
1977 849 

Preparation and Electron Spin Resonance Spectra of Some Molybdenum- 
(v) Complexes of Schiff-Base Ligands and their Oxidation to Molybden- 
um(vi) 
By Jonathon R. Dilworth, A.R.C. Unit of Nitrogen Fixation, University of Sussex, Brighton BN1 9QJ 

Charles A. McAuliffe and Barry J. Sayle, Department of Chemistry, University of Manchester Institute of 

Trichloro-oxomolybdenum(v) reacts with Schiff bases H2L in the presence of base, with the diiithium salt L12L, or 
with the bis(trimethylsily1) derivative L(SiMe,), [L = salen, salpn, salphen, 3-MeO-salen, 3-MeO-salphen, 3-Me0- 
salpn, or 2,2’-bi(2,3-dihydrobenzothiazolyl) (H,bzt)] to give the complexes [MoCI(O)L]. E.s.r., and i.r. 
spectral data suggest that the complex with L = salen [ethylenebis(salicylideneiminato)] exists as a mixture of 
cis and trans isomers. but with L = salpn [propane-l,3-diylbis(salicylideneiminato)] or salphen [o-phenylenebis- 
(salicylideneiminato)] solely in the trans and cis configurations, respectively. On heating under reflux in air, the 
[ MoCl(0) L] complexes are oxidised to [ MoO,L]. 

CKELATING Schiff-base ligands have been the subject of row transition metals have been investigated.ly2 Less 
many studies, and in particular complexes with first- information is available on complexes of the early 

Science and Technology, Manchester M60 1 OD 

heavy transition-metal ions and we report here some of 

2 S. Yamada, Co-ordination Chem. Rev., 1966, 1, 415. plexes of such ligands. Previously, reactions of 
* R* H. G* w. and *. ChakrovortY* Progr* our work on molybdenum(Iv) and molybdenum(v) corn- Inorg. Chem., 1966, 7, 83.  

SSC
ligand.15*256*N None of these quantities changes much ingoing from isonicotinamide to uncharged inh. In a dis-TABLE 4Rate constants for the reaction [Fe(CN),(inh)13-[Fe(CN)J3- + inh a t various temperatures, I = 1mol dm-3 (NaCl), pH 8.05, and [inh] = 10[Fe(CN),-(inh)"] (measured as the saturation rate of the reactionof [Fe(CN),(inh)I3- with pyridine a t high [py])1.93.81.93.81.93.81.91.91.93.81.93.81.90.10.10.10.10.10.10.20.10.050.10.10.10.111.011.014.914.919.919.925.025.026.025.030.530.534.50.7670.7691.391.483.273.326.997.527.257.2515.814.928.9TABLE 5Kinetic parameters for the reaction[Fe(CN),LIn- [Fe(CN),In- + L104~ (25 oc) AH$ A S[SO31 2- 0.57 ca. 120 ca. 76CNH 0.004-__- - L S-1 kJ mol-l J K-1 mol-1(PH4.6) 111Pyrazine 4.2 59Isonicotinatnide 7.3 109 59inh 7.25 108 59.811.0 104 4651.5 97 38PYen[Hen] + 104 100 50175 93 33Meth ylp yra- 2.8 115 75zinmm ionRef.25b25a1515Thiswork1525b25b1526sociative reaction such as the one under study, the en-tropy of solvation of the ligand is the important quantity.No effect of the difference in solvation entropy of inh andisonicotinamide on the rate of release of both ligands wasobserved, indicating that the structure of the solventnear the terminal end of inh is little changed on release ofthe ligand (or that both ligands suffer similar changes).Thermodyrtamic Stability of the inh ComPEex.--Fromthe ratio of kf to k1, the value of the stability constant forthe inh complex is found to be 4.6 x lo5 dm3 mol-l al-most identical with the value for isonicotinamide (4.0 x106 dm3 mol-l). On the basis of the similarities withisonicotinamide, it can also be concluded that E* forFeII-FeIII should be ca. 0.50 V iri the inh complex. Onthe other hand, for heterocycles where the x-stabilizationenergy and basicity are diverse (e.g. nicotinamide), othervalues are found. These factors should be taken intoaccount in situations where competition between inh andother heterocycles for metallic moieties might be of im-portance. In this context, the behaviour of inh to-wards [Fe(CN),I3- is strikingly different from its behav-iour towards aqua-ions. The complexes of inh with&positive aqua-ions have been much studied and in thesecases large differences in behaviour between inh and iso-nicotinamide exist .3g The possibility of complex form-ation irt vivo through the pyridine nitrogen should not bedisregarded, and even simultaneous interactions of bothdonor centres with metallic ions are p0ssible.~1We thank Professor S . Lamdan, Gerard0 Ram6n Labor-atories, Bs. As., for the gift of inh, the Department of OrganicChemistry (Facultad de Farmacia y Bioquimica, Bs. As.)for the elementary analysis, Professor Dra. R. A. Corral forthe n.m.r. spectra, and CONICET and UBA for partialsupport.[6/768 Received, 21st ApriE, 1976131 M. A. Blesa, unpublished work.
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molybdenum hexacarbonyl with bi- and quadri-dentate 
Schiff bases have produced molybdenum(I1) and molyb- 
denum(@ derivatives. van den Bergen et aL5 re- 
ported rnolybdenum(1v) halide derivatives and Yaman- 
ouchi and Yamada isolated dioxomolybdenum(v1) 
complexes of bi- and quadri-dentate Schiff bases derived 
from salicylaldehyde. These last workers also iso- 
lated tetrakis(N-methylsalicylideneiminato) trioxomolyb- 
denum(v) , the only molybdenum( v) derivative reported 
prior to this study. 

