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ETUDE DE LA STABILITE’THERMIQUE D’UN POLY(OXY ARYL SUL-
FONYL ARYLENE) UTILISE COMME PHASE STATIONNAIRE EN CHRO-
MATOGRAPHIE GAZ-LIQUIDE

F. SELLIER et G. TERSAC

Ecole Centrale des Arts et Manufuctures, Grande Voie des Vignes, 92290 C hatenay-Malabry (France)
et

G. GUIOCHON

Ecole Polytechnique, Route de Saclay, 91120 Palaiseau (France)

(Regu le 25 juin 1981)

SUMMARY

Thermal stability of a polv(oxyv arvl sulfonyl arviene) used as stationary phase in gas—
liquid chromatography

Poly(oxy aryl sulfonyl arylene) is used as a gas chromatographic stationary
phase under the trade name PS 179. Its thermal stability depends largely on the nature
of the support used. The supports studied are in order of increasing catalytic effect
on thermal decomposition: dendritic sodium chloride, Chromosorb W AW HMDS,
Chromosorb G NAW, Chromosorb G AW DMCS and Chromosorb P NAW.

Thermal degradation results both in weight loss and change of the chemical
nature of the liquid phase, with loss of SO, groups and formation of a heavy, retic-
ulated gum. Absolute and relative retention volumes as well as efficiency are markedly
affected.

INTRODUCTION

La plupart des phases stationnaires polaires disponibles pour la chromato-
graphie en phase gazeuse (polyesters, silicones, nitriles etc.) ne sont utilisables qu’a
des températures bien inférieures a 250”C. Inversement les phases thermostables con-
nues sont peu polaires.

Or le poly(oxy aryl sulfonyl aryléne) de formule générale AB(AB), A, avec:

(@) O
4

synthétisé en 1974 par Mathews et al.'! est décrit comme un bon thermostable, le

0021-9673/81/0000-0000/$02.50  © 1981 Elsevier Scientific Publishing Company



198 F. SELLIER, G. TERSAC, G. GUIOCHON

critere de stabilité retenu étant sa faible volatilité?, modérement polaire, utilisable en
chromatographie gaz-liquide entre 200 et 400°C*+?, ce qui en fait une phase d’un
grand intérét. Cependant les publications qui traitent de ses propriétés sont de carac-
tére appliqué'~® et non des études systématiques. Ces derniéres ont été rendues pos-
sibles par ’apparition d’un produit commercial, le PS 179 (Applied Science Labs.,
State College, PA, Etats-Unis). Ce travail a été entrepris afin de préciser les limites de
stabilité thermique des phases stationnaires obtenues en imprégnant des supports
chromatographiques avec du PS 179.

La notion de stabilité thermique d’une phase est encore confuse et le plus
souvent subjective. Cependant Keller” et Thizon er ¢/.® en ont donné des définitions:
les principaux critéres retenus sont la tension de vapeur et la perte de masse de la
phase stationnaire ainsi que la stabilité des paramétres relatifs a la retention et a
I’efficacité de la colonne. La durée de vie utile d’une colonne peut ainsi étre reliée a
la perte de poids de la phase liquide qu’elle contient®.

Dans ce travail nous avons déterminé la variation en fonction du temps des
propriétés chromatographiques d’une colonne de PS 179 (rétention, polarité, effica-
cité) ainsi que de la masse de phase stationnaire qu’elle contient et nous avons étudié
I'influence de la nature du support sur la stabilité thermique du PS 179.

PARTIE EXPERIMENTALE

Produit

Nous avons utilisé le PS 179 fourni par Applied Science Laboratories et comme
support du chlorure de sodium dendritique (Morton Salt) et différents types de Chro-
mosorb (Johns Manville).

Chromatographie gaz—liquide

Les mesures ont été effectuées a I'aide d’un chromatographe Girdel 75 CD/PT
(Girdel, Suresnes, France) muni d’un détecteur a ionisation de flamme, relié 4 un
enregistreur Sefram Servotrace (Sefram, Paris, France).

Les différentes colonnes utilisées sont en acier inoxydable, ont 2 m de longueur,
2.17 mm de diamétre intérieur, sont remplies de support imprégné de PS 179 par
une méthode classique®. Le Chromosorb passivé a été obtenu par traitement au car-
bonate de baryum®.

Les caractéristiques des colonnes étudiées sont données dans le Tableau I.

Le vieillissement des colonnes a été étudié en fonction de la température et
du temps en les soumettant a un programme de vieillissement simple, précisé dans la
légende de chaque figure. Ce programme comporte des paliers, généralement de
plusieurs centaines d’heures, a des températures croissantes de 220 4 350°C. Des
programmes en dents de scie n’ont pas été effectués. Au cours du vieillissement les
mesures des temps de rétention réduits, g, de divers composés et de leur efficacités
sont effectuées apreés avoir ramené les colonnes a 220°C. La durée de ces analyses,
quelques heures, n’est pas prise en compte dans le calcul de la durée du séjour a 220°C.
Aux changements de palier de température les colonnes sont refroidies, pesées puis
réchauffées aprés purge soigneuse de I'air.

Aprés la fin du programme de vieillissement les colonnes ont été pesées, vidées



STABILITE D’'UN POLY(OXY ARYL SULFONYL ARYLENE) 199
TABLEAU I
CARACTERISTIQUES DES DIFFERENTES COLONNES ETUDIEES
Chromosorb Chromosorb Chromosorb Chromosorb Na(Cl
G NAW G AW DMCS W AW HMDS P NAW
Masse de support (1 215
mmprégné introduit 5.02 5.05 3.80 8.21
dans la colonne (g) 2) 2.19
Taux d’imprégnation 4 4 (Hh 4 6 1.5
(%, en masse) 2) 8
Masse de PS 179 (mg) 201 202 (1) 86 228 123
(2) 175
Efficacité (nombre de (1) 187*
plateaux théoriques St15% 234* 1227% 26%*
par métre de colonnes) (2) 160*

* N calculé & 220°C, apres conditionnement de la colonne, avec linolénate de méthyle.
** N calculé a 220°C, aprés conditionnement de la colonne, avec acénaphthéne.

de leur contenu et la phase stationnaire désorbée de son support par extraction au
dichlorométhane. Des extractions ultérieures au tetrahydrofurane chauffé a reflux
n’ont pas permis de récupérer de produits supplémentaires.

Les fractions désorbées ont ¢té soumises a différentes analyses: chromato-
graphie par perméation de gel, analyse élémentaire.

Chromatographie par perméation de gel

Différentes colonnes ont été utilisées sur un appareil monté au laboratoire: (a)
P, (colonne Cheminert) de 1090 mm de longueur, 25.4 mm de diamétre intérieur, avec
un volume de lit de 497 cm?, remplie de gel gonflable d’un copolymére styréne-divinyl
benzéne Bio-Beads SX, dont les masses d’exclusion sont 600-14000; volume d’ex-
clusion de la colonne 134.7 cm?; élution par le tetrahydrofurane, débit 64 cm?3/h. (b)
P,, composée de 4 colonnes en série de mémes dimensions: longueur 300 mm, dia-
metre intérieur 7.8 mm, remplies de micro-Styragel (Waters Assoc., Milford, MS,
Etats-Unis) dont les masses d’exclusion sont 500, supérieure a 20,000,000.

La détection est faite par spectroscopie UV avec un spectrophotometre Cary
17 (trajet optique, 1 mm, A = 260 mm) (Varian, Palo Alto, CA, Etats-Unis).

Analyse chimique
Les analyses chimiques élémentaires ont été effectuées par le service de micro-
analyse du CNRS a Solaize.

Analyse thermogravimétrique

Les analyses thermogravimétriques ont été réalisées avec un analyseur thermo-
gravimétrique DuPont 951 (DuPont, Wilmington, DE, Etats-Unis) couplé avec un
enregistreur DuPont 990. Vitesse de programmation 10°C/min, nacelle en platine,
balayage & I’'azote U, débit de 'ordre de 27 ml/min. Des analyses thermogravime-
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triques témoins ont été réalisées, dans des conditions identiques avec les supports non
imprégnés.

RESULTATS

Dans le cas d’'une phase hydrocarbure la perte de phase de la colonne et la
diminution des temps de rétention de composés hydrocarbonés sont paralleles® de
sorte que la simple mesure des poids des colonnes est suffisante pour caractériser leur
durée de vie. Dans le cas présent ou la phase polaire est susceptible de se dégrader
en changeant de nature chimique, la situation est plus complexe, les retentions re-
latives et indices de rétention pouvant varier d’une maniére imprévue. Nous avons
donc étudié successivement tous ces parameétres.

Stabilite des propriétés chromatographiques

Le parametre retenu pour cette étude est le temps de rétention réduit 13 de
différents solutés polaires et apolaires: alcanes ayant de 18 & 30 atomes de carbone,
acénaphténe, phénanthréne, oléate, linoléate et linolénate de méthyle.

On constate d’abord, d’une maniére générale que les temps de rétention ne sont
pas stables dans les premiéres 20-40 h lorsque I'on étudie une nouvelle colonne. Au
bout de ce laps de temps ils deviennent bien reproductibles.

On constate d’apres les Figs. 1-5 que la stabilité du PS 179 est fortement in-
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Fig. 1. Variation du temps de rétention réduit, 1% (sec) de I'octadécane, de I'eicosane et de I'acénaphthéne en
fonction du temps. Variation concomittante de la masse de phase stationnaire (échelle de droite). Phase
stationnaire: Chromosorb P NAW passivé, imprégné a 69, de PS 179. Température de mesure 220°C.
Programme de vieillissement: paliers isothermes de durée variable: 1,0 < ¢ < 174 h T = 220°C; 2,
174 h <t <414 h T = 250°C; 3,414 h < ¢t < 580 h T = 280'C; 4, 580 h <t < 744 h T =
300°C; 5, 744 h < ¢t < 984 h T = 320°C.
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Fig. 2. Variation du temps de rétention réduit, 15 (sec) du docosane, du tétracosane et de I'acénaphténe en
fonction du temps. Variation concomittante de la masse de phase stationnaire (échelle de droite). Phase
Qs

stationnaire: Chromosorb G NAW imprégné a 4 9 de PS 179. Température de mesure 220°C. Programme de
vieillissement : deux paliers isothermes: 1,0 < t < 268 h 7' = 220°C; 2,268 h < ¢t < 436 h T' = 325°C.
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Fig. 3. Variation du temps de rétention réduit, ¢ (sec) du docosane, du tétracosane et de acénaphténe en
fonction du temps. Variation concomittante de la masse de phase stationnaire (échelle de droite). Phase
stationnaire: Chromosorb G AW DMCS imprégné 4 4 %, de PS 179. Température de mesure 220°C. Durant

toute I'expérience la colonne a été maintenue a 220°C.
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Fig. 4. Variation du temps de rétention réduit ¢ (sec) de I'octocosane, du triacontane et du phénanthréne en
fonction du temps. Variation concomittante de la masse de phase stationnaire (échelle de droite). Phase
stationnaire: Chromosorb W AW HMDS imprégné a 49/ de PS179. Température de mesure 220 C. Pro-
gramme de vieillissement: paliers isothermes de durée variable: 1, 0 < 1 < 82 h 7 = 220°C; 2, 82 h <
t < 198h 7T =250°C;3,198h < <243 h T = 280°C.
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Fig. 5. Variation du temps de rétention réduit 1} (sec) du docosane de I'hexacosane et de 'acénaphténe en
fonction du temps. Variation concomittante de la masse de phase stationnaire (échelle de droite). Phase
stationnaire: NaCl dendritique imprégné a 1.5 9, de PS 179. Température dc mesure 220°C. Programme de
vieillissement: 1,0 < ¢ < 63 h la colonne a été chauffée alternativement a 220 et 280°C;2,63h < ¢ < 487 h
T =300°C;3,487h <t < 753h T =320'C;4,753h <t <998 h T = 350°C.



STABILITE D'UN POLY(OXY ARYL SULFONYL ARYLENE) 203

fluencée par la nature du support utilisé. On distingue trois comportements diffé-
rents suivant le support imprégné:

(a) sur les Chromosorb P NAW passivé, G NAW, G AW DMCS, (Figs. 1 a
3) on observe une variation assez différente du ¢y des r-alcanes (solutés apolaires)
et de 'acénaphténe (soluté polaire) au cours du vieillissement des colonnes. A basse
température, au début du traitement, la rétention de tous les corps diminue. La va-
riation est moindre pour I'acénaphténe. A haute température la rétention des alcanes
augmente. La perte de masse est modérée mais mesurable. On note que cesvariations
sont moins importantes lorsque le support est lavé a ’acide et silanisé (Figs. 2 et 3).

(b) sur Chromosorb W AW HMDS (Fig. 4) on observe une légére augmen-
tation des t au cours du vieillissement de la colonne. Cependant ce phénomene est
moins accentué pour le phénanthréne que pour les n-alcanes. La perte de phase est
négligeable.

{(c) sur NaCl dendritique (Fig. 5): les t} des n-alcanes et de 'acénaphténe sont
assez stables, pratiquement constants. Les écarts observés sont attribués aux impréci-
sions expérimentales dlies a la médiocrité de 'efficacité de la colonne. La perte de
masse de la colonne n’est pas négligeable au dessus de 300°C.

Ces variations du temps de rétention réduit ¢ entrainent des variations par-
fois importantes du facteur de capacité de la colonne &', et surtout des indices de
rétention. Comme le temps mort de la colonne reste constant au cours de tous les
traitements de vieillissement, A’ est proportionnel a ¢z. On voit que ses variations ne
refletent que trés imparfaitement celles de la teneur en phase liquide de la colonne.

L’indice de rétention!® devrait rester constant si la phase liquide se décompo-
sait sans changer de propriétés. On observe deux comportements différents suivant le
support imprégné. Sur Chromosorb P NAW passivé, G NAW et probablement G
AW DMCS les indices de retention de I'acénaphtene et de 'acénaphtyléne passent
par un maximum au cours du programme de vieillissement. Cela résulte de ce que les
temps de rétention diminuent beaucoup plus vite au début pour les alcanes que pour
les composés aromatiques, puis augmentent plus vite également. La variation d’indice
la plus importante que nous ayons noté, pour 'acénaphtene, est de 140 unités sur
Chromosorb G NAW; elle est de 80 unités seulement sur Chromosorb P NAW
passivé.

D’autre part nous avons remarqué que la variation de I'indice de rétention
d’un soluté aromatique ne semble pas étre liée aux propriétés chimiques de celui-ci
car les variations observées sont comparables pour I'acénaphténe, I'acénaphtyleéne, la
quinoléine et le 24 dimethyl phenol sur Chromosorb P NAW passivé,

Au contraire sur NaCl dendritique et sur Chromosorb W AW HMDS les in-
dices de rétention de 'acénaphténe et de I'acénaphtyléne ainsi que ceux de nombreux
autres composés demeurent quasiment constants.

Enfin le nombre de plateaux théoriques (mesure de l'efficacité) diminue con-
sidérablement au cours du vieillissement pour les colonnes réalisées avec les Chro-
mosorb G et P NAW passivé (¢f. Fig. 6), parallélement a I'augmentation de la ré-
tention des n-alcanes. L'efficacité des colonnes de Chromosorb W et de chlorure de
sodium dendritique, cette derniére trés mauvaise, varie sensiblement moins.

Ces résultats mettent en évidence I'influence considérable du support sur la
stabilité des propriétés chromatographiques du PS 179. On remarque que les supports
Chromosorb W AW HMDS et NaCl dendritique ont une influence moindre sur I'in-
stabilité du PS 179; ce résultat est en accord avec des travaux antérieurs®®,
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Fig. 6. Evolution du chromatogramme d'un mélange d’oléate de méthyle, de linoléate de méthyl et de
linolénate de méthyle au cours du vieillissement d’une colonne. Phase stationnaire: Chromosorb P NAW
passivé, imprégné a 69, de PS 179. Température d’élution 220°C. Le programme de vieillissement de la
colonne est donné Fig. 1. 1, Aprés 65 h de vieillissement; 2, aprés 652 h de vieillissement; 3, aprés 984 h de
vieillissement.

Etude thermogravimétrique

L’analyse thermogravimétrique nous permet de comparer la stabilité thermi-
que du PS 179 pur non dispersé sur un support, a celle du PS 179 dispersé sur
différents supports (¢f. Fig. 7 et Tableau II).

Le PS 179 pur se comporte comme Mathews et al.! et Schwartz er al.? 'ont
décrit mais dés qu’il est dispersé sur un support sa stabilité diminue et les tempéra-
tures T, et T, sont plus ou moins abaissées selon la nature du support, le chlorure
de sodium et le Chromosorb W AW HMDS ayant I'influence la plus faible. Ces ré-
sultats sont assez bien reliés a ’activité chimique du support: le chlorure de sodium
ne porte aucun groupe chimique acide ou basique a la différence des Chromosorb P,
G et W qui ont sur leur surface des atomes de Al, B et Si liés a des atomes d’oxygeéne
et des groupes OH, constituant des sites fortement acides ou basiques selon le cas et
donc ayant des propriétés catalytiques éventuelles. La réaction de silanisation fait
disparaitre la plupart des groupes OH et géne 'accés a la surface en créant une
couche dense de groupes Si (CH;);. Elle désactive donc beaucoup cette surface.
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Fig. 7. Thermogrammes de PS 179: masse résiduelle de I'échantillon (%) en fonction de la température,
programmée a 10°C/min. 1, Pur (masse de I’échantillon 5.4 mg); 2, dépdt a 4 9 sur Chromosorb G NAW
(masse de I’échantillon 12.2 mg); 3, dépdt a 6 % sur Chromosorb P NAW passivé (masse de I’échantillon
19.1 mg); 4, dépdt 4 8 % sur Chromosorb W AW HMDS (masse de I’échantillon 18.6 mg); 5, dépot a 1.5,
sur NaCl dendritique (masse de I’échantillon 14.8 mg).

"ABLEAU 11
'ESULTATS DE L’ANALYSE THERMOGRAVIMETRIQUE

‘roduits Masse de T\* To* Vyen9, Perte de masse du
PS 179 (°C) (°C) de perte PS 179
(mg) de accompagnant la
masse/sec décomposition (%)
S 179 non imprégné 5.40 570 515 0.125 74
‘hromosorb G NAW imprégné 0.49 500 450 0.12, 70
a49,dePS 179 .
‘hromosorb P NAW passivé 1.15 500 410 0.04 46
imprégné a 6 % de PS 179
‘hromosorb W AW HMDS 1.49 545 490 0.07 36
imprégné a 8 9 de PS 179
laCl dendritique imprégné 0.22 550 500 0.17 ~100

a1.59% dePS 179

* Chaque thermogramme (cf. Fig. 7) est caractérisé par I’équation de la tangente au point d’inflexion:
pente de la tangente: “vitesse” V,; abscisse du point d’inflexion, température T,,; abscisse a 1’origine
(masse initiale ou 100 %): température T,

Analyse comparative du PS 179 avant et aprés avoir fonctionné comme phase station-
naire en chromatographie gaz—liquide

Les résultats obtenus lors de I’étude chromatographique et en particulier
I’existence d’un important résidue fixé au support, ne peuvent pas s’expliquer unique-
ment par la perte de masse de la phase stationnaire. Nous avons donc été¢ amené a
procéder a différentes analyses du PS 179 ayant fonctionné comme phase station-
naire. ‘

Désorption du PS 179 de son support. Dans aucun cas nous ne pouvons extraire
par un solvant la totalité de la phase stationnaire résiduelle (Tableau I1I). L’extraction
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TABLEAU 111
RESIDU DE PS 179 SUR LE SUPPORT APRES FONCTIONNEMENT DES DIFFERENTES COLONNES

Chromosorb Chromosorb Chromosorb NaCl
G NAW W AW HMDS P NAW passivé  dendritique
(¢f Fig. 2) (¢f. Fig. 4) (¢f Fig. 1) (¢f. Fig. 5)
Quantité de PS 179 restant sur (1) 100
le support apres fonctionnement 78 75 65
(% de la quantité déposé) (2) 100
Fraction de PS 179 récupérable (nH 79
par désorption au CH,Cl, 30 12 87
(% du résidu) (2) 69

au tétrahydrofuranne ne permet pas d’extraire I'insoluble au dichloromethane. Le
produit non extractible, récupéré apres dissolution du NaCl dendritique dans I'eau
est insoluble dans le tétrahydrofuranne. L’analyse thermogravimétrique du Chromo-
sorb P NAW passivé apres extraction du résidu montre que le produit insoluble est
thermiquement plus stable que le PS 179 lui-méme (augmentation de T, et T,,).

Ces observations suggérent une réticulation partielle du PS 179 sur le support.

Les fractions de résidu récupérées ont été soumises a différentes analyses, chro-
matographie par perméation de gel et analyse chimique.

Chromatographie par perméation de gel. La Fig. 8 donne la répartition des
masses moléculaires du PS 179 d’origine. Un étalonnage préalable nous a permis
d’attribuer une composition AB (AB),A a chaque pic.

1
150

250 350
volume d’éluant {cm?)

Fig. 8. Fractionnement d’échantillons de PS 179 par chromatographie par perméation de gel sur la colonne
P,. 1, Echantillon de PS 179 pur, non traité; 2, échantillon de PS 179 extrait d’une colonne préparée avec
du Chromosorb P NAW passivé imprégné a 6 %, de PS 179 et ayant travaillé 984 h (¢f. programme Fig. 1).
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L’étude des chromatogrammes obtenus pour les fractions extraites apres dif-
férents traitements montre que pour un vieillissement de la colonne de ’ordre de 240
h a une température inférieure a 300°C avec le Chromosorb W AW HMDS comme
support il n’y a pas de modification appréciable du PS 179.

Par contre pour un vieillissement d’une durée de I'ordre de 1000 h il y a
modification sensible de la distribution des masses:

(a) sur NaCl dendritique (¢f. colonne décrite Fig. 5), le rapport des concen-
trations faibles masses moléculaires/fortes masses moléculaires diminue nettement,
mais il ne semble pas qu’il s’agisse d'un phénomeéne de simple évaporation car 'aire
du pic ABA diminue moins vite que P'aire du pic ABABA.

(b) sur Chromosorb P NAW passivé (¢f. colonne décrite Fig. 1) on observe
une disparition des fractions de faibles masses (¢f. Fig. 8) et 'apparition de macro-
molécules de plus fortes masses (¢f. Fig. 9), pouvant atteindre plusieurs dizaines de
milliers.

®

®

B B B S B
106 10 02 m(g)

Fig. 9. Fractionnement des mémes échantillons de PS 179 que Fig. 8, par chromatographie par perméation
de gel sur la colonne P,. m, Masse molaire apparente résultant d’un étalonnage par le polystyrene.

TABLEAU 1V

ANALYSE ELEMENTAIRE DU PS 179 APRES FONCTIONNEMENT COMME PHASE STATION-
NAIRE

Produits Nombre atomes Cjnombre atomes S

PS 179 original 27.5-28.5

PS 179 désorbé du NaCl 29.3
dendritique au CH,Cl,

Fraction insolubie de PS 179 23.5
recueillie aprés dissolution
du NaCl dendritique dans 'eau

PS 179 désorbé du 31.5-31.1
Chromosorb G NAW

Valeurs théoriques pour
ABA 42
ABABA 33
AB(AB),A 30
AB(AB);A 28.5
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Analyse chimique

Le PS 179 désorbé au dichloromethane du NaCl dendritique ou du Chromo-
sorb G NAW s’est appauvri en soufre par rapport au produit initial (¢f. Tableau 1V).
Cette perte de soufre peut s’expliquer par un processus de dégradation connu des
polysulfones!': rupture au niveau de la liaison de plus faible énergie (C-S) puis perte
de SO,. Au contraire le résidu insoluble est plus riche en soufre, mais nous n’avons
pu en faire une analyse fonctionelle. 11 faut noter que le résultat concernant le résidu
insoluble sur NaCl ne doit pas s’étendre aux autres résidus, pour lesquels nous n’avons
aucune donnée.

DISCUSSION

Les résultats décrits ci-dessus sont rassemblés dans le Tableau V. Les diffé-
rentes analyses effectuées mettent en évidence pour un vieillissement des colonnes de
I’ordre de 1000 h a des températures allant de 220 a 350°C: une réticulation partielle
de la phase sur le support (Tableaux Il et V), une perte des macromolécules de faibles
masses (Fig. 8), la formation de macromolécules de plus fortes masses (Fig. 9) et une
perte de soufre (Tableaux IV et V) pour les fractions extractibles.

Ceci suggére une évolution de la phase stationnaire suivant au moins deux
schémas possibles: (1) évaporation lente des macromolécules de faibles masses; (2)
réaction de coupures, perte de SO, suivie de recombinaison conduisant a une ramifi-
cation (augmentation de la masse moléculaire) puis a une réticulation. Ce second
schéma est trés probablement catalysé par les sites fortement acides ou basiques que
I’on trouve a la surface des supports silico-aluminates, surtout s’ils sont non traités.
Sur NaCl dendritique le schéma 1 serait prépondérant par rapport au schéma 2 (peu
de réticulation sur ce support, Tableau V). Par contre sur Chromosorb P NAW pas-
sivé et G NAW le schéma 2 serait prépondérant. Sur Chromosorb W AW HMDS il
est difficile de conclure car les colonnes ont peu vieillies et a des températures infé-
rieures a 300°C. Toutefois le taux de réticulation, sur ce support, n’est pas négligeable
(Tableau V).

L’évolution des parameétres chromatographiques en fonction du vieillissement
des colonnes, est liée a la décomposition du PS 179. Au début la réticulation du pro-
duit & la surface du support se traduit par une diminution des temps de rétention
corrigés. Pour un vieillissement plus avancé, la dégradation du PS 179 est défavorable
a la rétention des solutés aromatiques polaires probablement par suite de la réduction
des intéractions moléculaires pour ces familles, a la suite de la perte de groupes SO,
mais favorable a la rétention des n-alcanes (Tableau V): la disparition des centres
actifs polaires (perte de SO,) pourrait en effet augmenter la solubilité des alcanes
dans un liquide devenu sensiblement moins polaire, ceci malgré la perte de masse et
la réticulation.

L’étude des propriétés chromatographiques du résidu montre en effet qu’il a
un comportement trés peu polaire, presque comparable a celui du SE 30, donc sen-
siblement moins polaire que le polyphenyléther (¢f. Tableau I1). Ainsi avec une partie
du support résiduel de la colonne 2, soit environ 1.7 g de Chromosorb W AW
HMDS imprégné d’environ 2.5, d’un résidu non extractible, avons nous rempli une
colonne de 1.5 m. Les mesures sont peu précises en raison du faible temps de rétention
corrigé consécutif a la faible quantité de phase résiduelle, mais I'indice de rétention
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du phénanthréne est voisin de celui observé sur SE-30 (1850). La séparation des esters
méthyliques des acides gras de I’huile de lin est semblable a celle obtenu sur SE-30.
Ces résultats confirment le schéma de dégradation proposé.

CONCLUSION

La décomposition du PS 179 est fonction du temps, de la température et de la
nature du support qui joue un réle catalytique. Elle se traduit par une perte de masse
et une modification chimique importante. Les caractéristiques d’une colonne sont
donc tributaires du degré d’avancement de la décomposition et de la nature du sup-
port & un degré considérable.

Si nous ne considérons comme critére de stabilité que la perte de masse de la
phase, le classement des différentes colonnes est délicat. Chaque colonne a subi un
vieillissement différent (de 50 a 1000 h de travail & des températures allant de 220 a
350°C).

Pour les colonnes réalisées avec le Chromosorb P NAW passivé et NaCl den-
dritique, 'extrapolation des résultats obtenus permet de prévoir une perte de 509,
de la masse tnitiale de PS 179 en moins de 2000 h a 300°C environ. Cette durée cor-
respond a une vie pratique de la colonne de prés d’un an si I'on considére une
utilisation de 8 h par jour, 5 jours par semaine. Le programme choisi, une trés lente
programmation de température, n’est cependant pas forcément équivalent aux quel-
ques milliers d’analyses en température programmée qui seraient effectuées pendant
ce temps.

Vis a vis des propriétés chromatographiques les colonnes réalisées avec le
Chromosorb W AW HMDS et NaCl dendritique sont plus stables que celles réalisées
avec les Chromosorb G et P NAW passivé, mais ces colonnes sont nettement moins
efficaces au moins a 220°C, I'efficacité s’améliorant lorsque la température s’éleve.

Les résultats obtenus nous permettent de retenir pour des études ultérieures les
supports suivants: Chromosorb W AW HMDS pour une utilisation limitée 4 tempé-
rature inférieure a 300°C, NaCl dendritique pour une utilisation prolongée a tempé-
rature supérieure a 300°C.

Il ne parait pas de toutes maniéres que des colonnes préparées avec cette
phase puissent étre utilisées pendant une longue durée 4 une température supérieure
a 300°C, quel que soit le support, sans que les données de rétention ne varient trés
notablement. Méme le chauffage accidentel d’une colonne au dessus de 300°C peut
avoir des conséquences importantes sur ce plan.

11 est fort possible que les résultats obtenus soient en partie ou en totalité dus
a une oxydation lente ou a une décomposition catalysée par I'oxygéne. Nous n’avons
pas pris de précautions particuliéres sur ce point de sorte que nos résultats sont
typiques de ceux obtenus dans la plupart des laboratoires et nous avons probablement
eu tort. Il est certain que des traces d’oxygeéne dans le gaz vecteur ont souvent une
trés néfaste influence sur la stabilité thermique des phases®.

RESUME

La stabilité thermique des poly(oxy aryl sulfonyl aryléne) utilisés comme phase
stationnaire en chromatographie gaz-liquide dépend beaucoup de I'influence du sup-
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port, dés 220°C dans certains cas. Le chlorure de sodium dendritique et le Chromo-
sorb W AW HMDS ont une influence moindre que les Chromosorb G NAW, G AW
DMCS et P NAW passivé.

La dégradation thermique se traduit par une perte de masse et une modifica-
tion chimique de la phase. Ces deux facteurs entrainent une variation plus ou moins
importante des propriétés chromatographiques (retention, polarité, efficacité).

Seuls des supports trés inertes comme NaCl dendritique permettent I'utilisation
prolongée du PS 179 & haute température (300°C). Malheureusement les colonnes
réalisées avec ce support sont d’efficacité trées médiocre.
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ETUDE DE LA POLARITE D'UN POLY(OXY ARYL SULFONYL ARYLENE)
UTILISE COMME PHASE STATIONNAIRE EN CHROMATOGRAPHIE
GAZ-LIQUIDE
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Ecole Centrale des Arts et Manufactures, Grande Voie des Vignes, 92290 Chatenay-Malabry ( France)
et

G. GUIOCHON*

Ecole Polytechnique, Route de Saclay, 91120 Palaiseau ( France)

(Regu le 25 juin 1981)

SUMMARY

Polarity of a poly(oxy aryl sulfonyl arylene) used as stationary phase in gas-liquid
chromatography

Retention indices of polynuclear hydrocarbons, phenols and aza-arenes on
poly(oxy aryl sulfonyl arylene) were measured at different temperatures. Comparison
between these data and the retention indices of the same compounds on SE-30, poly-
phenylether (6 rings), OV-17, Carbowax 20M, shows the polarity of this stationary
phase (PS 179) to be similar to that of Carbowax 20M.

The large polarity and the thermal stability of PS 179 permits the analysis of
complex mixtures of heavy aromatic hydrocarbons and related compounds.

INTRODUCTION

L’objet de ce travail est I'étude de la polarité d’un polycondensat appartenant
a la famille des poly(oxy aryl sulfonyl aryléne), le PS 179, de formule AB(AB),A ou:

@(@@ S S S——

I1 est utilisé comme phase stationnaire en chromatographie gaz-liquide a des tempé-
ratures supérieures a 200°C.

Cette phase se distingue des autres phases stationnaires thermostables usuelles
(polysiloxanes, polycarborane siloxanes) par son caractére assez fortement polaire.
Elle pourrait donc étre tres utile pour 'analyse de composés polaires de faible tension
de vapeur.

Parmi les travaux mettant en évidence la polarité du PS 179!~ on peut citer
I'analyse de lubrifiants synthétiques, de pesticides et des esters méthyliques des acides

0021-9673/81/0000-0000/$02.50  «» 1981 Elsevier Scientific Publishing Company



214 F. SELLIER, G. TERSAC, G. GUIOCHON

stéraniques de la bile. La polarité de cette phase est difficile 2 mesurer et 4 comparer
a celles de corps plus classiques car le PS 179 ne peut étre utilisé a des températures
inférieures a 200°C et donc les constantes de McReynolds® ne peuvent étre mesurées
car les étalons correspondants ne sont pas assez retenus. Schwartz et al.® ont suggéré
I’emploi d’autres étalons® pour classer cette phase. Mais, & notre connaissance,
aucune étude systématique de la polarité du PS 179 n’a été effectuée. Nous avons
cependant montré dans un travail antérieur I'influence marquante de la nature du
support sur la dégradation thermique du PS 179, laquelle s’accompagne d’une varia-
tion plus ou moins sensible selon les supports de la polarité.

L’analyse des hydrocarbures aromatiques polycycliques non fonctionnels et
fonctionnels (composés polaires, de faible volatilité, trés stables thermiquement) nous
a semblé bien adaptée a I'étude de la polarité du PS 179, d’autant plus que I’analyse
de mélanges complexes de ces molécules est un probléme d’actualité (analyse des
polluants atmosphériques, fractions lourdes des pétroles etc.) et plusieurs auteurs ont
mentionné la nécessité de posséder une gamme de colonnes de polarité différente,
stables A température élevée’°.

Dans une premicre partie nous étudions l'influence du support sur la polarité
du PS 179. Nous avons pour cela utilisé des colonnes récemment préparées et peu
vieillies, en particulier n’ayant sé¢journé que trés brievement a une température supé-
rieure 4 celle ol sont faites les mesures. Ce travail nous conduit au choix d’un support.

Dans la seconde partie nous comparons les indices de rétention de différents
hydrocarbures aromatiques mesurés sur PS 179, SE-30 (polydimethyl siloxane), poly-
phenyl ether 4 6 noyaux [oxyde de bis(m-phenoxy phenoxy) phenyle], OV-17 (poly-
phenyl methyl siloxane), Carbowax 20M [poly(oxy ethyléne)]. Les indices de réten-
tion'® dépendent des intéractions moléculaires entre solutés et phase stationnaire.
Leur variation traduit I'intensité relative de celles-ci pour différentes phases station-
naires et donc peut servir a caractériser ce que ’on appelle d’'une maniére peu précise
la polarité de la phase, polarité qui traduit d’une maniére complexe ["aptitude a don-
ner ou céder des électrons, la polarisabilité et le moment dipolaire des différents
groupes de la molécule de phase fixe. Ce travail n’entend pas éclaircir la notion de
polarité mais caractériser les propriétés d’'une phase.

PARTIE EXPERIMENTALE

Les mesures ont été effectuées a I'aide d’un chromatographe Girdel 75 CD/PT
(Girdel, Suresnes, France) muni d’un détecteur a ionisation de flamme relié a un
enregistreur Sefram Servotrace (Sefram, Paris, France).

Les différentes colonnes réalisées sont en acier inoxydable ont 2 m de longueur,
2.17 mm de diametre intérieur et sont remplies de support imprégné par la méthode
classique.

La phase liquide utilisée est le PS 179 (Applied Science Labs., State College,
PA, Etats-Unis). Sa distribution moléculaire a été caractérisée par chromatographie
par perméation de gel®.

Pour la premie¢re partie les supports utilisés sont: le Chromosorb P NAW
passivé imprégné 4 6%, le Chromosorb G NAW imprégné a 49, le Chromosorb
G AW DMCS imprégné a 49 et la NaCl dendritique imprégné a 1.5%,.

Dans la seconde partie le support utilisé est le Chromosorb W AW HMDS
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imprégné a 8%, de phase stationnaire (49 dans le cas du SE-30) afin que les temps
de rétention réduits ne soient pas inférieurs a 25 sec.

Les temps de rétention isothermes des composés étudiés n’ont pas évolué pen-
dant le laps de temps nécessaire a cette étude (48 h entre 220 et 300°C). Apres
fonctionnement de la colonne aucune perte de masse n'a été enregistrée. La colonne
a été vidée de son contenu et la phase liquide a été extraite du support avec du di-
chlorométhane. L'extrait représente 699, du PS 179 originellement déposé sur le
support. Il a été analysé par chromatographie par perméation de gel; on ne note
aucune modification par rapport au PS 179 d’origine. Le résidu non extractible (31 %,
en poids de la phase liquide d’origine) apparait trés vite par traitement thermique®.
Son influence sur les propriétés chromatographiques de la phase est inconnue et les
conditions de sa formation peuvent expliquer des résultats peu reproductibles. Les
temps de transit de I'inerte (z,,) ont €té mesurés avec le méthane.

Le soluté est en solution a 1 9 dans le tetrahydrofurane. La quantité de solution

log

1 1 1l
1800 2000 2200 2200 I

Fig. 1. Influence de la nature du support sur la détermination de I'indice de rétention de I'acénaphténe.
Courbes 1 a 5, variations du logarithme du temps de rétention absolu (13/m) des n-alcanes avec le nombre
d’atomes de carbone. 1 = PS 179 déposé a 6 %; sur Chromosorb P NAW passivé; 2 = PS 179 déposé 449,
sur Chromosorb G NAW; 3 = PS 179 déposé & 49 sur Chromosorb G AW DMCS; 4 = PS 179 déposé a
1.5 9% sur NaCl dendritique; 5 = PS 179 déposé a 49, sur Chromosorb W AW HMDS. B, n-Alcane; A,
acénaphthéne. Exemple: sur 1 'acénaphténe est élué entre I'octadécane et I'eicosane, sur 2 entre le do-
cosane et le tétracosane. Lignes horizontales: temps de rétention absolue de 'acénaphthéne. Lignes verti-
cales: indices de rétention correspondant.

2
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TABLEAU I

INFLUENCE DU SUPPORT SUR LES TEMPS DE RETENTION REDUIT 1z RAMENES A L'UNITE DE
MASSE DE PHASE STATIONNAIRE, ET LES INDICES DE RETENTION

Température 220°C. Colonne non vieillie (moins de 48 h a 220°C).

Chromosorb Chromosorb Chromosorb Chromosorb NaCl
P NAW G NAW G AW DMCS W AW HMDS  dendritique
passivé
tz/m pour 'octadécane 881 330 237 170 158
(sec g™)
tr/m pour 'acénaphténe 1513 1584 1047 912 1216
(secg™!)
Indice de rétention de 1940 2260 2249 2390 2400
I'acénaphténe
Surface spécifique ~6 0.5 ~0.5 x1 <0.5
(m?g™")

injectée est de 0.15 ul. Pour déterminer I'indice de rétention d’un soluté, il est injecté
avec les n-alcanes qui ’encadrent.

Influence du support

Résultats. La Fig. 1| montre que le temps de rétention d’un soluté, ici I’ace-
naphténe, dépend de la nature du support. Les variations du temps de rétention d’un
support a ’autre sont beaucoup plus importantes pour les n-alcanes (solutés apolaires)
que pour I’'acénaphténe (soluté polaire). D’ou des variations importantes de 'indice
de rétention de ’acénaphténe avec la nature du support (Tableau I) malgré une varia-
tion assez faible du temps de rétention de I’acénaphtene lui-méme.

Discussion. Ces résultats peuvent s’expliquer par une contribution a la rétention
de l’adsorption a I'interface gaz-liquide''~'*. En effet si seule la solubilité des corps
étudiés dans la phase liquide expliquait leur rétention la grandeur t¢}/m, propor-
tionelle au volume de rétention spécifique devrait &tre constante pour chaque corps,
indépendamment du support. Il n’en est rien.

L’adsorption a l'interface est fonction de la nature du support, de la nature du
soluté et de Paire de 'interface gas-liquide (donc de la surface spécifique du support
et du taux d’imprégnation).

La contribution a la rétention est ici plus importante pour les n-alcanes que
pour 'acénaphténe: le PS 179 solvant fortement aromatique, polaire, dissout moins
les n-alcanes, comiposés apolaires, qui sont exclus de la solution et donc adsorbés a
I'interface gaz-liquide, que les composés aromatiques.

Par ailleurs il faut noter que les supports traités par silanisation ont une éner-
gie de surface et donc une mouillabilité bien moindres que les supports non traités.
11 est donc fort probable que les supports silanisés ne sont pas complétement mouillés
par le PS 179 et donc que I'interface gaz-liquide a une aire inférieure a celle sur sup-
port non traité, ce qui explique la treés faible rétention de 'octadécane sur ces supports.

L’interprétation des écarts observés Tableau I pour la rétention de ’acénaph-
téne (soluté aromatique polaire) est plus délicate. Toutefois, dans le cas de I’étude de
la rétention du benzéne sur le chloronaphthaléne, les résultats obtenus par Martin*!
mettent en évidence une contribution non négligeable de I’adsorption a I'interface
gaz-liquide.
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Les résultats obtenus (Fig. 1 et Tableau I) mettent en évidence 'influence de la
nature du support sur 'indice de rétention d’un soluté donné: I'indice de rétention
dépend a la fois de la rétention du soluté et de celle des alcanes et se trouve donc
assez sensible aux effets de surface. L’indice de rétention n’a de sens que si I'on
précise la nature du support et le taux d’imprégnation. Par contre la rétention rela-
tive de composés aromatiques est moins affectée. Les rétentions relatives du 2,4-
diméthylphénol et de la quinoléine a ’acénaphténe sont respectivement de 0.30 et 0.55
sur Chromosorb W AW HMDS et de 0.33 et 0.53 sur Chromosorb P NAW, une
variation qui n’excede guére les erreurs expérimentales.

Choix du support. Nos précédents travaux® ont mis en évidence les variations
de différents paramétres chromatographiques (dont 'indice de rétention) au cours du
temps, lors du vieillissement thermique des colonnes. Mais nous avons constaté que
les indices de rétention mesurés avec le Chromosorb W AW HMDS et NaCl dendri-
tique sont quasiment identiques. D’autre part les colonnes réalisées avec le Chromo-
sorb W AW HMDS sont plus efficaces que celles réalisées avec le NaCl dendritique.
Ces différentes propriétés sont présentées Fig. 2.

Nous avons donc retenu pour I’étude de la polarité du PS 179, le Chromosorb
W AW HMDS.

Polﬁ rité Efficacité Stahilité

Fig. 2. Comparaison qualitative du comportement du PS 179 déposé sur différents supports. X
Chromosorb W AW HMDS; ———-—, , Chromosorb G NAW; — —, NaCl dendritique; ~ - —, Chromosorb
P NAW passivé.

Comparaison du PS 179 avec une phase apolaire le SE 30

Les indices de rétention des hydrocarbures aromatiques non fonctionnels, hy-
droxylés et azotés, mesurés sur PS 179 et sur diverses phases classiques sont rassem-
blés dans les Tablaux II, III et 1V.

Polarité du PS 179. La Fig. 3 représente les variations des indices de rétention
des différents solutés étudiés en fonction de leur température d’ébullition. Par défini-
tion la courbe des n-alcanes (courbe 1) est la méme pour toutes les phases. La posi-
tion d’un point correspondant a un soluté sur une phase donnée permet d’apprécier
la polarité de cette phase.

Sur SE-30, phase apolaire, les hydrocarbures aromatiques non fonctionnels
dont la température d’ébullition est inférieure a 300°C suivent d’assez pres la courbe
des n-alcanes; ceux dont la température d’ébullition est supérieure a 300°C et les
dérivés fonctionnels sont trés légérement moins retenus; ils se situent en effet au
dessous de cette courbe.

Sur PS 179 les hydrocarbures aromatiques non fonctionnels sont tous tres au
dessus de la courbe des n-alcanes, le déplacement allant de 700 pour le naphtaléne a
1500 pour le pyrene et 2300 pour le peryléne.
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TABLEAU Il
INDICES DE RETENTION D’HYDROCARBURES AROMATIQUES HYDROXYLES

La précision des mesures des indices de rétention a été évaluée a: +5 unités sur PS 179; +7 unités sur SE-30;
+9 unités sur polyphényl éther 6 noyaux; + 3 unités sur Carbowax 20M.

Composés PS 179 SE-30 Polyphényl éther Polyphényl éther Carbowax 20M

6 noyaux
T(°C)1 T(°C)I T(°C)I T(°C) 1 T°C) [

0-Cresol 220 1900 220 1048 220 1433 160 1354 220 2004
m-Cresol 220 1958 220 1075 220 1464 160 1386 220 2093
p-Cresol 220 1979 220 1073 220 1457 160 1385 220 2089
2,4-Diméthyl phénol 220 1979 220 1162 220 1518 160 1456 220 2087
2,5-Diméthyl phénol 220 1988 220 1161 220 1507 160 1453 220 2072
3,5-Diméthyl phénol 220 2056 220 1179 220 1550 160 1489 220 2174
3,4-Diméthyl phénol 220 2131 220 1209 220 1572 160 1530 220 2233
a-Naphthol 240 2863 200 1517 160 1944

B-Naphthol 240 2916 200 1531 160 1969

* Mesures effectuéeiswprarr Buryan et Macak!® taux d'imprégnation 5%, sur Chromaton N AW HMDS.

TABLEAU IV
INDICES DE RETENTION D'HYDROCARBURES AROMATIQUES AZOTES

La précision des mesures sur les indices de rétention est la méme que pour les phénols (Tableau 111).

Composés PS 179 SE-30 Polyphényl éther Carbowax 20M

6 noyaux
T(C) 1 T(°C) 1 T(°C) 1 T(°C) 1
Quinoléine 220 2182 220 1306 220 1719 220 2023*
Isoquinoléine 220 2241 220 1334 220 1762 220 2057
Indole 220 2409 220 1324 220 1774 220 2449
Acridine 260 3222 240 1869

Carbazole 260 3475 240 1877

* Poulson'® a publié pour I'indice de rétention de la quinoléine 2005 sur Chromosorb G imprégné a
5% de Carbowax.

Les dérivés fonctionnels sont encore plus retenus. La différence est plus faible
lorsque le noyau aromatique est substitué par une chaine alkyle. On note méme une
inversion de 'ordre d’élution de I'acénaphténe et de I’acénaphtyléne (¢f. Tableau 11
et Fig. 4).

Ces observations mettent bien en évidence le caractére polaire du PS 179 et
surtout son affinité pour les composés aromatiques et son faible pouvoir solvant des
alcanes. L’emploi des “indices de rétention aromatiques’ imaginés par Lee et al.'”
permettrait certainement d’obtenir des résultats d’un emploi plus pratique.

Sélectivité du PS 179. Pour les hydrocarbures aromatiques non fonctionnels
étudiés les Figs. 4, 5 et 6 mettent en correspondance les temps de rétention mesurés
sur PS 179 d’une part, sur SE-30 d’autre part. Lorsque la droite passant par les
points représentant deux composés a une pente 1, la sélectivité des 2 phases pour ces



F. SELLIER, G. TERSAC, G. GUIOCHON

220

1,027 :2Insow op aIMeRAWS], *),00€ ¥ 9INSLIPJUI UOIH[NGI, P 2Injerddwa) op sanbrewolr sgsodwod ap Sia B SIA 0g-9S 19 641 Sd 3P SANR[RI HANOS[IS v ‘Sid

([J) 9jo14d adKy np no (O) surpuAd 23dA1 np nedou un jueke sauegpnuiiod sanbrewore sasodwoos ‘sjougyd W ‘sapdurs sanbriewose sarngiesoipiy
‘® [SUBdV-H ‘W D087 B 6L1 Sd = 8 :D.09T B 6L1 Sd = L {D00T B6LI Sd = 9 1D-0ZT B 6L1 Sd = § D-0T B 0¢-dS = b D.0TT B 0¢-AS = € *D.00C

® 0¢€-3S =  ‘(90U319Jo1) SoUBOE-# SOP 9QIN0D = [ ‘UONI[nGs.p 2Injeipdwia) Ina[ 9P HOIOUOY UD $INJOS SJUSIPHIP 9P UOTIUDIZL 3P 3IpUI, [ 3p UoneLIBA ¢ “J1q

{
oexsth ) L
+2 oy [o74 sh o (o) osy osg 0sZ 0S1
T T T T T =T oL T T T 0001
(235) ] o>
Jot -1000¢
To-
—1000¢
Og\m_-:_a-: Lo,
V4 -
/
Ve
\\ suigouinb
, 4
’ 8‘tajuad 09
\\\ jouinbos) J
v
4 -
A —ooot
-~
ausydRUPIE! 0ok ,
eusifiydyligoee a  elopu k4 I
e @ue:njozuaqip
(s) ost
eusionyy [2°]
* 6418d'%n




POLARITE D’UN POLY(OXY ARYL SULFONYL ARYLENE) 221

b
ty, PS179
(sec)

pyréne

400
fluoranthéne

ocarbazole ’

anthracene ,
phénanthréne

7
3 naphtot ‘pente 2.5
)
acridine 47
// Q(naphtol

150L pente 1.75

100

80| .

60| 7 (sec)
i 1 1 1 1 1 1 ] i

0 60 80 00 150 20
?
T.R 7 SE-30

Fig. 5. Sélectivité relative de PS 179 et SE-30 vis & vis de composés aromatiques de température d’ébullition
comprises entre 280 et 400°C. Température de mesure ('C):

Composé aromatique PS 179 SE-30

Fluoréne, phénanthréne,

anthracéne 240 240
Fluoranthéne, pyréne,
acridine, carbazole 260 240

a-Naphtol, g-naphtol 240 200

corps est identique. Bien sur seuls les points mesurés a la méme température pour une
phase donnée peuvent &tre utilisés.

Pour les hydrocarbures aromatiques non fonctionnels le PS 179 est d’une fagon
génerale plus sélectif que le SE-30. Pour la séparation d’isoméres ayant une tension
de vapeur et une polarité voisines, le PS 179 est plus sélectif que le SE-30 dans la
plupart des cas, par exemple pour les méthyl-naphthalénes, crésols, xylénols, quino-
léines (Fig. 4), les naphtols (Fig. 5) et le couple péryléne-benzopyréne (Fig. 6). Aucune
amélioration de la sélectivité n’est observée pour le couple anthracéne—phénanthréne
(Fig. 5) ou les benzofluorénes 1,2 et 2,3 (Fig. 6). Par contre le PS 179 est moins
sélectif que le SE-30 vis a vis de la famille benzanthracéne, chryséne, triphényléne
(¢f. Fig. 6). Nous avons trop peu de données sur ce point pour suggérer une régle
générale. On remarquera cependant que ces trois corps sont des benzophénanthrénes.

Comparaison du PS 179 avec d’autres phases
Polarité. L’examen des Tableaux I, 111, IV et de la Fig. 7 montre que le PS
179 est une phase plus polaire que 'OV-17 (une méthyl phényl silicone) et que le
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Fig. 6. Sélectivité relative de PS 179 et SE 30 vis a4 vis de composés aromatiques de température d’ébullition
comprises entre 400 et 500°C. Température de mesure (°C):

Composé aromatique PS179  SE-30
1,2-Benzofluoréne,

2,3-Benzofluoréne, benzanthracéne280 240
Chrysene, triphenyléne 280 260
Benzo[a]pyréne, péryléne 300 260

polyphényl éther a 6 noyaux. Ce résultat est important car cet éther entre dans la
composition du PS 179 ou plusieurs molécules de polyphényléther sont pontées.
L’accroissement de polarité du PS 179 provient donc de I'introduction du groupement
-0,5-C¢H,~0-C4H,-SO,- et en particulier des groupements sulfonyles.

La polarité du PS 179 est voisine de celle du Carbowax 20M. Le PS 179 qui a
un caractére aromatique prononcé retient plus les hydrocarbures aromatiques que le
Carbowax 20M. Par contre le Carbowax 20M retient plus les composés susceptibles
de former des liaisons hydrogene, celles-ci apparaissent plus facilement avec le groupe
éther alkylique du Carbowax 20M qu’avec le groupe éther aromatique du PS 179.

Sélectivité. Le PS 179 est plus sélectif que le polyphényl éther 6 noyauk ct le
SE-30 vis a vis des xylénols, naphtols et quinoléines (Fig. 8). La sélectivité du PS 179
est comparable a celle du Carbowax 20M vis a vis des xylénols (Fig. 8).

Pour les hydrocarbures aromatiques azotés le PS 179 est plus sélectif que le
Carbowax 20M vis a vis des quinoléines mais moins sélectif vis a vis du couple
quinoléine-indole. Il en est de méme pour ’acridine et le carbazole (Fig. 8). La sélec-
tivité du Carbowax 20M apparait ainsi liée a la possibilité de former des liaisons
hydrogenes avec le groupe éther, celle du PS 179 aux intéractions polaires des groupes
SO, et aux intéractions entre systémes aromatiques.
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Fig. 7. Comparaison des indices de rétention de différents composés aromatiques sur PS 179, Carbowax
20M (C 20M), polyphényl éther 6 noyaux (P), SE-30 et OV-17. 1 = 2,4-Diméthyl phénol; 2 = quin-
oléine; 3 = méthyl-1 naphtaléne; 4 = indole.

Hydrocarbures aromatiques hydroxylés

crésols ~ xylénols naphtols

-+

¢

1 1 L
o2 3

o |
® {
® 1t f}
® f
Hydrocarbures aromatiques azotés

® @ e 06

ol L.
®4f
® F _____ | |

Fig. 8. Temps de rétention relatif de différents composés aromatiques mesurés sur: 1, PS 179; 2, Carbowax
20M; 3, polyphenyl éther 6 noyaux; 4, SE-30. Composés étudiés: a = o-crésol; b = m-crésol; ¢ = p-crésol; d
= 2,4-dimethyl phénol; e = 2,5-dimethyl phénol; f = 3,5-dimethyl phénol; g = 3,4-dimethyl phénol; h =
a-naphtol; i = f-naphtol; j = quinoléine; k = isoquinoléine; I = indole; m = acridine; n = carbazole.
Les références sont successivement les composés a, d, h, j, m.
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CONCLUSION

L’indice de rétention d’un soluté donné sur PS 179 est fonction du support
utilisé et du traitement thermique préalable subi par la colonne. Les colonnes réalisées
avec le Chromosorb W AW HMDS sont plus stables que celles réalisées avec le
Chromosorb P NAW passivé, G NAW et G AW DMCS et plus efficaces que celles
réalisées avec NaCl dendritique®. Le Chromosorb W AW HMDS a donc été retenu
pour ’étude des propriétés du PS 179. Il nous parait important de souligner la néces-
sité d’utiliser un support peu actif, de surface spécifique assez faible, silanisé et de ne
pas chauffer excessivement les colonnes. L’emploi du carbone donnerait probable-
ment de bons résultats. Dans ces conditions la polarité du PS 179 est supérieure a
celle du SE-30, du polyphényl éther 6 noyaux, de 'OV-17 et voisine de celle du
Carbowax 20M.

Pour les composés aromatiques considérés le PS 179 est, en général, plus sélec-
tif que le SE-30 et la polyphényl éther 6 noyaux. Le résultat de la comparison du PS
179 avec le Carbowax 20M depend des familles étudiées. Ces deux phases ont des
polarités voisines mais seul le PS 179 permet I’analyse des hydrocarbures aromatiques
de faible tension de vapeur car il est beaucoup plus stable thermiquement.

RESUME

L’indice de retention de composés analysés par chromatographie sur PS 179
[poly(oxy aryl sulfonyl aryléne)] dépend du support utilisé.

Parmi les supports étudiés nous avons choisi le Chromosorb W AW HMDS
pour déterminer les indices de rétention d’hydrocarbures aromatiques polycycliques
(2 a 5 noyaux) non fonctionnels et fonctionnels (hydroxylés, azotés).

La comparaison de ces indices avec ceux mesurés sur SE-30, polyphenyl ether
6 noyaux, OV-17, Carbowax 20M montre que la polarité du PS 179 est supérieure
a celle du SE-30, du polyphenyl ether 6 noyaux et de I’'OV-17 et voisine de celle du
Carbowax 20M.

La polarité et la stabilité thermique du PS 179 permettent I’analyse de dérivés
de masse moléculaire élevée des hydrocarbures aromatiques.
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SUMMARY

High-resolution gas chromatography with liquid crystal glass capillaries. 111. Separation
of hydrocarbon isomers on cholesteric mesophase

High-performance glass capillary columns with cholesteryl butyrate as station-
ary phase were applied for separations of isomeric alkylbenzenes and n-alkenes in
cholesteric, crystalline, isotropic and supercooled range. Structure-retention correla-
tions, retention indices, d//dT values and homomorphy factors are discussed.

The cholesteric modification shows a higher selectivity for trans—cis-isomeric
n-alkenes, than nematic and smectic mesophases or common stationary phases.

EINLEITUNG

Nach Untersuchungen an nematischen und smektischen Modifikationen!?
wurde das Retentionsverhalten isomerer Kohlenwasserstoffe an einer cholesterini-
schen Mesophase gemessen. Solche Phasen wurden erstmals von Dewar und Schroe-
der?, Barrall er al.* sowie von Kelker und Winterscheidt® in gepackten Siulen gas-
chromatographisch untersucht. Von Heath er a/.° wurde Cholesterylcinnamat in
Glasskapillaren zur Isomerentrennung eingesetzt. Insgesamt wurden cholesterinische
Phasen wie auch smektische Fliissigkristalle in der Gaschromatographie bisher wenig
verwendet.

Cholesterinische Flissigkristalle sind eine Variante der nematischen Struktur,
ber der sich die Vorzugsrichtung der einzelnen Ebenen von Schicht zu Schicht um
einen bestimmten Winkel dndert. Daraus resultiert eine verdrillte Struktur, die be-

0021-9673/81/0000-0000/$02.50  «> 1981 Elsevier Scientific Publishing Company



226 L. SOJAK et al.

sondere Loseeigenschaften erwarten liasst. Der Drehsinn der Verdriliung hingt vom
Vorliegen des d- oder /-Enantiomeren ab, die Ganghohe der Helix ist temperatur-
abhingig. Die cholesterinische Mesophase tritt nur bei optisch aktiven Verbindungen
auf und ist der nematischen Struktur energetisch nahezu gleichwertig.

In der vorliegenden Arbeit wurde der Einfluss der cholesterinischen Struktur
auf die Selektivitidt der Trennung von isomeren Kohlenwasserstoffen untersucht und
mit den Losegigenschaften nematischer und smektischer Phasen verglichen.

EXPERIMENTELLES

Als stationidre Phase verwendeten wir Cholesterylbutyrat (CHOB) der Firma
E. Merck (Darmstadt, B.R.D.), das mit einem cholesterinischen Bereich von 102—
113"C angegeben wird”:

\/\,/O
|
0

Kalorimetrische Messungen an CHOB mit einem Perkin-Elmer DSC-2 Differ-
ential-Scanning-Kalorimeter ergaben einen Schmelzbereich von 98.2-101.6°C fiir
das erste Aufschmelzen, danach einen Schmelzpunkt von 99.3C und einen Kldrpunkt
von 11.4°C. Der cholesterinische Bereich ist bis 90°C unterkiihlbar.

Es wurden die bereits an nematischen und smektischen Phasen verwendeten
Mischungen aller 40 isomeren n-Alkene C,,—C,; zusammen mit den korrespondie-
renden n-Alkanen sowie der C,—C, -n-Alkylbenzene ecinschliesslich der isomeren
Xylene als Substrate eingesetzt.

Fiir die Messungen verwendeten wir Gaschromatographen Carlo Erba GI 452
und Perkin-Elmer F 11 mit Flammenionisationsdetektor, als Trigergas diente Was-
serstoff (Sdulenvordruck 0.12 MPa und lineare Geschwindigkeit, # = 34 cm/sec). Als
Trennsidule wurde ¢ine Glaskapillare von 58 m x 0.25 mm I.D. verwendet, deren Art
der Vorbehandlung bereits beschrieben wurde!.

Die Trennleistung der Flissigkristallkapillare betrug fiir cis-2-Tridecen bei
einem Kapazitatsverhiltnis von k& = 11,7 und 110°C n = 122,000 theoretische und
N = 104,000 effektive Boden.

Das Retentionsverhalten wurde im kristallinen, cholesterinischen, isotropen
sowie im unterkiihlten cholesterinischen Bereich gemessen.

ERGEBNISSE UND DISKUSSION

Trennung von Alkylbenzenen

Im Gegensatz zu den Ergebnissen der nematischen und smektischen Phasen
zeigte die untersuchte cholesterinische Mesophase trotz vergleichbar hoher Effekti-
vitéit nur im unterkiihlten Bereich kurz oberhalb der Kristallisation (92-90°C) fiir p-
und m-Xylene eine Trennung mit einem Trennfaktor « = 1.013 bei 90°C (Fig. 1), was
mit Ergebnissen der anderen cholesterinischen Phasen in Ubereinstimmung steht®->-%.
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Fig. 1. Trennung von isomeren C4-Alkylbenzenen an CHOB in Abhéngigkeit von der Sdulentemperatur
((Heizung?, Kiihlung}). EB = Ethylbenzen; o-, m-, p-X = o0-, m-, p-Xylen.

Die p-/m-Selektivitdt von CHOB ist kleiner als die von 4-n-Pentylacetophenon (O-4-
n-Octyloxybenzoyloxim) (OBO)' und 5-n-Heptyl-2-(4-n-nonyloxyphenyl)pyrimidin
(NPP)? und nur ausreichend fiir eine Verschiebung der Retention des p-Xylens zur
Koelution mit m-Xylen.

Zum Vergleich der é/-Werte fiir o-Xylen—Ethylbenzen an OBO und NPP sind
die 3/-Werte fiir die gemessenen Bereiche an CHOB in Tabelle 1 dargestellt.

Trennung von isomeren n-Alkenen C,y~C 5

In Fig. 2-6 sind die Chromatogramme der Trennungen von isomeren C,,—C, ;-
n-Alkenen sowie der korrespondierenden n-Alkane nach Heizung und Kiihlung der
stationdren Phase zu sechen. Dabei wurden die besten Trennungen im unterkiihlten
Mesophasenbereich gefunden. Es konnten alle 40 isomeren n-Alkene mit Ausnahme
der rrans-5-trans-6-Dodecene und der trans-4—trans-5-Undecene und -Decene ge-
trennt werden. Trennungen der letzteren gelangen bereits an nematischen und smek-
tischen Modifikationen bei tieferen Temperaturen mit Ausnahme der trans-4—trans-
5-Decene.

TABELLE 1

SI-WERTE FUR p- UND m-XYLENE UND 0-XYLEN-ETHYLBENZEN AN CHOB IN ABHANG-
IGKEIT VON DER SAULENTEMPERATUR

Heizung?, Kiihlung|.

88°C1 90C1 101°C1 105°Ct 115°C1 90°C|

p- und m-Xylene 0 0 0 0 0 1.6
0-X-EB 38.2 39.6 45.1 45.8 46.2 439
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Fig. 2. Trennung von isomeren n-Decenen an CHOB bei 92°C (Kiihlung). ¢- = ¢is-, 1~ = trans-Isomere;
1- = 1-Alken; #n-C;, = n-Decan.

Fig. 3. Trennung von isomeren #-Undecenen an CHOB bei 92C (Kiihlung).

Fig. 4. Trennung von isomeren n-Dodecenen an CHOB bei 92°C (Kiihlung).
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Fig. 5. Trennung von isomeren #-Tridecenen an CHOB bei 92'C (Kiihlung).
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Fig. 6. Trennung von isomeren n-Alkenen C,,-C,; an CHOB bei 92°C (Heizung).

Die Retentionsindizes der C,,~C, ;-n-Alkene an CHOB wurden in Tabelle i1
zusammengestellt.

Die Peaks wurden mit Hilfe der Struktur—Retentions-Korrelationen identifi-
ziert®. Fig. 7 zeigt die Abhiingigkeit der Homomorphie-Faktoren von der C-Zahl fiir
die homologen Reihen der #-Alkene. Die an nematischen und smektischen Phasen
gemessene Alternation ist an CHOB nicht klar erkennbar.

