
ELSEVIER Journal of O~anometallic Chemistry 542 (1997) 227-233 

o 

Synthesis and NMR spectroscopy of [PtH 3(triphos) ]+ and 
[Pt( AuPPh 3) 3(triphos) ]+ 

Crystal structure of [Pt{ AuPPh 3) 3(triphos) ]+ 
(triphos = CH3C(CH2PPh 2) 3) ' 

Martin Peter ", Helmuth Wachtler ~, Ernst Ellmerer-Miiller ", Karl-Hans Ongania ", 
Klaus Wurst ", Paul Peringer " ' *  

:' Instimt fi~r AIl~emeine, Amn'ganische mM Theoretische Chemic, Uni~'ersitiit bmsbrm'k, hmntin 52a, A-6020 hmsbruck. Austria 
h~stitut Jiir Organische Chemic, Utffrer.~'iti~t hmsbruck, hmrain 52a. A.6020 bmsbruck. Austria 

Received 26 October 1996: revised 5 February IO97 

Abstract 

The platinum(IV) complex [PtH a(triphos)] + (1) is fomled upon treatment of [PtCi :(triphos-P. P' )] with NaBH,,. The complex I reacts 
with 3 equiv, of [AuCl(PPh,0] to give the tetrahedral PtAu a cluster [Pt(triphosXAuPPh ~)~]+ (2). The complexes I and 2 are characterised 
by one- and two.dimensional multinuclear NMR spectroscopy. The platinum atom of 2 is bonded to the three phosphorus atoms of the 
triphos ligand and to three gold atoms giving a six-coordinate Pt atom. The cation has a crystaliographically imposed threefold axis 
defined by the PI atom and the centre of tl~e Au~ triangle. Some distances and angles: Au ~Au 285.80(8). Pt~Au 262.9~XS)pm, Au=P 

" t, .8 . . . .  ¢3 1997 Elsevier Science S.A. 22¢~,~3)pm, PI=P 231,2(3), An~oAu~PI 57.1188(13), Au~PI,~An ~ ~t'~) ° 

I, Introduction 

Vcnanti ~ttld coworkers r~:ported on a series ot' hot° 
emmetallic tetrahedral MAu :~ clusters, in which triangu- 
lar [Au(PPha)]~ fragments are held together by polyhy- 
dride complexes of phttinum group metals of the com- 
posmon [M(trtphos)H,,] ° , e.g. [Ir(trtphos)H,] :~'. 
[Rh(trtphos)H, ]'~ and [Ru(trtphos)H ~]" + [I-3]. in this 
paper we report, that treatment of the platinum(IV) 
complex [PtH~(triphos)] + (I)  with [AuCIPPh~] results 
in the 'hydride-free' cluster [Pt(triphos)(AuPPh~)~] ÷ 
(2). The new complexes I and 2 are characterised by 
multinuclear NMR spectroscopy, and 2 also by X-ray 
single crystal structure analysis. The related metallate- 
t r a h e d r a n e  c l u s t e r s  [ V ( C O ) 5 ( A u P P h ; ) ~ ] ,  
[R e H  ~ ( P M  e , P h ) ~ ( A  u P P h  a ) ~ ] +  , 
[W ( P  M e ~ ) ~  H 4 ( A  u P P h ~ ) ~  ] '  , 
[R h H  (C O ) ( p P h  , ) , ( A  u P P h  ~)a]  + a n d  
[Co(CO)~(AuPPh,)~] have been reported [4-8]. 

" Corresponding author. 
i Dedicated to i)rofessor K.E. Schwarzhans on the occasion of his 

60th birthday. 
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Platinum=gold clusters are known involving Pt:Au 
mlio,~ of' 6:1 to 1:9 [9=24]. There is one 'PtAu~' como 
plex. [Pt(PPh~),(AuPPh~)~]'. which has been synthe~ 
si,,,cd by the reaction of [PtI(PPh~)(AuPPh~)~]" with 
PPh ~ [21]. 

