CIRCULAR PAPER CHROMATOGRAPHY
Part III. R, Values of Amino Acids and Peptides

By (Miss) TARA Rao AND K. V. GIri

(Department of Biochemistry)

SUMMARY

1. The R values on circular filter-paper chromatograms of a num-
ber of amino acids in various solvents have been determined. The follow-
ing solvent mixtures have been studied: n-Butanol-acetic acid-water,
phenol water, mesityl oxide-formic acid and aqueous acetone.

2. The influence of concentration of amino acids, the distance
of the solvent boundary and the distance of the initial spot from the centre
of the filter-paper, and temperature on the R, values have been studied.

3. The Ry values of some of the peptides in #-butanol-water solvent
mixture are given.

4. The influence of various factors involved in the movement of
amino acids on circular paper chromatograms and the mechanism of
chromatographic separation of the amino acids in the light of the results
obtained in the present investigation are discussed.

In previous reports (Giri, et al., 1952) techniques were described in
which circular filter-papers served as the inert support for the separation
and identification of amino acids using butanol-acetic acid-water, as solvent.
In order to apply the circular paper chromatographic technique to its fullest
extent to the amino acid analysis of biological materials, it is desirable to
elucidate the various factors which influence the movement of amino acids
on circular filter-paper.

The results obtained on the R/ values of amino acids by dowmnfard or
upward movement of the solvents using filter-paper strips by er\dqus lflVBStl-
gators may not apply in detail to the movement of amino: acids in circular
paper chromatography. The movement of amino acids in the latter case
is directed both in the direction of flow of the solvent towards the edge of
the paper and also in the direction orthogonal to the direction _of flow of the
solvent and hence the movement of amino acids may be considered a two-

dimensional movement.

The movement of the amino acids on paper is always expressed in terms

of their R, value which is a measure of the rate of movement of the amino
77
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1t is determined by the ratio of the dis-

: 14 to the distance of the mqveme-:nt
s & L8 mo}?ﬁ:e;t illtlgisa;ni;isiﬁt for a particular a@no am:l, thlth
g ?Olvent:d velo infg <olvent as the mobile phase, provided al IOt ;’,r
a particular €OV 00 = \ype of paper, temperature, pH of the samplo, Tie
-3 partlcuthayclistanc:e moved by the developing solv?nt frfmt and the
m?:;ltc ffhize;ilibration are maintained constant. Many investigators have
ex

shown that the Ry values vary consideral?ly, as the. mox;?n:leer:it :lf; otV]:;e
j .4s on paper is influenced by various factors mentionec ;
e amver difficult to control in routine work on cllromatogra:p]:}lc separa-
gg:;h alifl facji, the irreproducibility of Ry values 1s on¢ o’f the lm}ltatlons Ef
papel: chromatography, and it is the result of Igck of mformelltmgns (())Ilht 2
various factors influencing the Ry values. Batei-Srmth and Westall (1 )I ave
discussed the precautions necessary to obtau_l. accul:ate_ R, values. It 1s,
however, not necessary to observe these:_ COIldlthI:lS, in circular paper chro-
matography for routine chromatographic separatlgn. Nevertheless, fO%‘ an
accurate knowledge of the various factors affecting the. R/ \:'alufas, it is
essential to observe these precautions and the present investigation was,
therefore, undertaken with a view to study the infiuence of the nature of the
solvent mixture and other factors on the R, values of the amino acids.
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acid relative to the solvent front.

EXPERIMENTAL

The apparatus and general procedure adopted in the present investiga-
tion are based on the method described by Giri and Rao (1952). Manipula-
tive details of the technique were described adequately in previous publica-
tions and hence need not be detailed here.

