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matographic theory, instrumental development and their applications. The section Biomedical
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Gas
Cbromatograpby
ofPolymers
by V.G. BEREZKIN, V.R. ALiSHOYEV and
I.B. NEMIROVSKAYA, Institute of Petro­
chemical Synthesis, Academy of Sciences of
the U.S.S.R., Moscow.

JOURNAL OF CHROMATOGRAPHY LIBRARY,
Vol. 10

1977. xiii+225 pages. US $41.25/Dfl. 103.00.
ISBN 0-444-41514-9

This book is devoted to the strategy of
application of GC in polymer chemistry and
discusses, in detail, the use of GC in research
work and the polymeric compounds industry.
It is the second, revised and enlarged edition
of the original version published in the
U.S.S.R. in 1972.
The following principal applications are
covered: analysis of monomers and solvents,
determination of the contents of volatile
substances in polymers, study of polymer
formation processes, investigation into types
of disintegration of high-molecular-weight
compounds, polymer analysis by reaction and
pyrolytic chromatography, and study of
polymers and their reactivity with the aid of
inverse chromatography.
This work will be of value to research
institutions, industrial enterprises and senior
students engaged in the fields of polymer or
analytical chemistry and GC.

CONTENTS: Basic principles of gas
chromatography. GC methods for the analysis
of monomers and solvents. The study of
polymer formation reactions. Determination of
volatile compounds in polymer systems.
Study of the kinetics and mechanisms of
chemical transformations of polymers at
elevated temperatures. Reaction GC of
polymers. Pyrolysis GC. Inverse GC.
Conclusion.

ELSEVIER SCIENTIFIC
PUBLISHING COMPANY
P.O.Box 211, Amsterdam,
The Netherlands

Distributor in the U.S.A. and Canada:
ELSEVIER NORTH-HOLLAND, INC.,
52 Vanderbilt Ave., New York., N.Y. 10017

The Dutch guilder price is definitive.
US $ prices are subject to exchange rate fluctuations.
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CHROMATOGRAPHY '77

INTERNATIONAL
SYMPOSIUM ON
ADVANCES IN
CHROMATOGRAPHY
The 12th International Symposium on
Advances in Chromatography will be held in
November 7-10, 1977 at the International
Congress Centre RAI in Amsterdam, The
Netherlands.

The scope of the meeting will cover papers
and informal discussion groups by out­
standing researchers from throughout the
world in all fields of chromatography. In
particular, new developments in gas, liquid
and high performance thin-layer chromato­
graphy will be included.

A total of 84 papers will be presented at the
Symposium representing contributions
from 20 countries. A special feature of the
meeting will be an exposition of the latest
instrumentation and books.

Registration should be made in advance.
The programs, registration forms and hotel
reservation cards can be obtained from:

Organisatie Bureau Amsterdam b.v.
International Congress Centre RAI
P.O. Box 7205
Europaplein 14
Amsterdam, The Netherlands

or

Prof. A. Ziatkis
Chemistry Department
University of Houston
Houston, Texas 77004
U.S.A.
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The Science of the
Total Environment
an international journal forscientific research into the
environment andits relationship with man
Editors: E. I. HAMILTON, Plymouth, England

J. L.MONKMAN, Ottawa, Canada
P. W. WEST, Baton Rouge, La., U.S.A.

Since The Science of the Total Environment was established in 1972, it has
been accepted with increasing interest by scientists concerned with en­
vironmental problems. As a result, it has grown from a quarterly to a bi­
monthly journal. Although the scope of the journal is broad, particular em­
phasis is given to those topics involving environmental chemistry.

A selection of papers:
The carcinogenicity of Dieldrin
S. S. Epstein (Cleveland, Ohio, U.S.A.)

Detailed evaluation of three chemiluminescent
ozone monitors
W. J. Findlay, G. Dowd and N. Quickert
(Ottawa, Canada)

Some recent thinking on the future carbonate
system of the sea
P. Moller and P. P. Parekh (Berlin, G.F.R.)

Environmental and food contamination with
PCB's in Japan
K. Fujiwara (Kyoto, Japan)

Sulfuric acid aerosol
V. Dharmarajan, R. L. Thomas, R. F. Maddalone
and P. W. West (Baton Rouge, La., U.S.A.)

Experimental data and critical review of the
occurrence of hexachlorobenzene in the
Italian environment
V. Leoni and S. U. D'Arca (Rome, Italy)
Reactions in the aqueous environment of low
molecular weight organic molecules
M. C. Goldberg (Denver, Colo., U.S.A.)
The chemical elements and environmental
chernlstry- Strategies and tactics
E. I. Hamilton (Plymouth, England)
The inhibition of photochemical smog. V.
Products of the diethylhydroxylamine in­
hibited reaction
L. Stockburger, B. K. T. Sie and J. Heicklen
(University Park, Pa., U.S.A.)
Trace element concentrations in higher
fungi
A. R. Byrne, L. Kosta and V. Ravnik (Ljubljana,
Yugoslavia)

1977:Volumes 7 and 8 (in 6 issues)
Subscription price: US $80.95/Dfl. 198.00including postage

FREE SAMPLE COPIES are available on request from: Dr. A. B. Dempster,
P.O. Box 330,Amsterdam, The Netherlands.
Journals are automatically sent by air to the U.S.A and Canada at no extra cost. and to Japan. Australia and New Zealand
with a small additional postal charge.

The Dutch guilder price is definitive. US $ prices are subiect to exchange rate fluctuations.
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Vibrational Spectra
andStructure
A Series ofAdvances, Volume 6
edited by JAMES R. DURIG , Department of Chemistry, University of
South Carolina, Columbia, U.S.A.

Vibrational spectroscopy has been used to make sign ificant contributions in
many areas of chemistry and physics as well as in other areas of science. The
volumes in this series are intended to provide cr itical reviews of recent work in
the f ield of vibrational spectroscopy, to evaluate the real progress that has been
made and to suggest fruitful avenues for future work. Many of the articles are
sufficiently general to be of interest to other scientists as well as to the
spec ialist. The present volume contains f ive reviews.

CONTENTS : Chapters : 1. Aspects of Quartic and Sextic Centrifugal Ellects on Rotational
Energy Levels (J . K. G. Watson) . Introduct ion. Emp ir ical Rotati onal Hamilton ians. The
Fitt ing of Rotational Structure. Theory of Centrifugal Constants. Ap pendi ces . 2. The
Applications of Factor Analysis and Band Contour Resolution to Infrared and Raman
Studies of Equilibria in Solution (H. F. Shurvell and J. I Bulmer). Int roduction . Factor
Analys is . Experimental. Infrared Stud ies . Raman Studies. Conclus ions . 3. Coherent Anti­
Stokes Raman Spectroscopy (J . W. Nibler, W. M. Shaub, J . R. McDonald, and A. B. Harvey).
Introduct ion. The CARS Process . CARS Select ion Rules . CARS Polar izat ion Behavior.
Exper imental Results . Background Suppression in CARS and Other Nonl inear Effects.
Summary. 4. Vibrational Structure in Electronic Spectra: The Poly-Dimensional Franck­
Condon Method (D. C. Maule) . Introduct ion . The Franck-Condon Method . Applications .
5. Molecular Reorientation of Symmetric Top Molecules In the Liquid State (J . E. Griffiths ).
Int roducti on. Time Corre lation Func t ions. Experimen tal Techniques . Combined Exper­
imental Techniques . Models and Mechan isms of Reorientation. Ind ividual Molecules.
Summary. Author Index. Subject Index.

May 1977 xiv + 398 pages US$ 59.60/Of! . 146.00 ISBN 0-444-41588-2

The Outen guilder pr ice is detin it tve. US$ prices are subiect to exchange rete ttuctuetions.

Information on volume four, published in 1975, and volume five , published in
1976, may be obtained from : Elsevier Promot ion Department, P.O . Box 330,
Amsterdam , The Netherlands.
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P.O. Box 211, Amsterdam
The Netherlands
52 Vanderbilt Ave
New York, N.Y. 10017



Comprehensive Chemical Kinetics '
edited by C. H. BAMFORD, Campbell-Brown Professor of Industrial Chemistry,
University of Liverpool, and C. F. H. TIPPER,Senior Lecturer in Physical Chemistry,
University of Liverpool

Section 5: POLYMERIZATION REACTIONS (3 volumes)
Polymerization reactions in the liquid and vapour phases are dealt with in this
section, including Ziegler-Natta polymerizations, emulsion, suspension and
precipitation polymerizations.

Volume 14: Degradation of Polymers
This volume covers all aspects of polymer degradation, classified on the basis
of the method of initiation for the process.

CONTENTS:,Chapters: 1.Thermal degradation of polymers (C. David). 2. High energy degra­
dation of polymers (C. David). 3. Photodegradation of polymers (G. Geuskens). 4. Oxidative
degradation of polymers (J. F. Rabek).

1975 xvi + 564 pages US $81.75/0'1. 200.00 ISBN 0·444·41155·0
Subscription price: US $69.50/0'1. 170.00

Volume 14A: Free-Radical Polymerization
Polymerization processes involving free radicals as intermediates are presented
in this volume.
CONTENTS: Chapters: 1. The kinetics of free-radical polymerization of vinyl monomers in
homogeneous solution (G. C. Eastmond). 2. Chain transfer, inhibition and retardation
(G. C. Eastmond). 3. Kinetic data for homogeneous free-radical polymerizations of various
monomers (G. C. Eastmond). 4. Copolymerization (G. C. Eastmond). 5. The reactivity of
monomers and radicals (N. C. Billingham and A. D. Jenkins). 6. Free-radical polymerization
in heterogeneous systems (N. C. Billingham and A. D. Jenkins). 7. The calculation of mole­
weight distributions from kinetic schemes (H. Tompa).

1977 xiv + 594 pages US $101.75/0'1. 249.00 ISBN 0·444·41486·X
Subscription price: US $87.75/0'1. 215.00

Volume 15: Non-Radical Polymerization
This volume deals with those polymerization processes which do not involve free
radicals as intermediates.
CONTENTS: Chapters: 1. Anionic polymerization of olefins (5. Bywater). 2. Kinetics of
homogeneous cationic polymerization (A. Ledwith and D. C. Sherrington). 3. Kinetics of
polymerization initiated by Ziegler-Natta and related catalysts (W. Cooper). 4. Polymer­
ization of cyclic ethers and sulphides (P. Dreyfuss and M. P. Dreyfuss). 5. Kinetics of alde­
hyde polymerization (0. Vogl). 6. Lactams (J. Sebenda). 7. The kinetics of polycondensation
reactions (J. H. Saunders and F. Dobinson). 8. The polymerization of N-carboxy-a-amino
acid anhydrides (C. H. Bamford and H. Block).
1976 xiv + 660 pages US $101.75/0'1. 249.00 ISBN 0·444-41252-2
Subscription price: US $87.75/0'1. 215.00
The Dutch guilder price is definitive. US $ prices are subject to exchange rate fluctuations .
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SU MMA RY

It is shown that one can invest igate quantitat ively the effects of surface hetero­
geneity in non-linear and non-equil ibrium gas-solid chromatography on the basis of
elution theories developed for homogeneous surfaces. One such theory, that of
Zhitom irskii et al., was accepted for the purpose of this wor k and a new formulat ion
for the kinetics of adso rption on heterogeneous surfaces was developed and ap plied .
The effect of surface heterogeneity on eluti on curves is shown, and the possibility of
determining quant itati vely adso rption and desorption rate coefficients in adsorpt ion
systems with heterogeneous surfaces is demonstrated . A parameter that describes
quantitat ively the degree of surface hetero geneity has been determined.

INTRO DUCTI ON

The the ory of gas-solid chro matography (GSC) is an importan t but difficult
subject. Many papers have been publi shed after the pioneering work of Cremer',
Huber- , Keulemans-, Janak" and Smolkova and Grubner", but even the basic con­
tr ibut ions in th is field are too numerous to list here. Kise1ev and Iashin" and Snyder?
reviewed the literatu re up to the late 1960s and other fund ament al result s can be found
in the reviews by Huber" and Conder and Purnell ". In most papers linear adso rption
isotherms were considered 1o

- 16, while the very interesting case of non- linear adso rp­
tion isotherms has been treated by Zhukhovizkii and co-workers'":" , Zolotarev'",
Buys and De Clerk 20- 22 , Acr ivos-' , Blauton et al.24 and Th omas" .

Except for a few workers">", most have ado pted the model of a hom ogeneous
adsorbent surface but , apart fro m graphitized carbons, such ideal sur faces are rarely
found in chromatographic practice. The first adva nced attempts to describe quan tita­
tively the effects of surface heterogeneity in GS C were th ose by Dougharty" , who

" To who m corresponde nce sho uld be addressed .
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(2)

(I)

developed appropiate expressions for peak moments in GSC system s with hetero­
geneous sur faces. Because of the great mathematical complexity of his theory, even
illu strative model calculations were not performed by the author. We decided 1-0

carry out an investigation of surface heterogeneity effect s on the basis of the theoret ical
formulat ion of GSC by Zhitomirskii et al.".

TH EOR ETI CAL

Zhitomirskii et al.3D succeeded in obtaining an exact analytical solution for the
elution functi on in non-linear and non-equilibrium GSc. The starting point of their
theory is the fo llow ing well known set of partial differential equat ion s :

oc oa oc
at + at + Ug ' a; = 0

oaat = k; (am a x - a) c - kd a

where c a nd a are the ad sorbate con centrations in the free gas phase and on the sur­
face , respecti vely, k; and k d are the ad sorpt ion and desorption rate constants, respec­
tively, Ug is th e linear velocity of the carrier ga s, z is the column length and t is the
time. In eqn. 2, am a x is the ad sorbate concentration on the surface at mon ola yer cover­
age.

The in itial conditions for the elution functi on crt) were as follows :

z = 0, c(O, t ) = 1jJ(t)

t = 0, a(z, 0) = 0, c(z, 0) = 0

(3)

(4)

where 1jJ( t) is the inlet funct ion for which the authors accepted a rectan gular inlet
pul se:

( t) = {co, t ~ T (5)
1jJ 0, t > T

Then, the solut ions for crt) and art ) are obtained exa ctly and are expressed
by appropriate Bessel functi ons . When the chromatographic column is sufficient ly
lon g, asymptotic expression s can be used for the Bessel fun ct ion s, and the eluti on
fun ction cr t) takes the follo wing simple fo rm:

( V bl .) { 1 .. [ (k d tlb2) l ]
c(t) = -v2~t12k; . ~2n Vbl~ii 1- I + (k

d
tlb

2
) i +

+ exp (b2 - b3 - b l V I + i , t) + vin (Vb: _- Vk~ t)} (6)

In thi s equation

(7)

(8)
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and

3

(9)

where F is the vo lumetric velocity of the carrier gas and m is the amo unt of ads orbate
introduced into the co lumn. The theory also yie lds a simple relationship between the
concentration at the peak maximum (ern a.) and the retention time (trn.x) :

(10)

Now, eqn. 2 as sumes that the ad sorption in the co lumn follows a Langmuir
model, leading to monolayer ad sorption of fully localized molecules, without lateral
interac tio ns . The adso rbent sur face is as sumed to be homogeneous, i.e., all ad sorption
sites have the same adsorpt ion energy, E. The Langmui r isotherm has the following
explicit form:

kp
O(p) = I+ kp

where P is the pressure of adsorba te a nd

k = 1~ = ko exp ( :T)

(II )

(12)

For heterogeneous surfaces, ads orpt io n sites are di stributed among various
ad sorpt ion energies belonging to some interval f!. For the purpose of mathematical
convenience, thi s interval is often assumed to be (0, + 00) or ( - 00, + 00). For the
model of localized adsorptio n without lateral interactions between adso rbed molecules
the differential distribut ion of adsorption energy, x(e), is usually accepted as the quan­
titative measure of sur face heterogeneity. By means of ()(p, e) and X(E), the equation
for the overall ad sorption isotherm v( p) can be written as follows :

v(p) = V o fO(p,e) X(E) dE (13)

where Vo is the amo unt ad so rbed at monolayer coverage. Vari ou s analytical expres­
sions have been used to represent the function X(E)31, gau ssian distributions probably
being mo st often considered . There are good reasons to ass ume such distributions as
a correct representat ion of surface heterogeneity a t sub-monolayer surface coverages" ,
For the se reasons, and on the ba sis of so me other mathematical considerations, we
shall further represent X(E) by the following bell-shaped , gaussian-like distribut ion:

(14)

which reduces to th e Dirac delta funct ion aCE - Eo ) when th e heterogeneity pa rameter f!
tend s to zero. Eqn. 14 ha s the important ad vantage that the integral in eqn. 13 can
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then be expressed by appropriate derivatives of O(p, c) with respect to e, taken at
e = eo. In general, we have33

(15)

(16)

The non-physical part of the integral in eqn . IS from - 00 to 0 does not introduce a
greater contribution, as both O(e) and x( e) are then rapidly decreasing functions" .

In this way, the adsorption isotherm v(p) for a heterogeneous surface can be ex­
pressed by a new isotherm equation for a hypothetical homogeneous surface with
adsorption sites that have an adsorption energy of eo. Let us consider the isotherm
O(p) in more detail. After performing appropriate differentiations, we obtain

0(p,eo) = [0 + :2(ITf 0 (I - 0) (I - 20)L=EO

or, in terms of pressure p :

k'p [ n
2 ( e)2 I - k'p ]

0(p,co) = 1 + k'p I + 6 RT (I + k'pf

where

( 17)

(18)k' = ko exp ( ;~ )

The behaviour of 0(p) differs from that of O(p). At the initial low pressures,
0(p) has higher values than O(p), but is smaller at higher relative pressures. Thus, the
behaviour of 0(p) is typical of adsorption systems with heterogeneous surfaces (e.g.,
ref. 35). It still remains to establish the highest reasonable value of (! for the degree of
approximation adopted in eqn. 15. This is carried out by utilizing the condition that
the derivative a0jap should not be negative at any value of p. A simple analysis yields
the following two values of PI and P2 as the possible zero points of the derivative
a0jap :

2A - 1 - \/.3A2=X (19)
PI = k' (l + A)

where A= (:2 )(:T)2and

2A - I + \/3:4"2--=-:4
p! = k' (1 + A)

As the pressure must have real values, then

(n2) ( e )2 (!6 RT ~ 2.0 or RT > 1.1

is the necessary condition such that the zero points for a0jap could exist.

(20)

(21)
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In order to use earn. , as the isotherm "a" in the basic differential equations
(eqns. I and 2), we would have had to know its equivalent kinetic derivation and then
to solve the system of these differential equation s for the new kinetic mechanism.
Both of these problems are very difficult to so lve, and we sha ll ad opt here ano ther
strategy, as foll ows.

We shall replace the isotherm e(p, k ') by some Langmuir isotherm fJ(p, k)
with some effectively ch an ged parameter k = mk' , such that fJ(p , mk' ) approximates
best e(p, k ') in th e pressure range (0, ('m.,)' This best approximation is found from the
condition

a c m a x J m k' p

am J 11 + m k ' p

k' p

I .v« p [
n 2 ( (})2 1 - k' P]l _

I + 6 RT (I + k ' p)2 J dp - 0
(22)

In other words, we shall use for "u" some Langmuir isotherm with the effectively
changed parameter mk', Of course,

m = m(u, k'; cm . , ) (23)

When the veloc ity of the carrier gas is sufficiently low , i.e., the elution process can be
ass umed to run at equil ibr ium , the funct ion c(t) will depend parametricall y only upon
the ratio k = ka/kd • Then , the effects of surface heterogeneity can be taken into
account directly by replacing k' with mk', If, however, equilibrium is not a tt a ined ,
then we have to decide the way in whic h the cha nge in k ' is a ffected by changes in k a

ar.d ka- Th is pro blem lead s us to the kinetics of ads orption on heterogeneou s sur faces.
Althou gh over 30 years ha ve pa ssed since Rogin ski iv" considered thi s problem ,

his theoretical results are sti ll of major importance. His theory, however , require s
much addi tiona l info rmatio n, such as the dist ribution o f ad sorption and desorption
activation energy. Therefore, we shall adopt he re some other means of inve stigating
this problem. Let us consider to thi s purpose th e equation"

I fJ ( ) (k r p)' ____
-;;; 1 p = I + (k

r
p)' , 0 < r "'" I (24)

which has been found to descr ibe well the ad sorption on man y het erogeneous sur faces
39. 40 . In the limit r -7 I, eqn. 24 becomes a Langmuir isotherm. Assuming, as in our
theory, th at the local ad sorption on the energetically homogeneous areas of the
sur face is governed by the Lan gmuir equati on , Sips" evaluated the energy di stribu ­
tion fun ct ion XI(e) corresp onding to Bradley's equation": This function has the fol­
lowing form ':

• Eqn . 24 is only a useful emp irica l relat ionship. Its related energy dist ribution funct ion (eqn.
25) was found from the appropriate inverse St ieltjes transform. Hon ig and Hill" formulated the neces­
sary mathemat ical conditions to be fulfilled by the overall adso rptio n isotherms, which arc Stieltjes
transforms of some function 1. (f') . These con d itions a rc not fulfilled exactly by eq n. 24. Therefore,
the function 1.1 (e) fro m eqn. 25 is tem perat ure depend ent and does not tend to a delta functio n as
r tends to unity.
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I
Xl (e) = n RT'

. ( ) [ r (e m - e) ]sm nr exp -u--
( [

r (s m - e) ] [ 2r (e m - f:)]+ 2cos n r) exp RT I exp - - i?Y;--
(25)

where e m is the most probable energy of ad sorption on a given heterogeneous surface.
It can be seen th at the distribution from eqn. 25 is very similar to the energy distribu­
tion from eqn. 14, accepted by us, if e m = eo. It can be fu rth er show n th at

( em )k r = ko exp RT

We can formally consider the following set of equations:

Va = k aP(1 - 01) I/r

(26)

(27)

(28)

where Va and Vd denot e th e ads o rption and desorption ra tes, respect ively, as the kine­
tic deri vation of eqn . 24. Fro m these equations, it foll ow s th at

(29)

In thi s way, we have de fined the adsorption and des orption rate coefficients for a given
heterogeneous surface , as be ing equal to their values for the areas of surface correspond­
ing to the most probable energy of adso rptio n e In (or eo if the adsorpt ion energy
distribution is described by eqn. 14).

The special behaviour of the rates of ad sorption and desorption on heteroge­
neous sur faces is described by th e fu ncti onal relat ion ships VaC0d a nd Vd(OI) given by
eqns. 27 a nd 28. Let us re-write th ese equations in th e form

(30)

(3 1)

where

k ' - () l /r - 1
d - 1

(32)

(33)

In the kinetic pictu re of adsorption , our procedure of repl acin g eqn. 17 with
eqn. II, with the effectively changed parameter mk', is equ ivalent to repl acin g eqns. 32
and 33 with the followin g:

, , k 0] k
k = k = _ a J (I - x )l/r- 1 dx = rO~la [I - (I - Ot>I /rj

a a 0
1

0
(34)

(35)
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Therefore, we can write

7

(36)mk' = k:_ c-=~ [~-=~-=--~~~]
k o":k

d
d

If the surface becomes homogeneous with adsorption energy e = Eo = C m, then
(j -)- 0, r -)- I and m -)- I. Th en, k ' = k , = ka!k d • The effective con stant mk' is cal­
culated here by mean s of eqn . 22.

In non-equilibrium GSC processes, only in the limiting cases of very low and
very high adsorbate concentrations in the column can the problem be solved quanti­
tati vely.

With very low concentrations in the column, which correspond to small re­
lative coverages of the surface, the effective ad sorption rat e con stant will sti ll be k a,

while the effective desorption rate con stant will be kd!m. The opposite situa tion will
occur at very high concentrations in the column (very high relative coverages of the
surface) i.e., the effective adsorption rate constant will be k am while the effective de­
sorption rate co nsta nt will be k d ' Of most interest is the region of low ad sorbate con­
centrations in the column, as typical chromatographic processes are carried out by
using small doses of adsorbate. For thi s reason , we performed some illust rative calcu­
lations of the effect of surface heter ogene ity on the shape of the elution curve, c(t ), only
in the region of low adsorbate concent rat ions in the free gas phase , and these calcula­
tions are con sidered in the next sect ion.

Our conclusions concerning the effect of surface heterogeneity on the rates of
adsorption and desorption may be imp ortant in cat alysis studies, in which the rate of
adsorption of sub strate s and the rate of desorption of products are very imp ortant
factors governing the effectiveness of cata lyt ic processes.

We should mention that eqns. 32 and 33 provide only ba sic information on the
way in which heterogeneity of the surface affects the rate s of ad sorption and desorp­
tion at very low and very high concentrati on s of the ad sorbate in the free gas phase,
i.e., the way in which the surface heterogeneity affects the adsorption and desorption
rate con stants, when estimated chromatographically by using va rious sample sizes of
the absorbate. Eqns. 32 and 33 are not valid in the limit p -+ 0, as Bradley's equation
(eqn . 24) does not then behave correctly as it does not reduce to Henry's law, which is
the limit of all correct ad sorption isotherms (see footnote, p. 5). Ho wever , eqn. 17
reduces correctly to Henry's law when p -+ 0 and therefore the parameter m can also
be interpreted in this limit.

RESULTS AND DISCUSSION

In our illustrative calculations, we employed parameters similar to those used
by Zhitomirskii et al." . Thus, we assumed k; = 105 ml/mg -rnin, k d = 400 min-I and
am" , = 10 mgjml. For k ' = kulk d = 250 ml/rng, we evaluated both ()(p, k') and
()(p, k ' ), assum ing that u!RT = 1.0. The result s are shown in Fig. I. The beh aviour of
8(p) in compa rison with O(p ) is typical for heterogeneous surfaces.

Further, we evalu ated m for various concentration ranges [0, em a , ] , taking
k' = 250 and 100 ml /rng. The result s are shown in Fig. 2. It can be seen that m has a
tendency to stabilize at very small and very large values of Cm" x' It can also be seen
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Fig. I . Effect of surface heterogeneity on the sha pe of adso rpt ion isother ms. Th e solid line co rresponds
to the Langm uir isot herm from eqn. II with k .~ 250 rnl/rng a nd !!/RT ~ 0.0. Th e broken line
denotes the isotherm from eq n. 17 with k' ~ 250 ml/mg a nd ol RT = 1.0.

Fig. 2. Effect of th e concentration ra nge, em.", on the value of the best-fit pa ra meter , Ill , to be used
t o approximate the isoth erm in eqn. 17 by the isoth erm in eqn . II in th is concentrat ion range. The
sol id line corresponds to adso rpt ion systems with k' - 250 rnl/rng and etRT ~= 1.0 and the broken
lin': is related to adso rption syste ms with k ' = 100 mljrng and !!/RT = 1.0.

th at the greater the adso rptio n constant k', the greater is the effect of surface hetero­
geneity at low adsorbat e con cent rat ions and the sma ller the effect at high adso rbate
concentrations in the free gas phase. The ad sorpt ion energy e has onl y a minor effect
on the pre-exponential co nsta nt ko. Thus, the greate r the most probable adso rption
energy eo = e n" the la rger is the decrease in the rate of desorption at low ad sorbate
concentrations, and the smaller is the decre ase in the adsorption rate at high adsorbate
concentrations in the free gas ph ase.

Zhitomirskii et al.30 proposed a method for estimating chromatogra phically
the adsorption and desorption rate constants. The proce ss must be carried out far
from equ ilibrium, and the most convenient way is to use eqn . 10, relat ing COla x to
l max • The dependence of COl '" on l m a x can be measured experimentally by intr oducing
different amounts of adsorbate into the column at a con stant flow-rate , the experiments
being repeated for different flow-rate s. The dependence of Cm a x ' l m a xl / 2 on (Z/Ug )1/ 2

which, according to eqn . 10, mu st be a straight line, can be constructed from inter­
sections of the curves obta ined with stra ight lines of equation l m a x = con stant. From
the tan gent of th is straight line one obta ins kd 'Gma xlka and from the intercept on the
ordinate one obtains (k a ·!- l m a x) - I + kd/k a . Eac h of the con stants k a , k d and ama x can
be obtained from two such straight lines for two values of l m a x'

Our considerat ions show that the ab ove procedure sho uld be applied very
carefully. As we already have seen, surface heterogeneit y affects both ad sorption and
desorption rates , a ltho ugh in different ways at different adsorbate concentrat ions.
There may be som e balancing of these effects in some concentra tion regions with the
rat io ka/k d appearing as a pre ssure-independent value. Thi s feature , however , is not
a sufficient check of surface homogeneity, and the measured rate constants k; and k d

may have appa rent values that ditTer from their tru e values. It seems to us that the
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following modifi cation of th is procedure is necessary in order to est imate reliable
values of the adsorption and desorpti on rate con stants :

(I ) Firstly, thi s procedure should be applied in the region of low adsorbate
concentrations in the free gas phase, where one sho uld est imate the correct value of
the adsorption rate con stant, ka . In other words, experiments sho uld be carried out
with very small doses of the adsorba te.

(2) Next , the method should be applied in the region of very high ad sorbate
concentrat ions in the column , to estimate reliably the desorption rate constant, k d •

Thi s can be done by using large do ses of the adso rbate.
(3) The inves tigat ions should be extended to lower and higher ran ges of Cm a x

unt il the estima ted k; and k d values become pres sure-independent.
We sha ll now demonst rate the effect of surface heterogeneity on the sha pe of

the elution function c(t) with small doses of the adsorbate introduced into the column.
Let us assume an adso rption system with a hom ogene ous surface on which E = EO

and the other param eters are k; = 105 ml/mg -rnin, k d = 400 min - 1 and am a x = 10
mg/ml . Let us assume further th at the chroma tog ra phic process is runn ing a t zlu, =
0.01 min and a very sma ll do se of adso rbate is used, corresponding to m]F = 10- 5

mg/rnl-min. The related elution peak is show n as the so lid line in Fig. 3.

- -1 1·----·- - - .-- --- -- - - - --,

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

I ,
/ ,

/ ,
/ / ,-- -,

-~ I I ~

74 76 78

Time (min)

Fig. 3. Effect of surface hetero geneity on the sha pe of elut ion curves at low concentr ati ons of
adsorba te in the free gas phase (low doses of adsorbate correspo nding to 111/ F = 10- 5 mg/rnl -min ).
The adso rpt ion system is cha racte rized by the values k; ~ 10' rnl/rng -rnin , k d = 400 min-I , O n" , =

10 mg/rnl and zlu; c_ 10- 2 min. The so lid line co rres ponds to the situat ion when I! /RT = 0.0, i.e., to
a homogeneous surface . Th e bro ken line corresponds to the situa t ion when o!RT = 1.0. In the latter
instance, the apparent va lue of k d is, according to o ur the ory, 133 rnlrmg,

If we now assume a heterogeneous surface with the mo st probable adsorption
energy equa l to f o and a distri but ion of ad sorpt ion energy charac terized by u/RT =
1.0, at such sma ll co ncentrations of adso rba te in the free gas phase the best-fit param­
eter m will be about 3.0. Consequently, the effecti ve desorpt ion rat e con stant
k'aim will be abo ut 133 min-I, wh ile the effecti ve adso rptio n rate constant will st ill
be 105 ml/mg · min. With zlu, ~- 10- 2 min a nd m]F = 10- 5 mg/rnl- min , the evaluated
elution curve c(t ) has a sha pe co rrespo nding to the broken line in Fig. 3. It can easily
be seen that thi s latter peak is much flatter , a ppears at much higher retention times
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and some loss of symmetry is observed in compa riso n with the peak co rresponding to a
hom ogeneou s surface.

All of the features obtai ned here by mathematical mean s have been observe d in
practice. Our theory may mak e it possible to est ima te quantitati vely both the adsorp­
t ion and desorption ra te co nsta nts k' a and k'd and the hete rogeneity par amete r f.! in
the same set of exper iments . ]f we assume that we have a lready est imated ka and k d

acco rding to the mod ified procedure recommended here , then we have also estima ted
the parameter m( cmaJ for the initial region of co nce ntrat ions in the free phase, usually
calledthe Henry region . According to eqn. 22, in thi s pressure region we have

Thus :

[
n2 ( (! ) 2]

111 k ' p = k ' p I + 6- RT

RT
f.! = - - [6 (m - I)P

it.

(37)

(38)

H owever, at presen t we do not have appro priate exper imen tal da ta at our disposal to
illustrate this procedure. This aspect will be con sidered in futu re publications.

CONC LUS IONS

It is possible to invest igate qu antit ati vely the effects of surface heterogeneity in
non-linea r and non-equil ibrium GS C by using a new formul at ion for the kinetics of
adsorption on heterogeneou s surfaces. In the ab sence of except ion al beh aviou r of the
activat ion energies of adsorption and desorpt ion on adso rption sites that have differ­
ent adsorptio n energies, thi s new formulation of the kinetics of adsorption ca n be
summa rized as follows:

( I) at low adso rbate con cent rations in the free gas phase, the surface hetero­
geneity decreases the rate of desorption, while the rate of ad sorption rem ain s un­
chan ged;

(2) at high adsorba te concentra tions, the surface heterogeneity decreases the
ra te of adsorpt ion, but does not affect the rate of desorption;

(3) the adsor pt ion and desorption rate co nsta nts a re defined as being eq ua l to
the ir va lues for surface sites with the most probable energy of adsorption.

It is possible to est imate qu antitat ively these rate co nstants by using the proce­
dure described here . Simulta neo usly, a param eter is est imated that describes quant i­
tat ively the degree of surface heterogeneit y. As the deg ree of sur face heterogeneity in­
creases, the elution peak s corresponding to sma ll sample sizes of ad sorbate become
increasingly flatt er . They appear a t increasingly longer eluti on times, and the peak
symmetry is gradually lost.
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EI N SC HNE LLER UND EM PFIN D LIC HE R WARM ELEITFAHIGK EITS­
DETEKTOR ZUR VERWENOUNG MIT KAPILLARSAULEN

H. SC H IR RM EIST ER

Bayer AG, lngenieursabteilung AP/ MSR , Dormagen ( B. R.D.)

(Eingegangen a m 31. Dezember 1976)

SUM MA RY

Fast and sensitive thermal conductivity detector fo r lise with capillary columns

A th ermal co nd uct ivity detector is described , that in its time co nstant equals
th e flame ion izati on detecto r and has th e sa me sensitiv ity for th e measurem en t of co n­
centra tion as co nve nt iona l th ermal co nd uct ivity detect or s used wit h packed co lumns .
The sma ll time co nsta nt and th e high sensitiv ity are th e result of a pressure drop being
maintained betwe en the column connection and the measu ring cell , so that the ga s is
expanded to a bigger vo lume a nd the vo lume veloc ity in the measuring cell is increased .
A chro matogram, taken with a gas expa nsion by a factor of 50 is compared wit h a
correspo nd ing chro ma tog ram witho ut gas expan sion .

EIN LE IT UNG

In zun ehm endem Masse werden bei de r gas chro ma tog ra phischen Analyse
Kapill arsaulen , insbesondere Glas-Kapillarsaulen eingesetzt , die sich durch ho he
Trennleistunge n a usze ichnen, nach versc hiedenen Verfahren relati v leicht her stell ba r
sind und deren Handhabung weit weniger problematisc h ist , a ls es die sprichwortlich
bekannte Zerbrechl ich keit des Gl ases zun achst vermuten lasst' :". Es sind Eingangs ­
teiler, d ie tiber einen grossen Siedebereich der Komponenten hin konstante Teiler­
verha ltnisse einh alten , entwickelt worde rr' :", und bei A nwe nd ung der splitlosen In­
jek tio n sind Kapill ar saul en a uch fur Spuren an alysen einse tzbar",

Eines der Hindernisse, das einem noch sta rkeren Vo rdringen vo n Kapilla r­
saulen bisher entgegenstand, ist jedoch der Um stand , dass sie nicht in befried igender
Weise mit Warrneleitfahigkeitsdetektoren (W LD) be trieben werden konnten . F ur
einen Teil der An alysenaufgaben wa r dah er die Bearbeitung mittel s Kapilla rsaulen
pr inzip iell au sgesc hlossen, fur e inen a nde ren Te il erga ben sich d urch d ie Notwendig­
keit einen Flammenionisationsdetektor (FlO) verwenden zu mu ssen, grossere , un ter
Umstanden a bschreckend grosse Probleme der Eichung.

Hin sichtlich der Messernpfindlichkeit ist , vo m Funkt ion sprinzip der beiden
Detekt or en a us betrachtet , die Tat sache , dass fiir Kapilla rsaulen nur der FlO und
nicht a uch , oder sogar bevorzugt, der WLD ein geset zt wird , pa radox. Der FI D misst
bekann tlich den Mengenstrom der Komponenten und die Mengen strorne sind bei
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K apillarsaulen klei ncr al s bei gepackten Saulen . Der WLD misst jed och Konzentra­
tionen und die Konzentrationen der Komponentcn im Elu at sind bei Kapillarsaulen
eher grosser a ls bei gcp ackten Saulen. Deshalb mu ssten eigentlich aile Wl.DvAn alysen
sta tt mit gepackten Saul en a uch mit Ka pillarsaulen durch fuhrbar sein.

Schl iesst man aber eine Kapill ar saule an eine handelsubl iche WLD-Zelle an,
so geht die fur K apillarsaulen charakterist ische gute A uflosung ver loren und d ie
K on zentrat ion s-Messempfindl ichkeit de s Det ektors scheint verminde rt. Beidcs be­
ruht darau f, dass das Volumen des Detcktors wesentlich gross er ist a ls die Peakvolu­
mina ", In folgedessen ist die Zeit , die eine Komponente benotigt, um durch den Detek­
tor hindurchzuwandcrn, grosser al s die Ze it , in de r sie elu iert wird , und au sserdem
fullen die Komponenten nur eine n Teil der Detektorzelle a us, so dass der Detektor
nicht die tat sachl ich e Kon zent rat ion der Komponente im Elua t, so nde rn einen tiber
das gesamte Zellenvolumen gemitte lten und entsprechend kleineren Wert mi sst.

Zur Anpassung an die kleinen Vo lumenstrorne und de ments preche nd kleine n
Peak volumina be i K apillarsaulen sind spezielle Detektoren mit kleinem Mes svolumen
konstruiert worden7-11. 16 . 17 . Bei Hitzdrahtdetektoren gelangt man dabei a n konstruktive
und me sstechnische Grenzen , weil ein er seit s Me ssvolumina < 10,u1 erforderl ich
sind un d a nderersei ts d ie Messempfindl ich keit vo n Hitzdrahtdetekt oren der Lan ge
des Drahtes proportion al ist " .

M an ka nn nun aber au ch um gek ehrt vorge hen und nicht den Detektor an den
G asstrom so ndern den Gasstrom a n den Dete ktor a npassen ; a nste lle der Verkleine­
ru ng de s Detektorvolumens a lso einen Vcrgrosserung de s Volumenstroms durch den
Detektor vornehmen .

D ies durch Ein speisung vo n zu sat zlichern T ragerga s zu tun , ist beim WLD un­
zweckrnassig, weil dadurch das Eluat verd unnt wird. Das ph ysikali sche Phan omen
der Warmeleitung fordert jedoch eine andere Massnahme geradezu heraus : Da narn­
lich d ie Warrne leitung bis hi nab zu D rucken vo n I mbar nur sehr wenig vo m Dru ck
abha ngt, liegt es nah e, das Sa ulenelua t vo n grosse rn Druck ( I bar) und kleinern Volu­
men au f kleinen Druck und gros ses Volumen zu bringen. Mittels einer zwischen
Saulenausgang und Messzelle eingefugten Drossel in der der Druckabfall von Nor­
maId ruck am Saulen au sga ng a uf den erforderl ichen Unte rdruck in der Messzelle
erfolgt , lass! sich d iese Zu standsanderung erreic hen.

1m Gegen satz zu Verfa hren, bei denen die Saule durch direkten Ansc hluss an
ein en evakuierten Detekt or teilweise mit evakuiert wurde IJ -

15
, konnen durch den

Einba u der Drossel d ie Parameter der gaschro ma togra phisc hen Trennung un ver­
andert ble iben.

T HEORIE

D as Zeit verhalt en de s Detektors wird durch die Laufzeit durch den Detekt or
i, beschrieben. Es gilt di e Beziehung

Vd Vd P,
l a = - = - ' - -

Vd V, Pd

(I)

• Mit Pea kvolumen bezeichnet Ka iser' das Volumen des Eluats , au f das die Kom ponent e am
Sau lena usgang verteilt ist ,
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Die Laufzeit I d ist gleich dem Quotienten au s dem DetektorvoIumen Vd und der
Volumengeschwindigkeit im Detektor lid' und lid ist gleich der Volumengeschwind ig­
keit des Tr agergases a m Ende der Saul e Ii., multipl iziert mit dem Druckverhaltnis
pJpd zwischen Saulenende und Detektorzelle (wenn die Gasmengenstrorne und die
Temperaturen in Saule und Detektor gleich sind). Forde rt man , dass die Halb wert s­
zeit eines registrierten Peak s um weniger a ls 5%von der Halbwertszeit Ie der Elution
der Komponente a bweicht , so muss Id <; 0.51e sein.

I «; LOSte wenn t, <: 0.51e

Das Me ssvolumen gebrauchlicher WLD-Zellen Iiegt bei etwa 0.5 ml, die opti­
male Tragergasstrornung vieler Gl as-K ap illarsaulen liegt bei I ml/rnin. 1st Ps = Pd, so
betragt die Laufzeit durch den Detektor 30 sec.

Eine Komponente, die mit einer Halbwertszeit Ie = I sec a us der Saule aus­
tritt , er scheint a ls Pea k mit der Halb wert szeit I = 30 sec. Um die Verfalschung der
Peakform durch den Detektor aufzuheben, ware ein Drucksprung Ps/Pd = 60 auf
P« = 17 mbar erfo rderlich. Aile Peak s mit t e > 1 sec erschienen dann un verfal scht ,
aber auch ein Peak mit Ie = 0.5 sec wilrd e nur auf I = 0.6 sec verbreitert werden .

EX PE RIM ENT ELL ES

Der normale WLD eines handelsiiblichen Gaschrom atographen (Modell 417,
Packard-Instruments) wurde zu einem Kapillarsaulen-Wl.D umgebaut , indem vor
und hinter der WLD-Zelle je cine Drossel angebrac ht wurde (Fig. I). Eingangsseitig
diente als Drossel cine zusa rnrnengedruckte Stahlkapillare; am Au sgang wurde ein
Nadel ventil verwendet. Eine Vakuumpumpe hielt hinter der Ausgangsdrossel einen
Dru ck < 0.1 mbar a ufrecht. Der Druck im Detektor, der durch den Vordruck und
die Strornungswiderstande der beiden Drosseln bestimmt wird, und an einem Mano­
meter abgelesen werden konnte, wurde mit Hilfe des Nadelvent ils auf 20 mbar ein ge­
stellt.

- Pum pe

,.----+==;-1-----1 P Manometer

5-
I ----- Mell ze ll e---r---

S ~ Bereich geregelter
'--- -±-' I Temperatur

Fig. I. Prinzip des Wa rrneleitfah igkeitsdetekt ors mit Gas-Expansion.
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D ie Ei ngangsd ros sel wa r so zu bem essen , dass bei Atrnosphare ndruck 1.8 ml
Helium /m in in sie einstrorn ten . An den Oetek to r wur de eine 18-m lan ge Kapillar­
saule aus G las, lnnendurchmesser 0.25 mm , a ngesc hlosse n. Der A nschluss gescha h
in sehr einfacher Weise dadurch , dass die sehr d iinne Stahl kapill a re, d ie in ihrem hin­
teren Te il die Ei nga ngs dross el bild ete, a uf ca. 2 em Lan ge in d ie Trennsaul e hineinge­
scho be n wurde . Die Strornung durch die Trennsaule wurde au f 1.85 ml/min ein gestellt,
so dass 0.05 ml /rnin an der Ansau gka pillare des Detektors vorbei nach aussen ab­
strornten.

Fig. 2a zeigt ein Chromatogramm , dass mit diesem Detektor a ufgenommen
wurde. D ie Komponenten und die An aly senbedingungen sind in der Bildunterschrift
an gegeb en. Fig. 2b zeigt zum Vergleich ein Chro matogra mm, bei dem die Saule
di rekt an d ie WLD-Zelle an geschl ossen war und sich der Oetekto r auf Atrnos pharen­
druck be fa nd . Aile anderen Bedin gun gen ware n die gleichen wie bei Fig . 2a . Wie de r
Verg leich zeigt , sind bei Verwe ndung des Unterdruck-WLO die Pea ks etwa 10 mal
so hoch wie bei Norm aldruck, wa hrend die Halbwertsb re ite et wa um den gleichen
Fa ktor k leiner ist.

A

~ t Min -I
(0 )

B

c

o

G

( b ) f- 1 Min -I

Fig. 2. Ka pilla rsa ulen-Chro mat ogra mm , a ufgenommen bci (a) cinem Druck von 20 mbar und (b)
Atmosp hiirend ruck im Dctektor. Gaschrornatograp hische Bcd ingun gen : 18 m Kap illarsa ule a us
G las, I. D. 0.25 rnrn, Belegung O V- IOI; T ragcrgas Helium, 1.85 ml/min ; Sa ulentern peratu r, 25";
Split , I :140 ; Probernenge, 0.3/t!. Ko mpon ent en : A fI-Pcnta n, B 2-Methylpenta n, C ~ 3-
Methylpenta n, D -c- fI-Hexa n, E - Methylcyclopen ta n, F - - Benzol , G Cyc lohexan. Detektor-
strom 100 rnA, Abschwiichung 1:8.
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Die a us den Chro ma togra mmen ablesba re Verminderung der Halbwert s­
breiten und Zunahme der Hohen der Peaks st immt recht gut mit der Th eori e
iiberein . Fu r ein Messvolumen von 0.5 ml , den G asst rom von 1.8 ml/rnin und einen
Peak mit der Halbwert sbreite Ie = 1.5 sec ergibt sich au s Glei chung lId/I e = II.
Dabei ist der Vergleich nur fur die Komponente A moglich (Fi g. 2), weil bei allen
anderen Komponenten im Chromat ogramm 2b eine teilweise Uberlagerung statt ­
findet und die auf die Basis bezogene Peakhohe nieht messbar ist. Eine noeh bes sere
Ubereinstimmung von Messung und Reehnung ist nieht zu erwarten . Die Annahme
eines Messvolumens vo n 0.5 ml ist nur cine grobe Sch at zung, das Zellenvolumen be­
tra gt 0.8 ml, a ber die Hi tzdrahte er stre ckten sieh nicht iiber die vo lle Lan ge der Zelle .

Der Tragergasstrorn ist mit 1.8 ml/rn in reeht hoch. Der Drueksprung Ps/Pd =
50 harte naeh Gleichung I offenbar au sgereieht , urn auch noeh bei kleineren G as­
stromen ode r sehma leren Peak s die wahre Peakform zu registrieren. Die untere Grenze
des Tragergasstrorns war jedoch durch die feste Eingan gsdrossel vo rgegeben.

Die et was selt samen Werte vo n Saulen-, Einsp ritzblock- und Detektortempera­
tur haben keine besondere Bedeutung. Das gezeigte Chromatogramm ist eine s der
ersten, da s mit dem neuen Detektor a ufgenommen wurde, und d ie Apparatur wies
noch einige Unvollkommenheiten auf. Die bedeutendste ist, da ss nur die Me ss­
seite des Detektors evakuiert war. Da s fuhrt erstens, weil bei 20 mbar do eh schon ein
gewisser Druckeinfluss a uf die Wiirmeleitung besteht, zu einer grosseren Briicken­
verstimmung, die elektrisch kompen siert werden mu ss und hat zweitens ein durch
Druckschwankungen bed ingtes Rauschen zur Fol ge, das bei der Ab sch wachung 1:8
und 100 rnA Briickenstrom a llerdi ngs noch nicht sichtba r ist.

Zur Verminderung dieser Storeinfliisse ist es erforderlich , Me ss- und
Vergleichsseite zu evakuieren. Au sserdem miissen sowohl die ein gangsseitigen wie
auch die ausgangsseit igcn Strornungsdrosseln auf kon stanter Tempcratur geh alten
werden. Es ist deshalb zweckrnassig, die Strornungsdrosseln und den eigentlichen
WLD kon struktiv zu einer Einheit zusammenzufassen.

ZUS AMM EN FASSUNG

Es wird ein Warrneleitfahigkeitsdetektor beschrieben, der in seinem Zeit­
verhalten dem Flammenionisationsdetektor gleicht und fur Kapillarsaulen die gleiche
Konzentrati on s-Messempflndlichkeit besitzt , wie herkommliche Warrneleitfahig­
keitsdetektoren bei gepackten Saulen . Die kleine Ze itkonstante und die grosse Mess­
empfindl ich keit des Detektor s werden dadurch erreicht, da ss zwischen der An schluss­
stelle der Saule und der Messzelle ein Druckgefalle aufreehterhalten wird , so dass das
Gas auf cine grosseres Volumen exp andiert und die Volumengesehwindigkeit in der
Messzelle crhoht wird . Ein mit einer G as-Expansion urn den Faktor 50 aufgenomme­
nes Kapillarsaulen-Chrornatograrnm wird mit einem entspreehenden Chromato­
gramm ohne Gas-Expan sion vergliehen .
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SUMMA RY

The reproducibility of the perfo rman ce of ca rbo n co lumns has been st udied in
term s of retention data a nd efficiency. The repeatabil ity of the data obtained with one
column over several months was excellent, in spite of its use for th e an alysis of a va­
riety of samples with so lvents with a wide ran ge of eluo tropic strengths. It was found
that the retent ion data on ca rbon adsorben ts ar e proport ional to the total surface
are a of the adso rbent in the column, within the limit s of error of measu rement of th is
parameter , except for po lyaroma tics. For these co mpo unds, the ca rbo n adsorbe nts
exhibit act ive sites and the reten t ion increases faster than the surface ar ea. Graphitiza­
tion had little effect on the retention data or th e eluo tropic stre ngths of the so lvents .

The co lum n efficiency for inert pea ks is good, show ing tha t exce llent pack ings
can be obtained with ca rbo n black particles, either gra phitized or no t. The co lumn
effi ciency decreases mar kedly with increa sing retenti on , which seems to be a pr op erty
of columns packed with la rge part icles of po rou s adso rbents . Graphitization has also
a sma ll effect on thi s phen omen on a nd accordi ngly is much less useful in liqu id th an
in gas chromat ography, except in prepa rati ve ap plica t ions, as the load ability is one
order of magni tude grea ter.

INTRODUCTION

The reproducibil ity of retention data in liquid chromat ography (LC) has been
the subject of co ntrad icto ry repor ts. Some fou nd it exce llent ', while others found it
difficult to obtai n co mpara ble retentio n da ta on different co lumns packed with pa r­
ticles of the same batch of adso rbent", In fact , the situation is very different fo r polar
and non-polar adsorbents . In the former instance the reproducibility of th e water
content of the adsorbent , and hence its degree of activatio n, is cr itica l a nd it has been
demonstrated th at the water co ntents of a lumina a nd silica contro l the reten tion to
a large extent'':". Reproducibility of retent ion data from co lumn to co lumn can be
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achieved only if the water co ntent befo re pac king a nd al so the a mo unt of water ad­
sorbed du rin g th e pac king procedu re ar e co ntrolled. Further , the water co ncentra tio n
in the mobil e ph ase sho uld be kept constan t , which is not easy at values below.
sa tura tio n. Th e reproduct ion of a given water co ncentra tio n is even more d ifficult to
ac hieve. Fina lly, when not in use, co lumns sho uld be kept closed , filled with a so lvent.
All of these steps a re critica l a nd often overloo ked, whic h prob abl y explain s the poor
degree of reproducibilit y th at is oft en ach ieved.

When non-polar adsorbent s are used in reversed-phase chromatograph y, the
probl em is different and simpler. The ubiqu itou s water is not a ppreciably adso rbed,
and th e compounds most strongly adsorbed by non-polar adso rbents do not cha nge
a pprecia bly the pola rity of the surface. In thi s insta nce the reprodu cibility of retent ion
dat a depend s mainly on th e rep rodu cibil ity of the chemica l properties of the surface
itself. This is easy with carbon adso rbents derived from carbo n black , the surface
chemi cal hom ogeneit y of which is well known.

In thi s paper we discuss the repr oducibility of chro ma tog ra phic result s
achieved with carbo n adsorbents and the effect of gra phitization of the adso rbent.
This treatment has a conside rable effect on rete ntio n data in gas chro matography but
th e effect is much less important in liquid chromatogra phy.

The prepar at ion and general properties of carbon adso rbents have been de­
scr ibed previously': ",

REPR ODUCIBILITY OF CA R BON CO LUMNS

Ad sorpti on on carbo n sur faces is closely related to the size of the adsorba te
molecules, which is the opposi te of the effect with pola r adsorbents, where the main
param eter appear s to be the polarity of the adsorba te':" . Of compounds th at a re liquid
at room temperatu re, water has the smallest molecule and co nsequent ly the exte nt of
its adsorpt ion on carbon surfaces is very sma ll. As a result , a column packed with
carbo n black (CB) particles contain ing some adsorbed water and eluted with a so lvent
th at has not been adequately dehydrated and the water content of which is not kept
constant exhib its the same chromat ographic properties as a column with wh ich special
care has been taken to keep the water co nte nt consta nt or negligible in bo th the
adsorbent a nd the eluent.

On th e other hand , arom ati c im purities have to be carefully rem oved fro m the
system because of their stro ng adsorpt ion. However, pollution of either the solvent
o r the adsorbent by such impuri ties is less co mmo n than pollu tion by water.

Th e reproducibil ity of chromatog raphic result s was studied on the same co l­
umn used at d ifferent times (lo ng-term repeat ability) and on co lumns packed wit h the
same and with different varieties of CB (co lumn-to-co lumn reprod ucibility). The
par ameters con cern ed are the retention data (capacity factors, so lvent strength s) and
the efficiency (H ET P curves and dependence of H ETP on the ca pacity factor ).

Long-term repeatability
This p rop erty was studied by compar ing sepa ra tio ns of mixtures car ried out

at different times, first ly with the co lumn freshly packed (co ndition I) a nd secondly
afte r th e colum n had been opera ted severa l weeks (co ndition II ), using more than 20
solvents cove ring a wide range of eluo tropic st rengths a nd left open a nd dr y in the
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laboratory for 4 months. Plugs of porou s PTFE were fitted a t both end s o f the column
so as to prevent any loss of pac king material.

The separations of mixt ures of methylbenzenes (M B), methylphenols (M P) and
diphenols (DP), i.e., wea kly po lar , polar and very po lar so lutes, were studied, using
as eluents aceton itrile (fo r M B and M P) and ethy l ace tate (fo r DP). The results are
summa rized in Tab le I and Figs. I and 2.

TABL E I

REPEATABILITY O F CH ROMAT OG RAMS ON MODIFI ED CA R BON BL A CKS

COII/POUIlt! ' Capacity [actor Efficiency ( N) Resolution ( R )
(k ')

If If If

Benzene 0.04 0.D3 2000 " 2100"
2.80 2.76

a-Xylene 0.35 0.33 1350 " 1280 "
2.40 2.39

1,2,4-Trimethy lbenzene 0.81 0.74 1800 " 1800"

1,2,4,5-Tetra methylbenzcne 2.04 1.90 2100" 2000"

p-Creso l 0.42 0.43
> 2 > 2

~.4-Xyleno l 0.!!9 0.9 1 632 751
; · 2 > 2

3,4,5-Tr imet hylpheno l 2.96 2.93 .345 1050

MDC 3.6 1 3.42 1000' " 700 ' "
0.91 0.90

ME 4.2 1 4. 13 970 '" 700'"
0.96 0.74

EE 4.89 4.79 960'" 830'"
:;..- 2 > 2

MR ~U4 8.87 1500 '" 1250 '"
1.27 1.25

ER 10. 1!! 10.45 1600 ' " 1350'"

• For ab breviat ions sec Fig . 2.
.. Calcu lated fro m inject ion of the pu re co mpound .

... Calcula ted from the ch romatogr am of a mixtu re.

Th e resolut ion , R" is given by

R., = 2 '~~~ ( I)
Wj + W2

where tR I and Wi a re the rete ntio n tim e a nd bandwid th , respecti vely, o f so lute i.
In Fig. 1, the separatio ns of M Ps (chromatograms A, B and C) were ob­

tained under co nd it ions I, " a nd " a fter the column had been was hed with ethyl
aceta te, respect ively. It appears th at be fore was hing (B) th e elution pea ks o f ph en ol
derivat ives are un symmetrical and bro ad, whereas the separation of MB s (no t shown)
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Fig. I . Reproducibility of the separation of methyl phenols. Solvent, acetonitrile; flow-rate, I mljmin;
Detector, UV (254 nm) . column: L = 54 em: de ~c 2.17 mm; d; 25-31.511m. Chromatograms,
A = freshly packed column (condition I); B ~. first use of the column under condition II; C ~

condition II, after flushing with ethyl acetate.

was very good and similar to that obtained under condition r. This suggests that the
active sites responsible for the tailing of polar solutes may be provided by polar
impurities which are adsorbed on CB and which are soluble in ethyl acetate but not
in acetonitrile.

3

~

5
1

3~ 5
2 6 ®®

2 6

1"1 Inj.

I
I .. I ...

0 10 20 tR (min) 0 10 20 t R (min)

Fig. 2. Separation of diphenol derivatives. Solvent, ethyl acetate; flow-rate, 1 rnl /rnin ; detector, UV
(254 nm). Peaks: 1 = unretained ; 2 = methyl divaricatinate (MDC); 3 methyl everninate (ME);
4 = ethyl everninate (EE); 5 = Methyl rhizonate (MR); 6 ethyl rhizonate (ER). For formulae,
see ref. 6.
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Comparison of chromatograms A and C indicates that excellent repeatability
is achieved after cleaning the adsorbent surface; the new peaks in chromatograms B
and C are due to a change of sample mixture. The same good repeatability was ob­
served for the sepa ra tion of diphenols, as shown in Fig . 2, where chroma tograms A
and B were obtained under conditions I and", respectively".

From the data in Table I, it appears that the long-term repeatability of the
capacity factor , k ', is generally better than 5 %. With regard to column efficiency and
resolution , it seems that the analytical properties of columns are constant with time,
with only a slight decrease in efficiency.

These result s are encouraging for the use of modified CB in high -performance
liquid chromatography (HPLC), as they show that there is no problem in keeping
columns with constant characteri stics. Moreover, because water is not adsorbed on
the carbon surface, there is no need for dr astic control of the water content of the
solvent.

Column-to-column reproducibility
It is of great importance that chromatographic data sho uld be reproducible

from one column to another when the columns are packed with the same ad sorbent
under the same conditions. Not only is such reproducibility necessary when chroma­
tographic measurements are to be used for the determination of physico-chemical
constants , but it is also of interest to know if it is possible to predict the retention
properties of a column packed with a given carbon adsorbent from the data obtained
by using a column packed with another carbon adsorbent.

Both problems were studied in thi s work , using two kind s of CB: Sterling
FT.FF, with a specific surface area (S,p) of about 16 m2jg, and Black Pearls L, with
SSP = 150 m2jg. Most experiments were carried out using acetonitrile, while in a few
ethanol and n-heptane were used and gave similar result s. The characteristics of the
different columns studied are summarized in Table II.

TABLE II

CHARACTER IST ICS OF CO LU M NS US ED IN REPRODUCIBILITY STUDY
- -~- - -

Column Carbon Pyrocarbon Graphitization Toral Liquid
type ' coating surface hold-up

('Yo) area ( CIII' )
( III ')

A B 55 Yes 47 1.50
B B 44 Yes 72 1.52
C B 55 Yes 36 1.09
D B 43 Yes 193 2.85
E B 33 Yes 66 1.15
F B 21 No 79 1.27
G B 43 No 1/2 1.77
H S 14 Yes 18 1.36
I S 15 No 10.3 1.82
J' S 15 Yes 20 1.93
K B 44 No 65 1.55
L B 44 Yes 72 1.56

• B = Black Pearl s L; S ,~, Sterling FT .FF.
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The fun dam ental equati on in adsorptio n chro matogra phy relates the capacity
factor , k ' , the eq ui librium d istribut ion coe fficient, K, and th e characteristics of the
co lumn (dea d volume V III a nd tot a l sur face area o f the adso rbent A ,):

k' = K'~ = K . m S,p
VIII VIII

(2)

where m is the a mo unt of ad so rbent in th e column.
The ratio of the capacity factors of one solute on two differe nt columns, i and

j, using the same elu ent is

(3)

Eq n. 3 is va lid if we assume th at the chemica l co mpos itio n of th e liq uid- so lid inter face
is the sa me for co lumns i andj (K, = KJ , and th is assumpt ion sho uld be bo rne in
mind when compa ring different ads orbents. Moreover, for ident ity between K, and
K, the sample size used mu st be sma ll enough to ensure a line ar adso rptio n iso therm ;
the maxim um am ount that can be injected with out producing a cha nge in k' is closely
related to the specific surface area of the adso rbent.

