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Table IV. Uv-Visible Absorption Bands (cm-’ X lo-’) of paphy, 
[Yb(paphy)(HzO),(OH)]2C14~4Hz0 (Complex A), and 
Dehydration Product (complex B), Recorded as Nujol Mulls 

Hollander, Ip, and Coucouvanis 

Paohv Comolex A Complex B 

Band I 42.3 38.8 35.8 
32.1 31.8 

Band I1 29.9 21.2 (sh) 26.4 (sh) 
24.8 (sh) 21.8 (sh) 

any magnetic interaction at temperatures above 220 K. Below 
this temperature there is a small deviation from Curie-Weiss 
behavior. The magnetic properties of the complex between 
4 and 90 K are being studied further. In a chloro-bridged 
dimeric complex with a Yb-Yb separation of 3.98 A, Ray- 
mond found no magnetic interaction between the Yb(II1) 
atoms a t  temperatures down to 4 K.23.24 

Ultraviolet-Visible Spectra. The solid-state uv-visible 
spectra of the free ligand, the complex, and the final dehy- 
dration product obtained after prolonged heating and the loss 
of four H2O per Yb are summarized in Table IV. The 
spectrum of the free ligand has two strong bands. These bands 
split and undergo large bathochromic shifts when the ligand 
becomes coordinated to Yb(II1). The bands move to even 
longer wavelengths in the dehydration product. The stepwise 
dehydration of the complex (see Experimental Section) is 
consistent with the initial loss of two molecules of lattice H2O 
per Yb atom, followed by the loss of two coordinated H20 
molecules per Yb atom. A reduction of the coordination 
number of Yb from 8 to 6 would account for the large ba- 
thochromic shift on dehydration. 
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[Ag(P(C6H5)2(C2H5))2]2Ni(S2C2(CN)2)2. Steric Effects on the P-Ag-P Angle 
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Bis[bis(diphenylethyIphosphine)silver(I)] bis(l,2-dicyano-l,2-eth~lenedithiolato)nickelate(II), [Ag(P(C6H5)2(C2- 
H s ) ) ~ I ~ N ~ ( S ~ C ~ ( C N ) ~ ) ~ ,  crystallizes in the orthorhombic space group Pbca with four molecules per unit cell. The  cell 
dimensions are a = 18.427 ( 9 )  A, b = 26.894 (10) A, and c = 13.149 (9) A. Intensity data were collected with a four-circle 
computer-controlled diffractometer using the 8-28 scan technique. All 40 nonhydrogen atoms were refined anisotropically 
and  the 30 hydrogen atoms were included as fixed atoms. Refinement by full-matrix least squares using 21 13 reflections 
gave an R value of 0.023 for 358 parameters. The geometry of the NiS4 group is square planar. The interaction of Ag(PPh3)2+ 
occurs a t  the NiS4 group and the silver atoms are located above and below the NiS4 plane in a chair configuration. Average 
values of selected bond distances and angles in the (AgP2)2NiS4 core a re  as follows: Ag-Xi = 2.986 A, Ag-S = 2.854 
A, Ni-S = 2.177 A, Ag-P = 2.449 A, Ni-Ag-S = 43.70”, S-Ki-S(inter1igand) = 87.55’, S-Ni-S(intra1igand) = 92.45‘. 
P-Ag-P = 128.00°. The  31P NMR spectra of the [(P(C6H5)n(C2H5)3~rr)2Ag]2Ni(mnt)2 complexes (n = 0, 1, 2, 3) were 
obtained and the 107Ag-31P coupling constants were 394, 413, 426, and 426 Hz for n = 3, 2, 1, and 0, respectively. These 
data when correlated to P-Ag-P angle values indicate the importance of steric effects in determining the s character of 
the  .4g-P bond. 

Introduction 
In a recent study of the solution structure of silver(1)- 

phosphine complexes, Muetterties and Alegranti’ presented 

features of these compounds. A notable characteristic in the 
31P nuclear magnetic resonance spectra of the ((tol)3P)zAgL 
complexes was the variation in magnitude of the Agg3IP 

coupling constants. Thus values from 380 to 470 Hz were 
observed in compounds for which conductivity studies did not 
indicate an appreciable extent of dissociation (eq 1 ). 
( p ( t o l ) 3 ) , ~ g ~  2 ( P ( ~ ~ ~ ) , ) , A ~ +  + I,- (1) 