DETERMINATION OF R/ VALUES

The amino acid solutions were prepared in concentrations of 0-1
per cent. aqueous solutions. About 10x 1. of the amino acid solution con-
taining 10 g. of the acid were applied as a circular spot at the centre of
Whatman No. 1 circular filter-paper by means of a small micro pipette.
Tha:: spot was allowed to dry at room temperature. After inserting the paper
' vinck " at the centre, the paper was irrigated with the solvent. Fresh solvent
mixtures were always used for running the Chromatogram as the composi-
tion :af ‘the' solvent mixture changed considerably after each development
g'hf 1rngatE10n was continued until the solvent boundary had travelled a-
; z:i :;;Zt\owe :ncgll. frot{n the centre. Depending on the solvent and the dis-
f € suriace of the paper and the solvent level, the time required
or complete development was about 2 hours. The :
the solvent boundary was marked immediat ' i & ne W:':'l : thf:n —

ely with a pencil, dried at room
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temperature and sprayed with 0-1 per cent. ninhydrin reagent in acetone
and dried at 35-40° C. for 30 minutes to develop the colours. Throughout
this paper, the classical R, values, defined as the ratio of the distance moved
by a given band of the amino acid to the distance moved by the solvent front
1s used. The R, values are the average of three to four determinations. the
distances being measured from different points on the circumference o;' the

solvent boundary. The R/ values presented in the table are subjected to
+ 10 per cent. variation.

SOLVENTS

The various solvent mixtures that were used in the present investigation
are described below. It is always desirable to use freshly prepared solvent
mixtures as esterification is likely to occur in some solvent mixtures such as
butanol-acetic acid mixtures on keeping for some time and also the compo-
sition of the solvent mixture is altered after use for development.

Phenol Solvent.—Water saturated phenol solution was prepared by
adding 100 c.c. of distilled water to 300 g. of phenol. The mixture was
allowed to remain in a separating funnel untid the two phases—phenol
saturated water layer and water saturated phenol layer separated. The
water saturated phenol layer was removed and used for the experiments.
Phenol was always distilled before use.

n-Butanol-Acetic Acid-Water Solvent.—40 c.c. n-butanol, 10 c.c. glacial
acetic acid and 50 c.c. water. Before use this mixture was shaken thoroughly
and allowed to stand for some time. The lower layer was discarded. It is
desirable to redistil butanol, as slight variations in the rate of movement
of the amino acids occur when impure solvents are used without distillation.

Mesityl Oxide-Formic Acid-Water.—This solvent was prepared according
to the method described by Bryant and Overell (1951) by shaking one volume
of mesityl oxide with one volume of formic acid (85 per cent.) and two
volumes of water. The solvent mixture was always prepared fresh imme-
diately before use, as mesityl oxide in presence of the acid gradually under-
goes oxidation and polymerisation on keeping with the formation of coloured
substances. Mesityl oxide was redistilled and fractionated before pre-

paring the solvent mixture.
ACETONE

Acetone was distilled and used after mixing with water in vVarious pro-
portions.

R, VALUES FOR AMINO ACIDS IN THE V ARIOUS SOLVENTS EMPLOYED

The R, values of various amino acids In the solvents tested are pre-
sented in Table I. They represent the average of values of at least three
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determinations. For convenience in evaluatin

circular paper chromatographic technique the results are compared with

those obtained by other investigators using the one-dimensional technique
of paper chromatography.

g the values obtained by the

It can be seen fron} the results that the R, values of the amino acids
as determined by the circular paper chromatographic technique are higher
than those obtained by the widely used unidimensional chromatographic
techniques. The values reported in the present investigation using n-butanol-
acetic acid-water as solvent are not exactly similar to those reported earlier
by Giri (1951). The cause for this discrepancy in the results is due to the
fact that the influence of solvent distance factor was not realised before and
as such the distance travelled by the solvent was not fixed. Further, re-
production of R; values very accurately is difficult, as the movement of the
amino acids is influenced by several variable factors which are difficult to
control, particularly when the chromatograms are run on different days for
longer or shorter periods of time. The R, values should, therefore, be
considered as mere indication of the relative positions of the acids with res-
pect to each other.

