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Introducing Chromosorb LC-9.
The specialist for carbohydrate analysis.
Typical applications: carbohydr ates, high fru ctose
syrup, sugars, ami nes, nucleotides, stro ngl y po lar
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ith high polarity. surface area of 350 + m2g .
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densitv (packed column) of 0.48 glee .
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LC·1 An inert d iatomite-based support compatible
with all liquid phases. 37-44/1.
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mo lecular layer of diphenyldichlorosilane
che mically bonded to Chromosorb LC-2. 37-44 /1 .

LC·6 A fu lly porous microparticulate sili ca. 5/1
and 10/1.

LC-7 A reverse phase micropart icul ate HPLC
co lumn packing material prepared by chemically
bondi ng ODS to Chromosorb LC-6 via Si-O-S i-C
type bond. 5/1 and 10/1.

LC-S A microparticulate polar-bonded phase HPLC
column packing material prepared by chemically
bonding a cyano-type group to a Chromosorb LC-6
sil ica surface. 5/1 and 10/1.

For more information on specific performance and
packing of Johns-Manville products or a handy
gu ide to all 33 Johns-Manville chromatography
products. contact Jack Denboske. Filtration and
Minerals Division . Johns-Manville . Ken-Caryl
Ranch. Denver. CO 80 217. (303) 979-1000.
Telex: 454404 JOHN MANVILLE DVR
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• Complete micro computer co ntro l
• H igh performance co lumn oven
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yo ur local dea ler or Kipp Ana lytica.

....
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Phileas Fogg straa t 24. P.O. Box 620 .
7800 AP Emmen . Netherlands.

Phone: (0 ) 59 10- 14640 Telex 77094.
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to reduce your
sample vvastage?
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KONTRON LTD .
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NEWI
SOLVENT
GUIDE
from Burdick
&Jackson
A chromatographer's desk reference with:

• UV absorbance CUNes
• detailed chromatography information
• safety data
• references to typical applications
• charts of individual specifications

Call or write now for this reference
with 145 pages of valuable information.

.~ BURDICK & JACKSON LABORATORIES, INC.
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The Complett
Column

• Everything you need comes in
aconvenient do-it-yourself kit

• Applicable for any bed height
from 5 to 95 ern

• The same low cost for both
0 16 and 26 mm J.D.

c

• Assembles in less than 5 min­
utes without any extra tools

• Packing cylinder and reservoi
available as accessory

• Sample applicator included

•
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COMPU TE R SIM ULATION AND EXP ERIMENTAL VALIDATION OF ISO­
ELECTRIC FOCUSING IN AMPHOLIN E-FREE SYSTEMS

M. BIER ". R. A. MOSHER a nd O. A. PAL US INS K I

Biophysics Technology Lahoratorv; University of' Arizona , Tucson. AZ 8572/ ( U.S. A.)

(Received March 4th , 1981)

SU MMA RY

An abbrevia ted version of a mathematical model of the steady sta te in iso­
electric focusing is presented. Details of th e mathematical tr an sformations leading to
a mod el suitable for computer impl ementation and numeric al solution are given in
the Appendix. The model describes the structure of concentration, pH , conductivity
and potenti al gradient s arising from the focusing of electrochemicall y defined ampho­
Iytes. Som e of the result s of compute r simulations of two and three component
systems are of particular interest to the experimenta list and are presented togeth er
with experimenta l va lida tion of thi s mod el.

TROD UCT ION

Isoelectri c focusing (I EF) is a power ful sepa rat ion meth od first proposed by
Kolin I and red uced to practice by Svensson". The meth od has since gained wide­
spread popularity, mainly becau se of the de velopment by Vesterberg' of Ampholine
(Trade name of LK B, Bromrna, Sweden ), a polyaminopolycarboxylic ac id buffer mix­
ture produced by random polymerizati on . T he constituents of thi s mixture mig rate
electrophoretically to sta tionary zones in th e separa tio n field , thereby esta blishing a
relati vely sta ble " na tura l" pH gradi ent.

Ampholine and other similar co mme rcia l carrier ampholytes ar e well suited for
analytical purposes, but for preparative applica tions th ere are several shortcomings :
they result in product contamination with a chemically and biologically ill-defined
material ; they are rather expensive; and they do not allow for custom-des ign of pH
profiles. Our recent development ofa large scale preparative IEF apparat us based on
a no vel recycling principle'<" ha s prompted us to reexamine th e pos sible de velopment
of Ampholine-free buffering systems using chemically defined mixtures.

In the last few years th ere have been several attempts to develop such buffer ing
systems, using a variety of approaches7- 14 . In particular , Chram bac h and his co­
workers7-9 have mad e many attempts to construct useful pH gra dients using various
ampholyte mixtures, while others 1o-13 have also considered non-amphoteric buffer
mixtu res. In contrast , Caspers et al.14 have used amino acids and buffers to modulate
the pH gra dients fo rmed by Ampholine. It was generally appreciated tha t the qu an-

0021-96 73/8 1/0000-0000/$02 .50 (g 1981 Elsevier Scientific Publish ing Company



314 M. BIE R. R. A. MOSHER. O. A. PALU SI NSKI

titles of indi vidual component s util ized and their specific characteristics must
uniquely determine the shape of the pH gradient establi shed , the samp le ca paci ty, and
the resolution . It should also be appreciat ed that mo st of these approa ches were
purely empirical and have suffered from the absence of an explicit model demonstrat­
ing the contribution of individual components to grad ient formation .

It appeared, therefore, that further progress requi red a better understanding of
IEF, i.e., a theor y describing the structure of concentrati on, pH , conductivity and
potential gradi ent s generated by focusing a limited number of electrochemi cally de­
fined ampho lytes to the steady state . Unfor tuna tely, the very usefulness of Am­
pholine has also alleviated the need for the development of such a theory. Most prior
theoretica l treatments of IEF assumed the preexistence of linear pH and /o r conduc­
tivity gradients ' P'!", a situa tion fairl y approx imated if Ampholine is employed. Th e
best model of IEF hith ert o a vailable is th at of Alm gren 17, but it has only parti ally
fulfilled the need , as its simplifying assumptions were too limiting for practic al appli­
cations.

A suitable det ailed theory of IE F has recently been developed by Palu sinski et
al.1 8 in a form suita ble for computer modeling. In the present pap er we wish to report
an abbreviated version of the mo del , limited to two ampho lytes, as well as some of the
result s of computer simulations of IEF which we believe ar e of part icular interest to
the experiment alist. In addition, we are presenting some of our lab or atory dat a which
validate, at least qu alit ati vely, these computer sim ulations.

MAT ERI AL S AN D ME T HO DS

A DEC-IO pro cessor is used for the maintenance and editing of our programs.
All computations are performed on the CY BER 175 processor by tran sferring the
files from D EC-1O on simple comma nds. The differential equations are solved using
DARE P software! ". The program can readil y be implemented on any computer
provided with a FORTRAN compiler and will be supplied on request.

Th e ami no acids and peptides used in this work were purchased from Vega
Biochemicals (Tucson , AZ, U.S.A.) . Other chem icals were purchased from Eastm an­
Kodak (Rochester, NY , U.S.A.) .

Experimenta l IEF was carri ed out in three systems : thin-layer polyacrylamide
gels, the LKB Model 8101 focusing column, and the recycling IEF apparatus de­
veloped in th is laboratory'<". Gel pH and concentra tion profiles were determ ined by
sectioning the polyacryl amide gels in 0.5-cm long segments and elution in 0.0 I M
KC I. Amino acid concent rations were determin ed using the Durrum auto ma tic
amino acid analyzer.

MO DEL FORM ULA TION

A detai led account of our model of the steady state in IEF has been recently
presented !". Briefly, the treatment conside rs only simple ampholytes, i.e., it is as­
sumed that only the two apparent dissociation constants (pKs ) nearest the isoelectric
po int (pi) of an ampholyte influence its beha vior in the steady sta te. The analysis is
one-dimensiona l in a sta tiona ry fluid with no electroo smosis and at constan t tem­
peratu re.
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At present. we wish to pr esen t a sim plified vers io n of o ur m od el, restricting it to
bina ry mixtures o n ly. The co nstruct ion of th e model rests upon the fo llowi ng basic
co nce pts :

(a) The co nce nt ra tio ns of co m po ne nt subspecies are de scribed by eq ua tions of
chem ica l eq uilibria .

(b) In th e steady sta te , a balance exists bet ween th e mass tr an sp orts res u lt ing
from electro m igra tio n and from d iffusion.

(c) Electro ne utra lity is preser ved within th e relevant ph ysical dimen sions.
In such a system, the co nd ucti vity a is given by

i = ti

a = e 1: :::f \1';11;
i = I

( I )

whe re e is th e Faraday co ns ta nt (96,500 Coulombs/mole), ::; va lences (dimensionless
0, + I, - I), W ; mobility coeffi cients (cm 2 /V · sec) , II ; concentra tions (mole/em:'). Sub­
scripts I and 2 refer to hydrogen and hyd roxyl ions , 3 and 6 to th e neutral species of
am pho lytes I a nd 2, respectively, 4 and 7 to th e cationic species of the two arnpho­
lyres, and 5 and 8 to th eir an io nic species. The mobility coe fficien ts Wi are related to
the co nve n tiona l elect ro pho re t ic mobiliti es /l ; by Jt; = W;:: i' and to the d iffusion
co ns ta n ts D, by th e Ein st ein rela tio n D, = R'Tw]e.

The ampho lyte conserva tio n eq ua t io n is

dq> ( d1l 3 dl14 d1l5)e (\1 ' , 11, - 11'5115) - + R T II' . ---'- + \I ' , . - + II'
* * . , d.v J d.v * d.v 5 .~

o (2a)

(2b)

where sp is the local pot ential (V) , .v is the d istance (em), fro m th e anodic end of the
co lum n. R is th e un iversal ga s co nsta n t (g cm 2/sec2

) and T is the abso lute temper­
a ture (' K ).

T he co nserva t ion of charge eq ua tio n ha s th e form

dq> ; = 8 dll
(J d.\' + R T 1: :: ;11'; - j : = - J

; •. 1 ( .X

where J is the cur re nt den sity (A /cm 2
) .

In additi on to th e abo ve differ ential eq ua t io ns th e a lgebra ic relati on

(3)

(4)

de scribes the electrone utra lity o f th e so lut io n .
T he chem ica l eq ui libria for each am pho lyte are described by th e usual pr ot on

dissociation eq ua t ions defini ng the co nstant s K i t a nd K 12 for th e first am pho lyte and
the co ns ta nts K2 t a nd K 22 for th e seco nd am pho lyte .
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Th e ab ove equations are non-linear and cannot be solved analytically. Thus, a
numerical approach was necessar y, requiring the transformation s of equa tions de­
scr ibed in th e Appendix. Th e algebraic equati ons are used to eliminate a ll concen­
tration terms except those of the two neutral subspecies. /13 of the first ampho lyte and
/16 of the seco nd ampholyte. Th ese transformation s produce

(5)

dn6 J (\1"7 1 )- = -. b (/1 /1) - _ . /1 - \I" K . - /1dx RT 3' 6 K
1 1

I 8 22 /1
1

6
(6)

which define the profiles of the co ncentrations of the above two species along the IEF
column axis. The fun cti ons a and b are defined in the Append ix.

Eqn s. 5 and 6 lead to the following impo rtant co nclusions :
(a) Th e two factors, the applied current den sity and the d ista nce over which

the gradients are developed , ha ve a reciprocal relationship. Th e sam e relative profile s
will be obtained as lon g as the product of co lumn length (x ) and applied current
density (1) is kept constant. Thus, the volta ge needed to obtain full development of
the gradi ents acros s any column is inde pendent of its length.

(b) Th e sign of the co ncentra tion grad ients d/1 3 /dx and d/1 6 /d x is determined
by the sign of the term s in parenthesis in eqns. 5 and 6. since all other fact or s are
positive. This yields the fo llowing inequ aliti es

(7)

(8)

for the growth of n3 and decrease of /16 ' Th ese ineq ualities expl ain the concentrat ion
maxima reported in Fig. 3.

R ESULTS OF SIM ULATION ST UDI ES

The forego ing eq ua tio ns have been suitably tr ansfo rmed for computer imple­
mentation, as part ially shown in the Append ix. and have been exercised to simulate
the IE F process in binary and tertia ry mixtures of ampholyt cs!". At present we wish to
present some of th e simul ati on studies which ar e of particular importance for experi­
mental IEF. Our studies co mprised modelin g with hypothetical ampholytes, to which
arbitrary elect rochemical param eters were assigned , as well as with real compounds
for which literature cited param eters were used . Most simul ations have been con­
du cted with binar y mixtures, as the ra tion al selection of more complex mixtures
requires a prior und erstanding of the interact ion between any two ampholytes fo­
cused adjacently in the separation field.

Our model requires th e input of the fo llowing parameters:
(a) Dimension s of the co lumn : all data to be presented assum e a length of I cm

and a cross-section of I crrr' .
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(b) Th e mobility coefficient \I' of all component s of the mixture. Different
mobility coefficients can be ass igned to the positi ve, neutral and negati ve subspecies
of each ampholyte, as they may vary by as much as 5 %du e to the grea ter hydration
of the carboxyla te group20. Most of the mobility coefficients for real ampho lytes were
calculated from the diffusion consta nts given by Lon gsworth ." or arrived at by inter­
polati on as a funct ion of molecular volumes2

1.
22

.

(c) The dissociation consta nts of all compo nents . Fo r ampho lytes with more
than two dissociating groups, onl y the co nsta nts nearest the pI were used. Th is results
in a negligible error if the remaini ng dissocia tion constants differ by more than an
order of magnitud e from th ose used .

(d) Th e initiating (boundary) con centrati on s of the two ampholy tes a t any
arbitrary point a long the column axis.

(e) Th e applied current density.
Th e ou tput of a computer simulation is:
(a) The concentration profil es of all subspecies of both ampho lytes along the

column axis, as well as the tot al amo unts in the column.
(b) Th e pH, conductivity, and electrica l potenti al profil es along the column

axis, as well as other complement ar y data .

S imulations with hypothetical ampholytes
Th e assignment of arbitra ry electrochemical par am eters to hypothetical am­

pholytes has permitted a systema tic eva lua tion of th e effects of th e input par ameters
on simulated IEF.

Th e dat a presented in the composite Fig. I illust rat e th e effects of applied
curre nt density on the concent rat ion , pH and conductivity profil es obtained on simu­
lated focusing of a binary mixture of ampholytes in the neutral pH region . The input
param eters ar e listed in Tabl e I. Th e plots labelled A were obta ined at the lowest
curre nt density, plots labelled B and C at three and nine times higher cur rent den­
sities, respectively. The concentra tion plot s show th at the mor e acid ic ampho lyte (1)
accumulates at the anode, th e more basic on e (2) accumulating at the ca thode, their
concentra tions decreasing monotonically towards th e opposite electro des. As shown
previously!", the ampholytes are essentia lly isoele ctric at the electrodes , with th e
proportion of charged species increasing as th e total concentration decreases. As a
result , the pH curves span the range between the isoelectri c points of th e two ampho­
Iytes (pI 6 and 7, respectively) and the conductivity is maximal in the center of the
column, decreasing towards both electrodes. An increase in current den sity (plots B
and C) results in the contraction of the effective distan ce over which full deployment
of gradients is obtained. This is dictated by eqns. 5 and 6 which show that an X-fold
increase in current density will result in an equivalent reduction in column length over
which full deployment of profil es is obtained. The computer ca lculated total volt ages
for the above three system s were 0.43 (A), 1.53 (B), and 4.83 (C). These volta ges are
substa ntially lower than voltages customarily applied in IEF using commercial car­
rier ampholytes. Experimental work, which will be discussed , has confi rmed th is
computer prediction. Thus at high applied potentials, no smoo th pH or concentra tion
pro files ca n be expected, the step-gradie nts obtai ned being more reminiscent of iso­
tachophoresis than of IEF.

It should also be pointed out th at in the above simu lations th e tot al amo unt of
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Fig. 1. Effects of current den sity on computer generated profiles of concentra tion, pl-l, and conductivity at
the steady state in IEF . Current densiti es: A, 0.02X8 rnA/em ' ; B, 0.0864 rnA/em '; C, 0.2592 mAjcrrr'. All
other input parameters are listed in Table I.

each ampholyte in the column remains unchanged by the alteration of applied cur­
rent , since the profiles remain symmetrical. The general shape of the plots shown in
Fig. I will remain virtually unchanged if concentrations and applied current are
varied by the same factor. Total ampholyte content and cond uctivity will be, of
course, proportional to concentration. Similarly, the plots are not changed noticeably
if mobility coefficients for both ampholytes and the applied current ar e altered by the
same factor.

In the above plots, all profile s are essentially symmetrical. This is due to the
symmetry of the assigned electrochemical parameters and the pH range being close to
neutrality. In particular, th e mobility coefficients for all subspecies of both ampho-
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TABL E I

INP UT ELE CTROCHEMICA L PAR AMET ER S FO R SIMU LATIONS R EPOR T ED IN FIGS . 1- 4

Figure No . Componen t No . pK , pi pK2 Mobility coefficient x 1IJ4
. --_. _ - -_.

Cat ion Neutral Anion

IA- C 5.0 6.0 7.0 3.0 3.0 3.0

2A-C 6.0 7.0 8.0 3.0 3.0 3.0

2 ID 5.0 6.0 7.0 3.0 3.0 3.0
2D 6.0 7.0 8.0 3.0 3.0 3.0
I E 5.0 6.0 7.0 3.15 3.0 2.85
2E 6.0 7.0 H.O 3.15 3.0 2.85

34 IF 1.5 2.5 3.5 3.0 3.0 3.0
2F 2.5 3.5 4.5 3.0 3.0 3.0
IG 1.5 2.5 3.5 3. 15 3.0 2.85
2G 2.5 3.5 4.5 3.15 3.0 2.85
IH 9.5 10.5 11.5 3.0 3.0 3.0
2H 10.5 11.5 12.5 3.0 3.0 3.0
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Fig. 2. Effects of differences in mob ility coe fficients of ca tio nic. neutr al an d anio nic ampholyte species on
computer generat ed profiles of concent ration an d conduct ivity in IEF. C urrent densities were 0.0288
mA/cm 2 for both systems. all oth er input parameters being listed in Ta ble I.
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lytes were assumed to be identical , which is not the case in actuality. If the cationic
subspecies of both ampholytes are assumed to have a higher mobility coefficient than
the more hydrated anionic subspecies/ ", the profiles are no longer symmetrical , as
shown in Fig. 2, The input parameters are presented in Table I. The pH curves were
omitted, as they were essentially superimposable.

Symmetry is also lost if the simul ation is performed outside of the neutral pH
region, due to the contributions of hydrogen or hyd roxyl ion s to the conductivity.
Thi s is illustrated in Fig. 3, which sho ws the concentration and conductivity plots for
binary mixtures similar to those presented in the previous figures, except that they
were centered around pH 3 (plot F for component s with identical mobility coefficients
for all subspecies and plot G where higher ca tionic mobility coefficient s were as­
signed) and around pH 11 (plot H, with identical mobil ity coefficients). The simu­
lation input parameters are also listed in Ta ble L Because of the higher conductivities
of these systems significantly higher current dens ities had to be appli ed than in the
pre vious simulations.
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Fig. 3. Effects of low or high pH values on computer generated profiles of concentration and cond uctivity
at the steady sta te in IEF . Current densities : F and G, 0.20 mA/cm 2

; H, 0.10 mA/cm2
. All other parameters

are listed in Table I.
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The most surprising result of these simula tions was that the concentra tions of
some ampholytes no longer rise monot onically to wards the electrodes : a t low pH
values, the concentration of the more basic ampholytes, 2F and 2G , go through a
distinct maximum, while at high pH values the concentration of the more acidic
ampholyte, IH, goes through a ma ximum. Thi s behavior was qu ite unexpected, but is
explained by the inequalities 7 and 8.

Th e corresponding pH profil es are given in Fig. 4. It is significant that the pH
profiles no longer span the range between the pi values of the two const ituent ampho­
lytes, but are shifted towards more neutral values. This is in line with the observa tion
of Rilbe'" ; who has sho wn that the pH values of dilute solutions of isoelectric ampho­
lytes do not correspond to their pi va lues (except in the neutral pH region ), becau se of
the " buffering action" of water.

In our previou s paper! " we examined the effects of varying the sprea d between
the pK values for each ampholyte in binary mixtures, and the effects of varying the

36
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Fig. 4. Comp uter generated pH profiles correspondi ng to the simulation dat a presented in Fig . 3.
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spread between the pI valu es of the two components. Th ese simulations were per­
formed in the neutral region, as in ac id or alkaline region s the superimposition of the
pH effect s de mo nstrated above o bscures the result s. These pH effects must a lso be
considered if co ncentra tions or mobilities are altered .

Th e above simula tions as well as those previou sly present ed I ~ illust ra te the
effects of th e mo st important experimental variables : th e electrochemical properties
of th e ampholytes (mobility, pK, pI) and the ph ysical par ameters (column dimen­
sions, applied current, and concen trations).

Simulations have also been performed with hyp othetical three component sys­
tems and will be presented in a future paper. A simulatio n of a three component
system with actua l compounds is presented in a fo llowing section.

Computer simulations al IEF ofreal compounds
Following the simulatio ns of IEF of imaginary compounds, the same pro ­

cedure was applied to real ampho lytes. Unfortuna tely, while hypothetical com­
pounds provid e a limitless choice of parameters, there are far fewer actual amp ho lytes
to choose fro m. i.e., ampholytes for which the requ ired electrochemical par am eters
have been reported in the litera tu re. The binary systems investigated ar e listed in
Table II. The last column refers to res ults of the simulat ion: good refer s to systems

T ABL E II

INPUT PARAMETE RS A N D R ES ULT S OF IE F SIMU LATIONS OF R EAL A M P HOLYTES

System
components

pK 2 t1pK Api Mohility
coefficient x J()"

CUI'I'CI/t

[m A/ cm 2
)

Result s

m-ABA
f3-Ala

m- AB A
ce-Asp-His

p-A BA
If-Ala

p-ABA
Tyr-Tyr

If-Ala
His

If-Ala-His
Arg

If-Ala-H is
Om

o:-OH-Asn
His-G ly

Asp
m-A BA

3.12
3.6

3. 12
3.02

2.41
3.60

2.4 1
3.52

3.60
6.0

6.lB
9.04

6.83
8.65

2.3 1
6.27

1.88
3.12

4.74 1.62
10.19 6.59

4. 74 1.62
6.82 3.80

4.85 2.44
10. I9 6.59

4.85 2.44
7.68 4.16

10.19 6.59
9. 17 .- . 17

9.5 1 2.68
12.48 3.44

9.51 2.68
10.76 2.11

7.17 4.86
8.57 2.30

3.65 1.90
4.74 1.62

2.96

0.99

3.36

2.07

0.70

2.59

1.53

2.68

0.98

3.01
3.63

3.0 1
2. 11

3.28
3.63

3.28
1.56

3.63
2.85

2.30
2.7 1

2.30
3.11

2.95
2.40

2.97
3.0 1

0.16

0. 18

0.24

0.18

0.36

0.098

0.108

0.08

0.40

Ab orted

Poor

Ab ort ed

Ab orted

Poor

Good

G ood

Go od

Good
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TABL E 11 (continued)

Svstem pK, pK, /i pK np l Mobility Current Resu lt s
components coefficient x J(} 4 ( II1A l cll1')

Asp 1.8S 3.6 5 1.90 2.97
p-ABA 2.4 1 4.85 2.44

0.5S
3.28

0.80 Co ne . max . p- A BA

Asp 1.88 3.65 1.9 2.97
Glu 2.19 4.25 2. 13

0.2S
3.23

0.144 Cone. max . Gl u

Asp 1.88 3.65 1.90 2.97
Gly-Gl y 3. 15 8.25 5. 10

2.75
3.08

0.40 A borted

c-Asp-His 3.02 6.82 3.80 2. 11
His 6.0 9. 17 3. 17

2.67
2.85

0.079 Good

z-Asp- His 3.02 6.8 2 3.80 2. 11
Isogln 3.8 1 7.88 4.0 7

0.93
2.96

0.25 Fair

p-Ala-His 6.83 9.5 1 2.6S 2.30
Om 8.65 10.76 2.11

1.53
3.11

0.096 Good

Glu 2. 19 4.25 1.90 3.23
Gly-G ly 3. 15 lU5 5.10

2.47
3.08

0.24 Aborte d

Gly 2.35 9.78 7.43 4. 11
Om 8.65 10.76 2. 11

3.63
3. 11

0. 10 Good

Gly-G ly 3. 15 8.25 5. 10 3.08
p-Ala-His 6.83 9.5 1 2.68

2.4 7
2.30

0.08 Good

His 6.0 9. 17 3.17 2.S5
p-Ala -His 6.83 9.51 2.68

0.58
2.3

0.18 Good

His 6.0 9. 17 3. 17 2.S5
His-H is 6.8 7.8 1.0

0.30
1.49

0.384 Poor

His 6.0 9. 17 3. 17 2.85
Tyr-Ar g 7.55 9.80 2.25

1.09
1.58

0.096 Good

His-Gl y 5.8 7.82 2.02 2.4
{I-Ala-His 6.83 9.5 1 2.68

1.38
2.3

0.20 Good

His-Hi s 6.8 7.8 1.0 2.40
(I-Ala-His 6.83 9.5 1 2.6 8

0.89
2.30

0.30 Fair

Isogln 3.02 6.82 4.07 2.96
His 6.0 9. 17 3.17

1.74
2.85

0.09 Good

Tr i-Gly 3.23 8.09 4.S6 2.59
His 6.0 9 .17 3.17

1.94
2.85

0.07 6 Good

Tyr-A rg 7.55 9.80 2.25 1.58
Arg 9.04 12.48 3.44

2.08
2.71

0.079 Good

Tyr-Ar g 7.55 9.80 2.25 1.58
Om 8.65 10.76 2. 11

1.02
3. 11

0. 108 Good

Tyr-T yr 3.52 7.68 4. 16 1.56
His 6.0 9.17 3. 17

1.99
2.85

0.06 Good
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where reasonably symmetrical concentration profiles were obtained and reasonably
useful pH gradients were projected, Poor refers to concentration profiles which were
quite unsymmetrical and where the pH gradients did not appear to be promising, The
computer aborted a number of runs, indicating a very unsatisfactory pair, where the
concentration of one of the ampholytes reached vanishingly low values , Two systems ,
aspartic acid-p-aminobenzoic acid (Asp/p-ABA) and aspartic acid-glutamic acid
(Asp /Glu) , exhibited concentration maxima of the more basic components (p-ABA
and Glu, respectively), as were shown for hypothetical compounds in Fig, 3,

To illustrate these results, Fig, 5 shows the quite symmetrical concentration
profiles obtained with the aspartic acid-m-aminobenzoic acid (Asp /m-ABA) system ,
resulting in a nearly linear pH profile. This can be contrasted with the histidylhisti­
dine-histidine (His-His/H is) pair (Fig, 6), which we expected to be an excellent combi­
nation, both being "good" ampholytes, i.e. having quite small L1pK values. The
simulation data present grossly unsymmetrical concentration profiles and the pH
profile appears to be virtually useless,
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Fig, 5. Computer generated concentration and pH profile s for the focusing of aspartic acid (pI = 2.95 ,
LlpK = 1.91)' and m-aminobenzoic acid (pI = 3.93 , LlpK = 1.62) at a current density of 0.40 rnA/em" The
computer calculated voltage across the column was 0,59 V.

Experimental validation of computer simulations
The experimental validation studies were aimed at confirming the two most

striking results of the simulations : (i) the low voltages needed to obtain full deploy­
ment of the concentration and pH gradients and (ii) the steep gradients obtained at
higher voltages.

The existence of the steep gradients was confirmed experimentally in the LKB
focusing column, using the system glutamic acid-histidine and the indicator dye



COMPUTER SIMULATION OF IEF 325

'0
x
::J HIS
'<,

~
4

Z
0

~
er::
f- 2
Z
W
U
Z
0
U

0

7.6

10o 0,2 0.4 06 0.8
COLUMN LENGTH (em)

Fig. 6. Computer generated concentration and pH profiles for the focusing of histidylhistidine (pI = 7.3.
L1pK = I) and histidine (pI = 7.59. L1pK = 3.17) at a current density of 0.38 rn.Arcm'. The computer
calculated voltage across the column was 2.4 V.

methyl red as sample. The focusing was carried out at 1000 V, for 43 h. At the end of
the focusing, the dye was localized at the center of the column in a narrow band of
only 6 mm width, the upper half of the band being yellow and the lower red. Thus,
this confirmed the existence of a step pH gradient between pH 3.2 and pH 7.6, which
was projected by the simulation.

The validation of focusing obtainable at very low voltages was undertaken
using the glycylglycylglycine-histidine (Tri-Gly/His) system. Fig. 7 shows the com­
puter predicted concentration and pH gradients for this system, chosen because it
encompasses the pH range where hemoglobin should focus. The model was exercised
at the current densities of 0.07 mA/cm2 and 0.2 mAzcm", the computer predicted
voltages being 1.3 V and 10 V, respectively.

It was deemed essential to validate the prediction that focusing could be ob­
tained at such low voltages. A sample of porcine hemoglobin was focused in a thin­
layer polyacrylamide gel, 5 %acrylamide, 0.17 % bisacrylamide, 20 %glycerol, made
25 mM with respect to Tri-Gly and His. A constant voltage of only 5 V was applied
across a distance of 10 em of the gel, and the focusing was continued for 6 days. The
final current density was 0.042 mArcrrr'. The pH gradient was similar to the predicted
one, except that it was skewed towards lower pH values, presumably due to the
persulfate used as the polymerization catalyst. A photograph of the gel is shown in
Fig. 8 and it clearly shows that the bulk of the hemoglobin has focused, leaving a
trailing edge. there being two additional rather sharply focused protein bands at
lower pH values. This experiment has been repeated a number of times, with quite
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Fig. 7. Computer generated concentration and pH profiles for the focusing of glycylglycylglycine (lA and.
IB) (pI = 5.65, LlpK = 4.86) and histidine (2A and 2B) (pI = 7.59, LlpK = 3.17). Current densities : A, 0.07
mA/cm 2 at 1.2 V; B, 0.20 mA/cm 2 at 10.1 V.

Fig. 8. Photograph of the focused pattern of a sample of porcine hemoglobin in a polyacrylamide gel. The
pH gradient was established using 25 mM each of glycylglycylglycine and histidine. Focusing was carried
out for 6 days at a potential of 5 V across 10 em of the gel. The anode is at the bottom.
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similar results . Analysis of the distribution of the two components, Tri-Gly and His,
has shown that their concentrations overlap at such low voltages , as predicted in plot
A of Fig. 7, but are nearly completely separated at voltages higher than roughly 20 V.

