
734 D O U B L E  OXIDES C O N T A I N I N G  N I O B I U M ,  T A N T A L U M ,  OR P R O T A C T I N I U M .  IV 

References 

GATEHOUSE, B. M. & WADSLEY, A. D. (1964). Acta Cryst. 
17, 1545. 

GOLDSCUMIDT, V. M. (1926). Skrift. Norske Vidensk. Akad. 
Nos. 2 and 8. 

I~R, P. N. (1965). Ph. D. Thesis; University of Sheffield. 
I'~R, P. N. & SMn'H, A. J. (1967). Acta Cryst. 23, 740. 
KELLER, C. (1965a). J. Inorg. Nucl. Chem. 27, 321. 
KELLER, C. (1965b). Colloques Internationaux du C.N.R.S. 

No. 154, p. 73. 

KELLER, C., KocH, L. & WALTER, K. H. (1965). J. Inorg. 
NucL Chem. 27, 1225. 

MEGAW, H. D. (1946). Trans. Faraday Soc. 42A, 224. 
REISMAN, A. & HOLTZBERG, F. (1960). J. Phys. Chem. 64, 

748. 
REISMAN, A. & MINEO, J. (1961). J. Phys. Chem. 65, 996. 
WINSTON, C. D. (1963). Ph. D. Thesis, University of Shef- 

field. 
WINSTON, C. D. & SMITH, A. J. (1965). Acta Cryst. 19, 

169. 
ZACHARIASEN, W. H. (1950). Structure Reports, 13, 435. 

Acta Cryst. (1971). B27, 734 

The Crystal Structure of Tetraphenylphosphonium Triehloro- 
( cis-but-2-en- l ,4-diol)platinum(II) 

BY M. COLAPIETRO AND L. ZAMBONELLI 

Laboratorio di Strutturistica Chimica 'Giordano Giacomello'-CNR, Cittd Universitaria, 00100 Roma, Italy 

(Received 20 July 1970) 

Tetraphenylphosphonium trichloro(cis-but-2-en-l,4-diol)platinum~I), (C6Hs)4oP+.[PtC13(C4H802)]- , 
forms yellow monoclinic crystals, a= 13.665, b=7.471, c= 27.402 A, fl= 102.00, space group P21/c, 
with four formula units in the unit cell. The structure has been solved by standard methods and refined 
by the block-diagonal matrix least-squares methods, using 1899 photo~aphic observations, to a final 
R value of 0.085. The [PtC13(C4I-IsO2)]- anion is a re-complex and the platinum atom is square co- 
ordinated with the three chlorine atoms and the double bond of the olefinic diol. Two eentrosymrne- 
trically related anions interact through two O-H. • • O hydrogen bonds. The (C6Hs)4P + cation has almost 
;~ point symmetry. Intramolecular bond distances are normal. 

During the investigation of the thermodynamics of the 
formation of platinum(II)-n-complexes with function- 
ally substituted olefins, the X-ray crystal structure de- 
termination of some of them was undertaken. The pur- 
pose was to determine the mode of bonding of the sub- 
stituted olefins and the effect of the substituents on 
the bonding to the metal. 

Papers dealing with the structure of n-complexes of 
platinum(II) with unsaturated amines have been pub- 
lished by Spagna, Venanzi & Zambonelli (1970a, b). 

In this article, the structure of tetraphenylphos- 
phonium trichloro(cis-but-2-en-l,4-diol)platinum(II) is 
reported. 

Experimental 

Preparation 

The compound (C6Hs)4P+.[PtC13(C4H802)] - was 
synthesized in the following manner. Commercial 
cis-but-2-en-l,4-diol (b.p. 102-107°/2.5-3 mmHg; di- 
benzoate, m.p. 65-66°C from ethanol) (0.5 g) in 2N- 
hydrochloric acid (7-8 cm 3) was added to potassium 
tetrachloroplatinate (1 g) in 2N-hydrochloric acid (7-8 
cm3). The solution was heated (70 °C) until it became 
yellow, then cooled and filtered. The stoichiometric 
amount of tetraphenylphosphonium chloride was ad- 
ded to the solution, and the compound precipitated as 

a light yellow powder. Transparent yellow crystals suit- 
able for single-crystal X-ray analysis were grown from 
dichloromethane-benzene solutions; m.p. 173-174 °C 
(found Pt, 26.7 % ; C28H28C1302PPt requires Pt, 26.8 %). 

