


































8 G. SCHOMBURG

In den verzweigten Mono- und Diolefinen wirken sich die Inkremente fUr die
Doppelbindung und fUr die Methylverzweigung additiv auf das Retentionsverhalten
aus, wenn sie isoliert voneinander stehen. In allen anderen Fallen ist die Ermittlung
neuer, charakteristischer Inkremente erforderlich. 1m folgenden werden der Einfach
heit halber zunachst nur 1- und 2-Alkene einschliesslich der entsprechenden Diene
behandelt.

Auf die generelle Anwendung polarer stationarer Phasen, die ohnehin wegen der
geringen Loslichkeit der Kohlenwasserstoffe schlechte Trenneffekte liefern, wurde
verzichtet, da fur die Trennung und Charakterisierung von Olefinen sterische und
elektronische Einflusse auf die Dispersionswechselwirkung von grosserer Bedeutung
sind*.

Zur Isolierung des Einflusses einer Doppelbindung auf den Retentionsindex IS
wurde eine Homomorphiebetrachtung mit den entsprechenden gesattigten, verzweig
ten Kohlenwasserstoffen durchgefUhrt. Die gemessenen Werte sind nach C-Zahlen
aufgegliedert in Tabelle IV aufgefUhrt. Die Retentionsdaten wurden bestimmt an
Substanzen, die entweder in reiner Form vorhanden waren oder durch MIR aus
folgenden Verbindungen erhalten worden waren:

I-Penten; I-Hexen; I-Hepten; I-Octen;
I,4-Pentadien; I,S-Hexadien; I,7-0ctadien; I,9-Dekadien;
4-Methyl-I-penten; 2,3-Dimethyl-I-buten; 2-Athyl-I-buten.

2-Methyl-I-alkene
Die Methylsubstitution an der a-Doppelbindung verursacht einen HS-Wert

von + 8 bis 14 IE mit einem Mittelwert von etwa +II IE, bezogen auf das entspre
chende gesattigte, verzweigte Alkan. Gegenuber dem unverzweigten a-Olefin betragt die
Zunahme des [S-Wertes dagegen + 29 IE. Das abgeleitete Inkrement ist auch fUr
Kohlenwasserstoffe mit weiteren funktionellen Gruppen gtiltig, z.E.:

HS Homomorphes:

2-Methyl- I. 7-octadien
2,4-Dimethyl-I-penten

+10
+ 7

7-Methyl-octen-I

2,4-Dimethylpentan

Schwierigkeiten ergeben sich allerdings bei 2,3-verzweigten I-Alkenen, s.u.
Die Erhohung des Retentionsindex bei den a-verzweigten Olefinen wird sowohl
durch die Polarisation der Doppelbindung durch die Methylgruppe verursacht wie
auch durch die Aufhebung der freien Drehbarkeit zwischen den Kohlenstoffatomen I
und 2, also an der Stelle, an der sich die Methylverzweigung befindet (Entropie
anderung). Bei den unsubstituierten a-Olefinen wird dagegen eine Erniedrigung des
Index durch diesen Effekt beobachtet.

* Die Anwendung von AgN03-haltigen polaren Phasen fuhrt zu einer gruppenweisen Eluie
rung der trans- und der cis-Olefine. Aus sterischen Grunden haben die cis-Verbindungen wesent
lich hohere Retentionszeiten als die trans-Verbindungen. Vgl. z.B. die Trennung der isomeren
Undecene von E. BENDEL et at.S .
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I2 G. SCHOMBURG

Weitere Beispiele fUr die Additivitat der abgeleiteten HS-Inkremente sind aus
Tabelle V zu entnehmen:

2-Methyl-I-penten
4-Methyl-I-penten
2-Methyl-I,4-pentadien

3-Methyl-I-hexen
4-Methyl-I-hexen
3-Methyl-I,s-hexadien

4-Methyl-I-octen
s-Methyl-I-octen
4-Methyl-I,7-octadien

+10
-21
-II

-32

-IS
-44

-13
-14
-29

-~ ahnliche Ergebnisse werden auch fiir die C-Zahlbe-
- I I reiche C7 und Cgerhalten

---j, auch im Cg-Bereich
-So

Enthalt das Olefin eine doppelte Verzweigungsstelle neben einer Doppel
bindung in Allylstellung oder in 4-Stellung, so wird der gleiche HS-Wert beobachtet
wie bei Olefinen mit einer einfachen Methylverzweigung in Allylstellung oder in
4-Stellung, z.B.:

3,3-Dimethyl-I-buten - 32
3-Methyl-I-penten - 34

4,4-Dimethyl-I-penten - 21
4-Methyl-I-hexen - IS

Schwieriger liegen die Verhaltnisse bei den I- und 2-Alkenen mit benachbarter
Methylverzweigung in 2,3- bzw. 304-Stellung. 1m ersten Beispiel wird noch eine gute
Additivitat der EinfHisse auf die Doppelbindung beobachtet:

3A-Dimethyl-I-penten - 3S
3-Methyl-I-penten - 34
4-Methyl-I-penten -24

Das 3-Methyl-I-penten hat schon den gleichen HS-Wert wie das 3,4-Dimethyl
I-penten. Der Einfiuss der 4-Methylverzweigung auf die Doppelbindung macht
hochstens -3 IE aus. Nur urn diese drei Einheiten diirfte der HS-Wert des 304
Dimethyl-I-pentens niedriger sein als der des 3-Methyl-I-pentens, da der Einfiuss der
C-Verzweigung schon bei der Bildung des HS-Wertes eliminiert wird.

Bei der Substitution der Doppelbindung in 2-Stellung und der C-Kette in
3-Stellung ist zwar der gegenlaufige Einfiuss der beiden Verzweigungstypen erkenn-
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RETENTIONSDATEN UND STRUKTUR CHEMISCHER VERBINDUNGEN. II.

SUMMARY

17

The retention indices of a series of branched-chain alkanes and a selection
of the corresponding mono- and di-olefins were determined. Some of the compounds
were available from chemical work of the Max-Planck-Institut fUr Kohlenforschung,
while the others were prepared, in admixture with related isomers, from alkanes
and alkenes by methylene insertion reactions. The data were only obtained from
measurements in capillary columns with non polar and polar stationary phases.
Index increments for structural elements were derived from these data and rules
were established, which in many cases make it possible to calculate, or at least
estimate, the index values of unknown compounds. Besides the ill-values, the
so-called H values were examined as regards structural influences. The H values
are obtained by comparing the retention indices of two compounds that differ by
only one structural element. It is thu.s possible to isolate the influence of single
structural features on the retention index. The Lll-values can be treated in the same
way. This leads to o(ill) values, which are, however, of more importance for Part III
of this series, since the ill values of open-chain hydrocarbons are only produced by
double bonds in the molecule. They are small and not always characteristic.
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TABELLE XI

IS lEMa LJI HS

80 0 I20 0 80 0 I20 0 80 0 I20 0 80 0 I20 0

CycJopenten 552 559 635 649 83 90 52 59
Cyclohexen 681 689 769 784 88 95 81 89
Cyclohepten 785 800 878 900 93 100 85 100
trans-Cycloocten 899
cis-Cycloocten 895 913 993 1019 98 106 95 II3
trans-Cyclononen 1024 1146 122 124
cis-Cyclononen 1029 II47 II8 129
trans-Cyclodecen II22 1239 117 122
cis-Cyclodecen II30 1251 121 130
trans-CycJoundecen 1214 1330 II6 114
cis-Cycloundecen 1223 1346 123 123
trans-Cyclododecen 1306 1421 II5 106
cis-Cyclododecen 1315 1440 125 II5

I-MethyIcycJopenten 647 660 724 737 77 77 60
I-Methylcyclohexen 769 781 853 865 84 84 81
I-Methylcyclohepten 863 874 947 969 84 95 74
1-MethylcycJoocten 969 983 1059 1084 90 101 83
I-MethylcycJononen 1102 121 4 112 102
trans-I-Methylcyclodecen }* 1200 1316 II6 100
Cis-I-Methylcyclodecen
trans-I-Methylcycloundecen }* 1292 1409 II7 92
Cis-I-Methylcycloundecen 1295 1413 II8 95
trans-I-Methylcyclododecen 1382 1500 II8 83
cis-I-Methylcyclododecen 1392 1513 121 92

*Die Klammern solIen andeuten, dass die Zuordnung des trans- und des cis-Isomeren frag-
Iich ist.

3. Die HS-Werte (gegenuber 1~-Alkanen gleicher C-Zahl) zeigen w;e diejenigen
der Cyclane Maximalwerte fur den 9- und lo-Ring, der auf einen Enthalpieuber
schuss als Folge der grossen Beweglichkeit der Ring-C-Atome zuruckzufUhren ist.

4. Die LlI-Werte steigen bis zum 9-Ring an, urn mit steigender R-ingzahl kon
stant zu werden. Sie spiegeln zwei Einflusse wider, den des gesattigten Ringes und
den der Doppelbindung. Ein hoher ill-Wert wird fUr das Cyclohexen beobachtet,
der z.T. auf der ausgepragten cis-Konfiguration der Doppelbindung, die sich im
6-Ring ausbildet, beruht.

Eliminiert man den Einfluss des Ringes auf die I-Werte, wie in Tabelle XII
geschehen, so sieht man, dass eine Doppelbindung im Ring 25-35 IE zum LlI-Wert
beitragt. Fur die cis-Cyclene mit 5- bis 8-Ring-C-Atomen findet man 35, fur die
trans-Cyclene vom 9-Ring an 38 bis 23 Einheiten mit abnehmender Tendenz. trans
Cyclononen hat einen haheren LlI-Wert als das cis-Cyclononen, was auf die geringe
Symmetrie zuruckgeht. Die LlI-Werte mittelstandiger, offenkettiger Olefine sind
vergleichsweise hOher und liegen bei etwa 40 IE. In der gleichen Tabelle finden sich
auch die HS-Werte, die sich durch Homomorphiebetrachtung zwischen den Cyclenen
und den entsprechenden Cyclanen ergeben. Mit Ausnahme des Cyc10hexens findet
man bei den einfachen Cyc1enen negative Werte, die in der Grassenordnung der 0(

Olefine bzw. der mittelstandigen Olefine liegell. Hahere Werte werden nur fUr den
8-, 9- und lo-Ring gefunden.

J. Chromatog., 23 (1966) 18-41



28 G. SCHOMBURG

TABELLE XII

oHs 0(..11) t(°C)

Cyclopenten - Cyclopentan -16 36 80
Cyclohexen - Cyclohexan + 13 40 80
Cyclohepten - Cycloheptan -19 37 80
cis-Cycloocten - Cyclooctan -30 33 80
trans-Cyclononen - Cyclononan -25 38 120
cis-Cyclononen - Cyclononan -20 34 120
trans-Cyclodecen - Cyclodekan -25 29 120
cis-Cyclodecen - Cyclodekan -17 33 120
trans-Cycloundecen - Cycloundekan -21 24 120
cis-Cycloundecen - Cycloundekan -12 31 120
trans-Cyclododecen - Cyclododekan -19 23 120
cis-Cyclododecen - Cyclododekan -10 33 120

Methylcyclopenten - Methylcyclopentan + 12 45 80
Methylcyclohexen - Methylcyclohexan +36 50 80
Methylcyclohepten - Methylcycloheptan -6 39 80
Methylcycloocten - Methylcyclooctan -16 34 120
Methylcyclononen - Methylcyclononan 4 38 120
cis-Methylcyclodecen - Methylcyclodekan 2 38 120
trans-Methylcycloundecen- Methylcycloundekan + 4 35 120
cis-Methylcycloundecen - Methylcycloundekan + 7 36 120
trans-Methylcyclodocecen - Methylcyclododekan + 6 34 120
cis-Methylcyclododecen - Methylcyclododekan + 12 37 120

Die 1-Werte der Methylcyclene sind ein wenig niedriger als diejenigen der
Cyclene, obwohl der Beitrag der Doppelbindung grosser ist als der des Ringes.
Die trans- und cis-Isomeren zeigen wesentlich geringere Unterschiede in den LlI
Werten als bei den Cyclenen. Die Reihenfolge der beiden Isomeren ist aber noch nicht
sichergestellt.