The simulation of a three-component system, glutamic acid-cycloserine-his­
tidine (Glu /C-Ser/His) , is shown in Fig. 9. The concentration profiles show that the
two end components (Glu and His) are widely separated by a non-Gaussian zone of
C-Ser. It should be pointed out that the concentration of C-Ser in this zone is not
constant, but decreases slightly from glutamic acid to histidine. The pH profileshows
two steep pH gradients due to the interactions of Glu /C-Ser and C-Ser/His , respec-
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Fig. 9. Co mputer generated conc entrati on and pH profil es for the three-compon ent mixture of glutamic
acid ( I) (1'1 = 3 .~3 . L1pK = ~ .IJ ) . cycloserine (~ ) (pI = 5.90. LlpK = 3.0). and hist idine (3) (1'1 = 7.59.
L1pK = 3. 17) ~Il a current density of 0. 13 mA!cm ' an d a po tentia l o f U , v.

lively . Th e co nd uctivity pr ofile . not displayed. exhibits two peaks. co rresponding to
the two stee p pH gradients, sepa rated by a "conductivity gap" du e to C-Ser. Such a
system was expected to resol ve any two prote ins with pI values on either side of the C­
Ser genera ted pH plateau . T his has been verified in pol yacrylam ide gels, the LKB
focu sing co lumn and the recycling IEF apparatus'v" de veloped in our laboratory.
Fig . I() sho ws the sep arati on of bromophenol blue-stained albumin and red hem o­
globin in the recycling appar atus . With all three methods excellent focusing of the two
proteins was obtained, the blue albumin focu sin g in the Glu /C-Ser pH gradient, and
the red hemoglobin in the C-Ser/ His pH gradien t. In the recycling IEF apparatus, the
same final protein distribution was obtained whether the albumin and hemoglobin
were added as a mixed sam ple or whether their rela tive initial applica tions were
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Fig. 10. Photograph of the preparati ve separa tion of 500 mg each of porcine hemoglobin (pI = 7.4) and
hum an seru m albumin (p I = 4.8) in the recyclin g isoelectric focu sing appara tus (for its description see refs.
4- 6). The pH grad ient was esta blished using the system mod eled in Fig. 9, co nta ining 10 mM each of
glutamic acid, cyclos erine and histidine. The ph ot ograph sho ws th e ten-channel heat exchange reservo ir at
the top and the focu sing cell at the bottom. Th e mi xed sam ple was added to channel 5 of the heat exchanger
at the time of current appl icati on. The sepa ra tion was com plete in I h, with a final foc using voltage of 300
V. Hemoglob in focused mainly in cha nnel 2 (from the cat hode) , with tr ace am ounts in adjacent channels,
and a lbumin in cha nnel 7 of the heat exchanger. The albumin was visua lized by the add ition of a small
amount of bromophenol blue dye.

revers ed with regard to their final positron, i.e., the a lbumin was applied in the
channel where hemoglobin was finally focu sed and vice versa. It is significant, how­
ever, th at thi s was obtained onl y if the protein s were added initially, before -the
ampholytes were focu sed . Once the pH gradient was formed , no migration of added
samples was obtain ed, due to the conductivity gap. Thi s sepa ra tion is controlled by
the pI ofC-Ser (pI = 5.9), which can be repl aced by any other ampholyte with similar
characteristics . In fact , compa ra ble sepa ration of the above two proteins was ob­
tain ed with Gly-Gly (pI = 5.7) or with G ly-Gl y-Gl y (pI = 5.65) rep lacin g C-Ser.
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Th e mathematical model of IEF presented in this and the previou s paper I
8 was

developed in the hope that it wo uld be of value in the design of experime nta l buffer
systems using chemically defined co m ponents, thu s elimina ting the need for the ill­
defined commercial ca rr ier ampho lytes (Ampholine, etc.) in prep arat ive applications.
The experimenta l dat a presented here have validated, at least qu alitati vely, the pre­
diction s of th e computer simulations . These simulations ha ve been ca rried out onl y
for two- and three-component systems, as more complex mixtures may be cons truct­
ed only when the inter action between adj acent pairs of ampho lytes is und erstood .

Som e general conclusions can be dr awn about the relationships between simu­
lati on input par am eter s and output dat a. Th ese are summarized in Table III , where a
value of I is ass igned to a ll "sta nda rd" input and output data, and the independently
vari ed parameter s are in italic s. Eac h horizontal row of the tabl e summarizes the
effect s. if an y. of the cha nge o f the und erlined input par am eter on the other param­
eters.

TABLE III

COM PUTER PREDI CT ED EFFECT S OF INPUT PARAM ET ERS IN FOCUSING

Computer input parameters Computer output data

Current

2
I
I
I

Column
length

I
2

Mob ility Initiating Voltage Towl Conductivity Toral
coefficient (,OIlCIl . * gradie nt volts gradient amount

I 1 1 I 1
I I 1/2 I 2
1/2 1 1 1/2 1
I 1/2 1 1/2 1/2

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

* Initiating concentra tions are assigned at the midpoint of the column. where the concentration
profiles of the two ampholytes are mad e to inter sect.

For exam ple, lines 1 and 2 indicate that reducing the applied cur rent by half
requires doubling the column len gth to obtain identi cal profiles, with the exception of
the voltage grad ient profile, wh ich is hal ved. The longer column will conta in twice the
total amount of ampho lytes, ho wever, the tot al voltage requ ired is th e same. Thi s
holds tru e for all pH region s.

Similarly, line 3 indicates that reducing the mobility factor by half will reduce
the cond uctivity by nearly the sam e amount. Thus, hal f the current will be needed for
eq uiva lent gradient depl oym ent. Line 4 indicates that halving the initial concen­
trati on of both ampho lytes will produce the same effec t on the pr ofiles as halving the
mobility fact or , exce pt th at it reduces the total ampho lyte co ntent of the column.
These two relati on ships hold tru e onl y in the neutral pH region . The fur ther from
neutral ity, the grea ter the differences in profiles o btai ned, du e to the co ntributions of
hyd rogen and hydroxyl ions to the conducti vity, as shown in Fig. 3.

In addition, the followin g co nc lusions may help in the selection of ampholytes.
The most impo rtant fac to rs to be co nsidered are the spread between the pI values
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(LIp!) of the two ampholytes, and the spread between the pK va lues (Ll pK) for each
ampholyte:

( I) In the neutral pH region, th e pH gradient will cover th e spa n between the
pI va lues of the two com pone ntsv". In acid ic or alkal ine pH ranges, there will be a
shift towards neutrality, as show n in Fig. 3.

(2) Qu ite simi lar concentra tion and pH profiles will be obta ined at const ant
Llp/ , irr especti ve of th e Ll pK va lues of the ind ividual co m po nen ts! ". However, the
greater the Ll pK. the lower the buffering of the sys tem .

(3) Any ionizable group will buffer only within one pH unit of its di ssoc iation
consta n t. Thus, in a two com pone nt mi xture only the basic group (pK12 ) of the more
ac idic component and th e acid group (pK2 1) of the more basic co mponent ma y exert a
buffering action within the esta blished pH gradient.

All of th e a bove three factors sho uld be considered in th e selection of com­
pon ent s, the optimum being th e smallest possible LI p! a nd Ll pK va lues which pro vide
buffering in the desired pH region .

The most surprising outcome of th e simula tions is the low current density and,
therefore, low voltage needed to obtain full gradient deployment, irrespective of
colum n length. These low voltage s are sufficient to cause the focusing of proteins, but
only with impractically long focusing tim es. The appl ication of rea sonable potentials
appea rs to require on the order of five com ponents per centimeter of column length,
as first suggested by Almgren" ? With fewer components, and at the high potentials
usually used in IEF with commerc ial ca rrier ampholytes, step-grad ients will be ob­
tained , which are more rem iniscent of isotachophoresis'P v" th an of IEF. The simi­
larity with isotachophoresis is also sho wn in the concentrati on plots in the three
component system shown in Fig. 9. The conce ntration pr ofile of the intermediate
com po ne nt, C-Ser is no t G au ssian , bu t presen ts a " square" profile, typica l of iso­
tach ophoresis.

In co nclusion, it wo uld appear that for a nalytica l purposes, where nea rly linea r
gra dients spa nning a relati vely br oad pH ran ge are desired , custo m designed mi xtures
of the type discu ssed do not seem to be pro misi ng . A great num ber of co mpo nents
wo uld be requi red , some of which wo uld certa in ly be pro hibitively expensive. T hus,
Amphol ine a nd o ther sim ilar co mme rc ia l carrier ampho lytes, rem ain the bu ffering
age nt of choice.

For prep ar ati ve purposes high vo ltages are important to min imize th e foc using
time and maxim ize th e resolut ion . An y sepa ra tions will be dep end ent on finding
ap propr iate " spacer" a mpho lytes with th e desired elect roc he mica l properti es. pri ­
marily the right pi va lue . The sim ilarity with isot achophoresis is agai n evide nt, except
that select ing spacers is easi er in isotachophoresis, where th e net mobilities can be
modified by pH adjus tme nt, wherea s th e pI va lues of am pho lytes ar e fixed . Ne verthe­
less, th e usefulness of sim ple am pho lyte m ixtures for pr ep ar at ive purposes was de m­
onstra ted by our sepa ra tion of a lbum in from hem oglobin , using th e three co m­
ponen t sys tem Glu/C-S er/His. Wh ile thi s is an admitt edl y simple sepa ration, in a
subseque nt paper we will report th e sepa ra tion of human hem oglobins A a nd C, using
leucylhi st id ine as the spacer a nd C-Ser a nd Lys as terminal co m po nents.
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and

fo r th e first and second am pho lyte resp ect ively, together with th e well-known wa ter
di ssoci ation co ns ta nt K; = " 1" 2 and th e electro ne utra lity eq n. 4 (sec text ) fo rm a
sys tem o f a lge bra ic eq ua tio ns which can be used to ex press th e va ria b les ") ,172 , " 4 , " 5,

177 a nd 178 in terms of 173 and 110 , which represent th e concentration o f th e un ch arged
species. Solving th ese equations by simple elimination we o bta in

and

"2 = Kw/II J

114 = 111113 /K 1 1

" 5 = K 12 113 / 1I 1

" 7 = 1I 117(,/K 2 1

118 = K22 110 / 1I 1

(AI )

(A 2)
(A3)
(A 4)
(A 5)
(A6)

T he va ria ble 111 was not elim ina ted to sim plify th e writi ng . The relati ons A I- A6 a re
used to elimina te a ll va ria bles except 113 a nd 110 in d iffere ntia l eq ns. 2 and 3 (see tex t) .
T hese equati on s contain th e de r iva tives o f a ll va r ia bles, th er efore th e sa me elim i­
nati on must be performed with respect to a ll of these de riva t ives, wit h the exception
of dll3 /d x and dllo/d x .

Us ing eq n. A I it is der ived

(A 7)

where A l A-;Aand A2 X2 A .
Th e sym bo ls A. Xl a nd X2 represent th e followin g qu antit ies :

I

A = ! [KIIK2 1/ (KI 2113 + K 2 2116 + K ..J (K2 1113 + K 1 11l t> + K 1 IK2 1) ·1} (AS)

(A9)

(A I O)
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Analogously from eqns . A2 - A 6 it is derived:

df/ 2

dx
(All)

Transforma tion of mode/ equa tions
Conservation of charge. We sha ll usc th e not ati on :

M

K = L ;} ll 'jf/ j
i = l

(A 12)

(AI 3)

(AI4)

(A 15)

(AI6)

Note that the conducti vity, s, ca n be expressed by s = e« . Usi ng eq ns. A I-A 15 in eqn .
3 results (after som e m anip u la t io ns) in

e dip
- ' -

RT d.x

whe re:

J I

RT I-.:

df/,C , ---- .
1 d.v

• df/ (>
( ' ­

2 dx
(AI7)

Conservation ofampholvtes. The eqns. 2a and 2b are div ided by RT, then A 17 is
used to eliminate (ejR T) (d <p jdx ). Using eqns. A2-A6 and A ll -A 15 to eliminate f/4 _

f/5' f/ 7' f/M and th eir deriva tives we obtain (after some manipulations )

df/ 3 dll 6 J B I I
a l l '-d~~- a ' -'- - -- (A I8)

12 d.v RT ".
df/ J df/o J

(A I9)
-a2 1 ' ~. + a22 ' ~ = -- , B

RT 2 1
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In order to obtain eq ns. 5 and 6. it is necessary to invert the mat rix A with non-linear
entries (/1/' This is poss ible only when the, matrix A is non-sin gul ar . i.e.• when its
determina nt is non -zero .

Matrix inversion and determ inant comp uta tion. It is shown belo w th at the de­
terminant of matri x A (det A) is non-zero. therefore eqns. A 18 and A 19 can be
presented in the fo rm :

J Bll(/n+ B21(/12.-----_.•..-.,-- -

RT I( det A
(A20)

J

RT
lI l l Bn + lI l l e.,

I( det A
(A2 1)

Tak ing into account the definiti ons of sym bols and th e ex pression for ( I( det A)

computed below. the cq ns, A20 an d A2 1 are tran sformed easily to forms 5 and 6.
where :

11'(> + ( lI'7 11 1/ K 21) + (lI 'xKn /l1l )
._ -_.~--~_._. __.. ----- - _. __ ..

tc dct A

' !': + ( lI'4n , /Kl 1) + ( II'S K 12 /nl )
. .. --- --- - - _.. - - -~--- _...

I,' del A
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Dete rminant computation. In order to sim plify the manipulati ons we introduce
the notation :

(An)

Using eqns . A 1·-A6 in A 16 and taking int o account that ::, = I (i = 1,4. 7), - I (i = 2,
S. X), 0 (i = 3, 6) we obtain

and using A 22 we ca n write :

1\ = t + (p + q) n3 + ( I' + s) n o

Usin g th e definitions of a ij (A 18, A 19) th e determinant of matrix A (dct A
" 1 1(/2 2 - (/ 12(/ 2 1) ca n be co m puted and taking int o account A22 ex pressed in the
form:

det A
2 I

(w 3 + P + q) (w o + I' + s) - (1t'3 + P + q) (I' - .1) no ' - ­
1\

Using eq n . A23 and th e above, th e foll ow ing expression results

1\ det A = (w3 + P + q)[t(It'o + I' + s) + ( I' + S)l1o lt 'o + 41',1110 ] +
+ (It 'o + I' + s)[(p + q )113W3 + 4pq113]

whi ch is needed in the eqns. A20 and A21 . It al so demonstrates that the determinant
is not zero, since 1\ is po siti ve.
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SUM MA RY

Th e high-performance liquid chroma to graphy of pyrimid ine and purine de­
rivaiiv es on plain microparticulat e silica gel was studi ed . Mixtu res of dichl or o­
meth ane. meth an ol and aqueous ammo nium for mate- formic acid solutions were used
as the mobil e ph ase. Retenti on dat a are reported for mor e than 50 co mpo unds, inc lud­
ing the biochemically important nucl eob ases and nucleosides. By varying the com­
position of the eluent mixture the chro ma togra phic system pro vides elutio n seq uences
and selectivities that d iffer markedly from those charac ter istic of reversed-phase
liq uid chromatography.

INT ROD UCTI ON

Reversed-phase liqu id chro ma tog raphy (RPLC) on microparticulat e oc tade­
cylsilica has become the met hod of choice for the separa tio n of nucleosides and
nucle ic acid bases in recent yea rs1.2 . Nevertheless, in some instances plain silica gel
was used successfully for the liquid chro ma tog ra phic separa tio n of these and related
substa nces . Thus, some oxypurines were chroma to graphed' on a Bio-Sil A co lumn
with a solvent system consisting of d ieth yl ether, n-pro pa nol and dilut e acet ic acid.
Theobromine, theophylline and ca ffeine were separated on LiChrosorb SI 60 using
dichlorornethane-etha no l-water mixtures" and also on Part isil 10 with dichl oro­
meth ane-meth an ol -aqueou s ammoni a eluents", Further exa mples include the sepa ra­
tion of five uracil derivati ves on LiChrosorb SI 100 using a mixture of water-sa tura t­
cd dichloromethane and isopropan ol as the eluent? and the chro mato graphy of ade­
nine, adenosine and several cytokinins on a Hypersil column with an ammoni acal
chloro form- metha no l- water system7 . Th e most interestin g example in thi s series is
the paper of Evans e t ((/." on the separat ion of urin ary pyrimidine ba ses and nu­
cleos ides on LiChrosorb SI 100 with mobil e pha ses composed of dichloro rnetha ne,
meth anol and ammo nium formate buffer.

All of the mobile pha se systems ment ion ed above co nsist of a relatively non­
polar, water-immiscible organic so lvent, an a lcohol and a sma ll amo unt of either pure
wate r or an aq ueo us so lutio n of an ionizable substance. No matter what the exact

0011-9673/8 1/0000- 0000/$02 .50 \1') 198 1 Elsevier Scient ific Publishing Co mpany
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retention mechanism on silica gel with such hydro-organic e1uents ma y be (true
liquid-solid adsorption or partition mechanism into a more polar, water-rich liquid
stationary phase, developed from the eluent in situ in the column), it should differ
essentially from RPLC with alkyl silica packings so that different and specific separa­
tions could be possible. Nevertheless, a very limit ed number of purines and pyrimi­
dines have been chromatographed with systems of thi s type so far. In order to explore
better the potentialities of such systems, the present work was undertaken and the
dichloromethane-methanol-ammonium formate eluent of Evans et a/.8 was modi­
fied.

In our studies of nucleic acid chemistry during more than 20 years9
-

1 1 we have
often encountered difficulties in the separation and isolation of reaction products and
particularly in the identification of nuclei c acid components and their analogues in
biological materials. These difficulties led us to the utili zation of high-performance
liquid chromatography (HPLC) . Th e suitability of this method for the separation of
closely related compounds was demonstrated in th e separation of (E)- and (Z)­
isomers of methyl glyoxylate semic arbazones and in the determination of the E/Z
ratio in their mixtures", which are otherwise very difficult to separate.':'. Similarly,
HPLC was used successfully in the separation and det erminat ion of single epimers of
2',3'-cyclic sulphites of nucleosides at the rare isom erism located on the sulphur
atom!". Further, HPLC was used for the qu antitative determination of nucleosides
and their metabolites in biological materials and the time course of the blood level of
arabinosylcytosine and the course of its deaminati on in rats were determined 15. The
rate of deamination of arabinosylcytosine and its derivatives by deaminase was fol­
lowed quantitatively by HPLC I 6

, and this method was similarly used for the quanti­
tative determination of 5-fluorouracil derivatives in connection with their inhibition
of Escherichia co1i17

• In order to obtain chro matogra phic retention data for our
future work in nucleic acid chemistry. a systematic study of the separation and
identification of a series of pyrimidine and purine derivati ves was undertaken .

EXPERIMENTAL

The liquid chromatograph was assembled in this laborator y and con sisted of a
M ilton Roy Model 396-57 minipump, a Model 709 pul se damper, a Model 1203 UV
III monitor (all from Laboratory Data Control. Ri viera Beach . FL . U.S.A.). a hom e­
made septum injector and a Model EZ 13 electronic recorder (Laboratorni Pfistroje.
Prague, Czechoslo vakia). The absorbance of the effluent was monitored at 254 nm.

The columns were made from 6.3 mm 0 .0., 4.2 mm 1.0. LiChroma sta inless­
steel tubing, 25 ern long, purchased from Applied Science Labs. (State College, PA,
U.S.A .). The solvent reservoir was maintained at 20"C and the columns were thermal­
ly insulated . Silica gel was packed into the columns with a hom e-made slurry-packing
apparatus; chloroform served as the dispersing medium. the maximum pressure ap­
plied during packing being 50 MPa. Three types of silica gel were tried in the pre­
liminary experiments : LiChrospher S] 100, particle size elp = 10 11m; LiChrosorb S]
60, dp = 10 11m; and LiChrosorb S] 100, dp = 5 11m (all from E. Merck, Darmstadt.
G.F.R.). Only minor differences were ob served in their chromatographic perfor­
mances. Under comparable conditions, LiChrosorb SI 60 (the material with the
largest surface area) displayed the mo st pronounced tendency to give tailing peaks.
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Th e quantit ati ve retention data given further were o bta ined with the m ost efficien t 5­
JIm LiChrosorb SI 100 column.

Mobile phase m ixtures were made up by vo lume from di chl orornethune. mct h­
an al (bo th of spec trosc o pic grade) a nd a mmonium Io rmu tc/Io rm ic ac id so lut io ns in
deionized water. The relati ve proportions of the principal co nstituents o f th e elu ent
sys tems investiga ted are given in T able I.

TABLE I

COM POSITIO NS OF ELU ENT SYSTEM S

Syst em Content (pan s hy mIl/IIII' )

A I
A2
BI
B2

Dichloromcth anc

75
70
80
73

M etha nol

n
27
18
25

A'/ IIC'OI/S solut ion

In additi on to th e infl uence o f th e overa ll compositi on (d ich loro me tha nc :meth­
a no l .watcr rati o ). th e influ ence of th e co nce n tra t ions o f am mo ni um fo rma te and
lonn ie aci d wa s a lso stud ied . In itial test s revealed th at va rying th c sa lt co ncentra tio n
tram 0.5 to 2.0 M had no sign ifican t effec t o n ret ent ion ; hence. a sta ndard co nce n­
tra tion o f 0.5 M am moni um form ate wa s chosen fo r th e aq ueo us part of th e eluen t.
On th e o the r hand , the concentration of formic ac id, determ ining th e pH of th e
aq ueous so lutio n, pro ved to be important. D eta iled ex pe riments were cond uc ted for
three pH levels of th e aqueous part , viz: pH 4.2 (result ing from th e add itio n of 0.20
mole/l fo rm ic acid to th e 0.5 M am moni um fo rmate so lut io n), pH 3.0 ( 1.22 M formic
acid, 0.5 M ammoni um form at e) a nd pH 2.5 (2.65 M formic acid , 0.5 M amm onium
format e).

Commercially avai lable nu cleobases a nd nucleosid es we re purchased fro m
Lach ema (Brno, Czechoslova kia) . The othe r pyrimidine and purine deri vati ves were
synthes ized in thi s In stitute. Standard so lutio ns were prepared in methanol- wat er
mi xtures (ca . 1: I) so a s to contain th e so lutes at concen tra tio ns of ro ug h ly 50-200
pg/ml and were inject ed int o th e chro m a to gra ph in 0.5- l .0-pl volum es, using SGE
Type B syringes (Scientific Glass Engineer ing, Melbourne, Au st ral ia ).

The eme rge nce time of a peak (or baseline disturbance) o bta ined by injecting
pure methanol into the column wa s taken as th e elution time of a non-retained solute,
1M (ref. 18), and the retention (capacity) factor s were calculated in th e usual way from
k = (tR - fM ) /f M• I R being the ret ention tim e of th e considered co m pound . Each k
value wa s the mean o f at lea st three measurements.

RESULTS AND D ISCUSS IO N

Tables II and III give th e ca paci ty fact ors (k ) o f pyrimidine a nd purine deri va­
tives on silica gel for the d iffer ent m o bile ph ase co m positions used .

As co u ld be expected. mobile ph ase sys tems with a high er proporti on of the
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TABLE III

RETENTION FA CTORS (1\ ) FOR PUR INE DERIVATIVES ON SILICA GE L

Column: packing, LiChrosorb SI 100.5 /lm; length, 25 em. Mobil e phase systems: see Tabl e I.

Mobile phase

Al 81 A2 82

pH of the aqueo us solution 2.5 3.0 4.2 2.5 3.0 4.2 3.0 3.0
Formic' ac id concent rat ion (M ) 2.65 1.22 0.20 2.65 l.22 0.20 l.2 2 1.22
-_.". ..._--_.._-

2-Hydroxypurine 2.15 2.66 3.20 3.57 3.83 4.30 1.59 1.54
Hypo xanthine (H yp) 1.39 1.68 2.06 2.21 2.38 2.62 0.68 0.92
Ino sine (Ino) 2.50 3.2 1 4.35 4.7X 5. 17 6.13 1.20 1.40
I-Methylinosine (nt 'Jno) 1.40 1.63 1.99 2.23 2.30 2.55 0.92
Xanthine (Xan) 1.1I 1.40 1.96 1.74 I.X8 2.24 0.55 0.61
Xan th osine (Xa o) 2.61 3.5X 8.09 5.06 6.23 0.97 1.47
The ophylline 0.15 0.16 0. 14 0.17 0.17 0.20 0.11 0.16
Caffeine 0.06 0.08 0,07 0.08 0.08 0. 10 0.08 0.10
Uric acid (U.A .) 2.33 3.36 4.52 5.84 7.10 0.84 l.2 8
Adenine (Ade) 0.92 1.05 1.15 1.27 l.29 1.33 0.62 0.72
Adenosine (Ado) l.21 1.46 1.77 I.XX 2.06 2.27 0.65 0.X9
2'-Deoxy adenosine (dAdo) 0.90 1.00 1.07 1.30 1.38 1.45 0.55 0.72
I-Methyladenosine (rn' Ado) 12.50 5.15
N6 -Methylad enine 0.56 0.61 0.64 0.69 0.73 0.75 0.41 0.49
N6

- Methyladenosine 0.74 0.86 0.98 1.06 1.11 1.13 0.45 0.56
N6

, N6 -Dimethylad enine 0.25 0.28 0.27 0.27 0.32 0.33 0.22 0.25
N6,N6-Dimethyladenosine 0.41 0.44 0.48 0.55 0.59 0.64 0.30 0.32
Gu anine (Gua) 2.41 3.05 3.80 4.43 4.X2 4.X7 1.50 1.66
Guanosine (Guo) 3.50 4.56 5.94 7.05 7.97 9.05 l.24 1.93
2' -Deoxyguanosine (dG uo) 2.48 3. 18 3.86 4.68 4.90 5.58 0.97 1.50
I-M eth ylguanosine (m 'Guo) 2.37 2.90 3.65 4.25 4.59 0.93 1.46
Iso gua nosine 4.39 5.68 7.56 9.25 10.40 1.65 2.86

less polar component (dichloromethane) act as weaker cluents, and an increase in the
methanol and/or wa ter content leads to shorter retention times. With systems A 1 and
81 n able I) the k values lie in the optima l chromatographic range (ca , 1 < k < 10)
for most of the substa nces investigated. Systems A2 and 82 would be usefu l for the
separation of the more retained com pounds, suc h as cytos ine deriva tives and car­
boxyla ted pyrimidines, but fo r mo st of the compounds they are rather fast. Also, the
influence of pH was less pronounced with these two systems than with either A I or
81. so that dat u are given onl y for a single pH value (pl-l 3).

With systems A I and 8 1. however , changes in thc p H (formic acid conccn tra ­
tion) of the aqueous part caused considerable effects on both the retention and se­
lectivity of separation. This is demonstrated graphically in Fig . I, where exper imental
k valu es are plotted against formic acid concentration for several selected substances
displaying typical behavio ur in th is respect (data for system 8 1 were used in Fig. 1;
for A I the dependences, shifted to the lower k region, are similar.) It can be seen that
several compound pairs co-eluting under certain conditions can be well reso lved when
the concentration of the acid has been changed, an d in some instances even reversals



3

LC OF PURIN ES. PYRI MIDI N ES A N D TH EIR N UCLEOSID ES

8 ~~
~ ---~_ Guo

7 ~ .._ . .._ . _ ._~~_~m~Cyd
~ -----d'-'yd

:~~- ~,
~ --------~-_.. _-_ ._~.'~~~

Guo

~ ~ - ._ - - ._~m6Cyt

~----- - ---- ---- -----urd

343

2

k
- - - - .- - . -- - - .'._- .- - '-- - Thy

M HCOOH 1 2 3

Fig. I . Dependence of k value s on the molarity of form ic acid in the aqueous part of the mo bile phase
system BI .

of the elution orde r are effec ted . Ob viou sly, the o verall composition of the mobile
phase cannot be manipulated at will, as th ere is a miscibil ity gap in the und erl ying
tern ar y solvent system dichloromethane-meth anol-water, and additions of formate
and formic acid influence the mutual solubilities. Nevertheless, it is evident that th e
vari ations attainabl e in thi s way provide enough flexibility to affect the retention and
selectivity param eters in chroma togra phic sepa ra tions of the pyr imidin es and purines
concerned.

Remark s on structure- retention relation ships
Because of the co mplexity of the inter act ion s necessaril y involved, it would

hardly be po ssible to explain the retenti on beha viou r of th e main simple pyrimidines
and purines in term s of their structures and ph ysico-chem ical pr op ert ies. Never­
theless. some genera liza tions can be made for simila rly substituted co mpo unds, as
follows.

(1) In logical co ntras t to RPLC, meth yl groups generally decre ase the reten­
tion param eters, in proport ion to their num ber. This sta teme nt , however , can apply
only when the alkyl substituent does not a lter the primary structure. Amo ng th e
compounds investiga ted, such a notabl e exception is m !Ado, which elutes with an
extremely high k value after Ado, whereas m IIno and m t G uo eme rge before Ino and
G uo, respecti vely, and behave in the normal way . The anomaly mu st obvio usly be
rela ted to the fact th at m IAdo exists pr edom inantly as the imin o tautorner! ", whereas
the other ad en ine derivat ives a re in the usual ami no form. It may be ass umed that th e
two tautomeric structures undergo different retention inter actions.
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C~) Rib osides pos sess systema tica lly high er retent ion fac to rs th an their paren t
bases, whi ch seems to be a logical consequence of the presence of a hyd ro xylated
sugar moiety and their more polar nature. Curi ou sly, in RPLC the order of elution of
a cer ta in ribonucleoside-base pair is just the same and by no means 'rever sed '; it has
been proposed recent ly'? th at this stri king phenom enon ma y be expla ined by sta ck­
ing interactions. Another genera l obser vation that can be deri ved from the data
coll ected here is th at th e selectivity of separatio n for ribosides and co rresponding
bases ti .e., th e ra t io knuck", idjkh",J increa ses signi ficantly when the form ic acid con­
centration is lowered under otherwise com para ble conditions.

(3) The 2' -deoxy ribonucleos ides elute sys tema tically before the correspond ing
ribonucleo sides, in thi s instance contrar y to th eir behaviour in RPLC21

•
22

. The situa­
tion is more com plicated , however, when the retention of deoxynucleosides is com­
par ed with th at of parent bases, and cannot be expl ained in simple terms of 'polarity';
whereas dUrd and dThd a lways ha ve di stinctly higher k va lues than Ura and Thy,
respec tive ly, th e differences a re sma ll for Ade, Gua a nd Cyt deri vati ves and in some
instances th e deoxyriboside elutes before the base.

Influence offormic acid
As sta ted above and illus tra ted in Fig. I , va ria tions in the co ncentra tion of th e

formic acid addi tive (all other condi tio ns remain ing unchanged) gen erally have a
marked influence on retention parameters. Some cha racteris t ic features ca n be point­
ed out in this respect.

