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any known polynuclear cobalt complexes.1~12~13 The 
two nitrogen atoms of I1 are quadruply CT bonded as in 
I whose internickel distances (2.21-2.34 A) are the 
shortest so far that  we are aware of. The significantly 
different metal-nitrogen distances in compounds I and 
11 appear to be due to a change in the organic moiety 
attached to the nitrogen atom. 

Complex I1 may be regarded as an intermediate of 
the formation of N,N’-di-t-butylurea found in the 
sulfurdiimide reaction. A reasonable explanation for 
the formation of I1 may be found if one assumes an 
insertion reaction of a carbonyl ligand into the cobalt- 
nitrene bonding producing an unstable isocyanate com- 
plex. 

(12) P. W. Sutton and L. F. Dahl, J .  Am. Chem. Soc., 89, 261 (1967), 
(13) C. H. Wei and L. F. Dahl, Inovg .  Chem., 6, 1229 (1967). 

cp/co\ co 
A reaction bearing on this mechanism appears to be the 
interaction of phenylisocyanate with triiron dodeca- 
carbonyl which was reported to give a presumably iso- 
structural complex; [ (C6H6N)2CO]Fe2(CO) 6.14 
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Transition metal complexes of dsc (r\’,N-diethyldiselenocarbamate) have been prepared with Cr(III) ,  Co(III), Ni(II) ,  and 
Pd(II) ,  and their eiectronic spectra, together with those of the already known Cu(I1) and Zn(I1) complexes, have been in- 
vestigated and interpreted in terms of a ligand field model. The spectrochemical and nephelauxetic position and the optical 
electronegativity value of the dsc ligand are discussed and compared with those of the analogous sulfur-containing ligand dtc. 

Introduction 
Among the heavy donor atoms, selenium is one of 

the least widely investigated. There has been some 
recent interest in Se-containing complexes, e.g., of 
diselenophosphates, of diselenetene and diselenato 
complexes,2 of alkyl or aryl  selenide^,^-^ of selenides in 
ZnSe or CdSe and of selenoureas,*-1° but as a 
whole our knowledge of selenium as donor atom in metal 
complexes is far less detailed than that of the homolo- 
gous element sulfur. As a part of a research program 
on complexes with soft donor atoms we have studied the 
interesting ligand, N,N-diethyldiselenocarbamate 
( (CzH&NCSez- = dsc), first prepared by Barnard 
and Woodbridge. l1 In  particular we have prepared 
some new transition metal complexes besides the zinc 
and copper compounds already described by Barnard 
and Woodbridge“ and have investigated particularly 
their spectrochemical properties. 

(1) C. K. Jeirsensen, Mol .  Phys., 5,  486 (1962). 
( 2 )  A. Davison and E. T. Shawl, Chem. Commun., 670 (1967). 
(3) K. W. Bagnall, “The Chemistry of Selenium, Tellurium, and Polo- 

(4) J. Chatt  and L. M. Venanzi, J .  Chem. Soc., 2787 (1955); 2351 (1957). 
(5) S. E. Livingstone, Quavt. Rev. (London), 19, 386 (1965). 
(6) B. C. Cavenett, Proc. Phys. SOC. (London), 84, 1, 537 (1964); R. S. 

(7) R. S. Title, ibid., 130, 17 (1963). 
(8 )  A. T. Pilipenko and I. R. Sereda, Zh. Analit. Khim., 13, 3 (1958). 
(9) A. T.  Pilipenko and I. R. Sereda, Zh. Neovgan. Khim., 6, 413 (1961). 
(IO) C. Furlani and T. Tarantelli, Inoug. Nucl .  Chem. Lettevs, 2 (12), 391 

nium,” Elsevier Publishing Co., Amsterdam, 1966, p 157. 

Title, Phys. Rev., 133, 1613 (1964). 

(1U66). 

The chemistry of complex diethyldiselenocarbamates 
is, as we can judge from our results, completely analo- 
gous to that of the dialkyldithiocarbamate complexes. 
Thus the free ligand (sodium or potassium salts, pre- 
pared from carbon diselenide and diethylamine in basic 
medium) reacts readily with several transition metal 
salts or complexes, giving monomeric, nonelectrolytic 
inner complexes, which are generally of the low-spin 
type and highly colored, much like the corresponding 
dialkyldithiocarbamato complexes, and contain four- 
membered chelate rings 

We prepared and investigated the diethyldiseleno- 
carbamates of Cr(III), Co(III), Ki(II), and Pd(II) ,  
in addition to the already known Cu(I1) and Zn(I1) 
complexes. All of these complexes are remarkably 
stable for selenium-containing compounds ; only the 
Cr(II1) compound undergoes decomposition more 
easily. The electronic spectra of such complexes re- 
semble closely those of the corresponding dithiocar- 
bamates, except for a general red shift of all transitions. 
The similarity between the chemical behavior of the 