2. Results and diseusshm 

2. !. Synthesis and NMR spectroscopi~ characterisation 
of  IPtH~ttriphos)! + (1) 

The hydride complex I is formed in quantiuttive 
yield upon treatment of [PtCl~(triphos-P.P')] [25] with 
NaBH4 in MeOH or MeOH=CH,CI, as show~l in Eq. 
(1). 

. . . .  l~Ph, 
• 

l ~h ,P  ' I *  
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t'l '~ PI ........ PPh~ II "~ ['t ~, II 
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CI I I  

(i)  

Soluiions of 1 in these solvents decompose over ca. 
I day to uncharacterised products. The hydride 1 was 
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~ 1 ~  ~ ~ BPh~ salt. which is soluble in CHzCI :. 
Solutions of the tetraphenylborate in CH2CI z are stable 
when stabilised by a trace of HBF 4 in Et20. Interest- 
ingly, the platinum(IV) complex 1 is formed by reaction 
of a platinum(ll) complex with the reducing reagent 
NaBH 4. We su res t  that [PtH :(triphos-P, P')] is formed 
as i n ~ i a t e  and that sub~uen t  oxi~tive addition 
of MeOH prod~es 1. A similar reaction appears to 
have occurred  during the t reatment  of  
[P~CtHsXMeOH)L:] + (L =PMe~ or PEt~) with 
NaBH~ in MeOH where [PtH.~(CtH.~)L,] + was occa- 
sionMly i~nfified as an unstable by-product [26]. 

The PtP~ H~ kernel of I is directly derived from one 
bond {~H} ~ pr ~Pt (Fig. 1) and {~ P}~H~9~Pt shift corre- 
I~ion experiments, showing that three equivalent phos- 
phorus and three equivalent hydrogen donor atoms are 
bound to ~ platinum atom. This is in keeping with the 
fac geometry of 1, which is imposed by the triphos 
ligand, in a one bond ~H~Pt shift correlation experi- 
n~nt (Fig. 2), the tilt due to the passive ~ P-~H and 
~'~Pt=~P coupling indicates the same signs of the 
coupling constants, whereas in a one bond "~ P~'~Pt shift 
correlation experiment, the tilt due to the passive ~ P-~H 

and mPt-~H coupling indicates the reverse relative 
sign of the coupling constants. Values of I H, 3~p and 
19SPt NMR chemical shifts and coupling constants are 
given in Section 3. 

2.2. Synthesis o f  lPt(triphos)(AuPPh.~ )~ l + (2) 

The complex 2 is obtained by an almost quantitative 
reaction of 1 with 3equiv. of [AuCI(PPh3)] in 
CH2CI2-MeOH (Eq. (2)), and was isolated as chloride 
in good yields. 

-1 + -7+ 
Ph, P~ PPh, .PPh, 

3 AuC(( PPh~ ) Ih 

IIII~Xll h w l x jPPh~ 

I 
PPh~ 

It is interesting to note, that while the formation of the 
clusters [MH:(triphosXAuPPh~)~] -'+, M--Rh,  ir, and 
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!~:,~ 1~ O ~  ~ | H} P l~  shit~ c~lat i .~u exl~rmlent of I sh~wia~ the ~ I~ -qH e,.mll.~ q~R 
, ~ .~  ~ ,  . . . . .  " ~ . . . . . . . . .  r - . . ~  pattern in lhe 6 direction (vertical) and lhe 

e ~:~p(i:ng in the ~ "'P diction (l~,~nt~l) The ¢entr~l vertical l~uem i.~ due lo T~ noi.~. 
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Fig, 2, One bond I I,il')Sl)! shil'| correlation experiment of I showing lhe ")sPl~lP coupling plltl~:rn i|) II1¢ ,~ ")~Pl direction (velli¢id) lind the' 
~'~PI ~ t l  co .p l i . ~  patlern in the /~ ~. I ) dircctmn (Imritontal),  

[RuH~(triphos)(AuPPh~)~] :" [Io,~3] required the abo 
sencc oi' chloride, in the case of 2 the reaction is carried 
out without removing chloride. The cluster 2 is also 
formed from [Pt(triphos)PPh ~ ] [25,27] and [AuCI(PPh,~ )] 
besides other products. 