Der Beitrag der Doppelbindung zum Ll I-Wert, vgl. Tabelle XII, vorletzte Spalte,
ist bei den Methylcyclenen erwartungsgemass etwas grosser. Ausserdem werden
kaum noch Unterschiede zwischen den trans- und den cis-Isomeren beobachtet. Der
Einfluss der Methylgruppe auf die intermolekulare Wechselwirkung ist offenbar
starker als derjenige der sterischen Anordnung der Ring-C-Atome. Die HS-Werte
der r-Methylcyclene sind wesentlich hoher als diejenigen der Cyclene, und zwar urn
etwa 25 IE. Eine Ausnahme stellt nur das r-Methylcycloocten dar. Fur {J- und mittel
standig methylverzweigte Doppelbindungen beobachtet man bei offenkettigen
Kohlenwasserstoffen gegenuber den unverzweigten Typen eine Indexzunahme von
20 bis 25 Einheiten (Tabelle XIII).

TABELLE XIII

2-Methyl-2-hexen -+ 2-Hepten 23
3-Methyl-3-hexen -+ 3-Hepten 19
cis-Methylcyclodecen -+ cis-Cyclodecen 30
cis-Methylcycloundecen -+ cis-Cycloundecen 28
cis-Methylcyclododecen -+ cis-Cyclododecen 23
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82 V. 1. YAKERSON et at.

log VR
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(11)
CH -fJ-CH -fJ-CH0 3 5 253

(4)
CH3VSC4H9 - iso

(12)
C H S-fJ-CH J[J2 S 5 2 0

(5)
CH 3-fJ-sc4 Hg -n (13)

(JLCH -fJ-sc H0 5 2 0 2 S

(6)
C2HS-fJ-SC2HS

(14) CrCH2-o0

(7)
C2Hs S-fJ-SC2 HS

(15) C2Hs --S--S--C2Hs
0

(8)
(JLCH J[J

5 2 0

Fig. 9. Relationship between relative retention volumes and boiling points. Column: zo% poly
ethyleneglycol adipate on diatomite brick treated with an alkali. Temperature: (D) 137°, (.) ZIO°.
Notations of the points: I = sylvan; z = z-ethylmercaptofuran; 3 = s-ethylmercapto-z-methyl
furan; 4 = S-isobutylmercapto-z-methylfuran; S = s-n-butylmercapto-z-methylfuran; 6 =
s-ethylmercapto-z-ethylfuran; 7 = z,S-bis-(ethylmercapto)-furan; 8 = z-furyl-z'-thienyl
methane; 9 = z-methyl-s-(z-furfuryl)-thiophene; 10 = di-(z-thienyl)-methane; II = bis-(S
methyl-z-thienyl)-methane; IZ = ethyl (s-furfuryl-thienyl-z) sulphide; 13 = ethyl (s-thenyl
furyl-z) sulphide; I4 = diphenylmethane; IS = diethyl disulphide.
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CHR01l1ATOGRAPHIE UND ELEKTROCHR01l1ATOGRAPHIE ANORGANISCHER SALZE 16r

Hierin bedeuten
s = Weg del' Zone in del' Zeit t (cm) ,
1= Stromstarke (A),
t = Elektrolysedauer (Std.),
q = Querschnitt des Trennrohres (0.332 cm2).
Diese Grosse gilt jedoch nur fiir eine Quarzpackung bestimmter Korngrossen

fraktion. Sie stellt auch nur ein relatives Mass fUr die Bewegung del' lonen dar, da die
Schmelze durch Elektrophorese selbst eine langsame Verschiebung in Richtung
zur Anode erfahrt. Absolute Messungen del' lonenbeweglichkeit waren nur mit Hilfe
einer radioaktiven lndizierung sowohl del' Sulfat als auch del' Kaliumionen zu erreichen.

Das Diagramm del' Fig. 5 gibt einen Uberblick iiber die Konzentrations
verteilung del' lonen am Ende derVersuche. Die relativ breiten Zonen, die sich in del'
Mitte noch iiberlappen, sind hier ·auf die im Vergleich zu den Saulenchromato
graphie-Versuchen wesentlich grosseren Salzmengen zuriickzufiihren, welche zwischen
2 und 5 mg Metallion lagen. Lediglich beim leicht lokalisierbaren U(Vl) und dem
analytisch untersuchten Ce3+ wurden kleinere Mengen eingesetzt, die dann auch
vollkommen voneinander zu trennen waren.

Es wandern demnach Uran-, Titan- und Vanadinsalze nach del' Anode, Nickel,
Kobalt(II), Kupfer(II) und Cer(IIl) nach del' Kathode, und man kann schliessen,
dass die erstgenannten Salze komplexe Anionen bilden wahrend die anderen in kat
ionischer Form ge16st sind.

Beim Versuch, Chrom(lII) von Kobalt zu trennen, blieb in dem pyrosulfat
reichen Eutektikum die Hauptmenge des Chromsulfates ungelost. Es verschob sich
als triib olivgriine Zone sehr langsam in Richtung zur Kathode, wogegen das Kobalt
wesentlich schneller abwanderte, so dass auch hier zumindest qualitativ eine Tren
nung stattfand.

VOl' dem Einbringen del' Kobalt-Uranyl- bzw. Kobalt-Titanylsulfatgemische
mussten diesen ein paar Tropfen konz. H 2S04 zugesetzt werden, damit das Kobalt
salz in Losung blieb.

1m FaIle del' Trennungen yom Vanadin, das in Form des VO(S04)2' 5 H 20
verwendet worden war, ist zu bemerken, dass nur del' Teil ins Diagramm aufgenom
men wurde, del' als griinblaue Zone zur Anode wanderte. Ein erheblicher Anteil war
mit braunlich gelber Farbe am Startpunkt verblieben. Das ganz ahnliche Verhalten
bei del' Saulenchromatographie zeigt, dass dieses in zwei verschiedenen Formen
gelost ist. Wahrscheinlich handelt es sich bei del' blauen Zone um noch teilweise
hydratisierte lonen und bei del' gelben Form um wasserfreie Komplexe. Diese An
nahme wird auch durch die Farbanderung bei del' stufenweisen Entwasserung des
VOS04·5 H 20 nahegelegt25. Dass ein Teil zum Vanadin (V) oxydiert wurde, ist
weniger wahrscheinlich.

Um das Verhalten del' gelosten lonen unter einem gemeinsamen Gesichts
punkt betrachten zu konnen, wird zweckmassigerweise das Kationenpotential, del'
Quotient aus Kationen-Ladungszahl und -Radius, herangezogen. Die Werte fiir die
bei del' Saulenchromatographie stark adsorbierten lonen des Fe(lII) und Al liegen
dann bei 5.0 und 6.0 A-I, wahrend Cr3+ mit dem lonenpotential 4.7 A-I nur noch
teilweise zuriickgehalten wird. Cer(lII) mit 2.9 A-I fliesst bereits mit del' Front del'
Schmelze, so dass wohl auch fiir die anderen Seltenerdelemente (lonenpotential des
Lu3+ = 3.2 A-I) an den bisher untersuchten Adsorbentien mit KHS04-Schmelze
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Fig. 5. Die geschatzten relativen Farb- und Fluoreszenzintensitaten bzw. Analysenwerte nach der
elektrochromatographischen Trennung von Ionen in KHS04-K2S20 7-Eutektikum.
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NOTES 179

gende Zusammensetzung (siehe VAN DER HELM et al.6): 7.2 ml Losung I; 0.2 ml
Losung II; und 8 mg Nikotinamidadenindinukleotid (NAD); (pH 7.6).

Das Gemisch muss taglich frisch aus den folgenden Stamm-LOsungen bereitet
werden:

Losung I: I ml Natriumlaktat (7<>-72 %); So mg Natriumcyanid; 1.8690 g
Dinatriumhydrogenphosphat (Na2HP04 '2H20); 0.2722 g Kaliumdihydrogen
phosphat (KH 2P04); und 25 mgTetrazolium-Nitrobla'u (Nitro-BT). Diese Substanzen
werden in dest. Wasser gelost. Sodann wird auf 90 ml aufgefiillt und filtriert, wobei
moglichst alles in Losung gehen solI.

Losung II: 10 mg Phenazinmethosulphat (PMS), ge16st in 10 ml dest. Wasser.
Die beiden Losungen I und II sind mindestens 14 Tage haltbar, sofem sie voll

standig dunkel bewahrt werden.
Die Farbentwicklung auf LDH ist bereits nach ca. IS min zu sehen (Fig. 3).

Inkubation bei 37° langer als 2 Stunden ist nachteilig. Gleiche Farbentwicklung
wird bei Inkubation wahrend der Nacht bei Zimmertemperatur erreicht, sofem diese
im Dunkeln erfolgt.

Das Gel wird nach der Farbung aus der InkubationsfHissigkeit genommen, in
destilliertem Wasser gespiilt und in 2 %iger Essigsaure bewahrt. Innerhalb einer
Woche tritt keine Farbintensitatsanderung der Bander auf.

Es muss darauf hingewiesen werden, dass die Trennung am Polyacrylamid
nicht in allen Fallen das gleiche Verteilungsmuster liefert, wie eine Auftrennung
mittels Agar-Elektrophorese (Fig. 3).

(c) Apfelsauredehydrogenase (MDH). Der Nachweis von MDH erfolgt analog der

Fig. 4. Enzym-Trennung an 10 % Acrylamid. Total-Extrakt des Tapetums von Lilium henryi, Te
traden-Stadium de.r Pollenmeiose. A = Peroxydase; B = LDH; C = MDH.
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News

Forthcoming Events

TECHNICON INSTRUMENTS COMPANY LTD.

JOURNAL OF CHROMATOGRAPHY

European Symposium I966
We feel that we can confidently claim that the Scientific Symposia on Auto

mation in Analytical Chemistry which we have sponsored throughout Europe during
the past five years, have proved to be of value not only to users of our equipment,
but to scientific workers generally.

We believe that the time has now come when we should concentrate our
efforts into one main European Symposium to be alternated annually between the
principal cities in Europe.

We are very much aware of the demands made on the time of scientific workers
who have papers to present and we feel that by concentrating our efforts into one
main meeting, it will be more convenient for scientists not only from Europe, but
from all parts of the world to attend.

In 1966 the European Symposium will be held in Paris on the 2nd, 3rd and 4th
November 1966. The venue will be the Salon de la Chemie, 27 bis, Rue Saint Domini
que, Paris VIle.

We are planning a rather more comprehensive meeting than has been possible on
previous occasions and in due course we shall be publishing a copy of the programme
showing the papers from all over the world which have been accepted for presentation
by the Scientific Committee.

Adequate multilingual simultaneous translation facilities wili be provided and
the whole of the Technicon European Technical Staff will be in attendance.

We are making arrangements for cheap travelling facilities and charter flights
from the United Kingdom to Paris for the 1966 Symposium and details will be an
nounced later. Additionally we can tell you that arrangements for hotel accommo
dation in Paris are being put into the hands of a reliable and internationally known
travel agency.

We sincerely hope that this first announcement of our plans for the 1966
Technicon European Symposium will find favour with you and that you will be able
to attend.

