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Bis(glyoximato)platinum(II), (H2C2NzOOH)2Pt, crystallizes in the monoclinic system, prismatic class, 
with two molecules per unit cell and belongs to space group P21/n. Unit-cell parameters are: a0 = 3.5039, 
b0= 7.892, co = 14"093 A; ,O= 92o43 '. The X-ray study of this complex, based on 611 reflexions measured 
with Cu Ke radiation on an automatic diffractometer (final R value 0.043), shows that its molecular 
and crystal structure is similar to those of the analogous complexes of Ni u and Pd II. Pt atoms coor- 
dinate with four N atoms, and the whole molecule is planar; the intramolecular hydrogen bond 
O-H---O is considered to be asymmetric. Asymmetry in bond lengths of glyoxime complexes is dis- 
cussed and the effects of absorption are considered. 

Introduction 

As a part of a programme of studies on the crystal and 
molecular structures of glyoxime complexes with transi- 
tion metals (Calleri, Ferraris & Viterbo, 1967a, b), the 
authors performed this work on bis(glyoximato)plati- 
num(II). 

Experimental 

Preparation and crystal data 
The bis(glyoximato)platinum(II) complex, 

(HzCzNzOOH)zPt, 

was prepared by mixing a hot aqueous solution of 
glyoxime with a PtClz solution and neutralizing the 
mixture with ammonia. By recrystallization of the 
precipitate from dilute acetic acid at 80-90 °C brown- 
violet acicular crystals of very small cross-section 
were obtained. 

From Weissenberg photographs and single-crystal 
diffractometry it was deduced that bis(glyoximato)- 
platinum(II) (PtG hereinafter) crystallizes in the mono- 
clinic system, prismatic class. A morphological orien- 
tation similar to that of the analogous Ni and Pd com- 
plexes (NiG and PdG) was chosen for PtG, i.e. the 
x axis coincident with the elongation direction, and 
from the systematic extinctions (0k0, k odd; hOl, h + l 
odd) the assignment of PtG to space group P21/n is 
unambiguous. 

Crystals of PtG present identifiable faces only in 
zone [100]; forms always present are {011} and {001} 
and form {010} is also occasionally present. Examina- 
tion under the polarizing microscope showed that 
the crystals were always so placed as to present an ex- 
tinction angle close to 0 °. PtG crystals, lying as des- 
cribed above, exhibit an appreciable pleochroism: for 
light vibrating in the extinction direction 'parallel' to 

[100] the light is almost completely absorbed even when 
the crystals are only about 0.1 mm thick, while in the 
direction normal to this they are blood-red in colour. 
The pleochroism found in PtG crystals is much more 
marked than in the crystals of either NiG or PdG; in 
addition, while the last two complexes show the least 
absorption in the extinction direction which makes the 
smallest angle with [100], PtG crystals strongly absorb 
light vibrating along [100]. 

The unit-cell parameters were refined by a least- 
squares procedure, with an adequate number of 0n~t 
values measured on the diffractometer at room tempera- 
ture from a single crystal, with Cu Ka radiation (2,, = 
1.54050, 2,2= 1-54434 A); the following values with 
their standard deviations were obtained" a0-- 3.5039(7), 
b0=7.892(1), Co= 14.093(3) A; fl=92°43'(1'). 

Other physical data are: V= 398.27A 3; M.W. = 
369.214; Deale= 3"150 g.cm-3; Z = 2 ;  F(000)=336e; 
linear absorption coefficient for Cu Ka radiation, 
/x = 345.0 cm -1. 

Intensity measurement 
Intensities, all on the same relative scale, were meas- 

ured by a General iElectric automatic three-circle dif- 
fractometer, equipped with a Na(T1)C1 scintillation 
counter, with the use of nickel-filtered Cu K~ radiation. 
The crystal selected for the measurements, 0.45 mm 
long with a cross-section of 0.10x0.10mmZ, was 
mounted with its elongation direction, [100], parallel 
to the ~0 axis of the goniostat and integrated intensities 
were collected by the 0 - 2 0  scanning method, with 
a scanning speed of 1 ° per minute. The background 
was measured for a 0.5 ° interval on both sides of each 
peak. It was possible to measure 820 independent re- 
flexions; for 209 reflexions the intensity was zero or 
only slightly greater than the background (Imeas about 
15 counts against a value of about 100,000 counts for 
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a few strong reflexions). After checking that the cot- tion based on a set of  coordinates derived from those 
responding F~'s had values not greater than 2e these re- of  the triclinic PdG was carried out. In PdG the relative 
flexions were considered 'unobserved' and excluded positions of  the non-equivalentmolecules  arevery close 
from the refinement. They are not listed in Table 1. to those required by the P2~/n space group. The coor- 

