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Crystal Structure of Tetrachlorobis[o-phenylenebis(dimethylarsine)]- 
n io b i urn ( iv) 

By David L. Kepert, Brian W. Skelton, and Allan H. White,* Department of Physical and Inorganic Chemistry, 
University of Western Australia, Nedlands, W.A. 6009, Australia 

The crystal structure of the title compound, [NbC14{C,H4(AsMe,),},1, has been determined by single-crystal X-ray 
diffraction at 295 K and refined by full-matrix least squares to a residual of 0.044 for 789 independent ‘ observed ’ 
reflections. Crystals are tetragonal, space group /42m, with a = 9.288(2), c = 16.361 (3) A, and Z = 2. The co- 
ordination about the niobium is dodecahedra1 : Nb-As 2.732 7(8) ; Nb-CI 2.51 5(1) p\. 

‘Trris first eight-co-ordinate compound of the first 
transition series to be structurally cliaractcrised was 
[TiCl,(pdma),] [pdma = o-C,H,(AsMe,),] .1*2 A nuni- 
ber of other metal tetrahalides have been found to form 
bis adducts with this ligand and assumed to have the 
same structure on the basis of similar X-ray powder 
patterns. The properties of the d l  niobium(iv) com- 
plexes have been studied in detail,3-5 arid the absorption 
bands in the visible region of their electronic spectra 
assigned assuming a closely similar structure to tlie 
titanium complex. Because of the expected sensitivity 
of d-orbital energies to small changes in stereocheniistry, 
however, a structure determination of the niobium( IV) 
derivative has been undertaken to secure this point. 
The relative sizes of titanium(rv) and niobium(1v) in 
such complexes is also of interest as niobium(1v) Iias 
been found to form eight-co-ordinate complexes more 
readily than titanium(1v) ; c-g. titanium tetrachloritle 
only forms eight-co-ordinate complexes with the first 
three ditertiary arsines of the following list, whereas 
niobium tetrachloride forms similar bis adducts with 
all but the last ligand : 6 7 7  o-phenylenebis(dimethy1- 
arsine) ; 1,2-bis(dimetliylarsino)-4-methylbenzene ; 1,8- 
bis(dimethy1arsino)naphthalene ; o-phenylenebis(di- 
cthylarsine) ; 1,2-bis(dimethylarsino)-3-fluorobcnzenc ; 
1 ,%his (dimet hylarsino) -4-fluorobenzene ; 1,2-bis(di- 
met hylarsino) -3,3,4,4,5,5-1iexafluorocyclo1>en tanc ; and 
1 ,Z-bis (dimeth ylarsino) -3,3,4,4-tet rafluoroc yclobutene. 

EXPERIMENTAL 

The compound was prepared as described previously 
and recrystallised from pyridine, the specimen selected for 
the crystallographic work being an equilateral triangular 
plate, edge 0.47 inni and thickness 0.26 mm. 

Crystal Data.-C,,H,,As~Cl,hTb, A4 = 807, Tetragonal, 
space groyp I&n (Di i ,  no. 121), n = 9.288(2), c = 

1.90 g c i x 3 ,  F(OOO)o= 786, monochromatic 110-1<~ 
radiation (1, == 0.i10 69 A),  [I = 53.1  cni-l. 

16.361(3) A, TI = 1411(1) A3, U,, == 1.91(1), i: = 2 ,  fl,. = 

Structure l)etevinination.--h Syntex Pi four-circle dif- 
fractoineter um used in the 20-0 mode, (hid) and { f i k l }  
data being gathered ivitliiii the limit 28 < 80” and averaged 
to  yicltl 1 300 reflections. A total of 789 reflections with 
1 < 3o(Z) were considered ‘ observed ’ and used in the 
structure solution and refiiienient after correction for 
absorptioii (prior t o  averaging). The structure was solved 
bv vector metliotls :m(1 rcfincd by full-matrix least squares ; 
li~-rlrogen-atoni positions were estinirttecl [r (C-H)  = 0.96 A] 
ant1 coiistraiiittt, I being sct a t  0.06 A?. Non-hydrogen 
atoms wcre rclinctt Lvith anisotropic thcrinal parmieters. 
lietineiiient i:oiivergccl at 12 = 0.044, R‘ = 0.056, S == 1.54, 
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rcllcction \veiglits lxiiig [ci2(Fu) 1- 0.000 5(Fo)2j Z L T I ~  tlic 
Im-soii e\;tinction pm-ainetcr 18.0(4) x Neutral- 
ntoni scattering factors Lvcre usccl tliroughout, tliose for 811, 
As, ;tiid C1 being corrected for anomalous dispersion (j’, 

f”).8-10 Calculations were carried out with the ‘ X-RAY 

aAs As 

I 
C ( 4 )  

’7(i ’ progra.in systeii i  11 implcmentctl on a. CZ\’J3El< 73  coin- 
putei-. 1;inal co-ortlinates are given in Table 1, bond lengths 
aiicl angles in Table 2. Tables of structure-factor atn- 
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TABLE 2 

Non-hydrogen molecular geometry (independent values 
Transformations of the asymmetric unit are : only). 

i (~,Y,Z) ; ii (y,x,z) ; i i i  (x ,y , l  - z )  
(a)  Distances (A) 

Nb-As 2 732 7(8) c (3)-C( 31) 1.300(7) 
Nb-C1 2.5  15( 1) c (3)-c( 2) 1.456(11) 

1.36'3(11) 
1.440(8) 

AS * * As' 3.261 8(8) c (21-C ( 1) 
AS-C ( 4) 1.941 (8) C( 1)-C( 1') 
As-C(3) 1.039(7) 