The values of the Ag-P coupling constant, to a first ap- 
proximation, can be correlated with the percent s character 

some interesting conclusions about the structural and kinetic 



Structure of [Ag(P(CsHs)z(C2Hs)>21 2Ni(S2C2(CNhh 
Table I. Final Positional and Thermal Parameters for the Atoms in [Ag(PPh,Et),],Ni(mnt)zu 
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A T O P  X 
NI 0 
A G  0.02300L2) 
P I 1 1  -0.0328716) 
P I 2 1  0.14623161 
S ( 1 )  -0 .0059716)  
S l 2 l  0.09228161 
N ( 1 1  0.0854131 
N I Z )  0.212813) 
C l l )  0.0648131 
CIZI 0 . 0 7 7 2 ( 3 )  
C 1 3 )  0 .107213)  
t i 4 1  0.166213) 
C151 -0 .1251(31  
C ( 6 )  - 0 . 1 8 1 7 ( 3 )  
C 1 7 )  -U.036412) 
C ( 8 )  - 0 . 0 6 0 6 ( 3 )  
C 1 9 )  -0.0636141 
C110) - 3 . 0 4 3 1 ( 4 )  
C l l l l  -0.0195131 
C l 1 2 )  -0.0164131 
C ( 1 3 1  0.023813) 
C ( 1 4 )  0.0174131 
C115)  0.0663(51 
C I l 6 )  0.1220151 
C1171 0.130814) 
C l l 8 1  0 .081913)  
C1191 0.1552131 
C(2CI  0.1075131 
C1211 0 .193512)  
C1221 0 . 1 7 5 8 ( 3 1  
C123)  0.212614) 
C(241 0.2681141 
C l 2 5 1  0.286413) 
C126)  0.249713) 
C(271 0 .205212)  
CIZ8J 0 . 1 9 0 7 ( 3 )  
C ( 2 9 )  0 .2368(51  
C13C) 0.2968141 
C(31)  0 . 3 1 0 7 ( 4 )  
C ( 3 2 1  0.266613) 
H ( l 1  -0.0750 
H 1 2 )  -5.0801 
H ( 3 )  -0.0453 
H ( 4 l  -0.0053 
H ( 5 )  -0.000 
H ( 6 )  ~ 0 . 0 2 1 9  
HI71 0.0606 
H ( 8 1  0.1549 
H I 9 1  0.1704 
t i I lC1 0.0877 
H (  111 -0.1346 
H (  1 2 )  -0.1278 
H ( 1 3 )  -0.2284 
b ( 1 4 )  -0.1730 
HI151 -0.1797 
lit161 0.1366 
HI171 0.1996 
H ( 1 8 )  0.2936 
H l 1 5 )  0.3256 
H ( Z C 1  0.2629 
H(21)  0.1490 
HI221 0.227 
H ( 2 3 )  0.3288 
HI241 0.3525 
HI251 0.2772 
H I 2 6 1  0.1424 
V127) O.LO43 
H ( 2 8 1  0.114 
Hl2Sl  0.1202 
Hl3Cl 0.0583 

Y 
0 

0.1023411)  
0.15035141 

0.00319151 
-0.05054151 

-0.1164121 
-0.03471 2 )  
-0.04031 2 I 
-0 . O S 8 6 1  2 )  
-0 .090212)  

0.135Ol 2 I 
0.14911 2 1  
0 . 2 1 7 1 ( 2 1  
0.24831 2 I 
0.29831 3 )  
0.319Ol 2 )  
0.2894131 
0 .237412)  
0.1421 1 2 )  
0.1004(  21 
0.0913( 3 )  
0.1227151 
0 . 1 6 3 5 ( 4 )  
0 .173613)  
0 .0923(  2 1 
0 . 1 2 3 1 / 3 d  
0 .1681(  2 1  
0 19941 2 1 
0.2434t 31 
0 .2564(  2 )  
0 . 2 2 6 3 ( 3 1  

0 .0678(  2 I 
0.05931 2 1 
0 .O296( 31 
0 -0089 1 2 1  
0.0175l 3 )  
0.04621 2 )  
0.2344 
0.3195 
0.3539 
0.3042 
0.216 
0.0784 
0.0626 
0.1154 
0.1849 
0 ~ 2 0 2 5  
0 . 1 5 2 3  
O.lJO2 
0 -1405 
0.1318 
0.1539 
0.1899 
0 . 2 6 4 7  
0 - 2 8 6 6  
0.236 
0 .1613 
0.0739 
0.0236 

-0.0 1 14  
0.0032 
0.0519 
5 . 3 5 8 3  
0 .0969 
0.113 
0.1572 
0 .1185 

o . i o 9 a 4 1 4 )  

-0 . a4471 2 )  

