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CKRÜMIUM(III) COMPLEXES WITH EL-METHIONINE AND L-CYSTEINE*

Chromium(III) complexes w ith  DL~methionine and L-cy- 
s t e in e  have beon in v e s t ig a t e d  by pH-metric and s p e c t ro -  
photom etric  methods. In  both i n v e s t ig a te d  system s, t h r e e  
complexes o f  th e  com position H : L » 1 : 1; 1 : 2 ;  1 : 
» 3, have been found, s t a b i l i t y  c o n s ta n ts  f o r  th e  r e 
s u l t a n t  complexes have been determ ined by th e  method o f  
Bjerrum. C r y s t a l l i n e  complexes w ith  th e  in v e s t ig a t e d  
l ig a n d s  o f  th e  type:  [CrtMet)}]. 2tf20 and Na[Cr(Cys),J. 
2Hj>0 were a l s o  o b ta in e d .  The made com bination oi (C r(III)  
With th e  in v e s t ig a t e d  amlnoacid and s t r u c t u r e s  o f  the  
complexes r e p o r te d  have been proposed on th e  b a s i s  o f  
t h e i r  s p e c t r a .  A method fo r  p r e c i p i t a t i o n  pure complexes 
from s o lu t io n s  has been dev ised  us ing  th e  ion-exchange 
procese  on th e  r e s in  Sephadex A-25.

In t ro d u c t io n

The r o le  o f  metal io n s  in  th e  b iochem ical p rocess  w ith  th e  
c o n t r ib u t io n  o f  aminoacida has no t been f u l l y  understood  as y e t .  
The r e a c t io n s  between aminoacids c o n ta in in g  suphur and t r a n s i 
t i o n  m eta ls  ions  a r e  o f  I n t e r e s t  i n  c o n s id e ra t io n  o f  s t i l l  un
u t i l i z e d  o p p o r tu n i t i e s  o f  th e  use o f  th e s e  compounds i n  therapy
m .

In fo rm ation  about N i ( I I ) ,  Z n ( I I ) ,  H g ( I I ) ,  C d ( I I ) ,  P b ( I I ) ,  
F e ( I I ) ,  Mn(II) and C o(II)  complexes w ith  some aminoacids con
t a i n in g  su lp h u r  i s  a v a i l a b l e  i n  th e  l i t e r a t u r e  [2 -7 ] .  But th e r e  
a re  i n s u f f i c i e n t  d a ta  on th e  C r ( I I I )  complexes w ith  m ethionine 
and c y s te in e .  S carce  in fo rm a t io n  [8-1.1] concerns s o l i d  complexes

*Praca z o s ta ł a  nadesłana  na I I I  p o lsk o - ra d z ie c k ie , ,  sympozjum 
"Termodynamika i  e lek trochem ia  roztworów e le k t r o l i t ó w  .



o r  s tu d ie s  on system s in  th e  p resen ce  o f  q u i te  a d i f f e r e n t  l i 
gand as  e . g . v io le t  R.

In  th e  p re s e n t s tu d y , sy s te m a tic  I n v e s t ig a t io n s  o f  th e  s y -  * 
stems: C r ( I I I )  -  DL-methionine -  HgO am? C r ( I I I )  -  L -c y s te in e  -  
Ĥ O a re  u n d ertak en . They a re  aimed a t  thorough u n d ers tan d in g  o f  
e q u il ib r iu m  re a c t io n s  in  s o lu t io n s  s e p a ra tio n  o f  s o l id  complex«* 
and d e te rm in a tio n  o f  t h e i r  s t r u c tu r e s .

E xperim ental

R eagents and a p p a ra tu s

The fo llow ing  re a g e n ts  were used : DL-methionine ( R eana l) , 
L -c y s te in e  h y d ro ch lo rid e  monohydrate (M erck); sodium p e rc h lo ra te  
monohydrate (K och-L igh t), 70% p e rc h lo r ic  a c id  (Hopkin and Wil* 
l ia m s ) ,  sodium hydroxide (FOCh), chromium c h lo r id e  hexahydrate  
(BDH), sodium c h lo r id e  (POCh) ?nd DEAE-Sephandex A25 (Pharm acia 
F in e ) .  A ll th e  re a g e n ts  were o f  a n a ly t ic a l  g rad e . The amino- 
a c id s  were p u r i f i e d  by c r y s t a l l i z a t i o n  from agueous -  e th a n o llc  
s o lu t io n s .  Chromium p e rc h lo ra te  was p rep ared  accoxding to  R a -  
s k o and S a l y m o s i  [12]. The c o n c e n tra tio n  o f  
Cr(IXI) was measured by a redoxyraetric  method [13].

