
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 23 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Coordination Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713455674

ELECTRON PARAMAGNETIC RESONANCE SPECTRA OF
TETRAETHYLAMMONIUM TETRA
(PHENYLTHIOLATO)OXOMOLYBDATE(V)
Ali H. Al-mowalia; W. A. A. Kudera; M. J. Badera; N. N. Majeada

a Department of Chemistry, University of Basrah, Basrah, Iraq

To cite this Article Al-mowali, Ali H. , Kuder, W. A. A. , Bader, M. J. and Majead, N. N.(1981) 'ELECTRON
PARAMAGNETIC RESONANCE SPECTRA OF TETRAETHYLAMMONIUM TETRA
(PHENYLTHIOLATO)OXOMOLYBDATE(V)', Journal of Coordination Chemistry, 11: 1, 1 — 4
To link to this Article: DOI: 10.1080/00958978108080658
URL: http://dx.doi.org/10.1080/00958978108080658

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713455674
http://dx.doi.org/10.1080/00958978108080658
http://www.informaworld.com/terms-and-conditions-of-access.pdf


f. Coord. Chern., 1981, Vol. 11,  pp. 1-4 
0095-8972/81/1101-0001$06.50/0 

0 1981 Gordon and Breach Science Publishers, Inc. 
Printed in Great Britain 

ELECTRON PARAMAGNETIC RESONANCE SPECTRA OF 
TETRAETHYLAMMONIUM TETRA 

(PHENYLTHIOLATO)OXOMOLYBDATE(V) 

ALI H. AL-MOWALI, W. A. A KUDER, M. J. BADER and N. N. MAJEAD 

Department of Chemistry, University of Basrah, Basrah, Iraq 
(Received February 25, 1980; in final form June 10, 1980) 

X-Band ESR.spectra of Et, N[MoO(SPh), ] in a range of solvents have been recorded at 77°K and 298°K and are 
analysed in detail. The Spin-Hamiltonian parameters have been extracted and are equated to the atomic orbital 
coefficients in some of the molecular orbitals involved in bonding in this compound. The unpaired electron lies in 
the metal-ion 4dXy orbital and is strongly delocalized (43%) on to  the sulfur ligands. Changes in the Spin- 
Hamiltonian parameters when a coordinated polar solvent is added to Et, N[MoO(SPh), ] are accounted for. 

INTKODUCTION EXPERIMENTAL 

Although ESR spectra have been recorded for a 
large number of molybdenum(V) complexes,'-4 
relatively few reportssp6 have been made on com- 
pounds containing Mo-S bonds. Here we describe 
ESR spectra obtained from glasses containing oxo- 
phenylthiolato anion in a range of solvents, and 
discuss the conclusions that can be drawn about 
electron distribution within this complex when such 
spectra are analysed in detail. 

Tetraethylammonium Tetra(Pheny1thioldto)oxo- 
molybdate(V), E ~ ~ N [ M o O ( S P ~ ) ~ ]  was prepared6 by 
addition of an equimolar mixture of thiophenol and 
triethylamine in MeCN t o  a solution of Trichlorooxo- 
bis(tetrahydrofuran)molybdenum(V) in MeCN and 
the blue crystalline product was isolated by addition 
of NEt41. The recrystallized Et4N[MoO(SPh)4] was 
used to prepare the adducts with MeCN, Pyridine, 
Ethanol and Dioxane by direct addition of purified 
solvents. 

I I H / G  

The epr spectrum of a magnetically dilute solution of Et, N[MoO(SPh),] in pyridine at 77°K. 
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FIGURE 1 
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7 - A. H. AL-MOH ALI  era/ .  

ESR spectra were recorded on a Varian E-109 
Spectrometer at 298°K and at 7 7 ° K  in about loe3 \I 
solutions. Typical ESR spectrum of Et4N(MoO- 
(SPh)4] in pyridine recorded at 77°K is shown in the 
Figure. Visible-UV absorption spectra were recorded 
on a Pye-Unicam SP8-100 Spectrophotometer, using 
matched 1 cm quartz cells. The spectra were all 
solvent dependent and the positions of the absorption 
mixima are summarised in Table 1 for each solvent. 

