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REVUE D'ENSEMELE

JOURNAL OF CHROM:ATOGI~APHY

PROGRES RECENTS DE LA MICROCHROMATOGRAPHIE

SUR COUCHES MINCES

E. DEMOLE

LabHatoires de Recherches, Firmenich & Cie,
Geneve (Suisse)

(Re\,u Ie I mars 1961)

La presente revue d'ensemble complete et met a jour un premier article consacre
au meme sujet en 19581. Depuis lors, la microchromatographie sur couches minces a
connu un important developpement. Rendue plus accessible sur Ie plan pratique,
elle a ete adaptee, avec un succes remarquable, a l'analyse des substances hydroso
lubles. Son usage se generalise de plus en plus.

1. APPAREILLAGE, TECHNIQUE

(a) Preparation des couches adsorbantes

Seules les chromatoplaques preparees a l'aide d'egaliseurs produisant des couches
actives rigoureusement regulieres et d' epaisseur constante assurent une reproductibilite
satisfaisante des resultats. L'un de ces appareils, construit par STAHL2, donne des
couches adsorbantes de 0.01 a0.5 mm d'epaisseur. II en existe un modele commercial*
produisant des couches de 0.25 mm a partir de melanges fluides d'adsorbant, de
platre de Paris et d'eau. Un mode d'emploi detaille libere l'utilisateur de cet appareil
de toute difficulte pratique concernant la preparation proprement dite des chromato
plaques; ce facteur de commodite a largement contribue a la diffusion de la methode
ces deux dernieres annees.

STAHL2 a mis au point un autre appareil (non commercialise), electrique, per
mettant la preparation automatique de 800 a 1500 "chromatostrips" (2.5 x 20 cm)
par heure avecn'glage variable de l'epaisseur des couches adsorbantes (de 0 a 1 mm).

Un egaliseur plus simple, construit en plexiglas, a ete decrit par BARBIER et al,3
pour la production de couches adsorbantes regulieres de 0.3 mm d'epaisseur environ.

MACHATA4 a construit un instrument tout aussi simple, en acier inoxydable,
donnant un film adsorbant de 0.25 mm environ.

MOTTlER5 a utilise de son cote un dispositif encore plus simple pour repartir
regulierement de l'alumine pulverulente sur des plaques de verre. II s'agit la toutefois
d'une technique speciale conduisant a des couches adsorbantes non adherentes et
non a des chromatoplaques au sens habituel du terme.

* Fabrique par C. Desaga GmbH, Hauptstrasse 60, Heidelberg (Allemagne). Un autre egaliseur
est construit par Camag S.A., Muttenz (EL/Suisse).
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MICROCHROMATOGRAPHIE SUR COUCHES MINCES 3

A texception de I'appareil reglable de STAHL2, tous ces egaliseurs donnent des
couches d'une epaisseur unique comprise entre 0.2 et 0.3 mm, limites adoptees par la
quasi-totalite des utilisateurs de chromatoplaques. On ne doit cependant pasperdre
de vue l'intefl~t que presente l'emploi des couches specialement epaisses (r mm) qui
autorisent les separations semi-preparatives et meritent particulierement bien Ie
nom de "colonnes ouvertes" confere aux chromatoplaques en general. II ne semble
par contre guere y avoir d'avantage a utiliser des couches adsorbantes extremement
minces « 0.2 mm) sur lesquelles la reproductibilite des valeurs de Rp est influencee
par les plus petites irregularites de l'adsorbant2•

Le$ chromatoplaques preparees sans 1'aide d'egaliseur conduisent a des resultats
utilisables si I'on caraeterise les substances chromatographiees par leurs valeurs de
Rp relatives.' Celles-ci restent en effet, dans certaines limites, independantes des
variations d'epaisseur des couches. Citons it ce propos TSCHESCHE et al.6 qui ont
utilise des chromatoplaques preparees simplement it 1'aide d'une spatule.

(b) Composition des couches adsorbantes

L'adsoribant Ie plus generalement utilise sur chromatoplaques est 1'acide silicique
(silicagel). Ses proprietes chromatographiques a la fois souples et selectives et Ie fait
qu'il peut etre adapte aussi bien it la separation de corps liposolubles (par adsorption)
qu'a celIe de corps hydrosolubles (par partage) justifient cette preference. L'oxyde
d'aluminium, d'un emploi beaucoup plus restreint, paralt surtout recommande pour
les separations des substances basiques. MOTTIER5 a cependant obtenu d'interessants
resultats avec cet adsorbant dans Ie cas d'acides amines et de colorants.

II existe, dans Ie commerce, des adsorbants prepares tout specialement pour
l'emploi sur chromatoplaques*. Ces produits contiennent une certaine quantite
(par exemple 5%) de platre comme agent liant.

PRYOR ET BRYANT7 ont prCfere Ie magnesol (silicate hydrate de magnesium) a
1'acide silicique dans Ie cas de la microchromatographie de certaines huiles essentielles.

Dans Ie domaine particulier de la chromatographie de partage, TEICHER et al. s

ont mentionne 1'usage d'une poudre de cellulose commerciale* * sur chromatoplaques.
l~appeIons que la serie "G" des adsorbants de Merck comprend Ie kieselguhr.

L'emploi d'autres adsorbants s'imposera certainement it 1'avenir, particuliere
ment dans Ie but de permettre des separations speciales (couches minces it base de
polyamides, de resines echangeuses d'ions, etc.).

L'agent liant incorpore a 1'adsorbant est presque toujours Ie platre, ce qui donne
des couches actives exclusivement minerales supportant 1'action des reactifs de
revelation les plus corrosifs. L'amidon constitue un autre excellent liant, de moins en
moins utilise cependant a cause de sa nature organique. II conduit pourtant it des
couches adsorbantes reellement dures, permettant des inscriptions au crayon, ce
qui n'rest pas Ie cas, par exemple, de celles preparees it partir du silicagel "G" (Merck).

* Siilicagel "G", oxyde d'aluminium "G" et kieselguhr "G" fabriques par E. Merck, Darmstadt
(Allemagne); "G" = Gips = platre. Un oxyde d'aluminium pour chromatographie sur couches
minces' est egalement fabrique par Fluka S.A., Buchs, St.-Gall. (Suisse).

** Fabriquee par Excorna, Pharm. Praparate o.H.G., Mainz (Allemagne).
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4 E. DEMOLE

(c) Normalisation des couches adsorbantes

Les films actifs utilises pour la microchromatographie doivent respecter certains
criteres que STAHL2 s'est attache a bien definir. Cet auteur tient compte de trois
proprietes fondamentales des chromatoplaques pour fixer les normes suivantes,
auxquelles doivent repondre les couches siliciques de 0.25 mm d'cpaisseur activees a
1050 durant 30 minutes.

1. Pouvoir separateur, degre d' activite. En developpant avec de l'hexane Ie micro
chromatogramme d'un melange de trois colorants (bleu d'indophenol, rouge Soudan
G, p-dimethylaminoazobenzene; 2 fl-g de chaque), on doit constater que ceux-ci
restent a leur point de depart (situe a 1.5 em du bord inferieur de la plaque, celle-ci
trempant de 0.5 em dans Ie solvant). L'essai est termine lorsque Ie front du solvant
a atteint un niveau situe a 10 em au-dessus de la ligne de depart.

En repetant Ie meme essai en presence de benzene, on doit observer une migra
tion et une separation parfaites des trois colorants. Le degre d'activite exact de la
plaque peut etre chiffre par les valeurs de RF obtenues.

2. Proprietes capillaires. Le temps mis par Ie benzene pour couvrir un trajet ascen
dant de 10 em sur la couche adsorbante, dans les conditions normales de la chromato
graphie, ne doit pas exceder 45 minutes (30 minutes habituellement).

3. Structure physique, resistance mecanique. L'adsorbant doit posscder un degre
granulometrique permettant l'obtention de couches regulieres, d'apparence lisse, de
0.25 mm d'epaisseur. Ces couches doivent pouvoir supporter une forte pulverisation
d'acides concentres suivie d'un chauffage.

Le silicagel "G" (Merck) satisfait aces exigences. II est toutefois recommande de
placer un temoin (par exemple Ie melange des trois colorants cites plus haut) sur
chaque chromatoplaque utilisee. On obtient alors un maximum de precisioil, les
plaques d'activite anormale pouvant etre decelees et leurs resultats corriges. Cette
pratique est d'autant plus justifiee que l'obtention d'une reproductibilite parfaite
des valeurs de RF absolues necessite de grandes precautions experimentales difficiles
a observer pleinement (manipulation des plaques a l'abri total de l'humidit6 at111os
pherique, utilisation de cuves idealement conditionnees pour Ie developpement, etc.).
Dans les conditions les meilleures, les valeurs de RF sont constantes a. ± 0.05 pres.

L'un des principaux avantages de la microchromatographie sur couches minces
est de permettre, a partir de tres peu de produits, l' etude des conditions les meilleures
a adopter (choix du solvant, etc.) pour effectuer .des separations preparatives sur
colonnes. Ce passage de l' echelle micro- a I' echelle macrochromatographique ne
souleve pas de probleme particulier pour un meme adsorbant, bien que l'e pouvoir de
definition des colonnes s'avere souvent relativement amoindri par des effets de
diffusion.

STAHL2 a constate que les couches adsorbantes preparees apartir du silicagel "G"
(Merck) possedent un pouvoir adsorbant "correspondant" a celui de 1'0xyde d'alu
minium neutre d'activite II/III (Merck) (determination d'apres BIWCKMANN ET
SCHODDER9

). Vne telle correspondance des deux adsorbants ne peut etre valable que
dans un nombre limite de cas. STAHL10 a d'ailleurs constate que les valeurs de RF
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MICROCHROMATOGRAPHIE SUR COUCHES MINCES 5

obtenues sur l'un et l'autre pouvaient differer, particulierement en presence de melan
ges :de solvants. Rappelons que l'adsorption sur acide silicique s'effectue principale
meJilt par liaisons hydrogene entre les groupes silanols et les groupements polaires
des molecules du solutell, alors que l'oxyde d'aluminium parait agir, dans une plus
largte mesure, par d'autres facteurs12 (forces de Van der Waals, pouvoir echangeur
d'ioilS, etc.). De cette diversite dans les modes d'adsorption, il ressort que la repro
duction a l'echelle preparative des separations obtenues sur chromatoplaques ne peut
parfaitement s'effectuer que sur des colonnes de nH~me adsorbant.

La forme des "chromatostrips" exerce une certaine influence sur les valeurs de
RF , ainsi qu'il resulte d'une etude de FURUKAWA13. L'interet de ce phenomene, qui
ne semble pas avoir d'incidence pratique, parait toutefois assez secondaire.

(d) Choix du solvant de developpement

La 11egle, en microchromatographie d'adsorption, est d'accorder la polarite du solvant
a celIe du melange a separer. On s'adressera done a la serie dite "eluotrope" pour
effectuer un premier choix. Une determination plus precise du meilleur solvant peut
ensnite etre faite par la microtechnique circulaire de STAHL2: on depose, a quelques
centimetres d'intervalle sur une couche adsorbante, plusieurs gouttes d'une solution
du rhelange a chromatographier. Apres evaporation du solvant, on depose au centre
de chacune des taches un fin capillaire rempli d'un des solvants a examiner. Chaque
tache subit un developpement radial tres rapide et l'examen de la plus ou moins
grande nettete de separation des composants du melange, distribues sous forme de
cercles concentriques, permet d'effectuer un choix. On utilise autant de capillaires
qu'il y a de solvants a tester.

Cette microtechnique peut egalement servir a choisir Ie systeme de solvants conve
nant aux microchromatographies de partage. On utilise souvent, dans ce dernier cas, les
solvants mis au point pour des separations analogues en chromatographie sur papier.

(e) Developpement et revelation des microchromatogrammes

On utilise la technique ascendante. La tendance des taches a la diffusion est inverse
men! proportionnelle ala vitesse du developpement et celle-ci, tres rapide initialement,
dimipue fortement apres un parcours d'environ 10 em. Aussi la plupart des auteurs
utilisent-ils des distances de developpement comprises entre 10 et 20 em, parcourues
en 20 a 120 minutes suivant la viscosite du solvant.

oc..'emploi de la technique descendante, envisage par NIEDERWIESER ET PATAKI14,
peut eventuellement contribuer a augmenter les distances de developpement utili
sables. Un effet plus prononce dans ce sens pourrait etre realise par la mise au point
d'une methode centrifuge analogue a celIe utilisee en chromatographie sur papier15.

II est recommande de faciliter la saturation de l'atmosphere des cuves de deve
loppement, par exemple en recouvrant partiellement leurs parois interieures de
papier-filtre trempant dans Ie solvant. On ameliore ainsi la reproductibilite des
valelllrs de RF , supprime l"'effet de bord"10,25 (augmentation anormale des valeurs de
RF dIms les zones marginales des plaques) , et augmente la rapidite du developpement.
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6 E. DEMOLE

Nous mentionnerons dans les chapitres 2 et 3, sous chaque rubrique specialisee,
les differentes techniques permettant la revelation des microchromatogrammes des

substances incolores.

(f) Conservation, mise en archives des microchromatogrammes

La methode la plus precise et la plus pratique consiste a. photographier les microchro
matogrammes en lumiere transmise puis ales c1asser sous forme de diapositives

couleur 24 X 36,
La photographie en noir et blanc convient aussi, specialement en lumieres

transmise et reflechie combinees2, de meme que les autres procedes d'usage courant
en chromatographie sur papier (photocopie, dessin, etc.).

On peut enfin "fixer" les plaques dans la paraffine5 et les conserver ainsi.

2. SEPARATIONS PAR ADSORPTION

(Substances liposolubles)

II est de regIe d'utiliser, pour la separation des corps liposolubles, des chromato
plaques fortement activees par un chauffage a 100-14°° durant 30 a 120 minutes.
Les manipulations s'effectuent autant que possible a!'abri de 1'humidite atmospherique.

(a) M ono-, di-, tri- et tetraterpeno'ides

Dans la c1asse des terpenes monocyc1iques, une interessante etude a ete faite par
PETROWITZ16 sur la separation des menthols. Les epimeres dont 1'hydroxyle est
equatorial (menthol, isomenthol) sont les plus fortement retenus par l'acide silicique.
La configuration du groupe methyle n'exerce de son cote que peu d'effet, d'ou. l'im
possibilite de separer Ie menthol de 1'isomenthol ou Ie neomenthol du neoisomenthol.
Ces resultats montrent que 1'adsorption sur l'acide silicique s'effectue par la fonction
hydroxyle, les valeurs de Rp refletant Ie degre d'empikhement sterique de celle-ci.
On peut rappeler ici que les epimeres axiaux des steroi'des hydroxyles sont generale
ment aussi les moins adsorbes17 lorsque Ie processus chromatographique implique
la participation de liaisons hydrogene (chromatographie sur papier).

Le Tableau I resume Ie comportement des menthols sur chromatoplaque.

TABLEAU I

CHROMATOGRAPH1E DES MENTHOLS SUR COUCHE S1LIC1QUE

D'APRES PETROWITZ16

Valeurs de RF (x LOO)

A B C D

Menthol 16 36 67 90
Isomenthol 17 37 62 91
Neomenthol 28 51 73 85
Neoisomenthol 29 55 76 80

Solvants: A = henzene; B = henzene-methanol (95: 5); C = benzene-methanol (75: 25); D =

methanol; trajet de developpement: 10-12 cm (50 min); revelation: par l'action de
ShCl5 a 20 % dans CCI4 .
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Dans Ie cas des huiles essentielles contenant des peroxydes, ceux-ci peuvent etre
detectes au moyen de tests au sulfocyanure ferrique ou a1'iodure de potassium31 ,32.

WINKLER ET LUNAu 33 ont differencie sur chromatoplaque les huiles essentielles
de Curcuma xanthorrhiza et Curcuma longa.

PRYOR ET BRYANT7 ont etudie la composition d'huiles essentielles d'especes
hybrides d'Eucalyptus au moyen de la chromatographie radiale sur magnesol (silicate
hydrate de magnesium; l'acide silicique donnerait de moins bons resultats dans ce cas
particulier). Apres developpement (30 minutes) avec Ie systeme hexane-acetate
d'ethyle (85:r5, vjv) , les chromatogrammes, circulaires sont reveles par 1'acide
sulfurique concentre ou examines en lumiere ultra-violette. A 1'exception du p-cymene
et des pin~nes, la plupart des composants des essences d'Eucalyptu,s donnent des
reactions caracteristiques avec l'acide sulfurique.

On doit a STAHL ET TRENNHEUSER34 une demonstration de 1'interet que peut
presenter, notamment pour 1'etude d'huiles essentielles, 1'utilisation combinee de la
chromatographie gaz-liquide et de la microchromatographie sur couches minces.

FRYDMAN et al. 35 ont egalement utilise les chromatoplaques pour 1'examen direct
et systematique d'huiles essentielles.

(d) Pyrethrines, coumarines, mono- et polyphenols, quinones

STAHL36 a mis a contribution les avantages de la microchromatographie sur couches
minces pour etudier Ie rearrangement des pyrethrines en lumi-pyrethrines inactives
sous 1'effet de la lumiere. Sa technique, dite "separation-reaction-separation", est
inspiree des tests microchimiques sur "chromatostrips" decrits pa~ MILLER ET
KIRCHNER37 . Elle consiste a soumettre un microchromatogramme unidimensionnel a
1'action de certains reactifs (gaz, rayonnements), puis a Ie developper dans la seconde
dimension afin de mettre en evidence les nouveaux produits eventuellement formes.

BERNHARD38 a detecte au moyen de "chromatostrips" la presence, dans Ie jus de
citron, de huit analogues fluorescents de la coumarine et propose une identite (basee
sur les valeurs de RF et les spectres d'absorption ultra-violette) pour cinq d'entre
eux.

La meme technique a permis aLYMAN et al. 39 d'etudier la methylation sequentielle
de 1'acide tJ-resorcylique. L'examen du produit en cours de methylation, sur "chroma
tostrips" fluorescents, permet de suivre et d'interrompre judicieusement la reaction
afin d'obtenir Ie derive desire. La methylation de 1'acide tJ-resorcylique en milieu
alcalin livre d'abord 1'ester correspondant, ensuite Ie deriv(; methyle en 4 puis dime
thyle en 2,4. Dans cette serie, Ie solvant utilise est un melange ether diethylique
skellysolve B* (7 :3). LYMAN et al. 39 ont donne les valeurs de R F de 26 mono- et poly
phenols determinees dans trois systemes de solvants et indique les couleurs de fluores
cence de ces substances a 254 mfk.

STAHLlO a egalement mentionne la microchromatographie de quelques phenols et
derives (eugenol, pyrocatechine et ethers correspondants, safrol).

* Ether de p6trole bouillant it 66-67°.
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MICROCHROMATOGRAPHIE SUR COUCHES MINCES II

BARBIER40 a obtenu une excellente separation des p-benzoquinones substituees,
sur couches siliciques desactivees, en presence de melanges de benzene ou d'hexane
avec l'acetate d'ethyle. Cet auteur recommande l'usage des chromatoplaques pour la
recherche preliminaire des p-benzoquinones naturelles et indique les valeurs de Rp

suivantes (n-hexane-acetate d'ethyle, 8S :IS): p-benzoquinone 0.21; methyl-p
ben~oquinone 0.43; ethyl-p-benzoquinone 0.S8; methyl-2 dimethoxY-S,6 p-benzo
quinone 0-47; dihydroxy-2,S n-undecyl-3 p-benzoquinone 0.62.

(e) Derives d'acides amines, alcalo'ides et autres substances azotees

Les phenylthiohydantoines des acides amines N-terminaux, resultant de la degrada
tion des peptides d'apres EDMAN, peuvent etre identifiees sur chromatoplaques
siliciques. CHERBULIEZ et al. 41 ont donne'des exemples de separations en soulignant
la sensibilite remarquable de la methode. On peut en effet obtenir de bons resultats a
partir de 0.01 ,umole de di- ou tripeptides, ce seuil etant 10 a 20 fois plus Cleve en
chromatographie sur papier. Le solvant utilise pour separer les phenylthiohydan
toiJiles de la glycine, de la proline et de la leucine, est un melange heptane-pyridine
aceltate d'ethyle (S:3 :2, vjv). La revelation des chromatogrammes (developpes en
30 minutes environ) s'effectue par pulverisation d'une solution aqueuse d'amidon
suivie d'un reactif a l'iode et azoture de sodium. Les phenylthiohydantoines apparais
sent en blanc sur fond bruno

SCHLEMMER ET LINK42 ont caracterise la reserpine, la rescinnamine et la serpen
tin~ par microchromatographie sur silicagel de divers extraits de Rauwolfia. Ces
alcaloides sont detectes en lumiere ultra-violette et doses spectrophotometriquement
apres micro-elution des taches (decoupees au rasoir).

FIORI ET MARIG043 ont identifie Ie meprobamate (drogue tranquillisante) dans
les urines par microchromatographie silicique en presence du melange cyclohexane
ethanol absolu (8S:IS). Apres un developpement de deux heures (parcours du front
du soIvant : 10 a II em), les chromatoplaques subissent une legere pulverisation
d'acide sulfurique concentre, un chauffage de 2 a 3 minutes a IIO-IISO, une nouvelle
leg-ere pulverisation d'eau et un nouveau chauffage de plusieurs minutes, jusqu'a
l'apparition des taches jaunes du meprobamate (Rp = 0.30). Des determinations
coilorimetriques peuvent etre effectuees apres decoupage et elution des taches.

MACHATA4 a introduit les chromatoplaques dans Ie domaine de l'analyse toxi
cologique ou leur emploi semble prometteur, par rapport a la chromatographie
cliassique sur papier (economie de temps, simplicite de la methode et faculte d'effec
tUler aisement des separations a l'echelle de quelques milligrammes). Cet auteur
d!~crit Ie comportement chromatographique d'un certain nombre d'alcaloides (papa
verine, narcotine, codeine, morphine, etc.) et d'autres substances interessant Ie
domaine toxicologique. II developpe les chromatogrammes des substances basiques
avec Ie methanol et acides avec Ie melange chloroforme-ether diethylique (8S :IS).
La revelation peut s'effectuer avec Ie reactif de Dragendorff ou Ie melange acide
acetique-iode-iodure de potassium pour les alcaloides, par Ie reactif de Zwikkers
pour les barbiturates, Ie chlorure ferrique en solution acetique pour les pyrazolones
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12 E. DEMOLE

etc. Les alcaloides de l'opium peuvent de plus Hre differencies par l'adion du
reactif de Marquis, trop corrosif pour l'usage en chromatographie sur papier. Dans'lE~s

cas ou il n' existe aucune methode particuliere de revelation, on chauffe rapidement
les chromatoplaques a 500° et observe les taches de carbonisation.

DEMOLEI a chromatographic certains pigments tetrapyrroliques sur acide
silicique en presence du melange benzene-acetate d'ethyle-ethanol (90:20:7.5, v/v)
et observe les valeurs de RF suivantes: coproporphyrine I (ester methylique) 0.68~

coproporphyrine III (e.m.) 0.63; uroporphyrine I (e.m.) 0.33; deuteroporphyrine
(e.m.) 0.80; protoporphyrine (e.m.) 0.85; bilirubine 0.92; biliverdine 0.06.

La separation d'autres substances azotees a ete mentionnee par STAHLIO (alca
loides de l'ergot de seigle, diphenylamine, carbazol, indol).

Pour l'analyse de vitamines du groupe B, voir Ie paragraphe suivant.

(f) V itamines

L'adaptation des chromatoplaques a la separation de vitamines du groupe
B (B I , B 2 , B6 , nicotinamide, biotine, pantothenate de calcium) et de la vitamine C
a ete realisee par Gii.NsHIln ET MALzAcHER44 . La microchromatographie s'effedue sur
une couche de silicagel "G" (Merck) contenant 2% d'un indicateur fluorescent* en
presence du m61ange acide acetique-acetone-methanO'I-benzene (5:5 :20 :70). Le
developpement, unidimensionnel (distance de migration: 19 cm), est realise a I'abri
de la lumiere. Chaque melange examine doit etre chromatographie a double (deux
taches de depart) afin de permettre l'execution des trois reactions de revelation
decrites ci-dessous.

On examine tout d'abord les microchromatogrammes sous ec1airage ultra-violet
de grande longueur d'onde (366 mll), qui ne provoque pas lafluorescence de l'indica
teur incorpore. La vitamine B 2 (RF = 0.35) apparait sous forme d'une tache fluores
cente jaune sur un fond sombre. Passant a I'eclairage ultra-violet de courte longueur
d'onde (254 mp) on detecte, sur les plaques devenues fluorescentes, les taches sombres
correspondant aux vitamines B I (RF = 0), C (RF = 0.30) et ala nicotinamide (Rp =

0.65). Pour identifier la biotine, on pulvcrise une solution d'iodo-platinate de po
tassium sur l'un des microchromatogrammes (l'autre Ciant protege par un cache).
La biotine (RF = 0.80) forme alors une tache blanche sur fond rose (sinnultanement,
la vitamine B 1 apparait en gris, la nicotinamide en jaune pale et la vi\amine C en
jaune). Pour rechercher la vitamine B6 et Ie pantothenate de calcium, on pulverise
sur la partie inferieure du second microchromatogramme (jusqu'alors protege par
Ie cache) une solution a 0.1% de dichloroquinone-chloroimide dans l'ethanol puis
expose aux vapeurs ammoniacalcs. La vitamine B 6 (RF = 0.15) apparait en bleu.
On chauffe ensuite la plaque I/Z heure a 160° puis pulvcrise une solution de ninhy
drine a 0.5 % dans I'ethanol sur la partie superieure du meme chromatogramme.
Apres un bref chauffage a 160°, Ie pantothenate de calcium (RF = 0.57) apparait
sous forme de tache violette.

