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Electrophoresis with a difference
Isca research electrophoresis appar­

atus can give you results you can 't get
in any other way . A precision power
supply offers pulseless , constant power
(constant wattage) to prevent overheat­
ing due to variations in system res is­
tance, while still ma intaining the high­
est possible separation speed . The
exclusive dual buffer elution system of
the Colora UltraPhor preparative slab
gel apparatus gives you greater sample
capacity and one tenth the dilution com­
mon to other equipment.

You always know what's happening
in an Isca density gradient/isoelectric
focusing column : UV absorbance of the

sample can be recorded as often as you
want during separation . Analytical tube
gels can be conveniently run in an Isca
in- l ine apparatus, and then scanned at
UV or visible wavelengths in our high
resolution (but low cost) gel scanner.

A rap id electrophoretic destainer and
other accessories complete the Isea
research electrophoresis line. Send now
for our catalog and technical bulletins
to learn how you can expand your re­
search without stretching your budget.

Sales and service available world­
wide. Write today for the location of
your nearest representative .

4 seQ
,BOX 5347 LINCOLN, NE 68505 USA PHONE [402] 464-0231 TELEX 48-4353

! ret no.36 3



'nt/now.•••••••

Gel filtration and
Affinity chromatography even
in 6M GuHCI, organic solvents, 8M urea,
3MKSCN
at pH3, pH12, 80°C
CROSS-LINKED SEPHAROSE is a new beaded agarose chromatographic
medium with exceptional stability and extremely low non-specific adsorption.
It can be used with confidence in the most extreme dissociating media including
strong solutions of urea, guanidine hydrochloride and chaotropic salts.
Sepharose CL can also be used in organic solvents.

You can sterilize Sepharose CL repeatedly by autoclaving at 110°C· 120°C.
Cross-linked Sepharose is available in three types:
Sepharose@CL-2B, CL-4B and CL-6B.

Ask for the free booklet with data and details of new techniques, from your
supplier of Sephadex@, Sepharose@ and other separation media.

Pharmacia Fine Chemicals
Box 175
5-75104 Uppsala 1 __~ __ £I"l....

, '. Pharmacia
• Fine Chemicals





Wilson and Wilson ~
Comprehensive
Analytical Chemistry
edited by G. SVEHLA, Reader in Analytical Chemistry, the Queen's
University of Belfast.

VOLUME VIII: Enzyme Electrodes in Analytical Chemistry, Molecular Fluores­
cence Spectroscopy, Photometric Titrations, Analytical Applications of Inter­
ferometry.

by G. G. GUILBAULT, Chemistry Department, Louisiana State University in New
Orleans, M. A. LEONARD, Chemistry Department, Queen's University, Belfast,
and W. NEBE, Jena, D.D.R.

The aim of Comprehensive Analytical Chemistry is to provide a self-sufficient
reference work, as well as a starting point for analytical investigation .. This
volume contains four chapters by internationally known experts. The first
chapter, on the application of enzyme electrodes, covers a growing subject
which will be of particular interest to the biochemist. The two optical methods,
fluorescence spectroscopy and photometric titrations, described in Chapters
2 and 3 respectively, are now well-established in chemical laboratories. Chapter
4 gives an extensive survey of the analytical applications of interferometry.

CONTENTS: Chapters 1. Enzyme Electrodes in Analytical Chemistry. Introduction.
Preparation and properties of enzyme electrodes. Analytical applications of enzyme
electrodes. The future of enzyme electrodes. 2. Molecular Fluorescence Spectroscopy.
Introduction to luminescence. Instrumentation. Practical considerations. Structural and
environmental effects. Phosphorescence. Determination of inorganic ions. Determin­
ation of organic compounds. Assay of enzymes. 3. Photometric Titrations. Introduction.
Theory. Instrumentation. Acid-base photometric titrations. Photometric complexometric
titrations. Precipitation titrations. Redox titrations. Spectrofluorimetric titrations. Organic
functional group photometric titrations. Miscellaneous photometric titration methods.
4. Analytical Applications of Interferometry. Historical background of analytical inter­
ferometry. Symbols. Theoretical background of interference measurements. Apparatus
and accessories. Methods for interferometric analysis of homogeneous substances.
Interferometric analysis of inhomogeneous substances. References. Index.
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on. 161.00 ISBN 0-444-41163-1
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This boo k is the second volume of a series of monographs con cerned with chemically
induced funct ional changes and especi ally wi th their quant itat ive assessment. It is
devot ed to fun ctions of the nervous system and behaviour. The int erest in these functions
is mot ivated mainly by the manifold invol vement of the central nervous system in the
pathogenes is of chemically induced patho log ical states.

In addition , even a small and rapidly reversible disturbance of nervous functions may in­
crease the health hazard of man directly l.e, by enhancing the risk of accidents in work or
traff ic .

CONTENTS: Introductory Address (F. Janda) . Editor's Foreword. Main Headings: I. Human
Studies on Drug s and Environmental Chem icals. II. Functional Toxicity Tests in An imals.
III. Add enda to the Survey of Laborator ies .
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Volume 4

GEORGE R. PETIIT, Professor of Chemistry and Director, Cancer Research
Institute, Arizona State University, U.S.A.

The dynamic growth of peptide chemistry is continuing at a rapid rate. Nearly
every discipline is now being applied to this many faceted branch of bio-organic
chemistry. Such observations are especially appropriate in the general area of
synthetic peptides. Beginning with Volume four, the series Synthetic Peptides
is being published by Elsevier Scientific Publishing Company.

Because of the almost overwhelming expansion in the detailed review of peptide
synthetic efforts, the format of volume four has been altered. The tabulation of
synthetic peptides has been continued as in volume three but in this work they
have been consolidated into one section. The literature coverage continues from
where volume three ended in July 1972 up until 1974. Important advances for the
period January 1973 to January 1975 are highlighted in this volume.

Volume four covers the subjects of racemization, amino acid protecting groups,
peptide bond-forming methods, and segment condensation. Two special features
of this book are, firstly, the division of repetitive synthesis into two separate
chapters (one dealing with solution phase repetitive synthesis and the other with
solid phase repetitive synthesis) and, secondly, the inclusion of useful laboratory
procedures.

This volume will be of value particularly to those working in the fields of amino
acids, peptides and proteins.

CONTENTS: Headings to Methods. Preface. 1. Racemization. 2. Amino Acid Protecting
Groups. 3. Peptide Bond-Forming Methods. 4. Segment Condensation Synthesis. 5. Solution
Phase Repetitive Synthesis. 6. Solid Phase Repetitive Synthesis. 7. Glossary and Tabular
Survey. Appendix. Laboratory Methods. Bibliography.
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RS Solvents
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pesticide residues
On the recommendat ion of international organisations such as FAO and WHO,
many nations throughout the world have felt the necessity to regulate the use and
the control of pesticides in foodstuffs.
The analysis of pest icide residues presents unusual problems because of the small
amounts of substances to be determined and the large number of possible
interfering substances which must be first eliminated. In order to determine extremely
small quantities, very sensitive analytical methods are requ ired , which however
cannot be applied directly to the substances under examinat ion. The general
procedure is :
• extraction of the pesticide from the sample;
• concentration of the extract by evaporation of the solvent;
• removal from the extract of naturally-occurring substances which would interfere

with the pesticides :
• determination of the extracted pesticide.
In these operations large quantities of polar and non polar solvents are used.
The usual Analytical Grade solvents, when subjected to a more detailed investigation
(GLC e.c.d. and Na d.), show peaks due to impurities, whose positions coincide
with those of the peaks of pesticides. The use of solvents from which these
impurities have been eliminated is therefore indispensable.
Carlo Erba RS solvents for pest ic ides have been stud ied and developed in order
to satisfy these requirements. Their main characteristic is that of having a greatly
.reduced quantity of any residue which may interfere with the analytical method.
This has been attained by working under special conditions, with small batches
which are controlled individually, and by special choice of packing materials,
cleaning methods and bottle closure procedures. For chlorinated compounds,
a maximum limit of 10-' % as aldrin (GLC e.c.d.) is guaranteed, and for phosphorylated
compounds a maximus limit of 10-8 % as parathion (GLC Na d.),
All these products are available in bottles of 1000 ml.
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Chloroform RS
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Dioxane RS
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Ethyl ether RS

n-Hexane RS
Isooctane RS
Isopropyl alcohol RS
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n-Pentane RS
Toluene RS
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detector operation. A plug-in temperature programmer and
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gases to the instrument.

FULL AUTOMATION. For fully automatic, unattended operation an Autojector
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SIMPLE AND EFFICIENT METHOD OF ZONE SPREADING CORRECTION
IN GEL PERMEATION CHROMATOGRAPHY

S. VOZKA and M. KUBIN

lrstitute of Macromolecular Chemistry , Czechoslovak Academy ofSciences, 162 06 Prague 6 ( Czecho­
slovakia)

(First received December 14th, 1976 : revised manuscript received April l st , 1977)

SUMMARY

A method of zone spreading correction in gel permeation chromatography is
described that is applicable in the case of a Gaussian-type spreading function. Instead
of the integral Tung equation, an equivalent partial differential equation is solved
numerically and in this way the necessary calculations are considerably simplified.
The method is applied to artificial and real chromatograms and the result s are com­
pared with tho se of some known correction procedures.

INTRODUCTION

The imperfect resolving power of real chromatographic columns, due to zone
spreading, distorts the results of gel permeation chromatographic (GPC) analyses of
polymers. In order to obtain accurate data on molecular weight distributions and on
molecular weight averages, it is therefore imperative to use special correction proce­
dures that partly or completely eliminate the influence of the dispersion in the column.

From the mathematical point of view, the zone spreading correction requires
an integral (Tung) equation to be solved by a suitable numerical method. In the litera­
ture one can find many different procedures'r", but most of them require, with only
minor exceptionslO

•
l1

, fast computers with large storage space. In this paper, a zone
spreading correction procedure is proposed that is very simple and fast , such that the
necessarycalculations can be carried out, irneed be, even with a simple desk calculator.

The procedure is based on the assumption that the spreading function in the
Tung equation is Gaussian , a condition which is usually well fulfilled with the highly
efficient columns used in modern GPC instru ments.

THEORETICAL

The relationship between the original, normalized chromatogram, f(x) , and
the chromatogram corrected for zone spreading, w(x), is described by the Tung
integral equation

f(x) = r K(x, y) w(y) dy
- Cf.)

(I)
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where x is the elution volume. Its kernel , K(x,y) , is usually called the spreading func­
tion and represents the elution curve of a monodisperse polymer with a molecular
weight corresponding to the elution volume y. In the following discussion we limit
ourselves to the case of a Gaussian spreading function , which we sha ll write as

K(x,y) = V(h/;') exp[ - h (x - y )2] (2)

The spreading factor, h, is inversely proportional to the extent of sample spread ing in
a given column.

Firstly, we sha ll show that under these conditions the integral eqn . I represents
a solution of a boundary value problem analogous to a certain problem of free diffu­
sion. This equivalent boundary value problem can be sta ted as follows : Solve

D '~ f( x ,t) = a.f( x,t)
a x 2 at

subject to the boundary conditions

.f(x,O) = w(x)

f(co, t) = 0

f( - co, t) = 0

(3)

(4)

(5)

(6)

[This problem can be given the following ph ysical interpretation: if the concen­
tration of a compound in a one-dimensional space (space coord inate x) ha s init ially
the shape w(x) , find how the shape has changed by free diffusion proceeding for a
time td , if the diffusion coefficient , assumed to be constant, is D.]

The so lut ion of thi s boundary value problem' ! is of the form

I f OC> [ ( x - yY ]f(x,t d ) = . _ exp - •4D lI'(y ) dy
2Vn oi, - if) f d

(7)

which is the same as that of the Tung integral eq n. I with the kernel given by eqn. 2,
provided th at we put

D fd = 1/411 (8)

It follows that the ca lcula t ion of the co rrected chro matogram can be reduced
t o the determination o f the boundary condition w(x) in the problem given by eqns .
3- 6, where the functi on/(x ,fd ) is kn own [it is ident ica l with the actua l, uncorrected
chrom atogra m j (x) ] and the quantity II can be obta ined in advance by calibrating the
co lum n with a ser ies of narrow fractions, e.g., by the reverse-flow method':'.

In order to obta in the final correction equat ions in the sim plest form , we shall
solve this problem by a simple method o f finite differences. Its essence rests on using
the Taylor exp an sion to estimate the va lues of the so ught function in points with
absci ssae that differ by a sma ll inc rement from th ose where the va lues of the func-
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tion are known . For the derivatives in the Taylor series we substitute their numerical
analogues obtained by approximating the given function by an interpolation poly­
nomial.

This procedure can be repeated in an optional pre-selected number of steps
(k), where the function values calculated in step i serve as a basis for a computation
of derivati ves in step i + I. Starting from the known values of /(x,td ) (uncorrected
chromatogram), we reach the sought function w(x) after k steps. The differential eqn. 3
is instrumental in transforming the derivatives with respect to the coordinate x (only
these are experimentally available) into derivatives with respect to t, to be substituted
into the Taylor series.

The above principle can be modified in many different ways in order to obtain
a more precise solution (e.g., see ref. 14), but all of these procedures require more
sophisticated algorithms. In this work we employed only the Taylor series method and
a higher preci sion was obtained by substituting higher-order derivatives.

Taylor expansion of the function f(x,t) in t can be written as

a!(x,t) Llt 2 a2.f(x,t)
!(x,t - i l t ) = / (x ,t ) - / It '-at- + - 2- ' a t2

Llt 3

- - - '
6

03!(X,t)
at 3 + ... (9)

assuming that all partial derivatives exist.
Using a notation more suita ble for discrete quantities, i.e.,

)
r a/(x,t)

[(Xi> til = Ji "' -::>--
. . u t X = Xi

t = til

and similarly for higher derivatives, eqn. 9 can be rewritten as

(10)

(II)

It is evident from eqn. 3 that ~t; .,,/at can be directly subst ituted ; further, it holds that

and also

D.~.r; ." = a2
.f;."

a x2 a t a t 2

so that for the second derivative in t we obtain the relationship

Similarly, it hold s for the third derivative in t that

(12)

(13)

(14)

(15)
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etc. Substituting now into eqn . II, we obtain the relationship

S. VOZKA, M. KUBIN

in which we find only derivatives in x and different powers of the product D/l t. If the
calculation is performed in k steps, we can express L1 t in terms of td :

and according to eqn. 8 we obtain for DL1t

DL1t = Ij(4kh)

( 17)

(18)

Substituting from eqn. 18 into eqn. 16, we obtain a final equation for calculation of
the quantity It .n-I> where all coefficients are numerically accessible. If we now cal­
culate the partial derivatives in x using relationships obtained by approximating the
function j'[ , by an interpolation polynomi al and if we put r = (4kllLlx2)- t, we obtain
the following equations directly applicable to the calculation of quantit ies } ;,n-I:

ft.n-l = Ii.« (1 + 2r) -r(lt-l .1I +It+l.lI)

if the Taylor series is truncated after the term with the first derivative ;

(19)

It .n-l = It .II (I+ ~ r + 3r
2

) - (It - l.1I + It +1,n) (~ r + 2r
2

) +

+ (1t-2.n+ 1t+2.n) (/2 r + ~ r2) (20)

from the Taylor series with the second derivative; and finally

for the expansion including the third deri vative. In these equations the subscript i
corresponds to the values of the elution volume, i.e., to the abscissae of the chromato­
gram, the subscript n corresponds to the quantity t in such a way that t = td for n = k
(where k is the chosen number of steps) and t = 0 for n = O.

Eqn s. 19-21 were deri ved on the assumption that D in eqn . 3 is constant ; this
is equivalent (cf , eqn . 8) 0 the assumption that the spreading factor, h, is independent
of the elution volume. It would be possible to solve an equ ivalent boundary value
problem also for the case D = D(x), but the main advantage of the proposed proce­
dure ,viz ., the simplicity of the final correction equations (eqns. 19-21), would be lost.
In correcting the chromatograms where the spreading factor was a functi on o f the
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elution volume, we used a procedure common to other known correction methodsv'-"
varying values of r, calculated from the known relationship h = hex ), were sub­
sti tuted into eqn s. 19-21.

EXP ERIMENTAL

Chromatograms of poly(methyl methacrylate) and polystyrene were obtained
with a Waters Model ALC 100 instrument with four Styragel columns (5 ·]06, 1.5·]05,
1.5. 104 and 5 . 102 A) in series. The flow-rate of solvent (tetrah ydrofuran) was 1 mIl
min and the detector was a differential refractometer. The calibration graph for poly­
styrene samples was linear and followed the relationship

95.1859 - v
log., M = 7.4349 (22)

where v is the elut ion volume, which throughout this whole paper is expressed in
counts (I count = 2.40 ml), and M is the molecular weight. The spreading factor, h,
of the Gaussian kern el in the Tun g integral equation depended on the elut ion volume
through the second-order polynomial

h = - 0.93102 +- 0.02541 v - 0.00007 v2

RESULTS AN D DISC USSION

(23)

In order to verify the efficiency of the proposed correction method, we applied
it to artificial chr omatograms and also to real chromatograms of poly(methyl meth­
acrylate) and polystyrene . In con structing two artificial chromatograms we used a
superpos it ion of two Schulz-Zimm molecular weight distr ibution functions (chroma­
togram A) and one Schulz-Zimm distribution function (chromatogram B), in both
instances with known molecular weight averages (Mn and M w). In chromatogram B
a very narrow distribution with M; = 1.00 .105 and M w = 1.10 .]05 was used ; in
chromatogram A two narrow Schulz-Zimm molecular weight distributions with
parameters M/l) = 4.5'105, M w(l) = 5.0 ·]05, weight fraction al = 0.6 and M n(2) =

1.35· 106, M w(2) = 1.5. 106, weight fraction a2 = 0.4 were superimposed, to yield a
compo site dist ribution function with

and

From the kno wn course of the initial molecular weight distribution , geM) , a
corrected normalized chromatogram w(v) was calculated with the relationship

w(v) = -g(M)·M·2.303 (d log Mjdv)
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The value -0.1345 calculated from the experimental calibration (eqn. 22) was sub­
sti tuted for the deri vative in thi s equation . The uncorrected chro matog rarns j'(v) were
then calculated by numerical integration of eqn . I : in case A a con stant spreading
factor h = 0.2 was used, whereas in case B an elution-volume-dependent It accord ing
to eqn. 23 was employed. To adju st the precision of the input dat a to the precision ex­
pected in real chromatograms, the height s of ca lculated normalized " uncorrected"
chromatograms were multiplied by 1000 and rounded off to an even first decimal
(which corresponds to a precision of ± 0.2 mm for a chroma tog ram with a maximum
height of about 14 ern).

Preliminary calculations showed th at the correction ba sed on the simplest
equation (eqn. 19) is inadequate and canno t be used in practi ce. On the other hand ,
eqn s. 20 and 21 requ ire the num erical calculation of higher derivati ves and a low
precision in reading the heights of chromatogram s (especi ally at their extreme ends ,
where the relat ive er ror is the highest) can lead to artifici al oscillat ion s in the corrected
curve. The occurrence of this undesirable effect is minimized if a judiciously selected
integral multiple of the true volume count increment, ! l vc a 1 c = ILlv, with 1= 1,2,3...,
is used in eq ns. 20 and 21 instead of /1v itself. The modified equations are then

and

I' _ I' ( 49 14 .2 10 .3) ( ) (3 13 2 5 3)
Ji • • -l - J i . • 1+ T8 r+ 3 1 + 3 1 - /; -1.• + /;+ 1,. 2r+4 r + 2r .

In view of the lower relative precision in reading the heights at the extreme ends
of chroma togra ms, equat ions of lower order were used in the actual ca lculations for
abci ssae i = I to i = 31 and i = N - 31 + I to i = N, where N is the total number
of experimental points (e.g., in a computer program based on eqn. 21a, eqn s. 19 and
20 were used at the extreme end s).

The artifi cial chromatogram A was used to study the influence of the numbe r
of calculating steps (k) and the influence of the quantity /1vca l c on the correction
efficiency of eqn . 21a. Fig. I clearl y shows that the correct ion efficiency increases
with the number of iterati on s (k ), although the small improvement in resolution
brought about by increasing the number of steps from k = 5 to k = 15 hardly
justifies tripl ing the computa t ion time.

Even for k = I (i .e., with a direct, non-iterative applica t ion of eqn . 21a) one
attains a distinct although by no means per fect resolution of both superimposed
peak s.

Fig. 2 shows a significa nt influence of the diminishin g zlvca lc on the correct ion
efficiency of eqn. 21a for a con stant number of iterations k = 3. (However, a further
decrease to !1 vca lc = Ll v = 0.5 lead s to con siderable osc illat ions of the computed
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f (v )
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01

v

Fig. I. Influence of the number of iterati on step s (k) o n the co rrect ion efficiency of eqn . 21a applied
to artificial chro ma togra m A. Calc ulated with i l l'e. lc ,--- 1.5. Broken line, uncorrected ch romatogram
f(v) ; solid line, known course of the co rrected chromatogram W(I') ; 0 , k - 1; ct, k = 5; . , k = 15.

function 11'.) It is a lso evident that even with a moderate number of iterations (k = 3),
a very good correction efficiency can be achieved. This fact emerges even more clearly
from Fig. 3, where the results obtained by applying eqns. 20a and 21a in three itera­
tion steps are compared with a very efficient correction procedure, viz., Method 2 of
Ishige et al" . (We have had very useful experience with thi s algorithm ' for some years
and accord ingly we use it as a standard for comparison purposes.) Fig. 3 also shows a
chromatogram co rrected according to the method of Pierce and Armonas'" ; thi s
method is co mpa rable with the procedure proposed here in terms of simplicity and ra ­
pidity of calculation.

025

w lv)

02

0 ·1 5

0-'

0·05

v

Fig. 2. Influence of the va lue o['·h ·e. 'e on the co rrectio n efficiency by eqn. 2 1a a pplied to the art ificia l
chromato gram A. Ca lculated with k ~ 3. Curve, origina l course o f IY(I') ; 0 , /1Veale = I ; ct, /1Veale =

1.5;., ,1Ve ' le ~ 2.

• The program written in Fortran IV was made avai la ble by co ur tesy of Prof. Ham ielcc.
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Fig. 3. Comparison of the correct ion efficiency of different methods applied to the ar t ificial chroma­
togram A. 0 , This work, eqn . 21a, k ~. 3, ;lvc . ' , 1; () , th is work , eqn. 20a, k ,_. 3, ;1 1',", ,< =, 1;
_, Ishige et al" (Method 2) ; 0 , Pierce and Arrnonas' ": curve, or iginal course of w(v).

It follows from the comparison of the curves in Fig. 3 that the efficiency of the
simple correction based on the sevenpo int eqn. 21a is comparable with, if not better
than, the sophisticated algorithm used by Jshige et al. The correction eqn. 20a also
afford s good results , whereas the Pierce and Armonas meth od gives only a slight in-
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Fig. 4. Cor responding com parison to that in Fig. 3 for the artific ial chromatog ram B. Notation as
in Fig. 3. Broken line, uncorrected chromatogram f( v).
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dication of a resolution of both peak s. [In this connection we sho uld mention the
interesting finding that our method based on eqn s. 20a and 21a works very well with
LJv cal c = I, sati sfactorily with LJ vcal c = 1.5 and unsatisfactorily with LJ vca l c =
LJ v = 0.5, whereas the computer program used by Ishige et al. yields good results only
in the last instance. With I I vca l c = I it iterated very slowly, did not manage to satisfy
the prescribed tolerance (0.01) and the final corrected curve closely resembled that
obtained by the method of Pierce and Armonas.]

Computer programs for all of the methods were written in Basic and imple­
mented on a Wang 2200 desk-top pro grammable calculator with 12 kB storage cap­
acity. Net computation times for the correction of chromatogram A in Fig. 3 were:
21 min. with eqn. 21a, I min for the method of Pierce and Armonas, and 83 min for
the method of Ishige et al.

A corresponding comparison of our method (eqn . 21a) with the procedures of
Ishige et al. and Pierce and Armonas for the artificial chromatogram B is shown in
Fig. 4. In this instance of a unimodal, very narrow molecul ar weight distribution
(M. !M w = 1.1) all of the methods gave very good results and the calculated curves
fitted the original function w(v).

Finally, in Figs. 4 and 5 the proposed correction procedure (eqn. 21a , LJ vc a l c =
1.5) is compared with the methods of Ishige et al. and Pierce and Armonas on real
chromatograms obtained with polystyrene and poly(methyl methacrylate); a spread-

020

w(v)

015 -

010 -

005

v 55

Fig. 5. Comparison of different methods of correction appli ed to a real ch romatogram of polystyrene.
1 = Normalized, uncorrected chroma togram ; 2 = lshige et al:"; 0 , this work, eqn . 21a , k = 5,
Llv" ,c = 1.5; ct, Pierce and Arrnon as' ",
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70

Fig. 6. Corresponding comparison to that in Fig. 5 for a real chromatogram of poly(methyl meth­
acrylate) . Notation as in Fig . 5.

ing factor, h(v), given by eqn, 23 was used throughout. The chromatogram of the
polystyrene sample in Fig. 5 indicates the presence of two strongly superimposed
peaks ; all three correction methods were able to resolve them . Eqn. 21 and the
method ofIshige et al. gave again very similar corrected chromatograms; the resolu­
t ion of the method of Pierce and Armonas was much worse. A very similar situation
arises in the correction of a chromatogram of poly(methyl methacrylate) shown in
Fig. 6, although in this instance the separation of both peaks is somewhat greater; as
a result , even the method of Pierce and Armonas gives a satisfactory result. The net
computation times with the Wang 2200 calculator were as follows: (a) for the chro­
matogram in Fig. 5, ca. l ~ min (Pierce and Armonas), ca. 2t min (eqn . 21a) and 72
min (Ishige et af.); (b) for the chromatogram in Fig. 6, ca. 2 min (P ierce and Armonas) ,

TABLE I

MOLECULAR WEIG HT A VERAGES CALCULATED BY DIFFER ENT CORRECTION
METHODS FROM CHROMATOGRAMS OF POLYSTYRENE AND POLY(METHYL METH­
ACRYLATE)

Meth od Sample

Uncorrected Polysty rene
Pierce and Arrnonas'?
Eqn . 21a, Llvca'c = 1.5, k = 5
Ish ige et a/."

Uncorrected Po lytrnethyl methacrylate)'
Pierce and Arm onas '"
Eqn. 21a , / 1I·c.'<= 1.5, k = 5
1shige et a/."

M n · / ()4 M w · / ()4 M z ' /0 4

7.615 14.969 25. 115
7.862 12.594 17.610
8.164 13.933 19.850
8.236 13.867 19.249

3.536 12.148 30.000
3.813 10.802 22.872
3.742 10.826 21.814
3.790 11 .263 23.565

• Calculated from a calibra tion graph for polystyrene assuming the valid ity of the universal
calibration according to Grubisic et al.":
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ca. 3 min (eqn . 21a) and 32 min (Ishige et af.). Corrected values of number- , weight­
and z-averages obt ained by the three methods for both real samples are given in
Table I.

From the point of view of correction efficiency, eqn . 2la is to be preferred to
the simpler eqn . 20a. It is recommended that one should work with 11 vc al c = I, or
LlV cal c = 1.5, with a num ber of iteration step s not greater than k = 5. In all of the
examples studied, the proposed method of zone spreading correction based on eqn.
2la proved to be equally efficient but much simpler and faster than the method of
Ishige et al. It is particularly suitable for laboratories with only a small computer
with restricted storage capacity ; with lower demands on accuracy, eqn . 21a can be
used in a single step and the calcu lation can then be carried out with a simple desk-top
calculator. The proposed procedure is limited to the case of a Gaussian kernel in the
Tung integral equation, but it is, ho wever, ca pable of accommodating a variable
spreading factor, h(v). The method doe s not requ ire a fine sub-division of the ab scissa
in reading the chromatogram heights, which speeds up con siderably the processing
of a large nu mber of experimental resul ts.
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SUMMARY

A cluster expansion for retention volume in gas adsorption chromatography
is developed. Theoretical evaluations are made of the temperature dependence of
the integrals WI' which are directly proportional to Henry's constant, and of the
dependence of retention volumes of benzene, hexane and pentane on their density in
the free gas phase. The results are compared with experimental gas chromatographic
results and with an application of a graphitized lamp-black as an absorbent. Good
agreement is found for isosteric heats of adsorption and reciprocal temperature
dependence of integrals WI' but the two evaluations of the dependence of retention
volume on adsorbate density are not in agreement. Reasons for these divergences
are suggested.

INTRODUCTION

For many years graphitized blacks have found experimental use for theoretical
and practical reasons'<'. The well-defined topography of the adsorptive centres
enables the calculation of many thermodynamic characteristics of the surface adsorp­
tion of hydrocarbons and noble gases and the chromatographic separation of many
complicated mixtures of hydrocarbons (e.g. geometrical isomers, butanes, xylenes)".

Molecular statistical adsorption theory has been used for the calculation of
the adsorption equilibrium coefficient, the retention volume, and the differential
energyand entropy of adsorption for various hydrocarbons of very different molecular
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shape, size, and polarizabil ity' <' . The a im of thi s paper is to introduce a cluster
expansion for retention volume in gas ad sorption chromatography'-? which co uld
be used to calculate, from chromatographic mea surements, microscopic charac­
teristics of adsorption systems, to predict retention values and to optimize chro­
matographic separation processes.

CLUSTER EXPANSION FOR RETENTION VOLUME IN GAS ADS ORPTION C HROMA­
TOGRAPHY

Consider an assem bly of molecules of fixed activity a and volume V, near an
inert so lid surface (in ert in the sense that it s own thermodyn amic properties are
unaffected by the presence of ad sorbed gas and merely seem to provide an external
potential field ). The grand canonical partition function is given by"

~ ~ aN
.::: = L - - Z N

N>O N!
(I)

where ZNis the configurational integral. Expansion of In E into acti vity power lead s to

In E = 1: B, a'
1=1

where B,'s are the generalized clu ster integrals, relati ve to 1 molecul es

(2)

(3)

In the a bove g, = exp( -I,;/RT), f l} = exp(-ul}/RT) -I, v, =,~ veri) is the gas-sol id
potential energy, and Ill} = u(rj,rj) is the mutual interaction energy of two molecule s,
local ized a t 1', and rr We neglect the third and higher order effects a nd ass ume that
Ilij = lIeI,., - rj I). We will also assume that the total interaction energy of 1molecules
can be represented as a sum of pa ir-wise energies. The index c in eqn. 3 denotes that to
each pa rticular product (11 f ijL there corresponds a connected gra ph, such th at each
molecule of the set is represented by a g cvertex a nd each factor '/;j by a line joining
two vert ices . Defining I', such that

integrat ion of eqn. 3 may be extended o ver all configurational space.
Next, using Bellernans't-!" procedure of reduction of B" we can expand In E

into density n in the homogeneous (I'j = 0) part of sys tem powers.
For this purpose we can define a new type of cluster integra l W" relative to

I moleculest -!".
I! W, = {the sum of the contributions o f a ll connected graphs of 1 distinct

square vertices, such that the basic part of these graphs consists of
white squares, and all terminal subpa rts of black squares}.
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The contribution to Wi from a given graph of I squares has been calculated as follows:
(i) to each white vertex corresponds a factor gi

(ii) with each terminal subpart of A black squares is associated a factor
A

{-I + 1I gd
1::::;1

(iii) with each link joining two vertices is associated a factor fij
(iv) integrate over the coordinates in 00 (in the case of white squares it is

is reduced to integration over V).
For example

I! WI = f (gl - I) dr, = • - [l

v

2! Wz = fgl {J (gz - I)flz drz} dr, = • - 0
v '1j

Thus, using Bellernans' general proof, we havev'"

[2 B1 = (V + WI) L' Il (lfJk~nk + I I m W m II (lfJk~nk
[nk] k ni: [m.nk] k nk'

(4)

(5)

or in the form of Cauchy integrals

(6)

where ep(e) = If-hek, fJk are irreducible Mayer integrals and C is a closed contour
around the origin leaving outside all singularities of the integrand except the pole in
zero.

Substituting eqn. 6 into eqn. 2, and making use of the Lagrange theorem on
the existence!' ofa unique root (0 n, which satisfies the equation (0 exp [-ep((0)] = a,
we obtain

W ,00 -1

N = n WI + I m W m n" (I - l,' k f';' nk ) (7)
z I

where N is the average number of adsorbed molecules and n is the bulk density.
Consequently, the cluster expansion for retention volume VN in gas adsorption chro­
matography, obtained via the Conder-Purnell" equation may be written as follows:

VN(n) = WI + L~: km(m -k)fJk wmnm+k-I}{I -:kfJknkfZ (8)

The integral WI is simply related to Henry's constant

KH
WI = RT (9)
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To describe the adsorption of complex molecules on graphite it is necessary
to take into account the dependence of v on the dist ance between the molecule mass
centre and the surface, and on the orientation of the molecule. However, hydr ocarbon
molecules are composed of few different atoms, so there is evidence in favour of
representing v as a sum of the potential functions of intermolecular interactions
of atom pairs v(ij) , where index i denotes i-th carbon atom of graphite, and indexj
the j-th atom of adsorbate molecule' r "

v = 1: VOi)

i.i
(10)

Generally, the potential energy of interactions vOi ) may be approximated by the
Lennard-Jones (W) (12-6) function

(11)

where (!ij denotes the distance between the i-th carbon atom of graphite and the j -th
atom of adsorbate molecule.

The distance ei.i is determined by specifying the origin ro and the orientation
e of a suitable molecular frame with respect to a crystalline reference system. Thus,
in the notation of Battezatti et al,' ,

(12)

(13)

where {k (e ) Iro} is a roto-translation operator'. The pot ential energ y interactions of
the k-th atom of adsorbate with graphite V(k) may be written3 ,8

where

V (k ) (r) = V~k ) (z) + 1: (t)~~~)I; (s" Sz)
I

2 P 6
V(k ) (z) = __71:~ 1: {_ _ ~_-__ _ ak 1
o I a l X GZ I n=O 5 (z + 11 d)10 (z + 11 d)4 J

(14)

(15)

W (k .m) = (16)

where d is the interlayer distance of graphite, K; is the modified Bessel function of
the second kind and order n,fm(SI 'SZ) are the functions defined by Steele, the vector
s i a l + SzGz is the projection of r on th e graphite plane, G1 and az being the graphite
un it lattice vectors, and gm is the length of the reciprocal lattice vectors, defined by
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Steele". As mentioned by Ricca, the principal advantage of thi s method lies in the
functional form of the potential. It is also much more economical in computer time.

Evaluation of integrals Wi and Wz
The integral Wi is given by the following equation-

WI = f{exp ( - v (r m J9)I RT) - I }J dr ,
v

(17)

where rm denotes the coord inates of centre of mass and J is the jacobian. The inte­
gration is made over all confi gurational space ava ilable to the ad sorbate molecules.

Eqn, 17 is valid for quasirigid molecules and ignores th e perturbation from
the surface to the interna l vibrat iona l degrees of freedom , which is negligibl e for a
non-specific ad sorption on hom ogeneous surface of graphite. On the other hand,
perturbations to the internal rotational degrees of freedom are not negligible. In
calculations of Wl we have used the method of Vidal-Madjar et aJ.l·z, in which the
graphite surface is subst ituted by a continuum. The potential energy of interactions
of a complex molecule with th is continuum is treated as an average value averaged
over positions of rm on the graphite lattice. For adsorption of benzene on graphite
we have adopted model "C" of Vidal-Madjar et al.I ,z, whereas in the case of adsorp­
tion of pentane and hexane we used model " F".

In model C, reserved for the description of planar (or quasi-planar) molecules,
the system of coordinates connected with ad sorbate molecule OXYZ is chosen so
that OX and OY are the two main angles of the molecular plane, OZ corresponds
to the largest moment of inertia (perpendicular to the molecular plane), eis the angle
of the molecular plane to the adsorbent surface and 1jJ define s the orientation of the
molecule within that plane. Let us denote by vz~' the value of oZvlozz for z = zo,
where Zo is the equilibrium distance at e = 0 and v~ ' = oZvloez. In this approximation/

v (z, 0, 1jJ) = Vo (z = zo) + ~ v;: (z - 20)Z + ~ v~ (1jJ) sin! e

and consequently

1
/2 tret: . Zll I

Wl = A / --,,- 2 11 RTexp (- Vol RT) f ---,r-( ) d1jJ
vzo 0 v0 1jJ

(I 8)

(19)

where A denotes the surface area .
For the description of adsorption of pentane and hexane we used the model

"FlO. Because of the st ro ng a nisot ro pic field of adsorpt ion these molecules have a
preferential orient ation with th eir axis of the lowest moment of inertia roughly
parallel to the surface. The an gle between OZ and the perpendicular to the adsorbent
surface is designated e.

We assume ro ta t ion around OY and oscillation around OZ. The mo vement
around OX can be either a hindered ro tat ion Fa or an oscill a t ion Fb • Thus we have

. (e _ I" ( )Z k o Z e I " . ZFa. V z, ,1jJ)-- vo + 2 v :o Z - Zo + T cOS + 2 V1p SIU 1jJ (20)
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( e ) I "( )Z I " Z a I " . ZFb : v z, ,1fJ = 1'0 + 2: vzo Z - Zo + 2" ~'o . ll /z COS -I- 2: I'V) sm 1fJ

where (ko, I' ~ , viJ: ll/z) are fo rce constants'. Consequently-

F . W = _ A_ _ (2 /7 RT)3/Z(v" v" k ) - I/Z exp (' - ~~)
a ' 1 2/7 zo v' 0 RT

F:- W = ~- (211 RT)J/z (v" I' " v" ) -I / Z exp ( - ~)
tr- 1 217 Zo 1p O.::r/ Z RT

(22)

(23)

The problem of numerical evaluation of inte grals Wz is more complicated. For thi s
purpose we assume th at the adsorba te molecule s interact via simple LJ (12- 6)
potential

U(I') = 4 E [ (~)12
gg I' (24)

with the parameters Eg g and ag g • These parameters can be treated as avera ges". The
integrals Wz were evalu ated accord ing to eqn. 4.

To investigate the practicality of the abov e theory, we compared the results of
the theoretical calculations of the temperature dependence of integrals WI for
benzene, hexane and pentane, as well as the dependence of their retention volumes
on their densitie s in the free gas phase, with experimental data. In the the o ret ical
ca lculat ions adeq uate literature data were used .

Experiments were carried out by the chromatographic method usin g as model
ad sorbent gra phit ized lamp-bl ack, which was also examined spect rosco pica lly.

Numerical calculations
The adsorpt ion potential energies were calculated for a whole molecule and

for d ifferen t locations of centre o f ma ss I'm with respect to the gra phite plane. The
value of Vo a nd Zowere taken as a verage values, aver aged over all co nside red location s
of I'm' These are summed in Table I. Next , the values of WI were ca lculated acco rding
to eqns. 19, 22 and 23. They a re co mpared with experimental results in Fig s. 1-3.
Table 11 presents th e values of isoster ic heat s o f ad sorption in th e zer o coverage
limit, calculated according to the equation

aIn WI 0

q~( = RT + R a(l IT ) = RT -I- u" (25)

T ABLE [

TH E VA LUE S O F vo AND '-0 FO R BENZEN E, H EX A N E AN D PE NTAN E O N G RA PH ITE

'-0 (A)
Vo (ca ljmole)

Benzene

3.32
-- 10,260

Hexan e

3.78
- [ 1, 100

Pentane

3.72
- 9740
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TABLE II

THEORETICAL AND EXPERIM ENTAL VALUES OF q~t (ca t/mole) AT 360 oK

Adsorbat e

Benzene
Hexane
Pentan e

Theort.

10,030
10,420

9920

Exptl.

9960
10,240
10,030

1.0

0.6 /

/
0.6 /

0.4
/

/
/

0.2 I
I

0 /
/

I

/

3.52.5 3.0
1f T x 10 3 (I/'K)

Fig. 1. Variation of the integrals WI as a funct ion of temperature for benzene on graphitized lamp­
black. The solid line (lI, t = 9.31) was calcul at ed acc ording to eqn. 19, and the broken line (II~I = 8.934)
was obtained experimenta lly.

N

E
<,

E
t"

2

Fa

en
o

/
/

/
/

/
/

/
/

/
/

o

2.5 3 3.5 2.5 3 3.5
1/ T x 103 ( I/,K ) I/T x 10 3 (1/'K )

Fig. 2. Variation of the integrals W, as a function of temperature for n-hexan e on graphitized lamp
black. The solid lines denote the results of theoretical calculations (II?, = 10.2 kcal /rnole) and the
broken line (II? - 9.52 kca l/mo le) was obtained expe rimenta lly.

Fig. 3. As for Fig . 2, bu t for »-pentane. Sol id lines : II?, = 9.2 kcal /rnole) ; broken line: u~, = 9.31
kcal/mole.
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The second part of our calculations are concerned with the evaluati on of the
initial plot of V,v = V,v(n) for pentane at 387.7 "K and 395.6 "K, calculated according
to eqn. 8, truncated at n

2
• The effective values of the parameters e g g and {1gg were

taken from the paper by Lal and Spencer". They were e g g = 568 cal/mol e, and
(1gg = 4.13 A. The results of our calcul ations are sho wn in Fig. 4.

6
---.--_.- _e_ - __ e -e_

4

2 3
12'0-' (rno le Zt )

3'-----~---~---~--'

Fig . 4. The initia l plot of v.~ against II. The points den ote the experimen ta l data , whereas the dashed
lines were ca lculated accord ing to eqn. 8, trun cated to // 2.

EXPERI MENTAL

Commercial lamp-black, made in the USSR , was graph itized in an Acheson
resistance furnace. The specific surface areas of carbon blacks were measured by the
method of therm al desorption of nitrogen. Elemental anal ysis of the adsorbents was
carried out using the Hewlett-Packard anal yser CHN Model F & M 185. The
microcrystalline structure was examined by the Dron-I diffractometer with a cupric
lamp and nickel filter. The degree of graphitization was establi shed measuring the
ratio of the intensities of total line 112 and total line 110 in relation to the natural
madagascaric graphite. Electron paramagnetic resonance (EPR) measurements were
carried out at room temperature using EPR spectrometer type R E-130 I, with di­
phenylpicryl hydrazide as reference. Photomicrographs were obtained with a Tesla
B-613 electron microscope with resolving power 4.5 A. The characterisics of carbon
blacks before and after graphitization are summarized in Table Ill. Photomicrographs
of lamp-black before and after graphitization are presented in Fig. 5 and 6.

