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International Congress Centre RAI
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Chemistry Department
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PREPARATIVE COUNTERCURRENT CHROMATOGRAPHY WITH A
SLOWLY ROTATING HELICAL TUB E

Y. ITO and R. L. BOWMAN

National Hearl, LIII/g,and Blood 111.\,1;llIle, LaboratoryofTechnical De velopment, Bethesda, Md. 20014
( U.S.A.)

(Received January 7th , 1977)

SUMMAR Y

The capability of a simple countercurrent chromatographic scheme for ob­
taining high-resolution preparative-scale sepa rations was demonstrated with the
sepa rat ions of a series of dinitrophenyl (ON P) amino acid s and peptides. Basic
studies on sta tionary phase retention and partition efficiency with a low-viscosity
chloroform-acetic acid -O. l N hydrochloric acid (2 :2: I) phase system together with
the results previously obtained with a viscous n-butanol system suggest a general
applicability of low-interfacial tension phase systems by the present method.

INTRODUCTION

A simple preparative countercurrent chromatographic scheme has been devised
to extend the usefulness of previously described schemes' r' . We use a coiled tube rotat­
ing slowly in the gravitational field while the mobile phase countercurrents th rough
the stat ionary phase trapped in each turn of the coil. The principle of the method and
the preliminary test result s using a /I-butanol-acetic acid -water (4: I :5) phase system
have been reported earlier'. Further investigations have demonstrated a broad ap­
plicability of low-interfacial ten sion two-phase solvent systems having various phase
properties.

For the present studies, a two-phase system composed of chloroform-acetic
acid-O. l N hydrochloric acid (2:2: I) has been selected because of its contrasting phase
properties to the n-butanol system previously examined. Basic studies on retention
of the stationary phase and efficiency of separa t ion arc performed acco rding to the
procedure pre viousl y used for the n-butanol phase system in order to compare result s
obt ained with these two solvent systems. Under the optimum operational conditions
obt ained for the se phase system s, preparative-scale separations of a series of dinitro­
phenyl (O NP) amino acid s and peptides are performed using a sample volume of 10
mJ each .
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EXPERIMENTAL

Y. ITO , R. L. BOWMAN

Apparatus
The test system used in the expe riment is illustrated in Fig. I. A separation

column which consists of nine unit s of coi led PTFE tubes co nnected in ser ies is mount­
ed around the hollow rotary sha ft equipped with a rotat ing sea l at eac h end . The
rotary sha ft is driven by a motor (Electro-craft Co.) through a pair of toothed pulleys
coupled with a toothed belt. The frame holding all these elements is made adjustable
at a desired angle by tightening the center screw against the sta nding support. A
Chromatronix metering pump is used to pump the solvent into the column through
a bubble tr ap, a sample port end then the firs t rotating seal (r ight ) and the eluate
collected through the second rotating sea l (left ) is monitored with an LK B Uvicord
III at 280 nm . Each ro tating sea l is fab ricated with Kel-F block and a PT FE o-ring to
prevent corrosion.

Each column unit is prepared by wind ing PTFE tubing (Zeus Ind ust rial
Pr oducts, Rar iton , N.J., U.S.A.) 5 m long and 2.6 mm 1.0. onto a lucite pipe of 50
ern long and 1.25 ern O. D. to make approxima tely 100 turns with a ca paci ty of 25 rnl.

Fi g. I. Prepa rat ive countercurrent chroma tograph . Th e appara tus con sists of a helical co lumn
mounted around the rotary shaft equipped with a ro tati ng sea l a t each end an d driven by a motor
th rough a pa ir of pull eys co upled wit h a toothed belt . Th e so lvent is introduced into the co lumn
th rough th e first ro ta t ing sea l (right) and the elua te co llected th rou gh the second ro ta ting sea l (left)
is moni tored with an LK B Uvicord II I at 280 nm. Th e fra me ho lding the rotary shaft is made adj ust­
able to any desired angle.
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The large-capacity preparative column as shown in Fig. I is made by connecting nine
column units in series.

Two-phase system preparation
A two-phase solvent system composed of chloroform-acetic acid-D . I N hy­

drochloric acid (2:2:1) is used. The phase mixture is equilibrated at room temper­
ature and separated before use. A two-phase system composed of n-butanol-acetic
acid-water at 4: I: 5 volume ratio is similarly prepared for preparative separation of
peptides.

Phase retention studies
Using a single-column unit , retention of the stationary phase is measured

under various conditions with respect to column angle, rotational speed, and flow­
rate. Both upper aqueous and lower organic phases are tested as a stationary phase.
The phase distribution and behavior in the rotating coiled tube is conveniently studied
if the stationary phase is colored with a dye which partitions almost entirely to the
stationary phase. We used Sudan black B to color the lower phase and basic fuchsin for
the upper phase. The column is first filled with the mobile phase and about 5 ml of the
lightly colored stationary phase is introduced into the column which is held vertical
so that the stationary phase is completely separated from the mobile phase. The length
of the column occupied by the colored stationary phase is defined as A. When the
column is set to the desired angle, rotated and eluted with the mobile phase at the
desired rates, a dynamic equilibrium is reached and the length of the column now
containing the colored stationa ry phase is defined as B. The retention percentage of
the stationary phase (R) is given by R = A/B X 100.

Partition efficiency studies
Two ONP amino acids (Sigma), ONP-L-glutamic acid (1.9) and ONP-L­

alanine (0.56), are selected on the ba sis of their suitable partition coefficients indicated
in the parentheses since these two mixtures give similar elution curves regardless of
the choice of mobile pha se. The sample mixture is dissolved into the upper aqueous
phase at a concentration of 0.5 g % for each component and stored in dark at 4 0

before use. In each separation the column is filled with the stationary phase and 0.2 ml
of sample solution is injected through the sample port followed by elution with the
mobile phase under a given set of conditions of column angle, rotational speed, and
flow-rate. Since ON P amino acids are decomposed by exposure to the light, the ap­
paratus is covered with a black sheet during separation. The eluate is continuously
monitored at 280 nm to record the elution curve. The partition efficiency in each
separation can be evaluated from the relative height of the trough between the two
peaks and/or by calculating the number of theoretical plates (T.P.) for each com­
ponent if the two peak s are well resolved .

RESULTS AND DIS CUSSION

Phase retention studies
Retention of the stationary phase in the rotating coiled tube examined under

various operative conditions is illustrated in Fig . 2. In each diagram the percentage
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of stationary phase volume occupying the column space is plotted against the applied
column angle, where 0° indicates the horizontal column position, + 90 0 and - 90 0

being the vertical column position with the inlet end upward and downward, re­
spectively. Several curves drawn in each diagram show the effects of flow-rate. Ideal
phase retention close to 50 %is observed in a wide range of the column angle between
0° ± 60° in most cases.

Each curve exhibits a characteristic shape similar to those observed with the
n-butanol phase system. An abrupt decrease or increase of phase retention around the
horizontal column position is produced by the change of the flow pattern from the

rpm
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Fig. 2. Retention of the stationary phase in relation to the column angle, rotational speed and flow­
rate. The column angle is expressed as 0" being horizontal.
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lamin ar y to the dr oplet. Th e size of the dr oplets decreases with the rot at ional speed
and becomes much sma ller tha n the interna l diam eter of the column at higher ro­
tation al speeds. These droplets, however, can be tr apped in the coi led tube by gravity
to maintain a satisfac to ry phase retention in the present phase system.

Co mpara tive studies revealed that in both chloroform-acetic ac id- O. I N
hydrochlor ic acid (2 :2 : J) and »-butan ol- acctic acid-wate r (4: I :5) phase systems the
aqueo us phase, having less affinity to the tube wall, tend s to form droplets and, if
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rate, 60 rnl/h,



194 Y. ITO, R. L. BOWMAN

used as the mobile phase, it allows higher rotational speeds or flow-rates for satis­
factory phase retention than if used as the stationary phase. The present phase system,
which has lower viscosity and a greater density difference between upper and lower
phases, permits operations at higher rotational speeds and flow-rates.

Several other two-phase solvent systems have also been tested for phase re­
tention. Satisfactory retention is found with extremely low interfacial tension phase
systems such as ethylene glycol ethers-various salt solutions used for separation of
proteins':". However, high interfacial tension phase systems including hexane-water
and ethyl acetate-water produce a plug flow in the presently used column and it is
necessary to increase the diameter of the column for successful operation.

Partition efficiency studies
Effects of the column angle and rotational speed on separation of two DNP

amino acid samples are shown in Fig. 3, where the upper aqueous phase is used as the
mobile phase at a flow-rate of 60 ml/h. The partition efficiency is conveniently estimated
from the relative height of the trough between the two peaks. The best separation is
obtained at 45 rpm with the column set close to the horizontal position. The efficiency
rises sharply with the rotational speed from 0-30 rpm.

Using the horizontal column position, further experiments are performed to
study the effects of flow-rate and rotational speed on partition efficiency. Fig. 4
shows the results obtained by using the upper aqueous phase as the mobile phase.
The best resolution is seen at 60 rpm with a slow flow-rate of 12 rnl/h, while the highest
partition efficiency in terms of T.P./time is achieved at 45 rpm with a higher flow-rate
of 60 ml/h, Fig. 5 shows similarly the results obtained by using the lower organic
phase as the mobile phase. Here, the best resolution is seen at 20 rpm with a flow­
rate of 24 ml/h where the T.P./time figure shows little improvement with a higher
flow-rate of 60 ml/h.

Comparing the above results with those previously obtained with the n­
butanol phase system, it may be concluded that the aqueous phase, if used as the mo­
bile phase, allows a higher rotational speed and flow-rate to yield a higher partition
efficiency regardless of the viscosity of the organic phase. The higher partition efficiency
achieved by the present phase system may be attributed to the lower phase viscosity
and the greater density difference between the upper and the lower phases.

Preparative countercurrent chromatograms
Preparative-scale separation is carried out with the column consisting of nine

column units connected in series which has approximately 1000 turns and 240 ml in
capacity. In each separation, the sample mixture is dissolved in the stationary phase
and a sample volume of 10 ml is applied.

Fig. 6 shows three chromatograms of DN P amino acids on the present phase
system composed of chloroform-acetic acid-G.l N hydrochloric acid (2:2: I). The top
and middle chromatograms are obtained by using the upper aqueous phase as the mobile
phase under optimum operative conditions of 45 rpm at flow-rates of 60 ml/h and
24 ml/h, respectively. The bottom chromatogram is obtained by using the lower
organic phase as mobile phase at 20 rpm and a flow-rate of 24 ml/h.

Fig. 7 shows preparative chromatograms of peptides on the phase system com-
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posed of n-butanol- acet ic acid-water (4 :1:5) with the same preparat ive column. The
top chromatogram is obtained by using the lower aqueous phase as a mobile phase at
IS rpm and 12 mljh of flow-rate while the bottom is obta ined by using the upper or­
ganic phase as a mob ile phase a t 10 rpm and 12 mljh.

These preparati ve separat ions were produced on the two typical pha se systems
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Fig. 6. Prep ara tive countercurrent chromatograms of DN P am ino acids on chloroform- acetic acid­
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which differ grea t ly in viscosity and phase den sity difference. We think tha t other low
interfacial tension phase syste ms used for extractio n or part ition chroma tography
may be applied successfully by choosi ng the above operatio na l co ndi tio ns with minor
modificat ions. The prese nt co untercu rre nt chromatographic scheme allows lO-ml
samp le charge to yield a high partition efficiency ra nging from one thousa nd to several
hundred theoretica l plates where either aqueo us or organic phase can be used as the
mobile phase.
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SU M MA RY

The main opera ting parameters and the performance of a commercial ther­
mioni c detector have been invest igated. The vari at ion of response to ph osphorus-,
sulphur- and nitrogen-containing compo unds is recorded as a fun ction of the position
of the electrode assembly for a wide variety of flame conditions. The maximum
sensitivit ies obtainable with the detector are compared with those of the flame
ionisati on detector (FI D). It is sho wn that the detector ma y be opera ted in various
modes to improve the simplicity of opera t ion for routine use, to obta in selective
respon ses ind ividually for each type of compound or to give equal response to P-,
S- and N-c ontaining compounds while discriminating again st hydrocarbons. The
recommended cond ition s for obtaining the various operating modes are summarized
and suggestions a re made as to the best way of reliabl y setti ng-up the dete ctor and
using it for routine analysis. Although the dete ctor's sens it ivity is by far the greatest
for P-compound s, its utility as a select ive dete ctor for either S- or N-compounds is
a lso apparent .

INTR O DU CTION

The alkali flame ion isat ion dete ctor (A FI D) or thermionic dete ctor (TO) has
appeared in severa l form s since it was first described by Karmen and Giuffrida' in
1964 and has been the subject of numerous publi shed studies of var ying complexity": ".
Nevertheless, there st ill rema ins so me dou bt as to the type of respon se obta ined from
each detector design, the way in which performance can vary with operating con­
dit ion s and whether or not part icular designs give a suffi ciently stable an d reproducible
response for routine gas chromatography.

An investigation has been made into the perform an ce of a co mmercial, th ree­
electro de detector ? in which the alkali metal salt is mounted in a negati vely charged
cylinder held just above the jet, while the je t and a centra l collector elect rode are
earthed. The effect of various operat ing parameters on the resp onse of the detector
to compo unds con taining P, N or S atoms is rep orted . It is show n that even with a
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single detector design several different modes of operation can be ident ified and that
it may be necessary to sacrifice some of the inherent sensit ivity or selectivity of the
detector in return for simple and reliabl e rout ine use.

EXPERIM ENTAL

Apparatus
The work was carried out using a Pye 104 gas chromatograph fitted with dual

FlO-thermionic detectors mounted in a temperature stabi lised oven. The TO is a
standard Pye design supplied as a "nitrogen-selective" detector by using a larger jet
aperture and rubidium chloride as the a lka li metal salt'". The collector electrode and
the rubidium chloride crystal and its holder are arranged as a cent ral probe assembly,
the performance of the detector being var ied by changing the height of thi s probe
relat ive to the jet. To facilitate the large number of measurements requ ired , a micro ­
meter a ttachment was fitted to the probe so that its height co uld be rap idly set to
an y requ ired value. For routine work, washers of known thickn ess were used to
ensure rep roducible sett ings of the height. The sta ndard gas cont rol s were used for
the FlO but it was found essenti al to use preci sion regulat or s and ga uges for the
TO. Th e equipment used (summarized in Table I) allo wed the air and hydrogen
flow-rates to be maintained within lim its of 0.1 and 0.02 ml/rnin, respectively. The
auxiliar y nitrogen flow was supplied to the dete ctor by a connection to the column
outlet , allowi ng the total nitrogen flow through the detector to be increased while
mainta ining the ca rrier gas flow con stant at 25 ml/m in. All mea surements were made
using 1.5 m X 4 mm J.D . glass co lumns packed with 5 % OV-17 on Gas-Chrom Q.

The rubidium chloride crysta l and its holder (a perforated , cylindrica l electrode
concentric with the detector bod y and the central collector electr ode ) were maintained
at - 170 V. Signal s on the collector electrode were measured with a Pye wide-range
amplifier giving a maximum sensitivity of I X 10- 12 A f.s.d. when used in conjunction
with a lO-mV chart recorder. The det ector was modified to provide rigid clamping of

TABLE I

GAS CO NT RO LS USED WITH TH ERMI ONIC DETECTOR
-_..." .. .. - ._._ -- -,._..-

Gas Typ e of Range of Regula/ or Gauge
regula/ ion flow-ra te

( JIll/min)

Nit rogen to Co nsta nt flow 0-60 Brookes, type None
co lumn controller 8744A

Au xilia ry F ixed orifice 0- 60 Man ostat , type Budenbur g, 3-in.
n itrogen and con stant lOA Simplex ga uge,

pressure 0-3 0 p.s .i.
regulator

Air Fixed orifice 0-550 Man ostat , type Budenburg, 4-in .
a nd constant lOA with bronze tub e
pressure mult i-turn gauge 3- 15 p.s.i.
regulato r contro l sp indle

Hyd rogen Fixed o rifice 0-60 Brookes , type Budenburg, IO-in.
and co nsta nt 860 1 sta ndard test
pressure gau ge, 0- 20 p.s.i.
regulator

--_._ - - - _.-.- . -- ..,.-- - -- . -- ~ - ._.._-- _. .. .._-_._- ----- -_._ - - - - - -- -
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the connecting cable at the point of entry ; with the original design it was found that
any movement of the cable caused slight movement of the collector electrode and
considerably increased the noise level of the detector. This modification resulted in
excellent noise levels without the need to resort to additional damping of the recorder
signal.

Performance studies
The total number of variable parameters with this type of detector is large .

It includes the nitrogen, air and hydrogen flows, the height of the collector electrode
above the flame, the position and shape of the alkali crystal relative to the collector
and the flame, the polarizing voltage applied to the crystal, the temperature of the
detector oven , and the type of alkali salt used. In order to reduce the complexity of
the ta sk severa l of the parameters were fixed, the select ion being ba sed on experience
with the use of the detector as well as on practical limitations. Thus only RbCI crystals
were used, although CsBr is also available from Pye and other sa lts can be pre ssed
into suitable holders without difficulty. The detector oven was maintained at 3500

(the maximum usable without overheating the coaxial lead to the collector); lower
temperatures simply reduce the background current obtained with a given set of con­
ditions. The polarising voltage was kept constant as it produces only small changes
in response provided the field strength is sufficient to ensure proper collection of ions .

The geometry of the detector (i.e., the position of the electrodes and crystal
relative to the flame) is of con siderable importance. However, the design of the Pye
detector makes it difficult to observe the effects of each parameter unambiguously,
the effects of the detector geometry being closely linked to the flame conditions since
changes of gas flow vary not only the flame composition and temperature but also
its size and shape. The height of the central collector electrode is a critical parameter,
as at least part of the selectivity of the thermionic detector is thought to arise from
differences in the lifetimes of the ions formed by different heteroatoms. That is, the se
ions persi st to different heights in and above the flame so that a change of collector
electrode height can vary the relative responses of different heteroatoms. With the
Pye design , variation of the collector height by movement of the central probe
simultaneously changes the position of the RbCI crystal. It is possible to avoid thi s
by repo sition ing the crystal in the holder but thi s is laborious and difficult to carry
out accurately. Movement of the crystal has two pos sible effects ; the mo st important
is the change in rate of vaporisation of RbCI (i.e., a change in background current)
as the temperature of the crysta l surface varies. A second effect may occur with the
Pye design because a negative potential is applied to the crystal to remove unwanted
ions (e.g., hydrocarbon ions formed by a normal FID mechanism) before they reach
the collector electrode. Thus, movement of the crystal assembly may alter the response
of the detector to "unwanted" compounds such as hydrocarbon solvents, even though
there should be no direct effect due to the change in background current.

Experience with the detector suggests that an increase of background current
increases the sensitivity of the detector to those heteroatorns responding through the
thermionic mechanism, but has little effect on their relative response. In normal use,
the maximum usable value of the background current is governed by the increases of
signal noise and of background drift as the crystal burns away more rapidly. For
most of the experiments described here it was decided to locate the crystal in its
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holder so that a usable background current was obtained over a reasonable range
of probe heights, allowing the effect of changes in collector height to be ob served.
The best location was found to be where the tip of the jet is level with the lowe r rill)
of the cr ystal when the central probe is at its lowest position . This sett ing gives the
minimum separat ion of the flame a nd the collector electrode, the end of th e collector
then being 8.5 mm above the tip of the jet. Thus, this figure should be added to the
probe heights given in the result s in order to obtain the true height of the collector.

As mentioned above, changes in the gas flow-rates var y the dimensions of the
flame. Thus the effect of a change in flame conditions will also depend on the po sition
of the probe assembly. It was therefore decided to base the main study of the detec­
to r' s parameters on plots of the effect of p robe height on background signal and
response under different flame condition s. 1 he sets of flame co nd itions were chosen
so as to illustrate the effect s of air flew-rate, of the total hydrogen plu s nitrogen
flow-rate through the je t, and of the hydrogen to nitrogen rati o . ln order to carry out
the se mea surements it was necessary not onl y to decide on the best compro mise fer
the po sit ion of the RbCl crystal in its holder (see a bove), but al so the way in which it
should be "conditioned" to the flame shape. As RbCI is vaporised during operat ion,
a new crystal tends to lose RbCl until its inner surface ha s assumed the shape of the
flame , when it sett les down to a steady background current with low loss of RbCI.
An y change in the flame condition s or probe height which produces a large increase
in background signal will therefore irreversibly alter the shape of the crystal. Con­
ditioning of the crysta l was standa rdised by using the following procedure:

(I ) Set the crystal in the probe assembly so that its metal holder protrudes
11.5 mm and check the parallel alignment of crysta l, collector and probe assembly.

(2) Light the flame with gas flow-rates of ai r 100, nitrogen 30, and hyd rogen
30 ml /rnin . Push the probe assembly hard down into the detector body taking care
not to extingui sh the flame.

(3) Increase the air flow-r ate until a maximum back ground current is ob­
tained .

(4) Leave the crystal to burn in this way for about 5 min, then reduce the air
flow-rate to obtain a background current of a bout I x 10- 11 A.

(5) Leave running for ab out I h or until stea dy conditions are obta ined.
(6) Reset the a ir flow-rate to 100 ml/rn in a nd adj ust the probe height for

max imum background current. Jf the crystal is correctly conditioned , a background
current of 5 x 10- 1 2 to 5 X 10- 11 A sho uld be obtained .

(7) Set optimum condition s for the performance required.
Using thi s technique it was found that a sufficiently large background signa l

for testing the response was obtained with a wide range of operating cond ition s but
the loss of RbCI onl y occasionally became high enough to a lter the shape of the
crystal significantly. Where that did occur the set of measurements was completed
after a llow ing the system to sta bilise, but a new crystal was conditioned as above
before proceeding further. Th is would not be necessary for routine use of the det ector,
as a used crystal (including one giving errat ic sign als du e to a worn Rb CI surface)
can be reconditioned severa l times usin g the same technique. Usuall y it is then
necessary to inc rea se the nit rogen and/or hydrogen flow-ra tes in order to burn away
the crystal significantly. When th is procedure is used the sett ing of the probe height
for a particular mode of operation will usually change slightly .
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Most of the measurements were carr ied out using l-,ul injecti on s of hexane
solutions of tr iethyl phosphite, dibutyl sulphide, o-to luidine and tetradecane . These
compo unds were chose n to allow easy interpretati on of the resul ts, eac h co ntai ning
only one ato m of one of the elements of interest. Th ey are also well separated on the
OV-17 co lumn at 120°_140° and simulta neo us injectio ns are possible.

Concentrat ion s of I to I X 104,ug/ml were used as appropriate. Most of the
results were recorded as peak areas in un its of C/mole to provide correction for the
differing retention times and molecular weight s.

RESULTS AND DIS C USSION

A large part of the experimental work was based on plots of signa l versus probe
height such as the example show n in F ig. I. The sha pe of the curves varies wit h the
conditio ns used , a major factor being the ra nge of probe heights over which a
measurabl e response ca n be obta ined. However, th ose show n are fairl y ty pica l with
a background curren t which is relatively consta nt until it rapidly dr op s to zero when
the probe is raised too far. Th e increased nitrogen respon se at higher pro be setti ngs
was observed for a wide range of gas flow-rates but the relati ve sizes of the P, S and
N signals vary co nsiderably, allowing the select ivity of the detector to be altered.

10 -

Phosphorus

Nitrogen

1" 1

o ..0
o 1 2

Probe gal). mm

1

" 10 "

- ,.oJ
4

Fig. I. Variation of detecto r resp on se with pro be heigh t. Flow- rate s : ai r, 100 ml/rn in ; nitrogen , 30
rnljmin ; hydr ogen, 30 rnl/min.

The result s obta ined from the se plot s of signal versus probe height are sum­
marized in Fig. 2 (effect of air flow-rate), Fig. 3 (effect of total hydrogen and nitrogen
flow-rate ) and Fig. 4 (effect of nitrogen-hydrogen flow-rate rati o). Increased ai r
flow-rate was foun d to increase the maximum attaina ble response while redu cing th e
range of probe heights for which a respon se ca n be obtai ned. Thi s effect co ntinues
up to the maximum of 550 nil /min ai r obtai nable from the gas cont ro l unit , but the
effect of prob e movement was too critical above about 300 ml/rnin to obtai n repro­
ducible plots. Increasing the total (hydrogen -l- nitrogen ) flow-rate had the converse
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effect on usable probe range, i.e., the ran ge inc reases with flow-rate, while the sensi­
tivity decreases somewhat (particularly for phosphorus). A total of 60 mljmin seems
to offer a useful probe range for man y purposes (with a ir at 100 ml/rnin) and was
used to test the effect of nitrogen/h ydrogen ratio. As shown in Fig. 4, the range of
usable probe heights increases as the mixture is varied from nitro gen rich to hydrogen
rich. At the same time , phosphorus and nitrogen compounds show a considerable
drop in sensitivity, whereas that for sulphur compo unds remains fairly constan t.
Thus use of a hydrogen rich flame allows ope rat ion of the detector in its most sulphur
specific mod e.

While reco rdi ng the data for these plots, it was rea lised that they showed a
steady trend: the sma ller the probe gap corresponding to the maximum of a particular
plot , the greate r the sensitiv ity at that maximum . This effect appea rs to be independent
of the combination of the oth er variables leading to a maximum at an y given probe
height. The consistency of thi s trend can be seen in Fig. 5 in which all the points
plotted correspond to maxima of the plot s in Figs. 2- 4. Thus if the sole objective
when setti ng up the detector is maximum sensitivity, it should be used with the probe
in its lowest positi on and the other variables adjusted to give optimum performance
at this poi nt.

40-

O ~~. _ " ,L

o 1 2 3 4 5 6
Probe gap. mm

(aj PHOSPHORUS COMPOUNOS

10

o L~__ .
o 1 2 J 4 5 6

Probe gap. mm

(bl SULPHURCOMPOUNDS

E
:0 3
j
~
~ 2

~ I

·:l . . . ~ .>
o 1 2 3 4 5 6

Probe gap, mm

(ej NITROGEN COMPOUNOS

Fig. 5. Dependence of maximum atta inabl e dete ctor response on probe height. Each po int on the
curves rep resen ts o ne of the maxi ma ob ta ined o n the cu rves in Figs. 2- 4.

The var iation of detector response to hydrocarbon compounds was not
includ ed in the ab ove measurements even though it is of considerable imp ortance
from the point of view of dete ctor specificity. Thi s was unavoidable becau se of the
complex variation of the hydr ocarbon peak sha pe with both quantity injected and
sma ll varia tions of the probe height of the dete ctor. Some idea of the situat ion can
be obt ained from Fig. 6 which shows chromatograms for tetradecane injected in
quantities of 0.5-50 l1.g with three slightly different detector setti ngs. It can be seen
that the respo nse may vary from a normal " posit ive" peak , through vario us stages of
" reversal" (in which the peak is split into two by a central t rou gh), until it becomes
completely "negative" . Furthermore th is change can occur either with inject ed
quantity at one detector sett ing (Fig. 6b) or at one con centration as a result of small
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changes of probe height (e.g ., the 5- or lO-flg injections of Fig. 6). As a general rule,
the hydrocarbon respon se (pos it ive or negat ive) will be larger at higher probe settings
bu t there is considerable variatio n, depending on the flame conditio ns. Fig. 6 also
illustrates th at, because of the effect of concentratio n, the solvent peak does not
autom atically indicate the type of hyd rocarbon response to be expected from samples.
However , with practice it can often give useful information on the mode in which
the detector is operating (see below).

(aJ Probllatl .22mm

A
t

J

'-----f '-- ~--.'" ........ '-.,J' '-...J'------.J' '-...J I.­

2

.....,
1

(b) Probe atO.7Smm

(e) Probe at O.55mm

s
t

-0: 1

=

Fig . 6. Varia tio n of hyd rocarbon pea k sha pe with co ncentratio n. Flow-rate s : air , 100 rnl/m in ;
nitrogen, 30 ml/m in ; hyd rogen , 30 mljm in. S - so lvent (hexa ne) peak . Injected quan tities of 1;­

dode cane : I = 50,lg, 2 = 10 Il g, 3 = 511g, 4 - I Ilg, 5 = 0.5 1Ig.

The effects of concentration on peak shape can also be seen to a lesser extent
with compounds other than hydr ocarbons once their linear response range is exceeded.
Thi s is particularly true of sulphur compo unds and can result in chro matog rams
which can be highly misleadin g to the unwar y. The effect is illustrated in Fig 7 which
shows a set of injections of dibutyl sulphide at levels from 0.1 to 10 flg under detector
condition s giving a narrow ran ge of linear respon se for sulphur (see below). The
retent ion time of the dibutyl sulphide is marked C and the solut ion also contai ns
three trace sulphur-containing impurities (marked A, B and D) which were present
in the sample. The first injection (0.1 flg) is approaching the limit of linear calibra tion
for the main peak C under the conditio ns used and B and 0 are ju st apparent. This
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Fig. 7. Variation of su lphur pea k shape with concentration . Flow-rates : a ir, 100 mljmin; nitrogen,
25 ml/rnin ; hydrogen, 35 rnl/rnin.

is the type of chromatogram the user would expect to obtain from this sample. At
0.5 ug , C has increased in height but the response is obviously non linear. Band 0
have increased as expected and A is now just apparent. By I f1g A, B and D are still
showing a normal, linear respo nse but C is well into the " reversed" region an d no
longer increases in height. It cou ld easi ly be mistaken for two partially resolved peaks.
At 5 flg the "reversal" of C is comp ete; the centre now reaches zero and the right
hand side has a lmost been lost. It has the appearance of another impurity giving a
severely tai ling peak . Th e left hand side is eas ily mistaken for a nor mal , well-resolved

TAB LE II

COM PARISON O F FlO AND T HERMI ONI C DETECTOR SE NS ITIVITIES

Responses a re given in C/mole (signal measured as peak area) and in Ajng (signal measured as peak
height and without any correction for the d iffering retention times of the test compounds); the latter
are presented in parentheses.

Parameter Thermionic detector set to FID
maximum sensitivity * for:

Phosphorus Sulphur
and nitrogen

._.. - - - -----
Air flow-rate (ml/rnin) 550 450 400
Nitrogen flow-rate (ml jmin) 68.0 68.0 25
Hydrogen flow-rat e (mljmin) 34.0 34.5 25
Probe gap zero zero

Background current (A) 1.2 x 10- 9 9.0 X 10- 10 8.0 X lO- lZ

Backgrou nd noise level (A) 1.0 x 10- 12 2.0 X 10- 13 2.0 X 10- 14

Triethyl phosphite response 3150 400 0.8
(3.1 x 10- 9) (4.0 x 10- 10) (1.0 x 10- 12 )

Dibutyl sulphide response 3.0 15.0 1.50
(2.5 x 10- ") (1.2 x 10- 11) (1.3 x 10- 12)

0-Toluidine response 13.5 2.2 1.0
(9.2 x 10-") (1.5 x 10- 12) (7.5 x 10- 13)

Tetradecane response 0.5 - 0.2 2.4
(7.5 x 10- 14 ) ( -3 x 10- 14 ) (7.0 x 10- 13 )

._ ...._. _---•.. -

* This does not necessarily correspond to a sett ing recommended for optimum detector per­
formance (see text).
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Fig. 8. Calibration curves for dibutyl sulphide at variou s background current s. Flow-rates: a ir, 100
rnl/min ; hydrogen, 28.5 rnl/rnin. The nitrogen flow-rate was varied between 35 and 55 mlfmin to
obtain the range of background cu rrent s sho wn. The response was measured as the peak height.

peak. The three impur ities continue to show a linear response. Finally at 10 pg there
is little further change in C but B is now beyond the linear part of the calibration ;
at higher concentrations it, too, would begin to reverse.

Although similar effects are sometimes seen for P- and N-containing com­
pounds, these give a much wider linear calibration range and problems would not
usually ari se under the conditions used to determine them . Even with sulphur com­
pounds it is possible to extend the range of linearity (and increa se the sensitivity) by
working with a larger background current. This is apparent from Fig. 8 which shows
a set of calibration curves for dibutyl sulphide obtained with detector background
currents between 6 X 10- 12 A (approximately the value in the chromatograms in
Fig. 7) and 6 x 10- 11 A.

In addition to its ability to give a selective response, the thermionic detector
is widely recommended for its ability to show an enhanced sensitivity to certain
compounds compared with the normal FJD. The results shown in Table II represent
the maximum sensitivity we were able to obtain with the detector but they could
probably be improved by altering the shape of the crystal (by varying the conditioning
procedure) to increase the background current. It can be seen that by far the greate st
enhancement (several thousand fold) occurs with the pho sphorus compounds for
which the detector was originally recommended. For sulphur and nitrogen com­
pounds the enhancement is much smaller (around ten fold) and from the point of
view of detection limits is off-set by the higher signal noise levels. Thus for these
compounds the detector is mainly of value for its selectivity. Although the sulphur
response has been known for some time 11, J2, it is only recentl y that it has been
recognised'P-'! as of similar analytical utility to the widely used nitrogen response.
Thus the data reported here for sulphur is of considerable practical importance. It
should be emphasized, however, that the conditions used to obtain the maximum
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sensit ivities for al l of the compounds in Tab le [[ are not norma lly suitable for routine
opera tio n of the detector for lon g periods. The high background current obtained
(about I X 10- 9 A) results fro m rap id vaporizat ion of the Rb Cl crystal. Thus
detect or per formance shows a steady drift, the crystal needs freque nt replacement
and it is necessar y to remove RbCl fro m the collecto r electrode and the jet at regula r
interva ls.

A more useful approach to ro ut ine use of the detector is to ident ify some of the
possibl e mode s in which it may be operated and then to select the most appropriate
for any particular appli cat ion, remembering that it is not usually po ssible to obtain
maximum sensitivity, maximum selectiv ity and max imum convenience of use simul­
ta neo usly even for j ust one compound. Tabl e III represent s an atte mpt to list some
of the possibilities based on the results given above and our own experience with the
detector. Th ey were mostly designed to deal with particular problems and many other
useful sets of operating con ditions could prob abl y be devised. Th e recommendati on s

(a' s (bl

s

2 3

« I

1 2 3

S 2 3 4

(.,
s

Fig. 9. Com pa rison of the response o f a n FID and the ther mion ic de tector operated in d ifferent
modes of selectivity. Flow-rates (rnl/rnin) of a ir, nitro gen a nd hyd rogen in Figs. a-e are given in this
order : (a) F ID ; 465,25.0,26.4. (b) TD in genera l mode; 250, 30.0, 29.2; probe gap , 1.37 mill. (c)
TD in phosphor us-select ive mode; 550, 68.0 , 34.0 ; probe gap , zero . (d) TD in sulphur-select ive
rrio de ; 100, 25.0, 34.6; probe gap, 3.60 mm. (e) TD in nit rogen-selective mo de; 300, 30.0, 29.8 ;
probe gap , 1.22 mrn, Peak identificatio n: S - so lvent , I = t riethyl phos phite ( 100 ng) , 2 = dibutyl
sulphide (100 ng) , 3 ~ a-to luidine (100 ng), 4 --- tetradecane (1000 ng).
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in Ta ble II I can only be used as a guide since even with one detector the result s ob­
ta ined will vary with factor s such as the way the crystal is inserted in its holder, its
previous operating history and the accuracy with which the probe height is reset.
A useful appro ach is to decide on the perform ance requi red, set the air, nit rogen and
hydrogen flow-ra tes to the recomm ended values and position the pro be in app rox i­
mately the right area (i.e., low, medium, high, etc.) using the variation of background
current as a guide. Then using a suitable test mixtu re (e .g ., of po, S- and N-conta ining
com pounds as in thi s paper) adju st the prob e height unt il the detector is operati ng
in the requi red mode. Finally, optimise the performance by very small adjustments
to the hydrogen flow-rate. In most cases it is far easier to op timise the detector and
understand its operati on if these tests are made with a suitable mixture rather than
by injecting just standard solutions of the sample compo und. When the detector is in
regular use for long periods, it will be found most con venient if satisfacto ry per­
formance can be achieved using low background currents ii.e., low air flow-rates or a
high probe) to minimise loss of Rb CI. In addition, use of low air flow-rates extends
the range of probe height s over which the detect or operates and greatly facilit ates
accurate position ing and resetti ng of the probe.

The variety of operating conditions which can be achieved is illustrated by
Fig. 9 which compares the chromatogram obt ained using an FID for a standa rd
mixture with some of the thermionic detector mode s listed in Table III. For routine
applicat ion of the detect or to pesticide resid ue analysis we have found the general
mode to be par ticularly useful. It offers similar sensitivity to the FID for P>, S- or
N-containing pesticide s with considerable discrimination again st the solvent and
sample co-extractives. In fact severa l different versions of this mode can be used
dependin g on the requirements for sensitivity and long term stability and the concen­
tr at ions of th e coextract ives in the injected sample.
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IMPROVED MINIATUR E F LO W FLUOROM ETER FOR LIQUID CHRO­
MATOGRAPHY

L. H. T HACKER

Oak Ridge Nationa l Laboratory ", Oak Ridge, Tenn. 37830 ( U.S .A .)

(Received Decem ber 15th , 1976)

SU M MA RY

A simple, rel iable , and inex pens ive mmiature flo w flu orometer ha s bee n
dev elo ped fo r use as a dete ct or in liquid chroma togra p hy . The new instrumen t has
bee n designed afte r approxima tely 15 years cum ulative experien ce wit h a previou sly
reported model. A II of the desirable features of the earlier instrument are reta ined,
and a number o f simplifica t ions and imp rove ments have been added. These include
three light-sou rce alte rnat ives fo r meeting a wide ran ge of exci tat ion requiremen ts.
Fo r man y applica tio ns a 1-10 ng limi t of detecti on has been attai ned"

INTRO D UCTI ON

The im pr oved miniature flow fluorometer has evolved from an earlier ver sio n '
a fter exten sive use as a detect or fo r liq uid chro matogra phs in va rio us pro gram s a t
the Oak Ridge Nation al Laboratory":". In many of those a pplica t ions , th e inst rument
was used to detect fluorescent Ce(l ll) generated by eluted co mpo nents which reduce
reagen t Ce (lV) adde d to the co lumn elu at e. In othe r applicat ion s, th e natural fluo­
rescence of th e eluted components was det ected directl y",

EQ UIPME NT

The fluo rometer (Fig. I) co nsists of the fluorom eter bod y and a box fo r
electronic components and circu its; the electro nic system incl udes an inte rnal high­
voltage supply which replaces the sepa ra te supply prev io usly required . A schematic
diagram of th e inst rume nt system is shown in Fig 2.

The fluorometer body ( Figs. I a nd 3) is a machined a luminum block of simple
de sign. The earlier de sign was assem bled from two hal ves to permit milling recta ng ular
slit opt ica l ap ertures with in the bod y ; th e improved ver sio n is a mon olithic b lock
with circular drill holes fo r a ll apertures . The use o f a 1/2-in.-diamete r side-viewing
photomulti plier that fits inside the fluorometer body also yields add it iona l savings

* Op era ted fo r the Energy Resear ch an d Develop ment Administ ra tion under contract with
th e Union Ca rbid e Corporat ion.
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Fig. 1. The improved miniature flow fluorometer.

in fabrication costs . TI:e 3 x 2~ X 2-in. block contains the desired light-source or
adapter, an appropriate excitation filter , a quartz-tube flow cell, an appro pria te
blocking filter , the photomultiplier, and a photoconductor which compensates for
changes in lamp intensity. The mounting accommodations for all of these components
a re machined into the alum inum block a long with the required optical apertures ;
therefore, the problem of establishing or maintaining proper alignment of co mponents
does not exist. The fluore scence from the sample is ob served at a right angle to the
excitatio n radiation.

The low-pressure mercury lamp option (Ultra-Violet Products; Model IISC-2)
dissipates approximately 4.6 W, with an approximate 4 % conversion efficiency for
emission of the mercury spectra l lines at 253.7,312.5,365,404.7,435.8,546.1 , and
577 nm . Of the total irradiance, approximately 90 % is in the 253.7-nm line, with the
remainder divided approximately equally among the next five longer wavelengths .
An Ult ra-Violet Products SCT-I power supply drives the mercury lamp.

The halogen cycle incandescent lamp option uses the new miniature General
Electric type 3027 bulb which dissipates 12 Wand is mounted in an adapter with
extarnal cooling fins. Although the bulb is not made of quartz, it transmit s 13% at
2800 A, 40 %at 3000 A, 36 %at 3200 A, and 71 %at 3400 A10 ; thu s, it is very useful
with "cut-off" and "c ut-on" interference filters for many types of fluore scence studies.

The quartz fiber optic option (Fig. 3) mak es possible th e use of almost any
choice of external light source or mon och rom ator. T his option is used only when the
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QUARTZ
FIBER OPTIC

TO MQ.NCHROMATOR OR
OTHE'R LIGHT SOURCE

FIBER OPTIC
ADAPT[ R

If.. .. FOCAL LENGTH
QUARTIlENS

905HLL T
PHOTOCONDUCTOR

254 nm INTE.RFERENCE
Fil TER

LOW PRESSURE
Hg LAMP

EMISSIONW~~~~~~~~
FILTER

QUARTZ flOW CELL
IN RRASS SLEEVE

SECTION A-A
INTERNAL LAMP CONfiGURATION

SECTION A-A
QUARTZ F-IBER OPTIC CONfiGURATION

SIGNAL CABLE
SIGNAL
CABLE__ flUID OUTlET

(/)

T~(/)~ -'-------J--

A A

e

PHOTOMUL TIPllER
HOUSING

Fig. 3. Fluorometer body.

much more convenient internal lamps cannot supply the required excitation power
at the desired wavelength.

The excitation filter is chosen to select the desired spectral band for exciting
the sample. Because the excitation maximum for Ce(lI!) ions is at 260 nm, the instru­
ment is operated with a 254-nm interference filter and the low-pressure mercury lamp
for that application. The choice of a particular interference filter should be based
on high transmittance in the pass band and high blocking (10- 4_10- 6

) at longer
wavelengths, rather than on a narrow pass band. Appropriate filters are available
from Ditric Optics.