As indicated in Section 2.4, there is no evidence for 
the presence of hydride ligands. 

2.3. X-r,y strm'ture of IPl(triphos)(AtePPh., ).¢ ] * (2) 

The structure o1'2 was determined by single crystal 
structure analysis and is presented in Fig. 3. Crystal and 
X-ray analytical data are shown in Table I, t'ractional 
atomic coordinates in Table 2. The cluster 2 crystallises 
in the space group R3c. The same space group with 
very similar cell constants has been observed for the 
hydride clusters [RhH:(triphos)(AuPPh~)~](O~SCF:~): 
[ i] and [RuH ~(triphos)(AuPPh.~)~](PFc,)~, [3]. This indi- 
cates that the crystal packing is dominated by the large 
cations and that the remaining space (see Section 3) 
accommodates different types and numbers of anion and 
solvent of crystallisation. The complex 2 contains a 

PIAu~ tetrahedron. The platinum atom is bo.ded to the 
three phosphorus atom,,, ~)l' the tripho~ li~and and to 
three gold atoms giving a sixocoordinate Pt atom. Each 
Au atom i~ et~ordinaled by one PPh~ li~md, The clu,~ter 
cation possesses a crystaliographically imposed three° 
t'old axis defined by the Pt atom and the centre of the 
Au+ triangle. The distances Pt-Au, Au-Au+ Pt=P and 
Au=P and various angles are compared in Table 3 with 
the corresponding values of the compounds [MHn(tri+ 
pht s ) (AuPPh;)+]  :+, M ~ Rh [I], lr [2]. tt + "~: M ~ Ru 
[3], n ~ 3 and of [V(CO)~(AuPPh~)+] [4]. 
[ R e H  ++(PM e~ P h ) ~ ( A  u P P h  ~)+] + [5]+ 
[W (PM e~)~H ~(A uPPh ~)~]+ [6]. 
[Rhll (CO)(PPh ~)~(A uPPh ~)~] ~ [7] and 
[Co(CO).~(AuPPh~)~] [8]. The crystal structure of 
[Pt(PPh:~)~(AuPPh~)~] + [21] has not been determined. 
The angles Au-Au=Pt :rod Au-Pt=Au are 57.088(13) ° 
and 65.82(2) ° respectively. The dihedral angle P I~Pt= 
Au-P2 amounts to 8.17(27) °, i.e. the orientation ot' the 
PKtriphos) fragment relative to the Au ~ tri:mgle is nearly 
eclipsed. The corresponding dihedral angles of 
[MH,,(triphos)(AuPPh.~)~] :+. M = Rh, Ru are 15.1 ° and 
34.9 ° respectively [i,3]. 
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2.4. NMR spectroscopy +~+ / P t t t @ h o s ) ( A u P P h  + !+ / + (2) 

We were unable to detect hydride signals by m H 
NMR spectroscopy between ambient temperature and 
223 K. 