The chromatographic measurements were carried out on an ICSO Chro­
matograph with a detector of thermal conductivity. Hydrogen passed over molecular
sieves 4A and 5A was used as carrier gas, flow-rate 40 ml/rnin. The chromatographic
column was 1 m long and 4 mm J.D. , and contained 6.87 g of adsorbent. The adsor­
bent particle sizes 0.30-0.49 mm were selected for use. Adsorbate samples (n-pentane,
n-hexane and benzene, 0.1 to 1.0 ,111) were introduced on the column with the Hamilton
syringe. The absolute retent ion volume and ad sorbate density were measured in the
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TABLE III

CHARAC TE RIZAT ION OF PHYSI CO CHEMICAL PROPERTIES OF GRAPHITIZED AND
NON-G RA PH IT IZE D CA RBON BLACKS

-_._ - - - -_. - - - - - - - --._..

Carbon black Surfa ce Elementary Size of the Concentration Degree of
area composition crystal ( ,4) of spine (l ls) graphitization
(m' /g) (%) (%)

C H Lc La
- ... ----- _._. - . . .. .._---- -

Lamp- black,
non-graph it ized 17.0 95.1 0.6 17.3 27.3 7.4 . to"

Lamp- black,
graphitized 15.2 99.0 0.3 126 197 1 . to" 53

- -- ----- ----_ ._ ---_._- -- -- - - - -

Fig. 5. Elect ron micrograph of the lamp-black before graphitization.

range 360-420 "K . Conditions were chosen to eliminate dynamic effect s as far as
possible.

RESULTS AN D DISCUSSION

The Henry's con stants (integra ls WI) of hydrocarbons ad sorbed on graphitized
blacks have been evaluated by man y autho rs, using various models. We used the
models of adso rption potential proposed by Vida l-Madjar et al,", which we felt were
applicable becau se they permitted the autho rs to obtain excellent ag reement between
values of retention volume, differential energy of adsorption and entropy of adsorp-

!
I:
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Fig. 6. Electron micrograph of the lamp-black after graphitization.

tion calculated theoretically and obtained experimentally. We also obtained good
agreement between the results of theoretical thermodynamic evaluations and experi­
mental data, as can be seen from Figs. 1-3, in which solid lines indicate calculated
results and dashed lines experimental results. In theoretical evaluations of integrals
WI we assumed an adsorbent surface area of 15 mIg, i.e. corresponding to the surface
area by tested graphitized lampblack is characterized. Heats of adsorption calculated
from eqn. 25 (T = 360 OK) were compared with heats measured chromatographically,
and were in reasonable agreement (Table II). The main aim of our work was to find
a way of evaluating retention volume as a function of adsorbate density in the free
gas phase based on the proper model of adsorption and interaction potentials. The
results of this type of calculation for pentane adsorbed on tested graphitized black
are presented in Fig. 4. In these calculations the surface area was treated as a best-fit
parameter. The experimental value for A was 15 m2/g, and the calculated value
II m2/g. Fig. 4 shows that the agreement between the theoretical dependence
VN = VN(n) and the experimental data is not good. There are many reasons for this,
the two chief being that the experiments were conducted in dynamic conditions, and
that the crystalline structure of tested black deviated from the ideal.

The chromatographic process is dynamic by nature, and thus our assumption
of perfect equilibrium, which would hold in static conditions, is not entirely valid
here. Therefore, although the chromatographic conditions we used secured the
minimal influence of diffusion and kinetic effects, the effect of these factors on
the retention data could not be eliminated. The imperfect structure of graphitized
lamp-black is illustrated by the degree of its graphitization, amounting to 53 °C in
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relation to pure madagascaric graphite. Also the blacks adsorb gas molecules on a
surface which consi sts of randomly orientated microcrystallites. The se deviations
from the perfect structure cause errors in the calculation of WI'

Another reason for the discrepancies between the results is connected with the
assumed model of two molecules of adsorbate in the superficial phase . The energy
of interaction between gas and sol id state was assumed in accordance with Guio­
chon's Fb model'r '. The assumption of effective values of the LJ (12- 6) potential in
our calculations has considerable faults , becau se that approach treats adsorbate
molecules as spheres. In addition, we assumed that the energy of interaction does
not depend on molecular orientation in relation to the adsorbent surface.

It is obvious th at these assumptions are not adequate in the case of adsorbed
molecules, as the adsorbent forces molecular orientation ofadsorbate (Battezatti et a/.3) .

However, these assumptions make it possible to carry out numerical calculations of
the adsorption potential. More reali stic assumptions would lead to closer agreement
between the results.

It would appear that this method of theoretical evaluation of retention volumes
can be used to predict retention volume s of chromatographed substances. Graphitized
blacks are characterized by a special topography of adsorption centres which makes
possible the separation of complex mixtures of organic compounds.
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SUMMARY

Dynamical flow splitter for use in preparative-scale gas chromatography

A dynamical carrier gas splitting system for use in preparative-scale gas chro­
matography was developed. The splitter consi sts of a combination of a capillary
system heated by the thermostat of the chromatographic apparatus and an unheated
needle valve fitted outside the thermostat. In this way troubles resulting from con­
densation of high-boiling substance s in the splitter and leaks in the needle valve were
avoided. Results of theoretical and experimental investigations concerning the
pneumatic basic prin ciple and the dynamical characteristics of this splitt ing system
are described . Thi s splitter allows a stepless change in gas flow ratio from I :50 to
I :600. Practical use shows that the splitter is characterized by high reliability in
automat ic recycling runs as well as in case of large sample size and high boiling
substances.

EINLEITUNG

Flammenionisationsdetektoren (FID) werden vorteilhaft in praparativen Gas­
Chromatographen eingesetzt, weil preiswerter Stickstoff als Tragergas verwendet
werden kann, geringe Empfindlichkeit gegenuber Temperatur-, Druck- und Gas­
mengenstrom schwankungen besteht, eine stabile Nullinie vorliegt und auf Grund
hoher Detektorempfindlichkeit die Sammlung von Spurenverunreinigungen rnoglich
ist.

Die Verwendung eines FID erfordert jedoch die Aufteilung des Eluates auf
Sammelvorrichtung und Detektor mit Hilfe eines Stromungsteilers, der im beheizten
Teil des Saulentherrnostaten angebracht sein muss, urn eine vorzeitige Kondensation
des getrennten Produktes au szuschliessen.

Der Strornungsteiler muss fur eine optimale und storungsfreie Arbeitsweise des
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automatischen praparativen Gas-Chromatographen nachstehend aufgefilhrte For­
derungen erfull en :

Einstellbarkeit des Teilerverh altn isses tiber einen weiten Bereich ,
Temperaturunempfindlichkeit des Stellgliedes fur da s Teilerverh altnis,
bequeme Zuganglichkeit zum Strornungsteiler im Therrnostatenraum,
hohe zeitliche Konstanz des Teilerverhaltnisses.
Die bisher iibliche Aufteilung des Eluates mittels Nadelvent ilen' oder unter­

schiedlich dirnensioniertcr, au swechselbarer Kapillarerr' fuhrt in del' Praxi s oft zu
Schwierigkeiten, da die An wendung beheizter Nadelventile haufig zu unuberwind­
lichen Dichtungsproblemen filhrt , wahrend auswechselba re Kapillaren keine kon ­
tinuierliche Optimierung und Korrektur des Teilungsverhaltnisses wahrend des Be­
triebes gestatten . Einen prinzipiellen Ausweg aus diesen Schwierigkeiten eroffnet die
Moglichkeit der pneumatischen Umschaltung von Gaswegerr' <'. In dem hier be­
schriebenen dynamischen Strornungsteiler werden durch Kombination von Kapillaren
und Nad elventil die Vorteile del' Beheizbarkeit mit denen der kont inuierl ichen Ver­
anderung des Gasstromes verknupft, wobei die Kapillaren im Thermostatenraum
und das Nadelventil zur Vermeidung von Dichtungsproblemen ausserhalb des
Therrnostatenraumes angebracht sind . Einige praktische Trennaufgaben dem on­
strieren Funktionsweise, Flexib ilitat und Einsatzgrenzen des dynamischen Strornungs­
teilers.

THEORETISCHE GRUNDLAGEN

Nach Ferner" lasst sich fu r pneumatische Widerstande im Bereich niederer
Dru cke und Iarninarer Strornungen die Dimension Ohm analog zu den bekannten
Begrilfen del' Elektrotechnik verwenden. Diese Analogie errn oglicht die qu antitative
Berechnung der Teilstrorne J j zur Samrnelvorrichtung und J3 zum FI D sowie des
Te ilerverhaltnisses ausgehend von dem Ersatzschaltbild (Fig. I) in Abh angigkeit vom
Hilfsgasstrom JH oder dem Eluatstrom J.

Hi l fsg as
- J.,

Triiger go s~-7)---...--~[L=t---.l-- Sammelvorn chtunq

Fig. I. Ers at zschalt bild dyn am ischer Stro rnungsteiler.

Gern ass den Kir chholfschen Satzen gilt fur d ie Anordnung nach Fig. I unter
del' Annahme, dass del' Druck an del' FI D-Dii se gleich dem an de r Sammelvorrich­
tung ist:

(M aschensatz)

(Knotenpunktsatz)

J 1 R, - J3 R3 - Jz Rz ~= 0

J - J 1 - Jz = 0

JI{ +- Jz - J3 = 0

(I )

(2)

(3)
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Mit diesem An satz crgibt sich nach einigen Zwi schenrechnungen fur den
Tcil strom zur Sarnrn clvorrichtung

(4)

und zum FlO

(5)

Oas Teilerverhiiltni s lasst sieh au s dem dureh R 1 strornenden Teil J1 im Verhaltnis
zu dem effekti v dureh R2 st ro rnenden Eluatanteil J z* zum F l O ermitteln.

J,
T = - -J.

z
(6)

Oureh Grenzwcrtbetraehtung der Gleiehung 4 und Gleichung 5 fur .J = 0 und
J Il = 0 erhalt man fur J z*

und damit fur das Teilerverhaltnis

T = J (R z +- R 3 ) + J Il R3

JR. - J Il R3

(7)

(8)

(9)

In Fig. 2 ist das Teilerverhaltni s in Abhangigkeit vo rn Gasstrom J Il mit dem
Eluatstrom J a ls Parameter (5, 10, l51 /h ) aufgetragen, wobei das Grundteilerver­
haltni s To = 50 : I betragt (R, : Rz : R3 =~ I : 25 : 25). Die zugehorigen Gasstrorne
J. und J) zeigt die Fig. 3.

Aus Fig. 2 ist zu erkennen, da ss d ie Einstellbarkeit de s Te ilerverhaltnisses fur
T > 200 ... 500 unbefriedigend ist, wobei der niedrigere Wert fur einen Tragergasstrom
von 5 l/h und der hohe Wert fur 15 I/h gilt. Oiese Betrachtung setzt eine lineare
Kennlinie des Nadelventils voraus.

Oas Verh altni s der Widerstande Rz und R3 beeinflusst die Einstelleharak­
teri stik des Te ilers sowie die zum FlO st ro rnende Gasmenge in Abhangigkeit vom
Teilerverh altn is. Beispiel sweise steigt bei einem Tragergasrnengenstrorn von 15 l/h die
dem FlO zugefuhrte Teil strommenge in Abhangigkeit yom Teilerverhaltnis von
To = 50 : Ibis T o" 1000 : I von 0.3 I/h (To) auf R;,i 0,6 l/h (TlO OO) '

Fig . 4 zeigt die Abhangigkeit des Te ilerverhaltnisses mit vera nderten Wider­
stand sverh altni ssen . Fur R; : R3 = I : 8 liegt eine steile Steuereharakteristik T = f(JH )

vor bei relativ geringer Gasmengenstrornanderung zum FlO und bei Rz : R 3 = 1,25 : I
eine flache Steuercharakteristik bei mehr als doppelter Gasmengenstromanderung,
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Fig. 2. Teilerverhaltnis Tin Abhangigkeit vom Hilfsgasstrom J", Parameter: Eluatstrom J = 5; 10
und 15 I(h, Grundteilerverhaltnis To = 50:1, Widerstandsverhaltnis R, :R 2 :R 3 = 1:25 :25.
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0.2 0.4 0.6 0.8 to - JH nih]

Fig. 3. Gasmengenstrom zur Samrnelvorrichtung (Jd und zum FID (J 3 ) in Abhangigkeit vorn Hilfs­
gasstrom J II , bei einem Tragergasstrom J = 15 I(h und einem Grundteilerverhaltnis To = 50:1.
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Fig. 4. Teilerverhaltnis in Abhangigkeit vom Gasstrom JH , bei verschiedenen Widerstandsverhalt­
nissen R1:R2:R3 , Eluatstrom J = 151/h. ---, Grundteilerverhaltnis To = 35:1, R1:R2:R3 =

1:5 :30. - - - -, Grundteilerverhaltnis To = 45:1, R[ :R 2 : R3 = 1:5 :40. - - -, Grundteilerverhaltnis
To = 45:1, R[ :R2:R3 = 1:25 :20.

AUFBAU UND FUNKTION DES DYNAMISCHEN STROMUNGSTEILERS

Der dynamische Strornungsteiler" besteht aus einem festen System von drei
Kapillaren und einem Nadelventil (Fig. 5). Die Kapillaren befinden sich im Ther­
mostaten zwischen Saulenausgang und Sammelvorrichtung (R1) sowie FID (R2, R3) .

Das nichtbeheizte Nadelventil ist ausserhalb des Thermostaten angeordnet. Die Auf-

I IUSammelvorrichtung

I Irennsaute i
L.__.__. .j-Thermostat

Fig. 5. Schema dynamischer Strornungsteiler.
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teilung des Eluates wird durch Zufuhrung eines Gasstromes tiber das Nadelventil an
dem Verbindungspunkt der Kapillaren R2, R3 bewirkt. Die Gasmenge kann sowohl
durch Druckanderung vor dem Nadelventil oder Betatigung des Nadel ventils ein­
gestellt werden. Damit lasst sich das Teil er verh altnis in weiten Grenzen zwischen
ca . 1 : 10 bis 1 : 500 in Abhan gigkeit vo m Grundteilerverh altnis ein stellen.

Die Vorteile des dynamischen Strornungste ilers bestehen darin , dass das
Nadelventil nur von reinem Tragergas durchstrornt wird und bei Raumtemperatur
betrieben werden kann. Aile mit dem Eluat in Beriihrung kommenden Te ile konnen
ohne Funktionsbeeintrachtigung auf Thermostattemperatur erwarrnt werden, und
somit sind Storungen durch Veranderung de s Te ilerverhaltnisses infolge Konden­
sa tio n weitestgehend a usgesc hlosse n. De r Sch wierigkeitsgr ad des Trennprob lerns und
die Empfindl ichkeit des FlO beeinflussen die Wahl des G rundteilerverhaltni sses. A is
Grundteiler verh altni s To wird die Aufte ilun g des Eluates a uf Sammelvorrichtung
und FlO definiert , wenn kein Gasstrom tiber das Nadelventil eingespeist wird (01. 1),
wobei J = J, + J3 dem au s der Saule a ustretenden Tragergasstrorn entspricht.

( 10)

Urn den FlO im optimalen Empfindlichkeitsbereich bet reiben zu konnen, wird
tiber ein zusa tzliches Regelsystem ein kon stanter Tr agergasstrorn vo n 2 1/ h unm ittel­
bar vor dem FlO eingespei st.

PR AKTIS CH E AN WEN D U NG

Der vorstehend beschriebene dynamische Strornungsteiler wurde a ls Bauele­
ment des kommerziellen Prap arativ-Zusatzes zu m Gas-Chromatographen GCHF
18.3, VEB Chro matro n, Berlin , praktisch erprobt"-". Es wurden Trenn saulen von
10 mm lnnendurchrnesser verwendet , die je nach Trennproblem 1, 2 oder 3 m lang
waren. Die Dosierung erfolgte manuell mittels Spritze oder a utomatisch mit Hilfe der
Druck-Zeit-Dosierung des Praparativ-Zusatzes. Die Te ilerve rh altnisse vari ierten
zwischen dem Grundteiler ve rhaltnis von I : 50 bis zu e nem Teilc rverhaltn is von
I : 600.

Messen des Teilerverhiiltnisses
Zur Bestimmung de s Teilerverhaltnisses wird zunach st die Berghohe 110 einer

Eichsubstanz beim Grundteilerverhaltni s To, im vorliegenden Faile 50 : 1, und an­
schliessend die Berghohe hT bei dem gewahlten Teilerverh altn is Tbei gleicher Detektor­
empfindl ichkeit gemesse n. Das Teiler verh altni s errechnet sich a us den Berghohen 110

und liT bei gegebene m Grundteilerverhaltni s na ch der Gleichung

( I I )

Erfolgt die Dosierung der Eichsubstanz mit einer dem F liissigkeits injekto r pa rallel
geschalteten Gasschleife, so kann das Teilerverh altn is bequem und schnell gemessen
und ein fur die an stehende Trennaufgab e giinst iges Teilerverhaltn is gewahlt werden.
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Haufig geniigt eine Abschatzung des Teilerverhaltn isses mit Hilfe der Signalgrosse,
die bei einer gegebencn Detektorempfindlichkeit und Probenmengc erfahrungs­
gemass zu erwarten ist. Werden kleinere Substanzm engen im praparati ven Masstab
getrennt, so ist ein weniger grosses Teiler verh altni s giinst iger, um nicht durch hohe
Detektorempfindlichke it bei Grundlinieninstab ilitaten eine unerw iinschte Kuhlfallen­
ansteuerung auszulosen.

Ein iiber einen Iangeren Zeitraum reproduzierbares Teilerverhaltni s lasst sich
ent sprechend der in Fig. 2 dargestellten T-JIl-Kurven am besten im Bereich bis
T = 300 und hoheren Strornungsgeschwindigkeiten realisieren .

min 36 30 24 18 12 6 o

Fig. 7. Prapara tive Trennungen vo n hochsiedenden Su bstan zgem ischen . (a ) 0.7 ml cines II-Kohlen­
wa sserstoffgem isches (Parex " mi t den Kom poncnten II-C 11H,4 . . . Il-C OH40) ; (b) 0.5 rnl 0 -, m-, p­
N itrophenyldimethylfluors ilan ; (e) 0.5 ml cines hochsicdend en Gcm ischc s su bsti tuierter Zyk lo­
silo xane zur spcktroskopischen Identi fizierung.
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Trennergebn isse
Ein Vergleich der in Fig. 6 dargestellten Chromatogramme zeigt, das s die

dosierten Probenmengen lediglich durch die notwendigen chromatographischen
Arbe itsbedingungen bestirnmt werden. Um eine hinreichende Auftrennung zu er­
halten, konnen beispielsweise von den schwierig trennbaren endo-exo-Isorneren nur
60,u1, von Parex 1 0.4 rnl und von dem leicht trennbaren Testgernisch n-Hexan-Il­
Heptan 3 ml pro Zyklus dosiert werden, ohne die Funktion sweise des Te ilers nach ­
teilig zu beeintrachtigen. Fig.6c demonstriert ausserdern die gute Konstanz der
Grundlinie und Reprod uzierbarkeit der Gas-Chrornatograrnme irn auto rnat ischen
Dauerbetrieb.

Wie die in Fig. 7 dargestellten praparativen Trennungen von hochsiedenden
Substanzgemischen weiten Siedebereiches zeigen, a rbeitet der dynamische Stromungs­
teiler auch bei Saulenternperaturen urn 300 0 fur die praparative G as-Chromato­
graphie im Milli literbereich storungsfrei . Das eingestellte Tei lerverhaltnis bleibt hin­
reichend kon stant und reproduzierbar, solange da s Druckniveau des gesamten
Systems nicht durch Verschmutzung der Kapillaren und des Auffangsystem s durch
viskose, polymerisierende oder auskristallisierende Verbindungen krass geandert
wird.

Die Arbeitsbedingungen gehen aus Tabelle I hervor.

TA BELLE I

ARB EITSBEDINGUNG EN FUR DIE DURCHFUHRUNG DER PRAPARATIY EN TR EN­
NUNG EN

Substanz Fig. Siedebcrcich
( DC/Torr)

Trennflilssigkeit Siiulen­
lunge
( III ) •

SUI/Iell ­
temperatu r
( DC)

Triiger ­
gas,
S tick stoff
(mllmin )

Bicyclo(2,2,1jhcpten-
2-carbonsaure-
isobutylester-t 6 103 - 105/13 20 % Carbowax 3 150 237

20M
Il-Hexan -II-Hcptan 6 68.6-98.4/760 23 % OE 4011 2 100 167
Parex I 6 150.6-2 34/760 20 % Siliko n- 2 200 200

gurnrni BC
Parcx I I 7 195.8- 330/760 20 % Silikon- 2 180-280 200

gummi BC 4°/min
Nitro phenyldi-

meth ylflu orsilan
0 - 7 107 - 112/3 20 % Silikon- 2 100- 270 200
//1- 105 - 115/ 10 gum mi BC 6°/min
p- Fp. 42

Cyclosiloxa ngcmisch 7 84 -121 (0.6 20 % Siliko n- 2 150-300 200
gummi BC 4°/m in

• Inn endurchmcsscr : 10 mm.

ZUSAMMENFASSUNG

Ausgehend von auf der Grundlage eines elektrischen Ersa tzschaltbildes durch­
gefuhrten theoretischen und experimentellen Untersuchungen der Stromungsverhalt-
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nisse in Kapillaren wurde ein dynamischer Strornungsteiler fur die praparative Gas­
Chromatographie entwickelt. Durch eine Kombination von beheizten Kapillaren und
einem unbeheizten Nadelventil kann eine kontinuierliche Veranderung des zum
Flammenionisationsdetektor bzw. zur Samme1falle gefuhrten Gasstromes erreicht
werden, ohne dass Storungen durch vorzeitige Kondensation des Produktes oder
Undichtigkeiten auftreten. Das Ergebnis ist grosse Zuverlassigkeit im Dauerbetrieb
sowohl bei Dosierung grosser Substanzmengen pro Trennzyklus als auch bei der
praparativen Trennung hochsiedender Substanzen.
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HIGH-SPEED GAS CHROMATOGRAPHIC ANALYSIS IN PROCESS CON­
TROL "

C. L. G UILLEMIN and F. MARTINEZ

Centre de Recherches Rhone-Poulenc Industries, 93308 Aubervilliers ( France)

(First received November 12th , 1976; revised manu script received March IOth, 1977)

SUMM ARY

Among the different criteria for a process gas chromatograph to be included
in a closed loop control , the analytical credibility is one of the most important and
can be improved by averaging the results of several analyses carried out during the
response time of the proce ss. Th is criterion resulted in high-speed gas chromatographic
analysis being developed .

Mod ified adsorption chromatography with Spherosil is one mean s of reducing
the time of analysis to I min without difficulty. Several examples are presented to
show the potential of such a technique in process gas chromatography.

INTRODUCTION

In order to be included in a closed loop system for the control of chemical
processes, some types of on-line analysers must have the ir analytical credibility in­
creased. With a process gas chromatograph the analyt ical credibility can be improved
by averaging the results of several analyt ical measurements carried out within the
response time of the proces s.

These requirements led to the development of high-speed chromatography.
The problem of reliability has already been solved with a technique called the

"deferred standa rd'":", which consists on on-line checking of the proce ss chromato­
graph. High-speed chromatographic anal ysis has been known for many years ; there
are examples in the literature as early as 19575 of separat ions performed within I min
on capillary columns. Howe ver, for use in proces s gas chromatography (PGq a
simpler solution with similar performances is requ ired.

SIMPLE AND ECONOMIC HIGH-SPEED GC ANA LYSIS

In a previous paper on PGC6
, the properties of modified adsorption chroma-

, " Presented at the 11th International Symposium on Advances in Chromatography , Houston,
Texas, November 1- 5, 1976: the major ity of the papers presented at th is symposium has been
published in J. Chromatogr., Vol. 126 (1976).
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tography were summarized , leading from cla ssical analysis times (15-30 min), to ac­
celerated analysis (5-15 min) and then to rapid analysis (1-5 min ). The final step, the
achievemerit of ultra-rapid an alysis, with an alysis times less than I min , is the result
of stud ies undertaken during severa l yea rs o n Sph erosil in modified gas- solid chro­
matography (GSCr-9

•

When modified with thin layers of stationary phases, the main pr operties of
Spherosil are as follows : decreased coefficient of ma ss tran sfer owing to a layer th ick­
ness ofstat iona ry phase between 10 and 20A (ref. 10) ; flatness of the Van Oeemter curve,
allowing faster ca rri er gas flow-rates, with a minimum loss in column efficien cy; and
efficient micro-packed columns, usable with co mmo n detectors ; the final parameter
to be con sidered in order to achieve very rapid analyses is the specific surface area.
By considering these pr operties con secutively, the time of an analysis can be reduced
by a factor of up to 30 without any difficulty.

As an illu stration of thi s improvement, Fig. I shows the sa me mi xture of five
chlorinated hydrocarbons separated in diffe rent ways. In Fig. lA, classical pa rt ition
chromatography effects the separation in 25 min. In Fig. IB, the separat ion is now
ac hieved in 5 min , simply as a result of using modified ad sorption instead of partition
chromatog raphy. This step is ca lled "accelera ted an alysis". In Fig. IC, the separa tio n
time is halved again by increas ing the linear velocity of the carrier gas . Ho wever , in
order to keep the volumetr ic flow-rate co mpa t ible with common ind ustria l detectors
(thermal conductivity or flame ionizat ion), the column diameter has to be decreased.
This is the "rapid analysis" step. In general , micro-packed columns of J.D. I mm are
more efficient than 1/4- in. columns packed with the sa me material. Fig. 10 co rrespo nds
to " ultra -rapid analysis", which can be con sidered the cumulative result o f th e dif­
ferent properties considered above.

It has been shown?"? th at th e stra ightforwa rd rule s which govern any separa­
tion in modified gas-solid chromatography with Spherosil are as follows: at a con stant
specific surface area, S, a nd with a va riable film thickness, db the select ivity is variable;
and with a variable S but constant df , the select ivity is constant. The latter rule mean s
that superimposable chro matograms can be obta ined on Spherosil o f different specific
surface areas, provided that the total surface energy is the sa me for the different col­
umns. In other words, if d, is constant, the product of the specific surface area of
Spherosil and the column length ha s to be a co nsta nt, to first approximati on;

S·L = con stant (I )

By assuming th at a homogeneous and reproducible packing is obtainable, the weight,
W, of the packing can be repl aced with the column length , L. Shortening an analytical
seq uence will invo lve increasi ng the spec ific surface area and reducing the co lumn
length, and consequently the dead vo lume of the co lumn will be smaller.

F ig. 2 is a n illustration of superimposa ble chro ma togra ms of chlorina ted
hydrocarbons separated on two different types of Spheros il, with S = 28 and 200
m2/g, but coated with a con stant layer thickness of stat iona ry phase. It can easily be
seen that the am ount of stat iona ry phase is proport ional to the spec ific surface area ;

2 14
28 "'>! 200 = 0.07
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Fig. I . Separat ion of a mixture of chlorinated hydroca rbon s. Peaks : (1) vinylidene chlorid e ; (2) meth­
ylene chloride ; (3) carbon tetrachloride ; (4) I,2-dichl oroethane; (5) I, 1,2-trichloroethane ; VC, vinyl
chloride ; C6H 6 , benzene. (A) Partiti on chromatograp hy (classica l an alysis). Co lumn, 4 m x 4 mm
J.D., Chromosorb P (dp ~. 145-1 75 I' m) 1- Carbowax 20M (20 g per 100 g) ; temperatu re, 13'0°;
flow-rate (N 2 ) , 3 Ijh ; / Ip , 1.8 ba r ; injection, l ,d of liquid . (B) Modified gas-solid chromatography
(accelerated analysis). Co lumn , 4 m x 4 rnrn J.D . Spherosi l (28 m2jg, dp = 125- 200 1/111) + Carbo­
wax 20M (2 g per 100 g); temperature, 130"; flow-rate (N 2) , 3 Ijh ; / Ip , 2.5 bar ; injection, 1/11 of liqu id.
(C) Modified gas-solid chroma tog rap hy (rapid ana lysis). Co lumn, 5 m x 1 mm l .D , Spheros il
(28 m2j g, d, - - 125- 200 I /m) +Ca rbowax 20M (2 g per 100 g); temperatu re, 130° ; flow-rate (N 2)

0.9 Ijh ; ; lp, 5 bar , inject ion , I Iii of liquid. (D) Mo dified gas-solid chromatog rap hy (ultra-rapid
analysis). Co lumn, 0.7 m x I rnm J.D. Sp herosi l (200 m2 j g, dp = 80-90" m) + Carbowax 20M
(14-g per 100 g) ; temperature, 130" ; flow-rate (N 2 ) , 1.25 Ijh ; LIp , 5 bar ; injection, 0.051'1 of liquid.



262 C. L. GUILLEMIN, F. MARTINEZ

5

6
2

7 ® 3
4

1
J L..J V'--' "t min 1

I

5

2
6

®
J~

4 3

7
1-__~~-,-4~S~_ ..

U
1

'-' A

irrin f 1

Fig. 2. Superimposable chromatograms of chlorinated hydrocarbons obtained on two different types
of Spherosil. (A) Column, 5 m x I mm I.D. Spherosil (28 m2/g, d. = 125-200 {lm) + Carbowax
20M (2 g per 100 g) temperature, 130°; flow-rate (N 2) , 31/h. (B) Column, 0.7 m x I mm J.D. Sphe­
rosil (200m2/g, d. = 80-90flm) + Carbowax 20M (l4g per 100g); temperature, 130°; flow-rate
(N 2) , 0.40 l/h. Peaks: (I) vinyl chloride; (2) vinylidene chloride; (3) methylene chloride; (4) carbon
tetrachloride; (5) benzene; (6) 1,2-dichloroethane; (7) 1,1,2-trichloroethane.

and that the product S·L is constant:

28·5 = 200·0.70 = 140

By applying the above properties (using a micro-packed column of coated
Spherosil, increasing S, reducing L and increasing the carrier flow-rate), the mixture
ofchlorinated hydrocarbons containing two additional compounds (vinyl chloride and



HIGH·SPEED GC IN PROCESS CONTROL 263

benzene) is now separated in 72 sec on a column of l .D . I mm and length 70 cm
packed with Spherosil (200 mZ/g) coated with Carbowax 20M (14 g per 100 g).

In addition , it must be pointed out that under the conditions used 950 theoreti­
cal plates (1350 plates/m) generated by the 70-cm column were sufficient to perform
this separation , in spite of the 6-fold higher flow-rate than the optimum. Increasing
the flow-rate still further wou ld lead to an analysis time with in the 60 sec required,
but the resolution between the peak s would be poo rer, despite the fact that the Van
Deemter curve is rather flat in modified GSC (Fig. 3), and that the flow-rate can be
increased.

HEPT

./ B'
/'

./ - c'....:- - -c
A t{

(]

Fig. 3. Schemat ic cur ves of Van Deemter equ at ion : HETP = feu) . (I ) In partition chromatography;
(2) in modified adso rption chromatography.

The resolution (R), which depends on the column efficiency and selectivity, is
given by the well known equation

R = ~ (a- I) . (-~) 'VN
4 a I + k' z Z

where
a = relative retention, i.e. the ratio Kz/K1 of the partition coefficients of

components 2 and I;
k'z = capacity factor of component 2;
N = number of theoretical plates, calculated on peak 2.
In modified GSC on Spherosi l, a decrease in resolution can be partly balanced

on the one hand by using higher specific surface areas, which gives a higher selectivity"
(see Figs. 5A and 58), and on the other hand by trying to increase the total number
of theoretical plates or , better, the number of effective plates per second as speed of
analysis is the main concern.

The solution of the last problem was given by Huber et 0/ .11
, who recommended

that the particle size should be reduced to 30-50 pm in GC, by analogy with the effect
of part icle size in high-performance liquid chromatography. According to Hu ber
et al., column efficiencies of 10,000 plate s/rn are feasible, but there is a pressure drop,
which in thi s instance can reac h 30-50 bar. However, when applied to shorter columns
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of coated Spherosil , this concept may be convenient and compat ible with the present
PGC technology, which tolerates no more than 8- 10 bar of back-pressure in the
pneumatic circuit s.

Figs. 4A and 4B illustrate the Huber et al. theory combined with the effect of
a high specific surface area of Spherosil and the selectivity of the liquid stationary
phase. The same mixture of chlorinated hydrocarbons is st ill separated within 60 sec,
but in this instance a column only a 8 ern long and I mm J.D . of Spherosil (200 m2jg)
coated with (1,(1'-oxydipropionitrile (ODPN, 14.5 g per 100 g), with a particle size
distribution between 25 and 40 /lm , was sufficient to achieve this separat ion (F ig. 4A).
Despite a 4-fold greater flow-rate than the opt imum, the column back-pressure was
only 1.9 bar and the column generated 250 theoretical plates (3,125 plates/rn) or 5 Nerd
sec. Fig.4B shows the limits of the technique : a 4-cm column filled with the same
packing still allows a useful sepa ration of the mixture.

4

2

2

6

3

6

@
5

3

45 sec
I

6,D sec 3,0

F ig. 4. Sepa ration of chlorina ted hyd rocarbons on a shor t GC co lumn. (A) Co lumn, 8 cm ;< 1 mill
I.D. Spherosil (200 m2/g , dp = 25- 40 1,m) +- tJ,fl' -oxyd ipropionit rile (14.5 g per 100 g) ; temperature,
85°; flow-rate (N2) , 0.66 I/h; I Ip, 1.9 bar ; injection, 0.051'1 of liquid. (B) Column, 4 ern X 1 mrn 1.0.
Spherosil (200 m2/g , dp : 25-4 0,lm) t- /iJI'-oxydipropionitrile (l 4.5 g per 100 g); flow- rate (N 2) ,

0.221/h ; LIp , 0.75 bar, injection, 0.02 1'1 of liquid . Peak s : ( I) vinyl chloride ; (2) vinylide ne chloride ;
(3) carbon tetr achlor ide ; (4) benzene ; (5) 1,2-dichloroe tha ne; (6) 1,1,2-tr ichloroeth ane.

This technique of shortening the column in GC when using a support with a
higher specific surface area is similar to that already used in high-performanc e liquid
chromatograph y' <.

Although these column performances can be increased by using suitable chro­
matographs avo iding dead volumes up- and down-stream of such shor t columns, or
by improving the packing technique for small particles, etc., it must be borne in mind
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that the aim is not to atta in spectacular performances but only to perform high-speed
PGC analyses with a reduced operating cost. A compromi se among the different
parameters such as column length , specific surface area of Spherosil, particle diameter
and amount of sample injected has to be found when the existing equipment is to be
used. However, a process gas chromatograph specially designed for short columns
would be able to overcome the problem of the installation of the analyser with regard
to the location of the sample injection. The compact analytical unit of such a chro­
matograph could be located very close to the sample probe, so that the influence of
the nature and the respon se time of the sampling system would be minimized.

EXA MPLES O F HIGH-SP EED G C ANA LYSIS

All of the experiments were carried out on a Carl o Erba 2400 laboratory chro­
matograph equipped with flame-ionization detectors. The shortest columns were con­
nected to the injection port and to the detector, with intermediate empty tubes, re­
spectively, of length 15 em, 1.0. I mm, and length 15 ern, LO. 0.25 mm.

Figs. 5A and 58 show a synthetic blend of normal aliphatic C6-C16 hydro­
car bons separated at 1800 on l-rnm 1.0. column, under the following conditions: In
Fig. 5A, the separation was ach ieved in 3t min by using a 35-cm column of Spherosil
(93 m2Jg) coated with Carbowax 20M (20 g per 100 g) and a nitro gen flow-rate of 0.24

® C8 ®

C1Q

C11
C 6

C12

C13

C14

60 se c 30
l

I I I

C15

C11,

C16

Fig. 5. Separation of sa tura ted C.- Ct . a liphat ic hydr ocarbon s. (A) Rapid a na lysis. Column , 35 em x
I mm 1.0. Spherosil (93 m' jg , tip ,~, 150-1 6O pm) l Ca rbowa x 20 M (20 g per 100 g); temperature,
180°; flow-rate (N , ), 0.25 Ijh ; _- lp, 0.8 ba r; injection , 0.1 It! of liqu id. (B) Ultra -ra pid ana lysis. Co lumn,
35 em /. I mm 1.0. Spherosil (200 m' jg, d; = 100-1 25 p m) + Carbowax 20M (40 g per 100 g) ;
temperature, 180" ; flow-rate (N,), 2 l/h ; i1p, 4.8 bar; injection , 0.1 ,uI of liquid.
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I/h ; in Fig. 5B, the separa tion was achieved in 65 sec with a 17-cm column of Spherosil
(200 m2/g) coated with Carbowax 20M (40 g per 100 g) in order to obtain the same film'
thickness. In this instance the carrier gas flow-rate was increased to 21/h in order to
decrea se the analysis time. It must be po inted out that in Fig. 5B the first peaks
emerge very rapidly (ca. I sec) and good quantitative result s can be obtained only
with a computerized data reduction system.

A complex mixture of nine alcohols, the composition of which is given in Fig.
6, was separated in 4 min on a 70-cm, I-mm 1.0. column of Spherosil (200 m2/g)
coated with Carbowax 20M (14 g per 100 g) at 1600

• In spite of the high specific surface
area of the support, the peaks are well shaped ; thi s result is probably due to a
homogeneous coatin g of stationary phase.

2

7

6

4

30sec,

3

2

Fig. 6. Separation of a mixture of a lcohols. Col umn , 70 cm x I mm I.D . Spherosil (200 m' jg,
dp = 80-90 11m) + Carbowax 20 M (14 g per 100 g) ; temperature, 160 0

; flow-rate (N , ), 0.2 I jh ; I1p,
1.6 ba r ; injec tion, 0.05 III of liqui d. Pea ks : (I ) ethano l; (2) isop ropanol; (3) I-pro panol ; (4) 2-butanol;
(5) 2-meth yl-2-butanol; (6) 3-methyl-2-butanol; (7) 2-methyl-l-pentan ol; (8) 2-methyl- l-butano l;
(9) 3-met hyl- l -butano l.

Fig. 7. Separatio n of aceta tes. Colum n, 17 ern x I mm I.D. Sphe rosil (93 m' jg , dp = 80-90 ,l m) +
Carbowax 20M (20 g per 100 g); temperat ure, 130"; flow-r ate (N,) 0.2 I;h; I Ip , I bar ; injection , 0.05
II! of liqu id. Peaks: ( I) meth yl acetate ; (2) ethyl acetate ; (3) but yl acetate; (4) isoamyl aceta te.

Fig. 7 illustrates the separat ion of four acetate esters in 35 sec with a 17-cm,
I-mm 1.0. column packed with Spherosil (93 m2/g) coated with Carbowax 20M (20
g per 100 g) at 1300

• The resolution of the peaks is satisfactory, and a faster anal ysis
could easily be achieved by increas ing the carrier gas flow-rate .

An air-pollution analysi s of four components (vinyl acetate, ethyl acrylate
styrene and butyl acrylate) is carried-out in 40 sec by using an 8-cm, I-mm 1.0. col­
umn of Spherosil (200 m2/g) coated with tr iscyanoethoxyp rop ane (25 g per 100g)
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(Fig. 8). In this instance, an efficiency of 400 theoretical plates in 8 em was obtained
(5,000 plates/rn or 10 Nerrlsec) owing to the use of a small particle size (20-2 5,um).

Trace anal ysis is possible in high-speed GC with short columns : impurities at
concentrations below 200 ppm in 1,2 dichloroethane have been separated easily on
an 8-cm, l-mm I.D . column ofSpherosil (200 m2/g) coated with {3,(J' -oxydipropionitrile
(14 g per 100 g) at 85° (Fig. 9). In spite of the small column dimensions, no overload­
ing was observed ; the major peak showed no tailing and the chromatogram was
satisfactory.

4

90sec 60

3

30

2 1

60 sec
I

5

30
I

Fig. 8. Separation of airborne pollutants. Column, 8 em x I mm 1.0. Spherosil (200 m' /g, dp = 25­
40 ,urn) + triscyanoethoxypropane (25 g per 100 g); temperature, 100°; flow-rate (N 2) , I I/h; L1p,
4.75 bar ; injection , 0.05 It! of liquid. Peaks : (I) vinyl acetate ; (2) ethyl acrylate ; (3) styrene; (4) butyl
acetate.

Fig. 9. Analysis of trace impurit ies in 1,2-dichloroethane. Column, 8 cm x I mm I.D. Spherosil
(200 m' /g, d p = 25-40 li m ) + fi,{J'-oxydipropionitrile (14 g per 100 g); temp erature, 85°; flow-rate
(N, ), 0.2 I/h; IIp , I bar; inject ion, 0.04/11 of liquid . Peaks : (I) vinyl chlor ide; (2) vinyl idene chloride ;
(3) methylene chloride; (4) carbon tetrachloride; (5) I,2-dichloroethane; (6) I, I ,2-tr ichloroethane.

CONCLUSION

The characteristics of Spherosil (specific surface area and particle size) have been
shown to allow tailor-made chromatographic performances from classical to ultra­
rapid. Owing to the straightforward rules developed for this support in modified gas­
solid chromatography, high-speed PGC analysis becomes economically feasible in
comparison with other techniques such as the use of capillary columns. However,
interest in high-speed anal yses with Spherosil lies not only in a simple comparison
with other techniques; a new trend in PGC can be foreseen . The process GC analyser
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could be miniaturized as a result of the use of short columns, would be more reliable
owing to the deferred standard technique, and its response more credible by increasing
the number of analyses averaged by the incorporated mini processor. By setting it
close to the sample injection point in the proce ss, the sample line would be
shortened and simplified and the total response time of the analysi s would be consid­
erably reduced. With such a proce ss gas chromatograph , a further step towards process
automation could be made.
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SUMMARY

Solanesol, a trisesquiterpenoid alcohol in tobacco leaf, has been shown to be
an importa nt precursor of the tumorigenic polynuclear aroma tic hydrocarbons of
smoke. Thus, a rapid, reproducible meth od for the determ inat ion of leaf solane sol
levels is desirable. We developed procedures based on high-temperature gas chro­
malography for the analyses of free a nd tot al solanesol. Th e a lcoho l, as its trimethyl­
silyl der ivat ive, was separa ted and quanti fied on a short Dexsil 300 G C column, with
1,3-dimyristin as an internal sta nda rd. The free alcohol was determined by direct
derivatizati on of ground tobacco and its hexane extract with N,O-bis(trimethylsilyl)­
acetamide- di methylforrnamide reagents. For total solanesol, the gro und tobacco or
its hexane extract was saponified with eth an olic potassium hydroxide. Ac idificat ion
and hexane extraction yielded samples suita ble for silylat ion and gas chro matographic
analysis. Eva luation of the va rious meth od s indicated that free solanesol was best
determ ined in the hexane extract of tob acco, and total solaneso l after sapo nificat ion
of gro und tobacco. Total solaneso l levels in co mmercially importan t tobacco types
were determ ined.

