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INTRODUCTION 

Paper chromatography has proved to be invaluable in the separation of inorganic 
anions such as polyphosphates, thionates and similar series; however, for the separa- 
tion and identification of the common inorganic anions much less information has 
been recorded than for metal ions. The sequences in solvents such as butanol-ammonia, 
acetone-water, etc., are usually the same, since preferential complexation as em- 
ployed for metal ions in solvents such as butanol-HBr cannot be employed for many 
inorganic anions. 

Recently numerous organic compounds have been identified by means of so- 
called “22~ spectra”, which are graphical representations of the RF values in a number 
of solvents; these values taken together make it possible to distinguish one compound 
from others of the same type. This method of “Ri spectra” was also used by RITCHIE~ 

for identifying a large number of metal: ions, only four solvents. being used: butanol- 
HBr, butanol-HCl-HF, ethanol-methanol-z N NC1 and acetone-HCl-HF. 

In this paper an attempt to identify inorganic acids in the same way is described, 
namely by means of “RR spectra” obtained with four different separation systems. 
Since partition systems yield essentially the same sequence we chose two partition 
solvents, one method involving ion-exchange paper and one electrophoretic separation. 
Except for the electrophoretic data”, none of the results have been reported previously. 

EXPERIMENTAL 

(a) Partition chromatogrti@y of inorgautic anions in mixtzcres of isofiropanol and 
aqueous ammonia 

2z.r No investigations of partition solvents containing varying amounts,of water have so 
’ far been-reported and hence we thought it would be interesting to study a solvent 

mixture in which the amount of water can be varied at will. Butanol is unsuitable 
since it is not miscible with aqueous ammonia and therefore isopropanol was chosen. 

J. Chromatog., 7 (rg62) 351-36s 



F
ig

. I
. 

G
ra

ph
ic

al
 r

ep
re

se
nt

at
io

n 
of

 t
he

 
al

te
ra

tio
n 

of
 t

he
 

th
e 

R
M

 va
lu

e 
w

ith
 l

og
 [

H
,O

], 
fo

r 
R

p 
va

lu
e 

w
ith

 t
he

 a
m

ou
nt

 o
f 

w
at

er
 i

n 
th

e 
so

lv
en

t 
an

d 
th

e 
al

te
ra

tio
n 

of
 

al
l t

he
 a

ni
on

s 
ex

am
in

ed
 (

co
ni

ia
zr

ed
 on

 p
. 

35
3)

 



J !I 
23

 
w

 
Fi

g.
 I

 (
to

!r
tin

zr
ed

).
 G

ra
ph

ic
al

 r
ep

re
se

nt
at

io
n 

of
 th

e 
al

te
ra

tio
n 

of
 th

e 
R

F
 v

al
ue

 w
ith

 t
he

 a
m

ou
nt

 o
f 

w
at

er
 i

n 
th

e 
so

lv
en

t 
an

d 
th

e 
al

te
ra

tio
n 

of
 t

he
 

cn
 

C
L

 

R
n
,
 va
lu

e 
w

ith
 l

og
 @

X
,0

],
 fo

r 
al

l t
he

 a
ni

on
s 

ex
am

in
ed

 (
co

nt
im

ed
 

on
 p

. 
35

4)
 

a,
 

n 

. 
l
 * 

. 
C 

. 
0.

 

C 
. . 

. %
 

( 
SU

L
P

H
IT

E
 

l
 

%
 

-.
 

C
 

-1
 t 

%
 

. 
. . 

$%
-%

 0.
4 

O
B

 
I.2

 
-3

6,
 

l
 * 

0.
8 

l
 

f 
W

H
20

1 
. 

. 
I 

0 
6t

 
. 

. .”
 .

 
II 

3 
0.

 
l
 

U
” 

+d
- 

I 
t 

a4
 

..-
 

_ M
’o

s-
Ym

= 
- 

_ . 
II 

F
 

O
A

 
: 

FE
R

R
O

C
YA

N
D

E 
. 

. 
0 

. 
^^

 
0 

_P
. 

t 

. 
I 

( 
. 

( 
. . 

( 
+

S
 

1 
.*

 . 



354 G. ‘GRASSINI, I.. .OSSICINI 

:. i : ^ ,_.: .,I ‘0 .. _.,,., I,, ., .., :, ,,, : 

:.J. Ch’omafog.; 7 (1967) 351-36x ,. 

.: 
., ” ., : . /’ ..,. 



PAPER CHROMATOGRAPMY OF INORGANIC ANIONS 355. 

’ RF 
0.6 F .e.- l l . . . 

