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The ligand hexamethylphosphoramide forms some complexes of unusual stereochemistry and properties. Among 
these are the 1 : 4 adducts of Zn( ClO& Co( ClO& and Ni( C104)2. The preparation of these compounds is out- 
lined and evidence indicating that these compounds contain tetrahedral cations is presented. At present, the 
nickel complex is the most nearly tetrahedral cationic complex of Ni(I1) known. Approximate values of ligand 
field and electronic parameteis are given for the Co(I1) HMPA compound. 

Introduction 
In recent years i t  has been shown that tetra- 

hedral Ni(1I) complexes, though rare, do indeed 
exist. Venanzi3 has prepared complexes of the 
type Ni&.2(cs&,)~P (X = halogen, NOS) and 
has shown that these compounds contain tetra- 
hedrally disposed Ni(1I). Cotton and co-work- 
e r ~ ~ - ~  have prepared niixed ligand complexes of 
the type NiX8.2(C6H5)3P0 and NiX2-2(CsHB)aAs0 
(X = halogen, etc.). These have been reported 
to contain tetrahedral Ni(I1). Gill and Nyholm9 
have prepared cOx4'- and NiX42- complexes of 
the type (R4N)2NiX4 and (RIN)~COX~ (X = 

halogen). These workers have reported the 
electronic spectra and have concluded that these 
ions are essentially tetrahedral. 

The present study of the donor properties of 
PO [N(CH3)2]3(HMPA) has produced complexes 
of this ligand with Zn(C104)2, Ni(C10&, and 
Co(ClOJ2 which are tetrahedral. We believe 
the Ni(II) compound to be the first reported case 
of a new class of tetrahedral Ni(I1) complexes, 
i e . ,  tetrahedral cationic complexes. The only 
tetrahedral cationic complex previously proposed 
was reported in a study by Cotton,s in which 
[{ ( C ~ H ~ ) ~ P O ]  ~N~I(CIO~)~ was presented as tetra- 

(1) Universal Match Foundation Fellow. 
(2)  Abstracted in pbrt from t h e  Ph.D. Thesis of John T. Donoghue. 
(3) L. M. Tdenanzi, J .  Chem. SOL., 719 (l9bS). 
(4) F. A. Cotton, D. hZ. L. Goodgame, M. Goodgame, and A. 

(5) D. M. L. Goodgame, M. Goodgame, and F. A. Cotton, ib id . ,  

(6) F. A. Cotton and D. M. i,. Goodgame, ibid., 83, 5771 (1960). 
(7) 3. M. L. Goodgame and P. A. Cotton, ;bid., 82, 5774 (1960). 
(8) F. A. Cotton, E. Bannister, R .  Barnes, and R. H. Holni, 

(9) N. S. Gill and R.  S. Nyholm, J .  Chem. Soc., 3997 (1959). 

Sacco, J. Ani Chem. Soc., 83, 4157 (1961). 

83, 4161 (1961). 

Puoc. Chem. Soc., 158 (1959). 

hedral. Later work by this same authorlo indi- 
cated that the complex is not tetrahedral and 
possibly possess DZd symmetry. 

Experimental 
Preparation of Compounds. Tetrakis-( hexamethyll- 

phosphoramide)-cobdt(P1) Perchlorate .-Five grams of 
Co(C10&.6H20 was treated with a 100% excess of 2,2- 
dimethoxypropanell for 2 hr. with stirring. The de- 
hydration was endothermic and could be followed nicely 
by the resultant cooling of the reaction vessel, At the 
end of the dehydration period, a slight excess of hcxa- 
~nctliylphosplioramide was added, whereupon the solution 
turned blue and a blue solid began to deposit in the vessel. 
After 2 hr., a 5: 1 volumc excess of anhydrous ether was 
added, causing precipitation. The mixture was filtered, 
washed under nitrogen, and dried overnight in vacuo 
over P2Oj; yield, 40y0. The solid was a fine blue powder, 
which when very dry was not appreciably deliquescent. 