For pH measurements, a d i g i t a l  N517 pH-m eter (M era-Elwro) 
equipped w ith  a g la s s  o QP-7171-1/A e le c tro d e  and a calom el 0P- 
-830 (R ad e lk is )  e le c t r o d e ,  was u sed .

A bsorption e le c tr o n ic  s p e c tra  were reco rded  w ith  a UV-VIS 
spec tropho tom ete r  (C a rl Z e iss  J e n a ) .  IR s p e c tra  were reco rded  on 
a ¿joecord 71 IR sp ec tro p h o to m ete r over range 4600-700 cm“ 1 o r  
a UR-10 spec tropho tom ete r  over th e  range 700-400 cm , u s in g  a 
KEr pe -l le t .

P rocedure

Tho r e a c t io n s  i n  C r ( I I I )  -  L -  H^O system s (w here L i s
• t r . ion lne  o r  c y s te in e )  a t  room tem pera tu re  p ro cees  very  slowly. 

Tha f.-quli irium  i s  reached w i th in  a period  o f  1 month, and,
*. r  • , an i n v e s t i g a t in g  p ro ced u re , a s  d e sc r ib e d  by N a g  a -



C r(III) complexes with DL-methionino and L -cyste in e  25

t  a and co-w orkers [14], was u sed . So, '40 sam ples o f  ?0 cm'
in  volume were p rep a red . They co n ta in ed  v a rio u s  amount o f  th e

-»2in v e s t ig a te d  am inoacid (from 1*10 J to  6 - 1 0  m o le /1 ) ,  chromium 
( I I I )  s a l t  (from  1 . 10~4 to  2 ,5  • 10”5 m ole/1) and NaOH. The 
io n ic  s tr e n g th  o f  a l l  th e  s o lu t io n s  was c o n s ta n t and equal to  
0 .1  (NaClO^). The s o lu t io n s  were s to re d  i n  an in c u b a to r  a t  a 
tem p e ra tu re  o f  25 -  0 . 1°C fo r  1 month. Then, th e  pH va lues  o f  
th e  s o lu t io n s  were measured and used to  c a lc u la te  th e  s t a b i l i t y  
c o n s ta n ts .  In  sp e c tro p h o to m etr ic  m easurem ents, th e  s o lu t io n  
co n ta in in g  C r{ I I I )  and am inoacid were heated  on a w ater  ba th  
f o r  2 h , and th en  t h e i r  a b so rp tio n  s p e c tra  were recorded  a t  
room te m p e ra tu re . A s o l id  complex o f  C r ( I I I )  and L -c y s te in e  
was p repared  in  th e  fo llow ing  manner [ 8 ] .  Aqueous s o lu t io n  o f  
50 cm^ in  volume c o n ta in in g  1 m ilim ole  o f  CrCl^ and 3 milimo- 
l e s  o f  L -c y s te in e  h y d ro ch lo rid e  was heated  in  a w ater  ba th .  When 
th e  co lo u r o f  th e  s o lu t io n  had been changcd from green  to  r e d -  
d i s h - v io le t ,  a s o l id  NaOH was added. At pH about 7 ,  dark  b lu -  
i s h - r e d  c r y s t a l l s  o f  th e  C r ( I I I )  complex w ith  L -c y s te in e  were 
p r e c ip i t a te d .  The complex was f i l t e r e d  o f f ,  washed with e thano l  
and d r ie d  a t  100°C. The c r y s t a l l i n e  complex o f  C r ( I I I )  w ith  DL- 
-m eth ion ine  was p rep ared  acco rd in g  to  M i z u o c h i  and c o - 
-w orkers [15].

