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INCREMENTATION OF POLAR EFFECT CONSTANTS IN GAS -LIQUID
CH ROMATOG RAPHY

ROL AND FELLO US, ROBERT LUFT" and J EA N-PI ERR E RABI NE

Laboratoire de Chimie Organique, lnstitut Polyt echnique Medite rraneen, Universite de Nice, Pare
Valrose, F060J4 Nice Cedex ( France)

(Received March 28th, 1977)

SUMM ARY

In chromatographic stud ies polar effect constants a:,similar to those of Taft
and Ingold, can be obtained from an empirical additivity relati onship which takes
into account th ree structura l increment s.

INTRO DUCTION

Each carbon atom of an alkyl group contributes to some extent to the final
values of chromatographic retention data. Con sequently, in thi s area a* values of
alkyl groups beyond tho se of the classical Taft scale are often needed . Thi s situa tion
differs considerably from that encountered in reacti vity studies, where the contribution
of the alkyl groups remains constant, once a certain size has been reached .

In previous papers' r' we have shown that a scale of polar effect constants a;
can be determined by mean s of the following relation ;

( I )

in which log t'RRZ is the reduced relat ive retention time of an aliphatic saturated
compound RZ (R alkyl group, Z functional group), l1H is the number of hydrogen
atom s attached to the carbon atom of R neighb ouring the functional group, and
u* and II are the sensitivities to the polar and ramificati on effects in the chromato 
graph ic phen omenon . Using this approach, we determ ined 42 values of a~ (Table 1).

The results reported here indicate the existence of an empirical additivity
relation ship which can be used for the calculation of any a; value.

• To whom correspo ndence sho uld be addressed.
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TAB LE I

CHROMATOGRAPHIC POLAR EFFECT CONSTANTS rr;

R Topological graph a; set J rr; set 2 Deviation
calc. by calc. by
eqn. J eqn, 2

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

Me 0
Et .-. 0.10 1

nP r e--e-a ·-0.116 -0.115

iPr / . -0.195 0.195.-.
nBu ·-e-e -a - 0.131 - 0.129 2

iBu a-a.c::": -- 0.124 - 0.123 I

sBu .-::::::-a -0.210 -0.209

tBu .~: - 0.288 - 0.289 - I.... .
nPen t a-a-e-a-a --0.145 -- 0.143 2

iPent / . - 0.140 - 0. 137 3.-a-a-.

sPent .~:-.-. - 0.223 - 0.223

3-Pent .~:= : - 0.222 - 0.223 - 1

2-Me- I-Bu / . - 0.140 0.137 3.-e-e-a

2-Me-2-Bu .:::::::-. -0.305 . ·0.303 2
' 0

3-Me-2-Bu .~~: - 0.220 ---0.217 3

2,2-DiM e-I -Pr a-.:=::::': 0.130 - · 0.131 - I'.
nHex .-e- a-a _e-. 0. 159 - 0.157 2

2-Hex • .0:::::: : __ - _ - _ - 0.237 - 0.237

3-Hex .:::::':=:-a - 0.235 - 0.237 - 2

2-M e-I-Pent / 0 -0.153 - 0.151 2e-a-a-a-a

3-Me -I-Pent /. - 0.156 - 0.151 5a- .-a-e-e

4-Me -I -Pent
/ .

- 0.155 - 0.151 4.-e---e-a-a

2-Me -Z-Pent
/ .

0.317 - 0.317a-a-6-a.......
3-Me-2-Pent ........... . ......... . - 0.235 0.231 4e--.-a-a

• •4-M e-2-Pent .~.-.~. --0.231 -- 0.231

2-Me-3-Pent
. ::::::: 0.231 - 0.231. :::::::".-a

3-Me-3 -Pent . ~:=: - 0.319 - 0.317 2
' 0 .-.2-Et - I-Bu e-.--:=:::" -a 0.154 - 0.151 3

2,2-DiMe- I-Bu / 0
·0.147 - 0.145 2. - .~-.......

2,3-DiMe-2-Bu ........... / .
0.317 - 0.311 6._.:;.......e

........
3,3-D iMe-2-Bu ........ ............ . - 0.226 - 0.225a-a -a........ .
nHept a-a-a-a-a--.--e - 0.173 -0.171 2

- - -- _._ --_ ..._-_. -- - _ ._ - "-- - _._- -
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TABLE I (continued}
-_. -- - " '.- _.• ... . _--- .- ---

R Topological graph ,,; set I iT; set 2 Deviation
calc. by calc. by
elfll. I elfll. 2

2-Hept .......0 - 0.251 - 0.251e -e -e -e-e -e

3-Hept 0 -0 - 0.249 - 0.251 - 2.~.- .-.-.
4-Hept .~:=:=: - 0.248 - 0.251 - 3

2,2-Di Me- I-Pent .-.:::::::' :-e-. - 0.159 - 0.159
' 0

2,4-DiMe-3- Pent .:::::: :=: -- 0.238 - 0.239 - 1
--- 0

3-Et-3-Pent .~:=.: . - 0.333 - 0.331 2
.......... . -.

nOct . -e-e-e -e-e- e - • - 0.187 - 0.185 2

2-0ct
.......0

-0.265 - 0.265e - e - e - e -e -e - •

2-Et- l-Hex •-e-::::: :=:- ____ 0. 179 - 0.179

2-Et-4-Me- I-Pent / - 0 ...... 0 - 0.173 - 0.173e-e - e - e - e

CON TRIBUTION OF MET HYLENE UN ITS

For the determination of th is contributio n we have defined five structural
series :

R, R2
Series R, R2

\, /
Z-C-(CH2 )n- CH3 itu H H

a
Me H(l,

it2 Me Me
R, R2

'.. / {I , Me HZ-CH2-C - (CH2)n- CH3
a (J ti, Me Me

Basic struc tures are obtained when n = 0; gro ups belon ging to a ll five ser ies are
listed in Fig. I, in which we have plo tted the alkyl gro up a: va lues I'S . number of
methylene un its. The slopes of the fairly straight lines obtained are identical ; th is
means that the contribut ion of a methylene un it is constant over all series (Ta ble II),

For every alkyl gro up R generated from the basic structures by insertin g
methylene units, the R a: values are obta ined by adding to the basic a: value the
cont ribut ions fCH2 of the correspond ing number of methylene gro ups.

EFFECT OF METH YL SU BST ITU T ION

Two successive basic struc tures of the a or the f3 series differ by one methyl
gro up. The data analysis (Ta ble II) shows that the contribution of a methyl group
is not the same at the e: as at the fJ position.
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0.300

a2

/'
/2-Me-2-Pent

e
/2-Me-2 -BU

/ et Bu

R. FELLOUS, R. LUFT. l. -P. RABINE

Fig. I . Plot of the alkyl group 17; values vs. number of methylene units .

TABLE II

METHYLENE UNIT INCREMENT AND 17; VALU ES OF BASIC STRUCTURES

Series Individual terms of each series hll2
. ... ... tp*.*17c r

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

ao Et , nPr, nBu , nPent, nHex, n Hept, nOct ···· 0.014 ·· 0. 101 0.999 0.01
a, iPr, sBu, 2-Pent, 2-Hex, 2-Hept,2-0 ct -- 0.014 - 0.195 0.999 0.01
a2 tBu, 2-Me -2-Bu, 2-Me-2-Pent -- 0.014 - 0.288 0.995 0.17

/31 iBu, 2-Me-I -Bu, 2-Me- I-Pent - 0.014 ·- 0.124 0.998 0.10
/32 2,2-DiMe-1-Pr, 2,2-diMe-I -Bu , 2,2-diMe-I-Pent - 0.014 -- 0.130 0.995 0.17
-_._---_ .

• Contribution of a methylene unit.
•• 17; of the basic structure, obtained when 1/ ~ O•

••• r is the correlation coefficient. The Exner test 'P is a measure of the qu ality of a correlation'. It
simultaneously takes into acco unt the correlation coefficient r, the number of parameters and the
number of experimental points. According to Exner, a perfect cor relation is obtained when 'P < 0.10,
a correct one for 0.10 < 'P <: 0.20.



IN CREMENTATION OF POLAR EFFECT CONSTANTS IN GLC 141

a-Bran ching
From exam ination of a: values of alkyl groups in the ao, al and a2 series we

can deduce the mean contribution of each methyl substituent:

When the methyl group is replaced by a longer alkyl chain, the contribution
of each methylene is the same as above. For instance, the pred ictional contribution
of an a-ethyl group will be the sum of the contributions of the a-methyl and one
meth ylene

lEt a ~c ( -0.094) + ( -0.014) = - 0.108

~-Bral1chil1g

Similarly , anal ysis of the ~-branch i ng yields the mean contribution of the
p-methyl group

It is interesting to note that the increment I M eo can be considered as a general con
tribution of a methyl sub stitution effect in all positions except a .

A DDIT IVIT Y RELATIONSHIP OF «: VALUES

Compari son of the basic structures shows that they are generated from the
ethyl group by successive methylations. Consequently the ethyl group will be the
foundation of our incrementation system.

The above results show that, depending on the branching position along an
alkyl chain , the contribution of a methyl group is - 0.094 or - 0.008. On the other
hand , in all cases examined the contribution of a methylene group is fairly con stant,
wherever it is inserted .

Definitively , the polar effect constant a: values can be calculated by means of
the empirical relati on

(2)

The definite values of the increments are obta ined by correlation of the values
of a: set 1 (Table I) :

IC H 2 = - 0.014
IM ea = - 0.094
IMe = - 0.008

correlation coefficient r =" 0.999
Exner Test VJ = 0.04
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As expected , the polar effect constants are strictly additive".
The a: values calculated by eqn. 2 are listed in Table J (set 2). Depending on

the precision of chromatographic measurements, the d ifferences between values of
the two sets (mean value 1.5/100, upper limit 3/100) enhance the quality of the addi
tivity relationship (eqn. 2).

Contrary to eqn . I, the latter can be used to determine a: values without
knowledge of any chromatographi c data.

Th e calculation of a a: value is now fairl y simple; it needs six consecutive
operat ing steps. For instance, the polar effect constant of the 3,6-dimethyl-5-ethyl
3-heptyl group is obtained as follo ws :

Operating steps

Foundat ion

Topological evolution

o~

Contributions

-- 0.101

Methylene insertions
on foundation

Me a-branching

Methylene inserti ons
on a branches

Other Me branchings

Oth er methylene
insertions

0-0 •

~~L

3 )<' - 0.0 14

2 x - - 0.094

I x -- 0.0 14

2 x 0.008

I x - 0.014

-- 0.042

0.188

-0.014

- 0.0 16

-- 0.0 14

a; --0.375

Next to its independence of chromatographic data , the main importance of
eqn . 2 lies in the fact that onl y four factors are needed for the determination of the
a: value of any alkyl groups, whatever its structure *. Furthermore, in chromato
graphy thi s equation shows that there is no levelling effect in a: values.

REFERENCES

1 R. Fellous, R. Luft and l .-P. Rab ine, J. Chromatogr., 133 (1977) 7.
2 R. Fellous, R. Luft and l.-P. Rabine, J . Chromatogr., 136 (1977) 5.
3 O. Exner, Collect . Czech. Chem . Commun ., 31 (1966) 3222.
4 J. MacPhee and J. E. Dubois, Tetrahedron Lett. , (1976) 2471, and literature cited therein .

• In pract ice we can determine unknown a; values of alkyl gro ups R' , generated from R, by
addition of the appropriate methyl and meth ylene increment s to the known '1; of R

a;R' = a;R + E (Ic H2 , l~f <: a ' fMC)
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APPLICATION D'UNE EQUATION DE TYPE TAFT AUX DONNEES DE
RETENTION

ADDITIVITE DES EFFETS DE SUBSTJTUANTS

ROLAND FELLOUS, ROBERT LUFT" et JEAN-PIERRE RABINE

Laboratoire de chimie organique, Institut Poly technique Medi terraneen, Universite de Nice, Pare
Valrose, F 06034 Nice Cedex ( France)

(Recu le 28 mar s 1977)

SUMMARY

Application of a Taft-type equation to retention data. Additivity of substituent effects

The previously established linear extrathermodynamic relationship

retention data = (!*1..'a: R -I- Iz(En ll R - 3i)
i l i L

can be applied to a chemical populati on the common functional group of which is
characterized by an axis of symmetry. In all other cases it is possible to differentiate the
particular contribution of each alkyl group R i ; consequently their effects mu st then be
con sidered sepa rately.

INTRODUCTION

Dans Ie phenornene chromatographique les grandeurs de retention sont con
stituees entre a utres par un apport dfi it la fonction chimique et par celui de chacun
des autres atomes de carbone de la molecule, sans que I'on assiste it un nivellement a
partir d'un certain nombre d'atomes de carbone.

Ces grandeurs de retention peuvent etre liees aux effets polaires et structuraux
des subst ituants par l'interrnediaire de relations lineaires extrathermodynamiques. II
est done interessant de disposer d'une echelle de constantes d'effet polaire des sub
stituants au ssi etendue que possible. C'est dans ce contexte que nous avons etabli' une
nou velle echelle a:,applicable aux donnees chromatographiques et qui presente des
caracteristique s simples d'additivite'.

Dans nos precedents mernoires nous avon s aborde Ie comportement de series
de substances RZ OU la fon ctions chimique Z ne porte qu 'un seul groupe alkyle R

• Personne it laquelle toute co rres po nda nce doit etre adressec.
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variable. Dans Ie present travail nous examinons le comportement de composes posse
dant deux groupes alkyles R et R' variables.

Compte tenu de l'hypothese de I'additivite des effets de substituants', le com-.
portement chromatographique est apprehende grace a l'expression:

(I)

ou a:
R

, a:
R

, sont Ies constantes d'effet polaire des groupements alkyles R et R'; nH R ,

nH R , le nombre d'atomes d'hydrogene des deux carbones de R et R' portes par la
fonction chimique (carbones a); e* et h des facteurs traduisant la sensibilite du phe
nomene chromatographique a l'effet polaire et au nombre de ramifications des sub
stituants au niveau de leur carbone a.

RESULTATS

Dans un premier temps nous abordons le comportement de families R-Z-R'
dont Ia fonction chimique Zest caracterisee par Ie groupe de symetrie Czv. Du fait de
l'existence d'un axe de symetrie, les substituants Ret R' deviennent indiscernables et
il est Iicite d'envisager l'additivite des effets des substituants d'une maniere telle que la
reflete l'expression I, c'est a dire en admettant que la sensibilite a I'effet polaire et a
l'effet de ramification soit la meme pour les deux substituants.

Les Tableaux I-III regroupent Ies resultats obtenus a partir du traitement des
donnees de retention de familles d'ethers, d'acetals et de cetones", sur six phases sta
tionnaires recouvrant une gamme de polarite assez large. Nous avons fait appel in
differernment aux logarithmes des temps de retention reduits relatifs, aux indices de
retention ou aux logarithmes des volumes de retention. En effet, ces trois grandeurs
sont interdependantes et se deduisent l'une de I'autre a partir de relations lineaires
simples. Dans chacun des cas analyses, l'examen des criteres statistiques de fiabilite:
r coefficient de correlation et'!fJ test d'Exner", montre que la qualite des relations obte
nues pour les phases apolaires est tres satisfaisante, elle reste acceptable pour les pha
ses polaires.

Dans un deuxieme temps nous avons aborde un cas plus general ou, mis apart
Ie plan contenant le groupe fonctionnel, les composes R-Z-R' ne presentent pas

TABLEAU I

VERIFICATION DE L'ADDITIVITE DES EFFETS DE SUBSTITUANTS

Familles: ethers R-O-R'. Grandeur de retention a 120°: logarithme des temps de retention reduits
relatifs.
R(R'): Me (Me, nPr, nBu, iBu, tBu); Et (Et, nBu, tBu); nPr (nPr, iPr); iPr (iPr, tBu); nBu (nBu);
nPent (nPent); iPent (iPent); nHex (nHex). p : nombre de points entrant dans la correlation.

---~------

Phase stationnaire e* h r 'p p

Apiezon L -19.069 1.651 0.996 0.09 14
SE-30 -16.671 1.435 0.995 0.10 14
Ueon LB 1715 - 17.066 1.489 0.994 0.11 16
Carbowax 20M --14.551 1.297 0.991 0.14 16
XF-1150 12.817 1.145 0.989 0.16 14
DEGS -11.489 1.031 0.975 0.23 16
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TAB LEA U II

VER IFICAT ION DE L'ADDITIVITE DES EFFETS DES SUBSTITUANTS

J OR
Fam ille : form al H,C \ . G rande ur de retent ion it 120<;: indices de retent ion.

OR'
R(R ') : Me (Me, Et , iPr) ; Et (Et , nP r, iPr, sBu) ; nP r (nPr, sBu) ; iPr (iPr); nBu (nBu); iBu (iHu) ;
sBu (sBu).

Phase stationnaire u* h 10 r 'I' p

Apiezon L 6 170 531 465 0.997 0.08 13
SE-30 6177 532 502 0.996 0.09 13
Ucon LB 1715 - -5972 519 578 0.996 0.09 13
Car bowax 20M 557 1 492 727 0.989 0.15 13
X F-1150 5752 508 744 0.986 0.17 13
DEGS 5268 481 96 \ 0.938 0 .39 12

TABLEAU III

VERIF ICATIO N DE L'ADDITIVITE DES EF FETS DE SUBSTITUANTS

Famille : ceton es R- CO-R'. Grandeur de retent ion a 120° : logarithrne des volumes de retention .
R(R ' ): Me (Me, Et, nPr, iPr, nBu , iBu, sBu, tBu, nPent, neof'ent , nHex, nH ept ) ; Et (Et, nP r, N Bu) ;
nPr (nPr) ; iPr (i Pr); nBu (nBu)

Phase sta tionnaire u* Iz log VG o r 'I' P

Apiezon L - 19.878 1.698 0.714 0.994 0.11 18
SE-30 17.407 1.491 0.787 0.994 0.11 18
Ucon LB 1715 17.837 \ .552 0.937 0.99 1 0.14 18
Ca rbowax 20M 15.095 1.348 1.059 0.982 0.20 18
XF -1150 ---14.0 12 1.248 1.138 0.983 0.19 18
DEGS - 12.455 1.138 0.970 0.962 0 .29 18

d'element de syrnetrie. Nou s avons retenu dans ce but les indices de retent ion d'une
famille de 76 esters", En utilisant I'equation I Ie comportement de cette large popula
tion est exprirne par

1 ,xSE_30 = - 6335 (IJ:R +- IJ:R,) + 556 (nUR + nUR' - 6) I- 533 (r = 0.996, VJ = 0.09)

illustree par la Fig. I. Dans ce diagramme les donnees de retention sont portees en
fonction de la somme des effets polaires des substituants. On releve six ensembles de
points, correspondant a la somme des degres de ramification des carbones a de R et
R'.

