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Abstract 

The compound 4KPh,SblJ,Ol- 1, (1) has been obtained by the addition of an I, solution in acetonitrile containing ca. 5% water to a 
solution of triphenylantimony in the same solvent. 1 crystallises in the rhombohedral crystal system. The unit cell contiins 12 molecules 
of (Ph,Sbl),O and four diiodine molecules. The I, molecules link IPhsSbOSbPhsl molecules to form a one-dimensional chain, while the 
nmaining molecules of IPh,SbOSbPh,I are not coordinated to I,. The geometry of the IPh$bOSbPh,I unit, in which the Sb-0-Sb 
bridge is linear, is relatively little penurbed upon coordination, but the 1s unit shows a significant lengthening of the I-I bond compared 
with free diiodine. This bond lengthening is reflected in the Raman specttum of 1 which displays v&=I) at 174 cm-‘. representing a 
decrease of 40 cm- ’ from the position of the fundamental vibration of the free diatomic molecule. 
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Oxo~bridged antimony(V) compounds of the type 
YPh, Ph,Y, wllsm Y ltqxe:mn 
or ps lide ligands, are of Ion 
particular interest is the observati 

nds contain a linear, and others a bent Sb-O-Sb 
group [a]. In reviewing these structural types Glidewell 
II.31 proposed a mode1 which predicts that the linear 
Sb-Q-Sb skeleton will be favoured in cases where the 
terminal Y ligand is tightly bound with a short Sb-Y 
distance. However, we have encountered a compound of 
this type, the iodide (Ph,SbII,O, which occurs in both 
forms [4]. Qrange crystals of (Ph,SbI),O are mono- 
clinic and consist of molecules with a ‘V-shaped skele- 
ton having an Sb-0-Sb angle of 144.#‘; by contrast 
colourless, triclinic, crystals of the same constitution 
show the linear version of the molecule. 

This unexpected finding suggests that special factors 
may need to be taken into account to explain the 
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structural variation of p-oxo-bridged compounds. The 
eonditisns of preparation and crystsllisation of the prod- 
uct are likely to be important. Packin effects and subtie 
electronic changes within the Sb-O-Sb bridge may be 
involved, 

Extending the rrrnge of well-defined oxo-bridged an- 
timony(V) systems, we now report a crystallographic 
and spectroscopic study of the compound ~(Ph,SbI),O] 
- 1, (1) which is an iodine adduct containing 
IPh,SbOSbPh,I molecules of the linear kind. The diio- 
dine adduct crystallises alongside (Ph,Sbl)20 during 
the reaction of Ph,Sb with I, in the presence of mois- 
ture [4]. Under anhydrous conditions, these reagents 
yield Ph,SbI, in several crystalline modifications [5,6]. 

Our work on 1 is also of interest in the context of an 
earlier claim by Boodts and Bueno of complex forma- 
tion between diiodine and triphenylstibine oxide 171. 
However, their reported spectmm cannot be assigned 
with any confidence because the formulation of the 
product as a charge transfer complex Ph,Sb=O * I, was 
based upon a view of the parent oxide as a monomer 
Ph,Sb=O, analogous to Ph,P=O, which has since been 
shown to be erroneous [8]. 
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2. Experimental section 

2.1. Preparation of crystals 

To a solution of triphenylantimony in acetonitrile 
containing ca. 5% of water, a dark brown solution of 
iodii in the same solvent was added dropwise. The 
mixture was yellow at first, then became orange-brown 
when equimolar amounts of I, and Ph,Sb were present. 
The reaction vessel was capped and left overnight, after 
which the solution was decanted to expose a mixtute of 
well-formed crystals. Some were colourless and others 
had a greenish-brown cast. An example of each kind 
was selected for crystallographic study. The colourless 
solid was shown to be the previously reported com- 
pound (Ph,SbI),O (la) in the triclinic form [4] (Fig. 1). 
The coloured crystals were a new material which proved 
to be the iodine adduct 4KPh,SbI),O] - I, (1). 

