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CHROMATOGRAPHY OF CHELATE METAL COMPLEXES,
V. COMPLEXES OF F e ( l I I ) ,  C r ( I I I )  AND A l ( l I I )  WITH VIOLET R*

A new method o f  ch ro m a to g rap h ic  p a p e r s e p a r a t io n  o f  a 
m ix tu re  o f  io n s  F e ( l l l ) ,  C r ( l l l )  and A l ( l I I J  h a s  been 
e la b o r a te d  w ith  th e  u se  o f  d i f f e r e n c e s  o f  ^om plexogenic 
p r o p e r t i e s  o f  v i o l e t  R in  r e s p e c t  o f  th e  p a r t i c u l a r  io n s .

O rgan ic  d y e s tu f f s  a r e  o f te n  u sed  In  ch em ica l a n a ly s i s  a s  
com plexom etric  i n d i c a t o r s  [ 1 - 3 ] .  These s u b s ta n c e s  a l s o  have a 
s p e c ia l  meaning in  p h o to m e tr ic  d e te rm in a tio n  o f  m e ta ls  w hich do 
n o t  have any chrom ophore p r o p e r t i e s .  The r e a c t i o n s  o f  dy es  w ith  
io n s  o f  m e ta ls  w ith  chrom ophore p r o p e r t i e s  a r e  o f te n  l e s s  sp e
c i f i c ,  A ccord ing  to  some a u th o r s  [ 4 ] ,  th e  fo rm a tio n  o f  a  dye 
com plex w ith  m e ta l c a t io n  i s  o f te n  an a lo g o u s  to  th e  fo rm a tio n  
o f  an a d d i t io n a l  auxochrome in  th e  com pling  c h a in .  S a n o  [ 5 ]  
in v e s t i g a t e d  th e  p roblem  o f  th e  s p e c i f i c  in f lu e n c e  o f  p a r t i c u l a r  
® e ta l io n s  on th e  s h i f t  o f  th e  dye a b s o rp tio n  b an d . In  many 
c a s e s  th e  problem  o f  th e  a b s o r p tio n  band s h i f t  tu rn e d  o u t to  
be com plex s in c e  o f te n  I t  i s  n o t  th e  f r e e  m e ta l io n s  th a t r e a c t  
b u t t h e i r  h y d ro l iz e d  form s [ 6 ] .  Azo dyes e g . d e r iv a t iv e s  o f  s a 
l i c y l  a c id  do n o t  change t h e i r  c o lo u r  d u rin g  th e  fo rm a tio n  o f  
com plexes w ith  alum inium  io n s .

S ea rch in g  f o r  f u r t h e r  *[11] c o n d i t io n s  o f  ch ro m a to g rap h ic  
s e p e r a t io n  o f  a m ix tu re  o f  io n s  F e ( I I I ) ,  C r ( I I I )  and A l ( I I I )  
we lu o k ed  c l o s e r  a c t  a c id  azo -dyes o f  th e  o ,o '- d ih y d r o x y a z o '

* The work h as  been c a r r i e d  o u t  w ith in  th e  r e s e a r c h  Problem  
M R -I-14.



sy s te m . E rio ch ro m ic  b la c k  T a l s o  b e lo n g s  to  t h i s  g roup  o f  d y es  
and  i s  u sed  a s  an i n d i c a t o r  in  com plexom etric  m ethods [7] and in  
s p e c tro p h o  tome t r i o  d e te rm in a tio n  o f  m a g n e s iu m d l) [ 8 ,  9 ] ,  Wa
w rz y n iak  [1 0 ]  e la b o r a te d  a  method o f  fo rm a tio n  o f  s t a b l e  com
p le x e s  on f i b r e s  o f  such  d y es  w ith  C o ( I I ) ,  C u ( I I ) ,  N i ( I I )  and 
C r ( l I I ) .  These com plexes a r e  form ed o n ly  a t  in c r e a s e d  tem p era
t u r e .

