2)-di- A —

Propan-(1)- A 17

Propan-(z)- A 18

Propan- (I,I) E 16

Propan-(1,2 A 19

Propan-(1,3 A 19

n-Butan-(r)- A 20

n-Butan-(2)- A 21

#n-Butan-(1,1)-di- E 16

#n-Butan-(1,2)-di A —

n-Butan-(1,3)-di- A,D 19

n-Butan-(1,4)-di- A 19

n-Butan-(2,3)-di- A, D —

n-Pentan-(1)- A 20

n-Pentan-(2)- A —

n-Pentan-(3)- A —

n-Pentan-(1,1)-di- E 16

n-Pentan-(1,2)-di- A, D —

n-Pentan-(1,3)-di- A, D —

#n-Pentan-(1,4)-di- A B CD 22

n-Pentan-(1, 5)-di- A —

n-Pentan-(2,3)-di- A,D —
n-Pentan-(2,4)-di- A C —_

a Zur Bedeutung der Abkiirzungen s. Text.
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alkane mit wissriger Natriumsulfit-Losung in der Siedehitze umsetzt* (Verfahren A).

Dieses Verfahren eignet sich auch in vielen Fallen zur Darstellung der stellungs-
isomeren Alkandisulfonsduren. Die Disulfonsiuren werden teilweise besser und in
glatt verlaufender Reaktion durch Umsetzung der entsprechenden Alkandisulfo-
chloride mit Methanol® erhalten.

Die Alkandisulfochloride wurden nach einem der folgenden Verfahren dar-
gestellt:

Nach einer Methode von JoHNSON UND SPRAGUE®? erhdlt man durch Behandeln
einer wissrigen Losung eines S-Isothiuroniumsalzes mit Chlor ein definiertes Sulfo-
chlorid. Die Isothiuroniumsalze entstehen bei der Umsetzung von Mono- bzw. Diha-
logenalkanen mit Thioharnstoff in Gegenwart von p-Toluolsulfonsdureestern® (Ver-
fahren B). Eine Variante dieses Verfahrens besteht darin, dass man an Stelle des
Halogenalkans den entsprechenden Alkohol (Diol) mit p-Toluolsulfochlorid in Gegen-
wart von Pyridin in das Alkan-p-toluolsulfonat iiberfithrt, das beim Erhitzen mit
Thioharnstoff in alkoholischer Lésung S-Alkylthiuronium-p-toluolsulfonat bildet.
Daraus entsteht durch oxydative Chlorierung im wissrigen Medium das betreffende
Alkanmono- bzw. -disulfochlorid® (Verfahren C).

Definierte Alkanmono- bzw. -disulfochloride bilden sich auch bei der Umsetzung
von Alkanmono- bzw. -dirhodaniden mit Chlor im wissrigen Medium (vgl. Lit. 10)
(Verfahren D).

Als Ausgangsbasis fiir die Synthese der 1,1-Alkandisulfonsiuren diente die
Methionsiure ; diese wird am besten nach dem Verfahren von BACKER! in Form des
Natriumsalzes durch Umsetzung von Methylenchlorid mit wissriger Kaliumsulfit-
Loésung!®13 bei 150-160° im Schiittelautoklaven bei einem Druck von 235-30 atm
hergestellt. Mittels Ionenaustauscher (H-Form, z.B. Lewatit S 100, Farbenfabriken
Bayer) erhilt man aus dem Kaliummethionat die freie, hygroskopische Methionsaure.
Die Methionsiure wird durch Umsetzung mit Phosphorpentachlorid in das Methion-
siuredisulfochlorid!.1 iibergefiihrt, das mit Athylanilin zum Methionsdurediathyl-
anilid reagiertls. Diese Verbindung zeichnet sich durch ithre C-H-Aciditiat aus; es
gelingt glatt, in Analogie zur Malonestersynthese den Wasserstoff an der Methylen-
gruppe durch Natrium zu ersetzen und durch Umsetzung der Natriumverbindung
mit primiren Halogenalkanen die hoheren Alkanmethionsiduredidthylanilide darzu-
stellen. Diese liefern bei der sauren Hydrolyse und anschliessenden Neutralisation die
Salze der betreffenden 1,1-Alkandisulfonsiuren (Verfahren E). Mittels Tonenaus-
tauscher (H-IForm) werden die freien Sduren als dunkelbraune, viskose Ole erhalten.

PAPIERCHROMATOGRAPHISCHE TRENNUNG DER AUS DEN TESTSUBSTANZEN HERGESTELL-
TEN GEMISCHE AUS ALKANMONO- UND -DISULFONSAUREN

Papierchromatographische Trennungen von aliphatischen Sulfonséduren wurden
von CoyNE UND Maw? durchgefiihrt. Sie untersuchten die Abhingigkeit des Rp-
Wertes vom angewandten Laufmittel. Die dort angegebenen und als vorteilhaft er-
kannten Laufmittelgemische eignen sich zwar, wie wir feststellten, zur Trennung der
homologen Alkanmonosulfonsiuren, aber fiir die Trennung der Alkandisulfonsduren
mussten andere Systeme aufgefunden werden.

Wegen der hohen Dissoziationskonstanten der Alkansulfonsduren sind saure
Laufmittelsysteme fiir deren Chromatographie wenig geeignet; sie ergeben in den
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TABELLE II

A. SAUS, G. GUBELT, F. ASINGER

Rp-WERTE DER ALKANSULFONSAUREN BEI ANWENDUNG VERSCHIEDENER LAUFMITTELGEMISCHE

Laufmittel:
1

[

= tert.-Butanol-NH,OH (289%,)-n-Butanol (2:0.5:0.5).

= n-Propanol-NH,OH (28%,) (3:1).

= Methanol-tert. Butanol—NH4OH (28

2

3

4

5 = tert.-Butanol-NH,OH (289%,) (2:0.5).
6 =

7=

8 =

= n-Propanol-NH,OH (28%) (30:5).
g = Athanol—NH4OH (289%)-H,0 (20:10:5).
10 = #-Propanol-CHCl;-NH,OH (28%

11 = n-Butanol-Aceton-NH,OH (28% (3:1: 2)

o)
)
)
O

%) (10:5:2).

(30:10:5).

tert.-Butanol-z-Butanol-H,0—NH,OH (289%,) (30:30:20:3).
n-Propanol-NH,OH (289%,)-H,0 (20:5:5).
tevt.-Butanol-NH,OH (289,)—n-Propanol (1:1:4).

12 = n-Butanol-Aceton—-NH,OH (289, (3 1:1)

13 = tert.-Butanol-HCOOH-H,0 (20:10:5).

Sulfonsdure I 2 3 4 5 6 7 8 9 I0 Ir 12 I3
Methan- 0.16 0.576 — 0.32 0.53 0.72 0.59 0.45 ©0.84 0.32 0.33 0.24 0.61
Athan- 0.26 0.64 — 0.42 0.61 o079 o070 o0.55 086 o031 0.38 o032 0.73
Propan-(1)- 0.39 073 0.55 0.58 0.59 0.85 0.75 0.65 0.87 042 0.47 0.41 0.80
Propan-(2)- — 0.70 — 0.51 — 0.83 0.74 0.63 086 0.37 043 0.39 0.76
Butan-(1)- 0.57 0.79 040 068 o075 086 0.8 o0.74 087 o0.51 0.55 0.52 0.86
Butan-(2)- —_ 0.77 036 063 — 084 o0.75 072 087 0.50 0.5 048 0.83
Butan-(1,4)-di- — — 0.06 005 0.I14 0.45 0.31 0.09 0.87 — 0.I5 ©.57 0.20
Pentan-(1,4)-di- 0.075 — — 0.08 — 0.56 0.37 o0.17 084 — 0.14 0.08 0.30
Pentan-(1,5)-di- — — — 0.08 — 0.56 0.37 0.16 083 — 0.14 ©0.07 0.31

meisten Féllen langgezogene Flecken. Unsere Untersuchungen zeigen, dass Gemische
aus ein bzw. zwei niedermolekularen Alkoholen und verschiedenen Volumenanteilen
an konz. Ammoniak (289,) besonders giinstig sind. Eine Auswahl der verschiedensten
von uns angewendeten Laufmittel zeigt Tabelle II.

Bei Verwendung verhiltnismissig hydrophiler Laufmittel haben Alkanmono-
und -disulfonsduren hohe und dicht beieinanderliegende Rp-Werte. Mit zunehmender
Hydrophobizitit nehmen die R p-Werte ab, aber die Differenz zwischen den Rp-Werten
der einzelnen Verbindungen vergrossert sich, d.h., der Trenneffekt wird verbessert.
Die Alkanmonosulfonsiduren besitzen bei Verwendung basischer Laufmittel héhere
Rp-Werte als die Alkandisulfonsiduren gleicher Kettenlinge. Bei den homologen
Alkanmonosulfonsiduren steigen die Rp-Werte wie bei den Monocarbonsiduren (vgl.
Lit. 24—27) mit zunehmender C-Zahl.

Bei den stellungsisomeren Alkanmonosulfonsiuren bestimmter Kettenlinge
fallen die Rp-Werte in dem Masse, in dem die Sulfonsduregruppe zaom Innern des
Molekiils hin wandert; sie liegen dann so dicht beieinander, dass zur einwandfreien
Trennung mehrmals chromatographiert werden muss. Es empfiehlt sich, nach jedem
Lauf vom unteren Teil des Papiers soviel abzuschneiden, dass jeweils der unterste
Fleck sich etwa 2 cm oberhalb der Laufmitteloberfliche befindet. Die Trennung ver-
bessert sich dadurch zwar wesentlich, aber eine Zuordnung der Flecken aufgrund von
Rp-Werten wird gleichzeitig unmoglich gemacht.

Zur Trennung der niedermolekularen Alkandisulfonsduren haben sich, wie wir
fanden, ebenfalls basische Laufmittelsysteme bewidhrt. Von den untersuchten Di-
sulfonsduren von C,—Cj besitzt die Methionsdure in allen Fillen den kleinsten R p-Wert.
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Fig. 1. Chromatogramm der Alkanmonosulfonsduren C,—C,. Laufmittel: fevf.-Butanol-n-Butanol-
Ammoniak (28 %)-Wasser (11:11:1:5). Temperatur: 22°. Sulfonsidure: 1 = Methan-, 2 == Athan-,
3 = Propan-(1), 4 = Propan-(2), 5 = Butan-(1), 6 = Butan-(2), 7 = Pentan-(1), 8 = Gemisch
aus 1 bis 7.

Tig. 2. Chromatogramm der isomeren Propan- und Butanmonosulfonsduren. Laufmittel: ferf.-
Butanol-xn-Butanol-Ammoniak (28%) (4:1:1). Temperatur: 22°. Sechs mal chromatographiert.
Laufzeit 60 Std. Sulfonsiure: 1 = Propan-(1), 2 = Propan-(2), 3 = Gemisch aus 1 und 2, 4 =
Butan-(1), 5 = Butan-(2), 6 = Gemisch aus 4 und 5.

Fig. 3. CHromatogramm der C,-Sulfonsduren. Laufmittel: tert.- Butanol-n-Propanol-Ammoniak
(289%)—Wasser (4:1:1:2). Temperatur 22°. Sulfonsiure: 1 = Methantrisulfonsiure, 2 = Methion-
siure, 3 = Methansulfonsidure, 4 = Gemisch aus 1 bis 3.

Mit zunehmender Kettenlinge steigen die Rp-Werte an. Bei den stellungsisomeren
Alkandisulfonsiuren gleicher C-Zahl sinken die Rp-Werte beim Ubergang von den
endstindigen geminalen zu den a,w-Alkandisulfonsduren ab. Auch deren Trennung
gelingt nicht durch einmaliges Chromatographieren. Die Anwendung hydrophiler
Laufmittel bewirkt zwar eine rasche Wanderung der Disulfonsduren, aber die Tren-
nungen sind schlecht. Am giinstigsten sind sehr langsam laufende Lasungsmittel-
gemische.

In allen Fillen bewihrte sich die aufsteigende Chromatographie mit MN 218-
Papier*; das absteigende Verfahren lieferte stets schlechtere Ergebnisse. Zum Ent-
wickeln der Substanzflecken verwendet man vorteilhaft eine alkoholische Losung von

o o0

" o

LN ] o b

I ¢ s 0
(N} ¢

x  x  x x x x o x x x x x x X

T2 3 1 2 3 4 1+ 2 3 4 56 7

Fig. 4. Chromatogramm der C,-Disulfonsiauren. Laufmittel: tevt.-Butanol-n-Propanol-Ammo-
niak (289%) (1:4:1). Temperatur 22°. Funf mal chromatographiert. Laufzeit 6o Std. Disulfon-
sdure: 1 = Athan-(1,1), 2 = Athan-(1,2), 3 = Gemisch aus 1 und 2.

Fig. 5. Chromatogramm der C;-Disulfonsauren. Laufmittel: tert.-Butanol-z-Propanol-Ammo-
niak (289%) (1:4:1). Temperatur 22°. Acht mal chromatographiert. Laufzeit 85 Std. Disulfon-
sdure: 1 = Propan-(r,1), 2 = Propan-(1,2), 3 = Propan-(1,3), 4 = Gemisch aus 1 bis 3.

Fig. 6. Chromatogramm der C,-Disulfonsduren. Laufmittel: tert.-Butanol-xn-Propanol-Ammoniak
(289,) (1:4:1). Temperatur 22°. Achtmal chromatographiert. Laufzeit 85 Std. Disulfonsiure:
1 = Butan-(1,1), 2 = Butan-(1,2), 3 = Butan-(2,3), 4 = Butan-(1,3), 5 = Butan-(1,4), 6 = Ge-
misch aus 1 bis 5, 7 = Gemisch aus 1, 2, 4 und 5.

* Fa. Macherey, Nagel & Co., Diiren/Rheinland.
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Fig. 7. Chromatogramm der C,-Disulfonsiuren. Laufmittel: fert.-Butanol—s- Propanol-Ammoniak
(28%) (1:4:1). Temperatur 22°. Acht mal chromatographiert. Laufzeit 85 Std. Disulfonsiure:
I = Pentan-(1,1), 2 == Pentan- ( 2), 3 = Pentan-(1,3), 4 = Pentan-(1,4), 5 = Pentan-(1,5), 6 =
Gemisch aus 1 bis 5, 7 = Germsch aus Pentan-(2,4) und -(2,3).

Fig. 8. Chromatogramm der C,-Disulfonsiuren. Laufmittel: tert.-Butanol-»n-Propanol-Ammo-
niak (28%) (r:4:1). Temperatur 22°. Acht mal chromatographiert. Laufzeit 85 Std. Disulfon-
sdure: 1 = Pentan-(1,1), 2 = Pentan-(1,2), 3 = Pentan-(1,3), 4 = Pentan-(2,4), 5 = Pentan-
(1,4), 6 = Pentan-(1,5), 7 = Gemisch aus 1 bis 6.

Bromkresolgriin; es zeigen sich gelbe, unbestindige Flecken auf blauem Untergrund.
Die Nachweisempfindlichkeit war, wie am Beispiel der Butandisulfonsdure-(1,4) ge-
zeigt werden konnte, bei 2.5 ug Substanz noch gut.

Die Fig. 1-6 zeigen, dass mittels der jeweils angegebenen Laufmittelsysteme eine
exakte Trennung der betreffenden Verbindungen erreicht werden konnte. Lediglich
die Trennung von Pentandisulfonsiure-(1,4) und -(1,5) (Fig. 7 und 8) gelang nur un-
vollstandig.

TABELLE III

Ra-WERTE? VON ALKANMONOSULFONSAUREN CH,(CH,);SO,H IN ABHANGIGKEIT VON DER ANZAHL
% DER METHYLENGRUPPEN

Laufmittelsystem: ferz.-Butanol-n-Butanol-Ammoniak (28%,)-Wasser (rx:rz:1:5).

x
o I 2 3 4 3 6
Ry 0.25 0.36 0.18 0.03 —o0.13 —o0.2I —o0.29

I
3Ry =log |— — 1
Rp

Die bereits nach einmaligem Chromatographieren erreichbare Trennung der
homologen Alkanmonosulfonsduren der Kettenlinge C,~Cy (s. Fig. 1) ermoglicht die
Priifung eines Zusammenhanges zwischen den Rp-Werten und der Konstitution der
Sduren. Ahnliche Versuche an Alkancarbonsiuren zeigten, dass eine lineare Beziehung
zwischen den Rp-Werten und der Anzahl der Kohlenstoffatome besteht25,28,

Die aus der Fig. 1 errechneten Ry-Werte fiir die dort angegebenen Alkanmono-
sulfonsduren sind in Tabelle ITI in Abhingigkeit von der Anzahl der Methylengruppen
wiedergegeben. Innerhalb kleiner Bereiche besteht ein linearer Zusammenhang
zwischen den Ry-Werten und der Anzahl der Methylengruppen (Fig. 9).

J- Chvomatog., 45 (1969) 113-120



PC TRENNUNG DER STELLUNGSISOMEREN ALKANDISULFONSAUREN 119
RM

07

05 \
o N

-01 5

-03 1 o

Fig. 9. Abhingigkeit der Ry-Werte der homologen Alkansulfonsduren CH,(CH,),SO,H von der

(el

Anzahl » der Methylengruppen.

ZUSAMMENFASSUNG

Die bei der Sulfoxydation von Paraffinkohlenwasserstoffen der Kettenlinge
von C,—C, theoretisch moglichen stellungsisomeren Alkanmono- und -disulfonsduren
Jassen sich papierchromatographisch mittels basischer Laufmittelsysteme trennen,
wie an Hand von Modellverbindungen gezeigt wird. Als Laufmittel fiir die homologen
Alkanmonosulfonsiuren eignet sich das Gemisch ferf.-Butanol-n-Butanol-Ammoniak—
Wasser (11:11:1:5). Die Trennung der Alkandisulfonsduren gelingt zumeist mit dem
Gemisch fert.-Butanol-n-Propanol-Ammoniak (1:4:1) nach mehrmaligem Chromato-
graphieren.
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CHROM. 4330

INVESTIGATIONS ON THE RELATIONSHIP BETWEEN MOLECULAR
STRUCTURE AND CHROMATOGRAPHIC PARAMETERS

III. PARTITION OF PYRIDYL ALKYL KETONES BETWEEN ORGANIC
SOLVENTS AND HYDROCHLORIC ACID

MARIA BIEGANOWSKA, EDWARD SOCZEWINSKI axp STEFANIA BIEGANOWSKA
Department of Inovganic and Analytical Chemistry, Medical Academy, Lublin (Poland)

(Received July 22nd, 1969)

SUMMARY

Ry vs. H, relationships of two homologous series of pyridyl alkyl ketones were
determined for systems of the type organic solvent/aqueous hydrochloric acid. In
accordance with theoretical anticipations, linear Ry vs. Ho plots were obtained for
H, values in the range —1, +1. Ry values for methylene groups were found to be
constant in the systems studied so that the homologous series, especially 2-pyridyl
alkyl ketones, can be used as reference compounds for the chromatography of weak
lipophilic organic bases in strongly acidic liquid-liquid partition systems.

INTRODUCTION

In investigations on the structural effects in liquid-liquid partition chromato-
graphy, relatively little notice has been paid to simple derivatives of pyridine. There
were some reports on the separation of pyridine bases in the form of N-oxides or N-
methyl iodides; on the other hand, few authors separated free pyridine bases or their
salts. A review of papers concerning the chromatographic seperation of pyridines has
recently been given by NEUHAUSER AND WOLFL

In the first paper in this series?, we have reported the Ry values of several
homologous 4-pyridyl alkyl ketones and 4-pyridyl alkyl alcohols in liquid-liquid
partition systems, the polar phase being MacIlvaine's buffer solution, water, forma-
mide, ethylene glycol or dimethylformamide. For stronger solvents such as chloroform,
high Rp values of the ketones have been obtained even for the lower extreme of the
Macllvaine’s buffer solutions (pH 2); therefore, in the present investigations we have
extended the range of acidity by employing moderately concentrated solutions of
hydrochloric acid (0.2-10.0%,, which corresponds to Hammett’s H, values of 4-1 and
—1, respectively3) as polar phase. The use of such systems proved to give good results
in the chromatography of weak hydrophobic bases?. As the developing liquid, ten non-
polar or weakly polar solvents with various donor—acceptor properties were used.
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10 +10 Hp

Ry

Fig. 1. Ry vs. H, relationships of five 2-pyridyl alkyl ketones. Mobile phase: cyclohexane.
The alkyl group is denoted as follows: @ = Me; X = Et; A = Pr; [] = Bu; O = Am.

In view of the low mutual solubility of the phases, the partition systems employed
were expected to give better selectivities® than the solvent systems employed by
NEuUHAUSER AND WOLF!, who chromatographed some homologues of pyridine in sys-
tems of the type lower alcohols—hydrochloric accid—-water. Furthermore, the increas-
ing interest in olumn liquid-liquid chromatography® is a stimulus to investigate par-
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Fig. 2. Upper plots: Ry vs. H, relationships of 2-pyridyl alkyl ketones (a) and 4-pyridyl alkyl
ketones (b). Lower plots: corresponding R vs. H, relationships. Mobile phase: benzene.
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Fig. 3. Ry vs. H, relationships of 2-pyridyl alkyl ketones (a) and 4-pyridyl alkyl ketones (b).

Mobile phase: toluene.
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Fig. 5. As in Fig. 3. Mobile phase: chloroform.
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Fig. 6. As in Fig. 3. Mobile phase: 1.2-dichloroethane.
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Fig. 8. As in Fig. 3. Mobile phase: anisole.
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Fig. 1o0. As in Fig. 3. Mobile phase: diethyl ether.

tition systems of minimal mutual solubility of the two phases, since the commonly
employed onephase systems, or systems of marked mutual solubility, introduce serious
complications in the technical problems of column chromatography.

The use of acidic aqueous phases permits the application of liquid-liquid
partition chromatography to be extended to solutes which are strongly hydrophobic
and/or have very weak basic properties and are thus strongly extracted into the
organic phase in the usual pH range of buffer solutions.

EXPERIMENTAL

The pyridyl alkyl ketones were obtained by methods described in the first part
of this series?, the 2-pyridyl alkyl ketones being synthetized from the ethyl ester of
a-picolinic acid.

Whatman No. 4 paper strips were impregnated with solutions of hydrochloric
acid of the following concentrations: 0.02 M, 0.05 M, 0.1 M, 0.2 M, 0.5 M, 1.0 M and
2.0 M ."Moist paper’ technique was employed, the strips being dried atter impregnation
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to a humidity of 0.5 g of aqueous solution per 1.0 g of diy paper, as in an earlier paper
on paper chromatography of lipophylic acridine and quinoline bases in analogous
solvent systems?.

To determine the actual concentration of HCl in the stationary phase during
the development, a calibration line was obtained by plotting the initial concentration
of HCl in the impregnating solution (Cy) (multiplied by a factor accounting for partial
evaporation of water from the strip) against the final concentration of HCl (C) de-
termined by titrating the acid from the partially dried strip with NaOH. For low
and moderate concentrations of HCl, the plot was practically linear, the slope being
ca. 1.0, which indicated that under these conditions only water evaporated from the
strip during the partial drying so that the actual concentration of HCI during develop-
ment, C, could be calculated from the equation:

WizWa
0.5 Wq

0

where Wy is the weight of the dry strip and W; is the weight just after impregnation
and blotting. (W; = 2.0-2.2 Wy; 0.5 Wq is the weight of the aqueous phase during
development.)

For concentrations of HCl higher than 159% (Ho, < —1.5) some loss of HCI
during the partial drying was observed, and the calibration line deviated from linearity.

From the actual concentration of HCI, C, the values of H o of the aqueous phase
were estimated”.

To avoid elution of the aqueous phase from the chromatogram, more polar
solvents were saturated with solutions of HCI of concentrations expected in the strip
after partial drying (ca. 2 C). Final equilibration of the phases was expected to occur
in the distance between the solvent level and the start line (ca. 6 cm).

All-glass tanks (5x9gXx24 cm) were used for descending development. The
temperature was 22 4+ 1°.

Experimental Rr values, average from three or more runs, were plotted directly
on Ry vs. Ho diagrams (Figs. 1-10), using an R scale subordinate to proportional
Ry scale. As in the preceding papers from this series, the R axis is directed downward
so that the Rjs and Ry both increase (Ry = log (1—Rp)/RF).

RESULTS AND DISCUSSION

Effect of acidity of the aqueous phase

In most cases linear Ry vs. H, relationships are observed, in accordance with
theoretical anticipations (see KEMuLA AND BucHowsKI®) ; for higher values of Ho, the
lines tend to deviate to a horizontal asymptote, like Ry vs. pH plots®. However, for
some cases, this deviation may be due to gradient effects observed at higher values of
Rp (e.g., Ry < 0.5, i.e., Rp > 0.7). The respective Rp vs. H, plots are thus sigmoidal
in shape?, like R vs. pH plots (see Fig. 2).

Structural effects of the solutes

It can be seen from the figures that, for both homologous series, the Ry vs. Ho
lines are regularly spaced and parallel, which indicates that for all solvent systems the
Ry is linearly dependent on the number of carbon atoms in the alkyl chain. The R
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values of the 4-pyridyl alkyl ketones vary in the range of optimal accuracy for stronger
solvents (e.g., chloroform); for benzene and toluene the points of the first two homo-
logues are beyond the range of accurate Ry values (—I <C Ry < +1). Nonpolar
solvents such as carbon tetrachloride and cyclohexane (class N) are not suitable for
4-pyridyl alkyl ketones; also the solvent power of aliphatic ethers (class B) is too low.

The ARy (CH,) value for the solvents used, both weakly polar and nonpolar,
is approx. —0.52 to —0.56 Ry units, as in the preceding paper?. The selectivity of the
partition systems for the solvents investigated is almost constant since it depends
mostly on the squeezing effect of the aqueous phase, although their extraction power
is differentiated over quite a wide range. In most systems, the value of ARy (Et—Me)
is slightly different from 4Ry (CH,) for the higher homologues (—o0.40 to —0.46).

The Ry values obtained for the other homologous series of 2-pyridyl alkyl
ketones are considerably higher and for almost all solvents used are in the range of
optimal accuracy for H, values in the range of —1, +1. The Ry vs. H, plots are also
in this case linear, parallel and almost equidistant; the A4 Rys (CH,) values are approx.
—0.50 to —0.52 Ry units. A slightly higher selectivity is observed for cyclohexane,
benzene and di-n-butyl ether; however, the solvents are weak extractants and the
Ry (CH,) values, especially for lower homologues, are less accurate.

Comparing the chromatographic results for 2- and 4-pyridyl alkyl ketones, the
A Ryr values due to 4—2 isomerism could be estimated. The ARy (y —a) is usually in
therange of 1.1 to 1.3 Ras units. The A Ry values for the corresponding 2- and 4-isomers,
determined from the Ry vs. H, plots by linear interpolation (or extrapolation) to
H, = o, are presented in Table I.

The observed differences of Ry values of the corresponding 4- and 2-isomers
are presumably due to an ortho effect involving the shielding of the aromatic nitrogen
by the vicinal R-CO-group. The inductive effects in the 2- and 4-positions are probably
similarl®; however, some difference in the pK4 values of 2- and 4-isomers can also
contribute to the value of ARy (4—2).

Extraction power of the solvents
For both homologous series, the solvents can be arranged in the following
sequence of decreasing solvent power:

TABLE I

ARy VALUES OF ISOMERIC 2- AND 4-PYRIDYL ALKYL KETONES
The numbers in parentheses are less accurate.

Fig. Solvent Homologue
No.  (mobile phase) - — —
Me Et Pr Bu Am

¢ Cyclohexane
2 Benzene 1.30 1.30 1.30
3 Toluene (1.34) 1.38 1.38 1.34
4 Carbon tetrachloride (1.30) 1.30 1.30 1.30
5 Chloroform 1.20 1.20 1.12 1.06 (0.94)
6 1,2-Dichloroethane 1.24 1.24 1.2 1.12 0.95
7 Tetrachloroethane I.12 1.10 1.10 0.0 0.82
8 Anisole 1.10 1.14 1.04 1.04
9 Di-n-butyl ether 1.30 1.40 I.40

10 Diethyl ether (1.10) 1.30 1.38 1.40
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chloroform, tetrachloroethane > 1,2-dichloroethane > anisole > benzene,

toluene > ethyl ether, carbon tetrachloride > di-n-butyl ether > cyclohexane.

The sequence is in agreement with the chromatographic spectra obtained for
the partition of quinoline bases'. The extraction power of the solvents is largely
determined by the electron-donor properties of the solutes which are thus better
extracted by solvents of class A and weakly extracted by solvents of classes N and B,
even more polar ones.

When #n-hexanol (class AB) was used as the mobile phase, the Ry coefficients
were found to be constant at lower H, values, which indicated extraction of ion

pairs (c¢f. ref. 4).
CONCLUSIONS

The experiments demonstrate that in using solutions of hydrochloric acid as
the stationary phase and organic solvents of various polarities as the developing phase
suitable ranges of Ry values of the two homologous series investigated were obtainable.

In the range of moderate acidity of the aqueous phase (—1 < Ho < +1),
accurate Rys values of the first five 4-pyridyl alkyl ketones could be determined for
stronger solvents (class A, e.g., chloroform) while for 2-pyridyl alkyl ketones the range
of solvents could be extended for weaker proton-donor solvents (e.g., ethylene chloride)
electron-donor and neutral solvents (classes B and N, respectively).

Constancy of A Ry (CH,) values qualifies the compounds and especially 2-pyridyl
alkyl ketones, as reference series for the determination of parameters analogous to
Kovars’ indices® in chromatography of weak lipophilic bases in liquid-liquid par-
tition systems with moderately acidic aqueous phase (—1 < Ho < +1).

The selectivity to molecular size of the system investigated was found to be
much higher than in the case of usual systems of lower alcohol-hydrochloric acid—
water; thus, ARy (CH,) was ca. 0.5 units while NEUHAUSER aND WOLF! report
ARy (CH,) values in the range of —o0.1 to —o.3.
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Notes

CHROM. 4358

A guide for the prediction of the gas chromatographic retention times of

selected sesquiterpenes

During recent studies on essential oilst it has been found that the most readily
available characteristic of a sesquiterpene is its gas chromatographic retention time
since this can usually be measured from a crude mixture. In some cases a considerable
amount of useful information can be derived from this property alone by correlation
with the retention times of known monoterpenes.

Examination of the structures of sesquiterpenes based on the bisabolane and
farnesane skeletons reveals that each can be regarded as a monoterpene extended by
an isoprene unit attached to the isopropyl or isopropylidene grouping, ¢.g. I, IT and III.

(ﬂ-phellandrene) (p-cymene) (myrcene)

(D (019) (I
(f- sesquiphellandrene) (ar-curcumene) (B-farnesene)

This addition of a uniform increment to each of the monoterpenes would be
expected to increase the gas chromatographic retention times in a consistent way.
Thus ideally the retention times of the sesquiterpenes can be regarded as being made
up of two contributions: (1) a variable contribution arising from the monoterpene
unit and (2) a consistent contribution from the additional isoprene unit. In consequence
it may be expected that the customary semi-log plot of retention times versus carbon
number? if applied to terpene-sesquiterpene pairs will yield approximately parallel
lines (see Fig. 1).

The data for a number of known mono- and sesqui-terpenes was plotted in this
fashion giving lines which were found to be approximately parallel. Therefore if a plotis
made for one corresponding pair the retention times for other sesquiterpenes can be
derived. Lines constructed parallel to the known reference line and passing through
the retention times of the known monoterpenes will intersect the sesquiterpene line
at approximately the retention times of the corresponding sesquiterpenes (see Fig. 2).
Most satisfactory results are obtained by using a reference pair as closely related as
possible to the sesquiterpene, the retention time of which is to be predicted.

A comparison between predicted and observed retention times is shown in
Table 1. The close correlation obtained indicates that for these selected sesquiterpenes
this relationship can be used to obtain approximate retention times from those of
corresponding monoterpenes. In addition it suggests that a similar relationship would
probably exist between analogous structurally related monoterpene-sesquiterpene
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Fig. 1. Hypothetical plots of the retention times of mono- and sesquiterpenes. The retention
times of A, B and C represent the variable contributions while represents the consistent contri-
bution from the additional isoprene unit.

Fig. 2. Plot used to predict the retention times of acyclic sesquiterpenes.

groups, ¢.g. camphene-f-santalene and a-pinene-a-bergamotene. However, it should
be noted that information obtained in this way cannot be regarded as conclusive but
as a useful guide for isolation procedures or for further work aimed at a positive
identification or structural characterisation.

Experimental
Gas chromatography. An Aerograph Model A-600-B instrument incorporating a

TABLEI

OBSERVED AND PREDICTED SESQUITERPENE RETENTION TIMES

Corrected for dead volume.

Monoterpene used  Sesquiterpene Retention times
for primary
vetention time Predicted Observed

M. onocy‘clio group?

B-Phellandrene  B-sesquiphellandrene  r10.4 10.4
Limonene B-bisabolene 9.2 9.5
Terpinolene v-bisabolene 12.4 —

Terpineol-4 anymol 23.4 22.0

Acyclic group®

Myrcene B-farnesene 6.0 6.0
cis-Ocimene cis-a-farnesene 7.8 7.8
trans-Ocimene trans-a-farnesene 8.6 8.4

# Calculated from a zingiberene—a-phellandrene reference line; retention times relative
to a-phellandrene = 1.

b Calculated from a linalool-nerolidol reference line, see Fig. 1; retention times relative to
linalool = 1.
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flame ionisation detector and fitted with stainless steel columns (6 ft. x 4 in.) was used.
The column packing was Gas-Chrom 80-100 mesh size containing 15%, by weight of
Apiezon M. A column temperature of 170° was maintained while nitrogen was used
as carrier gas.

Terpenoid samples. f-Sesquiphellandrene and f-bisabolene were contained in
fractions from the chromatography on silver nitrate treated alumina (234 g containing
349, silver nitrate) of distillation fractions (b.p. 89~90.5° at 1.0 mm) from the essential
oil of ginger. Benzene in hexane (1:5) was used as eluant. Purity was demonstrated
by the usual spectroscopic and chromatographic procedures and by satisfactory
combustion analyses.

Nerolidol (75 ml) in pyridine (375 ml) was added to phosphorus oxychloride
(150 ml) in pyridine (375 ml) and allowed to stand for 48 h then heated at 100° for 1 h.
Subsequent working up yielded a vellow oil containing two major products. These
were separated using an Auto-Prep Model 705 preparative gas chromatograph fitted
with a zo ft. X ¢ in. column packed with 209, Apiezon M on Gas-Chrom. Satisfactory
combustion analyses combined with close ultraviolet, infrared and proton magnetic
resonance spectral correlations with results reported in the literature3-° revealed these
compounds to be frans-a-farnesene and f-farnesene. Another compound present was
tentatively identified as cis-a-farnesene.

The author wishes to thank Dr. M. D. SUTHERLAND of the University of Queens-
land for many helpful suggestions and kindly supplying samples of the various mono-
terpenes and anvmol.
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CHROM. 4352

The preparation of 2-methyl-4-chlorophenoxyacetic acid and
2,3,6-trichlorobenzoic acid methyl esters by pyrolysis of their
tetramethylammonium salts

The preparation of methyl esters by heating the tetramethyl ammonium salts
of carboxylic acids was reported by PRELOG AND PICENTANIDA in 1936!. In this
reaction heat causes trimethylamine to be driven off leaving the methyl ester. The
reaction was applied to the direct production of a number of aryl and alkyl acid esters
in the injection port of a gas chromatograph by RoBB AND WESTBROOK?. It was found
that while a quantitative yield of ester could be determined, the temperature of the
injection port was critical. Even so the response of the acids to treatment was somewhat
variable and quantitative conversion was not attained in many cases. DOwNING3
modified the RoBB AND WESTBROOK procedure so that it could be applied to most
simple organic acids. The essential feature of his modification was the removal of
water before pyrolysis, which had the advantage that the efficiency of the conversion
to methyl esters was unaffected by sample size or concentration. The yields were also
largely insensitive to reagent concentration or to variation, within wide limits, of in-
jection port temperature.

BarLEY?, again working with non-aqueous conditions, showed that the method
could be applied to the determination of mono- and dibasic aromatic acids when
present as major components in mixtures containing non-acidic components, and to
similar mixtures containing mono- and dibasic aliphatic acids and esters.

This paper describes an attempt to apply the findings of these workers to the
determination of the phenoxy aliphatic and substituted benzoic acids normally used
in herbicidal formulations.

Experimental

The apparatus used throughout this work was a Perkin Elmer Model F.11 gas
chromatograph fitted with the analytical module appropriate to the column selected.
In all cases the flame ionisation detector was used to monitor column effluents. The
columns used were either a 2-m glass (} in. O.D.) or a 2-m stainless steel (4 in. O.D.).
Both columns were packed with 109, Silicone Oil SE-30 on 80—100 mesh Chromosorb
W. The temperature of the oven was maintained at 150° and the nitrogen carrier gas
inlet pressure was kept constant at 1.0 kg/cm? throughout these experiments. The
temperature of the injection block and oven were measured using the Perkin Elmer
temperature readout attachment.

For the purpose of these experiments two acids were used, »iz. pure 2-methyl-
4-chlorophenoxyacetic acid (MCPA) and pure 2,3,6-trichlorobenzoic acid (TBA).

Use of the glass column. A glass column was prepared as outlined above and the
inlet arm was packed with quartz wool to increase the area available for heat transfer:
The injection block was maintained at a temperature of 380°. The sample was prepared
by dissolving a known weight of MCPA in methanol and adding a calculated 50%,
excess of tetramethylammonium hydroxide in methanol solution. Aliquots of this
solution were injected onto the quartz wool at a point just above the hottest zone of
the injection block. A typical chromatogram is reproduced in Fig. 1.
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Fig. 1. Typical chromatograms obtained from pure MCPA (4), MCPA methyl ester (2) and
MCPA tetramethylammonium salt (3). T = solvent.

Also shown in Fig. T are typical peaks obtained from prepared methyl ester of
MCPA and MCPA free acid. This work was not continued because it was felt that the
tailing of the peak was due to the small length of the heating zone being insufficient
for the pyrolysis reaction to go to completion.

A similar experiment was carried out using a solution of TBA in methanol
containing a 50%, excess of tetramethylammonium hydroxide, but no conversion to
the methyl ester was achieved.

Use of the stainless steel column. Methanolic solutions of MCPA in excess tetra-
methylammonium hydroxide were gas chromatographed at a number of different
injection block temperatures. The analytical module for the stainless steel columns
has a much longer injection block heating zone and consequently the sample has more
time to undergo pyrolysis before being swept into the column. It was found that the
temperature of the pyrolysis was critical. Too high a temperature resulted in a con-
siderable quantity of 4-chlorocresol being produced by pyrolytic decomposition of the
MCPA, whereas too low a temperature resulted in a poor yield of MCPA methyl ester.
The rate of production of MCPA methyl ester and 4-chlorocresol at different injection
block temperatures is shown in Table I. This table shows that a maximum production

of methyl ester occurs at about 240°.

TABLE 1
MCPA METHYL ESTER PRODUCED BY PYROLYSIS OF THE TETRAMETHYL AMMONIUM SALT AT VARIOUS

INJECTION BLOCK TEMPERATURES

Injection Methyl ester  4-Chlovocvesol
block produced (%)
tempevatuve (%)

(°C)

150 2 S

210 86 —

240 96 .

270 94 Trace

305 85 T

335 81 2
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‘The percentage ester produced was determined by comparing the peak area
obtained from a known weight of MCPA in tetramethylammonium hydroxide with
that obtained from the same weight of pure MCPA converted to the methyl ester by
treatment with diazomethane and chromatographed at an injection block temperature
of 175°. The amount of 4-chlorocresol was estimated as a percentage of the methyl
ester peak assuming the same response factor. The production of 4-chlorocresol at
relatively low injection block temperatures was not anticipated and in order to see
if this was due to decomposition of the free acid or the methyl ester, a separate experi-
ment was carried out.

A known weight of MCPA was converted to the methyl ester by treatment with
diazomethane and chromatographed at a series of different injection block temper-
atures. The results again showed formation of 4-chlorocresol at temperatures above
270°. It is evident from this that careful control of injection block temperature is
essential even during routine gas chromatographic analyses of MCPA methyl esters
if decomposition is to be avoided.

Similar experiments were carried out with TBA but again the conversion to the
methyl ester was minimal. The reason for this is almost certainly steric hindrance since
it is well known that di-ortho substituted benzoic acids are resistant to all but the
strongest methylating agents.

Conclusion

In the experiments described above it is evident that the temperature of pyrolysis
is highly critical. With the simple control of injection block temperature available on
the gas chromatograph used, the fine temperature control necessary for reproducible
conversions is not likely to be achieved.

The method appears to work qualitatively in the case of MCPA but not for TBA,
probably on the grounds of steric hindrance. This method of preparing methyl esters
does not, however, lend itself to the quantitative determination of phenoxyacetic
acids on a routine basis.

In addition, it has been demonstrated that the methyl ester of MCPA is decom-
posed at injection block temperatures above 270°. The effects of high injection block
temperatures in the decomposition of the methyl esters of other herbicidally active
acids is at present under investigation.

I thank Mr. R. W. Cripps, Mr. C. A. BEnFIELD and Mr. K. C. OveErToN:for their
guidance. This paper is published by permission of the Board of Directors of Fisons Ltd.,
Cambridge Division.

Fisons Limited, Cambridge Division, Harston A. S. Hyman
(Great Britain)

1 V. PRELOG AND N. PICENTANIDA, Z. Physiol. Chem., 56 (1936) 244.
2 E. W. RoBB AND ]. J. WESTBROOK, Anal. Chem., 35 (1963) 1644.
3 D. T. DowxING, Anal. Chem., 39 (1967) 218.

4 J. J. BAILEY, Anal. Chem., 39 (1967) 1485.

Received August 14th, 1969

J. Chromatog., 45 (1969) 132~134



NOTES 135

CHROM. 4337

Pressure-elution pump for spacecraft chromatograph

The in situ analysis of extraterrestrial soil samples by means of soft-landed
spacecrafts requires automatic chemical equipment which consumes minimum weight,
volume, and electrical power.

During a feasibility study of a miniaturized amino acid analyzer! employing
jon-exchange chromatography, the high-pressure metering pumps normally used in
commercial instruments seemed prohibitive because of their weight and electrical
power requirements.

An alternate way of forcing the eluent solution through the column is by means
of pressure elution. The term ‘pressure elution’ implies that a gas under constant
pressure is used to push the eluent liquid through the column.

The simple application of gas pressure to the eluent leads to several problems.
IFor example, if one subjects the eluent solution to direct gas pressure any gas dissolved
at the high-pressure column input will bubble out at the low pressure in the column
exit causing the column to develop air pockets. Thus HARE?, using nitrogen gas in
direct contact with the eluent buffers, had to load the buffers into long coils to prevent
bubble formation at the low-pressure column exit. In this way, presumably, the time
required for the gas to diffuse through the buffer reservoir was too long to interfere.
Another problem is that bubble formation would be troublesome with any flow-
through detector cell.

The gas diffusion can be prevented by using a movable barrier of some sort to
separate the driving gas and eluent liquid. JENTOFT aND Gouw? used a mercury
barrier. A commercial pressure-elution pump (Waters Associates, I'ramingham, Mass.)
using a polyethylene barrier is also available.

The approach in this paper is to use a movable metal barrier in the form of a
metal bellows to separate the gas from the eluent solution.

IYig. 1. Experimental pressurc-clution pump.
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Fig. 2. Cross-section of top plate and gas inlet showing design necessary for arc welding. Dimen-
sions are in inches.

Apparatus

Pump description. Photographs of the assembled and disassembled pump are
shown in IFig. 1. It consists of a metal bellows operating inside a Plexiglass (Rohm and
Haas acrylic plastic) cylinder. The cylinder is closed off at the ends by stainless steel
end plates. The flange of the open end of the bellows is arc welded onto one of the end
plates, the top plate, as shown in Fig.2. A Teflon O-ring at each end provides a seal
between the Plexiglass cylinder and the end plate. The O-rings are located in grooves
in the cylinder as recommended by the manufacturer (Parker Seal Company, Culver
City, Calif.).

In this experimental pump, the cylinder (length 23 in., I.D. 2 in., wall 0.5 in.)
was made of transparent Plexiglass to allow inspection for gas bubbles and bellows
position during loading and elution.

The best commercial bellows for this pump was a so-called welded bellows
(Model No. 61050, Metal Bellows Corporation, Chatsworth, Calif.). The bellows was
so elastic that the pressure absorbed during one full stroke (1.25 in.) within the cylinder
was only 1.8 p.s.i. Hence, at say 180 p.s.i., the flow rates at initial contraction and final
complete expansion differ by only 19%,.

Pump loading. The pump is loaded with eluent by applying partial vacuum to
the gas port in the top plate. This causes the bellows to contract and produce suction
in the liquid port in the Plexiglass cylinder.

The initial air in the liquid chamber is easily removed by a few filling cycles
before connecting the pump to the column. After loading with eluent, the liquid port
is connected to the center port of a 3-way valve, the loading valve, from which one
exit leads to the column, and the other exit to the bottom of an eluent reservoir. In
this manner, air is prevented from entering the liquid chamber during successive
loadings. A nitrogen gas tank is connected to the gas port through a pressure-reducing
valve and gas pressure increased until the desired liquid flow rate is obtained at the
column exit.

Test solutions. The pump was tested by chromatographing a mixture of the
principal bases from DNA and RNA.

Two test buffers were used: 1.6 M citrate adjusted to pH 6.5, and 0.05 M citrate
adjusted to pH 5.58 with HCI.

Colummn. The microcolumn consisted of a 0.191 X 112 cm resin bed of Aminex
A-4 spherical cation-exchange resin (Bio-Rad Laboratories, Richmond, Calif.). The
resin bed was contained in nylon pressure tubing (1000 p.s.i. rating; 1/8 in. 0.D.;
0.075 in. L.D.). The nylon column was formed into a loop (4 in. in diameter) and kept
in a water bath at 55° by means of a Haake circulating pump.

Sampling ual'uc. A sample injection valve was connected between the 3-way
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loading valve previously mentioned and the column. This valve consisted of two 4-way
valves connected in the standard manner recommended by the manufacturer for
manual operation (Model CAV-4031 4-way Cheminert Valve, Chromatronix Inc.,
Berkeley, Calif.). The sample loop had a capacity of 150 ul.

Detection system. A UV monitor (Model UA-z, ISCO Inc., Lincoln, Nebr.),
normally used for fraction collection, served as the detector. In this instrument a
100-u! flow-through cell with a 2-mm light path is illuminated with light at 254 mu
from a mercury lamp.

Results and discussion
The chromatograms (Fig. 3) show the results obtained when the pump is used
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Fig. 3. Pressure-elution chromatograms. U, 43 nanomoles of uracil; T, 58 nanomoles of thymine;
G, 54 nanomoles of guanine; A, 32 nanomoles of adenine; C, 41 nanomoles of cytosine; A = 254 mpy.

on the microcolumn. The ‘column gain’, due to the small diameter of the column, is
apparent since the compounds are detected at the nanomole level despite the rather
simple detection system.

The pump was developed primarily for a spacecraft chromatograph employing
single-buffer elution. For this purpose, the pump has the following advantages:

(x) It requires no electrical power. The driving energy is stored in the form of
compressed gas.

(2) Ttisefficient. The slow isothermal expansion of the gas—an almost reversible
process in the thermodynamic sense—results in nearly the maximum available PV-
work.

(3) It is an ‘integrated’ device in the sense that the liquid reservoir is indis-
tinguishable from the pump. Hence a separate liquid reservoir has been eliminated.

(4) The pump is compatible with microcolumns (I.D. <1 mm) which entail
small volumes of eluent per run and low flow rates (< 1 ml/h). The flow rate can be
made as slow as one wishes. The upper pressure is limited only by the strength of the
materials since no leakage is possible through the metal barrier. This particular pump
was tested up to 200 p.s.i.

(5) The pump is non-pulsating.
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Fig. 4. Gross description of spacecraft chromatograph.

If pH-programming of the eluent is desired, several pumps could conceivably
be operated in parallel. If several such pumps are operated in parallel at the same
pressure, the pump has the disadvantage that the flow rates will differ if the column
resistance is pH-dependent.

A possible system description for the analysis of soil hydrolysates is shown in
Tig. 4.

This work was done at the University of California, San Diego, Calif., U.S.A.
on NASA Grant NGR 05-009-032 to Drs. S. L. MiLLER, K. Dus anD J. Kraut. The
author is grateful to Dr. S. L. MiLLER for working in his laboratory.
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CHROM. 4346

Improvement of the chromatographic properties of Sephadex G-15

Tightly cross-linked dextran gels are useful for the separation of substances of
low molecular weight. However, the general utility of this chromatographic medium is
somewhat limited by the poor resolution which it affords. A substantial improvement
in chromatographic resolution may be achieved by boiling the gel in hydrochloric acid.

Experimental

One hundred grams of Sephadex G-15 xerogel (Pharmacia I'ine Chemicals,
Piscataway, N.J.) were expanded to 300 cm? in distilled water by allowing it to stand
at room temperature for 24 h. One hundred and fifty cubic centimeters of the gel were
packed by sedimentation in a 1.5 85 cm column at room temperature. The eluent,
0.15 M saline—0.01 M acetic acid, was passed through the column at 6 ml/h for 48 h
before use. One hundred and fifty milliliters of 1 N HCl were added to an equal volume
of the remaining expanded xerogel and placed in a boiling water bath for 2 h with
intermittent stirring. After acid boiling, the gel was allowed to settle and the super-
natent decanted. Repeated washes with distilled water were performed until the super-
natent acidity was reduced to less than 0.01 M. This material was packed in anidentical
column in the same manner as the former procedure and washed with eluent until the
refractive index of the effluent returned to that of the eluent. A test sample containing
the materials listed in Table I was layered on the gel surface of each column and chro-
matographed at 6 ml/h.

TABLEI

COMPOSITION OF THE TEST SAMPLE CHROMATOGRAPHED IN FIG. I

Compound Quantity My Source

Blue Dextran 2000 1 mg 108 Pharmacia Fine Chemicals
Stachyose tetrahydrate 30 mg 666 Sigma Chemical Co.
Maltose monohydrate 50 mg 342 Eastman Kodak Co.
Glucose 50 mg 180 Baker Chemical Co.
Ethylene glycol 100 ul 62 Fisher Chemical Co.
Deuterium oxide goo ul 20 Volk Radiochemical Co.
Sodium chloride 9 mg — Baker Chemical Co.

The elution position of the test molecules was indicated by the maximum
deflection of a refractive index monitor (Ecz11, E-C Apparatus Co., Philadelphia, Pa.)
operating at a sensitivity of 0.00068 refractive index units per cm of pen deflection.
The void volume (V) was measured as the peak elution of blue dextran and the internal
volume (V;) was estimated by the elution of deuterium oxide (V; = Ve(D,O)—V).
The diffusion coefficients (K z) were computed by the relationship!:

Ve—V, Ve— Ve(blue dextran)
Kg— = (1)
Vi Ve(D,0) — V(blue dextran)
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The number of theoretical plates (N) was computed from the standard de-
viation (o) of the stachyose elution peak by the relationship?:

N = (L) (2)

c

The height equivalent to a theoretical plate (HETP) is obtained by dividing N by
the column height.

Results and discussion

Tightly cross-linked Sephadex gels exhibit a remarkable resistance to acid
hydrolysis. Unlike the more loosely cross-linked gels, Sephadex G-15 and G-10 with-
stand boiling in 1 N HCI for up to 10 h without noticeable deterioration; complete
hydrolysis could be achieved by boiling in 6 N HCI for a comparable length of time.
The resistance of these gels to acid hydrolysis suggested that gentle hydrolysis might
improve the chromatographic characteristics by the removal of hydrolyzable con-
taminants. The existence of non-dextran contaminants in Sephadex may be inferred
from its anomclous adsorption of aromatic® and alphatic substances?, the presence of
fixed negative charges® and the release of UV-absorbing material®.

Acid hydrolysis resulted in three major effects: an increased number of theo-
retical plates, an increased internal volume and an increased effective pore size. From
a practical standpoint, the most important modification is a 12779, increase in the total
number of theoretical plates (V, Table II). By doubling the number of theoretical
plates, the resolution becomes equivalent to that of a column twice its length without
the dilution and prolonged elution time which occur as the column length is increased.
A factor contributing to improved resolution is a 179, increase in internal volume
(Vs, Table 11). However, this factor alone does not explain the major improvement
seen above. The increase in effective pore size is seen in Fig. I as a displacement of the
relative elution positions of the test molecules. Fig. 2 indicates that this increase in

TABLE 11

THE ELUTION VOLUMES (V,) AND DIFFUSION COEFFICIENTS (Kg) OF TEST MOLECULES CHROMATO-
GRAPHED UNDER TWO DIFFERENT CONDITIONS
Columns: Sephadex G-15, 1.5 X 85cm. (A) Vo = 49.6 ml; V; = 61.7 ml; N (stachyose)? =
1100 plates; HETP = o.77 min/plate. Expanded in distilled water for 24 h. (B) Vo = 51.8 ml;
Vi = 72.2 ml; N (stachyose) = 2500 plates; HETP = 0.34 mm/plate. Expanded as column A
and then boiled in hydrochloric acid for 2 h.

Column A Column B

Ve Ky Ve Kq
Blue dextran 49.6 0.0 51.8 0.0
Stachyose 68.5 0.31 S1.2 0.41
Maltose 81.5 0.52 95.5 0.60
Glucose 88.0 0.62 102.3 0.70
Ethylene glycol 96.0 0.75 109.8 0.80
Deuterium oxide I0I1.3 1.0 124.0 1.0

2 Number of theoretical platés as determined for stachyose.
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Fig. 1. The elution volume (V) of blue dextran (1), stachyose (z), maltose (3), glucose (4), ethy-
lene glycol (5) and deuterium oxide (6) from 1.5 X 85 cm columns of Sephadex G-15. (A) Ex-
panded in distilled water at room temperature for 24 h. The better resolution seen in (B) is ob-
tained by boiling in hydrochloric acid for 2 h before packing. The change in refractive index of
the column effiuent (# — n) is used to indicate the clution position of the test molecules.

effective pore size is not associated with a change in the basic geometry but represents
an overall enlargement. Thus, the effect of partial acid hydrolysis of Sephadex G-15
appears to be a significant increase in gel swelling as indicated by the larger effective
pores and increased internal volume along with an unexplained increase in resolution
which may result from decreased gel interaction or improved flow characteristics.
Two methods for gel swelling are suggested by the manufacturer®. For tightly
cross-linked gels either 3 h at room temperature or I h in a boiling water bath is rec-
ommended. In our experience, either method produces results comparable to those

1000
A 8
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Fig. 2. The change in diffusion coefficients (Kg) for molecules of a given molecular weight (M )
resulting from partial acid hydrolysis of Sephadex G-15 (B) compared with that obtained by
conventional swelling procedures (A) indicating an enlargement of the effective pore size.

seen in Fig. 1A. The increased internal volume seen after boiling in hydrochloric acid
suggests that gel swelling is significantly greater by this procedure than that seen with
the recommended procedures. It has been noted by several authors®*%8 that the
theoretical relationship V; = aW,, which is used to estimate the internal volume
from the weight of xerogel (a) and the solvent regain (W) is in error by approximately
209%,.

By this computation, a column containing 50 g G-15 xerogel should have an
internal volume of 75 ml. This is very close to the internal volume measured by deu-
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terium oxide (72.2 ml) on the acid-treated column and 229, greater than that of the
untreated column (61.7 ml) suggesting that the theoretically available diffusion space
is not achieved by normal swelling techniques due to internal hindrance which is
largely eliminated by acid hydrolysis.
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CHROM. 4353

Neue Erkenntnisse bei der Verwendung von Ninhydrin-Hydrindantin
als Farbreagenz zur Aminosidure-Autoanalyse

Die Nachweisempfindlichkeit einer Aminosdure im Eluat automatisch betrie-
bener lonenaustauschergerdten (Analyzer) konnte laufend erh6ht werden und liegt
heute bei 0! Mol. Derartige Empfindlichkeitssteigerungen waren méglich:

(1) Durch Variation des Sidulendurchmessers.

(2z) Durch Verwendung besonders einheitlicher Ionenaustauscherharze.

(3) Durch Bereitstellung moglichst einer einzigen, sehr kleinen, kugelférmigen
Austauscherfraktion, wobei die Teilchendurchmesser um nicht mehr als 1 4 vonein-
ander abweichen sollten.

(4) Durch Verstiarkung der elektrischen Signale, am Colorimeterausgang.

(5) Durch empfindlichere und weniger oxydationsanfillige Anfarbereagentien.