(11) D. Barnard and D. T. Woodbridge, J. Chem. Soc., 2922 (1961). 
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TABLE I 
SUMMARY O F  DATA O S  METAL N,N-DIETHULDISELEXOCARBAMATES 

r----------- Analyses, %-------- 
Cum- Color and crystal --- C--- --H-- ,--N-- ---Metal-- p ,  -Mol wtV-- 
pound habit Found Calcd Found Calcd Found Calcd Found Calcd BhI  Found Calcd solubilityb 

K (dsc) Y ellow-orange 21.30 21.30 3.50 3.55 4.98 4.96 . . .  13.95 ... . . .  281 s diox 

Zn(dsc)z Pale yellow mono- See ref 10 Diam 521 550 s xyl, ac  

Ni(dsc)z Deepgreen-brown 21.95 22.10 3.36 3.68 8.08 5.16 10.96 10.82 Diam 544 543 sbz,xyl ,drnf  

Pd(dsc)z Red-orangeprisms 20.19 20.34 3.50 3.41 4.91 4.74 ... 18.02 Diam 583 591 s c h l ,  ac  
Cu(dsc)a Red-brown mono- 22.30 21.95 4.00 3.68 . . .  5.12 , , .  11.60 1.79 498 548 s a c  

Cr(dsc)a Blue-grayprisms 23.21 23.15 4.00 3.89 5.48 5.40 6 .58  6 .68  3.87 707 778 s a c  

Co(dsc)a Deepred-brown 22.96 22.95 3.96 3.83 5.39 5.35 7.15 7.51 Diam 744 785 sac , am-OH 

ne e d 1 e s 

clinic prisms vs chl 

monoclinic prisms vs chl 

vs chl, ac  

clinic prisms vs chl 

vs chl 

prisms vs chl 

a Osmometric in chloroform solution. * s = soluble; vs = very soluble; ac = acetone; chl = chloroform; diox 
benzene; xyl = xylene; dmf = dimethylformamide; am-OH = amyl alcohol. 

M p ,  Previou7 
"C  reports 

134 

154-155 Kef 11 

255-256 

275-277 
225-226 Ref 11 

275 dec 

285 dec 

= dioxane: bz = 

complex thio- and selenocarbamates is remarkable 
(e .g . ,  Ni(dsc)a does not give appreciable formation of a 
paramagnetic 1 : 2 adduct with pyridine, like Ni(dtc)z, 
but unlike all other square-planar Ni(I1) complexes 
with four sulfur ligands), and there is a corresponding 
similarity in structure. X-Ray investigations by 
Bonamico and coworkers12 have shown that NiI'(dsc)z 
is isomorphous and isostructural with Ni'l(dtc)a; Cu- 
(dsc)2 is isomorphous with Cu(dtc)z, as is Zn(dsc)z 
n-ith Zri(dtc)2. -4 possible difference, apart from the 
spectroscopic ones which we shall discuss below, occurs 
for the Fe(II1) compounds, since FeCl(dsc)2 ( S  = "2) 

appears much more stable and easily formed than Fe- 
(dsc)3, whereas for the dithiocarbamates, the two types 
of compounds are of comparable stability.I3 We shall 
report in a subsequent note the composition and prop- 
erties of iron(II1) diethyldiselenocarbamates. 

Experimental Section 
Preparation of Ligand.-The preparative method of the ligand 

differs slightly from the procedure of Barnard and Woodbridge." 
The required amount of carbon diselenide has been prepared 

and purified according to Gattow and Drager.I4 
Into a 250-ml round-bottomed flask, bath cooled at about 

- 10" and fitted with a stirrer, was poured a sodium hydroxide 
solution (1.2 g in 40 ml of HzO), and then a Bow of nitrogen was 
admitted for about 0.5 hr. Then a slight excess of amine was 
added, and finally, very slowly (about 2 hr) and stirring vigor- 
ously, a solution of carbon diselenide in dioxane (4.2 g in 40 ml) 
was added. I n  order to avoid possible insoluble impurities com- 
ing in general from polymerization of carbon diselenide, the solu- 
tion was filtered and used for the preparation of complexes. 

From the same solution were separated by extractiou with 
chloroform sodium and potassium salts, which were mentioned as 
intermediates but were not isolated by Barnard and Wood- 
bridge.l' 

Preparation of Complexes.-The resulting solution of Na(dsc) 
or K(dsc) was mixed with an  aqueous solution of the appropriate 
metal chloride or chloro complex in stoichiometric amounts (co- 
balt can be added in bivalent form but owing to fast autoxidation 
the complex of the tervalent element is invariably obtained). 
Upon such treatment some complexes (Zn(dsc)z, Co(dsc)r) pre- 
cipitated spontaneously, while some others (Cu(dsc)p, Ni(dsc)n, 
Cr(dsc)a, Pd(dsc)z) had to be extracted from the water-dioxane 
mixture with chloroform. I n  every case the raw products could 

(12) M. Bonamico and G. Dessy, Citein. Cominu?t., 21, 1114 (1967). 
(13) R .  L. Martin and A. H. White, Inoug.  Chem., 6 ,  712 (1967). 
(14) G. Gattow and hf. Drager, Z. Anovg. Allgem. Chem., 343, 12 (1966) 

be easily crystallized from several solvents, e . g . ,  acetoue or di- 
methylformamide. 

