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PREDICTION CF Kgp FROM Rf VALUES: THIN LAYER CHROMATUGRAPHY UF 47
METAL IGNS ON STANNIC ARSENATE IN AQUEGUS HYDROCHLORIC ACID SYSTEMS.

5,0.5HARMA* | T.R.SHARMA and B.M.SETHI
Chemistry Department, Hindu College, Moradshad, 244001, India.

Abstract

The -adsorption behaviour of 47 metsl ions hes been
studied in aqueous HCl systems using stannic arsenate leyers.
The effect of sclvent pH on Rf alongwith the complexation effect
of HC1l has been investigated, On the basis of RF values the Ksp
of some metsl arsenates hasve been predicted., HC1l has been utilized
to resolve some binary and ternary mixtures such ss Be2+ - Mgz*,
2e% - e, T - ce®t, Tt - Wl ot - moB* or WBY, b3 -
B13%, cd?* end Ag* - cu®* - ca?t.

INTRODUCT IGN

The use of inorganic lon-exchengers in thin layer chromatography
of metal lons has received some attention in recent years (1-5). In these
studies a binder such as slilica gel, starch or cellulose, which clouds
the interpretaion of the mechsnism, is not used. However, the following
limitastions ere notliced:
(a) Numerous lons have not been systematicelly studied,
(b) The effect of solvent pH on the Rf value has not been investigated
end hence the separations can not be put to much practical use.

Stannic arsenate is known to possess some unuspal and promising
ion exchange properties (6.7). Its analytical utility has been
demonstrated im psper chromatogradshy (8-10) and electrochromatography (11)
of inorganic lons, The present study summarises our efforts to use thin
layers of this materisl without eny binder in aguecus HCl systems. As a
result some very important and difficult separations were aschieved. HC1
has been chosen owing to its camplex forming asbility. An effort has been
made to predict on the besis of Rf values, the Ksp of some metal
arsenstes.
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EXPERIMENTAL
Apparatus:
Thin layer chromatcgraphy asplicator of Toshniwel (Indis) was used
to prepare the layers on 20 x 3.5 cm glass pletes. Chromatography wvas

performed in 24 x 8 cm glass jars.
Reagents:

Stannic chloride nentahydrate (PPH, Poland) and sodium arsenate
heptehydrate {Riedel, Germany) were used. All other chemicsls were of
AnalsR grade .

Test solutions and Detectors:

Test solutions were generally 0,1 M in the metal nitrste of chloride
and were prepared as described esrlier (8). Conventional spot test reagents
wvere used for detection purposes (8).

Preparation of Thin Layer Plstes:

Stannic arsenste in the HY form, prepsred according to the procadure
described earlier (6) , was powdered and slurried with a little deminera—
lized wvater in a moratar. Vigorous grinding for a long time proved to be
very important for complete adhesion. The slurry was then spread over the
clean glass plates with the help of an applicator, and uniform thin layers
(= 0.1 mm. thick) wvere obtsined, The plates were ready for use after drying
at room temperature.

Procedure:

Dngﬁr two drops of the test solution were placed on the plates with thin
glass capilleries, After drying the spots, development was made in different
solvent systems and the ascent was fixed as 11 cm in all cases. After
development , the plates were dried and the cation spots vere detected using
the appropriete spraying agent,

RESULTS

The chrometographic behaviour of 47 ions on stannic arsenate jayers
has been studied using HCl ss solvent 1n the concentration range 1078 M to
5 M, The binary and ternary separations echieved experimentally are given
in Tables 1 and 2. The lons investigated were 3
ag?, T1*, HoZt, «*, me*, cs*, wett, po2*, mo®t, co®*, cu®, wodt, vo?*, ce?,
Bez+, Zn2+, MnS*, Bae*, Sr2+, le*, C02+, Fez*, Mga*, 5b3+, 81+, F93+, cr3t,
Ir3+, A13+, G53+, Au3+, Y3+, L83+, Pr3+, Nd3+, Sms*, 033*, In3+, Pt4+, 5e4+,
Tett, ce®t, Ti%, T, zott, Mot and WB*.

In order to checwk the reproducibility of the RF values, some fans
were chromatographed in 1.0 M HCl , D.1 M HCl and 0.01 M HCl. It was

observed that the veriations does not exceed 10% of the average Re value.

