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CHAPT5R I

INTRODUCTION

An impetus of very considerable magnitude was

given to Analytical Chemistry by Consden, Gordon

and Martin (CI) in 1944. It was in this year that

these workers showed that a mixture of a few

micrograms of amino acids could be resolved into

its component parts by the application of what was

described as partition chromatography on paper. In

their method, a mixture of amino acids was applied
to the upper end of a strip of filter paper which

was hung from a trough contained in an air-tight

tank. A suitable solvent such as phenol saturated

with water was placed in the trough. The solvent

rose up the paper and flowed down the strip. After

the paper had been dried, the amino acids were re¬

vealed by spraying with a solution of ninhydrin.

These authors introduced the term "R^, value"
to refer to the position which a substance

occupies after chromatography has been carried out.

It is defined as the distance moved by a substance

from the origin relative to the distance moved by

the solvent front from the origin. The R^, value
varies with temperature.
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However, Martin and his colleagues were not
the first workers to employ paper sheets for the

separation of mixtures of substances in solution.

Indeed, it has been pointed out by Williams (Wl)
that a method for the detection of iron by applying

a drop of solution to papyrus impregnated with

extract of oak-gall was described by Pliny, But

the first serious attempt to use paper for the

separation of substances appears to have been made

in 1850 by Runge (Rl), who succeeded in separating
a number of dyes on blotting paper. Five years

later, this worker published his "Der Bildungstrieb
der Stoffe" in which he described the separation of

many inorganic cations. It seems to have been the

work of Runge which inspired other chemists to

investigate this method of separation; the

investigations of Schoenbein (SI), and of Goppels-

roeder (Gl) being outstanding in this connexion,

ISven though it is possible to trace the

origin of these paper-separation methods back to

one hundred years or so ago, the credit for the

present widespread interest in paper chromato¬

graphy must undoubtedly be given to Martin and his

colleagues.
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Ascending Paper Chromatography

In 1948, Williams and Kirby (W2 ) simplified
this method of "descending" chromatography by

introducing an "ascending" method in which the

paper strip, supported at its upper end, was

allowed to dip by its lower end into a trough con¬

taining the solvent. In this technique the sub¬

stances to be separated were placed at the lower

end of the paper and the liquid flowed upwards by

capillary action over the substances and towards

the top of the paper.

There are numerous modifications of the

ascending technique. Pollard and McOmbie (PI)

described a very simple procedure in which a thin

strip of paper was supported by a cork which

fitted into a boiling tube. The paper dipped into

the solvent in the bottom of the tube. Longenecker

(LI) devised a modification in which a rosette of

glass hooks was held by a cork. Several strips of

paper could be 'run1 simultaneously by this method.

For the chromatography of several substances

at the same time in the same solvent, a very con¬

venient method is to bend the paper into a

cylinder which will stand inside a jar without

touching the sides of the jar. Smith (S2) holds

the paper cylinder together by sewing loosely with
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cotton thread. In my experience, a straighter
solvent front is obtained by cutting the paper in¬

to the shape shown in Figure IA1, then folding in¬

to a cylinder and fastening with a paper clip as

shown in Figure IA2.

Horizontal Circular Chromatography

In 1950, Rutter (R2) described a method for

carrying out chromatography on horizontal sheets

of circular filter paper. The solvent, which was

applied to the centre of the paper circle by means

of a wick, flowed radially over the paper in all
directions. Mtiller, Bersin and Schwartz (Ml),
Girl and Rao (G2) and Schwerdtfeger (S3) have des¬

cribed modifications of Butter's technique but the

most useful modification is that of Kawerau (Kl)

who designed a piece of apparatus for this purpose

which is now available commercially.

Two-dimensional Paper Chromatography

Because in many cases, no single solvent could
be found to give complete resolution of the com¬

ponents of a mixture, the technique of 'two-way'
or two-dimensional chromatography was developed.

Consden, Gordon and Martin (C2), Dent, Stepka and

Steward (Dl), and Poison (P2) were among the first

to describe the application of this, now widely

used, method. Two-dimensional chromatography may
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be carried out either by the ascending or descend¬

ing techniques, but the former is more usually

employed. A convenient apparatus for this purpose

was devised by Datta, Dent and Harris (D2). This
consisted of a frame which holds twelve 20 cm x

20 cm squares of filter paper. After running in

the first solvent, the frame with its papers is
removed from the tank. The papers are dried and

then placed in another tank containing the second

solvent. The frame is turned through a right angl$

before being put in the second tank.

Two-dimensional Paper Chromatography with

Ionophoresls

An obvious extension of two-dimensional paper

chromatography was to carry out chromatography in

one direction and then to apply ionophoresis in a

direction at right angles to the chromatographic

•run'. This technique was applied by Marini-

Bettolo et al. (M2) to the separation of curare

alkaloids. An extension of the method is seen

in the use of two-dimensional "star" electro¬

phoresis and two-dimensional continuous electro¬

phoresis, Goldbaum (G3) gives a brief description

of these techniques; a fuller description is

given by Peeters (P3).



Ion-exchange Papers

The development of a range of Whatman ion-

exchange celluloses in sheet form by the research

workers of W. and R. Balston Ltd., has opened up

a whole new and as yet, almost unexplored, field
of paper chromatography based on the use of this

additional parameter of ion-exchange. Acidic or

basic groups are introduced into the cellulose

molecule so that under the right conditions, the

ion-exchange properties of the paper take pre-

cedence over partition in a chromatographic

separation. Knight (K2) has shown that ion-

exchange properties of these papers may be sup¬

pressed under suitable conditions so that the

paper then behaves, chromat©graphically, as a sheet
of unmodified cellulose.

Two-dimensional Chromatography on Ion-exchange

Papers

Knight (K2) has carried out investigations on

ion-exchange papers making use of the ion-exchange

properties of the paper in one direction, and sup¬

pressing these for chromatography in the other

direction. Using phosporylated cellulose, he was

able to resolve a mixture of copper, manganese,

cobalt, cadmium, iron, bismuth, zinc and mercury

ions. Development was carried out with the organic



phaSQ of a n-butanol/2N-hydrochlorie acid mixture
i

in the first direction and with N-magnesium

chloride in the second direction at right angles

to the first. Knight's paper also describes the

use of carboxylated cellulose and aminated

cellulose for the separation of inorganic cations.

In a later article, Knight (K3), demonstrated

the use of modified cellulose papers for the

resolution of a mixture of amino acids.

A New Two-dimensional Technique Involving

Chromatography and Ionophoresis on Ion-exchange

papers.

Whilst carrying out preliminary investiga¬

tions involving separations of mixtures of drugs

on ion-exchange paper, it occurred to me that

ionophoresis on ion-exchange paper might produce

results which differed from ionophoresis on un¬

modified cellulose paper. This idea proved to be

correct and the results obtained in certain cases

are different from those obtained with 'ordinary'

filter paper. One example of this phenomenon is

the separation of a mixture of salicylic acid and

phenobarbitone. Using unmodified cellulose paper,

and 2 N-ammonia solution the salicylic acid moves

faster than the barbiturate, whereas with diethyl-

aminoethylcellulose paper in 0.2 N-ammonia

solution the barbiturate moves faster than the
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salicylic acid.

This idea has been extended so that iono-

phoresis follows chranatography in a direction at

right angles to the first •run*. An outstanding

advantage of this procedure is that chromatography

can first be carried out on the ion-exchange paper

using an aqueous solution. With a square sheet of

paper measuring 5" x 5"» this takes only about 20
to 25 minutes. The paper can then be examined

whilst still wet in ultraviolet light and then

placed, without drying, in the ionophoresis tank
which contains the same aqueous solution and the

ionophoresis carried out,

A subsequent section of this thesis shows

that, by means of this technique, a complete

resolution of salicylic acid, phenobarbitone,

phenacetin, and p-acetylaminophenol can be achiev¬
ed in about one hour. It has been found convenient

for the combined technique to carry out both

chromatography and ionophoresis in the same tank.

Application of Chromatography and the New Two-

dimensional Technique to the separation of mixtures

of drugs of Interest in Forensic Chemistry

The use of chromatography on ordinary filter

paper has been described in connection with bar¬

biturates by Algeri and Walker (Al), Curry (C3),

Dybing (D3), H^elt et al, (EL), and Wright (W£);
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and for alkaloids, by Farmilo and Genest (Fl) and

Curry (C4). Neutral compounds as a group seem to

have received only little attention from a paper

chromatographic standpoint.

A search of the literature has failed to

reveal any publication concerning the use of

Whatman modified cellulosic ion-exchange papers

in toxicological analysis.

The investigations which are described in

this thesis have been undertaken chiefly to assist

in the preliminary procedures in a search for

"unknown" substances in toxicological analysis.

However, there is much overlapping between toxi¬

cology and clinical chemistry and it is true to

say that the clinical chemist will undoubtedly

find much of value to him in the use of modified

cellulose ion-exchange papers. Indeed many ex¬

periments have been carried out which have had

most exciting results but which, because they do

not fall properly within the domain of toxicology

or forensic chemistry, have not been described in
this thesis. I think there is tremendous scope

for further investigation into the use of chromato¬

graphy on paper sheets which have been modified

in various ways.

The main advantage of chromatography on ion-

exchange papers as compared with 'ordinary' filter*-
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paper is that the use of aqueous solutions for

development results in a very rapid movement of

the solvent front• This means that many mixtures

of compounds can be separated quite clearly into

distinct zones in a matter of minutes. For

example, a mixture of caffeine and codeine can be

separated on carboxymethyl cellulose paper in

6 minutes at room temperature, using 0.01 N-

hydrochloric acid solution for development.

Toxicologlcal Analysis

One method of searching for an "unknown"

poison in toxicological analysis involves the

extraction of a protein-free filtrate of the tissu©

sample with a water-immiscible organic solvent.

By extracting first from acid solution, extracts
can be obtained which may contain any acidic and

neutral compounds such as salicylate, Barbiturate,

Phenacetin. Sxtraction from alkaline solution

yields basic compounds such as alkaloids and

tranquillisers.

By applying chromatography and ionophoresis

on ion-exchange paper to these fractions I have

been able to show firstly whether any compounds

in the particular fraction are present and,

secondly, in many cases to effect a separation
of compounds within the fractions.
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In general, it may be said that chromatography
on ion-exchange papers using aqueous solvents

gives a resolution of basic, neutral and acid com¬

pounds and that by the use of conventional paper-

chromatographic solvents on the ion-exchange

papers, resolution of substances within a par¬

ticular group may be achieved.

