CHAPTER V

CHROMATOGRAPHIC SEPARATIONS OF METAL ICNS AND
METAL DITHIZONATES ON PAPERS IMPREGNATED JITH

ZIRCONIUM TRICXALATO AL UMINATE
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5.1 INTRODUCTION

aAlthough thousands of research papers on separation of
metal ions are appearing every year and that the research
activities are confined to albout twenty five metal ions, it
is surprising that everrising tide of research activities in
this f£ield exhibits an expénential 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 proklems are korn every now and then and

hence the proklems in analytical separations are everliving.

Qurs is an attempt to systematically investigate the
separation of metal ions ty chromatographic method. The
zirconvl ion with charge density is more and also that of
trioxalato alumninate 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 aluminate.

5,2 EPERINENTAL

The experimental technicue, details of preparation of
impregnated paper, preparation of reagent solutions and
analytical solutions are descriked in second chapter. Jo 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, Cd+2, Mn+2, Zn+2, Cd+2, ng2' Bi+3 and Fet3 were

carried out.

Similarly separations of the following metal dithizonates
Mi(HDz),, Co(HDz),, Cu(HDz),, Hn(EDz),, 2n(HDz),, CA(dDz),,

-

Hg(HDz}Z, Bi(HDz) 4 and Fe(HDz) 3 were also carried out.

The solvent compositions used for the experiment were as

follows

(1) Methanol + 10 I hvdrochloric acid + acetone

(2) 10 M Hydrochloric acid + acetone + ethanol

(3) Acetone + 10 Il hydrochloric acid + n-tutanol

(4) 4 1M ¥Witric acid + acatone + n-propanol

(5) Zthvl methvl ketone + n-lutanol + 50 % hvdrochloric

acid

Zirconium trioxalato aluminate paper was prepared and
was used after drving. However, the paper was used within a
few days after the preparation. The papers were stored in
large flat plastic container. The container was f£lushed with
nitrogen and sealed harmetically vy an adhesive tape so as to

avolid adsorption of fumes from the laroratory atmosphere.

The experimental results are presented in the following

order
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Set I - liethanol + 10 M hydrochloric acid + acetone

system for metal ions (Takle 5.1) and metal

dithizonates (Takle 5.2).

Set II - 10 M Hvdrochloric acid + acetone + ethanol
system for metal ions (Takle 5.3) and metal
dithizonates (Takle 5.4).

Sset III - Acetone + 10 M hvydrochloric acid + n-iutanol
system for metal ions (Takle 5.5) and metal
dithizonates (Takle 5.6).

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

Set VvV - ®Bthyl methyl ketone + n-kutanol + 50 % hydrochloric

acid system for metal ions (Takle 5.9) and metal

dithizonates (Takle 5,10).

5.3.2 Observation Takles

(a)

(b)

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 akove compositions are given in

Takles 5.1 and 5.2.

Tor set II, the various compositions of 10 Il hydrochloric
acid + acetone + ethanol (H:A:E) 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 of the akove compositions are given in

Takles 5.3 and 5.4.

(c¢) For set III, the various compositions of acetone + 10 M
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 alkove compositions are given in

Takles 5.5 and 5.6.

(d) For set IV, the various compositions of 4 M 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 akove compositions are given in

akles 5.7 and 5.8.

(e) Por set v, the variocus compositions of ethvl methyl ketone +
n-tutanol + 50 % hycrochloric acid (ZMK:3:H) svysten used
are (6:3:6), (3:6:1), (6:3:1), (3:6:6), (6:6:3), (23:4:3),
and (1:3:6).

The results of the alove compositions are given in

Talrles 5.9 and 5.10.
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5,4 DISCUS3ION

Tt is seen that for methanol + 10 M hydrochloric acid +

acetone system, there is no significant change in Rp values for

the metal ions, Ni+2, Co+2, Cu+2, 2n+2, cat? ang 53it3 for all

o s e 3 e e
the compositions stucdied. 7hile that for Kn 2
variation in Rp values for various compositions of this system.

s pet3

+2 for composition 1:2:1 and T

Hg for composition 1:2:2 show

lowest Rp values. In 1:1:2 solvent composition, the

++2 7

chromatographic separation is cuite good for Nn+2, i and

53it3. while for 1:2:2 composition, the separation of 1nt2,

3 o A2 .
ret3 and znt? is possirle.

