This article was downloaded by:

On: 25 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

Pt e STEVEN 4, CRANTR Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471
AND TECHAOLOGY Thin-Layer Chromatography of Metal Ions in Formic Acid Medium on
b s | Impregnated and Unimpregnated Silica Gel G: Semiquantitative
Determination of Fe’, Cd*, Th*, AP, Zn?, UO? , VO?, Ce*, and Ni’
Naim Fatima?® Ali Mohammad?

@ CHEMISTRY SECTION, Z.H. COLLEGE OF ENGINEERING & TECHNOLOGY ALIGARH MUSLIM
UNIVERSITY, ALIGARH, INDIA

To cite this Article Fatima, Naim and Mohammad, Ali(1984) "Thin-Layer Chromatography of Metal Ions in Formic Acid
Medium on Impregnated and Unimpregnated Silica Gel G: Semiquantitative Determination of Fe*, Cd?, Th*, A}, Zn?,
U0? , VO?, Cef, and Ni*', Separation Science and Technology, 19: 6, 429 — 443

To link to this Article: DOI: 10.1080/01496398408060662
URL: http://dx.doi.org/10.1080/01496398408060662

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 conmplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with prinmary 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=t713708471
http://dx.doi.org/10.1080/01496398408060662
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13: 28 25 January 2011

Downl oaded At:

SEPARATION SCIENCE AND TECHNOLOGY, 19(6 & 7), pp. 429-443, 1984

Thin-Layer Chromatography of Metal lons in
Formic Acid Medium on Impregnated and
Unimpregnated Silica Gel G: Semiquantitative
Determination of Fe**, Cd*", Th*", AF*, Zn?*,
Uo3*, VvO?*, Ce*", and Ni2*

NAIM FATIMA¥* and ALI MOHAMMAD

CHEMISTRY SECTION

Z.H. COLLEGE OF ENGINEERING & TECHNOLOGY
ALIGARH MUSLIM UNIVERSITY

ALIGARH, INDIA

Abstract

The adsorption behavior of metal ions in the formic acid-sodium formate system
using unimpregnated as well as impregnated silica gel G as thin layers has been
studied. A remarkable result of this study is the dramatic selectivity of impregnated
silica gel G thin layers when compared to the corresponding unimpregnated silica gel
G thin layers. This impregnation effect provides us with a new adsorbent phase which
is sufficiently stable in the formic acid-sodium formate medium. Some important
ternary separations have been achieved on silica gel G thin layers. AP, Ni2T, Fe3™,
and Pb?* have been qualitatively separated from mixtures of other ions. Cu?* has
been selectively separated on impregnated silica gel G thin layers. The semi-
quantitative determination of nine metal ions on impregnated silica gel G layers has
also been attempted.

INTRODUCTION

Thin-layer chromatography (TLC) is more efficient than column and
paper chromatography for the separation of metal ions because it gives faster
and more accurate results. TL.C has been widely used in organic analysis but
little attention has been paid for its use in inorganic chemistry.

*To whom correspondence should be addressed.
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Brinkman (/) has nicely documented the work done on unimpregnated
silica gel G (SG) as well as impregnated SG with organic solvents, A few
studies have also been reported (2—13) on the use of inorganic ion-exchange
materials. As far as we are aware, not a single reference is available on the
use of SG impregnated with inorganic materials as thin layers for the
separation of metal ions. During our previous studies (/4~17) on inorganic
materials as thin layers, we came across four main difficulties: (a) a large
quantity of ion-exchange material was needed to prepare thin layers; (b) the
synthesis of the ion exchanger and the preparation of slurry for thin layers
was a very time consuming and tedious job; (c) the time needed for the
development of chromatographic plate is longer; and (d) there is a lack of
reproducibility and unstability of ion-exchange materials in solvent systems.
Qur recent findings on inorganic ion exchangers (/8) revealed that the
antimonates of Pb*" and Hgj* are more stable in formic acid than in
demineralized water (DMW). This shows that formic acid has high
analytical potential.

Surprisingly, very little work appears to have been done on the adsorption
of cations in formic acid medium (19-25). Most of the work done on TLC till
now is qualitative, and a detailed study on the quantitative or semiquantita-
tive determination of metal ions by TLC is lacking.