Even when using co lumns packed wit h particles prepa red from the sa me
origi na l ad sorben t t i.e., Sterling FT.FF o r Black Pearl s L), it is like ly th at S'P I i= S'Pi'
as coating with pyrocarbon decreases th e spec ific sur face area" , Data o bta ined usin g
such co lumns are repo rted in Tabl e Ill , the th eoretical va lues of Ri,j being ca lculated
from eqn. 3. The disp ersion of the results is ha rd ly significant , as show n by th e sma ll
va lues of th e sta ndard deviation ; the rep roducibility is better th an 5 %, i.e., wit hin
th e limit s of exper imental er ro r. There is also reasonable ag ree ment bet ween the ex­
perimental and ca lculated R i . } va lues. T he deviati on is pro ba bly d ue to a n imprecise
estim at ion of SSP (S,p va lues are der ived fro m BET measurements, an d it is likely tha t
th e gas-solid interface area is slightly diffe rent fro m the liqu id-solid int erface).

T ABLE III

COM PA RISON OF RET ENTIO N DATA O BTAINED ON D I FFER ENT CO LUMNS

Solven t: ace toni tri le.

Capa city [a ctor Me an value Relative Calculated
ratio standard value

deviation

RB • A 1.83 0.07 1.55
RA •C 1.12 0.Q3 0.95
Rc.(" 1.88 0.04 1.73
RD •C 2.48 0.03 2.05
R" .,; 1.50 0.08 1.18
RJ • II 1.12 0.04 0.78
RF. r.; 0.76 0.04 0.98
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From eqn. 3 we obtai n

25

(4)

Th is equat ion a llows a test of the co nsistency of the result s. Fo r instan ce, the calcu­
lated value of RE •c is 1.73, th e value deri ved from direct mea surement is 1.88, and
RE.Dj Re v is 1.66. All of the co lum ns prepa red with t he same kind of C B provided
very co nsis tent data , regardless of the pyrocarbon coating ratio , provided that ac­
count is tak en of its effect on the specific surface a rea .

Wit h rega rd to ca rbo ns of di fferent varieti es, significant dat a are reported in
Table IV which suggest th at R i, i increases with increasing aroma tic ity of the so lute,
being rou ghly inde pendent of the num ber of alk yl subst ituents. The larger th e specific
surface area before ha rdeni ng, the la rger is the rete ntio n of polyaromatic co mpo unds
relative to mon ocyclic com po unds. Th e few result s ob tained with a ca rbo n with a
specific surface area greater th an that of Black Pearls L (Black Pea rls 800, 254 m2jg)
confirm th is tre nd . T his effect must be related to a no ther observat ion, na mely th at th e
peaks of co nj ugated po lya ro rnatic com po unds become increasingly unsym metrica l
and subjec t to ta iling with increasi ng specific surface area, wh ile th e ca pac ity factors
increase co nside rably with increasi ng mo lecular size (k~"phl ha lcne = 2.25 and ki'uorene =

40 on Black Pearl s L wit h acetonitrile as solvent).

T ABL E IV

CO M PA R ISO N OF R ET ENTI O N D AT A O BTA INE D ON BLACK PEAR LS L AND STER­
LI NG FT.FF IN AC ET O NITRILE

Solute

o-Xylcne
1,3,5 -T rimcthylbenzenc
t ,3,5-Tricthylbe nzene
1,2,4 ,5-Te tramethylben zene
Penta meth ylbenzene
Nap hthalene
2-Methylnaphtha lene
Acenaphthalene
F luorene

Rut ( 4.34) •

4.55
4.35
4.52
4.57
5.00
6.00
6.0 1
6.97
7.96

R".J (5.54) •

4.85

4.72
4.41
5.00
5.08
5.85
7.07

• T heoret ical va lues accordi ng to eqn . 3.

It seems that the carbo n surface exhibits sites whe re th e adsorp tio n of the lar ge
and flat molecules of polyaro rnatics is part icularly important. This is similar to the
template effect reported by Kn ox a nd Pryde? for com plete ly differen t adsorbents. The
greater the specific surface a rea, the lar ger the num ber a nd the greater the energy of
these sites. Th is is also in ag reement wit h th e energy distr ibuti on on the C B surface :
the greater the specific surface a rea, th e br oader this distribut ion. Th is disc ussion is
cont inued in the next section .

From the a na lytica l po int of view, a co nsequence of thi s phenomenon is th at
CB is not a suita ble ad sorbent for the sepa ra tion of large co nj uga ted polyarom atics.
If, however , it is necessary to use carbon for par ticular ap plicatio ns, then th e ana lyst
should choose a carbo n with a small specific surface area or silica gel particles coated
with sma ll a mounts of pyrocarbon".
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EFFECT OF GRAPHITIZATION

H. COLIN, G . GUIOCHON

When CB is used directly in gas chromatography, with out purification after
its manufacture, the results are bad, the peaks exhibit pronounced tailing and the '
column efficiency is poor. Thi s is due (a) to the presence of chemical impurities con ­
taining polar groups (-OH , -COOH, -C=O, -SH) on the CB surface and (b) to the
broad energy distribution of adsorption sites. Thi s d istribution ca n be explain ed as
follo ws. Many of the carbon atoms in CB particles belong to graphite crystallites with
the well known hexagonal structure, while others belong to aromatic or aliphatic
groups bonded to the atoms at the edges of the crystallites. The adsorption energies
are different for the atoms in the centre and at the edges of crystall ites surfaces, and
also for the atoms in the aliphatic gro ups. The larger the crysta llites, the narrower is
the energy distribution. Th e ratio (a) of the number of "edge at om s" to the number
of "bulk atoms" is closely related to the energy dispersion.

Graphitization is a thermal process which a llows an increase in the size of
crysta llites and a decrea se in the number of crystal defects, including surface defect s,
and it ca n thus reduce the value of a. However, as graphitization cannot produce
monocrystal s, a cannot be zero. Excellent result s are obta ined in gas chromatography
with graphitized thermal carbon blacks (GTCB). Although good results are obtained
in liqu id chromatography with non-graphitized CB, we stud ied the influen ce of graph­
itizatio n on retention and efficiency.

Graphitization occurs when the carbo n sample is heated a t very high tempera­
tures (3000°). The degree of graphitiza tion (g ) is

3.44 - d002

g = 0.086 (5)

where -doo~ A is the distance between two layers of carbon atoms. For pure graphite

d~~; = 3.35 A and g = 1. do02 is derived from X-ra y diffra ct ion measurements
(Debye-Scherrer diagrams). There is a close relationship between g and the conditions
of thermal treatment. Whatever the se experimental co nditio ns, it seems that when the
sample has been heated at a temperature higher than 3000- 3100°, g is greater than
0.6. The chro matogra phic result s are very similar for samples of GTCB with g be­
tween 0.6 and 0.9. We obtain ed the best result s for g = 0.7, but the effect was small
and no system atic study ha s yet been made.

Retention and graphitization
The influence of graphitization on the thermodynamic properties of carbon

adsor bents ca n be studied by means of the cap acity fac to r (k ' ) and the solvent
strength (EO).

The differences between cap acity factors measured on graphitized and non­
graphitized carbon blacks (GCB and NGCB) may depend on the solutes and solvents
used. Experiments were carried out with four series of compounds, n-al kylben zenes
(AB and MB), methylphenols (MP) and polyaromatics (PA) , the mole cule s of which
have different sizes, polarities and aromatic it ies. We used ethanol, acetonitrile and
n-heptane as solvents . The results for three pairs of columns are reported in Table V,
which gives the average values of the ratio Ri • j • The two columns of each pa ir were
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packed with the sa me carbons, one of them being graphitized and the other not. D at a
for R/) .G are missing becau se column G was accidentally destroyed during the experi­
ments. Data for alk ylben zene s in n-heptane are not given because of their very small
retention s.

TABLE V

CO M PA R ISO N OF RET ENTION DATA O BTA IN E D ON GCB AND NGCB

So/veil!

Ethanol

Aceto nitri le

II-Hept an e

--_._-_.-

Solute
,

RIl.c; ( 1.07) " RL • K ( / .10) ,. RJ •1 (/ .83)* '
-- -_._. .. ._-_. -_.,.

AB 0.8
MB 1.I 1.2 2.2
MP 1.9 2.6 2.4
PA 1.1 1.3 1.7

A B 0.9 2.3
MB 1.1 1.3 2.3
MP 1.1 2.5 2.4
PA 0.8 1.3 1.9

A B
MB 2.7 2
MP 0.5 0.9
PA 1.3 1.4-1.8

• AB = alky lbenzenes: M B ... rneth ylben zcnes ; MP - rnethylphenols ; PA ~. po lyar oma tics.
.. Th eo retical va lues accordi ng to eqn . 3.

It a ppea rs from Table V that in polar solvents (etha nol and acetonitrile) the
retention is generally lar ger for GCB than for NGCB. The increase in k ' seems to be
the most imp ortant for the polar solutes (M P). The sma ller the spec ific surface a rea
(co lumns J a nd n, the less sca ttered were the R i •j va lues, which is in ag reement with
the previous comments abo ut the distribution of ad sorption energy. The results were
very simil ar in ethanol a nd acetonitrile.

When using n-heptane as the solvent, the retention of phenols is less important
on GCB than on NGCB. Thi s decrease in k' is probably due to the removal of polar
impurities from the surface of CB , such impurities acting as strong adso rpt ion sites
for polar so lutes. The very sma ll va lues of R L • K fo r PA in etha no l and n-hepta ne a re
surprising.

It seems that , in genera l, gra phit izat ion increases the ad sorption ene rgy of
solutes. On the other hand , it a lso produces a more hom ogeneous surface, decreasing
the number a nd energy of active sites. These two phenomena ha ve opposite effect s on
the retention of compounds such as PAs, as previou sly mentioned ; consequently, it
is difficult to predict the var iat ion of R i • j •

As graphit izat ion cha nges the retention data, it may also affect the eluotropic
strength of so lvents. Thi s as pect was stud ied using mixtures of water and ethanol ,
where CO decreases from 0 (reference value for pure acetonitrile) to - 0.5 (in pure
water). According to th e following equation , changing the co mposit ion of the mixture
from pure water to pure acetonitrile produces a 104-fold decrease in k' for a solute
with a molecular area of 8.0 un its (i .e., 68 A2), which is typical:

log (k~/k) = A (c~ - c~ ) (6)
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where kj is the capacity factor of the solute of molecular area A in solventj ofeluotropic
strength s/. By convention A is the molecular area in A2 divided by 8.5 (ref. 9). The
terms related to the solvent effect and activity coefficients" are neglected. Different
solutes are used to measure so, depending on the water content of the solvent (1,2,4-'
trimethylbenzene, a-xylene and benzene). Polar solutes are not used because neglecting
the term for the activity coefficients would lead to a large error because of the strong
solute-solvent interactions". Data are reported in Fig. 3 for GCB and NGCB, and
there is excellent agreement between results obtained with the two adsorbents. Note
that the dependence of SO on the acetonitrile content is almost linear.

0.50

0.25

50

% WATER

100

Fig. 3. Solvent strength of ethanol-water mixtures. ., Graphitized carbon black; .... , non­
graphitized carbon black. Solvent composition is given in volume ~,.

Let k'? and k'! be the capacity factors on the graphitized and the non-graph­
itized adsorbent, respectively. If we assume that the molar area of the solute is the
same when adsorbed on GCB or NGCB, eqn. 6 gives

(7)

where so.o and so.1 are the solvent strength when the adsorbent is graphitized and
non-graphitized, respectively. If so.o = EO. t, then

(8)

Eqn. 8 is in good agreement with the data in Table V for polar solvents. The larger
deviation for n-heptane is probably explained by the activity coefficient term, which
is not taken into account in eqn. 6 because of the lack of data in the literature",
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In conclusion , it seems that the CO values are almost identical for GCB and
NGCB, which is not surprising as CO is a relati ve parameter.

Graphiti zati on of carbon black can also modify its ad sorption cap acity, and
we studied th is aspect by compar ing the linear capacities of different columns packed
with NG CB and GCB. We have chosen as definition of the linear capacity of a
chromatographic co lumn the amount of solute per gram of adsorbent which produces
a 10%change in the capacity factor (generally a decrease). This capacity is clo sely
related to the ca pac ity factor of the solute, i.e., to the solute, the solvent and the ad­
sorbent. The compari son is tedious as the solute adsorption is different when measured
on GCB and NGCB, but some measurements are repor ted in Table VI. Dat a are
given only for ethanol as reversed-phase chromatog raphy is associated with polar
solvents. It appear s fro m Table VI that graphitizati on genera lly improves the column
loadability. It is not possible to give a genera l equ ati on that would account for thi s
improvement as too many parameters must be ta ken int o account.

TABL E VI

LIN EAR CA PAC IT IES OF DI FFERENT CO LUMNS IN ET HANOL
--~ . _---- -

CO/lIl11n SO/lite' Capacity Lin ea r capacity
facto r ---- -

usl« Ilg/111 2

G 1.3.5-TM B 0.55 12 0. 11
D 1,3,5-TMB 0.63 260 1.35
G 3,4,5-TMP 0.77 37 0.33
D 3,4,5-T MP 1.67 11 5 0.60

K 3,4,5-TM P 0.42 24 0.37
L 3,4,5-TM P 1.23 26 0.36
K 2,3,4,6-Te MP 1.17 22 0.34
L 2,3,4,6-Te MP 3.32 21 0.29

1 l-MMN 0.72 3 0.29
J l-MMN 1.26 9 0.45
I 1,2-DMN 2.02 2.5 0.24
J 1,2-DMN 3.60 8.5 0.43

• TMB - , trim eth ylbenzene ; TMP trimethylphcnol : Te MP ~ tetramethylphenol ; MMN =
monometh ylnaphthalcne ; OM N dimethylnaphthalenc.

Thi s effect is impo rta nt for prep arat ive applicatio ns and it is preferable to use
GeB in such cases . It is wor th notin g that for a ll of the solutes we used, the linea r
capacities are similar, being between 0.1 and 0.6 f.l.g/m2 (with the exception of 1,3,5­
trimethylbenzene on co lumn D). These values are somewhat smaller th an those ob-

tained with silica gel (0.5-5/lg/m 2) .

Column efficiency and graphitization
From the previous discussion , it appear s that gra phitizat ion does not markedly

affect the retent ion. It would be useless in LC if it does not improve column efficiency.
During graph itizat ion the ca rbon layers move, mainl y by rotation , the crysta llite size
increases, and the str ucture of CB becomes more similar to the graphite struc ture. It
is well known that the graphite planes can slip easily one over the other, thus providing
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its lubricating properties. We would therefore expect that graphitizati on would pro­
du ce a decrease in the hardness, porosity a nd specific surface area of the particles.
Our method of measurement of hardness" is not sen sitive en ough to detect small
changes in hardness a nd we did not observe any difference between GCB and NGCB-.
As far as we are con cerned, packings with GCB a re as sta ble as those with NGCB.

Conver sely, SSP decrea ses markedly upon graphitization. For instance, for
Black Pearls 46 SSP = 650 m2jg before and 150 m2jg after graphitization . Thi s effect,
however, is less important when CB is coated with a large am ount of pyrocarbon,
and when th e specific surface area of the original NGCB is small. For example, graph­
itization of Sterling FTFF modified with 30 % pyrocarbon produces a decrease in
SSP of less th an 3 %.

Preci se porosit y measurements have not yet been made, but th e different col­
umns packed in the laboratory with samples of CB di ffering o nly in graphitization
treatment have similar permeabilities and hold-up volumes, suggesting con stant
porosities (both int ernal and external).

The pa cking performances were tested by measuring the va ria tion of the
HETP for an inert co mpo und at various flow velocit ies a nd fitting the data with the
equation

B
Iz = - - + A vo.33 + Cv

V
(9)

were B is assumed to be 2 (refs. 5 and 6). Data obtained with di ffer ent columns (D and
G, L and K and J and I) are similar and results are given in Table VII for the last two
columns only. The results in Table VII suggest that the packings are good in both
insta nces (for "good " co lumns A is between I a nd 2.5 a nd C between 0.5.10- 2 a nd
5· 10- 2

) and that th e efficiency is slightly better for GCB. Thi s result sho uld be con­
nected with th e ob servation that the mechanical sta bility o f particles is unchanged or
dec reased very slight ly by graphit ization . A characteri st ic feature of CB columns is
the relationship between efficiency and retention. The C term in eqn. 9 is a function
of k' .

TABL E VII

COEFFICIENTS Of" THE H ETP EQUATION (k' .~. 0)

COIUIIIIl

J
1

A

1.79
2.77

C

0.8 ·\0-1
1.9 .10- 1

hmt n

3.25
4.50

2.50
1.80

Different expressions have been derived fo r this coefficient 10 .11, but they do not
agree. In fact , nearly an y type of C vs. k' plot ca n be found experimentally from H ET P
curves.

The decrease in H ET P with increasing k' is much less important for LC col­
umns packed with fine silica particles than that fo und here for CB, but Loheac et a/. 12

found a comparable decrease in efficiency when using silica particles as large as the
CB particles used here.
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Experiments were performed to determine whether graphitization can improve
the efficiency for retained compounds. Plots of N] No against k' are shown in Figs. 4
and 5, with aceton itrile and n-heptane as solvents, No and N being the number of
theoretical plates for unretained and retained solutes, respectively. No is independent
of the solute and is merely a functi on of the flow velocit y of the mobile phase.

.0

0.5

42
0.2 '---------------l..------------'------II~

o
Fig. 4. Var iation of efficiency with ca pacity factor for severa l columns, using aceto nit rile as solvent
(e}:, Table II ). Solid lines refer to graphitized and bro ken lines to non -graphi t ized car bon black.

Using acetonitrile as solvent , the efficiency for GCB (sol id lines in Fig . 4) is
slightly better than that for NGCB (broken lines). For the sake of clarity, the points
for the various solutes a re not reported but it should be pointed out that the experi­
mental points that correspond to compounds of very different pol arities are all very
near the curves shown, which indicates that there is a str on g correlation between N
and k ' , Few measurements were carried out at large values of the capacity factor, but
it seems that, at least for GCB, HETP decreases only very slowly for k' > 7.

The situation is different when the solvent is apolar (n-heptane, Fig. 5). It is
not possible to use polar solutes because of the large peak asymmetry. The behaviour
of GCB columns is different when dealing with monoaromatics (solid lines 1, 3 and 4)
and polyaromatics (sol id lines 2 and 7). In the former instance the plots show a mini­
mum at k' values which increase with increasing specific surface area. On the other
hand, when using NGCB the efficiency decreases steadily with increasing k' in all
instances, which suggests that graphitization is important mainly for the use of non­
polar solvents becau se it clean s the surface, rem oving polar impurities whose effect
is. small with polar solvents. However , as we have shown above, CB does not seem
to be a good adsorbent for the separation of polyaromatics, especially with a non­
polar solvent. The results are better with polar solvents, but then the retention of
these solutes become important.
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Fig . 5. Variation of efficiency with capacity factor for severa l columns, using II-heptane as solvent
icf. , Table II) . 1 = MB on column D; 2 = PA on column J; 3 = MB on column J ; 4 ~ MB on
column L; 5 = MB on column K ; 6 = MB and PA on column 1; 7 = PA on column L.

In conclusion, it must be pointed out that as reversed-phase chromatography
is associated with the use of polar solvents , the influence of graphit ization on the
performance of carbon adsorbents is small in liquid chromatography.

CONCLUSION

The influence of graphitization on the chromatographic properties of carbon
black is of moderate importance in liquid chromatography. The decrea se in retention ,
for instance, can easily be obviated by using a weaker solvent. The greater efficiency
of graphitized carbon is intere sting, especially when using apolar solvents such as 11­

heptane. The possibility of packing columns with fine particles (5-10 pm) will par­
tially offset the importance of this effect. Further, it is possible that the decrease in
the number of theoretical plates with increasing capacity factor will be less critical
for smaller particles that for the larger particle s used here (30-50,um).

It is really of interest to use graphitized carbon only in preparative chrom ato­
graphy, as the loadibility of the columns is greater and the efficiency is less sensitive
to the amount of solute injected. With regard to physical measurements, it is essential



CARBON ADSORB ENTS IN HPLSC. II. 33

to use graphitized carbon black because its structure is well known and the experi­
mental conditions for hardening have no influence on the thermodynamic properties.
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SUMMARY

An attempt to lise HPTLC data f or prediction of HPLC retention coefficients

Both HPLC and TLC may be carried out on silica particles of similar size,
specific surface area and ac tivity; problems encountered when trying to correlate the
observed retenti on data are du e to different wetting of the adso rbent in the two tech­
niques . Whenever an adequate pre-saturation of the thin-layer plates is achieved and
a proper va lue of the coefficient in Snyder 's equation is selected an excellent co rrela­
tion between log k ' and R'M is observed. Thi s tran spositi on ha s been successfully
applied to ar omat ic hydrocarbons and to a group of phenyl tr iazenes.

INTRODUCTION

La chromat ogr aphie en phase liquide sur co lonne (CPL) et la chro matogra phic
en couche mince (CCM) possedent bien des an alogies. Toutefois, les utilisateurs de la
CPL sont tou jours frappes de voi r la ra pidit e avec laquelle on peut determiner Ie
solvent adequat aJa migration d'un solute en CCM alors que ce choix est plu s long et
plus delicat en CPL.

II est tent ant de cherch er aextrapoler les resultats de la CCM pour savoir tres
rapidement quell iquid e vecteur employer pour avoir en CPL un valeur k' d'un ordre
de grandeur donne.

Schlitt et Gei ss! ont etabl i des equations permettant Ia transpo sition des
donnees de la CCM a la CPL mai s it est necessaire de determiner soigneusement
certains parametres et les calculs sont longs ce qui rebute I'utilisateur qui cherche
quelque chose de simple pour effectuer d'eventuels changements assez rapidement
d'aut ant plus que la precision de tels calculs est souvent illusoire et que l'on cherche
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plutot des ordres de grandeur que des relations exactes. Coq et al? ont determine un
coefficient de transposition K tr entre RF et k',

En CCM, si I'on utilise habituellement Ie R F pour determiner la retention d'un
solute, il est plus sur afin d'obtenir des valeurs reproductibles d'utiliser la grandeur
RM :

(1)

En premiere approximation et sous les reserves indiquees plus loin, Ie facteur de capa­
cite k' qui caracterise la retention d'un solute en CPL est lie au Rp par la relation

I
R F = 1 + k'

La substitution de la valeur de RF dans I'expression de RM conduit a

RM = logk'

(2)

(3)

Cependant en CPL l'adsorbant est completement rnouille par la phase mobile
et Ie problerne de la saturation ne se pose pas; en CCM cet etat de complete saturation
de toute la plaque est plus difficile et exige des precautions experirnentales delicates qui
sont souvent oubliees, II en resulte d'importantes variations de RF • La difference de
vitesse entre Ie front du solvant et Ie reste du solvant sur la couche a conduit aconside­
rer que Ie RF observe n'est pas Ie RF vrai, mais que

(4)

et Snyder a determine des valeurs de RM apartir des valeurs de RF observees".
Disposant d'une importante quantite de donnees de retention mesurees en

CPL sur des hydrocarbures aromatiques elues a l'heptane':" ou calculees a partir de
chromatogrammes de CPL publics":", nous avons etudie essentiellement la transposi­
tion CCM et CPL pour ces produits. Notons que les valeurs de Coq et al,' sont
obtenues avec les memes particules de silice que celles utilisees pour nos plaques et que
ces valeurs sont en bon accord avec celles que nous avons mesurees sur un appareil
de chromatographie en phase liquide.

PARTIE EXPERIMENTALE ET RESULTATS

Nous avons utilise les composes suivants: naphtalene, acenaphtene, anthracene,
fluoranthene, pyrene, chrysene, perylene.

Nous avons trace sur la Fig. 1 Ie graphe log k' = f (R M ) , analogue a celui
publie par Soczewinski et Golkiewicz". La droite obtenue ne passe pas par I'origine,
ce qu'avaient signale ces auteurs; sa pente est superieure a I (1.13) et il est necessaire
d'utiliser la methode des moindres carres pour obtenir cette pente. En CCM les R F

sont determines par la valeurdu rapport de la distance parcourue par Ie solute ala distance
parcourue par Ie solvent sur une couche initialement seche, mais en equilibre avec la
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Fig. I . Correla t ion ent re donnees de ret ention pou r les hydrocarbu res aromatiqucs po lynucleaires
obt enues par chromatographic sur co lonnc (log k'J ct en couchc mince(R~,) , I ~ na pht alene, 2 ~
ace naphte ne. 3 anthracene. 4 pyrene, 5 - chrysene .

va peu r de solvant so us une cer ta ine pre ssion part ielie, plu s o u moin s infe rieure it la
pre ssion de va peur satura nte, a lors qu 'en CPL la determina tion des k' s'ope re su r un e
co uche preal abl ernent imbib ee par Ie so lva nt et en equilibre avec lu i. Les conditions
de saturation de I'ad sorbant influent done sur la tr anspositi on des donnees de CCM en
CPL.

II est don e so uha ita ble de "rnouiller" d 'une facon o u d 'une a utre l' adsorbant
ut ilise en CC M pou r se ra pprocher des condi tio ns de la CPL. La technique d ' ''over­
running" de Dallas? co nsis te ,I fa ire manter Ie so lva nt sur la plaque j usq u'a l'e xtrerni te
de celle-ci et a tte ndre qu ' il y ai t hornogeneite de la tran sparen ce. Cette technique ne
nou s a pas perm is dobteni r des R F t res rep roductibles.

On peut a ussi faire monter Ie solva nt Ie long de la plaque, la so rtir de la chambre
it developpe rne nt, deposer ra pideme nt un so lute puis effectue r Ie de veloppement mais
on co nsta te a lors qu e Ie fro nt du so lva nt est diffic ile it reperer avec precision. On peut
ega lern ent, lai sser la plaque s' evapo rer pen dant 2 it 3 min , Ie temps de deposer les
so lutes . En fa it, Ie so lvant s'evapore peu car l'hept an e a une tension de va peur assez
fai ble it la te mpe rature ambiante. Lorsqu 'on met ensu ite la plaque it developper on
peut suivre a isern ent la montee du solva nt ca r dans ces co nditions Ie front est ne t.
Cett e technique est cep endant "acrobatique" et difficilement reproduct ible.

Nou s avon s uti lise la meth ode suiva nte qu i no us a do nne des resultat s repro­
du ctibles. Dan s Ie reservoi r on disp ose une plaque de silica gel qu e l' on laisse impregner
totalement pui s la plaque it ut iliser est deposee parall elernent, m ais au -de ssus du sol­
vant, soutenue par un petit suppo rt de faco n que Ie liquide vecteur ne pui sse pas man­
ter. On lai sse Ie syste me se mettre en eq uilibre pendant un e nuit, pu is Ie depot des
solutes se fa it Ie plus ra p idement possible et o n effect ue la chromatographie.

Le so lvan t monte plus vite que sur un e co uche seche (400 sec au lieu de 460 sec
po ur une avance de 5 cm avec un e plaqu e d'epai sseur 0.10 mm ). Les va leurs de RF

observees sont plu s fa ibles qu e celles obse rvees sur couche seche, comme on Ie voi t
sur Jes Tableaux I et II.
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T ABLE AU I

COM PA RA ISO N ENTRE LES RET ENTIO NS D'H YDROCARB UR ES A RO MAT IQUES EN
CCM SUR COU CH ES SECH E ET PR ESAT UR EE

So/lite

Naphta lene
Anthracene
Chryse ne

RF sur
couche seche

0.40
0.3 1
0.22

R,. sur
couche saturec

0.36
0.26
0. 15

(5)

TA BLEA U "

RET ENTION DE C HLO ROTR IAZE NES EN CPL ET CC M

CCM CPL

Rp
. R' • Rp

.. k' Log k 'M

0.05 1.16 0,10 12.75 1.11
0. 14 0.65 0.28 4.42 0.65
0.32 0.14 0.58 1.42 0. 15
0.37 0.03 0.67 1.17 0.07
0.42 - 0.08 0.78 0.83 --0.D7
--- _._ _._ --- - -- - --- -

• Co uche prca lab lement impregnce.
•• Co uche simple .

La plaqu e aya nt ete saturee au prealable on ne peut utiliser l'eqn. I mats la
relati on deri vee de l'eqn, 4:

R' = log (- 1- _ I)
M ~ 'RF

La choi x de la valeur de ~ est important. Lorsque la plaque est cornpl etement
saturee Snyder!" recommande de prendre ~ = 1.5 mais la sortie de la plaque de l'at­
mosph ere saturee pour y dep oser Ie solute provoqu e une cert aine evaporation et nous
avo ns pris ~ = 1.3. En tracant Ie gra phe log k' = feR;,! ) pou r ~ = 1.3 on obt ient une
bonne correlatio n entre k ' et RF co mme Ie montre Ie Tableau Irr et la Fig. 2. Si I'on
ut ilise ~ = 1.4, on obtient une droite qui ne passe pas par l'origine mais don t l'ord on­
nee a I'ori gine est negati ve et ega le a - 0.05.

TABLEAU llJ

RETENTION D 'HYDROCARB URES AROMATI QU ES EN CC M ET EN C PL
--_.- - -___.0 ___. -

So/lite RF R'.t Log k '

Naphtalene 0.36 0.05 0.08
Ace na phte ne 0.27 0.26 0.2 5
Anthracene 0.26 0.29 0.3 I
Pyrene 0.23 0.37 0.38
Fl uoranthene 0.20 0.4 5 0.4 9
Chr ysene 0. \5 0. 62 0.64
Perylene 0. 14 0 .65 0.7 1
---_.~-_. .- ._-- - - - --.--- --- -. .
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Fig, 2. Correlat ion ent re donnees de retentio n obten ues pour des ch lorotriazenes (cr. Tableau II ) et
des hyd rocarbures aromatiq ues (cf, Tabl eau III) par ch romatographie sur colonne et en co uche mince,
sur silice. Les dime nsions des rectangles sont egales a ux erreurs de mesure. I = bis(2,3,5-trichloro)
1,3-ph enyl triazene, 2 ~- bis(2,3,4-tric hloro) 1,3-phenyl triazene, 3 = naph talene, 4 = bis(2,4-di­
chloro) 1,3-phenyl tr iazene, 5 - ace na phte ne, 6 ~. anthracene , 7 ~ pyrene, 8 = fluoranthene, 9 =

chrysene, 10 c-= bis(3,5-dic hloro ) phenyl triazene, II C~ perylene, 12 = bis(4-chloro) 1,3-phenyl tri­
azene.

No us avons alors cherche it verifier si la correlation obtenue est valab le pou r
d'autres solutes. N ous avo ns ut ilise pour cela les tri azenes etudies ci-dessus (cf.
Tableau II). Le tetrachlorure de carbone n'a pu et re empl oye comme liqu ide vecteur
en CPL car il n'est pas co mpatible avec l'ernpl oi du detec teur UV dont nou s dispo­
sons. L'emploi d 'un melan ge d' hepta ne et de dichlorornethane (80 :20, vJv) malgre les
difficultes liees it I'emploi des melanges de solvants en CC Mll no us a permi s de rassern­
bier les donn ees de rete ntio n du Tab leau II .

On voit sur Ie Tableau II que les R F sont plus faibles que ceux obtenus avec
des plaque s seches. On peut sur tout constate r un excellent acco rd entre valeurs de
R:u et log k', L'er reur est la plus import an te sur le tria zene de RF 0.05, mais il faut
tenir compte du fait que les R F sont determ ines avec une precision de 0.01 uni te, au
mieux. Une telle erreur cond uit pour les faibles valeurs de RF it une erre ur sur R~1

beau coup plu s grande (R~ = 0.09 pour RF = 0.05) alors que la determination de k '
peut et re beaucoup plus precise pu isque l'on peut jouer sur la vitesse de deroulement
du papier de l'en registreu r. L'erreur sur les RF tres fa ibles est done trop gra nde pou r
que I'on pu isse prevoir k ' avec precision et I'utilisateur devra se limiter au domaine
des RF permettant une plu s grande precision , RF eta nt ava ntage usement superieur it
0.10. On voit sur la Fig. 2 que la correlation est excellente si I'o n tient compte des
erreurs de mesure propres au x deux methodes. Le resultat est d'autant plu s remarqua­
ble si l'on tien t co mpte de ce qu 'il est obtenu avec un melange de solvants.

CQNC LUSION

Dans la mesure OU l'on prend des precaut ions suffisantes pour tr availler avec
une plaque presaturee ou pratiquement presaturee, on obtient une excellente cor rela-
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tion entrevaleurs du facteur de capacite de la colonne en chro matographic sur colonne
et RF en chromatographie en couche mince , en utili sant l'eqn. 5 et une valeur du co­
efficient ~ comprise entre 1.3 et 1.5 suivant les conditions experirnentales.

Les pre cautions dont on doit entourer la realisation des mesures faites en chro­
matographie en cou che mince sont cependant severes et redui sent sensiblement la
simplicite et la rapidite qui sont generalernent con siderees comme les avantages de
cette methode. C'est pourquoi on ne cherchera en general a employer la chromato­
graphic en couche mince que pour obtenir une idee approchee des systernes chromato­
graphiques convenables, sans chercher une correlation exacte, difficile, voire illusoire
a atteindre. Entin la methode est delicate d'emploi avec des melan ges de solvants de
polarite nettement differente!'.

RESUME

On montre qu 'il est po ssible d 'obtenir une correlation acceptable, compte-tenu
des erreurs de mesures eourantes dans les deu x methodes, entre donnees de retention
obser vees en chromatographie en couche mince et sur eolonne, lorsque l'on utili se Ie
meme systeme ehromatographique. II faut pour cela veiller a utili ser des plaques pre­
saturees,

II eonvient eependant d'emettre des reserves lorsque la phase mobile est un
melange de solvants de polarites tres differentes.
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SUMMARY

A procedure is described for the simple scale-up of thin-layer chromatographic
(TLC) systems to high-performance liquid chromatography (HPLC), which was
developed in o rder to improve the sepa ra tio ns involved in the work-up of synthetic
reaction mixtures. The semi-quantitative compositional evaluat ion of the reaction
products was performed by TLC, employing specia lly developed solvent systems. The
retention of solutes was controlled by using TLC as a pilot technique, based on the
correlation between TLC and HPLC mobilities. HPLC achieved complete removal
of the reaction medium and reagents in addition to isolating the required products.
According to the scheme described , single-step isolation and purification of synthet ic
products was accompl ished without the need for any pre-treatment of the sa mple.

INTRODUCTION

Various techniques , such as thin-layer chromatography (TLC), gas chromato­
graphy, ultraviolet absorption spectroscopy and nuclear magnetic resonance spectros­
copy, have been employed to trace the course of chemical reactions. TLC ha s been
the mo st widely utilized because of its speed, its applicability to a wide range of com­
pound types, from non-polar hydrocarbons to polar inorganic salts', and its ability
to give detailed info rmation on the component distribution in a crude reaction mix­
ture .

The con stituents of a crude synthetic reaction mixture, i.e. , substrates, reagents
and products, are often routinely determined semi-quantitatively by TLC, and this
procedure readil y pr ovides a means for the optimization of the reaction conditions .
Howe ver , subsequent processes, including separat ion and isolation of the compounds
o~ interest , generally invol ve time-consum ing , tedious opera tio ns. Th e solvent is

• Presented at the l l tli International Symposium on Advances in Chromatography, Houston,
Texas, November 1-5, 1976; the majority of the papers presented at thi s sympos ium has been
published in J. Chromatogr. , Vol. 126 (1976).
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generally removed by evaporation, subsequent solvent extraction transfers inorganic
reagents into the aqueous layer and finally vacuum distillation, recrystallization,
sublimation and /or other procedures are used to isolate a pure product.

Such classical treatment requires modern ization if substantial improvements
in ease of operation and resolution are to be achieved. The thin-layer chromatogram
can be used to develop a high-performance liquid chromatographic (HPLC) separa­
tion that will enable one to obtain the desired reaction products while removing the
reaction medium and reagents in a single operation. Thi s paper pre sents a simple
and efficient approach to the development of a laboratory-scale method for the
separat ion and subsequent isolation of synthetic reaction products.

Di verse complex mixtures are encountered in mod ern synthetic research. In
order to establish criteria for the classification of reaction products, a series of
synthetic reactions can be con sidered as a model. The sequ ential reactions sho wn in
Fig. 1 were utilized by Hara and co-workers": " in the total synthesis of salamander
a lka loids. All synthetic steps were monitored by TLC so as to provide a check on
product composition and to help optimize the reaction conditions. Liquid chromato­
graphy was also needed in order to isolate and help in the characterization of inter­
mediates, thi s information bein g required for the determination of subsequent syn­
thetic pathways. Some of the thin-layer chromatograms are illustrated in Fig. l.

It should be noted that , although the chromatographic patterns of the crude
reaction mixtures are relatively simple, the actual procedures for product isolation
are complicated, and that a single operation involving HPLC elution for the isolation
of the compounds of interest would appear to be desirable.

Non-polar organic solvents are readily eluted from a silica column without
any retention, and polar solvents are retained longer than the organic product frac­
tion ; however, they can be eluted from the column by employing a stepwise solvent
gradient. Most inorganic reagents are strongly retained on a silica column and are
therefore removed with a silica pre-column connected ahead of the main column. On
the other hand, if a reversed-phase packing material, e.g. , ODS or C-18, is employed,
polar solvents and inorganic reagents are eluted rapidly from the column and are
easily removed.

Complete removal of an associating solvent such as dimethyl sulphoxide, di­
methylformamide, higher alcohol s, pyridine and acetic acid from a reaction mixture
often presents a severe problem to the synthetic chemi st. However, H PLC fractiona­
tion can readily solve thi s problem.

EXPERIM ENTAL

TLC procedure
The adsorbent was sta ndard TLC-grade silica (Wakogel B; Wako, Osaka,

Japan) with an average pore size of 60 A. TLC was carried out by the usual ascending
procedures described previou sly".

HPLC procedure
The adsorbent was irregularly sha ped, tot ally porous silica (Wakogel LC-lO)

with a mean particle size of 10 p m, of the same quality as the sta ndard TLC ad sorbent.
Silica was deactivated by equilibration with ambient moisture.
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Fig. 1. Examples of thin-layer chromatograms in synthet ic studies of salam ander alk alo ids. S =

Subst ra te ; P, P' products; R ~, reagent.

Columns alld apparatus
A new column system, shown in Fig. 2, was developed for the isolation of

pure products from a crude reaction mixture. A conical-inlet glass (CIG) column,
having a fan- shaped inlet' that was adopted for the effect ive introduction of the sample
into a large-diameter column , was used. Various features of thi s system can be sum­
marized as follow s:

(i) A large number of theoretical plates was obtained, possibly owing to the

, A silica pre-packed disposabl e glass co lumn and a sta inless-steel column, having similarly
shaped inlets, have been develop ed by E. Merck and Varian Aerograph , res pect ively.
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smooth inside wall of the CIG column and its inlet shape. Th e number of theo retical
plates (N) for 4-, 5- and 8-mm 1.0. silica dry-packed co lumns was 1700 per 30 cm
using 5a-cho lesta n-3-one as the solute and n-hexa ne- ethyl ace ta te (20 : I, v/v) as the ,
so lvent.

(ii) A PTFE plu g was designed to fit CIG columns of various sizes. T he pr o­
cedure for fittin g a nd removing the co lumn plug with a metal clip is ext remely simple.

(iii) The upper pre ssure limit of the CIG column is suffi ciently high for our
preparative pr ogramme. Columns of length (excluding coni cal inlet parts) 30 cm and
1.0.4, 5, 8, 15 and 30 mm were prepared. Fo r examp le, 4- and 8-mm 1.0. columns
were used with pre ssures up to 50 and 30 kg/ern", respectively.

(iv) A pre-column can be connected directly to the main co lumn. Th e prefer red
length of the pre-column was 5 em.

More detailed data for the CIG co lumn system will be reported elsewhere.

PTFE pl ug

PTFE f il t er

Fig. 2. CIG co lumn.

HPLC was performed using a reciprocating piston pump (SF-0396, Milton
Roy, Philadelphia , Pa., U.S .A.), an RI dete ctor (RI-401 , Waters Assoc., Milford,
Mass., U.S .A.), a reco rder (D R- IS, Oh kura Electric Co. , Tok yo, Japan ) and 10-,
100- and 500-,u1 microsyrin ges (Kusa no Scienti fic Co., Tokyo, Jap an). The experi ments
were ca rried out at room temperature (15 :t 50).

Examples of applications
(a) 5a-Cho lesta n-3fJ-ol (366 mg) and p-toluenesulphon yl ch lor ide (1.3 g) were

disso lved in 3 ml of pyridine and the mixture was a llowed to sta nd overnight at roo m
temp erature. Th e crude reaction mixture was injected into the silica column. Evapora­
tion of the solven t from the tosylate fraction gave 500 mg of crystalline product,
which was identified with an authentic sample by measuring the infrared ab sorption .

(b) a-Phenylpropionic acid (288 mg) and dicyclohe xylcar bodiimide (O CC) (198
mg) were dissolved in 3.0 mI of tetrahydrofuran (T HF), then cho lestero l (389 mg)
an d trieth ylam ine (97 mg in 2.0 ml of THF) were added. The crude reaction mixture
was a llowed to stand overn ight and then injected directly into the silica co lumn. A
crys ta lline product (370 mg) which was iden tified with an authentic sa mple was ob­
tain ed.
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(c) Dihydr ocholesteryl ace ta te, whic h was o btained fro m 550 mg of cho lestery l
acetate by catalytic hyd rogen at ion , was hyd rol yzed with so di um hydrox ide in
meth an ol- wat er". Th e react ion mixture was pumped th rou gh the reve rsed-phase co l­
umn in met ha no l-water as the mobile phase. Th e residual dihydroch olesterol was
injected int o the silica co lum n, a nd 5{1- and 5a -cho lesta no l (55 and 430 mg, respec­
tively) were iso lated .

RESULTS A ND DISCUSSIO N

Design of a so/vent system
Th e mobile ph ases emp loyed in liqu id chro ma tography are often selected by

tr ia l and er ror in a non-system ati c man ner. C urre nt schemes for the mecha nism of
liqu id- sol id chroma tography ( lSC) stress the co ntributio n of hyd rogen bonding
provided by th e so lvent as an acceptor or a don or?':". Based o n thi s co ns iderat ion,
a new classificat ion of a solvent system for l SC has been a tte mpted.

Solvents with non-bonded elect ron -pa ir don ors, incl uding hete ro ato ms such
as nit rogen a nd oxygen, an d so lvents with proton dono rs have been classified as
"class B" an d " class AB " , respectively!' , So lvents th at do not take pa rt in hydrogen
bond form ation are now designated as " class 0 ", which is further subd ivided int o
three categories, viz., 0 (a liphat ic hydrocarbons), P (aromatic hydrocarbons) and N
(haloalka nes). For prepa rati ve work , the so lvents used a re usu all y lim ited to co m­
monl y avai lable vo lati le substances , whic h ca n be listed as follows :

" class 0 " : hydr ocarbons, halides - n-hexa ne (O-ty pe), benzene (P-ty pe),
methylene chloride, chloro for m (N -ty pe) :

" clas s B" : n-d on or s (base) - diethyl ether, ethy l ace ta te, aceto ne ;
" cla ss A B" : H-don o rs (acid) - methano l, etha no l, 2-pro pa no l, acetic acid.
For moderately po lar co mpo und s, bin ary so lvent systems and silica as th e

adso rbent' :' have usually been preferred , as in the exa mples of th e synthetic reacti ons
shown in F ig. I. Depend ing on the cha rac ter of th e so lute, a bin ary solvent system
can be read ily formulat ed by choosing a pair of so lvents, i.e., 0 -j-- 0, 0 + B,
0 + AB, B -j-- B or B + A B.

So /vent combinations. To find a suita ble so lvent, co nsidera tio n o f the so lvent
select ivity is necessary9.1lJ .1 4a nd for th is purpose th e relat ion sh ip between mobility a nd
solvent system was exa mined by using severa l ste ro id co mpo unds . R m [= log (1 /R F - I)]
va lues for pair s of co mpo un ds th at d iffer only by the presence of a cha racteristic
functio na l gro up were obtai ned by employi ng TlC RF values". I IR", va lues fo r
parti cu lar functiona l groups using va rious binary so lvents were calcul a ted accord ing
to Mart in's addi tive rul e. T he results a re illustrated in F ig. 3.

Even th ou gh th e non-polar compon ent was cha nged, simila r IJR", va lues were
obtained if the polar component rem a ined the same. The selectivity o f the solvent
system is co ntro lled by the more polar so lvent.

Ethy l ace ta te (class B) systems a fforded comparatively sma ll IIR", values fo r
carbo nyl a nd hyd ro xyl groups, espec ially for the ac id ic phen olic hyd roxyl gro up.
Acetone (class B) systems gave sma ller I I R ", va lues th an others , particu larl y for th e
keto gro up. Meth an ol (cla ss A B) systems affo rded la rge positi ve I I R", va lues for th e
phenolic hyd ro xyl gro up, and affected th e alcoholic hydroxyl I JR m va lues in a non­
systema tic manner.
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F ig. 3. /1 R", values for functi onal groups of steroids in severa l solvent systems. The values represen t
the ar ithmetic means of results from 10 runs", Solvent systems : I = n-hexane-ethy l acetate (2 :8,
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These observations indicate that a "strong" solvent specifically affects the
zlRm values of a solute with a functional group which is similar to that contained in
the "strong" solvent. Of course, this conclusion is based upon the limited material
presented here; additional data will be reported in a later paper.

Solv ent composition. With binary solvent system s, the solvent strength for a
given solute can be optimized by adjusting the strong solvent composition.
Soczew irisk i' descr ibed an effect of strong solvent composition on retention in LSC,
which can be expre ssed by

R m = constant - n log N u (1)

where Nil denotes the molar fraction of polar component Band n > 1. Eqn. 1 was
supported by TLC data for some phen ols and arn ines""? ". To confirm this relation­
ship, the effect of solvent composition on the retention of some steroids was
examined by employing binary solvent HPLC', because accurate measurements of
the mobility require HPLC rather than TLCIO.

Data obtained with mono- and difunctional steroids and two types of solvent
systems, 0 -I- Band 0 + AB, are illustrated in Fig. 4. Here the log k' values in
HPLC are analogous to the R m values in TLC. The actual correlations between mo­
bilities in TLC and HPLC will be discu ssed later.

In the graphs of log k ' versus Nil, the slope (n) increased from acyloxy to keto
groups and then to hydrox yl groups in steroids from mono- to difunctional com­
pounds. For a particular solute, the slope decreased from the 0 + B type of solvent
system to the 0 + AB type.

The intercept on the ab scissa , corresponding to the con stant in eqn . I, in­
creased from acyloxyl to keto and then hydroxyl groups and from mono- to di­
functional stero ids, and decrea sed from the 0 + B type of solvent system to the
0 + AB type.

There is an additive tendency in the slopes and intercepts for difunctional
compounds relative to the values for monofunctional compounds. Therefore, an
appropriate binary solvent composition for analogous compounds with similar func­
tional groups can be predi cted .

Correlation between TLC and HPLC mobilities
The use of TLC data to pro vide an insight into HPLC has often been sug­

gested" >" , but no simple and reliable relationship has been reported. Some charac­
teristic phenomena that have been observed in TLC are the volume of mobile phase,
which varies with respect to the height of the thin-layer plate, pre-adsorption of
solvent vapour and solvent demixing". Con sidering these effects, exten sive investiga­
tions finally led to rather simple conclusion s". A simple relationship has also been
observed by Soczewiriski and Golkiewicz-".

At first, the TLC RF values and HPLC mobilities (R) of some steroids were
directly compared by applying the same binary solvents as mobile phases. Irregularly
shaped, totally porous silica , with properties simila r to those of TLC-grade silica,

• A similar relat io nship has been o bserved for so me binary so lvent systems in HPLC by Scott
and Kucera" and Golk iewicz/".
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Fig. 4. Correlatio n between ca paci ty factor and po lar so lvent co mpos itio n using a silica co lum n.
Pack ing : particle size 10 11m , 4.4 g. C IG co lumn, 300 / 5 mrn I.D. So lvent systems: II-hexane­
ethyl aceta te and lI-hexane-2-p rop anol. Flow-ra te: I ml/m in. Void vo lume, 1-';, : 6.5 ml (cyclo­
hexane). Samples : 0.1 mg in 5 It! of d ichlor ometh ane. Stero ids : a .- 3fl-acetoxy-51t -cholestan e;
b = 3fJ-acetoxy-5-cholestene ; c = 3fJ-tosyloxy-5-cho lestene ; d = 5fJ-cho lesta n-3-one ; e = 5a-cho­
lestan -3-on e ; f = 4-cho lesten-3-one ; g = 5rl-cho lesta n-3fJ-01; h ~ 5-cho lesten-3fl-o l; i -", 3fl-acetoxy­
5'I-androsta n- 17-one; j = 3-hydr oxy-1,3,5(10)-est rat rien-17-one; k ~ 17{i-acetoxy-4-an d rosten- 3-one ;
I = 17fJ-hydroxy-17a-m eth yl-5a -androstan- 3-one ; rn ,-~ 17{i-hydr oxy-5rl-androstan-3-on e ; n ~ 3{i­
hyd roxy-5-andr osten-1 7-on e ; 0 = 3{i-hydroxy-5a -an drostan- 17-one; p - I7ff-hyd roxy-4-and rosten­
3-o ne; q ~ 17ff-hydroxy-19-nor-4-and rosten- 3-one.

was packed by a mechanical dry-tapping procedure. The result s in Table I indica te
that the R/R F ratio fell into th e range 1.1 8-1 .81 with an avera ge of ca. J.5, except for
the meth an o l-containing solvent (system VII ), which gave extremely high va lues. In
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TABL E I

RjR F RATIO OBS ERVED IN TLC AND HPLC OF STEROIDS BY EMPLOYING BINARY
SOLVENTS

The R]R.· values were ob ta ined by using as ste roid sa mples 17fi-hyd roxy-4-estr en-3-on e, 17fi-hydroxy­
17a-methyl-4-estr en-3-one, 17fi-hydr oxy-17tt-ethyl-4-estr en- 3-one , 17fI-hydr oxy-17tt-eth ynyl-4-est ren­
3-one and 17fI-hydroxy-4-androsten-3-one.

No.

I
II

III
IV
V

VII

Solvent system

n-Hexane- eth yl acet at e (2 :8, v/v)
Benzene-ethyl acetate (3 :7, v/v)
Diethyl eth er
Benzene-acetone (4 : I, vlv)
Chlorofo rm-aceto ne (3 : I , v/v)
Chloro for m- metha no l (97 :3, v/v)

R/R.

1.27, 1.27, 1.28, 1.30, 1.43
1.46, 1.50, 1.51, 1.55, 1.58
1.18, 1.44, 1.50, 1.51, 1.53
1.29, 1.47, 1.51, 1.53,1.55
1.46, 1.65, 1.66, 1.76, 1.81
2.60, 2.66, 3.00, 3.03, 3.25

this instance , the R/RF ratio ca n be adj usted when the methanol content in H PL C
eluents is decreased" :

Th ese results and other relevant data can be summarized as follows:
(i) with a -+- a or a -+- B class binary so lvents,

RF (T LC ) X 1.5 ~ R ( H P LC)

bi . IR (mo ility) = k' -+-

k~al C . * *

0.85
2.17

k' *
0.82
2.06
k ' §

3.0
6.6

R
F

* * *

0.38
0.22

where k' = capacity factor ;
(ii) with a -+- AB class binary so lvents, the AB (e.g., methanol) proportion in

TLC sh ould be decre ased from 1/5 to 1/[0 on transfer to HPLC systems.
In the first relat ion ship, the approxim ate coefficien t 1.5 ca n be interpreted as

the rati o of the vo lumes of mobile and stat iona ry phases with in a column or thin­
layer bed . Thi s rati o seems to be deri ved from the difference in the mobile phase
profile on the station ary ph ase between the TLC a nd H PL C systems" .

Th e decrease in th e pr oportion of the AB solvent from 1/5 to 1/10 on transfer
to HPLC systems signifies the ratio o f the strong component in th e HPLC wet col­
umn eluent to the o rig ina l TLC solvent in the ch amber ; thi s is so becau se AB so lvent
on the th in-layer plat e sho uld be pre-ad sorbed if de-mixing occurs .

Although the sim ple sca ling pr ocedure described a bove seems to be an ex­
tremel y rou gh approximation , it shows unusu ally good agreement with severa l
independent data , as foll o ws :

(i ) Solut e
Cholcsteryl benzoate
Cholesteryl phcnylacetate

(ii) Solute
15-Epiprostaglandin F2u

Prostagl andin F2u

• Wrters Assoc da ta given by Prep LC/System 500. Solvent : benzene-hexane ( I :1).

.. k ' . 1 1
, cu !c . ..- R., 1.5 - .

• * . Solvent : ethyl aceta te-acet ic ac id (98 :2).
§ Solvent: ethyl acetate-acet ic acid (98.8 :0.2). D ata were provided by Waters Assoc ., broc hure

AN 146.
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TABLE Il

RETENTION DATA GIVEN BY SYNTHETIC REACTION (a)

S. HARA

Solute n-Hexane-ethyl acetate (4:1) n-Hexane-ethyl acetate
(20:/): HPLC

TLC HPLC: k~oond

R; pred.
. Rp f()lwd

--------

Tosylate 0.57 0.68
Pyridine 2.68
Cholestanol 0.18 0.23

• Predicted values from the data for cholesterol derivatives.

k~r('d. * kjound

1.60 1.45

ca. 60

Examples of applications
The scheme described above was applied to several synthetic reactions, as de­

scribed under Experimental.

(a) So-Cholestan-Sri-ol + TsCI CsHsN) Tosylate + TsOH

5a-Cholestan-3f3-01 as a substrate and its tosylate as a product were charac­
terized on the basis of their structures as monohydroxy and monoacyloxy derivatives
of cholestane, respectively. When the silica n-hexane-ethyl acetate system is chosen,
the correct ethyl acetate composition can be found directly by referring to Fig. 4.
Optimization of the TLC solvent was then easily accomplished. The observed RF

values are shown in Table II.
The eluotropic behaviour of pyridine as the solvent was examined by using a

silica HPLC column. Pyridine was eluted from the column long after the tosylate.
The crude reaction mixture was injected directly on to the silica column fitted

with a short pre-column for retaining p-toluenesulphonic acid, which was derived
from tosyl chloride. The tosylate fraction was collected with the aid of a differential
refractometer (RI detector). Unreacted cholestanol and pyridine were removed by
stepwise elution.

(b) Cholesterol + a-Phenylpropionicacid + DCC Et
3N,

THF'*" Propionate +
+ Dicyclohexylurea

TLC binary solvent systems were formulated and utilized in pilot separations,
making an initial guess concerning the chromatographic behaviour of the expected
products in this reaction mixture. Some of the results are shown in Table 111. The
o + 0 system was preferred for HPLC isolation of the phenyl propionate fraction
because there was no overlapping with the DCC peak. In contrast, the 0 + B system
did result in some overlapping.

The propionate fraction was collected and DCC and phenyl propionic acid
were removed by stepwise elution. Cholesterol and dicyclohexylurea remained on the
pre-column.

(c) Cholesteryl acetate - ~~~~)- Dihydrocholesteryl acetate (511- and 5(:J-)

NaOH .
H

2
0 '*" Dihydrocholesterol (5a- and 5(3-)
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TABLE III

RETENTI ON DAT A GI VEN BY SYNTHETIC R EA CTION (b)

51

Solute TL C RF value

o I~ B:
n-hexan e- ethyl acetate
(5: 1)

0 + 0 :
n-hexan e- benzene
(I : 1)

HPLC k ' value

0 + 0:
n-hexan e-benzene
(I : 1)

n.: kf ound

Cholesteryl phenylpropionate
DCC
Phenylpropion ic ac id
Cholestero l
Dicyclohexylu rea

• Tail ing.

0.56
0.54
0.28 (t ')
0.\ 5
o

0.44
0.29 ( t ')
0.21 (t')
0.05
o

0.5\ 0.70

TABLE IV

RETE NTI ON DATA GI VEN BY SYNTH ETI C R EA CTION (c)

Solute n-Hexan e- ethyl acetat e (4 :1)

TL C
R F value

HPLC

kca1c . k/o und

5{j-Cholesta n-3{1-o 1
5a-Cholestan-3fi-ol

0.35
0.27

0.91
1.47

0.94
1.71

Dihydrochole steryl acetate, which was obtained from chole steryl acetate by
catalytic reduction , was hydrolyzed in the presence of alkali.

The eluotropic behaviour of the pair of stereoisomeric dihydrocholesterols
was then studied by TLC and the retention data are shown in Table IV. When a silica
column was used, both stereoisomers were quantitatively separated.

According to the scheme described above, single-step isolation and purification
of the synthetic products without any pre-treatment was effectively accomplished.
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SUMMARY

The sepa ra tion of 13 isom eric a lkylphenols has been stud ied by high-per­
form ance liquid (H PLC), gas-liquid (G LC) and high-performance thin-layer chro­
mat ographic (H PTLC) techniques. It has been shown that the separa tion of isomeric
alkylpheno ls is dependent upon the ad sorpt ion , the polarity of the so lvent systems
and the configuration of the compounds when using H PLC techn ique. Th e separation
of all the J3 isomeric alk ylphenols by G LC is also possible but the long analysis time s
and instability of the stationary phase at higher temperatures makes it inferior to
HPL C. It has a lso been shown that HPLC is more powerful th an HPTLC. A modi­
fi cation of the injection port for incre asing the life of HPLC septa is suggested.

INTR OD UCTIO N

The an alysis of isomeric alkylphenol s is of interest because of the ir presence
in tar acids ' which ma y be used as the sta rting material for pheno l- forma ldehyde
polycondensat es as well as for a na lysisZ,3 of final resins by pyrolysis, giving phenols
of composition related to that of the ra w materi al used . Th is cla ss of compounds has
also been reco gnized" as a major source of pollutants. Phenols are introduced int o
the environment throu gh the dischar ge of indust rial wastes and the decomposition
of pesticides and herbicides. Further, the prin cipal simple phenols have been rep orted"
to be present in hum an ur ine. These phenols may be derived not only from the dietary
intake of proteins, fat s, smoked foods such as meat and water, but also from a wide
variety of exogenous materials. A rapid , simple a nd effecti ve method of a na lysis for
phenolic compounds would be useful.

The complete analysis of a mixture of phenol , the three methylphenols, the
three eth ylphen ols and the six dim eth ylphenol s, which are generally pre sent in a tar
acid cut (b .p . 180-226°), is very difficult on con ventional packed columns' using polar
~r non-polar sta tiona ry pha ses. These compounds have a high polarity and low

• To whom co rresponde nce sho uld be addressed . Present add ress: Regional Resea rch Labo ra­
tory, Hyderabad 500009, Indi a .
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vapour pressure at moderate temperatures. In addition, certain pair s of these com­
pounds ha ve nearly the same vapour pressures, e.g., 3-methylphenol and 4-methyl­
phenol ; 2,4-dimethylphenol and 2,5-dimethylphenol ; 3-eth ylphen ol and 2, 3-d i~

methylphenol ; and 4-eth ylphenol and 3,5-dimethylphenol.
A comprehensi ve review' of phen ol analysis, covering the literature from 1956

to 1965, was publi shed. The use of high-efficiency capillary columns'?" using specific
selective sta tionary phases is necessary to obtain a good resolution of these com­
pounds. This procedure leads to long analysis times because such columns are long
and the best stationary phases are not stable at high temperatures. Graphitized
carbon black? deposited as a thin layer on the walls of a glass capill ary column has
been shown 10, 11 to be a very effective abso rbent for the separation of phenolic isomers.
A much better analysis12

, 13 is obt ained with derivatives rather than with the free
phenols, but this technique has some limitati on s':' . Sterically hindered phen ols can
react slowly and incompletely and hydrolysis should also be taken in acco unt.

The direct thin -layer chro matogra phic (T LC) separati on o f isomeric a lkyl­
phen ols using silica gel as ad sorben t has not been very successful owing to the limited
resolution power of the ad sorbent. It is believed" that gas-liquid chromatography
(GLC) is supe rior to mo st other method s employed for the separation of isomeric
phenols. Ho wever, derivatives of some isomeric alkylphenols have been reported "
to be separated on silica gel plates. Detection limit s and the semi-q ua ntita tive deter­
mination of phenol , the three methylphen ols and the six dimethylphen ols on ready­
made impregna ted sheets of silica gel have been reported 17. Recentl y, a method for
the identificat ion of phenolic substa nces by mean s of six one-dimensiona l TLC
systems and four spray reagent s has been recommended".