Several flow-cell designs have been tested. The highest sensitivity and signal­
to-noise ratio have been obtained with a cell consisting of a 2.5 cm x 4 mm 0.0.
by 0.5 mm wall commercial quartz tubing with ends smoothly pulled down to 1.6 mm
0.0. Each end of the flow cell is connected to 1.6 mm O.D. PTFE tubing. The quartz­
to-PTFE connection is made by etching the end of the PTFE tube with commercial
etchant, abutting the PTFE tube to the quartz tube, covering the joint w th a short
length of No. 16 PTFE, and sealing it by shrinking a sleeve of heat-shrinkable plastic
over it. The tubulated flow cell is mounted in a brass tube with appropriately cross
drilled excitation and emission apertures. These flow-cell assembles are tested for
leaks at 30 p.s.i.g. before they are installed in the instrument. At a small sacrifice in
sensitivity and signal-to-noise ratio, a flow cell having a volume of only 15.7 ,ul (less
than one-tenth the volume of the optimum cell) has been used. It is fabricated by
slightly expanding the ends of 1.6 mm O. O. PTFE tubes; these ends were then pushed
inside a length of 3 mm O.D. by 0.5 mm wall quartz tube to leave a clear gap of
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about 5 mm. The quartz-to-PTFE seal is aga in made with heat-shrinkable plastic tube.
The emission filter that defines the band of wavelengths passed to the photo­

multiplier is selected to block the excitation wavelengths while passing as much of the
emitted light as possible. Since the fluore scence emission spectru m of Ce(lI l) corre­
sponds almo st precisely with the pass band of the Corning 7-60 filter, that filter
material is used in many applications.

The photomultiplier is a Hamamatsu R-300 1/2-in.-diameter side-viewing tube
with an S-5 ph otoresponse characteristic. Thi s response spectrum imposes an ultimate
185-650-nm limit on the detectable fluore scence emission spectrum. The voltage
divider is contained in the 5/8 in. O. D. photomultiplier housing tube; a coaxial
high-voltage cable is connected at one end of the tube, and a miniature coa xially
shielded sign al cable emerges from the opposite end .

A Clairex C L 905HLL-T photoconductor senses the emission of the light
so urce and adju sts the gain of the electronic circuit to compensate for variations in
lamp inten sity. An aperture-adju sting screw determines the amount of light falling
on the photoconductor ; the aperture screw is set initially so that the ph otoconductor
resistance is I Mil. Subsequent check s and adju stment s can be made during normal
operation through use of the Run-Cal ibrate switch on the electronic chassis, as
described below.

The principal components in the elect ronic cha ssis are a ± 15-V d.c. power
supply (Analog Devices 920), two high-quality chopper-stab ilized operationa l
amplifiers (Anal og Devices 234-J), and a miniature d.c.-to-d .c. converter (Venus
Scient ific K-15) which generates the high voltage for the photomultiplier from the
15-V power supply. The amplifier electronics and a high-voltage power supply that
has an over-current safety system are implemented on individual printed circuit boards
(Fig . 2) which plug into sockets on the cha ssis.

Amplifie r I is operated as a current-to-voltage converter; the signa l current
from the photomultiplier is taken directly to the summing junction of the amplifier,
and the photoconductor in the fluorometer head is connected as the feedback resistor.
Thus, when the intensity of the mercury lamp decreases, the signal current also
decreases proportionately ; since the resistance of the photoconductor increases
proportionately, the output of amplifier I remain s essentially unchanged. The
resistance of the compensating photoconductor can be checked while the system is
operating by switching the toggle switch on the front panel from the Run to the
Cal ibrate position. In the Calibrate position , the photoconductor is paralleled by a
I-Mn resistor ; since the desired resistance of the photoconductor is I MD, the
voltage observed at the Current Test receptacle with the switch in the Calibrate
position should be exactly one-half the value observed when the switch is in the Run
position If th is is not the case, the phot oconductor resistance can be adju sted by
the aperture screw at the top of the fluorometer bod y.

Amplifier 2 provides zero and gain adju stments for interfacing with a variety
of standard recorders. Becau se workers in our pro gram s want to record peaks in the
same format (and often on the same chart) as transmittance and absorbance peaks
from other instruments, we use zero adjustment to place the base line at positive full
scale on the recorder ; fluorescence peak s are recorded as down-scale (negati ve)
deflection s of the recorder pen. In situations not demanding ult imate sensitivity,
amplifier 2 could be an inexpensive, integrated circu it amplifier.
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The photomultiplier voltage is adju stabl e from abo ut 300 V to 1500 V from
a front-panel dial. A silicon controlled rectifier mon itors the photomultiplier current
and , if the current exceeds that selected by an adj ustable trip point, shorts the d.c.­
to-d .c. converter input to ground, thu s redu cing the output voltage and protect ing
the photomultiplier tube.

Unless line voltages are clean and sta ble, it has been necessar y to provide
power through a Sola transformer (Catalog No. 23-22-112-2; 120 V-A) for operation
at high sensitivities. Since the capacity of the Sola transformer is adequate , power
for the mercury-lamp supply is also taken from that source.

INSTRUM ENT APPLI CATIO NS

The miniature flow fluorometer has been used in a large number and variety
of applica tions. A cross section of the se appl icat ion s is summarized and referenced
below .

In a liqu id-chrom at ographic anal ysis of neutral carbohydrate s in serum
glycoproteins, Mrochek et al.' used the instrument in a cerate oxidimetric system",
Fig. 4 shows results the y obtained in separating and detecting 16 carboh ydrates. A
highly linear response to eluted am ounts of fucose, ran ging from 0.23 to 2.3 fl g
(Fig. 5), is show n, and a sensit ivity to 1 nmol e of fucose is demonstrated .

Katz et al? co mpa red the sensitivity oflluore scence detection with UV phot om­
etry for 12 substituted aroma tic ac ids using the fluorom eter in a cerate oxidimetric
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system. For II of the compounds, they found the ratio of fluorescence response to
UV response to range from 2 to greater than 50; for one aromatic acid (2-hydroxy­
benzoic), the ratio was only 0.8.

Katz et al:" used dual monitoring by UV absorption and fluorescence produced
by cerate oxidation to obtain sensitive and wide-ranging detection capabilities in a
comparative serum and urine analysis by anion-exchange chromatography.

In another report, Katz et al.' found that the cerate oxidative detector system,
using the reported fluorometer, provides better sensitivity and more effective peak
resolution than other monitors for eluted carbohydrates, but the system is less
specific than most of the earlier detectors.

Mrochek et al? used the detector in a study of acetaminophen metabolism in
man. Fluorescence and UV absorbance chromatograms as a function of time after
ingestion are presented in their report.

In a personal communication", Katz reported that the fluorometer was used
extensively for about a year in studies of coal-derived liquids on both a preparative
and an analytical scale in series with a UV detector. The solvents used included
heptane, hexane, isooctane, and various alcohols. In this application, a wide-band
emission filter was installed, and the instrument was used to monitor the natural
fluorescence of polycyclic aromatic hydrocarbons. Although the fluorometer was
operated at reduced sensitivity, the response was generally as good or better than the
UV detector. One particular advantage reported was that the fluorometer was less
sensitive to flow disturbances.
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HIGH-SPEED LIQUID CHROMATOGRAPHY ON CADMIUM-MODI FIED
SILICA GEL

CO RAZON R. VOGT', TIMOTH Y R. RYAN " and JAN ET S. BAXT ER

Environmental Trace Substances Research Center, University 0/ Missouri, Columbia, Mo. 65201
(U.S.A.)

(Received December 15th, 1976)

SU MM AR Y

A novel procedure for the preparation of low-surface-area porous silica
ad sorbents, modified by cadmium sa lts, is described. The salt is introduced concur­
rentl y with a reduct ion of the surface area of an inexpensive silica gel by hydr otherm al
treatm ent. Th e resulting mater ials co nta in mg/g amo unts of the metal. Liqu id chro­
matography on the cadmium-modified ad sorbent is shown. Ch arge-transfer chro­
mat ography is favored when the sa lt is intr oduced at high hydrotherm al temp erature
which yields ultra low surface area and dense cadmium populati on.

INTR OD UCTI ON

Silica gels a rc the most widely used adso rbents for co lumn liquid chromato­
graphy. This preference prevails because these materials have large surface are as,
diverse surface acti vities, easily cont rollable porosity and fina lly becau se the y are
avai lable in narrow-size-range spherica l part icles. The preparati ons and characteristics
of silicas for highly efficient liquid ch romatography have been described by Ki rkland!
and Unger et al.' , While water3 ,4 and polar org anic compounds! a re generally used
as modifiers on acti ve silica surface, Bebris et al? used layer s of ca rbon and weakl y
polar polymers.

Charge-tr an sfer chromatography of orga nic compo unds on surfaces con­
ta ining impregnated metal sa lts has been reviewed''-". The reviews include its use in
gas-liquid chromatography (GLC), gas-solid chromatogra phy (GSC) and liquid
chro matography (LC).

Silica surfaces are made more selective to olefins by coating the adsorbent with
silver ions. In pa rt icular , this technique has been used for co lumn, paper, and th in­
layer chromatography (TLC)H. Impregnation of TLC silica ad sorbent with silver
oxide", cadmium sulfate"; cad mium acetate", and zinc salts" yields efficient isom eric
separations of aromat ic amines.

• To whom correspond ence sho uld be addressed.
•• Present address : Depa rtment of Chemistry , Iowa State Un iversit y, Ames, Iowa 50010,

U.S.A.
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Chromatography on co mplex forming materials ha s been extended to high­
speed liquid chro ma tography. Mikes et al.1J obta ined good sepa rations of various
olefins with Cor asil J[ coated with either rhodium(lI) acet ate or silver nitrate-.
ethylene glycol. Heath et al.14 used silver nitrate coated silica adsorbent to obta in
preparative separat ions of unsaturated aceta tes, aldehydes and hydrocarbon s by
high-pressure LC. Columns packed with metal ion-impregnated silica gel usuall y
suffer fast deter ior ation due to the loss of the sa lt with the mobile phase. Improved
sta bility and chromatographic reproducibi lity of nitrogen-containing compounds on
silica-based ad sorbents impregnated with silver nitrate ha s been reported by Vivi­
lecchia, Thiebaud and Frei '"; with cadmium iodide by Kunzru and Frei! ", Aigner,
Spitzy and Frei' ? rep orted the bonding of silver to silica gel. In each case, the metal
ions were introduced , init ia lly o r tot ally, to the silica surface by way of NaOH
tre atment. Chrom at ography on the resulting supports dem on strated lar gely a donor­
accept or mech ani sm with so me co ntribut ions from ads orpt ion.

Treatment of silica gels with water at high temperatures results in a reduction
of surfac e area and bett er chro matograph ic properties" . Aue et al," and Kapila
et al.20 con verted technical silica gels by a similar "hydrotherma l treatment" in liqu id
water to well-p erfo rming supports for GLC. In o ur own system at ic study of the latter
process, som e evidence was obtained indicating that the activity of the silica gel
chan ged with the hydrothermal temperature, presumably cau sed by the re-deposition
of the dissolved silica on to the particles in the cooling so lution. In thi s work, we
report the hydrothermal treatment of silica gel in the presence of cadmium chloride
and the performance of the result ing mat erials in modern LC.

EX PE RIMEN TA L

A borosilicate glass insert was used with the 500-ml cylinder of the Model 4652
Parr bomb (Parr, Moline, III., U.S.A.). The unit included the electric heater and the
automatic temperature controller.

Preparation of the supports
A saturated solution of cadmium chl oride was poured into the glass insert.

Silica gel Davison 62, ground to 325-400 mesh, was added to form a slurry. The
insert was placed in the bomb assembly and the heat turned on . lt generall y took
1-1.5 h to reach the des ired temperature (250° or 350°). After 16 h of hydrothermal
expo sure, the bomb was taken out of the heating assembly and allowed to coo l. In
approxima tely 2t h the temperature decreased to less than 100° a nd the bomb was
opened. The treated silica gel was then tran sferred to a sinter ed glass funnel and
washed with at least 500 ml of distilled water, followed by washings with methanol
and hexane. Th e packing was dried at 45° under vacuum and re-sieved to 325-400
mesh.

At a hyd rothermal temperature (HT ) of 350°, the silica gel pa rticl es became
co nsiderably finer, and re-sieving yielded on ly a sma ll fraction of 325-400 mesh.
Therefor e, in succeeding hydr othermal treatment at th is temperature, silica gels of
larger mesh size (270- 325) were used to imp ro ve the yield of the 325-400 fraction.

The sieved portion was slurry-packed using a balanc ed-density mixture of
tetrab romoethan e and carbon tetr achloride. A Haskel ai r-driven pump was used at
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about 5000 p.s.i. on the chloroform packing solvent. All columns were II em x 4.5 mm
I. D., precision bore, stainless steel and fitted with 5-fim stainless-steel snubbers at
the inlet and outlet.

Portions of 325-400 fractions were digested with perchloric acid and cadmium
was determined by atomic absorption (AA).

Chromatography
A Model 202 (Waters Assoc .) liquid chromatograph with UV (254 nm) detec­

tor was used. The columns were tested with model isomeric compounds typically
used with this type of columns : mixture I consisted of 0- , ttl- and p-chloroaniline,
containing 0.67 fig /fil of the ortho and meta, and 0.33 fig /fil of the para isomer. Mix­
ture 2 consisted of 2-, 3- and 4-picolines, containing 0.17, 0.33 and 0.50 fig /fil,
respectively. Both mixtures were in hexane.

Two binary solvent mixtures were used as mobile phase : acetonitrile-hexane
and methanol-hexane. Hexane was also used to demonstrate that the blank supports
can effect separations.

Capacity factor
The k' values of the columns were determined by using I-fil injections of a

series of 2-picoline solutions in hexane. At the given composition of the eluting
binary solvent, the retention time of benzene was 19-22 sec at a flow-rate of 4 ml/min.

RESULTS AND DISCUSSION

Table I lists the specific surface area and the amount of cadmium present in
the adsorbents produced in this study. Hydrothermally treated silica gel in the absence
of cadmium was analyzed for the trace metal by flameless AA, others by flame AA .
The sensitivity of the former was approximately 100 times better.

Using the more conventional chromatographic term, cadmium is present in
0.3-0.6 % load. Incidentally, in a batch equilibration procedure of loading copper(II)
complexes on silica gel, Datar and Ramanathan" reported a decrease uptake of the
copper complexes with increasing surface area, which is opposite to those shown in
Table 1.

Figs. IA and 2A show the LC separations obtained with the acetonitrile­
hexane system on columns modified by cadmium. Also shown are the chromato­
graphies on the blank columns (== hydrothermally treated in the absence of cadmium)
obtained under identical solvent composition (Figs. I Band 2B) and when hexane
is vsed alone (Figs. IC and 2C). The strong influence of cadmium is apparent.
While metal-loaded columns give excellent separations of the chloroaniline iso­
mers with acetonitrile-hexane, the same solvent system is inept on the blank
columns. Use of pure hexane on cadmium with HT = 250 0 and 3500 (HT-250
and HT-350) results in excessively retained o-chloroaniline while the meta and
the para isomers arc practically irreversibly adsorbed. On the other hand, the
weak adsorption sites produced by hydrothermal treatment without the benefit of
cadmium can effect minor separations (especially at HT-250) if hexane is used. Fig. 3
shows the separation of the same mixture when acetonitrile is replaced by methanol.
Methanol is a strong solvent. However, it is less likely to compete in complex for­
mation with cadmium than acetonitrile. Therefore, one would assume better sepa-
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TABLE I

HYDROTHERMALLY MOD IFI ED SILI CA GEL

C. R. YOGT, T . R. RYAN, J. S. BAXTER

Hydrothermal cact, Surfa ce area Amount of Cd
temp . ( OC) modifier t m'!«) . (ppm)

250 No 14.R4 1.6
250 Yes 87.33 3000
300 No 0.32
300 Yes 6440
350 No 1.64 0.23
350 Yes 21.85 6340

• Multipoint BET a na lysis using krypt on (Microrncri tics, Norcross, Ga., U.S .A. ).
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rat ion with acetonitrile if a donor- acceptor mechani sm predominates. On th e chro­
matograms shown, the cadmium HT-250 (0.03 mg Cd per m2

) is more retenti ve but
less efficient th an cadmium HT-350 (0.29 mg Cd per rrr ') . This seems to suggest the
significa nt cont ribution of surface ad sorption on two different sites in the former.
Init ial testing on cadmium HT-300 sho wed close chromat ographic resemblance to
cadmium HT-350 ; unfortunately howe ver, the packed bed was disturbed before
further evaluati on s could be made.

Chromat ography of the more bas ic compounds, the isomeric mixture of
picolines, is shown on Fig . 4. In th is separation, the methanol-hexane com position
is appro ximately twice th at for the chloroanilines . Again , th e important role played
by a competing solvent acetonitrile in the separation is rea lized by comparing F igs. 48
a nd 5. Separation is ob viou sly improved in the latter case but efficiency is decreased .
Chromatographic efficiency shown on Fig . 5 can be, and was considerably, improved
after introducing trace amounts of n-propylamine to the column. The separation
of a- and {J-naphthylamines is shown on Fig . 6A.

The sorption acti vity appear s to have been decreased sufficient ly to enable the
so rbent to pe rform sat isfacto rily with out the po lar compound. The change of one

B

I I I ( I

2 3 Q 567
MIN

Fig. 6. Sepa rations on II ern ;/ 4.5 rnm 1.0. column packed with cadmium HT -350. (A) 0.5 %
acetonitrile- hexane ; (B) 0.1 % acet on itr ile-hexane. Flow-rate, 4 ml/rn in.
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mobile phase to another, or return to the initia l condition in a gradient eluti on, re­
quires only a short time for equilibration except for one solvent conta ining more
than trace amount of n-propylamine (0.1 %) which, however, was st ill useful. .

The chemica l form of the cadmium finally introd uced into the silica gel by
hydrothermal treatment is unknown at this tim e. On chromatography, the cadm ium
can act as sur face moderator, electron-pair accept or , o r both . In the first case, the
cadmium may deacti vate the sorption sites effect ing to wha t may be equ ivalent to a
more uniform surface; it may alter th e accessible surface area, and lastly, it may
effect changes in pore sizes and distributions. In the second case, the cadmium would
form a donor-acceptor complex with the nitrogen atom of the solutes to effect sepa ­
rations. If thi s is the case , the cadmium must be able to funct ion as elect ron -pair
acceptor. It appears th at both fact or s are co ntributing to the chromatographic
properties of cadmium-modi fied silica gel. It would be desirable to test solutes
unlikely to form complexes with cadmium. In th is regard howe ver, the UV dete ctor
is limiting.

The contribution of the donor-acceptor complexing to the retention is in­
fluenced by the accessibi lity of the electron pai r a nd the pK" of the solutes. Both these
effects are sho wn in Table II by the retention times o n cadmium HT-350 of a number
of amines. The toluidines followed the elution order para > meta > ortho. However,
the elution compared to chlor oanilines is : p-toluidine > p-chloroaniline R:::' m-tolui­
dine > o-to luid ine R:::' m-chl or oaniline > o-chloroa niline. It is interesting to note that
while N,N-dimethylaniline elutes before N-methylaniline, N,N-d iethylaniline elutes
after N-ethylaniline (Fig. 6B). In a simil ar separation , the use of 0.05 %acet onitrile­
hexane (instead of 0.1 %) gave 60 % resolution of methylaniline from ethyl aniline
while die thylaniline is excessively retained with a broad tailing peak . Pure acetonit rile

T ABLE II

R ET ENTI ONS ON CA D M IU M HT-350

Compound p K" t u (sec) Mobile phase (4 1II/llIIin)
(ref 22)

o-Chloroaniline 2.62 38 0.05 % Aceto nitrile-hexane
Dimeth ylan iline 5.07 72
Methylan iline 4.85 102
Ethyla niline 5. 11 138

Diethylaniline 6.56 52 0.2 % Aceto nitri le-hexane
m-C hlo roa niline 3.32 100
a-Toluid ine 4.38 105
Anil ine 4.62 166
III-Toluid ine 4.67 166
p-Chlo roa ni line 3.81 176
p-Tolu idine 5.07 262

Pyridin e 5.14 238 2 % Acetoni trile-hexane

111- Phen ylened iam ine 4.88 11 9 100 %Aceton itrile

2-Aminopyri dine 6.7 55 10% Meth anol-acetonit rile
p-Phenylenedia mine 6.08 55 10 % Meth an o l-aceton itrile

Ben zylamine 9.34 109 0.00 1% II-Pr op ylamine-methanol
a -Phenylenedia mine 4.47 143
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--a--CADMIUM HT-250, 0 , 75% METHANOL

-a-Bl.ANK HT- 250 , 0. 12% METHANOL

NG 2-P I COLI NE INJEC TED
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--a-- CADMIUM HT- 350 , 0 . 5% METHANOL
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--a- CADMI UM HT- 350 , 2% ACETON ITR I LE

-O-BLANK HT-350, 0.2% ACETONITRILE
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Fig. 7. Sorption isot herms expressed by the ca pacity factor (k ') versus amo unt of 2-pico line injected
to II cm >: 4.5 mrn I. D. col umn packed with silica gel modi fied with cadmium. Binary so lvent as
indicated in hexane ; flow-rate, 4 rnljmin .
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will elute m-phenylenediamine while the para and ortho isomers will not. 10%
methanol-acetonitrile and 0.001 % n-propylamine~methanol are required to elute
p-phenylenediamine and o-phenylenediame, respectively.

The column packed with cadmium HT-350 was heavily used with organic
solvents for three months without loss of efficiency. At the end of the 3-month
testing, the column was subjected to 3 h of continuous flushing with phosphate
buffer (pH 5). Re-testing of the column with the chloroaniline mixtures gave tailing
peaks not observed before.

In the present study, the capacity factor, k', is expressed as the ratio of the
corrected retention time of 2-picoline to the retention time of benzene. Sorption
isotherms (expressed as k' versus amount injected) of the cadmium-modified silica
gel and their corresponding blanks are compared on Fig. 7. The adsorbent loaded
with cadmium-HT-250 yields a non-linear isotherm while the HT-350 gives linearity
up to at least 10 flg. Nonetheless, the wide linearity range observed with cadmium
HT-350 using methanol-hexane is diminished when acetonitrile-hexane is used. It
is well known, that strong adsorbing solvents give wide linear ranges. The amount
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Fig. 8. Response linearity of silica gel loaded with cadmium at 3500 hydrothermal temperature.
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of 2-picoline injected is plotted versus the detect or respon se (pea k height X attenu­
atio n) on Fig . 8. Wh ile so lvent st rength increases linear ra nge capaci ty, the separatio n
usually degrades. Therefore, sorbent deact ivation is generally used to improve
capacit y. The metal deactivati on descr ibed in thi s work is co ncurre nt with the a lter­
at ion (decrease) of sur face a rea and porosity in the presence of a saturated so lution
of the sa lt. Th e co nsequence of an unsaturated cadmium chloride solut ion on the
amo unt deposited at d ifferent HT temperatures was not investigated. The effect of
cooling rate on the size and sha pe of the part icles has likewise not been investigated.
Yet , it is easy to imagine th at a vari ety of cadmium loadi ngs with different surface
a reas ca n be mad e by th is procedu re.

CO NC LUSIO NS

Low-surface-area LC adsorbents can be derived from low-priced silica gel by
hydr oth erm al treatmen t. Th e LC activity and select ivity is modified by the presence of
a cadmium sa lt int roduced during the treatment, and ca n be man ipul ated , to a
degree, to yield separa t ions of model amines.
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SUMMARY

The analysis of mixture s of ganglioside s from adult human or bovine brain,
supplemented with Tay-Sachs ganglioside, and haematoside from dog eryth rocytes
by high-pressure liquid chromatography using a moving-wire detector system is de­
scribed.

The complete separation of six gangliosides within 40 min has been achieved ,
using silica as the stationary phase and acidified chloroform-methanol - water mixtures
as the eluent on a 25-cm column. Neutral glycosphingolipids, viz., the major com ­
ponents from norm al human erythrocytes, can be completely separated on the same
column, using non-aqueous and non-acidic e1uents.

It is shown that the methods descr ibed are useful for both anal ytical and
(micro )-preparative purposes.

INTROD UCTION

In thi s paper, for gangliosides the standard Svennerholm nomenclature' is
used, while for neutral glycosphingol ipids the symbols used by Dawson- have been
adopted. For stru ctures and synonyms, see ref. 3.

Since the pioneering work of Wagner et al.' and Jatzkewitz and Mehl", the
thin-layer chromatography (TLC) of gangliosides and neutral glycosphingolipids
has become the method of choice for the analysis of complex mixtures of the se lipids
from natural sources'"? ", Howe ver, in spite of the simplicity of TLC, th is technique
has severa l severe dr awbacks. The chloroform- metha nol- water mixtures most com­
monly used as the mobile phase in the TLC analysis of gangliosides create gradients
of individual solvent components in both the thin layer and the surrounding gaseous

. • Present address : Department of Analytical Chemistry and Pha rmaceut ica l Ana lysis, Gorlaeus
Labora tor ies, State Un iversity, P.O. Box 75, Leiden , Th e Netherlands.

•• To whom correspondence sho uld be addressed.
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phase, as demonstrated by the use of the Sandwich and Vario-KS chambers" (cf.,
ref. 12). Thus, the system in which TLC is carried out in conventional paper-lined
tanks is in fact ill-defined and may respond unpredictably to accidental variations in,
handling and in the surroundings.

Further, quantitative analysis by mean s of resorcinol staining':' of the indi­
vidual ganglioside classes after TLC separation is laborious and relatively insensitive.
Such staining, being destructive, pre vent s the isolation of the separated components
by extraction from the plates for further analysis. Although the recent non-destructive
use of the universal primuline spray'" is an important improvement in analysis, there
still remains a need for a sati sfactory qu antitative and micro-preparative assay.

Gl ycosphingolipids, and gangliosides in particular, have so far withstood high­
pre ssure liquid chromatographic (HPLC) analysis. Thi s difficult y has partially been
caused by the fact that a simple con version of the TLC system to a column system
appears to fail (see belo w) and by the absence of a significant ultraviolet ab sorption
of the solutes, which hampers detection using the commonly avai lable ult raviolet
detectors.

As far as we know, only one report has been published" in which a column
liquid chromatographic separ ation of glycosphingolipid fractions fro m normal,
G aucher's and Fabry's plasma and normal erythrocytes is described. Ho wever, in
that study the glycosphingolipids were con verted into their benzoyl derivatives prior
to chromatography, in order to permit ultraviolet dete ct ion .

Clas sical column liqu id chromatography on silica, followed by off-line detec­
tion by means of TLC, has been described for the preparative separation of ganglio­
sidesI.16.17, but the procedure is very time consuming and considerable overl apping
between peaks occurs.

In th is paper , the complete sepa rat ion of gangliosides and of neutral glyco­
sphingolipids by means of HPLC within 40 min is described . By using a universal
detector, deri vatizati on is unn ecessary. Finally , the importance of thi s techn ique in
future research on these complex lipid classes is outlined.

EXPERIM ENTAL

GIycosphingoli pids
Gangliosides from adult bovine brain were purchased from Koch-Light

(Colnbrook, Great Britain ), Sigma (St. Lou is, Mo. , U .S.A.) and Supelco (Bellefonte,
Pa., U.S.A .). These preparations contained essent ially all of the pr incipal gan gliosides
(GM1, GDla, GDlb and GTI) in different proportions. Preparations, enriched in
mono-, di- and tri sialogangl iosides from normal brain and pure GM2 from Tay­
Sachs brain, were obtained from Supelco. Highly enriched preparations of G M I,
GDla, GD1b and GTI were isolated from adult human brain!". Haematoside (GM3)
was isolated from do g erythrocyte ghosts" by the method of Ko scielak'? with the
modification of Hak omori and Strycharz" . The crude preparation exhibited only one
resorcinol-positive spot with higher mobility th an authentic GM2 on TLC. It was
purified by treatment with methanolic sodium hydroxide solution and sub sequent
HPLC, as described below . The purified haematoside showed a molar ratio of glucose,
ga lactose and sialic acid of I :1: I.

Galactocerebroside (GLI b), a preparation from bov ine brain , was obtained
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from Koch-Light and glucocerebroside (GLla), isolated from Gaucher's spleen, from
Supelco. Lactosylceramide (GL2a) was a synthetic preparation (Miles Labs., Slough,
Great Britain) cons isting of the stearoyl derivative only. Authentic digalactosylglu­
cosylceramide (GL3) originated from post mortem kidney of a patient with Fabry's
disease " . GL3 was also isolated, together with GL2a and ceramide tetrahexoside
(globoside, GL4), from human erythrocyte ghosts'">". Ceramide, prepared from
bovine brain cerebrosides, was a product of Koch-Light.

Solvents
All solvents were of analytical-reagent grade and were used without prior

purification .

Column materials
Silica Sl 60 (E. Merck, Darmstadt , G.F.R.) with a particle size range of 63­

200.um was ground in an agate mortar and then fractionated by means of an air
cla ssifier (Model 100 MZR; Alpine, Augsburg, G.F.R.) . The particle size distributions
of the cla ssified fractions were determined with a Coulter counter and the fraction of
9 :1: 1.5.um was used for column packing. The columns were packed using a pres­
surized balanced-slurry technique".

Apparatus
The liquid chromatograph was constructed from custom-made and commercial

parts and consisted of a thermostated eluent reservoir, a high-pressure pump (DMP
1515, Orlita , Giessen, G.F.R.), a flow-through manometer as damping device, a
sampling valve (Rheodyne, Model 7120) and a stainless-steel 316 column. Column
tubings of length 10 and 25 em, 1.0. 2.8 mm and 0.0. 6.35 mm were constructed
from preci sion-bore stainless-steel tubing. The detector was the improved moving­
wire system equipped with a flame-ionization detector (Pye Unicam, LCM2)23. The
chromatograms were recorded using a linear potentiometric recorder (Philips PM
8220).

The gas chromatograph (Varian Model 2100) was equipped with a flame­
ionization detector and an electronic integrator (Infotronics Model CRS-208). A
glass column of length 150 em, 1.0. 2 mm and 0.0. 6.35 mm was used, packed with
Gas-Chrom Q, 100-120 mesh (Applied Science Labs., State College, Pa ., U.S.A.),
coated wth 3 % SE-30 by an evaporation technique.

Determinat ion of the chromatographic parameters
The capacity ratio, k;, of a component i was determined from the retention

time, tRi> and the time of a non-retarded compound, tRo:

k: 0= !!!~~~~
l t

R o
( I)

The selectivity coefficient, "n- of two compounds was calculated from their capacity
ra tios :

k ·
rj i = -{

I

Ceramide was used as a non-retarded compound .

(2)
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Thin-layer chromatography
All separations were performed on pre-coated silica plate s (Merck) in con­

ventional TLC tanks lined with Whatman 3 M M paper.
Gangliosides (I-20,Ltg) were applied as l-cm long streaks, about 3 mm wide.

The plate s were developed by two successive runs over 15 ern using chloroform­
methanol-water (containing 200 rng/l of pota ssium chloride)" in the volume ratio
60:35: 8.5 as solvent. Between the two run s, the plates were dried for exactly 10 min
by mean s of an infrared lamp. Resorcinol staining, which is specific for sialic acid,
was used for detection". Neutral glycosphingolipids were separated by two successive
runs in the same solvent and rendered visible by staining with orcinol-" or naphtho­
resorcinol " . Contaminating phospholipid s were detected with Zin zadze reagent".

Prelim inar y monitoring was performed by means of a primuline spray ':' and
inspection at 350 nm. This procedure did not interfere with the sub sequent applica­
tion of the aforementioned sprays.

Gas chromatography
The ind ividual glycosphingolipid classes were anal ysed for their sugar content

by gas-liquid chromatography. In prin ciple the method of Sweeley and Walker"
was used, except for the followin g mod ification s.

Methanolysis was performed in 0.5 N anhydrous methanolic hydrochloric
acid for 5 h a t 90°, followed by neutralizati on with silver carbonate . Re-N-acetyl­
at ion , which is essential for reproducible (high) yields of am ino-sugars and sialic
acid to be obta ined, was performed by react ion with acetic anhydride (0.1 by volume)
for 5 h at room temperature. After evap oration at 50° in a stream of nitrogen, the
residu e was dissolved in water and sha ken with chloroform. The aqueo us upper
layer, containing the methylgl ycosides, was freeze-dried and the residue was silylated
in pyridine with a mixture of I % (v/v) trimethylchlorosilane (TMCS) in N,O-bis­
(trimethylsilyl)trifluoroacetamide (BSTFA) at 500 for I h. Aliqu ots of the contents
of the vials were injected into the chr omatograph with an injecti on port temper­
ature of 200°. Chromatography was carried out with a linear temperature programme
of 4a/min from 180 to 250°. The reliability of the method was checked with standard
glycosphingolipids.

RESULTS AND DIS C USSION

Separation of ganglioside'S
In order to develop a selective phase system for gangliosides, a number of

experiments were carried out. The cho ice of ad sorption ch rom at ograph y was based
mainly on ea rlier TLC experiments, which showed that a polar solvent had to be used
in order to elu te the se compounds within a rea sonable peri od. Con version of the
TLC phase system, con sisting of silica as sta tiona ry pha se and a chloroform-methanol­
water mixture as the mobile phase, to columns led to disappointing result s. Whereas
in TLC good result s with, e.g. , chloroform- metha nol-water (60 :35 :8) were obta ined,
in column chromat ography the use of this phase system led to very broad , asymmetric
and con sequentl y severely overlapping peaks.

Glycosphingolipids consist of suga r chains of various length s and co mpositions,
attached to a ceramide molecule. As ceram ides are not retarded in this phase system,
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it can be concluded that the ceramide moieties of the glycosph ingol ipids contribute
only slight ly to their chromatographic properties. The hydrophilic character of the
gangliosides, which is due primari ly to the presence of sialic acid residues in the mo le­
cu le, causes a very strong adsorption on silica. The addition of water to the eluent in
order to accelerate the separation strongly promotes the dissociation of the sialic
acid residues. The co nsequence is a very strong interaction of the dissociated acid
residue(s) of the molec ule with the silica surface, which causes the unsatisfactory peak
shapes. This effect can be counteracted by adding a strong acid to the eluent, which
converts the gangl iosides into neu tral molecules, leading to significant improvements
in peak shape and capacity ratios. In addition, the presence ofa strong acid in the eluent
increases the selectivity coefficients, because the contribution of the dominating acid
residues to the overall rete ntion decreases and the influence of the structure of the
solutes becomes more pronounced.

The optimal composition of the phase system with respect to selectivity and
speed was investigated more precisely by determining the effect of the type of acid
and the water content on the capacity ratio, selectivity coefficient, peak shape and
stabi lity of the gangliosides.

As the use of the moving-wire detector system prohibits the use of organic
acids, only volat ile mineral acids can be applied. Nitric acid was chosen originally,
but further TLC analysis of the eluted fractions was hampered owing to the high salt
concentrations formed upon neutra lization, leaving gas chromatography as the on ly
supporting technique. It was found that use of hydrochloric acid permits subsequent
TLC analysis when the eluted fractions are co llected in via ls containing silver car­
bonate. In addition to minimizing the time during which the gangliosides are exposed
to lower pH values, only low salt concentrations in the frac tions are obtained. In
general, the type of acid does not influence the capacity ratios and the selectivity
coefficients.

The results with different amounts of acid are presented in Table I. At low
acid concentrations, almost no improvement in the peak shape was noticed. The
reliabi lity of the data with 0.003 M hydrochloric ac id is therefore relatively low. On
the other hand, the low stability of gangliosides in highly acidic solvents tends to re­
duce the reliabi lity and reprod ucibility of the data with 0.05 M hydrochloric acid .

TABLEt

EfFECT OF THE ACID CONTENT OF T HE MOBILE PHASE ON THE CAPACITY RATIOS
AND SELECTIVITY CO EF FICIENTS OFSOMEGANGLIOSIDES ON SILICA (LICHROSORB
S160)

Eluent: chloroform-methanoi -aqueous HCI (60 :35:5).

Component Final HCI concentration ( M)

0.003 0.005 0.01 0.02 0.05

k; r» k; r u k; r» k; rji k' r».
GMI 2.32 2.14 1.71 1.58 1.45
GD la 3.37 1.45 3.11 1.45 2.48 1.45 2.30 1.46 2.04 1.41
GDlb 4.66 1.38 3.97 1.28 3.16 1.27 2.96 1.29 2.81 1.38
GTI 6.59 1.41 5.93 1.49 4.68 1.48 4.12 1.39 3.62 1.29
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It is known that gangliosides lose their sialic acid residues in aqueous solution at acid
concentrations of 0.05 M and above, leaving lower gangliosides and /or asialo deriv­
atives, especiall y at higher temperatures-", Therefore , a final hydrochloric acid concen-.
tr ation of 0.01 M was chosen as a compromise between the dem and s of reasonable
peak shape, time of analysis and decomposition .

In Table II, the influence of the water content of the eluent on the capacity
ratios and the selectivity coefficient s is summarized . For a ll eluents tabulated, the
final concentration of hydrochloric ac id was maintained at 0.01 M. An increase in
the water content decreases the capacity ratios of the individual gang liosides, and
decreases the selectivity coefficient of G D Ia and G D Ib. Hence the system containin g
4 %of water and a final acid co ncentration of 0.0 I M appea rs to be optimal.

TABLE II

EFFECT OF THE WATER CONTENT OFTHE MOBILE PHAS E O N THE CAPACITY RATIOS
AND SELECTIVITY COEFFIC IENTS OF SOME GANGLIOSIDES ON SILICA (L1CHRO­
SORB SI 60)

Final HCI concentra tio n : 0.01 M.Eluent : chloroform-methan ol- aqu eous HCI.

Component Chloroform-methanol- aqueous HC!

60:35 :3 60:35:4 60:35:5 60:35 :6

k; r» k; r Jj k; r» k; r»

GM3 0.38
GM2 0.98 2.54
GMI 2.33 2. 16 2.2 1 1.71 1.64
GDla 3.13 1.34 2.98 1.38 2.48 1.45 2.50 1.52
GDlb 5.02 1.60 4.31 1.45 3.16 1.27 2.93 1.17
GTI 6.67 1.33 6.02 1.40 4.68 1.48 4.52 1.54

Fig . J shows a chromatogram of a test mixture of six gangliosides obtained by
using thi s phase system and a 25-cm column. Good separation of the major co mpo­
nents was achieved, although the unknown compounds 5 and 8 (appa rently impurities)
interfered. All of the eluted compounds except 5 and 8 (owing to the considerable
overlapping on both sides) were collected and subsequently inspected by mean s of
gas and thin-layer chromatography, as described before. For all collected peaks the
expected molar ratios of glucose, gala ctose, galactosamine (if present) and sialic acid
were found . TLC confirmed the identity of the fractions as indic ated and showed
the high purity of the mon osialog an glioside fracti ons. The purity of the di- and tri­
sia logangliosides was poorer, as judged by visual ob servation of the primul ine­
sprayed thin -layer plates. While the liquid chromatogram showed doublets for the
higher gangliosides , it appear s from gas chroma tog ra phy that the mola r rati os were
identical for fract ions collected from the front and back of these peaks .

Separation of neut ral glycosphingolipids
As neutral glycosphingo lipids do not conta in sialic acid residues, the hydro­

philic char acter is considerabl y redu ced in compari son with the gangliosides. Chloro-
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Fig. I. Separation of a sample mixture of six ga ng liosides by H PL C. Column: 250 X 2.8 m m J.D.
packed with LiCh rosorb S I 60 (9 p m) . Eluent : ch lor ofor m-methano l-aq ueo us HCl (60:35 :4); fina l
HCI co ncentration , 0 .01 M . Detection : moving wire with flame-io nization detector. Arrow de no tes
time of injection . Peaks : 1,5,8 · unk nown; 2 ·~ GM3 ; 3 = GM2 ; 4 = GM I; 6 = G D la; 7 =
GD l b ; 9 = GTI.

Fig . 2. Sep aration o f a sample mixt u re o f four neutral glycosp hi ngo lipids by HPLC. Condi tions as
in Fig. I. Elue nt : ch lo ro fo rm- metha no l (3 : I ). Arrow denotes t ime of injec tion . Peaks : I = un kn own ;
2 ~ G Lla; 3 = G L2a; 4 - G L3; 5 - G L4 . A th in-laye r ch romatogram of peaks 2-5 is shown in
Fig . 3.

form- methano l (3: I) proved adequa te to achieve a good sepa rat ion of four neutral
glycosphingolipids (G Lla, G L2a, G L3 and GL4) (Fig. 2). The pertinent data for
the individual compounds in thi s system are collected in Table III.

All glycolip id frac tions were ana lysed by means ofTLC before and after liqu id
chro matog raphy, as illustrated in Fig. 3. Th e high purity of the eluted fractions de­
serves special a tte nt ion.

It was furt her show n tha t the same column can be used for the separatio n of
gangliosides and neutral glycosphingo lipids alternately without a severe change in
the retention parameters. The silica is reactivated reproducibly after gang lioside ana l­
ysis by pumping chlo roform-methanol (3: I ) through the column for I h at a flow­
rate of 0.5 mljm in.

The chloroform- metha nol system thus ena bles One to sepa rate natural mix-
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TABLE HI

CAPACITY RATIOS AND SELECTIVITY COEFFIC IENTS OF SOME NEUTRAL G LYCO­
SPHINGOLlPJDS ON SILICA (LI CHROSORB SI 60)

Eluent: Chloroform- methanol (3 : I).

Component ki r j l
------ - _ .....__._._-

GUa 0.63
GL2a 1.38 2.19
GL3 2.21 1.60
GL4 4.06 1.84

tures of glycosphingolipid s into groups, viz., the neutral glycosphingolipids and the
more pol ar gangl iosides, by using a step gradient of chloroform-methanol (3 :I) to
chloroform-methanol-dilute aqueous ac id . The suitability of the method is enha nced
by its application to the purification of crude preparations of glycosphingolipids,
which contain con siderable amounts of contaminating phospholipids and neutral
lipids (see below).