It was therefore decided to develop a technique for the preparation of
highly stable thin layers of SG mixed with sodium molybdate and to explore
its analytical potential for the selective detection, separation, and semi-
quantitative determination of some metal ions in formic acid medium.

The proposed thin-layer chromatographic method is very fast and more
selective than those reported earlier (2-17). The time required for the
development of chromatographic plates is surprisingly short, i.e., 12 to 15
min. At the same time, this method is very inexpensive because it is based on
the use of a larger quantity of commercially available SG impregnated with a
small quantity of sodium molybdate.

EXPERIMENTAL

Apparatus

A thin-layer chromatography apparatus (Toshniwal, India) for the
preparation of thin layers on 20X 3.5 cm glass plates was used. The
chromatography was performed in 24 X 6 cm glass jars.
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Reagents

SG (E. Merck) and sodium molybdate bihydrate (Veb Jena Phar,
Germany) were used. All other reagents were of Analar grade.

Test Solutions and Detectors

The test solutions were generally 0.1 M in the metal chloride or nitrate.
Conventional spot test reagents were used for detection purposes (26).

Preparation of Thin-Layer Plates

The SG plates were prepared by mixing SG with conductivity water in a
ratio of 1:3 with constant shaking for 5 min. The resultant slurry was used
immediately to coat the clean glass plates with the help of an applicator to
give a layer 0.25 mm thick. The plates were first dried at room temperature
and then kept in an electrically controlled oven at 100 &+ 5°C for 2 h, The
plates were stored in an oven at room temperature.

To prepare impregnated SG thin layers, a slurry was made by mixing an
aqueous solution of 0.3 M sodium molybdate with SG in a ratio of 3:1. Thin
layers were prepared by using this slurry under the same experimental
conditions as cited above for pure SG plates.

Solvent Systems

The following solvent systems were used in these studies:

Demineralized water (DMW)

1.0 M HCOONa

1.0 M HCOONa+ 1.0 M HCOOH (9:1)
1.0 M HCOONa+ 1.0 M HCOOH (7:3)
1.0 M HCOONa+ 1.0 M HCOOH (6:4)
1.0 M HCOONa+ 1.0 M HCOOH (1:1)
1.0 M HCOONa + 1.0 M HCOOH (4:6)
1.0 M HCOONa + 1.0 M HCOOQOH (3:7)
1.0 M HCOONa + 1.0 M HCOOH (1:9)
1.0 M HCOOH
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Procedure

Qualitative chromatography was performed as in the ascending technique
with a solvent ascent of 10 ¢cm in all cases.

For semiquantitative determination, various known amounts of 0.1 M
metal salt solution were spotted with the help of a lambda pipette at the line
of application, and the development was performed in the chosen solvent
systems. After detecting the spot, the area of the spots was traced on tracing
paper and the spot area was measured planimetrically.

RESULTS AND DISCUSSION

The results obtained have been summarized in Figs. 1-9. Table 1 shows
the selective detection and separation of Cu?! from numerous metal ions on
impregnated SG. Such a separation is not possible when we use pure SG.
Table 2 summarizes some separations achieved on pure SG thin layers.

The main interesting features of this study are:

{1) Selection of a new solvent system in which most of the inorganic salts
are highly stable

T
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TABLE 1
Separation of Cu?™ from Zn2", Cd2T. Pb?T. Co?T. NiZt, Cr¥*, APT, Fe', and Zr*t on
Impregnated Silica Gel G Thin Layers

Solvent system Separations achieved

1 M HCOO Na Cu?*(0.30)-Zn2"(0.68)
Cu?*(0.30)-Cd** (0.85)
Cu?t(0.30)-Pb2* (0.00)
CuZt(0.30)-Co?T(0.84)
Cu?*(0.30)-Ni?(0.84)
Cu?T(0.30)-Cr**(0.00)
Cu2(0.30)-A131(0.02)
Cu2*(0.30)-Fe*(0.08)
CuZt(0.30)-Zr%"(1.00)

(2) Utilization of silica gel G mixed with 0.3 M aqueous sodium
molybdate solution (termed impregnated silica gel in this paper) as a
highly selective adsorption medium for TLC

(3) Selective separation of Cu’" from numerous metal ions on impreg-
nated silica gel

(4) Semiquantitative determination of metal ions on impregnated thin
layers by measuring the spot area

Formic acid has been chosen as the solvent system for TLC because of the
following properties:

(a) It does not deform thin layers

(b) It provides compact planetary spots on thin-layer plates for cations

(¢) It does not permit the oxidation of cations during analysis

(d) It is sufficiently acidic [Ka(H,0) at 25°C = 1.77 X 107*] to prevent
hydrolysis of salts, and at the same time it is less acidic than necessary
to dissolve the ion-exchange materials significantly

To choose the most stable and selective adsorption phase, the R, values of
metal ions were determined under different experimental conditions by
using;:

(i) Pure SG thin layers and DMW as developer

(ii) Pure SG thin layers and aqueous solutions of sodium molybdates,
stannic chloride, sodium arsenate, phosphoric acid, lead nitre...e, and
mercurous nitrate as developers
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TABLE 2
Scparations Achieved in Formic Acid-Sodium Formate Systems on Pure Silica Gel G Plates
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Solvent systems

Separations achicved

1 M HCOOH + 1 M HCOONa (4:6)

I M HCOOH + 1 M HCOONa (6:4)

| M HCOOH + { M HCOONa (4:6)

1 M HCOOH + | M HCQOONa (6:4)

1 M HCOOH + 1 M HCOONa (1:1)

Pb2*(0.00)-Cd?+(0.85)-U037(0.7)
Ph2"(0.00)-Cu?* (0.84)-U03T(0.7)
Pb3T(0.00)-Zn?*(0.98)- U032 " (0.7)
Pb2*(0.00)-Ni?*(1.00)-U03"(0.7)
Pb27(0.00)-Co?* (1.00)-UO3 T (0.7)
Pb2*(0.00)-8e4*(1.00)-U03(0.7)
Pb2*(0.00)-VO2 (1.00)-U0ZT(0.7)
Pb27(0.00)-Cd?"(0.85)-Fe3' (0.55)
Ph2t(0.00)-Cu?*(0.84)-F¢¥T (0.55)
Pb2t(0.00)-Zn?"(0.98)-Fe3t (0.55)
PbA*(0.00)-Ni2* (1.00)-Fe3*(0.55)
P2t (0.00)-Co* (1.00)-Fe*T(0.55)
PH21(0.00)-Set (1.00)-Fe3T(0.55)
Pb2¥(0.00)-VO2F(1.00)-Fe3T(0.55)
Ag"(0.00)-Cd>*(0.85)-U02F(0.7)
Ag! (0.00)-Cu?t(0.84)-U02*(0.7)
AgT(0.00)-Zn21(0.98)-U02"(0.7)
AgT(0.00)-Ni2*(1.00)-U02T(0.7)
AgT(0.00)-Co?t (1.00)-UOZH (0.7
AgT(0.00)-8e* (1.00)-U02H(0.7)
Agh(0.00-VO?*(1.00)~-U0TT(0.7)
Ag(0.003-Cd2*(0.85)~Fed*(0.55)
AgT(0.005-Cu?t(0.84)-Fe3 7 (0.55)
Ag (0.00:-Zn?*(0.98)~Fe3+(0.55)
AgT(0.00)-Ni2+(1.00)-Fe*(0.55)
Agt(0.003-Co? ! (1.00)-Fei*(0.55)
Agt(0.00)-Se*T(1.00)-Fe*+(0.55)
Ag"(0.00)-VO T (1.00)-Fe*t(0.55)
Agt(0.00)-Cd?(0.85)-Th*+(0.65)
Agt(0.00)-Cu2*(0.84)-Th*' (0.65)
AgT(0.00)-Zn2*(0.98)-Th4¥ (0.65)
Ag' (0.00)-Ni2F(1.00)-Th4(0.65)
AgT(0.00)-Co? ™ (1.00)-Th?*(0.65)
Agt(0.00)-5¢4*(1.00)-Th¥"(0.65)
Ag' (0.00)-VOZ(1.00)~Th41(0.65)
Pb2 (0.00)-Cd2T(0.85)-Th** (0.65)
Pu?F (0.00)-Cu?T(0.84)-Th*T(0.65)
Pb2T(0.00)-Zn?1(0.98)-Th4*(0.65)
P21 (0.00)-Ni2T(1.00)-Th**(0.65)
Pb2*(0.00)-Co? T (1.00)-Th*"(0.65)
Ph?T(0.00)-Se?™ (1.00)~Th4* (0.65)
Pb** (0.00)-VO?' (1.00)-Th**(0.65)
Pb2T(0.00)-Cd2 ¥ (0.85) A1 (0.45)
P2 (0.005-Cu?T(0.84)-A1} F(0.45)

