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~bstract Mgssbauer spectra o f  f e r r o c y a n i d e s  C U $ + \  F ~ " ( c N )  I '- .  and 

cuhl Fel?(cN), I '- have been studied. No quadrupole i n t e r a c t i o n  was ob- 
7 .  " - 

I1 
served t o  e x i s t  and the  isomer s h i f t  f o r  cupilFe (CN),~'- was found t o  
be more negat ive  suggesting f o r  t h i s  compound an increase i n  the back- 
-donat ion from t h e  metal d w  -orbi  t a l s  t o  the  empty p, 1 igand o r b i  t a l s ,  
decreas i ng  the  d-e lec t ron densi t y  on the i r o n  ion. These resul  t s  are 
supported by i n f  rared spectroscopy. 

1. INTRODUCTION 

The ferrocyanides are  diamagnetic complexes having s i x  cyanide 

l igands, (cN)-, forming an octahedron around the i r o n ' i o n .  Due t o  the 

presence o f  s t rong 1 igand f ields a t  the  i ron s i  t e  (1 0Dq r: 35000 cm-2 a1 1 

the ferrocyanides ions are  covalent complexes. I n  these compl exes the 
w 

cyano l igands remain l i n k e d  t o  the i r o n  by o bonds but  pa r t i a1  a(d,-P,) 

bonding has been suggested due t o  back-donation o f  e lec t rons from the 

f i l l e d  metal d,-orbitals t o  the empty l igand P ~ - o r b i t a l s l .  

Under inf luence o f  a crystal f i e l d  wi t h  octahedral symmetry (Oh) 

the f i v e  d o r b i t a l s  o f  i r o n  s p l i t  i n t o  a doubly degenerate e leve l  and 
s 

a threefo ld  degenerate t leve l  of lower energy. I n  a low sp in  case such 
2s 

as ferrocyanides, t he  s i x  d-electrons are  i n  the  t o r b i  t a l s  wi t h  t h e i r  
2s 

spins pai  red. Since t6 possesses cubic symmetry there  i s  nocontr i bu t  ion 
2s 

from the valence e lec t rons t o  the e l e c t r i c  f i e l d  grad ient  a t  the Fe nu- 

c l e i .  The cub ic  symmetry o f  the  octahedral d i s p o s i t i o n  o f  the  s i x  1 i- 

gands around the i r o n  atom a lso  does not g i ve  any c o n t r i b u t i o n  t o  the 

e l e c t r i c  f i e l d  gradient .  This explains the r e a s o n  why o n l y  a s ing le  

Mgssbauer absorpt ion peak appears i p  spin-pai red complexes 1 i ke  fe r ro -  

cyanides. 

The Mb'ssbauer e f f e c t  resu l t s  a r e  a n a l y s e d  by  s t u d y i n g  t h e  
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changes i n  the behaviour o f  the  isomer s h i f t  6 ,  which i s  a measu re  o f  

the t o t a l  s -e lec t ron  dens i t y  a t  the i r on  nuc le i .  Assuming  a u n  i f o r m  

charge d i s t r i b u t i o n  over t he  nuclear volume, the  isomer s h i f t  i s  g iven 

b2 
6 = A/+~(O)'~ + B .  

where A i s  a constant  depending on nuclear parameters, B a constant  de- 

pending on the  source p rope r t i es  and I IJJ~(O) 1 '  i s  the  s- e lec t ron charge 

densi ty a t  the  i r o n  n u c l e i .  

((0)  1 con ta ins  con t r i bu t i ons  from a l  l the  occupied o r b i  t a l s  

which p a r t i c i p a t e  i n  t he  chqnical  bonding. Bther e lec t rons  wi t h  p, dand 

f-character do not  have a d i r e e t  i n te rac t i on  w h l t h i n  t he  nu lc leus  but ,  

nevertheless, they have a s i g n i f i c a n t  i n d i  r e c t  e f f e c t  o n  S by t h e  

sh ie ld ing  o f  the  s -e lec t rons .  I n  the case o f  the i r o n  ion  the sh ie ld ing  

i s  due t o  the presence o f  d- electrons.  As the  3&elec t ron dens i t y  in -  

creases, the s-electrons dens i t y  a t  the nucleus decreases and v ice-ver -  

sa. Ihere fore ,  the s- e lec t ron densi ty i s  inf luenced by the  presence o f  

the l i.gand (CM) because o f  i t s  abi 1 i t y  t o  a c t  as a O-donor as wel 1 as 

a n-acceptor . 