Liter ature on the separation of isomeric alkylphenols using high-performanc e
liquid chromatography (H PLC) is scanty. Some alkylphenols, whenever available
with other classes of compounds, have been reported to be sepa ra ted by H PLC.
A mixtu re containing five phenols (ph enol and 4-methyl-, 2,6-dimethyl-, 2,4-dimethyl­
and 3,4-dimethylphenol) has recently been separated on a Chromosorb G (5-1O-,um)
column using HPLCI 9

•

Thi s paper describes what we believe to be the first separation of a lmost all of
the isome ric alkylphenols by HPLC. A modi fication to the inject ion port has been
employed in order to avoid frequent rupture of the septa. The separation of these
alk ylphenols using two stationary phases on packed columns by GLC is a lso reported.

EXP ERIMENTAL

Alk ylphenols were obtained from Fluka (Buch s, Switzerl and ) and were of
technical grade . Compounds with purity less than 98%were recrystall ized from light
petroleum (b.p. 60- 70°) before use. 2,4-Dimethylphenol was the only compound to be
used witho ut purification and its composition was ca. 90 % 2,4-dimethylphenol 1­
5- 7% 2,5-dimethylphenol + methylph enol. Cyclohexane and meth ylene dichloride,
used as so lvents, were pure and did not show any impurities in the 25Q-400-nm
UV ran ge.

HPL C
A DuPont Model 830 high-pe rformance liqu id chromatograph equipped with
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a DuPont Model 835 UV detector was used . The elution was monitored at 254 nm.
The pumps were capable of operating at pressures up to 4500 psi. The following three
columns were used: (I) a stainless-steel column (1000 X 3 mm 1.0.), dry packed in
the laboratory using 30-flm LiChrosorb SI 60 (Merck, Darmstadt, G .F.R.), as
stationary phase ; (2) a stainless-steel column (300 x 3 mm 1.0.), packed in the
laboratory with IO-flm LiChrosorb SI 60 (Merck) using the balanced-density slurry
method-" : (3) a pre-packed column of Zorbax Sil (250 x 2.1 mm 1.0.), particle size
5 11m, obtained from DuPont (Wilmington, Del., U.S.A .).

Solutions (0.05 %) of the alkyl phenols were prepared in cyclohexane and
I.O-fll samples were injected below the surface of the column packing with a 5-fll
Hamilton syringe for HPLC. Whenever the pressure was more than 1000 psi, the
stop-flow injection method was employed.

Septa made of perfluorelastomer supplied by DuPont were used. A life of 20
or more injections at room temperature for these septa has been claimed. It was
impossible to use these septa above 40° as they frequently ruptured. In order to
overcome this difficulty, a packing ofPTFE was provided at the injection port so that
a minimal area of the septum would come into contact with the solvent. An excellent
improvement in the life of the septa was achieved with thi s modification. Fig. 1
illustrates this PTF E packing.

(0 )

SYR IK6£

MOBILE PKA SE

)
TO COLUMN

(b )
<--- S.Zmm-->

<- 1.6 S ~
mm SEPTUMr *,'mH J
_--- 8.Smm --,>

Fig. I . (a) Schematic diagram of the injection port (Dimensions as in DuPont Accessories and Parts
Catalogue) with PTFE packing. (b) Schematic diagram of the PTFE packing and septum.

HPTLC
The pre-coated fluorescence silica gel high-performance thin-layer chromato­

graphic (H PTLC) plates used in this investigation were obtained from Merck" and
were dried at 105-110° for 30 min before use. The compounds were dissolved in
methylene dichloride and nanogram amounts were applied with a glass capillary
10 mm from the edge of the plates. The plate was then placed inside the chamber for
development. Pure cyclohexane, pure methylene dichloride and their mixtures in
different proportions were used as solvent systems. The spots were observed under
UV illumination .

GLC
A Varian Aerograph Model 1800 gas chromatograph equipped with a flame­

ionization detector was used with nitrogen as the carrier ga s.
Di-(3,3,5-trimethylcyclohexyl) phthalate (DTCHP), 2.5 % on Chromosorb W,

80-100 mesh , and trimethylolpropane tripelargonate (Celanese ester No .9), 15%on
Celite 545, 60, 80-100 mesh , liquid phases were obtained from Perkin-Elmer
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(Norwalk, Conn ., U.S.A.) and were packed in glass columns (4 m x 3 mm I.D .) by
the conventional method. These columns were conditioned before use as described
in the instructions supplied by Perkin-Elmer. The other conditions were: oven tern­
perature, see Table IV ; injector temperature, 2500

; and ca rrier gas (nitrogen) f1ow­
rate, 25 ml/rnin.

RESULTS AND DISCUSSION

HPLC
The sta inless-steel column (1000 x 3 mm I.D.) packed with LiChrosorb SI 60

of particle size 30 pm was first used for the H PLC separation of isomeric a lkylphenols
using different proportions of cyclohexane and methylene dichloride. Broad peaks
were obtained for most of the phenols as the ir ad sorption on th is column was very
strong. A mixture of 13 isomeric alk ylphenols gave no more than four peak s. Known
amounts of wa ter were added to the meth ylene dichloride before mixing with cyclo­
hexane in order to study the influence!' of water on the separat ion of the se alk yl­
phenols, but no improvement in the separation was observed.

T abl e I gives the retention time s of the 13 isomeric alkylphenols on LiChrosorb
SI 60 (300 x 3 mm 1.D.) of particle size 10 zzrn and on Zorbax Sil (250 x 2.1 mm
1.D.) of particle size 5 pm using H PLC under different operating co nd itions. It can
be seen that the performances of both columns are similar, provided that the ratio of
cyclohexane to methylene dichloride is I : I. The following compounds were not sepa­
rated : 2-methyl-, 2,5-dimethyl- and 2,3-dimethylphenols from each other: 3-eth yl-

TABLE I

RETENTION TIM ES OF ISOMERI C ALKYLPHENOLS BY HPLC USING SILI CA GEL
COLUMNS OF PARTICLE SIZE 30 AND 511 m

(A) 300 x 3 mm I. D . column of LiChrosorb SI 60 (30 11m); pressure, 2500 ps i ; elu ent, cyclohexane­
methylene dichloride (I :1); flow-rate, 1.4 ml /rnin ; temperature, 25 °. (B) 250 x 2.1 mm I.D. column
of Zorbax Sil (5 Ilm); pressure, 3300 psi ; eluent, cyclohexane-rnethylene dichlorid e (I : I); flow-rate,
0.8 rnl/rn in ; temperature, 25 0

• (C) Column as R; pressure, 3800 psi; eluent , cyclohexa ne-rnethylene
dichloride (2 :1) ; flow-rate, 0.8 rnl/rnin : temperatu re , 25". (D) As C, except flow-rat e , 0.95 ml /rnin ;
temperature , 40 °.

Comp ound Retention time (min)

A B C D

2,6-Dimethylphen ol 2.2 2.4 3.6 2.8
2-Ethylphen ol 3.6 3.6 5.9 4.2
2- Methylphe no l 3.8 4. 5 7.4 5.3
2,5 -Di methy lphe no l 3.8 4. 5 7.4 5.3
2,3-D imethy lpheno l 4.0 4.5 7.4 5.3
2,4-D ime thy lphe no l 4.2 4.8 8.2 6.0
3-Ethylphen ol 6.4 6.8 12.0 8.7
Phenol 6.4 6.8 12.0 8.7
4-Ethylphenol 7.0 7.6 13.4 9.6
3-Methy lpheno l 7.0 7.6 13.4 9.6
4- Methylphenol 7.0 7.6 14.0 10.2
3,5-Dimethylphen ol 7.0 7.6 14.0 10.2
3,4-Dimeth ylphenol 14.8 11.0
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TABL E I I

RETENTION TIMES OF ISOMERIC ALKYLPHENOLS BY HPLC AT DI FFERENT TEM­
PERATURES

(E) 250 x 2.1 mm I.D . co lumn of Zorbax Sil (5 f1m) ; pressure 2200 psi; eluent , cyclohexane­
methylene dichloride (3: I) ; flow-ra te, 0.56 ml/min ; temperature 46°. (F) As E, except pressure, 2000
psi ; flow-rat e, 0.54 ml/min ; temperature 53°. (G) As E, except pressure, 2000 psi; flow-rate, 0.61
ml(min ; temperature, 63°'.

Compound Retention lim e ( min)

E F G

2,6-Dimeth ylphen ol 5.7 5.0 3.6
2-Ethylphenol 9.2 8.0 5.2
2-Methylphenol 11.7 10.0 6.6
2,5-Dimeth ylphenol 11.7 10.0 6.6
2.3-Dimeth ylphenol 12.2 10.5 6.8
2,4-Dim eth ylphen ol 13.3 11.5 7.3
3-Ethylphen ol 18.9 15.8 10.0
Phenol 19.6 16.5 10.6
4-Ethylpheno l 20.8 17.3 10.9
3-Methylphenol 20.8 17.3 10.9
4-Meth ylphen ol 21.8 18.4 10.9
3,5-Dimethylphenol 21.8 18.4 10.9
3,4-Dim eth ylphenol 24.3 19.8 12.6

TABL E III

RETENT ION TIMES O F ISO MER IC ALKYLPHENOLS BY HPLC USING DIFFERENT
PROPORTIONS O F TH E COMPONENTS OF THE SOLVENT SYSTEM

(H) 250 ;,( 2. 1 mm I.D . co lumn of Zor bax Sil (5 /lIn); pressu re 2200 psi ; eluent, cyclohexa ne­
methylene dichloride (4 : I); flow-rate, 0.53 ml(min; temperature, 42°. (I) Co lumn as H; pressure,
2000 psi ; eluent, cyclohex ane -methylene dichloride (4 :1) ; flow-rate, 0.5 ml/rnin ; temperature, 50 0

•

(J Column as H ; pressure, 2100 psi; eluent, cyclohexa ne- methy lene dichloride (6 :I) ; flow-rate , 0.5
ml(min ; temp erature, 48". (K) Co lumn as H ; pressure, 2500 psi ; eluent, cyclohe xane-meth ylene di­
chloride (7.5 : I) ; flow-rate, 0.6 ml(min ; temperature , 48".

Compound Retention lime ( min) Peak No .

H J K
(see Fig. 2)

2,6-Dimcthylphenol 6.4 6.4 8.6 8.8 3
2-Ethylphenol 10.8 10.2 13.9 14.3 6
2-Methylpheno l 14.2 12.8 17.8 18.2 2
2,5-Dimethylpheno l 14.2 12.8 18.1 19.0 8
2,3-Dimethylphenol 14.9 13.3 18.9 20.7 9
2,4-Dimethylphenol 16.0 15.8 20.3 21.4 7
3-Ethylphenol 23.5 20.8 29.2 30.4 1\
Phenol 24.2 21.3 32.0 33.8 1
4-Ethylphenol 25.7 22.8 33.5 35.1 10
3<Methylphenol 25.7 22.8 33.5 35.1 5
4-Methylphen ol 27.1 23.8 34.2 37.0 4
3,5-Dimethylphe nol 27.1 23.8 34.2 37.0 12
3,4-Dimethylphenol 30.0 26.4 37.6 40.6 13
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phenol from phenol ; and 4-ethyl-, 3-methyJ-, 4-methyJ- and 3,5-dimethylphenol from
each other.

When the cyclohexane to methylene dichloride ratio was changed to 2: I, an
extra peak was obtained (Table I, C) and 4-ethyl- a nd 3-methylphenol were separated
from 4-methyl- and 3,5-dimcthylphcnol.

Table II gives the retention times of these alk ylphenols at different temperatures
using a cyclohexane to methylene dichloride rati o of 3:1. It can be seen that with an
increase in the non-polar content in the solvent system, it was possible to separate
2,5-dimethyl- from 2,3-dimethylphenol and 2-ethyl- from phenol at 46° and 53°. Poor
separa tions were found at 63° (Table II , G).

Table III gives the retention times of these isomeric alk ylphenols using different
proportions of the components of the solvent system. By further increasing the cyclo­
hexane content, it was possible to separate 2-meth ylphenol from 2,5-d imethylphenol.

A typical separation of II isomeric phen ols from a mixture containing 13
compounds is shown in Fig. 2. The sepa ration of 4-ethyl- from 3-methylphenol an d
4-methyl- from 3,5-dimethylphenol could not be achieved .

, I I
10

i I
10

11

f I I I

30
i I

~o Imin)

Fig. 2. Separat ion of isomeric alkylphenols by H PLe. For condit ions and identification of peaks. see
Table III . K.

It was found that the separa tion of these isomeric alkylphen ols depend s upon
the ad sorption phenomenon, the pol arity of the solvent system and the co nfigura tion
of the compounds. The resolving power of the solvent system could be increased by
decreasing its polarity. GrtllO-substituted compounds were eluted earlier than the
corresponding meta-i somer s, which is a result of the ortllO-e ffect22 •

HPTLC
The compounds studied did not move from the starting point when pure

cyclohexane was used as the solvent in H PTLC. By increasing the polarity of the
solvent systems by addition of meth ylene dichl or ide, it was possible to move these
compounds from the starting line . When pure meth ylene dichl oride was used as the
solvent in HPTLC, the maximum R F va lue (0.39) was obtained for 2,6-dim eth yl­
phen ol. However, the overall resolution of these phenols was very poor. When a
mixture containing 13 compounds was spotted on an H PTLC plate usin g methylene
dichloride as the solvent, only three spots were ob ta ined . The ranges of the RF values
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i:iI,
TABLE IV

BOILING POI NTS AN D RE LATI VE RET ENTI ON TI MES OF ISOM ERI C AL KYLPHENOLS
BY G LC

Peak No. Compound Boiling DTCHP ( 2.5%) Celanese
(see Fig . 3) point ester

( "C) 155 ' /35" / 25 0 No .9
( /5%)
at 175°

•• _ _ __ R • • •_ _

Phenol 18 1.75 1 (16.9 min) I (38.3 min) I (47 min) 1
(28.5
min)

2 2-Methylphcno l 190.95 1.30 1.34 1.34 1.25
3 2,6-Dimethy lphcno l 20 1.00 1.54 1.43 1.42 1.34
4 4-Methylphen ol 202.30 1.56 1.67 1.72 1.55
5 3-Mc thylphcno l 202.60 1.89 1.8 1.85 1.55
6 2-Ethylpheno l 207.00 2. 14 2. 15 2.23 1.80
7 2,4-Dimethylpheno l 210.00 2. 18 2.27 2.36 1.94
8 2,5-Dimet hylpheno l 210.00 2. 19 2.4 1 2.51 1.94
9 2,3-DimcthyJphcnol 218.00 2.59 2.85 2.98 2.35

10 4-Et hylpheno l 218.20 2.85 2.93 3.11 2.35
II 3-Ethylpheno l 219.00 2.88 3.15 3.34 2.45
12 3,5-Dimct hylpheno l 219.50 2.9 1 3.27 3.45 2.45
13 3,4-Dimcthylphenol 225.00 3. 10 3.59 3.81 2.81

of these three groups are as follows : ph enol, 3-me thyl-, 4-meth yl-, 3,4-di methyl-,
3,5-dimet hyl-, 3-ethyl- a nd 4-eth ylphenol, 0. 16- 0. 177 ; 2-met hyl-, 2,5-dimet hyl-, 2,3­
dimeth yl-, 2,4-dimethyl and 2-ethylpheno l, 0.24-0.27 ; 2,6-dimethylph en ol, 0.39.

From the se results, it ap pears th at the resolving po wer of HPLC is superio r
to that of HPTLC for th e compounds an d conditions studied in this wo rk.

GLC
Relative retention time s of the 13 isomeric al kylphenols on two liqu id phases

using different temperatures a re listed in T able IV. The elution sequence of th ese
phenols follows the order of their boilin g poin ts. It was possible to sepa ra te a ll 13
alkylphenols using DTCHP as the stationa ry ph ase (Fig . 3), whereas only nine com­
pound s were separa ted when Celanese ester No . 9 was used (Tab le IV) . By employing

10 13

I'

°
i I j 1 i I I I ii i I i
10135 ,om \6159

, . , I 'I
71176 80

I
90 911101

1 " j i I . i . I I
110 170

I I , i

1271130 IminJ

Fig. 3. Sepa ra tion of isomeric a lkylpheno ls on a glass packed co lumn using DTCH P as sta tionary
phase at 125". Fo r oth er con dition s, see Expe rimen ta l ; for ident ificat ion of pea ks, see Ta ble IV.
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temperatures higher th an 125°, the separa tion was found to be better on DT CHP.
Unfortunat ely, DT CH P is un stabl e a t higher temperatu res.

CO NCL USIO NS

This study esta blished the chroma tog ra phic conditions for sepa rating 13
isomeric alky lpheno ls by HPLC a nd G LC. These co mpo unds were sepa ra ted by
HPLC on silica gels using cyc lohexa ne a nd meth ylene d ichl or ide as so lvents. The
adsorbent surface area and mobile phase polarity were var ied so as to optimize the
sepa ra tions .

The co mplete G LC sepa ra t ion of a mixtu re of isomeric alkylpheno ls on a
packed co lumn using DT CHP as th e stationa ry phase co uld be ac hieved. However ,
the lon g ana lysis tim es a nd the instability of the stat ionary phase at temperatures
higher than 125° mak e this method inferior to HPLC.
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SUMMARY

The advantages of a vari able-wavelength spectrophotometric detector for use
in high -performance liquid chromatography are demonstrated with the detection of
6-mercaptopurine met abolites in cell extracts. 6-Methylthiopurines, unsubstituted
6-th iopurines and 6-thi oguanines are mo st sensit ively detected at 29 1, 322 and 342 nrn,
respecti vely. Compared with det ecti on at 254 nm , the sen siti vity at these wavelengths
is about one to two orders of magnitude gre ater. Furthermore, in the 291-355-nm
range , common purines, which are normally co nta ined in cell extracts a s free bases ,
nucleo side s a nd nucleotides exh ibit only minute absorbances and so do not interfere
in quantitative determinati ons of 6-thiopurine compounds.

INTRODUCTIO N

The sepa ra tio n of 6-mercaptopurine (6M P) metabolites on the base and
(deoxy-)ribonucleoside level can easily be achie ved by high-performance liquid
cat ion-exchange chromatogra phy'. Howe ver, the quantitative determination of these
compounds, which are contained in neutrali zed, enzymatically dige sted perchloric
acid (PCA)-extracts of biologic al materi als, proved impossible when using UV de­
tectors with a fixed wavelength of 254 or 280 nm , owing to the low molar absorb­
ances (Am"x'> of the 6-thiopurines at 254 and 280 nrn and to the minute 6-thiopurine
concentrations in the dige st s. In addition, the common purine and pyrimidine de­
rivatives which are contained in the cell extracts a lso exhibit high absorbances at
these wavelengths.

In cultured cell s grown with radioactively labelled 6M P, the 6M P metabolites
can be detected and identified in the eluent by means of their label and elution
volumes. Qu antitati ve determinations can be effected according to the specific radio­
activity of the 6M P batch'.
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If a radioactive label cannot be used, however, e.g., in expenments with
humans, qualitative and quantitative determinations of 6M P metabolites have to be
carried out spectrophotometrically at wavelengths between 291 and 355 nm. In this
region the 6-methylthiopurines, the unsubstituted 6-thiopurines, the 6-thioguanines
and some oxidized 6-thiopurines, including 6-thiouric acid, exhibit their Am a x .

values":". The common purine and pyrimidine bases and ribonucleosides hardly
show any absorbance above 290 nm''-",

In this paper, we report the determination of 6-thiopurine compounds in the
291-355-nm region with a variable-wavelength spectrophotometer designed for use
in high-performance liquid chromatography (HPLC).

MATERIALS AND METHODS

The 6-thiopurine bases and (deoxy-)ribonucleosides were purchased from
Papierwerke Waldhof-Aschaffenburg (Mannheim, G.F.R.), P.L-Biochemicals (Mil­
waukee, Wisc., U.S.A.), and Deutsche Wellcome (Grossburgwedel, G.F.R.). Common
oxidized purines and their ribonucleosides were obtained from E. Merck (Darmstadt,
G.F.R.). All reagents used were of the highest available purity.

About 30 mg of dry material of each purine or 6-thiopurine compound were
dissolved in 1.0-2.5 I of the eluent. The amount of buffer thus depended on the

TABLE I

UV SPECTRAL DATA OF NORMALLY OCCURRING PURINES AND OF VARIOUS 6-
THIOPURINES

Molar absorbances expressed as caM '10- 3
• For abbreviations of compounds, see Figs. 2 and 3.

Compound Amax . t E max . t A"w.x.2 1-:mox.2 pH Ref
(nm) (I'mole-I'cm- I) (nm) (I· mole':': em-I)

-------_.-

Adenine 260.5 13.4 7.0 7
Guanine 276 8.15 246 10.7 7.0 7
Hypoxanthine 249.5 10.7 6.0 7
Xanthine 267 10.25 6.0 7
Uric acid 284 11.6 231 8.4 2.0 6
Inosine 248.5 12.3 6.0 7
Xanthosine 248 10.2 278 8.9 8.0 7
6MP 327 21.3 1.0 5

311 19.7 12.0 5
322 21.5 4.6

6MPdR 322 26.1 4.6
6MPR 322 27.3 4.6
6MeMP 291 17.9 4.6
6MeMPR 291 18.9 4.6
2A6MP 342 25.6 255 7.2 4.6
2A6MPR 342 26.7 258 9.7 4.6
2A6MeMP 311 23.0 242 6.4 4.6
6MNIMP 280 16.8 1.0 5

280 18.2 4.6
6TUA 355 28.65 263 9.4 1.0 3

~347 ~29 4.6

• If two Em., values are reported, Em"'1 represents the higher value .
• * Calculated by us.
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solubility of each substa nce, which, for the 6-th iopurine co mpounds, is extre mely low.
The UV spectra of the compounds were measured in a l-cm cuvette both

manu ally (5-nm steps, except for 0.5-nm steps in the maximum and min imum region s
of each spectrum) and with a self-recording Zeiss Type PMQII spectrophoto meter
(for more detailed inform ati on , see ref. I). A Varian LCS 1000 high-performance
liquid chromatog raph was used, equipped with a Zeiss Type PM20LC variable­
wavelength spectrophotometric HPLC detector with 8-p l cuvettes. The 1-m sta inless­
steel column (0. I8 em 1.0.) was filled with strongly acidic ca tio n-excha nge resin,
Type M71, particle diameter 10-12 zz rn, obtained from Beckman (Munich, G.F.R .),
according to the slurry meth od of Sco tt and Lees. The column was elu ted with 0.4 M
(with respect to the NH: concentration) ammo nium formate solution, pH 4.6 . At a
consta nt pressure of 2,800 psi (200 bar), the flow-rate was adjusted at 8.0 ml- h " '
(flow velocit y 5.2 em ' min - I). The column oven temperature was 50°. The samples
were injected on to the column at intermitta nt flow with a 10- or 50-p i Hamilton
syringe with a 7-cm needle .

RESULTS AN D DIS C USSIO N

According to the spectra l data (Table 1) that were obtained from our spectral
analyses (see Fig. 1) and from reports on 6-th iopurines and common purines": ", four
groups of compounds were di stinguished: (1) the common purines and their oxidized

r ,
J

7
5

~--8

240

Fig. I. UV spectra of 6-thiopuri ne co mpou nds . 1 ~ 6-Mercaptopur ine ; 2 ~ 6-(I -met hyl-4-ni tro­
imidazolejrnercaptopurine (Azathioprine-Wellcorne) ; 3 '7C 6-merca ptopurine ribonucleoside ; 4 = 6­
mercaptopu rine 2'-dcoxyribonucleoside ; 5 ~ 6-thioguanine ; 6 = 6-me thy lthiog ua nine ; 7 = 6-th io­
guanine ribonuc leoside ; 8 -= 6-methylmercapto puri ne ; 9 = 6-methylme rca pto pur ine ribo nucleos ide.
The vertica l lines indica te the i.nl a " va lues of 6-thio puri nc co mpo unds a nd of th e norma lly used 254­
nm detect ion.
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end-products, which exhibit maximum absorbance (Am"x.) in the range 240-280 nm;
(2) the 6-methylthiopurines with Am"x. at 29 J nm; (3) the unsubstituted 6-thiopurines
with Am"x. at 322 nm; and (4) the 6-thioguanines and some 6-thioxopurines with
Am"x. in the range 342-355 nm. Additionally, the 6-thioguanines exhibit a second
Am"x. between 240 and 260 nm. All values given here were measured in 0.4 M ammo­
nium formate solution at pH 4.6.

Using these wavelengths for the quantitative determination of the various
6-thiopurines, each compound can be detected with high sensitivity. For this purpose,
however, a variable-wavelength spectrophotometric H PLC detector must be available.

Fig. 2 gives an example of the increase in sensitivity obtained when using the
spectrophotometric HPLC detector. Five common purines and three 6-thiopurines
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Fig. 2. Elution profiles of a separation of some common purines and of three 6-thiopurines as de­
tected at 254 and 322 nrn, UA - Uric acid; Xto xanthosine; Ino inosine; Xan xanthine;
6MPR = 6-mercaptopurine ribonucleoside; 2A6MPR 6-thioguanine ribonucleoside; 6MP 6­
mercaptopurine. The numbers on the peaks indicate the amount of each compound (in picomoles).
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are separated from each other. Detection is per formed at 254 and 322 nm. Amounts
less than 300 pm ole of each common purine a re not detected at 322 nm. Relatively
large amounts of the 6-thi opurines had to be injected on to the column in order to
obtain peak height s co mpa ra ble to those of the common purines at 254 nm. These
amounts, ho wever , ca use hu ge pea k height s and full-scale deflection s of the recorder
pen at 322 nm.

At 322 and 342 nm , a bo ut 30 pm ole of each unsubstituted 6-thio purine a nd of
each 6-thioguaninc are det ected qu ant itati vely. The sensi tiv ity of detection is greater
by a factor of 70 for the 6-thiopurines and 10 for the 6-thioguanines compared with
detection at 254 nm.

0.02 254nm a

0.01

0.02 291nm

0.01

322nm
6MP

O+----r--"-T"---.----,--r--,---y----i

0.02

0.01

342nm

O+----r--"-T"---.----,--r--,---y----i
0.02

0.01
II
U
c
e
.0

o..
.0
'«

30 45 60 75 90 lOS
Elut ion time Enin]

Fig. 3 (a) . ( Continued on p, 66)
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Fig. 3 shows a series of chromatograms of a PCA-extract of cells that were
incubated with 6MP: (a) extract with no enzymatic digestion, (b) after phosphatase
digestion and (c) after phosphatase plus purine nucleoside phosphorylase digestion.'
The common purine and pyrimidine free bases and ribonucleosides and some related
compounds that exhibit Am a x . in the 240-280-nm range are eluted at the beginning of
the chromatograms. Detection at 254 nm hardly gives any resolution between the
different compounds and 6-mercaptopurine metabolites are not detected. On switch­
ing, however, to 291, 322 and 342 nm, the chromatograms become increasingly
simple. Common purines are no longer detected, but 6-methylthiopurines, unsubsti­
tuted 6-thiopurines and 6-thioguanines are recorded as sharp peaks, which can serve
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for quantitative evaluation. More detailed information will be given in Part IIF.
The result s clearl y demonstrate that a variable-wavelength spectropho tometric

detect or is essential for the qualitative and quantitative determination of minor com­
pounds that differ in their spectral characteristics from the major con stituents of a
given sample.

1353015
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Fig. 3. Elut ion profiles of the separation of a PCA -extract of L5l78Y mouse lymphoma cells
grown in 6MP- contain ing medium as detected at the wavelengths indicated. (a) PCA-e xtract without
enzymat ic digestion ; (b) PCA-extract digested with phosphatase, which liberates the ribo nucleos ides;
(cl PCA-extract digested with phosphatase I purine nucleoside phosphorylase. which liberate s the
free bases except 6McMP. 6M PR -~ 6-Mcrcapto purine ribonucl eoside ; 2A6M PR = 6-thioguanine
ribonucleoside; 6MP c., 6-mercaptopurine ; 6MeMPR ~, 6-methylth ioguan ine ribonucleoside; Ade
= adenine. For deta ils, see ref. 2.
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HPLC, with its high-efficien cy columns, pro ved superior to other chromato­
graphic methods for the resolution of mult i-component sa mples and , by use of the
spectrophotometric detector, this advantage can even be enhanced.

A further application of the variable-wavelength spectro photometric H PLC
detector has recentl y been reported". With intermittant stop-flow of the eluent, the
ab sorbance of a substance th at ju st passes the flow cell of the det ector can be checked
at several wavelength s. The identity and purity of the substance peak can then be
established from its character istic abso rbance rat ios which, throughout the peak,
should be con stant and of given values for a specified compound .
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SU MM AR Y

A pr ep arative-scale e lect ro phoretic techn iq ue fo r protei n fract ion ation and
eluti on on a d iscon tinuou s gradie nt of acryla mide is de scribed, which permits th e
separatio n a nd elution of a pure pr o tein fro m a mixt ure co ntaining 4-20 electro­
phoret icall y di ffere nt protein s. The sharpness of th e gra dien t electrophoretic reso lu­
tion is dem on stra ted by the sepa ra t io n of proteins co nsist ing of bo vine seru m al­
bumin pol ymers a nd lact at e de hyd rogena se a nd enzy mes such as ac id ph osph a tase.
The co mposit ions of vario us di scon tinuou s grad ient s o f acryla mide a nd thei r ap plica ­
tion to enzym e purificat ion a re di scu ssed. It was fo und that 60 %of the en zym e activity
load ed o n the ge l is recovered a fter ge l fract ion at ion and elut io n.

INTR OD UCTI O N

Pol yacrylamide gel electrophoresis ha s been widel y used for both ana lytica l
and preparative purposes' >". The techn iqu e desc ribed here, involvin g th e use of
polyacr ylamide gel grad ients, was de velo ped in o rd er to purify labile enzyme pr epa ra­
tions in view of th e sho rtco mi ngs of classica l method s of protein fra ct io na tion .

Several types of ap pa ra tus for electro phoresis or elu tion for large-scale prep a­
rati ve gel elec trop horesis have been de scr ibed . Lewis a nd C lark I were the first to ada pt
the Ornstein- and Da vis:' d isc e lec tro phoresis method to a preparative sca le and to
develop a system fo r co llect ing the bands o f pro teins , as th ey emerged fro m th e end
of the co lu mn, by a perpend icul a r flow of buffer. However , the ta pered shape of the
elution column cau sed heating during elut io n. Jovin et al," t ried to sol ve this problem
by design ing an apparatus for prepa rati ve, temperatu re-re gul at ed , polyacrylamide ge l
electrophoresis, which requ ired a co mplicated cooling ins ta llation.

A review of di fferent eluti on proce sses was given by Hjerten et al/". Several
papers since 1963 have descr ibed vario us typ es of elutio n appa ratus th at involved
continuo us electrophoresis and co llection of the protein s. As th ey emerged from
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the bottom of the gel, the proteins were carried to a fraction collector by one or several
perpendicular flows of buffer 4

•6 •17 • Thi s method has some disadvantages as far as pro­
tein recove ry is concerned becau se of dissipation of proteins present in low concen­
trations by thermal convection, mixing of two bands of proteins, well sepa rated on the
acry lamide co lumn, in the eluting cha mber owing to the convexity of the bottom of
the gel, and dilution of the eluted fracti on owin g to the co ntinuous flow of eluting
buffer.

Other eluti on systems that have been prop osed require the application of elec­
trophoresis following homogenization of gel sections!' or electrodialysis of excised
pieces of gel". The excision process used by Lewis and Clark ' , involving hom ogeniza­
t ion in bulTer and centrifugat ion of the pieces of gel, has the disad vant age of a la rge
recovery vo lume.

With the se con siderat ion s in mind, we attempted to devise a simple technique
for preparati ve polyacrylamide gel elect rophoresis, with an elution system that would
minimize the inactivation of unstable enzymes and ensure the reco very of proteins in
concentra ted solutions with a good yield . These a ims were achieved by the introduc­
t ion of a discontinuou s gradient of acrylamide , whose resolution grea tly exceeds that
observed with the class ica l acrylamide technique, and a n electrophoretic elut ion of
the gel sectio ns in 1-011 collectin g tubes.

M ATERIALS A N D M ETHODS

Chemicals
Acr ylamide, N ,N '-meth ylenebi sacrylamide, fi-d iethylaminopropionitrile,

po tass ium hexacyan oferrate (III), ammon ium persulphate, Tri s and glycine were
purchased fro m Merck (D armstadt , G .F.R.). Coomassie Brillian t Blue R 250 and
bovine seru m albumin (BSA) were obta ined from Mann Lab s. (N ew York, N.Y.,
U.S.A.), trypsin from Armo ur Lab s. (Londo n, Great Britain) and pepsin and phos­
phorylase from Worth ington (Freehold , N .J., U.S.A.). Am ido-Schwar tz was purchas­
ed from Apelab (Bagneux, France), lyophilized acid phosphatase, grade If, from
potato from Boehringer (M annheim , G.F.R. ) and lactate deh ydr ogenase (LDH),
band I nat ive (4H), from pig heart from Boehringer (ref. 15378).

Phosphatase assay
The reaction mixture co nta ined (in a total volume of 1.1 ml) I p;mole of p­

nit rophenyl disodium phosphate, 150 Ilmole of acetate bu lTer (pH 5.0), 10pmole of
EDTA and the enzyme solution . After 10 min of incubation at 37°, the reacti on was
stopped by adding 0.2 ml of 2 N aqueou s ammon ia. The abso rption at 400 nrn was
mea sured aga inst a suitable blank.

Protein determination
Protein was measured using a micro-b iuret techn ique':'.

Electrophoresis apparatus
The apparatus (Fig. I) was con structed on the same principle as the commer­

cia lly availabl e analyt ical mo del from Pleuger (S. A. Wijnegem , Belgium ) and ada pted
to give a lar ge-scale model. It is made from a Plexiglass cylinder 14 cm in diameter and
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Fig. I . Electrophoresis a ppa ratus .

71

includes two tan ks; the uppe r tank , 6.4 ern high , having eight holes of J.D . 30 mrn
arr anged at 45° intervals around the cent re. Each hole is fitted with a plastic screw
system (Fig. 2) which allows the glass columns, previously filled with po lyacrylamide
gel, to fit in easily and safely. Th e lower tank , having the same diameter, is 15 em
high. One of the two circular Plexiglass electrodes is fixed in the lower chamber while
the oth er is part of the apparatus cover.

Fig. 2. Cross-sect ion of the system for fixing the elec tropho resis glass column in the up per tan k (A) .
B, Plast ic ring; C, bottom of the up per tan k of the electro phoresis ap paratus ; D , O-ring.
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Gel slicer
A Plexi glass ge l slicer ( Fig. 3) was ad apted from the model de scrib ed by Lewis

and Clark' . It has 0. 2-cm spaced slo ts and a centra l hol e 01'2.0 em di ameter , a llowing
the gel to be held in po siti on while bein g sect io ned with a steel wire.

Fig . 3. Gel slicer.

Elution apparatus
The sys tem (Fig. 4) is made of a wide Plexigla ss cy linder 29 em in d iameter

and 40 cm high . It is composed of two sec tio ns placed o ne on the top of th e other,
the upper one havin g eight holes to a llow the insertion (Fi g. 5, I) o f the elut ion co lumns
(Fig. 5, F) of 5.2 cm diameter, in which sq uas hed gel sec tions a re pla ced .

The columns are clo sed a t the top end with a nylon d iaphragm a nd at the bot­
tom end with a glas s-woo l plu g (Fig. 5, G and /-I). At the bottom of the elution column
(Fig. 5, L) collecting tubes are fitt ed (I-ml volume) which are closed off with a dialysis
membrane (Fig. 4) held in place by a rubber- band . The coll ecting tubes a rc immersed
in the buffer contained in the lower sec t io n to whic h one electrode is a ttached , the
upper elect rod e being part of th e apparatus cover.

Preparation 01" reagents
The foll owin g were prepared .
( I) A so lution of acr ylarn ide (40 g per 100 ml) a nd bisacr ylamide (1.06 g per

100 ml) was used fo r form ing ge ls co nta in ing acry la mide in the ra nge 3- 10% . This
so lut ion , after a ppro priate diluti on, was mixed with an equal volume of reagents (2),
(3) and (4) de scribed below.

(2) A 1.6-g amo unt of /i-d iethylaminopro pio nit rile was dissolved in the Tris-
glyc ine stock butTer diluted 2.5 times (30 .3 gli al' Tris and 144 gi l o f glycin e) .

(3) Potassium hexacyan ofe rrate(I II ) sol utio n, 0.03 %.
(4) Ammon ium persulphat e so lutio n, OAXI.,.
(5) The elect rophoresis buffer co nsisted of 25 m M T ris- glycin e (p H X. 3),

prepared by diluti on of 0.25 M Tris-glycin e concentra te (30.3 gi l of Tri s and 144 gi l
of glycine) .
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Fig. 4. Elut io n a ppara tus ,
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Fig. 5. Cros s-sectio n of an elution glass vessel (F). J, Plast ic bottom of the upper tan k (E) of the elu­
tion apparatus; I, plast ic screw; K, O-ring ; G, nylon cover tighten ed by a plastic ring (H).

(6) Arnido-Schwartz sta in : 50 mg of Amid e-Schwartz dissolved in a mixture
of 45 ml of methanol, 45 ml of water and 10 ml acet ic ac id.

(7) Coomassie Blue stain: 0.25 g of Coomassie Brilliant Blue R 250 dissolved
in a mixture of 45 ml of methan ol , 45 ml of water and 10 ml of acet ic ac id .

(8) De- stainin g so lvent: 200 ml of methanol plus 70 ml acetic acid diluted to
1000 ml with distilled water.

Preparation of gels
The gels were formed by mixing th e a ppropri ate reagents in solution and al­

lowin g them to polymerize directly in the tubes ( 15 X 1.6 ern) in which the electro­
phoresis was to be carried out. In order to obtain a flat surface the gel was prepared
" downwards" , with a rubber sto pper inser ted in the glass tube. Thus, the gradient of
acrylam ide was set as follows : 5 ml of 5.5 %acrylamide solution was first poured and
allowed to set until polymerization occurred (ab out 20 min), the buffer remai ning
above the gel layer was removed and then 5 ml of 6.5 % acr ylam ide was poured ;
when th is layer had polymeri zed , 7.5, 8, 8.5 a nd 9 %acrylamide solutions were poured
in the same way.

Electr ophoresis
In thi s procedure, designed for thermolabile enzyma tic proteins, electropho resis
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was performed at 4° with a constant voltage of 80 V. No heating of the gel occurred
under those conditions. The duration of electrophoresis depended on the gradient
gel system chosen and the protein material used; it may vary from 4 to 16 h. After
electrophoresis, the gels were removed from the glass tubes by directing a fine jet
of buffer between the tube and the gel and were stained either in Amido-Schwartz
for 30 min or Coomassie Blue for 4 h and then de-stained with solution (8) at 37°.
Gels to be eluted were not stained but were cut into slices 0.2 em thick, the slices being
pulped in a syringe and injected with electrophoresis buffer into the eluting tubes
(Fig. 5). A current of potential 200 V (== I rnA per column) was passed through
the apparatus for 5-10 h and the proteins eluted were recovered in the lower part
of the elution system closed with a dialysis membrane. 1n some instances the protein
became partly adsorbed on to the dialysis membrane, but reversal of the current for
3 min served to return it into solution in the eluting buffer.

Loading ofprotein
Protein samples were made denser than the overlying buffer by addition of an

inert solute (10% glycerol or sucrose) before being layered into the gel. About 5-10
mg of protein were loaded per gel.

RESULTS

BSA polymers and LDH isozymes were subjected to different experiments in
which either the composition of the polyacrylamide gradient or the time of electro­
phoresis was changed.

Fig. 6 shows a 7.5 % polyacrylamide gel reference (A) and three gradients
(B-O). B corresponds to a gradient of 5.5-8.5 %polyacrylamide while C and 0 are
identical gradients of 8.5-5.5 % polyacrylamide with different electrophoresis times.
The four gels were 15 cm in length and 1.6 ern in diameter.

For the gels A, Band C, the electrophoresis was carried out at 4° and 80 V
until the bromophenol blue arrived at the bottom of the gels (usually 5 h) , while
electrophoresis in gel 0 was maintained for a further 6 h. As shown in Table 1,
where migration values of BSA monomer, dimer and trimer and LDH are reported,
the best results were obtained with polyacrylamide gel of type D.

The measured distances between monomer and dimer protein bands, which are
approximately the same in gels A, Band C (16, 13.5 and 17 mm), are more than twice
as large in gel D (40 mm). This result also applies to the observed distance in gel D
between monomer and trimer (57 mm), monomer and LDH (34 mm) and monomer
and tetramer (70 mm).

To test the possible range of the polyacrylamide gradient technique for protein
separation the LDH band, which migrates very close to the BSA dimer, was examined
using these different gel gradients. A comparison of their migrations in the four gels
demonstrates an improvement in their separation: in A 2 mrn, in B 3 mm, in C 3.5
mm and in D 6 mm . It should be noted that an increase in the time of electrophoresis
increases the separation of the proteins only with polyacrylamide gradient type 0;
when the time of electrophoresis is increased when using 7.5 % polyacrylamide (gel
type A), diffusion and mixing of the protein bands occur.

An impure sample of acid phosphatase from potato was chosen in order to
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Fig. 6. Separat ion of BSA polymers a nd L D H on th ree di fferent polyacryla m ide grad ients : A, 7.5 %
polyacrylamide gel co ntrol ; B, gradie nt of 5.5- 1ts % polyacryla mid e ; C a nd D, gradie nts of !l.5-5 .5 %
polyacrylamide. I ~ BSA mon om er ; 2 - LDH ; 3 BSA dirne r ; 4 BSA trimer ; 5 - BSA tet ra­
mer.
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TABLE I

MIGRATION OF PROTEINS ON DIFFERENT POLYACRYLAMIDE GELS

The values given represent the migrations in mm . A, B, C and D correspond to the gel shown in Fig . 6.

Protein Polyacrylamide gel

A B C D

BSA monomer 36 62 36 83
LDH 22 51.5 22.5 49
BSA dimer 20 48.5 19 43
BSA tr imer 11 42 II 26
BSA tetramer 6 33 6 13

develop this method for enzyme separation, purification and elution. The enzyme pre ­
paration (acid phosphatase grade II) was examined on three types of gel: a 7.5 %
polyacrylamide gel (type A), a 5.5-8.5 %gradient (type B) and an 8.5-5.5 %gradient
(type C). Its act ivity and the corresponding stained protein appeared as a wide and
diffused zone in the 7.5 %gel (A) containing contaminating proteins, while phosphatase
activity was found in a narrower fraction in the two po lyacrylamide gradients distinct­
ly separated from the contaminants. It was also found that the acid phosphatase did
not migrate furt her than the 6.5 %acrylamide stage in gradient B. Therefore, as shown
in Fig. 7, we reduced the number of po lyacrylamide stages to four, viz., 5.5, 6, 6.5 and
7 %, and also doubled their length. Unlike LDH and BSA polymers, the phosphatase
separation was better in gel gradient type B than type C.

As shown in Fig. 8, by using this procedure the phosphatase was separated
and eluted as one pure protein.

To study the recovery of proteins, trypsin, pepsin, lactate dehydrogenase,
phosphorylase a and purified acid phosphatase were submitted to a type B gradient
and a standard 7.5 % polyacrylamide gel. The recoveries from these two types of gel
were similar, showing that the proteins were delayed at each surface in the poly­
acrylamide gradient but were not adsorbed on to these surfaces.

Table II show s the proportions of protein recovered and the recovery of phos­
phatase activity in the elution system described above. The proportion of protein
recovery varied between 60 and 80 %. A recovery of 60 % was obtained for the acid
phosphatase activity.

TABLE II

PROTEIN RECOVERY

Protein

Trypsin
Pepsin
LDH
Phosphorylase a
Aeid phosphatase

Molecular
weight

23,000
35,000

140,000
94,000

Protein
( '% eluted)

80
80
60
70

Enzyme
activity
( ':I, eluted)

60
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Fig. 7. Separati on of acid pho sph ata se from pot ato on polyacrylam ide gels: A, 7.5 % polyacrylamide
gel; B, polyacrylamide gra dient of 5.5-7 %; C, gradient of 7-5 .5 % polyacrylamide. The ar row shows
the position of the acid phosphatase protein band.
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" ~
Ai.

Fig , 8, Disc electrophoresis of the acid phosph atase on 7.5 % polyacrylamide gels : A, before sepa ra­
tion on polyacrylamide gradient (type B) ; N , after elution of a 5,5-7 % polyacrylamide gradient
(type B).

!)IS CUSSION

In order to enhance the resolution in polyacrylamide gel electrophoresis, the use
of techniques such as pH gradients!", isoelectric focusing22.33.34 and linear pore gradient
electrophoresisv -" for analytical purposes has been proposed. Better resolution was
observed with electrophoresis on polyacrylamide gel in a continuous molecular sieve
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gradient than on homogeneous gel". Thi s result was confirmed and even improved
with the introduct ion of differential disc electrophoresis for the qualitative separation
of seru m pr oteins-P" and preparative enzymatic protein fract ionation as described
here . The mo st important aspect of thi s discontinuous polyacr ylamide gradient
technique is the number and length of the different acrylamide concentration stages.

A greater use of molecul ar sieving is obta ined with electrophoresis through
gels with different pore sizes; gels with increa sing (from 9 to 5%) or decrea sing
(from 5 to 9 %) pore size permitted the separation of large molecules from the smaller
components and the separation of molecules with similar dimensions but slightly
different charges.

Low recoveries of proteins in preparative polyacrylamide gel electr ophoresis
ma y be related to adsorption of the proteins on the membrane of the eluti on chamber
or during concentration of the too dilute eluate (when continuous elution is carried
out) " . In the pre sent system, elution in a sma ll volume at 4 0 prevents dilut ion and
denaturation of the purified enzymatic proteins. Moreover, thi s method requ ires
simple and inexpen sive apparatus that can be constructed in most laborat or ies.

The reproducibilit y and reliability of this protein fractionation and elution
method, the amount of protein that could be applied on the gels (5 mgjcm-) and the
percentage of protein and enzymatic activity recovered (Table II) demonstrated that
thi s method can be used as a purification step , with a comparable or even better re­
cover y than th at obtained in column chromatography. It has been used successfully
for the purification of an ATP-dependent deoxyribonuclease from Bacillus subtilis",
a trehalase from pig kidney" and glycosidases from alfalfa seeds IS .
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SU MMA RY

The po ssibilit y of effectin g isotach oph oretic sepa ra tions by mean s of complex
formation equ ilibria between a counter ion and the components being separated was
investigated . Thi s procedure was show n to be of potenti al significance mainl y for the
sepa ration of ionic species of strong electrolytes, and the separa tion of sulphates and
halides was examined. The use ofCd(l/ ) as a a counter ion and NO; as a leading ion
is suggested. The migrat ion of sulphate and nitrate zones is considered theoretically,
and data calcul ated for actua l operatin g conditions a re verified experimentally.

INTR ODUCTION

An isotachophoretic separation is based on the differences in the effective
mobilities of ionic species. Separat ions ha ve been described in which effect ive mobili­
ties were altered, with the aim of obtaining the required separations, by changing
the solvation' and by selecting an approp riate pH of the leading electrolyte' >'. In
isotach ophoresis, sufficient atte ntion has not been devoted to the possibility of
influencing the effect ive mobilities of the ionic species being separa ted by mean s of
compl ex formation equilibria. Unl ike the effect of pH on the effective mobilit ies of
ionic species, co mplex form ati on may be applicable even with anions of stro ng ac ids
or with a number of ca tions where the degree of dissociat ion is not affected sub­
stantia lly by pH.

The significance of thi s possibil ity is evident when one co nsiders, for example,
the separa tion of halides and sulphates, which is an imp ortant an alytical problem
that can hardly be solved by classical isot achophoresis using water. The general

• Presented by the first a utho r at the Review Symp osium o n Isotachophoresis and lon- Exchan ge
Chromatography, Sept em ber 15-1 6th , 1976, University of Sussex, Brigh ton , G rea t Britain .

•• Present address: Institute of Physical Chemistry, Ma ria Cur ie-Sklodowska Uni vers ity, Lublin
2003 1, Poland .
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problem can be treated by considering such a practically important model. It follows
from the principle of isotachophoresis that the only ionic species in the sample that
can be separated are those with mobilities lower than that of the leading ion and
greater than that of the terminating ion. There is no problem in finding a suitable
terminating anion in a sample containing sulphates and chlorides because, under the
conditions used in practice, i.e., room temperature and with concentrations of the
solutions varying from 10- 2 to 10- 4 M, both sulphates and halides are among the
most mobile anions. However, finding a suitable leading electrolyte with which
sulphates and halides will form isotachophoretic zones represents a problem.

A possible solution to the last problem is to find suitable anions with mobilities
greater than those of sulphate and chloride. Such leading ionic species could be, for
example, chromates, hexacyanoferrates(lI) and hexacyanoferrates(lll), the limiting
mobilities of which are greater than those of sulphate and chloride. Experiments
showed", however, that under the above conditions the mobilities of these ionic
species are not sufficiently high, owing either to incomplete dissociation or to a con­
siderably greater retarding effect of the ionic strength on multivalent ions in accor­
dance with the Debye-Huckel-Onsager relationship. Also, the use of OH -, which is
the most mobile anion of all in water, is not suitable as the leading electrolyte would
acquire a pH of 11-12 and an interference with the separation could be expected from
carbonates present in the solution or from possible hydrolytic products in the injection
port where the leading electrolyte comes into contact with the sample. In addition,
this pH value lies outside the so-called" "safe region" for aqueous media.

Another possibility is to utilize selective depression of the mobilities of sulphate
and halide. Such effects on the mobilities of strong ions were obtained by using non­
aqueous media, e.g., methanol, instead of water1 and by isotachophoresis on paper"-",
the isotachophoretic migration being combined with chromatographic effects. The
mobilities of strong acid anions can also be altered by using complex formation
equilibria.

If we respect the fundamental requirement of isotachophoresis, i.e., that any
electric current in a given zone may be transferred only by the ionic species under
separation and by a counter ion, then only the complex formation equilibria between
the counter ion and the ionic species being separated can be utilized. Hence the use
of complex formation equilibria in isotachophoresis differs from that in zone electro­
phoresis, where use is made of the equilibria between the ionic species being separated
and suitable complex-forming ionic species present in a background electrolyte'i-".

Another important requirement is that the time of existence of each ionic
species involved in the complex equilibria must be small in comparison with the time
of migration, i.e., the equilibrium adjustments must be very rapid (ef, Tiselius'"),
The use of complex formation equilibria in isotachophoresis therefore differs from
the isotachophoresis of kinetically inert complexes'v':'.

The selection of a suitable central cation that would serve as a counter ion in
the isotachophoretic migration of halides and sulphates, a description of the system
and an experimental verification are the subjects of this paper.

THEORETICAL

When selecting an operational electrolyte system such that sulphates and
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halides are affected by complex formation in such a way that they form isotacho­
phoretic zon es, the following requirements apply :

(I ) The establishment of the complex form ation equilibria of halides and
sulphates with a counter ion must be suffi ciently ra pid. The compos ition of the
system should be such that the effect ive mobilities of halide a nd sulphate may decrease
to such an extent that a suita ble leading component can be found and, at the same
time , the decrease should not be to o great so th at find ing a suitable terminator would
not be d ifficult. If some of the limiting mobil ities at 25° are co mpared icf. , ref. 14) e.g .,
80.0, 76.4, 71.5, 67.0, 55.0, 41.4 and 30.4· 10- 5 ern":V-I. sec -I for sulphate, chloride,
nitrate, chlorate, fluoride , aceta te and picrate anions, respectively, and if the concen­
tration dependence is ass umed to be approximately consta nt, it is evident that the
decrease in the mobilities of sulpha te and chloride a nions due to the complex for­
mation equilibrium should be more than ca. 10%. From th e viewpoint of the
selection of the terminator, the decrease sho uld not exceed ca. 70 %. Thus, for exam­
ple, with sulphate the effective mob ility of sulphates, ii, should be between 30 and
90 %of the ioni c mobility, IIso~ - .

(2) The counter ion must not ha ve a disturbing effect in combination with
any of the anion s ass umed to be pre sent in the sample or with the terminating electro­
lyte. Hence there mu st be no risk of the formati on of precipitates or of products th at
are onl y slight ly dissociat ed .

(3) A suitable anion mu st be available th at virtually does not fo rm a complex
with the selected counter ion a nd with a suffi cient ly high mob ility that it may serve
as a lead ing co mpo nen t.

(4) It is ad vantageou s if the complexes of halides and sulphates with the
selected counter ion are well know n, i.e., their co mpositions , stability consta nts and
temperature dependences and, moreover, if the mobilities of the individual particles
involved in complex formati on equilibria a re also known.

Under such condi tion s, for a given co mpos it ion of the leading elect ro lyte used ,
a mathem ati cal descript ion of the isotacho phoretic zo nes can be given and th e result­
ing net mobil ities of halides and sulphates can be calculated, as will be shown. Such
a case is ana logo us to the ca lculatio n of concentrat ions in isotach ophoretic zones
where ac id-base equil ibr ia are taken into account 's.

On the basis of the ab ove co nsidera t ions, the cadm ium(lJ )-ion was selected
as a suitable counter ion as it form s in aqueous medi a both sulphato and halogeno
co mplexes, the compositions and sta bility con stants of which are know n. The nitrate
anio n, which virtually does not form co mplexes with the cadmium( II)-ion in ca. 0.01 M
solutions" a nd the mobility of which is suffi ciently grea t, was selected as the leading
ionic specie s.

C itra te a nd/o r tartrate ca n be used as ter minator as both of them ha ve suffi­
ciently low mobilities.

A mathemati cal descript ion of the zo nes, numerical calcul ation of net mobil i­
ties and experimental verifica tion of the calculated valu es were carried out for
sulphates and nitrates. Th e assumed compos itions of the zones are as follows: leading
zone, Cd 2+ , NO; ; and sulpha te zo ne, Cd 2+, CdS04 , SO~ -. Data on the limitin g
ionic mobilit ies of the ion s involved are available (see Experimental) and the mobi lity
of CdS04 may be co nsidered to be zero.

In all instances, the limiting ionic mobility, 111. 0' of an ion i is corrected for



86 P. BOCEK, I. MIEDZIAK, M. DEML, J. JANAK

the given concentration, c, In its zone according to the Debye-Hiickel-Onsager
relationship as follows'":

Z+ z : U+ + u :q = - ---_._--------
Z+ + z : Z+ u: + z : U+

1 = 0.5 (c , z~ + c : z~)

(I)

(2)

(3)

(4)

where Ui.c indicates the ionic mobility at concentration c and c, Z and U indicate the
concentration, the valency of the ion (absolute value) and the mobility, respectively.
The subscripts indicate the appropriate cation or anion. E is relative permittivity and
1] the viscosity.

Further, net mobilities are calculated by using definition equations'"-". For
the net mobility of sulphate in its zone, uso•. c" where the total concentration of
sulphates in their zone is Cs , the following relationship holds:

UCd,cs represents the net mobility of Cd ionic species, where

(5)

,cs (6)

as the equivalence of the total concentrations, cso" = CCd = cs, and of the electric
neutrality, [SO~-] = [Cd2+], obviously holds. The value of [SO~-] can be expressed
by means of the expression for the total concentration of the ionic species, i.e.,
Cs = [SO~-] + [CdS04 ] and the definition for the thermodynamic complex stability
constant of CdS04 :

K=-~-~
[CdS04 ]

1Cd2+j~SO~-]' y2
(7)

The following equation'? is used in order to determine the activity coefficient, y:

1~/2
- log y = 0.5 ZCd' ZS04' (T+[in ~ 0.3 Is)

s

For the ionic strength in the sulphate zone, ls > 4[SOi-].

(8)
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The total concentration of sulpha tes in their zone, Cs, is given by a moving­
boundary equ ati on , modified for isot ach ophoretic migrati on into the following forrrr" :

(9)

where K is the spec ific co nd uctivity of the sulpha te o r n itrate zone a nd UNO, .CN is the
net m obility of nitrates in their zone, their total concentration being CN ' After ex­
pre ssing K explicitly, eqn . 9 ca n be rearranged into the foll owing fo rm! ' :

Cs- - === - ----- _ . _ --- --- - _ . _ -
eN US0 4 •CS + UCd.cs Z S0 4

UNO; . CN

(10)

By applyin g eqns. 1-4 to nitrat e, sulpha te and cadmi um ion ic species in the ir
respective zones and by combining them with the eqns. 5-8 and 10, we obtain the
system of equations th at de scribes the isotach ophoretic migration of sulphates, i.e.,
the system of equ at ion s that describes th e con centrations a nd the mob ilities in th e
zones of sulpha tes as a func tio n of the con centration of the leading a nio n, NO; , in
the lead ing electrolyte, Cd(N03) 2 '

Such a system of eq uat ions ca n be solved by iteration in such a way th at for
a given concentra tion, CN , a zeroth approx ima tion, [SO; -] o = 0.5 CN is selected . By
substituting [SO;-]o into eqn . 8, th e first approx ima tion, YI, is obta ined .

By sub stituting eN and [SO;-]o into a combina t ion of eqns. 5, 6 and 10, the
first approximation , (CS)l, is obtained. Using Yi> (CS)1 in eqn . 7 yields the first approxi­
mat ion [SO;- ]1 ' The who le procedure is repeated with the approxim ati on so ob­
tained until two subseq uent a pprox imations are in ag reement, co rrespo nd ing to the
required accuracy ; an accuracy of better than I % is sufficient in thi s instan ce. The
required mobility of sulphate, uso4• CS' is then calculated from eqn. 5.

EX PERIMENTA L

The equipment used for isotachophoresis consisted of a block of organic gla ss
into which were bu ilt electrode chambers, co ntro l cocks, co nnecting cha nnels a nd a
separa tion capillary. The sepa ratio ns were performed in a separatio n capilla ry of
tan gular cross -section, with dim ensions 200 x 1.0 x 0.2 mm , creat ed by a groove in the
organic block, covered with PTFE foil pressed on the block with a thermostatt ed
plate. Detection was carried o ut by measuring the electric gradient by mean s of
platinum contacts (two wires of diameter 0.05 mrn, ca. 0.05 mm a part), pen etrating
int o the groove a d istan ce of ca. 16 cm from the injection port. A det ailed description
was published earlier",

A stabilized current of up to 400 flA at the maximum of up to 16 kV served
as -a high- voltage source. Detection was effected with a voltmeter with a high input
resistance, simultaneous ly insulating galvanically a high-voltage section of the
measuring circuits from the section connected to a recorder. The high-voltage source
and the detection device were of our own design and have been described ea rlier".
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A Perkin-Elmer Model 196 recorder was used . Th e chemi cal s used were of a na lytica l­
reagent grade (Lachema, Brno, Czechoslovaki a). The thermostatted met al plate was
maintained at 25° by means of circula t ing water.

The mobi lities o f the ind ivid ua l ioni c species being invest igated were calc ula ted
and measured as relati ve mobil ities, where the leading NO; ion was used as a refer­
ence ionic species ; hence the ca lcula ted values represented the ratio ii;juNO ; ' Expe ri­
ment al measurements of the relat ive mobilities were carried o ut by using a pr ocedure
de scribed earl ier " . An inverse ratio of the step heights, hNO'i Ill ;, was measured. The
ioni c species bein g investigated were injected sepa ra tely ; the co ncentrat ions of stan­
dards were 5-8' 10- 4 M and the sample size was ca. I Il l. A so lut ion of Cd(N03h
was used as the lead ing electrolyte with con centration s selected in the ran ge
0.002-0.010 M ; 0.010 M cit ric acid was used as the terminat ing electro lyte.

In the device used 22
, at a dri ving current of approxim at ely 300 fl A and a

the rmostat temperature of 25°, the temperature of the so lution in which migration
occurred was 35° (ref. 24). The o pera ting pa rameters were as follows: Temperature,
35° ; relati ve permittivity, E = 82.3; viscos ity, 1] = 0.00716 P ; lim itin g ioni c mobil ities
at the given temperatu re, uso~ - . 0, UNO; . ° and " Cd H . 0 ' 96.0, 85.8 a nd 64.8 ' 10 - 5 cmZ

•

V -I . sec- 1
, respectively . The thermodynamic co mplex sta bility constant o f CdS0 4

is, under the conditions given, log K =. 2.11 (ref. 16). The valencies of the ions are
obvious: ZS04 = 2, ZCd = 2 and Z NO, = I.

