
CHAPTER V

CHROMATOGRAPHIC SEPARATIONS OF METAL IONS AND 

METAL DITHIZONATES ON PAPERS IMPREGNATED 7JITH

ZIRCONIUM TRIOXALATO ALUMINATE



5.1 INTRODUCTION
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Although thousands of research papers on separation of 
metal ions are appearing every year and that the research 
activities are confined to about twenty five metal ions, it 
is surprising that everrising tide of research activities in 
this field exhibits an exponential growth. A careful 
thought of this state of affairs explains this situation as 
not being a contradiction. This partly stems from the fact 
that every attempt does not give a very positive applied 
technique. And on the other hand, with the advent of science 
and technology/ new problems are born every now and then and 
hence the problems in analytical separations are everliving.

Ours is an attempt to systematically investigate the 
separation of metal ions by chromatographic method. The 
zirconyl ion with charge density is more and also that of 
trioxalato alurninate ion, the complex is expected to have 
good adsorbent character towards metal' ions. Hence, we took 
up the study of separation of metal ions and metal dithizonates 
by using paper impregnated with zirconium trioxalato alurninate.

5.2 EXPERIMENTAL

The experimental technique, details of preparation of 
impregnated paper, preparation of reagent solutions and 
analytical solutions are described in second chapter, bo any 
deviation from the standardized procedure was adopted for 
any of the following cases.
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5.3 RESULTS

5.3.1 Experimental Details

Chromatographic separations of the following metal ions 
Ni+2, Co+2, Cu+2/ Mn+2, Zn+2, Cd+2, Hg+2, Bi+3 and Fe+3 were 
carried out.

Similarly separations of the following metal dithizonates 
Ni(HDz)2* Co(HDz)2/ Cu(HDz)2, Kn(HDz)2, Zn(HDz)2/ Cd(HDz)2, 
Hg(HDz)2, 3i(HDz)3 and Fe(HDz)3 were also carried out.

The solvent compositions used for the experiment were as 
follows :

(1) Methanol + 10 1-1 hydrochloric acid + acetone
(2) 10 1-1 Hydrochloric acid + acetone + ethanol
(3) Acetone + 10 H hydrochloric acid + n-hutanol
(4) 4 M Nitric acid + acetone + n-propanol
(5) Ethyl methyl ketone + n-butanol + 50 % hydrochloric 

acid

Zirconium trioxalato aluminate paper was prepared and 
was used after drying. However, the paper was used within a 
fexi.7 days after the preparation. The papers were stored in 
large flat plastic container. The container was flushed with 
nitrogen and sealed hermetically by an adhesive tape so as to 
avoid adsorption of fumes from the laboratory atmosphere.

The experimental results are presented in the following
order :
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Set I - I-lethanol + 10 H hydrochloric acid + acetone 

system for metal ions (Table 5.1) and metal 
dithizonates (Table 5.2).

Set IX - 10 M Hydrochloric acid + acetone + ethanol
system for metal ions (Table 5.3) and metal 
dithizonates (Table 5.4).

Set III - Acetone + 10 M hydrochloric acid + n-butanol 
system for metal ions (Table 5.5) and metal 
dithizonates (Table 5.6),

Set IV - 4 M Nitric acid + acetone + n-propanol system
for metal ions (Table 5.7) and metal 
dithizonates (Table 5.8).

Set V - Sthyl methyl ketone + n-butanol + 50 % hydrochloric 
acid system for metal ions (Table 5.9) and metal 
dithizonates (Table 5.10).

5.3.2 Observation Tables

(a) For set I, the various compositions of methanol + 10 M
hydrochloric acid + acetone (m:h:a) .system used are (1:1:1), 
(1:1:2), (2:1:2), (2:1:1), (1:2:1), (1:2:2) and (2:2:1).

The results of the above compositions are given in 
Tables 5.1 and 5.2.

(b) For set II, the various compositions of 10 ll hydrochloric 
acid + acetone + ethanol (H:A:2) system used are (1:1:1), 
(1:2:1), (1:2:2), (1:1:2), (2:1:1), (2:2:1) and (2:1:2).
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The results o£ the above compositions are given in 
Tables 5.3 and 5.4.