In a similar reaction the solution phase was allowed 
to evaporate to dryness in air, leaving a dark brown 
residue. Rinsing with a small volume of acetonitrile 
exposed crystals, some orange and some of the green- 
ish-brown sort. IR spectroscopy showed the orange 
crystals to be (Ph,SbI)@ in the monoclinic form (in 
which the Sb-0-Sb framework has a bent configura- 
tion). The nish-brown crystals have a melting point 
of 194-l , which is close to that of both the 
colourleas and oran e modifications of (Bh,SbII,O [4]. 

22. C~~~~llog~~~~y 

Crystal data arc given in Table 1 together with 
refinement details. B action data were co 

the MAR Research 
positioned at 95 
frames were measured at 2’ 
time of 2 min. Data analysis 

wtls car&d out with the MX program [9], The structure 

Pi& 1% The wuxw of the (Ph$hl),O molecule. 

Table 1 
Crystal data and StrucNre refinement for lj 

4#Ph,SbOSbPhJ], 1, Formula 
Empirical formula 
Formula weight 
Temperature (K) 
Wavelength <& 
Crystal system 
Space group 
Unit cell dimensions & 

: 
c 

Volume Ckgj, 
Z 
Density (calculated) (Mg m-‘1 
Absorption coefficient (mm- ’ ) 
F@#) 
B range for data collection (deg) 
Index ranges 

CwH,zo1,o%% 
4157.40 
2932) 
0.71070 
thombohedtal 
R-3 

25.022(7) 
25.022(7) 
19.381(7) 
loso!xa) 
3 
I.971 
3.772 
586: 
2. I5 to 25.93 
O4h~30, -3O~Rd26, 
-23<I<23 
10925 
4377 (R(int) = 0.0346) 
4377/253 
I .092 
RI~0.0509,wR2=0.1130 
RI m 0.0663. wR2 = 0.1331 
1.221 and -2.783 

Reflections collected 
Independent reflections 
Data/parameters 
Goodness-of-fit on F* 
Final R indices(l> 2@(l)) 
R indices (all data1 
Largest diff. peak and hole (e di-‘1 

was solved using direct methods with the SHELXQB 
program [ 101. The non-hydrogen atoms were refined 
with anisotropic thermal pttrameters. The hydrogen 
atoms wem ins in geometric itions. An empiri- 
cal absorption tion was upp using the tut%:ABs 

re structure wus then refined on F’ 
using ~HELXL [ 121. All calculations were carried out on cu 
Silicon Graphics R4OO woekstation at IJnivenity of 

. Table f contains the atomic c 
and in Tuble 3 are listed selected bond lengths and 
angles. Further details am available from the Director of 
the Cambridge Crystallographic Data Centre, 12 Union 
Road, Cambridge CR% 1 

1R spectra wert! mcotded on samples in pressed CsI 
or polythene discs using a Perkin-Bhner model 17lQ 
~Readin~~ and Rio-Wad ITS-QOV 
(Auckland lower limit of the farIR 
of the latter instrument, which operates with a vacuum 
bench, is 80 cm- ‘. Each spectrometer operated with a 
typical accuracy and resolution of + / - 2 cm”‘. Rn- 
man spectra were obtained from single crystals of I at 
University of Auckland using a Jobin Yvon UlOOO 
spectrometer fitted with a microscope attachment. Exci- 
tation employed the green, 5 14 nm, line of a Spex 
argon-ion laser operating at powers of 20-50 mW. 
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3. Results and discussion 

3.1. Crystal structltre 

The unit cell of I contains 12 molecules of 
(Pb$bIl,O and four diiodine molecules. The iodine 
atoms in the discrete I, molecule occupy positions 6c 
with three-fold symmetry. There are independent 
molecules of IPh,SbOSbPh,I type, which contain Sb(l) 
and SM2). The two molecules have similar geometries 
with a Sb-0-Sb moiety that is perforce linear. Each Sb 
is five-coordinate, being bonded to three equatorial 
carbon atoms and to an iodine atom in an axial position 
trans to the bridging oxygen atom. 