R e su lts  and d isc u s s io n

S t a b i l i t y  c o n s ta n ts  o f  C r( IIL )  complexes w ith  DL-methionine 
and L -c y s te in e ,

The changes in  th e  v i s i b l e  r e f le c ta n c e  s p e c tra  o f  th e  i n 
v e s tig a te d  system s (F ig . 1) p o in t  t o  th e  fo rm ation  o f  CrLr  com
p le x e s . I t  was found, by th e  method o f  Jo b ,  t h a t  th e  complex o f  
th e  com position  M j L ■ 1 : 3 (F ig . 2 ) i s  a dominating one i n  
both system s a t  a w avelength X ■ 540 nm. The va lues  o f  s t a b i l i 
ty  c o n s ta n ts  c a lc u la te d  'by th e  method o f  “co rrespond ing  s o lu 
t io n s "  [16] a re  g iven  in  Tab. 1. The Table c o n ta in ?  a ls o  th e  
v a lu e s  o f  d i s s o c ia t io n  c o n s ta n ts  o f  DL-methionine and L -c y s te -  
in e  [17].

The Kn c o n s ta n ts ,  found from th e  Bjerrura form ation  curves
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F ig . 1 . A b so rp tio n  s p e c tr a  o f  a 1 • 10~2 M s o lu t io n  o f(C r CIO*)* w ith  v a r ia b le  lig a n d  con-
o eS'cr? o io n o ^ L)A  [1 2 5  i- 2 .0 ;  4 - 3 . 0 ;  5 -  4 .0 ;  6 -  3 .0 ;  7 -  6 .0 ;  6 -  7 .0 ;  9 -
8 .0 ;  10 -  9 .0 ;  11 — 10j 10 ao l/d .’â  ; pH = 4 .3 ;  d = 2 cn . a  -  L = L -c y s te in e  hydroch lo r ide ;

b -  L m D L-aiethionine
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S t a b i l i t y  c o n s t a n t s  Kn o f  comolcxes C r ( Î I I )  w i th  DL-methionine 
and L - c v s t e i n e  found by s p e c t r o o h o to m e t r i c  and p o t c n t i o œ e t r i c  methods

A m in o a c id
u n d e r

i n v e s t i g a t i o n

S t a b i l i t y  c o n s t a n t s l o g  Kn
D i s s o c i a t i o n  c o n s t a n t s  

o f  a m i n o a c i d
Kn

s p c c t r c p h o t o m e t r i c m e th o d p o t e n t i o m e t r i e  m e th o d

l o g  K
1

l o g  K2 lO R  K j l o g  K
1 lo R  K2 lo R  K 3 PK , pK 2 pK

3

D L - m e t h i o n i n e 7 . 4 5 - 0 . 3 0 6 . 5 4 - 0 . 30 5 . 9 9 - 0 . 3 0 7 . 9 1 - 0 .4 5 6 .9 4 - o . 4 5 6 . 4 3 - 0 . 3 5 2 . 3 2 - 0 .0 5 9 . 1 5 ^ 0 . 0 5
i

L - c y s t e i n e 8 . 0 5 - 0 .3 0 7 . 4 5 - 0 . 3 0 3 2 - 0 . 3 0 8 . 3 2 - 0 . 4 5 7 .6 9 - 0 . 4 5 6 . 9 4 - 0 . 3 5 1 . 7 1 - 0 .0 5 8 .3 5 - 0 . 0 5 1 0 . 3 6 ^ 0 . 0 5
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F ig . 2 , Assignment u f  the  complex com position  by th e  method o f 
c o n tinuous  changes o f  Job . 1 - (C r  I I I )  w ith  L -cy3 te ine}  2 -  
Cr(XII) w ith  DL-methionine, C oncen tra tion  suit * O.Qô M, ,d » 1 
cm; X ■ 540 run. A » Am -  ; Am « absorbance o f  the  m ix tu re , 

ACr « absorbance o f  th e  Cr(C10^)j

F ig ,  3. Tne form ation  curves  o f  Bjerrum f o r  the  system s;
C rCIII) + DL-methionine; o -  C r ( I I I )  + L -c y s te in e
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T a b l e  2

S t a b i l i t y  c o n s ta n ts  K„ o f  C r ( I I I )  complexes 
w ith  some l ig a n d s  in  an aqueous s o lu t io n

Ligand log  K1 log  K2 log  Kj
............................

