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The structures of (H2tmen)[PtCld], (I), (Hz- 
tmen = N,N,N:N’-tetramethylethylenediammonium), 
[triclinic, Pi;a = 7.344(3), b = 8.345(3), c = 6.216(2) 
k%, cv = 84.53(3), fl = 109.22(3), y = 69.43(3)“, Z = 
I] and (Hz tmen)fPtC&], (2), [monoclinic, P2,/a; a = 
14.409(4), b = 12.736(7), c = 8.601(3) a, fl = 
99.58(3)“, Z = 4J were determined from diffracto- 
metric data by Patterson and Fourier methods and 
refined by full-matrix least-squares to R = 0.027and 
0.039 for (I) and (2) respectively. In both cases 
the anions and cations are joined in polymeric chains 
through hydrogen bonds involving the protonated 
nitrogens and the coordinated chlorine atoms. The 
square-planar [PtCI,1] ‘- and octahedral [PtC& / ‘- 
anions are centrosymmetric; the H2 tmen” cations 
are centrosymmetric in (1) with a N-C-C-N 
dihedral angle of exactly 180”, while in (2) the 
dihedral angle is 166”. The different symmetry of 
the organic moieties (Ci and C, in (1) and (2) respec- 
tively] results in a different i.r. spectrum which is 
more complex the lower the symmetry; moreover 
the spectrum of a KBr pellet of (2) changes with 
time, finally resembling that of (I) and of the (H2- 
tmen)C12 salt. 

Introduction 

In a recent study on the reactivity of the cationic 
complex containing ethylene, [Pt(~2-C2H4)Cl- 
(tmen)]’ [I], (tmen = N,N,N’,N’-tetramethylethyl- 
enediamine) in concentrated hydrochloric acid, two 
coordination compounds containing the tmen ligand 
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either mono-coordinated to platinum with the 
free end protonated, [PtCls(Htmen)] , or cis chelated 
to the metal, [PtCl,(tmen)], were found 123. The 
different configuration of the diamine in the two 
complexes was reflected by the i.r. spectrum which 
was much more complex in the former than in the 
latter. 

In the same reaction two side products were also 
formed, namely (H,tmen)[PtCL], (l), and (Hz- 
tmen)[PtC16], (2); both could be obtained in crys- 
talline form and their yields could be increased 
by prolonging the reaction time. Apart from the 
platinum-chlorine stretchings, i.r. spectra were 
very different although both species contained 
the same cation; moreover the spectrum of a 
KBr pellet of (2) changed with time, finally 
resembling that of (1) and of (H2tmen)C12 in the 
region below 1200 cm-‘. We took this unique oppor- 
tunity to investigate, by a X-ray diffraction study, 
how the i.r. spectra could reflect a different 
conformation of the organic moieties which would 
be predicted to be trans in both cases. 

Results and Discussion 

The structure of (1) consists of tetramethyl- 
ethylenediammonium cations (H2tmen2+) and 
square-planar tetrachloroplatinate(I1) anions; that 
of (2) of H2tmen2+ cations and octahedral hexa- 
chloroplatinate(IV) anions. In both structures 
cations and anions are joined in chains by hydro- 
gen bonds (Figs. 1 and 2); relevant bond distances 
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Pt 

CI(2) e Cl(l) 

Fig. 1. Chain of [PtCI,]2- anions and Hztmen2+ cations in 
compound (1). 

Fig. 2. Chain of [PtC16 I’- anions and H;?tmen’+ cations in 
compound (2). 

and angles with hydrogen bonds are given in 
Tables I and II. 

