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NOTE 

Studies on Thorium Phosphate Ion Exchanger. 
Part 111. Paper Chromatographic Behavior and Separations 
of Metal Ions on Thorium Phosphate Papers 

ANIL K.  DE and KAILAS CHOWDHURY 
DEPARTMENT OF CHEMISTRY 
SANTINIKETAN, VISVA-BHARATI 

WEST BENGAL, INDIA 

Abstract 

Thorium phosphate papers havc bccn prcparcd by treatment with thorium nitratc 
and phosphoric acid solutions. Several metal ions have been chromatographed on 
thorium phosphate papcr. Thc cffcct of pH on H, valucs has hccn invcstigatcd. Some 
useful analytical separations of metal ions have been achleced by using only dilute 
mineral acid and a mixed solvent system. 

The importance of synthetic inorganic ion exchangers and their use for 
the impregnation of chromatographic papers has recently been revicwed 
( I ,  2). Papers irnprcgnated with inorganic ion exchangers combine the 
advantages of ion exchange, adsorption, and partition. Moreover, 
chromatography of metal ions on inorganic ion exchange papers offers 
interesting possibilities which are greatly enhanced when these papers are 
developed with mixed solvent systems. This solvent extraction and ion 
exchange process is the same as the combined ion exchange--solvent 
extraction technique introduced by Korkisch (3) .  

In the earlier papers of this series (4 ,5 )  we reported on the synthesis and 
physicochemical properties of a series of thorium phosphate polymers and 
also on column chromatographic scparations of mctal ions on thorium 
phosphate ion exchangers. Thorium phosphate-impregnated papers are 
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640 DE AND CHOWDHURY 

used in our laboratory for the separation of metal ions by the clcctro- 
phorctic technique (6). No previous work has been done on thorium 
phosphate-impregnated papers for chromatographic studies, and so a 
comparative study of the chromatographic behavior of metal ions on plain 
and thorium phosphate-impregnated papers in dilute mineral acids and 
mixed aqucous-organic systems is reported here. The RP values of metal 
ions on thorium phosphate paper are compared with the Kd values of 
metal ions on a thorium phosphate exchangcr ( 5 ) .  

E X  PER1 M E NTAL 

Apparatus 

Development was performed by thc ascending chromatographic 
technique on 25 x 3.5 cm Whatman No. 1 chromatographic paper strips 
in a 30 x 5.5 cm glass jar. 

Reagent 

chcniicals and solvents were of either E. Merck or B.D.H. AnalaR grade. 
Thorium nitrate tetrahydrate was of Reagent grade (M & B). All other 

Cation Solution 

Solutions (4 mgiml) of chlorides. nitrates, or sulfates of most of the 
cations were preparcd. Thc pH of the solution was adjusted with the 
corresponding acid to 2 to 3. Antimony oxide and bismuth nitrate solution 
were prepared in dilute hydrochloric acid and dilute nitric acid, respcc- 
tivcly. Cesium(1V) sulfate solution was prepared in 1.75 M sulfuric acid. 
Palladium chloride and chloroplatinic acid solutions were prepared in 
dilute hydrochloric acid. All other metal ion solutions were prepared by 
standard procedures. 

Preparation of Ion Exchange Papers 

Thorium nitrate (0.1 M) in 1 M nitric acid solution and 0.25 M phos- 
phoric acid solution were prepared. Whatman No. 1 paper strips (25 x 3.5 
cm) were first impregnated with thorium nitrate solution for 5 to 6 sec, and 
then thc cxcess thorium nitrate solution was removed with blotting paper. 
The strips were then passed through the phosphoric acid solution for 15 to 
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20 scc, and the excess phosphoric acid was again removed with blotting 
paper. Then the strips were dried at room temperature, washed with water 
to pH 3 to 3.5, and finally dried at room temperature. 

Procedure 

Fine glass capillaries were used to apply the test solution. The paper was 
conditioned for 15 to 20 min. The front limit RL and rear limit R,. values 
were measured. 

