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CHROMATOGRAPHY OF SOME METAL IONS
ON SILICA GEL THIN LAYERS IN
BUTANOL—-FORMIC ACID MEDIA

A. Mohammad and N. Fatima

Chemistry Section
Z. H, College of Engineering and Technology
Aligarh Muslim University
Aligarh, U, P., India

ABSTRACT
Chromatozraphlic behaviour of some m=tal ions on
silica sel thin lay~rs has besn studied in butanol - formic
acid media, The results have been comparad wlth those
ohtained in aqueous formic acid medium, Many important and

analytically difficult separations have haeen achieved, Some
thin layer chromatozraphic paramaters for the sevaratinn of

v02* from numerous metal ions using 20,0 M formic acld in
butanol have been determined,
INT20DUSTION

Beocause of 1ts simplicitvy and excellent resolving
nower, silica mel thin lay-rs chromatn~raphy has been exten-
sively employed as a univearsal tnol for separatine a series
of 1ons and compl=x mixtures into individnal components
(1-3)., MNumernus branis of sSorbsants and even greater number

of mobile phasas are heing developed to achieve improved
1903
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chromatographic performance in terms of selectivity, reso-
lution and reproducibility, Changes in selactivity are
possinle from a varied cholce of mohile phases,

Pormic acid (FA) offTers numerous advantacss as a
solvent in chromatography. It forms comolexes with many
metal insns (4,5), nrevents hydrolysis of salts and does not
dissolve the ion exchance materials sientficantly, 1Its
reducing propsrtles do not permit the oxldation of cations
during analysis, 1In 1949, Lacourt ani coworkers (6) reported
some exciting results of their study nn the quantitative seva-
ration of aluminium from titanium and iron by paver chromato-
graphy in T4 medium, Since then, T4 has become Incraasinsly
nooular, So far, many napars have been published on the use
of TA as chromatographic solvent (7-13), most of them dealines
with the use of PA as eluent for the sevaratinns of metal ions
by column chromatosraphy usinz oreanic resins (7-11), Surnri-
sinely, FA has been used only infrequantly as a solvent for
chromatoeraphic saparations of metal inns on silica gel
thin layers (12,13), thouszh the racant findines of Balzer and
coworkers (14) point oui that the acidie devalovers such as
toluene-ethyl acetate - TA and benzene - acetic acid - metha-
nol are less aflected by silica 2el vrovarties and give exce-
l1lent resolution of aflatoxins.

The present work explores the possibility of TA -
butanol solvent systems for inorganic thin layer chromato-
graphy. As a result, cartain very imoortant and Aifficult

separations have been achieved, Butanol was chosen bacause
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1t zives clean and use™l senarations (15)., The results of

this study are summarized heare,

Apparatus:

A thin layer chromato=raphy anvaratus (Toshniwal,
India) for the pravaration of silica ¢el thin lavers on
20 x 3.5 cm glass plates was used. The chromatozraphy was
performad in 24 x 6 em =lass jars ,
Reazents:

Silica gel 6 (S6) from %, Merck and all other chemicals
and reazents were of BDH analytical or laboratory reagent
grade,

Tast solutions and deotectors:

Solutions, 0,1 M, of chlorides, nitrates, or snlfatas
of most of the catinns were nrapared in 0,1 M snlutions of
the corrasuvnnding aeids, 17 ninbium pentachloride was pre-
parad in 107 tartaric acid accordine to the meathod recomen-
ded by Saniell (1A) and by Tairbrother (17). Solutions of
sodtum selenite, sodium molybiate and sodium tun-state,

0,1 M, ware prepared in water while O.1 M ceric snlfate was
prapared in 3,86 N HZSO4. Conventional spot test reaszents
ware used for dstectlon purposas (18),

Solvent systems:

The following solvent systems weare used in these
studies,

1. P4 (0.1 M

0.5 M, 2,0 M, 5,0 My 10,0 M and 20,0 M)
in butanoi
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2, P4 (0.1 M N,5M 50M 10,0 M and 2,0 M) in
conductivity water