Horizontal Circular Chromatography on lon-ifrcchange

Papers

It has, however, become apparent that

chromatography on ion-exchange papers using aqueous

developers involves a factor other than ion-

exchange. For instance, the compounds Phenacetin
and Caffeine, which are usually included in the
neutral group, do not travel with the solvent
front when using 0.2 N-ammonia solution on

Diethylaminoethyl-cellulose paper. In fact, they

both move at the same speed with an R^. value of
about 0.75* Using the same paper and 0.1 M-

ethylenediamine tetra-acetic acid (disodium salt),
Caffeine moves slightly faster than Phenacetin.

By using a circle of this paper and carrying out

horizontal circular chromatography with this

•solvent*, I have been able to effect the resolu¬
tion of a mixture of Caffeine and Phenacetin

within 2 hours.

I have also shown that an effective separa¬

tion of a number of ^^-substituted barbituric
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acid derivatives can be achieved within two hours

using horizontal circular chromatography on

diethylaroinoethyl cellulose and a conventional

type of chromatographic solvent.

Note on Filter Paper impregnated with Ion-Exchange

Resins

The use of modified cellulose papers for

chromatography (and ionophoresis) must not be con¬

fused with chromatography on •ordinary* filter

paper which has been impregnated with ion-exchange

resins. The work described in this thesis deals

only with modified cellulose papers and not the

"ionite paper" referred to by Lewandovski and

Jarczewski (L2). Chromatography using "ionite

paper" has also been described by Lederer (L3),
Tuckermann (Tl), and Tuckermann, Osteryoung and

| Nachod (T2).

I have found that when papers impregnated

with ion-exchange resins are "spotted" with most

of the compounds investigated and described in

this thesis, the "spots" are not visible in ultra¬
violet light either before or after 'running*•
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CHAPT5R 2

USE OF CELLULOSIC ION-EXCHANGE SHEETS FOR THIS

SEPARATION OF COMPOUNDS OF TOXICOIOGICAL INTEREST.

SECTION A. TYPES OF SHEETS I TREATMENT OF SHEETS

The Whatman ion-exchange modified cellulose

sheets, which have been used exclusively in this

work, are at present available in six different

types consisting of three cation-exchangers and

three anion-exchangers.

I• Cation-exchangers

One strong cation - and two weak cation -

exchangers are available in paper form at the

present time,

1) Cellulose phosphate

This is the most strongly acid of the cation-

exchange celluloses. The maximum theoretical

capacity of the material used was 2,1 m eq/dry g

and the nominal capacity of the strongly acidic

groups only was 1,0 m eq/dry g. In the acid form,

the sheet is essentially cellulose dihydrogen

phosphate where the two hydrogens are replaceable

by other cations. The material is therefore a

bifunctional exchanger containing both strong and

very weak acid groups.
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2) Carboxymethyl-cellulose

This is a weakly acidic cation-exchanger

which has a capacity of 0.5 m eq/dry g. It will

not function as an ion-exchanger below pH 3 and

functions better when the pH is greater than 5

units.

3) Cellulose citrate

This is the weakest acid of the three cation

exchangers and is available in sheet form with a

capacity of 1.2 m eq/dry g. It is said to be

unstable in strongly alkaline media.

II. Anion-exchanEers

Although three anion-exchangers are available,

the V/hatman Ecteola-cellulose was not used In this

work because of difficulty in obtaining repro¬

ducible results.

1) Amlnoethvl-cellulose

Amino-ethyl cellulose is a primary amine and

thus functions as a very weakly basic anion-

exchanger. It does not function as an exchanger

above pH 9 and works most effectively below pH 4#

In the paper form it has a capacity of 0.6 m eq/dry

g.

2) Dlethylaminoethvl-cellulose

The functional group of this cellulose

derivative is
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CH3 . CH2
^>N - CHo - CH9 - 0 -

CH3 . ^2

which is a tertiary amine and, therefore, more

strongly basic than aminoethyl-cellulose. In

paper form, the material has a capacity of 1.0 m eq/

£ry g.

III. Treatment of Sheets

The ionic form in which the paper is received

frcrn the manufacturers may be unsuitable for cer¬

tain purposes, so that it may be necessary to con¬

vert the paper to a more suitable form before use.

This is necessary, for example, when attempting to
> separate amino acid mixtures on cellulose phosphate

sheets. However, for the purposes to which these

papers have been put in the following experiments,
it has not been found necessary to pre-treat the

papers.

IV. location of Compounds on the Paper

The most useful method of locating the com¬

pounds on the paper Is to observe the paper in

ultraviolet light. A lamp emitting light mainly

in the region of 254 m^, was used in the following

experiments. It was found that in most cases the

paper could be examined whilst still wet just as
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it was removed from the tank. For the detection of

substances which do not absorb ultraviolet light,

the following special reagents were employed.

(a) Detection of barbiturate derivatives

containing an unsaturated side-chain,, was carried
out by spraying with 0.1 per cent potassium per-

mangate solution. When using this on the Diethyl-

aminoethyl-cellulose paper it is necessary to add

a little dilute sulphuric acid to the permanganate

as the paper itself reduces the solution as ordin¬

arily prepared. Addition of too much acid should

be avoided.

(b) Detection of metals was effected by spray¬

ing the paper with an 0.0*> per cent solution of

Diphenylthiocarbazone (Dithizone) in Chloroform.

In some instances, metals were detected by spraying
the paper with ammonium sulphide solution.

V. Application of Substances under Investigation

Most of the organic compounds investigated

were prepared as 1 or 2 per cent solutions in

either ethanol or chloroform. Some of the salts of

basic compounds were made up in distilled water.

The solutions were applied to the paper by means

of fine capillary glass tubing prepared by heating

and pulling out •ordinary1 laboratory glass tubing.

A volume of 1 to 4 microlitres was usually applied.
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Ths amount of substance put on the paper was,

therefore, in the region of 20 to 80 micrograms.
There were, however, some deviations from this
rule. For instance, about 5 micrograms of quinine
and about 100 micrograms of codeine were usually-

used.

SECTION B. APPARATUS

The apparatus used to carry out chromato¬

graphy only was of three types.
■r:

1) For small sheets of paper measuring no more

than about 5" x 4", chromatography was undertaken
in cylindrical jars fitted with a rubber bung.

J Figure 2B1 illustrates the type used. As most of
the chromatography was carried out with aqueous

solvents, it was permissible to use a rubber bung.
For organic solvents, a similar sized jar was

used fitted with a ground glass cover.

.

2) For longer runs, sheets of paper, usually

measuring 19" x 3", were suspended in jars36 of the

type shown in Figure 2B2.

3) For horizontal circular paper chromatography

the anparatus shown in Figures 2B5a and 2B5b was

used. This unit, which is available commercially*1

36 Supplied by Shandon Scientific Co. Ltd., London.



•AfduiSoŵuojijo2u|puaosroaojpesnamp

Y2Y3b0bid

•OS-



-21-

E

2 62

SHANDON »CHROMAJAR'.

V O K A M

CONSTANT VOLTAGE/CONSTANT
CURRENT D.C. POWER SUPPLY

FIGURE 2 65



I
ro f\3 I

Fi<SuRE2.B4-
ELECTROPHORESISAPPARATUS



KAWERAU Chromatography Apparatus showing the
slotted filter paper in position

FIGURE 2 65 [«-]

Exploded sectional view of Kawerau Circular
Chromatography Apparatus

FIGURE 2. 6 5 |>]
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was designed by Kawerau (Kl).

Machine cut paper circles (see Figure 2B6)

are available commercially only in Whatman Nos. 1,

4 and 20 grades. The papers used were cut by

hand with scissors, using one of the No.l grade

papers as a template. The material to be investi¬

gated was applied near the apex of each sector.

The diameter of the papers used was 26 cm.

Buffer solutions

These were prepared according to the direc¬

tions given in Vogel^ (VI) Text book on Inorganic

Analysis.

For ionophoresis, the Shandon micro-electro-

phoresis tank* was used in conjunction with the

Vokam power pack.* When using aqueous solvents

and small sheets of paper, it was generally found

possible to carry out both chromatography and iono*

phoresis in this apparatus. Figure 2B3 shows the

power pack, and Figure 2B4 the electrophoresis

tank.

* Supplied by Shandon Scientific Co. Ltd., London
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Typical Chromatogram of 5 samples on slotted filter
paper circle

FIGURE 2 B 6

Machine - cut paper for use with the Kawerau

horizontal circular chromatography apparatus.



S3CTI0N C. ASCENDING AND DSSCBNPINO ONB-DIMSNSIONAL

CHROMATOGRAPHY ON I0N-3XCHAK05 PAP3RS

Most of the experiments using one-dimensional

chromatography were carried out on sheets of ion-

exchange paper cut to the shape and size shown in

Figure 2C1, The solutions of the substances being

investigated were prepared as one or two per cent

solutions in appropriate solvents, generally ethanoL
or chloroform. The volume of liquid applied to the

paper varied between about one and four microlitres;

it was generally essayed to keep the spot of a

diameter no greater than two millimetres. When the

spots had dried, which was usually within a few

seconds of application, the paper was folded into
the form of a cylinder and fastened with a paper¬

clip as shown in Figure 2C2.

One-dimensional chromatography was carried out

on the papers in two different ways. In most of

the cases, aqueous solvents were employed and use

was made of the ion-exchange properties of the paperj

in special cases, organic solvents were used and

the type of chromatography was largely partition,

the ion-exchange properties of the paper having been

suppressed,

(a) Ion-exchange paper chromatography with
aqueous 'solvents1

The length of time taken for a •run* usually

varied between ten to fifteen minutes for the



Shape of paper used for ascending chromatography
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5" x 4" papers and one to two hours for the longer

papers. In general, it may be said that by using
the papers as ion-exchangers, groups of substances

having widely differing pK values may be separated

whereas partition chromatography is necessary to

effect separations within a particular group. The

group separation is illustrated in Figure 2C3j
which shows the separation of phenacetin, pentobar¬

bitone and salicylic acid. It will be seen that

the strong acid (salicylic) moves more slowly than

the weak acid (barbituric) which in turn moves more

slowly than the neutral compound (phenacetin). In

this case, the paper used was Diethylaminoethyl-
cellulose and separation was effected with 0.2 N-

ammonia solution. With the exception of phenobar-

bitone, the 5J5-substituted barbituric acid deriva¬
tives move at about the same speed on Diethylamino-

ethyl-cellulose paper. Phenobarbitone moves a

little more slowly than the other barbiturates.