Si notre presentation est sati sfaisante, tant par la qualite de Ia relati on obtenue,
que par celie du diagramme repre sentatif, elle ne constitue neanmoins qu 'une
premiere approximation. En effet, en admettant que Ie phenornene chromatograph i
que presente une meme sensibilite aux effets polaire et structura ux de Ret de R', il
n'est pas possible d'expliquer pourquoi on observe des ecarts entre les temps de re
tention de deux esters RCOOR' et R'COOR; par exemple

nPrCOOMe 1 = 715 et MeCOOnPr 1 =707,
ou bien sBuCOOMe 1 = 767 et MeCOOsBu 1 = 746, etc.
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Fig. I . Representati on graphique de la relat ion 1 a ppliquee a une serie d'este rs.

C'est pourquoi if nou s a paru plus logique d'adrnettre, pour chacu n des sub
stituants R fi xes sur des gro upes foncti onnels depourvus d'axe de syrnetrie, des
apports differents aux temp s de retention. La relation 1est alors modifiee legerernent :

grandeur de retenti on = u{-: -+ ui a:R -+ 1z, (nIl R - 3) -+ IzlnIlR - 3) (2)
1 2 1 2
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Ainsi, avec la famille d'esters dont nous avons examine les donnees sur une
phase SE-30f>, l'expression 2 devient :

(r = 0.997, 1p = o.ms)

II est loisible d 'envisager l'extension de la relation d'additi vite des effets de subst itu
ants au cas OU Ie nombre de ceuxci sera it su perieur it deux. Si les observat ions que nous
avons faite s dans Ie present travail se verifiaient alors , cela permettrait de representer
le lien entre une grandeur de retention et les facteurs de Taft par la relation tres
generate

grandeur de retention = r/ L'a: R. + II (L'nIl R. - 3i)
t I I I

OU i exprime Ie nombre de substituants.

RESUME

L'equat ion de type Taft etablie precedemment peut etre mise sous la forme
generale

grandeur de retention ='" r./~'a;R ' -+ II(L'nll R - 3i)
l I i

lor squ e Ie gro upement fon ctionnel d 'une famille de composes porte plusieurs groupes
alkyle et est simultanement caracterise par un axe de syrnetrie. En I'absence de cet
clement de symet rie, it convient de traiter separernent les differents effets des subst itu
ants car leur participation au phenornene global peut et re differenciee.
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SUMM AR Y

When pH values are measured in mixed aqueous-organic solvents by means
of the usual electrometric procedure, a correction (0) must be applied in order to
obtain physically meanin gful pH values (i .e., values that can be interpreted as the
negative logarithm of the hydrogen ion activity). () values have been determined in
sucrose-water, glycero l-water and ethylene glycol-water mixtures at 25° and 4°, for
use in density-gradient isoelectr ic focusing.

INTRODUCTION

In a previous paper' , we drew attention to the shortcomings of isoelectric
focusing as a meth od for the characterizati on of ampholytes. It was shown that onl y
those variants of the techn ique in which the solvent composit ion of the focused zones
is standardized (e.g. , zone convection, gel and thin-l ayer isoelectric focusing) are
useful as characterization meth ods. In these variants, the standard deviation of a
measured pI value is governed by the temperature difference between the final
focusing temperature and the temperature of the pH measurement. Its magnitude was
estimated to be about 0.005 pH unit per degree of temperature difference if the
carri er ampholytes employed are matched to the investigated ampholytes with
respect to their protol ytic groups.

For density-gradient isoelectri c focusing, we sho wed th at , in addition , system
atic and rand om errors are introdu ced as a result of the influence of the solvent com
position on the isoelectri c point of an ampholyte and upon the difference between the
measured pH and pa~ '. Definite conclusions about the import ance of the se errors

* An asteris k is used to denote that the qu ant ity under considerat ion (here the act ivity of H + ions)
is referred to an infinitely dil ute so lutio n in the same solvent. When the asteris k is om itted, the quan 
tity under considera tion is referred to an infinitely dilute solut ion in water (or is con sidered in a
general way).
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were precluded by the lack of dat a pertinent to the most ut ilized so lvents in isoelectric
focusing, viz., sucrose-water, glycero l-water and eth ylene glyco l-water mixtures,
although it was argued that their impo rta nce ma y be far grea ter th an that due to
temperature d ifferences.

In thi s paper, we pre sent electrom etric measurements of ,) 0=- pH -pa~ in these
so lvents , with the aid of wh ich the measured pH value of a focused zon e in the solvents
of interest can be converted int o th e co rrespond ing pa~ value, if the so lvent com
position in the zone is known. Th is enables one to mak e a reliabl e co mpa rison of
measured isoelectric points of the sa me ampholyte in d ifferent so lvent mixtures.

T HEORET IC A L

It is well recognized th at pH values of solution s in non- aqueous or partly
aqueo us solvents, obtained by using the operational pH definition and aqueous
standard buffer solutions for the ca librat ion of the pH meter, ca nnot be identified
with paD , but differ from it by a quantity b. This quantity') accounts for the influence
of the so lvent on both the liquid junction potential, Ej , at the tip of the calomel
electrod e and the standard potential, E;I a" , of the glass elect rode:

(I )

where R represents the molar gas con stant , T the absolute temperature and F the
Far ad ay co nsta nt.

(5 values can be easily measured, but the y ca n be used uni versally for the
calculat ion of pa~ values from measured pH values only if three condit ions are
fulfilled:

( I) Ej -Ej should not depend on the nature of th e (buffering) so lutes in the
sta ndard and sa mple so lut ions. In methanol- water and eth an ol- water mixtures, thi s
co nd itio n has been proved":" to be genera lly va lid for (buffer) so lut ions with pH
(in wate r) ran ging from 2.5 to 10 and for co ntents of the organic co mponent up to
about 70 % of methanol a nd 100 % of et ha no l.

(2) Ej* - Ej should not depend upon the type of the device for ming the liquid
juncti on at the tip of the calom el electrode. This condition has also been proved" to
be genera lly valid in methanol- water and ethanol-water mixtu res.

(3) E;I~SS - E : 1ass should not depend upon the type of glass electrode. In an
inve stigati on" of the validity of thi s cond it ion we found, in methanol-water and
ethanol-wat er mixtures, a slight dependence of Eg,~" - E:1ass on the method of
fabri cati on and pre-conditioning in the lab oratory (rather th an on the composition
of the glass) . This means that th e use of average () values, holding for all glass elec
t rodes, results in a rather large error (abo ut 0.04 pH un it).

Douheret/ -" measured ,5 va lues in so lut ions of hydrochlori c acid of various
concent ra t ions in a series o f partly aq ueo us so lvents , using a glass elect rode of a
manufac ture not included in the a bov e-mentioned invest igat ion", In methanol-water,
eth anol- water , ethy lene glyco l-wate r and 2-ethoxyethanol-water mixtures b appeared
to be a co nstant, characterist ic o f the so lvent compositi on and independent of the
acid concentra t ion at pa~ > 3. More over , the differences bet ween his b values in
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methanol-water a nd ethanol-water mixtures and those measured by Gelsema and
co-workerso? ranged from 0 to 0.06 pH unit (depending on the solvent composition) ,
which is in reasonable acc ordance with the variabil ity of E;I~" - E;I'" values men
tioned above.

All o f this evidence points to the feasibility of obtaining meaningful pH values
(i.e., pa~ valu es) by simple co rrect ion of measured pH values with appropr iate {) values
also in the solvents used in isoelectric focusing. Therefore, we measured 0 in sucrose
water, glycerol-water and ethylene glycol -water mi xtures, for sat ura ted and 3 M
potassium chloride-calomel electrodes. We al so measured the values of 0' ==
(Ej -Ej)/2 .303 (RT/F) and of (E;I: " -E;I,, ,.)/2.303 (RT/F) sepa ra tely. These measure
ments were made at 25", the standa rd temperature for pH and pK determinations,
but, as many investigators perform pH measurements in isoelectric focusing experi
ments at low temperatures , so me () values were al so measured at 4°.

EX PERI M ENTA L

E.m.f. measurements were made at 25" with the following cell s:
Pt (H 2) IHCI04 (mil), water I sat. KCI(aq .) I Hg 2CI2-Hg (I)
Pt (H 2) IHCI04 (m;.) , water, SeX) I sat. KCI(aq.) IHg2CIz-Hg (II)
glass IHCI04 (mil) ' water I sat. KCI(aq .) I Hg2CI2~Hg (Ill)
glass IHCl04 (m~) , water, SeX) I sat. KC1(aq .) IHg2CI2-Hg (IV)
Hg-Hg2C1213M KCl(aq .) I HCI04 (mil) ' water I sat. KCI(aq .) I Hg2CI2-Hg (V)
Hg-Hg2CI2 I 3M KCl(aq .) IHCI04 (m~) , water, SeX) \ sat. KCI(aq.) I Hg2C12-

-Hg (VI)

where mil R::; m~ R::; 0.00 I mole' kg " ' , S represents sucrose, glycerol and ethylene
glycol , respectively, a nd X, representing the weight percentage of component S, has
the val ues 15, 30, 45 and 60 % for sucrose and 20, 40, 60 and 80 % for glycerol and
ethylene glycol. The follow ing chemicals were used: perchloric ac id (Merck, Darm
stadt, G.F.R., p.a. grade), sucrose (J. T. Baker, Phillipsburgh, N.J., U.S.A., analyzed
grade), glycerol (Merck, p.a . grade) and ethylene glycol (Merck, p.a. grade) . The
design of cells I and II [ was given by De Ligny and Rehbach".

The measurements were performed as follows. A stream of carbon dioxide
and oxygen-free hydrogen was bubbled through the cell. When a stable e.m.f. value
(EI , Ell) had been reached (within I h) , one of the two platinum electrodes was
replaced with a glass electrode and the e.m .f. (Ell b Elv) was measured . The glass elec
tr ode was kept in an aqueous buffer solution between the measurements. Details of the
platinization of platinum electrodes and the purification of hydrogen were given
elsewhere". A Radiometer 4 pH meter and an Ingold glass electrode", Type 10271/
3005, were used . All e.m .f. measurements were measured in duplicate at least (see
Tables I and II).

b' values for the satura ted ca lo mel electrode were calculated by means of the
equation

Er - Ej

2.303 RT/F
Elf - EI m~ Y~

---::-:::-::7---=-== + log - - + log -
2.303 RT/ F mil YII

(2)

• The glass electrode had been given the pre-t reatment prescribed by the manufactu rer.
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where YII and Y~ represent the act ivity coeffic ients of the hydrogen ion in water and
in the partially aqueous so lvent, respectively. T hese data were calculated by the
equation

(3)

where D represents the dielectric con stant of the solvent and do its density . Values of
D and do were taken from the literature. '! " !",

b va lues for the satur a ted ca lomel electrode were calculated by means of the
equation

Values of E;J~ss- E;l ass can then ea sily be fo und :

(5)

E.m.f. measurements were also performed on the cells III and IV at 4°, at
mH R:::I m;. 0.00 I R:; mole ' kg - I and with X representing 60 %of sucrose, 80 %of glyce rol
and 80 % of ethylene glycol , respe ctively. The re sulting (~ values were calculated by
using eqns. 3 and 4.

E.m.f. measurements on cell s V and VI (Ec, Ey , ) were made in quadruplicate.
The difference of the () values, holding for sa turated and 3 M ca lo mel electrodes, ca n
be calculated as follows:

~ _ b _ E y , - E y

( , ,>l 3M - 2.303 R Tf F (6)

TABLE 1

VALUES O F ,Y, ,) AND (E;~", . E~' .s,)/2.303 ( RTf F ) AT 25° IN SU CROS E-WATER , GLYCE
ROL-WATER AND ETHYLENE G LYC O L- WAT ER M IXTURES

So lvent

Sucrose-water

Gl ycerol- water

Eth ylene glycol-water

X N Y -- ,I -- ( E; ias.\ - - E; lass)- ,
( wt .-%) ( p H units) (p H units}

2.303 RTIF
(p H units)

15 2 0.1 14 ± 0.004 0. 104 ± 0.003 0.0 I0 ± 0.00 5
30 2 0.219 ± 0.001 0.210 ± 0.005 0.009 :1: 0.005
45 2 0.377 + 0.004 0.333 ± 0.004 0.044 :l 0.006
60 2 0.611 ± 0.0 17 0.505 :1:: 0.004 0.106 ± 0.017
20 3 0.134 ± 0.0 10 0.130 ± 0.010 0.004 + 0.014
40 3 0.278 ± 0.0 12 0.255 ± 0.010 0.023 ± 0.016
60 3 0.4 66 ± 0.0 18 0.414 ± 0.017 0052 ± 0025
80 3 0.780 :1: 0.011 0.696 :L 0.007 0.084 :± 0.013
20 2 0.113 ± 0.004 0. 109 :l 0.003 0.004 ± 0.005
40 2 0.21 1 :l 0.00 I 0.202 ± 0.002 0.009 ± 0.002
60 2 0.318 ± 0.00 I 0.297 ± 0.003 0.021 ± 0.003
80 2 0.667 ± 0.004 0.617 ± 0.016 0.050 + 0.017
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The values of ,\,, -03M did not differ significantly from zero . Values of 0, 0'
and (E;,~,, -E:' ass)/2 .303 (RT/F) at 25° are presented in Table I. The indicated errors
are standard deviations calculated from replicate e.m.f. measurements ; the number
of replicates (N) is given in the table.

ovalues are plotted as a function of the solvent composition in Fig. I ; the
results obtained by Douheret" in ethylene glycol-water mixtures are included .

In Table II the 0 values at 4° are given.

0.8r--- - - - - - - - - - - - ,

_0
(pH units)

20 40 60 80 100
mole 0/. organic~compound

Fig. I. Values of <5 a t 25° in sucrose-water (0), glycerol-water ce) and ethylene glycol -water CD)
mixtures as a function of the mole fraction of the organic component. . , From ref. 8. .

TABLE II

VALUES OF,) AT 4° IN 60 % SUCROSE, 80 % GLYCEROL AND 80 % ETHYLENE GLYCOL

Solvent

Sucrose-water
Glycerol -water
Ethylene glyco l-water

DISCUSSION

X N
(wt .-%)

60 3
80 3
80 3

-,5
( p H units)

0.475 :1: 0.004
0.675 ± 0.006
0.554 :i, 0.004

It was demonstrated by Dou heret" that 15 value s in mixtures of monovalent
alcohols and ethylene glycol with water are related in a qualitative way to the Hammett
acidity function". low 15 values correspond to a low basicity of the solvent mixture.
As has been pointed out by Kalidas and Palit"', the relatively low basicity of ethylene
glycol compared with monofunctional alcohols can be explained by the capacity of
the molecules of ethy lene glycol to form inter- and intra-molecular hydrogen bonds.
As thi s tendency for intermolecular hydrogen bonding can be assumed to increase in
the order ethylene glycol < glycerol < sucrose, 0 value s at equal mole fractions of
the organic component would be expected to decrease in this order. Fig. I shows
that the expected order obtains.
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The values of (E~I~ sS -E~l ass)/2.303 (RT/F) and their standard deviations, given
in Table I, clearly demonstrate a significant influence of the solvent composition on
the standard potential of the glass electrode in the three solvent systems stud ied. This
result corroborates earlier finding s in methanol-water and ethanol-water mixtures.

As can be seen in Fig. I, the differences between the IJ values in ethylene glycol
water mixtures given in Table I, and those measured by Douherct" range from 0 to
about 0.05 pH unit. These differences are reasonable, in view of the fact that different
glass electrodes were used in the two studies and in view of the established variability
of E;I~sS -E~ass values between different glass electrodes in methanol-water and
ethanol-water mixtures (see Theoretical). The absolute values of (E;I~sS - E~ol a sJ/2 . 303

(RT/F), given in Table I, are of the same order of magnitude as those found earlier"
in methanol-water and ethanol-water mixtures (0-0.07 pH unit) . Therefore, if the
ovalues in Table I are used to correct pH values measured with an arbitrary glass
electrode, their standard deviation can be estimated to ran ge from 0 to ± 0.04 pH
unit as the solvent composition ranges from water-rich to water-poor, as found
before". Evidently, if pH measurements are performed with the same (Ingold) glass
electrode as was used in the present investigation (to which the same pre-treatment
has been given), the standard deviations of the IJ values given in Table I appl y.

At 4°, the 0 values at the highest concentration of the organic constituent of
the solvent mixtures are 0.02-0.06 pH unit less negative than tho se at 25° (see TablelI).
At lower concentrations of the organic component, values of () at 40 can be estimated
by assuming that the difference 025° -()40 is proportional to the weight percentage X.

In Table II I, 0 values at both temperatures and at various values of X, ob
tained by graphical interpolation, are given.

TABLE III

VALUES OF 15( IN pH UNITS) AT 25° AND 4° IN SUCROSE-WATER, GLYCEROL-WATER
AND ETHYLENE GLYCOL-WATER MIXTURES

X Sucrose-water Glycerol-water Ethylene glycol- water
(w t .-%J

- 1525° - 154" - 1125" ....,14" · · ,1,," - ,14"

5 0.03 0.03 0.03 0.03 0.03 0.025

10 0.065 0.06 0065 0.06 0.055 0.045

15 0.105 0.095 0.10 0.095 0.08 0.Q7
20 0.14 0.13 0.13 0.125 0.11 0.095

25 0.175 0.16 0.16 0.155 0.14 0.12
30 0.21 0.195 019 0.185 0.16 0.135

35 0.245 0.23 0.225 0.215 0.185 0.155

40 0.29 0.27 0.255 0.245 0.20 0.17
45 0.335 0.31 0.29 0.28 0.22 0.18
50 0.38 0.355 0.325 0.315 0.24 0.20
55 0.435 0.41 0.365 0.355 0.265 0.22
60 0.505 0.475 0.415 0.40 0.295 0.25
65 0.47 0.45 0.34 0.285

70 0.53 0.51 0.40 0.345

75 0.60 0.58 0.49 0.43
80 0.695 0.675 0.62 0.555
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Meaningful pH values (i .e., values which can be interpreted as -log a~) can
be obtained in sucrose- water, glycerol-water and eth ylene glycol-water mixtures,
which are used as solvents in density-gradient isoelectric focusing. This can be done
by simply subtracting from the pH meter readings a quantity 0, which is characteristic
of the solvent composit ion.

The resultant interp retati on err ors, pH - 0-pa~ , ran ge from zero in water to
± 0.04 pH unit in 60 % sucrose, 80 % glycero l and 80 % ethylene glycol, if an arbitrar y
glass electrode is used. They are less than ± 0.02 pH unit if a glass electrode of the
same manufacture as used in the present investigation is applied.
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SUM MARY

A method IS given for the determination of 8-methoxypsora len in human
plasma at the Jow ng/rnl level using gas chromatograph y with electron capture
detection. 8-Methoxypsora len was extrac ted from plasm a with methylene chlo ride
at pH 7.0. After addition of the intern al sta ndard, 8-butoxypsora len, the psoralens
were hydrolysed in sodium hydro xide and the aqueous phase was purified by extrac
tion with methylene chloride and toluene. The aqueous phase was acid ified and the
re-Iactoni zed psoralens were extracted with toluene and analysed.

Some determinations of plasma levels of 8-methoxy psora len aft er oral ad
ministration are presented.

