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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 

2. H. College of Engineering and Technology 
Aligarh Muslim University 

Aligarh, U. P., India 

ABST3ACT -- 
Chromatoqraphic hehaviour of some m?tal ions on 

s i l i c a  geL t 5 i n  l a y e r s  has bs?n s t u d i e d  i n  butanol  - formic 
a c i d  rneclia. The r w i l t s  have b?en comparsd with those  
ob ta ins4  i n  aqueous form€c a c i d  medi-urn. Many important  and 
a n a l y t i c a l l y  d i f f i c u l t  sepa-at iqns have hnen achieved, Some 
t q l r l  l a v n r  chromsto ?raphie parameters f o r  the s eoara t ion  of  
V02+ fr3,n numerous metal i q n s  i i s jnq  20.3 M formic ac id  i n  
bli tano'l have bnsn detnrrnined. 

INT3ODIJC 'XO~T 

SscausP of € t s  sirnn1i.c.l tv and excell-en? r s so lv tnq  

noiger, s i l i c a  ?el. t h in  layTrs  chromito-rauhy has boon extsn- 

s i v o l y  employed as a univ- rsa l  tml f o r  s eua ra t tnu  a s e r i e s  

o f  ions and compl?x mixtures i n t o  indiv€?i ia l  components 

(1-3). Mumeviis brands of sorbqnts  and even q rea t e r  number 

o f  mobile phasqs a r e  baing de.reloped to achieve imuroved 
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1904 MOHAMMAD AND FATIMA 

chromatoTraphic performance i n  t n r m s  of s e l e c t i v i t y ,  reso-  

l u t i o n  and r ep roduz ib i l i  tp. Chanq3s i n  s e l - c t i v l t y  a r e  

poss i3 l e  from a varied choice of  mobile phases. 

Formic ac id  (FA) o f f e r s  numnrous advarltaq3s a s  a 

so lvan t  in chromatoeraphy. I t  forins comDlexes wi.th many 

metal ions (4,5), r revpnts  hvdrolgsis  of  s a l t s  an4 does not  

d i s so lve  t h e  i o n  exchanye mater ia l s  s lyn? f i can t lv .  Its 

reducing o rop? r t l e s  do not  permit t he  ox ida t ion  of  ca t ions  

du r in?  ana lys i s .  In  194’3, Lacoiirt an3 coworkers (6) repor ted  

some oxci t lnr :  r e s u l t s  of  the i?  s tudy nn t h e  q u a n t i t a t i v e  Seua- 

r a t i o n  of  aluminilim from t i tanhim and i rm by p a m r  chromato- 

gwanhy i n  “A medium. Sinca then, v.4 has become i n c r s s s i n ? l v  

nouular. So f a r ,  many nauors havs been m b l i s h e d  on t h e  u s e  

o f  ‘JA as  chromatoPrauhic solvent, (7-13), most 0’ t ? a m  d e a l i n ?  

w l t ’ ?  t h s  use of  PA as e luen t  for  tLie seoarn t ions  of  metal ions 

by column chromatoyraphy u s i n ?  oroanic  rsslns (7-n). S u r n r i -  

s ino lv ,  FA has been used onlv infr*equsnt lv  as  a s o l v m t  fo r  

chromatoqranhic separa t ions  o f  metal inns on s i l i c a  ?el 

t h i n  l a y s r s  (12,13), thoix?h tti5 r e c m t  f in( l in*?s o f  3al z w  and 

coworlcars (14) poin t  ou t  t h a t  the a c i d i c  dass loaers  such as 

toluene-ethyl a c e t a t e  - Pk an3 benzene - a c a t i c  acid - met5a- 

no1 a r e  1 q s s  af’ected by s i l i c a  ?el D r o w r t i e s  an? Five exce- 

l l e n t  r e so lu t ion  of  a f l a tox ins .  

T h e  p re sen t  mrk explores the  p c s s i 5 i l i t T ~  o f  PA - 
butarlol so lven t  sys tams for  inorqanic  t h l n  layor  chromato- 

praphy. A s  a r e s n l t ,  c3rtal.n vnry imuortant and 4F”f icu l t  

separa t ions  have been achievad. Sutaqol was chosen bacailse 
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METAL IONS IN BUTANOL-FORMIC ACID MEDIA 1905 

i t  elves clean and usefS11 semi-at ions (1.5). T h e  r q s u l t s  o f  

t 5 i s  s tudy  a r e  siirnmarized here. 