Figures 2C4-2C10, illustrate the behaviour of

various barbiturates on Diethylaminoethyl-cellulose

paper, with aqueous solutions of different pH values.
The behaviour of various substances on dif¬

ferent types of paper is described below,

(i) Diethylaminoethyl-cellulose

Besides the separations described in the pre¬

ceding paragraphs, this paper has been used in at¬

tempts to separate mixtures of various other com¬

pounds of Forensic Chemical interest.



AsFhenacetin, B o Pentobarbitone, C = Salicylic acid,
D s mixture of A, B and C. S = solvent front.
DE 20 paper. Solvent = 0.2 N-NH^. Time =» 15 minutes.
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These include acetylsalicylic acid, aceto-

phenetidin, caffeine and codeine; three

tranquillisers of the phenothlazine group, namely,

Mepazine, Promazine, and Triflupromazine;

p-aminosalicylic acid, p-aminophenol and acetyl¬

salicylic acid; quinine, salicylic acid, pheno-

harbitone, acetophenetidin, and p-acetylamino-

phenol. The results of these experiments are

illustrated in Figures 2C11, 2C12, 2C13, 2C14,

Mepazine, Promazine and Triflupromazine did not
move from the point of application with 0.2 M-

sodium chloride solution, but moved together as a

group with Rf about 0.3 when run in 0.1 M-ethylene-

diaminetetra-acetic acid (disodium salt) at. pH

4.5. When examined in the 254 mjx ultraviolet

light on \*et paper, these phenothiazine compounds
exhibit a beautiful blue fluorescence; this

changes to a brilliant yellow fluorescence when

the paper is dried. This phenomenon is useful for

identification purposes. This paper with the

solvent just referred to can be used to separate

a mixture of Promazine, Quinine and Codeine - see

Figure 2C15.

(ii) Amlnoethvl-cellulose

Many of the separations using Diethylamino-

ethyl-cellulose paper were done with 0.2 N-ammonia

solution. However, since aminoethyl-cellulose
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A 8 C D £

Pi£ju C M
A a Fhenacotin, B a acetylsalicylic acid, C a Caffeine,
D = Codeine, E a mixture of these four# Solvent a 0#2 N-

NHj# Time a 12 minutes.
-

L - | 1 . . . | .

A 8 C £

J

FIGURE 2 C 12#

A = Salicylic acid, B a acetylsalicylic acid, C a p-amino-
salicylic acid, D a p-aminophenol, E a mixture of these four.
Solvent a 0.2 N-NRj. Time a 12 minutes.
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Figure Z C 15
A = Fhenobarbitone, B = Phenacetin, C = Salicylic acid,
D = Quinine, E = Triflupromazino, P = Acetylsalicylic acid,
G ss Caffeine. Solvent * 5% NaHCO^. Time = 12 minutes.

C a Fhenobarbitone, D = Phenacetin, E = p-acetylaminophenol.
Solvent = 0.2N-HC1. Time = 15 minutes. G = brown line visible
after 'run'.
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A = Quinine, B = Promazine, C = Codeine, D = mixture of
these three. Solvent =s 0.1 M — EDTA. Time = 12 minutes.
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£C jfe? A = Quinine, B => Triflupromazine,
C a® Sulplmatamide, D =s mixture of these throe. Solvent =
5$ NallCO^. Time a 12 minutes.
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paper does not function as an ion-exchanger above

pH 9» 0.2 N-ammonia solution could not be used in
*

this case, so that results obtained at a lower

pH are not strictly comparable* Figure 2C16 and

2C17 illustrate the behaviour of Quinine, Triflu-

promazine, Sulphacetamide, acetylsalicylic acid,

acetophenetidin, caffeine and codeine on amino-

ethyl-cellulose paper using 5 per cent sodim

bicarbonate solution, pH 7*8.
Figure 2C18 shows the separation of the

alkaloids Quinine, Brucine, Strychnine, Codeine,

Morphine and Nicotine on this paper using 0.1 M-

ethylenediaminetetra-acetic acid (disodium salt)

^ (pH 4.5).
(iii) Carboxvmethvl-cellulose

This weakly acidic cation exchange paper is

useful for separating a mixture of acidic, neutral
and basic substances. Figure 2C19 shows the

separation on this paper of Acetylsalicylic acid,

Phenacetin, Caffeine and Codeine by chromato¬

graphy in 0.01 N-hydrochloric acid. The two

neutral compounds, Phenacetin and Caffeine are not
resolved.

Figures 2C20, 2C21, 2C22 and 2C23 illustrate
the behaviour of salicylate, phenobarbitone,

phenacetin and p-acetylaminophenol on this paper

using solutions of different pH values.
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FIGURE ZC 17
a =5 Acetylsalicylic acid, B a Fhonacetin, C = Ga;feine,
D = Codeine, E a mixture of these four. Solvent = 5% NallCO^.
Time a 12 minutes.
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FIGURE Z C I 3 a = Quinine, B a Brucine, C a
Strychnine, D a Codeine, e a Morphine, F a Nicotine.
Solvent a 0.1 m-edta. Time = 12 minutes.
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A « Acetylsalicylic acid, B = Phenactin, C = Caffeine,
D =s Codeine, E = mixture of these four. Solvent a 0,01 N—"CI,
Time a 12 minutes.

41mso

F I <3 U &6L 2C ZO Aa Salicylic acid, B a Fheno-
barbitone, C a Fhenacetin, D a p-acetylarainophenol«
Solvent a 0,01 N-HC1. Time a 10 minutes.
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FIGURE 2 C 21. A = Salicylic acid, B = Phenobarbitone,
C = Phenacetin, D = p-acetylaminophenol. Solvent = 0.1 M-
EDTA. Time = 11 minutes.
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FIGURE 2 C 22. A = Salicylic acid, B = Phenobarbitone,
C = Phenacetin, D = p-acetylaminophenol. Solvent = 0.02 M-
phosphate buffer, pH 7. Time = 11 minutes.
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A ss Salicylic acid, B = Phenobarbitone, C = Phenaeetin,
D = p-acetylaminophenol. Solvent =0,2 N-NH^,
Time = 12 minutes.

C'MSo

Sc'»~v£M i FQo*iT

I—3.C #2. 4* a = Mepazine, B = Proraazine,
C = Triflupronmzine, D = mixture of these throe. Solvent
0.1 N-HC1. Time = 10 minutes.



The phenothiazine tranquillisers, Mepazine,
Promazine and Triflupromazine show practically no

resolution in 0,1 N-hydrochloric acid solution

but all move with an R^ of about 0,5, (See
Figure 2C24),

Figure 2C25 shows the results of an unsuccess¬

ful attempt to separate Butobarbitone, Amylo-
barbitone and Phenobarbitone at pH 4,5» In 0.1? N-

ammonia solution, a mixture of Quinine, strychnine,
brucine and codeine showed Quinine with an R^
value of 0 and the other three alkaloids together

at R|. = 0.45, Using this paper with 0.1 N-hydro-
chloric acid solution, a mixture of Quinine,

Triflupromazine and Sulphacetamide can be resolved

(see Figure 2C26),

In 0.2 N-ammonia solution, a mixture of

Quinine, salicylic acid and Phenobarbitone can

be separated. This is shown in Figure 2C27.

j Figures 2C28 and 2C29 show the behaviour of

Caffeine and Phenacetin in 0.01 M acetic acid

solution and 0.1 M-citrate-phosphate buffer pH 5,
respectively.

Using Quinine, salicylic acid, Phenobarbitone,
Phenacetin and p-acetylaminophenol, Figures 2C30
and 2C31 show the similarity of the patterns ob¬

tained with 0.2 M-sodium chloride and 0.2 M-

phosphate buffer, pH 7, as developing solvents.



A =3 Butobarbitone, B = Araylobarbitono, C =» Phenobarbitone ,
D at mixture of these three. Solvent as 0.1 M-EDTA.
Time a 12 minutes*

5QUV&liX^.PfeOM T
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tL C. A =» Quinine, B a Triflu promazine,
C as Sulphacetamide, D a mixture of these three, M a line
visible in 254 mp light. Solvent a 0,2 N-HC1, Time a 12 mins.
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Figure Ec 27

A a Quinine, B m Salicylic acid, C = Phenobarbitone,
D b Fhenacetin, E a mixture of these four. Solvent a
0.2 N-NHy Time a 12 rainttes.

figure zczs A b Caffeine, B b Fhenacetin,
C b mixture of these two. Solvent a 0.1 M - CH^COOH.
Time a 12 minutes.
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figure 2. c & 9
A = Caffeine, B a Hienaeetiri, C a mixture of these two.
Solvent = 0.1 M - citrate/phosphate buffer, pK5.
Time a 12 minutes.
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i ■ S U KL. <£. C .;f> Q A 13 Quinine, B = Salicylic acid,
C - Phenobarbitone, D a Hienaeetin, E a p-acotylarainophenol.
Solvent a 0.2 M - NaCl. Time a 12 minutes.
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A a Quinine, B » Salicylic acid, C a Hienobarbitone,
D s= Phenacetin, E a p-acetylarainophenol. Solvent a 0.2 M
phosphate buffer, pH 7. Time a 12 minutes.
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f- U RE 2.C52 A a Quinine, B a Salicylic acid,
C a Fhenobarbitone, D a I'henacetin. Solvont a 0.2 N - HC1.
Time = 12 minutes.
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The effect of a decrease in the pH of the

developing solvent is shown in Figure 2C32.

By choosing the correct pH for development,

carboxymethylcellulose paper can be used to effect

a partial separation of the alkaloids, Quinine,

Brucine, Codeine and Strychnine. Figures 2C33,

2C34, 2C35, 2C36 show the effect of increasing the

concentration of hydrochloric acid in the developer

on the movement of these substances.

(iv) Cellulose citrate

With 0.1 M-ethylenediaminetetra-acetic acid
-

.

(disodium salt) (pH 4.?) as 'solvent*, it has been
found that cellulose citrate paper will separate

a mixture of Quinine, Strychnine and Nicotine

(Figure 2C37)* A number of alkaloids were also

put on this paper and Figure 2C38 shows that

partial resolution of Quinine, Brucine, Strychnine

Morphine, Codeine, and Nicotine could be obtained
on a 12 minutes 'run*. Extension of the running

time on this paper has not proved successful in

giving complete resolution of these alkaloids

because of diffusion of the spots. Figure 2C39

shows that a 10 minute run on this paper gives

complete resolution of a mixture of Quinine,

1 Codeine and Acetylsalicylic acid.



52-

c.ty\ so

SolVGN | PROrt "^7

(

A & C J> £

Pt^UR£ ZC 35
A =s Quinine, B = Codeine, C = Strychnine, D = Brucine,
E = mixture of these four. Solvent a 0,005 N — HC1,
Time = 12 minutes.