(c) For set III/ the various compositions of acetone + 10 K 
hydrochloric acid + n-butanol (A:H:B) system used are 
(1:1:1) / (2:1:1), (2:1:2)/ (1:1:2), (1:2:1), (2:2:1) and 
(1:2:2).

The results of the above compositions are given in 
Tables 5.5 and 5.6.

(d) For set IV, the various compositions of 4 K nitric acid + 
acetone + n-propanol (N:A:P) system used are (3:3:3), 
(2:4:2), (4:2:2), (2:2:4), (4:3:3), (3:4:3) and (3:2:4).

The results of the above compositions are given in 
Taales 5.7 ano 5.8.

(e) For set V, the various compositions or ethyl methyl ketone + 
n-butanol + 50 % hydrochloric acid (21303 :H) system used 
are (6:3:6), (3:6:1), (6:3:1), (3:6:6), (6:6:3), (3:4:3), 
and (1:3:6).

The results of the above compositions are given in 
Tables 5.9 and 5.10.
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5.4 DISCUSSION

Set I -

It is seen that for methanol + 10 K hydrochloric acid + 
acetone system, there is no significant change in Rp values for 
the metal ions, Ni+2, Co+2, Cu+2, Zn+2, Cd+2 and Bi+3 for all 
the compositions studied. Nhile that for I4n+2 there is 
variation in Rp values for various compositions of this system. 
Hg+2 for composition 1:2:1 and Fe+3 for composition 1:2:2 show 
lowest Rp values. In 1:1:2 solvent composition, the 
chromatographic separation is quite good for Mn+2, Ni+2 and 
3i+3. Nhile for 1:2:2 composition, the separation of lln+2,
Fe+3 and Zn+2 is possible.

Nhen the solvent composition changes, there is significant 
change in Rp values in cases of Hi(HDz)2/ Co(HDz)2/ Cu(HDz)2/
Kn(HDz)2 and Zn(HDz)2* Bismuth dithizonate and iron dithiaonate 
may be unstable in alkaline medium. Therefore, they are 
dissociated. Hence there is no any change in Rp values. Rest 
of the metal dithizonates are stable, therefore, they are 
separated, e.g. 1:1:2 solvent composition shoxi/s the separation 
of Hi(HDz)2/ Co(HDz)2/ Kn(HDz)2, Cd(HDz)2 and 3i(HDz)3. Nhile 
1:1:1 solvent composition shows the separation of Hi(HDz)21 

Co(HDz)2/ Cu(HDz)2/ Zn(HDz)2 and Fe(HDz)3-

Set II —

For. 10 M hydrochloric acid + acetone + ethanol solvent 
system the Rp values of Co+2 and Ni+2 differ for each composition. 
The Rp values are lowest for metal ions Hi+2, Co+2, Cu+2 and
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2n 4

is o

and

Cd+2

than

for the composition .2:2:1 . The variation in Rp values
. 4-9 4-0 -i-O

bserved in almost all the compositions ror Hi z, Co ^, Cu 

Mn+2. TJhile there is no any change in Rp values for Sh^,

, :ig+2/ 3i+3 and Fe+3. The Rp values of ?e+3 are lower 

any other systems.studied. The chromatographic separation

can

for

he carried out effectively for 

the compositions 1:1:1, 1:2:1,

vr-i + 2
-i-L / Co+2, i:n

1:2:2, 1:1:2 and 2:1:1.

Rest of the metal ions are unstable, therefore, separation can 

not he possible.

The Rp values of metal dithizonates are quite higher than 

those of metal ions. As there is quite significant change in 

Rp values of Hi (HDz) 2# Co(HDz) 2 and Kn (HDz) 2* the separation 

can he carried out successfully. Hhile Sn(HDz)2/ Cd(HDz)2/

Mg(HDz)2/ 3i(MDz)3 and Fe(HDz)3 are quite unstable, therefore 

are unable to separate. Still the chromatographic separation

is possible 

and Ei(HDz) 

Hi(HDz)2/ M

for the metal dithizonates namely Hi (HDz) 2, Cu(l-IDz) 2 

3 for 1:2:1 composition, while it is possible for 

3(HDz)2/ Cd(HDz)2, Hg(KDz)2 and Fe(HDz)3 for 2:2:1

solvent composition.

