
128 JOURNAL OF CHROMATOGRAPHY 

THE PAPER CHROMATOGRAPHIC IDENTIFICATION OF 

COMPOUNDS USING TWO REFERENCE COMPOUNDS* 

INTRODUCTION 

121,~ values are subject to significant variation if the experimental conditions are changed 
in a non-reproducible manner from one experiti.ent to another. Well known reasons 
for such variations are changes in the dimensions of the apparatus, the grade of paper 
and its slight heterogeneity, the direction (ascending, descending, or horizontal) and 
the length of the solvent flow, the duration of development, the equilibration time, the 
temperature, the composition of the solvent travelling along the paper, the foreign 
ions and impurities in the solvent or on the paper, the volume of solvent used, the 
concentrations of the substances being chromatographed, the nature of the mixture 
being chromatographed and previous mode of treatment (type of desalting, etc.), the 
distance between the starting point and the source of solvent, the losses of solvent 
from the tank, the irregular travelling of the s’olvent along the paper, the incorpo- 
ration of any other liquid or vapours for special purposes, and many other variables. 

It is therefore generally accepted that the Rp values are not sufficient for the 
identification of a substance. In order to establish with certainty the identity of a 
substance, it has to be chromatographed simultaneously with an authentic sample of 
the suspected compound; but this entails the necessity of having a large collection of 
chemical substances, which is obviously a great disadvantage especially in cases of 
investigations on substances not commercially available, unstable compounds, etc. 

In their classical communication on paper chromatography CONSDEN, GORI?ON 

AND MARTINS pointed out that there are variations in the Ii~,y values of a substance even 
when duplicate runs are made simultaneously in the same chamber. However, since 
then an enormous number of publications have dealt with the nature ancl the estent 
of the variations of RF values caused by each of the above-mentioned conditions as 
well as their unforeseen. changes during the development. As a result of these studies 
information has been obtained about the factors which may change the RF values, and 
the way of controlling them in order to obtain reproducible results, Although an RI,* 
variability of less than --I: 0.02 has been achieved39 e3 ’ in a few cases, such precision is not 

usually obtainecl in practice, so that the main problem o,f ;dclztiJJling n sz~6sta~ece 

rcrithod hnvi~g to chromadog~qblz siuzacltamous~y an azctitmtic sam$le remains unsolved, 
since all of the aforesaid publications approach this problem in a qualitative way. 

An attempt to solve this problem quantitatively is described in the present report. 
__-------- 

* This work was financccl by I<cscarch Grant No 350 of the 1iop.l Hcllcnic Research L~ountlation. 
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The introduction of relative values, RK, given by the ratio 

Distance of the studied substance X from the start 
RI< = ____-__-__-___-____- --- 

Distance of the reference substance K from the start 

,can obviously be considered as a first step. XK values are generally considered to 
be more reliable criteria for the identification of a substance than its Rp values; i.e. 
not the individual RF values themselves, but tlze y5attern of a chromatogram is more im- 
portant for characterizing the components of a mixture. 

PYOlAdUYC 
EXPERIMENTAL 

A number of compounds belonging to different classes of organic substances were 
submitted to a series of paper chromatographic separations as follows: 

a 
Fig. I. Changes of the RIP values of carbohvclrates by changing each time at least one of the initial 
cxperimcntal conditions. The initial exp&imental conditions, strip (a), were as follows: solvent, 
ethyl acetate-acetic acid-water 70 : 15 : I 5 (v/v/v) ; method, descending (all glass apparatus, 
Shnnclon, 30 x 17 x 55 cm) : time of dcvelopmcnt, I z h ; pre-equilibration time, 4 h; volume of 
solvent in the tank. Go ml; carbohydrates stucliccl, galactose (G), mannose (M) and fucosc (I?); 
tcmpcraturc, 20 ‘; paper, Whatman No I. The conditions changed each time were the following: 
strip (b), the water content of the solvent (slightly increased). Strip (c), the time of development 
(16 h). Strip (cl), the distance between starting point and solvent source. Strip (c), pre-equilibration 
Of the tank (none). Strip (f), the tank was replaced by another constructed of wood; losses of 

solvent through cracks of this tank could not bc prevented. Development time, 24 h. 