Die Parameter 1—4 sind heute soweit optimiert, dass hier die Grenzen des
Méoglichen so gut wie erreicht worden sind. Anders beim Nachweisréagenz. Diesem
Problem werden wohl in jedem analytischen Laboratorium, das mit Aminosiure-
autoanalyzern arbeitet, die meisten Untersuchungen gewidmet.

Im allgemeinen werden eluierte Aminosiduren mit einem Ninhydrinreagenz an-
gefirbt. So auch bei allen bekannten, automatischen Aminosdureanalyzern. Wir selbst
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arbeiten mit einem “Technicon-Mehrkanal-Aminosiure-Autoanalyzer’. Das fiir dieses
System verwendete Ninhydrinreagenz ist etwa wie folgt zusammengesetzt: 20.0 g
Ninhydrin, 1.6 g Hydrindantin, 650 ml Athylenglycolmonomethylither (peroxydfrei)
und 350 ml Natriumacetatpuffer pH 5.5 (ammoniakfrei), verdiinnt mit einer Lsung
aus 1500 ml Athylenglycolmonomethylither (peroxydfrei) und 1500 ml Wasser (am-
moniakfrei).

Der grosste Nachteil beim quantitativen Arbeiten mit diesem Reagenz liegt in
der enormen Instabilitit des Ninhydrins und Hydrindantins gegeniiber Sauerstoft
und Licht, ein weiterer Nachteil am verwendeten “Methylcellosolve’’. Dieses Losungs-
mittel ist verhidltnismaéssig teuer (in peroxydfreier Form 42,— DM pro Liter). Es muss
deshalb laufend im Laboratorium aus p.A. Ware in hochgereinigter IForm hergestellt
werden. Dazu ist es erforderlich, das Losungsmittel mit Eisensulfat und Phosphor-
sdure peroxydfrei zu machen. Nach dem Abfiltrieren von dem ausgefallenen Eisen-
sulfatschlamm muss es dann im Vakuum unter extrem gereinigtem Stickstoff destil-
liert werden. Das so gereinigte Methylcellosolve ist auch im Kithlschrank autbewahrt
nur begrenzte Zeit stabil, vor allem nur begrenzte Zeit peroxydfrei zu halten. Nicht
jedes Laboratorium, in dem Methylcellosolve verwendet wird, kann sich diese sehr
zeit-, arbeits- und gerdteaufwendige Reinigungsprozedur leisten. Und doch hat sich
bis heute keine wesentlich andere Zusammensetzung des Reagenzes fiir die Auto-
analyse gefunden.

Ein weiterer Nachteil der Verwendung von Methylcellosolve, insbesondere beim
Arbeiten mit Technicon-Gerdten, ist das durch das Losungsmittel hervorgerufene
Pulsieren des segmentierten Gas-Flissigkeitsstromes hinter dem Heizbad. Dieses
Phinomen ist der Herstellerfirma bekannt und es wurde verschiedentlich versucht, die
Fliessunregelmassigkeit im Flissigkeitsstrom zu eliminieren, u.a. durch Nach-
schaltung von Kapillarschlauch. Wie allgemein bekannt ohne allzu grossen Erfolg.
Das Pulsieren ldsst sich einigermassen verhindern durch probeweise Variation des
Stickstoffzufiihrungsschlauches zum Mischkaktus nach der Proportionierpumpe.

Wir selbst haben lange mit den verschiedensten Lésungsmitteln und Puffern
gearbeitet und versucht, beide Nachteile einigermassen zu eliminieren. Insbesondere
aber wollten wir die Stabilitit des verwendeten Reagenzes erhéhen und—wenn
moglich-—das Reinigen des Losungsmittels ganz umgehen. Dass wir dabei gleichzeitig
eine Reagenz-Losungsmittelkombination fanden, die auch das Pulsieren des segmen-
tierten Fliissigkeits-Gasstromes verhinderte, hatten wir nicht ohne weiteres erwartet.

Zusammensetzung des Ninhydrinveagenzes

Das}Reagenz ist wie folgt zusammengesetzt: 16.0 g Ninhydrin, 1.2 g Hydrin-
dantin, 1650 ml Athylenglycol p.A. (Merck), rooo ml 0.5 M Citratpuffer pH 5.5
und 650 ml dest. Wasser (ammoniakfrei).

Vorbereitung des Reagenzes

Das Ninhydrin und das Hydrindantin werden unter Rithren mit einem Magneten
in dem auf ca. 100° erwirmten Athylenglycol gelést. Danach wird die Lésung mit
0.5 M Citratpuffer und Wasser vermischt. Durch die Verwendung von Citratpuffer
erreichen wir gleichzeitig die Ausschaltung von I'remdsalzen im System. Die Zusam-
mensetzung des Reagenzes geht konform mit der Zusammensetzung aller Elutions-
pufferlésungen.
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Das so hergestellte Ninhydrinreagenz ist frei von Peroxyden und bleibt auch
bei langerer Lagerung frei davon. Eine Aufbewahrung bei Kiihlschranktemperatur ist
nicht erforderlich. Der angegebene Ansatz von 3300 ml Reagenz ist, bei 16 Stunden-
chromatogrammen und der Verwendung von einem 2-Siulensystem ausreichend fiir
eine Arbeitswoche. Die Mischung 509, v/v Athylenglycol mit dem Puffer-Wasser-
Gemisch ist absolut klar und zeigt keinerlei Opaleszenz, wie das mitunter bei der
Verwendung von Methylcellosolve als Lésungsmittel auftritt. Eine Entfernung dieser
dusserst unerwiinschten Opaleszenz bei einem Methylcellosolve/Wassergemisch ist
nicht méglich. Diese Losung ist daher nicht zur Autoanalyse geeignet. Ein weiterer
entscheidender Vorteil unseres Reagenzsystems ist in der Verwendung des Citrat-
puffers zu sehen. Die Herstellung des im alten Reagenz benétigten Acetatpuffers ist
umstédndlich und verhéltnismissig zeitaufwendig. Ausserdem ist Natriumacetat ein
Fremdsalz im System, wihrend Citrat eine Komponente des Gradienten und damit
des gesamten analytischen Systems ist.

Der hochkonzentrierte Natriumacetatpuffer muss nach dem Kochen filtriert
werden, nicht so der Citratpuffer. Die zum Filtrieren notwendigen grossen Faltenfilter
enthalten zudem selbst Ammoniakverunreinigungen, in noch stirkerem Masse aber,
z.B. die grossen Rundfilter oder evtl. verwendete Filterbégen (zu mindestens enthalten
sie ninhydrinpositive Substanzen, die im Ammoniakbereich eluiert werden). Ausser-
dem kommt der Puffer beim Filtrieren zwangsliufig wieder mit atmosphirischer Luft
und damit mit Sauerstoff und evtl. Ammoniak in Beriihrung. Bei der Herstellung des
Acetatpufiers darf bei der Zugabe des wasserfreien Natriumacetates zu dem heissen
Aqua dest. keine Kristallisation des Acetats auftreten, weil sonst der fertige Puffer
selbst stark zur Kristallisation neigt, und diese Kristalle nur sehr schwierig wieder zu
entfernen sind. Derartige Probleme treten bei der Verwendung von Citratpuffer nicht
auf.

TABELLE 1

ERGEBNISSE VON 20 AMINOSAUREANALYSEN

Aminosdure Flichen- Standard Variations- 2 s-Weri
wert abweichung  koeffizient
0.05 uM
Asparaginsiure 11.94 0.53 4.3 1.06
Threonin 11.64 0.37 3.1 0.74
Serin 12.71 0.59 4.6 1.18
Glutaminsiure 11.81 0.50 4.1 1.00
Prolin 3.78 0.40 10.4 0.80
Glycin 12.66 0.53 4.1 1.06
Alanin 12.10 0.58 4.7 I.16
Valin 11.46 0.53 4.6 1.06
Cystin 12.36 0.56 6.1 1.12
Methionin 12.50 0.30 2.4 0.60
Isoleucin 11.87 0.40 3.3 0.80
n-Leucin 12.64 0.36 2.8 0.72
Tyrosin 12.38 0.44 3.5 0.88
Phenylalanin 12.46 0.44 3.5 0.88
NH,* 7.43 1.02 13.7 2.04
Lysin 13.39 2.46 18.0 4.52
Histidin 13.07 0.85 6.4 1.70
Arginin 13.99 0.74 5.6 1.48
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Die Segmentierung der zugefiihrten fliissigen Phase mit Stickstoff behalten wir
bei, da schon geringe Sauerstoffanteile zur Zerstérung des Hydrindantins fiihren.
Beim Arbeiten mit nachgereinigtem Stickstoff ist es aber nicht nétig, diesen weiter
iiber Pyrogallol zu reinigen, wie vielfach empfohlen wurde.

Beim Arbeiten mit Methylcellosolve als Ninhydrinlgsungsmittel nimmt die
absolute Peakhohe jeder einzelnen Aminosdure von Chromatogramm zu Chromato-
gramm ab. Nicht so beim Athylenglycol. Die Peakhéhe bleibt iiber den gesamten
Chargenzeitraum nahezu konstant (zu jeder vorhergehenden Analyse und Sédule).

Bisher haben wir aus bekannten Griinden das Ninhydrinreagenz immer Ereitags
fiir die kommende Woche neu angesetzt. Dass sich, durch den Alterungsprozess iiber
das Wochenende einstellende Gleichgewicht im Reagenz und die dadurch erreichte
grossere Stabilitdt, sind noch ungeklirte Faktoren. Es liegen bei uns zu diesem Zeit-
punkt noch keine eingehenderen Untersuchungen dariiber vor, ob sich das Reagenz
bei Verwendung von Athylenglycol in diesem Punkt anders verhilt als bei Verwendung
von Methylcellosolve. So viel lidsst sich aber sagen, dass die Verwendung, auch von
frisch hergestelltem Athylenglycol-Ninhydrin-Reagenz keine steigende oder fallende
Basislinie ergibt. '

Bei Athylenglycol als Losungsmittel ist die Eigenfirbung des Ninhydrins im
440 nm-Bereich etwas stdrker als bei Methylcellosolve. Arbeitet man im gleichen
Colorimeterempfindlichkeitsbereich wie bei Verwendung von Methylcellosolve, so tritt
eine Verschiebung der Basislinie um 0.05 bis 0.07 Extinktionseinheiten auf. Das macht
sich aber nicht stérend auf die Analyse bemerkbar.

Die Loslichkeit des Hydrindantins in den gingigen Lésungsmitteln, insbeson-
dere wenn sie Wasser enthalten, ist ausserordentlich gering. Das kann sehr leicht zum
Auskristallisieren dieses Salzes, insbesondere in den Schlauchleitungen fiihren, und
diese nach einer gewissen Zeit blockieren. Um festzustellen, wie lange das Hydrin-
dantin bei unserer Reagenzzusammensetzung in Losung bleibt, haben wir das Reagenz
unter ungiinstigen Bedingungen eine Woche bei —4° und Atmosphérenluft aufbe-
wahrt. Wihrend dieser Zeit traten keinerlei Kristallisationskeime auf. Danach wurde
dieses Reagenz zur Analyse verwendet. Die Nachweisempfindlichkeit hatte sich
gegeniiber dem normalerweise hergestellten Reagenz nicht verdndert.

Mit diesem Athylenglycol-Ninhydrinreagenz wurde, unter Verwendung von
Technicon-Aminosdure-Standard-Losungen die “Prazision”” oder “Reproduzierbar-

TABELLE 11

NOR-LEUCIN FARBAEQUIVALENTE
In Klammern die Werte fiir Methylcellosolve.

Aminosdure Farbaequivalent Awminosdure Farbaequivalent
Asparaginsidure 0.965 (1.03) Methionin 1.0I1 (1.02)
Threonin 0.941 (I.04) Isoleucin 0.960 (0.98)
Serin 1.027 (0.99) »n-Leucin 1.022 (I.01)
Glutaminsiure 0.955 (1.01) Tyrosin 1.000 (I.04)
Prolin 3.056 (4.66) (440 nm) Phenylalanin 1.007 (1.05)
Glycin 1.023 (0.97) NH,+ (1.09)
Alanin 0.978 (0.97) Lysin 1.082 (0.89g)
Valin 0.926 (1.00) Histidin 1.056 (1.03)
Cystin 0.999 (1.98) Arginin 1.066 (1.07)
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keit’’ unseres Verfahrens iiber mehrere Wochen {iberpriift. In der Tabelle I und II
sind die Ergebnisse von 20 Aminosdurenalysen aufgefiihrt. Je fiinf Analysen wurden
unter Verwendung eines neu angesetzten Ninhydrinreagenzes durchgefiihrt, so dass in
diesen Werten vier Chargen Ninhydrinreagenz enthalten sind.

Bei den von uns durchzufiihrenden Analysen an biologischen Materialien finden
sich auch seltenere Aminosiuren, z.B. bei den Basen: 1-Methyl-histidin und 3-Methyl-
histidin, bei den Sduren nach Oxydation: Cysteinsiure, und weiter z.B.: §-Alanin
und y-Amino-buttersiure. Bei Vorhandensein dieser Aminosiuren treten bei der
Trennung mit dem iblichen Gradientensystem Schwierigkeiten auf. Wir haben deshalb
den Gradienten wie folgt gedndert und erreichen damit eine verhiltnismissig gute
Trennung, besonders auch im Basenbereich (Tabelle ITI). Als sehr vorteilhaft erweist es

TABELLE III

VERWENDETES KAMMERSYSTEM

Kammerd Puffer (ml)

pH 2875 pH 3.880 pH 5.000 pH 6.300

I 70

2 72

3 75

4 75

5 70 5

6 6 9 60

7 75

8 75

9 40 35

a Kammer 1 enthilt 5 ml Methanol; Kammer 2 enthilt 3 ml Methanol.

sich, dass die Cysteinsdure ca. 10 Min. vor dem Zuckerpeak erscheint und auch Citrullin
einwandfrei vom Prolin getrennt wird, wenn der Puffer in der Kammer 1 auf pH 2.70
zurlickgepuffert wird.

Tabelle ITI zeigt das von uns verwendete Kammersystem.

Institut fity Lebensmattelhygiene H. J. LANGNER
der Freien Universitit Berlin (B.R.D.) U. HECKEL

Eingegangen am 21. Juli 1969
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CHROM. 4340

A simplified method for the preparation of immunoglobulin G by gel
filtration-centrifugation

There is an extensive bibliography on the methods used in the preparation of
v-globulin. SCHULTZE AND HEREMANS! presented an up-to-date review. KISTLER AND
NritscHMANN2 emphasized the preparation of p-globulin for therapeutic purposes.
Due to the high degree of purification of the finished product, each of these methods
requires the application of accurate techniques or results in poor efficiency (see also
BAUMSTARK e¢f al.?).

Here a simplified technique for the rapid preparation in the laboratory of an
immunoelectrophoretically almost pure y-globulin G is described.

Euglobulin was precipitated from human serum by saturating one-third of the
serum with ammonium sulphate. The precipitate was washed with a 309, solution
of ammonium sulphate and then dissolved in aqua dest. The euglobulin solution was
centrifuged with Sephadex G-200 (40-120 w) which had been equilibrated in distilled
water with a specific conduction of ¢ = 2.693-10 7 (12 cm) (For conductivity
measurements see Table [.)

TABLLE ]

RESULTS OF CONDUCTIVITY MEASUREMENTS
For the measurements a Wheatstone bridge of up to 1000 ¢/sec was employed.

Material Conductivity

(1/Qcm)
Human serum pool 6.640-10 3
I, 0.168-10 3
Fs 2.048-10 3
Fg 5.760-1073

Ten millilitres of human serum pooled from clinically healthy donors were mixed
with 5 ml of a saturated solution of ammonium sulphate, and the precipitate was
washed twice in a 309, solution of ammonium sulphate. (Sufficient centrifugation is
necessary for adequate separation of the proteins in solution.) After washing, the
precipitate was collected in 3 ml of aqua dest. or in a 19, solution of NaCl.

The serum of patients with y G-myeloma was used in other tests. IFor the results
of these tests see Fig. 2.

IFor centrifugation, the upper part of the centrifugation tube (see I'ig. 1) was
filled to the brim with a dense Sephadex gel and centrifuged for 5-6 min at a velocity
of 500-600 r.p.m. (swing-out centrifuge; radius, 20 cm). Too many revolutions or the
use of other tvpes of gel may produce separation of gel surface.

After the first centrifugation of the Sephadex gel, the euglobulin solution was
placed on the gel surface and then centrifuged again at a velocity of 500 r.p.m. for
5 min. The filtrate obtained was designated I7;. In order to obtain a complete elution
of proteins, 3 ml of distilled water were added to the gel surface, and centrifuged for
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Iig. 1. Centrifugation tube with riddle plate. (1) Upper part with a fixed riddle plate (3); (2) lower
part with an air-balanced channel (4); (5) paper filter on the riddle plate. The diameter of the
riddle holes is 1 mm. The data are expressed in mm. Material: plexiglass.

5 min (500 r.p.m.). This filtrate was designated I,. Filtrates I, and F, were obtained
in the same way.
Immunoelectrophoresis was performed in agar Difco-Noble and Veronal buffers
(pH 8.2). The filtrates were placed directly in the start position (in the other tests
after concentration). Horse antihuman serum (see BUNDSCHUH e¢f al.* with respect to
the immunization plan) as well as rabbit antihuman serum were used as immune sera.
As shown in Fig. 2, the first filtrate contains immunoelectrophoretically pure

IFig. 2. Immunoelectrophoretic analysis of F, filtrate after centrifugation with Sephadex G-200
Above: I'; from pG-myeloma serum. Below: I} from normal serum. Horse antihuman serum
sce text. The F, filtrate of the myeloma serum shows the paraprotein (precipitation arc near the
antibody channel) as well as the normal y-globulin G.

. Chromatog., 15 (1969) 147—149
; }: 4714



NOTES 149

y-globulin G. In consecutive filtrates y-globulin G is concentrated: however, other
euglobulin traces as well as albumin traces can be found.

The results of the tests permit us to conclude that a part of the y-globulin G is
still soluble in a dilute salt medium. The conductivity of filtrates F; and F, is usually
less than that of the initial material. The other euglobulin components are considered
similar to a protein insoluble in the small amount of salt present in the Sephadex gel.
According to HEIMBURGER AND SCHMIDTBERGER?, these components can be obtained
by means of an increase in the salt gradients during the elution phase.

Contrary to the usual filtration procedure of Sephadex gel, the basis of separation
of the protein components by the method described here does not depend on the size
of the molecule of the different proteins but on the protein being soluble in a medium
poor in salt.

The paraprotein may be obtained from the y G-myeloma serum in relation to
normal y-globulin G (see Fig. 2) by the method described.

In a further communication we shall report on the purity of y-globulin, obtained
by this method, which is determined by means of the hyperimmunization of rabbits
as well as by the quantitative efficiency of the material obtained.

We wish to thank Dr. S. MULLER, Institute of Physics and Chemistry, Humboldt
University, Berlin, at present at the National Center for Scientific Investigations,
Havana, Cuba, for the conductivity measurements.

Institute of Legal Medicine, GERHARD BUNDSCHUH"
Humboldt University, Berlin (G.F.R.)

Institute of Hematology and Immunology, JosE M. BALLESTER
National Hospital, Havana, Altahabana (Cuba) MIGUEL MATARAMA

1 H. E. Scuurtze axp J. F. HErREMANS, Molecular Biology of Human Proteins, Vol. 1, Elsevier,
Amsterdam, 1966.

P. KisTLER AND H. NITSCHMANN, Helv. Med. Acta, 26 (1959) 131.

J. S. BaumsTark, R. J. LAFFIN AXD W. A. Barpawir, Arch. Biochem. Biophys., 108 (1964)
514.

4 G. Bunpscaun, M. ScHAFER, A. KUNTZE AND A. Mix, Z. Immunforsch., 130 (1966) 483.

5 N. HEIMBURGER AND R. SCHMIDTBERGER, Behringwerk-1Mitt., 43 (1964) 83.
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CHROM. 4354

Visualization reagents for quantitation of carbohydrates on thin-layer
chromatograms by transmission densitometry

The quantitation of carbohydrates by transmission densitometry of thin-layer
chromatograms has been reported recently. MIZELLE ef al.! described an aniline-oxalic
acid reagent for identifying and quantitating the sugars of flavonoid glycosides, and
LAMKIN ef al.?2 an aniline phthalate reagent for quantitation of the neutral mono-
saccharides in glycoproteins and glycopeptides. Unfortunately, the use of these aniline
reagents was limited to reducing sugars. HUBER ¢t al.? reported the quantitation of
D-glucose and its oligomers that were visualized by spraying with 509, sulfuric acid
and heating at 140° for 30 min. LEHRFELD* quantitated trimethylsilylated carbo-
hydrates that were visualized by spraying with 59, sulfuric acid in ethanol and heating.
Although sulfuric acid reagents are applicable to both reducing and nonreducing
carbohydrates, no study to determine the optimum application of sulfuric acid has
been reported. Other charring techniques for visualization of chromatograms are
known5-8. This investigation was undertaken to evaluate four sulfuric acid charring
techniques for their suitability in the quantitation of carbohydrates by transmission
densitometry.

Experimental

Cleaming of glass plates. Grease on our glass TLC plates caused spots on our
chromatoplates and also a flaking of the adsorbent layer from apparently good chro-
matoplates. A careful scouring of each plate eliminated this problem but was tedious,
time-consuming, and often scratched the plates. Boiling the glass plates in a detergent
solution followed by rinsing with distilled water effectively eliminated all grease spots.

The cleansing procedure is simple, fast, and efficient when the plate holder and
tank shown in Fig. 1 are used. The holder separates the plates and ensures that all
surfaces are exposed to the detergent solution. The holder containing the plates is
placed in a boiling detergent solution for one-half hour. After the solution cools, the
plate holder is removed ; the plates are rinsed with distilled water and left to dry. The
entire cleaning is carried out with the plates in the holder.

The holder and tank were fabricated from stainless steel. The tank is g in. wide
X 61in. deep X 11 1in. high. The basic dimensions of the holder are 8 £ in. wide x 5 2 in.
deep X 7 in. high. A handle projects 7 in. above the top plate of the holder.

The holder consists of two slotted plates and one perforated plate (8 # X 5 #in.)
separated by 6 in. and % in., respectively, and held by four § X 7 $-in. rods threaded
and bolted at the ends. The handle is a bent § X 32 $-in. rod threaded at the ends and
bolted to hold and separate the perforated plate from the lower slotted plate. The
perforated plate supports the TLC plates and facilitates drainage.

This holder accommodates ten 8 x 8-in. plates or forty 2 x 8-in. plates. Although
the slots in this apparatus are + X 8 § in., their size or the space between them may
be reduced to accommodate more plates and still use the same basic design and di-
mensions.

Preparation of chromatoplates. Glass plates (20 X zo cm) were coated with a
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I7ig. 1. Plate holder and tank for cleaning glass thin-layver chromatography plates.

0.25 mm laver of Silica Gel G". The slurry used to coat the plates was prepared from
two parts water to one part Silica Gel G The plates were dried overnight at room
temperature and used without activation.

Procedure. Standard solutions of maltose, D-glucose, and methyvl «-p-gluco-
pyranoside, containing 1, 3, and 5 ug/ul, respectively, were prepared in (60%,) ethanol.
Aliquots of 3 ul were applied to the plate in duplicate with a 1o-ul Hamilton micro-
svringe.

Clhromatograms were developed by the ascending method in a tightly closed
rectangular tank lined with filter-paper wicks!®. The chromatogram was doubly de-
veloped to a distance of 15 cm with butanone-water azeotrope/ethanol (23:2, v/v).
The plates were allowed to drv 30 min in a forced-air hood.

“\lention of firm names or trade products does not constitute endorsement over similar
firms or products not mentioned by the U.S. Department of Agriculture.

J. Chromatog., 45 (1969) 150-154
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The plates were sprayed evenly by a crisscross method to near translucence with
the following visualization indicators described under (1), (2), and (3); or they were
saturated sequentially with vapors of sulfuryl chloride and water (4) below:

(1) 3.3% sulfuric acid in 339, ethanol; heating time, 30 min at 150°.

(2) 20%, aqueous ammonium sulfate, 4% sulfuric acid®; heating time, T hat 210°.

(3) 50%, sulfuric acid (aqueous, v/v)%; heating time, 30 min at 260°.

(4) Sulfuryl chloride and water vapor chambers®. The plates were placed in a
tank saturated with sulfuryl chloride vapor for 15 min. Then the plates were rapidly
removed (the operator using rubber gloves in forced-air hood) and placed in a second
tank saturated with water vapor for 15 min. In the first tank sulfuryl chloride saturates
the adsorbent layer and, in the second, is hydrolyzed to sulfuric and hydrochloric
acids; the plates are then heated at 150° for 30 min. The density of the spots was de-
termined 1 h after the plates had cooled.

Ry values were as follows: maltose, 0.16; D-glucose, 0.32; and methyl a-D-
glucopyranoside, 0.43.

Densitometer. A Photovolt TLC densitometer, Model 530, equipped with a
collimating slit aperture of 0.1 x 15 mm was used. The TLC stage was driven 1 in./min.
The signal from the photometer was recorded on a 10-in. Beckman linear—log recorder
on the log scale with a chart speed of 2 in./min. Peak areas (spot densities) were meas-
ured with a Keuffel and Esser compensating polar planimeter.

Results and discussion
For each of the visualization reagents a linear relationship was established

between the weight of the standard reference compounds (3-15 mg) and the area of the
peaks (Table I). The lines do not coincide, are not parallel, and do not go through the
origin. Even though the basic visualization reagent is sulfuric acid, its form and the
temperature of charring markedly affect the degree of color development. The color
intensity for a given amount of reference compound decreased in the following order:
ammonium sulfate, 3.39%, sulfuric acid, sulfuryl chloride, 50%, sulfuric acid.

Spot intensity decreased with time (Table 11). The rate of fading is related to the
spray reagent. The per cent decrease after 22 h is greatest with sulfuryl chloride and
least with 509, sulfuric acid. The spots from the three sugars visualized by 3.3%
sulfuric acid faded at about the same rate. Consequently, an analysis that extends over
any period of time would best be carried out with 3.3% sulfuric acid.

The reference compounds are also a significant source of variation. The lines

TABLE II

PER CENT DECREASE IN SPOT INTENSITY AFTER 22 HOURS

Reference compounds Visualization indicators
Sulfuryl  50% 3-3% 20Y,
chlovide  sulfurvic  sulfuric — ammonium
acid acid sulfate
D-Glucose 33 7.1 13.2 16.8
Maltose 23 2.5 14.7 11.8
Methyl a-p-glucopyranoside 25 1.5 I4.1 13.5
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derived from the three reference compounds with any one reagent spray do not
coincide (see Table I). The least squares difference between the slopes is 0.0668 (959,
level).

The average standard deviation is largest for the ammonium sulfate spray. In
this series the largest deviations occurred with the two reducing sugars. Therefore,
ammonium sulfate is the least satisfactory reagent for quantitation.

Larger deviations occur when data from several plates are compared. The effect
is random and unpredictable. Consequently, it is advisable to run an internal standard.
When a series was run on one plate, duplicate spots varied about 4 39, in recorded
peak area. Deviations from a curve constructed by a least squares fit varied about
+ 2.89%,. The standard error was 0.20.

Spraying technique markedly affects color development. Either overspraying
or underspraying a section of the plate causes color intensity to vary. Because of this
variation, the sulfuryl chloride procedure should give the most consistent results.
JoNEs et al.® suggested holding the sulfuryl chloride saturated plate over a steam bath
to hydrolyze the sulfuryl chloride to sulfuric and hydrochloric acids. We found that
a chamber saturated with water gave more consistent results without the danger of
splattering from a steam bath.

We wish to acknowledge the assistance of W. F. KwoLEK, USDA Biometrical
Services, Peoria, Ill., with the statistical analysis of the data and the craftsmanship
of HarorD E. LaDD for the construction of the plate-cleaning apparatus.

Northern Regional Research Laboratory, J. LEHRFELD
Agricultural Research Service, J. C. GoopwixN
U.S. Department of Agriculture,
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CHROM. 4349

The separation of neomycin sulphate, polymyxin B sulphate and zinc
bacitracin

There are several pharmaceutical formulations which contain neomycin, poly-
myxin B and zinc bacitracin in various admixtures and dosage forms! and the sepa-
ration of these into their components could facilitate their routine estimation.

The separation of antibiotics by paper chromatography has been reviewed in
detail by BETina% Other chromatographic techniques have been widely used for the
separation of antibiotics in general. FOPPIANI AND BrRowN3 used a thin-layer technique
for the separation and potency determination of neomycin sulphate. GUVEN AND
OzsarI? separated neomyecin, polymyxin B and bacitracin using thin-layer chromato-
graphy on silica gel using a mixture of benzene, water and acetic acid. BRAMMER AND
HEMsoN® were unable to separate polymyxin B and neomycin, using electrophoresis
on cellulose acetate with 0.07 M barbital buffer (pH 8.6). They used Ponceau S for
the detection of the antibiotics. However, LIGHTBOWN AND DE RissI® were able to
separate bacitracin, polymyxin B and neomycin using agar gel electrophoresis with
Tris—maleate buffer at pH 5.6. In this case the antibiotics were located using the
production of inhibition zones after inoculation with the appropriate organism and
subsequent incubation. The production of colour with ninhydrin has been used
extensively for the detection of peptide antibiotics and for the quantitative estimation
of neomycin by MAEHR AND SCHAFFNER? and THORBURN BURNS, LLOYD AND WATSON-
WALKERS.

Expervmental

Antibiotics and reagents. Polymyxin B sulphate (690 ug/mg), neomycin sulphate
(810.6 units/mg), and zinc bacitracin (60 units/mg) were dissolved in 19, sodium
ethylenediamine tetracetate to give a final concentration per millilitre of: neomycin
sulphate B.P., 483 units; zinc bacitracin B.P., 360 units and Polymyxin B sulphate,
146 units, approximating the commercial aerosol spray under investigation.

All reagents were of analytical reagent grade. Ninhydrin, 0.2 g dissolved in
100 ml #-butanol, was used as spray reagent. Ninhydrin stabilising reagent was
according to Merck? and the ninhydrin quantitative reagent was prepared according
to the method of Jacoss!'?. Of Ponceau S 200 mg were dissolved in 100 ml of 39,
trichloroacetic acid and excess dye was removed with 59%, acetic acid.

Paper chrvomatography. All separations were carried out on Whatman No. 3
paper, using the following solvents: S, = n-butanol-water—glacial aceticacid (30:13:8);
S, = m-butanol-glacial acetic acid-pyridine-water—ethanol (60:15:6:5:5); S; = #-
butanol-water—glacial acetic acid-pyridine-NaCl (30:12:7:2:0.1).

Thin-layer chromatography. For thin-layer chromatography 5 cm X 20 cm
Kieselgel G (Merck) plates were used. The following solvents were used: S, = #n-
butanol-glacial acetic acid-water—pyridine (30:22:38:6) and S; = #n-butanol-water—
pyridine—glacial acetic acid—ethanol (60:10:6:15:5).

Electrophoresis. For electrophoresis a Shandon (Kohn Mark I1) apparatus was
used. Cellulose acetate (Oxoid) strips of 2.5 X 20 cm or Whatman No. 1 paper, strips
of 5 X 20 cm were used. For paper the solvent S; = glacial acetic acid—formic acid-
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water (60:30:910) and for cellulose acetate the solvent S, = pyridine—glacial acetic
acid-water (75:2.5:922.5), pH 6.6, was taken.

Procedure

Paper chromatography was carried out by the ascending technique in the normal
way. The antibiotic solutions were applied in 5-ul aliquots, using a micro syringe. The
resulting chromatograms were developed using the ninhydrin spray reagent followed
by heating at 105° for 5 min. The developed chromatograms were stabilised using the
stabilising spray reagent. .

Thin layers of Kieselgel G, 250 u thick, were prepared in the normal way,
activated by heating at 110° for 45 min, and stored over silica gel. Antibiotic samples
were applied in 1-ul aliquots. The chromatograms were developed and visualised as
above.

Electrophoretic separations were carried out on either paper strips, using
solvent S, at a constant voltage of 700 V for 40 min, or on cellulose acetate strips using
400V, constant voltage, for 60 min. In each case the temperature of the electrophoretic
solutions were 12°. The samples were applied in 3.5-ul aliquots as a band across the
strip. The antibiotic bands were visualised using either ninhydrin, which stained all
three antibiotics, or by staining with Ponceau S reagent for 10 min and removing
excess stain by soaking for 15 min in 5%, acetic acid. In the latter case only polymyxin
B and neomycin sulphate retained the dye, giving red and orange bands, respectively.

Quantitative estimations of the antibiotics present in the electrophoresis strips
were made by eluting the Ponceau S stained material with 2 ml of 0.1 N NaOH and
estimating the colour produced at 510 nm. The results were in agreement with those
obtained by BRAMMER AND HEMSON®. The system was found to be suitable for quanti-
tative estimation of polymyxin B.

Alternatively two strips were run in parallel, the presence of the antibiotics
located on one and the corresponding section removed from the other and the anti-
biotic eluted from this with 2 ml of pH 5.0 acetate buffer. To this solution 1 ml of
quantitative ninhydrin reagent was added and the colour was developed by heating
at 98° for 10 min. The colour produced was estimated at 570 nm and by comparison
with calibration curves of the pure antibiotics the amount in each sample could be
determined for all three antibiotics in the same manner as has been described for
neomycin’.8.

The calibration curves obtained for the ninhydrin method were linear over the
range of 10 to 800 ug. Beyond these limits there was considerable departure from
linearity.

Results
The results obtained are represented by Tables I-1II.

Discussion

The presence of the antibiotics polymyxin B, neomycin and zinc bacitracin
may be detected using either paper or thin-layer chromatography. In the case of
paper chromatography the addition of small amounts of sodium chloride to the solvent
system was found to reduce the tailing and to give discrete spots.

The electrophoretic separation was rapid and allowed for quantitative elution
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TABLEI

Rp VALUES FOR THE PAPER CHROMATOGRAPHIC SEPARATION OF THE ANTIBIOTICS

Solvent Neomycin Polymyxin  Bacitracin
B

system

S, 0.02 0.16 0.30
S, 0.04 0.70 0.97
S; 0.05 0.56 0.75
TABLE I1

Rp VALUES FOR THE THIN-LAYER CHROMATOGRAPHIC SEPARATION OF THE ANTIBIOTICS

Solvent Neomycin Polymyxin  Bacitracin
B

system
S, 0.14 0.50 0.61
Sy 0.05 0.34 0.66

TABLE 111

DISTANCE TRAVELLED (CM) FROM POINT OF APPLICATION TOWARDS THE CATHODE BY THE ANTI-
BIOTICS ON ELECTROPHORESIS

M edium Neomycin Polymyxin  Bacitracin
B

Cellulose acetate 11.2 8.5 5.5

Paper 17.7 14.0 1I.0

TABLE IV

CORRELATION BETWEEN THE AMOUNT OF ANTIBIOTIC PRESENT ON AN ELECTROPHORETIC STRIP AND
THE AMOUNT ELUTED ESTIMATED BY THE NINHYDRIN METHOD

Amount Amount detected after elution (ug)
present
(ung) Neomycin Bacitracin ~ Polymyxin
B
10 9 8 10
20 18 17 19
30 29 2 30
40 35 35 38
50 48 50 51
100 98 101 100
200 203 200 202
400 400 404 395
500 505 501 498
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of the antibiotics for estimation (Table IV). The use of Ponceau S for quantitative work
is limited by the narrow range of compounds giving a stained product. The ninhydrin
reaction is more versatile. Whilst it has been widely studied for the estimation of
neomycin?-8, it can be used to estimate other peptide antibiotics. The elution of the
antibiotics was carried out in pH 5 acetate buffer in preference to the normal 0.1 N
NaOHS5 because it was found that zinc bacitracin decomposed rapidly in alkaline
solytion.

The electrophoretic separation allows a rapid and quantitative estimation for
routine quality control of the antibiotics present in the aerosol preparation investigated
in comparison to the normal microbiological methods of assay.

The authors would like to thank Riker Laboratories, Loughborough, for the
gift of the antibiotic samples.
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CHROM. 4356

Diinnschichtchromatographie von 4-Acetyl-2-nitrophenyl-Derivaten
phenolischer Verbindungen

In Analogie zum 2,4-Dinitrofluorbenzol ist 4-Fluor-3-nitroacetophenon zur
Abscheidung phenolischer Verbindungen geeignet!.2, wobei die Reaktionsfihigkeit
durch deren Nucleophilie und sterischen Bau bestimmt wird. Enthélt die phenolische
Komponente Aminogruppen, so treten auch diese in Reaktion. Im Falle des o-Amino-
phenols erfolgt lediglich Substitution am Stickstoff. Die entstehenden 4-Acetyl-z-nitro-
phenyl-Derivate (ANP-Derivate) liefern bei der UV-spektroskopischen Charakteri-
sterung im Gegensatz zu den entsprechenden 2,4-Dinitrophenyliathern wertvolle Infor-
mationen zur Struktur der urspriinglichen Phenole?. Aus diesem Grund ist ihr diinn-
schichtchromatographisches Verhalten von Interesse. Von einer Vielzahl an Sorbentien
erwies sich Kieselgel am geeignetsten, das als manuell gefertigte Diinnschicht sowie
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TABELLE 1

(Rp X 100)-WERTE DER ANP-DERIVATE PHENOLISCHER VERBINDUNGEXN

Sr Sz
Kieselgel G~ Polygram Kieselgel G Polygram
SIL S-HR| SIL S-HR|
U V25/) U V25~l
ANP-Ather von
Phenol 62 60 82 65
o0-Kresol 65 65 81 86
m-Kresol 60 52 71 70
p-Kresol 653 65 82 85
2,3-Dimethylphenol 65 46 69 70
2,4-Dimethylphenol 69 62 82 8o
2,5-Dimethylphenol 70 65 83 8o
3,4-Dimethylphenol 62 64 83 81
Thymol 72 74 76 69
Guajacol 44 34 61 60
3-Methoxyphenol 50 60 73 70
2,3-Dimethoxyphenol 50 28 54 20
2,6-Dimethoxyphenol 46 29 53 25
o-Chlorphenol 53 52 65 49
2,4,6-Trichlorphenol 69 75 70 56
o-Nitrophenol 34 19 45 69
m-Nitrophenol 49 38 50 63
p-Nitrophenol 55 40 53 64
p-Hydroxybenzaldehyd 2 22 54 51
Vanillin 29 23 65 36
4-Hydroxy-3-methoxyacetophenon 34 13 41 15
4-Hydroxy-2-methoxyacetophenon 42 21 36 T4
2-Hydroxy-4-methoxyacetophenon 40 19 38 2
a-Naphthol 58 53 73 81
f-Naphthol 69 62 65 51
p-Hydroxybenzoesiure o 7 [e] o
Vanillinsdure [ 4 o] o
Syringasdure [¢] 3 [e] 8
p-Hydroxyzimtsaure [ 4 [ 13
Ferulasdure o 4 5 o
N-ANP-m-Aminopheno’ 28 27 36 10
N-ANP-p-Aminophenol 45 23 44 44
Bis-ANP-Ather von
Brenzcatechin 20 10 39 11
Resorcin 16 r4 54 2
Hydrochinon 34 20 45 45
Orcin 34 17 48 2
2-Methylresorcin 22 23 49 19
Methylhydrochinon 26 28 45 16
Tris-ANP-Ather von
Phloroglucin 12 7 22 43
2,4,6-Trihydroxyacetophenon 5 3 13 2
N-AN P-Deyivat von
o-Aminophenol 56 38 11 8

als Fertigfolie verwendet wurde. Tabelle I gibt einen Uberblick iiber die Trennung
verschiedener ANP-Derivate in den Laufmittelsystemen Cyclohexan-Cyclohexanon
(3:1) (S 1) und Methylenchlorid-Cyclohexan (5:1) (S 2).
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Diskussion der Rp-Werte

ANP-m-Kresol weist gegeniiber ANP-o- und ANP-p-Kresol eine geringere
Wanderungsgeschwindigkeit auf. 2.3-Dimethylphenol ldsst sich nach Verdtherung
mit S 2 und S 1 (nur auf Polygram SIL S-HR/UV,;,) von den isomeren Dimethyl-
phenolen abtrennen. Methoxylgruppen bewirken in o- und o,0’-Stellung zur O-ANP-
Funktion eine wesentliche Erhohung der Adsorptionsaffinitit. Die Trennung der
ANP-Nitrophenole wird auf Kieselgel G mit S 1 ermdglicht. Eine Acylgruppe im
Substrat setzt den Rp-Wert betrichtlich herab. ANP-a- und ANP-g-Naphthol kénnen
gut differenziert werden. Carbonsauren laufen nicht oder nur geringfiigig. Sie sind
somit leicht von den iibrigen phenolischen Verbindungen abzutrennen. In polaren
Laufmittelsystemen besitzen Carbonsiuren hohere aber wenig unterschiedliche R p-
Werte. o-, - und p-Aminophenol lassen sich als ANP-Derivate auf Kieselgel G sepa-
rieren. Mit zunehmender Zahl an 4-Acetyl-z-nitrophenoxygruppen wird im allge-
meinen die Adsorption erhéht. Auf MN-Kieselgel S-HR/UV,;, als Polygram-Fertig-
folie erscheinen die Substanzen als punktférmige scharfe Flecken, so dass auch bei
geringen Rp-Wert-Unterschieden gute Trennungen moglich sind.

Methodik

20 X 20 cm-Platten werden in der iiblichen Weise mit je 8 g Kieselgel G (Merck)
in 16 ml Wasser beschichtet und an der Luft getrocknet. Als Fertigfolie verwendet
man MN-Polygram SIL S-HR/UV,, (5x20 cm). Die ANP-Derivate werden in
0.5%iger acetonischer oder dimethylformamidhaltiger Losung aufgetragen. Bei
Kammersédttigung chromatographiert man bis zu einer Laufhéhe von 13 cm. Zum
Nachweis der ANP-Derivate auf Kieselgel G dient Rhodamin B im UV-Licht.

Herrn Dr. P. WoLLENWEBER (Macherey, Nagel & Co., Diiren) danken wir fiir
die Uberlassung von Polygram-Fertigfolien, Frau S. WILDENHAIN fiir gewissenhafte
experimentelle Mitarbeit.

Sektion Chemne, Lehrstuhl fiiy Ovganische WOLFGANG WILDENHAIN
Chemie dev Bevgakademie Freiberg/Sa. (D.D.R.) GUNTER HENSEKE
GERT BIENERT

1 H. OeLsCHLAGER, W. TorPorskI, P. SCHMERSAHL UND C. WeLscH, Avch. Pharm., 296 (1963)
107.

2 W. WILDENHAIN, G. HENSEKE UND G. BIENERT, Acta Chim. Acad. Sci. Hung., im Druck.

3 W. WILDENHAIN UND G. HENSEKE, in Vorbereitung.

Eingegangen am 2. September 1969
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CHROM. 4342

Polyamide-silica gel thin-layer chromatography of water-soluble vitamins

Thin-layer chromatography has proved to be a valuable analytical technique
in the separation of vitamins. However, relatively few publications appeared con-
cerning the separation of water-soluble vitamins by this technique; the use of silica
gel (e.g. refs. 1—4), aluminum oxide?, starch® and polyamide® has been reported.

Recently, polyamide-silica gel mixed layers have been successfully used for the
separation of red food dyes?. Therefore the mixed-layer method was further applied
to separate eleven water-soluble vitamins. For comparison thin-layer chromatography
using only polyamide and silica gel was performed under the same conditions. Sepa-
ration on polyamide—silica gel mixed layers was found to be preferable.

Experimental

Preparation of polyamide—silica gel (2.1) mixed layer. Twenty grams of poly-
amide chip (Nylon 6, type 1022B of UBE Industrial Ltd., Osaka, Japan) were dissolved
in 8o ml of go%, formic acid; then zo ml of distilled water were added. After warming
(below 40°) and stirring, a homogeneous solution was obtained; after cooling it to
room temperature, 10 g of Silica Gel G (E. Merck) were added. Two hundred milliliters
of the above-mentioned solution were poured into a dish (14.5 X 19.5 X 2.5 cm), and
a glass plate (12 X 14 X 0.1 cm) was dipped into it. Both sides of the glass were covered
homogeneously. The glass was hung for 2 min over the dish to let the excess solution
drain back before suspending it in a water-saturated cabinet (50X 50X 50 c¢cm) for
half a day. It was then taken out of the cabinet and heated at 100° for 30 min.

Preparation of polyamide layer. The above-mentioned method was employed but
without the addition of Silica Gel G.

Preparation of silica gel layer. Plates of Silica Gel G were prepared by using
Desaga S 11 spreader, pre-set to give an applied layer 250 x thick, and then were
heated at 100° for 30 min.

Chromatographic procedure

Two percent orotic acid dimethylamine (ca. 409,) solution, 2%, ascorbic acid
.solution and 0.59%, of other vitamin solutions were applied to the start line 1.5 cm
from the bottom of the layer. The plates were developed in the dark by ascending
techniques. The chamber had been equilibrated with the respective solvent for 30 min
before use.

Visualization. Rutin, riboflavin, riboflavin s'-phosphate sodium and cyano-
cobalamine can be recognized under long-wave length UV light at 365 mu. The layers
were sprayed with a 0.07%, Rhodamine B alcoholic solution and all the spots could be
observed under UV light at 254 mpu.

Results and discussion

Rp values of polyamide-silica gel mixed layers, silica gel layers and polyamide
layers with two solvent systems are given in Table I. It has been found that the results
obtaining using the mixed layers show better separation and sharper spots. The spots
on the silica gel layers are rather diffused and larger. In the preparation of polyamide
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TABLEI

Rp VALUES OF VITAMINS ON DIFFERENT LAYERS
P-S = polyamide-silica gel layer; S = silica gel layer; P = polyamide layer.

No.  Samples 109, NaCl solution 109, sodium acetate
solution

P-S S P P-S S P
1 Orotic acid 0.00 0.86 0.00 0.00 0.90  0.00
2 Rutin 0.0I  0.43% 0.302 0.I0 0.54* 0.05
3 p-Aminobenzoic acid 0.06 0.64 oO.II 0.65 0.80 0.78
4 Riboflavin 0.18 o0.22 0.29 0.20 0.2 0.24
5 Cyanocobalamine 0.27 0.I0 0.04 0.40 0.30 0.06
6 Thiamine HCl 0.40 o0.15 0.86 0.32 0.10 0.93
7 Riboflavin 5’-phosphate sodium 0.43 o0.22 0.79 0.47 0.29 0.67
8 Nicotinamide 0.53 0.43 0.60 0.52 0.55 0.70
9 Pyridoxine HCL 0.60 0.45 0.74 0.58 0.59 o0.77
10 Nicotinic acid 0.74 0.47 0.77 0.73 0.62 0.88
11 Ascorbic acid 0.98 0.88 o0.90 o.g0 0.85 0.98

Time required (min)b 110 IO 40 110 Ij 55

a8 Tailing.

» Time required to ascend 10 c¢cm from origin.

layers, slow drying of layers in the water-saturated cabinet is essential to reduce the
developing time of these layers.

The content of polyamide {ca. 669,) in these mixed layers is greatly increased
compared to that of the previous report (129,)” for getting suitable results. The layer
did not crack or peel and can be stored easily. The method is suitable for the identi-
fication of various water-soluble vitamins.

Department of Pharmacy, Taiper M edical College, Hu~e-CHEH CHIANG
Taipes, Tarwan (Republic of China) Yu Lin
YinGg-CHANG WU
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Book Review

CHROM. 4355

T hin-Layer Chromatography, edited by E. STAHL, translated by M. R. IF. ASHWORTH,
2nd Ed., Springer-Verlag, Berlin, 1969, 1041 pages, price § 32.00 (in English).

The second German edition of this compendium was published in 1967 and has
been reviewed earlier (¢f. J. Chromatog., 35 (1968) 448). Many non German-speaking
users of thin-layer chromatography will welcome the appearance of this translation
of an invaluable reference book. M. R. . ASHWORTH is to be congratulated on the
fluency of his translation and the book is well organised and indexed and attractively
presented.

For the benefit of newcomers to the technique who may not be familiar with
earlier versions of this book it consists of two sections; just under 200 pages are devoted
to the techniques and materials used and the remaining 800 pages to a systematic
coverage of applications of TLC. Many authorities have made contributions to the
book which the Editor, STaH1i, has combined well. Inevitably, after the process of
translation, the book does not include references to recent work and other deficiencies
which strike the reviewer are the sketchy treatments of sample transfer from thin
layers and of problems associated with impurities in or on adsorbents, eluents and
apparatus. In any further edition of this book one would hope that attention might
be given to the relation between thin-layer and column chromatography, particularly
noting recent developments in the latter field. Notwithstanding these criticisms the
book represents a tremendous effort by many people and is, and will remain, an
essential source book of information about an invaluable technique.

Esso Research Centre, S. G. PERRY
Abingdon, Berks. (Great Britain)

J. Chvomatog., 45 (1969) 163



164 JOURNAL OF CHROMATOGRAPHY

News

Meetings

ON-STREAM ANALYSIS—A FEATURE TOPIC AT IMEKO V

The next Congress of the International Measurement Confederation has set as
its goal a scientific programme around the highly topical fields of measurement and
instrumentation. One of these topics is a section concerning On-stream composition
and analysrs which includes recent advances in instruments in this general field, but
particularly its suitability for computer control. This section will be arranged jointly
with IFAC.

The next Congress, IMEKO V, will be held at Versailles (France) between z5th
and 3o0th of May, 1970. The organization of IMEKO V will be in the hands of the
association AFCET. Papers presented within the section on On-stream composition and
analysis will be followed by a round-table discussion with M. L. CHOVIN of France as
chairman. This discussion will deal with Metrological basis of gas chromatography and
evaluation of accuracy of measuring data from composition of mixtures. A survey paper
will be presented by an outstanding ‘connoisseur’ of this general field, and will serve
as a keynote to the technical section at the round-table discussion.

Specialists concerned directly or indirectly with the timely problems of on-stream
composition analysis will have ample opportunity to meet and discuss their immediate
problems with their colleagues from several of the 23 countries usually present at
IMEKO Congresses.

Among other current topics to be found on the programme of IMEKO V, those
of interest to process analysts will be

(1) The industrial measurement technique for on-line computation;

(2) Advances in flow measurement for optimisation of material balances.

An unusually rich crop of papers has been collected by the 17 member organi-
zations of IMEKO, and these will go through a final selection by the International
Papers Committee in Paris, early September.

Instrumentation experts of the chemical and allied process industries are invited
to meet in Versaillesin May 1970, where at the same time the international MSSUCORA
exhibition will also take place.

Intending participants should write to the IMEKO secretariat: IMEKO secre-
tariat, P.O. Box 457, Budapest, 5 (Hungary).

New Apparatus

A new exponential automatic dilutor from Carlo Erba S.p.A. has been announced
in order to make calibration curve preparation for gaseous mixtures easier and more
accurate. Using the dilutor it is possible to supply the gas chromatograph sampling
device with gaseous mixtures of known concentrations from p.p.b. to some per cent.
A complete calibration graph may be plotted in only 30 min.

For further information apply to the publisher under reference No. Chrom.
N-235.
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eése, Bruxelles, 1969, p. 204-208.

19. PEPTIDES; CHEMICAL STRUCTURE OF PROTEINS

19a. Peptides

Young, J. D., Benjawmini, E. aAND LEUNG, CH. Y.: Immunochemical studies on the tobacco mosaic
virus protein. VIII. Solid-phase synthesis and immunological activity of peptides related
to an antigenic area of tobacco mosaic virus protein. Biochemistry, 7 (1968) 3113-3119.

Young, J. D, LEUNG, CH. Y. aND RoMBAUTS, W. A.: The use of peptide synthesis to establish the
amino acid sequence of tobacco mosaic virus protein tryptic peptide 2. Biockemistry, 7
(1968) 24752479 — PC and TLC.

RupmaN, D., Garcia, L. A., DL R10, A. AND AKGUN, S.: Further observations on the cleavage of
bovine insulin by rat adipose tissue. Biockemistry, 7 (1968) 1864-1874.

19b. Elucidation of structuve of proteins and peptides

FrankLiN, E. C. AND FrancIoNE, B.: Structural differences between macroglobulins belonging
to two serologically distinguishable subclasses. Biochemistry, 7 (1968) 4203—4211.

Rupman, D., Garcia, L. A, ABeLL, L. L. AND AKGUN, S.: Observations on the protein components
of human plasma high- and low-density lipoproteins. Biochemistry, 7 (1968) 3136—3148.

See also TLC section.
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20. PROTEINS

20a. Proteins
KeLER-Bacoka, M. axD PucCar, Z.: Two-dimensional electrochromatography of human hapto-
globin and plasma protein-hemoglobin complexes. Clin. Chim. Acta, 23 (1969) 431—436.

21. PURINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

2Ia. Puvines, pyvimidines, nucleosides, nucleotides

ALBERT, A., PFLEIDERER, W. aND THACKER, D.: 1,2,3,4,6-Penta-azaindenes ({8-azapurines).
Part VI. Methylation of 8-azapurine. J. Chem. Soc. (C), (1969) 1084—1085 — PC and TLC.

ARrRiMa, T., UcHiDA, T. AND EcaMi, F.: Studies on extracellular ribonucleases of Ustilago sphaevo-
gena. Characterization of substrate specificity with special reference to purine-specific
ribonucleases. Biochem. J., 106 (1968) 609—613.

Boirack, C., KLeIN, E. anDp EBEL, J.-P.: Alcoylation des acides nucléiques. III. Inhibition de
l'action de la ribonucléase T, aprés méthylation ou allylation en N, de la guanine. Bull.
Soc. Chim. Biol., 50 (1968) 2363-2371 — PC and TLC.

CuHEDA, G. B., MITTELMAN, A. AND GRACE, JR., J. T.: Nucleosides in human urine. I. Isolation
and identification of N,-dimethylguanosine, I-methylinosine, and N,-methylguanosine
from normal human urine. J. Pharm. Sci., 58 (1969) 75-78.

Cau, T. M., MALLETTE, M. F. AND MumMma, R. O.: Isolation and characterization of 5’-S-methyl-
5’-thicadenosine from Escherichia coli. Biochemistyy, 7 (1968) 13991406 — PC and TLC.

DESREUMAUX, S., BARBRY, G. AND SEGARD, E.: Ultramicrométhodes d’analyse chromatographique
des nucléosides et des oligonucléotides, aprés marquage externe par le borohydrure tritié.
Symp. V, Chromatog., Elec}mphove‘se, Bruxelles, 1969, p. 2906—304.

GANGLOFF, J. aND EBEL, J. P.: Etude de I'action de I’acide monoperphtalique sur les ribonucléo-
tides et les acides ribonucléiques de levure. Bull. Soc. Chim. Biol., 50 (1968) 2335-2350.

MarTIN, D. M. G., REEsE, C. B. anp STEPHENSON, G. F.: The action of diazomethane on ribo-
nucleosides. Preparation of ribonucleoside 2’- and 3’-methyl ethers. Biochemistry, 7 (1968)
1406-1412 — PC and TLC.

RortMan, F. anp HeINLEIN, K. Polynucleotides containing 2’-O-methyladenosine. I. Synthesis
by polynucleotide phosphorylase. Biochemistry, 7 (1968} 2634—2641 — PC and TLC.

Sawicka, T. anp CHojNackI, T.: Formation of uridine diphosphate sugars from 32P-labeled
hexose phosphates in human red blood cells. Clin. Chim. Acta, 23 (1969) 463—468.

SERLUPI CRESCENZI, G.: The separation of nucleotides by electrophoresis and chromatography on
ion-exchange paper. Symp. V, Chyomatog., Electrophorése, Bruxelles, 1969, p. 314320 —-
‘Whatman DE-81 paper, polyethylene-coated and uncoated.

22. ALKALOIDS

FisuBriN, L. anDp Fark, H. L.: Chromatography of methylenedioxyphenyl compounds. II. Al-
kaloidal derivatives. Chromatog. Rev., 11 (1969) 1—100 — PC and TLC; a review with 245
references.

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

NEUHAUSER, S. AND WoLF, F.: Zur Trennung von Alkylpyridingemischen. 11I. Papierchromato-
graphie der Alkylpyridine. J. Chromatog., 39 (1969) 53-60 — changes of R, values as a
function of chemical structure, nature of alcohol and water content in solvent system.

24. ORGANIC SULPHUR COMPOUNDS

See TLC section.

25. ORGANIC PHOSPHORUS COMPOUNDS

Nevzi, E., JEnsEN, H. aND LE Pocawm, J.: Séparation chromatographique de la ciliatine et de la
phosphoéthanolamine. J. Chromatog., 39 (1969) 238—240 — ion-exchange paper Whatman
ET-81.

27. VITAMINS AND VARIOUS GROWTH FACTORS

PaiLes, W. H. axp HoGgExkaMP, H. P. C.: The photolability of Co-alkylcobinamides. Biochemistry,
7 (1968) 4160—4166.

