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PREFACE

ALmost a decade has passed since L. Cholnoky and the
undersigned attempted to discuss in a systematic manner the
principles and practice of chromatography. Since 1938
adsorption procedures have been applied to the study of
problems in many fields, and some new and very important
methods have been introduced or developed, such as partition
chromatography, paper chromatography, the Tiselius-Claesson
method, exchange chromatography, etc. Recently, theoretical
treatments of chromatographic processes have been presented
by competent investigators, although they have had so far a
limited influence only on experimentation which has still
remained essentially empirical.

The author has felt that more assistance could be given to
those interested in this field by offering the present progress
report rather than by re-editing the original monograph. A
glimpse at the Bibliography will show that the literature of
chromatography has reached such a volume that completeness
in survey and treatment cannot be claimed. Considerable
difficulty was also caused by the heterogeneity of the widely-
scattered material. It is, of course, never easy to survey a
subject which is changing rapidly, and to compare critically
the various data. However, even hints about methods,
adsorbents or solvents which can be used within a certain class
of compounds may be welcome and time-saving for the
experimenter.

Inorganic Chromatography forms a separate chapter of the
present report but the adsorption analysis of gases has not been
treated.

During the preparation of the manuscript the author has
enjoyed the valuable assistance of Dr. W. A. Schroeder
(Pasadena) and Mr. H. J. Pinckard (Pasadena). Eventually
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the text was kindly vevised by Mr. A. L. Bacharach (London)
and Mr. F. A. Robinson (Ware, Herts).

Professor A. Tiselius (Upsala) and Dr. A. J. P. Martin
(London) kindly provided excellent photographs. The
author wishes to express his thanks also to Mr. J. L. Bale and
Mr. G. Parr of Chapman and Hall, Litd.

Special thanks are due to Professor Ch. Dhéré (Geneva) for
one of the rare portraits of the inventor of chromatography,
Michael Tswett to whose memory this volume is respectfully
dedicated. ‘

PREFACE TO THE SECOND AND THIRD
IMPRESSIONS

With the exception of a few minor corrections no changes
have been made in the text of this progress report. The author
wishes to take this opportunity to remind the reader that, as
the title indicates, this volume is limited to information
published between 1938 and 1947, a particularly fertile decade
in the advance of chromatography. Since that time progress
has been ever more rapid. Nevertheless, it is to be hoped that
this book will continue to be of some use, especially to those

who are experimentally active in the field.
L. Z.

vi



CONTENTS
GENERAL SECTION

PRINCIPLES

History and literature

Theory

Chromatographic sequence

Separation of stereoisomers
Separation of optical isomers
Resolution of racemates containing asym-

metric trivalent nitrogen

Separation of cis-frans isomers

Interaction .between adsorbent and adsorbed
substance

Exchange adsorption

IT. METHODS
Adsorbents
Alumina
Standardization of adsorbents
Standardization of alumina on the basis of
the behaviour toward some dyes
Standardization based on relative rates of
flow
Calorimetric standardization of alumina
Solvents
Apparatus
Location of invisible zones
Combination of chromatography and elec-
trophoresis
Spectra of chromatographic zones
Partition chromatography
Materials
Indicators
Two-dimensional chromatograms on paper
The chromatographic boundary method
(Tiselius-Claesson method)
Apparatus

SPECIAL SECTION
ITI. CHLOROPHYLL

Adsorbents
Chlorophyll @ and b

vii

11
12

16
20

24
24
24
26

27

28
30
31
31
34

37
37
38
11
41
42

47
53

60

60
61



Isolation of chlorofucine 61

Separation of chlorophyll d 62
Isomerization of chlorophyll 63
Precursor of chlorophyll 63
Bacterio-chlorophyll 64
Animal chlorophylls 64
Breakdown products of chlorophyll 64
Some chlorophyll-derivatives 65
Appendix : Hamoglobin 65
IV. PORPEHYRINS 66
Purification of Protoporphyrin IX 66
Porphobilinogen in urine 66
Uroporphyrins 66
Resolution of a mixture of Uroporphyrin III
and Coprophyrin I 68
Further representatives 69
Porphyrins from birds’ feathers 69
Spirographis porphyrin 69
Porphyrin-like artifacts 69
V. BILE PIGMENTS 70
Products of the Gmelin reaction 70
Glaucobilin and stercobilin 71
Mesobilifuscin from mesobilirubinogen 71
Myobilin 71
Porphobilinogen 72
Further bile pigments 72
VI. CAROTENOIDS 73
Estimation of carotene 73
Separation of algal or diatom pigments 74
Astaxanthin ester from Hematococcus pluvialis 75
Marine muds 84
cis-trans-Isomeric carotenoids 84
Separation of 8-carotene stereoisomers 85
Separation of cis-trans isomeric zeaxanthins 87
Separation of cis-frans isomeric fucoxanthins 87
Epoxides of carotenoids 90
Oxidation products of «-carotene 93
Naturally occurring colourless polyenes :
. phytofluene 96
Appendix : Some synthetic polyenes 96



