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Си(НгРОз)2 crystallizes in space group P2i/c with a = 7.490, b = 9.938, 
с = 7.465 Á, ß = 99.6°, Z = 4. The structure was refined by means of three-
-dimensional least-squares method. The final R value for 1013 observed struc­
ture factors is 0.115. The characteristic feature of the structure are pairs of dis­
torted octahedra with one common edge. These pairs are bonded together 
by H0PO3 groups so that the entire structure may be considered as represent­
ing a coordination polymer. Си —О bonds in octahedra are 1.98, 1.97, 1.92, 
1.96, 2.33, and 3.15 A respectively. 

The crystal structure of Си(Н2РОз)г was determined as a further part of general study 
of the structure and properties of phosphites. Crystals were prepared by Nassler [1]. The 
aim of the structure analysis of Си(НгРОз)2 was to determine the coordination of copper 
and to elucidate the role of the phosphite group H2POg in this incongruently soluble 
copper(II) complex. 

Experimental 

The substance forms clear blue prismatic crystals elongated in the direction of the 
growth axis a. From the precession photographs and from the rotation and Weissenberg 
photographs around the axis a the following parameters of the unit cell were determined: 

a = 7.490(7), b = 9.938(6), с = 7.465(3) Á, ß = 99.6(1)°. 

Density determined by the suspension method (bromoform—benzene) has the value 
2.68(1) g cm - 3 . The theoretical value of density based on four formula units per cell 
is 2.71 g cm - 3 . 

Determination of intensities was performed on the basis of Weissenberg photographs 
of the layers Okl— 6kl with СиКд-filtered radiation and the multiple-film technique. The 
intensities of strong reflexions were determined photometrically from the integrated 
photographs. Weak intensities were estimated visually from the nonintegrated photo­
graphs. For the nondetectable reflexions 1/3 of the lowest observed intensity in the respec­
tive layer-line was taken [2]. Corrections of the intensities on the individual layer-lines 
were made for the Lorentz, polarization and absorption factor. The values of (i^2)c.)rr 
obtained in this way were then transformed to the common scale by comparison of hOl 
spectra. Thus, 1013 independent values were found. 

Systematic extinction of diffractions of the type 

hOl for I = 2n 

OkO for к = 2n 
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means that only the space group No. 14 0%, in the setting Р2ф is possible. I n this group 
there is only one fourfold position and hence if Z = 4, all the atoms are in general posi 

Determination and refinement of the crystal structure 

The structure model was suggested on the basis of interpretation of the three-dimen­
sional Patterson function P(uvw), from which the positions of the atoms Cu, P(l) P(2) 
were determined. The positions of all oxygen atoms were then found by means Of the 
electron-density projections e(yz) and e(xz). The entire structure was preliminary refined 
by successive Fourier F0-Fc syntheses. 

The basic model was further refined using all the three-dimensional data by the least-
squares method with the GIER computer [3]; the individual isotropic temperature 
factors were taken first. After six cycles the R factor was 1 7 . 8 % . Then the anisotropic 
emperature factors were introduced and after subsequent ten cycles the R index dropped 

íľi Z b l o o k - d l a g o n a l approximation was used in the programme. The Hughes 
[4] weightmg scheme was used for the refinement. I n this stage of refinement no signi­
ficant parameter changes were observed and thus a control with three-dimensional 
duTerence synthesis [6] was performed. I n this map, except for random deviations, which 

ľ ľ e ľ - a " b Г ° f A A ~ 3 ( f 0 r m a X Í m a a t 1 0 - 5 0 e A - 3 > *wo larger peaks appeared 
nth Ъ T C l n terpreted as peaks arising from hydrogen atoms bonded 

to the phosphorus atoms. From this, the positions of two hydrogen atoms were determined 
and used m the three last refinement cycles. Their positions in structure were not refined. 
Since these hydrogen atoms are chemically bonded atoms with low atomic number 
where there is uncertainty of exact value of atomic scattering factor [6] and since for 
the calculations the respective values from International Tables [7] for an isolated atom 
were taken, refinement of the temperature factor of hydrogen atoms would be meaningless. 
Thus the mean value of the individual isotropic temperature factor coefficients of the 
s s i l m e ľ ľ T b * ™ d e t e r Ť i e d i n t h e least-equaree isotropic cycle, was conventionally 

a signed to them. The resulting R factor dropped to the value of 11.5% a n d the value 
of error-square-sum Zw{{F0\ - \Fe\)> decreased by 0.62 to reach the final value 14 69 