Among the solvent mixtures investigated »n-butanol-acetic acid-water
proved to be the most effective solvent for the separation of amino acids.
Distinct and well-defined circular bands were obtained with this solvent
mixture. On the other hand, somewhat diffused bands were obtained when
phenol and mesityl oxide were used as solvents. From the results of the
R, values given in Table I, it can be seen that useful separation of amino
acids can be achieved by the choice of suitable solvents. Further, some of
the amino acids which cannot be separated by using a particular solvent
mixture, can be separated by other solvent mixtures. This is clearly shown
in the case of glutamic acid and threonine. These amino acids overlap eagh
other and appear as one band when butanol-acetic acid-water mixture 1S
used as solvent. These amino acids can, however, be easily separated by

running the chromatogram with phenol as solvent.

Water-Miscible Solvents.—The solvents which are commonly us:ed 'for
development of chromatograms are non-polar or slight]y_ p?lar liquids.
Consden, Gordon and Martin (1944) suggested that water-mlscxl?le solvents
can be used provided the water content of the solvent is not too high. They,
however, observed that the amino acid bands were broader than -thpse
obtained by using immiscible solvents. This was attributed to the.vanat_lon
in the composition of the phases caused by the presence of the amino acids.
Water-miscible solvents have been used by Arden, et al. (1948) for the sepa-

6
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. o of inorganic ions. Hanes and Isherwood (1949) have also used water-
ration :

' ' hey found that
f phosphoric esters. T

1SCI olvents for the separation O _

fn::ic::;: i?‘l the water content of the solvent increased the R/ values but at the

in

. - he individual esters. Simi-
same time df:creased the differentiation nbeat,:;e?s;erwood (1949) for sugars
lar observations Wwerc made PY :]ermy lication of paper chromato-
Brown (1951) from his investigation on the application 61 P h

. of non-volatile carboxylic acids, showed that the
graphy to the separation 9 = tent of the solvent, so that
lues were increased with increased water content ot > :
l:{ Vae aration of acids with similar Ry values could be improved by adding
:vaet:r I:o the solvent. Kennedy and Barker (1951) u'sed aqueous ethyl alcohol-
ammonia solution, and aqueous acetone-ammonia for the separation of
yolatile acids by paper chromatography and found that the R, values could
be altered considerably by varying the percentage of water. In general,
the addition of a larger proportion of water to the mixture caused the
organic acids to travel more rapidly on the chromatogram.‘ Bentley and
Whitehead (1950) have employed successfully the water-miscible solvents—
methanol, ethanol, n-propanol, acetone, pyridine, tetrahydrofuran, furfuryl
alcohol and tetrahydrofurfuryl alcohol for the separation of amino acids by
paper chromatography. Acetone-containing water (407, v/v) was found to be
particularly useful, replacing collidine as a second solvent for chromato-
grams run first with phenol. Rockland, et al., (1951), investigated the influence
of water content of eight water-miscible solvents on R, values of amino acids
and found that the R, values varied with the percentage of water in the
solvent mixture. The Ry values of arginine, histidine and lysine were found
to decrease linearly with increasing propanol in the solvent mixture, while
the values for aspartic acid and glutamic acid were found to increase linearly
in the solvent mixtures containing more than 50% propanol. The R/ values
of leucine, cystine, isoleucine. valine, phenyl alanine and tryptophan were
four}d to b_e minimum at about 50% propanol. The values for alanine,
glyczne,‘ serine and threonine were not altered very much by change in
composition of the solvent. Burma and Banerjee (1951) studied the rate of
:;?;ie:;m:atgi zl;it:ﬁlgidazfs Wi;h tlisopmpyl alcohol-water mixtures of
differentiation between the in;i?;;ial a?lii:c])e af:{i}:isvﬂzss lngéeaSFd ?Hd s
In water content of the solvent. Kowkab ase S M
observed th i ok - Owkabany and Cassidy (1952) also
: at ‘:Vlth miscible pairs of solvents, all R values, in general
InCreased with increasing water content and reachin f 0 with B ’
g 1-0 with pure water,

which gave lower R values, 0-95 and

that adSOI‘ption on the f ) : oht
wer values obtained. lter-paper migh
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The R, values for the amino acids with a

