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2.174 and 2.156 A, both *0.006 A, observed by Eisen- 
berg and IbersZ0 in di(tetramethy1ammonium)bis- 
(maleonitrile dithiolate)nickel(II) . The 92.1 " N-Ni-S 
angle as well as the elongated Ni-N and Ni-S distances 
are consistent with a nonnegligible amount of steric 
hindrance between the C1 methyl group and sulfur. 
The N-C1, N-C2, and X-Cs distances are not sig- 
nificantly longer than the expected N-C bonded dis- 
tance of 1.47 A. The c-C and c-S distances are also, 
well within experimental error, 'normal'' single bonds. 
The C1-N-C2 and C2-N-C3 angles are within experi- 
mental error of the idealized tetrahedral 109" 2S', but 
C,-N-C, is significantly less a t  105.2 =k 1.2", again 
probably due to steric repulsion between C1 and S. 
The C4-S-Ni angle of 100.8 =!= 0.5" indicates that the 
sulfur contributes a p orbital to the Ni-S u bond and 
to the S-C bond as well. The Ni-S interaction prob- 
ably includes some pn-pa interaction, but this is not 
discernible from the bond lengths and angles. 

The dihedral angles between particular planes and the 

(20) 12. Eisenberg and  J. A. Ibers, Iizorg. Chciiz., 4, 605 (1965). 

perpendicular displacements of the carbon atoms from 
the Ni-N2-S2 plane are particularly interesting. The 
dihedral angle between the Ni-N-S plane and the Ni- 
C2-N plane is 91.2 i= 0.9" and Ca is 1.192 A above the 
plane defined by Ni-N2-S2. This means that C2 is in a 
stereochemically polar position relative to the NiNzSz 
plane and effectively blocks any axial chemical attack 
on the Ni(I1) species by another ligand. This is in 
agreement with the fact that this seems to be a par- 
ticularly stable complex, relatively inert to attack by 
other ligands. On the other hand, the dihedral angle 
between the Xi-N-S plane and the Xi-Cl-N plane is 
29.4 * 1.04" and the C1 atom is 0.652 A below the 
NiN2S2 plane. Therefore, the C1 methyl group can be 
considered as being in an essentially equatorial posi- 
tion relative to the NiX& plane. C, and Ci are dis- 
placed 0.72 ( 2 )  and 0.16 ( 2 )  A below this same plane 
conforming to the expected geometry for the 0-mer- 
captoethylamine group in a metal chelate. 
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The crystal structure of dimethyltin biS(8-hydroxyqUinOlil~dte), (CHa)eSn(CoHeXO)r, lids becn deterinitlet1 froirk (Ilrrc,- 
dimensional X-ray diffraction data. Unit cell constants are a = 9.44 i 0.02 A, b = 13.28 i 0.02 A, c = l j .62  =I= 0.03 A ,  
and fl = 110.0 i. 0.2'. Four molecules in the unit cell 
give a calculated density of 1.586 g/cc. By visual estimation of film data, the intensities of 1738 independent reflections 
were obtained. The structure was solved by three-dimensional Patterson and Fourier methods and refined by full-matrix 
least squares to a final conventional R factor of 7.8yo. The arrangement of atoms about the tin atom can be considered to 
be a highly distorted octahedron with the following bond distances: Sn-C, 2.15 and 2.17 A ;  Sn-0, 2.10 and 2.11 A;  
Sn-N, 2.31 and 2.38 A. The bond angles in the distorted octahedron range from 73.4 to 110.7'. The results are discussed in 
relationship to previous spectroscopic studies of the complex and a qualitative molecular orbital approach to thc bonding. 

The space group is P&/c. The density by flotation is 1.57 g/cc. 

Introduction 
I n  recent chemical literature there have been numer- 

ous reports of compounds in which group IV elements 
are believed to exhibit coordination numbers greater 
than six. I n  the case of group IV transition elements 
the structures of some of these higher coordinate com- 
pounds have been determined by X-ray diffraction 
methods. For example, tetrakis(acety1acetonato)zir- 
conium(1V) has been found to have a square-antiprism 
structure.' However, for the group IV nontransition 
elements no crystal structures of higher coordinate 
complexes have been determined. Since a knowledge 
of the configuration about the metal atoms in higher 
coordinate group TI' complexes could lead to 3 better 
understanding of the nature of the bonding, the struc- 

(1) J. V. Silverton and  J. L. Hoard ,  Inorg.  Chem., 2, 243 (1963) 

tures of a number of these compounds wiII be studied 
by X-ray diffraction methods. 