(continued)
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TABLE 2 (continued)

Solvent systems Separations achieved

Pb21(0.00)-Zn%T(0.98)-A131(0.45)
Pb2t(0.00)-Ni2* (1.00)-A137(0.45)
Pb27(0.00)-Co?t(1.00)-A13(0.45)
Pb2+(0.00)-Se(1.00)-A13T(0.45)
Pb2t(0.00)-Vo?T(1.00)-A3 (0.45)
1 M HCOOH + 1 M HCOONa (1:1) Ag(0.00)-Cd?*(0.85)-A131(0.45)
AgT(0.00)-Cu?T(0.84)-A1P1(0.45)
Agt(0.00)-Zn2T(0.98)-A131(0.45)
Ag'(0.00)-NiZ" (1.00)-A13+(0.45)
Ag"(0.00)-Co?T(1.00)-A13T(0.45)
Agi(0.00)~Se4;£ 1.00)-A13;‘+(0.45)
Agt{0.00)-VO2*(1.00)-A1PT(0.45)
1 M HCOOH Pb2* (0.00)-A mix of VO+, Cr3T, Fedt,
C02+, Ni2+, Cu2+, Zn2+,
Z4t, cd?t, Th**, and UO3T
! M HCOONa ABRT{0.38)-A mix of VO¥T, Cr3*, Co?T,
Ni2+, Cu2+, Zn2+, ZI‘4+,
Cd2*, Fe3*t, and Th**
Fe3*(0.15)-A mix of Vo2, Cr3T, Co?T,
Ni2+, Cu2+, Zn2+, Zl‘4+,
Cd?* and Th**
Ni2*(1.00)- A mix of ABT, Fe3t, Th**,
UO3*, and Pbe*

(iii) SG thin layers impregnated with aqueous salt solutions mentioned in
(ii) and DMW as developer

(iv) SG mixed with aqueous solutions of the salts mentioned in (ii) as thin
layers after drying at 100 + 5°C with DMW as developer

The R, values of metal ions remained unaltered in Cases (i), (ii), and (iii).
In Case (iv), an alteration of R, value was only obtained when sodium
molybdate was taken as a mixer with SG, while for other salts as the mixer,
the R, values of metal ions remained the same as in Cases (i), (ii), and (iii). It
appears that a new adsorption phase, most probably sodium molybdosilicate,
is formed in Case (iv) when sodium molybdate is mixed with SG, and that
this phase is responsible for the high selectivity and stability in formic acid
medium. Further, the appropriate concentration of the sodium molybdate
was found to be 0.3 M to obtain compact spots for the metal ions. Tailing
starts at higher concentrations, while at lower concentrations the impregna-
tion effect is insignificant.

Figures 1-4 show that the selectivity of SG is enhanced on impregnation
with sodium molybdate. The results obtained on pure SG and impregnated
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SG plates in DMW, 1.0 M HCOOH, 1.0 M HCOONa, and 1.0 M
HCOOH + 1.0 M HCOONa (1:1) have been compared, and the differences
in the R, values (AR, = R, on impregnated plates — R, on unimpregnated
plates) have been plotted (Fig. 1). In DMW most of the cations have
negative AR, values, showing the enhanced selectivity of impregnated SG.
In the case of the 1.0 M HCOOH (pH = 1.3) solvent system, the AR, value
is more negative than in DMW for most of the cations except for Cu’*, Ag",
and Pb?* which have more positive AR, values than in DMW. For Fe’*
there is no change in A R, value. Most of the cations, except VO**, Zt*"  and
Ag' have more positive AR, values in the 1.0 M HCOOH+ 1.0 M
HCOONa (1:1, pH = 3.2) solvent system in comparison to the 1.0 M
HCOOH (pH = 1.3) system while Pb** has a more negative AR, value.
Furthermore, in the case 1.0 M HCOONa (pH = 6.2), the AR, values of
most of the cations become more positive than in 1.0 M HCOOH and 1.0 M
HCOOH + 1.0 M HCOONa (1:1) solvent systems. It shows that the
selectivity of the adsorbent is reduced when the pH of the solvent system
increases.