Set III -

In acetone + 10 M hydrochloric acid + n-butanol system, 

the variation in Rp values is obtained in ITi+2, Co+2 and ::n+2

due to effect of variation in composition solvent,' The Rm

values of Hi+2 are lowest in 2:1:2 arc 1:1:2 compositions,

Rp values are quite higher for Zn+2, Gd+2, Hg'r2, 3i+- and

pe+3 in almost all compositions of the solvents. Hence

separation is difficult. However, separation of Hi"^, Co^,
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Cu+2, Mn+2, 3i+'5 and Zn+2 is quite possible for all the 
compositions of this solvent system.

The Rp values of metal dithizonates are higher than those 
of metal ions for 2:1:1 solvent composition. -Co (HDz) 2 shows 
very high Rp values than Co+2 for all the compositions. There 
is no any change in rest of the metal dithizonates. However/ 
separation of Ni(KDz)2* Co(HDz)2# Cu(HDz)2/ Hn(HDz)2 and 
Bi(HDz)^ can be carried out for 2:1:2 composition. Also 
separation of Ni(KDz)2, Mn(:-IDz)2/ Cu(HDz)2 and Zn(KDz)2 can be 
carried out for 1:2:2 solvent composition.

Set IV -
For the solvent system, 4 l-i nitric acid + acetone -r 

n-propanol, the Rp values of metal ions are quite higher than 
any other systems studied. For 2:2:4 composition, the Rp 
values of all the metal ions are lowest. Hg+2 shows higher 
Rp value than any other metal ions. The chromatographic 
separation can be effectively carried out in 2:2:4 solvent 
composition for the metal ions Cu+2, Mn+2, Cd+2, Co+2 and 
Fe+2. The separation of Ni+2, Fe+2 and Bi+2 for 3:3:3 
composition, the separation or Ni+2, Cu+2, Zn+2, Fe+2 and 
3i+2 for 2:4:2 composition and separation or Co+2, Kn+2, Zn+2, 
Fe+2 and Hg"1*2 for 3:2:4 composition can also be carried out 
successf ully.

Metal dithizonates of this system show quite higher Rp 
values. The successful chromatographic separations of these 
metal dithizonates are possible for Mi(HDz)2/ Kn(HDz)2/ 
Cd(HDz)2/ Co(HDz)2 and Hg(HDz)2 for 2:2:4 solvent composition
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and for Co(HDz)2/ Kn(HDz)2/ Cu(HDz)2 and Bi(HDz)3 for 3:2:4 

solvent composition.

Set V -

For ethyl methyl ketone + n-butanol + 50 % hydrochloric 

acid solvent system, Ni+2 shows lowest Rp values for the 

compositions 3:6:1, 6:3:1 and 6:6:3. Co * also shows lowest 

Rp value for 3:6:1 solvent composition. There is significant 

change in Rp values for Ni+2, Co+2, Cu+2 and Hn+2. ;?hile 

there is no any variation in Rp values for Cd+2, Kg+2, Bi+2, 

Fe+2 and Zn+2. The chromatographic separation of Ni+2, Co+2, 

Cu+2 and Zn+2 for 6:3:6 composition^the separation of Ni+2, 

Co+2, Cu+2, Kn+2, Cd+2, Zn+2 and Bi+3 for 6:6:3 composition and 

the separation of Co+2, Ni+2, Mn’r^, Hg+2/ Bi+3 and Cd+2 for 

1:3:6 composition can he successfully carried out.

The effective and rapid chromatographic separation can 

he carried out for metal dithizonates than for metal ions in 

this solvent system. Due to unstability of the complexes, 

separation can not he carried out in Fe(HDz)3, 3i(HDz)3, 

Iig(HDz)2/ Cd(HDz)2 and Zn(l-IDz)2» It is observed that for 

solvent compositions, 6:3:1, 3:4:3 and 1:3:6 the separation 

of Ni (ilDz) 2 / Co (HDz) 2 / Cu(KDz) 2, Iin(HDz)2 and Di(HDz)3 can 

he carried out.