Die nach C-Zahl, Geometrie des Molekiils und Lage der Doppelbindung ge-
ordneten d//dT-Werte sind in Tabelle 111 zusammengestellt. In jedem Fall sind diese
Werte fiir cis-Isomere grosser als fiir korrespondierende trans-Isomere und ihre Dif-
ferenzen sind praktisch gleich gross: &(d//dT) = 0.1 Index-Einheiten (1.E.)/°C.
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TABELLE 11

L. SOJAK et al.

RETENTIONSINDIZES DER #-DECENE, n-UNDECENE, n-DODECENE UND »n-TRIDECENE,
GEMESSEN AN CHOB BEI 101, 105 und 115°C (HEIZUNG) UND 92°C (KUHLUNG) UND DIE

dI/dT-WERTE FUR DEN BEREICH 105-110"C

n-Alkene Iithad Kgeon
cis-5-Decen 982.8 984.6
cis-4-Decen 985.8 986.4
trans-5-Decen 985.8 986.4
trans-4-Decen 985.8 986.4
cis-3-Decen 989.8 990.2
trans-3-Decen 989.8 990.2
1-Decen 992.7 993.4
trans-2-Decen 1005.7 1006.0
cis-2-Decen 1009.1 1009.7
cis-5-Undecen 1076.8 1078.5
cis-4-Undecen 1079.8 1081.4
trans-5-Undecen 1083.0 1084.1
trans-4-Undecen 1083.0 1084.1
cis-3-Undecen 1087.7 1089.5
trans-3-Undecen 1088.9 1089.5
1-Undecen 1092.2 1093.0
trans-2-Undecen 1105.2 1105.7
cis-2-Undecen 1108.1 1109.3
cis-6-Dodecen 1171.1 1173.0
cis-5-Dodecen 1173.3 1174.7
cis-4-Dodecen 1177.8 1179.2
trans-6-Dodecen 1180.5 1181.0
trans-5-Dodecen 1180.5 1181.0
trans-4-Dodecen 1182.8 1183.2
cis-3-Dodecen 1187.0 1188.3
trans-3-Dodecen 1188.5 1188.6
1-Dodecen 1192.8 1193.1
trans-2-Dodecen 1205.4 1205.5
cis-2-Dodecen 1208.2 1208.8
cis-6-Tridecen 1266.8 1268.6
cis-5-Tridecen 1270.4 1272.1
cis-4-Tridecen 1276.7 1277.8
trans-6-Tridecen 1276.7 1277.8
rans-5-Tridecen 1278.9 1279.9
trans-4-Tridecen 1281.5 1282.2
cis-3-Tridecen 1285.8 1287.1
trans-3-Tridecen 1287.7 1288.4
I-Tridecen 1292.7 1293.1
trans-2-Tridecen 1305.1 1305.5
1307.8 1308.8

cis-2-Tridecen

"HOB
153

980.6
984.5
984.5
984.5
988.3
988.3
991.9
1005.0
1007.6

1074.5
1077.6
1082.0
1082.0
1086.0
1088.1
1092.1
1104.8
1107.1

1168.3
1170.6
1175.2
1178.6
1178.6
1181.4
1184.8
1187.3
1192.1
1204.7
1206.5

1263.7
1267.4
1273.6
1275.0
1277.1
1280.0
1283.7
1286.7
1292.1
1304.5

dIHOB 14T



HOCHLEISTUNGS-GC AN FLUSSIGKRISTALLKAPILLAREN. II1. 231

CHOB[ ' j
92‘
\o___oc-z
S —m— e ————— -2 ]
_5. 4
—_ ——— . ——O— -
-15} 1
=25t ]
-35} 6
c—
10 ] 12 13 nC

Fig. 7. Homomorphiefaktoren HH" von C,,~C,,-n-Alkenen an CHOB bei 92°C (Kiihlung).

TABELLE 111

ABHANC}IGKEIT DER d//dT-WERTE VON DER ZAHL DER KOHLENSTOFFATOME, DER
MOLEKULGEOMETRIE UND DER LAGE DER DOPPELBINDUNG FUR »-ALKENE C,,-C,,
AN CHOB

Alkene

trans-2-
trans-3-
trans-4-
trans-5-
trans-6-

cis-2-
cis-3-
cis-4-
cis-5-
Cis-6-

1-

Cn
0.13
0.15
0.21
0.21

0.21
0.25
0.31
0.30

0.11

Cys

0.08
0.19
0.20
0.27
0.27

0.20
0.26
0.38
0.37
0.33

0.08

0.17
0.31
0.24
0.34
0.35

0.06
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TABELLE 1V

TRENNFAKTOREN o FUR BENACHBARTE LAGEISOMERE VON n-TRIDECENEN AN CHOB
(HEIZUNG UND KUHLUNG)

Alkene Heizung ("C) Kiihlung (°C)

88 92 101 105 115 88 90 92 101 105

cis-2-cis-3 1.165 1.164 1.173 1.167 1.154 1.176 1.189 1.187 1.173 1.168

cis-3-cis-4 1.078 1.079 1.067 1.068 1.068 1.084 1.081 1.080 1.069 1.066
cis-4-cis-5 1.040 1.041 1.048 1.042 1.032 1.035 1.049 1.048 1.046 1.045
¢is-5-¢is-6 1.026 1.025 1.026 1.025 1.023 1.027 1.029 1.029 1.027 1.025
trans-2—trans-3 1133 1.134 1.135 1.130 1.122 1.135 1.146 1.145 1.136 1.130
trans-3—trans-4 1.050 1.048 1.046 1.045 1.039 1.049 1.054 1.052 1.047 1.044
trans-4-trans-5 1.013 1.014 1.019 1.016 1.014 1.017 1.023 1.023 1.018 1.016

trans-5—trans-6

1.015 1.014 1.015 1.015 1.014 1.016 1.017 1.016 1.016 1.015

| I !
O(CHOB- | | : ]
| | |
A | :
I |
117} |
|
115 e-2]e-3
113}
t—2’t-3
|

. . L. .

a8 96 104 112 C
Fig. 8. Temperaturabhingigkeit der Trennfaktoren « fiir ¢is-2—cis-3- und trans-2-trans-3-Tridecene an
CHOB. —— = Heizung, --~---- = Kihlung.

TABELLE V

TRENNFAKTOREN o FUR BENACHBARTE LAGEISOMERE VON »-TRIDECENEN AN CHOB,
OBO UND SQUALAN (SQ) BEI 90°C

Tridecene aSdes adse oSy

Cis-6-c¢is-5 1.029 1.024 1.021
cis-5-cis-4 1.049 1.041 1.038
cis-d—cis-3 1.081 1.070 1.048
Cis=3-cis=2 1.189 1.186 1.143
rans-6--trans-5 1.017 1.012 1.018
trans-5-trans-4 1.023 1.016 1.004
trans-4—trans-3 1.054 1.050 1.040

(rans-3-trans-2

1.146 1.145 1.097
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TABELLE VI
TRENNFAKTOREN o« FUR GEOMETRISCHE ISOMERE VON n-TRIDECENEN AN CHOB, OBO
UND SQUALAN (S8Q) BEIL 90°C

Tridecene agos agse ose

trans-6—cis-6 1.092 1.066 1.052
trans-5—cis-5 1.077 1.054 1.048
trans-4—cis-4 1.052 1.029 1.014
trans-3—cis-3 1.026 1.009 1.007

trans-2—cis-2 0.988 0.974 0.966

Die Trennfaktoren o (t; /t%,) fiir benachbarte Lageisomere zeigt Tabelle 1V, die
Abhiingigkeit der a-Werte von Heizung und Kiihlung der stationédren Phase fiir cis-
2—¢is-3- und trans-2—trans-3-Tridecene ist in Fig. § dargestellt.

Der Vergleich der Trennfaktoren von CHOB mit nematischer Phase (OBO)*
und iiblicher stationirer Phase (Squalan)® bei 90°C ist in Tabelle V zu sehen. Fiir
geometrische Isomere zeigt CHOB grossere a-Werte im Vergleich mit OBO und
Squalan als Folge der grosseren Loslichkeit fiir trans-Isomere (Tabelle VI).

SCHLUSSFOLGERUNGEN

Die untersuchte cholesterinische Mesophase zeigte im Vergleich mit nema-
tischen und smektischen Fliissigkristallen eine geringere Selektivitit fiir p- und m-
Xylene. Fiir lageisomere n-Alkene ist die Selektivitit vergleichbar, fiir geometrische
Isomere ist sie jedoch grésser als bei nematischen und smektischen Phasen.

Die Trennungen auf CHOB, OBO und NPP sind dhnlich aufgrund der ver-
gleichbaren Effektivitdt der Kapillaren und der Optimierung der Trenntemperatur.

Struktur—Retentions-Korrelationen an Homorphie-Faktoren und df/d7-Wer-
ten ermdglichten die Charakterisierung der isomeren n-Alkene.

DANK

Die Autoren danken Herrn Dr. A. Wiegeleben (Halle) fiir die Durchfiihrung
der kalorimetrischen Messungen.

ZUSAMMENFASSUNG

Hochleistungs-Glaskapillaren mit Cholesterylbutyrat als stationdrer Phase
wurden im cholesterinischen, kristallinen, isotropen sowie im unterkiihiten Bereich
zur Trennung von isomeren Alkylbenzenen und #n-Alkenen eingesetzt. Struktur—Re-
tentions-Korrelationen, Retentionsindizes, d//dT-Werten und Homomorphie-Fak-
toren wurden diskutiert.

Die cholesterinische Modifikation zeigte im Vergleich mit nematischen und
smektischen Mesophasen sowie mit iiblichen stationidren Phasen eine grossere Selek-
tivitdt fiir trans—cis-isomere n-Alkene.
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HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY OF INORGANIC
PLATINUM(II) COMPLEXES USING SOLVENT-GENERATED ANION EX-
CHANGERS

II. THE EFFECT OF ELECTROLYTES ON SOLUTE RETENTION
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SUMMARY

The chromatographic properties of bivalent neutral platinum complexes on
solvent-generated anion exchange columns were investigated using cisplatin (cis-di-
chlorodiammineplatinum; a clinically useful anti-neoplastic agent) as a model com-
pound. Solute retention was controlled by the addition of electrolytes to totally
aqueous mobile phases. The effect of salts on retention was rationalized in terms of
the Stern—-Gouy—Chapman theory of electrical double layers and the application of
solvophobic theory. The presence of bromide or nitrate in the mobile phase decreased
retention, apparently by decreasing the thermodynamic activity of the cationic sites in
the stationary phase due to the creation of an inner Helmholtz plane in the electrical
double layer. At low concentration, citrate and acetate (at pHs where the carboxylate
is appreciably ionized) caused increased retention of cisplatin owing to the effect of
the added salt on the surface tension of the mobile phase as rationalized by solvo-
phobic theory. At higher concentrations of citrate, retention of the solute decreased
owing to the secondary contribution of electrostatic effects. Retention was explained
in terms of ion—dipole interactions reinforced by hydrophobic contributions.

INTRODUCTION

Interest in the clinical analysis of neutral bivalent platinum species has been
stimulated by laboratory and clinical evidence demonstrating the dramatic anti-neo-
plastic activity of cisplatin, [cis-dichlorodiammineplatinum(Il)], [Pt(NH,),Cl,]°
(CDDP), toward many solid malignancies which are refractory to other drug
therapy’. Such analysis requires a chromatographic component since these com-
pounds need to be separated from biological matrices and are highly reactive toward
nucleophiles both in aqueous solution and in biological fluid’.

Most clinically applicable methods for cisplatin are non-selective and respond
to total platinum in the sample without regard to the ligands co-ordinated to the
metal. Basolo ef a/.” first described separation of cisplatin from other platinum com-

0021-9673/81/0000—0000/$02.50 @ 1981 Elsevier Scientific Publishing Company
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plexes on a cellulose support and observed that retention was increased with increas-
ing concentration of organic modifier in the mobile phase. More recently, we have
reported that cisplatin is retained on chemically bonded and solvent-generated anion
exchange columns*>. In both instances, retention is primarily due to ton-dipole
interactions. Whereas the addition of organic modifier to the chemically bonded
system increased the capacity ratio (k") of cisplatin, organic modifiers facilitated
elution of the solute from the solvent-generated exchanger. This difference in be-
havior was attributed to the effect of organic modifiers on the activity coefficients of
the solute and cationic surfactant in the stationary phase. However, on solvent-
generated exchangers, the maximum value of £’ obtainable only approached unity.

The addition of electrolytes to the mobile phase produced profound effects on
the chromatographic behavior of cisplatin on the solvent-generated and the chemi-
cally bonded anion exchange system, at similar salt concentrations. The potential for
controlling the chromatographic properties of bivalent platinum compounds on sol-
vent-generated anion exchange columns by the manipulation of electrolyte com-
position and concentration in purely aqueous mobile phases is the subject of the
present study. The opportunity for carrying out such separations in the absence of
organic modifiers is particularly attractive because these systems are being interfaced
with detectors whose performance is compromised by the presence of organic sol-
vents in the mobile phase.

EXPERIMENTAL

High-performance liquid chromatography (HPLC)

The liquid chromatograph consisted of an Altex Model 110A pump (Altex.,
Berkeley, CA, U.S.A.) and an Altex Model 210 injector fitted with a 20-ul loop. The
eluent composition was monitored with an Altex Model 156 differential refractometer
and an Altex Model 153 UV detector (280 nm) connected in series. The detector
outputs were recorded on a dual pen potentiometric chart recorder. A flow-rate of 1.0
ml min ! was used throughout.

A pBondapak C,y column (10 um; 300 x 3.9 mm 1.D.) was obtained from
Waters Assoc. (Milford, MA, U.S.A.) and an ODS Hypersil column (Shandon &
Southern, Sewickley, PA, U.S.A.; 5 um, 100 x 4.6 mm 1.D.) was slurry packed
according to the method described by Bristow er a/.°. The column temperature was
maintained at (30 4 0.1)"C as described previously®. Solute capacity ratios, k', were
calculated® using deuterium oxide for the determination of #,.

Solvent-generated anion exchangers were prepared by the adsorption of hexa-
decyltrimethylammonium bromide (HTAB) onto the hydrophobic stationary
phases®. After the column had been pre-loaded, stability was maintained by the
addition of 10™* mol dm ~* HTAB to the mobile phase.

Materials

HTARB was obtained from Aldrich (Milwaukee, WI, U.S.A.) and used without
turther treatment. Distilled water was used throughout. All other chemicals were of at
least reagent grade and used as received from various sources.

Crystalline samples of cisplatin and trans-dichlorodiammineplatinum(Il) were
obtained from the National Cancer Institute (Bethesda, MD, U.S.A.). Stable solu-
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tions of these solutes were prepared in 0.1 mol dm~? sodium chloride. Aqueous
solutions containing a mixture of c¢is-[Pt(NH;),BrCl]° and cis-[Pt(NH,),Br,]° were
prepared in sifu by incubating cisplatin in 1 mol dm ~ 3 sodium bromide for ca. 2 h at
30°C.  Similarly, an aqueous solution containing a mixture of cis-
[PtNH3),CI(H,0)]* and cis-[Pt(NH;),(H,0)]*"*, was prepared by incubating cis-
platin in pure water.

Kinetic studies

The degradation of cisplatin in aqueous solutions containing various anions
(as their sodium salts) was investigated at 30°C. The initial concentration of cisplatin
was either 0.1 or 0.2 mg ml~'. The effect of nucleophile type and concentration was
studied over the following ranges: bromide, 0.01-1.00 mol dm ~3; nitrate, 0.01-1.00
mol dm ~3; acetate 0.05-0.30 mol dm ~3; citrate 0.01-0.80 mol dm ~3. In the cases of
acetate and citrate, the effects of pH were also studied over the range 2.8-6.0. Cis-
platin disappearance was monitored by HPLC with UV detection comparing the
peak heights of the drug with standard solutions prepared in 0.1 mol dm ™3 sodium
chloride.

RESULTS

Effect of monovalent ions

The effect of the addition of the monovalent anions, nitrate, bromide and
acetate (as their sodium salts) on the retention of cisplatin was investigated over the
concentration range 0-0.1 mol dm 2. In the case of acetate, the effect of pH was also
determined.

Fig. 1 shows the relationship between the reciprocal of the capacity ratio of
cisplatin, the concentration of added salt, and, in the case of acetate, the effect of pH.
The addition of sodium nitrate or sodium bromide to the mobile phase resulted in a
decrease in the retention of cisplatin. This effect was more pronounced for nitrate
than for bromide. For both these salts, retention decreased more rapidly between 0
and 0.02 mol dm~* added salt than at higher concentrations. In the case of added
acetate buffer (pK, 4.76), retention was dependent upon both pH and concentration.
At pH 7.0, cisplatin retention increased with increasing concentration of acetate
buffer. At pH 5.00, the retention of cisplatin increased slightly between 0 and 0.02 mol
dm~? acetate and then remained constant at higher concentrations; whereas at pH
3.5, cisplatin retention decreased with increasing buffer concentration.

Effect of multivalent ions

The effect of citrate (pK, 3.13, 4.76 and 5.40) on the retention of cisplatin was
investigated as a function of buffer concentration and pH, and the results are shown
in Fig. 2. The addition of low concentrations of citrate (0-5-10~* mol dm~?) pro-
duced a dramatic enhancement of the retention of cisplatin, and this effect increased
with increasing pH. The retention of the drug decreased gradually with increasing
concentration of citrate over the range 5-1072 to 1-10~* mol dm 3.

The addition of the dibasic anion, sulphate, produced a similar enhancement of
the retention of cisplatin. With addition of 10~! mol dm ~* sodium sulphate, cisplatin
eluted with a capacity ratio of 3.22. However, inclusion of sodium sulphate in the
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Fig. 1. The effect of salt concentration (/) on the capacity ratio (k") of cisplatin. Stationary phases,
uBondapak C,4 loaded with 1.31 umol m~2 HTAB; mobile phase, 10~* mmol dm~* HTAB in water plus
sodium bromide ( M), sodium nitrate (&) or sodium acetate—acetic acid buffers at pH 7.0 ( @), 5.0 (@) and
3.5 (O); temperature, 30 + 0.1°C; solute concentration, 1.0 mg ml™'.

Fig. 2. The effect of citrate buffer concentration (/) on the capacity ratio (k') of cisplatin. Stationary phases.
uBondapak C,, loaded with 1.31 yumol m~? HTAB; mobile phases, 10~* ymol dm ™* HTAB in water plus
citrate buffer at pH 7.0 (W), 5.5 (A), 4.0 ( @) and 3.00 (@); temperature, 30 1 0.1°C; solute concentration,
1 mg mi~!.

mobile phase was associated with gradually increasing column back-pressure on re-
peated injection of cisplatin. This column blockage precluded further investigations
mnto the effects of sulphate.

DISCUSSION

By measurement of breakthrough times a monolayer of 1.31 umolm~2 HTAB
was found on the stationary phase (uBondapak C,y), in equilibrium with a mobile
phase of 10™* mol dm~® HTAB. Such systems are capable of retaining anionic
solutes as a result of electrostatic interactions®!% and are often termed “solvent-
generated’ anion exchangers. Such systems are also useful in the resolution of neutral
inorganic solutes such as cisplatin® with a high degree of functional group selectivity
(Table I). Evidence has been presented® suggesting that retention of neutral platinum-
(IT) species arises from ion—dipole interactions between solute and the cationic
stationary phase. Further evidence for ion—dipole mediated retention is provided here
since the apolar transplatinum is less well retained than the more polar c¢is-isomer in
these systems (Table 1). However, the elution order of the three halogenated com-
plexes ([Pt(NH,),CL,]°, [Pt(NH,),BrCl]° and [Pt(NH,),Br,]° suggests that these ion—
dipole interactions are reinforced by a hydrophobic effect!!. Clearly, electrostatic
repulsive forces are responsible for the poor retention and the lack of separation of
the two aquated species [Pt(NH;),CI(H,0)]" and [Pt(NH,),(H,0),]**. The in-
creased HTAB uptake observed on the column used in this study is consistent with



HPLC OF INORGANIC PLATINUM(ll) COMPLEXES. II. 239

TABLE 1
THE CAPACITY RATIOS, k. OF SOME PLATINUM((I) COMPLEXES

Stationary phase, uBondapak C,, + 1.31 umol m~? HTAB; mobile phase, 10”* mol dm~* HTAB in
water; temperature, 30 + 0.1 C.

Solute ko

cis-[Pt(NH,),(H,0),)** 0.10
¢is-[Pt(NH,),Cl(H,0)]* 0.10

trans-[P(NH,),Cl,]° 0.30
cis-[Pt(NH,),Cl,]° (CDDP) 0.98
cis-[Pt{NH,),BrCI]° 1.35
cis-[Pt(NH,),Br,° 2.50

* k' = (teppp — fo) 19 ' 1, determined with 2H,0.

batch-to-batch variation between columns and accounts for the higher retention of
cisplatin compared with that seen previously®.

Retention model for cisplatin

The effects of adding salt to the mobile phase on the retention of ionic solutes
in ion exchange systems is well documented (e.g., ref. 12). These effects may be
described in terms of competition between the solute ions and mobile phase ions for
the oppositely charged stationary phase ligands. Thus, increasing the ionic strength of
the mobile phase decreases the retention of ionic solutes such that their capacity
ratios are reciprocally related to the activity of the competing ions in the mobile
phase'?.

It is clear from Figs. 1 and 2 that the modifying influence of added anions on
the retention of cisplatin arises from at least two effects. One effect apparently arises
from the influence of the anions on the electronic character of the stationary phase,
which can be rationalized in terms of the Stern-Gouy-Chapman (SGC) theory of
electrical double layers'?. A second “salting out™ effect arises from the influence of
added salt on the mobile phase surface tension, which may be explained by the
application of solvophobic theory'*®,

According to the SGC theory, the positively charged stationary phase would
have an associated electrical double layer of anions which preserves electrical neu-
trality. Within this double layer, the electrical potential decays linearly between the
surface and the outer Helmholtz plane (OHP) and nearly exponentially between the
OHP and the bulk mobile phase. Increasing the electrolyte concentration may result
in a concomitant increase in the anion concentration in the double layer, followed by
increased adsorption of quaternary ammonium ions to maintain electrical neutrality.
These effects, however, appear to play a minor role in the present system, since the
rapid column equilibration times observed on changing the salt concentration were
inconsistent with further adsorption of the cationic surfactant.

A second consequence of an increase in the tonic concentration of the mobile
phase is specific adsorption of dehydrated anions producing a inner Helmholtz plane
(IHP). Adsorption of anions at the IHP results in ion-pair formation'” and a reduc-
tion in the thermodynamic activity of the sorbed cationic surfactant. This postulation
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is consistent with the findings of Cantwell and Puon'” and provides the most likely
explanation for the decrease in retention of cisplatin with increasing salt concentra-
tion.

Basolo et al.? have shown previously that increased ionic strength reduces the
interaction of cisplatin with polar adsorbents such as cellulose as a result of effects of
the ionic cloud of the solute. Thus, it may be concluded that increases in the ion
concentration in the stationary phase may reduce retention in the present system
owing to a reduction in the activity coefficients of both the solute and quaternary
ammonium groups in the stationary phase.

A priori, increases in the size, charge and polarizability of the anionic species
present in the two chromatographic phases of the solvent-generated anion exchanger
would be expected to decrease the retention of cisplatin. This was not observed in the
cases of acetate and citrate, which produced complex changes in retention. Increased
citrate concentration produced an initial increase in retention to 51073 mol dm 3
citrate with a decrease in retention at higher concentrations. The form of the relation-
ship between £’ and salt concentration did not change with pH, but decreased in
magnitude with decreasing pH, presumably owing to a reduction in the charge on the
citrate ion. At pH 3.0, the retention of cisplatin was relatively unaffected by citrate
concentration, indicating that un-ionized citric acid has little effect on cisplatin reten-
tion.

At higher pH, acetate caused a slight enhancement of the retention of cisplatin,
as opposed to the decrease observed with bromide and nitrate. However, at low pH,
the presence of undissociated acetic acid produced a decrease in retention. This latter
effect probably arises from the ability of acetic acid to behave as an organic modifier,
in a fashion analogous to methanol, which has been shown to reduce the retention of
cisplatin in solvent-generated anion exchange systems®. At pH 5.0, the retention of
cisplatin was relatively independent of acetate concentration since the protonated and
unprotonated species are present in approximately equal proportions and the two
effects tended to cancel.

It is likely that the salting-out effects responsible for increased retention ob-
served with citrate, sulphate and acetate arise from a hydrophobic effect due to the
influence of salt on mobile phase surface tension. Further evidence of a hydrophobic
effect influencing the retention of platinum(ll) complexes is shown by the elution
order of the brominated solutes (Table 1). Replacement of one or both of the chloro
groups in cisplatin by the more hydrophobic bromo group results in increased reten-
tion. Furthermore, the reduced retention of transplatinum, which presents a smaller
hydrophobic surface than cisplatin, may be due to solvophobic effects as well as
differences in dipole moments.

Horvath and co-workers'®1¢ have applied solvophobic theory!* to reversed-
phase HPLC systems employing secondary equilibria. They have shown that the re-
tention of solutes in these systems may be described by an equation of the form:

Ink' =k + k, + ky(44) (hH
which is a summation of all possible solute-solvent—stationary phase interactions that

may contribute to the retention of the solute. The term k., depends only on the
properties of the mobile and stationary phases (i.e., it is solute independent); &, in this
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system describes the ion-dipole interactions between cisplatin and the cationic
stationary phase. The third term, k,(4A4), is a measure of the hydrophobic interac-
tions, since &y, is given by y(RT) ! where y is the surface tension of the mobile phase,
and 44 is the decrease in hydrophobic surface area on binding of the solute to the
stationary phase!®:'®,
The addition of salt to the mobile phase results in an increase in surface ten-
ston’*!8 according to
Y =7, + TN 2)

where y, is the surface tension of the mobile phase in the absence of salt, m is the
molal salt concentration, and 7 is a constant related to the nature of the added salt.
Combining eqns. 1 and 2 gives eqn. 3

Ink =k + k, + (7o + m1)(44) (RT) ™! @

which predicts a linear relationship between In £ and 7 at a fixed salt concentration.
Table II shows the relationship between the capacity ratio of cisplatin at a fixed salt
concentration and the values'® of 1, which is given by

In k" = 0.857 — 1.23 r = 0.998 n =4 (3a)

TABLE 11

THE RELATIONSHIP BETWEEN THE CAPACITY RATIO, &', OF CISPLATIN A1 A FIXED
ELECTROLYTE CONCENTRATION IN THE MOBILE PHASE AND THE ¢« VALUES OF THL
ADDED SALTS

Electrolyvte k™ TH*

Sodium nitrate  0.74 1.06

Sodium bromide 0.86 1.32

Acetate buffer 1.31 *okk
(pH 7.0)

Sodium sulphate 3.22 2.73

Citrate buffer

3.97 312

* Stationary phase. uBondapak -+ 1.31 yumol m "2 HTAB; mobile phase, 107* mol dm * HTAB +
0.1 mol dm ™ electrolyte; temperature, 30 C.
** See eqn. 3 in ref. 18.
*x* Not reported in the literature.

These results indicate that the complex effects of salts on the retention of
cisplatin in solvent-generated anion exchangers arise from two effects, as described by
eqn. 3. Increasing in the ionic concentration of the mobile phase results in a reduction
in the thermodynamic activity of the cationic binding sites leading to a decrease in the
contributions of k, and k_ (eqn. 3) and decreased retention of cisplatin. However,
addition of salt to the mobile phase may also lead to an enhancement of retention
owing to its influence on the hydrophobic term, &, (44).

For salts with a large value of 7 (e.g., trisodium citrate), the retention of cis-
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platin is governed by the hydrophobic term, k,,(44). Conversely, the terms &, and &,
dominate the effect of salts with small values of 7 (e.g., sodium nitrate). Although no
values of 7 have been reported for sodium acetate and the mono- and bivalent sodium
citrate, the data presented by Melander and Horvath'® suggest that 7 values decrease
with decreasing charge and ionic size. This would account for the decrease in reten-
tion of cisplatin with decreasing pH of the citrate buffer in the mobile phase and the
lower retention observed for acetate compared with citrate.

Stability of cisplatin

The rate of degradation of cisplatin from aqueous solution (Fig. 3) was limited
by its rate of aquation, and thus was independent of pH and the presence of citrate,
acetate and nitrate*!°. Conversely, in the presence of bromide, degradation shows a
first-order dependency on bromide concentration (second-order rate constant, k, =
0.56 h ™! mol™! dm? at 30°C)?%2! as well as proceeding via aquation, i.e., k,,, =
k,[Br~] + k, (where k, is the intrinsic rate constant due to aquation). Thus, within
the elution times of cisplatin under all mobile phase conditions, less than 5 9 cisplatin
was degraded on the column.

[¢]

Water

Citrate

) Nitrate

Acetate

Bromide

Log C/C,

i It 1 1 2 1 1

o Qs 10 15 20 25 30 35 40

Time (hours)

Fig. 3. Degradation of cisplatin with time from aqueous solutions containing various anionic species (at
30°C). Citrate: @, 0.0l moldm ™3, pH 2.57; @,0.10 mol dm~*, pH 5.74; €, 0.01 mol dm 3, pH 4.16; A.
0.80 mol dm 3, pH 2.78. Nitrate: B, 0.01 mol dm™3; @, 0.10 mol dm™?; ¢, 0.50 mol dm~3; A, 1.00 mol
dm 3. Acetate: @,0.05moidm ™3, pH 4.76; A, 0.10 mol dm ™3, pH 3.62; ¢.0.20 mol dm 3, pH 2.84; W,
0.30 mol dm 3, pH 5.75. Bromide: ¢, 0.01 mol dm ~3; M, 0.30 mol dm™3; @, 0.60 moldm ™ 3; A, 1.00 mol
dm 3. For reaction studied in pure water, symbols represent each of four separate determinations. The
concentration of cisplatin is expressed in terms of the fraction of the initial concentration, C/C,.
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The HPLC systems developed for the assays of cisplatin were capable of sep-
arating the degradation products of cisplatin formed during the stability studies. In
most cases it was possible to monitor the rate of production of these degradation
products as well as the rate of loss of cisplatin. Some of the assays were performed on
a short (100 mm) column packed with ODS Hypersil, which produced identical
separations to those obtained on uBondapak C,, but offered significant advantages
in terms of improved peak shapes and shortened analysis times (Fig. 4).

(n (2) (O] (2)
a
a
e
3
o
w
O
= a b e
0 c
c
b a
d d
- L1 L I | L 1 1
o 4 0 2 [¢] 6 12 o 3 6

Time {minutes)

Fig. 4. Separation of platinum(II) complexes on solvent-generated anion exchangers, supported by uBon-
dapak C,4 (1) and ODS Hypersil (2). Mobile phase, 10~ * mol dm ™~ * HTAB in water. Stationary phases: 1,
uBondapak C,; + HTAB (10 um; 300 x 3.9 mm 1.D.); 2, ODS Hypersil + HTAB (5 um; 100 x 4.6 mm
I.D.). Temperature, 30°C. Flow-rate, 1.0 ml min~'. Peaks: a = [Pt(NH;),CL]% b =
[Pt(NH,),CI(H,0)]" and [Pt{NH;),(H,0,]*"; ¢ = [Pt(NH;),CIBr]'; d = [Pt(NH,),Br,]°; and, ¢ =
solvent.

In conclusion, bivalent platinum complexes are well separated on solvent-
generated anion exchangers, and the mechanism may be described in terms of ion-
dipole interactions in the stationary phase reinforced by a hydrophobic effect, and
retention may be manipulated by controlling the composition and concentration of
electrolyte in the mobile phase.
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SUMMARY

High-performance liquid chromatographic separation of representative pyri-
midine and purine derivatives on LiChrosorb RP-18 packing with plain, salt-free
aqueous organic mobile phases has been studied. Methanol, acetonitrile, dioxan and
tetrahydrofuran were used as the organic modifiers. Quantitative data are given for
the dependence of the retention parameters on the mobile phase composition. The
different organic modifiers are shown to produce significant changes in selectivity for
particular types of compounds.

INTRODUCTION

Reversed-phase liquid chromatography (RPLC) has become a well established
method for the separation of pyrimidine and purine derivatives, particularly of the
biochemically important nucleosides and nucleobases. Typically, n-alkyl (mostly #-
octadecyl) chemically bonded siliceous supports are used as the stationary phase,
while aqueous buffers (acidic to neutral) containing an organic modifier, such as
methanol!~7 or acetonitrile® !¢, serve as the eluent. Unbuffered, salt-free eluents have
only occasionally been used: aqueous methanol'!~!?, aqueous acetonitrile'*!> and
pure water'?.

As the pyrimidine and purine compounds of interest may contain a large
variety of ionic and polar functional groups, it is desirable to be able to manipulate
their 1onic states, and, hence, additions of buffering or ion-interaction reagents to the
eluent may be necessary to create suitable conditions for a specific chromatographic
separation. Nevertheless, a more thorough investigation of unbuffered mobile phase
systems seems to be useful for two reasons. First, a knowledge of the retention
characteristics of such simple systems should serve as the basis for a better under-
standing of some features of the more complicated ionic and/or ionogenic eluents;
secondly, these simple systems are preferable in preparative application.

0021-9673/81 /0000—0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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The aim of the present work was to investigate the retention behaviour of
typical pyrimidine and purine compounds on octadecylsilica with neutral binary
aqueous organic mixtures. Four different organic modifiers have been examined:
methanol and acetonitrile, because of their widespread use and general utility in
RPLC; and tetrahydrofuran and p-dioxan, two solvents potentially capable of spe-
cific selective interactions*®!” but hitherto unexplored in the chromatography of
nucleic acid constituents.

EXPERIMENTAL

The high-performance liquid chromatographic (HPLC) equipment comprised
the following: a Milton Roy Model 396-57 minipump with Model 709 pulse damp-
ener (Laboratory Data Control, Riviera Beach, FL, U.S.A.); a home-made septum
injector permitting syringe injection onto the top of the column packing; a 250 x 4.2
mm [.D. stainless-steel column (LiChroma tubing; Applied Science Labs., State Col-
lege, PA, U.S.A.); either a fixed-wavelength UV detector (Model 1203 UV III moni-
tor, Laboratory Data Control) operated at 254 nm or a differential refractometer
(Model RIDK 101; LaboratorniPfistroje, Prague, Czechoslovakia) and a 5-mV po-
tentiometric recorder (Model EZ 13, Laboratorni Pfistroje). The column was packed
with LiChrosorb RP-18, mean particle size, d, = 10 um (E. Merck, Darmstadt,
G.F.R.), using a home-made slurry packing apparatus with chloroform at pressure of
a 50 MPa. The measurements were made at 20°C.

The eluents were prepared from deionized water and methanol p.a., dioxan
p.a. (Lachema, Brno, Czechoslovakia) or tetrahydrofuran p.a. and acetonitrile p.a.
(VEB Laborchemie, Apolda, G.D.R.). The compositions of the binary mixtures,
denoted by C, are given as 9, (v/v), ie., numerically, as the volume, in ml, of the
organic solvent which was mixed with (100 — C) ml water.

The commercially available pyrimidines and purines were purchased either
from Lachema or from Sigma (St. Louis, MO, U.S.A.). Other derivatives were pre-
pared in this Institute. The samples were dissolved in methanol-water (1:1) to yield
concentrations of 50-200 ug/ml, and were injected into the column in 0.5-2.0 ul
volumes, using SGE Type B syringes (Scientific Glass, Melbourne, Australia).

The retention times, t;, were measured as the distance between the injection
point and the peak maximum on the chromatogram. Retention (capacity) factors, k,
were evaluated from the relationship:

k= (lg — tw)/tm

Each k value was obtained from at least four measurements. The mobile phase hold-
up time, ¢, was determined from injections of ?H,0, as was originally proposed by
Karch et al.'®. Table 1 lists values of V), the hold-up volume of the column (dead
volume), calculated from ¢\, and the appropriate volumetric flow-rate, together with
the total column porosities, ¢ = Vy,/V,, where V_ is the volume of the empty column
(3.46 ml in this case).

As is seen, differing V), values were obtained for different mobile phase com-
positions. This is in general agreement with recent findings of McCormick and Kar-
ger'®, who also have given explanations for such phenomena. The marked decrease in
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TABLE 1
DEAD VOLUME, Vy, AND POROSITY OF THE LICHROSORB RP-18 COLUMN

Eluent Vo £
(ml)

Methanol-water (20:80, v/v) 2.32 0.67
Methanol-water (10:90, v/v) 2.34 0.68
Methanol-water (2:98, v/v) 2.34 0.68
Acetonitrile-water (8:92, v/v) 2.08 0.60
Acetonitrile—water (2:98, v/v) 2.12 0.61
Dioxan—water (2:98, v/v) 2.05 0.59
Tetrahydrofuran—water (2:98, v/v) 2.08 0.60
Water 1.68 0.49

Vu In pure water is most striking; again, however, similar observations have been
made previously!®2°,

RESULTS AND DISCUSSION

When chromatographed on LiChrosorb RP-18 with aqueous methanol, ace-
tonitrile, tetrahydrofuran or dioxane, the various pyrimidine and purine derivatives
fell into three groups.

(1) Compounds such as orotic acid, orotidine, barbituric acid, uric acid and
4,6-dihydroxypyrimidine emerged as sharp, narrow peaks with elution times shorter
than the mobile phase hold-up time, ty, i.e., they were excluded from at least part of
the intraparticle void volume. These compounds possess pK, values between 5.7 (uric
acid) and 2.1 (orotic acid) (cf., refs. 21 and 22) and, hence, must be present, wholly or
predominantly, as anions in the neutral mobile phase. Exclusion of ionized species
from n-alkyl bonded siliceous packings is known?*2% and could be eventually ex-
ploited as a means for group separations.

(2) Some amino derivatives displayed a distinct tendency to tailing. This is
attributed, in accordance with the literature!”-?%, to heterogeneous interactions in-
volving both the alkyl chains and the free silanol groups of the packing. Typical values
of the asymmetry factor, 4, (defined as the rear to front bandwidth ratio at 109, peak
height), were 4-5 for adenine (the worst case) and 2.5-3 for cytosine. More sym-
metrical peak shapes were observed with the corresponding ribosides and deoxyribo-
sides, and reasonable chromatograms were obtained for such substances. Never-
theless, the retention data were influenced by the concentrations of the solutes (even
in the nanogram to microgram range investigated) and for this reason cytosine and
adenine derivatives will not be included in the present evaluation.

(3) The other compounds, mostly derivatives of uracil and various oxopurines,
gave symmetrical or nearly symmetrical peaks with A, values of 1.1-1.2. They are
listed (together with the abbreviations used) in Table II. It is noted that several
substances with amino functionalities belong to this group, such as guanine, 5-
aminouracil and 4-amino-6-hydroxypyrimidine. There is no obvious explanation for
the different behaviour of these amino compounds compared to that of the adenine
and cytosine group mentioned above. Their pK, values?':?? do not differ greatly
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TABLE 11

VALUES OF THE INTERCEPTS, In k,, AND SLOPES, 4, OF EQN. 1 FOR PYRIMIDINES AND PURIN
ON LICHROSORB RP-18

Compound Methanol-water* Acetonitrile— Dioxan-water*** Tetrahydrofurar
waterxx waterx**
In kq A In kg A In kg A inkg A

2-Hydroxypyrimidine —0.48 0.079 —0.49 0.230 —0.36 0.240 —0.66 0.240
2-Hydroxy-5-methylpyrimidine 0.86 0.094 0.82 0.258 0.71 0.310 0.10 0.280
Uracil (Ura) -0.29 0.074 —0.29 0.228 —-0.14  0.25] —-0.41 0.34]
Uridine (Urd) 0.77 0.122 0.85 0.326 0.76 0.381 0.34 0479
2’-Deoxyuridine (dUrd) 1.35 0.127 1.37 0.346 1.13  0.387 0.72  0.490
1-B-D-Arabinofuranosyluracil 1.30 0.132 131 0.372 1.05 0.373 9.65 0.481
2,2’-Anhydro-1-§-D-

arabinofuranosyluracil —0.56 0.105 —0.45 0.244 —0.61 0.261 —0.84 0.401
Thymine (Thy) 1.07  0.090 1.08 0.255 1.08 0.313 0.71 0410
S-Methyluridine 1.84 0.131 1.85 0.356 1.7 0.427 1.24  0.511
Thymidine (dThd) 2.52  0.151 2.54  0.395 2.12 0410 1.72 0.590
1-Methylthymine (m'Thy) 225 0.124 222 0.308 1.86  0.360 1.22 0515
5-Hydroxymethyluracil —-0.20 0.097 —0.24 0.204 —-0.15 0.297 —0.47 0.390
4-Amino-6-hydroxypyrimidine —0.41 0.075 —0.36  0.240 —-0.21 0.313 —0.46 0.360
4-Amino-6-hydroxy-1-§-p-Rbf-

pyrimidine ¢ 1.09 0.137 1.09  0.362 0.82 0.367 0.52  0.519
S-Aminouracil (n*Ura) —1.08 0.058 -1.01 0.162 —0.10  0.027 §8
2-Hydroxypurine —0.05 0.106 —-0.09 0.304 —-0.17 0.320 —-0.65 0.295
Hypoxanthine (Hyp) 0.52  0.099 0.47 0.294 0.38 0.327 0.06 0.381
Inosine (Ino) 1.88 0.158 1.96 0.446 1.39  0.457 0.95 0.640
1-Methylinosine (m*Ino) 2.79 0.181 2.83  0.464 2,13 0.520 1.56 0.770
Xanthine (Xan) 0.78 0.108 0.70 0.308 0.65 0.303 0.40 0439
Xanthosine (Xao) — — — — 1.90 0.450 1.31  0.620
Guanine (Gua) 0.65 0.107 0.62 0.303 092 0.153 0.80 0.060
Guanosine (Guo) 1.98 0.151 2.02 0422 1.60 0.450 1.12  0.519
2’-Deoxyguanosine (dGuo) 224 0.150 230 0434 1.86 0470 1.49  0.560
1-Methylguanosine (m'Guo) 2.76  0.161 2.86 0.456 2.46 0.533 1.82  0.653
Isoguanosine 1.72  0.153 1.77  0.402 2.45 0.403 2.03  0.360

* 2-209%, (v/v) methanol.
** 169 (v/v) acetonitrile.
x4k 149 (v/v) dioxan or tetrahydrofuran.
! Rbf = Ribofuranosyl.
¥ Non-linear.

(cytosine, 4.4; adenine, 4.2; guanine, 3.2; 4-amino-6-hydroxypyrimidine, 1.4) and all
should exist almost wholly as neutral molecules at pH 7. Tentatively, it is suggested
that the heterogenous interactions become operative only with molecules of a certain
functionality and a certain rigidmolecular shape —the *‘template effect” as discussed
by Knox and Pryde?’.

Methanol-water

Experimental In & values are plotted against C in Fig. 1 for several represen-
tative solutes. Although the In k versus C relationship is generally non-linear?®, the
present data for the methanol-water system obey a linear relationship over the whole
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Fig. 1. Plot\ of In k values in the methanol-water system against volume percent of methanol (MeOH).

composition range from 20 to 2 %, methanol, with a high correlation coefficient (typ-
ically, r = 0.98)

Ink=Inky —AC (1)

where 4 denotes the slope and In k the intercept of the lines. Values of In £, and 4
are summarized in Table II.

The dependence of k on the mobile phase composition displays characteristic
features for certain compound types. Thus, values of 4 are very similar for com-
pounds differing only in one functional group (¢f., e.g., 2-hydroxypurine, Xan, Hyp
and Gua) or in the sugar moiety (Urd, dUrd, arabinosyluracil). On the other hand,
nucleosides have systematically higher 4 values than their parent bases (Urd versus
Ura, Ino versus Hyp, etc.) and this can lead to significant changes in selectivity or even
to reversals of the elution order (Thy and dUrd, m'Thy and dThd, etc.).

It is interesting to compare these results with the comprehensive set of data, of
Brown and coworkers!*2°. In spite of the fact that the latter authors used mixtures
of acidic phosphate buffers with methanol (and, moreover, different types of octa-
decylsilica), the overall trends are very similar for solutes common to both sets of
data, i.e., mainly uracils and oxopurines. As an example, Fig. 1 of the present study
cann be directly compared with Fig. | of ref. 29: the relative positions of the lines for
Ura, Urd, Hyp, Xan, Ino and Guo are almost the same. It appears that chromato-
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graphy of such compounds is scarcely affected by the presence of the buffering salts.

The chromatographic measurements were commenced with higher concentra-
tions of methanol and then proceeded gradually to eluents richer in water; the reten-
tion times naturally rose in accordance. On changing from 2 % methanol to pure
water as eluent the retentions initially increased further and tended to values roughly
corresponding to the linear extrapolation of the In k versus C relationship, as es-
tablished with different contents of methanol. However, as more water passed
through the column, the retention times began to fall again and stabilized only after
long column equilibration, requiring at least 150-200 column volumes. The steady-
state retention times in pure water were even lower than those obtained in 109
methanol and the corresponding & values [calculated with the appropriate (low) value
of Vy, ¢f., Table I} bore no relation to the extrapolated k, values. It must be em-
phasized with regard to Table II that In &k, represents merely the intercept of the In &
versus C relationship for binary mixtures in the indicated range of compositions and
is by no means a measure of the retention in pure water.

The phenomena associated with changing from a mobile phases containing an
organic modifier to pure water (and vice versa) were quite reporducible provided that
the long equilibration times necessary were taken into account. Very similar observa-
tions have recently been reported by Scott and Simpson®®, who also noticed the
anomalously low retentive characteristics of LiChrosorb RP-18 in water and present-
ed a plausible explanation; they classify LiChrosorb RP-18 as a *‘brush”-type reversed-
phase packing, having free hydrocarbon chains which probably interact between
themselves when no organic additive is present in the aqueous mobile phase.

Acetonitrile-water

The In k& values obtained were plotted against the acetonitrile content of the
mobile phase and some typical relationships are depicted in Fig. 2. As acetonitrile is a
stronger eluent than methanol in RPLC, the useful concentration range is narrower
than in the case of the methanol modifier, but even in this range the dependences
show a definite curvature. Nevertheless, linear interpolation is fully justified between
6 and | % acetonitrile, and, hence, the parameters of eqn. | have been calculated and
are given in Table II for this region. As in the previous case, the In k, values can be
regarded only as a mathematical aid in interpreting the retention data, but it may be
noted that, for most solutes, they are closely similar for methanol-water and for
acetonitrile—water. A full coincidence, of course, would be expected if the underlying
relationship, as derived from measurements in the binary mixtures, were valid also
when the common component of the two binaries became the single constituent of the
mobile phase.

Compared to methanol-water, the slopes (A4 values) are generally greater for
acetonitrile—water, but the differences between individual solutes are similar, the rate
of change of retention with the volume fraction of the modifier being more pronounced
for nucleosides than for the bases; again, both separation factors and elution orders
are affected in this way.

p-Dioxan—water and tetrahydrofuran—water
The results for these two systems will be treated together, as they have common
features. For selected solutes, the In &k versus C relationships are plotted in Figs. 3 and



RPLC OF PYRIMIDINES AND PURINES. 1. 251

In k
2 — —
1 —_
Urde _
Xan
Guay
» Q
0 mHYP\Y —
0 | m1Thy
u \
rd \ ‘ > dThd
e \ oTh
dGuo

53 | \
— n%Ura —
\_A Guo
:\
1 i i Ino
12 4 6 8 10
% ACN
Fig. 2. Plot of In &k values in the acetonitrile-water system against volume percent of acetonitrile (ACN).

4; in Table 11, the parameters of the linear interpolation are given for all compounds.
The course of the In & dependence shows a definite curvature even in the restricted
composition range available for practical separations; the linear correlation accord-
ing to eqn. 1 must be regarded only as an approximation. According to Schoen-
makers et al.2®, the departures from linearity of the In k versus C dependence are
always more pronounced for organic modifiers less polar than methanol.

Some similarities between the dioxan—water and tetrahydrofuran—water sys-
tems and the two binaries discussed previously are readily apparent from the Figures
or can be deduced from Table II, in particular the relative magnitudes of the slopes
for simple bases and nucleosides. However, in other respects there are significant
differences. Isoguanosine, the retention of which was always lower than that of gua-
nosine (Guo) in methanol-water and acetonitrile-water, becomes one of the most
retarded solutes and emerges far behind Guo. The most striking changes apply to
Gua and n*Ura, not only is the retention markedly enhanced over the whole com-
position range, but, moreover, the character of the composition dependence is al-
tered. For n°Ura the degree of retention is almost invariable in dioxane-water,
whereas with the tetrahydrofuran—water system the retention decreases with increas-
ing water content.

Whereas in methanol-water and acetonitrile—water, guanine always emerged
before guanosine, the elution order is reversed with the tetrahydrofuran and dioxan
modifiers (although, with the latter, only at C > 2.5%). This is probably the first
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Fig. 3. Plot of In k values in the dioxane-water system against volume percent of dioxan (DXN).

Fig. 4. Plot of In k values in the tetrahydrofuran-water system against volume percent of tetrahydrofuran
(THF).

known case, in RPLC on octadecylsilica, of a ribonucleoside eluting faster than the
parent base. Brown and Grushka®!' have discussed the peculiarity of the typical
RPLC retention order of nucleoside/base pairs and attributed the higher retention
factors of nucleosides to their ability to form hydrophobic aggregates in the mobile
phase. The present result for Gua and Guo seems indirectly to corroborate this; if the
“normal” elution order (nucleoside after base) can be altered by a change in the
mobile phase composition, then it must be related to mobile-phase interactions and
cannot be considered as an inherent property of the alkylsilica stationary phase.

Comparison of the four modifiers

Besides the retention shifts, pointed out in the preceding paragraphs, there are
some further differences between the modifiers that affect separation selectivities and
are significant enough to have practical importance. In order to compare methanol,
acetonitrile, dioxan and tetrahydrofuran it is necessary to normalize the conditions
with respect to the water content, as this primarily determines the elution strength.
Here, normalization has been done arbitrarily, from the practical point of view. The
retention of the thymidine/deoxyuridine pair was taken as the basis for comparison
since the separation factor (¢ = k,/k,) for these compounds was at least altered by
the nature of the organic modifier. In Table 111, k values of the pyrimidine and purine
derivatives are compared for four different systems, each containing a different modi-
fier and a different water content, but all resulting in & = 3 for thymidine. (The values
were obtained by linear interpolation according to eqn. 1.)

Pertinent information can be easily obtained from Table II1. For example, the
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E 11T

JES OF THE RETENTION FACTORS, k, IN MOBILE PHASES OF COMPARABLE STRENGTHS FOR
MIDINES AND PURINES ON LICHROSORB RP-18

ound Methanol-water — Acetonitrile- Dioxan—water Tetrahydrofuran—
(9.5:90.5, v/v) water (2.5:97.5, v/v) water
(3.5:96.5, v/v) (1.0:99.0, v/v)
[roxypyrimidine 0.29 0.27 0.38 0.41
[roxy-5-methylpyrimidine 0.96 0.91 0.93 0.83
| (Ura) 0.37 0.34 0.46 0.47
1e (Urd) 0.68 0.74 0.83 0.87
sxyuridine (dUrd) 1.15 1.17 1.17 1.26
Arabinofuranosyluracil 1.04 1.00 1.12 1.18
nhydro-1-f-p-arabinofurano-
iracil 0.21 0.27 0.28 0.29
ine (Thy) 123 1.21 1.35 1.35
hyluridine 1.79 1.82 1.90 2.08
idine (dThd) 2.97 3.16 3.00 3.09
‘hylthymine (m'Thy) 2.89 3.13 2.61 2.03
Iroxymethyluracil 0.33 0.31 0.40 0.42
ine-6-hydroxypyrimidine 0.33 0.30 0.37 0.44
ino-6-hydroxy-1-f-p-Rbf-
imidine 0.81 0.83 0.90 1.00
inouracil (n*Ura) 0.20 0.20 0.85 0.98
iroxypurine 0.35 0.31 0.38 0.39
xanthine (Hyp) 0.66 0.57 0.64 0.73
1e (Ino) 1.46 1.49 1.28 1.36
thylinosine (m*Ino) 2.92 3.32 2.29 2.20
1ne (Xan) 0.78 0.68 0.89 0.96
10sine (Xao) — — 2.18 1.99
ine (Gua) 0.69 0.64 1.72 2.09
osine (Guo) 1.72 1,72 1.60 1.82
oxyguanosine (dGuo) 2.25 2.16 1.97 2.53
thylguanosine (m'Guo) 3.42 3.52 3.06 3.22
anosine 1.31 1.43 4.22 5.31

biochemically important quadruplet Hyp, Xan, Gua and Urd emerge very close
together in methanol-water eluents, buffered!?° or unbuffered. Their relative reten-
tions have been recalculated in terms of the separation factors (o« values) and are given
in Table V. The reference compound (« = 1) was chosen individually for each
system so as clearly to display the pairs most difficult to resolve. Two such pairs, with
« = 1.03, occur in the methanol-water system (Hyp/Urd and Urd/Gua), whereas in
acetonitrile-water all four solutes are more separated. In dioxan—water and tetra-
hydrofuran—water, owing to the selective retardation of Gua, the separation can be
enhanced further.

The work reported here has been done on a single type of octadecylsilica.
Nevertheless, preliminary experience with another type of reversed-phase packing
indicates that the selectivity changes in the separation of nucleic acid components
through the choice of the organic modifier have more general validity.
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TABLE IV

SEPARATION FACTORS, o, FOR HYPOXANTHINE, XANTHINE, GUANINE AND URIDINE
ON LICHROSORB RP-18 IN DIFFERENT MOBILE PHASES (SEE TEXT)

Compound Methanol-water Acetonitrile~water Dioxan-water Tetrahydrofuran—
water

(9.5:90.5, v/v) (3.5:96.5, v/v) (2.5:97.5, v/v) (1.0:99.0, v/v)
Hyp 0.97 0.89 0.77 0.84
Xan 1.14 1.06 1.07 1.10
Gua 1.03 1 2,07 2.40
Urd 1 y 1.16 1 1
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CONTINUOUS-FLOW SCANNING OF SELECTED HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHY PEAK COMPONENTS BY MICROPRO-
CESSOR CONTROL

APPLICATION TO ANALYSIS OF EXTRACTS FROM HUMAN LYMPHO-
CYTES

LEONARD F. LIEBES”

Department of Medicine, New York University Medical Center, 550 First Avenue, New York, NY 10016
(US.A.)

(Received June 19th, 1981)

SUMMARY

Continuous-flow wavelength scanning of compounds separated by high-per-
formance liquid chromatography is achieved through the use of fixed and variable-
wavelength micro ultraviolet detectors connected in series but separated by a low-
pressure three-way valve. Activation of the valve allows entrapment of selected peaks
in the variable-wavelength detector without interfering with the response of the fixed-
wavelength detector which is utilized for peak quantitation. A microprocessor pro-
gram is employed to maintain control and accuracy during the scanning sequence.
Good correlation was found between ultraviolet spectra of standards obtained on a
conventional spectrometer and those on separated peaks. This system allows the
identification and quantification of picomole amounts of peaks separated during one
analysis of a biological sample.

INTRODUCTION

The high sensitivity and resolution of complex mixtures of biological origin by
high-performance liquid chromatography (HPLC) generates a problem in the iden-
tification of separated compounds. Most methods of chemical analysis, such as nu-
clear magnetic resonance or infrared spectroscopy, or elemental analysis, require
large sample sizes (i.e., milligram amounts), amounts that are far above separations
obtainable by analytical HPLC. The use of mass spectroscopy, while highly sensitive
for sample identification, requires a volatile sample. Comparison of retention time(s)
with known standards is useful, but not sufficient by itself as an absolute means of
identification. Compounds with similar chromatographic properties may co-elute,
and precise identification requires the comparison of retention times under different
chromatographic conditions. Thus, for most compounds of biological interest, the

* Dr. Liebes is a Scholar of the Leukemia Society of America, Inc.
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use of spectroscopic characterization provides a simple on-line means of HPLC re-
cognition. Absorbance ratios have been widely used as an aid in peak identifica-
tion'~®; however, optimal utilization requires prior knowledge of the absorbance
properties of the components in the mixture which is being separated. For samples of
biological origin, the exact nature of the individual compounds is not always known.
The more refined technique of stopped-flow scanning allows examination of the entire
spectrum of a chromatographic peak using a variable-wavelength HPLC detec-
tor>>7-®. While this method is highly useful when examining an unknown compound,
a major drawback is the requirement to stop chromatographic flow during the dura-
tion of the wavelength scan. The start/stop of flow makes peak quantitation unreli-
able and requires a second injection for this purpose®. To aid in the combined iden-
tification—quantification when limited amounts of material are available for analysis,
a method is described below which allows for peak scanning(s) during continuous
chromatographic flow to one of two detectors connected in tandem to the outflow of
a HPLC column. Microprocessor control is utilized to provide an automatic scanning
sequence. The application of this technique will be shown for the analysis of an
extract of human lymphocytes applied to a strong anion exchanger microparticulate
HPLC column.

METHODS

Apparatus

A Spectra Physics 8000A liquid chromatograph (Santa Clara, CA, U.S.A))
equipped with a two-channel data system was used for all separations. On-line detec-
tion was performed using a Spectra Physics Model 8310 fixed-wavelength (254 nm)
detector and a Schoeffel Model 770 spectroflow variable-wavelength detector equipp-
ed with SFA 339 wavelength drive and MM 700 Memory Module (Kratos, West-
wood, NJ, U.S.A.). A low-pressure three-way valve (No. 1-43-900, General Valve
Corp., East Hanover, NJ, U.S.A.) was connected between the two detectors to divert
the flow during the peak trapping in the variable-wavelength detector. The output of
the variable-wavelength detector was connected to a Houston single-channel Omni-
scribe recorder equipped with an event marker and remote control switch for the
chart speed (Houston Instrument Co., Austin, TX, U.S.A.), and to an analogue-to-
digital converter (Spectra Physics). Spectra from standards were obtained on a Beck-
man Acta 1l spectrophotometer at a scan rate of 100 nm/min. Optoisolators were
employed to serve as an electronic buffer between the relays activating the various
events during the wavelength scanning sequence and microprocessor controlled
switches (Fig. 1). A constant voltage d.c. power supply was used for this circuit. A
detailed schematic is shown in Fig. 2. Electronic components were obtained from
Radio Shack.

Chemicals and supplies

The mobile phase was prepared from reagent grade monobasic potassium
phosphate (Sigma, St. Louis, MO, U.S.A.) and potassium chloride (Mallinkrodt,
Louisville, KY, U.S.A. (the phosphate was purified according to the method of Shmuk-
ler'®. The water was double-distilled and deionized. Prior to use, the buffers were
filtered through a 0.2-um filter (Sartorius, Haywood, CA, U.S.A.). Degassing was
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Fig. 1. Accessory control unit of microprocessor controlled continuous-flow peak scanning. A regulated
d.c. power supply is utilized to provide 12 V for the relays and 5 V for the optoisolator microprocessor
switching circuitry. The activation of the various relays whose control function is listed above is achieved
via a two-step switching process: the microprocessor switch applies power to an optoisolator which in turn
provides power to a given relay.

achieved via a helium purging system (Spectra Physics). Ribonucleotide standards
were obtained from Sigma.

Chromatographic columns

A Whatman Partisil 10 SAX (25 x 0.46 cm 1.D.) column was used for analyt-
ical separation (Whatman, Clifton, NJ, U.S.A.). A guard column (7 x 0.2 ¢cm 1.D.)
filled with Pellicular Anion Exchanger (Whatman) was used to protect the analytical
column. A precolumn (25 x 0.46 cm 1.D.) filled with 37-53-um silica (Whatman) was
utilized to saturate the mobile phase with dissolved silica and served to extend the
lifetime of the analytical column.
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Fig. 2. Electromic circuitry of microprocessor—optoisolator 12-V relay switch. The closing of the normally
open state of a microprocessor switch provides ground to the optoisolator circuitry allowing the 12 V d.c.
to flow to the control relay. This three-step process allows for a rapid switching sequence as well as for
protection of the microprocessor from back power surges from the relay cotl.
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Biological material

Informed consent for obtaining peripheral blood from donors was according
to the provisions of the Helsinki Conference. Lymphocytes were purified as previous-
ly described'!. Cell pellets containing 2-30 x 10° cells were extracted using 60 %,
methanol essentially as reported by Donoftrio et al.'?. For each 107 cells, 200 ul of
60 9, methanol were added for extraction of the cell pellet. Extracts were taken to
dryness using a Savant Speed Vac Concentrator (Savant, Hicksville, NY, U.S.A)),
hydrated with water, and stored frozen at — 70°C until subjected to HPLC analysis.

Chromatographic conditions

The separation conditions were a modification of the method of McKeag and
Brown'?. The elution conditions were as follows: temperature, 40°C; flow-rate 1.5
ml/min from 0 to 40 min, 3.0 ml/min from 40 to 52 min, 2 ml/min from 52 to 72 min;
buffers, (A) 0.007 M KH,PO,, 0.007 M KCl, pH 4.0, (B) 0.25 M KH,PO,, 0.5 M
KCl, pH 5.0; mobile phase, 0-5 min isocratic A, 5-40 min linear gradient A — B; 40—
52 min isocratic B, 52-67 min linear B - A, 67-72 min isocratic A.

HPLC ultraviolet scanning

Ultraviolet (UV) spectra of trapped peaks were obtained at high sensitivity
ranges of the Model 770 variable-wavelength detector (0.04-0.01 a.uf.s.). To allow
distortion free spectra, a background spectrum was stored using buffer A on the 0.1
a.u. memory range of the MM 700 background subtract accessory. Since the steps
followed for preparation of the mobile phase resulted in no significant difference in
the absorbance properties of buffers A and B, buffer A was used as the blank for all
spectral scans. Spectra were stored/scanned at a rate of 100 nm/min.

Program operation

The subroutine controlling the operation of the function relays is a simple
eleven-step procedure that can easily be adapted to any microprocessor system which
can be programmed and which contains switched on/off transistors. The flow chart of
this program is contained in Fig. 3.

RESULTS

Fig. 4 shows a flow diagram of the chromatographic system employed for
continuous-flow scanning. Prior to the trapping of a chromatographic peak, the
outflow from the analytical column passes through detector 1 (for quantitation at 254
nm) to detector 2 and out to waste. For UV scanning of a selected peak, the detector
response is followed either by the pen deflection of recorder 2 or by the digital signal
on the data channel. Upon observation of the top of the peak, activation of the
three-way valve diverts the flow from detector 2 to waste. The |-m height of the
detector 2 waste outlet prevents diffusion outflow of the trapped peak. Once the
desired beginning wavelength is set, the scanning program sequences shown in the
flow chart in Fig. 3 are started via a microprocessor command. A typical wavelength
scan sequence from 215 to 350 nm takes ca. 1.5 min. Duplicate or triplicate scans
showed identical patterns (data not shown). Flow to the second detector is re-estab-
lished when power is removed from the flow valve. No pertubation to detector 1 was
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Fig. 3. Flow chart of program controlling automatic scanning sequence with wavelength notation.

observed upon the activation of the three-way valve. A new peak trapping and scan
sequence could be begun once a new baseline was established.

Fig. 5 shows an elution profile obtained from an extract of human lympho-
cytes. The peak identifications were based on retention times of standards and verified
by wavelength scanning and 280/254 nm ratios. Selected peaks sequentially scanned
in the UV region during the course of one chromatographic separation are shown in
Fig. 6 with spectral scans of reference standards. With the exception of the far-UV
portion of the spectra, where differential O, absorption and variations in the mono-
chromaters of the two instruments are more apparent, the agreement between scans is
evident. The data obtained with IMP (Figs. 5 and 6B) show that closely resolved
peaks can be subjected to continuous-flow UV scanning with satisfactory results.
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Fig. 5. Separation of nucleotides on Partisil 10 SAX from an extract prepared from 3 x 10° human
lymphocytes. Chromatographic conditions are as described in the Methods. The marked peaks were

subjected to peak trapping in the variable-wavelength detector during the same chromatographic separa-
tion.
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Fig. 6. UV wavelength scans of trapped HPLC peaks by the continuous-flow scanning technique (. .. ) and
reference compounds (—) by a standard UV spectrometer. A = NAD; B = IMP; C = GTP. Scanning
range, from 215-350 nm; absorbance range as indicated.

DISCUSSION

A method is described which allows for the multiple use of HPLC separations
where quantitation and peak identification by wavelength scanning on the same
sample can be achieved. This technique, which makes use of two detectors, results in
no interference in the chromatography as can result with stopflow scanning, and is of
value particularly when limited material is available for analysis. Previous work has
demonstrated the applicability of stopped-flow wavelength scanning to aid in the
identification of a variety of components separated by HPLC®7:814 A method for
simultaneous multiwavelength detection has been described, but its utilization is
limited by the cost of a rapid scan spectrometer and the complexity of the data
processing and control systems!>. The system employed in this study allows flexibility
in the number of scans obtainable and the wavelength range of the scan, and is simple
to set up.

Microprocessor control was utilized to carry out a repeatable sequence
throughout the spectral scan along with user-supplied commands for peak trapping
and initiation of the UV scan sequence. While a fully automated UV scan sequence
was not carried out, owing to minor variations in retention times that occur with an
ion exchange column, the consistent separations obtainable with a reversed-phase
column would be ideally suited for this purpose. Conversely, trapped peak scans via
manual control are possible, although considerable sacrifice in the consistency and
reproducibility of the recorded spectra results. The system described in this paper was
developed around the capabilities of a liquid chromatograph with a self-contained
microprocessor having the ability of accepting a program controlling transistorized
switching. The program and electronics detailed in the Figs. 1-3 can easily be adapted
to any of a number of microprocessor controllers and data systems that are currently
available for connection to an existing HPLC system (Spectra Physics SP4000,
SP4100, Digital MINC 11, Waters Model 720 Controller). The use of a separate
regulated power supply was required to assure the reproducibility in the operation of
the transistorized switching circuits.



262 L. E. LIEBES

The ability to trap a peak in the small volume employed by most commercial
HPLC detectors (ca. 10 ul) in a pathlength of 0.5-1 cm allows a sensitivity as low as
100 pmoles for wavelength characterization on typical compounds (e.g., with £ =~
10). The equivalent characterization using the cell configurations and sensitivity
available with regular UV spectrometers on an HPLC separated component, could
only be attempted with material that is collected from preparative scale HPLC sepa-
rations.