The ~tP{tH} NMR spectrum of the isotopomer with- 
out t~SPt nuclei of 2 in CD2CI: at 297K showed 
patterns consistent with an A3B3 spin system, which 
was simulm~ using the parameters given in Section 3. 
The resonances A and B are readily assigned to the 
PPh; and triphos iigands according to the size of the 
Pt-P coupling constants. Upon cooling of a CD,CI: 
mlution down to 223K, the inner signals of the 
q u i t - l i k e  patterns broaden. The temperature depen- 
dence of the ~tP NMR spectra is compatible with a 
rotation of the [AuPPh;]+ moiety relative to the [Pt(tri- 
phos)] unit arouM the threefold axis. At ambient tem- 
perature the exchange process proceeds fast on the 
NMR time scale, whereas the slow exchange limit could 
not be reached due to mlubility problems. Analogous 
dynamic protests were reported for the hydride clus- 
ters [MH:(triphos){AuPPh~)~]. M = Rh. It. and 
[RuH~(triphosXAuPPh~)~]:+ [1+3]. A ~tP NMR spec- 
trum of [lrH:(triphosXAuPPh~L]:* consistent with the 
static ~tructure could be observed using a solution cooled 
below 173K [2], Fluxional NMR behaviour is also 
ob~rved with [Pt(PPh~):(AuPPh~L]* [21], 

i+111+I 

AUI~ 
A~ 

Fig, 3, Vi~,~ ~i' lh~ [~mphos~Aul)Ph~L,l + ¢,ati,tm (2), F~r clarity, 
~ml)- the ipso cad~m ~ttoots of tlm pI~a+x'I g~+up~ am drown, 

Table i 
Crystal data and structure refinement for 2 

De~ription Value 

Molecular formula 
Formula weight 
Crystal system 
Space group 
Unit cell dimensions 

Volume 
Z 
Temperature 
Radiation 
Density (calculated) 
Ab~rption coefficient 
F((XX)) 

Color. habit 
C~stal size 
O range for data collection 
Index ranges 

Reflections collected 
Independent reflections 
Rellections with I > 2 <r( I ) 
Absorption corix"ction 
Max. and rain. transmission 
Refinement nteth~gl 
Data/restraints/parameter~ 
G~x)dness.ofofit on F:  
Final R indices {I > 2+r(I)] 
R indices (all data) 
Ab+olut¢ +|I~I¢lUI+ par/lllle|i++r 
Largest d i l l  peak and hole 

Co~ H s., Au ~CIP¢, I~ x 9CH ;OH 
252 ! 26  
Trigonai 
R3c (Nr. 161 ) 
a = 2003.9(2) pro. t~ = 90 ° 
b = 2003.9(2) pro./~ = 00 ° 
c = 4471.0(9) pro. y = 120 ° 
15.549(4) nm ~ 
6 
213(2) K 
MoKot (A = 71.O73 pro) 
1.616 Mg nl 
5.750 mm 
7428 
Yellow cohmm 
0+5 X 0.2~ X 1)+22 l l n t l  

3+14 to 24.01 ° 

-2_<_1_<51 
5907 
2826 ( R,,, = I).0524) 
2414 
t/~.scan 
0.972 and 0,640 
Full-matcix least+squalls on I: :  
2 8 2 6 / ! / 3 5  I 
1.039 
R! + 0,0319. wR2 + i),()559 

O,(X)I( I I ) 
72,~ and - 81)2 +" illii 

De0:+ colle¢Iioil 

Dil'ih~¢iom¢ler u~d 
M<+o{~+ilrOl1~a|ot 
~+an t>p¢ 

Standard i~11,~l+on,~ 

Sieiiie.~ P4 
Hi#fly oi:++nied I~i+aphiI¢ et+)+stal 

Vaf l{ lb le~  f l l t l : .  ,:~ (J" l i l i l l  q Ill  t~t 

01 liI¢~l,~uI'~d +v¢+ ~)? ivl]I¢¢IioII~ 

Solution and ~t'it~emeat 

System u~L~ 

Sohmoa 
Wciglttiag scheme 

It)d+~+gea atom,,, 

SHELXS°I~f~ (SheldncL l ~ J )  
SHELXS°86 (Sh¢idrieL 1~)3) 
I) i~cl a~th~tl~ 
Calc, ,+,+' ~ I/[+, +'ql:+~ ) ,  tO,Of ~SPY 
+ o,mxm~Pl 
~vh¢i+ P + ( +~P + 2 +~: ) /3  
Pale,+ ~+ilh Isottopi¢ diH+la¢¢II|eal 

i of 1,2 and I+5 tint¢s high¢l + lhan ,-,i 
lit++, (" lily,tits 

2,3. M~+ss speclromet~3 ~ o,f H~lIIriphosJeAuPPh+ J+ ] + ¢2) 