TXP S71"VJTAL ------ 
Appara tx: 

A thi.? l a y e r  zhroma5onraDhy annaratus  (Tos'lnim1, 

India)  fo r  the Drsnnration o f  s i l i c a  m n l  t h i n  laynrs on 

23 x 3.5 cm d a s s  DlateS was used. The chrom3toTraphy was 

psrTorm3d i n  F€ x 6 cn ?lass j a r s  . 
?,ea?&: 

S i l i c a  gel G (SG) from T. Mqrck and a l l  o t h e r  chemicals 

and rqaTents ware of  QDT! a n a l y t i c a l  o r  l abora to ry  reagent  

qrade. 

---- Tss t sol i i t ions --- and de tec tors :  

Solu t ions ,  0 .1  p f ,  of c h l o - i l e s ,  n i t r a t n s ,  o r  s u l f a t e s  

of most o r  the  cat ions were Drepa-od i.n 0.1 Y solntCqns 0" 

the  C O n - n S D o 7 ? i  r l ~  acWs,  1'f nlobium Dsntnchlor i le  was pre- 

pared In lo'? t a - t a r i c  acid accondi-nn t q  the method recornen- 

ded by 9a.11911 (16) and by va i rbro ther  (17). Solu t ions  o f  

so-thirn s e l e n i t e ,  sodturn molvb?a+e and s d i m  h1n.s t a t e ,  

0.1 h r ,  w3-e Drepared i n  wat-r w h i l e  0.1 M ce r l c  s u l f a t e  vas 

prnpa-ed i n  3.6 N HzS04. Convwtional  spo t  t e s t  rqa?ents  

w?-e used f o r  r le tect iqn nurposis (18). 

=wn&-sp t ems : 

The followiny so lvpnt  systems w=re nsed i n  these  

s tiidies. 

1. FA (0.1 Ff 0.5 M, 2.0 M, 5.0 M, 10.0 M and m.0 M) 
i n  butanoi 
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1906 MOHAMMAD AND FATIMA 

2. Fk (0.1 M, 0.5 M, 5.0 M, 10.3 M and 20.0 M) i n  

3. Rutano?. s a tu ra t ed  wtth S.9 V aquaoiis 7.4 

4. Sutanol  s a tu ra t ed  with 10. 0 M aqiinous Ph 

5. 10.0 Y "A i n  hutanol  + m n t h v l  pttlvl ketone ('21) 

condiictivL t y  watnr 

P r e m r a t i o n  of  sClicaLs1 Dfates: 

The s l u r r y  isd vas prepa-ed hv vixfnv t h P  s t l i c a  

pel with constant  skikine; f o r  S min i n  condu i t lv i tv  water 

in the  r a t i o  of  1:3. The r s s i i l t a n t  s l u r r y  m s  used 

immediately to coa t  the  clean ? l a s s  p l a tns  w i t h  t h e  he lp  of 

an app l i ca to r  to  give a l a y e r  0 -  0.25 m m  thickness .  Those  

01_at,es wepe Ti-st  d r i e d  a t  room tempecature m d  then i n  an 

e l a c t r i c a l l p  cont ro l led  ove'1 a t  109 2 5 C f o r  2 hr  for 

comqlete dny',n:. T h e  o l a t s s  we-e keDt  Ln ?lose8 c'7amber 

a t  room temp--ature u n t i l  used. 

0 

Proceasu : 
Apnroxinately 5 pl of  t h e  t e s t  srt l i i%lo?s (0.1 MY 

were annliod on oach s i l i c a  401 p l a t e  5y u s i n y  a micro- 

P ipe t te .  Aftor d r v i f l o  t b e  spo t s ,  ?e-lslopment was made i n  

d i f f s r e n t  so lven t  svstems by t he  ascendinq technique. The 

a scen t  of the so lven t  wds f ixed a t  10.0 cm i n  a l l  cases. 