References

Ethylenediam ine
(en) 16.5 14 [18]

G lycine ( g l i ) 8.62 7.65 - [18]
a -a la n ln e  ( a la ) 8.53 7.44 - [18]
O xalate (ox) 5.3** 5.17 - [18]
DL-methionine (met.) 7.45 6.54 5.99 t h i s s tudy
L -c y ste in e  (cys) 8.05 7.45 6.32 t h i s s tud y

forms complexes e a s i e r  w ith  l ig an d s  c o -o rd in a t in g  through n i t r o 
gen and oxygen atoms.

i*
P re p a ra t io n  and p r o p e r t ie s  o f  cr y s t a l l i n e  complexes 

o f  Cr( i n )  with  DL^me th io n i j i e a n d  L- c y s te in e

A s o l i d  c r y s t a l l i n e  complex compound o f  Cr(IXI) w ith  L-cy- 
s t e i n e  and a s o l i d  compound o f  C r ( I I I )  w ith  DL-methionine wex'e 
p repared  according  to  the  above m entiored p rocedure . The rnolacu- 
l a r  formulae o f  the  two complex compounds were a ss ig n ed  on the  
b a s is  o f  e lem enta l a n a ly s i s .

For Na[Cr(L -  c y s )2]2H20: 
c a lc u la t e d  ( » )  C 20 .40 ; H 5 .13 ;  0 27 .17 ;  K 7 .93 ;  3 18.15; Cr 1'<.72 
f o u n d « » )  C 20 .51 ; H 5 .33 ;  0 27 .31 ; H 7 .87 ;  S 18.02; Cr 14,65'

For [Cr(DL -  meth)^}2H20s 
c a lc u la t e d  (Si) C 33 .63; H 6 .96 ;  0 23.89; M 7 .83 ;  S 17.96; Cr 9.71 
found ( * )  C 33 .50; H 7.C2; 0 24 .00; N 7 .8 9 ;  S 17.80; Cr 9.58

To know s t r u c tu r e s  o f  bo th  s o l i d  complexes, t h e i r  l i t  s p e c t r a  
(Tab. 3) and UV-VIS s p e c t r a  of t h e i r  s o lu t io n s  (Tab. 4) a- r 
made.

The s h i f t  o f  th e  band corresponding  to  s t r e t c h in g  v ib ra  ■.; xs 
^(Ni^) from 2300 cm"*1 to  the. range 3220 -  3120 cm“ 1 in  ; 
plex* [C r(M eth ) j] ,  21^0 s u g g es ts  th e  form ation  o f  a s t ro n g  ' r-.<



T a b l e  3

C h a r a c t e r i s t i c  a b s o rp t io n  bands in  th e  l i t  s p e c t r a  o f  th e  i n v e s t i g a t e d  amlnoacids
and t h e i r  complexes w ith  C r ( I I I )

OL-Met Band Cr(.Met)52H20 Band L-Cys HC1H20 Band
— ---------- -------------------------------------------

NaCr(Cys)22H20 Band

3000 in NHL V 3220 m nh2 V 3050 m nh2 V 3120 m «a, V
2700 is WH2 Vs 3120 m nh~ Vs 2565 m S-H V 1640 a C»0 V
1950 s co2 Va 1640 s coi Va 1740 s C=»0 V 1610 s C° ;  Va
1400 s CO” Vs 1420 s CO' Vs 1230 v3 C-0 V 1560 m NH2 6

1320 m SCH5 V 1320 m SCHj V 1210 V„ s C-0 V 1260 C-0 V

780 m cs Va 780 m CS Va 690 m C-S V 670 C-S V

685 cs Vs 685 m CS Vs
•

450 m CrN V -

V -  s t r e tc h in g  v ib r a t io n ,  Vg -  symm etric s t r e tc h in g  v ib r a t io n ,  Vfi -  asym m etric s t r e t c h 
ing  v ib r a t io n ,  5 -  bending v ib r a t io n ,  s  — s tro n g , m — medium, w — weak, v — v e ry  weak.
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T a b l e  4

S p e c t r a l  d a ta  o f  th e  C r ( I I I )  complexes w ith  DL-methionine
and L-cyst e ine

Band 1 Band 2 Band 5 Bat
.............. ; ........... ..............