J. Clavomalog., 13 (x964) 128-138 
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A paper chromatogram was first developed under the conditions described by 
another worker. Next, several chromatograms of the same substance were carried out, 
but at least one of the initial conditions was changed each time. A comparison of the 
RF values thus obtained illustrated the manner in which variations of the RF values 
are caused. 

The experimental conditions, together with any changes, are given in the legends 
to the figures and tables. 

Resztlfs 

The results thus obtained were very instructive, although many of them have been 
described before. 

The variations in RI;. value for carbohydrates given in Fig. I are very similar to 
those obtained with all hydrophilic substances studied in this laboratory. 

The type of variation in RF values of polar lipids illustrated in Fig. 2 occurs mainly 
in paper chromatographic runs of all lipophilic substances (glycerides, free fatty acids, 
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Fig. 2. Effect of the time of development on the Rp values of lipids. Paper, Whatman No. I im- 
pregnated with silicic acid; solvent, 53 vol. of chloroform-acetone 4: I (v/v) mixed with 13 vol. of 
glacial acetic acid-water g : I (v/v) ; method, ascending (all glass apparatus, Shandon) ; time of 
development, 3 and 6 h respectively for strips (a) and (b). Lipids studied, sphingomyelin (A), 
phospl~atidylcholine (B), phosphatidj: kcrine (C), phosphatidylethanolamine (D) and cerebrosidc 
(E), 30 /lg each spot. Volume of solvent in the tank. 200 ml; pre-equilibration time, I h; tempcr- 

aturc, 20’. 

sterols, etc.). However, similar results were also observed during a paper chromato- 
graphic investigation of hydrophilic deacylation products of phosphatides, and also 
in cases in which ideal conditions were not fulfilled (e.g. strip (f) in Fig. I). 

CLASSIFICATION OF THE Rp VARIATIONS 

The variations caused by the aforesaid experimental conditions to the mobilities of 
compounds submitted to chromatography can be classified into the following three 
groups : 

J. Clwonrn~og., I3 (1964) 12S-138 
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I. Variations which do not change the Rp values themselves, but change the 
distances of the spots from the starting point, i.e. influence the separability of the 
substances submitted to chromatography (see strips (a) and (c) in Fig. I). Variations of 
this type are not contradictory to the postulate of the constancy of RF values, therefore: 

RF0 = Rp (1) 

The symbols Rr” and RF are used throughout the present report for tabular and 
measured Rp values, respectively. The term tabztZar,Rp values is here used to define 
any set of Rp values either given in the literature, or uniquely determined in the 
laboratory, i.e. tabztlar RI,- vnhtes are sets of values taksn as models, am? which one tries to 
rqhodzcce. Any other Rp values of the same group of compounds are here defined as 
measwed Rp values. ’ 

2. Variations which change the RF values without changing the ratios of the 
distances of the spots from the starting point, e.g., JG” :IMO:IFO = 1~: cM:Zfl [see strips 
(a), (b), (d), and (e) in Fig. I]. Variations of this type can be expressed as follows: 

Rp” = a*Rp (2) 
“r 

where u is a coefficient. The postulate of the constancy of RF values continues to be 
true, if allowance is made for a transfer of the solvent front (dotted lines in strips 
(b), (d), and (e) of Fig. I). 

It should be noted that, long ago, PARTRIDGE AND WESTALL~ pointed out that 
such a linear variation was caused by temperature alterations. According to these 
authors, in order to obtain greater constancy between the RJP values observed, the 
RF’S determined at a temperature 

RF of glucose at 20~ 
a = ----A---- 

Rp of glucose at to 

3. Variations which change both the individualXp values and the ratios of the distances 
of the spots from the starting line, but still do not change the pattern of the chromato- 
gram if allowance is made for a transfer of the starting line (dotted line in strip (b) of 
Fig. 2). In such cases the separability of the spots is obviously not affected, i.e. the 
distances between the spots remain constant (Ino - iA0 = zg-_~, iDo -&” = ID - &, 
etc. ; Pig. 2). Variations of this type can be expressed as follows: 

1.x” I s - I,, JP 
(R&q ax = - = -_- = __ * 

I, 

I# 1P - I,, IF - I. 
(Rp) x - -- 

1P - 1, 
(3) 

where (RFO)X and (Rp)x are the tabular and measured Rp values of a substance X 
respectively. 