VII. MiSCELLANEOUS NATURAL PIGMENTS 97
Naphthaquinone, anthraquinone and related

pigments 97
Echinochrome 97
Alkannan 97

Pterins 98
Uropterin 98
Cleavage product : allantoin 98
Pterin-like pigments 98

Urothione 98

Anthocyanins and related pigments 99
Nudicaulin, dracorhodin 99
Synthetic compounds related to Antho-

cyanidins 99

Penitrinic acid 100

Azulenes 100

Photodynamic pigments : hypericin 100

Photosensitizing compounds of unknown
structure 101

VIII. SyNTHETIC DYESTUFFS 102

Toluylene brown. Congo red. Diamine blue.
Azo dyes from heterocyclics. Victoria blue.

Di-chaulmoogroyl-fuchsin 102

Evans blue. Oxazine pigments 103

Indigo sols 103

IX. MISCELLANEOUS ALIPHATIC SUBSTANCES 105
d-a-Hexadecyl-glycerylether 105

Carbonyl compounds 105

Lower molecular saturated aliphatic acids 106

Oxinite 109

X. Lirorps 110
Higher fatty acids 110
Autoxidation of methyl oleate 111

Various constituents of lipoids 112
Glycerides 114

Squalene 114
Unsaponifiable substances in livers 114

Wax 114

P- and N-containing lipoids 115

ix



XI. CARBOHYDRATES

Free sugars
Tiselius analysis
Sugar phosphates
Purification on ion exchange adsorbents
Sugar acetates
Acetobromo sugars
. Purification of mannosido-glucose octa-
acetate
Separation of sugar acetates and sugar-
alcohol acetates by the brush method
Methyl sugars including cleavage products of
methylated polysaccharides
Methylated methylglucosides
Separation of methylated sugars by parti-
tion chromatography
Separation of methyl sugars by fluorescence
chromatography
Benzal derivatives of sugars
Separation of sugars from amino sugars and
amino acids
Polysaccharides

XII. AMino Acips AND PEPTIDES

Separations on carbon

Separations on exchange resins

Separations of aspartic and glutamic acids from
neutral and basic amino acids on buffered
alumina

Separation of glutamic from aspartic acid

Separation of acid, neutral and basic amino
acids on basic and acid alumina

Estimation of basic, neutral and acid amino
acids in protein hydrolysates

Separation of basic diamino acids on filtrol
and floridin

Quantitative separation of histidine from a
monoamino acid

Separation of arginine and histidine

Separation of arginine, lysine, histidine and a
monoamino acid (leucine)

X

116

116
116
120
120
121
121
121
121

124
124

126

128
128

137
137

139

141
142

144

145

146

147

148

148
149

149



Resolution of aliphatic monoamino-monocarbo-

xylic acid mixtures 149
Separation of amino acid hydrochlorides in the

presence of Hydrochloric Acid 150
Separation of amino acid salts on precipitated

silver sulphide or barium sulphate 151
Separation of monoamino-monocarboxylic acids

in the presence of formaldehyde 153
Micro-estimation of glycocyamine and arginine

in biological fluids 153
Estimation of citrulline in the plasma 154

Separation of coloured amino acid derivatives 154
Tiselius-Claesson analysis of amino acid

mixtures 155
Separation of amino acids by partition chro-
matography 156
Preparation of acetylated protein hydro-
lysates 158
Coloured nitro derivatives of amino acids 159
Copper compounds of neutral amino acids 160
Peptides 161
Peptide mixtures obtained from clupeane
and clupein 162
Peptides from cow hide gelatin 162
Gramicidin 163
Nucleoproteins 165

XIII. STEROLS AND SOME STEROIDS (including Sex

Hormones) 166
Liquid chromatogram method 166
Resolution of mother-liquors containing

