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Anion-exchange resin modified with 2-(4'-sulfobenzeneazo)chromotropic acid was used 
l o r concentration and subsequent determination of copper (II) microscale amounts in 
large-volume samples of drinking water. The chemistry of copper complexing with 2-(4 ' -
sulfobenzeneazo)chromotropic acid in solid phase has been considered. Quantitative charac-
teristics of the compound composition and stability have been obtained. 

Анионит, модифицированный 2-(4-сульфобензолазо) хромотроповой кислотой, ис-
пользован для концентрирования и последующего определения микроколичества меди 
(II) в больших объемах проб питьевой воды. Рассмотрен химизм комплексообразования 
меди с 2-(4-сульфабензолазо) хромотроповой кислотой в твердой фазе. Получены коли-
чественные характеристики состава и прочности образующегося соединения. 

T h e use o f i o n - e x c h a n g i n g f u n c t i o n a l ma-
terials makes i t poss ib le t o so lve v a r i o u s 
prob lems assoc iated w i t h industr ia l appl ica-
t ions o f c losed t e chno log i c c i r c u i t s and c o m -
plex use of raw mater ia ls . 

In recent t i m e , the i n f o r m a t i o n on appl i -
cat ions of i o n - e x c h a n g i n g mater ia ls m o d i -
f ied w i t h v a r i o u s o r g a n i c reagents became 
v e r y abundant . These reagents made it pos-
s ib le to deve lop nove l h igh - sens i t i ve proce -
dures to de termine t race a m o u n t s of heavy 
metals in n u m e r o u s ob jec ts . A p l e n t i f u l in-
f o r m a t i o n on p h o t o m e t r i c Cu(ll) de termina-
tion procedures in s o l u t i o n s is presented in 
[1] . H o w e v e r , all these p r o c e d u r e s prov ide 
f o r p r e l i m i n a r y c o n c e n t r a t i o n o f Cu(ll) 
m i c r o - a m o u n t s us ing t o x i c o r g a n i c ex t rac t -
ing agents . M o r e o v e r , m o s t o f those proce -
dures are l ow-se lec t ive . 

On the o t h e r h a n d , t o d e t e r m i n e the 
m i c r o - a m o u n t s o f Cu(ll) in w a t e r , evapora -
t ion o r e x t r a c t i o n of l a r g e - v o l u m e samples 
is used [2 , 3 ] , thus c o m p l i c a t i n g the analy-
sis s i g n i f i c a n t l y . T h e r e f o r e , a m e t h o d c o m -
b i n i n g so rp t i on of t races of the e l ements to 
be d e t e r m i n e d f r o m large v o l u m e s o f so lu-
t i ons f o l l o w e d b y the ir s imple p h o t o m e t r i c 

d e t e r m i n a t i o n d i r e c t l y in so l id phase is 
h i g h l y u r g e n t . There are data [ 4 ] on s o l i d -
phase s p e c t r o p h o t o m e t r i c (TPS) d e t e r m i n a -
t ion o f c o p p e r ; those data are presented in 
Table 1. 

The c o p p e r d e t e c t i o n t h r e s h o l d s u s i n g 
the a b o v e - m e n t i o n e d p r o c e d u r e s are no t l o w 
e n o u g h . The 2 - ( 4 ' - s u l f o b e n z o n e a z o ) c h r o m o t -
rop i c acid ( S P A D N S ) did not used to date as 
a m o d i f i e r f o r the A V - 1 7 - 8 a n i o n - e x c h a n g e 
resin. 

The s tock 0 .1 M s o l u t i o n of C u ( N 0 3 ) z 

was prepared by d i s so lv ing a prec ise w e i g h t 
of the salt in 1 M H N 0 3 . The so lu t i on was 
s tandard ized us ing i o d o m e t r y . The w o r k i n g 
so lut ion ( 1 . 6 - 1 0 - 3 M ) was prepared by d i lut -
ing the above s tock s o l u t i o n . 