Although an examination of each of the above-mentioned variables is neither 
possible, nor practically important in ordinary paper chromatographic work, it has 
been shown that the following general equation: 

RF0 = a#Rp f 2, (4) 

can be applied experimentally. 

J. Chromalog., 13 (1964) rzS--138 
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This equation has been based on the following postulates: 
(i) Any kind of RF variations can be classified,in one of the previously mentioned 

three groups, i.e. there are no factors which can influence differently the individual RP 
values of the compounds co-chromatographed or, at least, such factors if they exist, 
cannot cause significant changes in the RF’S, 

(ii) All dip variations are additive properties, i.e. the coeficients a and B of eqn. (4) 
represent in each case the sum of many individual coefficients al, as, a3,. . ., or B,, b,, 
z) 3, * * ., corresponding to different experimental variables which are not individually of 
any practical importance. 

It is obvious that coeffkients a and lj can be determined experimentally by 
measuring in each case the Rp values of two authentic samples: 

(RF”).4 
- (RRpo)B and b = (RI?) A - am (Rp)A a = ----_-_ , 

(RF) A - (RF)B (5) 

where (RpO)n, (Rp”)B are the tabular RF values, and (X,7)A, (X,)13 the measured ones 
of the two reference compounds A and 13. 

It should be noted that although eqns. (3) and (4) look very similar, they are 
actually different, namely, the sum of the two parameters of eqn. (3) is obviously 
equal to one, while this is not necessarily true in the case of the general eqn. (4). 

One-dinzemional run 
AFPLICATIONS 

An acidic hydrolyzate of a polysaccharide was submitted to paper chromatographic 
separation using the isopropanol-water 80 :zo (v/v) solvent system, The tabular XC 
values of Trarious monosaccharides in this system (Table I) were taken from SMITW~. 

~?G’VALUES OF MONOSACCHARIDES ON WHATMAN NO. L[ PAPER, TAKEN FROM SMLTHG 

(Solvent : isopropanol-water, 80 : 20) 
. . 

CO~~tjJWlld Ir’c Con:$orrrtd I\‘G 
_____- -- 

Rhamnose 

Ribosc 
’ Fucosc 

Xylosc 

Arabinose 
Mannitol 

Dulcitol 

Sorbitol 
Mannosc 
Fructose. 

1.52 

I *37 

I.35 

I *30 

I.12 

I.10 

I .05 

1.05 

I *05 

1.05 

Sorbosc 

Glucose 

Galactose 
Glucosaminc 

AMuramic acid 

Galactosaminc 
Inositol 
Glucuronic acid 

Galacturonic acid 

1.02 

x.00 

o.so 

o.G5 

o.G2 

0.50 

0.35 

0.20 

0.15 

_ . - ._..___ --__-._- 

The chromatogram is illustrated in Fig. 3, where it is evident that this hydrolyzate 
contains five components, one of which (spot C) is galactose. The measured distances 
of the spots from the starting line are: ,?A = 4.1 cm, jn = 8.7 cm, Jo = II.0 cm, 

J. Clwor~nlog., 13 (rg64) 12S-r3S 
. -. 
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Hydrolysalo Nydrolysate 
plus galactosc 

and rhamnose 

Galactose 
~1~s rhamnose 

Fig. 3. Paper chromntographic separation of a polysaccharidc hydrolyzatc using the isopropanol- 
water 8o:zo (v/v) solvent system. Method, clcsccncling, 24 11. Paper, Whatman No. I. 

ID = 14.1 cm, ZE = 18.7 cm, Zp = 22.1 cm. Using eqn. (5) for the two reference com- 
pounds, galactose and rhamnose, 

(Ro’) F - (Rc”)c a=------_ 
1.52-oo.so 

=---mm= 2p 0.065 b = o.So - lc 0.065 x 11.0 = 22.1 -11.0 0.085 - 

Then, according to eqn. (4), the following Xo”‘s are calculated: 

Spot A: 0.065 x 4.1 + 0.085 = 0.35 (Inositol) 
Spot B: 0.065 x 8.7 + 0.085 = 0.65 (Glucosamine) 
Spot D: 0.065 x x4.1 + 0.085 = I,OO (Glucose) 
Spot E: 0.065 x 18.7 + 0.0s~ = 1.30 (Xylose) 

These calculations have been made using Zio”‘s instead of RF”s, and IX’S instead 
of (Xp)x’s in eqns. (4) and (5). Coefficients a and b calculated in this way are different 
from the ones obtained if the aforesaid replacement had not taken place, but obviously 
lead to the same XC” values. 