We have investigated the reactions of solvated tri- 
chloro-oxomolybdenum(v) with the ligands H,L, which 

v 
f '\ 

q ; ; = N  N = H C p  

R R 
HO 

yield derivatives of the type [MoCl,O(H,L)] and [Mo- 
Cl(0)LJ. These complexes have subsequently been 
shown to react with base to give dimeric oxomolybden- 
um(1v) complexes, [Mo20,L]. We have also obtained 
complexes of the known type [MoO,L]. 

RESULTS AND DISCUSSION 

Com9Zexes of the Ty$e [MCl(O)L] .-The complexes 
were obtained by treating [MoCl,O(thf),] (thf = tetra- 
hydrofuran) with (a) the free Schiff base H2L in the pres- 
ence of triethylamine, ( b )  the dilithium salt of the Schiff 
base Li2L, or ( c )  the bis(trimethylsily1) Schiff base 
L( SiMe,),, the hydroxyl hydrogen being replaced by 
SiMe,. 

When the triethylamine base was omitted for method 
(a) the reactions failed to proceed to completion and 
mixtures of [MoCl,O(H,L) J and [MoCl,O(HL)] were 
formed. Similar adducts with SnIv,' Tim,8 and MoIV 

are known.5 Method (c )  represents a particularly con- 
venient synthetic route, as the by-product SiMe,Cl re- 
mains in solution. It provides a generally applicable 
method for the replacement of chloride by anionic chelat- 
ing ligands and has been used to prepare molybdenum 

F. Calderazzo, C. Floriani, R. Menzi, and F. L'Eplattenier, 

4 P. C. H. Mitchell and D. A. Parker, J.C.S. Dalton, 1972, 

5 A. van den Bergen, K. S. Murray, and B. 0. West, Austral. 

6 K. Yamanouchi and S .  Yamada, Inovg. Chim. A d a ,  1974, 9, 

A. van den Bergen, R. J. Cozens, and K. S. Murray, J .  Chem. 

J .  Chem. Soc. ( A ) ,  1969, 1378. 

1828. 

J .  Chem., 1972, 25, 705. 

83, 161. 