The o .o '-d ih y d ro x y az o sy s te m  i s  n o t  c h a r a c t e r i s t i c  f o r  A l ( I I I ) ,  
b u t  f o r  F e ( I I I )  b u t  th e s e  com plexes a r e  n o t  w e ll  known. One 
c o u ld  e x p e c t  a  b ig  d i f f e r e n c e  i n  th e  c o m p lex a tio n  o f  t h r e e  in v e 
s t i g a t e d  m a ta l io n s  w ith  a  o ,o -d ih y d ro x y a z o -d y e  and hence th e  
s u i t a b i l i t y  o f  such dye3 f o r  ch ro m a to g rap h ic  s e p a r a t io n  o f  
io n s :  F e ( I I I ) ,  A l ( I I I )  and C r ( I I I ) .  A dye c a l l e d  v i o l e t  R, 
w ith  fo rm u la  (1 ) ,  was ch o sen  f o r  i n v e s t i g a t i o n s .

OH HO HN-S02-

-N«N- /  x  (1 )

SOjH SOjH

T h is  dye i s  o b ta in e d  by d i a z o t i z a t i o n  o f  a 2 -a m in e p h en o le -  
-4 -c h lo ro -5 -s u lp h o n n e th y la m id e  and c o u p lin g  w ith  th e  1 -N -pheny- 
ls u lp h o n y lo a m in e -8 -h y d ro x y n a p h ta le n e -3 ,6 -d is u lp h o n ic  a c id .  T h is  
dye was o b ta in e d  i n  th e  I n s t i t u t e  o f  F ib r e  P h y s ic s  a t  th e  Po- 
l y t e c h n i c a l  U n iv e r s i ty  o f  Ł ó d ź .

. I n  t h i s  p a p e r  we em phasized  d i f f e r e n c e s  i n  th e  com plexogen ic  
p r o p e r t i e s  o f  v i o l e t  R' in  r e l a t i o n  to  F e ( I I I ) ,  C r ( I I l )  and 
A l ( I I I )  i o n 3, v a r io u s  c o n d i t io n s  o f  th e  fo rm a tio n  o f  com plexes 
and  t h e i r  d i f f e r e n t  p r o p e r t i e s  and th en  w.e to o k  ad v a n ta g e  o f  
th e s e  d i f f e r e n c e s  in  th e  p a p e r  ch ro m a to g rap h ic  s e p a r a t io n  o f  
th e  m ix tu re  o f  i o n s .

E x p e r im e n ta l

The b a s ic  in s t ru m e n ts ,  r e a g e n t s  and m ethod o f  i n v e s t i g a 
t i o n s  h as  been d e s c r ib e d  e a r l i e r  [ 1 1 ] .  For p H -m e tr ic  and s p e c -



tro p h o to m e tr lc  i n v e s t i g a t i o n s  we a l s o  u sed  s o lu t io n s  o f  su lp h a 
t e s  o f  alum in ium , i r o n  and chromium w ith  th e  M e (II I )  c o n c e n tra 
t i o n  ■ 1 x 10“ 4 m ole.dm ” ^ and th e  r a t i o  MesL ■ 1 :1 .  F o r chrom a
to g ra p h ic  i n v e s t i g a t i o n s  we u sed  s o lu t io n s  o f  the. c o n c e n t r a t io n
1 x 10"2 m ole.dm "^ M e (II I )  and th e  r a t i o  M e ( I l l ) :L  « 1 : 1 .  Du
r in g  i n i t i a l  i n v e s t i g a t i o n s  we u sed  s o lv e n ts  com posed o f  w a te r  
and m ethano l o r  e th a n o l  and o f  w a te r  and a c e to n e  a s  w e ll  a s  
p u re  w a te r .  Aqueous s o lu t io n  o f  NaCl o r  aqueous s o lu t io n  o f  
NH.OH a re  o f te n  u s e d  a s  d e v e lo p in g  sy stem s i n  p a p e r  ch rom ato 
g rap h y  f o r  th e  s e p a r a t io n  o f  d y es  u sed  f o r  f o o d s tu f f s  and c o s 
m e tic s  [ 1 2 ] .  Vhatman n r .  2 and F l l t r a k  390 p a p e rs  w ere u se d  a s  
c a r r i e r s .  Sramek [1 3 ]  s u c c e s s f u l ly  u sed  F i l t r a k  p a p e r  i n  th e  s e 
p a r a t io n  o f  d i r e c t  d y e s .  In  fo rm er p a p e r  [1 4 ]  we a l s o  o b ta in e d  
s u c c e s s f u l l  s e p a r a t io n  r e s u l t s  u s in g  F i l t r a k  339 p a p e r .