5.5 CONCL USION

From all these five solvent systems studied, it is 

observed that for methanol + 10 K hydrochloric acid + acetone 

system, Kn+2, Ni+2 and Bi+3 for 1:1:2 composition and Ifn4*2,
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Fe+2 and Zn+2 for 1:2:2 composition show effective 

chromatographic separation. Also the separation of Ni(HDz)2,

Co (i-IDz) 2 / Kn(HDz)2/ Cd(HDz)2 and 3i(HDz)3 for 1:1:2 composition 

and the separation of Hi(HDz)2, Co(HDz)2, Cu(KDz)2, Zn(HDz)2 

and Fe (I-idz) 3 for 1:1:1 composition can he carried out.

In 10 1! hydrochloric acid + acetone + ethanol system, 

separation can be carried out for Hi+2, Co+2, Cu+2 and lln+2 

for 1:1:1, 1:2:1, 1:2:2, 1:1:2 and 2:1:1 solvent compositions. 

Separation is also possible for Hi(HDz)2, Cu(HDz)2 and EitHDzJj 

for 1:2:1 composition and for Hi(HDz)2, Iln(HDz)2, Cd(HDz)2,

Kg (HDz) 2 ana Fe(HDz)-^ for 2:2:1 composition.

It is observed from acetone + 10 12 hydrochloric acid + 

n-fcutanol solvent system that, separation of Ui+2, Co+2, Cu+2, 

Kn+2, 3i+2 and Zn+2 can be carried out for all the compositions. 

Hhile Hi(HDz)2, I-ln (HDz) 2/ Cu(HDz)2 and Zn(HDz)2 can be 

separated for 1:2:2 solvent composition.

From 4 II nitric acid + acetone + n-propanol solvent 

system, it is seen that separation of Cu+2, I-In+2, Cd+27 r0+2

and Fe+2 for 2:2:4 composition, separation of Hi"1'2, Cu+2/ sn+2, 

Fe+2 and 3i+2 for 2:4:2 composition and separation of Co+2, 

Mn+2, Zn+2, Fe"1"2 and Hg+<i for 3:2:4 composition can be carried

out successfully. The 2:2:4 composition show’s the separation 

of Hi(HDz)2, Mn (I-IDz) 2, Cd(HDz)2, Co (HDz) 2 and I-lg(HDz)2, while 

3:2:4 composition shows the separation of Co (HDz) 2, i:n(HDz)2, 

Cu(HDz)o and Ei(HDz)^.

It is observed that for ethyl methyl ketone + n-butanol +• 

50 % hydrochloric acid solvent system, the chromatographic
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separation of _Ti+2, Co+2, cu+2 and Zn'*'2 for 6:3:6 composition, 

separation of Hi*2, Go'*'2, Cu+2, i:n+2, Cd+2, Sn+2 and Bi+3 for 

6:6:3 composition and separation or Co+2, N±+2, Mn+2, Hg+2, 

3i+2 and Cd+2 for 1:3:6 composition can re carried out. It is

also observed that for solvent compositions, 6:3:1, 3:4:3 and 
1:3:6, the separation of' Ui(KDz)Co (HDz)2# Cu(HDz) f, hn (HDz) 2 

and Bi(HDz)3 can be carried out effectively and rapidly.

Several dithizonates show similar Rtp values, because they 

form unstable complexes. Hence the separation becomes difficult. 

In all the cases, the time recaired for the chromatographic 

separation of metal dithizonates is longer than it is repaired 

for metal ions.