T»tl TZTTi ™T t h e ° b S e r V e d a n d c a l c u l a t e d structure factors is shown in 
re L P H T w C

0
0 0 ; d l " a t e s > a n d f o r t h e r e f i n e d atoms also their standard deviations 

Z ľ ľ U* • 1 П Т а Ы е 3 t h e c o e f f i c i e n t s of anisotropic temperature factors and 
heir standard deviabons are presented. Coefficients of isotropic temperature factors 

ot ts = 1.91 A2, were assigned to the hydrogen atoms. 

Description of the structure 

и 2 Г , ^ . " f ^ ^ f b t o r t * ^ distances, bond angles and their standard de­
m o n s [ 8 ] it follows that the coordination polyhedron around the copper atom has the 
tope of an elongated d.storted octahedron (Fig. 1, Table 4a). Four shorter and one 

ľ f r L t T p o - ° 0 r r e S P l n d t 0 t h ľ C u - ° b o n d s > whereas each oxygen atom belongs to 
•fferent H 2 P 0 3 group. This configuration is completed by an oxygen atom 0(3) from 
hvdroxyl group which is linked by the weakest bond to the п е х Г н 2 Р О ; group TZ 

Í Cu ľ t o m ! ° m S f r 0 m S Í X d Í f f e r e n t Н з Р ° 5 g r 0 U P S P a r t i c i P a t e * t h e coordination around 

J í ľ f í ? g r 0 a P . f ° r m S a d i s t o r t e d tetrahedron (Table 46) with P atom in its centre. 
Accurate determmations of bond lengths show that the distances P ( l ) - 0 ( 3 ) , or P ( 2 ) -

ľitm. zvesti 26, 494-501 (1972) 
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Table 1. Observed and calculated structure factors 
In the columns from left to right the values I, 100|i^o| and 100 Fc are listed. Undetectable 

diffractions are marked by n 
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Table 1 (Continued) 
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Table 2 

Positional parameters and for refined atoms their standard deviations 

Atom 

Cu 0.1939(2) 0.0815(2) 0.0716(2) 
P(l) 0.4502(4) 0.4326(3) 0.2692(4) 
P(2) 0.9634(4) 0.2978(3) 0.2291(4) 
0(1) 0.4018(11) 0.0279(9) 0.2577(11) 
0(2) 0.3161(11) 0.4898(9) 0.3777(12) 
0(3) 0.3563(14) 0.3741(13) 0.0830(13) 
С (4) 0.1022(11) 0.1880(8) 0.2512(11) 
0(5) 0.9734(11) 0.3882(7) 0.3935(10) 
0(6) 0.7649(15) 0.2393(11) 0.1843(16) 
H(l) 0.522 0.302 0.347 
H(2) 0.975 0.390 0.060 
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Table 3 

Coefficients of anisotropic temperature factors and their standard deviations 

(multiplied by 104) 

The coefficients used in: exp(— buh2 — &22&2 — Ьзз12 — b^hJc — buhl — ЬгзЩ 

Atom 

Cu 
P( l ) 
P(2) 
0(1) 
0(2) 
C(3) 
0(4) 
0(5) 
0(6) 

bn 

69(4) 
79(6) 
67(6) 

103(18) 
67(17) 

143(23) 
92(18) 
92(16) 

168(23) 

& 2 2 

54(2) 
73(3) 
58(3) 
81(9) 
85(9) 

190(17) 
60(8) 
44(7) 

110(12) 