As on previous occasions, the Symposium will be supported by a large exhi
bition of the latest Autoanalyzer systems and devices and adequate time will be
allowed in the programme for free discussions between scientists with common
interests.
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TABLE I

RECOVERY OF I,4-MelmAA

I,4-MelmAA I,4-MelmAA Amount of Recovery of
found in urine found in urine added authentic added authentic
sample without sample with I,4-MelmAA I,4-MelmAA
added authentic added authentic
compound I,4-MelmAA
(ftg) (ftg) (ftg) (%)

27 86 79 74·7
27 ISS 159 80·5
27 227 238 84.0
68 332 3°0 88.0
68 336 3°0 89·3
68 459 5°0 78.2
75 212 159 86.1
75 427 397 88·7
82 259 200 88,5
82 241 200 79·5
91 IS° 75 78,7
91 241 200 75.0
91 352 3°0 87.0
95 127 4° 80.0
95 449 45° 78.7

123 274 200 75·5
123 545 5°0 84·4
IS° 268 IS° 78.7
IS° 285 159 84·9
IS° 3°9 200 79·5
167 373 25° 82·4
173 227 7° 77.1
173 282 125 87.2
173 318 175 82·9
182 236 7° 77.1
182 261 100 79.0
182 286 125 83.2
182 341 200 79·5
182 491 4°° 77·3
395 491 125 76.8
445 7°9 3°0 88.0

Mean (± standard error of the mean) 81.6 ± 0.8

I.5-MelmAA in the samples were calculated, correction being made for losses oc
curring during separation and esterification. The standard deviation and the co
efficient of variation were then calculated (Table III). The standard deviation
was higher for 1,5-MelmAA than for 1,4-MelmAA. This probably depends on gas
chromatographic factors, since in some gas chromatograms the peak corresponding
to 1,5-MelmAA (methyl ester) was not completely separated from the following one,
the identity of which is unknown. When this occurs, the estimation of the peak area
is more uncertain. With some of the EGA-packings, the peak corresponding to 1,5
MelmAA (methyl ester) also showed a slight degree of tailing.

The 24 h excretion of I,4-MelmAA and I,s-MelmAA
The 24 h excretion of 1,4-MelmAA and 1,5-MelmAA by healthy individuals of

either sex and of ages ranging from 19 to 65 years was determined (Table IV). Diets
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INTRODUCTION.

In contrast to numerous publications reporting systematically correlated gas
chromatographic data for monoterpenes2- 4 no study of comparable magnitude has so
far appeared in the literature concerning similar criteria of identity for sesquiterpene
hydrocarbons, whose preparation and authentication are delicate and difficult opera
tions. It is the purpose of this paper to present such data, to illustrate their value for
the analysis of essential oils and related products and to interpret characteristic
gas chromatographic parameters assembled for some of the isolates in terms of molec
ular structure.

EXPERIMENTAL

Apparatus and procedures
Apparatus and gas chromatographic methods were described previously5. In

addition to Reoplex 400 (10 %) deposited on acid-washed chromosorb W, silicone
rubber SE-30 (10 %) and silicone nitrile XE-60 (5 %) were used as substrate. Mono
terpenes were examined at 100° and sesquiterpene hydrocarbons at 150°. Carrier
gas (helium) flow rate was maintained at 75 (± 1) ml/min. Three stable aromatic
hydrocarbons, namely naphthalene, 2-methylnaphthalene and acenaphthene, which
are commercially available (purity 99 %), were used as internal standards.

I solation of sesquiterpene hydrocarbons
Since these compounds are commercially unavailable, they were isolated from

authenticated essential oils by careful rectification and column and/or preparative
gas chromatography of specific fractions. Some of the products were courteously
supplied by other researchers (see Table I). Their identity was in all instances con
firmed by comparison of their infrared spectra with those of genuine reference
standards or published data. Column chromatography was generally carried out
using neutral grade I alumina (Woelm) (20 times the weight of the sample) as adsorb
ent and petroleum ether as eluant.

* For Part XXXI, see ref. 1.
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Fig. 4. Chromatogram obtained by injection of 0.5 f.lg each of a mixture of those barbiturates
referred to in Fig. 3, in 2 p..l of ethanol. SE-30-tristearin column temperature-programmed from
I500 at 5° per min. Attenuation: X 50. Axes as in Fig. 1. ~ is at point of injection.

Fig. 5. Chromatogram obtained by injection of 0.05 f.lg each of a mixture of secobarbital (I),
hexobarbital (2), rutonal (no peak), cyclobarbital (3), and heptabarbital (4), in I {II of ethanol.
SE-30-tristearin column temperature-programmed from I500 at 5° per min to 2000 then isother
mal. Attenuation: X 5. Axes as in Fig. 1. ..... is 2 in. from point of injection.

Separation of the mixture of ro barbiturates referred to above can be effected
in 6 min by running at 200 0 but in this case the resolution of amobarbital and
pentobarbital at 200 0 is not as good as either the r60 0 or the temperature-program
med run.

On the SE-30-tristearin column, it is not possible to achieve good resolution
of a mixture of aprobarbital and di-allylbarbituric acid but, by using the more polar
QF-r phase, (also containing tristearin), these two barbiturates may be satisfactorily
resolved. On the other hand, a mixture of rutonal and cyclobarbital is not resolved
at all on QF-r-tristearin but, on SE-30-tristearin, the two drugs are separated quite
cleanly.

Analysis of extracts from biological media
Initially, barbiturates were added to biological samples known not to contain

any barbiturate. One result, typical of these experiments, is shown in Fig. 6. For
comparison purposes under the same conditions, Fig. 7 shows the tracing from a
standard barbiturate mixture. In this case, the barbiturates barbital, di-allylbarbi
turic acid, butethal, amobarbital and pentobarbital were added to 5 ml of blood to
give a concentration for each barbiturate of r mg per roo ml of blood. Three-fifths
of the extract was taken to dryness and the residue dissolved in roo flol of ethanol.
The 5 flol of this solution which was injected would contain 1.5 flog of each barbiturate
if there were roo % recovery. By comparison of peak heights with the standard
(Fig. 7), the recovery would appear to be about 50 % for butethal, amobarbital and
pentobarbital.
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(c) Identification of acid mucopolysaccharide fractions
Identification of each eluent was performed by chemical analysis, acetate

paper electrophoresis, infrared spectroscopy, digestion with hyaluronidase and paper
chromatography of the product of acid hydrolysis.

Chemical analyses included the carbazole and orcinol reactions for uronic acid,
as previously mentioned, the BOAS22 modification of the Elson-Morgan reaction for
hexosamine, and the method of EGAMI AND TAKAHASHl2cl for sulfate groups.

Electrophoresis was performed with acetate paper (Sepraphore III, Gelman
Co.) in a horizontal chamber using pyridine-acetic acid-water (5: IOO: 895, v/v)
buffer pH 3.625 and a constant current of 0.5 rnA/em for 120 min at 25°. The air
dried strip was stained with alcian blue (O.I % alcian blue and 5 % acetic acid in 20 %
ethanol). The Beckman Analytrol, Model RB, was used at 660 mil- for determination
of the percentage composition of the mixture26.

Infrared spectrum. A few drops of aqueous AMPS solution were allowed to dry
on the surface of a cell plate formed of 56 % thallium iodide, 4 % thallium bromide
and 40 % sodium chloride (Hitachi Co.). After further dehydration in a desiccator
overnight, the infrared spectrum was recorded from I,330 cm-1 to 400 cm-1 using a
Perkin-Elmer model 337 spectrophotometer.

Hyaluronidase (EC 4.2.99.I) digestion of AMPS was performed in dialysis
tubing with testicular hyaluronidase (Nutritional Biochemicals Co.) in O.I M phos
phate buffer, pH 7.0 constituted with a physiologic concentration of NaCl. After
4 days of dialysis at 37° (against the same buffer), unaffected AMPS retained in the
dialysis tube was measured by the orcinol method.

Identification of products of acid hydrolysis was accomplished by paper
chromatography.

Hexosamine was determined in the following manner: after hydrolysis with
4 N HCI at IOOo for 12 h in sealed tubes, the amino sugar component of each AMPS
was ascertained by descending paper chromatography on Whatman No. I paper
with n-butanol-pyridine-water (5:3:2, v/v) for 30 hours at 25°. The chromatograms
were stained with ninhydrin (O.I %) in acetone and with a water-saturated butanol
solution (30 ml) of aniline (3 ml) and phthalic acid (4.8 g)27, D-glucosamine and D
galactosamine hydrochlorides (Nutritional Biochemicals Co.) were used as control
standards.

Uronic acids in AMPS were identified by the method of RADHAKRISHNAMURTHY
AND BERENSON28 following hydrolysis for 6 h at IOOo in sealed tubes with formic acid.
Descending paper chromatograms (Whatman No. I) obtained with n-butanol-acetic
acid-water (4:I:2, v/v for 18 h, were developed with aniline-phthalic acid solution
and silver nitrate. D-Glucuronic acid (Sigma Co.) and L-iduronic acid derived from
hydrolysed CS-B were used as standards.

(d) Recovery of individual standard acid mucopolysaccharides
Five mg of each AMPS (HA, HMS, CS-A, CS-B, CS-C and Hep) were dissolved

in 25 ml of 0.05 M NaCl. Five ml of each solution were retained as a control while
2 ml of 2 % aqueous CPC and 0.3 g of Celite were added to the remaining 20 ml
which was then kept overnight at 25°. The CP-AMPS precipitate separated by
centrifugation was applied to a cellulose column and fractionated. in sequence with
NaCl and with ethanol as previously described.
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HNOaand HCI04 systems when using either paper or silica gel as support; the ad
sorption found for Bi and Hg in the HNOa system, which does not correspond too
well with some of the literature data; and the adsorption found for Pb in the HCI04

system. In these and similar cases the influence of hydrolysis and precipitation
cannot simply be neglected.

When trying to solve some of the problems outlined, comparative experiments
using supports treated with cation-exchangers, anion-exchangers and neutral sup
ports20 ,21 may be enlightening, i.e. the use of liquid cation-exchangers such as HDEHP
and the stronger acidic dinonylnaphthalene suIphonic acid will be valuable. In a
preliminary study some interesting observations regarding the role of the anion in
the case of supports treated with liquid cation-exchangers have been made by us
and it is hoped that these investigations will be continued shortly. Involvement of
these cation-exchangers is also interesting because excellent results have already
been achieved when using them in the field of e.g. rare earth6 and alkaline earth21 sepa
rations. Therefore, a more thorough investigation of these acidic extractants in cllro
matography, especially for the more commonly encountered ions, is certainly justified.
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SUMMARY

Paper and thin-layer chromatography-which generally give analogous
results-have been carried out in HNOa, HBr, HI, HSCN and HCl04 systems,
using supports impregnated with high-molecular-weight amines and substituted
ammonium salts. Based on results previously obtained in the HCl system, 5-7
liquid anion-exchangers were investigated, using approx. 10 cations for each acid
system.

The HBr and HI systems generally give results comparable to those found
with HCI as an eluant. A more divergent picture is shown by HSCN, with which
eluant it is preferable to use paper chromatography for the time being. The HNOa
system shows fairly low adsorption for most ions, but some interesting applications
are outlined. Results with HCI04 , on the other hand, are not particularly successful.
The use of HI and HBr solutions containing some free 12 and Br2' respectively, has no
unfavourable effects.

The Rp spectra in the HBr and HNOa systems show good agreement with
literature data on solid anion-exchangers. Most curves may be explained assuming
an anion-exchange mechanism, adsorption to the support being important inciden
tally.

The adsorption sequence previously reported for the liquid anion-exchangers
appears to be reliable for general guidance.
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332 NOTES

in the a-globulin region and a new zone appeared in the region of the ,a-globulins. The
y-globulin also showed the presence of at least two zones. Similar changes were also
observed on the nitrocellulose membranes. Thus strip NO.3 (with an excess of un
bound detergent present) showed an electrophoretic pattern analogous to that on
acety1cellulose strip NO.2. On strip NO.4 (with firmly bound detergent only), how
ever, a "normal" pattern was achieved which could be compared to that on strip No. I.

A somewhat greater adsorption of proteins was observed sometimes on the "VUFS"
strips treated in this way as well as a slight coloration of the background by nigrosine.
The zones, however, were often more distinct than on acety1cellulose.