The examination of purified preparations from samples of biological origin
often leads to small yields of material for HPLC analysis as a result of the purification
process. While not as detailed as other spectroscopic measurements, UV spectra do
provide a highly sensitive, non-destructive means for identification of a compound,
particularly when coupled with other information such as retention times or co-
chromatography with reference compounds'*. The technique of continuous-flow UV
scanning has been shown to be ideally suited to identify and measure small, closely
spaced chromatographic peaks. For maximum sensitivity and accurate interpretation
of data, appropriate background corrections, whether manual or electronic, are re-
quired for each spectral scan.
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CONCENTRATION AND ISOLATION OF ORGANIC ACIDS ON GRAPHI-
TIZED CARBON BLACK
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ROTATORI

Istituto di Chimica Analitica, Rome (Italy)
(Received June 24th, 1981)

SUMMARY

The application of graphitized carbon black to the extraction of traces of
organic acids has been studied. It is demonstrated that the recovery of these sub-
stances cannot be carried out without considering the nature of these compounds and
their molecular structure. The amount of adsorbent and the kind of eluent required
were deduced respectively from the breakthrough values and from distribution ratios.

INTRODUCTION

The importance of the determination of organic substances present at low
concentration levels in natural and waste waters and in aqueous biological media has
resulted in the development of numerous analytical methods using a solid matrix for
the recovery of organic substances!™!2.

Any sorbent matrix must be evaluated with regard to its sorption and desorp-
tion properties, for the examined sample and substances to be recovered. As reported
previously'?, the parameters to be examined during adsorption are: pH, flow-rate,
salinity, breakthrough curve, particle size and column geometry; during the sub-
sequent desorption, the flow-rate of the chosen eluent mixture must be controlled.
Knowledge of the adsorption ratio (solid matrix-liquid system) helps in the choice of
the solvent or solvent mixture to be used in the desorption stage.

Previously, graphitized carbon black (GCB) has been used in gas chromatogra-
phy (GC)'*15:23 in high-performance liquid chromatography!'-!”, for the recovery
of some organic substances from water'®-2° and for sample enrichment in traps in air
pollution analysis®’. In a recent study'® it was shown that GCB may be a good
adsorbent also for organic acids. The present work examines in more in detail the
system water, GCB and some organic acids and its possible applications.

EXPERIMENTAL

Materials and reagents
The organic chemicals were purchased from E. Merck, Carlo Erba and Riedel
de Haen.

0021-9673/81/0000-0000/$02.50  © 1981 Elsevier Scientific Publishing Company
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Concentrated stock solutions were prepared by weight by dissolving the pure
substances in a water-soluble organic solvent, a maximum of 100 ul of organic solu-
tion per litre of water being employed for aqueous samples.

All the solvents used were either spectograde or analytical grade. The analyti-
cal grade solvents were further purified by fractional distillation whenever blank GC
determinations suggested the presence of impurities detectable by a flame ionization
detector.

Adsorption columns

Glass columns (0.7 cm 1.D.), equipped with a PTFE stopcock, were packed
with graphitized carbon black (100, 250 or 1000 mg). The adsorbent was held in place
with small plugs of silanized glass wool. The graphitized carbon black (GCB) (Car-
bopack B; Supelco, Bellefonte, PA, U.S.A.) is characterized by a surface area of 100
m?/g, 80-100 mesh.

Apparatus

A Dani 3900 gas chromatograph equipped with a flame ionization detector
(FID) was used. All the standard mixtures and extracts were chromatographed using
a porous-layer open tubular (PLOT) glass column (13 m x 0.3 mm I.D.) precoated
with kaolin and coated dynamically with free fatty acid phase (FFAP)?2,

Analytical procedures

Adsorption isotherms. Solutions of various compounds ranging in concentra-
tion from 50 to 200 ug/l at pH 4 were used. Aliquots (250 ml) of these solutions were
stirred at 21 4+ 1°C with a weighed amount (250 mg) of GCB for 24 h, sufficient to
reach the equilibrium as shown by preliminary experiments. After equilibration the
liquid phase was filtered and extracted three times with 20-ml portions of methylene
chloride. The combined extracts were dried with granular anhydrous sodium sulphate
(5 g) and, after addition of internal standard, were concentrated by a rotary evapora-
tor and analyzed by GC.

Breakthrough plots. The influence of the pH, flow-rate and ionic strength on
the adsorption were studied. One litre of water “‘at different pH values” (pH range 2
11.5), containing 100 ug of each compound, was passed at a flow-rate of 240 ml/h
through a glass column packed with 100 mg GCB. Equal amounts of this solution
and of the percolate were extracted with three 50-ml portions of methylene chloride.
The organic phase, after concentration in a rotary evaporator, was examined by GC.

For evaluating the “influence of flow”, similar experiments using p-chloro-m:-
cresol and 2,3-dichlorophenol were carried out at pH 4 at various flow-rates in the
range 80-800 ml/h with the help of a water pump. The percolate was collected and
examined as above after the passage of 1000, 1250, 1500, 1750 and 2000 ml.

Finally, experiments were carried out at pH 4, with a flow-rate of 240 ml/h
using water containing different quantities of NaCl and 100 ug/l each of o-chloro-m-
cresol and 2,3-dichlorophenol in order to evaluate the effect of the “ionic strength”.

The results of the experiments carried out with GCB packed columns (250 and
1000 mg) under optimum operating conditions (see later) were used to draw the
breakthrough curves of all the compounds.

Recovery of acidic substances. The desorption of acidic substances adsorbed on
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1000-mg columns of GCB was studied by passing through the column a 50-ml volume
of a large number of organic solvents at a selected flow-rate of 60 ml/h and by
analyzing the organic phase. Before elution, a nitrogen flow was briefly forced
through the column in order to remove traces of water. The solvent mixture was
selected after determination of the adsorption ratios K = Cg/C, (Table II). These
values were obtained by shaking for 8 h at 25 + 1°C the suspension obtained upon
adding known amounts of a stock solution corresponding to 15 ug of the examined
compounds and 500 mg GCB to 100 ml of each solvent. After equilibrium the suspen-
sion was filtered through a sintered glass filter and the organic phase, after addition of
internal standard, was concentrated and analyzed chromatographically.

Samples

To check the efficiency of the method, two applications were examined: re-
covery of organic acid from human urine and phenols from river water.

Human urine. A 50-100-ml volume of sample (pH 4) was passed through a col-
umn (0.7 mm 1.D.) packed with 250 mg GCB at a flow-rate of 240 ml/h. The ad-
sorbed substances were recovered with 25 ml of benzene-methanol (2:1).

River water. One litre of sample (pH 4) was passed through the column packed
with 1000 mg GCB at a flow-rate of 240 ml/h. The adsorbed substances were re-
covered with 75 ml of benzene-methanol (3:1).

RESULTS AND DISCUSSION

Fig. 1 shows the adsorption isotherms of some of the examined compounds.
The isotherms of 2,3,4,6-tetrachlorophenol, myristic acid, stearic acid and benzoic
acid are not reported, because in these cases the partition between the solid and the
liquid phases lies completely towards the solid phase.

The isotherms show that in the examined concentration range there is a linear

»

200

(5]
o

Cs 49/mg- 107
5]
Q

50

! | | ! |
50 100 150 200 250 C._}lg/ml 03

Fig. 1. Adsorption isotherms: ©, heptanoic acid; ©, octanoic acid; A, p-chloro-m-cresol; O, 2,3-dichlo-
rophenol; A, 2.4.6-trichlorophenol; B, decanoic acid.
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TABLE 1

ADSORPTION (%) OF MODEL ORGANIC COMPOUNDS FROM AQUEOUS SOLUTION (1000
ml) ON 100 mg OF GCB AT DIFFERENT pH VALUES

The concentration of each compound was 100 pg/l.

Compound pH
2 4 6 7.5 11.5

Heptanoic acid 8 10 11 9 5
Octanoic acid 39 50 32 14 8
Decanoic acid 100 100 98 71 20
Moyristic acid 100 100 100 74 21
Benzoic acid 98 \ 100 98 70 18
2-Chlorophenol 34 48 30 10 6
p-Chloro-m-cresol 70 78 77 70 10
2,3-Dichlorophenol 89 91 92 80 7
2,4,6-Trichlorophenol 100 100 100 86 21
2,3,4,6-Tetrachlorophenol 100 100 98 88 20

relationship between the amount adsorbed on the solid and the aqueous concentra-
tion. Adsorption seems to increase with a decrease of the water solubility of the
various compounds; therefore, for the fatty acids the adsorption increases with in-
creasing chain length.

In Table I the percentages of different compounds adsorbed on GCB at dif-
ferent pH values is reported. The results show that in the pH range 3-6 there is no
marked variation in adsorption because the studied compounds are mainly in the
molecular form. At pH > 7 the adsorption on GCB is very low because most of the
compounds are in the salt form. A value of pH 4 was used in all further experiments.

The breakthrough plots were obtained for p-chloro-m-cresol and 2,3-dichloro-
phenol at three different flow-rates: 80, 240 and 800 ml/h (Fig. 2a, b). These experi-
ments show that the collection efficiency increases with decreasing flow-rate in the
range 800-240 ml/h. When the flow-rate is lower than 240 ml/h the variation in the
collection efficiency is negligible. A flow-rate 240 ml/h was used in all further experi-
ments.

C
4, b

1.0

/ : /
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0.5 1O 1.5 20 25 0.5 1.0 1.5 20 2.5

Volume (I}

Fig. 2. Breakthrough curves at flow-rates 800 ml/h ( @), 250 ml/h (A) and 80 ml/h (©). a, p-Chloro-m-
cresol; b, 3,4-dichlorophenol.
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Fig. 3. Breakthrough curves at 30 g/l NaCl ( @) and 0.1 g/l NaCl (A). a, p-Chloro-m-cresol; b, 3,4-
dichlorophenol.

The ionic strength effect on the collection efficiency was evaluated by using
water solutions containing different quantities of NaCl. The plots for the above two
compounds are reported in Fig. 3a, b. The NaCl (30 g/l) present in the water sample
causes moderate variations of breakthrough volumes.

With the optimum operating conditions, the breakthrough curves of all the
compounds examined were obtained (Fig. 4) using a glass column packed with 250
mg GCB. Curves for the compounds that after the passage of 2000 ml were not still
present in the effluent are not shown. m-Cresol has the lowest retention volume.

We can optimize the size of the column using a model substance, selected in
regard to the analytical problem that is to be studied. From Figs. 4 and 5 it is seen
that an increase of four-fold in the length of the column and in the quantity of GCB
(1000 mg nstead of 250 mg) results in about a three-fold increase in the break-
through volume.

The “GCB-solvent distribution ratios™, obtained as

_ Cg g of compound per g of solid phase

K = =
. ug of compound per ml of solvent
%
10L v
Vs
05
. I 1 —
05 10 15 20
Volume (1)

Fig. 4. Breakthrough curves of m-cresol ( M), heptanoic acid (©), o-cresol ([J), 2-chlorophenol (#1),
octanoic acid (©), p-chloro-m-cresol (A) and 2,3-dichlorophenol (O) on GCB column (250 mg).
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Fig. 5. Breakthrough curves of m-cresol ( W), heptanoic acid ) and o-cresol ({J) on GCB column (1000
mg).

are reported in Table II. Benzene and methanol give the best distribution ratios for
the recovery of the examined compounds from GCB; hence these substances can be
recovered with benzene-methanol mixtures.

Table III shows that, while the recovery values with methanol agree with the
distribution ratios, this is not the case with benzene. In fact even if the distribution
ratios are favourable to benzene, the percentage recoveries are about 10-20%;,. How-
ever, if benzene-methanol mixtures are used, the results are in accord with the distri-
bution ratio values. The disagreement in the case of benzene might be due to the
water which coats the GCB and prevents benzene from coming into contact with the

TABLE 11
ADSORPTION COEFFICIENTS IN GCB-LIQUID SYSTEMS

Amounts: GCB, 500 mg; liquid system, 100 ml; compound, I5 ug. A = Light petroleum (b.p. 40-60°C);
B = diethyl ether; C = benzene; D = dichloromethane; E = methanol.

Compound Liquid system
A B C D E

2-Chlorophenol 244 88 0 0 33
0-Cresol 82 44 0 0 47
m-Cresol 60 67 6 4 8
p-Chloro-m-cresol 276 265 13 10 22
2,3-Dichlorophenol 108 94 13 17 35
B-Naphthol 976 225 0 0 33
2,4,5-Trichlorophenol 467 244 22 17 38
2,4,6-Trichlorophenol 265 244 33 0 63
2,3,4,6-Tetrachlorophenol 445 225 27 22 137
m-tert.-Butylphenol 139 200 0 10 15
Heptanoic acid 27 41 30 22 0
Octanoic acid 33 53 27 27 0
Decanoic acid 33 44 17 38 0
Myristic acid 157 133 38 177 16
Stearic acid 371 139 47 326 58

Benzoic acid 340 464 67 164 100
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TABLE Il

RECOVERY OF MODEL ORGANIC COMPOUNDS FROM 1000 mg OF GCB USING DIF-
FERENT ELUENTS

A = 50 ml benzene; B = 50 ml benzene-methanol (2:1); C = 50 ml benzene—methanol (1:1); D = 50 ml
benzene-methanot (1:2); E = 50 m! benzene-methanol (1:3); F = 50 ml methanol.

Compound Recovery (%)
Eluent
A B C D E F
2-Chlorophenol 28 88 74 92 91 71
0-Cresol 26 55 51 60 78 100
m-Cresol 19 78 84 90 96 9]
p-Chloro-m-cresol 20 49 74 82 91 90
2,3-Dichlorophenol 25 50 81 92 90 89
B-Naphthol 0 57 98 102 100 29
2,4,5-Trichlorophenol 9 65 90 98 101 80
2,4,6-Trichlorophenol 8 48 61 79 95 101
2,3.4,6-Tetrachlorophenol 6 76 88 91 103 76
m-tert.-Butylphenol 6 22 33 55 84 101
Heptanoic acid 29 89 87 94 88 99
Octanoic acid 18 85 84 88 87 100
Decanoic acid 12 75 70 77 81 92
Myristic acid 16 85 76 79 65 63
Stearic acid 18 95 79 81 78 20
Benzoic acid 0 98 87 71 61 81
1
2
4
5 3
+
30 20 10 0
Time(min)

Fig. 6. Chromatogram obtained from human urine. Peaks: 1 = benzoic acid; 2 = lauric acid; 3 = myristic
acid; 4 = palmitic acid; 5 = heptadecanoic acid (internal standard).
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solid surface, whereas the presence of a small quantity of methanol may be sufficient
to prevent the shielding of the water.

If we examine, for example, the behaviour of S-naphthol, whose distribution
coefficient in methanol is 33, we find that is recovered only partially by this solvent,
and in negligible quantity by benzene, even if the distribution ratio is 0. When a
benzene-methanol mixture is passed through the column, the percentage recovery
reaches 100 %,.

For the analyses of human urine and river water the amount of GCB and the
volume of eluent were deduced respectively from the breakthrough values and from
Table 111. Fig. 6 shows a gas chromatogram obtained from human urine on a FFAP
capillary column at 200°C with a carrier gas (hydrogen) flow-rate, iz, of 45 cm/sec. The
concentrations obtained for the identified components were: benzoic acid, 10 ug/l;
lauric acid, 6 pg/l; myristic acid, 14 ug/l and palmitic acid, 29 ug/l.

Fig. 7 shows the chromatogram obtained from river water by using the same
column but different operating conditions: temperature, 190°C; carrier gas (hydro-
gen) flow-rate, # = 36 cm/sec. Four peaks were identified, two phenols and two fatty
acids. The nature of the substances was confirmed by treating the samples with 0.1 N
NaOH, followed by extraction with methylene chloride and chromatography of the
extract. The identified peaks did not appear in the resulting chromatograms.

<2
4 2
3 1

AU
- |

I | |
30 20 10 0

Time (min)
Fig. Chromatogram obtained from river water. Peaks: | = 2,4,6-trichlorophenol; 2 = p-chloro-m-cresol;

3 = myristic acid; 4 = palmitic acid.

CONCLUSIONS

The results show clearly that the recovery of organic acids by means of col-
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umns of GCB adsorbent cannot be carried out without considering the nature of the
substances to be recovered and their molecular structure.

In fact the organic acids differ considerably in solubility and in K, values.
Therefore the amount of carbon, the volume of the sample, the volume and com-
position of the eluent must be determined for each application.
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USE OF PERIODATE AND METHYLAMINE FOR THE QUANTITATION
OF INTRACELLULAR 5-FLUORO-2-DEOXYURIDINE-5-MONOPHOS-
PHATE BY HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

ROBERT DREYER and ED CADMAN®*

Departments of Medicine and Pharmacology, Yale School of Medicine, New Haven, CT 06510 (U.S.A.)
(Received July 6th, 1981)

SUMMARY

High-performance liquid chromatography was used for the quantitation of
[*H]fluorouracil and metabolites in L1210 cells with or without pre-treatment with
methotrexate. Ribonucleotide pools were evaluated on a chemically bonded anion-
exchange column. Deoxynucleotide pools were determined following periodate and
methylamine treatment which eliminated the ribonucleotides (>99.9% complete)
and allowed for a rapid quantitation of the acid-soluble 5-fluoro-2’-deoxyuridine-5'-
monophosphate (FAUMP) pools. FAUMP levels as low as 10 fmol/10° cells were
detectable by polystyrene anion-exchange chromatography. Confirmation of these
FAUMP values was performed by rechromatography on a reversed-phase ion-pair
column. The use of periodate and methylamine as a means for the reliable elimination
of the ribonucleotides will allow accurate isolation of deoxynucleotides by high-
performance liquid chromatography.

INTRODUCTION

5-Fluorouracil is a clinically useful drug for treating carcinoma of the breast
and gastrointestinal tract. We have previously reported that when methotrexate
(MTX) precedes fluorouracil (FUra) there is synergistic cytotoxicity of L1210 cells!.
The therapeutic and toxic effects of FUra are presumed to be mediated from the
inhibition of thymidylate synthetase (E.C. 2.7.4.6) by FAUMP and/or the effect of
FUTP incorporated into RNA?Z

Possible pathways leading to FAUMP formation include the transfer to FUra
of the phosphoribosyl moiety from 5-phosphoribosyl-1-pyrophosphate by orotate
phosphoribosyltransferase (E.C. 2.4.2.10). The FUMP formed can then be phosphor-
ylated to FUDP, reduced to FAUDP and finally converted into FAUMP. An alter-
native mechanism uses uridine (E.C. 2.4.2.3) or thymidine phosphorylase (E.C.
2.4.2.4) to transfer a ribose or deoxyribose to FUra to form the ribonucleoside or
deoxyribonucleoside derivative which can be phosphorylated by uridine-cytidine
kinase (E.C. 2.7.2.48) or thymidine kinase (E.C. 2.7.1.21) to FUMP or FdUMP,
respectively.

0021-9673/81/0000-0000/802.50  © 1981 Elsevier Scientific Publishing Company
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A high-performance liquid chromatographic (HPLC) method was developed
specifically to evaluate FAUMP. Thin-layer® and column chromatography*=® have
been used to evaluate metabolic de novo pyrimidine and purine pathways, but poor
resolution, inadequate sensitivity and the time required to perform these separations
render these methods unacceptable for rapid and repetitive determinations. A very
sensitive competitive ligand-binding assay for measuring FAUMP levels in cell culture
has been developed by Moran ef al.” and Murinson et al.8. Garrett and Santi® re-
cently reported a rapid and sensitive method for evaluating deoxynucleoside triphos-
phates in cell extracts following destruction of the ribonucleotides by periodate and
methylamine, which was then used by Washtien and Santi'® for the evaluation of
FAUMP levels in cell extracts previously exposed to [*H]FUra. The chemical degra-
dation of ribonucleotides as a result of periodate and methylamine treatment has
been elegantly described by Khym!!, Brown and Read'? and Rammler!?, and has
been utilized by others for the evaluation of *?P-labelled deoxynucleotides'*!*. Ritter
and Bruce!® did not use methylamine with the periodate-treated cell extracts, and
reported variable and inconsistent resolution of deoxynucleotides because of inter-
fering ribonucleotides.

Our study was designed to define the precise methodology by which multiple
cell extracts could be prepared for rapid and reproducible analysis of both ribo-
nucleotides and deoxynucleotides by HPLC. A second objective was to determine by
several chromatographic methods that the radioactivity eluting in the deoxynucleo-
tide region of cells treated with [*°H]FUra was indeed FdUMP and that the procedure
could be quantitative in the fmol/10° cell range, which is ca. 1000-fold more sensitive
than previous methods using HPLC and [*H]FUra.

MATERIALS AND METHODS

Chemicals

[2-1*C]JFUMP (45 mCi/mmol), [6-*H]JFAUMP (25 Ci/mmol), [6-*H]FUMP (20
Ci/mmol), [2-'*C]JFdUMP (50 mCi/mmol) and [6-*H]FUra (25 Ci/mmol) were ob-
tained from Morevak Biochemicals (City of Industry, CA, U.S.A.) and greater than
959% pure by HPLC. UMP, UDP, UTP, FdUrd, UDP-Glc, FUra and FUrd were
purchased from Sigma (St. Louis, MO, U.S.A.) FAUMP was purchased from Cal-
biochem-Behring (La Jolla, CA, U.S.A.). Aquasol Liquid Scintillant was purchased
from New England Nuclear (Boston, MA, U.S.A.). Certified ACS sodium phosphate
monobasic monohydrate, ammonium acetate anhydrous, sodium acetate anhydrous
and glacial acetic acid were purchased from J. T. Baker (Phillipsburg, NJ, U.S.A.).
Phosphoric acid (85 9;), sodium hydroxide, and ammonium hydroxide were purchased
from Mallinckrodt (St. Louis, MO, U.S.A.). ACS certified HCI, sodium periodate
and methylamine (CH;NH, - HCI) were purchased from Fisher Scientific (Fair Lawn,
NJ, U.S.A.). Methanol and UV grade acetonitrile were obtained from Burdick &
Jackson Labs. (Muskegon, MI, U.S.A.). Tetra-n-butylammonium bromide, 99 9%,,
was purchased from Aldrich (Milwaukee, WI, U.S.A.).

A flow chart of the methodology for analysis of cells is shown in Fig. 1.
Detailed explanation of each aspect of the analysis is given in the following para-
graphs.
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Cells + [SH] FUra or MTX Pretreated Cells + [SH:I FUra
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Fig. 1. Schematic representation of the preparation and evaluation of fluoropyrimidine nucleotides.

HPLC mobile phase preparation

Solutions (1 mol/l) of sodium phosphate and sodium acetate were screened for
minimum ultraviolet (UV) absorbance at 254 nm (1-cm path length). Acceptable lots
of phosphate and acetate had an absorbance of less than 0.02 and 0.005 O.D, re-
spectively. All buffers were made up daily in deionized distilled water and filtered
through a 0.2-um metrical filter (Gelman GA-8; Gelman, Ann Arbor, MI, U.S.A))
and degassed by sonication prior to use.

Tissue culture

L1210 cells were grown as suspension cultures in Fischer’s medium supple-
mented with 109, horse serum. A 50-ml volume of the cell suspension at logarithmic
growth (ca. 2 x 10° cells/ml) were exposed for 3 h to 10 uM MTX, while another
group of cells served as controls. Following the MTX exposure the cells were exposed
to 1 uM [6-*H]FUra (25 Ci/mmol) for 1, 3 and 6 h. A second group of cells was
concentrated to a 5-ml suspension by centrifugation (1000 g for 4 min) before adding
[6-*H]FUra for 1 h to reduce the amount of radiolabel used. After the exposure to
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[6-*H]FUra, cell pellets were prepared by centrifugation and cellular extracts obtain-

ed. The concentration of L1210 cells for 1 h has previously been shown to have no

effect on cellular metabolism as determined by viability studies performed in soft
17

agar'’.

Preparation of cell extract

The cell suspensions were centrifuged at 2000 rpm in a Sorval RC-58 centrifuge
(DuPont Instruments, Newtown, CT, U.S.A.) at 4°C. The cell pellet was then washed
with ice-cold PBS (4°C) and centrifuged as before. The supernatant was decanted
before lysing the cells by adding ice cold 0.5 M HCIO, (500 ul). The HCIO, pre-
cipitate was removed by centrifugation at 2000 rpm for 2 min, leaving a clear super-
natant which contained the acid-soluble nucleotides. The pellet of cellular debris was
then digested (1 N KOH) and the radioactivity determined. Only 109 of the total
intracellular radioactivity was present in this acid-precipitable cell fraction; 90 9, was

associated with the intracellular supernatant.

Periodate oxidation

A 60-ul volume of the KOH-neutralized HCIO, L1210 cell extract was trans-
ferred to a 400-ul polypropylene test-tube (Sarstedt, G.F.R.). A 150-ul volume of 12
mM sodium periodate, which was prepared daily'8, was mixed with the 60-ul sample
aliquot and incubated at 37°C for 30 min. A 60-ul volume of 0.4 M CH;NH, - HC],
pH 7.5, and 120 ul of 0.01 M NaOH were then added to the periodate-treated sample,
and the mixture was incubated at 37°C for 15 min to complete base cleavage. A total
of five reaction tubes were prepared per sample. Two reaction mixtures were analyzed
by HPLC for deoxynucleotides on a Partisil 10 SAX and BAX4 column. A third
mixture was used for rechromatographic analysis as described below. The final two
samples were used for determining recoveries of radioisotopes from the two analytical
columns. A 10-ul volume of unlabelled FAUMP at 1 mM was added to one reaction
mixture being analyzed on the BAX4 column; 10 ul of FAUMP, UMP, UDP-Glc,
UDP and UTP at 1 mM were added to the other reaction mixture being analyzed on
the Partisil 10 SAX column. The slight separation between FUMP and FAUMP on
the BAX4 column served as an internal check on the effectivenees of the periodate
oxidation. All samples were kept on an ice bath prior to HPLC analysis; 350-ul
aliquots (52.5 pl of actual sample) were injected onto each of the analytical columns.

Special equipment

All gradient chromatographic analyses were performed on an Altex Model 332
liqutd chromatograph using two Altex Model 153 UV detectors connected in tandem
to monitor 254 and 280 nm. Isocratic chromatographic analyses were run on a mod-
ularly constructed liquid chromatograph comprised of the following components: a
dual-piston reciprocating pump (Model 100, Altex, Berkeley, CA, U.S.A.); a manual
loop injector (Model 7120, Rheodyne, Berkeley, CA, U.S.A.); two fixed-wavelength
UV detectors set for 254 and 280 nm, and a dual-pen chart recorder (Model 385,
Linear Instruments, Wheaton, MD, U.S.A.). Temperature control was achieved with
a circulating water bath (Blue M Electric, Blue Island, IL, U.S.A.) and a glass water
jacket (Rainin Instruments, Woburn, MA, U.S.A)).
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Measurement of radioactive effluent

Effluent from the Partisil 10 SAX and BAX4 polystyrene anion-exchange col-
umns was collected in 0.9- and 1.0-ml fractions, respectively. After 0.9 ml of de-
ionized-distilled water was combined with each fraction from the Partisil 10 SAX
column, 10 ml of Aquasol were added. A similar amount of Aquasol was added
directly to each fraction from the BAX4 column. Effluent from the LiChrosorb C,,
and the Partisil ODS-2 column was collected in 0.5- and 1.0-ml fractions, respectively,
and 5 ml of Aquasol were added to each fraction.

The vials were shaken vigorously to produce a clear homogenous solution
before determining the radioactive content. The counting efficiencies were 25 + 5%
for *H and 75 + 5%, for '*C and remained constant throughout the various gradient
profiles. The recovery of radioisotope from the analytical column was determined by
placing an identical volume of chromatographed sample in a tube of column effluent
generated by the fraction collector.

The radiolabelled fractions were counted on a Beckman LS7000 liquid scintil-
lation counter (Irvine, CA, U.S.A.) interfaced to a 48K Horizon I North Star mini-
computer (Berkeley, CA, U.S.A.). This enabled data to be printed on a Model 43
teletype and stored on a mini floppy disk to be plotted later and integrated using
software written in BASIC.

Rechromatography of soluble FAUMP on ion-pair reversed-phase chromatography

In order to characterize the FAUMP peak from the BAX4 polystyrene anion-
exchange column, rechromatography of this region on a 250 x 4.6 mm [.D. LiChro-
sorb C,4 5 um column maintained at 50°C was employed. A solution of 5 mM sodium
phosphate, monobasic, 5 mM tetra-n-butylammonium bromide and 10 %, methanol
was titrated to pH 6.8 with 1.0 N NaOH and used to elute the column at 1.0 ml/min.

The FAUMP region from the BAX4 column was collected into a 25-ml cen-
trifuge tube and lyophilized twice. For the second lyophilization, 5.0 ml of deionized
distilled water were added. The sides of the tube were rinsed with 2.0 ml of methanol
and blown to dryness with nitrogen. The residue was finally dissolved in 100 ul of
mobile phase and injected onto the column.

RESULTS

Limits of detection

The limit of detection for each of the chromatographic systems was based on
radioactivity in three vials. With a maximum background equal to 50 ¢pm, 300 cpm
was readily detectable and was arbitrarily chosen to represent detectable radioac-
tivity. The limits of FAUMP detection for each of the chromatographic systems was
10-15 fmol/10° cells.

Periodate oxidation

In examining optimal conditions for periodate oxidation, 1 mAM solutions of
UMP, UDP and UTP in KOH neutralized HCIO, L1210 cells extracts, representing
ca. 10° cells/ml, were degraded under several concentrations of periodate, methyl-
amine and sodium hydroxide. The optimal pH was 7.5. The addition of sodium
hydroxide was necessary to maintain the pH at 7.5 during the reaction and therefore
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effect a quantitative conversion of ribonucleotides. Reaction times were also optimized
to produce a quantitative chemical degradation of ribonucleotides in the presence
of deoxyribonucleotides in the cell extract. Ultimate conditions showed cleavage of
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Fig. 2. Separation of nucleosides and bases was performed using a Whatman 250 x 4.6 mm [.D. Partisil
ODS-2 10 um reversed-phase column. KOH-neutralized HCIO, cell extract (90 ul) was injected onto this
column and eluted isocratically at ambient temperature at a flow-rate of 0.7 ml/min with 0.15 M sodium
acetate, pH 5.5. (A) L1210 cells treated for 1 h with 1 uM [6-*H]FUra (20 Ci/mmol). (B) Cell extracts of
MTX (10 uM) pre-treated cells followed by 1 h of [6-*H]FUra treatment. Cold markers of UTP, UDP-
Gle, UDP, FUMP, FAUMP, FUra, FUrd and FdUrd (represented by peaks 1-7, respectively) were
coinjected with cell extracts, and radiochromatograms were plotted. Endogenous cellular components are
not visible at this wavelength and sensitivity.
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ribonucleotide [2-1*C]JFUMP (45 mCi/mmol) was always at least 99.9 % quantitative.
Similar results were achieved with [6-*H]JFUMP, (20 Ci/mmol). The final conditions
agree closely with those outlined by Rammler'®. Appropriate controls were carried
out to ensure that under the reaction conditions employed, the chemical integrity of
the deoxynucleotide species was maintained. [6->H]JFdUMP (20 mCi/mmol) was less
than 0.1% degraded. Similar results were obtained with [2-1*CJFdUMP (50 mCi/
mmol). Non-radiolabelled dUDP and dUTP were not affected with periodate,while
UDP and UTP were completely degraded as monitored by UV at 254 and 280 nm
(0.04 a.u.f.s.).

Lyophilization
Lyophilization of [6-*H]JFdAUMP (20 Ci/mmol) as a control demonstrated that
90 9; was recovered with no radioactivity appearing in any region except that marked

by FAUMP.

Chromatograpy

Several investigators have used reversed-phase chromatography to examine
nucleoside profiles in biological fluids?°~?2. In this study a modification of these
reversed-phase techniques was used to elute nucleosides, nucleotides and deoxynu-
cleosides of FUra isocratically. Resolution between drug and nucleoside metabolites
was achieved after optimizing flow-rate, pH and ionic strength on the Partisil ODS-2
column (Fig. 2). All nucleotide metabolites eluted within the first 9 min and were well
resolved from drugs and nucleosides.

Chromatographic systems for nucleotide separation using gradient elution on
anion-exchange columns are also available?***. Baseline separation was achieved
between mono-, di- and triphosphate nucleotides of FUra on the Partisil 10 SAX
column (Fig. 3). All nucleosides and drugs eluted in the void volume. Again FAUMP
and FUMP remained unresolved.
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Fig. 3. KOH-neutralized cell extract (90 ul) was mixed with 10 gl of | mM UMP, FiUMP, UDP, UDP-Glc
and UTP as cold markers and injected onto a Whatman 10 SAX 250 x 4.6 mm 1.D. anion-exchange
column. A linear gradient profile was run from 0.02 to 0.75 M sodium phosphate, pH 3.3, over 40 min.
Ambient column temperatures were used with a flow-rate of 1.8 ml/min. A and B show the separation of
control and MTX pre-treated cells each exposed for 1 h to FUra. The radioactivity co-eluting with UDPG,
UDP and UTP represent FUDPG, FUDP and FUTP,
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A BAX4 polystyrene anion-exchange column at elevated pH and temperature
was used to obtain the desired resolution between FAUMP pools and the void volume
radioactivity which was associated with chemically degraded ribonucleotides (Fig. 4).
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Fig. 4. Separation on the BAX4 polystyrene column of the periodate- and methylamine-treated acid-
soluble extract of L1210 cell suspensions, unexposed (A) and exposed (B) to 10 uM MTX for 3 h before
adding 1 uM [6-*H]FUra (25 Ci/mmol) for 1 h. Cold FAUMP was used as an unlabelled marker. The
analytical column was prepared by slurry-packing a 316 stainless-steel tube (10 cm x 4.6 mm LD ;
Analabs, North Haven, CT, U.S.A.) with 3 g of 4%/ cross-linked polystyrene anion-exchange resin, ca. 10
um particle size, BAX4 (James B. Benson, Reno, NV, U.S.A.) suspended in 15.0 ml of 0.4 M ammonium
acetate, pH 7.0. A flow-rate of 1.0 ml/min was maintained during the packing process with pressures not
exceeding 1000 p.s.i. Conditions for elution of the periodate oxidized sample were as follows: temperature,
50°C; flow-rate, 1.0 ml/min; 0.4 M ammonium acetate buffer, pH 7.0, run isocratically for 6.8 min followed
by a linear gradient from 0.4 M to 0.6 M ammonium acetate, pH 7.0, for 25.0 min. Initial composition was
resumed over a 2.0 min period with 15 min re-equilibration prior to the next injection. Regeneration
became necessary usually if back-pressure exceeded 1000 p.s.i. for the above chromatographic conditions
and was performed by a previously described procedure'®.
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This idea is an extension of the chromatography developed by Khym and Cohn?. The
separation of the FAUMP region from the void volume was much improved com-
pared with analysis on a Partisil 10 SAX column.

Ion-pair reversed-phase chromatography with the LiChrosorb C,; 10 um col-
umn provided further evidence for the existence of FAUMP. Washtien and Santi!®
employed a LiChrosorb C,; 5-um column at ambient temperatures to achieve sepa-
ration between FUMP and FAUMP. By elevating the temperature of the column to
50"C and using 10 %, methanol in the mobile phase, the column efficiency improved,
yielding reasonable retention times and effectively separating FAUMP from FUMP.
This chromatographic method clearly demonstrated that the collected radioactive
peak in the FAUMP region from the BAX4 column was quantitatively associated
with FAUMP. Table I summarizes the results of these chromatographic systems.

The ATP/ADP ratios for all cell extracts analyzed were 5:1, indicating little
hydrolysis at the time of analysis and a good energy balance (data not shown).
Although there was a five-fold increase in FUTP levels compared to controls observed
for cells pre-treated with MTX, periodate oxidation of these samples followed by
analysis of the reaction mixture on the BAX4 polystyrene anion-exchange chromato-
graphy system revealed there was no radioactivity remaining in the triphosphate
region. There was, however, an approximately 5-fold increase in FAUMP levels of
MTX pre-treated samples (114 fmol/10°® cells) over controls (22 fmol/10° cells). The
effect of MTX on FUra metabolism has been reported in detail elsewhere?>.

DISCUSSION

The destruction and elimination of ribonucleotides by periodate oxidation is a
method that will allow the subsequent separation and quantification of deoxyribonu-
cleotides by HPLC, specifically FAUMP from the fluoropyrimidine ribonucleotides.
This method may be applicable for the investigation of any intracellular deoxynu-
cleotide pool or other drugs which could be metabolized to deoxyribonucleotide
derivatives. An example of the use of this method was demonstrated in L1210 cells
pre-treated with MTX in which a 5-fold increase in FAUMP was documented (22
fmol/10° cells vs. 114 fmol/10° cells). Washtien and Santi'® found 80 fmol of the
complex of FAUMP-35,10-methylenetetrahydrofolate-thymidylate synthetase per 10°
cells (L1210) after incubating with 0.25 uM [6-*H]FUra for 22 h. These investigators
were able to detect only intracellular levels of free FdUMP after heat treatment of the
sample, which dissociated this enzyme complex. A stable ternary complex has been
demonstrated®®-?” between FAUMP, thymidylate synthetase and 5,10-methylenetet-
rahydrofolate when prepared in acid as in our studies. The formation of this covalent
complex offers a tenable explanation for differences in FAUMP levels found in MTX
pre-treated cells and control cells. MTX, which inhibits dihydrofolate reductase,
would result in low levels of the co-factor 5,10-methylenetetrahydrofolate, which
could therefore reduce the amount of the stable covalent complex formed. Hence cells
pre-treated with MTX would show high levels of unbound intracellular FAUMP. The
control samples, which would have higher levels of 5,10-methylenetetrahydrofolate,
might be expected to form a stable protein complex with FAUMP, which could
conceivably precipitate during HClO, extraction and therefore result in less free
intracellular FAUMP. We are currently using high-performance gel filtration chro-



R. DREYER, E. CADMAN

282

0t (47 0y 09 L'8 8LE 97T Tl aseyd-pas1oncy 7-SAoO Istied
- — — 1€ 9°0% — - 8 aseyd-pasioaal ned-uof 815 qrosoIy)HIy
- - (474 9¢ T 98 9 (42 sBueyoxa-uoiue duaikiskiod XV
0'ee 0'¢T 081 - ol 8y 8y 8t a8ueyoxs-uoiuE papuoq A[[edray) XVS [isnied
din ddn AnD-ddn  dwnd dWNr4d - piIpPd pind vind waisds snydvigoipuioy) wunjo)

"SIINUIUI Ul SaN[BA
JTdH ¥04 VLVA NOLLNI19d
[474vV1L



HPLC OF 5-FLUOROURACIL METABOLITES 283

matography for isolating this ternary complex in control and MTX-treated cells to
evaluate this possibility2®.
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ABBREVIATIONS

FUra = S-fluorouracil

Furd = 5-fluorouridine

FdUrd = 5- fluoro-2’-deoxyuridine

FdUMP = 5-fluoro-2'-deoxyuridine-5’-monophosphate
FUMP = 5-fluorouridine-5"-monophosphate
FUDP = S-fluorouridine-5’-diphosphate

FUTP = 5-fluorouridine-5’-triphosphate

UMP = uridine-5"-monophosphate

UDP = uridine-5'-diphosphate

UTP = uridine-5'-triphosphate

HPLC = high-performance liquid chromatography
MTX = methotrexate

dUDP = 2’-deoxyuridine-5'-diphosphate

dUTP = 2’-deoxyuridine-5’-triphosphate

FAUDP = 5-fluoro-2’-deoxyuridine-5'-diphosphate
FdUTP = 5-fluoro-2’-deoxyuridine-5’-triphosphate

FUDP-Glc = 5-fluoro-uridine-5'-diphosphoglucose
UDP-Glc = uridine-5'-diphosphoglucose

REFERENCES

1 E. Cadman, R. Heimer and L. Davis, Science, 205 (1979) 1135.
2 C. Heidelberger, in A. C. Sartorelli and D. G. Johns (Editors), Handbook of Experimental Pharma-
cology, Springer, New York, Vol. 38, 1975, p. 193.
K. Randerath, Biochim. Biophys. Acta, 76 (1963) 622.
P. Reichard, Acta Chem. Scand., 12 (1958) 2048.
. J. X. Khym and W. E. Cohn, Biochim. Biophys. Acta, 15 (1954) 139.
P. Reichard, A. Baldsten and L. Rutberg, J. Biol. Chem., 236 (1961) 1150.
R. G. Moran, C. P. Spears and C. Heidelberger, Proc. Nat. Acad. Sci. U.S., 76 (1979) 1456.
D. S. Murinson, T. Anderson, H. S. Schwartz, C. E. Myers and B. A. Chabner, Cancer Res., 39 (1979)
2471.
9 C. Garrett and D. V. Santi, Anal. Biochem., 99 (1979) 268.
10 W. L. Washtien and D. V. Santi, Cancer Res., 39 (1979) 3397.

[~=REN e R



284 R. DREYER, E. CADMAN

11 J. X. Khym, Biochemistry, 2 (1963) 344.

12 D. M. Brown and A. P. Read, J. Chem. Soc., 49 (1965) 5072.

13 D. H. Rammler, Biochemistry, 10 (1971) 4699.

14 C. D. Yegian, Anal. Biochem., 58 (1974) 231.

15 E. C. Reynolds and L. R. Finch, Anal. Biochem., 82 (1977) 591.

16 E. J. Ritter and L. M. Brice, Biochem. Med., 21 (1979) 16.

17 E. C. Cadman and F. Eiferman, J. Clin. Invest., 64 (1979) 788.

18 D. A. Skoog and D. M. West, Fundamentals of Analytical Chemistry, Holt, Rinehart and Winston,
New York, 1976, p. 475.

19 J. V. Benson and J. A. Patterson, in A. N. Wieser and G. Pataki (Editors), New Techniques in Amino
Acids, Peptides and Protein Analysis, Ann Arbor Sci. Publ., Ann Arbor, MI, 1971, Ch. 1, p. 1.

20 Y. M. Rustum, 4nal. Biochem., 90 (1978) 289.

21 P. R. Brown, S. Bobick and F. L. Hanley, J. Chromatogr., 99 (1974) 587.

22 A. M. Krstulovic, P. R. Brown and D. M. Rosie, Anal. Chem., 49 (1977) 2237.

23 J. X. Khym, J. Chromatogr., 124 (1976) 415.

24 M. McKeag and P. R. Brown, J. Chromatogr., 152 (1978) 253.

25 E. Cadman, R. Heimer and C. Benz, J. Biol. Chem., 256 (1981) 1695.

26 D. V. Santi and C. S. McHenry, Proc. Nat. Acad. Sci. U.S., 69 (1972) 1855.

27 R.J. Langenbach, P. B. Danenberg and C. Heidelberger, Biochem. Biophys. Res. Conmun.. 48 (1972)
1565.

28 E. Cadman, R. Dreyer, R. Heimer, M. G. Chen and C. Benz, Proc. AACR, 22 (1981) 262, Abst. 1038.



Journal of Chromatography, 219 (1981) 285-290
Elsevier Scientific Publishing Company, Amsterdam -— Printed in The Netherlands

CHROM. 14,175

THE DETERMINATION OF O,S,S-TRIMETHYLPHOSPHORODITHIOATE
IN THE PLASMA AND VARIOUS TISSUES OF RATS USING HIGH-RESO-
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SUMMARY

A method has been developed for the determination of O,S,S-trimethylphos-
phorodithioate in the plasma, lung, liver, brain and thymus of rats using high-resolu-
tion gas chromatography. The organophosphorus compound was extracted from the
biological sample with ethyl acetate and analysed on a Carbowax 20M fused-silica
capillary column with a nitrogen-phosphorus specific detector. O,S,S-Triethylphos-
phorodithioate was used as an internal standard added to the sample before extrac-
tion. The sensitivity of the method allowed the compound to be measured in 0.1-ml
aliquots of plasma or in 20-mg wet weight of tissue down to a level of 5 ng/sample.
The method has been applied to a pharmacokinetic study in the rat after an oral or
intravenous dosage with 25 mg/kg of O,S,S-trimethylphosphorodithioate.

INTRODUCTION

0O,5,S-Trimethylphosphorodithioate (OSS-Me) 1s one of a number of minor
impurities found in technical formulations of malathion!-? which has been shown to
potentiate the toxicity of this insecticide in the rat!™, By inhibiting rat liver carboxyl-
esterase it prevents the normal metabolism of malathion and results in the increased
formation of a toxic metabolite malaoxon*. When administered on its own to rats at
an LDs, dose OSS-Me causes two distinct toxic effects. Initially, over the first 24 h, it
produces a typical cholinergic response from which the animal recovers. A second
phase of toxicity is evident between days 3 and 6, which is related to an effect on the
lung. The LDy, of this compound is related to this second phase of toxicity®.

As a contribution to a better understanding of the toxicity of OSS-Me in the
rat, a study of the distribution and kinetic behaviour of this organophosphorus com-
pound has been made. For the purpose of this study an assay procedure was required
which would allow measurements to be made at low levels in small samples of plasma
or tissue. For this reason we have developed a method based on the use of high-

0021-9673/81/0000-0000/$02.50 ‘ @ 1981 Elsevier Scientific Publishing Company
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resolution capillary gas chromatography with a sensitive and selective thermionic
nitrogen—phosphorus detector (NPD).

MATERIALS AND METHODS

Reagents

OSS-Me and O,S,S-triethylphosphorodithioate (OSS-Et), prepared by the
method of Aldridge et «l.®, were obtained from Dr. J. W. Miles, Bureau of Tropical
Diseases, Centre for Disease Control, Atlanta, GA, U.S.A. The purity of these com-
pounds was checked by capillary gas chromatography with flame ionization detection
and was found to be greater than 98 9. Standard stock solutions (1 mg/ml) prepared
in ethyl acetate were stable for several months when stored at 4°C. Ethyl acetate
(BDH, Poole, Great Britain) was of Analar grade and was used without further
purification.

Animal studies

Female LAC Porton derived Wistar rats (body weight 170-200 g; 8-10 weeks
old) were used throughout. OSS-Me was dissolved in glycerol formal (Fluorochem,
Glossop, Great Britain) to obtain a dosage volume of 1 ml/kg, and this was ad-
ministered either intravenously or orally at a dosage of 25 mg/kg. Oral dosing was
carried out by oesophogeal intubation and intravenous dosing by injection into a
lateral tail vein following prewarming of the tail at 48°C.

At the pre-determined times rats were bled out from the heart under deep ether
anaesthesia and tissue obtained for analysis. Blood samples collected in heparinized
capillary tubes were centrifuged immediately after collection and the plasma stored at
—5°C until analysed. Tissues were removed from the rat within 1-2 min of bleeding
out and were immediately frozen in liquid nitrogen. The frozen tissues were weighed,
and homogenized in ice-cold distilled water using a Ystral X10/20 homogenizer to
give a 209, homogenate.

Sample preparation

To a 0.1-ml aliquot of rat plasma or tissue homogenate, contained in a 1.5-ml
polypropylene microcentrifuge tube (Alpha Laboratories, Eastleigh, Hants, Great
Britain), was added 10 ul of the internal standard solution of OSS-Et in ethyl acetate
(50 pug/ml). The sample was extracted with 500 ul of ethyl acetate by Vortex mixing
for 30 sec, followed by centrifugation for 2 min at 2000 g. The solvent layer was then
transferred, using a Pasteur pipette, into a similar centrifuge tube for analysis by gas
chromatography.

Gas—liquid chromatography

Analyses were carried out on a Packard Becker 419 gas chromatograph equipped
with dual flame ionization detectors. One of these detectors was replaced by a Perkin-
Elmer alkali-bead NPD. The existing liquid injection system on this instrument was
modified for the split-splitless injection of samples into a capillary column.

The gas chromatographic separation was made using a fused-silica capillary
(20 m x 0.3 mm 1.D.) coated in the authors’ laboratory with Carbowax 20M by the
static coating procedure to give a film thickness of 0.4 um. The flexibility of fused
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silica allowed the end of the column to be located just below the tip of the detector jet.
No make-up gas was used to the detector. Helium was employed as carrier gas with a
flow-rate, measured at 180°C, of 6 ml/min. The column was operated isothermally at
an oven temperature of 180°C. The NPD was operated at an air flow-rate of 120
ml/min and a hydrogen flow-rate of 4 ml/min. The rubidium silicate bead tempera-
ture was adjusted according to the sensitivity required for the analysis. The amplifier
attenuation was 8 x 107'" A and the recorder was set at 20 mV. The 1-ul samples
were injected using a split ratio of 10:1.

Calibration curves

Standard calibration curves were prepared by analysing 0.1-ml aliquots of
blank rat plasma or tissue homogenates containing known amounts (100, 400, 600,
800, 1000, 1600 and 2000 ng) of OSS-Me and 500 ng of the internal standard (OSS-
Et). The peak height ratios OSS-Me:OSS-Et were plotted against the concentration
of OSS-Me. The concentration of OSS-Me in the unknown samples was derived from
regression equations obtained from the standard curve. When the concentration
levels were expected to be less than 500 ng/ml sample, one-tenth of the above amounts
of OSS-Me and internal standard were used for the calibration curve.

RESULTS AND DISCUSSION

The alkali-bead NPD, when operated in the nitrogen—phosphorus mode, is a
very stable and reliable detector which exhibits a very high sensitivity of detection for
many organophosphorus compounds®’. When used with a capillary column, as little
as 1 pg of OSS-Me and OSS-Et can be detected with a signal-to-noise ratio of 20:1.
The selectivity of this detection system allowed OSS-Me and the added internal stan-
dard OSS-Et to be determined in ethyl acetate extracts of plasma and tissue homoge-
nates at very low levels. No concentration or purification of the solvent extract was
found to be necessary.

Fig. 1 shows a typical trace from the analysis of a 0.1-ml plasma sample from a
rat following an oral dose of 25 mg/kg OSS-Me. Similar contaminant-free tracings

|

08S-Et_
/OSS-ME

1

min 6 4 ]

Fig. 1. Gas chromatogram of an extract from a rat plasma sample containing 4 ug of OSS-Me per ml of
-plasma. For the gas chromatographic conditions see text.
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were obtained from tissue samples. The analysis of blank rat plasma and tissue
homogenates gave very few background peaks, none of which interfered with the
measurement of the peak derived from either OSS-Me or the internal standard.

A representative calibration curve for quantitation in plasma is shown in Fig.
2. Good linearity was obtained over this concentration range and over the lower
range between 100 ng/ml and 2 ug/ml.

2.0 4
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1.4 4
1.2 4
1.0 1
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Peak height ratio

0.6 9

0.4 4
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Fig. 2. Calibration curve for the analysis of OSS-Me in plasma using OSS-Et as internal standard.

A single extraction with ethyl acetate gave a high recovery of both OSS-Me
and the internal standard. Using OSS-Et as an internal standard the mean absolute
recovery of OSS-Me from spiked rat plasma was 87.59, (S.D. + 4.3%/) and from a
tissue homogenate 89.69; (S.D. + 3.49)). The accuracy of the method was deter-
mined from recovery experiments of authentic OSS-Me added to blank plasma and
lung samples at concentrations of 4, 8 and 16 ug/ml plasma or tissue homogenate (1 g
of wet weight tissue homogenate made up to 5 ml with distilled water). The precision
of the method was determined from replicate analyses at these same concentrations.
The results from these analyses are given in Table 1.

The sensitivity of the method can. if required, be improved by reducing the
volume of ethyl acetate used for extraction and also by injecting the extract into the
capillary column using the splitless rather than the split injection technique. The
lower limit of detection is in the order of 50 ng/ml plasma or 250 ng/g tissue.

A number of rat plasma samples were analysed immediately after collection
and then following their storage at 4°C for two weeks. No significant difference in the
results was obtained. Extracted samples were also stable when stored under these
same conditions. Tissues were immediately immersed in liquid nitrogen after their
removal from the animal to prevent possible enzyme degradation. After homogeniza-
tion, these samples were also stable when stored at 4°C.
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TABLE 1

PRECISION AND ACCURACY OF THE METHOD FROM THE REPLICATE ANALYSES OF
0SS-Me ADDED TO BLANK PLASMA AND LUNG HOMOGENATE SAMPLES

Each value is the mean of six determinations.

Amount added Plasma Tissue

(ug/ml) - o ’ - - T T
Amount found Recovery Amount found Recovery
(ug/ml + S.D.) (Y = S.D.) (ug/m! + S.D.) (% + S.D.)

0.4 0.43 + 0.01 108.3 + 2.36 0.42 4 0.03 105.0 + 6.27

0.8 0.84 + 0.02 105.4 + 2.76 0.83 £ 0.06 103.7 + 7.60

1.6 1.58 1 0.05 98.9 + +

3.26 1.56 + 0.07 97.7 + 4.41

This method has been applied to a study of the pharmacokinetics in the rat
after oral and intravenous injection of OSS-Me. Following oral administration, peak
concentrations of the organophosphorus compound were found in the plasma be-
tween 30 min and | h after dosage. The concentration fell to approximately one-tenth
of these levels 5 h later, but measurable amounts were still present after 24 h (see Fig.
3). In the liver, lung, brain and thymus the concentration—time profile was similar,
showing that the compound was evenly distributed throughout the animal.

After intravenous injection the plasma and tissue concentrations at 30 min
corresponded to those observed 60 min after oral administration, but from then on
the disappearance curves were similar. The only exception was liver, where peak
levels after intravenous dosing were ca. 909, lower. The calculated half-life values
were ca. 60 min. More details from these kinetic studies will be given in a future
publication.

In conclusion, the method described in this publication has proved to be ac-

pg OSS-Me/mi PLASMA

0 1 2 3 4 5 6 = 12 24

HOURS
Fig. 3. Plasma concentration-time profiles in the rat after oral dosage of 25 mg/kg. Levels are presented
as mean values + standard error of the mean (v = 4).
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curate and reliable for quantifying OSS-Me in small sample volumes of rat plasma
and tissue. The employment of a high-resolution capillary column enhances both the
sensitivity and specificity of the method. Since the assay involves only a single solvent
extraction and a short analysis time on the column, it is simple and rapid.

Using the appropriate internal standard this assay procedure can be used to
determine and study the kinetics of other organophosphorus triesters, including
0,S,S-trimethylphosphorothioate and 0,0,S-trimethylphosphorodithioate, which
also occur as toxic impurities in technical malathion.
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'SUMMARY

Noxyptyline, ie. 5-(2-dimethylaminoethyloxyimine)-5H-dibenzo[a,b]cyclo-
hepta-1,4-diene hydrochloride, is an antidepressant. A new, direct method for its
determination in substance and in tablets by means of gas chromatography has been
developed. The results were compared with those of the spectrophotometric method,

and the systematic errors (coefficient of variation) were 2.19 9, and 2.49 9/, respective-

ly.

Apropriate conditions were developed for the extraction of noxyptyline from
plasma and urine, and the gas chromatographic method was applied for its determi-
nation. Within the concentration range 0.5-10 pg/cm?, the systematic error after
extraction from plasma was 4.61 %, and after extraction from urine it was 2.08 %;. The
recovery from plasma was 71.12 4+ 89, and from urine it was 90.94 + 1.59/.

INTRODUCTION

Noxyptyline is administered* only in tablet form: the initial doses of 25-50 mg
daily may be increased gradually to 100 and even 300 mg daily. Like other dibenzo-
cycloheptadiene derivatives, it has been determined by titration and spectrophotomet-
ric methods described in pharmacopoeiae. Literature reports describe colorimetric
methods for the determination of noxyptyline, involving the formation of complexes
with bromothymol? and bromophenol?, as well as two titration methods: one follow-
ing precipitation with potassium titration methods: one following precipitation with
potassium hexathiocyanogen chromate and ammonium tetrathiocyanogen
chromate®, the other applied after hydrolysis to dibenzocycloheptenone?.

All the above methods for the determination of noxyptyline are not sensitive
enough to be applied for determination of the same compound in body fluids
(plasma, urine). It seems worth emphasising that no method for determination of
noxyptyline in biological material has been quoted in literature.

Therefore, we have outlined the following aims of the present work:

(1) to work out conditions of determination of noxyptyline without synthesis-
ing its derivatives;

0021-9673/81/0000-0000/$02.50  « 1981 Elsevier Scientific Publishing Company
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(2) to develop conditions for the extraction of noxyptyline from human
plasma and urine;

(3) to determine noxyptyline by gas chromatography of the extracts obtained.

These three problems are closely related to pharmacokinetic investigations of
noxyptyline.

EXPERIMENTAL

Materials and reagents

The following chemicals were used: noxyptyline of 99.22 %, purity (Rzeszéw
Pharmaceutical Works, “"POLFA™); noxyptyline of 99.42 %, purity (Bayer); noxyp-
tyline tablets, 25 mg content of the active ingredient declared (Rzeszow); Oxazepam
of 99.739 purity (Tarchomin Pharmaceutical Works, “POLFA™); 95" ethanol,
hexane, silicone OV-17, and Gas-Chrom Q.

Apparatus

The following apparatus was used: Perkin-Elmer gas chromatograph, Model
3920 B; Mechanika Precyzyjna centrifuge, type 317a; Premed versatile shaker, type
WV-3.

Qualitative determinations of noxyptyline

Noxyptyline used for the determinations melted in the range 188-189“C. The
results of ultraviolet and infrared absorptiometric tests complied with the require-
ments of pertinent standards.

The substance was tested for purity with a thin-layer chromatography method
in the following system: F,,, Merck silica gel; chloroform-methanol (7:3). It ex-
hibited one spot of R, value 0.5, which complied with the standard. The active
ingredient content determined with the titration method amounted to 99.22 %;.

Gas chromatographic determination of noxyvptyline

The determination of noxypryline was conducted on a gas chromatograph
equipped with a nitrogen detector. A glass column (1.8 m x 0.3 cm 1.D.) filled with
1.5% OV-17 for Gas-Chrom Q gas used. The column was conditioned for 48 h at
280°C. The working temperatures were: column, 230°C; evaporator, 250°C; detector,
280°C. Nitrogen was used as a carrier gas at a flow-rate of 46 cm>/min. The hydrogen
flow-rate was 9.2 cm?®/min and the air flow-rate 150 cm?®/min.

The sensitivity of the measurement was 10 x 16. The internal standard was
oxazepam, /l.e. 7-chloro-1,3-dihydro-3-hydroxy-5-phenyl-2 H-1,4-benzodiazepin-2-
one.

Ethanolic solutions of the tested samples and of the standard, both containing
5mg Y, of oxazepam, were prepared within the noxyptyline concentration range: 0.5~
2 mg?,. Portions (1 ul) of the standard and tested solutions were injected on to the
column. The chromatogram obtained is shown in Fig. 1, and the results are listed in
Table 1. The retention time for noxyptyline was 1 min 50 sec.

The relation between the concentration and the peak height ratio of noxyp-
tyline and the internal standard was linear within the range 0.5-5 ug/cm?.

The same method was used for determination of noxyptyline in the model
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Fig. 1. Gas chromatograms of noxyptyline (a) and internal standard, oxazepam (b).

mixture containing talc, lactose, starch, magnesium stearate and polyvinylpyrrol-
idone in the amounts declared for the finished product (i.e., for the tablets) by the
producer.

A weighed portion of the model mixture, equivalent to one tablet, was placed
in a 10-cm*® measuring flask. Then 8 cm® of 959 ethanol was added. The flask was
shaked on a shaker for 15 min then its contents were diluted with 95 %, methanol to
10 cm?® and filtered. The filtrate was used for the preparation of a noxyptyline solu-
tion of | mg %/ concentration, to which 5 mg %, of internal standard were added. Por-
tions (0.001 cm?) of the tested solution and the standard one of the same concentra-
tion were injected on to the column.

Noxyptyline was also determined in the tablets of declared 25 mg active sub-
stance content. The extraction of noxyptyline from the crushed tablets was conducted

TABLE 1
PERCENTAGE OF NOXYPTYLINE IN SUBSTANCE, MODEL MIXTURE AND TABLETS

Materials Method
Gas chromatography uv
A% S.D. Confidence V. X
(n=35) interval for (n=135)
p =095
Noxyptyline in substance 99.09 2.17 99.09 1 2.68 2.19 -
The model mixture 97.19 2.42 97.19 1+ 2.99 2.49 95.00

(25 mg of noxyptyline

and auxiliary sub-

stances)

Noxyptyline in tablets

of the declared 25 mg

active substance content 99.64 1.74 99.64 4 2.16 1.75 103.92
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similarly to the process described above. Simultanously, noxyptyline extracted from
the model mixture and from the tablets was determined with spectrophotometric
methods. The results are presented in Table 1.

In vitro determination of noxyptyline in human plasma

The determination of the tested compound in human plasma was conducted
under the conditions worked out for the substance.

Two stock solutions were made up as follows: (1) 10 mg %, noxyptyline etha-
nolic solution; (2) 2.5 mg %, oxazepam ethanolic solution. From the stock solutions
five standard solutions were prepared, containing 0.5, 1, 2, 3.5 and 5 ug of noxyp-
tyline and 25 pg of oxazepam in 1 cm®.

Preparation of calibration curves

From the five standard solutions the calibration curve I was constructed. After
an extraction from plasma to which respective amounts of noxyptyline were added.
the calibration curve Il was prepared. In each of five centrifugal tubes 1 cm?® of
plasma was placed, then the following volumes of noxyptyline stock solution were
added: 0.005, 0.01, 0.02, 0.35 and 0.05 cm®. The contents of each tube were stirred
and extracted three times with 4 cm? of hexane while being shaken for 15 min on a
shaker. After 5 min centrifugation (4000 g) the upper layer was pipetted out into a
conical flask and dried with anhydrous sodium sulphate. The mixture was filtered,
and hexane was evaporated under vacuum below 30"C. The residue was dissolved in
0.5 cm? of the internal standard solution and 0.001 cm?® of thus prepared solution was
injected on to the column. The chromatogram obtained is shown in Fig. 2.

A B
Q
he)
530 1-100%
C
111-90.28%
b g% 2s °
25 - 7112%
a|lc -
215 201
ele
% 151 -—-standard
- ---recovery from urine
5 9 -——recovery from plasma
2
x 05
[=]
Q
a
0'5 1 2 3',5 5 ,ug/cm’
64 2 0 6 4 2 0 tmin concentration of noxyptyline

Fig. 2. Gas chromatograms of (A) extract from plasma containing noxyptyline (a) and internal standard,
oxazepam (b); (B) extract from blank plasma.

Fig. 3. Calibration curves of noxyptyline. I, Standard; 11, after extraction from plasma; I11, after extraction
from urine.
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The calibration curve I was used for determination of detector linearity. The
calibration curves I and Il show the relationship between the noxyptyline concentra-
tion and the peak height ratio of noxyptyline and the internal standard (Fig. 3).

Based on the curves obtained, the recovery of noxyptyline from human plasma
was determined. The content of noxyptyline may be determined in 1-4 cm?® of plasma
under extraction conditions similar to those described for the construction of the
calibration curve I1. The concentration of noxyptyline was calculated from the cali-
bration curve 11 prepared separately for each series of determinations.

Determination of noxyptyline in human urine

The human urine used for the determination was adjusted to pH 7 with borate
buffer of pH 9.

Into five centrifugal tubes, each containing 1 cm® of human urine of pH 7. the
following volumes of 10 mg %, noxyptyline ethanolic solution were added: 0.005, 0.01,
0.02, 0.035 and 0.05 cm?®. The extraction process and the determination itself were
conducted precisely as described for the determination of noxyptyline in human
plasma. The chromatogram of the extract from urine is shown in Fig. 4.

A B

86420 86 420 tmin
Fig. 4. Gas chromatograms of (A) extract from urine containing noxyptyline (a) and internal standard,
oxazepam (b); (B) extract from blank urine.

Based on the results obtained the calibration curve I was constructed, and the
calibration curve I1l was prepared after the extraction from urine (Fig. 3).

For determination of unknown amounts of noxyptyline 1-4 cm? of urine may
be used, and the extraction should be conducted according to the instructions given
for the calibration curve Il preparation.

The noxyptyline content was read out from the calibration curve III prepared
separately for each series of determinations.

RESULTS AND DISCUSSION

The gas chromatographic determination of noxyptyline was conducted with
use of a nitrogen detector, which proved to be more sensitive to the tested compound
than the flame ionization detector.
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The results listed in the Table 1 show that the gas chromatographic method
described can be used to determine noxyptyline in substance and in a model mixture
with an error lower than that of the pharmacopoeial spectrophotometric method.

The use of hexane for extraction of noxyptyline from human plasma and urine
was very convenient because the components of plasma and urine were only slightly
soluble in the organic layer.

The extraction method worked out for isolation of noxyptyline from urine
gave optimal results at pH 7 and therefore required adjustment of urine to neutral
with borate buffer of pH 9. The retention times for the impurities from plasma and
urine are different from those for noxyptyline and oxazepam.

The determination of noxyptyline in plasma and urine is possible in the con-
centration range 0.5-10 ug/cm?. The recovery of noxyptyline from plasma amounted
to 71.12 %, 4 89. Statistical evaluation: ¥ = 72.9%; S.D. = 3.36; confidence inter-
val 72.9%¢ + 6.68 for p = 0.95 and n = 8; coefficient of variation (C.V.) = 4.6

The recovery of noxyptyline from urine amounted to 90.28 %, + 7 9. Statistical
evaluation: X = 90.949(; S.D. = 1.82; confidence interval 90.94%, + 1.51 for p =
095and n = 8; C.V. = 2.089%,.