when the solvent composition chenges, there is significant
change in Rp values in cases of 1i(ilDz),, Co(iDz)2, Cul(iDz)q,
Mn(iDz), and Zn(HDz),. 3ismuth dithizonate and iron dithiaonate
may ke unstakle in alkaline medium. Therefore, thev are
dissociated. IHence there is no any change in Rp values. Rest
of the metal dithizonates ars stalkle, therefore, thev are
separated. e.g. 1:1:2 solvent composition shows the separation

of 1Mi(EDz),, Co(HDz),, MNn(HDz),, CA(HDz)p and Bi(HDz)3. hile

vy

1:1:1 solvent composition shows the separation of Mi(iDz)s,

Co(unz)o, Ccul(HDz)y, zZn(HDz)p and Fe(HDz)3.

set II -

—

For 30 M hydrochloric acid + acetone + ethanol solvent

4
[y

system the Ry values of Cot<¢ and wWitZ differ for each composition.

Y ~ » » 2 2
The Ry values are lowest for metal ions nNit?, cot2, cut? ana



" »
znt? for the composition
is observed in almost all
there is

-

than any other systems.studied.

can ke carried out effectively for

for the

Rest of the metal ilons are

not ke »nossikle.

The Ry values of met

those of metal ions. As t

Ry values of 1i(HDz)9, Co(HDz)2

zan te carried

Hg(HDpz) 5, 2i(KDz) 3

are unaile to separate. 3
is possilkle for the metel
and Bi(Epz)a for 1:2:1 compos

compositions 1:1:1,

21

here is quite signi

cut successzE

c¢ithizonates

97

t2:1 . values

The variation in Rp

+2

_'_‘l
cne

-
compositions for mit?, cot<, cu

-
no any change in Ry values for Zn+~,

The Rp values of ret3 are lower

The chromatogra

+2 +2

11 Co

-

1:2:1, 1:2

.
I

2,

-
-

unstazle, therefor

L

dithizonates are culte hicher than

-

C o

-r—-
- fee

nt change in

and ¥n(HDz)9, the separation

ully. while 2n(HDpz),, cd(HDz) 2,
Ioz)» are culte unstalle, thereiore

till the chromatographic separation
amely 1i(#EDz) o, cullinz),

ition, while it is possirle for

17i(Hpz) o, Mn(dbz) g, CdA(iDz) o, Hyg(HDz), and Fe(dbz)g for 2:2:1
solvent composition.
Set IIT -

In acetone + 10 !N hycdrochloric acid + n-:tutanol system,
the variation in Rp values is sktained in 1it2, cot?2 anc :nte
due to effect of variation in composition of solvents. The Ry
values of it2 are lowest in 2:1:2 and 1:1:2 compositions., The
R v2lues are culte hicher for Zn+2, cat2 Hg+2 3i*3 andg
ret3 in zlmost all com mpositions of the solwen Hence

separation is difficult. However, separcotion of ﬁi+2, co*?,
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+2 L. *3 +2
Vs

and Zn is guite possikle for all the

compositions of this solvent system.

The Ry values of metal dithizonates are higher than those

of metal ions for 2:1:1 solvent composition. -Co(HDz)jy shows

very hicgh Rp values than cot2 for all the compositions. There

is no any change in rest of the metal dithizonates. However,

M

separation of Mi(liDz),, Co(HDz),, Cul(HDz),, 1n(HDz) 5 and

v

Bi(¥Dz) 5 can ke carried out for 2:1:2 composition. 4also
separation of Ni(HDz)z, 1n(ipz) o, cu(dbz), and 2n(EDz)) can e

carried out for 1:2:2 solvent composition.

Set IV -
For the solvent system, 4 ! nitric acid + acetone +

0

n-propanol, the Rp values of metal ions are cuite higher than

t

any other systems studied. Tor 2:2:4 composition, the Rp
values of z2ll the metal ions are louwest. Hg+2 shows hicgher
Rpr value than any other metzal ions. The chromatographic
separation can ke effectively carried out in 2:2:4 solvent
composition for the metal ions cut?, Mn+2, Cd+2, cot? and
FeT3. The separation of wit2, re*3 and Bit3 for 3:3:3
composition, the separation of Ni+2, Cufz, Zn+2, ret3 angd
31i%3 for 2:4:2 composition and separation of Co+2, rnt2, znt2,
Fet? ang HgT?2 for 3:2:4 composition can also ke carried out

successfully.

Metal dithizonates of this system show cuite higher Rp
values. The successful chromatographic separations of these
metzal dithizonates are possitle for Ni(HDz),, Hn(HDz),,

Cd(HDz)z, Co(HDz) 5 and Hg(HDz)y for 2:2:4 solvent composition
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and for Co(HDz),, Mn(HDz),, Cu(HDz), and Bi(HDz)3 for 3:2:4

solvent composition.