One of the group IV elements of particular recent 
interest has been tin. However, even for the lower 
coordination numbers five and six, crystal structures 
of tin complexes have not been studied. Before pro- 
ceeding t o  a study of the higher coordination numbers, 
i t  was considered necessary to examine the configura- 
tion about the tin atom in a t  least one six-coordinate 
complex. Dimethyltin bis(8-hydroxyyuinolinate), 
(CH3j2Sn(CYH6NO)2, has been previously studied by 
spectroscopic techniques, 2-6 and a t  least two aspects 

( 2 )  51. 31. XlcGrady and  R. S. Tobias, J .  Am. Chem. Soc., 87, 1909 (1965). 
(3) A.  H. Westlake and D. F. Mar t in ,  J, I n o v ~ .  ICzcl. Chem., 27, 1579 

[ 196,s j . 
(1) W. H. Nelson and  11. It. l~ lau t in ,  ib id . ,  27, 89 (1905). 
(5) K .  Kawakami and R. Okawara, J .  Oigano7neial. Chein .  (Amsterdam), 

(6) W. Kitching, ib id . ,  6 ,  686 (1966). 
6 ,  249 (1966). 
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of the structure have been the subject of conflicting 
interpretations. First, assuming near-octahedral co- 
ordination, the arrangement of groups around the tin 
atom could lead to either cis- or trans-methyl groups, 
and evidence has been offered for both possibilities.2-6 
Second, the strength of the bonds between the tin 
atom and the nitrogen atoms of the chelating ligands 
has been a point of concern.2j6 Since a crystal struc- 
ture determination could settle both of these points as 
well as giving the detailed configuration of a six-co- 
ordinate tin complex, the crystal structure of dimethyl- 
tin bis(8-hydroxyquinolinate) has been determined. 

Experimental Section 
Crystal Preparation.-The crystals used in this work were 

kindly supplied by R .  S .  Tobias and were prepared by the 
method reported by Tanaka, et al.’ 

X-Ray Data,-Dimethyltin bis(8-hydroxyquinolinate) crystal- 
lizes in the monoclinic crystal system with four molecules in a 
unit cell of dimensions a = 9.44 0.02, b = 13.28 i 0.02, c = 
15.62 rt 0.03 A, and p = 110.9 i 0.2’. The reported errors 
represent the average deviations in the observed cell constants 
as measured from precession photographs on a camera calibrated 
with iTaC1. A crude flotation measurement of the density in 
aqueous KI solution gave 1.57 zt 0.01 g/cc. A calculated den- 
sity of 1.586 & 0.005 g/cc is obtained, assuming four molecules 
per unit cell. The systematic extinctions were for hOl, 1 odd, and 
for OkO, k odd, indicating that the space group is P21/c. 

A crystal approximately 0.15 X 0.25 X 0.40 mm mounted 
with the long dimension as the rotation axis was chosen for inten- 
sity measurements. Using a Zr filter and brass interleaving 
sheets, multiple-film Mo Koc Weissenberg photographs were 
taken of the Okl-9kZ zones, and multiple exposures were taken of 
the hk0, h01, hll, and h2Z zones by the precession method. The 
relative intensities were estimated by visual comparison with a 
series of timed exposures of a selected reflection. There were 
1738 independent reflections of measurable intensity. The 
usual Lorentz and polarization corrections were made. Ab- 
sorption corrections were not made (p = 14.1 cm-l). A rough 
estimate8 of the absorption factors for a given Weissenberg 
layer indicated a range of less than 10%. The data were placed 
on a common scale using the interlayer scaling program of Hamil- 
ton, Rollett, and Sparks. 

Determination of the Structure.-The calculations described 
above and below were made on the IBM 7040 computer of the 
Computer Research Center of the University of Missouri. The 
programs used in this work were A.  Zalkin’s FORDAP program, W. 
R .  Busing and H.  A .  Levy’s ORFLS least-squares and ORFFE error- 
function programs, and data-handling programs of W. C. Hamil- 
ton and J. A. Ibers. 

