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columns, while in 5-V3S they form nets. This is ap-
parent from Fig. 6 and one can easily see how the
metal atoms in the §-W structure must be moved to
give the atomic arrangement in f-VsS (the V-B
columns have been omitted for the sake of clarity).
It seems reasonable to suppose that this rearrangement
causes little change in bond distance between the metal
atoms in the V-V column. It is between these metal
atoms that the short bond distance is observed in the
B-W structure, and it is also between these atoms that
the short V-V distance, 2-44 A, is found in B-VsS.

The structures of x-V3S and NisP are closely related,
but «-V3S has higher symmetry than NigP. It might
therefore seem natural to describe the structure of
NizP as a somewhat deformed «-V3S structure. The
NisP structure is related to the 8-W structure via the
structures of x-V3S and B-VsS. That such a relation-
ship might be expected is indicated by the remarks
of Schenberg (Aronsson, 1955) that V3P is isotypic
with NizP, and by Mathias et al. (1957) that V3P has
a slightly distorted §-W structure.
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X-ray Studies on the Metal Complexes with the Glyoximes. II.
Structure of the Pt-Dimethyl-Glyoxime
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During a systematic investigation of the metal complexes of the glyoximes, the structure of Pt-
dimethyl-glyoxime has been examined. It has the same space group Tbam as Ni-dimethyl-glyoxime.
The lattice constants are a = 16:73, b =10-59, ¢ = 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).

Introduction

In this Centro di Strutturistica Chimica we have
examined a series of compounds having the following
general formula:

This work has shown a variety of possibilities of pack-
ing as well as of molecular structure due to the dif-
ferences of coordination of the metals as well as to the
substituent group R present in the molecule.
Frasson, Bardi & Bezzi (1959) have recently de-
scribed the structure of Cu-dimethyl-glyoxime show-
ing the differences between it and the Ni-dimethyl-
glyoxime studied by Godycki & Rundle (1953). The
two structures are mainly differentiated by the pyra-
midal five-fold coordination of the copper, the lack of
planarity of the molecule, the formation of a dimer
through Cu-O bonds between atoms of different mole-
cules on the one hand and the regular octahedral co-
ordination of the Ni, the planarity of the molecule
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and the formation of molecular chains through Ni-Ni
bonds on the other.

During our preliminary examination of the struc-
tures of methyl-ethyl-glyoximes of Cu and Ni (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-
tion of molecular chains through M-0O bonds between
atoms of different molecules.

The structure of Pt—dimethyl-glyoxime, described
in the present paper, is seen to belong to the same
structural type as Ni-dimethyl-glyoxime.

Experimental and crystal data

Pt—dimethyl-glyoxime crystals were prepared from
chloro-platinic acid reduced with SOz and dimethyl-
glyoxime in alcoholic solution. The dark-grey com-
pound was purified through several crystallizations
from nitrobenzene. The brown crystals were examined
with Cu K« radiation in the precession camera for
space-group determination. The crystals proved to
belong to the space-group Ibam. The lattice constants
were:

a=16-73+0-06, b=10-59+0-05, c=6-47+0-02 A;

the pycnometric density is 2-40 g.cm.=3; the calculated
density for Z=4 is 2-40 g.cm.-3,

The intensities were measured by the multiple-film
technique in a Weissenberg camera having an attach-
ment for linear integration. Intensities were evaluated
by means of photometric integration.

Notwithstanding 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
ul=1-47 and ul=1-07 and in the third direction ul=
1-32. The intensities were corrected with the usual
Lorentz and polarization factors.

Electron-density maps

Owing to the presence of only four molecules in the
unit cell, the Pt atom is to be located at the symmetry
centres. Projections of electron density were therefore
directly calculated on (001) and (010). The structure
factors were given the positive sign owing to the
presence of the heavy atom at the cell origin.

From the electron-density projections it is seen that
the molecules are parallel to the (001) plane with
coordinates 0 and } along the z direction. The projec-
tion 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 light atoms, we examined the cross-
section of the electron density in a radial direction
with respect to the heavy atom centre in a zone with
no maxima due to light atoms. The first order ring has

STRUCTURE OF Pt-DIMETHYL-GLYOXIMI

the value 8 e.A-2, This diffraction effect being far from
all maxima due to light atoms, no disturbance is
possible. The second-order ring, having the value 1-8
e.A-2, slightly disturbes the position of the two
nitrogen atoms, the maximum height of which reaches
16 e.A-2. The third-order ring has the value of 1-2
e.A-2 in a zone where the maxima due to the oxygen
atoms and to the carbon atoms of the chelate ring are
16 e.A-2. In both cases the small contribution due to
these spurious maxima were subtracted from the elec-
tron density in order to localize the light atoms.

The structure factors were calculated with the
atomic coordinates determined from the electron-den-
sity map. For the overlapping maxima 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 temperature
factor derived from a plot of the log F./F. against
sin? §/A2 were used to calculate the contribution of
the light atoms.

For the calculation of the atomic factor of the heavy
atom, the calculated contribution of the light atoms
was subtracted from the experimental structure fac-
tors and a plot was drawn with the values Fo—F; x o
against sin2 6/42. The curve obtained is shown in
Fig. 1. At this stage the reliability factor was R=0-14.