For ethyvl methvl ketone + n-tutanol + 50 ¢ hydrochloric
acid solvent system, i*2 shows lowest Rp values for the

+2 also shows lovest

compositions 3:6:1, €:3:1 and €:6:3. Co
Rp value for 3:6:1 solvent composition. There is signifiicant
change in Rp values for Ni*z, Co+2, Cu.+2 and 1nT2. while

there is no any variation in Rp values for Cd+2, Hg+2, Bi+3,

ret3 and zn™2. The chromatographic separation of nit2, cot2,
cut? and zn*? for 6:3:6 composition,the separation of nit2,
cot2, cut?, Mn+2, cat2, zn*t2 ang 3i*3 for 6:6:3 composition and
the separation of cot2, wi*?, un™2, ugt2, Bit3 and ca*? sor

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

The effective and rapid chromatographic separation can
be carried out for metal dithizonates than for metal ions in
this solvent system. Due to unstakility of the complexes,
separation can not ke carried out in Fe(HDz)s3, 31(HDz)3,
Hg(#Dz) 5, CA(HDz)5 and Zn(iDz),. It is observed that for
solvent compositions, €:3:1, 3:4:3 and 1:3:6 the separation
of ¥i(HDz),, Col(HDz),, CulHDz),, Mn(HDz), and Bi(HDz)3 can

ke carried out.

5.5 CONCLUSION

From all these five solvent svstems studied, it is
okserved that for methanol + 10 M hydrochloric acid + acctone

system, Mn+2, 7it2 and Bit3 for 1:1:2 composition and ynt2,
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mat3

Te and Zn+2

for 1:2:2 composition show effective
chromatographic separation. Also the separation of Ni(HDz)j,,
Co(HDz) 5, ¥n(HDz) 5, CA(HDz), and Bi(HDz)4 for 1:1:2 composition
and the separation of i(HDz),, Co(HDz)p, Cu(¥Dz)p, 2Zn(iDz),

and Fe(iDz)3 for 1:1:1 composition can ke carried out.

In 10 11 hyvdrochloric acid + acetone + ethanol system,
separation can ke carried out for Ni+2, Co+2, cu'? ana 1int2
for 1:1:1, 1:32:1, 1:2:2, 1:1:2 and 2:1:1 solvent compositions.

Separation is also possikle for 17i(HDz),, Cul(liDz), and 51(1IDz)3

for 1:2:1 composition and for Mi(HDz),, Kn(HDz),, Cd(HDz),,
Hg(HDz) 5 and Fe(HDz) 4 for 2:2:1 composition.

It is obkserved from acetone + 10 il hydrochloric acid +
}‘ﬂ v ~y < = AT o 4 Ptk k] 7 = “T'+2 +2 2
n-zutanol solvent system that, separation of Ii'~<, Cov<, Cu
- - 0] o,
31 and znT2 can te carried out for all the compositions.
vhile Yi(HDz),, I n(“Dz)Z, vu(nDz)z and Zn(HDz), can ke

separated Zor 1:2:2 solvent composition.

-

From 4 I nitric acid + acetone + n-propanocl solvent
system, it is seen that separation of cu'?, unt2, catl, cot2
and Fet3 for 2:2:4 composition, separation of wit2, cut2, znt2,
ret3 and 3it3 for 2:4:2 composition and sepzaration of cot
Mn+2, 2nt2, 7e™3 ang Fg+2 for 3:2:4 composition can ke carried
out successfiully. The 2:2:4 composition shows the separation
of 7i(lnz),, Hn(lDz),, Cd(HDz),, Co(HDz), and Hg(HDzZ),, while

3:2:4 composition shows the separation of Co(iDz)s, !n(llDz)g,

[oN)
&
[

cu(iipz) o and (Hpz) 3.

It is okserved that for ethyl methvl Xetone + n-iutaenol +

50 % hvydrochloric acic¢ solvent system, the chromatographic



101

. roems 2 - V. . .
separation of mite, Co+2, cut? znd znt? Zor 6:3:6 composition,

: = ga + . 2 n =
separation of 7it2, cot?, Cu*2, Ln+2, Cd+2, znt? and 3it3 for

3 . - . ~ » . +
6:6:3 composition and separation of cot?, N1+2, hn+2, Hg 2,
3173 ang cd*? for 1:3:6 composition can ke carried out. It is

also orserved that Zor solvent compositions, €:3:1, 3:4:3 and
1:3:6, the scparation of Ti(linz),, Co(HDz)p, CulHEbdz)p, n(HDz))

and 3i(ipz) 3 can ke carried out effectively and rapidly.

several dithizonates show similar Ry values, kecause they

form unstakle complexes. IHence the separation kecomes difficult.

