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Abstract-The low frequency (O-tVOcm-‘) modes of vibration of the complexes frans- 
PtClr(CrH4). L (where L = ND,, CD&X, DCON(CD& and CBD5NDz) and cis-PtCl&Hd. (CD,)* 
SO have been studied by inelastic neutron scattering, i.r. and Raman spectroscopy. In all complexes, 
motions of the CrH, moiety relative to the platinum atom (including torsional modes) have been 
assigned and the barrier to rotation of the C2H, ligand about an axis projected from the platinum 
atom through the centre of the C=C bond determined. The barriers thus calculated have been 
compared with energies of activation obtained from nuclear magnetic resonance studies of similar 
complexes. 

INTRODUCTION 

Both kinetic (NMR) and spectroscopic techniques 
have been employed to investigate potential bar- 
riers and, particularly using the former, much 
study has been directed towards platinum-olefin 
complexes [l-4]. Kinetic measurements (as a 
function of temperature) enable calculation of the 
energy of activation (E.), while spectroscopic 
studies (at a single temperature) yield information 
concerning the energy of transitions within the 
potential well. From the latter, together with a 
suitable model for the shape of the barrier, may be 
calculated both a barrier height (V.) and also the 
zero point energy (hv) by solution of the Mathieu 
equation[5]. The two quantities may be related 
thus 

V.=E.+hv. 

In many cases it has proved difficult to observe 
torsional frequencies using optical techniques. 
However, torsional modes involving appreciable 
proton motion are readily observed using inelastic 
neutron scattering (INS) spectroscopy [6]. There 
are, unfortunately, few examples of ethylene-con- 
taining complexes studied by NMR whose INS 
spectra allow relatively easy interpretation. 
Nonetheless, several successful INS studies have 
been reported [7-91. 

BACKGROUND 

The structures of cis- and trans-PtC12(C2H4) . L 
most probably resemble that of cis- 
PtBr2(C2H4) - NH3[10] and may thus be thought of 
as being derived from Zeise’s salt, K[PtCl&H.,)], 
which contains a square planar ion [l l-191. Rota- 
tion of the ethylene ligand within Zeise’s salt has 
been observed using wide-line NMR[20] and has 
been proved, in variable temperature ‘H and 13C 
NMR studies of [Os(CO)NO(C2H4) (PPh3)2]PF6, to 

take place about an axis perpendicular to the C=C 
bond 1211. Molecular orbital calculations carried 
out by WHEELOCK et al.[22] have shown, that for 
divalent trans-ethylene platinum complexes, the 
potential function describing this motion has a 
minimum when the ethylene ligand is perpendi- 
cular to the plane and a metastable minimum when 
the ethylene ligand lies in the plane. 

EXPERIMENTAL 

The trans-ethylene complexes, PtC12(C2H,). ND3, 
PtC12(‘3%)~ CDXN, PtC~~(GH,)~ DCON(CD& m& 
(c&). C~DSNDZ and PtCl&H,) . &D,NH,, were 
prepared from Zeise’s dimer, (Ptd12(C2H4)]2. by-addition 
of one equivalent of the appropriate ligand in ethanol 
using the procedure described by MEESTER et al. for the 
analogous- compounds with hydrogenous ligands [23]. 
(C,D,NH, was nrenared from C,D‘ND, bv shaking 
C6DSND2-with excess H20.) Cis-PtCl&HJ : (CD&SO 
was prepared similarly to the method described in the 
literature by BOUCHER and BOSNICH[~~] for cis- 
PtClr(CrHJ . (CH&SO [24]. ND,, DCON(CD3b and 
CIDSNDl were purchased from Merck Sharp and Dohme 
Ltd., whilst CD&N and (CD&SO were supplied by 
Ciba-Geigy. In all cases, employment of deuterated 
ligands was intended to simplify analysis of INS spectra 
by decreasing the intensity of those hydrogenous modes 
not associated with the ethylene ligand. 