queous acetone of varyin
amount of water are given in Table 1L Yine

TABLE II
Effect of Water Content of Acetone on the R Values of Amino Acids at

.*-.-- - — —_——

Room Temperature

’- S

Acetone : Water

———

e

No.  Amino acids
: 30:70 40:60 50:50 60:40 70:30 80:20 90:10
-1 Alanine .. 93 ‘91 -81 -65 63 43
2 a-Amino-butyric
acid 95 93 ‘91 90 93 -94
3 Arginine - 58 -50 -45 -41] .28 o
4 Asparagine 95 -97 -99 92 ‘91 -
5 Aspartic acid 1:0 -0 -93 -86 -86 -82
6 Cystine -87 -84 -82 -78 -78 -39
-7 Glutamic acid 68 -73 -70 ‘65 -67 4] .
" 8 Glycine -98 95 -84 -83 -80 -75 -39
. 9 Histidine .83 .81 .78 75 71 .53 .37
10 TIso-leucine 1-0 -97 -94 92 -92 -90 -87
'11 Leucine 1-0 -93 -92 ‘93 -95 -93 -93
;12  Lysine -40 -38 -38 -37 -36 -33 .
;13 Methionine -85 -83 96 -78 -76 -62 47
14 Nor-leucine 1-0 -97 -95 -92 ‘91 -82 -80
15 Ornithine .57 -40 .38 .38 .37 .36 -33
i16 Phenyl alanine -88 -88 -90 -99 -90 -87 s
.17 Proline -93 ‘91 91 -91 -90 -82 -40
"18 Serine -80 -79 +70 -80 -38 -38 -32
'19 Tryptophan -81 -79 -78 -75 -76 -78 -80
x20 Tyrosine -90 -82 -82 -80 77 -75 -33
.21 Valine -86 -86 -84 -83 -80 -77 33
n, It can be seen from the results in Table II that R, values vary with the
o amount of water present in acetone, increasing with increasing water content.
of When pure acetone was used no movement of the amino acids was 0b§erv?d.
i Acetone containing up to 70 per cent. water has been used. At this high

¢ level of water content the difference in R, values is‘very little_ and tl}e 'band?
" are very broad, but at lower water content there is some dlffefentlatlon tao
J R, values and the bands are reasonab‘ly .compact. The ogtlmum wg er

content for sharply defined bands lies within the range 20407, (v/w:r). Jne
/ : interesting feature is the marked difference in the R/ value_s of th'e basic amino
/ acids (arginine, lycine and ornithine) and_ other amino acids. The R,
4 values of these three amino acids are consistently very much lower than
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sic amino acids can, therefore,
ne as solvent.
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These ba

he other amino acids.
ds by aqueous aceto

er amino ac
CENTRATION OF AMINO ACIDS ON R; VALUE

the R, value changed with

Fisher and Parson (1948) observed that '
concentration of amino acid. Kowkabany and Cassidy (1952) have shown

that the R, values were only slightly decreased with the 1ncrease n con-
centration of amino acid. The influence of concentration of amino acids

on the Ry values of four amino acids determined by circular paper chromato-
tigated. 10p 1. of each amino acid of varying concentration

he circumference of a circle (2-5 cm. diameter) drawn from
R, values were determined after deve-

Its are presented in Table I11.

those of t
be separated from all oth

INFLUENCE OF CoN

graphy was mnves
were spotted on t
the centre of the filter-paper and the

loping the chromatogram. The resu
TasBLE 111

Effect of Concentration on the Ry Values of Amino Acids
(Solvent: Butanol acetic acid water)
Distance of solvent boundary from the initial spot — 8 cm.

No. Amino acids Y 2% (3% 4% 5% 6% 2-4%
1 Glycine .. -4l -40 40 4] -40 -40 -41
2 Glutamic acid -46 -45 45 -46 -45 -46 -46
3 Leucine -78 +79 -78 -80 -79 78 -79
4 Histidine -34 -35 .35 -33 .34 .35 34

. I{l:ee?sgilts shl:w that increase in the concentration of the amino acids
o fect on R, values of the amino acids, as the values remain un-
ged irrespective of the concentration of the amino acids