CONCLUSIONS

The gas chromatographic method described permits the identification and de-
termination of noxyptyline in substance and tablets, with an error (coefficient of
variation) of 2.19Y%; and 2.49 %/, respectively.

The determination of noxyptyline in plasma and urine is possible in the con-
centration range 0.5-10 pg/cm®. The sensitivity of the method is 0.1 ug/cm®; the
systematic error (coefficient of variation) is 4.61 9, for extraction from plasma and
2.08 9 for extraction from urine.

The method developed for extraction of noxyptyline from plasma and urine,
and the method of its direct determination by gas chromatography, may be applied in
bioavailability and pharmacokinetic investigations.

REFERENCES

1 M. Negwer, Organic-Chemical Drugs and their Synonyms, Part 2, Akademie-Verlag, Berlin, 1978,
p. 723.

2 E. G. C. Clarke, Isolation and ldentification of Drugs, Vol. 2, The Pharmaceutical Press, London, 1975,
p. 1073.

3 J. Dobrecky and D. Basso, Revta Farm., 1 (1974) 116.
4 A. Olech, Acta Polon. Pharm., 33 (1976) 101.



Journal of Chromatography, 219 (1981) 297-301
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands

CHROM. 14,176

Note

Studies on the gas chromatographic behaviour of organophosphorus
esters
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Although extensive gas—liquid chromatographic (GLC) data have been col-
lected on commercially important organophosphorus (OP) esters, their retention be-
haviour has not been subjected to any systematic study and analysis. We report here
the retention indices of diethyl alkyl phosphates (1), diethyl alkylphosphonates and
di-n-propyl alkylphosphonates (I11) on OV-17 stationary phase with r-alkanes as ref-
erences. The calculated 6/ value for methylene addition at different side chains
showed the possibility of predicting the retention index of a higher member with the
help of the index of the parent compound.

R/O\P/J R’O\P/O
R/O/ \OR R/O/ \R

Phosphates (1) Phosphonates (11)

R’ = -C,H; or -C;H,

R = -CH,. -C,H;, -C;H,, -C,H,, -C;H,,, -C,H,;
EXPERIMENTAL

All the solvents and reagents used were of AnalaR grade (BDH, Poole, Great
Britain) except n-alkanes which were obtained from Fluka (Buchs, Switzerland).

Synthesis of phosphates and phosphonates

Diethyl alkyl phosphates were synthesized' by reaction of diethyl chlorophos-
phate with sodium alkoxide in an inert solvent and purified by distillation under
reduced pressure.

Diethyl and dipropyl alkylphosphonates were prepared from alkyl iodides and
sodium diethy! phosphites under Michaelis—Becker reaction? conditions and purified
by distillation.

0021-9673/81/0000-0000/$02.50 @ 1981 Elsevier Scientific Publishing Company
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Gas chromatography

Three stainless-steel columns (6 ft. x 2 mm 1.D.) packed with Gas-Chrom Q
(80-100 mesh) loaded with 1.59, 109, and 209, OV-17, respectively, were prepared
and conditioned at 250”C for more than 8 h before use and checked for reproducibili-
ty.

The gas chromatograph used was a Perkin-Elmer Model 3920 B, with flame
1onization detector. The temperatures of the injection port, column oven and detector
were 200, 160 and 200"C respectively. The dead volume of the column was measured
by injecting methane. Mixtures of the phosphates or phosphonates together with »-
alkane reference were prepared in benzene. A 2-ul volume of the mixture was injected
on the column and the retention times for cach component were measured with the
help of stop-watch. Each mixture was injected three times to check the reproducibility
of retention times. The chromatograms were recorded on a Perkin-Elmer Model 23
recorder with sensitivity 1 mV for full scale deflection.

The raw retention data were corrected for dead volume and then used to
calculate Kovats™ retention indices®.

RESULTS AND DISCUSSION

Kovats’ indices are sensitive to column temperature®, stationary phase loading
and sample size®>®. The sensitivity to column loading in case of OP compounds had
not previously been studied. Our results given in Table I showed that with 209,
loading the indices are very consistent compared to those with low loadings.

TABLE 1

EFFECT OF PERCENTAGE LIQUID LOADING ON KOVATS' RETENTION INDICES (/) OF
TRIALKYL PHOSPHATES AND PHOSPHONATES AT 160°C

Compound 1

1.5% 0V-17 10%, OV-17 20%, OV-17
Diethyl ethyl phosphate 1302 1298 1296
Diethyl butyl phosphate 1488 1483 1484
Diethyl hexyl phosphate 1682 1676 1674
Diethyl ethylphosphonate 1257 1250 1246
Dipropyl propylphosphonate 1520 1514 1510

Dipropy! pentylphosphonate 1702 1700 1700

The retention indices in Table 11 calculated by Kovats' method clearly show
the dependence on chain length in phosphates and phosphonates. The average o/,
value for the addition of a methylene group was 93 + 4 instead of 100. Such a
deviation has been reported previously for esters of dibasic acids’.

The difference in retention indices, 1, between phosphates and phosphonates
having similar alkyl groups is 50 4- 2 for the various pairs studied (see Table III). This
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TABLE 11

KOVATS' RETENTION INDICES FOR AN HOMOLOGOUS SERIES OF PHOSPHATES AND
PHOSPHONATES ON 209, OV-17 AT 160°C

Compound No. R R 1 ol

Diethyl alkyl phosphates (A)

1 ~C,H; —CH, 1205 -
2 ~C,H; ~C,H, 1296 91
3 —C,H; ~C,H, 1390 94
4 ~C,H; ~C,H, 1482 92
5 -C,H, ~C,H,, 1579 97
6 ~C,H; ~C,H,; 1674 95

Diethy! alkylphosphonates (B)

7 ~C,H, C,H, 1246 —
8 —C,H, -C,H, 1340 94
9 —C,H, -C,H, 1430 90
10 -C,H; ~C,H,, 1525 95

Di-n-propy! alkyiphosphonates (C)

1 -C,H, ~C,H, 1420 —
12 —C,H, ~C,H, 1510 90
13 ~C,H, C,H, 1604 94
14 ~C,H, “C.H,, 1700 96

Average = 93 + 4

difference appears to be due to the difference in polarities of phosphate and phos-
phonate esters.

Table IV shows the difference between the retention indices, d/,, of phos-
phonates having the same R but different R" groups. This averages to 87 + 3 and is
significantly less than é61,.

TABLE I

DIFFERENCE IN RETENTION INDICES BETWEEN PHOSPHATES AND PHOSPHONATES,
ol HAVING THE SAME ALKYL GROUPS ON 209, OV-17 AT 160°C

oI, = I (phosphate) — I (phosphonate); / values from Table Il

R R sl,
-C,H, -C,H; 50
-C,H, —C,H, 50
-C,H, ~C,H, 52
-C,H, ~C,H,, 49

Average = 50 &+ 2
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TABLE 1V

EFFECT OF ADDITION OF A METHYLENE GROUP IN R’ FOR PHOSPHONATES ON 20, OV-
17 AT 160°C

Values of indices taken from Table 1.

Phosphonate series B Phosphonate series C Difference in Difference in
methylene index, 81,
_ o R group at R* per methviene
group

R R R R
-C,H; -C,H; -C;H, -C,H, 1 x 2 174/2 = 87
—C,H; -C,H, -C3H, -C;H, 1 x 2 170/2 = 85
-C,H; -C,H, -C;H, -C,H, I x 2 174/2 = 87
-C,H; -CsH, -C;H, -C;H,, 1 x2 175/2 = 88

Average = 87 + 2

Amongst the compounds reported, it was possible to predict the retention
indices of higher members by making use of the d/,, 6/, and 8/, values. Thus taking
diethyl methyl phosphate (a)

CHSCHZO\p /o

/N
CH,CH,0 OCH,
(a)

as the parent compound for the series, the retention index of diethyl pentylphos-
phonate (b) can easily be calculated.

CH,CH, O o)

\,/

p\
AN
CH,CH,-O (CH,),~CH,

(b)

The parent compound has a retention index of 1205, the contribution due to 1, for
the above compound is 4 x 93 = 372 and J1, is — 50, giving the retention index as
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1527 which agrees well with the observed value of 1525 (Table II). Again, for dipropyl
pentylphosphonate (¢)

CHs(CHZ)rO\ /o

P
CH,(CH,),-O (CH,),~CH,
(c)

ol,184 x 93 = 372,61, = —50 and 8/, = 2 x 87 = 174. Adding this to 1205, the
value obtained is 1691 compared with the observed value of 1700 (Table II).
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Contributions to the chemistry of silicon—sulphur compounds

XXVI*. Relationships between chromatographic behaviour and struc-
ture of triorganosilanes, triorganosilanethiols, hexaorganodisilthianes
and triphenylthioalkylsilanes
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There have been few reports'™ of the use of thin-layer chromatography (TLC)
for separation of organosilicon compounds. The results indicate some relations be-
tween chromatographic behaviour and structure of the investigated compounds.

Uhle!? reported that for triorganosilanes, silanols and siloxanes there are
interactions between silica gel and both the aryl and silanol groups. Adsorption
increases with decreasing electron withdrawing character of phenyl-ring substituents.
Franc and Senkyifova® pointed out the significant influence of the phenyl groups of a
series of phenylmethylsiloxanes on their adsorption on silica gel. If these molecules
also contain organoxy groups, the adsorption considerably increases. Wojnowska®,
who chromatographed ethylphenoxy- and phenylphenoxysilanes, has demonstrated,
as have Franc and Senkyfova?, the role of hydrogen bridges between the oxygen of
the organoxy group and OH group from the silica gel.

Although an increasing number of studies have been made on the chemistry of
silicon—sulphur compounds®, only one paper gives information about the TLC of
these compounds. Wojnowski® observed that the adsorption of trialkoxysilanethiols
decreases with increasing number of carbon atoms in the alkyl group and with its
branching; adsorption decreases with the decreasing acidity of silanethiols.

The aim of our work was to obtain data for a few more classes of organic
silicon—sulphur compounds and find a relationship between the chromatographic
behaviour and structure.

EXPERIMENTAL

Samples
Triorganosilanes were prepared from trichlorosilane and appropriate Grig-

nard reagents’. Triorganosilanethiols and hexaorganodisilthianes were prepared by
insertion of sulphur into triorganosilanes®. Hexamethyldisilthiane was obtained ac-

* Part XXV, J. Pikies and W. Wojnowski, Z. Anorg. Allg. Chem., submitted for publication.
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cording to Cumper et al.’. Triphenylthioalkylsilanes, triphenylsilanol and hexaphenyl-
disiloxane were prepared as described in ref. 10. Hexamethyldisiloxane was NMR
grade from Petrarch Systems, U.S.A.

Stationary and mobile phases

Home-made plates were used: 0.25-mm layers were prepared from a suspen-
sion of 30 g of Kieselgel G (E. Merck) in 60 cm® water. After drying in the laboratory
atmosphere, the plates were activated at 110°C for 1 h and stored without further
treatment.

Seven mobile phases were used: A, hexane; B, cyclohexane; C, tetrachlorometh-
ane; D, trichloromethane-hexane (1:1); E, benzene; F, tetrachloromethane—hexane
(1:1); G, hexane—-ethyl acetate (40:1). All solvents were dried by the usual methods
and distilled before use.

Chromatographic procedure

Solutions were prepared in benzene as solvent. Amounts of 1 ul were spotted
on the chromatoplate. The sample concentrations, developing distances and spot
visualizations were as follows:

(1) R;SiH: 19, solution; 13 cm; water—alcohol solution of silver nitrate, black
spots

(2) R;SiSH and (R,8i),S: 209, solution; 6 cm; water—alcohol solution of
silver nitrate, yellow-brown spots, or iodine vapour, brown spots

(3) R,SiSR: 1.59 solution; 13 cm; iodine vapour, brown spots
All expertments were carried out at room temperature.

RESULTS AND DISCUSSION
Tables I-111 summarize the R values obtained.
TABLE 1

R VALUES OF TRIORGANOSILANES
Et = Ethyl; Me = methyl; Ph = phenyl; Pr = propyl.

Compound Mobile phase
A B C D E

PhMe,SiH 0.76 0.57 0.80 0.91 0.93
PhEt,SiH 0.78 0.60 0.83 0.91 0.93
PhPr,SiH 0.79 0.63 0.86 0.91 0.94
Ph,MeSiH 0.53 0.32 0.70 0.90 0.92
Ph,EtSiH 0.55 0.33 0.73 0.90 0.92
Ph,PrSiH 0.57 0.34 0.76 0.90 0.92
Ph;SiH 0.30 0.18 0.63 0.89 0.92
(p-CH;C H,);SiH 0.25 0.15 0.60 0.89 0.92
(m-CH;C H,);SiH 0.28 0.14 0.60 0.89 0.91
(0-CH;C,H,),SiH 0.37 0.15 0.64 0.89 0.91
(p-CIC H,);SiH 0.55 0.38 0.82 0.90 0.92
(p-BrC H,);SiH 0.51 0.37 0.82 0.90 0.92
(»-MeOC H,),SiH 0.00 0.01 0.04 0.48 0.45

(PhCH,),SiH 0.13 0.06

0.84 0.90
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In the triorganosilane series (Table I) the most significant factor is the interac-
tion of the phenyl groups attached to silicon with the silica gel. Adsorption decreases
in the order: Ph;SiH > Ph,AlkSiH > PhAIk,SiH, where Alk = alkyl. The Ry values
can be correlated with the withdrawing effect of the phenyl-ring substituents and are
in agreement with the data reported by Uhle!?: (p-CH,C H,),SiH > (m-
CH;C H,),SiH > Ph;SiH > (p-BrC,H,);SiH > (p-CIC,H,),SiH.

Within the series of phenyldialkylsilanes and diphenylalkylsilanes there are
small differences in R, values (Table I}, and adsorption decreases with increasing
chain length. This could be connected with the affinity of the compound to the mobile
phase. The extremely low R, value of tribenzylsilane is due to the isolation of the
phenyl groups by methylene bridges.

Table 11 shows that the triorganosilanethiols are less strongly adsorbed than
the related disilthianes. It is also noted that the adsorption increases with the increas-
ing number of aryl groups. Surprisingly, compounds with the same number of phenyl
groups have similar R, values, e.g., Ph,PrSiSH and (PhPr,Si),S. The oxygen ana-
logues, e.g.. Ph;SiOH, (Ph;Si),0 and (Me;Si),0 are more strongly adsorbed, R, =
0.

TABLE 11
Ry VALUES OF TRIORGANOSILANETHIOLS AND HEXAORGANODISILTHIANES

R, = 0 for Ph;SiOH, (Ph,Si1),0 and (Me,;Si),0 in both mobile phases. In trichloromethane or benzene the
investigated compounds were eluted with the solvent front. Tailing was observed when the developing
distance was longer than 6 cm probably caused by hydrolysis of the Si-S bond.

R, Si- Mobile phase

A F

R3SiSH (R;S8i),S R3SiSH (R3S1),S
Me;Si 0.40 0.80
PhMe,Si 0.68 0.21
PhEt,Si 0.71 0.28 0.80 0.55
PhPr,Si 0.71 0.32
Ph,MeSi 0.29 0.06
Ph,EtSi 0.31 0.10 0.63 0.33
Ph,PrSi 0.32 0.18
Ph,Si 0.08 0.33
(»-CH,;CH,),Si 0.13
(m-CH;C H,);Si 0.10
(0-CH;CH,),Si 0.08
(p-CIC¢H,);Si 0.05
(PhCH,),Si 0.03

The adsorption increases with the acidity of the silanethiol, AWSH-THF)'’,
according to the relationship:

R, = —0.026 AXSH-THF) + 2.426 (0
r=0882forn = 11
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This very significant correlation (for a confidence level of 999, and ten pairs of
variables, a critical value for r is 0.765) allows to conclude that the thiol group acts as
an adsorption centre, particularly by hydrogen bond formation. This means that the
interaction between the phenyl ring and the OH groups of the silica gel, which was the
determining factor in the case of silanes containing a phenyl ring (Table I), plays a
minor role in arylsilanethiols. (PhCH,);SiSH does not fit the correlation 1 because
both adsorption centres (phenyl ring and SH group) are essential for strong adsorp-
tion.

According to the results in Table I1I the substitution of hydrogen in Ph;SiH by
an SR group results in a second adsorption centre (R, of Ph;SiH 0.77, R, of
Ph;SiSMe 0.61) of minor but distinct influence. The substitution of hydrogen by an
OR group introduces an even stronger adsorption centre.

TABLE 111
Ry VALUES OF TRIPHENYLTHIOALKYLSILANES AND TRIPHENYLALKOXYSILANES
Mobile phase G. Values for Ph;SiOR are taken from ref. 12. For Ph,SiH, R, = 0.77. Bu = Butyl.

R PhySiSR PhySiOR

H 0.48 0.04
Me 0.61 0.44
Et 0.64 0.51
Pr 0.66 0.59

Bu 0.67 0.62

Finally, the adsorption of derivatives with the same triorganosilyl group de-
creases in series: Ph;SiOH > Ph;SiSH = "Ph;SiOR > Ph;SiSR > Ph,SiH.
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Gas-liquid chromatographic analyses

lll. Glass capillary gas chromatography of chloromethyl monochloro
esters of aliphatic C,—~C,, n-carboxylic acids

ILPO O. O. KORHONEN
Department of Chemistry, University of Jyviskyld, Kyllikinkatu 1-3, SF-40100 Jyviskyli 10 ( Finland)
(Received May 26th, 1981)

Recently, gas chromatographic (GC) separations of mixtures with a wide range
of chain lengths of methyl monochioro! and methyl, methyl 2-chloro and chlorometh-
yl esters? of aliphatic n-carboxylic acids have been reported on Carbowax 20M glass
capillary columns.

This paper describes a GC study of chloromethyl monochloro esters of ali-
phatic C;—-C, n-carboxylic acids. The separations of combined mixtures of even- and
odd-carbon-number esters were studied, and elution times compared with those of
the corresponding methyl esters by separating the mixtures with the same chain
lengths under the same operating conditions.

EXPERIMENTAL

GLC analysis

A Varian Model 2400 gas chromatograph, equipped with a flame-ionization
detector and 3 9, Carbowax 20M glass capillary column (50 m x 0.3 mm 1.D.), was
used for GC analyses. The column temperature was programmed from 50 to 190°C at
4°C/min and held at 190°C until the elution of peaks ceased. Nitrogen was used as the
carrier gas at a flow-rate of 1 ml/min. The splitting ratio was 1:20, and the tempera-
tures of injector and detector were 220 and 240°C, respectively.

Samples

Chloromethyl monochloro esters of aliphatic C;—C,, n-carboxylic acids were
prepared by chlorination® of the corresponding chloromethyl esters in the presence of
benzene. Methyl monochloro esters were synthesized as described earlier*®. The
crude chlorination mixtures were used for GC analyses. To avoid the overlapping of
peaks on GC of crude mixtures with a wide range of chain lengths, it is necessary to
prevent the formation of higher chlorinated products by using a diluent and much less
than an equimolar amount of chlorine.

0021-9673/81/0000-0000/$02.50  « 1981 Elsevier Scientific Publishing Company
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TABLE 1

ABSOLUTE AND RELATIVE RETENTION TIMES FOR CHLOROMETHYL ESTERS OF ALI-
PHATIC C,—C;, n-CARBOXYLIC ACIDS

Chain Absolute* and relative** retention times
length " - - - B
Chioro-  Isomeric chloromethyvl monochloro esters
methyl T -
ester 2-¢lt 3-Cl 4-Ccl s5-cl 6-Cl 7-Cl 8-CI 9-Cl 10-Cl 11-Cl 12-Ci
C, 5.19 9.88 14.40
1.00 .90 277
C, 6.50 12.14 1391 17.15
1.00 1.87 214 2.64
Cs 7.50 13.40 15.67 16.59 19.95
1.00 1.79  2.09 221 2.66
Ce 10.45 16.41 18.19 19.35 20.55 23.07
1.00 1.57 174 185 197 221
C, 12.35 18.52 20.22 20.95 2224 2290 2498
1.00 1.50 164 170 180 1.85 2.02
Cq 15.77 21.60 23.18 23.80 24.70 25.57 25.81 27.88
1.00 1.37 147 151 157 162 1.64 177
C, 17.97 23.65 25.11 2571 2648 2695 27.48 27.78 29.66
1.00 1.32 1.40 143 147 150 1.53 155 1.65
Cio 21.12 26.53 28.00 28.62 29.29 29.69 29.85 30.34 30.57 32.33
1.00 .26 1.33 136 139 140 141 144 145 1.53
Cy, 23.25 28.44 2990 30.53 31.13 3146 31.58 31.70 32.17 32.39 3422
1.00 .22 1.29 131 1.34 1.35 136 136 1.38 1.39 147
C,, 26.21 31.32 32.54 33.20 33.80 34.16 34.18 34.30 3443 3491 35.16 37.28
1.00 1,19 124 127 129 130 130 131 131 133 1.34 142

* Absolute retention times (min) measured from Figs. I and 2.
** Relative retention times for unchlorinated chloromethyl esters taken as 1.00.

TABLE 11

RELATIVE RETENTION TIMES FOR CHLOROMETHYL ESTERS OF ALIPHATIC C,-C,, -CARBOXYL-
IC ACIDS

Chain Relative retention time*
length T

Chloro-  Isomeric chloromethyl monochloro esters

methyl - T e

ester 2-Cl 3-Ccl 4-Ccl 5-Cl 6-Cl (w-5)- (w-4)- (w-3)- (w-2)- (w-1)- @-ClI

Cl ) @) Cl Ci

G 0.25 0.37  0.51 0.32 0.45
C, 0.31 0.46 0.50 0.60 0.40 0.46 0.53
Cs 0.36 0.51 0.56 0.58 0.68 0.45 0.52 0.54 0.62
Cs 0.49 062 Q65 068 070 0.78 0.55 0.61 0.64 0.67 0.71
(o8 0.58 070 072 073 076 0.77 0.63 0.68 0.70 0.73 0.75 0.77
Cg 0.75 081 083 083 084 086 0.79 0.80 0.83 0.84 0.84 0.86
Cy 0.85 089 09C 09 090 091 088 0.89 0.90 0.91 0.91 0.92
Cyo 1.00 1.00 100 1.00 100 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Cy, 1.10 1.07 107 107 106 1.06 1.07 1.06 1.06 1.06 1.06 1.06
Ci, 1.24 118 1t6e L16 115 115 1.17 1.16 1.15 1.15 1.15 1.15

* Relative retention times for C,, derivatives taken as 1.00.
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RESULTS AND DISCUSSION

As expected, the isomeric monochloro chloromethyl esters are eluted in direct
order from 2-chloro to w-chloro compound, as are the corresponding methyl deriva-
tives'. The gas chromatograms of the combined mixtures of odd-carbon-number C;—
C,, and even-carbon-number C,—C,, chloromethyl monochloro esters are illustrated
in Figs. 1 and 2. The absolute and relative retention times are presented in Tables I
and II. All retention times were measured from sample injection and are tabulated
relative to unchlorinated chloromethyl esters = 1.00 (Table I) and C,, derivatives =
1.00 (Table II).

The results show that all compounds are resolved except for chloromethyl 6-
chloro- and 7-chlorododecanoates (Fig. 2). Bearing in mind the GC separations of
methyl monochloro esters!->~7, it is evident that the chloromethoxy group makes the
polarities of the mid-chain isomers similar, leading to overlapping peaks. On the other
hand, owing to their higher boiling points, the elution times of the chloromethyl
isomers increase as compared with methyl esters (Fig. 3 and Table III), causing
poorer separation of the long-chain isomers.

To compare the elution times of chloromethyl and methyl esters, GC separa-
tions of the mixtures with the same chain lengths were performed under the same
operating conditions; the resuits are presented in Table III. It can be seen that the
relative retention times of chloromethyl 2-chloro isomers are smaller than those of the
3-chloro derivatives. The values of the latter, on the other hand, are always the
greatest ones. This can clearly be seen from Fig. 3; the time between the elution of
chloromethyl 2-chloro- and 3-chlorodecanoates is twice as long as that between the

|} ®
S Cp Me €y CI-Me W 2 - 10 Methyl monochlorodecanoates
® 2~ 10 Chloromethyl monochlorodecanoates
9
7 89 780
56m an 5 6. o
u= °®
10
®

50 ° 70 10 130 150 170

31— 14 + 1 ) t
< . T T T T U

0 min 5§ 15 20 25 30

Fig. 3. Chromatogram of the mixture of methyl and chloromethyl decanoates. S = Solvent; peak number =
position of Cl-substituent.
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TABLE 111

RELATIVE RETENTION TIMES FOR CHLOROMETHYL ESTERS OF ALIPHATIC Cy-C,, n-
CARBOXYLIC ACIDS

Chain Relative retention time*

length — T T T T T T e e -
Chloro-  Isomeric chloromethyl monochloro esters
methyl o - - —
ester 2-cl 3-Ccl 4-cl s5-Ccl e-Cl 7-Ci 8-Cl 9-Cl 10-Cl 11-Cl 12-CI

C, 1.31 1.87 2.10

C, 1.41 1.92  2.04 200

C, 1.49 1.92 2.06 205 1.89

C, 1.74 1.87 193 1.8 1.81 1.68

C, 1.93 1.66 1.68 1.64 1.59 157 149

Cy 1.87 .53 1.54 152 1.50 148 147 141

C, 1.83 1.47 148 146 144 143 141 140 1.36

Cio 1.66 1.37  1.39 137 136 136 1.35 134 134 131

Cy, 1.52 .31 1.33 132 131 131 L3t 131 1300 130 1.29

Cp, 1.40 126 130 129 129 130 1.29 129 1.29 129 130 1.3]

* Relative retention times for the corresponding methyl esters taken as 1.00, determined from the
mixtures of methyl and chloromethyl esters with the same chain lengths.

elution of the corresponding methyl isomers. The chloromethoxy group has the
greater effect on the 2-position making 2-chloro isomers less polar and leading to the
relatively short elution times on a polar Carbowax 20M column. On a non-polar SE-
52 column, however, owing to the better solubilities of less polar 2-chloro isomers,
shorter times between the elution of isomers are observed.

The relative retention times of w-chloro compounds are in general noticeably
short, but with increasing chain length the differences from the other isomers de-
crease. Owing to the isothermal running conditions after reaching the final tempera-
ture, however, the greatest value is obtained for w-chlorododecanoate (Table HI).
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Electron-capture gas chromatographic determination of sulphide as a
new pentafluorobenzyl derivative

HSIN-LUNG WU
School of Pharmacy, Koahsiung Medical College, Kaohsiung ( Taiwan)

and

KOICHI FUNAZO, MINORU TANAKA and TOSHIYUKI SHONO*

Department of Applied Chemistry, Faculty of Engineering, Osaka University, Yamada-Oka, Suita, Osaka
565 (Japan)

(Received July 14th, 1981)

Sulphide is a significant environmental pollutant derived partly from industrial
effluents. It contaminates water supplies and results in distressing odours.

Several methods, including titrimetric!, colorimetric*, fluorimetric®®, ultra-
violet spectrophotometric’-®, coulometric® and electrode!®!! techniques, have been
used for the determination of sulphide in water. In addition, direct gas chromatogra-
phy (GC) with B-ionization detection'? has been used to analyze hydrogen sulphide in
air at ppm levels. However, there is still a need for a specific and more sensitive
method for quantitation of sulphide in complicated matrices.

In this paper, a new approach based on detector-oriented derivatization of
sulphide, as bis(pentafluorobenzyl) sulphide, is described for quantitative analysis of
inorganic sulphide (S27) down to ppb* levels. The method has been applied to the
analysis of S?~ in spring-water. The results indicate that the method is specific and
highly sensitive.

EXPERIMENTAL

G C conditions

A Yanaco (Kyoto, Japan) Model G2800EN gas chromatograph equipped
with an electron-capture detector (ECD) of non-radioactive type (Kyoto, Japan) was
used. The column was a coiled glass tube (3.0 m x 3 mm [.D.) packed with 39/
silicone gum SE-30 on Chromosorb W AW DMCS (60-80 mesh). The injection port
and detector temperatures were kept at 250°C and that of the column was isothermal-
ly set at 180°C. Helium was used as the carrier gas at a flow-rate of 30 ml/min. A
Yanaco VR-101 recorder with a chart speed of 5 mm/min was used. The peak area
ratios were computed by a Shimadzu (Kyoto, Japan) Chromatopac E1A digital in-
tegrator.

* Throughout this article, the American billion (10°) is meant.

0021-9673/81/0000-0000/302.50 ~ © 1981 Elsevier Scientific Publishing Company
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Materials

Pentafluorobenzyl phenyl thioether, pentafluorobenzyl n-butyl thioether and
bis(pentafluorobenzyl) sulphide (BPFBS) were synthesized at this laboratory and
their structures were confirmed by mass spectrometry (MS). Pentafluorobenzyl
bromide (PFBBr or a-bromo-2,3,4,5,6-pentafluorotoluene) (Aldrich, Milwaukee,
WI, U.S.A)) and 39 silicone gum SE-30 on Chromosorb W AW DMCS (60-80
mesh) (Nishio, Tokyo, Japan) were used without further treatment. Sodium sulphide
nonahydrate (Na,S-9H,0), toluene and other reagents were of analytical grade.
Deionized and distilled water was used to prepare aqueous solutions.

Solutions of the internal standard (1.S.), 0.5 uM, and of the reference standard
were separately prepared by dissolving pentafluorobenzyl phenyl thioether in toluene
and a suitable amount of Na,S-9H,0 in 0.01 N sodium hydroxide (NaOH). The
sample solution was prepared by dilution of an equal volume spring-water in 0.02 N
NaOH solution, and further dilution in 0.0l N NaOH if necessary. The PFBBr
solution, 0.4 uM, was prepared by dissolving PFBBr in acetone.

Procedure

A 0.5-ml volume of PFBBr solution was added to a 15-ml glass-stoppered flask
containing 0.1 ml of the reference standard or sample solution. The reaction mixture
was magnetically stirred for 1 h at room temperature and then evaporated under a
nitrogen stream for 2 min at room temperature. To the concentrated solution, 1.0 ml
of I.S. solution was added and mixed well, followed by a small pinch of anhydrous
sodium sulphate. The GC determination was performed by injecting about 0.4 ul of
the clear toluene layer.

RESULTS AND DISCUSSION

Derivatization

Alkylation of S~ with PFBBr in an alkaline medium proceeds quickly at room
temperature and the reaction equilibrium can be attained in 30 min as shown in Fig.
1. GC analysis could be run after this time, but the analytical data presented here
were obtained after 1 h unless otherwise indicated. Derivatization of S?~ in neutral
water instead of 0.01 N NaOH solution resulted in slower formation of the derivative,
and in stronger alkali (0.06 N NaOH) a complicated reagent background is formed.

23 2
= o 5
N {o/-e 10 =
22 &
= =
- m
= g
31 il
g:t <C
x 5
E N 1 " o
0 30 60 90
(min)

Fig. 1. Effect of reaction time on the formation of the sulphide derivative.

Fig. 2. Effect of evaporation time on loss of the sulphide derivative.
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This background interferes with the analysis of the S*~ derivative and stems probably
from the products of hydrolysis of PFBBr. Concentration of the reaction solution by
evaporation under a nitrogen stream can lessen the reagent tailing in the chromato-
gram, but a concentration period longer than 2 min as shown in Fig. 2 results in lower
analyses for the S~ derivative. The same phenomenon is found in the case of evapo-
ration of the reaction solution with a rotary evaporator under reduced pressure, and
is due probably to loss of the volatile S2~ derivative. The L.S. is also volatile, so it was
added to the reaction solution after the concentration step.

Interference

Several anions were investigated for interference with 0.3 ppm of S?~, as
shown in Table I. The method does not seem to suffer interference from acetate,
sulphite, sulphate, chloride, carbonate, thiosulphate, cyanide, nitrate and nitrite at
the levels found in environmental samples. Thus the method is quite specific for S?~
analysis in the presence of these anions.

Aliphatic and aromatic mercaptans, such as n-butanethiol and thiophenol,
could also be converted into their pentafluorobenzyl derivatives!?, but the S2~ de-
rivative can be well separated from these derivatives, the elution order under the
present GC conditions being as follows: pentafluorobenzyl n-butyl thioether; penta-
fluorobenzyl phenyl thioether; the S2~ derivative. Pentafluorobenzyl phenyl thioeth-
er, which is structurally similar to BPFBS, is used as I.S. in this work. If a water
sample contains thiophenol, the S~ value measured will be lower than the real value.
The presence of thiophenol in a sample can be corrected for by running a chromato-
gram without addition of L.S.

Analytical calibration

Seven samples containing the reference standard at about 0.8-65 ng of S?~
were analyzed to construct a calibration graph of the amount of S~ against peak-
area ratios of the S?~ derivative to I.S. A linear regression equation (y = 0.05871 x +

TABLE I
INTERFERENCE STUDY

Concentration of sulphide investigated: 0.3 ppm.

Anion spiked Concentration Recovery (%, )*

spiked (ppm)
None - 100.0 + 2.3
CH,COO~ 100 99.1 &+ 2.7
SO3~ 100 1019 + 2.5
SO;~ 100 101.6 + 1.2
Cl™ 100 99.7 + 34
CO3%- 100 98.0 + 1.0
S,0%- 50 102.2 + 2.2
CN~ 50 102.8 1 0.6
NO; 20 102.0 + 2.3
NO; 20 100.8 + 2.4

* Mean of triplicate analyses.
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W\

0 4 8 12
(min)

Fig. 3. Typical gas chromatogram of pentafluorobenzyl phenyl thioether (a, 1.S.) and bis(pentafluoro-
benzyl) sulphide (b).

0.0610) was obtained with a correlation coefficient of 0.9997. This indicates high
linearity over the range examined. The equation was then used to calculate the S~
content in samples.

A typical chromatogram presented in Fig. 3 demonstrates the good resolution
and high symmetry of the peak of the S?>~ derivative. The retention time of peak b is
identical to that of BPFBS, synthesized by scaling up the amounts of $2~ in 0.01 N
NaOH and PFBBr in acetone and allowing them to react at room temperature for 1
h. The crystals obtained were examined by MS using a Hitachi RMU-6E mass spec-
trometer with an ionization source temperature of 200°C, an electron energy of 70 eV
and an acceleration energy of 1.8 kV. The mass spectrum obtained exhibits a parent
ion at m/e = 394, representing the formation of BPFBS, and some other peaks are
tentatively assigned as in Fig. 4.

Further comparison of the retention time of peak b in Fig. 3 and that of
BPFBS was carried out using a Yanaco G180 flame-ionization gas chromatograph

100 8 , m
K ! F
F< § +
%Is—crlz F
FF/ F F
50 18—
394(M*)
0 o 213
100 200 300 400
Mg

Fig. 4. Mass spectrum of bis(pentafluorobenzyl) sulphide.
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TABLE 11

COMPARISON OF THE ANALYSIS OF SULPHIDE CONTENT IN SPRING-WATER BY THE
TWO METHODS

Sample GC-ECD* Colorimetry
(ppm)

A 2.55 4+ 0.02 ppm 2.52

B 1.71 4 0.09 ppm 1.76

C 1.04 + 0.02 ppm 1.05

D 5.50 4 0.17 ppb  **

E *k *k

* Average of triplicate analyses.
** Below detection limit.

with: (1) a coiled glass column (2 m x 3 mm [.D.) of 109 silicone OV-17 on
Shimalite W AW DMCS (60-80 mesh), carrier gas (nitrogen) flow-rate 55 ml/min;
and (2) a stainless-steel column (2 m x 3 mm [.D.) of 59 PEG-HT on Uniport HT
(60-80 mesh), carrier gas (nitrogen) flow-rate 31 ml/min. In both cases the injection
temperature was 275°C and the column temperature was 170°C. The results of these
chromatographic separations based on stationary phases of weak and strong polarity
gave the same retention times for peak b and BPFBS. Therefore, peak b in Fig. 3 can
be assigned as BPFBS.

The method was applied to the analysis of S~ in spring-water and the results
compared to those obtained by a colorimetric method* based on methylene blue
formation. The results in Table II reveal good agreement between the two methods,
and the reliability of the proposed method. The high sensitivity of our method is
reflected in the analysis of sample D. The S*~ content in sample E is below the
detection limit of both methods, and is estimated to be less than 0.5 ppb based on the
detection limit of the proposed GC-ECD method.

Possible applications of this method to other anions, such as nitrite and
cyanide, using pentafluorophenyl-type reagents are being investigated.
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The pharmacological effects of ergot alkaloids are well documented, and the
motive for recent research with ergoline derivatives has been to design drugs for the
treatment of prolactin-dependent disorders, such as galactorrhea and amenorrhea,
prolactin-dependent breast tumors, and Parkinson's disease!™. During a study
undertaken to define the structural requirements necessary for prolactin inhibition*,
the drug pergolide (I) (see Fig. 1) was synthesized and was later found to be one of the
most potent in vitro and in vivo dopamine agonists and inhibitors of prolactin se-
cretion*™®. Clinical studies indicated that pergolide may be efficacious in the treatment
of prolactin-dependent disorders’.

R NR
H
HY
N R”
N
H
I. R = CH,SCH,;, R = CH,CH,CH;,R” = H
(@)
)
II. R = CH,SCH;, R” = CH,CH,CH,;, R”" = H

III. R = CH,C=N, R’ = CH;,R” = Cl
Fig. 1. Structures of pergolide (1), pergolide sulfoxide (I1) and lergotrile (I11).

We are currently examining the use of microorganisms to prepare metabolites
of pergolide for biological evaluation and for comparison to metabolites found in
mammalian species. Studies involving the microbial transformation of pergolide sul-
foxide (II) by a Helminthosporium species (NRRL 4671) has necessitated the develop-
ment of a new analytical procedure for pergolide and its metabolite; thus, high-
performance liquid chromatography (HPLC) was chosen for its demonstrated utility
in the rapid analysis of microbial extracts®. The developed method may be useful in
other pharmaceutical, pharmacokinetic, and/or clinical studies with ergoline deriva-
fives.
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EXPERIMENTAL

Materials

Pergolide (I), pergolide sulfoxide (II) and lergotrile (III) were provided by Eli
Lilly, Indianapolis, IN, U.S.A. Ergoline spectra (mass spectra, proton magnetic re-
sonance spectra) were consistent with anticipated results, as were physical data
(m.p.). The compounds were found to be homogeneous by thin-layer chromatography
and HPLC.

Water for use in HPLC was deionized and double-distilled in glass; acetonitrile
was HPLC-grade (OmniSolv; MCB Reagents, Cincinnati, OH, U.S.A.). The mobile
phase was prepared by the filtration of individual solvents through glass fiber filter
pads (GF/F grade; Whatman, Clifton, NJ, U.S.A.), mixing and degassing prior to
use. All other solvents and reagents were analytical reagent quality.

All glassware used in extractions was silylated using 2 9 trimethylsilylchloride
(TMSCI) (Aldrich, Milwaukee, W1, U.S.A.) in toluene, rinsed thoroughly and dried

prior to use.

Chromatographic procedure

A Beckman Model 110A pump, an Altex Model 210 injector with a 50-ul
sample loop (Beckman, Silver Springs, MD, U.S.A.) and a Tracor Model 970 varia-
ble-wavelength detector (Tracor, Austin, TX, U.S.A.) were employed for all HPLC
analyses. An Altex Model C-RIA integrator (Beckman) at an input sensitivity of 1
mV/min was used for peak area measurements and chromatographic recording. A
uBondapak C, g column, 300 x 3.9 mm I.D. (Waters Assoc., Milford, MA, U.S.A)),
was used. The mobile phase consisted of acetonitrile—0.01 M ammonium carbonate
buffer, pH 8.4 (3.75:2). The flow-rate was 2 ml/min (1000 p.s.i.). Under these con-
ditions, retention times were as follows: pergolide, 6.74 min; pergolide sulfoxide, 3.22
min; and lergotrile, 2.42 min.

Helminthosporium cultivation

The Helminthosporium species (NRRL 4671) was maintained on mycophyll
agar slants (BBL, Cockeysville, MD, U.S.A.) which were refrigerated at 4°C. Incu-
bations were performed in a two-stage fermentation procedure as described earlier®.
Cultures were harvested, combined and fully homogenized (Polytron; Brinkmann,
Westbury, NY, U.S.A.) before HPLC analysis.

Extraction and analysis

Spiked samples were prepared using a single extraction step. Stock solutions at
levels of 1 mg/ml in methanol were prepared for pergolide, pergolide sulfoxide and
lergotrile. Portions of 500, 250, 150, 100, 50 and 20 ul of pergolide and pergolide
sulfoxide solutions and 100 ul of the internal standard solution of lergotrile, were
placed in 125 x 16 mm silylated glass extraction tubes and the solvent was removed
under a nitrogen stream. A total of 2 ml of the Helminthosporium culture homogenate
was added to the tube and the mixture was alkalinized with 2 ml of 0.1 M sodium
carbonate-sodium bicarbonate buffer (pH 8.5) and extracted with 4 ml of isoamyl
alcohol. Samples were agitated for 30 min (30 oscillations per min) on a Lab-Tek
aliquot mixer, and centrifuged (1230 g) for 10 min before 2 ml of the isoamyl alcohol
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layer were removed and dried under a nitrogen stream; samples containing 250 ug/ml
of I and II were reconstituted in 500 ul of mobile phase; the remainder of all samples
was dissolved in 250-ul portions of mobile phase, filtered and subjected to HPLC
analysis.

Samples at levels of 250, 125, 75, 50, 25 and 10 ug/ml of pergolide and per-
golide sulfoxide were prepared without extraction for comparison of peak areas with
extracted samples for the calculation of absolute recovery values. The absolute re-
covery of lergotrile was determined at a level of 100 ug/m! only. Resultant peak areas
were used to prepare standard curves where peak area ratios (standard/lergotrile)
were plotted vs. ug of standard compound per ml of culture.

RESULTS AND DISCUSSION

Fig. 2 illustrates the HPLC separation system developed for pergolide (I),
pergolide sulfoxide (I1I) and the internal standard, lergotrile (III). A series of indole
compounds (e.g., tryptamine) were examined as possible internal standards, and ler-
gotrile was chosen based on its structural similarity, resolution from all peaks in the
chromatogram and absolute recovery from isoamyl alcohol (91.1 4+ 2.9%, n = 6).
The wavelength chosen for detection (290 nm) was optimal for all three compounds.
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Fig. 2. Chromatographic separation of pergolide (I), pergolide sulfoxide (II) and lergotrile (I11) from a
culture extract of Helminthosporium. Chromatographic conditions are described in the Experimental sec-
tion.

The final composition of the developed mobile phase resulted from systematic
variation of the components in the mixture until adequate resolution was obtained
while retaining a short analysis time (8 min). Alkaline conditions (pH 8.4) were
chosen to allow for development of totally unionized species and did not appear to
effect the integrity of the HPLC column over a period of nine months.

A simple extraction procedure was developed which allows for the HPLC
analysis of a Helminthosporium culture after a single extraction step. Culture homoge-
nates were spiked with levels of standards of pergolide and pergolide sulfoxide based
on maximum substrate levels and theoretically maximal product formation (250
ug/ml). Isoamyl alcohol was chosen for extraction based on absolute recovery experi-
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ments with an array of organic solvents (chloroform, dichloromethane, diethyl ether,
ethyl acetate) and a lack of interference from co-extracted media components. Good
absolute recoveries of pergolide (71.2 4+ 7.69%,, n = 6) and pergolide sulfoxide (91.5
+ 5.29%, n = 6) were obtained with this solvent. Resulting standard curves for
pergolide and pergolide sulfoxide produced satisfactory results; a typical pergolide
standard curve yielded a slope of 0.0128 (y-intercept = 0.0685, r = 0.9954) and the
pergolide sulfoxide standard curve typically yielded a slope of 0.0244 (y-intercept =
—0.0096, r = 0.9997). This demonstrates the utility of this analysis over a concentra-
tion range anticipated for both compounds in microbial transformation experiments.

In summary, a method has been developed for the simple extraction and rapid
analysis of pergolide and its metabolite, pergolide sulfoxide, in Helminthosporium
cultures. This method has been applied to growing cultures of a Helminthosporium
species to determine the amount of enzymatic vs. spontaneous air-oxidation of per-
golide (in preparation). This method may have application in the analytical determi-
nation of additional ergolines and their metabolites, and the preparative-scale separa-
tion of these compounds.
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Although colchicine (1) has been used for centuries in the treatment of gout,
recent interest in colchicine derivatives stems from their potential use as antineoplas-
tic agents'. There is ample evidence to indicate that certain colchicine analogues,
particularly colchiceinamide derivatives such as II-IV (see Fig. 1), exhibit higher
therapeutic indicies, and hold more promise for clinical application?-3.

We are currently examining the use of micro-organisms to prepare colchicine
derivatives metabolically and to study their metabolic alteration®. Studies involving
the microbial transformations of N-methylcolchiceinamide (II) and N,N-
dimethylcolchiceinamide (I1I) have necessitated the development of new analytical
procedures for these substrates and their metabolites. We chose high-performance
liquid chromatography (HPLC) for its demonstrated utility in the rapid analysis of
microbial extracts and delineation of metabolic pathways®. The devised method may
also be useful in other pharmaceutical, pharmacokinetic, and clinical studies of col-
chiceinamide derivatives used as antineoplastic agents.

EXPERIMENTAL

Reagents

All solvents and reagents were analytical grade or better. Solvents for chroma-
tography were chromatographic grade (LiChrosorb; MCB, Cincinatti, OH, U.S.A)).
Water was deionized and double distilled in glass. Mobile phases were prepared by
the filtration of individual solvents through glass fiber pads (GF/F grade; Whatman,
Clifton, NJ, U.S.A.), mixing, and degassing prior to use.

Standard compounds

Colchicine (I) and N-methylcolchiceinamide (Il) were purchased from Aldrich
(Milwaukee, WI, U.S.A.). Colchiceinamide (1V) was obtained from the National
Cancer Institute (Bethesda, MD, U.S.A.). Compounds 1, I, and IV gave spectral and
physical data consistent with literature reports*. N,N-Dimethylcolchiceinamide (I11)
was synthesized from colchicine according to the method of Hartwell et al.®, and
recrystallized from light petroleum (b.p. 60-68°C). This compound gave the follow-

0021-9673/81/0000-0000/$02.50 = ¢ 1981 Elsevier Scientific Publishing Company



322 NOTES

v
CH30
O NH-COCHs
CHs0 w
CH0 2 I
5
0 2 I
R fz 1
&
I, R = 0CH &
a
11, R = NH-Ch —
[, R = N(Chs), o ! 8 12 16 20
IV. R = NH, RETENTION TIME (MIN)

Fig. 1. Structures of colchiceine (I) and the colchiceinamide derivatives N-methylcolchiceinamide (II),
N,N-dimethylcolchiceinamide (III) and colchiceinamide (1V).

Fig. 2. HPLC separation of colchicine (1) and the colchiceinamide derivatives colchiceinamide (IV), N-
methylcolchiceinamide (I1), and N,N-dimethyicolchiceinamide (111). Chromatographic conditions are de-
scribed in the Experimental section.

ing analytical data: m.p. 138-143°C, re-solidifies, and re-melts at 173-174°C [rept.®
145°C (foams), 203-205°C (melts); and’ 174-176°C]; proton magnetic resonance
spectrum (CDCl,) ppm (multiplicity, assignment); 1.97 (s, 3H, COCH,), 2.0-2.6 (m,
SH, C-§, C-6, C-7), 3.15 (s, 6H, N(CH,),, 3.60, 3.85 and 3.93 (3s, 9H, C-1-, C-2—and
C-3-OCH,), 6.45 and 6.58 (m, 2H, C-4 and C-11), 7.20 and 7.33 (m, 2H, C-2 and C-8),
identical with reported spectrum®; mass spectrum, m/e (%, relative abundance), 412
(100), 398 (39), 384 (12), 369 (11), 357 (16), 341 (12), 325 (18), 310 (15), 298 (10),
consistent with analogous spectra®. All of the standard compounds were homoge-
neous as determined by thin-layer chromatography and HPLC.

Chromatographic system

A Tracor Model 950 pump and 970A variable-wavelength detector (Tracor
Industries, Austin, TX, U.S.A.) with a 20-ul loop injector (Rheodyne, Berkeley, CA,
U.S.A.) were employed for all HPLC analyses. Detection was at 370 nm, which
represents a maximal compromise for all four compounds analyzed. An HP Model
3380A reporting integrator (Hewlett-Packard, Palo Alto, CA, U.S.A.) at an input
sensitivity of 0.1 v/a.u. and a slope sensitivity of 1 mV/min was used for peak area
measurements and chromatographic recording. The column used was a 5-um Ultra-
sphere-ODS (Beckman), 25 x 0.46 cm 1.D. The mobile phase consisted of 0.1 M
triethylamine hydrochloride in phosphate buffer (0.02 M, final pH adjusted to 2.2)-
acetonitrile-methanol (715:200:85).

Extraction and analysis

Spiked samples were analyzed using a single extraction step. A stock solution
was prepared consisting of 1 mg each of colchiceinamide (IV), N-methylcol-
chiceinamide (II), and N,N-dimethylcolchiceinamide (I1I), in 25 ml of chloroform.
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Portions of 0.625, 1.25, 2.50, 3.75, and 5.00 ml were pipeted into duplicate 125 x 16
mm L.D. silylated glass extraction tubes, and the solvent was removed under a gentle
nitrogen stream. The residue was taken up in 1 ml of Streptomyces griseus culture
(NRRL B-599) grown according to a two-stage fermentation procedure*. Samples
were alkalinized with 1.0 ml of saturated aqueous sodium bicarbonate solution, and
extracted with 2.0 ml of chloroform containing 100 ug of colchicine (I) as the internal
standard. The mixture was agitated for 20 min at 18 rpm on an Alignot mixer Model
4651 (Ames Co., Elkhart, IN, U.S.A.) and centrifuged. A 1-ml portion of the chloro-
form layer was taken to dryness under a nitrogen stream, reconstituted in 1.0 ml of
acetonitrile-methanol (1:1), filtered, and subjected to HPLC analysis.

The resultant peak areas were used to plot standard curves for I1I-1V as peak
area ratio (standard compound/colchicine) vs. ug of standard compound per ml of
culture. Typical standard curves were as follows: colchiceinamide, slope = 0.018, y-
intercept = 0.03, r = 0.999; N-methylcolchiceinamide, slope = 0.13, y-intercept =
0.02, r = 0.998; N,N-dimethylcolchiceinamide, slope = 0.090, y-intercept = 0.01,
r = 0.999.

RESULTS AND DISCUSSION

Fig. 2 illustrates the chromatographic separation of colchiceinamide (IV), the
internal standard, colchicine (I), N-methylcolchiceinamide (II), and N,N-
dimethylcolchiceinamide (1I1). Several modifications of the previously reported meth-
ods for the separation of colchicine derivatives!® were necessitated by the observation
that the N-methyl derivative, 11, had the same retention time as the N,N-dimethyl
derivative, III. In addition, colchiceinamide (IV) exhibited no separation from the
desired internal standard, colchicine (I).

The first modification involved the use of a 5-um, instead of a 10-um column,
thus increasing the resolution of Il and III. Second, the addition of triethylamine
hydrochloride to the mobile phase’! was found to improve the peak shape. We found
a linear increase in the number of theoretical plates with reference to the peaks for II
and 111 as the concentration of triethylamine was increased from zero to 0.8%,, due
entirely to improved peak shape with no alteration of retention time. Our results
indicate that compounds II-1V are not protonated at the pH of the mobile phase (pH
2.2) (see below). It appears that tricthylamine, in its protonated form at this pH,
functions to improve peak shape by a “‘competing base” mechanism!?.

The use of an acidic pH (2.2) allowed for the resolution of colchiceinamide (IV)
and colchicine (I). Colchicine is the only readily available compound of similar chemi-
cal structure to II-1V which would not be a potential metabolite; hence, it was chosen
as an appropriate internal standard. Colchicine and colchiceinamide exhibit the same
retention time in a chromatographic system reported earlier’® for analyzing col-
chicine metabolites and related derivatives. However, Fig. 3 illustrates that a drastic
decrease in k" values occurs only for the colchiceinamide derivatives (II-1V) as the pH
is decreased below 3.0, presumably due to the protonation of the relatively non-basic
vinylagous amide of the tropolone ring. Colchicine, on the other hand, exhibits little
pH effect, as would be expected. Thus, baseline resolution of I and 1V was accom-
plished at pH 2.2, as indicated in Fig. 2.

A method has been developed for the simple extraction and rapid analysis of
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Fig. 3. Variation in capacity factor (k") as a function of pH for colchiceinamide (1V) (O), colchicine (I)
(A), N-methylcolchiceinamide (II) ([J), and N,N-dimethylcolchiceinamide (I111) ( @). Chromatographic
conditions are described in the Experimental section.

colchiceinamide derivatives in microbial cultures. The procedure has been applied to
growing cultures of Streptomyces griseus to follow the sequential N-dealkylation of
111 to 1I to IV (results to be published elsewhere). The method may also have appli-
cation in pharmaceutical and clinical analyses of these important antineoplastic
agents.
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Leukotrienes D (LTD) and E (LTE) are members of a series of 7,9,11,14-
eicosatetraenoic acids®. Recent evidence has shown that LTD is one of the biologi-
cally active components of the human slow reacting substance of anaphylaxis (SRS-
A)%. SRS-A is one of the chemical mediators, the presence of which gives rise to the
clinical symptoms of asthma®. To investigate this situation further, a series of pure
LTD and the related LTE isomers were required for comparative pharmacological
studies.

LTD and LTE can be readily prepared from leukotriene A methyl ester (1b). In
the convergent synthesis of 1b three additional major geometric isomers are formed
which are isomeric about the 9,10- and 11,12-double bonds*. The separation of
these isomers is described elsewhere®. Each geometric isomer of leukotriene A methyl
ester exists as a racemic mixture. Individual reaction of 1b with the N-trifluoroacetyl
methyl ester of either optically pure L-cysteinylglycine or L-cysteine gives protected
LTD?® (2bii) and LTE!'? (3bii), respectively, and their corresponding isomer pair (2bi
and 3bi). A further six isomers of protected LTD and LTE were similarly formed by
reaction of la, lc and 1d (Table I). These N-trifluoroacetyl dimethyl ester derivatives
were synthesised for ease of chromatographic separation. After chromatographic
purification all the derivatised molecules were converted to the corresponding un-
protected molecules for comparative pharmacological studies.

The use of semi-preparative high-performance liquid chromatography (HPLC)
to separate all of these isomeric molecules is described. Mass spectrometry and ultra-
violet (UV) spectroscopy were utilised to characterise the chromatographic peaks.

EXPERIMENTAL

Reagents
The Spherisorb S5W, S5NH, S5CN and SSODS column packing materials

0021-9673/81/0000-0000/$02.50 ) 1981 Elsevier Scientific Publishing Company
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TABLE I
CHROMATOGRAPHIC CHARACTERISTICS OF LTD AND LTE ISOMER DERIVATIVES

Isomer* Isomer Capacity fuctors, k' Amax (112)
No. T

SSNH SSCN Ssw

279.5 288.0(sh)

5R, 65,9-cis, 11-trans-LTD 2ai 2.5 272.0(sh)

58, 6R, 9-cis, 11-trans-LTD 2aii 34 270.5(sh) 278.5 286.5(sh)
SR, 6S-LTD 2bi 2.8 1.47 10.5  274.0(sh) 282.5 290.5(sh)
LTD (natural 55, 6R) 2bii 3.4 1.57 10.5  274.0(sh) 281.5 289.5(sh)
SR, 6S, 9-cis-LTD 2ci 2.6 277.0(sh) 282.0 290.5(sh)
58, 6R, 9-cis-LTD 2cii 34 275.0(sh) 281.5 291.5(sh)
5R, 6S, l1-trans-LTD 2di 2.6 272.0(sh) 279.0 286.5(sh)
58, 6R, 11-trans-LTD 2dii 3.0 272.0(sh) 278.5 286.5(sh)
SR, 6S, 9-cis,11-trans-LTE 3ai 38 273.0¢sh) 278.5 286.5(sh)
58, 6R, 9-cis,11-trans-LTE 3aii 4.3 272.0(sh) 279.0 286.5(sh)
SR, 6S-LTE 3bi 3.8 2.8 3.1 277.0(sh) 282.5 292.5(sh)
LTE (natural 55,6R) 3bii 4.1 29 3.1 276.0(sh) 282.0 291.5(sh)
SR, 65, 9-cis-LTE 3ci 3.8 277.0(sh) 282.5 290.5(sh)
58, 6R, 9-cis-LTE 3cii 4.2 277.0(sh) 282.0 289.5(sh)
SR, 65, 11-trans-LTE 3di 34 272.0(sh) 278.5 287.5(sh)

58, 6R, 11-trans-LTE 3dii 3.6 272.0(sh) 278.0 287.5(sh)

* Order of elution of isomeric pairs assumed to be analogous to that of LTD and 5R,6S5 LTD. The stereochem-
istry of the 7-8 (trans) and 14-15 (¢is) double bonds remains fixed.

were supplied by Phase Separations (Queensferry, Great Britain). HPLC grade
hexane, dichloromethane and methanol were purchased from Fisons (Lough-
borough, Great Britain) and analytical-reagent grade acetic acid from May & Baker
(Dagenham, Great Britain).

CO,R

LTD R=R':H
2bii  R=CH,
R’z COCF,

N -Trifluoroacetyl
L -cysteinyiglycine
methyl ester

R'NH H s/\cozn

J NS o CO,R

N CeHn CO,R
N -Trifluoroacety! - LTE R :=R':=H
L-cysteine 3bii R = CHj
methyl ester T R'=cocR

LTA R = H

1b R = CHy
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Instrumentation

A constant-flow Milton Roy Constametric 11G pump coupled to a Cecil
Model 212 variable-wavelength UV monitor was utilised for the chromatographic
separation. The UV monitor was set at 280 nm or 305 nm for the analytical and semi-
preparative work, respectively. The analytical 10-mm path length cell was replaced
with one of | mm for semi-preparative chromatography. Samples were injected using
a Rheodyne variable-volume valve injector (20-ul volume loop for analytical and a
2.0-ml volume loop for semi-preparative separations).

Chromatography

All stainless-steel columns were packed in a vertically upwards mode using a
methanol or isopropanol (SSODS only) slurry of the packing material. Analytical
chromatography was performed on 12.5 cm x 5 mm I.D. columns packed with
Spherisorb S5W, SSNH, S5CN or S50DS. For the Spherisorb S5W, SSNH and
S5CN columns dichloromethane-methanol (200:1) was used to elute LTD-type mole-
cules and hexane-dichloromethane-methanol (75:25:1) the LTE-type molecules at
flow-rates of 1 ml/min. Identical eluting solvents (5 ml/min) were used for the 50 cm
x 8 mm [.D. Spherisorb S5NH semi-preparative columns. For the Spherisorb
S50DS column, optimum separations were achieved with either a methanol-water—
acetic acid (75:25:0.1) eluent for protected LTDs (2bi and 2bii) or methanol-water—
tricthylamine (80:20:1) for protected LTEs (3bi and 3bii).

Mass spectrometry

The required HPLC eluate was manually collected and reduced in volume
before transference to a sample tube where it was blown to dryness. All spectra were
obtained using an LKB 9000S mass spectrometer. Samples (3 ug) were analysed by
direct insertion probe at 90°C using an ion accelerating voltage of 3.5 kV, an electron
voltage of 20 eV and a source temperature of 270°C.

Ultraviolet spectroscopy
The UV absorption spectra were recorded in cyclohexane on a Pye-Unicam
SP8-100 spectrophotometer, calibrated at 279.4 nm with a Holmium filter.

RESULTS AND DISCUSSION

Both uBondapak C,; (refs. 6, 10, 11) and Nucleosil C,g (ref. 12) analytical
HPLC columns have been used to purify microgramme quantities of LTD and to
check the co-elution of samples from biological and synthetic sources. Compound
2bii has also been chromatographed® on a uBondapak C,gcolumn. Minimal atten-
tion has yet been paid to the HPLC of LTE and 3bii although both compounds have
been chromatographed'? using reversed-phase HPLC. The performance of these ana-
lytical columns or their suitability for scaling up to semi-preparative requirements
was not discussed.

It was anticipated that for both the comparative pharmacological studies and
complete spectral characterisation of all isomers, milligramme rather than micro-
gramme quantities of material would be required. Consequently, semi-preparative
rather than analytical columns were utilised for the chromatographic separation.
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Preparative HPLC usually involves a compromise between sample capacity, column
resolution and separation time!'“. As the chromatographic separation between iso-
meric peaks was expected to be small, it was considered important to carry out the
analytical work on high efficiency columns, which can be scaled up for semi-prepara-
tive operations without loss in column performance. In practice it would not be
possible to sacrifice the separation of the diastereoisomers for increased sample
throughput. Consequently, to compare their separation characteristics, four analyti-
cal columns, 12.5 ¢m in length, were packed with 5-um spherical packing material.

Analytical chromatography

It was anticipated that the presence of the carboxylic acid and amino-group
functionalities in the parent eicosatetraenoic acids would diminish differential chro-
matographic characteristics observed between the optical-isomer pairs. Hence sepa-
rations were developed on the fully derivatised (2ai-2dii and 3ai-3dii) rather than
underivatised molecules. The initial HPLC separation was developed for isomers 2bi
and the natural isomer 2bii. This latter isomer was the most important and the most
readily available. It was assumed that conditions selected for one optical-isomer pair
could be utilised for the separation of the remaining isomeric pairs. A similar ap-
proach was used for isomeric pairs 3ai-3dii.

The separations achieved for the four pairs of optical isomers of each type are
shown in Table I. For 2bi and 2bii optimum separations were obtained on a Spheri-
sorb S5NH column. When using a dichloromethane-methanol eluent an « value of
1.2 was obtained. No separation was observed on a Spherisorb S5W column using the
same solvent system even though surprisingly long retention times were observed.
Partial separations were obtained on the less retentive Spherisorb S5CN (« = 1.07)
and S50DS phases (¢« = 1.1). As similar separations were achieved for the optical
isomers of 2a, 2c or 2d, the Spherisorb SSNH column was used for scaling up to semi-
preparative separations. Although the optical-isomer pairs were well resolved, the
geometric isomers (2ai—2di) are not completely separated, confirming the need to
chromatograph la-1d at the previous synthetic stage. Similar observations can be
made for the alternative geometric isomers (2aii-2dii).

Optical isomers 3bi and 3bii were more difficult to separate than those in the
corresponding LTD-type series. Using a less polar eluent the optimum separation was
again achieved using a Spherisorb SSNH column but with a reduction in « value to
only 1.1. The Spherisorb S50DS column gave a separation of 3bi and 3bii showing an
o value of 1.09. The reduction in polarity and increase in size of the 6-substituent
would therefore seems to be advantageous in separating the LTD-type isomers com-
pared with those of LTE type.

Reaction following of LTE formation

It was observed during the development of the separation for 3bi and 3bii that
samples were contaminated with the corresponding 11-trans LTE isomers (3di and
3dii). As 3di and 3dii are only slightly less retained than 3bi, its purification was made
more difficult by the presence of these trans-isomers. Monitoring the formation of 3bi
and 3bii from the appropriate isomer of LTA methyl ester indicated that the reaction
was essentially complete in 20 min. Isomers 3di and 3dii were only formed when the
reaction products were allowed to stand in methanol-triethylamine. Hence, by ensur-
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ing the chromatographic separation was carried out soon after completion of the
reaction, minimal formation of interfering 3di and 3dii was observed.

Semi-preparative chromatography

Using a 50 cm x 8 mm I.D. Spherisorb SSNH column with over 40,000
theoretical plates, up to 3 mg of a mixture of 2bi and 2bii dissolved in | ml of eluent
were separated per injection. The attempted separation of larger amounts of material
caused loss in column resolution to an unacceptable level. The relatively low sample
capacity of this column (0.2 mg/g packing material) reflects® the difficulty of the
separation. Surprisingly, volume overload effects were also observed when the iso-
mers were dissolved in greater than 1 ml of eluent. This rate of separation allowed the
collection of several milligrams of 2bi and 2bii, although less of the other three isomer
pairs was collected. A chromatogram showing the elution positions of 2bi and 2bii
and a spiked mixture of all eight optical isomers of protected LTD is shown in Fig. 1a
and b, respectively.

(a)

()}

i
2bi
2bi

2aii, 2bii, 2cii

— T ~— T T
20 10 X ] 20 10
Time (min) Time (min)

Fig. 1. (a) Chromatogram of derivatised leukotriene D isomers 2bi and 2bii. (b) Chromatogram of a
mixture of all eight isomers of derivatised leukotriene D.

o

The preparative separation of the LTE-type isomers was, as expected from the
analytical work, more difficult than that for the corresponding LTD-type isomers.
Although *‘heart cutting” of peaks was employed it was necessary to re-inject a
sample up to three times to obtain the required purity. Over a milligramme of 3bi and
3bii was collected but less of the other six isomers.
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TABLE 11
CHARACTERISTIC IONS OBSERVED IN THE MASS SPECTRUM OF LTD- AND LTE-TYPE
DERIVATIVES

LTD type: R = NHCO,CH;; LTE type: R = OCHj,.
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Purity and chromatographic yield

As the presence of small amounts of one isomer in another could markedly
affect the biological activity of the major component, strict control of isomer purity
was essential. The purity of the eight protected LTD isomers as measured by analyti-
cal HPLC and assuming equi-molar UV response was >99.59; and that for the LTE
series >99 % . The recovery of a sample of protected LTD following re-injection of
2bii on the semi-preparative Spherisorb SSNH column was almost quantitative. No
stability problems were thus met during the time elapse of the chromatographic
separation although a considerable amount of material was lost when samples were
stored at ambient temperatures or taken to dryness. The isomer appears to adhere to
the glassware. Hence, once isolated, it was important to store the isomers in solution
at —60°C to minimise loss.

