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columns, while in fl-VsS they  form nets. This is ap- 
pa ren t  from Fig. 6 and one can easily see how the 
meta l  a toms in the fl-W s t ruc ture  must  be moved to 
give the  atomic a r rangement  in fl-V3S (the V - B  
columns have  been omit ted  for the sake of clarity). 
I t  seems reasonable to suppose t h a t  this r ea r rangement  
causes little change in bond distance between the metal  
a toms in the V - V  column. I t  is between these meta l  
a toms t h a t  the short  bond distance is observed in the  
fl-W structure,  and it is also between these a toms t h a t  
the short  V - V  distance, 2.44 A, is found in fl-VaS. 

The s tructures  of c~-VaS and :NisP are closely related, 
but  c¢-VsS has higher s y m m e t r y  t han  Ni3P. I t  might  
therefore seem na tura l  to describe the  s t ructure  of 
Ni3P as a somewhat  deformed ~-V3S structure.  The 
Ni3P s t ruc ture  is related to the fl-W s t ructure  via the 
s t ructures  of a-V3S and fl-V3S. Tha t  such a relation- 
ship might  be expected is indicated by  the remarks  
of Schonberg (Aronsson, 1955) t ha t  VaP is isotypic 
with Ni3P, and by  Mathias et al. (1957) t ha t  V3P has 
a slightly dis torted fl-W structure.  

The authors  wish to t h a n k  Prof. H a a k o n  Hara ldsen  
for his interest  in this s tudy  and for placing labora tory  
facilities a t  their  disposal. 
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X-ray  Studies  on the Metal  Complexes  with the Glyoximes .  II. 
Structure of the P t - D i m e t h y l - G l y o x i m e  
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Centro di Strutturistica Chimica del C. N.  R. and Istituto di Chimica Organica, Universita' di Padova, Italia 
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During a systematic investigation of the metal complexes of the glyoximes, the structure of Pt- 
dimethyl-glyoxime has been examined. I t  has the same space group Ibam as Ni-dimethyl-glyoxime. 
The lattice constants are a = 16.73, b = 10.59, c = 6.47 A; Z = 4. Such values are similar to those found 
in Ni-dimethyl-glyoxime. 

The molecule is planar and the Pt--Pt distances between metallic atoms of overlying molecules are 
3.23 A. The intramolecular distance of 3-03 A between the oxygen atoms bound by a hydrogen 
bond, is significantly longer than the one in Ni-dimethyl-glyoxime (2-44 A) and in Cu-dimethyl- 
glyoxime (2.57-2.70 A). 

In troduct ion  

In  this Centro di S t ru t tur is t ica  Chimica we have 
examined a series of compounds having the following 
general formula:  

0 . . . . . . .  H . . . . . . .  0 / 
R ~ c ~ N  ~ / N ~ c ~ R  

R/C~N ~ ~N/C~ R 
/ 

0 . . . . . .  H . . . . . .  0 

This work has shown a var ie ty  of possibilities of pack- 
ing as well as of molecular s t ructure  due to the dif- 
ferences of coordination of the metals  as well as to the 
subst i tuent  group R present  in the  molecule. 

Frasson,  Bardi  & Bezzi (1959) have recently de- 
scribed the  s t ruc ture  of Cu-d imethy l -g lyox ime  show- 
ing the differences between it and the N i - d i m e t h y l -  
glyoxime studied by  Godycki & Rundle  (1953). The 
two s t ructures  are mainly  differentiated by the pyra-  
midal five-fold coordination of the copper, the lack of 
p lanar i ty  of the molecule, the format ion  of a dimer 
through Cu-O bonds between atoms of different mole- 
cules on the one hand and the regular  octahedral  co- 
ordinat ion of the Ni, the p lanar i ty  of the  molecule 
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and the format ion of molecular chains through Ni-lNi 
bonds on the other• 

During our pre l iminary  examinat ion  of the struc- 
tures of me thy l - e thy l -g lyox imes  of Cu and 1Ni (1959), 
two new structural  types were detected for the com- 
pounds with octahedral  coordination distorted for the 
Cu and  regular for the Ni respectively, and with forma- 
t ion of molecular  chains through M - O  bonds between 
atoms of different molecules• 

The structure of P t -d ime thy l -g lyox ime ,  described 
in the present  paper, is seen to belong to the same 
s t ructural  type  as Ni -d imethy l -g lyox ime .  