INTRODUCTION

Psoralens have been used in the therapy of viti ligo for more tha n two decades.
Recently increa sed interest has been shown in thei r use in the treatment of psoriasis.
8-Methoxypsoralen (8-MOP, Fig. I) has been used both in local' and peroralb '

~
~n~n~~aa I 0

a
I
CH3

A

cCCJ"':::I I h- -
o aHcaa

I
o
I
CH3

B
Fig. I. A : 8-methoxypsora len (8-MO P); B: cis-3-(6-hydroxy-7-meth oxy-5-ben zofuranyl)acryl ic acid
(8~MOP-acid) .

• To who m correspondence sho uld be addressed.
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therapy, combined with exposure of the patients to long-wavelength UV light. Little
information is available concerning the pharmacokinetics of 8-MOP owing to the,
lack of analytical techniques with sufficient sensitivity and selectivity. This paper gives
a method for the determination of 8-MOP in human plasma at the low ng/rnl level.

EXPERIMENTAL

Apparatus
The gas chromatographic (GC) analysis was performed using a Varian 1400

instrument equipped with an electron capture detector (ECD) of 63Ni-type. The
following temperatures were used: injector, 2500

; column, 1950
; detector, 200°.

A silanized glass column (90 em X 2 mm I. D.) was packed with 3 % OV-225
on Gas Chrom Q, 100/120 mesh. Nitrogen was used as carrier gas with a flow-rate
of 20 ml/rnin. The column was conditioned for 24 hat 275°.

Photometry was performed with a Zeiss PMQ III Spectral photometer equipped
with thermostated cells (10 mm).

The pH determinations were performed with an Orion Research Model 701/
digital pH meter equipped with an Ingold combined electrode, Type 401.

The radioactivity was measured with a Packard Tri Carb instrument, Model
3320.

Chemicals
All solvents were of analytical grade. Aqueous and organic phases were

equilibrated before use in partition experiments. 8-MOP was supplied by AB Draco,
Lund, Sweden.

8-Butoxypsoralen (8-BOP) was synthesized as follows: 8-hydroxypsoralen
(25 mg, prepared from 8-MOP by demethylation") in 25 ml of methylene chloride
was mixed with 5 ml of butyl iodide and 10 ml of carbonate buffer (pH 10.5) con
taining 1 M tetrabutylammonium hydrogen sulphate (neutralized with an equivalent
amount of sodium hydroxide). The mixture was shaken for 30 min at room temper
ature. The organic phase was separated and extracted three times with 10 ml of buffer
(pH 10.5) and twice with water and dried with Na zS04 • The organic solvent was
evaporated and the residue recrystallized from methanol-water. The structure was
confirmed by mass spectrometry.

Tritium-labelled 8-MOP was synthesized from 8-hydroxypsoralen and [3H31
methyl iodide" and purified by thin-layer chromatography (TLC) (Silica gel 60,
chloroform, R F = 0.5) immediately before use. The radiochemical purity was >99 %,
as checked by TLC with radiochromatogram scanning.

8-Methoxypsoralen tablets (Neomeladinine, 15 mg) were obtained from the
Memphis Chemical Co. (Cairo, Egypt). The doses given were 30 mg to patients
weighing 35-55 kg, 45 mg to patients weighing 55-75 kg and 60 mg to patients
weighing more than 75 kg.

Determination ofpartition coefficients
The organic phase containing 8-MOP was equilibrated with phosphate buffer

pH 7.0 (ft = 0.1) for 30 min at 25° (equal phase volumes) . The concentration of
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8-MOP was determined photometrically: in the organic phase by direct measurements
and in the aqueous phase after re-extraction into methylene chloride.

Plasma extractions
The extraction from plasma was studied using tritium-labelled 8-MOP (426

mCi/mmolc). The radioactivity in aqueous and organic phases was determined by
liquid scintillation counting after addition of Instagel".

The plasma extraction of 8-butoxypsoralen was stud ied by GC-ECD using
8-MOP as internal standard.

Determination of apparent first-order rate constants for hydrolysis and lactonization
The constants were determined by photometry (cf ref. 5).
The lactonization was studied at 25.0° by mixing 0.200 ml of hydrolysed

8-MOP in 0.01 M NaOH with 3.00 ml of the appropriate buffer (fi = 0.1, thermally
equilibrated) in the thermostated cells of the spectrophotometer and following the
change in absorbance at 300 nm. The absorbance at too was obtained after the addition
of 0.100 ml of 12 M HCI.

The hydrolysis was studied as described above by mixing 3.00 ml of an aqueous
solution of 8-MOP with 0.300 ml of the appropriate buffer (fi = I). Hydrolysed
8-MOP in buffer (pH 7.0) and 0.0\ M NaOH exposed to light for 2 h at 300 nm in
the photometer gave, after acidification, the same spectra as a freshly prepared
solution of 8-MOP, thus indicating no photochemical degradation.

General procedure for the determination of 8-MOP in plasma
A 2.00 ml plasma sample was mixed with 0.5 ml of phosphate buffer (pH 7.0,

ft = I) and 5.00 ml of methylene chloride and extracted for 15 min. Then 3.00 ml of
the organic phase was mixed with 0.200 ml of 8-BOP (internal standard) 125 ng/rnl
in methanol and evaporated to dryness under nitrogen, after which 0.025 ml of
methanol and 0.200 ml of 0.1 M NaOH were added and the solution was left for
10 min at room temperature. The aqueous phase was extracted once with I ml of
methylene chloride (discarded) and twice with I ml of toluene (discarded). The
aqueous phase was mixed with 0.050 ml of toluene and 0.025 ml of 12M HCI and
extracted for 3 min . A 2 fi\ sample of the organic phase was injected into the chro
matograph .

All quantitations were based on peak height measurements.
Blood samples (10 ml) were obtained by venou s puncture. After centrifugation

the plasma was immediately frozen (-20°). Handling of plasma samples at room
temperature was kept to a minimum.

RESULTS AND DISCUSSION

The method consists of extraction of plasma with methylene chloride and
separation of 8-MOP from endogenous compounds by extraction, followed by GC
determination using an ECD. The high sensitivity of the ECD can be fully utilized
only after separation of 8-MOP from co-extracted endogenous material prior to the
GC step. A selective extraction was obtained because psoralens hydrolyse in alkaline
and re-lactonize in acidic solutions.
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TABLE)

PARTITION COEFFICIENTS FOR 8-METHOXYPSORALEN

Aqu eous phase: phosphate buffer , pH 7.0, /' = 0.1. Temperature : 25".

Organic phase

H. EHRSSON ct al .

Methylene chloride
Benzene
Toluene
Diethyl ether
Hexane

> 3
2.7
2.5
1.8
0.60

Extraction
The partition coefficients for 8-MOP are given in Table I. Quantitative ex

traction (>99 %) is obtained with methylene chloride, benzene or toluene using equal
phase volumes. The internal standard, 8-BOP, should give higher partition coefficients
owing to its higher carbon content icf. ref. 6). Methylene chloride was preferred as
solvent owing to its good extracting properties and high volatility, facilitating sub
sequent evaporation.

Extraction studies from plasma revealed, however, a lower recovery compared
to aqueous solutions (Table II). Thi s was particularly notable for 8-BOP, which was
extracted to ca. 70 % only (equal phase volumes). The lower extraction of 8-BOP

TABLE II

EXTRACTION OF PSORA LENS FROM PLASMA

Organic phase : methylene chlorid e. Aq ueou s pha se: plasma pH 7.0 (2.00 ml plasma + 0.5 ml
pho sphate buffer , pH 7.0, /' ,= I). Extract ion time : 15 min .

R
. org. phase COI1C. ( l1g/ml)

atio ------
aq, phase

8-Methoxypsoralel1
1:1 100
2.0: 1 ){)()
2.0 :1 10

8-Buloxypsoralen
1:1 100

Yield (%) ( 11 = 6)

91.7 ± 0.2'
93.4 ± 0.2'
91.4 ± 0.1 '

72 :1:: 5"

• Determined by liquid scintill ati on counting.
" Determined by GC-ECD.

TABLE III

APPARENT FIRST-OR DER RATE CONSTA NTS FOR HYDROLYSIS OF 8-METHOXY
PSORALEN (8-MOP) AND 8-BUTOXYPSORALEN (8-BOP)

Temp erature : 25°. Each value is a mean of two determinations.

pH - log [k (sec- I)l

10.25
10.94
12 (0.01 M NaOH)

8-M OP

3.96
3.27
2.34

8-BOP

2.41
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TABLE IV

APPA RENT F IRST-O RDER RATE CONSTANTS FO R LACTONIZAT ION OF 8-MOP-ACID
AND 8-BOP-ACID

Temperature : 25°. Each value is a mean of two determinations.

pH - log [k (sec- I)]
-- - --- - - -- -

8-MOP-acid 8-BOP-acid

1.95 1.93 1.99
2.98 2.74
4.34 3.71
7.07 4.51

compared to 8-MOP may be due to a higher degree of plasma protein bindi ng (ef
ref. 7). Because of its different plasma extraction propert ies 8-BOP was added after
the init ial extract ion. A rat io of organic phase to plasma of 2.0 gave an extraction
of 8-MO P of 93.4 % at 100 ngJml and 91.4 % at 10 ng/rnl. The degree of extraction
was not increased by varying the extract ion time from 15 min to 60 min .

MDQ
mole . s·1 . 10'5

100

10

'c
,

300
,

250

1,
1
I
C -+1-- ----+----- --+----;;----
• 200

Fig. 2. Electron capture detecto r response for psoralens as a funct ion of detecto r temperat ure.
0 : 8-Butoxypso ralen ; . : 8-methoxypsora len ; . : 5-methoxypsoralen.
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Hydrolysis and lactonization
8-MOP is hydrolysed in alkaline solutions to 8-MOP-acid (Fig. I, cf. ref. 8).

The apparent first-order rate constants for hydrolysis at three different pH values
are given in Table III. At pH 7.0 8-MOP was stable for at least 24 h but in 0.1 M
NaOH hydrolysis was complete in < 3 min.

The rate of lactonization at various pH values is given in Table IV; it was
complete within I min in 0.1 M HCl.

The rates of lactonization and hydrolysis of the internal standard, 8-BOP,
differed only slightly from tho se of 8-MOP (Tables I" and IV).

Electron capture detector response
The minimum detectable quantity (M DQ, signal-to-noise ratio 3: I) for 8

MOP, 8-BOP and 5-methoxypsoralen (5-MOP) are given in Fig. 2. The responses
for 8-MOP and 8-BOP are strongly affected by the detector temperature : a decrease
of the detector temperature from 3000 to 2000 enhanced the response ca. 30-fold.
The response of 5-MOP is only slightly temperature-dependent.

The MDQ for 8-MOP at 2000 corresponds to an injected amount of 6 pg
(N = 3600, l « = 3 min).

Precision and selectivity
A chromatogram from a plasma sample obtained from a patient 6 h after an

oral dose of 30 mg 8-MOP and containing 45 ngjml of 8-MOP is given in Fig. 3.
No peaks interfering with the analysis of 8-MOP were observed when analysing

m
I

IT

I; 1b l'5;;;ir;

Fig . 3. Chromatogram from patient plasma containing 8-methoxypsoralen at a concentration of 45
ng/ml . For chromatographic conditions see Experimental section. I: 8-Methoxypsoralen; I l : un
known compound; ]1\: 8-butoxypsora len.
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Peak height a-Methox ypsor a len

Peak height standard

4.0

3.0

2 0

1.0

163

10 0 200 30 0

a - Methoxypsoralen
ng/ ml plasma

Fig. 4. Standa rd cu rve for the determinatio n of 8-methoxypsoralen in plasma.

blank plasma. A standar d curve for the determinati on of 8- MO P in plasma is given
in Fig. 4. The relat ive standa rd de viat ion was 2. 1%at 100 ng/rnl and 4. 2 %at 10 ng/ml
(n = 5).

8-Hydr oxy psoralen, a likel y metab olite o f S-MO P, did not interfere as it has
a longer rete ntion tim e than 8- BO P.

It is reason able to assume th at S-MO P can be metabolized to so me extent by
esterases to S-MO P-ac id, wh ich ca n t hen spo ntaneously re-Iactonize to 8-MO P. The
interference of S-MO P-acid in the determinat ion of S-MOP will depend on th eir
relat ive con centration s a nd the way the pla sma sa mples are handled (e.g. storage
time and temperature, pH used for the extraction). Plasm a co ncen tra tions of S-MO P
acid were determined in three patients, 1, 3 and 6 h after a n ora l dose of 30 mg of
S-MOP, using a method ba sed on ion pair extraction and GC-ECD9, but in all cases
were bel ow the det ect ion lim it of the technique « 10 ng/rnl plasma).

Plasma concentrations of8-MOP
The plasma levels of S-MO P in five patients receiving 8-MOP or ally are given

in Fig. 5 and show co nsiderable variation in the peak plasma levels (20-700 ngjrnl ).
Further pharmacokinetic stud ies are in pr ogress.
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F ig. 5. Plasma levels of 8-methoxypsoralen.
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The anal ysis of barbiturates has mostl y been ba sed on gas chromatography
(GC) or ma ss spectrometry with packed columns' :" , Since the separation of related
barbiturates appears to be a problem on packed columns, the use of suppo rt coated
open tubular (SCOT) columns" might be a solution. The chromatogra phy of barbi
turates as their 1,3-dimethyl der ivatives has been discussed by Brochmann-Hansen
and Oke". The disad vantage of using trimethylanilin ium hydroxide as a flash methyl
ating agen t is the appear ance of so-called "early peak s" from phenobarbital and some
other barbiturates. These were identifi ed by Osiewicz and collaborators" as breakdown
products. These peak s interfere with barbiturate s eluting at a lower column temper
ature than phenobarbital. Th e use of extract ive alk ylation's!" has the advantage that
no "early peaks " appear, and different a lkyl derivatives can easily be formed. For
these reason s a meth od for the determ ination o f barbiturate s in bod y fluid s of over
dose patients ha s been developed .

EXPERIMENT AL

Apparatus
A He wlett Packard 5720 A gas chromat ograph with a temperature program

ming unit and flame ionizati on dete ctor ( Fl O) was used. The SCOT column and
injection system were from SGE (N. Melbourne, Australia). The gas chromatograph
was equipped with an inlet system for the mak e-up gas.

Chromatographic system
The column was mad e of glass, 43 m X 0.5 mm, coated with SE-30 (type

GSCjSE-30jS). The GC condit ions were as follows: injection port 250°, detector
300°, oven temperature isothermal at 1700 for 4 min and then programmed from 170°
to 260 0 at 4°jmin. The carrier gas was helium at a flow-rate of 2 mljmin. The ma ke-up
gas for the FlO was nitrogen .

Chemicals and materials
. The barbiturates and glutethimide were obtained from manufacturers

their respective. Tetrabutylammonium hydrogen sulphate (TBA-HS04) was pur
chased from Lab Kemi (Stockholm, Sweden), and prepared as aI M solution in
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Compou nd R1 R2 R3

1 Methorbitol ethyl eth yl methyl

2 Borbitol ethyl ethyl hydrogen

3 Allobarbi tol allyl all yl hydroge n

4 Aprobarbi tal allyl isopropyl hydrogen

5 5,5-dipropyl barbituric acid propyl propyl hydrogen

6 Bu tethal ethyl but yl hydro gen

7 Amobarbital ethyl 3-meth ylbut yl hydrogen

8 Pentobarbital ethyl 1-methyl butyl hydr ogen

9 Yinbarbital e th yl I-meth ylbu t enyl hydrog en

10 Secoba r bi t al all yl 1-meth yl but yl hydrog en

" Hexobarbital methyl 1-c yclohexenyl met hyl

12 Glutethimi de

13 Phenobarbital ethyl phenyl hydrogen

14 5-allyl-5-phenyl barbituric acid allyl phenyl hydrogen

15 Heptabarb eth yl 1-cyclohept enyl hydroge n

Fig. I. St ructu ral fo rmulae of the bar bitura tes.

NOTES

I M sodium hydroxide. The charcoal used was " Norit A" , a neutral, pharmaceutical
grade obtained from Amend Dru g and Chemical Co., Irwingt on, N.J., U.S.A. It was
prep ared as follows : to ca. 500 mg of charcoa l were added 50 ml of distilled water
which was mixed thoroughly with a magnetic stirrer. All other chemicals were of re
agent grade .

Analytical method
A 0.5 ml plasma sample was mixed tho roughly with I ml of the charcoal

suspensio n and allowed to stand for a few minute s. After centr ifugation as much as
possible of the supernatant was aspirated off and discarded. Then 0.5 ml of 1 M
sodium hydroxide, 50,u1 of TBA-HS04 and 200,u1 of ethyl iodide were added to the
charcoal suspension and ext racted with I ml of dichl oromethane for 45 min. After
centr ifugation the aqueous phase was aspirated and the dichl oromethane layer was
transferred to a new tube and evaporated to drynes s in a sandbath at 40° under a
gentle stream of nitrogen . The residue was recon st ituted in 50 ,ul of hexane . Standards
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were prepared by the addition of known amounts of dru gs (see Fig. I) to human
plasma. Drug concentrations were obtained by plotting the peak-height ratio of drug
to internal standard.

RESULTS AND DISCUSSION

The ad sorption of drugs onto charcoal from plasma and urine is well known
and has been used as a clean-up procedure pr ior to GCll and liquid chromatographic
analy ses". Extractive alkylation can be carried out directly, which simplifies the
procedure to a single extraction step. The polar counter-ion , tetrahexylamm onium
sulphate, which gives a shorter derivatization time'", could not be used because it
conta ined impurities that would inter fere with some barbiturates. To achieve quanti
tative derivatization with the less polar TBA-HS04 it was necessary to extract for
45 min at room temperature. Thi s could, however, be speeded up by performing the
extraction in a thermo -block at a higher temperature. The eth yl derivati ves of all
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Fig. 2. Chro matogram of a spiked plasma sampl e: concentration of all drugs 20 ,ug/ml. Drugs num 
bered as in Fig. 1.* = peak from plasma.
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Fig. 3. Chromatogram of a plasma sample containing 19/1g/ml aprobarbital and 46 flg /ml yin bar
bital , Internal standards (5,5-dipropyl barbituric acid and 5-all yl-5-phenyl barbituric acid) were added .

TABLE I

MEANS (X) AND STANDARD DEV IATIONS (S.D .) FOR 21 S INGLE D ETERM INATIONS
ON PLASMA SAMPLES
- -_ .._--- - .- _ ._- -_.-
Drug Y (1Ig/ lIl t) • X (fl g/ lIl t) S.D.

I MetharbitaI 15.0 8.8 3.5
I" Metharbital 15.0 15.7 2.1
2 Barbital 14.4 10.2 3.4
3 Allobarbital 17.7 14.0 1.6
4 Aprobarbital 20.8 18.5 1.1
6 Buth ethal 15.0 14.6 0.6
7 Amobarbital 15.0 15.5 1.5
8 Pentobarbital 15.0 16.5 2.3
9 Vinbarbital 15.0 16.8 2.7

10 Secobarbital 14.4 16.0 2.8
11 Hexo ba rbital 16.5 17.8 1.5
12 Glutethimide 15.8 15.5 1.3
13 Phenobarbital 15.0 14.5 0.9
15 Hepta ba rb 15.8 16.1 1.0
-----_ .._ -- - - - ._ --- - _. . -- - -

* Known plasma concentration.
* * Ten determinations of metharbital with barbital as internal standa rd .
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drugs give a better GC separation. Glutethimide and the barbiturates are ethylated
in the nitrogen position. The structures of the barbiturates are shown in Fig. 1, and
a chromatogram from a spiked plasma sample is shown in Fig. 2.