DISCUSSION

It is esvident from Tables 1 and 2 that HCl in a wide concentration range
offers numerous possibilities for analyticelly difficult separations, vhich
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TABLE 1
Some Binary Separations Achieved On Stannic Arsenate Layers

Solvent Separations Achieved (RT-RL)

0.00001 M HC1 cul* (0.00 - 0.16) - Ni2* (0.58 - 0.80)
cr3* (0.86 - 0.96) - VO°* (0.00 - 0.08)
Mn2* (0,70 - 0.80) - VO2* (0.00 - 0,06)
N12* (0.56 - 0.74) - VOt (0.00 ~ 0,10)
v 3+ (0.00 - £.10) - Mg?* (0.72 - 0.98)
A13* (0.00 - 0.04) - Mg®* (0.70 - 0.95)
ge?* (0.00 - 0,05) - Ba>* (0.74 = 0.84)
A13* (0.00 - 0.08) - Ba2* (0.75 - 0.86)
714+ (0,00 - 0.08) - Cr* (0.85 - 0,96)

0.001 M HC1 Cu?*(0.00 - 0.18) - Mn3* (0.73 - 0.91)
Fe3+(0.00 - 0.20) - MnS* (0.75 - 0.95)
Pb2*(0.00 - 0.08) - Mn2* (0.70 - 0.95)
T144¢0.00 - 0.00) - MA2* ( 0.75 - 0.92)
A13+(0.00 - 0.15) - vO®* (0.51 - 0.60)
Be2*(0.00 - 0,08) - Ga>* (0.30 ~ 0.58)

0.1 M HCL uog+ (0,00 - 0.10) - VO&* (0.55 - 0.63)

+ 24

Mo~ ¥ (0,00 - 0.03) - VO™ (0,53 - ,65)
cud* (0,00 - 0.16) - Cd°* (0.54 - 0,76)
cul* (6.00 - 0.22) - Cr* (0.67 - 0.78)
cu®* (0.00 - 0.21) - Mg* (0.70 - 0.98)
pu2* (0.00 - 0.08) - Hg>* (0.70 - 0.80)
Pb2* (0.00 - 0.10) - Cd2* (0.85 - 0.76)
813+ (0.00 - 0.08) - Cd®* (0.64 - 0.77)
813+ (0,00 - 0.06) - Pd* (0.62 ~ 0.80)
114+ (0,00 - 0.00) - AuS* (0.82)- 1.00)
T34 (0.00 - 0,00) - Vo2t (0.55 - 0.54)
MoS* (0,00 - 0,04) - AuS* (0.80 - 1.00)

0.5 M HCl Fe2* (0.53 - 0,80) - FeS* (0,00 - 0.20)
T1* (0.00 - 0.00) - T1%* (0.89 - 1.00)
Fe3* (0,00 - 0.20) - NiZ* (0.72 - 0.87)
Fe3* (0,00 - 0.21) - vo2* (0.68 - 0.78)
813+ (0.24 = 0.44) - SbS* (0.00 - 0.00)
uo%* (0,53 - 0.80) - Pb2* (0.00 - 0.16)
Te¥ (0,00 - 0.00) - Pd®* (0.80 - 1.00)
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Tsble 1 (Contd.)

Solvent Separstions Achieved (RT-RL)

(0.00 - 0.16) - Cro* (0.90 - 1.00)
(0.87 - 1.00) - Ma®* (0.00 - 0.12)

1.0 M HC1 Fe

cr3* (0,90 - 1.00) - w 8% (0.00 - 0.08)
Th*+ (0.00 - 0.10) - ce®* (0.71 - 0.92)
th** (0.00 - 0.12) - ce?* (0.60 - 0.94)
zc** (0.00 - 0.08) - La™* (0.70 - 0.92)
2.0 M HCl znZ* (0.71 - 0.,95) - HgZ* (0.48 - 0.60)
Th** (0.00 - 0.08) - UOS* (0.35 - 0.55)
th** (0,00 - 0.05) - Y°* (0.82 - 0.97)
3.0 M HC1 Hg3* (0.00 - 0.00) - Hg®* (0.62 - 0.82)
Th** (0.00 - 0.00) - VO2* (0.66 + 0.74)
Th*+ (0,00 - 0.04) - Mg®* (0.90 = 1.00)
0.1 M HNO, cr3* (0,00 - 0.00) - N1Z* (0.55 - 0.71)

Be2* (0.00 - 0,12) - Mgt (0.77 = 0.95)

have been actually realised. Some of the more important are Be2+ - Mg2+,

Zr4+ - L33+, Th4+ - Ce4+, Th4+ . UO§+, U0§+ - V02+, Crs* - M05+ or w§+ and
Sb3+ - Bi3+ - Cd2+, Ag+ - Cu2+ - cd*t etc.