Gentle ionisution techniques ~uch as fast atom bom- 
bardment (FAB) and plasma desorption (PD) Imve re- 
cently been appli~ to the study of metal cluster com- 
pounds [28], 

The FAB technique has been used successfully to 
characteri~ the cluster 2. The highest mass seen is m/= 
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Table 2 
Selected atomic coordinates (x I0 "~) and equivalent isotmpic dis- 
placement parameters (pro-' x I0- ' ) for 2 

x v - 6 ~  

Au(I) 9237(I) 10110(I) 8773(I ) 24(I) 
Pit(I) 100130 101300 8315t,i) 18(i) 
H ! ) 8928(2) 9741(21 8034( I ) 221, i ) 
!'(21 8386(2) I 0! 74(2) 9089( I ) 28( i ) 
C( I I ) 9253(7) 9995(6) 7640(2) 23(3) 
(?(12) 10000 1 0 ( O  7539(4) 22(5) 
C( ! 3) I t~100 10000 7198(5) 38(6) 
£7.(I I I) 8124(71 8751(7) 8035(3) 22(3) 
C( ! 21 ) 8369(7) 10242(7) 8081(3) 26(3) 
C(21 ! ) 738 !(7) 9466(8) 8979(3) 28(31 
('(221) 8444(7) I1107(7) 9089(3) 28(3) 
C(231 ) 8446(7) 9929(7) 9483(3) 31(3) 
CI( I ) 6667 13333 9116(4) 276( I 0) 

{~.q iS defined its one-third of the trace of the orthogonalised U,~ 
lensor. 

2197. This is consistent with [Pt(triphos)(AuPPh3)~] + 
and shows that the counter(on C! ~ is not desorbed with 
the cation. This is in keeping with recent results of 
Kubiak and coworkers, who observed [Nia(/,~-L)( #.a" 
IXdppm)~]'*, , =  1,2, as parent peaks in the FAB 
spectra of the clusters IN(3( bt3-L)( ~3-1)(dppm)~ ]l ,. n 
= i.2 [281,  

The peak at 2197 is the base peak. Promine.t frag- 
ments are [Pt(triphos) Au~PPh~] + (13%), [Pt(triphos) 
Au~]' (9%) and [Pt(triphos) Au~]+ (6%). 

Na., PtCI,, The one bond ~ Ht'~SPt shift correlation exper- 
iments were recorded using the standard HMQC se- 
quence [29] preceded by a BIRD pulse; optiona! 3~p 
decoupling during acquisition was performed using the 
GARP sequence [30] and a BSV 3 amplifier; spectra 
resulted from a 2048 x 4096 data matrix size, 12 scans 
per t I value, delay time between scans 0.5s; shifted 
square sine bell windows were used in both t, and t,. 
The one bond 3~P~gsPt shift correlation experiments 
were recorded using the standard HMQC sequence; the 
~"SPt pulses were generated by t a second PTS and 
amplified by BSV3; optional H decoupling during 
acquisition was performed using the WALTZ sequence: 
{~ H} spectra resulted from a 512 x 4096 data matrix 
size. 32 scans per '. value, delay time between sca, s 
0.5 s: ~H coupled spectra resulted from a 512 x 4096 
data matrix size, 128 scans per t~ value, delay time 
between scans 0.5 s; shifted square sine bell windows 
were used in both tt and t,. 

Mass spectra were recorded on a Finnigan MAT 95 
instrument with the FAB technique. 

