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ABSTRkC T 

The main DurPose o f  t h i s  a a n e r  i s  exaxina t ion  o f  
complexe form: t i o n  between th iocyanate  i o n s  and rhenium, 
cioljb2enuz, vans2,iun and. tungs ten  under i d e n t i c a l  
d e t z i l e d  a n r l y s i s  o f  t h e  cnronatographic  c o n d i t i o n s  o f  
cornplex s e a a r a t i o n ,  d e f i n i t i o n  o f  r e l a t i v e  s t a b i l i t y  
o f  t h e  cornjlexes, i n  order  t o  determine t h e  s e p s r a t i o n  
w t h o d  o f  complex n i x t u r e  o f  t h e s e  ions.  
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INTXODUC T I O N  

GAIBAKIAN ET AL. 

During technological processing of ores and mine- 

ra l s ,  such elements as: molybdenum, vanadium, rhenium 

and tungsten, go into solution and exiat in the form 

of molybdate, vanadate, perrhenate and tungstate anions 

which are characteriaed by very similar analytical pro- 

perties. This fact makes determination of these anions 

in their mixtures considerably difficult. In this con- 

nection, a preliminary separation before their determi- 

nation is necessary, F o r  seDaration of the ions of si- 

n i l a r  properties such methods as liquid chromztogra- 

phy, ion-exchange chromstography , thin-layer chromato- 
graphy and eloctrochromatography are often used. 

Recently, the methods consisting in the separa- 

tion of metal ions in the solutions containing the 

ligands capable of forming the complexes with molybde- 

num, vanadium, rhenium and tungsten have often been 

used. The complexes formed have different composition 

and. stability which leads to significant differentation 

of the metal properties. 

Thiocyanate ions contain nitrogen and sulghur 

atoms capable of forming coordination bonds viith the 

ions o f  many elements which leads to formation of t h e  

complexes o f  ciifferent stability ana is often utilized 

in separation of these elenents. The investigations of 

thiocyanate complexes of rhenium, molybdenum, vanadium 
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INVESTIGATIONS OF THIOCYANATE COMPLEXES 2257 

and tungsten a r e  descr ibed  i n  numerous papers  ( 1  - 14). 

These i n v e s t i g a t i o n s  have shown r e l a t i v e l y  complex 

n a t u r e  of t h e  e q u i l i b r i a  i n  Me - SCN - €1C1 - Sn(I1)  

systems, were Me = Re, Mo, V, 'd, determined by a c i d i t y  

o f  the medium and by th iocyanate  and SnC12 concent ra t ion .  

Unfortunately,  conclusions included i n  t n e  pepers  

r e l a t i n g  t o  complex comgosition (1 - 7 ), complex charge 

(4 - 6)and opt imal  c o n d i t i o n s  of complex formation(7 - 14) 

are o f t e n  incompatible.  

It appears  t ha t  t h e  composition and charge o f  t h e  

complex formad as w e l l  as ogt imal  c o n d i t i o n s  o f  t h e i r  

formation depend mainly on t h e  concent ra t ion  o f  hydrogen 

thiocyznate  and SnC12 and d i s c r e p a n c i e s  between t h e  

r e s u l t s  p b l i s h e d  by d i f f e r e n t  a i l thors  may be explained 

by d i f f e r e n t  c o n d i t i o n s  of com-olexztion r e a c t i o n s .  

The m i n  purpose o f  t h i s  paper  i s  examination o f  

complex formz.tion Setween th iocyanate  i o n s  anc rhenium, 

nolybdenum, v z n a i i m  and tungsten unddr i d e n t i c a l  

condi t ions ,  d e t a i l e d  z n a l y s i s  o f  t h e  chroinatographic 

c o n d i t i o n s  of complex s e p a r a t i o n ,  u e f i n i t i o n  o f  r e l a t i v e  

s t a b i l i t y  o f  comnlexes, i n  o r d e r  t o  determine t h e  

s e p a r a t i o n  method o f  complex mixture o f  t h e s e  ions.  