The effect of pH on R, values of metal ions on unimpregnated and
impregnated thin layers is summarized in Figs. 5-7. On the basis of the
dependence of the mobility of metal ions on the pH of the solvent system,
they can be grouped into three classes when unimpregnated thin layers are
used.

(a) Metal ions for which the R, value is equal to zero and whose mobility
is independent of pH (Pb*" and Ag")

(b) Metal ions having an R, value equal to 1 at all pH values (VO**, Cr*™,
Ni?*t, Co™*, Zn?", Cd**, Cu?*, Se*", and Zr*")

(c) Metal ions for which the R, value decreases with an increase in pH
(AF*, Fe**, UO3*, and Th*")

A similar trend for the dependence of R, values on the pH of the solvent
system was observed on impregnated thin layers for all metal ions as
classified above except for Cu?* (Figs. 5-7). It is interesting to note from
Figs. 1-4 that there is a remarkable enhancement in the selectivity of metal
ions on impregnated layers. The selectivity of the ion-exchange process
depends upon (a) the ion-exchange material used and (b) the solvent medium
of exchange. It is apparent that the low R values on impregnated layers are
due to strong adsorption of metal ions on the silica gel molybdosilicate phase
(impregnated silica gel), thus showing its high selectivity.

Among the cations grouped in Class (b), Cu’" showed a unique behavior
on impregnated layers at different pH values (Figs. 5-7). The R, value for
Cu®" decreases with an increase in the pH of the solvent system. The R,
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value for Cu?" is at a maximum at pH 1.3 and at a minimum at pH 6.2. It is
difficult to explain why Cu?" has a lower R, value than Ni** and Co**. Cu*",
Ni?*, and Co®" have almost the same electronegativity. Further, Co, Ni, and
Cu all have nonspherical distribution of the d-electrons and hence are more
shielded.

It appears that Cu** is precipitated at pH 6 as copper molybdosilicate.
However, Ni™ and Co?" are precipitated at higher pH (~ 8), and hence they
are still in the form of ions. This behavior is analogous to the precipitation of
these ions as hydrous oxides (27).

This unique behavior of Cu’* on impregnated layers leads to very
important separations of Cu?* from Zn’*, Cd&®*, Pb**, Co?*, Ni**, Cr'F,
Fe**, AP", and Zr*" at pH 6.2 (Table 1). Such separations are not possible
if pure SG is used as the adsorption medium. Exceptions are Pb?", A", and
Fe'*.

There are three main methods for the quantitative determination of
compounds on a chromatoplate:

(a) Elution and chemical estimation
(b) Measurement of optical density
{c) Measurement of spot area

The spot area method is the simplest, most rapid, and most inexpensive
although it is less accurate. The relationship between the logarithm of the
amount of the substance in the spot and the area of the spot is usually linear.
However, other quantitative relationships have also been described, e.g.,
between the logarithm of the quantity and the logarithm of the length of the
spot, between the length of the spot and the logarithm of the amount (28), and
between the area of the spot and the amount (29). This is because the
absolute amount of the chromatographed substance does not itself decide the
definite shape and size of the spot, but also the volume of solution applied,
the diameter of the spot at the start, and a series of other factors.

Therefore, it is necessary to assess the relationship experimentally by
means of a calibration chromatogram before a quantitative determination is
made. The quantitative determination of Zn**, Fe’™, UO3", Th*, Ni#*,
VO, ABT, Ce*t, and Cd*" on impregnated SG was obtained by plotting
spot areas versus concentration of metal ions (Figs. 8 and 9). The planetary
spots were drawn on tracing paper directly from thin-layer chromatograms
and then the areas of the spots were calculated. A linear relation is obtained
between the amount of the sample spotted and the area of the planetary spot.
The linearity is maintained in a limited concentration range, e.g., 5-220 ug
for Fe’t, 5-300 ug for VO?*, 5-400 ug for AP, 5-250 ug for Ce**, 2-120
ug for Zn*™, 5-400 ug for Cd*", 5-750 ug for UOZT, 5-900 ug for Th**,
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and 5-500 pg for Ni2". Thus, there is a narrow concentration range for Zn**
and a wide concentration range for Th*" . When the procedure is applied to
higher concentrations of metal ions, a positive deviation from the linear law is
observed. The accuracy and precision falls within a 4-5% limit for all the
metal ions determined. The method is less accurate for quantitative
determination but is quite accurate for semiquantitative determination.