* "ZS-Super" de Riedel de Haen.
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La reproductibilite des valeurs de RF (technique ascendante) depend beaucoup du
degre de saturation de l'atmosphere de la cuve de developpement; aussi recommande
t·on de disposer contre les parois de celle-ci des feuilles de papier-filtre trempant dans la
phase mobile. L'emploi d'une technique de developpement descendante, propose par
l'NIEDERWIESER ET PATAKI14, pourrait eliminer ce genre de difficulte.

('b) Acides amines

MUTSCHLER ET ROCHELMEYER49 ont effectue la chromatographie bi-dimensionnelle
de 14 acides amines sur silicagel en presence d'un tampon phosphate, avec de I'Hhanol
a 70% et Ie melange ethanol-ammoniaque a 25% (4:1, v/v) comme solvants. La
tres belle separation obtenue a ete confirmee par BRENNER ET NIEDERWIESER50

qui ont Hudie avec un soin particulier l'applicabilite des chromatoplaques a l'analyse
des acides amines.

Ces derniers auteurs constatent que, parmi les solvants habituellement utilises
en chromatographie sur papier, ceux riches en methanol, ethanol ou acetone per
mettent souvent de bonnes separations sur chromatoplaques mais donnent des
taches relativement diffuses. On obtient, de loin, les meilleurs resultats par chromato
graphie bi-dimensionnelle avec les systemes n-butanol-acide acetique-eau (60:20:20)
et phenol-eau (75 :25, poids).

Les couches siliciques utilisees pour la separation des acides amines ne doivent
pas etre activees a chaud, mais simplement secl1ees a la temperature ambiante et a
l'air libre. On depose les acides amines (I as /J,g) a0.8 cm les uns des autres sur une
ligne situee a1.5 cm de la base des chromatoplaques (soit 20 substances par plaque de
20 X 20 cm). Cette operation peut etre effeetuee a l'aide d'une micro-pipette ou de
capillaires Hires par soi-meme, la regIe essentielle etant de ne pas deposer plus de
I mm3 de solution a la fois afin que les taches initiales restent suffisamment petites.
On stoppe habituellement Ie developpement du microchromatogramme apres un
parcours du front du solvant d'environ 10 cm. II n'y a guere d'avantage a utiliser de
plus grands trajets, ceux-ci favorisant la diffusion des taches. II est recommande
de couper l'adsorbant d'un trait de crayon, a 10 cm au-dessus de la ligne de depart,
et d'interrompre Ie chromatogramme au mOII1ent exact ou Ie solvant atteint ce
repere. Les valeurs de R F obtenues de la sorte sont reproductibles a ± 0.05 pres
(Tableau II). Si la cuve contient plusieurs plaques, on ne trace de trait que sur la
premiere, puis, son developpement Hant termine, on note Ie niveau atteint par Ie
solvant sur chacune des autres. Ce mode operatoire s'impose car Ie niveau atteint
par Ie solvant a la fin du developpement peut differer legerement d'unc plaque a
l'autre.

Les valeurs de RF ftuctuent, dans des limites ordinairement negligeables, suivant
la quantite de substance chromatographiee. La grosseur des taches depend bien
entendu de ce meme facteur et leur surface, dans une zone de concentrations moyennes
(I a 20 fig environ), est proportionnelle au log de la quantite de substance, comme en
chromatographie sur papier.

Pour reveler les microchromatogrammes, on les seche a IrOo durant 10 minutes

" ... ,
UMU n118~1:Y1J A fU1JJ)'J tnftl1:Yfll

~

f1,g)'J'l~t) fl C'l'lHfl1:l1J•
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TABLEAU II

CHROMATOGRAPH1E DES AC1DES AM1NES SUR COUCHE S1LICIQUE

D' APRES BRENNER ET N1EDERWlESER50

Rp (X IOO)

A B

Tryptophane 56 63 Threonine

Phenylalanine 49 55 Serine

Norleucine 49 52 Glycine

Leucine 47 48 Hydroxy-proline

Isoleucine 46 49 Proline

Tyrosine 47 47 Sarcosine

Dioxyphenylalanine 45 34 Ac. glutamique

Methionine 40 49 Ac. aspartique

Norvaline 38 42 Histidine-HCl

Valine 35 40 Lysine-HCl

Alanine 27 29 Arginine-ECl

p-Alanine 27 3° Cystine-HCl

Rp(x IOO)

A L'

25 26

22 20
22 24
20 38

19 50

17 37
27 10

21 06

06 32

05 09
08 19
16 12

Solvants: A = n-butanol~acide acetique-eau (60: 20: 20); B = phenol-eau (75: 25, poids).

puis les soumet a une pulverisation soigneuse du reaetif a la ninhydrine modifiE: par
MOFFAT ET LVTLE51 . On chauffe a nouveau en suivant, par transparence, l'apparition
graduelle des taches colorees. 11 est souvent possible de differencier des acides amines
migrant presque ensemble, s'ils se revelent initialement sous forme de taches ex
tremement petites ne s'elargissant que progressivement. Les acides amines se distin
guent en outre par la plus ou mains grande rapidite de leur reaction avec la ninhy
drine. Malgre ce comportement specifique, les composants de certains melanges ne
peuvent etre tous differencies a coup sur (par exemple: Phe + Leu + !leu et Ser +
Hypro + Gly).

L'avantage primordial de la chromatographie de partage des acides amines
sur couches minces reside dans l'economie de temps realisee (4 a 5 heures pour un
chromatogramme bi-dimensionnel contre z a3 jours en chromatographie sur papier).

MOTTIER5 a etudie Ie comportement chromatographique d'acides amines et
d'hydrolysats proteiques sur plaque d'alumine. Sa technique, appliquee precedem
ment a l'analyse de colorants alimentaires, est caracterisee par Ie fait que les couches
adsorbantes ne contiennent pas d'agent liant. L'alumine utilisee doit repondre a des
criteres de qualite et d'activation bien definis. Les acides amines sont chromato
graphies a l'etat de sels de sodium (alcalinisation des taches de depart) en presence de
4 systemes de solvants. Le meilleur de ceux-ci, Ie melange n-butanol-ethanol-eau
(60AOAo, v/v) , conduit aux resultats resumes dans Ie Tableau III, la duree du
developpement etant de 8 heures.

Du fait de l'absence d'agent liant, les couches adsorbantes preparees d'apres
MOTTIER5 sont fragiles. On peut se demander si des chromatoplaques conventionnelles,
evidemment moins delicates, ne pourraient les remplacer avec Fofit.
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TABLEAU III

CHROMATOGRAPH1E DES AC1DES AM1NES SUR COUCHE ALUM1N1QUE,

D'APRES MOTTIERS

17

Tryptophane
Proline
Phenvlalanine
Norl<;ucine
Isoleucine
Leucine
Norvaline
Tyrosine
Valine
Methionine
Alanine
Carnosine

RF (X IOO)*

100

87
87
79
75
71

62

56 .5
55·5
51

47
44·5

Hydroxy-proline
Histidine
Glycine
Threonine
Serine
Arginine
Ac. glutamique
Cystine
Lysine
Cysteine
Ac. aspartique

RF (X IOO)*

43·5
39
35
34
32 .5
29

29

29

28
20·5

19·5

* Valeurs de R p relatives au tryptophane.
Solvant: n-butanol-ethanol-eau (6o: 40: 40, vjv).
Note: il est interessant de comparer ces chiffres a ceux du Tableau II.

(c) Pteridines

NICOLAUS52 a utilise les chromatoplaques siliciques pour l'examen de la purete et la
separation micro-analytique de pteridines. Sa methqde supporte· avantageusement
la 'comparaison avec la chromatographie classique sur papier. Certaines pteridines,
difficillement separables au moyen de cette derniere, se laissent parfaitement chromato
graphier sur chromatoplaques.

Vingt-quatre systemes de solvants (neutres, acides et basiques) ont ete etudies
pour la separation de 12 pteridines. La chromatographie des aminO-2 hydroxY-4
pteridlines a caraetere neutre peut s'effeetuer avec l'un quelconque de ces types de
solvants, les meilleurs resultats etant cependant obtenus en milieu acide. Le melange
n-butanol-acide acetique-eau donne de bons resultats avec les pteridines methylees en
position 6 ou 7. Dans Ie cas des amino-2 hydroxY-4 pteridines portant des substi
tuants acides, on utilise de preference un milieu basique. La dihydroxY-2,4 pteridine
migre tout aussi bien en milieu neutre, acide ou basique.

Le developpement des microchromatogrammes necessite en moyenne 20 minutes
(parcours du front du solvant: environ 10 cm) et la quantite necessaire de pteridines
varie de I a 10 flg. L'identification est assuree par les valeurs relatives de Rp et par
l'observation des couleurs de fluorescence dans l'ultra-violet, partiellement caracte
ristiques. Ce meme nuancement dans la fluorescence permet la differenciation de
pteridil1es migrant presque ensemble.

L'oxyde d'aluminium ne semble guere convenir pour la separation de ce genre de
substances (adsorption trop forte).

(d) Ions mineraux

SEILER :ET SEILER53 ont pu adapter la chromatographie sur couches minces ala separa
tion de cations, non sans s'etre heurtes acertaines difficultes prealables. Par exemple,

j. Chromatog., 6 (1961) 2-21
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Ie silicagel "G" (Merck) contient du fer, fort genant, et doit etre soumis a une puri
fication speciale (lavages acides). D'autre part, les couches adsorbantes se dissociant
au contact des solvants contenant trop d'eau, ceci oblige a effectuer les developpe
ments en milieu relativement peu polaire.

SEILER ET SEILER53 preparent leurs chromatoplaques d'une maniere convention
nelle, sans les activer achaud. La separation des cations du groupe H 2S (resultant du
fractionnement analytique c1assique) s'effectue en presence du melange n-butanol
HCl 1.5 N-acetonylacetone (100:20:0.5, v/v), moyennant un developpement de
deux heures (12 a14 heures en chromatographie sur papier). CelIe du groupe (NH4)2S
s'effectue avec Ie melange acetone-HCI concentre-acetonylacetone (100:1:0.5, v/v),

en IS a 20 minutes (10 a 12 heures sur papier). Le role de l'acetonylacetone (agent
complexant) est de diminuer la "trainee" des taches.

Les valeurs de Rp absolues etant moins constantes qu'en chromatographie sur
papier, on identifie les differents cations d'apres leur ordre de distribution sur les
chromatogrammes et leurs reactions colorees specifiques.

La revelation des cations du groupe H 2S s'effectue en pulverisant une solution
de KI a 2% sur Ie chromatogramme. Apres sechage, on porte la plaque au contact
de vapeurs ammoniacales puis de H 2S. On observe les colorations indiquees dans Ie
Tableau IV.

TABLEAU IV

Rear-lions cara£tiristiques
Cations

KI H,5

HgH
Bi3+
CdH

PbH

CuH

rouge brun-noir
brun-jaune brun-noir

jaune
jaune-brun brun

brun brun fonce

Les valeurs de R p decroissent de HgH a. Cu 0+'

Pour reveler Ie groupe (NH4)2S, on plonge tout d'abord les chromatogrammes dans
une atmosphere d'ammoniac puis les soumet a une pulverisation d'une solution de
0·5 g d'hydroxy-8 quinoleine dans 100 cm3 d'ethanol a60%. On termine par l'obser
vation des taches en lumiere ultra-violette (Tableau V).

TABLEAU V

Catiolls
Nli. 3

Reactions caractiristiques

Oxinc UY.

Fe3+
ZnH

CoH
Mn2+
Cr 3+
NiH
AI3+

bleu

vert

brun
rose

jaune
orange

fonce
jaune
fonce
fonce
fonce
fonce

jaune clair

Les valeurs de RF decroissent de Fe3+ a. A]3+.
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during use. As a further precaution, when the same column was used for several
elution runs, the column activity was frequently checked by means of the measure
ment of EO for a standard solute. For alumina samples containing more than 4 to 5 %
water, use of strong eluents such as benzene leads to a very rapid increase in adsorbent
activity (to that of 4-5 % H 20-AI 20 3) , presumably due to the removal of non
chemically bound water. The same phenomenon occurs less rapidly in the case of
saturate eluents. As a result, the use of aluminas containing more than 5 % water is
excluded with eluents stronger than pentane, and is limited even for the saturate
eluents.

It has been observed in isolated examples that when eluent flow rate is increased
much above ISO mljmin, values of EO begin to increase above the constant value
observed at lower flow rates. Consequently, all EO values reported in the present and
previous papers were obtained for flow rates below this critical value. It is assumed
that non-equilibrium conditions associated with the higher rates are responsible for
this dependence of retention volume values on the higher flow rates.

The solutes used were either the best commercial samples available, or gifts from
various individuals and institutions, and not further purified. Purity is of limited
importance in the determination of EO values, providing that the impurities are not
present in major (~ 50 % wt.) amounts and do not have closely similar adsorption
and ultraviolet absorption properties.

THE PREDICTION OF LEAC RETENTION VOLUMES

The following sections present the systematic development of a mathematical model
for the correlation of solute retention volume data in LEAC systems with experimental
conditions and solute structure. The model permits the quantitative prediction of
liD values for alumina as adsorbent when the values of certain experimental param
eters are known. With certain modifications, the model should be applicable to
other adsorbent systems, but this will provide the subject for future communications.
Before considering the detailed mathematical development of the model under
diScussion, the final correlational equation will first be presented, following which
some examples of its application will be given. Eqn. (I) relates the logarithm of a linear
equivalent retention volume to adsorbent surface volume Va, proportional to ad
sorbent surface area, an adsorbent activity function a, eluent polarity or eluting power
eO, solute size f Oi, solute structural groups QOi' and solute geometry terms qOj.

(r)

As will be shown, log EO is proportional to an energy of adsorption, and is equivalent
to the log retention volume of gas chromatography and RM,of paper chromatography.
The adsorbent surface volume Va can be easily measured by the BET technique in the
case of calcined adsorbents, but the similar determination of Va for partially deactivat
ed adsorbents presents experimental difficulties and we have used an alternative
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procedure in the present paper. Table II presents values of Va for a typical Alcoa
F-20 activated alumina as a function of water deactivation. a is an adsorbent activity
parameter, ranging in the case of alumina from values of I for calcined material to
smaller values for deactivated samples. Values of a as a function of percent water
deactivation are shown in Table II, again for a particular Alcoa F -20 alumina. Alumina
samples with surface areas comparable to this sample may be treated as equivalent
by measuring the activity (% HzO-AlzOa) in terms of the experimental lio value for
naphthalene eluted by pentane, as discussed in the experimental section. These
standard lio values for the adsorbent in question as a function of water deactivation
are also listed in Table II. Each structural group i in the solute contributes a term

TABLE II

ALUMINA ACTIVITY FUNCTION AND ADSOIlBED VOLUME AS A FUNCTION

OF PERCENT WATER DEACTIVATION

% H,o-Al,o, Activity fU1lction Adsorbed volume Standard solute
0:: Va retention. volume*

0.0 1.00 0.038 35
0·5 0.90 0.033 16
1.0 0.84 0.029 9·0
1.5 0·79 0.02 5 5. 8
2.0 0·75 0.022 4.0
3.0 0.69 0.018 2.2

4.0 0.63 0.01 5 104
5. 0 0·57 0.01 3 0·97

* Value of lio for naphthalene solute, n-pentane eluent.

QOi to lio, as seen in the summation ±QOi of eqn. (I). These structural groups are
defined exclusive of hydrogen for simplicity. Some experimental values of QOi are'
listed in Table III for various groups i. Where the geometry of the molecule affects !So,
a term gO j must be introduced. Some examples of this effect, along with experimental
values of gOj are also provided in Table III.

The eluent polarity parameter EO is defined as zero for n-pentane (and probably
other saturate eluents as well), and increases for more polar eluents. As seen in Table III,
eluent polarity increases in the order pentane, carbon tetrachloride, benzene. The
molar volume of the solute ±Oi is determined by adding up the contributions shown
in Table III, from individual solute atoms i. In calculating solute molar volume,
only those groups or atoms which are confined to the adsorbed phase can be counted.
Thus, for alkyl substituents on an aromatic nucleus, ±Oi equals one, since only the
methylene group attached to the ring is confined to the plane of the aromatic ring and
hence to the adsorbed phase.

An exception to eqn. (I) exists in the case of the elution of aromatic h:ydrocarbons
by benzene. As eqn. (I) stands, !So for aromatic h:y'drocarbon solutes would be log Va in
this case, since EO for benzene (0.32) is essentially the same as QOi for aromatic carbon
(0.31). Actually, experimental BO values are small but measurably larger than log

J. Ch-romatog., 6 (1961) 22-52































































































































































































































IONOPHORETIC MOBILITIES OF BIOCHEMICALS 139

amino acids and peptides, since the more strongly basic or acidic ones fall in Tables I
.and III. Resolution and characterization of neutral peptides, like that of neutral
amino acids, is poor except when additional ionizing groups give informative pH
mobility patterns.

Mobility of dinitrophenyl derivatives

Table VI lists Am values in order of decreasing negative Am at pH 9.3 of impure

TABLE VI

DINITROPHENYL DERIVATIVES OF AMINO ACIDS AND PEPTIDES

(In order of decreasing negative Am values at pH 9.3; values from crude preparations high in salt
are always slightly below pure solution values)

Subs/mICe pH pH pH pH pH pH pH pH
].] 4·0 4·7 5·9 7.2 8.0 9·] 9.]B

DNP-aspartic acid -25 -89 -97 -96 -98
DNP-2.4-diaminobutyric acid ° ° -81 -80 -83
DNP-glycyl-aspartic acid -15 -70 -82 -82 -82
DNP-glycyl-glutamic acid -12 -68 -80 -81 -79
D NP-amino-methylene-

sulfonic acid -34 -72 -70 -69 -70
DNP-djenkolic acid -16 -39 -38 -70 -69
DNP-glycine -48 -65 -68 -66
DNP-taurine -34 -65 -63 -65
DNP-iX-alanine (pure) -48 -67 -65 -62
DNP-iX-alanine (crude) -48 -61 -61 -58 -63
DNP-p-alanine -II -51 -58 -63 -62
DNP-aUyl-glycine -46 -55 -59 -61 -58
DNP-serine -47 -62 -61 -60
DNP-iX-aminobutvric acid -48 -56 -59 -60 -60
DNP-y-aminobutyric acid -4 -39 -56 -60 -58
DNP-iX-aminoisobutyric acid -47 -55 -56 -58 -59
DNP-proline -47 -55 -57 -58 -58
DNP-threonine -45 -53 -56 -55 -56
DNP-alanyl-leucine -41 -55 -55 -55 -56
D NP-hydroxyproline -48 -53 -53 -56 -55
DNP-methionine sulfoxide -52 -50 -52 -57 -55
DNP-methionine -45 -53 -54 -54 -55
DNP-isoleucine -42 -52 -54 -56 -54
DNP-methionine sulfoximine -39 -52 -52 -54 -53
DNP-glycyl-proline -24 -46 -50 -50 -51
DNP-phenylalanine -43 -48 -48 -48 -51
DNP-iX,s-diaminopimelic

acid -14 -41 -41 -49 -55
DNP-s-aminocaproic acid -2 -30 -5° -49 -50
DNP-histidine 0 0 -32 -48 -48
DNP-glycyl-tyrosine -21 -40 -45 -46 -45
DNP-glycyl-phenylalanine -22 -44 -44 -45 -45
DNP-alanyl-glycyl-glycine -18 -44 -43 -43 -44
DNP-tryptophan -31 -41 -41 ---:-44 -44
DNP-glycyl-histidine -5 -32 -33 -43 -44
DNP-glycyl-tryptophan -17 -37 -42 -41 -42

DNP-b-hydroxylysine -15 -37 -36 -37 -39
DNP-Ieucyl-tyrosine -16 -38 -37 -36 -38
DNP-Iysyl-glycine -6 -32 -32 -38 -36
DNP-galactosamine ° 0 0 0 -31
DNP-glucosamine ° 0 ° 0 -28
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G. NADEAU, G. SOBOLEWSKI

Dans cette experience, Ie volume de la phase liquide achromatographier etait de
40 ml dans chaque cas. Si, par contre, l'on augmente Ie volume initial en portant
l' echantillon a 200 ml, il y a une diminution considerable du rendement (comme on
1'a d'ailleurs vu precedemment dans Ie cas des solutions dans 1'eau). Ainsi, dans un
essai typique, la recuperation des catecholamines ajoutees est tombee de 25 a 3 %
quand nous avons pris un volume initial d'urine de 200 ml (au lieu de 40 ml).

Donc, a toute fin pratique, dans Ie choix des conditions les meilleures, il faut
retenir que (a) Ie volume de la phase liquide doit etre faible, sinon Ie rendement dimi
nue, (b) la quantite des urines doit etre suffisante, de sorte qu'il existe une difference
appreciable entre la fluorescence due aux catecholamines et celles de blancs de reaetifs,
(c) la dilution doit etre la plus grande qui soit compatible avec les deux conditions
precedentes.

En compromis, nous avons opte pour les conditions suivantes: un volume initial
d'urine de 10 ml dilue avec 30 ml d'eau distillee, soit un volume total de 40 ml chroma
tographie en presence d'un gramme d'alumine. Dans ces conditions, les rendements
moyens pour un grand nombre de determinations sont de 43.5 % pour la nor
adrenaline et de 46.0 % pour l'adrenaline. Ce sont ces pourcentages que nous avons
utilises pour Hablir notre equation generale (voir plus loin).

Suggestion d'un mode operatoire pour l'isolement des catecholamines au moyen de l'alumine

A la suite de l'etude decrite dans la partie experimentale, nous suggerons Ie mode
operatoire suivant comme offrant Ie plus de commodite et les meiJleures garanties de
precision.

(a) Reactijs. Solution standard d'adrcnaline: Solution a 10 mg/l, acidulee;
diluer 10 fois avec de l'eau acidulee avant usage (0.5 ml contient o·s fig).

Solution standard de noradrenaline: Solution a 10 mg/l acidulee (0.2 ml contient

2.oflg)·
Alumine.
Sel disodique de 1'acide ethylenediaminetCtraacetique (EDTA).
Phenolphthaleine a I % (solution alcoolique).
NaOH 0.1 N.
H 2S04 0.2 N.
NaHC03 a 2 %.
Tampon a l'acetate, pH 6: Preparer une solution d'acetate de sodium a 2 %;

ajuster a pH 6 avec de 1'acide acetique.
Ferricyanure de potassium a 0.25 %.
Melange NaOH-acide ascorbique (preparer immediatement avant usage):

Peser 0.2 g d'acide ascorbique et porter a 10 ml; prendre I ml et melanger a 9 ml de
NaOHsN.

(b) Chromatographic. On recueille les urines des 24 h sur S ml d'acide sulfurique
concentre. A l'arrivee au laboratoire, on ajuste Ie pH entre 2 et 3 avec de l'acide
sulfurique et on mesure Ie volume total. On preleve un echantillon de 20 ml, on
dissout environ 100 mg de EDTA sodique et on divise en deux portions, l'une servant
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de standard "interne", et l'autre d'inconnu. A la premiere on ajoute 0.5 ftg d'adre

naline et 2.0 ftg de noradrenaline. A partir de ce moment, les deux echantillons sont
traites de la nH~me maniere. On leur ajoute 30 ml d'eau distillee, I g d'alumine,
quelques gouttes de phenolphthaleine aI % et on ajuste Ie pH a 8.5 au moyen d'une
solution de NaOH O.I N (la soude est ajoutee jusqu'a la teinte rose pale, puis on
ajuste avec un pH-metre). L'adsorption se fait par agitation durant quatre minutes.
On laisse deposer l'alumine et on decante Ie liquide surnageant. On fait suivre quatre
lavages avec 20 ml d'eau distillee. On centrifuge brievement, on decante et on asseche
les parois avec une tige montee d'ouate ou une pointe de papier filtre. L'elution se
fait ensuite par agitation avec 5 ml d'acide sulfurique 0.2 N pendant quatre minutes,
suivie d'une breve centrifugation. On preleve ensuite deux portions de 1.5 ml
de l'eluat du standard et deux portions de 1.5 ml de celui de 1'inconnu: eUes ser
virant a determiner respectivement la fluorescence totale et ceUe des blancs des
reactifs.

F ormat£on des lut£nes

A chacun des quatre echantiUons, on ajoute 1.5 ml de NaHC0 3 a 2 %, 3 ml du tampon
a l'acetate (pH 6). A un standard et a un inconnu, on ajoute 0.2 ml de ferricyanure

a 0.25 %, on melange et on laisse reposer deux minutes. On ajoute I ml du melange
NaOH-acide ascorbique. Pour les deux blancs restant, on inverse 1'ordre de ces deux
derniers reactifs, soit Ie melange N aOH-acide ascorbique suivi du ferricyanure.
On mesure pour les quatJ;e echantiUons la fluorescence produite par les deux sources

excitatrices (raies 365 mft et 435 m,lJ. du mercure) par rapport a une solution de refe~

rence (une solution fraiche de IO ftg au litre de fluoresceine tamponnee a pH 8.2 ou,
mieux, un standard plus stable, comme un verre fluorescent). On obtient donc en
definitive l1Uit mesures pour chaque urine:

un standard et un blanc a 365 et a 436 m/l,;

un inconnu et un blanc a 365 et a 436 m/l.

Dans toutes nos determinations, Ie blanc de l'inconnu et Ie blanc du standard
se sont averes identiques, ce qui justifie notre maniere de mesurer Ie blanc et con
firme l'uniformite des preparations d'alumine. Les calculs peuvent donc se simplifier
comme suit: (a) La difference des lectures du standard et de l'inconnu est due aux
catecholam£nes ajoutees. Elles permettent d'apprecier Ie rendement total de l'ope
ration. (b) La difference des lectures de 1'inconnu et du blanc est due aux catechola

11t1:nes endog?mes. Ces valeurs sont corrigees pour Ie rendement trouve en (a).