Standard curves were determined for all barbiturates and glutethimide using
two different internal standards, dipropylbarbituric acid for barbiturates l-lO (Fig . 1)
and allylphenyl barbituric acid for the remaining barbiturates and glutethimide. The
range of the standard curves was 5-40 ,ug/ml and they showed a good linear relation
ship. The correlation coefficient varied from 0.969 (barbital) to 0.999 (butethal).
Means and standard deviations (S.D .) for 21 determinations at a concentration of
ca. 15 Jig/ml in plasma (all drugs added to spiked plasma) are in Table I. The quanti
tation of metharbital and barbital showed a higher S.D. depending on the large
differences in retention time to internal standard. This was shown by running lO
determinations of metharbital with barbital as internal standard (Table J). The
barbiturates are identified from their retention times. For positive identification the
retention time should not differ by more than 0.5 %from a standard sample containing
all barbiturates. No interference was found by running acetylsalicylic acid, para
cetamol, phenytoin, methaqualone or diazepam through the procedure. A chro
matogram of a plasma sample from a patient is shown in Fig . 3, and the peaks can be
identified as aprobarbital and vinbarbital. These barbiturates are in a multiple drug
"Dirninal-Duplex", one of the most common hypnotics in Sweden.

SCOT columns are not yet in common use but they appear to be preferable
to packed columns when barbiturate separation is a problem. An unsplit inlet system
can be used, and up to I pI solvent and 10 pg drug/peak could be injected without
any detrimental long-term effect or overloading. In the end step of the analyses, I pI
of hexane contains not more than I pg of each drug.

The method has been in use in our laboratory for more than a year, with good
results. The sensitivity of the method in 500 pi samples seems sufficient for detection
and quantitation in overdose patients.
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Note

Extractive alkylation of biological samples of c1ioquinol or chloroquinaldol
and determination by electron capture gas chromatography

PER HARTVIG and CHRISTINA FAGERLUND

Department of Pharmacy, University Hospital, Fack, S- 750 14 Uppsala ( S weden)

(Received March 16th , 1977)

The two 8-hydroxyquinolines, clioquinol (5-chloro-7-iodo-8-quin olinol) and
and cloroquinaldol (5,7-dichloro-2-methyl-8-quinolinol), which are frequently used
as antibacterial and antimycot ic agent s, are responsible for very severe side-effects
after oral administration. Despite the widespread use of these compounds, few
methods exist for their determination in biological samples' :", and none of these is
capable of measuring concentrations below 50 ng/rnl.

Recently a meth od appeared which uses extractive methylation of clioquinol
before analysis by gas chromatog raphy with electron capture detect ion (G C-ECD)4.
Quantitat ion of the meth yl ethe r derivati ve do wn to 10 ng/rnl of biological sample
was claimed. However, neithe r the poor stability of clioquinol in plasma or urine
samples, nor the rapid decomposition of the meth yl deri vative in heptane solution
was considered . Furthermore, the reaction condit ions would ca use pronounced
hydrolysis of the methylating reagent owing to a high co-extraction of hydroxide
ions into the organic phase.

In the present method tetrabutylammonium is used as counter-ion for the
phenolate as ion-pair, which is extracted into methylene chlor ide where methylation
occurs. The influence of pH on the reaction has been studied with respect to time and
degradation of formed derivative. The highl y selective electron capture respon se
enables determinations directly from urine or plasma samples with a sensitivity
equal to that of the pre vious method",

EXPERIMENTAL

Gas chromatography
A Pye GCV gas chromatograph equipped with a flame ionizati on detector

(Fl O) and a 63Ni electron capture detector (EC D) operated in the constant current
mode was used in the evaluation of reacti on condit ions and in the analysis of bio
logical samples, respectively. The glass column (150 x 0.2 ern) was filled with 3%
Ov-I? on Gas Chrom Z 80-100 mesh and operated at 215°. Injector and detector
temperatures were maintained at 290 and 300~ , respect ively. The flow-rate of nit rogen
carrier gas was 30 ml/rnin,
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Reagents and chemicals
Tetrabutylammonium (0.1 M) was prepared by neutralization of tetrabutyl

ammonium hydrogen sulphate (AB Hassle, Molndal, Sweden) and purified by washing
with equal volumes of meth ylene chloride four times and heptane twice. The tetr a
butylammonium solution was then diluted to volume with pho sphate buffer (pH 11,
t- > I).

Meth yl iodide , meth ylene chloride and heptane (U vasol quality) were obtained
fro m E. Merck (Darmstadt, G .F .R.). A saturated solution of silver sulphate in water
was used.

Chloroquinaldol was used as internal standa rd in the determination of clio
quin ol and vice versa. The y were dissolved and diluted to I {tg jml with buffer . Fresh
solut ions of c1ioquinol were prepared each day. fJ-Glucuronidase was obtained from
Sigma (St. Louis, Mo., U.S.A.).

Me thods
To evaluate the reaction conditions, c1ioquinol and chloroquinaldol (I mgjml)

were dissolved in meth ylene chloride (I ml) together with tetracosane (0.5 mgjml) as
interna l standard. After addition of methyl iod ide, the solution was shaken with 2 ml
of 0.1 M tetrabutylammonium in pho sphate buffer. The reaction was quenched by
washin g the organic phase with I ml of I M phosphoric acid , and I fll of the organic
phase was injected into the gas chromatograph equipped with FI D. The height rati o
of formed deri vati ve to intern al standard was then calculated .

To determine the minimum detectable concentration, a solution of the deriva
tives of c1ioquinol and chloroquinaldol , prepared in the mgjml range, was diluted
and 10 pg injected into the gas chromatograph with ECD5

•

The plasma or urine sample (0.1 or 0.5 ml) was made alkaline with two drops
of 5 M sodium hydroxide, and 0.1 ml of internal standard solution was added. To
this solution were added I ml of tetrabutylammonium solution, 0.1 M in buffer , and
sufficient water to make up to 2 ml , Thi s was sha ken for 30 min with I mlofmethylene
chloride and 100 fll of methyl iodide. After centrifugation for 15 min at 2500 rpm, as
much as possible of the organic phase was transferred to another tube, 0.5 ml of
heptane was added and methyl iodide and meth ylene chloride were completely
evaporated in a stream of nitrogen . Another 1 ml of heptane was added and the
organic phase shaken for 10 min with I ml of saturated silver sulphate solution.
Some microlitres of the organic phase were injected into the gas chromatograph.

A standard curve was prep ared by treating known amounts of the actual 8
hydroxyquinoline in plasma or urine according to the above procedure.

RESULTS AND DISC USSION

Reaction conditions
Rapid consumption of alkylating reagent in extractive alkylation procedures

at pH > 12 with the use of tetrahexyl- or tetrapentylammonium ion has been observed
by Gyllenhaal". The reduction in reagent concentration decreases the reaction rate
and hence the yield of derivative is low. As the con sumption is due to the co-ext raction
and alkylation of buffer anions, the use of tetrabutylammonium as counter-ion is
strongly recommended.
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For a short reaction time the acid should be completely ionized. The time
course of the methylation of c1ioquinol and chloroquinaldol is given in Figs. 1 and 2,
which show that a pH greater than 10 is required for rapid reaction. The highest '
reaction rate was observed at pH 12 although the yield decreased, most rapidly for
c1ioquinol, over prolonged reaction times. To avoid this effect a pH value of II was
used. The methylation was completed in 30 min, and the yield remained constant
for more than 3 h. The choice of buffer system was also emphasized by Gyllenhaal",

2 3
Hours

2

Fig. 1. Time course of the extractive methylation of clioquinol. Organic phase: methylene chloride
with 10% of methyl iodide. Aqueous phase: tetrabutylammonium ion, 0.1 M in phosphate buffer
(ft = I). 0 , pH 12; A, pH II, e, pH 10; 6 , pH 8.

3

Hours

Fig. 2. Time course of the extractive methylation of chloroquinaldol. Organic phase : methylene
chloride with 10% of methyl iodide. Aqueous phase: tetrabutylammonium ion, 0.1 M in phosphate
buffer (It = I). 0 , pH 12; A, pH II; e, pH 10.

After conversion into the methyl derivatives the 8-hydroxyquinolines are
amenable to GC-ECD. The presence of two halogen atoms renders the compounds
highly responsive to electron capture. The minimum detectable concentrations of c1io
quinol and chloroquinaldol as methyl derivatives were 0.5 and 1.6 X 10- 16 mole/sec,
or corresponding to an injected amount of 0.5 pg of c1ioquinol on a column with 1500
theoretical plates and with a retention time of 4 min. A reaction time > 2 h was
required with 2% of methylating reagent, whereas ca. 20 min was necessary with 20%.
In practice, 10% of methyl iodide was used.

Injection of the reaction mixture directly into the gas chromatograph was not
possible as methyl iodide and methylene chloride seriously disturbed the ECD. After
addition of heptane these were easily removed by evaporation. Tetrabutylammonium
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-- ----
Plasma Urine Phosphate buffer(pH7) Derivative ill heptane

- - ----
Clio- Chloro- Clio- Chloro- Clio- Chloro- Clio- Chloro-
quinol quinaldol quinol quinaldol quinol quinaldol quina I quinaldol

1.00 1.02 1.00 0.99 1.00 1.00 0.99 1.01
0.88 1.05 0.68 1.00 0.68 1.05 0.82 1.02
0.66 1.08 0.62 0.56 1.00 0.53 0.95
0.48 1.00 0.50 0.96 0.36 0.96 0.40 0.96
0.36 0.98 0.49 1.02 0.24 0.93 0.10 0.98

o
I
2
3
6

iodide. formed as a by-product, was removed using a saturated solution silver sul
phate in water?

Determination in biological samples
The stability of the two 8-hydroxyquinolines was studied in urine and plasma

samples at room temperature. The degradation was measured against an inert
standard (M irex'"), and the results are given in Table 1.The stability of clioquinol was
extremely poor and on ly 50 % remained after 3 days . Samples stored in a refrigerator
showed no degradation after 7 days. For minimum degradation the samples were
frozen immediately after sampling and were analysed not more than 3 days later.
Clioquinol was also unstable in buffer solution at pH 7, even if stored in a dark room.
A similar degradation of the methyl derivative of clioquinol in heptane solution was
observed. Chloroquinaldol was found to be stable under the above conditions.

TABLE I

STABILITY OF CLIQU INOL AND CHLOROQUINALDOL

Determination by G C-ECD by comparison to inert standard (Mirex '"), Concentration of 8-hy
droxyquinoline : 5 . 10- 6 M (I Ilg /ml). Values are the height ratio to the internal standard .

Day

The method has been used to determine clioquinol and chloroquinaldol in
plasma and in urine. The main fraction of the 8-hydroxyquinolines is excreted in the
urine as conjugated metabolites. The selectivity of the extractive alky lation procedure
to the conjugated metabolites was prev iously verified", The total amount of the com
pounds in urine was determined following enzymatic hydrolysis with,B-glucuronidase.
Interference from other metabolites is not likely.

Recti linear standard curves through the origin were obtained for the two
compounds in the range 25-150 ng added to plasma or urine samples. The method
was quantitated down to 10 ng of clioquinol in a 0.5 ml plasma sample. The relative
standard deviation was 6.6 % for 25 ng of clioquinol in 0.5 ml of plasma (n = 8).

The clinical applications of this study are reported elsewhe re",
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Note

High-performance liquid chromatographic analysis of gramicidin, a poly
peptide antibiotic

K. S. AXELSEN and S. H. VOGELSANG

Analy tical and Microbio logical Departm ents, H. Lundheck & Co. Ltd., 7-9 Ottiliavej , DK 2500
Copenhagen ( Denmark)

(Re ceived Ma rch 8th, 1977)

Gramidicin (Gdin), a polypeptide antibiotic isolated from tyrothricin, has
previ ou sly been fract iona ted into three maj or components by countercurrent distri
bution (CCD)I -3 and by droplet countercurrent chromatography (DCCC)4. There
were strong indications that each of the major components, designated Gdin A,
Gdin Band Gdin C, actu ally consists of two closely related components, designated
valine-gramicidin ([Val]-Gdin) and isoleucine-gramicidin ([Jle]-Gdin)5.

The gram icid ins are linear N-acylated pentadecapept ide-ethanolamides with
their terminal amino groups bloc ked by a formyl group. The structures of the indi
vidu al component s which have been elucid ated are show n in Fig. 16- 13 •

H CO- Y- GIY- L-Ala- D-Leu- L-Ala-D- Va l - \

- D - Leu-Z-D-LeU- L-Trp-n-Val-L- Val - - ··

LL-Tr p- D-Leu - L-Trp-N H(CH,),OH

Fig. I. St ruc ture of the gra micidin co mpo nents.

[Val]-Gd in A :
[lIej-Gdin A :
[Val]-Gdin B:
[lIej-Gdin B:
[Vall-Gdin C:
[Ilel-Gdin C :

Y

L-Val
L-li e
L-Val
t-Ile
L-Val
L-Ile

z
L-Tr p
L-T rp
L-Phe
L-Phe
L-Tyr
L-Tyr

Mol.wt.

1882
1896
1843
1857
1859
1873

This paper describes a high-perform ance liqu id chromatographic (H PLC)
method that provides an efficient analytical separation of the gramicidin components.
The method is used to determine the ratio of components in the World Health
Organi zation (WHO) internat iona l reference preparati on of gra micidin!" and to
study the effect of recr ystallizations on rat io of compo nents.

EXPERIMENTA L

Materials
The WHO internati onal reference preparation of gram icidin (and the U .S.

Fo od and Drugs Administration internal working sta nda rd) is identi cal with crystal
line gra micidin lot No. 27 produced by H. Lundbeck (Copenhagen, Denmark)" .
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After an initial determination of the ratio of components this was used as the
HPLC wor king standard.

For the identificat ion and quantificat ion of compo nents in the working
standa rd, relati vely pure components were avai lable from a CC D separatio n per
formed by Dr . Lyman C. Cra ig of the Rockefeller Inst itute, New York'".

A non-purified gramicidin was used as starting material for the recrystalli
zat ion exper iment.

Recrystallizations
A sat urated solutio n was prepared in 96%eth anol by gentle heating, and was

left in a refr igerat or for 48 h. The crystals were filtered off and dried in a vacuum oven
at 60° for 5 h. Eight consecutive crystallizations were performed.

High-perf ormance liquid chromatography
A DuPon t 830 liqu id chro matog raph was used, with a DuPon t 837 spectro

photomet er detector ope rated at a wavelength of 220 nm . The column was a 25 em X

2.1 mm 1.0. sta inless steel column prep acked with Zorbax ODS (DuPont,Hitchin,
Great Brita in), which is a microspheroid al silica pack ing with a chemically bonded
octadecyl stationary phase (particle size 5 .um). The column was operated at 60Q and
at a pressure of 2000 p.s.i.

The mob ile phas e was a mixture of anal ytical grade methanol and a 0.005 M
aque ous solution of amm onium sulphate in the ratio 74:26. Samples were dissolved
in th e mob ile phase and introd uced into the column by mean s of a six-po rt valve
with a 10 It I loop corresponding to an injected amount of I .ug gramicidin.

RES ULTS AN D DISCUSSI ON

The ref erence preparation
A typical chromatog ram of lot No. 27 is show n in Fig. 2, and as expected

from CC D and DCCC data, the elut ion sequence turned out to be:

[Val]-Gdin C
[lIe]-Gdin C
[Val]-Gdin A
[l1e]-Gdin A
[Val]-Gdin B
[l1e]-Gdin B

i
t

increasing lipophilicity

The quantitative determination of components showed that lot No. 27 conta ins 78% .'
wjw Gdin A, 14%wjw Gdin C, and 8 %wjw Gdin B. The amount of [I1e]-Gdin in
each of the se is from 10 to 15 % w/w. The se values are listed in Table I and compared
with values calculated on the basis o f an amino-acid analysis!" and the basic structures
shown in Fig. I. A very good agreement is ob served.

The recrys tallization experiment
It has been observed that the gra micidin components show quantitati ve

differences in thei r antibacterial activity, and it is doubtful whether reliable micro-
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Fig. 2. Crystall ine gramicidin lot No. 27. Chromatogram showi ng the separation of : [Val)-Gdin C
(l ), [Jle]-Gdin C (2), [Val]-Gd in A (3), [Jle]-Gd in A (4), [Val]-Gdin B (5), [lIe]-Gdin B (6).

biological assays can be performed if the sample and the standard prep aration have
different component rati os. Con sequently it is of great importance that the influence
of manufacturing procedures, such as recrystall izations, is known.

The ratios of components found in the amorphous starting material and in the
crystalline fractions obtained are shown in Fig. 3, from which it appears that the
ratios are influenced considerably by the first three or four crystallizat ions. Additional
recrystallizat ions have little effect. It also appears that pure Gdin A cannot be ob
tained in thi s way. The influence ofrecrystalJizations on melt ing points and solubilities
of gramicidin has previously been reported 15.

Other applications
The HPLC method described is not restricted to gra micidin ana lysis. It is also

TABLE I

CRYSTALLINE GRAMICIDIN LOT No . 27 HPLC RESULTS COMPARED WITH CAL
C ULATED VALUES BASED ON AMINO-ACID ANALYSIS AND THE BASIC STRUCTURE
OF THE COM PONENTS (Fig. I)

Components

[Val] + [Ile]-Gdin A
[Val] + [lIe]-Gdin B
[Val] + [Ile]-Gd in C

[lIe]-Gdin A + B + C

Quantitative determination
by HPL C (%w/ II')

78
8

14

10-15

Calculated on the hasis oj
amino-acid analysis' (% 11'/w)

79 "
7

14

14

• 0.98 % lie , 1.31% Tyr, 0.58% Phe (% w/w as free amin o acids) .
•• Calcul ated as difference.
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Fig. 3. Relationsh ip between the ra tio of co mponents (G din A, Gdin B, and Gdin C) and the num ber
of recrystalli zation s perfo rmed.

applicable to tyrothricin (gramicidin and tyrocidin), and to any intermediate between
fermentation broth and crystalline gramicidin.

Fig.4 shows a chromatogram of an extract of a fermentati on broth. Several
peaks are seen in the tyrocidin area , and it appear s that a fermentati on broth contains
considerably more Gdin C than a crystalline grami cidin.

,--- - - - - - - - - 7 - .-- - - - - - - ---,

I
co MINUTES

I
JO

5 ( 6)

,. .- --_. -- --- - _.-r--'--'---~--------r----

10 20

L
I
o

Fig. 4. Chro ma tog ram of a fermentati on broth showi ng gra micidins (1-6) (Fig . 2) an d tyrocid ins (7).