The A V - 1 7 - 8 w i t h l inear g r a i n d i m e n -
s ions o f 0 . 2 5 to 0 . 5 0 m m was used that was 
pre - t reated as descr ibed in [5 ] . 10 g o f A V -
17-8 were soaked in water f o r 1 day . Then 
the w a t e r was d ecanted , the sorbent was 
placed in a c o l u m n , washed wi th 150 ml o f 
0 .1 M NaOH d u r i n g 6 h and then washed 
with w a t e r unt i l neutra l . Then the so rbent 
was t r a n s f e r r e d into a beaker , 2 0 0 ml Of 
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Table 1. Characteristics of Cu(ll) complexes with organic reagents-modifiers for SPS copper 
determination 

No. Sorbent Reagent V/rn, ml /g T, min Analyt. 
signal (X, 

nm) 
Amberlite A-27-C1 Batocuproin-disulfonie 

acid 
50 /1 5 F(R)485 -10 [4] 

Amberllte A-27-C1 Ammonium pyrrolidine-
dithiocarbaminate 

50 /1 E F(R)436 - 4 4 [4] 

і PAN fiber with KLT-2 l-(2-pyridylazo)-naphtol 100/0.01 10 F(R)610 - 3 2 [4] 
AV-17 l-(2-thiazolylazo)-2-

naphtol 
25 /1 15 (600) 64 [4] 

AV-17 SPADNS 25 /0 .3 A(580) 6.4 
(this work) 

8 . 7 6 10 * M S P A D N S s o l u t i o n were added 
( p r e p a r e d u s i n g 0 .1 M NaCi) , m i x e d f o r 
30 min us ing a m a g n e t i c a g i t a t o r , f i l t e red 
o f f , washed w i t h w a t e r , and dr ied t i l l a ir -
d r y s tate . T h e res in c a p a c i t y f o r S P A D N S 
lias been d e t e r m i n e d to be of 0 . 0 1 g indica -
t o r per g r a m of the so rbent . The m o d i f i e d 
s o r b e n t l o o k s as t r a n s p a r e n t c r i m s o n - r e d 
g r a i n s t r a n s m i t t i n g l i ght well e n o u g h . 

T h e S P A D N S s o r p t i o n b y the s tandard 
a n i o n - e x c h a n g e resin and by the Cu(ll) m o d i -
f i ed one was s tud ied in s ta t i c c o n d i t i o n s 
us ing 0 . 3 g w e i g h t s . The S P A D N S c o n t e n t 
in the sorbents was d e t e r m i n e d u s i n g p h o -
t o m e t r y b y m e a s u r i n g the opt i ca l dens i ty 
decrease o f l iquid phase at 520 n m w a v e -
l ength . T h e p o s t - s o r p t i o n Cu(ll) c o n c e n t r a -
t ion in so lut i ons was d e t e r m i n e d u s i n g p h o -
t o m e t r y wi th arsenazo III [6] . 

The opt i ca l dens i ty o f s o l id concentra tes 
was measured us ing a K F K - 3 i n s t r u m e n t (( 
— 0 .1 c m ) at o p t i m u m w a v e l e n g t h re la t ive 
to A V - 1 7 - 8 - O H us ing a lavsan ( D a c r o n ) f i l m 
s imi lar to [7 ] . T h e sample prepara t i on f o r 
the p h o t o m e t r i c analys is was r educed to 
p r e p a r a t i o n o f a l i g h t a b s o r b i n g layer f i l l ed 
h o m o g e n e o u s l y w i t h the i o n - e x c h a n g e r . A s 
in the case of s o l u t i o n p h o t o m e t r y , paral le l -
wall q u a r t z ce l ls w e r e used that were f i l l ed 
wi th water and then the c o n c e n t r a t e was 
t r a n s f e r r e d to the ce l l u s i n g a p ipe t t e ; the 
second cel l was f i l l ed w i t h soaked m o d i f i e d 
o r s tandard i o n - e x c h a n g e r o f the same gra in 
size ( 0 . 1 to 0 . 5 m m ) . The l i ght absorpt i on 
o f the sample was m e a s u r e d as the c losest 
p a c k i n g o f the g r a i n s in the ce l ls was at-
ta ined . T o r e d u c e the l i g h t s ca t te r ing b y the 
sorbent m a t r i x , the cell was p laced as c lose 
to the d e t e c t o r w i n d o w as poss ib le and a 
lavsan f i l m was p laced be tween the sample 
and de tec tor . T h e opt i ca l dens i ty o f so lu -

t i ons was m e a s u r e d at I — 1 c m . The ac id i ty 
was c o n t r o l l e d us ing an 1 -160 i o n o m e t e r . 
C o p p e r c o n t e n t in the samples was deter -
m i n e d b y means of a P U - 0 1 p o l a r o g r a p h , 

The s tudy of analyt ica l app l i ca t i ons o f 
C u ( l l ) - S P A D N S c o m p l e x in s o l u t i o n has 
s h o w n that it is о v e r y good prospec t s in 
d e v e l o p m e n t of a nove l p r o c e d u r e f o r TPS 
d e t e r m i n a t i o n o f Cu(ll) in m i c r o - a m o u n t s 
that is i m p r o v e d as c o m p a r e d to the initial 
one . 