Soc. ( A ) ,  1970, 3060. 

dithiocarbamatonitrido-complexes.9 However method 
(c) is not applicable to 2,2'- bi (2,3-di h ydrobenzot hiazolyl) , 
as the SiMe, derivative cannot be prepared, and here 
method (b)  was used. 

The [MCl(O)L] complexes (Table 1) are red-brown 
microcrystalline solids, stable to oxidation when dry. 
They are insoluble in most organic solvents, but slightly 
soluble in dichloromethane, thf, and NN-dimethylform- 
amide (dmf). The i.r. spectra of the complexes showed 
absorptions which are typical of co-ordinated anionic 
Schiff bases. The band occurring in the 1620-1 650 
cm-l region in the free ligand is assigned to v(C=N) and 

R 

H 

H 

H 

OMe 

OMe 

OMe 

Hzbtz 

H2saIen 

H p a  L pn 

Hpa L phe n 

3Me0- H2salen 

3MeO-Hz salpn 

3Me0- H salphen 

moved to lower frequencies on co-ordination.1° Pheno- 
lic v(C-0) absorptions were observed in the range l 535- 

FIGURE 1 X-Band e.s.r. spectrum of [MoClO(salphen)] 
in dichloromethane a t  room temperature 

1 540 cm-l indicating that the Schiff-base ligands do not 
bridge via oxygen in the complexes.11J2 All the com- 
plexes showed a strong absorption in the 930-960 cm-l 

8 V. A. Kogan, 0. A. Osipov, V. I. Minkin, and V. P. Sokolov, 
Russ. J .  Inorg. Chem., 1965, 10, 45. 

J .  Chatt and J. R. Dilworth, J.C.S. Cheulz. Comm., 1974,617. 
lo A. van den Bergen, K. S. Murray, M. J. O'Connor, N. Rehat, 

and B. 0. West, Austral. J .  Chem., 1968, 21, 1505. 
S. J. Gruber, C. M. Harris, and E. Sinn, J .  Inorg. Nuclear 

Chem., 1968, 30, 1805. 
G. E. Batley and D. P. Graddon, Austral. J .  Chem., 1967. 20, 

877. 
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TABLE 1 

Molybdenum- (v) and - (VI) complexes with quadridentate Schiff bases 

Complex 
[MoClO(salen)] 

[MoClO(salpn)] 

[MoClO (salphen)] 

[MoClO(3MeO-salen)] 

[MoClO (3MeO-salpn)] 

[MoClO (3MeO-salphen)] 

[MoClO(bzt)] 

[Mooa (salen)] 

[MoOa(salPn)l 

[MOO,( 3MeO-salen)] 

[Mooa( 3MeO-salpn)] 

bff. 
Colour B.M. 

Brown 1.68 

Brown 1.67 

Red- brown 

Red-brown 

Red- brown 

Red-brown 

Dark brown 

Yellow 

Yellow 

Yellow- 

Orange 
orange 

1.68 

1.66 

1.67 

1.67 

1.70 

d 

d 

d 

d 

Analysis (%) 1.r. spectra (cm-l) 

46.4 3.7 6.9 8.5 939, 1601 1539 337, 
(46.7) (3.4) (6.8) (8.6) 930 278 

-7- 1 

C H N C1 v(Mo=O) v(C=N) v(C=O) v(Mo-Cl) 

47.1 3.9 6.3 9.0 926 1610 1547 280 
(47.4) (3.6) (6.4) (8.6) 

62.0 3.0 6.1 7.7 
(51.7) (3.1) (6.9) (7.2) 
46.0 4.1 5.6 (7.5) 

(45.6) (3.8) (5.9) 
47.1 4.3 5.3 (7.3) 

(46.7) (4.1) (5.7) 
50.1 3.9 5.3 7.0 

(50.6) (3.5) (5.7) (6.8) 
40.2 2.4 6.7 8.5 
(39.5) (2.7) (6.4) (7.8) 
48.9 3.4 6.9 
(48.7) (3.6) (7.3) 
49.8 4.1 7.2 