Anal. Calcd. for Co(C104)2.4PO[N(CH3)~]3: C, 29.57; 
H, 7.46; N, 17.25. Found: C, 29.76; H, 7.47; N, 17.09. 
Tetrakis-(hexamethy1phosphoramide)-cobalt(I1) Tetra- 

pbenylborate.--Co(CIQl)z .4HMPA (0.7 g.) was dissolved 
in acetone. To this was added 0.68 g. of NaB(CCH6)d also 
dissolved in acetone. Anhydrous ether was added to 
complete precipitation. The light blue solid subsequently 
was treated in the same fashion as the perchlorate. The 
compound was non-hygroscopic; yield, 757,. 

Anal. Calcd. for CojB(CsHa)4}a*ctPO[N(CHa)213: C ,  
61.14; H, 8.00; N, 11.89. Found: C, 60.09; H, 8.00; 
N, 11.45. 

(IO) F. A. Cotton and E. Bannister, ibid.. 1873 (1960). 
(11) This compound reacts with H20 according to the equation 

DCH3 0 
I I1 
I 
OCHB 

H,C--C--CEI, + HZO ---> C H ~ C C H ~  + 2CH,OH 

'The reaction is presumably 95% complete in 1 hr. 
J ~ I o Y ~ .  N u l .  Chem., li, 77 (1959). 

R. Starke, J .  
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Tetrakis-(hexamethy1phosphoramide)-nickel@) Per- 
chlorate.-The details of the preparation were the 
same as for the Co(I1) compound to  the step in which 
excess ether was added. A t  this point a green oil sep- 
arated from the reaction mixture. The mixture was 
allowed to stir for several minutes and the spent portion of 
ether then was decanted. This procedure was repeated, 
the oil growing darker with each successive extraction 
until its color was deep blue. The oil then was dissolved 
in nitromethane, followed by addition of a 1 O : l  volume 
excess of anhydrous ether. This treatment 'resulted in 
deposition of a deep blue, extremely deliquescent solid, 
which was filtered in a drybox, then stored for 48 hr. in 
vacuo over Pro,; yield, 94%. 

Anal. Calcd. for N~(CIO~)~.~PO[N(CH,)Z~~: C, 29.58; 
H, 7.46; N, 17.25. Found: C, 29.75; H, 7.53; N, 
17.27. 
Tetrakis-(hexamethy1phosphoramide)-zinc(II) Per- 

chlorate.-After dehydrating Zn(ClO&.4H20 in the 
manner already described addition of excess HMPA 
followed by addition of a 1 O : l  volume excess of ether 
yielded a white solid, which was washed 15 times with 
ether. The solid was dried itt uuttw over &Sod; yield, 

Calcd. for Zn(ClO&.4PO[N(CH&]s: C, 29.37; 
H,  7.41; N, 17.14. Found: C, 29.73; H, 7.27; N, 
17.00. 

Conductance Measurements.-Measurements of the 
conductivities of nitromethane solutions of the complexes 
were obtained using an Industrial Instruments, Inc., 
bridge and a cell which previously had been calibrated with 
aqueous solutions of 0.01 N KC1. The results are sum- 
marized below. 

99%. 
Anal. 

Concn. Temp. 
(A4) A Molar ("C.) 

[CO(HMPA)~](C~O~)Z 0.0105 178 30.4 
[Ni(HMPAh I( Clod2 .0049 184 25.0 
I Z ~ ( H M P A ) I I ( C ~ O ~ ) ~  .0020 180 26.5 

X-Ray Powder Patterns.-X-Ray powder data were 
obtained utilizing cobalt Kal radiation ( X  = 1.78890 .k.) 
and a camera with rotating sample holder to minimize the 
effects of large particle size. It was not possible to grind 
the compounds since they decompose under heavy grind- 
ing. Under these conditions the patterns consisted of 
smooth arcs with relatively few spots to breaksthe other- 
wise smooth appearance. Visual inspection of the di- 
agrams reveals that all three patterns are indistinguishable. 
This observation is further supported by the data presented 
in Table 11. From these data, it  was concluded that 
[ Co( HMPA)*] ( C104)2 and [ Ni( HMPA)4] (C104)2 are strictly 
isomorphous with [Zn( HMPA),] (C104)~ and with each 
other , l2  

Spectral Measurements.-The infrared spectra for the 
free ligand and complexes gave the following phosphoryl 
frequencies, indicating coordination through oxygen. 
Due to strong perchlorate absorption in this region, 
in the case of the complexes, there is some uncertainty in 
these frequencies. The values should be regarded as 
upper limits for the P=O frequency. The infrared 

(12) The authors are indebted t o  Mr. George L. Morgan and 
Dr. C. E. Pfluger for assistance in obtaining and interpreting the 
powder data. 

spectra definitely indicate the absence of water in these 
complexes. 