INS spectra of the samples (polycrystalline powders 
contained in sealed silica cells) were measured employ- 
ing spectrometers on the Dido and Pluto reactors at 
AERE Harwell. Neutron energy gain time-of-flight 
(TOF) spectra were obtained in the case of the perdeu- 
terated trans-ethylene complexes at 243 K using the 
Dido 6H long wavelength spectrometer[25,26] and in the 
case of cis-PtC1r(CIH4). (CDr)rSO at 293 K using the 
Dido 4H5 cold neutron spectrometer126. 271. Hieher - _ 
energy transfer neutron energy loss spectra were recor- 
ded employing the Pluto beryllium filter detector 
(BFD) spectrometer [28] (77 K) for trans-PtCl&HJ 
. ND,, trans-PtClr(C,H,) . DCON(CD3)r and cis- 
PtCl&H,) . (CDr)rSO and the Dido BFD 
spectrometer[29] (16, 77 and 77 K, respectively) for 
trans-PtClr(C$H,) . CD3CN, trans-PtCl,(C,H,) . C6DJND2 
and trans-PtCl&H,) + C6D5NH2. 

Unlike BFD spectra, which can be obtained in a form 
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immediately comparable with optical spectra by plotting 
“detected neutron counts per n monitor counts% 
energy, “raw” TOF data require several corrections [30] 
and formulation in terms of various useful functions[31] 
(e.g. P' (a, p)[6]) before comparison. However, it should 
be noted that both P'(a, /3) (TOF data) and “detected 
counts” (BFD data) are proportional to the amplitude 
weighted density of states multiplied by the Debye- 
Wailer factor[32]. Transition frequencies in BFD spectra 
have been calculated from observed band maxima using 
known correction factors [28]. 

The intensities of INS bands have been measured 
using a DuPont curve resolver. Where appropriate 
measured INS intensities have been compared with those 
calculated for the hindered translational and rotational 
modes (Fig. 1) of the coordinated ethylene molecule 
(Table 1) using methods described previously[6, 7, 331. 

Far i.r. measurements (50-4OOc.m-‘) were made at 
ambient and liquid nitrogen temperatures using a Beck- 
mann-RIIC FS720 Fourier transform spectrophotometer, 
whilst the mid i.r. (200-850cm-‘) was scanned at room 
temperature using a Perkin-Elmer 577 spectropho- 
tometer. With the former instrument, samples were run 
as nujol mulls supported on polyethylene discs, with 
latter as nujol mulls between CsI plates. 

Raman spectra were measured in the range O-850 cm-’ 
with a Cary 82 Raman spectrophotometer employing a 
Spectra-physics model 125 He/Ne laser at 15802 cm-’ 
(14 mW power at the sample). 

RESULTS AND DISCUSSION 
Previous INS studies of Zeise’s salt and dimer 

have shown that motions of the ethylene group 
dominate the spectra as a result of the very large 
incoherent scattering cross-section of the 
proton[7, 331. Coordination of ethylene to hypo- 
thetical MX3- to form a square planar complex 
results in the appearance of six new normal 
modes. Of these, three (T,, 7Y or antisymmetric 
stretch and 7,) may be considered as hindered 
rotations and three (tx or wag, t, or rock and t, or 
symmetric stretch) as hindered translations of the 
ethylene ligand (Fig. 1). r,, r, and t, have been 
observed in TOF spectra (i.e. below 250cm-‘) of 
Zeise’s dimer[7] (Table 2), the most intense of 
these, and indeed the most intense band below 
-700 cm-‘, being T*. Of the remaining modes, rx 
(found at - 1180 cm-’ in optical spectra[34] has 
not been located in INS spectra of Zeise’s salt and 
dimer[33], whilst T, and t, have been observed in 

Table 1. Predicted relative intensities in the INS spec- 
trum of the three rotational and three translational modes 

of the ethylene ligand relative to the platinum atom 

Mode PredIcted Relative 1ntermty= 

7x 
6.7 

Ty or \>aS(Pt-C*H(+) 2.6 

7z or C2Hq torsion 3.0 

tx or sY-C2H4 wag 1.0 

ty or Pt-C2H4 rock 1.0 

tz or vs(Pt-C2H4) 1.0 

“Calculated using neutron diffraction data for the 
ethylene ligand in Zeise’s salt[l9]. 