In o r d e r  t o  determine p r e l i m i n a r i l y  optiaial  condi- 

t i o n s  o f  the sorz-tion o f  ~e ( VII )  , NO ( VI ) , v ( v ) , w (VI) 
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2258 GAIBAKIAN ET AL. 

on the  ion-exchanger, t h e  procedure i s  descr ibed  i n  d e t a i l  

i n  paxr (15 ) . 
I n  t h e  ion-exchanEe chron,r, top;rnghg t h e  s t r o n q l y  

S a s i c  anion-exchttnger AW-I7 i n  t h e  form of  t h e  szllts o f  

h,vdrochloric m c  t h i o c y a n i c  a c i d s  and. s t r o n g l y  s c i d i c  

cation-exchknger r;L-2 i n  t h e  hydroKen form were employed. 

Pre l iminary  a u r i f i c a t i o n  of  ion-exchangers 0.25-0.50 mm 

f r a c t i o n  from i:*on was c a r r i e a  o u t  i n  t h e  separa tory  

funnel .  Ion-exchznqer i n  t h e  separe tory  funnel  w a s  was- 

hed s e v e r a l  t i n e s  w i t h  hydrochlor ic  a c i d  s o l u t i o n  and 

then w i t h  water f o r  n e u t r a l i z y t i o n .  

Standard s o l u t i o n s  o f  Re (VII) , Mo (VI ) , V ( V ) and 

'ti ( VI) were prepared by d i s s o l u t i o n  o f  p r e c i s e l y  weighed 

samples o f  r e c r y s t a l l i z e d  sodium o r  ammonium sa l t s  of  t h e s e  

metals.  F i n a l  concent ra t ion  o f  each element i n v e s t i g a t e d  was 

equal  t o  1 m g / m l .  Hy6rochloric a c i d  s o l u t i o n s  o f  v a r y i n g  

c o n c e n t r a t i o n s  c o n t z i n i n g  d i f f e r e n t  amounts o f  th iocyanate  

i n  t h e  presence o r  i n  t h e  absence of  SnC12 were used as t h e  

medium o r  a mobile phase. 

The Czta r e k t i i i g  t o  a e s c r i b e d  s t a t i c  nteasure- 

rnents of t h e  s o r p t i o n  o f  Iie (VII) , Xo ( VI ) , V ( V ) , 
W (VI ) on AW-17 znion-exchanger used i n  t h e  chlor i i le  

form a t  d i f f e r e n t  c o n c e n t r a t i o n s  o f  th iocyanate  i o n s  

a r e  l i s t e d  i n  Table 1. 
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INVESTIGATIONS OF THIOCYANATE COMPLEXES 2259 

Tab le  1. 

Sor7tion of ,lo, V, W and R e  from thiocyrnate s o l u t i o n s  

on t h e  chloride Form of Aw-17  anion exchanger 

s o r p t i o n  I;; C N C l  IL'H4dC W 

m o l e j l  ~iio le / 1 Plo V I d  Re 

1x10-5 0 91 98 99 98 I \ C 7  

0.01 95 41 99 98 
0.10 93 27 98 98 
1.00 48 X 63 76 
5.00 28 X 17" 94xx 

1x10-3 0 97 97 99 98 

0.10 91 16 99 97 
1.00 71 X 81 81 

0.01 94 31 99 98 

5.00 66 X 52= 97 

5x 1 Om3 0 97 97 99 9% 
0.01 93 17 99 98 
0.1 91 18 9% 97 
1.00 90 X 88 85 
5.0 74 X 74xx 73= 

- -~ 

1x10-2 0 96 66 99 97 
0.01 93 13 99 9a 
0.10 92 13 99 98 
1.00 93 X 90 79 
5.00 93 X 72 92 
- 

(continued) 
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Table 1 continued 

GAIBAKIAN ET AL. 

lxlo-l  0 62 2 5  97 97 
0.001 76 8 98 97 
0.10 75 10 89 96 
1.00 94 X 93  78 
5.00 93 X 9 3xx 35% 

5x10'' 0 1 2  15 79 37 
0.01 24 4 a3 97 
0.10 54 X 84 96 
1.00 80 X 97 78 
5.00 04 x 91 95 

1.0 0 5 i 2  55 '37 
0.01 25 2 7.: 36 
0.10 53 6 85 36 
1.00 82 X 98 70 
5.00 84 X 93 92 