"p-0 in 
cm. -1 

PO [NCHdtla (smear) 1208 

1188 
[Co(HMPA)d]( C10d)2 (Nujol) 1188 
[ZII(HMPA)~]( C104)2 (Nujol) 1185 
[Ni(HMPA)4]( ClO& (KBr) 1193 

Electronic solution spectra were obtained using a Cary 
(Model 14M) recording spectrophotometer. Solid re- 
flectance spectra were obtained using the standard re- 
flectance attachment with a Bausch and Lomb Spectronic 
505 recording spectrophotometer with MgCOs as standard. 
All electronic spectral data are summarized in Table I 
and Fig. 1-3. The data obtained by several other 
workers for tetrahedral complexes are included in the 
table for comparison. 

Magnetic Susceptibility Measurements.-Magnetic 
susceptibilities were measured using a Gouy magnetic 
balance. The Gouy tubes were calibrated using Hg(Co- 
(NCS),]. The value of the susceptibility of this com- 
pound is given by Nyholm and Lewis.laJ4 The moments 
are room temperature values (30") corrected for dia- 
magnetism. The values for Pascal's constants were 
taken from Figgis and Lewis.14 

[CO(HMPA)II(C~O~)Z (KBr) 1190 
[Co(HMPA).]( C104)2 (10% in CH2Clz) 

Diamag. 
XM corm. Xu' peff in 

Compound X lo6 X IO8 X lo6 B.M. 

Ni(C104)2*4HMPA 6041 550 6591 4.02 f 0.04 

The value for pel f  (3.6 B.M.) for the Ni(I1) compound is 
in the range predicted by Figgisls for Ni(I1) in tetrahedral 
surroundings. Also, the moment is high enough so as to 
indicate very little contribution from a lower symmetry 
component. Introduction of say a C2" or other lower 
symmetry component would lead to splitting of the 
ground stateconfiguration with a resultant lower peff. 

Consideration of the data herein presented has led us to 
believe that the complexes of Ni( C10& and Co( C1O4j2 
with PO[N(CH&Is are tetrahedral. Accordingly, we 
believe the Ni(I1) compound to be the first member of a 
new series of Ni(I1) complexes; a series of cationic tetra- 
hedral Ni(I1) species. 

CO( ClO,)*.4HMPA 8077 550 8627 4.58 i 0.04 

Results 
The spectral data obtained and pertinent 

literature results are summarized in Table I. 
Table I1 contains X-ray powder diffraction data 
for Co(HMPA)4(C104) 2, Ni (HMPA) 4( C104) 2, and 
Zn (HMPA) 4( ClO,) 2. 

Discussion 
The conductance data in CH3N02 establish the 

formulation of the compounds as [M(HMPA)41- 
(13) B. N. Figgis and R. S. Nyholm, J .  Chem. SOL., 4190 (1958). 
(14) B. N Figgis and J Lewis, "Modern Coordination Chemis- 

?ry," J. Lewis and R. G. Wilkins (ed.), Interscience, New York. 
N. Y., 1960, p. 403. 
(15) B. N. Figgis, Nalurc, 18'2, 1568 (1958). 
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A. B. 

Fig. lA.-Electronic absorption spectra of [Co(HMPA)4] ( C104)u in the vg region: curve A, diffuse reflectance spectrum 
of solid compound, ordinate in arbitrary units; curve B, spectrum of 0.0021 M solution in CHaNOt; curve c, .0011 M. 
Fig. 1B.-Electronic absorption spectra of nitromethane solutions of [Co(HMPA)b]( ClO& in v2 region: curve A, 0.02 hi' 
solution; curve €3, 0.01 d l .  