Seher (29) has determined the quantity of a-locophenol in lipid mixtures
from a graph of spot areas versus weight of material, but Purdy and Truter
(30) found a linear relationship between the square root of the spot area and
the logarithm of the weight for several compounds.

On the basis of the R, value difference on pure SG thin layers, a number of
separations (ternary and one from numerous metal ions) have been achieved
(Table 2). Pb?", AP*, Fe*, and Ni** have been separated from mixtures
with other metal ions. AI’", Fe’", and Ni*" are important constituents of
alloy, while Pb*" is highly toxic and an important pollutant.

Acknowledgment

The authors are grateful to the Council of Scientific and Industrial
Research (India) for providing financial assistance.

REFERENCES

1. U. A. T. Brinkman, G. de Vries, and R. Kuroda, J. Chromatogr., 85, 187 (1973).
2. B. A. Zabin and C. B. Rolling, 7hid., 14, 534 (1964).

3. M. Lesigang and F. Hecht, Mikrochim. Acta, p. 508 (1964).

4. K. Buchtela and M. Lesigang, Ibid., p. 67 (1965).

5. G. Alberti, G. Giammari, and G. Grassini-Strazza J. Chromatogr., 28, 118 (1967).
6. G. Alberti, M. A, Massucci and S. Torracca, Ibid., 30, 579 (1967).

7. K. H. Konig and K. Demcel, /bid., 39, 101 (1969).

8. D. P. Kelly, Ibid., 51, 343 (1970).

9. L. Lepri, P. G. Desideri, and R. Mascherini, Ibid., 70, 212 (1972).
10. L. Lepri and P. G. Desideri, Ibid., 84, 155 (1973).
11. R. Kuroda, K. Oguma, and H. Watanabe, 7bid., 86, 167 (1973),

12. R. Kuroda and T. Kunde, Ibid., 80, 214 (1973).

13. S. W, Husain and S. K. Kazmi, Experientia, 28, 988 (1972).

14. M. Qureshi, K. G. Varshney, and N. Fatima, Sep. Sci., 12(3), 321-328 (1977).

15. M. Qureshi, K. G. Varshney, and N. Fatima, Sep. Sci. Technol., 13(4), 321-333
(1978).

16. M. Qureshi, K. G. Varshney, and S. D. Sharma, Sep. Sci. Technol., 13(10), 917-931
(1978).

17. M. Qureshi. K. G. Varshney, and R. P. S. Rajput, Sep. Sci., 11(6), 533-339 (1976).
18. N. Fatima and M. Qureshi, Adsorption of Metal Ions on Crystalline Lead Antimonate
and Amorphous Mercurous Antimonate in Formic Acid Media, Unpublished Work,

79. M. Qureshi, W, Hussain, and A. H. lsraili, Talanta, 15, 787 (1968),



13: 28 25 January 2011

Downl oaded At:

THIN-LAYER CHROMATOGRAPHY OF METAL IONS 443

20.
21.
22.
23.
24.
25.
26.
27.

28.
29.
30.

M. Qureshi and W. Hussain, Ibid., 18, 399 (1971).

M. Qureshi and K. Hussain, Anal. Chem., 43, 1447 (1971).

M. Qureshi and K. Hussain, Arnal. Chim. Acta, 57, 387 (1971).

M. Qureshi, K. G. Varshney, and R. C. Kaushik, Anal. Chem., 45, 2433 (1973).
M. Qureshi, J. S. Thakur, and P. M. Qureshi, J. Lig. Chromatogr., 3, 605 (1980).
M. Qureshi et al., Anal. Chem., 47, 1710 (1975).

M. Qureshi, K. G. Varshney, and R. P. S. Rajput, Ibid., 47, 1520 (1975).

H. H. Willard, N. H. Furman, and K. E. Bacon. 4 Short Course in Quantitative Analysis,
Van Nostrand, New York, 1968, p. 148.

H. D. Fowler, Nature, 168, 1123 (1951).

A. Seher, Mikrochim. Acta, p. 308 (1961).

S. J. Purdy and E. V. Truter, Analyst, 87, 802 (1962).

Received by editor September 12, 1983