The 
tin-tin vectors were easily located and indicated that the tin 
atoms are very nearly repeated by a translation of half the c 
dimension, the approximate tin atom position being (0.202,0.250, 
0.140) or (0.202, 0.250, 0.390). Although both positions gave 
reasonable agreement, the latter position was eliminated since 
chemically reasonable positions for the other atoms could not be 
obtained from a Fourier phased with the tin in that location. A 
structure factor calculation after a least-squares refinement of 
the formertinatom positiongave R = Z(1Fo /2  - IkFe12)/zIF,12 = 
0.56 and r = [Zw(lFoIz  - / k F ~ i 2 ) 2 / ( z w I F ~ / 2 ) 2 ] ’ / z  = 0.55 for all 
reflections. For (0.148F0)2 5 64, w = (1/12.8)2, and for (0.148. 
Fo)2 > 64, w = [1/0.20(0.148F)2]2. In this and subsequent 
calculations, scattering factorsga for neutral carbon, nitrogen, and 

A three-dimensional Patterson synthesis was prepared. 

(7) T .  Tanaka, M. Komura, Y. Kawasaki, and R. Qkawara, J. Ovgano, 

(8) “International Tables for X-ray Crystallography,” Vol. 2, The Ky- 

(9) “International Tables for X-ray Crystallography,” Vol. 3,  The Ky- 

metal. Chem. (Amsterdam), 1, 484 (1964). 

noch Press, Birmingham, England, 1958, pp 291-312. 

noch Press, Birmingham, England, 1962: (a) p 202; (b) p 211; (c) p 216. 

oxygen and Thomas-Fermi-Dirac values for neutral tinsb cor- 
rected forf’ andf”  dispersion factorsgC were used. 

Using only even I reflections, a three-dimensional Fourier 
synthesis was prepared with the phases from the calculated struc- 
ture factors and the magnitudes from the observed structure fac- 
tors. From this synthesis which possesses a false mirror plane a t  
y = ‘/4 i t  was possible to obtain approximate positions for all of 
the carbon, nitrogen, and oxygen atoms by taking into account 
the expected geometry of the ligand and the chemical reasonable- 
ness of the other atom positions. The first structure factor cal- 
culation based on all 25 atoms (ignoring hydrogens) gave R = 
0.30 and Y = 0.27. Three cycles of isotropic refinement of all 
atoms converged with R = 0.16 and Y = 0.20. This and all 
subsequent least-squares refinements minimized the numerator 
of r .  Unobserved reflections were not included in any least- 
squares refinements. T w o  cycles of refinement with the tin 
atoms anisotropic converged with R = 0.13 and Y = 0.16. The 
estimated error in an observation of unit weight was 0.6. The 
maximum shift in any positional parameter a t  this stage was less 
than half the estimated standard deviation of that  parameter. 
The conventional agreement factor R* = Z(lFol = ~ k F o l ) / Z I F o ~  
was 0.078. A difference Fourier based on the parameters from this 
refinement had only four peaks with densities greater than 1 e/A3 
(maximum 2 e/AS). These were all within 1.1 A of the tin 
atom and are probably heavy-atom artifacts. The weakest peak 
observed for any carbon atom on the corresponding Fourier had 
a density of -5 e/A3. 

The final positional parameters and temperature factors are 
given in Table-1. The observed and calculated structure factors 
(X10) from the last described least-squares cycle are in Table 11. 

Discussion 
Distances and Angles.-The individual bond dis- 

tances and angles are given in Table I11 and Figure 1. 
The numbering system is shown in Figure 2. The 
average Sn-C, Sn-N, and Sn-0 bond distances are 
compared to distances in related compounds in Table 
IV. The ligand bond distances are compared to 
those found in other compounds in Table V. 

The Sn-C distances (2.15 and 2.17 A) are, within 
experimental error, equal to those observed for trigonal- 
bipyramidal (CH&SnCN and the tetrahedral mole- 
cules (CH3),SnX4-, and CH3SnH3. The Sn-C dis- 
tance (2.06 A) in the other six-coordinate structure, 
(CH3)2SnF2, is, however, considerably shorter. The 
sum of the covalent radiil0 for Sn and C is 2.17 A, in 
agreement with the observed distances. It is perhaps 
somewhat surprising that one does not observe a larger 
change in Sn-C distance with change in coordination 
number. 