Crystal data 
Crystals of (C6H5)4 P+. [PtCla(C4HsO2)]- are stable in 

air and to X-rays. Preliminary X-ray and optical exam- 
inations of the crystals indicated that they belong to the 
monoclinic system. The space group, P21/c (No. 14), 
was assigned on the basis of the systematic absences 
(hOl, l=2n + 1 ; 0k0, k =2n + 1). Unit-cell dimensions at 
about 23°C are: a =  13.665 + 0.002, b =7.471 +0.001, 
c =27.402 + 0.003 /~, fl = 102.00 + 0.02; these were de- 
termined by a least-squares refinement of seventy-six 
20 values measured on Okl and hOl Weissenberg photo- 
graphs calibrated with superimposed ZnO powder 
lines, using Cu K~ radiation (2 = 1-5418 A). 

The measured density (by flotation in a ZnC12 solu- 
tion) of 1.77 + 0.01 g.cm -3 agrees very well with the 
value of 1.769 g.cm -3 calculated for 4 units 
(CrHs)4P. [PtCla(C4H802)] of formula weight 728.95 in 
the cell volume of 2736.26 A 3. 

The X-ray intensities were estimated visually from 
sets of multiple-film equi-inclination Weissenberg pho- 
tographs taken, at room-temperature, about the a (9 
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.layers, 0-8kl) and b (7 layers h0-6l) axes, with Ni- 
filtered Cu K~ radiation. The intensities were corrected 
for Lorentz and polarization effects, and for spot ex- 

0(2) 

C(•)• C(4) 

C ~  C1(2) 
c(2) % 

o(I) (~co) 
Fig. I. The anion [PtCI3(C4H802)]- viewed along the Pt-olefin 

axis. 

tension (Phillips, 1954). Absorption corrections were 
applied as for cylindrical specimens [/z(Cu K~)= 133-5 
cm -x] assuming approximate crystal radii of 0.05 mm 
for prisms approximately 0.1 × 0.2 × 0.3 mm in size. 

The two sets of data (about the a and b axes) were 
correlated by the method of Hamilton, Rollett & 
Sparks (1965). 1899 independent non-zero reflexions 
were collected and used in the analysis. 

Structure determination 
The structure was solved by the usual combination 

of Patterson and Fourier syntheses. Refinement was 
carried out by the block-diagonal matrix, (4 × 4) and 
(9 x 9), least-squares method, the quantity minimized 
being w(IFo[- IFel) 2. The weighting scheme used, w= 
(a + Fo + bF2o + eF3o)- 1, was checked at intervals, and a, 
b and c adjusted, by means of a least-squares proce- 
dure, to keep a relatively constant average (wIAFI2> in 
groups of Fo or sin 0/2 (Cruickshank, 1965). For the 
last cycles of the refinement, values of a=24.81, b =  
-0.0187 and c=0.00033 were used. The standard de- 
viation of an observation of unit weight was 0.7. 

Anion 

Pt 
CI(1) 
C1(2) 
cl(3) 
o(1) 
0(2) 
c(1) 
C(2) 
C(3) 
C(4) 

Cation 

P 
C(5) 
C(6) 
C(7) 
c(8) 
C(9) 
c(10) 
c(11) 
C(12) 
c(13) 
C(14) 
c(15) 
C(16) 
C(17) 
C(18) 
C(19) 
c(20) 
c(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
c(28) 

Table 1. Final positional and thermal parameters 

Estimated standard deviations are given in parentheses. 

The coefficients bu are defined by the expression T= exp [ -  10-4(b1 lh 2 -1- b22k 2 -b b33l 2 + blzhk + bl 3hl+ bz3kl)]. 

