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Abstract 

The structure of BiFe(CN),*4H20, which is of the 
SmFe(CN),*4H20 type, was determined by single- 
crystal X-ray diffraction and refined in space group 
Cmcm. Based on relations between the monoclinic 
site parameters of a published structure determina- 
tion as well as on our psi-scans, the monoclinic sym- 
metry, P2,/m, which was proposed by D. F. Mullica, 
H. 0. Perkins and E. L. Sappenfield, Inorganica 
Chimicu Ada, 142 (1988) 9, is discarded in favor of 
the orthorhombic symmetry, Cmcm. The same struc- 
ture is adopted by BiCo(CN)6*4Hz0. 

Several years ago we studied the rare-earth ferri-, 
cobalti- and chromicyanides [l]. A relationship was 
found between their water contents, their unit-cell 
volumes and the rare-earth ionic radii. Hydrates with 
five water molecules per formula unit are stable at 
room temperature with the large rareearth elements 
La, Ce, Pr, while with the smaller elements Srn****Lu 
only four water molecules are incorporated. The 
pentahydrates crystallize in the hexagonal LaFe- 
(CN)6*5Hz0 structure [2]. In this structure type the 
transition element is octahedrally coordinated by the 
carbon atoms of six radially arranged CN ions, while 
the rare-earth ion is surrounded by six N in trigonal- 
prismatic coordination and by three 0 of the water 
molecules outside the square prism faces. Two 
zeolitic Hz0 are located above and below the two 
trigonal prism faces. The removal of one of the three 
Hz0 molecules in the equatorial plane around the 
[LnN,] trigonal prisms reduces the symmetry of the 
tetrahydrates to orthorhombic according to Petter 
et al. [3, 41 or to monoclinic according to Mullica 
et&. [5]. 

Based on the ionic radii of Shannon and Prewitt 
[6, 71 we conjectured that the bismuth compounds 
should behave like the lanthanum analogs [l] and 
form pentahydrates. Some years ago we synthesized 
BiFe(CN)6*xHz0 and BiCo(CN)6*xHz0 and found 
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unexpectedly small unit cells. However, the dif- 
ference between the volumes of the iron and the 
cobalt salt was normal. The volumes were found to 
fall into the tetrahydrate region and thus were in 
accordance with the orthorhombic indexing of the 
Guinier patterns. A structure refinement on a 
BiFe(CN)6*4Hz0 single crystal confirmed the 
assumed space group Cmcm. Disappointed by the 
failure in an attempt to prepare BiCr(CN)6.4HZ0 the 
data were put aside but a recent publication of 
Mullica et al. [8] prompted their resurrection. These 
authors refined the structure of BiFe(CN)6*4H20 
in space group P21/m, after they had tried the ortho- 
rhombic system (with an inadequate choice of the 
unit cell, leading to hkl # ik[), in analogy to SmFe- 
(CN)6*4H20 [S]. This unnecessarily low symmetry as 
well as some misprints in their positional parameter 
table -missing minus signs for x(Cl), y(C2) and 
x(03) - motivated us to the present note. After this 
manuscript was ready for being submitted notice was 
received of a paper by Marsh [9] who -being the 
expert in this field - had already given a transcription 
of the structure of BiFe(CN)6*4H20. Since Mullica 
and Sappenfield [lo] have maintained the correctness 
of their monoclinic space group it was decided to 
repeat our structure refinement. 

The preparation of BiFe(CN)6*4H20 was similar 
to that given in ref. 8 but differs in a minor point 
which is responsible for better crystal growth. In 
order to prevent hydrolysis of the Bi3+ ions the 
starting solutions, 0.05 M Bi(N03)3*5Hz0 and 0.05 
M K,Fe(CN),, were both prepared in 1.25 M DL- 

lactic acid, CH,CH(OH)COOH. After filtering, the 
mixture of these solutions was stored in the dark at 
room temperature. Small dark crystals of a size up 
to 2 mm grew within 2-4 days. The most perfect 
crystals had the form of hexagons of 0.1-0.3 mm 
edge length and were transparent red under the 
microscope. 