For most of the substa nces investiga ted, the k va lues increase when the acid
co ntent is de creased. The dependence is stro ng with structures bearing tr ue hydroxyl
groups, such as 5-hydroxymethyluracil, uric acid , barbituric acid and, of course, all
th e nucleosides and deoxynucleosides. For oxy gen ated compounds th at exist pr e­
dominantly in th e lactam tautomeric fo rm (U ra, Hyp, Xan, etc.), th is dependence is
wea ker but still pronounced . On th e other hand , Cyt, Ad e, G ua and ot her purines
and pyrimidines containing an amin o group (apart from th eir nucleosides, where th e
effect of the hyd roxyls apparently prevails) are less affected and with th e 8 I mobile
ph ase sys tem th eir retention is a lmos t insen sitive to cha nges in th e acid concentration ;
in some ins ta nces, their k va lues even fa ll in th e less acid ic reg ion. Obviou sly, th ese
find ings reflect th e complex character of the ch romatographic retention mechanism.
Th e ac id ity of the aqueous so lution was varied in th e pH range 2.5-4.2, but these pH
va lues ca nnot be taken as a qu antitat ive measure of the entire aq ueous-organic eluent
mixtu re. Ne ver th eless, it is clear that just those co mpounds which exhib it the grea test
ret ent ion-acidity dependen ce must exis t as neutral, non- ion ized mol ecules over th e
whole range of mobile ph ase compositions used . T hus. th e a pparent pH influence
cannot be attributed to ch anges in th e ionic state of such solutes and mu st be related
to vari a tions in the ch romatographic mobile phase- stationary phase sys tem. On the
other hand, a ll of the aminopy rimid ines and aminopur ines possess basic pKa co n­
stants aro und 3-4 and should become protonated in a more ac id ic environment. The
relative pH insen sitivity of their ret ention factors could th en be explained by as­
sumi ng that two retention-go vern ing factors ca ncel out : (a) the chro ma tographic
system as a wh ole becomes less retenti ve with the incre ase in acidity, bu t (b) the amino
com pounds cha nge gradually from th e neutral to the cationic form an d the latter is
retain ed more strongly.
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Practical chromatographic aspects
The chromatogra phic systems desc ribed here possess some features that com ­

pare favoura bly with the possibilities offered by RPLC for the separation of nucl eic
acid components. The biochemically important nucl eic acid bases elute in the order
Thy < Ura < Ade < Xan < Hyp < Gua < Cyt. In contrast , on oct adecylsilica ,
with weak ly acidic aqueous eluents, the typ ical sequence is Cyt < Ura < Hyp < Gua
< Xa n < Thy < Ade2

•
2 1

, with adenine eluting far from fro m the ot her ba ses.
Becau se of the sepa rate position of Ade and its derivatives in RPLC, it is necessary to
use gradient elut ion in order to sepa rate the whole range of compounds in an ac­
cept able time 2

1.2 3 . With plain silica gel and the hydro-organi c eluents used in th is
wor k, separa tions of this type are easy to achieve und er isocra tic conditions . An
exampl e is given in Fig. 2, which show s the chromatogram of an artifici al mixture of
thirteen bases and nucleosides. The excellent resolution of Xan , Hyp, Gua and Urd
may also be noted, as these substances come very close together in RPLC sys­
tems2 3 ,24 .

Thy

U"
Ad e Ado

U, d

Hyp

Cy '

1M

'"l.Jc:
a

"'2
o
V>

-0
a

x""

xcc

Cyd

I I I I I I I
o tR, rmt: 5 10 15 20 25

Fig. 2. Separ ation of bases and nucleosides on silica gel. Colum n : LiChrosorb SI 100, 5 iat» , length 25 em.
Mobile phase system BI with 2.65 M formic acid solution (pH 2.5). Flow-rate, 1.05 ml/min ; press ure drop,
7.6 MPa; temperature, 20°C; det ection, 254 nm ; 0.032 a.u.f.s.; samp le size, ca. 100 ng of each solu te (except
for Xan and Gu a).

Both column efficiencies and peak shapes were very sat isfactory. Plat e numbers
in the range 10,000-14,000 were typically obtained at flow-rates of O. 7- 0.8 rnl/rnin for
a 25 cm x 4.2 mm 1.0. co lumn packed with 5-J.lm pa rticles. An interesting finding,
however , is that under mo st conditions the ribonucleosides displayed systematically
lower plate numbers (roughly 6000- 8000) than the other compound types. Peak
pro files were evaluated in term s of the asymmetry factor, F, = 100ajb , where a is the
distanc e between the front pea k boundar y and the perpend icular drawn from the
peak ma ximum to the baseline. measur ed at 10 '%, of the pea k height. and b is the
cor responding distance for the rear boundary. Th e quantitative values were F, = 80­
90 in the most favourable insta nces, an d never d ropped below 60.
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A certain disadvantage, for sca ling-up applications, may be the relati vely low
sam ple loadability of the chrom atographic systems. On increasing the sample size
above 5-10 J1g (for a single solute), a limit is reached where indivi dua l substances,
especia lly early eluting on es, tend to emerge as sha rply sha ped peak doublets or even
tr iplet s. Thi s phenomenon mu st be relat ed to the ir low solubility in the dichloro­
meth ane-b ased hydro-or ganic eluent, probabl y cau sing an overlo ading effect on the
co lumn entra nce. On the other hand , no di fficulties were encountered upon decreas­
ing the sample size and de tection limits in the ran ge 1- 2 ng were obtai ned. Thus , the
systems used are suita ble for tr ace ana lyses.
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D ETERMIN ATI ON OF AC ET YL A N D FORM YL GROUPS BY GAS- LIQ U ID
C H RO MATOG RA PH Y

.JASBIR C HAUHAN an d AND RE DARB RE*

Department 0/ Biochernistrv, Kings Co llege, S trand, London W ('2R 2LS ( Greut Brit uin)

(Re ceived Mar ch J rd , 19XI)

SU M MA RY

A meth od is described fo r the hydrolysis of proteins, amino acids and carbo­
hydrates for the liberat ion of N- and O-acetyl and fo rmy l groups. T he acety l an d
formyl phen acyl esters a re prepared by mean s of crown ether cata lysis a nd determin­
ed by gas- liquid chro ma togra phy usin g the flame-ioniza tion detector. Qu an tita tive
res ults are given with sam ples co ntain ing a bo ut 20 nmol of ace ty l o r fo rmy l group.
The method is also applicable to th e determination of N- and O- propionyl groups.

INT ROD UCTI O N

Na rita I first isolat ed and cha racterized the N- acet yla ted peptid e from th e N­
terminus of tobacco mosaic virus protein . Ace ty l groups ha ve since been shown to
occur in pr ot ein s obtained from a variety of sources and about 80 % of the soluble
proteins fr om Ehrlich Ascites cells were report ed to be Nt-acetyla ted". N'-Acetyl­
amino acids ha ve been repo rted in a wide ran ge of proteins, incl ud ing adeny latc
kinas e, ca rbo nic anhydrase, superoxide d ismutasc, seve ra l deh yd rogenases, cyt o­
chrome r, par val burnins, a-mela nocyte stim ulating horm on e. histon es an d kent­
tin s:':" . The presence of N- formyl groups has been well esta blished in pr otein chain
in it ia tion on th e ribosome and N"-fo rmyl-block ed proteins have been reported":",

A variet y of methods for the determinat ion of acetate were pub lished . Acetate
was determined by enzymic meth ods 7 1 8 . Aceta te in proteins in the range 0.1-1.0
pmo l was determined as the l- acet yl-2-d initrophen ylh ydrazine derivat ive 19

.
2o. Usi ng

1- 2 mg of prot ein. for my l a nd acetyl groups were determined as th eir l -acyl-2-Dns­
hydrazine derivat ives, althou gh th e yield of th e formy l gro up was only abo ut 10 /.,
that for th e ace ty l group" . M ucopolysaccharid es were hydrolyzed wit h methan ol ic
HCI and th e methyl acetate determined as th e hydroxamate by colorimetry22 . Acid
hydrolysis was used to liberate ace tic acid from pro te in hexosamines and the acet ic
ac id titrated after steam distill a t iorr' V'" . Proteins were hydrolyzed and the N­
ace tyl25.26 a nd the Nvformyl" ami no acids were sepa ra ted by high -voltage elect ro­
phoresis and the am ino acid determ ined . T he determ ination of Nr-b locking groups in
pro teins is possible by mass spectrometry (MS). but a bo ut 50 nmol of a short pepti de
ca rrying th ese groups must be iso lated first ' ".

002 1-967.1 /81 /0000 -0000/$02.50 (C) 1981 Elsevier Scien tific Publishing Compan y
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Gas chromatogra phy in th e free ac id form was used fo r the determ inat ion of
ace t ic ac id in a va riety o f biolo gical so lutio ns suc h as plasm a a nd urine?". .\7 . in
biological m at er ial s3 !l .3 9 and attach ed to proteins40Al a nd lipopolysacch a ridc s'".
Protein acetyl groups were hydrolyzed by methanolic HCI and the meth yl acet a te
formed was det erm ined by gas-liqu id ch rom atography (G LC)43A4. A meth od using
ac id fu sion reaction gas chromatography for biological m aterial s wa s reported?".

W e report here on a method fo r th e direct det erminati on of acetyl a nd fo rmyl
groups attach ed to a m ino acid s. prote ins a nd carbohydrates. The method is eq ua lly
a pplica ble to propyl gro ups. although these ha ve not been re po rted in pr o tein s. Arter
a lka line hydrol ysis o f the sample th e potassium salt s o f acetic and fo rm ic acid a re
co nverted to th e ph en aeyl esters pr ep ared by means of cro wn ether cata lysis and
de te rm ined by G LC. A prelimina ry repo rt was publi sh ed ?",

EXPE R IMENTA L

Apparat us
A Pye Series 104 Model 24 gas chro mato gra ph. fit ted with du al flam e- ion iza­

tion detector (FlO) (Pye-Unicarn , Cam brid ge, G reat Brita in) wa s used with a
Spee d ornax W I m V, l-sec strip chart recorder (L eed s & Northrup. Birm ingham.
Great Britain). Integration of the pea k areas was carried o ut with th e Kent C hro ­
m al og 2 and Vida r Auto lab 6300 d igit al integrat ors (Anachc m , Lu ton . Grea t
Brita in ). N itrogen (99 .9 % "white spot" from BO C W em bley, Great Br itain ) was
used as ca rrie r gas.

M aterials
Chemical s and sta tio na ry phases were obtained as fo llows : phenacyl brom ide.

po tassi um ac eta te. N-acetylglycin e. tr imethylchlorosilan e (BOH. Poole. G rea t
Britain), dicyclohexyl-1 8-crown-6 (A ldr ich, Milwawkce, W I. U .S.A.), J XR, X F­
1105, XE-60, ECNSS-S and EGSS-X (A pplied Scien ce Labs.. Sta te College. PA.
U .S.A.), O exsil 300 GC and EG isophtha la te (An al a bs, North Ha ven. CT. U.S .A .).
GM H S. GM S and WO L (A dvi ta , Walton-on-Thames, G rea t Brit ain ). SE -52 . 80S
and QF-I (F & M Scientific, A vondale, PA. U.S.A .). C h ro m osor b W HP XO 100
mesh (Field Instruments, Richmond , G reat Britain), EG d iste ara te and PPSeb (Reo­
plex 100) (Griffin & George, Alperton, Great Britain), SE -30 (E30 I) (l CI . Stevensto n,
G rea t Britain), M S-200 (H op kin & W illiam s, Chadwell Heath . G rea t Brita in). An­
ta rox CO-990 (Perk in-Elmer. Beac onsfield . G rea t Brit a in).n-oct ad ecan e. OV- 17. OV­
25. OV-61. OV-225. Celite 560. X5- 100 mesh (P hase Separa tio ns . Q ueensferry , Grea t
Bri tain) , Po rapa k Q (Waters Assoc., M ilford. M A. U.S .A .). BOA. N PGA. N PGG.
NPGP, NPGS and NPGSeb were pr eviously prep ared'" , N-acety l-DL-Ieucine . N­
aee tyl-L-tyrosine and N-acetyl-DL-p henylalanine (L. Light & Co.. Coln broo k, Grea t
Brita in ) and N- aeetyl-L-aspartic acid. N- acetyl-L-glut amic acid. O-acetylserine. N­
formyl-L-Ieucine, N-formyl-L-me thionine. N- fo rmyl-L-tyrosi ne. N- for my l-DL-va line.
chic ken egg al bumin and egg wh ite lysozym e (Sigma. St. Louis. MO. U.S.A .). M icro­
capped centri fuge tubes (0.5 m l) were obtained from H ug hes & Hu gh es (Harold­
wo od, Great Brita in ).

Acetylat ed cholesterol and carbohy d ra tes wer e a gift from Dr. N . R. Williams
(Bir kbeck College , University of Lo ndon , London . Grea t Britain) and carbonic an­
hydras e from Dr. N. Spencer (Kin g's College. London, Grea t Britain ).
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Hydrolvsis ofsamples and preparation (!f' esters
N-A cety l co m po unds wer e hydrolysed with I M KOH in 0.5 ml polypropylen e

micro- capped centrifuge tubes in a n a utoclave at 15 p.s.i. ( 123'C) for 3 h. After
hydrolysis, the tube contents conta ining 20- 100 nmol of ace ta te o r formate were
tr an sferred to glass tubes (5 x 0.5 ern 1.0.) followed by 5 x 25 JlI was hings of
d ist illed wa ter. Th e so lu tion was neutrali sed to ph enolphthalein end-po int with H Br
and tak en to dryness. Phenacyl br omide and dicyclohexyl-1 8-crown- 6 in th e pro por­
tion 10 : I (mo l/mo l) in benzen e so lution (25 Jll ) were added . T he tube was sea led a nd
incubated at 80°C fo r 30 min wit h occasional shaking . A five-fo ld mola r excess of
phen acyl bromide over the ex pec ted ace ta te was used . Toluene was no t a sa tisfactory
su bstitute for benzene . Aliq uo ts of I JlI were injec ted on to th e G LC co lumn.

RESU LTS A ND DI SCUSSIO N

Successful methods were reported for the de terminati on of vo lati le fatty ac ids
by chrom at ography in their free acid form 2B

·
4 2

• Acetic acid was determined after
pr eliminary ac id hydrolysis of N- acetylamino acids and Nvacetylglucosam inel " and
of proreinst '' ':". So me preliminary experiments were carried out with hydrolysis ol
N-acetyl amino acids in sealed tubes with 2 and 6 M HCI at IIO T for peri od s up to
24 h .\ ~ ·-+l. T he ace t ic acid liberated was determined by G LC. Pr ot ein samples with 8­
17 pmol ace ta te were used?", but here with sam ples containing 50- I00 nm ol of ac­
eta te inacc ura te results were obtain ed. desp ite precautions tak en to prevent vo latility
losses. In add ition, the an alysis of free fatty acids with th e injectio n of aq ueo us
so lutions leads to pr oblems arising from th e acc umula t ion of non-volat ile co m­
po unds at th e injec tio n head of the co lumn, dest ruct ion of sta tionary ph ase and
ghosti ng (see review ref. 48) a nd the known effec t of wa te r on the response of the
FI029 .4 'l . The problems with tai ling sol vent 3 2 .3 7 .4 4 .5 0 a nd free acid peaks:'! ..H o..' f

were shown. Some of th ese problem s co uld be avoided by iso latio n of free ace ta te by
steam distillatio rr' " o r by mic rod istill ati on 1 5 ..\M . .\ 'l ... .\ and so me workers ex tracted th e
aceta te int o a non-aqueous medium, such as tert .-butyl ethy l ether l l

AI . However .
th ese meth od s invol ved additional manipulat ion which did not co mme nd them selves
fo r work a t high sensitivity. The determination of small qu antit ies of ace t ic acid in its
ac id form with the FlO necessita ted the use of low attenua tion of th e signa l. e.g ,

8 . 10 - 12 A/mY . with the attendant problem s of a noisy baselin e whe n wo rking ncar
the limits of th e a pparatus?" .

In order to improve th e sensitivity of th e method fo r ace ta te a nd a lso to
determine format e in add it ion with th e F l O it was co ns idered best to work with high­
molecular-weight ester deri vati ves. The use of cro wn ethe rs introduced by Peder scn '' !
lor ester fo rm ati on by reaction of the pot assium sa lt o f th e acid with a prim ar y
bromide5 2

-
5 5 offe red a method which was applica ble to sma ll sa m ples . a nd phcn acyl

esters were selected for the determinati on of both acety l and for my l groups.
It was previou sly showrr' " th at th e best results wer e o bta ined with ph cnacyl

bromide a nd dicycloh exyl-18-cro wn- 6 in 10 :1 mol rati o in benzen e so lut ion at 80' C
for 30 min . With phenacyl bromide : potassium ace tate 111 01 rati os 1.07 a nd 2. 14 the
yields of phen acyl ace ta te wer e 73.5 a nd 95.5 Ii;,. res pect ively. With molar excess ra t ios
ra ng ing from 3.2 10 3] the yields were l)~ .5 0 0 ± 4.36 for /I = 3] sa mples. A fi\ c-Ia ll!
molar excess of phcn acyl br omide over ace ta te was adopted . A lar ge excess of ph c-
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nacyl bromide int er fered with the de sired deri vat ive pea ks. A simila r meth od was
rep orted for va lproic ac id in scrurrr"'.

So lvent tailing is oft en a problem with G LC because of its interference with
early eluting peaks. Acetonitrile was reported to be the best so lvent for ra pid ester
forma tion with crown ethers":'. However. thi s so lvent tai led bad ly on our column (s('c
ref. 56) and benzene was preferred . Other non -tailing so lvents were chloroform an d
carbon disulphide, but the recoveries were not satisfactory using these so lvents for the
reaction .

In Table I the retention tim es for phenacyl format e, ace tate and propi on at e
relati ve to that of phenacyl bromide ar e given for 23 different sta t ionary phases. Most
of the silico ne ph ases gave tailing pea ks. The mixed silicone co lumn' " gave the best
sepa ra tion but the peak s tailed badl y. Amongst the ten polyester ph ases exa mined
only PPS eb and EG distearat e showed an y effective resolution between the form at e

TA BLE I

RELATIVE RET ENTION DATA FO R PHENACYL ESTERS

Th e figur es a re retent ion times relat ive to phenaeyl bro mide tak en as 1.00. The reten tion time in minu tes
for phenacyl brom ide is given in brac kets.

. ._--

Liquid phase Liquid- C OIIlIllI1. Phel1acy l
solid temp.

(~~; \\"I\\") t 'C ) Brom ide Formate Arctute Propionate

Dexsil 300 GC I 110 (7.38) 1.12 1.60 2.77
SE-30 3 110 (8.86) 1.16 1.71 2.84
SE-52 3 125 (5.9 1) 1.00 1.47 2.27
J XR 3 125 (6.30) 1.00 1.47 2.41
Mixed silicone s> 1 125 (4.72) 1.54 1.79 2.92
O V- l7 5 140 (10.43) 1.09 1.53 2.38
OV-25 I 125 (7.29) 1.19 1.65 2.46
OV-6 1 3 125 ( 13.40 ) 1.12 1.60 2.57
OV-225 I 125 (4.33) 1.43 1.67 2.4 1
XF- I I05 2 125 (5.02) l.2 4 1.63 2.57
Anta rox CO -990 2 150 (10.04) 2.18 2.18 2.63
EC NSS-S 2 150 (6.89) 1.77 1.86 2.09
EGSS -X 2 150 (6.23) UN 1.89 2.16
BO A 2 150 (12.99) 1.53 1.53 2.00
BOS 2 150 (4.75) 1.71 1.71 2.23
NPG A 2 150 (12.01) 1.56 1.64 2.20
N PG G 2 150 (8.07) 1.51 1.51 2.07
NPG P 2 120 (7.48) 2.03 2.2 1 3.00
N PG Seb 2 150 (7.87) l.25 1.40 2. 15
NP G S 5 175 (9.80 ) 1.52 1.52 1.90
PPSeb 2 150 (15.45 ) 1.32 1.46 2.0 1
EG distear ate 2 125 (16.90) 1.09 1.44 2.36
EG iso phthalate 2 150 (4,92) 1.72 1.72 2.20
G M HS 2 150 (9.55) l.20 1.58 2.33
GMS 2 125 ( 14.96) Ll5 1.52 2.52
WO L 2 125 ( 18.3 1) 1.17 1.55 2.52
PPSeb-G MS (3:2. w/w) 2 150 (8.37) 1.22 1.43 2.09

* X E-60-Q F-I · MS-200 (46: 27 :27. w/w/w) 0 11 Chromosorb W HP . 80 100 mesh".
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and the acetat e. The surfactant phases (GMHS, GMS and WOL) separated ph enacyl
formate from phenacyl acetate, but phenacyl bromide was very close to the forma te.

A liqu id phase was developed whic h con sisted of PPSeb and GMS mixed
togeth er in th e proporti on s 3:2 (w/w ) and coated (2 ~~; , w/w ) either onto Celite 560
AW DMCS or onto Chromosorb W HP support mat erial. This resolved the ph enacyl
esters and a lso avoided int erference from the large peak due to th e reagent phen acyl
bro mide which was una void ably present in large excess , as shown in Fig . I . During
the preparat ion of the phenacyl ester s, sma ll amounts of phen acyl chloride were
formed by inte rchange betw een phenacyl bromide and contamina ting chloride ions'":
Acetopheno ne a lso appeared as a min or component. The identity of the peaks of
compounds shown in Fig. I were confirmed by G LC- MS. Tabl e II presents the
details of the fragmenta tio n patterns obta ined for these peaks. In a ll cases the mass
ion was iden tified an d the base pea k at l/lii' 105 was assigned to (CoH sC O) +. Similar
art ifact peak s were obtain ed with th e G LC of pentafluorobenzyl esters prepared by
crown ether catalysis' ".
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Fig. I. G LC sepa ratio n or phcnacy l ester der ivat ives on PPSeb· ·G MS co lumn. G LC con ditions: Pye Series
104 Model 24. Fl O. Glass col umn (3 m x 2.5 mm J.D.) packed with 2 %mixed stationary phase PPSeb­
G MS (60:40, wjw) on Chromosor b W HP 80- 100 mesh. Oven temperature. 150"C. Ca rrier gas , nitrogen ,
30 nil-min. hydrogen 30 ml .rn in, air 450 ml .rn in. Sample size. I 1/1. Attenuation. I . 10 q A I.s.d .

'[ he re lat ive mol ar res ponse va lues of phenucyl formate, ace ta te and propio­
na te against oc tudecane determined with the FlO ar e given in Table III. The respon se
of phcnacyl forma te wa s lower than wo uld be expe cted (by approximately 8- 9 ~I.,) fo r
a linear relat ion sh ip respon se/carbon number for the homologou s ser ies of esters .
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TABLE II

MOLEC UL AR PEAKS AND MAJOR FRAGM EN T PEA KS O F PHENACYL D ERI VATIV ES AND
ACETOPH ENO NE

T he co mpounds correspond with th e peaks shown in F ig. I.
_ .__.•. ---.'," ••__.0.__.____.__________,'. '_

Compound / M;; Base Majorfragmen t peaks. m ]e ( '''o)

mi l' ( /~ ) peak
( mi l')

Aceto phe no ne 120 (68) 105 77 (7 1) 5 1 (55) 43 (4X) 9 1 (23)

Ph en acyl brom ide* In (24) 105 77 (74) 9 1 (47)
200 (20)

-·f
Ph en acyl chloride * 154 (29 ) 105 77 (XO) 9 1 (37 )

156 ( II)
Ph en acyl formate 164 (37) 105 85 (99) 29 (77) 9 1 (68) 119 (63)
Phen acyl acetate 178 (46) 105 77 (99) 43 (99) 9 1 (77) 119 (56)
Phenacyl pro p io na te 192 (20) 105 57 (60) 77 (56 ) 119 (30) 9 1 (24)

* Two molecu la r ions [M]+ due to natu ra l isotopes.

Ho wever, the resu lts were reproducible. Th e G LC of free acid s rC2 to C 71 using the
FlO also showed a non-linea r response /ca rbo n number rela tionship".

Fig. 2 shows the linea r respon ses o btai ned when plotting peak a reas (integrato r
co unts) agai ns t inc reas ing qu antities of ph enacyl format e. acetate and prop ion at e
(1.0-10 nm ol) injected onto th e GLC column. No breakdown of the phcnacyl
format e was obse rved within the experime nta l range stu died .

Co ndi t ions were investigated fo r releasing covalently-bound acetyl grou ps.
Hydrobromic acid was used in order to form potassi um br om ide for crown ether
catalysis an d the time co urse for the hyd ro lysis of N-acetylglycine with 6 M HBr at
110°C in Fig. 3 sho ws a maximum yield in 3 h. Previous workers used 2 M meth anolic
HCI a t 100"C fo r 4 h to form methyl ace ta te direct ly for GLC22

,43 . Aq ueou s 9 AI
H 2S0 4 (ref. II ) o r 3 M H2 S0 4 a t 10Y'C for 2 h4 1

, 6 M HC I a t I IO C for 24 h l 5 and
0.2 M HCI at 100°C ove rnight''? were used to liberat e free acetic acid. This meth od
was a ppplicable to N-acetyl- and N-form ylam ino ac ids . The results for ac id hyd ro­
lysis are given in Ta ble IV. (T he res ults for a lka line hyd rol ysis rep orted for co n­
venience in thi s table will be discussed later .) Exce pt for N-ace tylglycine the recoveries

TABL E III

RELATIVE MO LAR RESPON SE VA LU ES OF PHE NACY L ESTE RS DETERMIN ED AGA INST
OCTA DEC ANE = 1

GLC condit ion s as in F ig. I. Am ou nt inje cted . I Il l.

Phenacyl este r

Forma te
Acetate
Pro pion a te

Relative molar response ± S ./). ( 1/ = III )

0 .375 ± 0.00X9
0.448 ± 0.0067
0.506 ± 0.0 11



G LC OF ACETYL AND FORM YL G ROU PS J5J

40 100 o
o o

o

o o

o

§
I·

'"C
:J
0

;t.U

I- ';2 50
.9 '"'11
I- >-
Ol
~
E

2 4 6 10 4 5 6 7 8 9
n mol injected Tim e (hours )

Fig.:!. Response-concentration cu rves for phenacyl ester derivat ives. Prepar at ion of samples: a so lution was
prepared cont ainin g phenacyl forma te. phenacyl acetate and phenacyl propionate (10 Jlmol of each jml
benzene). Th is so lution was fur ther di luted to give the required co ncentra tio n of phenacyl este r derivatives.
Sample size. I Il l. G LC co nditions as in Fig. I. • . Propionates; L:;, . aceta te; O . for mate.

Fig. J . Time course for hydrolysis of N-acetylglycine with 6 M H Br. Individual samp les (68J nmol) were
hydrolysed with 50/11of 6 iH HBr in sea led tube s at IJO C for increasing periods of time. The tubes were
frozen . opened. and the contents allowed to th aw. Th e conte nts were neu tral ized to phenolph thalein end­
point with 2 M KOH . Th e tub e contents were dri ed und er nitrogen gas at 80"C and the este r prepared as
described in the Experimen ta l sectio n. G LC co ndi tio ns as in Fig. 1.

with acid hydro lysis were be low 90 ( ~ ; ) ' The low recoveri es were attributed to losses of
vo lati le acetic ac id de spite th e use o f sealed tubes or React i-vial s for th e hydrol ysis
and co o ling before opening. It was claimed th at N-formyl groups in peptides could be
rem o ved by rcflu xin g with 0.5 M HCI in methanol for I h, wi th yields o f 80-95 ~;5 '! .

We did not invest igat e aci d hydrol ysis a ny furt he r but st udied al ka line hydro lysis .
F ig. 4 shows th e time co urses for th e a lka line hydrol ysis of N-acety la la nine a nd

N-acetylgl yc ine a t 15 p.s.i. (123"C ). N-Acet ylalanine required 3 h for co m plete hy­
drol ysis with I M KOH. A bo ut 2 h we re required for N-a cc ty lglyci ne using 2 M
KOH. The use of high er co nce n tra tions o f KOH to shorten th e hydrol ysis t ime was
not studied, because th e excess of KBr formed on neutrali zat ion subsequ ently inte r­
fered with the formation o f th e ph enacyl esters.

The results for th e hydro lysis of N-acet yl- and N-formylamino ac ids with I M
KOH are give n in Table IV. T he va lues we re a bout to :~~; higher than th o se for ac id
hyd rol ys is a nd ranged from 93. I (%: for N -formyl leu c ine to 97.5 "II fo r N-ace ty las ­
pa rt ie ac id .

Some O vacetyla ted hexoses a nd cholesterol acetate were hydrolysed wit h 0.5 A1
KOJ-l a t 12J'C for 3 h. T he results in T a ble V show th at th e ex pected mo lar rat ios of
ace tate were o bta ine d for each co m po und . The N -acc ty l gro up in N -acet ylmann os­
am ine req uired 1.0 M KOH for co m plete hydrol ysis . O -Acety l groups a re mo re
easily hydrol yzed !'! and wea ker a lka li m ay be used th an for -acet yl groups . It was
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TABL E IV

RECOVERY OF AC ETATE AND FORMATE AS PHENACYL ESTER S AFTER AC ID A ND
ALKALINE HYDR OLYSIS OF N-ACETYL- AND N-FOR MYLAMI NO ACIDS

Acid hydr o lysis for 4 h with 6 M HBr at IIO C (1/= 3). Alkaline hyd rol ysis for 3 h with I M KOH at 15
p.s.i . ( 123"C) (1/=5). G LC condition s as in Fig . I.

Compo und Acid hydrolysis Alkalinc hvdrolvsis

Calculated Recoverv ( ° 11) Calculated Reco very c: i
( 111/101) ± S.D. ( /11110 1) ± S.D.

N-Acetylalanine 150 87.3 ± 1.76 59 94.9 ± 1.69
N-Acetylaspa rtic acid 110 83.6 ± 3.96 41 97.5 ± 1.34
N-Ac etylg lutamic acid 145 85.7 ± 2.1 1 30 96.1 ± 3.70
N-Acetylglycine 140 93.4 ± 4.67 *
N-Acetylleucine 148 86.9 ± 1.70 *
N-Acetylme thionine 125 89.1 ± 2.55 52 96.3 ± 1.38
N-Acetylphenylala nine * 72 96.9 ± 1.16
N-A cetyltyrosine 135 85.1 ± 3.73 43 95.1 ± 4.37
N-Formylleuci ne 150 84.9 ± 4.67 61 93.1 ± 1.37
N-Formylmethionine 131 88.7 ± 4.62 65 96.6 ± 1.28
N-Formy lva line 141 88.6 ± 4.76 so 95.2 ± 1.63

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

* Not determined .

claimed that O-acetyl groups in lipopolysaccharides could be selectively determined
after hydrolysis with 0.05 M NaOH for 3-4 h at room temperature'".

The method was required for application to proteins and peptidcs and it was
necessar y to look both for spur ious production of formate and acetate resultin g
from alka li tre atment and also any occluded or adsorbed from buffer solutions during
the isolation of the pro tein. Table VI presents the results for the production of
formate and acetate from some amino acids and sugars after treating them with I M
KOH at 123°C for 3 h. Sugars gave rise to a lot of acetate and formate. Thus, from 1.0
,umol of galactose, 25 nmol of formate and 19 nmol of acet at e were obtained.
Amongst the amino acids tested, the highest yields of formate and acetate were given
by cysteine. One ,umol of cysteine produced about 10 nmol of form ate and 20 nmol of
acetate, but cystin e produced less than twice as much on a mol to mol basis. Serine

100

23 4
T i m e (hours )

Fig. 4. Alk aline hyd rolysis of N-acetylated compo unds. 6. 2 M KOH ; N-acetylglycine. O . I M KOH;
N-acety lalan inc.
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TABLE V

RECOVERY OF ACETATE FO LLO WING ALK ALI N E HYDROLYSIS OF AC ETY LATED
SU GA RS AN D C HO LESTE ROL

Hydrol ysis with 25 111of 0.5 M KOH at 15 p.s.i. (123' C ) fo r 3 h, except for N-accty lmannosamine 1.0 M
KOH .

Compound

Arabinitol pentaacetate
Epi-P-inositol pcntaacctate
Epi-inositol hexaacetat e
Epi-inos amine hexaacetatc
N-acetylmannosam ine
Choles tero l acetate

Calculated
( nmo l )

12.4
H.97
8. 10
6.96

48.0
35.0

Recoverv
(1111101 ± S.D.. II = 5 )

61 ± 2.45
45 ± 2.50
47 ± 1.64
40 ± 2.16
47 ± 2. 12
32 ± 1.43

Residues
(mol/mol)

5
5
6
6
I
I

gave a small amount of ace ta te (2.5 nmol /umol ser ine ). whereas threon ine gave 0.7
nmol acetate/ jlmoJ.