Detection of the  Zones 

Yellow ammonium sulfide solution was used for the dctection of Ag', 
TIc, Hg,". H g 2 + ,  Pb2+.  Bi3+ . and PdZ+ zones. Fe3+,  UOZ2+. V 0 2  I .  

and Cu2+ were detected with potassium ferrocyanidc solution. Fez+ was 
detected with potassium fcrricyanidc solution. Cd2+ and As" were 
detected with dithizone in carbon tetrachloride. Mn2+ and Zn" were 
detected with a mixture of trisodium pentacyanoamino fcrrate and 
rubeanic acid. Ni2+ and Co2- were detected with dimethylglyoxime 
solution. Sb3+ and Sn2 * were detected with phosphomolybdic acid 
solution. Freshly prepared sodium cobaltinitrite solution was used to 
detect K', Rb+,  and Cs' . A13* and Be" were detectcd with aluminon 
reagent. SnCI, (0.1 M) in 4 M HCI and potassium iodide solution mixture 
were used to detect Pt4+. Alcoholic Alizarin Red S ( 1  ?<) was used for 
ZrOZ+,  Cc3+,  c'e4+, and La3+ spots. Ba2- and Sr" were detected with 
aqucous neutral sodium rhodizonate solution. 

RESULTS AND D I S C U S S I O N  

Twenty-nine metal ions have been chromatographed by using thc 
following solvents: 

( 1 )  0.1 M Nitric acid 
(2) 0.1 M Hydrochloric acid 
(3) n-Hutanol + 6 M nitric acid 
(4) n-Butanol -t 6 M nitric acid + acetone 

The R,. and R,> values of metal ions on thorium phosphate-impregnated 
paper and Whatman No. I paper are given in Table 1. Distribution 
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642 DE AND CHOWDHURY 

TABLE 1 

RT and R,, Values of Metal Tons on Thorium Phosphate Paper and 
Whatnian No. I Paper at 22 _I 2°C (time, 1 hr) 

Metal ion 

K '  
Rb+ 
c s +  
Ag + 
TI + 

4 2 ' '  

Pb2+ 
c u 2  

Cd2+ 
Hg*+ 
Bi3 + 

PdZ + 

1v4+ 

Fe3 + 

t c z  
Mn'+ 
UOZ2f 
V W +  
ZrOZ + 

Cr3 + 

Sb' + 

As3 
Nil+ 
coz+ 
Zn2 + 

Bez + 

RaZ 
Sr2 + 

A I ~  + 

K,, values at 
pH 2 to 3 

( m k )  

5225 
85 

140 
0 

T.A." 

2550 

12 
557 

1588 

- 

- 

- 
I70 

0 
0 

27 

- 

- 
4 

(R,K,) value on 
thorium phosphate 

(0.81-0.88) 
(0.80-0.88) 
(0.78 0.90) 
(0.00-0.00) 
(0.50 0.65) 
(0.00-0.00) 
(0.01-0.02) 
(0.90-0.97) 
(0.9 14.98) 
(0.75--0.83) 
(0.00-0.25) 
(0.85-0.93) 
(0.88-0.99) 
(0.04-0.10) 
(0.80-1.00) 
(0.90-0.97) 
(0.30-0.45) 
(0.71-0.88) 
(0.000.03) 
(0.80-0.85) 
(0.00 0.19) 
(0.72-0.80) 
(0.9 1 - 1  .00) 
(0.87-1.00) 
(0.80-0.93) 
(0.93-1 .00) 
(0.85-0.95) 
(0.92-0.97) 
(0.85-0.92) 

p a w  

(R,-R,)  value on 
Whatman No. 1 

paper 

(0.Y2-0.96) 
(0.90-0.95) 
(0.90-0.Y 8 ) 
(0.71 -0.77) 
(0.78-0.83) 
(0.00-0.00) 
(0.85-0.93) 
(0.94-1 .00) 
(0.89-0.97) 
(0.75-0.85) 
(0.82-0.9 1 ) 
(0.83-0.93) 
(0.88-1 .00) 
(0.93-0.99) 
(0.95 1.00) 
(0,924.95) 
(0.88 0.92) 
(0.94-0.99) 
(0.95 0.99) 
(0.83-1 .00) 

(0.954.98) 
(0.90-0.96) 
(0.98 1.00) 

- 

(0.93-1 .@I) 
(0.97-1 .00) 
(0.95-1 .00) 
(0.9 1-0.97) 
(0.94 1.00) 

Solvent 
(0.1 M )  

HCI 
HCI 
HCI 

H N 0 3  
HNO3 

HNO3 
HNO3 
HCI 
1x1 
HCI 
HCI 
ITCI 
HCI 
I Ic1 
HCI 
HCI 
HC1 
HCI 
HCI 
H CI 
HCI 
HCI 
HCI 
HCI 
11c1 
HCI 
HCI 
HCI 
HC1 

"T.A. - total adsorption. 
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coefficient ( K d )  values of metal ions on fibrous thorium phosphate (batch 
No. 2) (5)  at pH 2 to 3 are also b' riven. 