Results and Discussion 
The dsc complexes prepared by us are generally deeply 

colored substances, whose analytical and other rele- 
vant properties are listed in Table I ; they are remark- 
ably stable, can be kept indefinitely either in air or 
under vacuum when they are in pure crystalline state, 
and are not particularly sensitive to oxygen or humidity 
when in solution. They are readily soluble (as mono- 
meric nonelectrolytes, except of course the saltlike 
sodium and potassium compounds) in polar organic 
solvents, particularly chloroform, benzene, and ace- 
tone; they are either not very soluble or insoluble in 
water ; the solutions have negligible electric condqc- 
tivity. 

Electronic Spectra.--The absorption spectrum of 
solutions of K(dsc) consists of two intensive ultraviolet 
bands a t  34.4 kK (log 4.48) and 32.2 kK (log emol 

4.25), with a shoulder at 27.0 kK (log emol 3.32) and 
possibly some very weak forbidden transitions a t  22.5 
kK (log It is to be noticed that such a spec- 
trum is rather similar to that of the dialkyldithio- 
carbamate ions (e.g., Z n ( d t ~ ) ~ ' ~  has two intense ultra- 
violet bands at 38.4 kK (log 4.53) and a t  35.5 kK 
(log eInol 4.20))) but shifted some 3-4 kK to the red, 
so that the most intense absorption lies in the visible 
(violet) portion of the spectrum. The free ligands thus 
appear yellow or orange. 

The absorption pattern of the ligand is repeated 
rather regularly in all transition metal compounds of 
dsc- (see Table I1 and Figures 1 and 2), thus facilitating 
identification of the ligand field spectrum and in some 
instances also of charge-transfer transitions. Somewhat 
larger deviations in the patterns of ligand absorption 
bands are exhibited by the species Ni(dsc)2 and Pd- 
(dsc)z, possibly as a consequence of stronger interligand 
conjugation in planar moieties (this probably does not 
apply to Cu(dsc)%, since copper(I1) compounds of this 
type often tend to distorted geometries; e.g., CU- 

2.60). 

(dtC)2I6). 

(15) H. P. Koch, J .  Chem. Soc., 401 (1949). 
(16) M. Bonamico, G. Dessy, A. Mugnoli, 8. Vaciago, and L. Zambonelli, 

Acle Cuys l . ,  19, 886 (1965). 
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TABLE I1 
SPECTRAL DATA OF METAL N,N-DIETHYLDISELENOCARBAMATES' 

--Ligand bands-- 
Compound d-d Charge transfers I I1 

K(dsc) . . .  . . .  32 .2  (4.25) 34.4 (4.48) 

Zn(dsc)s . . .  . . .  31.5(4 .11)  35 .0(4 .41)  
Ni(dsc)z 14.8 (2.06); 18.4 (2.17) [21.1] (3.30); 23.3 (3.91) 27.9 (4.52) 38.8 (4.65) 

Pd(dsc)z 20.6 (2.48) 25 .8  (2.82) 30.7 (4.85) 37.9 (4.11) 
Cu(dsc)z [16.7] (3.41) 20.2 (4.06) 30.9 (4.20) 34 .5  (4.50) 
C r ( d ~ c ) ~  14 .8  (2.72); 19 .1  (2.65) L25.51 (3.82); 28.0 (4.25) [30.8] (4.31) 33.6 (4.65) 

Co(dsc)r 14.4 (2.81); [19.1] (3.10) [ 2 2 . 2 ]  (4.23); 24.6 (4.41) 28.7 (4.63) 32.3 (4.82) 
a Solvent: chloroform. Band maxima are in kK (log emoi); shoulders are in brackets. 

Notes 

sh a t  22.5 (2.60) and 
a t  27.0 (3.32) 

sh a t  27.9 (3.18) 
sh a t  31 .5  (3.81) and 

a t  36.4 (4.30) 
sh at 34.3  (4.19) 

sh a t  12.7 (1.96) and 
. . .  

a t  18.0(2.52) 
. . .  

40 35 30 25 20 15 
Y, kK. 

Figure 1.-Absorption spectra of Zn(dsc)z (1) and Pd(dsc)z (2); 
solvent, chloroform. 