F1 £3 U ft. C. C 4* A ss Quinine, B » Codeine,
C as Strychnine, D as Brucine, E = mixture of these four.
Solvent sa 0,01 N — IIC1, Time a 15 minutes.
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A ss Quinine, B = Codeine, C a Strychnine, D a Brucine,

B = Mixture of these four. Solvent « 0,02 N — HC1,
Time a 12 minutes, L a line visible in 254 rap light.

Strychnine, D a Brucine, E a mixture of these four. Solvent
a 0,05 N-HC1, Time a 12 mins, L a line visible in 254 iji
light.
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figure 2C57
A = Quinine, B =s Strychnine, C - Nicotine, D = mixture of
these three. Solvent = 0.1 M — EDI1A. Time si 12 minutes.

t~——1 1"" 1——t x ~x— r-

A & C £ E F § H

H t <■•{ O Qfc *L c. 3 3 A = Quinine, B = Bracino, C =

Stryclmine, I) => Morphine, E = Codeine, P a fJicotine, G =
Morphine + Codeine, H = Brucine + Strychnine. Solvent =
0.1 M — EDTA, Timo is 14 minutes.
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C = mixture of these two. Solvent = 0*1 M — EDTA*
Time = 12 minutes*
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The behaviour of Phenacetin and Codeine is

shown in Figure 2C40.

(v) Cellulose phosphate

This paper offers no advantages over the

other two cation exchange papers for separation

of mixtures of drugs. It has the disadvantage

that it produces a wide, irregular band at the

solvent front which absorbs ultraviolet light.

Cellulose phosphate is, however, very useful
for the separation of mixtures of metallic cations

as has been demonstrated by Knight (K2). This

worker (K3) has also used cellulose phosphate

paper for the separation of amino acid mixtures,

W Use of Organic Solvents with Ion-exchange

Papers

In Section C(a) of Chapter 2, it was shown

that the individual 5;5-substituted barbiturates

were not resolved with aqueous 'solvents1. How-

ever, by using certain organic solvents saturated

with water containing buffers at a suitable pH,

it was found possible to effect a partial

resolution of sctne of the barbiturates. In general

the resolution corresponded to the duration of

pharmacological action of the barbiturates.

Phenobarbitone moved slowest, then in sequence
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barbitone, butobarbitone and a single group con¬

sisting of amylobarbitone, pentobarbitone and

quinalbarbitone•

The major disadvantage in changing from

aqueous to organic solvents for chromatography on

ion-exchange papers is the marked reduction in the

speed of solvent flow. With aqueous •solvents',
the 'solvent* front has moved about 3 inches in

15 minutes, using diethylaminoethyl cellulose and

0.2 N-ammonia solution ascending. With the same

paper and tertiary amyl alcohol saturated with

0.1 M-ethylene diaminetetra-acetic acid (disodium

salt), the solvent front takes about 2 hours to
move a distance of 3 inches (ascending); under

the same conditions, when n-butanol replaces the

tertiary amyl alcohol, the front takes about 45
minutes to move 3 inches. These examples refer to

•runs' carried out at room temperature.

Figures 2C41, 2C42, 2C43 and 2C44 illustrate
the results obtained by first pre-treating the

paper with aqueous solutions at various pH values

and then carrying out chromatography in anhydrous

chloroform. Other combinations of organic solvent

and buffer gave a variety of results; these are

illustrated in Figures 2C45 to 2C55 inclusive.

The most premising results were obtained by using



58

tEZO
SofajgNT FftOMf

„ 1J

A

i
;

ll
U

)/
).

A B c

1 Tz;

fiCjiJkE 2C.4-1
A sa Phenobarbitone, B = Buiobarbitone, C - Quixtalbarbitone,
D = mixture of these three# Paper treated with 0.2 N-NH^
before compounds added. Run in CHCl^ after drying.
Time = 6 minutes.
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A B C JD

t~ {(iq u RE 2.C 4 2 A xs Hienobarbitone, B » Buto-
barbitone, C « Quinalbarbitone, D s= mixture of these three.
Paper treated with 0.5&WQ .buffer, pFT 7*2 before compounds
added. Run in CHCl^ after drying. Time = 6 minutes.
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A ss Hienobarbitone, B ss Butobarbitone » C = Quinalbarbitono ,
D = mixture of these three* Paper treated with 0,2 JS-Na^CO,
before compounds added* Run in ClICl^ after drying*
Time ss 5 minutes.
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H K&, A, C, 4' 4" Asa Phonobarbitone, B ss Buto¬

barbitone, C ss Quinalbarbitone, D ss mixture of these three*
Paper treated with 0.1M-RDTA before compounds added. Run in
CliCl^ after drying* Time s= 5 minutes*
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Puguae 2c 45
A a Phenobarbitone, B a Butobarbitonc, C a Quinalbarbitone,
D = mixture of these three# Solvent = upper phase of amy!
alcohol/concentrated NH^ tl 90/10 • Time a 25 minutes.

0c to

?,CUV(rH T FfrON

M (3C- k t_ ^ H (5 A 0 phenobarbitone, B = Butobarbitone,
C a Quinalbarbitone, D a mixture of those three. Solvent a
upper phase of n-butonol saturated with 6N-NH^.
T i m o a 25 minutes.
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PiCiURE 47

A = Phenobarbitone, B ss Butobarbitone, C ss Ouinalbarbitone,
D s» mixture of these three# Solvent ss upper phase of
n-butanol/O#2 :t l/l • Time = 30 minutes#

D£ 2.0

. Svlv£^T F&o_N_T

A 6 c J)

H U A Q x a Fhwnobarbitonc, B ss Buto—
barbitone, C «s Quinalbarbitone, D = mixture of these three.
Solvent s upper phase of n—butanol/0«2M — NaHCO^i s l/l •
Time = 30 minutes.
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A 6 C J>

2.C 4-9
A a Phenobarbitone, B a Butobarbitone, C a Quinalborbitone,
B = mixture of these three. Solvent - upper phase of n-
butanol (containing 1(^5 v/v ethenol)/O• 1M-E3TTA :: l/l .

Time =» 30 minutes.

$OL.V&fiJT F-feOMT

ABC i>

F~i <qU fci iz. ^ Q SO As for Figure 2C49 but ethanol
added to upper phase after separation, to a concentration
of 10?£ v/v, ~™
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Pi^uftE 2e 5{
A = Phonobnrbitono, B a Butobarbitone, C = Quinalbarbitone,
D a mixture of these thr*>e. Solvent = n-butanol/0.1?>V.OTA :s

l/l . Time a 30 minutes.

&£ 2.0

SCLVBNT ££&!IX

ir i (q U 2. C b 2. A ss Hienobarbitone, B a ButobarbitoneJ
C ss Quinalbarbitone, D ss Aiqylobarbitone, E ss Pentobarbitone,
P ss Barbitone, G o mixture of A,B and C, Solvent ss n-butanol/
0.01M-EDTA :: l/l. Time = 33mins, 1% solns. of barbiturates.
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H^UKE 2.C55
A ss Phenobarbitone, B ss Butobarbitone, C = Amylobarb: tone,
D ss Quinalbarbitone, K = mixture of these four. Solvent ss

upper phase of n-butanol/CHClj/O.lM-EDTA ::: 9/1/10.
Time ss 23 minutes.
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SC't~ v' E n* i f-'AC-'M i

hi (qU Pt£ <2>C. £> 4- A a Rienobarbitone, B = Barbitone,
C ss ftutAbarbitone, D ss Pentobarbitone, E = Amylobarbi tone,
P ss Quinalbarbitone, G ss mixture of A, C and P. Solvent ss
upper phase of butan—2—ol/O.lM-EBTA :: 1/1. Time ss 43 rains.
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A a Hienobarbitone, B a Barbitone, C a Butobarbitono,
D a Pentobarbitone, E a Anylobarbiione, F a Quinolbarbitone,
G a mixture of A, C and F, Solvent a upper phase of tertiary

orayl alcohol/0,1 M — EDTA t: l/l. Time a 45 minutes.
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A s Phenobarbitono, B » Butobnrbitone, C m Quinal-

barbitone, D si mixture of A, B and C,.E a Barbitone, B =

F si Arqylobarbitone, G si Pentobarbitone*
Solvent m upper phase of n-butanol/0.1 M - EDTA : r l/l.
Time si 2 hours.



67-

3>E 2.0

*—v

A 8 C ]) £ F <q

Ft (Sj URE ZC 57

A a Phenobarbitono, B a Barbitone, C a Butobarbitone ,
D a Pentobarbitone, E a Aiqylobarbitone, P a Quinalbarbitone,
G a mixture of A, C and F • Solvent a upper phase of
tertiary anryl alcohol/0.1 M <•» EDTA tt l/l • Time * 2 hours*
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A m Hienobarbitono , B a Barbitone, C a Butobarbitone,
d a Pentobarbitonet e a Anqylobarbitone, f a yuinalbarbitone,
g a mixture of A, C and F. Solvent a upper phase of

tertiary arqyl alcohol/0.1 M — KDTA :: 1/1.

Time a 4 hours and 10 minutes.
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FIGURE ZC 5 9
A a Fhenobarbitone, B a Butobarbitone, C a Quinalbarbitone,
D a mixture of these three. Paper treated with 0.2N-NIL and
dried before addition of barbiturates, Then rum in CHCI«»
Time a 7 minutes.
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FIGURE 2.C 60 As for Figure 2C59 but 0.2N-NIf^
replaced by Jfo NaHCO^.
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A a Barbitono, B = Butobarbitone, C a Araylobarbitone, D a
mixture of these three. Paper treated with 0.2 M-Na^CO^
and dried before barbiturates added. Then run in CIIC1„ in
an atmosphere of NIL.,. Time » 7 minutes.
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A = Phenobarbitone, B = Buto¬

barbitone, C = yuinalbarbitono, D a mixture of these three.
Paper treated with 0.2M-Na2C0_ and dried before addition of
barbiturates. Then run in CHCIj saturated with 0.2M-Na2C0j.
Time = 7 minutes.
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barbiturates. Then run in n-butanol. Time as 30 minutes.
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either tertiary amyl alcohol - or n-butanol -

saturated with 0.1 M-ethylenediamine tetra-acetic

acid (disodium salt). Figures 2C$6, 2C57 and

2C|?8 show the results of ascending chromatography

using these solvents over longer periods, namely

2 hours and 4 hours.