After  development, the p l a t e s  w P r e  d r i e d  and the ca t ions  

were dntectod us lnq  the apnropr ia te  spraying  reao(ent. 

and ?L vahzes we-e measured as usual .  
IiT 

I-------- RPSULTS A'TD DISCUSSIOW 

Thin l a y n r  chromatoyraDhin stitdies o f  metal ions i n  

aqueous FA and non-aqueous 7 R  (PA-butanol) Svs tsms o f f e r  
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METAL IONS IN BUTANOL-FORMIC ACID MEDIA 1907 

some in to -ns t ina  r e s u l t s .  A f o w  goi?ts  avo wor thv  to  men- 

t iqn  her rj: 

1.The qf values fo r  all w t a l  ions s tiirl1ed r ena in  iinchanqed 

O V Y  the  coqcsnt ra t ion  rande o f  1.0 V to  20.0 o f  aqiieous 

"A. 110" i s  only t + P  except ion which shows decrease  i n  Yf 

value w i  ti-1 incroas  i n ?  ?A connentr2tiqn. 

e f f e c t i v e  concent ra t ion  r a n e e  o f  "A i n  aqueous medium i s  

13.1 M to 1.0 YJ. 

Thus, t h e  most 

2 . A  r eve r sa l  trend i n  mob i l i t i e s  o f  metal ions i s  not iced  i n  

non-aqilecus media conta i? i i r :  vary in?  moles o f  ?A i n  b u t m o l .  

Yos t o f  the rnatal ions siow considnrable  t a i l i n q  ( q ~ " 1 ~ ) O .  3) 

i n  0.1-2.3 Y P A  while compact sno t s  wa-e achieved i n  5.0- 

20.0 V FA. I n t v e s t ; n o l y ,  m.0 M "A i n  hutanol WPS found to 

be t h o  b e s t  so lv3n t  to  viva c l san? r ,  more comDact aqd re- 

p r o l u c i 5 l s  s u o t s  for  a11 the  w t a l  fans, 

3. Yg2+ shows coqside-able  t a i l i n ?  -Ln a l l  non-aqueous 
2 

s ? l v ? n t  sys  terns. 

4. 1 d i  t h  increas  7, conc-n t ra t ion ,  t a i l i n g  decrsasqs  

both i n  7!L-Mp1vi aqd "A-5utanol s v s  terns. I n  sharp c o n t r a s t  t o  

the aqueous PA media, t h ?  TO? t aonropr i a t e  concent ra t io?  

ran-e  o f  FA i n  butanol was found to be 5.0-2.3.0 11. 

5. k l i t t l e  change i n  Sf values has b?en sometimes 

obs  - r v d  vhsn mixtures of  pe t a l  ions wero daveloped. 

6. The nr?sence of  mathy1 e tkv l  ketone i n  PA-butanol 

SYS terrs improved t h e  rnso1i;tion o f  componsnts i n  mixtures. 

7. I n  FA-butanol systems, a sha rp  incpaasq i n  3f 

values f o r  most o f  ca t ions  takes Dlace when t h ?  concentra- 
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1908 MOHAMMAD AND FATlMA 

t i o q  o f  "P. i s  incroasPd from 10.0 V t o  29.0 1'. The-efore, 

t h e  homoyeniety o f  t he  mobile phase i s  an irnuortant f a c t o r  

to  inf luonce  the  r ep roduc ib i l i t y  of rosu l t s .  

8. I n  m.0 1J aquPous FA, V02' shows hiyh mobi l i ty  

and movPs wit5 so lvnn t  f r o n t  imposing a r e s t r i c t i o n  on 

i t s  sepa ra t ion  from Hg2+, Cd2+, UO:, S$", T1+, T1 

Fe 2+ , Cu2+, > T i 2 + ,  Co 2+, Zn2+, Kb5+ and Ta5+. 

20.0 P' FA i n  butanol V02+ shows very l i t t l e  mobi l i ty  while 

a l l  the m t a l  ions  mentioned above move w i t h  so lven t  f r o n t  

l - av in !  behind  YO2+ nazr t h e  p o i n t  of a p p l i c a t i o n  providing 

a n  ample opnor tuni ty  foi" the  sepa ra t ion  of l?O from nume- 

msrons mot,al iqns v i t h i n  23 nin. The c l a r i t v  an? e x c e l l m t  

comnactness of  soots  In t h i s  solvent giv .  vorv good seDarat-  

ions even if the d i" fe ranc9  i n  ?f valiios of  two comnonents 

is equal OF 9vcn lass  +Fan 0.2 w h i l e  i n  aqi19oiis PA. a d i a  

aood separa t ions  Carl not  be a c h i e v d  i i n t i l  and i i n l e s s  the  

d i t ' fe ranc?  i n  Sf values o f  two comuonnnts i s  mop= t5an 0.3. 