15-B-hydroxy-progesterone 167
Isolation of cholesterol derivatives and some

other compounds from extracts of spleen 168
Suint 169

Separation of some products obtained by
treating cholesterol dibromide with silver

nitrate in pyridine 170
Cellobioside-heptaacetate of cholestanol 170
Urinary steroids 171
Plant sterols and some related compounds 173
Coloured sterol derivatives 175

xi



XIV. TERPENES AND SOME RELATED COoMPOUNDS 182
Separation of some oxidation products of

acetyl-lupenalic acid 182
Resolution of the reduction products of

B-amyradienol acetate 182
Oxidation products of a lactone of 2-acetoxy-x-

keto-13-hydroxy-oleanan-28-ic acid 183
Euphol and euphorbol from euphorbium 183
Miscellaneous hydroaromatic compounds 188

XV. BENZENE, NAPHTHALENE, DIPHENYL,

DIPHENYLALKYL AND INDENE SERIES 189
Nitrogen-free compounds 189
Amino compounds 190
Nitro compounds 191
Anils 192
Azo compounds 192
Sulphones 192
Separation of aromatic cis-irans isomers 193

Azo compounds 193
cis- and trans-Benzoin and anisoin oximes 194
cis- and trans-Stilbenes 195
Stereoisomeric diphenyloctatetraenes 196
Polycyclic aromatic compounds 196
3:4-Benzpyrene 198
Pycylene-ketone 199
Toxic principles of phenolic character in
Anacardiaceae 199
XVI. HETEROCYCLIC COMPOUNDS 203
Nicotinic acid 203
Estimation of N*-methylnicotinamide in urine 203
Quinoline derivatives 204
4 : 6-Diaminopyrimidine 204
Pyridyl-acridines 206

Resolution of Troger’s base into its antipodes 206
Separation of two diastereoisomeric N-benzoyl-

cycloheptano-2 : 3-pyrrolidines 207
Isolation of 1:3: 5-trimethyl-4-carbethoxy-2-

bromopyrrole 208
Pyrazolone derivatives 208
Indole from the alkali fusion mixture of

erythratine 208



Compounds with heterocyclic oxygen 210

Coumarins 210
5-Hydroxyflavone from the natural cooling of

Primula imperialis 210

Active principles of Marihuana 211

XVII. ALKALOIDS 214

Cinchona alkaloids 214

Opium alkaloids 214

Strychnos alkaloids 215

Ergot alkaloids. d-Lysergic acid d-propan-
olamide-(2) and d-isolysergic acid d-pro-

panolamide-(2) 215
Cinchona alkaloids 216
Colchicum alkalpids 216
Astragalus alkaloids i 217
Belladonna alkaloids 217
Lycoris alkaloids 217
Erythrophleum alkaloids 217
Erythrina alkaloids 217
Anabasis alkaloids 218
Sabadilla alkaloids 219
Aconite alkaloids 219
Veratrine alkaloids 219
Ipecacuanha alkaloids 219
Alstonia alkaloids - 219
Amanita toxin 219

XVIII. ViTaMINS ‘ 220

Vitamin A 220
Quantitative separation of vitamin-A

alcohol, vitamin-A ester and (-carotene 222

Synthetic vitamin A 224

Vitamin A; aldehyde 225

Anhydro-vitamin A, 225

Vitamin A,-epoxide 226

Vitamin A, 227

Anhydro-vitamin A, 228

Subvitamin A 228

Kitol 228
The vitamin B complex 228

Adsorption of vitamin B; from urine 228

Vitamin B, 229

xiii



Vitamin By
Pantothenic acid
Vitamin C
Vitamin D
Vitamin E
Estimation
Estimation of tocopherol in animal and
vegetable tissues
Accumulation and isolation of tocopherols
Purification of synthetic products
a-Tocopherol red
Biotin (Vitamin H)
Isolation of biotin from milk
Biotin from beef liver concentrates
Purification of crude, synthetic d, I-8-biotin
methyl ester
Vitamin K
Isolation of vitamin K, from alfalfa
Isolation of vitamin K, from putrefied fish
meal
Synthetic compounds
Vitamin P :
Further vitamins
Folic acid
Unidentified vitamins