x y z bll b12 b13 b22 b23 
0.20899 (8) 0.20775 (15) 0.12921 (4) 65 (1) - 2 7  (3) - 3  (0) 163 (2) - 4  (1) 
0.3712 (6) 0-2111 (13) 0.1191 (3) 100 (6) - 1 5  (22) 39 (5) 305 (18) - 1 9  (11) 
0.0468 (6) 0.1901 (13) 0-1401 (3) 65 (5) - 7 9  (20) 28 (5) 398 (26) 46 (11) 
0.2512 (7) -0.0234 (12) 0.1848 (3) 125 (7) 102 (21) 9 (5) 322 (22) 57 (9) 
0.0799 (19) 0.3284 (41) -0.0216 (7) 144 (22) 168 (75) 11 (14) 611 (104) -31  (29) 
0-1023 (15) 0.7484 (27) 0.0879 (7) 103 (16) 41 (45) 15 (12) 252 (57) - 1 (20) 
0-0741 (23) 0.2794 (54) 0.0280 (10) 86 (23) - 7 9  (90) 1 (16) 525 (116) 25 (37) 
0.1749 (22) 0.3406 (34) 0.0604 (7) 131 (27) - 12 (61) 2 (14) 187 (61) - 1 (20) 
0.1933 (23) 0.4749 (41) 0.0966 (7) 146 (29) 63 (77) 30 (14) 302 (76) 13 (23) 
0-1129 (14) 0.5694 (38) 0.1161 (9) 7 (13) - 1 8  (48) 0 (11) 273 (68) 9 (29) 

x y z bll 
-0"3017 (5) 0"3875 (9) 0"1393 (2) 52 (4) 
-0-1967 (15) 0"5398 (31) 0"1572 (7) 35 (14) 
-0"1830 (20) 0"6735 (36) 0-1219 (9) 68 (19) 
-0"1006 (20) 0-7882 (42) 0"1367 (9) 78 (20) 
-0"0359 (19) 0"7857 (43) 0"1856 (10) 62 (19) 
-0"0571 (20) 0"6414 (42) 0"2172 (9) 74 (21) 
-0"1373 (19) 0-5184 (35) 0"2056 (8) 83 (20) 
-0"4054 (14) 0"5319 (34) 0"1207 (8) 12 (11) 
-0-4223 (16) 0"6605 (32) 0"1559 (9) 26 (14) 
-0"5104 (20) 0"7717 (39) 0"1423 (11) 65 (18) 
-0-5753 (19) 0"7632 (44) 0"0969 (10) 55 (18) 
-0"5527 (18) 0"6263 (46) 0"0626 (8) 50 (17) 
-0"4731 (16) 0"5149 (32) 0"0763 (8) 35 (14) 
-0-2908 (18) 0"2404 (29) 0"0876 (6) 80 (18) 
-0"3567 (21) 0-1047 (42) 0-0750 (8) 89 (22) 
-0-3515 (23) -0.0008 (36) 0.0356 (10) 115 (26) 
-0.2797 (22) 0.0354 (46) 0.0070 (10) 89 (23) 
-0.2135 (21) 0.1713 (57) 0.0175 (11) 53 (19) 
-0.2109 (18) 0.2863 (45) 0.0613 (10) 42 (15) 
-0.3145 (16) 0.2456 (29) 0.1895 (8) 44 (15) 
-0.2389 (19) 0.1123 (35) 0.2060 (9) 76 (20) 
-0.2491 (21) -0.0006 (40) 0.2427 (9) 88 (22) 
-0.3347 (22) -0.0004 (35) 0.2613 (9) 106 (24) 
-0.4148 (22) 0.1177 (45) 0.2445 (9) 99 (24) 
-0.4024 (22) 0.2490 (30) 0.2071 (9) 106 (23) 

blz b13 b22 b23 
- 1 9  (14) 10 (3) 195 (13) - 8  (5) 
- 4 0  (45) 7 (10) 161 (47) -21  (19) 

35 (56) 34 (15) 224 (70) - 6  (26) 
- 4  (68) 14 (15) 237 (58) - 1 6  (30) 
248 (73) 37 (16) 333 (74) 44 (34) 

- 2 6  (64) 30 (15) 276 (67) - 5 4  (29) 
- 6 5  (58) - 9  (13) 191 (56) - 2 9  (24) 

25 (47) 3 (10) 231 (57) 31 (23) 
- 6 7  (46) - 1  (12) 199 (60) - 4 8  (24) 
- 5 9  (59) 13 (15) 200 (59) 9 (29) 
- 3 2  (66) 30 (15) 374 (91) 67 (32) 
- 9 2  (67) 26 (12) 440 (87) 8 (29) 

87 (48) 6 (11) 186 (51) 19 (22) 
65 (47) - 1 0  (10) 178 (59) - 9  (16) 

