This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1l \L OF
LIQUID

Journal of Liquid Chromatography & Related Technologies
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597273

Unusual Selectivitiesof Titanium Arsenate Layers in Complex Forming
Acid Systems: Prediction of K_ from R, Values
sp f
S. D. Sharma? S. Misra®
| * Chemistry Department, Hindu College, Moradabad, India

Supsoiical Fluid T
ana Tach:

Fi o Fract
Proparstsa & Anaktical Sap

Exfitess by
dack Cazes, Ph.D.

To cite this Article Sharma, S. D. and Misra, S.(1985) 'Unusual Selectivitiesof Titanium Arsenate Layers in Complex

Forming Acid Systems: Prediction of K_ from R, Values', Journal of Liquid Chromatography & Related Technologies, 8:
16, 3017 — 3031

To link to this Article: DOI: 10.1080/01483918508076617
URL: http://dx.doi.org/10.1080/01483918508076617

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597273
http://dx.doi.org/10.1080/01483918508076617
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 20 24 January 2011

Downl oaded At:

JOURNAL OF LIQUID CHROMATOGRAPHY, 8(16), 3017-3031 (1985)

UNUSUAL SELECTIVITIES OF TITANIUM
ARSENATE LAYERS IN COMPLEX FORMING
ACID SYSTEMS: PREDICTION OF Ksp FROM

Rf VALUES

S. D. Sharma and S. Misra

Chemistry Department
Hindu College
Moradabad 244 001, India

ABSTRACT

The analytical notential of Ti(IV) arsenate
as an ion exchanger has been explored by the thin layer
chromatographic technique. Binder-frce thin layers of
titanium arsenate have been prepared, and several
important binary and ternary separations of chemically
similar elements have been achiecved using 0.1 M citric
acid, 0.1 M Tartaric acid and J.1 M Oxalic acid as the
solvents. On the basis of Rg values, the Kg, of some

metal arsenates have been predicted.
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INTRODUCTION
In an ion exchange process, the selectivity

depends upon the lon exchange material being used in
the process as well as the inedium of exchange. Thin
layer chromatography offers an interesting method for
the separation of metal lons in microgramme cuantities,
The separation potential of this technique is greatly
enhanced if complexation is used. The use of binder
free inorganic ion exchangers in thin layasr chromatography
has received some attention in recent vears. (1-6).
Titanium arsenate is known to nossezs some unusual and
promising ion exchange properties (7). It's analytical
utility has been demonstrated in papcr chromatojraphy
of inorganic ions (8, 2). As far as we are aware, no
attempt has been made to comblnz complexation and ion
exchange with thin laysr chromatography. In this article
we wish to show that the combination of these three
processes leads to unusual selectivities.

Titanium arsenate show high selectivity at
low pH and decompose at nigh pH, hence weak acids were
chesen to prevent the hydrolysis of the exchange material.
The comploexing acids chosen were oxalic, tartaric and
citric. As a result some very inmportant and difficult
separations were achieved. An effort has been made to
predict on the basis of Rf values, the Ksp of some

metal arsenates.
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HMATERIALS AND HETIIODS

Anparatus

Thin layer chromatography anplicator of
Toshniwal (India) was usoed to prepare the layers on
(20 x 3 cm) glass plates. The plates were developed in

glass jars (20x6 cm).

Reagents

Titanium totra chloride and sodium arsenate
hepta hydrate (Reidel, Gormany) were used. All other

chenlcal vere of AnalaR grade.

Test Solutions and D=ztectors

Test solutions were generally prepared in 0.1 M
metal nitrates, chlorides or sulnhates. A little amount
of the corresponding acid is added to prevent hydrolysis,
Conventional soot test reagents were used for detection

pUrposes,

Preparation of Thin Laycer Plactes

Titanium arsenate was vreparsed by mixing 0.1 M
solutions of Titanium chloride and sodium arsenate in
the volume ratio of 1l:1 at pH 2 and digesting thne
resulting vprecipitate at room temperature for 24 hr.
After Filtering and drying the precipitate was cracked
in demineralized water and then placed in 1M HNO3 to
convert it to the H form. The material was finally
washed with demineralized water and dried at 40°C. Ten

grams of titanium arsenate granules thus obtained were



16: 20 24 January 2011

Downl oaded At:

3020 SHARMA AND MISRA

mixed in about 5 ml of distilled water and the slurry
was made by grinding the mixture vigorously in a glass
mortar for a long time. This step proved to be very
important for complete adhesion. The grinding of the
granules must be complete and the slurry should be in
the form of a f£ine pastc without any solid particles
being left. The slurry was then spread over the clean
glass plates with the help of an applicator to give
0.10 mm. thick layers. The plates were ready for use

after drying at room temperature.