The computat ion of  atomic scattering factors, with dinates so derived yelded an R = 0 . 2 3 ,  with an overall 
both the real and imaginary corrections for the anom- temperature factor B = 3  ~2;  a subsequent three-di- 
alous scattering of  Pt, was done by linearly interpo- mensional synthesis of  electron density confirmed the 
lating the values reported in International Tables for hypothesis of  isostructuralism. 
X-ray Crystallography(1962). Lorentzand polarization Two least-squares cycles, refining only the coordi- 
and absorption corrections were applied, the latter being nates, and with unit-weight for all reflexions, reduced R 
done by the program GON09 by Hamilton (1966). to 0.16; a refinement including individual isotropic 

thermal parameters, as well, with the weighting scheme 
illustrated below, lowered R to 0.08. During the last and Solution and refinement of the structure 
subsequent cycles, some reflexions (generally weak 

The intensities and unit-cell parameters of  PtG are and marked with an asterisk in Table 1) were given 
similar to those of  PdG, so a structure factor calcula- zero weight because their intensities were probably af- 

Table I. Moduli of observed and calculated structure amplitudes with the corresponding phase angles (absolute scale) 

Phase angles differing from 0 ° or 180 ° result from the introduction of the imaginary part of the atomic scattering factor of Pt. 
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fected by casual measurement errors. The refinement 
was completed in a few cycles after the introduction 
of anisotropic vibrational parameters for all the atoms: 
the final R value was 0.049 (0.043 excluding the re- 
flexions marked with an asterisk in Table 1). The final 
weighted R was 0.053 and the standard error of an ob- 
servation of unit weight was 0.807. 

The program used for least-squares refinement was 
that of Busing, Martin & Levy (1962) with minor mod- 
ifications to take into account the imaginary part of 
the atomic scattering factors. The weighting scheme 
employed was of the type: 

wn~z=Al(BF2o+lfol+C),  iflFol>_C ; (1) 

whiz= OFZo , if IFol < C. (2) 

The constants C and D were given such values as to 
have 0 < wn~z < 1 and to make the two weighting sys- 
tems coincide when [FoI=C; C and B were varied 
slightly during the refinement in order to give a satis- 
factory constancy to XwA z for the amplitudes in 
various groups. The values assumed by C were around 
2lFmin] and those of B around 4/]Fmaxl. 

The 611 values of Fc, calculated with the final par- 
ameters, are reported in Table 1. The final fractional 
coordinates and vibrational anisotropic parameters are 
listed in Table 2, the latter are the Bis coefficients of the 
function" 

3 3 

exp ( -  ¼/=Z' 1 ~lBsihih:a~a~). (3) 

Because of the overwhelming contribution to the 
structure factors from Pt, the standard deviations of the 
light-atom parameters are higher than those which 
could be expected from the value of R. 

Description and discussion of the structure 

The PtG molecule (Fig. 1) is planar and its best mean 
plane (Schomaker, Waser, Marsh & Bergman, 
1959), in fractional coordinates and referred to the cell 
axes, has the following equation: 

3-3277 X-2.2927 Y+0.9328 Z = 0 .  (4) 

Table 3 reports the distances, d, of the atoms from 
plane (4), with their standard deviations, a, and the ra- 
tios Id/al. On the basis of the t test, only atom N(2) is 
possibly out of plane (4); on the other hand the applica- 
tion of the Z 2 test shows that the whole molecule does 
not deviate significantly from planarity (Cruickshank 
& Robertson, 1953). The angle between the molecular 
and the (100) planes is small (about 18 °) as in the ana- 
logous complexes of Ni and Pd, while the molecular 
packing (Fig. 2) is very similar to that of PdG; there is 
also a correspondence in the intermolecular contacts. 
The oxygen atom 0(2) at ½ - x ,  ½+y, ) - z  (that is, 
0(2) belonging to the molecule at the 'centre' of the 
cell) is involved in two contacts: with C(2) (3-11 /~) 
and with C(2') [the same C(2) translated by a0] (3-21/~). 

0(2) 

/9 9.~ee ^ C(2) 
" ~ N  ( 2 ' ) ~ _  z 

I , , - 2  <,> / 
k x Pt i'D "l'O- 2"013 'k L~-(1)  

o z # N ( ' l )  ~o 

/ ~/ )o(~ 
/ 

o(2') 

Fig. 1. Molecular bonds and angles and atom labelling. 