- 9 5  (68) - 1 7  (13) 276 (72) - 2 7  (27) 
17 (65) - 2 0  (17) 149 (53) - 9  (28) 

219 (78) - 16 (16) 370 (89) - 4 0  (32) 
193 (88) 12 (16) 662 (154) - 13 (44) 
91 (68) 11 (13) 384 (82) -61  (34) 

- 5 6  (43) 7 (12) 157 (59) - 2  (19) 
8 (55) - 19 (13) 155 (52) 44 (24) 

74 (67) 32 (16) 244 (67) - 5  (28) 
- 3 0  (62) - 8  (16) 150 (54) 15 (25) 

- 3  (75) 24 (16) 297 (75) - 13 (31) 
- 3 9  (53) 28 (15) 146 (67) - 1  (20) 

633 
13 (o) 
34 (2) 
33 (2) 
23 (1) 
18 (3) 
25 (4) 
16 (4) 
9 (3) 
7 (3) 

23 (4) 

b33 
11 (1) 
13 (3) 
20 (4) 
19 (4) 
24 (5) 
19 (4) 
14 (3) 
17 (3) 
21 (4) 
24 (5) 
21 (5) 
12 (3) 
15 (3) 

5 (2) 
14 (3) 
22 (5) 
20 (5) 
21 (5) 
21 (4) 
16 (3) 
18 (4) 
19 (4) 
19 (4) 
17 (4) 
16 (4) 
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The  initial  ref inement ,  wi th  ind iv idua l  i sot ropic  tem- 
pera ture  factors  assigned to all a toms,  converged  to an 
R value o f  0-115. A fur ther  re f inement  was p e r f o r m e d  
in which  all a toms  were a l lowed to vibrate  anisot ro-  
pically" this converged  to R = 0 . 0 8 5 .  The  pa rame te r  
shifts in the final cycle o f  re f inement  were all less than  
one  fifth o f  their  es t imated  s t andard  deviat ions.  

N o  a t t empt  was m a d e  to inc lude  the  con t r ibu t ion  o f  
the  h y d r o g e n  a toms.  N o  reg ion  o f  the  e lectronic  den-  
sity exceeded + 33(0) on  the  final difference Four i e r  
synthesis [a(Q) - 0 . 4 1  e.~-3].  Table  1 gives the  final po-  
si t ional  and  an iso t rop ic  the rma l  pa ramete r s  for  the  
n o n - h y d r o g e n  atoms.  The  magn i tudes  and  or ien ta t ion  
o f  the the rma l  v ibra t ional  ell ipsoids are r epo r t ed  in 

Anion 

Cation 

r . m . s .  

amplitudes 
Pt 0.194A 

0.220 
0.268 

CI(1) 0.287 
0.290 
0.357 

Cl(2) 0.213 
0-317 
0.380 

Cl(3) 0.228 
0.335 
0.361 

0(1) 0.254 
0.323 
0.454 

r . m . s .  

amplitudes 
P 0-199 A 

0.214 
0.241 

C(5) 0.160 
0.206 
0.241 

C(6) 0.201 
0.260 
0.286 

C(7) 0.245 
0.266 
0.278 

C(8) 0.087 
0.275 
0-384 

C(9) 0.204 
0.252 
0.322 

C(10) 0.169 
0-260 
0.308 

C(11) 0.102 
0.223 
0-281 

C(12) 0.115 
0.232 
0.305 

C(13) 0.205 
0.267 
0.302 

C(14) 0.172 
0-260 
0.359 

C(15) 0"145 
0-234 
0.362 

C(16) 0.132 
0-237 
0-260 

Table  2. Magnitudes and orientation of thermal ellipsoids 

Angles with respect to r.m.s. 
a b c amplitudes 
63 ° 58 ° 54 ° 0(2) 0"259 
84 145 58 0-295 