2.0 0 18 10 55 97 
0.01 39 20 56 96 
0 , l O  88 26 93 96 
1.00 8 2  X 97 87  
5.00 xxx xxx XXX xxx 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



INVESTIGATIONS OF THIOCYANATE COMPLEXES 2261 

Table 1 cont inued 

s o r p t i o n  74 cIic 1 C ~ ~ 4  sc N 

m o l e / l  Role / l  CO v w R e  

4. 0 0 57 54 38 a9 
0.01 74  37 52 97 
0.10 93 42 93 97 
1.00 81 X 96 96 

5.3 0 61 66 36 50 
c.01 75 71 65 76 
0.10 92 78 95 76 
1.00 94 X 96 98 

8.0 9 66 77 52 42 
Q.S1 74 87 60 75 

1.00 36 X 30 98 

10.0 0 85 \3 Ii 59 25 
L.31 18 ‘7 9 71 78 
‘3. I 0  76 77 77 85 

- 

-- 

0.70 7 j 73 75 68  

- I- 

__I - - - ---___I 

x - determinat ion o f  V i n  the form o f  phosgho- 
v a n a u t a n m t i c  acid is hinderec 

n e n t s  hzve shown %, q u a n t i t a t i v e  s o r p t i o n  o f  W 

and corn3lete e l u t i o n  o f  lie 

xx - i n a e w n c e n t l y  on t h e s e  a a t a  t h e  dynamic measure- 

xxx  - SCN- i o n s  undergo t o  h y d r o l y s i s  
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2262 GAIBAKIAN ET AL. 

In  the  d i lu t eu  so lu t ions  of hydrochloric ac id  

IxIO-~ mole/l so rp t ion  values  of these  ions  can reach 

about 80%. This can be explained by high sorp t ion  

a f f i n i t y  o f  AW-17 anion-exchanger f o r  t he  elements 

mentioned above. In  the  experimental condi t ions i n  the  

a c i d i t y  range used, low concentrat ion o f  t h i o c y z x t e  

ions does not  inf luence sorpt ion w21ues o f  the ions 

inves t iga ted ,  except vanadium. For t he  concentrat ion 

o f  thiocyanate ions equal t o  5% ion sorp t ion  uecreases 

s i g n i f i c a n t l y  owing t o  the competit ive ac t ion  o f  

thiocyanate ions. In  the absence o f  thiocyanate ions 

i n  the  so lu t ions  i n  which hydrogen ion concentrat ion 

does not  exceed o f  0.1 mole/l, vanaaium sorpt ion 

decreases with tne increase  o f  a c i d i t y  during t r a n s i -  

t i o n  o f  i t s  r,nionic f o r m  t o  the  ca t ion ic  form accor- 

ding t o  the following scheme: 

ir, the case o f  I!io anc 3 decrease o f  sorpt ion starts a t  

iicl concentrat ion equal  t o  O. 5 mole/l. I",inimm s o n t  ion 

o f  Xo, V and W takes  place a t  ac id  concentrat ion equal 

t o  1.0 and 1.5 mole/l respect ively.  x t  tine a c i d i t y  

exceeding 4-6 mole/l,  sorlstion increase  or' these e le -  

ments on anion-exchanger starts. A t  moderate anc! h igh  

ac i a  concentrat ion,  the increase i n  ac id  consentra- 
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INVESTIGATIONS OF THIOCYANATE COMPLEXES 2263 

t i o n  promotes t h e  i n c r e a s e  of s o r p t i o n  o f  these  e l e -  

ments which can be explained by t h e  formztion o f  

a n i o n i c  th iocyanate  complexes of Mo, V and W. This  

phenomenon is  a l s o  promoted probably by t h e  l i b e r a t i o n  

o f  hydrogen s u l f i d e  which can reduce the  above elements.  