RESULTS A N D DI SCUSSION

Us ing the abo ve relation ships, data were calcul ated for the isotachophoreti c
migr ati on of su lpha te and nitrate with cadmium as counter ion , a nd a co m pa rison
of the experimenta l va lues of the relat ive mob ility of sulphate with the calcul at ed
va lues is show n in T able I. G ood ag reement was found.

The effect of the complex formation equ ilibria o n the rela tive mobil it ies of
halid es was evaluated experimentally in a simil ar manner. The ca lcula t io ns were not
performed in these instances as the ionic mobilities of the ion s of the type CdX + are
not a va ilable. It is evident that the reverse procedure, i.e., experimental determ ination
of the mobility o f the ionic species with a kno wn composit ion of the equilibr ium

T AB LE I

COM PA RISON OF EXPERIM ENTAL VA L UES (AVERA GE FRO M THREE DETERMI NA­
TrON S) OFTHE RELATI VE STEP H EIGHTS,IlNo ; lhso. , W IT H TH E CA LC U L ATED VA LU ES
OF THE RELATrVE MOBILITIES, uso••csl uNo j.

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

Concentration of hN O; I lls" 4 ii ,w)4 ·C •./UNO; Difference Difference
leading ('X,)
electrolyte,
Cd( NO,) , ( M)

0.002 0.917 :± 0.018 0.934 0.017 1.8
0.004 0.872 ± 0.018 0.870 ; 0.002 10.2
0.005 0.847 :::! 0.018 0.840 10.007 10.8
0.006 0.806 ::I- 0.018 0.813 0.007 0.9
0.008 0.763 L 0.018 0.781 0.018 2.3
0.010 0.741 ± 0.018 0.752 0.011 1.5
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TABLE II

EXPER IM ENTAL VALU ES OF TH E RELATI VE MOBILITIES OF HALIDES, udu No>

The data represent averages from th ree measurements a nd the confidence interval is :I 0.018 .

89

0.794 0.952 0.917 0.800
0.769 0.892 0.8 62 0.752
0.769 O.!!62 0.!!40 0.714
0.769 0.!!47 0.806 0.694
0.756 0.820 0.775 0.671
0.746 0.794 0.756 0.637

Concentration or
leading
electrolyte,
c«NO )) , ( M )

0.002
0.004
0.005
0.006
0.008
0.010

F CI Br I

system in the zone can provide data on the ionic mobi lities of complexes, which can
be obtained by other means only with difficulty.

The experimental values of the re lati ve mobil ities of halides are given in Table
11, and confirm the po ssibility of affecting the mobilities of stro ng electro lyte anion s
by mean s of a complex-forming cati onic species. If the limiting mobilities'? tabulated
are compared , e.g., fluoride , chlo ride, br omide, iod ide and nitrate have limiting
mobil ities of 55.4, 76.4 , 78.1, 76.8 a nd 71.5· 10- 5 ern": V-I. sec - J, respectively, it can
be seen that except fo r fluo ride , the halides are more mobile than nitrate and, more­
over, the d ifferenc e bet ween the mobilit ies of chloride a nd iodide is sma ll. On using
the complex formation equ ilibrium with cadmium, the mobilities of halides not on ly
become smaller than that of nitrate but they also differ sufficiently from one another
and their isotachophoretic sepa ra tion is then easy, as shown in Fig . 1, where the
separation of a mixture of ch lorides, bromides and iodides is shown .

..
"...

NITRATE

,
4

,
4.5

,
5 min

Fig. I. Anal ysis of a mixture of chl oride, bromide a nd iod ide ; 0.006 M Cd( NO)), served as the
leading elect ro lyte . Th e volume injected was a bout 2{11 and the co ncent ra t ion of each co mponent
was about 0.01 M . Th e dri ving curre nt was 400 {l Ao
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A practical ana lysis of 10 ,ul of IDA mineral water from Spa Beloves, Czecho ­
slova kia, containing 119.0 mg of sulpha te, 17.60 mg of chloride, 0.30 mg of fluor ide,
6.08 mg of nitrate and 1.05 mg of ar senate in 1 I, is show n in Fig. 2.

Chloride and sulphate pro vide zone s that can be evalu ated anal ytically. A
qu antitati ve analysis was carried out by direct comparis on with a sta nda rd mixture
and the result s, representing average va lues from th ree determinations, a re given
in Table HI.

Fluoride and arsenate zo nes are, und er the operating condit ions used, below
the sensitivity of the apparatus, which was ab out 1.10- 8 g of halides.

TARTRATE

CARBONATE
;;
c:
.!'

SULPHATE
CHLORIDE

NITRATE

i ..

4.5 min.
i

4.0
r--/I-I---,------.---­
o

F ig. 2. Analys is of 10 ltl of I DA mineral water. The leading electrolyte was 0.006 M Cd(NO,h and
driving current was 400liA. The carbon ate zone is unsta ble. A; the samp le is injected, with tartrate
as termina to r, it migra tes but it van ishes d uring the mig rat ion and the q uant itative informati on is lost.

TA BLE III

DET ERMI NATI O N OF S ULPH AT E AN D C H LO R IDE IN ID A M INE RA L WATER

Deviation 11'01/1
tr ue value

Species True
concentration
( mg/I)

Concentra tion
determined
( mg/I)

Standard deviation

mg]! % mg]! ti l
//I

Sul phat e
C hlo ride

119.0
17.60

117.1
17.70

2.1
0.1 6

1.8
0.9

1.9
, 0. 1

- 1.6
-1 0.6

CONCLUSIO NS

Complex formation equilibria are a significant factor by means of which the
effective mobilities and thu s also the possibility of the isotachophoretic sepa ra tion of
ioni c species of stro ng electrolytes can be influen ced. A complex-forming agent act s
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as the counter ion ; hence complex formation between the counter ion and the com­
ponent being separated is involved . In the sepa ra tion of the ani on s of st rong acids,
an appropri ately selected cati on act s as the complex-forming agent.

If the stability co nstants and the mobil ities of all of the particles invol ved in
the complex form ation equilibrium of the component being sepa ra ted with the
counter ion a re known, the total concentra tion of the ionic species being sepa rated in
its zone and its net mobil ity can be ca lculated for a given composition of the leading
electrolyte. Con versely, the mobilities of complex particles can be determined from
the experimental data.

The calculation was carried out for the zone of sulphate migrating isotacho­
phoretically behind the zone of nitrate with Cd(lI ) as the counter ion, for concen­
trati ons of cadmium nitrate in the leading electrolyte va rying over the ran ge 0.002­
0.010 M. The calculated effective mobilities of sulpha te relative to nitrate were com­
pared with the data measured experimentally and the agreement was found to be good.

The system formed by the lead ing nitrate anion and the cadmium counter ion
appeared to be suita ble for the sepa ra tion of halide s and sulphates. The suggested
system of electrolytes was applied to the an alysis of sulphates and chloride s in
mineral waters. The determination took about 5 min .
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SUM MA RY

The relati onship between structure and partition coeffi cient K of 23 E. coli
tRNA species has been investigated . Fr act ionati on was performed by counter-current
distribution in two salt-solvent systems conta ining ph osph ate buffer and two organic
components: 2-methoxy eth anol and 2-butoxy ethanol (PM B system ), formamide and
isopro pano l (PFI system). For the tRNAs studied, dependence of K on nucleoside
compos ition is described by the relationship: log K = c(A/Y) + d. The values for d
vary over an interval zlr/, which is a function of the polar ity of the anticodo n loop,
The modifi ed nucleosides are contained mainl y in thi s highly exposed region of the
tR NA molecule.

Th e tRNAs fall int o th ree groups according to the anticodo n loop polarity:
group I with the lowest d value (hydrophilic anticodon loop) includes tRNAi"l",
tRNAlle, tRNALy" tRNA~el , tRNA~~~ , tRNAThr and tRNAia

' , each containing a
polar N-(pu rin-6-yl ca rbamoy l)-threonine ribos ide, or a 5-oxyacetic ur idine acid in the
anticodo n loop ; gro up 2 with neutral anticodo n loop conta ining 2-methyl adenosine
and/or a mod ified 2-thio ur idine is co mposed with tRNA~.ri , tRNA~SP , tRNA~~X,

tRNA~_~ , tRNA~ i" tRNA ~.e2u , tRNA~e , and tRNA~~' ; gro up 3 with the highest d
value (lipophilic an ticodon loop) comprises tRN APhe, tRNATrp and tRNATyr, charac­
terized by a lipoph ilic 2-methylthio N6-isopentenyl aden osine at the 3'-end of the
anticodon . For similar overall composit ion, the order of incre asing mob ility of tRNAs
leads to an increase in LJ d, which depends on the decre asing pola rity of the modified
nucleosides located in the anticodon loop .

INTRODUCTIO N

Analytical or preparative method s used in the fractionation of tRNA species

• Present address : La bo rat oirc de Genetiq ue Physiologique, Institut de Biologie Molecula ire et
Cellulaire, 15, rue Descartes, 670R4 St rasbou rg Cedex, Fra nce.

•• Present address : Roche Inst itut e of Mo lecular Biology, Nu tley, N.J . 07110, U.S,A.
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by liquid-liquid continuous separation (partition chromatography) and discontinuous
separation (counter-current distribution, CCD) are based on different partition coef­
ficients (K) for different tRNA species. The relation between partition coefficient and'
the tRNA structure has been studied by Garel and Mandel' for yeast tRNAs. Within
a homogenous family of polynucleotides like the tRNA species (80 :±: 5 nucleotides,
helix content 54 ± 3 %), the partition coefficient is mainly a function of the total
nucleotide composition of the tRNA, expressed by the relationship log K =c A/Y,
where A and Y represent the number of adenosine and pyrimidine nucleoside residues,
respectiely. This relation has been checked for oligoribonucleotides- and fragments
of rRNA3.

For prokaryotic tRNA species, one expects a comparable mobility relation­
ship. Nevertheless, it must be noted that modified nucleosides are less numerous and
mainly located in the anticodon loop. Several experimental approaches -associations
with codons and oligonucleotides", chemical reactivity":", enzymic degradabilitys--;
have shown that this loop is exposed. The tertiary structure of tRNAPhe confirms the
accessibility of the anticodon loop (see reviews't'"). We have therefore considered the
influence of the degree of polarity of the anticodon loop on the chromatographic
mobility of tRNA species fractionated by CCD.

MATERIALS AND METHODS

tRNA and i-amino acid:tRNA ligases (EC 6././.)
E. coli B tRNA was purchased from Calbiochem (San Diego, Calif., U.S.A.).

[l4C]amino acids used for their in vitro acylation assays were provided by CEA
(Saclay, France). tRNA ligases were prepared as described by Chavancy et al." from
a post-ribosomal supernatant of E. coli culture generously given by G. Dretzen
(Strasbourg, France) and used in standard conditions (Mg" + /ATP 1.5).

Counter-current distribution
160 Transfers were made with 600 A Z60 units of E. coli B tRNA at 15° in the

PMB solvent system containing 18.6 % 2-butoxy ethanol as previously described!
(1,200 ml of 1.50 M potassium phosphate buffer (pH 7.0), 400 ml 2-methoxy ethanol,
365 ml 2-butoxy ethanol and 1.6 ml I M MgClz) . In these conditions the average
partition coefficient is about 1. Extraction of tRNA fractions, acylations and calcula­
tions of the partition coefficient of specific isoaccepting tRNA species have been de­
scribed", Statistical studies of the base distribution in the whole molecule of tRNA
and the distribution of purine bases in the anticodon region (stem and loop) were
carried out by J. L. Chasse (Laboratoire de Biometric, Universite Claude Bernard,
Lyon I, France) with a Wang 700 calculator.

RESULTS

Structural data
The 28 tRNA sequences of E. coli Band K count 37 homologous positions

for 90 %of the molecules studied (Fig. I). The most marked structural modification
is found in the arms with paired bases and in the three bases of the anticodon. The
numbering used (1-98) is based on the principle of maximum recovery of primary
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Fig. I . Common nucleo tides in E. coli t RNA spec ies. T he numbering used (1-98) is based o n the
pri nciple o f max imum overlapping of the primary structu res of 28 E. coli t RNAs. The letters ind ica te
the nature and posit io n of n ucleot ides co mmon to more t ha n 90 % of th e tR NAs studied . A =

adenosine -5'-phosphate; C cytidine-SO-phospha te ; G "" gua nos ine-SO-phos pha te; U ~ urid ine-5' ­
phos pha te; R pur ine riboside-5'-phosphat e ; Y ~ pyrimidine riboside-SO-phospha te; T = r ibo­
th ymid ine-5 '-phosphate ; 'I' - - pseudouridine-5 '-phosphate. For mod ified nucleo t ides, see legen d of
Table II.

Fig. 2. Modified nu cleosides in E. coli t RNA species. T he number ing is as in Fig. I. ru'G = l -rnethyl
guanosine ; m'G 2-methyl gua no sine . For ot her abbreviations see lege nd of Table II.

TA BLE I

STR UCT U R A L DAT A FO R 28 E. COLi t R NA SPECI ES

tRNA AGe U I IzU 'I' T N Total R/ Y

Ala "
Arg,
A rg,
A SjJ ,

Gi n,
G in,
G lu ,
G lu,
Gl y,
G ly,
Gl y,
His
l ie ,
Leu ,
Leu,
Lys
Met ::,
Met'"
Phe
Scr ,
Ser,
T hr
Trp,"
Tyrl,u
Tyr,
Val,
vo.,
ValZll

II 27 24 II
15 23 23 12
16 23 23 12
II 27 22 14
15 21 22 14
15 21 23 12
13 23 27 10
14 22 27 10
15 20 22 15
13 19 24 17
13 25 21 15
14 22 19 18
16 25 19 14
15 29 24 15
17 29 21 17
17 20 18 17
15 24 26 10
19 20 20 15
15 24 2 1 12
19 29 24 14
18 32 28 13
17 23 18 16
15 23 2 1 15
19 23 27 13
20 25 27 12
15 24 23 12
13 26 21 15
16 23 18 18

I
I
I
2
2
3
2
2
I
I
I
3
2
3
2
2
I
2
3
I
I
I
I
2
2
I
I
1

75
76
77
77
75
75
76
76
74
75
76
77
77
87
87

X 76
77
77
76
88
93
76
76
85
87
76
77
77

A/A t G
( 'Yo)

1.03 29.0
1.05 39.5
1.02 41.0
0.97 290
0.92 4 1.6
0.92 4 1.6
0 .90 36.1
0 .90 39.0
0 .90 42.8
0.74 40 .6
1.00 34.2
0.88 38.9
1.14 39.0
1.02 34. 1
1.12 37.0
0.95 46.0
1.03 38.5
1.02 48.7
1.05 38 .5
1.20 39.6
1.16 36.0
1.11 42.5
1.00 39.5
0.98 45 .2
1.07 44.4
1.05 38.5
1.02 33.3
1.02 41.0

A/Y Ref s.
( 'Yo)

29.8 13
40.5 14 , 15, 16
41.8 17
28.2 18
38 .4 19, 20
38 .4 19
32.5 21
35.0 22
38.5 23
30. 2 24,25
34.2 26
34.2 27,28
44.5 29, 16
34.9 30, 31
41.5 30, 3 1
43.6 32
39.5 33,34
50.0 35,36
40 .5 37, \6
47.5 38, 39
4 1.9 40 ,41
47 .0 42
39. 5 43
44. 1 44
47.6 45
40.5 46,47, 48
34.2 49, 16
42.0 49 , 16
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structures. The chain length va ries mostly in the extra a rm (position s 50-70), whereas
it is consta nt fo r the dihydrourid ine region (positions 10-31 ).

Table I lists some str uctura l data . The molar rat io of purines to pyrimidines
(R /Y) changes from 0.88 for tRNA~i s to 1.20 for tRNA~c r while the relative propor­
tion of A to G , expressed by the ratio A/(A -I- G), va ries from 0.29 for tRNA~SP or
tRNA~~" to 0.487 for tRNA~el . The chain length s are very close for 22 tR NA species
(76 ± I nucle otides) and higher for 6 species: t RNALcu, tRNAScr and tRNATyr
(89 ± 4 nucleotides).

Fig . 2 shows the po sitions generally occupied by mod ified nucleosides and
Table II ind icates the nature and locat ion of these modified nucleosides clustered
mainly in the anticodon loop .

TAB LE II

AL KY LATED BAS ES AN D MODIFI ED N UCLEOSIDES IN E. CO LI tR NA SPEC IES

tR NAs a re arranged accord ing to the three gro ups shown in the sem i-logari thmic plots based upo n
th e polar ity of th e ant icod on loop (F igs. 6 and 7). U* c unkn own modification ; 4abu3U - , 3-(3­
amin o 3-carboxypropyl) uridinc'P-!"; Q ~ 7-(4,5-cis-dihyd roxy-l-cyclopen ten- 3-yl am inomethyl) 7­
deazaguanosine' "; m2A -~ 2-methyl ade nosi ne ; m6A ~ - N"-meth yl ade nos ine ; Ills2i"A -- 2-met hylthio
N6 -isope ntenyl adenos ine ; t6A : - N-(pur ine-6-ylcarballloyl)threo nine riboside ; mt6 A ,- - N-me thyl
N-(purine-6-ylcarb a moy l) threon ine riboside ; ac'C - , N'-ace tyl cytid ine ; S2C = 2-thio cyt idine ;
Cm = 2'-O-methyl cytidine ; m7G -- N7-methy l gua nosine; Gm 2'-O- lllethyl guanosi ne ; I ~

inosine; oac'U = 5-oxyacetic uridine ac id ; s'U - 4-th io uridine; rn anr's'U 5-methyl amin omethyl
2-thio uridine ; h U = 5,6-dih yd rourid ine ; Urn 2'-O- lllcthyl urid ine ; 'I' pseudo uridine.

tR NA Position 8 su loop Anticodon loop Extra arm

Position 38 Wobble base, Position 43
position 40

- - -- --- --

Ala.; s· U oac' U m7G

lie t"A m7G,4abu 3 U
Lys mam -s'U t"A m7G , X
Met " s' U G m ac' C t"A m7G

Ser, s' U m'G Cm oac ' U ms'i6A
Ser , s· U S2C t"A
Thr mt''A
Val, s' U oac 'U m6A m7G

Arg, s' U s,C J m2A m7G,4abu3 U
Ar g, s' U I m'A m7G , 4abu 3 U
Asp, s' U Q m'A m7G
GIn , s'U Gm Um marrr' s' U m'A
Gln 2 s· U G m Um m'A
Glu, rnarn's 'U m'A
oro, s'U rnarn' s'U m2A
Gly, s· U
Gly , U*
G IYJ m7G

His, (S' U)9 Q m'A m7G
Leu, ,2 G m m'G
Me t>' s· U Cm
Val'A s'U m7G , 4abu JU

Phe s'U ljJ ms2j"A 1ll
7G , 4a buJU

Trp s'U Cm ms' i"A m7G

Tyr" , s'U Gm Q ms'j 6A
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TA BLE l lI

O BSE RV ED AN D TH EORETI CAL D ISTRIB UT IO N O F IDENT ICA L BASE SEQUENCES
FO R E. COLI t RNA SP ECI ES

T he upper lines g ive th e o bserved dis tr ibut ion , the lower lines that theoret ical d ist ribu tion I . 11" is the
nu mber of nucleosides A in the t RNA, II G the number of nucleosides G , I, etc . ; r is th e number of
co nsecutive seq uences in the tRNA; fo r instance.v, ind icat es the freq uency of NNN in the seq uence,
N is success ively A, G , C , U (includ ing 'I' a nd T); for ' >3, the nu mber of co nsec utive seq uence s is
shown in parent heses afte r the figure givin g the observed d istribution .

(RNA A G, I

IIA r '2 '3 1'> 3 /l(i r '2 ' 3 ' >3

Ala .; 10 10 0 0 0 26 13 4 0 I (5)
7.6 1 0.99 0. 12 0.0 1 10.83 3.92 1.38 0.71

Arg, 14 10 2 0 0 24 12 6 0 0
9.37 1.74 0.30 0.06 11.04 3.63 1.16 0.5 1

Asp, 10 8 I 0 0 27 13 3 I I (5)
7.59 0.95 0. 11 0.0 1 11.05 3.99 1.40 0.72

Gin , 14 8 3 0 0 2 1 5 6 0 I (4)
9.37 1.74 0.30 0.06 10.89 3. 1I 0.86 0.28

oro, 13 9 2 0 0 22 6 4 0 2 (4)
9.05 1.53 0.24 0.04 11.10 3.28 0.94 0.35

GlY3 12 8 2 0 0 25 14 2 I 1 (4)
9.00 1.51 0.2 1 0.04 11.19 3.78 1.24 0.57

His l 13 II I 0 0 22 II 4 I 0
9.13 1.50 0.23 0.04 11.34 n6 0.9 1 0.3 2

lie 15 I I 2 0 0 25 8 7 I 0
9.83 1.91 0.35 0.07 11.34 3.78 1.22 0.55

Leu, 14 8 3 0 0 29 12 6 0 I (5)
9.99 1.58 0.23 0.04 12.8 1 4.37 1.46 0.69

Leu, 16 10 3 0 0 29 9 7 2 0
10.77 1.97 0.34 0.06 12.81 4.37 1.46 0.69

Met f 14 5 3 I 0 24 9 3 I I (4)
9.48 I. 7 1 0.29 0.05 11.33 362 1.12 0.47

Met M 18 14 2 0 0 20 10 3 0 I (4)
10.64 2.5 1 0.56 0. 15 10.99 2.90 0.73 0.23

Phe 14 10 0 0 1 (4) 24 II 3 1 1 (4)
9.43 1.73 0.30 0.06 11.19 3.62 1.14 0.49

Scr, 18 5 3 I 1(4) 29 14 6 I 0
11.48 2.35 0.46 0. 10 12.96 4.3 7 1.44 0.67

Ser, 17 7 3 0 1 (4) 32 13 6 1 1 (4)
11.32 2.06 0.35 0.07 13.45 4.74 1.63 0.82

Th r 17 12 2 0 0 23 12 4 I 0
10.06 2.13 0.43 0. 10 11.16 3.46 1.04 0.4 1

T rp 14 6 2 0 I (4) 23 9 2 2 1(4)
9.43 1.73 0.30 0.06 11.16 3.46 1.04 0.4 1

Tyr, 18 8 2 2 0 23 10 3 I 1
11.27 2.40 0.49 0.1 1 12.26 3.37 0.90 0.30

Tyr, * 19 9 2 2 0 24 9 3 3 0
11.69 2.57 0.54 0. 13 12.60 3.53 0.96 0.33

Val, 14 12 I 0 0 24 7 3 2 1 (5)
9.43 1.73 0.30 0.06 11.19 3.62 1.14 0.49

VaI2A 12 12 0 0 0 26 I I 5 0 I (5)
X.68 1.32 0.19 O.Q3 11.32 3.93 1.33 0.64

Val," 15 I I 2 0 0 23 12 6 0 I (5)
9.83 I. 91 0.35 0.07 11.29 3.45 1.02 0.40

- . --- -~---_.~- ._ . ._- ._ - --- - ---
• Wit ho ut the mo d ified pyri mid ine (t RNAJ").
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T ABL E IV

OBS ERVED A N D T HEO RETICA L D ISTRIBUTI O N OF ID EN TI CA L BASE SEQUENCES
FO R E. COLI tRNA SPECIES

For exp lana tion of symbols see text to Table I II.

tRNA C U,'I',T

nc 1", 1"2 1", ' >' /I v 1", ' z r r ;>3
- - - _. -

A1a'A 23 15 I 2 0 13 7 I I 0
10.88 3.37 1.07 0.45 8.55 1.36 0.20 0.03

Arg , 21 12 3 I 0 14 12 I 0 0
11.01 3.10 0.84 0.29 9.43 1.73 0.30 0.06

Asp! 20 9 4 I 0 17 9 4 0 0
10.99 2.90 0.73 0.23 10.40 2.4 1 0.49 0.12

GIn, 20 5 4 I 1 (4) 17 8 2 0 1 (5)
10.78 2.94 0.76 0.25 10.24 2.34 0.5 1 0. 13

G lu2 25 9 I 2 2 (4) 13 6 2 I 0
11.19 3.78 1.24 0.57 9.05 1.53 0.24 0.04

Gly, 19 12 2 I 0 17 8 3 I 0
10.74 2.72 0.66 0.20 10.32 2.33 0.50 0.12

H is l 17 5 3 2 0 22 10 6 0 0
10.40 2.3 1 0.49 0.12 11.22 3.27 0.92 0.34

lie 17 9 2 0 1(4) 17 II 3 0 0
10.40 2.31 0.49 0. 12 10040 2.31 0049 0.12

Leu! 22 12 1 0 I (8) 19 9 5 0 0
12.33 3.16 o.n 0.24 11.69 2.57 0.54 0.13

Leu, 19 7 3 2 0 20 12 4 0 0
11 .69 2.57 0.54 0. 13 11.93 2.76 0.61 0.16

Met F 24 12 2 1 1(5) 12 10 I 0 0
I 11 .33 3.62 1.12 0.47 8.68 1.32 0.19 0.03

Met" 18 13 I I 0 18 12 3 0 0
10.64 2.51 0.56 0. 15 10.64 2.51 0.56 0.15

Phe 19 6 3 I 1(4) 16 8 4 0 0
10.74 2.72 0.66 0.20 10.06 2.13 0.42 0. 10

Ser, 22 9 5 I 0 16 6 5 0 0
12.23 2.95 0.68 0.19 10.82 1.96 0.33 0.06

Ser, 26 10 4 0 2 (4) 15 13 I 0 0
13.30 2.78 1.04 0.37 10.54 1.68 0.25 0.04

Thr 16 I I I I 0 18 12 3 0 0
10.06 2.13 0.43 0.10 10.55 2.53 0.58 0.16

T rp 19 7 4 0 I (4) 17 9 4 0 0
10.74 2.72 0.66 0.20 10.32 2.33 0.50 0.12

Tyrl 25 9 4 I I (5) 16 8 4 0 0
12.44 3.73 1.09 0042 10.65 2.00 0.35 0.07

T yr z
. 25 10 2 I 2 (4) IS 7 4 0 0

12.69 3.71 1.05 0.39 10.39 1 77 0.28 0.05
Val, 21 10 I 3 0 14 8 3 0 0

11.01 3.10 0.84 0.29 9043 1.73 0.30 0.06
ValzA 19 13 3 0 0 17 9 4 0 0

10.83 2.40 0.65 0.19 10040 2.31 0.49 0. 12
Valz" 16 10 3 0 0 20 6 7 0 0

10.13 2. 11 0.42 0.09 10.99 2.90 0.73 0.23

* W ithout the modified pyrimid ine (t RN ATyr).
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TABLE V

DISTRIBUTION OF PURINE BASES IN THE ANTICODON ARM OF E. COLl tRNA
SPECIES

The upper lines give the observed distribution of purine bases in the anticodon arm (positions 33-48
according to Fig. I). The lower lines indicate the calculated or theoretical distribution of purine bases
assuming a random base distribution in the whole molecule of tRNA (ref. I).

tRNA Anticodon Total number or residues

A G A G, J n ( ·CCA)

Ala.; 2 5 10 27 72
2.39 6.22

Arg, 3 5 14 24 73
3.26 5.59

Asp, 2 5 10 27 74
2.30 6.20

Gln1,2 2 5 14 20 72
3.30 4.72

Glu, I 5 13 22 73
3.03 5.12

GlY3 3 5 12 25 73
3.07 5.67

His, 3 5 13 22 74
2.99 5.05

lie 4 5 15 25 74
3.45 5.74

Leu, 3 5 14 29 84
2.83 5.87

Leu, 3 6 16 29 84
3.36 5.87

Met~ 4 4 14 25 75
3.17 5.67

MetM 6 2 18 20 72
4.25 4.72

Phe 5 5 14 24 72
3.30 5.67

Ser, 3 5 18 29 85
3.60 5.80

Ser, 3 5 17 32 90
3.21 6.04

Thr 3 6 16 23 73
3.73 5.36

Trp 4 4 14 23 73
3.26 5.36

Tyr, 4 4 18 23 82
3.73 4.77

Tyro 5 4 19 24 84
3.8 5 4.86

Val, 4 4 14 24 73
3.26 5.59

Val,A 3 5 12 26 74
2.76 5.97

Val'l! 3 5 15 23 74
3.45 5.28
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Tables 111 and IV present the distribution of identical base sequences observed
(upper line) and calculated (lower line) without con sidering the common 3'-terrni nal
trinucleotide. The hypothesis of a random distribution of ba ses is acceptable (X2 test')
for the great majority of E. coli tRNAs except for tRNA~ct which has an excess of
G and C compared to A and U. There is a random sequence distribution of identical
bases, except for tRNA~cr, characterized by a significa nt cluster of A, and for tRNA~ln
with regard to C. Table V notes the dist ribution of purine bases in the anticod on arm.
Contrary to some yeas t tRNA s1

, E. coli tRNAs do not differ significantly in purine
distribution in this region compared with the ir average distribution in the whole
molecu le.

Counter-current distribution
Fig . 3 shows the ab sorbance profile of E. coli t RNA species fractionated by

CC D, over 160 transfers at 15 0
, in the solvent system PMB (18.6 % 2-butoxy et hanol ,

IR N A

Phe Ser
Leu u- -
Tyr Trp

I SerI lie Thr
Met A-

Ly s
Arg

His c- -
Leu

Val
Al a

Glu G--

A s Gly

o
E
<,

E
c
o
<0
N..

10
fraction nu mber

t o 30

30

20

~.
"0

10 ~

Fig . 3. CC O of E. coli tRNA. 600 A2. " "on units of E. coli B t RNA are d ist ributed ove r 160 tran sfers
at 15° in the salt-solvent system PM B (1.50 pot assium phosphate buffer pH 7.0, 1-rr.ethoxy ethanol
and 2-buto xy eth anol ) with 18.6 % 2-but oxy eth an ol and 0.8 mM MgCI2 • - , Absorb ance of tR NA
at 260 nm in the upper phase ; - , d ist ribut ion cur ve of 16 individual tRN A species titrated by acyla­
tion in nmoles per fraction (one fract ion is composed of the tRNA content of five distribution
elements) ; I, indication of the position of the maximum concentrat ion of the isoacceptor snecies
arranged according to their co rrespondi ng codons' ".
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F ig. 4. Anal ysis of E. coli tR NA species fractio nated by CC D. Co nditions of the CCD in the PMB
so lvent system are indicated on Fig . 3. After 160 tra nsfers, the contents of five distribution tubes are
pooled , 5 ml of 2-met hoxy ethanol is added ; the solu tion is eq uilibrated in the co ld a nd the lower
phase discarded whereas the organ ic top phase is extracted with diet hylether, dia lyzed and lyophilized.
tRNA from each of the 32 fraction s was dissolved in 2.0 ml of 5 mM sod ium acetate buffer (pH 4.7),
I mM MgC Iz and acylated acco rding to Chavancy ('I at," with hom ologou s enzymes. Th e order of
mobility of isoaccepting species is given acco rding to the nat ure of the first base of the codon, indi­
ca ted in decreasing order of polarity : A, U, G and C acco rding to Wehrli a nd Staehe lin' ",

0.8 mM MgCl -). Th e mob ility order of ind ivid ual tR NA species is indi cated on th e
diagram of Fig. 4. It is ana logo us to the eluti on order found by Wehrli and Staehelin",
who did pa rt ition chromatogra phy with the PEB solvent syste m described by Muench
and Berg?" : 1.25 M po tassium phosphate buffer (pH 6.88), 2-et hoxy ethanol and 2­
butoxy ethanol co ntai ning I %of trieth ylam ine. Figs. 3 and 5 suggest a dir ect relation­
ship between th e po larity of tRN A a nd its coding properties. Fig . 5 shows the mobility
of E. coli tRNA frac tionated by CCD over 970 tra nsfers in the PFI solvent system"
as used by G oldstein et al.5J (I.7 M sodium phos pha te buffer (p H 6.0), formamide
and isopropa no l). Formam ide plays a n ana logo us ro le to that of 2-methoxy etha no l
in the PMB system ; its ad ditio n increas es the partition coefficie nt of nucleic ac id.
Isop rop an ol , less po la r, ha s a similar effect to t hat of 2-butoxy etha no l, which de­
creases partit ion coefficient'v". Tabl e VI summarizes partitio n coe fficients values
avai lable a nd based on CCDs in the so lvent systems PM B and PFI.
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tRNA codor

I Ph e

I Ser

I I Le u u--
Cv s

I I Tvr
I Trp

I Ser lie
I Thr

I I Met A- -
I A rg

I I Lv s

I H i s
I I I Pr o c--

I I Leu

I I Val
I I A la

I Glu G - -

I I GI V
I A sp

103

o
fraction number

5 0 10 0

Fig. 5. Order of mobility of E. coli tR N A species fra cti onated by ceo over 970 transfe rs in the sa lt­
solvent system PF I (ph osphate buffer, forrnarnid e and isopropanol) according to Goldstein et al." :

Mobilit y IlIlI' of E. coli tR NA species
As we have sho wn for oligoribonucleotides-, yeast t RNAs' and ribosomal

RNA fragments", the partition coefficient K incre ases with an enrichment in adenosine
residues expressed as A/(A I G) or A/ R and a lso with an increase in the ratio of
purine/pyrimidine nucleotides, R/Y . For a salt-solvent system S studied at tempera­
ture T, one may write the fo llowing relationship :

log K(.s .n ,=c c A/(A i G)· R/ Y I- d

where c and d are co nsta nts dependent on the sol vent system used and the charac­
teristics of the nuclei c compound (anticodon loop polarity, helix content, chain length
and conformation). By neglecting the presence of inosine, the mobility of which is
close to that of guanosine , and by considering the pyrimidine nucleotides as a whole
(see Table VII for cytid ine and uridi ne va lues of K) , this relationship is reduced to

log K cs.n = c A/Y ·I d

This formula is on ly va lid for a simi lar total number of nucleotides .
The semi-logarithmic plot of the partition coefficients of E. coli tR NA s as a

function of A/Y nucleotide composition (Fig. 6 for the PM B system and Fig. 7 for
the PF I system) shows a linear relationship for tRNAs according to the polarity of
their ant icodon loops. The po sition of each point appears to be the result of two
structural factors : A/Y composition for tRNA species having closely similar anti-
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TABL E VI

PARTITION COEF F IC IEN TS O F E. COLI tRNA SI)EC IES FRACTI O NATED BY COUNT ER­
CU RR EN T DISTRIB UTION IN SALT-SOLVENT SYSTEMS

Partiti on coefficients have been ca lculated using the formula K - rln . r where r ,.- r (r · ~ clement
of the d istribut ion a ppa ratus correspond ing to the maximum co ncentra tio n of an isoacccptor species,
n = to ta l of transfers for a d istributor with f elem ent s or tu bes).

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

rR NA PFI ( ref. 52) PFI ( ref . 5') ) PMB ( ref, 54) Suggest ed fi r
with a rRNA of
known sequ ence

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

Alan ine 0.39 0.13
0.58 0.22 Ala.;

Arginine 1.50 0.69 Argl.2
Aspartate 0.50

1.22 0.46 Asp ,
Glutam at e 0.49 Glu,

0.96 0.73 Glu2
Gl ycine 0.72 0.25 GlY2

1.00 0.52 GIY'.3
Hist id ine 1.13 0.50 His,
Isol euc ine 0.47

0.79
1.00 0.88 lie,

Leucine 1.32 0.52
2.58 1.35 1.00 Leu,

1.91 Leu ,
9.0 9.0 7.1

Lysine 1.32
2.31 0.46 Lys

Meth ionine 0.96 0.68 Met "
2.58 1.90 Met "

Phen ylalan ine 2.70 3.00 Phe
Prol ine 0.45

0.66
0.79

Ser ine 1.04 0.6 1 0.74 Ser,
3.54 1.44 2.60 Ser ,

Threon ine 0.92 0.3\ Th r
Trypt ophane 4.00 5.4 Trp
Tyro sine 6.7 Tyr,

7.9 9.7 Tyr2
Val ine 0.89 0.46 VahA

1.38 0.76 Val,

codon loop polarity (neighbouring d values) and, for a nearly identical overall com­
position, variable po larity of the anticodon loop (d variable over an interval t1d).

Group 1 (hydrophilic anticodon loop) comprises tRNA"e, tRNALY" tRNA~ct,
tRNA~e r containing in the 3'-position of the anticodon a polar N-(purin-6-yl carbamo­
yl)-threonine riboside (t6A), tRNAThr having a meth ylated t6A or mt6A , tRNA~~",
tRNA~er and tRNAi a, carrying a 5-oxyacetic ur idine ac id in the wobble position",
In a semi-logarithmic diagram , correlation lines can be drawn as shown in Figs. 6
and 7. The partition coefficient value for tRNAThr has not been taken into account.
It should be noted that because of the presence at the 3'-end of the anticodon of the



CHROMATOGRAPHIC MOBILITIES OF E. coli tRNA SPECIES 105

TABLE VII

PARTITION CO EF F IC IENTS O F SOME MODI FI ED NU CLEOSIDES

Determ inati on s are done at 20" in the PM B so lvent system with 20 % 2-butoxy ethanol' ",

Nucleoside K log K

N6-Dimethyl adenos ine 13.8 ' 1.14'
Adenosine 3.75 0.57
N'-Methyl adenosi ne 0.70 -0.1 5
N' -Dimethyl guanosine 11.5 1.06
l-Methyl guanosine 1.75 0.24
Guanosine 1.40 0.15
Inosine 1.10 0.04
N' <Methyl guan osine 0.37 - 0.43
Thymidine 1.90 0.28
Uridine 1.15 0.06
5-Methyl cytid ine 1.08 0.03
Cytidine 1.04 0.02
Pseudouridinc 0.66 0.19
N'- Methyl cyt idine 0.30 0.52

* Estim ated according to the log K of corresponding mod ified base and the negative contribu-
tion of ribose residue (/1Fa« > -0.09).

lipophilic nucleoside ms 2jOA , tRNA~er might be expected to be located in the group 3
with a polar a nticodon loops, but the strong polarity of the nucleoside oac'U prevails
aver th e lipoph ilic effect of the modified adenosine .

G roup 2 (neutral ant icodon loop ) contains a 2-methyl adenosine in the 3'·
position of the anticodon except a l-rnethyl guanosine for tRNA~~2u . It should be
noted that tRNA?~ and tRNA~tl do not ha ve a modified nucleoside in that loop.

Group 3 (lipophilic a nticodon loop) consists oftR NAPhe, tRNATrp and tRNATyr,

' I
Tyr2

TYft?

5 5
4 4 Trp.

Serlo
~ 3 ..... 3

Leu, &
Ph,

~ 15 ° Metm

U 2 OMetm U 2 Af9"

S ~ A,. Vol, Ly.

8 8 HiS,
~I... I o So<GIy,

z Z
GIY2 0

Va~ r ~t' 3 0 rnr
0 0 G1y,
>' >' Alo,0

:; o.s Asp, ~ os
~ 0.4 ~ 0.4

0.3 Th' a.3
0.2 0.2

0.1
0

0 .1
60 0 60

Fig. 6. Sem i-logarithmic plot ind icat ing the cha nge of partition coefficients as a function of the total
nucleotide com position of E. coli tRNA species d istributed by CC D in the sa lt-solvent system PM B
(see Fig. 3 a nd Ta bles I and VI). n. tRNA gro up with pola r a nt icodo n loop ; . , tR NA group with
neutral anticodon loop; ., tR NA gro up with lipophil ic an ticod on loop.

Fig. 7. Semi -logari thmic plot giving the change of the part ition coe fficients as a fun ction of the tot al
nucleotide composition of E. coli tR NA species dis t ributed by CC D in the sa lt-solvent system PFI
acco rding to Go ldstei n et aU 3 (see Fig. 5 and Tabl es I and VI). Fo r legend see Fig. 6.
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and is characterized by a 2-methylthio N b-isopentenyl aden osine at 3'-end of the ant i­
codon.

The strong effect exerted by the modified nucleosides o f the exposed anticodon
loop on the mobility of tRNA macromolecules ca n be show n by considering the
polarity order of modified purine and pyrimidine nucleoside s. From data given in
Table VII and from the chromatograph ic mobilities of modified adenos ines in the
partition so lvent system used by Rogg et al?", we suggest the following decreasing
order of polarity: tOA, mt'A, m7G, mIA, I, G, mil, mIG, m2G, A, m2A, mbA, m;G,
m~A, iOA, ms2i6A. The mobility order of rn'I and m2G with respect to m 'G is uncertain.
Most of th e modified purine nucleosides are located in the wobble position and fro m
the 3'-end to the ant icodon (position s 40 and 43 of the generalized clo verleaf structure
of Fig . 2). For modified pyrimidine nucleosides mainly located in positions 38 and
40, we propose the order: oac 'U , m3C, VI, C, m5C, U, ac'C, s4 U, mam''s-U, Cm, Urn.
The contribution of a positive charge carried by the methyl group in the nucleosides
mIA, m3C and m7G can be quantitated: log K ce o ·· ·0.70 i · 0.02 for purine and - 0.54
for cytidine nucleoside in the PM B solvent system. For extreme pol arities of purine
nucleosides K values co uld change by a factor 30. Our series includes so me modified
res idues (mIA , m3C, m;G) present onl y in eukaryotic tRNA species.

For sim ila r overall composition of tRNA s expressed a s A/Y ratio, the in­
creasing order of K va lues can be correlated with the variable pol arity of the ant icodon
loop expressed as l Id = log KI - log K2 (K I > K2 ) . The three E. coli tRNA species
(AlalA, GlY2 and Asp.) with the lowest A/Y ratio (29.4 =L 0.8 %) have anticodon loops
with different polarities: a pol ar oac'U nucleoside for tRNA~la and an unknown
modified uridine for tRNA~l lI in contrast to the non-polar loop of tRNA~'P con­
taining a modified guanosine, the Q nucleoside having a 7-deazaguanosine nucleus
with a cyclopentenediol side cha in (Kasai et al. 57

) , and a m2A residue (l Id ~ 0.32 in
both solvent systems).

For tRNA species ha ving the composition A/Y ~ 34.5 :1=0.4 % (VaI 2A, GlY3'
His., Glu, and Leu.) one observes an analogous difference in partition coefficients
(LId = 0.34 in PMB and 0.45 in PFI systems).

The remarkable set of eight tRNA species with a close overall composition
(A /Y = 40.7 ± 1.2 %) is arranged in order of increasing mobil ity : tRNA LY" tR NA~el,

tRNA~rg , tRNA~cr, tRNA~al, tRNA~Cll, tRNAPhe and tRNATr p (/Id - ~ 0.90 in PMB
and 0.62 in PFI systems). Their mobility differences depend upon the differences in
lipophilicity of their a nticod on loops: anticodon loops with polar residues such as
oa c'U in tRNA~a' or t6A in tRNALy, and tRNA~c r and the lipophilic resid ue ms2i6A

found in tRNAPhe and tRNATrp
• The presence of an apolar 2' -O-methyl cytidine (Crn)

in the anticodon loop of tRNATr p
, in contrast to the relati vely polar pseudouridine

(If' in position 38) in tRNAPhe, might playa role in the higher mobilit y of tRNATrp
•

In addition , we may consider that tR NA~cll is 15 % longer than tRNA~rg with
comparable anticodo n polarity. According to Bronsted relationship (Bronsted"), one
may expect that an increase in molecular weight of a macromolecule ind uces an in­
cre ase in the partition coefficient.

The mobility differences are much greater for the last five tRNA species:
A/Y = 47.1 ± 2.9 % for tRNAThr, tRNN'e , tRNA~CI , tRNA~c r and tRNATyr
(Ltd = 1.51 in PMB and 0.94 in PFI sys tems). The lower K va lue of tRNA~c r results
from the antagonistic effects of polar oac'U and lipophilic ms2i6A. In the sa me way
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we can explain the higher mobility of tRNA~et relative to tRNAlle by substitution
in the wobble po sition of a non-polar ac''C with a guanosine. The peculiar mobility
of tRNATh, in both sa lt- so lvent systems remains much more difficult to interpret.

DISCUSSION

In a given salt-solvent system S at the temperature T, the partition coefficient
K is a function of five structural parameters: the nucleotide composition, the sequence,
the molecular weight or the chain length, the helix content and the conformation.

Nucleotide composition. The nucleotide composition indicated by the ratio
A jY for nucleic acids of similar chain length. Our general formula does not take into
account the particular contribution of modified nucleosides or their location in a
region available to the so lvent. As we have shown, the presence or absence of lipophilic
or hydrophilic residues in the anticodon loop greatly changes the partition coefficient
of tRNA species having close overall compositions. On the other hand , tRNAs with
different compositions can have similar chromatographic mobilities if their anticodon
loop polarities compensate the effect of the whole composition on the K va lue. An
increasing lipophilicity of tRNA (increasing A jY ratio) corresponds to an increasing
polarity of the anticodon loop for the following couples : tRNA~\U-tRNA~e" tRNA~\ Y­

tRNALY" tRNA~eu-tRNAll e in the PMB system and tRNA~et~tRNATh'in the PFI
system for intermediate K va lues; tRNAPhe_tRNA~e, and tRNAieU-tRNA~et for
high K values.

Sequence, Garel et al? have shown that different seq uences have no measurable
effect on K, except when there is a non-random distribution of bases and clu stering
of purines or pyr imidines in an accessible region of the macromolecule (G arel and
Mandel'). Tables III-V show that bases in E. coli tRNA species so far studied , in­
cluding the ba ses in the anticodon arm, are randomly distributed.

Molecular weight or the chain length. According to the Bronsted rel ationship
(Bronsted'"), an increase in molecular weight brings about an increase in the partition
coefficient for a similar nucleotide composition . tR NA species with higher chain length
(tRNALeu, tRNASe, and tRNATY,) but with differing anticodon loop polarities are
found among the mo st lipophilic.

Helix content , Double strandedness strongly increases the partition coefficient,
as has been show n by Albertsson?' with native a nd denatured DNA and various
pol ynucleotides. Since the helix content of E. coli tRNA species va ries only within
very narrow limits (54 ± 3 %), we ma y consider its contribution to tRNA mobility
nearly identical for a ll species.

Conformation, It is known that in high ionic strength, the tertiary structure of
tRNA is more compact (Fresco et al.62

) . Melting temperature or Tm values of va rio us
fraction s, determined in presence of both high ionic st rength (potassium phosphate
buffer 2.6 M for the lower phase, 0.21 M for the upper phase in the PM B so lvent
system with 18.6 %2-butoxy ethanol at 15° according to Garel et al.60

) and 2-methoxy
ethanol , are much higher than in low ionic strength med ium'". The presence of hydro­
philic organic so lvents and their interactions with nucleotides located at the surface
of a tR NA macromolecule do not produce noticeable denaturation. Hanlon and
Major" observed that the polyadenylic acid solubilized in slightly acidic polyethylene
glycol maintains its seconda ry structure. Our results show that the main factor affecting
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the chromatographic mobility of tRNA species is the polar or non-polar character of
the anticodon loop. Our analysis indicates that thi s region remains accessible to the
solvent in all tRNA species. This conformation in sa lt-solvent systems is con sistent'
with that determined by X-ray crystallographic data9

•
Jo•

When both the partition coefficient K value and overall composition A/Y ratio
are determined for a tRNA of unknown seq uence, its position on our semi-logarithmic
diagram allows predictions for modified nucleosides in the anticodon loop , as sug­
gested for tRNAA'a and tRNATyr species from silk gland of Bombyx mori L. 12 •
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SUMMARY

Data are given for the relative electron capture response of the 2-chloroethyl
derivatives of ten barbituric acids a nd five common anticonvulsant drugs. Results
indicate th at these new derivatives significantly improve the detection limits of the
barbituric acid s but lead to no advantages for the anticonvulsant compounds. Struc­
tural features in the two cla sses of compounds are believed to explain the differences
in the sensitivity of detection. Linear calibration plots exist for the concentration
range s 0.1-1.0 a nd 1.0-10.0 flg/ml of amobarbital.

INTRODU CTION

Whereas barbiturate analyses by gas chromatography have been based almost
exclusively on flame ionisation detection , study of the electron capture detection of
barbiturates ha s been confined to some free barbituric acids', and more recently,
their pentafluorobenzyl derivatives-v'. Yet , analytical methods ba sed on the electron
capture of the 2-chloroethyl esters of short-chain fatty acids" were investigated many
years ago. More recently, analytical methods utilizing the 2-chloroethylation of the
herbicides 2-methyl-4-chlorophenoxyacetic acids and 2,4-dichlorophenoxyacetic
acid", and bis(4-chlorophenyl) acetic acid , a metabolite? of DDT, have been reported.

Following the synthesis'':? of the 2-chloroethyl derivatives as a prerequisite to
the quantification of barbiturates and some common anticonvulsant drugs, we report
here the electron capture response of the 2-chloroethyl deri vatives of ten barbituric
acids and several ethyl and methyl derivatives, and their detection limits. Included
also are the detection limits of the 2-chloroethyl derivatives of a number of common
ant iconvulsant dru gs. All the derivat ives were prepared by reaction of the barbituric
acid or anti convulsant drug with the appropriate dialkyl sulphate in a mildly alkaline
medium rather than with the Claisen-type reaction employed for the pentafluoro­
benzyl': ", benzyl , allyl and methoxymethyl derivatives'" -!' .
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A Hewlett-Packard 5750 gas chro matograph was used with a 2-mC 63N i
electron ca pture dete ctor (ECD) operated at 240°. A coi led borosilicate glass column
(1.63 m x 6.4 mm 0 .0.) packed with 3 % SE-30 (w jw) on Chro mosorb 750 (100­
120 mesh) and re-silani zed with hexamethyldisilazane pri or to use. was employed
throughout th is work. The carrier gas [argon-methane (95: 5)] flow-rate was maintain­
ed at 72-75 mljmin except for the 5,5'-diphenylhydantoin derivatives (136 mljmin).
A pulsed voltage was applied to the detector (amplitude 30 V, peri od 50 usee, width
0.75 flsec).

The ECD response was determ ined by injecti on of known qu antities ( 1.5­
2.5 fl l) of pure der ivati ves"? dissolved in hexane or ethyl aceta te. Minimum detectable
quantities in nan ogram s, based on a peak height signa l of three times the background
noise level, were determined by duplicate injectio ns of the individua l compo unds .
Retention times for the der ivati ves were adj usted to 1-2.5 min by a lterat ion of the
column temperature. In con trast , the free barbituric acids were chromatographed
isothermally at 200° after sa turat ion of the active sites in the co lumn with repeat ed
injections of the free acids. This procedu re was ad opted in order to obtain rep ro­
ducible":" data for the acids and to avoid the variati on'v'"!" in retenti on times cau sed
by the ad sorption of submicrogram am ounts of barbituri c acids on the column.

RESULTS AN D DIS CU SSION

Detection limit s for the deri vati ves of the barbi turic acid s and the anti con­
vulsant compounds are given in Tables I and II respectively. To facilit ate comparison ,
the dete ction limits of the free-acid form s of the se compounds are a lso included .
However, interpreta tion of the data for the free barbi turi c acids is co mplicated by thei r
typical chro matographic behaviour of displaying conside rable tailing on the silanized,
non-polar column. Becau se of this characteristic, the detection limit s for the free
barbituric acids were approximated by measuring the are as of the distorted peaks and
a re expre ssed as the quantity of acid in nan ograms per un it area (here, 50 mrn-), The
free acids of the ant icon vulsant drugs, with the excepti on of eth osuximide and di­
phenylhyda ntoin, gave reasonably symmetr ical peak s so that detect ion limits co uld
be obtained by the measurement of peak height s. All a lkylated deri vat ives exhibited
symmetrica l chromatog raphic peaks and showed no evidence of ad sorpti on .

Since an adequa te understanding of the mechan ism of electro n ca pture is
important if further reduction of detection limit s is to be ac hieved, attempts to ex­
plain differences in respon se have endeavoured to ident ify the st ruc tura l region of a
molecul e associa ted with the electron capture process. Thus, Landowne and Lipsky"
proposed that the carbonyl carbon atom , and not the halogenated a-carbon atom of
the introduced group, was responsible for the initial elect ron capture in a series of
cholesteryl ha loacetates. Clarke et al.' 9 made a further imp ortant distin ction between
O-mon ochloroacetyl and N-m on ochloroacetyl deri vati ves to acco unt for the reduced
sensitivity of the amine deri vati ves towards elect ro n capt ure . In the amine deri vat ive,
delocalizati on of the positive charge on the ca rbonyl carbon atom, through a resonance
mechani sm involving the lone-pair of the nitrogen ato m, was seen as the influen ce
opposing the effect of the particular hal ogenated gro up. Although it was recognised
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TABLE II

GAS CHROMATOGRAPHIC PROPERTIES OF ANTICONVULSANT COMPOUNDS AND
THEIR N-ALKYLATED DERIVATIVES

Anticonvulsan t Detec tion limit [ng} CO!1I11111 Retention
temp . time

Free acid Monoethyl MOl/o- sts- ( " C) (min}
chloroethyl chloroethyl

_. _-----
Peganone 49 185 1.6
(3-ethyl-5-phenyl- 55 185 2.6
imidazo lid ine-2,4-
d ione)

Mephenytoin 20 185 1.5
(5-ethyl-3-methy1-5- 51 185 3.2
phenylim ida zolidine-
2,4-dione)

Glutethimide 27 185 1.8
(3-ethyl-3-phenyl- 652 185 1.8
piperidine-2,6-dione) 86 205 2.1

Ethosuxim ide 36 125 1.3
(3-ethyl-3-methyl- 71 155 0.9
pyrrolid ine- 2,5-dione)

Diphenylhydantoin III" 235 1.2
(5,5-diphenyl imida- 20" 235 1.5
zolidine -2,4-dione) 1.3 235 2.2

_ _ _ 0 •• •" _ _ - _ •• _ . -

" Ethylat ed at N-3 .
"" Chl oroethylated a t N-3.

that electron capture cou ld possibly occur in a polyhalogenated chain, such as in N­
pentafluoropropionamide and N-heptafluorobutyramide derivatives of amines, the
explanation was consistent even for the least sensit ive N-trifl uoroacetylated amine
derivative because of the same counteractive mechanism. Again, a detai led study of
various deri vatives of primary and secondary amines by Matin and Rowland-" sup­
ported the concept that an amide functionality, where the groups C =O and C = N
were present simultaneously, provides the electron-deficient centre necessary fo r good
ECD response. Furthermore, in the general repre sentation :

it was shown that the great er the electron-withdrawing inductive effect of the substit­
uent R I , the greater was the po larizability of the carbonyl grou p and, consequently,
its electron-capturing capacity.

Although it is a unique cyclic amide, a resonance mechanism such as that out­
lined above can be visualized as operating in the barbiturate nucleu s also. The mag­
nit ude of the electron-deficiency of the electrophore would be influenced by the nature
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of a substituent on one or both nitrogen atoms. Replacement of an imino hydrogen by
an ethyl or methyl group could be expected to lead to a reduction in electron-deficiency
at the nitrogen atom(s) due to an electron-releasing inductive effect of the alkyl groups.
In this way, polarization of the adjacent carbonyl gro ups would be diminished and
lead to reduced ECD respon se. Introduction of an electron-withdrawing group,
such as a chloroethyl substituent, would reverse the effect and enh ance the ECD
respon se. The results presented in Table I lend support to thi s hypothesis, particularly
for the deri vati ve compounds. However, because of adsorption of the barbituric
acids on the column, direct comparison of the detection limits of acids and derivatives
may not be valid. Of interest too is the wide ran ge of responses obtained for the methyl
and eth yl deri vati ves in contrast to the chloroethylated barbiturate deri vat ives (with
the excepti on of hexobarbital) which show a uniform and significantly higher ECD
respon se falling within a relatively small ran ge of detection limit s. A similarly narrow
(albeit , con siderabl y lower) ran ge of detection limits ha s been observed! for the pen­
tafluoroben zyl derivatives. Both of these sepa rate findin gs suggest that a limiting
effect may be conferred upon the overall molecule by the electrophilic N- substituent.

As a final comment on the result s in Table I , attention may be dr awn to the
paucity of evidence regarding the influence of the C-5 substituents. Gudzinowicz
and Clark I suggested that the ability of a particular barbituric acid to capture elec­
trons depends to some extent on the substituent and decreases in the order: phen yl >
cyclohex- l-enyl > alk yl. Although the narrow range of detection limit s doe s restr ict in­
terpretation of the results for the chloroethyl deri vat ives, taking the five barbituric acid s
differing only in one of the C-5 substituents (that is, amobarbital , barbital , cyclobar­
bital, pent obarbital and phen obarbital) and their meth ylated and ethylated derivative s,
the response decrea ses in the order : cycloh ex-I-enyl > phenyl, seco ndary alk yl >
primary alkyl. The effect of the different C-5 substituents on the overall ECD response
of the molecule canno t be explained howe ver, and other fact ors" such as the stability
of the resulta nt negat ive ion or electron capture by the products of a dissociative step
may influence the ultimate ECD response. Th e unu sually high response for secobar­
bital, and to a lesser extent its eth yl derivative, is probably due to the prop-2-enyl
substituent, in agreement with the findin g-" that a doubl y-bonded alkyl moiety makes
a substa ntia l contribution to the elect ron-capturing capability of a molecule.

When contrasted with the chloroethylated barbi turic acids, only a weak ECD
respon se was observed for the chloroethyl derivative s of the anticonvulsant com­
pounds. Thi s result is att ributed to the different molecul ar structure compr ising onl y
two polari zable carbon yl groups, and with the exception of diphenylhydan toin , only
one nitrogen available for alkylation. The polarizability of the carbonyl groups in
these molecules is thu s limited , in comparison with the barbiturate s, by the reduced
number of possible resonan ce form s. Moderate ECD respon se is seen only in the bis­
(chloroethyl )deri vati ve of diphenylhydantoin . It appears that the electron-releasing
inducti ve effect of the ethyl group again contributes to the low response of the eth yl
derivat ive of glutethimide relati ve to that of the parent compo und and that of the N-3
ethylated diphenylh ydantoin compared with its chloroethylated analogue.

The value of the chloroethyl derivatives can be seen in the linearity of the ECD
respon se for the bis(chl oroeth yl)amobarbital deri vat ive. A linea r respo nse was found
for the range 0.1-1.0 !lg/ml a t a pulse per iod of 50psec (see Fig. I), and has been
demon strated for the range J.0- 10.0 pg/ml when the pulse per iod was reduced to
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Fig. I. Calibration curve for bis(chloroethyl)amobarbital using bis(ch loroethyl)cycl ob arbital (at
1.0 flgfml ) as internal standard. Each point on the curve is a mean value from two determinat ions .

"0 270

TEH PERAT URE (' c )

' 0 0

Fig. 2. The relati on ship between ECD response and detector temperature for bistchloroethyljseco­
barbital ( 0) and bis(chloroethyl)amobarbital (0). Each point o n the curves is a mean va lue from
two determinations at concentrations of 1 flgfml. Co lumn temperature, 225 0

; electrometer sensitivity,
128 x I.
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5 usee. Although the electron affinity of many compounds has been shown" to be
strongly dependent on the detector cell temperature, little variation in response is
evident for the chloroethyl derivatives of amobarbital and secobarbital (see Fig. 2)
when the cell temperature was varied between 240° and 300°.

It may be concluded that the 2-chloroethylation of barbituric acids leads to
a significant improvement in their sensitivity to electron capture gas chromatography.
However, with the exception of diphenylhydantoin, chloroethylation of the anticon­
vulsant compounds considered here confers no enhancement upon their response so
that for these compounds the main advantage in the derivatives lies in possible qualita­
tive applications. The development of a quantitative analytical scheme for the bar­
biturates is being explored. Currently, the ncar-complete conversion of the acid
form of amobarbital at the 0.5 flg/ml level has been successful.
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R. J. FLANAGAN a nd T. D. LEE

Poisons Unit, New Cross Hospital, Avonley Road, London 5 £14 5£ R (Great Brita in)

(Received Janua ry l l th, 1977 )

SUMMA RY

A rapid gas- liquid ch rom at ographic method has been devel oped for use in
the measurement of the hypnotic drug ethchlorvyno l in small (50 pi ) volumes of
either blood plasma or urine. Neither so lvent transfer no r eva poration steps a re used
in the procedure and sources of inte rferen ce have pro ved to be minimal. The meth od
has been ap plied primar ily to the a na lysis of specimens obta ined from pa tients who
had ingested an overdose of thi s drug. However with slight modi fication , the technique
may be used in the measurement of th e plasma co ncentrations of eth chlorvynol at­
tained during the ra py.