Mass spectrometry

The spectra of each isomer of protected LTD and LTE showed a characteristic
range of ions although significant differences were observed in the relative abundance
of these ions. It is anticipated one will be able to correlate these variations in ion
abundance with stereochemical assignments within the molecules. A weak molecular
ion and the loss of water and methanol is observed for all isomers. Fragment ions
characteristic of the eicosatetraenoate and peptide portions of the isomers are ob-
served (see Table II).

Ultraviolet spectroscopy

The UV absorption maxima in cyclohexane of eight isomers of both deriva-
tissd LTD and LTE are listed in Table I. The geometric-isomer pairs showed charac-
teristic absorption maxima although, as expected, the optical isomers with the same
double-bond geometry were very similar.
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Phenolic compounds are widely distributed in plants, but their functions are
not yet known'3. Most of them are formed via the shikimic acid pathway, which
leads also to amino acids (phenylalanine, tryptophan), growth substances (indole
acetic acid) and secondary products such as lignins, coumarins, flavones and an-
thocyanins. The metabolism of phenolic substances is related to phenylalanine am-
monialyase (PAL), the activity of which is affected by external and internal factors. In
particular, the different amounts of thymol in the essential oil of Thymus serrulatus
grown in different environments has been related to water supply®.

In Thymus capitatus the phenolic fraction, which is the main component of the
essential oil (60-90%;), comprises only two isomeric phenolics, carvacrol (2-p-cy-
menol) and thymol (3-p-cymenol), whose synthesis can be related to external factors®.
Several researchers have attempted to separate and quantitate these two isomers by
using gas-chromatographic (GC) or chemical methods in which phenolics were first
separated from non-phenolics by alkaline extraction®°. The results obtained were
not satisfactory because the chromatographic peaks were not completely resolved
and/or the alkaline extraction was not quantitative. Recently, the use of glass capil-
lary columns in GC has allowed a very efficient separation of these two phenols!!.

For the same purpose, we have developed a fast and accurate method involving
reversed-phase high-performance liquid chromatography (HPLC), which has al-
ready proved successful in the separation of different phenolics!*™°.

EXPERIMENTAL

Apparatus

The high-performance liquid chromatograph consisted of: two Waters Assoc.
Model 6000 pumps, a Model U6K universal injector, and a Model 660 solvent pro-
grammer; two columns, (1) 300 x 3.9 mm [.D., packed with uBondapak C, 4 (Waters
Assoc.), (2) 250 x 4.6 mm 1.D., RP-18 (Brownlee Labs.) packed with 10-um LiChro-
sorb (E. Merck); a variable-wavelength detector, Perkin-Elmer LC-55 UV-visible
spectrophotometer with a 8-ul sample cell; a Leeds & Northrup Speedomax XL 68
Mark II recorder.

0021-9673/81/0000-0000/$02.50  © 1981 Elsevier Scientific Publishing Company
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Reagents

A carvacrol and thymol standard was obtained from Fluka. The solvents were
acetonitrile RS and methanol RS for HPLC (Carlo Erba, Milan, Italy). Twice dis-
tilted water was filtered through a 0.2-um Millipore system. The phenolic standard
solutions were 200 ppm carvacrol and thymol in methanol. Acetonitrile-water
{40:60) was employed as mobile phase.

Extraction of essential oil

The essential oil of T. capitatus was extracted by steam distillation at atmos-
pheric pressure and then separated from the aqueous phase with petroleum ether. The
ethereal phase was washed with water, dried over anhydrous Na,SO, and the solvent
removed in a rotary evaporator at low pressure and 30°C.,

Separation of “‘phenolic fraction”

The phenolic fraction was separated by the alkaline metho shown schemat-
ically in Fig. 1. The yields of phenolic and non-phenolic fractions from 2 g of
essential oil were 1.55 g and 0.45 g, respectively.

d9,10

Essential oil (2 g)
V

5% NaOH (50 ml) in
continuous stirring for
2 hours at room temperature

centrifugation

]
(supernatant) {centrifuged)
organic phase aqueous phase
wash three times with 5% wash three times with light
NaOH solution and add the petroleum and add the
washings to aqueous phase washings to organic phase
ethereal treatment after alkaline treatment

ether evaporated off in rotary
evaporator under vacuum and
at low temperature

essential oil
“non-phenolic fraction”

acidify to pH 2.5—3 with
0.25 N HCl and extract three
times with diethylether

ether evaporated off in rotary
evaporator under vacuum and
at low temperature

'
essential oil
‘“‘phenolic fraction”

Fig. 1. Flow diagram illustrating the alkaline separation of the “‘phenolic fraction™ from the “non-phenolic

fraction™ of the essential oil.

Determination

In order to find the best chromatographic conditions for separation of the two
isomers, the retention time, f, capacity factor, k', relative retention, «, and resolu-
tion, R,, were calculated for the two columns tested (Table I).
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TABLE 1

RETENTION TIMES, ¢, CAPACITY FACTORS, k', RELATIVE RETENTIONS, o, AND RESOL-
UTIONS, R, OF CARVACROL AND THYMOL ON uBONDAPAK C,, AND RP-18 USING
WATER-ACETONITRILE AS ELUENT

Compound uBondapak C,4 RP-18
tr k o R, g Kk o R,
(min.sec) (min:sec)
Carvacrol 17:10 7.55 17:50 7.75
1.14 145 .12 1.39
Thymol 19:30 8.65 19:40 8.70

Calibration curves were constructed by using standard solutions containing
different ratios of the two phenols and plotting the amount of pure component
against the peak area (Fig. 2). Each point of the curve was calculated as the average
value from three injections. Good results were also obtained by plotting the amount
of each compound against the heights or weights of the peaks, as demonstrated by the
correlation coefficients calculated by using a simple regression equation.

For the quantitation of the two phenolics, solutions in methanol at different
concentrations (200 and 2000 ppm) of the essential oil and of the two fractions
obtained by alkaline extraction were subjected to HPLC.

124

10 1

(cm2)

area

peak

0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 2.0
weight of compounds (ug)

Fig. 2. Calibration graphs for carvacrol (C) and thymol (T). Each point shown is the average from three
determinations. The lines indicate the 95 %, confidence limits for some points on the calibration curves.
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RESULTS AND DISCUSSION

The HPLC separation of the two isomers carvacrol and thymol was attempted
in reversed-phase mode because of the low polarity and solubility of both chemicals
in water. Excellent results were obtained when a uBondapak C,g column, an ac-
etonitrile-water (40:60) mobile phase and a flow-rate of 1.5 ml/min were used. No
improvements were achieved by varying either the flow-rate or the mobile phase
composition. The analysis time and the resolution of two bands decreased as the
acetonitrile content increased. The analysis time was unnecessarily long and resolu-
tion did not improve by increasing the water content.

No appreciable variations were obtained under the same chromatographic
conditions but with the RP-18 column, the packing of which is somewhat more
retentive than that of uBondapak C,z. The two columns had approximately equal
resolution powers for the two isomeric phenolics as demonstrated by the « parameter,
1.12 on RP-18 and 1.14 on uBondapak C,4 (Table I).

Thus, all results reported are those obtained with uBondapak C,g.

The correlation coefficients between the amount of compound and the area,
height or weight of the peaks (Fig. 2) indicate linearity over the investigated concen-
tration ranges (0-8 ug).

Some chromatograms of mixtures of carvacrol and thymol at different ratios
are reported in Fig. 3. The two isomers are well separated as demonstrated by the R,
values (about 1.4), which indicate less than | 9/ overlap of bands. From the same tests
it is possible to calculate the detection limits under these chromatographic conditions
as the amount of sample which gives a response equal to the noise of the detector!”:
these are 0.02 ug for carvacrol and 0.15 ug for thymol.

T

LU A SN R S R RN S SN NN SN SN SN SENED SN NN an M S

4 8 12 16 20 2:1
Fig. 3. HPLC chromatograms of 8-ug mixtures of carvacrol (C) and thymol (T) in different ratios: a,
1009, C; b, 709, C + 30% T; ¢, 309, C .+ 709, T; d, 100% T. Conditions: mobile phase, water—
acetonitrile (60:40); column, uBondapak C,4, 300 x 3.9 mm L.D.; flow-rate, 1.5 ml/min; pressure, 700—
1000 p.s.i.; detector, UV at 283 nm.
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In order to check the effectiveness of the alkaline extraction, equal amounts of
the “‘non-phenolic fraction™ and of the *“phenolic fraction”, obtained according to
Fig. 1, were injected. The respective chromatograms (Fig. 4) show that the two frac-
tions have about the same percentage of phenolics. This demonstrates that the al-
kaline extraction is not quantitative, as already pointed out!®, and that the phenols
present in the essential oil of T. capitatus are partitioned between the aqueous and
organic phases, with a preference for the former. Consequently, in this case, the
alkaline extraction should be avoided if the exact content of phenolics is to be de-
termined.

| A

o 4 8 12w 20 o2
Fig. 4. HPLC chromatograms of 80 ug of the “non-phenolic fraction™ (a), “phenolic fraction™ (b)
and “essential oil” (¢) of Thymus capitatus. Peaks: C = carvacrol; T = thymol. Conditions as in Fig. 3.

A chromatogram of the essential oil which was not subjected to alkaline extrac-
tion is also shown in Fig. 4. A large amount of oil (80 pug) was injected, in order to
reveal the thymol, which is present in very small amount in comparison with carva-
crol. The separations were not as good as those obtained in calibration tests, as dem-
onstrated by the lower R, value (about 1.0). Nevertheless, this value indicates that the
separation is still efficient and that reasonable estimations of the contents can be
made.

On the other hand, the retention times did not change in the concentration
range examined.

Only the thymol was quantitated from the chromatogram in Fig. 4c, whereas
carvacrol was determined from a chromatogram (not shown) obtained by injecting §
ug of the essential oil.

By means of the calibration graphs, it has been calculated that 949 of the
essential oil of T capitatus is constituted by the “‘phenolic fraction™, of which 91 9] is
carvacrol and 99 is thymol.
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In conclusion, the present study has demonstrated that:

(1) the sample of the essential o1l must be injected without alkaline separation,

(2) the elimination of preliminary purification and separation steps notably
shortens the analysis time and reduces the risk of sample loss,

(3) HPLC allows the separation and quantitation of phenolic compounds,
even of isomers, in some essential oils.
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Séparation des acides ascorbique et isoascorbique par chromatogra-
phie de paires d’ions sur phase inverse
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(Regu le 26 juin 1981)

L’acide ascorbique et 'acide isoascorbique sont épiméres au niveau de leur
carbone 5. Ils ont des propriétés chimiques trés comparables, notamment le groupe
¢nediol-1,2 s"oxyde aisément en dione-1,2, conférant a ces acides des propriétés anti-
oxydantes. Pour cette ratson, ils sont largement utilisés dans les aliments. 1. acide
ascorbique qui se trouve dans de nombreux végétaux, possede une activité vitami-
nique antiscorbutique (vitamine C) 20 fois supérieure a celle de I'acide isoascorbique.
Dans certains pays, en France notamment, seul 'acide ascorbique est autorisé comme
additif alimentaire malgré son cofit plus élevé et il est donc important de pouvoir le
distinguer de I'acide isoascorbique.

Les méthodes usuelles de dosage utilisent les propriétés d’oxydo-réduction du
groupement énediol-1,2 (volumétrie!, spectrophotométrie?, polarographie®, réac-
tions enzymatiques*) mais ne permettent pas de différencier ces deux acides. La po-
larographie a courant alternatif®, I'isotachophorese® et surtout les méthodes chroma-
tographiques permettent de les séparer et de les doser. Ces acides sont séparés par
chromatographie sur papier ou sur couche mince’ mais les résultats les plus intéres-
sants sont obtenus par chromatographie liquide a haute performance. Deux publi-
cations rétentes trés semblables, celle de Bui-Nygen® et de Geigert ef al.° décrivent
leur séparation sur colonne échangeuse d’anions faibles (silice greffée NH,, éluant:
mélange eau—acetonitrile faiblement tamponné).

La chromatographie de paires d’ions a été utilisée pour doser 'acide ascorbi-
que dans des mélanges multivitaminiques'®!! et plus récemment Finlay et Duang'?
en séparant l'acide ascorbique de l'acide deshydroascorbique sur deux colonnes
uBondapak en série, séparent partiellement 1’acide isoascorbique. Ce dernier a un
facteur de capacité compris entre celui de I'acide ascorbique (kK ~ 0.50) et celui de
I’acide deshydroascorbique (k" =~ 0.75).

La présente communication décrit une méthode de séparation de I'acide ascor-
bique et I"acide isoascorbique par chromatographie de paires d’ions sur une seule
colonne de silice greffée octyle ou octodécyle en utilisant un éluant eau—méthanol (9:
1, v/v) tamponné et contenant le contre-ion cétyltriméthylammonium. La détection
est effectuée a 264 nm.

0021-9673/81/0000-0000/802.50  © 1981 Elsevier Scientific Publishing Company
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PARTIE EXPERIMENTALE

Matériel

Pompe Varian 5020 (Palo Alto, CA, U.8.A.), équipée d’un injecteur de 10 ul;
spectrophotomeétre ultra-violet Pye-Unicam opérant 4 264 nm. Colonne en acier in-
oxydable de 150-200 mm x 4.6 mm 1.D. remplie au laboratoire de LiChrosorb RP-8
ou RP-18, 5 um ou 7 um (Merck, Darmstadt, R.F.A.) par la méthode de la bouillie
sous 400 bars de pression. Ensemble de filtration en inox de 13 mm 1.D. adaptable sur
seringue (1-10 ml), ainsi que des filtres en épaisseur et des membranes de 0.45 um de
porosité (Millipore, Bedford, MA, U.S.A)).

Réuactifs

Bromure de cétyltriméthylammonium (Merck) méthanol, dihydrogenophos-
phate de potassium (Prolabo, Paris, France), acide ascorbique, acide isoascorbique,
acide deshydroascorbique (Fluka, Buchs, Suisse), acide métaphosphorique (Carlo
Erba, Milan, ltalie).

Phases mobiles

Les solutions 0.1 M KH,PO, ou (0.05 M KH,PO, + 0.05 M K,HPO,)5-10"*
M cétyltriméthylammonium sont préparées dans un mélange eau—méthanol (9:1,
v/v). Cette solution est filtrée avant usage sur membrane 0.45 um de 47 mm de
diametre. Cette opération a le double avantage d’éliminer les particules microscopi-
ques en suspension et les gaz dissouts, notamment I‘oxygéne.

Conditions opératoires

La colonne est mise en équilibre avec la phase mobile pendant plusieurs heures,
ou bien pendant la nuit a débit réduit. A la fin d’une série de mesures, la colonne est
rincée a I'eau puis au méthanol et conservée dans ce méme solvant.

Préparation des échantillons

Chaque échantillon est introduit dans la boucle d’injection au travers d'un
filtre en épaisseur et d'une membrane de porosité 0.45 um.

Jus de fruit. Le fruit est pressé et le jus est injecté, éventuellement dilué avec une
solution aqueous d’acide métaphosphorique a 2 %, (m/v).

Meélange d additifs. L’échantillon est dissout dans de I’acide métaphosphorique
a 2% puis injecté aprés dilution convenable.

Charcuterie (jumbon). L'échantillon (~ 30 g) est homogénéisé au mixer avec
de I'acide métaphosphorique a 2 % (50-75 cm?). Aprés filtration sur coton de verre, la
solution est injectée.

RESULTATS ET DISCUSSION

La Fig. 1 montre la séparation de I’acide L-ascorbique et D-isoascorbique.

Le choix d’une phase mobile a force ionique et a pouvoir tampon élevés a pour
but de limiter les variations des facteurs de capacité!® en fonction des autres solutés
coinjectés (sucres, sels) qui sont parfois en concentration trés supérieures a celle de
acide ascorbique ou isoascorbique.
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Fig. 1. (A) Colonne LiChrosorb RP-8, 7 um (200 x 4.7 mm I.D.). Phase mobile: eau-méthanol (9:1, v/v),
0.05 M KH,PO,-0.05 M K,HPO,—5-10™3 M cétyltriméthylammonium. Débit: 1.5 cm® min~!; U.V.: 264
nm. | = acide ascorbique, 2 ug injecté; 2 = acide isoascorbique, 2 ug injecté. (B) Colonne LiChrosorb RP-
8, 5 um (150 x 4.7 mm L.D.) Phase mobile: eau-méthanol (9:1, v/v)-0.1 M KH,PO,-5-1073 M cétyl-
triméthylammonium. Débit: 1.5 cm® min™; U.V. : 264 nm. |1 = acide ascorbique, 0.1 ug injecté; 2 = acide
isoascorbique, 0.1 ug injecté.

En 'absence d’ion cétyltriméthylammonium (TMCA) l'acide ascorbique et
isoascorbique ont un facteur de capacité nul. La présence de TMCA est nécessaire
pour accroitre la rétention et la sélectivité permettant de séparer ces deux acides.

Par chromatographie sur échangeur d’anions faibles (silice griffée NH,) I'acide

1

2 D.O D.O.

0032 0.016

|
J\....Jk_ 0 5 10 min O 5 10 min

_——
o 10 min A 8

Fig. 2. Jus de citron contenant 286 mg 1! d"acide ascorbique. Colonne LiChrosorb RP-18, 5 um (150 x
4,7 mm 1.D.). Phase mobile: eau—méthanol (9:1, v/v)-0.1 M KH,PO,-3-107* M cétyltriméthylammo-
nium. Débit: 1.5 cm® min~'; U.V. : 264 nm. 1 = acide ascorbique.

Fig. 3. Mélange d’additifs pour charcuterie contenant de I’acide isoascorbique. Mémes conditions chro-
matographiques que sur la Fig. 2. 1 = acide ascorbique; 2 = acide isoascorbique. (A) Mélange d’additifs
pour charcuterie; (B) Mélange d’additifs pour charcuterie additionnée d’acide ascorbique.
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isoascorbique est élué en premier, par contre dans nos conditions chromatographi-
ques, sur silice greffée octyle (ou octadécyle) cet ordre est inversé et I’acide ascorbique
a un facteur de capacité inférieur a celui de I'acide isoascorbique, ceci est en accord
avec les résultats de Finlay et Duang'?. Cette propriété peut-&tre utilisée pour con-
firmer la présence de ces acides dans un mélange complexe.

La sensibilit¢ de la méthode permet de déceler 0.01 pg d’acide ascorbique
dissout dans de l'acide métaphosphorique a 1-2 9, la réponse du détecteur reste
linéaire pour des quantités injectées supérieurs a 2 ug. Le résultat est valable aussi
bien pour 'acide ascorbique qu’isoascorbique car ils possédent le méme coefficient
d’extinction moléculaire. Pour des chromatogrammes complexes, la sensibilité de la
méthode est moindre, de plus ’acide deshydroascorbique n’est pas détecté & 264 nm
et n’interfére donc pas.

Les Figs. 1-5 illustrent les séparations obtenues a partir de différents aliments
par application de la méthode décrite ci-dessus.

Do.
0032 .

J\LL JL_.

) 10 min o Omin 0 10 mn O 0 min
A B c

Fig. 4. Préparation multivitaminique en sirop. Colonne LiChrosorb RP-8. 5 ym (150 x 4.7 mm 1L.D.).

Phase mobile: eau-méthanol (9:1, v/v)-0.1 M KH,PO,-5-10"* M cétyltriméthylammonium. Débit: 1.5

cm?® min~'; U.V.: 264 nm. 1 = acide ascorbique annoncé 7.5 g 171, trouvé 7.7 g 171,

Fig. 5. Acide ascorbique dans un jambon. Colonne LiChrosorb RP-8, 5 um (150 x 4.7 mm 1.D.). Phase
mobile: eau-méthanol (9:1, v/v)}-0.1 M KH,PO,~5-107% M, cétyltriméthylammonium. Débit: 1 cm?’
min '; U.V.: 264 nm. 1 = acide ascorbique (40 mg kg™! de jambon). A = Extrait de jambon; B = aprés
ajout d’acide ascorbique; C = apreés addition de quelques gouttes d’une solution d’iode.

Cette méthode chromatographiques est utilisée dans notre laboratoire depuis
plusieurs mois. La colonne subit un vieillissement qui se traduit par un accroissement
de la perte de charge, un tassement de la phase stationnaire et une diminution des
facteurs de capacité sans modification notable de la sélectivité. Ces phénomeénes qui
s’observent surtout avec les phases de 5 um sont vraisemblablement diis a4 une disso-
lution partielle de la phase stationnaire.

L'usage d'une précolonne garnie de silice, située entre la pompe et I'injecteur



342 NOTES

(permettant de saturer I’éluant en silice'*) ainsi que I'usage d’une phase stationnaire 4
granulométrie supérieure (7 um), permettent d’allonger considérablement la durée de
vie des colonnes.
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Histamine analysis on a single column amino acid analyzer
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Western Regional Research Center, Agricultural Research Service, U.S. Department of Agriculture, Berkeley,
CA 94710 (U.S.A.)

(Received June 23rd, 1981)

Histamine toxicity, also called scombroid food poisoning, is a well-recognized
syndrome which appears after eating spoiled, histamine-containing tuna and related
fish'™. The associated symptoms include flushing of facial areas, dizziness, cramps
and nausea. Histamine is formed from free histidine by action of histidine decarbox-
ylase. Although histamine in very small amounts is a normal body constituent®,
ingestion of histamine-containing foods can be hazardous. For this reason, accurate,
fast and inexpensive methods are needed for monitoring the histamine content of
foods. Various procedures for measuring the histamine content of foods have been
proposed’ '8, These are summarized by Arnold and Brown?. They include methods
based on fluorometry, colorimetry, gas, ion-exchange and thin-layer chromatogra-
phy. A major disadvantage of most of these is that histamine has to be separated
before analysis. Since single-column amino acid analyzers are now widely used, we
examined the possibility of using standard amino acid analysis techniques to measure
histamine along with the amino acids present in hydrolysates of casein with added
histamine and in tuna. The results show possible advantages of this method.

EXPERIMENTAL*

Histamine - 2HCI was obtained from Sigma (St. Louis, MO, U.S.A.). Spoiled
tuna was a gift from Professor L. F. Bjeldanes, Department of Nutritional Sciences,
University of California at Berkeley. This sample has been implicated in an outbreak
of scombroid poisoning®.

Amino acid analyses

A weighed sample of Animal Nutrition Research Council (ANRC) casein (5
mg + 1.6 ymol/ml histamine) or tuna fish (50 mg) was hydrolyzed in 10 ml of 6 N
HCl in a commercial hydrolysis tube. The tube was evacuated, placed in an acetone—
dry ice bath, evacuated and flushed with nitrogen before being placed in an oven at
110°C for 24 h. The cooled hydrolysate was filtered through a disc funnel and evapo-
rated to dryness at 40°C with the aid of an aspirator. The residue was suspended in

* Reference to a company and/or product named by the U.S. Department of Agriculture is only for
purposes of information and does not imply approval or recommendation of the product to the exclusion
of others which may also be suitable.

0021-9673/81/0000-0000/$02.50 @ 1981 Elsevier Scientific Publishing Company
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water and evaporated to dryness. Amino acid analysis of an aliquot of soluble
hydrolysate was carried out on a Durrum amino acid analyzer, Model D-500, under
the following conditions: single-column ion exchange chromatography method; resin,
Durrum DC-4A (bead diameter, 8 + | um) buffer pH, 3.25, 4.25 and 7.90; photom-
eter, 440 and 590 nm; column, 40 cm x. 1.75 mm I.D.; analysis time, 130 min. Nor-
leucine was used as an internal standard’®.

The average histamine color factor per 10 nmol for five separate determi-
nations with histamine concentrations ranging from 1.23-2.03 umol/ml was 275,029
+ 1628, with a coeflicient of variation of 0.592 ;. The color factor corresponds to a
leucine equivalent (ratio) of 0.476.

Histamine in serum and urine

The procedures for sample preparation were adapted from Pickering?®. To 1
ml of mouse serum in a centrifuge tube were added 50 mg of sulfosalicylic acid. The
tube was shaken manually and centrifuged for 5 min. The supernate was filtered
through a 0.45-u Millipore filter membrane. Histamine was then added to the filtrate
to a final concentration of 1.5 umol/ml. The analysis on the amino acid analyzer was
carried out with a 20-ul aliquot after a second filtration.

About 0.4 ml of mouse urine was acidified to pH 2 with 12 N HCI. The urine
was shaken manually, centrifuged and filtered. Histamine was then added to the
filtrate to a final concentration of 1.5 umol/ml. The analysis on the amino acid
analyzer was carried out with a 20-ul aliquot after a second filtration.

Fluorometric assay

The official Association of Official Analytical Chemists’ (AOAC) method?!
was used: 10 g of spoiled tuna were extracted with 90 ml of methanol; the methanol
extract was passed through an ion-exchange column to remove the free amino acids;
the histamine in the eluate was derivatized to a fluorescent compound with o-phthali-
dicarboxaldehyde (OPT); and the derivative was assayed with a Perkin-Elmer Model
203 spectrophotometer.

RESULTS AND DISCUSSION

The available methods for determining histamine in foods usually require large
samples. Special precautions are often needed to avoid interference. None of the
available methods can be used to measure histamine along with the free and protein-
derived amino acids in a single determination. An ideal method for histamine analysis
with an amino acid analyzer should meet the following requirements: (a) the analysis
should be carried out with the original sample without prior isolation of histamine by
extraction or chromatographic separation; (b) histamine should be eluted in a con-
venient position as a separate peak; (c) the intensity of the peak should be linear with
concentration; and (d) histamine should be stable to protein hydrolysis conditions.

Results in Figs. 1-3 show that assay for histamine along with amino acids can
be carried out on single-column amino acid analyzer by extending the time from 95 to
ca. 125 min. Histamine appears at ca. 120 min as a single, well-resolved peak, as
determined with histamine added to a standard mixture of amino acids (Fig. 1),
cohydrolyzed with casein (Fig. 2), and in a spoiled tuna hydrolysate (Fig. 3). The
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Fig. I. Elution of histamine (0.86 ymol/ml) added to a standard mixture of amino acids. The 440 nm
histamine peak is shown above the 590 nm peak.
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Fig. 2. Elution position of histamine cohydrolyzed with casein [5 mg casein + histamine (1.6 umol/ml)
hydrolyzed as described in the Experimental section].

calculated recovery of histamine from the cohydrolysate shown in Fig. 2 was 98.99/.
This result shows that histamine is stable under acid conditions used for protein
hydrolysis. The area of the histamine peak was proportional to concentration, as
determined by separate analyses at five different concentrations (Fig. 4). The equation
for the linear plot shown in Fig. 4 has a coefficient of determination (R?) of 0.999 (n =
5). The lower limit of sensitivity of the analysis is estimated to be ca. 1 nmol of
histamine on the column.
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Fig. 3. Elution position of histamine in a standard amino acid hydrolysate of spoiled tuna.

Studies of the effects of varying buffer pH revealed that the elution time of
histamine can be reduced to ca. 80 min by using a single, pH 7.9 citrate buffer as
eluent instead of the threée-buffer system described in the Experimental section (Fig.
5). This modification causes some of the amino acid peaks (but not histidine, which
eluted at ca. 12 min) to coalesce on the chromatogram, permitting analysis of his-
tamine but not most of the other amino acids.

The histamine value of spoiled tuna (154.0 mg/100 g) obtained by fluorescence
analysis is somewhat lower than the value (165.7 mg/100 g) obtained by amino acid
analysis of a tuna fish hydrolysate. The lower value could be due to an incomplete
extraction of histamine in the AOAC method; inhomogeneity of histamine distri-
bution in the tuna fish, especially in view of the fact that the AOAC method requires
10 g of tuna and the amino acid analysis procedure only 50 mg; or a combination of
errors of both methods.

To assess the potential of the method for clinical and nutritional studies, the
elution behaviour of histamine added to mouse serum and urine was also examined.
Analyses of histamine added to mouse serum and urine show that components in the
two physiological liquids do not affect the elution position of histamine on the short
column.

The following biogenic amines (cadaverine, putrescine, tryptamine, tyramine,
spermine and spermidine) do not seem to interfere with the histamine analysis since
they were not found to elute between 0 and 160 min under the standard amino acid
analysis conditions or with the pH 7.9 buffer.
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CONCLUSIONS

The amino acid analysis method for histamine complements currently
available procedures and may offer certain advantages. For instance, special extrac-
tion and purification techniques for histamine need not be applied since histamine can
be measured in the presence of other amino acids. This may be important for compar-
ing histamine to histidine (or to other amino acids) as a measure of food spoilage due
to decarboxylation of histidine (or other amino acids). Application to nutritional and
clinical studies designed to measure histamine along with free amino acids in body
tissues and fluids should also be possible. Another advantage is that the analysis is
automated, permitting after hydrolysis the sequential unattended assay of as many as
80 samples.

In summary, the described assay for histamine on a single-column amino acid
analyzer complements available procedures and may have advantages in some appli-
cations. The method may be of special value for laboratories that do not have
fluorometers.
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Thin-layer chromatographic analysis of aromatic hydrocarbons in
crude oil and in petroleum products as their né-arene-n®-cyclopenta-
dienyliron hexafluorophosphates

C. 1. AZOGU
Department of Chemistry, University of lbadan, Ibadan ( Nigeria)
(Received July 6th, 1981)

The ligand-exchange reaction between benzene and substituted benzenes and
ferrocene (1) generally leads to the formation of n°-arene-n°-cyclopentadienyliron
cations (IT)!-2:

R AICl;, Al
Fe + -——A——D Fet

I I

This reaction appears to be a general one for aromatics since many polycyclic ar-
omatics? and polycyclic heteroaromatic systems*® have been shown to undergo the
ligand-exchange reaction. I have investigated the reaction as a possible novel method
for the qualitative determination of aromatics, especially in petroleum’. This fol-
lowed from a need to evaluate the types of aromatics present in a recent crude oil
spillage in the delta areas of Nigeria. Subjecting petroleum samples to the ligand-
exchange reaction led to a selective complexation of aromatics. Pyrolytic mass spec-
tral analysis of the resulting complexes revealed a number of mono-, di- and tricyclic
aromatic compounds. This analytical approach for aromatics in petroleum offers
some advantages over conventional methods as it is insensitive to the presence of non-
aromatic components and does not necessarily require prior fractionation of the
sample.

I now report the results of an extension of this work involving the application
of thin-layer chromatography (TLC) to the study of arene complexes from crude oil
and some petroleum products.

EXPERIMENTAL

Ferrocene (Aldrich), aluminium chloride (BDH), aluminium powder (BDH),
ammonium hexafluorophosphate (Alfa Products) and decahydronaphthalene (de-
calin) (Aldrich) were of reagent grade and were used as received. n-Hexane, cyclo-

0021-9673/81/0000-0000/$02.50 & 1981 Elsevier Scientific Publishing Company
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hexane, petroleum ether (b.p. 40-60°C), diethyl ether, dichloromethane and acetone
were distilled before use. The petroleum samples and arenes were dried over a mixture
of anhydrous calcium chloride and magnesium sulphate before each ligand exchange
reaction. Authentic samples of x°-arene-n’-cyclopentadienyliron hexafluorophos-
phates for benzene!, toluene, ortho-, meta- and para-xylenes®, naphthalene®, 1-meth-
ylnaphthalene (as for 2-methylnaphthalene)'®, phenanthrene'!, dibenzothiophene®
and fluorene!? were prepared as described in the literature. Thin-layer chromatogra-
phy was performed on Selecta F1500 silica gel plates (Schleicher & Schiill).

Preparation of arene complexes from petroleum samples

Arene complexes were prepared from crude oil samples BSAP-W6, BKKRF-1,
BKKRF-2, RKC-2, RBMF-2, ROBR-4T, ROBF-12T and IREGB-1 and from pet-
roleum products, Super and S5-star petrol, diesel fuel and kerosene, following the
procedure described previously’.

Preparation of arene complexes of mixtures of arenes

Mixture A was prepared from ferrocene (9.3 g, 50 mmol), AICI; (13.3 g, 100
mmol), Al (1.35 g, 50 mmol), p-xylene (5.3 g, 50 mmol), naphthalene (6.4 g, 50 mmol)
and fluorene (8.3 g, 50 mmol) in decalin (80 ml) under reflux at 135°C for 5 h. The
reaction mixture was worked up as previously described” to give yellow crystals (5 g).

Mixture B was prepared from ferrocene (6.5 g, 35 mmol), AICl; (9.3 g, 70
mmol), Al powder (0.95 g, 35 mmol), benzene (2.7 g, 35 mmol), toluene (3.2 g, 35
mmol), p-xylene (3.7 g, 35 mmol), naphthalene (4.5 g, 35 mmol), 1-methyl-
naphthalene (4.9 g, 35 mmol), phenanthrene (6.2 g, 35 mmol), dibenzothiophene (6.4
g, 35 mmol) and fluorene (5.8 g, 35 mmol) in refluxing cyclohexane (80 ml) for 20 h. A
brown crystalline solid (3 g) was obtained on working up the reaction mixture’.

TLC of the arene complexes
The complexes dissolved in acetone were spotted on the plates and developed
in acetone—dichloromethane (1:4, v/v). The spots were located with iodine vapour.

RESULTS AND DISCUSSION

Thin-layer chromatography of authentic samples of the individual arene com-
plexes gave the following R, values: benzene (0.29), p-toluene (0.43), p-xylene (0.56),
naphthalene (0.60), dibenzothiophene (0.61), 1-methylnaphthalene (0.67), phen-
anthrene (0.68) and fluorene (0.73). Good separations were obtained for mixtures
containing authentic arene complexes of benzene, toluene, o-, m- or p-xylene, naph-
thalene and any of dibenzothiophene, l-methylnaphthalene, phenanthrene or
fluorene; however, mixtures of the last four arene complexes could not be separated
owing to extensive overlapping of the bands.

The scope of the applicability of this method to the analysis of mixtures of
arenes was evaluated by subjecting a mixture of benzene, toluene, p-xylene, naph-
thalene and fluorene to the ligand exchange reaction. The resulting mixed complexes
(mixture A) were analysed by TLC and the chromatogram found to be identical with
that of a mixture of authentic samples of the respective arene complexes. When the
complexes (mixture B) from a similar mixture containing benzene, toluene, p-xylene,
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naphthalene, dibenzothiophene, 1-methylnaphthalene, phenanthrene and fluorene
were analysed, a separation pattern identical to that observed for a mixture of the
respective authentic arene complexes was obtained.

Thin-layer chromatograms of the crude oil samples and petroleum products
indicated the presence of benzene (except in kerosene), toluene, xylene and naph-
thalene and some poorly resolved bands with R, 0.90-0.93 in all the samples. These
unresolved bands are strongly suspected to be due to polyaromatics, as judged from
the TLC results which showed the R values for the complexes to be in order: fluorene
> phenanthrene > 1-methylnaphthalene > dibenzothiophene > naphthalene >
xylene > toluene > benzerie. Moreover, a mass spectral analysis of the arene com-
plexes from some crude oil samples’ has identified some polyaromatics in addition to
the aromatics identified in this study.

These results suggest that this analytical technique could be utilized for the
analysis of monocyclic aromatics and naphthalenes and for the separation of mono-
cyclic aromatics from polycyclic aromatic ring systems. It could also complement
analytical procedures employing charge-transfer complex formation, for example,
with 2.4,7-trinitrofluorenone'?, which are more sensitive to di-, tri- and other poly-
aromatics. The violet band obtained for the benzene complex after iodine treatment
of the chromatoplate is characteristic, easily recognizable and well-separated from
other bands. This method could therefore serve as a reliable means for the identifi-
cation of benzene in mixtures of arenes.
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CHROM. 14,206

Book Review

Analytiker Taschenbuch, Band 2, edited by R. Bock, W. Fresenius, H. Giinzler, W.
Huber and G. Télg, Springer, Berlin, Heidelberg, New York, 1981, VI + 351
pp-. 50 figs.. 85 tables, price DM 78.00, ca. US$ 37.20, ISBN 3-540-10338-4.

This handbook contains three excellent chapters on chromatographic tech-
niques.

Dr. W. Briimmer has written a 33-page introduction to affinity chromatogra-
phy which is readable and well balanced. It is a pity that he lists only general ref-
erences and does not give the references to the work discussed by him.

There is an equally good chapter by Professor H. Engelhardt and G. M. Ahr
explaining high-performance liquid chromatography (21 pp.). Although the latest
papers and books quoted are from 1979, some information is already slightly out-
dated, for example, that relating to preparative separations or plate numbers ob-
tainable. This is no fault of the authors, but due to the fact that the field is still
progressing quickly.

Dr. G. Schwedt deals with gas chromatographic separations and determi-
nations of traces of inorganic substances. This chapter consists mainly of tables and is
more of the condensed information type that one would expect in an analysts’ hand-
book. However, he covers these topics very ably and very thoroughly.

Lausanne ( Switzerland) M. JANOVSKY
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Meteleva, E.V., Kononova, T.A. and Tokareva, T.I.: Determination of barbituric
acid derivatives in biological liquids. Deposited Doc. 1979, VINITI 2740, 7 pp;
C.A., 94 (1981) 41094t.

Pomazanska-Kolodziejska, T.: (A new method of the determination of phenyl-
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Bode, H.J.: Partitioning and electrophoresis in flexible polymer networks.
Electrophor '74, Adv. Methods Biochem. Clin. Appl. Proc. Int. Conf. Electro-
phoresis 2nd, 2nd, 1979, 39-52; C(.4., 93 (1980) 221190j.

Zharinova, T.0.: (Electrophoresis from non-aqueous media). Vien. Akad. Nauk
Ukr. RSR, (1980) 27-34; (C.A., 93 (1980) 245913y - a review with 22 refs.

See also 7029.



ELECTROPHORETIC TECHNIQUES B433

2. FUNDAMENTALS, THEORY AND GENERAL
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Chi Kuang, 6 (1979) 28-30; C.A., 93 (1980) 247902t.

7018 Hoefer, P.E.: Method and apparatus for electrophoresis with vertical gel
plates. Ger. Offen. Pat., 2,952,776 (C1.BO1D17/06), 28 Aug. 1980, US Appl.
714, 03 Jan. 1979; 16 pp.; C.A., 93 (1980) 249497b,
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apoliprotein B of low density lipoprotein by cultured bovine smooth muscle cells.
Accumulation of intermediates in the presence of protease inhibitors. Biochim.
Biophys. Acta, 663 (1981) 421-431 - SDS-polyacrylamide gel.

7049 Bell-Quint, J. and Forte, T.: Time-related changes in the synthesis and secre-
tion of very low density, low density and high density lipoproteins by cultured
rat hepatocytes. Biochim. Biophys. Acta, 663 (1981) 83-98 - SDS-polyacrylamide
gel.

7050 Chino, H., Katase, H., Downer, R.G.H. and Takahashi, K.: Diacylglycerol-
carrying lipoprotein of hemolymph of the American cockroach: Purification,
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Leader, D.P.: A tracking marker for the first dimension of the two-dimensional
gel electrophoresis of ribosomal proteins. J. Biochem. Bilophys. Methods, 3 (1980
247-248; C.A., 94 (1981) 43507d.

Miyake, J. and Takagi, T.: A low-angle laser light scattering study of the
association behaviour of a major membrane protein of Rhodospirillum rubrum
chromatophore at various concentrations of sodium dodecyl sulfate where poly-
peptides derived from water-soluble globular proteins are solubilized mono-
merically. Bzrochim. Biophys. Acta, 668 (1981) 290-298 - SDS-polyacrylamide gel.
Svoboda, P., Houstek, J., Kopecky, J. and Drahota, Z.: Evaluation of the specific
dicyclohexylcarbodiimide binding sites in brown adipose tissue mitochondria.
Biochim, Biophys. Acta, 634 (1981) 321-330 - polyacrylamide gel.

Mierobial and plant proteins

Fanning, T.G. and Traut, R.R.: Iodination of Escherichia coli ribosomal protein
L-18 abolishes its 5 S RNA binding activity. Bfochim. Biophys. Acta, 652 (1981)
256-260 - thin-layer electrophoresis.

Mori, T., Utsumi, S., Inaba, H., Kitamura, K. and Harada, K.: Differences in
subunit composition of glycinin among soybean cultivars. J. Agr. Food Chem.,

29 (1981) 20-23 - polyacrylamide gel, isoelectric focusing.

Stotish, R.L. and Somberg, E.W.: Electrophoretic analysis of the plasma membrane
proteins of a mutant of Neurospora crassa which lacks a cell wall. Biochim.
Biophys. Acta, 641 (1981) 289-300 - two-dimensional polyacrylamide gel.

Tayot, J.-L., Holmgren, J., Svennerholm, L., Lindblad, M. and Tardy, M.:
Receptor-specific large-scale purification of cholera toxin on silica beads
derivatized with lyso Gyy ganglioside. FEur. J. Biochem., 113 (1981) 249-258 -
polyacrylamide gel.

Uno, I. and Ishikawa, T.: Endogenous substrates for protein kinases in Coprinus
macrorhizus. Biochim. Bilophys. Acta, 673 (1981) 197-202 - SDS-polyacrylamide
gel.

Wang, L.C.: Soybean protein agglomeration: Promotion by ultrasonic treatment.
J. Agr. Food Chem., 29 (1981) 177-180 - polyacrylamide gel.

Proteins of blood, serum and blood cells

Bayard, B. and Kerckaert, J.-P.: Uniformity of carbohydrate chains within
molecular variants of rat d;-fetoprotein with distinct affinity for concanavalin A.
Eur. J. Biochem., 113 (1981) 405-414 - polyacrylamide gel, paper.

Dobiasovska, B. and Sulcova, H.: (Methodical study of the monitoring of the
electrophoretic purity of albumin on CAM sheets). Rozvoj Farm. Ramei Ved.-Tech.
Revoluce, Sb. Prednasek Sjezdu Cesk. Farm. Spol., 7th (1977 (Pub. 1979) 264-266;
C.A., 93 (1980) 245533z.

Folkersen, J., Teisner, B., Grunnet, N., Grudzinkas, J.G., Westergaard, J.G.

and Hindersson, P.: Circulating levels of pregnancy zone protein: normal range
and the influence of age and gender. C(lin. Chim. Acta, 110 (1981) 139-145.
Keshgegian, A.A. and Peiffer, P.: Immunofixation as an adjunct to immunoelectro-
phoresis in characterization of serum monoclonal immunoglobulins. Clin. Chim.
Acta, 110 (1981) 337-340.

Keski-Oja, J., Todaro, G.J. and Vaheri, A.: Thrombin affects fibronectin and
procollagen in the pericellular matrix of cultured human fibroblasts. Biochim.
Biophys. Acta, 673 (1981) 323-331 - SDS-polyacrylamide gel.
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7098 Kurantsin-Mills, J. and Lessin, L.S.: Aggregation of intramembrane particles
in erythrocyte membranes treated with diamide. BZochim. Biophys. Acta, 641
(1981} 129-137 - sSDS-polyacrylamide gel.

7099 Nachman, R.L., Jaffe, E.A. and Ferris, B.: Multiple molecular forms of endo-
thelial cell factor VIIT related antigen. Biochim. Biophys. Acta, 667 (1981)
361-369 - crossed immunoelectrophoresis, SDS-polyacrylamide gel, peptide mapping.

7100 Nelb, G.W., Kamykowski, G.W. and Ferry, J.D.: Kinetics of ligation of fibrin
oligomers. J. Biol. Chem., 255 (1980) 6398-6402 - agarose.

7101 Okubo, H., Miyanaga, O., Nagano, M., Ishibashi, H., Kudo, J., Ikuta, T. and
Shibata, K.: Purification and immunological determination of az2-macroglobulin
in serum from injured rats. Bfochim. Biophys. Acta, 668 (1981) 257-267 -
immunoelectrophoresis, SDS-polyacrylamide gel.

7102 pfeffer, S.R. and Redman, C.M.: Biosynthesis of mouse erythrocyte membrane
proteins by friend erythroleukemia cells. Bfochim. Biophys. Acta, 641 (1981)
254-263 - SDS-polyacrylamide gel.

7103 Tonnelle, C., Colle, A., Fougereau, M. and Manuel, Y.: Partial amino acid
sequence of two forms of human post Y-globulin. Bfochem. Biophys. Res. Commun.,
86 (1979) 613-619 - polyacrylamide gel.

7104 Tsuchiya, Y., Sugita, H., Ishiura, S. and Imahori, K.: Spectrin extractability
from erythrocyte in Duchenne muscular dystrophies and the effect of proteases
on erythrocyte ghosts. Clin. Chim. Acta, 109 (1981) 285-293.

7105 wells, Ch., Bog-Hansen, T.C., Cooper, E.H. and Glass, M.R.: The use of
concanavalin a crossed immuno-affinoelectrophoresis to detect hormone-associated
variations in alfa-1-acid glycoprotein. C(lin. Chim. Acta, 109 (1981) 59-67.

19e. Structural and muscle proteins

7106 Barron, J.T., Barany, M., Barany, K. and Storti, R.V.: Reversible phosphoryla-
tion and dephosphorylation of the 20,000-dalton light chain of myosin during the
contraction-relaxation-contraction cycle of arterial smooth muscle. J. BZol.
Chem., 255 (1980) 6238-6244 - polyacrylamide gel.

7107 Fallon, A., Lewis, R.V. and Gibson, K.D.: Separation of the major species of
interstitial collagen by reverse-phase high-performance liquid chromatography.
Anal. Biochem., 110 (1981) 318-322 - SDS-polyacrylamide gel.

7108 Garner, W.H., Garner, M.H. and Spector, A.: Gamma-crystallin, a major cytoplasmic
polypeptide disulfide linked to membrane proteins in human cataract. BZochem.
Biophys. Res. Commun., 98 (1981) 439-447 - polyacrylamide gel.

7109 Kimura, J.H., Hardingham, T.E. and Hascall, V.C.: Assembly of newly synthesized
proteoglycan and link protein into aggregates in cultures of chondrosarcoma
chondrocytes. J. Biol. Chem., 255 (1980) 7134-7143 - polyacrylamide gel.

7110 Liotta, L.A., Tryggvason, K., Garbisa, S., Robey, P.G. and Abe, S.: Partial
purification and characterization of a neutral protease which cleaves type IV
collagen. Bfochemistry, 20 (1981) 100-104 - polyacrylamide gel.

7111 Lundstrom, R.C.: Fish species identification by isoelectric focusing: Sarco-
plasmic protein polymorphism in Monkfish (Lovhtus americanus). J. Ass. Offic.
Anal. Chem., 64 (1981) 32-37 - agarose gel, isoelectric focusing.

7112 Lundstrom, R.C.: Rapid fish species identification by agarose gel isoelectric

focusing of sarcoplasmic proteins. J. Ass. Offic. Anal. Chem., 64 (1981) 38-43 -
agarose gel, iscelectric focusing.

7113 Sage, H., Pritzl, P. and Bornstein, P.: Characterization of cell matrix asso-
ciated collagens synthesized by aortic endothelial cells in culture. Bifochemistry,
20 (1981) 436-442 - polyacrylamide gel.

7114 Yamada, K.M., Kennedy, D.W., Kimata, K. and Pratt, R.M.: Characterization of
fibronectin interactions with glycosaminoglycans and identification of active
proteolytic fragments. J. BZol. Chem., 255 (1980) 6055-6063 - polyacrylamide
gel.

7115 Yeltman, D.R., Jung, G. and Carraway, K.L.: Isolation of a-actinin from sarcoma
180 ascites cell plasma membranes and comparison with smooth muscle G-actinin.
Biochim. Biophys. Acta, 668 (1981) 201-208 - SDS-polyacrylamide gel.

19f. Protamines, histones and other nuclear proteins
7116 Hégenauer, G., Egger, H., Ruf, C. and Stumper, B.: Affinity labeling of

Escherichia coli ribosomes with a covalently binding derivative of the antibiotic
pleuromutilin. Biochemistry, 20 (1981) 546-552 - polyacrylamide gel.
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7117

7118

7119

7120

19g.

7121

7122

7123

7124

19h.

7125

7126

7127

7128

7129

197.

7130

7131

7132

7133

BIBLIOGRAPHY SECTION

Levina, E.S., Bavykin, S8.G., Shick, V.V. and Mirzabekov, A.D.: The method of
crosslinking histones to DNA partly depurinated at neutral pH. Anal. Biochem.,
110 (1981) 93-101 - SDS-polyacrylamide slab-gel.

Mross, K., Mross, B., Wolfrom, D.I. and Kohlschuetter, A.: The electrophoretic
mobility test with myelin basic protein, binding of 1251 _MBP to lymphocytes, and
gel electrophoresis pattern of supernatant during incubation. Res. Exp. Med.,
177 (:980) 245-253; C.A., 94 (1981) 435214.

Smith, G.J.: A procedure for the preparation of chromatin and chromatin proteins
from cultured mammalian epithelial cells. Anal. BiZochem., 111 (1981) 97-104 -
two-dimensional SDS-polyacrylamide gel.

Vidales, F.J., Sanchez-Madrid, F. and Ballesta, J.P.G.: Characterization of two
acidic proteins of Saccharomyces cerevisiae ribosome. Biochem. Biophys. Res.
Commun., 98 (1981) 717-726 - isoelectric focusing.

Chromoprotetns and metalloproteins

Board, P.G.: NADH-ferricyanide reductase, a convenient approach to the evalua-
tion of HADH-methaemoglobin reductase in human erythrocytes. Clin. Chim. Acta,
109 (1981) 233-237.

Nunez, M.T., Glass, J. and Cole, E.S.: The stability in various detergents of
transferrin-transferrin receptor complexes from reticulocyte plasma membranes.
Biochim. Biophys. Acta, 673 (1981) 137-146 - sSDS-polyacrylamide gel.

Schneider, R.G. and Barwick, R.: Electrophoretic mobilities of mutant hemo-
globins. CRC Handb. Ser. Clin. Lab. Sei., Seect. I, 1 (1979) 87-95; C.A., 94
(1981) 43522e.

Tomoda, A. and Yoneyama, Y.: A simple method for preparation of valency hybrid
hemoglobins (a’*8°*), ana (@?+8%+),. 4nal. Biochem., 110 (1981) 431-436 -
isoelectric focusing.

Proteins of glands, gland products and various zymogens (including milk proteins)

Cherian, R. and Balasubramanian, A.S.: The characterization of a thermostable
activator of beta-D-glucosidase in normal human saliva. Clin. Chim. Acta, 110
(1981) 169-176.

Depeiges, A. and Dufaure, J.P.: Major proteins secrected by the epididymis of
Lacerta vivipara. I1dentification by electrophoresis of soluble proteins.
Biochim. Blophys. Acta, 667 (1981) 260-266 - two-dimensional polyacrylamide gel,
cylindrical SDS-pelyacrylamide gel.

Douglas, Jr., 1.S., Greenberg, R., Farrell, Jr., H.M. and Edmondson, L.F.:
Effects of ultra-high-temperature pasteurisation on milk proteins. J. Agr. Food
Chem., 29 (1981) 11-15 - polyacrylamide gel.

Loor, R., Shimano, T., Manzo, M.L., Van Dusen, L., Papsidero, L.D., Nicolai,
J.J., Tytgat, G.N. and Ming Chu, T.: Purification and characterization of a
human pancreas-specific antigen. Biochim. Bilophys. Acta, 668 (1981) 222-234 -
iscelectric focusing, rocket-immunoelectrophoresis.

Losier, A.J. and Younglai, E.V.: Role of protein synthesis in rabbit follicular
testosterone production. J. Steroid Biochem., 14 (1981) 285-293.

Specific binding proteins

Diel, F., Bethge, N., Schneider, E. and Quabbe, H.-J.: Somatostatin binding
factor from chicken pancreas. . Clin. Chem. Clin. Biochem., 19 (1981) 99-107 -
polyacrylamide gel.

Hixson, C.S. and Krebs, E.G.: Characterization of a cyclic AMP-binding protein
from bakers' yeast. Identification as a regulatory subunit of cyclic AMP-
dependent protein kinase. J. BZol. Chem., 255 (1980) 2137-2145 - polyacrylamide
gel.

Liang, S.-M., Sakmar, T.P. and Liu, T.-Y.: Studies on LZmulus amoebocyte lysate.
III. Purification of an endotoxin-binding protein from Limulus amoebocyte
membranes. <. Biol. Chem., 255 (1980) 5586-5590 - polyacrylamide gel.

Oldham, S.B., Mitnick, S.A. and Coburn, J.W.: Intestinal and parathyroid calcium-
binding proteins in the dog. Comparison of biochemical properties and responses
to vitamin D. J. BZol. Chem., 255 (1980) 5789-5794 - isoelectric focusing,
polyacrylamide gel.
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19k.
7134

7135

191.

7136

7137

7138

7139

7140

7141

7142

7143

7144

7145

7146

Urinary proteins

Cenedella, R.C. and Belis, J.A.: Studies on the source of urinary cholesterol
in the normal human male. J. LipZd Res., 22 (1981) 122-130.
Fex, G., Grubb, A., Loeffler, C. and Larsson, J.: Isolation and partial charac-

terization of a low molecular weight trypsin inhibitor from human urine. Biochim.
Biophys. Acta, 667 (1981) 303-308 - crossed immunoelectrophoresis, SDS-poly-
acrylamide gel.

Other proteins

Bours, J. and Delmotte, P.: Age-dependent variations in the composition of the
crystallins and albuminoid of the mouse lens, studied by isocelectric focusing
and isotachophoresis. In: A. Adam and C. Schots (Editors): BErochemical and

Biological Applications of Isotachophoresis, Elsevier, Amsterdam, Oxford, New
York, 1980, pp. 221-237; C.4., 94 (1981) 26923u.

Bours, J., Zauzig, H.D. and Rink, H.: The crystallin compositicn of bovine lens
epithelium, equator and nucleus, in relation to aging: a comparison of iso-
tachophoresis, isoelectric focusing, and antigen/antibody crossed electropheoresis.
In: A. Adam and C. Schots (Editors): Efochemical and Eilological Applicaticns
of Isotachophorests, Elsevier, Amsterdam, Oxford, New York, 1980, pp. 207-220;
C.A., 94 (1981) 43510z.

Creason, P.L., Creason, M.J. and Bader, P.I.: Isoelectric focusing and di-anti-
trypsin globulin phenotyping. Lab. Med., 11 (1980) 673-678; (.A., 94 (1981)
435267.

Dahl, D.: Isolation of neurofilament proteins and of immunoclogically active
neurofilament degradation products from extracts of brain, spinal cord and
sciatic nerve. Blochim. Biophys. Acta, 668 (1981) 299-306 - SDS-polyacrylamide
gel.

Fabkiano, A., Ragusa, D., Auconi, P. and Massi, G.: Pi (proteinase inhibitor)
typing with isoelectric focusing on polyacrylamide gel slab. Acta Med. Rom.,

17 (1979) 390-396; C.4., 94 (1981) 43019w.

Fidge, N.H. and McCullagh, P.J.: Studies on the apoproteins of rat lymph
chylomicrons: characterization and metabolism of a new chylomicron associated
apoprotein. J. Lipid Res., 22 (1981) 138-146.

Hallander, L. and Kjellin, K.G.: Isotachophoretic systems for studying proteins
in cerebrospinal fluid and serum. In A. Adam and C. Schots (Editors): Bio-
chemical and Bilological Applications of Isothachophoresis, Elsevier, Amsterdam,
Oxford, New York, 1980, pp. 245-257; (.A., 94 (1981) 26924v.

Keller, R.K. and Swank, G.D.: Studies on the relative rates of intracellular
transport of egg white proteins. BZochim. Biophys. Acta, 673 (1981) 93-100 -
SDS-polyacrylamide gel.

Keniry, M.A. and Smith, R.: Dependence on lipid structure of the coil-to-helix
transition of bovine myelin basic protein. Biochim. Biophys. Acta, 668 (1981)
107-118 - SDS~polyacrylamide gel.

Simpson, J.W. and Mailman, M.L.: Synthesis of a collagenase inhibitor by gingival
fibroblasts in culture. Bfochim. Biophys. Acta, 673 (1981) 279-285 - polyacryl-
amide gel.

wada, E., Sugiura, T., Nakamura, H. and Tsumita, T.: Studies on lens proteins
of mice with hereditary cataract. 1I. Comparative studies on the chemical and
immunochemical properties of the soluble proteins of cataractous and normal
mouse lenses. Blochim. Blophys. Acta, 667 (1981) 251-259 - immunocelectrophoresis.

20. ENZYMES

20a.

7147

7148

Oxidoreductases

Auffret, A.D., Blake, T.J. and Williams, D.H.: Mass spectrometric sequence
studies of a superoxide dismutase from Bacillus stearothermophilus. Eur. J.
Biochem., 113 (1981) 333-338 - paper.

Bogovich, K. and Payne, A.H.: Purification of rat testicular microsomal 17-keto-
steroid reductase. Evidence that 17 ketosteroid reductase and 17B-hydroxysteroid
dehydrogenase are distinct enzymes. J. Biol. Chem., 255 (1980) 5552-5559 - poly-
acrylamide gel. .
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7150

7151

7152

7153

7154

7155

7156

7157

7158

20b.

7159

7160

7161

7162

7163

7164

7165

20c.

7166

7167

BIBLIOGRAPHY SECTION

Bublitz, C.: Physical separation of cytoplasmic and microsomal 6-phosphogluconate
dehydrogenase from rat liver. Biochem. Biophys. Res. Commun., 98 (1981) 588-
594 - polyacrylamide gel, isoelectric focusing.

Bublitz, C.: Levels of glucose dehydrogenases with different substrate specifi-
cities in rat and beef livers. Biochem. Biophys. Res. Commun., 98 (1981) 455-
462 - isoelectric focusing.

Drake, H.L., Hu, S.-I. and Wood, H.G.: Purification of carbon monoxide dehydro-
genase, a nickel enzyme from Clostridium thermoaceticum. J. Biol. Chem., 255
(1980) 7174-7180 - polyacrylamide gel.

Hsu, Y.-P. and Kohlhaw, G.B.: Leucine biosynthesis in Saccharomyces cerevisiae.
Purification and characterization of PB-isopropylmalate dehydrogenase. J. Biol.
Chem., 255 (1980) 7255-7260 - polyacrylamide gel.

Pares, X. and Vallee, B.L.: New human liver alcohol dehydrogenase forms with
unique kinetic characteristics. Bfochem. Biophys. Res. Commun., 98 (1981) 122-
130 - starch gel.

Pettit, S.M., Nealon, D.A. and Henderson, A.R.: Purification of lactate dehydro-
genase isoenzyme-5-from human liver. C(lin. Chem., 27 (1981) 88-93 - preparative
and analytical isoelectric focusing, polyacrylamide gel.

Rowell, P., Diez, J., Apte, S.K. and Stewart, W.D.P.: Molecular heterogeneity
of ferredoxin: NADP* oxidoreductase from the cyanobacterium Anabaena cylindrica.
Biochim. Biophys. Acta, 657 (1981) 507-516 - SDS-polyacrylamide gel, isoelectric
focusing.

Saito, M., Ichinoe, M. and Tsuruta, O.: (Usefulness of gel electrophoretic
comparison of peroxidase for identification of Fusariwn species). Nippon Kingakkai
Katho, 21 (1980) 229-235; C.A., 94 (1981) 43793u.

Terech, A. and Vignais, P.M.: A manganese-containing superoxide dismutase from
Paracoccus denitrificans. Biochim. Blophys. Acta, 657 (1981) 411-424 - SDS-
polyacrylamide gel, isocelectric focusing.

Yeung, A.T., Turner, K.J., Bascomb, N.F. and Schmidt, R.T.: Purification of an
ammonium-inducible glutamate dehydrogenase and the use of its antigen affinity
column-purified antibody in specific immunoprecipitation and immunoadsorption
procedures. Anal. Brtochem., 110 (1981) 216-228 - SDS-polyacrylamide gel.

Transferases (excluding E.C. 2.7.-.-)

Caperelli, C.A., Bankovic, P.A., Chettur, G. and Benkovic, S.J.: Purification
of a complex catalyzing folate cofactor synthesis and transformylation in de
novo purine biosynthesis. . Bfol. Chem., 255 (1980) 1885-1890 - polyacrylamide
gel.

Huseby, N.-E.: Separation and characterization of human gamaglutamyltransferases.
Clin. Chim. Acta, 111 (1981) 39-45.

Kagamiyama, H., Sakakibara, R., Tanase, S., Morino, Y. and Wada, H.: Complete
amino acid sequence of mitochondrial aspartate aminotransferase from pig heart
muscle. Peptide ordering procedures and the complete sequence. J. BZol. Chem.,
255 (1980) 6153-6159 - paper.

McRoberts, J.A. and Martin, Jr., D.W.: Submolecular characterization of a
mutant human purine-nucleoside phosphorylase. J. Biol. Chem., 255 (1980) 5605~
5615 - cellulose, polyacrylamide gel.

Mueller, W.T. and Benkovic, S.J.: On the purification and mechanism of action
of 5-aminoimidazole-4-carboxamide-ribonucleotide transformylase from chicken
liver. Biochemistry, 20 (1981) 337-344 - polyacrylamide gel.

Rambabu, K., Jacob, R.T. and Pattabiraman, T.N.: Variants of gama-glutamyl
transferase in human urine. Clin. Chim. Acta, 109 (1981) 257-265.

Yagi, T., Kagamiyama, H. and Nozaki, M.: A sensitive method for the determina-
tion of aspartate: 2-oxoglutarate aminotransferase activity on polyacrylamide
gels. Anal. Biochem., 110 (1981) 146-149 - polyacrylamide gel.

Transferases transferring phosphorus—containing groups (E.C. 2.7.-.-)

Banroques, J., Gregori, C. and Schapira, F.: Purification and characterization
of human erythrocyte uridylyl transferase. Biochim. Bilophys. Acta, 657 (1981)
374-382 - isoelectric focusing, starch gel.

Mechali, M., Abadiedebat, J. and de Recondo, A.~-M.: Eukaryotic DNA polymerase 0.
Structural analysis of the enzyme from regenerating rat liver. J. BZol. Chem.,
255 (1980) 2114-2122 - polyacrylamide gel.
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7168

7169

7170

7171

7172

20d.

7173

7174

7175

7176

7177

7178

7179

7180

7181

207,

7182

7183

7184

7185

7186

Mitsubishi Petrochemical Co., Ltd.: (RNA polymerase subunits as markers for
molecular weight determination). Jpn. Kokai Tokkyo Koho, 80,131,769 (ClL. GOIN33/
44), 13 Gat. 1980, Appl. 79/38,170, 30 Mar. 1979, 8 pp.; C.A., 94 (1981) 43704r.
Simkowski, K.W. and Tao, M.: Studies on a soluble human erythrocyte protein
kinase. J. Biol. Chem., 255 (1980) 6456-6461 - isoelectric focusing, polyacryl-
amide gel.

Shiao, M.-S$., Drong, R.F. and Porter, J.W.: The purification and properties

of a protein kinase and the partial purification of a phosphoprotein phosphatase
that inactivate and activate acetyl-CoA carboxylase. Bfochem. Biophys. Res.
Commun., 98 (1981) 80-87 - polyacrylamide gel.

Skuster, J.R., Jesse Chan, K.F. and Graves, D.J.: Isolation and properties of
the catalytically active Y subunit of phosphorylase b kinase. J. Biol. Chem.,
255 (1980) 2203-2210 - polyacrylamide gel.

Stetten, M.J. and Goldsmith, P.K.: Two hexokinases of Homarus americanus (lobster),
one having great affinity for mannose, and fructose and low affinity for glucose.
Biochim. Biophys. Acta, 657 (1981) 468-481 - polyacrylamide slab gel.

Hydrolases, acting on ester bonds (E.C. 3.1.-.-)

Bengtsson, G. and Olivecrona, T.: Lipoprotein lipase: Modification of its
kinetic properties by mild tryptic digestion. Eur. J. Biochem., 113 (1981) 547-
554 - polyacrylamide gel.

Haddow, J.E., Morin, M.E., Holman, M.S. and Miller, W.A.: Acetylcholinesterase
and fetal malformations: Modified qualitative technique for diagnosis of neural
tube defects. (lin. Chem., 27 (1981) 61-63 - polyacrylamide gel.

Hodes, M.E. and Retz, J.E.: A positive zymogram for distinguishing among RNAse
and phosphodiesterases I and II. Anal. Bfochem., 110 (1981) 150-152 - agarose
gel, Cellogel.

Jensen, M.H.: The 5'-nucleotidase complex in sera from patients with gall stones -
electrophoretic patterns and substrate specificity. Clin. Chim. Acta, 110 (1981)
287-293.

Mitchell, J.X., Fonzi, W.A., Wilkerson, J. and Opheim, D.J.: A particular form
of alkaline phosphatase in the yeast, Saccharomyces cerevisiae. Bilochim. Blophys.
Acta, 657 (1981) 482-494 - polyacrylamide gel.