The complexes [PtCi~(triphos-P,P')] [25]. [Pt(tri- 
phos)PPh.a] [25.27] and [AuCI(PPh~)] [31] were pre- 
pared as described previously. Triphos was purchased 
from Strem Chemical Corp. Elemental analyses were 
performed by the lnstitut f'dr Physikalischc Chemic. 
Universitiit Wien. 

All reactions were carried out in Schlenk glassware 
by using standard inert atmosphere techniques. 

3. Experlmen!al sect(m! 
3, I..~vnthe,~'i,~ o f  IP tH( t , ' ipho ,OI  ' t l ) 

NMR spectra were |¢t;t Idcd on Brnkor AC 200 and 
AM 3IX) spectrometers. The ~ P and '"~PI NMR data are 
~ferenced against external 85% Ha POa and I M 

A 44.6mg ,~ample of [PtCl:(lriphosoP,P')] 
(0,05 |n|,ol) was dis.mired in MeOH=CH~CIa. (0.5 + 
0.5ml). and treated with NaBH4 (20rag. 0.52retool). 

°l'lible 3 
Selected dislance~ (pro) ot '2  and related dusters 

Complex Au- A u M - Au Au- P M = P Ref, 

[Pt(triphosl(AuPPh ~) ~ ]CI 
[Ru(triphos)H d AuPPh ~ )a ](PF.): 
[Rh( t r iphm)H 2(AuPPh ~ ) ~ ](CF~ SO ~ )~ 
[ Id lr ipho~)H :(AuPPh t)~ ](PF. ), 
[Re( PMe: Ph)~ II ~( A t, PPh ~ )~ 1((:)R) 
[V(CO)~(AuPPh ~ )~ ] 

[W( PMe ~ )~ It 8(AuH'h ~ )~ 1(21 

[CoICO) d AuI 'Ph,  ) ~ ] 

[Rh(CO X PPh ~ )~ FI(Au1'1'11 ~ ) ~ I(PI~, ) 

2818(X 81 2(~2.99(8) 22&9{ 3 ) 231.2( 3 ) flU,, ~.ork 
3(X).3( I ) 267.9(2) 2 !2.h(5) 233.(X51 [3] 
288.7( I ) 209.5(2) 22h.(X 5) 231.3(51 [11 
288.2(2) 209,3(3) 22711 ) 22919) [2] 
293.1(21 272.31 I) 220.7t51 239.115} [5] 
276.8(0) 270.9( I ) 229. I(2) [4] 
282.8(0) 273.6( I ) 229.9( 2 ) 
285.5((I) 275.t,(I) 23(1.(X21 
288. I(I) 280.0( I ) 228.7(3) 243.5(4! Jtq 
285.8( 11 279.3( I ) 229.2(41 250.7(41 
279.h( I ) 281.2(I) 228.4(4) 249.8(4) 
279.52(21 252.3(2) 22t,.5(21 [8] 
281.7(~(61 254.0( 2 ) 227. I12 ) 
285.14({)) 250.4(I) 22(,.7(31 
288.9(2) 26{~.4(3) 227(I) 236( I ) [7} 
281.4(2) 2t,4.0( 3 ) 22911) 242(I ) 
291,4(21 272.2(3) 223(I) 
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~ i o n  mixture was stirred for 30rain and the 
solvent was evaporated under reduced pressure. The 

was dissolved in MeOH (1 nil) and added to a 
solution of NaBPh~ (17.1 rag. O.05mmol) in MeOH 
{0.2m l). The precipitate was washed with MeOH 
(0.Stall and alL, solved in CHzCI z (1 ml). The CH2CI, 
phase was c r a f t e d  under reduced pressure leaving 
• e product as white powder in almost quantitative 
yield. Anal. Calcd. for C<,~H~:BP~Pt. 2.gCH,,CI, C, 
59.0; H 4,94, Found C. 59.1: H. 4.72. 