Effect of the Distance Moved by the Solvent on the Ry Value

101 j ] ini
.- pﬁlteorfpziil:- :Egn_o acid contamning 10 pg. were spotted at the centre
Several chroerer irrigated Wlth' the solvent butanol-acetic acid-water.
Souniisey g B Rns v;ere run with varying distances of the solvent
e b f values were determined after development of the
€ results are presented in Table IV
| The'results show that the R, va! |
InCrease 1 the distance of the sol{fent‘
The R/ values increase

ltl)eS of all amino acids vary with the
bk ou_ndary fl_:om the centre of the filter-
st with the increase in the distance of
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TABLE IV
Effect of Distance of Solvent Front on R Values

With equilibration

Distance of the solvent front from the

No. Amino acids centre of the paper
S cm. 10 cm. 15 cm.
1 Alanmne o .. -55 -67 .55
2 a-Amino butyric acid .. -53 63 -59
3 Asparagine ., .. -36 .45 .40
4 Aspartic acid - -40 -48 -45
5 Arginine - » -40 -48 -45
6 Cystine o s -25 -31 -26
7 Glycine = . -45 -56 -43
8 Histidine o . o -34 45 -43
9 Iso-leucine .. s - 75 -84 -78
10 Leucine . - -76 -82 -80
11 Lysine - ' o -30 -40 -40
12 Methiomne .. .. -64 -78 -65
13 Ornithine - . -30 +35 -32
14 Phenyl alanine = -70 -80 -79

==

The values are the average of triplicate experiments.

the solvent boundary from 5 cm. to 10 cm. and later decrease with increase
of the distance from 10 cm. to 15 cm. from the centre.

The change in R, values with increase in the distance of the solvent
travelled may be attributed to the change in composition of the developer
as it travels further. In the case of n-butanol-acetic acid-water solvent
mixture the acid and probably water will be adsorbed preferentially from
the mixture by the paper. The preferential adsorption of the acid from the
solvent mixture at the centre of the paper was indicated by spraying the
chromatogram after development with bromo-cresol-green. -'l'_‘he cen@
portion of the filter-paper was coloured yellow while tht.'. remaining porton
was coloured green. Thus two zones were formed, the inner zone contain-
ing the acid adsorbed by the paper. Thus the solvent mixtare was pro-
gressively depleted of the acid as it passed along the paper. .Thls may aﬂ"cct
the movement of the amino acids in the final stage resulting in the change in
their R, values as observed in these experiments. As the 1_novement of th.e
amino acids is considerably lower in butanol-water than in butanol-aceuic
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R, values after the solvent had
d to the partial retention of the
e early stage during the movement of the
51) using iso-propyl alcohol-water (8-2) as
the amino acids, phenyl alanine and
ve of the distance run by the solvent.

On the other hand, Kowkabany and Cassidy (1952) observed that the
greater the distance over which the amino acid (valine) zone is developed
the greater the Ry value up to a point. A more detailed investigation is
necessary in order to throw more light on the relation between the move-
e amino acids and the distance of the solvent movement.
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acid-water mixture,

travelled greater dis
acid in the solvent mixture at th

solvent. Burma and Banerjee (19
solvent observed the R; values of
threonine remained constant irrespecti

the lowering of the
tance may be attribute

ment of th

Effect of Distance of Initial Spot from the Centre of the
Paper on R, Value

Consden, et al. (1944) observed that the R, values of amino acids changed
with the distance from the developer surface at which the spot was initially
placed. Burma (1951) also observed that the R, values of the amino acids
gradually decreased with the increase of the distance of their starting point
from the centre of the solvent. This variation in R, values was attributed
to the gradual loss of water content of the solvent during the movement
along the paper. Recently Kowkabany and Cassidy (1952) investigated
the effect on R, values of distance of initial spot from the surface of the
developer and found that with the increase in distance of the spot from the
;urfe%ce of the c{cveIOper the Ry values of the amino acid valine decreased.
lilf ﬁaexe;}foﬁh: H:;l;go;t;::eezi etglc; :Ii:;aice facto; on the reproduci'bil'ity of
R, vehuee of dinbos acids: - gy ere ?arrl?d out on the variation in

f ith the increase in distance of the initial spot

from the centre of the filter-pa - :
graphic technique. PR 8 Caleciined. Sy ghvowins paper chromato-