Stinson, R.A. and Seargeant, L.E.: Comparative studies of pure alkaline phos-
phatases from five human tissues. C(lZn. Chim. Adcta, 110 (1981) 261-272.

Hydrolases, acting on glycosyl compounds (E.C. 3.2.-.-)

Chu, F.K. and Maley, F.: Growth phase dependence of invertase mRNA levels in
yeast. J. Biol. Chem., 255 (1980) 6387-6391 - polyacrylamide gel.
McLean, M.W. and Williamson, F.B.: Neocarratetraose 4-O-monosulphate B-hydrolase

from Pseudomonas carrageenovora. FEur. J. Biochem., 113 (1981) 447-456 - poly-
acrylamide gel, paper.

Menegus, F. and Pace, M.: Purification and some properties of NAD-glycohydrolase
from conidia of Neurospora crassa. Eur. J. Blochem., 113 (1981) 485-490 - iso-
electric focusing, polyacrylamide gel.

Other hydrolases

Bidwell, J.L. and Reeves, D.S.: Isoelectric focusing of B-lactamases. .
Antimicrob. Chemother., 6 (1980) 793; C.A., 94 (1981) 43030t.
Gohda, E. and Pitot, H.C.: Purification and characterization of a factor

catalyzing the conversion of the multiple forms of tyrosine aminotransferase from
rat liver. . BZol. Chem., 255 (1980) 7371-7379 - polyacrylamide gel.

Liotta, L.A., Lanzer, W.L. and Garbisa, S.: Identification of a type V col-
lagenolytic enzyme. Biochim. Blophys. Res. Commun., 98 (1981) 184-190 - poly-
acrylamide gel.

Lunardi, J., Satre, M. and Vignais, P.V.: Exploration of adenosine 5'-diphos-
phate-adenosine 5'-triphosphate binding sites of Escherichia coli adenosine
5'-triphosphatase with arylazido adenine nucleotides. Btochemistry, 20 (1981)
473-480 - polyacrylmaide gel.

Maruyama, K., Feinman, L., Okazaki, I. and Lieber, C.S.: Direct measurement of
neutral collagenase activity in homogenates from baboon and human liver. Bfochim.
Biophys. Acta, 658 (1981) 124-131 - polyacrylamide gel.
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7187 Murakami, K. and Noda, M.: Studies on proteinases from the digestive organs of
sardine. I. Purification and characterization of three alkaline proteinases
from the pyloric caeca. BZochim. Biophys. Acta, 658 (1981) 17-26 - iscelectric
focusing, SDS-polyacrylmaide gel.

7188 Sanada, Y., Fujishiro, K., Tanaka, H. and Katunuma, N.: Isolation and characteri-
zation of yeast protease B. Biochem. Biophys. Res. Commun., 86 (1979) 815-821 -
polyacrylamide gel.

7189 Welches, W.R. and Baldwin, T.O.: Active center studies on bacterial luciferase:
Modification of the enzyme with 2,4-dinitrofluorobenzene. Biochemistry, 20
(1981) 512~517 ~ polyacrylamide gel.

7190 Yoda, A. and Yoda, S.: A new simple preparation method for NaK-ATPase-rich
membrane fragments. Anal. Biochem., 110 (1981) 82-88 - SDS-polyacrylamide gel.

20g. Lyases

7191 Anderson, P.M. and Desnick, R.J.: Purification and properties of uroporphyrinogen
I synthase from human erythrocytes. Identification of stable enzyme-substrate
intermediates. J. BZol. Chem., 255 (1980) 1993-1999 - polyacrylamide gel.

7192 Zwiller, J., Basset, P. and Mandel, P.: Rat brain guanylate cyclase. Purifica-
tion, amphiphilic properties and immunological characterization. BZochim.
Bilophys. Acta, 658 (1981) 64-75 - immunoelectrophoresis, charge-shift electro-
phoresis, iscelectric focusing, SDS-polyacrylamide gel.

21. PURINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

2la. Purines, pyrimidines, nucleosides, nucleotides

7193 Buret, J. and Cox, C.: Purity control of synthetic NADY derivatives by iso-
tachophoresis. 1In A. Adam and C. Schots (Editors): Biochemical and Biological
Applications of Isotachophoresis, Elsevier, Amsterdam, Oxford, New York, 1980,
pp. 95-101; C.A., 94 (1981) 43508e.

21b. Nucleic acids, RVA

7194 Dickerson, P.E., Malorni, M.C., Daevson, I.R.O., Morris-Krsinich, B.H.M. and
Trim, A.R.: An improved method for the preparation of the four ribonucleic
acids of cowpea chlorotic mottle virus. Z. Naturforsch., 36C (1981) 157-163.

7195 Maxwell, E.S., Maundrell, K., Puvion-Dutilleul, F. and Scherrer, K.: Distribu-
tion of low-molecular-weight RNAs in avian erythroblast nuclear ribonucleoprotein
complexes associated with pre-messenger RNA. FEur., J. Biochem., 113 (1981) 233-
247 - polyacrylamide gel.

21c. Nuclete acids, DNA

7196 Herman, T.M., DePamphilis, M.L. and Wassarman, P.M.: Structure of chromatin
at deoxyribonucleic acid replication forks: Location of the first nucleosomes
on newly synthesized simian virus 40 deoxyribonucleic acid. Biochemistry, 20
(1981) 621-630 - agarose.

7197 Huang, C.-H., Mirabelli, C.K., Jan, Y. and Crooke, S.T.: Single-strand and
double-strand deoxyribonucleic acid breaks produced by several bleomycin
analogues. Biochemistry, 20 (1981) 233-238 - agarose gel.

7198 vVincent, III, W.S. and Goldstein, E.S.: Rapid preparation of covalently closed
circular DNA by acridine yellow affinity chromatography. Anal. Biochem., 110
(1981) 123~127 - agarose gel.

21f. Structural studies of nucleic acids
7199 Kovacic, R.T. and Wang, J.C.: Rapid mapping of restriction sites of a DNA:

restriction of DNA in agarose gel and two-dimensional analysis of end-labeled
DNA. Plasmid, 2 (1979) 394-402; C.A., 94 (1981) 43632r.



ELECTROPHORETIC TECHNIQUES B445

23. OTHER SUBSTANCES CONTAINING HETEROCYCLIC NITROGEN

23e. Other N-heterocyclic compounds

7200 Akimova, T.G., Terebenina, A.V., Syanava, E.M., Iordanov, N. and Borisov, G.:
(Thin-layer chromatography and electrophoresis in the analysis of benzoyl-
substituted l-phenyl-3-methyl-5-pyrazolone derivatives). Zh. 4Anal. Khim., 35
(1980) 1561-1565; (.A., 94 (1981) 10744a.

28. ANTIBIOTICS

7201 shukla, S.K. and Pandey, S.K.: Thin-layer electrophoretic separation and detec-
tion of antibiotic drugs. Pharmazie, 33 (1980) 441-442; (.A., 93 (1980)
245557k,

32. PHARMACEUTICAL AND BIOMEDICAL APPLICATIONS

32a. Synthetic druys

7202 Jokl, V. and Dolejsova, J.: (Electrophoretic study of phenothiazine-type
psychopharmaceutics). Rozvoj Farm. Rometi Ved.-Techn. Revoluce, Sb. Prednasek
Sjezdu Cesk. Farm. Spol., 7th, (1977, Pub. 1979), 74-76; C.4., 93 (1980)
245566n.

32f. Clintco-chemical applications and profiling body flutids

7203 Cloppet, H.: (Urine electrophoresis on polyacrylamide gels). FRev. Inst. Pasteur
Lyon, 13 (1980) 359-361; C.A., 24 (1981) 43534k.

7204 Whicher, J.T.: The interpretation of electrophoresis. Br. J. Hosp. Med., 24
(1980) 348,351,353-356,358-360; C(.A., 94 (1981) 43468s.

7205 Zimmerman, L., Baldesten, A., Bergstrom, J. and Furst, P.: Isotachophoretic
separation of middle molecule peptides in uremic body fluids. In A. Adam and
C. Schots (Editors): Biochemical and Biological Applications of Isotahophoresis,
Elsevier, Amsterdam, Oxford, New York, 1980, pp. 141-151; (C.4., 94 (1981)
43509f.

720

33. INORGANIC COMPOUNDS

33a. Cations

7206 Maslowska, J. and Orzelowski, R.: (Studies on the electrophoretic and chromato-
graphic separation of iron(III), nickel(II), copper(II), and magnesium(II) in
the form of complexes with pemoline). Zesz, Nauk.-Politech. Lodz., Chem. Spozyw.,
(1980) 87-97; C.A., 93 (1980) 249361q.

7207 Miekeley, N. and De Alleluia, I.B.: (Counter-current electrophoretic separation
of rare earth metals with a-hydroxyisobutyric acid). Mikrochim. Acta, 1 (1980)
475-483; C.A., 94 (1981) 10630k.

7208 Mukherjee, H.G. and Pattanayek, M.: Separation and estimation of aluminium,

titanium and iron in bauxite by paper electrophoresis. J. Indian Chem. Soc.,
57 (1980) 937-939; C(.A., 93 (1980) 230226c¢c.

7209 Mukherjee, H.G., Majumder, D. and Srimani, N.K.: Magneto-paper electrophoresis
in the study of inorganic ions. . Indfan Chem. Soc., 57 (1980) 939-941; C(.A4.,
94 (1981) 10631m.

7210 Nukatsuka, I., Taga, M. and Yoshida, H.: Separation of lanthanides by capillary
tube isotachophoresis using complex-forming equilibria. J. Chromatogr., 205
(1981) 95-102.
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of colloidal micelles. Pol. J. Chem., 54 (1980) 1205-1213; C(.A., 93 (1980)
246110w.
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93 (1980) 221960k.
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7213 Kosower, N.S., Kosower, E.M., Zipser, Y., Faltin, 2. and Shomrat, R.: Dynamic
changes of red cell membrane thiol groups followed by bimane fluorescent labeling.
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7214 Ramanathan, R., Adoutte, A. and Dute, R.R.: Biochemical studies of the excitable
membrane of Paramecium tetraurelia. V. Effects of proteases on the ciliary
membrane. Biochim. Bilophys. Acta, 641 (1981) 349-365 - SDS-polyacrylamide gel.
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INTRODUCTION

As in previpus years we present here the Subject Index and the Index of Types
of Compounds Chromatographed. Because the methodological part differs substantially
in individual techniques, we have retained the subdivision system, using the fol-
lowing abbreviations: G = gas chromatography, C = liguid column chromatography,
E = electrophoresis, P = paper chromatography, and T = thin-layer chromatography.
In the Index of Types of Compounds Chromatographed all types of methods are indicated
in the individual entries by appropriate abbreviations. In entries that are heavily
populated by chromatographic papers we made a further subdivision into Techniques
and Applications. Reviews are always referred to separately. In the Subject Index,

materials and procedures in common use are not quoted as special entries.
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SUBJECT INDEX GC

B451
Subject Index
Please note that this index refers to the entry numbers in the Bibliography
Section. The entries have been published according to the following schedule:
Entries Vol./No. Entries Vol./No.
1-1808 207/2 3861-5769 214/2
1809-3860 211/1 5770-7217 219/2
Gas Chromatography
Analyzer, automatic 1812, 1869 2083, 2085, 2099, 2102, 2129, 2138,
— , thermal, response of nitrosamines 2144, 2145, 2179, 2204, 2211, 2212,
3991 2231, 2249, 2329, 3927, 3955, 3958,
Automation 1, 8, 16, 20, 37, 50, 54, 3974, 3979, 4013, 4016, 4026, 4053,
72, 1812, 1869, 1883, 2004-2008, 4056, 4094, 4095, 4107, 4109, 5814,
2043, 2098, 2186, 4102, 5808, 5810, 5856, 5861, 5880, 5962, 5967, 5991,
5813, 5814, 5846 6123
Backflushing technique 1899 — —, theory and techniques 1, 1811,
Band broadening in capillary GC, theory 1813, 1875, 1876, 1895, 1897, 1962,
5783 1963, 1987, 2011, 2091, 2128, 2167,
Biography, Archer Martin 1814 2253, 2324, 3912, 3999, 5774, 5783,
Books, air pollutants, also GC-MS 5811, 5919
analysis 2321 Carrier gas, device for saturating 1900

— , analysis of drugs and metabolites
by GC-MS 5

— , analytical derivatization reactions
3862

— , biochemical applications of MS

, chemical methods in GC 5771

— , chromatographic separation methods
1817

— , development of chromatographic
methods 3865

— , gas chromatographs as industrial
process analysers 1812

— , — chromatography with glass
capillary columns 5774

~— , — — with nonideal eluents 5779

— , — — of nonstable and reactive
compounds 3861

— , GC-MS organic analysis, techniques
and procedures manual 1809

— , head space GC 3863, 5775

-~ , laboratory chromatographic methods
5778

— , MS instrumentation 1898

-— , pre-chromatography micromethods 2

— , sorbents for GC and LC 3866

Capillary GC, analytical applications

1820

32, 52, 69, 84, 144, 155, 156, 163,
186, 2012, 2022, 2024, 2026, 2035,
2045, 2046, 2051, 2065, 2072, 2078,

—, influence on column performance
1982

—, — on elution of amines from fused
silica capillary columns 2128

—, nonideal eluents in GC 5779

—, selection of velocity 1918

—, steam, effect of temperature

3949

Chromadistillation 5819
Chromatograph 18, 22, 1865, 1895, 5806
—, industrial process analyser 1812

’
’

[

microcomputer controlled 20
model F40, applications 5815
Perkin-Elmer models 5818

Chromatographic process, computer simula-

tion 1822, 5790

systems, problems and solutions 5780
theory and techniques, general 1, 6,
9, 10, 1812, 5780, 5782, 5789, 5810
— —, preparative 1818, 2000, 2092
— —, pressure programming 2001

— —, gqualitative 1919, 2025, 2170,
5773, 5776, 5790

— —, gquantitative 93, 1819, 1882,
1998, 1999, 2125, 2170, 2173, 3946,
3947, 5773, 5776, 5865, 5870, 5893,
5912, 5915, 5949

— —, recycling 2002

— —, separation methods 1817, 2094,
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2104, 2120, 2141, 2201, 2202, 5857,
5889, 5929, 5941, 5945, 5958

— — —, special techniques 2014,
2016, 2017, 5772, 5852, 6087

-— -— —, temperature programming 2003

Chromatography, development in USSR 5781

Column, capillary, fitting silica 1866

—, —, fused silica, evolution, pro-
perties, use 32, 1986, 3924, 5812

—, —, glass, Carbowax 20M, use below
their temperature limit 3940

—, —, —, preparation 1813, 1880,
1940, 1953, 1957, 1970, 1971, 2146,
3923, 3928, 3935, 3942, 3944, 5829,
5832

—, —, graphitized, for analysis of
aromatic amines 3995

—, —, OvV-17-QF-1, for analysis of
chlorinated pesticides 2171

—, —, technique 1, 17, 1813, 1883,
1886, 1889, 1890, 1954, 1955, 1975,
1985, 3929, 3938

-— conditioning 143, 5830

— deactivation 1914, 1946, 1958, 1986
3925, 3934

— dual phase 5817

— loading 1964, 1995

— mixed 2030

— packed 1815, 1879, 1891, 1910, 1943,
1979, 1982

— PLOT, applications 2163

— SCOT, technique 1815, 1945, 3922,
3933

— system, high performance 3939

— WCOT 1815, 1948, 3939

— —, comparison of coatings

— —, recoating 5837

— —, retention characteristics of
coating thickness 1936

Computer, analytical applications 12,
1825, 1870, 1887, 2096

—, chromatograph handling 20, 1812

—, simulation of chromatographic
process 1822

Cybernetic models, in group identifica-
tion 5790

Data processing 19, 37, 163, 1822,
1925, 2006, 5846

Dead time, measurement, calculation,
estimation 10, 1853

— —, vs. methane retention time
1827

~— volume, estimation of effects 1834

Derivatization of bifunctional compounds,
review 1816

—, reagents 39, 2134, 2162, 3915, 3981,
4021

—, techniques 1933, 2015, 2053, 2080,
2084, 2107, 2112, 2136, 2151, 2167,
2174, 2254, 2325, 2326, 3862, 5771,

1944, 1990

1823,

5780, 5914
Detector, atomic absorption 3908, 5959,
5963

—, chemiluminescent, applications 25,
30
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—, coulometric, design 26, 3911

—, ECD 1927, 1937, 1938, 1941, 3906

~, —, application study 104, 1819,
1933, 1939

—, —, design 27, 1906, 1907, 1921

—, —, response study 24, 1905, 1911,
1923, 1928, 1929, 2037, 2170

—, electrolytic conductivity 1922,
5820

—, FID 1924, 3912, 5828

—, —, applications 25, 1917, 1934,
2170, 3918

—, —, response study 3904, 4002

—, flow impedance bridge 1942

—, fluorescence 3909

—, FPD 1904, 1912, 1920

—, —, applications 29, 3914

-, —, response study 80

—, He ionization 1901, 13802, 1909,
5826

—, N-P selective, applications 29, 139

—, — —, sensitivity study 23

—, O selective 5825

—, optical, HPLC, on-line, in GC 3913

—, photoionization 1931, 3907, 5806

—, —, response theory 3905

~—, plasma emission 5824

-—, selective for unsaturated compounds
28, 5822

—, synchronized acumulating radioisotope,
for radio-GC 2305

—, TCD 3916, 5821

—, —, response study 3903

—, TID (see also AFID) 5828

—, UV spectrometric 1932

-—, UV plasma atomic emission spectro-
meter 3917

Detectors, evaluation standard for 3910

—, for analysis of organosilicon com-
pounds, review 92

—, highly selective for amines and their
derivatives 5827

—, optimization, practical approach
5823

Elemental analysis 38, 5971

Error, following hydrogen cleaning of
ECD 1885

—, in determination of specific reten-
tion volumes 3886

Functional analysis 38-41, 2012, 2013,
3950, 5790, 5847-5851, 5913

GC-Atomic absorption spectrometry 4101

GC-IR 1935, 4113, 5805, 5851

GC-Ms, applications, clinico-chemical
70, 71, 73, 78, 81, 86, 114, 122, 127,
128, 135, 136, 138, 142, 149-152, 156,
158, 159, 161, 163, 1820, 2205, 2207,
2215, 2216, 2228, 2259, 2260, 2266,
2267, 2269, 2275, 2278, 2281, 2284,
3971, 4010, 4012, 4046, 4054, 4060,
4066, 4067, 4076, 4079 - 4082, 4086,
6026, 6040, 6056

—, —, other 1, 4, 7, 108, 120, 182,
1809, 1820, 2038, 2041, 2060, 2079,
2089, 2090, 2093, 2095, 2097, 2100,
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2108, 2130, 2140, 2142, 2144, 2148,
2155, 2169, 2182, 2187, 2190, 2206,
2309, 2314, 2318, 2321, 2323, 2324,
2327, 2338, 2342, 2343, 3960, 3965,
3966, 3977, 3978, 3984, 3987, 3993,
3994, 4000, 4003, 4011, 4013, 4018,
4022, 4027, 4091, 4093, 4096, 4100,
4105, 4111, 4112, 5855, 5868, 5900,
5901, 5920, 5939, 5967, 5970, 6024,
6058, 6109, 6127

—, calculator system, analytical appli-
cations 2337, 4097

—, techniques 1, 7, 1870, 1876, 1877,
1881, 1898, 2009, 2103, 2135, 2147,
2152, 2153, 2166, 3897, 3901, 3902,
6043, 6044

GC-plasma chromatography 1926, 1939

GC-plasma emission spectroscopy 5824

Head space analysis 1874, 1883, 1997,
2186, 2317, 3863, 4098, 5775, 5796,
5814, 5887, 5999, 6005, 6008, 6010,
6015, 6038, 6039, 6047, 6049, 6059,
6085, 6086, 6090, 6095, 6098, 6099,
6100, 6108, 6110, 6117

Injection, technigue and instrumenta-
tion 16, 21, 1871, 1897, 2091, 2335,
3899, 5809, 5816

Instrumentation for capillary column
making 1864

-— in clinical chemistry 149

— in pesticide residues analysis 8

— in petroleum analysis 4

Mathematical modelling of chromatographic
relationships 1828, 5790

Optimization 1962, 5833

Overload phenomenon 1995

Packing surface, interaction study 5838

Packings, coated 1956

—, mixed 1950

~—, porous polymers 1992

—, support bonded vs. polyester coated
55

Pattern recognition analysis of GC data,
in classification of wines 6096

Peak, capacity in multicomponent separa-
tions 5789

—, detection, algorithm for tailing into
chromatographic information 1825

—, overlapping, resolution by parameter
estimation of model 1824

— shape, influence of kinetics para-
meters on solute profiles 1833

-— —, — of sorption 3873

— —, effect of detector nonlinearity

3945

Phase, liquid binary system, polarity
study 1988

—, —, for analysis of isomers 5922

—, —, relative polarity, theory 3872
—, mobile, vapour, sorption effect 5844

—, —, —, temperature effect 5843

—, stationary, apolar gum, properties
5836

—, —, bonded silicas 3920, 3936
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—, —, calcium complex grease 3930
—, —, carbon black 1952, 2028
—, —, Carbowax 20M 76
—, —, — —, modified 173
—, —, — —, on Chromosorb W 3932
—, —, coordination polymers 1974,

3937

—, —, chloromethyl methyl polysiloxane
1956

—, —, evaluation of chromatographic
polarity 36

—, —, isomer selectivity for chlori-
nated aromates 47

—, —, liquid crystalline, applications
44, 2039, 2106, 2110, 5889

—, —, — —, properties 35, 1815,
1972, 1981, 1987, 1994, 1996, 3931,
3943, 5842

—, —, — —, retention study on

—, —, negative values of relative
polarity, theory 3880, 3881

—, —, nucleosides 2058, 2119

—, —, organophosphorus, sorption pro-
perties 33

3874

—, —, porous polymers 1951, 1976
—, —, Silar TM 83

~—, —, silica gel, modified 1980
—, —, silicone 1913, 2025

—, —, siloxarophenanthrene 34

, stable hydrocarbons as non-polar

base 1960

—, —, triazine derivatives of lysine
amide 84

Phases, for analysis of xylene oxidation
products 2308

—, for preparative GC, review 1818

—, for separation of oprical isomers
1949, 1961, 2139, 5834, 5891, 5907

Plate height, independence on nonlineari-
ty of sorption isotherm 3875

Pre-concentration, technique 1867, 3897,
4104, 4114, 5811, 6111

Pressure, outlet, higher than atmospheric
5839

Programming, pressure, effects on resolu-
tion 2001

—, temperature, theoxry 2003

Pyrolysis GC, analytical applications
101, 103, 2016, 2047, 2195, 2196,
4084, 5943, 5946, 5995~ 5998, 6003,
6012, 6014

— —, device for 1884

— —, technique 5811

Pyrolysis-GC-MS, applications 2192, 2197

Radiochromatography 5807, 5960, 6082,
6083

Reaction GC (see also Pyrolysis GC)
2011, 5847, 5848, 6074

Retention, effect of phase polarity and
loading 2056, 5841

—, — of support 5841

—, — of temperature

—, mechanism study
3871

— , standards for measurements 49

’

2030, 2154, 3970
1841, 1845, 1846,
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— characteristics, coating thicknesses
on capillary columns 1936

— —, influence of vapour eluent 3941

— data, correlation with structure
11-13, 87, 92, 1831, 1837 - 1840,
1842, 1843, 1847 - 1849, 1860, 2023,
2208, 3874, 3876 - 3879, 3882, 3982,
5786 - 5788, 5791, 5953

— —, reproducibility 5777

-— expressions, relative, theory 3869

— indexes, analytical applications
2067, 2310, 4032, 5975, 5986

, tabelled 11, 13, 47, 57, 74, 76,
85, 87, 91, 158, 1857, 2018- 2021,
2028, 2149, 2154, 2271, 3953, 4019,
4020, 4103, 5934

— time, effect of temperature and
pressure 3867

, in series-coupled columns 1989

— —, vs. dead time, calculation 10,
1823, 1827

— volumes, measured 14, 3886

Review, applications of GC 4, 8, 38, 75,
92, 93, 95, 101, 108, 149, 170, 171,
175, 177, 184, 1819, 2313, 3864, 4042,
5772, 5856, 5951

—, capillary GC 1811, 1813, 5774

—, chemical nature of silica surface 31

—, cyclic derivatives of bifunctional
compounds 1816

—, dead time measurement, calculation,
estimation 10

—, development of GC in USSR 5781

—, evolution and application of fused
silica columns 5312

—, gas chromatographic nomenclature 3

-, gas chromatography (for analysis)
5773

—, GC, theory, technique and applica-
tions 1

—, GC-MS, technique, methods and appli-
cations 7

—, inclusion compounds in chromato-
graphy 1818

—, polarity and selectivity in GC from
the thermodynamic viewpoint 1831,
1832

—, reproducibility of retention data
and identification in GC 5777

—, role of chromatography at Ciba-Geigy
1810

Sampling, technigue 16, 77, 152, 1868,
1871, 1889, 2127, 2323, 4101, 4102,
5813, 6113

Selectivity, as a function of liquid
phase concentration on the support
5840

Separation factor, in series-coupled
columns 1989

— —, temperature dependence 1983

Sorbents, active charcoal, sorption on,
equations 180

—, adsorptive vs. catalytic activity
3926

—, electron-microscopic study 1947
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-, carbon-silica 1969

—, copolymers, thermally treated 2193

—, evaluation for air pollution studies
2312

—, GC and LC, collection of work 3866

-—, JADO-carbon 1978

~—, macroporous silochromes 5842

—, modification for industrial check
analysis 1967

—, phenylquinoxalene 34

—, polymers, coordination 3937

-, polymers, polyfunctional 1984

—, —, classification 1844

—, polysiloxanes 1991

—, silica, chemical nature of surface,
review 31

—, —, modified, properties

—, — particles 5831

—, Y-type zeolites 1977

Sorption dynamics, nonlinear equation,
theory 3868

Support, chemically bonded 5835

—, Chromaton N-AW modified with inorganic
salts 3921

—, influence on retention 5841

—, pretreated alkali glass 1986

—, silylated celite 1993

—, treated with Carbowax 1966

-—, volcanic slag 3919

Symposium, 3rd national, on chromato-
graphy, China 1979 1815

—, Trace organic analysis, Maryland,
April 78 56

Thermodynamic and theoretical relation-
ships 1829 - 1836, 1847, 1848, 1857,
1968, 1073, 3867 - 3875, 3938, 5770,
5782 - 5785, 5792, 5954

-— data, measurement by GC 1, 14, 15,
1821, 1826, 1850~ 1852, 1854- 1856,
1858, 1859, 1861 - 1863, 2194, 3883 -
3896, 5784, 5785, 5793~ 5797, 5799 -
5804, 6001

Thesis, concentration methods for
analysis of volatile compounds in
water 4114

Trace analysis 26, 38, 56, 77, 97, 104,
143, 164, 1815, 2010, 2226, 2286,
2299, 2319, 2323, 2324, 2326, 2332,
2334, 2335, 3947, 3961, 3967, 3997,
4108, 5885, 5916, 5966, 6053, 6070,
6116, 6126

Trapping, of aliphatic amines on porous
silica 77

—, of halogenated organics from air
2318

—, of organics from water, apparatus
for 185

—, on-column, of organics, for capillary
GC 3900

—, precolumn, for pyroclysis-capillary
GC 5811

1965, 1980



SUBJECT INDEX LCC

Liquid Column Chromatography

Absorbance index 6185

Acriflavin-Sephadex 870, 871
— Sepharose 870
Acrylonitrile fibre 2999

Adenine nucleotides, as affinity ligands
690, 722, 724, 746, 763, 826, 830,
839, 2694, 4284, 6432

Adenosine triphosphate derivatives,

as affinity ligands 4275

Adsorption 4211

— chromatography, theory 218, 6150

— during ion exchange chromatography
4145

—, isothermal 220

— isotherms 2379

Adsorptive performance, improvement
4657

Affi-gel 838, 845, 2637, 4701

Affinity chromatography at subzero
temperatures 326

— —, bibliography 2443, 4281
— —, characterization of adsorbents
330, 2436, 4269

— —, charge transfer 338
, design faults 329
— —, frontal 336

— —, general ligands, review 4278
— —, industrial applications 4275
— —, ligand binding 4269, 4270

macromolecular interactions 328,

— —, mass transfer 4276

— —, multistage operation 4277

—, new sorbents 327, 335, 2436,

4274, 4279, 4280

— -—, new techniques
4282

331, 2438, 2445,

quantitation of ligands 333

- -——, resolution 2437

— —, review 337, 340, 952,
4269, 4278

— —, specific ligands

— —, tables 2439

— —, theory 2444

— — with immobilized anionic dyes 340

— constants 6224

— gels, synthesis

Agar gel 6444

AG-MP-1 ion exchanger

Alfa partitioning 5072

Alkylamido side chains in agarose 332

Alkyl chain length, effect in RPC 2376

—_ — —, — — selectivity 2376

Alox T 624t

AL-Pellionex WAX 876

Altech Ci1s 970

Altex ultrasphere octyl

Alumina 4467

— coated open-tubular columns 287

2435, 2441,

4279

2442

6285

2922

B4SS

Amberlite CG 50 6384

— XAD 304, 500, 1178, 2406, 2507, 2582,
4408

Aminated silica 2416

Aminex A5 1136, 6340

— Al4 2466

— A29 866

-— HPXA 399

— @ 15 s 401, 921

Amino acid analyzer 532, 540, 545, 554,
556

Aminoalkylsilane columns 4349

p-Aminobenzene sulfonamide-Sepharose 4743

4-Aminobutyl Sepharose 749, 2715
e-Aminocaproyl-D-tryptophan Me ester-
Sepharose 6405
Aminohexyl-NG-ATP-agarose
Aminohexyl Sepharose 597, 629,
2766, 2782, 4552, 4585, 4673
S5-Aminoimidazole-4-carboxamide-1-D-ribo-
furanosyl 5'-monophosphate Sepharose

844
789,

6407

Amperometric detector 276, 391, 2393,
2400, 4197, 4464

Ampholyte displacement chromatography
4287

Analytic functions, application to peak
characterization 21t

Anhydrotrypsin-Sepharose 6359

Anion exchange equilibria 4233

Anionic dyes, immobilized 340

Antibody columns 342, 635, 638, 640, 671,
705, 709, 729, 752, 765, 2667, 2763,
4273, 4632, 4641, 4703, 6376, 6381

Antimonic acid (as ion exchanger) 1133,
1134

Antimony pentoxide (as ion exchanger)
1133

Apparatus for open tubular capillary LC
4223

— for use with microbore columns 305
APS-Hypersil 6297

Argentation chromatography 461, 470,
2448, 2511, 2956

Arginine-agarose 648

Aryl sulfatase-Sepharose 4712

Aspartate aminotransferase inhibitor-
Sepharose 741

Atomic adsorption detector

ATP-agarose 750, 763

Automated HPLC 6212

Automated ion exchange chromatography

264

2384, 2447

Automation 246, 322, 323, 365, 4l6, 513,
532, 2384, 2447, 4116

Av-17 X 8 ion exchanger 1135, 1138

Axial dispersion 2432
Azodye activated polysaccharide matrices
4273
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2385
4205

Back flushing

Band broadening

BD-cellulose 890

Benzylamine-CH Sepharose 805

Bibliography on affinity chromatography
4281

Binding parameters

Bio-Beads SM-2 304

— — SX-2 6309

— — 8X-3 1006

Biochemical instrumentation,

Bio-gel HTP 6407

Bioluminiscence,

Bio-Rex 70 668,
4623

Bio-Sil A 4411

Biospecific adsorbents,
330

— —, new types 337

Biphasic systems, characterization 4175

Bis (octadecyl phosphate) zirconium as
sorbent 296

Bisoxirane coupled polyethylene glycol
20M-Sepharose 6633

Blue dextran-Sepharose 745, 757,
766, 767, 771, 843, 846, 848,
2677, 2680, 2695, 2724, 2779,
4663, 4666, 4691, 6278

WBondagel Cyg 2571

— E 429

uBondapak-AX-Corasil

— CN 6457, 6562

— Ph 6296

Bonded phases, branched 303

— —, chemically, reversible

, chiral 301, 4216

, comparison 1057

— — from cyclic organosilicons

, new types 295, 301, 4223,

4205

— —, review 4215

Bonding characteristics 2420

Books on liquid column chromatography
192, 197, 1021, 2345, 2352, 4119,
4121, 6131, 6134, 6194

— — gel permeation chromatography
4121

Boronate cellulose 654

Boxcar chromatography 6229

Branched bonded phases 303

Branching index 4915

Brownless AX-10A ion exchanger

— RP-8 6289, 6567

Butyl-Sepharose 2626,

Calcium phosphate gel 2695,

Calmodulin-Sepharose 602

Calibration for gel permeation chroma-
tography 6154

Capacity factor 228, 4146, 4223

— —, effect of solvent compositicn
2366, 2822

— — ratio 218, 6465

Capillary HPLC 4239

Carbon adsorbents 228, 976, 4306
see also Carbopack

6158
review 190
on-line detection 2717

673, 677, 2652, 2662,

characterization

761,
2613,
2784,

766,

2571

4231

4209
4231

— —, polar

6438

6432
2728,

2627,
4528

BIBLIOGRAPHY SECTION

— dioxide, liquid, as mobile phase 352
— packings for RPC 4250

—, porous 6201

— silica sorbents 4228

Carbopack 6193

bis-Carboxymethylamino Sepharcse 6435

m-Carboxyphenyldimethylammonium iodide-
Sepharose 4753

Carrier ampholytes, removal
a-Casein-Sepharose 695
Cascade-like gel combinations
CDR 10 Mitsubishi ion exchanger
Cellulose gels, new types 293
Ceramic supports for LCC 2415
Chain length of the bonded phase, effect

2579

2427
405

on retention 2407

Chalk 4251

Characterization of flow-through detectors
274

Charge effect in chromatography 239, 4213
— transfer in affinity chromatography
338
CH3 (CH2) ,.NH-Sepharose 4CC 605
Chemically bonded phases 295,
4231

301, 4223,

— — —, photoacoustic spectroscopy 2416
Chemical reactors for LCC 2367
Chemiluminiscence 4868

Chiral bonded phases 301

Chitin 4717

— £-aminocaproyl arginine 680

— €-aminocaproyl-Tyr-Trp 680

— chicken ovomucoid 680

— soybean inhibitor 680

Cholic acid-aminohexylamino Sepharose 644
Choline-Sepharose 2700

Chromagel A-2 597

Chromametics spherical ODS 994
Chromarods 6283

Chromasorb C18 1069

Chromaspek amino acid analyzer 554, 557

Chromatogram surgery 4290
Chromatograph, computer controlled 6215

Chromatographic analysis normalizer 4189

— porosimetry 244

Chromatographs, new constructions 250,
4187, 6160, 6162, 6163, 6166, 6168,
6169

Chromatography at moderate pressure 214,
365

—, history 212

—, liquid column 210, 216, 217, 218, 220,
224, 225, 226, 227, 228, 230, 231, 232,
233, 234, 235, 236, 238, 1001, 2362,
2372, 4142, 4143, 4166, 6150

—, non-ideal 225

—, non-linear 225

— tubes for RIA 353

Chromobeads P 661

Chromosorb LC 8 526

CH-Sepharose 807

Cibacron blue F3G-A-agarose 660

Classification of particles (without flow)
300

Clean-up procedures 2385
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5028
6413

Clin-Elut TM
CM-Bio gel
CM-Sepharose 4376
CNBr agarose, properties
Coating with cellulose
Coil planet centrifuge
Column(s),
—, coiled
— design
— diameter
— efficiency
— fittings
— for HPLC
4182, 4245
— — medium pressure chromatography
2382
—, HPLC, maintenance
— length 233, 4245
— — programming 4188
—, miniaturized 6165
—, new constructions
263, 2382, 2388,
4179, 4182, 4245
— packing 6206
— —, device 4181
— — for preparative LCC
4124
6198
4342
6211,

2414
2423
253,
capillary 6167

305
4245,
4245

1136,
4342
4176,

349, 350

6167, 6171
4223
4177,

4178, 4179,

4243

247,
2391,

256, 262,
4176, 4177,

4261
-— —, review
— performance
— reconditioning
— switching 2385,
— testing 4342
Combined effects in chromatography
Complex forming, review 4249
Computer for modelling 4147, 4154
— integrator for chromatography 6228
— processing 354, 533
— simulation 2368
Con A-indubiose 2763
Con A-Sepharose 681, 707, 771,
801, 813, 2502, 2635, 2641,
4705, 6263, 6422
Concanavalin A, o0il soluble coated sup-
port in affinity chromatography 341
Concentration effects in chromatography

6227

4227

785,
4387,

800,
4601,

217, 2380
Constant flow device 248
Continuous LCC 366, 403, 4286, 5078

Controlled pore glass, See Porous glass
Contron RP 18 6551
CO:PELL ODS 911, 953, 1065, 4461,
Correction for imperfect resolution
Corrosive solvent systems 2384, 2447
Countercurrent chromatography 252, 253,
351, 2446, 3481
— —, micro-scale
— —, preparative
— distribution 927,
CPG, see Porous glass
Criteria of separation,
Cu-Chelex 2582
CW laser fluorimetry
Cyano-Sil-X-1 4895
Cyclic polyethers as anchor groups 2408
Cyclodextrin-poly(vinyl alcohol) beads
283

4976
2884

351

348

2605
review 208

2405

B457

Data collecting, for GPC 2363

— evaluation (in GPC), review 207, 211

— processing 354, 533, 2363, 4265

DEAE-Affi gel Blue 2659

DEAE-Sephacel 704, 842, 2730, 2749, 4686,
4889, 6410

DEAE-sievorptive chromatography 755

Dead volume 2385

Degassing prior detection 6176

Degradation of compounds during chromato-
graphy 4924

Dehydration of polystyrene divinylbenzene
ion exchangers 6196

Dehydrogenase as affinity ligand 4272

Desalting by GPC 234

Detection 4256

-, electrckinetic 242

—, flucrescence 2399, 4200

— of radiocactive effluents

-—, potentiometric 1161

—, pulse polarographic

Detector (s), amperometric
2400, 4197, 4464, 6315

—, argon plasma emission spectrometric
2403

1165, 1166

4955

276, 391, 2393,

—, atomic adsorption 264
—, BF3 5054
—, chlorine sensitive 6178

— circular dichroism 6188

—, conductivity 6179

—, coulometric 6172

—, electrochemical, applications
275, 456, 2396, 4202, 4465,
5117, 6173, 6174, 6183, 6469

—, —, new constructions 278,

266,
4466, 4473,

4239

—, electron capture 6213
—, elements specific 264
—, evaporative 272

—, flame photometric 265

—, flow through system, characterization

274
—, fluorescence 6180
— for HPLC, reviews 4196, 4199, 6182
— — LCC, review 2401
— — rare earths and transition metals
5060
—, lithium drifted 5054
—, NaI 5054
—, new constructions 2392, 2395, 2397
—, nitrosyl specific 2541

—, organosulphur specific 6187

—, B-particle 1165

— performance 272

—, photochemical 6186

—, photoionization 2398

—, polarimetric 4190

—, polarographic 270, 4194,
6181

—, potentiometric 4392,

—, radiation-colorimetric

—, Raman spectrometer 4192

— response, nonlinear 269

—, spectrometric 4203

—, spectrophotometric

— stability 6176

4195, 4204,
4442, 6177
268

4142, 4961, 6189
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— UV/VIS 273, 2402

Dextran-polyethylene glycol bonded silica

beads 1175

Diamide bonded silica gel 4487

2,4-Diamino-5~(3,5-dimethoxy-4-~sub-
stituted)-benzyl pyrimidines as af-
finity ligand 2699

3,3"'-Diaminodipropyl Sepharose 790

Diasolid L-PEG 1010

Dielectric constant of the solvent 210

Diffusion coefficients 226, 2364

Diffuse reflectance spectroscopy 4234

Dipole-dipole interactions 210

Dipole moment 210

Discontinuous elution 4783

Displacement chromatography 612, 4147,
4150

Dispersion mechanism (in GPC) 234, 238

Distribution coefficient 1018, 1134,
4142, 5061, 5086

DNA-agarose 657, 751, 777, 838, 2721,
2723, 2747, 2809

DNAse I-agarose 4608

DNA-cellulose 691, 699, 704, 764, 2676,
2725, 2731, 2764, 2857, 4706, 6442

DNA-Sephadex 689

DNP-bonded phase 2416

Donnan exclusion chromatography 5095

Donor-acceptor complex chromatography
2366

Droplet countercurrent chromatography
3481

Drug-protein binding, chromatographic
models 237

Dry column chromatography 1117

Duolite ES-63 6613

Du Pont exclusion columns 1005

Durrum DC-11 558

— DC 4n 507

— DC 6A 6326

Dynamically coated stationary phase
4219, 4540

Effect of surfactants 4146

Efficiency of chromatography 230

Effluent analysis 2404
see also Detector(s)

— — in HPLC 267, 277

— curve equation 223

Electrochemical detector, applications

266, 275, 456, 4202, 4465, 4466, 4473,

4820
— —, new constructions 278, 4239
— sensors (review) 2394
Electrokinetic detection 242
Electrophoretic desorption 2438
Elements specific detector 264
Eluant flow booster 2387
Eluotropic scale on Amberlite XAD-2 304
Elution chromatography, solubility
measurement 2381
— curve 238
—, gradient 223, 317, 318
—, non-linear 316
—-— volume (in GPC) 227, 4142
Enantiomer(s) selectivity 4253

BIBLIOGRAPHY SECTION

—, separation 2557, 2562, 2567, 2583,
4399, 4491, 4497, 4498, 4506, 4902,
6152

Energetics of retention 4164

Enzacryl KO 530

Epon 1001 1015

Epoxy resin, hydroxyl-modified, as sorbents
285

Equilibrium constants 4167

Errors in gel permeation chromatography
4160

ESA 001 1015

Eurochromex process 5061

Evaporative analyzer detector 272

Extraction chromatography 1137, 1143,
1144, 1147, 1148, 1149, 5061, 5063,
5072, 5080, 5086

— —, atomic absorption 1147

— efficiency 2413

Extrelut 4330

Factors in separation 2375

Fc-immunoglobulin G-Sepharose 631

Fibrin-Sepharose 628, 634

Field flow fractionation, review 4123

Flame photometric detector 265

Flow cell, thin layer 6184

— programming (in ion pair chromatography)
1024

— rate 233, 4142, 4243

— resistance parameters 4152

Fluidized ion exchange column 4257

Fluorescence detection 516, 944, 2483,
2559, 2564, 4304, 4305, 4404, 4471,
4475, 4490, 4668, 4744, 5008, 6175

—, B-induced 4200

— labeling 538, 2510, 4402, 4471

—, laser induced 2455

FNP 018 RPC 1019

Folate binding protein-Sepharose 4B 4280

Formamide impregnation 221

Fraction collector(s), new aspects 2429

— —, programmable 4178

— —, switching valve 257

Fractogel PVA-2000 2826

Frontal affinity chromatography 336

— analysis 4147

GC-LC coupling 6164

Gelatin-Sepharose 339, 2504

Gel(s), aromate substituted 286

— permeation chromatography, automated
322

~— — —, book 2352

— — —, calibration 363, 2378, 4172,
4173, 4211, 6154, 6155

— — —, comparison of sorbents 241

— — —, computerized 1020

— — ——, concentration dependence of
elution volumes 4925

— — —, data evaluation, review 207

— — —, flow rate effects 227

— — —, high pressure 643

_ - -, speed, review 201

-— — —, HPLC coupling 2432

— — —, micro high performance 4263

— — —, pore size distribution 221
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— — —, preparative 1016

— — —, general review(s)
209, 240, 997, 1004, 1007,
4240

— — —, sodium dodecyl sulfate behavior
289

— — —, theory 216, 1001, 6155

— review 4211, 4230, 4240

General ligands 773, 4270, 4278

Geometrical isomers, separation
4288, 4298, 4318

Glass packings 284,
2410, 2417, 2424,

— —, porosity 291

— wool as packing 4389

Glycerylpropylsilyl-LiChrospher

Glycoprotein-Sepharose 762

Gly-Pro-NH- (CH;) g~NH-Sepharose 813

Gradient elution 223, 317, 318, 319,
4261, 6151, 6161

— —, as test for isocratic conditions
6209

-— ——, instrumental errors 319

— —, optimization 318

— forming devices 4184

— parameters, adjustable 317

—, reservoir construction 223

—, simulated 2383

GSH-PGA1~Sepharose 6278

GSH-Sepharose 6B 4755

Guanosine nucleotide analogs as general
ligands in affinity chromatography
4268

Halopyrimidine activated polysaccharide
matrices 4273

Hamilton HCX resin 513

Hammet equation 4455

Hansch m-values 219, 2470

Hazards in chromatography 251

201, 207,
1008, 2344,

4205,

291, 299, 435, 443,
2668, 4414

6262

HC-ODS-SIL X 1122, 1123, 2943, 4140,
5104, 6231, 6574

Hematin-agarose 4639

Hematoporphyrin-agarose 4639

Hemoglobin-Sepharose 2765

Heparin-Sepharose 678, 699, 736, 2522,

2526, 2623, 2724, 4565, 6369
— Ultrogel 708

Hexafluoro-2-propanol as solvent 4919

High-temperature LCC 2365

Hitachi resin 2610 2791

— — 2611 5071

— — 2613 1163

— — 3010 1071, 1079

— — 3012N 6441

— — 3013N 4350

— — 2633 4357

HPLC, application to organic synthetic
chemistry 2578

— atomic spectroscopy coupling 6223

—, automated 323, 6212

—, advantages over conventional methods
191

—, books 192, 197

—, comparison with GC

—, — — TLC 2486

2486

B459

—, effluent analysis

——, general aspects

—, hazards 251

-—, instrumentation, review 4243

—, interfacing with plasma emission
spectrometry 6219 B

—, microprocessor control 2385

—, micro scale 261, 4263, 6165

—, MS combination, applications 473, 474,
1078, 2429, 2433, 2434, 4266, 4267

— —, miniaturization 6222

- -—, optimization of instrumental
parameters 6214, 6216, 6217, 6220,
6221

— —, review 324

— NMR coupling 343,

— packings, selection

—, preparative 281

—, recent developments 321

—, reviews 191, 195, 200, 201, 321,
2350, 2354, 2355, 2356, 2359, 2360,
2361, 4116, 4118, 4126, 4127, 4130,
4133, 4134, 4135, 4136, 4137, 4141,
4230, 4239

—, water for mobile phase 215

HSG-15 prepacked column 5048

Human serum albumin-CH Sepharose 4B 336

Hydrodynamic chromatography 6225

Bydrogen bonding 4233

Hydrophilic packings 2412, 2419, 4225

Hydrophcbic binding in proteins 196

— chromatography 794, 2579, 4219, 4225,
4235, 4386, 4540, 4569, 4594

— constants 228

267, 277
198, 4264

2429, 2433
2411

324,

— effects in chromatography 194, 196,
228, 4323
Hydroxyapatite 4587, 4631, 4645, 4660,

4669, 4674, 4688, 4716, 6408, 6443
3-Hydroxysteroid dehydrogenase-porous
glass 497
Hypersil 584, 2921
— ODS 243, 515, 1030, 1046,
6436, 6507, 6577, 6600
— SAS 6507
Iatrobeads 468
Identification procedures
IEX-510 SP 6205
— 530 CM 6205
IgG-Sepharose 640
Immunoaffinity chromatography, see Anti-
body columns
Imperfect resolution

1103, 2924,

2429, 2434

2884

Imphilytes 2444

Industrial applications of LCC 312, 314,
4261, 4275, 5054, 5061, 5087

— scale ion exchange chromatography 2625

Injection of sample 4243

—, fully automated 258

Instrumental errors in gradient elution
319

Instrumentation for HPLC, review 4243

- - LCC 190, 245, 246, 247, 248, 249,
250, 252, 253, 256, 257, 258, 259,
260, 261, 262, 263, 305, 349, 350,
351, 2351, 2361, 2377, 2382, 2389,
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2390, 2391, 2404, 2431, 4143, 4176,
4177, 4178, 4180, 4181, 4183, 4184,
4186, 4187, 4196, 4199, 4223, 4243,
4291, 4293, 4294, 4407, 5045, 6160,
6162, 6163, 6166, 6168, 6169, 6170

—, reviews, general 2361, 4118, 4197,
4199

Internal standard 1102, 4174

Interstitial column volume 4146

Intrinsic viscosity 4170

3-Iodo-L-tyrosine-Sepharose 736

Ion binding by gels 4161

— chromatography 5118

— —, reviews 2353, 4242

— exchange capacity 4221

— — chromatography, mechanism 1145

— — —, review 4252

— — kinetics 5083

— exchangers, carboxylic, acid-base
properties 4218

— —, new-types 297, 302, 4212

— -—, radlation damage 4234

, reviews 4230, 4252

— —, stability 4241

, surface sulfonated 4222

— exchange selectivity 1133

— exclusion, coupled to ion chromato-
graphy 259

Ionic effects in chromatography

— strength 4240

Ion pair chromatography 862, 898, 9238,
1024, 2572, 2824, 4159, 4403, 4535,
4901, 4905, 5090

-— — —, mechanism 6153

— — —, mechanistic study 4162

, reversed phase 4162, 4163

, review 4125, 4214

— pairing techniques, compatibility
with HPLC-MS 6218

— pair reverse phase chromatography
2580, 2819, 4381

4211

— selective electrode 1161, 4201
— supression 4213
Isothermal adsorption 220, 2379

Isotherms, linearity 229

Isotope separation 4147, 4150, 5097,
5098, 5099

JaDo 1141/3 column

Knauer RP 18 2466

Kuhn-Mark-Houwink constants

Laser fluorimetry 2405, 2455

— light scattering 999

— vaporization of samples 6221

LCC, ampholyte displacement 4287

—, combined with atomic absorption
spectroscopy 6609

—, continuous 366, 403, 4286, 5078

—, efficiency 230

—, industrial applications 312, 314,
4261, 4275, 5054, 5061, 5087

—, instrumentation 190, 245, 246, 247,
248, 249, 250, 252, 253, 256, 257,
258, 259, 260, 261, 262, 263, 305,
349, 350, 351, 2351, 2361, 2377, 2382,
2389, 2390, 2391, 2404, 2431, 4143,
4176, 4177, 4178, 4180, 4181, 4183,

6335

1013

BIBLIOGRAPHY SECTION

4184, 4186, 4187, 4196, 4199, 4223,
4243, 4291, 4293, 4294, 4407, 5045,
6160, 6162, 6163, 6166, 6168, 6169,
6170

LC-1 Shimazu amino acid analyzer 545

Lectin chromatography 6390

— Sepharose 2494, 2505
see also Con A-Sepharose

Levextrel 5061, 5086

Lewatit Ca 9221 5061

LiChroprep RP-8 6274, 6506, 6576

— RP 18 6626

LiChrosorb Alox 6478

— DIOL 2608, 6449

— L-prolinamide 4493

— NHp 979, 2571, 4307, 6241, 6333,
6448

— RP 2 1011, 5117, 6562

— RP 8 480, 487, 576, 919, 967, 968,

969, 981, 1028, 1043, 1046, 1055,
1068, 1075, 1087, 1089, 1095, 1109,
1121, 2867, 2873, 2927, 2938, 4469,
5023, 5085, 5103, 6275, 6316, 6346,
6456, 6275, 6316, 6346, 6456, 6484,
6488, 6495, 6590

— RP 18 480, 495, 496, 518, 519, 569,
586, 866, 868, 874, 913, 918, 983, 9
985, 1036, 1046, 1088, 1097, 2552,
2936, 4287, 4469, 4485, 4945, 5000,
6265, 6284, 6303, 6320, 6434, 6462,
6497, 6499, 6500, 6502, 6564, 6628

— SI 5 1029

— SI 60 480, 489, 523, 549, 891, 906,
1168, 4417, 4441, 6236, 6321, 6556,
6591, 6596

— SI 100 1052, 6329, 6461, 6552

LiChrospher 232, 6314, 6527
— 100 CH 8 962

— SI 4000 467

— SI 500 525

Ligand exchange chromatography
~— — —, review 4120

2557

Ligand(s) for affinity chromatography,
review 4269

— in affinity chromatography, quantita-
tion 333

—, macromolecule binding (in LCC) 235

Liguid CO; as mobile phase 4238

— crystals (as stationary phases) 309

— ion exchangers 5072

— liquid partition 2371

LIX 64 N 5076

Lobar prepacked column, preparative 986

Long packed columns for HPLC 4262

Magnesium silicate as sorbent 380

Magnetic particles 345

Matrix effects 4242

— of diffusion, coefficients 226

Mechanism of retention 4159

Metal chelate affinity chromatography
338

— oxides, as sorbents 279

— solute complexes in HPLC 6226

Methods of peak identification 630

Methotrexate-Sepharose 4636

Methyl-silica 1081
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Micrel 6243

Microbe columns 305,

Microcapillary columns

— LCC 287, 308

Micropak AX 10

— CH 918

— CN-10 1039, 6308

— NHz 1039

— SI 10 236

Miniaturization 261, 2350,
4489, 4556, 4557, 4618,

Mixed beads 460, 4792

Mobile phase 4215

— — composition, effect upon retention
236

-— — strength 359

Models of interactions 237

2557, 4182
4463

562, 888

4452, 4458,
4619, 4785

Moderate pressure chromatography 214,
365

— — —, automation 365

Modifier(s) 4213, 4229

—, effect on retention phenomena 4229

— influence 567

Molecular exclusion, see Gel permeation
chromatography

— sieving, se¢e Gel permeation chroma-
tography

— sorption 4390

— weight distribution 240, 439, 2877,

2878, 2881, 2882, 2894, 2897, 4171,
4922, 4930
— — estimation 363, 1005, 1020, 2607,

4169, 4324, 4938, 6156, 6157, 6159
Moving bed ion exchange 4255
— belt interface 6216
Multichannel control of LC 4295
Multichrom M amino acid analyzer 540
Multicolumn HPLC 2874
Multicomponent solvents 4247
Multidetector system for GPC
Multidimensional HPLC, review
6210
Multilayer adsorption
4153
Multiple detection in GPC 4191
N-acetylchitosan gel 6406
N-acetylpenicillamine Sepharose 6419
NAD-Sepharose, see Adenine nucleotides,
as affinity ligands
N- (androsten-3-on-178~oxycarbonyl) -3-
aminocadipic acid dihydrazide Sepharose
713
N- (4-androsten-3-on-178-oxycarbonyl) -~
aminocaproylaminododecyl-Sepharose
713
N- (4-androsten-3-on-17@3-oxycarbonyl-£-
aminocarpylaminochexyl Sepharose 713
Naphthoyl-Sepharose 2799
Newtonian behaviour 217
B-Ni (NCS) » (4-methylpyridine), clathrates
6304
Nitrosyl specific detector 2541
N-methylacridine as ligand 786
Non-chaotropic elution 2438
Non-ideal chromatography 4154
Non-icnic surfactant effects

4921
4292,

(of water) 2421,

4219
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Non-linear chromatography 4154

Norleucine-Sepharose 704

Nucleosil 50 1053

-— 100-5 1119

— Cg 960, 965

— Ci1g 465, 571, 579, 902, 2549, 4469,
6455, 6502, 6557, 6593, 6594, 6631

— 55A 6615

Numerical taxonomy in chromatography
6147

Nylon columns

Octyl Sepharose

ODS-SIL-X-1 6565

0il soluble support for Concanavalin A
341

Oligo(da)-cellulose 4797

Oligo(dC)-cellulose 854

Oligo(dT)-cellulose 2810

Oligothimidine~cellulose 4788

On-line liquid exclusion chromatography
1005

Open tubular columns 4152

— — microcapillary LCC 308, 4223

Optical antipodes, separation 2557,
2562, 2567, 2583, 4399, 4491, 4497,
4498, 4506, 4902, 6152

Optimization, multifactor

— of chemical reactors

2999

665, 2579, 2666

4246
2367

— — elution 318, 4157, 4165

— — experimental parameters 4165, 4246
— — 1isocratic elution 4248

— — mobile phase composition 6315

— — reversed phase chromatography 4285
— — separation 254, 4153, 4285
Osmotic phenomena 4185

Ostion LGKS 4958
Packed capillary columns 4152
Packing(s), comparison 4242

— procedures 305, 4231, 6206

— velocity, effect on column performance
6198, 6199

Particle size 233, 4215

— —, effect upon efficiency of chroma-
tography 230

— sizing by capillary chromatography
2418

Partisil

— C22 6252

— ODS 243, 498, 856, 994, 1064, 1090,
1125, 2548, 4816, 6252, 6356, 6445

— 10 PAC 432, 6241

6235, 6241, 6255, 6258, 6628

— PXS 900, 1058, 1091, 6295, 6306
— SAX 855, 5041, 6460, 6566, 6585
— SCX 859, 928, 6453

Partition coefficient 243
Peak(s) broadening 2373, 6151
— evaluation 211
— identification 630
Peanut agglutinin-Sepharose
Pectate as sorbent 833
Pentachlorophenyl Sephadex 870
Pentalysine as ligand 872
B-Peptidylthioglycosides (as ligands in
affinity chromatography) 325
Performance in chromatography 6149
Perisorb RP-2 2922

1126
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Phase distribution chromatography 4158

Ph(CHz), Sepharose 4CC 605

pH effect in chromatography 4213, 4227,
4240

Phenylbutenolide acetic acid-Sepharose
2743

4-Phenylbutylamine~Sepharose 4702

Phenyl-Sepharose 628, 704, 771, 2716,
2776, 4649, 4660, 4686, 4697

Phosphorus-sensitive molecular emission
cavity analysis detector 4193

Piperidinohydroxypropyl Sephadex 494

Plasma detector 2403

Plate theory 2368
see also Theoretical plate height

Pocket calculators in chromatography 533

Polar compounds in HPLC separations
4264

Polarimetric detector 4190

Polarity of sorbents 2409

Polarized Zeeman AA, analytical applica-
tions 271

Polarographic detector 270, 4194, 4195,
4204
— flow, pulse techniques 4194

Polyacrylamide-boronate beads, bio-
molecules saturated 711

Polyacrylonitrile, heat decomposed, as
sorbent 310

Polyamide as sorbent 1120

Polyacrylamide as sorbent

Polygosil 2469, 4146

Poly (G) -Sepharose 4700

Poly(trifluorochloroethylene), as sorbent
5056

Poly (triphenylmethyl methacrylate), as
sorbent 4254

Poly (U)-CMcellulose

Poly (U) -Sepharose
6394

Poly(vinylalcohol) gel 4236

Pore size distribution 221

— structure 221

— volume 221

Porosity 221

Porous glass 284, 291, 299, 435, 443,
2410, 2668, 4389, 4414

, characterization 299

4388

6394

795, 2440, 2801, 2810,

— —, silicone coated 2417

— —, surface modification 2410, 2417,
2424

Post-column derivatization 513, 1136,
4443, 4471

Potentiometric detection 1161, 4392

Pre-chromatographic micromethods, book
2345

Precision 231

Precolumn(s) 222

— oxidation, electrochemical 6319

Prediction of retention indices 1023
Prepacked columns 2413

— —, review 4230

Preparation of sample 1102, 1136, 2385
Preparative column, preparation 6208
~— liquid column chromatography 312,

BIBLIOGRAPHY SECTION

313, 314, 315, 316, 348, 1016, 2349,
2427, 2428, 2429, 2430, 2431, 2625,
4258, 4260, 4261, 4289, 4299, 4418,
5072

-— — — —, practical procedures 4260,
4558, 4652, 4786, 5086, 5087

— — — —, review 193, 2349, 4261

— — — —, silica cartridges 281, 986

— medium 4258

Prep-Pak 500 Cig 603, 6347

Pressure effect in chromatography 4205,
4243

— programming 233

Pressurized continuous chromatography
4286

Procion dyes-Sepharose 721

Programs for LCC column evaluation

Protamine-Sepharose 442, 839

Protein A-Sepharose 4598

Protection of columns 4243

Protonation constants 4249

Pteridine matrix for affinity chromato-
graphy 2704

PTFE based carbon adsorbent 306

Pulse damper 245

— free pumping, kinematics

— polarographic detection

Pumping 245, 255, 2386

Pumps exploiting osmotic phenomena

—, new constructions 260

—, two piston 2386

Purochromex 5061

PV(pT),-DEAE cellulose 886

QAE-Sephadex 662, 734, 859,
2733, 2777, 4550, 4643

Quantitation, general aspects
4394, 4458, 4472, 4791, 5027

—, optimization 2362

—, theory 2362

— without calibration 346

2-Quinazoline bonded phase

Radial compression columns

— — separation 347

— — technology 6192

Radial Pak A 1073

(Ci1s) 6341, 6342, 6345, 6445

Radiation~-calorimetric detector 268

Raman spectrometer as detector 4192

2370

2386
4955

4185

2588, 2616,

2364,

2416
193, 4959

Reaction type liquid chromatography 4296
Real time MWD data 2377

Reciprocating pumps 2386

Recovery 4456

Reference standards 2531

Regeneration curves in ion exchange chro-
matography 4207

Relation between structure and retention
4151, 4307, 4480

Relaxation time 4232

Remazol-cellulose 723

Repetitive injection in preparative LCC
315

Resin protonation equilibria, modelling
4166

Resistivity detector 1160

Resolution 228, 232, 2366, 6240
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—, effect of temperature 2366
— in GPC 232
Retention 224, 228, 231, 236, 360, 2366,

2375, 2376, 2407, 2891, 4151, 4168, 4
4229, 6148, 6191

—, characteristics of bonded phases 360

—, effect of sample size 4155

—, — — temperature 4156

— indices 1023

— mechanism 2366, 2407

— time 2375

Reversed-phase(s), characterization
6197

-— ~— chromatography
2371, 2407, 4285

, dual retention mechanism

— -—— — in non-aqueous solvents

-~ — —, optimization 4285

— — —, quality of water 215

, review 194

, theory 2365, 2371

Review(s), affinity chromatography
340, 952, 4269, 4278

—, application of chromatography to
various fields of science and
technology 204, 205, 209, 448, 630,
851, 952, 997, 998, 1004, 1007, 1008,
1115, 1116, 1118, 1129, 1177, 2346,
2347, 2348, 2864, 2900, 2957, 2962,
3001, 4117, 4120, 4126, 4129, 4140,
4297, 4308, 4430, 4446, 4482, 4484,
4533, 4541, 4555, 4670, 4696, 4758,
4759, 4771, 4775, 4890, 4918, 4920,
4939, 4963, 4992, 4999, 5031, 5040,
5114, 6132, 6219, 6355, 6363, 6426,
6468, 6477, 6490, 6491, 6541, 6605,
6606, 6607, 6629

Reviews, automation in HPLC 4116

—, chemically bonded phases 4215

—, chromatographic theory 6146

—, chromatography, general 199, 203,
2357, 2358, 4122, 4123, 4128, 4132,
4138, 4205, 6137, 6141

—, column packing 4124

194, 228, 2365,

6202
4235

337,

—, covalent chromatogarphy 4131
—, detectors 2401, 6182
—, field flow fractionation 4123

—, gel permeation chromatography 201,

207, 209, 240, 997, 998, 1004, 1007,
1008, 2344, 4240, 6136, 6142
—, HPLC 191, 195, 198, 201, 202, 321,

324, 2350, 2354, 2355, 2356, 2359,
2360, 2361, 4116, 4118, 4126, 4127,
4130, 4133, 4134, 4135, 4136, 4137,
4141, 4230, 4239, 6133, 6138, 6140,
6144, 6145

—, —, combination with emission
spectroscopy 4130

—, —, instrumentation 4135

—, —, reverse phase 4141

—, hydrophobic binding 196

—, instrumentation 190, 2351, 2361,
4118, 6144

—, ion chromatography

—, — exchange chromatography
4252

2353, 4242, 6143
4120,
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—, — pair chromatography 4125
—, multidimensional chromatography 4292
—, packing materials 4127

—, preparative chromatography 193, 2349,
4261

—, radical chromatography 2348

-—, reverse phase chromatography 194,
4213, 4215, 6139

—, separation of enentiomers 6135

—, — procedures, criteria 208

—, supercritical fluid chromatography
4139

—, template chromatography 206

Ristocetin-agarose 4596

Rotating disc electrode

RP-8 express bonded phase

Salt effect 4243

Salting out chromatography 4562

Sample preparation 4243

— size 4261

Sampling in liguid CO,

SAS-Hypersil 1033, 6586

School experiments 219

Selection of ion exchangers 4259

Selectivity 228, 2511, 4151, 4168, 4207,
4233, 6148

—, optimization 4157

Self diffusion 4214

Separation capability 254

— efficiency 4261

— factor, relation to equilibrium
constants 4167

— of geometrical isomers
4498, 4506, 4902

Separon, glycosyl derivatives
6379

Sephacryl 702, 745, 756, 771, 819, 847,
956, 2493, 2506, 2638, 2642, 2655,
2659, 2690, 2698, 2776, 2778, 4429,
4517, 4551, 4586, 4613, 4689, 4746,
6360, 6395, 6409, 6410, 6421