3+ 3+ 
,Pe , 

However, i n  

2+ 

The rnsiilts o b t a l n d  have h e n  summrized i n  f i e .  1 

an4 t ab les  1- ,5. Y q u r e  1 i l l i r s t r a t n s  t%s douandencv oC 

RM valnes of cat ions on the  molar concent ra t ion  o f  "A i n  

butanol.  Generally,  '3bf values f o r  rnethl ions  inc-ease with 

PA concent ra t ion  u n t i l  a maximum is reached a t  an acid con- 

c e n t r a t i o n  of  10.0 M. 

qM values a t  5.G M PA. 

a uniform dscrQr?se i n  PM values with incTpase i n  the  ac id  

concentrat ion is obsmrved. Convarsely, Th4+ shows a un i -  

form increase  in  F ~ M  value w i t h  ac id  concent ra t ion  u n t i l  a 

Hovevsr, T1+ and A13+ s h o w  mnximum 
3+ I n  case of  Co2+, V i 2 + ,  Cd2+ and P i  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL IONS IN BUTANOL-FORMIC ACID MEDIA 1909 

+ I 5  0 1 +too 
E 
[* + s o  
s 

0.0 1 - 5 0  

L 

t +loo  * '  1 1 +so 
E 
a 0.0 
L 

- S O  I -100 

- I  5 0  

1 * co2+ 
'* I*, Z"*+  

r 

+ 

0 s I 0  1 5  2 0  0 5 10 I S  2 0  

M O L A R I T Y  O F  F A  

Fig.1 Plots o f  h R m  Versus Formic  A c i d  Motar i ty  
in Butanot 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1. 
Th
4+
 

2.
 

w
4
+
 

3.
 

yg
2

+
 

4
. 

rr&
+ 

5.
 

3
i
3
+
 

7.
 

:lo
p 

6.
 

Cd
2+

 

8
. 

A1'+ 
9.
 

~
e

4
+

 
10
. 

T
1
+
 

11
. 

 TI
^+

 
12
. 

Ag:+ 
1
3
. 

Fe
 

14
. 

F
ez

+
 

16
. 

3: 
17

. 

15
. 

cu
2+

 

18
. 

K0
6+
 

T 3.
07
 

T 
0.

95
 

T T T 

0
.0

 

T 
0

.0
5

 

0.
37
 

T T 
0.

0 T T 9.
0 

0
.0

 
19
. 

Ni
2+

 
T 

2
0
-
 

co
2+

 
T 

-7
.0
7 

-9
.3
7 

+
0

. 
ii

 

b3
.8

0 
-0
.5
9 

+o
. 2

0 

ND
 

c0
.9
5 

m
 

n
.n

i 

'3
.2

5 
T T T 

0
.0

5
 

T 0.
07
 

0.
37
 

T T 
0.

3 T 

0
.0

 
0
.0

 
T T T

 - 

21
: 

ce
4

+
 

T 
.T

 
22

. 
zn

z+
 

T 
T 

1.
90
 

23
. 

Pb
2+

 
0

.0
 

0.
0 

0.
0 

0
.0

 
n
. 

0 
24

. 
Y

b5
+ 

T 
T 

0
.1

5
 

25
. 

Ti
4+
 

0
.0

 
0.

0 
7.

0 
0.

3 
0

.0
 

0
.0

 
0.

9 
0.

0 
f-

l.0
 

0
.0

 
--

_ 
__

 - _
I
 

- -
 
-
I
-
-
-
 

--
 - _

_ - 
-
-
-
-
-
-
-
-
-
-
-
I
_
-
-
-
 

0.
10
 

T 
-0
.0
1 

n
.7

 

q
.0

 
0

.2
5

 
n. 
9' 

0.
15

 
0

.6
5

 

+Q
.9

5 
13

.0
" 

+
0

.8
0

 
0

.0
5

 

9
.0

 
0

.3
7

 
T 

0.
48

 

+O
. 