ьзз 

97(3) 
97(5) 
89(5) 

121(15) 
158(16) 
135(18) 
139(16) 

92(13) 
257(27) 

&12 

12(4) 
-43(7) 

9(6) 
85(20) 

8(20) 
-195(32) 

10(18) 
39(16) 
53(26) 

&13 

42(5) 
41(8) 
10( ) 
48(25) 

160(25) 
77(31) 
41(25) 

-37(21) 
30(37) 

&23 

-11(3) 
- 5 ( 6 ) 

-27(5) 
7(19) 
1(19) 

-35(28) 
-54(18) 

-6(15) 
-193(30) 

Fig. 1. The arrangement of pairs and their bonding. 
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Table 4 

Interatomic distances and bond angles 
The oxygen atoms 0(3) and 0(6) belong to the hydroxyl groups, 0(5) and 0(5') are 

symmetrically equivalent 
Data concerning the unrefined hydrogen atoms are less reliable 

a) Octahedron around Cu(II) 

Distances 

C u - O ( l ) 
C u - 0 ( 2 ) 
C u - 0 ( 4 ) 
C u - 0 ( 5 ) 
C u - 0 ( 5 ' ) 
C u - 0 ( 3 ) 

Distances 

0 ( l ) - 0 ( 2 ) 
0 ( 2 ) - 0 ( 5 ) 
0 ( 5 ) - 0 ( 4 ) 
0 ( 4 ) - 0 ( l ) 

0 ( l ) - 0 ( 3 ) 
0 ( 2 ) - 0 ( 3 ) 
0 ( 5 ) - 0 ( 3 ) 
0 ( 4 ) - 0 ( 3 ) 

0 ( l ) - 0 ( 5 ' ) 
0 ( 2 ) - 0 ( 5 ' ) 
0 ( 5 ) - 0 ( 5 ' ) 
0 ( 4 ) - 0 ( 5 ' ) 

Distances 

P ( l ) - 0 ( 1 ) 
P ( l ) - 0 ( 2 ) 
P ( l ) - 0 ( 3 ) 
P ( l ) - H ( l ) 

P ( 2 ) - 0 ( 4 ) 
P ( 2 ) - 0 ( 5 ) 
P ( 2 ) - 0 ( 6 ) 
P ( 2 ) - H ( 2 ) 

Distances 

0 ( l ) - 0 ( 2 ) 
0 ( 2 ) - 0 ( 3 ) 
0 ( 3 ) - 0 ( l ) 
H ( l ) - 0 ( 1 ) 
H ( l ) - 0 ( 2 ) 
H ( l ) - 0 ( 3 ) 

0 ( 4 ) - 0 ( 5 ) 
0 ( 5 ) - 0 ( 6 ) 
0 ( 6 ) - 0 ( 4 ) 
H ( 2 ) - 0 ( 4 ) 
H ( 2 ) - 0 ( 5 ) 
H ( 2 ) - 0 ( 6 ) 

[A] 

1.979(Я) 
1.969(10) 
1.923(9) 
1.962(7) 
2.332(8) 
3.148(13) 

[A] 

2.807(12) 
2.779(12) 
2.788(11) 
2.744(12) 

3.675(16) 
3.920(16) 
3.957(14) 
3.069(15) 

3.169(11) 
3.214(12) 
2.723(10) 
3.188(11) 

b) H 2 P O -

;[A] 

1.497(9) 
1.504(10) 
1.561(10) 
1.49 

1.497(9) 
1.512(8) 
1.579(11) 
1.57 

i [A] 

2.519(13) 
2.544(14) 
2.513(14) 
2.47 
2.46 
2.26 

2.522(11) 
2.500(13) 
2.543(14) 
2.55 
2.49 
2.46 

Angles [°] 

0 ( l ) - C u - 0 ( 5 ) 
0 ( 2 ) - C u - 0 ( 4 ) 
0 ( 3 ) - C u - 0 ( 5 ' ) 

Angles [°] 