F irs t , the S P A D N S sorp t i on c o n d i t i o n s 
were s t u d i e d . The S P A D N S m o l e c u l e con -
ta ins three s u l f o n i c g r o u p s a l l o w i n g it to be 
s o r b e d as an an ion s imi lar to arsenazo III 
[ 8 ] . The d y e is sorbed w i t h i n a wide p H 
r a n g e (3 to 10) d u r i n g 25 to 30 min . The 
bes t resu l t s have been obta ined w i t h A V - 1 7 -
8 - O H m o d i f i e d us ing 0 . 1 M NaCI s o l u t i o n s . 
F r o m s o l u t i o n s o f o ther e l ec t ro ly tes ( K N 0 3 , 
N a 2 S 0 4 , H 2 S 0 4 , H N 0 3 , HCl), the s o r p t i o n 
p r o c e e d s m o r e s l o w l y as it was no ted in [8] . 
S P A D N S is not s o rbed at all o r s o rbed very 
s l o w l y f r o m ethano l , a ce tone , and d i m e t h y l 
f o r m a i n i d e med ia . The m a x i m u m ind i cator 
a m o u n t t h a t m a y be so rbed wi th 1 g o f ion-
e x c h a n g e r is 0 . 0 1 g . The i o n - e x c h a n g i n g 
charac ter o f S P A D N S s o r p t i o n is c o n f i r m e d 
b y P o t e n t i o m e t r i e m o n i t o r i n g o f l i qu id 
phase: pH va lue increases , thus e v i d e n c i n g 
the OH- ion d i s p l a c e m e n t in the c o u r s e o f 
s o r p t i o n . T h e m o d i f i e r can be desorbed with 
HNO3, HCl, H 2 S 0 4 , and alkali so lut ions , all 
be ing about 6 M c o n c e n t r a t i o n [8]. 

The o p t i m u m c o n d i t i o n s o f Cu(l!) c o m -
p l e x i n g w i t h the m o d i f i e d s o r b e n t are as 
f o l l o w s ( see F i g . 1) : p H 5 t o 10 , Anpt = 
5 8 0 n m , the e q u i l i b r a t i o n t ime 2 h , the 
c o m p l e x is stable d u r i n g 2 days when being 
c o n c e n t r a t e d o u t o f 5 0 ml of s o l u t i o n . The 
q u a n t i t a t i v e c o n c e n t r a t i n g o u t o f 500 ml o f 
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ДО 

т. h 4 3 2 
V-10-2,cm3 б 

1 0.0 2-5 7,5 12.5 pH 
2 0 1.6 3.2 Сси • 10 -5 m 

Fig. 1. Dependences of optical density of 
SPADNS-copper complex in sorbent phase on 
pH (J), phnse contact t ime (2) , l iquid phase 
volume (3) , and copper concentration (4): 

CSPADNS.AV-17-8 - 1 . W 1 0 - * м / g , X -
580 nm, I = 0.1 c m , reference system 
S P A D N S - A V - 1 7 - 8 , msarb = 0 . 3 g . 

s o l u t i o n is p o s s i b l e in t h e s a m e c o n d i t i o n s . 
T h e B e e r l a w is m e t w i t h i n a w i d e Cu( l ! ) 
c o n c e n t r a t i o n r a n g e o f 0 . 1 - 1 0 " 6 t o 3 . 2 1 0 " 
5 n l o l / 1 . T h e d e t e c t i o n t h r e s h o l d i s 6 . 4 p g / 1 . 
I f o n e l i t e r o r m o r e o f a s o l u t i o n c o n t a i n i n g 
l ess t h a n 6 . 4 p g / 1 i s t o b e a n a l y z e d , t h e n it 
c a n b e c o n c e n t r a t e d s t e p w i s e , t h e i n i t i a l 
s a m p l e b e i n g s u b d i v i d e d i n t o p o r t i o n s o f 
5 0 0 m l v o l u m e e a c h . In t h i s c a s e , t h e s o r -
b e n t w e i g h t ( 0 . 3 g ) is r e a c t e d s u c c e s s i v e l y 
w i t h e a c h s a m p l e p o r t i o n . 