0.18241 21 

a The form of the temperature factc 

2 
U 

0.C820212J 
0.22061181 
O.C1580(91 
0.16516191 
0.0035 I 1 I 
0 . 3 9 4 2 ( 4 )  
0.183014) 
0.2020141 
0.30841 5 1 
0.1326(41  
0.1619141 
0 . 2 6 3 1 ( 4 )  
0.1863 ( 5  I 
0 . 2 0 2 0 l 4 l  
0.2786 15 I 
0 . 2 6 2 7 ( 7 )  
0.173418) 
0.C97915) 
0 . 1 1 1 5 ( 4 1  
0 . 3 3 2 2 ( 3 1  
0.3919151 
0.469716) 
0.4875 ( 6  1 
0.425016) 
0.3523141 

-0 .1170(4)  
-0.184614) 

O.C279(4) 
0.105514) 
0 . 1 2 3 3 ( 5 )  
0 . 0 6 1 0 ( 8 )  

-0. C156(7  J 
- 0 . 0 3 3 3 ( 5 1  

0 . 0 8 7 1 ( 4 )  

0.2456 1 5 )  
0 . 2 0 1 4 ( 9 )  
0 .1025(81  
0 . 0 4 5 2 ( 4 )  
0.3419 
0.3153 
0.1634 
0.0353 
0.0586 
0.3788 
0.511 
0 . 5 4 0 8  
0.442 
0.3118 
0.3246 
0.2748 
0.2115 
0.1245 
0.1743 

o. 1 8 a 4 t 4 )  

0.1485 
0.1779 
0.0725 

-0.058 
-0.088 

0.2186 
0.3153 
0.2392 
0.0719 

-0.0246 
-0.1249 
-0.137 
-0.2533 
-0.1778 
-0.1656 

(E in units of A’) is T 

3 1 1  
3.70141 
4 .1412)  
3.9616) 
3.94 15 I 
4.9716)  
4.08151 

12.4141 
6 . 0 ( 3 )  
5.6131 
7.2131 
4 . 5 1 2 1  
5 . 2 ( 3 )  
4.3121 
4.3131 
3.9121 

11.114) 
13.11 5 )  

9 . 0 1 4 )  
8.3141 
6.3131 
5 . 2 ( 3 )  
7 . 7 ( 3 1  

13.8151 
6 .815)  
6 . 6 ( 4 1  
6 . 1 ( 3 1  
5 . 9 ( 3 )  
9 .1(41  
3.812) 
6.7131 
9 . 0 ( 4 )  
6.414) 
6 . 6 ( 4 )  
7.413) 
4 . 4 ( 2 )  
5 .5(31  
8.1141 
7.314) 
6.914) 
6 .113)  
8.350 

9.080 
7.990 
5.620 
7.060 
9.650 

11.280 
10.540 

7.590 
5.780 
5.780 
7.630 
7.630 
7.630 

10.830 

6.360 
7.890 
8.230 
9.550 
7.750 
6.030 

022 
3 .9214)  
4 . 2 9 ( 2 )  
3.70161 
3 .9417)  
4 .6517)  
4 .9617)  
7 . 5 ( 4 )  
6.513) 
3 .7(31  
5 . 1 ( 3 1  
3 . 4 ( 3 )  
4 . 3 ( 3 )  
4.813) 
7 .114)  
3.913) 
4 . 0 1 3 )  
5.715) 
3.7141 
6 . 3 t 4 )  
4.113) 
5.3131 
6.214) 

1J.6161 
21.21111 
23.019) 
11.515) 

6.413) 
11 .8(51  

4.213) 
5.313) 
5.7141 
4.1141 
5 . 9 ( 4 )  
4.613) 
3.3(21 
6.0131 
8 . 4 ( 4 1  
5 . 0 ( 4 )  
5.1141 
5 .2(31  

8 3 3  
5 .3214)  
5 . 6 2 ( 2 1  
5.10161 
4.73161 
5.4916) 
6.471 71 
7 . 0 ( 3 1  

12 - 4  14 1 
5 . 3 ( 3 )  
7 . 2 ( 4 )  
7 .113)  
9 . 0 1 4 )  
8.3131 

1 1 . 6 ( 4 1  
5 .913)  
9 . 8 ( 4 1  

14.116) 
14.6 1 6 )  
9.414)  
6.513) 
4.5121 
7 .3(31  
7 .514)  
5 .914)  
5 . 6 ( 4 )  
5.3(31  
5 . 6 ( 3 1  
5 . 6 ( 3 )  
5.1 1 2 )  
7.013)  
9 . 0 ( 4 )  