3, Butanol saturated with 5,0 M aqueons T4
4, Butanol saturated with 10, 0 M agueous T4
5, 10,0 M ¥4 in butanol + mathyl ethvl ketone (2:1)

Preparation of silica 7sl plates:

The slurry nsed was prepared by mixineg the silica
gel with constant shakineg for 5 min in condustivity water
in the ratlio of 1:3, The rasultant slurry was used
immediately to coat the clean class platas with the help of
an applicator to glve a layer of 0.25 mm thickness., These
vlates ware first dried at room temperature and then in an
alactrically controlled oven at 100 + 5°C for 2 hr for
comnlate drying, The vlatas were kevt in closed chamber
at room temperature until used,

Procedure:

Aporoximately 5 pl of the test snlutions (0.1 W)
were annliad on each silica gal plate by using a micro-
plpette, After drving the spots, develobpment was made in
different solvent systems by the ascending technique. The
ascent of the solvent was fixed at 10,0 cm in all cases.
After developmant, the plates were dried and the cations
were datected usine the aporopriate svraying reagent, Rp

and Ry values were measured as usual,

SILTS _ AYD DISCUSSION
Thin lay=r chromatograohis studies of metal ions in

aqueous FA and non-aquacus T4 (TA-butanol) systems offer
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some intemastine results, A faw points are worthy to men-
tion here:

1, The Rf values for all metal ions stuiled remain nnchanced
ovar the concentration range of 1,0 M to 20,0 M of aguanus

6+ is only the exception which shows decrease in Re

TA, Mo
value with increasing FA concentration, Thus, the most
effective concentration ranve of Wi in aqueous medium 1is

0.1 M to 1,0 M,

2.A reversal trend in mohilifies of metal ions is noticed in
non-aquacus media containine wvarying moles of FA in butanol,
Most of the metal ions show considerable tailing (RL*RT7O'3)
in 0,1-2,0 M T4 while compact snots wa~e achieved in 5,0-

20.0 M F4, Intesraestinely, 20,0 ¥ T4 in hutanol was found to
be the best solvant to 7ive cleanar, more compact and re-
producible soots for all the metal ions,

2+
3. Heg
g2

shows considerable tailing in all non-aqueous
snlvent systems,

4, With inereasad Ta concoantration, tailing decreases
both in T4-DMW and TA-butanol svestems., In sharp contrast to
the aqueous FA media, tha most aovpropriate concentration
ranse of FA in butanol was found to be 5,0-20,0 M,

5. A little chanse in Rf values has been.sometimes
obsnrv~d whan mixtures of metal ions were develoved.

6, The pr=sence of mathyvl ethyl ketone in FA-butancl
systems improved the rasolution of comvonants in mixtures.

7. In FA-butanol systems, a sharp iner=ase in 3¢

values for most of catlions takes vlace when the concentra-
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tion of TA is increased from 10,0 M to 20,0 V. Therafore,
the homoreniety of the mohile phase is an important factor

to influence the reproducibility of rasults,

2+

8. In 20,0 ¥ aqueous T4, V0 shows hich mobhility

and movas with solvent front imposinz a restriction on

2+ 4+ + 3+ 3+
9 ) Se™', T1L'y T1 ,Te”,

Fe2+, Cu2+, N12+, Cog+, Zn2+, N3t and Ta5+. However, in

2+

its separation from Hg2+, Cd2+, Uo

20.0 M FA in butanocl VO shows very little mobility while
all the matal ions mentioned above move with solvent front
leaving hehind VOZ+ nezr the point of application providing
an ample opnortunity for the sevaration of V‘02+ from nume-
merous metal isns within 20 min, The clarity and excellent
compactnass of svots in this solvent give verv good separat-
lons even if the difference in Rp values of two commonents
is equal o™ even less *than 0,2 while in aquaous T4 media
good separations can not be achieved nntil and unless the
Aifferenace in Rf values of two components is mor~ than 0, 3.
The rasults obtainzd have haen summzrized in fie, 1
and tables 1- 5, Tiesure 1 illustrates the denendency of
Ry values of catlons on the molar concentration of FA in
butanocl., Generally, Ry values for metal ions increase with
FA concentration until a maximum 1s reached at an acid con-
centration of 10,0 M., However, T+ and m°3* show maximum
Ry values at 5,6 M ¥4, 1In case of CoZ+, N12+, ca®* ama Ri3+
a uniform dacr=ase in Ry values with inerease in the acid

