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I t has 	 been weIl established by single crystal dif  If, on the other hand, one takes into C()11Sideration 

fraction investigations that the {Fe(CN)6}n- com diff raction data for other samples 3 , 6-11 conta ining 

pIcxes (n-3, 4) form regular octahedra "ith the iran hexacyanoferrate groups, ignoring the possible in 

in the centre and linear Fe-C-N chains extending to fl uence of different cations on the Fe-C band 

the corners. The iron K-edge fi ne-structures of length, one finds a trend to the expect ed shorter 

K3Fe(CN )6 and K4Fe(CN)6·3H20 shown in fig . l indicate Fe-C distance in the Fe(II)-complexes (see fig. 2 

that the chemical states of the Fe in the two com and table I). 

?lexes are similar and cannot be viewed as Fe 3+ and ~2_0 

-; I
Fe 2+ ions, respectively, s urrounded by six CN-	 u 

C 

groups. :; 
d 

Fig. 1 	 Fe K-edge fine '0 

structure. The U 
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Our near edge da ta agree structure ref. no. 

t very weIl with those of Fig.2 Fe-C d i stances for K3Fe(CN)6 (t), K4Fe(CN)6 
c: 	 3H20 (i) and other compounds out of the lite.~ 	 Obashi I . The K-edge rature 	(chronological, see table I) and fromä. 
(=; 	 structures can be inter- EXAFS (crosses are Ri-values from table 2) . 

'" J;J K4Fe(CNJ6 preted with molecular 	 The EXAFS measurements of K3Fe (CN) 6 and K4Fe (CN) 6d 
3H;P 1orbital calculations , 31120 were done on powder sampies at room temperat

which yield one more ure at the Deutsches Elektronen-Synchrotron DESY . 
,': 

0 10 30 40 binding electron for the As a reference material far the Fe-C-phase shift 
ÄE(eVJ 

20 	 we 

Fe (Il) complex. This is used ferrocene,which has ten equal Fe-C bonds (see 

i n agreement with the higher chemical stability of tabl e I). 

the Fe(II) complex . The results of single crystal 
Fourier fil tering l3 of X(k) - ~ \ A·(k) sin arg ' ~)diffraction data 2 ,4,5 of K3Fe(CN)6 and K4Fe(CN)6 k L J J 
yields amplitude AJ' (k) and arg- (k) - 2kR' + <Jl. (k)3H20 however yield a langer Fe-C-bond length for J J J 
for the first two shells (j I, 2). Fj is the inthe Fe(H) complex (see table 1 and fig. I). 
teratomic distance and <Jlj (k) the phase shift. X(k) 

distance FD i.s the normalised EXAFS and k is the photoelectron------ Fe - C Fe - N campound ref. no. wavenumber. The absolute va l ues of the Fourier
1.980 	 3 .009 KL,Fe (CN) 6 3H20 2 

transforms F(r) of X(k) . . w(k) are shown ink 3 
1.89 	 3.04 H4 Fe (CN)6 3 

fig. 3. Due to the choiee of the window function
1.903 	 3.037 K3Fe(CN)6 4 

w(k) and the k-scale zero energy (E o - 7106 eV, i.e.1.922 	 3.090 K4 Fe (CN) 6 3D20 5 
5 eV below the K-edge of metallic Fe) the C and N1.926 	 CS2LiFe(CN)6 6 
peaks are weIl separated . The window function is a1.90 CS2MgFe(CN)6 	 7 

0-1
Gaussian in k with 10% amplitude at kmin- 2.7 A

1. 93 3.08 CS2KFe (CN) 6 8 
and krnax- 14.3 ~-I and zero outside this k-range.

1.88 	 CS2BaFe(CN)6 9 
The peak regions of IF (r) I were retransformed sepa1.90 	 3.05 (NH4)4Fe (CN)6 1.5 H2 0 10 
rately with square window functions, yielding Aj (k)1.90 3.05 LaKFe (CN) 6 4 H20 11 
and argj (k). One can now calculate the Fe-C bond2 . 045 	 Ferrocene 12 
length differences ßR between different sampies for

Table 	 Distanc e values 1n \\ for Fe(CN)6-grouPs 
in d iff erent compounds in the literature. each k-value, i.e. as a function of k, by assuming 
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Fig. 3 Absolute values of the Fourier transforms. 