It was reported that aceta te in proteins could not be determined aft er alkaline
hydrolysis because of th e decompositon of certain amino acids, particularly threo­
nine. Also, sugars yielded both formate and acetate'l ". Our result s may be compared
with those using acid hydrolysis. Threonine reacted with 3 M H 2S0 4 at I05C for 24
h yielded 9.3 nmol acet at e/umol and with 6 M H 2 S0 4 at 110''C for 16 h 1.0 jlmol of
monosaccharide gav e 6.5 nmol of acetate"".

It was claimed th at propion yl groups could only be determined in the absence
of cystine and cysteine using the hydrazinolysis method !". As reported in Table VI
only threonine yielded a sma ll amount of propionic acid and th is was not sufficient to
prevent propion yl group determination.

TA BLE VI

PR OD UCTION O F FORM AT E AND AC ET ATE FROM SUGA RS A ND FREE A MINO ACID S
AFTER TREATM EN T W IT H A LKA LI

Sugars (11 = 3) and amino acids (n = 4) hydrolyzed with 50111 of I M KOI-l at 15 p.s.i. (123'C) for 3 h.

Compound

G alactose
G lucose
Lactose
Arg inine
Asparti c ac id
G lutam ic acid
Cys teine
Cystine
Serine
T hreo nine*

AIiIOU/ 1f

hvdrolvzed
(umol )

1.8
2. 1
U5
2.36
3. 16
3.04
2.37
1.64
3.64
3.06

1111101 ± S.D.

Formate

45.0 ± 3.6 1
43.0 ± 3.99
54.0 ± 6.11
nil
0.36 ± O.OX
0.33 ± 0.09
23.2 ± 3.0H
26.4 ± 5.0 1
1.22 ± 0.32
1.89 ± 0.43

Acetate

34.0 ± 4.72
35.0 ± 7.09
39.0 ± 6.0X
nil
0.66 ± 0.06
0.26 ± 0.04
45.9 ± 5.57
49 .2 ± 5.22
9.02 ± 0.36
2.22 ± 0.40

* Propionic acid 1.31 nmol ± 0.23 S.D. was also found.
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Fig. 5. GLC of phenacyl aceta te and formate obtained from proteins aft er a lka line hyd rolysis . (a) Chi cken
egg albumin (23 nm ol ), (b) ca rbo nic a nhydrase (37 nm ol) a nd (c ) egg whi le lysozyme (100 nm ol ). Eac h
sample was diss ol ved finally in 25/11 of benzene and lid injected . G LC co nd itio ns as in Fig. I. Peak s : I =

ph cnac yl bromide; 2 = phenacyl formate ; 3 = phen acyl uccta tc; 4 = ocm dccanc (int ernal sta nd ar d).
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It may be concluded that the spurio us production of excess acet at e and fo r­
mate du e to side reaction s21 when determining these gro ups on proteins ma y be
overcome by the appro pria te use of control samples. In addition , compen sati on can
be made for acetate and formate contaminants of both the samples and the reagent s.

Th e method was applied to lysozyme, carbonic anhyd rase and ova lbumin
which were dia lysed four tim es against distilled water and Iyoph ilised . The dialysis
residue was then acidified with 1 M H Br and lyo philised four more time s in order to
remove free acetate and format e. However . some free aceta te and formate were still
detectable . Seph ad ex gel filtration as a method of rem oving bound ligan ds fro m
macromolecules?" was not sa tisfac tory for remo ving formate and acet at e beca use of
the high blank values obtained from water samples passed through th e column. T hese
high values were attributed to tr aces of carboh ydrate mat er ial from th e Scph ad ex.

Fig. 5 sho ws the G LC tr aces o bta ined with ca rbonic anhydrase, chicken cgg
albumin and egg white lysozyme. All three proteins gave peak s which showed the
presence of sma ll amounts of formate. In addition lysozyme showed a peak for
ace ta te. Co ntro l valu es were o bta ined by preparing the phenacyl esters witho ut pre­
\ ious a lkaline hydrolysis. Th e quantitative result s are given in Table VII. Th e cont rol s
yielded value s of less than 0.09 mol acetate/mol protein and if these were dedu cted
from the values aft er alkaline hyd roly sis. the results agreed with the expected molar
rati os of 4, 1 and 0 for a lbumin, ca rbo nic anhydrase and lysozyme, respecti vely.

TABLE VII

D ETE RM INATIO N OF ACETATE IN PROTEINS

Hydro lysis condit ions : 1 At KOH at 123' C for 3 h.

Protein Acetutctprotein ratio [m ollutol)

Albumin
Carbon ic a nhyd rase
Lysozyme

With out hvdro lvsis
( n = 3 )

0.07 13 ± 0.006
0.086 8 ± 0.004
0.0534 ± 0.003

With hydrolysis
( 11= 5 )

3.97 1 ± 0.01<2
1.128 ± 0.033
0.092 ± 0.0 II

Diff erence

3.90
1.04
0.04

The determinati on of forma te in a prot ein has not been determined here, al­
thou gh the method gives good results with N-formy lamino ac ids . The determinati on
of phenacyl formate pre sen ts no particular pr oblem , but where formic acid was de­
termined as its methyl ester by GLC there were problems with a large tailing solvent
peak 50

. GLC offers a more convenient method than that involving hydrazinolysis for
the determination of both formyl and acetyl groups in proteins'". Enzymic methods
required 100-900 nm ol!" , 17-250 nmol ' 0 , a minimum of 80 nmol with an average
recovery of 90 %15, 5- 55 nm ol! " or 3- 12 nm ol! " of aceta te. It is often difficult to mak e
a direct compa rison bet ween G LC meth od s becau se certain details ar e oft en missing,
e.g, fina l volume of sam ple, the size of the al iquot injected or the a tte nua tio n of the
recorder". In genera l. 0.5 ml or more of biological fluid , such as pla sma co nta ining
0.05- 10 pm ol of acerai e/ml"' was used for G LC and no report was found where
atte m pts had been made to sca le down the am ount used . Pr ot ein samples containing
g- 17 pmol of acetate were ana lyzed by GLC4 0

. The method described here a llows the
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determination of 20-100 nmol of covalently bound acetate (also form ate and pro­
pion ate ). Further studies are in progre ss to scale do wn these quantities.
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SUMMARY

Some ino rga nic anio ns were co nve rted int o their meth yl der ivati ves by reaction
with three methylating agents (dim ethyl sulpha te, methyl p- toluenesulphonat e and
trimeth yl ph osphate) at 70 'C. The derivatives were extracted with dichloromethane
or 1.2-dichl oroeth an e, and deter mined by gas chromatography with a flam e ion iza­
tion de tector. By this method , cya nide, th iocyan ate, iodide, bromide and sulphide
were de ter mi ned at co nce ntra tions of 0. 1- 1.0 mgjml.

INT RO D UCTI O N

Some ino rganic anions , such as cyanide (CN - ) and sulphide (S2- ), are among
the important po llutants of the enviro nment. F ur thermore, thi ocyan at e (SCN " ),
nitrite (N0 2" ), halides, ctc. , have biologica lly importan t ro les in living organisms.
Therefore, the determination of inorganic anions in various en vironmental and bio­
logical matrices is of vita l impo rta nce . We have investigated th e determination of
inorganic anions by gas chro matography (GC).

Some co mpo unds ca nnot be di rec tly de ter mi ned by GC, and deriva tiza tion
reactions mu st be used prior to analysis". T he application ofGC with de riva tization
to the determina tion of ino rga nic anio ns is a new and as yet relatively un explored
field, beca use of the non-volat ility of simple inorganic an ion s and the fai lure to find a
uni versal deri vati ve co mpa ra ble to the vo lati le /i-di keto ne chelates of met al ca t ions.
In spite of these d ifficulties, some meth od s have been developed for the GC ana lysis of
inorganic anio ns4

-il .

T he pre parat ion of trime thy lsilyl deri vat ives of ani on s has been studied exte n­
sively". Fo r exa mple, t rimethylsilyl der iva tives of the ammon ium sa lts of severa l
common oxyanions (borat e, ca rbo na te, oxa late , phosphite, su lpha te, arsenite, ph os­
pha te, vanadate and a rsena te) were prepared and successfully ana lyzed by Butts7 and
BUll S and Rain ey".

In pre viou s studies" !", we co nverted N02" and CN - into p-bro mochloroben­
zcne and benzoni trile . respecti vely, accord ing to reactions similar to the Sa nd meyer
reaction. T hese prod ucts were determined by GC with an electron-capture detector
(ECD) and a flam e ion iza tion de tec to r (FlO), respec tively.

0021-9673/81/0000-0000/$02 .50 Q'i 198\ Elsevier Scientific Publish ing Co mp an y
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It is well known that some inorganic anions react with methylating reagents,
such as dimethyl sulphate, methyl p-toluenesulphonale and trimethyl phosphate, to
form their methyl derivatives I I , In the present work, inorganic anions were meth­
ylated and the resulting methyl derivatives were determined by GC with a FlO. The
objective was to investigat e the possibility of applying this GC method to the determi­
nation of inorganic an ion s in environmental or biological sa mples, by using more
sensitive det ectors th an a FlO [e.g" EC D, flame thermionic detector (FTD), flam e
photometric detector (FPD)].

EX PERI MENTAL

Apparatu s
A Yan agimoto G -180 gas chromatograph equipped with a du al flame ion iz­

ation detector was used. The column and column temperature used were dependent
on the methyl derivative of the inor ganic an ion ; deta ils are given in Table I. The
co lumn pack ing materials, Porapak Q (80- 100 mesh) and T (80- 100 mesh), were
purchased fro m Waters Ass oc. (Milford, MA, U.S .A.), and 5 %PEG-HT on Uniport
HP (60-80 mesh) was obtained from Gasukuro Kogyo (Tokyo, Japan). Nitrogen was
used as the ca rrier gas at a con stant flow-rate of 45 ml/rnin . Th e injection port
temperature was mainta ined at 250°C. The peak area s were measured by a d igita l
integrator (Shimadzu Chromatop ac-E IA, Kyot o, Japan) .

TA BL E I

MET HYLATION AND G AS CH ROMATOG RA PH IC CO N D IT IONS

Stainless-steel columns (3 mm 1.0.) were used . Co lumn packing : Q = Porap ak Q (1 m ): T = Porapak T ( I
m); PEG = PEG- HT (2 m).

Anio n

CN ­
SCN -
1-
Br-

NOl
HC OO­
CH "COO ­
S2 -

Me thyl
derivative

CH,CN
CH"SCN
CH" I
C H"Br
CH"N0 2

CH"OCH O
CH"OCOCHJ
CH JSCH ,

Extraction
so/ren t

CH1CICH 2C I
CH2CI1
CH1CICH1CI
CH 2 C1CH1CI
CH1CI1
CH 2C1CH 2C I
CH1CICH,C1
CH,CICH,CI

CO IIlIllI1

Q
Q
T
Q
PEG
Q
Q
Q

COIUIIII1

temp.
I Cj

140
190
150
140
80

140
175
170

M aterials
All reagents were of ana lytica l reagent gra de and were used witho ut further

pu rificati on unless otherwise sta ted . Dim eth yl sulpha te, meth yl p-t olu encsulph on at e
and trimeth yl phosphat e were commercial grade reagent s (Tokyo Kasei Ko gyo,
Tokyo, Japan) . Sodium nitrite was dried in an oven at llO' C for I h before it was
acc ur ately weighed , Deion ized wa ter was distilled before use for the ana lysis. Solu­
tion s of the ino rgan ic anions were pre pa red by dissol ving their pot assium o r sodium
sa lts in water.
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PI'OCl:'du1'1:'

To 1.0 ml of an aqueous solution of inorganic anion in a reaction vessel was
added 0.1 ml of a methylating reagent (dimethyl sulphate, methyl p-toluenesulphonate
or trimethyl phosphate). In the determination of CN - and S2 -,0.5 ml of an aqueous
solution of KOH (concentration as in Table III) were added before the addition of the
methylating reagent. Then the vessel was shaken for a fixed time (see Table III) in an
incubator at 70'C. At the end of the reaction period, 1.0 ml of dichloromethane or 1,2­
dichloroethane (see Table I) was added to the cooled reaction solution. Then the methyl
derivative was extracted by shaking for 10 min at room temperature, and the organic
layer was separated from the aqueous layer. An aliquot (1.0 ,ul) of the organic layer
was injected into the gas chromatograph and the methyl derivative was determined
with a FID.

RESULTS AND DISCUSSION

Derivatization yield
The derivatization yield for each inorganic anion was estimated for reactions

of each methylating reagent with no addition of either alkaline or acid solution. The
peak area of the methyl derivative produced from each anion at 0.1 M was compared
with that of a standard solution. The latter contained the methyl derivative at a
concentration of 0.1 M which corresponded to a derivatization yield of 100 %. The
derivatization yields are shown in Table II as the average values from fivc replicate
dctcrmina tion.

TABLE II

DERIVATIZATION YIELDS FOR INORGANIC ANIONS

Number of data: 5. PTS-Me = Methyl p-toluenesulphonate.

Anion

CN ­
SCN-
I
Br -

NO;
HCOO­
CH,COO ­
S2

Methvlating reagent

44.g ± 1.2
104.3 ± 2.1
73.2 ± I.g

ca. 65
20.3 ± o.s
11.6 ± o.s
11.0 ± 0.5
0.4 ± 0.1

PTS-Me

46.7 ± 1.1
66.4 ± 1.9
63.1 ± 1.0
ca. 20

H ± 0.2
7.2 ± 0.2
s.s ± 0.2
9.0 ± 0.6

53.6 ± 1.1
16.1 ± 0.7
12.9 ± 0.3
ca, 2

9.2 ± 0.3
2.6 ± 0.1
3.1 ± 0.2

44.3 ± 1.1

Thiocyanate was converted quantitatively into methyl thiocyanate by dimethyl
sulphate. The derivatization yield of CN - into acetonitrile by every methylating
reagent was about 50 ~;l as shown in Table II; a large amount of the converted
acetonitrile was not extracted with I,2-dichloroethane from theaqueous reaction mix­
turc. The actual yields are much higher (see Table III). The derivatization yields for
bromide (Br -) were not very accurate because it is very difficult to prepare 0.1 M
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methyl br omide solution in 1.2-dichloroethane due to the high vo lati lity of meth yl
brom ide (b .p. 4.5" C). Methylation of iodide (1-) by dimethyl sulphate or methyl P:
toluenesulphonate, and that of Br by dimethyl sulpha te, gives fairly high yields . It is
interesting that the deri vatizati on yield of S2- by trimeth yl ph osphate is mu ch higher
th an that by dimethyl sulpha te or methyl p -toluenesulphonate.

TA BLE III

OPTIM UM REACTI ON CO ND ITIO NS A N D D E R IVAT IZA TIO N YIEL DS

Anion M ethylat ing
( 1.0 ml ) reagent

co.t ml)

SCW (C H 3lzS04
SC N - PTS-M e,- (CH 3lzS04
1- PTS-Me
Br - (C H 3lzS04
S2- (C H 3lzS04
Sl - PTS-Me
S2-' (C H 3hP04
CN - (C H 3lz S0 4

CN - PTS -Me

CN - (C H 3hP04

Concentra tion
o!' KOH
(0 .5 ml )

6N
5N
1.5 N
0.5 N

o.s N

o.s N

Rrart ion
time
( II )

0.5
4
0.5
3
0.5
0.5
0.5
1
0.5

Derivatiza tion
vield»
(/~ '(~ )

102.9 ± 1.7
90.9 ± 0.7
72.X ± 1.7
79.0 ± 1.0

ClI . 65
42.3 ± O.X
51.X ± 0.9
62 .5 ± o.s
53.5 ± 1.5

101.1 ± 3. 1**
48.5 ± i. o
90.0 ± 1.0**
44.4 ± 2.1
84.0 ± 1.8**

* T he concentra tion of ino rga nic an ion in the sample is 0.05 M . N um ber of dat a : 5.
** Value co rrected for extracti on loss.

Opt imum reaction conditions
In orde r to ascerta in the opt im um reacti on condit ion s. the effects of pH and

reacti on time on th e derivatization yield were examined .
The pH effect was studied as foll ows. To 1.0 ml of each aqueous so lut ion of

inorganic a nion were added 0.5 ml of H 2S0 4 or KOH aqueou s so lution a t different
concentrations. Methylation wa s carried out for I h, and the deriv atizat ion yield was
obtained as above . Fig. I sh ow s th e effects of the conce ntrat ions of H2 S0 4 and KOH
on th e derivati zati on yields o f SC N - and Br " by each methylating reagent. In the
ca ses of SCN - and Br " , the yield s decreased with increa sing KOH concentra tion. bu t
did not vary with H 2S0 4 co ncentra tion . The de rivati zation yields for 1- do not vary
with H 2S0 4 or KOH concentration in th e range of 0-1.0 N. In subsequent stud ies of
methylation of these th ree an ions . neither H 2S0 4 nor KOH so lut ion was added .

Figs . 2 and 3 show the effects of KOH co nce ntrat ion on the de rivati zation
yields of C N - and S2 - . respectivel y. The yield s decreased to zero on additi on of
H 2S0 4 in the co ncentra tion range 0.1 -1 .0 N. The yields for CN '- became constant at
a KOH concentration of ca. 0.2 N. Thus. in su bseq uent stud ies of methylati on of
CN -, 0.5 N KOH so lution was used . All curves in Fig. 3 show ma ximum deriv atiza­
tion yields; th e KOH co nce ntra t ions which give the ma ximum yields are show n in
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Ta ble Ill. K OH so lutio ns with co nce ntra t ions of 6. 5 or 1.5 N were used for sub­
seq uent st udies of deriva tizati o n of S2- .

Methylat ion of other a n ion s sho wn in Table II ti.e., NO;, CH 3COO - and
HCOO - ) gave rela t ively lo w yields « 50 'X,) under a variety of condi t ions. Eac h
react ion of SCN .1 - and Br with trimethyl phosph ate an d that of Br " with methyl
jJ-tolucnesul ph onate also gave fa i rl~ low yields, althou gh the concen tratio n of H 2S0 4

or KOH sol utio n was var ied . It is no t ex pec ted th at de riv a tizatio n react ion s wit h lo w
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Fig. 3. Effect of KOH concentration on the derivat izati on yields of S2- . Methylating reagen ts as in Fig. 1.

yields will be of practical use for the determination of inorganic an ions . Therefore,
these methylati on reactions were not investigated further.

Th e effect of rea ct ion time on th e derivatization yield of each anion (SCN " ,
C N " , 1- . Br " and S2- ) was examined, a t the optimum concentra tion of KOH so lu­
tion. The results obtained are shown in Figs. 4 and 5. In thi s study, the 'reaction
time' mean s the period for which the react ion so lution is shake n in an incuba to r at
70"C. It seems that methylati on of each anion by dim ethyl sulphate proceeds faster
tha n by meth yl p-to luenes ulphona te or tr imethyl phosphate. Th e methylation yield of
S2 - by dimethyl sulphate reaches its maximum value in a reaction tim e of 0 min . Thi s
shows th at th is reaction proceeds during the extraction step of sha king at room
temperature.

Fr om th ese results, th e op timum reaction conditi ons were chosen for each
meth ylati on reaction (Ta ble III). Table III also sho ws the derivatiz at ion yield of eac h
inorganic anion methyl ated under the optimum reaction conditions. In the case of
CN -, the resulting product, ace to nitr ile, was not completely extrac ted into the or­
ganic layer. Th e deri vati zation yields corrected for extraction loss by using the distri-

o 2 3 4 5 6 (h)

10 0

c
.Q-..
N­..>
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O~~---:,::~--=,::--~~---:,=-~-=,=-~~::--,f}--:-'-::----::'--=-,
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Reac tion t im e ( m in) ( h)

Fig . 4. Effect of reaction time on th e de rivatiza tion yields ofCN - and SCN -. Anion (met hylati ng reagent ) :
• . C N - « CH 3)2S04) ; 0 , C N - (me thy l p-t oluenesulphonatc); fl . C N - «CH, h P04); • • SC N ­
«CH3hS04); D , SCN - (mc thyl p -to luencsulphona te) .
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Fig. 5. Effect of reaction time on the der ivatiza tion yields of S! - . 1- and Br - . Anion (methylating reagent):.0 S2- « CH 3lzS0 4); O. S1- (methyl p-to luenes ulphonate); () S2- «C H3h P0 4); •• 1- «CH3lzS0 4); 0 ,
I (me thyl p-to luenesulphonate); A , Br- « CH 3lzS04).

Fig. 6. Gas chro ma tograms of the products of meth ylation o f CN - and SC N - by (CH 3h S0 4 under the
op timum reaction co ndi tions. Peak s: I = C H30 H (hydro lysis product of (C H3h S04); 2 = C H3CN ; 3 =
C H2CICH2Cl (solvent ); 4 = C H2C I2 (sol vent ); 5 = CH 3SCN .

buti on rati o are also shown in Ta ble III. Methylation of each anion shown in Table
JJI gives a satisfactorily high yield. In particular, CN - and SCN - are quantitat ively
methyl ated. These high deriv at ization yields demonstrate the possibility of using
these methy lation reactions for the determination of ino rganic anions by G C with
dcrivat izati o n .

Gus chroma tograms and calibration curves
Fig. 6 shows typical gas chromatogra ms of the products of methylat ion of

e N - and SCN - by dim eth yl sulpha te under the optimum reaction conditions. Fig. 7
show s the calibration curve for CN - , plotting the peak area of acetonitrile V.I'. the
concent rati on of CN - aqueous solution, together with the similar calibration cur ve
for SCN - . The peak area of the methyl derivative produced from 1.0 mgjml of CN ­
or s eN - solution was arbitraril y assigned a value of 100. Both calibration curves
pass th rou gh the or igin. For the other meth ylation systems show n in Table III , a good
linear relationship between the peak area of the meth yl der ivati ve and the concen­
trat ion of inorgan ic an ion (0.1-1.0 mgjml ) is also obtained.

Comparison with trimethylsilylation
Trim ethylsilyl derivatives have been prepared for many anions by reaction

with trim ethyl silylating reag ent s. During derivatization, it is necessary to maint ain
anhydrous conditions since trim eth ylsilylating reagents and trimethylsilyl derivat ives
arc sensitive to water. The silylation of anions in water, therefore, requires a pretreat­
ment step : extraction of the anions into an or gani c solvent from an aqueous sample
so lution. evaporatio n to dryness, etc. In contras t, the meth ylating reagents used in
this wor k are much more sta ble in water and give meth yl deri vat ives which are
insensitive to water. Consequ entl y, methylation can be performed dire ctly by adding
the meth ylating reagents to an aqueous sample solu tion , without pretreatment, al­
though the present inorganic ani ons methylated were not the same as those trim ethyl­
silylated.
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CONC LUS ION

It is found th at the inorgani c a nions C N ,SCN - , I , Br - a nd S2- at conccn­
trat ion s 01'0.1- 1.0 mg/rnl ca n be determi ned by methylati on followed by flam e ioniza ­
tion gas chro ma tog ra phy . T his co ncentr atio n ran ge is mu ch high er than the con­
ccn tra t ion s fo und in env iro nme nta l o r bio logic a l samples. Moreover, th e methyl
de rivati ves do not give as high a F lO resp on se as co m po unds co ntai ning more carbo n
a to ms. Conseq uent ly, in order to determine the se a nio ns a t low co ncentra tions. a
detect or m ust be used which exhibi ts a higher res po nse to the methyl de riva tives.
Fortunately, a FT D is hig hly sens it ive to nitrogen-co ntai nin g compounds (for CN ­
and SCN - ), an EC O to ha logen -containing co mpo unds (for I and Br " ) and a FPO
to sulphur -conta in ing co mpo und s (fo r S2- a nd SC N - ).
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SU MMA RY

A rapid and spec ific method fo r the determination of distear ylcarbamoyl chlo­
ride in different ex tracts by high-performance liqu id chro ma togra phy (HPLC) ha s
been developed. In th e method hexan e extract containing th is compound is eva pora t­
ed a nd then treat ed with sod ium th iophcn olat e to give th e sta bile thi ocarbamate. Thi s
is determ ined by HPLC on a silica gel co lumn with UV detecti on , using n-he xane­
d ichloro metha ne (7:3) as eluent. T he sensitiv ity is abou t 0. 1-0.5 l Jg.

INT RO D UCTI O N

Carbamoyl chlorides arc reactive co mpo unds im porta nt as inte rmed iates in the
synthes is' of. e.g.. carba rna tcs. th iocarba ma tes a nd su bsti tuted ure as. However, few
meth od s fo r th e an alysis of these compounds ha ve been published . Normally, large
amo unts of ca rb am oyl chlori des a rc ana lyzed? by titra tion of liber at ed chlori de ions
after react ion with an appropriate amine . Recently Ru sch et at.3 determined di­
meth ylcarbarn oyl chloride in a ir using a spectroscopic techniqu e after react ion with 4­
(p- nit1'0 bcnzyI)pyrid inc.

Distear ylcarbam oyl chlor ide (DACC) ha s been found to be a n excellent sizing
age nt for paper" . In the paper making pro cess ce llulose fibres arc made hydroph obic
by th e reac t ion bet ween cellulose hydrox yl groups and the carbamoyl chlo ride. Here
we describe a high-per fo rm an ce liquid chro matographic (H PLC) meth od of deter­
mini ng di stear ylcarbam oyl chloride by deri vati zati on with sodium thi ophenolatc
(Fig. 1) to give th e sta ble, UV-a bsorbing thi ocarbarnatc. T he method has been used
routinely fo r sma ll am ounts of dialk ylcarbamoyl chlorid es in extracts fro m paper
treat ed with a sizing agent (Kc no taf®) co nta ining mainl y di stearylcarba mo yl chl o­
ride.

R'NCCI • NaS 0" ~
R/ "o
Fig. I. St ruct ure of d istea ry lca rha moyl chlo ride t D ACe). On reaction with sodi um thiophenolat e a stable
an d UV -absorhing thiocarbam at e is formed . R = mainly C, s H.\] co ntaining about 10 };, C' OH J J a nd small
amo unts ofC ,zH zs and C, ~ HZq .

0021-9673/ X1/0000-0000/$02.50 \(') 19XI Elsev ier Scientific Pu blishing Compa ny
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MATERIALS AND METHODS

U. HELMER, A. OLAUSSON, K.-E. STENSIO

Reagents
n-Hexane, methylene chloride, chloroform and toluene were reagent grad e

from E. Merck (Darmstadt, G .F .R.) . Tetrahydrofuran (THF) (E. Merck, reagent
grade) was purified immediately before use by filtration through a column of AI20 3

(W 200, basic, activity super I; ICN Pharm., Eschwege, G.F.R .). Sodium thi o­
phenolate was prepared from thiophenol, pract. grade, (Fluka, Buchs, Switzerland)
according to Jenden et al.5 .

Silica gel for column chromatography (Si 60, 0.063-0.2 mm and 0.2-0.5 mm)
and silica gel thin-layer plate s (HF2 5 4 ) were purchased from E. Merck .

Chromatography system
An HPLC system based on a Waters 6000 pump (Waters Assoc., Milford, MA.

U.S.A.) was used throughout this work in conjunction with an Altex 153 UV detector
(Altex Scientific, Berkeley, CA, U.S.A.), fitted with filters for 254 nm. and a Waters
U6K loop-injector. The column was a stainless-steel tube (30 ern x 3.9 mm J.D .)
prepacked with 10-/lm silica gel (Waters Assoc.). Th e system was kept at ambi ent
temperature.

Distearylcarbamoyl chloride ( DA CC )
Thi s compound, prepared from distearylamine and phosgene, is available from

KemaNobel (Stockholm, Sweden) as Kenotafw. Since the amine used as a starting
material is synthesized from hydrogenated tallow fatty acids, DACC will comprise
ca. 80 % stearyl, 10%palmityl and 10% lauryl and myristyl carbon chains.

DACC technical grade (85 % carbamoyl chloride), containing amine hydro­
chloride and alk ylurea as impurities, was purified by passing through a silica gel
column. About 100 g of DACC in 150 ml of carbon tetrachloride-chloroform (8:2)
were rapidly passed through silica gel (200 g, 0.063-0.2 mm) in a glass filter (G 3.
diameter 10 em), The gel was washed with 400 ml solvent. Evaporation of the
combined washings yielded 75 g of DACC, free from amine hydrochlorides.

Preparation of reference sample
Purified DACC (5 g, 7.7 mmoles) and sodium thiophenolate (2.27 g, 17.2

mmoles) were refluxed in THF (30 ml) for 2 h under nitrogen. After evaporation the
residue was distributed between 2 M sodium hydroxide (100 ml) and n-hexane (2 x
60 ml) . Th e hexane layers were collected, dried (an ydrous sodium sulphate) and
evaporated. The. residue was purified by silica gel column chromatography using
toluene as eluent. The reaction and purifi cation was followed by thin-layer chromato­
graphy (TLC) (silica gel, toluene). Three spots could usually be seen : DACC (RF =
0.54, ninhydrin positive); unidentified by-product (RF = 0.5. UV-absorbing);
DACC-thiocarbamate (R F = 0.39, U'V-ab sorbing). The DACC-thiocarbamate was
identified by NMR and ma ss spectrometry (see Discu ssion).

Extraction
The extraction studies were mad e on unbleached sulphate pap er-board, base

paper weight 300 g/m 2
. The paper was coated on both sides with polyethylene. 60
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g/m". However, both uncoated and coated paper wer e extracted. Either the paper was
cut into pieces and extraced in a flask or the extraction cell test was used (ASTM F 34­
68).

The extractions were performed with IO g paper (or 6 drn? in the ASTM cell)
using 200 ml n-heptane, 50 % aqueous ethanol, 3 % aqueous acetic acid and water.
The aqueous solutions were extracted with n-hexane (2 x 50 ml). The combined
hexane extracts were dried with anhydro us Na 2S04 , filtered and the solvent was
evaporated in a rotary evaporator at 4S"C. The n-heptane extract was filtered directly
and evaporated as above.

Derivatization
The hexane or heptane extracts were evaporated to near dryness in a rotary

evaporator and transferred by means of a few millilitres of dichloromethane to a
screw-cap vial (3 ml , No. 13222; Pierce, Rockford, IL, U .S.A.) and the solvent was
evaporated using a nitrogen stream. Sodium thiophenolate (20 mg) and THF (I ml)
were added, the air was removed by flushing with nitrogen and the vial was closed
(PTFE-lined caps) and heated at 60°C for 2 h.

The reaction mixture was transferred to a test-tube (the vial being thoroughly
rinsed with small amounts of hexane and 2 M NaOH). A 15-ml volume of 2 M NaOH
was added and the solution was extracted with n-hexane (2 x 5 ml). The combined
hexane extracts wer e collected, dried with anhydrous Na2S04 , filtered (through a
small glass-wool plug in a Pasteur pipette) and evaporated by means of a stream of
nitrogen. The tubes and the Na2S04 were rinsed several times with small amounts of
n-hexane which were then filtered . The filtered solution was evaporated to dryness
(nitrogen) and the residue dissolved in n-hexane-dichloromethane (7 :3) (0.5 ml). A 5­
pI volume was immediately injected into the chromatograph.