From Table 1 i t  follows that thorium phosphate paper yields different 
R,. values than Whatman No. 1 paper because thorium phosphate paper 
behaves as an ion exchange paper which strongly adsorbs some metal ions. 
These results may be compared with other inorganic ion exchange papers, 
e.g., 7irconium phosphate and cerium phosphate papers (7-12). In our 
earlier paper (5 )  i t  was reported that distribution coefficient values are 
higher in the case of lead, bismuth, and iron (ic) on a thorium phosphate ion 
exchanger. This is in agreement with the lower R ,  values for these metal 
ions on thorium phosphate paper. Only in the case of VOz+ do the R ,  
values show a different trend, prcsumably because there is a sharp varia- 
tion of R,  with pH in this case. strong adsorption occurring at pH 2 to 5 
(the Kd value is high at pH 2). but at 0.1 M HCI (pH 1) the RF value is 
higher because the adsorption is less. On the basis of the R, values in 
Table 1, some important scparations have been achieved by using only 
simple dilute mineral acids as the developing solution as shown in Table 2. 

An important ternary separation has been achieved on thorium phos- 

TABLE 2 

Separations Achieved on Thorium Phosphate Papers 
at 22 ?L 2°C (time, 1 hr) 

Separations achieved by metal ions 
Solvent 

No. of (RT-RL)  from (RT-RL) (0.1 M )  

1. Fe3+ 
2. Fe3 + 

3 .  Fe3 + 

4. Fe3 + 

5. Fe3 + 

6. Fe3 + 

7. Fe3 + 

8. Fe3 + 

9. Pb2 + 

10. Pb2 + 

1 1 .  Sb3+ 
12. Sb3+ 
13. Sb3+ 
14. Sb3+ 
15. Sb3+ 
16. Sb3+ 
17. Sb3 + 

(0.00-0.06) 
(0.000.07) 
(0.004.07) 
(0.004.08) 
(0.004.06) 
(0.004.08) 
(0.004.06) 
(0.004.07) 
(0.00-0.12) 
(0.004.12) 
(0.004.06) 
(0.000.07) 
(0.000.06) 
(0.000.07) 
(0.004.08) 
(O.o(M.08) 
(0.00-0.06) 

Fez + 

Mn2 + 

Cr3 + 

cu2 + 

c o 2  + 

Zn2 + 

Hg2 + 

U0,Z' 
TI + 

Cd2+ 
cu2 + 

Cd2 + 

Cr3 + 

Hg2+ 
Ni2+ 
co2 + 

Z n 2 +  

(0.94-1 .00) 
(0.904.97) 
(0.854.90) 
(0.894.91) 
(0.90-0.96) 

(0.89-0.9 I ) 
(0.404.46) 
(0.50-0.54) 
(0.85-0.91) 
(0.89-0.96) 
(0.88-0.93) 
(0.90-0.92) 

(0.86-0.92) 
(0.894.93) 

(0.90-0.99) 

(0.79-0.89) 

(0.91-1.00) 

HCI 
HCI 
HCI 
HCI 
HCI 
HCl 
HCI 
H C1 
HNO3 
HNO3 
HCI 
HCI 
HCI 
HCI 
HCI 
HCI 
HCI 
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644 DE AND CHOWDHURY 

phate paper by using only 0.1 M hydrochloric acid, thc development 
period being 1 hr: Fc’ -(O.OCrO.OX)- U0,”(0.30~0.40)- Mn2 ’ (0.90 
1 .OO). 

R ,  values of metal ions are plotted against thc pH of the solution in 
Fig. 1. The pH of the solution was adjusted with dilute nitric acid solution. 
Figure I shows that there is no changc i n  RF values for ZrO” and Ag’, 
but S b J * ,  Pb2+,  Fez * ,  Cu”. Ni’ ’ , Re”, P t 4 7 ~ r . ’  ’ , Co*+,  Mn2+,Cd2’. 
and b7e3* show slight changes in their R,: values with pH. Abrupt changes 
occur for UO,”, VO’  I ,  TI+- and Pb’ I ,  where thc RF values become 
lower as the pH of the solution increases. In the case of Fc.’ I ,  a trail is 
obtained at pH 0. For Bi3- in all cases (pH 0 to  G),  an elongated spot was 
found on thorium phosphate paper. Silver shows trailing at all pII values 
when the metal ion concentration is 4 mgiml, but when the metal ion 
concentration is 1mgjmI the R,  values arc zero in most cases. Figure 1 also 
shows that there arc slight change i n  R,.. values up to pH 2 for UOz’ ’ ,  
V 0 2 - .  TI+, and Pb”. but a sudden increase of K, values is observed 
wherc the pH changes from 2 to 1. 