0,---- 
Ferroct!ne 

-0.1L.-","",==========K~... IC N)6 -="""'-:l3F~..._ _ _c 	 -0.111 

~ 	 K4F~ICN)6 '3H20 

-0.2L--::S-~--~-~k(A_~'-~10---.i 

Fig. 4 	 Relative determination of Fe-C bond lengths 

The results for a number of measur ements are shown 

in fig. 4. They clearly show the langer Fe-C bond 

(6R = 0.034 R) in the Fe(III)-complex. The resulting 

average 6R values seem to be accurate to ! 0.005 R. 
By assurning R = 2 . 045 Rfo r Fe-C in ferrocene l ; one 

gets the value s Ri in table 2 for the hexacyano

ferrates . 

K/e (CN)6 K4Fe (CN) 6' 3H2O 


Fe- C Fe-N Fe-C Fe-N 


R' (R) 1. 934 1. 900 

E 


RE 
 (R) 1.947 1.908 


0" (R2) 0 .0013 0.0025 0.0025 0 . 0014 


0.583 1.415 0.775 1.296 

Tabl e 2 EXAFS resul ts, RE with ferrocene phase 
shift, RE ,,,ith phase shift of Teo and Leel~ 
02 and c ,,,ith amp litudes of Teo and Lee . 

If the phase shift calculated by Teo and Lee is used 

unphysical k-scale zero energ ies of 25 to 30 eV 

, above the K- edge of meta llic Fe have to be used and 

t-l t ill the R(k) va ry strungly \.,T ith k (see f]ß , 5). 

Th e se da t a yielcl thc HE va1u es in table 2. llere one 

has to take into account errors oi !O.02 ~. 
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Fig. 5 	 Fe-C distances with calculated phase shiftsl~ 
The dashed lines are the RE values in tab le 2 

Für the N-neig hbours, which are shadowed by the C

atoms, we find a deviation of the experimental pha se 

shifts from the usual values in hoth complexes. This 

can be shown in the following way. I n t he single 

scattering case one would find : 

M (k)=argN(k) - argC (k)- 2k(RN - RC) =aN(k)-ac (k) 

",here ClC and aN are the backscattering phase shifts 

of C and N. Their di f fe rence is small and nea rly 

constant as C and N hav e neighbouring atümic numb er 

(dots in fig. 6, af ter ref . 14). 
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Fig. 6 See text. 

Fig. 6 sho",s the experimental phase difference 6<!>(k) 

for ~-RC;I.15 R (assurned here for both complexes). 

The deviation from ClN-ClC is approximately TIrad and 

decreases s lowly with k. 

Comparison of the argN(k) of the t,w hexacyano

ferrate s yields a distance difference 

~(Fe(III»-~(Fe(II»=0.023±0.008 R. Thi. va l ue is 

only valid under the additional assumption of trans

ferability of a l so the multiple scattering phase 

shift components. 

The amplitude f unction s A(k) of the two hexacyano

ferrates can be described in the following form: 



- ") 	 ? ')
A(k)=cNR - . i fT( k) : 'exp(-2k- a-) 

' liie re :fT (k) i is thc ealculated l4 backseattering 

amplitude, c i s :1 constCint a mplitude reduction 

fa cto r, N i s the c oo rdination numbe r Csix in this 
? 

case), aI1d 0- is t lle mean square rel a tiv e displace

me nt of th e atoms. Th is is demon strat ed by th e plot 

of t he fu net i on 
? 

L (k) = 1 n {A (k) / ( 1fT (k) ! · 6/ lC) } 

aga in st k-
? 

shown i n fig. 7. 
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F ig. 7 	 Reduc ed amplitudes L(k) for Kl e (CN) (I) 
and K4F e (C~)6·3H20 (2) . The C-amp~itude 
of an aqu e ous solution of (I) is included 
(Is), to show that the homogeneity of the 
powder samp les is suffici ent. 

The straight lines in the figure have slopes 202 and 
2L(O) = ln (e) . For the C- shells both 0 and c are in 

the u sual range (see table 2). The N-shells show 

reas onab le 02 va l ues whereas the values for e are 

higher than usual by a faetor of about 2 due to the 

"shad owing" by the C atoms . 

Thes e two effec ts , the approximately constant 

amp lit ude enhancement by a fac tor of ca. 2 and the 

additional phase shift of ca. TI rad, seem to be 

typical for multiple scattering in a linear ehain, 

as they are also ob served, although less clearly, 

in the fourth shell of fee-metals. 
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