In  oxinate complexes of known structure, one ob- 
serves two types of bonding to the metal. I n  the com- 
plexes of copper,ll zinc,12 and palladium13 the metal- 
nitrogen and metal-oxygen bond distances (Table IV) 
and, presumably, bond strengths are roughly equivalent. 
With tin and uranium,14 however, one finds much 
shorter metal-oxygen bonds than metal-nitrogen 
bonds, the difference being about 0.25 A for both the 
tin complex and the uranium complex. This behavior 
(10) L. Pauling, “The Nature of the Chemical Bond,” 3rd ed, Cornel1 

(11) (a) G. J. Palenik, Acta Cvysl.,  17, 687 (1964); (b) R. C. Hoy and 

(12) G. J. Palenik, i b i d . ,  17, 696 (1964). 
(13) B. Kamenar, C. K. Prout, and J. D. Wright, J .  Chem. SOC., Sect. A ,  

(14) D. Hall, A. D. Rae, and T. N. Waters, PYOC. Chem. Soc., 21 (1964); 

University Press, Ithaca, N. Y., 1960, pp 224-229. 

R. H. Morriss, ibid. ,  Sa, 476 (1967). 

661 (1966), and related papers. 

Acta Crysl.,  Sa, 258 (1967). 
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TABLE I 
POSITIONAL AND THERMAL PARA METERS^ FOR (CH3)2Sn(CgHgNO)~b 

0.038 (1) 0.358(1)  0 .068(1)  
0 ,048  (I) 0.270 (1) 0.223 (1) 
0.050 (2) 0.225 (1) 0.301 (1) 

- 0.047 (2) 0.246 (2) 0.345 (1) 
-0.156(2)  0.317 (2) 0.311 (1) 
- 0.276 (2) 0.445 (1) 0.186(1) 
- 0.276 ( 2 )  0.491 ( 2 )  0.108(1)  
- 0.165 (2) 0 .463(1)  0.068 (1) 
-0.057(2)  0.387 (1) 0.106 (1) 
-0.061 (2) 0.341 (1) 0.187(1) 
-0 .169(2)  0 .370(1)  0.227 (1) 

0.350 (2) 0.290 (2) 0.064 (2) 
0 .361 (1) 0.187 (1) 0.258 (1) 
0.313 (1) 0.387 (1) 0.238 (1) 

0 . 3 7 2 ( 2 )  0.856 (2) 0.286 (1) 
0.483 (2) 0.527 (2) 0.366 (1) 
0 ,628  (2) 0.381 (1) 0.462 (1) 
0.649 (2) 0.278 (1) 0.470 (1) 
0.561 (2) 0.212 (1) 0.401 (1) 
0.447 (1) 0.241 (1) 0.323 (1) 
0.423 (2) 0.354 (1) 0.314 (1) 
0,516 (2) 0.422 (1) 0.382 (1) 
0.086 (2) 0.111 (1) 0.086(1) 
0.2029 ( I )  0.2496 (2) 0.1380 (1) 

I: Y 2 

0.283 ( 2 )  0.486 (1) 0.222 (1) 

13 

3 . 0  (3) 

3 . 5  (4) 
4.4 (4) 
3 .9  (5) 
3 .7(4)  

3 . 5  (4) 
2 . 2  (3) 
2 . 8  (4) 
3.3 (4) 
5 . 2 ( 6 )  
3 . 0  (3) 
2 . 9  (3) 
3.8 (4) 
4 . 2  (5) 
4 . 1 ( 5 )  

4 . 0  (5) 

2 . 4 ( 3 )  
2 . 8  (4) 

3 . 1  (3) 

4 . 1  (5) 

3 .7  (4) 

3.3 (4) 

3 . 3  (4) 
3 . 4  (4) 

. . .  
P U l )  P ( 2 2 )  P ( 3 3 )  P(1Z) P(13) 8(23) 

Sn 0.0106 (1) 0.00404 (5) 0.00349 (4) 0.0027 (2) 0.0028 (1) -0.0001 (2) 
a The anisotropic temperature factors for the Sn atom are of the form: exp [ - (pnhz + &k2 + p 3 3 P  + 2p&k + 2P13hZ + 2&kl ) ] .  

* Standard deviations are in parentheses. 

, 
"-k7 G I 0  

8 8  3 1107 / 
I 

/ 
c 20 

Figure 1.-Bond angles around the tin atom in (CH3)*Sn- 
(CgH6SO)z. 

can be rationalized from Pearson's hard and soft acid- 
base concept.lj Since the nitrogen is a softer base than 
the oxygen, i t  is not so strongly attracted to the hard 
acids tin(1V) and uranium(V1). The nitrogen is, how- 
ever, strongly attracted to the softer acids Cu(IT), 
Zn(II), and Pd(TT). 