While in (1) the cation and the anion are both 
centrosymmetric, in (2) only the platinum atom 
lies on a centre of symmetry. The Pt-Cl bond 
lengths range from 2.303 to 2.304 A in (1) and from 

TABLE I. Bond Distances and Angles of (Hztmen)[PtQ], 
(1). 

a) in the anion 

Pt-Cl(l) 
Pt-Cl(2) 

2.304(2) A Cl(l)-Pt-Cl(2) 91.0(l)” 
2.303(2) 

b) In the cation 

N(1 )-C(l) 1.506(8) C(l)-N(l)-C(3) 113.2(5) 
N(1 )-C(2) 1.493(8) C(l)-N(l)-C(2) 109.2(5) 
N(1 )-C(3) 1.512(9) 
C(l)-C(1’) 

C(2)-N(l)-C(3) 110.7(5) 
1.509(7) N(l)-C(l)-C(1’) 110.9(5) 

c) Hydrogen Bonds 

N(l)**+Cl(l) 3.190(7)A N(l)-H(l)-Cl(l) 142” 
H(l)..*Cl(l) 2.18 

2.304 to 2.316 A in (2) and are comparable to 
those found in other tetrachloroplatinate(I1) [3, 41 
and hexachloroplatinate(IV) structures [.5, 61. 

The C-N bonds in the two halves of N-C-C-N 
system of H,tmen’+ are equal either in (1) [exactly 
1.506(8) A for imposed symmetry restrictions] or 
in (2) [1.49(2) A]. These distances are comparable 
to those found for the protonated end of diamine 
in [PtCls(Hen)] *Hz0 and [PtCla(Hen)] (Hen = 
monoprotonated ethylenediamine) [ 1.489( 15) and 
lSOl(7) A respectively] [7, 81 ; in the latter 
compounds the C-N distances involving the coordi- 
nated nitrogens were significantly shorter [ 1.465( 12) 
and 1.420(8) A respectively] . 

The conformation of the N-C-C-N system in the 
H,tmen2+ cations is tram in both compounds; while 
in (1) the dihedral angle is exactly 180” for sym- 
metry restrictions, in (2) the angle is 166”. 

The alternating [PtC1,]2- and H2tmen2+ ions 
in compound (1) are linked by hydrogen bonds 
involving the protonated nitrogens of the cations and 
tram halogens of the anions; in compound (2) the 
linkage of the [PtCl,]‘- with the H,tmen2+ ions is 
realized through bifurcated hydrogen bonds that each 
protonated nitrogen of the cation forms with two 
chlorine atoms of an adjacent anion. 

The packing of the chains is determined, in com- 
pound (l), by normal van der Waals contacts. In 
(2) beyond van der Waals contacts, a significant 
role is also played by C-H**.Cl interactions involv- 
ing a carbon atom of the ethylene moiety of the 
cation and a chlorine atom of a [PtCl,]‘- anion 
from a different chain [C( 1)~. *C1(2) = 3.494(19), 
H(12)+..C1(2) = 2.51 A, C(l)-H(12)-Cl(2) = 161’1. 

As a result of the structural investigation it appears 
that the different symmetry of the cation in the 
two compounds results in significant differences in 
the i.r. spectra. Compound (1) has a centrosym- 
metric H2tmen2+ moiety (symmetry group Ci) and 
a more simple spectrum (Fig. 3~); compound (2) 
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TABLE II. Bond Distances and Angles of (Hztmen)[PtCl,j] , (2). 

a) In the two independent anions 

Pt(l)-Cl(l) 
Pt(l)-Cl(2) 
Pt(l)-Cl(3) 

2.312(4) A 
2.315(6) 
2.309(S) 

Cl(l)-Pt(l)-Cl(2) 
Cl(l)-Pt(l)-C](3) 
cl(2)-Pt(l)-cl(3) 

88.2(2)” 
91.3(2) 
90.6(2) 

Pt(2)-Cl(4) 
Pt(2)-C1(5) 
Pt(2)-CI(6) 

2.304(S) 
2.316(S) 
2.311(6) 

C1(4)-Pt(2)-Cl(S) 
Cl(4)-Pt(2)-Cl(6) 
Cl(S)-Pt(2)-Cl(6) 

89.0(2) 
91.5(2) 
88.9(2) 

b) In the cation 

N(l)-C(1) 1.49(2) C(l)-N(l)-C(3) 108.8(14) 
N(l)-C(3) 1 .S2(3) C(l)-N(l)-C(4) 113.3(15) 
N(l)-C(4) lSl(3) C(3)-N(l)-C(4) 108.7(15) 
C(1 )-C(2) 1.53(3) N(l)-C(l)-C(2) 109.8(15) 
C(2)-N(2) 1.49(2) C(l)-C(2)-N(2) 3 112.1(15) 
N(2)-C(5) 1.49(3) C(2)-N(2)-C(5) 113.5(15) 
N(2)-C(6) 1.53(3) C(2)-N(2)-C(6) 113.6(15) 