(clod)* complexes. Infrared data indicate that 
the oxygen atom of HMPA is the donor site for 
all three metals. The spectral] magnetic, and 
X-ray data support the assignment of tetrahedral 
structures for all three cations. The similarity 
of the spectrum of Ni(HMPA),+2 to that of 
NiCld2-, of established tetrahedral structure, is 
evident in Fig. 2A and 2B. This is a very strong 
indication of sipilarity in structure for these two 
species. Magnetic moment data also support the 
contention that this ion is tetrahedral. The 
Co(I1) and Zn(I1) compounds which are not 
expected to show distortion from pure T d  sym- 
metry give X-ray powder diagrams which indi- 
cate strict isomorphism of these compounds and 
the Ni(I1) derivative. This would indicate that 
any distortion from pure T d  symmetry in the 
latter complex is not large. 

Crystal field theory predicts that Ni(I1) in a 
tetrahedral field must distort. On the other 
hand, Liehr argues that if spin orbit coupling is 
considered (as needs be for Ni(I1) in tetrahedral 

fields) the ground state for Ni(I1) is AI and hence 
is non-degenerate, so Jahn-Teller forces need not 
be operable. Also, the next state is a t  least 300 
cm. removed, so large pseudo Jahn-Teller dis- 
tortion should not be observed.16 So according 
to the latter, tetrahedral Ni(I1) without serious 
distortion is possible. 

The data herein presented would indicate that 
our complex of Ni(I1) does not belong to one of 
the specific point groups (i.e., D2d) which ordi- 
narily are associated with distorted tetrahedral 
geometry. We submit on the basis of its appar- 
ent similarity to NiC12- that, like the latter ion, 
it belongs to the point group T d ,  exhibiting only 
slight distortion from pure tetrahedral symmetry. 
Support for this contention is lent by the obvi- 
ously great similarity in the spectra of NiC14-2 
and Ni(HMPA)4+2 on the one hand and the 
greatly different spectrum of Ni(PO(C6H6)3)4i2 on 

(16) A. D. Liehr, 137th National Meeting of A C.S., April 5-14, 
1960, Cleveland, Ohio. 
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FREQUENCY. CM-' 

' \  

WAVELENGTH, m p  

A. B. 

Fig. 2A.-Electronic absorption spectra of [Ni(HMPA)a]( ClO& and NiC14-2 in pa region: curve A, diffuse reflectance 
spectrum of [Ni(HMPA)a](C104)2; curve B, spectrum of 0.022 M HMPA complex in CH3N02; curve C, spectrum of 
0.0049 M HMPA complex in CHsNOz; curve D, spectrum of 0.005 M NiCld-2 in CHaNOz estimated from work of 
Gill and Nyho1m.B Fig. 2B.-Electronic absorption spectra of nitromethane solutions of [ Ni(HMPA)r] (C104)p and Ni- 
Cl12- in v2 region: curve A, 0.022 M HMPA complex; curve B, spectrum of 0,Ol M NiC1d2- estimated from work of 
C ~ t t o n . ~  

the other. The latter ion is thought to have a 
D 2 d  configuration.8,'o 

In Fig. 1, 2, and 3 i t  is evident that a change 
in concentration of the complexes in CHsN02 has 
a very pronounced effect on emax, particularly for 
the Ni(I1) complex. Similar behavior was noted 
by other  investigator^^^^^^^^'^ for COCI~~-  and Ni- 
C1d2-. It is thought that this is due to dis- 
turbance solvation equilibria in CW3NO2. It is 
of interest to note in Fig. 2 that, for the concen- 
trated Ni(I1) solution, absorption a t  450 mp now 
has become detectable and significant. It is far 
less obvious a t  lower concentration because of 
the low molar absorptivities of these bands. Also, 
in the more concentrated solution, a shoulder ap- 
pears a t  715 mb and a new band appears a t  758 mp. 
I t  is thought that absorption a t  these wave lengths 

(17) S. Buffagini and T. M. Dum,  Naluve,  188, 937 (1960). 
(18) D. W. Meek, D. K Strauh. and R. S. Drago, J .  Am, Chsm 

SOL., 82, GO13 (1960). 

possibly is due to solvated octahedral or tetrag- 
onal species. The 450-mp peak does not appear 
in the reflectance spectrum, but does appear in 
solution. The peaks a t  715 and 758 mp are not 
evident for solutions of lower concentration but 
the intensities grow as the concentration of the 
complex in solution increases. These results are 
summarized in Fig. 3. As we add free ligand, 
increasing its concentration in solution, absorption 
a t  582 and 633 mp diminishes and that a t  450 mp 
increases until in the extreme case, absorption a t  
582 and 633 mp vanishes. At  this point the 450- 
mp peak attains its maximum emax value. 