152 79 53 0"320 
153 69 62 C(1) 0.233 
66 25 88 0.281 
77 103 29 0.398 

156 113 72 C(2) 0.179 
70 129 52 0.229 

101 47 43 0.353 
73 131 52 C(3) 0.140 

120 60 38 0.284 
36 56 90 0.371 
94 80 13 C(4) 0.077 
34 122 92 0.274 

124 146 77 0.300 

Angles with respect to 
a b c 
69 ° 159 ° 91 ° 
69 79 35 

150 108 55 
70 93 32 

153 110 61 
108 21 77 
87 89 15 
92 177 88 

176 88 75 
102 93 3 
73 163 93 
21 73 89 
13 86 90 
92 156 66 

103 66 24 

An~es with respect to r.m.s. 
a b c amplitudes 
87 ° 75 ° 22 ° C(17) 0.124 

158 110 70 0.205 
68 1 5 4  82 0.303 
39 59 79 C(18) 0.165 

128 60 44 0.284 
83 134 48 0.335 

143 67 53 C(19) 0.204 
105 155 68 0-243 
57 81 46 0.376 
86 41 51 C(20) 0.188 
22 107 88 0.248 

111 126 39 0.416 
146 56 80 C(21) 0.178 
104 110 20 0.279 
59 41 73 0.453 

117 58 37 C(22) 0.165 
30 53 89 0.248 
77 136 53 0.369 
67 53 53 C(23) 0.166 
86 141 53 0.235 

157 79 58 0.249 
15 97 89 C(24) 0.158 

104 131 42 0.237 
94 42 48 0.331 
37 63 77 C(25) 0.213 

126 43 62 0-268 
97 121 31 0.309 
48 42 97 C(26) 0.200 
48 128 74 0.245 

109 75 17 0.346 
143 112 51 C(27) 0.240 
54 113 55 0.292 
95 32 58 0.301 

142 102 43 C(28) 0.198 
56 81 47 0.231 
75 165 93 0.314 
37 122 84 

116 103 19 
66 35 71 

Angles with respect to 
a b c 
79 ° 88 ° 23 ° 

114 24 83 
153 114 69 
63 66 47 

104 143 54 
149 64 64 
92 5 85 
60 94 42 

150 94 48 
41 125 81 
91 63 29 

131 133 63 
19 108 97 
93 85 10 

108 161 83 
156 67 72 
74 67 37 

107 147 59 
42 49 90 
62 133 63 

119 70 27 
72 134 56 
53 48 72 

138 76 40 
131 53 54 
90 128 39 
41 59 77 
94 168 78 
63 82 40 

153 81 52 
107 76 15 
110 158 78 
27 106 81 

103 165 79 
106 78 13 
21 99 83 
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Table 2. The final values o f  observed and calculated 
structure factors (in electrons × 10) for the reflexions 
used in the analysis are presented in Table 3. 

Atomic scattering curves given by Cromer & Mann 
(1968) were used, all atoms being used as neutral spe- 
cies. The effects o f  anomalous dispersion were included 

Table 3 Observed and calculated structure factors (in electrons x 10) F(000) = 1408"72 

L Po l  . c  ~ L IFol  Fc ~ L [ ~  r c  ~ L IF~ I  FC x L F~ f  r e  K L b~ l  ~¢ ~ L Po l  r c  ~ L I r nJ  rC K L I r ~ l  F¢ K L I r ~ l  F° ~ L I ~u l  Fc 
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in the calculated structure factors (Ibers & Hamilton, 
1964); the values of Af '  for Pt, C1 and P were those 
computed by Cromer (1965), and the imaginary part of 
the anomalous dispersion factors was ignored. 

Calculations were carried out on the UNIVAC 1108 
computer of Rome University and were performed 
with the system of programs developed at the Labora- 
torio di Strutturistica Chimica 'Giordano Giacomello' 
(Domenicano, Spagna & Vaciago, 1969). 

Results and discussion 

Anion 
The inner coordination geometry of the anion 

[PtC13(C4HsO2)]- is shown in Figs. 1 and 2. If  one con- 
siders the olefin as a monodentate ligand, the platinum 
atom is four-coordinate with the three chlorine atoms 
and the double bond of the but-2-ene-l,4-diol in an es- 
sentially square-planar configuration. 

The olefinic double bond lies approximately perpen- 
dicular to the equatorial plane and is bisected by it 
(Fig. 1). The line C(2)--C(3) and the plane [Pt C(2) C(3)] 
make angles of 85 and 88 ° respectively, with the best 
plane through Pt, CI(1), C1(2), C1(3) and the centre of 
the C(2)-C(3) bond (O.069x+O.665y+O.713z-3.734 
=0, in terms of monoclinic coordinates). 