Table 2. Fractional atomic coordinates and vibrational parameters (]~z) with, below, the significant figures of  
the estimated standard deviations 

x/ao y/bo z/co B11 Bz2 B33 B12 B13 B23 
Pt 0 0 0 3.12 2.65 3.33 0"40 0.23 0"20 

3 3 3 3 2 3 
C(1) 0-1956 0.3130 0.0876 2-8 5.1 9.0 0-2 0"0 --2.8 

44 23 17 6 9 1.0 6 7 8 
C(2) 0.0984 0.2032 0.1655 3"6 7"7 6.5 0"5 -0"3  - 2 - 8  

56 33 15 7 1-5 1.0 8 7 1-0 
N(1) 0-1605 0-2448 0.0048 3.2 4.2 8-6 -0"8  0"4 0-9 

43 18 12 5 6 1.1 5 5 7 
N(2) 0.0132 -0"0505 -0.1365 3.2 6.4 3.5 0.6 0-2 -0"5  

37 22 9 5 8 6 5 4 5 
O(1) -0.2451 -0 .3230 0.0772 4-1 5.1 9.0 -0"4  0.5 3"0 

33 15 10 5 5 9 4 6 6 
0(2) -0.1003 -0.0703 0.1978 6.1 8.4 4.8 0.2 0.8 2-4 

45 22 10 8 7 6 7 5 6 
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The short distance (3.26 ~) between C(I) and the oxygen 
atom O(1), translated by b0 (Fig.2) is also noteworthy. 

Table 3. Distances, d, of the atoms from plane (4) 
with their standard deviations, a, and Id/al 

d a Id/,:rl 
Pt 0 0 0 
C(I) 0.015 • 0.016/~ 0.94 
C(2) 0-016 0-020 0.80 
N(I) -0 .022  0.015 1.47 
N(2) 0.032 0.013 2.46 
O(1) -0 .003  0.012 0-25 
0(2) 0.012 0.016 0-75 

Z 2= 10.35 

% 

! 

z T 

l 

3 

~ c(~) 

3 

Fig. 2. Ciinographic projection, along the x axis, of the contents 
of one unit cell. 

Also, in PtG the intermetallic distance (equal to 
a0, i.e. 3.504 A) is not of the same magnitude as that 
found in the corresponding complexes of dimethyl- 
glyoxime. It must be stressed that the Pt-Pt distance 
is a little shorter than the Pd-Pd distance in PdG 
(3.558/~) and very much shorter than the Ni-Ni dis- 
tance (4.196 ]~) in NiG. 

The degree of conjugation in the C-C and C=N 
bonds (see Table 4) is comparable with that found in 
NiG and PdG. The length of the bond O(1)-O(2) 
(2.66/~) indicates that this intermolecular hydrogen 
bond should be considered to be asymmetric. A tri- 
dimensional difference syntheses, based on final atomic 
parameters, was computed in order to attempt to lo- 
cate the hydrogen atoms. Positive zones appeared in 
the positions possibly occupied by hydrogen atoms 
bound to carbon atoms, but without well-defined peaks; 
the zones in the neighbourhood of oxygen atoms of- 
fered no useful information at all. We therefore gave 
up the attempts to derive the hydrogen-atom coordi- 
nates since a tentative determination of coordinates 
from such broadened peaks had already proved unreli- 
able in the case of the analogous complex of pdIL 

The application of statistical tests (Cruickshank & 
Robertson, 1953) to the pairs of C=N, N-O and Pt-N 
bonds showed that only the difference between the two 
Pt-N bonds is possibly significant, although the trend 
of bond lengths is the same as that found in the other 
complexes formed by ~-dioximes (Calleri, Ferraris 
& Viterbo, 1967a,b; Godycki & Rundle, 1953; 
Williams, Wohlauer & Rundle, 1959; Frasson, Bardi 
& Bezzi, 1959; Frasson, Panattoni & Zannetti, 1959; 
Panattoni, Frasson & Zannetti, 1959; Frasson & Pa- 
nattoni, 1960; Murmann & Schlemper, 1967). The dif- 
ferences in question are, however, always less than, or 
at the limit of, statistical significance and it seems plau- 
sible that, if valid, they are a result not of a real asym- 
metry in the ligands, but rather of deformations caused 
by intermolecular contacts. This point of view is sup- 
ported by the fact that in the PdG structure more sig- 
nificant differences between similar bonds were found 
in the molecule which is affected to the greater extent 
by intermolecular contacts. Certainly a factor to be 
taken into account in explaining these asymmetries is 
the role of the intramolecular hydrogen bond O - H - - -  
O, itself asymmetric. In fact, the differences in the 
lengths of the pairs of bonds in question in NiG, where 
the hydrogen bond is symmetric, are the least signi- 