Complex max
X

log  E 
[mOl cm” ']

max
X

log £ max
X

log E
A

log fS

C riD L- M et)32H2Oa 

,!aCr(L -C y s )22H20b

416

408

1,71

1,73 467 1,67

->71

541

1,79

1,71 505
_

! , 8 ‘i

a Spectrum Ln 30rf HCIO^.
^ Spectrum in  H^O pH •  7 .0 .

bond. S im i la r ly ,  the  s h i f t  o f  sym e tr ic  and asymmetric s t r o ' : 'h i : ; -  
v ib r a t io n s  o f  ca rboxy lic  group from 1390 cm" 1 and 1400 c:a to  
1620 cm-1 and 1420 cm '1, r e s p e c t iv e ly ,  p o in ts  to  the  for:::.', t:Lon 
o f  a Cr-0 bond. According to  M c A u 1 i  f  i  e [20 ] ,  t h e ■ d i f f 
e rence  A^CCOO“ ) between V(C00 ^3yn i anc* V(C00 S y.?J  i- -1

measure o f  the  Cr-0 bond s t r e n g th  (AV20Q confirm s t h a t  t i . ; 
bond i s  a s t ro n g  o ne ) .

S ince  th e r e  i s  no change in  the  p o s i t i o n  o f  symmetric and 
asymmetric s t r e t c h i n g  v i b r a t io n s  of the  C-S bond, i t  would 
e s t  t h a t  su lp h u r  i n  the  t i o e t h e r  group i s  no t combined w ith  ch ro 
mium. The band3 in  spectrum  o f  the  complex ;Ja[ Cr(Cys)2 ] . ' ■■ .,J 
were a l s o  c l e a r l y  changed as compared w ith  the  c y s te in e  -
trum . In  the  complex spectrum , th e re  i s  no band corre;po .v : ;. , , ;.o 
s t r e t c h i n g  v ib r a t i o n  V(S -  H), and the band of s t r e t c h i n g  
b r a t  ion  V(C -  S) is  in  th e  complex a t  670 cr*~ ’ , wxucj. 
t h a t  the  s u lp h h y d r i le  group can take  p a r t  in  the- 
w i th  m eta l .  The c h a r a c t e r i s t i c  band f o r  th e  s t r o tc r . in -  - i'>-i
V(C -  0) 1740 cm" 1 in  the  u n d i s s o c ia te d  carboi:} ¿. i

•* "1s h i f t e d  in  th e  complex to  1640 cm , which show t h a t  _v. - 
x y l ic  group tak e s  * p a r t  in  the  com bination v.‘. t u  :.
p o s s i b i l i t y  o f  such a l in k  i s  supported  by t :  ■ 
s t r e t c h i n g  v i b r a t i o n  o f  amine group to



a ls o  t y  th e  fo rm ation  o f  th e  bending v ib ra c io n  S(NH2 ) a t  1560 
cm"1, which i s  a c h a r a c te r i s t i c  f e a tu re  f o r  th e  c o n tr ib u tio n  o f  
n i t ro g e n  o f  ornine group in  th e  bond o f  m eta l ion  [2 1 ) .

Tie e le c t r o n i c  spectrum o f  th e  complex Na [C r(c y s )2] .  2H20 
show 4 c h a r a c t e r i s t i c  a b s o rp t io n  bands 467, 408, 541, 606 nm 
(Tab. 4 ) .  Bands 467 and 541 no r e s u l t  from th e  d iv is io n  o i 
bonds 408 and 606. Such a d iv i s io n  o f  bands c h a r a c te r i s t i c  fo r  
C r ( I I I )  and C o ( I I I )  complexes w ith  am inoacids [22] which can 
form two geometric  isomer3 mer ( c i s ,  t ra n a )  and f a c ( c i s ,  .c i s )  
due to  the  p o s i t i o n  o f  bonds N-metal and 0 -m e ta l. I t  has been 
found [22] t h a t  some s o r t  o f  d iv is io n  in  th e  bands o f e le c t r o 
n ic  spectrum takes  p lace  im th e  isom er m e r(c is , t ra n s )  which i s  
a complex o f  v i o l e t  co lou r  and i s  r e f e r r e d  to  as  form oc . The 
isomer f a c ( c i s ,  c i s )  i s  re d  in  c o lo u r and p re s e n ts  form (J. The 
C r ( I I I )  complex o b ta in e d  w ith  c y s te in e  i s  v io le t  in  c o lo u r , be
ing an oc form. The e le c t r o n i c  spectrum o f t h i s  complex shows a 
d iv i s io n  o f  th e  bands. The s o lu t i o n  o f th e  complex Na[Cr(Cys>2] 
2^ 0 , in  an a c id ic  medium, changes i t s  c o lo u r from v i o l e t  to  red  
and has on ly  two bands 394 and 529 nm in  i t s  a b so rp tio n  spectrum . 
The spectrum o f  th e  complex s o lu t io n  fo llo w in g  n e u t r a l i s a t io n  
shows a ls o  two bands 398 and 571 nm. This s o lu t io n  i s  v i o l e t  in  
c o lo u r .  The s p e c t r a l  a n a ly s is  shows th a t  th e  complex Na[Cr(Cys),,] 
2H20 in  n e u t r a l  and a lk a l in e  s o lu t io n s  assum ies th e  form oc, but 
in  a c id ic  s o lu t io n  -  the  form f t. The t r a n s i t io n  p ro cess  from oc 
to  <b form i s  n o t  a r e v e r s ib l e  one.