These separgtion possibilitiks arise from two effects:

(8) Formation of Chloro-complexes due to the presence of HC1,

{b) Selective adsorption of certsin cations by stannic arsenate layers.

In order to bring out the more interesting features of these studies
Re values vere plotted sgainst pH (Figeé. 1a and 1b), The following trends
vere noticeables
(1) For most catlons there is no significent change in Re values with the
change in pH. Ag+, Hgé*, Sb3+, Tl*, Fe3+, Mos+, w5+, 5e4+, Te4+, Th4+ and
Zt"" have almost zero Rf value at all pH. Ag* is strongly adsorbed on
stannic arsenate. T1% is probably precipitated as T1Cl or Thallous arsenate.
sn** from stsnnic arsenste precipitstes Se*, Te**, Mo®* and wE*. Excessive
hydrolysis of Sb3+ in acidic solution may be attributed to its very low
Re value. Stannic arsenate is hlghly selective for F53+ snd even at jow
pH its Rf is not slgnificent. Zr * and Th4+ form inspluble arsenates
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TABLE 2

Some Ternary Separations Achlieved On Stannic Arsenate Layers

Solvent Separations Achieved (RT - RL)

0.00001 M HCl Ag* or 81%* or Pb®* (0.00 - 0.06) - cd®* (0.48 -
0.60) - Pd%* ( 0.80 - 0.98)

0.1 M HC1 Ag* or se** or Te** (0.00 - 0.00) - au3* ( 0.80 -
0.96) - Ni%* (0.50 - 0.58)

0.5 M HC1 Ag* ( 0.00 - 0.00) - Cu®* (0.75 - 1.00) - cd®*

( 0.48 - 0.58)

1.0  MHCl Fe? ar Ma®* (0.00 - 0.16) - WOZ* (0.30 - 0.49) -
vo?* (0.68 - 0.78)

3.0  MHCL Ag* (0.00 - 0.04) - Cu®* (0.50 - 0.88) - Au=*
(0.80 - 1.00)

5.0 M HCl Ag* (0.00 - 0.08) - Pué* (0,33 - 0.45) - cu®t
(0.70 - 0,75)
sbo* (0.00 - 0.00) - 81%* (0.53 - 0.61) - cd®*
(0.80 - 0.98)

resulting in almost zero Re value, Hgg+ preciplitates as its chloride and
thus there is no movement. Hgo¥, Cd2*, zn?*, Mn + 100, A, e, Fe*,
Mgz+, Ca2+ and Pr3+ have high and constant Re values. This is due to the
solvation of the cations or their chloro complexss, Au3+ and Pt4+ exist

as their anionic complexes which are not sorbed significantly. Hg?+ exists
almost exclusively as HgCl2 which is largely cavalent in character and hence
it has Re value of spproximately 1. an+ and Mn2+ form anionic complexes
like [ZnClZ-J e= and [Mncl;_) 2- resulting into a higher Rf.

(ii) For K*, Rb* and Cs*, the Rf value slightly decweases from pH O to 1.
Further increase in pH has no effect on the Re values of these catlons.
These metals ere not known to form complexes and the decresse in Re is

due to strong adsorption on the stannic arsenste layers.

(11i) Cations such as Bi*¥, pb?¥, cu®t, uoZ*, m3*, g™, 1n3*, ce** and

Ti4+ show a sharp decrease in Rf values between pH O and 1. At pH D 1

813+ has zero Re value owi-ng to hydrolysis but at lower pH there is an

incresse in Rf value due to the formation of anionic complexes such as
- s 2

8iCl,. Similarly in the case of Pb +’ at lower pH i.e, at higher Cl~
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Fige 12 & b: Plots of Ry vs. pH.

concentration, it forms anionic complexes such as [Pbclz_] e- which
results in an increase in the Re value of the cation. The same dxplanation
holds good for other cetions as well. Ions such ss Baz"', Srz‘*, Niz"', Co2+
and Cr3+ have minimum Re at pH 1. This is probably due to the maximum ion-—
exchange which cccurs st this pH.