53
 

0.
15

 

0.
66

 
0

.2
5

 
\r

 
Q

.0
 

tn
. 

3
5

 
0.
32
 

0.
35

 
0.
35
 

T T 

'-D
 

q.
7 

-1
.7

5
 

4
.
1
3
 

tn
. 7
0
 

tn
. 

3
5

 

- t0
.w

 

cQ
.6
7 

0
.0

 

t3
.4
? 

+0
.7
7 

+O
. 

23
 

+0
.7
0 

1.
3 

+0
. 
58
 

~
0

.6
5

 
+n

.5
5 

c7
.0

?
 

0
.0

 
t?

.q
n - 

q.
 
in

 
0.
q T 

7
.3

5
 

47
.5

5 
0.
43
 

'7
.5
1 

0.
07
 

n.
35

 
0.
 

0
.3

5
 

0
.9

 
0.
3?
 

0.
 m

 
0

. 
m 

Q
.O

 
Q

.O
 

0
.
3
 

0.
35

 
0
. 
'M

 
0.

46
 

0.
0 

q.
 
17
 

0
. 
in

 

'
D
 

0.
9 

-?
.-I

5 
G9

. 
3
<

l 

tq
. 

9s
 

tT
.3

0
 

c3
.0
7 

t0
.4
1 

0.
0 

tO
.3

5 
+o

. 6
0

 

M
.8

4 
M

. 
5.

5 
W

7.
85

 
0.

3 
+O
. 

4
6

 
4-

3.
60

 
6

.6
0

 
-3

.2
0 

to
. .%

 
0.

0 
0.
71
 

- +
n,

 5
9

 

0.
05
 

'1
.0

 T 1
.J

S
 

17
.q

a 
q
.4

0
 

'7
.2

9 

0.
73
 

0.
33
 

0.
75

 

ND
 

1.
05

 
0

.3
5

 

3.
35

 

0.
38

 
0.

 3
5 

0.
0 

0.
15
 

9
.9

2
 

0.
35

 
hn

l 
0
.9

?
 

n.
0 

n.
70

 

0.
3 

Q
.@

 

-9
.2

0 
tQ

. 
07
 

+0
.0
? 

-9
.0

4
 

U
D

 

- 4
.
0
3
 

4
. 

1
5

 

e
.0

4
 

-0
.0
5 

-0
.0
5 

e
.9

7
 

4
.5

7
 

0.
0 

cr
).
 
1

5
 

4
.0

3
 

0.
0 

co
.0

-3
 

0
.0

 
4.
16
 

- - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL IONS IN BUTANOL-FORMIC ACID MEDIA 1911 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1912 MOHAMMAD AND FATIMA 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
5
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL IONS IN BUTANOL-FORMIC ACID MEDIA 1913 

maxi~nrn i s  r a rched  a t  ?O.G V "A. I n t s r e s t i n v l y ,  a l l  t h e  

meta l  iqns excent  Th4+ show ~i-innirn Prc value  ( I . , i a h  r o h i l i t y )  

€ n  20.0 b' 9.4. Q2+ e x h l b i t s  a c o n s t a n t  l o w  riM vali ie a t  a l l  

a c i d  concent ra t ions .  The low YM value a t  b € u h  a c i d  concsn- 

t r a t i o n  i s  bncauss  o r  t h e  or-sence o f  l i r r p n  n i i r rh~r  o f  Y 

i o n s  which cornnste wi th c a t i o n s  i n  q u n s t i o n  for' t h e  exchaqye 

s i tss an4 t he  eqiiIl Ibriurn 

+ 
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- T A 3 U L S  

li,, .( and &if Values f o r  the Seuarh t ion  o f  V02+ fron Various Metal 
Ions  in a3.0 I' FA i r l  9utanol 

_I____- ---_- - 
S.'lo. Sepavation pa i r  Value 0 7  Ps Value o f &  Vallle o f  &9f 

1. 

?. 

3. 

4. 

5. 

6. 

7. 

8 .  

9. 

10. 

11. 

l?. 

13. 

14. 

15. 

16. 

17. 

1. 'J 7 

?. F70 

?. G0 

1.77 

?.75 

?. 4 

?. 74 

1.51 

1.61 

?. l? 

1. S4 

?. =fl 

?.41 

1.59 

?. 1" 

P.40 

1. FP 

l C . S ?  