Equ.at£ons generales

Les equations generales servant a etablir la teneur en adrenaline (A) et en noradre
naline (N) sont obtenues en faisant la moyenne d'un nombre suffisant de determi
nations sur des urines additionnees de quantites connues des deux catecholamines

et soumises au mode operatoire suggere. On obtient des equations du genre suivant
(ces equations ne sont offertes qu'a titre d'exemple, les coefficients variant evidem
ment avec l'appareil, les filtres et la solution de reference);
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Short Communications

Gas-liquid chromatography:
The introduction of samples, the preconditioning of polyester liquid

phases and the measurement of RF values in the analysis of fatty esters

The purpose of this communication is to describe some improvements in the operation
of gas-liquid chromatography relating to preconditioning of polyester columns,
the ease and accuracy of sample introduction, the consequences of detector overload
ing and the accurate measurement of RF values. Some hitherto unpublished R p

values of methyl esters of fatty acids are also recorded.
The gas-liquid chromatograms used employ an ionising detector based on that of

LOVELOCK, JAMES AND PIPERl . The columns were 254 cm X 6 mm o.d. 35 to 80 mesh
"Celite 545" was used as solid support and argon as carrier gas, which was led into
the top of the column via a Bra Quickfit joint.

Preconditioning of polyester columns

Reported methods for preconditioning of polyester columns appear to be confined to
preheating of the column or the treatment of the polyester with ion exchange resins.
In our experience neither method proved completely satisfactory. As an alternative it
has been found better to heat the polyester to 260° and pass nitrogen through it for
several days until the volatiles are completely removed. The residual polyester
became dark and very viscous and was ready for immediate use at 200°.

Sample introduction

Most gas-liquid chromatograms use either micro-pipettes or an injection system for
the introduction of non-gaseous samples. However, with both systems the size of sam
ples is difficult to determine accurately. A system was therefore devised whereby the
sample is introduced into the column on the inside of a short sampling tube (ro X

5 mm i.d.), which is open at both ends, with a ground inner surface to facilitate
spreading of the sample and thus its rapid evaporation. The sample is introduced into
the sampling tube with an "Agla" micro-syringe with square tip or preferentially
with a fine glass capillary, in which case the relative amounts of sample can be deter
mined by measuring the length of the liquid in the capillary. For quantitative work
the sample is weighed and the areas compared with those of a weighed standard
such as methyl stearate.

To introduce the sampling tube the argon is turned off and the tube dropped into
the top of the column after half a minute when the backpressure in the latter is elim-
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inated. The flow of argon is then resumed. The sampling tubes are recovered from
the column at the end of the day with a piece of wire bent slightly at one end.

With this method of sample introduction reproducibility of peak areas, as deter
mined with samples of methyllaurate varying from 40 to 140 ftg, was 9.45 area units
per 10ft g with a standard deviation S.D. = 0.52 units.

Detector overloading

The effects of overloading of ionising detectors have been described by FARQUHAR et al.2 •

This results in blunted or inverted peaks and is particularly apt to occur when low
amplification and detector voltages are used with large samples containing relatively
volatile esters which issue from the column in narrow bands of high concentration.
The difficulty can be overcome by using detector voltages of 1,000 V or more, so that
faulty peaks due to overloading exceed the height of the chart and are thereby
excluded from normal quantitative treatment.

Table I shows the effect of varying degrees of overloading on the composition
of an equimolar six-component mixture of methyl esters. These are denoted as by
FARQUHAR et al. 2• The table shows the percent recovery of each ester as determined
by the peak areas.

TABLE I

THE EFFECT OF DETECTOR OVERLOADING ON THE COMPOSITION

OF AN EQUIMOLAR MIXTURE

M elhyl esler

Overloading
12:0 J4: 0 16:0 18:r 20:0 22:0

% of possible peak area

Slight 95 roo roo roo roo roo

Medium 53 76 88 88 roo roo

High 46 6r 73 84 89 roo

Very high 6 37 64 8r 86 roo

The errors due to overloading increase with sample size and are such as to completely
invalidate the analysis. They are greatest in the more volatile components.

The measurements of R p values

With the equipment described above, nearly symmetrical peaks are obtained with
the exception of the negative air peaks, which are asymmetric. However, under
other conditions asymmetric peaks may be obtained (cf. HAWKE, DUNKLEY AND
HOOKEl~3; BEERTHUlS et al. 4 ) and tailing may also take place. Under such conditions
neither the use of peak apices nor of the midpoints of the base give an accurate Rp

value. The method adopted in this laboratory is to extrapolate the straight portion
of the sides of the peak to intersect the baseline and to bisect the base of the triangle
obtained. The same procedure is carried out with the air peak. The distances between
the midpoints thus obtained are used in the calculation of Rp values. This system
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gave excellent reproducibility of Rp values as determined with 5 % APL on "Celite
545" columns (Table III) and when Rp values obtained with 20 % polydiethylene
glycol adipate (DEGA) on "Celite 545" are determined, they closely resemble the
values of FARQUHAR et af.2 extrapolated to 207°. This is shown in Table II. The
RF values were independent of the shape of the peaks.

Table III comprises RF values (relative to methyl stearate and adjusted to the air

TABLE II

R p VALUES OFFATTY ACID ESTERS (RELATIVE TO METHYL STEARATE)

ON DEGA COLUMNS AT Z07° AND VALUES OBTAINED BY FARQUHAR et al. 2 EXTRAPOLATED TO Z07°

Methyl ester
Determination

I4:0 r6:o I8: I 20:0

0.3 2 4 0.56 5 1.12 I.76

Z 0.321 0·568 1.13 I.7Z

3 0·335 0·579 1.14 I.75

4 0·333 0·579 I. 1 3 I.78

5 0·3 ZZ 0.570 I.IZ 1.75

6 0.326 0·575 1. IZ 1·77

Mean 0·3 z 7 0·573 1.13 I.76

FARQUHAR et
al. 2 at z07°

0·3Z1 0.570 I.IZ 1·75

TABLE III

MEAN Rp VALUES OF METHYL ESTERS OF FATTY ACIDS DETERMINED ON A 5 % APL
ON "CELITE 545" COLUMN AT 2070 AND STANDARD DEVIATIONS

RF(air)/ RF(air)/
Methyl ester 207

0 S.D. Methyl ester 207
0 S.D.

r8:o r8:o

11:0 0.061 0.004 18:3 (linoleic) 0.839 0.004

12:0 0.088 0.003 18: 2 (linolenic)

13: 0 0.140 0.003 18:1 (oleic) 0.879 0.004

14:0 iso 0. 164 0.003 18:1 (elaidic) 0.90 1 0.001

14: 0 0. z03 0.007 18:0 iso 0.860 0.008

lYO iso 0. z63 0.005 18:0 I.OOO

15: 0 anteiso 0.277 0.003 19: 0 I.48 0.02

15: 0 0.308 0.010 ZO:4 (arachidonic) 1.5 1 0.01

16:0 iso 0.390 0.006 zo:o z.17 0.05

16: I 0·394 0.005 ZI :0 3·z0 0.05

16:0 0.456 0.007 ZZ:I (erucic) 4. 28 0.07

17: 0 iso 0·579 0.005 zz:o 4.58 0.07

17: 0 anteiso 0.603 0.003 23: 0 6.87 0.18

17: 0 0.681 0.01I 24: 0 10.Z 0·3

z6:0 zl·5 0·7
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peak) of fatty acid methyl esters obtained with a 5 % APL on "Celite 545" column at
207°. The values quoted represent the means of 6 to 20 determinations. The esters
are abbreviated as by FARQUHAR et al.2.

It is well known that there is a linear relationship between log RF and the number
of carbon atoms in a homologous series of fatty acids. It is thus possible to derive
simple empirical equations for the calculation of log RF of any ester. Thus for:

n-saturated acid esters : log RFn = 0.169n - 3.05
(+)-anteiso acid esters : log RFn = 0.169n - 3.10
iso acid esters : log RFn = 0.169n - 3.12 and
cis monoenoic acid esters: log RFn = 0.129n - 2.99

where n represents the number of carbon atoms in the acid.
Similarly, linear relationships have been observed between RF values and tempe

rature (cf. FARQUHAR et al.2). Some changes of RF value as determined with 5 % APL

columns are shown in Table IV.

TABLE IV

CHANGES OF R p WITH TEMPERATURE USING 5 % APL

ON "CELITE 545'" COLUMNS

Rp(airJ/I8:0 at
Methytester ----------------

I50 0* I800* 207
0

12:0 0.056 0.076 0.088

14: 0 0.146 0.170 0.203
16:0 0·379 0.398 0.456

18:0 1.000 1.000 1.000

20:0 2.22 2.17

0.222

0·474
1.000

2.06

* Determined on PYE Argon Chromatogram.
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Fig. 2. Elution pattern on polyethylene glycol adipate. I = Barbitone; 2 = Allobarbitone,
Butobarbitone, Amylobarbitone; 3 = Pentobarbitone; 4 = Quinalbarbitone; 5 = Unidentified
impurity; 6 = CycIobarbitone; 7 = Hexobarbitone; 8 = Phenobarbitone; 9 = Phenyl-methyl-

barbituric acid.

On both types of column Thiopentone gave more than one peak, only one of which
was characteristic. On Apiezon L it gave four peak3 three of which were coincident
with those of Pentobarbitone, Hexobarbitone and Phenobarbitone. On glycol
adipate there was also a fifth peak in the Cyclobarbitone position. The occurrence
of a peak in the Pentobarbitone position is readily explained since it is the oxygen
analogue of Thiopentone but the reason for the occurrence of the other peaks is not
clear, possibly they are due to pyrolytic decomposition of the more labile sulphur
analogue.

Separation of phenyl and cyclohexenyl derivatives was only achieved by using
polyethylene glycol adipate. Separation on this type of column depends on polarity
with the result that the cyclical barbiturates emerged in the following order: Cyclo
barbitone, Hexabarbitone, Phenobarbitone and Rutanol. On Apiezon L Cyclo
barbitone and Phenobarbitone emerged as a single peak after the combined Hexo
barbitone and phenyl-methyl-barbituric acid peak.

Methylation takes place by substitution in the I and 3 positions of the barbituric
acid nucleus. For this reason it is impossible to separate barbituric acid and N-methyl
barbituric acid derivatives with identical groups in the 5,5 positions, e.g. Pheno
barbitone and Prominal. Ethylation instead of methylation may a.llow such separa
tions but this ha.s not yet been explored.
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NOTES

Fig. 2. Separation of a mixtmc of the "2,4
dinitrophenylhydrazones of formaldehyde
(I) anti acetaldehydc (2) (overflowing tech
nique).

Fig. I. Chromatogram of a simple mixture of 2.4
dinitrophcnylhydrazonl's. From left to right: form
aldehycJe, formalcJehyue + methyl ethyl ketone

(mixture); methyl ethyl ketone.

Fig. 3. Separation of a mixture of the 2,4-dinitro
pbenylhydrazones of some carbonyl compounds.
using centrifugal chromatography. (1,2) furfural,
cis + trans; (3) acetone; (4) methyl ethyl ketone: (5)

cyclohexanone.

-.
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from this figure that the quality of separation is much bettcr than that obtained with
modifications of centrifugal chromatography whcre the separation is based on ad

sorption.
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BOOK REVIE\VS

Chromatographic and Electrophoretic Techniques, edited by IVOR SMITH, William
Heinemann Medical Books Ltd., London, 1960; Vol. I: Chromatography, xv +
617 pages, price 65 s; Vol. 2: Zone Electrophoresis. viii + 215 pages, price 30 s.

The editor of these two volumes has tried to prepare a practical handbook for chroma
tographic and electrophoretic methods that contains sufficient details for work
without consultation of thc literature to be possible, He was aided in this task by
22 authors for chromatography and 8 authors for elcctrophorcsis.

We agree entirely with the editor that it would be highly desirable to have a
volume that presents chromatographic mcthods in the form of cook-book recipes,
so that a technician or collaborator may be told to look up a certain method and
apply it directly to, for examplc, amino acids in body fluids. vVhat j,; questionable at
the moment is whether work on chromatography is sufficiently advanccd as yet to
pennit the suggestion. for example of one single apparatus or whether detailed
mcthods can be given for fields where new problems keep coming up every day.

It may be said. however, that the two books succeed to thc extent of about go%
in providing good and detailed techniques. It is regrettable however that there are
several techniques and whole chapters that look rather perplexing to the reviewer.
We shall pick out a. few: on page 18 (Vol. I) it is suggested that samples should be
placed on the paper with a platinum loop, and the platinum wire flamed for cleaning.
No limitations of this teclmique are mentioned and the reviewer hates to think
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what would happen if this technique were applied indiscriminately by a beginner
in inorganic or radiochemistry, for example for placing loapd onto a paperand then
using the wire for some other radioactivity. It is of course common sense not to
do such things, but then most techniques of paper chromatography are common
sense, so why give details at all unless they are absolutely foolproof. Then there are
some rather puzzling chapters, for example that on circular chromatography and
that on ion-exchange papers. Circular chromatography is as usual described as space
saving (is there really such a housing shortage?) but leaves the beginner in doubt as
to whether after reading this chapter or that on ion-exchange papers he should not
forget all about the usual sheet chromatography and from now on work only with the
technique advertised.

In the volume on electrophoresis we welcome very much the fact that only a
relatively small part is devoted to the separation of serum proteins on paper strips
and much space devoted to haemoglobins, cellulose acetate electrophoresis and
starch (gel, block, etc.) electrophoresis. There is also a short but adequate chapter
on high voltage electrophoresis and another short but less adequate chapter on
continuous electrophoresis. The mention of some of the commercial types of contin
uous apparatus would seem essential.

In spite of these few shortcomings these books can be strongly recommended
to anyone intending to use chromatographic and electrophoretic techniques in
clinical and biochemical problems.

MICHAEL LEDERER (Rome)
J. Chromatog., 6 (1961) 190-191

Estudia de la Prateinas del Suera Humana par Media de la Electrafaresis en Papel,
by JUAN A. MORALES MALVA, Editorial Universitaria, Santiago de Chile, 1958,
xix + r69 pages.

After many years of research in the field of haematology Prof. JUAN A. MORALES
MALVA has written a book on the study of proteins by electrophoresis. This small
volume is neither a treatise nor a guide to electrophoresis, but a personal and critical
contribution dealing with his work on the use of this technique in the diagnosis of
diseases. Methods are only considered as a means to diagnostic work.

The first part of the book (pages I-52) deals with an examination of the proper
ties of serum proteins, particularly those in abnormal and pathological sera. The
second part, which is divided into two sections, describes the techniques of electropho
retic separation and quantitative determination, and a series of previously unpub
lished experiments by the author.

G. B. MARINI-BETTOLO (Rome)
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Aluminiumoxyd "Fluka" fur Siiulen- und Dunnschicht-Chromatographie und fur Trock
nung von Losungsmitteln (Fluka-Bulletin, I (Ig6I)), Fluka AG, Buchs, S.G.,
Switzerland.

This Ig page bulletin deals with the fields of application of a series of alumina prepa
rations made especially for chromatography. The firm of Fluka has set itself the aim
of producing alumina of constant quality and suited for specific purposes, such as
column chromatography (basic, neutral or acid), chromatoplates (special particle size)
and for drying (a moisture indicator incorporated in the alumina). The bulletin
surveys the literature of these applications quoting short abstracts from the original
papers or giving a suitable bibliography. Vve have the impression that the alumina
as well as the bulletin will be welcome in many laboratories.
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Announcement

PRELIMINARY ANNOUNCEMENT OF Ig62 PITTSBURGH CONFERENCE

The Thirteenth Pittsburgh Conference on Analytical Chemistry and Applied Spectro
scopy will be held at the Penn-Sheraton Hotel in Pittsburgh, Pa., U.S.A., Marchs-g,
Ig62. Approximately 200 papers on all phases of analytical chemistry and spectro
scopy will be presented. A symposium entitled RAMAN SPECTROSCOPY will be sponsored
jointly with the Coblentz Society, and a symposium entitled VACUUM SPECTROSCOPY
will be co-sponsored with the Society for Applied Spectroscopy. Symposia entitled
GAS CHROMATOGRAPHY, SPECTROSCOPIC STUDIES OF POLYMERS, and CHEMICAL
ANALYSIS OF METALS will also be held.

Original papers on all phases of analytical chemistry and spectroscopy are
invited. A brief abstract (ISO words) of each paper will be printed in the program.
Three copies of this abstract, with a letter listing the names of the authors, the
laboratory in which the work was done, and the current addresses of the authors,
should be addressed to:

Dr. CHARLES F. GLICK, Program Chairman,
The Thirteenth Pittsburgh Conference,

Applied Research Laboratory,
United States Steel Corporation,

Monroeville, Pa., U.S.A.

Final date for receipt of abstracts is October 16, Ig6!. One copy of the complete
paper must be submitted by January I, Ig62.

In addition to the program of technical papers, there will be an exhibition of the
newest analytical instrumentation. More than lIO companies will display instruments,
chemicals, and equipment.
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k

E

tions, which are used in place of activities for solutions of constant ionic strength, and
the subscript 0 denotes species present in the organic phase. It is assumed that no
intermediate chelate species are formed and that other complexes are absent. Under
these circumstances [MLn]o/[Mn+] may be identified with the fraction of metal

extracted.
In the case of non-extractable complexes being formed in the aqueous phase

between the metal and another anion, the fraction extracted E, where:

E = ~[M]o/ ~[MJ is now given by

E = K" [HLJ: (za)
[H+Jn

but K" now refers to a given anion concentration in the aqueous phase.
If, during the chromatographic elution of a metal, partitioning between a station

ary phase and a mobile liquid, d m and ds are the distances travelled by metal and sol
vent front respectively, d m will be proportional to the solubility of the metal in the
mobile solvent whilst ds-d mwill be proportional to the solubility of the metal in the

stationary phase8.

Thus:

where k is a constant accounting for the ratio of the cross-section of the moving and
stationary phases.

Now
d m

RF =-
d s

so by combining eqns. (2a), (3) and (4):

K" [HLJ~

+ k [H+Jn
(5)

provided eqn. (2a) represents the behaviour of a chelating agent retained on a solid
support material.

From eqn. (5) it follows that an increase in Rp would result from either an increase
in the hydrogen ion concentration, or a decrease in the ligand acid concentration.
A high value of [HL] 0 will be required to provide a column with as large a capacity as
possible, consequently the Rp value may be most conveniently varied either by
alteration of the hydrogen ion concentration or by the use of water-soluble complexing
agents which form non-extractable competitive complexes with the metal, and result
in the lowering of the value of K". For the separation of two metals, conditions must
be chosen so that one metal can be eluted without contamination by the other, and
it was found that indium could be selectively removed from a cadmium-indium
mixture, retained on a dithizone column, with N/500 perchloric acid. Fig. I gives a
plot of the activity of the effluent against effluent volume for the cases where carbon
tetrachloride (curve A) and chloroform (curve B) were used as organic solvents. y-Ray
spectrometry and half-life determinations showed that the activity was due solely to
4.5 h 115In and no trace of cadmium could be detected.
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The peak effluent volume is smaller when carbon tetrachloride is used on the
silica gel, but curve B. more nearly approaches the "bell-shaped curves" expected
for Gaussian distribution. The higher value of [HL] 0 attained with chloroform as
solvent (6.08'10-3 mols dithizone per kg of support as opposed to 1.6'10-3 mols/kg)
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Volume eluted ml

Fig. I. Plot of activity against effluent volume for the elution of indium with perchloric acid.
For curve A the organic solvent was carbon tetrachloride, for curve B, chloroform.

would be expected to favour a linear extraction isotherm and also to offset any
increase in the value of K' that might occur if the chloroform was replaced by carbon
tetrachloride. The dependence of the extraction process upon the presence of dithizone
was verified by passing the cadmium-indium mixture in pH 5 buffer down a column
of silica gel which had been treated with organic solvent but no dithizone. Under these
conditions the metals were not retained by the column but passed through with the
mobile phase and appeared in the effluent as soon as the liquid retained in the column
had been displaced.

SUMMARY

A column of a solution of a chelating agent (dithizone) retained on silica gel, has been
used to separate 115In from the parent cadmium. The higher stability of the complex
of cadmium with dithizone enables the indium to be preferentially eluted with dilute
perchloric acid, whilst the cadmium, which remains complexed under these conditions,
stays on the column.
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THE AMINO ACID COMPOSITION OF HEMOGLOBIN

1. AN IMPROVED METHOD FOR SEPARATING THE

PEPTIDE CHAINS OF HUMAN HEMOGLOBIN*

AMOZ 1. CHERNOFF

Memorial Research Center, University of Tennessee,
Knoxville, Tenn. (U.S.A.)

(Received December 21St, 1960)

Hemoglobin dissociates into its component polypeptide chains when subjected to an
environment of low pH and ionic strengthl - 3 . Separation of the dissociated chains
has been achieved by a number of techniques including electrophoresis4, counter
current distribution5 , fractional precipitation from acid acetone and ion exchange
chromatography6. Most notable have been the studies of WILSON AND SMITH who
separated the 0: and /3 chains of horse globin by elution from Amberlite IRC-50 resin
with the use of a urea solution of increasing molarity at low pH6. Subsequently,
similar techniques have been used to separate and isolate the 0:, /3, and y (and possibly
S) chains occurring in human hemoglobin7,8 and N-terminal group analyses have
permitted their more precise characterization. Although the technique of WILSON
AND SMITH has proven highly satisfactory for clear cut separation of the 0: and /3
chains of horse globin, much less distinct separations were obtained when this method
was applied to human globin. As a consequence of the overlap of the eluted chains and
the resulting cross contamination, a significant amount of material must be sacrificed
to ensure a modest degree of purity of the fractions, often a serious problem when
dealing with the small amounts of protein available with some of the rare types of
hemoglobin. A modification of the urea gradient method of WILSON AND SMITH,
which results in almost complete separation of the two types of chains of human
hemoglobin and their isolation in relatively pure form in high yield, is described in
this communication. The chief modification involves elution by an "interrupted"
or "intermittent" urea gradient in place of the continuously variable gradient of
WILSON AND SMITH.

METHODS

Hemoglobin was prepared from washed, lysed erythrocytes and purified by one of
several methods, including precipitation or crystallization from ammonium sulfate
solutions, elution from starch after starch block electrophoresis9 or by denaturation
with highly alkaline solutions (for Hgb F isolation) 10. Globin was prepared from either

* These studies were carried out with the support of USPHS grant No. A2956 from the National
Institutes of Health, Bethesda, Md.
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374 J. P. ADLOFF

d'ionisation7. II est courant de mesurer des activites de quelques mfhC (10-9 C),
soit 10-10 g de 14C, 10-13 g de tritium, 10-15 g de 82Br.

Les principaux indicateurs radioactifs utilises en chimie organique et en biologie
sont Ie 14C et Ie tritium, emetteurs de rayonnements f3 d'energies tres faibles
(14C:Efl = 158 keY; 3H:Efl = 18 keV): la plupart des detecteurs de radioactivite
associes aux colonnes chromatographiques, decrits dans la litterature, ont He conyus
pour repondre a la necessite de deceler ces rayonnements tres moliS.

(a) Analyse discontinue

La technique la plus simple consiste a condenser separement les solutes a la sortie de
la colonne et amesurer al'aide d'un dispositif approprie la radioactivite des differentes
fractions. Le contr61e de la separation est assure par la courbe de reponse d'un detec
teur chromatographique de type courant, par exemple une cellule de conductivite
thermique. Cette methode a ete utilisee par HARRIS8 pour identifier les diverses es
peces chimiques formees par Ie 82Br au co~rs de l'irradiation neutronique de bromo
alcanes. Les composes elues sont adsorbes a la sortie de la colonne sur du charbon
actif contenu dans un tube refroidi par l'azote liquide pour condenser les derives les
plus volatils. Ce tube est remplace a intervalles reguliers (toutes les minutes) et intro
duit dans Ie puits d'un cristal NaI(Tl). La courbe representant l'activite de chaque
fraction en fonction du temps d'elution presente un certain nombre de pics, identifies
par la chromatographie de bromures organiques connus.

KARMEN ET TRITCH9 ont mis au point une methode efficace de collection des
solutes qui permet la detection de composes marques par Ie tritium et Ie 14C: les gaz
sortant de la colonne sont condenses dans des tubes contenant des cristaux d'anthra
cene impregnes de liquide stationnaire et la radioactivite des diverses fractions est
mesuree dans un ensemble de comptage a scintillateur liquide.

Un collecteur de fraction commercial * a ete realise sur ce principe. Les gaz traver
sent un detecteur chromatographique puis sont condenses et adsorbes sur des cris
taux d'anthracene impregnes d'huile de silicone. Le remplacement des tubes est com
mande manuellement en fonction de la reponse du detecteur chromatographique.
Chaque solute (revele par son pic sur l'enregistreur) est recueilli separement; il est
utile de recueillir egalement Ie gaz vecteur entre deux pies, ce qui permet de mettre en
evidence des composes radioactifs qui seraient presents en quantite trop faible pour
donner une reponse au detecteur chromatographique.

DUTTON et al. lO ont utilise une methode analogue au cours de la separation
chromatographique des esters d'acides gras marques par Ie tritium: les gaz sortant
de la cellule de conductivite sont introduits directement dans un scintillateur liquide.

Ces methodes d'analyse discontinue sont cependant d'un usage assez exception
nel et la plupart des auteurs utilisent des detecteurs permettant de suivre d'une
maniere continue la radioactivite du gaz a la sortie de la colonne.

* Packard Model 830 Tri-Carb Gas Fraction Collector.
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(b) Detection continue

375

Les 4etecteurs de radioactivite places en serie avec un detecteur chromatographique
tel que Ie catharometre permettent d'effectuer simultanement une analyse chromato
,graphique et radiochromatographique. L'avantage de cette double analyse est con
sidemble: Ie catharometre repond aux solutes presents en quantites macroscopiques
marques ou non, et Ie detecteur de radioactivite n'enregistre que les especes molecu
laires marquees. Un solute present en quantite ponderable et marque par un isotope
radioactif est enregistre simultanement par les deux types de detecteurs. Le rapport
des hauteurs ou des aires des pics enregistres par ces deux detecteurs indique aprc3
etal<imnage l'activite specifique de ce solute. En presence d'impuretes radioactives
Ie pic mesurant la radioactivite s'elargit et devient asymetrique. On dispose ainsi
d'ul1l excellent crithe de purete radiochimique19.