BiCo(CN)b*4H20 can easily be synthesized in 
aqueous solutions since K3Co(CN), is more stable 
than its iron analog. Thus, a solution of 0.01 M 
Bi(N03),.5Hz0 in 1 M HN03 was mixed with an 
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TABLE 2. Contact distances (A) up to 3.5 A and bond angles 
(“) in the structure of BiFe(CN)6*4HzOa 

Bi-201 

Bi-4Nl 

Bi-2N2 

Fe-4Cl 

Fe-2C2 

Cl-1Nl 

Cl-1Fe 
-----. 

Cl-1Cl 

Cl-lC2 

Cl-1Cl 

Cl-lC2 

Cl-102 

C2-lN2 

C2-1Fe 

c2-2Cl 

c2-2Cl 

c2-201 

c2-102 

Nl-1Cl 

Nl-1Bi 

Nl-1Nl 

Nl-1Nl 

Nl-lN2 

Nl-101 

Nl-102 

N2-lC2 

NZ-1Bi 
____- 

N2-201 

N2-102 

N2-2Nl 

01-1Bi 

01-202 

01-2N2 

Ol-2Nl 

Ol-2c2 

02-201 

02-lN2 

02-2Nl 

02-lC2 

Fe-Cl -Nl 

Fe-C2-N2 

- 

_ 

2.434(10) {2.425(10) and 2.412(10)} 

2.489(8) {2.499(8) and 2.508(8)} 

2.538(11) {2.531(V)} 

1.924(8) {1.933(V) and 1.945(V)} 

1.936(12) {1.932(V)) 

1.169(11) {1.134(12) and 1.137(12)} 

1.924(6) {1.933(V) and 1.945(V)} 
_______----- ----- 

2.695(12) {2.702(19)*} 

2.698(13) {2.690(19)* and 2.697(19)*} 
2.746(12) {2.793(U)*} 

2.759(12) {2.769(23)* and 2.800(23)} 

3.511(11) {3.515(17)* and 3.526(17)*} 

1.138(16) {1.135(12)} 

1.936(12) {1.932(V)} 
_________----------- 

2.698(13) {2.690(19)* and 2.697(19)*} 

2.759(12) {2.769(23)* and 2.800(23)*} 

3.404(11) {3.411(15)* and 3.415(19)*} 

3.455(15) {3.393(19)*} 

1.169(11) {1.134(12) and 1.137(12)} 

2.489(8) {2.499(8) and 2.508(8)} 
___------------- 

2.996(12) 

3.001(11) 

3.132(12) 

3.156(12) 

3.360(12) 

1.138(16) 

2.538(11) 
----- 

2.905(11) 

3.114(M) 

3.132(12) 

2.434(10) 

2.803(10) 

2.905(11) 

3.156(12) 

3.404(11) 

2.803(10) 

3.114(15) 

3.360(12) 

3.455(15) 

178.7(6) 

179.1(10) 

-- 

{3.016(10)*} 

{3.037(17)* and 3.039(17)*} 

{3.105(19)* and 3.120(20)*} 

{3.143(21)* and 3.154(19)*} 

{3.391(12)* and 3.392(12)*) 

{1.153(12)} 

{2.531(V)} 
_------ _----- 

{2.892(14)* and 2.906(14)*} 

{3.063(18)*) 

{3.105(19)* and 3.120(20)*} 

{2.412(10) and 2.425(10)} 
___--- _------ 

{2.820(12)* and 2.828(12)*} 

{2.893(13)* and 2.906(14)*} 

(3.143(21)* and 3.154(19)*} 

{3.411(15)* and 3.415(15)*} 

{2.830(10)} 

{3.063(18)*} 

{3.391(18)* and 3.392(12)*} 

{3.393(19)*} 

{178.7(V) and 178.8(8)} 

{179.0(V)} 

(continued) 
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TABLE 2. (continued) 

Bi-Nl -Cl 165.3(7) {165.7(8) and 166.4(8)} 

Bi-N2-C2 146.8(9) {146.8(8)} 

Cl -Fe-Cl 91.1(3) {91.9(4)1 
Cl-Fe-C2 91.3(4) 19 1.6(4)} 

88.7(4) {87.7(4)) 

Nl -Bi-Nl 116.8(3) {117.4(4)*} 

74.0(3) {74.0(3)* and 74.6(4)*} 

74.1(3) {74.7(4)*} 

Nl -Bi-N2 142.1(2) {143.0(3)* and 142.4(4)*} 

77.1(3) {76.2(4)* and 76.5(4)*} 

N2-Bi-N2 114.7(4) {115.5(5)*} 

01 -Bi-01 107.9(4) {108.0(S)*} 

aOur values are compared with those of Mullica et al. [8] (in 

{ }; those with an asterisk are our calculations based on the 

parameters given in ref. 8). Estimated standard deviations are 

given in parentheses. 