BFD spectra at -490 and -4OOcm-‘, 
respectively]331 (Table 2). 

Since the method of assigning the bands in each 
complex is essentially similar, we will only discuss 
in detail trans-PtCl&HJ . ND, and cis- 
PtC12(C2H4). (CD&SO. The other trans com- 
plexes will therefore be commented upon only in 
so far as there are any differences or additional 
assignments between them and trans- 
PtCI,(CzHJ . ND+ 

(a) Trans-PtCl&H,) . ND3 
INS spectra of trans-PtCl&HJ . ND3 are 

shown Figs. 2(a) and 3(a) and the frequencies 
derived from these and optical data are sum- 
marized in Tables 2 and 3. 

Bearing in mind the resolution of the spec- 
trometer ( - 40 cm-’ [28]), the three intense bands 
in the BFD spectrum of trans-PtC12(C2H.,). ND3 
below 650cm-’ must represent the symmetric 
stretch (tz), antisymmetric stretch (TV) and the 
C2H4 torsion (7,) of the ethylene ligand. The 388 
and 414cm-’ BFD bands may be assigned to the 
symmetric (L) and antisymmetric (TV) stretches 
respectively following the assignments of these 
modes at 386 and 475 cm-’ in i.r. and Raman 
spectra of the equivalent NH3 ligand complex[23]. 

Fig. 1. The three hindered rotations, T~, 7Y (antisymmetric stretch) and Tr, and the three hindered 
rotations, ?, (wag), tY (rock) and t, (symmetric stretch), of the ethylene iigand relative to the platinum 

atom. 
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100 800 900 200 30 LOO 500 600 700 
Incident neutron energy/cm4 

Fig. 2. BFD spectra of (a) frans-PtCl&H,). ND, 
(77 K), (b) kans-PtCI,(C,H,) . CD,CN (16 K), (c) frans- 
PtC1&H,).DCON(CD3)2 (77 K), (d) trans-PtC12 
(&HA). GDsND> (77 K), (e) frans-PtCl&H,). 
C6DsNH2 (77 K) and (f) cis-PtCI&H,) . (CD&SO 
(77 K). 0, X and + denote data collected using the Al(11 I), 
Al(311) and Al(511) monochromator planes, respectively. 

The third BFD band (171 cm-‘), which is the most 
intense feature in the spectrum, consequently must 
represent the C2H4 torsion, its frequency and rela- 
tive intensity being in agreement with those found 
for this mode in INS studies of Zeise’s salt and 
dimer[7, 331 (Tables 1 and 2). 

The band assigned to the C2H4 torsion displays 
two distinct shoulders in the TOF spectra. That to 
higher frequency (218.0 cm-’ TOF/203 cm-’ BFD) 
may be assigned to the Pt-C2H4 rock (t,) located 
in i.r.[34, 351, Raman[34] and INS[7, 331 in- 
vestigations of Zeise’s dimer in the region 19O- 
201 cm-’ and in optical studies only of Zeise’s salt 
between 210 and 219cm-‘[34, 361. The lower 
frequency shoulder (122.0 cm-’ TOF) similarly 
may be assigned to the remaining platinum+.thy- 
lene translational mode, the Pt-CzH, wag (tJ, in 
accordance with reported frequencies in the i.r. 
spectrum of Zeise’s salt (121 cm-‘)[36] and in the 
INS spectrum of Zeise’s dimer (110 cm-‘)[7, 331. 