Experimental and crystal data 

P t - d i m e t h y l - g l y o x i m e  crystals were prepared from 
chloro-plat inic acid reduced with SO2 and d i m e t h y l -  
glyoxime in alcoholic solution. The dark-grey com- 
pound was purified through several crystall izations 
from nitrobenzene. The brown crystals were examined 
with Cu K a  radiat ion in the precession camera for 
space-group determinat ion.  The crystals proved to 
belong to the space-group Ibam. The latt ice constants 
were" 

a = 16.73 Jr 0•06, b = 10•59 Jr 0"05, c = 6•47 _+ 0 . 0 2 / i ;  

the pycnometr ic  densi ty is 2•40 g.cm.-8; the calculated 
densi ty for Z = 4  is 2•40 g.cm. -3. 

The intensit ies were measured by the mult iple-f i lm 
technique in a Weissenberg camera having an attach- 
ment  for l inear integration. Intensi t ies  were evaluated 
by  means of photometr ic  integration. 

Notwi ths tanding the appreciable value of the mass 
absorption coefficient, the absorbing power of our 
crystals appeared to be very  low owing to their  small  
size• The values of the absorption coefficient in the 
direction of the two diagonals of the section were 
tel = 1-47 and tel = 1.07 and in the th i rd  direction tel-- 
1.32. The intensit ies were corrected with the usual 
Lorentz and polarization factors. 

Electron-density maps 

Owing to the  presence of only four molecules in the 
uni t  cell, the P t  atom is to be located at the symmet ry  
centres. Projections of electron densi ty were therefore 
directly calculated on (001) and (010). The structure 
factors were given the positive sign owing to the 
presence o~ the heavy  atom at the cell origin. 

From the electron-density projections it is seen tha t  
the molecules are parallel  to the (001) plane with 
coordinates 0 and ½ along the z direction. The projec- 
t ion shows the characteristic diffraction ripples due to 
the heavy  atom. In  order to measure the probable 
displacement caused by  the diffraction ripples on the 
localisation of the l ight atoms, we examined the cross- 
section of the electron densi ty  in a radial  direction 
with respect to the heavy  atom centre in a zone with 
no m a x i m a  due to l ight atoms. The first order ring has 

the value 8 e. /~ -9. This diffraction effect being far from 
all m a x i m a  due to light atoms, no dis turbance is 
possible• The second-order ring, having the value 1-8 
e.A -~, sl ightly disturbes the position of the two 
nitrogen atoms, the m a x i m u m  height  of which reaches 
16 e.A -2. The third-order ring has the value of 1.2 
e .~  -~ in a zone where the m a x i m a  due to the oxygen 
atoms and to the carbon atoms of the chelate ring are 
16 e.A-2. In  both cases the small  contr ibution due to 
these spurious m a x i m a  were subtracted from the elec- 
tron densi ty in order to localize the light atoms. 

The structure factors were calculated with the  
atomic coordinates determined from the electron-den- 
si ty map. For the overlapping m a x i m a  the knowledge 
of the bonds lengths and angles of similar compounds 
were used in a first approximation.  The atomic factors 
of Berghuis et al. (1955) and the mean  tempera ture  
factor derived from a plot of the tog Fo/Fc against  
sin e 0/22 were used to calculate the contr ibut ion of 
the light atoms. 

For the calculation of the atomic factor of .the heavy 
atom, the calculated contr ibut ion of the l ight atoms 
was subtracted from the exper imental  s tructure fac- 
tors and a plot was drawn with the values F o - F o ,  ~, o 
against  sin e 0/22. The curve obtained is shown in 
Fig. 1. At this stage the rel iabi l i ty  factor was R = 0 . 1 4 .  

Examina t ion  of the profile of the electron-density 
m a x i m a  revealed the existence of a thermal  factor for 
the light atoms quite different from the mean  thermal  
factor. By  introducing this new thermal  factor for the 
light atoms the rel iabi l i ty  factor fell to R = 0 . 1 1 .  