28. ANTIBIOTICS

HeTTINGER, T. P. aND CrAIG, L. C.: Edeine. I1. The composition of the antibiotic peptide edeine A.
Biochemistry, 7 (1968) 4147-4153.
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HetringERr, T. P., KuryLO-BorROWSKA, Z. AND CRAIG, L. C.: Edeine. III. The composition of the
antibiotic peptide edeine B. Biochemistry, 7 (1968) 4153—4160.

33. INORGANIC SUBSTANCES

CvyeTi¢anin, N.: Synergism in the reversed-phase partition chromatography of uranium and
thorium. Symp. V, Chromatog., Electrophorése, Bruxelles, 1969, p. 186-196.

LeDERER, M.: Some recent results in inorganic paper chromatography and electrophoresis. Symp.
V, Chvomatog., Electvophovése, Bruxelles, 1969, p. II-I9.

QURESHI, M.: A review on chromatography and electrophoresis on papers impregnated with
inorganic ion exchangers. Symp. V, Chromatog., Electrophovése, Bruxelles, 1969, p. 197—203 —
a review with 20 references.

See also TLC section.

Thin-layer Chromatography

1. REVIEWS AND BOOKS

Pataki, G.: Recent advances in thin-layer chromatography. Symp. V, Chromatog., Electrophor-
ése, Bruxelles, 1969, p. 32—41.
See also PC section.

2. FUNDAMENTALS, THEORY AND GENERAL

MERCIER, M. aND DumonT, P.: Détermination du Ry par chromatographie sur couche mince
en phases inversées, comme méthode d’évaluation du coefficient de partage de dérivés
phénothiaziniques. Symp. V, Chromatog., Electrophovése, Bruxelles, 1969, p. 49I-501.

See also PC section.

3. TECHNIQUES I (MATERIAL, SOLVENTS, DEVELOPMENT, DETECTION, QUAXNTI-
TATIVE ANALYSIS)

ALuaDEFF, E. S.: An applicator for preparative TLC. J. Chem. Educ., 46 (1969) 249.

BaDDELEY, G. V., INGSTER, A. AND MANWARING, M.: An automatic preparative thin-layer appli-
cator. Chem. Ind. (London), (1969) 21—22.

CoLLixs, R. F.: Grooved plate for thin-layer chromatography. Chem. Ind. (London), (1969) 614~
615 — rounded groove along the starting line, for cleaning up the biological extracts.

DE Tuomas, A. V. anp Pascuar, F.: A “sandwich” apparatus for demonstrating radial chro-
matography. J. Chem. Educ., 46 (1969) 319-320.

DE ZEeuw, R. A.: Vapor-programmed thin-layer chromatography, a new technique for improved
separations. Symp. V, Chvomatog., Electrophovése, Bruxelles, 1969, P- 432—436.

Geiss, F. anp Scuritt, H.: “KS”, une nouvelle chambre chromatographique pour la CCM, &
applications multiples. Symp. V, Chromatog., Electrophorése, Bruzelles, 1969, p. 109—-120.

PADpLEY, F. B.: The use of a flame-ionisation detector to detect components separated by thin-
layer chromatography. J. Chromatog., 39 (1969) 37—46 — the layer is supported by a thin
silica glass rod; the chromatogram is then passed through a FID at a regular speed.

PEeTIT, J., BERGER, J. A., GAILLARD, G. AND MeyNIEL, G.: Possibilités analytiques nouvelles des
couches minces chromatographiques sur support plastique souple. J. Chyomatog., 39 (1969)
167-172 — layers supported on ethylene polyterephthalate film; triple layers.

Rix, M. J., WELSTER, B. R. aNpD WRIGHT, I. C.; A technique for obtaining the mass spectra of
substances isolated by thin-layer chromatography. Chem. Ind. (London), (1969) 452.

RODER, E.: Uber die Verwendung von homogenen Azeotropengemischen in der Diinnschicht-
chromatographie. Symp. V, Chromatog., Electrophovése, Bruxelles, 1969, p. 509—515.

SuiMr, I. R. AND ImMam, G. M.: The determination of compounds by use of chromatography on
thin-layer chromatostrips. 4nalyst, 94 (1969) 62-67.

StanL, E. anD DumoxTt, E.: Ein neues Gerit zur vollautomatischen Aufgabe von Lésungen in
Strichform zur Chromatographie. J. Chromatog., 39 (1969) 157-166.

TUrINA, S., Sorj1é, Z. aND MarjaNOVIE, V. : Increase in detection and resolution power in TLC
by means of heating during development. J. Chromatog., 39 (1969) 81-83.
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5. HYDROCARBONS AND HALOGEN DERIVATIVES

Suort, G. D. axp Young, R.: Charge-transfer chromatography of polycyclic hydrocarbons.
Analyst, 94 (1969) 259—261 -— Rp values for 16 hydrocarbons.

7. PHENOLS

See PC section.

8. SUBSTANCES CONTAINING HETEROCYCLIC OXYGEN

Hotox-DoRrRGE, M.: Sur la présence de dérivés flavoniques dans les boutons floraux de 'Eugenia
Caryophyllata (L.) Thunbg. Symp. V, Chromatog., Electrophorése, Bruxelles, 1969, p. 467—
477 — polyamide layers.

ROBERTS, B. A. AND ALLCROFT, R.: Semiquantitative estimation of aflatoxin M, in liquid. Food
Cosmet. Toxicol., 6 (1968) 339—340; C. 4., 70 (1969) 1913n.

RupprecHT, W. E.: The use of thin-layer chromatographic techniques for the determination of
breakdown products of additives to plating solution. Analyst, 94 (1969) 126-129 — Rp
values for 20 coumarins; combination with column chromatography.

STUBBLEFIELD, R. D., SHOTWELL, O. L. AND SHANNON, G. M.: Aflatoxins B, B,, G, and G,. Sepa-
ration and purification. J. Am. Oil. Chemists’ Soc., 45 (1968) 686-688; C.4., 70 (1969) 1967¢.

9. OXO COMPOUNDS

Baumann, W. J., Scamip, H. H. O. aNp Mancorp, H. K.: Oxidative cleavage of lipids with sodium
metaperiodate in pyridine. J. Lipid Res., 10 (1969) 132-133.

LaBaDpIE, R. P.: Thin-layer chromatography of naturally occurring hydroxyanthrones, bydroxy-
dianthrones and hydroxyanthraquinones. Symp. V, Chromatog., Electrophorése, Bruxelles,

1969, p. 502—508.

10. CARBOHYDRATES

10a. Mono and oligosacchavides, structural studies

BERGER, P. D. aND AGatE, A. S.: Thin-layer chromatography of simple sugars in the presence of
large quantities of sucrose. /. Chromatog., 39 (1969) 232-234 — TLC and PC.

GraHaM, E. R. B. axnD NEUBERGER, A.: The estimation of galactose, mannose and fucose in
glycoproteins by radioisotope dilution. Biockem. J., 106 (1968) 593-600 — TLC and PC.

SmitH, P. F. AND MaYBERRY, W. R.: Identification of the major glycolipid from mycoplasma sp.,
strain J as 3,4,6-triacyl-f-D-glucopyranose. Biochemistry, 7 (1968} 2706—-2710.

STEHLIK, G.: Kolorimetrische Bestimmung von Kohlenhydraten nach diinnschichtchromato-
graphischer Trennung auf Calciumcarbonat. Symp. V, Chromatog., Electrophovése, Bru-
xelles, 1969, p. 524—528.

StEwarT, T. S., MENDERSHAUSEN, P. B. axp Barrou, C. E.: Preparation of a mannopentaose,
mannohexaose, and mannoheptaose from Saccharomyces cevevisiae Mannan. Biochemistry,
7 (1968) 1843-1854 — TLC and PC.

See also PC section.

11. ORGANIC ACIDS AND LIPIDS

11a. Ovganic acids and simple esters

Kosickl, G. W. anD WESTHEIMER, F, H.: Oxaloacetate decarboxylase from cod. Mechanism of
action and stereoselective reduction of pyruvate by borohydride. Biochemistry, 7 (1968)
4303-4309.

Mant, V. V. S. aNp LaksHMINARAYANA, G.: The thin-layer chromatographic behaviour of cyclo-
pentanyl and cyclopentenyl fatty acid methyl esters. J. Chromatog., 39 (1969) 182—-185.

Mivazaki, S., SuHARA, Y. anD KosavasHi, T.: Separation of aliphatic dibasic acids by thin-layer
chromatography. /. Chromatog., 39 (1969) 88-9o — silica gel-kieselguhr layer impregnated
with aqueous acetic acid.

RoEeuM, J. N. axp Privert, O. S.: Improved method for determination of the position of double
bonds in polyenoic fatty acid esters. J. Lipid Res., 10 (1969) 245-246.

SpiecL, P.: Diinnschicht-Chromatographie von Flavonoiden und Phenolcarbonsauren mit Essig-
siure auf Celluloseschichten. J. Chromatog., 39 (1969) 93-95 — R diagrams for 30 com-
pounds.

Viogue, E.: The determination of the geometrical configuration of epoxides. J. Chromatog., 39

(1969) 235-237.
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11b. Lipids and theiy constituents

BrockMANN, U. AND GERCKEN, G.: Quantitative eindimensionale Diinnschichtchromatographie
der Erythrozytenphospholipide. Clin. Chim. Acta, 23 (1969) 489~494.

BROEKHUYSE, R. M.: Quantitative two-dimensional thin-layer chromatography of blood phospho-
lipids. Clin. Chim. Acta, 23 (1969) 457—461.

BuckiEy, G. C., LITTLE, J. A., ANTAR, M. A. AND Csima, A.: A comparison of laboratory screening
procedures for hyperlipidemia. Clin. Chim. Acta, 23 (1969) 53-62.

CoLEs, E. aND FooTE, J. L.: A thin-layer chromatographic separation of cerebrosides and related
compounds. J. Chromatog., 39 (1969) 229—231.

Dawson, R. M. C. anp Kemp, P.: Isolation of ceramide phosphorylethanolamine from the blowfly
Calliphova erythvocephala. Biochem. J., 106 (1968) 319—320.

Evans, R. J., BANDEMER, S. L., HEINLEIN, K. AND Davipson, J. A.: Binding of lipid to protein
in lipovitellin from the hen’s egg. Biochemistry, 7 (1968) 3095-3102.

HaxoMmoRI, S. AND STRYCHARZ, G. D.: Investigations on cellular blood-group substances. I. Iso-
lation and chemical composition of blood-group ABH and LeP isoantigens of sphingo-
glycolipid nature. Biochemistry, 7 (1968) 1279—1285.

HAarTLEY, R. S.: Analysis of lipid-based wool lubricants and solvent extracts from wool by thin-
layer chromatography. J. Textile Inst., 59 (1968) 401—404; C. 4., 70 (1969) 5140a.

LEDEEN, R., Sarsman, K. AND CABRERA, M. : Gangliosides of bovine adrenal medulla. Biockemistry,
7 (1968) 2287—2295.

Marcus, A. J., UrLiman, H. ]J. aAND SAFIER, L. B.: Lipid composition of subcellular particles of
human blood platelets. J. Lipid Res., 10 (1969) 108-114 — TLC and PC.

PrLEGER, R. C., ANDERSON, N. G. AND SNYDER, F.: Lipid class and fatty acid composition of
rat liver plasma membranes isolated by zonal centrifugation. Biochemistry, 7 (1968) 2826—
2833.

RoseNTHAL, A. F. aND CHING-HsIEN HaN, S.: Phosphorus determination in phosphoglycerides
from thin-layer chromatograms. J. Lipid Res., 10 (1969) 243—245.

SAMUELSSON, B. AND SAMUELsSsoON, K.: Separation and identification of ceramides derived from
human plasma sphingomyelins. J. Lipid Res., 10 (1969) 47-55.

SuN, G. Y. aND Horrocks, L. A.: Acyl and alk-1-enyl group compositions of the alk-1’-enyl acyl
and the diacyl glycerophosphorylethanolamines of mouse and ox brain. J. Lipid Res., 10
(1969) 153-157.

VanDaMME, D., BLaTown, V. aAxp PEETERS, H.: The homogeneity and stability of phosphatidyl-
choline separated by column chromatography. Symp. V, Chromatog., Electrophorése,
Bruxelles, 1969, p. 268—278. )

ViswanaTHAN, C. V.: Chromatographic analysis of molecular species of lipids. A general survey.
Chromatog. Rev., 11 (1969) 153—201 — TLC and PC; a review with 372 references.

WHaiIrE, D. C. AND TUCKER, A. N.: Phospholipid metabolism during bacterial growth. J. Lipid
Res., 10 (1969) 220-233.

Woop, R., BaAumanN, W. J., SNYDER, F. aND MaNcorD, H. K.: Gas-liquid chromatography of
dialkyl, alkyl acyl, and diacyl derivatives of glycerol. J. Lipid Res., 10 (1969) 128-131.

See also PC section.

13. STEROIDS

Cavina, G., MoreTTI, G. AND SiNIscaLcHI, P.: Determination of estrogens in oily solutions by
means of gas chromatography. Symp. V, Chromatog., Electrophovése, Bruxelles, 1969,
P- 447-463.

KerLey, M. T., Aexgr, R. T., HeErnDoON, B. L. AND NicHOLAS, H. J.: Biosynthesis of squalene and
cholesterol by cell-free extracts of adult rat brain. J. Lipid Res., 10 (1969) 166—174.
Lewrs, D. A.: Androgen sulphate formation in male and female rats. Biochem. J., 106 (1968)

497—501 — TLC and PC.

LisBoa, B. P.: Application of ascending thin-layer chromatography to A3-3-hydroxysteroids of
the pregnane series. J. Chvomatog., 39 (1969) 173—181 — Ry values and colour reactions for
35 compounds.

LisBoa, B. P., Paromino, A. I. aAND Zucconi, G.: Nouveaux aspects de la chromatographie fonctio-
nelle des stéroides en couche mince. Symp. V, Chromatog., Electvophorése, Bruxelles, 1969,
P- 394—404.

Nagvi, S. H. M., Hernpon, B. L., KeLLey, M. T., BrLEIscH, V., AEXEL, R. T. aND NicHOLAS,
H. J.: Detection of monohydroxy ‘‘bile’’ acids in the brains of guinea pigs afflicted with
experimental allergic encephalomyelitis. J. Lipid Res., 10 (1969) 115-120.

ScorNEeYy, J. AND TRUTER, E. V.: Zinc-acetic acid reductions in the lanost-8-ene-1,7,11-trione
series. J. Chem. Soc. (C), (1969) 1079-1081.

Souza, N. J. axp Ngs, W. R.: Improved separation of sterols by reversed-phase thin-layer chro-
matography. J. Lipid Res., 10 (1969) 240-243 — Rp values of 16 sterols.
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Thomas, J. J. anp Dryox, L.: Progestatifs associés aux oestrogénes. Détermination chromato-
graphique quantitative sur silicagel. Symp. V, Chromatog., Electrophovése, Bruxelles, 1969,
P- 405-424.

See also PC section.

14. STEROID GLYCOSIDES AND SAPONINS

See PC section.

15. TERPENES, ESSENTIAL OILS AND OTHER VOLATILE AROMATIC COMPOUNDS
SOFER, S. S. AND RiLLING, H. C.: Mechanism of squalene biosynthesis :evidence against the involve-
ment of free nerolidyl pyrophosphate. J. Lipid Res., 10 (1969) 183-187.

17. AMINES, AMIDES AND RELATED NITROGEN COMPOUNDS

AmaL, H., Gursu, E. anp DEMIR, S.: La chromatographie des arylamines et des arylaminométhyl-
phthalimides. Symp. V, Chrvomatog., Electrophorése, Druxelles, 1969, p. 441—446.

Garrop, P. M., BLUMENFELD, O. O., HENsoN, E. AND SCHNEIDER, A. L.: Isolation and identi-
fication of ¢-amino aldehydes in collagen. Biochemistry, 7 (1968) 2409-2430.

STRUCK, H. AND Pakusa, W.: Diinnschichtchromatographische Bestimmung von Xylonest und
o-Toluidin. Symp. V, Chromatog., Electrophorése, Bruxelles, 1969, p. 425-43T.

18. AMINO ACIDS

GANTHER, H. E.: Selenotrisulfides. Formation by the reaction of thiols with selenious acid. Bio-
chemistry, 7 (1968) 2898—2905.

19. PEPTIDES; CHEMICAL STRUCTURE OF PROTEINS

19a. Peptides

Fawcerrt, C. P., REED, M., CHarLTON, H. M. aND HaRrRIS, G. W.: The purification of luteinizing-
hormone-releasing factor with some observations on its properties. Biockem. J., 106 (1968)
229-230.

MoORLEY, J. S.: Polypeptides. Part XI. Tetrazole analogues of the C-terminal tetrapeptide amide
sequence of the gastrins. J. Chem. Soc. (C), (1969) 809-813.

See also PC section.

19b. Elucidation of structuve of proteins and peptides

AcHEE, F. M., CHERVENKA, C. H., SMiTH, R. A. anD Yasunosu, K. T.: Amine oxidase. XIL The
association and dissociation, and number of subunits of beef plasma amine oxidase. Bio-
chemistry, 7 (1968) 4329—4335.

BarrRETT, G. C. AND KHOKHAR, A. R.: Thin-layer chromatography of N-thiobenzoylamino acid
anilides. J. Chromatog., 39 (1969) 47—52 — N-terminal N-thiobenzoyl peptide —- cleavage
of N-terminal amino acid as 2-phenylthiazol-5(4H)-one trifluoroacetate — N-thiobenzoyl-
amino acid anilide.

GuUYSEN, J. M., Bricas, E., LacHg, M. axp Levu-BouiLLe, M.: Structure of the cell walls of
Micrococcus lysodeikticus. 111, Isolation of a new peptide dimer, N¢-[L-alanyl-y-(¢-D-glut-
amyl-glycine)]-L-lysyl-p-alanyl-N¢-[L-alanyl-p-(a-D-glutamyl-glycine) ]-L-lysyl-D-alanine.
Biochemistry, 7 (1968) 1450-1460.

GranT, P. T. anD REID, K. B. M.: Isolation and a partial amino acid sequence of insulin from the
islet tissue of cod (Gadus callavias). Biochem. J., 106 (1968) 531541 — TLC and PC.
Horcoms, G. N., JaMEs, S. A. aND WarD, D. N.: A critical evaluation of the selective tritiation
method of determining C-terminal amino acids and its application to luteinizing hormone.

Biochemistry, 7 (1968) 1291-1296.

Karo, K., STROMINGER, J. L. anp Kotani, S.: Structure of the cell wall of Covynebacterium di-
phiheriae. 1. Mechanism of hydrolysis by the L-3-enzyme and the structure of the peptide.
Biochemistry, 7 {(1968) 2762—2773.

PirkLE, H. AND HENSCHEN, A.: N-Terminal sequences of bovine fibrinogen. Biochemistry, 7 (1968)
1362-1366 -— TLC and PC.

20. PROTEINS

20a. Proteins

Craig, I. W. anD Cagg, N. G.: C-Phycocyanin and allophycocyanin in two species of blue-green
algae. Biochem. J., 106 (1968) 361-366 — paper prints from the Sephadex TLC are stained
with bromocresol green and scanned with a densitometer.
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Ewng, L. ., Cuao, F.-C., GErsTL, B., PRATT, D. AND TavasTsTJERNA, M. G.: The maturation of
human white matter myelin. Fractionation of the myelin membrane proteins. Biockemistry,
7 (1968) 4455-4465 — Sephadex G-200 layers.

21. PURINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

21a. Purines, pyvimidines, nucleosides, nucleotides

GasseEN, H. G.: Separation of oligonucleotides derived from the phenylalanine transfer ribonucleic
acid of Escherichia coli B by thin-layer techniques. J. Chromatog., 39 (1969) 147—-156 —
satisfactory recoveries from cellulose are limited to penta- and lower oligonucleotides.

NeweLL, P. C. aND Tucker, R. G.: Biosynthesis of the pyrimidine moiety of thiamine. A new
route of pyrimidine biosynthesis involving purine intermediates. Biockem. j., 106 (1968)
279—287 — a sheet of solid agar was applied on top of the thin-layer chromatogram for
biocautography.

SmmmonDs, H. A.: Two-dimensional thin-layer high-voltage electrophoresis and chromatography
for the separation of urinary purines, pyrimidines and pyrazolopyrimidines. Clin. Chim.
Acta, 23 (1969) 319—330.

See also PC section.

22. ALKALOIDS

HARTEL, G. AND HARJANNE, A.: Comparison of two methods for quinidine determination and
chromatographic analysis of the difference. Clin. Chim. Acta, 23 (1969) 289-294.

MESSERSCHMIDT, W.: Priazisierung der quantitativen Berberinbestimmung durch diinnschicht-
chromatographische Direktauswertung. J. Chromatog., 39 (1969) 90—92.

See also PC section.

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

Cresp1, H. L., SmMiTH, U. anD Kartz, J. J.: Phycocyanobilin. Structure and exchange studies by
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and structure of 3-deoxy-5-oxoerythronolide B, a shunt metabolite of erythromycin bio-
synthesis. Biochemistry, 7 (1968) 1728~1733.
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ScHARF, S. S. aND Stmpson, K. L.: Attempts to detect lycopersene formation in yeast. Biochem. J.,
106 (1968) 311-315.

VaLapon, L. R. G. axp MuMMERY, R. S.: Carotenoids in floral parts of a narcissus, a daffodil and
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33. INORGANIC SUBSTANCES
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TaxiTanI, S., HaTa, Y. aND Suzuki, M.: Thin-layer chromatography of metal oxinates. fapan
Analyst, 18 (1969) 626—-632 — silica gel 4 cellulose layers.

J. Chromatog., 45 (1969) 165-188



174 BIBLIOGRAPHY SECTION

34. RADIOACTIVE AND OTHER ISOTOPE COMPOUNDS
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11. ORGANIC ACIDS AND LIPIDS
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cell-free system. Biochem. Biophys. Res. Commun., 34 (1969) 40-47 — Silica Gel G-

13. STEROIDS
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bindung seines Isomeren. Helv. Chim. Acta, 52 (1969) 173-186 — Kieselgel.

MANZETTI, A. AND EHRENSTEIN, M.: Untersuchungen iiber Steroide. XLI. Umwandlungsprodukte
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FarHAS, L., NAGRADI, M., WAGNER, H. AND HORHAMMER, L.: Uber Isoflavonglykoside. X. End-
giiltige Strukturaufklirung und vollstindige Synthese des Sophorabiosids, eines Glykosids
aus Sophora japowica L. Chem. Ber., 101 (1968) 2758-2761 — Kieselgel.

GsELL, L. anD Tamy, CH.: Umwandiung von Krotengiften (Bufadienoliden) durch Mikroorganis-
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SUMMARY

An attempt has been made to apply the concepts of “signal” and “‘noise” so
important in communication theory to the analysis of the performance of photo-
densitometers used for the quantitative assessment of thin media chromatograms.
Very low concentrations of separated substances are considered thus permitting the
linearization of the relationships involved. It has been shown that for the best per-
formance under these conditions a highly stabilized light source is essential and that
the spectral width of the scanning beam should be the same, or somewhat less than
that of the absorbing zone of interest. At low concentrations flying-spot scanning as
opposed to fixed-slit scanning is of no real advantage. The double-beam system
described in the following paper is vastly superior to any single-beam arrangement.

INTRODUCTION

There exist numerous devices for the scanning of thin media chromatograms
(see recent review?); nearly all of them are single-beam devices. Though they are
rather inferior in their performance to the double-beam arrangements as described by
SALGANICOFF et al.?, based on the time-sharing dual wavelength spectrophotometer
of CHANCE®:* they still represent the vast majority of all instruments in practical use.

In this paper an effort has been made to analyse the performance of photo-
electric densitometers from a theoretical point of view and to determine those factors
which affect their sensitivity, stability and reproducibility. The concepts and analyt-
ical procedures used are borrowed to some extent from the field of communication
theory. In this paper the general theory will be discussed and applied to the analysis
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of single-beam devices operating in the transmission mode. Double-beam devices are
considered separately in the following paper.

The basic purpose of any physical measuring procedure is to supply information
about the quantity to be measured. Regardless of the physical nature of the output
signal obtained from the measuring assembly, it is frequently convenient to express
it in terms of electrical parameters. The information content of any datum obtained
from the measurement is thus determined by the ratio of the amplitude of the useful
signal obtained to that of the sum of all undesirable and disturbing signals of any
kind, which tend to obliterate the desired signal. These unwanted signals can be
divided into two groups: the first, and the one which will be our main concern here,
is of a random nature and may comprehensively be called “‘noise”. The other, which
will be dealt with in a subsequent paper, is deterministic in nature and essentially the
result of non-linearities in the transfer function of the system involved. Neglecting the
latter (as is done in this analysis) is tantamount to assuming a strictly linear transfer
function of the system. In practical terms this means that we shall here restrict our-
selves to the analysis of very small signals (this being the case for very low con-
centrations of absorbing substances), because in these cases virtually any transfer
characteristic can be approximated by a straight line.

Regardless of this restriction it may be shown that the lower the ratio of useful
signal amplitude to noise amplitude, the less is the amount of information that may
be extracted from the individual measured result. The noise amplitudes determine the
lowest signal level that may be detected and the resolving power of the method, in
other words the smallest absolute difference in useful signal value that may be reliably
distinguished. The signal to noise ratio, therefore, decides the obtainable accuracy.

The general rules mentioned above apply, of course, also to photometric
methods of quantitative evaluation of chromatograms. In order to determine the
inherent limitations upon the sensitivity, accuracy and resolving power of the
evaluation a detailed study of the noise encountered is required. The output signal
is the amplified output of the photoelectric detector unit. We have to consider, there-
fore, noise contributions from both the optical and the electrical parts of the instru-
ment. The study, the results of which are presented here, was undertaken with the
aim of analysing the sources of noise encountered, to assess it in a quantitative way
and to determine possible approaches to reduce its detrimental influence. In these,
the first two papers of a series, we are concerned only with the noise arising in the
optical part of the system. An analysis of the electrical noise will be given in a later
publication. ‘

Our principal aim in this study was to investigate the feasibility of considerably
reducing the levels of detection and quantitative evaluation of absorbing zones
separated on various chromatographic media. It is, of course, in these regions of very
low concentrations where noise considerations are of primary importance, whilst
non-linearity effects may in first approximation be disregarded.

THEORETICAL

Let the absorbance of the chromatogram at a certain wavelength be o, As-
suming that Beer’s law is valid the resulting transmission is: '

’
/

2 .
A.cZAoe_ac=AokI—ﬁ+a—c*+"') (1)
1! 2!
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The series expansion for e~ shown in eqn. T possesses alternating signs and converges
uniformly. It can be shown that the error involved by terminating the series after
the n#th term is less than the absolute value of the (n + 1)th term.

As we are concerned with low concentrations and, therefore, low values of
incremental absorption a. in an absorbing zone, the case where «, is small is of special
interest. In this case we may terminate the series in eqn. 1 after the second term.

AA = Ag— A, = Aq (1—%)~A0ac (e < 1) (2)
The error committed will be less than (4gx?)/2. It can be shown that this approxima-
tion is also valid for all other laws of transmission, deviating from Beer’s law, pro-
vided a; <€ I. As a matter of fact it can be shown that (see later papers in this series),
other conditions being equal, the error committed in these cases is always less than
that committed with a purely exponential dependence.

The adoption of eqn. 2 results in a linearization of the relationship between the
decrement in transmission and concentration and consequently it becomes permissible
to use average (mean) values of concentration (absorbance) to obtain the average
value of transmission or other characteristic optical parameters. Inversely, measured
average optical values may be used to determine the average values of absorbance
and concentration. The implications and limitations of this assumption will be ex-
plained in more detail in a subsequent paper of this series.

Furthermore, let us assume that the spectral density ¢ of the illuminating beam
is constant over a certain spectral width AA; this results in an illuminating flux of
eAA. If the spectral density in this region is not a constant ¢ has to be taken equal to
its average value over this region. e44 is also assumed to be constant over the spatial
cross section of the beam. In practical use this condition may be difficult to achieve
specially with long slits.

The background transmission 4, of the material to be scanned may vary widely
from a value of the order of 10-2 for paper chromatograms up to close to 1.0 for some
films. In a given medium the value of transmittance may vary spatially from one
part of the medium to another (see Fig. 1). 4, is, however, also a function of the
spectral wavelength and for paper chromatographic strips a steady increase in trans-
mission occurs with increasing A over which there may be superimposed random
fluctuations. A similar situation is obtained with other types of support material.

When a coloured zone is encountered the transmission of the chromatogram
decreases selectively over a certain region of the spectrum the width of which is de-
termined by the effective width of the principal absorption band of the absorbing
substance. In most cases this band is fairly wide, of the order of 50 mu or more.

The absorbance of the investigated substance, however, is not constant through-
out this region, but a function of the spectral position inside the absorbing band. The
result of this is that the loss in transmission encountered is also a function of wave-
length. To avoid the difficulties arising from this condition it is customary to employ

0-1 O.D
unit [W
—_

1in.

Fig. 1. Transmittance of Whatman No. 2 paper (scanning spot size Tt mm X 1 mm).
g pap g sp
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a very narrow spectral width of the illuminating beam. With low concentrations,
however, where the linear approximation shown in eqn. 2 is reasonably valid, it be-
comes possible to use a fairly broad spectral bandwidth A4, and to operate with the
average value of transmission over this band. Using a broader spectral width of the
scanning beam offers a higher light output to the photoelectric receiver and there-
fore, a better electrical signal to noise ratio; an additional advantage is a slight
decrease in optical background noise; this will be discussed later.

= Ol

0.0.——

/

550 * 3%0

e A}\c __)‘ mp —_—

Fig. 2. Typical shape of the absorption band of a chromogen. (4-Hydroxy-4'-nitroazobenzene
separated on Whatman No. 2 during 4 h in the solvent system light petroleum-toluene-acetic
acid-water (133:66:170:30).)

The concentration of the absorbing substance varies over the coloured zone.
In order to obtain meaningful data from current scanning devices, therefore, efforts
are made in the practical methodology of chromatography (deposition of the solutes
in bands, equilibration, constant temperature, etc.; see ref. 5 for further details) to
ensure that the distribution of concentration within the illuminated scanning slit
remains as constant as possible. With low concentrations where again eqn. 2z may be
assumed to hold with reasonable accuracy, it is possible to relate the average con-
centration over the illuminated slit area linearly to the average decrease in trans-
mission: This means that to a large extent the geometry of the zone and the distribu-
tion of concentration within the zone can be disregarded.

The transmission A, of the medium, as already mentioned, is spatially not
constant but may vary from one point of the illuminated area to another in a random
fashion. These fluctuations are caused partly by variations in the thickness of the
medium, partly by local inhomogeneities. Variations in thickness produce trans-
mission fluctuations, which are virtually independent of the wavelength of the
scanning, beam, whilst irregularities in composition may have effects, which are
strongly dependent upon wavelength.

Let the mean value of 4, over a very large (infinite) area of a particular type
of chromatogram (paper, film, etc.) and at a given wavelength 4, of the scanning
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beam be A and the standard (r.m.s.) deviation from this value be 4. Since A4 is
usually quite small, we can again apply the linear approximation as in eqn. 2.

Azm/T(I 4+ o) —A = Ax (2a)

Let the mean value of transmission over a given slit of area F be As. F == b4 W as
illustrated in Fig. 3.

absorbing zone

illuminated suq / ;

thickness A WJ W,
C

I

.
—

Fig. 3. Usual arrangement for fixed-slit scanning of chromatogram strips.

Since the area F is finite, A will vary. The mean value of A5 over many areas
of the same size will, however, be 4. In accordance with the central limiting theorem
of probability theory, 45 will approach a normal (Gaussian) distribution around A4
with a standard deviation A;.

It then follows that A, will be approximately inversely proportional to the
square root of the area of the illuminated slit.

- = AW -
A :A«/ — AF
s AW v (3)

b*AW* is the area of the smallest slit which may be used to define 4. A decrease
below this value does not increase the measured value of A5. The values b* and AW*
correspond approximately to the average dimensions of the irregularities in the den-
sity of the medium. These may of course vary considerably from one type of medium
to another. They may also be interpreted as the fundamental spatial frequency of
the noise caused by background irregularities. It is convenient if all the areas and
cross sections are measured in multiples of 6*4W ™ ; this means that on all subsequent
occasions b*AW?™ is considered equal to unity. Since there is no reason to prefer one
of the directions in the medium (provided it is reasonably homogeneous and iso-
tropic), we may postulate that b* = AW* = 1. Eqn. 3 is based on the assumption that
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the variations in transmission 4 from one part of the chromatogram strip to another
are random and uncorrelated provided their mutual distance is larger than one unit.
Since As varies, the intensity I of the light transmitted by the strip will also vary
from one strip to another. Let the mean value of I; be s and its standard deviation I;;
let the light intensity entering the medium be I; due to a certain amount of surface
reflection I, is smaller than the illuminating light intensity; the amount of light lost
in this way is expressed in the following equation by the coefficient . We thus obtain:

gg=¢&b"AW*-p

Iy= 50A1i~bAW = eodi-F

T, = IoAs(43)

Ts = IoAs (AR = Igd (42)-1/VF (@)

F denotes the illuminated slit area, measured in multiples of the area unit
pAW™.

I is the r.m.s. value of the light fluctuations at the input of the photoelectric
receiver; it represents, therefore, the effective (r.m.s.) amplitude of the optical noise
signal.

As already mentioned none of the media used in chromatography is ideally
“grey’’; this means, therefore, that the transmission 4 will, to a certain extent, be
dependent upon the wavelength of the scanning beam. This dependence may be
expressed as follows:

A(2) = A%0) [T + g(A—0)] (5)

Over a reasonably small spectral distance we may approximate g(4 — 4,) by a linear
trend component (g,) superimposed by a random term (y). The latter term as pre-
viously mentioned is a consequence of the slight inhomogeneities in the medium thus
resulting in random changes in the transmission for different wavelengths in different
parts of the medium.

g(A—2o) =~ go(A—Ao) + y(4) (6)

From the way y(4) is defined it becomes evident that the spatial average of
y(4) obtained over a slit of infinite area is equal to zero. By a reasoning, which is
completely analogous to that used in eqn. 3, it may be shown that the standard
deviation y4(A4) of ys(4), as measured over slits of finite area F, is proportional to 1/v' F.
By analogy it may also be shown that spectral averaging of ys(1) over a spectral
window of finite width A4 decreases the r.m.s. value y4(4,41) approximately in pro-
portion to Vv (1/44). Since As contains a component due to ys(4), it follows that an
increase in spectral width of the scanning beam should decrease A and therefore
improve the optical noise conditions. The improvement to be expected will depend
upon the degree of inhomogeneity of the medium.

In a recent scanning device of more sophisticated design a double-beam ar-
rangement is used?®. In this device the two beams are arranged to have different
spectral positions. It is the fluctuation of the difference in transmission between both
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beams which is here of key importance. From the arguments developed above it is
evident that this difference is made up from two terms: the first being variations in
transmission, affecting both beams proportionally, e.g. random variations in thick-
ness of the medium, and the second being local inhomogeneities affecting both beams
in a randomly different way. Both terms may be considered as statistically indepen-
dent. The standard deviation of the difference can, therefore, be calculated as the
sum of the squared terms:

Aollo) — A(h) = 77:— (8022 — A0) A2(A2) + 72(ho,A2) A2(h0) + 7(A, A1) A% (Ag) 12

I =

[g02(2 — A0)A2(A2) + 22(A,42) A2(20)]1/2 (7)

- TF

In most cases one of the two terms in this expression will prevail; because of the
quadratic law of addition, the other term may then be neglected especially if the
spectral width 42 of the scanning beams is not too small. This will usually apply
to the second term.

From the reasoning given above it appears that for the investigation of ab-
sorbents in low concentrations as separated on chromatograms a relatively large
spectral width of the scanning beam is desirable. This reduces the amount of optical
noise produced by possible inhomogeneities of the chromatograms with a non-grey
absorbance characteristic. That the increased light intensity at the photodetector,
which is obtained in this way, will decrease the relative weight of the electrical noise,
originating in the photodetector and the associated amplifying equipment, has
already been mentioned.

For high concentrations of absorbent, where consequently strong optical signals
are encountered, both optical and electrical noise become less important. Here the
linear approximation of eqn. 2 may entail large errors. To avoid these the spectral
width of the scanning beam should then be confined to a region where the absorbance
of the substances investigated is reasonably constant. In general a compromise be-
tween these conflicting requirements has to be made. More details on this will be
presented in a subsequent paper.

In the next section and the following paper the performance of the two basic
transmission design alternatives for chromatogram scanning devices, the single-beam
and the double-beam arrangement, will be discussed with regard to the obtainable
optical noise performance.

SINGLE-BEAM ARRANGEMENT

First let us consider a single-beam arrangement in which the light source is
illuminating a slit of length AW and extending across the full width 4 of the chromato-
gram strip as shown in Fig. 3.

The basic arrangement of a scanning device of this type is illustrated in Fig. 4.

In the receiving photoelectric device (Ph) the transmitted light intensity is
converted to a proportional electrical signal. The random component of I; produces
fluctuations in the electrical output which are for all practical purposes equivalent
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to the noise in a communication system; they superimpose upon the electrical noise
generated here.

There is, however, one important difference to be noted. In an electrical com-
munication system most of the noise originates independently of the useful signal
and therefore merely adds to it. The optical noise considered here, however, is multi-
plicative in nature (see eqn. 8).

Ph

L s

® M

Fig. 4. Schematic representation of a single-beam chromatogram scanning device. L = light
source; M = monochromator or filter; P = thin medium chromatogram; T = chromatogram
transport mechanism; Sl; and Sl, = entry and exit slits respectlvely, Ph = photoelectric device;
A = amplifier; R = analogue recorder.

What is important is not so much the amplitude of the noise signal itself but,
as already pointed out in the introduction, the ratio of the amplitude of the useful
signal to that of the noise. We, therefore, have first to determine the useful signal
amplitude. For this purpose let us consider an illuminated slit of length AW and
width b, covering part of an absorbing zone with the dimensions &, and AW, (see
Fig. 3). Let the concentration in this area be ¢ (not necessarily homogeneously con-
stant) and the corresponding increase in absorbance a«. o is the mean value of ab-
sorbance, measured over the full width A4, of the spectral absorption characteristic,
covered by the illuminating beam. Let the spectral width of the illuminating beam
be A1 and it is assumed that it comprises the region of absorption of the investigated
substance.

TFor small concentrations the transmission of any point within the absorbing
zone may be written in the form shown in eqn. 2. The decrease in transmission pro-
duced by the absorbing material is therefore:

A,
A4 = Ay (I—Eg) — Aoz (8)

The decrease in light intensity at the photodetector is obtained by integrating eqn. 8
over the whole illuminated part of the absorbing zone. It represents the useful optical
signal amplitude ..
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beAWe = F,

_ Fe Ake -
I, = eodhe- Fe-Aoe = IO'F' i cAae (9)

A&, is the mean value of the decrease in transmission over the illuminated part of
the zone. The use of 4 instead of 4, implies that I, represents the mean value of the
useful signal, disregarding local changes in transmission 4 from strip to strip.

From Fig. 3 it is apparent that the illuminated slit may also include parts of
the medium outside of the absorbing zone. For the mean total light input If to the
photodetector we obtain therefore:

It = Iy—1T,=1Iod (I__._:.ac> »
I0

It will of course fluctuate from one strip to the other, since the transmission Ag of
the strips varies around the mean value A. The optical noise signal produced in this
way is designated Iy. Usually the second term in eqn. 10 is small as compared with
unity; thus we obtain:

- I
Iy ~ g4 -—— 11
v od (11)

We can now obtain the optical signal to noise ratio ¢ by forming the ratio of I./I».

I, A Ak, Fe
=% = g 020, Vv F
Iy T AAF
A F
— g._c._c.\/F (12)
« 4i F

&/% is the basic densitometric signal to noise ratio of the chromatogram.
For low concentration, where eqn. 2z holds, we can assume that the quantity
of investigated substance Q; in the illuminated part of the zone is proportional to &,

(eqn. 2).
Qs = k;ch (13)

k i1s a proportionality constant, taking into consideration the absorbance of the in-

vestigated substance per unit of concentration. In actual measurements £ has to be

found by calibration against a known concentration. If the linear approximation in

eqn. 2 holds, the value of Q5 obtained will be independent of the distribution of the

investigated substance over the slit. For higher concentrations an error will be com-

mitted ; but this will be discussed in more detail in a later paper in this series.
Introducing eqn. 13 into eqns. g and 12 we obtain:

AQ; A4
Io = [0._%. ¢
RF  AA
G = %ﬂf ! (14)
T kx Ak VF 4
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To determine the total amount of absorbing substance present in the zone,
we must, of course, integrate over all the slits in contact with this zone.

DISCUSSION

The most important relationship so far derived is that exhibited in eqn. 12,
which determines the optical signal to noise ratio obtained. This ratio is the principal
factor which limits the sensitivity, accuracy and resolving power of a photodensito-
meter of the type described. It is apparently dependent upon several factors.

The first and most important one is the relative non-uniformity of the trans-
mission of the chromatogram itself, as expressed by the relation 4/4; this factor is
clearly a characteristic parameter of the medium used, depending in general only to
a minor degree upon the spectral width of the scanning beam.

The second factor is the ratio 41,/A44; the largest value obtainable is evidently 1.
To obtain it, the spectral width of the illuminating beam A4 must be equal to or
smaller than the width A4, of the absorption characteristic of the substance investi-
gated. With the nearly monochromatic light, which is conventionally used for scan-
ning, this condition is always fulfilled. For the best results the spectral position of the
illuminating beam should coincide with the reasonably flat part of the absorption
characteristic. For low concentrations A4 should be made almost equal to A2, in
order to obtain the highest input signal at the photodetector. It can be shown that
the best signal to noise ratio is achieved, if the scanning beam is spectrally shaped in
such a way that it models the absorption characteristic of the substance involved.
This is of course feasible only if linearity errors are of no concern.

For higher concentrations, where the linear approximation of eqn. 2 cannot be
applied, 4% should be smaller than 4, and cover that part of the absorption charac-
teristic where a(4) does not change too much. The error committed by using a finite
value of 41 is analysed in detail in another paper to appear later. At higher concentra-
tions and consequently higher values of the useful output signal I, the electrical
noise becomes less important and the decrease in Iy, caused by a smaller value of
A2 is of less significance.

It appears to be immaterial whether the spectral shaping of the scanning beam
is done on the primary side, that is between the light source and the chromatogram,
or on the secondary side, that is between the chromatogram and the photoelectric
converter. In the case of fluorescence measurements filtering on the secondary side is,
of course, mandatory.

The last important factor to be examined is the ratio of the total area illumi-
nated by the scanning beam to that part of it which contains the absorbing zone of
interest. For this purpose we may write:

F = uF, (0> 1)
F, F. -
JF :A/; (15)

The highest value is evidently obtained if g = 1, that is if all the illuminated
area belongs to a stained zone. At the same time F; should be as large as possible. In
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practice this condition is met by a slit aperture, extending over the full width of the
chromatogram and applying the solution to be chromatographed in bands over the
whole width of the medium. At higher concentrations, however, errors are incurred
if the distribution of concentration is not exactly uniform over the band. This error
can be reduced or avoided if the area of the scanning beam is reduced to virtually a
point. This arrangement is usually termed ‘“flying-spot scanning’’. Subsequent integra-
tion of the signals /. obtained for each spot has to be performed over the whole zone.
If Beer’s law can be assumed to be valid, the usable range can be extended to higher
concentrations by using a logarithmic converter before summing of the individual
spot signals. If considerable deviations from Beer’s law are to be expected, more
complicated procedures than simply forming the logarithms of the spot signals should
be used. More details about this will be found in a subsequent paper to be published
soon.

The difficulty with spot scanning and subsequent integration is to determine the
area over which integration has to be performed. The criterion, therefore, has to be
derived from the spot-output signal I. exceeding a certain preset threshold value.
Since the area of the scanning spot is small, the noise content in [, is high and the
decision whether a particular I, is above or below threshold is affected with a high
degree of uncertainty. Some smoothing and curve fitting operations on the set of
values /. obtained may alleviate this problem; they will, however, need processing
by a computer.

There are still other sources of error to be mentioned, namely variations in the
coefficient of surface reflection y (see eqn. 4) and instability of the light source I,.
They are discussed in the following paper. These sources of error are of equal influence
in single- and double-beam difference forming instruments; the latter device, however,
produces a much better optical signal to noise ratio. Double-beam instruments
appear, therefore, to be preferable for all but the most unsophisticated measurements
and our further attention will be centred on them.
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SUMMARY

In this the second part of a theoretical treatment of the quantitative analysis
of thin media chromatograms the double-beam difference system of scanning has been
investigated. This system is much more sensitive than any single-beam arrangement.
The incorporation of a “‘“flying-spot” system as opposed to fixed slits permits the quan-
titative analysis regardless of zone geometry. Perfect balance between both scanning
beams and a high degree of stabilization of the light source are essential for good
performance. The limits in sensitivity are obtained when the optical noise approaches
the electrical noise.

INTRODUCTION

In the preceding paper® the concepts of “'signal” and ‘‘noise’”” as they are used
in communication theory have been applied to single-beam transmission photo-
densitometers. It was shown that for the quantitative analysis of very small amounts
of absorbing substances a linear relationship may be assumed between the resultant
electrical signal and concentration and that in this case the parameter of greatest
importance is 4/4 which refers to the relative non-uniformity of the medium itself.

In this paper the double-beam difference system?-8 first utilized by SALGANICOFF
et al.? is investigated. In this device (see Fig. 1) in addition to the principal measuring
beam arranged to have a wavelength corresponding to that of the peak absorption
of the substance of interest there is also a reference beam. The wavelength of this
reference beam is selected so as to be virtually unabsorbed by the zones of interest.
In practice there may be some difficulty in achieving this at high concentration levels.
In order to cancel out the optical noise arising from the irregularities of the paper
- background the difference between the electrical output signals of both beams is
formed and recorded.
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The double-beam method appears to possess important advantages in compar-
ison with any presently conceivable single-beam arrangement. This paper is intended,
therefore, to extend the results obtained for the single-beam device to the double-beam
difference system. The meaning of the symbols is the same as in the preceding paper
and in addition the general theoretical relationships given there will be used here
again. Those equations developed in the preceding paper and used here are denoted
by adding [1] to their number.

BALANCE OF BEAMS

For efficient noise rejection it is evidently necessary that both beams should
ideally possess equal spectral energy density ¢, and €g, and also an equal spectral
bandwidth and equal spatial cross section F = Fp (the index R will here always
refer to the reference beam).

In practice, of course, all those conditions cannot ideally be met and a finite
difference in radiant flux I remains.

Ior = Io(x + B) B<r1) (1)
In addition to the differences in the radiant flux between the two beams there is also

a certain difference in transmission for these two wavelengths.

lo

Fig. 1. Schematic representation of a dual beam chromatogram scanner with difference system.
(according to SALGANICOFF ef al.?). L = light source; M;,M, = monochromators; V = vibrating
mirror; Sl; = slit 1; P = chromatogram; Sl, = slit 2; Ph = photodevice; T = chromatogram
transport mechanism; A = amplifier; R = recorder; D = device for obtaining difference signal.

In order to keep this difference small, the two beams should be spectrally as
close together as the width of the absorption band permits. In agreement with eqn. 5
[1] we may now write

glho—24R) = go + v
Ar=A(1 + go + y)

Ar=A(1 + go) (o < 1) (2)

Iord rs = ToAs(x + ) (1 + go)
A Lod (1 4 B + go) (3)

In order to cancel out as much of the background optical noise as possible, it is de-
sirable that in the average both sides of eqn. 3 should be equal. For this purpose a
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mechanically adjustable diaphragm or two polaroids may be used. This permits the
adjustment of the relative intensity of both beams so that

IorAr—IoA = Io(B + go + C) = Iodf -0 (4)

The coefficient C takes care of the adjustment of the diaphragm.

In order to avoid the stability problems which might occur when d.c. amplifi-
cation of the output signalis used, the two illuminating beams are generally chopped.
SALGANICOFF ef al.? use a vibrating mirror and a common photodetector for this
purpose. The- adjustable diaphragm in this case, however, as well as other minor
differences in the optical pathways of the two beams tend to introduce a phase dif-
ference into the two signals reaching the photodetector. The result of this phase shift
is that even with ideal balancing the output signal does not become zero (see Fig. 2).

[Ty = {Ior| but To— for # o

This effect may be abolished by introducing a phase-sensitive (synchronous) detector
circuit which only responds to the in-phase component I of both signals. The dia-
phragm is then adjusted to make I = Iyp.

Ior

Fig. 2. Effect of a phase shift on the difference of two signals.

However, even with synchronous detection a complete equalization of both
signals over any extended period of time is not possible. One of the reasons is incon-
stancy in time of the parameters involved in the term f. Another reason is the dif-
ficulty in adjusting in practice to the true value of gy, which may vary to a certain
degree from one chromatogram to another, even if samples from the same batch are
used. As a consequence A8 behaves to a certain degree as a chance variable and the
value used in the equations should be understood as the most unfavourable value,
both with regard to amplitude and sign, which may be expected with some reasonable
probability.

To minimize Af, the two beams should be spectrally close together and their
optical pathways nearly identical. A common photodetector, serving both beams on
a time-sharing basis, as schematically shown in Fig. 1 causes both beams to pass
slightly different areas of the chromatogram. The difference is dependent upon the
alternating frequency f and the speed # with which the illuminated area is moving.
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£=2yaw (5)
- f c 2

The result is equivalent, at least as far as noise cancellation is concerned, to a minimum
value of Af ~ & To avoid this two independent photodetectors with simultaneous
chopping of both beams can be used. Another possibility is of course to make f
sufficiently large. A minimum condition is evidently:

fzuldW, (5a)

If eqn. 5a is violated, both beams pass different areas of the medium, jeopardizing
altogether the advantage of the double-beam method. IFor all these reasons a complete
equalization of the two output signals is not feasible; and it, therefore, becomes neces-
sary to consider a finite difference in the final output signal.

06448 = |(TorA g — IoA) |min (©)

The minimum value of this expression has to be found by suitably adjusting the in-
tensity of one of the beams [e.g. by changing the diaphragm (co-efficient C in eqn. 4)].

THE OPTICAL SIGNAL TO NOISE RATIO

The overall noise is also here essentially determined by expression 7[1] except
that g,-(A—4,) is replaced by Af. Further we have to consider the additional local un-
balance caused by the useful signal I,.. In this way we obtain:

To = 1, o [Zz(A;) {/]f; Tz icf]_lflz + 292(AA)A2(A0) v -

CTVE 717 CF axl T ('0] @)
As a consequence of the definition of A8 given earlier, here and in all the following
formulae that sign of A8 has to be considered which gives the most unfavourable
result. Asalready mentioned in connection with eqn. 7[1] usually one of the terms in
7 will prevail and then only this term need be considered. This permits a considerable
simplification of the expressions involved.

In most practical cases it will be the first term which dominates. The straight
addition of the two terms in the brace is justified if F/F ~ 1, which is the most im-
portant case. If FFo/lF < 1 the square root of the sum of the squared terms would be
more appropriate. It should be kept in mind that A(44) decreases to a certain degree
with increasing spectral bandwidth AZ. If the illuminated region does not contain
any absorbent, the second term in the brace becomes zero. In order to obtain minimum
noise under this condition, 46 should be as small as possible, as is of course expected.
The total differential output signal of the optical system is:

It =Ty Iy = Iy [/1,3 P m”]
= — = A NAB —apr— ———
sTeT e “F (8)
and the signal to noise ratio ¢,, with the term containing y being neglected, becomes:
Fe A2,
_ P
Ie A F 42 VE ()
01 Y — = = - :
YR T A Fo Jis 9
A+ ae-—-
F A2
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To maximize this expression we put as before Fo/F = AlefAA = 1. All further ex-
pressions will refer to this condition. Using expression 2a[1] we obtain
ac +F

a

'Aﬂ+ac (9a)

The way in which this can be achieved was explained in the discussion section of the
preceding paper. Either the solute has to be applied in bands which extend across
the full width of the chromatogram after development or the fixed illuminating slit
has to be replaced (by a flying-spot arrangement with subsequent integration) over the
whole zone area.

The two procedures are, however, equivalent only if a sufficiently large amount
of investigated substance is available. If very small samples are to be analyzed, a small
spot-shaped zone may provide a higher value of average concentration and conse-
quently a better signal to noise ratio if flying-spot scanning is employed. The reason
is of course that the useful signal is—with a limited amount of analyzed substance
Qs available—proportional to Q;, regardless of the area over which Qs is spread, whilst
the optical noise increases proportionally with the square root of the area v/F. A
closer inspection shows that there is no contradiction to expression 9, since the latter
is based upon the assumption that there is sufficient solute available, so that spreading
does not change the concentration.

In a double-beam arrangement, as opposed to the single-beam system it is
relatively easy to discriminate between zone and non-zone parts of the chromatogram.
From eqn. 8 it is apparent that I# is mainly dependent upon «, so long as Af is small
enough. To obtain the signal to noise ratio with external integration, 4/F in formula
9a has to be replaced by /S, where S is the area of integration. There is no necessity
to emphasize that when logarithmic forming of the output signal is employed this
has to be done before averaging is carried out.

With very low concentrations, that is for small values of «,, the second term in
the denominator may be neglected; this gives:

de VS (x0)

a
oy (low) ~ ———
a

(1)

Inspection of the original expression g shows that in this case the fraction F¢/F cancels
out; this means that bandzones or flying-spot scanning do not produce here any
significant improvement in ¢. Further it is interesting to note that the signal to noise
ratio at high concentrations appears to be independent of the amplitude of the useful
signal. The explanation of this fact is, of course, that the chromatogram background
noise affects the useful signal in a multiplicative rather than an additive way. As a
consequence of this the noise signal is proportional to the useful signal. At the same
time the noise contribution from the rest of the chromatogram virtually cancels out
provided 48 is sufficiently small. The noise produced by the irregular transmission
of I, within the absorbing area, however, is not affected at all by the difference forming
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procedure. A qualitative illustration of the dependence of the signal to noise ratio
upon the ratio «,//A8 is shown in Fig. 3.
In some cases the second term in eqn. 7 will dominate; we then obtain a signal
to noise ratio:
Ue

02 > — /S 12
27 5an (r2)

It should be noted that 3 can be reduced by the same means used to make A8 small
and by using the maximum spectral width 424 compatible with the linearity require-
ments.

—

I 10
——

AP

Fig. 3. Signal to noise ratio (0) in dependence upon the ratio of concentration to beam equalization.
OTHER SOURCES OF ERRORS

Another possible source of error is the varying average transmittance of the
medium, which may show considerable fluctuation from one chromatogram to an-
other (see eqn. 8). These deviations will produce proportional errors in the optical
output signal similar to those produced by variations in the illuminating light density.
With present chromatographic media such as the current qualities of papers, loaded
papers, coated sheets etc., it appears that the calibration should be repeated whenever
a new paper is inserted into the scanning device. As the changing value of transmit-
tance appears as a multiplicative factor in the useful output signal I, the percentage
of error introduced in the measurement of 4, is independent of concentration. With
higher concentrations where the linear approximation in eqn. 271} is no longer valid
the error in the result from this source tends to become smaller.

A further factor to be considered is the surface reflection factor p (see eqn. 4[1)),
which may change from one chromatogram to another. It results in a change in the
proportion of light entering into and transmitted by the medium; it is therefore
equivalent to a variation in the intensity of the light source. Suitable calibration
procedures at the beginning of each measurement are the best remedy.

STABILITY REQUIREMENTS FOR THE LIGHT SOURCE

From the arguments developed above it appears that the optical signal to noise
ratio deteriorates rather rapidly if o, becomes small against A8. Af may therefore in
a certain sense be considered as a threshold value, which imposes a limit upon the
sensitivity that may be obtained in quantitative scanning, using the double-beam
difference method.
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To ensure good stability of A, a few precautions have to be taken: the voltage
supplying the light source should be highly stabilized. Care should be taken to derive
both beams from the same area of the lamp, because the temperature distribution and
emission density within the lamp are not constant and may vary with time, supply
voltage, etc. The lamp should be replaced in advance of obvious aging effects. An
important source of error is the instability of the illuminating light source I,. A
change AI, in I, produces a change in detector output AIf (eqn. 8) proportional
to the change A1, The observer, however, attributes this change to an apparent
change in useful signal output AI,;. For A1, we obtain the relation

Alt = AL A(AB — ap) = A,

I, I

Al, Al (Aﬂ—ac)

de
_ AT? (%ﬁ_ I) (13)

From this expression it follows that the percentage error in the measured output
will in general be larger than the percentage change in I,,, depending upon the ratio
ABJac. Again the consequences will be more serious with weaker concentrations.