It is evident that the evaluation of paper chromatographic results by this method 
leads to reliable findings in nearly all cases, whereas the older method of using a single 
reference compound gives confusing results, For instance, in the case esamined above, 
using galactose (spot C) as the reference compound, the following results are obtained : 

KA 

= 4.1: 11.0 = 0.37 (nG’>A = 0.37 x o.so = 0.30 (?) 
= 8.7:11.0 = 0.79 

(R;) f: = 
(RG")C = 0.79 x o.so = 0.63 (Muramic acicl) 

14.1:11.0 = 1.2s (RGO)D = 1.2s x 0.80 = 1.02 (Sorbose) 
(R,)u = 18.7:11.0 = 1.7d (RG”)E = 1.70 x 0.80 = I .36 (Fucose or 

Ribose) 

J. Chromatog., 13 (1964) 12S-13s 
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Here, X,‘s are the relative R values measured with respect to galactose. Misleading 
results are also obtained using rhamnose (spot F) as the reference compound; i.e. 
calculating as described above, the following data are obtained: 

(&‘)A = 0.28 (?) 
(RG’)B = 0.60 (Muramic acid ?) 
(RG”)D = 0.97 (Glucose ?) 
(RG”)E = 1.2s (Xylose ?) 

A mixture of IO amino acids was chromatographed by the two-dimensional technique 
using gz-butanol-acetic acid-water 120 : 30 : 50 (v/v/v) for the first direction and phenol- 
water-ammonia 160:40: I (v/v/v) for the second one. The tabular Xp” values of the 
chromatographed amino acids (Table II) were taken from SMITI-I~. The chromatogram 
is illustrated in Fig. 4, and the measured Xp values are given in Table II. 

TABLE 11 

TABULAR AND MEASURED 12~ VALUES OP TEN AMINO ACIDS IN TWO SOLVENT SYSTEMS 

A. 
a. 
C. 

2 
I?. 
G. 
I-I. 
1. 
J. 

Aspartic acicl 
Cystinc 
Glutamic acid 
Serine 
Threonine 
Alanine 
Histidinc 
Valinc 
Phcnylalaninc 
Lcucinc 

0.23 0.210 

0.05 0.075 
0.2s 0.250 
0.22 0.200 

0.26 o-235 
0.30 0.265 
0.11 0.11s 
0.51 0.415 
0.00 0.455 
0.72 o-570 

0.17 
- 
0.2G 

0.35 
0.4s 
0.5s 
0.72 
0.75 
OS4 
0.85 

0.150 
0.380 
0.260 
o-340 
0.485 
o.Goo 
o-735 
0.805 
o.s75 
0.8So 

Now suppose that two of these amino acids, aspartic acid (spot A) and leucine (spot 
J) were used as the two reference compounds, all the others being unknown. According 
to eqn. (5) for the first solvent system : 

0.72 -0~23 
~=_----~ 1.36 ancl b = 0.72 - 1.36 x 0.57 = - 0.055 

o-57 -0.21 

Then using eqn. (4), the following XI;~” values are calculated: 

(RFO) B = 1.36 x 0.075 - 0.055 = 0.047 
(RP’)c = 1.36 x 0.250 - 0.055 = 0.285 
(RF’)D = 1.36 x 0.200 - 0.055 =: 0,217 
(&O)E = 1.36 x 0.235 - 0.055 = 0.265 
(RP’)P = 1.36 x 0.265 - 0.055 = 0.305 
(&O)G = 1.36 x 0.118 - 0.055 = 0.115 
(&O)W = x.36 x 0.415 - 0.055 = 0,509 
(RF’)I = 1.36 x 0.485 - 0.055 = 0.605 

(Cystine) 
(Glutamic acid) 
(Serine) 
(Threonine) 
(Alanine) 
(Histidine) 
(Valine) 
(Phenylalanine) 

JO Chvonwtog., 13 (x9&+) 12%138 
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Simi arly, for the second solvent system: 

g% 

0.9. 

0.9- 

0.7. 