INTRODUCTI ON

Ethchlorvyno l (l-chl oro-3-eth yl-l-penten-4-yn-3-01) is used as both a sedat ive
and hypnot ic agent. Overdosage wit h th is drug is infrequent' , but fat al cases of self­
poisoning have been reported' :" and the tr eatment of such patients by either haemo­
dialysis or cha rcoal haemoperfusion ha s been discussed ' <' :".

The presence of ethchlo rvyno l in a urin e specimen can be detected eas ily by
means of the chro mogenic react ion of thi s co mpo und with diphenylamine sulpha te":".
However , even a urine sample obtained from a volunteer who had ingested a normal
therapeut ic dose of ethchlorvynol was found to yield a strongly posit ive reaction in
this test". Therefore, in o rder to establi sh th at overdosage with thi s dru g has occ urred
and also to assess the va lue of a ny treatment a pplied, an acc urate, rapid and repro­
ducible method for use in the mea surement of plasma ethchlorvynol concentrat ions
is required .

Some of the techniques alrea dy ava ilable ha ve been discussed by Cr avey a nd
Jain", The spectro photometric meth od s, includ ing th at of Wa llace et al ", require
relatively large sample volumes, involve derivative format ion and may measure me­
tabolites in addit ion to th e parent d rug. A liqu id chromatographic procedu re has been

.advocated'", but again the formation of a derivati ve is required. Indeed , the use of
this techn ique in the measurement of ethchlorvyno l is d ifficult to j ust ify since the vo la­
tility, ease of detection , pH-independent so lubility in organ ic so lvents? and concen­
trations of this compound encountered in overdos e facilit at e a straight for ward an al-
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ysis by the more widely available technique of gas-liquid chromatography (GLC).
The analysis of ethchlorvynol by thi s latter method has been described as "unreward­
ing"9,1O, but this applies only if solvent evaporation procedures are used following the
extraction of the drug from the biological fluid since such procedures will often result
in the simultaneous loss of ethchlorvynol. The GLC analysis of solvent extracts of
plasma without prior concentration has been used for some time in the assay of
ethchlorvynolt-": " , but large volumes (1-5 ml) of both sample and solvent , together
with long extraction times, were employed. Furthermore, only one procedure which
has been applied to the analysis of biological specimen s incorporated an internal
standard I I.

The method described in thi s paper is based upon the principle of rapid ex­
traction of a small (50 ,Ill) plasma volume with an equal volume of solvent containing
an internal standard, followed by the direct GLC analysis of thi s extract. Thi s prin­
ciple has been applied previously to the plasma analysis of barbiturates and allied
hypnotics'v-", diazepam and desmethyldiazeparri" and acetanilide!". The use of a
sample-solvent ratio of I :I enables the measurement of ethchlorvynol concentrations
down to 2 mg /l . However, as shown for both diazepam and de smethyldiazeparn'",
an increase in this ratio to 4 :1 yields a concomitant increase in the sensitivity of the
method. Thus the plasma concentrations of ethchlorvynol reported after therapeutic
dosage can be measured without resort to electron capture detection'? In addition ,
the method described here has been shown to be applicable to the analy sis of eth­
chlorvynol in urine specimens.

EXPERIMENTAL

Gas-liquid chromatography
A Pye 104 Model 24 dual-column gas chromatograph fitted with flame ionisa­

tion detectors was used throughout. The column and detector oven temperatures were
140° and 200°, respectively, and the injection port setting was 2. The carrier gas (ni­
trogen) flow-rate was 60 ml/rnin and the hydrogen and oxygen inlet pressures were
15 and 10 p.s .i., respectively, giving flow-rates of approximately 45 and 200 ml/min.

The column, a coiled glass tube 1.5 m x 4 mm 1.0., was treated with a solu­
tion of 5% dichlorodimethylsilane in toluene for I h. It was then washed with metha­
nol, dried at 100° and subsequently packed with 2 % (w/w) Carbowax 20M (F ield
Instruments, Richmond, Great Britain) and 5% (w/w) KOH on HP Chromosorb W
(80-100 mesh) . The column packing was prepared using the rotating evaporator
technique, the KOH loading being obtained initially by the evaporation of a methanolic
solution of this compound in the presence of the support. The final loading was then
obtained using this pretreated material and a solution of Carbowax 20M in chloro­
form. The packed column was conditioned at 200° with a nitrogen flow-rate of 60
nil/min for approximately 12 h prior to use.

On thi s system, ethchlorvynol had a retention time of 0.69 relative to the inter­
nal standard, 2-methylnaphthalene. The chromatography of a chloroform solution
of both ethchlorvynol and 2-methylnaphthalene is illustrated in Fig. I.

Extraction procedure
The extraction solvent was a 25 mg /l solution of 2-methylnaphthalene (Hopkin
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Fig. I. The analysis of a chloroform solution containing ethchlorvynol (30 rngjl) and 2-mcthyl­
naphthalene (25 mgtl) on the Carbowax 20M-KOH column system. Injection, 3 {d.

& Williams, Chadwell Heath, Great Britain) in chloroform (analytical reagent grade).
Ethchlorvynol was obtained as a light yellow oil from Abbott Labs ., Queenborough,
Great Britain ; such material is said to be greater than 98% pure ".

Plasma or urine (50 pI) was introduced into a Dreyer tube (Poulten, Selfe &
Lee, Wickford , Great Britain) by means of a 50-pI semi-automatic pipette. Subse­
quently, 50 pI of the internal standard solution were added via a 2.5-ml Hamilton
gas-tight luer-fitting glass syringe fitted with a Hamilton repeating mechani sm (both
available from Field Instruments, Richmond, Great Britain). An Everett stainless­
steel needle (No. 11 serum) was affixed to this syringe.

The contents of the tube were mixed thoroughly on a vortex mixer for 30 sec
and the tube was centrifuged for 2-3 min at approximately 2750 g. A 3-5-pl portion
of the chloroform phase was subsequently obtained by (I) drawing 5 pI of air into
a gas chromatographic syringe, (2) passing the syringe needle through the lipopro­
tein interface into the chloroform phase, (3) expelling the air and drawing-up the
required volume of chloroform and (4) withdrawing the syringe and wiping the
needle with a tissue. This extract was then injected onto the column of the gas chro­
matograph.

The extraction was performed in duplicate and a mean result obtained; if the
difference between the duplicates was greater than 10% both the extractions and
analysis were repeated.

Instrument calibration and calculation of results
Standard solutions containing ethchlorvynol at concentrations of from 10 to

100 mg/! in increments of 10 mg/l were prepared in chloroform by dilution of a I-gil
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stock solution in this same solvent. Each standard also contained 2-methylnaphthalene
at a concentration of 25 rng/l, obtained from a separate stock source. The ratio of the
peak height of ethchlorvynol to the peak height of 2-methylnaphthalene bore a linear '
relationship to the ethchlorvynol concentration over the range studied; the normal
calibration gradient obtained (i.e., peak height ratio/drug concentration) was 0.028
I/mg. The results of plasma analyses were multiplied by a "recovery factor" of 1.08
to compensate for the incomplete extraction of the drug ; the factor of 1.03 was used
for urine analyses.

RESULTS AND DISCUSSION

Recovery studies
Standard ethchlorvynol solutions were prepared in 10.0 ml ofeither heparinised

bovine plasma or drug-free human urine by dilution of from 50 to 250 pi of a 2-g/1
solution of the drug in ethanol; the range of concentrations thus obtained was from
10 to 50 mg/l, in increments of 10 mg/L The triplicate analysis of the plasma solutions
by the present method revealed a mean ethchlorvynol recovery of 94 ± 3 % (S.D.);
this recovery was uniform over the range studied . The duplicate analysis of the urine
standards revealed a similar uniform recovery of 97 ± 2 % (S.D.).

Specificity
No interference from either endogenous sample constituents or other drugs

has been encountered and extract contamination from other sources has not been
found to occur. However, some possible sources of non-drug interference in direct­
extract analyses have been discussed':' . The analysis of a chloroform extract of drug­
free human plasma is illustrated in Fig. 2. The chromatography of similar extracts
performed in the ab sence of the internal standard has not revealed the presence of
compounds which could elute with 2-methylnaphthalene. The analysis of a chloro­
form extract of plasma obtained from a patient who had ingested an overdose of
ethchlorvynol is illustrated in Fig. 3. Entirely analogous results have been obtained
on the analysis of urine specimens.

Two compounds which were found both to extract from plasma and to elute
on the column system under the conditions of this assay are trichloroethanol and
chlormethiazole. The retention times of these drugs were, respectively, 0.52 and 1.28
relative to 2-methylnaphthalene and thus they did not interfere in the analy ses ; the
chromatography of a chloroform solution containing all of these compounds is il­
lustrated in Fig. 4.

Alternative column systems
Although the Carbowax 20M-KOH column system has proved the system of

choice for use in thi s assay tcf., Figs. 1-4), additional systems were investigated . One
was a 0.9-m coiled glass tube packed with 3 % (w/w) Poly A 103 (Field Instruments)
on HP Chromosorb W (80-100 mesh). The GLC conditions were identical to those
described for the Carbowax 20M-KOH system, except that the column oven temper­
ature was 120°. Ethchlorvynol had a retention time of 0.54 relative to 2-methyl­
naphthalene on this system and the calibration gradient obtained was 0.031 I/mg.
Since this same column system formed an integral part of the procedure routinely used
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Fig. 2. The analysis of an extract of drug-free human plasma on the Carbowax 20M- KOH column
system. The conce ntra tion of 2-methylnaphtha lene was 25 rng/L ; 3-/11 injectio n.

Fig. 3. The analysis of an extract of plasma obta ined fro m an ethchlorvynol over dose pat ient on the
Ca rbowax 20M- KO H co lumn system ; 3-/11 injectio n. Th e plasma ethchlorvyno l concentratio n was
found to be 78 mg/l.

Fig. 4. The analysis of a chlorofor m soluti on cont a ining ethchlorvyno l (30 mg/l), 2-methylnaph­
thalene (25 mg/l), tr ichloroethan ol and chlormethiazole (bot h 50 mg/I) on the Ca rbowax 20M- KO H
col umn system ; 3-/11 injectio n.

in our laboratory for the analysis of barbiturates and other hypn ot ics" , a chromat o­
graph containing such a system was always available, and was used in some emergency
ethchlorvynol analyses. However, trichloroethano l was found to co-chro matograph
with ethchlorvynol on th is system and thu s could interfere ; chlormethiazole had a
retention time of 0.85 relati ve to 2-methylnaphtha lene and was resolved from the
compounds of interest.

Columns based upon the stationary phase CDMS have proved less satisfac tory
than the systems discussed ab ove since the ethchlorvynol peak was found to "tail" .
No n-polar phases, such as OV-I , were found to elute ethchlorvynol much more rap id­
ly than 2-methylnaphtha lene, e.g., the relat ive retention tim e of eth chlorvynol on a
2. I-m 3 % OV-I system was 0.19, an d thu s a different internal sta ndard would have
been required if such columns had been used in the assay. Conversely, eth chlorvynol
was found to have a retention time of 0.83 relative to 2-methylnaphthaJene up on a
2.1-m 3 % Carbowax 20M co lumn system. Therefore , the Carbowax 20M-KOH
system was preferred since the resolution of ethchlorvynol from the internal standa rd
was grea ter. However, the retention times relati ve to 2-methylna phtha lene of tri­
chloroeth anol and chlormethiazole on the Carbowax 20M system were 0.55 and 1.55,
respectively, and thus these compounds would not interefere in analyses performed
using this sytem.
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Limits of sensitivity
The use of a I: I sample-solvent ratio in the extraction procedure resulted in a

limit of sensitivity of the technique to ethchlorvynol of 2 mg/L However, it was found'
that by the use of a sample-solvent ratio of 4: I, plasma drug concentrations down to
0.5 mg/l co uld be measured easily. The formation of emulsions during the extraction
was found to present no more of a problem when using this high sample-solvent ratio
than in the normal extraction procedure; similar findings have been reported when
using n-buty l acetate as an extraction solvent".

To illustrate th is point , standa rd ethchlorvynol solutions in the range 2.0­
10.0 mg/I were prepared in chloroform, in increments of 2.0 mg/l ; each solution also
contained 5.0 mg/l of 2-methylnaphthalene. The calibration gradient given upon
analysis of these solutions was 0.148 I/mg. A further set of solutions containing from
0.5 to 2.0 mg/I of ethchlorvynol in increments of 0.5 mg/ I were prepared in heparinised
bovine plasma; the triplicate analysis of these solutions using 200,u1 of plasma and
50,u1 of internal standard solution (5 mg/l 2-methylnaphthalene in chloroform)
revealed a mean ethchlorvynol recovery of 77 ± 2% (S.D.).

Applicability to urine analyses
Although the present method was designed for use with plas ma specimens, it

has been found to be equa lly applicable to urine; the qua litative analysis of urine
specimens by the plasma hypnotic assayl3·14 has given simi lar results (R. J . Flanagan,
unpublished results).

The measurement of urinary ethchlorvynol concentrations co uld prove of use
in the measurement of the severity of overdosage if a plasma. spec imen is not avail­
able. As has been emphasised, the diphenylamine sulphate test? is not suitable for
this purpose. The analysis of a urine specimen which gave a strongly positive reaction
in this test following the ingestion of 500 mg of the drug? revealed an ethchlorvynol
concentration of only 2 mg /l. In contrast, the urinary concentrations measured in
six "spot" specimens which were obtained at approximately the sam e time as plas ma
samples from ethchlorvyno l overdose patients were fou nd to be fro m 34 to 63 % of
the plasma values ; the lowest urinary concentration observed in these samples, the
results from which are summarised in Table I, was 17 mg/l. Thus, although inevitably
subject to a large degree of variability when compared to plasma concentrations, the
measurement of urinary ethchlorvynol concentrations is likely to give more infor-

TABLE I

THE PLASMA AND URINARY CONCENTRATIONS OF ETHCHLORVYNOL MEASURED
IN SPECIMENS FROM OVERDOSE PATIENTS

38
42
63
57
55
34

Plasma Urine
- ._~ _ .__._._._-

I 47 18
2 45 19
3 27 17
4 44 25
5 38 21
6 50 17

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

Specimen No. Ethchlorvynol (mg/I) Urine-plasma
ratio (%)
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mation than th at avail able from the diphenylamine sulpha te test , which takes almost
as lon g to complete. It sho uld be noted that no ad vantage wo uld be ga ined from an
attempt to relate urinary ethchlorvynol and creatini ne concentrations; the utility of
th is type of measurement ha s been both generally crit icised 19 and shown not to be
of use in the measurement of th e urina ry excret ion o f either a-amino nit rogen'? or
D-glucarate (R . J. Flan agan , unpubli shed results).

CO NCLUS IO NS

T he results de scribed in thi s paper provide fur ther evidence of the adva ntages
of micro-extract ion techniques over bulk-extr action method s in drug an alysis. Such
co nsidera tio ns, i.e, the sma ll sample requi rem ent , speed of performance and enha nced
acc uracy and reproducib ility, together with the wide a pp lica bility of these techniques,
have been discussed in detail elsewhere '"'>.

Th e pr ocedure described in th e present paper represen ts an improv ement over
previou sly pu blished methods for th e mea su rement of both plasma and urinary eth­
chlorvy no l co ncentra t io ns and has been in rout ine use for over th ree years . The du­
pl icat e ana lysis of sample extract s can be accomplished within 15 min and both the
qu alitati ve and the qu antitative measurements are performed by reference to a n
in tern al sta nda rd . The invest iga tio n of potent ial sources of interference in this assay
has show n not only th at both tri chl o roethan ol and chlormethiazole do not interfere
in thi s procedure, but a lso th at this sa me technique may be of use in the simultaneo us
measu rement of the se drugs a t the plasma concentrations a ttained in overdose.
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SUMMARY

A method was developed for the quantitative gas chromatographic (GC)
determination of ampicillin . The procedure requires silylation with hexamethyldisila­
zane, trimethylchlorosilane, trimethylsilylimidazole and N,O-bis(trimethylsilyl)acet­
amide in pyridine and sub sequent GC on an OV-l7 column, using 5a-cholestane as
an internal standard. Thi s method was applied to the determination of ampicillin in
some pharmaceutical products. The characteristics of the mass spectra a nd the deriva­
tization GC of ampicillin ar e al so discussed.

INTROD UCTI ON

Numerou s a pproaches ha ve been described for the analysis of ampicillin.
Among the se, chemical' :", spectrophotometric'<" thin-layer and column chromate­
graphic' v -", microbiological-":", and high-performance liquid chrornatographic-s-"
methods have been applied to the determination of ampicillin in pharmaceutical
preparations and biological fluids.

Several gas chro matographic (GC) methods for the analysis of fJ-Iactam anti­
biot icsJ O

-
J J ha ve been established. However, a literature survey indicated that there

was no GC method for th e determinat ion of ampicillin. In thi s work, an attempt was
made to determine ampicillin by GC, and the method developed was shown to be
sensitive and selective for its separa tion and quantitation.

EXPERIMENTAL

Chromatographic conditions
A Shim adzu GC-6A gas chromat ograph equipped with a flame-ionization

detector and a 2 m x 3 mm J.D. glass column containing 1.5 % (wjw) OV-17 on
Chro mosorb W AW DMCS, 60-80 mesh, was used. The injection port a nd detector
were kept at 270° .T he co lumn temperatu re was maintained at 230° for 5 min after

• Thi s work was presented in part at the 96th Annual Meeting of the Pharm aceutical Society
of Japan , Nagoya, April 1976.
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injection and then programmed at 4°jmin to 270°, at which temperature it was kept
for 5 min. Helium was used as the carrier gas at a flow-rate of 115 mljmin. An injec­
tion of 20-30,u1 of monotrimethylsilylated sample solution was made before each'
day's run in order to minimize column adsorption. Determinations were made by
plotting the peak-height ratio against weight ratio of ampicillin and 5a-cholestane.

Mass spectrometric conditions
A Hitachi RMU-6 mass spectrometer was combined with a gas chromato­

graph (Hitachi K-053). The following operating condition were used: separator tem­
perature, 290 0

; ionization source temperature, 270 0
; ionization energy, 70 eV; accel­

eration voltage, 3.5 kV; and trap current, 60,uA.

Chemicals and reagents
Ampicillin, sodium ampicillin and a-aminobenzylpenicilloic acid were gifts

from Shionogi Co. (Osaka, Japan), Meiji Co. (Tokyo, Japan) and Bristol Labs.
(Syracuse, N.Y., U.S.A.), respectively. 5a-Cholestane, benzene, pyridine, acetonitrile
and absolute methanol were of reagent grade. Phenylmethylsilicone (OV-17, Nishio
Kogyo Co., Tokyo, Japan), hexamethyldisilazane (H M OS), trimethylchlorosilane
(TMCS) (Wako, Osaka, Japan), trimethylsilylimidazole (TMSI) and N,O-bis(tri­
methylsilyl)acetamide (BSA) (Ohio Valley, Marietta, Ohio, U.S.A.) were used without
further treatment.

Internal standard solution
Weigh accurately about 10 mg of 5a-cholestane into a 20-ml volumetric flask,

and dissolve it in and dilute to volume with benzene.

Reference standard solution
Four reference standard solutions were prepared by dissolving accurately

weighed amounts of about (1) 20 mg of ampicillin, (2) 20 mg of ampicillin plus 5%of
a-aminobenzyl penicilloic acid, (3) 20 mg of sodium ampicillin and (4) 20 mg of sodium
ampicillin plus 5%of a-aminobenzylpenicilloic acid in absolute methanol in a series
of 20-ml volumetric flasks, and diluted to volume with absolute methanol.

Calibration graph
Transfer aliquots from 0.5 to 3.0 ml of each reference standard solution into

successive glass-stoppered flasks. Add 0.4 ml of the internal standard solution to
each flask, evaporate just to dryness at 35 ::I. r with a rotary evaporator and submit
the residue to vacuum desiccation over P2 O, overnight. Construct calibration graphs
by plotting the weight ratios of ampicillin to 5a-cholestane on the abscissa against
their peak-height ratios on the ordinate.

Sample preparation
Capsule. Weigh accurately each of the capsule contents and transfer a suitable

amount, equivalent to about 20 mg of ampicillin, into a 20-ml flask, mix well and
dilute to volume with absolute methanol.

Vial. Transfer quantitatively the contents of the vial into a 100-ml volumetric
flask and dilute to volume with absolute methanol. Pipette an aliquot equivalent to
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ab out 20 mg of sodi um ampicill in int o a 20-ml volumetri c flask a nd di lute to volume
with abs olute methan ol. Pro ceed as described under Calibration graph.

Silylation procedure
To eac h dri ed sa mple, add 0.3 mI of pyr idine , 0.3 ml of H M OS ,0.3 ml ofT MC S,

0.1 ml of T MSI and 0.05 ml of BSA. Th e reacti on mixture is allowed to stand for 2 h
at room temperatu re before inject ion of 0.6- 1.6,tt1of the silylated so lutio n into th e gas
chrom at ograph .

RESULTS A N D DISCUSSIO N

Gas chromat ography
Several co mbinations of silylat ing agent s were tried for the deriv ati zation of

am plicillin at room temperature . The silylation of a mpicillin with pyr idin e-BSA
(0.2 + 0.2 rn l) resulted in the format ion of mult iple peaks, as shown in F ig. I(b.c.d),
The same phenomenon also occurred on using aceto nit rile-BSA (0 .2 + 0.2 ml).
Th e peak-heigh t rati os of th ese triple peak s cha nged continuo usly for 5 hours, so th at
the se co ndi tio ns were therefore unsu itable for the det erminati on of ampicillin.

d
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F ig. I. Gas chro ma togra m of mixtures of silyla ted a mpicillin . (a) 5((-Ch olestane (interna l standa rd) ;
(b) tri s-TM S-ampicilli n ; (c) bis-TMS-a mp icillin ; (d) mo no-T MS-ampic illin. Cond itio ns : I m x 3
mm 1.0. co lum n contai ni ng 1.5 %(w!w) O V-17 ; co lumn tem per atu re, 190" (5 min ) the n pr ogrammed
at S"! min to 250" held a t 250°' fo r 5 min; ca rr ier gas , helium a t a flow -rate of 65 ml (min. These con­
diti ons we re em ployed o n ly to cha rac terize th e TMS de rivati ves.

Fig. 2. Effect of reactio n time o n for ma tio n of mon o-TMS-ampic illin . Peak -he igh t rat ios of
amp icillin (a bove) a nd sod ium a mpicillin (be low) to 5u-c ho lesta ne (inte rna l standa rd) .
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Pyridine-HMDS-TMCS (0.3 + 0.3 + 0.3 ml) was then tried as the silylation
species, but no peak was obtained after 3 h. The use of pyridine-HMDS-TMCS­
TMSI (0.3 + 0.3 -1 0.3 + 0.05 ml) as silylating agent resulted in poor deri vat ization ;
even though a single peak was obtained. Silylation ofampicillin with pyridine-H M DS­
TMSI (0.3 + 0.5 + 0.05 rnl) gave good results with a single peak , but sodium ampi­
cillin was not deri vati zed, possibly owing to the charge on the carboxyl group, which
Shaw" con sidered to resist silylation.

For deri vatiz ation of both ampicillin and sodium ampicillin under the same
conditions, silylation with pyridine-H MDS- TM CS- TM SI-BSA (0.3 -+ 0.3 -+ 0.3 -+
0.1 + 0.05 ml) gave satisfacto ry result s. Single peak s were obt ained for both ampicillin
and sodium ampi cillin , as show n in Fig . 3(d). The relati onsh ip between reaction time
and peak-height ratio is indicated in Fig. 2. The peak-height rati o of ampicillin or
sodium ampicillin to 5a-cholestane became con stant after 2 h. Therefore, the GC
determination was carried out 2 h after silylation .

a-Amino benzylpenicilloic acid, one of the degradation or metabolic products
of ampicillin, was deri vat ized under the same conditions and gave double peak s, as
shown in Fig. 3(b,c), completely separated from th e ampicillin peak . Hence this sub­
stance does not inter fere in the determinati on of ampicillin.

Th e calibrat ion graphs for ampicillin and sodium ampicillin were linear over
the range 0.5- 3.0 mg, as show n in Figs. 4 and 5. Th e results in Table I indicate good
preci sion.

Further applications to other pharm aceutical products should be possible.

d
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Fig. 3. Composite gas chromatogram of (a) 5a-cholestane and (b and c) a-a minobenzylpenicilloic
acid, with unknown characteristic (d) mono-TMS-ampicillin.
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Fig. 4. Ca libration graphs for ampicillin «( ) and ampi cillin plus 5.0 % of rr-aminobcnzylpenicillo ic
acid (8).

Fig. 5. Ca libration graphs for sod ium ampicill in ( 0 ) a nd sodium a mpicillin plus 5.5 % of a-amino ­
benzylpenicilloic acid (D) .

TABLE I

RESULTS OF ASSAY OF AMP ICILLIN PRO DU CTS

Product Label claim
,

Batch Found" Recovery
( mg) ( mg) ( ');,)

Capsule : 1 250 A 245.37 98. 15
2 250 A 241.45 96.58
3 250 A 242.60 97.04
4 250 A 244.18 97.67
5 250 B 243.77 97.51

Vial : 1 250 A 250.66 100.26
2 250 A 24 1.83 96.73
3 500 B 480.71 96.14

, Th e ampicillin co ntent is expressed in unit s of potency.
" Average of dupl icate determination s ca lculated as a nhyd rous a mpicillin.

Mass spectrometry ( M S)
GC-MS was performed in order to elucid ate the peak characteristics of ampi­

cillin under different silylation conditions. The mass spectra B, C and D in Fig. 6
correspond to peaks b, c and d , respective ly, in Fig . I, for ampicillin silylated with
pyridine-BSA (0.2 + 0.2 mJ).

Spectrum B contains a molecular ion at m]e 565 (M) , an M - C H3 ion at mj e
550, and decomposition of the parent ion by elimination of trimethylsilanol led to a
.peak of m]e 475 [M - (CH3)3SiOH], which was fur ther degraded by cleavage of the
methyl group to give a peak of m]e 460. Scission of the p-Iactam ring gave an ion at
m]e 232 after gaining one hydrogen atom and another ion at m]e 334. The ion at
m]e 232 is assumed to be due to the mono-TMS fragment silylated at the carboxyl
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Fig. 6. Mass spectra of mono-TMS-ampicillin (above), bis-TMS-ampicillin (centre) and tris-TMS­
ampicillin (below), corresponding to peaks d, c and b, respectively, in Fig. I.

function, and the ion at mil' 334 is assumed to be the bis-TMS fragment silylated at
the amide and amino functions. Cleavage between the benzyl and amide carbon
atoms is thought to induce the ion at mil' 178, probably due to the N-trimethylsilyl­
aminobenzylimmonium fragment.

In spectrum C, the molecular ion occurs at mil' 493 (M), elimination of the
methyl group gave a peak of mil' 478 (M -CH3) , fi-Iactam scission evolved an ion at
mil' 232 (the same as that in spectrum B) and an ion peak at mil' 262 represents the
mono-TMS fragment. An ion peak appeared at mil' 178, as in spectrum B.

In spectrum D, the ion at mil' 421 (M) corresponds to the parent ion, removal of
a methyl group led to mil' 406 (M -CH3) , fi-Iactam cleavage gave the ion at mil' 232
common to spectra Band C, and an ion at mil' 106 represents the aminobenzy1immo­
nium fragment.

The above ion peak profile leads to the conclusion that the triple peaks b, c and
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d shown in Fig. I represent tr is-TM S-ampicillin , bis-TM S-a mp icillin and mono­
TMS-ampicillin , res pect ively, rather tha n the degradation produ ct s of ampicillin
under the silylat ion con ditions used . On the other han d , peak d found in Fig. 3, ob ­
tai ned by silylation of a mpicillin wit h pyridinc-HMOS-T MCS- T MSI- BSA (0.3 +
0.3 -I- 0.3 + 0.1 + 0.05 ml) has a ma ss spectrum identica l with spectrum 0 in Fig. 6,
indicat ing that peak d is mon o-T MS-a mpicillin. The peak characteri stic of a -a mino­
benzylpenici lloic acid as shown in Fig. 3(b ,c) was monitored by GC-MS, but no
definite concl usio n co uld be d raw n.
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SUMMARY

A rapid , sensitive and selective analytical procedure for phencyclidine and one
of its metabol ites in urine has been developed . Three techniques ha ve been studied
for extraction of the drug from the biological matrix: (a) reversed-phase XAD resin,
(b) charcoal ab sorption, and (c) solvent extraction using chloro form . Temperature­
programmed gas chromatography was used to qu antitate the illicit drug. Sol vent
extraction appears to offer the most efficient separat ion of the drug and its metabolite,
as the recovery was 94 %and the technique required only 7- 8 min per sample. Reversed­
phase column extraction is also qu ite useful; although more time-consuming for an
individual sample, it would be useful for screening purposes.

INTRODUCTION

Phencyclidine, I-(l-phenylcyclohexyl)piperidine (PCP) wa s developed as an
anaesthetic in the 1950s and marketed as Sernyl in 1958. Although the drug appeared
to be useful in certain types of surgery": " and as a possible remedy for some psycho­
logical disorders", its use wa s limited by observations that some patients exhibited
severe degrees of man ic beh aviour' , hallucinations and delirium! after its adminis­
tration . It was noted that the psychotic reaction was most frequently encountered in
youn g and middle-aged males, the most violent forms following 20-mg do ses, and that
the excitation was not noted in elderly patients'. As a result of these adverse reactions
to PCP, the drug was not approved for general usage, and is now used only for
animals.

In recent years, PCP has become a serious drug of abuse, often being sold
under such names as LBI, Angel Dust and the Peace Pill!", Several instances of the
use of PCP ha ve led to overdose intoxication and death , and PCP is frequently sold
in combination with (or in place of) other illicit drugs such as mescaline, LSD, THC
and amphetamines'v'P. The common use of PCP may be related to the relative ease

• To whom correspondence should be addressed. Present address : Department of Chem istry,
North Texas State University, Denton, Texas 76203, U.S .A.
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of preparation!' of the drug; to exemplify this point, the Royal Canadian Mounted
Police seized more than 100 kg of the drug and 900 kg of precursors from five under­
ground laboratories in Canada during the first six months of 1976 (see ref. 15).

The serious consequences of ingestion of PCP would suggest that an analytical
procedure for determining the drug in body fluids would be of great value for
emergency-room personnel; since the victim may be unaware that the abused drug
is PCP, such an analytical procedure would be even more useful. To date, several
procedures (all based on gas chromatography) have been reported for determining
the drug in dosage forms. Lin et al."' have developed an analytical procedure for
determining the drug in urine or blood by gas chromatography-chemical ionization
mass spectrometry and a recent report indicates that the drug may be quantified by
gas chromatography after extraction from urine!".

We report here the development of a rapid analytical procedure for deter­
mining PCP and one of its metabolites in urine. Urine was chosen because the
levels therein are notably higher than those in blood or serum. The fact that a metab­
olite, 1-(l-phenylcyclohexyl)piperidin-4-ol (PCp · OH) is readily observable should
provide useful confirmation of the presence of PCP. An additional advantage of the
detection of the metabolite is the possibility of determining the presence of the drug
in those cases where much of it has already been metabolized.

EXPERIMENTAL

Chemicals
Phencyclidine (Lot CI-395, Parke Davis & Co., Brockville, Canada), ketamine

hydrochloride (Lot C430738, Parke Davis & Co.) I-(l -phenylcyclohexyl)piperidin­
4-01 (Lot Q, Parke Davis & Co., Detroit, Mich., U.S .A.), caffeine and I-phenylcyclo­
hexene (Aldrich, Milwaukee, Wise., U .S.A.) were used as received.

All solvents used were Fisher certified-reagent grade (Fisher Scientific, Pitts­
burgh, Pa., U.S.A.). Norit A (Fisher) was used as a decolorizing charcoal. Amberlite
resins were obtained from Mallinkrodt [SI. Louis, Mo., U.S.A. (XAD-2]) and BDH
[Toronto, Canada (XAD-4 and XAD-7)]. Pre-packaged XAD-2 columns were ob­
tained from a Drug-Skreen Kit (Brinkman Instruments. Rexdale, Canada).

Urine was pooled from healthy individuals and sto red at 4° for periods up
to 7 days.

Ketamine hydrochloride (KET' HCI) was used as internal standard .

Drug extraction from urine
Using a macro-reticular resin. Resins were cleaned by stirring four times with

four bed-volumes of acetone, three times with three bed-volumes of methanol and
three times with three bed-volumes of distilled water as previously recornrnended'v-!" .
The resins were stored for at least a week at 4° under distilled water to ensure optimum
hydration and then packed into glass chromatography columns (25 X 0.7 em I.D.)
to a height of 10 em (approximately 1.3 g of dry resin).

A 100-,u1 sample of PCP and internal standard was mixed with 10 ml of urine,
the pH wa s adjusted to 9 with 5 N sodium hydroxide, and the sample was mixed and
centrifuged for 2 min. The supern atant was then placed on the XA D.column and the
flow was controlled; when the flow ceased, suction was applied to the tip to remove
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residual urine. The column was then eluted with 20 ml of methanol-chloroform (1 :9),
the eluate was mixed with 2 ml of 0.5 N sod ium hydroxide (back-extract ion) , a nd the
separated organic layer was made acidic with I drop of concentrated hydrochloric
acid-methanol ( I : I) a nd evaporated to dr yness under nitrogen in a water bath at
55". The residue fro m the methanol-chloroform extraction was recon st ituted in
100,111 of aceton e, and I /11 was injected into the chro matograph .

Using a universal absorbent ( charcoa/) . Approximately 100 mg of charcoal
were mixed with I ml of buffer solution (0.4 M Na 2C03 and 0.1 M NaHC03, pH 11)
to ensure that it was completely wetted; 10 ml of distilled water were added to the
residue. The charcoal-water mixture was shaken vigorously and centrifuged, a nd the
aqueous layer was di scarded. Then 2.5 ml of methanol-chloroform (l :9) were added,
and the sample was placed on a vortex-type mixer for approximately 30 sec. The
organic laye r was rem oved , and filtered through glass woo l to remove tr ace s of
charcoa l (the glass woo l was was hed with an addi tio na l 0.5 ml of elut ion so lvent,
which was added to the filtrate). The so lvent system was removed in the sa me way as
described above.

Using micro-phase solvent ex traction. Solid pot assium chloride (5 %, w/ v) was
added to 5 ml of urine containing PCP and internal sta ndard, and the pH was
adjusted to 9 with 0.5 N sod ium hydroxide, then 100,111 of chloroform were added to
the tube, which was shaken a nd centrifuged . A 1-,111 portion of the organic phase was
withd raw n through the aq ueo us layer and injected into the gas chromatograph .

Gas chromatography
A Tracor model 550 gas chromatograph (Tracor, Austin, Texas, U.S.A.)

equipped with a flame ionization detector was used ; it was fitted with a co lumn
(1.7 m -: 2.0 mm 1.0.) containing 5% of SE- 30 plu s I % of Carbowax 20M on
Chromosorb W HP (80-100 mesh). The column temperature was programmed from
150 to 230" at 7S '/min, the injection-port temperature was held at 210° and the
detector was kept a t 270".

RESULTS AND DIS CUSSION

The devel opment of a n analytical scherne for PCP and its metabolites in bod y
fluids involve s sepa ra tio n of the compounds of interest from the matrix before
quantitation . We have con sidered three common procedures for the sepa ra tio n of the
drug and its met ab ol ites from urine : (a) reversed-phase extraction using a macro­
particulate resin I H. 19 , (b) charcoal ab sorpti on ' ? and (c) solvent extra ction !'. Several
criteria were co ns ide red in the choice of suita ble pre-concentration procedures,
includ ing the frac tion reco vered , the pre sence of compounds that would interfere
with the detection step, the simplicity of the pro cedure, and the am ount of time
required.

Reversed-phase solvent ex traction with ma cro-reticular resin
The use of micro-ret icular resin s such as XAD ha s become popular for the

separa tion of wea kly acid ic, weakl y basic and neutral drugs in urine I 8 ,1 9.22- 24. Var iou s
facto rs were stud ied in order to ma ximize the efficiency of thi s method , includ ing
flow-rate, the use of back-extraction procedures, and the method of solvent rem oval
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TABL E I

EFFECT OF FLOW-RATE AN D BACK-EXTRACTI ON ON RECO VER Y OF PCp ·HCI AND
KET· HCI FROM XAD-2 RESI N

_._--~

Type of extraction Recovery ' (%) Flow-rate ( 1111/ l11in)

PCp·HCI Ket'HCI

Simple 60 ± 10 93 ± 4 5.6- 8.5
Simp le 68 ± 5 106 :1: 5 4.0-6.6
Sim ple 58" 89 2
Back-extraction 58 ± 2 92 .+: 3 5.6- 8.5
Back-extraction 84 ± 7 101 ::lc 3 2

, Based on peak -height comparisons with a dru g sta nda rd.
" Average of three determin at ion s (a ll ot her values are the average ± S. D. of results for six

samples).

before injection into the gas chromatograph. Th e importance of control of the flow­
rate can be seen from Table I a nd Fig. 1. Use of gravi ta tiona l flow (4--8 mlfmin ) lead s
to poor reco very of PCP and a high background . Incorporation of back-ext ract ion
int o the procedure reduced the urine background considerab ly, but did not increase
the rate of recove ry. Control of the urine flow (2 rnl/rnin) through the resin resulted
in chromatograms having a high background, which again resulted in poor quanti-

B

A

c
A

II III IV

Fig. I. Effect of flow-rate and extraction on drug recovery: J, gra vitati onal flow, no back-extract ion:
II , gravitat ional flow, back-extract ion ; III , flow controlled (2 ml/rnin ), no back-extract ion ; IV, flow
controlled (2 ml/min), back-extraction . A = Caffeine; B = ketamine ; C = PCP.
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To determine the useful ra nge of the meth od, 4 flg of PCP, 51lg of PCp· OH
and 1.6 flg of ketamine were extracted fro m 10, 20, 30 and 40 ml of urine ; recovery
of both drugs was grea ter than 90 % at a ll fo ur co ncentrat ion s. A sample chrornato-'
gra m is shown in Fig. 2 ; the PCp·OH is resolved only poorl y, and a tot al loss of pea k
separa tio n for PCp · OH was noted at 0.17 ppm du e to the presence of un known
imp uri ties. For PCP, the techn ique is suita ble to the O. I-ppm level, or lower, and
appea rs to be limited onl y by the inability to obta in a suita bly clean extract'.

B

c

Fig. 2. Chromatogram of residu e from resin extract ion : A = 0.4 ppm of I' CP ; B = J.6 ppm of
ketam ine ; C = 0.5 ppm of PCp · OH .

The use of pre-packaged abso rbent ca rtridges co ntai ning XAO-2 resin was
co nsidered. Flow-rates approaching th at of XA 0 -7 co uld be achieved if the cotto n
plugs used for sta bilization and support of the co lumn were replaced by glass-woo l.
Although urine flow-rates were not controlled , the extraction efficiency for PCP was
100 % and the co rresponding efficiency for ketam ine was 96 %; recovery of PCp ·OH
was 89 %. We observed a generally higher background at the temperature required
for elution of PCp· OH on the chromatogra m; this we att ribute to extraction of
plasticizers from th e co lumn (no additiona l peaks were observed) . It is possible that
some othe r so lvent system would ove rco me the problem.

• PCp ·OH wo uld be found as the glucuro nide in the urine of individ ua ls who have ingested
PCP . Lin et al,"' have detected the cornplexed metabolite in urin e a nd hydrolyze it to PCp · O H with
a fJ-glucuro nidase preparatio n at pH 5. Fol lowing hydrolysis, th e pH wou ld be adjusted to 9, and
PC p · O H wou ld be ext racted into the o rganic phase.
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Extraction with a universal absorbent
We observed that the use of wetted charcoal led to extremely clean residues

if the solvent system suggested by Co rdova and Banford-? [chloroforrn -dieth yl
ether-isopropan ol (50:54 :10)] was used ; unfortunately, recovery of the compo unds
of interest was low (PC P 22 ±5 %, PCp ·OH 35 ± 8 % and ketamine47 ::1.:7 %).
When the elution solvent that was successful for the resin-extraction pr ocedure was
used with charcoal, recover ies were increased (PC P 72 ± II %, PCP· OH 75 ± 7 %
and ketamine 30 ~L 3 %), but the background increased to a point at which the
procedure was useless for quantitation.

Microphase solvent ex traction
The recovery of PCP , PCP'OH and the standa rd by solvent-extr act ion pro ­

cedures depends on the relat ive solubility of the co mpounds in the two solvents. At
the natural pH of ur ine (approxi mately 6), chloro form recovered abo ut 74 % of the
added PCP , whereas methanol-chloroform ( I :9) extracted about 85 %. If chloroform
was used to extract the co mpounds of interest, it was found that an increase in the
pH of the urine to 9 enhanced recovery of PCP to 94 %, with quantitat ive recovery
of PCp·OH and the sta ndard. Fig. 3 shows a chro matog ra m der ived from the ex­
traction of urine containing PCP , its metab olit e and the standard. The lower limit
of sensitivity for PCP is abo ut 0.3 ppm. Addi tion of the salt to the urine was found to
eliminate form ati on of emul sion s, which led to large deviations in drug recovery.

B

A

Fig. 3. Chromatogra m of ch lorofor m extrac t : peaks A, B and C as in F ig. 2; D = unknown.
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Gas chromatography
It was determined that isothermal operation would permit detection of PCP

at 1550 with ease ; the metabolite was not ob servable under such circumstances, '
probably because of the higher polarity of the hydroxy-piperidine ring.

CO NCLUS IONS

We have developed a fa irly rapid and sensitive procedure for determining PCP
and one of its metabolites in urine. Although several assays for the drug in dosage
forms have been reported2S

-
30

, only a few useful procedures have been reported for
the drug in biological samples. Gupta et a/. 17 have developed a procedure involving
chlo roform extraction, but the ir assay take s longer than 30 min and does not include
th e metabolite.

A gas chromatography-chemical ionization mass spectroscopy technique that
is more sensit ive than our procedure has been reported 16 ; however, we believe that
the use of this procedure is limited by the availability of the instrument and the
internal standard (pentadeuterated PCP).

We believe that the ana lyst would be best served by either the XA D resin
extraction procedure or the chloroform extraction procedure. Although the reversed­
phase resin procedure is lengthier and slightly less sensitive for the metabolite, it
permits a large number of samples to be processed at the sa me time, which would
be useful in a screening programme. For individual samples, the chloroform ex­
traction procedure is recommended as being the fastest and providing a very clean
background.
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SUMMARY

A rapid , sensitive and specific high-pressure liquid chromatographic method
is described for the quantitative analysis of clofibrinic acid in plasma, sa liva and urine.
!n contrast to previously reported gas-liquid chromatographic methods, which
require derivatization of clofibrinic acid before chromatography, the present method
involve s a simple two-step extraction procedure and chromatographic determination
of the underivatized clofibrinic acid . Concentrations between 1.0 and 2).0 fig per
sample can be mea sured with a coefficient of va riation from I to 6 %.

INTRODUCTION

A number of methods ha ve been reported for the analysis of clofibrinic acid , the
active metabolite of the hypol ipidaemic drug clofibrate, in plasma and urine (Table I).
The most widely used method has been a spectrophotometric assay'r' th at involves
solvent extraction of clofibrinic acid from acidified plasma or urine, and subsequent
measurement of the ultraviolet absorba nce at 226 nm. Although thi s method is rapid
and con venient, it suffer s from the lack of specificity inherent in spectro photometric
assays.

Several gas-liquid chromatographic (GLC) methods have been described for
the determination of clofibrinic acid. Some of these methods have time-consuming
preparative steps before G LC, such as column" or thin-layer chrornatographyt-";
another involves severa l extraction steps", Such techniques of sample preparation are
time-con suming and render these methods un suitable for use with large numbers of
samples. Four additional GLC methods/:"" have a number of common features;

• To whom correspondence sho uld be add ressed.
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TABLE I

COMPARISON OF METHODS OF ANALYSIS FOR CLOFIBRINIC ACID IN BIOLOGICAL
FLUIDS

References Analytical method Sample Sensitivity Reproducibility Comments'
(flg/m/) (coefficient of

variation)

1,2 Spectrophotometric Plasma, Not given Not given Lacks
urine specificity

3 Column chromato- Serum Not given Not given Few details;
graphy-GLC prior

chromatography
4 Thin-layer Plasma, 0.1 6.4 % (Replicates Prior thin-layer

chromatography- urine, between 53.68 chromatography
GLC bile, faeces and 322 flg/ml)

5 Thin-layer Plasma Not given Not given No internal
chromatography- (correlation standard;
GLC coefficient 0.999 prior thin-layer

for calibration chromatography
curve)

6 GLC Plasma 4.8 % (replicates Multiple
at 2.5, 10.1 and extractions;
50.5 fl·g/ml) diazomethane

used ***

7 GLC Serum Not given Not given Few details
8 GLC Plasma 0.25 Not given Diazomethane

(correlation used' "
coefficient 0.999
for calibration
curve)

9 GLC Plasma, 3 9%** Time consuming
urine

10 GLC Plasma, 10% (Replicates Diazomethane
urine at lflg/ml) used' "

11 GLC Plasma, 3.0% Two-step
urine (Calibration extraction

curves of 10--200
flg/ml from
plasma and
urina

This paper HPLC Plasma, 0.5 4.9% Two-step
urine, (Calibration extraction
saliva curves of 1-25 without

fIg/sample from derivatization
plasma, urine
and saliva

• All the GLC methods include a derivatization step.
" Quoted in ref. 11.

". See Results and discussion.

each involves solvent extraction, evaporation and derivatization before G LC. The
most recently reported GLC method!' appears to be rapid and convenient.

This paper reports the application of high-pressure liquid chromatography
(HPLC) to the analysis of clofibrinic acid in plasma, saliva and urine. The method
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is rapid , specific, sensit ive and acc urate, an d, in co ntrast to G LC meth od s, does not
involve derivatization.

EXPERIMENTAL

Reagents and materials
Clofib rinic acid [2-(4-chlorophenoxy)-2-methylpropionic acid] was a gift fro m

Ayerst Laborat or ies (M ontreal, Canada) and 2-(4-chloro-3-methylphenoxy)-2-methyl­
propionic acid , the internal standard, was a gift from Astra Phar maceut icals
(Sodertalja, Sweden). Th e acetonitrile was of "distilled in glass" qu ality and was
purchased from Burdick & Jackson Lab s. (Muskegon, Mich., U.S.A .) ; all other
solvents and reagents were of reagent grade.

Sample preparation
A schematic representa tion of the proced ure is show n in Fig. I. Plasma

(0.1- 1.0 ml), saliva (1.0 ml) or urin e di luted I : I00 with distilled water (1.0 ml), is
placed in a PTFE-lined screw-capped culture tu be, and 100 ,111 of inte rnal standard
solution (conta ining 6.7 f ig of the internal sta nda rd), 0.5 ml of 0.5 N sulphuric acid
and 5 ml of toluene are added. Th e samples are extracted by mixing (using a La b­
quak e'" auto matic shaker) for 10 min , followed by centrifugation at 1200 g for
10 min to separate the organic and aqueo us phases. The lower aqueous phase is
frozen by immersing the tube in a dry ice-acetone bath , and the organic phase is
poured into another tu be, which has an elongated cone (capaci ty approx. 50,111) at
its base. Th en 50,111 of 0.2 N NaOH are added, and the mixture is ext racted on a
Vortex mixer for 2 min. Aft er brief centrifugation, the aqueous phase is drawn into
a syringe that already contai ns 10,111 of a solut ion of 5%glacial acetic acid in water,
and thi s mixture is injected into the chromat ograph .

For the ana lysis of the glucuronide conjuga te of clofibrinic acid in urin e,S ml

PLASM A. URIN E, OR SA L IVA

Add : internal standard
sulfuric acid
to luene

Shake, centr ifuge , and freeze
r---......._-..,

SODIU M HYDROXIDE
PHASE

Sample through toluene
Neutralize with

___'"--_-.!3cetic acid

CHROM ATOG RA PHY

Fig. 1. Flow diagram of sample prepara tion .
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of 6 N hydrochloric acid were added to each sample, and the solutions were heated
at 98° for 30 min before the extraction. The samples were then cooled and analysed
as described above, except that the addition of dilute sulfuric acid in the first step'
was omitted.

Chromatography
A Varian (model 8500) high-pressure liquid chromatograph fitted with a

Varian MicroPak CH-IO reverse-phase column (25 em x 6.3 mm O.D. X 2.2 mm
J.D.) was used for the analysis. The absorbance was measured at 235 nm, with 0.5
absorbance unit full-scale deflection and a slit width of 2 nm, using a Varian Variscan
variable-wavelength spectrophotometer. One pump of the dual-pump gradient­
elution chromatograph contained acetonitrile and the other 0.5 % acetic acid in
distilled water; an isocratic 42 % acetonitrile mixture of the two solvents was used.
With a dual-pump chromatograph, it was convenient to use two pumps operating
under isocratic conditions. However, an acceptable alternative was to use the desired
mixture of the two solvents in a single pump. The flow-rate of the solvent mixture
was 70 ml/h with a column-input pressure of 197 atm (2900 p.s.i.). Chromatograms
were recorded on a Varian A-25 dual-pen recorder with 0-50 and 0-200 mV spans.

Calibration and accuracy
Calibration curves were constructed by adding known amounts of clofibrinic

acid and internal standard to control plasma, saliva or urine. The peak-height ratio
of clofibrinic acid to internal standard was plotted against the amount of clofibrinic
acid added. In order to calibrate the method and determine its accuracy for each
batch of unknown samples, standards of I, 2, 5, 10, 15, 20 and 25 flg of clofibrinic
acid were added to the control samples, which were assayed concurrently with the
unknown samples. The peak-height ratio of each standard was divided by the amount
of clofibrinic acid added to give normalized peak-height ratios. The mean normalized
peak-height ratio was used to calculate the amount of clofibrinic acid in unknown
samples, and the standard deviation of the normalized peak-height ratios was used
to determine the accuracy of the method over the range of clofibrinic acid standards
employed. The reproducibility of the method was also studied by submitting replicate
plasma samples containing 1, 5, 10 and 20llg of clofibrinic acid to the entire pro­
cedure. The effect of sample size on the method was investigated by adding 10 flg
of clofibrinic acid to tubes containing different volumes of plasma (between 0.1 and
1.0 ml), which were then assayed for clofibrinic acid. The volumes of the internal­
standard solution, sulphuric acid and toluene were kept constant.

To estimate the recovery for the analytical procedure, five control-plasma
samples with 10 flg of clofibrinic acid added were analysed, and the mean height of
the clofibrinic acid peaks was compared to the mean height of five peaks obtained by
injecting 10 flg of clofibrinic acid directly into the chromatograph.

Application of"the method to measure plasma and saliva concentrations
A healthy male volunteer received five doses of 1 g of clofibrate (2 capsules of

Atromid-S", Ayerst) every 12 h for 3 days. Samples of venous blood and saliva were
collected at 0, 1, 2, 4, 6, 8, 13, 24 and 28 h after administration of the fifth and last
dose. The blood (5 ml) was collected in heparinized Venoject" tubes, and, after cen-
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trifugation, the plasma was transferred to glass containers, which were stored at
--15° until analyzed.

Saliva samples were obtained by having the subject chew on a small PTFE
disc; all the saliva produced during approx. 4 min just before blood sampling was
collected in a glass vial. The saliva samples were immediately frozen and stored at
-15° until analyzed.

RESULTS AND DISCUSSION

In order to be sufficiently volatile for G LC determination, clofibrinic acid
must be derivatized, usually by methyl esterification of the carboxyl group. Methods
of derivatization in which hydrochloric acid-methanol" or boron trifluoride-methanol'
is used are time consuming, and other methods involve use of toxic and unstable
reagents such as ethereal solutions of diazomethanes-s-P. The use of HPLC allows
the determination of underivatized clofibrinic acid, thus shortening the sample
preparation and avoiding use of toxic reagents.

The use of a reverse-phase column permits direct injection of an aqueous
solution of the sample on to the column. Because of this, a simple procedure for
sample preparation can be used (Fig. 1), which selectively extracts and concentrates
acidic compounds. Such a technique is both more rapid and more selective than are
those involving evaporation of solvent. The efficiency of this method of extraction is
also high, as shown by the observation that 82 %± 8 %(S.D.) of the clofibrinic acid
added to plasma was actually injected into the chromatograph (see Experimental).

fn order to achieve efficient separation of compounds with ionizable functions
on reverse-phase columns, either the ionization must be suppressed, or a large
counter-ion must be added and the compounds of interest chromatographed as
ion-pairs'", For carboxylic acids such as clofibrinic acid, it is convenient to suppress
ionization by adding acetic acid to the solvent. Acetic acid has appreciable ultraviolet
absorbance, and therefore it would be desirable to keep its concentration low in
order to reduce background absorbance and thus achieve a high signal-to-noise ratio.
However, the need for rapid neutralization of the aqueous sodium hydroxide solution
that is injected on to the column with each sample requires the use of an adequate
amount of acetic acid. Failure to neutralize the sodium hydroxide gives rise to peak
tailing and double peaks and results in deterioration of the column. For these reasons,
the sodium hydroxide solution containing the sample is neutralized before injection
on to the column, by drawing the sample into a syringe that contains 10 ,ul of aqueous
5%acetic acid.

Although cIofibrinic acid has an absorption peak at 226 nm 1,z, the absorbance
is measured at 235 nm in this method. This is because of the high background ab­
sorbance encountered at lower wavelengths, primarily a function of the acetic acid
concentration. Since it is necessary to suppress the ionization of the cIofibrinic acid
with an acetic acid concentration in the eluting solvent mixture of about 0.3 %, this
wavelength was chosen as a compromise between sensitivity and the need to reduce
the background absorbance. At 235 nm, good reproducibility is still attainable with
1 ,ug of cIofibrinic acid, and concentrations as low as 0.5 ,ug/ml can be measured.

None of the plasma, saliva or urine control samples showed peaks interfering
with the peaks of cIofibrinic acid or the internal standard (Fig. 2a); a typical chro-



150

:t:"
0.05AlJ.':i

a

2.10 3.15

b

T. D. BJORNSSON, T. F. BLASCHKE, P. J. MEFFIN

Fig. 2. Chromatograms of (a) control plasma and (b) plasma containing 5.0 f'g of clofibrinic acid and
the internal standard. The marks on the chromatograms correspond to the retention times ofclofibrinic
acid (2.10 min) and the internal standard (3.15 min). In order to improve visual clarity, only one
tracing of the dual pen recorder is shown.

matogram for a plasma sample is shown in Fig. 2b. With the chromatographic con­
ditions previously described, the retention times for clofibrinic acid and the internal
standard are 2.10 and 3.15 min, respectively, allowing a sample injection to be made
approximately every 5 min.

Estimates of accuracy for the method are shown in Table II. The average
normalized peak-height ratio obtained from calibration curves from plasma, saliva

TABLE II

ESTIMATES OF ACCURACY FOR THE METHOD

Biological fluid Concentration,
I,g/sample

Number of
samples

Mean
normalized
peak-height
ratio

Coefficient
of variation,
%

Reproducibility at a given concentration
Plasma I
Plasma 5
Plasma 10
Plasma 20

Calibration curve data
Plasma
Plasma
Saliva
Urine (untreated)
Urine (acid hydrolysis)

1-25
1-25
1-25
1-25
1-25

7
7
7
7
7

7
3
5
5

0.19935
0.19102
0.21027
0.20/14
0.18763

Average: 0.19788

0.21764
0.20048
0.19532
0.21475

Avcragc: 0.20705

2.9
5.0
6.3
4.8
5.4
4.9

5.5
1.9
1.4
0.7
2.4
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and urin e had a mean coefficient of variatio n of 4.9% for 5 such cal ibrati on curves.
Th is esti mate of acc uracy cove rs the ent ire ran ge of the assay procedure, from I to
25 fig of clofibrinic ac id per sample. Rep roducibility studies on repl icate s con ta ining
I , 5, 10 or 20 fig of clofibrini c acid per sa mple had a mean coefficient of variation of
2.4 % (Ta ble 11 ). As it may be necessar y to usc variable volumes of plasma for
clofibrinic acid measurements, the effect of plasma volume on the peak-h eight ra tio
of clofibrinic acid to intern a l standard was exa mined : the peak-height ra tios were
independent of the vo lume of plasma used bet ween 0.1 and 1.0 ml.

Clofibrinic ac id is excreted in the urine, some 70-95 %ofthe dose being excrcted as
a glucuronide, and the rest as unconjugated ac idH,9 , 13. On a typical do se regimen of
2 g per day , and ass uming a daily urine output of 1- 2 I, the total concentration in the
ur ine is of the or de r of 1- 2 mg/ml. By using I ml of I: 100 dilution of ur ine, the co n­
centrations of bo th the unconju gated (unt rea ted sample) a nd the conjugated c10­
fibri nic acid (acid hyd rolysed) in the urin e fall within the concentration ra nge of the
ana lysis.

App licatio n of the metho d to determ inat ion of clo fibr inic acid in plasma and
sa liva from a heal th y male vo lunteer is dem onst rat ed in Fig. 3. Although the co n­
centrat ions in sa liva a re only abo ut I %of those in plasma, the method is able to
measure clofibrinic ac id in both bod y fluids in a subject recei ving a co mmo nly
employed dosing regimen . These results suggest the potential usefuln ess of sa liva
a nalysis for mon itor ing clofibrinic acid co ncentrations in pati ents.

The meth od desc ribed here for the qu antita tive determinati on of clofibrinic
acid in plasma, sa liva an d ur ine by HPLC has the advantage over most o ther pub­
lished meth ods of being simple and ra pid (Table I). By using the techniques descri bed,
40- 50 samp les ca n easily be assayed in a day . The sa mple prepara tion is a simple
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Fig. 3. Sem i-logarit hmic plot of plasm a (.) a nd sa liva ( : I) concentrat ions of clofib rinic aeid in a
healt hy vo lunteer after the last dose of a mult iple-dos ing regi me n o f 2 g o f clofibrate per day.
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two-stage procedure (F ig. I), which does not requi re the prio r chroma tographic
preparation ' :" or multiple extraction s" described in publ ished GLC methods (Ta ble I).
The use of a reverse-phase HPLC system perm its the determinat ion of underivatizect
clofibrinic acid and the intern al standard and allows a simple method of sam ple
prep aration . Of the previously publ ished meth od s, only the G LC analysis descr ibed
by Gugler and Jensen!' offers similar adva ntages of convenience (Ta ble I). However,
the present HPLC method offers a simpler appro ach to the ana lysis of clofibr inic
acid than GLC methods by eliminat ing the need to form volatile derivati ves before
chromatographic separation.
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Abteilung fii r Analytische Chemic tier Universitd t Vim, Oberer Eselsberg ; D-7900 V Illi ( G.F. R.)

(Firs t received Jul y 1st , 1976 ; revised manuscr ipt received Decem ber 24th, 1976)

SU M MA RY

High-perform anc e liqu id chro matographic separations of Pb(I I), Znt] I),
Cd(II), Hg(II ), Cu(I[), Ni(lI) and Co( II!) chelates at nan ogram levels by ad sorption
chro matog ra phy on silica gel a re reported. I,2-Dike tobisthiobenzhydrazones, dialk yl­
dithiocarbamates and 1,2-diketobisth iosemicarbazones were used as chelate-forming
ligands.

INTRODU CTIO N

In trace metal analysis, the use of chelate-forming ligands for the chro mato­
graphic separation and determinat ion of the elements is of great importan ce. The
separatio n and determination of chel ated met al ions by gas chromatography (GC)
has often been described ":", but this method is limited becau se of the low volatility
and the low therm al stability of most of the meta l chelates.

In liquid chromatog ra phy, these problems do not arise and this method often
therefore appears to be more suitable for the separation and determination of ex­
tracted metal chelates '"-!' . Ion-e xchan ge chromatography offers a n other possibilit y
for the separation of metal ions I 2-

14
• Separations and determinat ions of metal ion s

by forced-flow ion-exchange chromatography have been described'P-" but, compared
with thi s method , the use of chelating ligands for the determinati on of metal ion s
after solvent extr action permits enri chment of the components in the orga nic solvent
before the separation step.

Thi s paper dem onstr ate s the possibilit ies of sepa rating metal chelate s by
high-performance liqu id chromatogra phy (H PLC) . The follo wing ligand s were used :
I,2-diketo bisthiosemicarbazones (1)17, dialkyldithiocarbamates (11 )18-21 and 1,2-di­
ketobi sthiobenzhydrazones (IJIyZ.23 (Fig. 1).