S t u d y o n e f f e c t o f f o r e i g n i o n s o n t h e 
a n a l y t i c a l s i g n a l i n t e n s i t y o f t h e c o l o r e d 
C u - S P A D N S c o m p l e x in s o l u t i o n h a s s h o w n 
t h a t t h e r e a c t i o n is s e l e c t i v e e n o u g h . Zn( l l ) , 
Fe(ll l ) , Cd{ l l ) , Hg( l l ) , Sn( IV) , As( l l f ) do n o t 
f o r m a n y c o m p l e x e s w i t h S P A D N S . T o 
a v o i d t h e Fe( l l l ) h y d r o l y s i s , i t i s r e d u c e d 
w i t h h y d r o x y l a m i n e p u r i f i e d w i t h d i t h i -
z o n e as d e s c r i b e d in [ 9 ] . I f Hg(IJ) a n d Sn(IV) 
a r e p r e s e n t , c i t r a t e i o n i s a d d e d a f t e r h y -
d r o x y l a m i n e is u s e d . L e a d f o r m s a n u n s t a -
b l e c o m p l e x [ 1 0 ] , t h a t d o e s n o t h i n d e r in 
e s s e n c e the d e t e r m i n a t i o n in t h e p r e s e n c e o f 
m o r e p o t e n t c o r a p l e x i n g a g e n t s . Ca( l l ) , 
Mg(ll) h i n d e r a t t h e r a t i o 1 : 5 0 0 ; CI" , S 0 4 2 ~ , 
N 0 3 " do n o t i n t e r f e r e w i t h t h e d e t e r m i n a -
t i o n . 

S t u d y o f f o r e i g n i o n s e f f e c t o n c o p p e r 
d e t e r m i n a t i o n i n s o l i d p h a s e h a s s h o w n t h a t 
the s e l e c t i v i t y o f S P S a n a l y s i s is as h i g h a s 
in s o l u t i o n . If Pb( l l ) , Fe( l l l ) , Cd( l l ) , Hg(ll) , 
Sn(IV) a r e p r e s e n t in s o l u t i o n at 1 0 0 - t i m e s 
e x c e s s o r m o r e r e l a t i v e t o c o p p e r , t h e n t h e 
p r e c i p i t a t e d h y d r o x i d e s o f t h o s e m e t a l s c a n 

4W 560 
Fig. 2. Absorption spectra of SPADNS and its 
copper complex in solution ( / , 3) and solid phase 
(2, 4); є X 103 ( / - 3 ) , є X 105 {4). In solution, pH 
5 to 7; Cgp^j jg = 4 . 0 Ю 6 M, I - 1 cm, refer-
ence system H 2 0 ; on sorbent, C S P A D N S A v 1 7 8 -
1 .75-10"« M / g , C C u - 6 . 3 1 0 " s V = 

25 ml, г — 20 min, I = 0 ,1 cm, reference sys-
tem AV-17 -8 , m , » 0 .3 g . 

be f i l t e r e d o f f b y w a s h i n g t h e s o r b e n t 
g r a i n s o n a s i e v e o f < 0 . 2 5 m m m e s h s i ze 
t h a t w o u l d b e i m p o s s i b l e w h e n t h e e x p e r i -
m e n t w o u l d b e m a d e in s o l u t i o n . 

I d e n t i c a l a b s o r p t i o n s p e c t r a o f Cu(l l ) -
S P A D N S c o m p l e x e s in s o l u t i o n a n d in s o r -
b e n t p h a s e ( F i g . 2 ) e v i d e n c e s t h e s a m e c o m -
p l e x c o m p o s i t i o n ( 1 : 1 ) [ 1 1 , 12 ] . 

