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TH1.N-LAYER CHROMATOGRAPHY METHOD 
FOR THE INVESTIGATIONS OF Re(VII), Mo(VI) 

AND V(V) IONS MIXTURES 

Daniel S. Gaibakianl, Jan K. Rozylo2, and 
Malgorzata Janicka2 

]Department of Analytical Chemistry 
Faculty of Chemistry 

State University of Yerevan 
Mravian 1,375049 Yerevan, Armenian S. S. R.  

2Institute of Chemistry 
Mane Cune-Sktodo wska University 

PI. M. Curie-Sktodowskiej 3 
20-031 Lublin Poland 

'i'he beriavicur 01 he(V1I) , Ao(V1) and V(V) i o n s  was s tud ied  

2 3  
chroirihtographically i n  a l i p h a t i c  a l c o h o l  - H C 1  systems on A1 0 
a s  an ausorbent .  Changes i n  t h e  cnromatographic p rocess  wi th  
t h e  changes o f  t n e  kind and coalposition of  mobile phase were 
ana lysed .  

or  chrornatograpriic s e p a r a t i o n  by us ing  t h e  tneruiodynanric theory  
01 adsur.yLion f roui rnulticoirrponent s o l u t i o n s .  

A t  was a l s o  a t tempted  t o  d e s c r i b e  t h e o r e t i c a l l y  t h e  r e s u l t s  

'ihe p o s s i b i l i t y  o f  t h e  use  t h i n - l a y e r  chromatography method 

i n  a n a l y s i s  or i no rgan ic  i o n  riiixtures has  been s t u d i e d  i n  t h i s  
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CAIBAKIAN, ROZYLO, AND JANICKA 2970 

paper. s t u d i e s  were c a r r i e d  o u t  on t h e  behaviour and separat ion 

p o s s i b i l i t i e s  of reniuin (VI1) , Iviolibdenun(V1) and vanadium ( V )  

i ons  i n  solvent  systems of t he  type a l i p h a t i c  a lcohol  - concentra- 

t e a  tic1 by using aluminium oxide as adsorbent.  

hn attempt was a l s o  made a t  t heo re t i ca l  desc r ip t ion  of t h e  re- 

s u l t s  of chromatographic separat ion o f  t he  above i o n  mixtures 

using the  theriiiodynaulic theory of adsorpt ion from iiiulticomponent 

so lu t ions  (~,j) . 
AS shown by the r e s u l t s  obtained, t h in - l aye r  chromatography 

method i s  exceptionally use iu l  i n  s t u d i e s  01 inorganic  i o n  mixtu- 

r e s  because of a number of advantages, i .e. ,  s imp l i c i ty  of experi-  

ment, a s h o r t  Liiiie of anay l s i s ,  i ts low c o s t  and because of 

possiole  continuous 1ollow up of chromatographic process.  l n e  

obtained da ta  a r e  i n t e r e s t i n g  no t  only from ana ly t i ca l  reasons 

but tney may a l s o  be t h e  b a s i s  i n  opt imizat ion of chromatogra- 

phic  separat ion condi t ions both f o r  tniri- layer and column chro- 

matography, and they a r e  a l s o  he lp iu l  i n  s t u d i e s  on the  mechanism 

o i  ihe chroniatugraphic process. 

'Yhe experiuiental da t a  presented i n  t h i s  paper were obtained 

by thin- layer  chromatography method. Aluminium oxide Sklarny 

kova l i e r  Votice, Gzechoslovakia with l a y e r  thickness  of 0.5 mm 

was used as an adsorbent.  A s  mobile phases were used pure a l i -  

pha t i c  a lconols  : methanol, ethanol,  propanol, butanol,  iso-bu- 

t ano l ,  pentanol and iso-pentanol and concentrated HC1, a s  w e l l  

a s  ulixtures alconol - i i C l  with d i f f e r e n t  volume r a t i o s .  