1. Detecteurs integraux

C'est a ce type que correspondent les detecteurs decrits par LOWE ET MOOREll

et de fa<;on plusdetaillee par POPJACK12. Le melange du gaz vecteur et des solutes
bar:bote a la sortie de la colonne dans une solution scintillante (diphenyloxazole
en solution dans Ie benzene ou Ie xylene). En raison de leur solubilite et de leur
paint d'ebullition eleve, les vapeurs organiques sont retenues par la solution scin
tilhmte et la radioactivite est mesuree a l'aide d'un photomultiplicateur relie a
un integrateur pourvu d'un commutateur automatique de sensibilite et suivi d'un
enregistreur a trois voies: l'une des voies enregistre la reponse du detecteur chro
matographique (balance a densite gazeuse) et les deux autre3 voies enregistrent la
radioactivite avec un rapport de sensibilite de 10 a 3. Les courbes obtenues sont
des courbes en gradins caracteristiques des cletecteurs integraux. La reponse du
detecteur de radioactivite est proportionnelle a la quantite de radioelement intro
duite, jusqu'a 30,000 impulsions par seconde. Le dispositif de POPJACK est utilise
pour l'analyse chromatographique d'echantillons radioactifs synthetises par voie
biologique. Le 14C est compte avec une efficacite de 50 'Yo, Ie tritium avec une effica
cite de 20 %.

JAMES ET PIPER13 ont fait remarquer que pour conserver une bonne sensibilite
il etait necessaire de remplacer la solution scintillante lorsque celle-ci a dissous un
certain nombre de solutes radioactifs.

La methode de KARMEN ET TRITCH deja signalee9 peut etre utilisee facilement
pour la detection continue: les gaz sont retenus dans une colonne d'anthracene
placee entre deux photomultiplicateurs.

Un autre dispJsitif de detecteur integral a ete mis au point par BLYHOLDER14 : les
gaz sont condenses dans une cellule refroidie par l'azote liquide. L'une des parois de
oette cellule a une epaisseur suffisamment faible pour permettre Ie passage du rayon
nement emis par Ie 14C, decele a l'aide d'un compteur a fenetre mince place en regard
de cette paroi.

J. Chroma!og., 6 (1961) 373-380



J. P. ADLOFF

2. Detection par compteurs Geiger-Miilter et proportionnels

On peut, de maniere tres simple, faire circuler les gaz sortant de la colonne devant
la fenetre d'un compteur Geiger. Cette technique radiochromatographique a ete utili
see des 1955 par KOKES et al.l5• Elle a trouve un certain nombre d'applications et
peut etre ameIioree par 1'emploi de deux compteurs afenetre mince entre lesquels cir
cule Ie gaz (ROGINSKY et al.16).

BEHRENDTI? rappelle qu'il existe trois principes radiochromatographiques: mar
quage des solutes avant separation chromatographique, irradiation neutronique des
solutes apres chromatographie suivie de la mesure de 1'activite induite, traitement des
solutes apres chromatographie al'aide d'un reactif marqui~.L'auteur decrit une methode
basee sur ce dernier principe: les gaz sortant de la colonne sont brules en presence
d'oxyde de cuivre; Ie gaz carbonique forme traverse un tube contenant du carbonate de
sodium marque au I4C (14C0 3Na2) chauffe a200°. Apres echange isotopique, Ie gaz car
bonique marque est detecte al'aide d'uncompteur afenetre mince. La sensibilite de cette
methode serait 106 fois superieure ala sensibilite de la cellule de conductivite thermique.

Cependant 1'efficacite de comptage du I4C reste toujours faible et Ie tritium ne peut
etre decele avec ces dispositifs.

Cette efficacite augmente enormement si les gaz traversent directement Ie comp
teur: il n'y a plus aucune paroi entre Ie gaz et Ie detecteur. WOLFGANG ET lVIACKAyIS

ont decrit des compteurs proportionnels a circulation de gaz et plus particulierement
un compteur destine a 1'enregistrement continu de la radioactivite d'un gaz a la
sortie d'une colonne chromatographique (WOLFGANG ET ROWLANDI9).

Les compteurs ne pouvant fonctionner avec Ie gaz vecteur, il estnecessaire d'in
troduire un gaz supplementaire, en general Ie methane, injecte dans Ie circuit entre Ie
deteeteur chromatographique et Ie compteur. Les auteurs ont etudie en detail Ie
fonetionnement de ces compteurs et ont donne une expression du taux de comptage
moyen en fonction du volume sensible du compteur et des debits du gaz vecteur et
du methane. Ces detecteurs conviennent parfaitement pour la mesure des rayonne
ments du HC et du tritium avec une sensibilite de 10-3 a ro-9 C. Ils presentent sur les
chambres d'ionisation les avantages d'une sensibilite 2 a 25 fois plus grande, d'une
reponse plus rapide, de meilleures caracteristiques de temperature (Ie fonctionnement
est encore normal a 200°). Il est enfin possible d'effectuer simultanement un enre
gistrement differentiel et integral (par comptage a 1'aide d'une echelle du nombre
total d'impulsions dues aux solutes elues).

Ce type de compteur a ete utilise par SILBERT ET TOMLINSON6 pour la detection
avec une efficacite de pres de 100 %, du rayonnement du 82Br; ils ont confirme que
Ie fonctionnement etait compatible avec une temperature de 200°, Ie seul effet de
temperature etant une diminution de la longueur du palier.

Certains solutes (composes nitres ou halogenes) peuvent "empoisonner" Ie
compteur, perturbant son fonctionnement. On enregistre alors des pics "negatifs" dus
a un decalage de la ligne de base. ACHE et al. 20 ont su resoudre cette difficulte en
ajoutant de fa<;:on deliberee une quantite constante de ce poison au gaz injecte--dans
Ie compteur (par exemple 4 % de vapeurs de nitrobenzene).
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JAMES ET PIPER13 utilisent Ie meme type de detecteur avec une variante: Ie gaz
vecteur est de l'argon, et les gaz a la sortie de la colonne sont brUIes en presence
d'oxyde de cuivre. La vapeur d'eau est eliminee par passage sur du perchlorate de
magnesium et Ie gaz carbonique (dont la concentration en volume est portee a 5 %
par injection de gaz carbonique inactif) traverse Ie compteur. La methode peut
convenir a l'analyse de composes trities, Ie perchlorate de magnesium etant remplace
par du carbure de calcium.

3. Utilisation de ditecteurs Ii scintillations

Les cristaux scintillateurs d'iodure de sodium active au thallium, NaI(Tl), sont utilises
pour la detection continue de solutes marques par des isotopes emetteurs d'un rayonne
ment y. EVANS ET WILLARD2 font circuler les gaz a travers un tube de verre place
dans Ie puits d'un cristal, et detectent lO-13 g de CH382 Br et lO-15 g de CH380Br (voir
aussi 21).

MOUSSEBOIS ET DUYCKAERTs22 operent de maniere analogue pour detecter des
iodures organiques marques par ]'l31l.

HERR et al. 23 font circuler Ie gaz a travers une spirale de verre de volume in
terne lO ml, placee sur un cristal NaI(TI) de 2.5 pouces et detectent avec une bonne
efficacite des bromures organiques marques par Ie 82Br. L'utilisation d'un cristal
NaI(Tl) "tunnel" traverse directement par la colonne chromatographique donne
egalement d'excellents resultats24 .

Dans tous ces dispositifs, la sensibilite est fonction de la duree de sejour du gaz
radioactif dans Ie volume sensible du detecteur. Ce probleme a ete discute par
HERR et al. 23 •

La detection d'isotopes emetteurs d'un rayonnement fJ peut se faire a l'aide de
scintillateurs plastiques. STRANKS25 a mesure du gaz carbonique dans une cellule
dont l'une des parois est constituee par un scintillateur plastique. GRAKDY ET KOCH26

ont realise une chambre a circulation de gaz en lucite, placee sur un photomultipli
cateur par l'intermediaire d'un scintillateur plastique "Pilot B". FUNT ET HETHERING
TON27 ont decrit l'emploi d'un tube capillaire en plastique scintillant.

4. Utilisation de chambres d'ionisation

Ce type de detecteur associe a une colonne chromatographique a ete utilise pour la
premiere fois par WILZBACH ET RIESZ28 ,29 et developpe principalement par CACACE ET
INAM-UL-HAQ30,31. Le gaz sortant de la colonne traverse une cellule de conductivite
thermique et apres avoir ete dilue par un courant d'azote dans un melangeur ap
proprie, penetre dans une chambre d'ionisation en acier inox avec un debit bien
determine. Ceci a Ie double avantage d'assurer une bonne stabilite de la chambre
d,'ionisation dont Ie fonctionnement dans ce cas est independant du debit du gaz
vecteur, et d'eviter Ie chauffage de la chambre, les gaz issus de la colonne etant dilues
dans un volume relativement important. La sensibilite de ce dispositif est proportion
nelle au rapport entre Ie volume de la chambre et Ie debit du gaz, mais Ie volume de
la chambre d'ionisation doit etre comparable a celui de la cellule de conductivite
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thermique. Le courant d'ionisation est mesure a l'aide d'un electrometre a conden
sateur vibrant muni d'une resistance d'entree de lOll Q. Ce dispositif permet la
detection de quelques m,uC et la mesure de 20 m,ue.

L'analyse de substances a point d'ebullition eleve necessite Ie chauffage de la
chambre d'ionisation, ce qui peut entrainer l'apparition d'un bruit de fond incompa
tible avec la mesure de faibles activites et une variation des caracteristiques de la
chambre.

MASON et al. 32 ont cependant construit une chambre d'ionisation dont Ie fonc
tionnement est satisfaisant jusqu'a 240°, l'isolant principal €tant en teflon. DOBBs33

decrit egalement une chambre fonctionnant a 190° et donnant une bonne reponse
avec 0.5 ,uC de tritium.

De leur cote, CACACE et al. 34 ont tourne la difficulte en brulant les gaz a la sortie
de la colonne dans un tube de quartz rempli d'oxyde de cuivre. L'eau formee dans la
combustion est adsorbee; Ie gaz carbonique et l'azote, gaz vecteur, traversent Ie
catharometre dont la temperature est maintenue a 0° pour avoir une sensibilite
maximale, et apres dilution par un courant d'azote, penetrent dans la chambre
d'ionisation. Cette dilution a pour avantage d'augmenter la sensibilite de la chambre
puisque Ie debit y est plus rapide et de garder, ici encore, un debit constant dans la
chambre quel que soit Ie debit du gaz vecteur dans la colonne. La sensibilite du detec
teur est 0.5 m,uC, et la limite de sensibilite de mesure 2 m,ue.

Les differents dispositifs de detection sont resumes dans Ie Tableau 1.

TABLEAU I

LES DTFFERENTS DTSPOSTTIFS DE DETECTION

Ditecteur

Compteur de Geiger

Compteur proportionnel a
circulation

Scintillateur NaI(TI)

Efficaciti de
detection du
l4e et du T

HC: faible
T: nulle

env.l00%

nulle

Observations

Echantillon exterieur au compteur.
Temperature d'emploi limitee.

Les gaz traversent Ie compteur. Fonc
tionnement correct jusqu'a 200°.
Possibilite d'interference de
"poisons". Tres utilise.

Utilise en analyse continue d'emet
teurs y

References

T3, T8-20

2, 8, 22-24

Scintillateur plastique

Scintillateur organique et
liquide

Chambre d'ionisation

r·C: 60% Peut etre attaque par certaines va- 25-27
T: 10 % peurs organiques. Temperatures

d'emploi limitees.

HC: 75 % Utilise comme detecteur integral. 9-T2
T: 20%

env. TOO % Tres utilisee. Fontionnement a tempe- 28-33
rature elcvee depend de la qualite
de I'isolant.
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ADSORPTION OF AROMATIC COMPOUNDS ON ALUMINA 4z7

the order of adsorbability phenanthridine, benzo(f)quinoline, quinoline (one peri
hydrogen) > acridine, benz(a)acridine (two peri hydrogens) ~ benz(c)acridine
(one peri hydrogen and one peri CH). The observed order of adsorbability phenan
thridine;> benzo(f)quinoline = benz(a)acridine ;> acridine ~ benz(c)acridine is thus
rationalizable largely on such basis. In fact the strong influence of a steric factor is
apparent when one notes that phenanthridine is the weakest base of this group of five
compounds toward the proton in 50 % aqueous ethanoPO but perhaps the strongest
base of the group toward the Lewis acid alumina. The slight enhancement of adsorb
ability brought about by the insertion of a methyl group into the z-position of
acridine (no added steric hindrance to n-complexation) might be ascribed to the
inductive effect which would increase electron availability at the nitrogen atom.
In this case, as expected, z-methylacridine is also more basic than acridine toward
the proton in 50 % ethanoPo.

If 7T-complexation were involved in adsorption of all of the preceding nitrogen
heterocycles one would expect the adsorbability order benz(a)acridine =- benz(c)
acridine> z-methylacridine ;> acridine> phenanthridine ~ benzo(f)quinoline >
quinoline. The major difference found between the observed order and this hypo
thetical one indicates a lack of pertinence of the acene8 and unsaturation2 rules in this
series.

The proposals that benz(c)acridine and trans-azobenzene form 7T-complexes
rather than weak n-complexes cannot be experimentally substantiated at this time.
The fact that each is only slightly more strongly adsorbed than its hydrocarbon
counterpart, benz(a)anthracene or trans-stilbene, respectively, would, however, be
consistent with 7T-complexation enhanced to a slight extent by some weak interaction
between the alumina surface and the n-electrons. Alternatively,trans-azobenzene
could be adsorbed in a 7Tn-hybrid complex involving the 7T-system of one benzene
ring-held flatwise-and the n-electron pair of the adjacent nitrogen atom. Adsorp
tion of cis-azobenzene is assumed to occur via n-complexation whereby the azo
'benzene molecule is held edgewise with both pairs of n-electrons directed toward the
adsorbent surface and the phenyl rings protruding away from the surface. Invoking
the preceding concepts one can also rationalize the order of adsorbability of the 1,4

bis-(phenylazo)-benzenes, though he cannot (without additional laboratory investiga
tion) expound a unique stereochemical solution. One possibility is that the trans-trans
isomer is adsorbed completely flatwise as a 7T-complex, the cis-cis isomer is adsorbed
as a 7Tn-hybrid involving the 7T-system of ring B and the n-electrons of nitrogen atoms

z and 3, and the cis-trans isomer is adsorbed as a 7Tn-hybrid involving the 7T-system
of the trans-AN IN2B moiety and the n-electrons of nitrogen atom 3.

The reported differences in products from reaction of styrenel!, z-vinylpyridineI2,

an<il 4-vinylpyridinel3 with hydrogen sulfide over an AI20 3-FeS catalyst at 600 0 may
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be interpreted in terms of the formation of 7T- (from styrene) or n- (from the vinyl
pyridines) complexes of the corresponding ArCH 2CH 2SH intermediates. When Ar
is phenyl the flatwise adsorbed intermediate cyclizes readily to benzothiophene.
When Ar is z-pyridyl, there is mainly edgewise adsorption on the nitrogen atom with
little resultant formation of thienopyridine but extensive concomitant splitting of the
Ar-C bond. For Ar is 4-pyridyl, neither cyclization nor bond splitting is observed.
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SUMMARY

A semi-quantitative method is described for chromatography of fluorescent poly
nuclear aromatic hydrocarbons and aromatic nitrogen heterocycles on alumina
impregnated glass paper. Combining data obtained from such papers with those
from alumina columns it is noted that the isomeric azobenzenes and nitrogen hetero
cycles are more strongly adsorbed than their hydrocarbon analogs (where CH re
places N). It is proposed that adsorption of such nitrogen compounds occurs prefer
entially by means of the electron pairs on the nitrogen atoms to form n-complexes.
If steric hindrance to n-complexation is too great the substrate may form a 7T-complex
or a 7Tn-hybrid complex instead.
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The paper chromatography and paper electrophoresis of 106Ru tracer has been
examined in several publications l in relation to the separation of Ru from other
fission products. It was observed that Ru tracers separated into several spots owing
to the equilibrium mixtures which are formed between the various nitroso-nitrato
complexes; the difficulties in identifying these by paper chromatography were
shown in the papers by FLETCHER et af.2.

Usually it is now recommended to distill off the ruthenium as Ru04 before
examining the other fission product elements. We have for some time attempted
to find a reaction which would yield a single ionic species with ruthenium, irre
spective of its valency and complex state, which could then serve as starting point for a
paper chromatographic or paper electrophoretic identification. We shall briefly
mention some unsuccessful attempts. Thiourea will react with chloro-complexes, but
only incompletely with nitroso-complexes ; boiling with HBr or oxidation with
bichromate in Hel were found to yield single spots when ruthenium chlorides were
reacted, but not with nitroso-nitrato complexes, nor with tracer amounts of ruthenium.

The present study was started at the suggestion of Dr. L. M. VENANZI (Oxford),
who mentioned to the authors that recent evidence had shown that the compound
described as K 2[Ru(N0 2)5J is actually K 2[Ru(NO)(N0 2)4(OH)] (see also MURRAy3).

Thus its preparation does not involve the removal of the nitrosyl group. We decided
therefore to investigate the reaction between nitrite and ruthenium nitrates and
chlorides, as the problem of removing the nitrosyl group seems to have been the diffi
culty in our previous attempts to form a single ionic species with ruthenium.

Dr. VENANZI also kindly supplied us with samples of the sodium and potassium
salts prepared in his laboratory according to the syntheses given below:

(r) K 2[Ru(NO)(N02)4(OH)] (JOLY AND VEZES 4). Potassium nitrite (2 g) was
dissolved in water (20 ml) and to the boiling solution, ruthenium trichloride was
added in small amounts until a faint precipitate began to appear. A crystal of po
tassium nitrite was then added to redissolve this and the orange solution evaporated
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to about 10 ml. On cooling, the product crystallised out as a.n orange solid which was

purified by recrystallisation from water.
(2) Na 2[Ru(NO)(N0 2)4(OH)] (JOLY AND LEIDIE5). Ruthenium trichloride was

dissolved in water, and solid sodium nitrite was added in small portions, until the
addition of a further portion caused no effervescence. The orange solution was then
evaporated until solid began to separate, and the solution left to cool. The product

was recrystallised from water.
These two methods do not differ essentially from those quoted in PASCAL6, and

it seems that the same product is obtained irrespective of whether the ruthenium is
added to an initial excess of nitrite, or nitrite to an excess of ruthenium.

EXPERIMENTAL

(I) Preparations and electrophoretic analyses

All paper electropherograms were carried out with 250 V for 20 min (unless otherwise
mentioned) with N/2 NaN0 2 as electrolyte on paper strips 40 em long (Papier
Arches No. 302), which were sandwiched between glass plates 31 em long.

We repeated the syntheses mentioned above on a micro-scale, so as to be able
to analyse the reaction mixture before crystals are separated.

For the sodium salt, about 50 mg of commercial RuCls were dissolved in about
I ml of water in a 5 ml beaker. Solid NaN0 2 was added till the solution, which was
kept on the water bath, gave no effervescence. On evaporating, yellow crystals
formed, which were filtered off, recrystallised from water and dissolved in about I ml of
water.

When these three fractions (i.e. mother liquor, mother liquor from the recrys
tallisation and solution of the crystals) are subjected to paper electrophoresis, they all
yield a slower orange spot and a faster yellow spot. Both spots react with H 2S to
give an intense purple coloration which fades rapidly to a brown stain. The slow
orange fraction is most intense in the mother liquor and is only present in traces in
the once recrystallised substance. Crystals prepared from the once recrystallised
material were found to be the pure yellow fraction.

The potassium salt was prepared by adding commercial RuCl3 in small amounts
to 0.4 ml of ro% aqueous KN0 2 on the water bath till a precipitate appears, and
then a crystal of KN0 2 was added to redissolve this precipitate. During this operation
it was realised that it is rather difficult to assess the exact point at which sufficient
RuCl3 had been added. We therefore took another lot of KN0 2 to which we added
approximately half the amount of RuCl3 added to the first tube, to ensure that
KN0 2 was present in excess. When electrophorised, both solutions, separated into
a slower orange and a faster yellow band with mobilities identical to those of the
sodium salt.

The samples of Dr. VENANZI were also examined by paper electrophoresis. The
sodium salt was found to be the pure yellow compound, while the potassium salt
contained some of the orange compound.
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Preliminary experiments showed us that a mixture of the orange and the yellow
compounds, as formed in the two syntheses, could be converted to an almost pure
solution of the yellow compound by simply heating with an excess ofN/2 NaN0 2 on
the water bath.

In order to investigate whether a complete conversion is possible, ISO mg of
RuCla were refluxed with excess NaN0 2 (S22 mg) in about 14 ml of water (i.e. N/2

NaN0 2) and samples withdrawn at intervals and electrophorised. Already after
S min refluxing, only a single yellow band could be detected by paper electrophoresis.
A similar experiment was carried out by mixing excess KN0 2 with RuCla. Here two
species persisted until the solution was heated for 20 min or more.

Since ruthenium is often present as the nitroso-nitrato complexes in solution,
we also investigated if these could be converted to the yellow complex by refluxing
with excess NaN02 • A solution of the nitroso-nitrato complexes was prepared by
evaporating some crystals of the yellow compound with concentrated nitric acid.
The residue was taken up in N/2 NaN0 2 and yielded initially two anionic fractions.
It is only after refluxing for at least 2 hours that only one yellow band is obtained in
electrophoretic analysis.

We also carried out the reaction between carrier-free 106Ru (in HNOa) and N/2

NaN0 2 • When the tracer is evaporated on the water bath and taken up in NaN0 2,

its electropherogram shows two anionic peaks (Fig. I). If it is left at room temperature
only one peak may be observed after some time, however, with an electrophoretic
mobility which is not identical with that of the yellow band. On the other hand, if the
solution of the tracer is refluxed for about half an hour, it is converted to a single
species which, when mixed with the yellow compound, shows a complete coincidence
between the visible band and the activity peak, as shown in Fig. 2. The time of
electrophoresis for this experiment was prolonged to I hour and the distance moved by
the peak was 80 mm.

600

400

200

" .!
-5 o +5 +10

Point of start Distance
in em

Fig. 1. Distribution of radioactivity on the electropherogram of a mixture of l06Ru tracer and N/2
NaN02 (without heating). The tracer was originally in a nitric acid solution.
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Fig. 2. Electropherogram of a mixture of l06Ru tracer (boiled with N/2 NaN02 for 30 min) and pure
Na 2 [Ru(NO) (N0 2)4(OHl].

(2) Absorption spectra

In Figs. 3 and 4, the spectra and electropherograms of the sodium and the potassium
salt (supplied by Dr. VENANzr) are shown. The spectrum of the yellow band isolated
from electropherograms, or obtained by refluxing ruthenium chloride with KNO z
for 30 min is identical to that of VENANzr's sodium salt, but differs from the impure
potassium salt. The difference between the spectra is best shown in Fig. 5 where the
yellow band isolated from an electropherogram and the original mixture are super
posed.

The slower orange band could only be isolated from electropherograms in small
amounts even when large amounts of the mixture were separated on thick (Whatman

"I', \

1\
+ \ Start

I ---,=~----l.j.,,-------

+ \ + i
1 i
1 \
I "+ ,

J \.
~/ \,

'+
::-::----~c__--'~+"t-+-., •••--~-.----

300 400 500 600
AmI-'

Fig. 3. Spectrum and e1ectropherogram of a sample of Na2 [Ru(NO)(N0 2 )4(OH)] prepared by
Dr. VENANZI.
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PAPER CHROMATOGRAPHY,OF PHENOLIC COMPOUNDS

beginning of the experiment, were all 8,6 at the end of the experiment. In the case of
papers impregnated at pH 9.3, however, not only the pH remained the s~me through
out the whole experiment, but also the relative positions of the spots were almost
unaltered; at this value of the pH, the presence of NHs vapour in the vessel is of no
consequence.

R,

0,9 ..~.-
%~:- -:~ ...---.-:

0.8· ~. ''':/'~.
0,7 .. ,. ~
0.6 %,:~~ .
0.5

o ,~ •

\_0 \0 ~
0.4 ~+~ ,

0.3 '''~~0.2

O~i0.1
0

0

3 4 5 6 7 8 9 10

Fig. 1. Rp versus pH values. • Vanillin;
• Syringaldehyde; ..... p-Hydroxybenzalde
hyde; 0 Vanillic acid; l;,. P-Hydroxybenzoic
aeid; 0 Syringic acid; + Ferulic acid; X p-

Coumaric acid.

R,

0.9

0.8

o

3 4 5 6 7 8 9 10

Fig. 2. R p versus pH values, in the presence of
NHa vapours.• Vanillin; • Syringaldehyde;
..... p-Hydroxybenzaldehyde; 0 Vanillic
acid; l;,. p-Hydroxybenzoic acid; 0 Syringic

acid; + Ferulic acid; X p-Coumaric acid.

On the other hand, the separation of the mixture was appreciably improved by
the presence of ammonia vapours at all pH values. It is not necessary to buffer the
paper, a simple impregnation with boric acid is sufficient; it is also not necessary to
saturate the eluent with the impregnating solution.

Accordingly, in all successive experiments, the sheets were impregnated with a
HsBOs solution saturated at 20°, and the eluent was n-butanol saturated with a 2 %
NHs solution, the aqueous phase of which was placed at the bottom of the vessel.

At the end of the elution, the pH of the sheet was uniformly 8.6 from the starting
line to the eluent front, and from there to the edge of the paper. This procedure has
gh1en the best separation of a mixture of ten phenolic compounds, whose RF values
are given in Table 1.