INTR O DU CTION

Th e identificat ion of polynuclear aromatic hydrocarbon s (PAH) as major
contributors to the tumorigenicity of ciga rette smoke condensate'>' has raised the
question of their origin. To determine the PAH precursors in tobacco leaf, several
pyrolytic or thermal decomposition studies of tobacco leaf extr act s have been con­
ducted", The result s indicated that hexane extracts produce dispr op ortion atel y large
yields of PAH and benzo[a]pyrene, a most potent member of the group. The result s
of a subsequent st udy strongly suggested" that terpenoid compo nen ts of the hexane
extract are the potent precursors of smok e PAH and that the reduced tumor igenicity
of the smo ke from recon stituted tobacco sheet" is due to the par t ial removal of
terpenoid compounds during the sheet manufacture. Mor e recentl y, a study of the
pyrolytic formation of PAH from the light petroleum-extractable con stituents of
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flue-cured tobacco leaf? found that the terpene, solanesol (I ; 3,7, 11 ,15,19,23,27,31,35­
nonamethyl-2,6, I0,14, 18,22,26,30,34-hex atriacontan onaen-l-ol ; F ig. I), may produce
more than 30 % of the total PAH in the pyrol yzate of the total extract. Thi s indicated
that solanesol is a major precursor of the tumorigen ic PAH of tobacco smoke and
that utilization of tobacco with low solanesol content would lead to safer smoking
products.

CH3 CH3 CH3 0
I I [oJ I II

H-[ -CH2 -C=CH-CH2 -Ja-CH2 -C=CH-CH2-0H~ H-[-CH2-C=CH-CH2-Ja-CH2C- CH3

I I II

CH3I
-CH=C-CH=CH2

II

Fig. I. Th ermal convers ion of solanesol (I ) to solanesenes (II).

Solanesol was first isolated from flue-cured tobacco by Rowland et al.s in 1956
in quantities corresponding to 0.4 % by dry weight of leaf. Other researcherst -!"
reported solanesol levels to be bet ween I and 2 /~ of dry weight of tobacco leaf.
Thus, this C45 terpenoid is the most abundant component in the lipid fraction of
tobacco and because of its co-relation to smoke PAH solanesol levcls will have to be
determ ined in all tobacco variet ies.

To evalu ate solanesol contents of different tob acco varieties, we required a
rapid , qu anti tative method. A review of methods for the gra vimetr ic determinat ion
of solanesol by column chromatography on silicic ac id (SA), alumina, or Florisil
showed that , generally, low and variable values were obtained'v'" , The thin-layer
chro matographic (TLC) den sitometric method of Woolen and Jones' ? was con­
sidered undesirable since we had ob served con siderable decomposit ion on the plate s.
However, a report by Welburn and Hemming!' on the gas chromatographic analysis
of acetates and trimethylsilyl (TMS) derivatives of long-chain isoprenoid alcohols
suggested that short-column, high-temperature gas chromatography (GC) could be
used for ana lysis of solanesol. We adopted this approach and now describe the GC
methods we developed for ana lyzing both free and total solanesol in tobacco leaf.

EXPERIM ENTAL

Materials
All solvents (Burdick and Jackson ", Muskegon , Mich. , U.S.A. ; distilled-in-

• Reference to a com pany o r product nam e does not impl y approval o r reco mmenda tion by
the USDA.
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glass) were redistilled according to the procedure described by Schepartz et al,",
Dimethylformamide (DMF) and N,O-bis(trimethylsilyl)acetamide (BSA) were sily­
lation grade (Analabs, North Haven, Conn. U.S.A.). Stock solanesol was obtained
from Hoffmann-LaRoche (Nutley, N.J., U.S.A.) . The dimyristin internal standard
was used as obtained from Analabs. The following tobacco samples were analyzed:

Flue-Cured (1968) -commercial Eastern Carolina type, flue-cured , redried,
aged.

Burley I (1975) - United States Dep artment of Agriculture, Agricultural
Research Service (USDA-ARS), experimental, air-cured.

Burley II (1971) - commercial, air-cured, redried.
Cigar Filler (1972) - commercial, Penn sylvania , air-cured .
Maryland (1971) -commercial, air-cured, redried .
Turkish (1967) - commercial, Sarnsum , sun-cured.

Tobacco sample preparation
Tob acco samples were equilibrated at laboratory conditions for two days and

then ground in a Wiley Mill to pass through a 32-mesh screen.

Determination of dry tobacco weight
For moisture determination, 200 mg of ground sample was heated for 3 h at

95 ± 0.5° in a vented oven':'. Moisture was determined before each extraction or
hydrolysis.

Gas chromatography
GC analyses were performed on a Hewlett Packard Model 5750 gas chromato­

graph equipped with a 18 in. X 1/8 in. stainless-steel column containing 5% Dexsil
300 GC on 100-120 mesh Chromosorb W-AW (temperature pro gram was 210° for
4 min, 210-33 0° at 6°/min, and 330° for 6 min ; helium flow-rate , 50 ml/rnin ; injector
temperature, 300°; and flame ionizat ion detector temperature, 350°). Peak areas
were measured with an Aut olab Systems IV integrator. (The above temperature
program was required to obt ain satisfactory baseline tracking of the integration
system. During developmental work, other GC conditions were used and they are
listed in the text as discussed.)

For preparative GC , the columns were switched from the flame ion ization
detector to a thermal conductivity detector (maintained at 330°). The components
were collected in melting point capillary tube s under condition s identical to those
used for analytical Gc.

To obtain several columns with essentially identical resolution and retention
characteristics, the following procedure for column preparation was used. A 15 ft. x
1/8 in. portion of sta inless-steel tubing was washed consecuti vely with about 300 ml
each of benzene, acetone, chloroform and acetone . The column was dried by air
pulled through it for about 45 min and filled with 5%Dexsil 300 GC on 100-120 mesh
Chrom osorb W-AW by the gravity-vert ical drop meth od'". The column was con­
ditioned under helium flow (50 rnl/min at room temperature) by repeated (about
10, times) heating from 90 to 3300 at 2°/min, with a I-h hold at 330°. To extend
column life, the carrier gas was passed through a molecular sieve trap, followed by
an oxygen trap. The ends of the column (about 6 in.) were discarded and the remainder
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was cut into] 8-in. sections. About 0.5 in. of the packing from each end was carefully
removed and replaced with silanized glass wool. A glass liner was placed in the
injection port and the lSvin, column was conditioned by two injections of about
25 ,u1 of BSA-DMF (1 . I) followed by temperature programming under conditions
listed above. The glass liner s were changed period ically to prevent excessive build-up
of non-volatile materi al.

Column chromatography
About 0.5 g of hexan e extract or an equivalent amount of hydrolyzed hexane

extract as descr ibed below was depo sited on 20 g of pre-wash ed, activated SA and
placed on a 100-g SA column as described by Severson et al." , The column was eluted
with I-I porti ons of light pet roleum, benzene-li ght petroleum (I :3, v/v), benzene,
diethyl ether and methanol. Eluate was collected in 100-ml fraction s and redu ced in
volume prior to GC analysis. Fractions containing similar components were com­
bined and subjected to prep arative and analytical GC analyses.

Purifi cation of solanesol
About I g of stock solanesol (80 % purity by GC ), dissolved in benzene, was

placed on a 100-g SA column. Th e column was eluted with I-I portions of benzene
and diethyl ether. The ether fraction was evaporated to dryne ss. GC analysis of its
TMS derivative showed that the ether fraction consisted of low-molecular-w eight
impurities and solanesol at a purity of about 89 %. The ether fraction was subjected
to preparative high-pres sure liquid chromatography (HPLC) on a Varian 8500 liquid
chroma tograph on a 50-cm, IO-,um silica column. The eluate was monitored with a
Varian Aerograph refract ive index detector. The center cut of the major component,
which was eluted after about 11 min with methylene chloride-hexane (1 :4) at a
flow-rate of 90 rnl/h , was collected in a screw top test tub e. The solvent was removed
by a stream of nitrogen. After repeated collections and solvent removal, the test tube
was placed in a vacuum desiccator under nitrogen and the residue dried under
reduced pressure for several hours.

Free solanesol determination via hexane ex tract
A 80 X 25 mm cellulose extraction thimble contauung 7-9 g of ground

tobacco and a glass wool plug was placed in a small Soxhlet extractor fitted with an
Allihn condenser and a 300-ml flat-bottom boiling flask containing boiling stones
and 250 ml of hexane. (The hexane was distilled 12 from potassium hydroxide and
purged with nitrogen before use.) The tobacco was extracted under a blanket of
nitro gen for 16- 18 h with rap id recycling of the hot hexane". After the extract had
cooled , the hexane was remo ved on a roto-evaporator. The residue was dried by
azeotropic dist illation in vacuo with benzene (thrice 10 ml) and quantitati vely trans­
ferred with hexane to a IO-ml volumetric flask. From 0.1-0.2 ml of the extract
solut ion and exactly 1.0 ml of the 1,3-dimyristin internal sta ndard solution (I mg/rnl
in benzene) were quant itati vely transferred to a tapered test tube . After removal of
the solvent under a stream of nitrogen, 35 ltl each of BSA and OM F were added to
the residue . The test tube was sealed with a PTFE-lined cap and heated for 10 min
at 76°. An aliquot (I to 5 ,ul) was analyzed by G'C ,
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Total solanesol determination via hydrolyzed hexane extract
An aliquot (I to 2 ml) of the volumetrically diluted hexane extract solution,

described above, was quantitatively transferred to a 300-ml saponification flask,
contain ing 40 ml of 2 N eth anolic potassium hydroxide and fitted with a 24/40 reflux
condenser. The mixture was refluxed under nitrogen for 2.5 h and then cooled.
Satur ated po tassium chloride soluti on (5 ml) was added and the solution was acidified
to pH 2 with concentrated hydr ochloric acid. Then, 10 ml of hexane was added, and
the mixture was shaken. If necessary, small portions of water were added until a
clear meniscus was obtained. The mixture was quantitati vely transferred to a l25-ml
separato ry funnel and extracted with IO-ml portions of hexane until two successive
hexane extracts were colorless. The combined hexane extracts were quantitatively
diluted to 100 ml. Th is solution (l to 2 ml) and 1.0 ml of the internal sta nda rd solution
were quant itati vely placed in a tapered test tube and the solvent removed . The residue
was treated with BSA and DMF as described above and the silylated mixture was
analyzed by Gc.

Total solanesol determination via direct hydrolysis of ground tobacco
Abo ut 2 g of ground tobacco and 40 ml of 2 N eth anoli c potassium hydroxide

were placed in a saponification flask and the sampl e was hydrol yzed and processed
for GC analysis for its solanesol content by the procedures described ab ove.

Free solanesol via direct BSA-DMF ex traction of tobacco
About 50 mg of ground tob acco and 1.0 ml of internal standard solutio n were

placed in a tapered test tube or Reacti-V ial. After remo val of the solvent under a
stream of nitr ogen, 100-,u1 portions of BSA and D MF were added. The vial was sealed
with a PTFE-l ined cap and vigorously agitated on a Super-Mixer (Lab-Line Instru­
ments). The sample was heated for 30 min at 76° with frequent agitation. The tobacco
was allowed to sett le and I to 5 ,u l of the solution were analyzed by G'C.

Spectral analysis
The components collected in melting po int capill ary tubes by preparative GC

were removed with hexane and slowly dep osited as thin films on potassium bromide
plates. After the solvent was allo wed to evaporate , IR analysis was done using a
Beckman IR 4230 spectrophotometer. The samples were washed from the potassium
bromide plate s with cycJohexane into cuvette s and UV data were obtained using a
Beckman Acta C-I II spectrophoto meter. Small portions of the capill ary tubes con­
taining GC preparative material were placed in the dire ct insertion probe and were
analyzed using a DuPont 21-492 spectrometer.

RESULTS AN D DISCUSSION

To develop a successful GC method for solanesol , we have appl ied the short
GC column methodology of Parkin and Schuller'? Stock solanesol was analyzed by
GC on the short column using a temperature program from 160 to 330° for 6°/min.
Its.chromatogram showed four major GC peaks (Fig. 2). Compari son of the IR and
UV data of the major compo nents, isolated by preparative G C, with data reported
by Rodgman et al.18 showed that the first three peaks in Fig. 2 were a mixture of
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Fig. 2. Direct GC of solanesol on Dexsil 300 GC,

solanesenes (IJ, Fig. I) , formed by the thermal dehydration of solanesol. Therefore,
direct GC analysis of the C45 alcohol was not feasible.

Because Welburn and Hemming! ' reported successful chromatography of the
trifluoroacetate of solanesol, we reacted solanesol with excess tr itluoroacet ic anhydride
in a sealed vial at 60° for 15 min. JR analysis of the product after removal of the
excess anh ydride sho wed that the alcohol had been quantitatively converted to the
aceta te. H owever, the solanesyl trifluoro acetate appeared to decompose almost
quantitatively to JI during GC anal ysis (Fi g. 3). The formation of JI during GC was
confirmed by IR analysis after preparati ve GC. Pyrolysis of solanesol acetate has
been shown to produce a hydrocarbon fraction ( II) identi cal to that obtained from
the deh ydration of the parent alcohol!".

The next atte mpt to volatilize solanesol was the preparati on of the TMS
deri vati ve by reaction of the alcohol with BSA reagent in DMF. Thi s attempt was
successful and yielded only one GC peak , eluting in 23 min (320°) using an oven
temperature program of isothermal hold at 210" for 5 min followed by a 6°/min
increase to 330°. For confirmation of its identity the peak was collected by preparative
GC and analyzed by IR (F ig. 4). Characteristic silyl ether absorption band s at 1250,
1065,845 and 750 cm - 1 (ref. 19) confirmed it to be the trim eth ylsilyl ether of solanesol
(TMS-J).

Thi s deri vat ization-GC approach was next applied to the determination of
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Fig. 3. Ga s chrom atogram of solane sol tr iftuoroacetate, showing thermal decomposit ion to
solanesenes .
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Fig. 4. IR spectrum of TMS derivative of solanesol.

solanesol in the hexane extract of flue-cured tobacco. The resulting gas chromatogram
is shown in Fig. 5. Preparative GC cut s that corresponded to peaks I, 2, 3, and 4
we~e obtained. The I R spectrum of peak 4 was identical to TMS-I. Spectral analysis
of the triplet preceding TMS-I showed that I and 3 were identical to solanesenes.
Peak 2 yielded an lR spectrum identical to solanesenes, except for a carbonyl ab-
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Fig. 5. Gas chromatogram of the TMS der ivat ives of the hexane extract of flue-cured tobacco.

sorption at 1720 ern- 1 . The spectrum of the material in the tailing portion of peak 4
contained ester absorption band s. Compari son of GC retention data of known
compounds in the hexane extract of tob accos indicated that these bands were due to
very low levels of steryl esters .

Since solanesyl esters have been reported in flue-cured tobacco'v", it was
necessary to determine the quantity of bound solanesol, in addition to the free
solanesol anal yzed by the above procedure. Accordingly, the hexane extract was
saponified with ethanolic potassium hydrox ide, and the recovered organics were
derivatized. The gas chromatogram of the TMS derivatives is shown in Fig. 6. Prepar­
ative GC cut s were obtained for peaks 1-4. The 1R spectrum of the material corre­
sponding to the back portion of peak 4 showed no ester absorption , indicating the
absence of steryl ester s. 1Rand UV spectra showed that peak s I, 2, and 3 were
identical to th ose labeled correspondingly in the hexane extract.

To determine whether solane senes (peak s I, 2, and 3) and the carbonyl com­
pound in peak 2 were formed during the derivatizat ion and /or GC, we separated
porti ons of the starting and hydrol yzed hexane extracts by SA column chromato­
graphy. Continuous mon itoring of the eluant by GC revealed the majority of solane­
senes (characteri zed after preparative GC by IR, UV) eluted from the column with
light petroleum-benzene (I :3). Ma ss spectral data of thi s preparative material
revealed that co-eluting with the solanesenes (m]« 612) by both SA chromatography
and GC were other similar hydrocarbons with masses of 614, 616 and 618 a.m.u.
The steryl esters , pre sent only in the starting hexane extract , also eluted in this
fraction. In good agreement with our previous assignments, these ester s began to
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Fig. 6. Gas chromatogram of the TMS derivatives of base hydrolyzed hexane extract of flue-cured
tobacco.

elute from the GC column on the backside of the TMS-I peak. Benzene eluted a
carbonyl component whose GC retention time was identi cal to that of peak 2 (Figs .
5and 6). After prep arative GC , the UV, IR and mass (mle 602) spectra of th is compound
were identical to the lipid component, bombiprenone (III ; 6,10,14,18,22,26,30,34­
octamethyl-5,9,13,17,21,25,29,33-pentatriacontaen-2-one), isolated from flue-cured
tobacco by Irwine et aUI. They postulated that bombiprenone is formed during the
biochemical breakdown of plastoquinone-A in the ripe leaf. Since bombiprenone
likely derives from a C45 isoprenoid moiety, we included it in quantitat ing the C45

terpenes. Diethyl ether eluted residual traces of bombiprenone with solaneso l from
the SA column. Mass spectrometry of TMS-I obtained by preparative GC showed a
molecular ion at m]e 702 and the usual fragmentation patterns of silyl ethers! ". Th e
levels of solanesenes and bombiprenone determined in th is manner were in good
agreement with those in tot al extract. The se findings showed that little, if any,
solanesol was decomposed during hydrolysis, derivatization, and/or Gc. Analyses
of the SA fractions showed that with the hydrolyzate the G C retention window for
TMS-I was essentially free of other GC volatile materi al and that in the GC of the
hexane extract less than 2% of the apparent peak area assigned to TMS-I was due
to steryl esters. Thus, solanesol, solanesenes and bombiprenone can be quantitated
by direct GC analyses of both the total and hydrolyzed tobacco hexane extract.

The success of the potassium hydroxide hydrolysis of the hexane extract in
determin ing the total solanesol content spurred us to abbreviate the procedure by
direct potassium hydroxide hydrolysis of ground tobacco. The resulting gas chro­
matogram of the TMS derivative s of the tobacco hydrolyzate products was identical



278 R. F. SEVERSON et al.

to that of the hexane extract hydrol yzate. In this way, extraction with hexane could
be eliminated and total solanesol analyzed by a rapid, two-step procedure -the first'
step being direct ethanolic potassium hydroxide extraction hydrol ysis of a tobacco
sample and the second step GC analysis.

Because the presence of glucosidated sterols has been confirmed in both
tobacco leaf and smoke", it appeared po ssible that a small amount of solanesol also
exists in leaf as a glucoside. Since base hydrolysis would not cleave glycosidic linkages,
the hexane extract was hydrol yzed by both sulfuric acid and pota ssium hydroxide".
Fig. 7 shows the disappointing results of this treatment. Solanesol was almost com­
pletely destroyed by the acid . Thus, in the following discussion, " bound solaneso!"
refers to that obtained by base hydrolysi s of solanes yl esters.

.­
30

TIME IM INI

Fig. 7. G as chro mat ogram of the TMS derivat ives from acid and base hyd rolyzed hexane extract of
flue-cu red tobacco .

A one-step analysis for free solanesol was also attempted by direct derivatiza­
tion of ground tobacco. GC of the derivatives yielded a chromatogram identical to
that obtained from the tob acco hexane extract.

To obtain a detector response factor for solanes ol, we needed pure solanesol.
However, solanesol purified by TLC, recrystallization, or column chromatography,
still showed carbonyl impurities when anal yzed by I R or the presence of solanesenes
and /or bombiprenone when analyzed by Gc. Column chromatography on silicic acid
and then HPLC with lO-/lm silica, yielded acceptably pure solanesol (94 %by GC) .

We were able to quantitate the method when we found that the TMS
derivative of 1,3-dimyristin fitted perfectly into an open retenti on window in the
chromatogram of both the hexane extract and saponified extract (Fig. 5 and 6).
Solanesol levels could now be quantitated with this intern al sta ndard. The gas chro-
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o

matogram of the HPLC pur ified solanesol and dimyri stin is shown in Fig . 8. The
other peaks surrounding the TMS-I peak were assumed to be related isoprenoids;
consequently, the tot al area was used for the calculation of response data.

TMS
DIMYRISTIN

TMS
SOLANESOl

,.
Q
"'o
~
"'

10
TIME {MIN:

Fig. 8. Ga s chromatogram of the TMS der ivat ive of " pure" so lanesol.

*Ground Tobacco-r
Hexane Soxhlet

Ext racti on (16 hrs .)
Di rect

Ext ract ion

I
1) KOH Hydrolysi s
2) BSA/DMF

3) GC AT" ;'
Total Solanesol

2.98%
(4.2%RSD )**

l
1) BSA/DMF
2) GC An al ysi s

Free Solanesol
2.60%

(4.2%RSD)

I
1) KOH Hydrolysi s
2) BSA/DMF
3) GC Ana lysi s

I
Tot al Sola nesol

3. 11%
(l .9%RSD)

I
1) BSA/DMF
2) GC Analysis

Free Solanesol
2.57%

(10.9%RSD)

*~astern Carol i na , flu e-cur ed, redr ied, and aged tobacco.
**RSD = Re lat ive St andard Deviat ion fr om the mean.

Fig. 9. Sum mary of solanesol method ology.
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All of the attempted solanesol methods are summarized in Fig . 9, and the
quantitative aspects of the determination for free and total solanesol, or more
accurately isoprenoids, are given in Table 1. The table lists the data for an Eastern
Carolina, flue-cured, redried tobacco analyzed by the various methods. Both pro­
cedures for the analysis of the free isoprenoids yielded essentially identical values .
However, the direct silylation procedure yielded data with a much larger deviation.
Comparison of the two methods for total solanesol showed that the average value
was about 4%higher by the direct hydrolysis method. However, levels for solanesenes
and bornbiprenone were the same for both methods. The direct hydrolysis procedure,
with only a 1.9 % relative standard deviation from the mean, appeared to be the
better method for determining total solanesol. By difference, about 14-19 % of the
C45 isoprenoids were bound by base-hydrolyzable linkages.

Subsequently, we analyzed a series of tobacco samples by the two potassium
hydroxide hydrolysis methods for total solanesol and compared the results (Table 1I).
Except for the Burley II sample, the direct potassium hydroxide hydrolysis of ground
tobacco gave a higher value for total solanesol than the potassium hydroxide hydrol­
ysis of the hexane extract.

TABLE II

DETERMiNATiON OF TOTAL SOLANESOL

Tobacco type %Dry Leaf

KG H hydrolyzed hexane extract method KGH hydrolyzed tobacco meth od

Total Total
solanesol isoprenoids
( %) ( %)

So lanesenes,
bombiprenone
(%)

Flue-Cured' 0.24
Burley r: 0.33
Maryland' " 0.22
Turkish I 0.06
Burley 11 11 0.17
Cigar Filler iii 0.13

2.99
2.07
2.04
0.87
0.88
0.78

3.23
2.40
2.26
0.93
1.05
0.91

Solanesenes,
bombiprenone
(%)

0.25
0.18
0.13
0.07
0.10
0.09

Total
solanesol
( %)

3.11
2.14
2.09
1.20
0.81
0.98

Total
isoprenoids
(%)

3.36
2.32
2.22
1.27
0.91
1.18

• 1968, Co mmercia l Eastern Carolina, flue-cured, aged, and redried.
•• 1975, ARS Experimental , air-cured .

••• 1971, Co mmercia l, air- cured, and redried.
I 1967, Samsun .

Ii 1971, Commercial , air- cured, and redried.
§ Ii 1972, Commercial, Pennsylvania, air-cured .
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SUMMARY

An affinity column for a-L-fucosidases was constructed by linking p-amino­
phenyl I-thio-a-L-fucopyran oside to Sepharose 4B through linkers of succinyl 3,3'­
diamino-dipropylamine. Excellent purific ation of a-L-fucos idas e from rat epididymis,
Clostridium perfringens and Limulus polyphemus (horse shoecrab) could be effected in
one step with good yield . An affinity column purification step can be introduced at
any point in publ ished purifi cati on procedures. The purified enzyme is essent ially free
of other glycosidases and proteol ytic enzymes. The column material is sta ble and can
be reused for at least two years.

INTRODUCTION

The carbohydrate components of glycoproteins and glycolipids play an im­
portant part in the functi oning of the cell and in the interaction of the cell with its
environment ' . The detailed structural and functi onal analyses of bound oligosaccha­
rides have been facilit ated by vario us glycos idas es-. One of the se, c- t -fucos idase, ha s
been studied in mammals':", abalone":", Helix pomatia', Limpet? and in Trichomonas
foetus'", Clostridium perfringens'", Aspergillus niger'", Rhodopseudomonas palustris'?
and Klebsiella aerogenes": The enzyme ha s been exten sively purified by classical
methods from rat epididymisIS, A. niger'? and C. perfringens": Generally the methods
of purification are somewhat difficult and time-consuming.

Recently an a-fucos idase has been purified from human placenta'", liver' ? and
rat epidid yrnus' " by affinity chromatography usin g a column of agarose- s-am ino­
caproyl fucosamine. Shah and Bahl' ? as well as Mega and Matsu shima" have de­
scr.ibed the synthesis of a number of p-aminophenyl l -thio glycosides including p-

• To who m correspo ndence sho uld be addressed.
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aminophenyl l-th io-« and (j-L-fucopyra nos ides2 1
• The a form was found to compete

with p-nitrophenyl-a-L-fucoside for the active site of clam c-L-fuco sidase". Although
Chawla and Bahl synthesized the thio-fucoside for construction of affinity columns,
they have provided no information on the expl oitation of the thiofucoside deri vative
for enzyme purification". Independently, we synthesized p-aminophenyl l-th io-c-t­
fucopyranos ide. De spite the fact that our yield was relatively low, the properties of
our products were co mpa rable to those of Chawla and Bahl " . We have found th at when
the final product of our synthesis was linked to Seph ar ose 4B through succ inyl 3,3'­
diamino-dipropylamine, an effective , specific affinity column for a-L-fucosidase
from a number of biological sources was produced.

EXPE R IMENTAL

AlI materials were reagent grade commercial sa mples, unle ss otherwise
specified. a-L( - )-fucose and the p-n itr ophenyl glycoside, p-n itrophenyl a -L-fucoside,
p-nitrophenyI a-o-galactoside, p-nitrophenyl a-o -mannoside, p-nitrophenyl N-acetyl
p-o -glucosamine, and p-nitrophenyl a -o -fucos ide used in routine assays were pur­
chased from Sigma (St. Louis, Mo ., U.S.A .). Sephar ose 4B was purchased from
Pharmacia (Pi scat away, N .J ., U .S.A .). Azo coll for proteinase assay was purchased
from Calbi ochem (Los Angeles, Calif. , U .S.A.). 3,3'-Diamino-dipropylamine was
obtained from Ea stman-Kodak (Rochester, N.Y., U .S.A.). Melting points were ob­
served without corrections on compounds between glass slides with a Fisher-Johns
apparatus. The rats used in these experiments were supplied by Dr. D. Kritchevsky
of the Wistar In st itute. A culture of C. perfringens was obtained from D. Aminoff
and was grown accord ing to Aminoff and Furukawa" .

Thin-layer chromatography (TLC) was carried out using Eastman Chro mato­
gram sheets 6060 or Baker sheet IBF (silica gel with fluorescent ind icator) ; solvent,
ethy l acetate-acetic ac id-water (3 : I : I) for deacetylated co mpo unds . Th e spo ts were
visualized by short wave ultraviolet light or with iodine vapor.

Synthesis of p-am inophenyl J-thio-c-i.-fucopyronoside
Of the severa l method s available for glycosida tio n'<", a slightly modified

pr ocedure of Levvy and McAlIan28 was used for the synthesis of the 1,2-cis anomer
(Fig. 1) in which 1,2,3,4-tetra-O-acetyl-L-fucop yranose was condensed with p-nitro­
thiophenol in th e presence of anhydrou s zinc chloride (Helferich reaction). The prod­
uct was purified, deacetylated and the p-nitro derivative was obtained; slightly yellow
crystals (m .p . 218°-226° [lit.20 224 °-226°]; (a)o - 343° (methanol) [lit." - 382°;
RF 0.85 [lit .20 RF 0.88]). Reduction of the deacetylated product with hydrogen gas and
platinum oxide yielded a material whic h, up on TLC yielded one spo t with an RF of
0.65 . The p-aminophenyl l-thio a -fuco pyranos ide synthesized by Chawla and Bahpl

0
5----< »-NH,

CH I
3 HO

OH

OH

Fig. I. Structure of p -amino pheny l l-th io «-t-fuco pyranoside.
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had an RF of 0.66. Since our synthetic method was unsatisfactory with regard to yield,
it has not been reported in detail.

Preparation of affinity columns
Sepharose 4B was activated with cyanogen bromide and coupled with 3,3'­

diamino-dipropylamine according to the method of Cuatrecasas". Succinylation of
the 3,3'-diamino-dipropylamine Sepharose 4B was also done by the method of
Cuatrecasas. To couple p-aminophenyl l-thio a-L-fucopyranoside to the succinyl
derivate, 0.068 g of the fucoside was dissolved in 1 ml ofdimethylformamide and added
to 10 ml of the Sepharose derivative suspended in water. The pH was adjusted to 4.7
with 0.5 g of l-ethyl 3-(3-dimethylaminopropyl) carbodiimide in 1 ml of water added
dropwise. The pH was maintained at 4.7 for 1 h. The suspension was stirred at room
temperature overnight and was then washed with 41 of 0.1 N NaCI solution in a
buchner funnel (coarse disc) without using suction. Columns were stored in 0.1 N
NaCl solution containing 0.1 % sodium azide at 4°.

Preparation of enzymes
Glycosidases from rat epididymis were partially purified according to Carlsen

and Pierce" until the 35-50 % ammonium sulfate precipitation step, and stored at
-20 0 until purified further by affinity chromatography.

C. perfringens was cultured and the enzymes in the medium were prepared by the
method of Aminoff and Furukawa". Preliminary purification consisted of two am­
monium sulfate precipitations and chromatography on a large column of Sephadex
G-15011

• The starting material was stored at -20 0 until used. Serum obtained from
Limulus polyphemus was allowed to clot. Clots were removed by filtration and the
serum was stored at -20 0

•

Columns (8.5 X 1.2 ern) were run at room temperature since the a-L-fucosi­
dases being studied were reasonably stable at that temperature. The column was
equilibrated and developed with 0.2 M sodium citrate buffer (pH 6.0) containing
0.02%NaN3 • The flow-rate was 25 ml/h, and lA-ml fractions were collected. Aliquots
of 0.05 ml were routinely assayed for a-L-fucosidase, a-D-mannosidase, /J-D-galacto­
sidase and N-acetyl fJ-D-glucosaminidase with the appropriate p-nitrophenyl glyco­
side as substrate. Usually 5.0 ml of enzyme solution, prepared in 0.2 M sodium citrate
(pfl 6) containing approximately 12 mg of protein, were placed on the column. After
washing the column with the same buffer until no enzyme activities were detectable
and no protein was present as measured by light absorption at 280 nm, 10 ml of a-L­
fucose solution (40 mg/ml) in the developing buffer were added to the column.

Glycosidases were assayed essentially by the method described by Bosmanrr'".
A typical incubation mixture contained 0.3 ml of 0.05 M sodium citrate (pH 4.5),
0.3 ,umoles in 0.3 ml water of p-nitrophenylglycoside substrate and 0.05 ml solution of
enzyme. Where c-mannoside was assayed, 1.2,umole of the p-nitrophenyl a-manno­
side substrate was used. After 20 min of incubation at 37" the vessels were chilled in
ice and 0.6 ml of 0.2 M potassium borate buffer (pH 9.8) was added and the light
absorbance was determined at 400 nm. A unit of enzyme can cleave 1 ,umole of sub­
strate in 1 min under the conditions of the assay. Specific activities are expressed as
units per mg of protein.

To assay a-L-fucosidase from C. perfringens which does not cleave p-nitrophenyl
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a-L-fucoside, 0.05 ml of enzyme solution was incubated with 2 mg hog gastric mucin
and 0.05 ml of I 11'1 sod ium acetate buffer (pH 6) in a final volume 01'0.3 ml for 25 min
at 37°. Free L-fucose was assayed by an enzymat ic meth od".

Purified a-L-fucos idase was electrophoresed in 5.6 % polyacrylamide gels at
10° by the method of Davi s". The gels were run at 2.5 rnA per tube (80 V) for 2 h
with bromophenol blue as tracer dye. In order to locate the enzyme activity, gels
were sliced into l-mrn pieces ; each slice was placed in a tube containing 0.3 ml of
sodium citrate buffer (pH 6) and kept overni ght at 4°. Al iquots were assayed for en­
zyme act ivities as described previou sly. Before cutting, gels were scanned at 280 nm in
a Gilford spectrophotometer .

Slab gels were also run in the presen ce of 0.1 %sodium dodecyl sulfate (SOS)
using the discontinuous system of Laernml i" . The separating gel was 10% acrylamide
and the stac king gel 5%. Electrophoresis was conducted at a current of 20 rnA for 4 h.
Pyronine Y was used as a marker. Gels with and without SOS were stai ned according
to Fairbanks et al,":

RESULTS

a-Fucosidase fro m rat epididymis
As seen from Fig. 2, a-L-fucosidase of rat epid idymis is wea kly but competi­

tively inhibited by p- aminophenyl I-thio a-L-fucos ide (K, 12.5 X 10- 4 M); L-fucose
itself is more inhibitory (K1 = 2.85 X 10- 4 M). The Km of p-nitrophenyl «- t -Iucoside
is 2.77 X 10- 4 M 37• Chawla and Bah F1 found a K. of 7.\ X 10- 4 M for p-am ino­
phenyl I-thio a-L-fucos ide and a Km 01' 0.85 X 10- 4 M for p-nitro phenyl c-t -fucos ide
for the a-L-fucos idase of clam under somewhat d ifferent assay cond itions. n-fucose,
n-gal actose, L-arabinose and o-arabinose at I-m M con centration did not inhibit
a-L-fucosidase.

6

5

4

~
~3

2

/'

10x10-' 15x10-' 20x lO-'

1/S

Fig . 2. Lineweaver and Bur k" plots of the react io n ca ta lyzed by Il-fucosidase of rat epi didymis with
and witho ut inh ibit or s. Vario us amou nts of subs tra te (0.05 / 10- 3 M to 0.5 ;,' 10 - 3 M ) were
incubated with th e enzyme purifi ed o n the affinity co lumn under co ndi tio ns exp lained in Experimenta l.
., a-Fucosidas e ; L" Il-fucosi dase -1 I mM p-a minophenyl I-thio «-L-fucopyranoside; n , «-fuco­
sidase + 1 mM a -L( - )-fucopyranose.
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In Fig. 3 is seen the results of a typical run of the affin ity column using enzyme
from rat ep idid ymi s. Virtually all o f the a -L-fucos idase is ret ained a nd essentially all
of the act ivity is recovered (Table I) with a 59-fo ld purificati on in the one step and a
final purification of over 400-fold. The specific activity is 15.6 which compared favo r­
ably with the va lue of 12.8 obta ined by Carlsen and Pie rce" after chromatography on
columns of CM-cellulose a nd DEAE-cellul ose and entailing con siderable loss of act iv­
ity.

12020 ~ 00 00 100

Fraction Number

Fig. 3. Affinity chro ma tography of the 35- 50 % ammo nium sulfate fraction ·of ra t ep ididymis ext ract.
The column (1.2 x 7.5 em) was eq uilibra ted an d developed with 0.2 M sod ium citra te buffer (pH 6)
containing 0.02 % sodium azid e, a nd run at room temp erature at a flow-rate of 33 ml/h . Sampl es
105-120 were dialyzed to remove the suga r before being assayed for enzyme activit ies. At fract ion 101
(arrow), 10 ml of 40 rng/rn! L-fucose were added to the co lumn. Fract ions (2 ml) were collected an d
aliquots were assayed for ab sorban ce at 280 nm (.) and for a -L-fucos idase (A) , a -D-mannosidase
(,6), f1-D-galactosidase ( 0), an d (1-N-acetyl-D-glucosamine (.).

1.0

02

0.8

·i
~ 0.6

"3'a
0 0.4

When the dialyzed , co ncentra ted eluate cont a in ing a -L-fucos idase was elec­
trophoresed on po lyac rylamide gel" o nly on e band could be detected by ab sorption at
280 nm and by sta ining with Co omassie blue. This band co nta ined the a-L-fucos idase
act ivity. Upon electrophoresis in an SDS gel systerrr" two bands were seen which
when compared to standards had mole cular weights of 50,000 and 57,000 . Carlsen and
Pierce' ? have rep orted th e presence of two subunits of molecular weights 47,000 and
60,000 for a-L-fucos idase of rat epididy mis .

Th e effectiveness of the column depends on the presence of the p-amino I-thio­
a-L-fucopyranoside residues. The enzyme is not retained on columns of Sepharose 4B
to which are att ached succ inyl 3,3'-d iamino-dipropylamine groups alone nor is it
taken up by the column if p-aminophenyl I-thio a -L-fucopy ra noside res idues are
substituted for by the anomeric fJ compound . Details of the synthesis ofp-aminophenyl
I-thio fJ-L-fucopyranos ide and the construct ion of affin ity columns with it are de­
scribed elsewhere".

On ce the enzyme is retained by the co lumn it cannot be rem oved by shifti ng
the pH values bet ween 6 and 4, nor by an NaCI gradient up to 2 M nor by passing a
solution of n-fucose or n-galactose (40 mgjml) through the column.

While the origina l eluate contained more th an 90 % of the a-mannosidase,
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p-galactosidase and N-acetyl fJ-D-glucosaminidas e activities applied, the se could not
be detected in the po oled fra ctions eluted by i-fucose. Further, thi s fraction conta ined
no detectable protease (azocoll assay), fJ-L-fucosidase or c-n-fucosidase activities. The
recovery of protein as assayed by the method of Lo wry et a/.36 was qu antitative
(102%).

As much as 1.03 units of a-fucosidase of rat epididymu s in 2.11 mg of protein
in 2.5 ml of buffer of the 35-50 %ammoni um sulfate fracti on " could be applied to
I ml of column material without overloading it . This is about 2.5 ti mes more than was
usually used in routine runs. The purified material off the column reta ined full
activity for 2 months when sto red at 4 0 wh ile material fro zen at - 200 retained onl y
half of its act ivity after 6 months. The enzyme could be concentrated without appreci­
able loss of acti vity after 6 months. The enzyme was concentrated by dialyzing against
a solutio n of 20 % polyethylene glycol in 0.2 M sodium citrate solut ion (pH 6).

Excellent purification of a-L-fucosidase from C. perfringens and Limu/us poly­
phemus were effected on the same affinity column by the same pr ocedure used for the
enzyme from rat epididymis (Table II). For unknown reasons the yield of enzyme of
Limulus was variable although purification was always good. The enzyme from C.
perfringens clearly differs from the others in that it doe s not cleave p-nitrophenyl
c-t -fucoside and yet behaves similarly on the affinity column. Assay of th is enzyme
was accomplished by measuring the L-fucose relea sed from hog gastric mucirr",

TABLE II

PURIFICATION O F a -L-FUCOSIDASE FROM VARIOUS SO U RC ES

Preparation for co lumn

Specific ac tivi ty
(flmole/min per mg
pro tein)
before co lum n
after co lumn

Purificat ion
Yield on step ( %)

Ref. for preliminary
prepar ati on

Rat epididymis

30-50 %(N H.hSO.
fract ion

0.26
15.57
59

100

15

c. perfriugens

Elua te from Sephadex
G- 50 co lumn

0.014
2.6 1

186
100

11

Limu lus polyphemus'

Serum

0.001
0.394

394
24

• The serum was obtained a t the Marine Biology La boratory (Wo ods Hole, Mass. , U. S.A .).
Some of the wor k using se rum of Limulus was carr ied o ut a t the M .B.L.

DISCU SSION

It is apparent that c-t -fucosidases from a var iety of sources (bacteria, inverte­
brate, mammal) can be specifica lly bound to an affinit y column and extensively
purified and freed of other glycosidases and proteases in one step. The column binds
a-fucosidases of different specificit ies; that from C. perfringens wh ich doe s not cleave
p-nitrophenyl a-L-fuco pyranos ide and the enzyme from other sources which does
split thi s substr ate.
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TRENNUNG DER HALOGENOHYDROBORATE DES TYPS BlOH10-nX/­
DURCH HOCHSPANNUNGSIONOPHORESE

K.-G . BOHRENS und W. PREETZ

Institut fiir Anorgunische Chemie der Christian-Albrechts-Universitdt, D·2300 Kiel (B.R.D.)

(Eingegangen am 14. Miirz 1977)

. _ - - - ----

SUMMARY

Separation of halohydroborates of the type BlOHlO _ II X/ - by high-voltage ionophoresis

The separation of mixtures of halohydroborates BlOH,o_IIX/- ; X = Cl, Br,
I ; II = 1-9 is possible because the ion mobilities decrease stepwise with increasing
halogenation. The zones are rendered visible by spraying the pherograms with a
solution of acridine hydrochloride, and the members of the homologous series are
isolated in pure form . With some iodohydroborates the ionophoretical separation of
geometrical isomers is successful owing to the different molecular shapes.