2hiocganate i o n s  p r e s e n t  a t  h i g h  c o n c m t r a t i o n  i n  the 

s o l u t i o n s  of  a c i d i t y  exceeding 20 mole/l ,  nay undergo 

h y a r o l y s i s  accoruing t o  the schemes: 

SCN' + 2H' + H20 __ COS + AT: 

CGS + X20 C02 + H2S ( 3 )  

From t h e  data l i s t e d  i n  Table 1 , it a l s o  r e s u l t s  t h a t  

a n i o n i c  thiocya.nste cociplexes formed sorbs s i g n i f i -  

c a n t l y  s t r o n g e r  than corresponding c h l o r i d e  complexes 

o f  t h e  same metals. KO, \i' and bL' a r e  c h a r a c t e r i z e d  by 

2 high  coord ina t ion  number 2nd t h e r e f o r e  i n  r e l z t i o n  

t o  the  concent ra t ion  o f  thiocyanate  i o n s  i n  E21 f o r -  

n a t i o n  of  d i f f e r e n t  c o o r d i n a t e l y  s a t u r a t e d  and unsatu- 

r a t e d  th iocyanate  complexes both  c a t i o n i c  and a n i o n i c  

can be expected. The &eta r e l a t i n g  t o  %lie s o r p t i o n  

o f  I!e, Fio, V and W on XU-2 c a t i o n  exchanger t h e  hjriro- 

gen form i n  t h e  presence o r  absence o f  t k i o c y u l a t e  

ions,  w e  l i s t e d  i n  Yable 2. The presence of thiocyana- 

t e  i o n s  reduces Lhe s o r p t i o n  o f  Mo, V and W, It  has 

been s ta . ted  that p o s i t i v e l y  charged th iocyanate  i o n  

complexes are n o t  formed i n  the  s o l u t i o n s  i n v e s t i g a t e d .  
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2264 GAIBAKIAN ET AL. 

S o r p t i o n  o f  XQ, V, :s‘ and -Ee on t h e  hydrogen form o f  

2,Tj-Z C:i t i o n  exchxnqer from :ic idic solution: FIC1 in 

t h c  p e s e n c e  o f  L X ? i  

I --- 
S o r l s t i o n  YO C H C l  ‘XSCN 

rnol e / l  mo le / l  FIo V w Re 
I_- - _I_- 

m c - 5  0 3a 35 56 7 
091  44 45 67 12 
1.0 6 X 49 20 

1x10-3 0 55 95 71 7 
0. I 42 55 62 12 
1.0 30 X 46 20 

0.01 0 58 95 70 7 
0.1 40 49 61 10 
1 .o 31  X 49 12 

0.1G 0 40 5 2  65 7 
0.1 34 18 35 12 
1 .o 20 X 14 12 

0.50 0 23 53 55 7 
0.1 15 6 31 10 
1.0 14 X 0 12 

e. o 0 10 31 40 10 
0.1 8 7 11 20 
1.0 13 X 16 12 

6.0 0 11 72 11 18 
0.1 10 X 8 20 
1.0 17 X 17 10 

.___ - 

-I___ - - . .--- - ---llll-.-- 

- - 

x - determination of V in the form o f  phoephovanad- 
tungstic a c i d  is hindered 
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INVESTIGATIONS OF THIOCYANATE COMPLEXES 2265 

Yron  tke  daLa l i s t e r l  i n  ‘Cable 3 ,  it r e s u l t s  that  i n  the  

so lu t ions  or’ hydrochioric ac id  o f  the concenmaiions 

?Re, Lo ana j, s o r b  e f f e c t i v e l y  both (IxIG-~ n o l e i 1  
\ 

on ch lor ide  o r  thiocyanate form o f  the anion-exchanger. 

In  the case of V, some d i f f e rences  ir, sorp t ion  values  

take place on a thiocyanate  f o r m  of the anion exchanger, 

V i s  sorbed s l i g h t l y  b e t t e r .  

For tne a c i d i t i e s  higher  than 0.1 mole/l , Wo, V 

and vl a r e  b e t t e r  sorbed by a t h i o c y a a t e  form o f  the 

anion exchanger. It i s  very i n t e r e s t i n g  that i n  the case 

of the sorp t ion  on a thiocyanate form 02 the anion 

exchanger, the p a c t i c l e s  o f  the anion exchanger assume, 

depending on H C 1  concentrat ion d i f f e r e n t  colours,  

t y p i c a l  f o r  corresponding thiocyanate complexes. 