14.216) 
16.417) 
11.2 141 
6.5131 
6.6131 
9.7141 

15.9 ( 7 )  
15.1161 
8 . 8 ( 3 1  

B12 E(13 
-0 .3013)  -0.32131 
-0.29111 3 . 5 5 ( 1 )  
-0.13151 0 . 7 5 ( 5 1  
- 0 . 2 1 ( 5 1  5 .4115)  
-0.3 3 1 5  1 -J. 0 3  I51 

0 . 1 4 ( 5 1  -0 ,72151 
-1.7L31 

0 . 5 ( 2 1  
-1.312) 
-1 .z 12 I 
-0 .6(21  
-0.7131 
-0.5121 
-0.3 I 2 1  
-0.212) 
-0 .113)  

0.9143 
0.4L3) 

-J - 3  ( 3  I 
-0.1121 

3 . 2 1 3 )  
1.713) 
4 . 5 1 5 )  
3.4161 

-2.7151 
-2.4131 
-1.4 1 2 )  
-0 . z  I4  I 

0 . 4 1 2 )  
-1.6131 
-1 ,4131 
- 1 . 2 ( 3 )  
-1.313) 
-1.5131 
-0.3 1 2 )  
-1.413) 
-3.4 ( 4  1 
-2.013) 

2 .1(31  
1.7131 

- 2 . 1 ( 3 )  
- 2 . 7 1 2 )  
-1.41 2 I 
-0.9131 
- 1 . 6 1 2 )  
-1.5131 

1.7121 
0 . 9 1 3 )  
1 . 2 1 2 )  
5 . 5 ( 3 1  
5 .715)  
1 .3(41  
3 . 5 1 3 1  
0.612)  
0 . 6 1 2 )  

-1 .413)  
-0.9 ( 4  1 
- 0 . 9 1 4 )  

0.2I 3 )  
1 . 3 ( 3 )  
3 . 5 ( 2 )  

- 0 . 6 1 3 )  
1).3(21 
0 . 5 ( 2 1  

-1.3131 
-3 .0(41  

3 .014)  
3.51 31 

- 0 . 7 ( 2 1  
- 0 . 9 (  31 
-2.3 I41 
-4.3151 
- 1 . 0 ( 4 )  
-0.2131 

E323 
- c .  5 9 (  3 1 
-1 .05(21  
-C.4115) 
-C.CYI 5 I 
-C.4315) 
-1 .0716)  

1 . 3 1 3 )  
C.21 3 )  

-G.J12I 
3.51 31 

-C.9(2)  
-C.5131 
C.913) 
C.61 3 )  

-0 .212)  
-C.9131 
-1.11 41 

C.014) 
3 . 0 ( 4 )  

-0.11 2 )  
- 1 . 1 ( 2 1  

0.01 3)  
1 . 1 ( 4 )  

-2.41 51 
-2.5141 
-1.41 31 - 1.4( 21 

0.41 31 
C.2(21 

-3 .4(31  
-1.2( 3 )  

1.2141 
1 . 3 ( 4 )  

-C.913) 
-0.5121 

1.4131 
4.214) 
5.214) 
1 . 1 ( 4 )  
c.1131 

8.660 
9.300 
9.010 
6.640 
5.940 
5.940 
8.810 
8.810 
8.810 

’=  expI-0.25@, ,h’a*’ t B,,kzb*z B,,12c*’ t 2B,,hka*b* + B,,hla*c* t 
28, ,klb*c*)] for anisotropic parameters and T = exp[-B(sin2 0 ) / h ’ ]  for isotropic thermaiparameters. 

in the Ag-P bond and, therefore, the magnitude of the P-Ag-P 
angle. Recently Davis et aL2 and Lippard and Mayerle3 
suggested that the P-Cu-P angle in the (Ph3P)2CuL com- 
plexes is significantly affected by steric factors which arise 
from interactions between the substituted phosphine groups 
and the anion (L). As part of our studies concerning the 
synthesis of polynuclear coordination compounds4 we have 
determined the solid-state structures of several [ (Ph3P)2AglnL 
c o m p l e x e ~ . ~ ~ ~  With L = Ni(S2C2(CN)2)22-, n = 2, various 
substituted phosphine analogues can be prepared. In order 
to obtain additional information on the factors that determine 
the geometry of the Ag(PR3)2+ moiety and particularly to 
ascertain the relative importance of steric interactions between 
various phosphines and the same anion we have determined 
the crystal structure of the [(EtPhzP)&g]zNi(mnt)z complex’ 

and examined the 31P  N M R  spectra of the 
[(EtnPh3,)2AglzNi(mnt)2 complexes (n = 0, 1 ,  2, 3). 