The ligaiid boiid distuces (Table V) are iii reasoil- 
able agreement with the average values determined by 
other ~ v o r k e r s ~ ~ - ~ ~  for Cu, Zn, and Pd oxinate corn- 
plexes arid \\.it11 those from a Hiickel LCAO-MO cal- 
culation for quinoline by Pullman and Pullman.16 A 

(15) R. C. Pearson, J .  Am. Cheni .  Soc., 86, 3533 (1963). 
(16) B. Pullman and  A. Pullman, "Quantum Biochemistry," Iuterscience 

Publishers. Inc . ,  New York, L-. Y., 1863, p 812. 

Figure 2.-Perspective view of the molecular structure of ( CHs)2- 
Sn( CgH6N0)2. 

definitive check on the magnitude of the alternation in 
C-C and C-N distances in quinoline-type systems 
awaits a more accurate structure determination. The 
average C-C distance in (CH3)2Sn(C9H6N0)2 is 1.41 =t 

0.02 A and the average C-N distance 1.33 =t 0.01 A. 
The deviation of ligand bond angles from 120" can- 

not be considered significant in light of the large stan- 
dard deviations. Weighted least-squares planes through 
the 11 ligaiid atoms for the O(1) ligand and for the O(2) 
ligand in monoclinic coordinates have, respectively, the 
equations 

8.39x + 0.72y - 11.sx - 0.12 = 0 

4.50.x + Y.27y + 5.192 - 3.86 = 0 
and 
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TABLE I1 
OBSERVED AND CALCULATED STRUCTURE FACTORS FOR ( CH8),Sn( CsH&O)n 

g L FO FC K L 10 I C  K L IO F C  x L Fu I C  x L 10 FC L L PO F C  x L f o  FC I I r n  LI K L FU F C  K L P O  I t  U 1 FO fL ". 0 

*. 2 

0 311 
2 I52 
b 1111 
L 688 I I  b20 
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TABLE I11 
INTRAXOLECULAR DISTANCES ASD 

h G L E S  FOR (CHs)aSn(CsH&O)2 
----Distance, A-- - -  --- Angle, deg- 

Sn-O( 1 ) 2.11 (1) Sn-S( 1)-C( 1) 
Sn-0(2) 2 .10 (1 )  Sn-S(I)-C(S) 
Sn-S(1) 2 .31 (1) CI-N( 1 )-C( 8) 
Sn-X(2) 2 .38 (1 )  S(l )-C( 1 )-C(2) 
Sn-C( 10) 2 .17  (2) C(l)-C(2)-C(3) 
Sn-C(20) 2 .15 (2) C(2 j-C(3)-C(9) 
C ( l ) - S ( l )  1 .36  ( 2 )  C(3)-C(9)-C(4) 
C(l)-C(Z) 1.36 (2) C (3 )-C (9)- C (8) 
C(2)-C(3) 1 , 3 6  (3) C( 9)-C(8)-S( 1 ) 
C(3)-C(9) 1 .46  (3) C(4)-C(B)-C(8) 
C(4)-C(9j 1 .39 (2) C!S)-C(4)-C(5) 
C(4)-C(5) 1 . 3 i  (3) C( 4)-C( 5)-C( 6)  
C(5)-C(6) 1 .44 (3) C(5)-C(6)-C(7) 
C(B)-C(i) 1 .42 (2) C(H)-C(i)-C(S) 
C(7)-C(8) 1 . 4 1  (2) C (i )-C (8)-C (9) 
C(8)-C(9) 1 , 4 3  (2) C(7)-C(8)-S (1 ) 
C(8)-S(l)  1 .36 (2) 0(1)-C(7)-C(8) 
C(7)-0(1) 1 . 3 1  (2) 0 ( 1 )-C( 7 )-C( 6)  
C(l l ) -S(2)  1 .35  (2) Sn-O( 1 ) -C(7)  
C(l1)-C(12) 1 .40 (3) Sn-K(2)-C(lI) 
C(12)-C(13) 1 .37 (3) s i l -s(2)-c( l8)  
C(13)-C(19) 1 .43  (3) C(ll)-N(2)-C(l8) 
C(14)-C(19) 1 .42 (2) S( 2)-C( 11 )-C( 12) 
C(14)-C(l5) 1 .39 ( 3 )  C(13 )-C( 12i-C( 13) 
C(l5)-C(16) 1 .40 (2) C(12)-C( 13)-C(l9) 
C(17)-C(18) 1 .51  (2) C(13)-C(19)-C( 14) 
C(l8)-C(l9) 1 .43 (2) C(13)-C(lQ)-C(18) 
C(18)-K(2) 1 .35 (2) C(  19)-C( 18)-S( 2)  
C(li)-O(2) 1 .27 (2) C(  14)-C( 19 )-C( 18) 