Of the remaining unassigned INS bands, those 
at 713 and 810cm-’ may, by analogy with Zeise’s 

0 50 100 150 200 250 300 
Energy transfer/cm-l 

Fig. 3. TOF spectra of (a) trans-PtCl&H,) NQ, (b) 
trans-PtCl&H,).CD,CN, (c) 
DCON(CD,),, 

trans-PtCI&H3. 
(d) 

and (e) 
trans-PtClz(C*HJ.C6DSNH2 

cis-PtCI&H,) - (CD&SO. Spectra 
(a)-(d) recorded at 243 K, spectrum (e) at 293 K. Scattering 

angles: (a), (c), (d) = 54”, (b) = 36” and (e) = 66”. 

salt and dimcr[33, 341 (Table 2), be assigned to 
CH, rocking modes of the ethylene ligand. In view 
of the prior assignment of all predicted low 
frequency vibrations of the ethylene ligand rela- 
tive to the platinum atom, the 44cm-’ 
BFD/61 cm-’ TOF band must represent a lattice 
mode. 

The i.r. and Raman spectra of trans- 

PtC12(C2H4) . ND:, are essentially in agreement 
with those reported (100-500 cm-‘) by MEESTER et 

al. [23] for the equivalent NHs ligand complex. We 
may thus assign the symmetric and antisymmetric 
chlorine stretches [ v,(Cl-Pt-CI) and v,,(CI-Pt-Cl)] 
to bands at 330 cm-’ (Raman) and 337 cm-’ (i.r.), 
respectively. Lower frequency i.r. and Raman 
bands are, however, more difficult to identify as 
they result from bending modes of the square 
planar skeleton, the activities and possible split- 
tings of which are problematical in the absence of 
accurate structural data. Assignment of this region 
of the spectrum must therefore be tentative. 
Vibrations at 161 and 183 cm-’ in the i.r. spectrum 
of Zeise’s salt have been assigned to S(Cl-Pt- 
Cl,,,,) + (Cl-Pt-C&) and to s(ccPt-Cl), 
respectively [36], and we shall employ the 
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Table 3. The INS and optical spectroscopic frequencies (cm-‘) and 
assignments of Imns-PtCl&H,) . ND3 

1.r. Rama” INS ASSLgnllle”t 

BFD TOF 

907 

186 s 

220 6 

330 sh 

337 * 

346 sh 

370 w 

467 w 

720 m 

735 sh 

48 s 

205 m 

330 s 

344 sh 

377 w 

415 VW 

436 sh 

462 sh 

481 v 

44 * 10 

171 * 10 

203 * 10 

388 * 10 

474 * 10 

810 i 10 

61.0 * 3.5 Lattice mode 

122.0 + 6.5 PM2H4 wag (tx) 

170.5 * 10 0 C2H4 tarslon (Tz) 

b(Cl-R-Cl) 

218.0 * 13.0 Pt-C2H4 rock (t,,) 

vs(C1-Pt-C1) 

vas(C’-Pt-C’) 

vs(Pt-C2H4)(tz) 

v(Pt-L) 

Vas(Pt-C2H4)(Ty) 

CH2 rock 

cH2 rock 

vs. very strong; s, strong; m, medium; w, weak; VW, very weak; 
sh, shoulder; v,, symmetric stretch; v,,, antisymmetric stretch; 8, 
in-plane bend; ?r, out-of-plane bend. 

equivalent assignments [i.e. S(Cl-Pt-L) + (Cl-Pt- 
C2H4) and S(CI-P&Cl), respectively] for the 166 
(i.r.)/lU cm-’ (Raman) band of trans- 

PtC12(C2H4) - NH3 [23], which has no obvious 
analogue in optical spectra of trans- 

PtCl&HJ * NHs, and the 185 cm-’ i.r. band of 
trans-PtCl&HJ . NH,[23], which is insensitive 
to deuteration. 

MEESTER et al.[23] assigned an i.r. band of 
trans-PtCl&HJ * NH, at 475 cm-’ to v(Pt-L). 
Although the spectra of the complexes with deu- 
terated and hydrogenous ligands are very similar 
in this region, an additional shoulder is present in 
the Raman spectrum of trans-PtCl&HJ * ND3 at 
436 cm-‘. The deuteration shift between the 475 
and 436 cm-’ frequencies is 0.92, which is in good 
agreement with that calculated for v(Pt-L) (0.93). 