CONC LUSIO N

HPLC has pro vided a rapid and powerful tool for the component analysis of
gramicidin and its intermediates. From an analytical point of view HPLC is con
siderably more efficient than earlier applied CC D- and DCCC-separations. The
separation of gram- size samples would, however , requ ire a very large and costly
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increase in scale, and from a preparative point of view CCD- and DCCC-separations
are still to be preferred.
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Note

Improved thin-layer chromatographic method for the separation of major
phospholipids and glycolipids from plant lipid extracts and phosphatidyl
glycerol and bis(monoacylglyceryl) phosphate from animal lipid extracts

MOBASH SH ER- UDDIN KHAN a nd JOHN P. WILLI AM S

Department of Botany, University of Toronto , Toronto, Ontario M5 S IA I ( Canada)

(Receive d March 22nd, 1977)

A large number of so lvents and stati onary phases exist for the sepa ration of
both plant and an imal glycero lipids using both one- and two-d imensional th in-layer
chro ma tog raphy (TLC)I -4. T wo-di mensional T LC, while providing the best sepa
ration , is tim e con suming a nd o ften results in oxidat ion of some of the poly-un satu
ra ted fatt y acids of the lipids. A further disad vantage is that the amo unt of lip id that
can be ap plied to a plate is very limited. On the whole, the one-dimensional TLC
systems th at exist do not co mpletely separa te all plant lipid s. Similarly no one
dimen sion al T LC system has been reported tha t satisfacto r ily and co ns istent ly
separate s phosphat idyl glycero l and bis(monoacylglyceryl) ph osph ate from animal
tissues.

In our work with phospho- and glyco lipids fro m plan t tissue we needed a
rapid and complete sepa ratio n o f indiv idua l lipids for quantit a tive ana lysis by gas
liquid chroma tography. Man y of th e TLC systems used to sepa rate plant lipid s did
not separate phosph ol ipids from th e galact olipids, particularly digalactosyl d iglycer ide
(DG DG) , and often result ed in co nsiderable ove rlap of other ph osphol ipids a nd
glyco lipids. The so lvent system o f Pohl et al,' provided goo d separa t ion of mon o
galactosyl diglyceride (MG DG) and DGDG but d id not separate phosph atidyl
glycero l and ph osph atidylethanolamine consistently. We rep ort here a TLC system
whic h not onl y a llows a highly rep roducible sepa rat ion of plant lipids but also sepa
rates ph osphat idyl glycero l ( PG) and bis(mon oacylglycer yl) phosphate (bis- MP) fro m
the crude lipid extr act s of va rio us mammal ian ti ssues.

MATER IA LS AND ME T HO DS

Plant lipids
Lipids were extrac ted from leaves of Vida fa ba by hom ogen izat ion in a high

speed blender (VirTis Model 45, Fi she r Scientific) with chl oroform -methan ol (2:1,
vjv) . Lipid extrac ts were filtered th rou gh PT FE- coated Millipore filter s and was hed
thoroughl y with chloroform- met ha no l (2 : I) a nd chloro for m. Water so luble non
Iipid conta minants were removed by the method of Williams and Merrilees", The
chloro form solut ion of lipid s was dr ied in a flash evaporato r, redisso lved in a suitable
volume of ch loroform and sto red under nit rog en in a freezer until use. La belled
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lipid s C4C) were extracted from leaf discs infiltrated with [I4C]acetate solution or
fed 14C02 in light (1100 ft_C.)6,7.

Animal lipids
Male rat s of the Wistar stra in, weighing 200-250 g, received chlorphentermine

(50 mg jkg) intraperitoneally for two weeks", Animals were killed after fasting for
16 h, livers and spleens were removed and the lipids were extracted with 19 volumes
of chloroform-methanol (2:1). The crude lipids were purified according to the
method of Folch et at".

Purification of bis(monoacylglyceryl) phosphate
Male Wistar rats weighing 200-250 g were fasted for 16 h before sacrifice.

Livers from 2 rats were removed and the lipids were extracted as described previously.
Lipids were dissolved in 100 ml of methanol-chloroform-water (60:30 :8) and put
on to a DEAE-Sephadex column, 30 x 2.5 cm (ref. 10). The column was eluted
sequentially with 1 I of methanol-chloroform-water (60:30:8) and I I of methanol
chloroform-0.2 M sodium acetate (60:30:8). The acidic phospholipids, containing
bis-MP, were eluted with the second eluting medium and were concentrated. The
lipids were redi ssolved in 25 ml of chloroform-methanol (2 : I) and sodium acetate
was removed by washing with water. Lipids were concentrated and chromatographed
to separate bis-Mf'!' . After elution from the gel the lipid was rechromatographed to
check the purity'>. A single spot of bis-MP was detected after spraying sulphuric acid
and charring at 150°. The purified bis-M P was used as a reference compound.
Phosphatidyl glycerol standard was purchased from Supelco.

Preparation ofTLC plates
Normal silica gel G plates were prepared by applying a slurry of 40 g of gel

in 100 ml of water to glass plates (20 x 20 ern) at a thickness of about 0.37 mm using
a Desaga spreader. Ammonium sulphate impregnated plates were prepared by sub
stituting 0.15 M ammonium sulphate solution for water. Both types of plates were
left at room temperature for 5 min and then dried in an oven at 110° for 4 h. The
plates were cooled to room temperature just prior to use. If the plates are stored at
room temperature they must be activated for I h at 110° before use.

Application of samples and developing solvents
The samples and reference compounds were dissolved in chloroform or

chloroform-methanol (2: I) and applied to the plate in a band with a glass applicator.
The TLC chambers were lined on both sides with filter paper saturated with the
chromatographic solvents. The ammonium sulpha te impregnated plates were devel
oped in acetone-benzene-water (91 :30 :8). For comparison normal plates were
developed in the same solvent and also in chloroform-methanol-water (65 :25 :4)2.
The plates were developed by the ascending technique until the solvent front had
reached a distance of 2 cm from the top whereupon they were removed and dried
under nitrogen.

Identification of lipids
Lipid bands were identified using reference compounds and appropriate spray
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reagents. The following spray reagents were used: phospholipid spray reagent of
Vaskov sky and Kostet sky!' , ninhydrin (2 %in ethanol) for phosphatidylethanolamine
and phosphatidyl ser ine, cresyl-violet acetate for sulphoquinovosyl diglyceride' ".
Lipids were also visualized by charring the plate s after spraying with sulphuric acid .
When the lipids were used for subsequent GLC analysis, chromatoplates were
sprayed with 2',T-dichlorofluorescein and visualized under UV light.

Gas-liquid chromatography
Fatty acid methyl esters of individual lipids were prepared as described

previously" and analysed on a dual-column gas chromatograph (Packard Model 7401)
equipped with flame ionization detector and a digital integrator (Infotronics Model
C RS 208). Samples were injected onto a glass column (4 mm X 180 ern) packed with
10%EGSS -X on Chromosorb P and run isothermally at 180°.

RESULTS

Plant lipids
The autoradiograph s of 14C-Iabelled lipids separated by three different chro

matograph ic systems are shown in Fig. I. Although the so lvent system chloroform
methanol-water (65 :25:4) allowed a distinct sepa ration of MGDG from the rest of
the lipids, the nearly equ al RF values of PG and PC , PE and DGDG and the complete
overlapping of PE with an unidentified lipid mad e the who le system difficult to use
for qualitative as well as quantitative studies (see legend of Fig . I for abbreviations).
Besides, the lipid band s were often contaminated with pigments. The TLC system
recommended by Pohl et al.' was used to separate galactosyl diglycerides but the
sepa ration of phosphol ipids was found to be very inconsistent and often resulted in
the overlapping of PG with PE, and SL with the unidentified lipid. The method
described here offered advant ages over the abo ve TLC techniques because of the
complete separation of PC, PE, PG and SL as well as the galactosyl diglyceride s. With
the exception of PG and the unidentified lipid , the mobilities of the glycolipids and
the ph ospholipids were not significantly different fro m the system used by Pohl et al.
In order to check the purity of each of the se lipids, ind ividual lipid s were separa ted
by preparati ve TLC, eluted from the gel and rechromatographed separately by the
above three systems; each lipid gave a single band .

Fatty acid methyl ester s of individual lipid s separa ted on amm onium sulphate
plates were prepared? and analysed by G LC; each lipid showed its characteristic fatt y
acid profile (Table I). Trans-/P-hexadecenoic acid is only found in PG and thu s used
as a marker for PG in green photosynthetic tissues. Galactosyl diglyceride s were
obtained free of contaminants. G LC analyses of deac ylated products of MG DG and
DGDG, as reported previously", was used to confirm their identity.

Animal lipids
PG and bis-M P are present in mamm alian tissues in such small quantities that

it becomes impo ssible to separate and detect them by two-dimensional TLC unless
the lipid s are previously labelled with radi oactive precursors. Attempts were made
to increase the level of bis-M P in liver and spleen by drug treatment and the total
lipids were chromatographed by using our chromatographic system. The details of
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Fig. I. Autoradi ographs of TLC plates co mparing the three different systems em ployed during the
separation of 14C-labe lled lipids from Vicia faba lea ves. A, silica gel G plates in chloroform- methano l
water (65 :25 :4) ; B, silica gel G plates in ace to ne-benzene-wa ter (91:30 :8) : C, am mo nium sulphate im
pregnat ed silica gel G plates in acetone- benzene- wat er (91:30 :8). 0 = origi n ; PC = phospha t idyl
cho line; PE = phos pha t idy letha no lamine; PG = phosph at idyl glycero l; MGDG 0 ' 0 monogalactosyl
d iglyceride ; DG DG = digalactosyl d iglycer ide ; SL ~ sulphoq uinovosyl diglyceride ; UL = un
ide ntified lipid ; PIG + NL = pigments a nd neut ral lipids.

T ABL E 1

FATT Y AC ID CO MPOSIT IO NS (mo le %) O F PH OSPHOLIPIDS AND G LYCO LIPIDS FRO M
GR EEN LEAVES OF VIC IA FABA

For abb reviat ions of lipids, see legend to Fig. 1.

Lipids No. ofCat . ill fatty acid: /10 . ofunsaturated bonds Quantity
(I"I/o/e/g

/6:0 16:/ /8:0 /8: / /8 :2 18 :3 f resh wt. }

PC 19 3 14 49 15 1.90
PE 28 3 6 45 18 0.64
PG 40 I I 2 6 16 25 0.83
MGDG 3 trace 2 9 85 2.96
DG DG 10 3 I 4 82 1.72
SL 28 4 5 17 46 0.29
U L 23 4 6 17 50 0.16
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Fig. 2. TLC of total lip ids from ra t liver and spleen . Samples in lan es 1- 3 are refe rence co mpo unds of
PG -I- bis-M P, sp leen and liver lipids, respecti vely. Samples were applied to silica gel G plates im
pregn ated with ammonium sulpha te a nd developed with aceto ne-benzene- water (91 :30 :8).

TABLE"

FATTY ACID COMPOSITION OF BIS(MONOACYLGLYCERYL) PHOSPHATE DERIVED
FRO M RAT LI VER AN D SPLEEN TISS UES AFTER TREATM ENT WITH C HL OR
PH ENT ERMI NE (50 mgjkg)

Fatly acid (no. 0/ C at.:
/10 . ofunsaturated bonds)

% hy weight

Liver Spleen

14:0
16 :0
16:1
18 :0
18 :1
18:2
20 :0
20:1
Unidentified
22:0
20:5
24:0
24:1
Uniden tified
22:6
Unidenti fied

tr '
3
I
3
8
7
1
I

tr '
3
2
I
2
3

64
1

2
9
3
2

37
19
tr '

2
2
4
2
4
2
2
6
3

, Trace am ount. < 0.5 %.
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the drug effect on the metabolism of phospho- and glycolipid s will be publi shed
elsewhere",

Fig. 2 shows the separation of bis-MP from total lipids extracted from liver
and spleen tissues of rat s previously treated with chlorphentermine. Most non-acidic
phospholipids remained near the origin whereas bis-MP moved further up the plate
and also separated distinctly from its closely related lipid , PG . Thus the two lipids
can be scraped out of the plate with the silica gel and recovered quantitatively. Fatty
acid meth yl esters were prepared from bis-MP and analysed by GLC. The percent
composition of the fatty acids of rat liver bis-M P (Table 11 ) were very similar to the
results obtained from liver "tritosomes"! ".

DISCUSSION

The use of ammonium sulphate to minimize absorption effects has previously
been recommended by Chal vardjian et al." , Mangold and Kammereck!" have used
silica gel G TLC plates impregnated with 10% ammonium sulphate for the separation
of phospholipids and strong acidic fatty acid derivatives. Horrocks'? has employed
ammonium sulphate to suppress the streaking problem in some phospholipids.
Recentl y, Walker" has reported a technique to detect the lipid s separated on silica
gel G TLC plates impregnated with ammonium sulphate, simply by charring.

The present method utilizes the solvent system of Pohl et al. that was used
to separate plant phospho- and glycolipids on silica gel G plates, and the purpose of
using ammonium sulphate impregnated silica gel G plates is to modify the mobility
of some acidic phospholipids. In contrast to many methods for the separation of
lipid s thi s system has proved to be a rapid technique which gives reproducible results
and allows a complete separation of the major phospholipids and glycolipid s. The
chromatoplates can be loaded with the plant lipid extract equivalent to 1.5-2 mg of
chlorophyll (8-10 ,umoles of lipid s) and separation is complete in 40-45 min.

Since PG and bis-M P are present in most mammalian tissues in extremely
small quantities" a large amount of total lipid extract sho uld be loaded onto a TLC
plate in order to detect these lipid s. The advantage of the TLC system reported here
is that it can be loaded with approximately 10-12 mg of total lipids and still give
excellent separation of PG and bis-MP. We believe this method should be useful for
scanning and quantitative recovery of phosphatidyl glycerol and its derivat ives
synthesized during incubations of rat liver mitochondrial preparations with cytidine
diphosphate diglyceride and radioactive sll-glycerol-3-phosphate. .
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Book Review

Modern methods ofchemical analysis, by R. L. Pecsok, L. D. Shields, T. Cairns and I. G. McWilliam,
Wiley, New York, Santa Barbara, London, Sydney, Toronto, 2nd ed., 1976, XVIII + 573
pp., price £ 13.50, US$ 21.50, ISBN 0-471-67662-4.

This is the second edition of a student textbook on instrumental analytical techniques first
written about ten years ago and it takes recent developments into account. Although the word "chemi
cal" appears in the title, gravimetric and volumetric analyses are not included in this publication, since
these are usually dealt with in chemistry courses. The authors' aim to reach a compromise between
an elementary survey and a sophisticated treatment in depth has been successfully achieved, so that
the book will appeal to chemists and non-chemists alike.

The book, divided into eight sections, opens with 114 pages covering phase changes and sepa
rations. After introducing and developing the concepts of distribution coefficients and flow-through
columns, chromatography is dealt with in four chapters (70 pages). The first of these describes the
various forms of chromatography and basic theory. The second chapter discusses the whole range of
liquid chromatography in columns. However, the modern version of high-performance liquid chro
matography only occupies a page and a half. Judging by its content, it was written in 1972, i.e. a long
time ago at its present rapid rate of development.

A third, short chapter describes layer techniques, whilst the final and strongest chapter in this
section gives a satisfactory introduction to the student of gas chromatography. Two further sections
of direct interest to the chrornatographer, which were not in the original edition, discuss statistics and
data processing, automatic and process analysers.

Other parts of this book include a very strong section on electromagnetic radiation (partic
ularly infrared, atomic absorption, X-ray and nuclear magnetic resonance spectroscopy), mass
spectrometry, electro-analytical and radiochemistry, acid-base and complex ion equilibria.

The book is well organised into self-contained sections, with a well-presented text and clear
diagrams, all of which contribute to enjoyable reading. Whilst the book is clearly aimed at the student
population, it will also enable the specialist chromatographer to revise his understanding of the prin
ciples of other analytical instrumental techniques, which he may have neglected in recent years.

Abingdon (Great Britain) R.AMOS
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11. ORGANIC ACI DS AND LI P I DS

11a. Organic acids and simp~e es ter s
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2 1 . PURINES, PYRI MI DI NES , NUCLEIC ACIDS AND THEIR CONSTITUENTS

21a. Purines , pyrim idines , nuc Zeos i des , nucZeot i des
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s ub s tanc e s , amines .

3820 Migdalop , B.H . : A s imple device f or mak ing c h a n ne ls i n pre- c oated thin - layer
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chr o mat ography p late s f or u s e o f t h e c l assroom . J . BioI . Educ . , 10 , No . 1 ( 19 76 )
15- 18 ; C. A. , 84 ( 19 76 ) 178968u .
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i mpr egna t ion wi t h f ormamide i n wate r , d im e t h y l f ormamide in ace tone. Tr ansver s e
gradie nt f o r the s e l e c t i o n o f o p t i mum i mpr e g na t i o n . Degr ee of i mp r e gnati on f rom
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hex ane o n Kiese lge l G l a y e rs . ) Z. Chem. , 16 ( 19 76 ) 15 5- 156 ; C.A . , 85 ( 19 76)
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p r oduc t s in wa ste wa ter s by th i n - layer chroma tography .) Zh. Anal . Khim. , 31
( 19 76) 198-200; C. A. , 8 5 ( 1976) 67638 n .
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Hs ieh , D. P . H. , Lin , M.T . , Yao , R. C. a nd Singh , R. : Biosynthesis o f a f latoxin .
Conversion o f nors o l orinic aci d a nd o t her hypotethica l i nter me dia tes in t o
aflatoxin B. J . Agp . Food Chem. , 24 (1 9 76 ) 1 17 0-1174 .
Inno c e n ti, ~ . , Dall' Ac qua, F . and Ca po r a le , G. : I nves t i ga tion o f the cont e nt
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1 1. ORGAN I C ACI DS AND LIPIDS

l l a . Organic acids and simple esters
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Ne f f, D. N. a nd Bernste in, A.: Pu r i f i c a tion and phy s i ca l chara c t e r i z a tion o f
col i c i n 0 111 . Arch. Bi ochem. Biophys . , 17 6 ( 1976) 14 4- 15 3 - i s o e l e ctri c
f o c using, SDS- po lyacr y lami d e ge l .
Rama gopa l , S.: Ac c umulation o f f r e e r i bo s o ma l pro t e ins S I , L7 and L12 i n
Escherichi a coli . Eur . J . Bi ochem. , 6 9 ( 19 76) 28 9 - 297 - poly a crylami de ge l.
S t epien, P. P . : Pa r t i a l p u r i fication of methionine binding protein from
Aspergi l l us ni dulans by affinity chro matogr aphy . Biochim . Biophys . Act a, 43 9
(1976 ) 154- 159 - SDS-polyacrylamide g e l .
Yoshikawa , M. , I wa s ak i , T . , Fuji i , M. and Oogaki, M. : Isolation and s ome
properties of a subt i lisin i nh i b i t o r form barley . J. Biochem. , 7Y (1 976 ) 765
- 7 7 3 - p oly a crylamid e g e l .