Quantitative aspects
In order to improve the applicabi lity of the method described , its use in quan­

tit ati ve an alysis was exam ined . As an example, G LI a as a neutral glycosph ingolipid
and GM I as a ganglioside were investigated. The relationships between peak area
and amount injected , ranging from 2 to 400,ug for G LI a and from 2 to 200 !lg for
GM I, were linear, provided that the eluent flow-rate and wire speed were kept con­
stant du ring the ana lysis. As the ceramide moieti es of the glycosphingolipids differ
widely in fatty acid and sphingos ine co mpositio n within one glycosphingolipid class,
the overall carbon content should be known for each compound eluted, prior to
final quantification.

Fig. 3. Thin-layer chro matogram of neutral glycosphingolipids before and after HPL C. Plate:
silica pre-coated. Solvent: chloroform-methanol-water (60:35 :8.5) containing 200 mgjl of KCI.
Development: twice, over 15 em . Detection: naphthoresorcinol spray. Lane I, G Ll a from Ga ucher's
spleen; lane 3, synthetic G L2a; lane 5, mixture of G LIa, G L2a, G L3 and G L4 to be separated by
HPLC ; lane 6, GL3 from Fabry kidney; lane 8, GL4 from hum an erythrocyte ghosts ; lanes 2,4, 7
and 9, fractions 2, 3, 4 and 5, respectively, from Fig. 2.
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Preparati ve aspects
As the mo ving-wire detector system renders the derivatization of glycosphin­

golipids superfluous and its co nstruction is such that only about I % of the effluent
is used for dete ction, we investigated whether the method can be used on a prepar­
ative scale.

Preliminary experiments indicated that the method has to be adapted to the
chemical nature of the lipid extract. It is obvious that lipid extracts from the grey
matter of brain tissue, in which gangliosides are abundantly present, require less pre­
purification in order to be suitable for H PLC than extracts from non-neural tissues,
in which gangliosides are only minor components-"-". In the latter instance consider­
able amounts of neutral lip ids (as cholester ol) and pho spholipids are present, of which
the latter interfere severely with the separ ation of gangliosides. We found that treat­
ment of such lipid extracts with methanolic sodium hydroxide solution, by which
glycerophospholipids are split and (glyco)sphingolipids left intact, followed by neu­
tralization with methanolic hydrochloric ac id gave good result s. The fatty acid methyl
esters produced are eluted a lmost unretarded, together with cholestero l, immediately
after the solvent front. As only the alkaline-stable sphingomyelin may now interfere,
its chromatographic properties were studied in more detail. With chloroform­
methanol (3 : I) as the eluent it was completely retarded, whereas with chloroform­
methanol-aqueous hydrochloric acid as the eluent it was eluted in the midst of the
gangliosides. It was found , however, that the capacity ratio for sphingomyelin was
affected far more by water content and far less by the acidity of the eluent than were
the capacity ratios for gangliosides. Hence the composition of the eluent can be chosen
in such a way that sphingomyelin is not co-chromatographed with one of the gang­
liosides present in the sample.

In micro-preparati ve applications, we observed lower yields of individual
components in the collected fractions than was expected from the quanti tative analysis.
Small amounts of gangliosides chromatographed on silica with chloroform-methanol­
dilute acid as the eluent showed considerable losses of individual gangliosides, ap­
parently due to a loss of sia lic acid during evaporation of the solvent at 40° in a
stream of nitrogen , as was confirmed by the presence of less hydrophilic compounds
in TLC exper iments. Even neutralization with silver carbonate did not improve the
recoveries. It was observed that decomposition of the gangliosides occurred onl y
during evaporation of the eluent that pa ssed through the column. A mixture of
gangliosides, dissolved in freshly prepared (acidic) eluent was stable for at least 12 h
at room temperature, while no decomposition was ob served in TLC after evaporation
of the neutralized solution. Therefore, the interference could be attributed to trace
amounts of silica, present in colloidal form in the eluent. It is known that methanol
solubilizes silica to some extent", espec ially from very finely ground material. The
solubility of silica in ethanol is much lower than in methanol and, for preparative
purposes, the replacement of the latter solvent with ethanol leads to a remarkable
improvement in the recoveries. Chromatography on silica with chloroform-ethanol­
dilute hydrochloric acid (45 :40 :10) as the eluent was found to be useful in micro­
preparative applications. Although the separat ion of the higher gangliosides , es­
peciall y GO Ia and GO Ib, is far less sa tisfactory than in the methanol system, no
loss of gan gliosides was observed. It should be borne in mind that in thi s instance
the sample should be introduced in the proper (ethanolic) eluent, as otherwise severe
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de-mixing occurs, resulting in ghost peak s near the eluent front containing all com­
ponents of the sample.

CONCLU SIONS

The proposed method offers goo d prospect s for futu re research in the fields
of, e.g., neurochemistry and membrane biochemi stry. By choosing cond itions ap­
propriate for the nature of the biological specimen, complete analysis of gangliosides
and the lower neutral glycosphingol ipids is now possible. Adv antages over previously
used methods include greater speed and resolution and possibilities of quantitative
and preparative applications.

Further research on the glycosphingolipids of plasma membranes fro m normal
liver and hepat omas is at present being carried our" .
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SU MMA RY

A number of alkyl este rs of resin acid s were prepared with dialk yl aceta ls of
dimeth ylformamide, and their gas chromatog ra phic cha rac teristics evaluated with
severa l packed co lumns. The cyanosi licone liquid phases allow for simulta neo us
determination of levopimaric and palustric acid s, a determination previously un­
a ttai nable by gas-liquid chro matog raphy.

INTRODUCTION

Hu dy' in 1959 applied gas- liquid chromatography (G LC) to the ana lysis of
resin acid methyl esters using Apiezon N and three polyesters. A number of workers
have since extended that wor k to include a var iety of other liqu id phases. An over­
view of the field can be found in the reviews of Zinkel et al.' and Bard yshev and Bul­
gakov'.

Although a number of gas chromatographic systems have been studied,
sat isfactory resolution of certain resin acid meth yl este rs has not been attained , such
as in analyzing natural products co ntai ning levopimaric and palu str ic acids. Two
possible approaches for satisfactory resolution are (I) increasing liquid phase pol arity,
and (2) accentuating the differences of the double-b ond cha racter of the resin acid
esters by redu cing the commo n leveling effect of the ester carbonyl-liquid phase
inter action . Th e appl icab ility of polar cyanosil icone liquid phases and hindered
tert.-butyl esters in the G LC of resin acid s to effect the se approaches is the subjec t of
thi s paper.

EXPERIMENTAL

Hewlett-Packard (Mode ls 5750 and 5830) and Research Specialtie s (Mo del
600) gas ch rom atographs equipped with flame-ion izati on detect ors (FlDs) were used.
Column packings were prepared by the slurry techniques using Chro mosorb W AW

• Maintained in cooperat ion with the Un iversity of Wisconsin.
• • Mention of trade or proprietary names is for identification only and does no t imply endor se­

ment by the Fo rest Service of the U.S. Department of Agriculture.
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support and the liquid phase, followed by fluidized drying. Stainless-steel columns
were used during acquisition of retention characteristics but were later replaced by
glass columns. Columns were packed by both free-fall and pressure techniques ap- .
propriate for the co lum n confi guration .

Liquid phases included the methyl silico ne SE-30 [on a support precoated
with ethylene glycol isophthalate (EGiP)], the trifluoropropyl silicone SP- 240l
(Supelco, Bellefonte, Pa., U.S.A .), the phenyl methyl silico ne OV-I?, Carbowax 20M ,
the phenyl cyanopropyl methyl silicone OV -225, diethylene glycol succina te (OEGS),
and the cyanosilicones Silar JOC (Applied Scien ce Labs., State College, Pa. , U.S.A.)
and OV-2?5.

Oiazomethane, prepared from N-methyl-N-nitroso-p-toluenesulfonamide, was
used to prepare the resin acid methyl esters". Other resin acid esters were prepared
with the dialkyl acetals of dimethylfo rmamide (OM F). The ethyl, propyl, isopropyl,
butyl, and tert.-butyl reagents were obtained from Pierce (Rockford, [II., U.S.A .),
the cyclohexyl reagent from Aldrich (Milwaukee, Wis ., U.S.A.). To prepare esters
with the dialkylacetal reagents, 10 mg of resin acids and 200 mg of the neat reagent
were heated in a dry , capped vial at 60° overn ight. The excess rea gen t was remo ved
at reduced pressure with heating. The esters were di ssol ved in petroleum ether for
GLC.

Resin acid methyl esters for determination of the response fac tor were purified
by the methods required in preparing sta nda rds for reference spectra'.

RESULTS AND DIS CUSSION

Column s
In a previous study", DEGS was found the most genera lly useful liquid phase

for the GLC of resin acid methyl esters (we have found the retention va lues on
EG SS-X a re almost identica l with th ose for D EGS; the liqu id ph ases are interch ange ­
able for this purpose with the minor disadvantage of a sma ller solute capacity with
EGSS-X). However, the very long retention characteristics of other resin acid esters
having additional oxygen-co nta ining funct iona lity (CHO, COH, COOMe) require a
non-polar packing. SE-30 on a support precoated with a small amount of EG iP has
been mo st useful in thi s respects. The EGiP precoating considerably reduces support­
cat a lyzed levopimarate decomposition, but does not eliminate it.

In earlier work in th is laboratory, Anakrom ASS was found the most inert
support available for GLC of resin ac id methyl esters because it did not cau se iso­
merization of palustrate and even more susceptible levopimarate. Over the years ,
however, the degree of An akrom ABS silan iza t ion wa s increased by the manufac­
turer ; thi s provided an improved suppo rt for many applications but concurrently
resulted in an un sati sfactory support for preparation of efficient polyester packings.
Fortunately, improvements in the preparation of Chromosorb W A W ha ve provided
an acceptable repl acement.

In earlier observations at this laboratory on the effect of the column material
we found that gla ss columns were of no advantage over sta in less-steel columns con­
taining DEGS pa ckings when using the requi site a mount of resin ac id esters for an
adeq uate thermal conductivity detector response. We ha ve now verified thi s ob servati on
for an EGSS-X packing even a t the much lower sa mple-size levels used with the F[ D.



GLC OF RESIN ACID ESTERS 247

This is not the case, however, with a cya nos ilico ne liquid phase such as Silar lOC.
Exten sive decomposition of the readil y isomerizable methyl levopimarate can onl y
be avoided by using glass columns. As a general prec aution , gla ss columns are now
used in the major portion of our GLC investigation s invol ving resin acid este rs.

Resin acid esterification
To facilitate gas chromatog raphy of resin acid s, the methyl ester is usuall y

prepared . Although severa l reagents can be used to accomplish the methylation of
the an alo gous fatty acids', onl y two method s, reacti on with diazomethane and py­
rolysis of the tetramethyl ammonium sa le , can be used with the more hindered resin
acid ca rboxy l gro up.

On comparing th e fun ctional groups of the various resin acid methyl esters
(18-carboxylat es) it seems reasonable th at the carbomethoxy fun ct ion will have inter­
ac t ions of the same magnitude for polar liquid phases. Hindered alk yl esters such as
the trimethylsilyl ester, which is readil y prepared , should accentuate the differences
in unsaturation , thu s, enhance the sepa ra tions. Evidence from the retentions of the
tr imethylsilyl esters on severa l liqu id phases of low to moderate polarity indicated,
indeed , the a pproach was va lid". Howe ver , the trimethylsilyl esters are very susceptible
to hydrolysis or tran sesterification during G LC on polar liquid phases (a fact over­
looked in severa l publicat ions on the GLC of trimethylsilyl esters of va rio us acids).

Not until the relati vely recent ava ilability of the dialkyl acetal dimethyl­
formam ide reagents was there a potential for convenient preparation of a vari ety of
other esters for analytical purposes. Fo r example, satur ated fatt y acid esters are pre­
pared rapidly and quant itati vely by thi s method", although care mu st be exerc ised
to avoi d spurious GLC peak s!". We ha ve found the reaction of resin ac ids with the
neat reagent at 60° overnight is essentially quantitative. As an interesting asid e, the
phen olic hydroxyl as well as the axial ca rbox yl of podocarpic acid was found to be
meth ylated by the dimethyl acetal reagent. The determination of the specific conditions
for qu antitative methyl ether forma tion for podocarpic acid or other phenol ics was
outside the scope of thi s investigation.

Methyl, eth yl, pr opyl , isopropyl, butyl, tert .-butyl, and cyclo hexyl esters of
pimaric acid were prepared using the dialkyl acetal-O M F reagent s. Comparat ive
retention data on eight liquid phases with a broad range of polarities a re presented in
Table I. Inspecti on of the data sho ws ( I) the expected increase in retention wit h in­
creasing molecul ar weight for the II-alkyl and cyclohexyl esters a nd (2) a pattern of
decreasing retention with increasing liquid ph ase polarity fo r the more hindered iso­
propyl a nd tert .-but yl esters (the retention time s for the isoprop yl a nd tert.-butyl
esters on the more polar liquid phases are less than that of the corresponding methyl
ester) . Th e retention ch aracteri st ics for ester s of the other usual pine resin acid s
(sandaracopima ric, palustric, levopirnaric, isopimaric, abietic, dehydroabietic, and
neoabietic ac ids) paralied the data in T abl e I for pim aric ac id esters.

CLC separation of resin acid esters
Because of the possibili ty for improved sepa ra t ions coupled with decrea sed

retenti on time, the tert.-butyl esters appea red a pr omi sing replacement for the meth yl
ester s in the GLC of resin acids . Relati ve retention data for the se two este rs ar e com­
pared for nine liquid phases (including the new polar phase, OV-275) in Table II.
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Althou gh improved sepa ra t ion is seen for tert .-butyl levopimarate and palu strate
with several of the packings, overlap of other previou sly resolved components now
occurs.

Previous to our work with OV-275, we used the meth yl and (ert.-butyl esters
for determin ing the pa lustric and the levopimaric ac id co ntents in pine extract ives
by GLC analysis on Silar JOC but GLC an alysis on another (DEGS or EGSS-X)
column was necessary to resolve the methyl dehydroabictate -neoabietate or the
tert .-butyl palustratc -isopimarate ove rlaps. The separations shown in Table II for
the tat. -butyl esters of the common resin acid s indic ate t hat OV-275 wou ld be the
liquid phase of choice . However, we and others!' have not been ab le to obtain as
efficient columns with OV-275 using Chromosorb W supports as with Silar 10C and
other liquid phases. In addition , we ha ve ob ser ved that the 15 %OV-275 on Chromo­
sor b PAW DMCS column pa ck ings reported' ? to be efficient for resolution of fatt y
acid esters such as methyl oleate-elaidate cau se complete decomposit ion of levop i­
marate and very extensive decomposition of palustrate. The lon ger time in prepara­
tion of the tat.-butyl ester by the tert. -but yl aceta l of D MF reagent compared with
the quick preparati on of the meth yl ester with diazomethane a lso can be an importa nt
factor in a specific analytical situation. T hus we are now analyzing the resin acids in
mo st pinewood extractives and oleores ins as their met hyl esters with a two-colum n
GLC syste m using 10% EG SS-X for the primary data an d 20 % OV-275 for the dete r­
mination of methyl levopimarate and palustrate.

Routine G LC of resin acid esters on pol yester liquid phases has been limited
to co lumn temperatures of about 200 0 because of liquid phase instability. The greater
sta bility of the cyanosilicones, howeve r, permits an evaluation of possible improved
separat ion at higher temperatures not only for palustrate-Ievopimarate, but also for
other less common and difficultly resolved pairs such as cornmunate-S, 13/1-epoxy-14­
labden-19-oate (found in Pinus resinosa needle s':') and anticopalate-i sopim arate!'.
Little change is seen, however , in separation of the resin acid methyl esters with in­
creasing col umn temperature (Table III) except for some small improvement in the
de hydroabietate-neoabietate pair. T hus, GLC on two , and in some cases even thr ee

TABL E III

E F FECT OF TEMPER ATURE ON RETENTI ON OF RESIN ACID METHYL ESTE RS ON
CYANOSILICON E LIQUID PHASES

M ethyl ester 10% Silar toe 20% O V-275

200 " 2150 230 " 200" 215' 230"
-- - _ ._-- --

Pimarate 1.00 1.00 1.00 1.00 1.00 1.00
Sanda racopimarate 1.16 1.14 1.12 1.15 1.14 1.13
Levopimarate 1.42 1.38 1.34 1.38 1.34 1.30
Palu str ate 1.37 1.32 1.26 1.29 1.24 1.20
Communate lAO 1.34 1.27 1.38 1.31 1.25
8, 13fJ-Epoxy-14-labdenoa te 1.39 1.35 1.31 104 1 1.36 1.32
Ant icopalate 1048 1.42 1.37 1041 1.34 1.31
Isopima rate 1.53 1049 1.44 1.54 1.50 1.46
Abietate 2. 17 2.05 1.92 2.14 2.02 1.90
Deh ydroabietate 2.54 2.35 2. 15 2.50 2.27 2.11
Neoba ietate 2.57 2042 2.24 2.54 2.35 2.21
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ie.g. , OV-275 , EG SS-X and SE- 30), column s is necessary to obtain complete analyses
for the ind ividual resin acids in pine extractives.

Response fac tors
The relati ve response, ca lculated as co rrect ion factors", of resin acid methyl

esters are co mpa red in Table IV with data reported by Pensar and Bruun' >. The large
correct ion fact or s, rep orted by Pen sar and Bruun mo st likely reflect the sta te of
purity of their sa mples ; the resin acids, especially the abi etad ienoic acid s (and methyl
esters), ar e readil y ox id ized by air.

TABL E IV

FID CO RRECT IO N FACTOR S FOR RESI N-ACID METHYL EST ERS

Aleth)'1ester

Pimaratc
Sand aracopirn aratc
Palustr ate
Levopimaratc
Isopimarate
Abietate
Dehydr oabietate
Neoa bietate

CONCLUS IONS

Correction factor

Present work

1.00
1.03
1.05
l .ll7
0.99
1.08
0.99
1.12

Calculated f rom
data ref. 15

1.00
1.03
1.17

1.00
1.15
1.09
1.31

The highly polar cya nos ilico ne liquid phases, Silar JOC and OV -275, are useful
in the G LC of both methyl and ter t.-buty l esters o f diterpene resin acid s, particul arl y
in the sepa ra tion of palustrate-Ievopimarate. No single liquid phase in a packed
column , however , provides sufficient sepa rat ion bet ween the common pine resin acids
for an adeq uate resolution of a ll components. Thus, the co m plete an alysis of all the
resin acids from a pine extract requires GLC on several difTerent columns.
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SUMMA RY

Th irteen CC C7 aliphatic primary amines were qu antitati vely conver ted to the
co rrespo nding sulphur-conta ining Sch iff bases by the react ion (60°, I h) with 2­
thi ophene aldehyde. Complete sepa ratio n of the derivatives of the 13 amines was
achieved on a 30 m x 0.25 mm 1.0. glass capill ary column (125°), packed with PEG­
20M.

INTROD UCTI ON

The trace analysis of lower alipha tic amines is imp ortant becau se the se amines
cau se odours and problems in agriculture, such as the decay of foods and fish. It is
part icularly imp ortant to know the components of the amines, especially th e pr ima ry
amin es, and any ca rbonyl compo unds add itionally pre sent, becau se the se compounds
eas ily produce Schiff base condensate s.

In general, when packed co lumns such as those listed in Table I a re employed,
the complete separation of free am ines, such as ethyl-, n-propyl-, isopropyl-, tert»
but yl- and allylamines, is very difficult. Seven columns, viz., TH EED + T EP' ,J,
triethanolamine' , Squ alane + glycer ine', Chromosorb 1034

•
5

, Pennwalt 2235 and PEG
1500 and 20M6 have been tested but all were unsatisfactory for the purpose of com­
plete separa tion.

Gas chromatog raphy (GC) using chemica l reacti ons for the biologically im­
portan t pr imary amines such as epinephrine, dop amine, catecho lamines, ph enethyl­
amine and amphetamine has been reported . Several deri vati ves, such as trimethylsilyl
ethers7, Schiff bases8 - 12, p-tosylamides13, pcntafluorobenzoylamides'' "-", 2,4-dinitro­
phenyl deri vat ives' ?'!", isothiocyan ates' P-! " and tr ifluoroacctates' v-" have been studied
for this pu rpose. Pentafluorobenzaldehyde , pentafluorobenzoyl chloride, 2,4-dinitro­
f1u orobenzene and triflu oroacetic anhydride have been used as derivatization agents
for the electron-capture dete ction of picogram am ounts of several primar y amines.

However , 1110st of the se techn iques have been applied to high-molecular-wei ght

, TH EED _. N,N,N', N '-Tct raki s (2-hydroxyethyl)ethylene diamine ; T EP = tet raethylene
pen tarn ine .
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compounds, with few applications to lower aliphatic primary aminess.17,23,24. The
reactions of pentaftuorobenzoyl chlorides with ammonia and lower a liphatic primary
and seconda ry amines such as meth yl-, dimethyl-, ethyl-, diethyl-, n-propyl- and di-n­
propylamines gave white, curdy precipitates, which may be the hydroch lo rides of the
amines, so that the reactions were not quantitative. Day et al.'s procedure", involving
partial sepa ra tion into three distinct zo nes by thin-layer chromatography, is required
as a preliminary treatment prior to GC analysis. The procedure for the derivative­
formation react ion (2,4-dinitrophenylamines) is also sometimes complex.

In contrast, the reaction of Schiff base formation with the lower aliphatic
primary a mines using benzaldehyde and pentaftuorobenzaldehyde take place easily
and rapidly at room temperature. Th e by-product of these react ion s is water, which
doe s not undergo secondary reactions in the reaction systems involved . The se methods
resulted in sharper peaks, high precision and high selecti vity with the lower aliphatic
primary amines. Whil e the min imum det ectable amount of f1u orine-contai ning Schiff
ba ses" was about 0.02 ng with an electron-capture detector (ECO), that of non­
fluorine-containing Schiff bases was about 60 ng with a flame-ioni zat ion dete ctor
(FlO)23. However, in the se methods, the sepa ration of the deri vat ives of n-propyl-,
allyl- and tert .-butylamines was poor.

This paper describes a complete GC separa tion of 13 lower a liphatic primary
amines as their sulphur-conta ining SchilT bases using a glass capill ar y column, which
ha s a high resolving power.

EXPERIMENTAL

Preparation of sulphur-containing Schiff base
The pr ocedure for the prepar at ion of sulphur-conta ining Schi ff bases derived

from lower a liphatic primary amines with 2-thiophene aldehyde (THA) was as follows .
The amine (I 'IO- s mole) and THA (I -IO 'IO - s mole) were add ed to I ml of ethanol
and the mixture was allowed to react at temperatures from room temperature to 60°
for 0.5-4 h. The rate ofreaction was evaluated by measuring the disappearance of the
amine or THA by GC using Ten ax-G C as column packing.

Reagents
THA (b .p. 198°) and methyl- (40 wt.- % aq ueous solution), eth yl- (70 wt.- %

aqueous so lut ion) and isopropylam ine were obta ined from Tokyo Kasei Kogyo,
Tokyo, Japan . n-Propyl-, allyl-, n-butyl-, sec.-butyl- and tert .-butylamine and ethanol
were obtained from Wako Pure Chemical Indust ries, Osak a , Jap an . Isobutyl-, n­

am yl-, isoam yl- , n-hexyl- and n-heptylam ine were obtained from PolyScience Corp.,
N iles, III., U .S.A. All reagents were gua ra nteed or reagent-grade chemica ls.

Apparatus
The gas chromatog raph was a Sh imadzu Model GC5APsF Fp equipped with

an F lO and a flame-photometric detector (FPO) ; the FPO had an FlO for monitor­
ing. The large amounts of organic so lvent present were detected with the latt er FlO.
However , the sensitivity of thi s FlO is lower than that of the normal FlO, because it
operates with a hydrogen-rich flame . The FPO and its FlO accesso ry were operated
with a sepa ra te electrometer (Shim adzu Model EM-5S). The detector signa ls were
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recorded at 10 mY full scale simultaneously on a Shimadzu Model R-201 double-pen
recorder.

The Shimadzu GC5AP5F Fp gas chromatograph was also equipped with a
digital integrator (Shim adzu Model ITG-2A) for the determination of the rate of the
sulphur-co ntaining Schiff base formati on reaction.

Chromatographic conditions
The an alyt ical columns used were as follo ws: (a) a 3 m X 3 mm J.D. glass

column packed with Tena x-GC (made by Enka, Arnhem, The Netherlands), 60-80
mesh ; (b) a G-S COT column with an SF-96 20 m X 0.28 mm 1.D. glass capillary
co lumn (obta ined from G asuku ro Kogyo, Tokyo, Japan) ; (c) a Hit achi Chemi­
column with a PEG-20M 30 m x 0.25 mm I.D. glass capillary column (obtained
from Hitachi , Ibaraki , Japan).

Th e G C conditions for each of the an alyti cal columns were as follow s. (a)
carrier gas (nitrogen) flow-rate, 55 mljmin ; air and hydrogen flow-rates, 1.0ljmin
and 50 mljmin , respect ively ; column temperature (programmed), held for I min at
100°, heated at IOU jmin to 250°, maintained at th is temperature for 25 min , then cooled
to the starting temperature ; injection port and detector (FID) temperatures, 250°.
(b) carrier gas (nitrogen) flow-rate, 0.97 mljmin; purge gas (nitrogen) flow-rate ,
50 ml/rnin ; air and hydrogen flow-r ates, 1.01/min and 50 mljmin, respecti vely;
column temperature (programmed), held for I min at 100°, heated at 4°jmin to 200 °;
injection port and dete ctor (FI D) temperatures, 200°; splitt ing rat io, I: 140. (c) car­
rier gas (nitrogen) flow-rate, 0.7 ml/rnin ; purge gas (nitrogen) flow-rate, 50 mljmin
for FID and 140 mljm in for FPD; a ir flow-r ate , 1.0 Ijmin for FID and 50 mljmin for
Fr D ; hydrogen flow-rate, 50 ml/rnin for FI D and 80 mljmin for FPD ; column tem­
perature, 1250

; injecti on port temperature, 180 u
; detector temperature, 180 0 for FID

and 205 0 for FrD ; splitt ing ratio , I :180.

RESULTS AN D DISCUSSION

The complete GC sepa ra t ion of lower a liphatic prim ary amines, espec ially
eth yl-, n-propyJ-, isopro pyl-, a llyl-, isobutyl-, sec.-butyl- and tert .-butylamine, is
very difficult in some pack ed columns. As listed in Table I, all columns tested were
inadequate for the complete separa tio n of the 13 amines of interest here.

The optimal co ndit ions for the sulphur-contai ning Schiff base formation re­
act ion were as follows: molar rati o of TH A to amine, > 2 ; reaction temperature,
60°; reacti on time , I h. Th e reaction s of TH A with the 13 amines were quantitati ve
under these co nditio ns.

Fig. I shows a typic al gas chromatogram obtained with the SF-96 glass capil­
lar y column and an FI D. The derivati ves of n-propyl- and tert.-butylamine were not
separa ted, probabl y as a result of the low polarity of SF-96.

Fig. 2 shows a typi cal gas chromatogram obtained with the PEG-20M glass
ca pilla ry co lumn and an FI D. The complete separat ion of the de rivati ves of the 13
amines was achi eved. Unfortunatel y, when helium was used as the ca rrier gas at a
flow-r ate of 0.7 ml/rnin , the separation of the peak s of the derivatives of methyl-,
terf .-butyl- , n-butyl- and a llylamine was poor.

Fig. 3 shows a typical gas chromatogram obtained with the PEG-20M glass
capill ary column and an FPD. Although the sensitivity was much higher than that
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TABLE I

EFFECTIVENESS O F COLUMNS TESTED USING AN FID

Y. HOSHIKA

Packing Note' Free amines giving overlapping peaks

THEED +- TEP I
Triethanolamine 2
Squ alane +- glyceri ne 3
Chromosorb 103 4
Pennwalt 223 5
P EG-1500 6
PEG-20M 7

Ethyl-, isop ropyl- a nd tert.-butylam ine
Ethyl- and isopropylamine
Allyl- and tert .-butylamine
lsopropyl-, isobutyl- and tert.-butylam ine
II-Propyl- and a llylam ine
Isobutyl- and sec .-butylam ine
Ethyl-, II-propyl-, isoprop yl-, all yl- and lert .-butylam ine

, Notes :
( I) 15 % THEED + 5 % TEP on Chr omo sorb W AW DM CS , 60-80 mesh , 3 m x 3 mm I.D. ,

60", N 2 flow-rate 58 ml/rnin.
(2) 20 % trieth an olamine o n Celite 545, 60-80 mesh , 3 m x 3 mm I.D., 70°, N 2 flow-rate

50 ml/rnin.
(3) 20 % Squalane -I 2.5 % glycer ine -\- 2.5 % KOH o n Diasolid L, 60-80 mesh , 3 m x 3 mm

I.D., 60", N2 flow-rat e 50 ml/rn in.
(4) Chro mosorb 103, 60- 80 mesh , 3 m x 3 mm I.D. , 130°, N2 Row-rat e 57 rnl /rnin.
(5) 28 % Pennwalt 223 -I- 4 % KOH on Gas-Chrom R, 80-100 mesh , 3 m x 3 mm I.D., 60°,

N 2 flow-rate 57 ml/rnin.
(6) 0.5 % PEG-1500 + 0.2 % KOH on Car bopac k B, 60-80 mesh , 1.5 m x 3 mm I.D., 75°,

N 2 flow-rate 50 ml/rnin.
(7) I.3 % PEG-20M -t 0.3 % KOH on Carbopack B, 60- 80 mesh. 1.5 m )/ 3 mm J.D ., 50°,

N2 flow-rate 50 ml/rnin.

2

6

o 10

14

20
(min)

Fig. I . Gas chro matog ram of sulphur-co nta ining Schiff bases, obtain ed with an SF-96 glass ca pillary
co lumn and an FID. G C co ndi tions , (b). Sampl e con centration , 1· 10- 5 mole /ml ; sam ple injected,
1/11. Peaks of sulphur-containing Schiff bases : I = ethanol (so lvent) ; 2 ~ THA (excess); 3 '= meth­
ylamine; 4 = et hy larnine ; 5 = iso propylamine ; 6 = tert.-butylamine -I II-pro pylam ine ; 7 ~ al­
lylamine ; 8 = sec .-buty lamine; 9 = isob uty lamine; 10 = n-but ylamine ; II = isoamylami ne ; 12 ~
II-amyl am ine; 13 = n-he xyJam ine; 14 = n-heptylamine.
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Fig. 2. Gas chr omatogram of sulphur-containing Schiff bases obtained with a PEG -20M glass
cap illary co lumn and an FID. GC conditions, (c). Sample concentration and volume injected as in
Fig. I. Peaks of sulphur-conta ining Schiff bases: 1 ~ eth anol (solvent); 2 = isopropylamine; 3 =

meth ylam ine ; 4 = ethylamine ; 5 = tert.-butylamine ; 6 = THA (excess) ; 7 = sec.-butylamine;
8 ~ n-propylamine; 9 = isobutylarnine; 10 ~" n-butylam ine; I I =- a llylamine ; 12 = isoarnylamine ;
13 ~~ n-amylamin e ; 14 ~ n-hexylamine ; 15 = n-heptylaminc.

I

............ ·i .
\ .

'-.

FI O( m onit or )

F P O _~ ..__ ~
o 5 10 15 20 25

(m i n)
30

Fig.' 3. Gas chromatogram of sulphur-conta ining Schiff bases obtained with a PEG-20M glass
capillary column and an FPD and FI D (monitor). GC cond itions, (c). Sample concentration and vol­
ume injected as in Fig . 1.
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of the FlO for the derivatives of the CCC4 amines, the sensitivities for the derivatives
of the CS-C7 amines were similar. The first peak eluted from the PEG-20M column
was the derivative of isopropylamine; the derivative of n-heptylamine was eluted
within about 30 min.

The optimal flow-rates of the purge gas, hydrogen and air or oxygen in FPDs
when using glass capillary columns have been described recently">", In this study of
these optimal conditions the derivative of n-butylamine was used. At flow-rates of the
purge gas from 50 to 110 ml/rnin, peaks with considerable tailing were obtained.
At flow-rates greater than 200 ml/rnin the sensitivity was lower, but the tailing was
only slight. Therefore, the optimal flow-rate of the purge gas was about 150 ml/rnin.
At flow-rates of hydrogen from 40 to 70 nil/min a lower sensitivity of peak detection
occurred, and the optimal flow-rate was about 80 ml/rnin. The flow-rate of air was
maintained constant at 50 ml/rnin.

In the presence of 100 molar equivalents of ammonia and dimethyl-, tri­
methyl-, diethyl- and triethylamine, no evidence of interference was found in the gas
chromatogram.
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COM PA R ISON OF T WO GAS-LIQU ID C HROMATOG RAPHIC MET HO DS
FO R THE D ET ERMIN ATION O F NITRAZ EPAM IN PLASMA

LAU R I KANG AS

Departm ent of Pharmacology, University of Turk u, 20520 Turk u 52 (Fin land)

(First received Sept ember 29th, 1976 ; revised ma nusc ript received December 16th , 1976)

SUMMA RY

Nitrazepam in plasma was determined by gas - liquid chro ma tography with a
nickel- 63 electron-capture detector, unch anged by a direct method and also by a
hydrolysis meth od . T he extraction in the direct meth od was ca rried out with benzene­
d ichlorornethane (90: I0) and in the hydrol ysis meth od with d iethy l ether. The
hydrolysis was perfo rmed with 6 N sulphuric acid . T he hyd rolysis product was
extracted with toluene-s-heptane-ethyl acetate (80 :20 :5) di rectly from acid. Thus the
com monly used cha nge in p H was omi tted .

N itrazepa rn co ncentrations in plasma were determined in 10 health y vo lunteers
after two oral doses (5 an d 10 mg) ; 0.5 011 of plasma was used for each determinati on
and clon azeparn, methylb rom azepam and meth yln itrazepam were used as internal
sta nda rds . Th e recoveries of the meth od s a re a lmos t q ua ntitative ( >96 %). The two
meth ods are clinically com parable.

Th e high sensitivity a nd spec ificity ma ke these meth od s useful in clinica l
determinatio ns of nitrazeparn in plasma. Ad vantages and disadvantages of both
methods are discussed .

INTRO DUCTI ON

T he structures of the wide ly used hypn ot ic d rug nitrazepam * and the ant i­
ep ilept ic drug clo nazepa m are similar, th ey undergo the same metab ol ic reactions' r'
and have related pharm acokinetic characte ristics'r'r". They ca n be ana lyzed by gas­
liquid chroma to gra phy (G LC) by almost ide ntica l methods-".

Nit razepam a nd clonazeparn, like man y ot her benzod iazepin es, are determined
by G LC in two ditTerent ways, either unchan ged or a fter ac id hydrol ysis to benzo­
phenones. Bot h of these metho ds have been used successfully, for example, in ana lyzing
diazepam, but th e determination of nitrazepam and clonazepam is more difficult
witho ut ac id hyd rolysis ow ing to the tai ling of their pea ks in G LC.

• Nit razeparn 7-nitro-5-phenyl-1,3-dihydro-2 H-1,4-benzodiazepin-2-one ; methylnit razepam
7-nitro-5-pheny l-1,3-dihydro- l -methyl-21-1 -1,4-be nzodiazepin-2-one ; clonazepam - 7-nitro-5-(2'­

chlorophenyl)-1,3-dihyd ro-2H-1,4-benzod iazepin-2-one; methyl brom azepam ~. 7-bromo-I ,3-dihy­
dro- l- met hyl-5-(2-py ridyl) -2H-I,4-benzodiazepin-2-one.
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Direct analyses of clonazepam in plasma by G LC have been publi shed by
Neestoft and co-workers'i-", Berl in and co-w orker s'v' " and Gerna and Mor selli" , but
Knop et alY and De Silva and co-workers' s-!" could not obtain satisfac tory results.
Nitrazepam, with its shorter retention time, sho uld give a better peak shape than
clonazepam. However, there have been only a few reports on its d irect G LC deter­
rninati on' e?", and such methods are not sensit ive enough to be used in clinical or
pharmacokinetic analysis": Methylati on and trimethylsilylation' "-" have been used
to improve the characteristics of nitrazepam in GLC. However, most nitrazepam
determinations have been made after acid hydrolysis4

,7 .

Both methods described here give clinically identical result s, but they differ
in principle. Some minor metabolites of nitrazepam (3-hydroxynitrazepam and per­
haps some unknown metabolites-v' r" ) yield the same end-product as nitrazepam
itself on acid hydrolysis. The amount of possible metabol ites of nitr azep am is very
small, and the acid hydrolysis method is regarded as being specific for nitrazepam4,7.

In this study there is a small, statist ically significant, but clini cally negligible, difference
bet ween the se two methods.

The aim of this study was to develop a rapid and simple direct method for
det ermining nitrazepam in clinical and biological samples, to compa re it with the
hydrolysis method and to simplify the latter.

EX PER IM EN TA L

Thirteen healthy volunteers, five female s and eight male s, aged 21-38 yea rs and
of weight 58-73 kg, received no benzodiazepines for 3 weeks and no food for 3 h
prior to the test. They were first given a 5-mg nitrazepam tablet (Dumex, Copenhagen,
Denmark) at 7 p.m., then 3 weeks later two 5-mg tablets (a 10-mg dose). Blood
samples were collected in heparinized tubes at 0, 1, 1,2,3,4, 12 (or 14),24,48 and
72 h after administration of the nitrazepam. After centrifugation of the blood, the
plasma was separated and stored at -20° until analyzed. Three of the volunteers
received placebo tablets.

Apparatus
A Varian Aerograph Model 2100 gas chro matograph equipped with a nickel-63

electron-capture detector (ECD) (potential 90 V, specific acti vity 5 Cjg), was used
with a du al-channel Omniscribe 5211-4-2A (Houston Instruments) or dual-channel
Varian Aerograph Model 20 strip-chart recorder, together with U-shaped borosilicate
glass columns of length 5 or 6 ft., LD . 2 mrn and O.D. ! in.

A Buhler Sm-2 mechanical shaker, shaking speed 150 rpm , was employed.

GLC conditions
The carrier gas was nitrogen (AGA, Hel sinki, Finland, 99.99 5 % purity) at a

flow-rate of 40 ml/rnin. Molecular sieve 13X was used for decontam inati on and
drying of the carrier gas . The columns were packed with 3 %O V-17 on 100-1 20-mesh
Chromosorb W (Varian, Palo Alt o, Calif. , U.S.A.) or 3 %SP-2250 on JOO-120-mesh
Supelcoport (Supelco, Bellefonte, Pa., U.S.A .). The temperatures were : injector,
275°; column, 245° (indirect method) or 275° (dire ct method) ; and dete ctor, 340°.
Silani zat ion of the columns was effected with Silyl-8 (Pierce, Rockford , Ill., U.S.A .).
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Reagents
The following analytical-grade reagents were used : dipotassium hydrogen

orthophosphate (anhydrou s) (J . T. Baker, Phillipsburgh, N.J., U.S.A .), diethyl ether
(Merck, Darm stadt , G .F.R . or Koch-Light, Colnbrook , Great Britain), sulphuric
acid, benzene, dichloromethane, toluene, n-heptane, ethyl acetate, acetone and n­
hexane (all from Merck). The solvents were used witho ut distillation.

Standard and internal standards
Pure nitrazepam , clonazepa m, meth ylnitrazepam , meth ylbromazepam and

2-amino-5-nitrobenzo phenone (ANB) were kindl y donated by Hoffman La Roche
(Basle, Switzerland) and by Dumex (Copenhage n, Denmark).

Preparation of standard solutions
All sta nda rd solutions were prepared according to De Silva et al.14 using

absolute eth anol , acetone and n-hexane-acetone (80:20) as solvents.

Statistical tests
The paired t-test, linear regression and correlation were used.

Analy tical methods
The plasma samples were thawed at room temperature overn ight. Each of

two 0.5-ml portions were pipetted into IO-ml glass-stoppered con ical test-tubes con ­
taining the interna l sta ndard corresponding to 50-75 ngjml of clonazcpa m or 30 ngj
ml of meth ylnit razep am or meth ylbromazepam in plasma. Standards corresponding
to 0, 5, 10, 25, 50, 75 and 100 ngjml of nit razepam in plasma were also prepared.
About 50 mg of anhydrous dipotassium hydrogen orthophosphate were added in
order to produce a slightly alkalin e pH (about 9). The tu bes were vor texed for a
sho rt period to dissolve the phosph ate .

Extraction steps. ( I ) Direct method (unchanged nitrazepam) . A 3.3-ml volume
of benzene-dichloromethane (90: 10) was added to the plasma sample, the tubes were
shaken for 10 min in a Biihle r sha ker and centrifuged (800 g for 10 min) at room
temperature. A 3-ml a liquot of the upper organi c phase was tr ansferred into a clean
test-tube, evaporated to dryness in a 60° water-bath under a gentle stream of dry air
and finally dried in a vacuum oven at 50° for 2- 4 h.

(2) Hydrolysis method . A 3-ml volume of diethyl ether was added to the
sample. Aft er shaking for 10 min and centrifuging (800 g for 10 min) , the ether layer
was nearl y completely transferred into a clean test -tube (glass sto pper). Another 3-ml
porti on of dieth yl ether was added to the plasma sample. Wh ile the steps of the
second extr action (shakin g and centrifuging) were bein g carried out, the first portion
of ether was evaporated to dryness in a 50° water-bath under a gentle stream of dry
air, then 1.0 ml of 6 N sulphuric acid was added to the residue. The second diethyl
eth er extract was pipetted directly on to the acid . Th e tubes were sha ken and cen­
trifuged as before and diethyl ether was removed by suction. The tubes containing
the acid phase were placed in a 50° water-bath to remo ve the remainder of the diethyl
ether, and finally in a 100° oil-b ath for hydrolysis for I h (see Discussion for the
optimal time of hydrolysis). Th e tub es were closed tightly after 10 min and cooled
to room temperature in a water-bath. A 3.3-ml volume of toluene-n-heptane- ethyl
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acetat e (80 :20 :5) was pipetted direct ly on to the acid. Aft er sha king and centrifuging
as before, a 3-ml aliquot of the upper organic phase was transferred into a clean
test-tube, evaporated to dryness in 60° water-bath under a gentle stream of dry air
and dried in a vacuum oven at 50° for 2-4 h.