Examination of the profile of the electron-density
maxima 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 reliability factor fell to R=0-11.

The calculation of some F,—F. maps suggested
some displacements of light atoms. For example, the
O atom that initially had been localised using an angle
Pt-N1-O; of 120° was displaced away from the Os
atom so that the final value of the angle Pt-N;-O;
became 134°. This value is in agreement with the
Pt-No-02 angle of 135° independently determined.

- [y Internationale tabellen

- -~ fp Experimental values

0 |_ . L \; ,'._';. o

OI_,, 1 L1 2

0 010

U [ S S —
0-20 0-30 sin’6
/..2

Fig. 1. Diffraction power of the Pt atom in Pt-dimethyl-
glyoxime as a function of sin? §/A2. The atomic scattering
factor given by Internationale Tabellen are also shown for

comparison.
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Table 1. Observed and calculated structure factors for the hk0O and hOl reflections

o P, F, 3% P, F,
200 356-9 354-8 19,30 806 962
400 2482  240-2
600 2500 2610 040 2132 2489
800 2400 2474 240 3054 3129
10,00 1866 191-3 440 2399  219-0
12,00 197-6 1905 640 1792 1935
14,00 1354 1257 840 1653 1777
16,00 1207 111.0 10,40 2201 1777
18,00 1027 1124 12,4,0 1317 1282
20,00 585 959 1440 1238 121-0
16,40 1114 1164
110 3760  384:2 18,40 820 954
310 2201 1951 204,0 782 788
510 3104 2949
710 3191  279-0 150 2312 2460
910 2164 2082 350 2390 2458
11,1,0 1786  181-1 550 163-0 1728
13,1,0 145-1 164-2 750 182-9 191-8
15,1,0 127-5 1281 950 230-2 2233
17,1,0 1110 1264 11,50 1741 1760
19,1,0 85-2 935 13,5,0 125-8 131-9
21,1,0 820 769 1550 1257 1229
17,5,0 92-6 104-2
020 2296 2358 19,50 830 888
220 2003  190-7
420  197-6  184-9 060 1865 1983
620 3012 2740 260 2091 2044
820 2322 2324 460  226-5 2141
10,2,0 1958 2187 660 209-1 193-3
12,20 1534 1590 860 2542 2107
14,20 1377 1285 10,6,0 186-0 1682
16,2,0 119-3 125-4 12,6,0 127-5 127-4
18,2,0 93-4 110:0 14,6,0 118-4 122-3
20,20 751 797 16,6,0 1027 1110
18,6,0 760 940
130 299-3 2782
330 2446 226-0 170 2063 1889
530 179-6  169-9 370 1989 1930
730 2108 1968 570 1920 170-8
930 1957 1839 770 150-2  160-0
11,30 1819 170-9 970 15149 1545
13,30 1045 107-3 11,7,0  104-0 965
153,0 1280 1151 18,7,0 111-8 1077
17,3,0 1132 1080

The comparison between F, and the new F. gave
R =0-09. A maximum close to the origin of the F,— F.
maps was interpreted as due to thermal anisotropy of
the heavy atom. An anisotropic thermal factor was
introduced in the contribution of the Pt atom with the
formula:

fr=fo.exp [— (4 + B cos? ) sin? 6/ 12

where the coefficient 4 is the thermal factor derived
from the experimental data in the direction of min-
imum vibration and 4+ B is the temperature factor
derived from the experimental data in the direction
of maximum vibration.

With this correction R was lowered to a final value
of 0-07.

In the projection on (010) the comparison between
F, and F. was calculated with the known coordinate
z/a and with z/c=0 and with the introduction of the
temperature factors derived from the other projection.
The reliability factor was 0-07. Table 1 lists experimen-

AC12

hkO F, P, hk0 F, F,
15,70 1004 101-9 1,130 760 958
17,70 1769  90-2 3,130 663 842

518,0 631 82:6
080 1806  190-7
280 1796 1652
480 1331 1322
680 1344 116-7 rO! F, F,
880 157-9 1466 002 5671 5671
10,8,0 1147 1223 202 2992 3032
12,8,0 981 1033 402 2000 2168
14,80 921 97-8 602 2365 2316
16,80 802  80-2 802 284-9 221-7
10,02 1542  179-7
190 1566 1414 12,02 1530 171-3
390 1234  131-1 14,0,2 1153 117-1
590 1275 1206 16,02 795 1008
790 1414 1327 18,02 835 1036
990 1354 182-7
11,90 1188 1101 004 317-8 38314
13,90 949 1036 204 2309 2124
1590 778 935 404 1586 171-0
604 1765 1765
0,10,0 1492 130-1 804 190-8 1698
2,10,0 1524 1379 10,04 1153 1451
4,100 1304 1232 12,04 1306 1376
6,10,0 1528 1306 14,04 908 1005
8,10,0 1261 1196 16,04 723 914
10,10,0 1141 109-3
12,100 949 922 006 1953 1960
14,100 672 881 206 145-3  142-9
406 1305 124-1
1,11,0 1496 1381 606 143-3 124-2
3,11,0 1238 1296 806 1205 121-9
511,0 12017 120-2 10,0,6 815 106-8
7,11,0 1128 1132 12,06 891 104-1
9,11,0 889 101-1 14,06 747 802
11,11,0 774 944
008 1357 120-9
0,12,0 1081 107-0 208 787 960
2,12,0 1064 1052 408 879 867
4,12,0 1044 1040 608 819 864
6,12,0 981 1008 808 783 848
8,12,0 746  94-8 10,08 654 1760

tal and calculated structure factors for the Ak0 and
ROl zones.