3-1 RM 
t 

oc ’ 
PERRHENATE ’ .a%...~ 

-1 
t 

Fig. I (Cauttinued). Graphical representation of the alteration of the RF value with the amount of 
water in the solvent and the alteration of the R&P value with log [H20], for all the anions examined. 

However, during the preliminary work some experimental difficulties were encoun- 
tered. In the region of 50-50 mixtures of isopropanol-1.5 N ammonia variable RF 
values were obtained with our conventional development jars which have a rather 
large volume. Satisfactory results were only obtained with jars (27 cm high and ri cm 
diameter) fitted with tight-fitting lids with rubber gaskets. It seems that some 
critical factor of cellulose hydration or solvent volatility has a great influence on the 
development in these solvents. 

In the first experiments we also noted that the cation sometimes has a retarding 
influence on the anion, producing comets. To avoid this, all the salts were converted 
to the ammonium salts when necessary by passing the solutions through a short 
column of Dowes-50 in the ammonium form. 

The results obtained with forty-odd anions are presented in three different ways: 
Fig. I shows the graphs of the Xp values versus water content and the RM 

values versus log water content. 
The actual RF values measured, which cannot be read easily from either graph, 

are given in Table I, 
It can be clearly seen that some separations are possible already in the water- 

poor region, for example that. of Cl--Br L-I--CNS-, but many more separations can 

be achieved in the intermediate region where.it seems that preferential hydration 
does play some role in the separation. . 

From the plots of RM versus log [H,O] given in Fig. I it is evident that the change 
of the distribution coefficient is not always linear, but. that for numerous anions there 
are distinct breaks in the lines. We believe that this can be attributed to effects 
other than partition, such as adsorption or complex formation (see especially borate), ,., 
These effects are particularly strong in the region of \‘ery high water content and,, ; 

J. Chromatog., 7 (rg62) 351-361’ ‘. 
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give some idea as to how much the partition of each 
processes. 

anion is influenced’by other 

(b) Movemerat of inorganic anions 036 Whatman weak c&on exchange resin paper 

Figs. 2 and 3 show the movement of inorganic anions (as K, Na or NH, salts) on 
Whatman weak anion exchange resin paper when developed with N KC1 or N KNO,. 
The latter is preferable because then Cl- and Br- can also be detected. Since the paper 
is originally in the chloride form it is repeatedly washed with KNO, and water and 
then air dried. 

On this paper halides move rather slowly while phosphorus acids are hardly 
adsorbed. There seems to be thus little correlation with the charge of the anion, the 
main separatory effect being some sort of reversed phase adsorption. 

The spot shape also seems to be quite specific, therefore we prefer the represen- 
tation given in Figs. 2 and 3 to RF tables. 

(c) TLQ.z “Rp slpectra of ifzorgayic a&ons” 

We tried to find the minimum number of solvents or separation systems that would 
yield a maximum differentiation of the anions if RF spectra were constructed. 

We propose the following four systems : 

I. Partition chromatography with isopropanol-I.5 N NH*OH (go:ro) on 
Whatman No. I paper. 

2. Partition chromatography with isopropanol-x.5 N NH,OH (55 : 45) on What- 
man No. x paper. 

3. Whatman weak anion exchange resin paper with N KNO, as solvent. 
4. Paper electrophoresis in 0.1 N NaOH on Arches 302 paper. Most of the results 

obtained with system 4 have been published previously”. Some supplementary data 
are given in Table II. 

TA131.E II 

ELECTROMIGRATION OF SOME ANIONS IN 0.1 N NaOH 

Conditions as described previously”. 

Anion 

Vanadate 56-59 
Tungstate 65 
Selenatc 69-7 * 
Pyrophosphate 5 1 
Metsphosphate 4s 
Perrhenate 49 

The Rp spectra are shown in Fig. 4. For some systems where elongated spots are 
formed a range of values has to be given. Also some anions, e.g. SO,+, could not be 
detected in some systems. While it is, of course, not possible to identify all inorganic 
anions by means of the scheme proposed here, we believe that numerous anions can 
be identified unambiguously even when present as tracers. As the main purpose of 

J. Clwomatog., 7 (1962) 351-36r 
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this study was the identification of tracers we did not study the sensitivity of colour 
reagents, nor did we include condensed phosphates, thionates etc., which are of 
little interest in such problems. 
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SUMMARY 

The RF values are given of about 40 inorganic anions in a number of isopropanol- 
1.5 hr ammonia mixtures, as well as on anion exchange resin paper iV KC1 or 
N KNO, as solvent. These data together with the electrophoretic mobilities in 0.1 N 
NaOH are used in a scheme of identification based on the principle of “Rp spectra”. 
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