+
concentration 1is observed, Converssly, Th4 shows a uni-

form increase in Ry value with aclid concentration until a
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TABLE - 2

Separations achieved Txperimantally in Different Solvent Systems contain-
ing 0,1 M to 6,0 M FA

Solvent Separations Achiavsd, Matal Tons (3, - 3p)
Sys tems
0.1 M 74 T13 “(1,0-0,90) - UO *(0.40-0,0)
*(1,0-0,95) - 3 (0, 35-0,7) R o o
3 (1. w-obqo) from mixture consaining Thi*, zei*, 313% w03 *
Tl ¥, ag", medt, Fedt Mob* nett and T1%*.

2.0 M F4 Hg?*(l.o_o.go) - 513+(0.55-o.53)
413%(0.15-0.0) - 2n%%(n,80-0,30)
T14*(0.0-0,0) - Fe2*(0.80-0,40)
Cu?+(o 75-0,40) - Pb27(0.02-0.0)
2"(0.70-7.55) - Th**(0.20-0.0)
gz*'(l 5-0.90) from mixture eontaining 313%, is%, Pb2*, cu2*,
7e?* and Fe'3
,‘CL?’* from mixture contalning ZI12+ ‘\112+ andi 2o~
U0Z* from mixture containing Th 4+ , 2n2%, 0o 2%, 112 ant P,
2+

2+

2+ u,{)3*-

T1%* from mixture containing Vi2* ,C0” an'; 7n
+

Pu2* from rixturs containineg cu? 2+’ Zn‘)+ cq? ‘Ii‘
5.9 M ®i Fe3*(0.50-0.40) - A13%(0.02-n.0)
23%(0,50-0,15) - Zn?*(1.0 -0.80)
Ma®*(0,02-0,0) - VO2+(0.3-0, 9)
He?¥(1,0-0,35) - cu2%(n,75-0.65)
413%(1.02-0.0) - Cu?*(0.72-,50)
T13+(1 0-0.95) - TLY(n.02-0,n)
HH0.0920.0) = TDBT(n, 700, 50)
T14*(w 0-0.0) = 102 (n.70-0,50)
26%(0,02-0,0) - °*(o 79-0,80)
1g%%(1,0-0,95) - Hg’*(o 2.0, 55)
ma3H(0, 55-0,35) - Al(n.oo 1.0) = > (1.1-0.2)
Uo ‘+(O 7‘5 0,68) f‘rom mixthre containine 71'“"' Th‘“ 2+
“ W12F anq T4

2+
anit Co 2 .

Sutanol 168%(0.0-0.0) - V0Z*(n,52-0,45)
saturated q 2 0-0.92) - Cu2%0,15-0.0
ith s.ou 13510 ) (0.15-0.0) 2 o

2
aqueous dgg (1.0-9,30) from mixtire containing Cu“+, Cd”" ani Zn

Fh
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TASLE - 3

Separations ishlsved Tum-rimentally in PA - hutanol and P4 - butanol-HJ
Solvents Containing 10,0M F4
Solvent Separations jchlsvad (3 - Rp)