C(  19)-C( 14)-C( 15 1 
C(l4)-c(l5;)-C( 16) 

C(  l i ) -C(  lS)-C( 19) 

0(2)-C( li)-C(lA) 
Sti- 0(2)-C(17) 

C(15)-C( 16)-C(17) 
C( 16)-C( 17 )-C( 18 j 

C( 17)-C( 18)-K(2) 
0 (2)-C( l i ) -C(  18) 

131 (1) 
113 (1) 
116 (1) 
123 (2) 
120 (2) 
120 (2) 

115 (2) 
124 (2) 
120 (2) 
120 (2) 
120 (2) 
122 ( 2 )  

122 (2) 
114 (2) 
122 (1) 
122 (1) 
118 (1) 
128 (1) 
111 (1) 
121 (1) 
119 (2) 
122 (2) 
119 (2) 
125 (2) 
116 (2) 
122 (2) 
118 (2) 
120 (2) 
121 (2) 
125 (2) 
113 (1) 
122 (1) 
116 (1) 
117 (1) 
1 3 0  (2) 
1x3  ( 1 )  

125 ( 2 )  

116 (1) 

TABLE IT7 

(CH8)h'n ( C B H G S O ) ~ ~  WITH THOSE OF RELATED COMPOCNDS 
COMPARISOS O F  XVERAGE BOND DISTANCES I N  

Compound Distance, A Ref 

Sn-C (CHa)?Sn(CaH,&0)2 2.16 = 0.02 n 
Sn-C (CI-Ia)rSnF: 2 . 0 6 *  0 . 0 1  b 
Sn-C (CHJ)I.SIICN 2 . 1 6 3 ~  0 .03  L 

Sn-C (CHd),SnXI-, 2 . 1 8 3 ~ 0 . 0 3  d 

Sn-C CH3SnHs 2.143 d 
Sn-0 (CH3)2Sn(C9H6S0)2 2 .11*  0 .01  a 
Sn-E (CH3)zSn(C&,SO)z 2 . 3 5 A  0.04 u 
u-0 U O ~ ( C ~ H C ~ \ T O ) ? ( C ~ H ~ S O )  2 .32  =k 0.04 e 
U-S U O ~ ( C ~ H G N O ) * ( C ~ H ~ ~ - O )  2 .56  3Z 0.04 e 
CU-0 Cu(CoHe,SO)e 1 .94 (1 .94 )  j , ~  
CU-K C~(CqHtiS0)z 1 . 9 6 ( 1 . 9 8 )  f , g  
Pd-0 Pd(CoH6KO)a 1.99 h 
Pd-N Pd(CoH&O)a 1.99 16 
Zn-0 Zn(C9HGXO)2 .2H20 2.07 i 
Zn-K Zn(C~HGS0)2 .2He0  2.10 i 

X = C1, Br, or I ;  3' = 1-3 

a This work. E. 0. Schlemper and W. C. Hamilton, I n o i g .  
Chem., 5 ,  995 (1966). c E. 0. Schlemper and D. Britton, ibid., 5 ,  
507 (1966). L. E. Sutton, Ed. ,  "Interatomic Distances," The 
Chemical Society, London, 1958. e Reference 14. f Reference 
I1:t. 0 Refererice 1 I t ) .  Referelice 13; average uf values (11)- 
tairicd for bis-8-liydrosyquinolinatc palladiuni compleses with 
1,2,4,5-tetracyanobenzene and cliloratiil. ' Reference 18. 
J C,,HljSO = 8 - I i y t l r o s y t ~ ~ i 1 1 o l i 1 1 ~ ~ ~ e .  