Analysis by GL e. ( J) Column pre-treatm ent in the direct method. The determi­
nation of nitrazep am with a normally sta bilized (silanized) column does not give
sa tisfac tory res ults becau se of ma rked tailing of the peak. Benzene-dichloromethane
(90: 10) extract s of plasma seem to co nta in so me un specific impurities, which decrease
the ab sorption of nitrazepam (and clonazepam) o n the column (see also refs. 13 and
14). These extracts a re obtained by extracting I ml of reference plasma in the same
manner as the nitrazepam samples in the direct method . An other p lasma extract
containing nitrazepam and clonazepa rn (about 200 ngjml each) can be prepar ed to
control the peak sha pe and sepa ra tio n of nitrazepam and c1onazep am . The residue
is dissolved in 150 ,ul of n-hexane-acetone (80 :20) and 1-2111 is injected into the
column. Repeated silanizat ions and injections of extracts at high temperatures
(270-285°) sta b ilize and inac t ivat e the co lumn. Decreasing the oven temperature
overn ight to 150 0 may also assist the inacti vati on . To avoid detector and co lumn
contamination , not more than 2 111 of extract sho uld be injected at a tim e. The
influence of co lum n stabiliza tion is illust rated in Fig . I .

( 2) Analysis of unchanged nitrazepam , The samples ar e dissolved in 150 III
of n-hexane- acetone (80: 20) after the sta biliza tio n of the co lumn and a 1.5-111sa mple
is injected int o the gas ch romatograph at 275°.

(3) Analysis of ANB (hydrolysis method). The sa mples are dissolved in 300 III
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I Diazepam,/1N-demethyldiazepam
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Fig . I. Influ ence of column sta bilizat ion o n the peak sha pes of nitrazepam a nd donazepam. Curve
A: a sa mple co nta ining 20 ng /ml of oxazepam , 10 ng jrnl of diazepam and N-demeth yld iazepam , 30
ng/rnl of methylnitrazepam and 50 ng /rnl of nitrazeparn and clonazeparn before column stabilization .
C urve B: the sa me sa mp le after co lumn stabilizatio n (repeat ed injecti on s of referen ce plasma extract
a nd si lanizatio n). Co lumn, 3 % OV- 17; tem pera ture, 275".
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of n-hexane-acetone (SO :20) and 1.5 II I is injected into the gas chromatogr aph at 245°,
No special column inactivat ion is needed. A typical gas chromatogram is shown in
Fig. 2.

1.0

0.8

I

0.6 II
]I

OJ
Vl
C

~ o.l,
VI

~

....
a
~

u
OJ
~

OJ
0

~ ~
2 t; 2 l,

Retention time
( minutes)

Fig. 2. Typical gas chromatog rams obta ined in the hydrolysis method. C urve A : a refere nce plasma
sa mple co ntai ning 50 ngfml of AN CB as intern a l sta ndard (II). Curve B: a plasm a sample co n­
tain ing 50 ngfml of ANB (I) a nd AN CB (II ).

Calculation of the results
The qualitative determination is based on retention time s. The quantitat ive

result s a re calculated from the peak height s using the rati o of the peak height of
nitrazepam (or ANB) to the peak height of the internal standa rd. Standard graphs
are pre sented in Fig. 3 (unchanged nitrazepam) and Fig. 4 (ANB).

Ratio
Nnrozepcmrf.tonoz e porn

1251
100r

""[
::Lr,/ I ' , ,_" .'--

10 25 50 7 5 100 150 200
Cor-centrcuon a t rut rczepcm in pla sma (ng/m J)

F ig. 3. Standard gra ph for plasma nitrazepa m in the d irect metho d. Mean ± SE M of five standa rd
series on different day s. Intcrnal standa rd, clonazep am (150 ng /rnl).
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Fig . 4. Standard graph fo r plasm a ANB (n itrazepam after acid hydrolysis). Mean :L SEM of six
stan dard series on different days. Intern al sta ndard, ANCB (75 ng/rnl).

R ESULTS

Comparison of the methods by linear regression and correlation
The direct and hydrolysis met hods, different internal standards in the direc t

method (methylnit razepam and methylbromazepam in comparison with clonazepam)
as well as the internal and external standards are co mpared by correlation and linear
regression in Figs. 5, 6 and 7, respect ively. In all instances there is a very significant
correlation (p < 0.001) between the concentrations compared.
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Fig. 5. Co rrela tion a nd linear regression of plasma concentrations of nit razepam (ng /ml) in the
who le mat erial mea sured by the d irect and acid hydrolysis method s.
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Fig. 6. Co mparis on of d ifferen t internal sta nda rds in the dire ct met hod . Th e plasma concent ratio ns
of nitrazcpa m (ng jrnl) are compared by correlation and linear regresssion by using clonazepam and
mcthylnitrazep am (a) as well as clonazepa rn and rnethylbro rnazepa rn (b) as intern a l standa rds. In
all insta nces a very significan t cor relation (p / 0.00 1) is found. For fur ther deta ils, see text.
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Fig. 7. Co mparison of external and internal sta nda rd ization. T he plasma co ncentra tions of nitra­
zepa m (ng frn l), found with both of these systems, a re compared by correlation and linea r regression
in the direct (a) a nd hyd rolysis (b) met hod s. A very significa nt co rrelat io n ( p - : 0.(01) is fou nd in
both instances.

Comparison of the methods by paired t-test
The same comparisons as above were made by the paired t-test in order to

contro l the specificity of the meth ods. The comparisons are presented in Table I,
which indicates the ident ities of all intern al standards used in this study. In the d irect
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TA BLE I

PAIR ED I-TESTS IN D IFFERENT MET HO DS

A : Comparison of direct (Di) and hydrolysis (H) meth ods. B: Comparison of different internal
sta nda rds [clon azepa m (C L) and met hyln itraze parn (MN)] C, Com pa rison of different intern al
sta nda rds [clonazepam (C L) and meth ylbrom azepa m (M B)]. D : Compariso n of interna l (INT) and
external (EXT) sta ndards in dir ect (Di) a nd hyd rolysis (H) methods . SD ~" sta ndard deviation;
N.S. = not sign ifica nt.

Param eter A B C D

Di H

Mean nitrazepam
co ncentra tio n in plasma
(ng jm l) Di 39.4 C L 47.9 C L 22.2 I!'<T 25.4 27.3

H 41.2 MN 46.8 MB 22. 1 EXT 27.6 26.4

S D 0.4 80 0.681 0.544 2.023 1.076
t 3.737 1.632 0.115 1.721 0.774
p -::0.00 1 N.S. N.S. N.S. N.S.
II 172 18 18 18 18
- - -- _._ - - _.•".__.,. ---._---~ ~ . -_.... ~---~--_._.-

-- _ .__.- ".__.... -

method , the calculat ed nitrazepam concentrati on s (39.4 ngjml ) a re lower th an those
in the hydrolysis method (4 1.2 ngjml ) (p < 0.001).

Precision
Identical samples cor respo nding to 50 ngjml of AN B in plasma were injected

20 times repe atedly int o the gas ch rom atograph a nd the pea k heights were measur ed.
The resulting precision of the appa ra tus, peak-height measurement a nd inj ection s on
the same da y are show n in Table II (co lumn A).

One plasma sample corresponding to 50 ngjml of A N B and 2-am ino-5-n itro­
2'-chlorobenzophenone (ANCB) (internal stan da rd) was injected 10 times repeatedly
and the ratio of the peak height s of ANB and ANCB was ca lculated . Column B in

T ABL E II

PR ECISIO N AN D R EPROD UCIBILI TY O F TH E ME T HO DS

A : Precision on the same day by using exte rna l sta ndar d [pea k height of AN B (em) measured] . B:
Precision on the sam e da y by using intern al sta nda rd (pea k-height ra t io of AN B to A NCB ca lcu­
lated ). C : Rep rodu cibility by using external sta nda rd [pea k height of nitrazepam (em) measured]. D :
Reprodu cibility by using internal sta nda rd (pea k height ra tio of nitrazepam to clonazepam ca lcu­
lat ed). SD = Standa rd deviation ; SEM = sta nda rd error of the mean : CY -rr coefficient of va ria­
tion . For further exp lana tions, see text.

Parameter A lJ C D

Mean of peak height
or peak-height rat io 9.2 1 0.905 3.56 1.015

S D 0.78 0.0 13 0.49 0.064
SEM 0.17 0.004 0.11 0.0 14
CY 0.085 0.0 14 0.139 0.063
I 52.8 224.2 32.2 71.2
II 20 10 20 20
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Table II illustra tes the intra-day preci sion of the apparatus and peak-height measure­
ment.

Reproducibilit)'
The reproducib ility was studied by preparing 20 ident ical plasma samples,

co ntaining 25 ng/ml of nitrazepam and c1onazepam, and a na lyzing them on different
days (dir ect meth od). Columns C and 0 in Table II represent the reprodu cibility of
the method by using the external standard (the peak heights mea sured) and internal
standard (the ratio of the peak heights of nitrazepam and clonazepam measured) ,
respectively.

Reliability
The reliability of the method s is illustra ted as percent age recovery in Tabl e Ii I.

The tests of recovery from plasma were performed by adding known amounts of
nitrazepam and clo nazeparn to the dried extracts of reference plasma in order to
avo id peak tailin g, whic h always occurs when the se drugs a re injected into th e gas
chroma tograph in pure orga nic so lutions. In thi s table, the recovery of A N B from
6 N sulphuric acid in co mpa rison with the recovery from alka li? is al so presen ted.
The mean peak height of AN B, extracted from acid, was 7.94 em and from al kali
7.84 cm . In the paired t-te st the standa rd error of the mean (SEM ) was 0.146 a nd
t ."'-= 0.687 (n = 14). Thi s result con firms th at the change of pH is unnecessary in
AN B extracti on .

TA BLE III

RECOV ERY T ESTS ON TH E METHODS A N D R ECO VERY O F AN B FROM ACID A ND
AL KA LI

A: Recovery ( %) of nitrazepam in the d irect met hod (in te rna l sta ndard clon azepam). B: Recovery
( %) o f nit razepam in the hyd rolysis method (interna l sta ndard clonazeparn) . C: Recovery ( %) of
AN B (ANB hydr olysis prod uct of nit raze pa m) fro m 6 N H2S04 a nd from alka linize d solution.
For further details, see text.

Param eter A B C

6 N H 2SO4 Alkali'

n 20 10 14 14
Mean recovery ( %) 97.44 96. 80 95 .36 95.16
S D 4.66 3.30 5.43 8.03
SE M 1.04 1.04 1.45 2. 15
Lar gest valu e 106.0 103.4 109.9 113.5
Smalle st va lue 9 1.0 92. 1 86.4 84.5
Concentra tio n ran ge

in plasma (ngjml) 5--150 5- 150 10- 200 10- 200

DISCU SSIO N

Man y GLC method s for the dete rmin ation of benzodiazepines are incon ve­
nient owing to the large volumes of distilled analytical-grade org anic solvents and
man y working steps involved 7 , 12- 14 , I7 , 18 . Aggarwal et al.", Horning et al ," a nd
Kan gas et al.25 successfully used salt-solvent systems for separating drugs and drug
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metab olites from biological samples. In ou r work, these rap id systems were modified:
solid dipotassium hydrogen ortho phos phate is added to bu ffer the pH of the samples
to about 9. The volume of the samples is kept to the minimum and the amo unt of,
organi c solvent may be diminished . Handling of the small samples is con venient an d
the evaporation rapid . The validi ty of the ext raction systems used was discussed by
Melle r Jensen" and Beharrell et al,' (nitrazepam), Nastoft et al.8 (c1onazepam), Berlin
and co-workers''-!" (diazepam, its metabol ites and c1onazepam ), De Silva and co­
workers'<'" (clonazepam and flunitrazapam) and Kangas el al.25 (diazepam and its
metabolites). In the direct method , the working steps are minimized. In the hydrolytic
method , relatively numerous steps rem ain in spite of omitting the regularly used but
unnecessary change of pH in extr actin g AN B.

Th e problem with the direct meth od is the tailin g of the nitrazepam pea k in
GLC analysis. The inact ivat ion of the column is sometimes diffi cult and time con­
suming. However , once the column is ina ctivated , it can be used continuously and
successfully for the ana lysis of plasma samples for nitrazepam and clonazepam. It is
necessary to use sta nda rds that are prepared throu gh the meth od in ord er to avoid
the peak ta iling. OV-17 is a better liquid phase tha n SE-30 ; the latte r doe s not separa te
nit razepam and clon azepam completely.

The time of ac id hydrolysis is not criti cal. The optimal time in 6 N sulphuric
acid and at 1000 seems to be 30 min , but no significant decrease in recovery was found
with lon ger time periods up to 2 h (recovery better than 90 % bet ween t and 2 h).

As Figs. 6 and 7 indicate , the use of an interna l sta ndard in compa rison with
an extern al sta ndard result s in sma ller errors, no matter which interna l sta nda rd is
used . Meth ylbromazepam is of specia l value in the direct meth od , becau se it can also
be used as the internal standa rd in determining dia zepam and its metab olites. In
clin ical studies, it is imp ortant not to use any benzodiazepine dru g or in vivo metab­
olite as the interna l standard becau se of the wide use of these d rugs. If any doubts
abo ut the validity of an internal sta ndard exist, the use of an external standard should
be considered .

The difference found between the method s may be explained by the minor
metab olites of nitrazepam2 ,21 , 22. These metabolit es are not determined in plasma as
such by G LC. Th e difference, a lthough it is sta tistica lly very significant, is too sma ll
to be dete cted reliabl y in individual samples, a t least after a n acute dose of nitrazepam .
Both of the meth od s may be con sidered to be specific for nitrazepam .

Th e redu ced metabolite s of nitrazepam (7-aminonitrazepam and 7-acetamido­
nit razepam ) are not measurable by the described methods with suffi cient sensitivity.
Th ese metabolites ar e perhaps clinically inacti ve26

, 27 and their dete rmination has
only a slight value for clinica l purposes. Th ey can be determ ined by fluor imetric
meth od s2 ,5 , 28 ,29 .

The following advantages and disadvantages may help in selecting suitable
methods for nitrazepam determinati ons.

The ad vantages of the direct method are that extr act ion is easy and rap id, the
sensitivity (about I ng/rnl ) and specificity are goo d and simultaneo us quantitati ve
ana lysis of other benzodiazepines in the same sa mple is possible. Its disad vantages are
the toxicity of benzene (ventilation needed), absorption of nitrazepam occurs in the
GLC column and spec ia l ina ctivati on ma y be needed, a high temperature is required
in GLe and the peak s, altho ugh symmetrical, a re not sharp.
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The adva ntages of the acid hydr olysis meth od are th e very good sensitivity
(0.2-0.5 ng/rnl) , G LC analysis is easy and th e peaks are sharp and symmetrica l,
purificati on of the sa mples occurs in the extrac tion steps a nd no specia l column
sta bilization is needed . Its disad vantages are that extrac tion is time co nsuming (ma ny
steps), selection of an intern al standard may be difficult if clonaz epa m is not to be
used and some metabolites of nitra zepam are hydrolyzed to the same ben zophenone
as nitrazepa m itself.

In the clinica l monitoring of nitrazepam in plasma and when rapid analyses
of, for instance, toxicol ogical plasma sa mples are required , the di rect method is to
be pre ferred, becau se it is fa irly rapid a nd simple. In more urgent cases, the d rying
of the ext racts in the vac uum can be om itted . On the other hand, if samples conta in
man y impurities (e.g., tissue sa mples) o r ext remely low concentrat ion s of nitr azep am ,
the hydrolysis meth od is to be preferred becau se it is more sensitive a nd the samples
are purified du rin g the extraction. Improved specificity and reliabi lity of the qu ali­
tat ive a nalysis of unknown sa mples a re ac hieved with pa rallel use of the method s.

In co nclusion, the two meth od s for the determinati on of nitrazepam at th era­
peuti c co ncentra t ions in plasma described here do not measu re the main met abol ites
of nit razepam . Th e results of the method s a re co mparable a nd both meth od s ar e
suita ble for clin ical and pharmacok inetic stud ies of nitrazepam. Th e di rect method
can be used for an alysing con centrati ons of clonazepa rn and dia zepam and its
metab olites in plasma.
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SUMMA RY

A method for the qu antitat ive con version of traces of aldehydes and ket ones
to their 2,4-dinitrophenylhydrazones a t room temperature is presen ted. The 2,4­
dini trophenylhydrazones of a nu mbe r of a lipha tic and arom at ic carbonyl compounds
have been prepared. Th e co mpo unds were separated on a reversed-phase ,uBondapak
CIS column. The meth od is va luable in the qu antitative determination of traces of
low-molecular -weight a ldehydes and ketones. Derivati ves of iden tica l mo lecula r
weight ca n be eas ily sepa ra ted by high-pressure liqu id chro matogra phy but not by gas
chro matog raphy under the conditions tried.

INTR OD UCTI ON

High-pressure liqu id chromatograp hy (HPLC) is becoming a powerful tech­
niq ue for the analysis of trace co mpo nents. Liquid chro ma togra phy (LC) has man y
of the advantages of gas chro matog rap hy (G C) such as speed and accurate qu antitative
ana lysis, and some added advantages such as capa bility to ana lyze high-m olecular­
weight or thermally unstable compo unds . However the ap plicability of LC to trace
ana lysis has been limited because of the few typ es of dete ctors co mmercially avail able.
Int rod uction of the variable-wavelength detector and the development of totally porous
small-particle packi ngs are a llowing separa tions at least as good as th ose obta ined
by GC, with the needed sensitivity.

Nanogram quantit ies of certa in groups of compounds such as a lipha tic al­
cohols, aldehydes, keton es, acids, etc., cannot be selectively detected by G C or LC.
One approach to ove rco ming the detection probl em is to tag the compo und by
adding a group th at renders it detectable. Thi s approach ha s been used extensively
in GC and is ga ining in importan ce in HPLC.

. Derivatives that abso rb stro ngly in UV light have been prepared for HP LC.
Hydroxy steroids have been benzoylated", the 3,5-dinitrobenzoates of glycols have
been formed ' , and hexachl orophene has been detected via its p-methoxybenz oate
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derivatives'. The HPLC response of fatty acids has been improved by the formation of
benzyl", p-nitrobenzyJ5, 2-naphthacyI6, and phenacyl":" esters.

Carbonyl compounds have received much attenti on recently because of all
increas ing realization of their importance when pre sent in trace am ounts in ai r pol­
lution, vegetable flavoring, cigarette smoke, and the aroma of commercial beverage s.
The method mo st commonly used to determine traces of these compounds is to form
the 2,4-dinitrophen ylhydrazone and determine that derivati ve by GC or HPLC. The
detectability of l7-keto ste ro ids has been enhanced by the form ation of the 2,4­
dinitrophenylhydrazone? such that as little as 10 ng of steroids was detected 10. The
2,4-dinitrophenylhydrazones of a number of aliphatic and aromatic carbonyl com­
pounds have been synthesized and successful sepa ra t ion of C1-Cs 2,4-d initrophenyl­
hydrazones was obtained on pellicular LC columns"!' . It was rep orted- th at the re­
tention times of the 2,4-dinitrophenylhydrazo nes of carbonyl compounds with six
or more carbons tend to merge becau se the so lubilities in the hydrocarbon mobil e
phase are nearly the same. Ad sorption chromatography was used in all the reported
HPLC separations.

The quantitativ e conversion of aldehydes and ketone s to th eir corresponding
2,4-dinitrophenylhydrazo nes on a microscale has not been investiga ted.

In thi s article, the qu antitative conversion of aldehyde s and ketones to their
co rresponding 2,4-dinitrophenylhydrazones on a microscale at ro om temperature is
reported. The separation of same-mo lecular-weight a ldehyde s and ketones co uld not
be accomplished by GC but was achieved by HPLC. The separation of the 2,4­
dinitrophenylhydrazones of aldehydes and ket ones has been extended to higher
molecular weights , aldehydes and ket ones (above 6 carbon ) by using reversed-phase
HPLC.

EX PERIMENTAL

Preparat ion of 2,4-dinitrophenylhydrazine reagent
The 2,4-dinitrophenylhydrazine reagent was prepared by adding 0.25 g of

2,4-dinitrophenylh ydrazine to 100 ml of 6 N hydrochloric acid.

Preparation of 2,4-dinitrophenylhydra zones
The 2,4-d init rophenylhydrazones were prepared by sta ndard pr ocedures"

a nd pu rified by rec rystallizat ion from ethanol.

Conversion of propionaldehyde to its 2,4-dinitroph enylhydrazone on a microscale
To each of six Erlenmeyer flasks, 25 ml of water, 0.2 ml of the 2,4-dinitro­

phenylhydrazine reagent , 20 f.1g of propionaldeh yde and 10 ml of isooctan e were
added. The mixtures were stirred on a magnetic stir rer. At intervals, the two-phase
mixture was transferred to a separa to ry funnel and the two phases separated. The
aq ueo us phase was extracted with 10 ml of isooct ane , a nd the two isooctane fracti ons
were combined and extracted twice with 10 ml of acetonitrile. The acetonitrile extract
was concentrated and injected onto the liquid chromatogra ph (system II, see below).

High-p ressure liquid chromatography
A Waters Assoc. ALC 202 liquid chromatograph equipped with a U6K
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injector and a Schoeffel spectrophoto meter was used in this study . Two HPLC sys­
tems were studied .

System I. Adsorption chro matog ra phy on a prepacked 30-cm Microporasil
column (Waters Assoc .) using ethyl aceta te-hexane (I :49) as the mobile phase.

System 11. Reversed-phase chromatography on a 30-cm prepacked ,uBondapa k
Cl 8 (Waters Assoc.) co lumn using different ra tios of aceto nitr ile-water as the mobil e
phase.

Gas chromatography
A Hewlett-Packard 5700A gas chromatograph equipped with a Ni 63 electron

capture detector was used. Thi s instrument features on-column injecti on and direct
connection of the column to the det ector. Glass columns (4 ft. X 6 mm 0 .0. X 2 mm
1.0.) packed with various liquid phases on Chromosorb W AW OMCS (80-100
mesh) were used . The flow-rate of the argon-meth ane (95: 5) gas was 65 ml/rnin.

RESULTS AN D DISCU SSI ON

The reaction between propionaldehyde and 2,4-dinit rophenylhydr azine was
studied on a microscale a t room temperature. Propionaldehyde was added to an ex­
cess of the 2,4-dinitrophenylhydrazine reagent. The solution was extracted at int er­
vals and injected onto the HPLC. After 30 min , 67 % of propionaldehyde was con­
verted to the corresponding 2,4-din itrophenylhydrazone. Allowing the reacti on to
proceed for 15h did not substantia lly improve the yield (Table I).Th ese results indicate
that an eq uilibrium was reached in the aqueous phase when 70.6 %of the derivat ive
had been form ed:

TABLET

CONVERS IO N OF PROPI O NALD EH YD E TO ITS 2,4-D IN ITRO PHENY LH YDRAZONE
AT ROOM T EMPER ATUR E IN A ONE-PHASE R EACTION MEDIUM

Ti lli e ( 11) A dded (Jig) FOllnd (Jig) Reco very ( 'Yo )

I 20 13.4 671

I 20 12.4 62
2 20 13.5 67.7
4 20 I V i 63.3
6 20 12.4 62.2

15 20 14.1 70.6

When the same reaction is carried out with gram qu antities, the 2,4-dinitro­
phen ylhydrazone of propionaldeh yde precip itates immediately due to its low solubility
in the aqueo us pha se. The removal of the deri vat ive from the aqueous phase by pre­
cipit ati on shift s the equilibrium toward the form at ion of more der ivati ve and the re­
act ion is almost qu antitat ive. The water-insolubil ity of the 2,4-dinitrophenylhydra-
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TABLE II

CON VE RS IO N O F PROPIO NA LDE HY DE TO ITS 2,4-DINITROPH ENY UIYDR AZ O NE
AT ROO M T EMPER ATUR E IN A T WO -PH ASE R EACTIO N MEDIU M

Time ( min) Added (I,g) Found (,IIg) Recovery ( %)

5 20 10.7 53.5
10 20 15.1 75.3
15 20 17.0 XlU
20 20 19.8 99
25 20 20 100.4
30 20 20 100.7

zone of propionaldehyde indicat es that the reactio n could be made quantitative at the
microscale by using an aqueous-organic two-phase react ion medium. Prop ionaldehyde
and the 2,4-dinitrophenylhydraz ine reagent are water-so luble. Propion aldehyde re­
acted with the 2,4-dinitrophenylhydrazine reagent in the aqueo us phase. Partitioning
of the deri vati ve into the organic phase shifted the equilibrium of the react ion to the
right and allowed the react ion to go to completion . Propionaldehyde was qu an tita­
tively converted to its 2,4-dinit rophen ylhydrazone in 20 min (Table II, Fig. I).

The H PLC sepa rat ion of the 2,4-din itroph enylhydrazone s of carbonyl com­
pounds offer s man y ad vantages over the GC separation. Th e rep orted GC meth od s
capa ble of separa ting different a ldehyde deri vati ves and keto ne deri vati ves are not
capable of separating aldehyde derivat ives from ketone derivatives of the same molec­
ular weight (F ig. 2). G C columns having liqu id phases ran ging in polarity from a V-1
to a V-25 were tri ed in thi s lab or at or y to sepa rate the 2,4-dinitro phenylhyd razones
of acetone and propi on ald ehyde witho ut success . Base-line sepa ra tion of the 2,4-d i-
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Fig . I. Rate of co nver sion of pro pion ald ehyde to propionald chydc 2,4-din itropheny lhydrazone using
a tw o-phase reaction medium.
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Fig. 2. Gas chro ma tog ram of a mixtur e of 2,4-dinitro phenylhyd razo nes of carbony l co mpo unds on

a 2 % OV-17 co lumn.

nitrophenylhydrazone of prop ionaldehyde from the 2,4-dinitroph enylhydr azon e of
aceto ne was achieved on reversed-phase HPLC using a acet onitrile- wat er (3: 2)
mobile phase (Fig . 3). Aldehydes and ketones with four or five carbons were also
separa ted (Fig . 3). As expected , higher-m olecular-weight ald ehyde and ketone 2,4­
dinitroph enylhydrazones were retained lon ger on the reversed-phase co lumn. The
2,4-dinitrophenylhydrazo ne of the aroma tic aldehydes «-to lua ldehyde and salicyl-



276 S. SE LI M

90 -

o I
\\1

80 - c
80 -I

M
I Ao

70 - 70 -

TIME (MINUTESI

1 I I I I

2 3 4 5 6

INJECT

60 -

40 -

50 -

30 -

0-

20 -

10-

60 -

O I
\\ 1
0

I OI

I '"
50 - ~"

q~
w OI I

w \\1 U

z
U"

I
0 M
~ I I

'" ~
0w 0

a: I I M
'" 40 - 0

U I
w

"
<;.

~ MM G§ II
UU I

'" 0= '->
Go,I O I

I
M

I \\/
30 - U <;. U

G I

I

INJECT 0 :::-0

I

~
M

I
0

20 -

10 -

I I I I I I
10 12 14 16 18 10

0 - TIME IMINUTES)

Fig. 3. LC of a mixture of 2,4-d init ro phenylhyd razo nes of ald ehyde a nd ketone. Mob ile phase ace­
ton itrile- water (3 :2). F low-ra te, 3 mljmin ; press ure, 1000 p.s.i. : co lumn tempera ture amb ient ; UV
detect ion at 336 nm, 0.04 a .u.f.s.

Fig. 4. LC of a mixt ure of the 2,4-d initrop henylhydrazone of (A) tolu a ldehyde and (B) sa licylalde­
hyde. Conditons are the sa me as in Fig. 3, excep t a ace to nitri le-water (13 :7) mobi le phase was used .

a ldehy de were easily separated on the same column using a aceto nit rile-water (13:7)
mobile phase (F ig. 4). 2,4-Dinitrophenylhydrazo nes of aldehydes with eight , nine
or ten carbons were separated on the same column using acetonitri le-water (3 :I).
2,4-Dinitrophenylhydr azones of even higher a ldehydes and ketones should not be
difficul t to separate but would probably require a higher concentration of acet on itr ile.
Shorter columns co uld also be used effectively.

Reversed-phase LC offers some advantages over ad sorpt ion chro matography
for the separation of non-pol ar derivati ves. When adsorption chro matog ra phy is
used, the retention of a compound on the column dep end s on the interaction of the
compound with the packing and on the solub ility of the compou nd in the mob ile
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Fig. 5. LC of a mixtu re of the 2,4·dinitrophenylhydrazone of (A ) 4-hept anon e, (B) 3-heptanone
a nd (C) 2-hcp ta no ne o n a J ft . ;, lin . microporasil column ; mo bile phase, eth yl acetate-hexane
(2: 98). Flow-ra te. 3 ml/m in : pressu re, 1000 p.s. i. ; co lumn temperature, amb ient; UV detecti on at
336 nrn, 0.04 a. u.f.s.

phase. It has been found- that compounds containing six or more carbon atoms could
not be sepa rated on a Corasil I I co lumn using ethyl aceta te- hexane (3 :97) as mobi le
phase. The solubi lities of these com pound s in the mobi le phase were nearly the
same. Decreasing the eth yl acetate concentration to 2% and using a Microporasil
column allowed separation of the 2,4-dinitrophenylhydrazones of three heptanones
(Fig. 5). However, the 2,4-dinitrophcnylhydrazones of aldehydes with eight or nine
carbons could not be separated.
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SU MMA RY

The separation and determ ination of the 4-nitrobenzoate s of some mon o­
saccha rides, disacch ar ides and tr isaccharides by high-performance liquid chro mato­
graphy are described. The relati vely apolar deri vat ives permit rapid isocrat ic sepa­
rations on polar ad sorbents such as silica gel and alumina. Th e sugar derivatives are
detectable with high sensivity, detection limit s being in the nan ogram region for all
sugars tested. Th e extinction maximum of 260 nm permits the use of low-cost UV
detectors (254 nm). A co mplete an alysis tak es 70-75 min, 10-1 5 min of th is time being
needed for the chro matog raphic separation. The pra ctical aspects of the meth od are
demonstrated by some exa mples .

INTROD UCTI O N

Th e use of high-pe rformance liqu id chromatog raphy (HPLC) for the analysis
of trace amounts of sugars has previou sly been almost impossible owing to the low
sensitivity of detection . Hitherto , HPLC separa tions of carbo hydrates with various
sta tio nary phases have been described ' :". The absence of suita ble chromo phores
dema nds the use of refr acti ve index (RI) detectors, and the detection limit obtained
by these detector s is ab out 20 I~g of sugars.

Classica l liqu id chrom at ograph ic meth ods involve the use of cation excha ngers"
or sugar-borate co mplexes on anion exchangers with gradie nt elution for separatio n,
which is the principle of commercial sugar analyzersir", The detecti on is effected by
colour reactions after elution":" and dete ct ion limit s in the microgram region are
achieved. Better results ca n be obtained by using an oxida tive dete ctor that relies on
the reduction of cer ium(IV) to fluores cent cerium(llI) by the eluted carbohydrates".
Significant disad vantages of a ll classical liquid chro matog ra phic meth ods are that
they requi re severa l hou rs for one ana lysis and no anomer sepa rations are effected .

The sepa ratio n of perbenzoylated carbohydra tes int o the ir an omers by HPLC
using gradient elution was described by Lehrfeld!'. Another possibility for anomer
s,eparatio ns is offered by gas chroma tography (GC) follo wing silylation. The detection

• Th is paper is part of a " pos ter-presenta t ion a t the In tern ati onal Symposi um on Micro ­
chemica l Techniques 1977, Davo s, Swit zerland.



2!lO F. NACHTMANN, K . W. BUDNA

limit of such procedures using a flame-ionization detector is about 10 ng of sugar".
Recently, the esterification of digitalis glycosides with 4-nitrobenzoyl chloride

(4-NBCI) was described' :'. The derivatives showed excellent chromatographic charac­
teristics and detection limits were in the nanogram region!". Nitrobenzoates are more
suitable than the corresponding benzoates for trace determinations of carbohydrates.
The inco rpo ra tio n of an additional chromophoric group into the aryl portion of the
deri vati ve results in a shift of the wa velength of maximum ab sorption from 230 to
260 nm, and the detection lim it is lowered by a factor of ten !".

In this paper, the possibilities of the determination of carbohydrates by HPLC
are described.

EX PERI M ENTA L

Reagents
Sugars and sugar alcohols were provided by Merck (Darmstadt, G.F.R.),

Fluka (Buchs, Switzerland) and Serva (Heidelberg, G .F.R .). LiChrosorb SI 60 silica
gel and Alox T alumina (Merck) of particle size 5,um were used as stationary phases
in HPLC. All solvents used were of analytical-reagent grade (M erck). The reagents
used for derivatization were de scribed elsewherc'v'".

Instruments
For HPLC determinations, a Siemens S200 liquid chromatograph equipped

with a Zei ss PM-4 spec tro photo metric detector (260 nm) was used. The injectio n
systems were a Siemens pneumatic syringe injector (10 ,ul) and a Siemens loop in­
jector (50 ,ul).

Derivatization
The reaction is carried out in pyridine. The derivati zation was stud ied with

digitalis glycosides and can be used un ch anged with all carbohydrates except fru c­
to se, for which room temperature (20-22 °) must not be exceeded during all reaction
and isol ation steps . An exact de scription of the procedure was given elsewhere".

H PLC separations
Steel columns, 15 or 20 cm long and 3 mm 1.0., were filled by means of the slurry

technique using the mixture tetrabromoethane-dioxane-tetrachloromethane (I : I : I)
as solvent for the slurry and n-hexane as the pressure solvent" : For Alox T , a sus­
pension in methanol , saturated with n-hexane, was pressed into the column with n­
hexane, sat ura ted with methanol. This filling technique resulted in better columns than
the "balanced slurry" technique. On applying a pressure of 300 a tm, the pa cking of
o ne column is completed within 10 min .

The wavelength of detection was 260 nm, which is th e extinction ma ximum of
4-NB derivatives of sugar s!". All separations were performed isocratically a t room
temperature (20-22 °), thermostating being unnecessary.

RESULTS AND DI SCUSSION

A problem in th e dete rmination of monosaccharides is the equilibrium of a t
least six compounds (the two pyranoses, the two furanoses , the aldehydo or keto
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form and its hydrate) in solution, Hitherto, good separations were possible by the
GC of silylated derivatives12.1H -2o.

4-Nitrobenzoates permit similar separations by HPLC. o-Glucose and D­
mannose, which in aqueous solution exist only in the pyranose form at room temper­
ature" , result in the expected double peaks of the (t- and p-pyra nose, The sa me is true
for o-maltose, maltotriose and o-lactose, while o-saccharose, o-raffinose and the
sugar alcohols D-mannitol, o-xylitol and D-sorbitol result in a single peak. These
findings, together with the results of N M Rand UV investigations'", indicate the ab­
sence of decomposition products originating from the esterification reaction and ex­
traction of the derivatives.

Analogous to the silylat ion in pyridine!", anomerizations that occur in pyridine
during the preparation of the 4-nitrobenzoates for slowly mutorotating sugars such
as glucose are minimal, but only if the sugar is not dis solved in pyridine before the
derivatization is carried out. If the sugars are kept in pyridine, other anomerization
equilibria occur. Similar results were found for the benzoylation reaction of carbo­
hydrates!'. The method described can be used for the determination of proportions
of anomers in the nanogram range for slowly mutorotating sugars (see Fig. 3). How­
ever, these separations are disadvantageous for the determination of complex mix­
tures of monosaccharides as they result in increased peak overlapping between the
anomers of different monosaccharides.

Polar adsorbents such as silica gel and alumina are the mo st suitable for ef­
fective separations. They have the advantages that solvents of low viscosity can be
used as the mobile phase and it is possible to inject the derivatives, dissolved in chloro­
form, directly on to the column". For alumina, a strictly reproducible adjustment of
the water content is of great importance. This extreme dependence of the k' values
on water content for a series of sugar derivatives is shown in Fig . I. n-Hexane was
satura ted with water, ethyl acetate dried by molecular sieve 4A and a defined volume
of water subsequently added. In general, a considerable decrease in the k' values with
increasing water content is obvious, tending asymptotically towards a limit. For the
derivative of a-D-mannose, this limit is reached in the range investigated'. Disaccha­
rides can be eluted from the column only after the addition of water. The peak resolu­
tion decreases continuously with increasing water content, except for the pair of
derivatives of a-D-glucose and fJ-D-glucose. It is also interesting that the k' values do
not conform with the number of 4-NB groups in the sugar molecules, e.g ., the tri­
saccharide raffinose (with eleven 4-N B groups) is eluted before the disaccharides mal­
tose, saccharose and lactose (each with eight 4-N B groups).

As an example of a separation, Fig, 2 shows the mono-, di- and trisaccharide
composition of malt extract (Oxoid, London, U.K.; Code No. L. 39). The malt extract
can be derivatized directly, with no pre-treatment. The solvents for the mobile phase,
a three-component mixture consisting of n-hexane-chloroform-acetonitrile (10:2.5:3)
with the addition of 280 ppm of water, were pre-treated as described above: n-hexane
was saturated with water and chloroform and acetonitrile dried with molecular
sieve 4A. The first peaks, unmarked in Fig. 2, originate from chloroform, the solvent
for the derivatives, and reagent contaminants.

Glucose, maltose, saccharose and maltotriose could be identified by comparing
the retention values with those for reference substances. Whereas the peaks of a­
and p-D-glucose were not separated, good separations of the anomers of maltose and



282 F. NA CII TM ANN, K. W. BUDNA

3
2

e

5

10

15

20

4 5

6 7
8 9

I I I ------

0.1 0.2 0.3 0.4 0.5 0.6
- -- '/~ H20 added

F ig. I. k' values as a functio n of the water co ntent of the mobi le phase. I ~ «-n- Lactose (8); 2 ~
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of water added. Co lumn : Alox T, 5 /101, 20 em / 3 rnm I.D. Flow-rate : 1.8 ml/rnin , p oc ", 93 atm.
Injection volume : 10 p i.

malt otriose were achieved. Thi s co nsidera ble improve ment in separat ion with in­
creas ing size of the sugar molecules (higher degree of substitution) was also observed
on the 4-N 8 de rivati ves of digitalis glycos ides '", LiChrosorb Sf 60 has a bett er selec­
tivity than Alox T for ano mer separatio ns. Fig. 3 shows an anomer separa t ion of the

2
3

j -,-- •• -------

10 5 0
t [min] - ----

Fig. 2. HP LC of sugars (4-N B der ivat ives) in malt extract. I n-G lucose (f£- : (i-); 2 '0 a-D­
malt ose ; 3 = [f-D-maltose ; 4 = n-saccha rose ; 5 ~ «-ma ltotriose ; 6 = fl-maltotriose ; 7 .~ unknown.
Solvent system: n-hexa ne- ace tonitrile-chloroform (10: 3 :2.5), 280 ppm of water added. Col umn :
Alox T, 5 pm, 20 em X 3 mm LD . Flow-rate : 1.64 ml/min, p ~ 120 atm . Injection volume : 50 I II.
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Fig . 3. HPLC of the anomers of a- glucopyranose and l -methyl-o-glucopyran ose (4-N B derivati ves).
I = «-u -G lucopyra nose ; 2 C._ l-rn et hyl-c -n -gluc opyra nose ; 3 = fi-D-glucopyranose ; 4 = l-methyl­
fi-D-gluco pyranose. Solvent system : II-hexa ne-ethy l acetate (3: I), with 5 % dioxane . Co lumn: L i­
Chroso rb S1 60, 5 /I.m, IS ern / 3 111 m I.D . Flow-rat e : 2. 1 ml{min, P . ' 155 a tm. Inject ion vo lume :
10 ,Ill.

Fig. 4. HPLC of fo ur ca rbohydra tes (4-NB der ivatives). 1 = Il-D-G lucose; 2 = f1-D-glucose ; 3 =

D-sorbitol ; 4 - D-saccharose ; 5 It-o-Iactose ; 6 _., f1-o- lactose. So lvent syste m: II-hexane- chloro ­
form-acetonitrile- tct rahydrofuran ( 10: 5 : I :0.5). Co lumn : LiChrosorb SI 60, 5 /lm , IS Col x 3 m m
I.D . Flow-rate : 1.46 mlfm in, p -- 116 atm.l njectio n vo lume: 10 /11.

4- NB der ivatives of D-glucop yran ose an d l-m eth yJ-D-glucop yranose. Th e methyl
gro ups are not split off during the de rivat izat ion. On the chromatogram it ca n a lso
be seen that the sequence of peaks does not necessarily corresp ond with the number
of 4-NB gro ups in the molecule.

Quantitation
The different an omer ra t ios of some sugars in the sample and standard in

most instances prevent qua ntita t ion by co mpari son of peak height s. It is possible,
as previou sly reported!", to define a specific extinction coefficient ( fO H) : the exti nction
coefficient of one ester ified hydroxy gro up for the 4- N B derivat ives of carbo hydrates .
Th is f Oil valu e is valid for all aJdo ses tested, but not for fructose. Quantitation by
ap plying the EO II va lue afte r calc ulat ion of the peak areas gives goo d result s. For the
determ inati on of the peak areas, the peak heigh t was multiplied by the peak width a t
half-height. For sta nda rdization, a ll carbohydra tes that do not form isomers ar e
suitable, e.g ., sugar alcohols.

A quantitati ve determi nation was ca rried out with a synthet ic mixtu re of D­
glucose, D-so rbito l, D-sacc har ose and D-Iactose, using o-so rbito l as the internal stan­
dard. Eight test mixtures were derivati zed under ident ical co nditions and 10 II I
(syringe injector) o r 50 II I (loop injector) of the deri vatized solutio ns injected on to
the colu mn . A chromatog ram is shown in Fig. 4, a nd corresponds to the second lar gest
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sugar co mpositio n tested (see a lso Table II , E = 8). For the ca lculat io n of the sugar
co ntent , the following eq ua tio n was used:

A~t :Jnd iJrd

f
( I)

the co nversio n factor, f, being

where
C (ng) = a mo unt (co ncent ra tion) reacted ;
A ( 01 01 2

) = peak area;
M W = molecular weight;
no OH = number of hydroxy groups reacted.