- - --- - -- - - - - -

EINLEITUNG

Bei der Umsetzung des Dekahydroborats BJOH 10
2

- mit Halogenen bilden sich
Halogenohydroborate des Typs BIOHIO-nX/-, X = CI, Br, I ; 11 = 1-9 bzw. 10. Dabei
handelt es sich um Verbindungen, die fiir die Untersuchung von Substituenten­
effekten und von Reaktionsmechanismen von Interesse sind. Die Bernuhungen um
die gezielte Darstellung sind bisher an der au ssergewohnlichen chemischen und
physikalisch-chemischen Ahniichkeit zwischen den einzelnen Gliedern dieser homo­
logen Verbindungsreihen gescheitert. Bei den wenigen bisher isolierten Zwischen­
produkten, wie z.B. BJOH 2Cl s2 - , BlOH7Brl - und BJOHsI/-, wurde nicht ausge­
schlossen, dass es sich um Gemische mehrerer Komponenten handelt-,

Mit Hilfe der Hochspannungspapicrionophorese, die sich bereits bei der
Trennung von Gemi schtligandkomplexen des Typs [MX II Y6-nY- , M = Re, Os, Ir ,
Pt; X =F Y = Cl, Br, I, n = 1-5 vieifach bewahrt hae·3 , geiangjetzt die systematische
Isolierung der Halogenohydroborate", Die Trennung beruht auf der mit steigendem
Halogenierungsgrad schrittweise abnchmenden Ionenbeweglichkeit. 1m Faile der
Jodohydroborate wurde auf Grund der etwas unterschiedlichen Molekiilgestalt zu­
satzlich die Auftrennung in mehrere geometrische Isomere erreicht. Die ionopho­
retische Isolierung und die Eigenschaften einer ganzen Reihe von Halogenohydro­
boraten werden beschrieben.
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EXPERI MENTELLES

K.-G . BOHRENS, W. PREETZ

Herstellung der Ausgangsgemische
Zur Darstellung von BlOH10Z- geht man vom Dekaboran BLOH I4 au s, das mit

Triathylam in oder Dimethylsulfid umgesetzt wird s
, 6 . Auch bei der Pyrolyse von

[(CZHS)4N ]BH4 cntsteht es in guter Au sbeute". Zur Hal ogenierung wird durch eine
eisgekiihlte Losung von 1,5 g (NH4)zB10HlO in 50 ml Wasser ein mit sehr wenig Cl,
bzw. Br, beladener Stickstoff-Strom geleitet. FUr die Jodierung schiitt elt man die
wassrige Losung mit einigen Mill ilitern CCI4, in dem Iz gelost ist, bis die Jodfarbe
verschwinde t. Je nach der Menge des eingesetzten Hal ogen s ent stehen Gemi sche mit
verschiedenem Halogenierungsgrad. Stets en thalten die Losungen drei bis fiinf be­
naehbarte Komponenten , die nach dem Abfiltrieren geringer Mengen harz iger
Nebenprodukte mit Tetramethylammoniumionen ausgef'allt werden. Dureh Be­
handeln mit einem Kati onenaustauscher werden die in Wasser sehr gut loslichen
NH4+ -bzw. Na +-Salze hergestellt und der hoehspannungsionoph oretisehen Auf­
trennung unterworfen. Zu Gemischen mit den entsprechenden markierten Verbin­
dungen kommt man , indem BLOH lO

z- mit radioaktiven Halogenen umgesetzt wird.

Ho chspannungspap ierionophorese
Die Auftrennung der Gemische, die mehrere Spezies der Reihen BIOHlo_nXnz­

enthalten , erfolgt nach dem Prinzip der Zonenionophorese. D ie Konzentration der
zu trennenden wassrigen Losung, die mit einer Kun ststoffpipette auf den Papie r­
streifen aufgetragen wird , darf nieht hoher sein als die des G rundelektrolyten , weil
sieh sonst iiberladene breite Zonen au sbilden". Die verwendete Apparatur ist mehr­
fach besehrieben worden' . D ie besten Trennungen werden unter folgenden Vers uchs­
bedingungen erreicht : Grundelektrolyt : 0.2 M Tri chloroessigsaure-KaJiumhydroxyd
(pH = 2.5); Elektrodenabstand : 110cm; Spannung : 6-7 kV ; Kiihltemperatur: I-50

;

Tragerrnaterial: Filterpapier, B mgl, 120 X IS em (Schleicher & Schiill , Dassel,
B.R.D.) ; Trenndauer : 1- 3 h.

Nachweis und lsolierung der Halogenohydroborate
Da aIle Hydroborate und deren Halogenierungsprodukte farblos sind und

auch keine UV-Absorption zeigen, ist es schwierig, geringe Mengen auf den Phero­
grammen naehzuweisen. Bei Verwendung radi oaktiv markierter Substanzgemische
kann dureh Registrierung der Aktivitat sverteilung mit einem Papierehromatogramm­
Scanner die Lage der Halogenohydroborationen ermittelt werden.

Aueh die Suche nach einfachen Entwicklungsverfahren zum visuellen Nach­
weis war erfolgreich. Bespriiht man die feuchten Ionophoresestre ifen mit I %iger
wassriger AgNOrLosung und setzt sie dem Licht aus , so zeichnen sich nach langerer
Zeit auf dem Papier Zonen aboDer Vorgang wird durch gleichzeitiges Erwarrnen auf
50° und in Gegenwart von Reduktionsmitteln , z.B. in HzS-Atmo sph lire beschleuni gt.
Neben den Halo genoh ydroboraten lassen sich so auch die Zonen der freien Halogenid
ionen auf den Pherogrammen erkennen. Fiir pr aparative Zwecke ist die Methode
nieht geeignet, weil Ag" mit allen Anionen BIOH LO _nX/- schwerlosliche Nieder­
schlage bildet.

Mit salpetriger Saure reagiert BIOH IOZ - zu einer instabilen explosiven roten
Verbindung". Auch die ersten Halo genierungsprodukte (BIO H9 X2

- und BIOH sX/ - )
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ergeben auf dem Pherogramm die entsprechenden Farbreaktionen . Hoher halo­
genierte Spezies sind so nicht nachweisbar.

Grosse organische Kationen wie Pyridinium-, a.a'-Dipyridinium-, Chino­
linium- und Acridin ium ionen bilden mit den Halogenohydroboraten schwerlosliche
Niedersch lage , die als Foige von Charge-Transfer-Ubergangen farb ig sind. Als
Spruhreagenz eignet sich vor aJlem Acridiniumhydrochlorid (0.5 gil), das mit BlOHlO

z­

eine rotliche, mit den ha logenierten Spezies gelbe Zonen ergibt. Besser a ls in sicht­
barem Licht lassen sich die Zonen auf den feuchten Ph erogram men unter eine r UV­
Lampe erkennen. Auch die Zonen der freien Halogenide sind dann gut sichtbar.

Fur die praparative Isolie rung ist es wichtig, dass sich die Acridin iumsalze
der Halogenohydroborate durch Zugabe von Natriumhydroxyd in Acridin und die
entsprechenden Na-Salze umwandeln. Beim Auspressen der aus mehreren Phero­
grammen ausgeschnitten und gesammelten Zonen mit 0.01 N Natriumhydroxyd
bleibt das schwerlosliche Acridin zuruck, so dass man eine a lkalische Losung der
Ha logenohydroborate erhalt, aus der d ie farblosen feinkristaJlinen Tetramethy l­
ammoniumsalze ausgefallt werden.

ERGEBNISSE UNO D1SKUSS ION

Sukzessive Hi/dung der Halogenohydroborate
Die Anderung der Zusammensetzung der Losungen mit den verschiedenen

Halogenohydroboraten in Abhangigkeit von der zugesetzten Mol-Menge an Halogen
bzw. von der Reaktionszeit erfolgt bei der Chlorierung, Bro m ierung und Jodierung
in gleicher Weise . D as Fortschreiten der Umsetzung lasst sich ionophoretisch gut
verfolgen, wenn ein Tragergasstrorn, der nur seh r wenig Cl, enthalt, langsam durch
eine BIOH 10

2- -Losung geleitet wird . Die Pherogramme von Proben, die in bestimmten
Zeitabstanden genomme n wurden, zeigen, dass stets mehrere Spezies nebeneinander
entstehen und dass die einzelnen Verbindungen durch Folgereaktionen auseinander
hervorgehen (Fig. I).

- Wanderurgsrichlung

~D D01=lh

D~ D 1=2h

~D ~ 1=3h

~DTI ~ 1=l.h

lJD 1=5h

n' 6 5 I. 3 2 0

Fig. I. Ze itabhangigke.t der sukzess iven Bildung von BIOH IO_ nC1 n'-, II ~ 0-6.



294 K.-G . BUH RENS, W. PR EETZ

Abhdngigkeit der Beweglichkeit von der Ionenmasse
Die gute Qualitat, aber auch die Grenzen der ionophoretischen Trennungert

lassen sich am besten an Gernischen, die moglichst viele radioaktiv markierte Halo ­
genohydroborate enthalten, demonstrieren. In den Fig. 2-4 sind jeweil s die mit
Acridiniumhydrochlorid sichtbar gemachten Zonen und darunter die mit dem
Scanner gemessenen Aktivitat sverte ilungskurven wiedergegeben . Die Wanderungs­
geschwindigkeit nimmt erwartungsgemass mit steigender Ionenmasse ab o Die nach
der Massebeziehung

-!2. = VM z
Uz M 1

berechneten relati ven Beweglichkeiten u bezogen auf 8 1OHlO
z- (100 %) sind fiir die

Chlorohydroborate in Fig . 5 den gemessenen Werten gegeniibergestellt. Wahrend die
theoretischen und experimentellen Werte filr die Verbindungen mit nicdrigem
Halogenierungsgrad gut Iibereinstimmen, wandern die hoheren Spezies langsamer
als erwartet, so da ss sie nicht mehr einwandfrei trennbar sind. Der Grund durfte in
der starkeren Wech selwirkung der gro sseren Ionen mit dem Tragerrnaterial zu suchen
sein. Entsprechend sta rkere Ab weichungen treten bei den noch grosseren brom ierten
und jodierten Verbindungen auf.

- Wanderungsrichtung ~ Wanderungsrdltung

I]~~~ ~ D ~ Do) Iillm ill~ mD0)

11CV\AM b) il~ bJ

n: 10 - 8 7 6 5 4 3 2 0 n: 7 6 5 4 3 2 0

Fig. 2. Phe rogramm (a) und Aktivitatsverteilungskurve (b) der mit J·e l markierte n Verb indu ngen
BIOHIO_ nCl.z- .

Fig. 3. Pherogramm (a) und Akt ivitatsverteilungskurve (b) der mit " Br markierten Verbind ungen
B1oHIO _ nBrn'-.

tOOi'..
gol '\

~ ~
~80 '~~
"70 ,

I "--cD. ..,(exp.60 + , ~ _ _~
"+ ---0

50 ~+
ber. ..........

Wanderungsrichtung

rnD~ ~UD DD Ua}

1\ J1/\A)\ b,

n: 4b4a 3b3a .a: 2b20 lb 10 o 2 3 4 5 6-2n 8

Fig. 4. Phcrogramm (a) und Aktivitatsverteilungskurve (b) der mit 131 1 mark icrte n Verbindungen
BIOHlO _nl n' - mit Au ft rennung in geometrische Isomere.

Fig. 5. Abha ngigkei t der relati vcn lonenbeweglichk eit /I vo n der lonenmassc in der hom ologen
Reihe BIOH IO _ nCln' - .
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Ionophoretische Isomerentrennung
Nach langerer lonophoresed auer beobachtet man bei den leichteren Bro­

mierungsprodukten zunachst Zonenverbreiterungen und danach Andeutungen fiir
Aufspaltungen (Fig. 3). Bei den Jodohydroboraten , die bis zu 4 I-Atome enthalten,
bilden sich mehrere gut a ufgetrennte Unterzonen au s (Fig. 4), die sich separa t
ausschneiden lassen. Die daraus isolierten Verbindungen ergeben jeweils die gleichen
Analysenwerte, so dass es sich um geometrische Isomere handelt. Die genaue Unter­
suchung der einzelnen Substitutionsschritte hat das bestatigt, Uber den Bildungs­
mechanismus und die Zuordnung der lsorneren wird an a nderer Stelle!" berichtet.

Der Trennerfolg wird mit der unterschiedlichen Molekiilgestalt der Isomeren
erklart. Die Abhangigkeit der lonenbeweglichkeit von der Ionenform ist an or­
gani schen Verbindungen genauer stud iert worden " . Kugelforrnige Ionen wandern im
elektri schen Feld schneller a ls gleich schwere Teilchen mit langlich ellipsoider Gestalt.
I-BIQH9P- (Zone Ib, Fig . 4) ist im Vergleich zu BIQHIQ2- stabforrnig um 20 % ver­
langert, wahrend 2-BIQH9P - (Zone la, Abb. 4) eine kompaktere Gestalt aufweist und
deshalb erwartungsgernass etwas schneller wandert. Mit zunehmendem Jodierungs­
grad wird der Einftu ss der Substituenten auf die Molekiilgeometrie zwar geringer, die
experimentell gefundenen Trenneffekte lassen sich aber ebenfalls aus der Ionenform
erkl aren.

DANK

Der Deutschen Forschungsgemeinschaft und dem Fonds der chemischen In­
dustrie danken wir fur die Unterstiitzung mit Sachmitteln.

ZUSAMMEN FASSUNG

Die hochspannungsionophoretische Trennung von Gemischen der Halogeno­
hydroborate BIQHIQ _nXn2- ; X ~-' CI, Br, I; 11 = 1-9, gelingt, weil die Ionenbeweglich­
keiten mit steigendem Hal ogenierungsgrad schrittweise abnehmen. Auf den Phero­
grammen lassen sich die Zonen durch Bespruhen mit Acridinhydrochloridlosung
sichtbar machen, und die einzelnen Spezies der homologen Reihen werden in reiner
Form isoliert. Bei einigen Jodohydroboraten gelingt auf Grund der unterschiedlichen
Molekiilgestalt die ionophoretische Trennung der geometrischen Isomeren.
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TROMETRY FOR ANALYSIS OF ORGANOHALIDES IN WATER AT CON­
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SUMMARY

A rapid and prec ise method for the determination of organohalides in the
concentration range of 0.1-50 ppb in water samples is described . The method involves
the use of mass fragmentographic gas chromatography-mass spectrometry and direct
aqueous injection of a large sample (100 pI) on the column (diglycerol as a liquid
phase) ; no concentration or extraction is required. Tap water samples from five
locations in Japan were found to contain numerous organohal ides, the concentrations
of which were determined.

INTRODUCTION

The determination of mixtures of organic compounds in water is a common
analytical problem in studies of environmental contamination. The primary require­
ment is that detection should be sensitive and stable at maximum sensitivity, and gas
chromatography-mass spectrometry (GC-MS) is a suitable technique. However,
when the concentration of the indi vidual substa nce to be determined in the practical
water sample is low, GC-MS usually requires a concentration step. The concentration
procedures now in use or reported in the literature, such as liquid-solid adsorption' >" ,
batchwise or continuous liquid-liquid extraction", head-space'' -", vacuum evaporation
and gas-phase stripping''-", are laborious and inconvenient.

Recently, Harris et 01. 8 proposed, to water analysis, a new approach of direct
aqueous injection GC-MS which requires no pretreatment. However, the detection
limit is not sufficient for relatively clean water, i.e., drinking water or surface water,
as the method involve s no concentration step. Mass fragmentography meet s the
sensitivity requirements, surpassing the performance of the electron capture detector,
and providing maximum sensitivity of the detectors currently in use.

Thi s paper reports the extension of the direct aqueous injection GC-MS

• Throughout this article the American billion (109
) is meant .
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method to the use of large volume water samples and operation in the mass frag­
mentography mode, and provides a quantitative survey of organohalides in the
Tokyo region drinking water.

EXPERIMENTAL

Apparatus
All analyses were performed on a Finnigan 3300F gas chromatograph-mass

spectrometer equipped with a multiple ion detector and operated in the electron
impact mode. 1 he interface between the gas chromatograph and the mass spectro­
meter was an all-glass jet-type enrichment device. The mass spectrometer was set to
unit resolution (10 % valley between adjacent nominal masses). The resulting ion
currents were recorded on a multichannel strip chart recorder. Other conditions held
constant throughout the an alysis were: helium carrier gas flow-rate (30 ml/rnin) ;
temperature of the gas chromatograph injection port (200°); pressure in the mass
spectrometer (6 '10 - 6 Torr) ; ionizing voltage (70 eV); emission current (320 fl A ).

Column
A 90 ern X 2 mm 1.0. metal stra ight main column was used, in simple con­

junction with a 70 cm X 2 mm J.D. met al straight precolumn. The precolumn con­
tained 10% diglycerol on 60/80 mesh Chromosorb W NA W (John s-Manville,
Denver, Colo., U.S.A .) and the main column 5 % SE-30 on 60/80 mesh Chromosorb
W AW DMCS (Johns-Manville) to a llow each organohalide to appear before an
overload water peak due to aqueous injection and to achieve the required separation.
This situation was made possible by the very long elution time of water by the
diglycerol precolumn in comparison to the eluti on time of the examined organic
substances. The longer diglycerol precolumn should be selected in order to elute the
higher boiling materials in the particular water sample before the water. Other
columns capable of performing the required separation could be used for the main
column, depending on whether any interfering substances are present in the sample.

A venting valve (three-way valve, Hoke 316SST), which was connected to the
outlet of the main column, was positioned in the column oven to prevent high volume
effluent water in the sample (eluting after informative components) from entering the
mass spectrometer. Venting of the water allows continuous MS operation without
the possibility of damage to the filament or electron multiplier.

The column temperature was maintained isoth ermally.

Standardization
A series of CHCI3 sta ndard concentration s from 0.1 to 50 ppb was made by

successive d ilutions into interfering organics-free water with a reagent-grade CHCI 3 •

A series of standard solutions of each organohalide was also made for calibration
work. Water used as the diluent was prepared with the Milli-Q water purification
system (Millipore, Bedford , Mass., U.S.A.) and then distilled twice . The CH zClz,
CHCI3 , CHBr3 , CCI4 , CHCI =CClz, CCl z=CClz, CH zCICHzCl, CH 3CCI3, and
CHzCICHCICH3 used were reagent-grade chemicals (Wako, Osaka, Japan) . The
CHClBr2 and CHCl2Br were purchased from Tokyo Kasei (Tokyo, Japan) .
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Procedure
Water ana lysis was performed as follows . A 100 fl l water sample was injected

directly with a 100 II I Hamilton syringe (Mode l 710). Positive iden tifica tion of
organoha lides in the ta p wate r samples is supported not only from kn own rete ntio n
times of the standa rds but also from the select ivity afforded by selected ion monitor­
ing. As the selected ion co nta ins chlori ne and/or brom ine, isoto pe clusters were
checked to confirm the absence of interferences. Qu antitative information was ob­
tained fro m peak heights.

Alth ou gh all examined or gano ha lides eluted in less th an 6.5 min, th is an alysis
normally requi red ca. 60 min, as the co lumn was mainta ined at 100° for at least
50 min so that water and less volat ile materials would be remove d before the next
analysis. The sho rt- and long-term sta bility of the G C-MS system was good th rou gh­
out the ana lysis per iod .

Fig. 1 illu str ates typi cal mass fr agmentograms of specific ions of CH CI = Cel2

100

M/E 63

MlE 65

M/E 130

MlE 132

( 2)

---:..-_-----./"'-_-----
(2)

--/'...'------

---L~_-Jfl...............__.
~A__( 3)

(l) ( 3)

_--:.---~
M/E 99

MlE 97

(3)

-_--_-(-])I'...-.!'L._"""" _
0'-- --_

o 2 4 6 8

t ime (min)
Fig. 1. Six-channel mass frag mentogra ms o btai ned fro m a 100 pi sa mp le of th e tap wa ter co llected
at Tokorosawa near To kyo. The gas chromatographic effl uent is ana lysed by the mass spect ro meter
operated in th e mass fragmentography mo de. Th e two spec ific ion s in the mass spect rum of eac h
organoha lide were mon itored. Peak s a re: (I ) C H3CC b , 0.5 ppb; (2) C HzCIC HCIC H 3, 0.8 pp b ;
CHC!= CClz, 0.9 ppb.
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CH 3CCl3 and CH2C ICHCICH3 in a certain tap water, showing no interference from
other organics.

RESULTS AND DISCUSSION

Detection limit
Trace components are not easily determined when they appear on the tail of

an overload water peak . However, use of a column from which water elutes much
later than the organic sub stances of interest, and injection of very large (100 fll)
samples, lead to an extension of the detection limit. As 100fll of standard solution
was injected, it was possible to obtain a clean (signal to noise ratio 3 or greater) mass
fragmentogram from each organohalide standard solution of the less than ppb level.
Table J summarizes the examined organohalides, the GC-MS conditions, the retention
times and the detection limit of each (concentration of single substance producing
a peak three times higher than noi se level).

TABLE I

ORGANOHALlDES DETECTED IN THE TAP WATER SAMPLE
... --- -- -. - -- - - - -- --- -

Orgunohulide Retention Column Masses Detection
time temp erature monitored limit
(min) ( 0C) [ppb)

CH,CI , 2.4 50 84, 86 0.2
CH Ch 4.1 50 83, 85 0.1
CHCI,Br 1.8 70 83, 85,127,129 0.2
CHCIBr2 3.1 70 127, 129 0.1
C H BrJ 6.5 70 171 , 173 0.2
CCI. 4 .3 50 117, 119 0.8
CHCI ~CCl2 5.0 55 130. 132 0.2
CCl 2= CCI, 3.4 70 164,166 0.1
C H2C1C H2CI 4.8 50 62. 64, 98,100 0.5
C HJCCh 3.2 55 97, 99 0.4
C H2CICH CICH.. 4.8 55 63, 65, 97, 99 0.8

- - -- - _.~ - - - --

Linear concentration range
Detection response was linear over the chosen range of 0.1-50 ppb standard

solutions for the organohalides. A plot of six concentrations of each substance in
distilled water ranging from 0.1 to 50 ppb against their corresponding peak heights
produced a straight line with an intercept at the origin.

Accuracy and precision
The accuracy of the meth od was determined by making measurements on

spiked tap water samples at various concentrations of CHCI2Br (Table II).
The precision of the method was determined from replicate analyses (five

times) of the standard sample at I ppb concentration of CHCI 2Br, when the standard
deviation was 0.14 and the coefficient of variation 4.2% using peak height (rnm).
These figures are close to the generally accepted best performance of a microlitre
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TABLE 11

ACCURA CY OF MEASUR EMENTS ON SPIKED TAP WATER SAMPLES WITH VARYING
AMOU NTS OF C HCI, Br ADD ED

CHCI,Br added
(pph)

o
4
6

10

CHCI, 8r / <Jlllld
(ppb}

4.0
8.1
9.8

14.2

CllCl .Br recovered
( pph)

o
4.1
5.8

10.2

syringe in the hand s of an experienced operator. Similar results were obtained for
all compounds examined, although a decrea se in precision was observed at near the
detection limit. Direct aqueous injection of relati vely large quantities on the diglycerol
precolumn had no signifi cant effect on the precision.

Application to tap water samp le
Numerous organohalide s have been discovered in the drinking water supplies

of many major U.S. cities2 ,3 ,6 ,7 ,9 , 1O. As the method described has pro ved to be
sensitive, accurate and precise for the analysis of organohalides in water samples, it
was applied to the analysis of organohalides in the Tokyo region tap water.

Table III summarizes the substances determined in the drinking tap water of
five locations near Tokyo. CHCl3 was the major component with concentrations in
the low ppb range which represented a very large peak in the mass fragmentograms.
The profiles obtained from various tap water samples showed similar patterns,
although var iations in the total con centration were large. Other researchersl .!' have
confirmed the hypothesis that nearly all of these compounds are generated only during
water treatment, and possible mechanism for their formation are being studied . As

TABLE II I

ORGANOHALIDE CO NCE NT RATI ONS (ppb) IN JAPANESE TAP WATER SAMPLES
(II DECEM BER 1976)

Organohalide Tok orosa wa Fussa .. TSllchillra... Urawa t Hanamuro t t

CH,CI, 0.3
CHC b 10.2 2.6 13.0 2.7 17.2
CHCl,Br 6.4 1.6 10.5 2.3 4.0
CHClBrl 3.2 0.6 4.0 1.4 0.6
CHBr, 0.5 0.4 0.3
CCI. 1.2
CHCI - CC Iz 0.9 0.7
CCI, = CCI, 0.6 0.2 0.2 0.2 0.2
CH,CICH 1CI 0.9
CH,CClJ 0.5
CH,CICHClCH 3 0.8

• Locat ed 30 miles NE of Tokyo .
•• Located 30 miles E corner of Tok yo.

••• Located 40 miles W of Tok yo.
t Located 20 miles N of Tok yo.

t t Located in Tsukuba Research Center.
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the above method is capable of monitoring the products, these mechanisms will be
studied successively. .

CONCLUSION

This study has demonstrated that direct aqueous injection GC-MS is an
effective and practical method for the measurement of organohalides in water samples.
High sensitivity (less than 1 ppb detectable) and precision were afforded by the large
water sample injection and operations in the mass fragmentography mode. The
diglycerol precolumn has an extremely long retention time for water in comparison to
that of many organic substances, so that the latter appear before a large peak due
to water in the sample. This method is not applicable to all trace organic compounds
in water; those which elute later than water cannot be determined. However, it is
versatile and convenient and can be applied to relatively volatile compounds, such
as phenols, alcohols, ketones, hydrocarbons and amines. Vinyl chloride is one
compound of considerable interest that can be determined by this method.

Direct aqueous injection GC-MS could be further modified, perhaps by the
aqueous injection of large quantities on cross-linked porous polymer packed columns,
from which water elutes very quickly, with concentrated significant organics retained
for measurement.
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SUMMARY

A reliable and reproducible method that allows the combined, simultaneous
gas chromatographic (GC) determination of neutral sugars, hexosamines, alditols,
identification and quantitation of the redu cing aldose end-group in oligo - and poly­
saccharides and glycosaminoglycans has been described. It involves the following
steps: release of the reducing end-group from its pr otein linkage in glycosa mino­
glycans and reduction of this reducing end-group into alditol, release of the com ­
ponents of the reduced polymer by resin-cat alysed hydrolysis, nitrous acid deamination
of the resin-bound hexosamines in thi s hydrolysate into anhydroaldo ses and a com­
bined der ivatization and GC determination of the neutral sugars as aldono nitrile
acetates, anhydroaldoses as peracetylated oximes and alditols as alditol acetates.
Applicat ion of the method to determ inati on of degree of polymer izati on of oligo­
and polysaccharides and chain weight s of proteoglycan s has been described. Thi s
method has severa l advantages over the previous meth ods.

INTRODUCTI O N

Gas-liqu id chromatography (G LC) is widely used for determination of
neutral sugars and hexosamines, which are important constituents of glycosarnino­
glycans and glycoprotein s. The determinat ion of the terminal reducing end -group
has been used for calculating the degree of polymeri zati on of a polysaccharide and
the chain weight s of proteoglycans. Among the var ious chem ical end-gro up an alysis
methods! reduction of the end-group sugar with NaBH4 or tr itiated borohydridc' and
determination of the alditol formed gives a more sensit ive an alysis of the end- group.

In the case of proteoglycan s it is necessary to release the redu cing sugar end­
group of its polysaccharide portion from its covalent linkage to protein prior to any
reducing end-group determination. The alternate approach in the se cases ha s been
determination of the neutral sugar components of the linkage region of the intact

. I
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proteoglycarr'<'. GLC analyses give more accurate determinations of the end-groups
than the majority of the chemical end-group methods. While a number of different
deri vati vess-" have been used for GLC analyses of neutral suga rs in such situat ions,
their determination as aldononitrile acetates' : " and peracetylated oximes of an hydro­
sugars '? formed by deamination of hexo samines has several ad vantages including
their easy preparation, lower retention times, single peak per sugar and greater
stability of the derivatives. In the case of trimethylsilyl (TMS) derivatives of the
sugars, multiple peaks are obtained du e to anomerization and ring isomeriza t ion
making the chromatogram difficult to interpret. Also , xylan s cannot be an alyzed
when TMS derivatives are used, since one of the xylose peak s and xylitol overlap.
In the analysis of alditols as TMS derivatives or acetates a single peak is obtained per
alditol, but arabinose and Iyxose give the same alditol. Also , there are problems in
the simultaneous resolution of the sugar pairs: fucose-rhamnose, arabinose-ribose,
Iyxose-arabino se, glucose-galactose and glucosamine-galactosam ine' v", The use of
the aldononitrile acetate derivatives help s identificati on a nd determination of the
parent sugar with greater reliability and overcomes the aforementioned problems of
the resolution.

In pre viou s publications we reported the resolution of twelve neutral sugars
as their aldononitrile acetates on a single column and its application to polysaccha­
rides", and analysis of neutral sugars" and hexosarn ines?from glycoproteins and muco­
polysaccharides. In a recent publicat ion!' we reported the simultaneous determination
of neutral sugars and hexosamines from glycoproteins and mucopolysaccharides of
t issues and biological fluids. Baird et al,'? ha ve reported the applicability of aldono­
nitrile acetates to the analysis of Smith degradation products. Morrison' :' has recom ­
mended the use of these derivatives to the analysis of the degree of polymerizat ion of
oligo- and polysaccharides. This paper reports the simultaneous G LC resolution of
neutral sugars, hexosamines a nd a ld ito ls and its application to the determination of
the degree of polymerization of oligosaccharides and poly saccharides and the chain
weights of the glyco saminoglycans.

EXPERIMENTAL

Materials
The materials were obtained or prepared as described previously!'.

Alkaline-borohydride reduction
A 2-5-mg sample of chondroitin-4-sulfate was dis solved in 1.75 ml of 0.2 N

NaOH and treated with 11 -15 mg of NaBH 4 for 48 h at 25° in a tightly stoppered
25-ml evaporating flask!". In the case of oligosaccharides l-3-mg samples were
dissolved in 0.5 ml water or 0.5 ml of 0.2 N NaOH and treated with NaBH 4 (10 moles
per mole of reducing suga r) at room temperature for I h 13. The solution was neutral­
ized carefully to pH 5 with 3 M acetic acid and evaporated to dr yness in a rotary
evaporator at room temperature. The excess of boric acid was removed by repeated
evaporations with methanol. The so lid was dis solved in a small quantity of water
and transferred quantitatively into a 10-ml gla ss ampo ule containing 20-50 fl g of a
neutral sugar (as an internal standard) not pre sent in the test material and freeze dried.
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Resin-catalysed hydrolysis of reduced mat erial
The residue in the ampoule was dissolved in 0.1 ml of water and to this

0.6-0. 8 ml of a 40 % (wjv) suspension of AG 50W-X8 (H +) resin in 0.02 N HCl was
added. The tip of the ampoule was sea led carefully and left in the oven at 100° for 48 h.

Nitrous acid deaminat ion of resin-hound hexosamines
Thi s step was omitted for the oligosaccharides, since they did not contain the

hexosamines. The ampoule co nta ining the glycosaminoglycan hydrolysate was cooled
to room temperature, the tip was gently broken and after adding 0.15 ml of a solution
containin g 35 mg of Na N0 1 , the tip of the ampoule was qu ickly and ca refully
resealed avoiding any heating of the solution. The cooled ampoule was subjected to
intermittent vor texing for 30 min for complet ion of deamination I I .

Isolation of the mixture of aldoses, anhydroaldoses and alditols
The ampoule was opened and a pinch of AG 50W-X 8 (H+) resin was added.

The contents of the a mpoule were transferred with water washings to a tandem
arr angement of two columns made of two IO-ml Kimble glass disposable serological
pipettes (Owen s-Illinois, Toledo, Ohio, U.S .A.) plugged with glass woo l and packed
to the 5-ml capacity with resins. Th e upper column conta ining AG 50W-X8 (H +)
drained into the lower column packed with AG I-X2 (HC0 3 -). A 30-40 ml of eluate
and washings with deion ized water were collected in a 50-ml evap orating flask and
evaporated to dryness in a rotary evaporator at room temperature.

Derivatization and washing of the derivatives
The solid in the evapor ating flask was tra nsferred to a 10-ml glass ampoule

with 0.5-1 ml of dr y pyridine. The excess pyrid ine was removed with a strea m of
nitrogen, leavin g 8- 10 drops of pyridine in the ampoule. To thi s 6-7 mg of dry
hydroxylamine hydrochlorid e were added and further processed for derivatization
as described previously". After derivatization, the residue obtained by evaporation
with nit rogen can be dissolved in dry chloroform and gas chromatographed . However,
we have found that washing of the deri vati ves pri or to GLC prevents any pos sible
tailing of peak s and also prol ongs the life of the column. For washing, the evapor ated
derivati ves were tran sferred with I ml chloroform into a centrifuge tube fitted with
a stopper. The chloroform solution was washed successively with I ml of each of
cold 3 IH HCI, deionized water, 0.5 M NaHC03 solution and deionized water. At
each step extraction was done in the original centrifuge tube by shaking, centrifu­
gation and careful remo val of the top aqueo us layers (which were discarded) from
the lower chloroform layer. The final chloroform solution was dr ied by adding a
pinch of anhydrous sod ium sulfate. The dried solution and the chloro form washings
were tran sferred to a vial, evap orated to dr yness with nitrogen, d issolved in 25- 50 ,ul
of chloroform and gas chro matogra phed.

Preparation of standards
Stand ard s containing 100,ug of each of the neutral ald oses, 150,ug of each of

hexosamines and 100-150,ug of each ald itol were prepared as described previou sly!'.
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Gas chromatography
GLC analyses were carried out on a Series 1200 Varian Aerograph equipped

with a flame ionization detector and a Model SRG Sargent-Welch recorder. A
stainless-steel column (9 ft. X 1/8 in.) packed with 3%poly(neopentylglycol succinate)
on Gas-Chrorn W AW (100-120 mesh) was used . The gas chromatograph was initially
programmed from 130°-195 ° at IO/min and later operated isothermally till the last
component (sorbitol) had eluted. Nitrogen was used as the carrier gas at a flow-rate
of 36 ml/rnin. The injector and detector temperatures were maintained at 130° and
2300, respectively.

RESULTS

Fig. IA illustrates the resolution of a standard mixture of aldononitrile acetates
of neutral aldoses, alditol acetates and peracetylated oximes of anhydrosugars formed
by nitrous acid deamination of hexosamines. The retention times for all these deriva­
tives are given in Table I. Fig. 1B shows a typical chromatogram for the separation
of arabinose (internal standard) and the interior chain components (galactose,
glucosamine and galactosamine) of bovine vitreous humor chondroitin-a-sulfate and
xylitol formed by reduction of its terminal reducing end-group xylose exposed upon
/I-elimination reaction in the alkaline medium. A similar chromatogram was obtained
for the veal brain chondroitin-4-sulfate.

TABLE I

RETENTION TJMES AND RE COV ERIES OF NEUTRAL SUGARS, HEXOSAMINES AND
ALDITOLS

Sligar Retention
time (min)

Rhamnose 41.1
Fucose 46.6
Fucitol 47.9
Arabinose 51.4
Xylose 55.4
Gluco samine 56.6
Xylitol 59.0
Galactosamine 64.7
Mannose 68.1
Gluco se 74.0
Galactose 78.8
Glucitol 81.1

% Recovery
(mea" ± S .D., /I ~ 7)

93 ± 5
92 ± 5
94 :1: 5
93 -I- 5
94 -I- 6
93 ± 5
94 ,1: 5
93 ± 5
94 ± 5
94 :1: 4
93 ± 6
92 ± 5

Fig. IC shows the separation of arabinose (internal standard), glucose and
sorbitol obtained from the hydrolysate of borohydride reduced maltose. Maltotriose
gave a similar chromatogram. The values obtained by the present method were in
close agreement with the theoretical values for maltose and mal to triose (Table II) .
The percentage of each sugar component was calculated using the equation given
elsewhere!' . The procedure for polysaccharide is the same as for oligosaccharides and
the applicability to polysaccharides is not given here since it has been given earlier".
The degree of polymerization of an oligo saccharide or a polysaccharide can be deter-
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mined from the ratio of the interior chain residues of the homopolymer to the terminal
reducing sugar group measured in the present method as aldononitrile acetates and '
alditol acetates, respectively. The ratios of the percentages of glucose and glucitol
obtained by this method agree with the calculated theoretical values for maltose and
maltotriose (Table II).

TABLE II

CARBOHYDRATE COMPOSITION ( %) OF CHONDROITIN-4-SULFATES FROM VEAL
BRAIN AND BOVINE VITREOUS HUMOR, MALTOSE AND MALTOTRIOSE

Sligar

Xylose
Xylitol
Galactose
Glucosamine
Galactosamine
Glucose
Glucitol

The values of xylitol determined in the borohydride-reduced chondroitin-4­
sulfates from veal brain and vitreous humor are close to the values for the terminal
neutral sugar xylose in the unreduced chondroitin-4-sulfates (Table II). The number­
average chain weights (en) of chondroitin sulfates were calculated from its content
of linkage region terminal neutral sugar xylose or its reduction product xylitol as the
weight of chondroitin sulfate in grams, which will contain I mole (150.13 g) of xylose
or 152.13 g (I mole) of xylitol. The chain weight values calculated for chondroitin
sulfates from veal brain and vitreous humor from xylitol values by this method were
30,487 and 18,329, respectively, which agree well with the values of29,151 and 17,457
calculated from xylose content of the intact unreduced chondroitin sulfates.

DISCUSSION

Proteoglycans, e.g. chondroitin sulfates, are covalently linked protein-poly­
saccharide complexes. The alkali-borohydride reduction brings about the cleavage
of the covalent linkage between the hydroxyamino acid serine in the protein and the
terminal neutral sugar xylose in the polysaccharide chain by {i-eliminat ion reaction"
and the xylose residue so exposed is reduced to xylitol simultaneously. In case of
oligosaccharides and polysaccharides any free reducing end-group is reduced to the
corresponding alditol. The resin-catalysed hydrolysis quantitatively releases!" the
hexosamines, aldoses and alditol from the reduced material. The hexo samines and
amino acids in this hydrolysate stay bound to the cationic resin and upon nitrous acid
deamination glucosamine and galactosamine yield 2,5-anhydromannose and 2,5­
anhydrotalose, respectively, which are released from the resin!'. Deamination of the
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amino acid s present in this hydrolysate gives the corresponding carboxylic acid s?
which, along with any hexuronic acid from mucopolysaccharide hydrolysis, are
removed by the anionic resin AG I-X2 (HC03 -) during pa ssage through the tandem
columns. Treatment of the aldoses, anhydroaldoses and alditols, isolated from the
eluate, with hydroxylamine hydrochloride in pyridine converts the aldoses and
anhydroaldoses into their oximes. Subsequent acetylation of the mixture yields
aldononitrile acetates from aldose oxirnes, peracetylated anhydroaldose oximes from
anhydroaldose ox imes and alditol acetates from alditols. All the se derivatives are
determined simultaneously by GLC.

Mannosamine is of a limited occurrence' Iv" and upon deamination form s
glucose", If and when the pair mannosamine-glucose is, rarely, present, the resin­
bound hexosam ines may be separated from the neutral sugars in the hydrolysate by
two slightly different approaches and determined after deamination as described
previously" .

In proteoglycan s a number of poly saccharide chains may be pre sent covalently
linked to protein as complexes. The number-average chain weight (C n ) , which is the
molecular weight of the individual polysaccharide chain is a meaningful and useful
parameter in addition to the molecular weight of the proteoglycan per se, which
offers information on the structure of the proteoglycan on a more detailed level" .
Bollet and Nance" applied this concept of the chain weight for understanding the
changes in chondroitin sulfate in osteoarthritis. The determination of the xylitol
following alkali-borohydride reduct ion gives the positive identification and a reliable
quantitative value of xylose that was involved in alkali-labile protein-carbohydrate
linkage. The agreement between the chain weights for chondroitin sulfates from
vitreous humor and veal brain calculated from xylitol va lue following alkali-boro­
hydride reduction and that calculated from xylose content of the intact unreduced
samples suggests that all of the xylose pre sent in the se samples is involved in an
alkali-labile covalent linkage.

The present method has severa l advantages over the other methods. lt allows
the determination of the neutral sugars, hexo sarnines, alditols and identification and
determination of the terminal redu cing aldose and the number-average chain weight
(Cn ) in a single G LC analysis. Since the complete analysis is carried out in the same
run, more accurate and reproducible results are obtained . Recoveries of various
neutral sugars, hexosarnines and a ld itols carried through the entire experimental
procedure as described earlier are shown in Table I. Reproducibility of the present
method was determined by carrying out ana lyses on several different starting concen­
trations of maltose, since thi s disaccharide was available in abundance, and each
analysis done in duplicate. The mean and standard deviation of the difference be­
tween each pair of values was 0.28 :1~ 0.21 for gluco se and 0.23 ± O. I8 for glucitol.
The aldononitrile acetates, peracetylated oxirnes of anhydrosugars and alditol acetates
are stable derivatives, give single peaks and a simple, easily-interpretable chromato­
gram. Also , the present method overcomes the difficulties encountered with the other
derivatives' v" in the resolution of the pair s : fucose -rhamnose, arabinose-ribose,
lyxose-arabinose, glucose-galactose, glucosarnine-galactosarnine, xylose-xylitol,
xyJitol- 2,5-anhydromannitol.
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SUMMARY

The gas chromatographic (GC) determination of the herbicide paraquat, the
I,]'-dimethyl-4,4'-dipyridyl cation in hum an pla sma is described. In poisoning cases,
plasma concentrations provide a necessary index of the severity of intoxication and a
means of monitoring subsequent therapy. The methods may be extended to the
specific trace anal ysis of paraquat in body fluids or post-mortem tissue. Reduction of
fully ionised paraquat salts with sodium borohydride yields a hexahydro derivative,
a diene, amenable to solvent extraction and Gc. Employing I, I' -d iethyl-4 ,4'-dipyridyl
dichloride as the internal standard, plasma concentrations of 0.1 fl gfml ( ± 6%S.D .)
may be determined with flame ioni sation detection and 0.025 fl gfml with nitrogen­
selective flame ioni sation . Further enh ancement of specificity is achieved using selected
ion monitoring mass spectrometry and the value of this technique in forensic analysis
is illustrated.

INTRODUCTION

Paraquat, the 1,1'-dimethyl-4,4'-dipyridyl cation (I) , is widely accepted as an
effective contact herbicide' . As the dichloride salt, it is marketed in Great Britain
under the trade names Gramoxone ", a 20 %aqueous solution, and Weedol ", a granu­
lar preparation composed of 2.5%paraquat and 2.5 %diquat (III) . Paraquat does not
represent a serious poi soning risk to man in the normal process of application or sub­
sequently as an environmental contaminant. Ho wever, in the period from 1964 to
1974, there have been over 200 recorded deaths resulting from ingestion of paraquat in
all countr ies of use. All aspects of paraquat poi soning have recentl y been reviewed ",
While death s are in part attributable to such misad ventures as swallo wing of concen­
trated solutions stored in unlabelled soft dr ink bottles, more than half appear to have

* Present ad dress : Inveresk Resea rch Intern a tional , Edinburgh EH 21 7UB , Great Britain .
•• Trademark of Imperial Chemica l Indu stri es Ltd. , Macclesfield, G reat Brit a in.
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been with suicidal intent. Paraquat causes widespread organ damage, but typically
where this phase is survived, death results from effects upon the lung. Our interests arc'
in possible therapeutic approaches in paraquat poisoning" and in the mechanisms of
its toxic effects. For studies in man, we required a reliable index of the severity of in­
toxication based on measurements made in plasma during several days after ingestion.
New methods of analysis were required for this purpose and for related studies of the
pharmacokinetics of the chemical in man.