• Part VI: P. Heizmann and K. Ballschmiter , Z . Anal. Chem., 266 (1973) 206.
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Adsorbents
Perisorb A (30-40-pm) silica gel, LiChrosorb Sf 60 (20, 30 and 40-pm) silica

gel and Alox T (20, 30 and 40-pm) alumina were obta ined from E. Merck, Darmstadt,
G .F.R.

Solvents
Benzene, n-hexane, chloroform, acetonitrile, cyclohexane and n-heptane (all

p .a . quality) were purchased from E. Merck.

Liquid chromatographs
The equipment mainly used consi sted of the following : Labotron LDP 13 A

pumps (1.5-80 and 0.5-20 ml/h) (Kontron Technik, Eching/Munchen, G.F.R .);
PTFE capillary tubing, 0.7 mm J.D. (Kontron Technik); glass columns, 2 mm 1.0.,
6 mm O.D. (according to Fig . 2); PTFE injector (Fig. 2) ; and a Zeiss PM 20 de­
tector with a micro-flow attachment and a 2-m V recorder.

Some experiments were carried out with H PLC equipment obtained from
Waters Assoc., Konigstein/Ts., G .F.R., which consisted of M 6000 pumps (0.1-10
ml/rnin), a Model U 6 K injector, an M 660 gradient programmer and a Perkin­
Elmer LC 55 detector with a 2-mV recorder.

General aspects of the chromatographic system used
Chelates of diacetylbisthiobenzhydrazone were used to study the chromato­

graphic system.
Column fillin g . The columns were filled according to the Kirkland method>'.

Using irregularly shaped particles, 20 pm was found to be the lowest limit for dry
filling of the columns with satisfactory separation characteristics.

Linearity. With Hg(lI) and Cu(IJ) within the range 20-2000 ng and with an
injected volume of 1-100 pI, no change in the retention time and no deviation from
the linear adsorption isotherm were found.

Detection limit. An amount of 10- 9 g of Hg(I I) and Cu(lI) in an injected volume
of chelate solution of 50 pI (signal to noise ratio 10: I, resolution R, IIg/cu = 1.5) could
be determined. On extracting deionized water with a benzene solution of the ligand,
no blank values were found .

Using standard micro-techniq ues for the enrichment of extracted metal
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Fig. 2. Scheme of injection port and column termination (PTFE).

chelates, quantitative determinations of trace elements in aqueous solutions at the
picogram level should be possible.

Reproducibility, Using Hg(l!) and Ni(II) chelates as examples, the repro­
ducibility was determined. Portions of 10 ,ul of chelate solution were injected (septum
injection) and the resulting peak areas integrated. The standard deviation was found
to be 1.6% for the Hg(ll) chelate (20 injections) and 2.2% for the Ni(I1) chelate
(15 injections). The reproducibility can be improved by using a septumless injector
(standard deviation ca. I %).

To avoid any contact between the chelates and metal parts, which might lead
to decomposition, all experiments were run in glass columns, although commercial
steel columns (5-!lm silica gel) nowadays have a much better separation efficiency.

The same peak areas were obtained when the same amounts of chelate solution
[Hg(ll), Cu(J1), Ni(ll)] were injected once into a column filled with silica gel and once
into a column that contained no adsorbent (ten injections of each chelate on each
type of column).

These results indicated that chromatography on LiChrosorb SI 60 does not
result in decomposition or irreversible adsorption of the chelates.

H,PLC of metal diocetylbisthiobenzhydrazones'?
Hg(ll), Ni(lJ), Cu(l!), Zn(II) and Pb(lJ) diacetylbisthiobenzhydrazones can be

separated, using silica as the adsorbent.
Isocratic elution. The influence of column length, particle diameter and f1ow-
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T ABL E I

HPL C SEPA RATIONS OF H g(lI) AND Cu(lI) D IA CETYLBISTHIOBEN ZH Y DR A ZONES

LiCh rosorb SI 60 (40 ,l1m) ; glass co lumn, 35 cm; so lvent, benzene ; temperat ure, 23°.
--- - - _ . _ . .. _-----~-- -- - --

S olvent Resolution, R., Plate height , Analysis
flow-rate [ fl g (l I)/Cu( lI)} fl g (ll) chelate time , tA

(m llh) ( mill) ( min)

3 1.8 0.9 50
6 1.6 1.3 25

15 1.1 2.2 10
30 0.9 2.6 5
60 0.7 2.8 4

ra te of the eluen t on the sepa ration co ndi tions for the Hg(Il), C u(II) and Pb(II )
chelates were studied (Tables 1 an d II). Becau se of its excessive rete ntio n on Li­
Chrosorb Sl 60, the determination of the Zn( l l) che late of diace tylbisthiobenz­
hydrazone is not possible when benzene is used as the eluen t, and gra dient elution is
required.

Tab les III and IV show the sepa rations obta ined with LiCh rosorb SI 60 and
Perisorb A as adso rbents and II-hept ane-benzene solvent mixtu res as the eluent.
Altho ugh the eluent flow-rate is increased by adding more II-hep tane while the flow-

T ABL E II

HPLC SEPA RATIONS OF H g(JI) A N D Pb(l l) D IACETY L BIST H IOBEN Z HYDRAZONES

LiCh rosorb SI 60 (20 I,m) ; glass co lumn ; solvent, benzene; temperat ure, 23".
__ 0 ' __ ._ ' ..• ,-

COIUIII II So lvent Resolution , R , Analysis
length flow -rate ! flg ( II ) /Pb ( lI) j time, f A

(e m ) ( II/I/h) (min)

15 6 2.3 19
15 15 1.9 I I
10 15 1.5 7
15 30 1.3 5

T ABL E I II

I N FLU EN CE OF T HE SOLVENT G RADIENT ON T HE R ESOLUTI ON ( R ,) OF META L
DIA CET YLBISTHIOB ENZHYDRA ZONES

LiChroso rb SI 60 (30 11m) ; glass co lumn , 15 cm ; so lvent , benzene-II-hept a ne ; temperature , 23 <

(t A = an a lysis t ime) .

Benzene-n-heptane Flow -rate R, tA [min)
ratio ( III I/h)

Ni /Cu Cu/Phfl g/ CII flg/ Ni Hg/CII Hg/Pb

15:0 15 0.8 0.5 0.4 1.5 6 10
15 :1 16 0.9 0.5 0.4 1.7 6 10
15 :2 17 1.2 0.5 0.5 2.2 6 16
15 :5 20 1.4 0.7 0.5 2.3 10 20
15 :10 25 1.8 1.3 0.9 2.6 IJ 28
15:12.5 11 3.2 1.8 1.5 32
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TABLE IV

INFLU EN CE OF T I-IE SOLVENT GRA DI ENT ON THE R ESOLUTI ON ( R, ) O F METAL
DIACETYLB IST H IOBEN Z HYD RA ZONES

Periso rb A (30 -40"m); glass column, 35 em ; so lvent , benzene-s-heptane; tempera ture , 23° (f A =

analysis time ).

Benzene-n-heptune Flow-ra te R, I"
ratio (1IlIIh)

Hgl CIi Hgl N i NilCIi CII/Pb Jlg/Cll CII/Pb

15 :12.5 II 1.8 1.0 0,7 2.3 R 14
15 :20 16 2.2 1.5 0.8 2.2 6 12
15 :25 35 2.6 2.3 1.0 14

~-- - - - - - -

rate of benzene rema ins co nsta nt, the separation ( R.,) is inc reased because of th e
reduced so lvent stre ngth . Fig. 3 shows the separation of Hg(ll), N i(Il ) a nd C u(I1)
diacetyibisthiobenzhydrazon es, whil e Figs. 4 a nd 5 sho w the sepa ra tions of th e
Hg(l l) , Cu(l l) and Pbf ll) chelates. In co mparison with Fig. 4, F ig. 5 demon strates
the much better separat ion efficiency of a slur ry-packed 1O-/t m-co lumn; better sepa ­
ratio ns within shorte r a na lysis times are ac hieved. Using Per iso rb A as the adsorbe nt,
good sepa ra tions ca n be ac hieve d at lower so lvent strengt hs.

Gradient elution. G rad ient elutio n improves poor separations and reduces
ot herwise large ca pacity ra tios (k ' va lues) . Using so lvent mixtu res of lo w solvent
strength. the columns could be reco nd itioned to their initia l stat e by running the

Hg

o 5 10 lime (mi n)

Fig. 3. H PLC separation of metal d iacetylbisthi o bcnzhyd razo nes (isocratie elution). Packin g,
LiChroso rb SI 60 (30 ," m); glass column, 500 /" 2 rnrn ; so lvent , n-hcptane- benzene (I :1) ; flow-ra te,
1.5 ml/rnin ; detecti on , 360 nm (Pcr kin-Elmer LC 55) ; pum p, Waters M 6000 ; temperat ure , 23".

Ql
U
I:..
.0
o
en
~'--_--.I

o 5 lime (min )

Fig. 4. H PLC sepa ration of meta l diacctylbisthi obenzhyd razon es (isocratic elution). Packing,
LiChroso rh SI 60 (30 "m) ; glass co lum n, 500 / 2 mm ; so lvent, n-hcptane-benzene (3 :7) ; flow-ra te,
2.0 rnljrnin ; detection , 360 nm (Perki n-E lmer LC 55); pump, Wa ters M 6000; temperature, 23°.
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Hg

Cu

Pb

t ime (m., 1

P. HEIZMANN, K. BALLSCHMITER

Fig . 5. HPLC separation of metal d iacet ylbisthiobenzhydrazones (isoc ratic elution). Packing,
Nucl cosil 100-10; glass column, 300 x 2.3 mm (pre-packed co lumn from Macherey , Nagel & Co. ,
Duren , G .F.R.) ; solv ent, benzene ; flow-rate, 1.5 ml/rnin : detection , 360 nm (Perkin-Elmer LC 55) ;
pump, Waters M 6000 ; temperature, 23°.

reverse programme. By varying the gradient programme of the components of the
»-heptane-benzene eluent system, good separations of Hg(II), Ni(II), Cu(lI) and
Pb(ll) chelates are possible (Figs. 6 and 7).

Gradient programmes using n-heptane-chloroform as eluent also give
good results (Fig. 8). By using this solvent mixture, a separation of the otherwise
strongly adsorbed Zn(lI) chelate from the other components is possible. The pro­
gramme consisted ofa linear gradi ent (10 min), the solvent being 10-60 % of chioro­
form in n-heptane with a flow-rat e of 4 ml/rnin, using a 60-cm LiChrosorb Sl 60
(20 ,urn) column. The R, cu /zn value was 2.5 and the anal ysis time (fA) was 5 min.

Gl
oe
to
.ao
III
.a«

gradient profile,------
I

I
/

/
/

/
/ Pb

/
,/

,/
,/ Hg,,-

f----

o 5 10 time (min)

Fig. 6. HPLC separat ion of metal diacetylbisthiobenzhydrazones (grad ient elu tion ). Packing ,
LiChrosorb SI 60 (30 11m); glass column, 500 x 2 mrn ; so lvent, /I-hept ane-benzene; flow-rate, 1.5
ml /rnin ; programme, curve 7 on Waters M 660 (running time 10 min); co nditio ns, from 40 %benzene
in /I-hepta ne to 100 % benzene ; dete ction , 360 nrn (Perkin-E lmer LC 55) ; pumps, Waters M 6000 ;
temperature, 23°.
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..
u
16.co
'".c<

gradient profile
r-------
I Pb
I
I
I

o 5
i

10 time (min)

f ig. 7. HPLC sepa ra tion of metal diacetylbisthiob enzhydrazon es (grad ient elut ion). Packing,
LiChr osorb SI 60 (30/101); glass co lumn, 500 x 2 0101; so lvent , II-hept ane-benzene ; flow-rate , 1.5
ml/min ; progr amme , cu rve lion Wat ers M 660 (runn ing time 6 min ); co ndit ions, from 50 % benzene
in II-hepta ne to 1 00 ~~ benzene ; detecti on , 360 nm (Perkin-Elmer LC 55), pum ps, Wat ers M 6000;
temperature, 23°.

Hg

4J

f,-----
Q/

'1::1
.~,

II
(;jj/
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Pb
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/
/

/
,/

,/

.--1
f-----

..
u
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'".c<

o 5 10 time (min)

Fig. 8. HPLC separat ion of meta l diacetylbisthi oben zhydrazones (grad ient elution). Packing,
LiCh rosorb SI 60 (30/Im); glass co lumn, 500 x 2.2 rnm ; so lvent, II-hexane-chloroform ; flow-rate ,
3.0 rnl/rnin ; programme, curve 8 on Wat ers M 660 (running time 12 min) ; cond ition s, fro m 20 %
chloro form in II-hexane to 70 % chlo roform in II-heptane ; detection , 360 nrn (Perkin-Elmer LC 55);
pumps, Waters M 6000 ; temperatu re, 23°.

HPLC of chelates of disubstitut ed dithiocarbamates (DTC)
Previously described TLC separations of metal dithiocarbamates'<"! were

attempted by usin g H PLC. Dithiocarbamates with different substi tuents can easil y
be prep ared and the influen ce of different substituents on the separation can be
studied.
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HPLC of metal diethyldithiocarbamates. Separations of the Cu(II), Hg(Il),
Ni(II) and Co(Ill) diethyldithiocarbamates are possible within a reasonable time
using silica gel as adsorbent and benzene as eluent (Table V).

TABLE V

HPLC SEPARATIONS OF METAL DlETHYLDITHIOCARBAMATES

LiChrosorb SI 60 (301101); glass column, 15 Col ; solvent , benzene; detect ion , 330 nm . Elution
sequence: Cu > Hg ::> Ni > Co.
---_._,._". -_._-_._-" .- - . .. '.- -- _ . _~

Pair Rs Solvent Analysis
flow-rate time, tA

(rnljh) (min)
-_.__. _.- -----

Cu /H g 0.4 4 15
Cu /Ni 1.1 4 18
Ni /Co 1.6 8 15
Cu/Co 1.9 20 6
Ni /Co I.3 20 6
---_ ..

The separation of the Cu(lI) and Ni(ll) chelates is possible on a short co lumn
(15 ern), although on ly at low solvent flow-rates . On the other hand, the separation
of the Hg(lJ) and Cu(l!) chelates is difficult , but can be ac hieved by using a 50-cm
col umn. Separations of the Cu(l l) and Co( lI l) chelates and the Ni(l l) and Co( lIl)
chelates po se no problems. Again, increasing the solvent flow-rate reduces anal ysis
time. The Zn(ll) chelate is eluted between the Cu(lI) and the Hg( lI) che lates, the
Cd(II) chelate is eluted before the Cu( l l) chelate and the Pb(l l) chelate is eluted after
the Ni(ll) chelate. However, under the se conditions, the three chelates show con­
siderable tailing on silica gel.

Further HPLC results will be published later" .
H PLC of metal benzylmethyldithio carbamates. As the result s obtained by

TLC19 , 21 show, the chelates of the benzy lmethyl dit hiocarbamates are also suita ble
for liqu id chromatographic separations .

For the benzylmethyldithiocarbamates of Cu( II), Zn( II), Ni(l!), Cd(l l) an d
Co(lII) there was good agreement between the TLC results and H PLC results using
LiChrosorb Sf 60 and solvent mixtures with low solvent strength (e.g., 3: 1 benzene­
cyclohexane) . Fig . 9 compares the TLC hRF values with the H PLC retention time s (t R)'

The sequence of the signals in H PLC is almost identical with those in the separa tion
by TLC.

Cu/Zn Ni Cd Co

o 2 4 6 8

HPLC

10 l ime (min)

CU/Zu Ni Cd Co

TLC

RF 0 .3 0 .15 0 .0 9

Fig . 9. Co mpariso n between TLC and H PLC sepa rat ions of metal benzylmeth yldith iocarhamates.
TLC : D C-Alufolie Si02 ; benzene-eycloh exanc (3 :1). H PLC : packing, LiChrosorb SI 60 (40 pm) ;
glass column, 350 y. 201m; solvent, benzene- cyclohexane (3: 1).
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A flow-programme separation of the Zn(l I), Ni(lI) a nd Co(JJl) benzylmethyl­
dithiocarbam ates (Fig. 10) gave good R., va lues with a n acceptable analysis time.
After the peak maximum of the Ni(1 I) chelate, had been reached , the solvent flow-rate
was increased from the initial 8 mljh to 20 ml/h. The values obtained were R, Zn / Ni =
1.6, R., N i /co = 1.6 and t ;l = 35 min. Under these conditions, the Pb(ll ) chelate will
be eluted with the Co(lll) chelate.

8 m l /~ :
-- - -- - - --- ; 20 ml/h:-----------

..
u
c..
.0
(;..
.0
0(

~ ~~~~0__
Smith :
_~ ..J Co

No

Zn

l ime (min)

"uc..
.0g
.0
0(

o 10 20 3C 40
tim.(min)

Fig. 10. HPL C separation of metal benzylmeth yldithiocarbam ates, Packing, LiCh ro sorb SI 60 (40
11m ) ; glass column , 350 x 2 mm ; so lvent, benzene-cyclohe xane (3 :1); flow-r ates, 8 and 20 rnl/h ;
detection, 360 nm (Zeiss PM 2 D) ; pump, Lab otron LOP 13 A ; temperature, 23°.

Fig. II. H PLC separat ion of metal dieth oxyeth yldith iocarbamates. Pack ing, LiCh rosorb Sl 60 (40
/Im) ; glass co lumn, 350 ;/ 2 mm; solvent, ca rbon tet rachlor ide -4 % acetonit rile; flow-rates, 8 a nd
20 mljh ; detection, 360 nrn (Zeiss PM 2 0); pump, Labotron LOP 13 A; temperature, 23°.

HPLC of metal diethoxyethy/dithiocarbamates. Separations of the Hg(l I),
Cu(ll), Ni(1I), Co(J II) a nd As(llI) diethoxyethyldithiocarbamates were studied .
Using binary mixtures, we found sma ll distortions between the TLC and HPLC
separations. Separations of the Cu(ll) and Ni(J1) chel ate s were po ssible only at low
solvent flow-rates.

Fig. II shows the sepa ra tion of the chelates of Cu(JI), Ni(II ), Co(III) and
As(lll ). The a nalysis was sta rted at a so lvent flo w-rate of 8 ml/h, and was increased
to 20 mljh for the separati on of the Co( lII ) and As(Ill) chelates. Under these con­
ditions, the Hg(ll) chel ate is eluted with the Cu(ll) chelate. The chelates of Sb(TJI)
and Bi(lll) show strong ad sorption, resulting in excessive retention times. The chelates
of Pb(IJ), Zn(ll) and Cd(lI) show large tailing effects, as demonstrated by TLC19

•

Fig. 12 shows the separat ion of a three-component mixture at a constant
solvent flow-rate of 20 ml/h .

HPLC of chelates of 1,2-dik etobis(-t-substltuted) thiosemicarbazones
Th e wide analytical use of 1,2-diketobisthiosemicarbazones in trace met al

anal ysis is prevented by the low solubility of most of the chelates in organic solvents.
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However, substitut ion of the ligand molecule in the R2 posit ion (Fig. I) leads to
chelates th at ca n be extracted into orga nic solvents such as chloroform and ethyl
acetat e'?.21,23 .

HPL C of metal glyoxalbist 2,2,3,3-tetramethylbutyl) thiosemicarbazones. Using
Alox T as the adso rbent and benzene as the eluent, the separa tion of the Hg(lI),
Cu(IJ) and Ni(Il ) chelates can be achieved (Fig. 13). Th e Pb(11) chelate decomposes
via a catalytic reac tio n on the adsorbent. The chelates of Cd(l l), Zn (ll ) and Co(l lJ)
are strongly ad sorbed.

Cu

Co

.,
o
e.,
.D
(;

'".D
-e

o 10 20
time (min)

o 15

t ime (min)

Fig. 12. As Fig . II ; flow-ra te, 20 ml/h .

Fig. 13. HPLC separation of metal glyoxa lbis(2,2,3 ,3-tetra methylbutyl)thiosemiearbazones. Packing,
AJax T (30 /1 m); glass co lumn, 350 x 2 rnrn ; solvent, benzene; flow-rate, 8 ml/h ; detect ion, 360 nrn
(Zeiss PM 2 D) ; pump, Labotron LDP j 3 A; temperat ure, 23".

When Perisorb A is used as an ad sorbent of lower ac tivity, only a slight sepa­
ra tio n of the H g(ll), Cu(II) and Ni(II) chelates occurs, but the Pb(ll ) chelate no
lon ger decomposes and its separation from the other three components is possible
(R, Hg /Pb = 1.35; benzene (20 ml/h) as eluent ; column length 35 ern).

HPL C of metal diacety lbis(cyclohexyl) thiosemicarbazones. The separation of
the Hg(II ) and Cu(lI) chelates can be ach ieved on a silica gel co lumn (LiC hroso rb
Sf 60, 40 flm , length 35 em) using benzene- 3 % tetra hydrofura n as eluent. A better
sepa ra tio n of the se co mpo nents is possible on Alox T (30 p m) alumina as the ad ­
sorbent and ben zene as the eluent (column length , 10 ern; flow-rat e, 20 rnl/h ; R, = 1.4 ;
t A = 5 min). U nder these cond it ions, the Pb(ll ) chelate decomposes. Th e chelates of
Zn(H), Ni(lI) and Co(1!J) are only slightly extracted with benzene. The Cd( l l)
chelate sho ws very strong ad sorption .

CO NC LUSION

The ap plicati on of HPLC in trace metal ana lysis offers new possibilities for
the sepa ra tio n and determinat ion of metal chelates at nan ogram levels. By vary ing
the substituents in the ligand molecule , the sepa ra tion ca n be influenced. Substituent
effects on the selectivity of liqui d chro matographic separa tions of metal chelates will
be discussed elsewhere.
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CH RO MATOG RA PHY O F METAL CHELAT ES

VIII*. HIGH-PER FORM ANCE L1QUJD CHROM ATOGR APHY OF METAL
DITH IZO NAT ES

M. LOHM ULLER. P. HEIZM ANN and K. BALLSCHMITER

Ahteilung fi ir Analytisclte Chemic der Universitiit Ulm , Oberer liselsberg , D-7900 Ulm (G.F.R.)

(Rece ived Dece mbe r 28t h, 1976)

S U M MA RY

H igh-perform ance liquid chro matog ra phic sepa rat ion s of Pb(II ), Zn(IJ),
Cd(l l), Hg(ll ), C u( II), Ni(lI ) and Co( lI) dith izon ates at nanogram levels by adsorp­
tion chrom at ography on silica gel are reported .

INTROD UCTION

In the trace analys is of elements, photometric detection of chelated met al ion s
is of great imp ort ance . Diphenylthi ocarbazanc (dithizone) (Fig. I) form s chelates
with a lar ge number of met al ions' and thus has widespread use in trace metal
ana lysis.

High-perform ance liqu id ch rom atography (HPLC) appear s to be a good
method for the sepa ration and determ ination of extracted metal chelates'r' and, in
th is pap er , sepa rat ions of metal dithi zonates by HPLC are reported .

H H

0, ~-~
- "-

'c=s

ON=N /
Fig. I. Stru cture of dith izone.

EX PER IMENTA L AN D RE S ULTS

Adsorbents
LiChrosorb Sf 60 (30 ,urn) and Perisorb A (30- 40 11 m) silica gel were used for

HPLC and DC-Alufolie Kieselgel 60 and DC-Alufolie Alz03 FZ54 for thin-layer
chromatography (T LC). Th ey were all obtained from E. Merck, Darmstadt, G.F.R .

• Pa rt VII : P. Heizmann and K. Ballschrn iter , J. Chromatogr ., 137 (1977) 153.
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Liquid chromatograph
The liquid chromatograph consisted of the following: Labotron LOP 13 A

pumps (1.5-80 rnl/h) (Kontron Technik , Eching/Miinchen, G.F.R.) ; PTFE capillary
tubing, 0.7 mm 1.0. (Kontron Technik); glass columns, 2 and 3 mm J.D ., 6 mm
0.0. (according to Fig . 2 in ref. 3); PTFE injector (Fig. 2 in ref. 3) ; and a Zeiss
PM 2 0 detector with a micro-flow attachment and a 2-mV recorder.

Chemicals
The solvents used were benzene, carbon tetrachloride, tetrahydrofuran , aceto­

nitrile, toluene, and chloroform (all p.a. quality from E. Merck).
Dithizone was dis solved in carbon tetrachl oride and then cleaned up according

to Iwantscheff" .
The chelate s were extracted from 10- 5 M aqueous solutions of the elements.

The pH of the aqueous layer was chosen to give only the primary chelates M(Il)Dzz
(M = Metal, Dz r - dithizone). The pH value s used for extraction were as follow s:
Hg(ll), Cu(lI) and Cd( lI) dithizonates, 2 ; Co(ll), Ni(lI) and Pb(JI) dithizonates, 7;
and Zn(I1) dithi zon ate , 8. TLC was used as a control.

Thin-layer chromatography of metal dithiz onates
TLC was used to establish the optimal conditions for the separation in HPLC.

Using single-component eluents or binary mixtures of solvents with small polarity
difference s, transposit ion of the TLC results to HPLC is possible. Table I summarizes
the result s of TLC sepa rations on silica gel and a lumina. Some of the results are not
in accordance with those reported in the literature":" ; the reasons for this are not known.

The chelates were eluted in the sequence Hg(lI) > Cu(II) > Zn(lI) > Ni(II) >
Co(ll) > Pb(lI) > Cd(II). On silica the chel ate s of Cu(II), Zn(lI) and Ni(ll) were
eluted with small difTerences in their Rp value s and their separation by HPLC would
be difficult. The chelate of Cd(lI) was strongly adsorbed. Separations of the com­
ponents Hg(II)/Cu(II)/Zn(II)[Ni(II)]/Co(1I)/Pb(lI) by HPLC should be po ssible.

HPLC of metal dithizonates
The columns used were dry filled accord ing to the Kirkland method". When

carefully appl ied, thi s method results in columns with good separation characteristics.
All sepa rations were carried out on silica gel at medium solvent flow-rates (10-40 rnl/h)
and medium pressures (20-50 bar), and ben zene was used as the eluen t. The dithi­
zonates were dete cted at 525 nm.

When 20 ,u1 of chelate solution were injected, the standa rd deviation of the
peak areas was 1.5 ;'. for septum less injections and 4 % for septum injections. For a
given signal to noise ratio of 5 : I, 10- 8 g of Hg(I1) and Cu(lI) could be determined.
By enriching the chelate in the organic layer , determinations of the elements in
aqueous solutions at picogram levels should be possible .

The result s of the metal-chelate sepa rations are shown in Tables II-IV.
On short columns (Table II), separations between the components of Hg(lI)/

.Ni(IJ)/Co(JI) or Hg(lJ)/Zn(lI)/Co(ll) are possible (Figs. 2 and 3), whereas the sepa­
rations of Hg(II) /Cu(lI) and Cu(II)/Ni(ll) are difficult.

The sepa ra t ion of Hg(II)/Cu(II) is improved when a longer column with a
larger internal d iameter is used (Table III) . Here, also, the separation of Cu(fI)/Ni(lI)
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Zn(ll) /
Cor II)

TABLE II

HPLC OF METAL DITHIZONATES

Column, 300 x 2 mm LiChrosorb SI 60 (30 /Im); eluent, benzene (10 rnl/h) ; detection , 525 nm. t A =c analysis
time. Elution sequence and retention times (min) at 10 rnl/h: Hg(ll) (6.8) . Cu(lI) (7.8) Ni(ll) (9.7) Zn(ll)
(10.0) Co(lI) (18.4).

Parameter Hg(11)/ Hg(II)/ Hg(II)/ Hg(ll)/ Cu(II) / Cu(II)/ Cu(II) / Ni(lI)j
Cur 11) Ni( II) Zn(11) Cor II) Ni( II) Zn( II) Co (II) Cor II)

Resolution,
R.,

fA (min)
0.5

12
1.6

13
1.0

15
3.7

20
0.8

13
0.5

15
2.9

20
2.6

20
1.6

20

TABLE III

HPLC OF METAL DITHIZONATES

Column,600 x 3 mm LiChrosorb SI 60 (30l'm); eluent, benzene; detection, 525 nm. tA -- analysis
time. Elution sequence and retention times (min) at 40 rnl/h ; Hg(lI) (7.6) > Cu(ll) (9.4) :> Ni(ll)
(11.5) ::> Co(ll) (\ 6.3).

Components Flow-rate 40 mllh Flow-rate 20 mljh

Resolution, fA Resolution, tA

R, (min) R, (min)
- - _.__.__...... _._._....

Hg(II)jCu(II) 0.7 12 1.1 24
Hg(lI)jNi(ll) 1.7 14 2.1 28
Hg(lI)jCo(ll) 3.0 20 3.2 40
Cu(ll)jNi(l1) 0.6 14 0.8 28
Cu(ll)/Co(lI) 1.7 20 2.0 40
Ni(lI)/Co(ll) 1.4 20 1.6 40

TABLE IV

HPLC OF METAL DITHIZONATES

Column, 500 x 2 mrn LiChrosorb SI 60 (30 /Im); eluent, benzene (20 ml/h): detection, 525 nm.
tA = analysis time. Elution sequence and retention times (min) at 20 rnl/h: Hg(ll) (3.9) :> CuOI)
(4.5) > Ni(lI) (5.8) > Zn(ll) (7.0) Co(ll) (9.4) Pb(ll) (14.2).

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

Parameter Hg(II) / Hg(lI)/ Cu(11)/ Cu(II)/ Ni(ll)/ Zn(11)/ Zn(lI)/ Co(II) j
Zn( II) Pb(ll) Zn(11) Pb( II) Zn(ll) Co(II) Pb( II) Pb( II)

Resolution,
R,

tA (min)
1.0

15
2.2

24
0.6

15
1.8

24
0.3

15
0.5

13
1.0

24
0.9

24

is poor. Separations of the other elements are possible, even at high eluent flow-rates
(40 mljh or greater). Fig. 4 illustrates the separation of the Hg(ll)jCu(lI)jNi(lI)jCo(J1)
dithizonates.

The chelates of Zn(lI) and Pb(ll) show tailing and poor resolutions, R,
(Table IV). Fig. 5 shows the separation of the Hg(ll)jZn(ll)jPb(ll) chelates, while
Fig. 6 shows the separation of the chelates of Hg(II), Ni(II), Co(Il) and Pb(J!).

The chelate of Cd(lI) is strongly adsorbed. Its separation from the other
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fig. 3. HP LC separation of metal di th izon ates. Packing, LiC hroso rb Sf 60 (30/lm); glass co lumn,
300 ;/ 2 mm ; solvent, benzene; flow-rate, 10 rnl/h.
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Fig. 4. HPLC separation of metal dit hizonates , Packing, LiCh rosorb S f 60 (30 /Im); glass column,
600 / 2 mm; solvent , benzene; flow-rate, 20 ml /h ,
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«

Figs. 5 and 6. HPLC separat ion of metal dithi zonates. Packing, LiChrosorh SI 60 (30 /lm); glass
column, 500 x 2 mm ; solvent, benzene ; flow-rat e, 20 ml/h .

components can be accomplished by using a more polar eluent or a less polar adsor­
bent. On Peri sorb A, the separation of the Cd(II) chelate from the other chelates is
possible, but even here the Cd(ll) chelate shows strong tailing.

CONCLUSION

HPLC on silica gel (LiChrosorb SI 60) with benzene as eluent permits the
separation and determination of the dithizonates of Hg(l l)jNi(ll)jC o(l l)jPb(ll)j
[Cd(Il)], Hg( ll)jCu(lJ)jCo(ll) and Hg(ll)jZn(lI)jPb(lI). The separati on of Cu(ll)j
Ni(l1)jZn(ll) is difficult , but as the TLC results show, this separation can be improved
by using a lumina as ad sorbent. Gla ss columns packed with 5-,um material are com ­
mercially available and can be used at head pressures up to 3000 p.s.i. Better resolu­
tion s and sho rter analysis times than those reported here can be obta ined.
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SUMMARY

The form ation of strong complexes of mo st acidic dyes with Ampholine in
isoelectric focu sing has been dem onstrated by altering the dye to Ampholine ratio,
by re-runn ing single dye bands and by measuring the UV-visible spectra of the com­
plexes. These complexes ca n onl y be disaggregated by changing the dielectric constant
of the so lvent or by high temperatures, or both. On an equimola r ba sis, the order of
the dissociating powers of the most commonly used disaggregating agents is dimethyl­
formam ide ~ tetramethylurea > dimethyl sulphoxide > ur ea > formamide. A two­
step binding model is postul ated: first a stro ng, polyd entate and undi ssociated
Amphol ine-dye sa lt, follo wed by hydrophobic dye-dye interaction.

INTRODUCTION

In genera l, estimates of pI values determined by elect rophoresis are lower than
the pi values obtain ed by isoelectric focu sing (I EF)' ,2, largel y becau se of interactions
of prote ins and buffe r ion s during electrophoresis:'. Conversely, it has been stated th at
the pi of a protein determined by IEF also represents its isoionic point", This concept
implies that there are no interac tions am on g proteins and ca rr ier ampholytes. While
this might be generally tru e, there have nevertheless been repor ts of the interaction
between Ampholine and severa l cla sses of amphoteric species, including proteins and
nuclei c acid s.

In the course of an extensive screening of dyes for thei r po ssible use as pH
markers in IEF, some unusual and inexplicable results were obta ined. This paper
s-hows how dyes bind st ro ngly to Ampholine and how it is po ssible to disagg regate
these complexes.
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Materials
Acrylamide, N ,N'-methylenebisacrylamide (Bis), tetramethylurea (TM U),

dimethyl sulphoxide (DMSO), dimethylformamide (DMF) and formamide (FA) were
obtained from Merck-Schuchardt (Munich, G.F.R.). Bis was recry stallized from
acetone and acrylamide from chloroform, as described by Loening", Ammonium
persulphate and tetramethylethylenediamine (TEM ED) were obtained from Bio­
Rad Labs., Richmond, Calif., U.S.A. Urea (ultrapure) was purchased from Mann
Labs., New York, N.Y., U.S.A.

Of the several dyes investigated (more than 200, chosen from a list of 1500)
we selected the following four: Biebrich Scarlet (I) (BDH, Poole , Dorset, Great
Britain),

HO

,"0,' --@-,~' -«:7-'~'----<o>
S03Na @;

Sirius Supra Orange 7GL (Direct Orange 46) (II) (Bayer Itali a S.p.A. , Milan, Ital y)

Na03S--@-N = N-@--NH2
II

Benzo New Blue 5BS (Direct Blue 25) (Ill) (Bayer Italia) and

Benzo Dark Green B (Direct Green I) (IV) (Bayer Italia).

The rationale for choosing the se four dyes is that two of them are amphoteric
while the other two are not (and are strong acid s). Moreover, two of them (Biebrich
Scarlet and Benzo Dark Green B) have a strong affinity for proteins while the other
two have a greater affinity for cellulose th an for proteins. The criteri a for choosing
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the original 200 dyes were good solubility in water and absence of a metal as a ligand
(becau se Ampholine binds to some metal s"). Our results, however, apply to most of
the acidic dyes we have investigated (which represent ca. 80 % of the dyes tested).
For the remaining ca. 20 % (basic dyes), we can give no results at present as it is
difficult to obtain good pH gradients in the pH range 9-11 in a gel slab.

Methods
IEF in gel slabs was performed in an LKB Multiphor 2117 chamber, with an

lSCO Model 492 constant-wattage power supply? The gels were prepared to contain
7.5% of acrylamide (the ratio of acrylamide to Bis being 25:1) , 1% of Ampholine
pH 2.5-4, 1% of Ampholine pH 3-6 and 0.1 % of Ampholine pH 3.5-10. When
additives were used, the gel was polymerized in two halves, as described by Hobart",
The additives used, and their final concentrations, were 8 M urea or 50% TMU or
50 % DMF or 50 % DMSO. The mechanical properties and optical clarity of the
additive-containing gels were as follows: 8 M urea gels, same as control gels ; 50 %
DMSO gels, transparency as good as the control gels, but softer and gluey; 50 %
DMF gels, completely opaque (milky appearance), very soft and sticky; 50 % TMU
gels, semi-liquid glue, which keeps losing fluid. With the last gels, the matrix is opaque
and the Ampholines themselves are not completely soluble in this medium. Even
when 10 or 12% of aery lamide was used, the situation was not much improved.

From the point of view of polymerization time, 8 M urea gels behave as control
gels. while the 50 % DMSO, 50 % DMF and 50 % TMU gels were poured in as the
second layer and left to polymerize overnight (14-16 h). Usually, I N sodium hydrox­
ide solution was used at the cathode and 1 M orthophosphoric acid at the anode. The
gel was pre-run at 10 W for 11 h, then the sample was applied and the run continued
(or 31-51 h at 14-15 W. The coolant temperature was usually 10-12°. Samples of
25 ,111 were applied to the cathodic site in pockets pre-cast in the gel, either at the
original concentration (5 mg/ml in water) or at appropriate dilutions.

The apparent pI of each dye was measured by cutting out the coloured zone
(ca. 60 It I of gel volume) and adding 0.25 ml of 10 mM potassium chloride solution.
The pH was measured with a combined glass electrode with a Radiometer digital
pH meter at 21°. No correction was made for the presence of additives. However, we
verifiedexperimentally that the pH increases by 0.05 pH unit per unit of urea molarity
in the solution, while in the presence of DMF, TMU or DMSO the pH increases by
0.25 pH unit every 10% increments of concentration of any of the three additives
in solution (all measurements at 21 °).

UV-visible spectra were measured at room temperature (21°) with a Cary 118
spectrophotometer (Varian, Palo Alto, Calif., U.S .A.) in a 50 mM acetate buffer
(pH 3.85) at a dye concentration of 30 pg/ml. This pH was the pH of a 1:1 mixture
of Ampholines pH 2.5-4 and pH 3-6, so that increasing amounts of Ampholine in
the solution did not alter the pH. This pH also happens to be the pH at which two of
the dyes (Biebrich Scarlet and Sirius Supra Orange 7G L) show some of their apparent
pIs in the absence of additives in the gel.

Melting curves (hyperchromic thermal transitions) at 585 nm were meas­
ured in a Gilford Model 2400 automatic spectrophotometer equipped with a K2R
thermostat (Lauda) and a device programmed to increase the temperature of the
cuvettes at a constant rate of 1.0°/rnin (ref. 9).
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Evidence for complex formation
Originally, the 200 dyes selected were run over a wide pH range (pH 3.5-10)

in order to be able to select those more suitable as pH markers. When the chosen
dyes were subsequently run over narrow pH gradients, we observed non-reproducible
and puzzling results, which prompted a more thorough investigation of their behavior
in IEF.

As shown in Fig. I, when the concentration of Biebrich Scarlet was varied over
a 50-fold range, the pattern became increasingly complex, starting from one or two
bands at low concentrations to six to eight at high concentrations. The apparent pJ
value s of the four major components were 3.57, 3.76, 3.85 and 4.1 I. Similar results
were obtained with the other dyes tested. Thi s polydispersity, dependent on the ratio
of Ampholine to sample, is currently interpreted in terms of the formation of com­
plexes of the two species". To check this interpretation, the bands of pI 3.76, 3.86
and 4.11 were cut out and re-run in a second gel. As shown in Fig. I (inset) , they all
behave as identical species and display a major compone nt that does not occur in a
band at any of the above positions, but at pI 3.57. Thus, reducing the sample load
shifts the pattern towards lower pI species and reduces ap parent microheterogeneity.

Fig . I . IEF of Biebrich Scarlet in the pH range 2.5-6. Sample (25/11) was applied to a pre-focused
gel sla b in pockets pre-cast in the gel at the cathodic side . The amounts applied were (from left to
right) 2.5, 3.1, 4.2, 6.25, 12.5, 25, 50, 62.5 and 125 Ilg . The inset shows a re-run of bands (a), (b) and
(c) in a second gel in the same pH range. The three bands behave identically and form bands in the
same positions.

Additional evidence also comes from the detection of focused Ampholine
patterns, on the basis of their different refractive indices ". As soon as focu sing was
completed, the gel was photographed against a black background with side illumi­
nation. Fig. 2 shows that all of the dye bands run on top of major Ampholine ridges:
none being located in the valley between two adjacent species .
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Fig. 3. UV-visible spectra. The spectra were measured with a Cary 118 spectrophotometer in 50 mM
acetate buffer (pH 3.85) at a dye concentration of 3011gjml. ---, Spectrum of the dye alone;
- - -, with 1111 of Ampholine pH 2.5-6 added; -'-'-, with 10 pi of Ampholine pH 2.5-6 added.
A, Biebrich Scarlet; B, Benzo New Blue 5BS.

Perhaps the strongest evidence of dye-Ampholine binding comes from UV­
visible spectra. When Biebrich Scarlet was analysed in the presence of increasing con­
centrations of Ampholine, all of the peaks and the minima in its spectrum were
shifted towards the red end of the spectrum (bathochromic shift) by 7-10 nm (Fig.3A)
and, in addition, a shoulder appeared at 562 nm. The absorption of the 503-nm peak
was also extensively reduced; however, part of this reduction might have been due to
light scattering by the finely dispersed precipitate formed (only in the case of this dye
and at a high Ampholine concentration) by the Ampholine-dye complex. An even
more dramatic red shift is apparent in the spectrum of Direct Blue 25, where the
main 585-nm peak is shifted to 612 nm and a new chromophore appears at 672 nm
(Fig. 3B). As more Ampholine is added to the system, the absorbance of the 6l2-nm
peak decreases in favour of the 672-nm chromophore.

Partial disaggregation in urea
When increasing concentrations of Biebrich Scarlet were run in a control and

in an 8 M urea gel, the apparent dye microheterogeneity was completely eliminated
in the presence of the dissociating agent (Fig. 4). Moreover, the dye ran through to
a much lower apparent pI value (2.84) compared with the pI spectrum in the pH
range 3.57-4.11 for the control. This experiment was also followed kinetically. After
an exponential rate for the first 15 min, the single dye band in the urea gel travelled
at a constant linear rate of0.66 mrn/min up to 60 min. It took 3 h for the dye to reach
an apparent pI value of 2.84. Conversely, the five major bands of Biebrich Scarlet in
the control gel reached their apparent pI values (pH range 3.57-4.11) in 30-50 min.
Their relative positions remained essentially unaltered for the duration of the experi­
ment (Fig. 5). It is clear that the much slower rate in the absence of urea is due to
interaction with Ampholine; were this is not the case, the sample in 8 M urea should
travel at a slower rate, owing to the higher viscosity of this medium.
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Fig. 4. IEF of Biebrich Scarlet (a) in a co ntro l gel and (b) 8 M urea gel. Sample load s in the two gels
as in Fig. I. The cathode is uppermost. The two black lines are the electrode filter-paper strips.
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Fig. 5. IEF followed kinet ically. The migrat ion rates of the five majo r band s (closed circles) of
Biebrich Scar let in the con tro l gel and of the single band (open circles) in the 8 M urea gel were mea­
sured. The migrati on distance was taken from the edge of the ap plication pocket at the cathodic side.

The experiments were then repeated with all four dyes. The run was performed
for a much longer time (6t h) under a high voltage gradient (100 V/cm) so as to ensure
ample time for equilibrium conditions to be attained. The apparent pI values reached
were 2.84 (scarlet), 3.25 (orange), 3.53 (blue) and 3.99 (green) (Fig. 6). It is clear that,
even under these drastic cond itions, no complete disaggre gati on of the Ampholine­
dye complex was achieved in 8 M urea.

Complete disaggregation in DM F, TM U and DMSO
When the experiments were run in OM F, TM U or OMSO, the dye-Ampholine

complexes seemed to be effectively broken up. In fact , in OMF and TMU all of the
dyes ran thr ough the entire length of the gel and escaped in the anodic compartment,
being slowly absorbed in the anodic filter-paper strip. With all three reagents, all of
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b

1 2 :3 4

Fig . 6. IE F of dyes (a) in a control gel and (b) 8 M urea gel. Each sample was applied at two concen­
trations (62.5 and 125pg). Samples: I = Biebrich Scarlet; 2 e e Sirius Supra Orange 7GL; 3 = Benzo
New Blue 5BS; 4 = Benzo Dark Green B.

the dye s reached an apparent pI value of ca. 2. Judging from the time needed for
the se conditions to be achieved in JEF a nd from the apparent pI values obtained,
the order of the disaggregating power of the se four reagents appears to be 50 %
DMF R:; 50 % (TMU > 50 % DMSO > 8 M urea.

M elting curves
Another means of affecting the Arnpholine-dye complexes, apart from altering

the dielectric constant of the solvent, sho uld be by changing the so lvent temperature.
Melting curves were therefore run in the presence of increasing concentrations of each
of the four additives used, and the results are sum marized in Fig. 7. In the case of
Direct Blue 25, the complex has a melting point (Tm) of 81" in the absence of diss o-

~~+ - c- • DMF
80 1- '," .....: ..'":,.... ... 'Q' ur ea
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2 4
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F ig. 7. Hyperchromic thermal transitions. Melting curves were measured with a Gilford Model 2400
automatic spectrophotometer with a programmed temperature increa se of 1.0o/min at 585 nm. Benzo
New Blue 5BS (30 pg /ml) was dissolved in 50 mM acetate buffer (pH 3.85) containing increasing
molarit ies of each of the five dissociat ing agents tested. The melting point (T", ) of the Ampholine-dye
complex, extrapolated to zero additive concentration, is S7".
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ciatin g agents. Th e relati ve slope of each of the curves ob tained indicates the disso­
cia ting power of the add itive co ncerned: the steeper the curve, the more powerful the
dissociating agent. Hen ce it is clea r th at in 50 % DM F (== 6.5 M) or 50 % T MU
(== 4.2 M ) the co mplex is completely disaggre gated a t room temperature, while it is
not completely inhibited in 50% DMSO ( == 7.0 M). The situat ion is even wors e in
the presence of 8 M urea . Th ese experiments a re in exce llen t ag reement with the
emp irical order of dissociating power for the se four additives as obtained by rEF .

D ISCUSSIO N

The resu lts show that most ac idic dyes form strong co mplexes with Ampho line,
which are no t d issoc iated d uring the process of focusing itse lf, by high vo ltages
(100 Vfcm), rela tively high temperatures (15°) (it is customary to run focu sing
experiments at 2_4°) or prol onged focusing tim es (up to 8 h). These complexes can
be di saggregated only by high temperatures (8r for Direct Blue 25), by drastically
cha nging the dielectri c co nstant of the so lvent, o r by a combinati on of the two . With
dissociating agents, we have demonstrated that the most effecti ve a re DMF and TMU
and the least effecti ve are urea and formamide (on an equim olar basis). In IEF
experiments we chos e the limiting co ncentratio ns at which gel focusing can conven­
ientl y be ca rried out (50 % T M U is in fact already too much). Highe r levels of
DM F, TM U and DMSO will either severely hamper gel polyme rizat ion or precip itate
Ampholine, or do both . Ure a gels co uld also be run in th e pre sence of 10 or even
12 M urea' >, but th is pr ocedure would requ ire much higher tempera tures (55°) th an
are permissible for gel focusing in slabs.

Our results could be interpreted on the ba sis of a seq uential binding model :
first a polydentate salt bridge (with strong R-NH; -03S-R' and R-NH; -OOC-R'
interactio ns), followed by hydrophobi c dye-dye molecule interaction. On ce the poly­
denta te (and und issociated) Arnpho line- dye co mplex is formed , the highly negative
charge of the dye is decreased to such an extent that hydrophob ic dye-dye inte raction s
are made possible . Thi s in turn could lead to an infin ite stack of alternating aroma tic
rings among dye molecul es, as dem on strat ed , for instance, in t he case of riboflavin­
adenosine molecules in aqueo us so lutions' :', reaching such a high molecular weight
that the agg rega te precipitat es (a ll o f the dyes tested a re preci p ita ted in the presence
of Ampholine at 2_4°). It is sympto matic that thes e complexes are sensiti ve to both
types of reagents, such as DM F a nd TM U, which mostly break hydrophobi c inter­
ac tions, and high temperatures, which mostly a ffect hydrogen bonds.

Th ere have been hints in th e literature abo ut Arnpholine-dye interaction' :'.
Vesterber g' " and Soderholm et al."' a rrived empirically at a formulation of dissociating
conditions by suggest ing the sta ining of gels directly in the presence of Ampholine
with Coomassie Brilliant Blue R 250 at high temperatures (60-65°) and at high
alcoho l con centrati on s (28 % methanol).

Our results could have con side rable biological implications . In fact, while
Dean and Messer '? and Baumann and Chrambach ' " excluded any protein-Arnpholine
interac tions, the oppo site result s have been rep orted by other wo rkers. Thus Frater '?
reported th e bind ing of Ampho line to wool proteins and K apl an and Foster" and
Wall evik" complex fo rmati on bet ween Ampho line a nd bovine serum albumin (BSA) .
These apparent discrepanci es can be reconciled as follows: in general, in the pH
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range 4-9 there is no Am pho line-protein interact ion, bu t with strongly acidic (and
possibily strongly basic) pr oteins or with unu sual str uctures (BSA in know n to bind
to a multitude of ligands) interac tion with A rnpholine is strongly suspected . Another '
classical example is the focu sing of tRNAs. Ori ginally report ed by Drysdale and
Righetti" , thi s was lat er demonstr ated to be an artefact elicited by stro ng tR NA­
Am pholine binding". The two cases have strong common relation sh ips : both tRNAs
and the dyes used in thi s work are strong acids ; the microh eterogene ity is extensively
reduced in both instances by 8 M urea; both classes of com po unds exhibit ap­
parent pIs in the pH range 3.5-4.5.

There are also other puzzling effects that could be interpreted in the light of
our result s, such as the focusing of soil humic substances", which has been cha llenged
by Th ornton" ; Ano ther interestin g case is the focusing of heparin". G iven the
known composition of hep arin (a sulpha ted po lysacchar ide contai ning three SO;
groups per disaccharide unit), the finding that it is resolved by I EF into abo ut 21
components with pI values in the pH ran ge 3.2-4.2 seems to be as good as the finding
that Biebrich Scarlet and Benzo New Blue 5BS (which are not even amphoteric)
have pI values in the same pH ran ge.

In conclusion, whenever complex format ion bet ween Arnpholine and a sub­
sta nce under investigation is suspected, the experiment should be run at least in 8 M
urea or, if possible, in 50 %OM F and/or at high temperatures, i.e., under conditions
that ensure complete dissociation of the complex. We feel that we can now explain
some of the puzzling effects that occur in isoelectri c focusing.
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Phenolic ac ids th at are derivatives of cinnamic acid frequent ly occur in plant s
as products of biosynthesis from amino acids (phenylalanine). Th ey play some role
in plan t physiology as st imulants of plan t growth and have antibac terial, antiviral
and antifungal activ ity. It has been repor ted that some of them accu mulate in cancer
ti ssues.

Th ere have been num erou s papers on the separatio n of phenol ic ac ids by paper
and thin-layer chromatog raphy, column (gas and liquid) chro matog ra phy and electr o­
phoresis' <". However, the meth ods report ed so far do not perm it the direct sepa­
rati on of a large number of isom er ic phen olic ac ids and their deri vati ves (gas chro­
matography requires derivatizati on to trimethylsilyl compounds). Therefore, it
seemed wor thwh ile to investigate liquid-liquid systems with minimal mutual solubility
of the phases as potential highly select ive systems for the separation of the naturally
occurring derivati ves of cinnamic ac id.

EX PERIMEN TAL

Th e " mois t paper" technique with co ntrolled irnpregnati on of pap er with the
aq ueo us phase was used . Whatm an No.4 paper strips, 7 x 23.5 em, were impreg­
nated with a I % aqueous solut ion of citr ic ac id (to suppress th e ion izati on of the
phenolic ac ids), the excess of the liquid was remo ved by blotting between two sheets
of filter-p aper and the phenolic ac ids and couma rins were spotted as 0.1- 0.5 %aceto ne
solut ions (ca. 10 fll). After partial drying to a mo isture content corres ponding to
0.5 ml of aqueo us phase per gram of dry pap er, the paper strips were developed in
all-glass tank s for descending development " . Th e spo ts were loca lized in UV light
(at 360 nm ) after spraying with a satura ted solution sod ium of hydr ogen ca rbo nate or
by coupling with bis-diazotized ben zidine.
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The phenol ic acids were chromatographed in systems of the type polar solvent
diluted with cyclohexane or benzene-l % aqueous solution of citric acid. Electron­
donor solvents of various polarities were used as polar components of the mobile
phase: diethyl ethe r, diisopropyl ether, methyl n-propyl ketone, diisobutyl ketone
and tri-Il-butyl phosphate. The results are presented as graphs of RM values of the
solutes plotted against the volume-per cent concentration of the polar solvent (on a
logarithmic scale) ; such plots provide a quantitative char acterization of the partition
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Fig, 2, As Fig. I ; developing solvent , solut ions of meth yl isopropyl ketone (S) in cyclohe xane.
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Fig. 3. As Fig. I; developing solvent, solutions of diisobutyl ketone in cyclohexane.

system and indirect information about the presumed molecular solvation mechanism
in the organic phase':'.

Fig. I shows that diisopropyl ether is a good extractant of the phenolic acids;
a suitable range of k' values is obtained by dilution of the polar solvent with cycIo­
hexane to CG. 80% concentration. The RM versus log [iPrzO] lines are approximately
parallel, which indicates similar solvation mechanisms. Analogous results were ob­
tained when diethyl ether was used as the polar solvent.

The slopes (apparent solvation numbers) of the RM versus log [solvent] lines
given in Table I seem to indicate that coumaric and ferulic acids form solvation com­
plexes with ethers in the ratio 1:2 or even I :3; for caffeic acid and aesculetin the plots

(0)

-1

Fig. 4. As Fig. 1; developing solvent, solutions of tri-n-butyl phosphate in benzene.
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TABL E I

SLOPES (ABSOLUTE VALU ES) O F R", VS . LOG % S PLOTS FOR VARIOUS POLAR
COM PON ENTS OF T HE DEVELOPI NG SOLVENT

No. Solute £ f,O i Pr,O Me PrCO iBII , CO TBP

o-Coumaric ac id 2.8 2.8- 3.2 3.3 2.4 1.7
2 m-Couma ric acid 2.8 2.7-2.9 3.3 2.5 1.7
3 p-Coumaric acid 2.8 2.6-3 .0 3.3 2.4 1.6
4 Fer ulic acid 2.8 2.5-2.8 3.3 2.4 1.2
5 Isoferulic acid 2.8 2.6 3.4 2.5 1.2
6 Sinapic acid 3.3 3.0 3.5 2.5 1.0
7 Caffeic acid 5.2 4.0 5.0 4.0 2. 1
8 4-Hydroxycoumarin 2.8 2.6 2. 1
9 Umbelliferon e 2.8 2.6 2.8 2.0 0.9

10 Scopoleti n 2.7 2.5 2.9 2. 1 0.8
11 Aescu letin 5.5 3.5 4.0 2.8 1.2

are steeper (3.0- 5.5 using dieth yl eth er, diisop ropyl ether and methyl n-propyl ketone),
presumabl y becau se of larger number of unh indered hydr oxyl gro ups and the for­
mati on of higher solvates.

Figs. 2 and 3 illustrate the chromatographic behaviour of the phenolic acids
and co umari ns in solvent syste ms co ntai ning meth yl n-prop yl ketone or dii sobutyl
keto ne. For meth yl n-propy l ketone the plots a re steeper, indicatin g stronger sol­
vat ion of the solutes. Th e solvation ability of the latter solvent is lower owi ng to its
grea ter molar volume (lower molar concentrations) and steric shielding of the ca r­
bonyl group.

Of the five po lar so lvents invest igated , the strongest extraction ability was
exhibited by tri on-butyl ph osphate (T BP) : even low concentrations of the ext rac tant
in benzene caused significant increases in the RF values of the solutes (Fig. 4). Th e

1 ~ ~ 4 5 7 5 $ 10 11

0 0
0

0 0
0

0
00

0

1 2 3 4 5 7 5 9 10 11

0
0

0 0
0

0 00
0

0

Fig. 5. Chromatogram of the solutes obtained for development with an 80 % so lut ion of d iisop ropyJ
ether in eycJohexane.

Fig. 6. Chro matogra m of the so lutes ob tained fo r deve lopment with a 2.5 % so lut ion of tr i-n-buty l
phos phate in benzene.
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slo pes of the plots (T able I) seem to indicate th at TBP, in the concentration range
studied, form s 1: 1 solvation co mplexes with various contributions of I :2 complexes,
whic h tend to be formed especi ally by so lutes with unhindered hydr oxyl gro ups (i.e.,
witho ut vicina l meth oxy groups).

R.\I versus solvent co mposi t ion relatio nships enabl e one to choose part ition
syste ms with opt ima l spac ing of the spots on the chro matogra ms; Figs . 5 and 6
illustra te chromatograms obtai ned for two solvent systems chosen in this way. Th e
duration of a nalysis is lim ited ow ing to th e low viscosit ies of the developing solvents
(ca. 30 min for a distance of 16 ern). As the two liquid phases are alm ost immi scible,
the select ivity of th e systems is relati vely high , as ca n be seen from a co mpa riso n of
the chromatographic parameters with those reported in th e literatu re (Fig. 7). T he
systems of the type investigat ed are therefore also pr om ising in high-performance
liquid chromat ography with silica imp regnated with water, e.g., by th e in situ tech­
nique'".
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Fig . 7. Comparison of the selectivit ies of va rious chromatogra phic systems : a, ref. 11 ; b. ref. 2; c. thi s
study; A an d C, da ta from Figs. 5 and 6, respect ively; B, chro ma togram develo ped with a 50 % so lu­
t ion of d iisobutyl ketone in cyclohexane .

The so lutes invest igated have a wide ran ge of ca pac ity ratios, from the hydro­
pho bic o-co umaric ac id (a single hydroxyl group tend s to form an internal hydr ogen
bond with the double bond in the side-cha in) to the hydrophilic ca ffeic ac id, aesculet in
and especia lly chlorogenic aci d. Therefore, the "genera l elution problem'" " which
may be en countered in the co lumn chro matogra phy of the se compounds can be
so lved by gradient elution based on the RM (log k' ) versus so lvent composit ion re­
lati on ships' ".
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Valproic acid (di-n-propyl acetate, VPA) has been shown to be effective against
pet it mal epilepsy and, in combination with phenobarbital , again st grand mal ep ilepsy
and other forms of epilepsy with absences and toni c-clonic seizures":". Th e exact
mode of action is not yet clear, but hypothesis includes the inhibition of an enzymatic
system that catalyses the transformation of y-aminobutyric acid (GA BA) in the central
nervous systems. An elevation of GABA level, however, is suggested to provide
protection against a number of form s of epileptic seizures", Little inform ati on is
avai lable on the pharmacokinet ics of VPA, including plasma protein binding
beh aviour, that can profoundly influence the distributi on of the drug in the bod y":".
All this is essential information , as attempts a re made to define a therapeutic concen­
tration range of VPA in pla sma, as has been done with a number of drugs, part icularl y
antiepileptic drugs".

Methods currently available for the determ inat ion of VPA in plasma or
urine l O

-
J3 are either t ime con sum ing or lack the sensit ivity needed for pharrnacokinetic

studies where con centrations need to be follow ed for long peri od s after admini stration
of the dose. Small concentrations may be enc ountered in part icular in cerebrospinal
fluid or in saliva if the drug is as highly protein bound as is suggested fer VPN4.

Thi s paper describes a simple and sensitive gas- liq uid chroma tographic (G LC)
method for the determination of VPA in plasma, saliva, spina l fluid ar.d urine.

MATERIALS AN D METHODS

Reagents
Sodium valproate was kindl y supplied by Desitin-Werk Carl Klin ke (H amburg,

G.F.R .). Caprylic acid (Fluka, Buchs, Switzerland) was used as an internal sta ndard ;
the internal standard solution was prepared by dissolving 4 mg of caprylic acid in
100 ml of distilled water. All so lvents used were of reagent grade (Merck, Darmstadt,
G.F.R .).

Gas chromatography
A Hewlett-Packard Model 5736 A du al-column gas chro matograph was used ,

equipped with a flame-ionization detector. The silanized glass co lumn (6 ft. X 2 mm
LD .) was packed with free fatty acid phase (FFAP, Applied Science Lab s., State
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College, Pa., U.S.A.) on 80-100-mesh Gas-Chrorn Q and operated at 170°. The carrier
gas (nitrogen) flow-rate was 30 ml/rnin and the injecti on port temperature was 250°.The
detect or was operated a t 250" with a hydrogen flow-rate of 30 rnl/rnin and an air flow­
rate of 240 ml/rnin. Und er the se conditions, the retention times were 2.8 min for VPA
and 4.3 min for ca pry lic ac id. The result s were recorded on a Hewlett-Packard Model
71 23 A 10-in. recorder at a chart speed of 0.25 in./min. For data ana lysis, a He wlett­
Packard Model 3380 A integrat or was also used.