(2)

The con version factors for the components of the test mixture are presented in
Table I and quantitative results a re given in Table II. For a mixture containing C
ng of sugar, one calc ulates C, ng after HPLC determination and sta ndardization with
sorb ito l. The given values are averages of eight determinat ion s. For glucose and
lactose, the sum of th e co ncentrations of the (!- a nd fJ-forms are given. An increase
in the injectio n volume fro m 10 to 50,u1result s in an increase in the height of the signal
by the same factor. Onl y the deri vati ves of a-o -glucose (k' = 2.20) and fJ-o-glucose
(k ' = 2.62) show a sma ll degree of peak broadenin g. A co mparison of the standard
deviat ion s of the means at the smallest sugar content (E = 32) for injection volumes
of 10 and 50,u1 shows the adva ntage of using the greater injecti on volume. The de­
tection limit is between 0.75 ng (a-D-glucose) and 2.5 ng (fJ-o-lactose) for an injectio n
volume of 50,u1. The criterion for the calculation of the detection limit is a signa l-to­
noise ratio of 3. Applying a filter photometer (DuPont 842 UV detector, 254 nm),
the detection limit ca n be decreased by a fact or of 4.

Qu antitation by external standa rdization is also possible. Thi s is show n for
the det erminat ion of o-sorbitol in a co nfectio nery for diabetic pat ients (Fig. 5). A
I-mg amo unt of the pul verized co nfectionery was dissolved in I 011 of pyrid ine and
50,u1 of thi s solution was used for deri vati zati on , as describe d earlier' :'. n-Sorbitol
exists in only one isomeric form and result s in one peak in the chro matogram . Th ere­
fore, qu antitation by ca lculating the peak height is possible. In addition to n-sorbitol,

T ABLE I

CONVERSION FACTORS

w DH = number of substituted OH groups in the molecule ; f conversion facto r.

Derivative wDH f

Glu cose monohydra te 5
Sorbi to l 6
Saccharose 8
Lactose mono hydrate 8

0.766 1
1.000
0.7099
0.674 1
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TABL E /I

QUANTITAT IVE D ET ERMI N ATI ON OF SACCH ARID ES BY INT E R NA L ST AN DA R D I­
ZA TION W IT H SO R BITOL

C ~ Actu al co ncentratio n; C, con ce ntra tio n fou nd using so rbito l as internal stan dard ; s "~ stan -
da rd deviation (8 det erminat ions) ; V vol ume injected : E a mplifica t ion fac tor.

Saccharide

G lucose (It - I fI-)

Sacc harose

Lactose (It- I fl-)

C ( ng) C, ( ng) s (Ig,) V (Id) E

199.0 195.3 1.7 10 2
39.8 40 .4 1.7 10 8
49 .8 52.0 0.6 50 16
10.0 9.6 4.5 10 32
10.0 12.0 4.0 50 32

209 .0 218.6 2.6 10 2
41.8 43 .4 2.3 10 8
52.3 55.4 1.3 50 16
10.5 11.2 7.4 10 32
10.5 11.2 2.1 50 32

200.0 190.0 1.1 10 2
40.0 35.7 2.3 10 8
50.0 43 .9 2.0 50 16
10.0 9.6 9. 1 10 32
10.0 10.2 2.5 50 32

a significantly sma ller amo unt of some uniden tified monosaccharide s is de tectable
in the chromatog ra m (small peaks before sorbito l). Th e amo unt of sorbitol found was
90.3 %with a relative sta ndard deviati on of 2.3 % (seven determinati on s), compared
with a value of 91 % stated by the ma nufacturer. A reference analysis was carried
out by another laborat or y using po larimetry, and 86.6 %of sorbito l was foun d.

Quantitat ive determ inat ions of more complex suga r mixtures by externa l
stan dardizat ion are a lso possible, as shown by the an alysis of a pharmaceuti cal syru p

5 0
tfminJ - _ . ...

Fig . 5. HPLC of d ia bet ic confect ione ry aftc r derivati zat ion with 4-NBCI. 1 = D-Sorbito l. Solven t
system: n-hexanc-ch loroform~aceton itr i le ( 10 :3 :2.5) . Co lumn : Alox T , 5,u m , 20 em x 3 mm J.D.
F low- ra te : 1.7 ml/rnin , p '.~ 130 a tm. Inject ion vo lume : 50 III.
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IS 10 5 0

i Iminl - -
F ig. 6. HPLC determinati o n of mon o- and d isaccharides (4-N B de rivatives ) in a pha rmaceutical
syrup. 1 = Pro pylene glyco l; 2 = glyce rine ; 3 = u -glucose (fl- ! (j-) ; 4-7, 9 ~ isome rs of n -fruc ­
tose ; 8 = n- sorbi to l ; IO = D-saccha rose ; II = unknown. So lvent sys tem : n-hexan e--<:hlo ro for m­
acetonitri le (10 :3: 1.9), 0 .1% of water added . Column: LiChrosorb S I 60 , 5 1,m, 15 ern r 3 rnrn I. D.
F low -rate: 1.4 m l/rnin, P = 135 atm . Injecti o n vo lume : SOld .

in Fig. 6. A 10-ft! volume of the syrup was pipetted into a test-tube and the water
removed by a water suction vacuum with in IO min ; the residue was dissolved in 2 ml
of pyridine and 25 III of the so lution were deriv atized as described above. If fructose
is pre sent , a ll operation s must be carried out at roo m tem peratu re (20-22°) ; the use
of a temp erature of 50° for isolat ion of the derivati ves':' result s in artefacts of the fruc­
tose derivati ves. Th e derivatives of a- and f3-o-glucose are eluted in one peak with the
chose n separation system, but o-fruc tose-4-N B produ ces five pea ks. N MR investiga­
tions showed that these five peak s are no t artefacts but isomers, which is in agreement
with the work of Curtius et a/.20

, who were abl e to separate persilyl ated D-fructose
into five compo nents by mean s of G C ; two com pounds represent the pyran oside,
two the furan oside and one the open-chain form.

Th e quantita tio n is made more difficult by the presence of fi ve peaks. It is
essent ial to ca lculate the peak areas, becau se the isomer rat io can har dly be kept con­
sta nt. Th e pea k areas were ca lculated by cutt ing the peak s fro m co pies of the chro ma­
tog rams an d weighing the cutt ings. Thi s explains the relati vely high stan da rd deviation
(Ta ble III ) in relati on to the determination of glucose, which was quantified by cal-

T ABLE III

D ETER MI NATI O N OF MONO- AN D D ISACC HA R ID ES IN A PH AR MAC E UTI CAL
SY RU P

s = Relative sta ndard deviat ion (7 determi nations) .

Sugar Content (%) s (% ) M ethod of calculation Content (% ) by ref erence analysis
. _. .._",.

G luco se 2 1.3 2.4 Peak height 19.9
Fructose 21.5 6.8 Pea k area
Sorbitol 2.7 4.0 Pea k height
Saccha rose 0.36 7.2 Peak he ight 0.36
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cula ting the peak height. As already ment ioned , th e CO H value is not valid for fru ctos e­
4-N B a nd external sta ndard iza t ion with a fructo se sta ndard is therefore necessar y.
Th e resu lts of th e qu antitat ion are summarized in Table III. The agreement with a
reference a na lysis, mad e by a no ther lab orat ory using classical che mica l procedures" ,
is satisfactory. Th e findin g of the same amounts of fructose a nd glucose in the syru p
permits the conclusion th at the monosaccharides were formed du ring storage by th e
hydr olysis of saccharose.

CONCLUSION S

Nitrobenzoates of suga r a nd suga r alcoho ls a re suita ble fo r the det erminat ion
of small am ounts of thes e subst a nces by HPLC. Separations on LiChrosorb SI60
and AJox T are possible wit hin a few minutes. Th e increase in sensivity by th is method ,
compared with RI detectors, is four o rders of magnitude.

Excellent separations of a nomers ca n be carried out. On th e oth er hand, thes e
anomer separat ions ca n cau se difficulties, espec ially in the determination of mono­
saccharides , becau se of the ove rlapping of pea ks originat ing fro m the isomers of
diffe rent sacc ha rides. Quantitation ca n be effected by internal a nd external sta ndardi­
zati on ; for complex mixtures, the latter is more fa vourable.
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LONG-CHAIN PHENOLS

VIII' . QUANTITATIV E ANALYSIS OF TH E UNSATURATED CONSTIT U­
ENTS O F PHENOLI C LIPIDS BY THIN-LAYER CHROMATOGRAPHY­
MASS SPECTROMETRY

J. H. P. TYMA N

School of Chemis try , Brunel University, Uxbridge, Middlesex (Great Britain)

(First received November 2nd, 1976 ; revised manu script received Decem ber 6th, 1976)

SU MMA RY

A thin-l ayer chro matographic-mass spectro metric procedure has been devised
for the quantitative ana lysis of phen olic lipids. Correction fo r different response
factors of the constituents of each component phenol and fo r isotopic abundances is
necessary and leads to result s sho wing excellent agreement with those from gas chro­
matographic analysis. No special instrumental requirements ar e needed and the meth­
od is successful due to the rep roducible scanning obta ina ble.

INTR OD UCTI ON

The compositi on of the unsaturated constituent s of the complex phenolic
shell liquid from Anacardium occidentale has engaged considerable a ttention since the
finding of the inhomogeneity of so-called cardano l diene and the separati on by ad­
sor ption chromatog raphy of its meth yl et her into satura ted , monoene , diene and triene
constituents":" follo wed by structura l elucida tio n. Th e co nstituents of ca rdo l were
similarly treated ", and of those an acardic acid by low-temperature crystallis ation:'.
Late r, argenta tion thin-l ayer chromat ography (T LC)- ultravio let spectropho tometry
was used qu antitati vely", More recentl y, quantitati ve separat ions of the constituents"
of the component phenols of Anacardium occidentale" and of Rhus toxicodendron'
have been effected by TLC- gas-liquid chromatog raphy (G LC). The compos ition of
the unsaturated constituents in the latter case differs from a reported analysi s" for
Rhus vernicifera and the compara tive result s are interestin g in view of the dermatol o­
gical propert ies? of the acti ve substa nce, uru shiol (I; n = 0, 2, 4, 6), and studies made
in the Rhus and Anacardium species. In both also, quantitative knowledge of un-

* Part Vl, see ref. 6 ; Part VII, J . Org: Chem ., 41 (1976) 894.
• • The term constituent is used for the individua l sat urated, mon oene, diene and triene substa nces

and component phenol for the natu ral mixture of the four constituents.
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saturation is necessary for an understanding of certain industrial polymerization
processes involving the component phenols.

During the course of work in 1966-67 on argentation TLC and on the identifi- ,
cation of 2-methylcardoPo in cashew nut -shell liqu id (Anacardium occidentale) it
became clear that the saturated, monoene, diene and triene con stituents gave well
defined ma ss spectra and, moreover, those of mixtures were remarkably reproducible.
Opportunity was not then available for examining the potentiality of a mass spectral
method of a nalysis.

Subsequently in a study of regional variations in composition of Anacardium
occidentale , the examination of a large num ber of samples by the TL C-G LC method'
was considered to be too lengthy on the limited sta tionary phases ava ilable . Attention
was turned to TLC-mass spectrometry and it has been found that quantitative an alysis
can be both rapid and accurate. The results for the con stituents of the component
phenols in the natural product , namely an acard ic acid (II; R[ = C02H , R2 = R3 =
H, n = 0, 2,4,6), ca rdol (II ; R3 = OH, R[ = R2 = H, n = 0, 2, 4, 6), ca rdanol
(II ; R1 = R2 = R3 = H, n = 0, 2, 4, 6) and 2-methylcardol (If; R3 = OH, R2 =

CH 3 , R, = H, n = 0,2,4,6) have been found to agree closely with those obtained
by the TLC-GLC procedures.

r(3'(C15H31- n

"('OH
OH
(I)

R
3iQYC15H31_n

R{"?~Rl
OH

(lL) {
~n = O

~n = 2

~n = 4

~n = 6

The applicability of the method depends firstly on the almost ident ical vapour
pressures of the satura ted, mon oene , diene and triene con stituents and secondly on
the difference of two mass units between each successive constituent with the effect
that the P+2 peak contribution of the preceding constituent make s a minim al con­
tribution to the peak height of the next. No correlation with the results by GLC
could be obtained, however, unle ss sensitivity factors (response factors) were deter­
mined for each con stituent.

Generally, there has been more interest in the fragmentation than the separa­
ratory aspe ct of mass spectro metry. Qu antitative anal ysis of mixtures of kno wn struc­
ture by mass spectrometry !' has to some extent been overlooked. It has been some­
what displ aced by GLC in recent years although there are numerous examples to
which the latter procedure can be appl ied only with difficulty. Thus, a quantitative
mass spectral procedure" for the analysis of component glycerides in natural oils
and fat s has been described in which various corrective rather than sensitivity re­
sponse factors were employed . TLC-mass spectro metry is in our experience a reliable
quanti tati ve anal ytical procedure for the unsaturated con stituents of long-chain
phenolic lipids.

EXPERIMENTAL

Materials
On ordinary silica gel G plates the saturated, monoene, diene and triene
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constituents of each component phenol migrate as a single band and separate only
on argentated silica gel G into four bands.

Whole cashew nuts were obtained from Mozambique and were extracted as
described earlier!", The component phenols were separated by preparative TLC
with ammoniated ethyl acetate-chloroform (5:95, vjv) or, as described", ammoniated
diethyl ether-light petroleum (b.p. 40-60°) (30:70, vjv). The bands made visible with
rhodamine 6G were eluted (approximately 25 em" of eluting solvent per gram of ad­
sorbent) with diethyJ ether-methanol (90: I0, vjv) containing 0.1 % of 2,6-di-tert.­
butyl-4-methylphenol, and examined for purity on analytical plates. Solvent of the
above composition was found to remove all of the adsorbed constituents without co­
extraction of the detection reagent (in early experiments", pure methanol was employed
and after a short period both the phenolic material and dye passed into solution).
After standing for 1-2 h with occasional swirling, the mixture was filtered to remove
the silica gel G that was washed with the eluting solvent. The combined filtrates were
evaporated (rotary evaporator) in vacuo to remove the solvents. As only J-mg amounts
were required for mass spectral examination , the TLC sepa rat ion could be effected
on analytical plates (10 cm x 8 cm x 0.25 mm) but generally preparative plates
and a sa mple size in the range 0.1-0.25 g were employed. Within 3 h the component
phenols were available for mass spectral examination. All phenolic materials isolated
were stored in closed flasks at - 20° under nitrogen. Anacardic acid in ethereal
solution at 0° was converted into the methyl ester by treatment at 0° with ethereal
diazornethane".

An alternative TLC separation of cashew nut-shell liquid involved treatment
with ethereal diazomethane at 0 °, to esterify anacardic acid, followed by initial de­
velopment with light petroleum to obtain methyl anacardate near the solvent front
and subsequently use of a more polar solvent, chloroform-ethyl acetate (95 :5, v jv),
to separate cardanol , 2-methylcardol and cardol. Recoveries were effected as previous­
ly described:',

For the preparation of standards the component phenols were each separated
into their saturated , monoene, diene and triene con stituents by argentation TLC4

with chloroform-ethyl acetate in the proportions 90:10 (v jv) for methyl anacardate,
80:20 (vjv) for cardanol , 75:25 (v jv) for 2-methylcardol and 50:50 (vjv) for cardol.
Eluted and recovered materials freed from trace amounts of silver nitrate were ex­
amined on ordinary and argentation analytical plates and were re-purified when nec­
essary on ordinary plates. All materials purified by this sequence were stored at
-- 20° in the dark under nitrogen. As the natural product contained insufficient of the
saturated (J 5:0) component phenol for the standard, in each instance it was supple­
mented by hydrogenation of the side-chain!" of the appropriate component phenol.
All standards comprising the four constituents of each component phenol were made
up in benzene solution (2 ml) from the relevant material weighed on a five-place
balance.

Mass spectra'
Mass spectra were determined on an AEI MS9 and on a Hitachi-Perkin-

• Mass spectra on the MS9 instrument were carried out under the ULIRS scheme at the School
of Pharmacy. University of London; the RMS4 spectra were obtained at Brunei University.
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Elmer RMS4 instrument by direct insertion as for solids under standard conditions
(70 eV, temperature in the range 160-180°). Samples were used at a concentration of
20 %in diethyl ether or chloroform. A standard capillary mounted in the probe was.
used for the RM S4 and the quartz tip of the probe for the MS9. Scans were made at
i, 1,2,3,4 and 5 min after injection (and sometimes longer) until the sample was
exhausted. As much of the width of the chart paper as possible was used to obtain
the maximum peak height on scale in the first scan. Scale expansion could be used
also but generally was not required. In every instance after the final scan no back­
ground material was found in the instrument. In order to find the reproducibility,
several runs were carried out on a further sample.

The mass spectra of the individual constituents of each component phenol,
the natural component phenol and the relevant standard mixture were all examined.

The chart records were sprayed with a stabilising lacquer. The peak heights
were accurately measured by inspection under powerful magnification. The percentage
composition was then obtained for both the natural component phenol and the stan­
dard mixture. From the weights taken of the consituents of each component phenol,
sensitivity factors (relative response factors) were obtained in each instance. These
were applied to correct the results obtained for the natural component phenol. The
peak heights for the diene, monoene and saturated consituents were corrected for the
theoretical P+2 peak contribution from the triene, diene and monoene, respectively.
The theoretical P+2 peak contribution was calculated from the usual binomial
expression'v':' according to the molecular formula of the relevant phenol, taking into
consideration the carbon, hydrogen and oxygen atoms. The observed P+2 peak
contribution was also used as a basis for calculation. In all instances standard deviations
were calculated in the usual way.

The RMS4 instrument was used for the analysis of cardanol in order to find
the performance of an instrument with more limited resolution than the MS9.

RESULTS AND DISCUSSION

General procedure
The analytical method depends for its applicability on a preliminary TLC

separation on ordinary silica gel G plates of the component phenols each containing
saturated, monoene, diene and triene constituents. In this way materials of compa­
rable volatility were then available for mass spectral examination. Attempts to run
unseparated natural cashew nut-shell liquid in which the anacardic acid had been
converted into methyl anacardate were not as successful.

The volatility of the phenols at the temperature attained by the probe and at
the operative vacuum in the mass spectrometers used was adequate and it was un­
necessary to use volatile derivatives. The dimethyl ether of urushiol" has been used
for the analysis of its constituents but in our work this did not prove to be a require­
ment. Anacardic acid could be used without conversion into methyl anacardate but
its known decarboxylation at temperatures slightly above that of the probe, possibly
also catalyzed by the metal surface, led to the use of the derivatives.

Reproducibility of results
In the early experiments, the variation in results was greater than in the final
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procedure. The standard deviations for the percentage composition of the triene,
diene and monoene con stituents of car dol (65.14 ± 1.26 %,24.91 ± 1.07 % and 9.91
± 0.88 %) and of cardanol (29.94 ± 1.61, 21.99 ± 0.77 and 40.87 ± 2.70) were
higher than those given in Table II. The reproducibility of results on a given sample
examined at widely different times was excellent. Thus, for cardol two sets of results
for the triene, diene and monoene were 65.38 %, 24.31 % and 10.30 %, and 65.65 %,
24.60 % and 10.09%.

Determination of relati ve response fa ctors
The mass spectral analytical procedure depended on the ab sence of P-6,

P-4 and P-2 ions in the mass spectrum of the 15:0 constituent, P-4, P-2 ions in
that of the monoene and a P-2 ion in that of the diene. The four separated pure
constituents of each component phenol were found not to contain interfering peaks
at the above mas ses, nor did P+2 ions con stitute more than a few per cent, which
would not have been the case had the purified constituents contained vinylogous
impurities. Formation of P --I, P-2, P-3 and P-4 ions has been observed with
some compounds" and makes the examination of pure constituents necessary. The
molecular ion peaks were strong but not base peaks'", The basis for quantitative mass
spectral analysis has been generally discussed!' and the molecular ion intensities for
the 15:0 (s), 15:2 (m), 15:2 (d) and 15:3 (t) constituents are proportional to Ss'Ps,
Sm 'Pm' Sd'Pd, and S, 'Pl' respectively, where S represents the sensitivity (relative
response factor) of the detector and p the vapour pressure of the relevant constituent.
It was not expected that relative response factors would be similar but the vapour
pressures are known to be comparable and the small standard deviations clearly de­
monstrate this. No further correction for minor differences in volatility was made
and the relative response factors obtained from the calibration experiments were
used to correct the results from the natural product.

The peak heights for the four constituents were accurately measured, normalis­
ed to give the percentage composition and the standard deviations calculated. The
result s were corrected for the theoretical contribution of the P+ 2 peak and the re­
lative response factor calculated as in grams per unit peak height. The results for the
standards, methyl anacardate, cardol and cardanol are shown in Table I.

Results for the unsaturat ed constituents of natural cashew nut shell liquid
The mass spectral interpretative aspects of the spectra obtained are the sub­

ject of a forthcoming report on the synthesis of the unsaturated constituents of car­
danol'" and are therefore not discussed here. Fig. I show s the mass spectrum of me­
thyl anacardate. The molecular ion peaks for the triene (m]« 356), diene tm]« 358),
monoene (m]e 360) and saturated (m]« 362) constituents appear at the right-hand
side of the spectrum. In Fig. 2 the molecular ion peaks of the four constituents result­
ing from scans at ~, 1-,2-, 3- and 4-min intervals are given. The total results for the
constituents of the natural component phenols are summarised in Table II . The un­
corrected results (i), their correction for the P+ 2 peak contribution (ii) and for the
differing relative response factors (iii), the final normalised percentage (iv) and a
comparison with the GLC values are given. Close similarity is apparent between the
two method s for methyl anacardate, cardol and cardanol. For 2-methylcardol, the
purity of the constituents of the material was doubtful owing to the long period that
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had elap sed betwe en isolati on and examinati on and corrected results have not been
obtained in thi s instance. Nevertheless, the uncorrected mass spectra l a nd GLC
result s show reasona ble similar ity.

Further experiments with techni cal CNS L, the product of indust rial decar­
boxylati on of the natural product, have indicat ed the applicability of the mass spec­
tr al pr ocedure to th at product.

Results fo r differ ent mass spectromet ers
In Table II I, the results for experiments car ried out with a Hitachi-Per kin­

Elmer RM S4 a nd with an A EI MS9 a re given for ca rda no l.
Th e ag reement was accepta ble a ltho ugh the reprod ucibility was not so good

with the former instru ment. Mass spectr al tr acin gs for the sta nda rd followed by th e
natural product co uld usually be obtained in a few minutes, and the measurement of
peak height s a nd ca lculat ion of co rrectio ns occupied mo st of the pr ocedure. No at ­
tempt was mad e to enhan ce th e mol ecul ar ion by redu cti on of the ion izati on volt age
or by the use of the field ionizat ion technique, a nd both instruments were used es­
sentia lly as set up fo r sta nda rd mass spect ra l examinati on at 70 eV. The con sistency
of the result s obta ined was to so me extent unexpected in view of the pr overb ial va ri­
ati on sometimes associated with mass spectra . It wo uld ha ve been ad vantageou s to
have a d igital display of ma ximum peak height and numerou s other improvements
suggest themselves.

Comparison of results obtained with different extents of correction
It was clear tha t, a pa rt from gross co rrection for the differing relati ve respon se

facto rs of the con stituents, different extents of co rrection for the P + 2 ion peak co uld
be appl ied. Where no correc tion was used the percentages of mon oene , diene and tri­
ene const ituent s ag reed tolerabl y well with th ose obtained by G LC but the percentage
of sa turated co nstituents was too high as show n in Table IV for methyl anacard ate.
Consequ entl y, it was generally desirabl e to co rrect both the sta nda rd and the natural
product for the P + 2 peak contribution.

At first it seemed more logical to co rrect the results in eith er instan ce by the
use of the observed P+2 peak con tribution , obta ined from the mass spect ral examin­
at ion of the ind ividua l con stituents, rather th an the th eoretical value. The values for
the observed P + 2 peak were always slightly higher th an the theoretical value but no
simple explanati on is evide nt as each co nst ituent was checked ana lytically for purity
by argenta tion TLC and by GLC, to ensure homogeneity. For quick results and cer­
tai n applicati ons whe re the percentage of unsaturated con stituents onl y is of primar y
interest the uncorrected sta nda rd a nd natural product results may be acceptable.

Influence of homologous phenols on the analytical procedure
GLC examinati on has show n th at homolo gou s phenols are present particula rly

in the case of anacardic ac id in natu ral C NSL a nd ca rda no l in technical CN SL. The
C- 17 cont ribution is the grea test, althou gh con stituents with cha in length s of C-9 ,
C- J J a nd C-13 are also present. For card ol, 2-meth ylcardol and carda no l in natural
CN SL, C- 17 hom ologues are present in sma ller prop ortion s. The detect ion of the C-17
hom olo gue is lab orious by GLC but stra ightforward by mass spect roscopy. In the
adso rption TLC separation used in th e init ial stage, hom ologue s migrate to gether.
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The importance of precise TLC separation of the component pheno ls is show n by
referen ce to cardo l (mo lecular weight of 15 :0 co nst ituent = 320) where the pre sence
of anacardic acid (mo lecular weight of 15:0 constituent = 348) would contribute a
mass co incident with the C-17 hom ologue of cardol. In the method used in thi s work,
the meth ylati on of anaca rdic acid clearl y avoids thi s occurrence. In Table V the mo­
lecular weights of the C-13, C-15 and C-17 hom olo gues of the saturated co nst ituents
of the co mpo nent phenols are show n. Th is indicat es that homologues do not inter­
fere in the ana lytical procedure and furthermore, the examination of the pure con sti­
tuents of each component phenol ensure s the valid ity of the method .

T AB LE V

MOLEC ULAR WEIGHTS O F SAT U RA TED HOMOLOG OUS COM PO N E NT PH ENOLS

Chain length

C- 13
C- IS
C-17

Cardanol

276
304
332

Cardol

292
320
348

Z-Methylcardol

306
334
362

Me thyl anacardate

334
362
390

Table V indicates the difficulties inherent in a direct mass spectr al examinat ion
with no initial TLC sepa rat ion. An attempt to an alyze techn ical CNSL is being
exa mined but much further work remai ns to be done. While the differen t proportion s
of the component phenols present and their different volatilit ies might be overco me
by the use of appro priat e sta nda rd mixtu res, the reproducibility of repeated scans
rema ins a difficulty. Another possibil ity with a combined TLC-MS method would
be to use direct recove ry' ? from the chro matogra phic plate rather than the pre sent
indirect techn ique involving eluti on of bands and recovery of the compo nent phenol
contai ning its four constituents. Experimenta l wor k is also in progress to develop
a G LC- MS procedure by mean s of which the co mponent phenols could be ana lyzed
quantitat ively! simultaneo usly with the unsaturated con st ituents.

Genera! observations
The close similar ity of analytical result s obta ined by the GLC and TLC-MS

procedures, despite wide differences in relative response factors between individua l
unsaturated con st ituent s, is a st ro ng recommend ati on for the latter approach. With­
out the applica tion of relative respon se factor s the result s show no such con formity.
The success of the mass spectral meth od is inherently associ ated with the compar able
vapour pressure of the four constituents of each component phenol. Hites!", in his
wor k on glycer ides, employed corrective rather than relati ve respon se factors and thi s
enta iled using inform ati on obtained from molecular distillat ion cha rac teristics to
allow for differin g volatilities.

In biological , biosynthetic and technological areas", wher e the rap id analysis
of meth yl esters of polyethenoid fatty ac ids may be required , and indeed GLC is
readily applicable, the qu antitat ive usefulne ss of mass spectrometry has to some ex­
tent been overlook ed . It is our exper ience th at, like the phenolic lipid s, the poly­
etheno id C- 18 meth yl este rs with similar vapo ur pre ssure s may be rap idly and qu an­
t itati vely determ ined pro vided that relat ive response facto rs are employed. The ex-
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treme rapidity of multiple sca nning in mass spectrometry from a single sample has
much in its favour compared with the repeated injection and time- consuming equili­
bration-elution pr ocess in GLC. The stability and reproducibility of the dete ctor
response in the mass spectra l procedure are further stro ng recommendations for thi s
technique.
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Note

Non-dispersive atomic fluorescence spectroscopy, a new detector for chro­
matography

JON C. VAN LOON, J. LICHWA and BERNARD RADZlUK

Institute for Environmental Studies, University of Toronto, Toronto M5S IA I, Ontario ( Canada)

(Receiv ed March 2nd, 1977)

Metal pollution and related health problems are becoming increasingly com­
mon. The incidents involving mercury have shown that total metal data is insufficient
and often misleading . Metal compounds must be identified and determined quanti­
tatively. The many types of chromatography provide the most powerful approach to
the separation of these compounds. Conventional chromatographic detectors, how­
ever, show poor select ivity to the metal compounds of interest.

Gonzalez and Ross' and Longbottom/ described the interfacing of an atomic
absorption spectrophotometer with a gas chromatograph for the detection of alkylated
mercury compounds. This detector is metal specific and hence will only record peak s
for the metal used as the radiation source. A number of researchers have used this
system for the study of compounds of lead, mercury and chromium.

In 1973, Manahan and Jone s' used atomic absorption spectroscopy as a
detector for high-pressure liquid chromatography in the stud y of chromium com­
pounds. As in the case of gas chromatography, the metal specificity of this detector
greatl y simplifies chromatograms compared to those obtained using less specific,
conventional detectors.

Since the above pioneering work, atomic absorption spectroscopy has become
a routinely used detector for chromatography in metal speciation studies. In this
regard , it has made an invaluable contribution to the study of metal compounds.

It has been found by the present authors that atomic fluorescence spectroscopy
can be used as a metal specific detector with column chromatography. If non­
dispersi ve atomic fluorescence spectroscopy is employed, two distinct ad vantages
over atomic absorption can be obtained. Fir stly, simultaneous multielement detection
can be achieved. Secondly, the detection limits for most elements can be improved by
1 to 3 orders of magnitude compared to atomic absorption.

Non-dispersive atom ic fluorescence spectroscopy has been described in detail ,
as a techn ique for trace metal analy sis by Lark ins". As with flame atomic ab sorption,
interfacing of atomic fluorescence as a column chromatographic detector is simple.
For liquid s, the effluent drain of the column is connected directly to the nebul izer
capillary of the burner. When gas chromatography is used, the effluent can be intro­
duced into the flame through a port at the base of the burner.

Non-dispersive atomic fluorescence equipment is inexpensive to assemble.
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This is another ad vantage compared to atomic abso rption spectroscopy. If the
detection limit ad vantage mentioned above is to be rea lized, then high intensity
hollow-cathode or electrodeless di scharge lamps are essential. The latter can be
obtained commercially for many elements at about the pr ice of ordinary holl ow­
cathode lamps.

The unique capabilities of this dete ctor can be dem onstrated in the difficult
separation and detection, simultaneo usly, of three different metal - glycines (am ino
acid s) and in the sam e sample the three metal- Efr'I'A co mpounds. Thi s combinat ion
occurs in clini cal samples obtained during the diagn osis and treatment of metal
poison ing.

EXPERIM ENTAL

Equipment and reagents
A 3-channel non-di sper sive atomic fluore scence spectro meter was assembled

as dia grammed . T wo AA 4 amplifiers, one modified to modulate at 325 Hz and the
other capable of modulating at the normal 285 Hz were empl oyed. Two Techtron
AA4 lamp power supplies were used with these amplifiers . A home-made ampli fier
and lamp power supply with a modulation frequ ency of 80 Hz were used for the th ird
channel. R-166 and R-l06 ph ot omultipliers (Hamamatsu TV) were used. The former,
a solar blind tube, was used for Ni and Zn and the latter for Cu.

Optics consisted of 50 mm focal length by 4 em diameter silica lenses, arra nged
as shown in Fig . 1. A 9.2-mm aperature iris was placed in fro nt of the photomulti­
plier.

Perk in-E lmer intensitron hollow-cathode lamps were run at 15 rnA for all
elements. When better dete ct ion limits are req uired, elect rod eless discharge lamps or
high intensity hollow-cathode lamps can be employed.

Am,. 5'3
1

0SURNER\f3

Fig. I . Schematic of a 3-element non-dispersive atomic fluorescence instrument.
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A nitrogen shielded, air-acetylene flame was used. The home-made burner
was 15.8 mm in diameter with three concentric rings of 1.09 mm holes. This burner
fits inside a SB-E sheathing device (R II C, London, Great Britain) and was used with
a Perkin-Elmer Model 303, pre-mix chamber-nebulizer system.

To record the output from the three amplifiers, it was necessary to employ
Model 56 double-pen and Model 165 single-pen recorders (Perkin-Elmer). The chart
speeds of the se were equal allowing superimpos it ion of the output.

A Perkin- Elmer Model 601 high-pressure liquid chromatograph was used.
The cati on-exchange column was packed with Perkin-Elmer Partisil-IO sex. The
column temperature was mainta ined at 55". Interfacing is simple. The outflow from
the column is connected d irectly to the nebulizer capillary of the burner ((/ Fig . 2).
A column flow-rate of 4 ml /rnin was maintained to be compatible with the nebulizer
fl ow-rate of the fluore scence burner. A pressure of 100 p.s.i. was used.

The amino acid- and EDT A-metal compounds were prepared by the method
of Lau" .

.-------..
Fig. 2. Non-dispersive a tomic fluorescence detector for chro matog rap hy.

Procedure
The column is rinsed and equilibrated with water. The column temperature is

adjusted to 55". A 25-,u1 sample is injected and the column eluted with pure water.
After the first peaks (E on Fig. 3) come over, a 5-min con vex gradient, curvature 999,
to 100% I M NH4N03 is used .
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RESULTS AND DISCUSSION

Fig . 3 is a chromatogra m of the three elements Zn , Ni and Cu. Peaks desig­
nated E are metal-EDTA complexes, tho se marked G are metal- glycines, and peak T
is Cu-Tri en. Becau se of their physical and chemical similarit ies, the glycine peaks
have almost identical retention times . The same is true for the EDT A peaks. A con­
ventional UV-visible detector would fail to resolve individual glycines or EDT A's.
The automat ic fluore scence detector, on the other hand , gives excellent resoluti on of
these compounds.

G

E

Cu

<J-- Z n----i>

T

r
Ni

Cu

-t>2<r­

Min
Fig . 3. Chromatogram for Cu- , Zn- and Ni-glycines, - EDTA's and Cu-Trien .

CONCLUSIONS

Until recently, it ha s been impossible to provide metal speciation data in
quantity. This has been due to the difficulty in detectin g trace metal compounds in
complex samples. Atomic absorpt ion spectroscopy used as detec tor for chrom ato­
graphy has provided the first breakth rough to ward solving thi s problem . Non­
dispersive atomic fluorescence spectroscopy has all the advantages of atomic absorp­
tion spectroscopy in thi s appl ication while providing, in addition, better detection
limits and a simulta neo us multiel ement capability.

Future work
No w that the techn ique has been show n to wor k a better multielem ent spectrom­

eter, such as th at described by Larkins and Willis", will be co nstruc ted. Th is instru­
ment will contain 7 channel s and will be used with a 7-pen recorder.
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Simple device for sampling from vacuum systems to gas chromatographs
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(Received Janua ry 11th, 1977)

A frequently occurring problem in many types of investigat ion is the with­
drawal of gas samples of know n size from a vacu um system at sub-atmospheric
pressure, and their injection into a gas chromatograph. Whi le there are several types
of commercial sampling valves which will accomplish this, these are moderately ex­
pensive, not easi ly compatible with glass vacuum systems, an d often leaky.

The special stopcock shown in Fig . I performs the necessary sampling func­
tion. It is constructed of borosilicate glass and can be sealed direct ly to a glass vacu um
system. In the posit ion show n, the carrier gas enters at A and leaves at B, bypassing
the sampling loop. At the same time, the sampling loop 0 is connected to tube C
which is sealed to the vacuum system for evac uation and filling. Rotation of the stop­
cock through 90° isolates C and connects A and B via the sampling loop, flushing the
contents of the latter into the gas chromatograph . An absolute volume ca libration is
obtained by filling the sample tube with mercury and weighing . The dead volume
in the stopcock plug is ir relevant , since th is will con tain on ly carrier gas after operation
of the valve.

Th e valve we have tested is constructed from 2-mm 1.0 . capillary tubing, and

o
B

A

Fig. 1. Special sto pcock. A, gas inlet ; B, gas o utlet; C, tu be to vacuum system; D, sampling
loop.
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has a loop volume of 0.708 ml. We have tested the valve for reproducibility and
linearity using various permanent gases and molecular sieve or silica gel columns in
the chromatograph . Over the range of 10- 6 to 10- 5 moles injected, corresponding to
sample pressures of 26 to 260 torr, reproducibility and linearity were within 3.10- 8

moles, which was within the uncertainty of our measurements of peak are as. The
small peak cau sed by the pressure pulse on injection had an area corresponding'typical-
Iy to 4.10 - 8 moles, which did not cause any significant errors. '

While the present apparatus could not be used for experiments which preclude
stopcock grease , it is simple, cheap and effective for those which do not. An upper
limit to carrier gas pressure will be set by possible displacement of the plug at higher
pressures. Using apiezon grease, and helium carrier pressures of 2.0 atm, we have not
experienced an y problems of this nature, or any peaks due to air leakage.
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Dynamic coating of glass capillaries with polar phases and Silanox"
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(Received Janu ary 27th, 1977)

The potential benefits of glass capillary columns in gas chromatography have
not been widel y expl oited , presumably because of technological problems and
irreproducibility associa ted with their production. The nonuniformity and instabil ity
of liquid films, especially polar liquid films, when coated on smooth glass surfaces
con stitute a maj or limitation to high chromatographic efficiency' . To overco me the se
difficulties, many procedures have been developed for surface mod ification of the
glass prior to coating. These include deposition of a layer of carbon- or of a polymer',
gas phase etching", surface deactivation", and the formation of selective monomolecu­
lar layers",

German and Horning? ha ve reported a simple two-step dynamic method of
coating glass capillar y columns using Silan ox, a silanized silica powder. Their columns
coated with SE-30 exh ibited excellent thermostability and efficiency. Their method
has been reported un sat isfactory, however , for the preparation of polar phase co l­
umns''-", as has also been our experience. Blake sley and Torli ne? have successfully
pr oduced pol ar columns by a modificati on of Ge rman and Horning's method", by
coating Silanox on gla ss with a surface-active material. The use of surfacta nts, how­
ever, will ch ange the retention and possibly th e order of elution of compounds!". We
wish to report the preparation of efficient polar-phase glass capillaries by a modi fica­
tion in the solvent system used in the German-Horning dynami c two-step coa ting
pro cedure.

EXPERIM ENTAL

Duran 50 tubing was cleaned prior to extrusion by immersi on for 2 h in 4 ~~

aqueous NaOH saturated with potassium perm anganate. The tubing was dr ained and
success ively rinsed with water, cone. HCl , water, and abs. methan ol. After drying,
the tubing was drawn with a Hupe-Busch I045A glass drawing and coiling mach ine.
From a 1.50-m Duran tube (7.0 mm 0 .0. X 5.0 mm 1.0.), a 135-m ca pillary ( 1.0
mm 0.0. X 0.62 mm 1.0.) was obtained. Capillaries were coiled with a l2-cm
diameter.

* Depart ment of Plant Science contribut ion No. 471.
• * Present address : The Griffith La boratories Ltd ., 757 Pharmacy Ave., Scar boro ugh, Ontario

MIL 3J8, Canada.
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The coiled capillary tubing was evenly spaced and affixed to a support cylinder
(1.25 m x 12 ern O.D.). With the cylinder erect , the top of the column was connected
to a 30-ml reservoir and the bottom to a flow restrictor consisting of a 10-m length
of tubing identical to that being coated . Connections were made with standard 1/16­
in. unions. Strips of teflon tape were wound around the capillary tubing between the
back ferrule and nut. When the nut was tightened, compression caused the teflon to
flatten into a washer which sealed the connection .

Capillaries were coated by a dynamic two- step process. The solvent used in
both steps of the coating process was chloroform -acetone (10: I). In the first step,
0.10 g stationary phase was dissolved in 10.0 ml solvent, 0.25 g Silanox (Grade 101)
was added, and the suspension was sonicated for 2 min. A plug of thi s suspension
(20 % of column length) , preceded by a plug of solvent (5 % of column length) , was
passed through the tubing at 18 cm/sec . After the liquid had been expelled , the
coating was dried with carrier gas flow for 10-12 h. In the second step, additiona l
liquid phase was dynam ically coated on the Silanox bed utilizing the same apparatus
as in the first step. A plug (20 % of column length) of a solution of 0.25 g sta t ionary
phase in 10.0 ml solvent was pa ssed through the tubing at 12 cm/sec. When the main
plug of liquid had been expelled, the gas pre ssure was reduced in stages to promote
smooth flow of the viscous secondary plu gs formed by solution draining from the
column wall s. After the last plugs of solution had been expelled, the column was
dried with gas flow for 10-12 h.

The column was conditioned in the chromatogra phic oven by purging with
carrier gas at a temperature programmed from 20 to 250° at 2°/min and maintained
at 250° for 12 h. The column was then silylated at 200° with four injections of 2.5 ,ul
Silyl-8 at 5-min interva ls and maintained at 200° for an additional hour.

DISCUSSION

The chloroform -acetone solvent combination had adequate density to stabilize
the Silanox suspen sion and sufficient polarity to prevent the formation of a thixo­
tropic gel' I during the coating process. Irregularities in the thickness of the dep osited
Silanox bed could be seen after the first coat ing step; these irregularities, however,
were eliminated during the second coating step. The localized patches of excess
Silanox were apparently washed awa y, leaving a uniform thin layer of Silanox, which
was estimated by sca nning electro n microscopy to be 2.5,um thick .

Columns prepared by thi s technique with the polar liquid phases Silar-5CP,
OV-225, OV-210 , and Carbowax 20M TPA , have shown excellent efficiency and
thermostability. A 135-m Silar-5CP column (0.62 mm I.D. ) yielded 151 ,000 theoretical
plates and 122,000 effect ive plates, as tested with meth yl linolenate at 175° column
temperature and 4.0 ml/rnin helium gas flow. Onl y minimal column bleed was evident
during gas chromat ographic-mass spectrometric applica t ion. Columns have displayed
high durabil ity, having tolerated splitless injection of flavour volatiles and fatty acid
meth yl esters for 6 months before appreciable losses in efficiency have occurred. The
same coating procedure has been used with success using the apolar liquid phase
aV-IOI .