The experiments which are illustrated by

Figures 2C41 to 2C58, inclusive, were carried out
on diethylaminoethyl-cellulose paper. Some expert.-

ments were, however, carried out on aminoethyl-
cellulose paper} these results are shown in

Figures 2C59 to 2C66.

SSCTIOK D. HORIZONTAL CIRCULAR CHROMATOGRAPHY

It is my experience with unmodified cellulose

paper that when two substances can be partially

separated by either ascending or descending

chromatography, complete resolution can often be

achieved by using horizontal circular chromato¬

graphy. In same examples quoted In previous

sections, partial resolution was achieved by

ascending chromatography with modified cellulose

papers. The experiments described below serve to

illustrate that partial resolution can give rise

to complete resolution by a change to horizontal

circular chromatography.
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(a) Separations using aqueous 'solvents'.

The Rj, values of the two neutral compounds
caffeine and phenacetin on diethylaminoethyl

cellulose paper are very nearly the same when •run"

in 0.2 N-ammonia solution (see Figure 2C11). By

using the same paper "but with 0,1 M-ethylene-

diaminetetra-acetic acid as solvent, the resolution
is improved but is not complete (see Figure 2D1).

A four-hour 'run' by the descending method does

effect complete resolution, but diffusion of the

spots is so great that they are only 3ust discern¬

ible. By using horizontal circular chromato¬

graphy, a complete resolution of caffeine and

phenacetin can be achieved in 2 hours. This is

illustrated in Figure 2D2, which shows the

separation of a mixture of salicylic acid

phenacetin and caffeine. Acetylsalicylic acid

has a tendency to "tail" under these conditions.

(b) Separations using organic solvents.

In section C(b) of this chapter, Figure

2C58 shows the results of an attempt to separate

several of the commoner ^^-substituted barbitur¬

ates on diethylaminoethyl cellulose paper with

a solvent consisting of tertiary amyl alcohol

saturated with 0.1 M-ethylenediaminetetra-acetic

acid (disodium salt). The results of this 4-hours
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Separation of a mixture of Salicylic acid (A) ,
Fhenacetin (P), and Caffeine (C) by horizontal circular

chromatography, Mixture applied at point marked 'M*.
Solvent s 0*1 M — EDTA. Time =» 2 hours end 6 minutes*
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PH =» Phenobarbitone, BA a Barbitone, BU s= Butobarbitone f
PE =s Pentobarbitone. Mixture of these applied at point
marked 'M*. Solvent sa tertiary anryl alcohol saturated
■with 0.1 M — EDTA. Time ss 2 hours.

be zo

2.1)4

As for Figure 2D3 but time =s 4 hours.



FIGURE 1 h S,
C m Codeine, M a Morphine.

f CA => Caffeine, P^Hienacetin,
<X<wlb. S a point of application. Solvent a tertiary
acyl alcohol saturated with 0.1M-EDTA. Time a '? 4 hours.
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run were only partially successful in effecting a

resolution. However, by using the same type of

paper and the same solvent but subjecting the

barbiturate mixture to horizontal circular chroma¬

tography, it has been found possible to obtain in
2 hours, a complete resolution of a mixture of

Phenobarbitone, Butobarbitone and Pentobarbitone.

Using the same conditions over a 4-hours run, a

clear differentiation of the four barbiturates,

Phenobarbitone, Barbi1;one, Butobarbitone and
Pentobarbitone could be obtained. No resolution

of a mixture of Pentobarbitone, Amylobarbitone and

Quinalbarbitone could be achieved by this method.

Figures 2D3 and 2D4 illustrate the results of

the 2- and 4-hour 'runs *, respectively. Figure 2D5
shows that a mixture of (a) morphine and codeine

and (b) caffeine and phenacetin can be separated

under the same conditions as described for the

barbiturates,
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CHAPT3R 8

A W.SVJ TECHNIQUE IWOLYING 10NOPHORESIS ON ION-

EXCHANGE PAPERS

Ionophoresis on unmodified cellulose paper is

now a widely used procedure for separating com¬

pounds in both the organic and inorganic fields.

The literature is covered by the works of

McDonald (Ml), Laderer (LI), Smith (SI) and

Goldbaum (Gl),

However, there appears to have been no pub¬
lished work dealing with ionophoresis on ion-

exchange papers and the idea occurred to me that

mixtures of certain compounds which could not be

resolved by chromatography on ion-exchange papers,

might be resolved by ionophoresis on ion-exchange

papers. This idea has been shown to be correct

for seme substances. It has been found that in

many cases the speeds of mobility differ from

those on Ordinary* filter paper.

Section A. Separations bv One-dimensional

Ionophoresis

The apparatus used for these experiments has

been referred to in Chapter 2, Section B.



(a) Separation of Morphine from other alkaloids

| The values of several alkaloids when sub¬
jected to chromatography on the modified cellulose

papers in 0.1 M-ethylenediaminetetra-acetic acid

(disodium salt) is shown in Table 3AT1. The
■

results indicated that morphine and codeine can¬

not be resolved completely by chromatography under

these conditions.

In order to investigate the behaviour of

alkaloids on ion-exchange paper under the influence

of an electric field, the individual alkaloids
were "spotted" on a sheet of diethylaminoethyl-

cellulose paper as Indicated in Figure 3A1. The

sheet was placed in the micro-electrophoresis

tank, which had previously been filled with 0.2 N-

ammonia solution. The aqueous solution was allow¬

ed to creep up the ends of the paper. When the

two moving fronts had coalesced, the power supply

was switched on and the current adjusted to give

a constant value of 5 milliamperes. The current

was allowed to flow for 1 hour. Figure 3A2 shows

the results of this experiment, from which it will
be seen that morphine is the only one of the

alkaloids used which moves from the origin. A thin

line which was visible in ultraviolet light was

also noticed running across the paper. This

was probably due to substances washed out of the
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paper by the initial •solvent' flow. Another

phenomenon which was noticed was that, on drying
»

the paper, the morphine spots assumed a pale blue

fluorescence. None of the other alkaloids showed

this phenomenon.

In an attempt to eliminate the line which was

visible in ultraviolet light, an experiment was

carried out with the same type of paper and

'solvent' but the paper was first wetted with1

'solvent' and then gently blotted. Morphine and

codeine were then 'spotted' on to the wet paper

which was then subjected to ionophoresis for 30

minutes. Figure 3A3 shows the results of this

experiment. It was observed that Morphine still

separated from codeine, that the absorbing line
was not present, but that the morphine spots still

developed a pale blue fluorescence when the paper

was dried. However, under these latter conditions
the morphine shows a tendency to 'tail*,

(b) Separation of Suluhonamides.

The behaviour of sulphonamides when subjected

to ionophoresis on ion-exchange paper was in¬

vestigated by using the same technique as describ¬

ed In part (a) above, except that buffers of
various pH values were employed. The sulphona¬

mides used were Sulphacetamide, Sulphadiazine,
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Sulphathiazole and Sulphaguanidine. These were

prepared as 2 per cent solutions in 95 per cent

(V/?) aqueous acetone. A few drops of concentrat¬

ed hydrochloric acid were added to assist dis¬

solution of the Sulphadiazine.

Figure 3A4 shows the movement of the four

sulphonamides on Diethylaminoethyl-cellulose paper

in 0.2 M-sodium acetate/hydrochloric acid buffer

at pH 3«25» A constant current of 8 milliamperes

was applied for 60 minutes. The voltage varied

between 280 and $20 volts. In Figures 3A5, 3A6,
and 3A7, the same type of paper has been used as

in Figure 3A4 but the solvent was 0.2 N-ammonia

solution; the current in these cases was 5, 7 and
8 milliamperes, respectively, applied for 60
minutes.

When a 0.1 M-solution of the disodium salt

of et hylenediamlnetetra-acetic acid is used as

solvent, the sulphonamides show some difference
in speed of migration. Figures 3A8 and 3A9 show

these results with diethylaminoethyl cellulose

paper for 15 milliamperes (30 minutes) and 20

milliamperes (60 minutes), respectively.

Using the same solvent but with cellulose

phosphate paper, the four sulphonamides migrate
towards the cathode but show very little tendency

towards resolution >after one hour at a constant
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current of 25 milliamperes. The results are

shown in Figure 3A10.

Section B. Two-dimensional Separations Involving

Chromatography followed bv Iono-

Phoresis in the Same Aqueous Medium.

In this technique, one edge of the paper is

dipped into the aqueous •solvent1 in the micro¬

electrophoresis tank. The other end is prevented

from coming into contact with the solution by

resting it on one of the Perspex sectors supplied

with the apparatus. Chromatography is allowed to

proceed for 10 to 15 minutes by which time the

•solvent' front has moved a distance of 3 to 4

Inches, depending on the particular paper and the
nature of the solution used. At the end of this

time, the paper is removed from the tank, turned

through a right angle and placed In the tank so

that each end now dips into the solution. The lid

is placed in position and a direct current

potential applied. After ionophoresis, the cur¬

rent is switched off. The paper is removed and

inspected in ultraviolet light from the Hanovia

'Chromatolite' lamp. It is pertinent to mention

that the paper may also be examined in this way

as it is removed after the chromatography; it is
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not necessary to dry the paper in between chromato¬

graphy and ionophoresis; furthermore the same

♦solvent' is used for both procedures.

In the following experiments, the paper size
was 5" x 4",

(a) Separation of a mixture of nhenacetln.

p-acetyl-amlnophenol. •• mobarbitone and

salicylate.

When a mixture of phenacetin, p-acetylamino-

phenol, phenobarbitone and salicylate are subject¬
ed to chromatography on diethylaminoethyl-celluloso

in 0.2 N-ammonia solution, a partial resolution of
the components can be obtained in 12 to 15 minutes*

Figure 3B1 illustrates this point and shows that

salicylate moves the slowest and is differentiated

from the other three components which move together

as a group. By subjecting the paper on which such

a partial chromatographic separation has been

carried out, to a constant current of 5 milliampereS
for 60 minutes, a complete resolution of all com¬

ponents of the mixture can be achieved. The

results of such a separation are shown in Figure

3B2.

A further point of interest which has been

observed is that p-acetylaminophenol shows the

usual purple absorbing spot in ultraviolet light
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milllamps. A a Phenacctin, B m Salicylic acid, C * p-acetyl-

aminophenol, D » Fhenobarbitone• Mixture applied at ,P*.
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(254 my,) when examined on wet paper but as the

paper dries, the spot develops a blue fluorescence*
This phenomenon was not observed with unmodified

cellulose paper.