The calculation of some F o - F c  maps suggested 
some displacements of l ight atoms. For example,  the 
01 atom tha t  ini t ia l ly  had  been localised using an angle 
Pt-N~-01 of 120 ° was displaced away from the 02 
atom so tha t  the final value of the angle Pt-N~-O~ 
became 134 ° . This value is in agreement  with the 
Pt-N2-Oo. angle of 135 ° independent ly  determined. 
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Fig. 1• Diffraction power of the Pt atom in Pt-dimethyl- 
glyoxime as a function of sin 20/;t 2. The atomic scattering 
factor given by Internatio~ale Tabellen are also shown for 
comparison• 
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hlcO F o 

200 356.9 
400 248.2 
600 250.0 
800 240.0 

10,0,0 186.6 
12,0,0 197.6 
14,0,0 135-4 
16,0,0 120.7 
18,0,0 102.7 
20,O,0 58.5 

110 376.0 
310 220.1 
510 310.4 
710 319.1 
910 216.4 

11,1,0 178.6 
13,1,0 145.1 
15,1,0 127-5 
17,1,0 111.0 
19,1,0 85.2 
21,1,0 82.0 

020 229.6 
220 200.3 
420 197.6 
620 301.2 
820 232.2 

10,2,0 195.8 
12,2,0 153.4 
14,2,0 137.7 
16,2,0 119.3 
18,2,0 93.4 
20,2,0 75.1 

130 299.3 
330 244-6 
530 179.6 
730 210.8 
930 195.7 

11,3,0 181.9 
13,3,0 104.5 
15,3,0 128.0 
17,3,0 113.2 

Table 1. Observed and 
• "~ hkO 

354.8 19,3,0 
240.2 
261.0 040 
247.4 240 
191.3 440 
190.5 640 
125.7 840 
111.0 10,4,0 
112.4 12,4,0 

95.9 14,4,0 
16,4,0 

384.2 18,4,0 
195.1 20,4,0 
294.9 
279.0 150 
208.2 350 
181.1 550 
164.2 750 
128.1 950 
126.4 11,5,0 

93.5 13,5,0 
76.9 15,5,0 

17,5,0 
235.8 19,5,0 
190.7 
184.9 060 
274.0 260 
232.4 460 
218-7 660 
159.0 860 
128.5 10,6,0 
125.4 12,6,0 
110.0 14,6,0 

79.7 16,6,0 
18,6,0 

278.2 
226.0 170 
169.9 370 
196.8 57O 
183.9 770 
170.9 970 
107.3 11,7,0 
115.1 13,7,0 
108.0 

calculated structure factors for the hlcO and hO1 reflections 

Fo Fc 
80-6 96"2 

213.2 248-9 
305-4 312.9 
239.9 219.0 
179"2 193"5 
165"3 177.7 
220"1 177"7 
131.7 128.2 
123-8 121.0 
111.4 116.4 

82.0 95.4 
78"2 78.8 

231.2 
239.0 
163.0 
182.9 
230.2 
174.1 
125.8 
125.7 

92.6 
83.0 

186.5 
209.1 
226.5 
209.1 
254.2 
186.0 
127.5 
118.4 
102.7 

76-0 

246.0 
245.8 
172.8 
191.8 
223.3 
176-0 
131"9 
122.9 
104.2 

88"8 

198"3 
204.4 
214.1 
193.3 
210.7 
168.2 
127.4 
122-3 
111.0 

94.0 

206-3 188.9 
198.9 193.0 
192.0 170.8 
150.2 160.0 
151.9 154"5 
104.0 96.5 
111.8 107.7 

hkO 2'0 Fe 

15,7,0 100.4 101.9 
17,7,0 76.9 90"2 

080 180.6 190.7 
280 179.6 165.2 
480 133"1 132"2 
680 134.4 116.7 
880 157.9 146.6 

10,8,0 114.7 122.3 
12,8,0 98.1 103"3 
14,8,0 92.1 97"3 
16,8,0 80.2 80.2 

190 156-6 141.4 
390 123.4 131.1 
590 127.5 120.6 
790 141.4 132.7 
990 135.4 132.7 

11,9,0 118.8 110.1 
13,9,0 94.9 103.6 
15,9,0 77-8 93"5 

0,10,0 149.2 130.1 
2,10,0 152-4 137.9 
4,10,0 130-4 123.2 
6,10,0 152.8 130.6 
8,10,0 126.1 119.6 