Liquid chromatography
An HPLC silica gel column containing 10-pm particles and with »-hexane­

dichloromethane (7:3) at 1.5 ml/rnin as eluent was used. Before running the samples a
standard solution of DACC-thiocarbamate (e.g., 0.2 mg /ml solution in the eluent)
was run as a control of the retention time and column efficiency. After a number of
runs with samples from the paper extracts the column deteriorated and no adequate
separation was obtained. The column was regenerated by successively washing with
dichloromethane (150 ml), n-hexane (150 ml) and n-hexane-dichloromethane (7:3)
(50 ml) .

Sample clean-up by column chromatography
Some extracts especially from polyethylene-coated papers gave poor chroma­

tograms due to impurities obscuring the DACC-thiocarbamate peak . In order to
achieve better separation and longer HPLC column life, a clean-up was performed by
chromatography on a small silica gel column (13 x I em , 5 g, Merck silica gel 60, 0.2­
0.5 mm particle size) in n-hexane-dichloromethane (8 :2). After filtration and evap­
oration, the derivatized sample was dissolved in I ml n-hexane-dichloromethane
(8 :2) and placed on to the column. Most of the impurities comprising low-molecular­
weight polyethylene and diphenyl disulphide were eluted with 60 mln-hexane-dichlo­
romethane (8:2) and discarded . The solvent was then changed to diehloromethane
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and 70 ml were collected in a ro und-bo tt omed flask. After eva poration of th e so lvent
the residue was tr ansfer red to a test-tube, again eva po ra ted in a st rea m of nit rogen .
disso lved in 0.5 ml n-hexa ne-dich lorometha ne (7:3) a nd subm itted to HP LC as
above.

Calibration curve
A cali br ation curve was constructed usin g so lutions contaimng known

amounts o f DACC a nd n-hexan e extracts from non-DACC-t reated paper s (= blan k
extract) corresp onding to ca. 10 9 pa per. A I-ml chlorofor m sol utio n of a blank
extract was tran sferred to each of five screw-cap vial s and evaporated by mean s of a
strea m of nitrogen . Sod ium thi ophenolate (20 mg) was adde d to each via l and then 1
ml TH F contain ing 0.05, 0.1 , 0.25 or 0.5 mg D ACe. The derivati zat ion, extrac tions
and HPLC wer e perfo rmed as descri bed abo ve.

RES U LTS AND D ISCUSSION

Before cons idering the use of new chemica ls in rood o r in co n tac t wit h food.
authorities in most count ries no t onl y demand to xicolog ical st ud ies but th ey als o
request specific stud ies of the a mount of the chemica ls which might co ntam ina te th e
rood . Since DA Ce is used for sizing of paper in te nded for food pa ckaging a series or
extractio ns have been perform ed. Under const ant conditions. food sim ula ting sol ­
vents . e.g., »-h eptane, 50 'X, aqueous eth anol , 3 i ;,aq ueo us acetic acid an d wa ter . were
used . D ACC was to be determ ined in sma ll amounts in th ese different types of
extrac ts.

The complete ex tract ion of DACC fro m water and th e aq ueo us so lutio ns de­
scr ibed above with n-h exane wa s co nfirmed by the foll owing ex perime n t. D ACC (0,5
mg) in hexane (50 ml ) was extracted with 200 ml or the appropriat e solven t. The
DACC co ntent in the hexane so lutions was de termined by HP LC and co m pa red with
the same am ount of DAC C in a hexane so lution not partitioned with any so lven t (sec
Table 1). Thus, since DACC is a ver y lipophilic molecule and can be fully ext racted
with hexane th e problem was red uced to determining D ACC in dilu te so lutio ns of
hex an e (or heptan e).

DACC is a reacti ve compound. It was not possible to use gas ch romatography
(GC) for quantita tive ana lysis, d ue to th e insta bility a nd th e high molecular weight.
Fur thermore, GC separa tes D ACC into four pea ks d ue to th e com bina t ions of C 14 •

TA BLE I

EXT RACT ION OF DA CC F RO M II-H EXANE WITH AQ UEOUS SOL UTIONS

DACC content de termined by HPLC.

Hexan e phase DAce content ill n-hexane phose
(peak height ill 111111 )

No t ext racted 153
Water extr ac ted 157
3 X, C H-,COO H extracted 163
50% C 2 H;OH extracted 159
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C 16 and CI Sca rbon ch ains. Also underivatized DACC decomposed to th e secondary
am ine when subm itted to liquid ch romat ography on silica ge l. However , by treating
DACC with sod ium thi ophenolate (Fig . I) a sta ble compound was for med whic h
ga ve only one sharp symmetrical peak in HPLe. One furth er advantage of the de riv­
atization was that UV detection could be used .

The structure of th e thiophenyl carbamat e of DACC was confirmed by nucl ear
ma gnet ic reso nance (N M R) and mass spectro me tric stud ies. In l3C N M R the sign al
from the carbonyl gr oup is shifted from 149.0 ppm in D ACC to J66.1 in the th io­
carbamate, an expected low field shift due to the phenyl group . The th iocarbamat e
also exhibits signals in th e region 128-136 ppm from aromati c carbons. It is interest­
ing that C H2- N in DACC gives two signa ls a t 51.3 and 50.0 ppm, as fo r exam ple in
amides, but only on e signa l at 48.2 ppm is found for th e thi ocarbamat e.

Mass spectral data for the thiophenyl carbamate of DACC ar e summ arized in
Ta ble II. Using electron ionization it was impossible to differentiate between DACC
a nd its thi ophen yl ca rba mate derivati ve. The spectra of both co m pounds conta ined no
M ion, but an ion with the same mass corresp onding to M - Cl and M - thiophen yl
respectively. By using chemical ion ization the MH + ions wer e detected and a clea vage
of M H + - thiophenyl co nfirmed the structure of the thi ophenyl carbamate.

TAB L E II

MASS SPECTRAL DATA OF THE THIOPH ENYL CA RBA M A TE OF DA CC (FI G . 1)

Co llected on a Micromass 7070F instrument (Y. G . Mic romass, Winsfor d. G reat Britain) using the direct
inlet system. EI = Elect ro n ionization ; C I = chemica l ioniza tio n with isobu tu ne.

Theoretical m ]eR groups

in
111

s
M <thiophcnvl

Found 11// 1'

with EI
[or M - thiophenvl

with CI

1I1 H + M H +- thio­

phenyl

C14· C I6 573 464 464

C '4 ' Ci S 60 1 492 492

C ' 6' C i6 60 1 492 492
c.; C tS 629 520 520

C IS- CIS 657 54X 54X

574 464
602 492
602 492
630 520
658 54X

The retention tim e of th is synthet ic th iophenyl carbamate of D ACC was 4.5
min under th e HPLC co nditions sta ted above. A peak appeared at exactly the sam e
retention tim e in chromatograms from derivatized extracts of DACC-treated papers.
Ty pical chro mato gra ms are shown in Figs. 2 a nd 3.

To show th at quantitati ve de termi nations were mad e on th e correct com­
pound, several extract s from DACC-treated paper were co m bined and submitt ed to
preparative HPLC in whi ch peak A (Fig. 2) was co llected. The 13C NMR spectru m of
th e collected substance was ide ntica l with th at obta ined fro m a reference thiophenyl
ca rba mate of DACe.

The HPLC method was cali br ated by add ing known amo unts of DACC (0.0 5-
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Fig. 2. Chromatogram of 5 III of derivatized hepta ne extract from a pap er cont aining 0.35 mg DACe.
Conditions; 250 x 3.9 mm 1.0. column containing silica gel (10 Ilm) with »-hexane-dichloromethane (7:3)
as mo bile phase, flow- rat e 1.5 ml /rnin ; UV detection at 254 nm with 0.08 a.u.f.s.

0.5 mg) to extracts from paper not treated with DACC and taking these standards
through the assay pro cedure. The amount of DACC in paper extracts was then
determined from a calibration curve (Fig. 4) constructed by plotting the height of the
thiophenyl carbamate peak versus the amount DA CC added to the extract.

It was found important to investigate the specificity of the derivatization re­
action since both tetraalkylurea and the ethyl carbamate (Fig. 5) could be form ed
from DACC during extractions of DACC-treated pap ers in water and alcoh ol so lu­
tions respectively. How ever, no peak with the same ret ention time as the thiophenyl
carbamate of DACC was detected in HPLC when 0.5 mg of the tetraalk ylurea or the
eth yl carbamate were submitted to the derivatization procedure.

The reproducibility of the method was investigated by taking four replicate
sam ples of 0.05-0.5 mg through the whole procedure, includ ing extraction from a
water solution. Th e results are shown in Table III. Each solution was injected four
times into the chr omatograph.
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Fig. 3. Chroma togra m of 0.05 mg of DAC C in ca. 9 mg of an extract from bleached untreated paper (140
g/m"). Conditions as in Fig. 2.

The reco very was eva luat ed by adding 0.25 mg DACC to a water- hexa ne
mixture and then ana lyzing the hexa ne phase by the descr ibed method . The reco very
was de termined to be 82 %by compa ring the pea k height with tha t obtained by direct
injection of the same amo unt of pure th iophenyl car bama te of DACe.

The minimum amo unt of DACC detectable depended on a number of factor s,
e.g., paper qua lities, presence of coat ing and purification of the extrac t by silica gel
chroma togra phy. In extrac ts from 10 g unbl eached paper (300 g/rn"), 0.05 mg added,
corresponding to an injected amo unt of 0.5 j1g, gave a peak height of 40 mm at a
detector atte nuation of 0.08. It was possible under these conditi ons to detect 0.1 ug,
but no efforts have been mad e to reach a better sensitivity.

Some result s obta ined are shown in Table IV. The paper-board was produced
with 0.2 %DA CC in a full scale trial, and assuming 50 %retention the DA CC content
in the paper sho uld be 3 mg/dm ". DACC reacts with the fibres during the dryin g
procedure and the storage. The curing was followed by measuring the decreasing
amo unt of abso rbed lactic acid. Thus a more hydr ophobic paper sho uld show a
sma ller amo unt of DA CC extrac ta ble by hept an e. Tabl e IV sho ws the extracta ble
amo unts of DACC and the abso rptio n of lactic acid versus storage time.

From toxicological stud ies a No Toxic Effect Level (NTE L) for a subs ta nce
can be deduced. In th is case it was concluded that 10 mg DACC per kg bod yweight
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Fig. 4. Calibra tion curve from paper extracts co nta ining 0.05-0.5 mg DACe. Conditio ns as in Fig. 2.

per day was a very con servati ve estim ate of the NT EL value, i.e., 600 rug/day ( 100
mg/dm") for a human being. T he extracted amounts of D ACC from the paper were
far below 600 mg, even with a safety factor of 100 (see Table V).

R,NCOCI

R
-,

NCOC,H,
R / II

o

R R" /NCN
/ II "R 0 R

Telraalkylurea

Elhylcarbamate

Fig. 5. Reaction prod ucts for med when DACC is exposed to water and ethanol.
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TABLE III

REPRODUCIBILITY OF TH E DETERMINATION OF DACC

377

DACC was added to a hexane extrac t from blank paper not treated with DACe. The solution was then
extracted with water and taken through the whole derivatizat ion procedure.

Amount Mean peak S .D. ofpeak height Coefficient
of DACC height of 4 samples of variation
added of 4 samples (mm) (%)
(mg) (mm)

U.5 335.3 15.7 3.14
0.25 179.2 7.3 3.71
0.1 69.2 2.6 4.05
0.05 35.6 1.1 4.67

TA BLE IV

INFL UENCE OF CU RING TIM E ON EXT RACT ION OF DACC BY HEPTAN E AND PAPER
HYDROPHOBICITY MEASUR ED BY LACTI C ACID ABSORPTION

Age ofpaper Ex tracted amount Lactic acid
(days ) of DACC absorption

(mgldm") (gjm edge)

7 0.395 0.91
29 0.28 0.46
80 0.27 0.38

125 0.145 0.38
Fully cured 0.0155 0.36

TABLE V

EXT RACTION OF DACC FROM FU LLY CU RED PAP ER BY DI FFER ENT SOLVENTS

Solvent

Heptane
50 % C2 HsO H
Water
3% CH3COOH

REFERENCES

Ex traction
time

48 h
5 days
5 days
5 days

Temperature
( DC)

50
50
50
50

Ex tracted amount of
DACC
(mgjdm2

)

0.0155
< 0.01
< 0.01
< 0.01

UI/mans Encyk lopddie der technischen Chemie, Vol. 9, Verlag Chemie, WeinheimjBergstr., 4th ed.,
p. 11 5fl

2 T. Lesiak and L. Szczepk owski, Chem. Anal. ( Warsaw) , 15 (1970) 165.
3 G. M. Rusch, S. L. Mendol a, G.V. Katz and S. Laskin, Anal. Chem., 48 (1976) 2259.
4 U. Helmer and A. Reuterhall, U.S. Pat ., 3,887,427.
5 D. J. Jenden, I. Hanin and S. I. Lamb , Anal. Chem., 40 (1968) 125.
6 Code of Federal Regulations, Tit le 21, U.S. Governm ent Printin g Office, Washington DC, 1971.
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A number of methods for packing microparticulate high-performance liquid
chromatographic (HPLC) columns have been published, but the techniques are still
under development. The recent extensive use of microparticulate columns for HPLC
has led to the need for simple methods for preparing inexpensive and high-efficiency
columns in the laboratory. Several workersl" have discussed the advantages and
disadvantages of various packing methods such as the balanced density'"!", balanced
viscosity7,13-15 and mechanical stirring methods 'v"? and the use of the mobile
phaser", and proposed convenient methods that give good microparticulate columns
for routine use. A technique that gives high-efficiency (15.6 ,urn HETP) silica gel
microparticulate columns (ca. 3-5 ,urn) has been described v'. However, many of the
methods are not suitable for chemically bonded stationary phases but only for silica
gel columns. So far, few methods that guarantee high-efficiency (HETP less than 20
,urn) home-made microparticulate columns packed with a chemically bonded
stationary phase have been reported.

In this paper, a rapid packing method that gives high-efficiency chemically
bonded normal- and reversed-phase microparticulate columns (ca. 5 ,urn) for routine
use is described.

EXPERIMENTAL

Solvents and materials
The solvents used were of special grade from Wako (Osaka, Japan). Methanol

was filtered through 0.22-,um Fluoropore filters (Sumitomo Electric, Osaka, Japan)
before use. Nonipole 40 (nonylphenyl polyethylene glycol, "4 moles" ether) was
purchased from Sanyo Kasei Kogyo (Kyoto, Japan). The composition of the slurry
solvent is shown in Table I. Polygosil and Nucleosil materials were obtained from
Machery, Nagel & Co. (Duren, G.F.R.) and LrChrosorb RP-18 from E. Merck
(Darmstadt, G.F.R.).

Apparatus
The slurry reservoir is shown in Fig. I. The reservoir is made of 316 grade

seamless stainless steel and holds 45 ml of slurry up to the top inlet. The packing

0021·9673/81/0000-0000/$02.50 1981 Elsevier Scientific Publishing Company
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TA BLE I

A PP RO PR IATE A MO U NTS O F PACKI G MAT ERI AL S AND COM POSITION O F SLU R RY
SOLV ENT

Pack ing material Appropriut« lI lI/OW I/ or Sol vent contposi t iO I/

pack ing ma ter ial

A ll lO W I/ Column length Component Concentration f'i-;'.
(g ) and I.D, ( II I/ II) 1,/1')

LiChrosorb RP- IR (S I,m ) 1.5 ISO x 4.0 Methan o l 10.0
Po lygosiI 60-SC, . 3.0 300 x 4.0 Isopro pa no l S.O
Po lygosil 60-SNO z 2.0 ISO x 4.6 Cyclohexanol 10.0
Nuclcosil SNO z 2.S 200 x 4.6 Cyclohc xa ne 4.0
Po lygosil 60-SNH z 3.2 2S0 x 4.6 I. I. I-T rich loroetha ne 70.0
Nucleosil SN Hz No nip ole 40 1.0

apparatus is shown in Fig. 2. A Coulter Elect ro nics (Hialeah, FL, U.S.A .) TA II
particle a na lyser was em ployed to dete rm ine the particle size of th e slurried materials
by using 4 i;; lith ium chloride in mcthanoI 2 1

.
22

.

Pack ing procedure
T he a ppropria te amo unt of pac king mat eri al for th e column dimension s (see

9

5 6 7 6 8 \

(B)~. . 99

J11illJL
3

Fig . I. Slurry reservoir. I = Top inlet a nd rem o val ca p with a PTF E gas ket ; 2 = eluen t inlet ; 3 = cell (20
ml ): 4 = uni o n; 5 = Tylok (Euclid. O H. U.S.A .) 316 gradc stai nless-steel 1/4-in . sta nda rd co nnections :
6 = co lumn. Dime nsio ns in mill imcircs .

Fig. 2. Packi ng a ppa ratus. I = Pressur e regulato r (0 - 10 kg/cmz); 2 = on-off va lve; 3 = elu ent reser voi r
(metha nol): 4 = Haskel ( Bur bank, CA. U.S.A.) M PC- I 10 pneumat ic amplifier pump; S = da mping unit
(60 ml): 6 = 10 em x 4.6 mm 1.0. gua rd co lum n packed with PolygosiI 60-2S40; 7 = high- pressu re valve;
8 = 2 m x 1.7 mm 0 .0 .3 16 grade stai nless-steel tube; ') = 1.7 mm 0 .0 . PT F E tube: 10 = heat ing-bath
(60T).
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Table I) was mixed with 40 ml of the slurry so lvent and the suspension was placed in
an ultrasonic bath for 5 min. The dispersed slurry was poured into the slur ry reservoir
by using a syringe, and the em pty part of the reservoir was filled with the slurry
solv ent. The packing was started with an upward flow (see Fig. 2A). The packing
pressure on to the eluent (methanol) was programmed stepwise from 400 to 700
~/cm2 at 50 kg for every 5 em of the packing. When 15 ml of the eluent had been
pumped, the reservoir was inverted (see Fig. 28), then the column was heated to 60"C.
Once the packing was completed , the eluent was allowed to flow at room temperature
for 10 min under the final packing pressure. The flow was then stopped and the
column was removed from the reservoir and assembled with the frit and the reducing
uni t.

RESU LTS AND DISCUSSION

A relatively non-toxi c and very stable slurry solvent was prepar ed (see Table I).
Meth anol was used to increase the dispersibility of the solvent and isopropanol and
cyclohexanol to control visco sit y other than dispersibility. The use of the nonionic
sur facta nt (Nonipo le 40) was effective in preparing stable and well di spersed slurries
of the packings (ca. 5 pm). The use of 0.5-1 .5 % (v/v) of surfact ant minimized the
rates of sedimentat ion and the sedimentation volumes in 24 h for both normal- and
rever sed-phase materials. Th e rates of sedimentati on, defined as the ratio of height of
sedimentation to standing time, were constant for 1 h in the range 0.07-0.11 mm/rnin
for th e packing materi als used. The use of less or more of the surfactant was less
effecti ve in reducing aggregation or flocculation of the dispersed particles. The par­
ticle size analysis and direct microscopic observations showed that the slurries were
sta ble and well di spersed .

The reservoir used resulted in min imal use of the packing mat erials (see Table
I), with substantial savings of the packing mat erials over convent ion al methods. As
slurries usually form agg regates at the bottom, the upward packing techniq ue ' ,I 7 , 1H

may be useful in introducing a dispersed slurry into the column, especially in the
initi al packing stage. In th e initial upward packing with the U-shaped reservoir. the
no zzle at the bottom of the seco nd cell (see Fig . I, inset ) was useful for producing
mixing effects a round the bottom so as to maintain well dispersed particles.

The pres sure pr ogramming and the column heat ing were used to ma int ain
constant high flow conditions. The flow-r at es in preparing 20 em x 4.6 mm 1.0.
columns became stable with I min. and were maintained nearly con stant until the
packing was completed . Typical flow-rates were 7--8 nil/min for LiChrosorb RP-18
and the Polygosil materials and 3~4 ml/min fo r the Nucleosil materi als. Thus. the
packing of the columns was completed in a much shorter time than by conventional
methods. The high flow-rate ma y be useful in packing the dispersed slurry into the
column before aggregation occurs.

A number of 20 em x 4.6 mm 1.0. microparticle columns were prepared at
d ifferent times and their performances were examined . Few failures of the packings
occur red . Fig. 3 shows typ ical chromatogram s for the evaluat ion of the column
performance. Table II indicates that high-efficiency columns ar e reproducibly pre­
pared by the proposed method . Occasionally. super io r columns with up to 18,000
th eoret ical plates (11.1 pm H ET P) were obtained for LiChrosorb RP -18 and Poly-
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Fig. 3. Typica l liquid chromatograms fo r evaluat ion of co lum n performance. Col umns, 20 em x 4.6 mm
J.D .; mobile phase, aceto nit rile- water (60:40); flow-rate , 1.0 ml /rnin ; amo unt of compound, 0.2 ·-1.5 Jlg in a
2-111 inject ion ; U V a bsorba nce det ect or. 254 nm. (A) Polygosil 60-5C ,,: I = ura c il; 2 = ben zen e ; 3 =

accna phthene . (B) Nu clc osil 5N H 2 : I = benzene ; 2 = »-chlo ro phcn o l: 3 = uracil; 4 = 2.5-d ich ioro­
phenol.

TABLE II

PERFORM A NC E OF MI CROPARTI C ULAT E CO LU M NS PACK ED WITH C H EM ICA LLY
BONDED STATIONARY PHASES

Ana lyt ical co nd itions: see Fig. 3. The capacity factors (k ' ) of LiChrosorb RP -18 a nd Po lygosil 60·5C 1"

co lumns were obtained by usin g accnaphthenc as a reference peak and ur acil as an unret ain ed peak , and
the k' va lues of Nucleos il 5N Hz co lum ns were o bta ined by using 2.5-di chlo ro phe no l as a re ference pea k
and benzene as an unrctuincd pea k.

Pack ing materia!

LiCh rosorb RP -18
(av erage size 5.7
11m)

PolygosiI 60-5C "
(ave ra ge size 4.9
fllll )

Nucl eosil 5 NH z
(av erage size 4.2
11m )

C O!UIIIIl

number

2
3
4

2
3
4

Column performance

Theoret ica! lIETP Reduced k '
plates ( Iun) H ETP

10.700 18.7 3.3 8.64
11.700 17.1 3.0 8.6 1
10.900 18.3 3.2 8.75
11.600 17.2 3.0 8.4 1

11,500 17.4 3.6 6. 10
i2 .500 16.0 3.3 6.02
12.800 15.6 3.2 6.09
11.400 17.5 3.6 5.97

11.800 16.9 4.0 1.12
12.400 16. J 3.8 1.09
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gos il 60-5C I 8 . Th e number of theor etical plat es obtained here are very similar to or
grea ter tha n th ose for co lumns previou sly reported or co mme rcia lly available.
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Packing of Toyopearl columns for gel filtration

IV. Gravitational packing and influence of slurry reservoir size
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Central Research Laboratory, Taro Soda Manufacturin g Co .. Ltd.. Tond a, Shinnanyo, Yamaguchi (Japan)

(F irst received January 19t!1. 191'1; rev ised manuscrip t received M arch l l th , 1981)

We have been investigating packings of Toyopearl (Toyo Soda, Tokyo,
Japan), a hydrophilic porous polymer packing material for gel filtration, resistant to
pressures up to several atmospheres, and have already reported some results'":',
Whereas all columns were packed with a peristaltic pump by a constant-velocity or a
semi-constant-pressure method in the previous experiments, this paper reports the
results of investigations on the gravitational packing method. which is commonly
used with packings of soft gels such as Sephadcx't". In the previous experiments, all
columns were also packed using slurry reservoir s consisting of long columns with the
same diameters as the chromatographic co lumns. However, as commercial slurry
reservoirs are generally short and have larger diameters than chromatographic col­
umn s, the influence of the slurry reservoir size on the performance of packed columns
was also investigated .

G R A VIT ATI O N A L PACKING

A schematic diagram of the packing arrangement is shown in Fig. I.
Toyopearl HW 55S (Lot No. 55009- l6M ) of diameter 20-40 /lm, the same

material as Fractogel TSK HW55 (0.025-0.037 mm) avail abl e from E. Merck
(Darmstadt, G .F.R.), was packed gravitationally into various sizes of glass columns
as described pre viou sly", However. a hydrostatic pressure of 250 cml-lyO was utilized
instead of a peristaltic pump to supply the solvent and each packing operation was
continued overnight. Th e packed columns were tested for performance with a mixture
of bovine serum albumin and myoglobin as described previously",

The results are summarized in Table I and compared with those for constant­
velocity packings. The resolution factors for bovine serum albumin and myoglobin, R­
(BSA, myoglobin), obtained with gravitational pac kings were lower than those ob­
tain ed with constant-velocity packings at optimal velocit ies. However, the differences
were within I0 ~<, and were only 5 i ;,on average. Furthermore, higher resolutions can
be expected with gra vitational packings under higher hydrostatic pressures because
the resolution increased with increasing final packing pressure up to 0.6 atm with
con stant-velocity packings. Nevertheless, as a hydrostatic pressure of 250 cmHzO

0021-9673 /8 1;0000- 0000 /$02 .50 i ') 1981 Elsevier Scient ific Publishing Compa ny
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Solve nt
Reservoir

250 cm

Plast ic TUbing

End- fi tting

Slur ry Rese rvoir

Coupling Ring

Chro mato gra phic
Column

End -f itti ng

Fig . I. Schem ati c d iagram of a rra ngc mc nt for gravi ta tio na l packing.

T ABLE I

RESULTS FO R G RAV IT AT IO NAL PACKIN G S OF TOYOPEA R L HW 55S UN DE R A HYDR O­
STATI C PRESSUR E OF 250 cm H 20

Column R ( BSA , m voglobin } R ( HS A. myoglobin t » Final pack ing vclocit v
dimensions (mllll· em2

)

( length x I .D., cm )
4 _ _ _ _ _ _ _ _

30 x 2.2 1.49 (5 ~':,) ** 1.57 20.5
1.43 (9 I.,) 19.8

45 x 2.2 1.78 (6 %) 1.90 14.1
1.89 (I /~) 15.8

60 x 2.2 2.03 (9 :~:, ) 2.22 9.8
2.10 (5 '~; , ) 11 .9

90 x 2.2 2.63 ( I ' ~~, ) 2.65 8. 1
2.53 (5 'X,) 8.7

60 x 1.0 I. 94 (2 ~i;; ) 1.98 13.6
1.96 (I :';,) 15.5

60 x 1.6 2. 12 (4 "i,,) 2.2 1 13.8
2.06 (7 ::::> 14.1

60 x 3.2 2.08 (8 ~'.;, ) 2.25 11..1
2. 19 (3 ~;,) 9.4

60 x 4.4 2. 11 (5 ':,;) 2.23 10.0
2.07 (7 'X,) 10.1

_._---- -

* Obtained by co nst a nt-velocity pack ings at opt ima l veloc ities",
** Valu es in pa rentheses are d ifferences from R ( BSA. myoglobin ) fo r co nsta nt-velocity packings.
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seems to be almost the maximum attainable in mo st laboratories, it may be concluded
that constant-velocity packings with a pump are better than gra vitationa l packings
with respect to th e resolution of pa cked co lumns for semi-soft gels such as Toyopearl.
Moreover, the final pack ing velociti es with gravitat ional pack ings were half to one
third of the optimal packing velocities with constant-velocity pack ings . This me an s
that columns obtain ed with gravitational packings must be opera ted at co rrespond­
ingly lower velocities . Th erefore, it is preferable to usc pumps in the packing of semi­
soft gels in order to tak e ad vantage o f ha rdness of th ose gels.

INFLU EN C E OF SL UR RY RE SERVOIR SIZ E

Toyopearl HWSSS (Lo t No . SS009- 16M ) was packed into glass co lumns of
various sizes usin g co mmercia l slur ry reservoirs of the shapes illustrated in Fig. 2.
Both the chromatographic co lumns and the slurry reservoirs were pu rchased fro m
Amicon (Lexing to n, MA , U.S.A.) and their sizes a re give n in Table II. Packings were
ca rried out by constant-velocity or semi-constant-press ure method s.

End- f ilting

Slurry Reservoir

Cou pl ing Ring

Chro ma tog raphic Co lumn

Fig. 2. Co mme rcially avai lable slurry reservo ir.

R(BSA, myoglobin ) va lues obtain ed with co nstant-ve loci ty packings at var ­
ious velocities are given in Table II. As R(BSA, myoglobi n) was constant at final
packi ng press ures above 0.6 atrn with th e prev ious ly examined co ns ta nt-ve loc ity pack­
ings using slurry reser vo irs co ns isting o f lon g columns of the same di am eter as the
chromat ographic co lumns, pack ing was perfo rme d under such co nditions in the pre­
sent experiments . However, pac kings with commercial slur ry reservoirs provided
slightly lower va lues of R (BS A , myoglo bin ) than the pr eviou s packings, a ltho ugh the
differences were only 2-3 ( ~ ; ) and the R(BSA. myoglo bin ) va lues were independ ent of
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T ABL E II

R ESULTS FO R CONSTANT-VELOC ITY PACKI NG S OF TOYO PEA R L H W55S US ING COM MERC IA L
SLU R RY R ESER VOIRS

COI II Ill Il

dimen sions
' leI/K/11 x I.D..
.m J

Slurrv reser voir

I.D. Capacitv
(cm } ( III /)

Inner dium cter ratio
(~( slurrv reservoir
and 1'011111/11

Puck ing
velocit v
( 11/1; 11 _1'11/ ' )

Final pack ill K R ( BSA .. myoglob in t
pressure ( a /III )

60 x 1.0

60 x 1.6

60 x 2.2

60 x 3.2

60 x 4.4

4.4

4.4

4.4

6.1

7.1

~xo

~90

570

1110

1470

4.4

~ . 8

2.0

1.9

I.h

78. 5
n o
63.7
54.4
55.5
5 1.9
45.h
39.0
52.9
4X.5
44 .6
39.5
34.8
30.0
3x.3
34. 1
30.0
3 1.7
27.9
~4 . 1

I.XO
1.65
I. ~O

0.95
1.55
1.05
1.00
0.60
2.00
1.4 ~

1.15
0.98
O.xO
0.62
O.lJX
0.75
0.56
1.05
0.76
0 . 5~

I.lJ2
1.86
1.77
1.66
2.04
~.02

1.97
I.X5
2. 16
~. 1 7

~ . 15

2.20
~ . 1 6

2.15
~ . 1 6

2.14
~ .07

2.16
~ .IO

2.15

pack ing veloc ity for co lumns of 1.0. 2.2, 3.2 a nd 4.4 ern. Wit h th e 1.0. 1.0 a nd 1.6 cm
co lum ns, however, th e R(BSA, myoglo bin ) va lues increased with increasi ng pack ing
velocity and even a t final packi ng pressures of cu. 1.5 at m they were still 5- 10'/;; lower
than those obtained pr eviou sly. O n the o ther hand, sem i-co nstan t-press ure pack ings
at higher velocities provide d im proved co lumn performan ces eve n in the co lumns of
1.0. 1.6 em, as shown in Ta ble III.