The r e a c t io n  m ix tu re ,  from which complex N a[C r(C ys)g]. 
2H20 was p rep a re d ,  was s e p a ra te d  in  a chrom atographic  column 
f i l l e d  w ith  an ion-exchange r e s i n  (Sephadex A-25). By e lu t io n  
w ith  1-10» NaCl s o l u t i o n s ,  t h r e e  f r a c t i o n s  were se p a ra te d :  one 
o f  red  co lou r  which was n o t  id e n ty f ie d ,  and two o f  b lu e  c o lo u r .  
The f i r s t  blue f r a c t i o n  was id e n t ie d  as [Cr(H20 ) ^ ] w h i l e  the  
second one had a spectrum analogous to  t h a t  o f  Na[Cr(Cys>2] 21^0 
in  the  oc form.
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I n s t i t u t e  o f Fundamental Food Chem istry 
P o ly te c h n ic a l U n iv e rs ity

Joanna Masłowska, Longin C hruśc ińsk i 

KOMPLEKSY C r ( I I I )  Z DL-METIONINĄ I  L-CYSTEINĄ

Kompleksy C r ( I I I )  z D L-m etioniną i  L -c y s te in ą  badano w ro z 
tworach wodnych metodami pH-metryczną i  a p e k tro fo to m e try czn ą . W 
obu badiinych układach stw ierdzono tw orzen ie  s i e  po 3 kompleksów
o s k ła d z ie  C r ( I I I )  s L •  1 : 1; 1 s 2 ; o rąz  1 : 3 .  Metodą
B,jerruma okreś lono  w a r to śc i  l iczbowe s ta ły c h  t rw a ło ś c i  w szyst
k ich  tworzących s i ę  kompleksów w roztw orach . W s ta n ie  k r y s t a l i t  
cznym otrzymano kompleksy o s k ła d z i e :  [Cr(M et)}] 2HjO o raz  
Wa[Cr(Cys)2] 2H2O. W o p a rc iu  o wykonane widma IR zaproponowano 
budowy s t r u k t u r a l n ą  otrzymanych po łączeń . Wykazano dużą p rzy 
datność  metody wymiany jonowej na żywicy Saphadex A-25 do wy
d z ie l a n i a  w s t a n i e  czystym kompleksów chromu ( I I I )  z . tio am in o - 
kwasami.

3aHHa MacjioBcica, JIoHraa XpycuHHtoKH 

K0M1TIEKCH C r ( I I I )  C DL-.METHOHUHOM H L-UUCTE^HOM

KOMrUieKCM C r ( I I I )  C DL-MeTHOHHHOM H L-UHCT6HH0M HCCaeĄOBaHO 
d BO^Hax pOCTBOpax nOTeHUHOMBTpHqeCKMM H CneKTpOipOTOMeTpHMOCKHM 
t e ' to z .o i t .  b HCCJienoBaHMx cncTeuax HacrynaeT 0 Gpa3 0 uaHHe komiijzex—
o OB C r ( I I I )  -  JwraHu, 1 s 1} 1 : 2j 1 : 3.

MeT o no m Bepywa onpe^ejieHO ko HCTaHTU yc?OKHHBOc?k Bcex KOMiute- 
<COB B pOCTBOpe. B KpHCTajIHHeCKOM (llŁie MU OlfcOpMHJIH KOMIJJieKCM:
[Cr(M et)3] 2H2O k Na[Cr(Cys)2] 2H20 . Ha 0CH0 Be ojieMeHTapHoro / a -  
:ja-iH3a a cnex?po& IR m  onpeAQJiw.t h x  $opMyjty. Merono« aoHHoro 
»CneKa Ha CMOjte Sepadex A-25 mu 'pas^eJiiwH xoMnjieitcu C r ( I I I )  c

T HOaMHHOKHCJIOTaMH.