The Sb-(3 equatorial distances are similar in the two 
molecules, being 2.098(7) %, around SMl) and averag- 
ing 2.107(8) ,& around Sb(2). In both molecules the 
angles subtended by axial and equatorial atoms at the 
metal are within 3” of 90”. The SM 1)-I distance of 
3.035(2) .& is significantly longer than the distance 
Sb(2)-I (2.9641) A>, whereas the SMl)-0 distance is 
a little less than SM2)-0 (1.9209( 11) as against 

Table 2 
Atomic coordinates (X IO’) and equivalent isotropic displacement 
wrameters tP\z X IO’) for I 

Table 3 
Selected bond lengths (A> and angles (deg) for 1 

WI)-o(l) 1.9209fll~ 
SMl)-Cxl I) 2.098(7) 
SMl)-I(l) 3.035(2) 
C.,l)-SMl)-Cxll) 92.6(2) 
allLSMI)-C(ll)a 119.80(3) 
cxII)-SMII-I(1) 87.42) 

SMZ)-0(2) I .9425(7) 
SM2)-C(3l) 2.097(7) 
SMZ)-C(2l) 2.108(8) 
SM2)-C(41) 2.109(S) 
SM2)-l(2) 2.9636(10) 

0(2;-SM2~-c(31~ 
0(2)-SM2)-C(21) 
Ct3l)-SM2LCt21) 
0(2)-SM2)-c(41) 
C(3l)-SM2)-C(41) 
C(2l)-SM2)-Ct41) 
O(2)--SM2)-I(2) 
C(3 I )-SM2)-l(2) 
c(21)-SM2)-1(2) 
C(41)-SM2)-l(2) 

90.5(2) 
90.4(2) 

122.3(3) 
!JO.6(2) 

I 16.0(3) 
l21.6(3) 
179.04(3) 
89.9(2) 
88.6(2) 
9O.Ot2) 

1(3)-I(3) b 2.732(3) 

Symmetry tra;sformations used to generate equivalent atoms: a - r 
+ Y* - x, 2; - x, - y, - 2. 

SMI) 
I(i) 
@I) 
cxll) 
Cxl2) 
CIIJ) 
fJl4) 
Cil5) 
Qle) 
SM2) 
10) 
CM21 
dy2l) 
Ci22) 
eY23) 
Cf24) 
c(25) 
Ct26) 
Ct3l) 
Ci32) 
Ct33) 
ey34) 
Ct35) 
c136) 
c(4l) 
c(42) 
Cf43) 
CW) 
c(45) 
Ct46) 
l(3) 

0 
0 
0 

41%(3) 
963(4) 

I325W 
cbltiti) 
392(6) 
I 19w 

5996(l) 
7004(l) 
5000 
5566(3) 
5333(4) 
5106w 
5076t61 
5323(7) 
5593(6) 
561 l(4) 
6009(41 
583016) 
5263(7) 
486HS) 
5044(4) 
6253(3) 
6OHOf4) 
6313t4) 
671 I(S) 
6898(6) 
666%) 

0 

0 
0 

- 5sin 
- 322(4) 
- 925(6) 

- I292(6) 
- lalw 
- I I16(4) 

I65fl) 
419(l) 

33:(3) 
929(4) 
780(6) 
445(9) 

747) 
22(S) 

-7l2(3) 
- 788(4) 

- I345(6) 
- 18340) 
- 1775(4) 
- 1208(4) 

883(3) 
747(4) 

1201(S) 
1799(S) 
I925(5) 
I463(4) 