Procedure

Cation solutions (1-2 drops) were spotted on
the plates which were developed in the chosen solvent
system by the ascending technigue. The ascent of the
solvent was fixed at 11 cm. 1n all cases. Aftoer development
the plates were dried and the cation spots were detected

using appropriate spraying reagent.

RESULTS
The chromatographic behaviosur of 50 metal

cations on Titanium arsenate layers has been studied
using eight solvent systems. The binary and ternary
separations achieved experimentally are given in tables 1
and 2. The Rg values reported are only for those netal
ions which give compact spots. A plot of Rg versus Atomic
numbers for 0.1 M citric acid and 0.1 M nitric acid

as solvent is given in Figure 1. In order to check the



16: 20 24 January 2011

Downl oaded At:

TABLE 1

BINARY SEPARATIONS ACHIZEVAD EXPIATHENTALLY OH TITANIUM ARSEUATS LAYERS

Solvent

Separations Acoieved (Rp - Rp)

0.1 M oxalic acid

0.1 M citric acid

0.1 M Tartaric acid

1 M oxalic acid +
0.1 M Sodium Oxalate
(1:1)

0.1 M citric acld +
0.1 ™ Soium Citrate
(1:1)

0,1 ¥ Partaric acid +
J.1 M Sodium turtarate
(1:1)

1.0 # HCL

+ +
P6? (0.90-0.12) =~ un® (9.9-1.0) or cr¥t(0.85-1.0)

4+ 2

+ +
Pt (’J.OO-O.OO)-A\)3 (0.62=D.72)or PA” (3.85-0.95)

or au’t(0.72-0.95) or 1r>*(.92-00

se*(5.00-0.00) - au¥*(0.62-0.72)

.
11" (0.90-0.10) - ca®* or cu?t or g2t (0.72-1.0)

Pb?*(0.20-0,00) - th*" or voZ* or cu® or m1?" or

2+ + + +
Zn or an or Cd2 or sz or

vo2* (0.80 - 1.00)

w8 (0.60-0.79) - cr¥*(0.99-1.00) or Th**(9.90-1.0)

¥3(5.30-0.45) = va t(0.85-1.00)
+ +
Pb%*(0.00-0.101- cr’" or Mo® or u®'(0.60-0.90)

3
pr*(0.40-0.60)- na¥t (0.93-1.0)

+ 5+
Nb>* (0,30-0.55) - Ta>t(0.80-0.95)

3+

+ + + +
Zr4 (2.05-0,15) - nd or Ce3 or Th4 or Ru3 or

+
La3 (1.85-1.70).

+ +
Ni2 (0.20=0,35) = C02 or Fe3+ or Cu2+or Hg2+,

+ + + -+
A13 or Cr3 or an or Mn2 or

+ + + +
Au3 or Baz or Sr2 or G33

(0,60 - 1,0)

+ + + + +
Ag (0.20-0,00) = Cu2 or Cd2 or ng or sz or
At (0.85-1.07)

pp?*(0.00-0.10) - voZ (0. 76-0.89).

523 (0.60-3,80) - a7t (9.00-0.20)
ce¥(17.,99-1,00) - ce* (0.40-0.60)

0 (0.90-1.00) - ce?t(5.40-0. 60

Fe?t (7.75-0.55) - e (5.0-0.16)

w02 (7.00-0,19) - voZ*(n.65-0,7%)

K+or <b+ or C5+(O.ﬁ0—0.19)- 802+ or Ba2+ or

@

S (5.75-0.96)

2+ ad

+ +
313%(2,20-2.35) = cu® or ca® or ug®t or zn?

or Hn2+(0.70-1.30}
Hg;+(o.ow-3.oo) - ug?*(n.85-0.95)

PA” (2.20=0.10)=U0, (1.00-0.90)or Th4+(0.85—1.0)

2+ 2+
2
+ + +
K (2.50-0.87) = Cs (0.10-0.29)or %b (0,29-0.35)
Ei3+(0.80—0.90\ - Pb2+(0.30-0.13)

.
Hg® (9.56=0.75) = pb°T(0.99 - 0.0g).