- Eg:;‘-;lg;g ;Lr(;les t?f varying radii (the difference in radius between
the centre of a ﬁlieis o L m.) were drawn with a pencil from
were spotted on the -paper (18-5 cm. diameter). The amino acid solutions
itk sk it cllrcufnference of each circle, with one single spot on
After drying, the Pacere?:mg‘ e Space between two consecutive spots.
siibbare and the devglo as Irnigated with butanol-acetic acid-water solvent
until the solvent had tpment of the chromatogram was allowed to proceed

s saner ‘ ravelled 9 cm. from the centre. Af 4
per was dried and Sprayed with ninhydrj oy dswiopaent
ydrin reagent. The distance of

the initial spot fr
; om the ce
lated in Table V. ntre and the R, values were measured and tabu-
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TABLE V
Effect of Distance of Original Spot from the Centre on R,

(Distance of solvent boundary from the centre-9 c¢m.)

—— gy

Values

o

Distance of original spot from the centre

No. Amino acids S = | __“(Rfvah:le_s&)* .
! fem. 2cm. 3cm. 4cem. Scm. 6cm. 7 cm. 8 cm.
1 Amino-butyric acid .. 65 -60 -56 .52 48 -40 -20
2 Asparagine ¥ .. 43 -40 -34 -26 -20 T T
3 Asparticacid .. .. 50 48 -40 -32 -30 +23
4 Arginine ;5 .. -45 ‘43 -37 -34 -20 -20
5 Cystine T .. 33 -29 -20 .20 - 10 ..
6 Glutamic acid .. e 92 -45 -42 34 -30 -20
7 Glycine .. . 50 43 -37 -30 -20 10 . ..
8 Iso-leucine T .o 19 77 75 -70 -66 -64 -60 -55
- 9 Methionine - .. 65 -60 - 55 -48 42 -40 .35 -10
10 Ornithine T .. -44 - 40 -34 -25 -20 -10 g
11 Phenyl alanine .. .. 70 -67 -64 +62 - 56 -41 -40 -
12 Tyrosine T .. 65 +62 59 -50 45 -40 -30 10
13 Valine = .. 64 62 -58 -52 -50 -50 «33

—— — - ———

The values are the average of triplicate experiments.

The results show that the R, values of all amino acids decrease with
increase in the distance of the initial spot from the centre of the paper. This
variation in R/ is due to the adsorption of acid and water present in the
solvent as it travels, thereby the mobile phase is gradually depleted of i_ts
acid and water content resulting in the lowering of the R, values. It 1s,
therefore, desirable to fix the distance of the solvent boundary and the initial
spot from the centre for each experiment for obtaining comparable and
reproducible R, values.

Errect OF TEMPERATURE ON R, VALUE

Since the solubility of water in the solvent is influenced by temperature
depending on the type of solvent mixtur:e used, the ]_:'{,r values also_ i?re
affected by temperature, as the concentration of ‘water in the sol_vent in i.:—
ences the rate of movement of the amino acids in the solvent n_nxture: n
the case of solvents saturated with water. the movem?r}t of amino a(-EIdS hls
considerably influenced by temperature if the solubility of wat]fr in tlt1 :
solvent is altered by temperature. Thomp_so_n, et a_l. ‘(1951) have shown tha
amino acids move more rapidly in the collldu_le-lutldlne phase at low ttempt?;
ratures, as the solvent holds more water, while the effect of temperature 1
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in the phenol phase, as the effect of
in phenol phase is small.

88

not marked on the rate of moxf?ment
bility of water
temperature on the solu . smat |
The effect of temperature on the movement of amino acids in n-butanol

: : e
acetic acid-water solvent mixture was investigated and the results are pre

‘ I.
sented in Table V aniE VI

Effect of Temperature on the R, Values of Amino Acids

Distance of solvent boundary from the centre—6 cm.