Disc~tssion

The results mentioned above led to the conclusion that changes of the "normal"
electrophoretic pattern of human serum were most probably caused by the presence
of unbound Tween .60 in the membranes. Similar changes have been described6 with
sera incubated with detergents. These artefacts, however, consisting in a changed
mobility of certain fractions, might be expected to have a special analytical value, for
instance when analysing sera of patients suffering from different diseases.

Nevertheless, it was interesting to find that Tween 60, when firmly bound to the
supporting medium, did not cause the changes mentioned above. This result seemed
to confirm a previous assumption3 that the electrophoretic separation of proteins
took place in a l;mffer solution which was supported by the microporous framework
of nitrocellulose, coated thoroughly by a film of Tween 60. In this connection it would
be possible to speak about an electrophoresis on Tween 60 rather than on nitrocel
lulose. Further experiments involving quantitative evaluations will be necessary,
however, before an adequate interpretation can be given to these findings.

The results presented here reaffirmed our previous observations of a minimal
electro-endo-osmotic flow on nitrocellulose as compared to that on acety1cellulose
(cf. Fig. 3)·

It seemed also reasonable to assume that other impregnating substances
could be bound to the nitrocellulose membranes instead of Tween 60, to form sup
porting media with appropriate properties and special binding capacities. Experi
ments concerning these questions are now under study in our laboratory.
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Preparation and general properties of the polyesters
The preparation was carried out according to the previously described proce

dure!, with minor modifications * . The polyester derived from ethylene glycol and
adipic acid is a viscous liquid, while that derived from r,4-butanediol and adipic acid
is a semi-solid; the others obtained from r,5-pentanediol onwards up to r,r5-pentade
canediol and adipic acid are low-melting solids. Polyesters derived from hexadecane
r,r6-dicarboxylic acid, as well as sebacic acid, are all low-melting solids.

The approximate molecular weight determinations of some of the polyesters
were carried out by end group titrations in alcoholic solution. The results are shown
in Table 1.

TABLE I

MOLECULAR WEIGHTS OF THE POLYESTERS AS DETERMINED BY THE END GROUP TITRATIONS

Components of the polyeste1'

Acid

Adipic acid
Adipic acid
Adipic acid
Adipic acid
Adipic acid
Adipic acid
Adipic acid
Adipic acid
Adipic acid
Succinic acid
Adipic acid
Sebacic acid
Hexadecane-I, 16-dicarboxylic acid
Hexadecane-l, 16-dicarboxylic acid
Hexadecane-l, I 6-dicarboxylic acid
Succinic acid
Adipic acid
Sebacic acid

Glycol

Ethyleneglycol
1,3-Propanediol
I,4-Butanediol
1,5-Pentanediol
1,6-Hexanediol
1,9-Nonanediol
I, 10-Decanediol
1,13-Tridecanediol
I, 15-Pentadecanediol
Ethyleneglycol
Ethyleneglycol
Ethyleneglycol
1,4-Butanediol
1,10-Decanediol
I, I 5-Pentadecanediol
I,5-Pentanediol
1,5-Pentanediol
1,5-Pentanediol

Molecular
weights

433,420
442,466
1021,978

7563,6730
insoluble
insoluble
insoluble
insoluble
333,286
433,420
II38, 1008
insoluble
insoluble
insoluble
insoluble
insoluble
insoluble

The following terpenic and non-terpenic samples were employed for the com
parative evaluation of the polyesters:

(r) iX-Pinene, (2) ,8-pinene, (3) LJ3-carene, (4) limonene, (5) tricyclene, (6) cam
phene, (7) r: 8-cineole, (8) p-cymene, (9) cyclohexane, (ra) methyl alcohol and (II)
ethyl alcohol.

Monoterpenic oxygenated compounds. (r) iX-Terpineol, (2) linalool, (3) I-borneol,
(4) isoborneol, (5) menthol, (6) isopulegol, (7) camphor, (8) carvone, (9) bornyl
acetate.

Sesquiterpenic hydrocarbons. (r) Tetrahydroelemene, (2) ,8-selinene, (3) caryo
phyllene, (4) humulene, (5) longifolene, (6) longicyclene, (7) cyclopentadecane.

* The temperature for the ester formation in the present case is 145-150° as against 135-140°
employed previously, as this slightly higher temperature was necessary to ensure homogeneity of
the reaction mass.
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Fig. I. Number of methylene groups in the glycolic fragment of the polyester (keeping adipic acid
constant) vs. retention time. (a) Monoterpenes at 80°; (b) sesquiterpenes at 163-164°.
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Calculation of the average ratio of the retention times of sesquiterpenic hydro
carbons on sebacic acid polyester and succinic acid polyester shows that the ratio is
5.083 instead of 4, and in the case of adipic acid polyester and succinic acid polyester,
it is 2-42 instead of 2.0. However, it is interesting to note that in both cases the values
are almost exactly 25 % higher when compared to the expected values, and the ratio
of the observed and the expected values is nearly constant, though not in the form
of a multiple of unity. This can be attributed to the difference in the nature of the
glycols (diethylene glycol in the previous series and ethylene glycol in this series).
This probably indicates that only diethylene glycol, having ethereal oxygen is re
sponsible for the exact unitary nature of the arithmetical relationship in the polyester
series prepared from l,w-dicarboxylic acids and diethylene glycol. This, however, is
merely incidental.

I,s-Pentanediol (constant) and succinic acid, adipic acid, sebacic acid
The retention time data recorded on the above mentioned columns are tabu

lated in Table VII.
In this case, calculation of the average ratio of the retention times of the same

samples of hydrocarbons on sebacic acid polyester and adipic acid polyester shows
that the ratio is 1.45 instead of 2 and in the case of adipic acid polyester and succinic
acid polyester it is 1-48 instead of 2. These values are nearly 26 % lower than the
calculated value of 2.

TABLE VII

RETENTION TIME IN MINUTES AT 163-164°: GLYCqLIC FRAGMENT (1,5-PENTANEDIOL) CONSTANT

Compound Number of methylene groups in the
acidic fragment of the polyester

8 4 2

a-Terpineol 11.45 10.60 8·75
Linalool 5. 23 4·95 3.90
l-Borneol IO·45 9.70 8.17
Isoborneol 8.66 8·95 7. 17
l-Menthol 8.66 8.17 6.70
Camphor 6.40 6.10 5.40
Carvone 12.60 12.80 11.40
Isopulegol 8.50 6.87 5. 60
Bornyl acetate 8.00 7. 00 5.70
Tetrahydroelemene 9.5 6 6.66 4.40
{j-Selinene 20.80 15.00 10.50
Longifolene 12.70 8.70 5.70
CaryophyIlene 14.20 9. 60 6,70
Humulene 18.00 12.25 8.70
Longicyclene 10.00 6·75 4·33
Cyclopentadecane 18.00 10.90

This transition from higher values in the case of the ethylene glycol and l,w
dicarboxylic acid series to lower values in the case of pentanediol polyester series is
most probably connected with structural features associated with the chain length
and conformational features of the glycol part. This aspect is receiving our special
attention and will form the subject of a separate communication.
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TABLE IX
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Adipic acid and I, 15-penta- Tetrahydroelemene and p-selinene 1.963
decanediol Caryophyllene and humulene- 1.361

Longifolene and longicyclene 1.208

Silicone elastomer Tetrahydroelemene and p-selinene 1-480
Caryophyllene and humulene 1.129
Longifolene and longicyclene I. I 28

Components of the polyester

Adipic acid and ethylene
glycol

Adipic acid and 1,15-penta
decanediol

Hexadecane-l,16-dicarbo
xylic acid and 1,15-penta
decanediol

Compound pair

Borneol and caryophyllene
Bornyl acetate and caryophyl

lene
Isopulegol and longifolene

Borneol and caryophyllene
Bornyl acetate and caryophyl

lene
Isopulegol and longifolene

Borneol and caryophyllene
Bornyl acetate and caryophyl

lene
Isopulegol and longifolene

IX

1.250

1.08
1.03

1.969
1.979

2.095

2. 21 7
3.039

N 5

1009 900

7570 65 60
49840 42430

196 -4 188.6

154.8 148.6
153·3 147. 1

136 .5 131.7

123.7 II9·5
82.68 79-97

342.2
2758
2797

149·5
512. I

121 3

if it is to be resolved on a column of polyester synthesised from adipic acid and ethylene
glycol, but the same mixtures can be resolved by only 83 plates if a column of poly
ester synthesised from hexadecane-I,I6-dicarboxylic acid and I,Is-pentadecanediol
is used. The case is similar with other pairs presented in Table IX.

This type of stationary phase, prepared from either long-chain I,w-glycols or
long-chain dicarboxylic acids, seems to give a very nice and distinctive cut between
the oxygenated compounds and hydrocarbons. At the same time these phases will also
resolve the individual components. From Table IX, it is clear that the separation of
tetrahydroelemene and ,8-selinene would require nearly 342 plates on a silicone
column, but the same mixture can be separated by only ISO plates if it is chromato
graphed on a polyester synthesised from adipic acid and I,Is-pentadecanediol; and
similarly with other pairs of hydrocarbons.

Calculation of N, the number of theoretical plates, in the case of capillary
columns used to give velY high values, but the same degree of separation was also
attainable by packed columns. This anomaly was clearly explained by PURNELL3.

The general equation given by him is as follows:

(
V d) ( V d)2N = 5 [1 + 2 V R- + V R- ]

In this equation full allowance is made for the dead volume of the column,
which becomes significant when the retention volume is very low compared to the
dead volume.

In the present series of polyesters, it can be seen from the retention time
data that, while going from ethylene glycol-adipic acid polyester to the last polyester,
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SUMMARY

B.V.BAPAT,B.B. GHATGE, S. C.BHATTACHARYYA

Polyesters from different l,w-glycols, ranging from ethylene glycol to 1,15
pentadecanediol, with adipic acid were prepared and evaluated as substrates for
gas-liquid chromatography. Several terpenic and a few non-terpenic compounds
were analysed. It was observed that the retention time is a characteristic of the
number of methylene groups in the glycolic fragment of the polyester and, as before,
follows a linear relationship, which starts deviating at l,lo-decanediol. The effect on
retention times by using ethylene glycol and changing the acid fragment was also
studied. Similarly, the effect on retention times by using 1,5-pentanediol (which has
the same number of polyvalent atoms in the chain unit as diethylene glycol) and
changing the acidic fragment was also examined. From the above mentioned obser
vations, it was clear that the retention times of hydrocarbon-type compounds may
be enormously increased by using a polyester derived from very-long-chain dicarbo
xylic acid and long-chain l,w-glycol. However, the retention times of hydrocarbons
reach a certain saturation point above which their solubilities do not increase appre
ciably. Finally, the effect of dead volume of the column was discussed with respect to
the case of long-chain as well as short-chain polyesters. Some of the stationary phases
described in the paper are likely to be very useful for capillary columns and for
preparative gas-liquid chromatography.
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L.R.SNYDER

silica with pKB is shown in Fig. 4. The LlQoi value for aniline (-0-48) is essentially
within the standard deviation of Fig. 2, Eqn. (2a), so we cannot decide a priori
whether aniline actually exhibits a greater than normal affinity for the silica surface.
The theoretical curve, analogous to Eqn. (3), drawn through the point in Fig. 4 for a
primary aliphatic amine assumes a pH for the silica surface equal 4. From this it
appears that bases with pK", p-reater than 5 (e.g. aniline) do not preferentially adsorb on
the silica surface.
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Fig. 3. Excess adsorption energies of acidic groups on alumina versus P]{A' (.) substituted phenol
values2 .

Fig. 4. Excess adsorption energies of basic groups on silica versus P]{B.