(50.0) (4.0) (6.9) 
47.3 3.7 6.4 

(47.6) (4.0) (6.2) 
48.4 4.4 5.9 

(48.7) (4.3) (6.0) 

948 

945, 
930 (sh) 
932 

950 

960 

915, 
885 
905, 
865 
908, 
875 
912, 
880 

I600  1535 322 

1600 1535 335, 
290 

1605 1537 285 

1601 1540 330 

1610 334 

1635 1535 

1630 1525 

1630 1535 

1630 1530 

Electronic spectra 
(103 cm-1) b 

7 - 7  
I n  Solid 

dmf reflectance 
24.2 22.6, 

(2 660) 12.1 
12.1 
(106) 

20.2 25.9, 
(226) 23.8, 

15.4 19.7, 
(116) 13.8 

18.9 26.2, 
(531) 21.7 

G 26.1 

c 23.5 

c 25.1, 
20.1 (sh) 

C 

24.3 22.7 

24.4 22.7 

23.5 22.7, 

13.5 22.8 

(1  580) 

(1 430) 

(1  190) 21.1 (sh) 

(1 220) 
a Calculated values are given in parentheses. * Absorption coefficients (&/dm3 m o P  cm-l) are given in parentheses. Insoluble. 

d Diamagnetic. 

region assignable to terminal v(Mo=O). In  some cases 
this was split into two bands. The v(Mo-C1) absorp- 
tions occurred in the 250-350 cm-l region and in the 
cases where two v(Mo=O) bands were discernible two 
v(Mo-Cl) bands also occurred, suggesting that two species 
are present in these complexes. 

The e.s.r. spectra were recorded at 
room temperature in dichloromethane or dmf and were 
similar in both solvents. 

The spectrum of [MoClO(salphen)] (Table 2, Figure 1) 

E.s.r. spectra. 

TABLE 2 
E.s.r. data 

gav. Aiw.(Mo) gw. Aim.(Mo) 
Complex (A) (A)/G (B) (B)/G 

[MoClO(salen)] 1.938 46 1.948 46 

[MoClO (salphen) J 1.938 46 
[MoC10(3MeO-salen)] 1.934 48 1.946 46 
[MoC10(3MeO-~alpn)] 1.936 * 48 1.948 46 
[MoC10(3MeO-salphen)] 1.934 60 

[MoClO(salpn)] 1.944 44 

[MoClO (bz t)]  1.967 22 
* Very weak signal. 

consisted of one strong line due to Mo with no nuclear 
spin and this was flanked by six satellites, the hyperfine 
structure being due to the interaction of the unpaired 
electron with Mo with nuclear spin I = 5. Thegav. value 
is 1.938 and the molybdenum isotropic hyperfine 
coupling constant Ais,+(Mo) is 46 G.* The spectrum of 
[MoClO(salen)] (Table 2, Figure 2) was more complicated 
and two paramagnetic species (A and B) were clearly 
present. Each species gives a spectrum consisting of one 

* Throughout this paper: 1 G = T; 1 mmHg x 13.6 x 
9.8 P a ;  1 B.M. x 9.27 x A m'. 

main line and six satellite lines, and a superimposition of 
these two lines comprises the observed spectrum. From 

w I! 

I 

FIGURE 2 X-Rand e.s.r. spectrum of [MoClO(salen)] in 
dichloromethane at room temperature 
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the relative intensities of these lines species A is present 
to a larger extent than B. 

With the complexes of salen and salpn various isomers 
are possible because of the ability of these ligands to 
chelate in a non-planar fashion. The most probable iso- 
mers are (1)-(3) (X = 0, Y = C1; X = C1, Y = 0). How- 

0 

I 
Cl 

L :’I 
ever, salphen is quite rigid due to the o-phenylene back- 
bone and all the four donor atoms must co-ordinate in a 
plane. Thus, for [MoClO(salphen)] only structure (1) 
is possible and indeed only one species was present in the 
e.s.r. spectrum. 