R e s u l t s  and d is c u s s io n

C h a r a c t e r i s t i c  f e a t u r e s  o f  com plexes fo rmed in  th e  sy s tem s:
M e ( l I I ) - V io le t  R-H20

U sing  th e  method o f  p H -m e tr lc  t i t r a t i o n  we s t a t e d  t h a t  co 
lo u r e d  com plexes a r e  form ed i n  th e  sy s tem s: F e ( I I I ) - V i o l e t  R-HgO 
and A1 ( I l l ) - V i o l e t  R-HpO. In  th e  f i r s t  sy stem  w ith in  th e  piH 
ra n g e  o f  1 ,0 - 2 ,0  a r e d - v l o l e t  com plex i s  form ed and a t  h ig h e r  
pH v a lu e s  a v i o l e t - g r e y  com plex i s  fo rm ed . In  tn e  second system  
w i th in  th e  pH ra n g e  o f  3 ,5 -7  a  b l u e - v i o l e t  com plex i s  form ed 
and a t  h ig h e r  pH v a lu e s  a  b lu e  com plex i s  fo rm ed . T ab le  T 
g iv e s  c o lo u r s  o f  th e  s o lu t io n  o f  th e  dye i t s e l f  and o f  form ed 
com plexes d ep en d in g  on th e  s o lu t io n  p ti. Tne s o lu t io n  o f  th e  
dye i t s e l f  a s  w e ll  a t  th e  s o lu t io n  o f  th e  dye In  p re s e n c e  o f  
C r ( l I I )  a c t  i n  th e  same w ay. I t  means t h a t  o n ly  C r ( I I I )  d o es  
n o t  form  com plexes w ith  v i o l e t  R a t  room te m p e r a tu re .  These 
o b s e r v a t io n s  a r e  co n firm ed  by re c o rd e d  a b s o r p t io n  s p e c t r a  shown 
in  F ig .  1 and c n a r a c t e r l s t i c  bands g iv en  in  T ab le  2 . From th e s e  
bonds i t  fo l lo w s  t h a t  F e ( I I I )  com plexes have two bands i n  th e
v i s i b l e  ra n g e  -  A80 and 625 nm ), and A l ( l l l )  com plexesmax . , .
one bond a t  5^0 nm. The sp ec tru m  o f  th e  C r ( I I I )  system  h a s  th e
cai-ie p o s i t io n  a s  th e  spec trum  o f  V io l e t  R. The s t a t e d  s h i f t s  o f



T a b l e  1
/

The in f lu e n c e  o f  s o lu t io n  pH on th e  c o lo u r  o f  v i o l e t  R and o f  i t s  
com plexes w ith  m e te ls .  C o n c e n tra t io n  o f  M e(III)  ■ 1 x  1 0 '4 M/dm3; 

C o n c e n tra t io n  o f  dye -  1 x  10- i  M/dm3; M e ( I I I )  : L •  1s 1

S o lu t io n
pH

C o lo u r o f  s o lu t io n

v i o l e t  R v i o l e t  
R ♦ F e ( I I I )

v i o l e t  
R ♦ C r ( I I I )

v i o l e t  
R ♦ A l( I I I )