Kad

i

separation of metal dithizonates is longer than it is resuired

P

{

Tor metal ions.

—

The results of the kest chromatographic separations of
various metal ions and metal dithizonates from other metal ions
and metal dithizonates respectively on papersimpregnated with

zirconium trioxalato aluminate for various solvent svstems and

various solvent compositions are summarized in takle 5.11.
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Takle 5.11 Chromatographic separations of metal lons/metal
dithizonates from other metal ions/metal <ithizonates
on papers impregnated with zirconium trioxalato

aluminate

Metal ions Rp Solvent Solvent Separation from

or metal values systems compositions other metal ions or

dithizonates metal dithizonates
1nt2 0.55  I:H:A 1:1:2 1it2 ana 3173
Co(HDz) 5 0.44 MiH:A 1:1:1 lin (3Dz) 5, 71(HD2) 5,

Hg(HDz)2 =nd

Fe(HDz)3

cu(Hpz) 5 0.61 MeHA 2:2:1 i(HDzZ) o, Ho(iDz),

and Fe(HDz) 4

lin (HDz) 5 0.54 MH A 1:1:2 1i(dDpz) 5, Hg(HDz) 9

and Fe(HdDz) 5

nit2 0.16 Hia:E 1:2:2 1nt2, cot?, cute,
Cd+2 and Fe+3

ret3 0.35 HAGE 1:2:1 cot? ang pit3

cu(Hpz) , 0.54  H:A:Z 2:2:1 Cd(HDz), and
Te(Hipz) 3

Hnt2 0.56 AH:B 1:1:1 it2, cut? ung
53t3

continued on the next page ...
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... continued fZrom the previous page

lietal ions Ry Solvent Solvent Separation from

or metal values svstems compositions other metzl ions or

cithizonates metzl dithizonates
+2

LD .+
cu 0.53 AH B 1:2:2 ﬁn+2,imﬁ¢, 31 3

and ¢ate

nfﬂ O.1l4 RIS 2:1:2 C&Q,NHQ,CJZ,
o]
5i73 ana cat?
Ni(HDz) 5 0.15 AtH:B 2:1:2 ¥n(#Dz) 5, Co(iDz),
ané Ccu(ipz) 5
Bi(HDz) 3 0.88 AtH:B 1:2:2 Fe(HDz) 5, 7i{Hdz),,
Cu(¥pz}, and
In(HDz) 5
Vn (HDzZ) 5 0.45 AtHIB 2:2:1 Mi(HDZ) 5, CulldDz)g
and Co(HDz),
catz 0.55  1T:A: 2:2:4 znt2, 1i*2 ang et
cot? 0.40 AP 3:2:4 wite, cut? ang ugh?
'~-r'+2 AT e e 4 +q +ﬂ '}‘2
Ml C.31 WiAP 2:2:4 lint<, Ccd™<, Co
and Fet3
In(HDz) 5 0.51 TIAP 2:2:4 ¥i(#pz)p, Zn(HDz),
and Fe(HDz) 5

continued on the next page ...
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... continued Irom the previous page
lietal ions Rp Solvent Solvent Separation from
or metal values svstems compositions other metal ilons or
dithizonates metal ¢ithizonates
2 - - o 2 sk 2
cut? 0.50  ZIK:3:H 3:4:3 cot2, 1i*2, cate
and ret3
2 ) . )
cot2- Cal2 L3 H 6:3:1 W1+2, Cu+2, Dl+3
and znt2
+2 ' 77 : +2 +2 s 2
zn 0.380 SIIiBtH 1:3:6 Co™<, Cd¥e, Tii"“

Kn(HDZ)2

O
o
)
[
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e
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ti
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Co(HDz) o 0.37  mI:3:H 3:4:3 in(FEDz)p, Cculinz),,
ca HD”)z znd
Te{imz) 4
Trom the akove studies, it can ke concluded that,
impregnated paper, especizlly thatman o.l1 f£ilter paper
impregrated with zirconium trioxalato aluminzte is more uszeful

Tor the

dithizonates.

analyticzl separations of

1

¢}

netal

——