Table 4. Bond lengths and angles, with their standard deviations in parenthesis 

P t - - - N ( I )  2.013 (14)/~ N(1) -C(1)-C(2) 114.8 (1.7) ° 
P t - - -N(2)  1"968 (14) N(2')-C(2)-C(1) 112.7 (1.8) 
C(1)-C(2) 1.453 (31) C(1)--N(1)-Pt 116"6 (1"3) 
C(I) -N(1)  1.286 (28) C(1)--N(1)-O(I ' )  124.6 (1.5) 
C(2)-N(2") 1"326 (30) Pt N(1)-O(I ' )  118.7 (1"1) 
N(1)-O(I ' )  1.356 (21) P t - - -N(2 ) -O(2 ' )  120.4 (1.2) 
N(2)-O(2') 1.332 (22) P t - - -N(2 ) -C(2 ' )  117.7 (1.3) 
O(1)-O(27 2.655 (21) C(2")-N(2)-O(2') 121-6 (1.5) 
N(I) -Pt -N(2)  102.0 (7) ° N(2")-O(2)-O(1) 99.5 (1.0) 
N(1)-Pt-N(2')  78.0 (7) N(l ' ) -O(1)-O(2)  99.3 (9) 

A C 25B - I0 



2070 THE S T R U C T U R E  OF B I S ( G L Y O X I M A T O ) P L A T I N U M ( I I )  

ficant of those observed among the complexes formed 
by glyoxime. 

In Table 5 the root-mean-square displacements of 
the atoms along the three principal directions of ther- 
mal vibration are reported, together with the angles, 
~0~, ~0u, 9~ and ~0n, which these directions make with the 
crystallographic axes and with the normal to the molec- 
ular plane respectively. The thermal motion is rather 
high and markedly anisotropic for all the light atoms 
and also for platinum. From the values of Table 5 it 
can be seen that the direction of smallest vibration for 
carbon and nitrogen atoms is almost normal to the 
molecular plane, while for oxygen atoms the normal to 
this plane roughly coincides with the vibrational axis 
of intermediate magnitude. The three principal direc- 
tions of vibration for the Pt atom are all out of the 
plane of the molecule. It was also possible to verify 
that the direction of largest vibration of carbon and 
oxygen atoms is nearly parallel to the C-C and O-O 
bonds respectively, nitrogen atoms have their direction 
of largest vibration nearly normal to the Pt -N bonds. 

Table 5. Parameters characterizing the principal 
directions of  thermal vibration for 

all the atoms: root-mean-square displacements 
(r.m.s.d.) (A) and angles 

which the principal directions make with the x(~z),  
y(~y),z(~z)axes and the normal to the molecular 

plane (ton) 

R.m.s.d. ~x ~v ~z Cn 
Pt 0.201 133 ° 105 ° 44 ° 122 ° 

0.211 56 65 47 63 
0.174 118 30 97 135 

0.21 84 29 62 97 
C(1) 0.36 94 118 28 82 

0.19 7 97 92 12 

0.23 98 51 40 105 
C(2) 0.36 83 39 129 98 

0.21 11 91 82 18 

0.24 121 34 99 139 
N(1) 0.33 92 79 11 91 

0.18 32 59 97 49 

0.21 74 84 20 73 
N(2) 0"29 80 13 99 98 

0"20 19 102 107 20 

0.23 30 115 77 16 
O(1) 0"37 92 61 29 96 

• 0.20 60 40 115 77 

0.28 11 99 87 9 
0(2) 0.35 84 28 63 98 

0.21 100 116 27 89 

Although the results reported in the present article 
are all based on intensities corrected for the absorption 
effect, a refinement was also carried out making use of 

non-corrected intensities. In the second case the stan- 
dard deviations, a, for all the parameters turned out to 
be very slightly greater, while the two R values were 
practically the same. This fact could simply be ascribed 
to an insensibility of R and a to systematic errors such 
as absorption, but it should be stressed that the posi- 
tional parameters in the two cases never differ by more 
than the standard deviations. The vibrational param- 
eters of light atoms show differences between a and 2a; 
only the thermal parameters of the platinum atom 
change appreciably. 

Therefore in the case of the crystal investigated here, 
with very small dimensions, and in other similar cases, 
the correction for the absorption effect does not seem 
to be essential, at least for the determination of posi- 
tional parameters. Moreover, considering that the meas- 
urements of crystals with dimensions of 0.1-0.2 mm 
can be in error by at least 10-20%, and that the crystal 
surface may be very irregular, one may wonder if in 
many cases it would not be better to neglect the correc- 
tion for absorption rather than make a correction based 
on crystal dimensions only roughly estimated. 

The authors express their gratitude to Professor 
K. Prout and to Dr M. Calleri for much helpful advice 
and comment on the manuscript. 
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