1 -2 re d r e d - v i o l e t re d re d
2 - 3 ,5 p in k v i o l e t - g r e y p in k p in k
3 -4 p in k n « b l u e - v i o l e t
5 -6 b lu e H b lu e n

7 -8 ft If b lu e  ♦ g reen b lu e
d e p o s i t

8 -9 H tf H N

9-10 W « W *

T a b l e  2

S p e c i f i c a t io n  o f  ¡\-max v a lu e s  and o f  m o la r c o e f f i c i e n t  
o f  a b s o r p t io n  E f o r  s o lu t io n s  i n  sy s tem s: M e ( I I I ) - v i o l e t  
R-H20 .  Dye c o n c e n t r a t io n  •  1 x lO"11 M/dm3; M e (I I I )  con

c e n t r a t i o n  ■ 1 x 10~A M/dm3; pH -  3 ,5 ;  1 -  1 cm

System

V is ib le  ra n g e UV ra n g e

''•max.
no

S
2 4

(cm • mole )
X max. 
nm

E2 A
(cm • m ole“  )

V i o l e t  R 520' 7 .9  x  103 230 8 .8  x 103
240 8 .4  x  103
315 5 .0  x  103

V i o l e t  R - C r ( I I I ) 520 7 .7  x 103 230 9 .6  x 103
240 9 .2  x  103
315 5 .2  x 103

|V i o l e t  R - A l ( l I I ) 540 7 .8  x 103 210 1 2 .8  x 103
240 9 .2  x 103

,315 4 .8  x 103
V io le t  R - F e ( l I I ) 480 5 .2  x 103 225 1 2 .2  x 103

625 1 .4  x 103 240 1 2 .6  x  103
320 5 .6  x 103



1 - vio let-R

2 -  Fe(lll) ♦ violet-R

X [nrn] A. [nm J

F ig .  1 . A b so rp tio n  s p e c t r a  o f  s o lu t io n s  i n  th e  system  M e (I I I )  
v i o l e t  R -  HjO. C o n c e n tra tio n  [Me3* ] » [ v i o l e t  R ] -  1 x 1 0  m ole- 
• d a '3 C urves: 1 -  v i o l e t  R; 2 -  F e (I IX ) ♦ v i o l e t  R; 3 - A K I I I )  ♦

♦ v i o l e t  R; U -  C r ( I I I )  + v i o l e t  R

a b s o r p t io n  b ands b o th  in  th e  v i s i b l e  ra n g e  and in  th e  UV ran g e  
i n  th e  c a s e  o f  F e ( I I I )  and A l ( I I I )  a s  w e ll  a s  th e  le e k  o f  
th e s e  s h i f t s  i n  th e  c a s e  o f  Cr I I I  a llo w  to -  presum e t h a t  
F e ( I I I )  and A l( I I I )»  form  com plexes w ith  V io l e t  R and C r ( I I I )  
d o es  n o t  form  com plexes w ith  t h i s  r e a g e n t  in  th e s e  c o n d i t i o n s .  
Complex r e a c t i o n s  o f  F e ( I I I )  and A l ( I l t )  w ith  v i o l e t  R can  be 
r e p r e s e n te d  by th e  fo llo w in g  e q u a tio n :

MeOH2* + H2R2’  « [(MeOH)CHR)]” ♦ rf*

The s t r u c t u r e  o f  com plexes [(Me0H)(HR)] form ed u n d er such



c o n d i t io n s  w ith  th e  co m p o s itio n  Me s L -  111 c a n  be shown by 
s t r u c t u r e  2 .