For a very crude estimate of the value of A1, let us assume an incandescent
lamp where most of the energy supplied is emitted as radiant energy. If the supply
voltage changes by e %, the emitted radiant flux I, changes approximately by 2¢ %.
This underlines the importance of good stabilization of the supply voltages.

NUMERICAL EXAMPLE

The best way to illustrate the results obtained above is probably a numerical
example. The first value we have to consider in this context is the optical noise value
of the medium itself. According to our own measurements as well as data obtained
from the literature2? the value of « with Whatman No. 3 paper is of the order of
0.05 optical density units. In natural units this is about 0.15. The spatial fundamental
F* of the noise appears to be approximately 2 X 2 mm. The optical density of this
type of paper is according to SALGANICOFF ef al.? of the order of 3.4 units; this cor-
responds to a transmittance 4 ~ 3-107%

Let us now assume a single-beam instrument with an illuminated slit area
2 X 50 mm. The solute is assumed to be applied in bands, so that F¢/F = 1 and the
spectral width of the beam shall be sufficiently narrow, so that 4A¢/44 = 1. Using
eqn. 12[1] we obtain a signal to noise ratio.

I e

—— = 2

V25 0.15

(0 min ~ 10) (14}

Assuming that for reasonable accuracy a minimum signal to noise ratio of 10 is
required, we obtain the value of the smallest signal which can still be measured to
about 0.30, that is &~ 0.13 optical density units.

Passing now to a double-beam difference forming device with the same area of
illumination we obtain from eqn. ga.
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0] = ——— ——

0.15 'Aﬂ + ac
33— — (15)
>~ e 5
.-
28]
According to SALGANICOFF et al.? it seems that values of 48 ~ 0.02 may be obtained
in practical operation. For a minimum value of ¢; 2 10 we obtain a minimum value
of @, ~ 1-1072, that is about 0.004 optical density units, as the weakest signal to
be processed.” Realization of this value, however, requires very careful optical design
and an electrical arrangement with a low enough noise figure.

Subsequent integration over the area of the zone could improve those values
by a factor of 2 to 3, depending upon the area of the zone; this applies of course to
single-beam devices as well. Against the single-beam instrument the double-beam
method offers an improvement of about 32 times. The error in determining a signal
of this intensity will be about -+ I/o & 10 % due to optical noise plus a certain amount
due to surface reflection, instability of the light source, etc., disregarding both y and
the electrical noise. To obtain a value of A8 of the order mentioned £ (see eqn. 5) has
to be well below this value. Again assuming AW, = 2z mm and a paper velocity of
I mm/sec, we obtain for a single photodetector arrangement a chopping frequency

& < o.01

f = 200
To obtain improved accuracies at the same sensitivity or a higher sensitivity at the
same accuracy, A8 has to be decreased. Further improvement can be obtained by
making use of the fact that the optical noise is affecting the useful signal in a multipli-
cative way. The residual noise in eqn. 15 can then be decreased by replacing the dif-
ference signal at the output by a ratio signal and using different chopping techniques.
A planned device incorporating these features will be described shortly. If the optical
and electrical noises are of comparable amplitude, their powers have to be added;
this amounts to reducing the signal to noise ratio in eqn. 15 by a factor of 1/2. By
the same factor, of course, accuracy is decreased and the minimum amount of in-
vestigated substance is increased. In general a design with both noise components
equal will give the best trade off between performance and cost.
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SUMMARY

The construction and characteristics of standard gas chromatographic columns
suitable for use in the separation of diverse mixtures of volatile compounds are given.
A method for determining the best isothermal period and temperature programme
rate for the standard columns is described and the operating conditions that are
suitable for use with a wide range of stationary phases separating all types of solutes
are tabulated. Chromatograms indicating the relative performance of such columns
are given and an example demonstrating the reproducibility of the standardised
columns and operating conditions is included.

INTRODUCTION

Where a gas chromatograph is used for diverse applications ranging from the
analysis of multi-component mixtures of wide boiling range to that of simple four
or five component samples, much effort can be wasted in determining the optimum
temperature programme to effect the required separation. Considerable time can
also be spent in exploring the possibilities of different stationary phases when the
required separation could have been obtained more quickly by using a standard
stationary phase and choosing the correct column length. In the majority of gas
chromatographic separations, special stationary phases are not usually necessary
and if a number of columns of different lengths are available then two stationary
phases are generally all that are needed. The two typical stationary phases that are
normally used are a non-polar phase, ¢.g. Apiezon Grease, and a polar phase, e.g.
PEG 20M. In order to standardize programming conditions, however, columns of
known and reproducible resolving power must be available.

This paper describes a procedure for producing columns of different lengths
having known and reproducible resolutions. An experimental method for determining
the optimum initial isothermal period and programme rate is also described and the
optimum programming conditions for each column length are given. Details of the
construction and characteristics of seventeen columns are included, together with the
respective optimum operating conditions that will give the best separation of the
com ponents of any type of sample without prior knowledge of its composition. The
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only undefined variables left to the choice of the operator are the column length, the
amplifier sensitivity and the chart speed.

COLUMN CONDITIONS

In order to operate columns under standard temperature programming con-
ditions it is necessary to have a number of standard columns available that can be
packed reproducibly to give a specified performance. If columns differ in performance,
then they will require a different set of programming conditions to obtain optimum
resolution and this would be very time consuming to determine.

The choice of column material depends on the solutes to be chromatographed.
Metal columns are rugged, easily packed and may be used provided thermally labile
or easily adsorbed solutes are not present. Glass columns are more fragile and in
some instruments can be difficult to change. If thick-walled glass tube is used (I mm
wall thickness) such columns can be operated at gas pressures of up to 250 p.si If
mixtures are to be separated that may contain thermally labile substances, glass
columns should be employed.

Theoretically the column diameter should be as small as possible to provide
the maximum efficiency but in order to allow the column to be effectively packed
and cope with adequate loads the minimum diameter is limited. MCKENNA AND
IpLEMAN?, and ScOTT? have suggested optimum diameters of 4 and 2 mm, respectively.
As the 4 mm diameter column was easier to pack reproducibly and can carry charges
up to 50 pl this was chosen as the diameter of the standard columns.

The support must be as inert as possible and so acid-washed, silanised Celite
was used. The effect of particle diameter on column efficiency has been studied by
MELLOR®, DESTY et al.%, and CHESHIRE AND ScoTT5, who show generally that the
smaller the particle size, the higher the efficiency obtained from the column. However,
supports of small diameter produce a high resistance to carrier gas flow and a com-
promise has to be reached with respect to the inlet pressures available to the column.
The support sizes that were used for the standard columns are shown in Table I.

TABLE I

SUPPORT SIZES FOR THE STANDARD COLUMNS

Column length (ft.)  Suppovi size

5 100-120 BS mesh, 152-124 1
18 100120 BS mesh, 152-124
50 8o—-100 BS mesh, 185-152 u

The support was coated in the normal manner, the stationary phase being
dissolved in a suitable solvent. Care was taken to treat the support as gently as
possible during the evaporation of the solvent and in subsequent handling, to prevent
the production of “fines” by attrition. An even coating of stationary phase on the
support is not essential as might be supposed. In Fig. 1 the HETP curve is shown for
methyl and propyl acetates on a column packed with 12.59% w/w stationary phase
on the support. One set of points is for the support coated directly with 12.5% w/w
stationary phase, the other for a packing consisting of a mixture of equal quantities
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of supports carrying 7.5%, 10.0%, 12.5%, 15.0%, and 17.5% w/w of stationary
phase, respectively. It can be seen that both sets of points lie on the same curve,
although one set is that from a column having a very wide range of film thickness
and represents what might be considered a very poorly coated support.

© Methyl acetate nonuniform coating /
® Propyi acetate nonuniform coating .

30 ® Methyl acetate uniform coating
O Propyl acetate uniform coating

2.0

HETP (mm)

o

s s
0 5 10 i5
GAS VELOCITY {cm/sec)

Fig. 1. HETP curves showing effect of homogeneity of support coating. Column temperature,
55°; support loading, 12.59%, stationary phase.

The optimum quantity of stationary phase for maximum resolution and mini-
mum analysis time varies with the type and molecular weight of the solute being
separated, and the operating temperature. The optimum loading of stationary phase
ranges from about 5 to 15% w/w, and to cope with mixtures of solutes having a wide
range of molecular weights and polarities under temperature programming conditions,
10% w/w of stationary phase was taken as the standard support loading.

Each column was packed by attaching it to a pressurised funnel loaded with
packing and applying a vacuum to the column exit. The packing was then transferred
from the funnel into the column. A small wad of quartz wool at the end of the column
prevented the packing from being lost down the vacuum line. After filling the column
a pressure of 100 p.s.i. was applied to the inlet and the maximum packing density
obtained by gentle tapping. The maximum, column efficiency was then determined
for a series of fatty acid methyl esters from C,, to C,4 at 200° using the appropriate
gas velocities for each column length as described later. A minimum efficiency of
600 plates/ft. was accepted; if this was not achieved the column was removed from
the oven, and reattached to the vacuum and pressure lines. The column was again
vibrated, more packing added and the efficiency measured again. This process was
repeated until the required efficiency of 600 plates/ft. was achieved. It was found
that all columns could eventually be made to give the required efficiency, but in
some instances, particularly for the longer columns, it was found that the packing
procedure had to be repeated as many as six times. The packing efficiencies obtained
from a series of 5-ft., 18-ft., and 50-ft. columns are shown in Table I1.

The relative lengths of the standard columns had to be determined by the
increase in resolution required on changing from one column to another. Defining
resolution as the ratio of the distance between two adjacent peaks to the average
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TABLE II

EFFICIENCY OBTAINED FROM PEG COLUMNS OF DIFFERENT LENGTHS RECORDED IN PLATES/FOOT

5-ft. column I8-ft. column 50-ft. column
I 625 660 659
2 640 600 600
3 640 600 570
4 690 71t
5 685 645
6 680 744
7 630 680

peak width at the base, then the resolution is given by the following equation®:

(KA —_— KB)’UH’L

42 (vg + Kuy)

where R = resolution,
K4 and Kg distribution coefficients of solutes A and B, respectively,
vg = volume of gas per plate,
v; = volume of stationary phase per plate,
n = efficiency in theoretical plates,

K:KA+KB

2
Thus
(Ka— Kg)vi(n)1?

B 4(vg + Kv1)

If the same packing is employed and all columns are packed to give the same number
of theoretical plates/ft. then Ka, Ks, v; and vy are all constant and # will be pro-
portional to /, the column length. Thus, as the resolution R is proportional to Vo,
the resolution will also be proportional to V1.

Fig. 2 shows how the resolution of two peaks increases as the length of the
column is increased. The improvement required in resolution by increasing the column
length is very much a matter of arbitrary choice; for a significant increase in resolution
it can be seen that the column length must be increased by a factor of 3 or 4 (¢f. Fig. 2).
As the standard columns were to be used with the Pye 104 gas chromatographs, the
standard lengths were taken to suit the sizes available for these instruments, viz.
5 ft., 18 ft., and 50 ft. These columns give ratios of increase in length of 3.6 and 2.8,
respectively, and thus the increase in resolution from column to column is 1.9 and
1.72, respectively.

Each column had to be used at a specific gas velocity and this was determined
from the HETP curves of the respective columns. In Fig. 3, the HETP curves are
shown for three standard columns packed with the standard packing carrying PEG
20M as the stationary phase. The curves were obtained by chromatographing a series
of fatty acid methyl esters (C,4-Cy5) at 200° at different gas velocities. The maximum
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efficiency was obtained at each gas velocity by plotting efficiency against the retention
time of each ester.

250WUTES 1STANDARD DEVIATION APART R = Resolution
1 = Column length
R2050
(PSR
2SOLUTES 346 STANDARD DEVIATIONS APART
R216

2 SOLUTES 387 STANDARD DEYIATIONS APART

2 SOLUTES 173 STANDARD DEVIATIONS APART

R=087
R=193
=3 (=15 -
2SOLUTES 223 STANDARD DEVIATIONS APART 2 SOLUTES 447 STANDARD DEVIATIONS APART
R=H2 R=22

1=5 =20

JAVAN

123 45678 910N 7123656739\0"'213[4

Fig. 2. Elution curves showing change in resolution with column length.

The efficiency increases at first and then levels to a constant value at about
C,4to Cig. The constant value was taken as the maximum efficiency at that particular
flow rate and from the series of such values the HETP was calculated at each gas
velocity in the usual way?. It is seen from Fig. 3 that the gas velocities to be used
for the 5-ft., 18-ft. and 50-ft. columns are 4.5, 3.5 and 3.0 cm/sec, respectively. These
velocities correspond to values about half way between the optimum gas velocity
and the optimum practical gas velocity for each column®. The decrease in standard
gas velocity with column length reflects the increase in resistance to mass transfer
affecting the HETP of the larger columns due to the higher column pressures reducing
the diffusivity of the solute in the gas phase.

S0t COLUMN

HETP {(mm)

183t COLUMN

s

5ft COLUMN

i
i
|
|
i
i

6% 45 16
LINEAR GAS VELOCITY (cm/sec)

Fig. 3. HETP curves for standard columns, 5, 18 and 50 ft. long.
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STANDARD CONDITIONS FOR TEMPERATURE PROGRAMMING

Any standard programming condition that would be applicable to the separation
of diverse mixtures must be suitable for use with solutes and stationary phases of
all polarities. It was therefore necessary to establish that the conditions would apply
to solute types ranging from paraffins to alcohols, and stationary phases ranging from
the non-polar, ¢.g. Apiezon Grease, to the polar, e.g. PEG 20M. For this reason, work
on the 5-ft. column was carried out using both Apiezon Grease and PEG zoM as
stationary phases and homologous series of hydrocarbons, esters and alcohols as
solutes. Having established that the same optimum conditions applied for both
Apiezon Grease and PEG 20M on the 5-ft. column, to conserve effort the optimum
conditions for the 18-ft. column were determined using only PEG 2oM as the stationary
phase. However, the homologous series of paraffins, esters and alcohols were still
used as solutes. The experiments carried out on the 5-and 18-ft. columns established
that the same optimum programming conditions applied to all solutes and therefore
the standard programming conditions were determined for the 50-ft. column using
only PEG 20M as the stationary phase and the homologous series of esters as the
solutes.

Initial isothermal period

The initial isothermal period had to be determined such that the maximum
column resolution was obtained before the temperature programme was commenced.
The homologous series of solutes were as follows: #n-paraffins C4—C,; n-fatty acid
methyl esters C,—C,,; n-alcohols C,—Cyq. Samples of each of the homologous series
were chromatographed on the 5-ft. column at approximately 50, 100, 150 and 200°,
respectively, using both Apiezon Grease and PEG 2oM as stationary phase. The
normal alcohols were not chromatographed on the Apiezon Grease due to peak
asymmetry. From the chromatograms obtained, the resolution of the column was
calculated, for each carbon number of each homologous series and for each stationary
phase, using the following equation:

R, = 2 " Yn

X(n+1) + Xn

where ypi1 is the retention distance of homologue (1) from injection;

yn is the retention distance of homologue (#) from injection;

%n+1 is the peak width of homologue (n--1) taken at the points of inflexion;

x is the peak width of homologue (n) taken at the points of inflexion.

The graphs of resolution against retention time for each homologue of each series
on each stationary phase for the 5-ft. column are shown in Fig. 4. It is seen that over
the range of temperatures used the resolution between carbon numbers for the three
series of solutes on both stationary phases at first increases with retention time and
then tends to level to a constant value. Although the absolute values for the maximum
resolution obtained for each series on each phase differ as they are different solute
types, the maxima are achieved at about the same retention time.

The isothermal period for the 5-ft. column was taken as the mean value of the
retention times where the resolution of the column reached 959% of its maximum
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Fig. 4. Graphs of resolution against retention time for different solutes and stationary phases
on a 5-ft. column.

value. The value of 95% maximum resolution is an arbitrary choice that attempts
to compromise between adequate resolution and reasonable analysis time. (It is seen
that to realise the extra 5% resolution would extend the isothermal period by about
50%.) On this basis the isothermal period for the 5-ft. column was taken as 11.0 min,
the range between the different series and different stationary phases being min.
8 min-max. 14.0 min.

The same experiments were carried out on the 18-ft. column with PEG 20M as
the stationary phase and the three homologous series of solutes. The 50-ft. PEG
column was also examined using PEG 2zoM as the stationary phase at 200° but only
the ester series was used as solutes. The initial isothermal periods were determined
in the same way and found to be 39 min (min. 25 min—max. 57 min) and 60 min for the
18-ft. and 50-ft. columns, respectively. The graphs relating resolution and retention
time for the 18-ft. and the 50-ft. columns are shown in Fig. 5.

It is seen that the intervals taken for the isothermal period are the averages
of series of values that have 4 significant standard deviation. However, as the curves
are fairly flat over this range, the corresponding standard deviation of the values for
resolution about the mean interval that is taken for the isothermal period is much
smaller, and constitutes only 2-3% of the maximum resolution. This justifies taking
the intervals given above as standard isothermal periods for the column concerned.

The optimum. programme vate

To determine the optimum programme rate, the homologous series of solutes
were chromatographed on the different length columns at a series of different pro-
gramme rates and the resolution between carbon numbers of each series was calculated.
The details of the set of experiments which was carried out are shown in Table III.
The results for the 18-ft. column packed with PEG as a stationary phase will be dis-
cussed first. The results obtained for this column, separating the three homologous
series of alcohols, esters and alkanes, are shown in Fig. 6. The results for the normal
alcohols show that the slower the programme rate the greater the resolution between
each solute. At the higher programme rates there is a minimum in the resolution
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Fig. 5. Graph of resolution against retention time for different solutes on the 18- and 50-ft. columns.

TABLE II1

EXPERIMENTAL CONDITIONS TO EXAMINE EFFECT OF PROGRAMME RATE ON THE RESOLUTION
OBTAINED FROM EACH COLUMN

5-ft. column 18-ft. column 50-ft. column
Stationary phase used Apiezon L grease PEG 20M PEG 20M
PEG 20M
Homologous series n-Alkanes Cg—C,, n-Alkanes Cg—C,,
of solutes used n-Methyl esters C,—C,q #-Methyl esters C,—C,3 #-Methyl esters C,—Cygq
n-Alcohols C,—C,, n-Alcohols C;—C,¢
Initial isothermal
period (min) 11 39 60
Temperature
programme rate 0.5,1,2,3, 4 0.25,0.5, 1, 2, 3 0.15, 0.25, 0.5, I, 2
(°C/min)

that occurs between carbon numbers 10 and 12. This is due to the fact that the rapid
rise in temperature has reduced the separation ratios to a greater extent than it has
reduced the peak width. When the maximum temperature has been reached, however,
the column is operating under isothermal conditions and the resolution increases
again up to carbon number 15. The same situation occurs with the curves for the
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Fig. 6. Graph of resolution against carbon number for the 18-ft. standard column operated at

different programme rates.
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Fig. 7. Graph of peak width against programme rate for the 18-ft. standard column separating an

homologous series of esters and #-paraffins.

esters. Again the higher the programme rate the higher the resolution and again
minima occur in the resolution curves at the higher programme rates. For the normal
alkanes, however, the situation is quite different. The maximum resolution is obtained
at a programme rate of 1°/min and poorer resolution obtained at lower or higher
programme rates than this. The reason for this can be seen from the results given in
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Fig. 7, which are plots of peak width against programme rate for three members of
the ester and alkane series. For the ester it is seen that as the programme rate increases
the band width either remains constant or falls. In the case of alkanes, however,
although the same is true for carbon numbers 10 and 20, the intermediate homologue
14 shows a maximum in the peak width at a programme rate of 2°/min. Now it was
shown by Scott AND HAZELDEANS that the resistance to mass transfer factor affecting
the band width had a maximum value at a particular distribution coefficient or carbon
number for a given homologous series. Furthermore this maximum in the resistance
to mass transfer varied with the absolute temperature?. Thus for the alkanes we see
this curious effect of a primary fall in band width as the programme rate increases
and subsequent increase in band width. Because of this we have the optimum pro-
gramme rate shown in Fig. 6 for the alkanes.

The best programme rate must always be a compromise between resolution
and analysis time, so to determine this compromise the average resolution for the
entire homologous series at each programme rate was plotted against programme
rate for each column in Fig. 8.

50 t1.COLUMNS
O Average resolution for Esters

18£t. COLUMNS
QAverage resolutions for
ter

3
T

& Average resolutions lior

RESOLUTION

lcohols
@ Average resolutions for

paratfins
\i‘"i’:’ al solutes

Stt COLUMNS
© Mean curwe for all solutes on PEG.
0O Mean curve for all solutes on Apt.
A Mean curve tor both stationary phases.

s L L )

0 1

2
PROGRAM RATE  (°C/min)

Fig. 8. Graph of resolution against programme rates for different length columns, different homol-
ogous series of solutes and different stationary phases.

Still concerning ourselves with the 18-ft. column we see that the average value
for the resolution of the homologous series of esters falls continuously as the pro-
gramme rate increases whereas the average value for the alkanes shows the S shape
curve that follows logically from the results in Fig. 6. The heavy line for the 18-ft.
column in Fig. 8§ shows the mean curve obtained by averaging the three individual
curves for each homologous series. As the columns have to cope with a complete
range of solutes over arange of polarities, this mean curve wi'l give the best programme
rate for the 18-ft. column. It can be seen that this must be chosen at 1°/min as this
gives 95% of the maximum resolution obtainable and that a further 5% increase
in resolution can be obtained only at a sacrifice of four times the analysis time.

Considering now the 5-ft. column, the curves for each homologous series on
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each stationary phase were averaged giving the light curves shown in Fig. 8 It is
seen that the shape of these curves for both the polar stationary phase PEG and the
non-polar stationary phase Apiezon L is the same and thus the optimum programme
rate can be deduced from a mean of these two curves (shown as the heavy line for
the 5-ft. column in Fig. 8). Arguing on the basis of the best resolution commensurate
with a reasonable analysis time, it follows that the optimum programme rate will
be 2°/min. Although operating at a programme rate of 1%°/min would increase the
resolution by about 8%, this would result in the analysis time being four times as long.

Finally, considering the s50-ft. column, which to economise on time was only
examined using the methyl esters as solutes, the optimum programme rate is more
of an arbitrary choice. The highest resolution was obtained for a programme rate
of 0.15°/min but this resulted in an analysis time of nearly 26 h. However, to obtain
as high a resolution as possible commensurate with reasonable analysis time a ¥ °/min
programme rate was chosen as the standard.

CONCLUSION

The results indicate that for the analysis of diverse mixtures the standard
columns and operating conditions shown in Table IV should be used. These conditions
have been used with six chromatographs over a period of a year and found to signifi-
cantly reduce the time spent on chromatographic analysis and to provide more reliable

TABLE IV

CHARACTERISTICS OF STANDARD COLUMNS AND OPERATING CONDITIONS

5-ft. column 18-ft. column 50-ft. column
Column diameter (mm) 4 4 4
Support particle size (BS mesh) 100—-120 100-120 8o—100
Stationary phase loading (%) 10 10 10
Minimum packing efficiency (plates/ft.) 600 600 . 600
Gas velocity (cm/sec) 4.5 3.5 3.0
Initial isothermal period (min) IT 39 60
Temperature programme rate (°C/min) 2 X 0.25

results from the point of view of reproducibility. During this period a wide variety
of samples have been analysed and for no sample was it found necessary to deviate
in any way from the standard conditions to obtain satisfactory results. An example
of the results obtained using the standard columns for the separation of a complex
essential oil, inchigrass oil, is shown in Fig. 9a, b and d. One sees the advantage of
increasing lengths from 5 ft. to 18 ft. and then to 50 ft., the analysis time being
I h 30 min, 4 h, and 13 h for each column, respectively. These columns can operate
with loads ranging from 50 ug to 50 mg, maintaining approximately the same resolu-
tion. The reproducibility of a standard column is shown by comparing the chromato-
grams shown in Fig. gb and c. These two chromatograms were obtained from two
different standard 18-ft. columns in two completely different Pye 104 gas chromato-
graphs using the standard operating conditions. The reproducibility can be seen to
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be extremely good. This ease of reproducing identical chromatograms from the same
sample with different instruments has been a great help when subsequent to pre-
liminary analysis, the mass spectra or infrared spectra are required from specific
solute peaks. With the use of standard columns and operating conditions the peaks
of interest can be easily and reliably picked out even though run on another instrument

in another laboratory.
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SUMMARY

The chromatographic properties of polyolefin molding powders have been
determined. Polyethylene molding powders, both high- and low-density, appear to
be useless. Uncoated polypropylene on the other hand appears to separate organic
compounds frorm one another by a gas-liquid partition mechanism. The uncoated
polypropylene columns are very good for trace water analysis in organic compounds.
Coated polypropylene is useful for some separations. Theoretical considerations of
the separations are discussed.

INTRODUCTION

In the past few years there has been a great deal of research on nondiatomite
solid supports for gas chromatography. The reason for this research is the fact that
there has been increasing interest in the analysis of polar compounds as well as
compounds which attack siliceous surfaces. OTTENSTEIN has reviewed much of this
research up to 1965 (ref. 1).

Of the nondiatomite supports, the most widely used have been the fluorine-
containing polymers. These materials have very non-adsorptive surfaces; hence, com-
pounds as polar as water do not interact or tail seriously. These materials do have
their disadvantages however. They are costly, some have very bad handling properties
and some lack efficiency. Considering the disadvantages of the fluorine-containing
supports, the authors became interested in the possible use of the various polyolefin
polymers.

A review of the Gas Chromatography Abstracts yielded only two papers on the
subject. In 1963 BAuM reported the separation of lacquer thinner on columns contain-
ing low-density polyethylene?. The next year LECENER-DECHATEL reported the
separation of perchlorocyclopentane from mixtures of chlorinated cyclopentadiene
on 0.2-0.3 mm (55-75 mesh) polyethylene powder coated with 1 %, Apiezon N3.

In an effort to understand better the mechanism of separation and extend the

* Present address: Department of Chemistry, Wisconsin State University, La Crosse, Wisc.
54601, U.S.A.
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work on polyolefins the authors felt that a critical evaluation of the materials was in

order.
EXPERIMENTAL

The polyolefins used in this study were solicited from the primary manufacturers
of the polymers in the United States. The polymers received were full-range powders
and required screening. The 30-60 mesh cuts were used for the study because most of
the powders had a good percentage of powder in this range. Surface areas were deter-
mined after drying at 60° under reduced pressure (about 20 mm Hg) (see Table I).
The surface areas of the various polymers can be easily explained in terms of their
history of manufacture. Of the many samples of polymer received, three samples of
low-density polyethylene, three samples of high-density polyethylene and two samples
of polypropylene were chosen for chromatographic study.

TABLE I

SAMPLES OF POLYOLEFINS EVALUATED

Manufactuvey Polyolefin Type Surface
area (m*/g)?

Polyethylene
DuPont Alathon 1730 Low-density 0.05
DuPont Alathon 7050 High-density 0.05
U.S.L Microthene 710-20 Low-density 0.03
U.S.IL Microthene 722 Low-density 0.04
Phillips Marlex 525 High-density 0.2
Celanese Fortiflex A6o-500 High-density 0.61
Polypropylene
Phillips PD 500 .
Chevron 9094 F 1.82

a Determined by a variation of the dynamic BET method. The numbers are based on one
BET plot.

The columns evaluated were prepared from the various polymers and stationary
phases and were packed in 6-ft. lengths of 1/4-in. copper tubing. The squalene columns
were prepared from Eastman practical grade squalane and were deposited from hexane.
The Carbowax 600 columns were prepared from Union Carbide Carbowax 600 and
were deposited from acetone. The diglycerol columns were prepared from diglycerol
obtained from the Applied Science Laboratory and were deposited from methanol.
All the coating was done in polypropylene beakers on a steam bath. The polypropylene
beakers are necessary because glass competes for the stationary phase at the expense
of the polymer packing. The columns were packed vertically with mechanical agitation.
The handling properties of the polymers are very good. They are hard particles which
handle much like the common supports. They develop static charge only slightly.

A MicroTek Model 2500R with a Sargent Model SR (1 mV) recorder was used
in the study. Flow rates were measured with 2 soap film flow meter. The instrumental

o

conditions were as follows: injection port temp., 130°; detector block temp., 150°;
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detector current, 400 mA; the column temperature was variable. Dry helium was

used as the carrier gas. Samples were introduced with a 1o ul Hamilton syringe.
Several test mixtures were used in the study. Unless otherwise stated, 1-ul

samples of the test mixtures were used. The test mixtures are listed in Table II.

TABLE 11
COMPOSITION OF TEST MIXTURES

No. Component Amount (g)
I n-Butanol 16.9
Water 12.0
Acetone 6.6
Ethyl acetate 15.4
2 Ethanol 12.7
Methanol I1.2
#n-Propanol 12.7
3 Water 5.4
Acetone 13.4
n-Propanol 15.2
Ethyl acetate 19.6
4 Water 5.9
Acetone 17.5
Ethyl acetate 19.9
5 Water 20.2
Methanol 23.8

RESULTS AND DISCUSSION

In this paper, the authors will use three common approaches to the systematic
description of a gas chromatographic support. The first approach used will be a
description of what the columns will separate. While this approach is probably of the
most utility to the practical gas chromatographer, there are also two other quite
useful theoretical approaches. The first theoretical approach used will be a study of
the variation in efficiency with the variation in other experimental parameters. The
second theoretical approach used will be a study of the variation of specific retention
volume with increasing loading. _

Before a discussion of specific data is presented it should be pointed out that a
support to be used in classic gas-liquid chromatography must be very inert with
respect to the sample. It is in this respect that the diatomaceous earth support fall
short in the analysis of polar compounds. Unfortunately the authors have found that
the polyolefins also suffer to varying degrees from a lack of inertness. In direct
contrast to BauM’s work, we have found that low-density polyethylene (Mn 710-20,
Mn 722 and 1730) is useless as a support. Of the compounds in the test mixtures only
water is rapidly eluted, with alcohols eluted as broad bands. Hydrocarbons are not
eluted at all or are eluted at concentrations below the limits of detections. The
differences between our work and Baum’s may be due to the differences in polymers
or additives in his polymer. His polymer was Mipor No. 14PN-G (ESB-Reeves
Corporation, Glenside, Pa., U.S.A.) and is said to have a pore size of approximately
10 w, while our polymers are of very low surface area.

High-density polyethylene (Ms525, A6o-500 and 7050), while more inert than
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low-density polyethylene, is still useless as a support. This is surprising in view of
higher surface areas of the two samples. This also makes the significances of the surface
area explanation in the preceding paragraph questionable.

On the other hand, the lack of inertness has not been as serious for polypropylene.
While few compounds are not retained, those which are retained give good peaks
with respect to tailing. Since some important separations can be made on the coated
as well as the uncoated polymer, studies on both have been carried out.

Uncoated polypropvlene

While it was found that uncoated polypropylene was not very inert toward
most organic compounds, it was found that it does have the ability to separate many
compounds. Consider the typical chromatograms in Figs. 1-3.

In an effort to understand better the separations taking place, efficiency studies
were carried out. The variations in efficiency with temperature, flow rate, sample

n -Propanol Ethyl
Acetate

1 i1 L ] i 1 1
25 35 45 55 65 75 8.5
Time (minutes)

Fig. 1. Separation of Text Mixture 3 on 30-60 mesh Polypropylene PD 300. Column temp., 130°;

flow rate, 10 ml/min; sample size, 1 ul.

Hydrazine

Water

] 1 ] L L L 1
| 2 3 4 5 6 7
Time (minutes)

Fig. 2. Separation of water from hydrazine on 60~80 mesh Polypropylene PD 300. Column temp.,

105°; flow rate, 25 ml/min; sample size, 1 ul.
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size and mesh size of the support have all been determined. It must be pointed out,
however, that the interpretation of the data may be somewhat artificial. The theory
of gas-liquid chromatography is based on columns containing a stationary phase;
we speak of diffusion in the liquid phase and liquid film thickness in these theories—
hence the discussion of data on polypropylene columns is not realistic in the classical
sense.

n-Pentane

—Hexane n-Heptane

1 1 L A I 1 1
| 2 3 4 5 6 7
Time (minutes)

Fig. 3. Separation of n-pentane, n-hexane and #-heptane on 30-60 mesh Polypropylene PD 500.
Column temp., 100°; flow rate, 50 ml/min; sample size, 1 ul.
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Fig. 4. Van Deemter plot showing the variation of efficiency (HETP) with changes in column flow
rate (ml/min) at five temperatures. Column: 30-60 mesh Polypropylene PD 500; sample: water
from 1 yl of Test Mixture 3.

Fig. 5. Van Deemter plot showing the variation of efficiency (HETP) with changes in column fiow
rate at five temperatures. Column: 30-60 mesh Polypropylene PD 500; sample: ethyl acetate
from 1 yl of Test Mixture 3.
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On the other hand, the column appears to be separating the organic compounds
on the basis of a gas-liquid partition mechanism rather than adsorption. The peaks
are very symmetrical and in addition many of the trends found in gas-liquid chro-
matography data also appear in this evaluation. Hence, it appears reasonable to view
the separations as gas-liquid in nature.

In the study of the polypropylene columns, Test Mixture 3 containing water,
acetone, n-propanol and ethyl acetate was injected and the efficiency was calculated
from the chromatograms. All of the organic compounds gave much the same shaped
curves; hence only one plot for organic compounds is shown. In Figs. 4 and 5 Van
Deemter plots for water and ethyl acetate of Test Mixture 3 are shown at five different
temperatures. The plots for the organic compounds deviate from the hyperbolic shape
predicted by theory. The fact that the polypropylene column is limited as to transfer
probably accounts for the atypical shape.

The improvement of efficiency with increasing column temperature is often
found for gas-liquid columns and is explained by the decrease in the ratio of 4,2/D,,
where d, is the liquid film thickness and D, is the solute diffusivity in the liquid phase.
This same explanation is not too unrealistic for plastic materials if the gas-liquid
mode of separation is allowed for such a column.

With respect to the Van Deemter plots for water, the data are much the same
as the data found on all columns for a nonpartitioned material. The anomalous
curve at 130° can only be explained by increased interaction of water vapor with the
polymer at higher temperatures where the polymer is softer.
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Fig. 6. Van Deemter plot showing the variation of efficiency (HETP) with changes in column flow
rate (ml/min) at two temperatures. Column: 30—60 mesh Polypropylene PD 500; sample: 1 ul
hexane.

Fig. 7. The variation of efficiency with increasing sample size. Column, 30-60 mesh Polypropylene
PD 500; column temp., 100°; column flow rate, 13 ml/min; sample, (A) water from Test Mixture 3;
(B) n-propanol from Test Mixture 3.
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To confirm these findings, the author studied the variation in efficiency for a
normal hydrocarbon. The data are shown in Fig. 6; they are in complete agreement
with the previous data.

In Fig. 7 the variations of efficiency with sample size are reported for water
and #n-propanol of Test Mixture 3. The organic compounds all show much the same
dependence. This finding agrees with the gas-liquid partition mechanism proposed.
On the other hand, the effect of the sample size on the shape of the water peak is
quite different. The shape of the curve could be explained by the limited solubility
of water in the polymer or by a nonlinear partition isotherm. Peak shape variations
of the type found are often found in gas—solid chromatography.

To prove that the separations were being caused by polypropylene and not by
some unknown phenomenon, a second sample of different manufacture was considered.
The material was Chevron Polypropylene gog4F with a surface area of 1.8 m?/g.
(The previous work was on Phillips Polypropylene PD 500 with a surface area of
0.33 m?/g.) The results were similar to those found on PD 500. The peaks from organic
compounds were still very symmetrical, and the water peak was still a little tailed.

In Fig. 8 the efficiency for 60-80 mesh PD 500 ws. flow rate is shown. This is
atypical with respect to common coated columns because the efficiency for 60-80 mesh
material is no better than for-30-60 mesh material. This indicates that the small
particles that make up the larger particles are limiting the efficiency.

Summarizing the data, it has been found that polypropylene can separate
mixtures of various compounds. Water for all practical purposes is not retained by
the columns but does tail slightly. The origin of the tailing is thought to be either
adsorption, or the limited solubility of water in the polymer.

On the other hand, the separation of organic compounds appears to be caused

20

HETP in mm
T

0O 10 20 30 40 50 60 70
Column Fiow Rate mi/ min

Fig. 8. Van Deemter plot showing the variation of efficiency (HETP) with column flow rate
(ml/min). Column, 60-80 mesh Polypropylene PD 500; column temp., 100°; sample, acetone and
water from 1 ul of Test Mixture 3. A=acetone; B=water.
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by a gas-liquid partition mechanism. Their behavior can be successfully explained
on the basis of gas-liquid chromatography theory.

While the partition of a gas on a plastic seems a little strange, it has been report-
ed earlier. Lysy] AND NEwWTON* prepared a column packing from 50 % Kel-F 300 solid
support and 50 % halocarbon oil. The packing was plasticized by refluxing with tri-
chloroethylene. The finished packing was a 50:50 mixture and was a free flowing
powder. This monophase gel, as they called it, had good separating ability for halo-
genated samples. The author believes that separations on polypropylene are similar
in nature to those described by Lysy] aND NEWTON.

Efficient separations are favored by high column temperature and slow flow
rates. The practical temperature limit is above 130°. The softening point of poly-
propylene is 150°. Although the author never worked above 130° operation up to
150° appears practical. This might improve efficiency even more if the general trend
holds up to 150°.

From the practical point of view, the most significant finding of this study is
that polypropylene, in the dry state, can separate most organic compounds from
water. Hence, these columns are quite useful for water analysis. Using the 60-80 mesh
PD 500 polymer, the author set up a standard curve for water in absolute ethanol.

From the theoretic point of view, the most significant finding of this study is
that polypropylene is behaving much like other polymer supports. This means that
polypropylene that has been specially prepared for chromatography could be very
useful.

Coated polypropylene

While the use of polypropylene as a generally useful support has been precluded
by its lack of inertness, the material is useful as a coated support in several specific
cases. As was stated earlier, water and most one-carbon organic compounds are not
retained significantly by the polymer. In addition, some inorganics are not retained.
A good example of a difficult separation which is possible on a Carbowax polypropylene

Water

Ammonia

1 L L 1 -
| 2 3 4 5

6
Time (minutes)

Fig. 9. Representative chromatogram showing the separation of ammonia from dilute ammonium
hydroxide. Column, 2.5%, Carbowax 600 on 30-60 mesh Polypropylene PD 500; column tempera-
ture, 85°; flow rate, 30 ml/min; sample, 1 uxl dilute ammonium hydroxide.
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column is the separation of ammonia from dilute ammonium hydroxide solution,
shown in Fig. g.

The feasibility of useful separations on coated polypropylene columns warranted
a study of the columns. The author wished to determine the optimum operating
conditions and the effect of the stationary phase surface energy.

In order to determine the optimum flow rate for columns prepared from poly-
propylene, three columns were prepared which contained 59, loading of squalene,
Carbowazx, and diglycerol, respectively. The variation in efficiency with changing flow
rate was determined using one-microliter samples of Test Mixture 5. The chromato-
grams and Van Deemter plots show that the columns are all badly limited by mass
transfer. Only the plot for the squalene column shows any indication of passing
through a minimum. Although an absolute comparison of the HETP data for the
three columns is not possible owing to differences in stationary phase viscosity and
column temperature, the general trends can be explained in terms of the wetting
ability of the stationary phase on the low surface energy support. Diglycerol with its
very high surface energy probably cannot wet the polypropylene surface. The fact
that the surface is not wetted means that the “film” thickness will be very large, hence
the column is badly mass transfer limited. Carbowax and squalene appear to wet the
polypropylene surface somewhat better. The Van- Deemter plot for the squalene
column is typical. Squalane probably wets the support much better than Carbowax.

A second series of polypropylene columns was prepared from squalane and
Carbowax 600. Columns containing 2.5 %, 5 %, 10 %, I5% and 20 % loadings of the
stationary phases were studied to determine the variation of efficiency with loading.
Performance of columns with more than 59% diglycerol was too poor to warrant
further study. The data indicate that the efficiency decreases with increasing loadings.
This fact can be accounted for by the increase of the film thickness of the stationary
phase. ‘

To clarify further the behavior of coated polypropylene columns, specific
retention volumes for columns of varying loading were obtained. The data indicate
that the sample is being adsorbed on or dissolved in the polymer when the columns
are lightly loaded.

The work on coated polypropylene columns has shown that polypropylene is
useful as a gas chromatography support in some applications. The low surface energy
of the polymer causes nonlinear relationships between loading and specific retention
volumes. In addition, the resistance to mass transfer severely limits the efficiency.
The high mass transfer resistance is ascribed to the low surface area and low surface
energy of the polymer. Optimum conditions for separations are generally favored by
low flow rates, low loading, and the use of a stationary phase with a low surface
energy.

GENERAL CONCLUSIONS

In view of the extensive research that has been done on polyolefins, some in-
teresting conclusions can be made. It appears that polyolefins are separating com-
pounds in much the same way as the porous polymer bead supports. The very polar
compounds are eluted first with some evidence of adsorption while organic compounds
are partitioned by solution in the polymer. This is borne out by the monophase gel
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column of Lysyj aAND NEWTON, the work on various divinylbenzenestyrene polymer
beads, our research and the work of BaAuM. Judging from Baux’s typical chromato-
grams the HETP values for his separations are in the same order of magnitude as in
our polypropylene work. Irom the practical standpoint, this makes polypropylene
the polyolefin of choice because of its greater temperature limit.

DEFINITION OF TERMS

Column flow rate. The volume flow rate that has been corrected to the tempera-
ture in the column.

Flow rate. The volume flow rate measured by a soap bubble flow rate meter at
the column exit.

Efficiency (HETP). The HETP used in this paper is the normal HETP as
opposed to the relative HETP which is measured from the air peak.

Specific rvetention volume. The volume of gas at 0° required to elute one-half of
a solute from a column which contains 1 g of liquid phase and has no pressure drop
or free gas space.

Conversion from column flow rate to linear flow rate for 30-60 mesh PD 500
colummns. I cifsec = 7.5 ml/min.
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SUMMARY

The preparation of trimethylsilyl derivatives from aromatic acids and a few
related lactones was examined under various conditions. Indoles and amides frequent-
ly gave more than one derivative, particularly with bis-(trimethylsilyl)-acetamide; the
formation and stability of derivatives were also influenced by time, solvent and the
presence of water or of substances possessing catalytic activity. The most suitable
silylating reagent examined appeared to be hexamethyldisilazane in the presence of
trifluoroacetate.

Methylene unit values on OV-17 and OV-1 were recorded for derivatives of 79
compounds, mostly acidic, containing a phenyl or indolyl nucleus together with
various combinations of unsaturated, amide, methoxyl and phenolic, alcoholic or
enolic hydroxyl groups. Values were higher on OV-17 to an extent determined by the
number of hydroxyl, methoxyl and especially NH groups in a molecule. Small varia-
tions on a given liquid phase with experimental conditions appeared to be related
largely to the number of hydroxyl groups in a molecule.

With urine extracts, quantitative results satisfactory for many purposes were
obtained for 4-hydroxy-3-methoxymandelic acid on OV-17 and for p-hydroxyphenyl-
lactic acid on OV-1 or, less satisfactorily, OV-17.

INTRODUCTION

Since chromatographic techniques first began to be applied to urine analysis no
group of urinary constituents has attracted more interest than the aromatic acids.
Phenols and indoles, both easily detected by paper chromatography, have received
most attention but gas chromatographic methods are now beginning to facilitate stud-
ies in a wider field.

The extraction of aromatic acids from urine and their gas chromatography as
trimethylsilyl derivatives have been the partial subjects of previous publications!—4,
However the chromatographic behaviour of only a limited number of authentic sub-
stances has been recorded as yet. Moreover, although the simpler compounds appear
to undergo trimethylsilylation at carboxyl and hydroxyl groups with reagents such
as bis-(trimethylsilyl)—acetamide or hexamethyl-disilazane, discrepancies in the re-
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corded? 3 behaviour of compounds containing the NH group appear most readily to
be explained in terms of the silylation process.

More detailed investigations into the behaviour of aromatic acids form the sub-
ject of this paper.

EXPERIMENTAL

Definitions and abbreviations

The term silylation is used rather than the more accurate trimethylsilylation;
derivatives are referred to as TMS derivatives. The following abbreviations are also
used: BSA, bis-(trimethylsilyl)-acetamide; HMDS, hexamethyldisilazane; TMCS,
trimethylchlorosilane ; TFA, trifluoroacetic acid; pyr, pyridine. Benzoylglycine and
its derivatives are referred to as hippuric acids and phenylacetylglycine and its
derivatives as phenaceturic acids. Two physiologically important phenolic acids,
4-hydroxy-3-methoxymandelic acid and p-hydroxyphenyllactic acid, are referred to
as VMA and PHPL respectively.

The chromatographic properties of each substance, described in terms of
methylene unit (MU) values, was determined by the procedure of DALGLIESH et al.?
using as standards even-numbered straight-chain hydrocarbons from C,, to Cug.
4 MU (OV-17 — OV-1) values were obtained by subtracting values found using long
OV-1 columns from those using long OV-17 columns and dMU (OV-17 or OV-1) values
by subtracting values obtained using the short from those using the long columns.

The chromatographic behaviour of some amides and indoles was complicated by
their tendency to form two or more peaks. In practice the peak (or major peak) formed
using HMDS (Table II) was considered to be normal and additional peaks, all ob-
viously formed more readily with BSA (Tables I and II) were considered to be ‘‘dif-
ficult”.

M aterrals

All reagents were of the best available quality. Pyridine was stored over solid
KOH. BSA and reagents derived from it were prepared from freshly opened 1 ml
ampoules (Sigma London Ltd.) and used immediately. The following silylating re-
agents were employed: BSA; BSA—pyr (1:1); BSA-TMCS (4:1); HMDS-pyr (no fixed
composition; sometimes TMCS was added as catalyst); HMDS-TFA prepared by add-
ing TFA (0.5 ml) and HMDS (4.5 ml} to pyridine (5 ml); the mixture was allowed to
stand overnight and appeared to be stable indefinitely if protected from moisture.

Most aromatic acids were obtained commercially but many were synthesised or
received as gifts for which we are particularly indebted to Dr. J. W. T. SEakins. Most
substances appeared to be chromatographically pure although small secondary peaks
were occasionally observed. A few of the cheaper commercial products such as hip-
puric, cinnamic and 2,6-dihydroxybenzoic acids gave appreciable secondary peaks.
Several aroylamides gave peaks identified as the parent aromatic acids, of whose pos-
sible presence we were warned. Minor peaks from ketoacids were probably decompo-
sition products of these unstable compounds. A sample of m-hydroxyhippuric acid
isolated from the urine of a subject fed m-hydroxybenzoic acid contained hippuric acid
as impurity. Since no authentic sample was available, m-hydroxyphenylhydracrylic
acid, a major constituent, was isolated from human urine by paper chromatography.
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TABLE 1

METHYLENE UNIT VALUES OF AROMATIC ACIDS SILYLATED WITH BSA
Correlations of peaks on OV-1 with those on OV-17 were not attempted where ambiguity was evi-

R. F. COWARD, P. SMITH

dent.
Acid Column
OV-ry OV-r OV-ry OV-r A MU
(z.5m) (z.5m) (OV-17-
OV-I)
Benzoic 13.65 12.26 13.96 12.31 1.65
Hippurica 21.05 18.02 21.13 18.04 3.09
Phenylacetic 14.40 12.64 14.40 12.72 1.68
Phenaceturic 21.67 18.47 21.77 18.43
18.62 18.57
Phenylacetylglutamic 24.68 20.67 24.91 20.68
26.06 22.39 26.00 22.35
22.96 22.95
Phenylacetylglutamine? 24.67 20.68 24.93 20.68
24.97 20.80 25.21 20.82
27.96 21.95 ca. 28.4 22.00
ca. 28.5
B-Phenylpropionic 15.52 I4.05 15.65 14.06 1.59
Cinnamic 17.04 14.97 17.17 15.21 1.96
Mandelic I15.9I 14.69 15.90 14.57 .33
pB-Phenyllactica 16.88 15.87 16.83 15.82 I.01
Phenylpyruvic? 18.28 17.02 18.32 16.99 I1.33
N-Acetylphenylalanine2 19.39 17.88 19.3I 17.90
20.54 20.65
o-Hydroxybenzoica 16.26 15.01 16.30 15.00 1.30
o-Hydroxyhippuric? 22.92 20.41 23.02 20.5I  2.5I
o-Hydroxyphenylacetica 16.92 15.56 16.85 15.53 I.32
o-Hydroxyphenylpyruvic, lactone 18.95 16.50 19.32 16.74 2.58
o-Hydroxycinnamic 19.57 18.00 19.62 18.03 1.59
m-Hydroxybenzoica 16.66 15.57 16.76 15.51  1.25
m-Hydroxyhippuric? 23.80 21.20 23.78 21.20 2.58
m-Hydroxyphenylacetic® 17.36 15.97 17.25 15.97 I1.28
B-(m-Hydroxyphenyl)propionic* 18.52 17.17 18.48 17.13 1.35
m-Hydroxycinnamic 20.05 18.63 20.00 18.57 1.43
B-(m-Hydroxyphenyl)hydracrylic# 19.4I 18.63 19.22 18.50 0.72
p-Hydroxybenzoica 17.32 16.20 17.25 16.20 I1.05
p-Hydroxyphenylacetica 17.65 16.29 17.59 16.25 1.34
B-(p-Hydroxyphenyl)propionica 18.88 17.53 18.83 17.48 1.35
p-Hydroxycinnamic® 20.84 19.28 20.84 19.30 I.54
p-Hydroxymandelic2 18.88 17.04 18.65 17.74 0.91
f-(p-Hydroxyphenyljlactica 20.00 I9.I3 19.86 19.05 0.81
p-Hydroxyphenylpyruvic# 21.59 20.61 21.49 20.54 0.95
N-Acetyltyrosine2 24.86 21.29 24.90 21.24 3.66
p-Methoxybenzoic 16.96 14.95 17.01 15.04 1I1.97
p-Methoxyhippuric 24.47 20.79 24.58 20.83 3.75
p-Methoxyphenylacetic 17.28 15.13 17.33 I5.10 2.23
p-Methoxyphenaceturic 24.75 20.82 24.82 20.85 3.97
p-Methoxyphenylacetylglutamic 27.80 23.19 ca. 28.1 23.16
. ca. 28.8 24.44 ca. 28.8 24.42
B-(p-Methoxyphenyljpropionic 18.46 16.30 18.54 16.36 2.18
p-Methoxycinnamic 20.58 17.96 20.69 18.08 2.61
p-Methoxymandelic 18.75 16.91 18.64 16.81 1.83
B-(p-Methoxyphenyl}lactic 19.62 17.95 19.60 18.01 I1.59
p-Methoxyphenylpyruvic 21.42 19.54 21.46 19.54 1.92
N-Acetyl-p-Methoxyphenylalanine 23.51 20.09 23.56 20.13  3.43
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TABLE 1 (continued)

233

Acid Column
OV-ry OV-r OV-r; OV-r 4 MU-
(r.5m) (1.5m) (OV-17—
OV-1)

2,3-Dihydroxybenzoic 18.48 17.49 18.45 17.51  0.94
2,4-Dihydroxybenzoic 19.20 18.23 19.07 18.18 0.89
2,5-Dihydroxybenzoic2 18.78 17.85 18.60 17.74 0.86
2,5-Dihydroxyphenylacetic® 19.40 18.45 19.27 18.32 ©0.95
2,5-Dihydroxyphenylacetic, lactone® 18.70 17.30 18.71 17.30  I.4I
2,5-Dihydroxyphenylpyruvic, lactone® 22.03 20.21 22.27 20.35 1.92
2,6-Dihydroxybenzoic 18.86 17.68 18.81 17.64 1.17
3,4-Dihydroxybenzoic? 19.17 18.25 19.05 18.21 0.84
3,4-Dihydroxyphenylacetic® 19.39 18.35 19.31 18.30 I1.0I
3,4-Dihydroxyphenylcinnamic® 22.48 21.49 22.43 21.40 1.03
3,4-Dihydroxymandelic® 20.19 19.48 20.02 19.33 0.69
3,5-Dihydroxybenzoic? 19.28 18.28 18.99 18.11  0.88
3-Hydroxy-4-methoxybenzoic® 19.33 17.60 19.23 17.52 1.71
3-Hydroxy-4-methoxyhippuric? 26.34 23.26 26.31 23.18  3.13
3-Hydroxy-4-methoxyphenylacetic 19.39 17.58 19.30 17.48 1.82
B-(3-Hydroxy-4-methoxyphenyl) propionic* 20.45 18.71 20.42 18.68 1.74
3-Hydroxy-4-methoxycinnamic? 22.57 20.54 22.55 20.59 1.96
B-(3-Hydroxy-4-methoxyphenyl) hydracrylic® 21.18 20.04 21.06 19.88 1.18
4-Hydroxy-3-methoxybenzoic# 19.11 17.53 19.05 17.49 I1.56
4-Hydroxy-3-methoxyhippuric? 24.88 23.27 24.71 23.32
4-Hydroxy-3-methoxyphenylacetic® 19.38 17.61 19.33 17.54 1.70
B-(4-Hydroxy-3-methoxyphenyl) propionic? 20.53 138.84 20.57 18.83  1.74
4-Hydroxy-3-methoxycinnamic?® 22.76 20.78 22.75 20.78  1.97
4-Hydroxy-3-methoxymandelic® 20.20 18.92 20.06 18.74 1.32
B-(4-Hydroxy-3-methoxyphenyl)lactic? 21.45 20.27 21.36 20.23 (.13
4-Hydroxy-3-methoxyphenylpyruvics 23.34 21.67 23.29 21.76  1.53
4-Hydroxy-3-ethoxybenzoica 19.55 18.04 19.46 18.02  T.44
3,4-Dimethoxybenzoic 19.47 16.84 19.44 16.76  2.68
3,4-Dimethoxyphenylacetic? 19.61 16.87 19.56 16.78 2.78
4-Hydroxy-3,5-dimethoxybenzoic* 20.90 18.89 20.83 18.80 2.03
3-Indolylcarboxylic2 22.60 19.95 22.78 20.01  2.77
3-Indolylacetic? (i) 21.82 18.65 22.44 18.74  3.70

(ii) 21.71 1Q.34 22.00 19.41  2.59
B-(3-Indolyl)propionic® (i) 23.15 19.71 23.55 19.86  3.69

(i1) 22.76 20.53 23.07 20.81  2.26
B-(3-Indolyl)lactic® (i) 23.92 21.07 24.17 21.IS  2.99

(i) 23.34 21.68 23.55 21.79 1.76
3-Indolylpyruvic 26.33 24.30 26.41 24.34 2.07
N-Acetyltryptophan? 25.65 24.00 25.82 24.11

27.60 27.62

3-(5-Hydroxyindolyl)acetic® 24.31 22.06 24.29 22.03 2.26

aThe presence, or reported presence, of this compound in human urine is known to the au-

thors. Other compounds such as phenylacetic, phenylacetylglutamic and m-hydroxycinnamic

acids may be present in urine after hydrolysis.

Chromatographic conditions

Chromatograms were run on two Pye 104 series, Model 64 machines with flame-
jonisation detectors maintained at 370° and a hydrogen flow rate of 50 ml/min. Argon
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TABLE II

METHYLENE UNIT VALUES OF AMIDES AND INDOLES SILYLATED wiTH HMDS-TFA

Acid Column
ovV-ry OV-r AMU
(OV-17—
OV-r)
Hippuric 21.20 18.08 3.12
o-Hydroxyhippuric 23.I1  20.52 2.50
m-Hydroxyhippuric 23.82 2I.22 2.60
p-Methoxyhippuric 24.67 20.85 3.82
3-Hydroxy-4-methoxyhippuric 26.33  23.17 3.16
4-Hydroxy-3-methoxyhippuric 26.39  23.29 3.10
Phenaceturic 21.84 1845 3.39
p-Methoxyphenaceturic 24.88 20.85 4.03
Phenylacetylglutamine ca. 28.5 21.86 c¢a. 6.6
Phenylacetylglutamic 26.11  23.04 3.07
p-Methoxyphenylacetylglutamic ca. 28.8 25.23 ca. 3.6
N-Acetylphenylalanine 20.72  17.84 2.88
N-Acetyltyrosine 24.97  21.24 3.73
N-Acetyl-p-methoxyphenylalanine 23.56 20.13 3.43
N-Acetyltryptophan ca. 29.0 23.76  ca. 5.8
27.682

3-Indolylcarboxylic i) 23.63  19.44 4.19

(i1) 22.768  20.05% 2.71
3-Indolylacetic 22.51 18.68 3.83
B-(3-Indolyl)propionic 23.64 19.83 3.81
f-(3-Indolyl)lactic 24.20  21.I2 3.08
3-Indolylpyruvic (i) 27.01  23.42 3.59

(ii) 26.42% 24.30% 2.12
3-(3-Hydroxyindolyl)acetic 25.21  21.70 3.51

2 This ‘‘difficult”” peak was formed only in small amount.

at 50 ml/min was used as carrier gas. Injection heaters were used to give an initial
temperature at the point of injection about 80° above that at which programming
started. The nominal rates of temperature programming on the two machines differed
by about 10 %. i

Coiled columns of 4 mm I.D. were packed with Diatoport S (80-100 mesh) sup-
porting 10% liquid phase. The four variations of liquid phase, column length, tem-
perature of commencement and rate of programming employed were as follows:
OV-17, 5.5 m, 180°, 1°/min; OV-17, 1.5 m, 100°, 2°/min; OV-1, 4 m, 170°, 1°/min;
OV-1, 1.5 m, 100°, 2°/min.