The C--C bond distance (1.40 (4) A) shows the usual 
lengthening on attachment of the olefin to the metal. 

These results are similar to those found in the anion 
in Zeise's salt (Black, Mais & Owston, 1969; Hamilton, 
1969), and in other platinum(II)-olefin 1r-complexes 
(Alderman, Owston & Rowe, 1960; Mason & Robert- 
son, 1969; Spagna et al., 1970a, b). 

The three Pt-C1 bonds are almost equivalent with an 
average length of 2.297 (5) A. This value is in good 
agreement with the sum of the covalent radii (2.29 A) 
and with the values found for Pt-C1 bonds in the cis 
position with respect to an olefin ligand (Spagna et al., 
1970a, b). In this case there does not appear to be any 
evidence for a weakening of the bond trans to the co- 
ordinating olefin. 

The butenylendiol molecule maintains its cis config- 
uration on complexing with platinum, although the 
methylenic groups bend away from the metal atom. An 
indication of the degree of the bending back of the 
methylenic groups is provided by the values of the di- 
hedral angles between the [Pt C(2) C(3)] plane and the 
[C(1) C(2) C(3)] and [C(2) C(3) C(4)] planes: these are 
107 and 97 ° respectively. Therefore the four carbon at- 
oms are not planar, since a torsion angle of 10 ° is found 
about the C(2)-C(3) bond (Fig. 3). 

An interesting feature of this compound is the solid 
state dimerization of two centrosymmetrically related 

0(2) c(4.)jj:3 
clo) ~ " ' ,  

c1(3) ~ P t  (~c(3) 'x, 
-/I ,, 0(1') ~----3 0(2) 

C1(2)-~.C(1) %C(1 ' )  
C1(2') L%0(1)  C , 2 ' ) ' ~ _ _ _ _ ~  ) 

xx ~ O_lgq r._) 
', j . . ~ ¢ - "  - ~  ' Cl(l') 

o~) c14') 
Fig. 2. Two centrosymmetrically related, hydrogen bonded, 

anions [PtCla(C4HsO2)]-. 

o(1 ') 
C(.~4) ..< (r-~ C(2') 

C(2) k,_.) ' C(4') 
0(1) 

Fig. 3. The conformation of the but-2-ene-l,4-diol group. The 
two centrosymmetrically related molecules are hydrogen 

bonded. 

Table 4. Bond lengths and angles in the complex anion [PtC13(C4HsO2)]- 

Estimated standard deviations are given in parentheses. 
MP defines the midpoint of the olefinic double bond; it was assigned standard deviations equal to those of C(2) and C(3). Al- 
though the olefinic carbon atoms C(2) and C(3) cannot be said to be bound to the platinum atom, their distances from the meta 1 
atom, as well as the angle C(2)-Pt-C(3), are quoted. The superscript primes refer to atoms belonging to the unit in position 
-x ,  l - y ,  -z .  

Pt--Cl(1) 2.291 (9) ,& CI(1)-Pt--CI(2) 177.3 (4) ° 
Vt--Cl(2) 2.301 (8) Cl(1)-Vt--Cl(3) 88.4 (3) 
Pt--CI(3) 2.296 (9) CI(1)-Pt--MP 86.4 (9) 
P t - -MP 2.02 (3) CI(2)-Pt--CI(3) 89.2 (3) 
Pt--C(2) 2.10 (2) CI(2)-Pt--MP 95.9 (9) 
Pt--C(3) 2.18 (3) CI(3)-Pt--MP 174.8 (9) 
O(1)-C(1) 1.43 (4) C(2)-Pt--C(3) 38.1 (9) 
C(1)-C(2) 1.54 (4) O(1) -C(1)-C(2) 105 (3) 
C(2)-C(3) 1.40 (4) C(1)-C(2)-C(3) 129 (3) 
C(3)-C(4) 1.50 (4) C(2)-C(3)-C(4) 124 (3) 
C(4)-O(2) 1.54 (3) C(3)-C(4)-O(2) 103 (2.) 