TA BL E III

R ESU LT S FO R SE M I-C ONSTANT-P RESS URE PACKINGS OF TOYO PEARL HW 55S INTO hO x
1.6 em 1.0. CO LUMNS US ING COM MERC IAL SLUR RY R ES ER VOI RS

Packing velocit v
( 111//11· 1'111')

Initial Filial

85.5 51.9
85.5 60.0
85.5 46.5
85.5 61.5
85.5 51.h

Final packing pressure
( lI /lII )

1.70
1.60
I.4 X
1.52
1.50

R ( W,,., . III.l'oglo!>ill )

2.06
2. 15
~ . 20

2.16
2.0X



NOTE S

It can be concluded th at slurry reservoirs with the sa me inner diameter as
chromatographic columns are best. With s lurry reservoirs with inner diameters less
than double the inner diameters o f the chromatographic columns. th e decrea se in
resolut ion o r pack ed columns is o nly slight. With slurry reser vo irs with inne r diam­
eters great er th an double th e inn er dia me te rs o r th e chroma tograph ic co lumns . the
packing velocity mu st be high in orde r to o bta in reasonably high resolution co lumns.

R EFER ENC ES

Y. Kate . K. Korniya. T. lwucdu, H. Sasaki and T. Hash imot o. J. Cl1nJIII<I/og r .• 205 ( 1981) 1l'5.
2 Y. K ate, K. Korniya, Tv Iwacd u, H. Sasak i and T. Hash imot o. J. ClIrIJIII<I/og r .• 206( 198 1) 135.
3 Y. Kat o, K. Komi yu. T . lwacd u, H. Sasak i a nd T. Hashim ot o. J . Chromu togr.. 20l' ( 19g l) 71.
4 P. Flodin. J. C/IrI/III<I/ogr.. 5 ( 19(1 ) 103.
5 R. Widen a nd K.-E. Er iksson . J. Chro tnatugr.. 15 (19M ) 429.



Journal of Chromatographv, 2 1I ( 19X I ) 3XX 39 I
Elsevier Scientific Publishing Company. Amsterdam Printed in The Netherlands

C HRO M . 13.803

Note

The chemistry of carbazoles

IX. Substituent effect in the 'las-liquid chromatography of methylcar­
bazoles

TOSHI KATSU NAKAZA WA

Depart ment (If Indust rial Chemistry. College of Science and Tcchnologv, Nihon Universit v; Kanda-Sur­
ugadai, Chivoda -ku , Tok vo 101 ( Jupan }
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MASATANE KURO K I* and YUTA KA TSUNAS H IMA

Department o]'Chemistry. Shibaura Institute of Technolog v; Fukasak u, Ohmivu-shi, Sa itama 330 (Japan )

(Received February 16th . 19XI )

A lthough the presence of methylcarbazoles in natural products has often been
rep orted t-9 , all of th em have not fully been identified. In a previous pa per l" dealing
wit h th e electronic a bso rption spectra of a large number of methylcarb azoles, we
reported that the ad ditivity of the spectral shifts provides a useful meth od for de­
term ina tion of unk nown methyl ated carbazoles. In combination with such spectro­
scopic methods. gas -liqu id chromatography (G LC) should serve as the tech niq ue for
ident ifica tion of the carbazoles, ifsome relationship between the retention va lues and
thc number or posi tio ns of meth yl gro ups can be derived . The chromat ograph ic data
on 36 meth ylcar bazol es prese nted here provide useful clues for future research on the
natura lly occurring carbazoles,

EXPER IM ENTAL

Methylcarbazoles were pre pa red by th e method describ ed previously ' {v ' .
Gas- liquid chromatogra phy was per formed on a Shimadzu 4PBT F chromatograph
wit h a fla me ioni zation detecto r (FID) . Condi tions : st ainless-steel co lumn (3 m x 3
mm) packed with 5 i;. silico ne SE-30 on C hromosorb W (60-80 mesh ); carrier gas
(nitrogen) flow-ra te, 40 ml /mi n ; co lumn tempera tu re, 200 'C ; detector tempera ture,
230 C; injec tion port tempera ture, 250"('; sa mple size , I pi (('(I . 2 "0 ace to ne so­
lut ions).

T he nuclea r magne tic reso na nce (N M R) spec t ra were recordcd on a Jco l J N M ­
PS-I OO spectrome ter usi ng tetram et hylsila ne as an in ternal sta ndard . The infra red
(I R) spectra of K Br d iscs were o bta ined on a Jasco I RA-2 spec tro pho to me ter. Ab­
sorpt ions in the N H vibra tio n region were measu red by sca nning three tim es for
eac h o n a n expanded sca le.

0021 -9673 /81 ;0000-0000/$02 .50 i ( ') 19XI Elsevie r Scientific Puhlishing Compa ny
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TABL E I

RET ENTION TIMES ( TR) OF C A R BAZO LE A N D M ETHYLCARBAZOL ES

3S9

No. Compound I R No . Com pound In No. Compound In

(JIlin ) (min ) ( min )

Ca rbazole 4 .2 14 2,4-D imct hy l- 7.S '27 2,4,5-Trimethyl- 12.6

2 I-Methyl - 5.2 15 2,5-Dimethyl - S. I 2S 2,4 ,6-Trimethyl- 10.9

3 2- M ethy l- 5.7 16 2,6-Dimcthyl- 7.5 29 2,4 ,7-Trimethyl- 11.0
4 3-Mct hyl- 5.6 17 2.7-D imct hy l- 7.6 30 3,4,6-Trimethyl- 12,4

5 4-Methyl- 5.S IS 3,4-Dimcthyl- S.7 31 1,2,5,7- Tctrarnethyl- 15.9

6 1.2-Dimethyl- 7.7 19 3,5-D imcthy l- 7.S 32 1,2,6,7-Tctmmethyl- 16.9

7 1,3-Dimethy l- 6.7 20 3,6-D imct hy l- 7,4 33 1,3,4 .6-Tetr amethyl- 15.1

8 1,4-Dim ethyl- 7,4 21 4,5 -Dimethyl- 9.9 34 I,4 ,5,S-Tetrurnethyl- 14,4

9 1,5-Dimethyl- 7.6 22 1.3.4 -Trimethyl- 10.9 35 2.3.5.7-Tctrarnethyl- 16.3
10 1,6-Dimethyl- 6.9 23 1,4 ,S-Trimethyl- 9.6 36 2,3,6.7-Tetr amethyl- IS.3

11 1.7-D imethyl- 6.9 24 1,5 .7-Trimcthyl- 11.0 37 2.4 .5,6-Tetrarneth yl- IS,4

12 I, S-Dimethyl- 6.2 25 2.3 .5-Trimethyl- 12.3
13 2.3- D ime thyl- S,4 26 2.3.6-T rime thy l- 12.3

R ESULT S AND DISC USS IO N

Relat ion between retention time and the number 01' methvl groups
Table I lists the retention times determined for carbazole and 36 methylcarba­

zo les, As shown in Ta ble II , the range of the retention va lues are sepa ra ted sufficiently
to permit estimation of the number of methyl groups, if the ret ention time of 4,5­
dimethylcarbazole is overlooked . Strictly spea king, however , thi s relation is effect ive
only up to dimethylcarbazoles, since the boundary between dim ethyl- and trimethyl­
carbazoles rem ains eq uivoca l on account of the va lue for 4,5-dimethylcarbazole. and
the data ar e incomplete for the series of trimethyl - and tetramethylcarbazoles.

Relation bet ween retention time and the positions of methvl gro ups
For the monornethylcarbazoles, the order of retention times is 4-methyl (5) >

2-methyl (3) > 3-methyl (4) > I-methyl (2), where the numerals in parentheses
denote the compounds in Table I. Thi s order is found to hold in certain sets of
polymethylcarbazoles.

T ABL E II

R ETE NTI O N TIME R ANGES ACC O R D ING T O Til E N U M BE R 0 1' METHYL G RO U PS

Compounds In

(min )

Nil. ofsamples No . ofisomers

Ca r bazole
M onomethylcar bazolcs
Dimcth ylcar baz oles
T rimct hylca rb azoles
Te trame thy lear bazoles

4.2 I
5.2 5.S 4
6.2 S.7 (9 .9*) 16
9 .6 12.6 9

14,4 IS,4 7

I
4

16
2S
35

* Va lue for 4,5-dimethy lca rlxl/olc .
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For the symmetrically substituted dimcthylcarbazolcs, the retention times in­
crease in the order 4,4 ' (21) > 2,2 ' (17) > 3,3 ' (20) > 1,1' (12), where the positions of
the methyl groups are indicated according to the numbering system B:

5 ~ 4

6~3 3'~3
7~~1~2 2'~~1~2

N I' NH 1
8 H 1

A B

This indicates that the order for monomethylcarbazoles is not altered by the seco nd
methyl su bs titutio n at the symmetr ica l positions of the carbazole ring.

The order 4 > 2 > 3 > 1 is applicable to the unsymmetrically methylat ed
ca rbazo les, with a few exceptions. This trend will be more obvious when the data o n
th e sym metr ica l dimcthylcarbazoles arc included, as is shown in Table III. All th e
carbazolcs bearing two adjacent methyl groups exhibit exceptional deviations which
are indi cated by an ast erisk in this table.

T A BLE III

ORDERS OF RET ENTION TIMES FOR DIMETHYLCARBAZOLES

Curbazoles

Lv-Dirnethyl carb azolc
2.x-Dimeth ykarb azolc
3.x-Dimctbykarb azol c
-l.v-Dimcth ylcar bazolc

Positions oj another 111<'111.1'/ group: .v,

according 10 the numbering SyS/(,111 B

2* (6) > 4' (9) > 4 (X) > 2' (II) = 3'(10) > 3 (7) > 1'(12)
3* ( 13) > 4' (15) > 4 (14) > 1* (6) > 2'(17) > 3'(16) > 1'(11 )
4 (IX) > 2 (13) > 4'*(19) > 2' (16) > 3'(20) > 1'(10) > 1 (7)

4' (21) > 3* (IX) > 2' (15) >:2 (14) = 3' (I'l) > I' (9) > I (X)

It is difficult to find a close relation between the chromatographic data and
methyl substituti on for trimcthyl- and tctrarncthylcarbazolcs. Thus, in th e case o f
four 2,4, x-trimethylearbazoles, the elution order is .v = 4' (27) > 2' (29) = I ' (24) >
3' (28) . However, the order 4 > 2 > 3 > 1 still partially holds in some cases. For
severa l tctramcth ylcarbazolcs, the order 2,4 ,3',4 (37) > 2,4 ,2 ' ,3 ' (35) > 2,4, l',2 ' (31)
eorrcsponds co ns iste nt ly to the orders 4' > 2' a nd 3' > I', and a tendency 2',4' > 1,3'
is obvious from th e result 3,4, 2' ,4 ' (37) > 3,4, I,3 ' (33 ).

Relation between retention time and physical properties o( ntethylcarhazoles
The physical properties, which should be related to interactions between mo­

norn ethylcarbazolcs and the stationary phase, are given in Table IV.
Although the boiling point is expected to be a pr imary factor determ ining th e

retention time, th e ca rbaz o les are not eluted in the order of their bo iling po ints. Evcn
if th e boiling points of 1- and 4-methylcarbazoles arc excluded because of the un­
certainty in their values, the longer retention time of 2-meth ylearbazole compared
with th at o f 3-methylea rbazo lc is unexpected.

The imino-hydrogen is capable of interacting with the stationary ph ase
through hydrogen -bonding, which influences the elution parameters! ". But the
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TABL E IV

PHYSI CAL PROPERT IES OF C A R BAZO LES

:1 91

Compound Boiling po int Equilibrium COIIS/III1/ NMR ill I R ill KBr :

I C) or hvdrogcn-bonding' J 2/1(, ..·a (' (' ! o Jl(' :

( l imoto ) ,) ( N H ) \' ( N ··If) ill'

( /11'111) (CII/ ' ) ( CII I " I )

I II dicthvl I II THF
et her

Ca rb azo le 354 .76* :1420
l- Methylca rbuzo lc 360** 2.XO 4.0 1 10 .15 :1410 10
2- Methy lca rba zol e 363/7 65 tnmH g* 5.00 7.50 10 .16 340 0 20
:1- Me th ylca r ba zo lc 365/765 tnmH g* 3.37 4 .:10 10.2 1 :140:1 17
4-M ethylcarbazolc :160** 4 .00 6.XO 10.27 :1 :1 85 35

* Ref. 14.
** Ref. I.

prot on donating powers o r monomethylcarbazoles were reported to be in the order
:2 > 4 > 3 > I (ref. 13). The N M R chemica l shifts of the imino-proton a re a lso
independent of the eluti on order. Only the vibrational freq uencies of the N-H bond
seem to be correlated to the elution order, but the meaning of this is still obscure.
Consequently, there is no information available to justify any conclusi on as to the
relation of the reten tion times to th e ph ysica l properties. Ho wever. th e interactio n
between the imino-hyd ro gen and sta t ionary ph ase is a dominant factor , because 1­
mcthyl-, 1,8-d imethyl-, 1A, 8-trimethyl- and 1A.5,8-tctramethylcarbazol es showed
the shortes t retent ion times among their respective isomers. Methyl substituents at
the 1- and 8-positions of carbazole should ster icall y hinder the interaction s with the
sta t iona ry phase. which decrease the retention times. as is known for the chromate­
gra phic behaviours of 2- and 2.5-a lky lated pyrroles! ".
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Note

Capillary column gas-liquid chromatographic analysis of cholesterol
derivatives

Application to the autoxidation products of cholesterol

V. KOR AHA NI , J . BASCO UL* a nd A. C RASTES DE PA ULET

Unite de Recherches sur /a Biochimie des Sterotdes . I.N .S .E.R .M. - u. 58 , 00 Rue de Navacelles, 34J()O
MOil/pel/in ( France}

(First received January 26th, 1981; revised manuscript received Mar ch 19th, 19XI)

An accurate and rapid method to detect and assay cho leste ro l autoxidation
product s in biological and orga nic specime ns, e.g., in treat ed human food, and to
determ ine their biol ogical ac tivi ties, e.g ., angio tox ic, carcinogenic, cyto to xic and mu­
tagenic" , is requ ired . A minimum of 50 ste ro ls ha s been ide nt ified in cho lestero l
auto xida tion pr oducts"?' . T hey have been a na lyzed by liquid chrom atography on
silica and Sephadex LH-20 co lum ns", thin-layer chro mato gra phy (T LC)6 , high-per ­
formance liqu id chrornatogra phy'' :" a nd gas- liq u id chro ma togra phy (G LC) on OV ­
101 o r SE-30 co lumns",

T he use of capi llary co lum ns , impregna ted with OV -IO I, achieves better reso­
lut io n and enables th e detection of q uan t ities of sterols in the runge of 10 ng. The
method was app lied to the analysis of the prod uc ts of cho lestero l a utoxidation a t
lOOce in th e presen ce of air fo r 30 days. Oxi da t ion of cho lestero l occurs both in th e
r ings a nd in th e side chai n.

MATERI AL S AND M ETH ODS

Reagents
Sol vents for extr action and chro matogra phy wer e double-distill ed before use.

Pyridine, hexan e, hexamethyldi silazane a nd tri chl o romethylsilane were Merck re­
agents. The meth oxyarnine hydrochloride wa s sup p lied by Pier ce (Rockford, IL
U.S.A.).

Steroids
Cho lestune, dihydrochol csterol , Ta-, 7/1-,25 -. (20 S)-20-hyd roxyc ho leste ro l and

3/I-acetoxy-S.7-cho lesta d iene were obta ined from Ste ra lo ids (P awlin g, N.J, U.S.A .).
T he (22S )-22-, (24 R) -24 - and (24S)-24-hyd roxy-; th e (25 R)-26 -hyd roxy- a nd 22s,n~­

d ihyd roxyc ho lestero l we re genero us ly pr o vided by Professo r Va n Licr (She rbrookc,
Q uebec, Ca nada) . 5:y' ,6 :Y.-Epox ycholestan -3/I-o l. Srx-cho lesla ne-3/I.S:Y.,6/I-lrio l und 3,5­
cho les tadicn- v-o ne" were prepa red in o ur la bora to ry.

0021-9673/X1/0000-HOOO/S02.50 ,(', I\IX I Elsevier Scientific Pu blishing Company
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Apparatus
For G LC a Ca rlo Erba Fractova p 2300 chromat ograph . eq uipped with a

ca pillary co lumn (25 m x 0.25 m m) im pregna ted with OY-I OI . was used and helium
was the ca rrier gas at 285'C and a flow-ra te of I rnl/rnin. For injec tio n. a I-Ill Pyrex
strea m splitter. Type ROS (Car lo Erba, Milan , Italy) was used . Other co ndi tio ns :
co lumn temperature. 285"C; inject ion temper ature. 350'C; flam e ioni zat ion de tector;
recorder speed . 30 em/mi n.

Mass spec tra were recorded on an LK B 201) I gas chro matogra ph- mass spe c­
tro meter a t 70 eY voltage . T he chro ma tog ra ph was eq uipped with a co lumn packed
wit h SE-30 (25 m x 0.25 mm ). Th e helium flow-rate was 4 rnl/rnin, and the co lumn
tem perature was programmed from 250 to 31O"C a t 10°C/min.

TLC
Silica gel 60 F2 5 4 plates. 20 x 20 em, 0.2 mm thick (E. Merck , Darmstadt ,

G. F.R.) were developed twice with dieth yl ether-cyc lohexa ne (9 :1). Th e ste ro ls were
revealed by their UY ab sorption a t 254 nm or by sprayin g with a 50 % aq ueo us
so lutio n of H2S04 , followed by heating. Preparative TLC was performed in the same
manner. but with 0.25-mm thick plat es. After scraping of the zo nes o utlined by UY
spect roscopy at 254 nm. the y were eluted with 50 ml o f chl oroform-methano l (2: I).

Derivatization ofsterols
Th e residu e to be der ivat izcd (genera lly obta ined by preparat ive TLC) was

deposited in a screw-ca p culture tube by eva po ra ting the so lvents under nitrogen .
Th en 0.5 ml methoxyarnine hyd rochloride so lut ion in pyr idin e (20 mg/ml ) were
added . The tube was plu gged wit h a PT FE sto pper and heat ed in a water-bath for 4 h
al 60 C After evapora tion of the excess of pyridi ne un der nitro gen. 150 pI of pyri­
d inc -hexamelhyldisi lazane -trichlo rometh ylsilane ( I : I : I) were added and the tube was
allowed to sta nd a t ambient temperat ure for 12 h. Excess of so lvent was evaporated
und er nitrogen. Th e residue was tak en up in hexane ( I ml per 100 p i) and injected into
the gas chroma tograph.

Cholesterol autoxidation
A 500-m g amo unt of Merck cho lesterol. recr ystall ized twice in etha no l, was

placed in a tube and heated in an oven a t 100"C in the presenc e of a ir for 30 da ys. The
crude product was chromat ographed o n preparati ve silica plat es. After double de­
velopme nt with diethyl ether-cyclohexunc (9 : I). choleste ro l and the products hav ing
R; > 0.8 were scraped fro m the plate and co llected for subsequent analysis by
ca pillary GLC. T he remainder of the products was recove red by elution with chloro­
lo rm -methano l (2 : I) and deri vatized by the method indi cated .

RESULTS AN D DI SC USSIO N

Twe nty- two authentic cho lestero lderivatives were chroma rogr ap hed sep ara te ly
or as mixtures. Th eir retention times (R RT) relat ive to cho lestu ne ar e given in Tabl e
I. Th e acc uracy of the se va lues. ± 0.02. co rrespo nds to the maximum shift o bserva ble
d uring success ive injections of the sa me com po und .

T he chro ma to gra m of a mi xture of these 22 ste ro ls is shown in Fig. I . Sixteen
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T A I3LE I

REL ATI VE RET ENTIO T IM ES OF SOME OX ID IZE D CHO LESTE RO L D ERIVATIVES
(ACCU RACY ± (l.()2)

Compound RRT

I Sz-Cholcstn nc
2 5-C ho lcstc nc-3(i.7x-d io l
3 5-C ho lcstc n-3(i-o l (cholesterol)
4 5:x-Cholcsta n-3(f-o l
5 3,5 -C holestad icn-7-o nc }
6 5,24-Cho lcs tadic n-3(i-o l (d csm ostcr ol )

7 5:x-C ho lcs ta n-3-o nc
X 5.7-C ho lcs tadic n-3(f-o l }
9 5,z-Cholesl-7-cn-3( i-o l

10 4-Chol cstcn-3-on c
11 5-C ho lcste ne -3(f.7(i-dio l
12 5:x.6,z- Epo xyc holcsta n-3(i-o l
13 5-C ho lcstcnc-3(i.(22S)-22-dio l
14 5-C ho kstc nc-3(i.(22S)-20-d io l
15 3(i-H ydrox y-5-ch o kstcn-7-onc }
16 5:x-C holes ta nc -3(i.50:.6(i-trio l
17 5-C ho k stcne-3(i.(24 R)-24-d io l }
1X 5-C ho lcs tene-3(i,(24S )-24-d io l .
19 5-C ho lcstc nc -3(i,25 -d iol
20 5-C ho leslcnc-3(i. (23 RI-n -d io l
2 1 5-Chokstcnc-3(i.22~.n~- t r io l

22 5-C hokslcnc-3(i.(25 R)-26-d io l

1.00
1.74
I.XO
I. X4

1.9 1

2.0 1

2. 14
2.25
2.32
2.41
2.46

2.95

.~. 1 4

3.26
.~ . 5 3

3.53
3.67

pea ks ca n be seen in thi s figure. Dih ydrocholcsterol (4), having a retention time
closely simi lar to that of cho leste ro l (3), was chromat ographed sepa ra tely (F ig. 2).
The differenc e in RRT between com po unds 3 and 4, 0.04, is the minimum value for
effective sepa ra tion of two stero ls.

Peak s 5. 8, 15 and 17 co rresp on d. respecti vely, to mixt ure s of compound s 5-7,
Xand 9. IS and 16. and 17 and IX. which ha ve similar ret enti on times in the proposed
system. In th e ana lysis of sam ples of bio logica l or chemical o rigin. these overlapping
RRT values would be no bar to the identification of compo und s eluted together.

Such stero ls can easily be separated by preparative T LC prio r to G LC. With
diet hyl et hcr-cyclohexa nc (9 : I). the fo llowing RF values are obtained: 3.5­
cholestadien-7-one (5), 0.53; desmoste ro l (6). 0.44; 5a-cholestan-3-one (7), 0.66. 3[i­
Hydroxy -5-c ho lestc n-7-o ne (15) and 5a-cho lestane-3[f,5a.6[i-trio l ( 16) are a lso easily
separated. Onl y the pa irs 8 and 9 and 17 and 18 are difficult to separa te. 5.7­
Cholestadien-3[i-o l (8) is qui te unstable. It cha nges spontaneo usly or after heat ing to
an apolar co mpound, which has the RRT of a tricnc (probably ;1 .1.5.7 derived from
the dehydration of 8). Consequent ly, the presenc e of compound 8 docs not preclude
the identifi cation of 5a-cholest- 7-en-3[f-oi. whic h is stable. The resol ution of the pair
17 and 18 by paper chromatography is described by Van Lier and Smith! ".

Oxidation of cryst allized cholesterol at [()()"C
Determination of ch olest ero l in the crude autox ida tion mixture on an SE-30

column sho ws th at 80 j ;' of the cho lestero l remains unchanged aft er 30 days; on ly 6 ' ~~;
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Fig . I. Chroma togra m of o xygenated stero ls o n a capi llar y co lumn coated with OV - I01.

was detected as oxidat ion produ cts. T his mixture (100 mg) was developed twice with
dic th yl ethe r-cyclohexa ne (I.): I ) on a preparat ive pla te. T he cholestero l was eluted . as
previously described. and the remainder was eluted , derivatized and resolved by
capillary G LC on OY-10 1 (Fig. 3). The d ifferent constituent s are identified by their
R RT in compariso n with chol estane and by addition of an au the ntic sa mple. T his
identificat ion was co nfirmed by gas chromatography- mass spectromet ry . Th e pro­
port ions of ox ida tio n prod ucts were as fo llows : choles tero l (3) , XO " ;,; 25-h ydroxy­
cholesterol ( 19), 1.5 ",,; 7-oxocho lestero l ( 15). 0.75 ",,; 20-h yd rox yeholesterol ( 14).

Chote s t o n e

DOlhyd ro cho les t erol

Ch o l es t e rol

Fig . 2. Sepa rat ion of cho lestero l a nd di hyd ro cho lcstcro l o n a capi llar y co lumn coa led with O V- I0 I.
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Cb ol es t u ne

Al51
19

l-ig. 3. Chroma togra m of cr ude auto xidation pro d uct s o r cholestero l. A
toge ther wit h the d ienon e (5).

NOTES

Unidcnt itied pea k eluted

0.75 %; Sa ,6a-epoxycholesterol (12). 1.1 :j:,; 7/i-hydroxycholestero l ( II ). 0.6 :'<, ; 7a­
hydro xychole sterol (2). 0.1 /,,; 3,S-cho lestadie n-7-o ne (5) mixed with an unk nown
co mpound, 1.1 !;,.

Traces of peroxides wer e observed at the en d of the au toxida tio n reaction,
implying tha t hydroperoxides were first fo rmed, as in liqui d-ph ase a utoxidation:'.
altho ugh the tem perature was 100"e. Thi s view appear s to be suppo rte d by th e fact
th at mi xtu res co nt a inin g a po lyethy lenic co m pound [able to pr ovide hydroperoxy
rad ica ls. e.g ., sq ua lane-cholesteroi ( I : I )] in add it ion to cho lestero l. enhance the auto­
xida tion reac tion a nd give rise to the form a tion of lar ge am ounts of epoxide ( 12).

The va rious products identi fied are th ose usu all y form ed in liq uid-phase a uto­
xidation' . A lso observe d are th e 20- a nd 25-hydroxycho lestero ls which are specific to
so lid-phase autoxidation .

25-H ydroxych olesterol (19) is highly stable at IOO'C. It undergoes no ch a nge if
hea ted for 6 mon th s in th e prese nce of air. 20-Hydroxycho lestero l, on the other hand.
is uns table . It decom poses slowly on hea ting to give co mpo unds of lower molecul ar
weig ht th an the sterols iden tified here.

The sta bilit ies of the rin g B ox idatio n products a re ana logo us to th ose de­
scri bed for liquid-phase autox ida tio n I I. 7- Hydro peroxycho lestero ls give rise succes­
sive ly to 7-hydro xy. 7-o xo and 7-oxo-;:1-1.5 de rivatives. The 7a -hydroperoxy- and
hydroxycholesterols epimerize part ly to 7/i-deriv atives as follows :

7a (OOH) 7 a (O H ) '-"" --' 3 5
( ) __--'" 7 - oxo ---" .__ 7 - oxo -- .::J .

7 t3 (O O H)'- 7t3(OH ) .•,
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Ma ss spectro me try confirms most o f th e cha racteriza tions mad e for the di f­
ferent stero ls. The seco nda ry dial s (7-hydroxych olester ol s) a nd seconda ry/ tert ia ry
th iol s (20- a nd 25-hyd ro xycho les tero l) a rc di silylat ed . Their mass spec tra a re cha rac­
terized by molecul ar ion s a t ml« 546 .5 a nd fragm ent ions a t III /e 53 1.5 (M + - 15).
-l57.5 (M t - ~t» ) a nd 36~ (M + - 1 7 ~ ) . 7-0 xocho leslero l is characterized by me lee­
ulari o nsat lll!l'5lll a nd fra gment io ns atlll /l'470(M + - 3 1) a nd456( M + - 45 ).
T he epoxide ( 12) somet imes a ppea rs as a di ol , acco rd ing to its molecu lar and fra g­
mentat ion ion s.
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CHROM . u.ns

Note

Determination of residual epichlorohydrin in middle cut alkylglycidyl
ethers by headspace gas chromatography

ALAN II . ULL MA N* and ROBER T HO USTON

The Pm C/£'( & Gam b!« (·Olli/hl/ir . Sharon /I 'ood , "!" l'hl/ iCII / ( '(' 11/ (' 1'. 11530 N""d llarnnan IIi~h lWL Ciniin­
nati, 01/ 45241 ! U.S..'I. I

( Rece ived Ma rch 101h. 19XI )

Epic h lorohyd rin (1-chl oro-2,3-epoxypropane) has been determined in a
variety o f m at rices by extracti on fo llowed by infrared spec tr o pho tometry ' :", co l­
orimctry'<". and by direct inje cti on ga s chromatography (Gct H

• When th e need
developed to det ermine low levels of res id ua l cpichlo roh yd rin (epi) in some middl e
cut (C 12 to el f» alkylglycidy l ether s, a lso kn o wn as al kyl glyccryl ethers (AG E), th ese
methods were co nsidered a nd rejected as too lon g and in vol ved , too insensi ti ve,
a nd/o r un sui ted to o ur matri x. We needed a method which co u ld quanti tate cp i
con cent rat ion s below 100 /lg/g a nd be fast as we ll as sim ple eno ug h to inst all in a
manufactu rin g plant laboratory.

Head sp ace (GC)9 was th e meth od of choice since it is quite sen siti ve and
reasonably int erference-free . Th e fa irly volatile cpi (b o iling po int II ~C), is de ter­
mined in th e vapor above the high- boiling (high-m olecul ar-wei ght. > 2(0) glycidyl
ethers wh ich are the main components of the sample. T his sim plifies GC condit ion s
by reducin g ana lys is tim e a nd lo wering co lum n temperatu res, a nd increases th e sens i­
tivity o f th e determination, com pa red to direct injec tion of th e liquid sa m ple.

EX PLR IMENTAL

A Valco (Houston. TX, U.S.A. ) zero dead-volume, sta in less-stee l, o-p ort liquid
chromatogra ph y valve (Model C V-6-U H Pa- N( 0) wa s attach ed to the external por­
tion of the injecti on port of a Perkin -Elmer 3920 ga s chroma to gra ph usin g l / ~- in .

Swagc lck fitt ings. The dead vo lume of the injection port was su bsiantially reduced by
plac ing a glass insert in the injection port an d ex tend ing a PTF E-lined l /R in . O .D .
(0.070 in . 1. 0 .) sta in less-s tee l tube from the va lve bod y th rough th e glass insert to th e
rear of th e injec tion port. Th e PT F E linin g of th e tubin g pr event ed decomposit ion o f
the an alyt e du e to co n tac t with any hot metal sur faces in th e injection port and
reduced the dead vo lume. The va lve body and sample loop were also lined wit h or
fabricat ed of a n inert fluorocar bon " Vulcon-H " . The va lve co nfigur a tions are sho wn
in Fig. I. For temperature cont rol. we wra pped the valv e a nd loop with heati ng tape
(attached to a Va riac) and moun ted a thermocouple temper ature probe on it. By
adjusting th e Variac. th e temperature co uld be co ntro lled fro m a pproxima te ly SO C
to ISO C. Vulco literature indi cat ed th e va lve co u ld tolerat e 17S C.

0021-96 73/XI/OOOO- OOOOj$02 .S0 r: 19X1 Elsevier Scienti fic I' ll blishing Compa ny
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o ut

sa m ple

a

A

b

F ig. I. In tern a l configuration of the va lve in " Iil!" (a ) a nd " inject" (b ) pos it ion s. The syr inge is a ttac hed to
" in" dur ing " fill" . " O ut is co nnected to a water asp irator. which is use d to purge the system between
sa m ples. Red ra wn fro m Valco Inst ru men t Compan y Sales litera ture. wit h permission .

Sam ples ( I ml ) of AG E were eq ui libra ted for 15 min a t 60' C in 10 ml serum
vials (Wheat on Scientific. Mill ville. N.J. U .S.A .) scaled with P'TF fi-faced rubber
septa. Vapor sam ples were rem ov ed fro m th e vials and int roduced to th e valve-loop
asse m bly with a heated Hamilt on gas-t igh t syr inge. GC co nd it ions a re sum m a rized in
Table I. Epic h loro hyd rin was purch ased from Matheson . Coleman a nd Bell (East
Ru therford . N.J . U .S. A.) .