C(5)-N(2)-C(6) 111.1(15) 

c) Hydrogen bonds 

N(l)***Cl(S~) 
H(1). .X1(5;) 
N(1). . X1(6;;) 
H(1). * X1(6:) 
N(2). . .C1(2l) 
H(2). *.Cl(2f), 
N(2). - *Cl(3:‘;) 
H(2). - G(3”‘) 

3.484(17) A N(l)-H(l)-CI(5’) 135” 
2.74 
3.368(16) N(l)-H(l)-Cl(6”) 138 
2.60 
3.264(18) N(2)-H(2)-Cl(2’) 137 
2.39 
3.300(16) N~2)-H(2)-C1(31”) 132 
2.48 

Asymmetric units: 

i -1% + x, 1% - y, z 
ii -l/2-x, -%+y,l -z 
iii -%-x,%+y,-z 

has the HztmenZC cation without symmetry elements 
(group Cl) and a more complex spectrum (Fig. 3a). 

It was interesting to note that the i.r. spectrum 
of a KBr pellet of (2) changed with time (Fig. 3b), 
finally resembling that of (1) in the region below 
1200 cm-‘. Big changes also occurred in the region 
above 2000 cm-‘, indicative of extensive rearrange- 
ments in hydrogen bonding, and in the Pt-Cl stretch- 
ing region where a sharp band appeared at a different 
wavenumber. These modifications are in agreement 
with a relaxation of the crystal lattice and consequent 
rearrangement of the cations towards a centrosym- 
metric conformation and of the anions towards the 
situation of the other hexachloroplatinate(IV) 
salts [9]. 

It is also worth noting that, especially in the region 
below 1200 cm-‘, the final spectrum of (2) and that 
of (1) resemble that of (Hztmen)Clz (spectra b, C, 

and d of Fig. 3 respectively), pointing to a similar 
conformation of the cation in the three cases. 

A detailed analysis of the i.r. spectra is beyond 
the scope of this work, but we emphasize the fact 

that an overall minor change in the conformation of 
a molecule (such as a 14” variation in the N-C-C-N 
dihedral angle in the diammonium cation) can cause 
relevant symmetry changes and big differences in the 
corresponding spectra. This must be kept in mind 
whenever the conformation of a molecule is deduced 
on the basis of spectroscopic data. 

Experimental 

Starting Materials 
All chemicals were reagent-grade products and 

were used without further purification. [Pt($- 
&H,)Cl(tmen)] (C104) (tmen = N,N,N’,N’-tetra- 
methylethylenediamine) was prepared from Zeise’s 
salt and diamine according to the method of ref. 
1. 

Preparation of Compounds 
Crystals of (H,tmen)[PtC14], (l), and (H,tmen)- 

[PtC16], (2), were obtained in the decomposition 
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Fig. 3. Infrared spectra of (Hztmen)[PtCl~] , (2), right after the preparation of the KBr pellet, a, and two weeks later, b; (Hz. 
tmen)[PtC14], Cl), c; and (H2tmen)C12, d. 

of [Pt(n2-C2H4)Cl(tmen)] (Clod) in concentrated 
hydrochloric acid. In a typical experiment 200 mg 
of [Pt(n2-C2H4)Cl(tmen)] (C104) were dissolved 
in 5 cm3 of concentrated HCl (37% in water), and 
placed in a desiccator containing a beaker of con- 
centrated sulphuric acid (96% in water) and KOH 
in pellets. Under vacuum the evaporation of the 
solvent took place in 3-4 d and [PtCla(Htmen)] 
was the major product [lo] ; at atmospheric pres- 
sure however the evaporation was much slower 
(2-3 weeks) and crystals of H,tmen’+ cations and 
[PtC1412- or [PtCl,]‘- anions were formed [com- 
pounds (1) and (2) respectively]. The relative yield 
of the two salts was different from case to case; the 
reason of this is not clear and was not investigated. 
Anal.: Calcd. for (CgHrRN2)[PtC14]: C, 15.8; H, 
4.0; Cl, 31.2; N, 6.2. Found: C, 15.5; H, 4.1; Cl, 
31.0; N, 6.1. Calcd. for (C6H18N2)[PtC16] : C, 13.7; 
H, 3.4; Cl, 40.4; N, 5.3. Found: C, 13.8; H, 3.4; Cl, 
40.2; N, 5.3%. 