The simple terms OV-17 and OV-1 employed throughout the text refer only to
the longer columns. References to the shorter columns are always qualified since they
were used only for subsidiary experiments of a comparative nature.

Silylations with BSA

In preliminary experiments employing pure BSA silylation appeared sometimes
to be very complex. Thus although o-hydroxyhippuric acid dissolved readily in the
reagent no peak was observed when the mixture was chromatographed immediately
on OV-17. In the course of time, however, no fewer than three peaks made their ap-
pearance, in two cases only temporarily. Such complications were largely eliminated
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when silylation was carried out in BSA-pyr and this reagent was used for most sub-
sequent experiments.

Compounds (usually 1-4 mg, the larger quantities being used when MUs were
high) together with 0.5 mg of each hydrocarbon standard were dissolved in 0.5 ml
BSA-pyr and the mixture allowed to stand at least overnight before chromatography.
It was frequently possible to silylate and chromatograph several compounds simul-
taneously without ambiguity. Results are recorded in Table 1.

Most members of two groups of compounds, indoles and amides, usually gave
multiple peaks although secondary peaks were in many cases neither sufficiently large
nor sufficiently consistent in formation to merit inclusion in Table I, particularly in the
amide series. Thus, owing to limited supplies of material, an investigation into the
unexpectedly large difference in MU values (OV-17) between the isomeric hydroxy-
methoxy hippuric acids (Table I) necessitated several repeated chromatograms of the
original extracts, with and without addition of extra BSA. It was noticed that in some
experiments each isomer gave a small secondary peak of similar MU value to that of
the major peak from the other isomer. Similarly several examples were noted where

.amides and indoles present in mixtures gave results differing from those recorded in
Table I. For example in various experiments 5-hydroxyindolylacetic acid gave rise
to two peaks, N-acetyltryptophan to only one peak, and a third peak MU value 21.12
on OV-17 was observed from N-acetylphenylalanine.

Further observations indicated additional discrepancies between the behaviour
of some amides and indoles when alone and when added to urine extracts. Thus whilst
5-hydroxyindolylacetic acid seemed reliably to form only one peak in urine, indolyl-
acetic acid gave sometimes two peaks and at other times only the peak of MU value
19.41 (OV-1) or 22.00 (OV-17). Hippuric acid, invariably present in urine extracts, gave
in addition to the normal peak MU 21.13 (OV-17) variable amounts of a “difficult”
peak MU 19.88 (17.91 on OV-1) not observed with the pure compound.

This latter peak appeared to be formed more easily if extracts were dried with
particular care before silylation. In one such extract the proportion of this peak was in-
creased by the addition of extra BSA, and still further increased when TMCS was then
added. When similar extracts were silylated using BSA alone or BSA-TMCS formation
of the “difficult” peak appeared to be complete, or nearly so, since only a small peak
(which may have been due to some other compound) remained at MU 21.13 (OV-17).

The effect of moisture was investigated in an extract silylated with BSA-pyr
which showed a particularly high proportion of the “difficult” peak from hippuric acid
and both peaks from added indolylacetic acid. After the initial chromatogram on
OV-17 water was gradually added to the extract by breathing gently into the container
which was then shaken and allowed to stand 5 min before re-chromatography. Repe-
tition of this process caused the gradual diminution of the “difficult” peak from hip-
puric acid and its eventual complete replacement by the normal peak. By contrast, the
procedure resulted initially in a large increase of the peak MU 22.00 from indolylacetic
acid at the expense of the peak MU 22.44, but little further change occurred sub-
sequently. Since that of lower MU must be considered the ““difficult’”” peak in the case
of indolylacetic acid, water may well have a catalytic effect on its formation (e.g. ref. 5).

Stlylations with HM DS
Silylation of simpler aromatic acids may be effectively achieved with HMDS-
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pyr. The reaction is slow but may be speeded up by addition of TMCS (e.g. ref. 2).
Neither variation proved satisfactory when applied to indoles and amides, whether
pure or added to urine extracts. Results obtained appeared to be a function of time. In-
doles gave double peaks, the relative proportions of which varied with time. Peaks
were formed slowly from amides, sometimes obviously in very poor yield. Products
were unstable in the presence of TMCS (stability was not tested with the uncatalysed
reaction). Experiments with the above reagents were abandoned mainly because the
insolubility of many substances, and of urine extracts in HMDS and/or pyridine made
it impossible to devise any sort of consistent technique when dealing with them. The
formation of a precipitate of ammonium chloride when TMCS was used also proved
inconvenient. '

It seemed possible that a catalyst alternative to TMCS could be found which
would be free from the latter objection and would promote the rapid formation of
homogeneous solutions. In point of fact the first, and only, two substances tried proved
highly efficacious: addition of trifluoro- or trichloroacetic acid to suspensions of even
highly insoluble substances such as acetyltryptophan in HMDS-pyr (1:1) resulted in
rapid solution within a few minutes. When MUs of indoles and amides were redeter-
mined (Table II) after silylation with HMDS-TFA solution of all substances, with one
exception, occurred almost instantaneously and samples were injected after 15 min
reaction time. The exception was phenylacetylglutamine which dissolved slowly, prob-
ably because the sample assumed the consistency of a gum whern in contact with the
reagent: reaction was allowed to continue overnight and the mixture was centri-
fuged to remove undissolved material which was probably inorganic in nature (per-
sonal communication from Dr. J. W.T. SEAKINS).

Under the above conditions substances gave single peaks with the exception of
three indoles (Table II) which yielded apprecia bleamounts of secondary ““difficult”™
peaks. However slow formation of ‘difficult’ peaks occurred with other indoles when
the[solutions were allowed to stand.

Further experiments on silylation

When indolyllactic, indolylacetic or 5-hydroxyindolylacetic acids were silylated
(HMDS-TFA; 15 min) in the presence of indolylcarboxylic acid the latter two com-
pounds gave traces of “‘difficult” peaks after 15 min, presumably as the result of a cata-
lytic reaction involving the “‘difficult” peak formed relatively easily from indolyl-
carboxylic acid. Ether extracts were prepared in duplicate from 5 ml samples of six
normal urines. To one of each pair of extracts was added indolylacetic and 5-hydroxy-
indolylacetic acids (x mg each). After silylation (HMDS-TFA; 15 min) chromato-
graphy (OV-17) demonstrated the formation of “‘difficult” peaks from both indoles but
in no case was the area estimated to be more than about 2 9% of that of the corres-
ponding normal peak. Areas of “difficult” peaks were approximately doubled when
repeat chromatograms were carried out after 2.5 h reaction time.

A synthetic mixture containing hydrocarbon standards together with p-hydroxy-
phenyl-acetic and -lactic acids, indolylacetic and 5-hydroxyindolylacetic acids,
N-acetylphenylalanine and o-hydroxy-, m-hydroxy- and p-methoxyhippuric acids was
silylated under various conditions and chromatographed on OV-17 after suitable
periods of time. One aliquot was treated with HMDS-TFA for comparison with results
obtained when a second sample was silylated with BSA-pyr (24 h). Another aliquot
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was also treated with HMDS-TFA but after a portion had been withdrawn for chroma-
tography (15 min) an equal volume of BSA was immediately added. Other aliquots
were silylated with pure BSA and BSA-TMCS. Results are recorded in Table I11T; asan
indication of quantitative relationships the ratios of peak heights to those of the te-
tracosane standard were employed.

This experiment demonstrated the satisfactory formation and stability under all
conditions of the peaks from the two simple phenolic acids. Indoles formed “‘difficult”
peaks slowly when silylated with HMDS-TFA or pure BSA ; their formation with the
latter reagent was promoted by the presence of pyridine but not by that of TMCS. The
formation of the “‘difficult” peak (and of a third peak) from N-acetylphenylalanine
occurred with BSA but not in a mixture previously silylated with HMDS-TFA al-
though this procedure secured the exclusive formation of ““difficult”” peaks from indoles.
Peaks from the remaining amides tended to be smaller and less stable in the presence
of BSA than those formed in the presence of HMDS alone.

It should not be assumed that the various types of behaviour described above
necessarily apply to urine extracts. Ior instance the high degree of stability of all
derivatives formed by HMDS-TFA was not confirmed in the case of that from p-me-
thoxyhippuric acid which, when formed in a urine extract, disappeared slowly over the
course of a few days.

Applications to urine extracts

Acidified urines were extracted with ether as described previously?. Normally

that volume of urine containing 10 mg creatinine was taken and the dried evaporated
extract treated with HMDS-TFA (0.5 ml). When aliquots (10 ul) were chromato-
graphed on OV-1 or OV-17 as described above the ionisation amplifier was set at
2 X 103 .
For quantitative purposes internal standards were employed. Because of over-
lapping due to peaks naturally present, the choice of standard may vary from urine to
urine but docosane appeared to be generally suitable for OV-17 though rather less
suitable for OV-I in some cases.

Using docosane (200 ug added to each extract) as standard the excretions of
VMA (OV-17) and PHPL (OV-1 and OV-17) were determined in a series of urines col-
lected at noon from ro normal subjects. Quantities of each substance were determined
from standard graphs relating quantity to the ratio of the peak heights of the substan-
ce to that of docosane. These graphs were linear over the range tested (o-100 ug sub-
stance/ml HMDS-TFA) though slight curves were obtained when columns were pre-
sumably not in perfect condition. Since peaks were obviously heterogeneous on OV-1,
excretions of VMA were not determined using this column; for comparison with OV-17
the substance was estimated by periodate oxidation®. Results are included in Table V.

DISCUSSION

Silylation procedures

The extraction of aromatic acids from aqueous solution, conversion into suitable
derivatives and subsequent gas chromatography presents few technical problemsand a
wide choice of potential methods is available. The principal difficulties lie in the quan-
titative, or at least reproducible, formation of derivatives and in the selection of
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columns which will reliably isolate compounds of interest as single peaks. The ready
conversion of phenolic, alcoholic and carboxylic acid groups to TMS derivatives with a
variety of silylating reagents and the excellent chromatographic properties of the
majority of such derivatives has ensured a permanent place for silylation in this field.

At an early stage in our own work we were very impressed by the simplicity at-
tached to procedures involving the silylation of all appropriate groupings, but did in-
deed note minor differences in chromatograms from urine extracts silylated under
- differing conditions?. Furthermore we found it profitable to compare results recorded
by two other groups working with similar compounds. Both DALGLIESH ef al.? and
KAROUM éf al.? chromatographed TMS derivatives of aromatic acids on the liquid phase
F60; derivatives were prepared with HMDS catalysed by TMCS, the former group
using pyridine and the latter group dioxan, as solvent. MU values were in reasonable
agreement, allowing for wide differences in chromatographic conditions, except in the
cases of hippuric acid and indoles. It is now clear that such compounds have a tenden-
cy to form more than one derivative; the formation of some peaks may be justifiably
described as “difficult’”” since it occurs more readily with the particularly powertul
silylating reagent BSA (cf. also ref. 7).

There can be little doubt that silylation of NH groups is involved in the chemis-
try of both amides and indoles and provides a reasonable explanation of the formation
of “difficult”’ peaks from the latter type of compound. However, having regard to the
wide differences in behaviour between individual members which makes generalisation
dangerous, we would hesitate to draw firm conclusions concerning the chemistry of
silylation in the amide series. Thus we have no ready explanation for the formation of
three peaks by N-acetylphenylalanine and phenylacetylglutamic acid and are doubt-
ful if peaks of similar MU values formed from one compound by different procedures
necessarily always represent the same derivative. For instance we noted that the hip-
puric acid peak MU 21.13 (OV-17) when formed in urine using BSA appeared to be ofa
distinctly less symmetrical shape than when formed under any other conditions. Fur-
ther speculation would appear to be unprofitable in the absence of concrete evidence
concerning chemical structure.

Our experiments with indoles and amides illustrate variously that both the for-
mation and stability of TMS derivatives may be influenced by the silylating reagent,
solvent and presence of other substances. It seems probable that water has catalytic as
well as hydrolytic properties and may be of paramount importance in determining the
course of silylations using BSA: our results using this reagent should be regarded as
typical rather than invariable. Undoubtedly the behaviour of an indole or amide of
interest in urine samples should be checked in detail as the occasion arises: optimum
conditions of silylation may vary from compound to compound and from urine to
urine. Present evidence suggests HMDS to be a reagent superior to BSA for routine
purposes because of its lesser tendency to give “difficult” peaks. In our experience re-
placement of TMCS by TFA as catalyst greatly enhances the utility and convenience of
the reagent. In view of the many unexplored possibilities, it may be that future work
will reveal some combination of reagent, solvent and catalyst which will silylate amides
and indoles without ambiguity, but chaims in this respect should not be based solely
on the behaviour of pure compounds.

As an alternative approach to the gas chromatography of aromatic acids both
DALGLIESH ef al.2 and Karouw ef al.® have studied silylation following conversion of
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carboxyl groups to their methyl esters. This procedure has the disadvantage that it is
not possible to methylate completely all carboxyl groups without simultaneously
partially methylating exceptionally reactive phenolic groups. Double bonds are also
susceptible to attack by diazomethane. Some compounds may therefore yield multiple
peaks. We have not investigated the silylation of methyl esters from indoles and ami-
des since it seems quite clear that problems due to the formation of ““difficult”” peaks are
again present. Not only are discrepancies in recorded MU values for these compounds
apparent but the former group of workers observed the formation of two peaks from
indolylacrylic and, on storage, indolylpyruvic acids.

MU values of aromatic acids

The behaviour of a compound on chromatography under given conditions is
most accurately described in terms of its MU value which may readily be determined
experimentally when flame-ionisation detection is employed. MU values are most
closely related to molecular weights when non-selective liquid phases are employed
and for this reason OV-1 may be regarded as a standard with which to compare the
behaviour of liquid phases possessing selective properties. A number of such phases are
now available in the OV-series: OV-17, a phenylmethylsilicone, was selected for detail-
ed study. Most aromatic acids of biological interest are derived from the amino acids

TABLE 1V
CHANGES IN MU VALUES OF CARBOXYLIC ACIDS WITH EXPERIMENTAL CONDITIONS

AMU values were usually obtained from Table I but values for amides and indoles were from
Table I1. MU values were obtained from data in Table I.

Nucleus OH groups® OMe groups Number of AMU (mean) OMU (mean)
- examples  (OV-17 — OV-1) ——————
ovV-r7 OV-r
Compounds lacking an NH group
Phenyl o o 4 1.72 0.I5 o.10
Phenyl I o 14 I.3I —0.03 —0.04
Phenyl 2 o 13 0.89 -0.14 —-0.IO
Phenyl 3 o 1 0.69 -0.17 —0.I5
Phenyl o 1 4 2.25 0.08 0.06
Phenyl 1 I II 1.79 —-0.04 —0.03
Phenyl 2 I 4 1.29 -0.I0 —0.05
Phenyl o 2 2 2.73 -0.04 —0.09
Phenyl b 2 I 2.03 -0.07  —0.09
Compounds containing one NH group
Phenyl All amides 13 ca. 3.3 -b —b
Indolyl Allindoles 6 3.67¢ 0.264  o.10¢
Compounds containing two NH groups
Phenylacetyl-
glutamine ca. 6.6 - -
N-acetyltryptophan ca. 5.8 - -

aIncluding enolisable keto groups.

b Data obtained from Table I in a few unambiguous cases do not reveal any marked influence
of the amide group on MU values.

¢Excluding data from ‘‘difficult’” peaks listed in Table II.

d4Including data from both normal and ‘‘difficult’”” peaks.
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phenylalanine, tyrosine and tryptophan and thus contain an aromatic nucleus linked
to a side-chain containing no more than three carbon atoms. The list of compounds
studied in this work is therefore rather comprehensive: it includes almost all aromatic
acids at present known to be constituents of human urine and contains data sufficient
to enable the prediction of MU values for many compounds not actually studied.

When a substance of unknown identity is encountered the most practicable
approach to a consideration of its possible structural features may lie in a study of the
variation of MU values with differing experimental conditions. Differential MU values
may be derived in a number of ways; for instance values obtained using a non-selective
column may be subtracted from those using a selective column. The AMU values
(OV-17 — OV-1) listed in Tables I and IT are summarised in Table IV and are always
positive. However it is apparent that they are increased in magnitude by the presence
of methoxyl and, particularly, the NH group present in amides and indoles, and pro-
gressively decreased in magnitude by the successive introduction of hydroxyl groups.
Interpretation of AMU values obtained using OV-17 and OV-I may be aided by the
approximately equal magnitudes but opposite signs of the effects due to hydroxyl and
methoxyl groups; differentiation between the presence in a molecule of mutually can-
celling hydroxyl and methoxyl groups and the absence of such groups may be aided by
a consideration of the approximate molecular weight as revealed by the MU value on
OV-1.

Although MU values provide a fair description of the behaviour of a compound
on a particular liquid phase they are not absolutely constant even with a given con-
centration of liquid phase, but depend on such factors as length of column and rate of
heating if temperature programming be employed. For the purposes of this paper MU
values were determined on short (1.5 m) columns at a fairly high rate of programming,
conditions very suitable for routine work, as well as on the longer columns selected as
being of more potential use for quantitative work. Differential MUs (MU values) were
obtained by subtracting values using the shorter from those using the longer columns,
and are recorded in Table IV. Such values appear to be dependent almost entirely upon
the number of hydroxyl groups present in a molecule, each of which exerts a negative
effect. Unfortunately 6MU values as recorded here are of little practical use since in
many cases they are only of the same order of magnitude as experimental errors. How-
ever it might be possible to obtain values of greater magnitude by further attention to
experimental detail.

MU values are influenced not only by the number of substituent groups but also
by their nature (e.g. phenolic or alcoholic hydroxyl) and position (e.g. o-, m- or p-hy-
droxyl) and by the presence of double bonds as in cinnamic and enolised pyruvicacids.
Such effects seem largely to be eliminated when differential MUs are considered
though minor influences may be discerned. I'or instance, cinnamic acids appear to have
particularly high AMU (OV-17 — OV-1) values and a hydroxyl group in the a-side
chain position, as in mandelic and hydracrylic acids, seems to exert a particularly po-
tent negative effect on SMU values. Interestingly, compounds of the above types
appear to be revealed when differential MUs obtained by changing from a methylester-
TMS derivative to a fully silylated derivative are considered. Examination of the data
recorded by DALGLIESH éf al.? and by KAROUM ef al.? indicates that such changes pro-
duce increases in MU values which are particularly small in the case of mandelic acids
and particular large in the case of cinnamic (and also hippuric) acids.
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Applications to urine analysis

Previous experience suggested that most aromatic acids may be adequately
extracted from urine using ether!. A few further experiments did not indicate any
substantial advantage to be gained normally through further purification of acids by
bicarbonate extraction since non-acidic urinary constituents seem to be excreted gener-
ally in much smaller quantities, often in conjugated forms poorly extracted into ether.
Silylated ether extracts chromatographed very well (Fig. 1) and the principal difficul-
ties appeared to be those associated with the complex behaviour of some substances as
described above. In appropriate pathological urines large peaks were often observed
and experience indicated unambiguous identification of such peaks to be greatly
facilitated by the use of at least two columns. In some cases such as those of PHPL in
tyrosinosis phenyllactic acid in phenylketonuria and homogentisic acid in alkapto-
nuria compounds were excreted in such large quantity that quantitative determina-
tions could be undertaken without regard to the presence of overlapping normal peaks.

Quantitative determination in less spectacular cases presents considerable diffi-
culty due to the possible heterogeneity of peaks. Given sufficiently extensive data on
known compounds many problems may be solved in advance: for instance, reference to
Table I indicates the futility of attempting VMA determinations on OV-1. However
urines clearly contain many constituents as yet unidentified and under any given set of
conditions few peaks on a chromatogram can be expected to be homogeneous. For the
most accurate results possible quantitative determinations clearly need supporting evi-
dence from ancilliary techniques such as mass spectrometry. However many unsup-
ported estimations may be acceptable in certain circumstances. This is particularly
true in clinical biochemistry where the normal may need to be defined only with
sufficient precision to enable its distinction from the abnormal. Tt is also true when
results can be shown to be reasonably close to those obtained by an alternative ana-
lytical method.
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Fig. 1. Ether extract from a mixed normal urine, silylated with HMDS-TFA and chromatographed
on OV-1 (above) or OV-17 (below). Base lines are marked in MU values to facilitate correlation of
peaks with data in Tables I and IT. Urines from normal adults invariably show the large peak A due
to hippuric acid. The second large peak B, due to o-hydroxyhippuric acid derived from aspirin, is
commonplace. '
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Quantitative aspects of the chromatography of silylated aromatic acids on
OV-17 and OV-1 were examined in the cases of two of the most important urinary
constituents of physiological interest. Both VMA and PHPL are commonly excreted in
abnormal amounts in conditions of stress and in various diseases. Although VMA gave
heterogeneous peaks on OV-1 comparison of results using OV-17 with those using a
standard periodate-oxidation procedure indicated satisfactory agreement (Table V).

TABLE V
QUANTITATIVE DETERMINATION OF URINARY PHPL aNxDp VMA

All values are expressed as pug/mg urinary creatinine.

Subject PHPL VMA
OV-r; OV-r OV-17  Periodate
oxidation
b 0.85 0.30 1.34 1.54
2 2.40 0.38 1.85 1.87
3 6.20 0.70 1.77 2.86
4 0.90 0.73 2.30 2.34
5 1.78 0.67 5.00 3.36
6 2.78 0.83 3.13 3.65
7 - 0.40 0.57 I.72 2.54
8 3.03 0.68 2.75 2.47
9 2.77 0.30 2.63 3.22
10 0.48 0.88 2.28 2.97

Determinations of PHPL on OV-1 proved preferable to those on OV-17 (Table V);
however since the acid may increase enormously in pathological conditions either col-
umn should prove satisfactory for the detection of such conditions. The range of nor-
mal values for PHPL on OV-T (0.30 — 0.88 ug/mg urinary creatinine) was considerably
Jower than that of 0.5 — 3.5 ug/mg creatinine reported recently when the same liquid
phase was employed under isothermal conditions?, despite the fact that in several urines
the PHPL peak was obviously partially overlapped by another peak. This discrepancy
may well reflect the limited accuracy possible in the determination of very small
amounts by gas chromatography due to the difficulty in deciding the position of the
base line from which measurements are to be made.
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STUDIES ON THE ACID STABILITY OF NEUTRAL MONOSACCHARIDES
BY GAS CHROMATOGRAPHY, WITH REFERENCE TO THE ANALYSIS
OF SUGAR COMPONENTS IN THE POLYSACCHARIDES

Y. NOZAWA™, Y. HIRAGURI anp Y. ITO
Department of Biochemistry, Gifu University School of Medicine, Gifu (Japan)
{Received September 15th, 1969)

SUMMARY

Acid stability of the monosaccharides used as standards (glucose, mannose and
galactose) and also recovery of the sugar components released by hydrolysis with
methanolic hydrochloric acid of Copra meal mannan (coconut), Yuri glucomannan
(lily bulb) and an immunologically active polysaccharide—peptide complex isolated
by us from Trichophyton mentagrophytes were examined by gas chromatography.

The results obtained indicate that degradation of free sugars occurs to various
extents using I, 2.5 and 159% concentrations of hydrochloric acid in anhydrous
methanol.

INTRODUCTION

Since the first report by BisHor and coworkers?, a gas chromatographic tech-
nique has been developed for sugar analysis and has been extensively applied to the
identification and quantitation of sugar components in biological materials®-?.

In order to obtain the most suitable conditions for hydrolysis of the antigenic
polysaccharide—peptide complex??, we have performed some fundamental experiments
for elucidating the acid stability of the monosaccharides by carrying out hydrolysis
at various concentrations of acid in anhydrous methanol.

The present paper describes the results obtained by GLC for degradation during
hydrolysis of the individual monosaccharides released from the polysaccharides.

EXPERIMENTAL

Reagents and mateyials
Solvents (reagent grade) were used as supplied unless specially noted. Mono-
saccharides used as standards in this work were obtained from commercial sources.
Silylating reagent (TMS-HT) was purchased from Tokyo Kasei Co. Ltd., Tokyo.
Extraction and separation of the polysaccharide-peptide complex (PPC) with

* Present address: Department of Botany, University of Texas at Austin, Austin, Texas
78712, U.S.A.
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with immunological activity were carried out as described previously!?. The complex
was extracted from mycelia of Trichophyton mentagrophytes by the slightly modified
phenol-water method of WESTPHAL ¢f al.l!, and was purified by gel filtration on a
Sephadex column. Copra meal mannan and Yuri glucomannan, which were extracted
from coconuts and lily bulb, respectively, were kindly supplied by Dr. Y. TAKEUCHI
(Department of Agricultural Chemistry, Gifu University).

Gas chromatography

A Hitachi Model K-53 gas chromatograph equipped with a temperature pro-
grammer and flame ionization detector was employed throughout this investigation.
The U-shaped stainless-steel column, 2.0 m Jong with an L.D. of 3 mm, was packed
with 39 Silicone SE-52 (Gaschro Tech. Co. Ltd., Tokyo) on acid-washed, silanized
80-100 mesh Chromosorb W (Gaschro Tech.).

Chromatography was carried out isothermally at 185° with the injection port
at 230°. Flow rates, adjusted for optimal efficiency, were 47 ml/min, 43 ml/min and
270 ml/min for nitrogen as carrier gas and for hydrogen and air as detector gas,

respectively.

Preparation of anhydrous methanolic HCI

Calcium oxide was added to methanol (reagent bottle); the mixture was allowed
to stand overnight and was subsequently filtered and distilled. For preparing an-
hydrous methanolic HCl, hydrogen chloride gas was dissolved into the anhydrous
methanol. The hydrogen chloride gas was produced by stepwise dropping concen-
trated sulphuric acid on NaCl and dried by passing it through U-calcium chloride and
phosphorous pentoxide tubes.

Methanolysis
Ten milligrams of each of the monosaccharide standards (glucose, galactose and

mannose and of the polysaccharides (an immunologically active polysaccharide—pep-
tide complex (PPC), Copra meal mannan and Yuri glucomannan) were refluxed with
2 ml of anhydrous methanolic HCl in a sealed ampoule at 100° for 5 h. The hydro-
lysates were passed through the column (3.0 X 0.7 cm) containing Amberlite CG 120
Type 1 (CH4,CO0~) 100—200 mesh resin for neutralization.

5 and 2 mg of mannitol as an internal standard were dissolved in the standard
sugar and hydrolysate solutions, respectively.

Preparation of TMS dertvatives

To each methanolyzed sample containing mannitol was added 0.3 ml of sily-
lating reagent (TMS-HT), a mixture of pyridine-hexamethyldisilazane—trimethyl-
chlorosilane (10:2:1). The reaction mixture was shaken vigorously for about 30 sec
and then warmed for 5 min at 60°. 1- to 2-ul aliquots of each mixture after centrifu-
gation were used for injection into the gas chromatograph.

RESULTS AND DISCUSSION

Although gas chromatography is a useful and suitable technique for analysis of
sugar components in biological materials, it is difficult to obtain a satisfactory re-
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galactose. Internal standard, mannitol.

‘covery of sugars liberated by hydrolysis. This disadvantage arises from the facts that
acid stability of the glycosidic bonds is dependent on the nature of the sugars involved
in the linkages and also that acid degradation of the released sugars occurs. There-
fore, attempting to obtain the optimum conditions of hydrolysis, we performed some
experiments on the stability of free sugars.
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Fig. 2. Recovery of sugars after treatment by methanolic HCl at various concentrations. 0-—Q,
glucose; ©---O, mannose; @----@, galactose.

The data given in the calibration curve (Fig. 1) show some differences among the
standard sugars tested, such as glucose, mannose and galactose. For estimating the
loss of the free sugars during hydrolysis of the polysaccharides, the three authentic
sugars were treated with various concentrations of hydrogen chloride in anhydrous
methanol. Analyses of these treated samples were then compared with those not
subjected to the hydrolytic procedure.

As can be seen from the results (Fig. 2, Table I) obtained by calculating the
recovery of sugars on the basis of the calibration curve in Fig. 1, it is of importance
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TABLE 1
RECOVERY OF SUGARS AFTER HYDROLYSIS IN VARYING CONCENTRATIONS OF METHANOLIC HYDRO-
CHLORIC ACID
The weight of each sugar (S,,) was calculated from the following equation:
Sa [w
=Tk
where S, = observed area of each sugar, I, = observed area of internal standard (mannitol),
I, = weight of internal standard added, R = relative response of each sugar. The R values for

each sugar were obtained on the basis of the linear calibration curve shown in Fig. 1. R values:
mannose, 0.91; galactose, 0.84; glucose, 1.03.

Sugay Concentration of HCI (g/roo g anhydrous methanol)

0 I 2 3 15

%  Sutmg) % Swimg) % Swimg) %  Swimg) %  Swlmg)

Mannose 100 9.5 93.7 8.9 go.5 8.6 85.3 8.2 47.4 4.5
Galactose 100 9.7 88.7 8.6 81.4 7.9 72.2 7.0 38.1 3.7
Glucose 100 8.8 96.6 8.5 95.4 8.4 93.2 8.2 65.9 5.8
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Fig. 3. Typical gas chromatograms of the free sugars released after hydrolysis by 59, methanolic
HCI of various polysaccharides. Internal standard(s): mannitol. (A) Copra meal mannan: a = a-
mannose, b — f-mannose; (B) Yuri glucomannan: a = a-mannose, b = f-mannose, ¢ = a-glu-
cose, d = B-glucose; (C) An immunologically active polysaccharide-peptide complex (PPC) from
T. mentagrophytes: a = o-mannose, b = f-mannose - «x-galactose, ¢ = ff-galactose, d = «-glucose,
e = fB-glucose. Column: 3%, Silicone SE-52 on Chromosorb W (80-100 mesh) ; column temperature,
185°; injection port temperature, 230°; flow rates of carrier gas (N,), hydrogen and air for detec-
tor, 47 ml/min, 43 ml/min and 270 ml/min, respectively.
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TABLE II

CHANGES IN THE SUGAR COMPOSITION (IN ‘uMOLES) OF SEVERAL POLYSACCHARIDES AFTER HYDROL-
YSIS IN METHANOLIC HYDROCHLORIC ACID AT VARIOUS CONCENTRATIONS

Polysaccharides Sugar Concentration of HCI!
components (g/100 g anhydrous methanol)
I 2 5 I5
Copra mannan {coconut) total 18.2 18.8 26.6 10.9
mannose 18.2 8.8 26.6 10.9
Yuri glucomannan (lily bulb) total 20.9 21.0 22.3 18.6
mannose 13.6 13.2 12.6 11.0
glucose 7.3 7.8 9.7 7.6
PPC total 9.7 14.3 9.4 7.2
(Trichophyton mentagrophytes) mannose 4.8 6.1 4.9 3.8
galactose 2.2 3.4 2.1 1.3
glucose 2.7 4.8 2.4 2.1

to note that, as the concentration of hydrogen chloride increases, the sugars are de-
stroyed to an extent which depends on the nature of the monosaccharide used. Glucose
is in general more acid stable than mannose and galactose.

Galactose, least acid stable, is however found to be destroyed even to the extent
of 629 when heated in 15% methanolic HCl at 100° for 5 h, although two other
sugars also undergo remarkable decomposition.

Typical gas chromatograms of the sugar components released by hydrolysis
of the polysaccharides in 5% methanolic HCI are shown in Fig. 3. Since, as described
above, the free sugars liberated are degraded by acid during hydrolysis, the yield of
total sugars as well as the ratio of each sugar in them is found to be changed at the
concentrations of hydrogen chloride tested. The results of analyses of Copra meal
mannan from coconut, Yuri glucomannan from lily bulb and an immunoactive PPC
from T. mentagrophytes are illustrated in Table II. The best yields of total sugars
released from Copra meal mannan and Yuri glucomannan could be obtained by hydrol-
ysis with 5% methanolic HCL

However, as for the immunoactive PPC containing acid-labile galactose, it was
found that hydrolysis was successfully carried out in 2% methanolic HCl where
recovery of galactose and yield of total sugar could be obtained at the maximal level.
In this case, the presence of peptide moiety in the polysaccharides has been known
to complicate the problem because of an undesirable interaction between the free
sugars and amino acids such as tryptophan, cysteine and methionine??2,

These experimentalresultsindicate that it is difficult to obtain perfect conditions
for acid hydrolysis under which all glycosidic linkages invelved in the polysaccharides
are cleaved and, moreover, all free monosaccharides still remain intact after acid
treatment. Therefore, for satisfactory analysis of the sugar composition of poly-
saccharides, optimum conditions in hydrolysis should be ascertained in advance by
preliminary experiments.
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GAS CHROMATOGRAPHIC SEPARATION OF TRICYCLIC COMPOUNDS
WITH BRIDGEHEAD NITROGEN ATOMS

P. J. CHIVERS, T. A. CRABB anp R. O. WILLIAMS
Chemistry Depavtment, Povtsmouth Polytechnic, Portsmouth (Great Britain)
(First received August 8th, 1969; revised manuscript received September 11th, 1969)

SUMMARY

The diastereoisomeric mixtures of a series of unsubstituted and substituted
perhydrodipyrido[1,2-¢;2’,1'-¢]imidazoles (I), perhydropyrido[1,2-¢]pyrrolo[2,1-¢]imi-
dazoles (11} and perhydrodipyrido[1,2-¢;2'1'-f]pyrimidines (III), have been separated
by preparative gas-liquid chromatography. Correlations have been made between the
retention times and stereochemistry of the isomers in each mixture.

INTRODUCTION

As part of a detailed investigation into the use of NMR and IR spectroscopy in
assigning the configurations and preferred conformations of bicyclic and tricyclic com-
pounds with a nitrogen atom at a ring fusion a series of substituted perhydrodipyrido-
[1,2-¢; 2'1"-¢]imidazoles (I), perhydropyrido[r,2-¢]pyrrolo[z,1-¢]imidazoles (I1)2 and
perhydrodipyrido(1,2-¢; 2’1’-f]pyrimidines (III)% have been prepared. Since each com-
pound possesses two and usually three asymmetric centres there can exist a number of
possible stereoisomers. For example structures IV-VII represent the four diastereo-
isomeric 1-methylperhydrodipyrido({1,2-¢; 2’,1’-¢Jimidazoles.* In addition, because of
the conformational mobility of the bridgehead nitrogen atoms, each isomer may exist
in a number of possible conformations with the AB and BC ring fusions c7s cts, cts trans,
trans cis or trans trans.*™*

The diastereoisomeric relationship between each compound permits separation
of a mixture by physical means and this report describes the preparative gas chromato-
graphic separation of mixtures of I, IT and of III into their components. Configurations
and preferred conformations have been assigned to the pure isomers by NMR and IR
spectroscopy and as a result it has been possible, in most instances, to establish a
correlation between structures and column retention times. This correlation may then
be used as a guide in establishing the stereochemistry of similar types of heterocyclic
compounds.

*All the compounds discussed in this paper exist as racemates or in certain case optically
inactive forms.

**See Fig. 2 for the various configurations and preferred conformations of these compounds.
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EXPERIMENTAL

AW

Column packing materials

(a) 20 % w/w Carbowax 1540 on 60-80 Celite (B.D.H. Ltd.) was prepared by
adding a solution of Carbowax 1540 (25 g) in chloroform (500mi) to the Celite (100 g),
thoroughly stirring the slurry and then removing the solvent by rotary evaporation,
followed by drying the material in an oven at 110° for 6 h.

(b) 129, w/w Carbowax 20M terminated with T.P.A. on 60~72 DMCS (supplied

by J.J’s Ltd., Kings Lynn, Norfolk, Great Britain) was prepared as above except that
methylene chloride was used as solvent.

Construction of columms

Packing (a) was used to prepare a 22 ft. x 3/8 in. O.D. coiled aluminium col-
umn for use in a Wilkens A700 Autoprep. The column was packed under vacuum (25
mm Hg) and the packing added continuously with constant vibration. The column
was conditioned at 155° for 48 h in a stream of nitrogen.

Packing (b) was used to prepare a 15 ft. x 3/8 in. O.D. coiled glass column for
use in a Pye 105 chromatograph. The packing was introduced under a pressure of 20
p.s.i. of nitrogen and vacuum applied to the outlet. The column was conditioned at
185° for 48 h in a stream of nitrogen.

Analytical data were obtained from a Perkin-Elmer Fr1 instrument with flame
ionisation detector using a 2 m X 1/8 in. O.D. stainless steel column packed with 20%
w/w Carbowax 1540 on 60-80 Chromosorb supplied by Perkin-Elmer. Conditions:
column temp., 155°; injection temp., 200°; nitrogen carrier with inlet pressure of 30
p.s.i. and a 30 ml/min flow rate. Preparative gas chromatography of the perhydrodi-
pyrido[1,2-¢;2’,1"-¢]imidazoles was carried out on the Wilkens Autoprep A700 using
the 22-ft. column at 200 ml/min and temperatures between 150 and 165°. In all cases
hydrogen was used as carrier gas at an inlet pressure of 40 p.s.i. and an inlet port tem-
perature of 220°. The perhydropyrido[T,2-c]pyrrolo(2,1-¢]imidazoles and perhydrodi-
pyrido[1,2-¢; 2’,1'-f]pyrimidines were separated on a Pye 105 preparative gas chroma-
tograph fitted with the 15-ft. glass column packed with 12% Carbowax 20M termi-
nated with TPA with a zoo ml/min of nitrogen flow at an inlet pressure of 8o p.s.i. and
a column temperature between 150-200° depending on the mixture being separated.
Sample sizes on both instruments varied from between 50 ul to 300 ul and depended on
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the complexity and resolution of the individual mixtures. The Pye 105 instrument was
programmed to separate the individual mixtures automatically and gave a total re-
covery of 75-80%. The Autoprep A700 was used manually and gave poorer recovery of
separated components.

RESULTS AND DISCUSSION

As previously stated the configurations and preferred conformations of the
isomers separated from each mixture were assigned using IR and NMR spectroscopy.
Although the conformations are those existing in chloroform solution at room temper-
ature the reasonable assumption has been made that the conformational preferences
will be the same during the chromatographic separation.

Under the above experimental conditions the analytical column gave similar
resolutions to the 15-ft. and zo-ft. preparative columns and the former was used to
assign the approximate (45 %) composition of each mixture and the retention times
for each isomer. Fig 1. shows chromatograms for some typical mixtures. The details of
separation of the mixtures of the perhydrodipyrido{1,z-¢; 2'1'-¢]imidazoles (I) 1s re-
ported in Table I. Not all possible isomers were present in some of the mixtures but in
every separation the isomers with an an#/ 11a11b configuration had shorter retention
times than the corresponding syz 11aI1Ib isomers. It is also of note that syn and ant:
isomers substituted with an axial methyl group had shorter retention times than the
corresponding isomers with an equatorial methyl group.

The mixture of 3-methylperhydrodipyrido [1,2-¢; 2',1"-¢]imidazoles contained all
four possible diastereoisomers. However, preparative GLC showed only two peaks and
separation gave two fractions each shown by NMR to contain two isomers. These pairs
were then separated into the individual components by column chromatography using
alumina as adsorbent. In each separation, elution with light petroleum (60-80°)/ether
removed the axial methyl-substituted isomer initially, a result consistent with the
above observations.

(@) (b)

|
o
ALL_J\L A

Fig. 1. Chromatograms of some of the mixtures. (a) 3-Methylperhydrodipyrido [1,2-¢; 2°,1°-f]-
pyrimidines, (b) 2-methylperhydropyrido[1,2-c]pyrrolo[2,1-e]Jimidazoles, (c) 1-methylperhydro-
dipyrido[1,2-¢; 2’,1’-¢]imidazoles, (d) 2,10-dimethylperhydrodipyrido[1,2-¢c; 2’,1'-¢]Jimidazoles.
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TABLE 1

ISOMER DISTRIBUTION AND RETENTION TIMES OF PERHYDRODIPYRIDO[I,2-C; 2’,1’-¢]IMIDAZOLES (I)

Mixture Retention Isomer Configuration and Configuration
time (min) distvibution prefevved conformation of substituent

Perhydrodipyri-

do[1,2-¢; 2'1"-e]- 9.2 50 trans anti trans

imidazoles 13.5 50 trans syn trans

6-methyl 10.0 50 trans anti trans eq
12.6 45 trans syn trans eq
14.7 5 trans sywn tvans ax

6-isopropyl 13.2 50 trans anti trans eq
16.7 50 trans syn trans eq

1-methyl 10.6 10 trans anti trans ax
13.4 10 trans anti trans eq
19.2 75 trans syn trans ax
26.0 5 trans syn cis ax

3-methyl 11.4 20 trans anti trans ax
I1.4 30 trans anti trans eq
15.7 5 trans synm trans ax
15.7 45 trans syn trans eq

4-methyl 10.4 50 trans anti trans eq
4.5 50 trans syn trans eq

2,10-dimethyl 11.5 50 trans anti trans di-eq
15.8 45 trans syn trans di-eq
18.2 5 trans syn trans eq-ax

TABLE I

ISOMER DISTRIBUTION AND RETENTION TIMES OF PERHYDROPYRIDO[I,2-¢]PYRROLO[2,I-£]JIMIDA-
zoLEs (IT)

Mixture Retention Isomer Configuration and Configuration
time (min) distribution prefevved conformation of methyl group
1I (R = H) 10.2 30 trans syn cis
13.4 50 trans anti cis
II (R = 1-Me) 13.2 6 trans syn cis eq
18.9 65 trans sym cis ax
20.2 2 cis anti cis eq
II (R = 2-Me) 11.5 50 trans symn cis eq
15.2 46 trans anti cis eq
13.7 4 cis anti cis eq
IT (R = 3-Me) 11.3 25 trans syn cis ax
13.1 25 trans syn cis eq
17.3 40 trans anti cis eq
17.3 10 cis anti cis eq
II (R = 4-Me) 10.8 50 tvans sym cis eq
15.2 47 trans anti cis cq
16.6 3 cis anti cis eq

Table II shows the details of separation and retention times of the mixtures of
the perhydropyrido [1,2-¢]pyrrolo|2,1-e]imidazoles (II). As with compounds of type I,
there is again a close correlation between the relative retention times of the isomers in
a particular mixture and their structure and preferred conformations. Isomers with a
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trans syn cis stereochemistry have the shortest retention time followed by trans anti cis
and then cis anti cis.

The retention times of the perhydrodipyrido[1,2-c; 2’,1'-f] pyrimidines (III) are
shown in Table ITI. Mixtures of the 1-methyl- and 4-methyl-substituted isomers were
separated by preparative gas chromatography but, for convenience, the parent com-
pounds ITT (R = H), and the 2- and 3-methyl-substituted isomers, which were solids of
long retention times, were separated by column chromatography on alumina using
light petroleum (60-80°)/ether as eluant. It is significant that in each separation on
alumina the elution pattern was identical to that observed using analytical GLC.
Again it is clearly apparent that a correlation exist between the retention times and
stereochemistry of the isomers in a particular mixture.

Fig. 2 illustrates the different configurations and preferred conformation ob-
served in the series of perhydrodipyrido[1,2-¢; 2,1"-¢Jimidazoles (1), perhydrodipyrido-
[1,2-c]pyrrolo[2,1-¢limidazoles (II) and the perhydrodipyrido[t,2-¢; 2/,1’-f]pyrimidi-

TABLE III

ISOMER DISTRIBUTION AND RETENTION TIMES OF THE PERHYDRODIPYRIDO([I,2-¢; 2’,1’-f]PYRIMI-
DINES (IIT)

Mixture Retention Isomer Configuration and Configuration
time (main)  distribution preferved conformation of methyl gyoup
IITI (R = H) 26.4 350 trans syn trans
36.0 30 trans anti cis
IIT (R = 1-Me) 33.4 55 trans syn trans ax
40.1 30 trans anti cis ax
45.0 15 trans anti cis eq
ITIT (R = 2-Me) 31.2 50 trans syn trans eq
40.4 50 trans anti cis eq
IIT (R = 3-Me) 27.4 25 trans syn trans ax
35.4 235 trans syn trans eq
37.0 30 trans anti cis ax
46.0 20 trans anti cis eq
IIT (R = 4-Me) 32.0 50 trans syn trans eq
40.8 50 trans anti cis eq
H
H H H H
N
NH N N} \ NN
I() I(b) I(c)
frans anti frans trans syn trans trans syn cis
H H H
I@ Ao " 10
cis syn trans cis anti trans cis antf cis
B H H
m 7
I (b) I (c)
trans 'syn trans trans anti c¢is

Fig. 2. Configuration and preferred conformations of compounds I, IT and ITT.
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nes (I1I). Each series is in order of increasing retention time (left to right). The close
similarity between stereochemistry and relative retention times of compounds of types
I and ITis easily discernable. Isomers of shortest retention time are those with a ‘pla-
nar’ structure and with the nitrogen lone electron pairs on the opposite side of the mole-
cule (Ia and IIa). A change in conformation to a more ‘angled’ molecule e.g. Ib, 1Ib
and IIIb to Ic, TTc and ITlc, lengthens the retention times still further and isomers with
equatorially substituted methyl groups tend to have longer retention times than the
corresponding isomers with axial methyl groups. Presumably the ‘flat’ structures with
nitrogen lone pairs on the same side are more strongly attracted by hydrogen bonding
to the polar Carbowax stationary phase and puckering of the molecule facilitates this
even more. Support for this observation is provided by attempts to separate the mix-
tures on non-polar columns such as Apiezon L. and Silicone SE-30. Much poorer resolu-
tions were obtained and the order of retention times of the various isomers were often
changed. The boiling points of the individual isomers separated from a particular
mixture also bore no special relationship to their elution pattern.
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TOBACCO CHEMISTRY™

II. ANALYSIS OF THE GAS PHASE OF TOBACCO SMOKE BY GAS CHRO-
MATOGRAPHY-MASS SPECTROMETRY

K. D. BARTLE"*, L. BERGSTEDT, M. NOVOTNY*** anp G. WIDMARK
Institute of Analytical Chemistry, University of Stockholm, Roslagsvigen 9o, Stockholm 50 (Sweden)
(Received September 10th, 1969)-

SUMMARY

The gas phase of tobacco smoke was injected, without prior condensation,
through a glass injection system onto an efficient glass capillary column maintained
at low temperature. Components eluted on temperature programming were studied
by means of a mass spectrometer coupled to the column via a low-dead-volume
molecule separator. By making use of the separation principle of the phase, thirty-
four compounds were identified from their mass spectra.

INTRODUCTION

The gas phase of tobacco smoke is so complex2~4 that currently the only effective
method for the analysis of this material is gas chromatography using highly efficient
columns®>-®. GROB has developed a refined technique for the use of glass capillary
columns in the separation of the components of the condensed gas phase®-15 and in
their identification by mass spectrometry$.17, but a number of problems remain. For
example, injection of fresh smoke is preferred!?, since changes may occur during
the trapping process, requiring the introduction of large volumes of a diluted gas
sample onto a capillary column without danger of serious loss of separating power.
Moreover, it has been pointed out'?:13 that decomposition of some smoke constituents
is likely if contact with a metal surface is allowed.

Interfacing of capillary columns with a mass spectrometer also presents some
problems, particularly if a sample-enrichment device is used to meet sensitivity
requirements. Difficulties caused by dead volume in the connection of capillary
columps to a mass spectrometer via a molecule separator have also been experienced
in the analysis of tobacco smokel$,7,

The purpose of this work was to overcome the above-mentioned difficulties
in analysing the gas phase of tobacco smoke. The problem of on-column concentration

* For Part I, see ref. 1.

** Present address: School of Chemistry, The University, Leeds LS2 9J T, Yorks., Great Britain.
*** Present address: Department of Chemistry, University of Houston, Houston, Texas, U.S.A.
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of a large smoke sample was solved by use of a low-temperature injection method? 18,
In order to achieve a fairly inert analytical system, a glass injection device and efficient
glass capillary columns were used. A mass spectrometer was coupled to the capillary
column®® through a low-dead-volume molecule separator®, and the spectra of some
of the separated components were recorded by means of a novel data-acquisition
system?!.

EXPERIMENTAL

Capillary colummn gas chromatography
Glass capillaries were prepared on a commercial glass drawing machine (Dr.
Hupe Apparatebau, Karlsruhe, G.F.R.). The original pyrex glass tubes were carefully
washed with acetone and then dried. The inner surfaces of the glass capillaries were
silanised with mixed vapours of hexamethyldisilazane and trimethylchlorosilane?2.
Their coating was carried out with a 10 % solution of Silicone Oil SF-¢6 in toluene by
the dynamic method under controlled conditions®®. Capillary columns, 48 and 120 m
long with an I.D. of 0.2 mm, were used for the analysis of tobacco smoke; they had
efficiencies, measured for toluene at room temperature, of 160,000 and 530,000
theoretical plates, respectively.
_ The all-glass injection splitter illustrated in Fig. 1 was used for mass spectrom-
etry work. The glass-to-metal connections were made with the aid of Kovar alloy.

l".

A

_.
A

.’.

. S VANt

Fig. 1. Glass injection splitter. A — inlet for preheated carrier gas; B = septum; C — flanged
nut for septum; D = Kovar alloy; E — glass tube; F = glasswool plug; G = charcoal; H ==
outlet to control valve; J = capillary column.
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The inner glass tube was extended to the septum insert, and the end of the capillary
was inserted directly into the mixing chamber so that contact of sample with metal
was avoided. The buffer volume of the outlet tubing was filled with charcoal to prevent
back diffusion and to protect the regulating valve.

A system which facilitates rapid heating was designed for efficient temperature
programming of glass capillary columns. The small oven, shown in Fig. 2, consists
of two complementary Marinite parts lined inside with a thin aluminium sheet. The
glass capillary column is hooked onto the supports and connected to the splitter,
situated in the same block, and the adapter of the flame ionisation detector. This
adapter is interchangeable with another one for connection to the mass spectrometer.
The column is heated with the aid of a concentrically arranged resistance spiral and
an F and M Model 240 temperature programmer. Thermal gradients are minimised
by the use of a small fan. The system is cooled by admitting an adjustable stream of
liquid carbon dioxide through a jet?%. The course of heating and cooling is folowed
with an extra thermocouple.

:/B
C
D 3]
l_F
-G
E— 0 H
J/

—

10 cm

Fig. 2. Oven for capillary column chromatography. A = inlet for carrier gas; B = outlet to control
valve; C = connection to injection splitter; D == adapter for FID-detector or connection to the
mass spectrometer; E = glass capillary column bundle; F = support for capillary column;
G = resistance spiral; H = support for resistance spiral; J = jet nozzle for liquid carbon dioxide.

Low-temperature injection

Commercial American blend cigarettes without filter tips were smoked in
30-ml puffs through a Cambridge filter by means of a glass syringe operated manually.
Between 1 and 10-ml (usually 5-ml) samples of the gas phase were withdrawn from
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this large syringe via a second glass syringe for injection into the column which had
been cooled to —70°. The oven temperature was then programmed up to 130°. This
enrichment method is essentially that proposed by RusaNECK?, but we found that
a small splitting ratio was required to attain good resolution.

Problems concerning enrichment were experienced when the 120-m column
was used, owing to the high inlet pressure necessary and the low ability of conventional
silicone rubber seals to withhold gases at low temperature.

Coupling of the capillary colummn fo the mass spectrometer

Capillary columns were connected to the LKB gooo mass spectrometer through
the Becker—Ryhage molecule separator. The performance of this separator in connec-
tion with capillary columns has already been studied by one of us'?, and it has been
shown that only the second stage should be used, but with the jet nozzle having an
I.D. of 0.24 mm replaced by the one from the first stage which has an L.D. of 0.10 mm.

Mass spectrometry

The mass spectrometric parameters were adjusted in order to fit the gas
chromatographic conditions so that the slit widths were 0.20 and 0.30 mm, respective-
ly, and the scan speed had a value corresponding to /e 12—200 in 2 sec. Sensitivity
and scan speed were consequently increased at the expense of resolution, which was
250 (10 % valley definition}.

The ion source temperature was 230°, the trap current 60 uA, and the electron
energy 70 eV during all runs. The recording of mass spectra was made by means of
the data acquisition system described recently by two of us®’. After some reduction
of data, the background was subtracted, and normalized mass spectra were plotted
and printed out separately.

RESULTS AND DISCUSSION

It is generally recognised that the high efficiency of capillary columns, con-
veniently combined with temperature programming, is the first presupposition in the
gas chromatographic separation of a complex mixture containing components with
a wide range of boiling points. We have selected Silicone Oil SF-g6 as a stationary
phase owing to its ability to work over a wide temperature range?* and to form very
effective films on the inner wall of glass capillaries.

First attempts to obtain a good separation of the gas phase of tobacco smoke
failed when injecting the sample onto an efficient capillary column at room tempera-
ture using a low splitting ratio (Fig. 3), and the need for a technique facilitating
sample enrichment was realized. A simple and efficient method 1s apparently the
low-temperature process proposed by RusHNECK’. When the smoke sample was
injected onto the same capillary column cooled to —70° and when the column was
programmed from —70° to 130°, a considerable improvement was achieved, as can
be seen from Fig. 4. The use of this technique is advantageous not only in increasing
the possibility of separating the early peaks at low temperature but mainly in efficient-
ly concentrating the sample components at the beginning of the column; no marked
change was noted even when two smoke injections separated by a 15-sec interval
were made.

J. Chromatog., 45 (1969) 256—263
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Fig. 3. FID chromatogram of 2 ml of tobacco smoke, split 200:1. Column: 48 m X o.z mm I.D.
glass capillary, coated with SF-96, operated isothermally at 25°. N, flow rate, 0.3 ml/min.
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Fig. 4. FID chromatogram of 6 ml of tobacco smoke, split 10:1. Column as in Fig. 3. Initial column
" temperature, —70°. N, flow rate at 25°, 0.3 ml/min.

The broadness of the first peaks in the chromatograms with low-temperature
injection may be attributable partly to the behaviour of the stationary phase at low
temperature, as has been studied in detail by ALTENAU ef al.25 and CLAEYS AND
FreUNDZ, as well as to the overlap of components. The marked increase in the
response of the flame ionisation detector for a column at low temperature, also
observed in this work, has been discussed by SINGELTON et al.2” and WALSH et al.28.

For the separation and identification of some of the components of tobacco
smoke, the 120-m capillary column was used. The chromatogram obtained with the
aid of the total ion current (TIC) monitor of the mass spectrometer can be seen in
Fig. 5, and some of the identified substances are listed in Table I. The mass spectra
were of adequate analytical quality, but more enrichment is necessary for the trace
components. The convenience of the method as a whole is exemplified by the identi-
fication of the four minor components 16-19 which are all eluted within a period of
40 sec. Fig. 6 shows the spectrum of a small peak (number 7), identified as isobutane,
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TABLE I

COMPONENTS IDENTIFIED BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY IN CIGARETTE SMOKE

Peak No.2 Substance Peak No. Substance
I CH,, H,5, NO 8 1,2-Dimethylcyclopropane (frasns)
2 CO,, CO, NO, 19 n-Pentane
3 Ethane 20 2-Methyl-1,3-butadiene
4 Propene 21 CS, + 1,2-dimethylcyclopropane (cis)
5 Propane 22 2-Methyl-2-butene
6 Methyl chloride 23 Cyclopentadiene
7 Isobutane 24 2-Propanone
8 Ethanal 25 Acetonitrile + components not yet
identified
9 1-Butene 26 Benzene
10 1,3-Butadiene 27 2,5-Dimethylfuran
II n-Butane 28 Toluene
12 2-Butene (trans) 29 Ethylbenzene
13 2-Butene (cis) 30 Methyloctene
14 1,1-Dimethylcyclopropane 31 m-Xylene + p-xylene
15 2-Methylbutane 2 o-Xylene
16 1-Pentene 33 Heptyl chloride
17 Furan 34 1-Methyl-4-isopropenyl-1-cyclohexene

& See Fig. 5.

while Fig. 7 (peak 18) apparently corresponds to trans-1,2-dimethylcyclopropane,
which to our knowledge has not been identified in tobacco smoke previously.

It has been pointed out!s, 2 that distortion of mass spectra may occur in GC-MS
work because of the change in concentration during scanning. In order to study any
possible bias in our mass spectra, toluene was injected and its mass spectrum recorded
at different points on the elution curve (see Fig. 8). The ratio of the ion intensities

: ;v ].