T ABLE I

GC C O N D ITI ON S US ED FOR T il E D ETI'RM I NAT ION O F EPI CIILORO HYDR IN

ln strumcn t

De tect or
Integr a tor
Ca rrier ga s
Valv e sa m ple loop as sem bly temper atu re
Injecti o n port tempera ture
O ven te m peratu re

Interface tcm pc ru turc
Det ec tor temperatu re
Co lum n

Transfer syringe
A p proximate retent ion time

of cpichlorohydri n

p. E 3'J20 mod ified for heudsp ucc
Flame io nizati on
poE Sigm a I II
Nitrogen: 20 ml /m in
60 C
200 C
XO C fo r X m in. th en
32 / m in to 140 C
2UOC
2:;0 C
10 ft . x 1(4 in . O .D. (2 111m u n
gla ss packed with 100 120 me sh
U ltra- Bo nd P EG S (R FR Cor p..
Ho pe. RI . U ,S .A .)
:; m l, Hamil ton . ga s- t ight. ClI , ('ll C

4,6 min

Ep i-Iree AGE was prep ared by bubbl ing nit ro gen throu gh a stirred port ion of
the AGE which was hea ted to a pproximately 4S'C un t il the sa m ple a na lyzed by the
method described her e d id no t sho w the presence of a n epi pea k. A n attem pt to verify
indep en dentl y th e absen ce of cpi in th e bla nk using a modifica t ion of th e meth od of
rel. 3 wa s not successful. presumabl y d ue to a matr ix eff ect . T he sparged mat eri al was
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used as th e blan k for epi determinat ions and for preparati on or sta ndards . Standards
wer e m ad e by add ing weighed amounts o r ep i to the blank and diluting the se with
add itio na l b lan k AG E to reach the de sir ed epi co nce ntra tio n.

R ESULTS AND DI SC USSIO N

Quant itation o r epi in AG E depends upon eq uilibr ium bein g attained bet ween
th e liquid and gas ph ases. While o nly a portion o r the epi co n tai ned in the headspace
was measured , th e abso lute am o unt o r epi wa s not known or desired . Sin ce we
carefully co ntroll ed eq uilib ra t io n a nd sampling conditions, the amount o f epi in the
va por was proportional to th e origina l concentrat ion in th e liq uid ph ase a nd th ere­
fo re cou ld be used to determine th e level of epi in the sample. Based on o ur experi­
ments with epi in AG E a nd ep i d issolved in ethylene glycol we es tima ted the di stri­
bu tio n coefficient fo r ep i-AGE to be 3 nn va po r- liq uid phase.

The eq u ilibrati o n temperature of 60C wa s chosen beca use it wa s high en ou gh
to pro vide the requ ired sens itivity by va po rizing rea sonable amo unts of epi in the
headspace, but low eno ug h to pr event va po r iza tio n o f higher bo iling co m po nen ts in
th e sa m ple. Higher and low er equ ilibration temper atures gave poorer res ults.

Optimum equilibrat ion tim e was dete rmined experimentall y by an alyzin g the
sa me sample repeat edl y using d ifferent eq ui libr a tio n times. An eq u ilibra tion tim e of
IS m in wa s chosen for all a na lyses becau se. un der our co nd itio ns . th ere wa s little
increase in pea k a rea aft er th at len gth o r tim e (Fig. 2).

.oc. 40
<1l
(j)

Q 20

(I
0

. ...l...--....L...-__ .l _ _ .__l....--....!-__ . L._.-----L..-.. l ..._.._....1..-_ "j _--1.........--._. 1. __ -1..... .. . •

? J ,1 :J ~' H q Hill 1:) U 1,1 I', Ii,
Equ ilibratio n Time (min )

Fig. 2. Eq uilib ration of epichlorohydri n between the liq uid and vapor phases. l iquil ihriu ru is reached after
app rox ima te ly 12 min. as the cp i va po r reaches a ma xim um and level s 011'.

A typical chro ma togram is give n in F ig. 3. The cpi peak retenti on time a nd
cal ibration curve were ch ecked daily. Ad equate sepa rat ion was a tt a ined with a n
iso th ermal pr ogram , but to preven t pos sibl e carry-o ver from run to run, th e tempera­
ture was increased to 140 Cat 32 Czrn in after X mi n a t XO C. Ave rage a na lysis tim e
wa s a pprox im ately 20 min per sample sin ce the start or eac h equ ilibrati on was stag­
gere d, to coinc ide wit h th e G C run.

The ca librat ion curve was linear (co rrelati on co effic ien t 0.( 99) 1'0 1' a t leas t th ree
orders of magnitude above the lim it of de tec tio n . Fig. 4 is th e low con centrati on
porti on of th e ca libra tio n curve. No attempt was made to de te rmi ne whe ther linearity
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lig. 3. T ypical gas chromatogram o r a m iddle cu t al kyl glyc idyl ether trorn the hcad sp acc CiC de term i­
na tion of ep ich lorohydrin .

extended above a pproxi ma te ly 2000 lig/g. T he limit o f detection was approximately 2
Ilg/g based on a sign al -t o-noi se ra tio o f 3; thi s m ight be lowered further by using a
larger volume sample loop. The re prod uc ibi lity o f the method at several concen­
tration level s is sho wn in Table II.

Experience with th is meth od fo r m ore than a year and hundreds of samples
indicates that it is both a sim ple a nd re liab le meth od for determining epichlorohydrin

60

~

[jJ

+-'
r::
;::J 10
0
0

('j
0
h

.-r:

~
20

~

--_.------ --.-.---....._-_._.__.7l

Corr e la lion Coeffic ien t ~ 0.9997

o ¥'--- - - - -,...- - - - --,-,...- - - - -I
o 100 %00 :lOO

I':pich loro h yd f ' i Il COlleen l ru l.io u (/lg /g )

Fig. 4. C a lib ratio n curv e 1'0 1' cp ichlo ro hydri n in a m id d le cut a lky lglyeidy l ether as de term ined by head ­
space CiC. Linea ri ty exte nded lrom th e de tec tion lim it (upprox imatcly :: /Ig,g ) lip to a t lea st ::000 fi g /g.
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TA BLE II

PRECI SION 0 1: T HE H EA D SPA CE ( ;C EPIC II LO RO IIYDRIN MI:TH OD

NOT ES

Number of
rcplicutc»

7
X

10

M ean roncrntnnion
( Jlg /g i

X47
100

7

Stundan] deviat ion ( S . /) .)

t Jlg/g '

16
2 .()

0.93

Rclu tiv« S ./) . i": 1

I.X
2 . ()

12.5

in mid-cut ulkylglycidy l e the rs. It is capable or pr o vidin g precise result s at epi co n­
ce ntra tions as low as ClI. :2 /l g/g and ca n do so o n sim ple. inexpensive equipment in a
sho rt pe r iod or tim e.
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Note

Determination of the carcinogen methylazoxymethyl-E-D-glucosidur­
onic acid in rat bile and urine

HIR OM U MATS UM OTO · , RONALD H. TAKATA* a nd HIROYUKI ISHI ZAKI**

Departm ent oj' Agricultural Biochcmistrv; Univcrsit v of ' Hawaii, Honolulu, /-II 96822 ( U.S .A . )

(Received M ar ch l Sth, 19RI)

Methylazoxymethanol (MAM), the aglycone of cycasin (methyl azo xym ethyl­
jJ-D-glucopyran osid e), administered by any route is carcinogenic to rodents. Carci­
nomas of th e co lon a re induced in rats upon multiple injections of MAM I

-
3

. Inject ed
MAM may be co nj uga ted with glucuronic acid in the liver to form MAM- jJ-D­
glucosiduronic acid (MAM-GlcUA) and excreted with the bile. The MAM-GIc UA
moves to th e low er int estinal tr act and is hydrolyzed by bacterialjJ-glucuronidase to
give the free carcinogen M AM 4

.

A sens it ive a na lytica l method for the determination of MAM-GIc UA in th e
bile and urine co u ld be used to es tab lish whether or not MAM injected into an a nimal
is conjugat ed with glu curonic ac id . This paper describes a gas chromatographic (G C)
procedure fo r th e qu antit at ive ana lysis of MAM-GIc UA in bile and urine.

MAT ERI AL S A ND M ETH O DS

Chemicals
Me thy lazoxyme thy l-jl-I>-glucos id uro nic acid was prepared by cata lytic oxi ­

dation o f cycas in". MA M wa s prepared by the method of Kobaya shi and Ma t­
sumoto ' .

Amberlite XAD-2 resin (n on -ionic, pol ym eric ad sorbent ; Mallinckrodt , St.
Loui s, MO, U .S.A .) was purified by extraction with acetone, followed by tho ro ugh
rin sin g with water. Darco G -60 activa ted charcoal (Matheson, C olem an & Bell . Nor­
wood , OH, U .S.A.) a nd Celitc ana lytica l filter-aid (Johns-Manville, D en ver, CO,
U.S.A.) were prew ash ed with severa l volumes 01'95 °" ethanol and water befo re lise".
Tril -Sil co nce ntra te (Pierce, Rockford. IL. U.S.A. ) was stored in a de siccat or un der
refri gerati on until used. Reagent grade pyridine was distilled over KOH . T he silyla­
non rea gent was prep ared by introducing one volume of Tri-Sil co ncentrate a nd
four volumes o f d ry pyridine into a 30-ml serum bottle capped with a PT F E-lin ed
septum".

* Present address : Patho logy Assoc ia tes. Medical Laboratories. 4400 Knluui una olc Highway. Ho­
nolulu. III 96R2 1. U.S.A .

** Present address : Dep a rtm ent or Bioch emistry . Colorado State Universi ty . Fort Co llins. CO R052 1.
U.S.A .
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Gas chromatography
The XAD-2 column was prepared by pouring 5- 7 em of prewashed resin into a

glass chro ma togra phy tube (15 cm x 15 mm 1.0.). The cha rcoa l co lumn was pre­
pared by pouring a water slurry of 7 g of prewashed Dar co G -60-Celite ( I: I, w/w;
th o rou ghly premixed) into a chromatographic column (25 ern x 17 mm). After
rinsing each column with four volumes of water, the XAD-2 co lum n was placed atop
the cha rcoa l column. The effluent end of the charcoal co lumn was inserted through a
rubber sto pper which was placed in a filter-fla sk. Th e fl ask was co nnected to a
vacuum so urce and a slight vacuum was applied to the elu at e rece iver during a
chro matographic run .

G as chro ma togra ph ic analysis was carried out on a Ben dix 2500 equippe d with
a flam e ion izati on detector. Peak areas were det erm ined by a n on-line Autolab Vid ar
6300 digit al in teg rator. The column was a U-tube (190 ern x 2 mm 1.0.) pack ed with
1.5 ~~{. OV - 17 on G as-Chrom Q (60- RO mesh) . Oper at ing co nd it ions were : co lumn
tempera ture. 230 C; de tec to r tempera ture , 240 C; injec tor temperatu re 240 C; ni­
trogen Ilow-nu e. 25 ml/m in.

A 2-m l vo lume of silyla tio n rea gent was transferred with a sy ringe into a glass
vial, which co nta ined the d ried MAM- GIc UA, and capped with a PT F E-lined screw
ca p. The mi xtu re was stirred with a vortex mixer for 30 sec a nd a llowed to remain at
room temper ature fo r a t least I h prio r to GC ana lysis. Sa m ples of 0.5-2.0 pi were
d irec tly inject ed int o the gas chroma togra ph".

Urine and hill' collectio n
Male Wist ar rats (250 ± 10 g) were injected intraperiton eally with measured

amo unts of MAM-Glc UA and placed individually in meta bol ism cages. Urine was
co llected in a test-tube which was immersed in ice co nta ined in a sma ll Dewar flask.
Contro l urine wa s collected from non-injected rats. T he co mmo n bile du ct of male
ra ts was ca nnula ted, the animals were placed in restrain ers and bile was co llected in
sma ll via ls.

R ESU LT S

Gas chromatography 0/ M A M-GlcUA standard
Gas chro matographic analysis of the pertrimethylsilylat ed der ivative of

MAM --GIc UA produced a chromatogram with a symme tr ical peak agai ns t a clean
background (Fig. I). Excellent linearity was obtain ed for I-Ill injec tio ns of sta nda rds
with co ncen tra tions in the 0.09-4.7 m gjml range. Th e rep roducibility of the firs t
severa l de termi na t ions was excellen t, but th e sens itivi ty cha nged with successive ana l­
yses . Thus. it was necessary to cons truct a sta nda rd curve eac h day and check it a t
interva ls throughou t the da y. Ano ther problem , that of great fluctua tion in detector
sensitivity . was a llev iated by rep acking th e inlet end o f the co lumn every day. A dark
brown dep osit derived from th e urine and bile sa mples for med a t th e inlet after a
num ber o f MA M- GIc UA determi nat ions evide ntly in te rfered with the a na lysis . T he
detec tor a lso had to be cleaned about eve ry 2 weeks to remove the bui ld-u p of silicon
fro m the silyla t ion reagent and of ca rbo n fro m pyrid ine,
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Fig. I. Ga s chro ma togra ms of pertrim eth ylsilylat cd MAM-GIeUA (A ), MAM-GIeUA add ed to ra t ur ine
(B) and rat urin e (C ). Op eratin g condi tions : co lumn tempera ture. 230"C; det ector tempera ture. 240"C;
inlet temperature. 240"C; nitrogen flow-rate. 25 mljmin.

Gas chromatography of M A M ---G/cUA added to urine
Direct determination of MAM-GlcUA in urine after lyophilization of the

sample was found to be un sat isfactory, because of the large amount of salt residu e
which prevented the use of sma ll vo lumes of silylation reagent. Therefore, a clean-up
procedure was devised to rem ove the salts and lipophilic contaminants in th e urine
(see Materials and methods). Th e urine sample was poured through the XAD-2
column and the percolate was allowed to drip directl y onto the top of the Darc o­
Celitc bed . The XAD-2 bed was washed with 100 ml wat er and removed. The Darco­
Celitc column. through which the 100 ml water had passed , was then eluted with 100
ml of 75 /~ aqueous ethanol.

The alcoholic elu ate , which contained the MAM-Glc UA, was evap orat ed to
dr yness under vacuum in a Buchi rotary evaporator at 60 'C. The solid residue was
triturat ed with 7 ml methanol in three portions and each was filtered through a 5 mm
po re size. Mitex membrane filter to remove particulat e impurities. The filtr at e, col­
lected in a glass vial, was evapor at ed to dryness under a stream of nitrogen on a warm
heating plate. The residue was exhaustively dried in a vacuum desiccator and th en
silylated .

Th e chroma togram of cont rol urine subjected to the purification procedure
displayed several large peak s (Fi g. IC) , but was clear a t the retention position of
MAM - GlcUA. Urine samples to which MAM- Glc UA was added yielded a chro ­
mat ogram with a cleanly resolved MAMGlcUA peak (Fig. 1B).
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TA BLE I

RECOVE RY OF MAM - GL UCOSI D UR O NI C AC ID ADDED T O RAT UR INE

NOT ES

The ind icated amount of MAM- UIe U A was added to ra t uri ne and the compoun d was separa ted by
carbon column chromatogra phy and elute d with 75 0

; , aqueous ethanol. The drie d compound was de­
riva t ized with Tri -Si l rea gent and the qu an tity determ ined by G c.

MA/vl -CIeVA added
( mg )

2.0
5.0

10.0

Recovery ( "/0) ± S .D. ( 11 = iii )

99.0 ± 1.1
99. 7 ± 1.1

100.5 ± 1.2
83.3 ± 2.7

Four different quantities, 1,2,5 and 10 rng, of MAM- G IcUA were added to 1
ml of control rat urine and th e samples wer e ana lyzed . The recoveries were good for
th e three smaller qu antities, but reco very dr opped for the 10-mg level (Table I). This
was probabl y d ue to overloadin g o f the column , a nd thus for experimenta l wor k
when the quan tity was grea ter tha n 5 mg a sma ller a liq uo t of th e co llected ur ine was
ana lyzed .

Gas chromatography oj'MAM- G/cUA ill bile
Direct per trimethylsilylati on a nd G C a na lysis of MAM- GIc UA in bile residue

was sa tisfac to ry . MAM-Glc UA was added to bile and the mi xture was tran sfer red to
a sma ll via l and lyophilized. A 2-m l vo lume ofsi lyla tion reagent was add ed to the bile
resid ue in th e via l, thoroughl y '"'1 ixed and a llowe d to remain at room temperature for
at least I h. A I-pi vo lume of th e siiyla ted mi xtu re was inject ed into the gas chroma ­
tograph. Th ere were no int er fer ing peaks in th e vicinity of th e MAM Glc UA peak .

Four different quanti ties of MAM- GIc UA were added to I-ml sam ples of
co ntro l bile. Eac h quantity was de te rm ined in tri plica te. The reco ver ies were uniform
and ave raged at lea st 93 'X, (Ta ble II).

TA BLE II

RECOVER Y OF MA M- GL UC OSID UR ONIC ACID ADDED TO RAT BILE

T he ind icated amount of MA M-GIeUA was added to bile a nd the mixture was lyo ph ilized . T he co mpou nd
was pe rlr imet hylsilylated in the bile residu e a nd the q uant ity of the dcrivu tized compou nd determined by
GC.

MA M -GlcV A added
( mg )

0.075
0.15
0.50
1.00

Reco very ("0 ) ( II = 4 )

95 .5*
93.3
93.8
90. 3

* Mean from four determ inat ions .
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Determinat ion of M A M- G/cUA ill bile and urine ofrats injected with the compound and
lv/AM

Bile a nd ur ine from male Wistar rats injected with MAM-GIc UA were anal­
yzed to determine the detectable amounts . Four d osage levels of MAM-GIc UA were
intraperitoneally injected into rats with and without a bile duct ca nn ula and ana lyzed
for quantities of th e compound excreted in th e bile a nd urine. Six animals per dosage
level were used for urine collect ion over 24 h, and two animal s per d osage level for
bile collection over 12 h. In addition , four male rats with bi le duct cannu la were
injected with 20 mg free MAM per kg bod yweight and th e bile was coll ect ed. The
urine wa s made up to 25 m l a nd suita ble a liquots were analyzed for MAM-GIcUA. A
I-ml volume of th e collected bile was used per determinati on. No MAM -GIc UA wa s
found in th e bile. The reco veri es o f inject ed MAM-GIc UA in the ur ine ranged from
95 to 103 %.The injected MAM-GIc UA was essentia lly qu antit a ti vely excreted in th e
urine (Table " I) .

TA BLE I"

RECOVERY OF MAM GL UCO SIDURONI C ACID F RO M U RINE AND BIL E OF RATS
INJ ECT ED WITH MAM OR MAM - GIt: UA

Compound A m ount ( /ilK pe r kg Reco very ('.'. ~} )

injected hodvweight )
Urine» Bi/e**

MAM-GleUA 40 100.3 (95 - 10:2 ) 0.0
MA M-GIeUA SO 102.9 (97- 104) 0.0
MAM -GIe UA 160 95.3 (95 96) 0.0
MAM - G IeUA 320 9!\.5 (9!\ - 99) 0.0
MAM 20 0.0***

* Mean from six urine samples . Figures in parentheses indi cate ran ge of va lues .
** Tw o bile sa m ples for eac h dosage level of M AM · GIe UA. excep t where sta ted otherwise.

*** Fou r bile samples.

D ISC USSION

Trace qu antiti es o f glu curonides, which ha ve sma ll ag lyco nes and are hence
highl y water-so luble, arc d ifficult to quantit at e in biolo gical fluid s. Extrac tion o f
glucuro n ides with wa ter-imm iscible so lven ts would be highl y de sirable since thcy
wou ld remove the bu lk of mater ials which int erfere with th e quantitation procedure".
Steroid glucuronides ca n be extracted with so lvents of high po lari ty, bu t very pol ar
stero id glucuronides are not complete ly extracted". Ambcrlite XAD-2, a synthetic
po lysty rene pol ym er , Sephadex LH-20 and an ion-exchange resin s ha ve been used for
th e iso latio n o f high-molecular-weight gluc uro nidcs from biol ogical fluids! ". MAM -­
G lcU A in urine wa s not ads o rbed by Arnberlitc XA D -2. In ad d ition, Sephadex LH­
20, Sephade x G-IO, ani on-exch ange resin and rever sed-phase high-performance
liqu id chro ma togra phy fai led. fo r di fferent reasons, to sepa ra te sa t isfacto r ily M AM­
G lcUA from int erfering substa nces .

The method developed fo r the determ inati on of M AM GIcUA o tTers the ad­
va ntage of combining high accurac y and sens itiv ity with brevity of ana lys is tim e.
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MAM - Gl c UA is elu ted fro m a ca rbon-Celite column wit h wa ter-ethano l after the
bulk of the impurities ha ve been removed with wa te r. T he XAD-2 co lumn, while it
does not adsorb MA M- GIc UA, removes o ther substa nces in the ur ine which inter­
fere with the GC analysis. Th e determinat ion of MAM - Gl cUA in urine is accurate
when the am ount of the co mpou nd passed th rou gh the Darco- Celite co lumn is less
tha n 5 mg, but the recovery d rops to 80 / ;, when 10 mg of MAM - Glc UA are present.
Th e qu ant itati on of MA M-GIcUA at any concentrati on ca n acc urate ly be ca rr ied
out by utilizing a suita ble a liq uot of the ur ine collect ed. T he determina tio n of MAM ­
GIcUA after direct pertrimethylsilylati on of lyophil ized bile is sens itive and as low as
0.075 mg/rnl of MA M- G IcUA can be determ ined .

..~ q ua ntita tive recovery of MAM - G lcUA in the uri ne of rat s injected with
various amo unts of the com pou nd dem on strat ed that the meth od is acc ura te. Th e
slight ly less th an 100 % recovery in so me of the urine sam ples may have been du e to
incom plete excretion of the co m pou nd by rat s in 24 h. T he observa tion that no
MAM - G lcUA was det ected in the bile of animals injected with MAM or MAM­
GIcUA is indicative that MAM is not conjuga ted with glucuronic ac id. It is unlikely
th at minute quantities of MAM -GIc UA excreted with the bile had gone undetected.
If a 350-g rat were injected with 160 mg MAM-GIcUA per kg bodyweight and if only
0.5 /;, of the injected compou nd were excre ted in as mu ch as 3.5 ml bile, the com­
pou nd co uld be detected with greater th an 90 '%, accuracy. A grea ter percentage of
injected compo und wo uld be expected to be pr esent if excre tio n of MAM-Glc UA
with the bile was a maj or rou te for th e elim ina tio n of the co mpound .
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Note

Separation of cAM P from aden ine nucleotides and nucleosides by elec­
trophoresis on cellulose acetate membranes

HAR UT O SH I KI Z AKl * and TOMO M I SA K U RAD A

Dcpurtmcnt or Biochcmistrv, Schoo! or tIIt'did ll" Kcio Univcrsit v, 35 Shinanomuchi, Shinjuku-k u, Tok yo 160
( Jal'lI lI)

(Firs t rece ived Februa ry 3rd . 19XI; revised manuscri pt received March 10th. 19XI)

cA M P is invo lved in man y biol ogical a nd bioche mica l events and its metabo­
lism has been intens ive ly st ud ied .

The se pa ra tio n of cA M P from o the r adenine n ucle ot idcs. n ucle o sides and
bases is esse ntia l for the determination o f cAM P and the acti vitie s o f its metabolizing
enzy mes , adcny latc cycl ase and ph o sphodiesterase. It ha s been ac hieved by spec ific
radioi m m unoassay ' , ion-exch an ge co lum n chromat ography2.J, paper chro mate­
gru phy" and che m ica l met hods". T he eva lua tio n of the cha nging levels of cA M P a nd
its metabolites. adenine nu clcotidcs and nu cleosid cs. is required fo r st ud ies of cA M P
metabo lism , particularly in crude sys tems. Thi s paper describes a sim p le pr ocedure
tha t perm its th e sim ulta neo us se pa ra tio n o f cA M P. ATP. A D P. A M P, ade nosine and
inosi ne fro m each o ther by electropho resis o n a cel lulose acet at e membrane at lo w
vo ltage . The proposed meth od tak es less time th an paper elec t ro p ho resis and , in
co ntrast to paper electro phoresis, ca n be pe rformed a t 150 V a nd a t room tempera­
tu re .

EX PER IMENTA L

The ce llu lose ace ta te membran e. Cc llogcl ( IX x 5 ern), was a product ofC hern ­
etro n (Milan. Ita ly). Nuc lco tides. nu c lcosidcs a nd ba ses wer e pu rch ased from Sigma
(St. Louis. MO. U. S. A.). [X-14 C]Aden osine. [X-J H]c AMP. [X- t 4 C]AMP a nd [X­
JH]AT P were obtained fro m th e Rad ioch em ical Ce nt re (Amer sharn. G rea t Bri tain) .
O ther chemicals were of ana lytic al- reagent grade .

Elect rophoresis
T he electrophoresis wa s ca rried o ut in a T ype nx electrophoresis a ppara tus

(Jokyo San gyo, To kyo . Ja pa n ). The electro phores is buffer contained 12 mM citric
aci d. 14 mM potassium d ihydrogen o rtho phosp ha te. 14 m Al bo ric acid and 2%
glyce ro l. a nd was ad justed to p H 7.0 with potas siu m hyd ro xide so lutio n .

A str ip me asuring 2.5 by l) ern was cut from a shee t of Ce lloge l and soa ked in
the electrophoresis buff er at lea st overnight. The str ip was placed o n an electropho­
res is ce ll a fter removing excess o f buller wi th filt er-paper. A 3-,11 vo lume o f so lutio n
contain ing 4 m M ea ch o f AT P. A D P. A M P. cA M P. adenosi ne. inosi ne a nd ad enine

0021-%73/s I,0000 OOOOjS02 .50 ., ' 19S I Elsevier Scientific Publish ing Compan y
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was a pplied on the ca tho de sid e of the stri p as a 2-cm strea k. Electro pho retic runs
were ca rri ed out at 150 V fo r 40 min a t ro om temperature.

T o ensure th e sepa ratio n of each co m po und . labelled ATP (8800 cp m) and
cAM P ( 10.000 cp m) , or AM P ( 12.000 cpm) and adenosi ne (8900 cp m) were applied
togethe r with the ca rri er so lut ion. Afte r elect ro pho res is. the ma rk er band s and the
areas between each ba nd were located under UV light. dried under hot a ir. cut o ut
and counted in 5 ml of scint illa tio n fluid (OCS; Radiochem ical Ce ntre) with a Beck­
man scinti lla tio n co unter.

RESUL TS AND D ISC USSION

We repo rte d pr eviously the sep arati on of pu rine der ivatives by electrophoresis
on a ce llulose ace ta te me m bra ne an d its applica tio n to enzyme ass ays ":". Ribonu­
clcotidcs were readi ly sepa ra ted from the correspond ing nucleosides and bases in
U. l M bora te buffer (p l-l 9.0) 6, in whic h th e cis-hyd roxyl gro ups in th e ribose moiet y
for m the che lated derivat ives wit h o rt hoboric ac id. In this system. cAM P was
sepa rated from A M P. but it moved together with adenosi ne a nd inos ine .

In Tri s-hydrochloric acid buffer (pH 8.0), cA M P was clearly sep arated fro m
AM P a nd nu cleosides (Fig. IA). T his system had bee n used for the determ ination of
phos phodiesterase act ivity", However. AT P a nd AD P had the same mobility a nd the
la belled AT P showed tra iling an d overlapped cAM P. ATP migh t int eract with the
Tris ca tion. T his sys tem co uld not be used fo r the de termi na tion of th e for ma tion of
cA MP fro m ATP. In citra te buffer (p H 6.0), ATP. A D P a nd AMP were sep arated
from eac h ot her a nd cAM P was se pa ra ted fro m ot her adenine nu cleoti des a nd nu­
clcosides (Fig. IB). However, the d istan ces betwee n cAMP and AM P a nd bet ween
cA MP and inosine were too short to measu re the radi oactivity of cAM P wit hout
contamination of the ne ighbour ing co mpounds.

Complete separa tion of cA M P from adenine nucl eo tidcs and nu clcosides was
obtained in th e specified buffer (Fig. 2). ADP moved close to AT P. an d inosine to
adenosine a nd ade n ine. but th e radioactivity o f AT P a nd AM P showed no trai ling.

A

B

+
ORIGIN

I

+ ORIGIN,

II I II
Fig. I. Electr ophoreti c patterns of the ca rrier substan ces in (A ) 0. 1 M T ris HCI butle r (pH X.O) an d (B)
o.m M citra te buff er (pH 6.0). Electro pho resis was carried ou t at 150 V for 40 min . From the ca thode side :
A. adenosine. inosine. cA M P. and AM I' + AD P a nd ATP: Il. adenosine . inosi ne. cA MP. AMP. ADP. a nd
AT P.

Fig. 2. Electrophoretic sepa ra tio n of cA MP 1'1'0111 o ther adenine nuc lcoridcs, nucleoside» a nd aden ine in the
buffer con taining 12 111M cit ric acid. 14 mM K H, PO• . 14 m M bo ric acid a nd 2 n,', glycero l (p H 7.0). From
th e ca tho de side : ad enine. ade nos ine. inosi ne. cA MP. AMP. ADP and AT P.
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TABL E I

RA DI O ACT IVE MEAS U RE M E NT O F LA BE L LE D N UC LEOTIDES AND N UC LEOSIDES
A I·TE R E LECT RO PHO R ES IS

SIIf,.I'/I/IICC

O rig in
Aden ine
Adenosine
Inosine
Blank I
cA M P
Blank 2
AMP
Blan k 3
AD I'
AT P

Radioactivity ( C/, III )

60
32 1

X5
53

974X (9 7)**
42
32
X5

325
XI72 (93)**

XO
3XO

96 1X (109)**
215

20
62
55

11.072 (92) **
352
122
74

* In ex pe rime nt I. [X--'H]ATI' (XXOO c pm) a nd [X--'H]cAM I' ( 10.000 cpm) were applied togethe r with
th e ca rrier so lut ion . In ex pe rime nt 2 [X-I~C)A M I' ( 12.000 cpm ) and [X -'4C]adenosinc (X900 cpm) were
a ppl ied . Af ter elect ropho res is. ea ch ha nd a nd the areas between the mar ker bands (indica ted as Blank )
were loca ted und er UV ligh t. til t ou t in order of migr at ion from the ca thode side (o rigin ) as shown in F ig.
2. an d co un ted.

** Numbe rs in par entheses arc the recoveries o f the r.u ioact ivit y of the co mpounds ( ';,,).

Th e rad ioacti vity of cA M P was mea sured without interferen ces fro m AT P, A M P and
adenos ine (Ta ble I). This sepa ra t ion method co uld he ea sily performed at low vo ltage
and a t room temperature in a reasonable t ime. It mi ght be a pplica ble to th e determ i­
nati on of ad en ylate cyclase and ph osphod iester ase ac tivit ies a nd fo r th e qu ant ifi­
cation of AT P a nd cAM P meta bolites, by using the la belled nu cleot ides, as ATP,
A D P, A M P, cA M P and the nucleosidc s were sim ulta neo us ly sepa ra ted from each
other.
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o r th e 3 1 papers. which arc reproduced from ca me ra -rea dy mat eri al . 14 dea l
wi th chroma togra phy o r desc r ibe wo rk in whic h chromat ography is used as an a ux il­
iary techn ique. Som e papers a rc or ge ne ra l interest. e.g .. a com pa riso n o r high- per­
Iorrna ncc thin-layer chroma togra phy and thin-la yer chro ma togra phy a nd a com­
parison o f gas ch ro ma togra phy a nd high-performance liqu id chroma tography.