0.6 

0.5 

0.4 

0.3 

0,2 

0.1 

I- 
I I I I 1 I I , I 

0.1 0.2 0.3 0.4 0.5 0,6 0.7 0.8 0.9 

n-Butanol - Acetic acid -Water 120:30!50 - 

Fig. 4. Two-dimensional chromatogram OF ten amino acids. 

0.85 -0.17 a = ----- A 0.93 and t!J = 0.55 - 
0.88 

0.93 x 0.8s = 0.032 
-0.15 

(RF')B = 0.93 x 0.380 + 0.032 = 0.3S6 (Cystine) 
(RFO) c = 0.93 x 0.260 + 0.032 = 0.274 (Glutamic acid) 
(Rl;t”)n = 0.93 x 0.340 + 0.032 = 0.348 (Serine) 
(RFO)E = 0.93 x 0.485 + 0.032 = 0.485 (Threonine) 
(RFO)F = 0.93 x 0.600 + 0.032 = 0.590 (Alanine) 
(RPO)G = 0.93 x 0.735 + 0.032 = 0.716 (Histidine) 
(RFO)H = 0.93 x 0.805 + 0.032 = 0.782 (Valine) 
(RPO)I = 0.93 x 0.875 + 0.032 = 0.847 (Phenylalanine) 

Mdt+?e deveEo#nenl 

In multiple development the mobility of a substance can theoretically be calculated 
as follows : 

R, = RF 
R, = R, + RF’ (I - R,) = 2 Rp - R2p 
R, = R, + RF* (I -RR,) =3Rp - 3 Rzfiv + Rap 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

R,b = I - (I -RF)?” 

J.Clrrowalog.. 13 (IgGq) 12S-138 
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where R,, R,, . . . Xn are the measured Rp values after one, two, . , ,, n, developments 
respectively. The last of the above equations can be expressed as follows: 

Rp = I - 3 I - R,,, (6) 

But owing to the fact that in multiple development the previously described RF vari- 
ations are much more marked compared with ones in single development, no attempt 
until now has been made to calculate RF values using eqn. (6), i.e. to identify unknown 
compounds by means of this equation. 

However, a theoretical examination of this problem from the viewpoint developed 
in this paper led to the following very interesting results, which have been experi- 
mentally verified. 

If eqn. (4) (solved with respect to RF) is used in calculations of the mobility of a 
substance after a multiple development one obtains: 

R, = a’ l Rpo + b’ (where a’ = I/a and b’ = - b/a) 
R, = R, -t_ af.Rpo* (I - R,) + b’n (I -R,) = I - (I -X,)2 

R s = I - (I - RI)3 
. . . ..**....................... 

Xv, = I - (I - Rl)n 

By transforming the last equation, 

(7)’ 

where c and d are coefficients derived from a and b, 

I - 17 
c=--_-= 

a’ 
a-l-b and d = $ = a 

It is evident that eqn. (7) can be used to calculate the tabular Rp” values of unknown 
substances, i.e. to identify them by their R,& values measured after IZ developments in 
a certain solvent system. Two reference compounds are again required for the calcu- 
lation of coefficients c and d of eqn. (7) : 

(nP")A - (RF")13 
(~=-------- 

? -3 

.- and c = (Rp")~+d~?I - (Rdn (8) 

1 -(~,,)n--- 1 - W,)A 

It should be noted that by similar, but more complex, calculations it can be shown 
that eqn. (7) leads to correct results even in cases where the coefficients a’ and b’ are 
not exactly identical in the repeated developments of the same chromatogram. In 
such a case if at = a’ + yt and bz = b’ + zg (where yf and u”g are small as compared 
to a’ and b’), factors such as yd2Rp, a’*yf.Rp2, etc. can obviously be neglected. In this 
manner an equation similar to eqn. (7) results, in which the coefficients c and d are 
not equal to (a + b) and a respectively, but still have the same values for all compounds 
co-chromatographed, 

Ex$erinze&al verijication. A mixture of IO amino acids was chromatographed 
three times by the ascending technique in the gz-butanol-acetic acid-water 120: 30: 50 