10,10,0 114.1 109.3 
12,10,0 94.9 92.2 
14,10,0 67"2 88"1 

1,11,0 149.6 138-1 
3,11,0 123.8 129.6 
5,11,0 120.7 120.2 
7,11,0 112.8 113.2 
9,11,0 88.9 101.1 

l l , l l , 0  77"4 94.4 

0,12,0 108.1 107-0 
2,12,0 106-4 105.2 
4,12,0 104.4 104"0 
6,12,0 98.1 100.8 
8,12,0 74.6 94-3 

hkO Fo Fc 

1,13,0 76.0 95"3 
3,13,0 66.3 84.2 
5,13,0 63.1 82.6 

h O1 .F o 2' c 

002 567"1 567"1 
202 299.2 303.2 
402 200.0 216.8 
602 236.5 231.6 
802 234"9 221.7 

10,0,2 154-2 179.7 
12,0,2 153"0 171.3 
14,0,2 115-3 117.1 
16,0,2 79.5 100.8 
18,0,2 83.5 103-6 

004 317"3 331"4 
204 230.9 212.4 
404 158.6 171.0 
604 176.5 ] 76.5 
804 190-8 169.8 

10,0,4 115.3 145.1 
12,0,4 130.6 137.6 
14,0,4 90.8 100"5 
16,0,4 72"3 91"4 

006 195.3 196-0 
206 145-3 142-9 
406 130.5 124.1 
606 143.3 124.2 
806 120.5 121.9 

10,0,6 81.5 106-8 
12,0,6 89"1 104.1 
14,0,6 74.7 80.2 

008 135.7 120-9 
208 78.7 96.0 
408 87-9 86"7 
608 81.9 86"4 
808 78.3 84.8 

10,0,8 65-4 76"0 

The comparison between Fo and the new Fc gave 
R = 0.09. A m a x i m u m  close to the origin of the F o - F c  
maps was interpreted as due to thermal  anisotropy of 
the heavy  atom. An anisotropic the rmal  factor was 
introduced in the contr ibut ion of the P t  a tom with the 
formula:  

f r=fo.exp [ - ( A + B  cos 2 ~) sin 2 0/~t 2 

where the coefficient A is the the rmal  factor derived 
from the exper imenta l  da ta  in the direction of min- 
i m u m  vibra t ion and  A + B  is the tempera ture  factor 
derived from the exper imenta l  da ta  in the direction 
of m a x i m u m  vibrat ion.  

Wi th  this correction R was lowered to a f inal  value 
of 0.07. 

In  the project ion on (010) the comparison between 
Fo and Fc was calculated with the known coordinate 
x/a and with z/c = 0 and with the introduct ion of the 
tempera ture  factors derived from the other projection. 
The rel iabi l i ty  factor was 0.07. Table 1 lists experimen- 

AC12 

tal  and calculated s tructure factors for the hkO and 
hO1 zones. 

Accuracy 
Notwi ths tanding  the high difference in the atomic 
number  between the P t  and the other atoms in the 
structure the m a x i m a  due to oxygen and  ni trogen 
atoms are sufficiently smooth and regular. On the 
contrary the m a x i m a  due to the methyl-group are 
spread and irregular. This m a y  be seen in Fig. 2 in 
which the projection of electron densi ty  on (001) is 
d r a w n .  

Unfor tuna te ly  the ni trogen atoms of two overlying 
molecules give overlapping m a x i m a  in the projection. 

Maxima of oxygen atoms also overlap those of the 
carbon atoms of the chelate ring. Therefore it was not  
possible to calculate the s tandard  error of the coor- 
dinates using Cruickshank's  method.  

Determina t ion  of the mean  error of coordinates by  
Luzzat i ' s  method obviously cannot be used owing to 

69 
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) 

) - -  ( 

0 = o 1 

Fig. 2. E lec t ron-dens i ty  pro jec t ion  on (001) for P t -d imethy l -g lyox ime .  Contours  are a t  intervals  of 2 e./~ -9 for  the  l ight 
a toms  and  of 4 e./~ -a for the  P t  a t o m  s tar t ing  f rom 4 e./~ -2. U p p e r  levels for the  P t - a t o m  are omit ted .  

the presence of a very heavy atom at a centre of 
symmetry. Therefore we have calculated a probable 
error by merely geometrical considerations of the 
shape of the maxima in the electron-density projection. 
Table 2 lists atomic coordinates with the probable 
errors. In Table 3 the bonds lengths and angles are 
listed. 