16: 20 24 January 2011

Downl oaded At:

3022 SHARMA AND MISRA

TABLE 2

TERNARY SEPARATIONS ACHIEVED O TITAIIIUM ARSENATE LAVERS

Solvent Separations Achieved (Ry - Rp)

; +
9.1 M citric acid Fe3¥(0.10-0.22)-w%" (0.60-0.70)-Mn?" (0.86-1.00) or

Cr3+(0.90-1.OO\

5+
0.1 M Tartaric acid crot or Th*(0.90-1.00)-M0%" (0.45-0.55)~
+
pb2¥ (0.00-0.10)

0.1 M oxalic acid 2e%(0.00-0.15)-Ww%" (0.60-0.70)-Th** (0.88-0.95)
+
+ + + +
0.1 M Sodium At or pb2t or zr*t(0.00-0.15)M0%" (0.50-0.60)-
Oxalate 3+
(1:1) cr3(0.75-0.96).

241 (0.00-0.15) - 1n3%(0.40-0.60)-La>" (0.80~0.95)

+ + + +
or UO% or Th4 or Nd3 or Ru3 or

ce¥*(0.85-1.0).

1 M HNO Mo & (0.00-0.25)-u%" (0.58-0.68) <> (0.90-1.0)

Pb? or 1107 (0.00-0.20) 002" (0.48-0.58)-Th*"

(0.86-0.95)

+
Fe3* (0.00-0.20) 1% or co?t(0.50-0.65) - c23* or

Mn2* (0.85-1.0)

k¥ (0.50-0.60)-Rb* (0.10-0.32)=Cs " (0.00-0.00).
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reproducibility of the Rf values, some lons were chroma-
tographed in 0.1 M citric acid, 0.1 M oxalic acid and
0.1 M tartaric acid. It was found that the variations
does not exceed 10% of the average Rg values The thin
layers of titanium arsenate are quite stable and £irm,
capable of withstanding the solvent systems and chemical

operations.

DISCUSSION
The most interesting feature of this study is
a significant difference in Rg values of chemically
similar elements leading to fantastic separation
possibilities (Table 1 and 2). Thus Ag+ can be separated

+ + -+ + +- + +
£rom ng . Cu2 , Cd2 and Au3 2 Ga3 f£rom In3 ’ W6 from

+ + + + + + +
Cr3 : v3 £rom La3 ; Zr4 from Th4 b N12 from C02 :

+ + .
and K from Cs . Some other important separations achieved

+ + + + + + + +

are o2t - me3 ' pr3¥ - nal . Nb5 - Ta’ R cet - cet R
+ + + + + + + +
Hgé - 8g”, UO% - 0%, pp®* _ 1un?" ana Uog - m*,

These interesting separation possihilities arise from

two effects (a) The acids chosen form complexes with

most of the cations (b) Titanium arsenate layers selecti-
vely adsorb certain cations.

A comparison of R values in 1.¢ M HNO, on
titanium arcsenate layers and titanium arsenate impregnated
papers ( 8) prepared under similar conditions suggests
that there is a decrease in the Rg value on layeré for

almost all cations vrobably due to the higher adsorption.

Greater total ion exchange capacity of the thin layer



16: 20 24 January 2011

Downl oaded At:

SELECTIVITIES OF TITANIUM ARSENATE LAYERS 3025

platos than that of the papers may be responsible for
this decrease. The decrease 1s more pronounced in case
of agt, pb2t, wi%, co®t, e, K7, rb" and cs'. This
may be due to the fact that titanium arsenate is more
selective for these cations and thus there is a greater
exchange resulting in much lower Rg values. The only
exceptions are Au3+ and Nb5+, which exist as anionic
specices and thus show higher Re values on the cation
exchanger than impregnated papers.

To study the effcct of complexation, Rg values
were also determined in 0.1 M HNO3. A plot of Re versus
cations for 0,1 M citric acid and 0.1 M Nitric acid as
solvent (Fig. 1) indicates the increase in the R; values

+ + + + , 2+
of certain cations such as Cu2 R UO% R ng R Cd2 , NI,

+ 2+ _ 3+ + + + &t
an , Co” , La~ , K, Rb, Cs and !Mo due to the
formation of anionic citrate complexes. Howcver for

+ + +
Bi3 . Nb5 and Ce4 » the Rg values are much less in

citric acid media probably duc to their hydrolysis, Y3+
show a lower Rg value due to much less solubility of
vttrium arsenate in ciltric acid media. The Zero Rg value
4+ . sy

for Pt in citric acid is »robably duc to the f£ormation
of insoluble citratc complex., Similar explanation may
also be given for the increase in Rf values of certain
cations in 9.1 M tartaric acid and 3.1 M oxalic acid
as the two aclds .form anionic complexes with them.