2Gb . Plasma prot ei ns

426 3 Ac a d e mi a Si n i c a , Shanghai Insti t u t e o f Bioc hemi s try , Ch i n a : (Ra dio - c oun t e r
- cur r e n t-e l e ctropho r eti c as s a y f o r t h e qua n t i tativ e esti ma t i o n of a -fe t op r o te in) .
Sheng Wu Hoa Hsueh Yu Sheng Wu Wu Li Hsueh Pao, 7 (1975 ) 53 - 58; C.A. , 8 5 ( 1976)
15 59 4 9v .

4264 Chuguev, Y.P ., Strongin , A.Ya . and So va , V.V.: ( Iso e l e c t r i c f ocusing of p lasma
membrane p roteins f r om t h e cel ls of s ea urchin embryos St pongyloaentrotus
i nt ermedi us) . Biokhimi ya, 41 ( 1976) 171 3-1 71 6 - isoelectric f ocus ing .

4 26 5 Dennis , M. , Arning , C . , Horst , H. J. and Krieg , M. : Two methods f o r the routine
determination of sex hormone -binding g l ob u l i n c apa c i ty in human plas ma . Act a
Endocr-ino l., (Copenhage n) , Suppl. , 8 2 ( 1976 ) 27 -29 ; C. A. , 8 5 ( 19 76 ) 43325g .

4266 Grant , G.A . and Suttie , J .W. : Rat p r o t h r ombi n : Purification , c ha r a c t e r i za t ion
and act ivation . Arch. Biochem. Biophys . , 176 ( 19 76) 6 50 - 66 2 - SDS
- polyacrylami d e ge l .

4 267 Hab e e b , A.F . S .A a nd Atass i , M. Z . : A f r a gment comp r ising the l a s t third o f
b ov i n e serum alb umi n which accou nt s for a l mo s t all t h e antige n i c r eactivi t y of
the nat i v e protein. J . Bi ol . Chem. , 2 5 1 (1976) 46 16 -462 1 - polya c r ylami d e ge l .

4268 Henr i k s e n, 0 . , App e lla, E . , Smi t h, D. F . , Tanig a k i, N. a nd Pre s s ma n, D. :
Comp a rativ e c h e mical a nalyse s o f t he alloan t i genic fragme nts of HL-A ant igens .
J . Bio l . Chem. , 25 1 ( 1976) 4214-4 2 19 - polyacrylamide ge l , cel lulo s e .

4269 Hert el , Z. and J ane cki , J. : (De terminat ions of serum protein fractions b y the
microe lectrophoresis on cel lulose acetate met hod) . Diagn. Lab. , 12 ( 19 76)
81-87; C. A. , 85 (1 976 ) 139 340j.

42 70 I i da, H' I Has egawa , I. and Nozawa , Y.: Biochemi cal s t ud i e s o n abnorma l
erythrocyte membranes . Pr o t e i n abno rmality o f erythr o cyte membrane i n biliary
obstruction . Bi ochim. Biophys . Act a, 44 3 ( 19 76 ) 394- 4 0 1 - SDS- po l ya crylamide
gel.

4 27 1 Kir k patri c k , F .H . , Woods , G. M. , We e d , R. I . and La Ce lle , P .L . : Fr a c t i o natio n
o f spectrin b y diff e r e n t i al p r e c i p i t a t i on with cal c i um. Apch. Bi ochem.
Biophys . , 17 5 ( 1976) 36 7 - 37 2 - SDS-polyacryl amide gel .

42 72 La pk i n , M.M. and Pe trenk o , V. D. : (Unifica t i o n of s ome met hods fo r s t u dy i ng
polymo r ph i c blood systems ) . Pol i mopf i zm Be l kov Ispol ' z . Eg o se l. , ( 19 7 4 )
59 - 6 2 ; C. A. , 8 5 ( 197 6) 11 89 55y.

4 27 3 Orekhova , T.A . : (Use of v e r t ical d i s c e lectrophore s i s i n polyacrylamide ge l
f or determi n i ng h aptoglo bin g roups i~ liqu id b lood ). Sud. - Med. Ekspe pt . , 19
( 1976) 43 ; C. A. , 8 5 (1976 ) 4 1661q - polyacr y l a mi de g e l .

4274 Strukova , S .M. : (P r o thrombin a ctivation by immobil i ze d thromb in ) . Biok hi mi ya,
4 1 ( 19 76 ) 6 43 - 6 49 - po l yacr y l ami d e g el .

4275 Summaria , L " Spitz , F . , Ar z ado n , L. , Boreisha , I . G. an d Robb i n s , K. C. : I
Isola t ion and c haracterization o f t h e a ff i n i ty c h r oma t o g r a p h y f o r ms o f human
Glu- a nd Lys-plasminogens and p lasmins. J . Biol . Chem. , 251 ( 19 76 ) 3693-36 99 
- polyacrylamide ge l .

4276 Tolochko, G.V . a nd I v a no v, L . V.: (Comparat i v e study o f b lood ser um proteins
by paper and agar - g el electro p ho r e s i s ) . Tez isy Dokl . - Konf . Belopuss . Biokhi m.
a-Va, 2nd, ( 19 74 ) 50 -51 ; C. A. , 85 ( 1976) 15594 7t.
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4 277 Azuma , N. : Ca lcium s ensitivi ty of abalone , Haliot i s di scus , myosin . J.
Biochem. , 80 ( 1976) 18 7- 189 - SDS- p olya crylamid e gel .

4 278 Dab rowska , R. , Podlub na ya, Z. , Nowa k, E . and Drabi kowski , W. : Interaction o f
tropomyosin with troponin compo nent s . J . Bi ochem. , 80 (1976) 89-99 - SDS
- po l y a cryla mi d e gel .

4279 Li ch t e n s t e i n, J . R. , Ba uer , E . A. and Uitto, J. : Cle avage of human fibroblas t
type I p r o collage n b y mamma li a n collag e na se : Demons t ration o f amino- a nd
carboxy-terminal extension peptides . Birchem. Bi ophys . Res . Commun. , 73
( 19 76 ) 665-672 - polyacrylamide gel .

4 280 Mar uyama , K. , Kamiya , R. , Kimu ra , S . a n d Hatano , S . : 8- Ac t i n i n - l i k e prote in
f r om p l asmod ium. J . Biochem. , 79 ( 19 76) 709-715 - SDS-polyacrylamide g el.

20d. ppotamines , his tones and ot he p nuclear ppotei ns

4 281 Ar f mann , H. -A . and Sh altiel , S .: Resolutio n and purifi catio n of hi s tone s o n
homo logous series of hydro c arbon-co ate d a garo s e s . Eur . J . Biochem. , 70 ( 19 76 )
26 9-274 - pol yacrylamide ge l .

428 2 Baca, a .G . a nd Bodle y , J. W.: U.V . induced covalent c rossl ink i ng of E. coli ..
r i bosomal RNA t o spe c i f i c p r o teins. Biochem. Bi ophys . Res . Commun. , 70 ( 19 76)
1091 - 10 96 - polyacry lamide ge l .

4 283 BlGthmann , H. : Specifi c binding o f a nonhis tone chr omos omal p r otein from
l ympho c y t e t o DNA. Eur . J . Bi ochem. , 70 (1976) 23 3- 240 - polyacry lamide gel.

4 284 Dickerma n , H.W., Che ng , T .-C., Kaz aian, H.H . , J r. a n d Spivak, J .L.: Th e
erythropoietic mouse s p l e e n - a mo del system o f developmen t . Arch. Biochem.
Biophys . , 177 ( 197 6) 1- 9 - SDS-polyacry lamide gel .

4 285 France schi , R.T. and Kim , K. -H . : Studies on t he stability of chromatin f r o m
hen ovid uct . Arch. Bi ochem. Bi ophys . , 176 ( 1976) 489- 5 00 - po lyacr y l ami de gel.

4 286 Georgiev, G.P. a nd Varshavsky , A. Ya . : (S truct ura l o rgani zation o f chromatin) .
Biokhimi ya, 41 ( 19 76 ) 173 1-1740 - po l yacrylamide ge l .

42 87 Gof f , C . G. : Histones of Neurospora crassa. J . Biol . Chem. , 25 1 ( 1976 ) 413 1
-4 138 - polyacrylamide g e l.

4 288 Hogmann , P . , Tobey, R. A. a nd Gurley, L . R.: Phospho rylation o f d istinct r egio ns
o f f l his tone. Rela t ionship t o t h e c e l l cycle . J . Biol . Chem. , 25 1 ( 19 76 )
3685-36 9 2 - paper , polyacrylamide gel .

4289 La sti c k, S.M . a nd McConk ey, E . H. : Exchange a nd s t ab i l ity of HeLa ribosomal
prot e i ns in vivo. J . Bi o l . Chem. , 25 1 ( 1976) 286 7-287 5 - p olyacryl a mide g e l .

4 290 Moll , G.W. , J r . and Kai ser, E. T . : Phosphorylation of h istone catalyze d b y
a bovine brain p rotein kinase. Pr o t ein kinase a s s ay emp loing polyethy leneimine
-cel lulose t hin l a yer s he e ts . J . Biol . Chem. , 2 5 1 ( 1976) 3993 -4000 .

4 291 Patel, N.T . a n d Holoubek, V. : Prot ein composi tion of liver nucle ar
ribonuc leoprotein particles of rat s fed car c inogenic aminoazo d y e s. Bio chem.
Bi ophys . Res . Commun. , 73 (1976 ) 1 12-1 19 - po l yac r ylami d e gel .

4 29 2 Ricquier , D. a nd Kader, J .-C.: Mitochondr ia l pro tein a lteration in acti ve
b r own fat : A s od i um dode c y l sulfat e-polyacrylamide g e l e l ec t r opho r eti c study.
Bi ochem. Biophys . Res . Commun. , 73 (1976) 577-58 3 - polyac r y lamide g e l .

4 29 3 Ruiz- Carrillo , A. , Wangh , L .J . a nd Allfrey , V.G . : Selective synthesis a nd
modification of nuclear proteins during ma t u r a t ion o f a v ian e ryt h r o i d cel ls.
Ar ch . Bi ochem. Bi ophys ., 174 ( 19 76 ) 2 73 -2 90 - polyac rylamide g el .

4 294 Se l igy , V. , Roy, C., Do ve, M. and Yaguch i , M. : Species var iabi lity o f N
-terminal sequence o f a vian erythro cyte-spec ific histone H5 . Biochem. Biophys .
Res . Commun. , 7 1 (19 76) 196- 202 - polyacrylamide gel.

4 29 5 Shelton , K.R . , Cobbs , C . S . , Po vlishock, J . T . and Burkat, R. K. : Nu c l ear e nv e l ope
fr a ctio n p roteins: I s olatio n and c ompar ison with t h e nu c l e a r protein of the
a v ian e r y t h r o c y t e . Arch . Biochem. Bioph ys . , 174 ( 19 76 ) 177-186 - SDS
- po l y a c r y l a mi d e gel .

4296 Spiker , S . , Key , J .K . and Wakim , R. : I d e nti f i c a tio n and fra c tio natio n of
plant h iston e s . Arch . Bi ochem. Biophys. , 176 ( 197 6) 51 0- 51 8 - SDS
- poly a c r y l a mi d e ge l.

4 2 9~ Stratl ing , W.H. , Van , N.T . a nd O' Mal l ey , B .W.: Studies o n the s t r uc t u r e and
func tion o f c h i ck-oviduc t c h r o ma t i n. 1. Fractionation by ECTHAM-cellulose
c hromatography a n d p hys i c o - c hemica l c harac te r i zati on . Eur . J . Bi ochem. , 66
( 19 76) 42 3-43 3 - po l yacrylamide ge l .
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4298 Yaneva, M. and De s s e v , G. :
f r o m Guerin ascites tumour
- 54 2 - polyacrylamide gel.
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I s o l a t i o n and properti es of s t r uc t ur e d c h ro ma t in
and rat liver. Eur . J . Bi oahem. , 66 ( 1976 ) 535-

20e . Chromoprot ei ns and metal l oproteins

A. and Rosa,
wi t h
Biol , Chem . ,

42 99

4300

4301

4 30 2

4 30 3

4304

4 30 5

4306

43 0 7

4 30 8

Brown , W.J ., Niazi , G. A. , Jayalaks2ijt~6~At A~£am , E .C . and Hisman , T .H .J . :
He mog l ob i n Athens -Georgia, o r U 6

2
g ys , a hemoglobin v a r i a nt with

an i ncre a s e d oxygen affinity. ~ioahim. Bi ophys . Acta, 4 39 ( 19 76 ) 70- 76 -
- starch gel.
Chen , Z.-N .: Devel opment and production o f cellulose a cetate membranes for
an automated hemoglobin electrophoresis s ys tem . Di s s . Abs t r. In t . B, 36
( 1976) 5 158 ; C. A. , 85 (1 976 ) 10 396 c - cellulose acetate .

Godeau , J . F. , . Be u z a r d, Y.G . , . Ca c h e l e u x , . J . , Brizar§~Fg ' kis ~eYH l

J . : Assoc1at 10n of he mog l o b1 n Sa1nt Et1en ne (u262
hemoglobins A and F. Synthesis and s ubu nit e xcfiange in vi t ro . J .
251 (1976) 4 34 6-4 354 - ce l lulose a cetate , s t arch gel.
Hend e r s on, A. B . a n d Le e , J.C . : He mo g l ob i n t ran s iti o n in e r y t h r o c y t e s o f
developing chick. Studies wi th ce l l - free protein - s y n t he s i z i ng s ys t e ms .
Arah . Biochem. Bi ophys. , 174 ( 1976) 63 7- 6 46 - polya c r ylami d e gel .
Hereder o , L., Granda, H., Suarez Agu i a r , J.A. and Al tla nd, K. : An e c o no mi c
high spee d electropho r e t i c screening s y s t e m for hem oglo b in S and o t h e r proteins.
Humanqen et.i e, 21 ( 197 4) 16 7-1 77 ; C. A. , 85 (1976 ) 139 34 2b.
Hovanessian , A. G. a nd Awdeh, Z . L . : Ge l isoelec t r i c focus ing of human s e r um
trans f e r r i n. Eur. J . Bi oahem., 6 8 ( 1976) 333-338 - isoelectric focusing .
Katan , M. B . , Van Harten-Loosbroek , N. and Groot , G.S .P. : The c y t o c h r ome ba

1
complex o f yeast mitochondria . Site of t ranslation o f the p o l ypep t i d e s in
vivo . Eur . J . Biochem. , 70 ( 19 76 ) 409-4 17 - pol yacryl&nide gel .
Matsumoto , T., To ba r i, J . , Suzuk i , K. f Kimura , T . and Tchen , T . T .:
Pu r i f i c a t i o n and propertie s o f a four iron- four s u l f u r prote in f rom a
Pse udomomas species . J . Bioahem. , 79 ( 1976) 93 7- 943 - SDS- polyacryl&Dide ge l.
Sexauer , C .L . , Grah&n . H. L . , Star ling , K. A. and Fernbach , D.J.: A test for
a bnormal hemoglobins i n umbili cal cor d blood . Amer . J . Di s . Child, 130 ( 19 76)
805-806 ; C.A . , 8 5 ( 1976) 139 34 9u .
Ti l l e y, B.E. , Watanuk i , M. and Ha ll , P.F .: Cy tochrome P-4 50 from bov i n e
adrenocortical mito chondria : Two s peci e s of subunit. Bi ochem. Bi ophys . Res .
Commun . , 70 ( 19 76) 130 3-1 307 - polyacr y l ami d e gel, i s oelect r i c f o c using .

20f . Varia, with speci a l referenae t o non-identified and t i ssue proteins

4309 Abood, L .G . , Ho ng, J .S ., Take d a , F . and Tome t s ko, A.M . : Pr e p a r a t i o n and
characterizat ion of calcium-binding and o t h e r hydrophobic proteins from
synaptic membranes. Bi oahim . Bi ophys. Act a, 443 (1976) 4 14-427 -
- polyacry lamide gel (analyt i cal and preparative) ; pept ide mapping.

4310 Az imov , I .G . and Ar ipov , A.N .: (Po l y a c r y l a mi d e - g e l - e l e c t roph o r e t i c method for
the separat ion of pancreat i c juice protein frac t i o n ). Prisposobitel 'nye
Protses sy Organov Pishchevar eniya us l ovi yakh Klin . Eksp . , (1 9 7 3) 29 -3 1 ; C.A . ,
8 5 ( 19 76 ) 15 5951q.

43 1 1 Be i n f eld, M.C. and Pa ckma n, P . M. : Estrogen induction o f s pecific s o l ub l e
prote i n s in the hypothalamu s o f t h e immature rat. Biochem. Biophys . Res.
Commun . , 73 (1976) 646-6 52 - polyacrylamide gel.

4 31 2 Bo u illon, R., Van Ba ele n , H., Romba uts , W. and De Moor , P. : Th e pur i f i c a t i on
and charac t e r i z a tion of the human-ser um binding p rote in f or t h e 25-hydr oxy 
- c h o l e c alciferol t ranscalcife r in . I d e n tity wi t h g roup-specific component .
Eur . J . Biochem. , 66 ( 19 76 ) 285-291 - SDs -poacrylamide gel, isoe lectric
f o cusing.

4 31 3 Carlsen , R. B. a nd Bahl, D. P .: Th e r eaction o f tetranitromethane with human
c hor ion i c gonadotropin. Ar ah . Bi ochem. Biophys . , 17 5 ( 1976 ) 209-220 -
- polyacrylamide gel .

4314 Co llen , D.: I d e n t i f i c a tio n and some properties of a new f a s t- r e a c t i ng p lasmin
inhibitor i n human plasma . Eur . J . Biochem . , 69 ( 1976 ) 209-2 16 - SDS-
- polyac ryl&Dide gel .

4315 Fin k e l s t e i n, D.B . and Butow , R.A .: DNA-binding prot e i n s in yeast . Effect o f
growt h phase and mito chondria l function . Arch. Biochem. Bi ophys . , 174 (197 6 )
5 2-65 - SDS-polyacry lamide ge l .