The results of the best chromatographic separations of 

various metal ions and metal dithizonates from.other metal ions 

and metal dithizonates respectively on papersimpregnated with 

zirconium trioxalato alurninate for various solvent systems and 

various solvent compositions are summarized in table 5.11.
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Table 5.11 Chromatographic separations of rnetal ions/metal

dithizonates from other metal ions/metal dithizonates 

on papers impregnated with zirconium trioxalato 

eliminate

Metal ions 
or rnetal 
dithizonates

Rp
val ues

Solvent 
sys terns

Solvent
compositions

Separation from 
other metal ions or 
metal dithizonates

Kn*2 0.55 K:H:A 1:1:2 Hi*2 and 3i*3

Co(HDz)2 0 « 1:1:1 Kn (HDz) 2/ Hi(HDz)2/

Hg(HDz) 2 ^nd

Fe(HDz)3

Cu(l-IDz) 2 0.61 K:H:A 2:2:1 Ni(HDz)2, Hg(HDz)2

and Fe(HDz)3

Mn(HDz)2 0.54 M :H :A 1:1:2 Ni(HDz)2/ Hg(HDz)2

and Fe (HDz) 3

Ki+2 0.16 r_r • ;\ • -r-\ i i • * £4 1:2:2 Kn*2, Co*2/ Cu*2/

Cd*2 and Fe*3

pe+3 0. 35 HiA:S 1:2:1 Co*2 and 3i*2

Cu(HDz) 2 0.54 K:A:3 2:2:1 Cd(HDz)2 and

Fe(HDz)3

I..ln+2 0.56 A:H:B 1:1:1 Ni*2, Cu*2 and

continued on the next page
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... continued from the previous page

Metal ions 
or metal 
dithizonates

Rp
val ue s

Solvent
systems

Solvent
compositions

Separation from 
other metal ions or 
metal dithizonates

C
slo 0.53 A iH :B

t

1:2:2 Hn+2/ IIi+2, 3i+3

and Cd+2

—j + 2 i'JX 0.14 A :K :3 2:1:2 Co+2 , Tin4"2, Cu+2, 

3i+3 and cd+2

Hi (HDz) 2 0.15 I X“I J 3 2:1:2 Kn(HDz)2, Co(HDz)2

and Cu(HDz)2

Bi(HDz) 3 0.88 A:Ii :B 1:2:2 Fe(I-IDz)3, Hi(HDz)2/

Cu(HDz)2 and

IIn (HDz) 2

Iln (HDz) 2 0.45 - • TJ
•j.j. • £0 2:2:1 ITi (HDz) 2 / C u (HDz) 2

and Co(HDz)2

ca+2 0.55 IT :A:P 2:2:4 Zn'r2/ Ui+2 and Fe"1*3

Co+2 0.40 IT :A :P 3:2:4 Hi4"2 , Cu+ 2 an.c3 Hg+ 2

r.T^+ 2 0.31 IT :A :P 2:2:4 bn4-2, Cd+2/ co+2

and Fe+°

Iln (HDz) 2 0.51 IT: ASP 2:2:4 Hi(HDz)2, Zn(HDz)2

and Fe(HDz)

continued on the ne:-;:t page ...
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... continued from the previous page

Solvent. Solvent Separation fromIfetal ions Rp
or metal values systems compositions other metal ions or
dithizonates metal dithisonates

_ +9 0.50 3I-K :B :I-I 3:4:3 co+2 / ::i+2, ca+: 

and Fe+3

Co^ C. 12 6:3:1 I7i+2, Cu+2, Bi-5"3

-,+ 2me Zn'

Zh+2 0.30 • i_3 • n 1:3:6 Co+2, Cd+2, IT X

and Cu,+ 2

O 1 "T»T- ■r?-r * ’I3 • »r 3:6:6 Co+2, Cu+2, Bi+3 

and Cd+2

IIn {KDz) 2 0.55 :H 6:3:6 Cu(HDz) 2 i ITi(:iDs)2

and Bi(HDz)

Co(KDz)2 0.37 1 - I • * —v w i-1
Ai'V • —9 • ^ . :4:3 I-:n(KDz)2, Cu(HDz)2,

Cd(POz)2 and 

Fe(HDz) 3

From the above 

impregnated paper, 

imp re gn a ted v.’i th si 

for the analytical 

dithisonates.

studies, it can be concluded that, 

especially Ifnatman ITo.l filter paper 

rconiurn trioxalato aluminate is more 

separations of metal ions an cl metal