Sephacryl blue dextran Sepharose 699

Sepharose-cellulose 4792

Sepharose CL 213

Sep-Pak cartridges
4845

Sequential isocratic step 4256

Series coupled columns 2375

Shimadzu LC columns 914, 6330

Shodex A 801 SEC 457

-— 802 SEC 457

Silanol masking, effect on retention
6191

2393
6288

4238

4399, 4417,

4217,

320, 946, 972, 442%,

Silasorb 1045
Silica cartridges (for preparative HPLC)
281

— gel, activation 4153

— — impregnated with amine modifier
2477

— —, in situ coated 221, 224

, mobile phase interactions

— —, modified 6195

— -—, properties 4153

— —, silanized 4151

— — treated with tri-n-octylamine
fumarate 1161

4153
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, Tsingtao 282

—, poly(crown ether) modified 4224

Silver, in situ coating of silica gel,
for HPLC 4288

SIL-X-II 462

Simulated separation 4147, 4154

Simulation models of chromatography 225

— of gradients 2383

Size exclusion chromatography, see Gel
permeation chromatography

Small bore columns 4152

Soap chromatography 1067

Sodium dodecyl sulfate, behavior in GPC
289

— sulfate as sorbent 380, 382

Solubility, determination by chromato-
graphy 2381

Solute-solvent interactions 218, 2420,
2421, 4153

— substrate interaction (in GPC) 2369

Solvent programmed chromatogarphy 6151,
6161
see alego Gradient elution

— segmentation 6187

— strength, optimization 4157

— system(s) composition 567

, corrosive 2384

— —, optimalization 4146

Sorbents, new types 292, 298, 306, 307,
310, 2422, 2423, 2425, 6203, 6204

—, review 4230

—, sorption properties 2425

—, structure 2425

Sorption 4390

Soxhlet extractor type device for LCC
4183

Spherisorb CN 6356

— ODSs 875, 1046, 1063, 1084, 1106,
2472, 4439, 4991, 6252, 6255, 6256,
6310, 6447, 6579

— S5W 2920

— S20W 1003

Spheron 1000 6417

— based ion exchangers 297

—, gels, comparison 610

— P 40 232

-— P 100 232

— P 300 232, 6425
— P 1000 232

Spherosil XOB 300 5110

SP-Sephadex 2584, 2595, 2611, 4525,
4571

SP-Sepharose 4543

Stability of ion exchangers 4241

Stationary phase(s), characterization by
HPLC 311

— — effects 4164

— —, new types 290

Steric exclusion model 221

Storage of columns 4243

Structure-retention relationships
4307, 4480

uStyragel 500 463

Styrene-divinylbenzene copolymers, as
sorbents 288, 304, 308
see also mAmberlite

4151,

BIBLIOGRAPHY SECTION

Succinylated diaminodypropyl-amine
Sepharose 712

Supelcosil 242, 6332

Supercritical fluid chromatography 233,
4139

Support-coated open-tubular columns 287

Supressors 4242

Surface active ion concentration in RPC
4227

— 1ion exchange 280

Suspended particles streams 4257

Switching valve, for HPLC 257

SynChropak 414, 6391

Synthetic fibres as supports for LCC
4237

Tannin-cellulose 4271

Teaching of chromatography 197, 199, 200,
202, 219, 2371

Technicon C-2 cation exchange resin 6323

Temperature effects in chromatography
224, 231, 2374, 4205, 4223, 4342

Template chromatography 886

— —, review 206

Tenax 1178

Ternary solvent systems 255, 4226, 6161

Tetrakis (4-methylpyridine) diisothio-
cyanatonickel, as sorbent 6200

Theoretical plate height 305, 2368, 4147,
4150, 4152, 4245, 6229

Theory of adsorption 6150

— — chromatography 210, 216, 217, 218,
220, 224, 225, 226, 227, 228, 230, 231,
232, 233, 234, 235, 236, 238, 1001,
2362, 2369, 2372, 4142, 4143, 4144,
4148, 4150, 4152, 4166, 6150

— — column performance 4152

— — development 4150

— — GPC 2369, 4144, 4148

— — resolution 6146

Thermal fractionation 4255

— regeneration systems (for anion ex-
change) 4259

Thermodynamic aspects 4158

Thickness of stationary phase in open
tubular LC 4152

Thiocl Sepharose 646, 847, 881, 6400

Thiopropyl-Sepharose 6B 594

Titanium dioxide, hydrous, as ion ex-
changer 5049

Y-Titanum phosphate, as ion exchanger
4206

Torroidal coil planet centrifuge 252

Toyopearl 6198, 6199

Tributyl phosphate, as stationary phase
4459

Trichloro-s-triazine agarose 4274

Trinitrofluorenone bonded to silica gel
2366

Troublishooting 4342

Trypsin-cellulose 4633

— silica gel 4633

TSK gel IEX 2985

— — PW 241, 2890

— — SW 241, 606, 607, 608, 710, 821,
2403, 4628
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Ultraselectivity through column switching
6211
Ultrasil NH:
Ultrasphere ODS
Ultrogel AcA 22
4654, 6398
34 590, 718,
897, 2614, 2695,
4688, 4715, 4749
— — 44 570, 666,
2635, 2691, 4386
— — 54 665, 1141,
Uracil cellulose 852
Valine-Sepharose 704
valve (for HPLC) 257
van Deemter's equation
Varian MCH resin 2922
Varion AT 2963
Vinyl polymers as sorbents
Viscosity 4211
Vitamin Bjjy-immobilized,
chromatography 4283
Voltammetric detection
Voltaret 300 LC 5061
VYDAC SAX 1131
— SCX 456, 915
— 201 RP 516, 6571
— 201 TP 517, 1084

6282
547,
834,

6549

897, 2732, 2754,

728,
2742,

783, 839, 878,
4602, 4678,

718, 818, 880, 897,

6404

4245

4208
for affinity

4442

Wakogel LCH 10 2816

Water as modifier 224

— bound to silica gel 4153

— content in silica gel 4153

— for HPLC 4220

Waters Intelligent Sample Processor

Wavelength scanning spectrometer as
detector 4203

WGL-Sepharose 1174

Whatman C;g ODS 2 6337

— PXS-10-25 ODS-2 1082
WISP 258

wofatit CP 300 959

— KPS X 8 6613

Xilitol Sepharose 6431

Yanapak ODS T 4817

YWC microparticulate silica 2426

Zeolites 4210, 5062, 5075

Zipax SCX 522, 6318, 6481

— SAX 4457, 4979

Zirconium phosphate as ion iexchang
280, 4214

Zorbax CN 1047

— PSM 6190

— RP-8 1077

— RP-18 483, 511, 546, 865, 978,
1105, 4437, 6245, 6361, 6445, 64

— SIL 484, 937, 971, 1048, 2842,
2846, 2948, 4860

B465

ers

1094,
74, 6479
2845,
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Paper and Thin-Layer Chromatography

Adsorption, mechanism 3050T, 3051T,
6680T, 6681T

Application of sample 1187pT, 3055T,
5183T, 5201T, 5459T, 6687T

— — —, automatic apparatus 5184T,
5459T, 5481T, 6797T

— — — from biological material 3139T

— — — in HPTLC 12277

Artefacts in TLC 1554T

Automation, application of samples, see
Application of sample, automatic
apparatus

—, development 12287

Autoradiography, see Radioactive-label-
led compounds

Bentone 6697T

Bioautography, see Detection, bicauto-
graphy

Books on chromatography in general
3008T, 3054T

— — TLC 3046T

Cellulose (in TLC)

—, acetyl 1403T, 3073T, 5211T

—, carboxymethyl 54337

—, DEAE 1386T, 3174T, 32087, 3210T,
3211T, 32127, 3213T, 3249T, 5372TP,
5391TP, 6875T, 6876T; see also
Homochromatography

—, ECTEOLA 5372TP

— nitrate membranes 5146P, 5147P

—, PEI 1387T, 1338T, 1393T, 1395T,
1397T, 1399T, 1429T, 3209T, 5144pT,
5371T, 5372TP, 5375T, 5376T, 5385T,
5386T, 5388T, 5390T, 5392T, 5393T,
5440T, 6868T, 6869T, 6877TP, 7007T

—, phosphate 55287

—, sulphoethyl 6998T

Centrifugal chromatography 5200T

Ceramic sheets 5192T

Chamber 1226T, 6679T

-, atmosphere 5441T, 66797

—, equilibration 66797

— for HPTLC 5516T

—, overpressured 1216T, 53257, 66957

—, sandwich 1217T, 3053T, 52027, 6681lT

Channel TLC 1467T, 5537T

Chemically bonded phases 6684T; see
also Reversed-phase silica gel

Chromatofocusing 6640p

Computers -1223T

Correlation of data 6681T

Dansyl derivatives, see Fluorogenic
labelling, dansyl derivatives

Demixing of solvents 6681T

Derivatization 5128T; see also
Fluorogenic labelling

Detergents in stationary phase
1360T, 1377T

1233T,

BIBLIOGRAPHY SECTION

Detection, bicautography 1192PT, 145971,
1461T, 14627, 5187T, 5451T

— by charring 1309T, 31277

—, chemical 1441T, 3058T, 3305T

-—, enzymatic 1318T, 13197, 14737,
3282T

—, FID, see Quantitative analysis, FID

—, fluorescamine 5334T, 6664P

—, fluorescence 1267T, 5185T, 5188T,
6717T

—, luminiscence 15547

Development, anticircular 66937

—, continuous (over-run) 3056TP,
3057Tp, 6981T, 70037

—, displacement 6640P

—, gradient 1226T, 1386T, 6640P

—, homochromatography, see Homochromato-
graphy

—, multiple 1228T, 3086T, 3097T, 5207T,
6693T, 6981T

—, overpressured 1216T, 6695T

—, radial 1203p, 1209p, 1224T, 1266T,
33197, 5123p, 5516T, 6693T

—, speed 3052T, 3065T

—, stepwise 1303T

-—, temperature effect 52027

—, theory 3052T, 6695T

—, two-dimensional 6705T; see also
Homochromatography; Paper chromato-
graphy, combination with electro-
phoresis; TLC, combination with
electrophoresis

Diatomaceous earths {as sorbent) 67257

Dual band layers 1232T, 1471T, 31397

Experiment for students 1179p, 12127Tp,
12131, 1418T, 6683T

Finger printing 1386T, 3189T, 5353T,
5361T, 6864T

Flame ionization detector, see Quantita-
tive analysis, FID

Flow velocity ©5176T

Fluorescamine 1191PT, 3329T, 53347,
5392T, 6664P

Fluorescent indicators 3059T, 5531T

Fluorimetry in situ, see Quantitative
analysis, fluorimetry in situ

Fluorogenic labelling 1190pT, 1311T,
1449T, 1542T, 3054T, 3105T, 3177T

— —, dansyl derivatives 12377, 1l26lT,
1392T, 3054T, 3064T, 3123T, 3176TP,
3178T, 5140pT, 5188T, 5218T, 5333T,
5362T

— —, fluorescamine derivatives 1191PT,
33291, 5392T

Flying spot densitometer 1296T

Gel TLC 1382T, 3047T, 5433T, 5515T,
6866T
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Glass-fibre paper 1187pT, 1207pP, 1523T,
5372TP, 6660P

Gradient development 1226T, 1386T,
6640P

— layers 5497T

— of pH 6950T, 6951T

High-performance TLC (only some basic
papers are referred to here) 1300T,
134471, 30651, 3097T, 3258T, 3294T,
3319T, 5190T, 5205T, 5281T, 6684T,
6691T, 6739T, 6776T, 6909T, 6965T,
6981T

— — —, application of sample 1227T

— — —, books and reviews 5203T,
5204T, 5205T, 6676T, 6693T

— — —, chamber 5516T

— — —, comparison with conventional
TLC 3061T, 5190T, 54807, 6676T

-— — —, quantitative analysis 3305T,
5205T, 6691T, 66927, 6694T, 6883T

Homochromatography 1403T, 3208T, 3209T,
32tiT, 32121, 3213T, 5390T, 5391TP,
53921, 5393T, 6876T, 6877TP

Humidity 3294T

Identification procedures 5182T, 5206T,
5207T

Impregnation, general procedures 6686T

— with Alizarin and gelatin 5166P

— — BAlizarine red (or yellow) 1204P,
5166P

— — ammonium molybdate 6645P

— — ammeonium sulphates 1303T

— — ascorbic acid 5304T

— — borates 1304T, 3029p, 3135T,
6734T, 6735T, 6751T, 6758T

— — buffer solutions 1215Tp, 3320T,
5251T, 5255T, 5467T

— — cadmium salts 6974T

— — complexones 5528T

— — copper salts 1205p, 5285T

— — detergents 1233T, 1360T, 1377T

— — digitonine 1323TP

— — dimethylformamide 5151P

— — EDTA 3029P, 5528T

— - glycerol 5146pP, 5147pP

— — indicators 3042P

— — lithium chloride 6882T

— — magnesium acetate 3125T, 5421T,
5532T

— — magnesium hydroxycarbonate 1295T

— — manganese oxide 1185p

— — mineral oil 1215TP

— — nitro compounds 1437T

— — octanol 3048T, 5494T

— — paraffin oil 1286T, 3048T, 3310T

— — penicillin 3041p

— — phenols 3166T, 3167T

— — potassium chloride 6882T

— -—— potassium iodide 6882T

— — potassium permanganate 5166P

— — pyridinium tungstoarsenate 1206pP

— — silica gel, see Paper, glass-fibre
(containing silica gel)

— — silicones 12141, 3103T; see also
Silica gel, silanized
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— — silver nitrate 6740T, 6780T (only
some basic papers are referred to here)

— — sodium bicarbonate 12637

— -— sodium hydroxide 6874T

— — sodium phosphates 1263T

— — sulphamic acid 6811T

— — tungstate 1260T

-— — zinc salts 1202p

— — zirconium salts 3033P, 6675P

Inclusion complexes 6729T

"Instant TLC", 8ee Paper, glass fibre
(containing silica gel)

Internal standard 15457, 5150p
Ion-exchange layers 3205T, 3206T, 3351T,
5189T, 5352T, 5445T, 6837T, 6997T,
6998T; see also Cellulose; Impregna-

tion with

— — papers 1206P, 5126P, 6640P, 6644P,
6675P

Ion-pair chromatography 5480T

Kieselguhr 1269T, 1270T, 3066T, 5235T,
5255T, 54597, 5502T, 6955T

Layers, abrasion resistent 6686T

—, ion-exchange, see Ion-exchange layers

—, preparation 1218T, 3341T

—, ready for use 3065T, 3066T, 5190T,
5204T, 66867

—, reversed phase, see Reversed phase
layers

—, sintered 1263T, 1534T

—, soil 1470T, 1473T

—, twin 1232T, 1471T, 3139T

—, with concentration zone 1232T,
1471T, 3139T

Magnesium silicate (as sorbent) 3050T
Mapping techniques, see Finger printing
Mass spectrometry, see Paper chromato-

graphy, combination with MS; TLC com-
bination with MS

Mechanism of sorption 1361T, 3009PT,

3048T, 3050T, 3205T, 5175T, 5180T,
5433T, 6640T, 6687T

Membranes (as sorbent) 5146P, 5147pP
Mixed sorbents, see Sorbents, mixed bed

Mobile molecular sieve 6729T

Mobile phase, see Solvent systems

Molecular sieve effect, see Gel TLC

Molecular weight estimation 6728T;
see also Relationship between Rp and
polymerization degree

Optical antipodes 5358T

Overpressured TLC 1216T, 6695T

Paper, acetylated 5123P

—, glass-fibre (containing silica gel)
1187pT, 1207p, 1523T, 5372TP, 6660P

—, impregnation, see Impregnation with

—, ion-exchange 1206p, 5126P, 6640P,
6644pP, 6675P

—, DEAE 1191PT

—, silica gel loaded 3043P, 5153P,
6656P; see also Paper, glass-fibre
(containing silica gel)

Paper chromatography, combination with
electrophoresis 3028P, 5144PT, 6655P,
6664P, 6665P, 6855TP
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— —, — — LCC 6647P

- —, — — MS 5140p

— —, — — PAGE 6647P

— —, — — RIA 3023pP, 5142p

, comparison with IR spectroscopy

6641p

PEI-cellulose, see Cellulose, PEIL

Peak-redox chreomatography 1185p,
1204p

Perlite layers 55377

Photography of chromatograms 3298T

Polyamide 1238T, 1346T, 1352T, 1374T,
1380T, 1392T, 1556T, 30657, 3176TP,
31827, 31897, 3200T, 5129PT, 5225T,
5226T, 5232T, 5346T, 5349T, 5362T,
5372TP, 6685T, 6700T, 6703T, 6727T,

6729T, 6838T, 6855TP, 6861T, 6862TP,

6863TP, 6894T
Polyethylene layers
Porosity of sorbents
Preadsorbent layers
Precoated plates 3065T, 3066T, 5190T,
5204T, 6686T
Preparative TLC 52007, 5201T
Programmed multiple development
Pyrolysis of the spot 5186T
Quantitative analysis, after elution
1351T, 1555T, 6990T
— —, automation 6688T
— —, books and reviews
5178T, 5196T, 5197T, 5198T, 5199T,
6688T, 6692T, 6694T, 6737T
— -—, computerization 12237

5482T
6686T

5207T

— —, differential scanning colorimetry

5193T

— —, enzyme activity assay, 8e¢e Detec-

tion, enzymatic

— —, FID
5186T, 5282T, 6765T, 6770T, 6773T,
7002T

— —, fluorimetry in situ
129271, 13427, 13441, 1357T, 14227,
15421, 2064T, 3105T, 3353T, 5362T,
5459T, 6690T, 6697T, 6707T

— —, general papers 3061T, 5197T,
6691T

— —, internal standards

— —, photometry in situ
14117, 14201, 1471T, 15277, 3305T,
33201, 33217, 51957, 51987, 6991T
_—, — , apparatus 1224T,
1462T, 5196T, 5199T, 6707T

-— —, — — —, dual wavelength tech-

nique 31547, 3170T, 3327T, 6968T

— —, — — —, flying spot densito-
meter 12967

— —, — — —, noise 5196T

— —, — — —, reproducibility 30627

— —, — — —, sequential scanning at
different wavelengths 69817

— —, phosphorimetry 31697

1222T, 5178T, 5195T, 5251T, 6690T,
6691T

12327, 14717, 31397

12157, 3063T,

1293T, 1327T, 15267, 31247,

1261T, 1264T,

15451, 5150P
— —, photoacoustic spectroscopy 66839T
12227, 14067,

, theory and mathematical analysis
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—, video-densitometry
5194T, 6837T

31631, 5189T,

QSAR (guantitative structure-activity

relationships) 1214T, 3048T, 3103T

Radiocactive-labelled compounds (only

some basic papers are referred to
here)

— —, autoradiography 1365T, 1397T,
147371, 15127, 3181T, 3360T, 52957,
55197, 6749T

, autoradiofluorography 3126T
— —, electronic filter 5333T

, general techniques 6868T

— —, liquid scintillation counting
12297, 1309T, 1347T, 13527, 1397T,
147371, 1554T, 3362T, 5132P, 5148p,
52707, 529971, 5315T, 53441, 5371T,
5377T, 54211, 55317, 5532T, 6749T

, neutron activation ©6668P

, radioscanning 1313T, 1317T,
52687, 5304T, 5346T

, radioisotope calibration
— —, reviews 5488T

, spark chamber 1307T

— —, techniques for e 1191PT,
1196p, 12297, 1307T, 1465T, 1466T,
148071, 14817, 3311T, 3360T, 3362T,
5149pPT, 5264T, 5295T, 53067, 5344T,
53807, 5531T, 5532T

— —, — — ®H 12297, 1314T, 1347T,
140517, 31267, 3248T, 3311T, 5268T,
52691, 5344T, 5531T, 5532T, 6840T,
6868T, 6869T L2

_—, — — I

5488T

13177, 13707,
1541Tp, 3181T, 3184T, 3208T, 3361T,
5142p

— —, — — 1311

32

_—, - - P

5169P, 6988T
1310T, 1387T, 1393T,
1397T, 1442T, 3044P, 5215TP, 5375T,
5376T, 5393T, 6369T, 6876T

, — — various other elements
1207 (*°Mc), 1208p (!!l1n),

3043p (°°mre), 6674p (°°mTc),

6873T (3°s)

Reaction chromatography

Ready-for-use layers

—, reactions between two runs 6691T
—, — on the start 1231T, 3305T,
332971, 5245T, 6970T

3065T, 3066T,
5190T, 5204T, 6686T

Relationships between Rp (RM) and com-

position of mobile phase 3310T,
6677T, 6837T

— — — complexing agent concentra-
tion 55287

— — — ionic potential 3040P

— — — lipophilic properties 1214T
— — — pH 1215TP, 3l66T, 3167T,

— — — polymerization degree 1497T,
— — — structure in PC 1186P
————— TLC 1233T, 1444rT,
30491, 3103T, 31e2T, 3310T, 54297,
5432T, 54337, 6677T, 6682T
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Reproducibility of Kp values 5181T

Resolution 51837, 66797

Reversed phase layers 12207, 12217,
122eT, 1227T, 1229T, 1233T, 1360T,
1361T, 1459T, 1463T, 3048T, 3065T,
3066T, 3072T, 3083T, 3170T, 3325T,
5176T, 5380T, 5480T, 6684T, 6686T,
6705T, €739T, 6336T, 7003T

Reviews, PC 1179P

—, TLC 51727, 5173T, 5174T, 5175T

Zr values, calculation 5179T, 6677T,
6680T, 6681T, 6800T

— —, correction 30537, 5181T

— —, factors influencing 6678T

— —, prediction 66827

— —, reproducibility and precision
5181T

Rod as support in TLC 1213T, 1293T,
13277, 15267, 1534T, 3124T, 5282T,
6765T, 6770T, 6773T, 7002T

Sample application, se¢¢ Application of
sample

Sample preparation 1492T, 3054T, 5187T,
5517T, 6953T

— —, disposable short columns 15477

Sandwich chamber 12177, 30537, 5202T,
6681T

Saturation of tank 6679T

Selectivity 121tT, 5173T, 5174T, 5177T,
6686T

Sephadex in TLC 5433T, 6866T

Separation power 1232T

Silica gel (only some basic papers are
referred to here) 5190T

— —, activity 3051T, 51777

— —, chemically bonded, se¢e Reversed
phase layers

— —, particle size 30657

— —, purification 3355T

— -, silanized 1233T, 1360T, 1377T,
1463T, 3069T, 3162T, 33107, 5191T,
5502T, 6800T, 6816T, 6836T

— —, structure 3051T

— —, surface modified 6684T, 6686T

Sintered glass plates 1263T, 1534T

Soap TLC 1233T, 1360T, 1377T

Soil layers 1470T, 1473T

Solvent systems, flow velocity 3065T,
5176T

— — for reversed phases 1227T, 6836T

— —, selection and optimalization
1211T, 3175T, 3222T, 6680T

— —, solvent layer thickness 3060T

— —, theory 13777, 3049T, 5176T,
5179T, 5496T, 6678T

— —, various factors 13777, 3124T,
6680T, 6681T, 6687T, 6729T

Sorbents, comparison 3065T

—, mixed bed, alumina + acetylated
cellulose 3075T, 5208T, 5210T

—, — —, — + magnesium metasilicate
1219T

—, — —, — + silica gel 5477T

—, — —, kieselguhr + magnesium
oxide 5483T
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—, — —, silica gel + cellulose 1457T

—, — —, — + kieselguhr 1286T, 3162T

—, — —, — + magnesium silicate
1308T, 67597, 6781T

—, — —, — + silanized silica gel
5191T, 6927T

—, moisture 5177T

—, twin layers 1232T, 14717, 3139T

Spectra, chromatographic, in situ 6981T

Spraying device 3062T

Stannic oxide, hydrated (as sorbent)
3359T

Starch (as sorbent) 3087T

Structure, influence on Fp values, see
Relationship between Ry and structure

Sucrose {as sorbent) 6956T

Support for TLC 1218T; see also Rod as
support in TLC

Surface tension 30527

Talc (as sorbent) 3152T

Tank, se¢ Chamber

TAS 12757, 1501T, 3068T, 5323T, 5535T

Teaching of PC and TLC, see¢ Experiments
for students

Temperature of development, gradient
1355T

— — —, high 1386T

— — —, low 67407

Theory of chromatography 5180T, 5496T;
see also Mechanism of sorption

Thermofractography and TAS 1275T, 15017,
306871, 5323T, 55357

TLC, combination with electrophoresis
1261T, 13531, 1370T, 1378T, 1382T,
13867, 3027pT, 3208T, 3209T, 32107,
3211T, 32131, 5376T, 5393T, 5430T,
6750T, 6861T, 6864T, 6865T, 6866T,
6875T, 6876T, 6954T; see also Finger
printing; Homochromatography

—, — — EMIT 15477

—, — — GC 15101, 1515T, 1540T, 1547T,
15597, 3074T, 3132T, 3342T, 5441T,
6754T, 6932T, 69947

—, — — IR 1413T, 5206T, 5207T, 6932T

—, — — LCC 1448T, 3183T, 6697T, 6973T,
6994T

—, — — MS 1534T, 3342T, 5338T, 6885T

—, — — PAGE 6791T

-, — — polarography 3235T

—, — — radioenzymatic assay 6895T

-, — — Raman spectroscopy 3067T,
6963T

—, — — RIA 1541TP, 5396T, 5418T,
54191, 5492T

—, — — ring colorimetry 5524T

—, comparison with droplet counter-
current chromatography 6845T

—, — — GC 1236T, 1328T, 3100T, 5282T,
6958T

—, — — LCC 12267, 12821, 1423T, 3100T,
5234T, 6836T, 6958T

—, — — RIA 5218T

—, high pressure 53257

Transfer techniques 5393T

Twin layers 1232T, 1471T, 31397
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Two-dimensional chromatography, see Volcanic tuff (as sorbent) 53547
Development, two-dimensional Wettability 6686T
Vapour phase composition 6681T 2ig-zag scanning 1296T

Viscosity 3052T
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Electrophoresis

Absorbance autoscanner 3452

Adhesive forces 5540

Affinity electrophoresis 1585, 1598,
1717, 1751, 3378, 3407, 3414, 3422,
3706, 7040, 7041

— —, applications 3407, 5542

-— -—, determination of dissociation

constants 3378

— —, review 1588

— -—, theory 3407, 3414

Agar gel 3637

Agarose gel(s), CNBr activation 1626

— — electrophoresis 1783, 1785, 1786,
1787, 1789, 1790, 1792, 3388, 3397,
3398, 3403, 3412, 3430, 3444, 3453,
3454, 3546, 3559, 3612, 3634, 3647,
3680, 3705, 3727, 3802, 3807, 3808,
3813, 3833, 3843, 3850, 5670, 5693,
5733, 5734, 5742, 5744, 5746, 7043,
7054, 7056, 7100, 7111, 7112, 7175,
7196, 7197, 7198

— — —, two dimensional 3412

—, multiple slab gels 3398

— suspension electrophoresis 3466

Ampholytes, molecular properties 5562

Applicator for electrophoresis 3554

Autoradiography of gels 1691, 3571

Autoscanner for polyacrylamide gels 3452

Barbiturate buffers 3549

Blue-Sepharose as sorbent

Cellogel 1760, 3754, 3838,

Cellulose 5637, 7162

— acetate 5529, 5672,
7055, 7080

-— —, treatment for electrophoresis
3394

Cetyltrimethylammonium bromide gel

Charged particle, motion 1562

Charge number of anions in isctacho-
phoresis 1583

— of particles 5540

— shift iscelectric focusing 7192

Cibacron-Blue-agarose-polyacrylamide gel
5542

Circular concentrating electrophoresis
5546

Classification of electromigration methods
3377

Column coupling in electrophoresis

Combined gels 7043

Comparison of different electrophoretic
methods 3715

Computerization 1573, 1627

Concentration of compounds by electro-
phoresis 1575

Conduction processes 5541

Continuous elution in electrophoresis
4311

5693
7175

5677, 5687, 7038,

3605

3415
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— flow electrophoresis 1561, 1563, 1584,
5564
Counter current electrophoresis 7207
Coupled enzyme assay 5720

Coupling electrophoresis with ultrafiltra-
tion 5635

Crescent phenomena 1563

Crossed immunoelectrophoresis 1609, 3433,
3514, 3552

DEAE-cellulose 1738, 1792, 1794, 3800

Degree of aggregation 5540

Densitometry of polyacrylamide gels 3387,
5552

Density gradient zone electrophoresis

Detection, conductivity 1581

—, contactless 1581

-— 1in isotachophoresis 1581

— methods 1605, 1625, 1699, 3387,
3389, 3390, 3391, 3392, 3393,
3510, 3546, 3553, 3638, 3660,
5545, 5553, 5554, 5712, 5728,
5751, 7021

Diagonal electrophoresis 3464

Diazobenzyloxymethyl paper 1768, 3816

Diazo transparencies of polyacrylamide gels
3392

Dielectrophoresis 7217

Disc electrophoresis difraction pattern
3844

Discontinuous electrophoresis, new aspects
3421

— elution 5546

Displacement electrophoresis 3410

Display devices for electrophoresis

Dissociation constants 3378, 5542

Double one-dimensional electrophoresis
3633

Dual wavelength scanning 3504

Dynamics of colloidal particles

Electrodeposition 5567

Electrodes, new constructions

Electroimmunodiffusion 7031

Electromigration 7024

— methods, classification

—, review 1565
see also Reviews

Electroosmosis 1564, 1567

Electrophoresis in formamide

— — pH gradient 3405

—, theory 7013, 7014

— under protective gas atmosphere 3846

Electrophoretic mobility, see Mobility

— spectra 3541

Elution of compounds from gels

— — nucleic acids 5735

— — proteins 5607

Enzymic digestion in polyacrylamide gels
5609

3860

3388,

3455, 3509,
3683, 3724,
5731, 5734,

1570

5539

3385

3377

1775

3790, 3813
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Evaluation of electrophoretic separations,
review 1566
Exchangers with cyclic polyethers as

anchor groups 3396
Factors affecting electrophoresis 3858
Fast green, staining of proteins 1625
Fibrinogen plate electrophoresis 5634

Fingerprinting by electrophoresis, see
mapping

Flow-deviation electrophoresis 1584

Flow-through electrophoresis 1561

Fluorescein labeled lectins, application
for detection 3553

Fluorescence detection
5734

— labeling

3660, 3832, 5721,

1754, 3553

Fluorescent gels 3650

Foils for polyacrylamide gel electro-
phoresis 3506

Formamide as media for electrophoresis
1775, 3818

Formamide-polyacrylamide gel 3818

Free displacement electrophoresis, see

Isotachophoresis

Free-flow electrophoresis 1675, 1804,
1805, 3612

Gel electrophoresis, detection 3390

— —, two dimensional 1572, 1573, 1586,
1633, 1647, 1686, 3406

— image, analysis 1627, 3389

— sequencing 3619

— type techniques 1560

Giant gels 1586

Gradient (s) gel electrophoresis 1576,
1635, 1641, 1749, 1762, 1775, 3671,
3823

— of electrolyte 1562

— — pH 3405

High current density electrode 5550

— field charging mechanism 5540

— — electrophoresis 5540

— resolution electrophoresis 3411,
3630, 3803

— — —, review 3376

— — preparative electrophoresis 3803

— sample load 5561

— voltage electrophoresis 1802, 3371,

3827, 7019, 7060

Horizontal electrophoresis, apparatus
5548

Immobilization 3413

Immunofixation 3664, 3672, 3692

— electrophoresis on cellulose acetate
3402

Instrumentation for discontinuous

electrophoresis 3380
— — electrophoresis 1570, 1571, 1626,
3381, 3383, 3384, 3385, 3386, 3507,

3554, 5547, 5548, 5549, 5553, 5761,
7016, 7017, 7018, 7020
— — electrodeposition of proteins
— — miniature electrophoresis 3380
Insulating liquids 5540, 5541
Ionic strength, effect upon electro-
phoretic separation 3438

5567
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— surfactants 1574

Ion pair formation determined by electro-
phoresis 3828

Isodalt, see Two dimensional electro-
phoresis

Iscelectric focusing at subzero temper-
atures 5563

— —, on cellulose foils 7027

— —, preparative 1579, 3714, 7154

— —, properties of ampholytes 5562

— —, resolving power 7026

-— —, staining of proteins 1625

— points 1673

Isotachophoresis, anions 1583

—, applications 1583, 1767, 1801, 3404,
3441, 3612, 3791, 5777, 5753, 5754,
5756, 7028, 7044, 7045, 7046, 7061,

7069, 7193, 7210

—, detection 1581

—, determination of Kholrausch functions
1582

—, high speed

—, review 7029

—, role of charge number 15383

Isothermal effects in electrophoresis
1563

Kholrausch functions 1582

Large scale operations in electrophoresis
5564

Laser-Doppler measurements in electro-
phoresis 1569, 5545, 5550

Laser for electrophoresis 7017

Light scattering 3550, 5539

Liquid scintillation counting of poly-
acrylamide gels 3391

Lithium dodecyl sulfate 5684

Low-amperage electrophoresis

Magnetoelectrophoresis 5566

Mapping 1596, 1694, 3477, 3493, 3505,
3584, 3660, 3736, 3820, 5599, 5601,
5604, 5616, 5619, 5641, 5648, 5695,
5743, 7019, 7070, 7078, 7099

Mass transfer in electrophoresis

Matrix recovery electrophoresis 1571

Microelectrophoresis, applications 3380,
3408, 3409, 3471, 5559, 5560, 5568,
7023

Micro slab gels

— — —, review 5559

Mobility 1569, 1628, 3785, 3857, 5540

—, effect of ionic surfactants 1574

Molecular shape in electrophoresis,

1580

1596

7014

5560

review 1568
— size in electrophoresis, review 1568
— weight determination 3379, 5543,
5544, 5730, 7015
— — —, standards 5543, 5544
Moving boundary electrophoresis 3731,
7013
— — measurement 7013
Multiple slab gels 5549
— staining (for agarose gels) 3388
Narrow bore tubes 3370
Non-equilibrium electrophoresis 7119

Nitrocellulose 5738
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N-methylol-acrylamide copolymers as -, molecular weight estimation 1568
sorbents for electrophoresis 3446, — on electrophoresis, preparative 1577,
3457 1578

pay gradients 5563 —, zone electrophoresis 5558, 5559

Paper, stanninc oxide impregnated 1803 Sample applicator 7016

Particle electrophoresis 1634 - concentration 3507

Pectin-polyacrylamide gel 5727 — load 5561

PHA selection electrophoresis 1653 Sandvich disc electrophoresis 3399

pH-effect on electrophoretic separation Sea plaque agarose dimension 3412
3438 Secondary structure effects 3819

— gradients 3405 Separation performance 5561

Plates for electrophoresis 1601 Servalyte, properties 5562

Polyacrylamide-agarose gel 3435 Silica gel films for electrophoresis

~— gel(s), densitometry 3387 5556

— —, dual wavelength scanning 3504 Silver stain for proteins 5606

— — electrophoresis, combination with Slab gels, diazo transparencies 3392
chromatographic techniques 1604 ~— — holder 3381

— — —, distribution of acrylamide — -— isoelectric focusing 3406
concentration 3401 — -—, photometric evaluation 3389

— — —, long lasting 3401 Software for analysis of gel images

-— — —, new aspects 3400 1627

Poly(ethyleneimine) plate 1796 Solubilizable disulfide gels 5565

Poly(vinyl chloride) as sorbent for Sorbents for electrophoresis, new types
electrophoresis 1594 3394, 3396, 3397

Precipitation electrophoresis 3467 Spectrum scanner 5553

Preparative electrophoresis in columns Staining for agarose gels 3388
1578 — methods 1625, 5554

— — — gels 1577, 1610, 3679, 3686, Stannic oxide as sorbent 1803
3803, 3821, 5546, 5551, 5561, 5580, Starch gel 1741, 3544, 3699, 3709, 5701,
5590, 5605, 5719 7022, 7153, 7166

— —, starch gel 1610 Steady state stacking 3507

— lisoelectric focusing 1579, 3714 Support-free electrophoresis 5564

— sectional column for electrophoresis Theory of electrophoresis 1562, 1563,
5551 1564, 3407, 3414

Quantitative analysis 1572, 1608, 1622, — — —, review 1565
3390, 3391, 3393, 3449, 3559, 3566, — — isotachophoresis 1582, 1583
3620, 3693, 3694, 3752, 5552, 5553, Thin gels 5555
5587, 5621, 5658, 5671, 7019, 7025, Thorium oxide membrane 7024
7037 Triton-polyacrylamide gel 3628

Radiocactive molecules, detection 3390, Two dimensional electrophoresis 1572,
3391, 3393 1573, 1586, 1633, 1647, 1686, 1796,

Recovery of compounds from gels 3812 3406, 3412, 3416, 3480, 3486, 3488,

Resolving power 7026 3503, 3508, 3516, 3577, 3518, 3523,

Review(s), affinity electrophoresis 3524, 3535, 3542, 3551, 3562, 3563,
1588 3564, 3571, 3581, 3605, 3622, 3792,

—, application of electrophoresis to 3825, 3826, 5557, 5594, 5618, 5636,
various fields of science and tech- 5659, 5660, 5664, 5675, 5689, 5704,
nology 3368, 3369, 7011 5732, 5766, 7030, 7032, 7073, 7082,

—, continous flow-deviation electro- 7084, 7089, 7119, 7126, 7194
phoresis 1584 — — —, computerization 1573, 5766

—, electromigration processes 1565 — — —, high resolution 1586

—, electrophoresis, in non aqueous — — —, review 5559
media 7012 Ultrasensitive staining of proteins

—, —, principles 1560, 1561, 1565, 5606
3372, 3373, 3374, 3375, 3377 Water~free solutions for electrophoresis

—, evaluation of electrophoretic separa- 3382
tions 1566 Wedge shaped strips 3547

—, high resolution electrophoresis 3376 Wide angle scattering in electrophoresis

—, — voltage electrophoresis 3371 1569

—, isoelectric focusing, applications Zone electrophoresis, review 3373,
to various fields of science and 3374, 3375
technology 3369 — splitting phenomenon 3839

—, isotachophoresis 7029 Zonal immobilization 3413
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Index of Types of Compounds Chromatographed

In this Index identical rules as in the Bibliography books (Supplementary volumes of
the Journal of Chromatography) were used, e.g. references of general interest and
techniques are listed first, followed by application and finally by papers limited

to a certain area of applications only.

Please note that this index refers to the entry numbers in the Bibliography
Section. The entries have been published according to the following schedule:

Entries Vol. /No. Entries Vol./No.
1-1808 207/2 3861-5769 214/2

1809-3860 211/1 5770-7217 219/2

/\ G: 96, 187, 189, 2177, 4029, 4033,
4037, 4100, 4105, 5986, 6046
T: 1485, 3287 - 3289, 5476, 5477, 6944,
Acaricides 6945, 6947
T: 5503 Air pollution

Acetals and ketals
G: 1816, 5886, 5891
Acids, see Carboxylic acids
Aconitum alkaloids
T: 3214
Acridines
T: 6897
Acrylic resins
C: 514, 1002, 1010, 6513
G: 5999, 6000, 6007, 6012, 6013, 6015
T: 1498
Actinides and uranium
C: 1144, 1146, 1153, 1154, 2961, 2962,
2967, 2969, 2970, 2975, 2936 - 2983,
4150, 5054, 5056, 5057, 5069, 5072,
5080, 5083, 5086, 5087, 5096, 5099,
6610, 6611, 6638
G: 2297
D: 3038, 6675
T: 3355, 5529, 6998
Adrenergic and adrenergic blocking
compounds
C: 1082, 1098, 2935, 4972, 4991, 4993,
6316, 6578, 6597
G: 128, 2212, 2219, 2227, 2238, 2254,
2276, 4044, 4058, 4076, 4079, 6030,
6037
T: 1503, 1507, 1523, 1530, 1532, 3226,
3304, 3309, 3314, 3318, 3329, 3333,
5510, 6970, 6977, 6981
Aflatoxins
C: 379 - 382, 385, 2430, 2473, 4331,
4333 - 4336, 6253
T: 1247, 3083, 3084, 3086, 3088, 3089,
5233, 5234, 5236, 5238, 5239, 6705,
6707, 6709, 6710
Agrochemicals (other than pesticides)
C: 983, 6497

C: 523, 2469, 5115, 6238, 6635, 6636
G: 46, 77, 177, 181, 1868, 2053, 2126,
2127, 2312 - 2314, 2316- 2319, 2321 -
2323, 2327, 3956, 3963, 4099, 4101 -
4104, 4106, 5863, 5368, 5887, 5966,
6016, 6041, 6066, 6111- 6116, 6118
T: 1349, 1484, 3366, 3367, 5210, 6841
Alcohols

—, aliphatic
C: 2464 - 2466, 2514, 4323, 6230
E: 3427
G: 32, 34, 40, 54, 75, 152, 1816, 1857,

1997, 2051 - 2055, 2068, 2321, 3862,
4092, 5871, 5874- 5876, 5928, 6006,
6039, 6104
P: 6640
T: 6698
—, cyclic
C: 4318, 4322, 4401, 5020, 6274
G: 53, 2321, 5872, 5873, 6094
Aldehydes, gee Oxo compounds
Alkali metals
C: 1133, 2980, 4206, 6609
P: 1204
T: 6998
Alkaline earths
C: 1134, 1142, 2960, 2967, 2973, 2980,
4206, 4242, 5071
P: 3040, 3041
T: 5528, 5529

Alkaloids
C: 891- 908, 2814 - 2818, 4801 - 4809,
6446 - 6458
G: 108, 2168, 2212, 2214, 2215, 2219,
5952

P: 1201, 3033, 5149, 5150
T: 1404 - 1421, 3214~ 3226, 5394 - 5419,
6878 - 6891
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—, reviews and books —, polyamines and their derivatives
G: 108, 2215 Cc: 507, 509, 513, 4460, 4461, 6308,
T: 5401 6309, 6311
—, theory and general techniques G: 78, 2122, 2124, 2130
C: 2817, 6449 P: 5140
G: 2212, 2214 T: 1346, 3163, 5140, 5330, 5331, 6837
P: 3033 —, amidines
T: 1508, 3222, 6701, 6879 T: 6842
Aluminium, 8ee Cations, inorganic, Amino acids
analytical group III C: 531-556, 2556~ 2576, 4481 - 4506,
Amides and imides 6323 - 6336
C: 514, 524, 6152 E: 3462, 55836, 5587, 7060, 7061
E: 5586 G: 80-85, 2133- 2141, 3999 - 4007,
G: 65, 1819, 2132, 3996, 4096, 5833, 5936 - 5944
5850, 5885 P: 1192, 1193, 3025, 6662, 6663
P: 5139 T; 1352~ 1366, 3171~ 3182, 5342 - 5358,
T: 1349, 1351, 3164, 3235 6845 - 6850
Amines —, reviews
C: 507 - 530, 2543~ 2555, 4458 - 4480, C: 550, 4215, 4482, 4484
6308 - 6322 G: 1816
E: 3461 T: 5345
G: 77-79, 2122-2132, 3992 - 3997, —, techniques
5924 - 5934 C: 532, 533, 537- 539, 543 - 545, 549,
p: 1191, 3024, 5139, 5140, 6661 551, 552, 554, 564, 603, 2434, 2556,
T: 1342 - 1351, 3160- 3170, 5329 - 5341, 2557, 2559, 2561, 2562, 2564, 2566,
6837 - 6844 2572, 2579, 2583, 4395, 4400, 4483,
—, reviews 4487, 4489, 4493 - 4498, 4500, 4504,
G: 40 4506, 4816, 4817, 6152, 6158, 6324,
T: 5330 6325, 6327 - 6330, 6335, 6336, 6343,
—, theory 6461
G: 2123, 2127, 3862 E: 5586, 5752
T: 3048, 3049 G: 80, 81, 83, 84, 86, 2133, 2136,
-—, general techniqgues 2138 - 2140, 2145, 2249, 3862, 3999 -
C: 508, 4458, 4480, 6308, 6310, 6313, 4007, 4015, 5936 - 5940, 5943, 5944,
6314, 6321 5946
E: 3461 P: 1193, 3025, 6662
G: 12, 25, 77, 1986, 1992, 2125, 3996, T: 1271, 1360, 1361, 1363, 1366, 3025,
5827, 5929 - 5931 3174, 3175, 3178, 3180, 5188, 5193,
P: 1191 5346, 5352, 5354, 5356 - 5358, 6662,
T: 1191, 1271, 3161, 3163, 5334, 5335, 6845
6838 —, applications, non-biological
—, aliphatic amino alcohols T: 1355, 3178
C: 525, 526, 4480 —, —, enzymatic reactions
G: 1816, 2126 P: 6849
T: 3160, 5337, 6964 T: 1353, 1356, 3259, 5349, 6849
—, alkyl —, —, microorganisms and plants
G: 1884, 2125, 2127, 2138, 2321, 3994, C: 2558, 2576, 6333
3996, 3997, 5927, 5933 E: 3462
T: 1483, 3165, 5332, 6839 T: 3179, 5349, 5351, 5353
—, cyclic —, —, blood
—, —, techniques and theory C: 531, 545, 548, 555, 2570, 6158
224, 528, 2543, 2544, 2571, 4462, G: 82
4463, 4480, 6310, 6312 T: 1354, 1357, 3173, 5342, 5348
G: 2131, 3995, 5926, 5932, 5934 —, —, urine
T: 3161 - 3163, 3166, 3167, 5335, 5338, Cc: 531, 534, 540, 545, 555, 1125, 2546,
6680, 6701, 6837 3568
—, —, applications E: 3404
Cc: 512, 5117 G: 85
G: 64, 79, 144, 145, 5924, 5925 T: 1362, 1363, 3173, 5350, 5439, 6846,
P: 6863 6847
T: 1342, 1343, 1346, 3165, 5329, 5333, —, —, other biological material
5336, 6843, 6863 C: 2514, 4481, 4488, 4492, 4499, 5032,

—, halogen 6158
C: 511, 6321 E: 3461
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G: 127, 151, 2135, 2141, 2143, 2277,
3993, 4066, 5942
P: 6663

T: 3182, 6850
—, derivatives
C: 2554, 4486, 4503

G: 64, 85, 2134, 2137, 5941
P: 1192
T: 1192, 1364, 1366, 1374, 3182, 5350,

5353, 6856, 6860
—, —, dansyl and dabsyl

C: 2568, 4490, 6332
P: 6855, 6863
T: 1352, 1361, 1370, 3064, 3176, 3178,
5188, 5349, 5356, 6852, 6855, 6863
—, —, DNP
T: 1358, 5344, 5346, 6845
—, —, DABTH
C: 599, 2603
—; —; PTH
C: 546, 547, 2560, 2563, 2575, 4215,
4485, 4502
T: 3171, 3172, 3186, 5347, 5355, 5357,
6848
—, —, thiohydantoins
T: 1366
—, — with modified sulphur function
C: 553, 2583
T: 1373, 5430
—, lodinated
C: 572, 2567, 2573, 4491, 4501
T: 1359, 1365, 3181, 3184
—, metal complexes
C: 2565
P: 3025
T: 3025
—, unusual
C: 535, 536, 541, 542, 551, 555, 556,

924, 1130, 4394, 4400, 4505, €323,
6326, 6331, 6334
E: 5587
G: 2088, 2117, 2121, 2133, 4053, 4066
T: 5343

Aminoglycosidic antibiotics
C: 958, 959, 2860, 2866, 4878 - 4880,
4883, 6473
G: 95
P: 5156
T: 1461,
5450,
Ammonia
G: 25, 5875
Anabolics
¢z 2912, 2929
G: 2203, 2260
Anaesthetics
C: 900, 2918,

3250,
5452,

3260,
5463

3272, 5446, 5447,

2922, 4971, 6572, 6600

G: 2206, 2222, 2263, 6024, 6037

T: 1544, 3339, 5491, 5510, 6970, 6978
Analeptics, see Psychotropic drugs
Analgesics, See Antipyretics etc.
Androstane derivatives
—, techniques and theory

C: 476, 485, 6285

G: 3981, 5914

T: 1318, 1319, 6800

B477
—, applications, non-biological
C: 480, 6288
Ts 5293, 5298
—, —, biological
C: 2528, 6292
T: 1313, 3142, 5294 - 5296, 5299
Anions, inorganic
¢y 1156 - 1164, 2981 - 2985, 5088 - 5095,
6623
E: 1803
G: 2287, 2288, 4085, 4086
P: 3042, 5166 - 5168
T: 3357- 3359, 5530, 7000
—, —, techniques
C: 1158, 1160, 4242, 5090, 5094
E: 1583, 1803
P: 1204, 5166
T: 3359, 7000

see also Halides and other inorganic
halogen compounds; Nitrogen compounds,
inorganic; Phosphorus compounds, in-
organic; Selenium compounds, inorganic;
Sulphur compounds, inorganic
Ansamycins
C: 2859
T: 6922
Anthelmintics
C: 6639
G: 107
Anthocyanins
C: 386
P: 5130, 6673
T: 5130, 6673
Anthracycline antibiotics
C: 6486, 6487
T: 1256, 3263,
5926, 6928,
Anthraguinones
C: 395, 6256
T: 1254, 3346,
6718, 6721,
Antiarrhytmics
c: 1031, 1087, 2927,
G: 5, 115, 132, 137,
Antiarteriosclerotics
T: 6987
Antiarthritics, see Antirheumatics
Antiasthmatics
C: 1024, 4949, 4954, 4973, 4983, 5006
G: 2252, 2256, 4071
T: 6970
see also Antihistamines; Purine
alkaloids

3264,
6929

3269, 5467, 6919,

5243,
6949

5245, 5247, 6716,

4974, 6594

161, 2210, 2242

Antibacterials (including antiseptics and
desinficiens)

Cc: 1043, 1062, 1069, 1072, 2915, 2931,
4824, 4943, 4964, 4965, 4983, 5002,
6562, 6579, 6585, 6590

G: 110, 129, 2213

P: 3037

T: 1513, 1514, 3311, 3321, 3322, 5495,
6970, 6979, 7003

see also Chemotherapeutics; Sulphon-
amides

Antibiotics
C: 957 - 975, 2855 - 2868, 4871 - 4890,
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6480 - 6489
E: 1797, 3833, 7201
G: 95, 2168, 2169
P: 5155- 5157, 6669, 6670
T: 1457 - 1464, 3249 - 3274, 5443 - 5468,
6908 - 6929
—, reviews and books
C: 4890
G: 95, 108
T: 5443
—, general techniques
C: 957, 966, 4979
E: 1797
T: 1457, 1462
—, phosphorus containing
T: 3262
see also individual antibiotic groups
Anticoagulants
C: 4984
G: 5
see also Coumarins
Anticonvulsants
C: 1025, 1065, 1090, 1104, 1111, 2934,
2946, 4942, 4959, 4963, 4968, 4985,
5003, 5005, 6568, 6575, 6582
E: 1801
G: 130, 132, 1926, 2232, 2243, 6021
T: 3338, 5505, 5510, 6968, 6970
Antidepressants, see Psychotropic drugs
Antidiabetics, oral
C: 1095, 2942, 6565

G: 111
T: 1518, 3312, 5501
Antiemetics

C: 2916, 2937
G: 2255, 4052
T: 5510, 6970
Antiepileptics
C: 1055, 1065, 1070, 1094, 1111, 29010,
2946, 6575
G: 106, 138, 139, 1916, 1926, 2225,
2249, 2257, 4059, 4063, 4064
Antifungal antibiotics
C: 4871, 4887, 6485
G: 125
T: 3258, 5448, 5452, 5454
Antihaemorrhagics
i 1535
Antihistamines
C: 1022, 1039, 1049, 2917, 2928, 6561,
6582
G: 105, 2215, 2228, 2236
T: 1503, 3226, 3315, 3318, 3331, 5510,
6970
Antiinflammatory agents, See Anti-
rheumatics
Antileprosis drugs
C: 1086
Antimalarial drugs
C: 1103, 4962, 5022, 6542
T: 5510, 5513, 6970
Antimony, See Cations, inorganic,
analytical group IIb
Antimycotics
C: 1028, 1085, 1092
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T 3323
see also Antifungal antibiotics;
Fungicides
Antioxidants and preservatives
c: 1167, 1168, 1171, 2992, 5105, 6534
G: 141, 2062, 2271, 2306, 2307, 6084,
6085
T: 1555, 1556, 3364, 5535, 6699, 7005,
7006
Antiparasitic drugs
C: 1107, 6544
G: 123
T: 1487, 1513, 1521, 3307
see also Acaricides; Anthelmintics;
Antimalarial drugs
Antiparkinsonics
G: 4055, 4073
T: 5510, 6970
Antiprotozoal agents, See Antiparasitic
drugs
Antipyretics and analgesics
Cc: 989, 1023, 1026, 1027, 1036, 1037,
1040, 1041, 1049, 1050, 1058, 1073,
1076, 1101, 1109, 1112, 1113, 1132,
2904, 2907, 2908, 2934, 2939, 2951,
4398, 4969, 4986, 4989, 6453, 6542,
6552, 6553, 6555, 6556, 6563, 6587
G: 119, 133, 2215, 2218, 2230, 2244,
2246, 4047, 4049, 6029, 6034
T: 1524, 1529, 1543, 3305, 3308, 3316,
3317, 3321, 5493, 5502, 5510, 6878,
6970, 6990
Antirheumatics
C: 1032, 1035, 1059, 1063, 1071, 1084,
1089, 1106, 1108, 1109, 2901, 2906,
2943, 4970, 4980, 4982, 5000, 6552,
6571
G: 124, 136, 2246
T: 1432, 1513, 1515, 1528, 1529, 1531,
1536, 1537, 3313, 3332, 3334, 5490,
5500, 5502, 5510, 6982, 6983, 6986
Antiseptics, See Antibacterials
Antisclerotics
G: 5897
Antitumor antibiotics
c: 970, 971, 972, 2857
E: 3833
T: 1460, 3261, 5455, 5457, 5467, 6917,
6927
Antitussives
G: 117, 2202, 6028
T: 1510, 5510
Antiulcer compounds
C: 6575
Antiviral compounds
G: 2258
T: 5510, 6966
Appetite depressants
G: 2202
T: 1530, 5510
Arsenic, see Cations, inorganic, analyt-
ical group IIb
Asphalts, see Coal, tar and bitumens,
hydrocarbons in
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Aza heterocyclics
G: 4014, 4091

T: 1436
Azo compounds
C: 5021
G: 70, 2266
T: 5201
B
Barbiturates
C: 2940, 4952, 4961, 5019, 6550, 6575,
6580
G: 22, 1900, 2201, 2211, 2212, 2240,
4048, 4063, 6019, 6022
T: 1504, 3310, 3316, 3317, 5510, 5512,

6968, 6973, 6989, 6994
Barium, see Alkaline earths
Beryllium, see Cations, inorganic,

analytical group III

Bile acids and alcohols

C: 494 - 498, 2535, 2536, 4443 - 4448,

6181, 6296

G: 2107 - 2111, 3985, 5916, 5917

P: 6660

T: 1326- 1329, 5309, 5310, 6808- 6823
Bile pigments

C: 913, 914, 6507

T: 1423, 1424, 5423, 6893, 6894

Biphenyl and derivatives
G: 3960, 5976 - 5978, 5980, 5983
Bismuth, see Cations, inorganic,
analytical group I and IIa
Bitter substances
C: 505, 2538, 2539, 6300- 6302
T: 5516, 5518
B-Blocators, see Adrenergic and
adrenergic blocking compounds
Boranes and derivatives of boric acid

C: 4831
T: 6826
Boron compounds, inorganic
C: 2972, 2982, 4150, 4259
Bronchodilators
T: 1533
C
Cadmium, 8ee Cations, inorganic,
analytical group I and IIa

Alkali metals

Calciferols, see Vitamins, D group
Calcium, see Alkaline earths

Cannabis constituents, see Hallucinogens
Capsaicin

Caesium, see

C: 1121, 5008
G: 144
T: 3058, 3170

Carbamates, see Pesticides, carbamates
Carbohydrates

C: 397-410, 2477 - 2486, 4347 - 4368,

6259 - 6261
G: 59, 2070- 2078, 3973, 5892, 58
p: 1181 - 1184, 3012~ 3021, 5131 -
6643 - 6653
T: 1258- 1272, 3093 - 3100, 5250-
6722 - 6728
—, reviews and books
C: 4205, 4484
G: 1816, 3862, 3864
-, general techniques and theory
C: 312, 314, 403 - 407, 443, 2477,
2483, 2484, 2486, 2571, 4351,
4357, 4359, 4364, 4367, 4765,
G: 2070, 2072, 2074- 2078, 5896,
P: 1212, 6645
T: 1212, 1260, 1263, 1264, 1269,
3095, 3096, 3100, 5250, 5251,
5263, 6724, 6727
—, applications, non-biological
C: 399, 403, 4352, 4356
G: 2073, 5894, 6097
P: 1181
T: 1258, 1272, 3099, 5260, 5261
-—, —, microorganisms
G: 2079
P: 1184, 6643, 6647
T: 1184, 6722
—, —, plants
C: 401, 406, 2480, 4348, 4355, 43
6260, 6261, 6270
P: 3021, 5125, 5130, 5133, 6646,
6649
T: 3021, 5125, 5130, 5133, 5252,
6648, 6725
-—, —, food products
C: 312, 314, 400, 401, 2480, 4349
4358, 4361, 4368, 6259
T: 5257
—, —, animal material
C: 4350
P: 3013, 3020, 5135, 5136, 6653,
T: 1262, 1266, 3098, 5253, 5259,
6723, 6726, 6867
-, derivatives, acids and lactones
C: 409, 430, 2507, 4391
G: 3988
P: 3020, 5134
T: 1263, 1272, 3095, 3096
—, —, alcohols
C: 406, 408, 2464, 6259
G: 3864
P: 3029
T: 1259, 1260, 3095, 3096, 6727,
—, —, amino sugars
C: 2576, 4370, 4379
E: 5568
G: 2074, 5892, 5898
P: 1182, 3014, 6644, 6652
T: 1261, 1267, 1271, 3014, 3093,
5259, 5261, 6727, 63867
see also Glycosaminoglycans
—, —, anhydro
T: 1268, 3093
-, —, deoxy
C: 397
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98
5136,

5263,

2479,
4354,
6265
5893

1270,
5256,

66,
6648,

5255,

’

6658
5262,

6965

5254,
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G: 2071

T: 1260, 3093, 3095, 5261, 5263
-—, —, methylated

C: 2478, 2482

G: 2071, 2075

T: 1265, 3094

--, —, phosphates, see Phosphorus
compounds, organic
—, —, sulphur containing
P: 5131, 5134, 6650
T: 5258
see also Glycosaminoglycans
—, —, other
G: 2074, 2077, 5893
T: 1272

Carbon oxides
G: 61, 164, 1934, 2313, 5890, 6078
Carboxylic acids
C: 449-463, 2510- 2517, 4390 - 4407,
6273 - 6276

E: 3440, 3441, 5577, 7044 - 7046
G: 60-67, 2080~ 2088, 3974, 5900- 5909
P: 1185, 1186, 6654
T: 1273- 1278, 3101 - 3107, 5264 - 5266,
6729 - 6740
—, reviews and books
C: 4242
G: 3862
T: 5265
-, theory

G: 32, 57, 60, 63, 143, 1908, 2084,
2283, 5900, 5905, 5906, 5909 - 5912
T: 1214, 3049
—, general techniques
C: 449, 451, 453, 455, 462, 2510, 4390,
4393, 4394, 4403, 4405, 4407, 6275,
6276
G: 2080, 2083, 2096, 5903
T: 1220, 1221, 1286, 6701
—, higher fatty acids
C: 463, 2511, 2515, 4402, 6273
G: 3974
T: 1273, 1276, 1286, 1307, 1308, 3101,
3106, 5264 - 5266, 6732, 6733, 6736,
6738, 6740, 7002
—, —, simple esters
C: 457, 459, 461, 2517, 4397, 6273
G: 57, 62, 66, 143, 147, 148, 152, 159,
1815, 1833, 1955, 2051, 2085, 2086,
2097, 2189, 3979, 4092, 5903, 5907,
6006
T: 1307, 3101, 6698, 6734~ 6737
—, lower fatty acids
C: 452, 2514
G: 67, 155, 1900, 1986, 2085, 2087,
3976, 4078, 5902, 5908, 5913
P: 1136
T: 1275, 3367, 5535
—, non-volatile (aliphatic hydroxy
acids, di- and tricarboxylic acids)
—, —, techniques

C: 450, 456, 460, 858, 2513, 2516,
4390, 4396, 4400

E: 3440, 5577

G: 62, 154, 159, 1816, 2082

P: 1185

T: 3105

’

C:
E:
G:
Ts

’

C:

’

C:
G:

’

C:

G:
P:
T:

’

C:

’

C:

'
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—, applications

5040

3441

3975

3107
—, lactones

301
oxo acids

5042

1816, 2081, 4077, 5904
cyclic acids, techniques and theory
457, 459, 517, 2434, 2822, 4394,
4398, 4401, 4404, 6276

5905

1215

1215, 1227, 1278, 3102, 3103, 6729,
6731, 6739
-—, non-biological applications
454
—, applications in microorganisms
2554
—, applications in biological

material

C:
P:
T:

i

C:
T:

458, 518, 519, 521, 5042

3010, 6654

1244, 1274, 1277, 1550, 3010, 6654,
6730
—, food products

4391

1556, 3104

Cardiac depressants

C:

2925

Cardiac glycosides, techniques

C:
T:

’

4452, 6298
1331, 1333, 3149, 3151, 5313, 6695
non-biological applications

T: 1330, 1505, 3152, 3347, 5317, 6826
—, biological applications
C: 500, 6299
P: 5137
T: 3150, 5137, 5315, 6826
Cardiotonics
C: 1064, 1099, 2949, 4983, 6451, 6452,
6455, 6458
G: 2215, 2233, 4011
T: 5510
Catalysts
G: 1859, 1863, 3890, 3894
Catecholamines
C: 515- 520, 522, 941, 2396, 2545,
2547 - 2552, 4459, 4464 - 4474, 4476,
4477, 4954, 6316 - 6320, 6327
G: 2131, 3998, 4076, 4079
T: 1344, 1345, 1347, 1348, 3168, 6837,

6840

—, metabolites

C:

4399, 4406, 4469, 5042, 6318, 6319

Cations, inorganic

C:

E:
Pb:

T:

’

C:

1133 - 1155, 2960- 2980, 5049 - 5087,
6608 ~ 6622

3845, 3846, 5756, 7206- 7210

1205, 1206, 3038~ 3041, 5160 - 5165,
6675

1553, 3348 - 3356, 5523~ 5529,
6996 - 6999
-—, reviews and books

4242
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G: 1, 5772
T: 1552, 5522
—, —, theory and systematic analy

C: 5061, 5081, 6619

P: 5165

T: 3349

—, —, techniques
: 1150, 2824, 2964 - 2966, 2976,
5052, 5059, 5061, 5062, 5065,
5073, 5074, 5095, 6179

E: 5756

G: 4026

P: 1206, 3041, 5165, 6675

T: 1213, 1553, 3349, 3351, 5524,
5529, 6998

—, —, analytical group I and IIa

Bi, Cd, Cu, Hg, Pb, T1)

c: 1133, 1136, 1137, 1141, 1151,
5049, 5055, 5064, 5066, 5075,
5084, 6609, 6616, 6618, 6620

G: 89, 2117, 5965

P: 1205, 3041, 5160, 6675

T: 3348, 3349, 3352, 3353, 3355,
5526, 5528, 5529, 6997, 6998

—, —, analytical group IIb (As, M

sb, Se, Sn, Tc, Te, V, W)

c: 1133, 1137, 1140, 1162, 2971,
5063, 5070, 6622

E: 3845

G: 38, 2157, 2287, 2300, 5958, 61

P: 3039, 3041, 6675

T: 3349, 3350, 3355, 5528, 5529,

—, —, analytical group III (Al, B

Co, Cr, Fe, Ga, Mn, Nb, Ni, Ta, T

Ti, Zn, 2r)

C: 1134-1139, 1141, 1152, 1153,
2977, 4832, 4834, 5048 - 5051,
5067, 5074, 5076, 5078, 5082,
5085, 6609, 6615, 6620

E: 3846

G: 89, 1859, 2156, 2161, 2286, 38
5960 ~ 5962, 5964, 5971

P: 3041, 5163, 5164, 6675

T: 1553, 3349, 3355, 3356, 5523,

5526, 5528 - 5530, 6997 - 6999
see also Actinides and uranium; A
metals; Alkaline earths; Platinum
metals and gold; Rate earths
—, —, complex mixtures
C: 5061
Cells, viruses and microorganisms
C: 1175, 2999, 3000, 5109, 5113,
6633, 6634
E: 1804 - 1808,
3858, 5761,
Cellulose acetate
T: 1498
Cements and adhesives
C: 2994
Central stimulants
C: 901, 908, 4803,
Cephalosporins
C: 973, 974, 2856,
6488
P: 5157
T: 1458,