0 

4OO!Itl) 
2443f I ) 
5000 
396lt4) 
42H6w 
4284(6) 
3993(9) 
36tiOt6) 
4634t5) 
534% I) 
590% I) 
5000 
6342(4) 
6392(4) 
7008(O) 
7559(6) 
7509(6) 
69045) 
5031(4) 
4608(S) 
4309(6) 
4490(6) 
4897((i) 
Sl7N4) 
4625t4) 
3949w 
3459(5) 
3655t6) 
4321(9) 
4Rl3W 

“I&% 11 

28(l) 
WI) 
49(3) 
342) 
4x(2) 
910) 
9tx.l) 
QW 
5x21 
3Ofl) 
WI) 
3P(2) 
36t2) 
442) 
90(3) 
84(4) 
W(4) 
6lt4) 
35(2) 
53(2) 
79(3) 
943) 
61(3) 
40(2) 
342) 
45(2) 
54(2) 
7 l(3) 
Sl(4) 
6;1(? 
65(i) 

- e- _- L L .__s_ 

V,, is defined as one-third of the trace of the orthogonaltzeti Uj, 
tensor. 

E 

Fig. 2. The structure of the chain { * * * I-l * * * IPh$WSbPI 
I * . . I-1. . . IPh,SbOSbPh,l)x. 



2tia MJ. Almond CI ul./Journul c~Orgrmnmctallic Chemistry 522 (19961265-269 

1.9425(7) A>. It seems likely that this difference is due 
to packing effects. As shown in Fig. 2, the 
IPh@OSbPh,I molecules on the three-fold axis are 
packed alternately with I, molecules to form a one-di- 
mensional (I-D) chain. The bond length in the 1, 
molecule is 2.732(2) A, which is towards the low end of 
the range of values found in many other structures 
containing the diiodine molecule. A search of the Cam- 
bridge Crystallographic database showed more than 60 
occurrences of this molecule with a mean distance of 
2.80 A from values between 2,68-3.01 A. This value is 
variable partly because it is significantly affected by 
packing effects. In the 1-D chain the distance between 
the iodine of the IPh,SbCJSbPh,I $olecule and the 
diiodine molecule is only 3.370(l) A so some weak 
interaction is probably present. 

The dimensions of those IPh,SbOSbPh,I molecules 
which are not linked to I, can be compared with those 
of the linear form of (Ph,SbI),B, la, reported earlier 

%Bie 4 
fB and Raman bands (below 1200 cm-‘) of ~(Ph$bl),Q].II (1) 
and @‘h\Sbl)zQ (InI 

1 IS Assignment p 

IR Rtrmcm IR Raman 

45 s 43 s 
602 
90 VY 
89 vs 

l4a 

768 
116 VW 91 VY 

Ill m 108 W,Rh I 
14QW 

I 
I74 vhl 

IW3W I’ 

56 m 160 VW 

WOW IN9 w 
l95W 

lattice/ 
bending 
m&s 
u,(Jb-1) 
:#3b-I) 
x 
x 
V(l=l) 
II 
u 

206 VW 408 w 206 m 
2lf w 

m 115 w 224 s 
W 2MW 25N m 
ms 285 s 

4r23 VW 
365 w 

39OW 

Ug my 450 s 
455 w,sh 457 ssh 
6lJW 614 VW &\SW 

656m 
689 ms 6NNs 
725 w,sh 727 s 
738 m 935 VW 736 m 
772s 788 s 
803m 

N44 w 
815 VW Pll VW 915 VW 

$70 VW WO VW 976 w 

219 wm : 
226 wm t 
262 w t 
293 w t 

W 

393vw : 
Y 

Wvw y 
&ISvw s 
657 m I 
691 w 

; 
734w f 

&Sb-O-Sb) 
‘? 