The above pH values for the alumina and silica surfaces are in agreement with
other measures of the relative acidity or basicity of these surfaces. Thus the ionization
constant of silicic acid H 3Si03 is equal to 10-10 (ref. 18) and the pH of a I M solution
is approximately 5, in good agreement with the pH value of the silica surface (i.e. 4)
inferred from Fig. 4- Similarly the basicity of alumina is assumed due to surface oxide
ions, whose basicity should be similar to aluminate ion. The ionization constant of
aluminic acid H 3Al0 3 is 4' 10-13 (ref. 18), and the pH of a I M solution of aluminate
ion is approximately 12-4, again in good agreement with the pH of the alumina surface
(i.e. 12) inferred from Fig. 3.

Bases have been claimed tel preferentially adsorb on Florisil, but presently
available data do not permit an estimate of the importance of this effect.

Ft,f,ndamental basis ofgroup adsorption energies on the metal oxides
Apart from the special case of adsorption of acidic groups on basic adsorbents,

and vice versa, it is apparent that group adsorption energies stand in the same relative
order on alumina, silica, Florisil, and (probably) other metal oxides and hydroxides.
This suggests a similar mechanism of adsorption for isolated polar functional groups on
all polar adsorbents. The previous correlational relationships permit us to reduce a
large number of group QOi values for different adsorbents and substituent types to a
single basis (or standard state) for examination of the major molecular forces respon
sible for the adsorption of each group on a metal oxide surface. Table IV provides such
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the estimated32 octahedral covalent radius of Ai plus 0.70 Afor the covalent radius of
N). The Ai atom is here depicted as located in the center of a square planar arrange
ment of four 0 2- ions (only two of which are shown) and directly above a fifth 0 2- ion
(not shown). The contact radius of the Ai with the 0 2- ions is taken as that of AP+. The
general structure of the alumina is presumed to be a defect spineP3 arrangement of y

alumina34, modified at the surface to approach the structure of Al(OH) 3(0-0 distance
2.78 A)35.

Fig. 3 uses the same types of bonding and spatial geometry as in Fig. 2,

except that the Ai atom is assumed (a) to have available two unfilled cis octahedral
bond orbitals directed outward from the surface and (b) to be resting centrally on the
two 0 2- ions shown. The other two 02-ions would be located in the outermost surface
layer directly in front of and behind the Ai atom in the diagram shown (i.e. above and
below the plane of the paper).
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SUMMARY

RF values for a variety of aromatic nitrogen heterocycles, diformalazines, stil
bazoles and pyridylethenes were determined by means of thin-layer chromatography
on alumina. In general, it was found that adsorbability of an azarene is greater than
that of its hydrocarbon analog, is subject to steric hindrance (increased RF ) by groups
which interfere with coordination by the n-electrons of the nitrogen atom, and may be
subject to an inductive effect (decreased or no change in RF ) by a sterically non
hindering methyl group. Observed RF values for diazarenes are compared with cal
culated RF values as based on three hypothetical models for adsorption and measured
RF values for "component monoazarenes." The geometry of adsorption of these
nitrogen compounds is discussed. It is concluded that the concept of edgewise or tilted
adsorption of an azarene by means of the n-electrons of the nitrogen atom is qualita
tively suitable and/or preferable in many cases. The possibility of simultaneous
edgewise (or tilted) and flatwise adsorption on a non-planar alumina surface is con
sidered particularly attractive.
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Short Communication

Thin-layer chromatography of nucleic acid bases, nucleosides, nucleotides and
related compounds

I. Quantitative analysis by direct f1uorometry*

Thin-layer chromatography (TLC) is now widely used for the separation of
many hydrophilic substances (for reviews see refs. 1-3). For the quantitative analysis
of compounds resolved on chromatoplates, the most practical procedure is the direct
scanning of spotsl - 3 . In this communication we would like to describe our preliminary
results concerning direct fluorometry of nucleic acid bases, nucleosides and nucleo
tides.

Methods
TLC was carried out on purified cellulose MN 300 layers4, with n-propanol-z5 %

ammonia-water (6: 3: I, viv) in the first, and isopropanol-saturated ammonium
sulphate-water (z: 79: 19, vIv) in the second dimension, using Shandon multiplates
chromatotanks (Shandon Ltd., London) without chamber saturation4 • This solvent
systems has been well established in the chromatographic laboratory of Robapharm
for the paper chromatography of nucleo-derivatives.
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I
Fig. I. Separation of some nucleo-derivatives on purified cellulose MN 300 layers4. First dimension:
n-propanol-25 % ammonia-water (6: 3: I, vjv), second dimension: isopropanol-saturated am
monium sulphate-water (2:79:19, vjv). The chromatography was carried out without chamber
saturation.

* Preliminary communication.
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Fig. 2. Typical peaks produced by scanning the spots[of adenosine, hypoxanthine, inosine, uracil,
uridine (5 flg) and adenosine-s'-monophosphate (S·S flg) using the CAMAG apparatus (lamp:
lIO-SS1; primary;filter: lIO-SIG; secondarYifilter:" lIO-S16; aperture at door: 2 mm; sensitivity:
3 x) .
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Fig. 3. Peak area plotted against log concentration of adenosine-s'-monophosphate.
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News

JOURNAL OF CHROMATOGRAPHY

SIXTH INTERNATIONAL SYMPOSIUM ON GAS CHROMATOGRAPHY AND ASSOCIATED
TECHNIQUES

THEME AND SCOPE OF SYMPOSIUM

As with other physical techniques, gas chromatography has overlapped more
and more with other subjects as it has matured. Coverage at this Symposium includes
not only gas chromatography itself, but also other disciplines associated with gas
chromatography. This is reflected in the extended title of the meeting.

The official language of the Symposium will be English.

LOCATION OF THE SYMPOSIUM

The Symposium will be held at the Cavalieri Hilton Hotel, which is situated on a
hill (Monte Mario) on the outskirts of Rome. Please note that the venue has been
changed from the Catholic University of the Sacred Heart to this hotel.

The exhibition will also be held in the hotel.

TECHNICAL PROGRAMME

The technical programme will consist of invited papers given by recognized
authorities, submitted papers, and discussions. Invited papers and submitted papers
will be presented and discussed in the four morning sessions of the meeting and the
proceedings will be recorded for publication. On three of the afternoons there will be
less formal discussions, the proceedings of which will be published in summary form.

Morning sessions
Prof. ]. H. PURNELL, Prof. A. 1. M. KEULEMANS, Prof. A. LIBERTI, and Prof.

S. R. LIPSKY have kindly accepted invitations to give plenary papers opening the
proceedings on each of the four morning sessions of the Sympo~ium.The following
submitted papers have been accepted for presentation:

Tuesday, 20th September: Theory and principles of chromatography

D. E. MARTIRE, The thermodynamics of dilute solutions: aliphatic solutes in aromatic solvents
and various solutes in paraffinic solvents.

A. V. IOGANSEN, G. A. KURKCHI AND O. V. LEVINA, Evaluation of hydrogen-bond energies by
means of gas-liquid chromatography.

O. L. HOLLIS AND V'i. V. HAVES, Gas separations on microporous polymers.
J. C. GIDDINGS AND M. N. MVERS, Developments in high-pressure chromatography.
H. G. STRUPPE, P. JIRU AND O. GRUBNER, Interaction of water and oxygen with vanadium pen

toxide catalyst by direct gas-chromatographic measurement.
R. KAISER, Reversion gas chromatography: A method for determining traces of volatile substances

in gases in the parts per thousand million range.
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Wednesday, 2Ist September: Apparatus and techniques

D. GLASSER, A new design for a continuous gas chromatograph.
P. E. BARKER AND D. H. HUNTINGDON, A circular chromatographic machine for the preparative

separation of liquid or gaseous mixtures.
D. DINELLI AND M. TARAMASSO, Design considerations and applications of a rotating unit for

continuous production by gas chromatography.
G. GARZO AND D. FRITZ, Qualitative and quantitative detection of organometallic compounds by a

modified flame ionization detector.
J. JANAK AND V. SVOJANOVSKY, \Vorking properties of a coupled flame ionization and sodium

thermionic detector.
G. BURTON, A. B. LITTLEWOOD AND W. A. \VISEMAN, A sensitive quantitative detector for gas

chromatography using electrochemical measurement of oxygen.

Thursday, 22nd September: Novel applications of chromatography

E. GIL-Av, B. FEIBUSH AND R. C. SIGLER, Resolution of enantiomers by gas-liquid chromato
graphy on an optically active stationary phase.

H. C. ROSE, \"1. KEANE, R. L. STERN AND B. L. KARGER, Studies of the mechanism of gas-liquid
chromatographic separation of diastereoisomeric esters.

G. M. PETOV AND K; D. SHCHERBAKOVA, Gas-chromatographic investigation of adsorption and
separation of terpenes on graphitized carbon black.

V. CANTUTI, G. ALBERINI AND G. P. CARTONI, Gas chromatography of heterocyclic nitrogen com
pounds.

W. D. Ross AND R. E. SIEVERS, Ultra-trace analysis of beryllium by gas chromatography.
R. S. JUVET, Jr. AND F. M. ZADO, Elution characteristics of metal chlorides from inorganic fused

salt liquid phases.

Friday, 2]rd September: Techniques associated with chromatography

R. P. "V. SCOTT, 1. A. FOWLISS, D. WELTI AND T. WILKINS, Interrupted elution gas chromatography.
1. FLAMENT, Systematic analysis of food aromas by combination of gas chromatography, adsorp-

tion chromatography, thin-layer chromatography, and mass spectrometry.
F. CACACE AND G. CIRANNI, A combination of preparative gas chromatography and isotope

dilution for precise quantitative analysis of isomeric reaction products.
P. A. T. SWOBODA, Freeze concentration of dilute aqueous solutions of volatile flavour components.
H. F. DYMOND AND K. D. KILBURN, The characterization of tobacco smoke by gas chromatography

and a digital computer.
K. JONES, A. McDOUGALL AND R C. MARSHALL, Application of a digital computer to gaS-Chromato

graphic data from a laboratory-scale reaction.

Afternoon sessions
There will be two periods on each of three afternoons for informal discussions.

Usually, there will be two discussions on unrelated subjects running concurrently,
but in two instances, there will only be one discussion. One afternoon (Wednesday) is
left free. The programme is as follows:

Tuesday, 20th September

1St Period: (a) Pollution studies; trace analysis
(b) Speed of chromatographic analysis
(c) Biomedical applications

2nd Period: (a) Liquid chromatography
(b) Documentation and publication of chromatographic papers and data

Thursday, 22nd September

1St Period: (a) Gas-solid chromatography
(b) Peak identification in gas chromatography

2nd Period: Commercial-apparatus specification

Friday, 2]rd September

1st Period: (a) Auxiliary techniques associated with gas chromatography
(b) Flavour and essential oils

2nd Period: Brains Trust
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The discussion sessions will last approximately one hour. In all but the last of
these sessions, general discussion from the floor will follow an introduction from a
speaker recognized for his work in the particular field.

Preprints
Preprints of submitted papers will be sent to registered delegates not later than

25th August, 1966. All delegates outside the United Kingdom will receive their copies
via airmail.

Final proceedings
The bound volume of the final proceedings giving a complete record of all

papers presented during the morning sessions and the ensuing discussions, together
with critical summaries of the afternoon discussion sessions, will be published by
the Institute of Petroleum within five months of the Symposium. It is expected that
the price of the book will be about £5; delegates will have the opportunity of ordering
one copy each at the Symposium, at a special price of £4.

EXHIBITION OF EQUIPMENT

An exhibition of the most up-to-date commercial gas chromatographic equip
ment, incorporating latest developments in the technique, will be held in the Cavalieri
Hilton Hotel. The exhibition will be open throughout the meeting.

SOCIAL PROGRAMME

An attractive programme of social events has been arranged, and it is hoped
that all delegates and their guests will participate.

Evening functions
There will be an opening reception for delegates at the Cavalieri Hilton Hotel

at 8 p.m. on the Monday evening, and it is expected that a cocktail party will be
held in a building of historic interest on another evening. In addition, Carlo Erba
S.p.A. have kindly agreed to hold a cocktail party for delegates and their guests.