37.G 

37.0 

21.6 

13. E 

?l. 6 

77.0 

37.0 

37.G 

- 
5 . ci 

15.47 

1". 51 

?.fir) 

- 
31. ?G 

4.70 

is s h i f t e d  to the  l e f t  r?s i i l t inr :  h i g h  mobi l i ty  f o ?  t hese  

cat lons.  Th4' i s  s t r n n y l y  adsorbed on s i L i c a  ?el  due to  

some SDicial  i n t a r a c t i o n s  l aad in?  t o  h i q h  PM. 

The ?if values of mital ions i n  FA-butanol s o l v e n t  

s y s t ~ m s  a lon -d th  tho R i  values ('1 = 9f i n  aqueous TA media 

- Sr i n  butanol - FA media) h a w  been tabi i la tnd In  table 1. 

I t  is evident  from t a b l e  1 t h a t  "A - butanol systems o f  

var ied Pa concnntrat ions are exce l l en t  so lvonts  w t t h  nume- 

roils o o s s i h i l i  t i e s  of a n a l y t i c a l l y  imwr t a n t  s ena ra t ions .  
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SOT"? o f  those h a w  been a c t u a l l y  achieved (Tables ? A ) ,  t h e  

p o s t  T q o r t a n t  onas hs ina  as follow: Yqp- HT2', UOr- Th4+, 
qi3+ - ~ l p 2 +  - A C  + , 3e4+ - TI+, h'+ - qe2+, cu2+ - ~ 0 2 + ,  

V02+ - yb5+, Uu3+ - T i 4 + ,  ,u"- Te 3c, 110:- Ti4+ ,  Pb2+ - 
9i3+,  7r4+ - l J O F ,  Zr4+ - Nb5+ and V02+ from mixtures con- 
t a i n i n y  TT02 2+ , Po 6+ , Y6+, Zn2+, Cu2+, H g r ,  Hg2+, Aq+, Pb2+, 

qi3+, co3+ and Fe 3+ . 

( k ) ,  rpso lu t ion  (sS)  and b r i f ( y f  o f  metal ion  - R~ o~ vo2+) 
for t h e  sepa-a t ion  o f  V02+ froi- niim?rous metal ions i n  syn- 

t h e t i c  mixtures.  These parammters on t h i n  l a y o m  ware ca l -  

culat5d by u s i n ?  the  follow in^ q u a t i o n s :  

Table 5 suvmnrizes the values o f  sepa-ot ion f a q t o r  

' of vo2+ d =  Kf( o f  s s p a r a t i n q  mstal  ion 

1 - qf 
9f 

where K' = 

Thus, i s  t h e  r z t i o  o f  canac i ty  f3s to r s  lC1/Kf  f o r  two 

s o l c t e ~ .  Capacity f an to r  i s  t'lo rwsure of t h e  deprpe of  

Fe tpnt ion  o f  a s n l v t a  cornDaF4 to  t h e  so lven t  f r o n t .  

1 2  

AX 
3(al+a,'l 33 = 

where AX is  th? d i s t ance  between the  centers  o f  spo t s  of  

t he  separa t inr :  metal ions I h i l e  d l  and d2 a r e  t h e i r  respec- 

t i v e  diamntprs, The tm m=-tal ions a -s  iust  S s a r a t e d  when 

Rr = 1. 

A periisal  o f  t h 9  da t a  oi'J?n i n  t a b l e  S s ' low~ t h a t  

20.6 !4 PA in hlltanol i s  a vnry selective so lven t  fo r  achiev-  

in? re1i;rble sepavat ions of  V02+ from ranv metal ions. The 
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1916 MOHAMMAD AND FATIMA 

9f values a r e  always i n  reasonable  ran?:(? l s a v i n y  to  well 

souargted separa t ions  o f  VO . In  a l l  casns, t h e  9s values 

f o r  the seua ra t ion  of  V02+ a r e  nea r ly  equal t o  2.0 indica-  

t i n y  well rpsolved snots .  The  f a i r l y  h l p h  value o f  f o r  

t he  seuara t ion  o f  V02+ from almost a11 cat ions shown i n  

t ab le  5 i qd ica t e s  the exce l l en t  s eua -a t ion  p o t e n t i a l l y  o f  

hutanol  - “A svstems. 
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