847 VW g 
P13vw i 
97Ovw h 

IBBBS p 
IB2I m b 
I w 9 

1 
106Owm 106% wm 

IWUIIP of X in a molecule of the kind PhX, 

190 200 300 

wave3numbsr f cm -1 

[4]. $&king for Ir the average measurements of its two 
c~stallo~raphically independent molecules (which have 
very similar dimensions) ves Sb-0 1.9424&J, Sb-I 
2.9610(10), Sb-C(av) . lOS(5) w, B-Sb-C(av) 
90.6( 1 I”, Q-Sb-I 180”. The corresponding figures for 
the present structure are almost identical, namely Sb-0 
1.9425(7), -I 2.963s(lOb, Sb C(avb 2.105(8) w, Q- 
Sb-&‘(av) 5(2P, 0-Sb-I 17 .04(3Y. We have also 
compared the twist angles of the phenyl groups in the 
different versions of (Ph,SbI),Q. In the crystal of 1, the 
phenyl rings about SM 1) make angles of 3 1 .S’ with the 
SbC, equatorial plane. For the other molecules the 

les around SM2) arc 38.4, 40.1 and 36.2”. nspec- 
tively. For the molecules of crystal la, the correspond- 
ing angles are 38.5, 41.7 and 37. I”. 

The IR and Raman spectra of I and la are compared 
in Table 4, while in Fig. 3 the Raman spectra are 
compared. The intense Raman scattering exhibited by 1 
at 174 cm-’ (see Fig. 3(a)) almost certainly arises from 
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~(1-1) of the I, portion of the adduct. This position 
represents a 40 cm-’ shift to low frequency compared 
with the fundamental for the I, molecule itself: for the 
isotope ‘2712 oc = 214.6 and oexc = 0.61 cm-’ [13]. 
The intense Raman band at 91 cm-’ may be assigned 
to v,,,,(Sb-I) of the (Ph,SbI),O units of 1 and is almost 
unchanged in position from the corresponding vibration 
of la whose spectrum is shown in Fig. 3(b). There is no 
obvious feature which may be attributed to V,,(Sb-I) 
of the adducted (Ph,SbI),O units of 1. This vibration 
may give rise to the indistinct shoulder on the flank of 
the 91 cm- ’ band. All of the Raman scattering above 
200 cm-’ may be attributed to vibrations of the Ph,Sb 
moiety of either adducted or free (Ph,SbI),O units and 
may be assigned with more-or-less certainty as in Table 
4, according to the scheme of Whiffen [ 141. 

Most of the IR absorptions of 1 find counterparts in 
the spectrum of la with modest wavenumber shifts. The 
IR band at 111 cm-’ is likely to belong to v,(Sb-I). 
Strong bands of la at 680 and 727 cm-‘, assigned to Y 
and f modes [14-161 of the Ph,Sb moiety, respec- 
tively, are replaced in 1 by bands at 689 and 738 cm-‘, 
the latter feature showing a weak shoulder at 725 cm-‘, 
The asymmetric (Sb-O-Sb) vibration gives rise to a 
single, strong feature at 772 cm-’ in the spectrum of 1, 
close to the corresponding feature at 780 cm-’ in the 
spectrum of la. An extra IR band at 803 cm-’ of 
medium intensity in the spectrum of 1 may arise from 
the v,(Sb-O-Sb) mode of the adducted (Ph,SbI),O 
molecule, whetxin the Sb-0 bond is slightly shorter 
comparecl with the remaining molecules. 

It is instructive IS comment briefly on the intcr- 
molecular bonding in 1. Tile main point concerns the 
l-1 bond length of the diiodina molecule md the vibra- 
tional frequency of this unit. 1%~ magnitude of the shift 
to low f~quency of v(l-I) und the de 
ing of the I-I bond &tact the level of donation of 
electronic charge into the cp * LUMP of the I, unit and 
are usually taken as a measure of the strength of udduct 
formation [ 171. The data quoted herr: suggest that there 
is a significant donation of charge from the (Ph,SbI),O 
unit to the I, in 1 but that the adduct is not very strong. 
The position of the visibie absorption of I, adducts may 

also be taken as a measure of the strength of donation 
by the Lewis base (see for example Ref. [ 171). The 
colour of 1 (a greenish-brown) is consistent with these 
observations. - 
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