J. Ciwontafog., 13 (1964) 128-135 
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(v/v/v) solvent system, foi, which the tabular X FO 
R; values experimentally determined are : 

values are given in Table II. The 

A. Aspartic acid 0*5o5 F. Alanine 
B. Cystine 

0.605 
0.210 G. Histidine 0.320 

C. Glutamic acid 0.580 <E-I. Valine 0.800 
D. Serine 0.490 I. Phenylalanine 0.860 
E:. Threonine o.555 J. L eucine 0.915 
Now suppose, as previously, that aspartic acid and leucine were the two reference 

compounds, all other spots being unknown. Using eqn. (8) : 

0.720 
- 

(1 0.230 
3 --__- 

= = C = a-- I - 1'1 3__-_.--_- - 1 I.40 0.$2 + 1.40 x 1/1 - 0.915 . = 1,335 

0.505 

- 

0.9I.5 

Then, by eqn. (7) the tabular Rp” values of the spots B to I are calculated as follows: 
__-___--- 

(RpO)n = I.335 - 1.40 X v I - 0.210 = Oo45 (Cystine) 
-_.-_- 

(Rpo)c = I.335 - 1.40 x $‘<-ro.gSo = 0.285 (Glutamic acid) 
__--_-_ 

(Rp”)~ = I.335 - 1.40 X v I - 0.490 = 0.215 (Serine) 

(Rp”)x = I.335 - 1.40 x v’y- 0.555 = 0.265 (Threonine) 

(R,“)F = I.335 - 1.40 x </’ I - 0.605 = 0,305 (Alanine) 
._--___ 

(&!pO)G = I.335 - 1.40 X q I - 0.320 = 0.105 (Histidine) 
-.-_ 

(I?P~)I_I = I.335 - 1.40 x 9’ I - 0.800 = o.g15 (Valine) 
- -__~-. 

(RF”)I = I.335 - 1.40 X y I - 0.860 = 0.605 (Phenylalanine) 

DISCUSSION 

The present method of calculating tabular R FO values using two reference compounds 
seems to be applicable to paper chromatographic separations of any kind of organic 
substance. This is true even in cases where the results observed ought to be discarded 
as unreliable, if examined on the basis of the older method of one reference compound. 

The only point which needs esperimental verification is that the coefficients a and 
b of eqn. (4) are the same for all compounds co-chromatographed, It can be shown that 
in every chromatogram these coefficients are indeed the same for all compounds 
belonging to the same class of organic substances, but this is not true for compounds 
belonging to different organic classes. Thus, for all carbohydrates (pentoses, hesoses, 
etc.) the coefficients calculated for any given chromatogram were found to be equal. 
The coefficients n and b for amino acids were found to be different from the ones for 
co-chromatographed carbohydrates, although these differences were not of great signif- 
icance for all the solvent systems. This can possibly be esplained by the fact that 
although amino acids are similar to carbohydrates, as far as polarity is concerned, 
their separation on paper is also affected by their ampholytic nature; this influence 
being in some cases strong, and in other cases weak. 

In some cases this difference in the coeffkients a ancl b for co-chromatographed 
compounds can obviously lead to invaluable deductions about the nature of 
unknown substances. For instance, during a study on an acidic hydrolyzate of a 

. . 

J6 Chronlcltog.) 13 (l@L+) .rzS-135 
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fraction of milk lipids, the results illustrated. in Fig. 5 were obtained, These indkate 
that the two constituents of this hydrolyzate (see spots A and 13 in Fig. 5) are proba.bly 
not of a purely carbohydrate nature, since their chromatographic properties are rather 
similar to the ones of lipophilic substances, i.e. large negative b values, as in the case 
of Fig. 2. 

Hydrolysate 

/ 

---. ..-__. -- . .._ -. 

Ga lactose - 

Mannose - 

Fucose -.- 

Rhamnose-- 

12 h 

-GalacLose 

-Mannose 

-Fucose 

. Rhamnose 

Fig. 5. Pslper chromatographic separation of an acidic hyclrolyzatc of a fraction of milk lipids in 
ethyl acetate-pyricline-water 2: I : 2 (v/v/v). All spots were locatccl by both the silver nitrate and. 

the aniline phthalate reagents. 

SUMMARY 

A general method using two reference compounds for the paper chromatographic 
identification of unknown substances is described. 

The method devised is based on the fact that any kind of important variations 
to the paper chromatographic mobility of various substances co-chromatographed 
caused by different experimental conditions, can be classified into three groups of 
linear variations. 
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