These observations are thought to indicate the 
possible presence of a species in solution which is 
other than four-coordinate. I t  is thought that 
this might partially explain the low observed 
cmax values for the 582 and 633 mp peaks com- 
pared to those of NiC14-2. The presence of six- 
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Compound 

CO( C10,)z -4HMPA 

Ni( C104)2. 4HMPA 

TABLE I 
ELECTRONIC ABSORPTION SPECTRA OF SOME TETRAHEDRAL COMPLEXES 

Medium 

0.0021 M in CHaNOt 

0.02 M in CH3NOe 

CH3N02 soln. 

0.0005 M in CH3N0, 

0.022 M in CHaNO2 

Solid, reflectance 

0,005 M in CHINOz 

0.01 M in acetone 

Solid, reflectance 

0.005 M in CHsNOz 

0.01 M in CH~NOZ 

xmax, 

mlr 

633 (374)* 
605 (302) 
583 (268) 

549 (sh) 
561 (210) 

618 (430) 
660 (760) 

690 (800) 

693 (653) 
668 (580) 
635 (419) 
613 (sh) 
593 (122) 
450 (17) 
582 (77.1) 
633 (90.9) 
715 (sh) 
758 (8.0)  

-580 
~ 6 3 0  

415 (sh) 
582 (38) 
633 (42 ) 
714 (136) 
800 (sh) 

-615 
-700 

610(sh) 
660 (167) 
700 (167) 
658 (140) 
703 (134) 

pa, 
cm. -1 

15,800 
16,550 
17,150 
17,825 
18,200 

16,180 
15,150 

14,490 

14,400 
14,950 
15,750 
16,300 
16,850 
22,200 
17,200 
15,800 
14,000 
13,175 
17,250 
15,875 
24,100 
17,200 
15,800 
14 , 000 
12,500 
16,275 
14,300 
16,400 
15,150 
14,300 
15,200 
14 , 220 

Amax, 
ml.r 

1400 (64)a 
1590 (67) 
1710 (63) 
1365 (150) 
1480 

{;E 
157) 

116) 
122) 

1250 (9.0) 

1315 (18) 
1160(18) 

vz, 
cm.-L 

7150 
6300 
5850 
7330 
6760 

5800 

8000 

7370 

7620 
8620 

Numbers in parentheses represent molar extinction coefficients a t  band maxima. 

coordinate species also explains why the new 
peaks which appear in concentrated CH3N02 solu- 
tions increase so markedly in intensity as free 
ligand concentration increases. A similar effect 
was observed as a function of time. enlax a t  the 
assigned tetrahedral peaks was found to decrease 
with time, whereas the intensities of the new bands 
were enhanced. As a general practice, spectra 
were recorded within 10 min. after preparation 
af a solution. 

Cottonlg has made approximate calculations of 
crystal field parameters for Co(I1) complexes, 
utilizing the following relations, derived from the 
results of Tanabe and Sugano.*O 

vi = A 

(19) F. A. Cotton and M. Goodgame, J .  Am. Ckem. SOL, 83, 

(20) Y. Tanabe and S. Sugano. J .  Phys. SOL. Japaiz, 9, 753 (1954). 
1777 (1961). 

vs = 1.5A + 7.5B' - Q 

= 1.5A + 7.5B' + Q 

Q = '/2[(0.63. - 15B')t + 0.64A2]1'2 

Refer- 
ence 

a 

a 

19 

9 

a 

a 

a 

5 

A = ligand field strength modulus, B' = effec- 
tive value of Racah interelectronic repulsion 
integral. 