The chromatographic separation of a mixture of phenolic compounds by this tech
nique is very sensitive to the concentration of ammonia in the aqueous solution used
to prepare the eluent. Increasing the concentration of ammonia produces a slowing
down of the phenolic acids and hydroxyaldehydes: at an ammonia concentration
higher than 5% the separation is seriously impaired. On the other hand, if the am-

J. Chroma/og., 6 (1961) 467-474
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monia concentration is raised to 10%, the separation of those phenolic compounds
that run with the eluent at lower ammonia concentrations is improved. An RF of 0.88
is obtained for z,6-dimethoxyphenol and one of 0.76 for resorcinol, instead of the
values 0.86 and 0.81 respectively, as given in Table I, and hence the separation is

much better.
TABLE I

R F VALUES OBTAINED ON CHROMATOGRAPHY OF A MIXTURE OF TEN PHENOLIC.

COMPOUNDS, AND THE EFFECT OF TEMPERATURE

Rp values
Phenolic compounds

Tank at 20° Tank at 35°

Syringic acid
Vanillic acid
p-Hydroxybenzoic acid
Ferulic acid
p-Coumaric acid

Syringaldehyde
Vanillin
H ydroxybenzaldehyde
Resorcinol
2,6-Dimethoxyphenol

0.16
0.20
0.24
0.32
0·39

0.5 2

0.62
0.72

0.81
0.86

0.15
0.19
0.23
0·33
0-40

0.52

0.64
0.7 1

A mbient factors

The temperature variations in the laboratory were ± zo; with our final technique,
the RF values of the various compounds were always constant. The relative positions
of the spots of the compounds are the same, although their absolute positions may
change, but the variations in the RF values are never higher than o.oz. Some experi
ments were made at 35°, at which the solvent speed was somewhat increased and
consequently also the mobilities of the spots, but the RF's were unchanged, as is
shown in the third column of Table r.

The saturation of the atmosphere of the chromatographic tank and the equili
bration of the sheet are much more important. Only the aqueous phase should be put
at the bottom of the tank; an excess of ammonia or of the phase rich in organic
solvent gives elongated spots.

If the sheets are left for a long time in the tank before starting the elution, very
diffuse spots with overlapping trails are produced. We found that good spots are
obtained if the paper is allowed to equilibrate for one hour in the vessel.

Spraying solutions

All the classical developers for phenolic compoundsl , 2, as well as some new ones, were
tested and finally the following techniques were adopted:

(I) M iiule's test. The chromatogram is first dried, then exposed for ten minutes
to chlorine vapours, and finally sprayed with a 10 % Na2S03 solution. Spots of
syringic acid or aldehyde assume a cherry-red colour. It was found that on examina
tion with V.V. light some compounds show characteristic yellow or blue spots.

]. Chromatog., 6 (1961) 467-474



PAPER CHROMATOGRAPHY OF PHENOLIC COMPOUNDS 471

(2) Other tests. The chromatogram is subjected to the following treatment:
(a) U.V. examination before and after exposure to ammonia vapours.
(b) Development of the phenolic acids: the sheet is first sprayed with a solution

of diazotized sulphanilic acid prepared according to BLOCK15 and dried in air. Sub
sequently, it is exposed to ammonia vapours. At this moment, coloured spots appear,
but the colours are not brilliant and not fast enough; they fade in a short time.

(c) We then introduced a second spray, this time with a solution of diazotized
p-nitroaniline prepared according to BRAy16; this changes the colours, enhances
their brilliance and makes them completely fast even after weeks of exposure to air.

The sbeetis dried at 500. The hues of the spots are characteristic for the various
acids. Care has to be exercised when carrying out this last spray, in order to prevent
soaking of the paper, otherwise a yellowish background appears and the sheets
become brittle when dried. due to the action of the hydrochloric acid present in the
solution. Of paramount importance in this technique is the exposure of the sheet to
ammonia vapour between the two sprayings with the diazotized solutions; if this
stage is omitted, the benefits obtained by spraying with the second solution are lost.

~:..;

_r i~.,4 "
,-~.. '::..:.:_~.- ~ ':.-

Fig. 3. Chromatographic separation of a mixture of ten phenolic compounds. (12) Vanillic acid;
(24) p-Hydroxybenzoic acid; (28) Ferulic acid; (29) p-Coumaric acid; (31) Syringic acid; (32)
Syringaldehyde; (1) Vanillin; (30) p-Hydroxybcnzaldeh}'de; (14) Resorcinol; (34) 2.6-Dimethoxy-

phenol.

(d) Development of the hydroxyaldehydes: the dried sheet is sprayed with a solu
tion obtained by mixing equal volumes of a 0.1 lV[ benzidine solution in ethanol and
I N hydrochloric acid. The sheet is then dried in an oven at 50°. The colours obtained
with this technique are more brilliant than those obtained by spraying with 2,4-dini
trophenylhydrazine. Furthermore, vanillin and syringaldehyde give different colours.

J. Chroma/og.• 6 (1961) 467-474



T
A

B
L

E
II

R
r

V
A

L
U

E
S

,\
N

D
W

E
l'

O
T

lI
'l

C
A

T
IO

N
O

t·
34

P
U

R
E

P
H

E
N

O
L

IC
C

O
M

P
O

tJ
N

U
S
.

+ 'o
J

U
.v

.
lJ

ia
so

li
u

d
D

ia
:o

ti
"d

N

C
om

po
ut

ld
s

R
F

,II
au

l<
te

st
.lt

du
le

te
st

U
.v

.
a

ft
"

..<
po

·
su

lp
lu

m
i/i

(.
su

/p
lu

Jn
i/i

c
B

e.
ui

di
lJ

e
U

ltr
tw

io
/<

l
S

U
,t

to
N

fl
)

ad
d

a,
u

IP
.n

iJ
,o

oP
l.i

Ji
1l

c
.p

ra
.v

\IQ
PO

U,
s

,u
;id

,p
ra

y
.,p

ra
ys

-
.

G
al

li
c

a
d

d
0.

01
M

ag
en

ta
-
.

-
-

S
tr

aw
-y

el
lo

w
S

tr
aw

-y
el

lo
w

27
1 4

2
33

79
3

33
79

3
S

yr
in

gi
c

ac
id

0.
16

C
he

rr
y-

re
d

\V
at

er
-g

rc
cl

l
-

-
C

he
rr

y-
re

d
C

ri
m

so
n

la
ke

22
35

6
24

55
4

22
35

6
21

1
58

V
an

il
li

c
ac

id
0.

20
-

L
em

o
n

-c
ad

m
iu

m
-

--
M

id
dl

e
ch

ro
m

e
H

os
e-

pi
nk

33
81

4
33

53
8

32
35

6
p

-H
y

d
ro

x
y

b
el

l-
0.

24
-

S
k

y
-b

lu
e

-
-

D
ee

p
ca

d
m

iu
m

G
ol

d
?D

ic
a
d

d
3.

S2
3

[
13

43
2

33
79

3
C

at
ec

h
o

l
0.

29
Z

in
c

ye
ll

ow
L

em
o

n
-c

ad
m

iu
m

-
-

L
em

o
n

-c
ad

m
iu

m
N

ap
le

s
ye

ll
ow

33
43

4
33

81
4

33
8

14
10

37
1

F
er

ul
ic

ac
id

0.
3

2
-

S
k

y
-b

lu
e

L
ig

h
t

bl
ue

L
ig

h
t

bl
ue

P
in

k
m

ad
d

er
L

ig
h

t
\'i

ol
et

35
2 3

[
15

12
3

15
[2

3
la

k
e

31
43

3
37

1 4
4

:"
S

in
ap

ic
ac

id
0·

35
C

h
er

ry
-r

ed
T

u
rq

u
o

is
e-

S
k

y
-b

lu
e

S
k

y
-b

lu
e

C
h

er
ry

-r
ed

B
lu

e-
gr

ey
-

C"
l

1
2

3
56

gr
ee

n
15

12
3

35
2 3

1
35

2 3
1

22
35

6
36

[7
3

0
V

an
il

li
l

0
·)

5
Y

el
lo

w
-g

re
en

G
ol

d
G

ol
d

t""
--

-
-

-
0

34
55

2
33

79
3

33
79

3
i>': tl:

I
p

-C
o

u
m

ar
ic

ac
id

0·
39

_
.

S
k

y
-b

lu
e

-
S

k
y

-b
lu

e
P

al
e

ve
rm

il
io

n
M

ag
en

ta
-

c
35

2 3
1

35
2 3

1
22

27
6

27
L

12
'".....

3"
1-

D
im

et
ho

xy
-

o
.p

-
S

k
y

-b
lu

e
S

k
y

-b
lu

e
S

ky
-I

Jl
lI

e
-

-
-

~

ci
n

n
am

ic
ac

id
35

1
3

1
35

2
3

1
35

2 3
1

~

o-
C

ou
m

ar
ic

ac
id

0
·
~
5

--
L

ig
h

t
b

lu
e

S
ky

-b
lu

e
S

k
y

-b
lu

e
M

id
dl

e
ch

ro
m

e
H

az
el

15
12

3
35

2 3
1

35
2
)
1

33
53

8
12

64
8

:-.
Y

er
at

ri
e

ac
id

0-
4

6
-
.

Y
el

lo
w

-g
re

en
34

55
2

("
)

S
y

ri
n

g
al

d
eh

y
d

e
0.

5
0

C
he

rr
y-

re
d

\V
at

er
-g

re
en

--
L

ig
h

t
bl

ue
--

-
O

ra
n

g
e

ch
ro

m
e

:;
,. ...

22
35

6
24

55
4

15
1

2
3

3
2

'24
0

c :!
p-

:\
n

is
ic

ac
id

0·
55

-
S

k
y

-b
lu

e
;, 0-

35
2
)
J

~
V

an
il

li
n

o
li

o
-

-
1

.e
m

o
n

-c
ad

m
iu

m
--

L
ig

h
t

bl
ue

-
-

-
M

id
dl

e
ch

ro
m

e
co

·
33

11
1 4

15
12

3
33

53
ll

~
T

ri
m

et
h

y
lg

al
li

c
0

.6
1

M
ag

en
ta

\\
'a

le
r-

g
rc

en
U

lt
ra

m
ar

in
e

U
lt

ra
m

ar
in

c
I(

)
ac

id
'"

27
14

'2
34

55
4

25
41

4
25

4
1 4

-=-
S

al
ic

vl
ie

ac
id

0
.6

<
)

-
S

k
y

-b
lu

e
S

k
y

-b
lu

e
S

k
y

-b
lu

e
D

ee
p

ca
d

m
iu

m
G

ol
d

.j
o

35
2 3

[
35

2 )
1

35
2

3
1

13
4)

2
33

79
3

0
-

....,
2-

4-
D

im
et

ho
x

y-
0.

70
-

-
-

U
lt

ra
m

ar
in

e
U

lt
ra

m
ar

in
e

-
-

M
id

dl
e

ch
rn

m
c

I ....
b

en
za

ld
eh

v
d

e
'2

54
14

25
4

1
4

33
53

8
...., .j
o

A
c
c
t
o
v
a
n
i
l
l
o
~
e

0.
70

P
al

e
ye

ll
ow

S
k

y
-b

lu
e

S
k

y
-b

lu
e

D
ar

k
b

lu
e

F
le

sh
-p

in
k

G
ol

d
23

6 9
5

35
2

3
1

35
2

3
1

15
1

0
2

2
1

57
5

33
79

3



':--< ('
) ~ o ~ "" ~ '" H '" '".c::.. .j>
. '" " 1 ".j>.

p
-H

y
d

ro
x

y
b

en
z-

0
.7

1
-

S
k

y
-b

lu
e

-
D

ad
.b

ro
w

n
-

-
P

ri
m

ro
se

.-
ye

l-
lo

w
al

d
eh

y
d

e
35

2 3
l

lo
0

8
0

23
6 5

5
R

es
ac

et
o

p
h

en
o

n
e

0·
7

l
--

Y
el

lo
w

-g
re

en
G

ol
d

R
o

se
-p

in
k

G
ol

d
G

ol
d

24
55

2
33

79
3

32
35

6
33

79
3

33
79

3
p

-M
et

h
o

x
y

ci
n

-
0·

74
-

S
k

y
-b

lu
e

S
k

y
-b

lu
e

S
k

y
-b

lu
e

n
am

ic
ac

id
35

2 3
l

35
2 3

l
35

2 3
l

V
an

il
ly

l
al

co
ho

l
0.

80
L

em
o

n
-c

ad
m

iu
m

-
-

M
id

dl
e

ch
ro

m
e

R
o

se
-p

in
k

33
81

4
33

53
8

32
35

6
2>

4-
H

y
d

ro
x

y
ac

e-
0

.8
l

S
k

y
-b

lu
e

'W
at

er
-g

re
en

W
at

er
-g

re
en

P
al

e
ye

ll
ow

G
ol

d
to

p
h

en
o

n
e

35
2 3

l
24

55
4

24
55

4
33

4
8

l
33

79
3

R
es

o
rc

in
o

l
0

.8
l

Z
in

c
ye

ll
ow

S
k

y
-b

lu
e

S
k

y
-b

lu
e

S
k

y
-b

lu
e

S
tr

aw
-y

el
lo

w
D

ee
p

ca
d

iu
m

-
'"d :>-

33
43

4
35

2 3
l

35
2

3
l

35
2 3

l
33

79
3

l3
4

3
2

'"d
V

er
at

ra
ld

eh
y

d
e

0.
85

U
lt

ra
m

ar
in

e
W

at
er

-g
re

en
¥

la
te

r-
g

re
en

-
M

id
dl

e
ch

ro
m

e
t'1 ?;

I
25

41
4

24
55

4
24

55
4

33
53

8
('

)

2,
6-

D
im

et
h

o
x

y
-

0.
86

C
h

er
ry

-r
ed

Y
el

lo
w

-g
re

en
-

.O
ra

n
g

e
ch

ro
m

e
G

er
an

iu
m

la
k

e
::r:

p
h

en
o

l
3
I
I

36
34

55
2

3
22

46
l2

l9
7

?;
I 0

H
y

d
ro

q
u

in
o

n
e

0.
89

-
F

le
sh

-p
in

k
:s:

21
57

5
~

Is
o

eu
g

en
o

l
0.

89
P

al
e

ye
ll

ow
L

em
o

n
-c

ad
m

iu
m

F
le

sh
-p

in
k

F
le

sh
cp

in
k

P
ri

m
ro

se
-y

el
lo

w
0 0

23
69

5
33

81
4

21
57

5
21

57
5

23
6 5

5
?;

I

E
u

g
en

o
l

0.
9

2
M

ag
en

ta
S

k
y

-b
lu

e
-

F
le

sh
-p

in
k

F
le

sh
-p

in
k

-
:>- '"d

27
14

2
35

2 3
l

21
57

5
21

57
5

::r:
4

A
'-

D
ih

y
d

ro
x

y
-

0.
9

2
P

al
e

ye
ll

ow
S

k
y

-b
lu

e
S

k
y

-b
lu

e
S

k
y

-b
lu

e
-

-
><;

b
ip

h
en

y
l

35
2 3

l
35

2 3
l

35
2 3

l
0 "1

D
ih

yd
rc

ii
so

eu
ge

-
0·

95
S

k
y

-b
lu

e
-

F
le

sh
-p

in
k

F
le

sh
-p

in
k

-
'"d

no
l

35
2 3

l
21

57
5

21
57

5
::r: t'1

G
u

ai
ac

o
l

0·
95

V
va

te
r-

gr
ee

n
-

F
le

sh
-p

in
k

F
le

sh
-p

in
k

Z
34

55
4

21
57

5
21

57
5

0 t-
'

C
o

u
m

ar
in

0·
95

S
k

y
-b

lu
e

-
-

P
al

e
ye

ll
ow

-
0

35
2 3

l
23

69
5

('
)

P
h

lo
ro

g
lu

ci
n

o
l

st
re

ak
S

k
y

-b
lu

e
-

L
em

o
n

-c
ad

m
iu

m
Z

in
c

ye
ll

ow
0

35
2 3

l
33

8
14

33
43

4
:s: '"d

P
y

ro
g

al
lo

l
st

re
ak

C
h

er
ry

-r
ed

Y
el

lo
w

-g
re

en
R

aw
si

en
n

a
H

az
el

-
0 d

22
35

6
34

55
2

33
48

l
l2

6
4

8
Z tJ (
fl

*
C

ol
ou

r
re

co
rd

in
g

o
f

th
e

sp
o

ts
of

th
e

ch
ro

m
at

o
g

ra
m

s
w

as
p

er
fo

rm
ed

ac
co

rd
in

g
to

F
ed

er
al

S
ta

n
d

ar
d

N
o.

59
5,

M
ar

ch
I,

19
56

(U
.S

.A
.)

.

-l'
o
'
l

U
J



474 P. COLOMBO et al.

R F values oj some phenolic compounds

Fig. 3 shows a chromatogram of the separation of a mixture of ten compounds, and
Table II gives the RF values for 34 pure phenolic compounds.

SUMMARY

A qualitative method of paper chromatography for phenolic compounds is discussed.
Whatman NO.7 paper was impregnated with a saturated solution of boric acid. The
solvent used was the organic phase of n-butanol saturated with 2% NH40H. The
time of development was I5 hours.

Beside the classical methods of spot detection, two new processes were employed:
(a) ultra-violet examination of the chromatogram after Maule's test; (b) spraying
with a solution of diazotized sulphanilic acid, exposure to ammonia vapours followed
by spraying with a solution of diazotized p-nitroaniline.

A table of RF values of 34 pure phenolic compounds is given, together with
methods for their identification.
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The separation and identification of free phenols by paper chromatography have been
studied extensively during the last IS years, and a very great number of solvents
have been proposed. The literature has been reviewed up to 1956 mainly by BLOCK
AND ZWEIG1 , DIETRICH2, LEDERER AND LEDERER3 and HAIS AND MACEK4• Of the
more recent work in this field the publications should be mentioned of REI05, COULSON
AND EVANS6 and PRIDHAM7, who proposed a great many solvent systems, using plain
or buffer-treated paper. KUNG-TsUNG WANGs uses a polyamide-impregnated paper
and solvents such as n-butanol, ethyl acetate, toluene, benzene, cyclohexane, cy
clohexene or n-hexane. MACAK AND KUBES9 recently described a method using cy
clohexane as the mobile phase on paper impregnated with formamide.

In connection with extensive analytical work on phenols in natural products,
we needed a paper chromatographic method that would give a precise and good sepa
ration. In our hands many of the solvent systems described in the literature failed
to give the results desired. Stimulated by our previous good results with two-phase
solvent systems1o ,11 and by the comprehensive work of GASPARIC AND VECERA12,
we devised a simple method using dimethylformamide as the stationary phase and a
mixture of cyclohexane and ethyl acetate as the mobile phase. A variety of free mono
phenolic compounds have been separated satisfactorily.

GENERAL PROCEDURE

Sheets of Schleicher & Schull paper No. 2043b MgI (or Macherey, Nagel & Co.,
Duren, No. 2214), 19 X 54 em, were impregnated by drawing them through a mix
ture of dimethylformamide-acetone (75: 25, vjv); then they were lightly pressed
between sheets of filter paper and hung in the air for a short time to evaporate the
acetone. The phenols to be chromatographed were dissolved in chloroform (I mg per
ml) and 3-5 pI of the solution was placed, in the usual way by means of a micro
pipette, on the starting line, 12 em from one end of a sheet prepared as described
above (6 substances on each sheet).

After IS minutes equilibration of the sheet in the chromatography chamber,

• Director of Research: Dr. M. STOLL.
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the mobile phase, consisting of a mixture of cyc1ohexane-ethyl acetate (5: I, v/v) ,
which had been previously saturated by agitating with a mixture of dimethylform
amide-water (5:z, v/v), was poured into the trough. It is possible to increase the Rp

values by increasing the quantity of ethyl acetate in the mobile phase. The propor
tion cyc1ohexane-ethyl acetate should not exceed 5: z vlv, other experimental condi
tions remaining unchanged. The chromatograms were run by the descending method
at z5°, the solvent front travelling about 35 em from the starting line in 3 1/4-3 liz
hours. The paper sheets are kept and prepared in a laboratory with a constant relative

humidity of 45 %.
As already observed during our earlier work with similar two-phase solvent

systems1o,11, correct saturation of the atmosphere in the chromatography chamber
is essential for good separation and round spots (no "tailing"). The two side walls
(zo X 50 em) of a rectangular glass jar (zo X 30 em and 50 em high) were lined with
nlter papers dipping into crystallizing dishes containingdimethylformamide-water
(5: z, v/v). The lining papers were completely moistened every time a new chromato
gram was placed in the jar. On the bottom of the chromatography chamber two small
crystallizing dishes containing the mobile phase were placed.

The finished chromatogram was dried for 10 min at 40° and in most instances
sprayed with diazotized sulphanilic acid and sodium carbonate as described in the
literature13,1. Diazotized p-nitroaniline and ferric chloride solution as described1 ,

were also used as spraying agents in some cases. Examination of the chromatogram
in ultraviolet light may sometimes help in the identification (fluorescence).

RESULTS AND DISCUSSION

In spite of very constant experimental conditions, the Rp values in a two-phase sol
vent system as used here, may show small variations (up to 0.05 units) from one
chromatogram to another, the principal cause being probably due to differences
in the impregnation grade.

The Rp values in Table I are relative values obtained by running a special
reference mixture of five substances (Rp values 0.Iz-o.70) on every chromatogram.
The Rp values of the reference mixture itself were determined as the average value of
more than 30 chromatograms. The Rp of each substance in the list is an average value
obtained from 5 to zo test chromatograms, each test chromatogram being in correct
relationship to the values of the reference mixture.

As shown in the photographs (Fig. I), the method gives sharp round spots
'without "tailing" and a good separation of a great many mono-phenols.

A difference of 0.05 in the Rp values is necessary to obtain separation of two
compounds. In general, substances chromatographed separately and in mixtures
show the same Rp values. The sensitivity of the method is satisfactory. With dia
zotized sulphanilic acid, 0.1 flg of substance could still be detected.

The method is based on a partition between a strongly polar stationary phase
(dimethylformamide) and a less polar mobile phase (cyc1ohexane-ethyl acetate).

J. Chromatog., 6 (196 1) 475-480
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TABLE II

RELATIONSHIPS BETWEEN ACID STRENGTH (pI<a), R p VALUE,

ELECTRONIC AND STERIC EFFECTS, OF SOME SUBSTITUTED

MONOPHENOLIC COMPOUNDS

479

Principal eUects (retative strength)
Substances

Phenol
m-Cresol
p-Cresol
a-Cresol
3,5-Dimethylphenol
3,4-Dimethylphenol
2,5-Dimethylphenol
2,3-Dimethylphenol
2,4-Dimethylphenol
2,6-Dimethylphenol

9.9815
10.08 15
10.10 16

10.19 16

10.23 17

10.43 17

10.4617
10.57 17

10.63 17
10.66 17

RFH

0·34
0-4 1
0-42

0·49
0.50
0-45
0·57
0·56
0·59
0.65

Inductive

+
+
+
+
+

++
++

Steric Hypet'conjugation

+
++ +

+
+ +
+ +
+ +

+++ +

* Literature values. Reference given for each one.
* * Experimental results from this work (taken from Table I).

group, as expected. The additional steric effect in ortho-cresol explains the relatively
great decrease of the acid strength, and a corresponding increase of the RF value,
sufficient to obtain a good separation from the meta- and para-isomers. However,
the two latter compounds are not separated from each other. (A mixture is detectable
by spraying with diazotized sulphanilic acid, which gives an orange spot (meta-)
surrounded by a rose border (para-).)

Dimethylphenols (xylenols) (Table II)

Of special interest in this series is the fact that from the pKa values alone, one would
,expect that the difference between 2,5- and 2,3-dimethylphenol would be large
enough for separation to be possible. However, the RF values are too close and no
separation is obtained. This suggests that the acidity is not the only influence on
the migration on the dimethylformamide-impregnated paper.

According to electronic reasoning, it would be predicted that a para-methyl
group has an increased inductive effect (+ I). This is confirmed by the pKa values
o,f 3,4- and 2,4-dimethylphenols, compared with those of the 3,5- and 2,5-; 2,3
isomers respectively. 2,4-Dimethylphenol has also a slightly higher RF value than the
isomers with the second methyl group in meta-position. In the case of 3,4- and 3,5
dimethylphenol, the RF values are in inverse proportion to the pKa values, but
different enough to give separation.

Further examples (not shown in Table II) which demonstrate clearly the in
flUlence of the steric effect of an ortho substituent are given by para- and ortho-tert.
butylphenol (RF 0.70 and 0.8r respectively). These are easily separated from each
other, as are para- and ortho-phenylphenol (RF 0-40 and 0.5r respectively).

It is remarkable and interesting to note the good separation of eugenol (I) and
isoeugenol (II).
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OH

O-OCH3

RFo.60 (
"'-...,7

(I)

OH

O-OCH3

RF 0.52 I
~/

(II)

The double bond in coniugation with the aromatic nucleus in isoeugenol increases the
polarity of the molecule, which may be predicted from the greater stability of the
anion (delocalization of the charge, mesomeric effect, + M). The same explanation is
valid for p-phenylphenol (RF 0.40) and p-benzylphenol (RF 0-48).

This brief discussion of some of the relationships between RF value, acid strength
and structure, based on experimental results, should aid in the interpretation of the
electronic and steric effects of substituted phenols in relation to paper-chromato
graphic results. This may be of some help in the identification of unknown compounds.
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SUMMARY

A convenient two-phase solvent system for descending paper chromatography of free,
mono - phenolic compounds is described. Some relationships between RF value,
acidity (pJ{a) and structure are discussed.
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In a previous paper!, the remarkable increase in the adsorption of gold(III) halides on
(;ellulose when chromatographed with mineral acids such as H 2S04 or H 3P04 was
described. The phenomenon could not be elucidated with the results obtained with
Au(III) halides and it was hoped that work with other halides which also adsorb
strongly on cellulose would provide further evidence.