1.0 ¥ 74 T (0,2-0.0) - T17*(0.25-0.80)
in batanol 152%(n,60-0.0) - Hg2%(1,0-1,95)
V02*+(9,10-0.9) - 102%(n.5-7.9)
rePH(0.05-7,0) - U 54(0,42-0,25)
1 (0,10-0,0) - 102 (0. 170, 20)
T1LH(N, 30, M) - He2F(1,7-9,95)
(1,400, %) - Pb2H(n,n0,N)
m2¥(.40-0, %) - 7a2¥(n,05-n,0)
Mm2%(n,40-7,25) - A13%(1,n2-0.0)
ma3t(5 400,00 - 130,000, 0)
100, 50-0,35) - 7&2*(0,95-1,0)
gett(n,25.0,15) - ™hit(n,n2-n,0)
catt(0.25-0.15) - T13%(0.73-0.8%)
W(0.0-7.7 - Fe3t(n.a0, 29
zr2(0,9-9.0) - Uog*(o.an-o.so)
ce*(0.47-0.922) - Y02%(1.05-0.0)
5e*(0.70-0.20) - T1%(0.32-0. M)
313%(0,70-0.50) = H22%(1,0-0,35) - A2™(0.0-0.0)
5e1*(0.38-0,20) from mixture eontainineg T2t and Put

T17(0.90-0.20) from mixture containing Atz",l’bz+ and Hg2+

T1%%(0,0-0.0) from mixtite containing cd>*, 7e>*,Hg?*,
5o, cett It 12 and 0ot

10,0 ¥ 7 a17%0,0-0.0) - Fe>*(0.50-0,40)

in gﬁ;;nol Tht*(0,15-0,0) -U0§*(N.56-0,50)

+metr’

athyl 0%¥(0,05-0,0) - 1103*+(0.53-0,52)

ketone(2:1)7a5%(0,0-0.0) - 703*(0.70-0.55) »
-

B19%(1,0-0,90) from mixture contalning Pb2*, ae* and 7e
108*(0,70-0,60) from mixturs containing Pb2* ac*, a13* Tni*,
23t 208 wi 2% 0o B 1% yp2¢ 5e%+ ana nett

Butanol  NgoT(1.0-0.35) - Ha2¥(n,75-0,50)

satirated ng2%(1,9.0,95) - £a2%(0,45-0,10)

10,0 1 7a 122(1.0-0,95) - Cu2¥(0,45.0,16)
Hg27(1,0-0.93) - B127(0,40-0;22)
Hg="(1.0-0.32) - U05"(0.80-0, 35)
H¢?*(1,0-0,3%) from mixture containing Cd2+, 7n

5, 0u%t, 48", Po2¥, Co2% N1 2 Ce®* and WO+
Hg%7(1,0-0,90) from mixture containing UO§+, v02*, MoB*, T4,
A3* Th%* e+ and NBO*

113%(0,96-0.,36) from mixture containing 73, 0u
Z

2+ 3+

™
yAST  Fe™

2+’ Th4+, cast
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TAILT - 4

vl

anarztions inhinved Txwarimantally in M0 M T4 in Sutanol
301 vant Senaritinns Airhiavsd (3 - )

MN.0 7T 24 (0.0-0.0) - H3(n,85-0,4%)
2t n A Y L e 2 (1,0-0,09)
htH (A, 10-0,0) - 037(n,n2-0,50)
wiraaney o a3(,a0 A
T2 - 0gH(0,95-0.80)
3eY7(1.9-0.55) - Pp2¥(n.0-0.0)
Mo (7, ™=2.0) - Te2*(1,0-0,90)
10572, 29-0,08) - cu?*(0.90-0,89)
¥a“* (1, 1-0,05) - T05¥(1,0-0,98)
A0 55a0,70) - 763%(1.0-0.9%)
313%(n,2%-0.82) - 42%(0.0-0,0)
PbE7(0,5-0.0) - 2a2%(n.80-0.70)
PH2*(N,0-0.6) from mixture containiny %%,
242" and 913*
T1*(7,90-7,80) frap rixtnma eontatning &g’ and Pb2*
Yo (0, M-0.05) Trom mixtire anntaining F‘eg+, w3t
mZr 12t oS ang 0ot
24%(n,02n,0) “ror rmixture semtainine
M3+,co’2+’“i?+ and zn>*
A13+(N,R?-0,6’5) from rixtite eantzinine "_'12+ and Cog*
313%(1.7520,58) fron mixtire containine ie* and Pb2*
Y020, 560, M) Trom rixtura montainine P, Mt
/:d.?r Zn?+, cuz+, Hg2+, '{g§+9 ‘.10:4-’ Pb2+, 913+
1057, %3, %1% and co?*

2+

b

v7824-’ "~‘e3+,

1

maxirum is reached at 20,0 ¥ @A, Intarestinely, all the
matal isns axnent ThE show minilmm Ry value (hich mohility)

in 20.0 ¥ TA, Hg?