The most widely used technique for the detection of paraquat is colorimetry
after concentration by cation-exchange chromatography. This was originally developed
for residue analysis in food crops" and is readily adapted for urine and tissue sam­
ples (e.g., refs. 2 and 5). However, with a limit of detection of 5ug per aliquot, it is in­
appropriate for serial determinations in blood. In our observations, even in severe
poisoning cases, concentrations rapidly fall to the 0.1-0.5 flg/ml range and sample size
is necessarily limited. High-speed liquid chromatography with UV spectrophoto­
metric detection has been used for paraquat analysis in urine, but the limit of detection
is around 100 flg paraquat per I urine",

Several groups have reported gas chromatographic (GC) detection methods for
paraquat. Thus, pyrolysis to 4,~.'-dipyridyl in the injection port of the gas chromato­
graph has been introduced as a rapid technique for urine analysis in the l-ppm range,
with a probable limit of O. I Itg/ml in 5-ml samples? Mass spectrometry (MS) and
nitrogen-selective flame ionisation have now also been used to determine the pyrolysis
product and the method can be used for blood analyses in the range 0.02-0.5 flg/mIB•

Reduction of both paraquat and diquat to volatile diamines amenable to GC has been
applied to water and soil samples?"!'.

Of particular interest has been the reduction of paraquat in aqueous solutions
of sodium borohydride to the diene (Il)IO. In our laboratory, the observation that this
reduction procedure could be applied to biological extracts led us to explore the reac­
tion as the basis of a quantitative GC assay from plasma. In this communication, we
describe the use of flame ionisation (FlO) and nitrogen-selective flame ionisation de­
tection (NFJD) suitable for routine analysis to 0.025 p,g/ml. The necessary precision
is achieved by the use of I, I'-diethyl-4,4' -pyridyl dichloride as an internal standard.
Extension to selected ion monitoring (SIM), MS in GC detection (otherwise "mass
fragmentography") provides additional sensitivity and the specificity required for
forensic analysis.

The methods described have been evaluated during a three year period and are
now also in use in other centres in Great Britain . They have previously been reported
only in the form of an abstract".

CH,+G-O+CH' NaBH4 ) CH, .Q-O-CH,

(I)

( III )

( II )
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Gas chromatography and gas chromatography-mass spectrometry
For routine GC assay, a Pye model 104 gas chromatograph (dual FlO head)

was employed with 5 ft. X 2 mm 1.0. glass columns. For N FlO, the Hewlett-Packard
model 5750 G gas chromatograph with a model 15161 B nitrogen detector was used .

The glass columns were 5 ft. X 2 mm J.D . Combined GC-MS was carried out with
an AEI (Manchester , Great Britain) Model MSI2 mass spectrometer interfaced via a
silicone membrane separator with a Varian Model 1400 gas chromatograph. The glass
columns were 6 ft. X 2 mm J.D. This instrument had been modified for SIM analysis
based on accelerating voltage switching':', Reference mass spectra were recorded from
the gas chromatograph employing a Digital Equipment Corporation PDP 8/1 com­
puter for data reduction and background substraction (AET, data system OS 30).

The GC packing employed routinely in FlO and NFIO assay was 0.75 %
Carbowax 20M, 5 % KOH on Chromosorb G (80-100 mesh) (Phase Separations,
Queensferry, Great Britain). Slight inter-batch differences in relative retention times
were observed with this packing material and were inferred to be due to variation in
the nominal KOH load. Within-batch variation was not encountered. The packing
3%OV-Ion Gas-Chrom Q (80-100 mesh) was used in GC-MS assay.

Reagents and reference compounds
Sodium borohydride and 4,4'-dipyridyl were obtained from BDH (Poole,

Great Britain) and methyl iodide, ethyl iodide and methyl-d, iodide ( ~ 99 atom % D)
from Koch-Light (Colnbrook, Great Britain). Solvents were AnalaR grade and were
not redistilled. Paraquat dichloride (methyl viologen hydrate) was obtained from
Aldrich (Mil waukee, Wise., U .S.A .) and was dissolved in methanol , filtered , reprecip­
itated with acetone and dried before use as a reference standard.

[Methyl-r'C] paraquat dichloride (30 mCi/mmol) was supplied by the Radio­
chemical Centre (Amersham, Great Britain).

The diene II was synthesised by the following procedure. Sodium borohydride
(100 mg) was added to a continuously stirred solution of paraquat dichloride (0.5 g)
in 10 ml of water. An intense blue colouration due to the paraquat radical ion persist­
ed for several minutes. After 30 min, the pH was adjusted to 12 and the reaction mix­
ture extracted with three aliquots of 10 ml ether. The combined ether extracts were
dried (sodium sulphate) and evaporated to dryness under nitrogen, yielding 297 mg of
solid material (79 % yield based on paraquat ion) . Concentrated solut ions rapidly
darkened on standing. Recrystalli sation was effected from chilled hexane after brief
treatment with sil icic acid to decolourise the solution. The diene TI [m.p. 100.5° (un­
corrected) ; C12HzoNz: calculated C 74.95 %, H 10.48 %, N 14.57 % ; found C 74.85 %,
H 10.35 %) was characterised by NMR, UV and mass spectrometry.

I, I'-D iethyl-4,4' -dipyridyl dichloride and I, I'-di(trideuteromethyl)-4,4'-di­
pyridyl dichloride (paraquat-d.) were prepared from the appropriate alkyl halides and
4,4'-dipyridyJ. The following procedure was used for the diethyl derivative. Ethyl
iodide (I g) and 4,4' -dipyridyl (0.5 g) were dissolved in 6 ml of dimethylformamide.
After stand ing for 18 h at room temperature , the resulting red precipitate was filtered
and washed with dimethylformamide and acetone. The diiodide was dissolved in 5
ml of water and an excess of a saturated aqueous solut ion of picric acid added . The
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Fig. 1. Electron impact mass spectra of dipyri dyl reduction prod ucts a t 70 eV.

resul ting fine light yellow precipitate was filtered and washed consec utively with water
and acetone. The picra te salt was suspended in 100 ml of aceto ne, and I ml of concen­
trated HCI adde d with stirring, resulting in conversio n to the colourless chloride. After
30 min ,' the precip itat e was filtered, washed with acetone and dried in vacuo. A furt her
pu rification could be obta ined by solut ion in a minimum volume of metha nol and
rep recipitation by the slow addi tion of acetone. The product 1,1'-d iethyl-4,4'-di pyri­
dyl dichlo ride was characteri sed by GC-MS after sodium borohyd ride redu ction .
Paraq uat-d , was similarly synthesised (fro m methyl icd ide-dj) and cha racterised by
GC-MS; mass spect ra are presented in Fig. I.
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Analyt ical procedures
3 ml of plasma, I ml of an aqueous solution of I, I '-diethyl-4,4'-dipyridyl (I flg

ion per ml for Fl D and 0.1 Jig ion per ml for N FlD) and I ml of a 25 %aqueous solu ­
tion of trich loro acetic acid were th oroughly mixed and centrifuged (2500 rpm). The
protein precipitate was resuspended in 5 ml of a 5% aqueous solution of trichloro­
acetic acid, mixed and centrifuged. The combined supernatant was placed in a 50-ml
tube, adju sted to pH 10 with I ml of 5 N NaOH and 150 mg of NaBH4 added . The
mixture was left at room temperature with intermittent shaking for a period of 60-90
min. (The reaction time to produce approximately 90 %conversion to II was checked
for individual batches of commercial reagent). Sodium acetate (8 g) was added to the
reduction mixture which was then extracted twice with 9 ml of ether. The ether layers
were back-extracted in turn into 0.5 ml I N HC] contained in a lO-ml tapered tube.
The ether layers were discarded and the acid transferred to a 3-ml Reacti-vial (Pierce,
Rockfo rd, III., U .S.A.) and traces of ether were removed under a stream of nitrogen.

For FI D anal ysis, the solut ion was adjusted to alkaline pH with 0.15 ml of 5 N
NaOH and thoroughly mixed with 30 fll of dichloromethane. After centrifuging, a
3-,u1 aliquot of the organic layer was used for GC. The chromatographic condit ions
were: oven 180°, injection block 210°, detector 250°, and nitrogen flow-r ate 20 mlJ
min. Retention data are noted in Table I. Quantification was based upon peak height
ratio of 11 to the internal standard with interpolation of unknowns on a standard
curve for paraquat ion in plasma in the ran ge 0.1-1 .0 flg/ml. (See Fig . 2.)

For analysis by NFlD, dichloromethane could not be used as a solvent. Fol­
lowing extraction into 0.5 ml of I N HCI and readjustment to basic pH , the reduction
products were recovered into ether (2 X I ml). The ether was evaporated under
nitrogen and the residue recon stituted in 20 fll of methanol. A 2-fll aliquot was used
for GC. The chromatographic conditions were : oven 200° and detector 400°; helium
(carrier gas) flow-rate 60 rnl/rnin, hydrogen 28 ml/rnin and air 180 mlJmin . Adjust­
ment of the crysta l position for maximum selectivity in response to nitrogen was carried
out dail y prior to paraquat analysis and was most con veniently effected by injecting 10
ng of dipheny lamine and 5 flg of n-C20 alkane in 1fll of hexane. The cryst a l was ad ­
justed until peak s of equal height were obta ined. The calibration ran ge for paraquat
ion in plasma was 0.025-0.2 fl gJml.

TABLE 1

GAS C H RO MA TOG RA PH IC RETENTION DATA FOR SODIUM BORO HYDRID E R EDUC­
TION PRODUCTS OF DIPYRIDYL DERIVATIVES

Conditi ons : 5 y. 2mm J.D . glass column of 0.75 % Carbowax 20M 5 % KOH on Ch romosorb G
(8G-100 mesh) a t 180" ; Pye Modell 04 instrument ; detection , F ID.

Dipyridyl derivative Reduction Retention Relative
product time retention

( min} lillie

Paraqu at (I) diene (II ) 3.55 1.00
monoen e 1.50 0040

I,I'-D iethyl-4,4'-d ipyridyl d iene 5.90 1.66
mon oen e 2.50 0.70

Diquat (III) diene 3. 10 0.87
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Aliquots of tissue (1-3 g) after homogenisation in 5 volumes of 10%trichloro­
acetic acid could be treated in a similar manner. For certain urine and bile sample s,
protein precipitation could be omitted and it was possible to proceed to reduction
with sodium borohydride. Quantitative methods have been evaluated fully in term s of
the extraction sequence and possible endogenous substance interference only for
plasma.

RESULTS AND DISCUSSION

Sodium borohydride reduction
Sodium borohydride reduction of paraquat dichloride yielded an ether-soluble

crystalline solid of molecular formula C12H 20N z corresponding to a hexahydro der iva­
tive. The base peak in the mass spectrum at m]e 96, shifted 3 a.m.u. in the spectrum
of the trideuteromethyl analogue and 14 a.m.u. in the diethyl analogue (Fig . I) was
attributed to cleavage of the 4,4/-bond and indicated a bis(dehydropiperidine) struc­
ture.

The course of reduction of paraquat was examined in aqueous solution with
10 mg of the dichloride salt and a substant ia l excess of sodium borohydride (20 mg).
[l4C-Methyl] paraquat was used as a tracer and the products were examined by Ge­
MS. Reaction to ether extractable radioactivity was 30 % at I min , 80 % at 5 min and
complete at 10 min. A by-product of high er volat ility than the diene was formed and
ident ified by GC-MS as a mon oene . Retention data are discussed below. Thi s materi­
al accounted for 7 %of the reduction product at 5 min and 9 %at 10 min based on
integration of GC peak areas. Reduction and subsequent extraction prior to GC was
con veniently standardised by incorporating I, I '-diethyl-4,4' -dipyridyl (II) as the
reference. Reduction followed an analogous course to that for paraquat, the major
product being the diene .

The related herbicide diquat (II I) combined with paraquat in the commercial
preparation Weedol and frequently encountered in poisoning cases, was similarly
reduced to a hexah ydro pr oduct.

Extraction from biological fluid
Protein precipitation using trichloroacetic acid could be applied to plasma and

to tissue homogenates and was ad opted as the initial clean-up step in the recovery of
paraquat from biological material. Yields at each stage in the extraction sequence were
checked with ['4C-methyl] paraquat at a concentrat ion of I fig per 3 ml of plasma.
Separation from protein into the trichloroacetic acid supernatant could be made
quantitatively. The rate of reduction in thi s medium following readjustment to basic
pH was slower than in water. Reaction to ether extractable radioactivity was 60 %
after 40 min , 90 % at 70 min and complete at 90 min . Typ ically, the reduction was
allowed to proceed for 60-90 min. The subsequent stage s of ether extraction and back­
extraction into HCI resulted in quentitative recoveries of radioactivity. In the final
partition bet ween dichloromethane (0.03 ml) and the basic aqueous phas e (0.65 ml),
60-65 % of the rad ioactivity was concent rated in the organic layer. One tenth of the
organic extract was used for FI D analysis.

The redu ct ion products were found to be markedly ad sorbed on glass surfa ces.
Thus, for NFID assay, where concentration by solvent evaporation was substituted
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Fig. 2. Ca librat ion and precision of measurement (as % relat ive sta nda rd deviation o n the mea n) for
paraquat in plasma using FID. Response rat io of II to the internal reference is plotted agai nst paraquat
ion concent rat ion .

for back-extraction into dichloromethane, care had to be taken to wash the walls of
the tube with methanol in reconstitution of extracts for chromatography. Di spersal
on glass surfaces dur ing the remo val of large volumes of eth er was avoided where
possible.

GC conditions for plasma assay
The reduction products of paraquat and its diethyl analogue could be chroma­

tographed on SE-30, OV-I , OV-17, carbowa x 20 M and on Carbowax coa ted on base­
treated supports. The combination of 0.75 % Carbowax 20M and 5 % KOH on Chro­
mosorb G pro vided good peak shape, and neglig ible memory effects or adsorptive
loss at low concentration of sample. Retention data for dipyridyl reduction products
are reported in Table I.

With FlO, 5 ng of the diene II could be detected and with NFlD the detection
limit was approximately 0.1 ng. ln FlO an alysis, ca librat ion was linear in the range
0.1-1.0 flg/ml for paraquat ion based on the extraction of 3 ml of plasma (Fig. 2).
The precision of mea surement at 0.1 flg/ml was ± 6 % (S.D., n = 6) and at 0.5 flg/ml
was ± 7 % (S.D ., n =, 6). The NFID procedure was used chiefly in the range 0.025­
0.2pg/ml. Fig. 3 shows a chromatogram obta ined using NFl D fro m plasma conta in­
ing 0.025 fig/ml of paraquat and 0.1 flg/ml of the internal standa rd. Control extracts
showed no interference from endogenous substances.
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Fig. 3. N FJ0 an alysis afte r sod ium boroh yd ride reduction of plasma extracts: (a ) 0.025Ilg/ml of
paraquat ion (Pq) and O.l/lg/mi of 1,1'-d iethyl-4,4' -dipyridyl (internal sta ndard , IS), (b) intern al
standard only and (cl control plasma.

GC-MS analysis
Enhancement in selectivity and sensrtr vrty was obtainable using SI M mass

spectrometry as the GC detection technique. Fig . 4 illustrates the detection of para­
quat at the molecular ion of the reduction product, in the pla sma of a patient on the
10th day after ingestion of an unspecified quantity of weed killer. Based, in this ex­
ample, on external standardisation , the level was estimated to be between 5 and 10
ngjml. Quantitative SlM could be achieved using the diethyl analogue as the internal
standard or by sta ble isotope dilution employing paraquat-d., Ho wever , the principal
use of GS-MS has been in the positi ve identification of paraquat at trace levels in
forensic analysis. Fig . 5 shows the determination of paraquat in the post-mortem bile
of a murder vict im, monitoring the response ratio at m]e 192-190. Advantage was
taken of a characteristic effect of source temperature on M -2jM ratio which ranged
from 0.12 at 205 0 to 0.30 at 280 °. The identity of retention time and of response ratio
under two sets of operating condit ions with the values for the authentic substance
pro vided con vincing evidence for the presence of paraquat in the vict im. In thi s case,
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Fig. 4. Selected ion mon itor ing detection at the molecula r ion (m/e 192) of II in extracts of plasma
10 days after ingest ion of paraquat in ma n.
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Fig. 5. The identificatio n of par aquat as its red uctio n product II in post-mortem bile. Arrowed points
indicate channel offset and correspond 10 the elution time of authentic II. M/M - - 2 (Ill/e 192/190)
ratios at source temper atures of (A) 280" and and ( 8) 2050 were consistent with the val ues for the
authentic substance, II; C, control bile extract.
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poisoning had not been suspected unt il some 8 days after admission to hosp ital. At
death on the 12th day the residue in th e bod y was close to th e limit s of determination
by conventional techn iques.

CONCLUSIONS

An accurate a nd sensitive method has been developed to measure par aquat in
plasma. With this technique , we have shown that excret ion of paraquat in urin e is not
a reliable guide to the sever ity of intoxicat ion '"". Pa raquat can ca use severe renal
failure such tha t even in the presence of high systemic co ncentrat ions of the chemica l
onl y sma ll amo unts a re excreted in the urine. Fu rther, we have found that pati ent s
with plasma concentrations in excess of 0.25 ,ugjml from 12 to 68 h aft er ingestion ,
with associat ed rena l failure, usually do not su rvive. Our views on the ph armaco­
kinetics of paraquat a nd th e tr eatment of paraquat poi soning have now been presented
in detail!".

NOTE AD DED IN PROOF

The a na lyt ica l procedures described have now been further developed with
enhanced speed of ana lysis by Dr. G . Steele, ICI Central Toxicology Laboratories,
Great Britain a nd by Professor Maes, Univ ersity Toxicological Centre, Vondellaan 14,
Ut recht, The Netherl ands. (Perso na l communicat ion s to the a utho rs.)
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DETERMINATION OF THE RODENTI CIDE DIFENACOUM IN BIOLOGI­
CAL MATERIALS BY HIGH-PRESSUR E LIQUID CHROMATOGRAPHY
WITH CONFIRMATION O F IDENTITY BY MASS SPECTROMETRY
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SUMMARY

A method for determin ing di fena coum in liver , plasma, ur ine and fecdingstuffs
by high-pressu re liquid chromatography is described . Samples are cleaned up by
molecular exclu sion chromat ogra phy on porous glass. In some cases this also serves
for determ ination; if not , the separated difenacoum is determined o n an adsorption
column . Identity is confirmed by chem ical ioni sation mass spectromet ry.

Recoveries at levels of 0.025 -5 ppm from plasm a were 101-11 3 %by exclusion
chrom at ography alone and 93-101 % after ad sorption chromatography. Reco verie s
from liver a fter both chroma togra phic steps were 62-86 %. Rea son s for the lower
recoveries from liver are suggested .

INTROD UCTION

Difenacoum is the co mmon name" for 3-(3-biphenyl-4-yl-I ,2 ,3,4-tetrahydro­
l-naphthyl)-4-hydroxycoumarin. Th e usual product is a mixture of isomers thought to
be cis and trans" : th is is supported by the nuclear ma gnetic resonance spec tra of th e
separate isomers, where the I-proton of the tetrahydron aph thalene ring resonates at
b 4.90 or 4.75. It is an anticoagulant rodenticide which is effect ive again st war farin­
resistant rat s2.3

• A method of identifyin g a nd determin ing it was required as a n aid to
diagnosis in ca ses of suspected po isoning of farm animals and wildlife. Recently
developed method s of analysis for other coumarin a nticoagulants , includi ng warfarin
and its met abol ites, at residue levels have been based on gas chrom at ography' :" or
high-pressure liquid chromatography (HPLC)s- 12. Difenacoum is to o involatile for
convenient determination by gas chromatography but has been separa ted from war­
farin and some other anticoagulants by H Pl.C", The clean-up of biolog ical sa mples
by the pyrophosph ate procedure used fo r wa rfar in residues":' :' would not be effecti ve

, To whom co rrespo ndence sho uld be ad dressed.
, . Reco mmended by the Brit ish Sta ndards Instit ution ; a draft commo n name of the Intern at ion al

Organisati on for Standard izati on (ISO).
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however, because difenacoum is insufficiently polar. Preliminary attempts to analyse
tissue extracts by adsorption HPLC without prior clean-up gave good results with new
columns, but contamination by co-extractives was so rapid as to make the procedure
impracticable for regular use. Clean-up by molecular exclusion chromatography,
which has been used successfully for other pesticides (see Masud et al."; Pflugmacher
and Ebing" and Johnson et al:"', where other references are given) , seemed likely to
be successful, particularly as difenacoum would probably be eluted before rather than
after its co-extractives.

This communication describes a method for the determination of difenacoum
at residue levels in animals tissues, body fluids and feedingstuffs by HPLC. An extract
of the sample is cleaned up by molecular exclusion chromatography on a column of
porous glass. In some cases thi s suffices for determination: otherwise the difenacoum
fraction is collected and analysed by HPLC on an adsorption column. Identity is con­
firmed by chemical ionisation mass spectrometry (CI-MS).

EXPERJ MENTAL

Materials and apparatus
The sources of anticoagulant rodenticides were as previously specified". An­

hydrous sodium sulphate, chloroform, methanol , isopropyl alcohol and iso-octane
(2,2,4-trimethylpentane) were of analytical reagent grade. In preliminary work,
chloroform used as a minor component of eluent solutions was washed, dried and dis­
tilled before use: this procedure did not affect the chromatographic properties of the
eluent and was subsequently omitted.

The liquid chromatograph with UV detector, mass spectrometer with CI
source and homogeniser were previously described",

Extraction
Solid samples (10 g) were macerated with anh ydrous sodium sulphate (20 g)

and chloroform (30 ml). The extract was filtered through sintered glass, the residue
re-extracted with chloroform (15 ml) and again filtered. Plasma and urine (10 ml) were
extracted with 15 and 10 ml of chloroform; the extract was dried with sodium
sulphate and filtered . The chloroform filtrate s were evaporated to dryness under a
stream of nitrogen and re-dissolved in methanol (0.5 ml).

Exclusion chromatography
The column was stainless steel, 2 m X 4 mm 1.0., packed with Bio-Glas 200,

200-325 mesh (Bio-Rad Labs. , Brom ley, Great Britain), a porous glass with average
pore diameter 200 A. The eluent was methanol at a flow-rate of 2.5 rnl/rnin and UV
detection was at 260 nm. As a pneumatic amplifier solvent pump was used, a restric­
tor of high resistance in the solvent delivery tube was necessary to avoid an excessive
flow-rate.

Replicate aliquots of the methanolic extract (100 ,ul, the largest volume that
could be used without danger of overloading the column with co-extractives) were in­
jected. The difenacoum content was estim ated by comparing the mean peak heights
with those produced by standard solutions. Normally four aliquots of each extract
were injected and the eluate fractions containing difenacoum (eluted before the main



HPLC OF D1FENACOUM 323

bulk of the UV-absorbing material) were combined for adsorption chromatography or
mass spectrometry.

Adsorption chromatography
The column was stainless steel, 0.5 m x 1.5 mm 1.0., packed with Corasil II

(Waters Assoc., Stockport, Great Britain). The eluent was isopropanol--chloroform­
isooctane (1 :2:397) and the flow-rate 1 mljrnin,

The combined difenacoum fractions from the exclusion column were evap­
orated to dryness under a stream of nitrogen and the residue re-dissolved in the
eluent for the adsorption column (100 fll). Duplicate aliquots (10 fll) were injected.
The isomers of difenacoum were eluted as two well-separated peaks. For quantitative
measurement, the height of the earlier peak was compared with that produced by
appropriate standards. To confirm identity the two fractions believed to contain the
difenacoum isomers were collected, the remaining cleaned-up difenacoum extract was
chromatographed and the combined difenacoum eluates were examined by MS.

Mass spectrometry
The solvent was evaporated from the difenacoum fractions and the residue

transferred in acetone to a capillary tube. The acetone was evaporated and the capil­
lary heated in the solid probe of the mass spectrometer with methane, at a pressure
of about 1 torr, as reagent gas. The spectrum of difenacoum appeared at a tempera­
ture of 225°, reached after about 21- min.

RESULTS AND DISCUSSION

In preliminary experiments the apparent recovery of difenacoum added to
extracts of livers immediately before exclusion chromatography, at a level equivalent
to I ppm in the liver, ranged from 104 to 114%. In later recovery experiments with
liver and plasma, difenacoum was added to freshly thawed material, which had been
stored at -20°, before extraction. Liver and plasma were chosen for detailed examina­
tion because they are usually the most useful materials for diagnosis and liver is par­
ticularly difficult to analyse.

Exclusion chromatography
Fig. 1 shows chromatograms of extracts of pig liver and plasma, with and with­

out added difenacoum. Difenacoum is eluted as a single peak well before the bulk of
the UV-absorbing co-extractives, although the chromatogram of unfortified liver
extract shows a peak in the same position as difenacoum. When extracts of livers from
2 cows, a dog , fox and horse were chromatographed, all except that from the fox
showed the interfering peak, but it was virtually absent from extracts of plasma from
several other species, urine, oats and milk powder. It is clear that the extracts are
effectively cleaned up by the porous glass column, at least for the purpose of subse­
quent adsorption chromatography with UV detection.

When the other commonly used anticoagulant rodenticides warfarin, coumatet­
ralyl and chlorophacinone, and the main mammalian metabolites of warfarin, were
chromatographed, all except coumatetralyl were eluted in the main co-extractive
fraction but coumatetralyl was eluted at the same retention time as difenacoum. This
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was surprising, since the behaviour of coumatetralyl on an exclusion column might be
expected to resemble that of warfarin rather than difenacoum. Clearly, however,
difenacoum cannot be d ifferentiated from coumatetra lyl by thi s procedure.

For calibration, 100-,u1 aliquots of so lut ions conta ining 0.5-100 ppm of difen­
acoum in methanol were injected in triplicate. The resp onse was linear over thi s con­
cent ra t ion ra nge (i.e., the range 0.05- 10 ,ug injected , corresponding to levels of 0.025­
5 ppm in an or igin al sample of 10 g or 10 ml) and was described by the equation :

II = (155.1 ± 0.503) IV + 15.9

where h represents the peak height (mm ) at a detector sens it ivity of 0.02 absorbance
units for a sigmal of I mY (250 mm) and IV the weight of difenacoum injected (pg ).
The coefficient of IV is shown as mean ± sta ndard error.

Difenacoum was added to pig plasma a nd liver over the ran ge 0.025-5 ppm .
Appa rent recoveries from plasma are show n in Table I as means from five separate
samples at each level with their 95 %confidence limits, the result for each sample being
the mean fr om quadruplicate injecti ons. Results were slight ly high and not abl y con­
sistent over the range 0.05-5 ppm: at 0.025 ppm rather higher but st ill acceptable .
Un fort ified plasma ga ve a sma ll peak in the difenacoum position , equivalent to about
0.005 ppm in the original pla sma or 20 %of the lowest level of difenacoum examined .
For the purposes of residue analysis, contaminat ion at this level can usually be ignored
and it a ppea rs that d ifenacoum ca n be determined in plasma, at levels of 0.025 ppm and
above, by exclusion chromatography of chl oroform ext racts.
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TABLE I

RECOVERY OF DIFENACOUM FROM PLASMA BY EXCLUSION HPLC

Difenacoum was added to plasma before extract ion with chloroform . Column, 2 m x 1.4 rn rn I.D..
Bio-Gla s 200 ; mobil e phase, methan ol ; pressure, 45 kgjcm ! (with flow restricto r) ; flow- rate , 2.5
rnl /rnin.

Difenucoum
added (ppm)

0.025
0.05
0.1
I
2
5

Recovery ( %) ,
mean (95 % confidence
limits) f rom 5
separate samples
ofp lasma

113 ( 110- / 16)
104 ( 10 1- 107)
106 (103-109)
101 ( 98-104)
105 (102-108)
IDS (102-108)

The interfering peak from the liver used in the recovery experiments rep resented
an apparent difenacoum content of about 0.4 ppm. Recoveries of difenacoum added
over the range 0.025-1 ppm varied widel y; at higher levels the y were more consistent,
but low. It appeared that exclu sion chromatography alone would not suffice for
determination in pig liver.

Adsorption chromatography
It had pre viou sly been esta blished th at warfarin , coumatetralyl , chlorophaci­

none and di fenacoum could be separated from one another and from metabolites of
warfarin by HPLC on a column of Co rasiI II , with 2 % isopropyl alcohol in isooctane
as eluent", This solvent system was designed for the determination of warfa rin and is
too polar for determining difenacoum on the Corasil column. With the isopropanol­
chloroform- isooc ta ne eluent used in the present work, the two isomers of difenacoum
were eluted as well-sepa rated peaks, the first about three times the height of the sec­
ond, and coumatetralyl was eluted slightly later than the first difenacoum isomer.
Chromatography on columns of LiChrosorb SI-60 and Spherisorb ODS was also
examined, but peak s from difenacoum ta iled more than on the Corasil column when
eluents givin g convenient retention times were used . The sepa rat ion of the difenacoum
isomers and coumatetralyl on the Corasil column is illustrated in Fig. 2. Chlorophac i­
none, warfarin and its metabolites were eluted so slowly as to be undetectable at the
levels likely to be encountered ; they would in any case be separa ted from difenacoum
on the exclu sion column. The separat ion between the first difenacoum isomer and
coumatetralyl is sma ll, but suffi cient for the two peak heights to be separately measured
if the compounds are present at simila r concentrations. If the extract contained only
one of them , the presence or absence of a peak at the retention time of the second
difenacoum isomer would be diagnostic.

For ca libra t ion, lO-pl aliquots of the isopropanol- chloroform-isooctane
mixture contain ing 2.5-100 ppm (i .e., 0.025-1 pg) of difenacoum were injected in tri­
plicate. These levels corresponded to 0.03-1.25 ppm in a 10-g sample. The respon se to
the earlier isomer was linear accord ing to the equation h = (341 ± 1.6) IV - 1.86,
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Fig. 2. Ad sorption chromatography of so lut ions of (A) difenacoum, (B) difen acoum !- coumatetralyl
and (C) coumatetralyl. 1 and 3 = isomers of difenacoum; 2 = co umatetra lyl.

where h and IV have the same meanings as before. The sensitivity was higher than on
the exclusion column because the peaks were narrower.

Recoveries of difenacoum from plasma and liver fortified at 0.025-5 ppm are
given in Table II. They are based on the injections of duplicate 10-pl aliquots of col­
lected eluates from the exclusion column and include losses incurred by both chroma­
tographic steps. The result at each level is the mean from five separate samples with
its 95 %confidence limits.

Mean recoveries ranged from 93 to lOl %for plasma and from 62 to 86%for
liver. Since no response to unfortified plasma or liver was detected , there is scope for
determining lower levels by increasing the sample size. Although recoveries from liver
were low, their consistency indicated that the method was adequete for residue analysis.

Since recoveries were low when difenacoum was added directly to liver but not
when it was added after extraction with chloroform and transfer to methanol, two
po ssible sources of loss were suspected. One was a small waxy residue, insoluble in
methanol, which remained after evaporation of ch loroform from the initi al extract and
which might retain some of the difenacoum . The other was metabolic degradation.
The possibility of appreciable metabolism had originally been discounted , partly
because the conditions of fortification made it unlikely and partly because it had
apparently not been a factor in similar experiments with the related compound war­
farin",
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TABLE II

RECOVERY OF DI FENACOUM FRO M PLASMA AN D LIVER BY ADSORPTION HPLC
Plasma fortified as in Tab le I. Liver fort ified with difenacou m, then macerated with sodium sulphate
and chloro form. Extracts chromatograp hed on exclusion column and eluate frac tions therefrom on
adsorp tion column. Exclusion chromatography as in Table I. Adsor ption column, 0.5 m x 1.5 mm
J.D., Corasil II ; mo bile phase , isopro pano l-chloro form-isooctane (1 :2 :397) ; pressure, 20 kg/em' ;
flow-rate, I rnl/rnin.

Difenacoum
added (ppm)

Recovery (% ), mean (95 % confi­
dence limits) 0/5 separate samples

0.Q25
0.05
0.1
I
2
5

Plasma

94 (90- 97)
95 (91- 98)
95 (92- 98)
98 (95- 101)

100 (97- 103)
101 (98-104)

Liver

62 (52-71)
68 (59- 78)
73 (63-83)
86 (76-95)
72 (63-82)
83 (74-93)

To examine these possibil ities difenacoum was added to a chloroform extract of
unfortified liver, to a blank extract after transfer to methanol and to portion s of liver
which were then allowed to remain at ambient temperature (18°) for varying period s
before extracti on. Recover ies of difenaco um are shown in Table Ill. It appears that
some loss occurs during tr ansfer from chloroform to methanol and some as a result
of metabolism. In the or igina l recove ry experiments, the interval bet ween fortific ati on
of the liver and its maceration with chloroform varied from about 2 to 15 min. The
loss on transfer to methanol was not th ought sufficient to necessitate modificati on of
the method .

TABLE III

RECOVER Y OF DI FENACOUM ADD ED TO LIVER OR LIVER EXTR ACT AT VARIOUS
STAGES

Difenacoum added to liver at var ious intervals before extractio n, and to extracts. All additions
equivalent to 2 ppm in liver. Sampl es chro matographed on exclusion and adsor ption columns. Co n­
ditions as in Tabl es I and II.

Difenacoum added to Recovery ( 'Yo)
(mean 0/
duplicate injections)

Extract after tran sfer to methan ol , 98
Initial extract 811
Liver, 30 sec before extraction 83

3 min before extract ion 82
10 min before extraction 78
30 min before extraction 68

Mass spectrometry
The base peak of the CI spectrum of difen acoum was at m]e 163 and presum­

ably repre sented the protonation of 4-hydro xycoum arin or an isome ric rearrangement
product. At masses above 300 a. m.u. only the cha racteristic ions at m]e 445 (M + H ,
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41 %of the base peak), 473 (M + CzHs, 9 %) and 485 (M + C3H s, 3%) showed in­
tensities above background levels. The low mas s of the base peak makes it of little
value for identification , but the peaks representing the molecular ion were above the
mass of most contaminants and well suited for the confirmation of identity.

Difenacoum was much less sensitively detected by CI-MS than was warfarin",
althou gh its initial volatilizati on from the heated probe was sha rp. After some 20 sec,
the spectrum decreased rapidly to a much lower intensity, then faded slowly to an
undetectable level during peri ods up to 30 min . It appeared that difenacoum which had
evaporated from the heated probe condensed on the ion source of the spectro meter,
from which it again slow ly evaporated . Becau se of this slow evolution , a bo ut 200 ng
was needed for a sati sfactory spectrum. This quantity would be present in 10 g of
material containing 0.02 ppm however, so the lower limit of detection is simila r to that
of the chromatographic procedures. For comparison, the lower limit of visual det ec­
tion after thin-layer chromatography on fluorescent plate s was about 1/1g.

Th e extent of clean-up needed for MS was examined. In the case of plasma ,
the combined exclu sion column eluates from four successive 100-111 injections of the
concentrated uncleaned blank extract gave a spectru n with no peaks above mje 350.
Bulked eluate fraction s from the exclusion column would therefore be suitable for
MS. Eluates from the exclusi on chrom atography of liver extracts sometimes showed
interfering peaks when the entire fraction was examined , but not when the eluate
from a single 100-fll injection was used . Since this represented one fifth of the total
sample and 200 ng was required for an adequate spectrum, MS of the eluate from the
exclusion column should be effective if the sam ple contained 0.1 ppm or more of
difenacoum.

CO NCLUSIONS

(I) Difenacoum residues in liver and plasma can be determined by succesive
exclu sion and ad sorption HPLC. Recoveries are sat isfactory at concentrations from
0.025 to 5 ppm.

(2) Since exclu sion chromatography of extracts of urin e, oat s a nd milk powder
showed no peaks near the retention time of difenacoum, the method should be suit­
able for an extensive range of tissues a nd feedin gstuffs.

(3) The absence of interfering peaks in adso rpt ion chromatogram s of blank
substra tes impli es that larger samples could be taken and lower levels determined
if required .

(4) Exclu sion chromatography alone was adequate for the analysis of plasma ,
and should be successful for other subst ra tes free from UV-absorbing co-extractives
eluted in the same positi on as difenacoum.

(5) Identity can be confirmed byCI-MS : the quantity needed would depend upon
the equipment available, and was about 200 ng in the work described. Th e concentrat ed
eluate from the exclusion column representing 10 ml of plasma or 2 g of liver is suffi ­
ciently clean for C1-MS.
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USE OF w-AMINOH EXY L-SEPHAROSE IN THE FRACTIONATION OF
ESCHER IC H IA COLI B AMJNOACYL-tRNA SYNTHETASES
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Department of Biochemistry , Schoo l of Medicine, University ofNew Mexico, Albuquerque, N.M. 8713 /
( U.S. A.)

(First received February 8th, 1977 ; revised manu scr ipt received March 16th , 1977)

SUMMARY

The usefulness of am inohex yl-Seph aro se in purifi cat ion of E. coli B amino­
acyl-tRNA synthetases is presented.

The purification factors for 14 synthetases lie in the ran ge 3- to 94-fold and
the recoveries of the enzymatic activity were 3D-80 %, depending on the enzyme.

INTR OD UCTI ON

Classical procedures for the separat ion of proteins are usually based on differ­
ences in their solubility, charge, size and shape. Recently it was shown'r" that proteins
can also be separated on the basis of the ir hydrophobicity, i.e., the avai lability of
their hydrophobic pockets. Thus, alkyl- and arninoalkyl-Sepharoses were recognized
as useful adso rbents in protein separat ion and severa l enzymes were purified on these
adsorbents":' :":" . One of the se ad sorbents, arnin ohexyl-Seph arose, has also been
used for fractionati on of transfer RNA I2. In our hands, aminohexyl-Sepharose was
superior to other adsorbents in the purification of plant aminoacyl-tRNA synthe­
tases'':" and tR NA meth yltr ansferases",

As E. coli is widely used as a source of man y enzymes and since the purifi cati on
of enzymes is often difficult, we felt that it was worthwhile to try to apply hydrophobic
chromato graphy of aminohexyl-Sepha rose for the purificati on of E. coli B amino­
acyl-tRNAsynthetases . The resolu tion of 14 synthetases on aminohexyl-Sepharose
columns is presented; pu rification factors for the se enzymes were within the range 3­
90-fold.

, Permanent address : Instit ute of Biochemi stry, Agricultural Un iversity, ul. Wolynska 35, 60­
637 Poznan, Poland.
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Mat erials
E. coli B was purchased from the Grain Processing Co., Mu scatine, Iowa,

U .S.A. a nd was stored at - 20 0 until used . Sepharose 4B was purchased from Phar­
macia (Uppsala, Sweden), CNBr from Pierce (R ockford, Ill., U.S .A.), 1,6-he xane­
diamine from Aldrich (Milwaukee, Wise ., U .S.A.), glass beads, streptomycin sul­
phate, ARP a nd mercaptoethanol from Sigma (St. Loui s, Mo ., U.S .A.) a nd E. coli B
tRNA from Sch war z Bioresearch (Orangeburg, N.Y .. U.S.A .). Uniformly labeled
[' 4C]-amino acids were pu rchased from the Radiochemical Centre (Arnersh am, Great
Britain), and [3H]am ino acid s from New England Nuclear (Boston , Mass., U.S.A.).
Other reagents were of an alytical-reagent grade.

M ethods
Aminohexyl-Sepharose was prepared according to Cuatrecasas'"; 100 mg of

BrCN was used per millilitre of the gel. Protein was determined by the methods of
Warburg and Ch risti an 14 and Lo wry et at,":

Assays of amino acyl-t RNA syntheta ses were carried o ut in a reaction medium
composed of 0.1 M tri s-HCl (pH 7.8), 10 mM MgClz, I mM ATP, I mM mercapto­
ethanol , 4 mg/rnl tRNA , IO- S-2.8· 10- 4 M [14C]_ or [3H]-amino ac id and enzyme.
After a ppropria te time intervals a t 37°, radioactive aminoacyl -tRNA in 30- or 50-,ut
aliquots was determined by the filter-paper disc technique of Mans and Novelli " . One
unit o f enzyme activit y is determined in the aminoacylat ion of I nmoIe of tRNA in
I min at 36°.

The 40-60 % amm on ium sulphate saturation fraction was prepared from
E. coli B as de scribed by Lovgren et al,'? a nd was dial ysed against 60 mM pot assium
phosphate (pH 6.8), 7 mM mercaptoethanol and 10% (v/v) glycerol before applica­
tion on to the aminohexyl-Sepharose column .

R ESULTS AND DI SC USSI ON

In our earlier stud ies- we showed that plant aminoacyl-tR NA synt hetases are
not adsorbed on aminoethyl- and aminobutyl-Sepharose. However, the se en zymes are
adso rbed o n a n aminohexyl-Sepha rose co lumn and can be eluted from the co lumn in
a potassium chloride grad ient. Our results also indi cated th at the main forces respon­
sible for binding of aminoacyl-tRNA synthetases to aminohexyl-Sepharose were
hydrophobic.

The successful application of am inohexyl-Sepharose in the purifi cation of
plant aminoacyl -tRNA synthetases led us to search for other applications of th is
adsorbent. We found that it was useful in the purification of tRNA methyltran sfer­
ases? and in the fract ionat ion of lupin tRNA' 2.

Another a pplication of aminohexyl-Sepharose columns is illustrated in th is
paper. E. coli B am ino acyl-t R NA synthetases a re adsorbed o n aminohexyl-Sepharose
in 60 mM potassium phosphate buffer (pH 6.8) containing 10%of glycerol and 7 m M
mercaptoethanol. Th e enzymes can be eluted in a linear potassium chl oride gradient
(F igs. I and 2). The elution profiles did not change when the size of the column was
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increased 10- fo ld . Th e sa me order of elut io n o f a mi noacy l-t R NA synthe ta ses was
obtai ned o n 50-ml (Fig. I) and 500-m l (Fig. 2) columns.

Th e posi tio ns of so me ami noacy l-t RNA synt hetases were fur th e r co nfirmed
by stepwi se elut io n. For exa mple, glutamyl-t RNA synt hetase emerges in O. I M
potassium chlor ide eluate, leu cin e en zym e in 0.2 M potassium ch lori de eluate and
asparagini ne enzyme in 0.3 M potassium ch loride elua te. Thus, t he o rder of elution o f
E. coli B ami noacyl-tR NA sy nthe tases from th e aminoh exyl-Sep haro se co lum n was
esta blished as fo llows : I, g luta my l-; 2, iso leucy l- ; 3, aspa rty l- ; 4, tyr osyl- ; 5, arginy l-;
6, glutami nyl- ; 7, hi st idyl-; 8, valyl-, a lany l- and methio nyl-: 9, phenyla lan yl-; 10,
leucyl- ; II , lysyl- ; a nd 12, as pa rag iny l-t R NA synthe tas e. Ye llow lup in ami noacy l­
tR NA synthetases' a re eluted under th e sa me con ditions in different po sit ion s on th e
gradie nt and th e orde r of eluti on is I, va lyl- and Iysyl- ; 2, leu cyl- ; 3, t rypt ophan yl-;
and 4, isoleucyl- a nd phenyl a lan yl-tRNA synt he tase . Onl y phenylalan ine enzy mes
from bo th so urces a re eluted in abo ut the same posi ti on (0 .25 M pot assium chloride) .