C h ro m ato g rap h ic  s e p a r a t io n  o f  a m ix tu re  o f  io n s  F e ( I I I ) ,  
C r ( I I I )  and A l ( I I I )  from  an en v iro n m en t c o n ta in in g  v i o l e t  R

I n  i n i t i a l  e x p e r im e n ts  we u sed  m ixed s o lv e n ts  com posed o f  w a te r  
and  m eth an o l o r  e th a n o l  and o f  w a te r  and a c e to n e  o b ta in in g  c h ro 
m atogram s w ith  su p e rp o se d  zones o f  a l l  th e  th r e e  io n s*  Much b e t 
t e r  e f f e c t s  a r e  o b ta in e d  u s in g  a s  a  d e v e lo p in g  sy stem  w a te r  w ith

P i 2 . 2 .  P lo t s  o f  v a lu e s  o f  c o e f f i c i e n t s  ftp »for M e (IÏ I ) . com plexes 
w ith  v i o l e t  ft a s  f u n c t io n  o f  s o lu t io n  pH. D evelop ing  s y s te m : t 
HjO + HC106 o r  NaOH; P a p e r :  a -  Whatman no 2; b -  F i l t r a k  n o ’ 

390; Time o f  chrom atogram  deve lopm en t 75 min



a p re d e te rm in e d  pH a d ju s te d  w ith  an a d d i t io n  o f  HCIO^ o r  NaOH. 
Com paring r e s u l t s  shewn in  F ig .  2 can  n o t i c e  t h a t  when u s in g  
F i l t r a k  390 p ap e r th e  c o e f f i c i e n t s  Rp f o r  com plexes o f  F e ( l I I )  
^ w ith in  th e  pH ran g e  c f  4 -1 0 )  have c o n s id e r a b ly  lo w er v a lu e s  
th a n  when u s in g  Whatman p a p e r  no 2 . B a s id e s  th e  zo n es o f  io n s  
o b ta in e d  on t h i s  p a p e r  heve more r e g u la r  sh a p e s  and s h a r p e r  
o u t l i n e s .  Hence i t  was acknow ledged t h a t  F i l t r a k  p a p e r  no 390 
g iv e s  b e t t e r  e f f e c t s  o f  v a r i a t i o n s  o f  tn e  s p o t s .  D ata from  
F ig .  3 show t h a t  i n  th e  p ro c e s s  o f  o n e - s ta g e  d e v e lo p in g , u s in g  
w a te r  a s  th e  s o lv e n t ,  one can  s e p e r a te  Fe from  Cr ♦ A1 a t  pH
2 -3 ,  end  Cr from  Fe ♦ A1 a t  p:i -  4 . Tne e x p e rim e n ts  a llo w ed  to  
assum e t h a t  u s in g  a tw o -s ta g e  p ro c e s s  o f  ch rom atogram  d e v e lo p 
m ent i t  w ould be p o s s ib le  to  s e p a r a te  a l l  t h r e e  i o n s .  B asing  
on th e  f a c t s  t h a t  A l ( I I I )  fo rm s a com plex w ith  v i o l e t  R a t  
PH ■ 3 ,5  and F e ( I I I )  a l r e a d y  a t  pH * 1 , and C r ( I I I )  a t  room 
te m p e ra tu re  p r a c t i c a l l y  d o es n o t  form  a  com plex w ith  t h i s  dye 
and t h a t  com plexes o f  v i o l e t  R w ith  A l ( I I I )  and  F e ( I I l )  have 
s i m i l a r  c a ro m a to g ra p h ic  p a ra m e te rs  ( F i g .  3) we th o u g h t t h a t  th e

0

6

a6F

©

M

F e

F ig .  3 . C hrom atogram s o f  a m ix tu re  o f  io n s  F e ( I I l > ,  C r(I IX ) and 
A l 'v l l l )  in  th e  p re s e n c e  o f  v io - le t  R o b ta in e d  in  one -  s ta g e  d e 
v e lo p in g  sy s te m . F i l t r a k  p a o e r  no 390, o th e r  c o n d i t io n s  a s  p e r  

F ig .  2 . a )  pH -  k', b) pH * 3; c )  pH -  2



u se  o f  a  s o lv e n t  o f  pH s m a lle r  th a n  3 ,5  i n  th e  second  s ta g e  o f  
d e v e lo p in g  sh o u ld  c a u se  th e  f r e e i n g  o f  A l ( I I I )  from  th e 'c o m p le x  
a c c o rd in g  to  th e  e q u a tio n :