The solvent mixture reported in thi s work has extended the Germ an-Homing
procedure? for dyn amic two-step coating of glass capillary columns to include the
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use of polar liquid phases. Whether all polar phases can be used may depend on their
solubility in the employed solvent mixture.

Caution: Chloroform-acetone mixtures may be explosive. In the presence of
basic substances, a catalytic, highly exothermic, condensation reaction takes place !".
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SP 2340 in the glass capillary chromatography of fatty acid methyl esters
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The development of the cyanopropylsiloxane stationary phases Silar JOC, Silar
9CP, SP 2340 and OV-275, which have high polarity and temperature resistance,
made it possible to separate cis/trans isomeric fatty acids on packed columns'. Of
course, a comparison of the retention data- indicated that some fatty acids which
commonly occur in biological material show considerable overlapping in complex
acid mixtures. However, gas-liquid chromatographic (GLe) analysis of these highly
polar phases is useful when the complex sample is additionally analyzed on an EGA
or DEGA packed column. Further, the cyanopropylsiloxanes gave small but constant
differences in retention data- for many positional isomeric fatty acids on packed col­
umns, suggesting that SP 2340 is as suitable as FFAP for the separation of fatty acid
mixtures in glass capillary chromatography". In this paper, we report on some GLC
characteristics of a 30-m glass capillary column coated with SP 2340 used to re-evaluate
the fatty acid composition of red cell phospholipids in young and old peoples.

EXPERIMENTAL

All of the standards of fatty acid methyl esters tested were more than 99 %
pure and were purchased from Nu-Check-Prep (Elysian, Minn. 56028, U.S.A.) and
from Analabs (North Haven, Conn., U.S.A.). Octadecadienoate and octadecatri­
enoate mixtures containing the cis/trans isomers were prepared from pure linoleic and
linolenic standards according to Litchfield and co-workers":". Pure standards of 9­
trans-Vi-cis- and 9-cis-12-trans-octadecadienoic fatty acids were a generous gift from
Th. Wieske, Union Deutsche Lebensmittelwerke (Hamburg, G.F.R.).

The quantitative extraction of lipids from human red cell ghosts, the separation
of the pure phospholipid fraction" and the preparation of the fatty acid methyl esters
derived from this lipid fraction were performed by a modification of the method of
Dodge and Phillips", details of which are reported elsewhere". The results of the fatty
acid composition of the human red cell phospholipids are given in Table I as means ±
standard deviation from 25 individuals of both sexes and of two age groups (twelve
between 15 and 30 years of age and thirteen older than 70 years). All subjects were
on a normal diet. The blood donors were free from haematological and liver diseases,
had red cell counts and haematocrits in the normal range, and were not taking any
drugs.
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GC analysis
A Hewlett-Packard Model 5830 A gas chromatograph , equipped with a dual

flame-ion ization dete ctor and an integrator, was used for a ll an alyses. The chromate ­
graph was fitted with a 30-m glass capillary column of 0.3 mm 1.0., coated with the
cyanopropylsiloxane SP 2340 of average molecul ar weight 2800. The oven temperature
was pro grammed from 100° to 190°, heating for 5 min at the rate of SO/min , followed
by 0.5°/min up to 35.5 min and finall y 10/min up to the ma ximum temperature of
190°, which was maintained for a further 10 min before cooling. The recorded analysis
time for the fatty acid mixture from red cell phospholipids was 95 min ; longer runs
could not rule out later peak s. Th e spl ittin g rat io was I :70 , the column was opera ted
with nitrogen as the carrier gas at a flow-rat e of 2.5 ml/rnin and the inject ion and
detector temperatures were 240°. The sample size was 0.1-0.2 pI (solutions in chloro­
form) and the peaks were identified by mean s of kno wn sta ndards . Additio na lly,
samples were run a seco nd time after cata lytic hydrogenation over PrO, for idcntifica­
tion pu rp oses.

RESULTS A N D DISCU SSION

In order to characterize the SP 2340 column performance, the following
numerical values were establ ished . Using n-hexadeca no ic and n-heptadccan oic fatty
acid methyl ester s (recorder chart speed 3 ern/min), the sepa ra tion number of the
column was ca lculated with nsep' = 7.76 (mean va lue of three recordings) and
nsep/m = 0.26 . The measurements were performed under the abovementioned
temperature-programmed co nditions. Th e separation number expressed as the
number of the oretical plate s gave n " = 7674 or nlm = 256. The cap acity ra tio for
decanoic acid methyl ester, measured und er isothermal condit ions at 90° with the
methyl esters of (a) octa noic, (b) non an oic and (c) decanoic acid (mea n value of three
runs) was K ' = 4.39. The loadability of the column for dccan oic ac id meth yl ester
could be calculated with l ' = 1.80 ' 10- 0 g.

Although the separation number and the specific separa tion number are low,
probabl y indicating insufficient impregnation with stat ionary liquid , the separation
efficiency for fatty acid methyl esters, especially for geo metric isomeric ac ids and for
positional isomers of acids, was much better than expected with the tested material.
Th is aspect is dem on strated by the capillary gas-liquid chrom at ogram s dep icted in
Figs. 1- 3. All five pair s of geometric isomeric mon oeth ylcnic fatty acids and the all­
cis versus all-trans compo nents of octa decadiethylenic and octade catriethylenic acids

• The following eq uations were used '" :

/ IT
n = -- ---

se p bo _ ~ I bo .~

n = 100 (lI,cp + I)'

I drt J.j ) ° l dr ( c ) - - I drCb) 2

fdrC a l + Idr /C ) - 2fdr ( b )

1 = 0.05 M d 3 (1 + K )'10 - 6g
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Fig. I . Ch romatogram of a mixture of five pai rs of cis/trans isomeric monounsaturated fatty acids
co mpleted by the methyl esters de rived fr om nitrous aci d isomerized linoleic a nd linolen ic acids.
Peaks : I = C14 ; 2 :.-..:... C I4 :llrWS; 3 - C I4: l c trJS ; 4 -:: CIS :l tr WS ; 5 ::.......: C I5 : l c ms; 6 = CJ6 : 1, rW7 ; 7 = C16:1cW7 ;

8 ,.,-,:- C17 : lr rC'J' ; 9 :::....:- C17 : I(""J7 ; ]O _ . 0 Clf~; I t -r: C I H:ltr0J9; 12 :...:....:.;. C1M: 1( 0)9 ; 13 = C I8: 2rr , tr w6 .; 14 == C18 :2c .t rWo;

15 ~ C" :2" .e"'.; 16 = C' 8:2c.c'''.; 17 - C'8:, ,, .,,. I' '''3; 18, 19, 20, 21 = mi xed geo metric isome rs of
C 18 :3 "" (ind ivid ua l peak s were not defin itely ident ified) ; 22 = C. 8:.le.c.e",'. Th e co mpos itio n of the d i­
ethylenic and triethylen ic acid mixtures co rres ponds to the fina l products resul t ing from the n itrous
ac id isom erizat ion, with the except ion of the individual all-cis components, wh ich were added , because
they occurred on ly in min imal am ounts. Operating cond itions were ident ica l fo r a ll presented fracto­
grams . For details see GC analysis.
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Fig. 2. Ca pi lla ry gas chromatogra m of a sta nda rd mixture of fatt y ac id methyl este rs on a n SP 2340
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33 :0-: C21 : 2c , CCfJO ; 34 = C22 :3c ,c ,c m3 1 C24 ; 35 ::::;,; C12 : 4 c , C', c , C'W 6 ; 36 = C24 : I C(I) 9 ; 37 = C21 :6 a IJ-cisw3; 38 =

C 2• • For o pera ting cond it ions see GC analysis.
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Fig. 3. Typ ical GLC pattern of hum an red cell tot al pho sph ol ipid (glyco lipids sepa rate d) fatty ac id
methyl esters includ ing the a nt ioxida nt BHT and e 17 :1 " "" as interna l stand a rd. Peak numbers corre­
spond to the numbers in Tabl e I.

show a separation of more than 4.6 a, thus being very suitable for correct automatic
integration (Fig. I ). Where as C1 8 :Zc .IrW6 and C I8 :Z Ir .CW6 sho w more than baseline sepa ra­
tion , the latter peak overl apped somewha t with that of e1aidolin oleic acid . Th e GLC
elution pattern of the genuine nitrous acid isomerizati on mixture of linolenic acid
showed seven peaks out of the eight theoretically possible isomerizati on co mpo nents .
After addit ion of a pure linolen ic ac id sta ndard, thi s substa nce occur red in the true
isomerization mixture in only spurious amounts, the late st eluted combined cis/ trans
isomeric compound becoming apparent onl y as a slight sho ulder on the all- cis-o cta­
decatriethylenic acid peak (Fi g. I).

As was assumed from the characteristics of the cyanopropylsiloxane stationary
phase in GLC on packed columns", the SP 2340 ca pilla ry column made it possible to
separa te even positional isomeric ac ids . Con sequently, CIS:! fatty acid ori ginating
from isolated human red cell ph ospholipids gave three peak s (Fig. 3), which could be
ide ntified by mean s of known sta ndards as elaidi c (or isoe laid ic), o leic a nd cis-vaccenic
acids (Fig. 2) when enumerated in their elution order. A further cis-isooleic acid peak
(see peak 27 in Fig . 3) possibly occurs in the biological material, but we had no stan­
dard (CI8:I c llJS) for definite identifi cation. F igs. 2 and 3 further outline sufficient or
ba seline separat ions for the all- cis isom ers of CIS:3 «(1)6; 013), CZO: 1 (01 12; (1)9; 017),
CZO:3 (016; 013) and Czz:z «(1)9; ( 16). Unfortunately, arachidonic acid eluted together
with beheni c and 1117-eicosatrieno ic acids, a nd 11J9-docosatrienoic acid had a lmos t
the sa me retenti on time as ligno ceric acid. As indi vidu al co mpo nents were reco gnizable
by small shoulders in all of the se combined peaks, we believe th at it will be possible
in future to separate these individual compo unds on a 50-m Silar lOC or SP 2340
coated capillary column with a no rmal , i.e. , higher sepa ra tion number th an on our
column. 1t is worth mention ing that the commercially available phytanic acid standard
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gave two peaks with poor resolution , providing evidence of an unidentified phytanic
acid impurity'. Identical behaviour of phytanic acid was ob served on a 50-m FFAP
cap illar y column" which , although char acterized by a high sepa rat ion number and
con sequently many more theoretical plates than ours, did not give a better overall
column performance for the resolution of isomeric fatty acids in complex mixtures.

The complexity that can occur in biologically deri ved fatt y acid s is best demon­
st rated for crude human red cell pho sphol ipid s in Fig. 3. The numbers on top of the
peaks are repeated and as far as possible identi fied in Table I, which gives the quantita­
tive results deri ved from young people in comparison with those from old people.
Further identifi cation requires a combination of OLC with mass spectro metry. To
avoid autoxidation during the analytical pro cedure, the antioxidant BHT (butylated
hydroxytoluene ; 2 ,6-di-tert .-butyl-p-cresol) was added. The capillary chromatogram
in Fig. 4 demonstrates an artifact" produced by the perm ethyl ation procedure with a
retention time identical with that of C I6 : ! CW7 ' As the a rtifact comprises 1.6 a rea- %of
the BHT standard, we were able to calculate that the mean cis-hexadecenoic acid
concentrat ion was increased by 20- 30 %. Re-evaluat ing the wor k of Dod ge and
Phillips", we found 67 different peak s of greater qu antitative importance, plus
many additional acid s in sma ller amounts. Thi s is more than double the number of
peak s kno wn hitherto and dem on strates the efficiency of our SP 2340 column .

Provided that the techni cal problems encountered in coa ting ca pillaries with
SP 2340 or Silar 10C, even by very experienced manufacturers, can be sati sfact orily

BHT

I
10

I
20

I
30 min

Fig. 4. Chro matog ram of th e antiox ida nt BHT following the boron tr ifluor ide methylatio n proce­
dure!' . The add it iona l pea k A demonstrat es an a rt ifact produced by the meth ylat ion procedure. The
a rt ifact co mp rises 1.6 area % of the chromatogram. The remain ing minut e peaks were present in
commercial BHT (Merck , Darmstadt, G .F.R .J. The retention time for pea k A was found to be
identica l with C " :tcon.
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solved in the future, we believe that such co lumns will be highly selective for the sepa­
rati on of man y types of isomeric fatty acids . Such high-performance ca pillary columns
will probably obviate the laborious and time-consuming ozo niza tion technique for
the evalu ati on of the posit ion s of double bond s in fatty ac id analysis.
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LIST OF SYM BOLS

IIsc p == sepa rat ion number, i.e, sepa ra ted peak s within the one ca rbo n number range
of C16 and en

l IT = total retention time of en - tot al retenti on t ime of C16

bo.s = peak width at half height
td == (gas) hold-up time
1., = adj usted retention t ime
K capacity ratio
/ load ability
M molecular weight of decanoic acid methyl ester
d inner diam eter of ca pillary column
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Cyclamate was first discovered to be metabolized to cyclohexylamine in
animals by Kojima and Ichibagase'. The cyclohexylam ine in the urine was deter­
mined initially using th in-layer! and visible spectrophotometry' . These workers subse­
quently developed a gas chromatograph ic (GC) pro cedure for the determination of
cyclohexylamine in the ur ine of rat s which were fed cyclamate' . Two other metabolites
namel y cyclohexanol and cyclohexanone were subsequently identified in the urine
of rats':",

We were interested in studyin g the metabolic products (if any) of certain
sweet-tasting cyclic and aliph atic sulphamates similar to cyclamate. This necessitated
the development of an anal ytical procedure to identify and quantitatively determine
amines, ketones and alcohols, possible metabolites which could arise due to metaboli c
breakdown of these sulphamates. The procedure of Kojima and Ichibagase' which
is summ arized in Fig. I was considered to be tedious and time consuming and we
considered it desirab le to have GC conditions and suitable column materi al which
would allow the simultaneous separation of amine, ketone and alcohol from a single
injection.

GC determination of amines has been a problem in the past due to strong ad­
sorption of the compounds on the column result ing in badly ta iled elution peaks.
Modification of column materials by various groups of workers with sodium and
potassium hydro xides has resulted in excellent peak shapes and resolution of ali­
phatic amines''" . O'Donnell and Mann? have compared a Do wfax 9N9 column with
2.5 % sodium hydroxide as partition liquid against Carbowax 400 and 20M columns
for the separation of a series of aliphatic amines . They concluded that the Dowfax
9N9-NaOH column is the most effective for separating a wide range of basic organic
compounds. Further Derse and Daun!" have determined cyclamate by first converting
it to cyclohexylarnine , this amine was then estimated by GC using 20 %Dowfax 9N9
and 2.5 % NaOH on 60-80 mesh Gas-Chrom R.

Th is paper describes a GC separation on a Dowfax 9N9 with 2.5% NaOH
on 60-80 mesh Diatomite C AW of aliphatic and cyclic amines from thei r corre­
sponding ketones and alcohols and a procedure for the microdetermination of cyclic
amines, ketones and alcohols in the urine of rat s.



NOTES

RAT URINE

(1)

(2)

CHLOROFORM EXTRACT
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O.5 M HCI EXTRACT

Bas lf ied to pH 13

Ext racted w it h chloroform

CHLOROFORM EXTRACT

Idri ed over Na2S04

Sample contains cy cloh exy lam ine

CHLOROFORM LAYER

and concent r ated

samp le cont ains

cyc lohexo no ne

cyclohex anol

Fig. I. Scheme for the sepa rati on of cyclohc xylamine and cyclohexanone-cyclohexan ol from urin e
according to Kojima and lchibagase.

EXPERIMENTAL AND RESULTS

Chemicals and reagents
All amines, ketones and alcohols (supplied by Aldrich, Milwaukee, Wise.,

U.S.A.) were distilled before use. n-Nonane, n-decane, n-dodecane and n-tetradecane
(BOH , Poole, Great Britain) were used as obtained . Oichloromethane and sulpho­
salicylic acid (Analar; May & Baker, Dagenham, Great Britain) were used as obtained.

Rats and metabolism cages
Female Wistar albino rat s were supplied by Trinity College (Dublin, Ireland)

and were housed in individual metabolism cages supplied by Bowman Accessories
(London , Gre at Britain) . The urine from these animals was collected dail y and refrig­
erated prior to being used .

Gas chromatograph and column
Chromatographic measurements were made on a Pye-Unicam 104 gas chro­

matograph with du al flame ionization detectors. The column was 5 ft. X ! in. glass.
The column packing used in a ll measurements was 20 % Oowfax 9N9 with 2.5%
NaOH on 60-80 mesh Diatomite CAW.

Operating conditions for the separation of a cyclic or aliphatic amine from its corre­
sponding ketone or alcohol

Table I summarizes the operating conditions and retention times for the sepa­
ration of aliphatic and cyclic amines from their corresponding ketones or alcohols.
The internal standard present in each separation was at a concentration of 0.02-
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TABLE I

OP ER ATING COND IT IONS AN D RET ENTION TIM ES FO R TH E SEPARATION OF A LKYL
AN D CYCLIC A M INES, KETO N ES AN D AL COH O LS EXT RACTED FRO M UR IN E USING
A DOWFAX 9N 9- 2.5 % NaO H ON 60-8 0 MESH DIATOMITE C AW CO LU MN

Group Temp . ( OC) Nitrogen Retention time ( ruin) Internal Standard'
flow- rate

Amin e Ketone Alcohol(1111/mill )

Cyclopentyl 120 30 4.2 6.2 9.2 II-Dodecane (12.2)
Cyclohexyl 125 60 3.2 5.2 7.2 11-Tetradecane (16.4)
Cycloheptyl 130 75 6.3 8.4 13.0 n-Dodecane (4.6)
Cyclooctyl 138 75 8.4 9.5 17.0 n-D ode cane (3.2)
Cyc lopentyl-rne thyl 120 60 4.8 12.4 n-Dode ca ne (7.8)
Isobutyl ' , 75 21 6.0 21.6 n-No nane (13.0)
Isoam yl " 92 20 7.2 20.4 n-De cane (13.0)

, The number in parentheses is the retention time (m in) fo r thc inte rna l sta nda rd .
" Determined in dichloromethane on ly.

0.04 ml per 250 ml dichloromethane. Separations were carri ed out isothermally and
the carrier gas used was nitrogen.

Analytical procedure f or the determination of cyclic amines, ke tones and alcohols in
rat urine

Calibration graphs were prepared for each of the separa tions outlined in Table
I. A plot of peak height rati os (amine, ketone or alcohol/internal standard) vs. concen­
tration , was linear over the range 0.006-0.2 mg/ml for each compound.

The calibration cur ves for the determ ination of cyclopentylamine, cyclopen­
tanone and cyclopentanol are shown in Fig. 2. The anal ytical procedure emplo yed
for the sett ing up of the calibration graphs was as follows. Microl iter quant ities of
cyclopentylamine, cyclopentanone and cyclopentanol were injected into 5-ml samples of
rat urine. 5 ml of 20 % sulphosalicylic acid (w/v) were added and the pH of the
solution was adjusted to 12-13 with I ml of 10 M NaOH. Samples (2 ml) were then

Concentrati on }Jg/ ml

Fig. 2. Determinati on of cyclopenty lamine (_), cyclopentano ne (e) and cyclo penta no l «() by
plott ing relati ve peak height s (pea k height of amine, keton e o r a lco ho l d ivided by the peak height of
n-dodccane) again st con cen trat ion.
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taken and extracted with 2 X 3 ml ofdichloromethane (containing 0.04 ml n-dodecane
per 250 ml dichlor omethane). The sample s were then centrifuged and 2-ml portions
were transferred to 5-ml volumetric flasks conta ining approximately 2-4 mg of
anhydrous sodium sulphate and 0.5 pI was injected on to the column. A similar proce­
dure was empl oyed to set up calibration curves for the other separations outlined
in Table I.

For the purposes of estimating a percent recovery from urine cycloheptyl
compounds were used and a calibration curve was prepared according to the proce ­
dure described above for the cyclopentyl compound s. The percent recoverie s obtained
for varying amounts of cycloheptylamine, cyclohept anone and cycloheptanol are
given in Table] I.

T ABLE II

PER CENT R ECO VERY OF CYC LO H EPTYLA M IN E, CYCLO HE PTAN ONE AN D CYCLO­
HEPTANOL FR OM URIN E
- ~, No t determined .

---~ -- - .

Amine Ketone Alcohol

f ig % f ig % f ig %

60.9 92.69 67.8 90.41 67.5 96.17
121.3 90.90 135.6 98.0 1 135.0 96.03
151.3 10 1.33 175.3 87.84 166.2 93.86
225.0 105.87 254.3 101.08 249.0 106.49
303.6 94.90 338.7 97.77 333.0 111.11
456.1 109.25 508.1 11 5.55 499.8 115.55
874.8 104.2 950.7 99.97 947.8
874.8 99.4 950.7 96.97 947.8 97.6

1020.6 103.4 1109.2 98.44 1105.8 84.5
1020.6 98.7 1109.2 99.52 1105.8
1166.4 94.6 1267.6 95.42 1263.2 94.9
1166.4 94.6 1267.6 104.91 1263.2

Mean + S.E. 99.15 J..: 4.75 98.82 ± 4.48 99.57 ± 7.64

DIS C USSION

Kojim a and lchibagase were the first workers to discover that the artifici al
sweetener cyclamate was metabolically cleaved in animals and humans. Following a
series of further tests both for metabolites and toxicological effects the artificial
sweetener was banned in 1969. We have been interested in other cyclic and aliph atic
sulphamates, which are sweet tasting, from a structure-activity correlation point of
view!' . It occurred to us that if the structure of the sweet suIphamate was altered, on
feeding it to animals its metabolic pattern might be different to that of cyclamate .
The procedures outlined, and summarized in Table I, show that three metabolites
can be determined directly by one injecti on on to the column in a very convenient
time. Excellent calibra t ion curves (see Fig. 2) and percentage recovery (see Table II)
from urine were obta ined. Fig. 3 shows the separations which were obtained for the
cyclopentyl group.

/I-Isoamyl and n-isobutyl sulphamates are sweet tasting compounds. Table I
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F ig. 3. Chromatographic separa tio n of the urine metabolites of cyclopentyl sulph amate. Peaks :
I = cyclopentylamine ; 2 = cyclopent anone ; 3 = cyclo pentanol ; 4 = II-dodecane (interna l stan­
dard ).

shows that we were able to separate the corresponding amines and ketone s. How­
ever we failed to extract these compound s from rat urine quantitatively. The solvent
was changed from dichloromethane to dimethyl ether but the extraction again failed.
Work is continuing to obt ain a satisfactory method for extracting aliph atic amines
and alcohols from rat urine in order that the metabolism of n-isoamyl and n-isobutyl
sulphamates can be studied.
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Gas-liquid chro matography has been used extensively for the tentative iden­
tificat ion offatty acids prior to the ir confirmatory identification by mass spectrometry.
In most instances the retention time can conveniently be measured, but the net re­
tent ion volume adjusted for the air peak is the basic parameter. Although the net
retention can be expressed in several ways, the equivalent chain length is perh aps the
most useful parameter to use for identification purposes. Identification is usually
accomplished by compa ring the equivalent chain lengths of the unknown fatty acid
obtained on two columns of different polarities with those of an authentic sample.
Even without an authentic sample, the differences between the two equivalent cha in
lengths of the unknown compound perm it the prediction of the presence or absence
of unsaturat ion and, if present , the number of unsaturated bonds in the fatty acid
molecules': ", Th is approach has been used routinely in this laboratory for the iden­
tification of bacter ial fatty acids with 13-1 8 carbon atoms.

It recentl y became necessary to identify various co-alicyclic fatty acids synthesiz­
ed by a bacterium. The behavior of these acids in gas chromatographic analysi s is
significantly different from that of normal or methyl-substituted acids. Thi s paper
reports findings obtained during the identification of alicyclic acids on the basis of
their equivalent chain lengths.

EXPERIMENTAL

Fatty adds
Meth yl esters of lauri c, myristic , palm itic and stearic acids were purchased

from Applied Science Labs. (State College, Pa., U .S.A.). Bacterial fatty acids were
prepared from cells of Bacillus subtilis (ATCC 7059) grown on a culture medium
containing glucose (I %), yeast extract (0.1%) and inorganic nutrients as described
previously' , The fatty acids have previously been identified belon ging to the iso
series (iSO-C I 4 , -CIS' -C16 and -Cn) , anteiso series (anteiso-Ci, and -Cl7) and normal
series (n-C 14 and -CI6) by their physical and chemical properties, as well as by gas­
liquid chromatography and mass spectrometry.

co-Alicyclic fatty acids were isolated from the cells of B. subtilis grown on
glucose-yeast extract medium to which one of fou r cyclic acid substrates (cyclopro pyl,

• Contribut ion No. 798 from the Research Co unci l of Alberta, Edmonton , Ca nada .
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cyclobutyl, cyclopentyl and cyclohexyl acids) was added. The m-a licyclic fatty acids
with 14-18 carbon atoms cyclo-S-Cj; (w-cyclopropylundecanoic acid), cyclo-3-C16 ,

cyclo-d-Cg, cyclo-d-Cj- , cyclo-5-C I6 , cyclo-f-Cj.; cyclo-o-C g , and cyclo-fi-C j-, were
identified by gas-liquid chromatography and mass spectrometry",

Esterification
Fatty acid s were esterified by diazomethane in d iethyl ethers.

Gas-liquid chromatography
The gas chromatograph used was a Hewlett-Packard Model 5830A equipped

with a dual hydrogen flame-ionization detector. The reproducibility of temperature
programming judged by the mea sured retention time of a given fatty acid sample,
was found to be within 2 %.

Three columns were used: one was a support-coated open-tubular (SCOT)
column with an ethylene glycol adipate (EGA) polymer coating (50 ft. X 0.02 in.)
purchased from Perkin-Elmer (Norwalk , Conn. , U.S.A .) and the others were 6 ft. x
t in . stainless-steel tubes filled with either 2% Silar 5CP or 2.5 % SE-30 on Gas­
Chrom G AW DMCS (Applied Science Labs.) .

The SCOT column was operated isothermally at 180° or 1900 with a carrier
gas (helium) flow-rate of 3 nil/min . The other packed columns were maintained at
120° for 2 min and then the temperature was increased at the rate of 2°/ min up to
240 °. The flow-rate of the carrier gas (hel ium ) was 13 ml/rnin,

RESULTS AND DIS CUSSION

Fig. I shows retention times on the EGA column at 180°, plotted on a loga­
rithmic scale against total carbon number for seven series of fatty acids. All of these
plots have identical slopes. The equivalent chain length (ECL) of an acid is determined
by finding the point on the normal series line corresponding to the measured retention
time for that acid . The corresponding ECL are listed in Table I. The II ECL value is
the difference between the actual total number of carbon atoms of the fatty acid and
its ECL. Because the lines in Fig. I are parallel, I1ECL is constant for a given series
and , once known for one member, can be assumed for an y other member. For ex­
ample, 11ECL for cyclo -3-C 14 acid is + 0.97. Hence the equivalent chain length of
cyclo-S-Cj , acid is expected to be 16.97, which is almost identical with the measured
value of 17.00 . ECLs measured at 190° were identical with the listed values obtained
at 180° (maximum deviation 0.03, except for iso-C 14 , which gave a deviation of 0.09).

The retention times of the fatty acids were also mea sured under programmed
temperature conditions. Plots of retention time (on a linear scale) against total
number of carbon atoms for the seven serie s of fatty acid s gave parallel straight lines
for the SE-30 column. On the Silar 5CP column under the same cond itions, howe ver,
the normal , iso, and anteiso series gave parallel st raight lines, whereas the plots of the
four w-alicyclic series showed a larger and parallel slope. Under the conditions used
here, the difference in slopes between the two groups corresponded to 0.17 ECL
unit per 10°. This difference is small enough that, to a first a pproximation and over
the limited range of carbon numbers of interest, /1ECL can be con sidered to be con­
sta nt (see Table J). (Table J also includes literature values for three alicyclic CIS
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Fig. 1. Retention t imes of methyl esters of six series of fatt y acids in relation to number of carbon
atoms in the fatty acids (including the carboxyl carbon). The a bbreviat ions used are: NORMAL,
ANTEISO, ISO, CY3, CY4, CY5 and CY6 for normal, anteiso ; iso , co-cyclopropyl , «i-cyclobutyl, co­
cyclopentyl and w-cyclohex yl ac ids, respectively.

ac ids from isothermal run s on columns of similar characteristics" and which agree
fairly well with the values found in the present work). Attempts were made to mea sure
ECls on a 6-ft. packed EG A (7 %) column under the same conditions of temperature
programming but the maximum operational temperature of the column (190°) was
not high enough for such analyses to be completed .

The average /1ECl values are listed at the bottom of Table I. It can be seen
that all /1ECl values of the methyl branched series (iso and anteiso) are negative,
whereas all 11 ECl values of the OJ-alicyclic series are positive. Thus, with respect to
gas chromat ographic retention characteristics, carbon atoms in an co-alicyclic ring
behave differently from alkyl-substituent carbons.

A fatt y acid with a polar function , such as unsaturation or a hydroxyl group,
can be recogni zed by chromatographing it on polar and non-polar columns, the re­
su1tant ECl being significantly larger on the polar than on the non-polar column.
The differen ces between the ECls for the w-alicyclic series measured on the EG A
and SE-30 columns, as listed in Table II , range from 0.45 to 0.94 . Thi s range can be
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TABLE I

ECLA N DI1ECL VALUES O F FIVE SE R IES OF FATTY AC IDS ME ASURED ON THREE DIFFER ENT
COLU MNS

------

Total Equivalent chain length ( ECL)
carbon ------_.._ .. - --~ -- .._------

number of Iso series Anteiso series io-Cyclopro py l series

fatty acid
-- -- - - - ---~-_ . .._-- -

EGA' Si lar.. SE-30 " EGA Si lar S E-30 EGA Silar SE-30
._ _ ._ .,_.._-----_.- .. _._-- - -- . - - - ---_ . •. _- , . -- - - _._- -
14 13.53 13.53 13.52 14.97
15 14.54 14.68 14.68 14.70

16 15.54 15.53 15.60 17.00 17.13 16.35
17 16.57 16.57 16.72 16.72 16.62
18

/ IECL - 0.45 - 0.46 - 0.44 0.30 0.30 - 0.34 0.98 1.13 0.35
----_. _ .... _ _. - - - - ------ - - - - - - - . __ ._~ -

TABLE II

DI FFER EN CE BETWEEN EC L VALUES MEASURED ON EG A AN D SE-30 COLUMNS

Cyclopropyl Cyc lobuty l Cyclopentyl Cyclohexyl

0.45 0.79
0.65 0.94

0.60 0.92
0.91

- - - - ._-._- --- -- - - -_.'- - --- ---_.._" ...

15
16
17
18

Carbon ECL EG A - ECLs E _JO

number of
fatty acid

compared with values of 0.75 and 1.48 for oleic and linoleic acid, respectively, on
columns of EGA and Apiezon L (Apiezon L is substantially the same as SE-30Y.
Hence the substitution of an co-alicyclic ring int o a fatt y acid appears to be similar in
some respects to the introduction of unsaturation. Stud ies on the biochem ical sig­
nificance of th is substitution are continuing.
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EGA Silar S E-30 EGA Silar SE-30 EGA Silar S E-30

15.92

18.03

0.98

-_.._~._----------
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(16.1) ' .. (15.6) 1 (16.7) '" (15.9) 1
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- - --- - --- . '~ -_ .__ ...__.- -- - -- - - - - - -
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The complete analysis of the low-boil ing isomers of phenols by gas chro mato­
graphy on con venti on al packed co lumns has not been ac hieved so far owing to the
excessive peak tailin g caused by non-l inear adsorption on the solid suppo rt on the
one hand and the lack of a suita ble single stationa ry phase on the other. Although
peak tailing has been eliminated in some instances by co nverting the phenols into
the ir methyl' :" o r silyl ethers", such procedures are cumbersom e and time con suming.
In order to overcome the difficult y of using a single stationary phase, Janak and
Korners' and Kolsek and Maticic" suggested the use of two different sta t ionary
phases, based on their studies on a number of pola r and non-polar phases. The
selectio n of a suitable pa ir of stationary phases is also imp ortant as it is essential
that a pa ir of compo nents that overlap completely on one of the phases sho uld be
completely resolved on the other phase, and vice versa; partial overlapping or partial
sepa ra t ion may lead to erroneou s result s. Un for tun atel y, no pair of sta tio nary phases
studied by previou s workers' :" satisfy the above req uirements so fa r as the co mplete
sepa ra t ion of In- and p-cresol and 2,4- and 2,5-xylenol in particular is concerned .

We have found a pair of stat ionary ph ases that overcomes peak tailing ap­
preciably without the need to convert the phenols into their methyl or silyl ethers and
facilit ate s the alm ost complete separation of a ll of the peak s. Several IO-component
mixtures of phenols co nta ining phenol , three creso ls and six xylenols ha ve been anal­
ysed on thi s pai r of stat ionary phases with acceptable accuracy.

EX PE RIMENTAL

Equipment
A Perkin-Elmer 810 gas chro matog ra ph fitted with a flame-ionizat ion detect or

and a Honeywell I-mY recorder was used . Experiments were carr ied out on a stain­
less-steel column (6 f1. x 1/8 in. 0.0.) with nitrogen as the carrier gas (flow-rate
30 ml/rnin). The packing materials for the following two columns were prep ared by
slurryi ng the sta t iona ry phases with the support in a water- metha no l mixture (co lumn
I) and in a chloroform-metha nol mixtu re (co lumn II) followed by removal of the sol­
vents by heating : co lumn I, 40 % rubi dium ben zenesul phon ate -I- 2 % Carbowax
20M + 2 % ascorb ic acid on Chro mosorb P (60-80 mesh) ; co lumn II , 12 % Apiezon
L -I- 0.5 % Carbowax 20M .\ I % ascorbic ac id on Chromosorb W (60-80 mesh.
acid washed) . Prior to an alysis, co lumn I was activated at 175° for J h or longer
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until there was a complete separat ion of m- and p-cresol at 150°. Column Il was
pre-conditioned a t 160° for I h under a flow of nitrogen .

Chemicals
The follo wing pure grade chemi cals were used : phenol (SDH , Poole, Great

Britain), o-cresol (E. Merck, Darmstadt, G .F.R .), m-cresol (BDH), p-cresol (N aarden,
Naarden, The Netherlands), 2,6-xylenol (SDH, recrystallised from cyclohexane),
2,4-, 2,5-, 2,3-, 3,5- and 3,4-xylenol (SOH) and ascorbic acid (SOH).

RESULTS AND D ISC USSION

In a previ ous study, it was shown th at rubidium benzenesulphonate" modified
with Carbowax 20M and ascorbic acid ? (column I) was an excellent sta tiona ry phase
for the sepa ra tion of cresols and xylenols . All the six xylenols are separated on thi s
phase at a column temperature of 150°. A mixtu re of 10 phenols co ntaining phenol,
three cresols and six xylenols is separated into seven peak s with the order of elution
2,6-xylenol, a-cresol, phenol + 2,5-xylenol, m-cresol +- 2,3-xylenol , p-cresol + 2,4­
xylenol, 3,5-xylenol, 3,4-xylenol.

Apiezon L grease, one of the most widely used non -polar stationa ry phases,
has the major disad vantage that it cau ses peak tailin g of polar compounds such as
phenols. In some instances' r ', peak-symmetry has been achieved by con vertin g the
phenols into their alkyl or silyl ethers. In th is study, peak tailing of all compounds
except phenol has been successfully elim inated by using Apiezon L modified with
0.5 % Carbowax 20M and I % ascorbic acid (column II) without a ltering the order
of eluti on obtained on an unmodified Apiezo n L column. Carbowax 20 M and as­
corbic acid when used indiv idually with Ap iezon L, however, failed to overcome tailing
appreciably. On this column, at a column temperature of 135°, a mixture of 10 phenols
was also sepa rated into seven distinct peak s with the following order of elution:
phenol, a-cresol, m-cresol + p -cresol, 2,6-xylenol, 2,4-xylenol + 2,5-xylenol , 2,3­
xylenoJ + 3,5-xylenol , 3,4-xylenol.

It can be seen from the orders of elution of the phenols that no two parti cular

TABLE I

ANALYSIS OF SYNTHETI C MIXTURES OF PH EN OLS USING COLUMNS I AND n AT
1500 AND 135°, RESPECTI VELY

Th e figure qu oted are percent ages by weight.

Compo und M ix ture I Mix ture 2 Mixture 3 M ixture 4
- - - --.-..-.-._ - -

Found Present Found Present Found Present FOllnd Present

Phenol 6.8 6.8 5.2 5.2 4.8 5.2 5.7 5.7
o-C resol 15.0 15.8 4.5 4.8 4.4 4.7 8.4 8.4
m-Cre sol 8.9 9.6 29.0 29.3 39.7 40.7 39.1 39.7
p-Cresol 18.7 18.7 25.0 23.6 14.0 13.3 6.9 6.8
2,6-Xyleno l 5.X 5.7 1.3 1.3 4.4 4.3 6.1 6.2
2,4-Xyleno l 5.6 5.5 4.3 4.4 5.0 4.1 6.1 4.8
2,5-Xyleno l 16.7 15.7 4.9 5.5 5.6 5.2 9.5 9.4
2:3- Xyleno l 3.4 2.8 4.1 4.6 6.7 6.7 4.1 3.6
3,5-Xyleno l 7.3 7.2 6. 1 5.7 5.4 5.3 8.2 8.5
3,4-Xylenol 12.2 12.2 15.5 15.6 10.4 10.5 6.3 6.9

-- --- - .,_.- _ .._- --
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phenols are eluted together from both columns. The pairs m- and p -cresol, 2,4- and
2,5-xylenol and 2,3- and 3,5-xylenol , which overlap on column II , are completely
resolved on column I. The se characteristic eluti on patterns led us to study the anal ysis
of mixtures of low-boiling isomer s of phen ols on these two phases. Several synthetic
mixtures have been analysed using these two columns and the result s were sat isfactory
(Table I). Figs. I and 2 show the chromatograms of synthetic mixture I on columns I
and column II , respectively. The relati ve retenti on times of the phenols on both phases
are presented in Table II.

24

_ M I NUTfS

Fig. 1. Ch romatogram of synthet ic mixture I (Ta ble I) on co lumn I at 150°.

TABLE II

RELATIVE RETENTION TI ME S OF PHENOLS

Compound Boiling point
( OC)

Relative retention
time on column I
(/50°)

Relati ve retention
tim e 0 11 column II
( 135°)

- -- - -- - . - ~ - ~ . - -----
Phen ol 181.7 1.00 1.00
o-Cresol 190.8 0.82 1.37
m-Cres ol 202.1 1.32 1.61
p-Cresol 201.5 1.60 1.58
2,6-Xylenol 200.6 0.51 1.91
2,4-Xylenol 211.3 1.55 2.30
2,5-Xyleno l 211.5 1.01 2.30
2,3-Xyleno l 217.1 1.31 2.78
3,5-Xylenol 221.0 1.90 2.71
3,4-Xylenol 227.0 2.18 3.14
_. _ ._~,,_..-
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ACKNOWLEDGEMENT

The authors are grateful to Dr. C. S. B. Nair for his constant encouragement
and helpful suggestions.

REFERENCES

1 L. E. Cook and R. C. Spangelo, Anal. Chern., 46 (1974) 122.
2 A. C. Bhattacharyya, A. Bhattacharjee, O. K. Guha and A. N. Basu, Anal. Chern., 40 (1968) 1873.
3 S. H. Langer, P. Pantages and I. Wender, Chern. Ind. (London), (1958) 1664.
4 J. Janak and R. Korners, in D. H. Desty (Editor), Gas Chromatography 1958, Academic Press,

New York, 1958, p. 343.
5 J. KolSek and M. Maticic, J. Chromatogr., 12 (1963) 305.
6 A. Bhattacharjee and A. N. Basu, J. Chromatogr., 71 (1972) 534.
7 A. Bhattacharjee and A. Bhaumik, J. Chromatogr., 115 (1975) 250.



Journal 0/ Chromatography, 136 (1977) 332- 336
© Elsevier Scientific Pu blishing Compa ny, Am sterdam - Printed in Th e Netherland s

CHR O M. 9933

Note

Simultaneous gas chromatographic analysis for the seven commonly used
antiepileptic drugs in serum
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Modern antiepileptic therapy frequently involves the simultaneo us adminis­
tration of two or more ant icon vulsant dru gs': ", The importance of ant icon vulsants
and the development of methods adds a new dimension to the co ntrol of epilepsy'.

Gas-liquid chromatography appea rs to be the method of choice for such anal ­
yses' <':". Its sensitivity and specificity allows simultaneous measurement of anti­
convulsant drugs. Here , we describe a simple method for simultaneously deter­
minin g phenobarbital , diphenylhydantoin , primidone, carbamaze pine, ethosuccini­
mide , methsuccinimide and phensu ccinimide in I ml of plasma or seru m in less than
one hou r.

EXPERIMENTAL

Drugs used were : diphenylhydantoin (Dil antin ; Parke-Davis, Detroit , Mich. ,
U.S.A.) ; carbamazepin e (Tegretol ; CI BA Pharmaceuti cal , Summit , N.J. , U.S .A.) ;
phenobarbital (Eli Lilly, Indianapolis, Ind. , U.S.A .); primidone (Ayer st Laboratory,
New York, N.Y., U.S .A.) ; 5-(p-methylphenyl)-5-phenylhydantoin (MPPH; Aldrich ,
Milwaukee, Wise. , U.S .A.) ; eth osuccin imide (Zarontin ; Parke-Davis) ; meth suc­
cinimide (Celontin ; Parke-D avis) ; phensuccinim ide (Milontin ; Parke-Davis) ; and
Fluorene (Eastman-Kodak , Rochester , N.Y. , U .S.A.). Trimethylphenylammonium
hydroxide (TMPAH, 0.4 mo les/l) was prepared as described by Abraham and
Joslin",

As internal standard , 90 p g of MPPH and 60 fl g of fluoren e were added to the
5 ml of chloroform used for the extr action . All seven dru gs were added to a dru g-free
pool of seru m to obtain five standards with the con centrations listed in Table I. Each
serum standard was extracted and chroma tog raphed in duplicate as if it were a patient
sample.