2. EXPERIMENTS 

a) Preparation o f  Samples 

11 4-  
I )  Cupric ferrocyanides,  Cu:"[~e (CN) 6 1  . The method o f  

preparat ion of t h i s  cornpsund i s  s i m i l a r  t o  t h a t  described i n  the  I l t e r a -  

t u re 3.  Twenty grams o f  CuSo, are  mixed w i t h  f i v e  grams o f  K,F~(cN), ob- 

t a i n i n g  a p r e c i p i t a t e ,  C U ~ F ~ ( C N ) ~ ,  which i s  washed w i t h  d i s t i l l e d  water 

severa1 times i n  order  t o  e1 iminate excess o f  the  reagents and  a f  t e r  

t ha t  the p r e c i p i t a t e s  i s  f i l t e r e d  and dr ied .  
+ I1 

I I )  Cuprous ferrocyanides,  Cu,lFe ( c N ) ~ \ ' -  . Th is  cornpound i s  

prepared from CUCN obtained by the fo l l ow ing  reac t i on  

The s o l u t i o n  o f  copper cyanide a f t e r  f i l t r a t i o n  i s  mixed w i t h  

a so lu t i on  o f  potassium ferrocyanide and formaldehyde p r e c i p i t a t i n g  the 

cuprous fe r rocyan ide according t o  the reac t ion  
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The whi te  p r e c i p i t a t e  i s  

avoid decomposition. 

then f i 1 tered and d r ied  i n  vacuum t o  
. r  . 

The compound rema i ns s tab l  e (wh i te )  wh i 1 e there  i s an excess o f  

CuCN. If washed w i t h  water i t  f i r s t  becomes very l i g h t  r e d ,  t h e n  i t  

changes t o  1 i g h t  brown and f i n a l l y  t o  dark brown; these three phases 

character i s t  i c  o f  the decompos i t ion  o f  t h e  compound4. The compos i t ion 

of t h i s  compound was checked by X-ray f luorescence i n t h e  Van der Graaf 

accel e ra to r .  

b) Measuremen t s  

~gssbauer  spectra were obtained w i t h  a c o n v e n t  i a n a l  spec- 

trometer operated i n  the constant acce lera t  ion t r i angu la r  wave rnode wi t h  

a source o f  5 7 ~ o  i n  Rh. The spectra were analysed by a 1 e a s t - s q u a r e  

rnethod; t he  e f f e c t i v e  thickness was always l ess  than 5 mg ~e/cm'. 

I n f ra red  spectra were obtained wi  t h  a Perkin-Elmer Model 467 

spectrophotometer . 
X-ray d i f f r a c t i o n  data were obtained w i . t h  a S i emens , model 

K r i s t a l l o f l e x  2, d i f f rac tometer .  The X-ray tube was a CrKa source w i t h  

a vanadium f i 1 te r ,  o f  wavelength 2.290920 8. 

3. RESULTS 

The c r y s t a l  s t ruc tu re  o f  the  cornpound CU;+~F&'[(CN),(" has 

been reported i n  the  1 i t e r a t u r e 3.  I t  has a face centered cubic s t ruc-  

ture,  belonging t o  the spa t i a l  group o'~-F wi t h  Fe ions a t  the corners 
m3m 

and centers o f  the  faces o f  the u n i t a r y  c e l l  whereas the Cu ions occupy 

t h e  centers o f  t he  edges, the  center of t he  u n i t  c e l l  and the  cen te rso f  

interna1 octants.  The Fe ions are  bonded t o  the Cu ions a t  the edges o f  

the u n i t  c e l l  through cyanide bridges forming a polymer c h a i n  o f  t h e  

Prussian b lue  type. I n  t h i s  k ind o f  compounds the bonds o f  the  Cu íons 

i n  the centers o f  edges are predominant l y o f  covalent  character5.  