No. Amino acids 6° C. 28° C.
1  Glutamic acid - - -45 46
2  Glycine .. . ¢ ¥ -39 -40
3 Histidine .. . L8 -34 -32
4 Leucine .. .. i P -75 -76

The data presented in the table show that the R, values of the four
amino acids investigated are not altered by increasing the temperature.

R/ VALUEsS OF SOME PEPTIDES
The R, values of some peptides are presented in Table VIL.

TABLE VII
Ry Values of Peptides
Solvent .. - - i .. Butanol: Water
Pz}per . i i .. . .. Whatman No. 1
Distance of solvent boundary from the centre .. 9cm.
- Concentration of peptides used . S o
No. Peptides R s values
| Alanyl Glycine . . " ;¥ -19
2 Glycyl Glycine . -15
3  Glyeyl ]
ycyl Leucine . . -45
4 Glyeyl Tryptophan .36

5 Leucyl-—Glycyl-Glycinc -34

i
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utanol-water mixture, as the
water as solvent was found to slightly hydro-

The chromatograms were run with #z-b
use of n-butanol-acetic acid-

lyse some of the peptides.

The results show that the rates of movement

of the peptides on t
chromatogram is Ay he

intermediate between the rates of movement of the consti-

tuent amino acids. These results are in conformity with the observations
made by Hanes. ez al. (1952).

DISCUSSION

The results presented in Table I show that the R/ values of amino acids
obtained by the circular paper chromatographic technique, using various
solvents, are in general higher than those obtained by other investigators
employing ascending and descending techniques. Some variation of R/
values of a given amino acid occurred from time to time and the values
therefore, are subjected to 4 10 per cent. variation. Although the R/ values
were found to vary with the conditions of a particular experiment, the rela-

tive positions of the amino acid bands were found to be in the same order
for a particular solvent.

Among the solvents investigated, n-butanol-acetic acid-water mixture
(40: 10: 50v/v) recommended by Partridge (1947) for sugars was specially
suitable for the separation of amino acids. Clear and discrete bands,
when mixtures of amino acids were used, could not be achieved by
the use of any other solvent. In our experience, when phenol was used as
solvent, it was not possible to obtain clear-cut separation of amino acids.

The R/ values of the amino acids in mesityl oxide were more or less in
the same ordér as in butanol-acetic acid-water with a few exceptions. For
example the R, values of tyrosine and tryptophan are higher than that of
valine, while in butanol-acetic acid-water the values are lower than that of
valine.

With aqueous acetone as solvent the R, values could be aitered consi-
derably by varying the percentage of water. In general, the addition of
a larger proportion of water to acetone caused the amno acid to travel more

rapidly on the chromatogram.

. The results obtained in the present investigation as well as those obfained

by others, indicate that adsorption as well as partition are involved in the
movement of substances on paper. Consden, ef al. (1944) postulatel th_e
view that adsorption of the amino acid§ by the cellulose p!ays no signi-
ficant part and suggested partition.mec_:hamsm for t‘h'c separation o'f annr;lg
acids on paper. According to their view, the partition of the amino aci
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ile phase
.t .ont between the mobile p
: ' ' rtition coefficient
on paper is determined by 1ts pa Do e stationary phase (water phase

(the developing solvent r—y Hanes and Isherwood (1949) and Bentley

supported in the cellulose fibres). .mple partition as suggested

] hat s1 !
' 1950) postulated the view 1 ‘ ! -
gdc‘:nﬁzzea; le. (13143) is not the only factor involved in the separation