The instrumental conditions were the sam e as explained by Abraham and
Jo slin". In the chromatographic conditions two temperature modes were used : (a)
isothermal heating at 150° for 1.0 min , increased to 3000 at a rate of 20 0 /min; (b)
temperature-programmed from 180° to 300° at a rate of IDO/m in. Gas flow-rate s
were: nitrogen , 160 ml/rnin ; hydrogen, 30 ml/rnin ; air, 300 ml/min,

Serum or plasma (I ml) was combined with 0.5 ml of 0.25 M hydrochloric
acid in a 150 x 13 mm test tube (PTFE-lined screw cap). Chloroform (5 ml) con-
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TABLE I

CO NCENT RAT IO NS O F WORKING STANDARDS (rng/I)
- -- - - . .

St andard Pheno- Diphenyl- Primidone Carbama- Etho- M eth- Ph en-
barbi ta l hydantoin zepine succinimide succinimide succinimide

. - - - -
1 5 2.5 2.5 1.0 12.5 3. 1 3. 1
2 10 5.0 5.0 2.5 25.0 6.2 6.2
3 20 10.0 10.0 5.0 50.0 12.5 12.5
4 40 20.0 15.0 7.5 100.0 25.0 25.0
5 80 40.0 20.0 10.0 200.0 50.0 50.0

taining th e internal sta ndards was added to th e screw-cap tube and sha ken in a vor­
tex-type mixer. Th e aq ueo us (upper ) phase was aspirated and the o rga nic phase
filtered throu gh a Wha tma n No . I filter pap er int o a co nica l centr ifuge tube and evap­
ora ted und er a stream of nit rogen .

The dried residue in th e centrifuge tube was reconstituted with 50 fil of meth­
ano l. Thi s extract (1-2 fil) was chromat ographed as expl ained in chromatographic
co nditio n (a) . Aft er thi s first injec tio n, 50 fi l o f TM PAH were added to the residue
and mixed well in a vortex mixer. This extrac t ( 1-2 [t l) was chromat ographed as ex­
plained in chro ma tog ra phic co nd ition (b) . The pea ks were identified by compar ing
their relat ive retent ion times (relat ive to internal reference peak ) to known stand ards.
Drug concentrat ions were ca lculated from the sta ndard curve.

Th e precision of the proposed method was checked by using aliquots of spiked
seru m pools which were kept frozen. The seru m pool contained all seven drugs.

RESULT S

Chro matog ra ms of four spec imens extracted and chro matogra phed according
to our proced ure are pre sent ed in Figs. 1-5. Fig. I is a typical pattern for serum from
a normal individual not receiving anticonvulsant drugs when the program was run
as explained in chrom atograph ic condition (a). The peaks marked A are attributable
to no rm al seru m con sti tuents. Fig. 2 with the interna l sta ndard MPPH is a typical
pattern for seru m from a normal ind ividual not receiving ant iconvulsants when the
program was run as expla ined in chro ma tog ra phic condition (b). The three pr ominent
peak s marked S a re att ributable to normal serum co nst ituents.

Th e chro ma tog ram in Fig. 3 is a serum sa mple spiked with all three of the sue­
cinimide drugs. The concentrations ca lculated from the sta ndard curve were: etho­
succinimide, 64 M /ml ; methsuccinimide, 91 fig/ml ; phensuccinimide, 69 fig/m\. The
spiked values for the drugs were 60, 90 a nd 65 fig/ ml, respect ively. Fig. 4 and 5 are
fro m a pat ient who is receiving ethosuccin imide, ca rbamazepine and diphenylhydan­
toin ; 75 flg/ ml of prim idone and 150 ltg /ml of phenobarbital were added to the same
sa mple. Th e ca lculated values fo r thi s sa mple were: phenob arbital , 142 fig/ml; car­
bamazepine, 7 fl g/m] ; primidone, 70 fig/ml ; diphenylh ydantoin, 36 fig/ml; ethosuc­
cinimide, 76 flg/ml. All the drug peak s were well separa ted from one another and
there were no interfering peak s.

Th e bet ween-day precision of the proposed method was evalu at ed by ana lyzing
the spi ked seru m sa mple for 31 con secutive days. The standa rd deviation varied from
0.4-1.2 mg/\. An alytical recoverie s varied from 99-104 %.
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Fig . 2. Chro ma tog ra m obtained by meth ylati on of ser um extract fro m an ind ividua l who is not re­
ceiving an y ant iepilep tic drugs. Chroma tog ra phic co nd it ion (b) was used . S = serum co nst ituent ;
I.S . = interna l sta ndard (M PPH ).
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Fig. 4. Chro matog ra m of a serum extract from a pa t ient who is receiving eth osuccin imide, car barna­
zepine, d iphenylh ydantoin and the sa me serum spiked with prirnidone and phen obarbital. Chro ma­
tographic condition (a) was used . Z = eth osuccinimide ; A zs.: unknown co nstituent ; I.S .2 = interna l
standard (fluorene).
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( M PPH).

The usual sample volume used was I ml of seru m or plasma. In pediatric cases,
similar results can be obtained by decreasing the amounts of serum, chloroform and
reagent proportionately. In some instances we successfully used as litt le as 0.2 ml of
serum.

The proposed method is simple and well suited for the clinical laborato ry. A
single extraction and chromatographic system is used to analyze a ll seven of the anti­
convulsant drugs. Use of two internal sta ndards in the same extracting solvent for both
chromatograph ic conditions reduces the technical difficulties , the standardization
procedure and the ana lytica l time. The non-methylat ed derivatives of succinimide­
type dru gs and the meth ylated deri vat ives of other drugs were well resolved as were
the two internal standa rds. The use of glass columns and SP 2250 gives good peak
characteristics and a linear standard curve.

The five standa rds that contain all the seven drugs are prepared in pooled
seru m. In our proposed method the concentration in standard 5 is about twice the
toxic concentration , standard I is less than a third of the therapeutic concentration.

The most ad vant ageous aspect of the procedure is the capability to determine
the most common ly used antiepileptic drugs in a single procedure within one hour.
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pounds using a mobile phase containing silver nitrate
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Use of impregnated supports for the sepa ration of closely related compounds
has been reported for thin-layer chromatographic (TLC) systems' . Application of
some of the se TLC techniques has been extended to high-pressure liquid chromato­
graphy (HPLC). An argenta ted silica gel stationary phase has been used for the sepa­
ration of 0 -, /1/- and p-picoline2

• Janak et a/.3 have reported the use of a porous poly­
hydrocarbon stat iona ry phase (Porapak Q) and a mobile phase containing silver
nitrate . Very recently, Schomburg and Zegar skr' have reported the use ofan argentated
mobile pha se with a reversed-phase partition system for the sepa ration of geometrical
isomers of 2-alkenes and 1,5,9-cyclododecatriene, as well as for the sepa ration of
oleic and elaidic acid meth yl esters.

Application of thi s technique for the differentiation of compounds of pharma­
ceut ical importance was realized in thi s laboratory. Very similar compounds were
found to be affected different ially by the pre sence of silver nitrate in the mobile phase.
Vitamins O2 and 0 3 , as well as various estrogenic compounds, were examined. Some
compounds that were either only partially or totally unresolved from chromatogra­
phically similar species , were completely separated when using a mobile phase con­
taining silver nitrate.

EXPERIMENTAL

All mob ile phases were prepared using certi fied A.C.S . grade methanol (Fisher
Scientific , Fair Lawn, N.J ., U.S.A.) and demineral ized wate r. Reagent A.C.S. grade
silver nitrate was purcha sed from Allied Chemical (Morristown, N.J., U.S.A .). All
mob ile phases conta ining silver nitrate were shielded from light using low-actinic
glassware.

A Milton Roy Mini-Pump Model 396/2396 (Laboratory Data Control ,
Riviera Beach , Fla. , U.S .A.) was used in conjunction with a 30 cm X 4 mm J.D.
,uBondapak/C I 8 ch rom at ographic column (Waters Assoc., Milford, Mass., U.S.A.).
Sample introduction into a DuPont Instruments Model 830 liquid chromatograph
injection port was made using a 5-lll Hamilton HP305 syringe. A DuPont Model
835 filter photometer (DuPont Instruments, Wilmington , Del. , U.S.A.) and a Linear
Instruments Model 252A recorder (Irvine, Calif., U.S.A .) were used. Because of the
high absorbance of mobile phases containing silver nitrate, the recorder pen was
electronically offset using the photometer balance and recorder zero adjustments.
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Reference standard vitamins O2 and 0 3 were purchased from the United States
Pharmacopoeia (Rockville, Md., U.S.A .). Estrogen samples were obtained from a
variety of suppliers. All sample solut ions were prepared to be approximately 1 mg/rrrl
in methanol.

RESULTS AND DISCUSSION

In the past, chromatographers have shown the partial separation of vitamin
O 2 from vitamin 0 3 (ref. 5), as well as the separation of various estrogenic com­
pounds'<" from each other using HPLC. Structures for some of these compounds are
shown in Fig. I. In many cases, these separations are found to be difficult to reproduce.
The use of an argentated reversed-phase partition system is recommended as an alter­
native method for the separation of these groups of compounds.

Chromatograms showing a vitamin D j-vitamin 0 3 separation using a mobile
phase both with and without silver nitrate addition are shown in Fig. 2. An essentially
complete separation of vitamin O 2 from vitamin 0 3 was accomplished in less than
35 min (Fig . 3). Table I relates the effect of silver nitrate concentration to the retention

ESTRIOL

aSP
3C OH

..OH

7" 1
HO .....

ESTRONE

VITAMIN D2

EOUILIN

C1SH2Q0:! Mol. wt . 268.34

ESTRADIOL

C18H240:! Mol. wt . 272.37

VITAMIN D3

Fig . 1. Structures of various vitamin D and estrogenic compounds.
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Fig. 2. HPLC separation of vitamin D compounds using a flBondapak/Cs column (30 em x 4 mm
I.D.). (A) Mobile phase, 95 ml methanol -l 5 ml water; flow-rate, 0.8 ml/rnin. (B) Mobile phase, 95
ml methanol + 5 ml water -+ 2 g silver nitrate; flow-rate, 0.8 rnl/rnin. I = Vitamin D 2 ; 2 = vitamin
Dj ; 3 = impurity.

time of each component. From a study of this set of data, it is evident that the role
of the silver nitrate is to allow n-complexation with available sites on these molecules.
Both the retention times of vitamin D, and vitamin D3 are noticeably decreased on
the addition of silver nitrate to the mobile phase because each of these compounds
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Fig. 3. HPLC separation of vitamin D 2 from vitamin D 3 • Column, "Bondapak/Cs, 30 ern x 4 mm
I. D.; mobile phase, 86.5 ml methanol + 13.5 ml water + 2.4 g silver nitrate; flow-rate, 1.1 ml/rnin.
I = Vitamin D2 ; 2 = vitamin D 3 ; 3 = impurity.
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TABLE I

RETENTION T IMES FOR VIT A M IN 0 , AND VIT A M IN O, IN T HE PRESENC E OF VAR Y­
ING AMOUNTS OF SILVER NITRATE

All ru ns were made using th e fo llowing co nd it ion s : co lurn n.x-Bondapak /Cn ; mobi le ph ase, methano l­
water (95 :5) + var ying amounts of silve r n itrate ; detector, UV at 254 nm ; flow-rate , 0 .8 ml /rn in.

Retention tim e (min)Grams 0/
AgNO,/500 ml
0/ mobile phase

o
2.53
5.00
7.50

10.0 1

Vitamin D;

14.3
12.5
11.6
10.3
10.0

Vitamin D,

14.5
13.0
12.3
I 1.1
10.6

has the abi lity to n-complex with the silver a tom. Vita min 0 2' howeve r, has an addi­
tional complexation site on the side chain, which provides the main basis for the sepa­
ration of vitamin D 2 from vitamin 1)3 '

Chromatograms showing the separat ion of estri ol , equilin, estrone and es­
tradiol both before and after argentation of the mo bile phase are show n in Fig. 4.
Ad d ition of 20 g/I of silver nitrate resu lted in a retention time decrease of 6 min for
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Fig. 4. HI)LC separation of estrogenic co mpounds using a /IB ondapak /C 8 column . (A) Mo bile
phase, 60 ml methanol +- 40 rnl water; flow-ra te , 0.55 ml/rnin. (B) Mobil e phase, 60 ml methanol
40 rnl water + 2 g silver nitrate; flow-ra te , 0 .55 rnl/m in. I '..0. Estriol ; 2 equilin ; 3 00- impurity;
4 = estrone; 5 = estrad iol.
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the eq uilin co mpo und, while the retent ion times for est rio l, estrone, and est radiol were
virtually unch an ged . In this case, the dou ble bo nd between No . 7 and No.8 carbon
ato ms in the eq uilin molecule a llows for rr-co mplexation with the silver a to m. Because
of thi s phenc meno n, the reten t ion tim e of eq uilin cou ld be decreased a lmost indepen­
dentl y of the other co mpo unds simply by silver nitrat e add ition to the mo bile phase
(Table II).

TA BLE II

RETENTION T IMES FOR EST RO( i EN S I N T H E PRES EN C E OF VARY ING A M O U N T S OF
SI LVER N IT RA TE

All runs were made using the fo llowi ng co ndit ions :co lurnn.n-Bondapak /Ca ; mo bile phase, metha nol ­
water (60 :40) -I va rying am ounts of silver nitra te ; detectio n, UV at 280 nrn ; now-rate, 0.8
mljm in.

Gramsof Retention time ( rnin}
Ag NO , /50() 1111

E~/riol Equilin Estrone Estradiolof mobile phase

0 11.8 27.8 30.7 34.1
2.48 11 .7 25.7 30.0 33.7
5.46 11.6 23.9 29.6 33.2
7.60 11.7 22.7 29.3 32.9

10.12 11.7 21.7 29.7 33.3

Co mplete rep roducibil ity of a ll systems using silver nitrat e was observed. T o
prevent met all ic silver build-up , each evening a wate r- metha nol (50 :50) mo bile phase
was used to tho ro ughly flush excess silver nitrate from the system. Even so, a sma ll
amount o f metall ic silver bui ld-up was observed o n the inner wa lls of the tubing over
a period of time. Rin sing with di lute nitric acid or replacement of the tubing itself
was used to remedy thi s situa t ion.

By no mea ns is the use of th is ar gentation technique expected to be th e answer
to all sepa rat ion problems of this type, but it is an alternative. The versat ility of the
system is show n in the a bili ty to co mple tely regenerat e the !l BondapakjC18 column
bac k to the sta te in which it was prior to the use of the a rgenta ted mob ile phase. Ap­
plicabi lity of thi s technique of add ing metal ions to th e mo bile phase sho uld not sto p
with these two series of co mpo unds, bu t sho uld be expanded for use on a wide variety
of compounds with possibly other meta l ion s as co mplexing agents, such as mercury
and nickel sa lts.
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Note

Use ofthin-Iayer chromatography in the separation of disaccharides resulting
from digestion of chondroitin sulphates with chondroitinases*

UNA WASSERM AN , ARTU R BER and DAVID ALLALOUF

Endocrinological Department of the Rogoff- Wellcome Medical Research Institutes , Beilinson Hospital,
Petah Tikva ( Israel)

(First received September 10th, 1976; revised manu script received December 14th, 1976)

An approach to the identification of glycosaminoglycans was developed by
Saito et al,', who used specific enzymes from bacteri al or igin that degrade chondro itin
sulphates. Among these enzymes, chondroitinase ABC degrades chondroitin 4­
sulpha te (C-4S) , dermatan sulpha te (OS) and chondroitin 6-sulphate (C-6S). Both
enzymes a lso degrade hyaluronic acid and chondroitin. The degradation is carr ied out
by an elimination reaction yield ing disaccharides con sisting of 4,5-un saturated
uronic acid and hexosamine at the reducing end carrying a sulphate group at the 4- or
6-position, or no sulphate in the case of non-sulphated glycosaminoglycans-, These
disaccharides exhibit different mobilities in paper chromatography and can be render­
ed visible by illumination with UV light. Th ey can be qu antified either by measuring
their absorbances at 232 nm or by the help of colour reactions for their constituent
monosaccharides':".

Th is method has been widely applied to the ident ification of glycosam inogly­
cans in va rious tissues and in fra ctions obtained by a variety of procedures. In view of
the pol ydi spersity of glycosaminoglycan s in biological materials, as shown by their
different molecular weights and the vari ability in the degree of sulpha tiorr', fractiona­
tions generally do not yield homogeneous preparations and glycosaminoglycans of a
sing le type. The determination of disaccharides resulting from digestion with chon­
droitina ses was found to be a very useful mean s for the identifi cation of the compo nents
present.

Paper chromatography is applicable to amounts of disaccharides ranging fro m
25 to 100 pg of each isomer, which might be higher than desirable when dealin g with
minor components, and the procedure, including a desalting step, requires abo ut 36 h.
The present work was a imed at the development of a more rapid and sensit ive method
for the qu alitative and qu an titative determination of the se disacch arides, Cellulose
thin-layer chro matographic (TLC) plates were found to give satisfactory separations
and detection of amounts of disaccharides as low as 2.5 ~g. The applica t ion of co lour
reactions with the eluted spots made possible their quantification. An advantage of
thi s method is the short period of time (12 h) required for the development of the
thin-layer chro matograms.

* Par t of a Thesis submitted by Mrs. L. Wasserman to the Tel Aviv Unive rsity, in partial fulfil­
ment of the requirements for the Ph .D . degree.
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Chondroitin 4- and 6-sulphate were purchased from Miles Labs. (Kankakee,
Ill., U.S.A.). Hyaluronic acid and dermatan sulphate were kindly supplied by Dr.
Cifonelli, University of Chicago, Chicago, Ill., U.S.A. Commercial unspecified prep­
arations of chondroitin sulphate were obtained from Nutritional Biochemicals
(Cleveland, Ohio, U.S.A.; CS-I) and Delta Chemical Works (New York, N.Y .,
U.S.A.; CS-2). Chondroitinases ABC and AC and unsaturated disaccharides were
obtained from Seikagatu Kogyo (Tokyo, Japan). Pre-coated cellulose F TLC plates,
0.1 mm thick, were supplied by Merck, Darmstadt, a.F.R. All chemicals were of
analytical-reagent grade.

Digestion with chondroitinases
The digestion mixture consisted of 1O,u1 of a solution of glycosaminoglycan in

water, 1O,u1 of enriched Tris buffer (pH 8.0)1 and 20,ul of an aqueous solution of en­
zyme containing 10 units/rnl. After incubation for 21/

2 h at 37 0
, another IO-,ul portion

of enzyme solution was added and incubation continued for another 21
/ 2 h5

• The
control mixture consisted of the same components (except enzyme), brought to the
same final volume. Four volumes of 96 %ethanol were then added and the mixtures
left overnight at 4°. The clear supernatant obtained by centrifugation was dried in a
desiccator and the residue, dissolved in a small volume of water, was applied on the
TLC plates.

Thin-layer chromatography
Initially, desalting was carried out using I-butanol--ethanol-water (52:32 :16)

for 6 h5• After drying in air the plates were developed for 6 h using as solvent I-buta­
nol-acetic acid-l N ammonia solution (2:3:1)1. The unsaturated disaccharides were
rendered visible under shortwave UV light as brown spots or after immersion in silver
nitrate''-" and were identified by comparing their mobilities with those of the reference
compounds. For quantitative determinations the areas located by UV illumination
representing the various materials as well as clear background areas on the plates were
scraped off and eluted with I ml water using sonication with a MSE ultrasonicator at
maximal intensity for 2 min and subsequent heating at 50 0 for 1 h. After centrifuga­
tion and reduction of the volume of the supernatant by evaporation, the disaccharides
were determined either by the method of Hascall et 01.8 , which determines un saturated
uronic acid, or by the Elson-Morgart reaction for hexosamines as modified by Antono­
poulos", after hydrolysis with 4 N hydrochloric acid for 7 h at 1000

•

Uronic acid was determined according to the method of Bitter and Muir'? and
protein by the method of Lowry et al," :

RESULTS AND DISCUSSION

Fig. I illustrates the chromatographic separation of a mixture of 20 ,ugeach of
the disaccharides 11 Di-4S (3-0-/J + -glucuronosyl-N-acetylgalactosamine 4-sulphate) ,
11 Di-6S (3-0-114-glucuronosyl-N-acetylgalactosamine 6-sulphate) and /1Di-OS (3-0­
Ll 4.::glucuronosyl-N-acetylgalactosamine) and the individual compounds separately.
Experiments with smaller amounts showed that spots corresponding to 2.5 ,ug of
material could still be detected. It should be pointed out that parallel experiments



344 NOTES

F ig. 1. TL C of standa rd unsatu rated disaccharides. Amounts ap plied : 20 f ig each . Solvents and condi­
tions as described in the text. Spots revealed by UV illuminati on .

carried out by usin g paper chromatography ind ica ted th at 25 11g was the limit of
detection.

Fig. 2 shows the degradation products obta ined in th e incubat ion of 50 fig of
C-4S and C-6S with chond ro itinase A BC a nd AC. A mi xture of the marker s de veloped
on the same plate, revea ling spots of 11Di-6S, /1Di-4S and I I Di-OS in this order of in­
creasi ng mobility, permitted the ident ification of th e degr ad ati on pr oduct s. The major
spots corresponded to the expected products a nd the add ition al minor spo ts probabl y
represent minor contaminants.

Dermatan su lphate gav e, as expected , /JDi-4S foll owing incuba tion with cho n­
droitinase ABC and remained undigested by chondroitinase AC (not shown in the
figure).

In the experiment illu strated in Fig. 3 we exa mined the sens itiv ity of th e method
by using decreasing am ounts o f C-6S. The intensity of the spo ts was proportional to
the amount of subs t ra te and th e de gradat ion product resulting fro m 12.5 fig of initial
substance is sti ll clearl y detectable. In fact, in view o f the above-mentioned contami­
nati on , the true a mo unt is even lo wer , ind ica t ing th e high sensitivity of the method.

The experiment illu strated in Fig. 4 was de signed to show the applica bility of
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~Oi-OS

I:::. (n-itS

61)~-bS

Fig. 2. TLC of digest ion products of C-4S and C-6S with cho ndro itinase ABC an d AC. Amounts of
substrat es used : 50 fig . Contro ls (cont .) co nsisted of subs trates witho ut enzymes. Mark ., reference
disaccharide mar kers.

C-65
. SO!~

ABC

c-6S
25n
ABG

(-65
12.5/11
AB C

MARK.

Fig. 3. TLC of digestion products of decreasing amounts of C-6S with chondroitinase ABC.
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t!.Oi-OS

Fig. 4. TLC of digest ion pro ducts of co mmerc ial prepar ati ons of cho ndroi t in su lpha te with cho n­
d roit inase A BC and AC.

TLC in the analysis of impure preparations of mixtures of CAS and C-6S often en­
countered in extracts of biol ogic al materials. For thi s purpose, un specified prepara­
tion s of chondroitin su lphat e from two different commercial so urces, found to co ntain
simil ar concentrations of uronic acid (about 23 %) and protein (about 20 %), were
used . The significant co ntent of protein presumably ind icates the presen ce of pr oteo­
glycan s. The sensitivity of the method was confirmed by the fact th at digestion prod­
uct s from amounts of subs tra tes co rrespond ing to 12 1lg of ur oni c ac id were clearly
detectable. Other experiments not shown in the figure were carried out with half of
this amount and the results were sat isfac tory.

Experiments not presented in the figures show ed that the non-sulphated un­
sa turated di sacch aride derived from th e degradat ion of hyaluronic acid with ch on ­
droitinase migrated faster th an the reference marker IJDi-OS supplied by the manufac­
turer , which is a galactosamine-co nta ining disaccharide, indicating the possibility of
resolving mixtures of glucosamine and galac tosamine-co nta ining di sacchar ides, This
difference in mobility has a lso been reported by other wo rkers who used paper chro­
matography".

The experiments rep orted above included detection of the spots under UV
light. It should be mentioned that the spots can also be revealed by the silver nitrate
procedure for reducing suga rs. The sens it ivity of thi s sta ining method , however , is
lower than that achieved by UV illumination .

For the determination of the various di saccharides separated o n the TLC plate s
two procedures were used . The genera lly used method s co nsist ing of measurement of
absorbance at 232 nm and perform an ce of th e ca rbazol e rea ct ion fo r uroni c acid in
elu at es from paper proved to be ina pplica ble with the pre-coat ed TLC plate s used in
view of the background absorption at thi s wavel ength and the positive carbazole
react ion . With two other reactions, however , the results in thi s respect were sa t is­
factory. Thus, the back ground a bsorption with the Elson-M orga rt react ion for
hexosamines an d the per iodic acid -th iob arbituric aci d react ion for unsaturated uronic
acids des cribed by Hascall et a/ .s wa s virtually zero. Experiments with o ne of the
commercial preparation s o f cho ndro iti n sulpha te showed good agreeme nt bet ween
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the two colorimetric methods with regard to the relative amounts of the isomeric
components. The determination of unsaturated uronic acid has the ad vantages of
being faster and more sensit ive than that of hexo samine. It should be noted th at with
the former method care should be taken to use a ppropriate standards of disaccharides
as the colour inten sity of their reaction products is different. Thus, the ratios of the
absorbances of equ al concentrat ions were approximately I :2:3 for 110i-4S, 110i-OS
and ,1 0 i-6S.

The recovery of the TLC method was examined with the three pure disaccha­
rides. 40 fig of each, individually and in admixture, were applied on the TLC plates.
After migration, the recoveries in the eluates of the corresponding spots, using the
reaction for unsaturated uronic acid, were 80-105 %. Recoveries of thi s magnitude
can be considered sa tisfacto ry in view of the possible errors involved in the va rious
steps, and the quant itat ive procedure can there fore be recommended, espec ially in
experiments in which the relative amounts of isomeric chondroitin sulphates a re to be
determined in mixtures.
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Note

Detection of bile salts with Komarowsky's reagent and group specific dehy­
drogenases

IAN A. MACDON ALD

Departm ent of Medicine , Dalhousie University, Halifax , No va Scotia ( Canada)

(Received January 5th, 1977)

A nu mber of spray reagents for the detection of bile salts and neut ral stero ids
on thi n-layer chromatog rap hy (TLC) are in com mon use. Some of the more widely
used reagents include various sulfuric acid solutions', molybophosphoric acid ! anti­
mon y(lll) chlor ide- and ani saldeh yde-sulfu ric acid solutiorr'. Kellogg" has document­
ed the use of 8-hydroxy-I(3,6-pyrene)trisulfonic acid for bile salt a nd neutral steroid
detect ion. More recently, Goswami and Frey" have introd uced a novel copper­
amm onium mol ybdate- sulphuric acid reagent to detect a variety of bile salts, lecithin
and cholesterol on TLC plates.

Komar owsky's reagent (p-hydroxybenzaldehyde- sulfuric acid solutio n) has
been used to detect a limited number of keto-steroids and sapogenins' :", It is the pur­
pose of th is commu nication to describe the genera l usefulness of this reage nt in the
detect ion of hydro xy- and keto- bile salts and the applicatio n of gro up specific dehy­
drogenases agai nst eluate s fro m sprayed th in-layer plates.

MAT ERIALS

Prepar at ion of Kornarowsky's reagent was modified from Stevens": 5 ml of
concentra ted sulfur ic acid were added to 100 ml of a 2 %solution of p-hydroxybenz­
aldehyde (Baker, Phillipsburg, N .J., U.S.A .) in methanol. All bile salts and neutral
steroids were dissolved (5 mgjml) in meth anol-water (4 :1). TLC plates (20 X 20 em)
were made as described earlier?

Solvent systems consisted of chloro form-methano l- acetic acid : (A), 40:4 :2 ;
(B), 40: 2 :1 ; (C), 40:1:1.

3a-Hydroxysteroi d dehydrogenase (3a-HSDH) was purchased from Wor­
thington (Freehold, N.J., U .S.A.) enzymes; 7a-h ydroxysteroid dehydrogenase (7a­
HSDH) was made as previou sly described?

METHO DS

Standard steroids (5-20.uI) were spotted ap proximately 2 em from the edge
of a TLC-plate (pre-washed by leaving in a tank co ntaining chlo roform-methanol­
water (85 :35:5) and pre-activated at 1000 for I h). Prior to spotti ng, plates were divided
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into 10 lanes and the appropriate solvent system allowed to equilibrate in a glass
tank for 2 h. On completion of spotting, the plates were dried by blowing cold air
onto the surface and quickly placed in a solvent tank. Plates were developed for
2 h, dried (in a fumehood), sprayed liberally with Komarowsky's reagent and left
at 80 0 for 5-8 min . Alternately, plates were gently warmed by use of a heat gun (1-2
min). Colors and R F values were noted, when the plate was cooled (approximately
15 min).

The colors were allowed to partially fade (I or 2 days); individual spots corre­
sponding to selected compounds were scraped from the plate and the scrapings were
placed in pasteur pipettes, pre-packed with cotton-wool (approximately I em high).
Scrapings were eluted directly into a cuvette with 0.5 ml methanol (or methanol­
diethyl ether, 50:50, for the more non-polar compounds; e.g. di- or tri-keto bile
sa lts). The solvent was blown down to dryness and 3.0 ml reaction mixture, consisting
of 0.17 M glycine-NaOH buffer pH 9.5,0.8'10- 3 M NAD, was added. A baseline
was obtained by reading thc cuvette at 340 nm in a Beckman DBGT spectro photom­
eter and recorder at 0.1 in .jrnin. A 50-pi volume of purified 3a-HSDH (2 mg/rnl) or
7a-HSDH (4 mg/ml) were added and the change in absorbance at 340 nm observed.

RESULTS AND DISCUSSION

Results are summarized in Table 1. The reagent reacted with both hydroxylated
and ketonic bile salts and gave a wide range of colors. It appears to be able to dif­
ferentiate isomers such as 3a,7a-dihydroxy- and 3a-,12a-dihydroxy-cholanoates, and
3,7 diketo- and 3,12 diketo-cholanoates which are not generally differentiated by their
RF values. It can be noted however that there was no color difference between a free
bile salt and the methylester or glycine or taurine conjugates (not shown) or between
5a-H bile salts and 5f1-H bile salts. Thus the color formed with p-hydroxybenzalde­
hyde appears to be dependent on the number and positions of the hydroxyl- and keto­
substituents. The range and type of compounds detected by this reagent is far greater
than the original paper suggests". All compounds detected under visible light, fluoresced
when viewed under the long wave or short wave ultraviolet light although the former
gave a more intense fluorescence.

The spectrum of colors seen with p-hydroxybenzaldehyde is similar (but not
identical) to that seen with anisaldehyde, which has been extensively investigated by
Kritchevsky et al? and Lisboa". Similar to their 'finding, the limit of sensitivity was
found to be approximately 1 pg of steroid in day light. The use of a long wave UV­
lamp will detect less than 0.5 pg cholic acid not visible in day light. Colors were stable
for a period of approximately 6 h although some fading of the more "delicate"
shades was evident after about 2 h. A plate which had been allowed to fade nearly
completely (over a weekend) could be re-stored by simply re-heating at 80 0 although
the restored color was not necessarily identical to the original.

The solvent systems A, B, and C in our hands gave excellent results. Behaviour
of most bile salts in solvent B was somewhat similar to their behaviour in solvent S,
of Eneroth? but with less diffusion and improved separations (Benzene-dioxane­
acetic acid, 75:20:2). An increase or decrease in the chloroform-methanol ratio
(solvents C and A respectively) permits the separation of less polar or more polar
compounds without essentially changing the order on the TLC plate. However,
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TA BLE I

THIN-LAYER C H RO MATO G R A PH Y OF TRI - DI- A N D MONO-FUN CTIONAL BIL E
SALTS AND COLO RS WITH KOMAROWSKY'S REAGENT

Cholanoat e

sa.:«,12a-Trihydroxy-Sji-

3a,7a ,12a-Trihydroxy-S{1-methyl

3a,7 a, 12a-Trihydroxy-Sc-met hyl

7a ,12a -Dihydroxy- 3-keto-S{1-methyl

3a ,12a-Dihydroxy-7-ket o-SfJ-

3a, 12a-D ihyd roxy-7-keto-S{f-methy l

3a ,7a-Dihydroxy-12-keto-S{f-

3a, 7a-Dihydroxy-12-keto-S(:i-rrethyl

3a-Hy droxy -7, 12-di keto-S{f­
7a-H ydroxy-3,12-diketo-S (:i­
12a-Hydroxy-3,7-diketo-S{f­
3,7,1 2-Triketo-Sf:i-

3a,7a-D ihydroxy-S(:i­
3a ,7a -Dihydroxy-S(:i-methyl
3a,7a-Dihydroxy-Sa- methyl
3a,7{1-Dihydroxy-S(:i­
3a-Hydroxy-7-keto-S (:i-

7re-Hy d roxy-d-ke to -Sji­
3,7-Diketo-S {1-

3a ,12a-Dihydroxy-Sfl-
3a, 1 2a-Dihydroxy-SfJ-n~ ethyl

3a-Hydroxy-12-keto-S(1-

12a-Hydroxy-3-kcto- SfI­
3, 12-Diketo -Sf:I­
3a ,6a-Dihydroxy-S(:i­
3a ,12a-Dihydroxy-SfI­
7a-Hydroxy-SfI-

3-Keto-S fl-

Source

b

a

d

a

a

a

a

a

c
e
e
a

b
a
d
b
a

a
a

b
a
a

a
c
b
a
c

e

Color

deep purple

deep purple

deep purple

rose wine

kha ki green

khak i green

green-gray

green-gray

lime
bright red
brown
orange-cri mso n

violet
vio let
violet
blue-purple
violet-red

ox blood
ru st-yello w

mau ve-gr ay
mau ve-gray
green

mah ogan y
brick red
medium blue
blood red
navyblue-purple

brick red

So lvent
system

A
B
A
B
A
B
A
B
A
B
A
B
A
B
A
B
B
B
B
B
C
B
B
B
B
B
C
C
B
C
B
B
B
C
C
C
B
B
B
C
B

R ••
r

0.21
0.06
0.39
0.12
0.28
0.11
0.70
0.42
0.40
O.I S
0.6S
0.37
0040
0. 15
0.6S
0.37
0.37
0.39
0.39
0.S2
0. 36
0.2S
0.49
0.41
0.32
O. SI
0.44
0,48
0.S7
0.4 8
0.15
0.49
0.40
0.27
0.42
0.47
0.22
O.4S
0.66
0.48
0.74

* (a) Steraloids (Wilto n, N .H ., U.S.A .) ; (b) Calbiochem . (Los An geles, Ca lif., U.S.A.); (c)
Applied Science Labs. (State Co llege, Pa., U.S.A.) ; (d ) kindly donated by Dr. W. H. Ell iot (St.
Louis University, Mo., U.S.A. ) ; (e) Synthesized enzy ma tica lly (refs. 7 and 13).

* . A verage or two det erm inati on s.

similar to those results of Eneroth", certain isomeric pairs were not separated (e.g . 3a,
Ta- and 3a ,12a-dih ydroxy-5 f3-cholanoates).

Low concentrations ofp-hydroxybenzaldehyde (10- 5 M) in the cuvette did not
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inhibit either P. testosteroni 3a-HSDH or E. coli 7a-HSDH, however higher concen­
trations ab sorbed excessively at 340 nm and thereby interfered. Sulfuric acid in cor­
respond ingly small amounts was readily buffered in the glycine-NaOH reaction sys­
tem. Thin-layer eluates of 3a,71£, 12a-trihydroxy-5(i-cholanoate, 3a,7a-dihydroxy­
12-keto-5(i-chol an oate and 3a,12a-dihydroxy-7-keto-5f1-cholanoate from a sprayed
plate were tested as substrates. In each case, the presence of the appropriate OH­
group, a mea surable evolution of NADH occurred on addition of 3a-HSDH or 7a­
HSDH or 7a-HSDH. Approximately 1.5 fig of bile salt was required for en zymatic
detection. The color complex when eluted into a cuvette, caused a somewhat variable
increase in background , but did not interfere in the enzymatic reactions . Although
enzymatic reacti ons co uld be observed to go to " co mplet ion" , no attempt was made
to obtain quantit at ive results.

Becau se of the fairl y mild conditions required for detection of bile salts and
sterols with Kornarowsky' s reagent", thi s spray reagent is essentially non-destructive ;
its use with appropriate so lvent systems enables the investigator to obtain rapid
preliminary structura l evidence on the basis of 3 criteria: mobility, color and reac­
tivit y with enzymes of established position and stereospecificity. Prel iminary evidence
suggests that thi s reagent can also be used with two independent sources of 12a­
HSDH and can serve as a valuable aid in the identificati on of microbial degrad ation
prod ucts10 .

It mu st be emphas ized that the last criterion depends st ro ngly on subst rate
specificity pattern of th e enzyme involved. For example, Haslewood!' has dem onst rat­
ed that sulfation of the 3 po sition of cholate (or side chain elongation) will a bo lish
reacti vity of 7u-HSDH at the 7u-OH position. Similarly we have demonstr ated!"
that ox idat ion of the 3a-OH group to the ketone will drasticall y reduce react ivity of
the molecule with 7a-HSDH. Additionally, since the visua lization of bile salts is more
sensitive than the enzymatic detection, insufficient a mounts may be present in the eluate
for the latter. Thus a positive enzyme reaction with an unknown compound may be
used for evidence that a given OH-group is pre sent but a negative test in the ab sence
of other evidence may not permit an investigat or to claim the absence of thi s OH­
group in the molecule. The importance of the investigation of substrate specificity
patterns of recently discovered enzyrnes' v' :' canno t be understated .
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The Sudan dyes are widely used for the histological demonstrat ion of fats' .
However, few rap id and effective methods for the quality control of these dyes appear
to have been published . Most anal ytical methods have been paper chromatographic
ones2-

12 which are extremely slow and sometimes of low resolution . By and large,
rapid analytical thin-layer chromatographic (TLC) methods have been devised pri­
marily to distinguish between the various Sudan dyes and not to separate the impuri­
ties of individual dyes5

•
13

-
17

• The majority of these methods are therefore unsuitable
for the qual ity control of individual dyes.

In th is paper a rapid, highly effective TLC system for the qual ity control of
Sudan dyes is described. Anal ytical data on commercial samples of various dyes are
also pre sented .

MATERIALS AND METHODS

Reagents and equipment
Acetone, benzene and chloroform of AnalaR grade were used. The various

Sudan dye samples stud ied are listed in Tables I-V.
Aluminium-backed , silica gel TLC sheets were obtained from Merck (type

5553, 200 x 200 mm without fluore scent indicator, adsorbent thickness 0.25 mm).
Disposable micropipettes (Microcaps'", Drummond, Broomall, Pa., U.S.A.) or a
special appl icator (serum applicator 51225, Gelman, Ann Arbor, Mich., U.S .A.)
was used for sample application. Chromato grams were developed in a sandwich
tank (Eastman Chromagram developing apparatus 6071).

Chromatography
Two microlitres of dye solutions (about 4 mg/rnl in acetone) were applied to

unactivated TLC sheets as bands 20 mm in length . The developing solvent consisted
of benzene-chloroform (10:1, v/v). Development was performed in darkness.

RES ULTS AND DISCUSSION

Several reports , e.g. those of Schweppe" , Walker and Beroza'? and Jordan'":" ,
indicate that good separations of Sudan dyes may be obtained on thin layers of silica
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TABLE I

TLC D ATA ON CO MMERC IAL SA MPLES OF O IL BLUE N (CI 61555), SUDAN BLUE
(NO CI NO .), SUDAN BLUE GA (C I 61525) AND SUDAN GREEN (CI 62545)

m = Major component; t ~ t race; i ~ intermediate amo unt. Data on components : (no ., mean R,.
valu e, colour) : I = immobile, grey ; 2 = immobile, brown ; 3 ~. 0.05 , mauve; 4 = 0.09, purple ;
5 = 0.10, blue ; 6 = 0.13, mauve; 7 = 0. 17, blue; 8 ~ 0.26, blue; 9 ,,' 0.3 1, blue; 10 ~~ 0.32, pink;
11 = 0.39, blue ; 12 = 0.44, mauve ; 13 = 0.46, mau ve ; 14 ~ 0.46 , yello w; 15 = 0.51, orange ;
16 = 0.62, mau ve; 17 = 0.64, blue; 18 ~ 0.68, yellow.

Dye, supplier and
batch no.

Oil Blue N
Difco, 1358
Gurr, 23619
R. A. Lamb, 0572

Sud an Blue
Difco, 1040
Gurr,0886

Sud an Blue GA
R. A. Lamb, 0486

Sud an Green
Difco, 1041
Gurr, 1372
R. A. Lamb, 0488

Component

I 2 3 4 5 6 7 8 9 10 /I 12 13 14 15 16 17 18

m
m m m
m m m

m
m

m

m m
m m
m m

TABLE II

TLC DATA ON COMMERCIAL SAMPLES OF OIL RED 0 (C I 26125), SUDAN II lC I 12140),
SUDAN III (C I 26 100) AND SCARLET R (M IC HAELIS) lCI 26105)

m = Majo r component; t ~ trace; i = intermediate a mo unt. Dat a on components (no ., mean R,.
value, colour) : I = immob ile, o ra nge ; 2 'C, immob ile, brown ; 3 ..' 0.06, brown ; 4 . ' 0.08, brown;
5 = 0.12, brown; 6 .~ 0.19, brown; 7 0.31 , yellow; 8 0.40, maroon; 9 0.41, yellow ; I0 ~.

0.51 , ma roo n ; II ~ 0.56, orange ; 12 = 0.59, pink; 13 0.62, amber ; 14 ~~ 0.65 , yellow; 15 =

0.68, orange ; 16 = 0.73, pink.