Furthermore, on the diethylaminoethyl-
cellulose paper, the barbiturate moves faster than

salicylate under the influence of the electric

fieldj on unmodified paper, salicylate moves

faster than barbiturate (see Goldbaum (Gl)).

(b) Separation of a mixture of Promazine.

Quinine. Phenacetin and Sulnhacetamide.

Separation of these compounds has been

effected by applying them to a sheet of diethyl-

aminoethyl-cellulose paper and carrying out first

chromatography in a 0.1 M-solution of the disodiun

salt of ethylenediaminetetra-acetic acid for 20

minutes and then ionophoresis in the same solution

for 30 minutes, A constant current of 10 milli-

amperes was used for a 4" x 5" sheet of the paper.i

Figure 3B3 shows the results of this experi¬

ment, from which it is seen that chromatography

effects a separation into three parts, namely,

Promazine, Quinine and a mixture of Sulphacetamide
and Phenacetin. lonophoresis resolves the mixture

of Sulphacetamide and Phenacetin.

Examination of the wet paper in 254 mp. light
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FigURE 565

20 minutes chromatograpfy followed by 30 minutes ionophoresis.
Solvent in each case = 0.1 M - EDTA. Constant current of

10 railliaraps. A a Promazine, B =» Quinine, C m Hienacotin,
D as Sulphacetamide, Mixture applied at *P* •
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shows Promazine as a blue fluorescent spot,

Sulphacetamide as a light-blue absorbing spot and

Phenacetin as a dark-purple absorbing spot.

Quinine is not visible on the wet paper. After

drying the paper, which takes about 3 or 4

minutes with a hair-dryer, the Promazine shows up

as a brilliant yellow fluorescent spot. Quinine

is revealed as a bright blue fluorescent area by

holding the paper over the mouth of a bottle of

concentrated hydrochloric acid. The Sulphaceta-

mide and Phenacetin show the same absorption

colour as on wet paper.
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CHAPT5R 4

APPLICATION OF CHROMATOGRAPHY AND I0N0PH0R3SIS ON

10N- R.%CILANGG P.A PGRS TO TH7, D3T3CTI0N IN BIOLOGICAL

MATERIAI OF DRUGS OF INTGR3ST IN

FORSNSIC CHEMISTRY

Chromatography on "ordinary" filter paper has

been widely used in toxicological analysis to

assist in both purification and identification.

In these respects it is of immense value. Curry

(C2) has described the use of chromatography on

unmodified paper for the identification of bar¬

biturates; Farmilo and Genest (Fl), Jackson and

Moss (Jl) and Curry (C3) have discussed the

separation of alkaloids by chromatography on un¬

modified paperj Jackson and Moss (Jl) have also

given a brief account of the (unmodified) paper

chromatography of glutarimides and other neutral

drugs.

From a search of the literature, I have been

unable to find any reference to work dealing with

either chromatography or ionophoresis on modified

cellulose ion-exchange papers in connexion with

toxicological analysis. The following sections

describe the application of the information ob¬

tained frcm results of experiments outlined in

previous chapters to the identification of drugs
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in biological material.

Section A. Direct Sxamlnation of Biological

Material.

The chromatography of untreated biological

material applied directly to the paper appears not

to have been investigated as far as toxicological

analysis is concerned. There are probably two

reasons for this. Firstly, the solvents generally

employed in conventional chromatography would

cause denaturation of the proteins in the biologic*

al material. The resulting denatured protein

would bind many compounds and thus prevent then

from moving away from the protein on the chromato-

gram. Secondly, the amount of toxic substance

being sought is generally so small that at least

2 ml of blood would have to be put on to the paper

to enable the substance to be detected.

As far as electrophoresis in aqueous solvents

is concerned, the proteins themselves are known to
move under the influence of an electric field.

Hence, differentiation from other substances might,

therefore, be impossible or very difficult.

Goldbaum (Gl), however, has suggested that two-
dimensional electrophoresis on "ordinary" filter

paper is worthy of investigation. He points out

that by carrying out electrophoresis at a pH value

at or near to that of the isoelectric point of the
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proteins, it may be possible to cause the toxic

agent to move in either one direction or the other,

whilst the proteins remain at the point of applica*

tion.

Smith (SI), however, states that deprotein¬
ization of biological fluids is a necessary pre¬

liminary step in low-voltage (unmodified cellulose)

paper - electrophoresis of amino acids. It is my

own experience, too, with low-voltage electro¬

phoresis on unmodified cellulose paper that, in

general, deproteinization is necessary when

examining compounds of low molecular weight.

Furthermore, Efron (SI) states that in high volt¬

age paper-electrophoresis on unmodified cellulose

paper, the presence of protein in biological
fluids will cause streaking of the small mole¬

cular weight substances. He, therefore, advises

deproteinization prior to examination.

Using diethylaminoethyl-cellulose paper in

0.2 N-ammonia solution, I have found that when

either whole blood or serum is applied directly

to the paper, the proteins do not migrate from
the point of application either by chromatography

or by ionophoresis. A limiting factor here is

the capacity of the paper, which can only handle

a few microlitres of blood. However, provided
this is borne in mind, it is possible to effect
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a separation of certain substances from biological

material applied directly to the modified cellulose

paper. Because only a small volume of protein-

containing material can be applied to the paper,

such a technique is only of value when the con¬

centration of toxic substance is relatively high.

In order to illustrate the separation of

drugs from blood proteins by direct application of

the blood to the paper, two actual cases of

suicide recently investigated In the Department of

Forensic Medicine, University of Edinburgh, will
be described.

The first case was one of death following the

Ingestion of a large overdose of aspirin. The

blood was first analysed by the method of Trinder

(Tl) and was found to contain 95 mg of salicylate

per 100 ml, A portion of this blood was taken up

in a capillary tube and applied directly to a

4" x 5" sheet of dlethylamlnoethyl-cellulose

paper. Chromatography was carried out for 25

minutes in 0,2 N-ammonia solution. The pattern

shown in Figure 4A1 was seen when the wet paper

was examined under the 2^4 mix ultraviolet lamp.

The wet paper was then subjected to ionophoresis

(5 milliamperes constant current) In the same

'solvent' In a direction at right angles to the

chromatography 'run'. After 45 minutes, the paper
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was examined again. The results are shown in

Figure 4A2. It was seen that the characteristic

blue fluorescent spot of salicylate had migrated

towards the anode and was clearly differentiated

from other ultraviolet light-absorbing material.

The second case was one of death following

an overdose of Phenobarbitone. Analysis of the

blood by Curry1s (C2), method showed that the

blood contained 9.8 mg of barbiturate per 100 ml.

The barbiturate was identified as Phenobarbitone

by the application of the procedure which I have

described in Chapter 2, Section D, part (b) of
this thesis. (This procedure was carried out on

an ether extract of a tungstic acid filtrate of

the blood). The blood was applied by a fine

capillary to diethylaminoethyl-cellulose paper.

Chromatography for 25 minutes in 0.2 N-ammonia

solution was followed by ionophoresis for 45

minutes at 5 milliamperes constant current (also

in the ammonia solution) in a direction at right

angles to the first 'run1. The results of this

experiment are shown in Figure 4A3. A dark,

absorbing area was noted in the position which

barbiturate had been previously shown to occupy.

See Figure 3B2.
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Direct application of blood from the same case of

salicylate poisoning as used for Figure 4A1.

25 minutes chromatography followed by 45 minutes ionophoresis
in 0*2 N - NHj. Constant current of 5 milliamps.
The blue fluorescent spot is due to salicylate.
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Gection B. Treatment of Biological Material

In many cases, toxic substances present in

biological material are either not resolved by

direct application to the paper or are present in

too small amounts for such a technique to be

applicable. These cases require special treatment,

the initial step of which usually involves the

preparation of a protein-free filtrate. This is

then followed by extraction of the filtrate with a

suitable organic solvent.

(a) Preparation of a protein-free filtrate

Several methods were tried for the prepara¬

tion of a protein-free filtrate. For body tissues,
the method which gave the "cleanest extract" was

that described by Curry (C80, which is a modifica¬
tion of the well-known tungstic acid procedure.

By "cleanest extract" is meant the organic solvent

extract of the protein-free filtrate which, on

evaporation to dryness gave the least amount of

fat and other normal, unwanted material.
For dealing with the contents of the aliment¬

ary tract the methods of Nickolls (Nl) and Daubney

and Nickolls (Dl, D2) were found to be most suit¬

able.

The method described by Curry (C3L) is given

in detail below. I have modified it slightly
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because I have found In some cases involving

putrefying liver, that the filtrate was very

slightly alkaline.

Procedure for liver, brain, blood or kidney

100 grams of tissue were macerated with 180

ml of distilled water and 20 ml of 2.5 per cent

sodium hydroxide solution. To the slurry were

added 120 ml of 10 per cent sodium tungstate

solution. 100 ml of N-sulphuric acid solution

were added slowly with stirring. The mixture was

then heated in a boiling water bath for 20 minutes.

It was found that clearer filtrates were obtained

by not stirring the mixture during the heating

period. The greater clarity of filtrate also coin¬

cided with less tendency towards emulsion formation

on subsequent extraction with organic solvent.

The coagulated protein-precipitate was filter¬

ed, whilst still hot, through batman No. 1 filter

paper in a Btlchner funnel. Very slightly reduced

pressure was used.

Procedure for small amount of blood

5 ml of blood were mixed with 30 ml of 0.1 per

cent sodium hydroxide solution. After the cells

had lysed and the solution had assumed the brown

colour due to formation of alkaline haematin, the
mixture was shaken with 10 ml of 10 per cent sodium
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tungstate solution. 3.5 ml of 10 per cent sul¬

phuric acid solution were then added slowly with

stirring. The mixture was then heated in a boiling

water bath for 10 minutes; it was not stirred

during the heating. At the end of this time, the
hot mixture was filtered through a small Whatman

No. 1 filter paper in a Bttchner funnel, using

slightly reduced pressure. In some cases, 10 ml
cf blood and double the volumes of reagents were

used,

(b) Extraction of Filtrate with Organic Solvents

Walker, Fisher and McHugh (Wl) used success¬

ive chloroform extractions of a tungstate filtrate

of blood in their method for estimation of bar¬

biturates. In my experience, ether gives a final

residue which is less contaminated with unwanted

matter than when chloroform is used. The details

of the procedure used are given below.

Acidic - plus - neutral fraction

The cold, tungstic acid filtrate from 5 rol
of blood was shaken with 50 ml of ether in a

separating funnel. The aqueous phase was run off

into a second separating funnel. The ether extract

was shaken with a few grams of anhydrous sodium

sulphate, decanted into a small flask and evaporat¬

ed to dryness on a steam-bath. This flask contained

the acid and neutral fractions.
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Basic fraction.