bolut ions o f  he(VI1) , ho(V1) and V(V) i o n s  a t  concentrat ions 

of  1-2 1ng1-l 01 each of theill were preparated froiii app ropr i a t e  

c r y s t a l l i z e d  aiimonia or sodiuui s a l t s .  
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Re(VII), Mo(VI), AND V(V) IONS 2911 

a e t a i l e d  a e s c r i p t i o n  of t he  measurements was given e l se -  

wnere ( I ) . 
Chrori,atogranis were v i sua l i zea  by spraying the  p l a t e s  i n i t i a -  

NH SCN 4 l l y  wi th  10 R so lu t ion  of SnC12 i n  6 M rlCl and with 50 

water so lu t ion .  This procedure r e su l t ed  i n  formation o f  rhodanate 

coiuylexes o f  rhenium, nlulibdenuin and vanadium i o n s  of  oranee,  

pink and yellow colours ,  r e spec t ive l ly .  

txperimental ly  obtained ih va lues  of t h e  ions  s t u a i e d  i n  all 

iiiobile phase systems given above a r e  presented i n  Tables I - VIl. 
I h e o r e t i c a l  h,“, va lues  of t he  i o n s  were ca l cu la t ed  from t h e  

equation based on The therinodynaruic theory of  adsorpt ion from 

inulticomponent so lu t ions  (i, 3) : 

where hMl ,2 ,  

inobile phase 1 + 2 and i n  solvents  1 and 2, r e spec t ive l ly ;  

and %2 a r e  %, va lues  of a given i o n  i n  mixed 

$ql ,2 = tkl  - s2 i s  tne  d i f f e rence  o f  

i n  so lven t s  1 and 2 ; r, i s  a volume f r a c t i o n  o f  a s t r o n g e r  1 

Component of mobile priase ;qs - y1 i s  t h e  excess adsorpt ion o f  

component 1 of  t he  mobile phase and can be a e t e m i n e d  from tne  

values  of t he  ion 

where K1 i s  tne  aasorpt ion equilibrium cornstant o f  component 1 

of  the  mobile phase, and can be assunled t h a t  - logkl = QvI1,2 
( 9 )  ; t h e  value k r ep resen t s  molecular i n t e r a c t i o n s  between 

chrouato,xaphed i o n s  and coniponents of  mobile phase. 
z 
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Re(VII), MdVI), AND V(V) IONS 2919 

The t h e o r e t i c a l l y  ca l cu la t ed  F$, va lues  of t he  i o n s  s tud ied  

l o r  a l l  mobile phases used a r e  summarized i n  Tables I - V 1 1 .  

Un the  b a s i s  of  t hese  da t a  diagrams of t h e  r e l a t i o n s h i p  

between h values  of the i o n s  s tuuied and mobile phase compo- 

s i t i o n  were made ( F i g s  1-7) . h a l l  cases  a g r e a t  agreement 

between the  experimental and t h e o r e t i c a l  % values  o f  t h e  ions  

s tud ied  was obtained i n  the  whole range o f  mobile phase conipo- 

s i t i o n .  Uivergences between tnese  values  a r e  observed sporadi- 

c a l l y  i n  trie range of low concentrat ion of a more s t rong  com- 

ponent of t he  mobile phase. 

14 

u i f f e rences  between t n e o r e t i c a l  and experimental €$ va lues  
can a l s o  be found i n  the case o f  Mo(V1) and V(V> i o n s  i n  

butanol - HC1 system (Eig.4 B,C) . They should be i n t e r p r e t e d  

oy  changes i n  tne chromatographic process ,  t hese  phenomena w i l l  

be analysed l a t e r .  

S imi l a r  r e l a t ionsh ips  between h va lues  and mobile phase 

compositions a r e  observed for a l l  i ons  s tudied ( F i g s  1-7) . 
High R values  f o r  t h e  i o n s  i n  pure a l coho l s  r e s u l t  from 

a str-ong adsorpt ion of t h e  i o n s  by aluminium oxide. The increa-  

se of rIC1 concentration i n  mobile phase ( i n c r e a s e s )  causes 

a reducted adsorpt ion o f  t he  ions  by A1 0 , which can be seen 

f rorn t h e  decrease of t h e i r  corresponding %, values.  