> ) K-
i /o
w:y\ Y Iy,

+120 +80 +40 TEMP(C) 0 _20 -40 70
T T T
20 40 30 50 10 o
TIME (min)

Fig. 5. TIC chromatogram of 5 ml of tobacco smoke split approximately 1:1. Column 120 m X 0.2
mm 1.D. glass capillary coated with SF-g6. Initial column temperature, —7o0°, He flow rate at
25°, 0.4 ml/min. Peak numbers refer to Table I.
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Fig. 6. Mass spectrum of peak 7 after background subtraction and normalisation.

Fig. 7: Mass spectrum of peak 18 after background subtraction and normalisation.
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10 °
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Fig. 8. TIC elution curve for toluene showing points at which mass spectra (Table II) were recorded.

at m/e 39 and 91 was taken as a measure of spectrum bias, and it was concluded that
the scan speed used in our experiments was sufficient (Table II).

The use of a highly efficient column with a non-selective phase seems appropriate,
since some closely related isomers which give similar mass spectra can be distinguished
chromatographically and their structures confirmed when the separation principle

TABLE 1II

RATIO OF ION INTENSITIES IN MASS SPECTRUM OF TOLUENE AT DIFFERENT POINTS ON GC ELUTION
CURVE

Points on the Ratio of ion intensities
elution curve® at mfe 39 and 91

A 0.08

B 0.I5

C 0.12

D 0.10

Published spectrum o.13-0.20

a See Fig. 8.
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is known. For example, the cis- and trans-isomers of 2-butene, which give almost
identical mass spectra, were differentiated in this way, while o-xylene was similarly
distinguished from the meta- and para-isomers. On the other hand, some fractions
overlap even when a capillary column with efficiency as high as 530,000 theoretical
plates is used. For a more complete analysis, complementary use of an efficient polar
capillary column is clearly necessary.
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DETERMINATION OF CREATININE IN SOUPS AND SOUP PREPARATIONS
BY ION-EXCHANGE CHROMATOGRAPHY

A. CARISANO, A. BONECCHI axp M. RIVA
Research Labovatovies of Star Food Co., Ltd., Agrate Brianza, Milan (Italy)
(Received September 8th, 1969)

SUMMARY

Ton-exchange chromatography, coupled with continuous spectrophotometric
monitoring in the UV region, was used to determine the total creatinine in soup prepa-
rations, dehydrated soups and tinned soups, containing meat extracts. This is an accu-
rate method because it permits the separation of interfering substances that simulate
creatinine in JAFFE’s test. The recovery of creatinine in the soup preparations, dehy-
drated soups, and tinned soups amounted to 99.8 + 0.8 %, 100.3 & 0.9 %, and 100.2
+ 1.1 %, respectively.

INTRODUCTION

In our previous chromatographic analysis of soup preparations!, an unknown com-
pound, sometimes present in a large amount, gave a peak so close to that of adenine as
to interfere with its determination. From its UV absorption spectrum, JAFFE’s test?
and its retention time, this compound was identified as creatinine. The first aim was to
separate these two compounds by a suitable choice of the molarity and the pH of the
eluent buffer. It was decided to use ion-exchange chromatography to separate the
creatinine in soup and soup preparations from interfering substances which sometimes
introduce an element of uncertainty into HADORN’s method3, so far the only official
method for the determination of the meat-extract content of these products?. The
insufficient specificity of JAFFE’s test had previously led others to effect this separa-
tion by ion-exchange chromatography, coupled with UV spectrophotometric deter-
mination3-7. However, this technique was not suitable for our purpose, so with some
modifications we used the previously developed method for the determination of ri-
bonucleotides!; this new method will be described below.

EXPERIMENTAL
Apparatus and veagents

The chromatographic column (30 X 0.9 cm) was packed to a height of 5 cm
with the cation-exchange resin Aminex A; (Bio-Rad Labs., Richmond, Calif., U.S.A)),

the spherical particles of which had a diameter of 8-12 u. The column was used in
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conjuction with a Mini-Pump (Milton Roy Co., Fla., U.S.A.} and a Beckman DB-G
double-beam spectrophotometer fitted with a 10-in. Beckman recorder and a micro-
cell with a quartz window, a light path of 10 mm, and a total volume of 0.3 ml (cata-
logue Beckman No. §7290).

The reagents were: HCl, 2 NV; Brockmann’s IIT alumina; Buffer pH 4.30 = 0.3
M sodium acetate, adjusted to pH 4.30 4 0.02 with glacial acetic acid; Buffer pH 3.70
= 0.3 M acetic acid, adjusted to pH 3.70 & 0.02 with 40% NaOH; r mM cytosine in
buffer pH 3.70; 0.5 mM creatinine in buffer pH 3.70. 0.1 ml/l of caprilyc acid was
added to all buffers as preservative.

Procedure

A sample of a soup preparation, a dehydrated soup, or a tinned soup was weigh-
ed out accurately and dissolved in distilled water in such a way as to obtain a solution
containing about 0.5 umole of creatinine per ml. Whenever necessary, the fat and the
insoluble components were removed by treating part of the solution with kieselguhr
and by filtering it through a Whatman No. 40 paper. About 20 ml of the filtrate were
collected, and exactly 1o ml were transferred with a pipette into a flat-bottomed por-
celain dish. 5 ml of 2 N HC] were added, and the mixture was evaporated to dryness
on a boiling water bath. The dry residue was taken up in 5 mlof 2 N HCl and again evap-
orated to dryness. When the residue was very dark (particularly in the case of soups),
this operation was repeated for a third time. The residue was finally dissolved in exact-
ly 10 ml of distilled water and filtered through a Whatman No. 40 paper. The filtrate
was then passed through an Allihn tube (I.D. o.g cm), packed with 2.5 g of Brock-
mann’s alumina. About 6 ml of the eluate were collected, and 5 ml were then transfer-
red with a pipette into a flat-bottomed porcelain dish. 1 ml of 2 N HCl was added, and
the solution was evaporated to dryness on a boiling water bath. The residue was dissolv-
ed in exactly 5 ml of a T mM solution of cytosine in pH 3.7 buffer, and, whenever
necessary, filtered through a Whatman No. 42 paper.

About 1 ml of the filtrate was put on the chromatographic column and eluted
with a pH 4.30 buffer at a rate of 120 ml/h and at a temperature of 56°. The eluate was
monitored for creatinine in the UV region at 240 mu and at a slit width of 1.5 mm.

The column needs to be regenerated only when loss of efficiency or resolution is
noticed. Regeneration is carried out by passing 10 ml of 2 N HCI through the column
and then some 1 N NaOH until the NaOH front, which is darker, reaches the bottom
of the column. The latter is then re-equilibrated with 30—40 ml of a pH 4.30 buffer.

RESULTS AND DISCUSSION

The data in Table I indicate that this method gives accurate and reproducible
results. These results were obtained for (a) a laboratory soup preparation, (b) a com-
mercial soup preparation, (c) a dehydrated soup and (d) a tomato soup. An accurately
known amount of creatinine was added to each of these, and sample (b) also contained
some meat extract, in which the creatinine had been accurately measured. The added
creatinine was always recovered with a good accuracy, and the standard deviation
never exceeded -+ 1.1%.

Sample (d) was the most interesting because it contained some substances that
simulate creatinine in JAFFE’s test (7.¢. give the same color when reacted with sodium
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TABLE I
RECOVERY OF CREATININE ADDED TO A SOUP AND A SOUP PREPARATION

a = Soup preparation without meat extract; b = soup preparation with meat extract; ¢ = dehy-
drated vegetable soup; d = tinned tomato soup.

Sample Creatinine added Creatinine found Recovery
(mg) (meg) (%)
1a 27.00 27.11 100.4
2a 27.00 26.81 99.3
3a 27.00 26.81 99.3
44 27.00 26.95 99.8
5a 27.00 27.11 100.4
6a 27.00 26.95 99.8
7a 27.00 27.29 10I.1
8a 27.00 : 26.78 99.2
Average recovery 99.9 4+ 0.7
ib 27.00 27.13 100.5
2b 27.00 26.78 99.2
3b 27.00 26.70 98.9
4b 27.00 27.16 100.6
s5b 27.00 27.00 100.0

Average recovery 99.8 + 0.8

1ic 56.50 55-93 99.0
2¢ 56.50 56.44 99.9
3¢ 56.50 56.73 100.4
4C 56.50 57.12 IOI.I
5C 56.50 57.01 100.9
Average recovery 100.3 4+ 0.9
1d 56.50 56.50 100.0
2d 56.50 : 55.71 98.6
3d 56.50 56.50 100.0
4d 56.50 57.40 101.6
5d 56.50 56.95 100.8

Average recovery  100.2 -+ I.I

picrate in an alkaline mediumy}, so that this test gives a creatinine content for tomato
soup not containing meat extract.

These interfering substances cannot be removed by passing the sample through
alumina or by extracting it with diethyl ether. The present method permits the chro-
matographic separation of creatinine from interfering substances, since these emerge
in the first 10 min of the elution, while creatinine appears only after 17 min.

The creatinine zone generally did not contain other substances absorbing in the
UV region. This was confirmed analyzing a protein hydrolysate, a yeast autolysate
and various fresh and dehydrated vegetables by the proposed method. In fact, it was
only in the case of tomato that a peak appeared which was not well resolved from the
creatinine peak. Under the present conditions, however, this peak was small and did
not interfere with the analysis (¢/. Table I), also because it was not superimposed on
the creatinine peak. Furthermore, this substance has a slightly shorter retention time
than creatinine and cannot be mistaken for the latter when present by itself. This can
be seen from Fig. 1, showing the graphs obtained in the analysis of tomato soup with
and without a meat extract, as well as in the analysis of a standard mixture.
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The present method has dispensed with the ether extraction which is time-con-
suming, rather difficult and gives rise to inaccuracies. Our method is thus rapid, accu-
rate and easy to carry out. The use of an internal standard, cytosine, which closely fol-
lowed creatinine in the elution, means that the amount of sample placed on the column
need not be accurately known.

START

30 20 10 ¢ min

Fig. 1. (1) Chromatogram of a tomato soup with meat extract; (2) chromatogram of a tomato soup
without meat extract; (3) chromatogram of a standard mixture of creatinine and cytosine.
a = Creatinine; b = adenine; ¢ == cytosine; x = unknown from tomato.

For calculation of results, the method of the ratio of peak areas using an internal
standard was adopted. At creatinine concentrations of 0.2—1 ymole/ml, the calibration
curve was a straight line. To obtain very accurate results, it is useful therefore to elute
occasionally a standard mixture, containing cytosine in the same amount as added to
the samples to be analyzed, also containing creatinine in an amount very close to what
is expected to be present in the samples to be analyzed. This operation minimizes the
inevitable instrumental error.

CONCLUSIONS

The method proposed for the determination of creatinine in soup preparations
and soups containing meat extracts is more accurate and less time-consuming than the
methods used so far. Furthermore, it enables one to avoid the inconvenience caused by
creatinine-like interfering substances which make the analysis inaccurate in the case
of tomato soup.
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SEPARATION AND DETECTION OF GALLIC ACID AND ITS ALKYL
ESTERS BY POLYAMIDE THIN-LAYER CHROMATOGRAPHY

RYUZO TAKESHITA, YONEJI SAKAGAMI axp NOZOMU [TOH
Depariment of Public Health Phaymaceutics, The Institute of Public Health™, Tokyo ([Japan)
(Received September 4th, 1969)

SUMMARY

A procedure for preparing polyamide thin layers and chromatographic solvents
necessary for a distinct separation of gallic acid and its alkyl esters has been described.
A clean-up procedure necessary for the separation and identification of these com-
pounds from fatty foods was investigated. All the procedures were very simple,
convenient and feasible for the analysis of these compounds and will also be applicable
to the separation and identification of other gallic acid esters in fatty foods.

INTRODUCTION

When fatty foods are oxidized or hydrolyzed under the influence of air, moisture,
light and microorganisms during storage, they deteriorate because of the production
of small amounts of hydroxy fatty acids, ketones, aldehydes and organic peroxides.
Consequently, alteration in taste and odor of fatty toods, namely rancidity, occurs.
This rancidity is primarily due to organic peroxides, hydroxy fatty acids and aldehydes.
One effective and secure means of preserving fatty foods from deterioration 1s the
addition of antioxidants in very low concentrations. Antioxidants generally available
in most countries are nordihydroguaretic acid (NDGA), butylated hydroxytoluene
(BHT), butylated hydroxyanisol (BHA), some alkyl esters of gallic acid, e.g. propyl
gallate (PG) and isoamyl gallate (IAG), and ethyl protocatechuate (EPC). The addition
of these antioxidants to fatty foods has found increasing use in recent years. There-
fore a simple, rapid and reliable method for the separation and detection of these
antioxidants from fatty foods is strongly demanded today.

Although various methods for the separation and detection of these compounds
from fatty foods have been reported by many investigators, generally antioxidants
are separated from fatty foods by extraction with a suitable organic solvent and are
detected by thin-layer, paper and gas chromatography with or without any purifica-
tion procedure; of these methods thin-layer chromatography is widely applied since
it is rapid, economical and convenient.

Since SEHER! first succeeded in separating some antioxidant mixtures on silica

* Address: 1-39, Shibashirokane-Daimachi, Minato-ku, Tokyo, Japan.
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gel thin layers, some other investigators?—4, testing the separation and detection of
various mixtures of antioxidants on silica gel or acetylated cellulose, have not
obtained satisfactory results. The use of polyamide powder in TLC has been introduced
by DAVIDEK et al.5:¢ and by EGGER?, and the application of this stationary phase for
the separation of various natural and synthetic products has been frequently reported
to date (for a review see HORHAMMER ¢t al.8). This chromatographic adsorbent has
also been successfully applied to column chromatography for the analysis of many
groups of natural phenolic®-1¢ as well as other!” products. DaviDEK?® has used poly-
amide layers (“loose layers”) to obtain a distinct separation of gallic acid from its
alkyl esters and to shorten the long development time which is inevitably required
in paper chromatography. Later Copius-PEEREBOOM!® succeeded in preparing firmly
bound layers of polyamide, containing such a binding agent as starch or polyvinyl
acetate to improve the “loose layers”’. He has found these layers to be useful for the
separation of fat antioxidants.

However, the authors were confronted with several problems when making
use of the above experiences:

(1) Testing DAVIDEK’s method!®, it proved impossible to prepare a uniform
firmly bound thin layer of polyamide.

(2) Using “loose layers” great care had to be taken to avoid disturbing or
damaging the thin layer, especially during solvent development and during spraying
with a visualizing reagent.

(3) A good distribution and sharpness of the spots of alkyl esters of gallic acid
were observed neither on “loose layers’ nor on polyamide layers containing a binding
agent.

The present investigation was undertaken to eliminate the above-mentioned
difficulties experienced when using polyamide layers and to propose a simple and
reliable method for the separation and identification of antioxidants from fatty foods.

EXPERIMENTAL

Thin-layer chromatography

Adsorbent. Polyamide powder (obtained from E. Merck, Darmstadt, G.F.R.)
was used as the adsorbent. Before use it was washed with benzene in a centrifuge
tube and thereafter with a volume of methanol equal to twice the volume of poly-
amide powder. It was dried at 60°.

Reagents. Gallic acid and six of its alkyl esters (Table I) were obtained from
Tokyo Kasei Kogyo Co., Ltd. Before use they were twice crystallized from dilute
ethanol. Test solutions were prepared by dissolving 10 mg of each of the compounds
inzoml of acetone. Aliquots (ul} of this solution were used for detection and sepa-
ration.

The visualizing reagent was prepared by dissolving 1o mg of analytical reagent
grade z,6-dichloroquinone-4-chlorimide (obtained from Tokyo Kasei Kogyo Co., Ltd.)
in 100 ml of isopropanol.

The solvents used are listed in Table I1I. They were all of analytical reagent
grade.

Apparatus. Thin-layer applicator and accessories were obtained from Yasawa
Seisaku Co., Ltd. Glass plates were 20 cm X 5 cm. The chromatographic chamber had
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TABLE I

STRUCTURAL FORMULAS OF GALLIC ACID AND ITS ALKYL ESTERS

HO
HO
Compound R
Gallic acid H
Methyl gallate CH,
Ethyl gallate CH,CH,
Propyl gallate CH,CH,CH;
/CH3
Isoamyl gallate CH,CH,CH
\cH,
Lauryl gallate CH,(CH,),,CH,
Stearyl gallate CH,(CH,),,CH,

a diameter of g cm and a height of 27 cm. The UV light source (3650 A) was supplied
by Manasulu Ultraviolet Kagaku Kogyo Co., Ltd.

Preparation of polyamide layers. According to the method generally used in the
preparation of silica gel thin layers, glass plates were coated with a slurry composed
of 15 g of polyamide powder and 50 ml of isopropanol. An applicator giving a thin
layer approximately 250 g thick was used. After drying the plates in air for about
15 min, they were further dried at 60° for 30 min and allowed to cool at room tempera-
ture. Then they were stored, until required, in a dessicator containing silica gel.

Development and detection. 0.5-1 ul of the test solution of gallic acid and its
alkyl esters were spotted with a micropipette on the starting line 2 cm from the
bottom of the plate. The plate was then placed inside a chamber containing the mobile
phases to a depth of about 1 cm. Development was carried out by the ascending techni-
que until the solvent front had travelled a distance of 1o cm from the starting line.
After development the plate was dried in air, and the spots were observed under UV
light before spraying with the visualizing reagent.

Column chromatography

Adsorbent. Polyamide powder (obtained from M. Woelm, Eschwege, G.F.R.)
was used as the adsorbent. Before use it was treated in a manner similar to that
described for TL.C.

Reagents. Of the test compounds listed in Table I, gallic acid and stearyl gallate
were used after two crystallizations from dilute ethanol.

The solvents n-hexane, benzene, acetonitrile, methanol and ethyl acetate were
of analytical reagent grade.

Apparatus. The column used consisted of a glass tube, T cm in diameter and
20 cm in length, and was equipped with a cockstop and glass wool.

Preparation of the polyamide colummn. A slurry of polyamide powder and #-hexane
was poured into a glass tube to make a ro-cm high column bed. A round piece of filter
paper was placed on the surface of the column bed.
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Separation and detection. A sample of fatty food containing 1 mg of both
gallic acid and its alkyl esters was weighed into a centrifuge tube, and 30 ml of
acetonitrile were added. The mixture was shaken to extract the antioxidants and
then centrifuged at 3000 r.p.m. The supernatant was then decanted into a Too-ml
flask; an additional 20 ml of acetonitrile were added to the sediment and the same
extraction procedure was repeated. All the supernatants were combined in the flask
and evaporated to dryness at 40-45° under reduced pressure. After the residue had
been dissolved in 20 ml of benzene, 30 ml of #n-hexane and small amounts of anhydrous
sodium sulfate were added to the solution. The mixture was allowed to stand for
30 min and was then transferred to the polyamide column by means of a pipette.
The flask containing the anhydrous sodium sulfate was rinsed thrice with small
portions of benzene, and the washings were also transferred onto the column. Before
the benzene solution was eluted from the column, the residue in the flask was rinsed
two to three times with small portions of ethyl acetate-methanol (1:4), and the wash-
ings were also applied on the column. The flow rate was maintained at approximately
2 ml/min. The effluent was collected upon application of the ethyl acetate-methanol
mixture on the column. About 30 ml of effluent were collected in a 100-ml flask and
evaporated to dryness at 40—45° under reduced pressure. The residue was dissolved
in small amounts of methanol. The solution was applied to polyamide plates for TLC,
as already described. An outline of the above purification procedure is given in
Fig. 1.

Samples

extracted with acetonitrile
centrifuged

Supernatant
evaporated to dryness at 40—45°
Residue

anhydrous sodium sulfate added
dissolved in benzene, followed by ethyl acetate-methanol (1 4)

Column chromatography using polyamide

eluted with ethyl acetate~methanol (1:4)
Effluent

evaporated to dryness at 40-50°
Residue

dissolved with methanol

Thin-layer chromatography
Fig. 1. Purification of gallic acid and its alkyl esters from fatty foods.
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RESULTS AND DISCUSSION

Polyamide thin-layer plates

When the plates, coated with commercial polyamide powder, were used for
development with solvent systems containing such a polar solvent as acetic acid or
formic acid, the thin layers became so fragile that cracking and peeling appeared in
all areas of the plates, particularly on the solvent front. In order to prevent these
difficulties, commercial polyamide powder was thoroughly washed with both benzene
and methanol before preparation of the thin-layer plates.

Separation and detection of gallic acid and its alkyl esters on polyamide thin layers

As seen from the Rp values in Table II, when using solvent systems 15, gallic
acid and its alkyl esters were not clearly separated. However, it was observed, when
using solvents 3 and 4, that the Rp values of isoamyl, lauryl and stearyl gallate
decreased as the length of the carbon chain increased. Such a tendency was also found
by Coprus-PEEREBOOM?® when he analyzed some alkyl esters of gallic acid on a starch-
bound polyamide layer using a solvent system consisting of methanol-acetone-water
(60:20:20).

Gallic acid and its alkyl esters separated considerably better in solvent systems
6-8. The distribution and sharpness of spots on the thin-layer chromatograms were
in general better than when using carbon tetrachloride—ethanol (7:3), which had been
recommended by DaVIDEK?®. It was observed, however, that the spots of propyl and
ethyl gallate did not separate from each other.

Solvent systems 9-I13 contain formic or acetic acid. The distribution and
sharpness of spots using solvent systems g—11 were the best thus far obtained. It
was found, however, that the separation between isoamyl and propyl gallate was
not sufficient. On the other hand, as shown in Fig. 2, gallic acid and its alkyl esters
were distinctly separated with round spots using solvent system 13. In addition,
the distribution and sharpness of spots on the chromatogram using solvent system 12

Front

70 O
6O O
Os O
Q4 o)
O3 Q
[oF) O
oL (o]
Start

Fig. 2. Chromatogram of gallic acid and its alkyl esters and a mixture of them on polyamide thin
layers. Solvent system: carbon tetrachloride-isopropanol-formic acid (40:6:2). Development
time: 210 min. Temperature: 20 4 1°. 1 = gallic acid; 2 = methyl gallate; 3 = ethyl gallate;
4 = propyl gallate; 5 = isoamyl gallate; 6 = lauryl gallate; 7 = stearyl gallate.
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were similar to those using solvent system 13. Development time required 1go min
in solvent system 12 and 210 min in solvent system 13 at 20 4 1°.

Relationship between the Rp values of gallic acid and its alkyl esters and the alcohol
content in solvent systems 12 and 13

As the best distribution and sharpness of spots was obtained using solvent
systems 12 and 13, the question was posed whether any amount of methanol or
isopropanol in two solvent systems is suitable for separation. It was found that the
compounds tested were distinctly separated with round spots when the methanol
content was about 13-I9g vol.% in system 12 and when the isopropanol content was
about 1216 vol. %, in system 13. In addition, the sharpness of all the spots was superior
in solvent system I3 to that in solvent system I12.

Sensitivity test for the detection of gallic acid and its alkyl esters on polyamide thin layers

When spotting 0.1, 0.2, 0.3 and 0.5 ug of the compounds on a thin layer and
then developing it with solvent system 12, each spot was detected both by spraying
with the visualizing reagent and under UV light. UV light produced dark spots and
the visualizing reagent produced grayish-green spots.

TABLE I1I
MINIMUM AMOUNTS OF GALLIC ACID AND ITS ALKYL ESTERS DETECTED ON POLYAMIDE THIN-LAYER
PLATES UNDER UV LIGHT OR WITH A VISUALIZING REAGENT

Solvent system: benzene-methanol-acetic acid (25:4: 1). The color observed with the visualizing
reagent was grayish-green in all cases. Absorption was observed in all cases.

Compound Ry value Amount detected (ug)
Visualizing UV light
veagent (3650 4)
Gallic acid 0.05 0.1 0.3
Methy! gallate 0.23 0.1 0.3
Ethyl gallate 0.29 0.1 0.3
Propyl gallate 0.34 0.1 0.3
Isoamyl gallate 0.43 0.1 0.3
Lauryl gallate 0.71 0.1 0.5
Stearyl gallate 0.84 0.1 0.5

The results, shown in Table III, indicate that detection using the visualizing
reagent is more sensitive than under UV light. This is clearly attributable to the fact
that the thin layer itself has a considerable UV absorption. The detection limit for the
compounds was 0.I ug with the visualizing reagent and under UV light it was 0.3 ug
for gallic acid and methyl, ethyl, propyl and isoamyl gallate and 0.5 ug for stearyl
and lauryl gallate. Tt is assumed that low sensitivities of stearyl and lauryl gallate
might be dependent mainly upon any dispersion in their spots which might be brought
about by the long development time and their higher R values.

Purification of gallic acid and its alkyl esters from faity foods
When gallic acid and its alkyl esters, which were separated from fatty foods by
extraction with acetonitrile only, were detected on polyamide plates, the Rp values
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were considerably variable because of such interfering materials in the extract as
lipids, tocopherols and fat-soluble pigments. Thus polyamide column chromatography,
previously reported by us?, was applied to remove these extraneous substances.

Judging from the Ry values of the compounds on polyamide thin layers, elution
of gallic acid and stearyl! gallate on the polyamide column was examined by the
following process. One milliliter of a test solution, prepared by dissolving 1o mg of
stearyl gallate in 10 ml of benzene, was applied to a polyamide column and eluted
with a mixture of ethyl acetate-methanol (1:4). Every 2 ml of the effluent were collect-
ed in a small test tube immediately after loading the solvent onto the column, and
each sample was transferred to a 1o-ml flask for evaporation at 40—45° under reduced
pressure. Each residue was dissolved in 10 ml of methanol to measure the absorbance
of stearyl gallate of A,,, = 275 mu with I-cm quartz cells using methanol as a
blank.

The behavior of gallic acid on a polyamide column was examined in a procedure
similar to that used for stearyl gallate. However, the test solution for the columin
was prepared by dissolving gallic acid in ethyl acetate, and the absorbance of each
effluent fraction was measured at 4., = 270 myu.

Each elution pattern of the two compounds obtained by this procedure is shown
in Fig. 3. It may be observed from this figure that each 1 mg of gallic acid and stearyl
gallate on the polyamide column is completely eluted when the effluents have reached
about 20 ml.

7.0

»
)

Absorbance
w
o}

10
Effluent (ml)

Fig. 3. Elution patterns on a polyamide column of stearyl gallate and gallic acid with methanol-
ethyl acetate (4:1) as the solvent system.

Separation and identification of gallic acid and its alkyl esters from fatty foods

The separation and identification of gallic acid and its alkyl esters from beef
tallow, lard or olive oil, in which each compound was added at a concentration of
100 p.p.m., were carried out according to the procedure described in EXPERIMENTAL.
It was found that the Ry values of these compounds on polyamide thin layers were in
good agreement with those of the standard substances.

Such a method is also applicable to the analysis of gallic acid and its alkyl
esters in any other fat-rich foods.
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CONCLUSIONS

The uniform and firmly bound thin layers of polyamide powder were easily
prepared by using the polyamide powder treated with both benzene and methanol.
It was found in this investigation that the polyamide thin layers were suitable for
the analysis of gallic acid and its alkyl esters.

By the ascending development with one of two solvent systems containing an
organic acid, solvent systems 12 and 13, gallic acid and its alkyl esters were distinctly
separated with round spots on polyamide thin layers. In particular, it is worth
insisting that some alkyl esters of gallic acid, carbon chains of which differ by one

carbon atom, were separated without overlapping.

In the comparative sensibility test for the detection of gallic acid and its alkyl
esters on polyamide thin layers under UV light and by spraying with the visualizing
reagent, the detection limit under UV light was 0.3 ug for gallic acid and methyl,
ethyl, propyl and isoamyl gallate and 0.5 ug for stearyl and lauryl gallate. By spraying
with the visualizing reagent, 0.1 ug of these compounds was detected.

The simultaneous identification of gallic acid and its alkyl esters from some
fatty foods was successfully carried out by extraction with acetonitrile and purifi-
cation of the extract on the polyamide column and then detection on polyamide thin

layers.
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SUMMARY

Using silica gel layers impregnated with compounds having electron-acceptor
properties, compared with non-impregnated layers a decrease in Rp values of aro-
matic hydrocarbons occurs when the same solvent is used. The Rp values do not
correspond with the values of solid complexes of hydrocarbons with the relevant
acceptors. They vary with the concentration of impregnating agents and, thus, are
an indication of a modification in adsorption properties of the silica gel layer. The
effect of impregnating layers when using a solvent of electron-acceptor properties is
very limited. Chloranil and pyromellitic dianhydride form colored complexes with
aromatic hydrocarbons and can be used for detection on impregnated layers with
acceptor compounds which do not form colored complexes with the hydrocarbons.

INTRODUCTION

Aromatic hydrocarbons as donors of 7z electrons are capable of forming donor-
acceptor complexes (EDA) with substances having electron-acceptor properties. This
finding has been used by various authors for separation of polycyclic aromatic hydro-
carbons on thin layers. Until now, the following methods have been used:

(1) a plate already prepared is impregnated with a complex-forming agent;

(2) a complex-forming agent is added to the adsorbent during preparation of
the plate; '

(3) a plate already prepared without a complex-forming agent is developed in
a system containing the complex-forming agent.

FRANCK-NEUMANN AND JOssanG! were the first to point out the possibility of
using the EDA complexes in thin-layer chromatography. They separated polycvclic aro-
matic hydrocarbons on layers impregnated with sy .-trinitrobenzene, whereas poly-
nitroaromatic substances were developed on non-impregnated layers in anthracene-
containing systems. BERG AND Lam? added a small amount of complex-forming agent
to the aluminium oxide and silica gel used as adsorbents. For separation of aromatic
hydrocarbons, KESSLER AND MULLER?® used a saturated solution of picric acid as a
developing system. Thin-layer chromatography was also used for the study of EDA

* Present address: Galena, n.p., Komérov u Opavy, Czechoslovakia.
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complexes of other  donors, e.g. aromatic amines on layers impregnated with poly-
nitroaromatic compounds*=¢.

In the present study the effect is examined of impregnating commercially
available silica gel plates with tetracyanoethylene and some acceptors from the group
of halogen quinones, aromatic anhydrides, N-methylated cyclic ureids and bile acids,
not yet used for separation of aromatic hydrocarbons. The study also included the
caffeine previously examined?. The polynitro substances as complex-forming agents
were not studied here, since a considerable amount of work dealing with these sub-
stances already exists!~6. As developing systems simple solvents with relatively clear-
cut electron-acceptor (tetrachloroethylene) and electron-donor (di-n-butyl ether) prop-
erties were used.

EXPERIMENTAL

Chewmicals

The origin and purity of the aromatic hydrocarbons studied and the methods
used for their purification are listed in Table I. As solvents, predistilled di-n-butyl ether
and tetrachloroethylene were used.

Tetramethyluric acid (TMUA) used for impregnation of the layers was prepared
synthetically”. Caffeine PhBs 2, chloranil (Lachema p.a.) and tetracyanoethylene
(TCNE, Lachema, pure) were purified by a repeated vacuum sublimation. Pyro-
mellitic dianhydride (PMDA, Fluka, pure) and desoxycholate sodium (Léciva Praha)
were not purified prior to use.

TABLE I

AROMATIC HYDROCARBONS INVESTIGATED

No.  Hydvocarbon Origin Purity Purification method
I Pentamethylbenzene Synthetized after ref. 17 Crystallization from ethanol
2 Hexamethylbenzene Synthetized after ref. 17 Crystallization from ethanol
3 1-Methylnaphthalene B.D.H. Great Britain not given —
4 2-Methylnaphthalene E. Merck for synthesis  Distillation
5 2,3-Dimethylnaphthalene Koch-Light purum —
6 2,6-Dimethylnaphthalene Koch-Light purum —
7 Acenaphthene Schering purum, —
8 Acenaphthylene B.D.H. Great Britain not given —
9 Fluorene Loba-Chemie purum Recrystallization from
xylene
10 2.3-Benzofluorene Schuchardt purum —
11 Fluoranthene Schuchardt not given Crystallization from ethanol
12 20-Methylcholanthrene Koch-Light purum —
13 Biphenyl Chemko, Strazske not given —
14 m-Terphenyl Chemko, StraZske not given —
15 Anthracene Lachema for analysis
16 Phenanthrene Lachema Zone refining
17 Chrysene Loba-Chemie purum —
18 Pyrene Koch-Light purum Sublimation
19 3.4-Benzopyrene Fluka puriss. —
20 1.2,5.6-Dibenzanthracene Koch-Light purum —
21 1.2,3.4-Dibenzopyrene Koch-Light purum —
22 1.2,4.5-Dibenzopyrene Koch-Light purum —
23 3.4,9.10-Dibenzopyrene Koch-Light purum —
24 Anthanthrene Koch-Light purum —
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Chromatography

Benzene solutions of aromatic hydrocarbons (kept in darkness) were applied
to 150 X 150 mm reflex silica gel foils Silufol (Kavalier, n.p.) without a luminescence
indicator. Prior to use, the plates were impregnated by spraying as follows:

(1) 0.05 M and saturated aqueous solution of TMUA ;

(2) 0.05 M and saturated aqueous solution of caffeine;

(3) saturated solution of PMDA in ethyl acetate;

(4) saturated solution of chloranil in chloroform;

(5) 0.05 M aqueous solution of sodium desoxycholate;

(6) 0.05 M TCNE solution in acetone.

After chromatography aromatic hydrocarbons were detected by spraying the
plate with a saturated solution of chloranil in chloroform. The color of the spots could
be intensified by heating the plates to about 110°. Substances No. 10-12, 15 and 1724
could also be observed as fluorescent spots under UV light. For comparison of Rp
values, solid complexes of pyrene with TMUA8, PMDA? and TCNE have been
prepared. '

RESULTS AND DISCUSSION

Concentration of the acceptor compound in solution used for impregnation
shows a marked effect on Ry values of aromatic hydrocarbons, as is evident from
Tables II and III. These changes in Rp values are evidence of the altered adsorption
properties of a layer, which behaves like a new type of adsorbent. The solid EDA
complexes of pyrene listed under EXPERIMENTAL behave similarly to pyrene itself
on non-impregnated layers. Due to the effect of solvent and adsorbent, a disinte-
gration of the relatively weak donor-acceptor bond occurs. As impregnating agents
PMDA, chloranil, TMUA and caffeine, the last of these has been recommended?,
gave good results. When sodium desoxycholate was used, no effect was observed with
aqueous solutions which were found suitable as mobile phase for separation by paper
chromatography'!. Rp values of the aromatic hydrocarbons obtained on plates im-
pregnated with tetracyanoethylene were not reproducible. TCNE is often used as a
detection agent for aromatic compounds!*=*4, but later its limited effectiveness was
reported®®. On the layers impregnated with chloranil and PMDA lasting color stains
are achieved after application of aromatic hydrocarbons (Table IV). For detection
purposes, however, spots on plates impregnated with chloranil are more suitable:
yellow-colored spots occurring mostly on plates impregnated with PMDA give less
contrast when compared with spots on plates impregnated with chloranil.

The Rp values obtained on non-impregnated layers are influenced by the ad-
sorption forces which increase, as a rule, with the number of aromatic rings in a
molecule, regardless of their arrangement!. On layers impregnated with acceptor
compounds, the situation is similar, since an increasing number of rings in a molecule
of an aromatic hydrocarbon is also accompanied by a decrease in their ionization
potential. The stability of the EDA bond is proportional to the difference between the
electron affinity of the acceptor and the ionization potential of the donor.

The solvent has also a considerable effect on the quality of separation. Tetra-
chloroethylene causes considerably smaller differences than di-n-butyl ether in Rp
values of aromatic hydrocarbons on both impregnated and non-impregnated plates,

J- Chromatog., 45 (1969) 278—283
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TABLE IV

283

COLORS OF 7t COMPLEXES OF CHLORANIL AND PYROMELLITIC DIANHYDRIDE WITH AROMATIC HYDRO-

CARBONS
No.  Hydrocarbon Color of m complex Color of w complex
with chiovanil with PMDA
1 Pentamethylbenzene brownish red yellow
2 Hexamethylbenzene reddish violet light yellowish brown
3 i-Methylnaphthalene greyish brown yellow
4 2-Methylnaphthalene brown yellow
5 2,3-Dimethylnaphthalene brown yellow
6 2,6-Dimethylnaphthalene grey yellow
7 Acenaphthene bluish grey orange
8 Acenaphthylene brown yellow
9 Fluorene brownish violet yellow
10 2.3-Benzofluorene dark brownish grey yellowish brown
1I Fluoranthene brown light yellow
12 20-Methylcholanthrene greenish yellow grey
13 Biphenyl yellowish brown light yellow
14 m-Terphenyl yellowish brown light yellow
15 Anthracene greenish blue reddish pink
16 Phenanthrene brown yellow
17 Chrysene brownish grey yellowish brown
18 Pyrene dark green light red
19 3.4-Benzopyrene greenish yellow grey
20 1.2,5.6-Dibenzanthracenc grey yellowish brown
21 1.2,3.4-Dibenzopyrene greenish yellow yellowish brown
22 1.2,4.5-Dibenzopyrene greenish yellow greyish brown

3.4,9.10-Dibenzopyrene
Anthanthrene

greenish yellow
yvellow

yellowish green
light green

since with an excess of the acceptor solvent the effect of the complex-forming agent
from the impregnated plate can only be shown to a lesser degree.

It is impossible to attain such a homogeneous distribution of the complex-
forming agent on the plate by the spray-impregnation method as by the addition of
the complex-forming agent to the adsorbent during preparation of the plates®. A
satisfactory reproducibility (Rp value +4-0.05), however, indicates that the former
method is also suitable for practical separation of aromatic hydrocarbons.

REFERENCES

1 M. FRANCK-NEUMANN aAND P. JOssanG, [. Chrvomatog., 14 (1964) 280.

2 A. BErG aND J. Lawm, J. Chromatog., 16 (1964) 157.

3 H. KessLER AND E. MGLLER, J. Chromatog., 24 (1966) 469.

4+ A. K. Dwivepy, D. B. Parmuar, S. P. SHarMaA axD K. K. VERMa, J. Chromatog., 29 (1967) 120.
5 D. B. PAarIHAR, S. P. SHarma axD K. K. VErMA, . Chrvomatog., 29 (1967) 258.
6 D. B. Parigar, S. P. Suarma axD K. K. VErMA, J. Chromatog., 31 (1967) 120.
7 H. Birtz axp K. STRUFE, Ann., 413 (1917) 199.

8 H. WEIL-MALHERBE, Biochem. J., 40 (1946) 351.

9 J. A. C. BoevEns anp F. H. HerBstEIN, [. Phys. Chem., 69 (1965) 2153.
10 H. Kuropa aND H. AxamMaTU, J. Chem. Phys., 40 (1964) 3748.

11 M. StucHLik, L. KrasneECc axD [. CsiBa, J. Chromatog., 30 (1967) 543.
12 D. S. TarBerL axDp T. Huang, J. Org. Chem., 24 (1959) 887.

13 F. Gerss, H. ScuLitt, F. J. RitTER AND W. M. WEMaR, [. Chromatog., 12 (1963) 469.
14 J. JaNAK, J. Chromatog., 15 (1964) 15.
15 G. F. MackE, J. Chvomatog., 36 (1968) 537.

16 P. H. BErRTHOLD, Evdoel Kohle, 19 (1966) 114; C.A., 64 (1966) 156351
17 Orvganic Syntheses, Collective Vol. 2, John Wiley, New York, 1946, p. 248.

J. Chromatog., 45 (1969) 278-283



284 JOURNAL OF CHROMATOGRAPHY

CHROM. 4372
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IX. QUANTITATIVE ANALYSIS BY IN SITU REFLECTANCE
SPECTROSCOPY™

R. W. FREI*"
Department of Chemistry, Dalhousie University, Halifax, N.S. (Canada)

AND
H. ZURCHER axD G. PATAKI***

Reseavch Depavtment, Robapharm Ltd., Basle (Switzerland)
(Received September 8th, 1969)

SUMMARY

Five nucleo derivatives have been chosen for quantitative i» situ determination
by reflectance spectroscopy after two-dimensional separation from a complex mixture
by thin-layer chromatography on cellulose. The use of an internal standard to com-
pensate for fluctuations in the chromatographic procedure resulted in an improveme:t
in the reproducibility of data by about 3-4% relative standard deviation. Average
accuracies obtained with the method in the analysis of an artificial mixture ranged
between 5.1 and 4.0 %. The use of a linear calibration curve of substance to standard
ratio plotted versus square root of concentration proved most advantageous. The
use of one set of calibration curves for the analysis of mixtures on various days gave
an average error of about 169, but was tremendously timesaving. The method was
successfully applied to the analysis of nucleo derivatives in an extract of cartilage red
bone marrow.

INTRODUCTION

Reports on the reflectance spectroscopic evaluation of nucleo derivatives have
been previously communicated!-% Time studies revealed no significant changes, either
with regard to peak shift or intensity of maxima, over a 24-h period?. Shifts of maxima
over an analytically useful concentration range were 2 nm (c¢f. ref. 3).

In view of these facts, it was decided to work out a quantitative in sifu re-
flectance spectroscopic method for some nucleo derivatives with the use of the Zeiss

* For part VIII cf. ref. 3.
**To whom all inquiries are to be sent.
*** Present address: Sandoz Ltd., Basle, Switzerland.
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chromatogram spectrophotometer. The method was to be applied to the determi-
nation of nucleo derivatives in biological materials.

EXPERIMENTAL

Chromatographically pure hypoxanthine, uridine, uracil, inosine and thymine
have been used for the preparation of stock solutions in 0.04% v/w NaOH. In many
cases adenine has been added as internal standard. The plates were coated with Cel-
lulose MN-300 (Macherey, Nagel & Co., Diiren, G.F.R.), purified according to ref. 5.
All solvents used were of reagent grade.

Samples and standards were applied with 5-ul capillaries (Microcaps, Drummond
Scientific Co. Ltd., Broomall, Pa., U.S.A.). Two-dimensional chromatography was
carried out according to a previously described method®. The spots were viewed under
an UV lamp (Camag Ltd., Muttenz, Switzerland) at 254 nm and marked on the backside
of the plate with a grease pencil. Reflectance measurements were made with the Zeiss
chromatogram spectrophotometer (Zeiss, Oberkochen, G.F.R.). The chromatographic
peaks were evaluated by planimetry with a planimeter manufactured by Ott Ltd,,
Kempten, Bavaria, G.F.R.

RESULTS AND DISCUSSION

Calibration curves
The concentration—reflectance relationships of the 16 nucleo derivatives quali-
tatively investigated in the previous communication® have been studied in this proj-

mm
11001

1000
300+
800+
700
600
500
400
300
200

1004

1 20 M

Fig. 1. Calibration curves of some nucleo derivatives determined by in situ reflectance spectro-

scopy on cellulose layers. @, Hypoxanthine; X, thymine; O, xanthine; A, nicotinamide; Q,
AMP-3".
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ect. Fairly linear calibration curves were obtained with peak areas plotted wersus
square root of concentration (v/c). A few examples of these calibration plots are given
in Fig. 1. The curves have been computed statistically and correlation coefficients
ranging between 0.980 and 0.994 have been obtained.

Internal standards

Kraus® has introduced the use of an internal standard in one-dimensional thin-
layer chromatography of bands, to compensate for fluctuations inherent in the chroma-
tographic procedure. Such an internal standard would be even more desirable in
two-dimensional chromatography and the advantage of using an internal standard
for the problem at hand was clearly demonstrated with hypoxanthine (Table I). Three
micrograms of uracil and adenine were added as internal standards to 3 ug of hypo-
xanthine. Chromatography was carried out in the usual way once one in a set of 6
and once of 12 analyzed on the Zeiss instrument. Improvements in reproducibility be-
tween 3 and 4 % relative standard deviation were observed with the use of both uracil
and adenine as internal standards. Since uracil is itself a component of the biological
samples of interest, it was decided to use adenine which is not present and does not
interfere with any of the naturally occurring nucleo derivatives on the chromatogram.

TABLE I

A COMPARISON OF THE REPRODUCIBILITY OF DATA WITH AND WITHOUT THE USE OF INTERNAL
STANDARDS

Hypo- Uracil Adenine Hypoxanthine] Hypoxanthine|
xanthine uvacil adenine
Mean and standard
deviation® (n = 6) 752 + 69 790 4+ 65 780 + 75 0.96 4+ 0.069 0.96 -+ 0.05
% Rel. st. dev. 9.1 8.3 9.6 6.3 5.1
Mean and standard
deviation (n = 12) 700 + 70 760 4 81 740 4+ 60 0.924 &£ 0.066 0.948 4 0.065
% Rel. st. dev. 10.0 10.7 8.1 7.1 6.9
M — M)?
aSt. dev. = s =A/):‘i___.L
(n—1)

Analysis of a synthetic mixture

Chromatographic separation has been carried out as usual®. The chromatogram,
as well as the corresponding chromatographic peaks, are shown in Fig. 2. (Arrows
mark the scan direction.) For quantitative work, the peak evaluation method also
shown in Fig. 2 proved to be the best of a number of techniques tested, particularly
for not completely resolved double peaks.

Calibration curves of ratios (substance/adenine) plotted versus concentration
showed the usual bent shape (Fig. 3). Reasonably linear curves were obtained, with
the origin generally differing somewhat from zero, if the ratios were plotted versus
the square root of concentration (Fig. 3). Both calibration curves were used for evalu-
ation purpose. The linear plots gave generally somewhat better results. The resulits
of this analysis are presented in Table II. The total time per analysis is two days.
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This includes chromatographic separation on one day and evaluation of data by the in-
ternal standard method on the second. Actual working time for one technician is about

H thi Thymine
ypoxanthine i
@ ® @Urucnl

Adenine ) > ®Uri‘di<

1st dimension

X

—
2nd dimension

Thymine 269 nm

Uracil 261 nm

Hypoxanthine 251 nm
Inosine 250nm
Uridine 265 nm

100 «———» 0
Adenine 267 nm

Fig. 2. Thin-layer chromatogram and corresponding chromatographic peaks. Scanning speed,
7.5 cm/min; recorder speed, 8 cm/min. Arrows mark the direction of scan.

g Hypoxanthine
5
[+4
15

1
10
051

1 3 e

—
M9

Fig. 3. Calibration curves of peak area ratios hypoxanthinefadenine plotted versus concentration
(O—0) and versus square root of concentration (X — x) of hypoxanthine.
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TABLE II

ANALYSIS OF A KNOWN ARTIFICIAL MIXTURE

Compound Amount  Amount founda Percent deviation
present — —
(uglspot) Come. Ve Cone. Ve
Hypoxanthine 4.12 4.56 4.26 10.7% 3.4%
Inosine 3.90 4.01 4.04 2.8 3.6
Thymine 4.35 4.06 4.11 6.7 5.5
Uridine 3.83 3.80 3.56 0.7 7.0
Uracil 3.60 3.43 3.65 4.7 1.4

Average deviation 5.129% 4.029%,

2 Average of three independent analyses.

TABLE III

THE USE OF ONE SET OF CALIBRATION CURVES FOR THE ANALYSIS OF MIXTURES ON VARIOUS DAYS

Compound Amount  Mixture
present
(ug) o 3 I 2

Calibration curves set

2 3 3 3

Amount found Amount found Amount found Amount found

(18) (ug) (18) (1g)

\/a Conc. \/6_ Conc. \/z;_ Conec. '\/a_ Conc.

Hypoxanthine 4.12 5.48

5-3 497 475 506 4.8 4-24  4.50
Percent error 33.0 28.6 20.6  15.3 22.8 16.5 2.9 9.2
Inosine 3.9 — — 4.45 4.6 — — 3.03 3.00
Percent error — — 14.1 18.0 — — 22.3  23.1
Thymine 4-35 5.15 5.25 5.I5 5.25 3.8 3.63 3.28 3.18
Percent error 18.4 20.7 18.4 207 12.6 16.5 24.6 26.9
Uridine 3.83 — — 4.00 4.15 — — 2.82 2.85
Percent error —_— —_ 4.4 8.3 — — 26.4 25.6
Uracil 3.6 3.6 3.45 2.72  2.68 3.76  3.63 3.53  3-45
Percent error 0.2 4.2 24.4 25.6 4-4 0.8 1.9 4.2

Average percent error
for one analysis 17.1  17.8 16.4 17.6 13.3 II.3 15.6 17.8

Total average percent error 15.6 16.2

6-8 h. Nine standards of three different concentrations and three samples were
chromatographed on twelve plates in the same chromatographic tank. Number of
plates and separation time would remain the same no matter how many components
are being determined in the mixture, which makes the method timewise even more
attractive.
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TABLE IV

RESULTS OF ANALYSIS OF THREE BATCHES OF CARTILAGE EXTRACT (RU:\IALON)

Compound Batch 3 Batch z# Batch 12
(MK 4087) (MK 4072) (MK 4048)
\/:(,ug) Conce. (ug) Ve Conc. \/;— Conc.
St. dev.b o, St. dev. St.dev oSt dev. 18 8) (ug) ()
Hypoxanthine 3.63 4-0.36 10 3.62 4 0.42 II.5 1.35 1.20 2.82 2.75
Inosine 0.51 4+ 0.26 5I 0.46 + 0.17 37 0.26 0.23 0.25 0.28
Uridine 1.23 + 0.23 187 1.24 + 0.29 23.4 0.96 0.95 0.49 0.45
Uracil 5.18 + 0.36 6.9 4.77 = 0.45 9.5 I.04 I1.10 1.80 1.77

a Results are obtained from one analysis for each batch.
b Standard deviations are calculated from six analyses.

The use of one set of calibration curves for the determination of mixtures ana-
lyzed on different days was also investigated (Table III). An average percent error
of around 169, was found compared to around 4 and 5%, error with standards chroma-
tographed simultaneously with every determination (Table IT). The timesaving factor
is however so enormous that the latter method may have some merit for certain
applications.

Analysts of biological matevial

Cartilage red bone marrow extract (Rumalon, Robapharm Ltd., Basle, Switzer-
land) was examined for these components. The same chromatographic procedure
was used®, and a complete spotchart and data on a preliminary investigation of this
system were given earlier!. After freeze-drying the various batches, 5:1 dilutions were
made and analyzed similar to the artificial mixture. The reproducibility of hypoxan-
thine in Rumalon was checked. A relative standard deviation of 605 mm? + 37 or
6.1 % was found. This is in the order of magnitude of reproducibilities observed with
the artificial mixture.

Results obtained from three batches of Rumalon are presented in Table IV.
The high percentage of relative standard deviation for inosine is due to the low concen-
tration of this component, which at a dilution ratio of 5:1 approaches a detection
limit. Extracts of higher concentration are hard to handle. From Table 1V it can be
seen that the differences in concentration of hypoxanthine and uracil in the three
batches are significant. Differences of inosine are not significant and differences of
uridine between batches number 1 and 2 are barely significant. The use of 4 times
2 standards of 4 different concentrations for the calibration curve proved somewhat
more advantageous than the use of 3 times 3 standards of only 3 different concen-
trations.
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CONCLUSIONS

Reflectance spectroscopy can be used as a means of quantitative determination
of nucleo derivatives in biological systems. Even though the method has been applied
only to a small group of such compounds, it could well be extended to all the nucleo
derivatives tested earlier and essentially to all stable and ultraviolet-active organic
systems. In the case of Rumalon, the method can be adopted as a semiroutine analysis
for periodic checks of the nucleo derivative content of the various extraction batches,
prior to entering the pharmaceutical processing stage.
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SUMMARY

The electromigration of uranium (VI) using paper as carrier and its chromato-
graphic behaviour in hydrochloric acid (0.5-5 M) and metal chloride solutions con-
taining varying amounts of ethanol or acetone is reported. The influence of the con-
centration of the ligands, as well as that of the organic solvents on the complex for-
mation, and the significance of the solvation state of the uranyl species, as well as the
nfluence of the potential gradient applied, are discussed.

INTRODUCTION

The first report on electromigration in uranyl chloride solutions was given by
DirrricH!, who found that uranium(VI) moved to the cathode. BACHELET et al.?
observed cationic motion of uranium (V1) in mixtures of HCl and NaCl of high con-
centration applying potential gradients of 5-50 V/cm. Cationic migration was ob-
served in 0.1 M solutions of HCl, KCl and NH,Cl by MuxerJEE? and in o.1 M HCl
by MOJUMDAR®.

This paper describes an investigation on the electromigration of uranium (VI)
in hydrochloric acid and metal chloride solutions containing ethanol or acetone,
dependent on the ligand concentration and on the content of the organic solvent of
the solution, as well as on the voltage applied. The purpose of these electrophoresis
studies was to obtain information about the complex formation in chloride solutions
containing organic solvents. The investigation on the paper chromatographic be-
haviour of uranium (VI) in these systems should complete the studies.

EXPERIMENTAL

Whatman No. 3 paper and Schleicher & Schiill z043b Mgl were used as carriers.

Solutions of uranium (V1) were prepared from UO,(NOy),-6H,0 (Riedel de
Haén A.G., Seelze b. Hannover) by repeated evaporation with conc. HCl. The
chloride concentration of these solutions containing uranium (5 mg/ml) was, in each
case, as high as that of the electrolyte system studied.

J- Chvomatog., 45 (1969) 291—297



292 A. RUIS, F, GRASS

The technique of electrophoresis and chromatography used has been reported
in a previous paper®. The electropherograms and chromatograms were dried at
130°. As the details of the determination of the mean migration distance and of the
possibilities of quantitative interpretation of the data, as well as the widest range of
voltage that can be applied have already been discussed®, no further description will
be given here.

Each system was investigated in the widest range of voltage possible.

RESULTS AND DISCUSSION

Solutions containing ethanol

If the distance of migration, d, is plotted against the period of electrophoresis,
¢, the resulting straight line indicates that the composition of the solution is constant
during the electrophoresis. This is the case during the first 20 min in chloride systems
containing ethanol. After longer periods, the evaporation of ethanol results in changes
of the complex formation, and hence in a flexure in the curve; whereas in aqueous
solutions the composition of the system is constant during a period of 60 min.

The slope of the d—¢ curves represents the macroscopical velocity of migration,
v; = 04[Ot = zie,&/6myr;”. Assuming that only one kind of migration species is present
in the solution, the velocity should increase in a solution of constant composition in
the same relation as the applied voltage (that is 1:1). This is not the case in all systems,
e.g.in 2.5 M HCl-80 vol. % ethanol (Fig. 1). According to the comprehensive explana-
tions previously given?, the existence of several differently charged migrating species
should be considered in these systems, though cations and neutral species predominate
in the solution.

0%CHOH 100V

20
12
4 ; 20' B
d 5 7
[mm]
2 50%CHO0H 100V
4
Tr
80%CH50H 100V
4 20 _
5

4 5
/V/ /-/C[
Fig. 1. Migration distance of uranium with changing potential at different acid and ethanol con-
centrations and after various periods of electrophoresis. 100 V voltage corresponds to a potential
gradient of about 5 Vjem, 300 V to 15 Vfecm, 500 V to 25 V/cm and 800 V to 40 V/em. —@—,
2.5 M HCl; —A-— o.5 M HCl-80o vol. %, ethanol; —[J—, 2.5 M HCI-80 vol. %, ethanol; —vV—,
o.11 M HCl-absolute ethanol. For comparison values in 0.5 M HCl are presented, —y—.

Fig. 2. Migration distance with changing acid concentrations at different ethanol concentrations
at a constant potential (100 V) after various periods of electrophoresis. —Q-——, 0%, ethanol;
—A—, 50 vol. %, ethanol; — 00—, 8o vol. 9%, ethanol; —@-—, extrapolated values.

* z;e corresponding to ionic charge; & = field strength; 5 = viscosity; »; = ionic radius.
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The migration distance and velocity depend on the position of the equilibrium
of complex formation and on the ratio of the rate of complex formation and migration
velocity of the ions involved.

In hydrochloric acid solutions containing ethanol, uranium is predominantly
present as cationic and neutral species in the concentration range studied. No in-
formation about the nature of the cations (UO,2+ to UO, C1*) present can be obtained
from these data, since quantitative interpretation of the results is not possible,

10 25M CI™ 100V 60min
6
2 —_
%
-2 T
05 M HCI e ‘ -
) 'mm — .
20 g 25M CI- 100V 20min
12

5 R -

60’ 25M Hel 2 _ N
' 25 M Ci 800V 20min w0
4 20 )
L — — 1 -6
40 60 80 %

o 20 6 20 40 60 60 100%
GHs0H C,H;OH
Fig. 3. Migration distance with changing ethanol concentrations at different acid concentrations
and at different potentials after various periods of electrophoresis. —O—, 100 V;--A-+-, 200V,

Fig. 4. Migration distance with changing ethanol concentrations at a constant ligand concentration
(2.5 M CI-) at different potentials after various periods of electrophoresis. , HCl; — = — —,
LiCl; - -0+ , MgCl,; ——-—, AlCl,.