'TABLE I 
Band maxima 10' 111-'  ) in the visible-UV absorption spectra 

oi  E t , N I  tloO(SPh), 1 in various solvents 

Solvent d - d transitions Metal ion - sulfer 
charge transfer 

cc1, 18 000, 30900 34 900 
Dio\ane 16 700, 30900 34 800 
MeCN 16 700. 30800 34 800 
C , H , N  16 500. 30800 34 800 
EtOH 16400. 30800 34 700 

RESULTS AND DISCUSSIOK 

The ESR spectra were all characteristic of one 
unpaired electron rncving in an axially symmetric 
orbital, and so the Spin-Hamiltonian has the form 

.H = gii(3H,S, + RIP(  H,S, + H,.S,. ) + AS:I: 

+ B(S, ,~ ,  -t S ) J ) . )  ( 1  1 
The nuclear spin quantum number, I, for 9 s  Mo 
(natural abundance 15.78%) and 'Mo (natural 
abundance 9.60%) are both 5/3. The magnetic dipole 
moments of these isotopes differ by only 1% and, 
since we were not able to resolve any molybdenum 
isotopic fine structure, all absorption spectra were 
analysed using methods already d e ~ c r i b e d . ~  Iterative 

T A B L E  I1 
Spin-Haiiiiltonian paramclcrs for Et,N[ MoO(SPh), in vari- 
ous wlvcnrs. All hyperfine tensor components are in units of 
n i - ' ,  Limits of error for ~ 1 1 .  R, and ( R )  are t0.0005. for .4. 

B and ( I I )  t0.005. 

Solvent gIl ,qL A B ( g )  ( a )  

CCI, 2.0198 1.9768 0.543 0.271 1.9911 0.362 
Diosane 2.0194 1.9759 0.533 0.258 1.9904 0.349 
MeCN 2.0191 1.9755 0.513 0.245 1.9900 0.334 
C,H,N 2.0190 1.9754 0.512 0.244 1.9899 0.333 
EtOH 2.0190 1.9750 0.510 0.234 1.9897 0.326 

computation of the ESR spectra lead to the Spin- 
Hamiltonian parameters listed in Table 11. The 
quant i tygl l  was greater than g, , a situation which is 
unusual in d' species subjected to a tetragonal ligand 
field, and it therefore follows8-' that charge transfer 
from sulfur ligand to the central metal ion must be 
considered in accounting for the Spin-Hamiltonian 
parameters. 

More precise information can be obtained about  
electron distributions within this complex if the 
Spin-ltaniiltonian parameters are equated with the 
coefficients in appropriate linear combinations of 
atomic orbitals. According t o  ligand field theory, 
molybdenum-ion orbitals combine with ligand group 
orbitals @ with appropriate symmetry to form the 
following magnetically important bonding and 
antibonding molecular orbitals in a C4" complex 

Where the unpaired electron is in the antibonding 
orbital $*(I?*) .  Spin-orbit coupling at the central 
metal-ion and at  the sulfur ions, Zeeman interactions 
and hyperfine interactions all perturb the combi- 
nations of the orbital functions (2) with the various 
allowed electronic spin functions, and if the matrix 
elements of these interactions are equated with those 
of the Spin-Hamiltonian (1) then the Spin-Hamiltonian 
parameters can be expressed as functions of the 
coefficients of the molecular orbitals. These functions 
have been shown to be8-'' 

ZEMOP:: 2 
gL= 2.0023 - 

AE(E*) 
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ELECTRON SPIN RESONANCE OF MOLY BDENUM(V) COMPLEXES 

TABLE 111 
K values and molecular orbital coefficients for 

Et,N[MoO(SPh),] in various solvents 

(u)=-PK- (2.0023-(g))P (7) 
Where [ M ~  and 5, are the spin-orbit coupling 
constants of the molybdenum and sulfur ions respec- 
tively, K is the isotropic contact term and AE($)  and 
AE($*)  are the energies of the appropriate bonding 
and antibonding excited levels (relative to that of 
the $ * ( B z )  level). gll is greater than g, in this 
molecule and therefore in Eqs. (3) and (5) we have 
allowed for mixing of states obtained by exciting 
bonding electrons but we have not considered similar 
effects in Eqs. (4) and (6) .  