[(MeOH)HR]" + H* --------- ► MeOH2* ♦ H2R2'

and enhance i t s  m ig ra t io n  in  r e l a t i o n  to  th e  com plex bound i r o n .  
E x p e rim e n ts  f u l l y  co n firm e d  t h i s  a s su m p tio n . Sam ples o f  s o lu 
t io n  c o n ta in in g  s a l t s  o f  I n v e s t i g a t e d  m e ta ls  and  v i o l e t  R, w ith  
pH » 4 w ere p la c e d  on p a p e r  and u n dergo  to  d ev e lo p m en t u s in g  
s o lv e n t  o f  pH ■ 4 .  D uring  i n i t i a l  ch rom atography  w e ll  v i s i b l e  
z o n e s  o f  th e  A l ( I I I )  com plex and o f  th e  F e ( I I I )  com plex were 
s l i g h t l y  s h i f t e d  a p a r t  and th e  i n v i s i b l e  C r ( l I I )  zone was s e 
p a r a te d  from  them . The p ro c e s s  o f  i n i t i a l  d e v e lo p in g  was s to p p ed  
a f t e r  20 m in u te s  and  a f t e r  d ry in g  th e  chrom atogram  th e  d e v e lo p 
in g  was renew ed in  th e  s o lv e n t  w ith  pH ■ 2 o r  3 .  When th e  
f r o n t  o f  th e  second  s o lv e n t  c r o s s e d  th e  s t a r t i n g  l i n e  we o b s e r 
v ed  an a c c e l e r a t e d  m ig ra t io n  o f  th e  f u r t h e r  p a r t  o f  alum inium  
z o n e . The change o f  th e  s o lv e n t  had  no d i s t i n c t  e f f e c t  on th e  
m ig ra t io n  o f  zo n es  o c c u p ie d  by i r o n ( I I I )  and c h ro m iu m (I I I ) .  A f
t e r  en d in g  th e  seco n d  's t a g e  o f  d e v e lo p in g  th e  A1 zone i n  th e  
v o lv e n t  w ith  pH ■ 3 was c o lo u re d  and in  th e  s o lv e n t  w ith  pH * 
2 n o t  c o lo u re d  and needed  make e v id e n t  (b y  a lu m in o n ) . The 
zone o f  C r i n  b o th  c a s e s  r e q u ir e d  make e v id e n t  (b y  EDTA). In  
b o th  c a s e s  t h e - zone o f  Fe was c o lo u re d .  The sh ap e  o f  th e  Fe 
zone rem a in ed  c o n ic a l  d u r in g  th e  second  d e v e lo p in g  w h ile  th e  
shape o f  th e  A1 zone changed  from  c o n ic a l  to  ro u n d . A f te r  15 
m in u te s  o f  i n i t i a l  d e v e lo p in g  (pH ■ 4) and a f t e r  60 m in u te s  o f  
renew ed d e v e lo p in g  (pH ■ 2 ) th e  c o e f f i c i e n t s  Rp w ere a s  . f o l 
lo w s: C r ( l l l )  -  0 ,9 8 ;  A l ( I I I )  -  0 ,6 5  and F e ( I I I ) - 0 , 2 2 .  Chang
in g  th e  tim e  o f  d e v e lo p in g  i n  th e  f i r s t  and  second  s ta g e  one 
can  change th e  p o s i t io n  o f  th e  A1 zone i n  r e l a t i o n  to  2ones o f  
Fe and C r .  F ig ,  4 shows some chrom atogram s o b ta in e d  in  t h i s  
way, w hich  i n d i c a t e  co m p le te  s e p a r a t io n  o f  th e  i n v e s t i g a t e d  
m ix tu re  o f  c a t i o n s .

The e la b o r a te d  m ethod i s  s im p le , f a s t , , c o n v i n l e n t .  and y i e l d  
v e ry  good s e p a r a t i o n s .