ELECTROPHORETIC TECHNIQUES B259

4 31 6

4 3 17

431 8

4 3 19

4 3 20

43 21

4 322

4 323

4 324

432 5

4 326

4 327

43 28

4 32 9

433 0

43 3 1

43 32

43 33

4 3 34

Floor , E .R. , Gi l ber t , J .M. a nd Nowa k , T .S., Jr.: Evidenc e f or t h e s y n t he s i s o f
t ub u lin o n membrane -bound and free ribosomes from ra t f orebrain . Bi ochim .
Biophys . Act a, 44 2 ( 1976) 285- 29 6 - SOS- polyacrylami d e gel.
Golds , E.E. and Braun , P . E . : Or ganization o f me mbr a n e prote ins i n t he i nta ct
my e l i n s heath . Pyridoxal pho sph a te and s a l icy l a lde h yde a s pro bes o f myel in
structur e . J . Bio ~ . Chem. , 25 1 ( 19 76) 47 29 - 47 35 - p o l yacry l ami d e ge l .
Gr e en , C. R. , Ch a n , T .K . , Howell, O.E . and Od e l l , G. V.: I solation and
characteriza tion o f t oxins f rom b r own reclu se s p i der v e no m (Loxosce ~es rec l us a) .
Arch. Bi ochem. Bi ophys . , 174 (1 97 6) 9 0-99 - polyacry l ami d e ge l.
Gurevich , V.S . and Bely avts e va, L . M. : (?urface membrane p ro t e i ns o f e ndop lasmic
retic ulum in brain a nd l iver cells) . Bi okhimiya, 4 1 ( 197 6) 699- 70 2 -
- po l yacry l a mi d e g e l .
Huang , F .L . a nd Glinsmann , W.H.: s e p a ratio n and c haracter i za t ion of tw o
ph osphorylase ph osphatase inhibitors from rabb i t skeletal mus c l e . Eur . J .
Biochem. , 70 ( 19 76 ) 41 9-4 26 - SOS- po lyacr y l amide gel .
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- po l y a c r y l a mi d e gel.
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( 1976) 549 - 558 - SOS-po lyacry l amide gel .
Kor ngu th , M.L., Monso n , R.A . and Ku n i n , C. M.: The binding o f pe n ici l l i n
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- 34 3 - isoe lect ric f ocus ing, SOS- polyacry lami de ge l .
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glo bulin . J . BioI . Chem. , 25 1 ( 1976 ) 359 4 - 359 8 - pol yacryl ami de g e l.
Lumb, R. H. , Kloosterman , A . D. , Wirt z, K. W. A . and Van De e neD , L .L.M. : Some
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calcium- binding proteins . Bovine heart and brain pro tein activators of c y c l ic
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4335 Watterson , D.M. , Harrelson , W.G., J r . , Kel l e r
2
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34 . RAD I OACTIVE AND OTHER ISOTOPE COMPOUNDS

4 479 Ko vach , A.: Ana lytica l questions o f radiochemical purity control o f protein
aggrega t es l a b ele d wi t h radioiodine. I zot opteahni ka, 18 ( 19 75 ) 228 -2 35; C.A. ,
84 ( 19 76 ) 111618m - Whatman 3MM paper .

4480 Noble, R. C. , Shand , J.H . and West , I . G. : A technique f or a radio chromatographic
s canning p roc e d u r e . Iras Med . Sci . Li br . Compend . , 4 ( 19 76 ) 17 0; C.A . , 85
(1976 ) 16 647g .

448 1 Shvedov, V.P. and Ivanov , V.N .: (Met h od o f e lectrof ocusing of i o n s . Ana l ysi s
of model mixtures o f waste waters). Zh. Fi z . Khim. , 49 ( 1975) 30 13 -30 14 ; C.A. ,
84 (1976 ) 18 4505g .

35 . SOME TECHNI CAL PRODUCTS AND COMPLEX MI XTURES

J5a. Surfaatants

44 82 Akhtar, S . and Lai , E .L . : Use o f e lec t rop h o r es i s i n determining t he
c hem i s o rpt ion o f sur f ac t a n t s on mi n e r a l surfac es. AIChE Symp. Ser . , 7 1 ( 1975)
110-1 17; C. A. , 84 ( 19 76) 141 07 6a .

448 3 Nakagawa , T . : Analysi s of surface - a ctive agents. I I . Li po p h i l l i c group
analysis . Part 3 . Ch romatographic methods other than gas chromatography.
Yukagaku , 24 ( 1975) 8 86 -889 ; C.A . , 84 ( 19 76 ) 137 578y .



ELECTROPHORETIC TECHNIQUES

36 . CELLS AND CELLULAR PARTICLES
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44 84 Be t z , H. and Weiser , U. : Prote in degradatio n during ye a s t s poru lati on. Eur .
,1. Biochem. , 70 ( 1976 ) 38 5-39 5 - 50S-polyacryl a mi de ge l .

4485 Br ag g , P .O . a n d Hou , C . : So l ubi l i zat i o n o f a p h o spho l ipi d - s t i mu lated a d e nos i n e
triphos pha t a s e comp lex f rom me mbrane s o f Escherichia co l i . Arch . Bioch em.
Bi ophys . , 174 ( 1976) 553- 56 1 - SDS- po l yacry l amid e g e l .

44 86 Ca t s i mpool a s , N. , Gri f fith , A.L . , Skrabut , E . M. , pla t s oucas , C . S . and Va l eri ,
C.R.: Di f f e rent ial chromium-5 1 uptake of hu man per iphera l l ymph o c y t e s s e pa ra t e d
by dens i ty gra d i e n t ele c t r ophore s i s . C~ l l . ImmunoZ. , 25 ( 19 76) 3 17- 32 1 ; C.A . ,
8 5 ( 19 76) 120636p .

44 8 7 Gulikova , a.M . , Dy nga , L . a . , Pa khomov a , M.V . and Zai tse v a , G. N. : (Ribosomes
f r om g r e e n-blue alga Anabaena var i abiZ i s : sedimentati on , dens ity a nd r i bo s omal
RNAs) . Biokhimiya, 41 ( 1976) 156 7-1 57 3 - polyacry lami de ge l.

448 8 Ts urug i , K. a nd Oga t a , K.: Synthesi s o f ribosoma l str uctu r al p rote i ns by
po s t mi t o c h on d r i al s u pernatan t f r om r e g e nera ti ng r a t l i ver . J . Biochem., 79
( 1976 ) 883- 893 - po l yacry l a mide g e l .
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APPARATUS

N-I 044

RECORD ER CHECKER

The portable, battery-operated recorder
checker from Fisher Scien t ific Co. verif ies
linearit y and fu ll-scale accuracy of any I , 5 or
10 mV recorder with input impedance of
l OOK ohms or greater.

N-I045

"RET ENTION TIM ES"

The curre nt issue of Ret ention Tim es from
Tracor features the Tr acor Hall electro lytic
conductivity de tector and its applicat ion for
analysis of halome thanes in drinking water :
capillary columns fo r Tracor gas chromat ograph s;
Mini-Lab integrator for use with th e Tr acor 56 0
gas chromato graph ; 980 A solvent program mer
for liquid chromatography ; and the Auto Scan
optio n for the 970 LC detector.

Vol. 140, No.2

N-I04 7

PERKIN -ELMER LIQUID CHROMATOGRAPHS

A new range of modular liquid chro mato 
graphs is announ ced by Perkin-Elm er, the Series
2. Each chroma togra ph is compa tible with all
commo nly availab le detectors . Th e new instru
ment s complement the Model 60 1 research-grade
liqu id chromatograph. The Series 2/ I is a single
module providing solvent delivery and sample
injection. The instrument featu res high-pressure
capability and has an adju stable flow-range
between 0.1 and 29.9 ml/min. Th e model is
intended for routine qu alit y co ntro l , instruc
tional situations, and dedicated analysi s.

The Series 2/2 combines the operating features
of two Series 2/1 pumps and a sample injecti on
system. Th e instrument provide s linear solvent
and flow programming capability from 0.1 to
30 ml/m in, and also offers dir ect mixing of
selec ted solvent compo sit ions and allows
independent solvent changeover. The Series
2/2 is intended for analytical methods
development, organic synthesis and natural
produ ct s research, and qu ality contro l problem
solving.

N-I 035

MULTI-RANGE CHART RECORDER

A two-page bulletin de scribe s the new flat 
bed multi-range (fro m I mV to 100 V) chart
reco rder from McKee-Pedersen (MP-1027 -MR).
Complete speci ficat ions of the instrument are
given, and features such as the remotely control
lable chart drive and pen lift are described in
det ail.



N-IOS8

SGE SYRINGES

Scientific Glass Engineering (UK) announce
that they can now supply their A-type and
gas-tight syringes in SO-,.tl versions. This size
is of particular use with syringe loading
HPLC valves.

N-IOSO

TUBE HEATER/CONCENTRATO R

Kontes announces the availability of a new
multiple tube heater/concentrator. Eight
interchangeable heater blocks allow the accom
modation of a wide range of tubes. Temperature
control is ± O.So in the range 30--1600

• The
movable base plate allows tubes to protrude
below the heating zone to prevent evaporation
of samples . The un it is particularly suitable for
hydrolysis, enzyme reactions, concentrating
solutions and derivatization reactions.

N-IOS2

HPLC PUMP

The Tri Rotar from Japan Spectroscopic
(JASCO) is a new three-head HPLC pump. The
suction and discharge rates are balan ced, allowing
continuous liquid delivery , with essentially pulse
less flow. Gradients obtained by low-pressure
mixing can be arranged with the one pump over a
wide dynamic range. Recycle is possible
simultaneously with fractionation. A variety of
columns, detectors and accessories are available
to form an appropriate HPLC system for the
requ ired purpose.

N-I062

HIGH-TEMPERATURE SIZE-EXCLUSION
CHROMATOGRAPHIC SYSTEM

DuPont Instruments announce the develop
ment of a new high-temperature size-exclusion
chromatographic (SEC) system which charac
terizes polymers by molecular weight at
temperatures up to 1400

• Separation times
are reduced over conventional methods:
polyethylene can be seperated in 10 minutes.
Molecular weight is pin-pointed to within
± 3%. The new SEC system features a modified
infrared dete ctor which provides identification
of specific functional groups in polymer systems .
Other comp on ents includ e a solvent pre-heater,
a high-temperature injection valve and the flow
controlled DuPont 830 liquid chromatograph.
Incorporated in the system are DuPont's new
porous-silica-based SEC columns which are
inherently insensitive to temperature cycling.

For further information concerning any of
the news items, apply to the publisher, using
the reply card s provided, quoting the referen ce
number printed at the beginning of the item.



CHEMICALS

N-I030

PIERCE HANDBOOK AND GENERAL
CATALOGUE

Just published, Pierce Chemical Company's
new 1977-1978 handbook and general catalogue
features chemicals and reagents used in amino
acid analysis, sequence determination, structure
and function analysis, peptide synthesis, and gas
and liquid chromatography. Laboratory acces
sories include vials and closure systems, syringes,
gas and liquid chromatography accessories and
Corning® controlled pore glass. Also included,
reference books available through the Company,
and description of the Pierce line of clinical
diagnosti c kits , reagents and related products.

N-1031

GC PERFORMANCE STANDARDS

Pierce Chemical Co. has made available per
formance standards individually designed for
flame-ionization (FlO), electron-eapture (ECD),
and thermoconductivity (TCD) detection systems,
allowing routine monitoring of column efficiency,
resolution, detector response and other per
formance characteristics. They will enable the
user to troubleshoot probl ems as they occur,
compare and standardize new columns with
columns currently in use, and establish system
optimization. Each standard is available in a
package of ten l-rnl amp oules. The FID test
standard contains 0.03% w/v each of normal C14 '

CIS and CI6 in isooctane ; the ECD standard
33 pgfl,d each of lindane and aldrin in isooctane;
and the TCD test 0.3% w/v each of normal C14 '

C" and C16 in isooctane.

N- 1063

APPLIED SCIENCE LABS' CATALOGUE

Now available is Applied Science Labs' 1977
Catalogue No. 20, comprising ISO pages of
products for GC, LC and TLC as well as sections
for biochemicals and standards, isotope-labelled
chemicals, reagents and pilot plant services
(custom synthesis).

N-I060

ANALTECH CATALOGU E

The new Analtech catalogue ofTLC and
laboratory equipment is now available. Featured
are amongst others the new Analtech hard-layer
TLC plates.

N-1061

ALLTECH CATALOGUE

Now available is the 1977-78 Alltech
catalogue listing their supplies in GC, HPLC
and TLC. A 13-page section on capillary
columns and accessories is also included

N-I070

CHROMPACK CATALOGUE

Now available is the Chrompack 1977 cata
logue No.9 listing in 238 pages their supplies
for gas chromatography, column liquid
chromatography and thin-layer chromatography.

PROCEDURES

N-I049

CHROMATOGRAPHY TEACHING MEDIA

Among the multimedia science programmes
of Communication Skills Corporation (CSC)
listed in the Prentice Hall Media 1977 catalogue
are three lecture support programmes on basic
and advanced gas chromatography and basic
liquid chromatography. Each programme
consists of a set of slides or filmstrip, an audio
cassett e, and a frame-by-frame teacher's guide.

N-IOS7

GC APPLICATIO,'1S

Scientific Glass Engineering have produced
the first two of a series of GC Application Data
Sheets featuring the use of their glass SCOT
columns for the analysis of (i) lavandin oil, and
(ii) a paraffin/naphthene mixture isolated from
a crude oil.



NEW BOOKS

Treatise on analytical chemistry, Part 3,
Analytical chemistry in industry, Vol. 3,
edited by I.M. Kolthoff, P. E1ving and F .H.
Stross, Wiley-Interscicnce, New York , London,
1976, xxi + 598 pp., price US$ 46.95 ,
£ 27 .70, ISBN 0-471-5001 2-7.

Fluorescence and phosphorescence spectros
scopy: physicochemical principles and prac
tice, by S.G. Schulman , Pergamon, Oxford,
New York , 1977, x + 288 pp. , price £ 11.00,
US$ 20 .00 , ISBN 0-08-020499-6.

Electrochemistry - the past thirty and the
next thirty years, (A volume in hon or of
J . O'M. Bockris) , edited by H. Bloom and
F. Gutmann, Plenum, New York, London,
1977, xiii + 45 0 pp., price US$ 49 .50, ISBN
0-306-3 0921 -I.

X-Ray fluorescence analysis of environmental
samples, by T .G. Dzaba y, Ann Arb or Sci.
PubI., Ann Arb or, Mich ., 1977,312 pp ., price
US$ 30 .25 , ISBN 0-250-40134-7.

MEETING

Colori metric and f1uorimetric analysis of steroids,
by J . Bart os and M. Pesez, Academic Press,
New York, London, 1976 , xii + 274 pp., price
US $ 21.50, £ 9.80, ISBN 0-12-080150-7.

Trends in electrochemistry, edited by
J .O'M . Bockri s, D.A.J . Rand and B.J . Welch,
Plenum, New York , London, 1976, 3BB pp ., price
US $ 35.00 , ISBN 0-306 -30990-4.

Fundamentals of integrated GC-MS, Part III,
The integrated GC-MS analytical system
(Chro ma tographic Science Serie s, Vol. 7, Part III),
by BJ . Gudzinowicz, M.J . Gudzinowicz and
H.F. Martin, Marcel Dekker, New York, Basel,
1977, ix + 603 pp., pr ice SFr. 190.00, ISBN
0-8247-6431-5 .

Progress in drug metabolism, Vol. II, edited by
J.W. Bridges and L.F. Chasseaud , Wiley,
Chichester, New York, 1977 , ca. 36B pp. , price
ca. £ 14.00, US $ 30.00, ISBN 0-471-99442-1.

Modern methods of trace element analysis, by
M. Pin ta, Ann Arbor Sci. Publ., Ann Arb or,
Mich., 1977, price US$ 29.50 , ISBN 0-250
40152-5.

TWELFTH INTERNATIONAL SYMPOSIUM ON CHROMATOGRAPHY

The 12th Internat ional Symposium on Chro ma tography will be held in Baden-Baden, G.r.R. ,
from September 25-29, 1978 .

T o be included in th e programm e are di scussion pap er s in all field s of chroma togra phy and
related techniques as well as a number of invited plenar y lectures and reviews. Lectures ma y be held in
English , French or German ; in ord er to facilitate communication how ever, it is recommended that
English be used where possible.

Th e symp osium is jo intly organised b y the "C hromatography Discussion Gro up", the " Groupernent
pour I'Avancement de s Meth ode s Spectroscopique et Physicochimique d'Analyse" (G.A .M.S.) and the
" Arbeitskreis Chroma tographie der Fachgruppe ' Analyti sche Che rnie' der Gesellschaft Deutscher
Chemiker".

Persons interested in part icipation in this symp osium are requ ested to contac t the address given
below. Notification of prop o sed discussion paper s, together with an abst ract of approx imate ly
300 -600 words should be sent before November 15", 1977 to : Gcschaft sstelle der Gesellschaft
Deutscher Chemiker , Abteilung Fachgruppen, Postfa ch 90044 0, 600 0 Frankfurt/Main 90, G.F.R. ,
before November 15, 1977.

In conjunction with the sympos ium, an exhib itio n of instrum ents and accessorie s is planned.
This exhibition is to be of a new and con centrated form . Firms interested in participation in this
exhibition should dire ct their enquiries to : Dr. K.-P. Hup e, Ohmstra sse, 7500 Karlsruhe 41 , G.F.R.





JOUR ALOF
CHRO ATOGRAPHY
LIBRARY
A series of b ooks devoted to chromatograph ic te chniques and their applicat io

A lthough complementary to the Journal of Chromatog raphy, each volume in t
li b rary se r ies is an im portan t and independent contribution in the f ield of chromato
graphy. It should be stressed th at the li bra ry contains no material reprinted from t

journ al itself .

Volume 11
LIQUID CHROMATOGRAPHY
DETECTORS
by R. P. W. Scott
1977. x + 248 pages
Price: US 34 .50/0fl. 84.00
ISBN 0-444-41580-7
The rapid development of liquid chromato
graphy over the past decade has been due to
the introducti on of highly sensit ive linear
liquid chromatography detectors. This book
provides a co mprehensive treatment of the
funct ion and optima l working condit ions of
liquid chromatography detectors. It is
divided into four parts.
Part 1 inc ludes a deta iled discussion of
properties of the detecting system that can
impai r co lumn performance and how these
effects can be minimized. In Parts 2 and 3.
the various types of detectors that have been
developed are described and a detailed
treatment given of commercially availab le
detectors. Part 4 discusses the practica l
operat ion of liquid chromatography, in
c lud ing methods for quantitative ana lysis as
well as practical hints on detector operation
and special detector techniques. The final
chapter dea ls with spectroscopic detectors
and provides a deta iled desc ript ion of
lC/UV and l C/MS systems.
Th is work will be part icu lar ly useful because
of the presentat ion of the necessary detector
specificat ions which will enable readers to
make a rat ion al com parison of the perfor 
mance of one detector wit h that of another.
CONTENTS: Int rodu ct ion. General charac
terist ics of liquid chromatography detectors.
Bulk property detectors. Solute property
detectors. The use of detectors in liqui d
chromatog raphy. SUbject index.

Volume 10
GAS CHROMATOGRAPHY
OF POLYMERS
by V.G. Berezkin, V.A. Afishoyev and
I.B. Nemirovskaya
1977. xiv 226 pages.
Price: US $41 .95 /0fl. 103.00.
ISBN 0-444-41514-9.
At present, gas chromatography is the
widespread method for the analysis 0
organic compounds.
This book is devo ted to the strategy of appl
cat ion of gas chromatography in pol
chemistry and discusses , in detail. the use o
gas chromatography in research work and
the po lymeric compounds industry. It IS
second, revised and enlarged edit ion of the
orig inal vers ion pub lished in the USSR I

1972.
The following pr inc ipa l appl ications are
covered : ana lysis of monomers and
solvents. determination of the contents 0
vol atile substances in polymers. study 0
polymer format ion processes . investigation
into types of dis integrat ion of high
molecu lar-weight compounds, poly
analysis by react ion and pyro lyt ic chromato
graphy, and study of po lymers and the
reac tivity with the aid of inverse chromato
graphy.