O(1)" "0(2') 2"82 (3) C(1) -O(1)... O(2') 110 (2) 
O(1)...O(2')-C(4") 97 (1) 
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anions, through two O - H . . . O  hydrogen bonds [2.82 
(3)/~ in length], (Figs. 2 and 3). The existence of these 
hydrogen bonds probably stabilizes the conformation 
of the butenylendiol, which is quite unusual for a six- 
termed chain, with dihedral angles: 

O(1)-[C(1)-C(2)]-C(3) - 113 ° 
C(1)-[C(2)-C(3)]-C(4) - 10 
C(2)-[C(3)-C(4)]-O(2) 101. 

Bond distances and angles related to the anion 
[PtCIa(C4H802)]- are reported in Table 4. 

Cation 
The cation (C6H5)4 P+, viewed along the crystallo- 

m 

graphic b axis in Fig. 4, has almost 4 point symmetry. 
The parameters reported in Tables 5 and 6 give an in- 
dication of the degrees of the deviation from regular 
symmetry around the phosphorus atom. 

C(8) 
/ ~ : ~ " ~  C(9) c, ,U g 

!/ ...(3coo) 
C(21)~C(6)(~~~C(5) C(24) 

C(20)~ ~ 5 )  
/I C(23)~ (~ C(26) 

C(16) 
C(15) C(13) a 

C(14) 
Fig. 4. The tetraphenylphosphonium cation viewed along the b 

axis. 

Fig. 5. Projection of the structure along the b axis. Dotted lines 
are intermolecular hydrogen bonds. 

Table 5. P-C bond lengths and C - P - C  angles in the 
tetraphenylphosphonium cation 

Estimated standard deviations are given in parentheses 
P C (5) 1"82 (2)/~ 
P C(11) 1"77 (2) 
P C(17) 1-82 (2) 
P C(23) 1.77 (2) 

C(5)--P-C(ll) 103.6 01) ° 
C(5)--P-C(17) 113.6 (11) 
C(5)--P-C(23) 111.4 (9) 
C(11)-P-C(17) 109.5 (10) 
C(11)-P-C(23) 112-6 (11) 
C(17)-P-C(23) 106.2 (10) 

Table 6. Dihedral angles between planes in the 
tetraphenylphosphonium cation 

The planes re(i) are defined by the phosphorus atom and two of 
the four carbon atoms bound to it: zr(1), [P C(5) C01)]; n(2), 
[P C(5) C(17)]; re(3), [P C(5) C(23)1; re(4), [P C(ll) C(17)]; re(5), 
[P C(11) C(23)]; rff6), [P C(17) C(23)]. ~o(i) define the best planes 
through each phenyl group: ~o(1), [C(5).-.C(10)]; ~o(2), 
[C(11)'" C(16)]; tp(3), [C(17)" • -C(22)]; ~o(4), [C(23)''" C(28)]. 

re(l) ^ ~z(2) 119 ° ~o(1) ̂  (o(2) 80 ° 
zc(1) re(3) 121 
re(l) re(4) 122 
re(l) zc(5) 120 
~z(1) re(6) 88 
z~(2) re(3) 120 
re(2) re(4) 115 
re(2) re(5) 86 
re(2) re(6) 123 
re(3) zc(4) 84 
zc(3) ~z(5) 116 
n(3) n(6) 124 
n(4) re(5) 118 
n(4) n(6) 122 
re(5) re(6) 120 

~(1) ~(3) 58 
~(1) ~(4) 62 
~(2) ~(3) 72 
~(2) ~(4) 71 
~(3) ~(4) 80 

The P-C bond distances average 1.795 (I0) A, in 
good agreement with the sum of the covalent radii, and 
with the values reported in the literature (Goldstein, 
Serf & Trueblood, 1968, and references quoted therein). 

The phenyl groups are r~ot significantly non-planar 
and the 24 C-C  aromatic bond distances average 1.41 
(1) A. 