Ladies programme
It is hoped that many delegates will bring wives, for whom a special whole-day

visit (including lunch) and also a half-day visit have been arranged to places of interest
in or about Rome. In addition, everyone will have the opportunity of making reser
vations for extra excursions at the Van Ommeren stand in the exhibition foyer.

Rome was founded so long ago that her early history is part legend and part
fact. As the former centre of the tremendous Roman Empire of the Caesars, the city
and surrounding country have many wonderful buildings still standing, depicting the
glory of those days. The religious upsurge of the Middle Ages attracted the great
architects, sculptors, and painters of their generations, and the works of art and
beauty they have left behind have made Rome perhaps the most fascinating city
in the world to visit, particularly in September, when the weather is at its finest.
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ACCOMMODAnON
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Special combined air flight/hotel arrangements
The Organizing Committee have approved arrangements made by the official

travel agents Phs. Van Ommeren (London) Ltd. to provide a combined return air
flight and hotel stay in Rome at prices considerably below those that would normally
be incurred. These special flight arrangements will operate from several European
centres, and the Van Ommeren Company can, of course, fit in any private holiday
requirements that members may wish to make or suggest special trips to other inter
esting places in Italy. A brochure/booking form giving all details will be sent to you
on application.

(Note: only the hotel booking form and details of some excursions are enclosed
in envelopes being sent to intending delegates not residing in Europe.)

Travel and hotel reservations, if required, must be made on the hotel/travel
booking form, which should then be sent to the Van Ommeren Company.

For delegates wishing to make their own bookings
First-class accommodation is available at the Cavalieri Hilton Hotel, which is

the Symposium venue, and in hotels in Rome. A list of some hotels is given below
with approximate prices for rooms having private bath or shower. Prices are quoted
on a demi-pension basis per person per day, and include taxes and service charges.

Location Hotel Single room Double room

Symposium venue Hilton £7· IO.O ($20.00) £6.0.0 ($I7· 00)

Parioli area Parco dei Principi £6. 5.0 ($ 17·00) £5· ro.o ($ 15·00)
Ritz £5· 5.0 ($ 14.00) £4· 15· 0 ($ 13·00)
Sporting £3· IO .O ($ro.oo) £3· 5. 0 ($ 9.00)
Rivoli £3· 15· 0 ($ IO.OO) £3· 0.0 ($ 9. 00)
Garden R.oxy £3. 0 .0 ($ 9. 00) £3. 0 .0 ($ 9.00)

Near railway and air terminals Mediterraneo £6. 5.0 ($ 17·00) £5· ro.o ($ 15·00)
Massimo d'Azeglio £5· 5. 0 ($ 14·00) £ 4· 15·0 ($ 13·00)
Continentale £6.IO.O ($ 18.00) £6. 5.0 ($ 17·00)

For delegates with cars Caesar Augustus £5. 0.0 ($ 14·00) £4· 5.0 ($ 12.00)
Villa Gaia £3· 15· 0 ($ IO.OO) £3· 15· 0 ($ IO.OO)
Motel Agip £3· IO.0 ($ IO.OO) £3· 0.0 ($ 9.00)

It is emphasized that the prices quoted are approximate, and are included solely as a guide.

The Van Ommeren Company can make reservations at these or other hotels in
Rome to suit delegates' wishes.

It would be greatly appreciated if those delegates who previously indicated an
interest in accommodation at the Cavalieri Hilton Hotel would now complete the
booking form enclosed in the travel brochure, and forward it as soon as possible to
Messrs Phs. Van Ommeren (London) Ltd. The Van Ommeren Company have now
taken over all the hotel bookings previously made at this hotel by the Symposium
organization. It is regretted that accommodation is no longer available at the Student
Hall of Residence at the Catholic University.
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Coaches will be available to transport delegates to the Symposium venue from
the railway terminal square, for those staying in the centre of Rome, and from a
convenient spot in the Parioli area, for those staying in hotels in this neighbourhood.

REGISTRATION

Registration for the Symposium must be confirmed by completing the Regis
tration Form (which will be sent to you on application) and sending it together with
the registration fee to the Executive Secretary. Attendance at the Symposium is limit
ed to 500, and registration will be dealt with in strict order of receipt. All applications
will be acknowledged. Applications received after the first 500 will be placed on a
waiting list. Intending delegates whose applications have been placed on the waiting
list will be informed of that fact.

The registration fee is £10.0.0 (U.S. $33.00, to include cost of airmailing pre
prints) per delegate and £6.0.0 (U.S. $17.00) for delegates' guests taking part in the
social programme only. These fees cover, for delegates, one set of preprints, all the
social events, and morning coffee and afternoon tea, and for delegates' guests, all the
social events and the whole-day and half-day excursions organized by the Symposium.

Priority of registration will be given until May 20th to delegates who have
returned preliminary registration forms to the Executive Secretary.

REFRESH:MENTS

Morning coffee and afternoon tea will be available without charge at the Cava
lieri Hilton Hotel for delegates only throughout the duration of the Symposium.

Lunch
The Cavalieri Hilton Hotel is situated some distance from the centre of Rome,

and lunch in the Hotel Restaurant is expensive. Unfortunately, there is no nearby
cheaper alternative, except a coffee house within the hotel, Which, however, is rather
small. Special arrangements have, therefore, been made with the hotel that a buffet
lunch will be provided for delegates at a total all-in cost of £ 4.0.0 ($ 11.00) for a set of
tickets covering all four days of the Symposium. It is not possible to buy ticket for
individual days only, and it is regretted that this facility is not open to delegates'
guests.

Lunches will be served in the vestibule and gardens of the hotel, and will com
prise a choice of two hot dishes, cold meats, dessert, and coffee.

Delegates wishing to take advantage of this offer must make reservations for
lunch when they register for the Symposium; remittance of £ 4.0.0 ($ 11.00) for
lunches must be sent with registration fee(s).

Tickets for lunch will be sent to delegates with their preprints.
Under the arrangement with the hotel, it is possible neither to add to, nor to

subtract from, the number of delegates requiring lunch, and consequently luncheon
cancellations (including the return of the £ 4.0.0 ($ 11.00) cost) cannot be accepted in
Rome.
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TABLE 9

TLC R F VALUES OF SOME CAROTENOIDS

(K. EGGER AND H. VOIGT, Z. Pfianzenphysiol., 53 (1965) 70)

Thin layer: Polyamide (Merck) + 15 % cellulose MN 300.
Solvents: S1 = Light petroleum (b.p. IOO-I20 0 )-methanol-methyl ethyl ketone (8: I: I).

S2 = Light petroleum-methanol-methyl ethyl ketone (4: I : I).
S3 = Light petroleum-methanol-methyl ethyl ketone (2: I: I).
S4 = Methanol-methyl ethyl ketone (I: I).
S5 = Water-methanol-methyl ethyl ketone (I: 5: 5).
S6 = Water-methanol-methyl ethyl ketone (I: 3: 3)·
S7 = Water-methanol-methyl ethyl ketone (1:2:2).

Compound R F

51 52 53 54 55 56 57

Physaliene 1.00 1.00 0·95 0.30 0.00 0.00 0.00
f!-Carotene 1.00 1.00 1.00 0.80 0.25 0.10 0.05
Lycopene 0·95 0·90 0·75 0.60 0.05 0.00 0.00
Cryptoxanthin 0.62 0.70 0.76 0·74 0·39 0.21 0.09
H.ubixanthin 0·45 0.60 0.64 0-45 0.15 0.04 0.00
Lvcoxanthin 0.29 0·37 0,40 0.32 0.08 0.00 0.00
3,4-DihydroxY-f!-carotene 0.50 0.5 8 0.72 0.81 0.56 0·37 0.20
Lutein 0·35 0·57 0·93 0·95 0.68 0-45 0.24
Zeaxanthin 0.30 0·54 0.78 0.82 0·55 0·35 0.18
Isozeaxanthin 0·34 0.56 0·92 0.91 0·57 0.36 0.19
Escholtzxanthin 0.12 0.22 0.25 0.22 0.08 0.01 0.00
Lycophyll 0.08 0.20 0.22 0.20 0.07 0.00 0.00
Dihydrocanthaxanthin, red. 0.22 0.30 0·37 0·34 0.18 0.08 0.04
Tareoxanthin 0.28 0.42 0.84 0·92 0.78 0.62 0-43
Violaxanthin 0.30 0.52 0.76 0·93 0.88 0·73 0·55
Neoxanthin 0.22 0-42 0.82 0.96 0.90 0.78 0.60
3,4,4'-Trihydroxy-fJ-carotene 0.31 0.50 0.88 0.92 0.76 0·53 0.38
3,4,3',4'-Tetrahydroxy-f!-carotene 0.18 0·33 0.86 0·95 0.81 0.62 0-44
Equinenone 0.91 0·92 0.90 0.72 0·35 0.18 0.06
Euglenanone 0.62 0.68 0.81 0.80 0·54 0·34 0.17
Rhodoxanthin 0.28 0.42 0-43 0.40 0·14 0.07 0.02
Dihydrorhodoxanthin 0.81 0.85 0.87 0.87 0.69 0·47 0.27
Canthaxanthin 0.58 0.65 0·79 0.80 0·55 0·37 0.20
Dihydrocanthaxanthin 0·55 0.61 0.70 0.65 0:35 0.17 0.08
Dehydroadonirubin 0-47 0·59 0·74 0.76 0-48 0.30 0.15
Astacin 0·34 0.50 0.69 0.72 0.42 0.25 0.12
Capsanthin 0.24 0.42 0·79 0.81 0.62 0-42 0.25
Capsorubin 0.19 0·37 0·74 0.76 0.60 0-42 0.25
Fucoxanthin 0.27 0-44 0.84 0.98 0·95 0.85 0·75
f!-Apo-8'-carotenic acid 0.28 0·38 0.30 0.15 0.05 0.00 0.00
Torularhodin 0.06 0.10 0.09 0.02 0.01 0.00 0.00
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TABLE 15

CHROMATOGRAPHIC DATA VOL. 23 (1966)

PC R F VALUES OF POLYNUCLEOTIDES
(E. OHTSUKA, M. W. MOON AND H. G. KHORANA, j. Am. Chem. Soc., 87 (1965) 2956)

Paper: Whatman No. 40 or No. 1.
Solvents: S1 = Propan-2-01-conc. ammonia-water (7: I: 2).

S2 = Ethyl alcohol-I M ammonium acetate, pH 3.8 (7:3).
S3 = Propan-I-ol-conc. ammonia-water (55: 10: 35)·
S4 = Isobutyric acid-cone. ammonia-water (66: 3: 13).

Compound

j'I-Cyanoethyl thymidine 5'-phosphate
5'-O-Phosphorylthymidyly1-(3' -+ 5')-N6-anisoyldeoxycytidine o. II
5'-O-Phosphorylthymidylyl-(3' -+ 5')-deoxycytidine . 0.03
5'-0-Phosphorylthymidylyl-(3' -+ 5')-N6-anisoyl-3'-O-acetyl-

deoxycytidine
j'I-Cyanoethyl N-benzoyldeoxyadenosine 5'-phosphate
5'-0-Phosphoryl-N-benzoyldeoxyadenylyl-(3' -+ 5')-N-acetyl

deoxyguanosine
5'-O-Phosphoryldeoxyadenyly1-(3' -+ 5')-deoxyguanosine
5'-0-Phosphoryl-N6-anisoyIdeoxycytidyIyl- (3' -+ 5')-N6-benzoyl

deoxyadenosine
5'-0-Phosphoryldeoxycytidyly1-(3' -+ 5')-deoxyadenosine
5'-0-Phosphoryl-N6-anisoyldeoxycytidylyl-(3' -+ 5')-N6-benzoyl

3'-O-acetyldeoxyadenosine
5'-0-Phosphorylthymidylyl-(3' -+ 5')-N-acetyldeoxyguanosine
5'-0-Phosphorylthymidyly1-(3' -+ 5')-N-3'-O-diacetyldeoxy

guanosine

TABLE 16

0.65
0-43
0.17

0.5 2

0.80

0.28
0.12

0-40

0.09

0-49
0.25

0·35

0.26

0.78
0.61

PC R F VALUES OF POLYNUCLEOTIDES
(T. M. JACOB AND H. G. KHORANA, j. Am. Chem. Soc., 87 (1965) 2971)

Paper: \Vhatman No. 40 or No. 1.
Solvents: S1 = Ethanol-I M ammonium acetate, pH 7·5 (7:3).