Th is work will be of value to research
Institu tions, Industrial enterp rises and
sen ior students engaged in the fields 0
po lymer or analytical chemistry and ga
chromatography.
CONTENTS: ln troduction. Basic pr inciple
of GC. GC methods for the analysis 0
monomers and solvents. The study 0
polymer formation reactions. Determ inati



of volat ile compounds In po lymer systems.
Study of the kinetics and mechanisms of
chemical transtorrnanons of polymers at
elevated temperatures. React ion GC of
polymers . Pyrolysis GC. Inverse GC.
Conclus ion .

Volume 9
HPTLC - HIGH PERFORMANCE
THIN-LAYER
CHROMATOGRAPHY
edi ted by A. Zletkls and R.E. Kaiser.

1977. 240 pages.
Price : US 44.95/011. 110.00.
ISBN 0-444-41525-4.
HPTLC is the advanced technology of thin
layer chromatography and is defined as the
combined act ion of several variables which
include: an opt imized coati ng material with a
separation power super io r to the best high
performance liquid chromatog raphic
separation material; a new method of
feeding the mobile phase; a novel pro cedure
for layer con di tion ing: a considerably
improved dosage method and a com petent
data acq uisit ion and processing system.
Thus a complete system and procedure is
discussed here. This should be un derstood
as a stepwise improvement of an analyt ical
method . wh ich has been a powerful tool
since the pioneering work of E. Stah l.
The results ach ieved. as well as the
prom ising aspects of the new method are
encouraging enough to reter to the tech
nique as the second gene ration of th in-layer
chromatography. The final judgement
however, will be left to those who use th is
new methodology.
CONTENTS: Simpl if ied theory of TLC
(RE Kaiser). The separation number in
linear and ci rcular TLC (J. Blome). Advan
tages, lim its and disadvantages of the ring
developing technique (J . Blome). The U
chamber (R.E. Kaiser). Dosage techniques in
HPTLC (R.E. Kaiser). High performan ce th in
layer chromatography : development, data
and results (H. Halpaap, J. Ripphahn).
Considerat ion on the rep roducibi li ty of TLC
separat ions (D. Jaen chen). Potential and
experience in quantitative HPTLC (U.B.
neze t). App lication of a new high-perfor
mance layer in quant itat ive TLC (J .
Ripphahn , H. Halpaap). Append ix . Index.

Volume 8

CHROMATOGRAPHY OF
STEROIDS
by E. Heftmann .

1976. xiv +204 pages.
Pr ice: US $36.75/011. 90.00.
ISBN 0-444-4144 1·x
The qual itative and qu ant itative analysis of
indi vidual steroids is of great interest to
pharmacologists. phys ic ians, biochemists,
plant and animal physio log ists and micro
biologists .
The pr inc ipa l chromatographic meth ods of

• analysis applicable to steroids are: liquid
column chromatography (inc luding its
recent mod if ication , high-pressure liquid
chromatography), thin -layer chromato
graphy and gas chromatography (including
the recently introduced coated capillary
chromatography).
Since Neher's book " Steroid Chromato
graphy" published by Elsev ier in 1964, these
app lications have not been surveyed in a
single vo lume. Here, the author takes up
where Neher left off and presents a detailed
description of the cu rrently used techniques .
Alt hough some theory is included, th is is
mainly a laboratory handbook. arranged
according to the steroids analyzed as well as
accord ing to the methods used.
CONTENTS : Introduction . Liquid column
chromatography. Paper and thi n-layer
chromatography. Gas chromatog raphy .
Relat ions between structure and chromato
graphic mobi lity . Sterol s. Bile acids and
alcohols.Estroqens.And rostane der ivatives.
Pregnane derivatives. Cort icosteroids.
Miscellaneous stero id hormones. Vitamins
D. Mo lting hormon es. Stero id sapoqeruns
and alkalo ids. Cardeno lides and bufad ienol
ides. List of Abbreviat ions. References.
SUbject Index .

Volume7

CHEMICAL DERIVATIZATION IN
LIQUID CHROMATOGRAPHY

by J.F. Lawrence and R. W. Frei
1976. vili+214 page .
Price: US $36.75/011. 90.00.
ISBN 0-444 -41429-0

This book is intended for all investigators
concerned with the use of physical
separation techniques for solving complex



analytical problems. It is the first publication
to provide a comprehensive account of
modern derivatizat ion in liqu id chromato
g raphy with special emphas is on the
pract ical aspects.
An introductory chapter fami liar izes the
reader wit h the basic philosophy of using
chemical reactions and labell ing procedures
to enhance sensitivity . spec if ic ity and
separation properties in liqu id chromato
graphic techn iques. The second chapte r
enables the practical worker to refresh his
memory on some fundamental princip les
necessary to th is work. The th ird deals with
equipment and gives the analyst an idea of
the choice of tools available to suit his needs.
The final chapter helps the investigator to
solve some concrete problems. to extend the
concept of compounds and types of
problems of immediate interest to him and to
become fam il iar with the literature.
CONTENTS : Introduction . Background.
Instrumentation. App licat ions. Subject
Index.

Vo lume 6

ISOTACHOPHORESIS
Theory, Instrument tion and Applications

by F.M. Everaerts. J.L. Beckers and
Th.P.E.M. Verheggen .
1976. xlv +418 p 9 s.
Price: US $65.50/011.160.00.
ISBN 0·444·41430-4
This book is the only text current ly availab le
prov id ing full information on the new
separation technique known as lsotacno
phoresis. There is rap id ly growing interest in
this techn ique which will compete with other
microanalytical techniques such as liquid
and gas chromatography. All kinds of ionic
materials can be separated using isota
chophoretic equipment. Moreover, several
classes of components can be analysed in
quick succession as a proper rins ing of the
equipment is all that is needed between '
separations. Each part is deta iled and
comprehensive.
The various chapters can be referred to more
or less independently by sc ient ists
in terested in fundamental aspects. by
research groups intending to construct an
instrument and by workers who are mainly
concerned with the analytical aspects.
CONTENTS : Historica l review. Theory.
Principles of electrophoretic techniques.

Co ncept of mobility. Mathematical model for
isotachophoresis. Cho ice of elec tro lyte
systems. In trumentation. Detection
systems. Instrumentation. Applications.
Introduction. Pract ical aspects . Quant itat ive
aspects. Separation of cationic species in
aqueous solu t ions . Separat ion of anion ic
species in aqueous solutions . Amino acids.
peptides and proteins . Separat ion of nucleo
tides in aqueous systems. Enzymatic
reactions. Separations in non -aqueous
systems. Counter flo w of electrolyte.
Appendices . Subject Index.

Vol ume 5
INSTRUMENTAL LlaUID
CHROMATOGRAPHY
A Practical Manual on High-Performance
Liquid Chromatographic Methods
by N.A. Parr is.

1976. x 330 pages.
Price: US 40.95/011. 100.00.
ISBN 0-444-41427-4
Ava ilab le texts on liquid chromatography
have tended to emphasize the developments
in the theoret ical understand ing of the
technique and methodology or to list
numerous applications. complete with
experimental details.
This wo rk in tends to bri dge the gap between
these two treatm ents by provid ing . with the
minimum of theory. a practical guide to the
use of techn ique for the develop ment of
separations. The material is based largely
on practica l experience and high -lights
details which may have important operat ion
al value for laboratory workers. Information
regard ing the usefulness of available equip
ment and column packings is given.
together with chapters devoted to the
methodology of each separat ion method.
Applicat ions of liqui d chromatography are
descr ibed with reference to the potential of
the technique for qual itative. quantitative
and trace analysis as well as for separative
applications. Numerous applicat ions from
the li terature are tabulated and cross
referenced to sect ions concerned with the
opti misation procedures of the particular
met hods. In add it ion , many of the figures
have been drawn from hitherto unpubli shed
works.

CONTENTS: Introduction and histor ical
background. Basic pr inc ip les and termino l
ogy. Chromatograph ic support and column.



Liquid ch rom atographic instrumentation .
Liquid chromatograph ic detection systems.
Nature of the mobile phase. Liquid-sol id
(adsorption) chromatography. Liquid
liquid (partition) chromatography, ton
exchange chromatography.Ster ic exclus ion
chromatography. Qualitative analysis.
Quantitative analysis. Practical aspects of
trace analysis. Practical aspects of prepara
tive liqu id chromatography. Published LC
applications information . The latest trends
and a glimpse in to the future . Subject Index.

Volume 4

DETECTORS IN GAS
CHROMATOGRAPHY
by J. Sevtik.

1976. 192 pag s.
Prlc : US $24.50/011. 60.00.
ISBN 0-444-99857-8
This pub lic ation is devoted to the function
and optimal working conditions of gas
chromatographic detectors.
The first systema tic treatment of gas
chromatographic detection techniques, it
devotes special attent ion to so-called
spec ific detectors and working conditions
which strongly influence results (e.g. gas
flow. effect of addit ives in gases. working
temperature . detec tor form and dimen
sions). Anomalous detector responses are
explained and the form and size of response
for var ious working conditions are ind icated.
The problems presented are illustrated by
experimental data which are summarized in
numerous tables and figures.
The book sho uld be of interest to all who use
gas chromatography in research and who
would like to explore the possibil it ies and
working conditions of different detector
systems.

Volume 3

LIQUID COLUMN
CHROMATOGRAPHY
A survey 01 modern techniques and
applications.
edited by Z. Deyt, K. Macek and J. Janak .
1975. xxii +1176 pages.
Price: US $118 .50/0fl. 290.00.
ISBN 0-444-41156-9
This book provides an up -to -date account of
liquid co lumn chromatography for the

specialist and non -specialist. The main
attention is focussed on techn iques develop
ed or widely used during the past 10 years.
Both classical and modern techniques of
chromatograph ic separat ion are treated in
detail , thus prov id ing a clear reflection of the
present situat ion in the field .
The wide selection of appl icat ions in various
fields of che mistry and biochemistry,
writt en by specialists in the area, makes this
volume a necessary reference work for those
involved in chromatographic investigations .
CONTENTS: Theoretical Aspects of Liquid
Chromatography. Techniques of Liquid

• Chroma tography. Practice of Liqui d
Ch roma tography. App li cat ions . Subject
index. Lis t of co mpounds chromatog raphed.

Volume 2

EXTRACTION
CHROMATOGRAPHY
edited by T. Braun and G. Gbers in i .

1975. xviii + 566 pages.
Price: US $52 .95/011. 130.00.
ISBN 0-444-99878-0
This volume is the resu lt of the collecti ve
wor of many specia lists, each responsible
for a cha pter in which a def inite aspect of
co lumn extract ion chromatography is thor
ough ly prese nted and discussed .
Subjects presented incl ude the basic and
technical aspects of the method , the organic
stationary phases and supports, the separa
tion of elements with particular reference to
rad iochemical problems, the separation of
lanthanides. act inid es and fission products,
rad iotoxicological separat ions and the pre
concentration of trace elements in various
materials pr ior to their determination.
Au thor and sub ject indices are included.

Volume 1

CHRO ATOGRAPHY OF
ANTIBIOTICS
by G.H. Wagman and M.J. Weinste in .
1973. Ix + 238 pages.
Price: US $32.75/011. 80.00
ISBN 0-444·41106 ·2
At the present t ime thousands of antibiotics
are kno wn , yet the systematic chromato-



graphic classification of these substances is
extremely difficu lt.

Th is book has been wr itten to aid the iden
tification of very similar compounds by use
of spec if ic chromatographic techniques.
It contains deta iled data on paper and th in
layer chromatography. .electrophoresis.
counter-current distribution and gas
chromatographic systems for over 1,200
antibiotics and their derivatives. and
provides information on chromatographic
med ia. solvents.detection methodology and
mo bil ity of the ant ibiotics. Comp lete
refe rences are given for all methods.
CONTENTS: Chromatographic classif i
cation of antib iotics. Detection of antibiotics
on chromatograms. Comments on the use of
this index. Abbreviations. Index - chromato
graphy of antibiotics. Index by compound .

Volume 12
AFFINITY
CHROMATOGRAPHY
by J . TurkovtJ.
1977. about 350 pages
ISBN 0-444-41605-6
in preparation
Th is book reviews the app lication of affinity
chromatography not only for the isolation of
var ious biolog ically act ive substances. but
also for the study of specific interactionsand
mechan isms of bio log ical processes . The
reviewing table comprises almost 1,400
refe rences and is completed by data on use
of solid supports and spacers. Great atten
tion is given in this work to the review of the
most commonly used solid supports and to
the method of attachment, together with the
methods of characterization of both the
carriers and the immobil ized affinity
ligands.

--------------
ORDER FORM

Send to your bookselle r or
ELSEVIER SCIENTIFIC PUBLISHING COMPANY
P.O. Box 211 . Amsterdam, The Netherla nds

Distr ibu tor in the U.S.A. and Canada:
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52 Vanderbilt Ave.. New Yor k. .Y. 10017

-

Please send me the fo llowing books _

Name _

Address _
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po stfree.
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GENERAL INFORMATION

(A leaflet Instructions to Authors can be obtained by application to the publ isher.)

Types of Contributions. The following types of papers are published in the Journal of Chromatography and
the section on Biomedical Applications: Regular research papers (full-length papers) , short 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 investi
gations and reflect the same quality of research as full-length papers, but should preferably not exceed
four pr inted pages. For reviews, see page 2 of cover under Submission of Papers.

Manuscripts. Manuscripts should be typed in double spacing on consecutively numbered pages of uniform
size . The manuscript should be preceded by a sheet of manuscript paper carrying the title of the paper
and the name and full postal address of the person to whom the proofs are to be sent. Authors of 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 capt ion (e.g .. Summary, Introduction, Experimental,
Results, Discussion , etc.). All illustrations, photographs, tables , etc. should be on separate sheets.

Title. The title of the paper should be concise and informative. Since t itles are widely used in information
retrieval systems, care should be taken to include the key words. The t itle should be followed by the
authors' full names , academic or profess ional affiliations, and the address of the laboratory where the work
was carried out. If the present add ress of an author is different from that mentioned , it should be given in
a footnote . Acknowledgements of financial support are not to be made in a footnote to the title or name
of the author, but should be included in the Acknowledgements at the end of the paper.

Summary. Full-length papers and rev iew articles should have a summary of 50-100 words wh ich 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 com
munications and Notes are published without a summary.)

Illustrations. The figures should be submitted in a form su itable for reproduction , drawn in Indian ink on
drawing or tracing paper. One original and two photocopies are required. Attent ion should be given to
any lettering (which should be kep t to a minimum) and to spacing on axes of graphs in order to ensure
that numbers etc. remain legible- after reduction . Axes of a graph should be clearly labelled. The figures
should preferably be of such a size that the same degree of reduction can be applied to all of them. Photo
graphs should have good contrast and intensity. Sharp, glossy photographs are required to obtain good
halftones. References to the illustrations should be included in appropriate places in th e text using arabic
numerals . Each illustration should have a legend, all the legends be ing typed (with doubl e spacing) together
on a separote sheet . If structures are given in the text, the original drawings should be supplied . Coloured
illust rat ions are reproduced at the authors ' expense, the cost being determined by the number of pages
and by the number of colours needed. The written permission of the author and publisher must be obtained
for the use of any figure already published . Its source must be ind icated in the legend.

References. References should be numbered in the order in which they are cited in the t ext , and listed in
numerical sequence on a separate sheet at the end of the art icle. The numbers should appear in the text
at the appropriate places in square brackets. In the reference list , periodicals [1], books [2], multi-author
books [3] and proceed ings [4] should be cited in accordance with the following examples :

1 A. T. James and A. J. P. Martin, Biochem. J., 50 (1952) 679.
2 L. R. Snyder, Principles of Adsorption Chromatogrophy, Marcel Dekker, New York, 1968, p. 201.
3 H. C. S. Wood and R. Wrigglesworth , in S. Coffey (Editor) , Rodd's Chemistry of Carbon Compounds,

Vol. IV, Heterocyclic Compounds, Part B, Elsevier , Amsterdam, Oxford , New York, 2nd ed ., 1977, .
Ch. 11, p. 201.

4 E. C. Horning, J.-P. Thenot and M. G. Horning, in A. P. De Leenheer and R. R. Roncucci (Editors),
Proc . 1st Int. Symp. Quantitative Moss Spectrometry in Life Sciences, Ghent, June 16-18, 1976, Elsevier,
Amsterdam, Oxford , New York, 1977, p.1 .

Abbreviat ions for the t itles of journals should follow the system used by Chemical Abstracts. Articles not
yet publ ished should be given as "in press" , "submitted for publ icat ion", " in preparation" or " personal
communication". The Journal of Chromotography ; Journal of Chromatography, Biomedical Applications and
Chromatographic Reviews should be cited as J. Chromatogr.

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. " Ext ra 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. Add itional reprints can be ordered by the authors. An order form containing pr ice quotations
will be sent to the authors together with the proofs of the ir article.

News. News releases of new products and developments, and information leaflets of meetings should be
addressed to: The Editor of the News Section, Journal of Chromatography/journal of Chromatography,
Biomedical Applications, Elsevier Scientific Publishing Company, P.O. Box 330, Amsterdam, The Nether
lands.
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Trace-Element Contamination of
the Environment
DAVID PURVES, Spectrochemistry Department, Edinburgh School of Agri
culture, Edinburgh, Great Britain.

FUNDAMENTAL ASPECTS OF POLLUTION CONTROL AND ENVIRON
MENTAL SCIENCE, 1

The purpose of this book is to evaluate the global consequences of dis
persal of trace elements, originally mined from localised limited deposits
in the environment. Until now, this kind of environmental pollution has re
ceived less attention than the problem deserves for it could have profound
ecological consequences in the long term.

This study provides a clear picture of the overall process of dispersion of
trace elements in the biosphere and, within that perspective, highlights
certain aspects of the subject. While consideration is given to problems
arising from trace element contamination of the atmosphere and hydro
sphere, the author focuses on the effects of contamination of the soil. The
effects here will have serious and lasting consequences, as it is man's
main source of food. Toxic trace elements in the soil can pass into plants
and thence into food chains. Sources of trace-element contamination of
the soil, the factors governing availability to plants and animals, and the
nutritional consequences of soil contamination are therefore discussed at
some length.

This book considers what previously appeared to be unrelated problems
of environmental pollution and exhaustion of finite resources and reserves
of metals such as cadmium, copper, lead, mercury, nickel and zinc, as as
pects of a single global problem. It should therefore be of interest to en
vironmentalists and conservationists, to those concerned with resource
management and waste disposal, and to agricultural chemists and soil
scientists.

CONTENTS: 1. Trace Element Contaminants. 2. Factors Affecting the Trace
Element Composition of Soils. 3. Trace Element Contamination of the Atmos
phere. 4. Sources of Trace Element Contamination of Soils. 5. Availability of Trace
Elements in the Soil. 6. Consequences of Trace Element Contamination of Soils.
7. Trace Element Contamination of the Hydrosphere. 8. Prevention of Dispersion
of Metals in the Environment. References, Author Index.

July 1977 x + 260 pages US $34.75/Dfl. 85.00 ISBN 0-444-41570-X

ELSEMER
P.O. Box 211,Amsterdam
The Netherlands
52 Vanderbilt Ave ~

New York', N.Y. 10017. I'!
The Dutch guilder price is detinitive. US $ prices are subject to exchange rate fluctuations.
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