XIX. ANTIBIOTICS

Penicillin

Clavacin

Antibiotics from Pseudomonas aeruginosa

Chlorellin

Actinomycin.  ITodinin. Notatin.  Crepin.
Sulphactin

XX. EvzyMES
Chromatography as a step in purifying crude
solutions
Succinodehydrase
Horse liver catalase
“0Old ” yellow enzyme
Rennin
Separation of different enzymes contained in
the same extract

xiv

230
231
231
232
233
234

236
236
238
239
240
240
241

241
242
242

244
245
245
245
245
246

247

247
250
251
252

253
254

254
254
254
254
255

2565



B-d-Glucosidase, o-d-galactosidase and

chitinase of emulsin 256

Separation of emulsin salicinase and cello-
biase 257

Separation of amygdalase, gentiobiase and
salicinase 258

Enzymes acting on chitin or its breakdown
products 258
XXI. MISCELLANEOUS BIOLOGICAL SUBSTANCES 261
Stimulating substance of Mimosa Pudica 261
Allergens 261
Sex hormones in Achlya 261
Attracting principle of female gypsy moths 261
Hypertensin 262
Chorionic gonadotropin 262
XXII. AppLicATIONS TO TECHENOLOGY 263
Foods 263
Pharmacy, Drugs and galenicals 264
Insecticides 267
Natural products 267
DDT 268
Tannins 269
Earth oils, asphalts, bitumens, lignites 270
XXIII. INorRGaANIC CHROMATOGRAPHY 273
Separation of Cations 273
Separation of cations according to Schwab 273
Rare earths 276

Separation of cations on complex-forming
adsorbents 276
Brush method on alumina 278

Separation of cations on paper impregnated
with an adsorbent 279
Separation on exchange adsorbents 280
Separation of anions 282
Fractionation of isotopes on ion exchangers 284
BIBLIOGRAPHY 286
INDEX OoF NAMES 326
GENERAL INDEX 343

Xv



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

LIST OF TABLES

. Adsorption sequence of some xanthophylls (Strain,

Manning, and Hardin)

. Standardization of alumina using azo dyes (Brock-

mann and Schodder)

. R; values of amino acids (Consden, Gordon and

Martin)

. Examples of the chromatography of carotenoids

occurring in higher plants

. Examples of the chromatography of carotenoids

occurring in lower plants

. Examples of the chromatography of animal caro-

tenoids

Examples of the separation of cis-trans isomeric
carotenoids

Examples of the chromatography of artificial con-
version products of carotenoids

Separation of some sugar acetate pairs by using the
brush method (McNeely, Binkley and Wolfrom)

Separation of azoyl esters of sugars and some
derivatives

Effect of adsorbent and developer on the separation
of B-d-glucose-pentaazoate and {-cellobiose-
octaazoate (Coleman and McCloskey)

Scheme for the separation of amino acids (Turba
et al.)

Retention volumes of some amino acids on active
carbon (Tiselius)

R-values of some acetamino acids (Gordon, Martin
and Synge)

Retention volumes of some peptides on active
carbon (Tiselius)

Chromatography of sex hormones and other steroids
on alumina .

Examples of the chromatography of triterpenes and
related compounds on alumina

Examples of polycyclic aromatic compounds purified
on alumina

Examples of heterocyclic nitrogen compounds
purified on alumina

Xvi

Page
8

27
44
76
80
82
88
94
122

131

133
150
156
157
165
176
184
200

209



20. Fractionation of solids contained in a crude alfalfa

extract (Binkley et al.) 243
21. Limit of detection of some inorganic cations on
alumina (Schwab and Ghosh) 274

LIST OF FIGURES

PorTrAIT OF M. TswEeTT Frontispiece
1. Large size chromatographic tube (Sandoval) 31
2. Demountable chromatographic ““ tube >’ (Békésy) 32
3. Apparatus for chromatography and electrophoresis
(Strain) 37
4. Cell for spectroscopic observation of zones (Schwab
and Issidoridis) 38
5. Cooling system for Fig. 4 38
6. Two-dimensional chromatogram (schematic picture)
(Consden, Gordon and Martin) 43
7. Two-dimensional chromatogram of a wool hydrolysate
(Consden, Gordon and Martin) facing 43
8. Trough for two-dimensional chromatography
(Consden, Gordon and Martin) 45
9. Diagram of the Tiselius-Claesson adsorption analysis 48
10. A frontal analysis diagram (Claesson) 51
11. An elution analysis diagram (Claesson) 51

12. A diagram of displacement development (Claesson) 52
13. Original Tiselius apparatus for the adsorption

analysis of aqueous solutions 53
14. Filter cell for Fig. 13 54
15. Interferometric adsorption apparatus; schematic
arrangement (Tiselius and Claesson) 56
16. Interferometric adsorption apparatus (Tiselius and
Claesson) 56
17. Interferometer cuvette (Tiselius and Claesson) 57
18. Diagrams obtained with glucose and lactose by the
Philpot-Svensson method (Tiselius) 117
19. Diagram obtained with glucose, sucrose and raftinose
(Tiselius and Hahn) 117

20. Separation of some products of enzymatic starch
hydrolysis on active carbon (Tiselius and Hahn) 118

e