In a field of tetrahedral symmetry, the 4F 
ground state of Co(I1) is split to give 4Az, 4Tz, 
and 4T1(F). There is also a ITI(P) state originat- 
ing from 4P in the free ion. Following Cotton,17 
the frequencies of the transitions 4Az + 4T2, 
4Az + 4TI(F), and 4A2 + 4T1(P) are designated 
vl, v2, and v3, respectively. 

Lowz1 has shown that each of the three upper 
states are split by spin orbit coupling, giving 
splitting in the two TI states (eq. 2). 

(21) R. Stahl-Brada and W, Law, Phys. REV.,  115, 775 (lCI59) 
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TABLE I1 
X-RAY POWDER PATTERN DATA, COBALT Rorl X-RAYS, EXPOSURE Tim 12 HR.' 

-[Zn(HMPA)4](C104)- -[Ni(HMPA)~l(CIO4)- -[Co(HMPA)4I(C103- 
ahkl dhkl Inten- 6hkI dhkl Inten- Bhkl dhkl Inten- 

(degrees) (A.) sity (degrees) (A.) sity (degrees) (A.) sity 

5.56 9.23 S 5.41 9.49 S 5.57 9.22 5 

6.67 7.70 W 6.67 7.70 W 6.75 7.61 W 

7.41 8.93 vs 7.37 6.97 vs 7.41 6.93 vs 
7.86 6.54 m 8.02 6.41 m 7.98 6.44 m 
8.92 5.77 S 8.84 5.82 S 8.88 5.79 5 

9.45 5.45 m 9.45 5.45 m 9.50 5.42 m 
9.86 5.23 S 9.95 5.18 S 9.95 5.18 5 

10.64 4.84 m 10.72 4.81 m 10.72 4.81 m 
11.21 4.60 W 11.26 4.58 W 11.21 4.60 W 

11.91 4.33 W 11.99 4.31 W 11.95 4.32 W 

12.40 4.17 vvw 12.48 4.14 ww 12.48 4.14 vvw 
12.97 3.99 vvw 12.97 3.99 VVW 12.97 3.99 vvw 
13.42 3.85 S 13.47 3.84 S 13.38 3.87 5 

14.28 3.63 m 14.28 3.63 m 14.24 3.64 m 
15.35 3.38 m 15.39 3.37 m 15.27 3.40 m 
16.13 3.22 vw 18.25 3.24 vw 16.21 3.20 vw 
16.82 3.13 vvw 16.74 3.11 vvw 16.78 3.10 vvw 

Abbreviations: dhkl and 8hkl are the familiar parameters defined in the modified Bragg relation A = 2dhkI sin 8hk1; 
s designates strong, w-weak, m-medium, v-very; intensities were estimated visually. 

FREQUENCY, CM-' 

VISIBLE ABSORPTION SPECTRUM AS 
FUNCTION OF ADDED EXCESS LIGAND 

A z 0 0 0 7 M  
8; 00035 M Ni(CIO& 4HMPA IN 0 3 2  M HMPA 
C= 00063 M Ni(ClO& 4HMPA IN 0 I2 M HMPA 

No(ClQ)2.4HMPA IN 006M HMPA INCH3NO2 

Fig. 3.-Visible absorption spectrum of [Ni(HMPA)d]- 
(ClO& as a function of added excess ligand in nitro- 
methane: curve A, 0.007 M complex in 0.06 116 HMPA; 
curve B, 0.0035 M complex in 0.32 M HMPA; curve C, 
0.0063 M complex in 0.12 M HMPA. 

TABLE I11 
SPECTRAL AND ELECTRONIC PARAMETERS FOR 

TETRAHEDRAL Co( 11) COMPLEXES 
Co(C104)r' K O -  [CO- 
CHMPA" (Nd4]$4 (NCO)4IS4 

~ l p ,  cm.-1 6590 6 , 750 7,150 
pa, cm-1 16,150 14,900 16,100 
A, cm.-' 3640 3 , 920 4,150 
B1, cm.-* 774 658 720 
@ = @'/Bo) 0.800 0.680 0.745 
p ,  B.M. 4 . 4 5 f 0 . 0 5  4 . 4 7 f 0 . 0 5  4 . 3 2 f 0 . 0 5  
XI, cm.-' 150 f 20 146 f 20 115 f 20 

a This work. b See ref. 19. ' Free ion value = 967 
cm.-I. 