'rAIjLB v 
COMPAKISON O F  LIGAND BOND DISTANCES (A) I N  

\CHa)aSn(CaH&0)2 WITH THOSE I N  RELATED COMPOUNDS'' 
(CHdzSn- 
(CgHaX0)z I\Ieanb Calcd' 

s ( 1 )-c (1 ) 1.35 1.32 1 .:I2 
S( 1 )-C(8) 1 .35  1.30 1 ,:j5 
C (  1)-C(2) 1 .38  1.40 1 40 
C(21-C ( 3  ) 1.36  1.36 1 . 3 8  
C(3)-C(9) 1 .44 1 . 4 3  1 . 4 1  
C(4)-C(9) 1 .40 1.39 1 . 4 1  
C(4)-C(5) 1 .38  1 . 3 8  1.38 
C (  5)-C(6) 1.42 1 .41  1 . 4 1  
C(G)-C(i) 1.39 1.39 1 . 3 8  

C(8)-C(9) 1 .43  1.42 1.42 
C( 7)-O( 1 ) 1.29 1.32 

C (7 )-C( 8 )  1.46 1.42 1.41 

'Hie atom-iiumbering system used is that  for tlie O( 1) ligaiid 
but the values given for (CHs)nSn(CeH&O)? are the average of 
the values obtained for both ligands. * Average of values ob- 
tained for Cu(C&&o)?, Cu(CaH&O)~~  tetracyanoquinodiiiietli- 
ane, Cu(CgH&O)?. picryl azine, Zn (CaHeS0)2 ,  2H20, Ptl- 
(CUHGXO)~  1,2.4,5-tetracyanobenzeiie, aud Pd(C9HGKO)2 chlor- 
a1ii1.l~ Values calculated for quinoline by LCXO-MO 
nietliod, 

The largest deviation of any ligand atom from its re- 
spective plane is 0.04 f 0.02 A. The average devia- 
tion of an atom from its plane is 0.01 f 0.2 A. There 
is, therefore, definitely no  significant observed devia- 
tion from planarity for either ligand. If the tin atom is 
included in the least-squares plane calculations, the 
deviations of individual atoms from the planes are 
slightly larger but still not significant. 

The shortest intermolecular distances are given in 
Table VI .  None of them is short enough to suggest 
any significant deviation from normal van der Waals 
interactions. 

T A H 1 , E  \'l 
ISTERMOLECULAK DISTANCES (A) IS (C1-la)?Si~(C!,HtiSO)?" 
0 ( 1 )-C(2 ) 3 .56  C ( 10 )-C ( 13) 3 . 8 2  
0(2)-C(4) 3 .51 C(l0)-C( 15) 3 . i 3  
0(2)-C(5) 3.62 C(10)-C(16) 3 . i 5  
0 ( 1 )-C( 15 ) 3 88 C(12)-C(16) 3.8% 
C(1)-C(5) 3 .74  C(12)-C(17) 3 .73 
C(l)-C(6) 3 .97  0(2)-C(12) 3 .34 
C(2)-C(12) 3 .93  0(2)-C(13) 3.53 

C (6)-C ( 16) 3 , i 3  C(6)-C( 10) 3 . 9 3  
C(7)-C(l5) 3 .57  C(20)-C(ZO) 3 . R 3  
C(S)-C(l5) 3 .85  C(13)-C(14) 3 .44 

C(5 )-C(16) 3.96 0(1)-C(6) 3.67 
C(6 )-C( 15) 3 .71 C(5)-C( 10) 3.85 

A11 intermolecular distances less than 4.0 A are given. 

Nature of the Structure and Bonding.-The oxinate 
groups are chelating as had been predicted from con- 
sideration of the visible-ultraviolet spectrum17 and the 
infrared s p e c t r ~ m ~ ' ~  and by the failure to coordinate 
dimethyl sulfoxide in solution.6 As predicted by Mc- 
Grady and Tobiasj2 the Sn-0 bonds are shorter (2.1 1 
A) and, presumably, stronger than the Sn-N bonds 

A 
(2.35 A). 

The iiiolccular structure is shown in Figure 2. 
( 1 7 )  I< nal-hieri, G. Pal-aglia, k1. Giustiniani, ;mtl I,. l<oncucci, J .  l i i o i f i .  