Compa riso n o f the elution posit ion s wi th the sizes of the enzyme reveals tha t
aminoacyl-t R NA syntheta ses with mo re complex structures are eluted in high er ionic
strength fro m the aminohexyl-Sep harose co lum ns , with th e exception o f va lyl-,
leucyl- and iso leucyl-t R NA synthetases. It is co nce iva ble th at th e larger the enzy me
molecule th e highe r is the fre quency of occurrence of hydrophobi c pockets' . Thus we
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Fig. I. C hromatography of E. coli B a minoacyl-t RNA synthetases on a mino he xyl-Sep harose co l­
umn. Th e column ( 1.5 / 25 em) was equilibrat ed with 60 m M potassium ph osphate (pH 6.8), 7mM
mercap toe tha no l and 10 % glycero l. Pro tein ( 15 011; 900 rng) was applied on to the co lumn. Aft er
washing with 100 011 of the buffer, the enzymes were eluted with a 0-0.3 M linea r po tassium ch loride
gradie nt in the buffer (to ta l vo lume 512 011) fo llowed by 0.3 M potassium ch lo ride . T he flow-ra te
was 32 ml/h and 8-011 fra cti ons were collected . T he ab so rbance at 280 nm (th ick curve) and the
synthetase activ ities in 10-pi a liq uo ts o f fract ion s were de te rmi ned : glutamyl- ( V), a rginyl- (.),
valyl- (0), leucyl- ( Fl) , lysyl- «( \) and as pa raginyl-t R N A syntheta se (A). Fractions 35- 50, 45-55,
60-70 a nd 63- 74 con ta in isoleucyl-, tyrosyl-, me thiony l- and phen yla lanyl-t RNA synthetase, respec­
tively.
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Fig. 2. Chromatography of E. coli B aminoacyl-tRNA synthetases on am inohexyl-Sepharose col­
umn. The column (5 x 25 em) was equilibrated with 60 mM potassium phosphate (pH 6.8), 7 mM
mercaptoethanol and 10%glycerol. Protein (190 ml; 13.3 g) was applied on to the column and the
column was washed with 2900 ml of the buffer. The enzymes were eluted in a 0-0.4 M linear potassium
chloride gradient in the buffer (total volume 5120 mI). The flow-rate was 320 ml/h and 25-ml fractions
were collected. The absorbance at 280 nm (thick curve) and the synthetase activities in 10-pl aliquots
of appropriate fractions were determined: isoleucyl- (0), aspartyl- (e), glutaminyl- ( L), histidyl­
(.), alanyl - ( D), leucyl- (_), lysyl- ( \7) and asparaginyl-tRNA synthetase ('Y).
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could expect, at least with this class of enzymes, that an enzyme wit h a molecular
weight above 150,000 daltons wo uld be eluted from a hydrophobic co lumn later than
an enzyme with a molecular weight below 100,000 daltons. This was the case for yellow
lupin enzymes" and also seems to be true for E. coli B enzymes: the aminoacyl-tRNA
synthetases with molecu lar weights below 100,000 da ltons are eluted below 0.2 M
potassium chloride, whereas those with molecular weights above 150,000 daltons are
eluted above 0.2 M potassium chloride (see Figs. I and 2; the molecular weights of
E. coli aminoacyl-tRNA synthetases are Iisted in reference 18).

Jt was shown by Hofstee'? that the binding behaviour of several proteins on
D EAE-agaro se is similar to th at on certain-n-aminoalkyl -Agaroses. Indeed, amino­
hexyl-Sepharose resembles in some respects D EA E-cellulose (the order of elution of
isoleucyl-, arginyl-, valy l- and leucyl -tRNA synthetases is the same for both adsor­
bents), but not in others (lysyl-tRNA synthetase is eluted after leucy l-t RNA synthetase
from aminohexyl-Sepharose but before it on DEAE-cellulose). 1t is reasonable to
propose that different fea tures of proteins are engaged in binding to DEA E-cellulose
(mainly ionic charges) and aminohexyl-Sepharose (mainly hydrophobic pockets).

The purification factors for the 14 aminoacyl-tRNA synthetases lie in the
range 3-94-fold, and for 10 enzymes the purification factor is at least 10-fold (Table I).
The recoveries of the enzymatic activity were 30-80 %, depending on the enzyme.
These res ults clearly illustrate the usefu lness of aminohexyl-Sep harose in the purifica-
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TABLE I

PURIFICATION OF AMINOACYL-tRNA SYNTHETASES FROM E. cou B ON AMINO­
HEXYL-SEPHAROSE COLUMNS

Aminoacyl-t RNA
synthetase fo r '

Specific activity of aminoacyl­
tR NA synthetases {unitsimg}

Purification
fa ctor

40-60% Aminohexyl-
( NH.)2S0 . Sepharose
satn.

- - _ ..._--

Gin 1.3 26 20
lie 0.16 15 93.8
Asp 1.0 28 28
Tyr 1.2 7 5.8
Arg 3.4 18 5.3
Glu 0.13 2 15.4
His 0.2 2 10
Ala 0.7 2 2.9
Met 2.1 II 5.2
Val 4.2 53 12.6
Phe 1.6 16 IO
Leu 2.6 55 21.2
Lys 5.2 130 25
Asn 1.2 15 12.5

-- - --- - --

* Aminoacyl-tR NA synthetases are listed in order of elution .

tion of E. coli B aminoacyl-tRNA synthetases. Combined with classical procedures
for the separation of proteins, hydrophobic chromatography on arninohexyl­
Sepharose could considerably improve the purification of aminoacyl-tRNA synthe­
tases. The recovery of pure arginyl-tRNA synthetase from E. coli B was increa sed 4-5­
fold by the introduction of aminohexyl-Sepharose column chromatography into the
original purification procedure".

The operation of aminohexyl-Sepharose column is very convenient, and it can
be regenerated simply by washing with I M sodium chloride solution. The flow-rates
are about one column volume per hour.

In conclusion, we consider that arninohexyl-Sepharose is useful for procedures
of the purification of aminoacyl-tRNA synthetases from many organisms.
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SUMMARY

The chromatographic characteristics of several nucleic acid constituents and
of 36 phenols have been investigated on mixed layers of powdered chitosan and micro­
crystalline cellulose , with water, water-methanol mixtures and aqueous salt solutions
at different pH values as mobile phases. The behaviour of the phenols was strongly
correl ated with the form in which these compounds were present in solution and
therefore with the pH of the eluent. Chitosan was more effective than PEI- and DEAE­
cellulose as adsorbent in separating phenols. Analytical applications of chitosan
layers are reported.

INTRODUCTION

Chitosan is a {3-1,4-linked o-glucosamine polymer prepared by deacetylating
the natural polysacharide chitin ; it was widely employed by Muzzarelli' in studies on
inorganic ions by column chromatography. Recently, however, chitosan has been
used for the separation of nucleic acid constituents by thin-layer chromatography-:',
layers of microcry stalline cellulose impregnated with chitosan formate being used.

In this paper, layers of powdered chitosan directly mixed with microcrystalline
cellulose have been used, and, in order to compare the characteristics of these layers
with tho se of microcrystalline cellulose (alone or impregnated with chitosan formate),
we investigated the behavi our of some nucleic acid con stituents ; the work was then
extended to phenols.

EXPERIM ENTAL

The layers of chitosan (300 pm thi ck) were prepared by mixing 4 g of finely
powdered chitosan (100-200 mesh), prepared from chitin according to the deacetyla­
tion procedures of Broussignac", with 8 g of microcrystalline cellulose in 50 ml of
water. Layers of microcrystalline cellulo se alone were prepared from 9 g of cellulose in
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50 ml of water, and those of microcrystalline cellulose impregnated with chitosan
formate were prep ared as described by Naga sawa et al,', using a 0.8 %(wjv) solution
of chitosan in 0.5 % (wjv) formic acid.

The solutions of the test compounds were prep ared in water or in water­
organic solvent mixtures ; such solutions, if required, were neutralized with ammonia
in order to prevent gelation of the powdered chitosan layers, which occurs in acid
solution. For this reason, acid solutions were not used as mobile phases ; indeed,
with such mobile phases, layers of microcrystalline cellulose impregnated with chitosan
formate exhibit poor reproducibility and irregularities at the solvent front.

The chromatograms were developed by the ascending technique at 25°, and
the migration distance was II cm unless otherwise sta ted. The nucleic acid const itu­
ents were detected by exposure to UV radiation ; phenols were detected by the Boute
reactions.

RESULTS AND DISCUSSION

Nucleic acid constituents
Table I shows the RF values of many nucleic acid constituents on development

with 0.25 M ammonia buffer and with water-methanol (1: I, vjv) on layers of (a)
microcrystalline cellulose, (b) microcrystalline cellulose impregnated with chitosan
formate, and (c) microcrystalline cellulose mixed with powdered chitosan. With the
ammoniacal mobile phase, there is no important difference in the behaviour of the
compounds on the three layers ; thi s demonstrates that the addition of chitosan or
chitosan formate does not appreciably affect the retention properties of microcrystal­
line cellulose. Under such conditions of development, the chromatographic data of
Nagasawa et at? for nucleic acid constituents must be ascribed to the presence on the
layers of microcrystalline cellulose and not to chitosan formate.

During development with water-methanol, the nucleoside s and nucleic acid
bases behave similarly on the three layers, except for xanthine and xanthosine, which
are retained to a greater extent on the layers containing chitosan. The behaviour of
these two compounds is ascribed to the fact that their acid character is more marked
than that of the parent compounds, as evidenced by the pKo values shown in Table I.

With this developing solvent, the behaviour of the nucleotides on layers con­
taining chit osan (R F between 0.00 and 0.06) is very different from that on micro­
crystalline cellulose alone (RF 0.81 to 0.85). Such behaviour is ascribed to the
presence in nucleotide molecules of one or more pho sphate groups, which react
(probably through an ion-exchange mechanism) with the functional groups of the
exchanger. The strong retention of these compounds on chitosan layers can be used
analytically for their separation from nucleosides and nucleic acid bases.

The behaviour of xanthine and xanthosine on layers cont aining chitosan (with
water-methanol as mobile phase) shows that layers with powdered chitosan exhibit
stronger retention than tho se impregnated with chitosan form ate. This different reten­
tion can be ascribed to the different form of the anion exchanger and to the higher
content of chitosan in the mixed layer than in the impregnated one .

Phenols
Aqueous eluents. Table II shows the R, values of 36 phenols on layers of micro-
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TABLE I

RF VALUES FOR NU CLEOSIDES, NUCLEOTI DES AN D NUCLEIC ACID BASES ON
LAYERS OF MICROCRYSTALLINE CE LLULOSE (a) ALONE, (b) IMPREGNATED WITH
CHITOSAN FORMATE AND (c) MIXED WITH POWDERED CHITOSAN

-- --_. .~ . _- ,_ .

Compound Mobi/e phase pKu
-_.- _..- . _- -- _._...- _._ . ._ - ---- - - of enol form
NH . C/ (0.25 M ) -1- N H , H zO-methallo/
(0 .25 M ) (/ :/,v/v)

--- - _ ._- _._ .

a b c a b c
- ~. --_ .- -- "-_._--- .- - --- ._- --

Xanthine 0.54 0.58 0.56 0.46 0.5 1 0.35 7.4
Xanthosine 0.74 0.72 0.71 0.82 0.33 0.04 5.75
Xanthosine mon ophosph ate 0.92 0.90 0.96 0.81 0.00 0.00
Xanthos ine diphosphate 0.93 0.90 0.96 0.85 0.00 0.00
Xanthosin e triphosphate 0.93 0.83 0.96 0.82 0.00 0.00
Thymine 0.76 0.78 0.78 0.75 0.70 0.77 9.8
Thymidine 0.90 0.86 0.86 0.82 0.77 0.83
Thymidine monophosphate 0.97 0.93 0.96 0.85 0.04 0.06
Guan ine 0.39 0.39 0.40 0.41 0.44 0.44 9.2
Guanosine 0.64 0.60 0.60 0.57 0.53 0.52 9.16
Guanosine monophosph ate 0.85 0.84 0.91 0.82 0.00 0.00
Hypoxanthine 0.57 0.55 0.58 0.57 0.57 0.57 8.9
Inosine 0.78 0.75 0.77 0.64 0.65 0.63 8.75
Inosine monophosph ate 0.93 0.90 0.96 0.85 0.00 0.00
Adenine 0.34 0.35 0.37 0.50 0.56 0.57 9.8
Adenosine 0.53 0.53 0.52 0.52 0.56 0.59
Adenosine mon ophosph ate 0.79 0.81 0.85 0.84 0.00 0.00
Adenosine diph osph ate 0.79 0.83 0.87 0.85 0.00 0.00
Adenosine triphosphate 0.85 0.76 0.93 0.85 0.00 0.00
Cytosine 0.75 0.73 0.75 0.65 0.67 0.73 12.2
Cytidine 0.82 0.82 0.80 0.70 0.65 0.72
Uracil 0.76 0.74 0.75 0.73 0.73 0.73 9.5
Uridine 0.90 0.84 0.88 0.78 0.72 0.73 9.17

--- _._-_ ._- ._-

crystalline cellulose and on cellulose-powdered chitosan layers , with 0.1 M ammonium
acetate or 0.1 M sodium bicarbonate as mobile phase. The results indicate that chitosan
exhibits a higher retention power and a better selectivity towards the phe nols.

On both layers, development with 0.1 M am moni um acetate leads to diffuse
spots for many compounds, (including phenol), so that their detection is impossible .
As the pH of the mobile phase is increased, the q uality of the spots improves, and on ly
phenol and m-creso l cannot be detected. On development with sodi um bicarbonate,
however, the number of po lyhydric phenols giving rise to elongated spots increases,
probably because of the easier oxid izability of such compounds as the pH on the layer
is increased. As regards the chromatog rap hic behaviour of the phenols on chitosan
layers with the two mobi le phases, a general increase in RF value is observed on
changing from ammonium acetate to sod ium bicarbonate, except for those phenols of
less marked acid character (pKa ~ 8.7), which exhib it similar RF values with the two
developing solvents. The chromatographic behaviour of the phenols on the cellulose­
powdered chitosan layers seems to depend on the pH value of the mobile phase and
on the acid-base character of the compounds. For the dichlorop heno ls, with amm o­
nium aceta te (p H = 7.1) as mobile phase , only 2,6-dichlorophenol (pK. = 6.79) ex-
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TABLE II

R £ VALUES FOR PHENOLS ON LAYE RS OF MICROCRYSTALLIN E CE LLU LOSE (~ )
ALONE AND (b) MIXED WITH POWDERED C HITOSAN

n.d. =, Not dete rmined ; e.s. ~ elon gated spot.

Co mpound M obile phase p K• •

CH,COONH. (0.1 M) NuHCO, II ,O- lIIetlllJnol (v ]v)
( 0.1 M )

4 :1 I : 1

a h b a b b

Phenol n.d . n .d. n.d. 0.83 0.78 0.93 9.99
Ca techol 0.79 e.s. 0.62 0.82 e.s. e.s. 9.85
Reso rcinol 0.79 0.58 0.6 1 0.82 0.60 0.77 9.81
Hydr oqu inone 0.80 0.62 c.s. 0.81 0.62 0.79 10.35
Pyro gallol e.s. e.s. e.s. e.s. e.s. e.s. 9.0 1
Phloroglucinol 0.65 0.60 c.s. 0.75 e.s. 0.65 8.45
Gall ic acid 0.74 n.d. e.s . 0.87 0.0 1 0.03 4.41
Pyrocatechui c ac id 0.80 0.32 0.66 0.88 0.01 0.03
Ill-Cresol n.d. n.d . n.d . n.d. n.d . 0.90 10.09
p-Nit rophenol 0.64 0.36 0.61 0.75 0.14 0.42 7.16
0 - Nitrophenol n.d. 0.49 0.71 n.d. n.d . 0.52 7.23
111-Nitro pheno l 0.71 0.50 0.63 0.76 0.50 0.76 8.40
2,4-Dinit rophenol 0.62 0.25 0.53 0.93 0.02 0.04 4.09
2,6-Dinit ropheno l 0.75 0.34 0.64 0.94 0.02 0.03 3.71
2,5-D init rophenol 0.64 0.30 0.58 0.90 0.02 0.03 5.22
Picric acid 0.68 0.21 0.50 0.90 0.0 1 0.02 0.60
5-Aminosa licylic ac id 0.79 0.49 0.72 0.93 0.03 0.04 2.74
4-Aminosalicylic acid 0.79 0.31 0.65 0.92 0.03 0.03 1.7
2-Amino-5-nitrophenol 0.43 0.28 0.36 0.52 0.31 0.61
2-Amino-4-n it ropheno l 0.52 0.28 0.49 0.62 0.11 0.37
4-Am ino-2-nitrophenol 0.60 0.46 0.61 0.66 0.43 0.68
2-Amino-4,6-dinitrophenol 0.49 0.14 0.34 0.88 0.00 0.01
a-Chloro pheno l n.d. n .d. 0.63 n.d . n.d . 0.83 8.48
p-Chloropheno l 0.72 0.55 0.52 0.79 0.62 0.83 9.38
Ill-Chlorophenol 0.70 0.55 0.55 0.76 0.61 0.83 9.02
p-Bromophenol 0.65 0.48 0.47 0.77 0.56 0.81 8.87
a-Bromopheno l n.d. n.d . 0.60 n.d . n.d. 0.81 8.42
2,5-Dich lo ropheno l n .d. 0.35 0.58 n.d. 0.28 0.67 7.35
3,4-Dichlorophenol 0.57 0.34 0.45 0.69 0.45 0.79 8.39
2,4-Di chlorophenol n.d . n.d . 0.56 0.69 0.37 0.77 7.75
2,3-D ichlorophenol 0.58 0.36 0.57 0.70 0.31 0.71 7.45
2,6-Dichlorophenol n.d, 0.40 0.65 n.d. 0. 14 0.49 6.79
3,5-Dichloropheno l 0.58 0.34 0.50 0.69 0.39 0.77 7.93
l-N aphthol 0.50 0.26 0.27 0.62 0.35 0.76 9.34
2-Naphthol 0.46 0.25 0.25 0.58 0.37 0.78 9.51
Naphthalene-I ,5-diol 0.35 0.16 0.16 0.51 0.20 0.58

- ----- - ~

• See ref. 6.

hibits an RF va lu e higher than those of the other isomers, whereas with so d iu m bi-
carbonate (pH = 8.5) t he RF values o f the isomers increase with increasing pKa value

in accordance w ith the differing degrees of deprotonation of these compounds",
As regards the mechanism governing the retention of the phenols, and keep-
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ing in mind that chitosan is a weak basel (and certainly the free-base form predominates
at the pH of sod ium bicarbonate solut ion), it follows that interactions between the
primary amino group of chitosan and the phenolic hydroxyl groups are the param­
eters determining the retention.

Aqueous-organic eluents. Table II also shows the RF values of phenols on layers
of microcrystalline cellulose with water-methanol (4:1 , vjv) as mobile phase and on
layers of cellul ose-powdered chitosan with similar mixtures for development.

As has already been pointed out for nucleic acid constituents, the use ofaqueous­
organic eluents increases the retention power of the chitosan layers. On microcrystal­
line cellulose, the phenols exhibit high RF values, independent of their pK" values and
of subst ituents in the ring. On chitosan layers, however, the phenols are strongly
retained and their chromatographic behaviour is correlated with both their pK"
values and the type and number of substituents in the ring. As regards the influence of
the substituents in the ring on the chromatographic behaviour of the phenols, it
should be noted that polyhydric phenols are retained more than phenol itself, despite
their pK" values, which in some instances (reso rcinol and hydroquinone) are similar
to, and in others (phloroglucinol) lower than , that of phenol. Th ese compounds can
give r ise to hydrogen bonds with two or more of the functional groups of chitosan and
therefore may be expected to be retained more than phenol.

The int roduction into the ring of substituents that markedly increase the acid
character of a phenol (e.g ., nitro, chloro or bromo groups), produces a decrease in RF

value.
Increase in the methanol co ncentrat ion in the mobile phase leads to a general

increase in RF values and the production of more compact spots for polyhydric

TABLE III

SEPAR ATIO NS ON LAY ERS OF MICROCRYSTALLINE CELLULOSE MIXED WITH
POWD ERED CHITOSAN

Migration distance _. 12.5 em.

Mixture Mobile phase

4-Amino-2-ni trophen ol water-methanol (4 : I, v lv)
2-Amino-5-nitro pheno l
2-Al1l ino-4-nitro pheno l
2-Amino-4,6- dinitrophenol
III-Nitro pheno l water- metha no l (I : I , v /v)
0 - Nitro pheno l
p- Nitrophenol
5-Al1linosalicylic ac id C H3COO N H. (0. 1 M )
4-Amin osalicylic acid
o-Chloro pheno l NaH CO .\ (0.1 M )
p-Chl orophenol
a-Bro mo pheno l NaHC03 (0.1 M )

p-Brol1lophen ol
3,4-Dichloro pheno l wat er-methanol (4 : I , v/v)
2,4-Dichlo ro phcno l
2,5-D ichlorophenol
2,6.D ichlorophenol
1- or 2-Na phtho l wate r- metha no l (4 : I , v /v)

Napht halene- I, 5-dio l

R"
0.41
0.30
0.11
0.00
0.72
0.50
0.41
0.47
0.30
0.60
0.50
0.58
0.46
0.44
0.36
0.28
0.14
0.34-0.36
0.19
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phenols; indeed, some compounds impossible to detect with aqueous salt solutions
as mobile phase can be detected in this system. .

Comparison of results on chitosan layers with those obtained on cellulose­
based anion exchangers (PEI- and DEAE-cellulosef shows that, generally, chitosan
exhibits a higher retention power and a better selectivity towards the phenols than do
the exchangers cited. The R F values on chitosan layers with water-methanol (4 :1) as
mobile phase are appreciably lower than those on PEl-cellulose with water as devel­
oper? Further, on chitosan, mono-, di- and tr ihydric phenol s and the three nitro­
phenols can be separated (see Table II); such separations cannot be achieved on PEI­
cellulose, DEAE-cellulose or microcrystalline cellulose.

ANALYTICAL APPLICATIONS

Many separations of phenols can be achieved on the basis of their R F values
with aqueous and alcoholic-aqueous eluents; some are reported in Table III. Also,
separations of nitro and polynitrophenols, and chloro and dichlorophenols, are
possible.
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DANSYL HYDRAZINE AS A FLUORIMETRIC R EAGENT FOR THIN­
LAYER CHROMATOGRAPHIC ANALYSIS OF REDUCING SUGARS
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Piscataway, N.J. 08854 ( U.S .A.)

(First received January 24th, 1977 ; rev ised manuscr ipt received Ap ril 14th , (977)

SU MMARY

Reducing sugars , particularly aldoses, react readily with dansyl hydrazine.
The fluore scent hydrazones produced can be separated by th in-layer chromatography
and determ ined quantitatively by spectrofluorimetry a fter eluti on from the chroma­
togram s.

INTROD UCTION

Dansyl hydrazine [(l-naphthalenesulfonyl-5(dimethylamino)-hydrazide] has
been suggested as a fluorimetric reagent for the analysis of keto steroids':". It has been
applied as a staining reagent for periodate oxidized glycoproteins separated by acryl­
amide gel electrophoresis' :". In the present co mmunicat ion we report the use of dan syl
hydrazine for the fluorimetric analysis of reducing sugars employing thin-layer chro­
matographic (TLC) procedures. The method described here for sugars is similar in
principle to the man y, comm only employed pro cedures available for the analysis of
amino acid s and other amines which use dan syl chloride as the fluorimetric reagentv?".

MATERIALS AND METH ODS

Materials
o-[14C(U)]Glucose was obta ined from New England Nuclear (Boston, Mass.,

U.S.A.) and diluted to give a stoc k solution of 10 mM glucose with a specific activity
of 0.2,uCi /,umole. Dansyl hydrazine was purchased from Pierce (Rockford, Ill.,
U.S.A.). Other chemicals used were obtained from Fisher (K ing of Prussia, Pa .,
U.S.A.) and Sigma (St. Louis, Mo., U.S.A .). TLC was carried out on Eastman-Kodak
No. 13179 silica gel sheets and on Anasil G plates (Analabs, North Haven, Conn.,
U.S.A.). Fluorescence was mea sured in a spectre-fluorimeter" equipped with a 300-W
xenon lamp and using cuvettes with a I.O-cm light path. Rad ioactivity was measured
with 87% efficiency for count ing 14C using the Aqu asol liquid scintillation cocktail
(New England Nuclear).
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Reagents
Reagents used were: 4 % (w jv) trichloroacetic acid , 1% dan syl hydrazine iii

ethanol , 1% (v jv) acetic acid in ethanol, 10 mM n-glucose (or other reducing sugar)
stock solution.

Procedure
A 100-fll sample containing 0.04-2flmoles reducing sugar is mixed with 100

fll trichloroacetic and 200 fll dansyl hydrazine solutions. The mixture is heated for 10
min at 80 0

, then cooled to room temperature. The same procedure can also be
performed using sma ller samples (2-10 fll) of test solut ion, keeping the same propor­
tions of reagents as described above. A control tube conta ining no sugar is used as a
reference system to aid in the detection of dansyl hydrazine and its degradation
products .

Samples of the reaction mixture (2-10 pi , conta ining 2-100 nmoles suga r) are
applied to starting points on silica gel plate s and then developed by standard TLC
procedures using solvents as described in Table 1. After development and drying at
room temperature, the plate s are illuminated with a long- wave ult raviolet lamp.
Sugar hydrazones appear as imensely fluorescent br ight yellow spots. Dansyl hydra­
zine itself appears as a yellow fluorescent spot which is usually well separated from the

TABLE I

MOBILITY OF SOME SUGAR D ANSYL HYDRAZO NES ON TL C PLATES

Numbers indic ate R F values obtained on Anasil-G plates. Mobilit ies on Eastman-Kodak silica gel
sheets differed only slightly from th ose reported here. Solvent systems : I , Benzene-pyrid ine- acetic
ac id (16 :4 :1) ; II , toluene-triethylamine- acet ic acid (13:5 :2); III , chlorofo rm-ethylaceta te- J % boric
ac id in methanol (3:5:2); IV, chloroform-tert.-butanol-acetic acid (5:4:1); V, benzene -chlorofo rm­
1% sulfamic acid in dim ethylformamide (5:3 :2).

Compound RF

Maltose
Melibi ose
D-Glucose
D-Galactose
o-Mannose
2-Deoxy-o -glucose
n- Fructose
L-Sorb ose
n-Xylose
L-Ara binose
n-Ribose
L-Rhamnose
o-Fucose
2-Amino-2-deoxy-o-glucose
2-N-Acetylamido-2-deoxy-o-glucose
N-Acetylneuraminic acid
D-Glucuronic acid
DL-GIyceraldehyde
D ans yl hydrazine
Dan syJ-OH

I

0.01
0.01
0.17
0.13
0.15
0.23
0.23
0.25
0.35
0.30
0.41
0.40
0.42
o
0.07
o
o
0.52
0.86
0. 10

1/

0.11
0.09
0.21
0.19
0.20
0.26
0.23
0.25
0.27
0.25
0.32
0.35
0.36
0.28
0.16
0.14
0.14
0.44
0.56
0.37,0.51

1/1

0.15
0.10
0.42
0.27
0.36
0.53
0.46
0.50
0.62
0.52
0.59
0.63
0.58
0.45
0041
o
o
0.67
0.94
0.26, 0.22

IV

0.08
0.06
0.36
0.29
0.35
0.49
0.50
0.60
0.54
0.47
0.52
0.64
0.56
0.20
0.30
0.\0
0.04
0.77
0.96
0.35, 0.18

V

0.20
0.12
0.42
0.38
0.40
0.61
0.54
0.47
0.59
0.54
0.66
0.62
0.65
o
0.24
0.19
0.23
0.68
0.98
0.25
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hydr azones. A small am ount of degradation products of dansyl hydrazine, mostly
dansyl sulfonic ac id (dansyl-OH ), appear as green-blue fluorescent spo ts", easi ly
distin guishable from the dansylhydrazone s.

Elution and quantitative analysis
The yellow fluore scent spot s are scra ped off the plate (or cut out when

Eastman-Kodak sheets are used) into a standard conical centrifuge tube. The hydra­
zones are then eluted by 10 min sha king with 2 ml of I % acetic acid in eth an ol.
Particles are removed by centrifugat ion in a desk-top clini cal centrifuge. The super­
natant is measured in the spectrofluorimeter using the wavelength of 360 nm for
exitat ion and 510 nm for emi ssion s. If a radioact ive suga r is used , a sample (0.1-1.0
ml) of th is supernata nt is counted by scint illat ion spectrometry.

RESULTS AN D DIS C USSIO N

Optimal condit ion s for the formation of glucose dansyl hydrazone were worked
out so as to formulate the analyt ical procedure described above. Th e opti mum pH
range for the reaction was found to be bet ween 2 and 3. The rat e of hydrazone forma­
t ion at less acidic solutions was appreciably slower. Acetic acid (0.1 M) could sub­
st itute tri chloroacetic ac id in the react ion mixture. Hydr azone formation was found to
be complete with in less th an 10 min when the system was heated up to 80 0

• The sugar
dan syl hydrazones were relati vely stable in the acidic solution and could be chromato­
grap hica lly and fluor imet ricall y analyzed with very little loss of fluore scence intensity
also after 48 h if kept in the dark . The lowest limit of visual detection of the fluore s­
cent spot on the TLC plate was found to be in the range of 1-2 nmoles glucose dansyl
hydrazone. Thi s is similar to the level of sensi tivi ty described for the detection of
dansyl amino acid s on TLC platesv '':". The lowest level for th e quantitative fluori­
metric determination of the glucose dansyl hydrazone in solution after elution of the
spot from the chromatographic plate was bet ween 2 and 4 nmoles. This level of detec­
tion can most probably be lowered significantly through the use of a more sensit ive
instru mentation suitable for the f1uorimetric analysis of small er volumes than those
used in the present study .

The result s presented in Fig. I indicate that the procedure can be co nveniently
employed for the quantitative an alysi s of glucose. The use of [l4C]glucose in this ex­
periment pro vided an interna l control which indi cated th at about 90 % of the
glucose pre sent was co nverted to its hydrazone under the assay condition descr ibed .

Many other reducing sugars yielded dansyl hydrazones with disc rete mobilities
which could be detected by TLC (Table I). The rate and yield of hydr azones formed
with free a ldos es was similar to that observed for o-glucose. Ho wever , 2-amino-2­
deoxy sugars as well as keto ses (e.g. , o-fructose and L-sorbose) reacted very poorly
with dansyl hydr azin e and yielded low levels of hydrazones under the condit ions
described. Prolonged heating seemed to increase somewha t the yield of the se hydra­
zones. Also, it was noted that if hydrazone formation was co nducted at pH 4-6,
ketoses and 2-amino-2-deo xy aldoses did not interac t significantly with dan syl hydra­
zine even if heated to 1000

, whereas glucose and other a ldoses reacted read ily under
these conditions. A complete and comparative kinetic ana lysis of the interaction of
ketoses, aminos uga rs and aldos es with dan syl hydroazine has not yet been performed.
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Fig. I. Relationship between fluo rescence inten sity and glucose dans yl hydrazone concentration .
Samples (10 It!) of reaction mixtures containing the ind icated quantities of ['4C]glucose (3 . lOs counts!
min -r.m ole) were analyzed by TL C and subsequent elut ion as described in the text.

The arsenal of chromatographic, spectrophotometric and enzymatic procedures
ava ilable to the analyst for the assay of reducing sugars is very large, but only a very
limited number of reliable fluorimetric methods are available for this purpose. The
method described here does not intend to substitute for any of the popularly employed
procedures for the micro determination of reducing sugars in solution. However, it
should be considered to be a useful addition which may occasionally provide a simple
and helpful method for the detection of submicromolar quant ities of sugars, primari­
ly aldoses, in a mixture. Such occasions often exist during the analysis of acid hydroly­
sates of comple x carbohydrates isolated in very small quantities from various biolog i­
cal preparations.
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SUMMARY

The system C0 30 cH2 has been investigated by a gas chromatographic method
in the temperature range 325-623 "K. Three intervals, in which the C0 30 4-H2 inter­
action differed , were found, namely, 323-448 "K , in which irreversible adsorption of
Hz on the C0 30 4 surface predominated, 448-503 (553) "K , in which the reduction of
C030 4 began, and 503 (553)-623 "K , in which the reduction of C0 30 4 continued.

INTRODUCTION

Cobalt oxides are used as catalysts for many contact reactions, and C0 30 4 is
known to be the most active catalyst in reactions involving the deep oxygenation of
hydrocarbons I -3 and of such inorganic compounds as ammonia' :"or carbon monoxide".
Other important catalytic reactions, carried out with this catalyst are dehydrogena­
tion? and isorneri sation" reactions and the decomposition of hydrogen peroxide".

Interactions in the system C0 30 cH2 , which are important in studies of the
properties of oxygen adsorbed on the catalyst sur face as well as oxygen bound in the
crystal lattice, have hitherto been investigated mainly by static'?-!' or thermogravim­
etric" methods. A gas chromatograph method has been used only for determination
of the irreversible adsorption of H 2 at temperatures from 78 to 293 °K ' 3

•

Here we report gas chromatographic investigations of the system C030 cH2 in
temperature range 323 to 623 OK.

EXP ERIMENTAL

Preparation of catalysts
Cobalt hydroxide, precipitated by aqueous ammonia from a solut ion of cobalt

nitrate, was used as the starting material for all the oxides investigated. The series of
catalysts was obtained by heating this cobalt hydroxide at 573, 673, 773, 873 or 973 OK
in the presence of air; at these temperatures, decomposition of cobalt hydroxide was
complete.

The specific surface areas of each oxide obtained was determined by the BET

-:
\
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method for the adsorption of krypton at 78 "K : for sintering temperatures of 573,
673, 773, 873 and 973 "K, the respective specific surface area s were 22.6, 15.5, 8.1:
5.7 and 2.0 mZjg .

Studie s showed that all the oxides had the structure of spinel, and derivato­
grams indicated that, in the temperature range under study, the oxides did not
undergo any structural changes.

Methods
In thi s work , a gas chromatograph (ISCO 571 A) equipped with a thermal­

conductivity detector was used, and the carrier gas was argon containing less than 20
ppm of oxygen. Oxygen was remo ved from the carrier gas by copper- alumina and
manganese oxide-alumina catalysts":", and moisture was removed by molecular sieve
SA. Elect rolytic hydrogen was purified frem trace s of oxygen by mean s ofa palladium ­
silica catal yst and dried on molecular sieve SA.

Tablets prepared from powders of the oxides under test were crushed, and the
size fraction 0.14-0.4 mm was used ; 6-10 g of the sample were placed in a stainle ss­
steel tube . Before the experiment, the oxide was standarised by heating at 573 OK for
2 h in a stream of the carrier gas.

Hydrogen was introduced into the column by means of a valve of volume I
ml, and experiments were performed at temperatures in the range 323-623 OK. At
higher temperatures in this range , additional chromatographi c analysis of the redu c­
tion products was carried out with the use of a column of Porapak Q.

RESULTS AND DISCUSSION

Based on the difference in interaction between C030 4 and Hz, the range of
temperature investigated can be divided into three intervals , for which the chroma­
tograms are shown in Fig. I.

The interval 323-448 -«
In thi s interval, the first portions of Hz are irreversibly adsorbed , as shown by

the lack of peak s on the chromatogram. After a certain amount of Hz has been ad­
sorbed, further portions are practically not adsorbed (Fig. la) . Thu s, in this tempera­
ture range, the predominant proces s is irreversible adso rption of Hz. The amount of
Hz adsorbed increa ses with the temperature (F igs. 2 and 3).

A similar phen omenon, but in the temperature range 72-293 OK, was observed
by Shigehara and Ozaki':', who, by sta tic and chromatographic meth ods, calculated
that the amount of Hz irreve rsibly adsorbed at 293 OK was 3 mljlOO mZ. In our work ,
the value measured for C0304 (sintered at 573 "K ; surface area 22.6 mZjg) changed
from 6.4 to 10.8 mljlOO mZ with increase in temperature from 323 to 448 OK . The
amount of Hz sorbed on oxides sintered at var ious temperatures (different as far as
the ir specific surface area is concerned) decrease s per mass unit of the oxide with in­
crease in the sintering temperature ; ho wever, it remained constant per unit of surface
area (Fig . 4).

From thi s, it follows that the process being studied occurs mainly on the sur­
face. It can be used, therefore , for determination of the specific surface area of C0304
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by the pulsed-chromatographic meth od, with H z as ad sorbate. The probable mecha­
nism of irreversible so rption of Hz on the surface of the oxide is as follows:

H H
! I

- Co- O- + Hz - ;. -Co-O-
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Fig . 4. Dependence of amount (a) of irreversibly sorbed Hz on temperature after heating of the
Co,O. for I h at a given temperature.

In order to establish the irreversible character of the sorption in the temperature
range under discussion , the test oxide was heated for I h at the measurement tempera­
ture in the stream of the carrier gas (after the maximum of the Hz peak had been
reached); after this period, Hz was once more introduced . There was no reproduction
of the active adsorption centers at temperatures of 323 and 358 "K , and for tempera­
tures from 373 to 448 OK there was only slight reproduction (2-4 % of the Hz was
sorbed, relative to the amount originally ad sorbed) ; this is shown in Figs. 5 and 6.

It is probable that this is due to slight desorption of Hz or migration of oxygen
to the surface of the C0 30 4 with simultaneous migration of Hz into the catalyst.

The illterva/448-503 (553) OK
In this interval, as in the preceding one, the first portions of Hz are irreversibly

sorbed ; after a certain amount of Hz has been sorbed , a diffuse peak for water appears
on the chromatogram (Fig. I b).
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With further porti ons of H2 , the peaks become more and more symmetrical ,
until eventually each portion gives a H2 peak of constant height .

Thus, in thi s temperature range, reduction of oxide begins. The characterist ic
feature of this interval is the small amount of H 2 used in the reduction of the oxide.
It is difficult prec isely to assign the tempe rature at which reduction begins, but it
increases with increase in the sintering temperature of the oxide (and thus with the
decrease in specific surface area) .

It can be assumed that reduction begin s at the expense of the most mobile
ox-ygen atoms on the surface of the oxide. Thi s assumption is supported by the fact
that for the oxide with a small specific sur face area (sintered at 973 OK), reduction
begins at a considerably higher temperature (about 553 OK).
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The interval 503 (553) -623 -«
In th is interval , after a definite amo unt of Hz has been sorbed, further portions

of Hz appea r on the chromatogram as diffuse peak s for water . Thus, a ll the H2 intr o­
duced is used for reduction of the C0 30 4 (Fi g. lc), which is the predominant reacti on.
The character istic feature of th is interva l is the rapid reproduct ion of the act ive centres
on the surface of the oxide. Th is can be explained by the diffusion of oxygen from the
cry stal lattice to the surface of the oxide, where it is liber ated because the equilibrium
of the react ion

is displaced to the right.
In thi s react ion, electron excha nge is followed by a change in valency of the

ions, which, in turn, is connected with the cha nge in volume. Th is increase in tempera­
tu re is followed by the formati on of Coll- ions, which have a radius greater than that
for Co3+ ions, and the formation of oxygen atoms, with a rad ius significantly smaller
than that of 0 2- ions. The liberated oxygen ato ms diffuse towards the surface of the
ox ide.
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SUMMARY

The adsorption behaviour of 46 metals on layers of DEAE-cellulose has been
examined in aqueous oxalic acid media. R F values are given as a function of oxalic
acid concentration over the range 0.010-0.30 M and are compared with those obtained
in a similar manner with Avicel SF. RF data are also presented for 48 metals in oxalic
acid- hydrochloric acid mixtures, where the oxalic acid concentration was kept con­
stant at either 0.030 or 0.25 M and that of hydrochloric acid was varied from 0.010 to
3.0 M . Pronounced ion exchange take s place in oxalic acid media for many metal s, but
a limited number of metal s are adsorbed on DEAE-cellulose from the mixed acid
media. The versatility of the chromatographic system investigated is demonstrated by
many multi-component separations conducted without marked tailing.

INTRODUCTION

There have been few systematic studies on the behaviour and separation of
metals on anion-exchange resins in oxalic acid, oxalate and oxalic acid-mineral acid
mixtures. De Corte et al,' determined the distribution coefficients of 12 elements on
Dowex I in oxalic acid medium (0.001-0.98 M) and developed a scheme for the chro­
matographic separations of As(III), Mn(lI), Co(II), Zn(II) and Cu(II) ; Na(I), Mn(H)
and Zn(II ) ; and Ce(I1I) and Lu(I1I). Strelow et al." measured the anion-exchange
distribution coefficients with Bio-Rad AG-l for 36 elements in oxalic acid-hydro­
chloric acid mixtures and presented elution cur ves for multi-component systems.
Scattered information on the ion-exchange separation of metal s in oxalic acid , oxalate
and oxalic acid-mineral acid mixtures is also available'r " .

Thi s work was undertaken in order to investigate the adsorption characteristics
of metals on the anion exchanger DEAE-cellulose (henceforth abbreviated to DEAE)
in 'aqueous oxalic acid and oxalic acid -hydrochloric acid mixtures by thin -layer chro­
matography. The chromatographic systems investigated permit man y useful separa­
tions of analytical interest to be conducted effectively on DEAE.
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Sto ck solutions of metals
Metal stock solutions (0.1 M) were prepared as described prev iou sly' :', The

solutions of platinum metal s (3 M hyd rochlor ic acid) except for Pt(JY) were aged for
2 years after their preparation. The stock solution of Pt(IY) was allowed to stand for 2
months before use. The aged stock solutions of Ru(IlI) and Rh(IlI) were chromato­
graphed on a DEAE(CI - ) layer with 3 M hydrochlori c acid , each yielding two spots:
R F 0.52 and 0.76 for Ru(III) and RF 0.00 and 0.78 for Rh(lJl).

Preparation of thin-layer plates
DEAE (Serva, Heidelberg, G .F .R. , for TLC) was used as adsorbent. For

compari son purposes the microcrystalline cellulose Avicel SF (F .M.C., Marcu s
Fook, Pa. , U.S.A.) was also used as adsorbent.