(b) Trans-PtCI&H,) * CDSCN 
INS spectra of trans-PtCl&H,) * CD&N are 

shown in Figs. 2(b) and 3(b) and the frequencies 
derived from these are summarized in Table 2. 

The INS spectra of trans-PtCl&H.J * CDpCN 
may be assigned analogously to trans- 

PtCl&HJ . ND3 with the exception of bands at 
339 and 82.0cm-‘. The former band we assign to 
v,(Cl-Pt-Cl), its appearance in the BFD spectrum 
resulting from proton motion associated with this 
mode of the framework. As expected the INS 
band associated with v,(Cl-Pt-Cl) becomes more 

intense as the mass of the ligand trans to the 
ethylene group is increased (Fig. 2). The 82.0 cm-’ 
band most probably represents m(Cl-Pt-Cl), 
assigned in Zeise’s salt at 92 cm-‘[36]. 

Comparison of the optical spectra of trans- 

PtCl&H,) . CH&N and trans- 

PtCl&H,) * CD3CN shows the i.r. band at 
243 cm-’ in the former complex, assigned to v(Pt- 
L) by MEESTER et al. [23], to move to 229 cm-’ in 
the CDsCN ligand complex. This represents a 
deuteration shift of 0.98, compared with the cal- 
culated value of 0.97. 

(c) Trans-PtCl&HJ * DCON(CD& 
INS spectra of trans-PtCl&H,) * DCON(CD& 

are shown in Figs. 2(c) and 3(c) and the frequen- 
cies and assignments derived from these are 
summarized in Table 2. 

(d) Trans-PtCl&HJ * C6DsND2 
INS spectra of trans-PtCl&H,) * C6DJND2 are 

shown in Figs. 2(d) and 3(d) and the frequencies 
derived from these are summarized in Table 2. 

Comparison with the INS assignments for trans- 

PtCl&H,) . ND3 allows straightforward assign- 
ment of the INS spectra of trans- 

PtCl&H,) * C6D5ND2 with the exception of the 
271 cm-’ BFD band. It was shown by ‘H NMR 
that, as a result of manipulation during its pre- 
paration, proton exchange ( - 3.6 atom% H) had 
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taken place at the aniline group nitrogen atom. In 
order to check whether the 271 cm-’ BFD band 
could be attributed to motion of the aniline ligand, 
made visible in the INS spectrum as a result of 
proton substitution, the BFD spectrum of trans- 
PtC12(C2H4). C6DSNH2 was measured (Fig. 2e). 
However, there was no significant increase in the 
intensity of the band relative to that assigned to 
the C2H4 torsion (7,) on going from trans- 
PtC12(C2H4) . C6DsND2 (271 cm-‘) to trans- 

PtCl,(C2H4). C6DSNH2 (275 cm-‘). Since the 
271 cm-’ band of tru.ns-PtC12(C,H,). CsD5NDz is 
too intense to result from a C6DsND2 mode, it may 
represent a combination band (probably 123.5 + 
166.0cm-‘) or result from order contamination. It 
is known that for the Dido BFD spectrometer 
there is considerable order contamination when 
using the Al(111) monochromator plane ( < 
400 cm-‘). Consequently at any desired 
wavelength (A), a proportion of neutrons of 
wavelength A/2 will be incident on the sample. 
Since neutron energy is inversely proportional to 
A’, there arises the possibility of observing tran- 
sitions of true energy 4E (wavelength A/2) ap- 

parently at an energy E (wavelength A). Bands due 
to order contamination are necessarily of low 
relative intensity. 