S2 = Propan-2-01-water (70:30) (with ammonia in the vapour phase).

Compound

d_TrTpTpCAll

d_TrTpTpCAllpT
d_TtTpTpCAllpTpTp
d_TrTpTpCAllpTpTpCAll

d_TrTpTpCAllpTpTpCAllpT
d_TrTpTpCAllpTpTpCAllpTpT
d_TrTpTpCAllpTpTpCAllpTpTpCAll
d_TrTpTpCAllpTpTpCAllpTpTpCAllpT
d_TrTpTpCAllpTpTpCAllpTpTpCAllpTpT
d_TrTpTpCAllpTpTpCAllpTpTpCAllpTpTpCAll

* RF relative to that of pT.

1.97
1.59
1. 2 4
0.86
0·57
0·33
0.23
0.12
0.066
0.03

2.07
1.86
1.67
1.17
0.86
0·73
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TABLE 19

CHROMATOGRAPHIC DATA VOL. 23 (1966)

PC Rp VALUES OF POLYNUCLEOTIDES
(S. A. NARANG, T. M. JACOB AND H. G. KHORANA, J. Am. Chem. Soc., 87 (1965) 2988)

Paper: \Vhatman No. 40 or No. 1.
Solvents: Sl = Propan-2-01-conc. ammonia-water (7: 1: 2).

S2 = Propan-l-ol-conc. ammonia-water (55: 10: 35)·

Compou.nd

d-CpA 3.6 1.30
d-CpApA 0.85 0.96
d-CpApApC 0.23 0.80
d-CpApApCpA 0.76
d-Cp:ApApCpApA 0.55

* R p relative to that of d-pA.

TABLE 20

PC R p VALUES OF POLYNUCLEOTIDES
(S. A. NARANG AND H. G. KHORANA, J. Am. Chem. Soc., 87 (1965) 2981)

Paper: Whatman No. 40 or No. 1.
Solvents: Sl = Propan-2-ol-conc. ammonia-water (7:1:2).

S2 = Propan-l-ol-conc. ammonia-water (55: 10: 35)·
S3 = Propan-2-ol-water (70:30) with water in the vapour phase.

Compound

Pyridinium deoxyinosine 5'-phosphate
Pyridinium 3'-O-acetyldeoxyinosine 5'-phosphate
DMTr-TpT
DMTr-TpTpI
DMTr-TpTpIpT
DMTr-TpTplpTpT
DMTr-TpTplpTpTpI
DMTr-TpTplpTpTplpT
DMTr-TpTplpTpTplpTpT
DMTr-TpTplpTpTplpTpTpI
DMTr-TpTplpTpTplpTpTplpT
DMTr-TpTplpTpTplpTpTplpTpT
DMTr-TpTpIpTpTpIpTpTpIpTpTpI
TpTpI
TpTplpT
TpTplpTpT
TpTplpTpTpI
TpTplpTpTplpT
TpTplpTpTplpTpT
TpTplpTpTplpTpTpI
TpTpIpTpTpIpTpTpIpT
TpTplpTpTplpTpTplpTpT
TpTplpTpTplpTpTplpTpTpI

Rp

51 52 53

0.40
0.64

0.78
0.5 1
0.30 qo:
0·14 1.54
0.07 1.40*

1.13*
0.93*
0.82*
0·54 *
0·39*

*0.23
0.256 1.17*
0.21 0.87*

0.76*
0·59*
0-43:
0·37
0.28*
0.14*
0.1 I *
0.092 *

* Rp relative to that of pT.
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TABLE 23

PC Rp VALUES OF MYOINOSITOL TETRAHYDROPYRANYL ETHERS

(S. J. ANGYAL AND S. D. GERO,]. Chem. SOC., (1965) 5255)

Paper: Whatman No. 1.
Solvents: SI = Butan-I-ol-ethanol-water (40: II: 19).

S2 = Butan-I-ol-ethanol-water (6:1:1).
S3 = Ethyl methyl ketone saturated with water.

Compound

VOL. 23 (1966)

Myoinositol 1.00
I-O-(2-Tetrahydropyranyl)-myoinositol 3.18
5-0-(2-Tetrahydropyranyl)-myoinositol 3.60
2-0-(2-Tetrahydropyranyl)-myoinositol 3.76
I,2-Di-O-(2-tetrahydropyranyl)-myoinositol 4.87
4-0-(2-Tetrahydropyranyl)-myoinositol

5 * 532

1.00
6.65 0.09
8·90 0.17
9. 10 0.16

9.25 0.19

* Values relative to that of myoinositol.

TABLE 24

PC R p VALUES OF SOME PYRAZOLES

(S. TABAK, 1. 1. GRANDBERG AND A. N. KOST, Z1I. Analit. I<him., 20 (1965) 871)

Paper: Acetylated paper (Soviet paper equal to \¥hatman No. I).
Impregnation: II = Vapours of chloroform (15-20 min).

12 = Vapours of chlorobenzene (15-20 min).
Solvent: 80 % ethanol.
Detection: D l Ultra violet light.

D 2 = Iodine vapours.
R2~R3

II II
N'N/'-R

I 4

R l

Compound R p

R l R 2 R 3 R 4 II I 2

H CH3 H CH3 0.60 0.60
H C6H 5 H C6H 5 0.17
CH3 CH3 H CH3 0.70 0·90
C6H 5 CH3 H CH3 0.18 0.16
C6H 5 H H Cl 0.24
C6H 5 CH3 H Cl 0.18 0.07
C6H 5 Cl H H 0.20 0.15
H C6H 5 H NH 2 0·53 0·35
iso-C3H 7 CH3 H NH 2 0.80
iso-C3H 7 p-C6H 4NH 2 H NH2 0.30 0.10
CH3 p-C6H 4NH 2 H NH2 0.30 0.20
C6H 5 H H NH2 0.26 0.16
C6H 5 CH3 H NH2 0.26 0.20
C6H 5 H NH2 H 0-45 0.15
C6H 5 NH2 H H 0.21 0.18
CH2C6H 5 CH3 H NH2 0.70 0.76
CH3 CH3 N02 CH3 0.40 0.30

(continued on p. DIS)
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TABLE 26

CHROMATOGRAPHIC DATA VOL. 23 (r966)

PC RF VALUES OF SOME PYRAZOLES

(S. TABAK, 1. 1. GRANDBERG AND A. N. KOST, Zh. Ana/it. I<him., 20 (1965) 872)

Paper: Acetylated paper (Soviet paper equal to Whatman No. I).
Impregnation: II = in vapours of chloroform.

12 = in vapours of chlorobenzene .
13 = in vapours of isoamyl chloride.
14 = in vapours of benzyl chloride.

(In all cases equilibration for 15-20 min).
Solvent: 80 % ethanol.
Detection: D 1 Ultra violet light.

D 2 = Iodine vapours.

R2~~
J II

"-N/'--R
I 4

R 1

Compound RF

R1 R2 R3 R4 II 12 13 14

C6H 5 H H OH 0·57 0-40 0.60

C6H 5 CH3 H OH 0-45 0.20

C6H 5 H OH H 0-40 0.17 O.II

C6H s OH H H 0-40 0.30 0.25

C6H 5 OH H C6H 5 0-40

C6H 5 CH3 H SH 0.70

CH3 CH3 COCH3 CH3 0.68

CH3 CH3 COC3H, CH3 0.69

CH2C6H 5 CH3 COC6H 5 CH3 0.70

C6H 5 CH3 COCH3 CH3 0.50 0.30 0·34

C6H 5 CH3 COC6H s CH3 0.80 0.80

C6H 5 H COCH3 Cl 0.24

C6H s CH3 COCH3 Cl 0.20 0.20 0.20

C6H 5 Cl COCH3 H 0·34 0.80 0.18

H CH3 COCH3 CH3 0.20 0.18

COCH3 C6H 5 H CH5 0.87 '0.30 0-40

COC6H 5 CH3 H C6H 3 0.50

H CH3 H COOH 0.30 0.50 0-40

H C6H 5 H COOH 0.30

C5H ll C4H g H COOH 0.70 0.3 2 0.70 0.20

C6H s H H COOH 0-40 0.20 0.36 0.30

C6H 5 CH3 H COOH 0·54 0.36 0.50 0-45

C6H 5 COOH H Cl 0.50 0.20 0.30 0.28

C6H 5 CH3 COOH Cl 0.27

CH2C6H s CH3 H COOH 0.70
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TABLE 27

CHROMATOGRAPHIC DATA Dr7

PC RF VALUES OF SOME VOLATlLI!' ALIPHATIC AMINES

(J. HRDLICKA AND G. JANfcEK, Nature, 204 (1964) 1201)

Paper: Not specified.
Solvent: n-Butanol-acetic acid-water (4:1:5).
Detection: Ninhydrin.

Compound

N,N'-Di-I,4-diaminobutane
1,3-Diaminopropane
I,4-Diaminobutane
1,5-Diaminopentane
Ethanolamine
Methylamine
Dimethylamine
Ethylamine
Isopropylamine
n-Propylamine
Isobutylamine
n-Butylamine
n-Amylamine

TABLE 28

0.03
0.10
0.12
0.15
0.15
0.30
0·33
0·39
0·45
0.50
0.5 8
0.61
0.7 1

Colour

red-violet
red-violet
red-violet
violet
violet
violet
brown-violet
violet
grey-violet
violet
violet
violet
violet

PC AND TLC R F VALUES OF 6-HYDROXYCATECHOLAMINES AND SOME METABOLITES

IJ. W. DALY, J. BENIGNI,.R. MINNIS, Y. KANAOKA AND B. WITKOP, Biochemistry, 4 (1965) 2518)

Paper: Whatman No.!.
Solvents: S1 = Nitroethane-acetic acid-water (90:28:12).

S2 = Methyl ethyl ketone-propionic acid-water (15: 5: 6).
S3 = Methanol-butanol-benzene-water (2: I: I: 1).
S4 = Butanol-acetic acid-water (4: 1: I).
S5 = Butanol-pyridine-acetic acid-water (4: 2 : I : I).

Thin layer: Silica gel.
Solvents: S6 = Butanol-acetic acid-water (4: 1 : 1).

S7 = Butanol-ammonia-ethyl acetate (3; 1: 1).
Detection: D 1 Gibbs reagent.

D 2 Ninhydrin.
D 3 Diazotized p-nitroaniline.