I f  the anion exchanger i s  used i n  a ch lor ide  form, the 

change of colour  does n o t  occur which ind ica t e s  t ha t  

thiocyanate complexes a r e  formed mainly on the anion 

exchanger and the func t iona l  groups o f  AW-17 anion 

exchanger a r e  probably included i n  the  molecules of 

such complexes. Formation of ion ic  a s soc ia t e s  o f  

[ ( CH3 ) 
these cases. 

s i g n i f i c a n t  reduct ion o f  Mo ( V I  ) and Mo ( V ) probably 

takes  p lace  and the substances of t he  formula : 

[( CHj  ) 
agreement with l i t e r a t u r e  d a t a  (16-17 ) . Analogously, 

NRI2 [ Moo2 ( SCN)2]  type i s  very probable i n  

A t  h igher  concentrat ions o f  H C l ,  (2.0 m/$ 

[ MOO ( SCN)5 a r e  formed which is in good 
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2266 GAIBAKIAN ET AL. 

Table 3 . 
Sorpt ion  o f  Eo, V, 'ti and iie on t h e  c h l o r i d e  and th io-  

cysnate  forms of N - I 7  an ion  exchanger 

s o r p t i o n  % CHC 1 

n o l e / l  - No V W Re 110 V W Re 

~ 1 -  form SCIJ' fo rm 

1x1 0-5 
1x10-J 
5 x ~ ~ - 3  
1x10-2 
lxlo-l 
0.5 
1.0 
2.0 
4.0 
6.0 
8.0 

10.0 

97 '38 99" 98 

97 97 99 98 
96 66 99 97 
62 25 97 97 
12 15 79 97 
5 12 6 6  97 

18 10 55 97 
57 54 3E 89 
61 66 37 50 
66 77 52 42 
85  84 5'3 25 

97 97 99 9a 
99 53 98 
93 59 87 
97 59 89 
95 69 68 
93 88 84 
93 89 95 
98 92 85  
98 91 73 
99 81 75 
96 89 91 
97 9 86 
88 - 59 

99 
98 
98 
34 
98 
87 
81 
76 
65 
100 

94 
98 

s o r p t i o n  o f  Re can be explained [ ( CH3) 
complex is probably formed i n  the  first place and then 

depending on H a l  c o n c e n t r a t i o n  complexes of  d i f f e r e n t  

compositions a r e  formed. 

NRI2[ReO ( X N ) 5 1  

In o r d e r  t o  examinztion the  p o s s i b i l i t y  o f  q u m t i t a -  

t i v e  s e p a r a t i o n  o f t h e  ions i n v e s t i g a t e d  c o n d i t i o n s  of 

t h e  s o r p t i o n  and d e s o r p t i o n  of these i o n s  were s t u d i e d  

i n  dynamic condi t ions .  Then s tandard  curves  were p l o t -  
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INVESTIGATIONS OF THIOCYANATE COMPLEXES 2267 

t ed  ion  exchange method o f  s e p a r a t i o n  was worked out ,  

25 ml o f  t h e  s o l u t i o n  c o n t a i n i n g  t h e  mixture o f  KO, V 

and W , Re i n  3.5 !4 BC1 w a s  passed through t h e  column 

c o n t a i n i n g  c h l o r i d e  form o f  AW-17 anion  exchanger, 

washed previous ly  w l t h  0.1 M HCI, flow rate was 1-2 ml/ 

min. E l u t i o n  curves presented  i n  2'i.g.l suggest  t h a t  i n  

t h e  dynanic c o n d i t i o n s  Mo and V a r e  e l u t e d  q u a n t i t a t i -  

v e l y  f i l t r e t e  1 , whereas Re and FI a r e  absorbed 

completely by t h e  an ion  exchenger. I n  o r d e r  t o  s e p a r a t e  

Xe and W, t h e  column w a s  washed d i t h  1x10 '~  14 E C l  con- 

t a i n i n g  5% o f  th iocganate  ions ,  He was then e l u t e d  and 

W could be e l u t e d  from the column w i t h  h o t  8 K HC1.  