Experimental Section 
NMR Measurements. The 31P spectra were obtained on a Bruker 

HX90E, equipped with a broad-band proton decoupler, an S X P  
high-power radiofrequency amplifier, and a B-NC 12 computer. The 
radiofrequency applied was 36.44 MHz. The solvent was a mixture 
of dichloromethane-toluene-& (4:l v/v). A capillary containing 85% 
H3P04 was used as external reference. 

X-Ray Diffraction Measurements. Collection and Reduction of Data. 
Suitable crystals of [Ag(PPh2Et)~]zNi(mnt)2~ were obtained* by the 
slow diffusion of ether into a dichloromethane solution of the complex. 

Preliminary precession photographs of the bright red, truncated 
octahedral crystals indicated Laue symmetry mmm. The systematic 
absences hOZ ( I  # 2 4 ,  hk0 ( h  # 2 4 ,  and Okl ( k  # 2n) were consistent 
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Table 11. Intramolecular Bond Distances and Angles for Table 111. Ag(PPh,Et),-Ni(mnt), Contacts G3.60 A 
[ Ag(PPh,Et), ],Ni(mnt) 2' 

Hollander, Ip, and Coucouvanis 

C(2 8)-C(1) 3.438 (7) C(321b-N(1) 3.374 (8) 

S( 1)-Ni-S(2) 
S(l)-Ni-S(2)' 
S( l)-Ag-S(2)' 
S(l)-Ag-P(l) 
S( 1)-Ag-P(2) 
S'(2)-Ag-P( 1) 
S'(2)-Ag-P(2) 
P( 1)-Ag-P(2) 
Ni-Ag-P( 1) 
Ni-Ag-P( 2) 
Ni-Ag-S(1) 
Ni-Ag-S'( 2) 
C(1)-S(1)-Ni 
C(3)-S(2)-Ni 
S( 1 )-C( 1 )-C( 2) 
S(l)-C(l)-C(3) 
C(2)-C(l )-C(3) 

A. Bond Lengths, A 
2.176 (2) Ag-SU) 

2.986 (1) Ag-P(I) 
1.724 (5) Ag-P(2) 
1.426 (8) P( 1 )-C(5) 
1.362 (6) P( 1 )-C (7) 

2.177 (1) Ag-S( 2)' 

1.144 (6) 
1.732 (5) 
1.434 (8) 
1.145 (6) 
3.144 (2) 
3.012 (2) 
1.502 (7) 
1.385 (7) 
1.361 (8) 
1.352 (10) 
1.344 (9) 
1.411 (8) 
1.361 (6) 
1.373 (7) 
1.386 (9) 
1.348 (11) 
1.350 (12) 
1.379 (10) 
1.390 (7) 

P(l)-C(I 3) 
P(2)-C(19) 
P(2)-C( 2 1) 
P( 2)-C( 2 3) 

C(19)-C(20) 
C(21)-C(22) 
C(22)-C(23) 
C(23)-C(24) 
C( 24)-C(25) 
C(25)-C(26) 
C(26)-C(21) 
C(27)-C(28) 
C(28)-C(29) 
C(29)-C(30) 
C(30)-C(31) 
C(3 1 )-C(32) 
C(32)-C(27) 

B. Bond Angles, Deg 
92.45 (6) Ag-P(1)-C(5) 
87.55 (5) Ag-P(1)-C(7) 
63.61 (4) Ag-P(1)-C(13) 
97.16 (5) c(5)-p(1)-c(7) 

104.06 ( 5 )  c(7)-p(1)-c(13) 
111.72 ( 5 )  C(5)-P(1)-C(13) 

127.20 (6) Ag-P(2)-C(19) 
128.00 (6) Ag-?(2)-C(21) 
133.78 (3) Ag-P(2)-C(27) 

94.09 (3) C(19)-P(2)<(21) 
43.14 (4) C(19)-P(2)-C(27) 
44.20 (3) C(21)-P(2)-C(27) 

102.6 (2) C(l)-C(2)-N(l) 
102'8 (2) S(2)C(3)-C(4) 
117.3 (3) S (2 )4 (3 ) -C( l )  
121.6 (3) C(l)-C(3)-C(4) 
12'" (5) C(3)-C(4)-N(2) 

2.931 (2) 
2.778 (1) 
2.459 (2) 
2.439 (2) 
1.835 (5) 
1.815 (5) 
1.815 (5) 
1.811 (5) 
1.818 (5) 
1.813 (5) 