DEAE (oxalate f orm) plates. Ab out 13 g of DEAE were washed with 500-ml
portions of 0.002 M sodium hydroxide solution by centrifugation until the super­
natant liquid was free from chloride ions. DEAE was then washed once with deionized
water. The DEAE was mixed with 200 ml of 0.2 M oxalic acid and st irred for 5 min ,
and finally washed with deionized water by centrifugation until the pH of the
supernatant liquid was 3. The DEAE (oxalat e form) thu s prepared was slurr ied with
28 ml of deionized water and spread in 250-,um th ick layers on five 20 X 20 cm glass
plates. The plate s were dr ied in air for I h and then at 40° for about 3 h, and were
stored in a desiccator over saturated potassium bromide solution.

DEAE (chloride fo rm) plates. Ab out 13 g of DEA E were slurried with 200 ml
of 1 M ammonium chloride solution, adjusted to pH I with hydrochloric acid , and
stirred mechanically for 5 min. The D EAE then was washed with 200 ml of 0.1 M
hydrochloric acid, and finally with deionized water until the pH of the superna tant
liquid was 3; after each wash the aqueous phase was removed by centrifugati on.
DEAE in the chloride form was slurried with 28 ml of deionized water and spread in
250-,um thick layers on five 20 x 20 ern glass plate s. The plates were dried and stored
as above.

A vicel S F plates. After being washed with deionized water by cent rifugation,
about 18 g of Avicel SF was slurried with 30 ml of deionized water and spread in 250­
,urn thick layer s on five 20 X 20 em glass plates. The plate s were dried and stored as
for the DEAE plate s.

Development
The metals (0.5 ,ul of stock solution) were applied to the layers and developed

in rectangular glass tanks with ground-glass lids after equilibration for I h. The sol­
vent front was allowed to rise 15 em from the star t. The solvents used were aqueous
oxalic acid (0.010, 0.030, 0.10 and 0.30 M ) and mixed solutions (0.030 or 0.25 Min
oxalic acid and 0.010-3.0 M in hydrochloric acid) . The DEAE (oxalate form) layers
were used in the oxalic acid system and the DEAE (chloride form) layers in the mixed
oxalic acid-hydrochloric acid system.

The metal s were detected as described previously!". The RF values reported are
the averages of duplicate or tr iplicate determinations.
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In the oxalic acid and oxalic acid- hydrochloric acid media the acid fronts
genera lly do not move to the liquid front. Tn Table I(A) are summarized the locati on s
of the oxalic acid fro nts on D EAE and Avisel SF in oxalic acid media. Tn addition to
the oxalic acid front a hydrochl or ic acid fron t appeared in dilute mixed acid media
and is indicated for each mixture in Table I(B).

TABL E I

OXALIC ACID AND HYDROCHLORIC ACID F RO NTS ON DEAE AND AVICE L SF

( A) Oxa lic acid ( HOx ) media ( B) Oxalic acid ( HOx) - HCI media

Location of HOx fr ont
( R p )

Location of
f ronts 0 11

DEAE ( RF )

- - -

H Ox HCI

Solvent syst em

0.0 1 M HOx
0.03 M HOx
0. 10 M HOx
0.30M HOx

DEAE

0.25
0040 (0048)'
0.63 (0.64)'
0.78 (0.80)'

Avice! S F

0.63
0.79
0.8 1
0.83

Solvent system

0 .03 M HOx--o.OI M HCI
- 0 . 1 M HCl
- 0 .5 M HCI
- 1.0 M HCI
- 3.0 M HCl

0.25 M HOx- O.Ol M HCl
- 0 . 1 M HCI
- 0.5 M H CI
- 1.0 M HCl
- 3.0 M HCI

0.38
0.67
0.80
0.81
0.90
0.78
0.80
0.83
0.83
0.90

0.89
0.95
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

, Values in pa rentheses indicate average RF values of th e fronts which ap peared when acidic
samp le so lution s (mos tly 0.5 It! of 3 M HCl) had been applied.

In Fig. I, RF values of 46 metals on DEAE (oxalat e) are given as a function of
oxa lic acid concentration. RI' values on Avicel SF are also illustrat ed for comparison.
It can be seen that most metals are not reta ined on Avicel SF to an appreciable extent
from oxalic acid solutions, with some excepti ons such as Te(lV), which is ad sorbed to
a lesser extent from oxalic acid solut ions of lower concentr ation. On the other hand,
pronoun ced adsorpt ion of many metal s takes place on DEA E from oxalic acid solu­
tion s. Over the tested concentration range, very strong retention (RI' = 0) was noted
for Ti(lV), Cu (II ), Mo(VI), Pd(II) , W(VI), Ir(lV), Pt(IV ), Au(ITI) and Bi(TII). F or
other metals strong adso rption is exhibited, except for Cr(IlI), As(lTl) and TI(I) at
oxalate co ncentra t ions in the range 0.01-0.3 M . There are dist inct differences in ad­
sorbability between DEAE and Avicel SF for the metals including Be(II ), AI(ITI),
Sc(lTT), Ti(l V), V(lV) , Mn(IT), Fe(III), Co(II ), Ni(lI), Cu(II), Zn(II ), Ga(III ), Ge(I V),
SeelY), Y(III ), Zr(lV), Nb(V), Mo (VI) , [Ru(lII )], [Rh(IlI )], [Pd(lI)] , Cd(II ), In(ITI),
Sn(l V), Sb(Ill), La(lII), Sm(lII ), Yb(lIl), Hf(IV ), W(Vl), Re(VII), Ir(IV), Pt (TV),
Au(TII), Hg(II ), [Pb(IT)], [Bi(III)] , [Th(IV)] and D(VI) (for the metals in square
bracket s tailin g take s place on either adsorbent, but gener al differences in absorbabil­
ity are apparent).

These metals were located on the D EA E layer either along or below the oxalate
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Fig. I . R F values of metal s on DEAE (e) and Avicel SF (0 ) in oxalic ac id solut ions . For convenience,
R, values on Avicel SF are shifted ar bitrarily to the right on the abscissa .

front over the oxalic acid concentration range tested; Be(II), Mn(II), Cd(II) and
perhaps Se(IV) moved just along the oxalate front.

The different behaviours of the metal s towards DEAE and Avice) SF can be
understood by assuming the formation and subsequent anion-exchan ge adsorpti on
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of oxalato complexe s of these metals in oxalate media. Regarding the retention of the
precious metal s, the ir retention can probably be ascribed to ion exchange of their
chloro complexes, because of their appli cation to the DEAE layer from hydro­
chloric acid solution ':";" and of thei r low oxalato complex formation tendencies.
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Fig. 2. R F values of metals on DEAE in oxalic acid-Ht.l mixtures. The concentration of oxalic acid
was kept constant at either 0.030 M (.) or 0.25 «() M.

It is worth noting the difference in the adsorption sequences of the metals
toward DEAE and a strongly basic anion-exchange resin in oxalic acid media.
Fortunately, distribution coefficients for twelve metals on Dowex I are now avail­
able' for oxalic acid solutions of concentration 0.001-0.98 M (saturated solution).
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The ad sorption sequence of metals from 0.0 I M oxalic acid solution is Mo(V!)[ > 105]

> I n(II I), Lu(lll ), Sc(ll!) l> 104
] > Cu( II) [ca. 104

] > Ce(l lI) [ca. 5000] > Zn(l I)
[ca. 3500] > Hg(lI ) [2000] > Co(II) [400] > Mn(l l) [ca. 20] > As(l l l) [1.7], where the
values in square bra ckets are the distribution coefficients, mo stly obtained by inter-
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polaticn from the original data. In cur 0.01 M oxalic acid-DEAE system, the sequence
is Mo(YI) > Cu(II), Hg(ll) > Sc(l l l), In(lll), REE > Zn(l l) > Co(ll) > Mn(lI)'
> As(l Il ) (REE represents rare-earth elements). Metals which are adsorbed weakly
on Dowex I are not retained on DEAE to any significant extent. However, the selec­
tivity sequences of metals on the two exchangers do not always coincide.

In Fig. 2 are illustrated the RF values of 48 metal s on DEAE(CI-) in mixed
oxalic acid-hydrochloric acid media. The concentration of oxalic acid is kept constant
at either 0.030 or 0.25 M and the concentration of hydrochloric acid is varied over the
range 0.010-3.0 M. The addition of hydrochloric acid resulted in a rapid decrease in
adsorption for nearly all of the metals tested, regardless of the concentration of oxalic
acid. Even the presence of 0.01 M hydrochloric acid renders many metals virtually
non-adsorbable on DEAE ; thus Sc(lIl), Ti(IY), Y(lY) , Fe(III), Co(ll) , Ni(II), Cu(II),
Zn(ll), Ga(III), Ge(IY), Se(IY), Y(lII), Cd(ll), In(lll), Te(lY), REE, U(YI), etc.,
exhibit RF values of unity or near unity in spite of the presence of oxalic acid (0.030
and 0.25 M). Some metals are still retained on DEAE from hydrochloric acid of
lower concentrations, as is found, for example for Zr (IY), Mo(YI), Pd(II), Sb(III),
W(Vl), Re(VII), Ir(lY), Pt(lY), Au(III) , Hg(Il) and Bi(lll). The se metal s move well
belo w the oxalic acid front. For some of these metals Lederer and Ossicini " have
reported similar trends in RF value s on DEAE-paper as a function of hydrochloric
acid concentration, although the comparison is possible only for a limited range of
hydrochloric acid concentrations. The similar behaviour of metals on DEAE in both
hydrochloric acid and mixed hydrochloric acid -oxalic acid does not exclude the role
of oxalato and chloro-oxalato complexes on the retention mechanism. However, it is
true that the apparent role of oxalic acid is not significant in mixed oxalic acid-hydro­
chloric acid media.

Strelow et al.' determined anion-exchange distribution coefficients (Kd ) with
AG I-X8, a strongly basic anion-exchange resin, for 36 elements in oxalic acid­
hydrochloric acid mixtures. The adsorption behaviour of metals in AG I appears to
be almost independent of those on DEAE in the mixed acid media. Some examples
can be mentioned. Sn(lY) is retained on AG I the most strongly of the 36 elements
studied from the mixtures, with K, > 104 for 0.05 M oxalic acid + 0.01-2.0 M hydro­
chloric acid and also K; > 104 for 0.25 M oxalic acid + 0.01-1 .0 M hydrochloric acid
mixtures. In our system the corresponding RF values are near 0.5, although tailing is
marked at lower concentrations of hydrochloric acid. The RF values of Ti(lY) on
DEAE actually remain unchanged (ca. 1.0), but the corresponding Kd on AG I de­
creases rapidly with increasing concentration of hydrochloric acid : > 104 for 0.0 I
M HCI, 7800 for 0.1 M HCI, 1450 for 0.5 M HCI, 213 for I M HCI and 1.3 for 3
M HCI (0.25 M oxalic acid present), Mo(YI) has Kd values on AG I very similar to
those of Ti(IV), but the RF values vary from 0 to 0.6 (see Fig. 2). It is likely that
oxalato complexes dominate and control the RF values on DEAE in oxalic acid media
(Fig. I), but chloride ions compete with the complexes for ion-exchange sites and
release them easily even at lower concentrations of hydrochloric acid in the mixed acid
acid media. DEAE strongly favours chloride ions.

A knowledge of the RF values for metal ions chromatographed on DEAE in
oxalic acid and the mixed acid media will permit many separations of analytical
interest to be conducted easily. We accomplished separations involving La(III)­
Ba(lI), Be(II)-Mg(II), Ni(I1)-Mn(I1), Co(II)-Mn(I1), Hg(Il)-Cd(I1), V(lY)-Cr(I II),
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Ti(IV)-Cr(IJ I), Sb(III)-As(IlI), Bi(I1I)-As(III), Pb(II)- TI(I) , etc., in oxal ic acid media
and Hg(IJ)-Zn(lI ), Hg(II )-Cd(II), Zr(lV)- Ti(l V), Zr(lV)- V(lV), Jr(l V)-Co(Tl),
In(lIl )-Ga(III ), In(III )-AI(lJI), W(VI)-Mo(VI) , U(VI)-Mn(II), Fe(l Il) - ln(II J)- Se(IV)
Hg(II)-Au(lIl ), Mn (IJ)-Cd(II)-Hg(lI)-Au(III ), Cu(lI)-Zn(II )-Sn(IV) -Au(III), Ni
(I1)- Cd(lr)-H g(lI )-Au(IIJ), Mn(II )-U(VI)-Sn(lV)-Au(lll), Ni(lI )-Pd(lI)-Au(lII ), Cu
(1I)-Pt(l V)-Au(lIl ), etc., in oxa lic acid-hydr ochloric acid mixtures, confirming the
validi ty of the Rt· values shown in Figs. I and 2.
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sulphonamides
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Departm ent of Pharmacy , University of Aston in Birmingham, Gosta Green, Birmingham B4 7ET
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(Recei ved Mar ch 9th, 1977)

The identification of polymers I , biological macromolecules' and microorga­
nisms" by analytical pyrolysis gas chromatography (GC)4 or pyrolysis ma ss spectrom­
etry (MS)5 is well documented. The application of the se techniques to the study of
lower molecular weight compounds--? and in particular to antibacterial substancesv"!"
ha s been limited. Our interest in the an alysis of these compounds, especially in
formulated products or in biological fluid s, has led us to study the application of
analytical pyrolysis in this field and here we report some of our results concerned with
the identification of medicinal sulphonamides. Various methods have been devel oped
for the identification of the se compounds and chromatographic procedures include
paper and thin-layer!' chromatography, and high-pressure liquid" and ion-pair
partition chrom atography ':', Although sulphonamides are generally too polar for
direct GC and decompose during elution'S !", several procedures a re now ava ilable for
derivatisation prior to analysis. These include methylation!6, permethylation and
perethylation'? for GC-MS studies and the use of perfluoracyl and pentafluorob enzyl
compounds for elect ro n capture detection of sim ple" or medicinal' ? sulphonamides.
Methylated acetal derivatives have a lso recently been used for thi s purpose": Degrada­
tion techniques are limited to hydrolysis and GC of the liberated amines" and to
preparative pyrolysis and thin-layer chromatography for pyrimidine sulphonamides".
The TAS23 (thermomicro and transfer- application-substan ce) procedure has also been
applied to som e sulpho nam ides'".

EX PER IMENTA L

Preparation of samples
The samples (50-100 flg) were di ssolved in 10-20 fll of a suita ble so lvent

(usually methanol) and applied to a rotat ing wire by a micro syringe" . The solvent was
evaporated using a ha irdrier and the coated wires were sto red under vacuum.

Apparatus and conditions
A Pye Curie point pyrol yser was used at a temperature of 770° maintained for

5 sec. A new wire and quartz tube were used for each sample. Chromatography was
carried out on a Pye GCV gas chromatograph with 1.5 m x 3 mm 1.0. dual glass
columns packed with 2 % KOH -+ 8 % Carbowax 20M on Chromosorb W AW
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DMCS, 100-120 mesh (Phase Separati ons, Queen sferry, Great Britain). The tempera­
ture was programmed from 1000 to 240° at 2°/min with a final hold of 10 min. The
injection port was held at 275" and the detector oven heated to 350°. The air pressure
was maintained at 0.5 kg/em", the hydrogen at 1.3 kg/em- a nd the nitrogen flow-rate
was 50 ml/rnin. The data was collected using an Infotronics CRS 304-30 integrator.
The identification of the pyro lysis fragments was achie ved by mean s of a G C-linked
VG Microm ass 128 mass spectrometer operated with a trap current of 100 pA, an
accelera ting voltage of 4 kV a nd an ionisat ion energy of 22 eV.

TABLE I

CH EM ICA L STR UCT UR E O F SU LPHONA M IDES

~OS02-NH'R2

No. Sulphonamide R1 R 2 Proprietary product

Benzen e sulphonamide H H

2 Ben zen e sulpha ni lide H -0
3 Chlorpropamide Cl 8~ Diabinese (Pfizer)- -N·(CHl 2CH3

4 p-Ethyl ben zene sulpha nilide C H 3CH 2 -0
Phthalylsulphath iazole cA°2H

~NS) Thalaz ole (May & Baker)
ONH-

6 Succinylsulpha thia zo le 8fji -<N) Sulphasu ximid e ( MS D)H02ClCHh -N-

7 Sulphacet amidc H 2N -g-CH3
Eye drop s

8 Sulphan ilam ide H 2N H

9 Sulpha diazine H2N ~~) Sulpha triad (May & Baker)

10 Sul phadime tho xine H2N
nOCH3

Madribon (Roch e)
N=OCH3

N1
H3

Il • Sulphadimidinc H,N ~N Sulpharnezathine (IC I)
H3

- - - -- _. ._-~-------

(Co ntinued O/l p. 366)
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TABLE I ( continued )
- - --- --- -_. - . . _ . - --- - . _-

No . Sulph onamide R1 R1 Proprietary product
. . ._---- -- - .- ._. ._-

12 SuIphafurazo le H1N ~ Gantrisin (R oche)
H3 H3

13 Sulphaguanidine H1N
NH
-C-N~

14 Sulphamerazine H2N NJ H3 Su lph atriad (May & Baker)-f
N

15 Sulphamethoxazole H 2N

~H3
G antan ol , Bactrim (Roche)
Septrin (We llco me)

16 Sulpharnethoxydiazine H !N
-{~}>CH3

Durenate (Bayer)

17 Sul pham ethoxypyridazinc H ,N -\:IoCH3
Mid icel (Pa rke Da vis)
Leder kyn (Led erle)

18 Sulphametopyrazin e H 2N
N') Dal ysep (Syntex)

Hj:}:.N Kel fazine (Mo ntedison)

19 SuJph aphenazole H 2N
-I(;J Ori sulf (Ciba)

C6Hs

20 Sulphap yrid ine H 2N -0 M & B 693 ( May & Baker)

21 Sulphath iazole H2N -<) Sulpha tr iad (May & Baker)

22 Tolbutamide CH J
QI;i Rast inon (Hoechst)-G-NCH2!JCH3

23 p-Tolu ene sulphona mide C I·h -H

RESULTS AND DISCUSSION

The sulphonamides used in thi s investigation are record ed in Table I together
with the proprietary and ethical names for the various formulated products. The
pyroly sis of those sulphonamides recorded in Table II was found to be characterised
by fission about the labile sulphonamido group and yielded a simple pyrogram in each
case. Thi s con sisted of a shor t retention time gas composed solely of sulphur dioxide
followed by two inten se peak s due to aniline and a heterocyclic amine. These identifi­
cations were confirmed by retention time comparisons and by MS. Anil ine was found
to be common to all fragmentations and served as an internal reference . The hetero­
cyclic amine was produced by cleavage at the sulphonamido group and characterised
the sulphonamide under test. Thi s is illustr ated for the pyrimidine sulphonamides in
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TABLE II

RETENTION INDICES (ANILlNE ~· 1.00) OF SULPHONAMIDES WITH SIMPLE FRAG­
MENTATION

Sulphonamide

Sulphapyridine
Sulphadiazine
Sulphamerazine
Sulphad imidine
Sulphamethoxydiazine
Sulphaphenazole

Retention
index

1.26
1.30
1.33
1.47
1.85
3.16

Table II , and in Fig. I. Thi s data demonstrates the var iation in retention time which
enables the identification of a specific sulphonamide to be achieved.

MS fragmentation of sulphonamides'v" is characterised by the presence of
diaryl amines derived via the extrusion of sulphur dioxide from the molecular ion.
Simple sulphonamides (2 and 23 in Table 1) ha ve been found to undergo analogous
secondary reactions and small amounts of biphenyl, carbazole and diphenylamine
were detected on pyrolysis of benzene sulphonamide, in addition to the major com­
ponents benzene and aniline. The results of meth oxy-substituted sulphonamides again
produced characteristic pyrograms. In thi s series however, only sulphamethoxydiazine
underwent the simple decomposition noted previ ou sly to yield sulphur dioxide , aniline
and 2-amino-5-methoxy-pyrimidine . The rem aining sulphonamides (Table III)
yielded seco nda ry products resulting from trails-methylat ion reactions involving
anil ine and the methoxyheterocyclic. Thus sulphametopyrazine and sulpharnethoxy­
pyridazine yielded N-methylaniline and sulphadimethoxine, which has two methoxy
substituents, in addition yielded N,N -dimethylaniline. Thi s acti vity may be accounted
for by the kn own tendency for the methoxyl groups positioned a to a zr-deficient ring
nitrogen atom to undergo thermally-initiated free-radical intermolecular rearrange­
ment s result ing in methyl migration 28 , 29 .

In sulphacetamide an acet yl group replaces a heterocyclic substituent. Thi s
change increases the incidence of seconda ry reactions and pyrolysis of the hydrated
sodium salt yields several products, among the se acetanilide is an intense peak and is
unique to sulphacetamide and so may be used as the diagnostic fra gmentation product.
Smalle r am ounts of ca rbon dioxide , sulphur dioxide, acetonitrile, aceti c acid, ben zene
and acetophenone as well as aniline were detected .

SULPHADIAZINE

SULPHAMERAZINE

SULPHADIMIDINE

H H

Fig. I . Pyrol yt ic composit ion of pyrimidine sulphonamides.
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TABLE III

RELATlVE AREAS OF AM INES OBTAINED FROM M ETHOXYSULPHONAM IDES SHOW­
ING TRANS-METHYLATION

Sulphonamide Relati ve areas Retention
index R,NH,

Me , NPh MeNHPh R, NH, (aniline - 1.00)

Sulphametopyra zine 0.Q7 0.23 2.48
Sulphamethoxyp yridazine 0.18
Sulphadimethoxine 0.63 0.94 2.75 0.24

Formulated sulphonamides may also be studied by thi s meth od as it has been
found th at the excipients in tablets, e.g. magnesium stearate, lactose and starch, do not
interfere either with the fragmentation pathways or with the overall appearance of the
pyrogram. The technique is particularly usefu l for formu lated mixtures. Fig. 2 records
data obta ined from Sulphatriad which contains a mixture of three sulphona mides and
illustrates the clear identification of the components.

The technique ha s also been applied to the quantitative analysis of these drug s
and also to the dete ction of sulphonamides and metabolite s in urine . These results will
be communicated at a later date".

S UlP H A O IA ZlN f

SUL PH ATH I AI O L€

A

S UL P H ATR I AD

0.5 1.0 1 . 5
Re tenl,o n In d e .. I a n , I , t'lt" 1 . 0 0 )

Fig. 2. Pyrograrn of fo rmu lated mixture.
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(Received April lst , 1977)

Adenine arabinoside (ara-A) * is a purine nucleoside first synthesized in the
early 1960s1

•
2 and later isolated from culture filtrates of Streptomyces antibioticus' , It

was reported to exhibit marked inhibitory activity against DNA viru ses in cell
culture":". Its antivira l ac tivity has been extensi vely eva luated in a variety of a nima l
systems" and utilized for therapeutic purposes in man". The determination of ara-A
and its principle metabolite, hypoxanthine arabinoside (ara-H x) in biological fluids
ha s been reported by high-performance liquid ch romatography (HPLC) on catio n­
and anion-exchange rcsins'P:":'. In our earlier work , good separ at ions of ara-A, ara-Hx,
Hyp, Ino and internal marker (8-amino ara-A) were obtained with Aminex A-28
columns using 0.2 M sod ium acetate at pH 7.4 as the mobile phase. Ho wever , when
pre sent, Ado was not sepa rated from ara-A in thi s system. The separat ion of thi s
epimeric pair required the use of an additional co lumn of a st rong cation-exchan ge
resin such as Aminex A-6 or A-7.

The chromatograph ic sepa rat ion of saccharidesr' "!" a nd nucleosides' F'" has
been accomplished through borate complexing. In an effort to el imin ate the use of a
two-column system for the efficient separation of ara-A from its metabolites, the use
of borate buffers was investigated in the Aminex A-28 system.

EXPERIM ENTAL

Chemicals and reagents
Sod ium borate decahydrate and acet ic acid (reagent grade) were obtained

from J. T. Baker (Phillipsburg, N .J., U.S .A .). Sodium acet ate (anhydrous analytical
reagent) was obta ined fro m M allinckrodt (St. Loui s, Mo. , U.S.A .). Ad o, Ino , Hyp
and Ad o deaminase were ob tained from Calbiochem (San Diego, Cal if., U .S.A.).
Ara-A , ar a-Hx and 8-a mino a ra-A were obtained from Parke, Da vis & Co. (Ann
Arbor, Mich., U.S.A .). Stock solut ions of 0.04 M sod ium borate and 2 M sod ium
acetate were used to prepare mobile phase buffer so lut ions by appro pria te d iluti on in
distilled water. The pH was adjusted by the addition of 5%(0.83 M ) acetic acid.

* Abbreviations used : a ra-A =, 9.~-D-a rabinofu ranosy laden i ne , arab inosylad enine, vidarab ine ;
ara-Hx = 9-p-D-arabinofuran osylhypo xanthine, arabinosy lhypo xanthine ; 8-amino ara-A = 8-ami­
noarabinosyladcn ine; ara-A MP = arab inosy ladenine 5'-monophosphate; Ado - adenosine ; Ino ~

inos ine ; Hyp = hypo xanthine.
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Equipm ent
A Series 4200 liquid ch romatograph (Varian Assoc. , Walnut Creek, Cali f.,

U.S.A.) with a 254-nm fixed-wavelength UV detector and an A-25 record er was used
throughout this study. A Model 153 fixed-wavelength UV detector (Altex Scientific,
Berkeley, Cal if., U.S.A.) was used to provide dual co lumn capability. Stain less-steel
columns (15 em x 0.37 I.D. ) were slurry-packed with Aminex A-28 resin (Bio-Rad
Labs., Richmond , Calif. , U.S.A .) in d istilled water. The Aminex A-28 resin was pre­
equilibrated for 24 h in 2 M sod ium acetate solut ion. The temperature was maintain­
ed at 60° to facilit ate diffusion and to decrease the viscosity of the solvent. The flow­
rate of the mob ile phas e was adjusted to 0.5 ml/rnin, which requi red a pressure of
700-1 000 p.s.i. Sample s were injected on-column by means of a syringe through a
stop-flow injector .

Me thods
Plasma samples were deproteini zed by centrifuga tion through CE25 or CF50A

Cent riflo membrane cones (Ami con Corp., Lexington , Mass., U.S .A.) at 100 g for
60 min. Urine samples were filtered th rough No. 497 paper (Schleicher and Schull ,
Keene, N.H., U.S.A.) and diluted with dist illed water as required . The internal
marker, 8-amino ara-A, was added to all samples provided that interference peak s
were not present. Peaks were quantitated manually using peak-hei ght measurements.
Ara-A and ara-Hx co ncentrat ions in biological samples were determined from cali­
brati on graphs prepared by linear regression ana lysis of standards at four or five
different concentratio ns.

RESULTS AND DISC USSION

Anion-exchange techn iques were selected for the separat ion of ara-A and ara­
Hx in the presen ce of Ado, Ino and Hyp for several reasons. Firstly, except for an
overlap of Ado and ara- A, all oth er components are separated in a single analytica l
system. Secondly, borate complexing provides an add itiona l parameter for the effec­
tive separatio n of ribosyl and arabinosyl nuc1eosides. As borate complexing is most
pron ounced with sugars that conta in cis-hydroxyl groups in a furanoid structure",
the borate-diol of ribose shows a high affi nity for strongly basic anion exchangers .

With 0.005 M sod ium borate solution as the mobile phase, the effect of pH on
the retention of ara-A, 8-amino ara-A, ara-Hx, Ad o and Ino on Aminex A-28 is
shown in Table I. Optimal separatio n of these components occurred at pH 6.3. Ado,
ara-A and 8-amino ara-A have no ion ic propertie s that can be manipulated in order
to change their retentions in anion-exchange systems except at stro ngly alka line pH.
The apparent except ion of Ado is attributed to the formation and exchange of the
borate-complex anion. The retention of ara-Hx and Ino is based upon true anion
exchange. In add ition , the formatio n of a borate complex with Ino resulted in
total resin retent ion in the pH range tested.

The effect of the molarity of the mobile phase on the retention of components
at a consta nt pH of 6.3 is show n in Table JI. Maximum separation of components was
achieved at a borate concentrati on of0.0 I M . As expected for true anio n exchange, the
retention of ara-Hx was inversely proportional to borate concentration, while ara-A
and 8-amino ara-A were not greatly affected. In contrast , the retention of Ado was
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TABLE I

INFLUENCE OF pH ON THE RETENTION TIME OF NU CL EOSIDES O N AMINE X A-28

Mobile phase 0.005 M sodium tet raborate solution.
..-- "_. "- --- "- _ ._.- --

pH Retention time ( min)
.. _ -_.- "- "-'- -- -- . -- -

ara-A 8-amino ara-A Ado ara-Hx Ino

9.0 11.0 20.0 N.E. " N.E. N.E.
7.3 9.5 N.E . N.E. N. E.
7.0 7.0 28.0 N.E. N.E.
6.3 6.0 8.0 10.0 17.5 N.E .
6.0 6.0 8.0 8.5 11.5
5.0 6.0 7.0 5.0
--- -----~--

" N.E. = Not eluted from co lumn.

directly proportional to borate concentration, as would be expected from increased
borate-complex anion formation .

The chromatographic separation of nucleosides and Hyp on Aminex A-28
using a mobile phase consisting of 0.0 I M sodium borate at pH 6.3 is shown in Fig.
lA, Although the separations were reprodu cible from day to day and the columns
appeared to be stable, a gradual increase in the retenti on times of Ado, ara-Hx and
Hyp was found with columns used over periods of weeks or months. The chromato­
graphic profile on the same column after a 3-month period is shown in Fig. IB. As
freshly prepared columns operated satisfactorily, the gradual replacement of acetat e
with borate ion on the resin appeared to be a possibility. The add ition of sodium
acetate to the mob ile phase restored the retention times of the abo ve components to
their initial values. Subsequently, a mob ile phase consisting of3 part s of0.0I M sod ium
borate and I part of 0.01 M sodium aceta te at pH 6.4 was empl oyed.

The response of the UV detector to known amounts of ara-A and ara-Hx was
linear throughout the ran ge (0-20 ,ug/ml) , as shown in Fig. 2. The reproducibility of
the peak heights of ara-A and ara-Hx was establ ished in a trial in which 10 replicate
assays were run at a concentrati on of each component of 20 Itg /m \. The coefficient of
variation was 2.1 %for ara-A and 7.4 %for ara-Hx. Stand ard graphs prepared by the
addition of kno wn amounts of ara-A and ara-H x to deprotein ized plasma, urine or
water showed no significant differences in recoveries.

The sensitivity of detecti on was enhanced by the low noise level of the chroma­
tographic system and the relatively sharp chromatographic peaks. Thi s perm itted

TABLE II

INFLUENCE OF MOLARITY ON TH E RETENTION TIMES OF NU CLE OSIDES ON
AMINEX A-28

Mob ile phase sodium tet ra borate solution at pH 6.3.

Mo larity Retention time (min)

ara-A 8-amino ora-A Ado ara-Hx Hx

0.005 6.0 8.0 10.0 17.5
0.01 6.5 9.0 12.5 16.5 19.0
0.02 6.8 9.5 15.2 13.0
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Fig . 1. HPLC o f a nucle oside mixtu re on an Aminex A-28 column. (A) In itial sepa ra tio n ; (B) separa ­
tion after 3 months.

operation of the UV detectors at max imal sensrtrvrty , Under these conditions, the
lower limits of detect ion were a bo ut 2 ng for ara-A and 5 ng for ar a-Hx. A typical
chromatogram of human plasma taken 30 min after the start of an i.v. infusion of
a ra-A ( 10 mg/k g .day over a 12-h infu sion per iod ) is shown in Fig. 3. A 20-, tt volume of
intern al marker (20,ug/ml in water) a nd 20,u 1 of 0.1 M sodium acetate butTer at pH
6.3 were added to 160,u1 of deproteinized pla sma and a 10-ftl sample of thi s mixture
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was injected on the column. Ado and a small amount of ara-A were found in addi­
tion to the major peak representing ara-Hx. .

Presumptive identification ofara-A and ara-Hx in biological samples was made
by comparing the retention time s of the peaks with th ose of known standards. Identi­
fication of ara-A was confirmed by use of an enzymic peak-shift technique". A study
in which human eyes were treated with a 3% ophthalmic solution of ara-AMP re­
quired the assay of the aqueous humor. A 20-pl sample was assayed directly without
deproteinization because of limitations on the sample size ; th is produced an elevated
base-line. A 5-,u1 volume of internal marker (lO,ug/ml in wate r) and 5 pi of Ado
deaminase (42I.U./ml in water) were added to 20 pi of sample and the mixture was
incubated at room temperature for IS min . The results shown in Fig. 4 indicate the
complete disappearance of the ara-A peak and a corresponding rise in ara-Hx pro­
duced by the deamination of ara-A, This technique is not applicable when co-vidara­
bine " or other inhibitors of Ado deaminase are added to freshly collected blood
samples.

®

ara-A

1.5.

~

uz
«
lD
a:
o
V)
CD
«

1.5. ara-Hx

are-ax

t 10 20 30 t 10 20 30
Inject Inject

TIME- MINUTES TIME - MINUTES

Fig . 4. HPLC of human aqu eous hum or followin g topical applicat ion of 3 % ara-AMP ophthalmic
solution. (A) Untreated sample; (B) after treatment with Ado deamin ase,

CONCLUSION

By means of HPLC in a borate buffer system, ara-A and ara-Hx are separated
from ribosyl nucleosides and determined quantitatively in blood and urine.
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Note

Thin-layer chromatographic measurement of low activities of tritiated sub­
stances mixed with non-radioactive quenching plant pigments

JEAN ROU CHAUD, JACQUES R. DECALLONNE and JOSEPH A. MEYER

Universite Catholique de Louvain, Laboratoire de Phytopathologie , 3, Place Croix du Sud, 1348 Louvain­
la-Neuve ( Belgium)

(Received April 1st, 1977)

Tritium (3H) is frequently used as a tracer in radiochromatography of samples
of biological or igin, although difficulties arise in its determinati on owing to the low
electro n energies (E m • x = 18.5 keY) involved. For rad iocarbon (I4C), the electron
energie s are larger by a factor of ca. 10, and the problems of detect ion are greatly
reduced. The sta ndard method of film detection of low activities of 14C in th in-layer
chromatography (T LC) is predomin an tly an auto radiographic process entail ing the
direct interaction of the 14C p-particles with the emul sion I, and is several thou sand­
fold less sensitive for 3H. To enhance the speed and the sensitivity of 3H film detection,
scintiIlators must be incorporated into the TL C plate, or applied to the plate after
chr omatographic development, which in turn produces an image in the photo graph ic
emulsion (fluorography)":" ; a sensitivity as low as I nCi 3H per em! per day can be
obtained, but it var ies strongly with the experimenta l conditions'. The TLC spots
are scraped off and suspended in a scintillation solution, and the JH rad ioactivity is
measured using a liqu id scintillation spectrometer':", These methods involve the
detecti on of luminescence indu ced by p-particles, and can thu s be hampered by
quenching. During TLC analysis of sample s from plant extract s, spots of coloured
plant pigments, especially the chlorophylls, can partl y or completely quench the
radioactivit y of the spots of the trit iated com pounds under study (the pesticides and
thei r metabolites, for example) . We have developed a sensitive and reliable method
for detection of trit iated substances on TL C plates when their spots are mixed with
those of such pigment s. The TLC of the tritiated fungicide triforine [NN'-bis-(I­
formamido-2 ,2,2-trichlo roethyl)piperazine, uniformly 3H- labelled in the piperazine
ring] is given as an example .

MATERIALS AND METHODS

3H-Triforine (I05 /lC i/mg) was received from Cela Merck (Ingelheim am
Rhein, G.F.R.), and stored as a powder until use. TLC was carried out with activated
(105°, 24 h) DC -Plastikfolien K ieselgel 60 F254 (Merck, Darm stadt , G.F.R.) divided
into strips (2 X 20 cm/0.25 mm). 3H Measurements were made at 8° in polyethylene
counting vials (Packard) with a liquid scintillation counter (Packard, Model Tri-Carb
2425) in scintill ant I (60 g naphthalene, 4 g Pf'O, 200 mg popop, 100 ml methanol,
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20 ml ethylene glycol , dioxane to I I) or 11 (7 g Pl'O, 0.6 g POPOP, toluene to 1 I).
prep ared with scintill ati on grade produ cts from Packard (Downers Grove, JII.,
U.S.A.). The other chemicals were of anal yt ical grade from Merck .

Stand ard solutions of 3H-triforine in methanol or benzene were prepared , and
counted (100 ftl) in scintillant 11. Absolute activities and counting efficiencies were
determined by using internal standa rds of 3H-toluene (Pac ka rd), the sample giving
a homogeneous solution with the scintill ant. A mixture of plant pigments was ob­
tained by the extraction of barl ey leaves with chloroform and concentrated in a
rota to ry vacuum evaporator" , Th e tot al chlorophyll content of the concentrate was
measured by visible ab sorption spectrophotometry (it = 652 nm) of an aliquot
dissolved in 80 % aqueous acetone8

,9 . Aliquots of the concentrate were added to
solutio ns of 3H-trifor ine, giving sta nda rd solutions of mixtures of 3H-triforine and
chlorophylls (and other plant pigments), which were spotted (20,u1) on the TL C
strip. Th is was developed for 16 cm with eth yl acetate , the RF of tr iforine being 0.67.
The dried chromatogram was cut into 12 equal segments, the radi oacti vities of which
were measured separately , and then summed. The distribution of the radioactivity
along the chromatogram was thu s determined. Several meth ods were tried for the
dete rmin ation of the radi oacti vity on the TLC strip.

M ethod 1. The TL C segment was put directly into the counting vial containing
scintillant " (10 rnl).

Me thod 2. The TL C segment was scra ped off. The powder was tran sferred
quantitatively int o the counting vial contai ning scintill ant II (10 ml), and the whole
was shake n for I min.

Me thod 3. The TL C segment was scraped off. The powder was tran sferred into
the count ing vial containing 0.2 ml Cly-water (ca. 5 g Cl, per I water) and shaken for
2 h after which scinti llant I (10 ml) was added .

Method 4. Th e TL C segment was scra ped off. The powder was tran sferred
into the counting vial containing 0.1 ml Bry-water (saturated solution) and shaken
for 2 h, after which scintillant I (10 ml) was ad ded.

Method 5. The TL C segment was put into the counting vial conta ining a 10 g %
solution (1.2 ml) of benzoyl peroxide in toluene. After irradiation for 2 h under
intense light , scintillant Il (10 ml) was added .

Me thod 6. The TL C segment was scra ped off. The powder was treated in a
sealed tube (105°, ]7 h) with propan- 2-ol (0.3 ml) and 30 vol %hydrogen per oxide
(0.3 ml). Th e contents of the cooled sea led tube were transferred quantitatively into
scintillant I (10 ml).

The absolute activity (as well as the amount of chlorophylls) spotted on the
TLC strip was always accurately known. By comparing thi s with the sum of the
measured acti vities of the segments, obta ined after chromatography and application
of one of the methods outlined above, we mea sured the total efficiency of the method .
If the solution stud ied was spo tted on a TLC segment which was not chromatographi­
cally developed, the radioacti vity measurement efficiency was similar to that observed
after chromatogra phy. All six method s gave similar results. All samples were counted
at least fou r times with 10,000 counts collected in the counting cha nnel, and the
counting was repeated severa l hours later to check the absence of disturbing lu­
minescence after an adequate time of dark ad aptation. Th e background count rates
varied from 10 to 18 cpm.
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The radioactivity of a solut io n of pure 3H-triforine in toluene was measured in
scint illant I I. The counting efficiency was 44 ± 0.5 %, and independent of the act ivity
of the sample between 2 .103 and 2 . 105 dpm. When a so lut ion of pure 3H-t riforine
was spotted on a TLC strip, and the rad ioacti vity of the devel oped chromatogram
was measured , the efficiency of counting was the sa me with both methods I and 2
(Fig. I).
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Fig. I . Efficiency of pure 3H-triforine radi oact ivity measurement afte r TLC and use of methods 1and 2.

Standard solution s of mixtures of 3H-t rifo rine and chloro phy lls (and other
col oured plant pigments) were spotted on TLC strips, which were developed with
ethyl acetate. The spot of triforine was mixed with those of plant pigments. The
counting efficiency was low and similar with methods I and 2 (no blea ching) (Fig . 2).
Similar results were obta ined when there was no chromatographic devel opment.
There was no re liable relationship bet ween efficiency and channels rat io. The efficiency
was so poor that low activity (less than 2. 104 dpm) of 3H-triforine could not be use­
full y di stinguished on developed TLC str ips. Moreover , the co unt ing solutions were
green and luminescent so th at, so met imes, as much 4 h elapsed before counting was
possible.

When th e sa me assays with mixtures of 3H-triforine and plant pigments were
performed using the bleaching method s 3 and 4 poor results were obtained, the
counting efficienc ies being less th an 10%. Somewhat better results were obtained
with the bleaching method 5 (Fig. 3) ; howe ver , it was inefficient as the amounts of
chlorophylls spotted on the TLC strip were usually ca. 30 flg . Simil ar efficiencies
were obtained when there was no chro ma tog ra phic development.

TLC assays with mixtures of Pl-l-triforine (spotted activities between 2.103 and
2· 105 dpm) and chlorophylls (spotted amounts of 0--150 fl g) were performed using
the bleaching method 6. The counting efficiencies after chromatograph ic development
(or witho ut development) were con stant (22 ± 0.5 %), and correspond to the counting
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Fig. 2. Solutions of mixtures o f 3H-t rifori ne and chloro phylls were spotted on TLC strips and, after
chromatographic develo pment , the efficiencies of rad ioact ivity measureme nt by meth od s I and 2 (no
bleaching) were recorded .
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Fig. 3. So lutio ns of mixtures of 3H-triforine and chlorophylls were spo tte d on T LC str ips, the
trit iated spo tted ac tivity be ing co nsta nt a t 2 · 10' dpm . After chromatograph ic development , the ef­
ficiencies of radio activity measurement by methods 1, 2 (no bleach ing; similar results fo r bot h : 0 ),
and 5 (0) were reco rded .

efficiency of 3H-toluene in scintillant I (10 ml) to which the pure bleaching solvent s
were added (0.3 ml of 30 vol%hydrogen peroxide, and 0.3 ml isoprop an ol). Counting
could be perform ed immediately, as there was no interfering luminescence . Ind e­
pendently of the spott ed amount of chlorophylls, 3H-triforine act ivities as low as
2 ' 103 dpm gave very clea r spots after TLC development. Thi s method is thus useful
for the TLC measurement of low tr itiat ed activit ies mixed with quenching coloured
plant pigments. It also enables the measurement of the distributi on of the radio­
activity along the chroma togra m, as the counting effi cienc y is con stant and inde-
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pend ent of the presence of coloured spo ts mixed with the radi oact ive one. The
limiting factor, although not concerned with the measurement meth od , was the
am ount of spotted chlorophylls. Indeed, above 50 fl g chloroph ylls, the TL C was
oversaturated . Thi s problem could be so lved by using prepara tive TLC.
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Note

Determination rapide de polyamines et de quelques mono- et diamines dans
des extraits vegetaux

V. R. VILLAN UEVA , R. C. ADLAKH A ' et A . M. CANTE RA-SO LER'

lnstitut de Chimie des Substances Naturelles, CNRS, 91190 Gif-sur-Yvette ( France)

(Recu le 18 avril 1977)

La chro matog raphie automatique sur colonne d 'ech an geur d ' ion s est une des
techniques de choix pour I'an alyse de melanges de mono-, di- et polyamines. Bien
qu 'un grand nombre de meth odes a ient ete publ iees (par ex. bib!. 1-4) e1Ies co ncernent
sou vent I'analyse de mater iel d 'ori gine a nimale. Tres pe u d 'entre elles ont ete con­
sacrees a la determ ination des amines contenues dan s du materiel d'origine vegeta te".
D'autre part ces methodes donnent de bons resultats , lor squ'il s'agit d'echantillons
purifi es, par cont re on obtient des chro matog rammes difficiles a interpreter si l'on
an alyse des extraits bruts. Qu and on cherche a det ecter la presence de ces co mposes
am ines, pouvant se t rouver en petite qu anti le, il vaut mieux eviter la purification
prealable de l'echantillon , ca r cec i peut co ntribuer a la perte de qu elques co nst itua nts
mineurs. Dc plu s, dans les cas OU r on doit effectuer un gra nd nombre d 'an alyses,
cett e pu rificat ion prealable represente une perte cons iderable de temps.