Bands at 346 and 433 cm-’ in the i.r. spectrum of 
trans-PtC12(C2H4). C6HSNH2 have both been 
assigned by MEESTER et al. to v(Pt-L)[23]. Whilst 
no analogue of the 346cm-’ band is observed in 
the i.r. spectrum of trans-PtCl&H.,) * C6D5ND2, 
the 433 cm-’ band appears to shift to 407 cm-‘. 
This isotopic shift (0.94) compares with a cal- 
culated shift for v(Pt-L) of 0.97. The BFD spec- 
trum of trans-PtCl&H,) . C6D5NHZ compared 
with that of trans-PtClz(CzHd) . C6D5ND2 displays 
increased intensity between 320 and 450 (cor- 
rected) cm-‘. This indicates that u(Pt-L) is prob- 
ably present amongst other vibrations whose in- 
tensities are enhanced by proton substitution. 

(e) Cis-PtCl,(&H,) * (CD&SO 
INS spectra of cis-PtCl,(GH,) . (CD&SO are 

shown in Figs. 2(f) and 3(e) and the frequencies 
derived from these and optical data are sum- 
marized in Tables 2 and 4. 

The INS spectra of cis-PtC12(C2H4) * (CD&SO 

Table 4. The INS and optical spectroscopic frequencies (cm-‘) and 
assignments of cis-PtCl,(C,H1). (CD&SO 

18 “S 

44 s 41 * 10 42.0 + 2.0 Lattice modes 

57 w 60 s 62.0 * 2.5 77 w I I 

107 w 106 w 96.0 * 4.0 n(Cl-PC-L) 

130 w 

141 m 144 w 

I 

124 l 10 133.5 * 6.5 Pt-C2H4 (cx) wag 

152 w 

168 sh 168 s b(Cl-Pt-Cltrans) 1 bWPt-C2H4) 

179 m atc1-Pt-I.) 

171 * 10 172.0 * 9.0 C2H4 torsion (Tz) 

200 Sh 201 m 

207 m 201 -t 10 208.0 * 11.5 Pt-C2H4 rack ctyl 

217 m 221 m 

I 

258 s 262 m 

280 m 

318 s 321 m v(Pt-Cl) 

338 s 339 “S 349 * 10 v(Pt-Cl) 

349 sh 

380 w 384 m 384 * 10 vs(Pr-C2H4)(tz) 

408 m 411 m v(Pt-S) 

468 w 472 w 472 + 10 v,,(Pt-C2H4)(Ty) 

628 sh 640 m vs(C-S) 

635 w 650 sh Vas(C-S) 

713 w 716 w 719 * 10 CH2 rock 

773 s 

785 sh 

809 sh 

828 s 1 806 * 10 

1 co3 rock 

cd2 rock 

vs, very strong; s, strong; m, medium; w, weak; VW, very weak; sh, 
shoulder; v,, symmetric stretch; v,,, antisymmetric stretch; 6, in-plane 
bend; r, out-of-plane bend. 
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closely resemble those of the trans-PtCl&H,) . L 
complexes and assignment has been carried out 
accordingly. 

The i.r. and Raman spectra of cis- 
PtC12(C2H4). (CD&SO have been compared with 
reported i.r. data for (CD,),SO[37], cis- 

PtCL((CHM0z [381 and cis-PtC&. 
(CzHd). (CHXjO [38, 391. By reference to 
the assignments made for the latter compounds, 
several bands in the optical spectra of cis- 

PtC12(C2H4). (CD&SO have been identified. For 
example, bands at 318 (i.r.)/321 cm-’ (Raman) and 
at 338 (i.r.)/339 cm-’ (Raman) in the optical spectra 
of cis-PtC12(C2H4) . (CD&SO correlate with those 
found at 309 and 333 cm-’ in cis-PtCIZ((CH,)2SO)z 
and at 311 and 338 cm-’ in cis- 