1.500 (8) 
1.363 (6) 
1.384 (8) 
1.356 (9) 
1.335 (9) 
1.380 (9) 
1.367 (6) 
1.377 (6) 
1.386 (9) 
1.368 (10) 
1.346 (9) 
1.351 (8) 
1.386 (7) 

119.7 (2) 
115.8 (2) 
107.1 (1) 
103.3 (3) 
105.0 (3) 
104.5 (3) 
114.3 (2) 
11 8.7 (2) 
109.1 (2) 
105.0 (3) 
107.0 (3) 
101.6 (2) 
178.4 (7) 
117.2 (3) 
120.4 (3) 
122.3 (5) 
178.0 (6) 

only with the orthorhombic space group Pbca (No. 61). 
A crystal of approximate dimensions 0.29 X 0.32 X 0.31 mm was 

mounted on a glass fiber in air and aligned on a Picker-Nuclear 
four-circle diffractometer, equipped with a scintillation counter and 
pulse height analyzer and automated by a DEC PDP8-I and FACS-I 
D O S  software. Graphite-monochromatized molybdenum radiation 
was used throughout (X(Mo KC) 0.7107 A, 26, = 12.50'). Accurate 
cell dimensions were determined by least-squares refinement on the 
26 values of 12 carefully centered reflections which yielded a = 18.427 
(9) A, b = 26.894 (10) A, and c = 13.149 (9) A at 24 'C. The 
calculated density of 1.44 g cm-3 for Z = 4 agrees well with the 
pycnometrically determined density of 1.42 (2) g ~ m - ~ .  Two octants 
of intensity data ( fH,  f K ,  +L)  were collected for 0' 5 26 5 40' 
using a 6-28 scan technique. Peaks were scanned at l.OO/min from 
0.5' below the predicted Kal  position to 0.5' above the predicted 
Kaz position. Background intensities were counted for 10 s a t  each 
end of the scan. Zirconium attenuators were automatically inserted 
in the diffracted beam whenever the count rate exceeded 10000 
counts/s, and the peak and background were re_measured with the 
attenuators in place. Three reflections (704, 404, 0, 14, 0) were 
measured after every 100 data points to monitor crystal and apparatus 
stability. No systematic trends in the intensities of the standards were 
observed throughout the data collection period. A total of 6014 
nonextinct reflections were measured. Net  intensities and their 
standard deviations were calculated, Lorentz and polarization factors 
were applied, and equivalent reflections were averaged, as described 

C(29)-C(2) 3.587 (8) C(31)b-N(1) 3.421 (11) 
C(l5Y-N(1) 3.548 (11) 

a - x , - Y ,  1 - z .  b ' 1 2 - x , - y , ' / z  + z .  

Table IV. Weighted Least-Squares Planes and Dihedral Angles 

Deviations from the Planes (A) 
of Atoms Used to Define the Planes 

Atom Plane 1 Plane 2 Atom Plane 1 

Ae 0.000 C(1) 0.006 ( 5 )  
Ni 0.011 (0) -1.04 C(2) 0.022 (6) 
S(1) -0.0019 (13) C(3) -0.009 ( 5 )  
S(2) 0.0019 (13) C(4) -0.002 (6) 

P(2) 0.000 N(2) -0.023 (5) 
P(1) 0.000 N(1) 0.017 (6) 

Dihedral Angles between Selected Planes, Deg 

Plane 1-plane 3' -0.44 Plane 1-plane lod -15.40 
Plane 1-plane 8b 10.81 Plane 2-plane 3 -69.90 
Plane 1-plane 9c -89.05 Plane 3-plane 4e -85.83 

' Plane 3 is Ni-S(1)-S(2). 
Plane 9 is the phenyl ring on  P(2), C(21)-C(26). 

Plane 8 is P(2)-C(19)-C(20). 
Plane 10 is 

the phenyl ring on P(2), C(27)-C(32). e Plane 4 is Ag-S(1)-S(2)'. 

previously,6 to give 3049 unique reflections. Of these 21 18 had F2 
> 3u(F2).  No absorption correction was applied to the data ( w  = 
1 1.3 cm-I). The scattering factors of Doyle and Turner9 were used 
for the neutral atoms except hydrogen, together with the real and 
imaginary dispension terms of Cromer and Liberman.*o The spherical 
hydrogen scattering factors of Stewart, Davidson, and Simpson were 
used." Least-squares procedures and the weighting scheme have been 
described previously.6 Zero weights were assigned to reflections with 
p < 3 u ( p ) ,  and 1/u2(F) was assigned to all others. The uncertainty 
parameter, p ,  was 0.04 throughout the refinement. 