In Fig. 5 the structure is shown projected along the b 
axis. 
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Die Kristallstrukturen von K4(PO2NH)44H20 und Cs4 (POzNH)4.6H20 lind die 
Konformationsisomerie des ringfiirmigen Anions (POzNH)44- 

VON BERNHARD BERKING* UND DIETRICH MOOTZ 

Abteilung fiir R6ntgenstrukturanalyse, Gesellschaft fiir Molekularbiologische Forschung m.b.H., 
3301 St6ckheim iiber Braunschweig, Deutschlcmd 

(Eingegangen am 9. April 1970) 

The crystal structures of potassium tetrametaphosphimate tetrahydrate [K40aO2NH)4.4H20; P21[c; 
a--6.786, b= 10.371, c= 14.335 A; fl=57.91°; Z=2] and caesium tetrametaphosphimate hexahydrate 
[Cs4(PO2NH)4.6H20; P42/nmc; a=9'693, c=11"306/~; Z=2] were determined from three-dimen- 
sional X-ray diffraction intensities measured on an automatic diffractometer. The refinement yielded 
R values of 0"040 for the potassium salt and 0.055 for the caesium salt (1517 and 489 observed reflexions, 
respectively). The most interesting feature of the structures is the conformational isomerism of the 
anionic eight-membered P-N ring derived earlier from crystal vibrational spectra by Steger & Lunk- 
witz. In good agreement with their conclusions the ring in the potassium salt displays a chair form with 
almost 2/m symmetry and two opposite phosphorus atoms on the pseudo mirror plane. On the other 
hand the ring symmetry in the caesium salt is ~2m (mirror planes through nitrogen atoms) and thus 
higher than ~ as derived from the spectra. The conformation is a saddle form. 

Nach einer schwingungsspektroskopischen Analyse 
kristalliner Alkalisalze der Tetrametaphosphims/iure, 
H4(POzNH)4, nimmt der achtgliedrige P-N-Ring in 
unldarer Abh~ingigkeit vom Kation und der Hydra- 
tationszahl zwei verschiedene Konformationen an 
(Steger & Lunkwitz, 1969). Die eine ist eine Sesselform 
der Punktgruppe 2/m mit der Spiegelebene durch zwei 
im Ring gegenfiberliegende Phosphoratome, die 
andere eine Sattelform der Punktgruppe ~, die vom 
Anion auch in w~ssriger L6sung bevorzugt wird. 

Zur Prfifung dieser Aussagen und weiteren Unter- 
suchung der Konformationsisomerie wurden die 
Kristallstrukturen yon Kalium-tetrametaphosphimat- 
tetrahydrat, K4(POzNH)4.4HzO, und Caesium-tetra- 
metaphosphimat-hexahydrat, Cs4(POzNH)4.6H20, als 
bezeichnete Vertreter der Sessel- bzw. Sattelform be- 
stimmt. Diese Strukturanalysen und ihre Ergebnisse 
werden nach zwei Kurzmitteilungen an anderen Stellen 
(Mootz & Berking, 1970; Berking & Mootz, 1970) im 
folgenden ausffihrlich beschrieben. 

An Kristallstrukturen verwandter Substanzen wur- 
den bisher die des Tetrametaphosphims/iure-dihydrats, 

* Gegenw~irtige Anschrift: Crystallography Department, 
University of Pittsburgh, Pittsburgh, Pa. 15213, U.S.A. 

H4(PO2NH)4.2HzO, (Migchelsen, Olthof & Vos, 
1965: Punktgruppe des Rings exakt 2, angen~thert 4, 
Wannenform) sowie des Natrium-trimetaphosphimat- 
tetrahydrats, Na3(PO2NH)3.4H20, aufgekl~irt (Olthof, 
Migchelsen & Vos, 1965: Ring in allgemeiner Lage, 
Sesselform). 

Experimentelles und kristaUographische Daten 

Beide Salze bilden beim Eindunsten reiner wiissriger 
L/Ssungen grosse farblose Kristalle (Lunkwitz & Steger, 
1968). Die Raumgruppen wurden mit Weissenberg- 
und Priizcssionsaufnahmen, die Gitterkonstanten dif- 
fraktometrisch und die Dichten dutch Flotation be- 
stimmt: 

Kn(POzNH)4.4HzO 
Raumgruppe: P21/c 
a = 6,786 (2) A; 
b=  10,371 (3) A; 
c=  14,335 (4) A; 
fl= 57,91 (2) °; 
V= 854,7/~3; 
M =  540,4 g. Mol -x; 
Dm = 2,09 g. cm -3; 

Cs4(POzNH)4.6H20 
Raumgruppe: P4z/nmc 
a=9,693 (3) A; 

c = 11,306 (4) A; 

V= 1062,3 A 3; 
M=951,7 g. Mol-1; 
Dm = 2,97 g. cm -3; 