P ig .  4 .  C hrom atogram s o f  a m ix tu re  o f  t r i v a l e n t  io n s  o b ta in e d  
from  a medium c o n ta in in g  v i o l e t  R . F i l t r a k  no 330; D evelop ing  
sy s tem : HoO ♦ HC104 ; Time o f  i n i t i a l  d e v e lo p in g : 1 -20 ; 2-15?

3 -2 5 ; 4 -1 8  m in. T o ta l  tim e  o f  d e v e lo p in g  75 min
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CHROMATOGRAFIA KOMPLEKSÓW CHELATOWYCH METALI.
V. KOMPLEKSY F e ( I I I ) ,  C r ( I I I )  I  A l ( I I I )  Z FIOLETEM R

■ F i o l e t  R p r z e d s ta w ic ie l  barw ników azowych o c h a r a k te r z e  
kwasowym, p o s ia d a ją c y  u k ła d  0 , 0 ' -dw uhydroksyazow y w ykorzystano  
z pomyślnymi wynikami ja k o  cz y n n ik  kom p lek su jący  do ch ro m a to g ra 
f ic z n e g o  r o z d z i e l e n i a  na  b ib u le  t r u d n e j  do r o z d z i e l e n i a  innym i 
metodami m ie sza n in y  k a tio n ó w  tró jw a r to ś c io w y c h :  F e 3*, C r3* i  
A l3* . S tw ie rd zo n o , ż e  b arw n ik  te n  n i e  k om pleksu je  n a  zimno z 
C r ( I I I ) ,  a k o m p lek su je  z F e ( I I I )  i  A l ( I I I )  d a ją c  barwne kom ple
ksy  o w łasn y ch  pasm ach a b so rp c y jn y c h .

Do m ie sz a n in y  t r z e c h  badanych  ka tio n ó w  d o d a je  s i ę  wodny ro z 
tw ó r f i o l e t u  ft w t a k i e j  i l o ś c i ,  aby s to su n e k  każdego jo n u  
M e (III )  do b arw n ika n ie  b y ł n iż s z y  n iż  1 : 1 ,  C h ro m a to g ra fię  p ro 
w adzi s i ę  n a  p ask a ch  b ib u ły  F i l t r a *  390, s to s u ją c  w c ią g u  15 min. 
r o z w i ja n ie  w stęp n e  z H20 ♦ HCIO  ̂ (pH * 4 ) ' ,  a po w y su szen iu  p a s 
ka ponowne ro z w i ja n ie  w c ią g u  60 m in . z H20 + HCIO^ o pd  * 2 . 
O trzym uje s i ę  b a rd zo  w yraźne i  p e łn e  r o z d z i e l e n i e .  W spó łczynn i
k i  h F: C r ( I I I )  -  0 ,9 8 ,  A l ( I I I )  -  0 ,6 5  i  F e ( I I I )  -  0 ,2 2 .



'íaHHa MacJioBCKa, BaiwaB 3aK*3BCKH

XPOMATOrPAiHH XEIATHSX KMCUIEXCOB MET ATI OB.
V. rCQMMEiCSLl F e ( I I I ) ,  C rC I I I )  -Ï A l ( I I I )  c MQJIETOM R

HccjieaoBaHu peaKUHH KOMrueKCOo6pa30BaHHfl h OBOftcTBa KonruienooB 
F e ( I I I ) ,  C r ( I I I )  k  A lv ,H I)  e  boah-jx pacT B opax inonera. ? . P a a p a S o -  
t í h  h o b í j ü  x p o M a r o r p a i ; i ' 4 e o K K ^  M e T o j  p a a i e - t e n i i H  c w e c T K  h c h o b  P e ¿ I I I ) ,  
C r ( I I I )  h A 1 ( I I I ; .  nojyveHH cJiteiiyiosie 3HaHeH;tH Rp : C r ( I I I )  -  
0 ,9 8 ;  A l ( I I I ) -  0 ,6 5  h P e . I I I )  -  0 ,2 ¿ .