The pertinent frequency data for the transi- 
tions represented by v2 and va are presented in 
Table I and Fig. 1A and 1B for the complex 

We assign v2 a t  6660 em.-' and YS a t  16,400 
ern.-'. These assignments yield the values listed 
in Table 111. From A and one can obtain 
a value for the spin orbit coupling constant, 
X ' , 1 ~ ~ 2 2 ~ 2 8  from eq. 3. 

C0(C104)2 * 4HMPA. 

X' is the effective value of the spin orbit coupling 
constant . 

In 
the calculation, an uncertainty of 200 ern.-' 
is allowed in A and 0.05 B.M. in kerf. 

The value for A' is included in Table 111. 

(22) F. A. Cotton and R. H.  Holm, J .  Chcm. Phys., 31, 788 

(23) F. A. Cotton and R. H. Holm, ibid., 32, 1168 (1960). 
(1959). 
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From the data in Table 111, i t  is concluded 
that the position of PO[N(CH3)2]s in the spectro- 
chemical series relative to No- and NCO- is: 
C1- - PO[N(CH,)2]3 < Na- < NCO-. 

Nemeth and his staff for analytical data, and 
Dr. T. S. Piper for many enlightening discussions. 
We also wish to acknowledge the support of the 
Atomic Energy Commission through Contract 
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p-Mercaptoethylamine forms two distinct types of compounds with transition metal ions. One type is repre- 
sented by the well defined monomeric complexes bis-(0-mercaptoethy1amine)-nickel( 11) and bis-(p-mercap to- 
ethy1amine)-palladium( 11), MLz. Xickel(I1) and palladium(I1) also form a second compound, [M( M L z ) ~  JClz 
The nickel(I1) trimer is diamagnetic, indicating that all three nickel atoms are contained in planar coordination 
polygons. The trimer exhibits the usual properties of a salt and is readily prepared from aqueous solution, either 
by reaction of the ligand and metal ion or by the solubilization of NiLz with nickel chloride. A structure involving 
a third nickel atom utilizing to full advantage the strong donor properties of two cis-NiLz molecules is consistent 
with the preparation and properties of this cornpound. A cobalt(I1) trimer, [Co( CoL& JCL, which exhibits a 
magnetic moment of 2.49 B.M. per cobalt(I1) atom, has been isolated. A cadmium(I1) complex also has been 
isolated and has been assigned the formulation [Cd { Cd( NH2CH&H&3)2) 2 J [CdC14 1. 

Introduction 
One of the most distinguishing properties as- 

sociated with the mercaptide group is its ability to 
react readily with many metals to form complexes 
containing sulfur bridges. The initial investiga- 
tions involving compounds of this class were car- 
ried out by Chatt and Mann,l who prepared di- 
chlorobis-(tri-n- butylphosphine) - p -ethylthiolodi- 
palladium(I1) (structure I) and bis-(tri-n-butyl- 
phosphine) - p - bis - (0 - phenylenedithiolo) - dipalla- 
dium(I1) (structure 11). 

The fact that the former compound and the 
platinum(I1) analog2 can be isolated in both cis 
and trans forms is a measure of the stability of the 
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mercaptide bridge when compared to the chlorine- 
bridged analog which forms only the stable trans 
isomer. The great stability of the coordinated 
mercaptide group also is apparent from the in- 
ability of these compounds to undergo reactions 
with strong donor ligands. In contrast to this 
behavior, the chloro-bridge is quite labile in the 
presence of the same ligands. Recently, bridged 
compounds of platinum(I1) and palladium(I1) 
have been reported for o-methylthiobenzenethiol, 
3-dimethylarsinepropane-l-thiol, X-ethylthiopro- 
pane-1-thiol, and o-arnin~benzenethiol.~~~ 

Jensen has observed this same bridge-forming 
tendency for the nickel(I1) complex with ethyl 
mercaptan, which he established to be a diamag- 
netic polymetallic ~omplex .~  The formation of 
polymeric species is prevalent for mercaptan 
ligands in the absence of other donor atoms of 
comparable strength. The influence of an addi- 
tional donor atom, which fulfills this requirement, 
upon the extent of bridging in mercaptan com- 
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