P a r t i c u l a r l y  a i s t i n c t  changes occur i n  t h e  range = 0.0 - 0.3 

i n  which the most s i g n i l i c a n t  changes i r i  t he  composition of 

t h e  su r face  l a y e r  take place.  

M 

M 

1 

2 3  

1 

- 
ke V l I  i ons  occur i n  anion fonn he04 , which i s  s t rong ly  

adsorbed by p o s i t i v e  A1 0 edsorpt ion c e n t e r s  i n  pure a l coho l s ,  

and t h e i r  corresponding F$, values  a r e  very high (6-8) . 
k decrease i n  5L values  of ke(VI1) i o n s  i s  observed along 

t h e  change i n  t h e  composition of  mobile phase, i.e., wi th  in-  

2 3  
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creasing HC1 content,  Hydrogen ions  present  i n  the  dolu t ion  

cnange the  so lva ta t ion  s t e p  of he(VI1) ions,  increasing t h e i r  

adsorption by A1 0 

e f f e c t  on the  chromatographic process. 

(6,") , and t h i s  phenomenon has a dec is ive  2 3  

w t  tne  same time it i s  very l i k e l y  that i n  t h e  chromatogra- - 
phic systems studied, ReO4 

ke02C143- ( 9 )  w n i c h  a r e  very weakly adsorbed by U203 but  a r e  

very well dissolved i n  alconols.  ' lh is  phenoirienon seem8 t o  be 

very probable i n  the  case of using nigher a lcohols ,  i .e.,  

pentanol and ibo-pentanol (kigs  b,7 A) . 

i o n s  may form complex compound8 

I n  tnese systems h values  of ke(VI1) i o n s  change with t h e  M 
change of v ,  i n  w e  whole concentration range of mobile phase. 

For o t h e r  mobile phases (Figs  1-5 A) % values  f o r  ke(vI1) 
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reiiiain p r a c t i c a l l y  cons t an t  s t a r t i n g  from = 0.5 . However, 

i n  t h e  systems pentanol - HC1 and iso-pentanol - HC1, 9% va- 

l u e s  of  t n e  i o n s  cnange continuously i n  t h e  wnole concentra- 

t i o n  range of uob i l e  phase. 

1 

'i'he chr,ouiatographic d a t a  of  t he  o t h e r  i o n s  s tud ied ,  i .e.,  

i ~ i o ( Y ~ )  and Y ( V )  sugges t  t n a t  t h e  r e t e n t i o n  mechanism i s  t h e  

sariie as i n  t n e  case  of Ire(V1I) ions .  

i n  s t u u i e a  systems these  i o n s  a r e  a150 an ion ic  form i n  , i . e .  
i- - 

a s  l.loU,, 

of t h e s e  ioris i s  ooser,ved on iil L , which corresponds t o  

riigh tbb, va lues  ( b i g s  1-7 B , C )  . 'The i n c r e a s e  of  hc1 amount 

i n  iriobile pnase,i.e., t n e  presence of  H* i o n s  changes the sol- 

v a t a t i o n  s t e p  of t h e s e  ions ,  which i s  r e f l e c t e d  by t h e  decrease  

of t n e i r  corresponding 4 va lues  ( 1 0 , l l )  . 

and v0. . Thus i n  pure a l c o h o l s  a str,ong adso rp t ion  
3 

2 3  

1 
rurtherlLiore,  i t  seems t n a t  i n  trie case  of P!o(VI) and V ( V )  

i o n s  a jireat in l luence  on r e t e n t i o n  nave poss ib l e  complex fo r -  

mation reactioils .  kroni t h e  d a t a  presented  i n  t h e  l i t e r a t u r e  

( 1 2 ,  13) i t  abpears t h a t  Irlo04- i o n s  may form complex compounds 

i.1002Gl 

i o n s ,  however, Iom VU2+ o r  V03+ c a t i o n s  i n  the  &ven chroma- 

tog raph ic  s y s t e m .  which a r e  a l s o  weakly adsorbed by alumi- 

nium oxide.  k i t  t h e  sanre time tneLe c a t i o n s  iorm i n  t h e  presence 

01 c1- i o n s  0x0-rialide VOcJ, 

a l c o n o l s  (12) . 