Isherwood (1949) have
substances by paper chromatography. Hat? esaa::i chromatography. They
developed a concept of the mechanism 07 Pab free water but exists in a
Getier O £ watelr l;el;l tby ttl}lle pfhfiﬁ:iss tofrfveater molecules and the
bound form, possibly linked togetner ‘no  result-
hydrophylic h}’dro.xyl groups O_f the celluloseubif :echrgiﬁe:oiﬁ:ii‘lg; g’
ing in the formation of organised water ceilulo lilose Gomplik
mobile, but existing in a tightly bound form. The water cellulose p.
is considered to serve as the second phase rather than water.and the affinity
for water, therefore, depends on the water content of this complex and
increases with decrease in the water content. The water *content_ of the
complex in equilibrium with different solvents, therefore, varges conmf:ierably
and depends upon their affinities for water. Based on this behaviour of
water cellulose complex Hanes and Isherwood state, ‘ The problem of the
mechanism of the chromatogram centres on how this water-cellulose com-
plex holds solute molecules in competition with the flowing solvent.”” They
suggest that a solute molecule, by virtue of its hydrophilic nature, will
compete with water and solvent molecules, which also contain hydrophilic
groups in the mobile phase for incorporation in the cellulose-
water complex. The separation of the solutes, therefore, depends on the
difference in their distribution between the two phases, the distribution,
in turn, depending on the extent to which it is incorporated into the water-
cellulose complex, on the one hand, and the partial organisation of water
characterising the flowing solvent on the other. The R/ values (distribution
of the solvent between the two phases) will depend on such factors as size
and shape of molecule, number, position and Character of the hydrophilic
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) In support of this hypothesis, Bentley and Whitehead (1950) have shown
'f alt;. t(ljze Rf_v‘alues of the amino acids Investigated increase with the increase
In hydrophilic character of the alcohols used as solvents. The increase in

hydrophilic character of ' m

the solvents results in reater 1t]

_ 'y

alcohol in preference to solute e i e T e

water complex, resulting in t '
— 1 € 1n the greater movement of the solute in the mobile
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A mechanism such as this is necessar
amino acids on paper when water-
as developing solvents.

Note added in Proof.—While correcting this proof, a paper by P. S. Rao
and R. M. Beri (Proc. Ind. Acad. Sci., 1952, 36, 370) appeared, in
Whl'Ch the authors report the results on the R, values of amino acid; in
various so_lvents by Circular Paper Chromatography and state “ The values
now obtained are quite characteristic and reproducible, and are much
dlfferent from .the straight R, values and this method may offer a convenient,
quick and facile way of identifying the amino acids”. Except for the state-
ment that the Ry values obtained by Circular Paper Chromatography are
different from those obtained by the ascending and descending techniques,
which 1s in conformity with the observations recorded in this paper, we
disagree with the views of these authors. An examination of the R/
values given by Rao and Beri indicate that some of the values reported
are neither characteristic nor reproducible. The R/ values given by Rao
and Bert for cystine (0-60), glutamic acid (0-49-0-60), arginine (0-51), and
histidine (0-52) do not indicate the correct position of these amino acids
on the chromatogram developed with Butanol-acetic acid-water as solvent
mixture. On the basis of these R, values, the cystine band should come
above the glutamic acid band which is incorrect and contrary to our own
observations and those of other workers in the field. Cystine always
takes the lowest position on the chromatogram when Butanol-acetic
acid-water is used as solvent mixture, and hence the R, value of this amino
acid should be very much lower than glutamic acid. Similar discrepancies
may be noted in their R, values reported for other amino acids. The re-
production of R, values exactly is very difficult as the values are influenced by
various factors, such as type of paper,’temperature, the nature of the solvent,
the distance of the solvent front, pH, etc. It also varies from batch to batch
of paper used and as such identification of amino acids by Ry values alone
without running simultaneous controls with known amino acids on the same
paper is not reliable. This view is also expressed by other workers 1n
the field. Mixed chromatograms by running simultaneous controls Wﬁlth
known amino acids for identification of the unknown can on_ly be carried
out by adopting the technique described by‘Giri and Rao in Part Ibcl)f
‘this series of publication, and in this technique the use of a deta.cha e
‘ wick > is advantageous and convenient. A]th(l:llg!l l}ao an‘d Ben sta;e
that ¢ the provision of a detachable tail or ‘wick’ for irrigating tne

filter-paper with the solvent, as suggested by Giri was not found to be of
any special advantage recently several workers have found i1t very

nec Yy to explain the movement of
miscible solvents such as acetone are ysed
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convenient and have adopted this technique 11

separ

(Miss) TARA RAO AND K. V. GIRI

their investigations on the

ation and identification of amino acids and other substances by

circular paper chromatography.
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