The structure data of BiFe(CN)6*4Hz0 crystal are 
listed in Table 1 (see also ‘Supplementary Material’). 
The interatomic distances are compared in Table 2 
with the corresponding values of Mullica et al. [8]. 
Their values coincide with ours within the experi- 
mental accuracy which was to be expected since the 
monoclinic description differs from the orthorhombic 
one by a lowered Laue symmetry only. It is note- 

worthy that the C-N distances are as reasonable as 
in the monoclinic model. And of course, there is a 
very satisfactory agreement between our structure 
parameters and those obtained by transforming the 
monoclinic data of Mullica et al. [8] as listed in 
Table 3. A stereoview of the coordinations can be 
found in their publication [8] while a [O,O, l] 
projection of the structure is shown in Fig. 2. 

The data and arguments presented here con- 
vincingly prove that the symmetry of the crystal 
structure of BiFe(CN)6.4H20 need not be reduced 
to monoclinic and that Cmcm is the correct space 
group. This is also plausible because elimination of 
one of three equatorial Hz0 molecules around the 
[LnN,] trigonal prisms on going from the hexagonal 
I_aFe(CN)6*5Hz0 type to the SmFe(CN)6*4Hz0 
type leads to an intrinsically orthorhombic arrange- 
ment, as is striking to the eye as soon as one looks 
at a [OOl] projection (Fig. 2). There is no obvious 
energy gain on distorting the structure and nature 
will certainly not reduce the symmetry without a 
compelling reason. 

Based on the similar Guinier pattern and intensity 
calculations with LAZY PULVERIX [ 131 the same 
SmFe(CN),*4H,O-type structure can be assigned 
to the cobalt analog BiCo(CN)6*4H20. Its unit-cell 
data are included in Table 1. 
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TABLE 3. The C-centered monoclinic cell (derived from the monoclinic cell of Mullica et al. [8] by doubling: a’ = a + c, b’ = 
a - c, c’= b) that transforms to the orthorhombic Cmcm cell. The notation used for the orthorhombic SmFe(CN)e*4HaO type 
is added on the right-hand side 

Atom X Y 

Bi 0.00003(8) 0.32368(8) 

Fe 0 0 

Cl O.OOO(2) 0.137(2) 

c2 0.189(2) 0.049(2) 

c3 0.186(2) 0.047(2) 

Nl 0.0015(15) 0.2185(15) 

N2 0.202(l) 0.425(l) 

N3 0.2030(9) 0.425(l) 

01 0.0005(10) 0.3425(10) 

02 0.2625(20) 0.2125(20) 

03 0.2625(20) 0.2135(20) 

a = 7.447(2), b = 12.837(3), c = 13.678(2) A, 7 = 90.01(2)“. 

z Atom site in Cmcm 

1 
4 

Bi 4c 

0 Fe 4a 

0.0583(9) c2 8f 

0.5875(9) Cl 16h 

0.5883(9) 

0.0936(9) N2 8f 

0.1390(9) Nl 16h 

0.1389(9) 

0.5977(g) 02 8f 
1 

1" 

01 8g 

h 
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Fig. 2. Projection of the orthorhombic SmFe(CN)6*4HzO-type structure of BiFe(CN)6*4H20 onto the (a, b) plane. The water 

molecules are given as small circles. The bonded Hz0 molecules are connected with the Bi atoms. The zeolitic Hz0 molecules 

above and below each trigonal N prism (near the center of the triangles) are partly omitted. The positions of the Fe and C atoms 
are defined by the octahedra, those of N and Bi by the deformed trigonal prisms and the Bi-0 bonds (6N + 20 together form a 
slightly deformed square antiprism). The monoclinic cell (am, em) used by Mullica et al. [8] is indicated by broken lines. 

Supplementary Material 

Lists of the structure factor amplitudes and aniso- 
tropic thermal parameters may be obtained from 
authors W.P. and V.G. 
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