2- , which a r e  very  wel l  u i s so lved  i n  a l coho l s .  V(V) 

complexes very well d i s so lved  i n  3 

t+n a n a l y s i s  of t h e  a v a i l a b l e  da ta  from t h e  l i t e r a t u r e  (10-13) 

and tne r,etemtion da ta  obta ineu  i n  t n i s  work accounts  f o r  t h e  

t a c t  t n a t  r e t e n t i o n  o f  ho(YI)  and V ( V )  i o n s  i s  cons iderably  

a f f e c t e d  by coiliplex f o r m t i o n  which a r e  p o s s i b l e  i n  t h e  g iven  

crimiuatograptiic s y s t e m .  This  i s  seen i n  t h e  cons t an t  r e l a t i o n -  

sriip uetween $", va lues  01 t h e s e  i o n s  and t h e  c o i q o s i t i o n  of  
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iiiobile phase ( b i g s  1-7 B,C) . Phis  phenoidenon i s  ooserved i n  

a l l  mobile pirase systems. 

Attent ion should be also drawn t o  t h e  d i f l e r e n c e s  between 

k$, values  of the ions  s tudied i n  the  systems buthanol - HC1 
and pentanol - dCl ( P i g s  4,6) 

of  these ions i n  the systems isolpentanol - HC1 and iso-butanol- 

- HC1 i n  Lhe range of low 

t h e  systeias w i t h  i soa l coho l s  (bigs  5 , 7 )  

by s t e r i c  reasons. hicohois  with a branching s t r u c t u r e  of 

t ne  carbon cnain make aasorpt ion of  he(Vi1) 

i o n s  more a i i f i c u l t  tnan alcohols  w i t h  a l i n e a r  s t ruc tu re .  

and t h e  corresponding I$l values  

values.  Smaller $ va lues  i n  
1 

should be  i n t e r p r e t e d  

, Iho(V1) and V ( V )  

Summing up t n e  r e s u l t s  of  t n e  s t u a i e s  c a r r i e d  o u t ,  i t  can 

be concluued L h a t  the  niet~iod o f  t h in - l aye r  chromatography used 

for a n a l y s i s  of  inorganic  ions  p re sen t s  a number of i n t e r e s t -  

i n g  data concerning t h e  p o s s i b i l i t y  o f  separat ion and optirniza- 

Lion of separat ion condi t ions of t hese  ions  mixtures. 

it ias been also  lound t h a t  t h e  tnermoaynamic theory of adsorp- 

t i o n  from multicomponent so lu t ions  makes it poss ib l e  t o  fo re see  

s a t i s f a c t o r y  the  r e s u l t s  of chromatographic separat ion of mix- 

t u r e s  o f  inorganic  ions.  which blight considerably s implify t h e  

se l ec t ion  of optimal condi t ions of i o n s  separat ion by thin- layer  

chroroatojiraphy. Yloreover, i t  has been found t h a t  t ne  r e t e n t i o n  

data  may be the  s t a r t i n g  po in t  i n  s t u d i e s  on the  mechanism of 

chromatographic process. 

The r e s u l t s  presented above suggest t h a t  i n  the case of i n -  

organic i o n s  i n  systems oi t h e  type a l i p h a t i c  a lcohol  - dC1 on 

A 1  L, a s  an adsorbent t h i s  process i s  considerably a f f e c t e d  by 

complex forillation. 
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