Solution and Refinement of the Structure. With Z = 4 in the 
eightfold space group Pbca the nickel is required to occupy a center 
of symmetry. The position of the silver atom was determined from 
the three-dimensional Patterson map and both the Ni  (at 0, 0,O) and 
the Ag atoms were used to phase the first Fourier synthesis. Successive 
cycles of least-squares calculations followed by Fourier syntheses 
revealed the rest of the structure. With isotropic thermal parameters 
for all atoms the refinement converged at  Rl = CIAFl/C14 = 0.081. 
Thhe Ni, the Ag, and the two P atoms and the atoms in the mnt ligand 
were then allowed to refine with anisotropic thermal parameters to 
an R value of 0.052. At this stage the hydrogen atoms were included 
a t  calculated positions (d(C-H) = 0.95 A) but not refined. This 
reduced the R value to 0.044. The rest of the nonhydrogen atoms 
were allowed to refine anisotropically. Hydrogen atom positions were 
calculated after each cycle and their isotropic thermal parameters 
were set equal to those of the carbons to which they were attached. 
In the final cycle of least squares all parameter shifts were less than 
their esd from the inverse matrix and most were less than 0 . 1 ~ .  The 
R1 value after the last cycle was 0.023 and R2 (EW(AF)~/CWF~) 
was 0.027 for 358 parameters on 21 13 data. The standard deviation 
of an observation of unit weight was 0.83. 

Results and Discussion12 
Atomic positional parameters with standard deviations are 

compiled in Table I. Intramolecular bond distances and angles 
are given in Tables I1 and 111. The atom labeling scheme is 
shown in Figure 1, and a stereodrawing in Figure 2. 

The coordination geometries about the silver and nickel 
atoms in the present structure are similar to those observed 
in the structures of the [(PPh3)zAg]zNi(mnt)2 and 
[(PPh3)2Ag]zNi(i-mnt)z complexe~.~  The molecule has a 
crystallographic center of symmetry so that the coordination 
around the nickel is rigorously planar and the Ag-Ni-Ag angle 
rigorously 180'. The nickel is coordinated by the four sulfur 
atoms of the mnt ligands. The silver atom is approximately 
trigonally hydridized and forms two "normal" Ag-P bonds; 
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Figure 1. Structure of [Ag(PPh,Et),],Ni(mnt),. Thermal vibrational ellipsoids are scaled to  enclose 50% probability. 

Table V. NMR and Conductivity Data for the (PR,),AgL Complexes 

Equiv conductance, 
a-1 cm2 equiv-' Jlo,~g-p 

(in CHzC1,, IO-' M ( J I 0 8 ~ g - ~ ) ,  

Compda at 195 K) Hz P-Ag-P, deg Ag-P, A Rate, s-'  (Temp, K)c 

(PPh3) z AgL 0.17 394 (451) 118.5 (1) 2.504 (4) 7789 (298) 
2.465 (3) 4209 (290) 

917 (273) 
231 (257)e 

(PEtPh,),AgL 0.05 413 (475) 128.00 (6) 2.459 (2) 5646 (298) 
3239 (290) 
923 (273) 
268 (257)e 

(PEt,Ph),AgL Nil 426 (489) 1145 (298) 
513 (290)e 

(PEt 3)zAgL Nil 426 (489) 403 (298) 
255 (290) 
89 (273) 
58 (265)e 

(P(to1) 1 450 
(P( to0  )2 378 3612 (228)d 
(P(to1) 3) 2 A&Nd 278 
(P(to1 )3)zAgN0,d 470 4478 (283)d 
(P(to1) 3)2AgPF6d 14.0 496 4400 (293)d 

2.439 (2) 

a Ph = C6Hs,  Et = C,Hs, t o l =  C,H,, L = bis(l,2-dicyano-l,2ethylenedithiolato)nickel(II), Ni(mnt),'-. Parameters obtained at 232 K; 
accuracy of the measurements k1 Hz. Based o n  line shape analysis of NMR data. 
f 1, 11.5 k 1, 11 f 2, and 10 2 1 kcal/mol for compounds 1-4, respectively; accuracy of the temperature in parentheses f3 K. 

the remaining hybrid orbital on the silver is oriented toward 
the centroid of a triad of atoms defined by the nickel atom 
and two sulfurs (Figure 1). 