PtCl,(C,H,) . (CH,),SO, and which have been 
assigned to v(Pt-C1)[38, 391. The 408 (i.r.)/411 
cm-’ (Raman) band of cis-PtCl&H,) * (CD&SO 
may be tentatively assigned to .(Pt-S) following 
KUKUSHKIN et a[.[381 who report two frequencies 
for this mode in cis-PtC12((CH3)2SO)z (428 and 
448 cm-‘), and one in cis-PtCl&H,) * (CH&SO 
(443 cm-‘)[38,39]. Bands at 628 (i.r.)/640 cm-’ 
(Raman) and at 635 (i.r.)/650 cm-’ (Raman) in the 
optical spectra of cis-PtC12(C2H4). (CD,)$O may 
be attributed to v,(C-S) and v,,~(C-S), respectively 
by comparison with the frequencies assigned to 
these modes in (CD&SO vapour (611 and 
619cm-‘)[37]. To higher frequency bands at 773 
and 785 cm-’ in the i.r. spectrum of cis- 
PtCI,(C,H,) . (CD,),SO may be correlated with 
CD, rocking modes [37]. 

Assignment of the low frequency optical spectra 
of cis-PtCl,(C,H,) . (CD&SO is difficult, especially 
in the absence of low frequency data for the 
analogous (CH&SO ligand complex. However, by 
analogy with the assignments for the trans- 
PtCl,(C2H4) * L complexes, bands at 107 (i.r.)/106 
(Raman), 168 (i.r. and Raman) and 179 (i.r.) cm-’ 
may be assigned to p(Cl-Pt-L) S(CI-Pt-Cl,,.,) + 
(L-Pt-C,H,) and to S(Cl-Pt-L), respectively. 

BARRIER CALCULATION 

Following GHOSH et al.[7], we have considered 
the potential function for ethylene rotation about 
an axis projected from the platinum atom through 
the centre of the C=C bond (Fig. 1) to be of the form 
form 

v(B)=~[(1-c0s28)+(1-c0s48)1. (1) 

This expression has a ground state minimum at 
0 = 0” and a metastable minimum at 0 = 90” with a 
well depth, V$,, of 9 V,,/16. The maximum occurs 
at 0 = 0.5 cos-’ (- l/4) = 52.25”, with a potential 
energy, V*, of 25V0/16, which compares reason- 
ably with the theoretical computation of 
WHEELOCK et al.[22] which placed f&,,,, at 67.5 f 
11.25”. Applying the simple harmonic oscillator 

(SHO) approximation (cos 0 = 1 - 8*/2) to equation 
(1) yields 

kIfi2 
VO = 20 

where fi is the torsional frequency (cm-‘), Z is the 
moment of inertia (a.m.u. A*) of the ethylene 
ligand about the z axis (Fig. 1) and, if k = 

7.096 x 10e4, V,, is in kJ mot-‘. 
Table 5 shows the values of V,, Vz and V* 

obtained by GHOSH et al.[7] for the complexes 
investigated in their work, together with the 
reference value they calculated from NMR data. It 
will be seen that the V,, values for the trans- 
PtC12(C2H4). L complexes (Table 5) compare well 
with those reported by GHOSH et al., particularly 
good agreement being found with the value for 
[PtC12(C2H4)]2. Generally, there seems to be an 
indication that TV occurs at higher energies in the 
salts (K[PtCI&H4) * Hz01 and Cs[PtCI,(C,H.,)]) 
than in the neutral complexes. This might be 
explained as the result of crystal field interactions 
having a greater effect upon the torsional 
frequencies of the salts. 

It is interesting to compare our values for V* 

and V$ with those reported in the theoretical 
work on trans-PtC12(C2H4) * NH, [22]. In this work, 
V* lies in the range 30.6-34.1 kJ mol-’ and V$ 

between 11.0 and 12.3 kJ mol-’ as opposed to 
theoretical predictions[22] of 116 -t 8.4 kJ mol-’ for 
the former and 9.6% 8.4 kJ mol-’ for the latter. 
Better agreement between calculated and predic- 
ted values for V* may be obtained using the High 
Barrier Approximation ( Vv = kZc2/4) [40], however, 
this model does not predict the existence of a 
metastable minimum. 
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