Compound Rp x IOO

PC TLC Color *

51 52 53 54 55 56 57 D1 D2 D3

6-Hydroxydopamine 17 48 55 23 50 50 Dec. Br BG R
3-0-Methyl-6-hydroxydopamine 39 60 70 47 55 56 35 PB B YO
N-Methyl-3-0-methyl-6-hydroxydopamine 57 71 75 59 63 44 33 PB G YO
2,4-DihydroxY-5-methoxyphenylacetic acid 56 88 70 80 80 88 12 PG YO
2,4-DihydroxY-5-methoxyphenethanol 67 93 87 88 90 90 53 PG YO
6-H ydroxynorepinephrine 09 42 Dec. 26 43 36 Dec. Br P R
3-O-Methy1-6-hydroxynorepinephrine 28 61 71 49 60 56 28 P RP YO
6-H ydroxyepinephrine 14 45 Dec. 32 31 44 Dec. Br GP R
3-0-Methyl-6-hydroxyepinephrine 32 58 70 50 59 50 25 P GP YO
2,4-Dihydroxy-5-methoxymandelic acid 28 76 58 72 57 90 06 P YO
2,4-DihydroxY-5-methylphenyl glycol 44 69 78 85 83 85 31 P YO

* B = blue; Br = brown; G = gray; 0 = "orange; P = purple; R = reddish; Y = yellow.
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TABLE 29

CHROMATOGRAPHIC DATA VOL. 23 (r966)

TLC R F VALUES OF SOME PRIMARY AROMATIC AMINES

(1. GEMZOVA AND J. GASPARIC, Collection Czech. Chem. Commun., 31 (1966) 2527)

Thin layer: Aluminium oxide neutral, activity III, without binder (Reanal, Budapest).
Solvent: Benzene.
Detection: I % p-Dimethylaminobenzaldehyde in 95 parts ethanol and 5 parts cone. hydrochloric

acid.

Compound

Aniline
2-Methylaniline
3-Methylaniline
4-Methylaniline
2-Chloroaniline
3-Chloroaniline
4-Chloroaniline
3-Bromoaniline
4-Bromoaniline
3-Iodoaniline
2-Methoxyaniline
3-Methoxyaniline
4-Methoxyaniline
2-Ethoxyaniline
4-Ethoxyaniline
2-Nitroaniline
3-Nitroaniline
4-Nitroaniline
2,3-Dimethylaniline
2,4-Dimethylaniline
2,5-Dimethylaniline
2,6-Dimethylaniline
3,4-Dimethylaniline
2,5-Dichloroaniline
2,4-Dichloroaniline
2,5-Dimethoxyaniline
2 A -Dinitroaniline
2-Methyl-3-chloroaniline
2-Methyl-4-chloroaniline
2-Methyl-5-chloroaniline
2-Methyl-6-chloroaniline
3-Chloro-4-methylaniline
2-MethoxY-5-methylaniline
2-Methoxy-4-chloroaniline
2-MethoxY-5-chloroaniline
2-Methyl-3-nitroaniline
2-Methyl-4-nitroaniline
2-Methy1-5-nitroaniline
2-N itro-4-methylaniline
3-Nitro-4-methylaniline
2-Chloro-4-nitroaniline
2-Nitro-4-chloroaniline
2-MethoxY-4-nitroaniline
2-Methoxy-5-nitroaniline
2-N itro-4-cyanoaniline
4-Aminobenzoic acid methyl ester
2,4-DimethoxY-5-chloroaniline
2,5-DimethoxY-4-chloroaniline
2-MethoxY-4-chloro-5-methylaniline
2,6-DinitrO-4-methylaniline

0.41

0-49
0-42
0·35
0.7 1

0·54
0-49
0·57
0·54
0.60
0-42
0.28
0.19
0·47
0.21
0-45
0.30
0.20
0-44
0.41

0·49
0.60
0·37
0.78
0.78
0.25
0.17
0.62
0.56
0.65
0·75
0·53
0.38
0.64
0.61
0·55
0.27
0·34
0.4 1

0.24
0·37
0-49
0·35
0.3 1

0.14
0.15
0·33
0.36
0.48
0.68

Colour

yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
yellow
orange
yellow
yellow
yellow
yellow
yellow
yellow
yellow
orange
yellow
yellow
yellow
yellow
yellow
yellow
yellow
orange
yellow
yellow
yellow
yellow
orange
yellow
yellow
yellow
yellow
yellow
yellow
yellow
orange
orange
yellowish orange
yellow

(continued on p. D I9)
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TABLE 31

CHROMATOGRAPHIC DATA VOL. 23 (1966)

PC Rp VALUES OF P-SUBSTITUTED I-ARYL-3,3-DIMETHYLTRIAZENES

(M. MATRKA, J. MARHOLD, Z. SAGNER AND V. STERBA. Collection Czech. Chem. Commun., 30
(1965) 3957)

Paper: "'hatman No. 1.

Impregnation: II = 10 % kerosene (fraction 190-220°) in hexane.
12 = 10 % paraffin oil in hexane.
I a = 10% I-bromonaphthalene in hexane.

Solvents: Sl = Ethanol-water (1: I).
S2 = n-Propanol-water (I: I).
Sa = Acetone-water (1: I).
S4 = 50 % acetic acid.
S5 = Butanol-pyridine-water (5: 3: 3)·

Detection: 3 % resorcinol in 2 M hydrochloric acid in 50 % ethanol; after spraying the chromato
grams are exposed to ammonia vapours.

Compound Rp x IOO

[15 1 1 15 2 115a 1 25 1 1 25 2 125a la5 4 la55 la51

I-Phenyl-3.3-dimethyltriazene 32 68 32 18 78 35 90 51 0
I-p-Tolyl-3.3-dimethyltriazene 12 69 13 21 68 10 96 51 0

33 *
I-p-Nitrophenyl-3,3-dimethyltriazene 46 86 25 32 78 25 II 51 0
I-p-Chlorophenyl-3.3-dimethyltriazene 25 71 18 16 58 18 80 51 0
I-p-Bromophenyl-3.3-dimethyltriazene 13 40 16 20 63 13 72 49 0
I-p-Carboxyphenyl-3,3-dimethyltriazene 76 83 83 79 87 86 72 40 64
1-p-Methoxyphenyl-3.3-dimethyltriazene 55 58 43 54 87 50 96 57 0
I-p-Ethoxyphenyl-3,3-dimethyltriazene 24 50 16 28 79 32 96 49 0
I -p-H ydroxypheny1-3. 3-dimethyltriazene 85 91 95 81 94 89 67 50 0
I-p-Aminophenyl-3.3-dimethyltriazene 59 92 70 60 88 57 81 47 0

22 *
I-Diphenyl-3.3-dimethyltriazene 20 60 05 06 45 06 84

* Two spots were found in these systems. the first is the main compound. the second an im
purity.

TABLE 32

TLC R p VALUES OF 12 NAPHTHYLAM1NEMONOSULPHONIC ACIDS

(E. ASMUS AND G. SCHULZE, Z. Anal. Chem .• 217 (1966) 180)

Thin layer: MN-Cellulosepulver 300G (Macherey, Nagel & Co.).
Solvent: n-Butanol-n-propanol-water-conc. ammonia (10: 5: 4: I).
Detection: U.v. light.

Compound

I-Naphthylamine-2-sulphonic acid
I-Naphthylamine-3-sulphonic acid
I-Naphthylaminec4-sulphonic acid
1-Naphthylamine-5-sulphonic acid
I-Naphthylamine-6-sulphonic acid
I-Naphthylamine-7-sulphonic acid
I-Naphthylamine-8-sulphonic acid
2-Naphthylamine-I-sulphonic acid
2-Naphthylamine-5-sulphonic acid
2-Naphthylamine-6-sulphonic acid
2-Naphthylamine-7-sulphonic acid
2-Naphthylamine-8-sulphonic acid

0·54
0-43
0.36
0.36
0-42
0·47
0.56
0.50

0.3 8
0·39
0-40

0-43

Colour

violet
violet
blue-violet
yellow-green
blue
bright blue
yellow-green
violet
blue
violet
blue-violet
blue-violet
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TABLE 35

CHROMATOGRAPHIC DATA VOL. 23 (1966)

TLC Rp VALUES OF SOME PHARMACEUTICALS

(S. EL GENDI, W. KISSER AND G. MACHATA, Mikrochim. Acta, (1965) 125)

Thin layer: Kieselgel G with fluorescence indicator.
Solvents: S1 = Chloroform with IO % acetone.

S2 = Methanol.
Sa = Chloroform with 10 % ethanol.
S4 = Chloroform with 20 % ethanol.

Detection: D 1 V.V. light.
D 2 = Potassium iodoplatinate.

Compound Rp

51 52 5 a 54

Ephedrine 0.04 0.15 0.12 0.16
Nicotine 0.18 0·55 0-41 0.58
Brucine 0.03 0.10 0.25 0.32
Strychnine 0.05 0.13 0.24 0.30
Atropine 0.02 0.12 0.06 0.09
Quinine 0.02 0-41 0.25 0.3 1
Theobromine O.II 0.50 0.38 0.56
Theophylline 0.19 0·53 0.50 0.64
Coffeine 0·35 0.64 0.61 0·74
Morphine 0.06 0.15 0.06 0.10
Codeine 0.04 0.18 0.20 0.23
Hydromorphone (Dilaudid) 0.01 0.21 0.15 0.19
Dionine (Ethylmorphine) 0.03 0.3 1 0·34 0.38
Papaverine 0-40 0.78 0.82 0·93
Narcotine 0.42 0.65 0.83 0.83
Cocaine 0·35 0.60 0.70 0.76
Prothipendyl (Dominal) 0.04 0.18 0.20 0.25
Sordinol 0.08 0.36 0·39 0-47
Captodiamine (Covatix) 0.18 0.5 1 0·59 0·79
Methaqualone (Revonal) 0.7 0 0.89 0·79 0·79
Octamylamine (Octinum D) 0.05 0.23 0.32 0·37
Pheniramine (Avil) 0.03 O.II 0.12 0.15
Tolazoline (Priscol) 0.04 0.16 0.10 0.12
Synopen (Halopyramine) 0.04 0.19 0.21 0.25
Diphenhydramine (Benadryl) 0.08 0.22 0.3 1 0·33
Antazoline (Antistine) 0.04 0.17 0.20 0.23
Neo-antergan (Pyrilimiine) 0.10 0.32 0-47 0·57
Diphenylpyraline (Mepiben) 0.09 0·35 0-42 0-49
Thenalidine (Sandosten) O.II 0-40 0.51 0.65
Tripelennamine (Pyribenzamine) 0.10 0-43 0.50 0.64
Clemizole (Allercur) 0-45 0.80 0.81 0.91
Tetracaine (Pantocaine) 0.15 0-47 0-40 0-48
Nupercaine (Dibucaine) 0.15 0·59 0-46 0·57
Phenacaine (Holocaine) 0.17 0-49 0.46 0·55
Lidocaine (Xylocaine) 0·37 0.71 0.68 0.86
Novesine (Dorsacaine) 0.17 0.64 0.5 8 0·73
Procaine (Novocaine) 0.10 0·53 0·37 0·39
Tutocaine (Butamine) 0.12 0.56 0-48 0.58
Propylhexedrine (Eventine) 0.03 0.13 O.II 0.14
Methamphetamine (Pervitin) 0.04 0.17 0.14 0.18
Reactivan 0.06 0.25 0.19 0.23
Methadone (Heptadone) 0.16 0.29 0·35 0·55
Tepanil (Regenon) 0.20 0.38 0·53 0.66
Perphenazine (Decentan) 0.06 0-48 0.29 0·33
Pethidine (Dolantin) 0.20 0.50 0.60 0.69

(continued on p. D 23)
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TABLE 35 (continued)

Compound RF

51 52 53 54

Phenmetrazine (Preludin) O.IZ 0·57 0·43 0.51
Hydroxyzine (Atarax) 0.15 0·5z 0.56 0.71
Ritalin (Rilatin) O.IZ 0·54 0·55 0.68
Prethcamide (Micoren) 0.84 0·3 z 0.61/66 0.70/79
Tryptizol 0.36 0.z7 0·55 0.36
Valium 0.89 0·S4 0.83 0.8z
Librium (Methaminodiazepoxide) 0.09 0.76 0·79 0.8g
Taractan (Truxal) o.zo 0·4S 0·S7 0·7z
Levomepromazine (Nozinan) o.og 0-44 °-4S 0·S4
Promethazine (Phenergan) o.og 0.38 0·49 0'S8
Imipramine (Tofranil) O.IS 0·37 0·44 o·Sz
Thioridazine (Melleril) o.og 0.z4 0.38 0-44
Chlorpromazine (Largactil) 0.10 0.z4 0·37 0·39
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