crystal Data 
Compound (1): (C6H18N2)[PtC14], M = 455.12. 

Triclinic, a = 7.344(3), b =8.345(3), c = 6.216(2) 
a, (Y = 84.53(3), 0 = 109.22(3), y = 69.43(3)“, V= 
327.0(2) A3 (by least-squares refinement from the 
0 values of 28 reflections accurately measured, h 
= 0.71069 a), space group Pi, Z = 1, D, = 2.3 11 

g cmp3. A flattened yellow crystal, of approximate 
dimensions 0.09 X 0.27 X 0.28 mm, was used for the 
X-ray analysis, ~(Mo-Ka) = 116.29 cm-’ (max. and 
min. transmission factor values: 1.4678 and 0.7892) 
[111. 

Compound (2) (C6H1sN2)[PtC16], M = 526.03. 
Monoclinic, a = 14.409(4), b = 12.736(7), c = 
8.601(3) A, (3 = 99.58(3)‘, V = 1556(l) A3 (by least- 
squares refinement from the 0 values of 26 reflections 
accurately measured, h = 0.71069 A), space group 
P21/~, Z = 4, D, = 2.245 g cmp3. A yelllow-orange 
prismatic crystal, of approximate dimensions 0.34 
X 0.44 X 0.64 mm, was used for the X-ray analysis, 
~(Mo-Ka) = 101.27 cm-’ (max. and min. trans- 
mission factor values: 1.4364 and 0.7656) [ 111. 

Data Collection and Processing 
Siemens AED diffractometer, e/20 mode, 

niobium-filtered MO-Ka radiation for both com- 
pounds; all the reflections in the range of 3 < 0 < 27” 
for (1) and (2) were measured. Of 1302 and 3630 
independent reflections 1302 and 1559, having 
I > 20(I), were considered observed and used in the 
analyses for (1) and (2) respectively. 

Structure Analyses and Refinements 
Patterson and Fourier methods, full-matrix least- 

squares refinement with all non-hydrogen atoms 
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TABLE III. Fractional Atomic Coordinates (X104) with TABLE IV. Fractional Atomic Coordinates (X104) with 
E.s.d.‘s in Parentheses for the Non-hydrogen Atoms of E.s.d.‘s in Parentheses for the Non-hydrogen Atoms of (Hz- 
(Hztmen)[PtC14], (1). tmen)(PtCle], (2). 

Atom xl0 y/b z/c Atom xla ylb z/c 

Pt 0 0 0 
Cl(l) 1250(3) 1276(2) 2959(3) 
Cl(2) 1945(3) -2765(2) 2488(3) 
N(1) 3479(8) 2422(6) -155(10) 
C(1) 4390(9) 811(7) -1002(10) 
C(2) 2320(13) 3997(8) -2179(14) 
C(3) 5119(13) 2708(8) 1808(14) 

anisotropic in the last cycles, hydrogen clearly 
localized in the AF map, but not refined, were 
used for both compounds. The weighting scheme 
used in the last cycles was w = l/[u2(F0) + O.OOW,] 
for (1) while unit weights were used for (2). Final 
R and R’ values were 0.027 and 0.035 for (1) and 
0.039 and 0.047 for (2). Programs and computers 
used and sources of scattering factors are given in 
ref. 12. Final atomic coordinates for non-hydrogen 
atoms of (1) and (2) are given in Tables III and IV 
respectively. 

Apparatus 
The i.r. spectra were recorded as KBr pellets on 

a Perkin-Elmer 683 spectrophotometer. 
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