Procedure
Blood sa mples (5-6 ml) were drawn by veno puncture from patients rece iving

VPA and cent rifuged within 2 h at 4000 g for 10 min. VPA was sta ble for over
4 months when the plasma was kept at - 20° until analysis. A I-ml volume of plasma
was tran sferred into a 12-ml glass tube and I ml of the internal standard solution
containing 40 fi g of caprylic acid were added. The mixture was acidified with I ml of
0 .5 N hydrochlori c ac id and the compounds were extracted int o 5 ml of or ganic
solvent (n-hexa ne-chloro for m, I: I) conta ining 2 %of meth anol by shaking the tubes
for 4 min. Following brief centrifugation, 3.5 ml of the or ganic layer were transferred
into a seco nd 12-ml centrifuge tube to which 2 ml of 0.5 N sodium hydroxide solution
were subsequently added. After shaking and centrifuging, the organic phase was
discarded and 1.5 ml of the aqueous layer were pipetted int o a pointed tube, tog ether
with I ml of 3 N hydrochloric ac id and 50 II I of chloro form. The tu bes were vortexed
for 30 sec and centrifuged for 2 min. A I-fil volume of the organic (lo wer) phase was
then injected on to the GLC column.

Determinations of VPA in urine, sp inal fluid, saliva and dialysis buffer ob­
tained fro m protein binding studies were ca rried ou t by using the same procedure as
descr ibed for plasma. For an alysis of the glucuronide metab olite of VPA, urine sam­
ples were diluted 1:5 with 0.2 M sodium aceta te buffer of pH 5.0 and the solution
was incubated for 24 h at 3r with 2000 Fishman units of a glucuronidase-arylsul­
phatase solution from Helix pomatia (Serva, Heidelberg, G .F.R.). A I-ml volume of
the buffer sample aft er hydrolysis was assa yed as described above.

Calibrat ion gra phs for the determ inati on of VPA in plasma or the other
biological fluids were obtained by taking blank material to which know n amounts of
VPA were added. The ca libra tion gra phs were tested in the concentrat ion range s 0.5­
150fig/ml in plasma and 0.5- 20 fig/ml in spin a l fluid, sa liva and buffer. Th e chromat o­
grams were analyzed according to two different methods : (1) by plotting the peak­
height ra tio of VPA to the internal sta ndard against the kn own co ncentrations; and
(2) by using the integrator and plotting the ra tio of the are a und er the curve of VPA
to that of the internal standa rd again st the kno wn concent rations.

RESULTS AND DISCUSSION

A typical chromatogram of VPA is show n in Fig. I. No interfering endogenous
compounds a re co-extracted with VPA as ca n be seen when blank pla sma is ca rr ied
thro ugh the procedure (C). Th e peak s of VPA and the internal sta ndard are alm ost
symmetrica l and are well separated from each other.

The cal ibration graphs for VPA in plasma and urine are shown in Figs. 2 and
3. The co ncentra tion range covered is J-150fig/m l. To our knowledge, th is is the
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A

2

B
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c

NOTES

Fig . I . Gas chromatograms for (A) extraction fro m blank plasma to which VPA (60 fig) and interna l
standard (40 fig) were added; (B) material extracted from plasma of an epileptic pat ient receiving
VPA ; (C) material extra cted fro m blank plasma .
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Fig. 2. Cal ibrat ion gra phs for VPA follow ing extraction from plasma . G rap hs are shown for ana lysis
with pea k-height and peak -area ratios.
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o 20 50 100 150

VPA IN URINE (ll g/ml)

Fig. 3. Calibrati on graphs for VPA followi ng extract ion from urin e. Graphs are show n for analysis
with peak-height a nd peak -area rat ios.

on ly method that is sensitive to the l- zzg level or even below . All other reported
studies'Pr" are ba sed o n methods with sensitivity lim its of abo ut 5 f.1g/m l in plasma.
Although under steady-stat e co ndit ions of t rea tment with VPA therapeutic concen­
trations in plasma co mmo nly ran ge between 50 a nd 120 f.1g/mJl5-18, we found it
necessary to measu re concentrations as low as 0.5 f.1g/m l in pharmacokinetic studie s' ?
when the time co urse of the plasma level was foll owed over 72 h. This is particularly
important for VPA , as in one pharmacokinetic study the investiga to rs had ca lculated
half-lives on the basis of plasma co nce ntrations measured ove r 34 h on ly", altho ugh
the terminal slo pe of the plasma level time curve does not begin before 24 h. There­
fore, the ha lf-lives reported were shorter tha n the predominant half-lives of VPA whe n
based on observations over lon ger time periods.

A sensitive method for the det erminat ion of VPA is needed for several reason s :
(I) prel iminary results indi cate that th e plasma protein binding of VPA is 90-95 %,
so that co nce nt rations of 2- 4 f.1 g/ml in buffer need to be de tec ted if prot ein binding is
meas ured by eq uilibrium dialysis ; with highly pr ot ein-bound d rugs, the degree of
bindi ng may be of va lue for the interpretation of plasma levels in the ind ividua l
patien t?"; (2) in sal iva , VPA concen tration s appear to be even lower than th e free
concent ra tion s in plasma!"; (3) in spina l fluid , VPA may be pre sent in low co nce ntra­
tions, if co nce nt ra tions co rrespo nd to the free level in plasma as has been shown wit h
phenytoin" .

\
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All calibration graphs were linear over the concentration range shown (Figs.
2 and 3). If the integrator is used to calculate the results, however, the same amount
of internal standard can be used for all concentrations of VPA, whereas with the peak­
height comparison a smaller amount of internal standard (2 !),g) is appropriate for
quantifying adequately concentrations below 2 fl,g/ml.

The coefficient of variation was different when the integrator and the peak­
height ratio were used. In plasma and urine the coefficient of variation was determined
by assaying 10 samples each of concentrations I, 5, 10, 20, 50 and 100 fl,g/ml. The
results were 3.1 %in plasma and 2.0 %in urine by use of the peak-height ratio but
only 2.7% in plasma and 1.6 % in urine by use of the integrator system. The reproduc­
ibility of the method is good and can even be improved if data are obtained by com­
puterized integration of peak areas.

When identical samples were assayed on 10 different days, the reproducibility
was 3.8 %in plasma and 3.0 %in urine. Although three extraction steps are necessary
in order to achieve pure samples for analysis, the recovery is still good, being 91.7%
in plasma, 92.2 %in urine, 94.9 %in spinal fluid and buffer and 94.5 %in saliva(n = 3).

The accuracy of the method was tested by preparing plasma samples with
amounts of VPA added to the plasma that were unknown to the operator. The results
show that the concentrations measured by this method agree well with the actual
concentrations (Table I). Plasma taken from patients receiving phenobarbital,
carbamazepine, phenytoin, primidone, ethosuximide, clonazepam and digoxin was
tested and no interfering peaks were found when the drugs were administered in
therapeutic doses. Twenty-five plasma samples can easily be assayed in one working
day with the proposed method.

TABLE I

ANALYSIS OF PLASMA FOR VPA CONTENT WHEN KNOWN AMOUNTS OF THE
DRUG WERE ADDED TO SAMPLES

Valproic acid (,tg/ml)

Added

1
5
5

10
20
40
50
80

Found

0.9
5.1
5.3
9.7

20.7
40.9
48.2
79.4
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Note

Simple preparative and analytical thin-layer chromatographic method for
the rapid isolation of phosphatidic acid from tissue lipid extracts '

ELENA B. RODRIGUEZ DE TURCO " and NICOLAs G. BAZAN

Inst ituto de Investigaciones Bioqu imicos, Universidad Na cional del S ur, Consejo Nacional de
Investigaciones Cientificas y Tecnicas, Bahia Blanca ( Argentina)

(F irst received Apri l 27th, 1976; revised ma nuscri pt received February 10th, 1977)

The accurate assessment of ph osph atidic ac id in biological sa mples is very im­
portant' since th is compound is a key intermediate in lipid biosynthesis. In addi tion,
cer tain ph osph atidic acid pools a re involved , th rou gh ph osph at idat e phosphatase,
diglycerid e kinase and CDPdiglyceride synt hetase, in th e " neuro t ra nsmitter effect "
exerted in the nervous tissue' . M oreover , becau se of the metabolic heterogeneity of
phosphat idic acid":", the separa tio n of th e molecul ar species invo lved and the de­
terminat ion of their fatty acid composi tio ns is of interest.

Th e avai lable techniques fo r the preparat ive isolation of phos phat idic acid
from tissue lipid extracts are relati vely time-con suming, involving co lumn a nd then
thin-layer chroma tog raphy (T LC)2-s , or a lka line alcoho lysis of was hed tot al-l ipid
ext ract s foll owed by iso lation of th e glycerophosphate by electrop horesis":" o r two­
dimen sion al paper chromatography"; the last procedure al so co nverts a ny lysophos­
phatidic acid in the tissue into glycerophosphate. A rapid an alytical procedu re useful
for the isolation of phosphatidic acid is two-dimensional TLC9. 10 , which , although it
satisfactorily resolves several phospholipids, implies the use of one plate per sample.
Thus, the re is need for a rapid procedure for the quantitative isolati on of ph osphatidic
acid on a preparative scale and that will also permit analytical separatio n of several
samples simultaneously. We describe here an oblique-spott ing technique used with
two-dimensional TLC, which fulfils th ese requi rements.

Extraction of the tissue lipids sho uld be made essen t ially as previou sly de­
scr ibed!', with th e addi tion of wash ings of extr acts maintained 0.04 M in ca lcium
chl oride to avoi d loss of phosph atid ic acid". Silica gel H layers prepared with 3 %of
magnesium aceta te should be used", but the layer thickness may be varied accordin g
to the ph osph atidic acid con centrat ion in the samples and the a mo unt of tot al lipid s.

A Plexigla s cover" modified as follows ca n con veniently be used to apply the
spots obliquely in an atmosphere of nitrogen . The syringe needl e or micro pipette is
introduced throu gh an obl ique slit (3 mm wide x 100 mm lon g) in the top of the
Plexiglas cove r at an angle of 45° from one co rner. Fig. I shows th e chromatog ra phic

• Sup por ted by a grant fro m Plam irh (24.55.2.75).
• • Research fellow from the Com ision de Investigaciones Cientificas of the Provincia de Buenos

Aires.
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behaviour of a phosphatidic acid that contained a minor amount of lysophosphatidic
acid. Thus, the sample may be applied as an oblique streak or as several round spots
along the line of the slit. By applying streaks, one or two samples per plate may be'
applied for isolating the phosphatidic acid on the preparative scale (Fig. 2); by apply­
ing spots, six or seven samples may be run per plate, so obtaining analytical sepa­
rations (Fig. 3). The depicted direction of oblique spotting prevents other lipids from
over-running the phosphatidic acid during development. In both instances, two­
dimensional development is carried out, with chloroform-methanol-ammonia solu­
tion (65 :25: 15) and subsequently chloroform-acetone-methanol-acetic acid-water
(6:8:2:2: I) as mobile phase, as described by Rouser et al"; it is advisable to overrun
for approx.1 h with the former solvent system. When further analyses are intended, such
as isolation of molecular species, care must be taken to avoid formation of peroxides;
thus, after development in each direction, the surface of the layer should be flushed
with dry nitrogen to accelerate evaporation. This can conveniently be done by con­
necting the nitrogen supply to a plastic box (3 X 5 x 0.5 em) having several small
holes along one of its edges to spread the gas stream. The chromatograms so obtained
permit isolation of the phosphatidic acid, whereas other phospholipids are completely
or partially overlapped (Figs. 2 and 3).

2
.3

.4

·5
lit 6

Fig. 3. Analytical two-dimensional TLC after spotting circular areas (1-6) along an oblique line.
The dash-encircled areas show phosphatidic acid (PA) separated from mouse-brain-lipid extracts;
abbreviations are as in Fig. 2. The direction of development can be modified, as here, in comparison
to Fig. I, without affecting separation.
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If it is desired to separate other phospholipid classes, glass plates (40 X 20 ern)
can be used. Thu s, by suitable choice of development direction and plate size, phos­
phatidic acid as well as other pho sphoglycerides may be isolated on a preparative or
analytical scale from complex tissue-lipid extracts by oblique spott ing.

REFER EN C ES

I J. N . Hawthorne, in G. B. Ansell, J. N . Hawthorne and R. N. C. Dawson (Ed itors), Form and
Function of Phospholipids, Elsevier, Amsterdam, 1973, p. 423.

2 T. Akin o a nd T. Shimojo , Biochim. Biophys. Acta, 210 (1970) 343.
3 B. Akesson , J . Elovson and G . Arvi dson , Biochim, Biophys, Acta, 210 (1970) 15.
4 E. E. Hill, D. R. Husbands a nd W. E. M. La nds , J . BioI. Chem., 243 (1968) 4440.
5 G. Rouser, G . K ritchevsky a nd A. Ya mamo to , in G . V. Mar inett i (Edi to r), Lipid Chromatographic

Analysis, Dekk er, New York, 1967, p. 99 .
6 A. Shelt awy and R. N . C. Dawson , J . Neurochem. , 15 (1968) 144.
7 R. N. C. Dawson , N . Hem ington and J. B. Davenport , Biochem. J. , 84 (1962) 497 .
8 F. Possmayer a nd K. P. Strickland, Can. J . Biochem., 45 (1967) 53.
9 G . Rouser, S. Fle ischer and A. Ya ma mo to , Lipids, 5 (1970) 494.

10 R. M. Broekhuyse , Biochitn, Biophys, Acta , 152 (1968) 307.
II N. G . Bazan, Biochim. Biophys. Acta, 210 ( 1970) I.
12 R. L. Crucss and F. W . Seg uin, J. Lipid Res., 6 (1965) 441.
13 M. E. Fcwster, B. J. Burn s and J. F . Mead , J. Chromatogr. , 43 (1969) 120.



Journal of Chromatography, 137 (1977) 198-201
© Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands

CHROM. 10,002

Note

Gas chromatographic separation and identification of bicyclic aromatic
hydrocarbons in kerosene (b.p, 200-280°)

M. C. PANKOVA, R. S. MILlNA, R. P. BELCH EVA and A. S. IVANOV

Economic Corporation .. Nef tochim" Refinery and Petrochemical Developments Inst itute, Bourgas
( Bulgaria)

(Received January 10th, 1977)

The separation and identification of individual bicyclic hydrocarbons in oil
fractions (b.p. > 200°) is a difficult problem. The usual gas chromatographic tech­
niques are not suitable for the analysis of kerosene (b.p. 200-280 °) over such a wide
temperature range, because this fraction contains mainly paraffins and naphthenes
and about 15-20 %of aromatics, of which 3-4 %are bicyclic s. The naphthalene hydro­
carbons consist of many isomers with similar physical and chemical properties, which
pose difficulties in their gas chromatographic separation.

The qualitative and quantitative determination of naphthalene hydrocarbons
has been studied by a number of workers using chromatographic methods' :" or
combinations of gas chromatography with spectral methods": ". Most of the work
involved investigations of artificial mixtures of naphthalene hydrocarbons' v' -' :" with
little emphasis on the separat ion of dimethyl naphthalenes.

In this work, the high -boiling kerosene fraction (b.p. 200-280°) containing
mono-, di-, tri- and some tetraalkylnaphthalenes and heteroatomic compounds
(mainly sulphur components) has been investigated in order to separate and identify
the individual bicyclic hydrocarbons.

EXPERIMENTAL AND RESULTS

We carried out a vacuum distillation of the fraction in a distillation column
with 20 theoretical plates and separated five narrow fractions (b.p. 200-240°, 240­
250°,250-260°,260-270° and 270-280 °). Spectrophotometry showed that the propor­
tion of bicyclics in these fractions increased from about 2 % bicyclics in the first to
about 25 %in the last two fractions, i.e., the bicyclic hydrocarbons are concentrated
in the latter fraction s.

The gas chromatographic separation of bicyclic hydrocarbons from the re­
mainder of the fraction could be achieved by using a selective stationary phase that
could separate not only different compounds such as paraffins, naphthenes and
aromatics, but also the mono- and bicyclic hydrocarbons. The most suitable stationary
phase was polyethylene glycol adipate'.

We carried out a preparative separation of the bicyclic hydrocarbons from the
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narrow fractions, followed by separat io n of the indi vidu al bic yclics in order to identify
them by mea suring their UV spectra . The ap pa ra tus and operating conditions were
as follows : gas chro matogra ph, Fractovap 2400 T (Ca rlo Erba, Milan, It aly) ; de­
tector, katharometer ; column , stainless steel (6 m x 8 mm I.D.) ; sta tiona ry phase,
15% pol yethylene glycol ad ipate (PEGA) deposited on acid-washed Cel ite (60-80
mesh) at 180° ; inject ion port temperature, 300 0

; manifold temperature, 280 ° ; detector
temperature, 280 ° ; carrier gas, nitrogen at a flow-rate of 60 ml /min ; sa mple size,
200,u1.

The fracti on of b.p. 200-280° was separated into a paraffin-naphthene part , an
unsaturated part and a n aromatic part using fluorescent indicator adsorption (FIA).
These parts were sepa ra ted chromatographically under conditions as stated above. Th e
aromatics were tre ated before and after sepa ra ti ng of the bicyclic hydrocarbon s by
preparat ive thin-l ayer chromatography. 11 was show n that the last hydrocarbon of
paraffin-naphthenes, un saturated co mpo unds a nd monoaromatics is eluted before
naphthalene , whic h was also confirmed by addi ng hydrocarbon s of b.p . > 300 °,
which were also elu ted before naphthalene.

We separa ted preparatively two fraction s, the first containing only bicyclic
hydr ocarbon s and the seco nd the other hydrocarbon s. These fra cti on s were checked
on an analytical co lumn (7 m x 4 mm 1.0. with the same stationa ry ph ase) and
showed a goo d separation o f bicyclics from the other hydrocarbons.

The indi vidu al bicyclic hydrocarbon s in th e " naphthalene" fra cti on were
separa ted preparati vely with greater precision under the same condition s o n a
7 m x 4 mm 1.0. co lumn with a sa mple size of 1O ,u1. In thi s instance we used a
flame-i onizati on detector ( F l O) and a splitt ing ra tio o f I :30. The components fo r
UV spectro pho to metry were collected in n-h eptane (UV grade) with cooling. For the
concentrat ion of indiv id ua l components in n-heptane, 5-fo ld preparative sa mpling
was sufficient. Under the se conditions fra cti on s th at co nta ined one or two compounds
were collected .

The naphthalene hydrocarbons give spectra with a wide absorbance range
(210-330 nm) th at co nta in three marked ranges: a sharp maximum at about 200 nm,
a wide band with a poorly expressed vibration structure at 230-290 nm and a range
with marked fine st ruc ture at 290-330 nrn '':". The last range is the most suitable be­
cause thi s absorpti on is specific for the naphthalene compounds .

The spectra l ana lysis was ca rried out with a Unicam SP-700 UV spect ro pho­
tom eter a nd the identi ficatio n of naphthalenes was ca rried out by using pure sub­
stances and reference UV spectra":". The UV spect ra of the preparatively co llected
components show ed , in so me inst a nces , the pre sence of two compounds in one peak
and we ac hieved co mplete separa tions on a ca pi lla ry column with the sa me sta tiona ry
pha se in orde r to o bserve the elution seq uence of the se components.

The operat ing co nditions were as follows : detector, FlO ; column , sta inless­
steel capillary ( 100 m x 0.25 mm J.D. ) ; sta t iona ry phase, 9 % PEGA in ben zen e at
180° ; injectio n port temperature, 300 0

; sa mple size, I II I ; sp litt ing ratio, I :100 ;
carr ier gas, nitrogen a t a flow rate of 100 ml/rnin ; hydrogen flow-rate, 30 ml/rnin ;
and oxygen flow-rate, 240 ml /rnin.

We succeeded in identifying 80 % of the bicycl ic hydrocarbons that were
separated on the ca pi lla ry co lumn. We determined the Ko vats retent ion ind ices of all
of the identified bicyclic hydrocarbons (b.p. 200-280 °) and Table I gives the ir
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TA BLE [

Ko v ATS RETENTI O N INDI C ES OF BIC YCLI C AROMAT IC HYDR OCARBONS IN TH E
200-280° KEROSEN E FRACT ION ON PEG A AT 180 0

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

No . Compound Ko vats Ide ntifi cat ion met hod
retent ion index

Naphtha lene 1886. 1 Etha lon
2 2-Methylnaph thalene 1969.8 Etha lon and UV spec trum
3 I- Methylna phthalene 20 15.6 Et ha lon and UV spectrum
4 2-Ethylnaphtha lene 2053.5 Etha lon and UV spect rum
5 I-Ethylnaphthalene 2058.9 Et ha lon and UV spectrum
6 1,6-D imethylna phth alene 2070.2 UV spectrum
7 2-Ethenylna phtha lene 2083.6 UV spectrum
8 Dialk ylnaph tha lene 2101.2 UV spectr um
9 1,3-D imet hylna phthalene 2110.8 Ethalon an d UV spectrum

10 I-n-Pr op ylnaphthalene 2120.8 UV spect rum
11 I-II-But ylnaphthalene 2130.9 UV spectr um
12 1,4- and 2,3-Dime thylnap htha lene 2139.4 Ethalon a nd UV spectrum
13 1,5-Dimethylnaphthalene 2145.1 Etha lon and UV spectrum
14 2,6-Dimethylnapht ha lene 2158.8 UV spectr um
15 2,7-Dimethylna phthalene 2169.3 UV spectr um
16 2-Methyl-7-isopropylnaphthalene 2173.9 UV spect rum
17 1,8-Cycloalkenylnaphthalene 2182.6 UV spect ru m
18 1,2,7-Tr imethylna phthalene 2192.2 UV spect rum
19 1,4-D ialkylnaph th alene 2204.1 UV spec trum
20 1,3,5-Trimethylna ph thalen e 2223.8 UV spectr um
2 1 2,3- Dihydrophena lene 223 1.6 U V spec tr um
22 [-M ethyl-7-iso prop ylnaph th alene 2236.5 UV spectr um
23 1,3,6-Tr imeth ylnaphthalene 2248.1 UV spectr um
24 1,6,7-Tr imeth ylna phthalene 2257.3 UV spectr um
25 1,4,6-Trim eth ylna phtha lene 2258.1 UV spectrum
26 1,2,4-Trimethylna phthalene 2273.3 UV spectrum
27 1,2,5-Trimethylnaphthalene 2280.5 UV spectrum
28 Co mpound of the tet rahydroanth racene type 2292.1 UV spect rum
29 Tr ialkylnaphtha lene 2297.3 UV spectrum
30 1,2,8-Tr imethylnaphthalene 2309.5 UV spect rum
31 I-Pr opyl -2-cycloh exylnaphthalene 2325.6 UV spectrum
32 d,e-Cy cloalkylna pht ha lene 2330.8 UV spectrum
33 T rialkylna phtha lene 2338.5 UV spec trum
34 1,6-Dimethyl-4-iso pro pylna phtha lene 2345.2 UV spectr um
35 1,4,5-Tr imeth ylna phthalene 2388.1 UV spect rum
36 3-Alkylbenzoih)th iophene! 2992.6 UV spectrum
37 2,3,6,7-Te t ramethylna phthalene 2401.3 UV spectrum
38 1,2,3,4-Tetra methylnaphthalene 2409.2 UV spectrum
39 6-Alkylbenzo(b)thio phene 2412.0 U V spectrum
40 1,2-D imeth yl-7-ethylnaphthalene 24 17.3 UV spectr um
4 1 2-Alkenylnaphthalene 2423.8 UV spectrum
42 1,4-Di ethyl -6-methylna phthalene 2425.6 UV spectrum
43 1,6-D iethy l-4-mcth ylnaphthalene 2433.3 UV spectrum
44 2-Alkylna phthalcne 2444.7 UV spect rum
45 l ,2,3-Trialk ylnaph thalene 2448.6 UV spectrum
46 1,4,6-Trialk ylnaph thalene 2480.3 UV spectrum
47 1,2,7-Tr ialkylna phth alene 25 16.4 UV spect rum

. ._ ._---~
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experimenta l retention indices and the method of ide ntificatio n used. The experimenta l
retention indices were obtai ned in four replicate experiments and showed goo d
repeatability (0.5-0.6 index unit).
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We reported earlier TLC data for some lactam, tetrazole and basic and
quaternary azasteroids'. Our continuing programme on azasteroids has yielded a
variety of new compounds and in this paper we give mainly the results of TLC studies
on several steroidal oximes and lactams; data on some steroidal ketones, including
those used as starting materials, are also given.

EXPERIMENTAL

Steroid derivatives
The ketones (Table I), oximes (Table II) and Jactams (Tables II I and IV) were

mostly prepared in our laboratory. Literature references to methods of preparation of
the compounds are given in the tables.

Adsorbent and TLC plates
Silica gel G (Merck, Darmstadt, G.F.R.), was mixed with distilled water(30g

of gel per 60 ml of water), and coated on 20 x 20 em plates with a layer thickness of
0.25 mm. The plates were air dried for 15 min, heated at J10° for 60 min, then stored
in a drying cabinet over calcium chloride.

The running distance was 16 cm at a temperature of 22-25°, and the load of
steroid derivative applied was 50-100 flg.

Detection
Cerium(IV) sulphate solution [2 gin 100 ml of 10% (vjv) sulphuric acid] was

used as the spray reagent, followed by heating at ISO" for 30 min, which produced
permanent black spots. Exposure to iodine vapour was also used, and produced
brown spots in only 2-4 min.

Solvents
All the solvents used were of analytical grade and were used without further

treatment. The following solvent systems were used: (I) chloroform-methanol (99: I);
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(2) benzene-ethyl acetate (17:3); (3) benzene-methanol (19:1); (4) chloroform-ethyl
acetate (9: I); (5) chloroform-methanol (39: 1); (6) chloroform-ethyl acetate (8 :2);
(7) chloroform-methanol (24: I); (8) benzene-methanol-ethyl acetate (16: 3: I);
(9) ethyl acetate-benzene (9: I); (10) benzene-methanol (17: 3); (II) chloroform-ethyl
acetate-methanol (12:7:1); (12) chloroform-methanol (9:1); (13) benzene-methanol
(3:1); and (14) chloroform-ethyl acetate-methanol (10:7:3).

RESULTS

Table] lists the R F values of some steroidal ketones, including those which
were used as starting materials, Table II of steroidal ketoximes and Tables III and IV
of steroid lactams.

TABLE I

THIN-LAYER CHROMATOGRAPHY OF STEROIDAL KETONES IN SOLVENT SYSTEMS
1,2,3 AND 4

Compound RF value

2 3 4

Cholest-d-ene-Lo-dione" 0.66 0.62 0.70 0.62
3-0xoandrost-4-en-17(J-yl acetate' 0.40 0.34 0.58 0.38
7-0xocholest-5-en-3(J-yl acetate':" 0.70 0.61 0.70 0.65
7,20-Dioxopregn-5-en-3{J-yl acetate" 0.41 0.33 0.56 0.37
7,20-Dioxopregna-5,16-dien-3(:I-yl acetate" 0.45 0.35 0.59 0.39
(25R)-7-0xospirost-5-en-3(:I-yl acetate? 0.45 0.34 0.65 0.32
17-0xo-5a-androstan-3(:I-yl acetate 0.63 0.56 0.66 0.61
17-0xoandrost-5-en-3(J-yl acetate 0.62 0.55 0.65 0.61
20-0xopregna-5, 16-dien-3fJ-yl acetate? 0.70 0.61 0.68 0.66
Pregna-3,5, I6-triene-7,20-dione7 0.60 0.52 0.61 0.59
3fJ-Hydroxy-5a-androstan-17-one 0.23 0.17 0.29 0.18
3(J-Hydroxyandrost-5-en-17-one 0.23 0.19 0.29 0.20
3fJ-Hydroxypregn-5-en-20-one 0.23 0.22 0.34 0.22

TABLE II

THIN-LAYER CHROMATOGRAPHY OF STEROIDAL KETOXIMES IN SOLVENT SYS­
TEMS 2, 3, 5 and 6

Compound RF value

2 3 5 6

3-Hydroxyiminoandrost-4-en-17(J-yl acetate' 0.26 0.36 0.39 0.30
3-Hydroxyiminoandrost-4-en-17-one3 0.15 0.34 0.38 0.23
17,17-Ethylenedioxy-3-hydroxyiminoandrost-4-ene' 0.19 0.38 0.39 0.22
3-Hydroxyiminocholest-4-en-6-one2 0.34 0.41 0.39 0.36
3(:1- Methoxy-17-hydroxyimino-5a-androstane" 0.20 0.36 0.45 0.25
7-l1ydroxyiminocholest-5-en-3(J-yl acetate':" 0.74 0.65 0.88 0.72
(25R)-7- Hydroxyiminospirost-5-en-3(J-yl acetate7 0.46 0.57 0.71 0.55
7-Hydroxyiminopregn-5-ene-3(J,20(J-diol diacetate" 0.50 0.53 0.76 0.62
7,20-Dihydroxyiminopregna-5, 16-dien-3(J-yl acetate" 0.48 0.38 0.57 0.55



TABLE III

TH IN-LAYER CHROMATOGRAPHY OF STEROIDAL LACTAMS IN SOLVENT SYSTEMS
7, 8, 9, 10 AND II

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

COli/pound R F value

7 8 9 10 II
_.. _ - ---

4-Aza-A -homocholest-4a-ene-3,6-dionez 0.57 0.61 0.51 0.60 0.59
3-Aza-A-homocho1est-4a-ene-4,6-dione z 0.38 0.48 0.22 0.45 0.36
4-Aza-5 a-cholestan-3-one9 0.49 0.51 0.13 0.55 0.31
(25R)-4-Aza-5{1-spirosta n-3-one'" 0.51 0.49 0.11 0.58 0.30
(25R)-4-Aza-5a-spirostan-3-one'" 0.47 0.48 0.06 0.53 0.34
4-Aza-5a-pregn-16-ene-3,20-dione10 0.46 0.44 0.10 0.50 0.27
4-0xo-3-aza -A-homoandrost-4a-en-17{i-yl acetate" 0.33 0.35 0.10 0.40 0.24
3-Aza-A-homoandrost-4a-ene-4,17-di one'! 0.28 0.32 0.07 0.34 0.18
7-0xo-7a-aza-B-homocholest-5-en-3fJ-yl acctatct:" 0.70 0.64 0.39 0.65 0.57
7a-Aza-B-homocholest-4-ene-3, 7-d ione4.5 0.74 0.61 0.64 0.63 0.62
3{1-Chloro -7a-aza- B-ho mocholest-5-en-7-o ne5 0.75 0.65 0.47 0.67 0.59
(25R)-7-0xo-7a-aza-B-homospiros t-5-en-3{1-yl acetate' 0.55 0.57 0.25 0.60 0.40
(25R)-3{1-H ydroxy-7a-aza-B-hom ospirost-5-en -7-on e' 0.16 0.37 0.06 0.43 0.15
7-0xo-7a-aza-B-hom op regn-5 -ene-3,20-d iol diacetate' 0.59 0.51 0.20 0.55 0.42
7-0xo-7a-aza-B-homoandrost-5-ene-3 , 17-diol diacetate" 0.49 0.47 0.20 0.52 0.33
6-Aza-B-homo-5a-cholestane- 3,7-dion c" 0.38 0.47 0.21 0.50 0.31
4a-Bromo-6-aza-B-homo-5a-cholestane-3,7-d ione ' z 0.48 0.54 0.54 0.60 0.47
7-0xo-6-aza -B-homo-5a-cholestan-3{1-yl acet ate" 0.64 0.60 0.31 0.64 0.43
17a-Aza-D-homoandrost-4-ene-3,17-dione 3 0.25 0.24 0.37 0.31 0.15
3{1-M ethoxy-17a-aza-D-homo-5a-androstan-17-one8 0.41 0.39 0.09 0.44 0.25
7,17-Dioxo-I7a-aza-D-homoandrost-5-en-3{J -y1acet ate' :' 0.27 0.32 0.06 0.34 0.16
17a-Aza-D-homoandrosta -3,5-diene-7,17-dione'3 0.30 0.36 0.07 0.36 0.20
3, 17a-Di acetyl-3, 17a-diaza-A,D-bish om oandrost-4a-

enc-4, 17-d ione3 0.79 0.57 0.47 0.29 0.11
4-Benzyl-4,17a-di aza-D -homoandrost-5-ene-3,17-

dlonc"-" 0.28 0.30 0.04 0.32 0.15
--- - - - - . _ • • _ __ _ _ _ _ , _ , - -0 _ . ' • _ _ _

TABL E IV

THIN-LAYER CHROMATOGRAPHY OF STEROIDAL LACTAMS IN SOLVENT SYSTEMS
8, 12, 13 AND 14
----- _ ._-_.-

COli/pound R F value

8 12 /3 14

17{3-Hydroxy-3-aza-A-homoandrost-4a-en-4-one3 0.35 0.55 0.53 0.33
17-Hydroxyimino-3-aza-A -homoandrost-4 a-en-4-on e3 0.31 0.50 0.53 0.30
I6{1-Bromo-17a-hydroxy-3-aza-A-homo pregn-4a-ene-4,20-dione'6 0.39 0.56 0.60 0.40
I6{J-Chloro- I7a-h ydroxy-3-aza-A-hom op regn -4a-ene -4,20-d ione!? 0.38 0.58 0.61 0.39
17((-Hyd roxy-16{1-thiocyan ato-3-aza-A-homopregn-4a-ene-4 ,

20-d ione!6 0.37 0.54 0.59 0.40
17a-Hydroxy-16{1-iodo-3-aza-A-homopregn-4a-ene-4,20-d ione'6 0.39 0.57 0.62 0.42
4,6-D iaza-A,B-bishom ocholest-4a -ene-3,7-dione' 0.37 0.52 0.67 0.37
3,7a-Diaza-A,B-bishomocholest-4a-ene-4,7-d ionc':" 0.32 0.53 0.58 0.31
4,6-D iaza-A,B-bishomo-5a-cholestane-3,7-dione " 0.25 0.31 0.49 0.21
3,6-D iaza-A,B-bishom o-5a-cholestane-4,7-dione" 0.31 0.41 0.54 0.26
3f1-Hydroxy-7a -aza-B-homocholest-5-en-7-one 5 0.41 0.65 0.65 0.48
(25R)-3- Hydroxyimino-7a-aza -B-homospirost-4-en-7-one ' 0.42 0.64 0.64 0.51
3{J-Hydroxy-7a-aza-B-homopregna-5, 16-diene -7,20-dione' 8 0.32 0.55 0.56 0.34
3f1 ,20{J-Dihydroxy-7a-aza-B-homopregn-5-en-7-one' 0.27 0.41 0.51 0.32
3{1,17fJ-Dihydroxy-7a-aza-B-homoandrost-5-en-7-one' 0.21 0.31 0.47 0.25
3-Hydr oxy imino- I7a-aza-D -homoandrost-4-en-17-one3

. ' 9 0.33 0.62 0.56 0.37
3, I7a-Diaza-A,D-bishomoandrost-4a-cn o-[3,4-d]tetrazo1-1 7-0nelf) 0.27 0.57 0.49 0.27
7-Hydroxyimino-17-oxo-17a-aza-D-hom oandrost-5-en-3{1-yl

acetat e' :' 0.36 0.60 0.55 0.39
3, 17a-Diaza-A ,D -bishomoandrost-4a-ene-4,17-dione3

•
19 0.16 0.33 0.41 0.16

4, 17a-Diaza-D-homo-5a-androstan e-3, 17-dione '4.15 0.19 0.43 0.40 0.17
7, I7-Dioxo-7a ,17a-d iaza-B,D-bishom oandrost-5-en-3{1-yl acetate" 0.19 0.31 0.40 0. 16
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For stero ida l ketones, co nsistent result s were obta ined with solvent systems 1,
2, 3 and 4 (Table I) , of which systems I and 3 are of part icular interest. Of the solvent
systems useful for the oximes (2, 3,5 and 6)(Table II), systems 3 and 5are to be preferred.
For the stero ida l lacta ms, several systems (7, 8,9, 10, II , 12, 13 and 14) were useful
(Ta bles III and IV), of which solvents 8 and 10 (Table III ) and 12 and 13 (Table IV)
gave better result s for part icular compounds.
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The measurement of serum anticonvulsant drug levels greatl y assists the man­
agement of epileptic patients by en abling a bal ance to be ma intained between the
therapeutic and toxic concentrations of these drugs. Several methods have been de­
scribed for the determination of the ant iconvulsant drugs in plasma' r". Most of these ,
however, describe complicated and time-consuming extraction procedures or a
separate analytical procedure for each drug.

This report present s a simple and rapid technique for the simultaneous ex­
traction of eight commonly pre scribed anticonvulsant drugs. Seven of the se drugs are
gas-chromatographed simulta neously using an alkali flame ionization detector. The
remaining drug, sodium valproate, is analysed using a flame ionization detector.

EXPERIMENTAL

Reagents
For the extraction step d iethyl ether An alaR grade and I M hydrochloric

acid were used .
As standards were used I mgjml heptabarbitone (internal standa rd for etho­

toin , et hosuximide, car bamazepine, pheneturide and phenobarbitone) in methanol ;
I mgjml 5-(p-methylphenyl)-5-phenylh ydantoin (internal standard for primidone
and phenytoin) in methanol ; I mgjml cyclohexane carboxylic acid (internal sta ndard
for sodium valproate) in methanol ; and I mgjml ethotoin, ethosuximide, carbarn ­
azepine, pheneturide, phenobarbitone, phenytoin , primidone and sod ium valproate in
methanol.

Methanol An alaR grad e and tetramethylammonium hydr oxide (TMAH) 20 /~

in methanol, diluted I: 10 before use, were employed for gas-liqu id chromatography.

Extraction
A l -ml amount of plasma containing 20 flg each of heptabarbitone and 5­

(p -methylphenyl)-5-phenylhydantoin and 100 fl g of cyclohexane carboxylic ac id is
acidified with two drops of I M hydrochloric acid and extracted with 5 ml of diethyl
ether. The organic phase is evaporated to dryness and di ssolved in 100 p i of
methanol.

Drug-free pla sma containing 5-30 flgjml phenobarbitone, phenytoin , primi-
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done, pheneturide, carbamazepine, ethotoin , 10-50,ug/ml eth osuximid e and 40- 80
flg /ml sodi um valproate is treated similarly to the tests to esta blish calibratio n curves.

Gas-liquid chromatography
Phenobarb itone, phenytoin , primidone , phen etu ride, carba mazepine, etho­

suximide and ethotoin are analysed using a Varian 1400 gas chro matog raph equipped
with an alka li flame ion izat ion detector. The column used was a 4 ft. x ±in. glass
tube con tai ning 1% OV-17 on Ga s-Chrom Q, 80- 120 mesh. The column tempera­
ture is programmed from 110 to 2400 at 8°/min. The other important gas-liquid
chro matographic (G LC) cond itio ns are : injec tor port temperatu re, 240° ; detector
temperature, 280 0

; carrier gas (nitrogen) flow-rate, 50 ml/rnin.
A I-,ul aliquot of the fina l residue in meth anol is injected after flash methyl-

2

5
3

7

9

2 6

\ I
,-Jl

Fig. I. Chromatogram of seven anti -co nvu lsan t drugs in plasma . Peaks: 1 = etho suximide. 2 ~
phenetu ride , 3 = etho toi n, 4 ~- phenobarbitone, 5 = heptabarbitone (interna l sta nda rd) , 6 =

carbamazepine, 7 ~ pr imidone, 8 = phenyto in, 9 = 5-(p-methy lphenyl)-5-phenylhyda ntoin (internal
standard) .

Fig. 2. Chroma togram of sodium valproa te in plasma . Peaks : 1 = sodium va lproa te, 2 = cyclo­
hexa ne carboxylic ac id (interna l sta ndard) .
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ation with I fil of the freshly prepared TMAH . A typical chromatogram is presented
in Fig . I.

Sodium valproate is analysed using a Varian 2400 gas chromatograph fitted
with flame ionization detectors and a I ft. X 1 in. glass column containing 2 % SP­
1000 on Universal support, 85-100 mesh. The GLC condit ions are : column tempera­
ture, 1200

; injector port temperature, 200 0
; detector temperature, 2400

; carrier gas
(nitrogen) flow-rate , 40 ml/rnin.

A 2-fil a liquot of the underivati sed final ext ract in methanol is injected on to
the column and F ig. 2 shows a chromatogram of sod ium valproate plus internal
standard extr acted from plasma.

In order to test the reprodu cibil ity of the method plasma samples spiked with
kn own amounts of the eight anticonvulsant dru gs, rang ing from 5 to 100fig/ml, were
extracted and anal ysed by the technique descri bed . Three independent anal yses were
carried out per sample of plasma and the result s are presented in Table I.

TABLE I

ASSESSMENT OF THE REPRODUCIBILITY OF THE METHOD FOR ANALYSIN G ANTI­
CO NY ULSA NTS IN PLASMA

Drug Concentration 0/ anticonvulsant present (fW/1II1)

5.5 15 25 30 60 100

Recovery (mean " cl : S .D.)

5.6 -/ 0.43

5.I L 0.56
5.7 + 0.38
5.2 :I 0.2

Ethosuximid e
Pheneturide
Etho to in
Phenobarbitone
Ca rbamazep ine
Primid one
Phen yto in
Sodium valproate

• Mean of 3 values.

15.5 :Ie 1.08
14.7 :1- 0.31
15.2 ± 0.71
14.6 .1 0.32
15.5 -J 0.35
15.3 -~ 0.21

25.4 :+ 0.49
24.9 :+ 0.68
24.8 ± 0.61
23.8 .I 0.62
24.7 :t 0.9
25.6 1 0.47
25.6 :1 0.54
25.0 ::! \.0

29.9 '1 0.95 59.0 1 0.81

28.5 0.75
29.8 1.5

6U J. 0.94 103.3 :: \.2

RESULTS AND DI SCUSSION

The use of an alkali flame ionization detector to monitor seven different anti­
convulsants is plasma is described. The method has also been applied to the analysis
of several biol ogical medi a, such as urine and liver homogenate.

The specificity of the alkali flame ioniz ation detector results in a con siderable
reduction in extraction time as there is no need to remove naturally interferin g plasma
constituents, such as cholesterol, during the extraction pro cedure. The other major
advantage of this type of dete ctor is the enhanced sensit ivity for nitrogen-containing
compounds resulting in a lower detection limit than conventional flame ionization
detectors and enabling less sample volume to be used if necessar y.

Sodium valproate cannot be determined using the alkali flame ionization
detector becau se there are no nitrogen-containing moieties present in the molecule.
We found that the SP-1000 column was the most sat isfactory column for the valproate
analysis because, at the analytica l temperature, none of the other commonly en-
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TABLE II

DRUG CO NCENT RATI O N IN POST MORTEM SPECIMENS FROM A FATAL CASE
INVOLVING ANTI CONVULSANT DRUGS

Male subject, age 30 yea rs.

Drug Periph eral Liver Stomach
blood blood cOII/el11
(,lIg /m l) (I IK/1II1) ( l 'g /1II1)

Phenobarbiton e 83 9 432
Phenyto in 15 23 256
Sodium valproate 32 28 32
Diazepam 0.6 0.4 1.04
Paracetam ol 28 45 224
Thioridazine 0.35

No t detected.

countered anticonvulsants or naturally occurring compounds interfered with the OLe
analysis.

In add ition to pro viding an efficient , reproducible and rapid procedure for the
therapeutic monitor ing of anticonvulsant dru gs in plasma, the technique is used for
simulta neo us screening and quantitati on in cases of suspected poi soning. Th e analyt i­
ca l result s of the toxicological invest igations of one such case where death resulted
from anticonvulsant dru g overdose is presented in Table lI.
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There have been few studi es on the determination of hydrog en cyanide,
benzene and toluene formed during thermal degradation of polymers in air , in
atmospheres of inert gases or in an atmosphere containing a small amount of oxygen.
For the determination of pyrolysis products, several meth ods have been used':",
When burning or similar thermal processes are carried out, the degrad ation of
polymers and the formation of products takes place rapidly, and pyrolysis gas chro­
matography offers the best means for studying such degrad ation products.

Ingham " studied the therm al degradat ion of untreated woo l and wool treated
with flame retardants using pyroly sis gas chromatography. The pyrolysis took place
at 5500 for 60 sec and methane, hydrogen sulphide, carbon mon oxide and hydrogen
cyan ide were determined. Our study covered the range 625- 925° and thre e nitrogen­
containing fibres, namely wool, a polyacrylic (Acr ilan) and a polyamide (Rilsan) were
pyrol ysed.

The problem was to determine the small amount of hydrogen cyanide formed
by thermal destruction and to establish suitable conditions for the gas chromato­
graphic separation of hydrogen cyanide, benzene and toluene.

HYDROGEN CYANIDE SEP ARATION AND DETERMINATION

Previously a hot-wire detector was used for the gas chromatographic separa­
tion of hydrogen cyanide", while it has been sta ted that under normal conditions the
flame-ionization detector (FlO) does not respond to hydrogen cyanide? In the present
time, both detectors are used",

For the determination of the sensitivity of the hot -wire and FlO detectors
towards hydrogen cyanide a standard sample of hydrogen cyanide was synthesized
according to Wohler. Pure hydrogen cyanide was mixed with air to give a concentra­
tion of 3500-0.35 mg/m:'.

A sample of size 0.1-2.0 ml was introduced into the chromatograph using a
Hamilton 1001 gas syringe. The gas chromatograph used was a Perkin-Elmer Model
900 instrument with hot-w ire and FlO detectors connected with a Hewlett-Packard
3370 A integrator. A set of glass column was used: 2 m x I mm 1.0. packed with 7%
Carbowax 20M on Chromosorb W (80-100 mesh), plus 4 m x 4 mm I.O. packed
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TABLE I

OPERATING CONDITIONS

Condition

Carrier gas (He) flow-rate (rnl/rnin)
Hydrogen flow-rate (mljmin)
Air flow-rate (rnl/rnin)
Oven temperature eCl
Injector temperature eC)
Detector temperature eC)
Detector current (mA)

FID

30
24

400
40
30

150

Hot-wire detector

30

40
30

150
225

211

with 7% triacetin on Chromosorb W (80-100 mesh) (column I). The operating condi­
tions used are given in Table L

The results obtained show that the sensitivity of the hot-wire detector was 500
times lower than that of the FI D; the detection limits were 0.35 pg for the hot-wire
detector and 0.0007 pg for the FI D.

For the determination of hydrogen cyanide, common supports such as Porapak
Q, Porapak T, 1,2,3-tris(cyanoethoxy)propane, Carbowax 20M and triacetin can also
be used", In this study the problem of separating hydrogen cyanide from other
light pyrolysis products arose, and for this purpose we used column I and a stainless­
steel column (2 m X 2 mm LD.) packed with 5 % dimethylsulpholane on Inerton AW
(0.125~0.160 mm) (column II). Two pyrograms of wool obtained by using the above
two columns are shown in Fig. I.

o

HCN

10

COLUMN II

20 o

COLUMN I

HCN

4 B [rnin ]

Fig. I. Pyrograms of wool obtained with the use of columns I and II.
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TABLE II

RESULTS O F E LEM EN T AL ANA LYS IS OF F IBRES

NOTES

Fibre

Polyacrylonitrile (Acrilan)
Po lyamide (R ilsan)
Wool

N ( %)

3.4
7.6

14.7

65.6
73.3
46.0

H (%)

5.5
11.2
6.2

Q UANTITATIVE AN ALYSIS O F PYROLYSIS PR ODUCTS

For qu antitat ive analysis a dimethylsulpholane column was used because it
also sepa rated benzene and toluene and other light compounds for med du ring the
pyrolysis. Benzene and toluene peaks on the chroma tog ra m were compa red by using
sta nda rd substa nces. In addi tio n, the pea ks of interest were sepa rated and their UV
spectra measured .

In order to ga in some insigh t int o the structures of the three types of fibres
under study, the hydrogen , nitrogen and ca rbon compositio n was determined with a
Hewlett-Packard Model 185 C HN Elementa l An alyser , and the results are shown in
Table II. The result s are average va lues from tr iplicate determinations. Polyacrylo­
nitri le has the high est nitrogen and the lowest hydrogen contents compared with the
other polymers.

Gas chroma tog ra ms of fibre pyrol ysis products at 850 0 are shown in Fig. 2.
Although woo l has a more complex struc ture tha n the other fibres, the th ree chro ­
ma togra ms of the lighter compo nents a re vir tua lly ide ntica l, the only difference being
in the peak s areas .

A furn ace-type pyrolyser with a quartz tube was attached to the inlet port of
the gas chro matograph with an FlO detector, and the opera t ing co ndit ions used are
given in Table III.

o

HeN

10 20 o 10

2

20 o 10

3

20 tlmin]

Fig . 2. Pyrogra ms of fibres o bta ined with the use of co lum n II. I, Wool ; 2, R ilsan ; 3, Acri lan.
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OPERATING COND IT IONS W ITH COLUMN II
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Condition

O ven temperature eC)
Ca rrier gas (He) flow- rat e (m l / rni n)
Hydrogen flow-rate (rnl/min)
Air flow-rat e (ml/ mi n)
Injector temperature ("C)
Detector temperature ("C )
Pyrolysis temperature ra nge ('C)
Time (sec)
Sample size (mg)

Vallie

20
30
27

400
150
200
625- 925

10
0.4-0 .6

Fig . 3 shows curves for the evolution of hydrogen cyanide from the fibre s
studied, a nd it ca n be seen that the a mount of hydrogen cyanide evolved is not
proporti onal to the nitrogen contents of the fibres, as wool, which contains more
nitrogen than Ri lsan, produces less hydrogen cyani de .

The evo lut ion of hydrogen cyanide from all three fibres is also not proportional
to the temperature of pyrol ysis and the curves show minima and maxima. The a mounts
of benzen e formed are proportional to the nitrogen contents of the fibres, and not
proportional to the carbon a nd hydrogen contents. The evolution curves also show
minim a a nd maxima (Fig. 4).

The am ount of to luene formed is lower at higher temperatures, which indicates
the formation of lighter prod ucts (Fig. 5).

The amounts of hydrogen cyanide, benzene and toluene evolved per gram of
fibre are given in Table IV. The results indicate that the amounts evolved are high
and potentially dan gerous.

mg/g

140 Ac ru cn

120

100

80

Woo l

60

40

20

Iff, ~!f }

Fig. 3, HC N evo lut ion cu rves for wo ol, Ril san a nd Acrilan .
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mg/g

30

20

10

700 800 900 rc

15

10

700 800

NOTES

900 rc
F ig. 4. Benzene evolution curves for wool, Rilsan and Acrilan.

Fig. 5. Toluene evolution curve s for wool , Rilsan and Acrilan.

TABLE IV

EVOLUTION OF HYD ROGEN CYAN ID E. BENZENE AND TO LUENE PER GRAM OF
FIBRE

Pyrolysis temperature : 625-925°.

Fibre HCN Benzene Toluene
( msle) (mg/g) (mg/g)

- - ---- -

Acrilan 32- 140 0.4- 8 2- 8.8
Rilsan 32-82 2-35 2.!J- 22.8
Wool 22-62 1-11 .5 5.5- 12.5

The use of pyrolysis gas chromatography may introd uce some errors derived
from the accuracy and stabi lity of the operating con ditions, such as the stability of
the pyrolysis temperature to within ± 10°, a small sample size and sample inhomoge­
neity. On the other hand, pyrolysis gas chro matography is one of the best possibilitie s
for the select ive determination of thermal degradation products using a small sa mple.
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The benzodiazcpines a re a widely used cla ss of drugs po ssessing sedat ive and
mu scle-relaxant properties . The most generally applicable procedure for the analysis
of benzodiazepines in biological fluid s, such as blood and urine, involves a multi­
stage so lvent extraction , followed by gas-liquid chromatographic assay' >' .

Gas chromatography of diazepam, medazepam, oxazepam and their metab­
olites ca n be sat isfacto rily performed on silicone phases such as OV-I , OV-17 and
OV-225 3

•
4

• Nitrazepam and its metabolites, however, fail to chromatograph sat isfac­
torily, giving rise to severely tailing peaks. It is therefore necessary to hydrolyse these
compounds to their corresponding benzophenones" or to convert nitrazepam to its
methyl derivative" pr ior to chromat ography. These methods suffer from the draw­
back t hat neither of the major metabolites of nitrazepam , 7-aminonitrazepam and 7­
aceta midonit razepam can be sepa rately determined .

Analyses of benzodiazcpine mixtures by high-pressure liquid chromatography
(HPLC) ha ve been reported by severa l authors. Mixtures of intact benzod iazepines
have been sep arated on silica", cati on-exchange resins", Durapak OPN9 and Carbo­
wax 400 coatcd supp ort":

Although many procedures have been devel oped for the separat ion of nitra­
zepam from other benzodiazcpines, no technique has been reported for the chromato­
graphic resolution of nitrazepam and its metabolites by gas or liquid chromatography.
This note describes such an analysis performed by HPLC on an anion-exchange
packing.

EXPERIMEN TAL

The liquid chromatograph consisted of twin Waters Assoc . (Milford, Mass.,
U.S .A.) Model 6000 reciprocating piston pumps, controlled by a Waters Model

• To whom correspondence should be addressed.
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660 so lvent pro grammer. Column effl uent was mo nito red by a Vari an (Wa lnut Creek,
Ca lif., U .S.A.) Mod el 635 M spectrophoto meter, equipped with twin 8-1l1 flow
cells. Th e det ect or was opera ted at 260 nm with a slit widt h of 2 mm.

The co lumn co nsisted of a 50 cm X 2 mm J.D. sta inless-steel tube, dr y
packed with the strong anion-excha nge mater ial , Z ipax SAX (30 pm mean particle
d iam eter ; DuPon t, Wilmingto n, Del. , U.S.A .). Sample inject ion was mad e directly
o nto the column via a septum injection port.

Reagents
Reagent-grad e ethyl acetat e and hexan e were obtain ed from BDH (Poole,

G reat Britain). These were redis ti lled and degassed by boil ing pri or to use. Benz o­
diazepines were o bta ined from Roche Product s (We lwyn Garden Ci ty, G rea t Britain).

M ETH OD AN D R ESU LTS

Extraction
An a mount of 10 ml of human ur ine , adju sted to pH 7 with 1 M ace ta te buffer ,

I

CI>
U

=
'"-=..
co
en-=

C

o

\ -,

10

m

Time (min)

Fig . I . HPLC se para tio n of ni t razepam a nd metabol ites on Zi pax SAX. .- - - , U rine blank (5 ,d of
extract injected o nto co lumn) ;--, extract fro m urine sp ike d with 10 Ilg/mi nitrazepam and me ­
tabolites (5/t1 injected o nto co lumn). Pea ks : 1 - nitrazepam; II 7-ami no nit razepam ; III - 7­
acetarn ido nit razeparn.
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was extracted three tim es with 10-011 portion s of eth yl aceta te. The co mbined extract s
were evap orated to d ryness and redi ssolved in I 011 of ethyl acetate . Recovery of
spiked nitrazepam a nd metab ol ites from ur ine was 80 ± 4 %at con centration s of 10
Ilg/ml.

Chromatography
Benzodiazepine samples were injected onto a column of Zipax SAX and eluted

with a solvent mixture consisting of ethyl aceta te- hexane (3 :7) at a flow-rate of I mil
min. A typical chro ma to gram of an extract obta ined from urine spiked to a level of
10 /lg /ml with nitrazepam and its metabolites is given in Fig. I. Detector respon se was
found to be linear for a ll three compounds over the range 0-700 ng. Detection limits
were in the range 20-100 ng (peak height = 2 X no ise signa l), corresponding to 0.4­
2.0 /l g of ben zod iazep ine per millilitre of urin e.

D ISC USSIO :-J AN D CONC LU5 10 NS

Nitrazepam and its met abolites ha ve been ana lysed by HPLC on a column of
stro ng anion-excha nge resin . The mech ani sm for thi s separat ion is po orl y understood
but has previou sly been ob served with molecules containing subst ituted nit rogen
moieties!'.

The technique is rap id, moderately sensit ive a nd, unlike gas chroma togra phic
a na lysis, a llows separatio n and quant ificat ion of both nitrazepam and its met ab olites
without the necessity for an hydrolysis stage. It has been demon strated th at the
pro cedure is applicable to the analysis of relat ively high levels of nit razepam in urine,
but a more efficient multi-sta ge clean-up procedure, such as is used for gas chromato­
graphic an alysis, may be required for mo re d ilut e samples.
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Clofibrate (ethyl p-chlorophenoxyisobutyrate) is an important hypolipidaemic
agent":" . It is hydrolysed during (or after) ab sorption from the gastrointestin al tract
so that only the corresponding acid is detected in the peripheral plasma'..t Plasma
concentrations of this acid, p- chlorophenoxyi sobutyric acid (CPIB), have usually
been measured by the spectrophotometric method of Barrett and Thorps or more
recently by gas chrornatography'<P-!". The specificity of the spect ro pho tometric
method is adequate only for cont rolled stud ies in human volunteers ; otherwise, gas
chromatography has been preferred", Furthermore, the vari able background en­
countered using the spect ro photometr ic method limits the accuracy of mea surement
of low plasma concentrations of CPI B.

The use of high-performance liquid chromatography (1-1 PLC) would improve
the specificity of the method and its accuracy for mea surement of lower concentrations
of CPIB.

EXPERI MENTAL

Materials
Analytical grade diethyl ether, which was redi stilled before use, acetonitrile

and methanol (Spectrograde) were obtained from Fison s, Loughborough , Great
Britain . 4-Chloro-2-methylphenoxyacetic acid (CM PA) was available from Aldrich,
Wembley, Great Britain and p-chlorophenoxyi sobutyric acid (CPIB) was a gift from
Bri stol-Myers , New York, U.S.A.

Extraction
The internal standard CMPA (50 fJ.-g) in methanol and 3 M HCl (0.5 m1) were

added to plasma (I rnl) in a 12-ml glass-stoppered centrifuge tube, which was shaken
for 15 sec and allowed to stand for 5 min. Diethyl ether (6 ml) was added to the con­
tents of the tube, the mixture sha ken for 30 sec a nd centrifuged for 5 min at 2000 g.

The ether layer (now containing CPI B extracted from plasma and the internal
sta ndard CMPA) was removed, eva porated to dr yness under nitrogen at ca. 20°, and
the resulting residue dissolved in methanol (100 fJ.-1) . Portions (10 fJ.-1) of thi s solut ion
were injected into the chromatograph using a sto p-flow injection technique.
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Apparatus and chromatography
A Pye Unicam LC20 liquid chromatograph (Pye Unicam, Cambridge, Great

Britain) fitted with a septum injector and a SP6-400 variable wavelength ultraviolet
detector linked to a Philips PM 8220 pen recorder was used. The stainless steel
column (25 x 0.46 cm I.D.) was packed with CIS Partisil (10 f1m, Reeve Angel , London,
Great Britain). The mobile phase was 27 % (v/v) acetonitrile containing 0.4 % (w/v)
orthophosphate buffer (to maintain the pH at 4.2) at a flow-rate of 2 ml/rnin and a
typical back pressure of 50 bar.

Under these conditions, the retention times of CMPA and CPIB were 6 and
7 min respectively, thus allowing repeat injections every 10 min .

Standard curves were constructed from chromatograms obtained from pla sma
to which known amounts of CPl B (0-100 f1g/ml) had been added (Fig. 3).

The method was used to measure concentrations of CPl B in the plasma of
human subjects who had been dosed orally with clofibrate (I g) during bioavailability
studies!'. These plasma samples were also analysed by the spectrophotometric
methods.

RESULTS AND DISCUSSION

The ultraviolet absorption spectrum of CPl B shows maxima at ca. 230 nm
and 280 nm and a minima at ca. 254 nm in the solvent used (Fig. I). The spectrum
of CMPA is similar. Thus measurement at 254 nm which is common on fixed wave­
length detectors, provided poor sensitivity. At thi s wavelength there was also an
interfering peak in blank plasma extracts equivalent to ca. 25 f1g/ml of CPIB. Monitor-
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Fig. I. Ultraviolet spectrum of p-chlorophenoxyisobutyric acid in methanol.

Fig. 2. High-performance liquid chromatogram obtained from (a) control plasma, (b) plasma con­
taining a C PIB concentration of 20 ,lIg/ml (and a CM PA concentration of 50 flg/ml).
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ing the co lumn elua te at 230 nm increased the sensit ivity to CP IB and decreased the
sensitiv ity to th e inte rfering pea k producing an overa ll limit of detecti on of about
2 fig/ ml ( Fig. 2).