Dye, supplier and batch no. Component

I 2 3 4 5 6 7 8 9 10 /I 12 13 14 15 16

Oil Red 0
Difco ,0210 m
Gurr, 0770 m
R.A. Lamb, 3682 m

Sud an II
Gurr, no batch no . m m
R. A. Lamb, no batch no. m

Sudan II I
Difco, 2374 rn
Gurr,71427 m m
R. A. Lamb, 4308 m

Scarlet R (Michael is)
Difco ,0686 m m m m
Gurr, no batch no . m rn m m
R. A. Lamb, 3626 m m m m
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TABLE III

TLC DATA ON COMMERCIAL SAMPLES OF SUDAN BLACK B (C I 26 150) AND AC ETYL­
ATED SUDAN BLA CK B (NO C I NO .)

m = Major compo nent ; t rz-: trace; i = intermediate a mo unt. Data on components (no., mean R;
value, colour) : I - imm ob ile, brown; 2 0.02, brown ; 3 = 0.04, brown ; 4 = 0.08, br own ; 5 =

0.11, black ; 6 - 0.29, brown ; 7 _c 0.37, brown; 8 = 0.45, brown ; 9 ~ 0.49, blue-black ; 10 ~ 0.52,
grey; 11 = 0.57, grey: 12 .7:.0.90, grey-green; 13 ~ 0.96, pink.

Dye, supplier and hatch Component
no.

2 3 4 5 6 7 8 C) 10 /I /2 /3

Sudan Black B
Difco, 1870 m m
Gurr, 80167 m m
R. A. Lamb, 2715 rn rn

Acetylated Sudan Black B
Difco, 1549 m m
Gurr, MN 1058 rn III

R. A. Lamb, 1994 m m

TABLE IV

TLC DATA O N CO M ME RC IA L SAMPLES OF S U DA N BROWN (C I 12020)

m - Major component ; t ·_· trace ; i -intermediate amount. Dat a on components (no ., mean R ;
va lue, colour) : 1 = immobi le, brown ; 2 -- 0.04, brown-orang e ; 3 = 0.15, brown ; 4 = 0.25, brown­
red ; 5 = 0.31 , brown-red ; 6 -- 0.50, o range ; 7 - 0.62, red ; 8 = 0.74, brown ; 9 = 0.86, pink ;
10 =· 0.92, grey ; II . - 0.97, green-yellow.

TLC DATA ON CO M M ERCI A L SAMPLES OF S U DA N YELLOW (CI 12055)

ru = Major compon ent ; t = trace; i intermediate amo unt . Dat a on components (no ., mean RF

value , co lour) : I = imm ob ile, cer ise ; 2 - 0.46 , o ra nge ; 3 = 0.55 , mauve ; 4 = 0.60, o ra nge ; 5 =

0.65, yellow; 6 ~" 0.77, orange.

using benzene as the developing solvent. In the author's hands a mixture of benzene
and chloroform proved much more effective.

Chromatographic data on commercial Sud an dyes are show n in Tables I-V ,
where "rn" indicates a major component , He a trace one and Hi" one present in an
intermediate am ount. A developed chromatogr am is shown in Fig . I.
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Fig. 1. Thin-layer ch rom at ogram of commercial samples of Sud an dyes. Samples are from left to
right : Sudan Black B (R . A. Lamb, 2715) ; Sud an Brown (G urr, 14517) ; Oil Blue N (Gurr, 23619) ;
Sud an Green (R . A. Lamb, 0488) ; Sudan Blue G A (R. A. Lamb, 0486) and Sud an Yellow (D ifco
0267). Aste risks indicate the origin , arrows the solvent front. The chromatogram has been somewhat
overloaded in order to demonstrate as many components as possibl e. In spite of this, cert ain trace
co mponents may no t be clearly visible.

Oil Blue N, Sudan Blue, Sudan Blue GA and Sudan Green (Table I)
Most of these dyes were extremely heterogeneous. With the samples of Oil

Blue N, Sudan Blue and Sudan Blue GA it is impossible to decide which, if any, of
the major components correspond to the nominal ones. The samples of Sudan Green
do not correspond to the Colour Index-? formulation since they contain no green dye.
They are , in fact , merely mixtures of a blue Sud an dye with an unidentified yellow
component.

Oil Red 0 , Sudan Il , Sudan III and Scarlet R ( Michaelis) ( Table II)
The majority of the samples of these dyes were complex mixtures. Those of

Oil Red a contained a single major component, which was also identified in samples
of Scarlet R (Michaelis). Col oured impurities in Oil Red a have previously been de­
tected using paper chromatography'-" and TLCs.21 . The two samples of Sudan 11
examined were completely dissimilar ; one contained a lar ge proportion of an orange
component identified in the samples of Sud an III and Scarlet R (Michaelis). Previous
authors have dete cted coloured impuri ties in Sud an I I by paper chrom atograph y"
and TLC16 •22. Sudan III and Scarlet R (Michaelis) contained several common com­
ponents. Indeed, it is a lleged that some commercia l samples of Sudan III are mixtures
of the nominal dye and Scarlet R (M ichaelis)" . Impurities in these dyes have been
identified previously by both paper chromatog ra phy'v' v -"-" and TLC5

•
16

•
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Sudan Black B and Acetylated Sudan Black B (Table Ill)
Sudan Black B is an extremely heterogeneou s product. The three samples

conta ined the same pair of major components. Ten components were common to all
samples and the se may correspond to the fract ions isolated by column chro ma togra­
phy-'. Side reac tio ns occuring during the synthesis of Sud an Black B may produce
as many as seven conta minants" . The number of components in fact det ected may
perhaps indi cate the presence of cis- and trans-isomers.

Coloured impurities in this dye have been detected by many authors using gel­
filtration chromat ography", paper chrom atogr aphy' -" and TLC5.16.18.19.

Surprisingly, the samples of Acetylated Suda n Black B contained no com­
ponent that was not present in the parent dye.

Sudan Brown (Tab le I V)
Samples of th is dye contai ned up to eleven co loured co mponents.

Sudan Yellow ( Table V)
All samples of thi s dye contained the sa me major component, possibly the

nominal one. Th e sample from R. A. Lamb was exceptional amongst th ose of the Su­
dan dyes examin ed in that it was free from det ectable coloured conta mina nts.
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Book Review

Advances in chromatography , Vol. / 4, ed ited by J . C. Giddings, E. Grushka, J. Cazes
and P. R. Brown, M arcel De kker, Ne w Yo rk, Basel, 1976, xv + 459 pp., price
SFr. 114.00, ISBN 0-8247-6436-6.

In a rap idly advancing field like chro ma tog ra phy, even adva nces become
rapidly outdated. Most chapters in the last volu me of the "Advances" had been
wri tten before 1975 an d when the book finall y finds its place o n the library shelf the
reader's excitement will be as yesteryea rs' snow . It is hoped that fresh blood will be
infused and the series rejuvenated by the enlarged team of edit ors, so th at it will
present up to date accounts of new development s in the various bran ches of ch roma­
tography.

The first cha pter by A. J. Clifford is a n invitat ion to a pply high-perform a nce
liquid chro matog raphy in the field of nutrition. It is not very clear whether nutri­
tion ists and food technologists are invited to use liqu id chro matography or chro ma­
tographer s should turn to nutri tion al samples fo r a na lysis. Neve rtheless a nice, if
somewhat outdated, account is given of the chro ma tography of various purines and
folate coenzyme fo rms. It is quite st imulat ing th at th e variou s techniques mainly
developed in the rea lm of physiolo gical chemist ry fi nd impo rta nt applicat ions in the
nutrition al field which becomes increas ingly sophist icated. B. Stenlund 's cha pter on
"Polyelectrolyte effect s in gel chromatography" goes back to P. Flodi n's dissert ation
a nd elabora tes on th e role of the fixed charges on the Seph ad ex matrix in gel filtrat ion .
Th e t reatment is mainly concerne d with the beh aviour of lignosul fonates on Sephadex
G- 50 columns and the last reference is from 1970.

The min ichapter by I. Sebestian a nd I. Halasz describes chemica lly bonded
ph ases in both gas and liquid chromatography on ten pages. The authors made
significant con tribut ion s to the development of bonded phases, which are the work­
horses of today's liqu id chrom atography, and thei r treatment written in 1974 make s
an interest ing reading. D . C. Locke wro te a delightful essay on " Physicochemica l
measu rements using chroma tography" with a mini mum of eq uat ions so that the less
mathemati cally inclined reader can follow what has been done in this field. Th e
addendum to thi s chapter at the end of the book should not be missed . "Gas-liquid
chromatography in drug an alysis" is the title of the cha pter by W. J. A. VandenHeuvel
a nd A. G . Zacchei , who wri te exactly that wha t they prom ise an d present a solid t reat­
ment of the subject by covering the pertinent literature of the early seventies. C. L. de
Ligny's cha pter is on " The invest igat ion of com plex assoc iat ion by gas chromato­
gra phy a nd related chroma tograph ic and electrophoretic meth od s" . The field of
complexati on in chro matography is in a state of co nvulsion at pr esent and we hope
in the parturience of a clea rer understanding of what is going on . Liquid chromato­
graphy is just ab out to move into th is field st rongly. Th is chapter mainly covers the
literatu re until 1974 wit h some recent references postfixed. " Gas- liquid-solid chro­
matography" is the title of the chapte r by A. di Corcia and A. Liberti . Whereas the
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technique is widely pract iced , mostly un int entionall y, the authors res t ric t themselves
to pre sent a well wr itten acco unt of thei r ow n work on liquid coated gra phited carbon
black as the sta t iona ry phase in gas chromatography . J. K. Haken's cha pter, " Reten­
t ion indices in gas chro ma togra phy" co nsiders " the absc issa resp on se o n the usual
differenti al chromatog ra ph ic record" and the " a bscissa re lat ionshi p a nd its expression
principally as rete nt io n indic es for the specifica t ion of ret ention " . By and la rge th e
topics of the chapters a re balanced and the book is well produced. It presents useful
information and offers st imula t ing reading in spite of th e delay in its publicat ion.

Nell' Haven, Conn. (U. S.A .) CS A BA HORVATH

Journal of Chromatography, 136 (1977) 359- 360
·f) Elsevier Scient ific Pu blishing Co mpa ny, Amsterda m - Printed in Th e Neth erla nds
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Book Review

Gas chromatography of polym ers, (Journal o f Chromat ogr aphy Lib ra ry, Vol. 10), by
V. G . Berezk in , V. R. Alishoyev a nd I. B. Nemirovs kaya, Elsevier , Amster­
dam , Oxford , New Yo rk , 1977, XIII + 225 pp., pr ice Oft. 103.00 , US$ 4 1.95,
ISBN 0-444-41 5 14-9.

Th e English editi on o f this book which originall y appea red in Ru ssian in 1972
is said to incorporate man y add it ions whi ch reflect th e ex tent of the increasingly im­
portant an alyti cal role played by ga s chro ma togra phy (GC) in the area of pol ym er
chemis try. The t it le is therefore perhaps misleadingly restr ictive for a la rge pa rt o f the
text is co ncerned with the sc ruti ny of mon omers, so lvents et c. a nd a lso o f the man y
polymerisati on pr oce sses th em selves.

A br ief survey o f the the ory and prac tice o f G C with suita ble em phas is up on
q ua nti tative procedures is foll owed by a co mprehens ive survey of raw mat er ial
qu ality co nt ro l. The cha pter " T he study o f pol ym er fo rmat ion reactions" r igh tly
describes th e adv antages acc ru ing from th e use of G C as opposed to , for example,
dilatometry but disappo int ingly cites littl e or nothing exe mpla ry of the many high­
volume pol ymerisation pr ocesses which a re of major industrial importance; indeed
emulsion polymerisation is a lmos t completely ignored.

De ta il is restored in co ns ide rat io n of the deter minati on of vo lat iles in poly­
mer ic systems which is tr eat ed a t length. The alternati ve procedure of co ld extrac t io n
as a means of combatting pr oblems pecul ia r to th ermolab ile sa mples appears to have
been overlook ed .

Polymer reacti on s are exami ned in depth a nd sens ible import accorded
tec hni q ues of, for example, ox idative degrad at ion . Regrettabl y there a re no o bserva-
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tions on weathering and artificial weathering studies wherein GC methods have been
widely used .

Both reaction GC and pyrolysis GC enjoy the most comprehensive of sum:
maries and it may be fairly said that this is as good a text as any presently available
and should be of con siderable value to workers in the se fields.

The concluding chapter deals effectively with applications of inverse phase
chromatography to polymer identification, the determination of molecular weight,
interaction and pha se transition studies and the investigation of the kinetics and
equilibria of polymer reactions.

Throughout one is impressed by the thoroughness and accuracy of referenc ing ;
how the authors overlooked the S.c.I. Sympo sium on High Temperature Resistance
and Thermal Degradation of Polymers (S.c.1. Monograph 13, 1961 ) must remain a
mystery as so much that could be described as obscure has been located. Pertinent
referen ces are occasionally divorced from the actual sta tements which could be a
little confusing and it is a pity that diagrams/figure s frequently fail to bear ind ication
of origin.

The text is singularly free from typographical error and alth ough the language
is at time s quaint the book is eminently readable, thi s latter point is particularly im­
portant in that the authors have produced a useful source-book for polymer technology
students. A broader horizon and more detail would have resulted in an acceptable
laboratory manual appealing to a far wider readership.

Even though the lay-out of the contents is systematic and definitive, the lack
of an index is to be deprecated ; it is a considerable annoyance to search for something
only to discover it be not there .

Redhill (Great Britain ) C. E. ROLA ND JONES
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The Twelfth Intern ational Symposium on Advances in Chromatography will be held November
7-1 0, 1977 at the International Co ngress Centre RAI , in Amsterdam , Th e Netherland s.

A total of 84 papers will be presented at the Symposium repr esenting contribution s from
20 countries. A special feature of the meeting will be an exposition of the latest instrumentation and
books. There will also be informal discussion groups held during the course of the Symposium.
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9.00 G. Dijkst ra, Chairman, Royal Dut ch Chemical Society (K.N.C.V.) : Welcome to Symposium
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9.30 J .E. Lovelock and AJ . Wat son (Bowercha lke, Grea t Brit ain) - Elec tro n cap tu re : theory and

pract ice, 2
10.0 0 Egon St ahl (Universitat des Saarl and cs, Saarbrii cken, G.F.R .) - Extracti on with supercritical

gases in co upling with TLC
10.30 I. Halasz (Universitat de s Saarlandes, Saarbriicken, G.F.R.) - New horizons and problems in

HPLC
11.00 Int ermi ssion



11.10

11.30

11.50

12.10
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J .C. Gidd ings and M.N. Myer s (University of Utah, Salt Lake City, Utah, U.S.A.) - Biological
applications of field-n ow frac tio natio n (o ne-phase chromatography)
W. Al-Tham ir, R.J. Laub and J .H. Purnell (Universi ty College of Swan sea, Swan sea, Gre at ·
Brit ain ) - Separati on of all C , -C. hyd rocarbons by multi-sub stra te gas-solid- liquid
chromatography
A.A. Zhu}~9vi t sk i i and S.M. Yanovskii (In st itu te of St eel and Alloys, Moscow, U.S.S.R.) ­
Different varia nts of chro madis tillation
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Britain) - Non-round capill ary columns for gas chromatography
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charac teriza tion of elution profil es using the central sta tistical mom en ts and their rela tion
with the mass transfe r kine tics of the column
G. Sch omburg (Max Planck Institut fiir Kohl enforschung, Mulheim-Ruhr, G.r.R.) - Sampling
techniques in capillary gas chromatography
R.D. Schw artz, R.G. Math ews and N.A. Ped ro (Pennz oil Com pan y, Shreveport, La., U.S.A.) ­
High-temperatu re gas-liquid chro matography with a dentritic salt support
S. Nygren (The National Food Administration, Upp sala , Swed en ) - Summary of expo nential
tlow programm ing in gas ch roma tography

F.1. Onu ska, P.O. Goulden , M.E. Co mba and R.J . Wilkinso n (Canada Cen tre fo r Inland Waters,
Burlington , Ontar io , Canada) - Surfa ce-mo dified wide-bore wall-coated open tub ular columns,
their preparation and application in trace analysis
In termi ssion

ENVIRONMENTAL PROBLEMS

R.E. Kaiser. presiding

15.50

16.10

16.30

16.50

17.1 0

R.E. Sievers, R.H . Shapiro , H.F. Walt on, R.M. Barkley , G.A. Eiceman, L.R. Fie ld and
J .H. Dun can (University of Co lorado, Boulder , Colo ., U.S.A.) - Chro ma togra phic ana lysis of
enviro nmen tal poilu tan ts
G. Holzer , H. Shanfield and A. Zlatkis (University of Hou ston , Houston , Tex as, U.S.A.),
W. Bertsch . P. Ju arez and H. Mayfield (University of Alabama, University, Ala.. U.S.A.) and
H.M. Liebich (Medizinische Universita tsklinik Labor , Tubingen , G.F.R.) - Collection and
analysis of trace organic emissions fro m natu ral sou rces
J.F.K . Huber and R. Becker (lns ti tut fur Analytis che Chemie der Universitat , Vienna,
Aus tria) Enrichme nt of trace compounds by displacement column liqu id chroma tography
B.S. Middl editch, B. Basile and E.S. Chang (University of Hou ston . Hou ston , Texas, U.S.A.) ­
Environmental effects of offshor e oil production : Alkanes.
B.V. Ioffe, V.A. Isodorov and I.G. Zenkevich (University of Leni ngrad, Leningrad , U.S.S.R.) ­
Gas ch rom at ographic -mass spectrometric det ermination of organic volatile s in an urban
a tmo sphere



Tuesday, November 8, 1977

BIOCHEMICAL GAS CHROMATOGRAPHY

H. Poppe, presiding

9.00

9.20

9.40

10.00

10.20

10.30

10.50

11.10

11.30

11.50

12.10

A. Karmen and N.S. Longo (Albert Einstein College of Medicine, Bronx, N.Y., U.S.A.) ­
High-sensitivity radioassay by gas chromatography
C.M. Wels (Wellcome Research Laboratories, Berkhamsted, Great Britain) - A high-sensitivity
radio gas chromatography detector for single- or dual-labelled compounds
S.J. Gaskell and C.l.W. Brooks (The University, Glasgow, Great Britain) - GC-MS of
phospholipids after enzymic hydrolysis
P. Hartvig, N.O. Anfelt and K.E. Karlsson (University of Uppsala, Uppsala, Sweden) ­
Electron-capture gas chromatography of tertiary amines as trichloroethyl or pentafluoro­
benzyl carbamates
Intermission

G. Dijkstra, presiding

E.C. Horning, D.1. Carroll, I. Dzidic, S.-N. Lin, R.N. Stillwell and J.-P. Thenot (Baylor College
of Medicine, Houston, Texas, U.S.A.) - Atmospheric pressure ionization mass spectrometry.
Studies of negative ion formation for detection and quantification purposes
S. Goodman, P. Helland, A. Flatmark, O. Stokke and E. Jellum (University of Oslo, Oslo,
Norway) - Organic acid profiles of human tissues determined by capillary GC MS
H.M. Liebich and J. Woll (Medizinische Universitiitsklinik Labor, Tubingen, G.F.R.)­
Volatile substances in blood serum - Profile analysis and quantitative determination
B. Davis, D. Durden, P. Pun-Li and ~-"-B_oylto!! (University Hospital, Saskatoon, Saskatchewan,
Canada) - The detection and quantitation of the acid metabolites of some aryl alkyl amines
E. Reiner and F.L. Bayer (Emory University, Atlanta, Ga., U.S.A.) - Differentiation of
medically important substances by means of pyrochromatography
H.-eh~urti~,M. Zagalak, W. Leimbacher and E. Redweik (University Childrens Clinic,
Zurich, Switzerland) - Quantitation of phenylalanine and tyrosine in plasma using multiple­
ion detection method

THIN-LA YER CHROMATOGRAPHY

M. Lederer, presiding

14.00

14.20

14.40

15.00

15.20

15.40

V. PretQxius and B.l. Hopkins (University of Pretoria, Pretoria, Republic of South Africa) ­
A TLC detector employing a photo-diode array
I:LShanfit:lc! and A.J.P. Martin (University of Houston, Houston, Texas, U.S.A.) - The use of
activated nitrogen as a general visualizing agent in thin-layer chromatography
D.C. F~lmore, C.J. Meyer and C.M. Davis (Texas Research Institute of Mental Sciences,
Houston, Texas, U.S.A.) and F. Hsu and A. Ziatkis (University of Houston, Houston, Texas,
U.S.A.) - Determination of psychotropic drugs in blood serum by high-performance TLC
J.A. Vinson, J.A. Nebzydoski and L. Shebby (University of Scranton, Scranton, Pa., U.S.A.) ­
Preadsorbent thin-layer chromatography: Detection of lipid abnormalities in serum without
extraction
R.E. Kaiser (lnstitut fur Chromatographic, Bad Durkheirn, G.F.R.) - C8 and C 18 reversed­
phase high-performance TLC on chemically bonded layers for environmental trace analysis
and for high-performance liquid chromatography optimization
Intermission



15.50

16.10

16.30

16.50

R. Segura. presiding

D.B. Fabe r (Vrije Univer siteit , Amsterdam, The Netherlands) - Quantitation with high­
perform an ce TL C and PMD with HP-micro thin-layer mater ial for drug analyses in biological
fluid s
H. Jork and B. Ro th (Universitat des Saarland es, Saarbrii cken , G.F.R.) - A comparison
between HPTLC, HPLC and LC in triazine investiga tion
W. Ritter (Bayer AG, Wuppertal, G.F .R .) - Thin-layer den sitometr ic assay in the nan ogram
range of BAY g 282 1, a struc turally new diur etic dru g, in biological flu ids
H. Halpa ap and K.F. Kreb s (E. Merck, Darm stadt, G.F .R.) - TLC- and HPTLC-ready-for-use
preparations with concen tra ting zones

Wednesday. November 9, 1977

INFORMAL DISCUSSIO N GRO UPS

9.00
10.00
11.00
14.00
15.00
16.00

High-performance thin-l ayer chr omatograph y. Chairma n: V. Pretorius; starter: R.E. Kaiser
Envir onment. Chairman : W. Bertsch ; starter : R.E. Sievers
Select ive de tec to rs. Chai rman : E. Bayer ; starter: W. Aue
Liquid chromatog raphy . Chairman : I. Halasz : starte r : R.P.W. Sco tt
Biomedical gas chro ma tography. Chairma n: M.G. Horning; star ter: A. Karmen
High-resolution columns. Chairman : G. Sch omburg ; starter : D.II. Desty

POSTER SESSIONS (15 .30-19.00 h)

GAS CHROMATOGRAPHY

R. Annino and R. Vo yksner (Cani sius Co llege, Buffalo, N.Y., U.S.A.) - Operating
characteristics of a pneumati c det ect or suitable for gas chroma togra phy

2 W.A. Aue and C.G. Flinn (Dalhousie University, Halifax, Nova Scotia, Canada) - A ph oto­
met ric tin detector for gas chro ma tography

3 A.G. Smith and c. J .W. Brooks (The University , Glasgow, Great Brit ain) - GC-MS of
thrornboxane B1 derivatives

4 P.H. Degen (Ciba - Geigy, Basel, Swit zerland ) - The qu anti ta tive determination of drugs in
biol ogical material by mean s of ex tractive alkylatio n and GLC

5 W. Engew aJd, G. Mann and M. Sieler (Karl-Marx-Univer sitat , Leipzig, G.D .R.) - Retention
beh avior of methylcycl ohexane s in gas-liquid and gas- solid chro ma tography

6 C. Sunol and E. Gelp i (lnst ituto de Biofisica y Neu robiologia, Barcelon a, Spain) - Direct
GLC-MS connection of glass capillary columns for the analysis of sero tonine and met abolites
by selec ted ion mon itoring

7 J.F .K. Huber and E. Kenndler (lnstitut fiir Analytische Chemie der Universitat, Vienna,
Austr ia) - Quantitation of the information attainabl e from identificati on data in multi­
dim ensional gas chroma tography and mass spec tro metry and application in dopin g analysis

8 G. Eklund, B. Josefsson and C. Roo s (University of Goteborg, Go teborg, Sweden) - Gas
chromatography of mon osaccharides in the picogram range using glass capillary col umns,
triflu oroacetyl derivatization and electr on capture detection

9 A. Need , N.S. Longo and A. Karmen (Albert Einstein College of Medicine , Bronx, N.Y.,
U.S.A.) - Spe cif ic nitrogen detect ion for gas chromatography by we t chemical met hod s

10 M.M. Kope cni , Z.E. llieand S.K. Milonjic (Boris Kidri e Insti tute of Nuclear Sciences,
Belgrado , Yugo slavia) - Investigation of trion-b uty l phosphat e- organ ic diluent s system by gas­
liquid chr omatography

II W.J.J. Leunissen and J .H.H. Th ijssen (Eindhove n University of Tech nology, Eindh oven, Th e
Netherlands) - Gas chromatogra phic determ inati on of ste ro id profil es from urine; a quan ti tative
study

12 E. Matisova and 1. Krupcik (Slovak Technic al University , Bratislava, Czechos lovakia) _
Capillary gas chromatography of s-triazines

13 J .A. Moulijn, R. Sp ijker and J .F .M. Kolk (In stitute for Chemical Techn ology, Am sterd am,
The Netherland s) - Axia l dispersion of gases flowin g th rou gh co iled col umns



14 S. Wicar , J. Novak , J . Drozd and J . Janak (Insti tute of Analyt ical Che m istry , Czech oslovak
Academy of Sciences, Brn o, Czechos lovakia) - Retention volume in high-pressu re gas
chro matography . Systems squalane-carbon tetrachloride, isooctane, toluene-nitrogen,
hydrogen , carbon dioxide

15 B. I'lazonnet (Merck, Sharp and Doh me, Clermo nt-Fer rand , F ran ce) and W.1.A. Vanden Heuvel
(Merc k, Sharp and Dohme, Rahw ay, N.J ., U.S.A.) - Preparat ion , gas chroma tog rap hy and
mass spec trometry of meth yl and tr imeth ylsilyl esters of ind om eth acin

16 L. Sojak (Che mical In stit ut e of Co menius University, Bra tislava, Czechos lovakia), 1. Janak
(lnstitu te of Analyt ical Che mis try, Czec hos lovak Acade my of Sc iences, Brn o, Czech oslovak ia)
and J.A. Rijk s (Ei ndhoven University of Techn ology, Eind hoven, Th e Netherlands) ­
Ca pillary gas chromatography of alk ylb enzene s. IV. Correla tion s on tw o and/ or three
stationary ph ases

17 1. SeVCik (Pack ard-Be cker B.V., Delft , The Net her lands) . ' Th e informa tion co nten t of multi­
dimen sion al switching systems

18 W. Brue ning and r .G. M. Co ncha (Petro leo Brasileiro S.A ., Rio de Janeir o , Brazil) - Improved
ozo ne che miluminesce nce de tect or

LIQUID CHROMATOGR APHY

19 ~. R. B~alyar and R. Mcl lwrick (Sp ect ra-Physics, Santa Clara, Calif. , U.S.A.) - Improving
resolution in rever sed-phase high-per form ance liqu id chro ma tog raphy by using secon dary
solven t effec ts: Te rnary programming, trace mod ifiers, di ssolved gases

20 I .J . de Kok, U.A.Th. BJ inkman an d A. de Kok (F ree Refo rmed Universi ty , Amsterdam,
Th e Nethe rland s) - Th e ana lysis of po lybromina ted biphen yls

21 ~.:.E . Greving, J .H.G. J onkman , F. Fiks and R.A. de Zeeuw (Sta te University, Gron ingen ,
The Netherl ands) - De termination of oxypheno nium bromide in plasma and urine by mean s
of ion-pair extract ion, derivati zation and electron capture gas chromatography

22 .S-.JlllE and S. Hayashi (To kyo Coll ege of Pharmacy. Tokyo, J apan) - The correlat ion of
re ten tion beh avior s of the steroidal pharmaceu ticals in pol ar and bonded reversed-phase liquid
co lumn chromatog raphy

23 J. Kru pci'k (Slovak Techn ical University, Brati slava , Czec hoslovakia) , 1. KflI and D. Pru sova
(Insti tu te of Chemical Tec hno logy, Prague. Czec hos lova kia) and Z. Cerve nka and P. Such anek
(Chc mko , Strazske , Czech oslovaki a) - Analys is of PCBs by capillary gas chromatog raphy and
high-perfor mance liquid chro matog raphy

24 C;,J'1.~rrit!.....l.!.: and S.G . Kayser (U.S. Army Natick Devel opm ent Center, Nati ck, Mass., U.S.A.)
and B.A. Bidlingrncycr (Waters Associat es, Milford , Mass., U.S.A .) - Ap plication of a POIOUS

polyme r bead column fo r liquid ch romat ographic separa tion of polyol polyesters
25 R.A.A. Muzzar.!ili.(Un ivcr sita Degli Studi di Ancon a, Ancon a, Italy) - Ad van ces in the

chroma tog rap hy o f chi tosan
26 F.E. ~icke lt (Wellcorne Resea rch Laborat ori es, Berkh am sted , Great Britain) - Use of HPLC

to sepa rate very small qu antities of radio- labe lled met ab oli tes from bi ological ti ssue
27 F.P.B, van-!!er ~edef1' P.T . van Ren s and F. A. Buy tenhuys (Akzo Research Lab or a tori es,

Arnhem, Th e Netherland s) - Quan ti ta tive analysis of d-tubocurar ine chlori de in curare by
liquid co lumn chromatography

28 H.G.M. Wcstenb erg, B.r .H. Drenth and R.A. de Zeeuw (St a te University , Groningen ,
n~c Ne therl~nd~~·)- · · Analysis of clomipram ine and desmeth ylclomipram ine in pla sma by
mean s of liquid chro ma tography

29 W.S .~:GeuJ ts val1Kessel (S ta te University of Ut rech t, Utrec ht, T he Net he rlands) and
W.M.A. Hax (Philips Resea rch Lab oratories, Eindhoven, Th e Net he rla nds) - High-performan ce
liqu id chro matography sepa ratio n and di rec t UV detec tio n of ph osph ol ip ids

THIN-LAYER CHROMATOGRAPHY

30 K. Kreuzi g (F orschung und Ent wicklung der Biochemic G.m .b .H., Kundl , Austria) ­
Appl ication of qu ant ita tive HPTLC in the antibiot ic indu stry

31 E. Ku can andM..l'r.oJek. (L.E. K. Pharmaceu tical and Chem ical Works, Lju bljana , Yugoslavia) ­
Qua nt itat ive f1 uorodensitometr ic de termina tion of ergo t alkalo ids



Thursday, November 10, 1977

HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

I Halasz, presiding

9.00

9.20

9.40

10.00

10.20

10.30

10.50

11.10

11.30

14.00

14.20

14.40

15.00

15.20

15.40

15.50

16.10

16.30

16.50

17.10

R.P.W. Scott and P. Kucera (Hoffmann-La Roche, Nutley, N.J., U.S.A.) - Solute-solvent
interactions at the surface of non-polar bonded phases
E. Bayer, E. Grom, B. Kaltenegger, W. Voelter and K. Zech (Institut fur Organische Chemie,
Universitiit Tiibingen, Tiibingen, G.F.R.) - HPLC of amino acids and biogenic amines in the
attomole range
I. Molnar and e. Horvath (Yale University, New Haven, Conn., U.S.A.) - High-performance
liquid chromatography of amino acids and peptides on non-polar stationary phases
R. Tijssen (Koninklijke/Shell Laboratorium, Amsterdam, The Netherlands) - Liquid
chromatography in helically coiled open tubular columns
Intermission

J.F.K. Huber, presiding

J.W. Jorgenson, S.L. Smith and M. Novotny (Indiana University, Bloomington, Ind., U.S.A.)­
Light-scattering detection in liquid chromatography
R.W. Frei, L. Michel and W. Santi (Sandoz, Basel, Switzerland) - New aspects of post-column
derivatization in high-performance liquid chromatography
J.C. Gfeller, G. Frey and R.W. Frei (Sandoz, Basel, Switzerland) - Post-column derivatization
in HPLC using the air segmentation principle; application to digitalis glycosides
J. Miksic and P.R. Bro)v-l! (University of Rhode Island, Kingston, R.I., U.S.A.) - Use of high­
pressure reversed-phase and ion-exchange chromatography to study reactions of reduced
nicotinamide adenine dinucleotide

R.S. Deeldcr, presiding

J.H. Knox and J. Jurand (University of Edinburgh, Edinburgh, Great Britain) - Determina­
tion of paracetamol and its metabolites in urine by HPLC using reversed-phase bonded
support
1. Crommen, B. Franssen and G. Schill (University of Uppsala, Uppsala, Sweden) - Ion-pair
chromatography in the low-concentration range by use of highly absorbing counter ions
W.K. Fong and E. Grushka (State University of New York at Buffalo, Buffalo, N.Y., U.S.A.) ­
The properties of pep tides as bonded stationary phases in liquid chromatography
H. Engelhardt and D. Mathes (Universitat des Saarlandes, Saarbrucken, G.F.R.) Chemically
bonded phases for aqueous high-performance exclusion chromatography
c.L. Guillemin, J.P. Thomas, S. Thiault and J.P. Bounine (Rhonc-Poulenc Industries,
Aubervilliers, France) - Spherosil for high-performance, moderate-pressure liquid
chromatography
Intermission

E. vall Krev eld. presiding

D.W. Grant and R.B. Meiris (The British Carbonization Research Association, Derbyshire,
Great Britain) - The application of HPLC and TLC techniques to the separation of polycyclic
aromatic hydrocarbons in bituminous materials
W. Voelter (Universitiit Tubingen, Tubingcn, G.F.R.) - Preparative high-performance liquid
chromatographic separations of isomeric pep tides with TSH-releasing activity
R.P. Chaplin, J.K. Hakcn and J.J. Paddon (C'.S.R. Chemicals Ltd., Rhodes, New South Wales,
Australia) - Use of narrow and broad molecular weight distribution polymers as calibration
standards in gel permeation chromatography
J.e. Kraak, K.M. Jonker and J .I:.K. Huber (University of Amsterdam, Amsterdam,
The Netherlands) - Rapid separation of amino acids by means of solvent-generated ion­
exchange chromatography
Closing of Symposium.



CONTACT CATALYSIS
edited by Z.G. SZABO and D. KALLO

1976.Vol. 1: 540 pages. Vol. 2: 480 pages
Price: US $101.95/0fl. 250.00 (per two volume set)
ISBN 0-444-99852-7

This monograph provides detailed practical
instructions for the application of catalysis, based
on a rigorous scientific background. The subject
of contact catalysis ranges so widely from solid­
state physics to reaction kinetics and reactor
design that multi-author treatment was essential.
Each chapter has been written by an authority
in the field concerned.

REACTION KINETICS
IN HETEROGENEOUS
CHEMICAL SYSTEMS
Proceedings of the 25th International Meeting of
the Societe de Chimie Physique, Dijon, 8-12 July,
1974.

edited by P. BARRET

1975. xvi+788 pages
Price: US $65.50/0fl. 160.00
ISBN 0-444-41351-0

This volume contains the complete text of 16
plenary and special lectures, and 42 communi­
cations together with discussions. The papers
describe the current state of knowledge concern­
ing corrosion of metals and alloys, and solid-solid
and gas-solid reactions involving inorganic
compounds. Fundamental ideas of chemical
kinetics and thermodynamics of irreversible
processes are covered in relation to these subjects.

ELSEVIER SCIENTIFIC
PUBLISHING COMPANY
P.O. Box 211, Amsterdam,
The Netherlands.

Distributor in the U.S.A. and Canada:
ELSEVIER NORTH-HOLLANO, INC.,
52 Vanderbilt Ave., New York, N.Y. 10017

The Dutch guilder price is definitive. US $ prices are subject to
exchange rate fluctuations.

PREPARATION OF
CATALYSTS
Scientific Bases for the Preparation of
Heterogeneous Catalysts

Proceedings of the International Symposium held
at the Solvay Research Centre, Brussels, October
14-17,1975.

edited by B. DELMON, PA JACOBS and
G. PONCE LET.

1976. xvi+706 pages
Price: US $65.50/0fl. 160.00
ISBN 0-444-41428-2

This book contains the proceedings of the first
international symposium devoted to the processes
involved in the preparation of industrial hetero­
geneous catalysts. The subjects covered include
the preparation of phases associating two or more
metallic elements in the form of alloys or mixed
oxides: the preparation of "complex catalysis" by
impregnation, coprecipitation, mixing or other
novel methods; the activation stage, with particu­
lar reference to decomposition, reduction,
influence of the carrier, promotion or inhibition of
crystallite growth and of compound formation with
the carrier. This book is practically oriented and
will be of particular value to those involved in the
fabrication of catalysts in manufacturing plants
and industrial research laboratories. It will also
interest academic workers in the field.

CATALYSIS:
HETEROGENEOUS AND
HOMOGENEOUS
Proceedings of the International Symposium on
the Relations between Heterogeneous and Homo­
geneous Catalytic Phenomena, Brussels, 23-25
October, 1974.

edited by B. DELMON and G. JANNES

1975. xxvi+550 pages
Price: US $44.95/0fl. 110.00
ISBN 0-444-41346-4

These proceedings comprisetwenty-eightcontrib­
uted papers and ten invited lectures or reviews.
The main topics are: similitude of active species
or elementary steps: heterogenization of
homogeneous catalysts; interpretation of hetero­
geneous phenomena through approaches per­
taining to homogeneous catalysis; metallic
clusters in solution.



1962 E

Elsevier's Dictionary
ofLibrary Science,
Information and Documentation
in six languages
English/American - French - Spanish - Italian - Dutch and German

compiled and arranged on an English alphabetical basis by W.E. CLASON, Geldrop,
The Netherlands .

Second Printing

with Arabic Supplement by SHAWKY SALEM, Kuwait.

1976 x+698 pages US $42.50IOfl. IJO.OO ISBN 0-444-41475-4

The word 'document' conjures up to most a medium of past or present information , which
could be in the form of a clay tablet of antiquity or a modem encyclopedia. It is justifiable ,
therefore . to assume that this Dict ionary of Libra ry Scie nce , Inform ation and Docum ent ation
encompasses several, wide -ranging subjects. The fields covered by this dictionary are also
closely related, a fact which can be attributed to the enormous impact of automation on
science and technology. In clarifying various topic s the author has listed spec ific documents;
in itself an unusual approach which will do much 10 assist operational scientists .

When first published in 1973, this dictionary was widely acclaimed:

••.. . the volume can provide much useful information ."
Journal of Library Automation

" Cet ouvrage constitue l' outil indispensable a tout centre de documentation et maison
d'edition :" La Banque Des Mots

.. .. .ist es fiir die fremdspra chige Fachlektiire und fur Ubersetzungszwecke sehr gut
geeignet." Zentralblan Fur Bibliothekswesen

" Un libro indispensable para las bibliotecas, Centros de Documentacion y para los
especialistas de estos campos." Afinidad

This reprint, which includes an Arabic supplement for the first time , is an essential tool for
libraries, documentation centers and specialists in the field.

Elsevier Scientific Publishing Company
P.O. Box 211, Amsterdam, The Netherlands
Distr ibutor in the U.S .A . and Cana da :
ELSEVIER/NORTH·HOLLAND, INC..
52 Vanderbilt Avenue . New York, N.Y . 10017



GENERAL INFORMATION

(A leaflet Instructions to Authors can be obtained by application to the publ isher.)

Types of Contributions. The following types of papers are published in the Journal of Chromatography and
the section on Biomedical Applications: Regular research papers (full-length papers) , short commun ications
and notes. Short communications are preliminary announcements of impo rtant new developments and
will . whenever possible, be published with maximum speed. Notes are usually descriptions of short inves ti­
gations and reflect the same quality of research as full-length papers, but should preferably not exceed
four printed pages. For reviews, see page 2 of cover under Subm ission of Papers.

Manuscripts. Manuscripts should be typed in double spacing on consecutively numbered pages of uniform
size . The manuscript should be preceded by a sheet of manuscript paper carrying the title of the paper
and the name and full postal address of the person to whom the proofs are to be sent. Authors of pape rs
in French or German are requested to supply an English t ranslation of the t itle of the paper. As a rule,
papers should be divided into sections, headed by a caption (e.g. , Summary, Introduction, Experimental,
Results, Discussion, etc.). All illustrations, photographs, tables, etc. should be on separate sheets.

Title. The t itle of the paper should be concise and informative. Since t itles are widely used in information
retrieval systems, care should be taken to include the key words . The title should be followed by the
authors' full names, academic or professional affiliat ions, and the address of the laboratory where the work
was carried out. If the present address of an author is different from that mentioned , it should be given in
a footnote. Acknowledgements of financial support are not to be made in a footnote to the title or name
of the author, but should be included in the Acknowledgements at the end of the paper.

Summary. Full-length papers and review articles should have a summary of 50-100 wo rds wh ich clea rly and
br iefly indicates what is new, different and significant. In the case of French or German articles an additional
summary in English, headed by an English translation of the title, should also be provided. (Short com­
munications and Notes are pub lished without a summary.)

Illustrations. The figures should be submitted in a form suitable for reproduction , drawn in Indian ink on
drawing or tracing paper. One original and two photocopies are requ ired. Attention should be given to
any let t e ring (wh ich should be kept to a minimum) and to spacing on axes of graphs in order to ensure
that numbers etc. remain legible after reduction. Axes of a graph should be clearly labelled . The figures
should preferably be of such a size that the same degree of reducti on can be applied to all of them. Photo­
graphs should have good contrast and intensity. Sharp, glossy photographs are requ ired to obtain good
halftones. References to the illustrations should be included in appropriate places in the text using arabic
numerals. Each illust rati on should have a legend, all the legends be ing typed (with double spacing) together
on a separate sheet. If structures are given in the text, the original drawings should be supplied. Co loured
illustrations are reproduced at the authors ' expense, the cost being determined by the number of pages
and by the number of colours needed . The written permission of the author and publisher must be obtained
for the use of any figure already published. Its source must be indicated in the legend .

References. References should be numbered in the order in which they are cited in the text, and listed in
numerical sequence on a separate sheet at t he end of the article. The numbers should appear in the text
at the appropriate places in square brackets. In the refe rence list, period icals [1], books [2], multi-author
books [3) and proceedings [4) sho uld be cited in accordance with the following examples :

1 A. T. James and A. J. P. Martin, Biochem. J., 50 (1952) 679.
2 L. R. Snyder, Principles of Adsorption Chromatography, Marcel Dekker, New York, 1968, p. 201.
3 H. C. S. Wood and R. Wrigglesworth , in S. Coffey (Editor) , Rodd's Chemistry of Carbon Compounds,
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