Increasing acid concentration (Fig. 2) as well as increasing content of ethanol (Fig. 3)
increase the formation of higher complexes. The higher the amount of the neutral
species, the smaller the cationic migration. In 5  HCl-60 vol. % ethanol solutions
no migration occurs at all at 100 V. Although only overall cationic migration can be
observed in the systems studied, in solutions with a high amount of ethanol, the exist-
ence of anionic species seems to be possible, as has been mentioned above.

Addition of ethanol increases the complex formation as the dielectric constant
of the mixture decreases, and hence the ionic interaction increases. The cationic
species are not only stabilized by a solvate shell in aqueous solutions but also in ethanol
to some extent, since in solutions containing dry HCI dissolved in absolute ethanol
cationic migration was observed (Fig. 1).

The complex formation is increased in the salt solutions studied (Figs. 4 and 5).
In systems containing a chloride concentration of 2.5 M and 8o vol. % ethanol or
5 M [Cl-] and 60 vol. % ethanol, the amount of the anionic species (UO,Cly") is
noticeable. In solutions in which the salt has been dissolved in pure ethanol, the
amount of the anions is great, since anionic migration occurred. Usually the cationic
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migration increases in the following order: AlCl, < LiCl < MgCl, << HCl. The ex-
planation of these data is rather difficult since the situation in solutions of the same
Cl~ concentration is complicated by the influence of the varying pH value, viscosity,
dielectric constants and activity coefficients. (The electrode compartments contained
50 ml of salt and 10 ml of acid solution.) The pH of the salt solutions is lower than
that of the acid systems, and hence hydrolysis and polymerization yielding higher
uranium aggregates might be possible. There is a possibility that in acid solutions the
anions UO,Cl;~ and the hydronium ions form ion pairs, that is neutral units, whereas
the ionic association in salt solutions, especially if higher charged cations are involved,
is less probable.

Solutions containing acetone

The composition of aqueous acid solutions containing acetone is constant during
the first 12-13 min of electrophoresis. In these systems the capillary effect is also
more significant.

Increasing acid and acetone concentrations increase the complex formation.

The voltage dependence of the migration® indicates that in 2.5 and 5 M solutions
of considerable acetone concentration differently charged species, cations and anions,
are present. The inversion of the migration direction with increasing voltage in 2.5 M
HCl-60 vol. %, acetone solutions, for instance, is due to the high amount of the anionic
complexes (UO,Cl;™) in these solutions (Fig. 7). In solutions of 60 vol. %, acetone,
cations and neutral species predominate in about 0.5-1 M HCl, whereas in 45 M
HCI predominantly anions are present (Fig. 6). As expected, the inversion of the mi-
gration direction occurs in solutions of an acid concentration (Fig. 6) or of an acetone
content (Fig. 7) which are lower, the higher the voltage applied. Anionic migration
can be clearly observed in all systems containing no or only small amounts of ‘‘free”
water (e.g. 5 M HCl-60 vol. % acetone, 2.5 M HCI-80 vol. % acetone). (It should be
mentioned that in such media condensation reactions take place altering the viscosity,

5Mci- 100V 5 60%C,HOH 100V
6 60 min %&\5, min ¥
RS 10mink
of 2 \20m7n

1

i
+ (I
[,
3

Q.
=

g ) 60%CHOH 200V
fmmj 5MCI~ 100V 20 min ? & 7
AN —r
, \\ 10 +
min
20min

0 20 40 60 % 12 3 4 s
C,HOH M HCl

+e|

Fig. 5. Migration distance with changing ethanol concentrations at constant ligand concentration
(5 M Cl-) and at a constant potential (Too V) after various periods of electrophoresis. , HCl,
-——-—- LiCl; ------ , MgCly; ——-—, AlCI;.

Fig. 6. Migration distance with changing acid concentrations at a constant acetone concentration
(60 vol. %) at different potentials after various periods of electrophoresis.
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the composition and hence the dielectric constants of the solutions and the tendency
to complex formation.) In these solutions only one kind of migrating species, that is
anions, exists.
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Fig. 7. Migration distance with changing acetone concentrations at different acid concentrations
and at different potentials after various periods of electrophoresis.
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pem| o1
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Fig. 8. Rp values with changing ligand concentrations at various ethanol concentrations.
HCY; - — -~ LiCL; -+ -+ , MgCly; —-—-—, AICl;.

Concerning the complex formation and hence the migration in the systems con-
taining ethanol or acetone, the discrepancy observed may be due to the different
solvation tendency of the solvents studied. Ethanol, but probably not acetone, is
able to stabilize the uranyl cations by a solvate shell. This would explain the increased
complex formation in acetone solutions.

Paper chromatographic behaviour

Data on paper chromatographic behaviour are presented in Figs. 8-11. In-
creasing ligand concentrations as well as increasing concentrations of organic solvents
decrease the Ry values in all systems in which, on the one hand, overall cationic
migration or no movement and, on the other hand, an increase in the distribution on
anion exchange resins® can be observed. This decrease in mobility is due to the in-
creased formation of neutral complexes. The Ry values increase in systems in which
overall anionic migration and a decrease in the distribution occur. This increase in
the mobility can be explained by an increase in the amount of the ionic species in
the solution.
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In any case, the higher the amount of the ionic species in solution —regardless
of whether cations or anions are involved —the higher the Rp value. The ions seem to
prefer the mobile phase. A minimum of the curve indicates that formation of neutral
complexes and subsequently that of anions take place.

y L
25MLiCl =57
R ety
g A,.-:::.»’()_gaM ACly 1
08
1%
0.5 M Hl 4
as
06 25M HCI
5MHCI
0 20 40 60 680 100% 0 1 2 3 4 5
C,Hs;OH M HCl

Fig. 9. Rr values with changing ethanol concentrations at various ligand concentrations.
HCl; — ———, LiCl; ++---- , MgCly; —-—-—, AlCl,.

Fig. 10. Rp values with changing acid concentrations at various acetone concentrations. @,
systems which do not contain any ““free’’ water.

Tl 05M

0 20 40 60 80%
CHyCOCH

Fig. 11. Rp values with changing acetone concentrations at various acid concentrations. @, systems
systems which do not contain any ““ free’” water.

All data obtained from acid solutions containing ethanol or acetone agree with
the results on anion exchange of SCHNEIDER®. There is a fairly good agreement between
the data obtained from aqueous acid solutions and the results of JoRGENSEN and
Marcus. According to JoRGENSEN? in 1 M HCl [UO,CI(H,0),]* is present and ac-
cording to Marcus® in 0.5—4 M HCl UO,Cl*+ and in 4-6 M HCl UO,(Cl, exists. It

“should be emphasized that the distance as well as the direction of migration depends
greatly on the voltage applied; and therefore, for instance, cationic motion can occur
at 100 V even in a solution in which the neutral species predominate!

The chromatographic data agree with the results reported in the literature®. 10.
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ION EXCHANGE IN FUSED SALTS

IV. ION-EXCHANGE PROPERTIES OF CRYSTALLINE ZIRCONIUM
PHOSPHATE IN MOLTEN NaNO,~KNO, AT 450°
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C.N.E.N. Laboratovio di Chimica delle Radiazioni ¢ Chimica Nucleare, Istituto di Chimica Genevale
ed Inorganica, Universita di Roma, Rome (Italy)

(Received September gth, 1969)

SUMMARY

The chemical stability of crystalline zirconium phosphate in molten KNO; and
NaNOj; has been determined. It was found that ion-exchange experiments can be
carried out, without appreciable decomposition of the material, up to 350° or 500°
with the H form or the salt form of the exchanger, respectively. Forward and reverse
ion-exchange isotherms for Na/K exchange in molten NaNO;—~KNO3z mixtures at
450° show that contrary to what is found in aqueous solution, no appreciable hyster-
esis occurs. The isotherm curves show two well-defined vertical portions, each being
related to the coexistence of two immiscible phases, one transforming into the other.
The shape of the isotherm curves also indicates that Nat is always preferred to K+
over the whole range of the solvent composition.

INTRODUCTION

In previous papers'—2 ion exchange of alkali metal ions in molten nitrates has
been investigated by using amorphous zirconium phosphate as exchanger. Crystalline
zirconium phosphate seems a more suitable exchanger to obtain better insight into
the ion-exchange phenomena occurring in molten salt media. In fact, with this
material instead of the amorphous, it is possible to follow structural changes occurring
during the ion-exchange process by X-ray analysist—8. On the other hand, ion-exchange
experiments on molten salt media at high temperature also seem to be useful to obtain
additional information on the ion-exchange mechanism of crystalline zirconium
phosphate. Since crystalline zirconium phosphate has never been employed for ion-
exchange studies in fused salts, preliminary research on its stability in molten sodium
and potassium nitrates at various temperatures has been performed. Also the forward
and reverse Na*+—K+ exchange in molten NaNO4;KNO,; mixtures at 450° has been
investigated over the whole range of the ionic composition of the solvent.
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EXPERIMENTAL

Chemicals

All reagents (ERBA RP products) were dried at 110° for 24 h, mixed in proper
proportions and then dried again at 110°. Dimethylsulphone (DMS) was supplied by
K & K Laboratories; crystalline zirconium phosphate in the sodium form (ZPNa)
was obtained by titrating the hydrogen form (ZPH) prepared according to a procedure
described in a previous paper®; ZPK was obtained from ZPNa as reported by Torrac-
cab. The anhydrous sodium and potassium forms of the exchanger were obtained by
vacuum drying at 160° and 110°, respectively.

Apparatus and procedures

The experiments were performed in an electrical furnace, the temperature of
which was controlled by a Ni-Cr thermocouple and SAE 136 thermoregulator at + 5°.

Several ZPNa (or ZPK) samples (1 g) were added to 50 g of NaNO;-KNO,
mixtures, at various compositions, contained in a Pyrex cylinder provided with a
sintered-glass disk (G 4) at the bottom. Each sample was left for a given time at the
operating temperature, vacuum filtered at 450°, cooled and then washed several
times with fused DMS at 160° to eliminate the small amount of nitrates adhering to
the surface of the exchanger even after careful filtration”. Finally the excess of DMS
was removed by washing with acetone at room temperature.

Isotherm curves were obtained by determining the ionic equivalent fraction
of potassium (Xk) in the exchanger at the various melt compositions. The equivalent
fraction of potassium in the melt (Xk) before and after the equilibrium was assumed
to remain constant, since the number of mequiv. of alkali counter-ions in 1 g of ex-
changer is negligible with respect to the number of mequiv. contained in 50 g of
fused solvent.

Analytical procedures

400-500 mg of the exchanger were dissolved in 20 ml of 1 M hydrofluoric acid,
and distilled water was added to 100 ml. The alkali metal ions were determined with
an E.E.L. flame photometer. Orthophosphate and zirconium ions were determined
as reported in ref. 7.

X-ray diffraction patterns were obtained with copper radiation (Cu Kea, 4 =
1.542A).

RESULTS AND DISCUSSION

Stabulity of crystalline ZP in fused alkali nitrates

Crystalline ZPH exhibits a good thermal stability, condensation of its acid
groups to pyrophosphate starting at about 320°-350° and reaching to completeness
only at about 600°%.

Some preliminary experiments in NaNO; at 350° showed that the hydrogen
of the exchanger can be easily substituted by Na*. During the exchange, nitrogen

* During the washing with DMS ion-exchange reactions seem to be excluded, since it was
shown experimentally that the composition of the alkali nitrates dissolved in DMS was equal
to that of the solvent.
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dioxide was evolved from the melt, the displaced H* reacting with NO,~ according
“to the schematic reaction:

2H* 4 2NO,~ = H,04 + N,0,4 + } 0,4 (1)

By percolating fused NaNO; over ZPH, full conversion to ZPNa was obtained.
It must be noted that direct conversion of the hydrogen to the sodium form in fused
salts is not possible for the amorphous ZP (ref. 3), owing to its lower thermal stability
(condensation to pyrophosphate starts at about 180°). When ZP is converted in salt
form, condensation of phosphate groups cannot occur, and the exchanger can be
heated at very high temperatures without decomposition. The chemical stability of
crystalline ZP was thus checked by contacting for different times 1 g of ZPNa (or
ZPK) with 50 g of fused NaNOy (or KNO,) at various temperatures.

Both crystalline ZPNa and ZPK were found to be very stable in molten alkali
nitrates until about 500°. Above this temperature phosphates were released to the
solvent, their amount increasing with the contact time and temperature (see Table I).
For this reason, all the ion-exchange experiments were performed at temperatures
lower than 500°.

TABLE I

DEGREE OF HYDROLYSIS OF ZPK 1N MOLTEN KNO,; FOR DIFFERENT TIMES AND TEMPERATURES

Temperatuve (°C) Time (days) Degree of hydvolysis?
450 30 < 1%

550 I ~ 5%

550 2 ~ 7%

550 3 ~10%

600 b ~10%

650 I ~20+ 30%

700 I 80 = 100%

number of mmoles of phosphate released
a Expressed as: - X 100
total number of mmoles of phosphate in the exchanger

Ton-exchange rate

Since the equilibration time could be dependent on the process under considera-
tion and on the ionic composition of the melt, the time necessary to reach equilibrium
for some ionic fractions of the melt was determined before determining isotherm
curves.

At Xg = 0.25, 0.75 and 0.90, equilibrium was reached in less than two days

for both processes, while longer times (about 4 days) were required for the Na+-K+*
process at Xk = 0.50. It was noted that for Xx = 0.95, equilibrium was not reached
even after 18 days (Fig. 1). However, if the sample was contacted with the melt for
a longer time, the first interplanar distance of the exchanger was increased from
8.7 A (pure ZPK) to 11.3 A, and nitrates were found in the exchanger even after
prolonged washing with DMS. This phenomenon can be explained assuming that, for
very long equilibration times, the melt can penetrate the exchanger. Therefore, to be

* The convention Na+t—K+ and K+-Na+ represents Na+ replacing K+ in the exchanger and
vice versa. )
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sure of the equilibrium and to avoid invasion phenomena, the contact time of the
experiments was 10 days.
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Fig. 1. Ton-exchange rate of crystalline zirconium phosphate in molten NaNO,;-KNO; (X =
0.95) at 450°. O, Na+ displaces K+ from 7ZPK; A, K+ displaces Na* from ZPNa.

Ion-exchange 1sotherms

Owing to the stability of the salt forms of crystalline ZP at high temperature,
it was possible to study the Na+K+ exchange in molten NaNO,~KNO; mixtures at
450° over the whole range of composition of this solvent (m.p. of NaNO,;, 314°; m.p.
of KNO,, 347°). Further, to ascertain if the ion-exchange hysteresis found for
crystalline ZP in aqueous solution at room temperature® also occurs at 450°, the
K+—Na+ isotherm was determined.

Fig. 2b shows the results obtained at 450° in fused salts while, for comparison,
in Fig. 2a the same isotherms obtained in aqueous solution® are reported. In molten
nitrates forward and reverse isotherms are practically the same; therefore no apprecia-
ble ion-exchange hysteresis takes place at 450°, contrary to what was found at room
temperature.
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Fig. 2. (a) Forward and reverse ion-exchange isotherms in aqueous solution showing hysteresis.
A, K+ displaces Na* from 7ZPNa dried at room temperature; O, Nat displaces K+ from ZPK
dried at room temperature. (b) Forward and reverse ion-exchange isotherms in molten NaNO,—
KNO, mixtures at 450°. O, Na* displaces K+ from ZPK; A, K+ displaces Na* from ZPNa.

(Values for Xx at Xk = 0.95 are taken after 18 days of equilibration.)
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Another difference between the behavior of crystalline ZP in aqueous solution
and in molten nitrates can be seen from Fig. 2. While in aqueous solution Na+ is
preferred only at low Xk values, in molten nitrates the isotherm curve lies entirely
below the diagonal of the isotherm plane; therefore Na* is always preferred to K+
over the whole range of the exchanger composition. This result agrees with what is
obtained for Na+-K+ exchange in the amorphous ZP2.

In molten nitrates the isotherm curve shows two vertical portions in which the

exchanger exhibits different Xk values for a same X x value. In aqueous solution the
vertical part of a given isotherm of the crystalline ZP has been related to the co-
existence of two immiscible phases, one transforming into the others.

X-ray diffraction patterns showed that two diffraction maxima at 7.9 A and
8.7 A, respectively, were present in the vertical portion at Xg = 0.95 of the iso-
therm Na+-K+. The relative intensities of these peaks were found to vary with time
and hence with the degree of the exchanger conversion (Fig. 3).
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2 2 2y

Fig. 3. Modification of X-ray diffraction pattern of crystalline ZPK after 2 and 10 days of equil-
ibration with NaNO,~KNO, mixture (Xx = 0.95 at 450°). (a) pure ZPK, Xx = 1; (b) 2 days of
equilibration, Xx = 0.83; (c) 10 days of equilibration, Xg = o.70.

Two diffraction maxima at 7.7 A and 7.9 A were found also in the vertical

portion at Xg = 0.61 of the isotherms K+—Na+ and Nat-K+.

Taking into account that the first interplanar distances of pure ZPNa and pure
ZPK are 7.6 A and 8.7 A, respectively*, the shape of the isotherm curve K+-Na+ can
be explained as follows. From Xk = 0.0 to Xk ~~ 0.6 the exchanger strongly prefers
sodium ion; therefore K+ content increases slowly. At Xg ~ 0.6 two immiscible
phases, having the approximate compositions Zr(Nay oK, sPO,), and
Zr(Nay ¢K,.,PO,),, respectively, are found.

The composition of the melt remains fixed until the exchanger is completely
converted to the latter form. From Xg ~ 0.6 to Xx =~ 0.9, Zr(Na, (K, ,PO,}, be-
comes richer in K+ until at Xx = 0.95 two immiscible phases having the approximate
compositions Zr(Nagy ;K4 ;PO,), and Zr(Nay ,K . 4sPO,),, respectively, are formed

* ZPNa and ZPK obtained from the nitrate melts at 450° exhibit the same X-ray diffraction
patterns as ZPNa and ZPK obtained from aqueous solution and heated at 450°.
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again. Thus the isotherm curve shows another vertical portion at X'g = 0.95 until
pure ZPK is obtained.

Similar considerations can also be made for the isotherm Na+-K-+.

The interplanar distances were determined at room temperature in this work.
Therefore to establish for certain the phase transformations occurring at 450°,
determinations with a high-temperature X-ray camera, at present not available in
our laboratory, will be necessary.
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Notes

CHROM. 4371
The use of high-efficiency packed columns for gas-solid chromatography
I. The complete separation of “N,-"*N,

In the last few years, several isotopic pairs were separated in our laboratory,
either by means of partition or by adsorption gas chromatography'.2. All these
studies were carried out with glass capillary columns. The good results obtained for
some isotopic systems® encouraged us to try gas chromatographic separation of
isotopes on a semipreparative scale. This paper reports the first results in this direc-
tion. The system investigated is 14N ,-15N,, a partial separation of which was already
obtained vsing glass capillary adsorption columns?.

It is well known that the isotope effect in systems other than deuterium-sub-
stituted compounds is appreciable only at very low temperature. Moreover, the capacity
ratio of the substance eluted must have a value around 10 in order to use the column
efficiency completely. These conditions were achieved by using Graphon, a partially
graphitized carbon black kindly furnished by Cabot Corp., as adsorption medium and
working at 77°K. In order to avoid peak tailing, a slight deactivation was necessary
even at room temperature. This was accomplished by treating the adsorbent with a
small amount of squalane (1%,, w/v), distributed on the surface in a very thin and
uniform layer. Nitrogen was strongly retained at the temperature of liquid nitrogen
so that a further deactivation was necessary. This was done by using a mixture of
CO and H, as carrier gas. CO was more strongly adsorbed and acted as a mobile deac-
tivator. Experiments were made to test oxygen, argon and methane as deactivators,
but the results obtained were unsatisfactory.

A Carlo Erba Model AtC/f gas chromatograph equipped with a thermal conduc-
tivity cell was used. The apparatus was modified for low-temperature work by connect-
ing the cell to the column, fitted in a large dewar container with two narrow copper
tubings of negligible volume. The gas line was also modified to allow mixing of the

He ——» — He + CO

!

co
Fig. 1. Scheme of the mixing device.

J- Chvomatog., 45 (1969) 304—305



NOTES 305

carrier gas and the deactivating gas before entering the reference arm o. trie cell and
the column. Mixing was effected by inserting in the carrier gas line a steel nexle con-
nected through a capillary to the cylinder of the deactivating gas. The scheme o1 the
mixing device is shown in Fig. 1. The flow of the two gases was monitored by two rota-
meters before the mixing point, while the total flow rate was measured at the end of
the column.

Columns were made of copper tubings each 15 m long. They were packed
separately, tested and sealed together to the desired length of 60 m. The total number
of theoretical plates, measured on the nitrogen peak was 45000 with a linear gas veloc-
ity of 1.6 cm/sec where the minimum HETP was obtained. Such a low value of the
linear gas velocity can be explained by the fact that at low temperature the diffusion
is low so that the minimum of the Van Deemter curve is shifted towards the low veloc-
ities.

mv
15N2

‘I4N2

T T
475 485 ] 495
Time (min)

Fig. 2. Gas chromatographic separation of nitrogen isotopes. Column, 6o m X 4 mm L.D.; temp.,
77°K; inlet pressure, 1.7 atm; flow rate, 75 ml/min.

Under these conditions the chromatogram shown in Fig. 2 was obtained. The
sample injected was 0.2 cc. Resolution was 1.2 and the ratio of corrected retention
volumes was 1.03, which shows that under our conditions an unusually large isotope ef-
fect takes place.
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CHROM. 4373
Zum Einfluss der stationiren Phase auf die Retentionsindizes isomerer Alkane

Die Retentionsindizes isomerer Alkane hingen, wenn auch nur in geringem
Masse, von der Natur der stationdren Phase ab. Im folgenden soll diese Abhingigkeit
als Funktion der molekularen Parameter der Alkane untersucht werden.

In einer fritheren Mitteilung! konnte gezeigt werden, dass die Retentions-
indizes isomerer Alkane an Squalan als stationdre Phase eine Funktion der Zahl g
der durch drei C-C-Einfachbindungen getrennten Kohlenstoffatome und des qua-
dratischen Mittelwertes des Radius R eines Molekiils sind (s. Fig. 1 und Tabelle I).

Fig. 1. Die Abhéngigkeit der Retentionsindizes isomerer Octane an Squalan von ny und Kp? =
RZ%[a,?. Die eingezeichneten Geraden entsprechen der Gl.(1).

Der quadratische Mittelwert des Radius ist dem mittleren Trigheitsmoment des
Molekiils proportional und ldsst sich fiir bestimmte Molekiilmodelle einfach berech-
nen'-%; die Werte fiir die Alkane Cg bis Cq sind in Tabelle I zusammengestelit. Fiir die
Retentionsindizes isomerer Alkane an Squalan (S) gilt (s. Fig. 1):

Is = 100n + As(ng — n3w) + Bs(Kr? — Kr@?) (1)

Hierbei sind # die Zahl der Kohlenstoffatome des Alkans und Kz? = K?/a,? der auf
die Lange a, einer C~C-Einfachbindung bezogene quadratische Mittelwert des Radius.
As und Bs sind empirisch zu bestimmende Konstanten, durch den Index o werden
die Werte der entsprechenden unverzweigten Alkane gekennzeichnet.

Es zeigt sich, dass bei Benutzung anderer stationirer Phasen (P) ebenfalls der
durch Gl.(1) gegebene Zusammenhang besteht; die Konstanten haben jedoch andere
Werte:

Ip = 100 + A p(ns — %3(0)) + BP(KRZ — KR(O)Z) (2)

Um den Einfluss der stationidren Phase auf die Retentionsindizes besser erfassen zu
konnen, ist es zweckmissig, die Differenz der Retentionsindizes AI fiir die beiden
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TABELLE I

DIE AUF DIE LANGE EINER C-C-EINFACHBINDUNG BEZOGENEN QUADRATISCHEN MITTELWERTE
DER RADIEN, DIE ZAHL DER DURCH DREI C-C-BINDUNGEN GETRENNTEN KOHLENSTOFFATOME,
UND DIE RETENTIONSINDIZES DER ISOMEREN ALKANE Cg Bis Cg (BEI 25°)

Temperatur: 25°.

Substanz Kg? Ny Retentionsindizes
Isq Lop 1 Ipas

n-6 1.4132 3 600 600 600
2M-5 1.2510 3 569.1 568.6 567
3M-5 1.1965 4 582.8 581.5 585
2,2M-4 1.0370 3 534.6 532.9 531
2,3M-4 1.0895 4 565.1 563.4 567
n-7 1.7271 4 700.0 7G0.0 700
2M-6 1.5672 4 666.1 665.5 664
3M-6 1.4865 5 675.3 673.9 677
3A-35 1.4059 6 684.4 684.6 691
2,2M-5 1.3288 4 624.2 622.9 620
2,3M-5 1.3273 6 669.1 666.9 675
2,4M-5 1.4074 4 629.2 628.0 624

3,3M-5 1.2487 6 655.3 642.3 66
2,2,3M-4 1.1701 6 635.9 632.7 640
n-8 2.0449 3 800.0 800.0 8oo
2M-7 1.8913 5 764.5 763.8 763
3M-7 1.7984 6 7719 769.8 774
4M-7 1.7673 6 766.9 765.3 769
3A-6 1.6744 7 771.9 769.2 777
2,2M-6 1.6464 5 718.1 716.2 714
2,3M-6 1.6142 7 758.6 755.8 764

2,4M-6 1.6449 6 730.8 728.7 72

2,5M-6 1.7377 5 727.8 726.2 72
3.3M-6 1.5230 7 740.4 7383 744
3,4M-6 1.5525 8 768.1 7655 778
2M-3A-5 1.5214 8 757.6 7551 767
3M-3A-5 1.4306 9 769.4 765.3 782
2,2,3M-5 1.4010 8 733.2 729.9 741
2,2,4M-5 T.4931 3 687.1 685.4 681
2,3,3M-5 1.3698 9 7544 749-8 768
2,3,4M-5 I.4612 8 748.8 749 758

stationdren Phasen S und P als Funktion von #, und Kg? zu untersuchen. Aus den
Gl.(x) und (2) folgt:

Al = Ip—1Is = (Ap— Ag) (n3 —n3wm) + (Bp — Bs) (Kg2 — Kr©?)

= Ap(nz— n3@) + Bo(Kr?— Kro?) (3)

Prazise Messungen der Retentionsindizes sdmtlicher isomerer Alkane C; bis
C; bzw. C, an verschiedenen stationdren Phasen liegen von ToURRES® an Squalan
und von DIEDEREN? an Octadecen-1 und Dimethylsulfolan vor (s. Tabelle I). Da die
Retentionsindizes geringfiigig von der Temperatur abhdngen, wurden —um die
Messungen beider Autoren vergleichen zu kénnen — die Werte von TOURRES auf eine
Temperatur von 25° extrapoliert.
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In den Fig. 2 und 3 sind fiir die isomeren Octane und in Fig. 4 fiir die isomeren
Hexane und Heptane die Differenzen der Retentionsindizes an den stationiren
Phasen Octadecen-1 und Squalan (Fig. 2) bzw. Dimethylsulfolan und Squalan (Fig. 3
und 4) als Funktion von Kgr?— mit #4 als Parameter — dargestellt. In allen Fillen
ergibt sich der durch Gl.(3) beschriebene lineare Zusammenhang zwischen A7, n,
und Kg? Die Aufspaltung, d.h. die Konstante Ap, wird umso grosser, je grosser das
Dipolmoment der stationdren Phase ist. Analoge Untersuchungen?® iiber Flissigkeits-
gemische, die isomere Alkane enthalten, haben gezeigt, dass diese Aufspaltung auf
die Induktionskrifte, deren Grosse durch das Dipolmoment der einen Phase und
der — nur von 73 und nicht von Kgr? abhingenden — Polarisierbarkeit der isomeren
Alkane bestimmt wird, zuriickzufithren ist.

) e

Fig. 2. Die Abhingigkeit der Differenz der Retentionsindizes 4/op_1 der isomeren Octane an
den stationdren Phasen Octadecen-1 und Squalan von #; und Kgr? Die eingezeichneten Geraden
entsprechen der Gl1.(3).

Fig. 3. Die Abhingigkeit der Differenz der Retentionsindizes AIpys der isomeren Octane an den
stationiren Phasen Dimethylsulfolan und Squalan von »n, und Kg?. Die eingezeichneten Geraden
entsprechen der GI.(3).

. (n3-n3(°)): 2

Fig. 4. Die Abhingigkeit der Differenz der Retentionsindizes AIpms der isomeren Hexane (—O-)
1
und Heptane (O) an den stationdren Phasen Dimethylsulfolan und Squalan von %, und Kg2.

Die eingezeichnelten Geraden entsprechen der Gl.(3).

Die Konstanten Ap und Bp haben fiir die isomeren Alkane C4 bis Cy4 folgende
Werte:

Ap Bp
Octadecen-1—-Squalan —0.40 — 3.47
Dimethylsulfolan-Squalan 5.13 —11.28
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Aus den Gleichungssystemen (1) und (2) bzw. (1) und (3) kann man Kg? eliminieren:

IP = 1007 + ap(%3—n3(0)) + CP([S— IOO%) (4)
bzw.

Al = Ip — Is = a(ns — n3@) + y(Is — 100%) (3)

Zwischen den Konstanten der Gln.(1—5) bestehen noch folgende Beziehungen:

By By

wedemdsy T,
i (6)

dp—das B2 Bo

e=ar ®Bs Y= By

Tragt man die an einer (stark polaren) Phase gemessenen Retentionsindizes
isomerer Alkane als Funktion der an einer zweiten (unpolaren oder schwach polaren)
Phase gemessenen Retentionsindizes ([/s—/p-Diagramm) auf, so erhilt man ein
System paralleler Geraden, deren Abstidnde durch =, bestimmt werden. Das prinzipiell
gleiche Ergebnis erhilt man, wenn man A7 als Funktion von [Ig (oder Ip) auftrigt
(s. Fig. 5).

Aus den an einer unpolaren (oder schwach polaren) und einer stark polaren
stationdren Phase gemessenen Retentionsindizes kann man in einem Ig—Ip-Diagramm
unmittelbar die isomeren Alkane in Gruppen mit gleichen Werten von #, aufgliedern.
Da, wie Fig. 1 am Beispiel der isomeren Octane zeigt, der Retentionsindex von
isomeren Alkanen mit gleichen Werten von 7, eine eindeutige Funktion von Kg?
ist, ist es moglich, durch die Messung der Retentionsindizes an zwei stationiren
Phasen unterschiedlicher Polaritit die isomeren Octane eindeutig zuzuordnen. Die
quadratischen Mittelwerte der Radien héherer molekularer isomerer Alkane unter-
scheiden sich in einigen Fdllen nur wenig, so dass dann nicht in allen Fillen eine
eindeutige Zuordnung allein aus den Messungen der Retentionsindizes an zwei
stationdren Phasen moglich ist.

Fasst man in einem Is—Ip-Diagramm Verbindungen zusammen, die jeweils
die gleiche Anzahl primérer, sekundirer usw. Kohlenstoffatome enthalten, so liegen

Aar n=g
8 _/B/rﬁ'ﬁ"/
o 7 oy
ok 6
S &
-4 OO
I A | | I T I N W S|
700 720 740 760 780 ™

Fig. 5. Die Abhingigkeit der Differenz der Retentionsindizes Alpys der isomeren Octane an den
stationdren Phasen Dimethylsulfolan und Squalan vom Retentionsindex an Squalan.
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diese Punkte, wie WALRAVEN eéf al.% gezeigt haben, auf dachziegelartig angeordneten
parallelen Geraden. Man kann dieses Verhalten verstehen, wenn man beriicksichtigt,
dass die von WALRAVEN u.a. eingefiihrte Code (Cwrk) eindeutig von den Parametern
#n3 und Kpg? abhingt. In Fig. 6 sind jeweils isomere Octane mit gleicher Anzahl

C
WLK
sm
5030 &

4301
4220

3410 -
2500

Fig. 6. Die Abhangigkeit der Code (Cwix) von #; und Kg2 In der Code geben die Ziffern jeweils
die Zahl der priméren, sekundiren usw. Kohlenstoffatome an.

primdrer, sekunddrer usw. Kohlenstoffatome, also Verbindungen, die die gleiche Code
(Cwrg) haben, zusammengefasst und als Funktion von Kz? aufgetragen. Die (wili-
kirliche) Ordinateneinteilung wurde so gewihlt, dass die Werte von Cwrx fiir
Verbindungen mit #;—#4¢) = 0 eine lineare Funktion von Kg? sind. Wie Fig. 6
zeigt, lasst sich Cwrx in erster Niherung in der Form

Cwix = Cwirk@ + Acnz—nzwm) + Be(Kr2— Kr?) (7)

darstellen, wobei Cwik), Ac und B¢ empirisch zu bestimmende Konstanten sind.
Es ist damit moglich, aus dem Gleichungssystem (1), (2) und (7) die Parameter n,
und Kpg? zu eliminieren. Man erhdlt damit in Analogie zu den obigen Gleichungen

Ip = Irw + vo (Is— 100m) + AcCwirk (8)

Ip (), vc und ¢ sind wiederum empirisch zu bestimmende Konstanten. Dies ist der
analytische Ausdruck fiir die von WALRAVEN u.a. (s. oben) experimentell gefundenen
Zusammenhénge.

Zentralinstitut fiiv Physikalische Chemie der Deutschen Akademie K. ALTENBURG
der Wissenschaften zu Berlin, 1199 Berlin-Adlershof (D.D.R.)
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CHROM. 4364

Direct hydrogenation of unsaturated fatty acids on the support of the gas—
liquid chromatographic column

When qualitatively identifying fatty acids separated by GLC analysis, extrapo-
lations from plots of relationships between the logarithms of specific elution volumes
and the number of carbon atoms, polar and nonpolar phases, the number of double
bonds, Kovats’ indices, etc. can be used. To supplement data on qualitative identifi-
cation of unsaturated and saturated fatty acids in a mixture, the so-called discrimina-
tion chromatogram, z.¢. a new GLC analysis of the sample after its chemical treatment
by bromination, oxidation or hydrogenation, can be used.

LanpownE AND Lipski! analyzed mixtures of unsaturated and saturated fatty
acids using bromination. They first carried out a GLC analysis of an untreated
sample and then compared the results with those of a GLC analysis of derivatives
of unsaturated fatty acids after bromination. CARTONI et al. used bromination for the
separation of stereoisomers of g:10-octadecenoic acid on an open tubular capillary
GLC column?. JamMeES aND WEBB® used an oxidative method for distinguishing un-
saturated and saturated fatty acids, and GUNSTONE aAND SYTER? used the oxidative
method for determination of the structure of some unsaturated fatty acids. FARQUHAR
et al. introduced GLC separation of unsaturated and saturated fatty acids before
and after hydrogenation in a microdevice using platinum as catalyst3. SMiTH® applied
this method for qualitative and quantitative analyses of fatty acid in milk fat by
GLC, for example. Bromination and/or hydrogenation in combination with GLC
analysis of fatty acids as described above are introduced by BURCHFIELD AND
Storrs’ in the chapter Subtraction methods of their monograph. Microhydrogenation
of unsaturated fatty acids on filter paper with the use of palladium as catalyst was
described by KAUFMANN AND CHOWDHURYS; the combination of this method with
GLC analysis of fatty acid mixtures was published by Koman®.

In the present paper, direct hydrogenation of unsaturated fatty acids by filling
the GLC column with palladium as catalyst precipitated on Celite is described, and
the separations are compared with results achieved on the column without catalyst.

Experimental

Preparation of columns. Two identical aluminium columns 2 m long and 4 mm
in diameter were packed with 12.4 g of Celite having a particulate diameter of 0.x2-
o.r5 mm. Celite was floated, acid washed??, silanized with dichlorodimethylsilane!!
and coated with 20 % DEGS which was prepared according to ref. 12. At the inlet
of one column, 250 mg of Celite with freshly precipitated palladium were added.

Preparation of the catalyst. Palladium was precipitated and applied as described
in refs. 8, 13 and 14, dealing with distinguishing “critical pairs” of unsaturated and
saturated fatty acids by partition paper chromatography. In our case, unsilanized
Celite was used as a support and promotor of the catalyst. The precipitation of palla-
dium was carried out under the following conditions. 6.4 ml of a 109% solution of
palladium dichloride and 1o ml of a freshly prepared mixture of 8o ml of 20 % KOH
and 20 ml of 40 % formaldehyde were added to 1.0 g of unsilanized Celite. Then the
Celite was washed for 1o min with a 59, solution of acetic acid, and the acid was
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removed by a five-fold washing with water. The Celite with palladium precipitated
in this way was dried for 30 min at go°, and 250 mg were applied to the inlet of one

column.
mv mV
0 e 0
s
ﬁ
P
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0
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Cle, 3
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Fig. 1. Chromatograms of mixtures of fatty acids separated on columns without (left-hand side)
and with palladium (right-hand side). I. = lauric (Ci2:0); M = muyristic (Cig:0); P = palmitic
(C16:0); S = stearic (Cis:0); and O = oleic (Cy5:1) acid.
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Fig. 2. Chromatograms of mixtures of fatty acids separated on columns without (left-hand side)
and with palladium (right-hand side). P = palmitic (Ci6:0); S = stearic (C1s:0); O = oleic (C15:1);
Li = linoleic (Cy3:2); and Le = linolenic (Cys:3) acid.
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Chromatographic conditions. Before use both prepared columns were conditioned
for 24 h at 220°. For conditioning, as well as for the GLC analysis of fatty acid mix-
tures, hydrogen as carrier gas was used. Optimal values of the hydrogen flow (65 ml/
min) and the optimal column temperature (197°) were determined experimentally.
For the assay 0.1-0.35 ul of fatty acid mixtures, a temperature of 295° at the injection
port of the gas chromatograph (type‘CHROM 3"} and isothermic conditions were used.

Results and discussion
The results of the GLC separations of some natural fatty acid mixtures on the

columns with and without palladium, presented in Figs. 1-3, indicate a complete

mv mV
10 10 r

L L .

" . -0 5
0] 5 10 15 20 25 MIN 0] 5 10 15 20 25MIN

Fig. 3. Chromatograms of mixtures of fatty acids separated on columns without (left-hand side)
and with palladium (right-hand side). P = palmitic (Cig:0); S = stearic (Ci1g:0); O = oleic (C15:1);
A = arachidic (Cgo:0); Ei = eicosenoic (Cgo:1); EiD = eicosadienoic (Cgo:9); Er = erucic (Cgz:1);
and B = behenic {Cqes:0) acid.
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Fig. 4. Chromatograms of a mixture of fatty acids: part of sample unhydrogenated (full line) and
part pre-hydrogenated on paper before GL.C analysis according to ref. g (dotted line). Individual
peaks: F = g = palmitic acid {Cis:0); I = 11 = stearic acid (Cig:0); J = 12 = oleic acid (Ciz:1);
K = arachidic acid (Cao:0); L = 14 = eicosenoic acid (Cgp:1); 15 =

13 = linoleic acid (Cig:);

eicosadienoic acid (Cag:2); M = 16 = behenic acid (Ce2:0); N = 17 = erucic acid {Caz:1)

* Manufactured by Laboratorni piistroje n.p. Praha, Czechoslovakia.
** In all figures the peaks in front of palmitic acid belong to short-chain minority fatty acids

of the analysed mixtures.
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conversion of unsaturated fatty acids into the corresponding saturated ones. An
example of a GLC analysis of a fatty acid mixture before and after microhydrogena-
tion, according to ref. 9, is presented in Fig. 4. Comparison of Figs. 3 and 4 shows that
the hydrogenation of unsaturated fatty acids is quantitative on the column with the
catalyst, while the unsaturated fatty acids from the same mixture hydrogenated on
filter paper prior to the GLC analysis did not react completely.

It is apparent from the results that the application of the described direct
hydrogenation of unsaturated fatty acids on the GLC column with palladium can be
recommended as a supplement for qualitative identification of unsaturated and satu-
rated fatty acids in mixtures.

When the column with palladium is already prepared and GC equipment with
a dual column system is used, the time required for obtaining a discrimination
chromatogram under the conditions described for hydrogenation is reduced to the
time required for injection of the sample only.

The direct hydrogenation of unsaturated fatty acids on the GLC column was
verified by numerous examples using known natural fatty acid mixtures and gave
a good reproducibility. It was successfully used for qualitative and quantitative
determinations of fatty acids, e.g. in the citrinin producer Penicillium notatum during
cultivation?s.

The activity of palladium which was prepared and used at the beginning of
these experiments has remained unchanged for two years.

Note

Recently we have found that the hydrogenation presented herein can be
simplified further by placing 250 mg of the catalyst prepared as described above
into a “‘microreactor” which can be connected to the front of any GC column.

Department of Biotechnology, Slovak Polytechnical University, V. Koman
Jdnska 1, Bratislava (Czechoslovakia)
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CHROM. 4362
Gas chromatography of gases emanating from the soil atmosphere

In different denitrification studies, many investigators'~3 have studied the
composition of the soil atmosphere. It is desirable to develop a method suitable for
separation and analysis of oxygen, nitrogen, carbon dioxide, nitric oxide, nitrous
oxide and nitrogen dioxide. The present studies were undertaken to separate the
gases by gas chromatography at ambient temperature.

Experimental

A method for the gas chromatographic analysis of a sample of soil atmosphere
was developed using a three-column system and one detector. The columns used in
three stages are Carbowax on glass beads*, Porapak (® and molecular sieve? respec-
tively. The details of the construction and operation of the three columns are as
follows: the first is a 1 ft. X 1/8 in. O.D. stainless-steel column, externally placed and
filled with 0.5% Carbowax 1500 on 60-80 mesh silanized glass beads; the second
isa 18 ft. x 3/16in. O.D. stainless-steel column packed with Porapak Q 8o-100 mesh
and activated before use at 230° for 1-2 h; the third is a 3 ft. X 1/4in. O.D. stainless-
steel column packed with 0.2-0.5 mm molecular sieve 5 A and activated at 220°
for 24 h.

This three-column system is operated in series so that the sample enters the
first external column, flows to the second Porapak Q column and passes to the third
molecular sieve column.

The detector is a Gow Mac thermal conductivity cell with WzX filaments and
is operated by a bridge current of 250 mA. The detector signal output is fed to a
1 mV recorder. Helium was used as carrier gas at a flow rate of 50 ml /min.

Results and discussion
The first external column is placed in a bath of liquid air. At low temperature
this column retains NO,, NO, CO, and N,O. The remaining gases (O, and N,) flow
to the second and third columns. The Porapak Q column gives a composite peak of
somple :soil atmospheric gas
carrier gas:helium(50mlimin)

COMPOSITE

CO,

N,

N0
changing i
ini femperature i
‘ external 1]
column i
PN

[ 2 4 [ 8 10 12 14 16 18 20 22

TIME(min)

Fig. 1. Chromatogram of a mixture of O,, N,, NO,, NO, CO, and N,0 gases. Sample, soil atmos-
pheric gas; carrier gas, helium (50 ml/min).

J. Chvomatog., 45 {1969) 315-316



316 NOTES

O, and N,, and the molecular sieve column separates them. After O, and N, have
been detected, the temperature of the first column is increased to a high temperature
by boiling water so that NO,, NO, CO, and N,O flow to the Porapak Q column,
where they are separated.

However, it is impossible to have oxygen and nitric oxide together in one
sample because, in the presence of oxygen, nitric oxide is immediately oxidized to
nitrogen dioxide®.

By changing the external column from low to ambient temperature the base-
line is also changed; but after some time it will adjust itself.

Using helium at a flow rate of 50 ml/min, the column system gives, as shown in
Fig. 1, a good separation for all the gases.
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support of this investigation.
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CHROM. 4376

An inexpensive and efficient pyrolysis unit for the analysis of picloram and
other herbicides by thermal decomposition

Recently we found that picloram (4-amino-3,5,6-trichloropicolinic acid) could
be quantitatively analyzed by electron-capture gas chromatography via thermal
decarboxylation!® rather than by esterification>~*. The decarboxylation technique has
many advantages over the esterification method. For example, picloram in water,
soil, or forage can be easily determined. This method should be applicable to other
benzenoid herbicides and pesticides which have carboxyl of ester groups.

Commercial pre-column pyrolysis units are generally expensive and some
expose the sample to a metallic heating element, thus making them incompatible
with electron-capture detectors. There is, therefore, a need for an inexpensive and
efficient pyrolysis unit which is specifically constructed for this purpose and which
will not impair normal use of the gas chromatograph. We have constructed such a
unit; its adaption to a Barber Coleman Model 5630 gas chromatograph fitted with an
electron-capture detector is described below.

B Fald

[ =4
N N

P
[~]
7] e
110 Volts

28N « 45in. - «—55in——

Di H

Fig. 1. Schematic of pyrolysis unit. D = thermocouple lead from chromatograph; H = cartridge-
heater lead from chromatograph; N = nitrogen and injection inlet ““tee’’; B = injection heater
block; P = male and female 110-volt plug; R = rheostat; V = vycor tube; T = thermocouple;
Py = pyrometer; L = insulated copper lead; W = nichrome wire lead; M = male vycor ground-
glass joint; F = female vycor ground-glass joint; C = 6-ft. spiral glass column; E = sample exit
to electron-capture detector.

The following modifications were made tc the chromatograph and column:
the aluminum injection port heater was removed and the thermocouple leads were
rerouted to the exterior through a hole in the extreme lower left-hand corner of the
voltage control plate. A 6-ft. spiral glass column was cut 4.75 in. from the injector
tip, and a female vycor ground-glass (10/30) joint connected to the column through
a graded seal.

The pyrolysis unit (Fig. 1) was constructed by joining the nitrogen and injector
inlet “tee” (N) to a vycor tube that was 4.5 in. long and 5 mm in inside diameter. As
much soft glass as possible was eliminated between the “tee” and the vycor tube.
A male ground vycor (10/30) joint (M) was connected to the other end of the vycor
tube.
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The aluminum block heater was installed on the inlet “‘tee” and covered with
asbestos board (0.25 in. thick) which was held in place by copper wire. A thermo-
couple well was made in the center of the vycor tube and a Chromel-Alumel thermo-
couple inserted and held in place with asbestos putty. The tube was then uniformly
wound with 26-gauge nichrome wire, each wind being separated by a wind of asbestos
string. Three layers of asbestos string were then wrapped around the tube for insula-
tion. The nichrome wire leads were connected to a 110-volt plug through 3-ft. lengths
of insulated copper wire. - v

The pyrolysis unit was inserted approximately one-third of the way through the
injection port and connected to the column, without grease via a male-female joint
(M, F). The connection was secured with a No. 18 ball-and-socklet clamp. The portion
of the pyrolysis tube exposed to the exterior was covered with fiberglass insulation.
The rheostats connected in series were used to control pyrolysis temperatures. The
pyrolysis unit was supported by a 3-finger clamp fastened to the exterior of the
chromatograph.

(a) (b)

RECORDER RESPONSE

— v
CHECK SPIKE (0.05 p.p.m)

1 1 1. H AAA 1 H H 1

°© 2 4 % MiNuTEs® 2 4 ¢

Fig. 2. Representative chromatograms of the decarboxylation of picloram obtained with the
pyrolysis unit described herein. a = solvent; b = solvent plus picloram (0.5 ug per ml).

We have found that this unit, using vycor chips as an inert contact material,
gave excellent results!. Due to the selectivity of this procedure, chromatograms are
free from impurity peaks (Fig. 2) thus, making this technique ideal for trace analysis
of herbicides in samples of high organic content. A detailed procedure employing
thermal decarboxylation will be presented at a later date.
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CHROM. 4386

Thin-layer chromatographic separation of 4-fac(N) and 4-mer(N) isomers of
tris(S-(4)-z-alaninato)cobalt (i)

«-Amino acids, which are bidentate ligands, coordinate around Co®* in either
A(C,) or A(C,) absolute configuration (PIPER’s notation!), while the unsymmetrical
character of these ligands leads to geometrical isomerism. Many of the stereochemical
questions are connected with both the rapid and the efficient separation of possible
isomers. In the case of S-(+)-a-alanine, four isomers are known?3: A,/-fac(N) and
A,A-mer(N). From these, the A-fac(N) isomer is quite insoluble in water and the
A-mer(N) one is only sparingly soluble. In the present note we describe the separation
of geometrical isomers of A configuration with the axial dispesition of CH, groups
(k'k’k’ arrangement of chelate rings, ob conformation with the C-C chelate axes
oblique to the C, axis of rotation® )(Fig. 1).
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Fig. 1. A-Fac(N) (1) and A-mer(N) (2) isomers of Co(S-(+)-x-alaninate),. Projection around C; axis
of rotation.
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Results

From the data given in Takble I the following conclusions can be drawn. The
best separation was achieved when the water content varied from 30 to 40%. The
Ry values of the fac(N) isomer decrease with the decreasing polarity of the solvent
systems used. Even though the polarity of isopropanol (based on dielectric constants?)

TABLE 1

Rp vaLUES OF 4-fac(N) aND 4-mer(N) 1sS0MERS OF Co(S-(+)-x-ALANINATE),

Isomer Water content in the alcohol used (%,)
30 40
Ethanol

fac(N) 0.55 0.70

mer(N) 0.71 0.75
n-Propanol

fac(N) 0.38 0.57

mer(N) 0.57 0.73
Isopropanol

fac(N) 0.43 0.56

mer(N) 0.67 0.81

is lower than that of #-propanol, higher Rp values were obtained in the former case
and thus steric factors must be taken into account. Differences in solvation of CH,
groups cannot be considered, because both isomers have their alkyl groups in the
axial position. As in other octahedral cobalt(III) complexes, the mer(N) isomer
(usually called trans or «) has higher Rp values than the fac(N) one®-?. Because both
isomers differ only in their symmetry, we assume that separation occurs on account
of the difference in dipole moments. Actually it was observed that in the systems with
the more polar stationary phase, for the compounds with the lower dipole moment
higher Rr values were obtained®. Dipole moment differences further lead to different
adsorbability, which would be greater for fac(N) isomers. This was demonstrated by
chromatography on different adsorbents, where Rp values of fac(N) isomers decreased
in the order cellulose > silica gel > alumina, while Ry values of mer(N) isomers
were almost constant (see Table II).

TABLE II

Rp vALUEs OF A-fac(N) AND A-mer(N) ISOMERS OF Co(S-(+4)-2-ALANINATE), ON DIFFERENT
SORBENTS

Solvent system: n-propanol-n-butanol-water (4:3:3).

Isomer Cellulose® Silica gelb Aluminac
fac(N) 0.35 0.29 0.20
mer(N) 0:49 0.49 0.44

a Béla p. Bezdéz, C.S.S.R.
b MN-G, Macherey, Nagel & Co.
¢ Reanal, Hungary.
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Using 70 %, isopropanol as solvent, we found that A-fac(N) and A-mer(N) isomers
are formed initially (detectable after less than 5 min) in the reaction of Co(OH), with
S-(+)-, or RS-«-alanine, respectively. The same isomers were also detected in the
reaction of [Co(NH,)6]Cl; with the same ligands, although according to the litera-
ture?® this method would give only insoluble A-fac(N)-Co(S-, or RS-a-alaninates),.
These results, which will be published in more detail elsewhere, are supported by the
fact that in Co(a-amino-acidate), complexes little stereospecificity occurs.

Experimental

Geometrical isomers of Co(S-(+)-x-alaninate), were prepared according to
DENNING AND PIPER? and characterized on the basis of elemental analysis, electron
absorption spectra (4-fac(N): A_,, = 375 and 520 um, ¢ = 150 and 188; A-mer(N):
Amax = 375 and 535 um, ¢ = g5 and 60), and specific rotation (4-fac(N}: [«]p =
—g86°; A-mer(N): [o]p = —655°).

Chromatography was carried out on silica gel coated (MN-G, Macherey,
Nagel & Co.) glass plates (o X 20 cm). Ten microlitres of an approximately r-10-4 M
solution of isomers were applied on the starting line (r cm from the lower edge of the
plates). The plates were developed to a height of 10 cm. Detection was made with Na,S.

Department of Inorganic Chemastry, F. Juwsik

Institute of Chemacal Technology, . PETRO

Prague 6 (Czechoslovakia) B. HAjEx
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CHROM. 4374

Thin-layer chromatography of some substituted esters and diamides of
malonic acid on silica gel

In the synthesis of some pharmaceuticals in which malonic acid esters were used
as intermediates, it was necessary to conduct some purity control tests. Though sub-
stituted malonic acid esters have mostly been studied by GC*:2, not much TLC? work
seems to have been published. Therefore it was interesting to know the TLC be-
haviour of mono- and disubstituted esters and also diamides of malonic acid.

The substituted malonic acid esters were prepared by alkylation. Diamides
could be synthesized through aminolysis of the corresponding esters. The nonreactive
ethylbutylmalonic acid ester was converted via the Na derivative of m-phenylene-
diamine to the di(m-amino)anilide of ethylbutylmalonic acid according to the process
of STERN®.

Experimental

M aterials. 10 ug of each substance were applied on a thin-layer plate pre-coated
by Woelm with Silica Gel F 254/366. After equilibration ascending chromatography
was carried out at 20° in standard glass tanks. The solvent systems used were: (I)
cyclo-hexane—ether—toluene (3:2:1); (II) benzene—ethyl acetate—ether (8:3:2); (III)
benzene-methanol (5:1).

Visualization. The thin-layer plates were viewed under UV light at 254 mu. Not
all substances quenched the fluorescence. Only diamides could be identified by this
method. For this purpose the plate was put in an iodine chamber before examining it

TABLE I
COLOURS AND Rp VALUES OF MALONIC ACID ESTERS
(6]
/
C—O0—R,
I
R, —C-—R,
|
C—0-—R,
/
O
R, R, R, Rp value in solvent Colour of the spots
system 1
~C,H, -H —C,H; 0.53 deep violet
~C,H; ~C,Hjy —-C,H; 0.54 . yellowish
-C,H; -H —-C,H; 0.47 deep violet
-C,H, -C,Hy -C,H; 0.57 yellowish
-C,H;, -C,H; -CH, 0.44 yellowish
-C,H, -H -C,H; 0.46 deep violet
—CHj, : ~H -C,H;, 0.30 deep violet
-CH,—-CH=CH, ~CH,—CH=CH, ~C,Hjy 0.48 yellowish
~Br ~-CyHy ~-C,Hy 0.49 yellowish
-H -H —C,H; 0.26 deep violet
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under UV light. For the mono- and disubstituted esters of malonic acid, a solution of
Bromocresol Green/Bromophenol Blue and potassium permanganate® was tested as a
spraying reagent. In this case, the spots were neither so defined nor was the colour so
stable. Moreover, this spraying reagent was not sensitive enough. A better method of
visualization was applied. The thin-layer plate was placed in an iodine tank for 1-2
min and then immediately sprayed with Bromocresol Purple$. The spots could be seen
in normal light.

Results

With Bromocresol Purple, monosubstituted esters gave blue whereas the di-
substituted esters showed yellowish blue spots. On the basis of these colours, one can
differentiate between the mono- and disubstituted malonic acid esters. The results have
been recorded in Tables I and I1.

TABLE II
Rp VALUES OF MALONIC ACID DIAMIDES
O
/
¢ — NH—R,
R, —C—R,
C—NH—R,
/
O
R, R, R, Solvent system Ry value
H -C4H, —CgH; 11 0.15
H -C,Hj, -CeH, II 0.45
—C,H, —C,H, Q I 0.61
NH,
-C,H, _H @ [ 0.60

The authors thank Miss M. RupoLPH and Mr. D. STAUDACHER for their technical
assistance.
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CHROM. 4357

Thin-layer chromatographic investigations of some synthetic compounds
having laxative properties

In the past few years, synthetic laxatives have been more widely used in
pharmacy than those derived from plants. (The reasons are too obvious to be dis-
cussed here.) 4,4’-Dihydroxydiphenylisatin or its acetyl derivatives, well-known for
their laxative properties, and a few other related substances are studied herein.
Quality control was necessary at various stages of production, and thin-layer chro-
matography (TLC) proved to be a very suitable method for this purpose. Because
very few publications'~* have appeared in this field, a systematic investigation of
such substances by TLC was considered worthwhile. In all these compounds, the
dihydroxy- (or diacetoxy-)diphenyl group was a common feature, as shown below.

Experimental

Thin-layer plates approx. 0.25 mm thick were prepared manually® or using
an applicator. The adsorbent used was Silica Gel GF Woelm TLC. The plates could
be used after drying at room temperature for about 24 h. TLC plates of Woelm
precoated with Silica Gel F 254/366 could be used with equal success.

All substances, except phenolphthalein, were synthesized. While thiazolyl
derivatives (compounds 8-11) were prepared according to GEIGER et al.b, 4,4'-di-
hydroxydiphenyl-pyrid-2-yl-methane and its diacetyl derivative were synthesized
according to SEEGER AND KOTTLER.