,Yucl, < ' / ; t , v , ,  26,  2O:i (l!l(i I ) .  
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nearly tetrahedral C-Sn-C angle is suggested by the 
tin-proton coupling constants observed by McGrady 
and Tobias2 Martin and co-workers had postulated a 
trans arrangement of the methyl groups based on their 
interpretation of the infrared spectrum3 and their in- 
ability to resolve optical  isomer^.^ Okawara6 also 
preferred the trans structure. The observed C-Sn-C 
angle (110.7 f 0.8') is remarkably close to the tetra- 
hedral angle and lends support to the suggested rela- 
tionship between tin-proton coupling constants and 
tin orbital hybridization.'* 

An interesting qualitative A T 0  approach to the bond- 
ing in tin compounds with coordination number greater 
than four, not requiring the use of the 5d orbitals, has 
been p o s t ~ l a t e d . ~ ~ ~ ~  For all cases where more than 
four atoms are bonded to the tin atom by bonds with 
covalent character, three-center, two-electron bonds 
can be postulated. For (CHa)zSn(CgH6NO)z the bond- 
ing could involve sp3 hybrid orbitals on the tin par- 
ticipating in normal covalent bonds to the methyl groups 
and three-center bonds to the oxinate groups. Molecu- 
lar orbitals constructed from a tin sp3 hybrid orbital 
and q-type orbitals from both nitrogen and oxygen 
would result in bonding, nonbonding, and antibonding 
combinations. The four ligand electrons would occupy 
the bonding and nonbonding orbitals. The angles 
between the center point of the line connecting N(1) 
and 0(1), the tin atom, and the atoms C(l0) and C(20) 
are 129.8 and 95,8", respectively. The angles between 
the center point of the line connecting N(2) and 0 ( 2 ) ,  
the tin atom, and the atoiiis C(10) and C(20) are 94.0 

(18) J. R. Holmes and  H. D. Kaesz,  J .  Am. Chem. Soc., 88, 3903 (1961). 
(19) I. K. Beattie and  G. P. McQuillan, J. Chem. Soc., 1519 (ISBR). 

and 133.4', respectively. The angle between the center 
point of the line connecting N( l )  and 0(1), the tin 
atom, and the center point of the line connecting N(2) 
and O(2) is 97.5'. The fact that  these angles describe a 
distorted tetrahedral coordination of the tin atom lends 
some support to the above bonding theory. The 
fact that the Sn-C bond distances are the same as 
those observed for tetrahedral tin compounds also 
lends support to the theory. A larger coefficient for the 
oxygen orbital in the bonding molecular orbital could 
account for the shorter Sn-0 than Sn-N bond distances 
and the distortion from tetrahedral coordination ob- 
served for the above bond angles. The shorter Sn-C 
bond in (CH,),SnF, (Table IV) could be explained by 
the use of sp hybrid orbitals on the tin for the Sn C 
bonds with any covalent bonding to fluorine atoms in- 
volving the use of the other two tin p orbitals. The 
bonds to the fluorine atoms are, however, probably 
primarily ionic. It is possible that there is some d- 
orbital contribution to the bonding in (CH3)2h- 
(CgH6N0)2, but the extent of involvement is uncertain. 
It is also probable that the bonding to the oxinate 
groups is somewhat ionic. The author plans to ex- 
amine a complex of the type R3Sn(C9H6NO) as a fur- 
ther test of the above bonding approach and of the 
relationship between tin-proton coupling constants 
and the C-Sn-C bond angle. 
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Isomer shifts reveal an order of bond polarity Sn-Cl > Sn-Br > Sn-I in complexes of dibutyltin dihalides with o-phenan- 
throline and with or,or-dipyridyl. The electric dipole moments of the a-phenanthroline complexes are 11.3, 12.7, and 12.9 D .  
for the dichloride, dibromide, and diiodide, respectively, indicating that  a portion of the latter two moments is associated 
with asymmetry in the distribution of unshared halogen electrons. The large moments obtained for these complexes in- 
dicate a trans arrangement for the butyl groups. 

Isomer shifts of compounds of the type RzSnXz and 
its complexes with donor compounds give an indication 
of the relative polarity of the Sn-C1, Sn-Br, and Sn-I 
bonds and the relative changes in polarity on complex 
formation. A cornparisoil of the electric dipole nio- 

(1) T h e  Radiation Laboratory is ope]-ated by the University of Notre 
This is AEC [lame undei- contract  with the Atomic Energy Commission. 

1 ) w i i n i e n l  No. C00-38-5:18. 

ments of these complexes with their Mossbauer spec- 
tra offers a means of illustrating the contribution of 
unshared halogen electrons to the dipole n~oments. 

Bidentate ligands are preferred t o  monodentate in 
dipole moment studies because in the event of chela- 
tion-the formation of monomer complexes-the num- 
ber of possible isomers is reduced and the resultant of 
the dipoles associated with the dative bond i i  fixed. 