However, i t  seems there are  no X-rays data i n  the l i t e r a t u r e  
4- I1 r e f e r r i n g  t o  the compound CU,, l ~ e  ( c N ) , ~ ~ - .  Due t o  i t s  i n s t a b i l  i t y  we 
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have obtained X-ray spectra o f  i t  f o r  each stage o f  i t s  decomposition. 

The r e s u l t s  ind ica te  t ha t  i t s  c r y s t a l l  i ne  s t rue tu re  remains t h e  same 

when i t  passes frem wh i te  t o  rose t o  brown, showing changes on l y  i n  t he  

i n t e n s i t i e s  o f  the l i n e s ,  suggesting t h a t  the  Fe, Cu and CN keep the  

same r e l a t i v e  pos i t ions  w i t h i n  t he  c r y s t a l l i n e  l a t t i c e ,  main ta in ing  the  

same volume. Our d i f f r a c t i o n  spect ra  i n d i c a t e  t ha t  the s t r u c t u r e  i s  a 

cub ic  p r i m i t i v e  r e t i c u l a r  w i t h  l a t t i c e  parameter a  = (12.21 t 0.01) 

Our ~kksbauer  e f f e c t  r e s u l t s ,  f i g ,  l a ,  b, c  and t a b l e  1 support 

the  above X-ray in format ion  conf i rming t h a t  the  substance remains bas i -  

ca l  1 y the same and a lso  d iscard  the poss ib i  l i t y  o f  f e r r i c y a n i d e  forma- 

t i o n  ã ince a1 l ferr icyanides present Wssbauer spectra wi t h  quadrupole 

i n t e r a c t i o n 6.  One poss ib le  exp lanat ion  i s  a  change i n  the  s t a t e  o f  o x i -  
i 

dat ion  ~f the Cu i n  i n t e r s t i t a l  s i t e s .  

Table 1 - Mssbauer parameters o f  cuprous and cupr ic  Ferrscyanides. 

These experimental r e s u l t s  a l s o  i nd i ca te  t h a t  t he  isomer s h i f t  
I1 f o r  the CU'"IF~"(CN), 1 '- i s  more negat i ve  than f o r  t he  CU:~ Fe (cN), I '-. 

c~:(F~**(cN),  1 '- I -(0.167 i 0.002) 

(whi t e )  

C U ; ~ ~ F ~ " ( C N ) ,  1'- 
( I  i gh t  red) 

Lu: / ~ e "  (CN) / '- 
(brown) 

-(0.1:69 -+ 0.001) 

-(O.166 i 0.001) 

(.O267 k 0.004) 

(0.247 i 0.002) 
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Fig. 1 - The Toom temperature ~8ssbauer spectra 

o f  CU~IF~"(CN),I '- a t  severa1  stages o f  the 

ox id iz ing process as compared w i t h  the one o f  

the CU:+~ F~~ ' (CN) ,  I'-.' a) The compound f reshl y 

prepared (wh i t e  colour) measured under vacutím. 

b) The same compound a f  te r  some ex.pos i t i on t o  

the atmosphere (rose colored) and measured under 

vacuum. c) The same compound a f t e r  the com- 

p l e t i on  o f  the ox id iz ing process (browncolored). 

d) The CU:+ I F ~ ~ ~ ( c N ) ~ I ~ -  spectrum. 
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+ 2 * 
As t h e  Cu i o n  i s  l e s s  e l e c t r o n e g a t i v e  than the  Cu i o n  and t h e  e l e c-  

t r o n e g a t i v i t y  of ( c N ) -  i s  h i g h ,  i t  can be expected t h a t  t h e  c o v a l e n t  

charac te r  o f  t h e  ( C N )  -CuZf b i n d i n g  should be b i g g e r  than t h e  one o f  
9 

(CN) - Cu . Bue t o  t h e  f a c t  t h a t  t h e  (CN)- r a d i c a l s  a r e  t h e  o n l y  donors 

o f  nega t i ve  charges t o  neu t ra1  i z e  t h e  p o s i t i v e  charges on t h e  metal ions, 

t h e r e  w i l l  be a g r e a t e r  t r a n s f e r  o f  charges o f  the  a- t y p e  f rom ( 6 ~ ) -  t o  
2+ + 