The aqueous mixture in the second separating

funnel was made alkaline (pH >9) with concentrated

ammonia solution. The mixture was then shaken with

50 ml of ether in a separating funnel. After the

layers had separated, the aqueous layer was run

off. The ether layer was shaken with a few grams

of anhydrous sodium sulphate, decanted into a

small flask and evaporated to dryness on a steam-

bath. This flask contained the basic fraction.

Separation of acidic and neutral fraction.

In some cases it was desired to separate the

acidic and neutral compounds prior to chromato¬

graphy. For this purpose, the ether extract con¬

taining the acidic and neutral compounds was shaken

twice with two separate 3 ml volumes of 3 per cent

sodium hydroxide solution. This extract containing

the acidic compounds was separated and run off in¬

to another separating funnel. After acidification

with 2N-sulphuric acid solution, the mixture was

extracted with ether and then dried and evaporated

as before. This residue contained the acidic com¬

pounds.

The ether phase after shaking with alkali

contained the neutral compounds; it was dried with

anhydrous sodium sulphate and evaporated to dryness

on a steam bath.
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Sectlon C. Examination of the Isolated Fractions

The residue remaining in the flasks after

evaporation of the ether was dissolved in a few

drops of chloroform and applied to the ion-exchange

paper with a fine capillary tube. The various

fractions were treated as described below.

(a) Acidic-nlus-neutral fraction

This fraction contains strong acids such as

salicylic, weak acids such as the barbiturates
and neutral compounds, e.g. phenacetin.

(i) Group separation

In Chapter 3, Section A, it was demonstrated
that a mixture containing salicylic acid, barbi¬

turate, phenacetin and p-acetylaminophenol could

be resolved by chromatography followed by iono-

phoresis using Diethylaminoethyl-cellulose paper

and 0.2 N-ammonia solution. The reason for in¬

cluding p-acetylaminophenol in this group is that

this compound is the major metabolite of phenacetin.

In order to ascertain whether this group of

compounds could be detected in a blood extract,

the following procedure was adopted.

50 mg of phenobarbitone, 50 mg of salicylic

acid, 50 mg of phenacetin and 50 mg of p-acetyl-

aminophenol were dissolved in 100 ml of ethanol.

0.1 ml of this solution was added to 5 ml of blood
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which was then treated as described in Section B,

above. The 5 ral of blood therefore contained 50

|xg of phenobarbitone, 50 p.g of salicylic acid,

50 jig of phenacetin and 50 pg of p-acetylamino-

phenol.

The residue from the acidic-plus-neutral

fraction was dissolved in a few drops of chloro¬

form and transferred by capillary pipette to a

sheet of Diethylamlnoethyl-cellulose paper. The

area of the spot of applied material was kept as

small as possible; the diameter in most cases did
not exceed 4 mm. A hair-dryer was used to evapor¬

ate the solvent as the mixture was applied.

Chromatography and ionophoresis in 0,2 N-ammonia

solution were then carried out exactly as des¬

cribed in Chapter 3» Section A. A •blank1 of the
same blood to which no compounds had been added

was carried through the whole procedure.

Several of these experiments have been carried

out. One of them, using a several months old,

putrefying sample of pooled blood which had

originally been taken from hospital patients being

treated with anticoagulants, produced some inter¬

esting results. The results of the •blank* and the

sample containing the added mixture are shown in

Figures 4C1 and 4C2, respectively.
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Ether extract of tungstic acid filtrate of blood 'blank1,

35 minutes chromatography followed by 45 minutes iono-

phoresis in 0,2 N - NH^. Constant current of 5 milli-
amps. F s point of application.
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Ether extract of tungstic acid filtrate of sarae blood as

used for Figure 4C1 but to which blood Salicylic acid (A),
Fhenobarbitone (B), p-acetylaminophenol (C) and
fhenacetin (D) had been added.

35 minutes chromatography followed by 45 minutes

ionophoresis in 0,2 N - NH^» Constant current of 5
milliamps, P m point of application.
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(**) Separation of Individual barbiturates

The separation of some of the 5s5 substituted

barbituric acid derivatives on ion-exchange paper

was described in Chapter 2, Section D, part (b)
of this thesis. The procedure described therein

has been applied to the ether extract of a tung-

stic acid filtrate of blood to which known amounts

of barbiturates had been added.

An ethanolic solution containing 50 mg each

of the following barbiturates per 100 ml was

prepared.- Phenobarbitone, Barbitone, Buto-
barbitone and Quinalbarbitone. 0.1 ml of this

solution (equivalent to 50 jxg of each barbiturate)
was added to 5 ml of blood which was then depro-

teinized as described in Section B of this chap¬

ter. A •blank* was also prepared from 5 ml of

the same blood to which no barbiturate had been

added. This was also deproteinized and extracted

with ether. Bach residue, after evaporation of
the ether, was dissolved in a drop or two of

chloroform and *spotted' separately on a slotted,
circular sheet of diethylaminoethyl-cellulose

paper as described in Chapter 2, Section D, part

(b). Control barbiturate spots were applied to

the remaining sectors of the paper. Horizontal,

circular chromatography was then carried out using

tertiary amyl alcohol saturated with 0.1 M-
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. J ^

ethylene!iaminetetra-acetic acid (disodium salt)

as solvent. After 4 hours, the paper was examined

in an ammoniacal atmosphere under the 2J>4 mjx ultra-
'

violet lamp. The results are illustrated in

Figure 4C3. It was noted that the four barbitur¬

ates could be separated by this procedure from

each other and from other compounds present in

the blood extract. It was also observed that the

resolution of the barbiturates in the blood ex¬

tract was equally as good as that obtained with

pure solutions.
■

(b) Basic fraction

This fraction includes the classic alkaloids,9

synthetic alkaloids and, theoretically, the

Tranquillisers. However, the phenothiazine group

of tranquillisers will not be considered here be¬

cause they do not appear in a tungstic acid fil¬

trate of blood. To detect these compounds, it is

necessary first to hydrolyse with acid, since they
are protein-bound.

The alkaloids Quinine, Strychnine and Nico-
tine have been chosen as examples of compounds

which may be found in the basic fraction. These

bases have been selected because it has been

shown in Figure 2C3 that they can be resolved on

cellulose citrate paper when applied in pure
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Horizontal circular chromatography of extract of blood

containing Fhenobarbitono (A), Barbitone (B), Buto-
barbitone (C) and Quinalbarbitone (D) on DE 20 paper.

Solvent sa upper phase of tertiary arayl alcohol saturated
with 0,1 M - EDTA. Time ss 4 hours.
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solution.

In order to ascertain whether these alkaloids

could he detected and resolved from a blood

extract, the following procedure was carried out.
An ethanolic solution was prepared containing

a mixture of 25 mg of Quinine, 50 rag of Strychnine

and 100 mg of Nicotine per 100 ml. 0.1 ml. of

this solution was added to 5 ral of blood, which,

therefore, now contained 25, 50 and 100 micro¬

grams of Quinine, Strychnine and Nicotine, res¬

pectively,

A tungstic acid filtrate, prepared as des¬

cribed in Section B of this chapter, was first

extracted with ether and this extract discarded.

The aqueous phase was then made definitely

alkaline (pH > 9) by the addition of concentrated

ammonia solution. This alkaline mixture was then

shaken with ether. After the phases had separated,
the ether was removed, dried with anhydrous

sodium sulphate and evaporated to dryness at a

temperature not exceeding 60° C. A 'blank' of the

same blood to which no alkaloids had been added was

carried through the whole procedure. Chromato¬

graphy was then carried out by the ascending

technique on cellulose citrate paper using 0.1 M-

ethylenediaminetetra-acetic acid (disodium salt)

as 'solvent'. The paper was removed after

minutes and the results shown in Figure 4C4 were

obtained.
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D s Quinine, E a Strychnine, F a Nicotine, C a

mixture of these three alkaloids, B a extract of blood
to which these three alkaloids had been added, A a blood
*blank'• Chromatography on CT 30 paper in a solvent of
0*1 M - EDTA. Time = 9? minutes.
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(c) Neutral fraction

Because of the very nature of ion-exchange

papers, it is to he expected that mixtures of

compounds which cannot exist in ionic form will

not he separated on such papers when polar sol¬

vents are used. However, it is possible to

separate neutral compounds from very weakly acidic

or hasic compounds hy this means. For example,
caffeine is such a weak hase that it is often

found in this 'neutral* fraction. The separation

of a mixture of phenacetin and caffeine in hlood

has heen effected hy the following procedure.

A chloroform solution was prepared containing

800 mg of caffeine and 200 mg of phenacetin per

100 ml. 0.1 ml of this solution was added to

5 ml of hlood and a tungstic acid filtrate pre¬

pared as described in Section B of this chapter.

The filtrate was extracted with 30 ml of ether.

The ether phase was separated, dried with anhydrous

sodium sulphate and evaporated to dryness on a

steam hath. A hlood •blank' was also carried

through this procedure. The residues were dis¬

solved in a few drops of chloroform and applied

to diethylamincethyl-cellulose paper. Circular

chromatography in 0.1 H-ethylenediaminetetra-
acetic acid (disodium salt) was then carried out

for 2 hours. The results obtained are shown in

Figure 4C5«
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Horizontal circular chromatography on DE 20 paper

of extract of blood containing Caffeine (A) and fhenacetin

(B). Areas and were present on the blood 'blank'
chromatograra #
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CHAPTSR 5

DISCUSSION

The general usefulness of ion-exchange cellu¬

lose papers in chromatography is clearly illus¬

trated by Figure 2C27 which shows the results of

an attempt to separate a mixture of Quinine,

Salicylate, Phenobarbitone and Phenacetin on

carboxymethyl cellulose in 0,2 N-ammonia solution.

The order of separation (starting from the point

of application) is Quinine, Phenacetin + Pheno¬

barbitone, Salicylate, that is, in the order of
Basic compound, neutral + weak acid, strong acid.

Carboxymethyl cellulose is a weak cation-exchanger

so that no retention of the salicylate ion takes

place on the paper and this ion moves with the

•solvent1 front, Phenobarbitone, a weak acid,
moves somewhat more slowly, whereas Quinine,

behaving as a cation, moves only a short distance
from the point of application. The neutral com¬

pound, Phenacetin, occupies a position intermediate

between acidic and basic compounds.