T h u s , t h e i n t e r a c t i o n in t h i s s y s t e m c a n 
b e p r e s e n t e d as С и ( О Н ) , + г ' ' + H 2 R = 
C u ( O H ) ; + 2 - ' H 2 . n R + nH + 

S i n c e at p H 5 , 9 9 . 9 % o f c o p p e r i o n s a r e 
p r e s e n t in s o l u t i o n in n o n - h y d r o l y s e d s t a t e 
a n d c o n c e n t r a t i o n s o f C u O H + a n d C u ( O H ) 2 

a r e n e g l i g i b l e , i t is j u s t t h e C u 2 + i on t h a t is 
the c o o r d i n a t i n g o n e . 

T h e c o n d i t i o n a l s t a b i l i t y c o n s t a n t o f t h e 
f o r m e d c o m p l e x w a s c a l c u l a t e d p r o c e e d i n g 
f r o m t h e s o r p t i o n i s o t h e r m u s i n g t h e 
s c h e m e [ 1 3 , 1 4 ] . 

ficond 
[ C u R - A g - 1 7 - 8 ] 

[ C u 2 + ] • [ H 2 R - A B - l 7 - 8 ] 
( 1 ) 

I t s v a l u e h a s b e e n f o u n d t o b e 
р с „ „ ^ ( 1 . 6 1 ± 0 . 2 0 ) - 1 0 4 . 

T h e s t u d y r e s u l t s f o r m e d t h e b a s e o f t h e 
p r o c e d u r e f o r Cu( l l ) d e t e r m i n a t i o n in d r i n k -
i n g w a t e r u s i n g a d d i t i o n m e t h o d . T h e p r o c e -
d u r e is a s f o l l o w s . 

T w o s a m p l e s o f d r i n k i n g w a t e r a r e t a k e n 
o f 1 . 5 1 v o l u m e e a c h . T o o n e s a m p l e , a 
k n o w n a m o u n t o f Cu( l l ) i s a d d e d . T h e n e a c h 
s a m p l e is s u b d i v i d e d i n t o t h r e e p o r t i o n s o f 
5 0 0 m l e a c h . 0 . 3 g o f f r e s h l y p r e p a r e d 
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m o d i f i e d A V - 1 7 - 8 - S P A D N S is a d d e d t o t h e 
f i r s t p o r t i o n o f w a t e r t o b e a n a l y z e d ( t h e 
s a m p l e a c i d i t y s h o u l d be w i t h i n t h e o p t i -
m u m r a n g e f o r th i s p r o c e d u r e ) . T h e s a m p l e s 
a r e a g i t a t e d w i t h a m a g n e t i c m i x e d f o r 1 5 -
2 0 m i n , t h e n t h e g r a i n s a r e s e p a r a t e d b y a 
p i p e t t e a n d t r a n s f e r r e d i n t o t h e n e x t p o r -
t i o n o f w a t e r t o r e p e a t t h e a b o v e o p e r a -
t i o n s . 

T h e e x p e r i m e n t i s r e p e a t e d t w i c e . T h e n 
t h e p r e c e d i n g t w o p o r t i o n s o f w a t e r a r e 
c o m b i n e d w i t h t h e las t o n e c o n t a i n i n g t h e 
s o l i d c o n c e n t r a t e a n d l e f t f o r 2 h . T h e n t h e 
g r a i n s a r e s e p a r a t e d , t r a n s f e r r e d i n t o a ce l l 
o f 0 . 1 c m o p t i c a l l e n g t h a n d o p t i c a l d e n s i t y 
is m e a s u r e d at X = 6 4 0 n m a g a i n s t A V - 1 7 -
8 - S P A D N S . I f m u l t i p l e a n a l y s e s a r e t o b e 
c a r r i e d o u t , t h e o p t i c a l d e n s i t y v a l u e s f o r a 
s e r i e s o f s a m p l e s c a n b e m e a s u r e d n e x t d a y . 

T h e r e s u l t s o f Cu( l l ) d e t e r m i n a t i o n s in 
d r i n k i n g w a t e r a r e c o m p a r e d in T a b l e 2 . 