(iv) G83+, V02+, Yz*, L53+, Nd3+, smS* and CeS* show exceptional behaviour.
At pH‘> 2 Nd3+ and Sms* are almost completely adsorbed on stannic arsenate
layers resulting in a very low Rge The Re values of V02+, Ga3+ and Ce3+
gradually decrease with an increase in pH and become almost zero at pH 5.
This is probsbly due to the formation of stable complexes at higher Cl~
concentration as evidenced by Figure 2.
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A survey of the plots {Figs 1a and 1b) reveals that the Rp generally
decreases with an increase in pH, the steep fall being between pH O and 1.
The value further decreases upto pH 2 and then becomes almost constant. This
shows that pH 1 to 2 is the most favourable acidity for ion-exchange. This
observation is in conformity to our eaflier experience on staennic arsenate
papers (9).

A comparis-on aof RF values in 0.1 M HNO3 on stannic arsenate layers
and stannic arsenate impregnsted papers (9) pvepared under similar conditions
suggests that there is a decrease in the Re value on layers for almost all
cations probably due to the higher adsorptione Grester total ion-exchange
capacity of the thin layer plates than that of the pspers may be respongible
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TABLE 3
Precipitation of Cations in the Mixture of Solvent and Impregnating Material

Solvent Cation 4 Sodium arsenate 4+ Solvent
Cations which Cations which do not
precipitate precipitete

1.0 M HC1 Has*, Te**, T1%, ag*, Fed*, se?, Mo+, Wb+,
et T, sp3*

for this decremse., The decrease is more pronounced in case of T1%, Cu2+, V02+,
Cr3+, v=* ang L53+. This is due to the fact thet stannic arsenate is more
selective for these cations and thus there is a greater exchange resulting

in much lower Re value.

Ions which have zero R values may do so ewing to (a) precipitation,
(b) lon-exchange and (c) strong adsorption due to high charge. In order to
similate conditions on thin layers, sodium arsenate was sdded to the cstion
solution followed by the solvent. A number of ions precipitate under these
conditions (Table 3). In these cases the precipitation mechanism hol-~ds good.
For other ions, Fe-* is selectively adsorbeed by stannic arsenate, spS*
hydrolyses end Se4+, Th4+, Mos+ and NS* are strongly sdsorpted awing to their
high charge.

To study the effect of complexet.\nn,‘Rf values were determined in
0.1 M HN03. A plot of Rf versus cations for 0.1 M HCl and G.1 M HNO3 as
solvent (Fig.2) indigkes the increase in the Rf value of certain cations such
as Voo*, Cr3+, Ge3+, Ir3+, BeZ* snd Th** due to the Formation of anionic
chloride complexes. A higher Re value of Au3+ and Pt.4+ in HCl medis can be
explained on the same basis.

It is known that Re value amongst other fectors, depend-s upon the
solubility product of the metsl sslt. Cn co-relating the Rf velues of the
metal ions with the Kg of their arsenates, the following linear
relastionship is cbtained: 3

10
Re = 0.325 + 0.011

-log X
Figure 3 shows this linear relationshlpf with the help of this equstion
it is possible to predict the Ksp values of different metal arsenates
(Table 4). The Ksp values of the various arsenates vhich have been used
in plotting flgure 3 are given in Tsble 5. In our earlier communication
(8), we have predicted the Ksp of metsl arsenates from the Ry value of
metal ions on stannic arsenate papers, The only difference in the two
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TABLE 4

Predicted values of Ksp for Different Metal Arsenstes

Metal arsenste KSp

HgZ* 2.5 x 1072°
pas+ 4.6 x 1070
15t 2.8 x 10721
e+ 6.9 x 10728
ca t 2.2 x 10717
Fel+ 5.2 x 1078
y 3+ 1.7 x 10722
Las* 2,1 x 10783
ced+ 2.1 x 10723
cet+ 1.9 x 10722

TABLE 5

Experimental Vslues of Ksp for Some Metsl Arsenates

Metal arsenate KSp
ppe+ 4.1 x 10738
cult 7.6 x 1076
cde+ 2.2 x 10733
MnZ* (1.9) x 10728
ced? (1.8) x 1078
zn®* 1.3 x 10728
co2* (1.6) x 10723
et B.1 x 10719
calt 6.8 x 10718
A1:+ (1.8) x 10716
Nie“ (3.1) x 1076
Mg=* 2.1 x 10720
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linear relationships obtained for impregnated papers and thin layer plates
is that in the latter csse, the charge on the ion and the bare ion
radii has little effect on the Re value and only the Kspof metel arsenate
is the deciding factor,
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