The following solvent systems were employed: (I) chloroform-acetone (1:1);
(II) chloroform—cyclohexane—ethyl methyl ketone (1:1:1); (III}chloroform—benzene—
ethyl methyl ketone (1:1:1); (IV) carbon tetrachloride—cyclohexane—ethyl methyl
ketone (1:1:1); (V) carbon tetrachloride-benzene-ethyl methyl ketone (r:1:1);
(VL) chloroform—benzene-acetone (x:1:1).

The solvent front was allowed to advance 1o cm from the starting line. After
development, the plates were dried and then viewed at 254 mu under an UV lamp.
The separated substances showed up as dark spots against a greenish fluorescent
background. Table I shows the Rp values of various substances on plates prepared
manually.

Discussion

In these experiments, it was found that for compounds 1-7 and compounds
8-11 solvent systems VI and 11, respectively, proved to be most suitable. The separa-
tions were equally good whether the thin-layer plates were prepared manually or
using an applicator or whether TLC plates of Woelm precoated with Silica Gel

J. Chvomatog., 45 (1969) 324-325



NOTES 325

TABLE I
No.  Substances Solvent systems
I II r Iv 14 Vi

I Phenolphthalein 0.80 0.39 0.6 o0.28 0.64 0.57
2 Diacetoxyphenolphthalein 0.93 0.75 0386 0.58 o082 0.79
3 4,4"-Dihydroxydiphenyl-pyrid-2-yl-methane 0.76 ©0.14 0.1 ©0.I13 0.22 0.35
4 4,4’~Diacetoxydiphenyl-pyrid-2-yl-methane 0.94 0.59 0.65 o0.51 0.57 0.74
5 4,4’-Dihydroxydiphenylisatin 0.66 0.15 0.20 0.1I0 0.27 0.29
6 4,4’-Diacetoxydiphenylisatin (Diphesatin) 09I 0.50 0.61 0.35 0.57 0.69
7 4,4’-Diacetoxydiphenyl-N-acetoxyisatin

(Trisatin) 0.94 0.83 092 0.74 0.88 0.86
8 4,4 -Diacetoxydiphenyl-4-methylthiazol-2-yl-

methane 0.84 0.65 0.79 049 o0.72 0.85
9 4,4’ -Dihydroxy-3,3’-dimethyldiphenyl-4, 5-

dimethylthiazol-2-yl-methane 0.69g 0.40 0.533 0.27 0.44 0.63
10 4,4’-Dihydroxydiphenyl-4-ethyl-5-methyl-

thiazol-2-yl-methane 0.66 0.35 0.49 0.23 0.42 0.59
II 4,4"-Dihydroxydiphenyl-4-methyl-5-ethyl-

thiazol-2-yl-methane 0.6 0.30 0.42 ©0.20 0.36 0.53

I 254/366 were used. Rp values on plates prepared manually were slightly higher
than on precoated plates or on those prepared using an applicator. Acety! derivatives
showed Rp values greater than those of their corresponding hydroxyl compounds.
The increasing number of acetyl groups on the molecule enhanced the corresponding
Rp values.

The authors thank Mrs. H. FrRISCHKORN for her technical assistance.
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CHROM. 4383
A technique for improved thin-layer chromatography of phospholipids

Although many systems utilizing thin-layer chromatography are available for
separations of phospholipids by thin-layer chromatography, it has been very difficult
to get good separations of a complex mixture of phospholipids on a single plate!-2.
The present communication details methodology for improved resolution of compo-
nents of such mixtures without prior laborious column separations before application
to thin-layer plates.

In 1963, HorRrROCKS? reported several modifications of the stationary phase
which improved phospholipid separation on thin-layer chromatograms. One of these
was the addition of 20 ml] of a saturated solution of sodium borate to 40 ml of water
which was mixed with 30 g of Silica Gel G and applied to the thin-layer plate. This
modification of the stationary phase was reported by these workers to give improved
separation of phospholipids with a one-dimensional system of chloroform-methanol-
ammonium hydroxide (65:24:4). In addition, several two-dimensional systems for
the separation of phospholipids with various proportions of chloroform-methanol-
ammonium hydroxide are also available in the literaturel.4.5. The modification
proposed in this paper involves the use of a stationary phase of Silica Gel G buffered
with borate buffer at pH 8. Thirty grams of Silica Gel G were suspended in 6o ml of
borate buffer (0.02 M sodium tetraborate, 3 ml; 0.02 M boric acid, 100 ml) and were
made fresh each time plates were prepared. After the plates had been spread and
dried at room temperature for several hours, they were activated at 100° for 1 h. The
plates then could be stored over dessicant until use. Before being used, the plates had
to be reactivated at 100° for 1 h.

Two solvent systems were tested for the separation of phospholipids on these
plates, i.e. a one-dimensional system consisting of chloroform-methanol-water (65:
25:4) and a two-dimensional system previously described by SKIDMORE AND ENTEN-
MaN% For the first dimension a system consisting of chloroform-methanol-7 IV

TABLE I
Rp VALUES FOR TWO SYSTEMS FOR SEPARATION OF PHOSPHOLIPIDS

Adsorbent: SGG = Silica Gel G (E. Merck). SGG (borate) = Silica Gel G made up with borate
buffer at pH 8. Solvent systems: I = Chloroform—methanol-7 N ammonium hydroxide, in the
ratios (a) 60:35:5 and (b) 35:60:5. IT = Chloroform—methanol-water (65:25:4).

Phospholipids Two-dimensional system One-dimensional system
SGG SGG (borate) SGG SGG (borate)
® Ia Ib Ta Ib II I
Cardiolipin 0.91 0.94 0.91 0.95 0.92 0.91
Phosphatidic acid 0.77 0.71 0.73 0.71 — —
Phosphatidyl ethanolamine 0.65 0.60 0.60 o.60 0.83 0.75
Phosphatidyl serine 0.20 0.47 0.14 0.15 0.40 0.35
Phosphatidyl choline 0.36 0.36 0.35 0.30 0.60 0.53
Phosphatidyl inositol 0.30 0.64 0.17 0.66 0.30 0.24
Lysophosphatidyl choline 0.14 0.09 0.09 0.09 0.23 0.13
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ammonium hydroxide (60:35:5) was used, while for the second dimension the system
was chloroform-methanol-7 N ammonium hydroxide (35:60:5). With both solvent
systems the buffered borate plates gave improved resolution of the phospholipid with
less streaking and diffusion. This improved resolution enables one to separate quanti-
tatively up to 200 ug of each of seven phospholipids. Total phospholipids were de-
tected by immersing the entire plate in a closed container with iodine crystals and
iodine vapors. Ninhydrin spray was used to detect amino nitrogen groups$, and acid
molybdate for phosphate?, anthrone and diphenylamine® for glycolipid and Chargaff’s
reagent for choline®.

Table I shows the Rp values (distance of center of spot from starting point
divided by distance of solvent front from starting point) of seven phospholipids
separated by the two-dimensional system and six phospholipids separated by the one-
dimensional system. Figs. T and 2 show the comparison of thin-layer plates with the
two-dimensional system only.

SOLVENT FRONT 2

—————— _ SOLVENT FRONT 2_ | -

| LNOH4 LN3AT0S

1 LNOY¥4 IN3IAT0S

2nd

o— st

Fig. 1. Thin-layer chromatogram of phospholipid standards on Silica Gel G. The developing
solvent in the first direction was chloroform—methanol-7 N ammonium hydroxide (60:35:5) and
in the second, the ratio of the same solvent was 35:60:5. O = origin; LPC = lysophosphatidyl
choline; PS = phosphatidyl serine; PC = phosphatidyl choline; PI = phosphatidyl inositol;
PE = phosphatidyl ethanolamine; PA = phosphatidic acid; and C = cardiolipin.

Fig. 2. Thin-layer chromatogram of phospholipid standards on Silica Gel G in borate buffer at
pH 8. The developing solvent in the first direction was chloroform-methanol-7 N ammonium
hydroxide (60:35:5) and in the second, the ratio of the same solvents was 35:60: 5. For abbrevia-
tions, see the legend to Fig. 1.

It may be seen from Table I that the plates buffered at pH 8 with borate buffer
give better separation than those not buffered with both solvent systems for phos-
phatidyl serine, phosphatidyl inositol, and phosphatidyl choline. As shown on the
tracings of the thin-layer plates (Figs. T and 2}, much less diffusion of the spots occurs
under conditions of borate buffering. This was confirmed by doing a recovery experi-
ment. Samples of 200 ug of each phospholipid were applied to these plates and the
phospholipids separated by the two-dimensional system. The spots were recovered
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from the plates and analyzed for lipid® and phosphorus?. Calculation revealed that
95 % of the starting material was recovered.

An additional benefit of this method is that the complex mixture of phospho-
lipids extracted from bacteria could be separated without the use of previous column
separation and on a single plate. Other procedures required prior purification of the
extract before adequate resolution could be obtained on the plates.

This work was supported by National Science Foundation grant GB-8383 and
Public Health Service research grant Al1o7247 from the National Institute of Allergy
and Infectious Diseases.
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CHROM. 4348

Determination of inorganic radioiodide in '3'l-labelled compounds by means
of thin-layer chromatography

Organic compounds labelled with a radioiodide for use in medical diagnosis or
therapy generally contain inorganic radioiodide as their main impurity. According to
current regulations, the radioiodide content should never exceed 5 %.

-Several techniques are used for the determination of inorganic radioiodide,
viz. paper chromatography, paper electrophoresis, thin-layer chromatography, pre-
cipitation, thin-layer electrophoresis, etc. Several authors, pharmacopeias, Atomic
Energy Commissions and commercial firms such as Squibb, Abbott, Amersham,
Hoechst, etc. have published on this topicl—19.

Using thin-layer chromatography''—12, we have devised a method for separating
radioiodide from organic molecules!3-!6, We have tried to reduce the development
time of the chromatogram and looked for readily available solvents for use with most
of these compounds; 1 N hydrochloric acid was found to be the most suitable.
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Chromatograms were prepared by us on glass plates using Silica Gel G (Merck); the
chromatogram was developed at ambient temperature and the substances localized
by chemical and autoradiographic means. Quantitative determinations were made
with a model 7200 Packard Radioscanner, which is capable of detecting 0.5 % radio-
iodide concentrations.

Experimental

Ascending chromatography was carried out on Silica Gel G (Merck), 250 u, using
1 N HCl as the solvent. The development was 15 min. The Ry value of the radioiodide
was 0.98-1.00.

Table I lists the !3I-labelled organic compounds chromatographed with this
solvent and the corresponding Rp values.

Fig. 1 shows the clear separation of the labelled substances from the inorganic
radioiodides.

TABLE I

Rp VALUES OF Bl-LABELLED SUBSTANCES

No. BI] [abelled substance Rr value
I p-Aminohippuric acicd 0.0
2 Diphenylhydantoin 0.0
3 “Hypaque” sodium 0.0
4 Hippuran 0.25
5 ““Urografin’’ 0.0
6 Albumin 0.0
7 Rose Bengal 0.0
8 “ Biligrafin™’ 0.0
9 ‘“Alilinulina™ 0.0

10 Insulin 0.0

1 TSH 0.0

12 Sodium iodothalamate 0.04

13 ‘*“ Diprocon’’ 0.36

14 Bromosulphalein 0.0

15 Tododeoxyuridine 0.0

16 Chlorambucil 0.0

17 Todoform 0.0

18 y-Globulin 0.0

19 Congo Red 0.0

20 “Cystokon” 0.0

21 “Telepaque” 0.0

22 Iodoantipirine 0.0

23 Fibrinogen 0.0

24 Bilirubin 0.0

25 Biliverdine 0.0

26 H.G.H. 0.0
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The method is considered suitable for rapid control procedures at the plant and
in situations where it is not easy to obtain various chromatographically pure solvents.

Note

When the experiments are repeated under the same conditions but using glass
fibre (ITLC), the displacement times are reduced from 15 min to 3 min for the same
distance.
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CHROM. 4360
Jon-exchange adsorption of radionuclides by ferrocyanide molybdate

A number of compounds containing ferrocyanide show selective adsorption of
radionuclides, especially of ¥Cs (refs. 1-19) and some, therefore, have been used
for selective adsorption of cesium from a mixture of radionuclides. BAETSLE ef al.
investigated the relationship between the Mo/Fe ratio in “ferrocyanide molybdate
(FeMo)” and the mixing ratio of the starting materials. They clarified the crystallo-
graphic structure, and they also determined the ion-exchange behavior and some
column characteristics of FeMo for several radionuclides?0-23,

In work on the preparation of zinc ferrocyanide, it was found that the composi-
tion and ion-exchange behavior of a ferrocyanide were greatly dependent on the
mixing ratio of the starting materials. This tendency was also observed in the prepa-
ration of nickel or copper ferrocyanide. In order to confirm the existence of such
correlations among the compounds containing ferrocyanide, we prepared three
varieties of FeMo by varying the mixing ratio of the starting materials. One of them
(No. 3) was found to be hardly soluble in water, permitting adsorption of radionuclides
in aqueous media.

In the present paper the following studies are reported: (1) comparison of the
solubility or adsorption behavior of three adsorbents, (2) relationship between the
distribution coefficient of No. 3 and nitric acid concentrations, (3} variation of
adsorption behavior of No. 3 with or without addition of concentrated salts, (4) ad-
sorption behavior of several radionuclides for No. 3 in sea water, and (5) isolation of
137Cs from sea water containing 83Sr, 144Ce, 137Cs, etc. through the column studies.

Experimental

Preparation of adsorbent. Three varieties of adsorbents were prepared by adding
0.2 M Na,MoO,-0.4 M HCI to 0.2 M Na,Fe(CN)s—0.4 M HCl in the mole ratios of
0.1,1, and 8 to 1, respectively. The resulting precipitates were numbered in series:
adsorbent No. 1, No. 2 and No. 3. The adsorbents were ground, dry-sieved through
a 200-300 mesh sieve, and used for batch equilibrium studies. Adsorbent No. 3
sieved through a 50-100 mesh sieve, was used for column studies. The adsorbents
were analyzed by the method reported by BAETSLE et al.2L.

Batch equilibyiwm studies. Distribution coefficients (ml/g), Kq, of radionuclides
were determined by batch equilibrium studies. 0.1 g of adsorbent was weighed in a glass-
stoppered test tube to which 5 ml of a desired solution containing a radionuclide were
added. After a given period of agitation at 25.0 4- 0.5°, the mixture was centrifuged at
8000 g for 1 min and the radioactivity in 2 ml of the supernatant was counted
using a conventional well-type scintillation counter.

Column studies. Seven grams of adsorbent were sturried with about 70 ml of
0.1 M nitric acid and poured into a conventional glass column (I.D. 1 cm), pulled to
a tip and plugged with glass wool at the outlet. The resultant bed was usually o cm
high. Adsorption and elution were run at a flow rate of 5 ml/min.

All reagents used in the experiment were of reagent grade.

Results and discussion
Comparison of thvee adsorbents. The Mo/Fe ratio of adsorbent No. 3 was 3.4,
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Fig. 1. Dependence of K4 values on the shaking time. O—Q, Kg values in dioxane-water (1:1);
A—A, Kg values in water.

Tig. 2. Dependence of K4 values for several radionuclides on the concentrations of nitric acid.

which is lower than that reported by BAETSLE ef al/.?'. No. 1 and 2, which were
water soluble, could not yield the reliable analytical values. No. 3 was hardly soluble
in water. The solubilities of No. 1 and 2 were decreased by adding an equal volume
of dioxane to the aqueous phase. The Kg values increased when the shaking time was
increased, with the equilibrium attained at 3o min (c¢f. Fig. 1). At equilibrium, the
Kg values decreased in the following order: No. 3 > No. z > No. 1. Since No. 3 was
hardly soluble in water, it was used for the subsequent batch and the column studies.
In an aqueous medium, the adsorption equilibrium for 1¥Cs was attained at 10 min.

D % %

Distribution coefficient (Kg)

3

-log concentration (M)

Fig. 3. Dependence of Ky values for the radionuclides on their concentrations in the initial solution.
CF = radionuclides without addition of the carriers.
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Subsequent batch equilibrium studies were, therefore, carried out by shaking for
I0 min.

Distyibution coefficients of No. 3 and nitric acid concentrations. The dependence
of the Kg values for 1¥Cs, *Fe(I1I), 144Ce(III), 0Co, 85Sr and %Zr(IV) on the con-
centrations of nitric acid is shown in Fig. 2. The individual points are an average
value of 4-6 determinations. The slope is —1 for Cs/H, —2 for Co(II)/H and Sr(II)/H,
and —3 for Fe(IlI)/H and Ce(III)/H over the concentration range from around o.1
to z M nitric acid. The observed slopes of '¥Cs and 8Sr are almost consistent with
those reported by Huvs anp BArTSLE?. The decrease in Kg values for %Zr(IV)
observed for the lower range of nitric acid concentration might be due to the hydrol-
ysis in the solution. Fig. 3 shows the dependence of Kg values for the radionuclides
on their concentrations in the initial solution. The Kg values for the radionuclides
(carrier-free) remain almost unchanged over the concentration range not exceeding
lon-exchange capacity, indicating that the observed Kg values of the radionuclides
are due to their own ion-exchange affinities. In the concentration range from around
0.I to 2z M nitric acid, the dependence in Fig. 2 suggests that these radionuclides are
adsorbed by an ion-exchange mechanism.

TABLE I

INFLUENCE OF THE ADDITION OF CONCENTRATED SALTS ON THE DISTRIBUTION COEFFICIENTS

Nuclide Distvibution coefficient
o.r M o.r M HNO; -+ 0.r M HNO, + HNO; 4
HNO,4 0.5 M NH,NO,? 0.5 M NaCla sea water®
Fe 3 X 10t 7 X 102 2 x 10% I X 103
50Co 5 X 10% 2 X 102 4 X 107 I X 102
85Zn 3 x 1ot 2 X 103 3 X 108 4 X 108
8Sr 2 X 103 <1 5 4
BZr I X 10° 2 X 1o? 5 X 102 7 X 10
LERUNO 7 5
144Ce 4 X 10% <1 2 X 10 I X I0
137Cg 53 x 1ot 3 X 102 8 x 108 5 X 108

2 Dissolution of NH,NO, or NaCl in o.1 M HNO, to make 0.5 M solutions.
b Addition of HNO, to sea water up to a molar concentration of o.1.

Distribution coeffictents of No. 3 in concentrated salt solutrons. Table I shows the
variation in Kq values for several radionuclides on addition of concentrated salts to
0.I M nitric acid. The Kg values for 85Sr or 144Ce decrease markedly on addition of
these salts to a much larger extent than expected from mutual exchange of ammonium
or sodium ions. The reason for these decreases probably lies partly in the interaction
of 8Sr or #Ce and the concentrated salts. The extent of the decrease in Kg values
on addition of sodium chloride is less than that on addition of ammonium nitrate.
Such a minor decrease in sodium chloride may be due to the fact that the ion-exchange
affinity of the adsorbent for sodium ions is lower than that for ammonium ions.

In the case of sea water, K4 values for %I‘e, %°Co and '¥Cs are considerably
higher than those for #5r, 1%RuNO and #*Ce. The Kgq values for these radionuclides
in sea water are nearly equal to those in 0.5 M sodium chloride. The concentration
of sodium chloride in sea water corresponds to about 0.5 M (ref. 24). In sea water,
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the amount of sodium chloride is dominant over all the other components: magnesium,
calcium, potassium, strontium, aluminum, organic materials, etc. The finding that
the Kg values for the radionuclides in sea water are nearly coincident with these in
0.5 M sodium chloride may be explained by the fact that the radionuclides in extreme
minority are governed by an ion-exchange property of the ferrocyanide molybdate
without suffering any disturbance from the coexisting materials in large quantity.
As stated above, it is noteworthy that the Kg values for 85Sr or 144Ce decreased marked-
ly on addition of the concentrated salts. Such a decrease could not be observed when
using any other compounds containing ferrocyanide such as potassium, cobalt,
nickel, zinc, sodium, or potassium zinc ferrocyanide. It may, therefore, be considered
to be the characteristic adsorption behavior of the ferrocyanide molybdate.

Isolation of Y¥Cs from a maxture of radionuclides in sea water. When 1 1 of sea
water spiked with 85Sr, 144Ce and !37Cs was passed through a column (r X 10 cm), the
spiked 1¥Cs was quantitatively adsorbed by the column and a large portion of $*Sr
and 144Ce(9o %) passed through. The 855r and 1#4Ce retained were eluted with 50 ml
of 1 M ammonium nitrate—0.1 M nitric acid solution. The adsorbed 1¥Cs was eluted
by 4 M ammonium nitrate—4 M nitric acid solution (IFig. 4). The maximum activity

S E1 E2

70+

50
3
+ 301
& 85g. 144ce 137¢cs

o ; —1 1 1
o] 1000 1050 1100 1150

Volurme of effluent (ml)

Fig. 4. Isolation of ¥7Cs in sea water containing #Sr, 144Ce and 1¥7Cs. S = sea water containing
85Gr, 44Ce and 1¥7Cs; E1 = 1 M NH,NO -o0.1 M HNO,; E2 = 4 M NH,NO;—4 M HNO;. Column,
I X I0cm, 50—100 mesh.

was obtained at 30 ml of the effluent. From the whole effluent of 100 ml, 3"Cs was
recovered quantitatively. The y-ray spectra characterization showed that the 13Cs
effluent was not contaminated by #Sr and *4Ce. ®*Fe and %Co were added to the
above-mentioned sea water which was allowed to pass through the column, followed
by the elution of 85Sr and #4Ce by the same procedure as mentioned above. %Fe and
60Co along with 1%Cs adsorbed by the column were eluted with 4 M ammonizm
nitrate—4 M nitric acid solution. When these radionuclides were eluted immediately
after adsorption, 13"Cs was recovered by about 100 %, 3Fe by 60 % and $°Co by 70 %.
After standing for more than one day, recovery of 13Cs remained the same, but a
large portion of the adsorbed %Fe and #Co could not be eluted. Such poor recoveries
may be ascribed to an isotopic exchange or an isotopic displacement occurring between
the adsorbent and %Fe or $°Co. Behavior of 1%RuNO toward the column was similar
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to that of 1#Ce or %5Sr, ¢.¢., the large portion was not adsorbed and the adsorbed
fraction was capable of eluting with 1 M/ ammonium nitrate-o0.1 M nitric acid solution.
Behavior of %5Zr in the form of zirconium fluoride was also identical to that of 144Ce,
835r or YRuNO, provided that it was applied in the form of zirconium fluoride.

The authors are indebted to Dr. Masam1 Izawa for his invaluable advice and
encouragement. We are also indebted to Mr. YasusHr Oawmr for his cooperation in
carrying out this study.

Chemistry Division, National Institute of Radiological Sciences, SHOICHI KAwAMURA
9-1, 4-chome, Anagawa, Chiba-shi ( Japan) Kartsumi KurROTAKI
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Book Reviews

CHROM. 4323

Chromatography, edited by D. R. BROWNING, a volume in Iunstrumental Methods
Series, McGraw-Hill, Maidenhead, 1969, 151 pp., price 32 s.

The editor has endeavoured, in about 150 pages, to provide an introduction to
chromatography for students and practising chemists. Seven authors have contributed
eight chapters, entitled principles of chromatography (I1 pages), column chromato-
graphy (18), paper chromatography (16), thin-layer chromatography (28), gas
chromatography (30), ion-exchange chromatography (16), zone electrophoresis (16)
and gel permeation chromatography (9).

Most topics which are relevant to the practice of chromatography are included,
though the depth of treatment varies considerably. The most disappointing omission
from the book is any mention of the techniques and potential of the new high-speed
high-efficiency column chromatography; space is, however, found for zone electro-
phoresis.

Most chapters give, in their different ways, a reasonable, elementary intro-
duction to their subject. The chapter on thin-layer chromatography gives a lot of
information about commercial sources of equipment and materials whereas the other
chapters, to their detriment for a novice audience, give little.

The main impression the reviewer gained from this book was of a lack of
editorial control. This shows up in the variations in treatment of the different topics
noted above, the absence of uniformity over, for example, application of the different
techniques (some chapters deal with this explicitly, others only incidentally). Compare
too the detail of the TLC chapter with the brief, well-written but rather advanced
discussion of gel permeation. Other minor irritations occur like the appearance of
wrong initials for famous chromatographers in the references sections; why should
the TLC chapter alone exclude author initials from its references?

Altogether, this is a disappointing book, badly edited and not particularly
readable nor likely to induce enthusiasm in beginners.

Esso Research Centre, Abingdon, Berks. (Great Britain) S. G. PERRY
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CHROM. 4266

Electrophoresis by D. J. SHAwW, Academic Press, London and New York, 1969, 144 pp.,
price 35 s.

In the words of the author, ““This book presents an introduction to the principles,
methods and applications of the various forms of electrophoresis (micro-, moving
boundary and zone) and a short account of the related phenomena of electro-osmosis
and streaming potential”. To the general reader the author has succeeded in his aim
but the specialist and potential specialist will wish to peruse more comprehensive
texts.

Interest for readers of this Journal is restricted mainly to the thirty-two pages
devoted to zone electrophoresis, but despite such restricted coverage in terms of space,
the chapter on the technique forms an excellent and reasonably up-to-date intro-
ductory essay. Users of zone electrophoresis will, by their wider interests, profit by
perusal of much of the rest of the book, particularly with regard to those sections
concerned with the application of microelectrophoresis to the study of cell surfaces
and colloid stability.

For a book concerned with the wider view of electrophoresis, the section con-
cerned with practical applications of particle electrophoretic studies is too restricted
to be of value. With the technological importance of the fields mentioned, particularly
electrophoretic deposition, the book would have been richer by the inclusion of a
full chapter devoted to such applications.

The book is attractive in format with generous use of clear, easy to follow
figures, and has adequate subject and author indexes.

Unaversity of Wales, Institute of Science and Technology, J. D. R. THOMAS
Cardsff (Great Britain)

CHROM. 4384

Purification of Inovganic and Organic Materials — Techniques of Fractional Solidification,
edited by Morris ZIEF, M. Dekker, New York, 1969, 318 pp., price $ 17.75.

Readers of this journal are likely to be specialists in the field of gas chromato-
graphy and will no doubt turn first to Chapter 6 on gas-liquid chromatography.
If they feel, on reading it, that they have learned little, this is an indication of their
own expertise and no reflection at all on the competence of Rovy A. KELLER, who has
produced an admirable monograph within his allotted space.

The book is not, of course, intended for the expert in gas chromatography, nor
for that matter in any of several refined analytical techniques that form the subject
of its first few chapters. It is, in fact, exactly what its title suggests, an account of
fractional solidification techniques and these are exemplified by their application to a
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dozen or so organic and inorganic compounds. Although these are substances of
considerable intrinsic importance (they include, for example, anthracene, indium
antimonide, alkali halides and benzoic acid) it is the chapters on general methods
which are likely to be of the greatest utility.

The book is really an extension of Fractional Solidification by M. ZIEF AND W.
WiLcox, which includes some basic theory on solidification processes and the mono-
graphs in the present volume contain only a minimum of mathematics. The purifica-
tion methods described are mostly based on zone melting and three of them are
primarily of interest for the novel heating methods employed (radio-frequency,
electron beam and gas discharge). For the organic chemist, the chapters on the purifi-
cation of aromatic amines and of dienes, and those on the purification of organic
compounds (one of them on a kilogram scale) are of considerable value and the
excellent account of the “Freezing Staircase” technique by C. P. SAYLOR deserves
special mention.

In the introduction to Chapter 1, C. L. GRANT rightly points out that the demand
for materials of high purity is necessarily accompanied by a need for methods of de-
tecting and measuring impurities at very low levels and appropriately, the other
chapters in the first part of the book deal with such methods. Most of them are
spectrometric but they also include gas chromatography, differential thermal analysis
and electrical resistance ratio measurement.

To the gas chromatographer the most stimulating chapter is probably that on
the concentration of flavoursat low temperatures. The technique consists in extracting
the material under investigation into a solvent such as very pure benzene and con-
centrating the sample by re-using solvent in a pure crystalline form. The combination
of this procedure with gas chromatography is obviously a powerful tool in the study
of natural flavourings.

The book concludes appropriately with a chapter on the choice of containers
for pure materials.

To sum up, this book is a useful source of practical information on the purifi-
cation of fusible organic and inorganic solids and in conjunction with its predecessor
should find a place in every laboratory concerned with the preparation of highly
pure materials. The editor is to be congratulated on the high standard and clarity of
his contributors and the book is well printed and produced.

May and Baker Ltd., Dagenham (Great Britain) G.A.P.Tuey
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News

Meetings
TUPAC-sYMPOSIUM ‘‘CYCLOADDITION REACTIONS”

A TUPAC-Symposium on Cycloaddition Reactions will take place in Munich,
Germany, September 7-10, 1970. The following plenary lecturers have accepted the
invitation of the programme committee (R. GoMPPER, R. HUISGEN, J. SAUER):

P. D. BArRTLETT, Harvard University (Cambridge, U.S.A.), Some Borderline
Cases in Cycloaddition. :

H. BEesTiaAN, Farbwerke Hoechst AG, (Frankfurt/M., G.F.R.), Cycloadditionen
mit Sulfonviisocyanaten.

C. S. Footg, University of California (Los Angeles, U.S.A)), -Mechanisms of
Addition of Singlet Oxygen to Olefins and Other Substrates.

G. M. J. Scamipt, Weizman Institute (Rehovoth, Israel), Photodimerisationen
1m festen Zustand.

P. S. SkeLL, Pennsylvania State University (University Park, Pa. U.S.A)),
Topic follows.

N. J. Turro, Columbia University (New York, U.S.A.) Cycloaddition Reactions
of Carbonyl Compounds Possessing High Energy Content.

G. WiLKE, Max-Planck-Institut fiir Kohleforschung (Miilheim/Ruhr, G.F.R.),
Cycloadditionen unter dem Einfluss von Ubergangsmetallen.

R. B. Woopwarp, Harvard University (Cambridge, Mass., U.S.A.), Orbital
Symmetry Corvelations in Cycloadditions.

Colleagues interested to submit a discussion paper or to take part in the Sym-
posium should ask for further material until December 31, 19g6g at Dr. W. FRITSCHE,
Gesellschaft Deutscher Chemiker, 6000 Frankfurt/M., Postfach 119075 (G.F.R.).

ANALYTICA 70
Internationale Fachausstellung fitv Biochemische Analyse —29. April bis 2. Mai 1970.

Im Frithjahr 1968 fand erstmals in Minchen eine Internationale Fachausstel-
lung fiir biochemische Analyse —die ANALYTICA 68 —statt. Etwas iiber 5000 Fachleute
besuchten diese Fachausstellung, an der sich go Aussteller aus neun Lindern Europas
beteiligten. Gleichzeitig fand eine internationale Tagung Biochemische Analytik statt,
zu der 800 Teilnehmer aus 17 Landern Europas und aus Ubersee nach Miinchen kamen.,

Auf Anregung der Aussteller, die zum weitaus iiberwiegenden Teil mit dem
Ergebnis ihrer Beteiligung an der aNarvTtica 68 zufrieden waren, haben sich der
Fachbeirat der aNALYTICA und die MMG fiir eine Wiederholung dieser Fachveran-
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staltung im zweijahrigen Turnus entschlossen. Die ANALYTICA 70 findet nunmehr vom
29. April bis 2. Mai 1970 statt. Gleichzeitig mit der aANALYTICA 70 wird wiederum eine
wissenschaftliche Tagung unter dem Thema Biochemische Analytik durchgefithrt, auf
der international anerkannte Wissenschaftler sprechen werden. Neben Referaten und
Praktika zu den einzelnen Themen, wie beispielsweise, Trennung von Zellkompo-
nenten, Bedeutung und Messen von Ultrakurzzeitreaktionen in der Biochemie und
Mikrospektrophotometrie, ist auch ein Symposium zum Thema Analytische Probleme
in der Pharmakokinetik vorgesehen.

Der Rahmen der Biochemischen Analytik ist allerdings wesentlich weiter ge-
fasst. Er reicht z.B. von der tiglichen Arbeit im Krankenhauslabor iiber die Erfor-
schung der Wirkung und des Stoffwechsels der Arzneimittel bis zur Arbeit an neuen
Erkenntnissen iiber die biochemischen Grundlagen des Lebens. Alle dazu notwen-
digen Reagenzien und Gerite bis zu den Grossgerdten und Computern werden auf der
Fachausstellung aNaryTica 70 zu finden sein. Die Aussteller werden wie bei der
vorhergehenden Veranstaltung im Jahre 1968 wieder an ihren Gerdten mit den in der

biochemischen Analytik titigen Wissenschaftlern ausfiihrliche Fachgespriche fiihren
konnen.

Auskunft iiber die Fachausstellung ANALYTICA 70: Miinchener Messe- und Aus-
stellungsgesellschaft mbH., 8 Miinchen 12z, Theresienhshe 13, Postfach zoo, B.R.D.
Telefon: (0811) 76711, Telex: 05-212086, TA: AMEG.

Manufacturers’ Literature

The Gas-Chrom Newsletter, May 1969, was received some little time ago but
contains some pertinent information on the BF,~propanol esterification kit, a simple
hydrogenator, pretested OV-225 on Gas-Chrom Q, and amine analysis using Penn-
walt 223. Mention is also made to the book published by Dr. C. W. GEHRKE and
coworkers on amino acid analysis.

Pesticide analysis

An information bulletin Analytical Liquid Chromatography, The Useful Approach .
to Pesticide Analysis, by D. F. HorGan, W. A. DArRk anD K. J. BoMBAUGH has been
published by Waters Associates. The paper describes the liquid chromatography
separation techniques for a variety of pesticides. Detectability, resolution, and effect
of sample load in residue analysis are also discussed.

Polymer analysis

The proceedings of the 5th and 6th International Gel Permeation Seminars are
now available. These volumes discuss the theory, practical apphcatlons and computer
resolution of the gel permeati®n technique.

For further 1nformat10n apply to the publisher under reference No. Chrom.
N-246.
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CHROM. 4404

ANALYSIS OF «-HYDROXY KETONES BY GAS CHROMATOGRAPHY

PENTTI RONKAINEN axp SAARA BRUMMER
Reseavch Labovatovies of the State Alcohol Monopoly (Alko), Helsinki 10 (Finland)
(Received September 25th, 1969)

SUMMARY

a-Hydroxy ketones, acetoin and 3-hydroxy-z-pentanone have been isolated
from an alcohol-water solution as their 2,4-dinitrophenylhydrazones, and the latter
converted in acid solution to the corresponding vicinal diketones by water—steam
distillation. Analysis of the diketones formed has been effected by head-space gas
chromatography of the distillate by means of an electron-capture detector.

INTRODUCTION

The closely related compounds, diacetyl (2,3-butanedione), acetoin (3-hydroxy-
2-butanone), 2,3-butanediol and z-aceto-z-hydroxylactic acid, appear in fermentation
solutions, in addition to smaller amounts of their next higher homologues. Gas chroma-
tographic methods have been developed for the analysis of diketones!—3, glycols* and
z-aceto-2-hydroxycarboxylic acids® but gas chromatography has only occasionally
been used for the analysis of a-hydroxy ketones®.

The analysis of acetoin by gravimetric’® and colorimetric'® methods has been
based upon the formation of coloured metallic salts of dimethylglyoxime after the
oxidation of acetoin to diacetyl, and other colorimetric methods rely upon the colour
reaction between diacetyl and creatine'’.1?, or between diacetyl and chromotropic
acid!®. The estimated quantity of acetoin is the sum of the a-hydroxy ketones present.

A method is presented here for the analysis of acetoin and 3-hydroxy-2-pen-
tanone, separately, by gas chromatography, after the isolation of these compounds
from an alcohol-water solution as z,4-dinitrophenylhydrazones.

MATERIAL AND METHODS

Preparation of 2,4-dinitrophenylhydrazones of a-hydroxy ketones

The 2,4-dinitrophenylhydrazone of acetoin was prepared both from the dimeric
acetoin (research chemical, Aldrich Chemical Co., Inc., Milwaukee 10, Wisc., U.S.A )
and z-acetolactic acid (synthesised by the KrRaMPITZ's method!). In the former case,
100 mg of crystals of dimeric acetoin were first washed with diethyl ether and after
drying, were dissolved in a small amount of water. For precipitation, 100 ml of
2,4-dinitrophenylhydrazine (analar, BDH Ltd., Poole, Great Britain) reagent solu-
tion (2.5 g of reagent/1000 ml 2 N HCl) were added. The solution was saturated with
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Na,S50, 10 H,O (guaranteed reagent, E. Merck AG., Darmstadt, Germany) to mini-
mise the solubility of the hydrazone; after the solution had been allowed to stand
at 4° overnight, the precipitate formed was filtered, washed with water, and recrystal-
lised twice from an alcohol-water (1:1) mixture (m.p. 107°).

For the preparation of the acetoin hydrazone from 2-acetolactic acid, the ester
derivative of the latter, 2-aceto-2-acetoxypropionic acid ethyl ester, was synthesised
by the KrRamPITZ’s method4. A sample of 100 mg of the ester was dissolved in 14 ml
of 0.1 N NaOH solution, and hydrolysed at 40° for 1 h. The liberated acetolactic acid
was decarboxylated by means of 10 ml of g M H,SO, solution, and the solution was
kept at 40° for 2 h and then neutralised with solid NaHCO; (guaranteed reagent,
E. Merck AG., Darmstadt, Germany). The precipitation and recrystallisation of 2,4-
dinitrophenylhydrazone of acetoin were effected as described above (m.p. 106°).

The 2,4-dinitrophenylhydrazone of 3-hydroxy-z-pentanone was prepared from
the ethyl ester of z-aceto-z-acetoxybutyric acid synthesised by KrampITz’s method
(¢f. ref. 5); the same procedures as above then being employed, vzz. hydrolysation,
decarboxylation, precipitation and recrystallisation (m.p. 98°).

. Isolation of 2,4-dinitrophenylhydrazones of a-hydroxy ketones from diluted alcohol—water
solution by adsorption

In cases where the concentrations of a-hydroxy ketones are no more than some
tens of milligrammes per litre or less, the isolation of their hydrazones by precipitation
is difficult, because of the solubility of the «-hydroxy ketone hydrazones. The ad-
sorption method!® developed earlier, with some slight modification, can be used. A
model solution of acetoin and 3-hydroxy-2-pentanone was prepared from the syn-
thesised 2z-aceto-z-hydroxycarboxylic acid derivatives mentioned above. For this
purpose, 10~! mmole (20.2 mg) of 2-aceto-z-acetoxypropionic acid ethyl ester, and
2.5-1072 mmole (5.4 mg) of 2-aceto-2-acetoxybutyric acid ethyl ester were dissolved
in 4 ml of 0.1 N NaOH solution, and hydrolysed at 40° for 1 h. After acidification with
2.5 ml of g M H,SO,, the solution was kept at 40° for 2 h during which time, the
acetohydroxy acids were decarboxylated. The volume of the solution was adjusted
to 1o ml with water, and used as the base solution of a-hydroxy ketones. A sample
of 1 ml of the base solution (containing ro~? mmole, or 0.88 mg of acetoin and 2.5- 1073
mmole, or 0.25 mg of 3-hydroxy-2-pentanone) was dissolved in 100 ml of 5 %, ethanol-
water mixture; in another parallel experiment 50 ul of 2,3-butanediol (puriss., Fluka
AG., Buchs, Switzerland) was added to clarify its possible influence upon the analysis
of a-hydroxy ketones. The solutions of z,4-dinitrophenylhydrazine reagent and con-
centrated hydrochloric acid (guaranteed reagent, E. Merck AG., Darmstadt, Germany)
were added in the proportions of 100 ml and 30 ml respectively. The solutions were
mixed with a magnetic stirrer overnight at 4°. For precipitation of the excess of
reagent present, the solutions were neutralised with solid NaHCOj, and the precipitate
formed was filtered off. For the isolation of «-hydroxy ketone hydrazones from the
solutions, 3 g of activated carbon (Dargo Grade G-60, Atlas Chemical Industries, Inc.,
Wilmington, Del., U.S.A.) was added to the solutions and mixed with a magnetic
stirrer for 1 h. Carbon was filtered in a glass filter crucible on a layer of 2-4 mm of
Hyflo-Super-Cel (a Celite product, Johns-Manville, Lompoc, Calif., U.S.A.) and
washed with 200 ml of 94.5 wt. % ethanol (pure, Rajamiki Factories of the Finnish
State Alcoho] Monopoly, Rajaméki, Finland), and 200 ml of water.
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Conversion of 2,4-dinitrophenylhydrazones of a-hydroxy ketones to diketones

For conversion of the a-hydroxy ketone hydrazones adsorbed on the carbon to
the corresponding diketones, the carbon was transferred into a micro steam-distil-
lation apparatus and 4 ml of a mixture (1:1) of water and concentrated H,SO, (guaran-
teed reagent, E. Merck AG., Darmstadt, Germany), and 100 mg of 2-oxoglutaric acid
(for biochemistry, E. Merck AG., Darmstadt, Germany) were added. The mixture was
distilled with water—steam until the amount of distillate was 100 ml. During the
distillation, the a-hydroxy ketones were liberated and oxidised to the corresponding
vicinal diketones; these were collected in the distillate.

Experiments to convert a-hydroxy ketone hydrazones to diketones were also
made with pure (precipitated and recrystallised) 2,4-dinitrophenylhydrazones of
acetoin and 3-hydroxy-z-pentanone. A solution of these hydrazones was made by
dissolving 10! mmole (26.8 mg) of acetoin hydrazone and 2.5-10-2 mmole (7.0 mg)
of 3-hydroxy-2-pentanone hydrazone in 40 ml of a mixture (1:1) of concentrated
sulphuric acid and water. A part of this solution (4 ml) was transferred into the micro
steam-distillation apparatus mentioned above, and distilled with water-steam in the
presence of 2-oxoglutaric acid (100 mg) until the amount of distillate was 100 ml.

Amnalysis of the steam distillates

During the distillation of a mixture of activated carbon and sulphuric acid
solution, traces of SO, can be formed, therefore 200 ul of acetaldehyde (for synthesis,
E. Merck AG., Darmstadt, Germany) was added to each distillate (100 ml) and mixed
in thoroughly for the liberation of diketones (cf. ref. 3) in the distillate possibly con-
verted to non-volatile sulphites. 24 ml vessels (Fig. 1) were filled to the top with the
steam distillates. The flasks were provided with magnetic stirrers, and sealed with
membranes of silicone rubber. Each flask was connected to an empty flask by an
injection needle and a silicone rubber capillary tube, and each pair, filled and empty,
was placed in a water bath at 40°. After the flask had stood for 15 min in the bath,
10 ml of air was injected into the filled flask (IFig. 1). The solution in the flasks was

—
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Fig. 1. Sampling system. a = Water manometer; b = magnetic stirrer; ¢ = constant tempera-
ture bath; d = syringe for head-space sampling; e = syringe for pressure regulation.
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stirred magnetically for another 15 min, and 2-ml aliquots of the gas phase in the
head space of the sampling flask (Fig. 1) were taken. The samples were analysed gas
chromatographically by a Perkin-Elmer F 11 apparatus. To preclude condensation,
the sampling syringe was warmed up 40° before sampling.

Conditions of analysis. Electron capture detector, sensitivity for air peak ro and
for diketone peaks 5; column length z m (glass), internal diameter 3 mm, filling ma-

AIR

. ACETALDEHYDE

. DIACETYL
2,3-PENTANEDIONE

1.
2
3
4.

MIN

r S8 -

SENSITIVITY

1

- Fig. 2. Head-space gas chromatograms of the steam distillates of acetoin and 3-hydroxy-2-pen-
tanone hydrazones adsorbed on carbon from the solution (upper) and of the equivalent reference
mixture of the corresponding pure hydrazones (lower).

terial (two liquid phases) approx. 30 cm packing of Celite 545 + diglycerol (zo wt. %)
and approx. 165 cm packing of Celite 545 4 1,2,3-tri(2z-cyanoethoxy)propane (TCP)
(zo0 wt. %); carrier gas, nitrogen (99.999 %), inlet pressure o.7 kp/cm?, flow rate
52 ml/min.

RESULTS AND DISCUSSION

Fig. 2 reproduces two gas chromatograms. The upper one illustrates vicinal
diketones produced during the steam distillation of a-hydroxy ketone hydrazones
isolated from the solution by adsorption on carbon, and the lower the vicinal diketones
produced during the steam distillation of pure recrystallised hydrazones of a-hydroxy
ketones. If the adsorption of «-hydroxy ketone hydrazones from the solution on the
carbon, their subsequent separation from the carbon, and the conversion to diketones
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during the distillation had been complete, the corresponding diketone peaks in both
chromatograms should have been equal in size. To facilitate comparison, the peak
heights in the upper chromatogram are indicated by horizontal dotted lines crossing
the corresponding peaks for the same components in the reference, lower chromato-
gram. It can be seen that the peak heights of the diketones in the upper chromatogram
are about three quarters of those in the lower chromatogram, and consequently the iso-
lation and conversion procedures are not quite quantitative; nevertheless the method
gives reproducible results, and the peak heights change in relation to the change in
concentration of a-hydroxy ketones. The two extra peaks, between the peaks of acet-
aldehyde and diacetyl in the upper chromatogram, are produced by influence of
activated carbon upon the sulphuric acid during the distillation.

2,3-Butanediol in the solution studied did not interfere with determination of
the a-hydroxy ketones; the chromatogram was identical with that illustrated in the
upper chromatogram in Fig. 2.

Preliminary experiments have indicated that the method is suitable for the
study of fermentation solutions and beverages.
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APPLICATION OF A COLOUR REACTION FOR THE IDENTIFICATION
OF METHACRYLATE MONOMER AND POLYMER
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Department of Polymer Science, The University of New South Wales, P.O. Box 1, Kensingion,
N.S.W. 2033 (Australia)
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SUMMARY

The colour reaction described produces conclusive positive and negative results
for the methacrylate and acrylate esters, respectively. However, the positive result
is not restricted to the methacrylate esters but is applicable to other compounds
examined, 7.e. esters, amides, aromatic compounds, olefins, containing the CH,=
=C(CH,)- structure or the -CH=C(CH)- structure, where a conjugated situation
with another double bond occurs.

The colour reaction is readily applied as a gas chromatographic effluent test
but the limits of detection of the effluent tests are considerably greater than those of
an acceptable spot test and identification of minor compounds on pyrolysis is not
possible with this or other effluent tests.

INTRODUCTION

A colour reaction to distinguish polymers of methyl methacrylate from poly-
acrylates has been briefly noted by Maxo*. The test as described requires the depoly-
merisation of approximately 0.5 g of polymer in a tube protected against loss of the
volatile degradation products. The monomer was diluted with several volumes of
concentrated sulphuric acid and gently heated to obtain a pale yellow coloured so-
lution. To the cooled solution was added half its volume of water and then zinc dust.
A blue colour immediately develops if methacrylates are present. This colour can be
layered to chloroform, the yellow colour not being extracted. When sodium nitrite
replaces zinc the same colour is obtained.

This test has been used with some success with polymers of #-alkyl methacry-
lates which depolymerise substantially to monomer although some anomalous be-
haviour nas been observed, while attempts at using the reaction as a gas chromatogra-
phic elution procedure have been less successful.

In this paper the general applicability of this reaction with a variety of un-
saturated compounds experienced in polymers has been examined while the limits of
detection for use on an effluent test procedure in gas chromatography have been
determined.
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EXPERIMENTAL

The reaction has been conducted essentially as described by Mano. Pyrolysis
was carried out carefully in a long test tube (6 x 3/8 in.) which acts as an air con-
denser such that possible absorption on filter paper was avoided.

The test was carried out in 2 X 1/8 in. micro test tubes using one drop of pyro-
lysis product and two drops of concentrated nitric acid. Heating was rarely required,
a yellow-brown colouration normally being obtained on mixing. Zinc dust was re-
placed by a crystal of sodium nitrite, which was added to the acidic solution. In many
cases a pale green or blue colouration was obtained and layering in two drops of added
chloroform was essential to ensure that a positive test was obtained.

Gas chromatography was carried out using an F & M Model 810 R-19-29 Gas
Chromatograph employing simultaneous thermal conductivity and flame ionisation
detection equipped with a Leeds and Northrup twin-channel o-1 mV Speedomax
Recorder. Pyrolysis was carried out using a Philips Curie Point Pyrolyser. The fol-
lowing operating conditions were used:

Columns: matched each 10 ft. x 1/4 In. O.D. aluminium packed with 109,
methyl silicone polymer SE-30 on 60-80 mesh acid-washed Celite 560.

Injection temperature: 200°.

Carrier gas: helium, inlet pressure 40 p.s.i., flow rate 60 ml/min.

Thermal conductivity detector: maintained at 200° with a bridge current of
200 mMA.

Column temperature: isothermal operation at 100°.

RESULTS AND DISCUSSION

While only the #-alkyl methacrylate polymers depolymerise to yield substantial
yields of monomer the majority of polymers do produce some detectable monomer on
degradation of such a large-sized sample. As degradation is necessary the principal
studies have been concerned with monomers; many of the commercially available
acrylic esters have been examined and the reactions observed are shown in Table 1.
The reactions of a selection of unsaturated compounds which have structures similar
to that of the methacrylate esters are included in Table I.

A strong positive test was observed with all of the methacrylate esters, while
conclusive negative results were observed with the acrylate esters and with other
monomniers not possessing a methyl group on the «-carbon atom.

Several other compounds containing the structure CH,=C(CHj)— were examined
and each produced a positive result, 7.e. methacrylamide, «-methylstyrene, isopropenyl
acetate, isobutylene, diisobutylene and 2-methyl-1-pentene.

Saturated derivatives of the methacrylate esters, the isobutyrates, ¢.e. methyl
isobutyrate, n-butyl isobutyrate and isobutyric acid, yield respectively a green colour
not extracted by chloroform, a completely negative yellow solution and a blue colour
not extracted by chloroform.

Replacement of the a-methyl group of the methacrylate ester by a chain, i.e.
methyl e-ethylacrylate and methyl «-n-butylacrylate resulted in a negative test as
did an olefin of similar structure, 7.e. 2-ethyl-1-butene which produced a blue colour
that was not extractable.
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TABLE I

COLOUR REACTIONS OF UNSATURATED COMPOUNDS

T. S. DAWSON, J. K. HAKEN

Compound Structure Colour Extracted Result
observed with colour
sodium
nitvate
Acrylate” CH,=CH-COOR=
Methyl ester yellow yellow neg.
Ethyl ester yellow yellow neg.
Isopropyl ester yellow yellow neg.
n-Propyl ester yellow yellow neg.
n-Butyl ester yellow yellow neg.
Isobutyl ester yellow yellow neg.
2-Ethylhexyl ester yellow yellow neg.
p-Ethoxyethyl ester yellow yellow neg.
Glycidyl ester yellow yellow neg.
2-Cyanoethyl ester yellow yellow neg.
Acrylic acid yellow yellow neg.
CH,
|
Methacrylates CH,=C-COORa»
Methyl ester blue blue pos.
Ethyl ester blue blue pos.
#n-Propy! ester blue blue pos.
n-Butyl ester blue blue pos.
Isobutyl ester green blue pos.
n-Pentyl ester blue blue pos.
n-Hexyl ester blue blue pos.
#n-Nonyl ester blue blue pos.
Decyl ester blue blue pos.
Allyl ester blue blue pos.
Hydroxyethyl ester blue blue pos.
Hydroxypropyl ester blue blue pos.
Methacrylic acid blue blue (fades) pos.
Miscellaneous
Acrylamide CH,=CH-CONH, yellow yellow neg.
CH,
!
I
Methacrylamide CH,=C-CONH, blue blue pos.
Styrene CeH,—CH=CH, yellow yellow neg.
CH,
|
a-Methylstyrene C,H,-C=CH, green blue pos.
Vinyl acetate CH,COO-CH=CH, yellow yellow neg.
CH,
|
Isopropenyl acetate CH;COO~C=CH, green blue-green  pos.
CH,
|
2-Methyl-1-pentene CH,=C-(CH,),-CH, green blue pos.
CH,
|
- Methyl isobutyrate CH;—CH-COOCH, green yellow neg.

J . Chvomaiog., 45 (1969) 346-350



COLOUR REACTION FOR METHACRYLATE MONOMER AND POLYMER

TABLE 1 (continued)
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Compound Structure Colour Extracted Result
observed with colour
sodium
nitrate
CH,
1
n-Butyl isobutyrate CH,;-CH-COOC,H, yellow yellow neg.
CH,
|
Isobutyric acid CH,;-CH-COOH blue yellow neg.
CoHy
Methyl a-ethylacrylate CH,=C-O0CH, yellow yellow neg.
C,H,
Methyl a-butylacrylate CH,=C-COOCH, yellow yellow neg.
CH; O
| I
4-Methyl-pent-3-en-2-one CH;-C=CH-C-CH, blue blue pos.
CoHy
2-Ethyl-1-butene CH,=C-CH,-CH, blue yellow neg.
CH,
I
Ethyl crotonate CH=CH-COOC,H, yellow yellow neg
CH,
| :
Isoamyl crotonate CH=CH-COOC,H,, green yellow neg.
CH, CH,
l
3-Methyl-2-butenoic acid CH=C-CH,-COOH
CH, O
| ]
6-Methyl-hept-5-en-2-one CH;-C=CH-(CH,),-C-CH,; yellow yellow neg.
CN
|
Acrylonitrile CH,=CH yellow yellow neg
Divinyl benzene CH,=CH-CH,~CH=CH, vellow vellow neg
Ethyl vinyl ether CH,=CH-0O-C,H; vellow yellow neg
CH,
Isobutylene CH,=C green green pos.
CH,
CH; CH,
| 1
Diisobutylene CH,=C-CH,-C-CH, blue green pos.
l

CH,

a Appropriate substituent.
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With the methyl group on the f-carbon atom, 7.e. ethyl and isoamyl! crotonate,
yellow and green solutions weré obtained but the colours were not transferred into
chloroform. With a methyl group on each side of the double bond, ¢.e. 3-methyl-
2-butenoic acid a green colour was observed but was not transferred into chloroform.
6-Methyl-hept-5-en-2-one with two methyl groups on the chain ends results in a
yellow solution while with 4-methyl-pent-3-en-z-one a positive result was obtained.

The results indicate that a positive reaction is not restricted to the methacrylate
esters but also can be obtained with the other compounds examined that contain the
CH,=C(CH,)- structure, i.e. ester, amide, aromatic compound and olefin. The pos-
sible anomaly with 4-methyl-pent-3-en-2-one may be explained by the presence of
a conjugated system between the olefinic double bond and the carbonyl group, while
with the two similar compounds, i.e. 3-methyl-2-butenoic acid and 6-methyl-hept-5-

- en-2-one, one and two methylene groups separate the two double bonds. The crotonates
are similar in structure to the anomalous compound in that a conjugated system
occurs but these produce negative results. The a-carbon atom of the olefinic double
bond with the crotonates is not completely substituted and is apparently of im-
portance as all of the compound examined that produce positive results are of this
structure.

The limit of detection as an effluent test was determined firstly by injection of
methyl methacrylate monomer into the chromatograph. The effluent collector con-
sisted of an 1/8 in. Swagelok nut screwed on to the exit of the thermal conductivity
detector and fitted with a silicone rubber septum through which passed a glass capil-
lary tube. Capillaries made from syringe needles of electroplated steel were unsuitable
as minor reaction with the nitric acid reagent produced a green colour. Using the
micro tubes as receivers a good positive test was obtained with o.z5 pl while an in-
conclusive result was obtained with 0.20 ul. Pyrolysis of samples of polymethyl
methacrylate and poly-n-butyl methacrylate equivalent to 0.25 ul, 7.e. 250 ug, simi-
larly produced a satisfactory test. To achieve reproducible pyrolysis chromatograms
small sample size is essential. The use of approximately 10 ug of acrylic polymers
deposited on the ferromagnetic wire by evaporation of a solution has been shown to
be very satisfactory? and it is apparent that application of the effluent test with rou-
tine pyrolysis with these quantities of sample is not possible. Examination of a larger
sample of the pyrolysis residue may be successfully conducted.

Effluent colour reactions for detection of the principal types of compounds have
been reported by WarsH aNnp MERRITT®. The sensitivity, z.¢. minimum detectable
amount, varied between 20 and 100 ug and it is apparent that while effluent tests are
often of considerable value, their sensitivity does not approach that of the classical
spot tests, where a limit of 5 ug is expected.
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CHROM. 4399

AUTOMATION IN DER GASCHROMATOGRAPHIE

ENTWICKLUNG EINES GERATS ZUR AUTOMATISCHEN
GASCHROMATOGRAPHISCHEN BESTIMMUNG VON HERBIZID- UND
INSEKTIZID-RUCKSTANDEN UND -FORMULIERUNGEN