0 ( l ) - C u - 0 ( 2 ) 
0 ( 2 ) - C u - 0 ( 5 ) 
0 ( 5 ) - C u - 0 ( 4 ) 
0 ( 4 ) - C u - 0 ( l ) 

0 ( l ) - C u - 0 ( 3 ) 
0 ( 2 ) - C u - 0 ( 3 ) 
0 ( 5 ) - C u - 0 ( 3 ) 
0 ( 4 ) - C u - 0 ( 3 ) 

0 ( l ) - C u - 0 ( 5 ' ) 
0 ( 2 ) - C u - 0 ( 5 ' ) 
0 ( 5 ) - C u - 0 ( 5 ' ) 
0 ( 4 ) - C u - 0 ( 5 ' ) 

groups 

Angles [°] 

0 ( l ) - P ( l ) - 0 ( 2 ) 
0 ( 2 ) - P ( l ) - 0 ( 3 ) 
0 ( 3 ) - P ( l ) - 0 ( l ) 
H ( l ) - P ( l ) - 0 ( 1 ) 
H ( l ) - P ( l ) - 0 ( 2 ) 
H ( l ) - P ( l ) - 0 ( 3 ) 

0 ( 4 ) - P ( 2 ) - 0 ( 5 ) 
0 ( 5 ) - P ( 2 ) - 0 ( 6 ) 
0 ( 6 ) - P ( 2 ) - 0 ( 4 ) 
H ( 2 ) - P ( 2 ) - 0 ( 4 ) 
H ( 2 ) - P ( 2 ) - 0 ( 5 ) 
H ( 2 ) - P ( 2 ) - 0 ( 6 ) 

172.4(4) 
167.1(4) 
166.0(3) 

90.7(3) 
90.0(3) 
91.7(3) 
89.4(3) 

88.5(3) 
97.3(3) 
98.9(3) 
69.8(3) 

94.2(3) 
96.3(3) 
78.2(3) 
96.6(3) 

114.2(5) 
112.2(5) 
110.5(6) 
112 
111 

96 

113.9(4) 
107.9(6) 
111.5(5) 
112 
108 
103 

500 Chem. zvesti 26, 494-501 (1972) 



CRYSTAL STRUCTURE 

— 0(6) (mean value 1.570 Á) are significantly longer than the distances P(l) —0(1), or 
P ( l ) - 0 ( 2 ) and P(2) -0 (4 ) or P (2 ) -0 (5 ) (mean value 1.502 Á). This is in good agreement 
with the results of the neutron structure analysis of phosphorous acid performed by 
Loopstra [9], where the mean distances P—О of 1.496 Á and P—0(H) 1.549 Á were 
found; this proves also that the oxygen atoms 0(3) and 0(6) belong to the OH group. 

Both symmetrically independent tetrahedral groups around atoms P(l) and P(2) 
(Fig. 1) are not crystallochemically identical. Whereas all the oxygen atoms of the 
first group participate in the coordination of the three Cu[OsOH] octahedra, from the 
second group only the atoms 0(4) and 0(5) belong to the octahedra. The oxygen atom 
0(6) from the hydroxyl group OH never participates in the coordination of copper 
atom; it is linked by a hydrogen bond at a distance of 2.58 A to the oxygen atom 0(2). 
As a consequence of this, the octahedra around Cu(II) are never isolated, they always 
form a pair of octahedra with one shared edge. Formation of bi-octahedra makes possible 
the octahedral coordination of two Cu(II) atoms by ten oxygen atoms. 

Since the oxygen atoms from the octahedra Cu[OsOH] always belong to different groups 
H2PO.j, the above pairs of octahedra are mutually linked in space by the tetrahedral 
groups H2PO3 and consequently the crystalline СирНгРОзЬ can be considered as a coor­
dination polymer. In the unit cell the octahedra are situated in such a way that two 
longer distances Cu— 0(3) and Cu—0(5'), and as a consequence of this the elongated 
octahedron as well, are oriented approximately in the direction of the longest crystallo-
graphic axis b. 
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