Unfortunately few halogeno-complexes are suitable for such studies2• Ga(III)
and Po(IV) adsorb only from solutions containing hi!Sh concentrations of HCI. There
remained Sb(V) which in our studies gave consistently two spots due to the presence
of hydrolysed species as well as HSbCI6 •

Thus, in order to study the adsorption of HSbCl6 from, for example, H 2S04

solutions, a knowledge of the general solution chemistry and chromatographic
behaviour of HSbCl6 had to be obtained. The literature on the solution chemistry of
HSbCl6 consists of a detailed spectrophotometric study of equilibrium conditions and
kinetics of hydrolysis3 ,4 and a series of contradictory statements concerning the
(;hromatographic behaviour. NEUMANN3 claims that Sb(V) in HCI is not adsorbed on
(;ation exchangers, while KRAUS et at.; use this very adsorption on Dowex-50 to
effect separations of Sb(V) from other elements. The work of NEUMANN3 shows clearly
that a series of chloro-hydroxy complexes exist in all but 12 N HCI solutions and these
have even yielded multiple spots in paper chromatography (MATSUURA6), while
KRAUS AND NELSON7 note one single species of Sb(V) in all concentrations of HCI in
their study of the adsorption of metal ions on Dowex-r.

In our previous work on the adsorption of Sb(V) on cellulose we had observed two
spots when working with Sb(V) obtained by oxidising Sb(III) in HCP. In the present
work we improved on the experimental conditions by replacing Whatman No. I paper
by the thicker Whatman No. 3MM which permits chromatography with cone. HCI
and by using pure SbCI; as the starting product.

By carrying out "progress chromatograms" with solutions of SbCI; in various
concentrations of HCI in water, confirmation (although qualitative) of the spectro
photometric work of NEUMANN3 was obtained. In very dilute HCI (3 N and I N) the
hydrolysis of HSbCl 6 is considerably slower than expected, compared to higher con-
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centrations, but this is also in agreement with the kinetic studies of NEUMANN4 on the
effect of H + ions on the speed of hydrolysis.

Partition and ion exchange chromatograms carried out with solutions of varying
degree of hydrolysis were then considered. Paper chromatography with butanol-6 N
HCl or butanol-3 N HCl yields essentially the same chromatograms irrespective of
the starting solution used, thus suggesting considerable alteration of the complexed
state during development with organic solvents. The slow-moving spot described by
MATSUURA6 was absent in these chromatograms although we had observed it on
previous occasions with solutions of Sb(V) which were obtained by oxidation of
Sb(III). This would indicate that the slow-moving spot is possibly due to polymers
formed when oxidation is carried out in dilute HCl, since the simple hydroxy
chloro complexes are present in our solutions.

Ion exchange studies with Whatman anion exchange resin paper yielded a good
resolution of the various chloro-hydroxy Sb(V) ions, giving good correlation with the
spectrophotometric results of NEUMANNa.

From the above studies it was evident that during a chromatographic run of
about 20 to 40 min a complete hydrolysis of HSbCl6 does not occur even in very dilute
HCI. Several days are necessary for the complete decomposition of HSbCl6 in I N HCI.
Thus unless an unlikely specific catalytic effect is exerted by aqueous H 2S04 or
H aP04 on HSbCI6, any increase of adsorption due to these acids in the developing
solvent must indicate the formation of compounds between these acids and HSbCl6 in
a way which does not involve the loss of a chloro-group from the coordination shell
of the Sb(V). As is shown in the experimeptal part, there is a marked increase of
adsorption from mixtures of HCI-H 2S04 as well as from either H 2S04 or H aP04 •

EXPERIMENTAL

(I) Studies with solutions 0/ SbCl5 in HCl by adsorption chromatography on cellulose

Solutions of SbCl5 in HCl were prepared by adding I ml of pure SbCl5 (Carlo Erba,
Milano) to roo ml of HCl of the required strength at room temperature (17 ± 1°).
Solutions in 100%, 90%, 80%, 70 %, 60 %, 30% and 10% conc. HCI were prepared.
The solution in 10% HCl yields a bulky white precipitate while the others form clear
solutions, which have a straw-coloured tint in higher concentrations of HCI.

Fig. I shows a progress chromatogram of the solutions from 100% to 60% conc.
HCl being chromatographed several minutes, 2 h, 17 hand 24 h after addition of the
SbCl5 to the HCI solutions. 50% aqueous HCI was used as solvent. The solution in
conc. HCI yields a faint forward trail with this developing solvent; however, since the
concentration of HCI is below that of all the solutions in which hydrolysis is being
followed, the reconversion of hydrolysed species into BSbCls cannot occur.

In Fig. 2 some results with solutions of SbCl5 in 30% and 10% HCI are shown
using 30 % HCI as developing solvent. Even in 30 % HCI, HSbCl6 shows little tendency
to hydrolysis during development. It is interesting to note that the HSbCl6 spot
will still be obtained from solutions in 10% HCI for several days.

J. Chromatog., 6 (1961) 518-523



520 1\1(. LEDERER

-

e~~' d i 'I JI'll ~ ~d
A ~

h~~®~ ~ ~~@ ,~~~~ ~~ ~ ~ @

000 00 o 0 o 0 0 00000100 90 80 70 60 100 90 80 70 60 00000100 90 80 70 60 100 90 80 70 60

A B C D

Fig. I. A progress chromatogram of pure SbCl5 dissolved in cone. HCl, go %. 80 %, 70 % and 60 %
aqueous HC!. Paper: \Vhatman NO.3 MM; solvent 50 % aqueous HC!. The spots are revealed by
spraying with an aqueous KI solution. (A) Chromatographed a few minutes after adding SbCl5 to
the HCl solution; (B) the same solutions 2 h later; (C) the same solutions after standing 17 h;

(D) after 24 h.

The RF value of the hydrolysed species increases in the dilute HCI solutions but
not enough to permit a separation from the slower hydrolysed species.

(2) Partition chromatography

The five solutions chromatographed in Fig. I were run on Whatman No. 3MM paper
with butanol-3 N HCI and butanol-,6 N HCI (equal volumes). In butanol-3 N HCI all
solutions gave a spot at RF 0.52 (with reference to the solvent front) another at 0.79

(on the acid front) and a third spot on the solvent front. The spot on the solvent front
is strongest with SbCl5 in cone. RCI. In butanol-6 N RCl all solutions gave a double

o 0 0 0
80 60 30 10
~

o 0 0 0
80 6030 10
'-------v--'

7 fresh 1 days 8 2 days

Fig. 2. Chromatograms of solutions of SbCl5 (I: 100) in aqueous 80 %, 60 %, 30 % and 10 % HC!.
The age of the solutions is given in the figure.
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spot on the liquid front and just below it. Owing to this establishment of equilibrium
in the organic solvent, partition chromatography seems unsuitable for analysing
solutions of SbCIs in HCI.

(3) Ion exchange chromatography

Whatman "Weak Anion Resin Loaded Paper" kindly supplied by its manufacturers
was used, and development was carried out by the ascending method. Fig. 3 shows
some of the results with 50% and 30% HCl as developer. If these are compared with

II ,Il
@~

~ €I €I IZl IZl @ @ @ @

~ IZl ~ 10090 80 7060 80 60 30 10
10090 80 70 60

A B C

Fig. 3. Chromatograms of aged solutions of SbCls in Hel (concentrations given under each chro
matogram in the figure) on Whatman "'''leak Anion Resin Loaded Paper". (A) With 50% HCl as

solvent, (B) and (C) with 30 % HCl as solvent.

the separations on cellulose paper and/or the results obtained by spectrophotometrya
it is obvious that both HSbCla and HSb(OH)Cls are strongly retained at the origin.
HSb(OHhCl4 moves with an RF of 0.36 (approximately) in 30% HCl and only 0.04 in
50 % HCI. Hence also for this species the adsorption is not one of ion exchange, other
wise adsorption would have to be stronger with a more dilute HCI solution. In aged
solutions of SbCIs in 30% and 10% HCI, another spot at the liquid front can be
detected which could evidently be due to HSb(OH)aCla and more hydrolysed species.
It is thus possible to detect HSbCla on cellulose paper, and to separate mixtures of
hydrolysed species into three groups on resin-loaded paper.

(4) The effect of H 2504 and H aPO4 on the adsorption of H5bCla on cellulose

HSbCla in conc. HCl was studied throughout, as this was shown to contain practically
pure HSbCla without hydrolysis products.

Fig. 4 shows the RF values obtained when mixtures of HCl and H 2S04 are used
:as developing solvent, and these are compared with the RF values in aqueous HCI.
Even in water, N /10 and N /2 HCl no extensive decomposition of the HSbCla spot could
be observed in a 10 cm run which requires about 20 min, although a forward comet
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Short Communications

Use of an asphalt fraction for the gas-liquid chromatography
of steroids

535

The rather high temperatures which have to be employed for the gas-liquid chromatog
raphy (GLC) of steroids have until recently restricted the choice of stationary phases
to a small number of thermostable substances. Non-polar phases resistant to high
temperatures are not difficult to find, and successful applications of the method,
using Apiezon and the silicones, have been made for the separation of sterols differing
in the number of carbon atoms or in configuration.

For the separation of more closely related sterols, for example pairs differing
only by one double bond, a polar stationary phase is necessary, and such phases are
notoriously thermolabile. BEERTHUIS AND RECOURT1 separated cholesterol and
cholestanol by converting them into the acetates and chromatographing on a polyester.
The disadvantages of this method for routine use are the necessity for a preliminary
acetylation of the mixture and the fact that polyesters are markedly unstable at
temperatures above rgoO, so that one is forced to accept relatively long retention
times.

Recently VANDENHEUVEL, HAAHTI AND HORNING have described2 a new polar
stationary phase, QF-r, which is a fluorinated alkyl silicone an?- as such is both polar
and stable at high temperatures. They noted a separation of cholesterol and cholesta
nol using this material, and obtained a separation factor of LOg. We had meanwhile
discovered that the already known phases3 Apiezon Land SE-30, which when used
alone are incapable of separating these two sterols, may be successfully modified to
do so by the addition of a fraction obtained from air-blown asphalt. This fraction has
the necessary separating properties because of its content of high-molecular-weight
condensed aromatic rings.

The fraction is obtained by repeatedly extracting the asphalt, first with n-hexane
and subsequently with benzene-absolute ethanol (r: r, vjv). The residue is readily
soluble in benzene and in chlorinated hydrocarbons, but virtually insoluble in petro
leum ether, ether, and ethyl acetate. It is not suitable for use as such for GLC since its
melting point is too high and the consequent high viscosity leads to "tailing". At the
temperatures we employ (about 240°) the asphalt fraction is apparently held in
solution by Apiezon or SE-30; the viscosity is reduced and the tailing avoided.

The column filling found thus far to be the most suitable for our purpose, and
which is resistant to temperatures up to 260° for long periods, consists of Chromosorb
P (Johns-Manville) which has first been made hydrophobic with dimethyl-dichloro-
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silane and subsequently impregnated with r-4 % (by weight) Apiezon L or SE-30
and 0.5-r % of the asphalt fraction described. Appropriate amounts of both sub
stances are dissolved in benzene, and the mixed solution is applied to the support in
the usual manner. Columns containing Apiezon and the asphalt fraction gave longer
retention times for the steroids than those employing SE-30 as diluent. Some separa
tions of steroid mixtures are shown in Figs. rand 2. The apparatus consisted of a
"Pye" Argon Chromatograph. The samples (ro-20 flg) were introduced as follows:
a glass rod provided with a small metal spring was dipped into the steroid solution.
After evaporation of the solvent this rod was brought into the column.

The use of Chromosorb P as supporting medium led to the remarkable obser
vation that sterols have the same retention times as their acetates or benzoates,

Cholestanol

minutes 40 30 20 10

Fig. r. Separation of cholesterol and cholestanol by gas-liquid chromatography, using Apiezon L
and an asphalt fraction (see text) as stationary phase. Column 140 cm; Chromosorb P, 1.5 %

Apiezon L, 0.8 % asphalt fraction; 2500; 2 atm.

Cholestanol

Choles teral

Stigmasterol

20 10

Fig. 2. Steroid GLC separations using SE-30 and the asphalt fraction as stationary phase. Note
shorter retention times of cholestanol and cholesterol. Column 140 cm; Chromosorb P, 4 % SE-30,

0-4 % asphalt fraction; 2400; 2 atm.

irrespective of the stationary phase. By trapping the fractions leaving the column and
subjecting them to "thin-layer" chromatography (on silica) and infra-red spectro
scopy, it was possible to show that Chromosorb P strongly catalyses the removal of
hydroxyl and acyl groups from sterols and sterol esters respectively to yield com
pounds with a new double bond, probably between C2 and C3. Thus cholestanol and
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-eholestanyl acetate both yield a cholestene, while cholesterol and cholesteryl acetate
(or benzoate) yield a cholestadiene. The fact that this transformation takes place
both quantitatively and virtually instantaneously at the top of the column was re
vealed by "thin-layer" chromatography and by the symmetrical shape of the peaks
,obtained from a mixture of cholestanol and cholesterol. It appears that the choles
tene and cholestadiene are not further decomposed during their passage through the
.column, and that they are quickly and efficiently separated in the presence of the
.asphalt fraction.

The same dehydration and de-acylation on this support has been observed with
sterols with shortened side-chain, for example pregnenolone, epi-dehydroandroste
Tone, and their acetates. The catalytic effect was also shown, though to only a small
·extent, when the Chromosorb P was replaced by acid- and ammonia-washed Celite 545.
In the presence of the polyfluorethylene support "Haloport F" (F. and M. Scientific
Corp., New Castle, Del., U.S.A.) all trace of the transformation had disappeared, but
it was not possible to achieve satisfactory plate numbers with this material. The most
successful combination remained SE-30, the asphalt fraction and Chromosorb P;
because of the quantitative nature of the dehydration or de-acylation such columns
are perfectly suitable for quantitative analysis.

This investigation was made with the support of the Netherlands Organisation for
the Advancement of Pure Research (Z.W.O.).

Department of Physical Chemistry, University of Leiden
(The Netherlands)

C. J. F. BOTTCHER
J. W. A. MEIJER

1 G. K. BEERTHUIS AND J. H. RECOURT, Nature, 186 (1960) 372.
:2 W. J. A. VANDENHEUVEL, E. O. A. HAAHTI AND E. C. HORNING, ].Am. Chem. Soc., 83 (1961) 1513 .
.3 E. C. HORNING, C. C. SWEELEY AND W. J. A. VANDENHEUVEL, ]. Am. Chem. Soc., 82 (1960) 348r.
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'Paper chromatographic separation of sennoside A and sennoside B

Sennosides A and B, the active glucosides of senna, are known to differ in their
biological activity and sennoside B is reported to be much more active than sennoside
AI. The separation of the two stereoisomeric compounds is quite important for the
,evaluation of the activity of the crude drug and its extracts and the determination
of the individual active glucosides.

By using a modified paper chromatographic technique of RUTTER2,3, we have
.achieved the separation of the two sennosides. In the technique, a large filter (18 cm
<diameter) was employed, and as a developing "wick", a strip of paper just enough for
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the purpose (1.5 cm in length and 2 mm in width) was cut from the center and bent
towards it so that it was kept perpendicular to the plane of the paper.

Separation of the two compounds was accomplished by using two solvent sys
tems, viz. (I) upper layer of solvent mixture from n-butanol-glacial acetic acid-water
(40: 10: 50) and (II) upper layer of solvent mixture from n-butanol-dilute acetic acid
(1.93 N)-water (40: IO: 50) for developing. Revelation was achieved by spraying the
dried paper with 2 % alcoholic sodium hydroxide solution. The glucosides developed a
yellow color with this solution and the free 1,8-dihydroxyanthraquinone derivatives
a pink color. The yellow color of the sennosides changed gradually to brown after
about a day. The average RF values of sennosides A and B in solvent I are 0.79 and 0.68
respectively and in solvent II are 0.68 and 0-45 respectively.

By using the solvent system II which was found to be definitely better than
solvent I for the separation of the glucosides, it was also possible to separate the fre{~

1,8-dihydroxyanthraquinone derivatives, viz. chrysophanol, aloe-emodin, emodin
and rhein from each of the two glucosides. It was observed that these compounds
which also occur in senna, moved almost to the solvent front with RF value of 0.93
when the solvent system II was employed.

The separation of the free anthraquinones from sennosides was confirmed by
chromatography of 70 % alcoholic extract of senna (Cassia angustifolia Vahl) pods.
In connection with this procedure used for confirmation, it might be mentioned that
chromatography of this crude extract of senna pods revealed the presence of six
bands other than those due to the two glucosides and free anthraquinones when sol
vent system II was used for development and alcoholic alkali was used for spraying.
Further work on this aspect is in progress.

Department of Pharmacognosy, Howard University,
College of Pharmacy, Washington, D.C. (U.S.A.)

and
Department of Chemical Technology, University

of Bombay (India)

1 G. VALLETE AND M. L. HUREAU, Therapie, 12 (1957) 885.
2 L. RUTTER, Nature, 161 (1948) 435.
3 L. RUTTER, Analyst, 75 (1950) 37.
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Notes

A peak simulator for testing pen recorders

539'

50 Q
25 Q
IS Q
10 Q

Gas chromatography columns and detectors commonly give peculiar chromatographs
when operated under unsuitable conditions or when fed with unsuitable sample
material. In these circumstances persons untrained in fault analysis require simple
test apparatus to be available.

Since the pen recorder is sometimes suspect, the instrument shown in Fig. I

Automatic 51 R4

~~'lR3 <11<1>
'6 ~:g::> 10mVc .0 >
~ RV2 R5 5mV 53 ~

R6 2.5mV

RV,
R7

lmV
R1 R2

Re

- Output +

Fig. 1. Diagram of the instrument.

Fixed resistors, all 112 W ± 5%: R 1 22 Q
R 2 1000 Q
R 3 470 Q
R. 4700 Q

Variable resistors: RV1 5000 Q; high resolution; linear.
RV2 100 Q; linear (sensitivity control).

Switches: S1 Single pole 2-way rotary switch.
S2 Single pole 2-way rotary switch.
S3 Single pole 5-way rotary switch.

Electric motor: "Sectric" Light Duty Motor, type 200; 2 rev./min, (Smiths Clocks and Watches,
Ltd., London).

has been designed to enable easy performance checks to be made on the recorder
after it has been isolated from the remaining apparatus.

Provision has been made for two methods of testing. With Sl switched to
"Manual", if RV2 is rotated very quickly, servo-mechanism "overshoot", "under
shoot", and response time may be observed. Sa may also be used for this test.

RV1 is employed when Sl is switched to "Automatic". RV1 is a high resolution
potentiometer with a metal track connected between the ends of the resistance
windings, so that the slider arm may continue to make electrical contact. The slider
is continuously rotated by a small electric motor at some convenient and constant
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speed, the resistance values of the whole instrument being selected to load RVI in
such a way that the volts per degree of arc swept by the motor shaft vary according
to the position of the arm. Since a linear track potentiometer is used, the resulting
peak is symmetrical, with the metal track providing a base line which is maintained
at a few percent of recorder full scale deflection by R I .

Several pen recorder faults may be detected, the fast deflection produced at the
beginning and end of a peak allows recorder "noise" and response to fast inputs to be

Fig. 2. Graph produced by the instrument.

observed, while the slow pen movement at a peak apex may reveal alternating current
interference which prevents correct response to small signal changes.

Fig. z shows how a recorder should behave to a few cycles of operation of this
instrument.

The Dyson Perrins Laboratory,
Oxford (Great Britain)
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A new solvent system for the paper chromatographic separation of
some pharmacologically active carbamates

We have developed a new solvent system for the paper chromatographic separation
of the pharmacologically active carbamates meprobamate (z-methyl-z-propyl-r,3
propanediol dicarbamate), carisoprodol (N-isopropyl-z-methyl-z-propyl-r,3-propane
diol dicarbamate), mebutamate (z-methyl-z-sec.-butyl-r,3-propanediol dicarbamate)l
and hydroxymeprobamate (z-methyl-z-P-hydroxypropyl-r,3-propanediol dicarba
mate)2. Previous solvent systems employed for this purpose, such as butanol-acetic
acid-water (4: r: 5, v/v/v), give almost identical values for the first three compounds3,4.

The solvent mixture employed consists of carbon tetrachloride-acetic acid-water
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non polar substrates2,3,., or on polyester substrates after acetylation of the alco
hols2,o,6.

While carrying out an analysis of acetylated long-chain fatty alcohols, prepared
from marine oils, on a polyester column at high temperatures (220°), inadvertent
injection of a sample of the alcohols themselves gave virtually no response. This
suggested the possibility of determining certain impurities such as hydrocarbons,
aldehydes or esters, which are known to pass through polyester columns quantita
tively, by complete absorption of the alcohol. This technique would be particularly
applicable in cases where a mixture of a number of alcohols and their corresponding
hydrocarbon, aldehyde, or ester forms would render difficult the separation of the
alcohol peaks from the other materials present.

The initial observation was made on a commercially prepared column (Wilkins
Instrument and Research, Inc., Walnut Creek, CaliL) packed with 20 % diethylene
glycol succinate (DEGS) polyester on 60-80 mesh Chromosorb. A number of DEGS
samples of differing origin and some samples of other substrates were tested with
varying results. However, similar complete absorption of long-chain fatty alcohols at
high temperatures was observed ",o1th a DEGS polyester synthesized without catalyst
(courtesy of DeSoto Chemical Coatings, Inc., Chicago, Ill.), and one prepared from
diethylene glycol adipate (LAC-2R-446, Cambridge Industries Co., Inc., Cambridge,

TABLE T

AREA RESPO:-iSE, RELATIVE TO METHYL MYRISTATE AS 1.00.

OF SO % OLEYL ALCOHOL MIXED WITH 20 % )lETHYL MYRISTATE

NtUu,~ 0/ collnnn, a,td SQttep"· .sitt

T_p. :u .~~ DeSoto 2j u;, L.4.C~2J<'-I66·C
UEGS u·ith 2% H~PO.

0,(>05 ml 0.0:10 ",1

180 1.55 0.10
.

200 1.16 0.10

220 0.61 0.08

24 0 0.03 0.03

• Approximate owing to extreme peak width.

Mass.), containing 2 % phosphoric acid. In the latter case the absorption activity was
short-lived, whereas with the other two materials up to one hundred analyses of
alcohols or of methyl esters were carried out before the column ceased to absorb
quantitatively.

To assess the sensitivity of the technique, and to reduce variations in instrument
response due to temperature and carrier gas flow changes, samples of alcohol mixed
with a pure methyl ester were employed. The area of the methyl ester peak was taken
as 1.00 and the relative area of the alcohol peak was expressed in proportion. The
results of tests at varying temperatures on two substrates are presented in Table I,
where a mixture of 80% oleyl alcohol (prepared by reduction of highly purified
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methyl oleate with lithium aluminum hydride6) and 20% methyl myristate was em
ployed.

The actual relative response shown in the presumed alcohol peak position under
conditions believed to give total alcohol absorption varied from 3 to 6 % of the methyl
ester response, corresponding to about I % of the oleyl alcohol. This is believed to be
an actual impurity in the alcohol, and this view is supported by the fact that carefully
crystallized palmityl and stearyl alcohols under the same conditions gave no response.
However, the high melting point and limited solubility of these materials prevented
equally high alcohol concentrations being employed. Further evidence that the ob
served response of the oleyl alcohol under these conditions was due to an impurity is
the observation that this response was relatively independent of retention time,
whereas preliminary experiments with decyl alcohol, never completely absorbed in
any experiment, clearly showed that the amount of alcohol absorbed increased with
retention time under fixed temperature conditions. The possibility of the observed
response being an artifact from the column cannot be entirely discounted, but in
preliminary studies trace amounts of material with the same retention time as methyl
oleate were observed in preparations of oleyl alcohol other than the one employed in
determining the results listed in Table 1.

The sharp transition in column activity, when exhausted, from complete absorp
tion to decreasing partial absorption suggests that the absorption of the alcohol takes
place at a limited number of reactive groups in the polyester, and not at the ester
linkages. While free carboxyl groups are a distinct possibility as active sites1, it is
also possible that carboxylic acid anhydrides would be present and would be very
reactive. The authors suggest that specific polyesters might be produced to identify
the active groups and then modified accordingly to increase the absorptivity toward
long-chain fatty alcohols.

Experimental

The apparatus employed was a Wilkins Aerograph Model A-no-C. All columns were
')./4-inch in diameter, and 10 feet in length. The filament current was maintained at
200 mA in all experiments. The flow rate of the carrier gas, helium, was varied to keep
the retention times (for the methyl myristate) relatively constant at about 10 min at
all temperatures.

Fisheries Research Board of Canada,
Technological Station, Halifax, N.S. (Canada)

R. G. ACKMAN

R. D. BURGHER
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2 VI!. E. LINK AND R. A. MORRISSETTE, ]. Am. Oil Chemists' Soc., 37 (1960) 668.
3 VI!. E. LINK, H. M. HICKMAN AND R. A. MORRISSETTE,]. Am. Oil Chemists' Soc., 36 (1959) 20.
4'G. DI]KSTRA, J. G. KEPPLER AND J. A. SCHOLS, Rec. trav. chim., 74 (1955) 805·
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The use of pentabenzoyl-OI:-glucose as stationary phase in
gas chromatography

Recently, MACZEK AND PHILLIPS! have used tri-o-thymotide (dissolved in tritolyI
phosphate) as column liquid in gas chromatography, taking advantage of its well
known ability to form crystalline inclusion compounds with different molecules.
The particular structure of pentabenzoyl-OI:-glucose (PBG) suggested to us that this

CH20COC6H s

HV~ 0\
I\OCOC6H s I;I/I

C6H sCOO I r OCOC6H s
H OCOC6 H s

compound might be able to occlude some organic molecules. In another work2, the
absorption ability of PBG for some alcohols has been shown and the absorption
isotherms and kinetics have been studied.