With [MoClO(salen)] structures (1)-(3) are all possible 
and we propose that the two species seen in the e.s.r. 
spectrum of this complex are isomers (1) (C1 trans to 
Mo=O) and a cis form r(2) and/or (3)). Species A has gav. 
1.938 and Rj,o.(Mo) 46 G, identical to the values for 
[MoClO(salphen)], and species B has gav. 1.948 and Ajso. 

(Mo) 46 G. The solid-state i.r. spectrum for [MoClO- 
(salphen)] showed one v(Mo=O) band at 948 cm-l and a 
single v(Mo-Cl) a t  322 cm-l and these bands can be as- 
signed to the trans structure (1). The spectrum of 
[MoClO(salen)] showed two v(Mo=O) bonds at  939 and 
930 cm-l, and two v(Mo-C1) at 337 and 278 cm-l. We 
assign the bands at 939 and 337 cm-l to trans-O=Mo-Cl 
[structure (1)) by analogy with [MoClO(salphen)] and the 
bands at 930 and 278 cm-l to the complex with a cis-O= 
Mo-Cl group [structure (2) and/or (3)]. Rather surpris- 
ingly the e.s.r. spectrum of [MoClO(salpn)] showed that 
only one species is present with gav. 1.944 and Aiso. (Mo) 
44 G. The i.r. spectrum showed only a single v(Mo=O) 
band at  926 cm-l and a single v(Mo-C1) at 280 cm-l. 
These values suggest that only one species is present, 
similar to one of the species _present in [MoClO(salen)] 

with structure (2) or (3). 
Thus, with the salphen ligand the rigidity of the o- 

phenylene backbone ensures that the ligand remains 
planar on co-ordination and so a trans-O=Mo-Cl arrange- 
ment results. The salen ligand provides a mixture of 
these structures, and thus it can be concluded that the 
cis and trans structures are of approximately equal 
stability, and where only one isomer is formed this 
results from peculiar steric needs of the ligand. 

The 3Me0 derivatives exhibited e.s.r. spectra similar 
to their unsubstituted analogues, with two species present 
for [MoC10(3MeO-salen)] and only one present for [Mo- 
ClO(SMe0-salphen)] . The gaT. and Aiso. values indicate 
that these species are similar to those obtained for the 

l3 F. L. Bowden, ‘Techniques and Topics in Bioinorganic 
Chemistry,’ ed. C. A .  McAuliffe, 1975, Macmillan Press, London, 
p. 207. 

salen andsalphen ligands. There is, however, a difference 
in behaviour between salpn and 3MeO-salpn, because, 
whereas the former only forms a complex with a cis 
structure, the latter exhibited a spectrum containing a 
small amount of the tram structure (1) in addition to the 
predominant cis isomer. 

The [MoClO(bzt)] complex exhibited an e.s.r. spec- 
trum showing only the presence of one species, gav. 1.967 
and Aiso. (Mo) 22 G. The gav, value is much higher than 
for the N,O chelates and is consistent with e.s.r. 
data obtained for molybdenum(v) complexes with S 
donors.13 The increase in g and reduction in hyperfine 
splitting can be interpreted in terms of delocalisation of 
the unpaired electron into sulphur-ligand orbitals. The 
bzt ligand exists as the 2,3-dihydrobenzothiazolyl com- 
pound in the free state and its i.r. spectrum showed no 
v(S-H) or v(C=N) absorptions, but did show a band 
assignable to v(N-H). On co-ordination this v(N-H) 
band disappeared and a band at 1610 cm-l due to 
v(C=N) appeared. This is consistent with breaking of 
the C-S bond and co-ordination to molybdenum through 

S and N donors in the Schiff-base form. Because of the 
rigidity of the chelate backbone on complex formation 
the ligand is certainly planar and gives rise to structure 
(1). 