The stronger cation-exchanger, cellulose

phosphate behaves in a similar manner but gives a

wide, irregular band at the solvent front which

absorbs 2^4 my. radiation. This interferes with

the detection of compounds having an Rf value of
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0.9 or thereabouts. Cellulose phosphate Is, how¬

ever, very useful for separating mixtures of
metallic cations as Knight (Kl) has shown.

The effect of increasing acidity on the move¬

ment of Quinine, Codeine, Strychnine and Brucine
when subjected to chromatography on carboxymethyl

cellulose paper is illustrated in Figures 2C33>

2C34, 2C35, and 2C36. As the pH falls there is

less retention of the alkaloids by the paper, so

that their R^ values increase. In the case of the
^^-substituted barbiturates, the influence of pH

of the •solvent1 is seen in Figures 2C4 to 2C10,
where diethylaminoethyl-cellulose paper is used.

As the pH is increased, the Rf values of these
compounds increases very slightly but not signi¬

ficantly and the pattern of resolution remains un¬

altered.

It appears that for chromatography on ion-

exchange paper, the pH range over which the paper

functions as an ion-exchanger is not necessarily

the best for chromatography. Better resolution of

mixtures may be obtained at or near the pH limits

for the paper. The disodium salt of ethylene-

diaminetetra-acetic acid has been used in many of

the experiments where a pH of about 4.5 was requir-*

ed. A one-tenth molar solution of this compound

was found to give very straight •solvent' fronts
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with diethylaminoethyl-cellulose paper. It was

also considered that by using this compound any

metallic cation impurities would be prevented

from interfering with the chromatographic separa¬

tions because they would form non-ionic complexes.

Wright (Wl) has described a method for

separating the barbiturates by chromatography on

(unmodified) filter paper. He states that ade¬

quate development of the chromatogram takes between

four and seven hours. He gives a diagram showing

the results of a six hours 'run' in chloroform on

'ordinary' filter paper buffered to pH 10.6, Even

with this length of 'run', his method does not;

give complete resolution of Amylobarbitone, Pento¬
barbitone and Quinalbarbitone. The four hours

•run' which I have described using diethylamino-

ethyl-cellulose paper with horizontal circular

chromatography and a solvent consisting of a

tertiary amyl alcohol saturated with a 0.1 M-

solution of the dlsodium salt of ethylenediamine-

tetra-acetic acid gives a good resolution of a

mixture of Phenobarbitone, Barbitone, Butobarbltone „

and Pentobarbitone (Figure 2D4). It is Interesting

to note that in Wright's (Wl) method, Phenobarbi¬
tone moves faster than Barbitone whereas in my

procedure, the reverse is the case.

Another interesting point Is that Kawerau (K2)
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states (page 548) that he has experienced diffi¬

culties in barbiturate separation by horizontal

circular chromatography. This is probably because

he was using chloroform in a method similar to that

of Wright (Wl), I have found that the ion-exchange

papers are very satisfactory when used for horizon¬

tal circular chromatography with either aqueous or

organic solvents. It is also stated by Kawerau

(K2) that the slots in the paper used for horizon¬

tal circular chromatography should be cut by a

machine in order to obtain reproducible results.

Because machine-cut ion-exchange papers were not

available, I have cut the slots with a pair of

scissors, (using a machine-cut Whatman No, 1 paper

as a template), and have found the papers cut in
this way to be quite satisfactory.

The advantage of horizontal circular chromato¬

graphy is again seen by comparing the unsuccessful

ordinary ascending method (Figure 2D1) with the

successful circular method (Figure 202) for the

separation of a mixture of Caffeine and Phenacetin.

Chromatography on ion-exchange paper of ex¬

tracts from blood to which barbiturates have been

added gives results which are just as good as those

obtained with pure solutions. Again the speed of

separation must be emphasized and whilst it is not

suggested that ion-exchange paper chromatography
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wlll replace conventional paper chromatography,

it is important to realise that in many cases

separations can he obtained in a matter of minutes

as compared with the hours of ordinary chromato¬

graphy. Ion-exchange paper chromatography,

therefore, provides a very useful method for the

rapid preliminary investigation of the various

fractions encountered during tox.leologlcal

analysis,

Ionophoresis on ion-exchange paper also

enables separations to be made in a shorter time

and with much lower voltages than on unmodified

cellulose paper. All ionophoresis experiments

described in this thesis have been carried out at

a voltage less than 350 volts5 expensive high-

voltage equipment, has therefore, not been found

necessary. Another advantage of the ion-exchange

papers is that, in most cases, chromatography can

be carried out in aqueous solution and this can in

some cases then be followed immediately by iono¬

phoresis in the same aqueous solution, without dry¬

ing the paper. The two processes can thus be

carried out in the one (electrophoresis) tank using

only one solution. Because only relatively low

voltages and currents are used, the heating effect
is very slight, diffusion of the spots is minimized
and resolution is good.
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In the case of electrophoresis of blood serum

proteins on cellulose acetate paper, the position
of the separated spots depends upon the position

of the point of application and this phenomenon

has also been observed with ion-exchange papers.

The effect is probably due to a combination of

electro-osmosis and a greater evaporation rate at

the centre of the paper than at the ends. Figure

5A1 shows the results of an experiment in which a

2 per cent ethanolic solution of Phenacetin was

applied at a series of points on a sheet of car-

boxymethyl cellulose ion-exchange paper. Chromato¬

graphy was first carried out for 15 minutes follow¬

ed by ionophoresis in a direction at right angles

for 15 minutes, both processes being done with

0.01 N-hydrochloric acid solution. It is seen that

the position which gives no movement of the neutral

Phenacetin on ionophoresis is Just to the cathode

side of the centre of the paper. This suggests the

influence of electro-osmosis. The movement of the

spots, on ionophoresis, from the other positions

suggests a flow of 'solvent' towards the centre

of the paper where evaporation is probably maximal.

This new technique of ionophoresis on ion-

exchange papers provides an additional parameter as

compared with ordinary filter papers because in

addition to the applied electric field, there is
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Fhonacetin applied in five different positions on

a 5" x 4" sheet of CM 50 paper# 15 minutes chromatography
follwoed by 15 minutes ionophoresis in 0«01 N - HC1,
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also the influence of the ion-exchange properties

of the modified cellulose. The movement of any

ionic substance will, therefore, be governed by
the resultant of these two forces. This difference

between ionophoresis on modified and unmodified

cellulose is very clearly shown by the movements

of Phenobarbitone and Salicylic acid. On unmodi¬

fied paper, salicylate moves faster than Pheno¬
barbitone in an electric field (Goldbaum (Gl)

whereas the reverse is the case with ion-exchange

paper.

In the application of the combined technique

of chromatography and ionophoresis on ion-exchange

papers to blood extracts, it is observed that
ultraviolet light-absorbing substances present in

extracts of normal blood do not interfere with the

identification of substances in the acidic and

neutral group. The normal components are much

slower moving.

The direct application of serum to ion-exchange

paper is useful in some cases but is limited to

those cases where the concentration of toxic sub¬

stance is relatively high. It is to be noted,

however, that the serum proteins remain at the

point of application and that if, for example, a

large amount of salicylate is present, this can

readily be moved away from the proteins. An
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attempt was made to utilise this retention of

protein on a column of diethylaminoethyl-cellulose

powder in the hope that salicylate, say, could be

eluted by dilute ammonia. However, the column
behaved quite differently from the paper sheet

and the proteins were eluted ahead of and together

with salicylate. This may be due to the fact that,
in the sheet, the fibres are all aligned in one

direction whereas in the powder column the fibres

lie In all directions.

Two further phenomena which occur with ion-

exchange papers have been noted with morphine and

with p-acetylaminophenol. After ionophoresis on

diethylaminoethyl-cellulose paper in 0.2 N-ammonia

solution, morphine, which moves towards the anode,
shows up as an ultraviolet absorbing spot when

the paper is wet. On drying the paper, however,

this spot develops a pale blue fluorescence.

Other alkaloids tried (Codeine, Strychnine and

Brucine) do not display this phenomenon, which
serves as an additional factor in the identifica¬

tion of morphine.

A similar phenomenon is observed with

p-acetylaminophenol when it is subjected to

chromatography and ionophoresis on diethylamino¬

ethyl-cellulose paper in 0.2 N-ammonia solution.

Again the wet paper displays a dark absorbing
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area when examined in 254 m^ radiation but the

spot develops a pale blue fluorescence when the

paper is dried. This effect is most useful for

differentiating this major metabolite of Phenacetin

from barbiturates which move in a somewhat similar

manner when subjected to chromatography and iono-

phoresis.
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CHAPT3R 6

SUMMARY

Introduction of certain groupings into the

cellulose molecule confers ion-exchange properties

on the polymer. These groupings may be phosphate,

citrate, carboxymethyl, aminoethyl, or diethylamino

ethyl radicals. The cellulose, modified in this

way, is obtainable in paper sheet form from the
manufacturers of Whatman filter papers. According

to the group introduced, the paper behaves either
as a cation - or anion - exchanger.

These papers have been used in the separation

of compounds of toxicological interest by the

application of conventional methods of paper-

partition chromatography. Aqueous 'solvents* have

been used for ion-exchange separations; organic

•solvents', saturated with aqueous buffer solutions

have been used to suppress the ion-exchange

properties and thus enable partition chromatography

to be carried out with the paper. The techniques

of descending - ascending - and horizontal

circular - chromatography have been used.

A novel technique is the use of these papers

in ionophoresis where the additional parameter of

ion-exchange is utilised. This technique has been
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extended to ionophoresis following chromatography

in the same solution in the same chamber. By these

methods, morphine can be separated from other
alkaloids and resolution of the components of a

mixture of Phenacetin, p-acetylaminophenol,
Phenobarbitone and Salicylic acid can be achieved.

Application of these techniques with modified

cellulose ion-exchange papers to extracts of

biological material has been found to give results

which are as good as those obtained with pure

solutions. By choosing a suitable combination of

ion-exchange paper and solvent, the toxic substances
can be clearly separated from 'normal* constituents

of the biological material. A mixture of Pheno¬

barbitone, Barbitone, Butobarbitone and Qulnal-
barbitone has been added to blood and an extract

applied to an anion-exchange paper. Using an

organic solvent saturated with an aqueous buffer

solution at pH 4.5, it has been found possible to

obtain complete and clear resolution of these bar¬

biturates within four hours.

A logical extension of these methods is their

application to the various fractions obtained by

conventional chemical methods in toxicological

analysis, viz. the acidic, basic and neutral frac¬

tions. It is suggested that the use of these ion-

exchange papers, in the ways described, will form
a useful and rapid technique for the preliminary
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investlgation of biological material for drugs

of Interest In forensic chemistry*