3850,
5766,

3853,
5767,

3854,
5769

6557

2965, 2868, 64

1459, 3267, 6913, 6915

sis

4242,
5068,

5528,
(Ag,

2960,
5076,

5524,
o,

2978,

28
69983
el

b,
2960,

5056,
5084,

87,

5524,

lkali

5114,

3857,

83,

B481

Ceramides, gee Glycolipids; Sphingolipids
Cerebrosides

C: 472, 4422

T: 1280, 1291, 5275, 6763
Chalcones

T: 1238
Chelates, see Coordination compounds
Chemotherapeutics

G: 126

T: 5510
Chloramphenicol

C: 963, 969, 975, 4873, 4888, 6482,

6548

G: 6020

T: 3255, 3256, 3257, 3270
Chloroplast pigments

C: 4910

P: 1203, 6672

T: 1220, 1495, 3295- 3297, 5482 -~ 5484,

6955

Choleretics

C: 6551
Choline and related compounds

C: 527

Chelinergic and cholinergic blocking
substances

C: 4803, 4805, 4808, 4942, 4954, 4983,
6564
G: 4054
T: 1517, 5510, 6970
Chromium, see Cations, inorganic,

analytical group III
Chromoproteins and metalloproteins
C: 665- 678, 684, 698, 2651 - 2666,

2684, 4614 - 4628, 5029, 5036, 5046,
5047, 6384 - 6389
E: 1675~ 1679, 3509, 3566, 3633 - 3650,
3670, 3843, 5662 - 5674
—, structural studies
Cc: 587, 590, 2594, 4548, 4553, 6351,
6363
E: 3478, 5604
P: 3027
T: 3183
Cinchona alkaloids
C: 458, 891, 896
G: 4016
P: 3033
T: 1543, 5510, 6879, 6970

Clinico-chemical applications
C: 393, 456, 473, 479, 482,
494, 498, 500, 509, 511,
521, 531, 534, 540, 545, 548,
568, 637, 693, 703, 858, 873,
1116, 1125- 1128, 1130- 1132,
2527 - 2529, 2531, 2533 - 2536,
2573, 2588, 2651, 2652, 2661,
2921, 2933, 2949, 2958, 4419,
4431, 4432, 4437 - 4440, 4465,
4640 - 4643, 4778, 4780, 4811,
4871, 4878, 4909, 5029 - 5032,
5039, 5041 - 5043, 5046 - 5048,
6232, 6291, 6294, 6295, 6299,
6471

E: 1608,

486,
518,

491,
519,
555,
938,
2493,
2553,
2818,
4423,
4472,
4819,
5036,
6158,
6331,
1647, 1648, 1802,

3418, 3452,
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3457, 3546 - 3549, 3551, 3554, 3559,
3560, 3569, 3570, 3636- 3638, 3643,
3691, 3784, 3839- 3844, 3851, 5583,
5685 - 5687, 7203-7205

G: 5, 22, 53, 59, eé6-72, 78, 79, 81,
82, 85, 94-96, 105, 107, 109- 119,
121 - 135, 139- 142, 145- 163, 1820,
1997, 2042, 2102, 2105, 2111, 2141,
2145, 2147, 2148, 2159, 2199, 2204,
2213, 2215- 2230, 2232 - 2252, 2255~
2258, 2261, 2263, 2264, 2266, 2274-
2285, 2287, 3967, 3971, 3974, 3977,
3978, 3980, 3994, 3998, 4003, 4011,

p: 1187, 1189, 1193, 3013, 3015, 3022,
6651 )

T: 1187, 1217, 1266, 1273, 1283, 1289~
1292, 1297, 1300, 1303, 1305, 1317~
1319, 1344, 1347, 1354, 1357, 1362,
1363, 1382, 1434, 1447, 1456, 3098,
3112, 3132, 3133, 3138, 3139, 3168,
5253, 5262, 5284, 5285, 5288, 5290,
5306, 5330, 5338, 5342, 5348, 5439,
5521, 6723, 6726, 6749, 6767, 6790,
6799, 6304, 6810, 6812, 6817, 6840,
6847, 6893, 6907

—, reviews and books

C: 190, 191, 1129, 2957, 2959, 4939,
5033, 5040, 6605 - 6607

T: 3054

—, profiling body fluids

C: 2527, 4780, 5034, 4035, 5038, 5042,
5044, 5045, 6606

G: 156- 158, 163, 2275, 2284, 2285,
3864, 4004, 4010, 4075, 4077,

4078, 4080, 4081, 6040, 6060
Coal analysis
C: 2993, 4307, 4313, 4314, 4316, 4317
G: 171, 2059, 2310
Ceal tar and bitumens, hydrocarbons

in

C: 363, 2460, 2461, 2463, 4307, 4317,
6242 - 6246

G: 44, 50, 52, 171, 1893, 2031, 2032,
2045, 2047, 2048, 2054, 3885, 3954,
3966, 4091, 5822, 6092, 6093, 6102,
6106, 6115

Cobalamins, See Vitamins, B;; group
Cobalt, see Cations, inoxganic,
analytical group III

Coccidiostatics

C: 1044

T: 6911
Colchicum alkaloids

c: 892

T: 3223, 5510, 6879, 6881
Contraceptives

C: 1093, 4437 - 4440

G: 2209

Coordination compounds
C: 931, 932, 2825, 2826, 4832 - 4835,
6470
3828, 5756
2161 - 2164, 5958
1208, 3025
1444, 3025, 3232, 3243, 5434

HY oM
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Copper, See Cations, inorganic,
analytical groups I and IIa
Coronar yasodilatants, see Vasodilatants
Coumarins
C: 388, 1100, 2475, 2476, 5007, 6254
G: 2265
T: 1238, 1251, 1277, 1427, 1557, 5240 -~
5242, 6712, 6713
Cyanates, see Halides and other inorganic
halogen compounds
Cyanides, see Halides and other inorganic
halogen compounds
Cytostatics
Cc: 393, 1038, 1051, 1077, 1078, 1080,
1091, 1093, 2913, 2930, 2945, 4977,
4981, 4987, 5041, 6574, 6588, 6595
G: 112, 2216, 2224, 2262, 4012
T: 1511, 1512, 1516, 3328, 5216, 5431,
5492, 5510, 6975
see also Antitumor antibiotics

D

Desinficiens, see Antibacterials
Detergents, See Surfactants, emulsifiers
and detergents
Dioxins
C: 3002
Diuretics
C: 901, 1030, 1067, 1074, 1105, 2815,
2818, 2856, 2952, 4803, 4805, 4808,
4954, 4983, 6451, 6452, 6455, 6458,
6559, 6584, 6586
G: 5, 139, 2221, 2233, 2235, 4011
T: 1542, 3304, 5489, 5510, 5521, 6977,
6991
DNA, reviews
E: 3369, 3891
—, techniques
C: 852, 883, 2803 - 2805, 4793, 6443,
6445
E: 1768, 3790, 3808, 3810~ 3812, 3818,
5734 - 5736, 5738, 5739, 7196-7198
—, chemically modified
C: 6791
—, applications, non-biological (in
vitro reactions)
C: 687, 882, 884, 2806, 6442
—, —, microorganisms
C: 2803, 4792
E: 1783 - 1785, 3807, 3809, 5737, 7199
—, —, animal material
C: 885 - 887
E: 1791, 3806
—, structural studies
Cc: 851, 888, 889, 2808, 2809, 2811,
2812, 4795, 4796, 4798 - 4800
E: 1787~ 1790, 1792, 1793, 1795, 3816,
3821, 3823, 5744, 5748, 5749
T: 1403
—, complex mixtures of DNA and RNA and
DNA-RNA hybrids
C: 881, 2810, 4797
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E: 5743 - 5750
Drug monitoring and pharmacokinetic
studies
C: 237, 1087- 1111, 2933 - 2952, 4975,
4980 - 5022, 6587~ 6597
G: 2202, 2215, 2223, 2231, 2252 - 2255,
2257, 2262, 2265, 2268, 2270, 2275,
2284, 4063 - 4067, 4070~ 4072, 5883,
5884, 5897, 5952, 6020, 6022, 6023,
6025 - 6033, 6035- 6038, 6044, 6046,
6049, 6051 - 6057, 6061, 6062, 6099
T: 1528, 1530- 1533, 1535- 1540, 1542,
3245, 3331- 3338, 5222, 5448, 5505~
5508, 6826, 6913, 6964, 6982 - 6991
—, reviews and books
C: 4999
Drugs, synthetic, see Pharmaceutical
applications and individual types of
compounds
Dyes, natural, see Pigments, natural
—, synthetic, theory and techniques
p: 5159, 6671
T: 1216, 1220, 3048, 5159, 6681, 6949 -
6951, 6953
—, —, applications
C: 280, 988, 989, 4904, 6505
G: 170, 2226, 6089
P: 5158, 5169
T: 1491, 1492, 3290, 6952
see also Food dyes; Pharmaceutical and
cosmetic dyes; Textile dyes (including
bleaching agents)

E

Ecdysones
C: 499, 2537, 4442, 4449 - 4451, 6297
G: 2112, 2113, 5973
T: 5311, 5312, 6824, 6825
Elastomers
C: 4927
Elemental analysis
G: 38, 5848 - 5850, 5852, 5971
Enkephalins
C: 2582
Environmental analysis
C: 3003, 3007, 5107, 6234
G: 48, 56, 77, 104, 107, 175, 180, 182,
183, 1923, 2038, 2041, 2173, 2340,
3971, 4097, 4098, 4100, 4105, 4115,
6108 - 6110, 6117
P: 1209
—, reviews and books
C: 209, 3001
G: 175, 177, 184
P: 3045, 5171
T: 3045, 5171
see also Air pollution; Soil pollution;
Water pollution and water analysis

Enzymes
C: 710~ 850, 2686 - 2785, 4659 - 4757,
6400 - 6432

E: 1699- 1767, 3693~ 3789, 5692 - 5728,
7147 - 7192

B483

G: 4008, 4009, 5949, 5950
—, reviews and books
C: 2435, 4670
—, general techniques
c: 710, 711, 4282, 4655~ 4657, 6402
E: 1626, 1699, 3693 - 3695
—, activity measurement
C: 2686, 2687, 4762, 4817
E: 1767
G: 4008, 4009, 5853, 5948 -~ 5950, 6043
—, complex mixtures and uncompletely
defined enzymes
C: 714, 847 -850, 4275, 4753 - 4757
E: 1766, 3699, 3775, 3779, 3784 - 3789,
5727, 5728
Epoxides
C: 301
G: 2279, 2321, 3862
Epoxy resins
c: 1015, 2885, 4931, 6518 - 6521, 6529
G: 6001
T: 6957
Ergot alkaloids
C: 906, 4807, 6446, 6448, 6545
T: 1420, 3216, 5396, 5407, 5510, 6879,

6970
Essential oils
C: 504
G: 75, 76, 1890, 3986, 3987, 5872,
5918 - 5921
T: 1255, 1339- 1341, 3157, 3158, 5323 -
5326, 6835

Ethers, aliphatic
G: 11, 6104, 6107
—, cyclic
C: 390, 394
G: 53, 2067, 6011
T: 5248, 6732
Exhaust gases, see Air pollution;
Environmental analysis
Explosives
C: 1169

F'

Ferrocenes
C: 930, 2827
T: 3240

Flavins, see Vitamins, B, and other
flavins

Flavonoids and other Y-pyrone derivatives
C: 374, 375, 378, 2434, 2471, 4327 -

4330, 4908, 6251, 6252

G: 3968
p: 1180, 3010, 5125- 5129, 5224, 5226,
6654, 6702

T: 1239~ 1246, 3010, 3058, 3082, 5125,
5127, 5129, 5219- 5232, 6654, 6702~
6704

Folic acids and other pteridine deriva-

tives

C: 933, 936, 949- 951, 954, 2832, 4836,
4841, 4842, 4850, 4855, 4859, 4870,
5037, 5039, 6471
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P: 3035
T: 1456, 3246, 6907
Food analysis
C: 205, 356, 380, 460, 524, 527, 542,
623, 926, 939, 992, 2538, 2539,
2685, 2873, 5104, 5106, 5108, 6233
E: 3586
G: 8, 45, 56, 97, 175, 2052, 2062,
2132, 2175, 2176, 2178, 2183, 2184,
2188, 2249, 2260, 2267, 2288, 3986,
4092, 5872, 5912, 5920, 5921, 5925,
5932, 5933, 5956, 5976 - 5978, 5981,
5989 -~ 5991, 6084 - 6088, 6090, 6091,
6095 - 6097, 6100, 6103
P: 5170
T: 1559, 5536
-—, reviews
C: 4126, 6132
E: 3371, 3847
see also Antioxidants and preserva-
tives; Medicated feeds; and analysis
of main food constituents
Food dyes
C: 985, 987, 990, 2875, 4905, 6504
T: 1494, 3294, 5479- 5481
Free radicals
C: 2995, 6624
Functional group analysis
G: 40, 41, 5851, 5913
Fungicides
G: 2183, 4035, 4038
T: 1484, 5474, 5475, 6942, 6943
Furans
C: 4338
G: 34, 56, 152, 1819, 2963, 3970, 4091
Furocoumarins
C: 387, 2474

G

Gallium, gee Cations, inorganic, analyt-
ical group III
Gangliosides
C: 467, 468, 4411, 4414, 4421
T: 1280, 1288, 1306, 3116, 3118, 3119,
3126, 3137, 3140, 5274, 5277, 5279,
5287, 6752, 6764, 6775, 6795
Gases
G: 1977, 6069, 6075
see also individual gases
Gibberellins
C: 4392
Glycerides, simple
G: 2091, 2099, 5910
P: 1212
T: 1212, 1281, 1286, 1302, 1304, 3113,
3115, 3128, 6756, 6761, 6765, 6779,
6780
Glycolipids
C: 472, 4418,
G: 5898
T: 1280, 1285, 1305, 3117, 3126, 3129,

BIBLIOGRAPHY SECTION

3135, 5279, 5280, 6746, 6755, 6767,

6771, 6778, 6783, 6788, 6792, 6794

see also Phospholipids; Sphingolipids
Glycols and polyols

C: 2464, 2466, 4320, 4321, 6247, 6626

G: 153, 1816, 1986, 2055, 3862, 3973,
5895

T: 3077, 3078, 3367

Glycoproteins and glycopeptides

—, techniques
C: 416, 424, 426, 2505, 4371, 4387
E: 3422 - 3424, 5568

—, applications, microorganisms
C: 438, 2494, 4372, 4376, 4378, 4389
E: 3425, 5576

—, —, plants
C: 411, 4385
E: 3433

—, —, animal material

C: 339, 412, 417, 419, 421, 423, 425,
428, 431, 433, 437, 440, 446, 1126,
2487, 2492, 2495- 2498, 2502- 2504,
2506, 2508, 2671, 4369, 4373, 4377,
4380, 4601, 6263, 6264, 6269, 6272

E: 1590, 1593, 1594, 1599, 1696, 3419,
3424, 3426, 3427, 3429, 3430, 3432,
3439, 3520, 3587, 3657, 3844, 5569,
5571, 5575

—, —, —, structure investigation

C: 339, 437, 447, 4370

E: 3434, 3435, 3437, 5568, 5572

G: 2070

T: 1262

Glycosaminoglycans {(including proteo-
glycans from connective tissue)

C: 432, 439, 442, 636, 2481, 2490 - 2493,
2501, 2504, 2509, 4375, 4377, 4383,
4384, 4386, 6267, 6271

E: 1595, 1596, 3418, 3421, 3431, 3438,
5570, 5572, 7032-7036, 7038-7043

P: 5132

—, structure investigation

P: 3017, 6644, 6651, 6652

see also Carbohydrates, derivatives,

amino sugars

Gold, see Platinum metals and gold
Growth factors
T: 3244

H

Haemagglutinnins and blood group deter-
mining substances
C: 427, 434, 2488, 2489, 4374, 4381,
4382
E: 3428
see also Lectins
Halides and other inorganic halogen-con-
taining compounds
C: 1156, 1161, 5092
G: 38, 1861, 3861, 4085, 4086, 6076,
6081
P: 5166
T: 3242, 5530, 7000
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Hallucinogens
stituents)
C: 1023, 1114, 2955,

6599, 6601

2168, 6044

3341, 3342,

6972

Halogen derivatives of hydrocarbons, see
Hydrocarbons, halogen derivatives

Harman alkaloids
C: 905
P: 5397
T: 1345,

Herbicides
C: 2874, 43900
G: 23, 58, 99,

5993, 6121
T: 1476~ 1478, 1483, 3283, 6940, 6941

—, carboxylic acids, anilides and
related compounds
C: 978, 981, 1053,
T: 1482, 3284, 3286

—, triazine derivatives

(including Cannabis con-

5009, 5012, 6547,

5487, 5509, 5511, 5514,

3222, 5397

2180, 2181, 2341, 5990,

4899, 4902

C: 979, 1029, 4901, 4903, 6500
G: 2179, 2182, 5991
T: 1479 - 1481, 3289, 5472, 5473

—, urea derivatives
C: 982, 2872, 6495, 6498, 6499, 6501,
6502
G: 5992
T: 1475
Heterocyclics, nitrogen
C: 301
G: 12, 92, 120, 1819, 4010, 4016,
4091, 5787, 5854
T: 5427
see also individual groups of nitrogen-
containing heterocyclics
—, oxygen
G: 2061, 3971
see also individual groups of oxygen-
containing heterocyclics
Histamine and related compounds
C: 4475, 4823, 6311
T: 3163, 6837
Hormones, peptidic and proteinous
(including synthetic analogues)
c: 577, 578, 582, 4519, 4525, 4530,
4536, 4537, 4541, 6340, 6350, 6357,
6358
E: 7062-7067
—, structural studies
T: 5359
—, synthetic analogues
P: 1368, 3026, 5142
T: 1368, 1369, 1371,
6858, 6859
Humic acids
C: 2876
E: 5755
Hydrazines, hydrazides and hydrazones
G: 97, 5930
T: 1511
Hydrides
G: 2302,

3196, 3198, 5364,

2304, 3861, 6072, 6073, 6077

B485

Hydrocarbons

C: 355~ 366, 2448 - 2463, 4297~ 4317,
6230 - 6246
G: 41-52, 2018 - 2050, 3951 - 3966,
5853 - 5870
P: 5122, 5123
T: 1229, 1230, 3059- 3076, 5208 - 5214,
6696, 6697
—, reviews
C: 4297
G: 40
—, theory and general techniques
C: 359, 360, 365, 2448, 4205, 4299
G: 3883, 3886, 3903, 3918, 3953
T: 5179, 6677, 6678
—, aliphatic
C: 356, 363, 2448, 4299, 6230
G: 14, 22, 34, 35, 41, 51, 100, 1815,
1816, 1837, 1847 - 1849, 1852~ 1854,
1860, 1863, 1895, 1899, 1910, 1915,
1943, 1990, 2018 - 2024, 2034, 2318,
2336, 3879, 3948, 3954, 3966, 4087,
5953, 5854, 5870, 6105
P: 5122
T: 6696, 6963
=y oyelie
C: 279, 355, 357 - 360, 2407, 2449 - 2455,
2457, 4151, 4205, 4298, 4302 - 4311,
5016, 6222, 6231 - 6240
G: 13, 34, 42- 44, 51, 52, 54, 75, 152,
1815, 1845, 1854, 1863, 1869, 1899,
1915, 1923, 2020, 2025- 2029, 2031 -
2033, 2035, 2050, 2310, 2317, 2318,
2321, 2327, 3955- 3958, 4022, 4091,
4093, 5855~ 5860, 5870, 6094, 6102
P: 5123
T: 1227, 1229, 1230, 3050, 3069 - 3075,
5208 - 5210, 5112, 5213, 5217, 6677,
6678, 6680, 6684, 6686, 6697
—, halogen derivatives
C: 1178, 3004, 4312
G: 35, 45, 46 - 48, 55, 56, 65, 113,
152, 152, 186, 1815, 1915, 2036-
2042, 2170, 2178, 2282, 2302, 2321,
2327, 2333, 2337, 2339, 3908, 3950,
3959 - 3963, 3967, 3969, 3971, 4030,
4032, 4039, 4040, 4074, 4091, 4103,
4108 - 4110, 5861 - 5068, 5883, 5890,
5969, 5976~ 5980, 5983 - 5985, 6045,
6049, 6061, 6104, 6119, 6125
T: 5214, 5248

see also Biphenyl and derivatives;
Pesticides, chlorinated

’

complex mixtures

C: 356, 358, 362, 364- 366, 2452,
2458, 2459, 4300, 5120, 6240, 6241
G: 59, 1899, 2033, 2043, 2044, 2047,
3964, 5819, 6069, 6101, 6106, 6107
T: 5214
-—, in cigarette smoke
C: 361
G: 44, 4095, 4096, 5888
T: 5211
Hydrogen
G: 6063, 6067, 6068, 6070, 6071
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Hydrolases
—, acting on ester bonds (E.C. 3.1.-.-)

c: 771, 772, 774 - 789, 2732- 2749,
4697 - 4713, 4753, 6412 - 6415

E: 1738- 1745, 3496, 3744 - 3752,
5711 - 5717, 7173-7178

-, —, structure studies
C: 594, 4552
—, acting on glycosyl compounds (E.C.

3.2.-.-)

c: 710, 773, 790- 795, 797, 799, 800 -
803, 2445, 2750- 2758, 2773, 4714 -
4717, 6416 - 6418

E: 1746 - 1749, 3509, 3753- 3758, 5718 -
5721, 7179-7181

—, —, structure studies

C: 593, 2598

E: 3489
—, acting on ethers bonds (E.C. 3.3.-.-)
C: 4722

—, acting on peptide bonds (E.C.

3.4.-.-)

C: 680, 796, 804, 806, 807, 809 - 825,
850, 2742, 2759- 2761, 2763, 2765 -
2770, 2772, 2773, 4658, 4719, 4720,
4723 - 4737, 4739~ 4742, 6420 - 6426

E: 1744, 1751 - 1753, 1755, 1756, 1767,
3760, 3762, 3763, 3765, 3767 - 3769,
5722, 5723, 7184, 7186-7188

—, —, structure studies

C: 597, 2600

E: 1620, 3484, 3485

P: 319, 6863

T: 319, 6863

—, acting on C-N bonds other than

peptide bonds (E.C. 3.5.-.-)

C: 826, 843, 4753, 6419

—, acting on acid anhydride bonds (E.C.

3.6.-.-)

c: 805, 808, 2762, 2764, 2771, 4718,
4721, 4731, 4732, 4737, 4738

E: 1750, 1754, 3513, 3759, 3761, 3764,
3766, 7189, 7190

—, —, structure studies
E: 3473, 3486, 5602
Hydroxylamines
C: 529

G: 3992, 5934
Hypnotic, see Barbiturates; Sedatives,
hypnotics and narcotics
Hypolipidemic agents
T: 1519, 5498

Hypotensives
C: 1066, 1097, 2926, 2935, 4996, 6566,
6581

G: 131, 2250, 2274, 2276, 4045, 4056

T: 1532, 5507, 5508, 5521, 6977
Hypouricemic agents

C: 4978

G: 124

T: 1519, 1538
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Imidazoles
C: 921
P: 6863

T: 1432, 1435, 3229, 5260, 5426, 6899
Immunosupressives
C: 1075, 1096
Inclusion compounds (clathrates)
G: 1818
Indole alkaloids
C: 897, 2816, 6447
T: 1404, 5413, 5416, 5419, 5510, 6970
Indoles
—, techniques
C: 6276, 6460, 6461, 6462
G: 2151
T: 1426, 5424
—, applications
Cc: 915, 916, 918, 2559, 4814 -~ 4816
G: 4096, 5901
T: 1217, 1425, 1427, 1428, 1433, 3228,
5425, 6895, 6966
Inhibitors of enzymic activity
C: 681, 706, 2614, 2621, 2632, 2635,
2670, 4578, 4580, 4591, 6375, 6423
E: 3543, 3683, 5628, 5634
—, structure studies

E: 3476
Inks

E: 1798

T: 3293

Inorganic compounds
—, reviews and books
C: 4242
G: 1, 5772
T: 1552, 5522
see also Anions, inorganic; Cations,
inorganic; individual types of anions
and cations
Insulin and analogues
Cc: 560, 565, 573, 575, 4515
E: 1610, 1612, 1615, 1617, 3469
—, structural studies
T: 1372, 3171, 3172, 3185, 3186, 3188
Ipecacuanha alkaloids
T: 5414, 5415, 5510, 6879, 6970
Iridoid glucosides
C: 348, 6255
P: 6642, 6654
T: 6642, 6654, 6714
Iron, see Cations, inorganic, analytical
group III
Isocyanates
C: 523, 4479, 6322
T: 6841
Isomerases
C: 835, 836, 2781, 4748, 6431
E: 1759- 1761, 3776, 3777
Isoxazoles and oxazoles
T: 1350
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K

Ketones, see Oxo compounds

L

Laxatives
T: 5510, 6993

Lead, see Cations, inorganic, analytical
group I and IIa

Lectins
C: 415, 418, 420, 436, 441, 444, 2489,
6268
E: 1587 - 1589, 1591, 1592, 1598, 3420,
3436

see also Glycoproteins and glyco-
peptides in plants; Polysaccharides

Ligases

—, forming C-O bonds (E.C. 6.1.-.-)
C: 838, 841, 845, 846, 2782, 2783
E: 1764, 1765, 3778

—-, =, Structure studies
E: 5601

—, forming C-S bonds (E.C. 6.2.-.-)
C: 839, 4750, 4752

—, forming C-N bonds (E.C. 6.3.-.-)
C: 837, 842, 844, 4749
E: 1762, 5726

—, forming C-C bonds (E.C. 6.4.-.-)
C: 840, 2784
E: 1763, 3780 - 3782

—, other (including E.C. 6.5.-.-)
C: 4751, 6432

Lignin compounds
C: 376, 6248, 6250

T: 6832
Lipids
C: 467- 472, 2519- 2521, 4410- 4423,
6279 - 6287

E: 1600, 7047
G: 72, 73, 2090~ 2097, 3979, 3980,
5910 - 5913
P: 1187, 6655 - 6658
T: 1280- 1310, 3111 - 3140, 5272 - 5288,
6745 - 6796
—, reviews and books
C: 448, 4205
G: 149, 1816, 3862
T: 1298, 5276, 5277, 5283, 5288
—, general techniques
C: 469-471, 2512, 6277, 6284, 6287
G: 72, 1891, 2090- 2092, 2094, 2096,
2097, 3862
P: 1187
T: 1187, 1222, 1293, 1295, 1296, 1299,
1309, 3124, 3127, 3362, 6773, 6785,
6789
—, —, group separation
T: 3127, 6780, 6793
—, applications, non-biological
C: 6279, 6281
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—, —, microorganisms
C: 2520
G: 73, 2093, 2095
P: 3121

T: 3121, 6768, 6774, 6777, 6779
—, —, plants
C: 6274, 6281
T: 1284, 1285, 3131, 6787
—, —, blood
C: 4419, 4423
G: 72, 3980
T: 1295, 1305, 3132, 3133, 3138, 3139,
5282, 5305, 6745, 6747, 6764, 6767,
6792
—, —, brain and nerve tissues
T: 1288, 1292, 1299, 1306, 3114, 3140,
5281, 5287, 6747, 6763, 6775, 6790
—, —, milk and food products
C: 2212, 4415, 6281
T: 1302, 6765, 6780

—, —, other animal material
G: 2092
P: 6658

T: 1289~ 1291, 1307, 3112, 3129, 3134,
5284, 5285, 6743, 6745, 6750, 6757,
6760, 6761, 6769, 6778, 6782 - 6784,
6791, 6795, 6796

see also individual categories of

lipids

Lipopolysaccharides
E: 1600

Lipoproteins

—, techniques

C: 4426

E: 1601, 1602, 1605, 1608, 3442, 3443,
3447, 3449, 3455, 5578 - 5581, 5584

—, applications
C: 2521 - 2526, 2683, 4424, 4425, 4427 -
4429

E: 1603, 1604, 1606, 1607, 3444 - 3446,
3448, 3451 - 3460, 5582, 5583, 5585
—, structure studies
E: 5599
Liquid crystals
C: 6630
Local anaesthetics, see Anaesthetics
Lubricants
G: 4, 141
Lyases
—, €-C (E.C, 4.1.-.-)
C: 830, 832, 848, 4744, 4745, 6427 -
6429
E: 1757, 3770, 5724
—, C-0 (E.C. 4.2.-.-)
Cc: 827, 828, 2775, 2777, 2779, 4743,

4747
E: 3774, 5725
—, —, structure studies
E: 5600
—, C-N (E.C. 4.3.-.-)
C: 829, 2785, 4746
E: 3771
—, —, structure studies
T: 1378
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—, other
C: 831, 833, 834, 2774, 2776, 2778,
2780, 6430
E: 1758, 3772, 3773
—, —, structure studies
C: 589

M

Macrocyclic antibiotics
C: 965, 4884, 4889, 6480
T: 1463, 3252 - 3254, 3266, 3268, 3274,
5451, 5461, 5462, 6909, 6910, 6918,
6925
Macrolides, see Macrocyclic antibiotics
Magnesium, See Alkaline earths
Manganese, See Cations, inorganic, ana-
lytical group III
Medicated feeds
C: 1034, 4941, 4955, 5011
Mercury, See Cations, inorganic, ana-
lytical groups I and IIa
Mercury, organo-compounds
G: 2159
P: 5122
T: 3242, 3248
Metal carbonyls
G: 3887
Microorganisms, identification by GC
G: 4083, 5927, 6048, 6059, 6060
Mineral oils, hydrocarbons
C: 2462, 4300, 4301, 4315, 5120
G: 4, 43, 44, 63, 2029, 2045, 2046,
2048 - 2050, 3952, 3965, 3966, 4093,
5860, 5869, 5870, 6092, 6093, 6102
T: 3076, 6963, 7002
Molybdenum, see Cations, inorganic, ana-
lytical group IIb
Mycolic acids
T: 6738
Mycotoxins
C: 383, 384, 389, 2472, 2571, 4332
G: 2060, 6118
T: 1247 - 1249, 3085- 3087, 3089, 5235~
5237, 6706, 6708
see also Aflatoxins

N

Narcotic antagonists
C: 4946
G: 2251
T: 1546
Narcotics, see Sedatives, hypnotics and
narcotics
Neurotropic agents
C: 2944
T: 1505
Nickel, see Cations, inorganic, analyt-
ical group III
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Nicotinic acid and derivatives
C: 4847
T: 1454
Niobium, see Cations, inorganic, analyt-
ical group III
Nitriles
G: 25, 1858, 2321, 4043
T: 5341, 6844
Nitro compounds
C: 279, 506, 2541, 3542, 3006, 4455-

4457, 6303
G: 25, 65, 2121, 2325, 2329, 3990,
5922
T: 1250, 3050, 3159, 5327, 5328, 6729,
6836
Nitrogen

G: 6065, 6078
Nitrogen compounds, inorganic
C: 2981, 4457, 5092, 6459
T: 3357, 7000
Nitrogen oxides
G: 46, 1934, 4089, 6080
Nitrosamines
C: 4204, 4478, 6306
G: 30, 2118- 2120, 2321, 3989, 5923
T: 5339, 5340, 6838, 6839
Nitroso compounds
C: 279, 506, 2541, 2542, 3006, 4455-
4457, 6303
G: 97, 2117
T: 1364, 1483, 6965
Noble gases
G: 1934, 6070
Noble metals, 8ee Platinum metals and
gold
Nucleic acids, see DNA; RNA
Nucleosides, see Purines, pyrimidines,
nucleosides, nucleotides
Nucleotides, see Purines, pyrimidines,
nucleosides, nucleotides

O

Oestrogens
—, techniques and theory
C: 485, 487, 488, 490, 4435, 6295
T: 6800, 6801
—, applications, non-biological
C: 489, 2534
T: 3146, 5301
—, —, biological
C: 486, 491, 2533, 4436 - 4441, 6294
G: 2060, 2102
P: 3147
T: 3147, 5290, 5294, 5302 - 5304
—, non-steroidal
T: 5216, 5218, 5510
0il additives
G: 103
T: 3365
Oligo- and polynucleotides
C: 854, 872, 876, 2793, 2813, 4779,
6435
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E: 3792, 3793

P: 5391

T: 1386, 1387, 1398, 1403, 3209, 5391,
5392, 6869

Oligosaccharides

C: 398, 402, 409, 410, 429, 430, 432,
445, 2484, 2485, 4347, 4353, 4360,
4361, 4363, 4365, 4373, 4388

E: 1597

G: 2074, 2077, 5893

p: 1183, 3012, 3015, 3016, 3018, 5131,
5134, 6643, 6646, 6653

T: 1262, 1265, 1266, 3018, 3097, 3126,
6728

Opium alkaloids

C: 898, 902, 903, 1023, 4989, 5009,
6450, 6453

G: 2206

P: 3033, 5150

T: 1406, 1415, 1543, 3215, 3220, 3222,
3224, 3226, 5412, 5510, 5513, 6878 -
6880, 6884, 6887, 6891, 6970, 6996

Organoleptics
C: 1172, 2998, 4945, 5104, 5106
Organometallic compounds

C: 929, 4830, 6468 (review), 6469

G: 61, 88~-90, 93, 2157, 2158, 2160,
2163, 4024- 4026, 4101, 5798, 5800,
5959, 5960, 5963, 5965

T: 1443, 3238, 3239, 3241, 5433, 6949

see also Coordination compounds; Metal

carbonyls; Porphyrins and metallo-
porphyrins; Tin, organic; Mercury,
organo-compounds

Oxazines
G: 141

Oxazolines
T: 5260

Oxidoreductases

~—, acting on the C-OH group of donors

(E.C. 1.1.~-.-)

c: 716, 718, 723, 726, 728, 729, 731,
848, 2690~ 2692, 2694, 2696, 2698,
2700, 4662, 4664, 4674, 4678, 6401

E: 1585, 1701, 1706, 1711, 1712, 1715,
1717, 3700, 3701, 3705, 3708~ 3710,
3715, 5693, 5694, 5699, 5700, 7153

—, —, structure studies
E: 1619
T: 3195
—, acting on aldehyde or keto group of

donors (E.C. 1.2.-.-)

c: 714, 720, 721, 727, 2703

E: 1702, 1716, 2698, 3704, 5697, 7148

—, acting on CH-OH group of donors (E.C.

1.3.-.-)
C: 4681
E: 1707, 3702
-—, acting on the C-NH; group of donors
(E.C. 1.4.~.-)
C: 717, 4673, 4676
E: 5696, 7158
—, acting on C-NH group of donors
(E.C. 1.5.-.-)
C: 2693, 2699, 4671, 4677, 4680
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E: 1714, 3703

—, —, structure studies
C: 595
E: 3491

—, acting on reduced NAD or NADP as
donor (E.C. 1.6.-.-)
C: 714, 715, 719, 722, 724, 4660,

4663, 4666, 4667, 4670, 6403
E: 1703, 1719, 3697, 3706, 3712, 3717,
5692, 5697, 5698, 7155

—, acting on other nitrogenous compounds
as donors (E.C. 1.7.-.-)
Cs 732
E: 1718

—, acting on a sulphur group of donors
(EWCu 148 a, =)
C: 2697, 4675, 4679

—, acting on a haem group of donors
BiCa 3:Burmim)
C: 735, 4661, 6400
E: 1618, 1705, 1710, 3713

—, —, structure studies
E: 3488, 3495

—, acting on diphenols and related
substances as donors (E.C. 1.10.-.-)
C: 730, 733, 2688
E: 3714

—, acting on hydrogen peroxide as ac-
ceptor (E.C. 1.11.-.-)
C: 725, 2689, 4659, 4669, 4672, 4775
E: 1709, 1713, 3696

—, acting on single donors with incor-
poration of oxygen (oxygenases) (E.C.
1.135=2)
C: 713, 4668, 6405

—, acting on paired donors with incor-
poration of molecular oxygen (hydroxy-
lases) (E.C. 1.14.-.-)

C: 712, 734, 736, 2695, 2702, 2704, 4665

E: 1700, 1704, 3707, 3716
—, acting on superoxide radicals as
acceptor (E.C. 1.15.-.-)
C: 6404
—, other and uncompletely identified
oxidoreductases
€z 2701
E: 1708, 3711, 3783, 7147, 7156, 7157
Oximes
G: 2209
Oxo compounds
—, general techniques
C: 279, 396, 2466, 6258
P: 1180
—, aliphatic
C: 393, 2465, 4341, 4342, 4346, 5018,
5021
G: 35, 54, 59, 152, 173, 1819, 1857,
1859, 1997, 2062, 2064 - 2066, 2068,
2069, 2321, 2323, 3862, 3972, 3973,
4092, 5087, 5886 - 5888, 5890, 6006,
6039, 6094
P: 3011
T: 6912
— cyclic
C: 4340, 4344, 4345, 6257
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G: 74, 75, 2063, 2064, 2321, 3986,
5889
P: 5133
T: 1282, 1255, 1257, 3050, 3058, 5133,
5244, 6717, 6898
Oxygen
G: 1934, 6064, 6078
Ozone
G: 26
P
Pantothenic acid and coenzyme A
C: 2834
P: 5154
T: 1454, 3360, 5154, 5440
Papaveraceae alkaloids (excluding opium
alkaloids)
C: 895, 904
P: 1201, 3225
T: 1201, 1419, 3225, 5394, 5403, 5410,
6886, 6887
Penicillins
C: 961, 964, 2862, 2867, 4875, 4881,
4965, 6481
G: 2169
T: 1459, 1462, 1464, 5451, 6921
Peptide (and amino acid) antibiotics
C: 2857, 2858, 2861, 6489
P: 5155, 6669
T: 3250, 3259, 5464 - 5466, 6669, 6916
Peptides
C: 557 - 584, 2577 - 2590, 4507 - 4543,
6337 - 6359
E: 1609 - 1617, 3463 - 3502, 5588 - 5594,
7062 - 7067
G: 2142, 5945 - 5947
P: 1194, 3026, 3027, 5141, 5142, 6664,
6665
T: 1367- 1381, 3183~ 3199, 5359~ 5368,
6851 - 6864

—, reviews and books

Gi

3862

—, techniques

C:

E:
Gt
T

’
C:
P
T:

’

Tz

544, 558, 562, 564, 567, 569, 579,
581, 584, 603, 872, 2574, 2579,
2580, 2587, 4215, 4487, 4510, 4512,
4514, 4527, 4533, 4534, 4540, 6337,
6339 - 6344, 6455

1767, 3464
2133, 2142,
1373, 1374,

2143, 5945 - 5947

1377, 1381, 5361, 6864

—, dansyl derivatives

4215
6862
1380,

3189, 3190, 6862

-—, DNP derivatives

1358

—, applications, non-biological

C:

E:
Pg

557, 563, 2577, 2578, 2590, 4511,
4543, 6338, 6349, 6351, 6356, 6357
1611

1368

503

-
€
E:
P:
T

'
(8H
E:
T

’

’

e
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1368,
3193,
6860
—, microorganisms
570

1614

3028

1379, 5351,
—, plants
4513

1609

5360, 6853
—, animal material

561, 568, 574, 576, 2586, 2588,
2589, 4507, 4508, 4518, 4522, 4526,
6347, 6348, 6354, 6358, 6359

1613, 3463, 3468, 3516, 3517, 5594
6664, 6665, 6855
1367, 3190, 3192,
6851, 6855
—, food products
4539

1375,
3197,

1376,
3199,

1380,
5363,

3184, 3187,
5366, 6852,

5392, 6854

3194, 5367, 5442,

Peptidic inhibitors

T

5365, 5368

Peroxides

C:
G:
i

391
75, 5833, 6094
3141

Pesticides

Ci

G:

T

HYoO-~

7
C:
G:

T
—

C:

G:

P:
T:

—
6]
G:

T:

7
Cs
G:

976 - 984,
6490 - 6503
96-99, 2170- 2184, 4030 - 4038,
5975 - 5993
1465 - 1490, 3275- 3289, 5469 - 5478,
6930 - 6947
reviews and books
6492
149,
5171
5171, 6931, 6932
techniques and complex mixtures
2869, 4893, 6490, 6491, 6493, 6503
44, 183, 185, 4102, 5975, 5981,
5989, 6103, 6111
1471, 6930
carbamate
977, 2870, 2871, 4897, 4898, 6496,
6502
8, 97,
4037,
3024
1465,
6939
chlorinated
976, 980, 984, 4891, 4892
8, 56, 96, 2012, 2038, 2039, 2170-
2172, 2181, 2184, 2324, 2327, 2328,
2333, 2338 - 2340, 3950, 3971, 4031,
4032, 4111, 5861, 5976 - 5978, 5980,
5982 - 5984, 6129
1465, 1466, 1486, 3275- 3278, 5469,
5478, 6932 - 6934
phosphorus
4894, 4895, 6494
23, 2173~ 2176, 4031,

2869 - 2874, 4891 - 4903,

175, 184, 2271

187, 189, 2178, 4034, 4036,
4104, 5988, 5993

1469 - 1474, 3281, 3282, 6938,

5987, 6046
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T: 1465, 1467, 1468, 1471, 3277 - 3280,
5470, 5471, 6935- 6937
see also Agrochemicals; Biphenyl and
derivatives; Fungicides; Herbicides;
Pyrethrins
Petroleum hydrocarbons, see Hydrocarbons
Pharmaceutical applications
C: 1022 - 1111, 2901 - 2952, 4940 - 5008,
6542 - 6598
E: 1801, 7202
G: 105- 138, 2200- 2263, 4041 - 4076,
6018 - 6021, 6025, 6031
P: 3036, 3037, 6674
T: 1503 - 1542, 3304 - 3338, 5487 - 5508,
6964 - 6991
-—, reviews and books
C: 1021, 2347, 2900, 4939, 4992, 5040,
6541
T: 3054, 3300- 3303, 5486, 6693, 6797
—, synthetic drugs, general techniques
C: 1057, 2911, 4940, 4953, 4957, 6158
G: 2212, 2214, 2270
T: 1506, 1508, 1524, 1534, 3305, 3306,
6965, 6970, 6996
—, —, systematic analysis
T: 5510
—, —, complex mixtures
T: 6970

see also Alkaloids; Drug monitoring and

pharmacokinetic studies; Plant ex-
tracts; Toxicological applications;
individual groups of drugs and alka-
loids
Pharmaceutical and cosmetic dyes
C: 986, 987, 2875, 4906, 5017
T: 3290, 3292, 3293
Pharmacokinetic studies, see Drug
monitoring and pharmacokinetic
studies
Phenazines
T: 5428
Phenols
-—, reviews
G: 75
P: 5124
T: 5124
—, theory
C: 4151
G: 2056
T: 3050, 6680
-—, techniques
C: 279, 2407, 2470, 4339, 4401, 4463
G: 1895, 2030, 2057, 2058, 2325, 3862,
5878, 5880, 5882
T: 1219, 1227, 1231- 1233, 1236, 1237,
3058, 3079, 6701
—, applications
C: 368- 373, 2467 - 2469, 4324, 4325,
5015, 6249
G: 173, 2059, 2325, 2334, 3968, 5879,
5881, 5883, 5884
P: 5215
T: 1234, 1235, 3080, 3081, 5215- 5218,
5341, 6698 - 6700, 6979
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Phenothiazines
C: 1033, 4947
T: 3306, 3330, 5497, 5506
Pheromones
C: 2998, 4319, 4630
G: 2167, 2309, 5915
Phospholipids
C: 2519, 4410, 4413, 4416, 4417, 4429,
6280, 6282, 6283, 6285, 6286
E: 3456
G: 73, 2098
P: 1187, 6655- 6657
T: 1187, 1282, 1283, 1287, 1289, 1290,
1294, 1297, 1299~ 1301, 1303, 1307 -
1310, 1311, 3120, 3123, 3125, 3128-
3130, 3132, 3135, 3138, 5272; 5273,
5275, 5278, 5281, 5182, 5285, 5286,
5288, 5305, 5531, 5532, 6657, 6745,
6748, 6749, 6753, 6754, 6757 - 6760,
6762, 6766, 6763- 6770, 6772, 6774,
6776, 6778, 6781, 6784, 6785, 6789,
6791, 6795, 6804
see also Sphingolipids
Phosphorus compounds, inorganic
C: 1163, 1164, 2983, 2985, 5088, 5089,
5095, 6623
E: 1574
G: 2294
P: 3042, 5166 - 5168, 5215
T: 3358, 5215
—, organic, techniques
C: 4828, 6467
G: 29, 65, 3862
T: 1441, 3237, 5432, 6776
—, -—, applications
C: 6466
E: 1580, 3829
2306
5215, 6668
1285, 1440, 1442, 3236, 3237, 5215,
6902
Pigments, natural (and fluorescent
substances)
C: 991- 996, 2602, 2936, 4840, 4907 -
4909, 4911, 6506, 6507
E: 1799, 3498, 3682, 3834 - 3837
T: 3298, 5484, 5485, 6905, 6954, 6956
see also Anthocyanins; Chloroplast
pigments; Flavonoids and other
Y-pyrone derivatives
Piperazines
T: 5429, 6841
Pituitary hormones
¢+ 566, 571, 574, 580, 583, 2581,
2584, 2585, 2590, 4509, 4516, 4517,
4520, 4521, 4523, 4524, 4528, 4529,
4531, 4535, 4538, 4542, 4584, 6340,
6345, 6346, 6350, 6353
E: 1616, 3465, 3466, 3468, 3470, 3471,
5588, 5589, 5591- 5593
T: 5362
—, structure studies
C: 588, 2591, 2601
E: 3472
P: 5141
T: 1371, 5141

H Yo
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Plant extracts
—, reviews
C: 2346
T: 1254, 3300
—, general techniques
C: 2429, 2434
E: 5759
G: 4041
T: 1506, 5323, 5517
-, applications
c: 392, 503, 1052, 1117- 1120, 1122 -
1124, 1172, 2905, 2955, 2956, 2997,
5022 - 5027, 6253, 6598, 6600 - 6604
G: 2272, 2273
T: 1255, 1334, 1548 - 1551, 3090, 3343 -
3347, 5220, 523t, 5515, 5516, 5518-
5520, 6995
Only complex mixtures or not fully
identified compounds are referred to
here
Plasticizers and stabilizers (including
other additives)
C: 6534
G: 2271
T: 1499, 6699, 6958, 6963
Plastics and other synthetic polymers
C: 997- 1020, 2877 - 2899, 4912 - 4938,
6508 - 6540
E: 1800
G: 100- 104, 2185- 2199, 4039, 4040,
5994 - 6017, 6098
T: 1496 - 1502, 3299, 6957 - 6963
—, reviews and books
C: 998, 1004, 4119, 4918, 4920, 6131
G: 101
T: 1497, 1500, 1501, 6959
—, techniques and theory
c: 997, 1001, 1007, 1009, 1010, 1013,
1018, 2884, 2890, 2891, 2895- 2898,
4169, 4175, 4912, 4913, 4915, 4916,
4919, 4921, 4924, 4925, 4932, 4933,
4938, 6159, 6509, 6511, 6517, 6522,
6524, 6525, 6527, 6531, 6532, 6536 -
6538
G: 2191, 2192, 2196, 2199, 5996, 6004,
6005
T: 1497, 1498, 1501
see also individual types of polymers
and resins
Platinum metals and gold
c: 1133, 1139, 1147, 1149, 2963, 2974,
4833, 5066, 6608
G: 2156
P: 5161, 5162, 6675
T: 1553, 3355, 5524, 5525, 5527, 5529
Polyamides and their intermediates
C: 4914, 4923, 4937, 6523
T: 1500
Polyamines, See Amines, polyamines and
their derivatives
Polyether antibiotics
T: 6914
Polyethylene etc., see Polyolefins
Polynucleotides, see Oligo- and poly-
nucleotides
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Polyolefins
C: 999, 1000, 4934, 6514, 6530, 6535
G: 100, 104, 2195
Polyoxyethylene
c: 1011, 1012
Polysaccharides
C: 413, 414, 429, 2499, 2500, 4211 (re-
view), 4362, 6262, 6265, 6266
E: 5573, 5574, 7037
—, structure investigation
G: 2079, 2311, 5899, 6083
P: 1183, 3019, 6649
Polyurethanes
C: 4479
G: 2190, 2194
P: 3299
T: 3299
Porphyrins and metalloporphyrins
C: 909- 912, 4810- 4813
E: 5751
G: 4013
T: 1422, 3227, 5420 - 5422
Potassium, see Alkali metals
Pregnane derivatives
—, reviews
P: 3022
—, techniques
C: 477, 481, 485
G: 162, 3981
P: 3023
T: 1318, 1319
—, applications, non-biological
C: 483, 2529, 6290, 6293
T: 1311, 1312, 1320, 3143 - 3145, 5298
-, —, biological
C: 475, 478, 479, 482, 484, 2527,
2531, 2906, 2912, 2929, 4431 - 4433,
6291, 6292, 6548, 6571
P: 1188- 1190, 3022, 5292, 6659
T: 1190, 1314 - 1317, 5291, 5292, 5297,
5299, 5300, 6798, 6799
Prostaglandins and thromboxanes
C: 464 - 466, 2518, 4205(review), 4405,
4408, 4409, 6277
G: 68- 71, 1816, 2089, 2212, 2215,
3862, 3977, 3978
T: 1279, 3108- 3110, 5267 -5271, 6741 -
6744
Protamines, histones and other nuclear
proteins (including chromatin
proteins)
C: 654 - 664, 2644 - 2650, 4609 - 4613,
4794, 6311, 6382, 6383, 6444
E: 1665- 1674, 3531, 3605- 3622,
3623 (review), 3624 - 3632, 3678,

5546, 5650 - 5661, 5740, 5741, 7116-7120

—, structure studies
E: 3479, 3502, 3814, 3815

T: 1370
Proteins
C: 603- 709, 2605 - 2685, 4554 ~ 4654,
6365 - 6399
E: 1625- 1698, 3503 - 3692, 5605- 5691,
7080 - 7146
P: 5143

T: 1382, 5370, 6865, 6866
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, reviews and books

C: 196, 4240, 4555

E: 3369

—, general techniques
C: 603-610, 612, 630,

2605 - 2608,

4554, 4556 - 4562, 6341 - 6344, 6355,

6365~ 6367
E: 1573, 1625~ 1628, 3393,
3510, 5567, 5605- 5610

T: 6865, 6866

3413, 3503 -

—, sequence analysis, general techniques

5361, 6848,

C: 585, 599, 611, 2604, 6361
E: 3474, 3477, 5596, 7068-7078
P: 6863
T: 1366, 3183, 3200, 5343,
6863, 6864
-, —, reviews and books
T: 3201, 5369

—, of subcellular particles and viruses
(including ribosomal proteins)
C: 613~-616, 618, 619, 688, 695, 4563,

4564, 4566,
E: 1629 - 1640,
3524, 3525,
3564, 3565, 3567,
3687, 5557, 5611,
5654, 7081-7086
—, —, structure studies
C: 4547
E: 3490, 5595

4574,
1686,
3527,

6395
1694,
3534,
3571,
5612,

3511 - 3522,
3535, 3542,
3584, 3640,
5614, 5615,

—, microbial and plant proteins
(including proteins of foods of plant

origin)

C: 617, 619-627, 2609, 2611, 2644,
4563, 4565 - 4568, 4570, 4572- 4577,
6368

E: 1632, 1636, 1641 - 1643, 1686, 3503,
3511, 3515, 3523, 3526, 3528 - 3545,
3606, 3608, 3617, 3618, 3621, 3628,
3632, 3635, 3639, 3650, 3661, 3665,
3666, 3677, 3682, 5613, 5617- 5619,
5621 - 5624, 7087-7092

—, —, structure studies

C: 63064

E: 3494

P: 6862

T: 6857, 6861, 6862
—, bacterial toxins
C: 4569, 4571
E: 5616, 5620
—, of blood,
C: 334- 337,
2627,
4649,
6377
E: 1593,
3378,

628 - 648,
2675 - 2681,
4651, 4652,

2958,
5031,

1644 - 1654,
3509, 3514,
3648, 3655, 3662,
3672, 3673, 3839,
5625 - 5636, 5638,
6640

1382, 5370

-, —, structure studies

1663,
3522,
3664,
3841,

P:
T:

C: 2577, 2592, 2599, 4544
E: 3483, 3500, 3561, 5603
T: 3189

serum and blood cells
1170, 2612 -

4578 - 4600,
5043, 6369 -

1690, 1695,
3546 - 3573,
3668, 3670,
3842, 3844,

7093-7105

—, structural

—, of muscle and meat products

B493

{(except contractile

elements)

C: 649 - 653, 2615,
2631, 2633,
2642, 4596,
6381, 6399

E: 1655, 1661, 1663,
3561, 3574, 3575,
3588, 3595 - 3597,
5637, 5639, 5641 - 5644,
5681, 7107, 7109, 7110,

, —, structure studies

C: 586, 591, 596, 598, 680,

E: 1622, 1623, 1663, 3481,
3561

, of brain, cerebrospinal fluid and eye

2619, 2624, 2629 -
2634, 2638, 2639, 2641,
4601, 4603 - 4605, 6378 -

1664,
3580,

1696,
3582,
3602,
5647,
7113

3439,
3587,
5569,
5648,

4545,
3482,

4603
3499,

C: 679, 705, 709, 2602, 2642, 2643,
4279, 4648, 4650, 6393

E: 1693, 1697, 1968, 3509, 3583, 3584,
3601, 3602, 3622, 3685, 3691, 3692,
5688, 5689, 7108, 7136, 7137, 7139

, —, structure studies

C: 6362

E: 3498

for eye pigments, See Pigments,
natural

(in-
cluding related contractile proteins)

C: 706, 2628, 2636, 2637, 2640, 2642,
4602, 4606 - 4608

E: 1656~ 1660, 1662, 3509, 3576 - 3579,
3581, 3583 - 3586, 3589 - 3594, 3598,
3599, 2601, 3603, 3604, 5638, 5640,
5645, 5646, 5649, 7106, 7111, 7112

, —, structure studies

C: 2593, 4549

E: 3492, 5597

P: 1194, 5143

T: 6856

, of glands and gland products (except

mammary gland), various zymogens

C: 679, 680, 682 - 684, 690, 2648,
4522, 4630, 4633, 6390, 6392, 6397

E: 1681, 1683 - 1685, 1752, 3494, 3520,
3527, 3616, 3627, 3640, 3641, 3653,
3678, 3679, 3765, 5675- 5677, 7129

, —, structure studies

C: 2595, 2596

E: 3480, 3484, 3485, 5597

, of milk

C: 678, 685, 2610, 2668, 4631, 4646,
6391

E: 1680, 1682, 3651, 3652, 3654, 5678,
5679

, —, structure studies

C: 6360

E: 3493

, of eggs

E: 3509, 3540, 3687, 3688

, urinary

C: 703, 4640, 4641 - 4643

E: 1647, 3680, 3681, 3840, 3842, 5685-
5687, 7134, 7135

, from neoplastic tissue
C: 2671, 2672
E: 7130-7133
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E: 3524, 3613, 3646, 3656 - 3660, 3676,
5680
—, complex mixtures and uncompletely
specified proteins
Cc: 638, 687, 704, 707, 708, 4279,
4644, 4645, 4647, 4651 - 4654, 6390
E: 1799, 3686, 3689, 3690, 5690, 5691

—, —, structure studies
C: 4518

Protoberberine alkaloids
C: 6542
P: 5149

T: 5149, 5411, 6879
Psychotropic drugs (analeptics, neuro-
leptics, antidepressants, stimulants)

C: 1045, 1046, 1048, 1054, 1056, 1061,
1081, 1088, 2902, 2914, 2916, 2920,
2923, 2932, 2933, 29383, 2941, 2948,
2950, 4801, 4806, 4809, 4944, 4956,
4957, 4966, 4967, 4988, 4990, 4997,
5004, 5028, 6543, 6546, 6569, 6570,
6573, 6577, 6591 - 6593, 6596

G: 118, 121, 122, 134, 135, 140, 141,
2200, 2202, 2207, 2212, 2229, 2234,
2268, 3998, 4042, 4051, 4052, 4060,
4061, 4069, 4072, 6018, 6026, 6027

P: 1541t

T: 1509, 1520, 1522, 1525~ 1527, 1539,
1541, 1543, 3319, 3324, 3325, 3336,
5496, 5499, 5510- 5512, 6970, 6976,
6980, 6984, 6985

Purgatives
C: 5023
Purine alkaloids (xanthines)

c: 901, 908, 2815, 2818, 2856, 4801,
4803, 4805, 4806, 4808, 4809, 4954,
4983, 6451, 6452, 6455, 6458

T: 1411, 1418, 1540, 3304, 3321, 5404,
5510, 6879, 6885

Purine antibiotics
C: 4886, 6484

Purines, pyrimidines, nucleosides,
nucleotides

C: 853-877, 2786- 2797, 4758~ 4782,
6433 - 6441

E: 3791, 3792, 7193

G: 2144 - 2150, 4010~ 4012

P: 1195- 1200, 3029- 3032, 5144 - 5148,
6666, 6667

T: 1383 - 1402, 3202 - 3207, 5371 - 5389,
6867 - 6875

—, reviews

C: 877, 4758, 4759

T: 1399, 5383
—, techniques

C: 853, 861, 862, 864, 865, 867- 870,
873, 875, 2788, 2789, 2796, 2797,
4272, 4760, 4765 - 4768, 4770 - 4772,
4776, 4777, 4785, 6436, 6438, 6441
1768
2144, 2146, 2149, 3862
1195, 1196, 5145, 5372
1384, 1392, 1399, 3204, 3205, 5250,
5371, 5372

Hwo |
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-—, ——, analogues of purines, pyrimidines,

nucleosides, nucleotides

c: 857, 859, 863, 928, 1092, 2786, 2792,

4764, 4775, 6434
p: 1200, 1401
T: 1389, 1390, 1396, 1400~ 1402, 3206,
5384, 5387, 5389, 6874
—, applications, non-biological
C: 856, 871, 2791, 2795, 4761, 4762,

4773, 6440

G: 120

P: 1401, 3029, 3032, 5374, 6666, 6872
T: 1385, 1394, 1395, 1401, 3207, 5374,

5378, 5381, 5386, 6872
—, —, enzymatic
C: 855, 860, 874, 4762, 6433
P: 1197, 3031, S146, 5147, 5372
T: 1383, 5372, 5380, 5385
—, —, microorganisms
C: 4763, 6437
P: 1199, 5144, 6667
T: 1391, 1393, 1397, 5144, 5375, 5379,
5382, 6868, 6873, 6875
—, —, animal material
C: 866, 873, 2787, 2794, 2945, 4774,
4778, 4780 - 4782, 5030, 5038, 5041,
6939
G: 2148
P: 1196, 3034, 5148
T: 1398, 3202, 5373, 5377, 6867, 6871
Pyrazine derivatives
T: 1437, 1438
Pyrazoles
P: 5151
Pyrazolones
T: 6896
Pyrethrins
T: 1488 - 1490, 6946
Pyridine and piperidine derivatives
C: 919, 2921, 4821
G: 34, 87, 2152, 4096, 5953
P: 5143
T: 1342, 1429- 1431, 3050, 5900
—, carboxylic acids
C: 920
T: 1429
see also Nicotinic acid and derivatives
Pyridoxone, &See Vitamins, By group
Pyrimidines, See Purines, pyrimidines,
nucleosides, nucleotides
a-Pyrone derivatives
T: 6711
Y-Pyrone derivatives, see Flavonoids and
other Y-pyrone derivatives
Pyrroles and pyrrolidines
T: 6892
see also Bile pigments; Porphyrins and
metalloporphyrins
Pyrrolizidine alkaloids
C: 893, 894, 899, 907
T: 1408, 1414, 5402, 6882
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Q

Quinoline and isoquinoline alkaloids
G: 2259
T: 3221, 5408
Quinolines and isoquinolines
C: 390, 917, 922
G: 2259, 4096

T: 1434, 3050, 3177
Quinolizidine alkaloids
T: 6879
Quinones
C: 4343
P: 5128
T: 1250, 1253, 1256, 3091, 3092, 5246,
5249, 6719, 6720
see also Anthraquinones
R
Radiopharmaceuticals
C: 1151, 2909
P: 3036, 3043, 6674
T: 3036, 3361, 3363, 5488, 6988
Radiosensibilizators
C: 6307
T: 1435
Rare earths
C: 1143, 1145, 1148, 1155, 2960, 2968,
2979, 5053, 5058, 5060, 5063, 5077,
5079, 5084, 6612 - 6614, 6617, 6618,
6621
P: 5163

T: 3354, 6996, 6998
Rauwolfia alkaloids

T: 3218, 5405, 5413, 6691, 6879, 6883,

6888, 6970
Resins
—, amino aldehyde
T: 1351, 1500, 1502
—, phenolic
C: 1615, 1639
T: 3081

—, phenol-formaldehyde type
C: 2881, 2887, 2893, 4244
G: 6009

—, polybutadiene
G: 6003

—, polycarbonates
C: 2378

—, polyester
C: 4171, 6512
G: 2186, 2197
T: 1500

—, polyethylene imine
T: 1500

—, polyethylene and polypropylene
glycols
G: 2198, 6017
T: 6960, 6962

—, poly(vinyl acetate)

C: 2882, 2886, 2889
G: 5995

B495

—, poly{vinyl alcohol)
C: 2886, 6510

G: 5995
—, poly{vinyl chloride)
C: 1006, 1020

G: 102, 2188, 4040, 5995
—, poly (vinyl pyrrolidone)
C: 6540
G: 5995
see also Acrylic resins; Epoxy resins;
Polyamides; Polyolefins; Rubber;
Styrene polymers
Retinol and derivatives, 8ee Vitamins,
A group
Rhinologics
T: 3309, 3333
Riboflavin and other flavins, see
Vitamins, B, and other flavins
RNA
—, reviews and books
E: 3369, 3891
G: 5951
—, techniques
C: 852, 2790, 2798 - 2800, 4785, 4787,
4789, 4793, 6445
E: 1760, 3790, 3803,
5738, 7194, 7195
~—, applications, non-biological
C: 4783

3018, 5729- 5731,

E: 1777, 1779- 1781, 3793, 3795, 3804
—, —, microorganisms
C: 2802, 4786
E: 1771, 1772, 1774- 1776, 1782, 1786,
3796, 3798, 3800, 3801, 3805 ’
—, —, plants
C: 879
E: 1775, 3797, 3799, 3802
—, —, animal material
C: 878, 880, 2801, 4784, 4788, 4790
E: 1769, 1770, 1773, 1778, 3794, 5732,
5733, 5745
—, structure studies
c: 851, 859, 890, 2807, 2811, 2813,
4796
E: 1794, 3816, 3819, 3820, 3822, 3824,
3826, 5742, 5745
P: 1198, 3030, 5391, 6877
T: 1387, 1388, 3203, 3208 - 3213, 5376,
5388, 5390- 5393, 6870, 6876, 6877

Rubber natural and synthetic

C: 1008, 1019, 2357, 2877, 2880, 2888,
4935
G: 2307
Rubidium, see¢ Alkali metals
S
Saponins and sapogenins
C: 501, 502
G: 2114
P: 5138
T: 1332, 3344, 5138, 5200, 5308, 5314,

5316, 5318, 6827
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Sedatives, hypnotics and narcotics
c: 1023, 2933
G: 1926, 2204, 2212, 2220, 2225, 2228,
2232, 2236, 2239, 2245, 2247, 2261,
4040, 4065, 6018
T: 1524, 5510, 6970
see also Barbiturates
Selenium, inorganic, See Cations, inorgan-
ic, analytical group IIb
—, organic
G: 2287
Senecio alkaloids
T: 1410, 3219
Sexual attractants, see Pheromones
Sialic acid, see Glycosaminoglycans
Silicium compounds, inorganic
C: 5091
G: 5969, 6076
—, organic
C: 2828
G: 39, 92,
5970
Silver, see Cations, inorganic, analyt-
ical groups I and Ila
Skeletal muscle relaxants
G: 4071
Snake venoms
C: 2667, 2669, 2670, 4629, 4632
Sodium, see Alkali metals
Soil pollution

2157, 3861, 5967, 5968,

G: 8, 183, 188, 189, 2181, 2330, 2331,
2338, 2339, 2341 - 2343, 4036, 4115,
5985, 5989, 6130

T: 1465, 1478, 1481, 1482, 1485, 3071,
3283, 3285, 3288, 5214, 5339, 6933,
6937, 6944

Spasmolytics, see Anticonvulsants
Specific binding proteins
C: 237, 336, 661, 684, 686, 688- 690,
692 - 702, 708, 2673 - 2682, 2684,
4609, 4634 - 4639, 4757, 4394 - 4397
E: 1663, 1687- 1689, 1691, 1692, 1696,
3552, 3661 - 3679, 5591, 5674, 5680,
5681, 5683, 5684
Sphingolipids
C: 4420
P: 6656
T:; 1283, 1292, 3112, 3122, 3135, 3136,
5275, 5288, 6746, 6747, 6751, 6755,
6778, 6788, 6790
see also Cerebrosides; Glycolipids
Stabilizers, see Plasticizers and stabi-
lizers.
Starch components

C: 422, 435
Steroid alkaloids
C: 4802
T: 1421, 5399, 5418, 6890
Steroids
C: 473 - 499, 2527 - 2537, 4430 - 4451,
6288 - 6297
E: 7058
G: 2100- 2115, 3984, 3985, 5914 - 5917
P: 1188~ 1190, 3022, 3023, 6659, 6660
T: 1311- 1329, 3142 - 3148, 5289 - 5312,
6797 - 6825
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—, reviews and books
C: 4215, 4430
G