In the present note, the possibility of using PBG as selective stationary phase in
gas-liquid chromatography is considered. Its high melting point permits its use at
high temperatures without danger of decomposition, while its optical activity sug
gests its application for resolving optical antipodes. This latter possibility is now
under investigation.

Preparation ot the stationary phase. PBG was prepared according to the method of
LEVENE AND MEYER3 from D-OI:-glucose and benzoyl chloride, and purified by several
crystallizations from ethyl alcohol containing IO% of pyridine and then from ethyl
alcohol alone. M.p. I87°, [aJ;:;'o = + I38°.

A mixed stationary phase of PBG and tricresyl phosphate (TCP) was prepared
as follows: IO g of PBG were dissolved in So ml of acetone and then IS g of TCP were
added. The clear solution was added to So g of Celite C22 80-I20 mesh in a beaker and
the mixture was allowed to evaporate in a water bath with continuous stirring. After
complete evaporation of the solvent, the Celite support was dried in an oven at IOOo.
Two columns of 2 meter each, with 6 mm diameter, were used. As blank, 4 m columns
containing TCP alone supported on Celite C22 were employed.

Apparatus. A gas chromatographic apparatus "FRACTOVAP" (Carlo Erba,
Milan) was used with a Speedomax recorder (2.5 mV F.S.D.) and a detection system
based on thermal conductivity (thermistors); So mA total bridge current.

The experimental conditions were:

column temperature
inlet pressure
gas flow rate
carrier gas
chart speed
sample size
bridge current

150°
0.65 atm
8lfh
hydrogen
0.5 in·fmin
5-10 ,ul
28 rnA
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NEWS

CONFERENCE ON PAPER CHROMATOGRAPHY

OF THE CHROMATOGRAPHY GROUP OF THE CZECHOSLOVAK CHEMICAL SOCIETY

AFFILIATED TO THE CZECHOSLOVAK ACADEMY OF SCIENCE

Prague, June 21St and 22nd, and Liblice, June 23rd, 1961

The chromatography group of the Czechoslovak Chemical Society organised a two
day conference on paper chromatography in Prague, at \vhich original papers were
read, and a one-day symposium on "the relationship between chromatographic behav
iour and chemical structure of compounds" and on "systematic analysis" in Liblice.

While the papers read at the conference will be published in scientific journals,
the discussion and communications at the symposium in Liblice will be published by
the Czechoslovak Academy of Science as a separate volume.

The programme lists the following papers:

Opening Session

R. CONSDEN: On the origin, development and future of paper chromatography.
V. V. RACINSKI]: Paper chromatography in the light of the general theory.
1. M. HAIS: Remarks on some general problems of paper chromatography.

A. Chromatography of Inorganic Substances

F. H. POLLARD: Advances in paper chromatography of inorganic substances (a review).
M. LEDERER: Adsorption chromatography of inorganic substances on cellulose.
E. BLASIUS: Possible secondary reactions during the paper chromatographic separation of oxygen

containing acids of sulphur.
E. MALY: An attempt at paper chromatographic semiquantitative microdetermination of silica

in the presence of phosphates, carbonates, sulphates and arsenates.
M. STEFFEK: Analysis of cations by means of paper chromatography.

B. Advances in the Technique of Paper Chromatography

K. MACEK: Introductory review.
A. J. P. MARTIN, J. B. JEPSON AND 1. SMITH (film): Principles of chromatography.
V. HOLEYSOVSKY, V. TOMASEK, K. KOCHLOEFL AND K. SETfNEK (film): Technique of paper chroma

tography of amino acids and peptides.
B. KEIL, J. HRDINA AND B. MELOUN: Automatic analysis of the course of ion-exchange chromatog

raphy by means of paper chromatography.
A. GRUNE: New experiences with special papers for chromatography and ion-excha.ngers on

cellulose basis.
C. S. KNIGHT: Techniques of ion-exchange paper chromatography.
M. PAVLfcEK, Z. DEYL AND J. ROSMUS: Pressureless apparatus with central point development

for centrifugal chromatography.
Z. DEYL AND J. ROSMUS: Adsorption chromatography in the centrifugal field. Chromatographic

separation of gelatin fractions and of some amino acids.
J. ROSMUS AND Z. DEYL: Partition chromatography in the centrifugal field. Chromatography of the

2,4-dinitrophenylhydrazones of carbonyl compounds.
*A. 'VAKSMUNDSKI: Determination of suitable solvent systems for counter-current distribution

from paper chromatographic data.
Z. STRANSKY: A note on the detection in short-wave U.V. light.
O. HORESOVSKY, Z. FRANC AND 1. M. HAIS: Frame for simultaneous processing of autoradiograms

and other technica.l modifications.
J. FELLEGI AND L. SLAMA: Principles of reflectance photometry of paper chromatograms.

* The authors marked with an asterisk did not participate at the conference.
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TABLE 12
Rp VALUES OF SOME DEOXYRIBOSIDES AND RELATED COMPOUNDS

(D. \/iT. A. ROBERTS, Research Station, Lethbridge, Alberta, Canada, unpublished results)

Solvents: SI = n-Propanol-tetrahydrofurfuryl alcohol-water-o.75 M citrate pH 5.7 (20: 10:9: I
by voL).

S2 = n-Propanol-ammonium hydroxide (sp. gr. 0.90)-water (3: I: I by voL).
Sa = Isobutyric acid-acetic acid-water (100: I: 50 by voL).
S. = n-Butanol-acetic acid-water (5: 4: I by VO!').
S5 = Isobutyric acid-ammonium hydroxide (sp. gr. 0.90)-water (60: I: 33 by voi.,
S5 = tert.-Butyl alcohol-water-formic acid (sp. gr. 1.2) (16:4: I by vo!.).

Paper: Whatman No. I (descending).
Time: 20 h.
Detection: (I) Ultraviolet from Mineralight Model SL 2537.

(2) Dische reagent (0.5 % cysteine hydrochloride in 3 N H 2SO.) followed by heating at
85° (approx. 5 min). This reagent does not give satisfactory results after irrigation
with SI'

RF
Compound

5, 5. 5, 5. S, s.

Adenine 0·57 0.64 0.83 0.64 0·90 0·43
Cytosine 0.50 0.52 0·57 0.52 0.65 0·43
Guanine 0-40 0·35 0.46 0.19 0·55 0.23
Hypoxanthine 0·53 0.52 0·54 0·47 0·55 0·37
Thymine 0.71 0.7 1 0.70 0.63 0.71 0.66
Uracil 0.72 0·55 0·54 0.51 0.62 0.72
Xanthine 0·54 0.41 0·34 0.21 0.42 0.28

Adenosine 0·54 0.62 0·75 0.4 8 0·74 0·37
Inosine 0.46 0-49 0.42 0·33 0·43 0.29
Uridine 0.69 0.50 0.3 8 0.40 0,43 0.52

Deoxyadenosine 0.64 0.68 0.83 0.60 0.86 0.46
Deoxycytidine 0·59 0·57 0·53 0·55 0.61 0.42
5-Methyl-

deoxycytidine 0.65 0.68 0·57 0.64 0.42
Deoxyguanosine 0.61 0·53 0·53 0.26 0·54 0·35
Deoxyinosine 0·54 0.56 0·49 0-45 0·53 0·37
Deoxyuridine 0.62 0.61 0.51 0·54 0·59 0.56
Thymidine 0.78 0·75 0.64 0.60 0.65 0.65

Deoxyribose 0·73 0.64 0-46 0.56 0.48 0·57

TABLE 13

R p VALUES OF SOME URIDINE DERIVATIVES

(J. SMRT, ]. BERANEK AND F. SORM, Collection Czechoslov. Chem. Communs., 25 (1960) 2459)

Solvent: Isopropanol-ammonia-water (7: I: 2).
Paper: Whatman No. I.
Detection: Not given.

Compound RF

Uridine-5 '-O-acetate-3 '-phosphate 0.22
2'-O-Tetrahydropyranyl-uridine-

5'-O-acetate-3'-phosphate 0.38
6-Azauridylyl-(5' -+ 3')-uridine 0.24



DB CHROMATOGRAPHIC DATA

TABLE 14

VOL. 6 (1961)

R p VALUES OF SOME FLAVINS

(1. G. WHITE AND G. J. LINCOLN, Biochem. ]., 76 (1960) 301)

Solvents: Sl Butan-I-ol-acetic acid-water (4: I: 5, upper phase).
S2 = 5 % (w/v) Na2HP04·
S3 = Methanol.
S4 = Phenol-butan-I-ol-water (160: 30: 100, w/v/v).

Paper: V\'hatman No. I (descending, S1' S2' S4; ascending, S3)'
Detection: D.V. light.

RF
Compound

5, 52 5, 5.

Riboflavin 0.25 0.30 0.16 0.80
Riboflavin phosphate 0.04 0.56 0.15
Lumichrome 0.65 0.05 0.28
Flavinadenine dinucleotide 0.03 0-4 1 0.00 0.17
Lumiflavin 0-4 1 0.15

TABLE 15

R p VALUES OF SOME HASHISH CONSTITUENTS

(F. KORTE AND H. SIEPER, Angew. Chem., 72 (1960) 210)

Solvent: Ligroin-benzene-chloroform-methanol-water (2: 2: I :4: I, aqueous phase).
Paper: Schleicher & Schull 2043a hy (hydrophobic).
Detection: D 1 = Beam reagent (Vif. BEAM, ct. Chem. Zentr., (I924 II) I255) followed by Pauly

reagent (F. G. FISCHER AND H. DORFEL, Z. physiol. Chem., 297 (r954) 278).
D 2 Beam reagent followed by 2,6-dichloroquinone chloroimide (E. HOFFMAN AND

G. HOFFMAN, Naturwiss., 45 (I95 8) 337).
D a Beam reagent followed by diazotised p-nitroaniline (A. GRUXE, Chimia (Switz.),

II (I957) 173,213).
D 4 2,6-Dichloroquinone chloroimide followed by diazotised p-nitroaniline.
D 5 = 2,6-Dichloroquinone chloroimide followed by Pauly reagent.
D 6 = D.V. absorption on chromatogram (A max; m,u) (F. KORTE AND H. SIEPER, Angew.

Chem., 70 (1958) 434; 71 (1959) 455).

H 3C OH

)--\ ) ~
'_/--LrC5H1l (n)

\ I
C-O
~

H 3C CH3

(I) Tetrahydrocannabinol

H 3C OH
\. \.
/-\ /=\
, f-' r C5H ll(n)
-\ 1-

C-O
~

H 3C CHa

(II) Cannabinol

Detcction*

HaC OH
\.- \.-
/ \ /-\
,~--\\_rC5Hll(n)

\ I
C OH
/~

H 3C CH 2

(III) Cannabidiol

Compound RF
D, D 2 D, D. D, D,

I 0·53 Iy cb ly Iy cb 274-280
II 0.67 oc-bn b-gn 0 oc-bn b-gn 284
III 0·74 di-dy Ii r-bl1 0 Ii 274-280

* b = blue; bn = brown; cb = cobalt blue; d = dark; di = dirty; gn = green; I = lemon;
Ii = lilac; 0 = orange; oc = ochre; r = red; y = yellow.
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TABLE r6

D9

R p VALUES OF ORGANO-TIN COMPOUNDS

(D. J. WrLLIAMS AND J. W. PRICE, Analyst, 85 (1960) 579)

P~per: vVhatman No. 1.

Temperature: 24 ± rO.
Solvents: (a) Pyridine-water (60:40).

(b) Butanol-pyridine-water (7.5 : 3.5, saturated with water).
(c) Butanol-ammonia-water (N in ammonia and saturated with water).
(d) Butanol-ethanol-water (3 : I, saturated with water).

0.55'1' 0.03
0.25

streaks in all solvents

0.83
streaks length of paper

0.00'1' 0.98 slight tail
0·96

0·95 0.94
0·94
0·96

0·94
0·95

(0.8,0.3)
0.94 0·92

0.95
0.94

0·93 0·95
0.94 0.83

streaks length of paper
0.00 0.95 '1'
0·97 0·97
0·97 0·97
0.00 0.00
0.00 0.00

Compound

Me2SnCI 2
Me3SnCI
EtSnCI 3
Et2 SnCI2
Et2SnOAc
Et3SnOH
Pr2SnCI2
(Pr3Sn)20
(isoPr3Sn)20
Pr3SnCH2CH2COONa
BuSnCI3
Bu 2SnCI2
Bu2Sn dilaurate
Bu3SnCI
Bu3Sn laurate
(BuaSnhO
BuaSn abietate
Hexabutyl distannane

Bu 4Sn
n-Hexyl2Sn dilaurate
n-Octxl2Sn dilaurate
n-Octyl3SnCI
n-Octyl4Sn
PhSnCI3
Ph2SnCI2
Ph3SnCI
PhaSnOAc
Ph4 Sn
SnCI4

'1' = tailing.

a

0.36 '1'
0·35

0.36 '1'
0.40
0.88
0.00'1'
0.85
0.87
0.82

streaks to 0.8
0.00'1'
0.00 '1'
0.85
0.82
0.82
0.84

0.00
0.00
0.00
0.00
0.00

streaks to 0.85
0.00
0.85
0.85
0.00
0.00

0.80'1'
0.85 '1'
0.94
0.9'1'
0.94
0·94
0.90

0·99'1'
0.93
0·95
0·92
0·92
0·97
0·97
0·94

(0.8,0·3)
0·93
0·95

0·94
0·90
0.99'1'
0.00
0.95
0·95
0.00
0.00

RF

0.16

0·94
streaks to 0.52

d

0.67 '1'
0.32

0·98'1'
0.95 '1'
0·95
0·98
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TABLE 17

VOL. 6 (r96r)

R F VALUES OF ADDITION COMPOUNDS OF OLEFINS WITH MERCURIC ACETATE
(V\'. HUBER, J\lJikrochirn. Acta, (1960) 44) .

Solvent: Butanol mixed with 1.5 N NHs + 1·5 N (NH4 ) 2COS (I : I) (two phase).
Paper: Schleicher & Schiill 2043b (paper first dipped in aqueous phase, then blotted; final chroma

tographic development with organic phase) (descending).
Preparation of addition compound: Olefin mixture (gas or liquid) dissolved in pure methanol

(0.5 g/roo ml), is shaken 2 h at room temperature with an
excess of solid mercuric acetate (10-20 ftl of supernatant
taken). Hg acetate remains on start.

Detection: (NH 4 ) 2S or dithizone spray after 5 min exposure to HCI fumes.

Olefin

Ethylene
Propylene
Isobutylene
But-I-ene
2-Methylbut-2-ene
2-Methylbut-I -ene
n-Pent-2-ene *
n-Pent-I-ene
Cyclohexene
2-Methylpent-2-ene

0.10
0.15
0.22
0.28
0·32
0·36

0.3 8/0 .43
0.50
0.46
0.48

Olefin

4-Methylpent-2-ene *
2-Methylpent-I-ene
n-Hex-2-ene *
n-Hex-I-ene
2,3-Dimethylpent-2-ene
Isooctene
Cyclooctene
Cyclopentadiene
Dicyclopentadiene
Styrol

0.50 /0 .60
0.62

0.59/0 .63
0.70
0.70
0.80
0.76
0.17
0.83
0.56

* These olefins yield two spots of equal intensity.

TABLE 18

R p VALUES OF ADDITION COMPOUNDS OF OLEFINS WITH MERCURIC ACETATE

(W. HUBER, l'.1ikrochim. Acta, (1960) 44)

Solvent: Propanol just saturated with 1.5 N NHs-I.5 N (NH4 ) 2COS (I: I).
Paper: Schleicher & Schiill 2043b (descending).
Preparation of addition compound; Olefin mixture (gas or liquid) dissolved in pure methanol

(0.5 g/roo ml) is shaken 30 min at room temperature with
excess solid mercuric acetate (10-20 III of the supernatant
taken). Hg acetate remains at start.

Detection: (NH 4) 2S or dithizone spray after 5 min exposure to HCI fumes.

Olefin

Ethylene
Propylene
Isobutylene
2-Methylbut-I-ene
2-Methylbut-2-ene
Cyclohexene
n-Hex-I-ene
Isooctene
Isoprene
I,5-Hexadiene
Dipentene

Rp'

0·47
0·54
0.62
0.68
0.68
0.72

0·79
0.84

0.09/0.12/(0.53) /(0.68)
0·14/(0. 7~~
0.15/0.3 I

* R F values in brackets are for weaker spots-perhaps impurities.
** Impure?
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TABLE 19

Drr

R F VALUES OF ADDITION COMPOUNDS OF OLEFINS WITH MERCURIC ACETATE

(W. HUBER, Mikrochim. Acta, (1960) 44)

Solvent: 1.5 N NH3 + 1.5 N (NH4)2S03 (I: I) mixed with isoamyl alcohol (two phases).
Aqueous phase used.

Paper: Schleicher & Schull 2043b (impregnated with organic phase of solvent) (descending).
Preparation of addition compound: Olefin mixture (gas or liquid) dissolved in pure methanol

(~ 0.5 gjIOO ml) is shaken 2 h at room temperature with an
excess of solid mercuric acetate (10-20 !J.l of supernatant
taken). Hg acetate runs ncar front.

Detection: (NH4hS or dithizone spray after 5 min exposure to HCI fumes.

Olefi" RF Olefi" RF

Hg acetate 0.82 Propylene tetramer 0.05
Ethylene 0·74 Cetene 0.05
Isobutylene 0.56 Propylene trimer * 0.7-0 .4 **
Diisobutylene 0.38 Propylene tetr~mer* 0.17
Triisobutylene 0.05 Triisobutylene 0.13
Dodeeene 0.05

* Determined on a chromatogram with front run off. RF of isooctene found to be 1.00.
** Tailing.

TABLE 20

R F VALUES OF SOME COUPLING PRODUCTS OF P-NITROBENZENEDIAZONIUM SULPHATE
WITH ACETONE

(Z. J. ALLAN AND J. PODSTATA, Collection Czechoslov. Chem. Communs., 25 (1960) 1324)

Solvent: Methanol-butanol-water (80: 5: IS).
Paper: ';Vhatman No. I.

Impregnation: Liquid paraffin-ethanol (I: 19) (30 min drying to remove ethanol followed by
spotting of substances in pyridine solution and another 20 min drying).

Detection: 2.5 N NaOH spray followed by exposure to dioxane fumes; visible light.

Compound

F'\. - J02N-V-N = N --CH2-CO-CH3

1,3-Bis- (p-nitrobenzeneazo) -triazene

Unknown

Decomposition product of diazonium salt

Colour
RF

Actual 50% NaOH

weak yellow intense red 0.85

yellow reddish violet 0.65

orange blue * 0·55

orange weak blue 0.30

orange greenish blue 0.15

** 0.00orange orange

* Colour intensified by dioxane.
** Dioxane yields conversion to yellow-brown.
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TABLE 21

VOL. 6 (r96r)

R F VALUES OF SOME DYESTUFF FISSION PRODUCTS

(J. PANCHARTEK, Z. J. ALLAN AND F. MUZIK, Collection Czechoslov. Chem. Communs., 25 (1960)2783)

Solvents: 51 = n-Butanol saturated with 2.5 N HC!.
52 = 2.5 N HC!.

Paper: ';Vhatman No. I (a piece of fused sodium sulphide was added in certain cases* to produce
H 25 (a) to complex copper in paper and (b) to provide a reducing atmosphere). Descending.

Detection: Paper exposed to nitrous gases for diazotization then sprayed with sodium z-naphthol
3,6-disulphonate or resorcinol solution and finally made alkaline in an ammonia
atmosphere; V.V. fluorescence.

RF Colour""·
Compound UY.

S, S, C, C, C, C,

p-Phenylenediarnine 0.07 0.82 gv rg blgn g
m-Phenylenediamine 0.09 0.89 blgn rb yb yb
7-Amino-8-hydroxyquinoline-5-

suIphonic acid 0.09 0·74 Y wr
5-Amino-8-hydroxyquinoline 0.10 0.80 ygn g rg r wy
3,3'-Dihydroxybenzidine 0.12 0·34 gb gbl
2-Naphthylamine-4,8-disulphonic acid 0.13 0·54 bl blsr wy
z,5-Diamino-4-methoxytoluene 0.20 0.90 rv b blgn
Benzidine 0.3 1 0.62 ygn b rg wggn
Aniline-p-sulphonic acid 0·34 0·93 wgn 0 wy
Aniline-m-sulphonic acid 0·34 0·9 Z 0 \vy
2-Naphthylamine-7-sulphonic acid 0·44 0.67 b1sr wblsr
2,6-D iamino- I -naphthol-3-su Iphonic

acid 0-46 0.60 blv v b
Aniline-o-sulphonic acid 0·54 0.88 0 \vy re
.'i-Aminosalicylic acid 0.64 0.69 blgn gbl
Pyrazolone derivative II 0.64 0.71 ygn
m-Aminophenol 0.70 0.78 blgn y yb yb
Aniline 0.84 0.85 r gy r
m-Chloroaniline 0.89 0·74 r *** gy b
p-Chloroaniline 0.9 1 0.82 mr rg
2,5-Dichloroaniline-4-suIphonic acid 0·93 0.87t yr wy
z,5-Dichloroaniline 0·97 0.84 yr

* For 4-amino-I-phenyl-3-methylpyrazol-5-one and some of its derivatives.
** C1 = diazotization and coupling with z-naphthol-3,6-disnlphonic acid; C 2 = 24 h oxidation

in air; C3 = indophenol test; C4 = with p-nitrobenzenediazonium chloride; bl = blue; b =
brown; g = grey; gn = green; r = red; bls = bluish; m = muddy.: v = violet; 0 = orange;
w = weak; y = yellow; re = rose.

*** Immediately red after diazotization.
t Elongated spot.
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TABLE 25

R p VALUES OF SOME 2-NAPHTHOLSULPHONIC ACIDS

(J. LATINAK, Collection Czechoslov. Chem. Communs., 26 (1961) 403)

Solvent: SI = n-Propanol-aqueous NaHC03 (2: I).
Paper: \Vhatman NO,4 (descending).
Impregnation: II = No impregnation.

12 = 5 % aqueous NaHC03·

Length of run: >35cm.
Detection: D 1 = V.V. light fluorescence in NH 3 fumes.

D 2 = Diazotised p-nitroaniline, original colour.
D 3 = Diazotised p-nitroaniline, after NH 3 fume exposure or 1% NaOH spray.

2-Naphthol- Rpa ColourC
sulphonic

5,J,bacid 5111 5,J, 5,I,b D, D, D,

2,3,6,8- 0.03 0.02 19 or or-v
2,1,3,6- 0.07 0.04 lnb od rvd
2,4,8- 0.09 0.06 lnb or or
2,5,7- 0.13 0.11 0.08 0.11 bg 0 rv
2,6,8- 0.13 0.12 lb yo yo
2,3,6- 0.16 0.10 0.10 0.16 lb ro rar
2,3,7- 0.19 0.14 0.12 0.19 bg-gb or vb
2,3,8- 0.19 0.15 bg-gb ro ro
2,3,5- 0.23 0.15 0.17 0.25 bg-gb or rv
2,1,5- 0.30 0·45 bv wrod wod
2,1,6- 0·30 0·45 rv wrod word
2,1,7- 0·33 0.5 1 v wrod wod

2,3- 0·74 0.84 0.83 0·74 Ib rar rar
2,4- 0.66 0·54 0·73 0·53 dry rar bv
2,5- 0.63 0.62 0·73 0·54 lb vre rv
2,6- 0.63 0.61 0.69 0·53 dbv ro rv
2,7- 0.63 0.65 0.66 0-46 Ivb 0 rv
2,8- 0.65 0.68 lb yo yo
2,1- 0·74 0.94 wdv wor "var
2- 0.90 0·97 dv ro ro

a Values for 2-naphthol-di- and -trisulphonic acids calculated from R 2 ,. values (R 2 ,. = R p of
sulphonic acidJRp of the 2,6 acid).

b Rp values of iodo-derivatives.
C b = blue; d = dark; g = green; I = light; n = navy; 0 = orange; r = red; ra = raspberry;

v = violet; w = weak; y = yellow.
d Spot only visible after longer time.
e Spot with orange edge.
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TABLE 50

RF VALUES OF THE ALKALOID DAPHNANDRINE AND RELATED COMPOUNDS

(1. R. C. BICK, P. S. CLEZY AND M. J. VERNENGO, J. Chem. SOC., (1960) 4928)

Solvents: SI = Butan-I-ol-acetic acid-water (63: 10: 27).
S2 = Butan-I-ol-acetic acid-water (4: I :5).

Paper: Whatman No. 1.

Detection: Not given.

No. Compound
5. 5,

I Daphnandrine
2 O-Ethyldaphnandrine
3 O-Ethylcoclaurine *
4 O-Ethyl-N-methylcoclaurine *
5 O-Ethylcoclaurine methiodide * *
6 O-Ethyl-N-methylcoclaurine methiodide * *

* Order of NO.3 and 4, and hence 5 and 6, presumed (not specified).
** No resolution.

TABLE 51

0·79
0.88
0.84
0.84

R F VALUES OF KREYSIGINE, FLORAMULTINE, KREYSIGININE AND FLORAMULTININE
(ALKALOIDS FROM Kreysigia multiflora REICHB).

(G. M. BADGER AND R. B. BRADBURY, ]. Chem. Soc., (1960) 445)

Solvent: 5 % Aqueous acetic acid-butan-I-ol (I: I, v{v; upper phase).
Paper: Not specified.
Temperature of run: 15°.
Detection: 'Vith iodine.