Cu than t o  Cu . As a consequence t h e  (cN) -  ions i n  CuEf ~ e f ? C ~ ) 6  1,- 
become more e l e c t u o p o s i t i v e  and, t h e r e f o r e ,  more r e c e p t i v e  t o  back-do- 

n a t i o n  from meta l  J7, (dxy3 dlE" d y 5 )  o r h i t a l s  t h a n  i t does  i n  

CuTl F~" (cN) ,  I '-. T h i s  inc reased  back-donation f rom t h e  meta l  d -o r -  

b i t a l s  t o  t h e  empty pn l i g a n d  causes a decreases o f  t h e  d - e l e c t r o n  den- 

s i t y  on t h e  meta l ,  p roduc ing  a decrease i n  t h e  e l e c t r o n i c  r e p u l s l o n  o f  

t h e  S- e lec t rons  o f  i r o n ,  eonsequent ly  inc reaç ing  t h e  s - e l e c t r o n s d e n s i t y  

i n s i d e  t h e  i r o n  nuc leus and making t h e  isomer s h i f t  more n e g a t i v e  than 

i n 'CU: ( F~"(cN), / * -  . 
B u g e l  and ~ r i f f  i t h  have shown t h a t  carbon - m e t a l  b o n d  l n g  

w i l l  tend t o  inc rease  t h e  C-N f o r c e  cons tan t ,  KC-N"by drawing n e g a t i v e  

charge from t h e  carbon atom and, as a consequenee, t h e  6N s t r e t c h i n g  

frequency w i l l  i nc rease  and thhe M-C (M E metal )  s t r e t c h i n g  f r e q u e n c y  

w i l l  decrease. The back- donat ion f rom meta l  dn -e lcc t rons  toempty  1igasad 

pT o r b i t a l s  w i l l  tend t o  decrease KC-N and t h e r e f o r e ,  an o p p o s i t e  e f -  

f e c t  w i l  l occur .  

Comparing t h e  r e s u l t s  ob ta ined  w i t h  these compounds u s i n g  in- 

f r a r e d  spectroscopy, f i g .  2 and t a b l e  2, we observe an a p p r e c i a b l e '  de- 

crease i n  t h e  M-C s t r e t c h i n g  f requency going f rom CU;+(F~~.'(CN), ('- t o  
+ I1 

Cu, 1 Fe (cN), I,-. T h i s  leads us t o  conclude t h a t  t h e r e  e x i s t s ,  f o r  t h e  

Cu2+ case, a  back-donat i o n  i ncrease i n  t h e  Fe-CN r e g  i o n  con f  i rming t h e  

r e s u l  t ob ta  i ned by  Mkksbauer spectroscopy. 

The a u t h o r s  a r e  g r a t e f u l  f o r  t h e  Van der G r a a f f  sample a n a l y s i s  

c a r r i e d  o u t  by P r s f .  Nelson V. Castro F a r i a  o f  t h e  Physics Department, 

PUC/RJ . 
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Fig.2 - The i n f ra red  spectra o f  C U ~ + ~ F ~ " ( C N ) , I ~ -  and 

c u t l  F~"(cN),  I * - .  

Table 2 - In f ra red  parameters o f  cupr ic  and cuprous ferrocyanides.  

Compound 
C- N I Fe-CN 

f requency f requency 
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Resumo 

Foram estudados os espectros Mdssbauer  dos f e r r o s  l a n e t s s  

C U ~ * I  F ~ " ( C N ) ~  I '- e C U * ~  F~'*(cN), I'-. Não obtivemos i n t e r a ç i k  quadsipo- 
2+ 11 l a r  e o  deslocamento isomérico 6 mais negativo no Cu, I F ~  ( c N ) , ( ~ -  su- 

ger indo um aumento na ba& d o m t i o n  dos o r b i t a i s  d, do metal para o s o r -  
b i t a l s  vazios p, dos l i g a n t e s  diminuindo a densidade de e le t rons  d no 
ion fe r ro .  A espectroscopia inf ravermelho confirma estes resul tados.  