Sip NMR (81.015 MHz, CD,CI,, 297 K): ~ - 15.5 
(IJ(PIP) 1234Hz), IH NMR (200.()8MHz, CD:CI2): 
~S = 9,4 (hydride, I J(Pt,H) 929 Hz, 2j(p.H) ca. 195 Hz 
and ca, 7Hz); 8 2.4 (d. CH, .  m. 6H. 'J(P.H) 9Hz); 
/$1.2 (q. C H~, m. 3H. ~J(P.H) 3Hz): ~SPt NMR 
(43.022MHz. CD:CI,.): 8 - 5520. 

3.2. Synthesis of/Ptftriphos)(AuPPh s )j ] + f2J 

0.05mmol of [PIH~(~phos)]+ was prepared in situ 
as ~scribed above. [ A uC I(PPil ~ )] (74.2 rag. 0,015 retool) 
was ~ e d .  The mixture w~ allowed to stand for I day 
and w a s ~  with H:O (3 × 0.5 ml)~ The solvent was 
evaporated under reduced pressure and the residue was 
recrystallised by dis~lving in MeOH (0.3ml) and al- 
lowing to stand. Orangeored crystals deposit in ca, 65% 
yield, Found: C. 50.22; H, 4.01; CI. 1.18. Calcd. tbr 
C~H~Au~CIP., 5MeOH; C, 50,!9; H, 4.38; CI, 1.48, 
~*P NMR (81,015 MH~, CD+,CI+. 297 K): ~ 53,8 (PPh+, 
m with V++Pl ~, . . . . . .  .iilellll,e~. '~J(ILP) 52.3H#~. :./(F,,P) 
296,7He); ~ 26.3 (tripho.~, in with *~Pi ~,lellile~, 
:J(PI,P) 2229H~); iH NMR (2~}>08MH~, CD,,CI~, 
297K): tl 2,3 (CH_~, m. 0H), 7t 1.2 (CH~. n~, 3ii); ~"'1~1 
NMR (4.1.022 MH~, CD:CI,, 207 K); 71~ ;i110 (qq)~ 

3,3~ Ct3'stal strm'm~ dttflliihiattoll 

A column having approximate dimensions 0,5 x 0,25 
× 022ram ~ was mounted on a Siemens P4 diflb, ic- 
tometer with a graphit¢omonochromatised Mo K~ raditto 
tion, The unit cell pa~metets we~ ~ l e n n i ~  and 
~fined l'mm 22 randomly sel~ted tet'le¢lions, obtained 
by ~ automatic routines, Data we~ n~asured via 
~ a n s  and co,coted for Lorentz and polar(sat(on ef- 
t~ts, An empirical absorption correction [32] based on 
a seres of (#=scans was applied, A total of 5997 refl~: 
tions were cdlected, of which 2826 were unique and 
2414 with l >  2/~(1), The structure was solved by 
d i ~ t  ~ thod t  (IHHoXIo86i [331 iliad r e f i ~  by a fuil 
matris l ~ t  ~uares procedure using F; (sileLxlo-93) 
[34], All i~inohydiogen atom~ of t ~  cluster were ~fined 
with ani ,~t~ic displacement para~te~, The hydro- 
gen ali~as of the phosphine Iigands were included in the 
~ f i ~ n l  at calculated positions using a riding model, 

~lvent modules were refined with isotropic dis= 
place~nl paranlete~, One of the solvent molecules 

was found to be disordered and was refined in two 
positions with occupancy of 0.5, 

After calculations by Kempster and Lipson [35] only 
85% of space is filled. This could be reason for the 
large thermal motions of the solvent molecules and the 
chlorine anion. The chlorine anion lies at a crystallo- 
graphic threefold axis with a large thermal motion 
perpendicular to the axis. A slight disordering around 
this axis, produced by the electrostatic field of the 
surrounding cations, can also be responsible for this 
motion. 
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