There is a lso one paper whi ch use s expl osives as stati onary phases for the study
of th e int cru cti ons o f these ex plos ives wi th va r io us co m po unds .

In view o r th e general int erest o r these papers a nd th e presumable una vail a­
bilit y o r th ese vo lumes in ge ne ra l libr a rie s, th e chroma togra ph ic papers a rc listed
bel ow :
Cha ng Yung- fch , Liu Jung-hwa a nd Li Chung-ch in, T herm al analysis use d in the stabi l i ty study oldoublc­

base propellants
T. Lindblo m . Dc tcrm inat io u of stabilizers and thei r nitro dc ri vauv c» in double-base powder s by high­

performance liquid chronuuogruphy
R. Ammann. H . H ilty. H . R. Pfei ffer a nd W . Rauber. Methods tor evalu.u ing the chemical stabil i ty of
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to gru p hy

M. Bedard . ( j . Pe rra u lt an d R. D. Suurr. The use of high-p erformance liq uid chronu uog r.iph y in pro pel­
la m age ing stud ies a nd ex plos ives a nalysis

C. D. McA ulcy. Scpar.u io n of h igh-ex plo sive com po ne nts in some common co mposition» by high-speed
liq uid chrouuuogruphy

A . Dc lpucch, J . C hcrv illc a nd .I. M. Muq uin , Relation e nt re Ia stru ctu re c lcctro n iquc c t la scnsibilitc ~ I U

choc des explosives. Co nt r iluuiou ", lcrudc d es int crucr ions li an t-cxpl osi f par chromutogruphic
sur co lo nnc dcxplosif

C. 1'. Ra m aswa my a nd N. S. V. Suhba Rao . Pro blems of sta bility o f spent acid trom I'FTN mu nufacturc
R. f-' liid igcr . E. Duumc and E. Ro ch at . Deter min a tion of resid ual xo lvc ru-, in sing le- a nd do ubl e-base

propellant s
A . .I. W . Bro o k. B:Kd so , I. Nei l and N. Mucl .cod. A n invcsrigu tio n of so me as pec·ts of th e sta bility leSlilig

o f n itroc e llu lose- bused propcl lum s
A. Sopruncn i and H . U. Reic h. C orn p nri so n o f hig h-temperature stubi lity tes ts wit h stud ies o f the co nvc r­

s io n o f sta bilizers in single-ba se propcl lun rs
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L. l .cncvcu, 1'. Sc ire a nd .I. T ru nchan t. Consommation de stu bilis.uu ct c va lu.u ion de Ia sta bilit': LIc'S

pou d rcs
J . Vcrhocll', C ompari son o f se vera l stabi lity lest met hods

T he two vo lumes ha ve th e ge nera l sho rtcom ings o f ca mera-read y rcp roduc­
lio n, ('.g .. th e figures a rc often poor and o fte n .u the end of th e pa per . bu t on the
whole they arc readable ,
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NEW BOOKS

Advances in chromatography, Vol. 19 , edited
by J .C. Giddings, E. Gru shka, J . Cazes and
P.R. Brown , Marcel Dekk er , New York , Basel,
1981, XVIIl + 312 pp. , Price SFr. 98.00, ISBN
0-8247-1246-3.

Comparisons of fused silica and other glass col­
umns in gas chromatography, by W.G. Jennings,
Hiith ig, Heidelberg, New Yor k, 198 1, 80 pp .,
price DM 38 .00, US$ 19.00 .
ISBN 3-77 85-o729 -X.

Liquid chro matography in clinical analysis,
by P.M. Kabra and L.1. Martin , Humana Press
(Wiley) , 1981 , ca. 496 pp., price ca. USS 78 .00,
£ 33 .95 , ISBN 0-89603-026- 1.
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Quantitative chemical analysis: a lab oratory
manual , by R. Belcher, A.J. Nutten, R.A.
Chalmers and M.S. Cresser, Ellis Horwood
(Wiley), Chichester , 1981, ca. 420 pp., price
ca. US$ 63.25, £ 25 .00, ISBN 0-85 312-192 -3.

The analysis of explosives, by J . Yino n and S.
Zitrin , Pergam on , Oxford , New York , 1981 ,
ca. 300 pp ., price US$ 60 .00,£ 25 .00 ,
ISBN 0-08-023846 -7 (har dbo und) or USS 22 .50,
£ 9 .35, ISBN 0-08-0 238 45 -9 (pa perback) .

Co nnec tive tissue resear ch : chemis try, biology
and physiology, edited by Z. Deyl and M.
Adam, Heyd en , London, 1981 , 262 pp., pr ice
£. 16.4 0 , OM 72. 00. ISBN 0-8451-0054-8.

14th INTERN ATIO NAL SYMPOSI UM ON CHROMATOG RAPHY
THE CHROMATOG RAPHY DISCUSSION G ROU P J UBILEE SYMPOSIUM

Th e Chro matogra phy Discussion Gro up, in associatio n with the Royal Chemica l Soc iety (Analyt­
ical Division ), Arbcitskreis Chromatographic dc r l-achgruppc Ana lyt ischc Chemic der Gesellschaft
Deutscher Che rniker and Gro uperncnt po ur I'Avan cement des Methodes Spc ct roscopi q ucs ct
Physico-Chimiques dAnaly se (G .A.M.S.), is hold ing th e 14th Intern at ion al Sym posium on Chro mato­
graphy at the Hot el Inter- Continent al, London, Great Brit ain , September 13-17 , 1982. Th ere will
also be an exhibition of chro matogra phic and ancillary equipment which will be held at th e nearby
Grosveno r Hou se as part of th e Labo ra tor y 82 Exhib itio n to which symp osium delegat es will be
admitted free of charge.

Th e progra mme will be co mprised of plenary lectures. discussion papers, and poster sessions
dea ling with all aspect s of chro matography and rela ted techni ques. The language of th e symposium
will be English .

The meeting coincides with the 25th anniversary of the fo rma tio n of th e Chro ma tography Dis­
cussion Gro up , and a social programmc commensurate with th e occasion will be availab le for delegate s
and their guests.

An abs tract of be twee n 250 --300 words will be requir ed fro m prospect ive authors by November
30th , 198 1. Th ese should be sent to Dr. R. Sto ck, Chromatography Discussion Gro up , Trent Poly­
techni c, Burton Str eet. Nottingham , NGI 4BU, Great Britain.



VI INTERNATIONAL SYMPOSIUM ON COLUMN LIQUID CHROMATOGRAPHY

The VI Int ernational Symposium on Column Liquid Chromatography will be held in Philadelphia,
PA, U.S.~. fro m June 7 to 11 ,1 98 2. Th e Symp osium will be organized by The Chromatography Fo­
rum of Delaware and co-spon sored by The Chro matography Discussion Group, Arbeitskreis Chroma ­
tographi c der Gesellschaft Deutscher Chemiker, and GAMS. All corr espondence regarding the meeting
should be sent to R.A. Barford , ERRC- SEA, U.S. Departm ent of Agriculture, 600 E. Mermaid Lane ,
Philadel phia, PA 19118, U.S.A.

The scientific program will co nsist of o ral presentations as well as poster papers dealin g with all
areas o i' column liquid chro matography and related techniques. Lectures will be held in English . A
poster session will be organized daily, fo llowed by a discussion session on th e same topic.

Notificat ion of discussion papers and poster co mmunications submitted for consideration should
arrive in Philadelph ia, at the add ress of R.A. Barford , not later than December 4 , 1981 , togeth er with
a one-page, 300 wor d abstract. A scientific committ ee will review all paper s by January 15 , 1982, and
make a decision as to which have been acce pted for present ation.

The abstracts of the oral and poster communicat ions will be rep roduced in a booklet distributed to
th ose attending th e meetin g. The pap ers (oral presentations as well as posters) will be published in a
specia l issue of the Journal of Chromatography. Authors will be requ ested to hand their manuscripts
to the Edito r at th e meeting.

In conjunct ion with the Symposium , an ex hibi tio n of liquid chro matography instruments and ac­
cessories will be planned . Companies intereste d in participation in thi s exhibition sho uld direct th eir
inquiries to R.A. Barford.

NOMINATIONS INVlTED

The Delaware Valley Chromatography Forum invit es nominations for th e Ste ven Dal Nogare Award.
This award is given annu ally for significant contributions to chromatographic the ory, instrumentation,
or application s, and consists of an honorarium and an inscribed plaqu e. The award will be present ed at
the 1982 Pitt sburgh Conference on Analytica l Che mistry and Applied Spectroscop y. Th e recipient
will be expected to give an award address. Nominations should be submitted before July 27, 1981,
accompanied by a brie f bibli ography and a list accomplishments relat ed to chro matography. Send
nominations to Gerald R. Umbreit, Greenwood Laboratories, 903 E. Baltimore Pike, Kennett Square,
PA 19348, U.S.A.

CALENDAR OF FORTHCOMING MEETINGS

Aug. 3- 7, 1981
Denver, CO, U.S.A.

Aug. 17 -21 ,1981
Meriden , NH, U.S.A.

Aug. 20-21, 1981
Helsinki , Finland

Aug. 23- 28, 198 1
Espoo, Finland

30th Denver Conference on Applications of X-Ray Analysis
Contac t: Mrs. Mildred Cain, Denver Research Institute, University of
Denver , Denver , CO 80208, U.S.A. Tel. (303) 753- 2141.

Gordon Research Conference on Ion Exchange
Contac t : Dr . A.M. Cruickshank, Director, Gordon Research Conferences, Pastes
Chemical Laboratory , University of Rhode Island, Kingston, RI 02881 , U.S.A.
Tel. (40 1) 78 3-4011 , or (401) 783 -3372. (Further details publish ed in Vol.
209, No.2)

Symposium on Harmonisation of Collaborative Analytical Studies
Con tact: Dr. H. Egan , Laboratory of the Government Chemist ,
Cornwall House, Stamford Stree t, London SEI 9NQ, Great Britain.

Euroanalysis IV - Triennial Conference of the Federation of European
Chemical Societies
Contac t: Profe ssor L. Niinistoc, Depar tment of Chemistry , Helsinki
Universit y of Techn ology, SF-02150 Espoo 15, Finland .



Aug. 23-28, 1981
New York , NY, U.S.A.

Aug. 30-Sept. 5,1981
Vienna, Austria

Aug. 31- Sep t. 4, 1981
Freiburg LBr., F.R .G.

Sept. 1-3 ,1 981
Houston, TX , U.S.A.

Sept. 1-4,1 981
Siofok , Hungary

Sept. 7- 10, 198 1
Guildford,
Great Britain

Sept. 7-11, 1981
High Tatras, Czecho­
slovakia

Sept. 20-25 ,1981
Philadelphia,PA,
U.S.A.

Sept . 28-0ct. I, 1981
Barcelona, Spain

Sept. 28- 0ct. 4, 1981
Moscow, U.S.S.R.

Sept. 29 - 0 ct. 2, 1981
Basle, Switzerland

Oct. 22 -23, 1981
Montreux, Switzerland

Oct. 27-29, 1981
London , Gre at Britain

182nd American Chemical Society National Meeting
Con tac t : American Chemical Society, 1155 Sixteenth Str eet , NW,
Washington, DC 20036, U.S.A.

XI International Congress of Clinical Chemistry - IV European Congress
of Clinical Chemistry
Contact : Congress Secretariat: Interconvention , P.O. Box 35 , A-I095
Vienna, Aust ria. Tel. (0222) 421 352.

3rd International Symposium on Organic Free Radicals
Con tac t: Gesellschaft Deut scher Chemi ker, P.O. Box 90 04 40 , D-6000
Frankfurt/M ain 90 , F.R.G.

" EXPOCHEM '8 1"
Con tact : Dr. A. Ziatkis, Chemistry Department, University of Hou ston,
Houston , TX 77004, U.S.A. Tel. (713 ) 749 - 26 23.

3rd Danube Symposium on Chromatography
Contact : Hungarian Chemical Society, H-1368 Budapest , P.O.B. 240 ,
Hungary. Tel. Budapest 427- 343. (F urthe r details publi shed in
Vol. 189, No.2).

4th International Bioanalytical Forum
Cont act: Dr. E. Reid. Wolfson Bioanalytical Unit, Robens Institute,
University of Surrey , Guildford GU2 5XH, Great Britain .

International Symposium on Clathrate Compounds and Molecular Inclusion
Phenomena
Con tact: Doc. Ing. Anna Sopkova, CSc., Special Group of Inorgani c Chemist ry
in Eastern Slovakia, Slovak Chemical Society at Slovak Academy of Scien ces,
Moyzesova 11 ,041 67 Kosice, Czechoslovakia. (Fu rther details published in
Vol. 209 , No.2)

8th National Meeting of the Federation of Analytical Chemistry and Spectros­
copy Societies (FACSS)
Contact: M.A. Kaiser , E.!. du Pont de Nemours & Co ., Exp erimental Station
E22 8/200, CR&D Department , Wilmington , DE 1989 8, U.S.A.

16th International Symposium Advances in Chromatography
Contact : Dr. A. Ziat kis, Chemistry Department, University of Hou ston,
Houston , TX 77004 , U.S.A. Tel. (713) 749-26 23.
(Complete program published in Vol. 209, No.3)

International Symposium on Chem ical Physics
Contact : Pro f. N.M. Emmanue l, Institute of Chemical Physics,
Academy of Sciences of U.S.S.R., Vorob yevskoyc Chaussee 2-6,
SU-II73 34 Moscow , U.S.S.R.

ILMAC 81; 8th International Exhibition of Laboratory, Chemical
Engineering, Measurement and Automation Techniques in
Chemistry
Con tact : D. Gammeter, Secretariat ILMAC 81, Postfach , CH-4021
Basle, Switzerland. Tel. 061 20 2020.

Workshop on Liquid Chromatography - Mass Spectrometry
Contac t : Prof. Dr. R.W. Frei, Free University , Department of Analy tical
Chemi stry, De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands
(Further det ails publishcd in Vol. 207, No. 3).

Petroanalysis 81
Contact: Miss LA McCann, Conference Officer, Inst itute of Petr oleum,
6 I New Cavend ish St ree t, London W1M 8AR, Great Britain . (Tel:
OI - 6361004,Te~x: 264 380)



Oct. 28 -30, 1981
Gatlinburg , TN, U.S.A .

Nov. 9 -10, 1981
Berlin , G .F. R .

Nov. 16 -17 , 1981
Washington , DC, U.S.A.

Nov. 23-25 ,1981
~arcelona , Spain

Dec. 2-3 , 198 1
Par is, F rance

Jan. 4 - 9,1982
Orlando, F L, U.S.A.

March 8-1 2,1982
Atlantic City , NJ, U.S.A .

March 28-April 2, 1982
Las Vegas, NV, U.S.A.

April 5- 8 , 1982
Las Vegas, NV, U.S.A .

April 14 -16 , 1982
Amst erd am ,
The Netherland s

April 15 -1 7 , 1982
Tok yo, Japan

April 19- 22 , 1982
Barcelona, Spain

April 21-23, 1982
Neuherberg near Muni ch .
G.F.R.

April 27 - 30 , 1982
Munich, G. r .R.

Resource Recovery and Environmental Issues of Industrial Solid Wastes
Contact: J .S. Watson , Oak Ridge Nation al Labor at ory, P.O. Box X, Oak
Ridge, TN 37830, U.S.A.

Symposium on Practical Aspects of HPLC
Co ntac t: Dr. I. Moln ar , Wissenschaftliche Gerateba u Dr. H. Knauer GmbH ,
Hegau er Weg 38 , 0 -1000 Berlin 37 , G.F .R. (Further det ails published in
Vol. 207, No.2) .

International Symposium on HPLC of Proteins and Pep tides
Contact: Ms. S.E. Schle ssinger , Symposium Manager , 400 Eas t Rand olph,
Chicago, IL 606 0 1, U.S.A. (Fu rth er details published in Vol. 208 , No. 2)

2nd International Congress on Analytical Techniques in
Environmental Chemistry
Contact : Dr. Joan Albaiges, Gen eral Secretary, Plaza de Espana,
Bar celona-4 , Spain. Tel. 22 3 3 I 01.

Journees de Chromatographie en Phase Liquide
Contact: H. Colin, Laboratoire C.A.P., Ecole Poly technique, Route de
Saclay, 91128 Palaiseau Cedex, France .

1982 Winter Conference on Plasma Spectrochemistry
Co ntact : 19 82 Winter Conference, c/o ICP Inform ation Newsletter,
Chemis try -GR C Towers, University of Massachu setts, Amherst,
MA 0 1003, U.S.A. Tel. (41 3) 545 - 2294.

1982 Pittsburgh Conference and Exhibition on Analytical Chemistry and
Applied Spectroscopy
Conta ct : Mrs. Linda Briggs, Program Secret ary, Pitt sburgh Confe rence,
Department j.{)57 , 437 Do nald Road, Pittsburgh , PA 15235 , U.S.A.

National American Chemical Society Meeting
Contac t : A_T. Winstead , Am eri can Chemica l Society, 1155 Sixt eenth
Street, NW, Washington , DC 20036 , U.S.A .

International Symposium "Advances in Chromatography"
Contact : Pro f. A. Zlatkis, Chemistry Department , University of Hou ston,
Central Campus, 4800 Calhoun, Hou ston, TX 77004 , U.S.A . Tel. : (713)
74 9-2623.

12th Annual Symposium on the Analytical Chemistry of Pollutants
Contact : Prof. Dr. Roland W. Frei, The Free Univers ity , De Boelela an 1083,
1081 BV Amsterdam, Th c Netherland s. (Furthe r details pu blished in
Vol. 206, No. I)

International Symposium " Advances in Chromatography"
Co ntact : Prof. A. Zlatkis, Che mistry Depar trnent, University of Hou ston,
Ce ntral Camp us, 4800 Calho un, Hou ston, T X 77004, U.S.A. Tel. : (7 13)
749-2623 .

International Congress on Automation in Clinical Laboratory
Contac t: Dr. R. Galimany, Seccion de Autornatiz acion , Laborat orio de
Analisis Clinicos, C.S. "Principes de Esp ana" , Hospitalet de Llobregat,
Bar celon a , Spain .

Second International Workshop on Trace Element Analytical Chem­
istry in Medicine and Biology
Co ntac t : Dr. P. Schr arnel, Gesellschaft fue r Strahlen- und Umwelt­
f'orschung, Institut fucr Angcwan dte Phy sik , Physikalis ch-Techni sche
Abteilun g. Ingolstacdt er Landstr asse I , 0 -804 2 Neuh erbcrg, G.F.R .

Biochemische Analytik 82
Co ntact: Prof. I. Trautschold , Medi zini sche Hochschule Hannover, Karl­
Wiechert-Allee 9, 3000 Hannover 61 , G.F.R.



May 2- 6, 1982
In terlaken ,
Swit zerland

May 11-14,1982
Ghent , Belgium

June 6 - 12, 1982
Frankfurt, G.F.R.

June 7--11 , 1982
Philadelphia, PA, U.S.A.

June 28- 30, 1982
East Lansin g, MI, U.S.A.

Jul y 11-16, 1982
Washington, DC, U.S.A.

Jul y 11-1 6, 198 2
Louvain-la-Neuve,
Belgium

Jul y 12-1 6, 1982
Amh erst, MA, U.S.A.

July 19-22,1982
Prague, Czechoslovaki a

Aug. 2- 7, 1982
Pretori a, South Afri ca

Aug. 15 -21 ,1 98 2
Per th , Australia

Aug. 23- 27 , 1982
Budapest, Hungary

2nd International Symposium on Instrumental TLC (HPTLC)
Contact : Dr. R.E. Kaiser , Inst itute fo r Chromatogra phy, P.O. Box 114 1,
D-{,702 Bad Diirkhcim , GY .R .

4th International Symposium on Quantitative Mass Spectrometry in
Life Sciences
Contac t : Pro f. A. De Leenh eer , Symposi um Chairman, Lab orat ori a voo r
Medische Bio chcmie en voor Klinische Analyse, De Pintelaan 135 , B-9000
Ghen t , Belgium.

European Meeting on Chemical Engineering and ACHEMA Exhibitio n
Congress 1982
Con tac t : DECH EMA 1'.0. Box 970146, 0-6000 Frankfur t/M 97 , G.F.R.

VI International Symposium on Column Liquid Chromatography
Contact : R.A . Barfo rd , ERRC - SEA. U.S. Departmen t of Agric ult ure , 600
E. Mermaid Lane, Philadelphia , I'A 19118, U.S.A.

35th American Chemical Society Annual Summer Symposium
Contac t : A.1. Pop ov, Chemis try Department , Michigan Sta te Unive rsity ,
East Lan sing, MI 48824 , U.S.A.

6th International Conferen ce on Computers in Chemi cal Research and
Edu cation (ICCCRE)
Con tact : Dr. Stephen R. Heller, Chairman, 6th ICCCRE, EPA, MIDSD,
PM- 218, 401 M St ree t, S.W., Washingto n, DC 20460, U.S.A. Te l:
(20 2) 755- 49 38, Telex : 89-27- 58.

6th IUPAC Conferen ce on Physical Organic Chemistry
Con tact: Pro f. A, Bru ylants, Universite Catholique de Louv ain,
Labora toire de Chimie Gcnerale et O rgan iqu e, Batiment Lavoisier
Place Louis Pasteur, 134 8 Lou vain-la-Neu vc, Belgium.

IUPAC Macromolecular Symposium
Con tact: J ames C.W. Chien, Department of Polymer Science &
Engin eering, University of Massach usett s, Amherst, MA 0 I003, U.S.A.

Pragu e Microsymposium "Selective Sorbents"
Co ntact: Dr. F. Svcc, c/o Institute o f Macrom ol ecular Chem istry,
Czechoslov ak Academy of Sciences , Heyrovskcho n.2, 16 2 06 Prague,
Czechoslovakia.

13th International Symposium on the Chemistry of Natural Products
Con tact : Th e Symposium Secre tari at - S.2 19 , CSIR, P.O . Box 395,
Pret ori a 000 I , Repu blic of So uth Afr ica.

Th e 12th International Congress of Biochemistry
Co ntac t: Brian Thorpe, Departmen t of Biochemis tr y, Fac ulty of
Science Au stralian National Univer sit y, Canb erra A.C.T. 2600 ,
Au strali a.

22nd International Conference on Coordination Chemistry
Contact: Prof. M.T. Beck, Inst itu te of Physical Chemistry , Kossu th
Lajos University, Debrccen 10, H-40 10, Hungary.



Aug. 29- Sept. 4. 198 2
Kyot o. Japan

Aug. 30 - Sep. 3. 1982
Vienna . Austri a

Aug. 31 - Sept. 2, 1982
Vienna, Austria

Sept. 12-1 7, 1982
Kansas City , MO, U.S.A.

Sept . 13 -17 .1 982
Lond on , Grea t Bri tain

Sept. 19-24,1982
Philadelphia, PA, U.S.A .

Ju ly 17-23, 1983
Edinburgh, Great Brit ain

Aug. 28 -Sept. 2. 198 3
Amsterdam,
Th e Neth erlands

5th Int ernational Congress of Pesticide Chemi stry
Contact: Rikagaku Ken ysho (The Inst itut e of Physical and Chemica l
Research) . 2-1 Hirosaw a Wako-shi Saitama Pref. 351 , Japan.

9th International Mass Spectrometry Conference
Contact: Interconvention , P.O. Box 105 , A-I 014 Vienna, Austria.
(F urther details published in Vo1. 206, No. 1)

Sth InternationallUPAC Symposium on Mycotoxins and Phyeotoxins
Contac t : Prof. P. Krogh , Department of Veterinary Microbiology, Purdue
Universi ty , West Lafaye tte , IN 47907 , U.S.A.

National Ameri can Chemical Society Meeting
Contact: A.T . Winstead, American Chemi cal Society, 1155 Sixteenth
Street , NW, Washington DC 2003 6, U.S.A.

14t1llnternational Symposium on Chromatography
Contact : The Exec utive Secre tary, Chro matogra phy Discussion Group, Trent
Polytech nic, Burt on Street, Nottingham. NGI 48U, Grea t Britain.

9th National Meeting of the Federation of Analytical Chemistry and Spec­
troscopy Societies (F ACSS)
Contact : Division of Analyti cal Chemistry, American Chemical Society,
Depar tment of Chemistry , Notre Dame, IN 46 556, U.S.A.

SAC 83 : Sixth International Conference on Analytical Chemi stry
Contact : Miss P.E. Hut chinson, Royal Chemistry Society, Analytical
Division, Burlington House, Lond on WI V OBN , Great Britain .
Tel. 01 - 734 997 1.

9t1l International Symposium on Microchemical Te chniques
Contact : Symposium Secretariat , clo Municipal Congress Bureau ,
Oudezijds Ach terburgwal 199. 1012 DK Amst erdam, The Netherland s.
Te l: (020) 552 3459.
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Journal of Chromatography (incorporating Chromatographic Reviews) and Journal of Chromatography, Biomedical
Applications

MONTH N D J F M A M J J A

1
5 I 0 I N I D

1980 1980
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Chromatographic 220/1 for further issues will be
Reviews published later.

Biomedical 221/1 221/2 222/1 222/2 222/3 223/1 223/2 224/1 224/2
Applications

INFORMATION FOR AUTHORS

(Detailed Instructions to Authors were published in Vol. 209, No.3, pp. 501-504. A free reprint can be obtained
by application to the publisher)

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 and
Notes. Short communications are preliminary announcements of important new developments and will,
whenever possible, be published with maximum speed. Notes are usually descriptions of short investigations
and reflect the same quality of research as Full-length papers, but should preferably not exceed four printed
pages. For reviews, see page 2 of cover under Submission of Papers.

Submission. Every paper must be accompanied by a letter from the senior author, stating that he is submitting
the paper for publication in the Journalof Chromatography. Please do not send a letter signed by the director of
the institute or the professor unless he is one of the authors.

Manuscripts. Manuscripts should be typed in double spacing on consecutively numbered pages of uniform size.
The manuscript should be preceded by a sheet of manuscript paper carrying the title of the paper and the name
and full postal address of the person to whom the proofs are to be sent. Authors of papers in French or German
are requested to supply an English translation of the title of the paper. As a rule, papers should be divided
into sections, headed by a caption (e.g., Summary, Introduction, Experimental, Results, Discussion, etc.). All
illustrations, photographs, tables, etc. should be on separate sheets.

Introduction. Every paper must have a concise introduction mentioning what has been done before on the topic
described, and stating clearly what is new in the paper now submitted.

Summary. Full-length papers and Review articles should have a summary of 50-100 words which clearly and
briefly indicates what is new, different and significant. In the case of French or German articles an additional
summary in English, headed by an English translation of the title, should also be provided. (Short communi­
cations and Notes are published without a summary.)

Illustrations. The figures should be submitted in a form suitable for reproduction, drawn in Indian ink on
drawing or tracing paper. Each illustration should have a legend, all the legends being typed (with double
spacing) together on a separate sheet. If structures are given in the text, the original drawings should be sup­
plied. Coloured illustrations are reproduced at the author's expense, the cost being determined by the number
of pages and by the number of colours needed. The written permission of the author and publisher must be
obtained for the use of any figure already published. Its source must be indicated in the legend.

References. References should be numbered in the order in which they are cited in the text, and listed in
numerical sequence on a separate sheet at the end of the article. Please check a recent issue for the lay-out of
the reference list. Abbreviations for the titles of journals should follow the system used by Chemical Abstracts.
Articles not yet published should be given as "in press", "submitted for publication", "in preparation" or
"personal communication".

Proofs. One set of proofs will be sent to the author to be carefully checked for printer's errors. Corrections
must be restricted to instances in which the proof is at variance with the manuscript. "Extra corrections" will
be inserted at the author's expense.

Reprints. Fifty reprints of Full-length papers, Short communications and Notes will be supplied free of charge.
Additional reprints can be ordered by the authors. An order form containing price quotations will be sent to
the authors together with the proofs of their article.

News. News releases of new products and developments, and information leaflets of meetings should be ad­
dressed to: The Editor ofthe News Section, Journal of Chromatography/Journal of Chromatography, Biomedical
Applications, Elsevier Scientific Publishing Company, P.O. Box 330, 1000 AH Amsterdam, The Netherlands.

Advertisements. Advertisement rates are available from the publisher on request. The Editors of the journal
accept no responsibility for the contents of the advertisements.
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This major reference worK is
mainly directed to electro­
chemists and those working
catalysis. It will also be usefu
to those in the fields of mate
rials science, physical chemi
t ry, surface and colloid
chemistry and in areas when
oxide surfaces may playa
major role as in chromato­
graphy and photochemistry,

CONTENTS : Chapters, 1,Electn
nic Band Structure of Oxides wi
Metallic or Semiconducting
Characteristics (J. M. Honig).
2, Chemisorption and Catalysis
Metal Oxides (A Cimino and
5. Carra).. 3. Ox ide Growth and
Oxyg en Evolution on Nobl e
Metal s (L. D, Burke). 4. Elect ro­
ch em istry of Lead Dioxide
(J. P. Pohl and H. Rickert ), 5. Pro'
pert ies of Spine l-Type Oxide
Electrodes (M. R, Tarasevich ani
B, N. Eiremov). 6, Physicoc hemi
and Electro chemi cal Properties
Perovskite Oxides (H. Tamura,
Y. Yoneya ma and Y. Ma tsumoto)
7. Properties of Conductive
Transition Meta l Oxides with
Rutile-Type Structure (5. Trasatl
and G. Lodi) ,

ture, nonstoichiometry, crys
structure, surface structure,
morphology and adsorption
properties. Fonh~ first t ime
the different groups of ox ide
are treated together in ordei
place emphasis on the ir simi
larities and differences.

1980 xvi + 366 pages
US $ 83.00 I Dfl. 170.0
ISBN 0-444-41912-8

been divided into two volumes
- Part A dealing mainly with
st ruct ural and thermodynamic
properties and Part B, to be
publ ished in due course,
deal ing with kinetic and
electrocatalytic aspects. This
divis ion came about due to the
large amount of material to be
treated and also because, in a
rapidly developing field , diffi ­
cult ies arise in collecting all
relevan t ma teria l at one given
moment.

The ed ito r approaches the
subject from a multidisc iplinary
angle, for example, the electro­
chemical behaviour of ox ide
electrodes is presented and
discussed in the context of a
variety of physicochemical
properties - electronic struc-

The discovery by Beer in the
second half of the sixties that
the performa nces of anodes
made of thermally pre pared
noble metal oxides were better
than those of noble metals
provoked something of a
technological revo lution in the
large electrolytic indust ry.
Since then an ever increasing
number of fundamental
studies have been publ ished
but the large amount of data
has, unt il now, not been
adequately assimilated.
This two-part work prov ide s a
general unifying introduct ion
plus a state-of-the -art review of
the physicochemical proper­
t ies and electrochemical
behaviour of conduct ive oxide
electrodes (DSA). The text has

edited by SERGIO
TRASATII , Laboratory of
Electrochemistry, University
of Milan , Italy

STUDIES IN PHYSICAL
AND THEORETICAL
CHEMISTRY11

Electrodes
of
Conductive
Metal
Oxides:
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