Complexes of the Tyjw [MoO,L] .-By treating [MoC130- 
(thf),] with some of the Schiff bases in dry ethanol in the 
presence of oxygen, yellow or qrange crystalline solids 
were obtained which are quite stable in air. Similar 
complexes were obtained when the complexes [MoCl(O)L] 
were heated under reflux in dry ethanol in the presence 
of oxygen. Only the Schiff bases H,salen, H,salpn, and 
their 3Me0 derivatives gave isolable products. 

The complexes showed the usual v(C=N) and v(C=O) ab- 
sorptions of co-ordinated Schiff bases and showed two 
bands in the 865-915 cm-l region characteristic of the 
cis-MOO, group.14 The complexes appear to be identical 

to those obtained by Yamanouchi and Yamada6 who 
treated the Schiff bases with [MoO,(pd),] (pd = pentane- 
2,4-dionate) to yield the molybdenum(v1) derivatives. 
From n.m.r. measurements they concluded that the 
complexes have the cis structure. This explains why we 
could obtain no reaction with salphen and 3MeO-salphen, 
as these ligands appear to be incapable of complexing 
in a non-planar arrangement. 

14 K. Nakamoto, ‘ Infrared Spectra of Inorganic and Co- 
ordination Compounds,’ Wiley, New York, 1963, p. 77. 
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EXPERIMENTAL 

All the manipulations were carried out under dinitrogen, 
using freshly distilled dry solvents. E.s.r. spectra were 
obtained as previously described,lS and other physical 
measurements as noted previously.16 The Schiff -base 
ligands were prepared by the addition of the diamine ( 1  
equivalent) to the appropriate salicylaldehyde derivative 
(2 equivalents) in ethanol. The reaction mixture was 
heated under reflux for 0.5 h, cooled, and the resulting 
yellow Schiff base filtered off, washed with ethanol, and 
dried in vacuo. 2,2'-Bi( 2,3-dihydrobenzothiazolyl) was 
prepared according to a modification of the method of 
Fernando and his co-workers : l7 o-aminobenzenethiol ( 18.8 
g ,  0.15 mol) was placed in a flask (200 cm3) and MeCN (50 
cm3) was added. The mixture was heated under reflux for 
1 h. The compound (CHO),*H,O (3.9 g, 0.05 mol) was dis- 
solved in water ( 13 cm3), and the solution was slowly added 
to the refluxing mixture while stirring. Gentle refluxing 
was continued for 15 min, whereupon the mixture was 
filtered, washed with MeOH (2 x 10 cm3), and pumped dry 
over P401,. Molybdenum trichloride oxide was obtained 
from commercial sources. 

Preparation of the Complexes [MoCl(O)L] .-Method (a). 
The appropriate Schiff base (0.005 mol) was dissolved in dry 
ethanol (20 cm3) and added to a freshly prepared solution of 
lithium ethoxide (0.01 mol) in ethanol (20 cm3), giving an 
immediate white or pale yellow precipitate of the dilithium 
salt, Trichloro-oxobis( tetrahydrofuran)molybdenum(v) 
(1.81 g, 0.005 mol) was dissolved in dry ethanol (50 cm3\ and 
this solution was added dropwise to the suspension of the 

l5 C. A. McAuliffe and B. J. Sayle, Inorg. Chim. Acta, 1975, 14, 
L43. 

l6 L. Baracco and C .  A. McAuliffe, J.C.S. Dalton, 1972, 948. 

dilithium salt, giving an immediate red-brown precipitate 
of the complex. The reaction mixture was heated under 
reflux for 0.5 h, cooled, filtered, and the product was washed 
with ethanol (2 x 10 cm3) and diethyl ether ( 2  x 10 cm3) 
and dried in vatuo. 