In order to  obtain the values of the molecular 
orbital coefficients from Eqs. (3)-(6), estimates of 
the values of [ M ~ ,  C;, and P together with the assign- 
ment of the band maxima in the visible-UV absorp- 
tion spectra were needed. The values of t~~ and P 
for the molybdenum ion were taken' ' to  be that of 
Mo3+ since the effective charge on molybdenum is 
expected to  be less than its oxidation number by two 
units, and have been shown' ,1  to be 82 000 m-l 
and -0.55 m-l respectively. t,  value for the sulfur 
atom was assumed to  be identical with the value for 
the free atom, i.e. 38 200 m-l .l 

The relative intensities, effects of solvents on the 
positions of the maxima, and consistency with the 
ESR data, all indicate that the band maxima in the 
visible-UV absorption spectra listed in Table I should 
be assigned to  the transitions listed below. 

Band maximupl (IO'm-') Transition 
16 700 $*(El+ $*(Bz) 
30 800 $*(B1)+$*@2) 

34 800 $*(BZ)f W') 
The value of tM0, ts and P together with the assign- 
ment of the band maxima now enable the values of 
K ,  p 2 ,  p1 and E to  be evaluated using Eqs. (3)-(7). 
The parameters obtained in this way are listed in 
Table 111. 

Since the molecular orbital that contains the 
unpaired electron, has zero electron spin density at 
the molybdenum nucleus and does not mix with the 
metal 4s orbital in C4" symmetry, there is no direct 
way of putting unpaired electron density on the 
nucleus. The non zero values of K ,  must then arise 
from the Spin-Polarization. 

The values of p2 in Table 111, which reflects the 
degree of delocalisation of in-plane n-bonding electron 
on to  the ligands, show that in each case the unpaired 
electron lies in the metal-ion 4dxy and it is strongly 
(43%) delocalised on to the sulfur atoms. 

3 

Solvent K 01 P I  E 

ca, 0.65 0.760 0.880 0.813 
Dioxane 0.62 0.754 0.882 0.806 
MeCN 0.59 0.750 0.881 0.800 
C,H,N 0.59 0.750 0.881 0.798 
EtOH 0.58 0.747 0.880 0.795 

The values of P I  and e in Table 111, which reflects 
the degree of delocalization of u and out-of-plane 
n-bonding electrons away from sulfur atoms into 
metal-ion 4dx3 - y l  and 4dx, or 4d,, respectively, 
also shows that these electrons are strongly 
delocalized. 

Addition.of polar solvent to  the sixth co-ordi- 
nation of Et4N[MoO(SPh)4] has no 
measurable effect on o-bonding t o  the metal-ion 

transition energies I A E ( B I )  I .  Hence co-ordinating 
solvent does not alter gl. On the other hand, in the 
case of in-plane n-bonding to the metal-ion 4dxy 
orbital, and of out-of-plane .rr-bonding to the metal- 
ion 4d,, and 4d,, orbitals, the coordinated solvent 
does cause very small additional drifts of electrons 
away from the central metal ion and also decreases 
the magnitudes of the transition energies I AE(E) I .  
The addition of polar solvent therefore noticeably 
decreases the magnitude of gl and the magnitudes 
of the magnetic hyper fine tensor components. This 
polar solvent should presumably have the greatest 
influence on u-bonding to the metal-ion 4dZ2 orbital, 
but this involves molecular orbitals of A symmetry 
which are inaccessible t o  us since they do not affect 
the paramagnetic properties of these complexes. 

orbital, and it has little effect on the 4% - Y 3  
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