I n  order  t o  s e p a r a t e  ?.I0 and V, f h e  f i l t r z t e  1 was 

a c i a i f i e d , s o  t h p t  t h e  f i n a l  c o n c e n t r a t i o n  o f  ZCl was 

e q ~ a l  t o  6.3 M 2nd t h e  s o l u t i o n  areT.ared i n  t h i s  m y  

wzs ~assed a t  t h e  s m e  flow r a t e  throuyh t h e  column, 

containin,.; th iocyanate  C0-m 02' t h e  znion exchanger. i n  

sucn condi t ions ,  V i s  e l a t e d  q u a n t i t i v e l y .  Desorpt ion 

o f  !?o i s  c a r r i e d  odt us ing  7% s o l u t i o n  o f  XaOR,  c o n t a i -  

nine 7% o f  hydrogen peroxide.  
n tig.2 p r e s e n t s  another  way o f  ion  s e p a r a t i o n  u s i n g  

liycrogen form o f  hll-2 c a t i o n  exchkncer and cr i lor ide 

and thiocynnate  form o f  A'i?-?'f anion exchanger. The 

s o i u t i o n  c o n w i n i n g  th-. e,lual amount ( 1  m g )  o f  Re ,  Idlo, 

W and ? i n  -;O'3 K s o l u t i o n  o f  H C 1  was passed a t  t h e  

f low rate of  1-2 r n l / m i r ,  t h rouqh  t h e  column con-caining 

hgdrogen form o f  t h e  c a t i o n  exchsnger and than t h e  column 
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Number of f ract ins (?Om[ each) 

Separation o f  Mo,V ,Wa ,Re mixture on anionite. 

/yk . , I . .  J 
3 5 701 3 5 7 911 1315 

Fig.2 N u m b e r  of  f rac t i ons  (10 m l  each) 

Separat ion of Mo,V, MI, Re mixture on kationite. 
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was washed aga in  wi th  t h e  same s o l u t i o n ,  n o t  c o n t a i n i n g  

t h e  i o n s  i n v e s t i g a t e d .  The e l u a t e  contained only de  and 

t h r e e  o t h e r  metal  ions  remained on t h e  c a t i o n  exchanger. 

Desorpt ion o f  t h e  n i x t u r e  o f  these t h r e e  elements i s  

c a r r i e d  o u t  u s i n p  0.5 I?: s o l a t i o n  of 321. L h i s  mixture  

is then passed through the  column conth in ing  c n l o r i d e  

form o f  AN-17 znion excamger .  

Anion exchenper i s  then washea w i t h  0.5 P: solu- 

t i o n  which l e a d s  t o  e l a t i o n  o f  I\lo arid V whereas iJ i s  

r e l a i n e d  q u a n t i t a t i v e l y  on the  colu-m. In t n e  f a t h e r  

s t a g e  W i s  oesorbed w i t h  h o t  HC1.  I n  order  t o  separa- 

t e  I”lo and IT, the s o l u t i o n  is a c i a i f r e u  s o  that t h e  

f i n ; l  concent ra t ion  o f  I:81 la ec-xal to 6 I, C ~ J  then 

i s  p s s e d  throuiyr, t h e  cclu-rx zont:. l n l n f  t!l;Oc:~~nl=t2 

fcra of the dnion exchan&ei. IJJring f a r x h a r  w&shJnC 

wi th  6 :-I s o l u t i o n  o f  HC1,  e1u:lon o f  V occurs  Cue t o  

d i f f e r e n c e s  in  th iocyanate  complex s t q o i l i t y .  Descrr  Lion 

o f  140 is c a r r i e d  out  us ing  s o l u t i o n  o f  ::a 

The r e s u l t s  o f  the  i n v e s t i c a t i g n s  parn , i t  t o  conclu- 

de t h t t  ion-exch**nge ch o tsgraphy nietliod csn be s ~ c -  

c e s f a l l y  used for el‘fect ive s ? ~ . a r a t L o n  o f  iY!t3t8i l o p s .  

Eowever, the-e Ere SOTB d i  fr‘icLLties cons1S Linp ir, 

labour-consamx-ig cep: :$ j t lon  process  ’ic d e l l  c I L 3  some 

u r a s t  L C  conritions of t h i s  “ rccess .  
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