Dans cette not e, nous rapporton s une nouvelle methode permett an t I'analy se
di recte de mono- , di- et polyam ines d' or igine vegeta le, dont la duree estd edeux heu res,
ce qui represen te un progres par ra ppo rt a ux techniques decr ites a nter ieurernent, qu i
necessitaient huit heures d 'analyse", L'emploi de I'o-phtalaldehyde pour Ie dosage par
fluorimetrie a ugmente la sensibilite de la methode permettant la detection de ces
composes ades concentrat ions de 10- 12 M .

La F ig. I montre Ie chromatogram me d' un melange sta nda rd prepare avec de
produits commerciaux et les F igs. 2 et 3 les chromatogrammes obtenus avec des
extra its bruts des plantes de soja (Phaseolus mungoy et de pet its pois (Pisum sativwn) .

MATERI EL ET METH ODES

No us avo ns utili se un a na lyseur a utoma t ique Liquimat-Labotron muni d 'un
fluorimetre Labotron FFM-31 (Soc. Kontron, Boul ogne , France) possedant une
microcellule de circul at ion de 50,ul de capacite, La colonne (0.4 X 9 em) de resine
Durrum DC 6A est therrn ostatee a 66°. La compos it ion des deu x tampons servant
a l'elu tion est comme suit; premier tampon (pH 5.65): citrate de sod ium ·2 H 20 0.2
N, Na CI 1.0 N ; deuxierne tampon (pH 5.65) : citrate de sod ium ' 2 H20 0.2 N, NaC12 .6 N.
Les deu x tampon s ont ete filtre s sur une membrane M illipore (0.22,um). Les valeurs

• Boursiers du gouve rnemc nt franca is.
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Fig . I. Chro matogramme d 'un melange standard contenant 500 pmole s de chaq ue amine sa uf pour
l'etalon interne (E. I.) qui contien t 375 pm oles. Voir Tableau I pour leur identi te et comportement
chromatographiq ue.
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Fig. 2. Chromatogramme d'un extra it de soja (mis 11 gerrne pendant dix jours). Voir Tableau I pour
l' identite des produits.

pH sont ajustes avec H'Cl apres avoir ajoute 5% d'ethanol a chaque tampon. La
detection est effectuee a I'aide d'une solution d'o-phtalaldehyde (Fluka, Buchs,
Suisse)":". L'enregistreur, W + W 600-Tarkan (Soc. Kontron) est regie sur 100 mY
pour 100%de fluorescence relative ce qui laisse la possibilite d'augmenter encore de
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Fig. 3. Ch romatogram me d'un extra it de pet it pois (rnis it germe pendant deux jo urs). Voir Tableau I
pour l'id ent ite des produits,

10 fois la sensibilite de I'enregistreur. Ceci nous a ete ut ile pour la detection de quel­
que s composes mineurs des ext raits ana lyses (vo ir Figs. 2 et 3).

La quantificat ion est faite avec un integrateur ICAP 10 (LTT Conflans Saint
Honorine, France) par la meth ode de l'et alon interne.

Preparation des echantillons
La solutio n sta ndard (10 pM) contena nt les produits amines (voi r Tableau 1)

a ete prepare dan s un tampon citra te de sodium 0.2 N (pH 2.2). La 4-aza hepta­
meth ylene 1,7-diamine (Merck) a ete empl oyee comme etal on interne (7.5 pM).

L'extraction des polyamines a partir du soja ou des petits pois a ete realisee
sur des gra ines mises agermer pendant des peri ode s a llant de I a10 jours. Les plantes
ainsi obtenue s ont ete bro yees dan s un mortier et extraites deu x fois avec une solution
de TCA a5%contenant HCI 0.05 N . Apres centrifugat ion les surnagea nts sont reunis
et une partie al iquote de cet extrait est directement analysee sans purification prealable.

Les volumes analises, solut ion standa rd ou extraits de vegetau x, etaient de 25
a 1001d.

Methode
Un deb it de 22.5 mlJh est utili se pour les tampon s d'elution et un debit de 25

rnl/h pour Ja solution d 'o-phtalaldehyde. Lor s de la ch romatograph ie, Jes temps de
passage sont : pour Ie premier tampon de 35 min et pour Ie deuxieme tampon de 83
min; 10 min de passage de NaO H 0.2 N suffisent pour Ie recyclage de la colonne et
20 min du premier tampon pour la reequilibrer,
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TABLEAU I

RESULTATS D E LA M ETHODE

Surfaces des pies : pour 500 pmoles de produit. Coefficients de repon se .reference, etalon interne
(E .I. ).

No. Compose Temps de retent ion Surface Coefficient
(min) des pies de reponse

I Lysine 7.6 ± 0.1 104877 1879
2 Ammoni aque 12. 1 ± 0.1 25747 7657
3 Argini ne 14.2 ± 0.1 122319 16J1
4 Putrescine 51.1 ± 0.1 130135 1515
5 Histamine 53.8 :± 0.3 9675 3 2037
6 Cadaverine 59.6 :1. 0.1 90712 2173

E.1. 4-Aza heptamethylenediamine 70.4 c1 0. 1 147873
(375 pmoles)

7 Spermidine 75.2 cf 0.1 71378 2762
8 Hexamethylenediaminc 8 1.7 ± 0.1 80221 2457
9 Agmat ine 87.7 ±0.1 750 12 2628

10 Tyramine 99.1 :L 0.1 87078 2264
II Phen ylethylamine 109.3 + 0.1 109557 1799
12 Spermine 116.5 ± 0.2 125046 1576

R ESULTATS

La Fig. I mont re Ie chromatogramme obtenu lors de fa separat ion d'un
melange sta ndard contenant 500 pmoles de chaque compose. Le premier tampon sert
a eluer tous les acides amines et a eliminer toute autre substance moi ns basique que
Ies polyamines. Le deuxierne tampon elue par la suite les polyamines et amines ap­
parentees. L'ethanol qu 'on ajoute aux tampons est necessa ire pour obtenir une bonne
separation . Sur Ie Tablea u I figurent les temps de retention, les surfaces des pies et
les coefficients de reponse ob tenus.

A titre d 'exernple les Figs . 2 et 3 montrent les chromatogrammes correspondant
aux po lyamines des pIantes de soja et de petit s poi s, dont les resu ltat s sont en accord
avec Ies donnees bibliographiquess-",

La reproductibi lite de la met hode chromatographique est com parable a celie
de I'analyse automatique d'acides amines. Le fait de chromatographier des echantillons
bruts non tampones, comme c'e st Ie cas po ur les extra its vegetaux analyses n'a aucune
influence sur la separation de polyamines et it n'e st pas ob serve de deplacement
anormal des pies . Ceci a ete verifie en chromatographiant un melange d'extrait brut
avec une solution standa rd de polyamines. La methode permet , grace a J'utili sation
de la q uantification fluorimetrique , la detection des composes arnines presents ades
concentrations de J'ordre de picomole.

Nous employons cette methode pour ( I) fa detection rapide de mono-, di- et
polyamines dans du materiel vegetal; (2) Ie dosage simultane des decarboxylases de
quelques acides arnines tels que la tyrosine , la phenylalanine, J'ornithine , la lysine,
I'hi stidine, l'arginine. Une etude concernant les variations des concentrations des
polyam ines par rapport a fa croissance vegetale est act uellement en cours.
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The use of Amberlite XAD·2 resin for the quantitative recovery of fenitro­
thion from water -a preservation technique

K. BERKANE, G . E. CAISSIE and V. N. MALLET*

Departm ent of Chemistry , Universite de Moncton, Moncton, New Brunswick {Canada)

(Received A pril 20th, 1977)

Amberlite marcoreticular resins are hard , insoluble bead s of porous polymer ,
ranging in physical properties from being essent ially non-polar to very polar. They
ha ve been studied in terms of thei r usefulness for the recovery of vario us orga nic
contam inants from en vironmental wate r.

For inst ance, Burham et al,' have used Amberlite XAD-2 for the quantitative
recovery in the ppb ran ge of methyl isobutylketone, ethy l butyrate , ben zene, naph­
th alene, ben zoic acid, 2,4-dimethylpheno l, p-nitrophenol, 2-methylpheno l, a niline a nd
o-cresol. They have been used for the extraction and recovery of chlorinated insecti­
cides and polychlorinated biphenyls from water/ r' . Th is has led to the development of a
multi-residue technique for the extract ion of o rga nochlorine pesticides and poly­
chl orinated biphenyl from natural waters". They have a lso been used to det ermine
pesticide s such as Atrazine, DD E a nd Dieldrin from various Iowa water s",

Recently Amberl ite XAD-4 has been a pplied to the a na lysis of phosph orou s­
containing hydrolytic products of organ ophosph orous insecticide s in water". This has
shown the potential of using Amberlite resins for the recovery of o rga no phos phoro us
pesticides.

This study demonstrates the use of Amberlite XAD-2 resin for the recovery of
fenitrothion , an organ ophosph orou s insecticide, from aqueo us enviro nmenta l sam­
ples. More interest ing is the fact that th e insecticide is sta ble on the co lumn for
extended time periods mak ing the procedure suitable as a preservation techn ique .

EXPERIMEN TA L

An alyt ical grade fluo rescam ine was pu rchased from Fisher Scientific (M on­
treal , Canad a) a nd a 0.025% (wjv) so lut ion was prepared in ace to ne. A solution of
stannous chloride was prepared by dissolving 0.5 g in 5 ml of concentrated hydro­
chl ori c acid and diluting to 120 ml with a so lut ion of 50 ml of wate r plus 65 ml of
acetone. This solut ion was always freshly prepared . Fenitrothion (Fo lithion) was
obtained from Chemagro (Kansas City, Mo ., U.S.A .). A stoc k solution was prepared
I f-lgjf-ll in eth anol and dilutions were made in II-hexane .

Layers (250 f-l m thick) of silica gel H (20 x 20 ern) were prepared using a

* To who m cor respo ndence sho uld be addressed.
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mixture of 30 g of silica gel H (Brinkmann, Rexdale, Canada) and 80 ml of 0.1 M
KH 2P04 • The plates were left to dry in air and were not activated before use.

Amberlite XAD-2 resin was supplied by BOH (Toronto, Canada). Prior to use
it was washed successively with 50 ml of ether, 25 ml of methanol and I I of distilled
water. The glass column was 50 em x 2.2 em 1.0. and had a PTFE stopcock.

Apparatus
A Turner Fluorometer Model III (G. K. Turner Assoc., Palo Alto, Calif.,

U.S.A .) equipped with a Camag thin-layer chromatography (TLC) scanner was used
for all quantitative fluorometric measurements . Excitation filter no. 7-60 (360 nm)
and secondary filter No. 2-A ( > 415 nm) both available from Corning (New York,
N.Y., U.S.A.) were utilized.

A Perkin-Elmer 3920 gas-liquid chromatograph (Montreal, Canada) equipped
with a flame photometric detector (FPD) was also used . The column contained 3 %
OV-IOl on Chromosorb W. The temperature was 190°.

Methods
Preparation of the column. A glass-wool plug is first inserted in the column

which is then filled with distilled water. The stopcock is opened while the resin (in a
water slurry) is added until the desired length is obtained. Another glass-wool plug
is put on top of the column.

Flow-rate , The flow-rate is easily mea sured by ob serving the time it takes for
a water sample to pass through a 10-cm length of column. A vacuum may be used to
accelerate the flow.

Recovery of fenitrothion and/or degradation products from water. A 1000-ml
water sample containing 50 ppb of fenitrothion is allowed to percolate down the
column. The level of water in the column may be kept above that of the resin but the
water may also be removed or the column allowed to drain e.g., for field purposes,
as a preservation technique.

The column is then eluted with an appropriate organic solvent e.g ., ethyl
ether or ethyl acetate . The eluting solvent is then either evaporated to a smaller
volume or diluted to a known volume for an alysis.

Analysis. For TLC and in situ fluorometric analysis the eluted sample is con­
centrated to I ml or less and a 10-,111 aliquot is spotted on a TLC plate. The latter is
developed in hexane-acetone (4:1) along with appropriate standa rds.

The nitro group is reduced as follows : the plate is sprayed to saturation with
stannous chloride, allowed to stand 5 min and dried in a stream of cold air. The
excess acid is neutralized by spraying lightly with aqueous (2 M) sodium carbonate.
Fluorescence is obtained by spraying with fluorescamine.

For gaschromatographic(GC)analysis the eluted sample is concentrated to 50011
in a volumetric flask (i.e., for a concentration of at least 50 ppb) and a 5-,111 aliquot is
injected in the chromatograph. For samples less concentrated than 50 ppb, the
solvent can be evaporated as desired.

RESULTS AND DISCUSSION

The conventional technique of recovering fenitrothion from natural waters is
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TABLE I

RECOVERY OF FENITROTHION FROM DISTILLED WATER USING XAD-2
Method , TLC and in situ fluorometry; eluting solvent , diethyl ether (3 x 30 rnl) ; column length,
12cm.

Experiment No. Flow-rate (mllmin) Recovery ( %)

I 147
2 142
3 152
4 142
5 147
6 144

Average 146
Standard deviation

99
82
88
97
96

104
94
7.9

by solvent extraction using chloroform, as an example. Since fenitrothion is very
unstable in water approx. 25 ml of chloroform are added to the bottle at the sampling
site and the sample is rushed to the laboratory for quick analysis. Analy ses are usually
carried out by GC using an FPD? or by ill situ fluorometry after TLC8

• Both anal ytical
procedures are used in this study for comparison.

In a first experiment the recovery of fenitrothion from water at the 50-ppb
level using an XAD-2 column instead of solvent extraction, has been studied (Table I).
The average percent recovery is good considering the inherent error with the ill situ
fluorometric technique of analysis. The flow-rate is given in ml/min , and is obtained
by adju sting the flow such that it takes 14-16 sec for the water to cross a IO-cm length
of the column. Since V = n r 21, where the length I is equal to 10 ern and the column
radius r 1.1 cm, the volume V is 38 ml.

The flow-rate, adjusted to I min, is shown in Table I. A small vacuum is
necessary to attain this flow-rate and it takes approx. 7 min to pass a I-I sample of
water through an XA D-2 column.

The in situ fluorornetric result s for fenitrothion are confirmed by GC (Table
II) even though a different solvent is used for elution; ethyl acetate is preferred to
diethyl ether as a solvent for GC. In this experiment the volume of eluting solvent as
well as the column length are optimized. Three portions of 30 ml of ethyl acetate seem

TABLE II

RECOVERY OF FENITROTHION FROM NATURAL WATER USING XAD-2

Method , GC with FPD ; percent recoveries are the averages of three separate analytical determina­
tions.

Volume of eluting solvent
( ethyl acetate )

3 x 30
3 x 30
3 >: 30
3 x 30
3 x 30
3 x 30
3 x 20
2 x 45

Column length
( em)

12
12
12
10
8
6

10
10

Recovery
(%)

95
91
90
92
93
66
56
77
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TABLE III

PRESERVATION OF FENITROTHION ON A l2-cm XAO-2 COLUMN

I, TLC and ill situ fluorometry ; solvent, diethyl ether; recoveries a re averages of 3 TL C developments.
II, GC with FPO; solvent, ethyl acetate; recoveries are averages of 3 injections.

11

Tim e ( 11) Recovery ( 'Yo) Time ( 11 ) R ecovery (%)

0 92 0 95
24 106
48 108 48 97
72 94 504 92
96 96 840 92

192 105
240 98

most appropriate and at a concentration of 50 ppb a lO-cm column can be used for
I I of water. Recovery starts to decrease when the XAD-2 resin length is less than
!Oem.

Experiments have been carried out to determine whether fenitrothion is stable
in the column or not. Some result s by in situ fluorometry are given in Table III, and
they show that after 10 days degradation is not important. These results are confirmed
by GC whereas no degradation is visible over a 5-week period.

CONC LUSIONS

The use of Amberlite XAD-2 resin to recover fenitrothion from environmental
water is a worthwhile venture. The procedure is adequate for fenitrothion but remains
to be adapted to its degradation products. The most important aspect, however, is
that the compound is stable in the column and as such the method becomes a pre­
servation technique. In practice the water sample containing fenitrothion can be
processed in the field and the column can be eluted and its content analysed some
time afterwards. During all this time fenitrothion remains unchanged in the column
and its concentration is repre sentative of the time the water was sampled. This is a
great improvement over the current technique of adding chloroform to the sample
bottle after collection to preserve the sample only for a few days.

Another advantage is that the columns can be regenerated and re-used many
times. Some columns have been used 20 times to recover fenitrothion from water
without showing any signs of deterioration.

Several conditions, however, should be optimized. The se are: the size of the
glass column and consequently the volume of resin in the column ; the volume of
water that can be processed and the volume and type of solvent to use; the type of
resin. Work is currently in progress to optimize these cond ition s for fenitrothion and
its degradation products in water.
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Usefulness of N-ethylmaleimide in the identification of 75Se-labeled seleno­
cysteine

J. P. PORTA NOVA ' and A. SHRIFT"

Department of Biological Sciences, St ale University of New York , Binghamton, N.Y. 13901 (U.S. A.)

(Received Ap ril 4th, 1977)

The discovery of severa l catalytically active selenoproteins ':" necessit ates
methods for identifying the form of selenium in the se proteins. Identification of selenol
compounds is pa rt icularly difficult because the y are unstable". They tend to decom­
pose to elemental Se, oxid ize to diselenides, and to react with sulfhydryl compounds ;
as a result , problems arise in their chromatographic identification". Therefore, reage nts
that bind the selenol gro up to provide sta ble derivati ves would be advantageous.

Carboxymethylation has recently been described fo r the identification of
selenocysteine", and in the selenium-containing subunit of glycine reductase from
Clostridium stick landii, thi s selenoamino acid has been identified by formati on of
Se-carboxymethyl, Se-carboxyeth yl, and Se-aminoethyl deri vati ves", The sulfhydryl
reagent , N-ethylmale imide (NE M), has proved useful in the study of thiols": it
combines with the sulfhydryl group of cysteine yielding a der ivati ve with distinctive
chromatographic properties'?'!' . The similarity between sulfhydryl and selenol groups
prompted us to investigate the ability of NEM to pro vide a similar deri vati ve of
selenocysteine.

MATERI ALS AND METH ODS

t.-Cysteine - HCI was obtained from Eastman-Kodak ( Rochester, N .Y.,U.S.A.);
L-cystine from Nutritional Biochemicals (Cle veland, Ohio, U.S.A.) ; D,L-selenocys­
tine and N-ethylmale imide from Sigma (St. Louis, Mo. , U.S.A.) ; N-eth ylmaleimide
(ethyl- l-YC), 8.4 mCijmmole, was obtained from New England Nuclear (Boston,
Mass., U.S.A.). All reagents were an alytical grade.

Conditions kno wn to succeed with cyst ine were chosen to form the NEM
adduct of selenocys teine. One millil iter of a D,L-selenocystine or L-cystine solution
(6,umoles/ml) was reduced by the addition of 1 ml of 0.6 M sodium borohydride pre­
pared immediatel y before use. Reduction was ca rried out und er nitrogen for 90 min.
The reaction mixture was ac idified to pH 5.0 with a solution containing 1.0 M HCI
and I M KHzP0 4 (ref. 12) and diluted to twice the initia l volume with water. To an

, Present address : Department of Microb iology, School of Medicine, State University of New
York , Buffalo, N.Y. 14150, U.S.A.

•• To whom correspondence should be addressed.
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aliquot was added an equal volume of 6 mM N EM in 0.2 M phosphate buffer (pH
7.0) ; the mixture was allowed to react at room temperature for I h. L-cysteine HC)"
was treated with NEM similarly. Aliquots were applied to Whatm an No.1 chroma­
tography paper and developed in three different solvent syste rns' I-P. Chromatogra ms
were sprayed with 0.25 %ninhydrin in aceto ne.

In experiments with 1
4C-labeled NEM , I {lCi of the radioactive NEM was

added to the non-radioactive NEM . Ratemeter tracings of radio active chro mato­
gram s were obtained with a Packard Model 7201 rad iochromato gram scanner.

The react ion of NEM with cysteine or selenocysteine was mon itored spectro­
photometrically at 300 nm according to the meth od of Roberts and Rouser' :'.

R ESULT S AND DISCUSSION

Many selenium compounds exhibit the same paper chromatographi c (PC)
pr operties as their sulfur analogs' ". It would be expected, therefore, th at the RF value
of a selenocysteine-NEM adduct be identical to that of the cysteine-N EM add uct .
The RF values listed in Table I, obtained with three different solvent systems, show
that the reaction between boroh ydride and selenocystine genera ted a product tha t
reacted with NEM to give a ninhydrin positive spot with an RF identic al to that of the
cysteine-NE M adduct. Radioact ive N EM travelled close to the solvent front. The re­
act ion mixture could be frozen for several weeks with no apparent decomposit ion of
the NEM adduct.

TABLE I

PAP ER CHRO MATOG RA PHY OF CYSTEINE- AND SE LEN OCYS TE INE- [J4CINE M AD­
DU CTS IN USING THR EE SOLVENT SYSTEMS

Solvent systems: ESFW = eth anol-ferf.-but anol-formic acid-water (60 :20: 5 :15)11; BFW = tert»
buta nol-formic acid-water (70: 15: 15)11 ; SAW = n-butanol - glacial acetic acid-water (60 :15:25)13.
_._------- - ----... _---

Compound R.. values

EBFW BFW BA W
--- - - -- -----

Cysteine' HCI 0.56 0.44 0.24
Cystine 0. 16 0.06 0.02
Selenocyst ine 0.17 0.06 0.03
Cysteic acid 0.20 0.08 0.03
Cysteine- [" C]NEM 0.66 0.57 0.33
Na S H. reduced cystine- [I4C]NE M 0.67 0.56 0.33
NaSH. reduced selenocystine-[J4C]N EM 0.66 0.55 0.32
[J4C]NEM 0.92 0.95 0.94
- _ .----- _ .-- "

Ratemeter tracings of radiochromatograms verified the format ion of the
selenocysteine-I'r C] NEM adduct. Fig. J shows the coincidence of radioactivity with
the predominant ninhydrin positive spot. A second , rad ioactive spot of lesser intensity
and with an RF equal to that of cystine and selenocystine was also present. The N EM
adduct travelled as a discrete spot with no evidence of streaking. The absence of rad io­
activ ity at the RF of [l4C] NEM and with the presence ofa single radioactive peak, asso­
ciated with the single ninhydrin positive spot of the adduct in th ree different solvent
systems, ind icate a stoichiometric utilizati on of NEM .
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Fig. 1. Paper chro matograms of cysteine- and selenocystei ne-I'<C'[ Nfi tvl adducts. Solvent : tert »

butanol-formic acid-water (70: 15:15). R," values are given in Table I.

The reaction of N EM with cysteine or selenocys teine was also monitored
spectrophoto metrica lly at 300 nm . However, qu antitati ve determinations of seleno l
concentra t ions could not be obtained because the spectro photometric data were
variable (the cause of thi s va ria bility is und er investigati on). Ne vertheless, a decrease
in absor banc e was observed in all experiments, and is further eviden ce for the reaction
between NEM and selenocysteine.

The binding of NE M to selenocys teine pro vides another approach to the iden­
t ification of seleno l compounds in cell extracts and proteins. A stabilized seleno l
group would be less likely to undergo oxid ation during the ext raction procedure ; it is
also likely th at decomposition and strea king du ring chromatogra phy would be elimin­
ated. The N EM adduct should a lso be sta ble to enzymatic hydrolysis as has been
foun d with the Se-carboxymeth yI, Se-carboxyethyl, and Se-arninoethyl derivatives
derived from digests of glycine reductase treated with the respective alkyl ating
agents", The se advantages, we believe, will facilitate the ident ificat ion of the selenium
moiety in 75Se-labeled selenoproteins.
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Identification and determination of 1,3-diisobutyrate-2,2,4-trimethylpentane
(Texanol isobutyrate) in polyvinyl chloride plastisol coating formulations
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(Received March 18th, 1977)

Analytical problems may arise in the quality control of the manufacture of
plastisol films with desired durability and resistance to staining by foot traffic due to
the necessarily low levels of plasticisers in the final products and also from the
differential loss of certain components of plasticer blends during processing. A
mixture of Texanol isobutyrate (TXIB) , butyl benzyl phthalate (BBP), and an epoxy­
dised tall oil (ETO) have been used in the manufacture of a fused plastisol film from
a paste polyvinyl chloride resin. The addition ofTXIB was to attain a suitable plastisol
spreading viscosity, the BBP was the primary plasticiser' and ETO a heat stabiliser to
protect the plastisol from degradation during fusion . Because of the high fusion
temperature, 200°, and the large exposed surface area to volume ratio (film thickness
0.016 in.) much of the volatile plasticiser components are lost , particularly TXIB,
the residual amount of which is important in final product performance.

EXPERIMENTAL

Materials and formulations
The plasticisers used herein are specified in Table 1. The solvent used, tetra­

hydrofuran, was of technical reagent grade (BDH, Poole, Great Britain). The dibutyl
phthalate, internal standard, was supplied by Geigy (Manchester, Great Britain). The
paste resin was Breon P 130/F (BP, London, Great Britain).

Plastisol formulations were prepared in the usual manner by mixing com­
ponents under vacuum, to remove air, in a paddle type blender. A typical formulation
composition is shown in Table II.

• Present address : c/o James Halstead Ltd ., Radcliffe New Road, Whitefield , Manchester M25
7NR, Great Britain.
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TABLE I

PLASTICISERS

No . Name

NOTES

Abbreviation code Source

I
2
3

Texanol isobutyrate
Butyl benzyl phthalate
Epo xydised tall oil

TXIB
BBP
ETO

Eastman (Hemel Hemp stead , G reat Brita in)
Mon sant o (Ru ab on , Gre at Britain)
Lank ro (Manchester, Great Brita in)

TABLE II

TYPICAL FORMULATION COMPOSITION BEFORE FUSION

Component Percentage by weight

Paste polymer 71.7
TXIB 17.9
BBP 3.6
EPO 3.6
Other components 3.12

Apparatus
A Becker Model 417 gas chromatograph equipped with a flame ionisation

detector was used isothermally. The optimised conditions for anal ysis, dete rmined
in preliminary studie s were: column I m X 2.6 mm 1.0. sta inless steel ; stationary
phase, 10% SE-30 on Chromosorb W HP (80-100 mesh); oven temperature, 2000

;

injection block temperature, 2500
; detect or temperature, 275°; air flow-rate 300 mil

min ; hydrogen flow-rate , 30 mlfmin; carrie r gas, nitr ogen; nitrogen flow-rate , 30 mIl
min ; recorder, 10 mV; attenuation, x 8.

Preparation of sample solutions
TXIB calibration standards were 0.025-0.10 % (wjv) in tetrahydrofuran con­

taining 0.2 % (wjv) dibutyl phthalate. BBP and EPa solut ions were 0.1 % (wjv) in
tetrahydrofuran containing 0.2 % (wjv) dibutyl phthalate.

The finished flooring products normally consist of several layers of different
materials. The upper pastisol layer, the wear resistant layer, thu s has to be carefully
pared from the flooring base layer composition to avoid contamination. The separated
upper layer (0.2 g) was cut into small pieces and dissolved in tetrahydrofuran (10 ml)
containing 0.2 % (wjv) dibutyl phthalate. Gentle warming facilitates the dissolution .
3.5-1',1 volume s of each sample solution, in turn, were injected directly on column
and chromatograms recorded.

RESULTS

It was found that only TXJB, BBP, the internal standa rd and solvent eluted
from the column and were resolved well under the conditions specifi ed. ETO and the
other components remained on column. The retention data are given in Table III.

The calibration graph for TXIB was linear over the range examined. Chro­
matograms of dissolved plasti sol films showed only peaks for TXIB and that BBP
was absent from the fused materials examined as shown in Fig. I . Quantitative
examination based on peak heights of 5 replicate injections from single samples gave
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RETENTION TIMES
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Component

Tet rah ydrofuran
TXIB
Dibutylphth alate
BBP
ETO

DBP

Time (min)

0.1
0.83
4.13
5. 1
reta ined o n co lumn

THF

TXIB

10 5 inj e ct

Fig . I. Typical chromatogram of fused polyvinyl chloride plast isol coating. DBP = dibutyl phthal­
ate; TH F = tet rah ydrofuran .

standard deviations of O. I I %TXIB at levels which were for each sample studied in
the range 1.3-1.6% TXIB.

DISCUSSION

The differenti al loss of plasticisers during the fusion stage of the manufacturing
process was confirmed by infrared (IR ) examination of non-volatile portions of
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extracts offused plastisol films. Extraction (24 h) offused coating" in ethanol (94 vol %)
gave a non-volatile oily residue (105°) of 6.5% (w/w). The initial plasticiser plus oil'
content was 28.2 %thus some 21.7%was lost on fusion.

IR examination of the extract showed it to be mainly ETO (b.p. 260° at 2 mm
Hg). The peaks between 650 cm- 1 and 800 cm-t, characteristic of BSP (b.p. 3700 at
768 mm Hg), were absent and those for TXIB were weak .

The proposed method is more rapid than solvent extraction and/or hydrolysis'
procedures and allows ready quantitation of the residual volatile plasticiser, TXIB,
and is thus suitable for routine quality control in the manufacture of plastisol based
products.
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Book Review

Analysis of essential oils by gas chromatography and mass spectometry , by Y. Ma sada, Hal sted
(Wiley), New York, Lond on , Sydne y, Toronto, 1976, XV + 334 pp ., price £ 28.90, US$
49.70, ISBN 0-470-15019-X.

Th is book , which is a development of the author' s earlier book on the " Ana lysis of essential
oils by gas chromatography" publ ished in 1968, is divided into two part s. Th e first part consists of
report s on the gas- liquid chromatograph y of 64 essential oils and the mass spectrometry of 52
constituent s of these oils. Th e work was undertaken in the autho r's laborator ies using glass cap illar y
columns coated with Carbowax 20M on an Hitachi-K53 gas chromatograph coupled to an Hitachi
RM U-6E single focussing mass spectrometer employing an ionising voltage of 70 eV.

Th e value of the results as far as an ana lyst is concerned is like the proverbial curate's egg,
good in some parts and bad in others and as is usual in such situations, where it is good it is very very
good but where it is bad it is useless. The informati on and data pro vided in the monograph on oi l
of chamomile is an example of the latt er. As the text stat es therc arc two oils of chamomile, one
from Roman chamomile iA nthemis nobilis, now known as Chamoemelum nobile) and the other from
German chamomile (Matricar ia chamomilla), the main constituents of the former being the esters of
angelic and isobutyric acid and that of the latter being chamazulene and a-bisabolol. Ho wever, the
chromatogram contains none of these constituents and make s no att empt to explain the origin of the oil
examined. Similar criticisms may be made of the mon ograph on oils of anise, coriand er and nutmeg
chiefly because there is no atte mpt to differen tiate between oils from plant material of d ifferent
biological sou rces (e.g. Pimpinella anisum or Illicium verum) or from different geographical sources,
On the other hand the informati on given on oils of carda monis, cinnamon, citra nellol, hops, pepper ,
peppermint and orange is very comprehensive and is very useful for analytical purposes. Some in­
formation is given about a numbe r of unusual essent ial o ils, e.g . Ho Leaf oil, Ku romoji o il and
Vetiver oil, all of which are obt ained fro m plants which grow in the Far East.

In Part II there are some very brief notes, in Japanese, on essential oils, gas-liquid chroma­
togra phy and mass spectrometry but even if the text had been in English it would hardl y have added
to the value of the book. Any analyst who uses these techn iqu es in the analysis of essential o ils
must already have far more knowledge about them than the se notes provide.

Nevertheless, it is a reference boo k that essenti al oil analysts will find useful , part icularly as
it possesses a good bibliograph y.

London ( Great Britain ) E. J. SHELLARD
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Errata

ERRATA

J . Chromatogr ., 136 (1977) 147-153
Page 150, Table II, 1( Rl) values of substitution patterns "2, 3,4,5" and "2, 3, 4, 5, 6",

for columns 1-13 should read :

2,3,4,5 1312 1304 1349 1533 1354 1475 1559 1571 1631 1679 1410 1770 1423
2,3,4.5,6 1380 1369 1392 1620 1417 1549 1620 1576 1648 1702 1480 1773 1439

J. Chromatogr. , 136 (1977) 289-300
Page 294, Table I, 3rd column, last line " 1.95730" should read "0.95730".
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APPARATUS

N-I034

TUBING CLIP

The tub ing clip recently intro duced by
Hamilton Bonadu z can be fixed on beakers,
flasks, test tubes, instrumen t board s, etc., up to a
wall thickness of 4 mm. The tub ing is guided,
held and clamped , thu s minimising crack ing,
kinking and leaking.

For further informat ion concern ing any of the
news items , apply to the publi sher , using th e
reply cards provided , quoting the reference
number printed at the beginning of the item .

N-1041

NEW HIGH-PERFORMANCE LIQUID
enROMATOGRAPH

Hewlett-P ackard announce a new, more com­
pact , high-perform ance liquid chroma tograph
which perfo rms with an accuracy and precision
similar to tha t of the HP 1080 series. All com­
ponents including pump, injector, column,
detector and solvent reservoir , are contained in
the main frame of the instrument. The solvent

flow is set by a push-bu tton-controlled stepping
mot or which adjusts the stroke s of the single­
head diaphr agm pump. The valve loop injec tor
(allowing sample introduction at full column
pressure witho ut flow int errup tion) has a
standard 20-lll loop, but loops of 10, 50 and
100 III are also available. Th e single-wavelength
UV detect or with high signal-to-noi se ratio
ope rates at 254 nm. The instrument , with
analogue-signal outpu t, can be linked directly to
conven tional in tegra tors and strip-chart recorders
or in terface d to a com puter via an A to D
conver ter.



N-I036

NEW LINE OF GAS CHROMATOGRAPHS

Perkin-Elmer has announced a new line of
four complementary gas chromatographs, a lab
data system and accessories - the Sigma Series ­
which provides a select ion of interchangeable
components. The system comprises: Sigma I
(photograph), a system combining one or more
gas chromatographs with integral control and
data handling; Sigma 2, a multi-detector,
microprocessor-controlled gas chromatograph;

Sigma 3, designed for routine, temperature­
programmed analysis , a microprocessor­
controlled gas chromatograph; Sigma 4, an iso­
thermal gas chromatograph, especially suited for
routine applications and for instructional
purposes. Sigma 10 is a stand-alone lab data
system version of the data reduction, printer/
plotter capability that is standard with Sigma 1.
Components and accessories include detectors,
pneumatic units, columns and column oven ,
injectors and sampling systems .

MEETING

N-I039

BASIC™ GAS CHROMATOGRAPHS
FROM CARLE

The new models of Basic gas chr omatographs
from Carle Instruments are factory-dedicated
instruments able to perform one of 15 different
applications. Models are available with thermal
conductivity (GC 8700) or flame ionization
(GC 9700, photograph) detectors, and feature
built-in valving when appropriate, using Carle
mini volume valves, placed in a heated compart­
ment at the front of the instrument.

THE 28TH PITTSBURGH CONFERENCE ON ANALYTICAL CHEMISTR Y AND APPLIED
SPECTROSCOPY

The 28th Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy was held
from February 28 till March 4 this year. For many years, this conference, organised by the Society
for Analytical Chemists of Pittsburgh and the Spectroscopy Society of Pittsburgh, has been held in
the Cleveland Convention Center in Cleveland, Ohio, U.S.A.

The spacious Mall Exhibit Area of the Cleveland Convention Center traditionally houses the
exhibition of modern laboratory equipment. This instrument show is gaining in importance every
year and has become the major spot in the world in the last few years for introducing new or
modified apparatus, especially that designed for use in analytical chemistry. The exhibition is
dominated by the instruments employed in spectroscopy and in chromatography.

At this year's "Cleveburgh Show", the Perkin-Elmer Corporation from Norwalk, Conn., oc­
cupied even more space than at last year 's exhibition. The company showed no fewer than 23 new
products. Spectacular and dominating the vast booth area of Perkin-Elmer, was the totally new



SIGMA series of gas chromatographs. This series is designed in the U.S.A. by a team of scientists
and technicians from the factories in the U.S.A., Great Britain and the G.F.R. The series consists of
four gas chromatographs and a new data processing system called SIGMA-I O.

The SIGMA· I gas chromatograph consists of one or two analytical units controlled by a micro­
processor system. All injector and detector options of the series can be used with this SIGMA-I.
The analytical parameters are set using a keyboard . The microprocessor system of the SIGMA-I
provides data reduction for up to four detectors simultaneously. The SIGMA-2 is a dual-channel,
microprocessor-controlled, temperature-programmable gas chromatograph. The analytical para­
meters are set using a built-in keyboard or are entered through the available card reader accessory.
Especially designed for the routine temperature-programmed analyses is the third member of the
family, the SIGMA-3, which is also controlled by a microprocessor. Designed for simple routine
analyses is the SIGMA-4, which is compactly built and for use in isothermal work with most of the
available detectors.

The new SIGMA-IO data system can handle data from the gas chromatographs of the series or
from other gas or liquid chromatography instruments. Annotated chromatograms can be obtained
for any of the four active channels connected to the SIGMA· I 0 and multiple data files and
methods can be stored.

As an extension of their liquid chromatography programme, Perkin-Elmer introduced three new
solvent delivery systems based on a reciprocating pump. This series consists of the modular-built
instruments Series 2/1 , Series 2/2 and Series 3. The last , and most versatile, instrument is controlled
by a microprocessor. The new instruments are compatible with all commercially available liquid
chromatography detectors. Also for liquid chromatographic work, Perkin-Elmer introduced the
new LC-65T detector/oven. This LC-65T features detection in the far UV region , specific detection
at whatever wavelength is required for the compound of interest and linear detector response over
the working range.

Mention of the slightly modified fluorescence spectrometers of the Series 1000 and 204 may
serve to close this imcomplete survey of the Perkin-Elmer chromatography news from the Pittsburgh
Conference 1977.

Waters Associates Inc. from Milford, Mass., exposed their new automated sample injector Model
710 WISP (Waters' Intelligent Sample Processor). This sample injector is the first part of a new
Waters liquid chromatography system. Later this year, the company will introduce the corre­
sponding data/control terminal. The WISP and the data/control terminal represent a continuation
of Waters' modular-design philosophy. This new generation of Waters ' instrumentation will, of
course, be microprocessor-based.

Also microprocessor-based is the Model 429 gas chromatograph, the newest product of Packard­
Becker BV, the Dutch branch of the Packard Instrument Company, Inc., Downers Grove, Ill. The
new instrument is an extension of the gas chromatography line started with the routine Model 427,
shown at the 1976 Pittsburgh Conference. The microprocessor in the 429 instrument controls the
analytical parameters which can be set using the instrument's simple keyboard. With this new gas
chromatograph, Packard-Becker introduced their new detectors especially designed for the 42X
series.

Philips Electronic Instruments, Inc., Mahwah, N.J., showed the Pye-Unicam LC-3 liquid
chromatograph. The instrument is already quite well-known in Europe, but it was new for the
U.S.A. market.

Hewlett-Packard's Avondale Division exhibited the German-designed 1082/4 liquid chromato­
graphs for the first time at the Pittsburgh Conference. The automatic sampler for this line of
instruments was especially new. A further fresh note was HP's 5985, a gas chromatography-mass
spectometry combination, based on the analyser system of the little 5992 and extended with a
chemical ionisation possibility and a more powerful data system.

Varian Associates, Palo Alto, Calif. , showed the capillary version of the Model 3700 gas
chromatograph, the totally automated version 3711 and a number of extensions in the 8500 liquid
chromatography programme, including the new fluorescence detector Fluorichrom. From Germany
came the Varian MAT 44 gas chromatography-mass spectrometry combination, an instrument



with digital electronics, fully microprocessor-eontrolled and equipped with a CRT display . The
instrument parameters <Ire set using a keyboard unit connected to the instrument by a flexible
cable . The Varian MAT 44 was shown with the new SS200 data system, which has also been
developed in the G.F.R.

The trends in chromatography instrumentation were clearly visible in the exhibition area of the
Pittsburgh Conference 1977. In the first place, there was a dominating trend of using micropro­
cessors and microcomputers as an advan ced piece of intelli gence in the instruments. Their purpose
is to control the actions of certain essential parts of the instrument and to stand guard for failures
in th e operation. Secondly, there was the still-growing interest in the appli cat ion of capillar y
columns in gas chromatography. Not only did the manufacturers show capillary -friendly apparatus
and splitIess systems, but also the scientific world expressed strong interest. At the Conference
itself several papers were presented on this and related subjects. Fin ally , there was growing interest
in auto-s ampling systems, not only for the purpose of handling vast numbers of samples, but more for the
purpose of gaining reproducibilit y.

NEW BOOKS

Lipid chromatographic analysis, Vol. 3, by G.V.
Marinetti, Marcel Dekker, New York , Basel,
2nd (revised) ed., 1976, ix + 289 pp., price
SFI. 115 .00 , ISBN 0-8247-6357-2.

Principles of organic chemistry, by T.A.
Geissman, Freeman , Read ing, 4th ed. , 1977,
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