* exhibits a constant low Ry value at all
acid concentrations, The low T value at hich acid conecen-
tration 1s because of the vrasence of laree mirhar of 4*
ions which compete with catinns in quastion for the exchance
sites and the eqilibrium

+ +
M

+m (- S107) == M(081i -)p™™ + mH
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IASLE = 5
Rgy £ and AR, Values for the Sevaration of VO
Ions in 20,0 ¥ FA in Sutanol

2+ from Various Metal

3.%7o. Separation palr Value of Rg Value ofel Value of AQRpe
1. vo?* - ca®* 1.95 1,89 n.42
2, 0% . et 2,70 .0 0,65
3. Vo2 - met 2,60 37.0 0.65
a, w2 . m? 1,77 21,6 n.48
5. Vo2 . cu® .75 13.6 0.55
6. v - m = 2.4 2,6 0,60
7. Vo=t - 002 2,74 .6 0.63
8, Vo - ugt 151 7.0 0.52
9. - g2t 1.51 7.0 0.58
10, vo2* _ pp2* 2,12 - N3
11, Vot o a3+ 1.84 5.0 0.4F
12, Voot . uog+ 2,5 15,47 .57
13, yo?* _ aS* 2,41 10,51 n.53
14, vt - m* 1,59 5,60 0,43
15, vo2r _ B+ 2,19 - n. %
16, 02 - sett 2,40 21,27 n.e0
17, w02 - Wit 1.59 14,90 0.19

is shifted to the left resultine hich mohility for these
cations, Th4+ is stroncly adsorbed on silica gel due to
some special interactlons leadins to hish Ry

The Ry values of metal lons in FA-butanol solvent
systems alongwith the Ry values (Ri = Re In aqueous FTA media
- 3¢ 1in butanol - FA media) have been tabulated in table 4.
It is evident from table 1 that ¥A - butanol systems of

varied FA concentrations are excellent solvents with nume-

rous vnossihilities of analytlcally imvortant sevarations,
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Some of those have been actually achleved (Tables ?-4), the

most irportant ones beins as follow: Hg§+- Hgg+, uo§+_ Th4+,

m13* et L oagt) st o omt, cu®t - we®, ®t o wo?t,
R A A R S S N e
313, e o2, 7e*" - W and v02" from mixtures con-
tatning 0027, mo6%, w8*, %", cu®, Hel*, ug®, ag", P,

2}
813* co®" ana w3,

Table 5 summarizes the values of separation factor
o2+
)

fror mamerous metal iens in syn-

(), rasolution (Rg) and Abe(Rf of metal ion - Rp of VO
for the separation of VO2+
thetic mixtures, These paramesters on thin lay~rs were cal-

culated by using the followin< equations:

oL = J' of V02+ (1)
K' of saparatine metal inon
1 -7
where K' = — L
R
Thus, o 1s the ratio of capacity factors Ki/Ké for two

solutes, Caparity fastor is the measure of the decrae of

ratention of a solute compar~d to the solvent front.

ax

Re = }—(HT_&QT (11)
where AX 1is ths distance between the centers of spots of
the separating metal ions while d; and dy are their respac-
tive diameters, The two matal ions are just separated when
Re = 1.

A verusal of the data ~iven in tabhle 5 shows that
20,0 M FPa in utanol is a very selective solvent for achiev-

2+

ing reliable separations of VO from ranv metal ions, The
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Rf values are always in reasonahle rance leaving to well
separated separations of V02+. In all cases, the Rs values
for the sevaration of Voz+ are nearly equal to 2.0 indica-
tineg well resolved swots, The fairly hirch value of for
the separation of V02* from almost all cations shown in
table 5 indicates the excellent seva-ation votentially of

butannl - TA svstems,
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