T o c o n c l u d e , a m o d i f i e d i o n - e x c h a n g e r 
A V - 1 7 - 8 - S P A D N S h a s b e e n p r o p o s e d . T h e 
c o m p l e x i n g in t h e C l l - S P A D N S - A V - 1 7 - 8 h a s 
b e e n s t u d i e d . A l o w s t a b i l i t y c o m p l e x (P c o n c f 
- ( 1 . 6 1 + 0 . 2 0 ) 1 0 4 ) w i t h c o m p o n e n t r a t i o 1 : 1 
has b e e n f o u n d t o b e f o r m e d . T h e t h e o r e t i -
cal d a t a o b t a i n e d a l l o w e d t o e l a b o r a t e a p r o -
c e d u r e f o r S P S d e t e r m i n a t i o n o f m i c r o -
a m o u n t s o f Cu( l l ) in d r i n k i n g w a t e r . C o m -
p a r i s o n o f r e s u l t s o b t a i n e d f o r C u - S P A D N S 
s y s t e m i n s o l u t i o n a n d i n s o r b e n t s h o w s a d -
v a n t a g e s o f t h e S P S v e r s i o n . N o v e l p o s s i -
b i l i t i e s a r e o f f e r e d t o i m p r o v e t h e d e t e r m i -
n a t i o n s e l e c t i v i t y a n d s e n s i t i v i t y . T h e r a n g e 
o f o p t i m u m p H v a l u e s is e n l a r g e d . T h e d e -
t e r m i n a t i o n b e c o m e s m o r e r a p i d b e c a u s e t h e 
s a m p l e p r e p a r a t i o n b y e v a p o r a t i o n i s 
a v o i d e d . T h e w o r k c a n b e o r g a n i z e d b e t t e r 
in t h e c a s e o f r o u t i n e m a s s a n a l y s e s . 

References 

1. V.N.Podchainova, L.N.Simonova, in: Analyti-
cal Chemistry of Elements: Copper, Nauka, 
Moscow (1990) , p .274 [in Russian], 

Table 2. Copper determination results in 
tap water (Kiev)* 

Sample 
No. 

Introduced, 
Hg 

Found, (ig/1 Sample 
No. 

Introduced, 
Hg By proposed 

method 
By 

polarography 

1 - 6 .00±0 .50 6 .10±0 .40 

2 6 .40 12 .50±0 .10 12 .60±0 ,20 

3 10 .00 16 .2010.20 16 .05±0 .05 

4 20 .00 26.00+0.05 26.10+0.03 

'opt *P = 0 .95 , n - .'i, I, 
" A f t e r solution evaporation 

2. GOST 4388-72 : Drinking Water . Method f o r 
Copper Content Determination. Valid from 
01 .01 .74 on [in Russian], 

3. L .A .Kulsky , I .T .Goronovsky , A .M.Koganov -
sky, M.A.Shevchenko , Handbook on Water 
Properties, Analysis and Puri f i cat ion Meth-
ods, Naukova Dumka, Kiev (1980) [in Rus-
sian]. 

4. G.D.Brykina, D.Yu.Marchenko , O.A.Shpigun, 
Zh.Analit.Khim., 50, 484 (1995). 

5. M.I .Shtokalo , E.E.Kostenko, I .Z.Zhuk, Zh. 
Analit. Khim., 46, 1093 (1991). 

6. E.E.Kostenko, V .M.Kovbasa , O.M.Butenko, 
O.P.Kaban, in: Sc ient i f ic Works of Ukrainian 
State Univ. of Chem. Technology , Ky iv , 11th 
Issue (2001) [in Ukraininan]. 

7. T .M.Nikolaova, A.I .Lazarev, Zavadsk, Labor., 
58 , 10 (1092) . 

8. E.E.Kostenko, Zh.Analit.Khim., 55, 719 
(2000). 

9. A . I .Markova , E.E.Kostenko, I .Z.Zhuk, Zh. 
Analtt.Khim,, 17, 952 (1962). 

10. N.G.Polansky , in: Analytical Chemistry of 
Elements: Lead, Nauka, Moscow (19B6), p.352 
[in Russian]. 

11. T .V.Marchak, G.D.Brykina, T.A.Belavskaya, 
Zh. Analit. Khim., 36, 513 (1981). 

12. M.I .Shtokalo, E.E.Kostenko, I .Z .Zhuk, Zh. 
Analit.Khim., 47, 1827 (1992). 

13. V.V.Skopenko, A . K . T r o f i m c h u k , V.N.Zaitsev, 
Zh. Neorg. Khim., 27 , 2579 (1982) . 

14. Yu .V .Kho l in , V .N.Zaitsev , N.D.Donskaya, Zh. 
Neorg. Khim., 35, 1569 (1990). 

674 Functional materials, 10, 4, 2003 