Triethylamine (2.02 g, 0.02 mol) was added to 
[MoCl,O(thf),] (3.62 g, 0.01 mol) and the appropriate 
Schiff base (0.01 mol) in acetonitrile (100 cm3) and the mix- 
ture was heated under reflux for 0.5 h. The resulting brown 
solution was filtered hot and brown crystals of the com- 
plex appeared on cooling. 

The appropriate Schiff base (0.01 mol) was 
heated under reflux in hexamethyldisilazane (0.02 mol) 
until ammonia evolution ceased (ca. 1 h). The excess of 
hexamethyldisilazane was removed by distillation at 30 
mmHg and the residue was distilled at  10-2 mmHg to give 
85-95% yields of the bis(trimethylsily1) Schiff base. Tri- 
chloro-oxomolybdenum(v) (1.1 g, 0.005 mol) was dissolved 
in acetonitrile (40 cm3) and the bis(trimethylsily1) derivative 
of the appropriate Schiff base (0.006 mol) was added drop- 
wise. The complex precipitated after stirring for 0.5 h and 
was filtered off, washed with acetonitrile (20 cm3) and di- 
ethyl ether (20 cm3), and dried in vacuo. 

Complexes of the Type [MoO,L] .-The preparation was 
carried out as in method (a) above, but the final heating 
under reflux was carried out in air, giving the complexes 
as yellow or orange crystalline solids which were washed 
with ethanol (10 cm3) and diethyl ether (10 cm3) and 
dried in vacuo. 

[6/941 Received, 17th May, 19761 

Method ( b ) .  

Method ( c ) .  

l7 H. Jadamus, Q. Fernando, and H. Freiser, J. Amer. Ghem. 
Soc., 1964, 86, 3056. 

Crystal and Molecular Structure, Electron Spin Resonance, and Electronic 
Spectrum of Tetraphenylarsonium Tetrachloro-oxomolybdenum(v) 
By C. David Garner, Lesley H. Hill, and Frank E. Mabbs," Chemistry Department, Manchester University, 

Dennis L. McFadden and Andrew T. McPhail, Paul M. GrossChemical Laboratory, Duke University, Durham, 

Crystals of the tit le compound are tetragonal, space group P4/n, with a = 12.766(7), c = 7.785(5) A, Z = 2. The 
crystal structure was solved by the heavy-atom method and refined by full-matrix least-squares calculations to 
R 0.050 over 735 statistically significant reflections from diffractrometer measurements. The square-pyramidal 
[MoOCI4]- anion has 4mm (C,") symmetry with Mo-0 1.610(10), Mo-CI 2.333(3) A, O-Mo-CI 105.2(1)". 
The [AsPh,]+ cation has crystallographic 4 (S,) symmetry, with As-C 1.902(7) A, and C-As-C angles of 105.3(3) 
and 11 1.6(3)". The polarised single-crystal electronic spectra a t  room temperature and 5 K show that the first two 
bands a t  15.4 and 22.5 kK are due to b2*(4dz,) e*(4dXz,,,, Mo-On*) and e(Mo-Or) ---t. a,*(Mo-O,*) 
excitation respectively. The single-crystal e.s.r. parameters (911 1.967 f 0.002, 91 1.950 f 0.002) and the Mo 
hyperfine parameters from solutions in CH,CI, and solid [AsPh,] [NbOCI,], ( A  47.9 x cm-l.All72.8 x lod4 
cm-l), have been used in conjunction with the electronic spectrum to estimate the metal d-orbital contributions to 
the metal-ligand antibonding molecular orbitals. 

Manchester MI3 9PL 

North Carolina 27706, U S A .  

BASED on a wide range of solution electron spin resonance 
and electronic absorption spectra measurements the 

C. R. Hare, I.  Bernal, and H. B. Gray, Inorg. Chem., 1962,1, 

2 H. B. Gray and C. R. Hare, Inorg. Chem., 1962, 1, 363. 
3 R. A. D. Wentworth and T. S. Piper, J. Chem. Phys., 1964, 

K. De Armond, B. B. Garrett, and H. G. Gutowsky, J .  
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