Ions whicn have zero Rg values may do so owing
to (i) precinitation, (ii}) ion exchange, and (iii) strong

adsor»ntion due to high charge. In orler tos sinulate
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conditions on thin layers, sodium arsenate was added to
the cation solution followed by the solvent. A number of
ions precinitate under these conditlons(Table 3). In
these cases the precipitation mechanism holds good . For
other ion, Sb3+ and Bi3+ hydrolyses and Pt4+ and Zr4+ are
strongly adsorbed owing to their high charge. Se4+ probably
forms insoluble titanium selenite resulting in the Zero
Rg value. A very low Rg value for 1t is probably due to
the formation of thallous arsenate which is less soluble
than thallous nitrate, Sn2+ has a very low Rg value

in all complexing acid systems due to being more exten-
sively hydrolysed.

It is known that Rg value, amongst other factors,
depends upon the solubility product of the metal salts.
On correlating the Rg values of the metal ions with the
K of their arsenates, the following linear relationship

sp
is obtained;

103

R¢ = 0.50 + 09,0067
=log Ksp.

Pig. 2 shows this linear relationship. With
the help of this equation it is possible to predict the
Ksp values of difierent metal arsenates. (Table 4), The
Ksp values of the various arsenates which have been used
in nlotting Fig. 2 are given in table 5. Earlier, we
have predicted the Kgp ©f metal arsenates from the Rg
values of metal ions on stannic arsenate papers (10).

The two linear relationships, obtained for impregnated
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TABLE 3

PRECIPITATION OF CATIONS IN THE SOLVENT SYSTEM§

3027

Cation *+ Sodium arsenate + Solvent

Solvent
Cation#which precipitate | Cations which do not
precipitate
+ + + + 3+ + +
0.1 M oxalic acid agh, 2t BidY, Hgs . sp>’, pett, set
+ +
sn’ , snt
+ + + + + 4+ +
0.1 M Citric acia Ag ,sz R Bi3 ’ Hg% , Sb3 , Pt , Se4
+ +
sn® , sn*
+ + + + + + +
0.1 M Tartaric acid Ag , sz ’ 513 ’ Hgg ’ Sb3 , Pt4 ’ Se4 .
+ +
Sn2 , Sn4
+ + + + + + +
0.1 M oxalic acid + Ag , sz . Bi3 . Hgg ’ Sb3 ’ Pt4 . Se4 .
i + + +
0.1 M Sodium Oxalate Sn2 , sn4 Zr4
(1:1)
+ + + + +
0.1 M Citric acid + Ag , sz ’ 513 ’ Hg% , Sb3+, Pt4+, Se4 ’
1M + +
1 Sodium citrate Sn4 , sn2 Zr4+
(1:1)
+ + + + + + +
0.1 M Tartaric acid + Aag', pb°', B1%*, Hg?', spt, pett, set
0.1 M Sodium 2+ 4+
tartarate 8n” , Sn
(1:1)
+ + + + +
1M HNO Ag , sz ’ Hg% ’ Sn2 Sb3 . Se4+
Sn4+
+ + + + +
1M HCL ag”, pp°", nyl spot, se”, 2zt
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TABLE ' 4

3029

PREDICTED VALUES OF Ksp FOR DIFFERENT METAL ARSENATES

Metal arsenate

sp
ug?* 5.5 x 10736
na>* 7.4 x 107%°
ce3* 7.3 x 10720
n? 1.8 x 1077
vo?* 2.0 x 10~2°
pa* 7.3 % 10726
rRu" 1.7 x 10728
La>’ 6.0 x 10738
Be2+ 3.2 x 10™34
ca* 4.7 x 10™23
k¥ 1.8 x 10-84
relt 7.4 x 1071°
np>F 1.2 x 10724
cet 1.1 x 10724
pr3* 1.8 x 10733
3t 8,0 x 1072
3 2.7 x 10718
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TABLE 5

EXPERIMENTAL VALUZIS OF Kgp FOR SOME HETAL ARSENATES

P

Metal arsenates Ksp
pp2* 4.1 x 10736
cu?t 7.6 x 10738
ca?t 2.2 x 10733
1n2* (1.9) x 107%°
et (7.8) x 10721
a0 2* 1.3 x 10728
co?" 7.6 x 107%°
sr2t 8.1 x 1077
ca2t 6.8 x 10717
wiZ* (3.1) x 10726
At 1.6 x 10718
Mg2+ 2.1 x 10720

vapers and thin layer plates differ in the sense that in
the later case the ionic charge and the bare ion radii
has little effect on the Rg value and only the Kg, of

metal arsenate is the deciding factor.

sunoy cnd 2,PL.0. wjnut, Sennrs,

,
Sei., 11, 533 (1976,
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