Compound RF Colour*

Kreysigine 0·55 py
Floramultine 0.5 1 py
Kreysiginine 0.40 py -+ do
Floramultinine 0.30 py -+ do

* py = pale yellow; do = deep orange; -+ = after several hours in air.
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TABLE 52

VOL. 6 (r96r)

R p VALUES OF SOME VITAMINS AND RELATED COMPOUNDS

(E. E. GADSEN, C. H. EDWARDS AND G. A. EDWARDS, Anal. Chem., 32 (1960) 1415)

Solvents: SI = Phenol-citrate/phosphate buffer (100:25, v/v; aqueous buffer: 6.3 % sodium
citrate, 3.7 % KH2PO.).

S2 = Butan-I-ol-propionic acid-water (freshly prepared from equal vols.· of solution
A (1246 ml butan-I-ol + 84 ml water) and solution B (620 ml propionic acid +
790 ml water)).

Paper: Whatman No. I (descending).
Time of run: 18-22 h (SI); 14-16 h (S2)'
Temperature of run: 24° ± 0.5°.
Detection: D l = Ammoniacal silver nitratea.

D 2 = Ferricyanide-nitroprussideb .

D s = Ninhydrin.
D. = Iodine vapour.
D s = 2,6-Dichlorophenolindophenolb .

D. = Cyanogen bromidea.
D, = Ferric chlorideb .

DB = Phenol-hypochlorite reagentb .

Do = Light.
Order for multiple detection: Do (V.V.), D s' D., D, or D l .

RF Quantity ColQUrc
Compound used

5, 5, p.g lJ, D, D, D, D, D, lJ, D, D,

Vitamin A 0·90 250 ye
0(-Tocopherol 0.89 0·77 250d b
Menadione 0·94 250 ye
Thiamine 0·93 0·55 250 Y
Riboflavine 0.91 0.32 20 y, f
Niacin 0.83 0.68 250 bn p 0
Nicotinamide 0.85 0.69 250 Y bn y
Pyridoxine 0.87 0.60 250 bn f
Pantothenic acid 0.66 0.3 8 250 pu
Biotin 0·79 0.78 250 bn
Inositol 0.21 0.12 50 bn
Choline 0.87 0.5 2 250 bn
p-Aminobenzoic acid 0.80 0.69 250 bn bn
Folic acid 0·34 0.30 12·5 f
Vitamin B 12 0·92 0.3 1 50 P
Vitamin C 0·34 0·34 250 bn

a R. J. BLOCK, E. L. DURRUM AND G. ZWEIG, A Manual ot Paper Chromatography and Paper
Electrophoresis, Academic Press Inc., New York, 1958, pp. 398-409.

b Biochemical Institutes Studies IV, Univ. Texas Publ., No. 5109 (1951).
C Y = yellow; b = black; bn = brown; p = pink; 0 = orange; pu = purple; f = fluorescent

in V.V.
d In mg.
e After phenol run only.
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TABLE 53

R F VALUES (RELATIVE) OF SOME HEXITOLS AND THEIR ACETALS
(T. G. BONNER AND N. M. SAVILLE,]. Chem. SOC., (1960) 2851)

Solvents: SI = Butan-I-ol satd. with H 20 (at 0°).
S2 = Acetone-water (4: I; vjv).
S3 = Butan-I-ol-pyridine-water-satd. aq. boric acid (6:4: 2: I; by vol.).

Paper: \Vnatman No. 1. .
Detection: Reagents as in literature (\V. E. TREVELYAN, D. P. PROCTER AND J. S. HARRISON,

Nature, 166 (1950) 444; M. L. WOLFROM AND J. B. MILLER, Anal. Chem., 28 (1956)
1037; L. HOUGH, J. K. N. JONES AND V·i. H. \VADMAN,]. Chem. Soc., (1950) 1702;
K. WALLENFELS, Naturwiss., 37 (1950) 491).

Compound

D-Glucitol
2,4-0-Methylene-D-glucitol
D-Mannitol
2,5-0 -Methylene-D-mannitol
I,3-0 -Methylene-D-mannitol
2-0-Methyl-D-mannitol

* RG = R F of compound jRF of glucitol.
** R M = RF of compoundjRF of mannitol.

RG*
52

1.00
1.25, 1.36

1.00

2.66
2.60

5,

1.00
1.28
lAO

5,

1.00
2.00

TABLE 54

R F VALUES OF SOME PENTAERYTHRITOL ESTERS AND RELATED COMPOUNDS

(T. G. BONNER, E. J. BOURNE AND N. M. SAVILLE,]. Chem. Soc., (1960) 2917)

Solvents: SI =;= \Vater satd. butan-I-ol (at 0°).
S2 = Light petroleum (b.p. 60-80°) satd. with dimethyl sulphoxide (B. WICKBERG,

Acta Chem. Scand., 12 (1958) 615).
:Paper: Whatman No. 1.
Impregnation: II = Dip paper in 20 % dimethyl sulphoxide in benzene, press between absorbent

paper, dry I min at 60°. Repeat treatment and place between glass plates
to prevent water absorption. Dry at 120° for 20 min before spraying.

Detection: D l = Hydroxylamine reagent (M. ABDEL-AKHER AND F. SMITH, ]. Am. Chem. Soc.,
73 (1951) 5859) [freshly prepared I: I vjv mixture of methanolic hydroxylamine
hydrochloride (6.95 g!IOO ml) and KOH (6.17 g!IOO ml)].
Time and temperature of drying depending on ester reactivity, e.g. pentaery
thritol tetraacetate is detected only by heating to IIO o for 10 min.
Final spraying: I: I v!v mixture of aqueous FeCI3 and aqueous 0.5 N HCI.
(Acetates and lactones give purple spots on yellow background, benzoates not
detected) .

D 2 = 2,4-Dinitrophenylhyclrazine spray (S. A. BARKER, E. J. BOURNE, A. B. FOSTER
AND R. M. PINKHARD, Chem. & Ind. (London), (1959) 226). (Detection of ben
zylidene and isopropylidene derivatives.)

RF
Compound

5,

Tetra-O-acetylpentaerythritol
Pentaerythritol
Di-O-acetyl-O-benzylidenepentaerythritol
Mono-O-acetyl-O-benzylidenepentaerythritol *

* Possible identification.

0·94 0049, 0.5 I

0·45
0.66,0.68,0.7 1

0.05
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TABLE 55
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R p VALUES OF SOME POLYHYDRIC ALCOHOLS AND RELATED COMPOUNDS

(A. B. FOSTER, D. HORTON, N. SALIM, M. STACEY AND J. M. WEBBER, ]. Chem. SOC., (1960) 2587)

Solvents: Butanol-ethanol-water (4: I : 5), organic phase.
Paper: Whatman No. I (descending).
Detection: Aniline hydrogen phthalate; ninhydrin and AgN0 3 reagents.

Compound

2-Acetamido-2-deoxY-3-0-methyl-D-glucitol
Glycerol
Erythritol
D-Arabitol
D-Glucitol
2-Amino-2-deoxyglycerol' HCI
2-Amino-2-deoxY-L-threitol· HCI
2-Amino-2-deoxY-L-xylitol· HCI
2-Amino-2-deoxy-D-glucitol' HCI

TABLE 56

lip

0.3 1

0·43
0.3 1 5
0.225
0.145
0.17
0.14
0.12
0.097

R p VALUES (RELATIVE) OF SOME ACYCLIC POLYHYDROXY COMPOUNDS
AND THEIR PRE-FORMED MOLYBDATE COMPLEXES

(E. J. BOURNE, D. H. HUTSON AND H. \VEIGEL,]. Chem. Soc., (1961) 35)

Solvent: Butan-r-ol-acetic acid-water (4: I : 5), organic phase.
Paper: Whatman No. I.
Detection: D I = Acetone-silver nitrate-alcoholic sodium hydroxide (W. E. TREVELYAN,

D. P. PROCTER AND J. S. HARRISON, Nature, 166 (1950) 444); for polyhydroxy
compounds.

D 2 = 5 % aqueous catechol solution (J. B. PRIDHAM, j. Chromatog., 2 (1959) 605);
for molybdate-containing compounds.

Preparation of pre-formed complexes: aqueous polyhydroxy compound (I mol.) mixed with
aqueous sodium molybdate (2 mol.), pH adjusted to 2 with IR-I20 (H+).

Original compound
lIG

Untreated
compound

JIG

Pre-formed complexes

Sorbitol
2-Deoxysorbitol
D-Mannitol
Galactitol
D-Arabitol
Ervthritol
Glycerol
Molybdic acid

Rc = R p compoundjRp glucose.
* D 1 ·

t D 2 ·

I.O
1.2

I.I
I.I
I.I
I.7
2.2

o.g:
1.2

0·9 *
1. 1*

*I.I
1.7 :
2.2

ot
ot
ot
ot
ot
ot
ot
ot
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TABLE 57

ELECTROPHORETIC MOBILITIES OF ACYCLIC POLYHYDROXY COMPOUNDS

(E. J. BOURNE, D. H. HUTSON AND H. WEIGEL, J. Chem. SOC., (1961) 35)

Electrolyte: Hydrated sodium molybdate in water (25 gin 1200 ml) adjusted to pH 5 with H 2S04 ,

Paper: Whatman NO.3 MM (10 cmwide).
Apparatus: High voltage; horizontal (D. GROSS, Chem. & Ind. (London), (1959) 1219).
Potential: 20-80 V fcm (not more closely defined).
Time of run: 1-2 h (not more closely defined).

U
. True distance migrated by compound

nrts: M s .
True distance migrated by sorbitol

Detection: Acetone-silver nitrate-alcoholic sodium hydroxide (W. E. TREVELYAN, D. P.
PROCTER AND J. S. HARRISON, Nature, 166 (1950) 444); 0.1 N H 2S04 spray followed
by heating (120°; 10 min) for primary hydroxyl-containing compounds (bluish
green spots).

Compound MS Compound MS

Ethane-l,2-diol
Propane-l,2-diol
Propane- 1,3-diol
Butane-2,3-diol
Butane-l,3-diol
Butane-1A-diol
Pentane-l,5-diol
Hexane-l,6-diol
2-Methylpentane-2A-diol
2-Methylhexane-l,3-diol
Pentaerythritol
Glycerol
Erythritol
D-Threitol
Ribitol
D-Arabitol
3-0-oc-D-Galactopyranosyl-D-

arabitol
Xylitol
Sorbitol
2-Deoxysorbitol
2-0-fJ-D-Glucopyranosylsorbitol
2-0-Meth vlsorbitol
3-0 -oc-D-Glucopyranosylsorbitol
i-O-fJ-D-Glucopyranosylsorbitol
3-0-oc-Maltosylsorbitol

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

1.0
0·5
1.1
1.1

<0.1
1.1
1.0
1.0
0·9

<0.1
<0.1
<0.1
<0.1

2,3-Di-O-methylsorbitol <0.1
4-0-oc-D-Glucopyranosylsorbitol 0.4
4-0-fJ-D-Glucopyranosylsorbitol 0.4
4-0-fJ-D-Galactopyranosylsorbitol 0.4
4-0-oc-Isomaltosylsorbitol 0-4
4-0-oc-Nigerosylsorbitol 0.4
5-0-oc-D-Glucopyranosylsorbitol 0.8
6-0-a-D-Glucopyranosylsorbitol 0.8
6-0-fJ-D-Glucopyranosylsorbitol 0.8
6-0-a-D-Galactopyranosylsorbitol 0.8
6-0-a- Isomaltosylsorbitol 0.7
6-0-a-Isomaltotriosylsorbitol 0.6
6-0-a-Isomaltotetraosylsorbitol 0.5
6-0-a- Isomaltopentaosylsorbitol 0.4
6-0-a-Isomaltohexaosylsorbitol 0·3
6-0-a-Isomaltoheptaosylsorbitol 0.25
D-Mannitol 1.0
I-Deoxy-D-mannitol 1.0
z-O-Methyl-D-mannitol 1.0
2-0-oc-D-Glucopyranosyl-D-mannitol 0.8
2-0-a-D-Mannopyranosyl-D-mannitol 0.8
3-0-a-Mannolyranosyl-D-mannitol < o. 1
l,z-Di-O-methyl-D-mannitol 1.0
Galactitol 1.0
6-DeoxY-D-galactitol 1.0
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TABLE 58

ELECTROPHORETIC MOBILITIES OF POLYHYDROXY COMPOUNDS

(E. J. BOURNE, D. H. HUTSON AND H. WEIGEL, J. Chem. SOC .. (r960) 4252)

Electrolyte: Aq. sodium molybdate dihydrate (25 gjI200 ml), adjusted to pH 5 with cone. H 2S04 ,

Paper: Whatman NO.3 MM (ro em wide).
Apparatus: GROSS type (max. 5000 Vat roo rnA); horizontal, cooled.
Potential: 30-60 V fern.
Time: r-2 h.
Units: M s = Migration relative to sorbitol (ca. 25 em in 2 hat 60Vfcm).
Marker: Glycerol (comparison with 2.3A.6-tetra-O-methyl-D-glucose showed that it did not

form a complex; used to correct for electroendosmosis).
Detection: Acetone-silver nitrate-ethanolic sodium hydroxide (W. E. TREVELYAN, D. P. PROCTER

AND J. S. HARRISON, Nature, r66 (1950) 444); p-anisidine hydrochloride in butan-I-ol
(L. HOUGH, J. K. N. JONES AND '\T. H. WADMAN, J. Chem. Soc., (1950) 1702).

M sCompound
--------

Complex forming

MSCompound

A ldoses and their derivatives

D-Erythrose
L-Threose
D-Ribose
Methyl a-D-ribopyranoside
D-Lyxose
D-Mallnose
D-Gulose
D-Talose
L-Rhamnose
D-Glycero-D-alloheptose
D-GIycero-L-gIucoheptose
D-Glycero-L-mannoheptose
D-Glycero-D-guloheptose
D-Glycero-D-idoheptose
D-Glycero-D-galaheptose
D-Glycero-L-galaheptose

0·9
0.6
0·4
O.r
I. r

0-+ 0.9
1.1
0·7

0-+0.6
0·9
0.2
0.8
1.1
1.0
0·4
0·4

Cyclitols

Myoinositol
Alloinositol
Epi-inositol

I,6-A nhydro-fJ-D-aldopyranoses

I,6-Anhydro-fJ-D-mannopyranose

Ketoses

D-Fructose
L-Sorbose
D-Glucosone
D-Glucoheptulose
D-Mannoheptulose
Leucrose
Turanose

0.2

0·4
1.1

0·5
0·3
0·9
1.0
004
0·4
0.1

Not complex forming

.4 tdoses and their derivatives

Glvceraldehvde
2-DeoxY-D-;ibose
D-Arabinose
Methyl a-D-arabopyranoside
Methyl fJ-D-arabopyranoside
I,2-Dideoxv-D-arabinose
D-Xylose "
Methyl a-D-xylofuranoside
Methyl a-D-Iyxopyranoside
Methyl fJ-D-Iyxopyranoside
D-Altrose
D-Glucose
3-0-Methyl-D-glucose
2,3A-Tri-O-methyl-D-glucose
2,3,6-Tri-O-methyl-D-glucose
2,3,4,6-Tetra-O-methyl-D-glucose
2-Deoxy-D-glucose

<o.r
<0.1
<0.1
<0.1
<0.1
<o.r
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<o.r
<0.1
<0.1
<o.r

A Idoses and their derivatives

Methyl a-D-glucopyranoside
Phenyl fJ-D-glucopyranoside
Catechol fJ-D-glucopyranoside
3A-Di-O-methyl-D-mannose
Methyl a-D-mannopyranoside
Methyl fJ-D-mannopyranoside
D-Galactose
Sophorose
Nigerose
Laminariabiose
Maltose
Cellobiose
Lactose
Isomaltose
Gentiobiose
Melibiose

<o.r
<0.1
<0.1
<o.r
<o.r
<o.r
<0.1
<0.1
<o.r
<0.1
<o.r
<o.r
<0.1
<0.1
<0.1
<0.1

(Continued on p. D37)
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TABLE 58 (continued)

Compound MS

Nat complex forming

Compound

Cyalitols

N[ucoinositol
Scylloinosito(
N[ytilitol
Ji'initol
Quebrachitol
H -Viboquercitol
Scylloquercitol
(-)-Protoquercitol

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

I,6-A nhydro-(J-D-aldopyranoses

I,6-Anhydro-(J-D-glucopyranose
I,6-Anhydro-(J-D-gulopyranose
1,6-Anhydro-(J-D-galactopyranose

Ketose

Sucrose

<0.1
<0.1
<0.1

<0.1

TABLE 59

ELECTROPHORETIC MOBILITIES OF SOME MONOMETHYLGLUCOSES

(T. G. BONNER, E. J. BOURNE AND S. McNALLY, ]. Chem. Soc., (1960) 2929)

Electrolyte: 0.2 M borate buffer (pH 10.0).
Paper: Whatman NO.3.
Apparatus: Not given*.
Potential: Not given *.
Units: M G '.

Detection: AgN0 3 and ethanolic NaOH; p-anisidine·HCl; aniline hydrogen phthalate; urea
hydrochloride; diphenylamine, aniline and phosphoric acid; 2,4-dinitrophenyl
hydrazine and HCl; OI:-naphthol and phosphoric acid; phloroglucinol and trichloro
acetic acid; potassium periodatocuprate (T. G. BONNER, Chem. & Ind. (London),
(1960) 345)·

Compound MG'

2-0-Methylglucose 0.23
3-0-Methylglucose 0.82
4-0-Methylglucose 0.24
6-0-Methylglucose 0.82

*' Cj. A. B. FOSTER, J. Chem. Soc., (1953) 982.
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TABLE 60

VOL. 6 (r96r)

Rp VALUES OF SOME METHYLATED SUGARS

(P. D. BRAGG AND L. HOUGH, Biochem. j., 78 (1961) II)

Solvent: Butan-I-ol-ethanol-water (40 : II : 19, by vol.).
Paper: \Vhatman No. I (descending).
Detection: p-Anisidine hydrochloride (L. HOUGH, J. K. N. JONES AND W. H. WADMAN, j. Chem.

Soc., (1950) 1702).

Compound

2,6-Di-O-methyl-D-mannose*
Mono-O-methvlmannose**
2,3,4,6-Tetra-O-methyl-D-galactose
Tri-O-methylhexose **
2,3,4,6-Tetra-O-methyl-D-mannose
Tri-O-methylmannose **

* Tentative identification.
** Not identified closer.

TABLE 61

RF

0.54-0 .57
0.36
0.70- 0 .74
0.61-0.63
0.81-0.82
0.7 1

R p VALUES (RELATIVE) OF SUGARS AND METHYLATED SUGARS

(G. O. ASPINALL, M. J. JOHNSTON AND A. M. STEPHEN, j. Chern.. Soc., (1960) 4918)

Solvents: S, = Butan-I-ol-ethanol-water (4: I: 5, upper layer).
S2 = Benzene-ethanol-water (169: 47: IS, upper layer).
S3 = Ethyl acetate-acetic acid-formic acid-water (IS: 3: I :4).

Paper: Whatman Nos. 1,4 and 20 (not specified).
Detection: Spray of p-anisidine hydrochloride in moist butan-I-ol (L. HOUGH, J. K. N. JONES

AND \'1. H. \;V-ADMAN, j. Chem. Soc., (1950) 1702).

Compound
5, 52

Mono-O-methylrhamnose
2,3,4,6-Tetra-O-methyl-D-galactose
3,4-Di-O-methyl-L-rhamnose
2,3,6-Tri-O-methyl-D-galactose
2,3,6-Tri-O-methyl-D-galactonolactone
2,3,4-Tri-O-methyl-D-galactose
2,3,4-Tri-O-methyl-L-lyxose **
2,3,4-Tri-O-methyl-L-rhamnose
2,3,5-Tri-O-methyl-L-arabinose
2,3-Di-O-methyl-L-threose **
3-0-Methyl-L-rhamnose
2,6-Di-O-methyl-D-galactose
2,3-Di-O-methyl-D-galactose
2,4-Di-O-methyl-D-galactose
2,3,4-Tri-O-methyl-D-glucose
2,3,4-Tri-O-methyl-L-xylose ***
3,4-Di-O-methyl-D-mannose
Rhamnose
2,3,4,6-Tetra-O-methyl-D-glucose
2-0-Methyl-D-galactose

0·55, 0.5 8,0.57
0.86, 0.89

0.86
0.69, 0.70, 0.72

1.00
0.68,0.65

0.82
1.00
0·98
0·92

0.5 8, 0·57,0·55
0·49, 0.50. 0.48
0·45, 0.46. 0-48
0·43, 0·49. 0·44
0.87, 0.88,0.81

0.92

0.30
1.00
0.29

0.87
0.25
0.7 1

1.02
0·90

0.20
0.86
0.07

0.25

* R G = R p compoundjRp of 2,3,4,6-tetra-O-methyl-D-glucose.
** Tentative identification.

*** Presumed.
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TABLE 62

R F VALUES (RELATIVE) OF SOME OLIGOSACCHARIDES AND METHYL SUGARS

(G-. O. ASPINALL, 1. M. CAIRNCROSS, R. J. STURGEON AND K. C. B. WILKIE, ]. Chem. SOC., (1960)
3881 )

Solvents: SI = Ethyl acetate-pyridine-water (10:4:3).
S2 = Butan-I-ol-ethanol-water (4: I: 5, upper layer).

Haper: \Vliatman No. I or 3 MM (not specified).
Detection: Not given.

Compound

Xylobiose
Xylotriose
Xylotetraose
O-L-Arabinofuranosyl-(1 -+ 3)-O-fJ-

D-xylopyranosyl-(1 -+ 4)-D-xylose
z, 3,5-T ri-O-methyl-L-arabinose
z,4-Di-O-methyl-D-xylose

RXylose* RG"*
5, 5,

0.60
0.30
0·14

0-40
0·96
0.70

• Rxylose = R F compoundjRF xylose.
*. RG: Not defined.

TABLE 63

R F VALUES OF SOME METHYL GLYCOSIDE PHOSPHATES

(P. SZABO AND L. SZABO, ]. Chem. Soc., (1960) 376z)

Solvents: SI = Propan-z-ol-ammonia-water (7:I:Z).
S2 = Propan-I-ol-ammonia-wate;: (7:I:Z).
S3 = Blltan-I-ol-acetic acid-water (4: I: 5).
S. = Propan-z-ol-conc. RCI-water (65: 17.Z: 17.8).
S5 = Propan-I-ol-ammonia-water (6: I : 3).

Paper: Whatman No. I (ascending).
lDetection: Not specified.

RF
Compound

5, 5. 53 5, 5,

Me a-D-glucoside z-(dihydrogen phosphate) 0.Z9 0.18 0.15 0-48
Me a-D-glucoside 3-(dihydrogen phosphate) 0·34 o.zo 0.19 0.50
Me a-D-glucoside 4-(dihydrogen phosphate) 0·3 z 0.18 0.15 0-45
Me a-D-glucoside 6-(dihydrogen phosphate) 0.z6 0.13 0.41
Me fJ-D-galactoside 4-(dihydrogen phosphate) O.ZI 0.17 0·45
Me fJ-D-galactoside 6-(dihydrogen phosphate) O.II 0.09 0·36
Me a-D-glucoside 4,6-(hydrogen phosphate) 0.64 0·47 0.16 0·90
Me a-D-glucoside 4,6-(hydrogen phosphate) 0·47 0.16
Me fJ-D-galactoside 4,6-(hydrogen phosphate) 0·57 0.3 8 O.IZ 0.86
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TABLE 64

VOL. 6 (r96r)

Rp VALUES OF I,2-0-ISOPROPYLIDENE-D-GLUCOFURANOSE PHOSPHATES

(P. SZAB6 AND L. SZAB6, j. Chem. SOC., (1961) 448)

Solvents: Sr = Propan-2-01-ammonia-water (7: I :2).
S2 = Propan-2-01-ammonia-water (8: I : I).

Paper: Whatman No. I (ascending).
Detection: Not given.

Phosphate of
I J2~O·isopropylidene

D-glucofuranose

3-Phosphate
3,5-Phosphate
3,6-Phosphate
5-Phosphate
6-Phosphate

0.42
0·77
0.7 2

0-49
0.38

0.16
0.67,0.60
0.60,0·53

0.20
O.II

TABLE 65

R p VALUES (RELATIVE) OF TRIPHENYLMETHYL ETHERS OF CERTAIN CARBOHYDRATES

(D. A. ApPLEGARTH AND J. G. BUCHANAN,]. Chem. Soc., (1960) 4706).

Solvent: Di-isopropyl ether.
Paper: Whatman No. I (descending).
Impregnation: Paper dipped twice in 20% vlv solution of dimethyl sulphoxide in benzene and

drying at 60° for 90 sec each time. Dimethyl sulphoxide removed after run by
heating at 75° for 25 min (B. \VICKBERG, Acta. Chem. Scand., 12 (1958) 615).

Detection: Dr = Spray of approx. N perchloric acid; heat at 75° for 5 min (ro-5g triphenyl
methanol). Colour (yel1ow) fades on cooling, restored on heating (for triphenyl
methyl group).

D 2 = Removal of triphenylmethyl group. Dip paper in ethereal formic acid solution
(25% vlv of 98% formic acid). Heat at 100° for 10 min. Place in forced
draught at room temp. for I h. Alkaline silver nitrate (\"1. E. TREVELYAN,
D. P. PROCTER AND J. S. HARRISON, .Nature, 166 (1950) 444) or periodate
Schiff'sreagent (J. BADDILEY, J. G. BUCHANAN AND B. CARSS, j. Chem. Soc.,
(1957) 4138) (for polyols and similar compounds).

Compound

2,3A-Tri-O-acetyl-r,5-di-O-triphenylmethylribitol
Methyl 3,4-anhydro-6-0-triphenylmethyl-a-D-galactoside
Methyl2,3-anhydro-6-0-triphenylmethyl-a-D-guloside
I,5-Di-O-triphenylmethylribitol
I-O-Triphenylmethylribitol

1.7
0.50
0.3 1
0.28
0.00

* R T = R p compoundlRp triphenylmethanol.
R p of triphenylmethanol varied from 0.50 to 0.75 but rates of movement relative to triphenyl
m<;thanol were fairly constant.
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