Accuracy

Notwithstanding the high difference in the atomic
number between the Pt and the other atoms in the
structure the maxima due to oxygen and nitrogen
atoms are sufficiently smooth and regular. On the
contrary the maxima due to the methyl-group are
spread and irregular. This may be seen in Fig. 2 in
which the projection of electron density on (001) is
drawn.

Unfortunately the nitrogen atoms of two overlying
molecules give overlapping maxima 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 standard error of the coor-
dinates using Cruickshank’s method.

Determination of the mean error of coordinates by
Luzzati’s method obviously cannot be used owing to

69
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—

a 1

Fig. 2. Electron-density projection on (001) for Pt-dimethyl-glyoxime. Contours are at intervals of 2 e.A-2 for the light
atoms and of 4 e.A~2 for the Pt atom starting from 4 e.A=2. Upper levels for the Pt-atom are omitted.

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.

Table 2. Atomic coordinates and probable errors

zla y/b z/c
Pt 0-000 0-000 0-000
(o} 0-234 +0-003 0-144 + 0-005 0-000
C, 0-148+0-003 0-120 + 0-005 0-000
G, 0-084 + 0-003 0-224 + 0-005 0-000
Cy 0-097 - 0-003 0-361 4 0-005 0-000
N, 0-1154-0-002 0-012+0-003 0-000
N, 0-007 + 0-002 0-184 +0-003 0-000
0, 0-172 4+ 0-002 —0-073 +£0-003 0-000
0, —0-042+0-002 0-268 + 0-003 0:000
Table 3. Bond lengths and angles

Pt+-Pt 3-23+0-01 A

Pt-N,  1-93+0:04 Pt-N, 1-95+0-04 A

N,-0,  1:31+0-06 N,-0,  1:24+0-06

N,-C,  1:27+0-09 N,-C, 1-38+ 009

Cy-C, 1-57 +0-10

C,—C, 146+ 0-10 C,-C, 147+ 0-10

0,-0,  3:03+0-06

N,-Pt-N, 83°

Pt+-N,-O, 134 Pt-N,-0, 135°

Pt-N,-C, 120 Pt-N,-C, 115

0,-N,-C, 106 0,-N,~C, 110

N;-C,-C, 113
N,-C,C, 126
C-CyC, 121

N,~Cy-C, 117
N,~C,-C, 117
C,-Cy-C, 126

Description of the structure and discussion

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 /- bond normal to the plane of
the molecule is 3-23 +0-01 A. 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

0, 3.03 0,

¢ 2
. 157\ 135 C,

N, N. )
172 ~J2 p
\( %115" . \c
126°% 3o S :
7 97 .
83° Pt 3
121° | 13° 2
21 CZM20° £ /C’ 2
126° ) >
/< 26 106°N‘ 1340 N2 hY
Cy \_. C.
S
e
0, 0,

Fig. 3. Bond lengths and angles in Pt-dimethyl-glyoxime.



EDOARDO FRASSON, CARLO PANATTONI AND ROBERTO ZANNETTI

1031

Table 4. Variation of the M-N bonds and of hydrogen bonds in the glyoxime complexes

Compound M-N bond (4)
Cu-dimethyl-glyoxime 1-91; 1-96
Ni-dimethyl-glyoxime 1-87; 1-90
Pt-dimethyl-glyoxime 1-93; 1-95

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

M-N bonds in Ni-dimethyl-glyoxime and in Cu-
dimethyl-glyoxime. Therefore the exceptional length
of the hydrogen bond in this structure is due to an
increase of the Pt—N-O angles in respect to the /-N-O
angles in the other complexes of this type.

0-H-0 bond (4) M-N-O angle
2-53; 2-70 121° 307; 125°
2-44 118°; 122°
303 135°

From an infrared spectroscopic investigation of this
compound in the solid state it was shown that the
O-H stretching frequency for the hydrogen bond is
about 3450 cm.-1, According to the empirical correla-
tion found by Nakamoto, Margoshes & Rundle (1955),
this value corresponds to a hydrogen bond length of
about 2-9 A. The difference of 0-1 A from the X-ray
data is of the order of the uncertainty of the method
of Nakamoto ef al. (1955).

A discussion will be presented elsewhere on the
spectroscopic data of this compound in relation to the
other complexes of the series M—R—R'—glyoximes.

We are indebted to Dr Cesare Pecile and to Istituto
di Chimica Fisica of the University of Padua for the
spectroscopic data.
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