(b )  Angles (") 
( 1 )  mtraligantl 

C (  l')-C(l)-C(2) 1 l!U(7) c(:~)-A15-(*(4) 1 02 . ! ) (3 )  
C ( 1 )-C (2)-C( 3) 10 1.7 (4) 
C (  2)-C( 3)-C( :)') 120.4( 7) C(:l)-As-Nb 113.0(2) 
C(~)-C(~)-. \S 11'3.2(4) C (4)-i\~-Nb 1 17.2( 3) 
C(3')-C(3)-iz~ 120.4(6) 

(ii) niobium core 

1 20. 4 ( 5 )  C (5)-As-C (4") 

.Zs-Nb-CI 70.7 6 ( 5)  .I 5-N b-Cl"' 76.12(5) 

. \~-NII-.~\'  73.28 ( 2 )  C'l-N k C I '  143.21)( 7) 

.Z5-Nb-C'11 144.04( 5) CI-N b-Cl"' '35.1 3 (4) 
-1 5-N b-iZ 5''' 1 30.0 8 ( 2 )  

plitudes and thermal parameters are available as Supplc- 
mentarv 1'ul)lication No. S U P  22912 (8 pp.).* 

.2tom labelling within the diarsine ligmtl is as abovc, 
hytlrogen ntonis lxing labelled according to the pareill 
ci~rlmn, sulfi~ccl E, p,  y where necessiry for distinguishing 
piirposes. 

\. . 
b '' 
t 

a 
I ; I G U K L  1 Unit-cell coiitciits 1)rojectctl t l o w i i  tlic uiiicli it:  axis. 

No] i -11 y (  I r o ~ e i i  it  toi 11s ;ire slio LVII wj th 50'x probitbili t y  tlicrrii a1 
ellipsoids, hydrogcn atoms with a radius of 0.1 A 

1)ISCUSSION 

The structure coinpriscs discrete moleculchs of tlie 
title complex, the niobium atom being located on a 
special cryst allograyhic position of 42m symmetry, while 

* For details see Notices t o  Authors No. 7, J.C.S. Dalton, 1979, 
Index issue. 

VIG(JKE 2 I'rojectioii of a single molecule down one of the  nio- 
biuiii-chlorine bonds, showing the  methyl-h.4-drogen-atoln dk- 
position relative to the  chlorine. ' Contacts ' with C1 - - - €1 
(4 .3  Ld arc shown 

the arsine ligands have crystallographically imposed 2rti 
symmetry. The niohiuiii environment is thus a dodeca- 
hedron with tlie arsenic atoms occupying the A sites and 
the chlorine atoms the B sites. Tlie angular parameters 
o f  tlie dodecaliedroii l2 (Table 3) are very similar to those 
reported in related complexes, 1j being tlie angles 
made by the metal-ligand bonds with the & axis. The 
Nblv-As distance is only 0.02 larger tlian tlie TiIV-As, 
while the NWV-Cl distance is 0.05 A larger tlian the 

TABLE 3 
Structural parainetcrs of [MCl,(pdma.) Jc+ 

I>istance/A 
Angle/" ,--A-, 

[N b'VC1, ( pcl n1a)  .] 36.6 107.4 2.515 2.733 
C'Ti'VC14(pdnia) ,] 36.4 107.6 2.46 2.71 
[NbVC14(pdma),],[NbV( ),C1, j c 36.3 107.0 2.43s 2.74 
[NbVC1, (pdina) ,] [NbV0CI4] 36.5 107.0 2.42, 2.74, 
[TavC14(pdma),][TaVC1,(OEt)] 36.3 107.1 2.40 2.76 
LMoVCl,(pdma),] [I,] 37.8 107.3 2.45 2.66 

Coin pou nd $.$ 4s hl-CI M-AS 

This work. Ref. 1. J .  C. Dewan, D. L. Kepert, C. I,. 
Raston, and  A. H. White, J.C.S. Daltolr, 1975. 2031. M. G .  B. 
Drew, G. M. Egginton, and  J. D. Wilkins, Acta Cryst., 1974, 
B30, 1895. 
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TiIV-Cl. Comparison of the bond lengths with those in 
[NbVCl,(pdma),]+ shows that the NbIV-As distance is 
equal to, or shorter than, the NbV-As, whereas the 
NbIV-Cl distance is 0.09 A longer than the NbV-Cl. 
This can be attributed to the single d electron in the d,, 
orbital repelling the four chlorine atoms which lie almost 
in the same plane, even though the orbital lobes are 
directed between these atoms. (This dXy orbital cannot 
participate in x bonding with the arsenic atom.) This 
interaction may also be present in the dl molybdenum(v), 
complex, but the comparison is less clear because of the 
smaller metal atom. 

Within the ligand the following features may be noted. 
(i) The three C-As-C angles are all very nearly 102". 
(ii) The angle C(3)-As-Nb is less than C(4)-As--Nb, 
presumably a consequence of chelation, whereas (iii) 
C'(3')-C(3)-As is 120°, as are all skeletal angles of the 
benzene ring. However, (iv) the bond lengths within 
the benzene ring display a distinct preference for one of 
the two possible Kekul6 forms. ( v )  Unlike many 
related diarsine metal complexes in which the metal atom 
deviates substantially from the ligand plane,13 the metal 
atom, the arsenic atoms, and the aromatic ring atoms are 
rigorously coplanar (because of symmetry consider- 

ations) together with two of the chlorine atoms (Figure 
2). Deviations of H(4a,B,y) from the plane are 1.5,,, 
1.38, and 2.3, A respectively. 

Received, 1 l t h  Apr i l ,  19801 [0/540 
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