In  the case of lead, only the cation dfluscs at pH 1. When the pH is 
changed from I to 0, thcre is a negligible increase in R ,  value. This can bc 
explained in the following way. There is an increase in the concentration 
of hydrogen ions and a decrease in exchange sites when thc pH is changed 
from 2 to 1. but tlic exchanger is slightly ionized when the pH is changed 
from 1 to 0 (13). 

A new quantity Ri is defined according to Qurcshi et al. (13) as R ; -  
RF,. - RFT,  where RFl: denotes the R, valuc on untreated paper and R,,. on 
thorium phosphatc-impregnated paper. Thus the Ri value is a measure of 
the ion exchange effect. Ri values were taken from Fig. 1 and are tabulated 
in Table 3. From Table 3 it is seen that there arc large Ri valucs for Ag’, 
Fe3’, Pb”, UO12+, V 0 2  ‘, and Z r 0 2 ’  because these are adsorbed 
strongly by thorium phosphate paper. 

Papers impregnated with inorganic ion exchangers arc useful in the 
rapid evaluation of the analytical potential of an ion exchange material. 
A mixed solvent system incrcascs the selectivity of the materials because 
both solvent extraction and the ion exchange mechanism play an im- 
portant role (14). Wc have thereforc studied the chromatography of some 
metal ions in butanol-nitric acid systems. N o  significant differences are 
observcd between thorium phosphate-inlprcgnated paper and untreated 
paper when butanol-nitric acid is used as developing solvents. However, 
some separations have been achieved on thorium phosphate paper by 
using the butanol-nitric acid system as shown in Table 4. These separa- 
tions are not possible on ordinary Whatman No. I papcr. 
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RF 

so F 
0'8 1 

Sb3+ 
0'4 

0 0  o-2L 
1'0 F 

-0-9-Q-O- w 
Cr3+ 

r 

0'2 0'4 t I\ 
Ni2 + Fe2+ 

\D 
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TAR1.F. 3 

R, Values of Metal Ions 

Mctal ion pH-0 pk1Ll pH-2 pH-3 pH=4 pH=S 

Ag ' 
TI + 

HgZ 
PbZ + 

Be2 + 

C U 2 +  

Cd' ' 
NiZ+ 
( 3 2  I 

Fez + 

PdZ ' 
UOZZ' 
vo2 + 

Mn2 + 

As3 + 

FC3 + 

Cr" 
Zr02 ' 
Pt4 + 

* 0.85 
f0.06 
L 0.08 
-0.28 
- 0.10 
-0.03 

0.03 
f0.05 

I 0.09 - 0.06 
i 0.08 
f0 .12 
+0 07 
10.14 

+0.01 

+0.05 
I 1.00 

-0.06 

- 

-.-0.89 
I 0.09 

+0.04 

+0.11 
I- 0.04 

-1-0.04 
I 0.08 
$0.10 

0.00 
-0.03 
. 0.40 

- 

+0.08 
10.03 

+0.02 

-t0.12 
I 1.00 

-0.03 

- 

-0.81 
1 0.49 

-0.07 
' 0.82 
+0.06 

-0.02 
I 0.05 

--0.03 
--0.20 
70.08 
+0.77 
10.69 

I 0.03 
+0.87 

0.09 
'1.00 
. 0.04 

-0.17 

- 

-t0.41 
. 0.09 

10.04 
-0.87 

- 
+ 0.07 

0.03 

10.03 
fO.20 

0.90 
-0.08 

1 0.08 
+0.90 
10.10 
'1.00 
' 0.01 

- 

- 
-0.32 
. 0.07 

-0.89 
J 0.08 

-0.04 
f 0.07 

-. 0.08 
-t0.90 
-i-O.OI 
+ 0.06 
-1-0.89 
-0.10 

I 1.00 
-0.06 

- 

~ 0 . 3 1  
. 0.07 

+0.85 
10.11 

f O . 0 5  
f0.30 

f0.08 
-0.91 

i 0.18 
+0.06 
-t0.90 
+0.02 

I 1.00 
-0.01 

The combined eff'ect of the alcohol and ketone system shows that it is 
somewhat dflerent from that of a singlc solvent (Table 5). 

From earlier results it has bccn shown that thorium phosphate- 
impregnated paper is useful for some difficirlt analytical separations. Also, 
reproducible rcsults are obtained on thorium phosphate-impregnated 
paper, and compact spots were ohtaincd in most cases, which is not 
possible on ordinary Whatman No. 1 paper. 
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