Measure ment of peak height ratios of C PI B and C M PA with respect to con­
centrations of C PIB provided a standa rd curve th at was linea r (y = a -;- bx , where
a = 0.0385( ± 0.0384), b = 0.Ot57( ± 0.0006); the va lue of the intercept was not
significa nt ly different from zero, Fig. 3).
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Concentrat ion of CPIB (/J9 /ml)

Fig . 3. Standard (ca librat ion) curve for measuremen t of C PIB in plasma by H PLC. Eac h point re­
presents the mean -I S.D. of three replica tes.

The ran ge of three repli cate mea surements of C PIB added to plasma at co n­
centrations of Zf), 50 and 100 ,ug/ ml were 18- 22,49- 51 and 99- 102 pg/ ml, respectively.

Th e recovery of CPI B added to pla sma at co ncentratio ns of 20, 50 and 100 ug]
ml exceeded 90 % and that of the interna l sta nda rd of CM PA ad ded to plasma at a
concentration of 50 ,ug/ml exceeded 95 %.

Concentrati ons of CPt B in plasma samples withdrawn during bioavailability
st udies of clofibrate!' were mea sured by both H PLC and spectrophotometric methods".
There was goo d ag reement of result s obtained using eith er method (Table I), but
mean plasma co ncentrat ions of CPIB, measured by HPLC, declined with a half-life
of 23 h whereas th e half-l ife meas ured using the spectro photometric meth od was
19 h. However, the background (blank) va lues of CPI B measured were lower and
varied less when HPLC was used « 2 ,ug/ ml in 8 subjects) tha n when th e spectro­
phot ometr ic method was used [1 6.7 -J:: 5.5 S.D. ,ug/ ml (11 t-: 8), range 8.6-24.9 flg/ ml].
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T ABLE I

CO NC ENT RAT IO NS OF C PIB I N H U MA N PL ASM A

C PIB in the plasm a of 8 human subjec ts was measu red usin g HPLC or spectrophotometry. R esults
are expressed as /lg/m l J S. D.

Time HPL C Spectrophotometric
( II) method '

I 28.6 cJ. 22.3 24.7 ::L 24.6
2 48 . 1 :\ 18.6 48.7 .1 26.5
3 55.9 I 18.5 57.6 I. 23.8
4 60. 1 I 16.4 66.6 i 21.0
6 64.4 ::1 11.7 72.5 ::J 17. 1
8 64.1 ::1 10.3 71.1 :1 · 15. 1

12 60. 1 :1. 6. 1 61. 8 :1 14.5
24 43 .9 :! 10.6 40 .7 \ 15.7
32 33.4 .i 7.8 27.7 -.l 12.4
48 19.1 1. 6.7 16.5 I 9.5

, Va lues corrected for pre -dose (blank) co nce ntratio n of 16.7 + 5.5/lg/m l.

The HPLC method described , appear s as accurate and is more convenient
tha n reporte d gas chromatograph ic methodso,9,IO, 12-14. Nevertheless, the assay needs to
be applied to the plasma of pat ient s receiving mult i-dru g the rapy in order to provide
a more rigorou s test of its specificity. However, many basic drugs would not be ex­
tracted from acidified plasma and the versati lity of HPLC, would be expected to
allow CPIB to be separated fro m inte rfer ing neutral and ac idic dru gs.

AC K NOW LE DGE MENTS

Th e authors are grateful to Dr. P. G ooding of Bristol-M yers for a gift of
p-chlorophenoxyisobutyric acid, to Dr. W. J. Price of Pye Unicam for his help and
interest an d to Mrs. M. J. Browne for excellent technical ass istance.

R E FER ENCES

I R. Howe, Advan. Drug Res., 9 (19 74) 7.
2 M. F. Oliver, Brit . Med. J., 4 ( 1971) 767.
3 D. B. Hunn ingha ke, D. R. Tu cker and D. L. AzarnofT, Circulation, 39 (1969) 675 .
4 S. M. G rundy, E. H. A hrens, Jr . , G. Sa len, P. H . Schre ibman an d P. J. Ne ste l, J. Lipid. Res., 13

(1972) 531.
5 J . M. Th orp , Lancet, I ( 1962) 1323.
6 H . Bruderle in , W. T . Ro binso n, M. K raml and D. Dv orn ik, Clin. Biochem. , 8 (1975) 26 1.
7 L. F. C hasseaud, A . J . Co o per and V. H. Saggers, J. cu« Pharmacol., 14 (1974) 382.
8 A. M. Barrett a nd J . M . Th orp, Brit . J. Pharma col ., 32 (1968) 381.
9 A. Sedagha t, H . Na ka mu ra and E. H . Ahre ns , J r., J . Lipid Res. , 15 (1974) 352 .

lOA. Berlin , J . Pharm , Pharmaco l. , 27 (1975) 54.
11 L. F. Chassea ud, T . Taylor, M. J . Browne and D. D. C rack nell, Hunt ingdon Resea rch Ce ntre,

•Hun tingdon , unpub lished resul ts , 1976.
12 C. Harvengt a nd J . P . Desager , Curr. Ther . Res. Clin. Exp. , 19 ( 1976) 145.
13 F. Knuchel and H. Och s, Ar zneim. Forsch., 24 ( 1974) 576.
14 T . C. Cuong a nd A. Tu on g, J. Chrotnatogr ., 106 (1975) 97.



Jot/mal of Chromatography, 137 (1977) 222-227
© Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands

CHROM.9988

Note
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It has been shown that hydroxyapatite is a valuable column support for the
fractionation of non-histone proteins' r'. Bernardi et al? found that basic proteins can
also be chromatographed on hydroxyapatite by competition for their binding sites
(the phosphate groups of hydroxyapatite) with cations.

This paper describes the chromatography of bovine histones on hydroxy­
apatite with gradients of sodium phosphate or sodium chloride, both in 5 M urea.
The arginine-rich histones H3 and H4 are, together with histone H2A, eluted first,
followed by the slightly lysine-rich histone H2B and then by the lysine-rich histone HI.
From the chromatographic behaviour of polyn.-lysine) and polyu.-arginine) it is con­
cluded that on the hydroxyapatite column the histones are mainly separated according
to their lysine content, and that the guanidino group of arginine contributes only
slightly to the binding of histories to hydroxyapatite.

EXPERIMENTAL

Materials
Polyrt-lysine) (M, = 16,500) and polyu-arginine) (M, = 15,000) were pur­

chased from Miles-Yeda (Rehovoth, Israel).

Preparation of histones
Chromatin was isolated from bovine lymphocytes as described previously'.

Histones were extracted from chromatin according to Panyim et al,',

Chromatography on hydroxyapatite columns
Hydroxyapatite was prepared according to the method of Tiselius et al.". The

urea used throughout this study was prepared as a 10 M stock solution and deionized
on a column of lonenaustauscher V mixed-bed resin (Merck, Darmstadt, G.F.R.).
The prepared buffers were stored in the cold and used within 2 days of preparation.

Columns containing 20 ml of hydroxyapatite were loaded with about 20 mg
of protein in equilibration buffer (see legends of figures), the protein was washed in
with the same buffer and the column was eluted with linear gradients as indicated in
the figures. All operations were carried out at 4°. Elution molarities were checked by
measuring the conductivity and compared with standard graphs for the appropriate
buffers .



NO TES 223

The pr otein co ncentrat ion was determined fro m the abs orbance at 230 nm
using the relatio nship I absorbance uni t == 0.30 mg/ml , which was esta blished for
histones by nitrogen determination by the Kjeldahl method".

Polyacrylamide gel electrophoresis
Electrophoresis was performed on gels of 15%acrylamide, 0.9 N aceti c acid

and 2.5 M urea as described by Panyim and Chalkley",

Amino acid analyses
Total amino acid composi tions were determined by using a modified Model

120c Beckman amino acid analyser. Samples contai ning 200-300 flg of protein were
hydrolysed in 6 N hydrochloric acid at 110° for 22 h in sealed tubes und er a nitrogen
atmosphere.
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Fig. I. (a) Chro matography of histones on hydroxyapatite with a gradient of sodium phosphate
(pH 6.8) in 5 M urea. Histone (25 mg) was dissolved in I m M sodi um phosphate (pH 6.8), 5 M urea
and loaded on a 20-ml hydroxyap at ite co lumn eq uilibrated with the same buffer. Elutio n was carried
out with two successive sodium phosphate mo larity gradients (each 50 + 50 ml), I mM-O.3 M and
0.3-0.8 M , both in 5 M urea. Fractions of 2.8 ml were collected . (b) Electrophoresi s of hydro xyapatite
column fractions in acidic urea-polyacrylam ide gels. (A) Histones eluted with 0.15 M , (B) with 0.25
M and (C) with 0.45 M sodium phosphate (pH 6.8) in 5 M urea.
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RESULTS AND DISCUSSION

NOTES

Fig. la shows the pattern of elution of bovine histones from hydroxyapatite'
with a gradient of sodium phosphate (pH 6.8) in 5 M urea. With 0.15 M phosphate,
histones H3, H2A and H4 elute together from the column, as revealed by acidic
urea-polyacrylamide electrophoresis (Fig. 1b). The two following peaks, with 0.25
and 0.45 M phosphate, consist of histone H2B and H l , respectively, as shown by
polyacrylamide gel electrophoresis and amino acid analysis (Table I). The amounts
of protein recovered in the peaks were 50, 30 and 8 %, respectively.

TABLE I

AMINO ACID ANALYSES OF FRACTIONS FROM BOVINE HISTONES

No corrections have been made for losses during hydrolysis.

Amino acid Amount in fraction (mole per 100 mole)

Lysine
Histidine
Arginine
Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Cysteine
Valine
Methionine
Isoleucine
Leucine
Tyrosine
Phenylalanine

0.25 M phosphate peak ~ - H2B

15.7
3.8
6.4
5.2
6.6
9.3
8.9
4.4
5.9

10.8
o
7.6

Trace
5.4
5.7
2.4
1.7

0.45 M phosphate peak HI

25.4
o
1.9
2.4
5.6
6.3
3.5
9.1
6.6

25.1
o
5.1
o
1.3
4.6
0.2
0.4

A similar elution pattern was obtained with a gradient of sodium chloride in
5 M urea, 1 mM sodium phosphate (pH 6.8) (Fig. 2). Again, the arginine-rich
histones H3, H4 and the slightly lysine-rich histone H2A appear first in one peak at
0.05 M NaCI. Histone H2A is also found in the second peak at 0.38 M NaCI, together
with the other slightly lysine-rich histone H2B. Histone HI, which has the highest
lysine content, elutes with 0.85 M NaCI.

A combination ofNaCI and phosphate elution is shown in Fig. 3a. The sodium
chloride concentration is fixed at 0.6 M so that all of the histones, except histone HI,
will flow through the column. Histone H 1 is then eluted with a phosphate gradient
in 5 M urea, 0.6 M NaCI, and appears in two peaks comprising 2.8 % and 7.6 % of
the material applied, respectively, with similar electrophoretic mobilities in acidic urea
gels (Fig. 3b). Whether the chromatographic separation is caused by a microhetero­
geneity of histone HI or is due to modifications of the histone by acetylation or
phosphorylation has not been investigated. The strong binding of histone H I to
hydroxyapatite has been shown previously by Bernardi et al.', who found that 0.55 M
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Fig . 2. Ch ro matogra phy of histon es on hydroxyapatite with a grad ient of so d ium chlori de in 5 M
ure a, 1 m M sodi um phospha te (pH 6.8). Histone (67 rng) was d issolved in 1 m M sod ium phos phate
(p H 6.8), 5 M urea a nd loaded o n an 80-ml hyd ro xya pat ite co lumn . Elu tio n was carried out with
th ree success ive sod ium chloride gradie nt s (eac h 80 1 80 ml), 0.()-{).2 M, 0.2- 0.6 M and 0.6--1.5 M,
a ll in 5 M urea , J m M sodium ph osphat e (pH 6.8). F ractio ns of 5.8 ml were collected .
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Fig. 3. (a ) Chro matography of histon es o n hyd roxya pat ite with a grad ien t of sod ium pho sphat e in
5 M urea , 0 .6 M NaCI. Histon e (1l3.9) was dis so lved in 5 M urea , 0.6 M NaC I, 1 mM sod ium phos­
pha te (p H 6.8) and loaded o n a IOO-ml hydroxyap at ite co lumn. The unadsorbed material was washed
o ut with the same bu fTer an d the column de velop ed with a 1 mM - O. l M sodium ph osphat e gradient
(130 I- 130 rnl) in 5 M urea , 0.6 M NaCI. Fractions of 2.9 ml were co llected . (b) Electro pho res is of
hyd roxyap at ite col umn frac tions in aci dic urea- polyac rylamide gels. (A) H iston es, not ads o rbed on
the co lumn ; (8) histone e luted with 30 m M and (e) histon e e luted wi th 40 mM so d ium phosphate
(p H 6.8) in 5 M urea , 0.6 M Na CI.
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sodium ph osphate is needed for eluti on. The lower value found in thi s study (see
Fig. 1) may be explained by the addition of 5 M urea to all buffer s.

The basic nature of the histone molecule s is due mainly to the amino acid s
lysine and arginine, which have isoelectr ic points of 9.74 and 10.76, respecti vely.
Hist idine contributes onl y slightly.

To investigate the different beh aviours of the histones on hydroxyapatite
further, the elution molarities of the synthetic polymers polyu-Iysine) and poIY(L­
arginine) were determined. Table H shows that polyu.-arginine) elute s with 0.12 M
NaCI in 5 M urea, I mM sodium ph osph ate, whereas a 10-fold higher NaCI concen­
tration is needed to elute polyu.-Iysine). The corresponding sodium ph osphate con­
centrations in 5 M urea are 0.4 and 0.7 M , respect ively. These result s suggest that it
it is not the basicity of the molecule th at determines the chromatograph ic behaviour
on the column, but rather the I'-N H2 group of lysine binds much more stro ngly to the
phosphate groups of hydroxyapatite than the guanidino group of arginine. This
findin g fits well with the unexpected observation of Bartley and Chalkley" that there
is no significant contribution of the hydrogen bonds between ar gin ine and the phos­
phate gro ups of DNA to wards t he strength of DNA-histon e binding. The different
chromat ographic behaviour of lysine and a rginine could explain the separation of
hi stones on hydroxyapatite : if the histon es are arranged according to the number:of
lysine residues th ey conta in (Table III ), the or der obtained is the same as that in which
the y are eluted from the column.

TABLE II

ELUTION MOL ARITIES (rno le/l) O F SYNTH ETI C POLYPEPTIDES FRO M HYDROX Y­
A PATI TE CO LU MNS

Polypeptide

Polytr-argin ine)
Polyu-Iysine)

Eluting solvent

NaCI ill 5 M urea
I m M sodium phosphate
(pH 6.8)

0.12
1.2

Sodium phosphate
(p H 6.8)
in S M urea

0.4
0.7

TABLE III

LYSINE CO NTENT O F CALF THYMUS HI STON ES

Histone

HI (F I)
H2B (F2b)
H2A (F2a2)
H3 (F3)
H4 (F2al)

Lysine residues
per molecule

59
20
14
13
II

Ref erence

4
9

10
II
12
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Separation of aromatic sulphinylamines by thin-layer chromatography. II
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The analysis of dichl orosulphinylamine isomers described here is a con­
tinuation of earlier thin-layer chromatographic (TLC) studies on aryl sulphinyl­
amines' ,z. Examination by thermal analysis has enabled the sta bility of the aryl­
sulphinylamines to be determined', making it possible to apply gas chromatography
for their analysis'>.

The arylsulphinylamines show extremely high reactivity, owing to the sulphinyl
group, Ar-N =S =O, which makes them suitable for use in certain chemical pro­
cesses"-". The dip ole moments and proton magnetic resonance spectra of subst ituted
N-sulphinylanilines indi cate that the se compounds adopt preferentially a cis- or
syn-structure (Z-configuration) with respect to the central N =-S bond'<!". The trans­
sulphinylation reaction was developed and its kinetics were investigated using gas
chromatography!',

In thi s paper we describe TLC investigati ons of isomeric dichlorosulphinyl­
anilines.

EX PE RIMENTAL

Reagents and mat erials
The follow ing pure reagents were used : benzene, chloroform , am yl alcoho l,

carbon tetrachloride, diethyl ether and eth yl acetate (PO Ch , Gliwice , Poland ) ; If­

hexane (VEB Jenapharm-Laborchemie, Apolda, G .D.R.) ; and acetone (Chern . Inds .,
Oswiecim, Poland). The solvents were deh ydrated and distilled under vacuum, and
the amounts of moisture present were tested using the Van del' Meulen reagent and
by mean s of gas-liquid chromatography.

Silica gel on aluminium TLC sheets (DC-Alufol ien Kieselgel, Art. 5553,
Merck, Darmstadt, G.F.R.) 20 x 20 em, layer thickness 0.25 mm, were used .

Dichlorosulphinylamines. The dichlorosulphinylamines were prepared by the
Michaelis and Herz1z•IJ method, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-dichlorosulphinyl­
an iline being investigated. The purities of the products were checked by using N MR
and mass spectrometry and gas-liquid chromat ography.

To protect the dichlorosulphinylamines aga inst moisture, the y were sto red in
sea led glass ampoules.
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Procedure
The aromatic sulphinylamines were used as 20 % solutions in benzene, and a

mixed solut ion was prepared by mixing I crrr' of each benzene solution. The solutions
of the samples and those of standard substances were placed on the plate 2.5 em from
the edge , and the plate was then dried for 5 min at 60-70". The dried plate was
inserted in a chromatographic chamber lined with filter-paper sa tura ted wit h the
solvent system. The migration distance of the so lvent front was 15 cm .

A gase ous developing agent, nitrogen dioxide, was used, which was prepared
by dropping 1-5 rnl of hydrochloric acid (18 %) into 10 rnl of 20 % sodium nitrite
so lut ion. The nitrogen dioxide liberated was collected under a 5-1 cover-glass for
30 min , then the plate bearing the developed and dried chromatogram was placed
under the cover-gl ass. After 30-60 sec, the plate was removed from under th e cover­
glass and allowed to stand in air for 24 h until well rounded yellow, orange and brown
spo ts appeared .

RESULTS

To study optimal TLC conditions for the separa t ion of the dichlorosulphinyl­
amines, a variety of polar and non-polar solvent systems were employed (Table I).
The s, values obtained.are given in Table II.

TABLE I

SOLV ENT SYSTEMS EMPLOYED TO SEPARATE DICHLOROSULPHINYLAMIN ES

No, Components

I Benzene
II Chloro form
III Chloro fo rm- s-hexane (SO :20)
IV Chloroform -ethyl acetate -zz-hcxane (40 :40 :20)
V Benzene-amyl a lcoho l- ca rbon tetrachloride (20 :10:70)
VI Benzene-II-hexane -dieth yl ether (60: 20 :20)
VII Benzene-acetone -chloroform (40 : 10:50)
V I I I Ca rbon tetrachloride-II-hexane-diethyl ether (50 : 10:40)
IX Benzene-chloroform (50:50)
X Benzene--n-hexaneethyl acetate (70 :20:10)
X I Toluene

The spots were eluted from the plate using benzene and then identified by
gas-liquid chromatography . It was found that the spots remained stable and were
not subject to hydrolysi s on silica gel.

The dichlorosulphinylamines a re very alike in their behaviour, especially 2,3­
and 2,4-dichlorosulphinylaniline, which led to considerable difficulties in their sepa­
ration even though the chromatograms were developed twice . The best separation
was obtained with solvent systems Ill, VI, VII and IX , where the differences in the
Rr values were sufficient to enable the mixtures to be completely separated in routine
work. 2,5-, 2,6-, 3,4- a nd 3,5-dichlorosulphinylaniline showed considerable differences
in their R; values .
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TABLE II

R F X 100 VALUES OF DICHLOROSULPHINYLAMINES

a, R F x 100 fo r single sa mples; b, R r x 100 for mixtures of d ichlo rosulph inylam ine isomers.

NOTES

Dichloro- So lvent sys tem .
sulphinyl- -- - -- .__ ._-~ -_. - - -- ---_.

amine I II III IV V VI Vll VIll IX X Xl

a b a b a h a b a b a b a b a b a b a b a b
- - ._._,."._--_.-

2,3- 54 54 71 68 60 61 70 71 70 71 70 68 7 1 70 75 75 60 60 63 60 47 48
2,4- 53 54 68 68 55 54 70 71 66 67 69 68 7 1 70 75 75 58 60 62 60 49 48
2,5- 63 63 72 73 60 61 75 75 74 76 77 77 75 75 80 8 1 65 66 70 69 60 60
2,6- 73 72 79 78 74 74 78 75 84 84 83 85 81 81 85 85 75 76 80 79 73 72
3,4- 37 33 55 52 34 34 60 60 62 63 47 43 58 55 57 53 38 39 46 46 30 30
3,5- 54 52 63 59 48 42 69 68 67 67 62 57 67 63 68 67 56 57 60 60 47 48

• So lvent syste ms according to Table I.

T ABLE III

CO LO URS OF SPOTS OF DI CH LOROS ULPHI NYLAMI N ES

Dich loros ulphiny lamine

2,3­
2,4­
2,5­
2,6­
3,4­
3,5-

Colour of spot

Orange
Brown
Bright yellow
Bright brow n
Dar k red
Red-orange

It was found th at with a sho rt develop ing time (30-60 sec) in the nitrogen
dioxide atmosphere, the indiv idua l isomeric dichlorosulphinylam ines could be
identified on the chromatograms by using the specific colours of the spots (Table Ill).
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Thin-layer chromatographic analysis of phenytoin and its hydroxy meta­
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Phen ytoin (5,5-di phenylhyda ntoin) is a widely used ant iconv ulsant agent th at
undergoes extensiv e met abolic oxidation in th e body prior to its excret ion in urine'.
Th e major metabo lites of phen ytoin in human s and mo st exper imenta l a nima ls a re
5-(p-h yd roxyphenyl)-5-ph enylh ydan toin (p -H PPH), 5-(3,4-dihydroxy- I,5-cyclohexa­
die n- l -yl)-5-phenylhyda nto in (Dihydrodio l), a nd 5-(3,4-dihydroxypheny l)-5-phenyl­
hydantoin (Catechol)":", These met abolites are exc reted in the urine primarily as
glucuro nide conjugat es. Ho wever, glucuronide of 5-(m-hydroxy phenyl)-5-phenyl­
hydantoin (m-H PPH) is identified as the maj or ur inary metabolite of th e drug in
dogs", The presence of m-H PPH in the urine of human s and other laborato ry anima ls
is a lso reported' :" which is believed to be a n artifact ari sing fro m the labile dihydrodi ol
metabol ite during the isolati on pr ocess.

Whil e severa l ga s' v':" a nd liqu id":" chroma togra phic method s a re rep orted for
the simulta neo us a na lysis o f phen ytoin a nd its hydroxy met ab olites, there appears to
be no co nvenient thin-l ayer ch romatographic (T LC) method currently avai lable for
the simultaneo us a na lysis of these co mpo unds. The present paper descr ibes a sim ple
and rap id TLC method th at util izes neutral so lvent syste ms for th e analysis of phenytoin
and its maj or hydroxy met ab olites. Also , a pplica tio n of the TLC pr ocedure in the
study of phenytoin metaboli sm in the rat is reported .

EX PER IMENTA L

Thin-layer chromatographic procedure
Silica gel 60 FZ54 pre- coated TLC plates (E . Me rck, Darmstadt, G .F.R.),

20 X 5 or 20 X 20 cm, layer th ickness 0.25 mm , were utili zed aft er acti vati on at 105°
for 5 min. Ap propriate amounts of test co mpo unds in eth yl acetate or methanol
were spotted on TLC plat es a nd develop ed in solvent system A , B or C (Table I) by
the ascending technique. The resolved compounds on chromatograms were detected
by either viewing und er short-wavelength ultr avi olet (UV ) light (254 om) or by
exposing to iodi ne va pors .

Administration of [ 14C}phenytoin to rats
Two male Sprague-Dawley rats, weighing 180-200 g, were hou sed in ind ividual

metabolism cages and were given ra t chow (Ra lston Purina , St. Loui s, Mo. , U.S.A.)
and tap water ad libitum . [4-14C]Phenytoin (spec. act. 50.5 mCiJmm ole, New England
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TABLE I

TLC OF PHENYTOIN AND ITS HYDROXY METABOLITES

Solvent systems: A, chloroform-ethyl acetate-methanol (5: 1: I); B, chloroform-acetone-mcthanol
(6: 1:1); C, chloroform-methanol (3: I) .

Compound RF
. Color observed

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

(Detection limit, fig)Solvent system

A B C UV Iodine
- - - - - - -

Phenytoin 0.49 ± 0.02 0.51 J 0.03 0.70 :L 0.03 Blue (2) Brown (10)
m-HPPH 0.34 :1: 0.01 0.30 + 0.01 0.57 I 0.02 Blue (I) Brown ( I)

p-HPPH 0.32 + 0.01 0.29 :L 0.01 0.56 j 0.02 Blue (I) Brown ( I)

Catechol 0.29 + 0.01 0.181 0.01 0.37 0.01 Blue (2) Brown ( 5)
Dihydrodiol 0.15 1 0.01 0.091 0.01 0.17 0.01 Blue (5) Brown ( 5)

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

• Mean of six determinations + standard error.

Nuclear, Boston, Mass., U.S.A.) was diluted with appropriate amount of non­
radioactive phenytoin (Eastman-Kodak, Rochester, N.Y., U.S.A.) in distilled water
containing a few drops of 0.01 N sodium hydroxide and administered to the rats by
the intraperitoneal route at a dose of 50 rug/kg, 50,uCi/kg. Urine samples were col­
lected for 24 h in brown glass bottles and stored at-IT until time of analysis.

Isolation of urinary metabolites
The general procedure described by Rao et al" was followed. The rat urine

samples (15 ml) were chromatographed on Amberlite XAD-2 column (Drug-Skreen
adsorbent cartridges, Brinkmann, Westbury, N.Y., U.S.A.). The methanol eluate (40
ml) was evaporated to dryness in vacuo, and the residue was taken up in 20 ml of
distilled water containing I g of sodium acetate and pH adjusted to 7.4 with glacial
acetic acid. The enzymatic hydrolysis of conjugated phenytoin metabolites was carried
out at room temperature for 24 h by the addition of 2000 units of glucuronidase­
sulfatase (Sigma, St. Louis, Mo., U.S.A.). The reaction mixture was then extracted
6 times with 10 ml of ethyl acetate and each extract was dried over anhydrous sodium
sulfate and filtered. The pooled ethyl acetate extracts were evaporated to dryness in
vacuo and the residue analyzed by TLC for phenytoin and its hydroxy metabolites as
described above.

Quantitation of phenytoin and its hydroxy metabolites excreted in the rat
urine was performed by their isolation and measurement of radioactivity. To isolate
the compounds, chromatograms were developed in solvent system A and the spots
corresponding to reference compounds (visualized under the UV light) were scraped
into scintillation vials. A 15-ml volume of liquid scintillation cocktail (fnsta-gel,
Packard, Downers Grove, Ill., U.S.A.) was added to each vial and radioactivity
measured in a liquid scintillation spectrometer.

RESULTS AND DISCUSSION

The TLC data on the resolution and detection of phenytoin and its four
hydroxy metabolites are given in Table J. When necessary, better resolution of m­

HPPH and p-HPPH can be achieved by separate analysis of these two isomers on
TLC plates developed in 4 % methanol in diethyl ether (solvent system D, RF 0.32
and 0.28, respectively).

The earlier TLC systems reported for the separation of phenytoin and its
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hydroxy metabolites have used acidic solvent systems for the development of chro­
mato grarns"!", Since the instability of the dihydrodiol metabolite of phenytoin under
acid ic condit ions to form phen ol ic products is well recognized-:", the neutral so lvent
systems described in the present paper are particularl y suited for phenytoin metabo­
lism studies. In addition , the TLC procedure reported here is rapid since the chroma­
tographic development time for solvent system A, B or C is about I h.

The urin ar y excretor y profile of [4-'4C]phenytoin in the rat ba sed on the above
TLC procedure is given in Table II. The identity of p-HPPH was confirmed by its
isolation (l %methanol in ethyl acetate was used for its extracti on from TLC plates)
and re-chromatography in so lvent system D. These results are in genera l agreement
with the earlier phen ytoin metabol ism studies in the ra t1-n .

Currently, we are utilizing this TLC procedure in the studies involving or al
metabolism and gingiva l t issue adverse reactions induced by pro longed ad ministra tion
of phenyto in!' .

TABL E II

METABOLI SM OF [4-14 CjPH ENYTOIN IN TH E RAT

Percent age ur inar y excre tio n of '·C-Ia beled phen yto in and its hydroxy meta bolit es 24 h afte r a single
intraperit onea l dose of [4-"C]phenytoin (50 mg/kg ; 50 llO/k g). Th e metabolite conj ugat es were
subjected to enzy me hydrolysis prio r to the an alysis. Th e recovery efficiency for the var ious co m­
poun ds fro m ur ine were : Phenytoin , 92 % ; p-H PPH, 90 %; Catecho l, 85 %; Dihyd rodi ol , 88 %.

Compound Percent of dose

Rat No. I Ral No. 2 Average

Phenytoin 1.9 1.7 1.8
p-HPPH 55.8 59.6 57.7
Catecho l 2.1 1.9 2.0
Dihydr odiol 26.2 24.4 25.3
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Quantitative thin-layer chromatographic assay for the f3-neoagarotetraose
hydrolase of Pseudomonas atlantica '
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Departm ent of Microb iology and Immunology , McG ill University, Montreal ( Canada)

(Received July 19th , 1976)

Quantitative densitometry of thin-layer chromatograms has been used to assay
sugars' :", lipids':" and several other substances'"?". Thin-layer chromatography (T LC)
also has been used to evaluate the neoagarobiose ser ies of oligosaccharides obtai ned
on enzymic hydr olysis of agarose!', and as a quantitative assay for intestinal disac­
charidases' ? and for the (j-neoagarotetrase of Cyt ophaga fi evensis": The latter method
involved scanning photographs of the chromatograms but the experimental details
have not been publi shed .

Agarose is degraded to monomeric sugar s, in Pseudomonas atlantica, by an
extracellular (j-agarase and cell-bound oligosaccharidases, fJ-neoagarotetraose hy­
drola se and a-neoaga robiose hydrola se. The fJ-neoagarotetraose hydrolase hydrolyzes
neoagarotetraose (O-3,6-anhydro-a-L-galactopyranosyl (1--+3)-O-fJ-o-gaJactopyranos­
yl {I--+4)-O-3,6-anh ydro- a-L-galactopyranosyl (I --+3)-o-galactose) by cleaving the
central (j( 1--+4) linkage to yield two molecules of neoagar obiose'" (Fig. I). Neo­
agarobiose (O-3,6-anhydro-a-L-galacto pyranosyl (I --+3)-o-galactose) is further hy­
drolyzed to the monomers 3,6-anhydro-L-galact ose and n-galactosc by an a-neo­
agarobiose hydrolase":

Pur ification and characterization of fJ-neoaga rotetraose hydrolase required
developm ent of a sensitive and specific assay method . In crude enzyme preparation s,
where both fJ-neoagarotetraose hydrol ase and a-neoagarobiose hydrolase are present ,
the quantitati ve assay sho uld measure specifically activity of the fJ-neoagaro tetraose
hydrolase. Thus a meth od involving measurement of reducing sugars could not be
used since both enzymes incre ase the reducing power. Activity of fJ-neoagarotetraose
hydrolase was determined by measuring the concentration of neoagarotetraose on
thin-layer chro matograms, after visualization of the sugar by charring. In thi s paper,
a techni cal descrip tion of the assay is presented and possible applicatio ns discussed.

EX PE RIMENTA L

Materials
Neoagarotetraose was prepared as previously descr ibed!".

• Th is work is based on a thesis submitted by D . G ro leau to the faculty of graduate studies,
McG ill Univer sity, in par t ial fulfillment of the M.Sc. degree requirement s.
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Neoagarotet r aose

fJ-Ne oagarotet raos e

Hydrolase
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Neoagarobiose

a-Neo agarobiose

Hyd r olase

235

+ o
Q-Galactose3,6-Anhydro ­

~- Galactose

Fig. I. Hydrol ysis of ncoa garotetraosc by a mixture of {/-neoagarotetraose hydr olase plus c- neo­
agarobiose hydrolase from Pseudomonas atlantica.

Silica gel thin-layers. MN-Silica gel N-MR (no binder, Macherey, Nagel & Co.,
Duren , G.F.R .), 30 g in 80 ml of a 1.0% (wjv) aqueous ammonium bisulphate solu­
tion, was layered to a thickness of 0.3 mm on 20 X 20 em glass plates using a TLC­
plate coater (Camag, Muttenz, Switzerland) and then air dried.

Chromatography . The freshly prep ared solvent system was: butan-I-ol­
ethanol-5% (wjv) aqu eous ammonium bisulphate (3 :1:1) .

Methods
Application of samples. Samples were applied from a 25-lll microsyringe

(Hamilton) equ ipped with a repeat ing dispenser delivering 0.5 Ill. The spots were
dried with a current of cold air.

Charring. Following chromatography, the plates were air-dried for about I h,
heated at 1750 for 30 min in a large oven provided with a fan and then cooled at room
temperature for 20-30 min. Absorbance was measured within 1- 2 h, with no signifi­
ca nt change in absorbance after 6 h.

Densitometry. Quantitative densitometry was performed using a Vitatron TLD
100 densitometer (Vitatron, Dieren, The Netherlands). Absorbance of each peak was
recorded as a number of pulses. The instrument sett ings were: transmission
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(-log) mode; interference filter no 445 ; diaphragm , 0.25 mm ; integrat or , positi on 7 ;
scanning speed , 0.5 em/min ; recorder speed, I em/min.

Measurement of enzym ic activity. Enzyme assay s were carried out at room
temperature in a serological plate covered with parafilm to prevent evaporation. For
a 100 ,ul assay, the mixture con sisted of 50 p i or 1.58 >~ 10- 2 M neoagarotetrao se
(mol. wt. 630) ; 10 pI of I Af NaCl, 0.01 M Tri s buffer pH 7.2 ; and 40!1l of the enzyme
preparation. At regular intervals, 2.5 p i or the assay mixture was applied in dupl icate
to the plate. Enzyme solution, equivalent to the amount present in 2.5 {II of the assay
mixture , was applied as control.

RES ULTS AND DIS C USSION

The procedure for charring neoagarotetraose was a mod ification of the tech­
nique of Touchstone et al,' for lipids and steroids. On heating, the oxidizing agent
ammonium bisulphate is decomposed to acid that chars the suga rs to yield dark­
brown spots . Charring of sugars was reported to give quite stable spots",

Ammonium bisulphate was not incorporated into the silica gel by dipping the
plates into a saturated ethanolic solut ion of this sa lt, as originally described, but rather
added to the silica gel immediately before spreading the slurry on glass plates. The
concentration of ammonium bisulphate used (1.0 % w/v) was found to be optimal ;
lower concentrations yielded pale spots whereas higher concentrations had a deleteri­
ou s effect on separat ion of sugars and on shape or the spots . Integrati on values for
cha rred spots were higher and more reliable when the oxidizing agent was also added
to the solvent system. Chromatography was sta rted within 30 min as neoagarotetraose
was slightly degraded by the ammonium bisulphate pre sent in the layer . Under the
cond it ions described , a linear relati on ship between a bsorbance (expre ssed as a number
of pul ses) and concentration of neoagarotetraose was obtai ned within the 1-22{lg
range (Fig. 2).

Products of hydrolysis ofneoagarotetraose (Fig. I) with an enzyme preparation
containing iJ-neoagarotetraose hydrolase and «-ncoagarobiose hydrolase are shown

1200

600

I -L

28242 0o 4 8 12 16
Neoa ga ra tetra os e (flG)

Fig. 2. Ca libra t ion curve fo r neoagarot etr aose afte r charring and densitometr y.
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Fig. 3. Products of hydrol ysis on TLC' ob ta ined on enzym ic hydrolysis of neoagarotet rao se by a
preparati on containing fl-neoaga rotetraose hyd rolase a nd a-neoagaro biose hydrolase (A) ; and by a
purified fl-neoaga rotetraose hydrolase prep arat ion (B). N2, N4 - - Neoagarobiose and -tetr aose ;
GAL Il-galacto se ; 3,6-AG 3,6-anh yd ro-L-galact ose ; S.F . so lvent front ; 0 ~ or igin.
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in Fig. 3A and with a purified fJ-neoagarotetraose hydr olase preparation in Fig. 38 .
Result s of a repre sentative assay are presented in Fig. 4. Aliquots at time 0

contained 12.51lg of neoagarotetraose and were con sidered as internal standards.
Integration values were corrected on the basis of the value obtained for the internal
standard and the concentration of neoagarotetraose determined from the standard
curve (Fig. 2). A plot of disappearance of neoagarotetraose versus time was used to
determine initi al velocity of the enzyme (Fi g. 4). One unit of fJ-neoagarotetraose hy­
drolase was defined as th at amount of enzyme hydrolyzing I nmole of neoa garo­
tetraose per min at room temperature. The molecul ar weight of neoagarotetraose was
calculated as 630.

14
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F ig. 4. H ydrolysis of neoagarotetraose by f:I -neoagaro tetraose hydrolase : curve showing the dis­
appearance of neoagarotetraose versus time.

Validity of the quantitative assay
The plate to plate variation (22 plates) of the internal standard (I2.51lg of

neoagarotetraose) was less than 10% for 17 plate s, with a variation within 10-15 %
for 5 plates. The vari ation for two identi cal aliquots on the same plate ranged from
1-7 %.

CONCLUSION

The thin-layer chromatographic assay for fJ-neoagarotetraose hydrol ase is
accurate and reproducible. The duration of the enzyme assay is of about six hours
and three separate assays can be carried out at the same time. The method was used
to assay enzyme activity and properties of fJ-neoagarotetraose hydrolase. It should
also be possible to determine the ratio of neoagarobiose to meth ylated neoagarobiose
in different agars by thi s method , follo wing hydrol ysis of the agar samples by a mixture
of fJ-agarase and fJ-neoagarotetra ose hydrol ase' ",
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Thin-layer electrophoretic separation of the degradation products of cyclic
adenosi ne-3' ,5'-monophosphate

A. C. F ISHE R a nd V. STEFANOVI CH

Hoechst Ak tieng esellschaft, Werk Albert, Frankfurt lM , ( G.F.R.)

(Fi rst received Oc tober 18th , 1976 ; revised ma nuscrip t received Febu-ary 7th, 1977)

A method of thin-layer electropho resis (TL E) de velop ed by Pastuska a nd
Trink s' and by Honegger- has been successfully applied to the separation of severa l
classes of co mpo unds, includ ing amino acids", alk aloid s", indo les" and ca rbo­
hydrat es", However , the TLE of cyclic adenos ine-3', 5'-m on ophosph ate (cA MP) and
its degradation products ha s not hith ert o been investigated .

The separatio n of cA M P from its degrada tio n product s is imp ortant becau se
it is invo lved in man y assays fo r of cA M P phosph odieste rases, where it is accom­
plished by using tedious chro ma togra phic meth od s":". Th ese method s are mos t ly
co ncerned with the separatio n of cA M P from other com po und s an d no t with the
sepa ra tion of the degrada t ion products fro m each other. Th is latter sepa ration, how­
eve r, is importa nt because it ca n be of use in cha racte rizi ng a particul ar biopharma­
co log ica l situa tion. It was therefore of interest to develop a simple and rapid meth od
for sepa ra ting the degradation products of cA M P, and we describe here the use of
TLE for thi s pu rpose.

MATERIALS A N D METHODS

Chemicals and equipment
[8-3H]cAMP (a mmo nium sa lt; 21 C i per mm ole) was ob tained from the

Radi ochem ical Ce nt re (A mers ha rn, Great Brita in). Inosine , hypoxanth ine, bu ffer
compon en ts, silica gel DC60-F 254 T LC plates (200 x 200 mm ; 0.1 mm thick) and
scinti llat ion chemica ls were purchased from E. Merck (Da rmstad t, G . F. R.) . cA MP,
adenosi ne 5'-mon ophosph ate (A M P) and ade nosi ne were o bta ined fro m Boehringer
un d Soehn e (Ma nnheim, G.F.R.).

A power supply with a 0-600-V facility a nd a cha mber fro m Desaga
(He idelberg, G .F.R.) were used fo r TL E.

Thin-layer electrophoresis
Bo rate buffer so lutio n was made up fro m so lutio ns of 7.22 g/ I of bo ric acid

a nd 17.6 g/ I of sodi um carbo na te mon oh yd rat e, an d ph osph at e bu ffer fro m 9.08 g/I
of potassium dihyd rogen ph osph at e a nd 11 .8 g/ I of disodium hyd rogen phosph at e
dih yd rate.

The co mpo unds bein g investigat ed were dissolved in twice-d istilled water to
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give solutio ns of the fo llowing concentration: cA M P and adenosine, I mgjml ; inos ine
a nd AMP, 1.5 mgjml , a nd hypo xanth ine 2 mgjml ; the se solution s were applied to
the th in layers in amounts of 2lll.

A potent ial difference of 400 V was a pplied across the plate; a typ ical current
for 90 % ph osph ate-IO % borate combined buffer of pH 6.5 was 40 mA.

After electrophoresis for 60 min , the d ried plate was viewed und er UV radia­
tion (254 nrn) , a nd migration distances towards the cathode were measured .

Thin-layer electrophoresis ofeH]cA MP and its metabolites
A 200-g female Sprague-Dawley rat was decapitated, and the brain was rem oved

immediately into ice-co ld 0.16 M Tri s buffer of pH 7.5 containing, per 100 ml, 100
mg of magne sium chloride trihydrate. The t issue (I part by weight) was hom ogen ised
with the buffer so lutio n ( 10 parts by weight) fo r 60 sec in a n a ll-glass system, then the
hom ogenate was cen trifuged a t 20,000 g for 30 min a t 5° and stored at 2° until re­
quired . Thi s prepa rati on was charac terised by biuret protein dete rmin at ion (Lowry
et al.to

) , a nd the cA M P phosph od iesterase activ ity was determined by th e meth od of
Poech !' as follows. A 200-p l portion of the superna tant was incubated with 200 p i of
Tris-rnagnesium chloride buffer solution (pH 7.5) co nta ining 70 nm oles of [3H)cAMP
for 10 min at 37", then the mixtures were sta bilised by adding 5 ftl of 25 %ace tic ac id
a nd heated in boiling water for 3 min .

A blank co mprising 200 l tl of the buffer a nd 200 fl l of the PH)cA MP buffer was
used . Afte r centrifuga tion at 2000 g at roo m temperatu re for 10 min , 10-fll portion s
of the superna ta nt were a pplied to the silica gel TLE plate s, to which marker sub­
sta nces had been ad ded as mentioned above . Elect rophoresis was performed for I h
in 90 % ph osphate-I O% borate buffer medium at pH 6.8. After d rying and identifi ca­
tion of the substa nces under UV radi at ion , the gel from each zon e was scraped into
a scintillation counting phial. Then 400 fll of twice-di stilled water were added to each
phial, followed by 20 ml of scintillation fluid , a nd the radioactivity was counted in a
Packard liquid scintillation counter (Tri- Carb 2420) , quenching being measured with
use of an intern al sta ndard. The scintillat ion fluid used consisted of 150 mg of 2,2'-p­
phenylenebis-(4-methyl-5-phenyloxazole), 6 g of 2,5-diphenyloxazole, 1000 ml of
toluene, 100 ml of d ioxan and 400 ml of eth an ol.

RESULTS

Th e effect s of phosph ate buffer so lutio ns ra nging in pH from 5.0 to 7.8 are
show n in Fig. I, which shows that adenos ine and hypoxanthine, and cA M P a nd AM P,
were not resolved ; hypoxanthine migrat ed the furt hest. A range of borat e buffer so lu­
tion s (pH 5.5 to 10.5) was also investigated (results not shown); migration distances
were sma ll, and cA M P, A MP and hypoxanthine were not separa ted. In this instanc e,
at each pH value, inosine migrated the furthest.

The effects of phosph ate and borate bu ffer mixtures at pH 6.8 a re show n in
Fig. 2. Separat ion of the indi vidual substa nces improved as the content of phosph ate
increased up to a maximum of90 %. Complete sepa ra tion of cAMP, A M P, adenosi ne,
hypo xanthine a nd inos ine was achieved with a co mbined ph osph ate-bora te buffer of
pH 6.8 co nta ining 85 to 95 % of phosph ate. Optimum separa tion was with 90 %
ph osphate-l 0 % borate buffe r at pH 6.8 in 1 h at 400 V; under these co nditio ns, the
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Fig . 1. Migration values of cA MP and degradation products in phosph at e buffer solut io n of pl-l 5.0
to 7.8 on silica gel layers. Each result is the ave rage of five experiments + the standard deviation .
o = cA M P; /'j, = A MP; 0 - - adenosine ; • ~ inos ine ; f ) - hypoxan thi ne.
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Fig. 2. Mig ra tion va lues of cA MP and degrad ation produ cts in various combinat ions of phosphate
and borate bufTer so lutions at pH 6.8 on silica gel layers. Each resu lt is the average of five expe ri­
ments ± the standard deviati on. Symb ols as in Fig . I .

absolute migration distances (± the standa rd deviat ion) were 0.8 ± 0.0 1 for AM P,
1.5 ± 0.05 for cAMP, 2.9 ± 0.025 for adenosine, 3.5 ± 0.025 for inosine, and
4.35 ± 0.025 for hypoxanthine (each value being the mean of five determinati ons).
The developed plate from a typical experiment is shown in Fig. 3.

The final pH values of the buffer solutions remaining in the anode and cathode
compartments were 7.27 and 5.77, respectively ; the final zone diameter was con­
sistently in the region of 3.5 mm.

The results of the separation of the degradati on produ cts of cAMP after
hydrolysis with the supernata nt fluid from a rat-brain hom ogenate are presented in
Table 1.
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Fig, 3, Photograph (Polaroid Land film) of a develo ped plate under 254-nm radi at ion after TLE in
90 % phosphat e -I O% borate buffer solution of pH 6,8; TLE for I hat 400 V, a = cAMP ; b = inos ine;
c - - adenosine; d cA MP, inos ine, adenosine, A MP a nd hypoxanthine; e - AMP ; f = hypo­
xanthine,

TA BLE 1

ANA LYS IS OF INC UBATI ON MI XTUR E OF [' H]cA MP W IT H R AT-BRAI N HOMOG­
ENA TE SU PERNATANT AFTER SE PA RAT ION BY T LE AN D SC INTILLAT ION COUNT­
ING

Results are expressed as the percen tage of radioactivity per sa mple, a nd each is the average of eight
experiments (:1- the sta nda rd deviat ion), The cAM P pho sphodiesterase activity of the superna ta nt
was 1.05 y. 10- 7 mg of cAM P per mg of prote in per min at a cAM P substrate co ncen tra tio n of
0, 125/tM,

Substance

AM P
cA MP
Hypoxanthine
Ade nos ine
Inos ine
Origin

incubation with supernatant

LI J. 03
I Xl L(U

15, I I 0,5
25,9 LX
54.1 .1 2,0

L X !· 02

Incubation blank

2.3 1 : 0,8
94,7 _1. 2, 1
0, I I. 0,05
1.0 ,L O.X
0.5 cL 0.3
1,3 + 0,2
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Ou r resul ts dem on strate that thi s meth od can be used for the sepa ration and
subsequent determinat ion of radi oactive lab elled cA MP and its degradati on products.
We suggest that this meth od co uld be usefully applied to the st udy of the degradation
pattern of cA MP in var ious physiolo gical and pharmacologi cal situ at ion s.
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N-lOI3

MICROPROCESSOR-cONTROLLE D GAS
CHROMATOGRAPH

Baseline Industries announce their micro­
processo r-controlled Series 1030 gas chromato­
graph . Featur es include : automa tic zero, sample
injection, stream selection, column backt1ushing,
calibrat ion, peak gating and integration ,
temperature programming, aut om atic recycle, etc.
The programme step, time and command are dis­
played while the peak and/ or peak area are
recorded.

For furt her informat ion concerning any of
the news items, apply to the publisher, using the
reply cards provided , qu oting the reference
num ber printed at the beginning of the item.
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N-1007

ANALYTICAL PROCESSOR

The Tracor 812 Analytical Processor can be
used with any liquid or gas chro matograp h. It s
minicomputer CPU (Data General Nova 2/ 10) al­
lows operation with up to 16 GC/L C channels,
sophisticated data acquisition and processing for
gas and liquid chromatography. The soft ware
features use of both first and second derivative of
the chroma tographic signal.

N-I02 1

CAPILLARY COLUMN SUPPLIES

Available from Chrompack is a new
brochu re/application book on capillary colum ns,
including information on the types of columns
available, requ iremen ts for inject ion systems and
detectors, quality cont ro l and insta llatio n, et c., as
well as a num ber of app licat ions.



N-1014

PRESSURE RELlEF VALVE FOR HPLC

Rheodyne announce a new pressure relief
valve (Model 7037) for HPLC equipment, which
covers the pressure range 140-500 bar. In and
Out ports provide a continuous in-line connection
for full-time flushing of the 6-I.tl chamber. The
relief setting can be set anywhere within range;
when the system exceeds the setting a vent port
opens. Stream contact is limited to type 316
stainless steel.

N-lOlO

INLET FILTER FOR HPLC

Rheodyne's inlet filter for use with HPLC
columns is connected between the sample in­
jection valve and the column. It uses a replace­
able 2-/Jm filter element 3 mm in diameter and
3 mm thick to protect the inlet frit from plugging
by particles of the sample or injection valve wear
particles. Pressure rating of the filter assembly is
500 bar. Contact with the stream is type 316
stainless steel and PTFE.

N-1016

NEW GRAPHITE FERRULES

Now available from Analabs a complete line
of graphite ferrules for maintaining gas-tight seals
on glass and metal columns. The ferrules arc
malleable and will form to the tubing at
temperatures as high as 440 0

• Sizes range from
0.8 mm capillary thr ough 1/4 inch standard, in
ten different size combinations.

N-l023

CAMAG NANOMAT

Recently announced is the new Camag
Nanomat, which enables spot application of
qu antitative and qualitative samples in TLC
(especially HPTLC) suitabl e for both linear plate s
and circular chromatograms developed in the
Carnag Ll-chamber. Transfer of the sample is
made by a capillar y pipette: glass capillary for
normal TLC layer s, applica lion capillary with
Pt-Ir tip or fixed-volume dosage pipette for
HPTLC plates.
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N-IOI2

CAMAG TLC BIBLIOGRAPHY

Camag's TLC Bibliography nr. 38 is now avail­
able. The editor announces that in future more in­
formation will be given on fewer publications.
Papers containing interesting methodological in­
formation will be annotated in more detail and
particular emphasis will be placed on HPTLC.

CHEMICALS

N-1015

SYRINGE CLEANER

Analab s' cleaner (Anakleen) can be used for
all types of syringe , including microliter. Diluted
I :49 it is suitable for general laboratory use.

N-1017

GC MATERIALS AND ACCESSORIES
CATALOGUE

Perkin-Elm er have available a catalogue listing
their complete range of gas chromatography con­
sumable supplies . Full details are given of
stat ionary phases, column s, support materi als,
porous polymer supports and adsorbents, as well
as syringes, tube couplings, etc.

MEETING

EUROANAL YSIS III

N-IOI9

FATIY ALCOHOL KITS

Analabs announce the availability of two kit s
containing even-carbon fatty alcohol standards.
One kit contains 25 mg each of 10 common even­
carbon saturated alcohols, the second 10 mg each
of 10 unsaturated alcohols. All standards have a
purity greater than 99% as determined by GC or
TLC.

N-I022

PESTICIDES KIT

Analabs, polychlorinated biphenyl (PCB)
isomer s kit has been developed for the environ­
mental testing of the most commonly en­
countered PCBs. Included are 5 mg each of
14 PCB isomers and 6 interference pesticides to
be used as reference standards. All PCBs and 5 of
the pesticides have a chemical purity of greater
than 99%.

N-1026

SORBENTS FOR REVERSED-PHASE
CHROMATOGRAPHY

Available from EM Labs (Merck) is a 5-page
colour brochure describing the mechanism of
reversed-phase chromatography as well as its ap­
plicati ons in TLC and HPLC. An explanation is
included of the use of reversed-phase sorbents to
optimize speed, resolution and capa city in HPLC.

Euroanalysis III will take place in the Science Block of University College Dublin , Ireland, from
August 20-25 ,1978.

The Confer ence will emphasize both pure and applied aspects of analytical chemistry. The program­
me has been designed to appeal to scientists engaged in the use of analytical techniques in problem solv­
ing as well as to those involved in research and development of analytical techniques.

Those who intend to participate in the Conference are welcome to offer papers for the scientific
sessions. The Scientific Committee will consider papers of special interest and novelty on any relevant
topics . The final date for receipt of abstracts is February 28, 1978.

For further information please contact Secretariat Euroanalysis III, Institute for Industrial Research
and Standards, Ballymun Road, Dublin 9, Ireland.



NEW BOOKS

Pesticides in the environment, Vol. 3, edited by
R.H. White-Stevens, Marcel Dekker, New York,
1977 ,384 pp., price US $ 38.50,
ISBN 0-8247-6192-8.

Experimental approach to electrochemistry, by
N.J. Selley, Edw ard Arnold, London, 1977, ca.
220 pp ., price ca. £ 8.00 (cloth), ca. £ 4.00 (paper),
ISBN 0-7131-2540-3 (cloth), 0-7131-2541-1
(paper).

Electroanalytical chemistry. A series of advances,
Vol. 10, edited by A.J . Bard , Marcel Dekker,
New York, 1977, ca. 280 pp., price US $ 29.75,
ISBN 0-8247-6461-7.

Fundamentals of electrochemical analysis , by
Z. Galu s, Ellis Horwood, Chichester/PWN,
Warsaw/Halsted (Wiley), New York , 1976,
XVIII + 520 pp., price £ 23.50, US $ 44.65 ,
ISBN 0-85312-036-6.

Essentials of medicinal chemistry, by
A. Korolkovos and J.H. Burckhalter, Wiley­
Interscicnce, New York , London, 1976 , VII +
697 pp ., price US $ 29.95 , £ 17.40, ISBN
0-471-12325-0.

Advances in chromatography, Vol. 15, edited by
J.C. Giddings, E. Grushka, J . Cazes and
P.R. Brown , Marcel Dekker, New York, Basel,
1977 , XVII + 33 1 pp. , price Sfr. 98.00, ISBN
0-8247-6500-1.

Analytical pyrolysis, edited by C.E.R. Jones and
C.A. Cramers, Elsevier, Amsterdam, Oxford,
New York , 1977 , X + 424 pp., price Dll. 96 .00 ,
US $ 39.25, ISBN 0-444 -41558-0.

Carboniogenic activity of zeolites, by P.A. Jacobs,
Elsevier, Amsterdam, Oxford, New York , 1977,
XVI + 253 pp. , price Dfl. 72.00, US $ 29.50,
ISBN 0-444-41556-4.

Polyelectrolytes and their applications, edited by
A. Remb aum and E. Selegny, Reidel, Dordrecht,
Boston , Mass., 1976, VIlI + 343 pp., price
Dfl. 115.00, US $ 39.50, ISBN 90-277-0561-5.

Charged gels and membranes, Part I, edited by
E. Sclegny, Reidel, Dordrecht, Boston, Mass.,
1976, XVIlI + 305 pp., price Dfl. 105.00,
US $ 39.00 , ISBN 90-277-0665-4.

Hazards in the chemical laboratory, edited by
G.D. Muir, Chemical Society, London, 2nd ed. ,
1977 ,480 pp. , price £ 7.00 , US $ 14.00, ISBN
0-85186-699-9.

Mass spectrometry, Vol. 4, edited by
R.A.W. Johnstone, Chemical Society, London,
1977 ,369 pp., price £ 22.50, US $ 45.00 , ISBN
0-85186-288-8.

Inorganic chemistry of the main-group elements,
Vol. 4, edited by c.c.Addison, Chemical Socie ty,
London, 1977,460 pp., price £ 26.00,
US $ 52 .00, ISBN 0-85186-782-0.

Analysis of petroleum for trace metals, edited by
R.A . Hofstader , 0.1. Milner and J.H. Runnels,
Amer ican Chemical Society , Washington, D.C.,
1977, 187 pp ., price £ 16.50, ISBN
0-8412-0349-0.

Pyrolysis-gas chromatography, by R.W. May,
E.F. Pearson and D. Scothern, Chemical Society,
London, 1977 , 117 pp ., price £ 7.20, US $14.40 ,
ISBN 0-85186-767-7.

Colloid and interface science (Proc . Int. Conf.,
San Ju an, Puerto Rico , June 1976) , edited by
M. Kerker, Academic Press, New York , London,
1976 ; Vol. 2, Aerosols, emulsions and surfactants,
XX + 481 pp ., price US $ 21.00, £ 14.90 , ISBN
0-12-404502-2; Vol. 3, Adsorption, catalysis,
solid surfaces, wetting, surface tension and water,
XX + 548 pp ., price US $ 22.50, £ 15.95 , ISBN
0-12-404503·0 ; Vol. 4, Hydrosols and rheology ,
XVIlI + 587 pp., ISBN 0-12-404504-9; Vol. 5,
Biocolloids, polymers, monolayers , membranes
and general papers, XVI + 507 pp., price
US $ 22.00, £ 15.60, ISBN 0-12-404505-7 .

NEW JOURNAL

Conference reports: (I) Physical and chemical
sciences; (2) Engineering, technology and applied
sciences; (3) Agriculture and biological sciences;
(4) Medicine ; Applied Science Publishers, London .
Each of the four journals is issued four times a
year. Subscription price per journal: £ 16.00
(Great Britain) , US $ 36.00 (overseas). A specimen
cop y of the journal of inte rest can be obtained
from Applied Science Publisher s Ltd., Ripple
Road , Barking , Essex, Great Britain.
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Types of Contributions. The following types of papers are published in the Journal of Chromatography and
the section on Biomedical Applications: Regular research papers (full-length papers), short communications
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QUANTITATIVE
MASS SPECTROMETRY
IN LIFE SCIENCES
Proceedings of the First International Symposium, State University of
Ghent, Belgium, 16 -18 June , 1976.

A. P. DE LEENHEER and
R. R. RONCUCCI (Editors)

This volume reflects the methodological
progress made in the field of quantitative
mass spectrometry, treating in detail the
recent applications of this method in
medical, pharmaceutical and biochemical
sciences.

The book's rapid publication so soon after
the meeting ensures that the material is
particularly up-to-date.

CONTENTS: PLENARY LECTURES. Quantification of drugs by MS (E. C. Horning et al.).
Quantitative MS of endogenous and exogenous steroids in metabolic stud ies in man
(H. Adlercreutz). Techniques for quantitat ive measurements by MS (C. C. Sweeley et al.).
Evaluation by MF of metabolic pathways of endogenous and exogenous compounds in
eukaryote cell cultures (P. Padieu et al.). SHORT COMMUNICATIONS. Quantitative MF of
unlabeled and deuterium labeled propoxyphene in plasma (H. A. Sullivan et al.). MF of
alclofenac and its metabolites in plasma of human beings (M.-J. Simon et al.). Measurement
of imipramine and desipramine in plasma, cerebrospinal fluid and saliva of pat ients with
primary affective disorders (M. Claeys et al.). MS of phencyclidine in body fluids of
intoxicated patients (D. C. K. Lin et al.). Identification of papaverine metabolites in human
urine by MS (M. T. Rosseel et al.). Direct GC-MS of prostaglandins 1rom biological sources
(A. W. Kelly) . Picomole determination of coenzyme B12 by MF (B. Zagalak et al.). MF of
vitamin 0 3 in blood samples (A. P. De Leenheer et al.). Qualitative and quantitative analysis
of dopamine by electron impact and field desorption MS (W. D·. Lehmann et al.). Quant itative
field desorption MS (H.-A. Schulten et al.). Design, operation and appl ication of a low-cost
electronic device for the determination of ion-intensity ratios (A. M. Lawson et al.). Theory
of stable dilution MS (J. F. Pickup et al.). Comparison between the fluorimetric and MF
determination of PAHs of organic particu late matter (G. Broddin et al.). Quantitative
evaluation of carbohydrate metabolism at rest and in phys ical exercise by the use of
naturally labeled 13e-glucose (F. Mosora et al.). MF as a tool for enzyme activity assay
(F. Cattabeni et al.). Quantitative determination of piperidine in the rat bra in by selected ion
monitoring following dinitrophenyl derivatization (I. Matsumoto et al.).
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