T a b l e  2. Atomic  coordinates and probable errors 
x/a y/b z/c 

P t  0.000 0.000 0.000 
C t 0 .234±  0.003 0 .144±  0.005 0-000 
C2 0 .148±  0.003 0 .120± 0.005 0.000 
C a 0 .084±  0"003 0 .224±  0"005 0"000 
C¢ 0 .097±  0.003 0.361 ± 0.005 0.000 
N t 0 .115±  0.002 0.012 ± 0.003 0.000 
~ 0.007 ± 0.002 0 .184±  0.003 0.000 
O z 0.172 ± 0.002 --0.073 ± 0.003 0.000 
O 2 - - 0 . 0 4 2 ±  0.002 0.268 ± 0.003 0.000 

Table 3. Bond lengths and angles 
PV-Pt 3.23 + 0.01 A 

Pt-N t 1.93 ± 0.04 Pt-N 2 
Nt-O t 1.31 ± 0"06 N2-O 2 
Nz-C s 1.27 + 0.09 N~-C a 
Cs-C a 1"57±0"10 
Ci-C~. 1"46 _+ 0" 10 Ca-C 4 
01 -02  3"03 ± 0"06 

Ni-Pt-N 2 83 ° 
Pt-Ni-O i 134 Pt--N2-O s 
Pt--Ni-C~ 120 Pt-N2-C S 
OI-N1-C 2 106 O2-N2-C 3 
Ni -C~-C  a 113 Nz-Ca-C~. 
N i -C2-C  1 126 N2-Ca-C 4 
Ct -Cz-C a 121 C2-Ca-C a 

1.95_+ 0.04 i 
1.24 + 0.06 
1.38+0.09 

1.47 _+ 0"i0 

135 ° 
115 
110 
117 
117 
126 

Descript ion of the structure and discuss ion  

Fig. 3 shows the Pt-dimethyl-glyoxime molecule with 
the bond lengths and angles calculated from the atomic 
coordinates. The structure is similar to the Ni-di- 
methyl-glyoxime structure with octahedral coordina- 
tion around the Pt  atom. 

The length of the M - M  bond normal to the plane of 
the molecule is 3.23 + 0-01 J~. In Fig. 4 the molecular 
contacts caused by this intermolecular bond are shown. 

The hydrogen bond in this structure is remarkably 
weaker than the O-H-O bond in the other structure 
of this type. 

As is shown in Table 4, the lengths of the Pt-N 
bonds are not very different from the lengths of the 

02 ,:3,.03 01 

O~ O~ 

Fig. 3. B o n d  lengths and  angles in P t -d ime thy l -g lyox ime .  
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Table 4. Variation of the M - N  bonds and of hydrogen bonds in the glyoxime complexes 

Compound M-N bond (A) O-H-O bond (A) M-N-O angle 

Cu-dimethyl-glyoxime 1-91; 1.96 2.53; 2.70 121 ° 30'; 125 ° 
Ni-dimethyl-glyoxime 1.87; 1.90 2.44 118 °; 122 ° 
Pt-dimethyl-glyoxime 1.93; 1.95 3.03 135 ° 

II 

t 

It 

II 

Fig. 4. Perspective view of the molecular contacts 
in Pt-dimethyl-glyoxime. 

M - N  bonds in l~ i -d imethy l -g lyox ime  and  in Cu-  
d imethyl -g lyoxime.  Therefore the  exceptional  length 
of the hydrogen bond in this  s tructure is due to an 
increase of the P t - N - O  angles in respect to the M - N - O  
angles in the other complexes of this type. 

F rom an infrared spectroscopic invest igat ion of this  
compound in the solid state i t  was shown tha t  the  
0 - H  stretching f requency for the hydrogen bond is 
about  3450 cm. -1. According to the empir ical  correla- 
t ion found by  Nakamoto,  Margoshes & Rundle  (1955), 
this  value corresponds to a hydrogen bond length of 
about  2.9 Jk. The difference of 0.1 A from the X- ray  
da ta  is of the order of the  uncer ta in ty  of the method  
of Nakamoto  et al. (1955). 

A discussion will be presented elsewhere on the 
spectroscopic da ta  of this  compound in relat ion to the  
other complexes of the series M-R-R ' -g lyox imes .  

We are indebted  to Dr Cesare Pecile and  to Is t i tu to  
di Chimica Fisica of the Univers i ty  of Padua  for the 
spectroscopic data.  
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