The observed Ag-S and Ag-Ni distances (Table 11) are 
longer than single covalent bonds but appreciably shorter than 
the van der Waals contacts of 3.52 and 3.35 %, for Ag-S and 
Ag-Ni, re~pect ively.~~ The distance of the silver atom from 
the centroid of the Ni-S(1)-S(2) triad (Figure 1) is 2.520 A 
and is slightly greater than the analogous distances calculated 
for the Ag(PPh3)2+ adducts of Ni(mnt)z2- and Ni(i-mnt)z2- 
(2.468 and 2.408 A, respectively). The primary differences 
between this structure and that of the PPh3 analogue are in 
the conformation of the diphenylethylphosphine, as compared 
to the triphenylphosphine, and in the size of the P-Ag-P angle. 

From ref 1. e E, for dissociation of phosphine is 13.5 

The striking feature of the orientation of the phosphines is 
the formation of planes of atoms above and below the Ni- 
(mnt)z plane. The phenyl ring that contains C(27)-C(32) 
forms a dihedral angle of only 15.4" with the mnt plane, and 
the P(2)-C(19)-C(20) plane forms an angle of only 10.8" with 
the mnt plane (Table 111, Figure 2). There exist very short 
intramolecular contacts between one of the phenyl rings and 
the mnt ligand. Those between C(32) and N ( l )  of 3.374 (8) 
8, and between C(31) and N (  1) of 3.421 (1 1) A are out- 
standing with several other contacts 13.50 %, (Table IV). 

The P-Ag-P angle of 128O is 10" larger than the corre- 
sponding angle in [(PPh3)2Ag]2Ni(mnt)z. This ability of the 
P-Ag-P angle to open up, optimizing the contacts between 
the phosphine and the mnt ligand, is clearly due to the reduced 
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Figure 2. Stereoscopic view of [Ag(PPh,Et),],Ni(mnt),. 

Table VI 
Av Ag-NiS, 

P-Ag-P, Ag-P, (centroid), 
deg A A 

[(PPh,),Ag],Ni(mnt), 118.5 2.484 2.468 
[(EtPh,P),Ag]Ni(mnt), 128.0 2.449 2.520 

steric hindrance of the ethyl group vs. a phenyl group. A 
phenyl group lying in the same plane as P(2)-C(19)-C(20) 
would interact strongly with the C(27)-C(32) phenyl group 
and upon rotation around the P-C bond would interfere 
strongly with the mnt ligand. 

The 31P N M R  spectra were examined for various substi- 
tuted phosphine complexes of the type [Ag(PR3)2]2Ni(mnt)2. 
The magnitudes of the Ag-P coupling constants (Table V) 
increase in the order PPh3 < PEtPh2 < PEtzPh = PEt3. This 
increase in JA~-P may be interpreted as a consequence of 
reduced steric strain which allows the P-Ag-P angle to open 
and the s character of the P-Ag bond to increase from PPh3 
to PEt3. Alternatively the increase in s character of the P-Ag 
bond, reflected in the magnitude of the coupling  ons st ants,^^ 
may arise because of the increased basicity of the phosphines 
upon the successive introduction of alkyl groups. A summary 
of the Ag-P bond lengths, the Ag-NiS2 “centroid” distances, 
and the P-Ag-P angles of stuctures, in which similar bonding 
interactions occur, is presented in Table VI. 

Slightly shorter Ag-P bonds and slightly longer Ag-NiS2 
“centroid” distances are observed as the P-Ag-P angle in- 
creases. These observations are in accord with the expectation 
that an increase of the s character in the Ag hybrid orbitals 
will be accompanied by a slight decrease in the electrophilic 
nature of the Ag atom. Although it could be argued that a 
decrease in the Ag-NiS2 interaction might result in a larger 
P-Ag-P angle, the N M R  and structural data suggest that 
steric effects are important on the basis of the following 
considerations: (a) To the extent that the electronic effects 
of alkyl substituents are additive15$16 one might expect a 
proportional change in the magnitude of JA~-P between the 
PEt2Ph and PEt3 compounds. In fact, the values for these two 
complexes are identical. (b) Substitution of a phenyl by an 
ethyl group in PPh3 relieves some of the strain as shown by 
a comparison of the present structure to the PPh3 analogue. 

However, appreciable steric hindrance is still in evidence in 
the present structure. 

The N M R  data show that there exists a difference in the 
Ag-P coupling constants between the PEt2Ph and PEtPh2 
derivatives. No such difference is found between PEt2Ph and 
PEt3. These results indicate that the values for JA%-P and 
indirectly the magnitudes of the P-Ag-P angle and the percent 
s character in the P-Ag bond are affected by Ag(PR3)2+-mnt 
steric interactions. 
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