We now discuss separately the spectrochemical, 
nephelauxetic, and optical electronegativity values 
emerging from the data of Table 11. The position of 
the dsc- ligand in the spectrochemical series of octa- 
hedral complexes can be inferred from A = 14.8 kK 
for C r ( d ~ c ) ~  and 14.4 kK for Co(dsc)s, as compared 
with A = 15.5 kK for Cr(dtc)s and 15.5 kK for Co(dtc)s. 
Diselenocarbamates have therefore only slightly lower 
ligand field strengths than the corresponding dithio- 
carbamates, but in other thio ligands (e.g., A = 14.3 
kK for Cr(dtp)3 (dtp = diethyldithiophosphate)) 
still smaller ligand field strengths occur. The same 
trend is revealed by the spectra of the square com- 
plexes: 81 for Ni(dsc)z a t  14.8 kK is lower than for Ni- 
(dtc)z (15.8 kK) but higher than for Ni(dtp)z (14.5 kK). 
A similar trend occurs with Pd(dsc)z (71 a t  20.6 kK) 
compared with 22.2 kK of Pd(dtc)z; here, however, 
the value for Pd(dtp)z is higher (21.8 kK). Spectro- 
chemical differences between S and Se donors of com- 
parable sign and magnitude have been reported for 
dialkyldithio- and diselenophosphates, and between 

104 

10s 

102 

- 
v ,  kK. 

Figure 2.-Comparison of the absorption spectra of a thio 
and a seleno complex: C r ( d ~ c ) ~  (1) and C r ( d t ~ ) ~  (2) in chloroform 
solution (dtc = N,N-diethyldithiocarbamate). 

thio- and selenoureas.lo The position of dsc- in the 
more extensive spectrochemical series of octahedral 
chromophores would be 
Br- < dsp- 5 C1- < dtp- < dsc- < F- 5 urea < dtc- < 

xant- < HzO < KH3 

It is in our opinion rather unexpected that the spec- 
trochemical difference between S and Se is so small, 
in consideration of both the much sharper differences 
P > As and C1> Br in the neighboring groups and of the 
presumably smaller u-antibonding effects on the d- 
shell orbitals in selenium- than in sulfur-containing 
complexes (the overlap of Se with metal orbitals is 
smaller than that of S;  e.g., the overlap 3du-npu, cal- 
culated for the neutral atoms using the orbital functions 
by Richardson, l7 by Clementi, l8 and by Watson and 
Freeman, l9 turns out to be 0.104 between Co and S (n = 

(17) J. W. Richardson, W. C. Nieuwport, R. K. Powell, and W. F. Edgell. 

(18) E. Clementi, ibid., 41, 303 (1964). 
(19) R. E. Watson and A. J. Freeman, Phys. Rev., 123, 521 (1961). 

J. Chem. Phys . ,  86, 1057 (1962). 
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3 )  a t  2.2-A internuclear distance, but only 0.095 be- 
tween Co and Se (n  = 4) after allowing for the larger 
atomic radius of Se). A possible explanation could be 
reached on the assumption that n back-donation, lower- 
ing the energy of dn orbitals, occurs to a larger extent 
with Se than with S ligands. 

The nephelauxetic effect estimated from the energy 
difference between the first two d-d bands of Cr(dsc)3 
and the first two of Co(dsc)3 yields p35 = 0.41 in the 
former and 0.36 in the latter case. These are remark- 
ably low values, in agreement with previous reports that 
selenium donors are able to cause a much more pro- 
nounced nephelauxetic decrease than the correspond- 
ing sulfur-containing ligands. 

Determination of the optical electronegativity of dsc- 
is uncertain because of the difficulty of assigning ex- 
actly the charge-transfer bands in the presence of in- 
tense ligand bands. Probably the best guess can be 
made from the spectrum of Co(dsc)3, which has a 
charge-transfer band a t  22.2 kK, corresponding, after 

the correction ( - A  + D), to a uLO, value of 9.9 kK; i .e.  
Xogt(dsc-) - 2.68 if we assume xopt(Co) = 2.35.20 

Identification of the true charge transfer x + eb is 
very uncertain in the complex spectrum of the Cr(II1) 
compound. The charge transfer a t  26.1 kK in Pd(dsc)2, 
if compared with the first charge transfer of [PdBr4I2- 
at 30.2 kK and of [PdId]*- a t  20.5 kK, leads to xopt 
(dsc) - 2.6. Thus all data point, although somewhat 
unclearly, to an Xogt of Se in dsc- between 2.6 and 2.7, 
almost imperceptibly lower than that of S in dtc- (2.7 
according to ref 21). In a parallel comparison, xopt = 
2.7 for (C2H50)2PS2- and 2.6 for (CzH50)2PSe*-, the 
difference in XoPt between S and Se is already small (0.1). 
Here it is even smaller, and in our opinion they might 
be a consequence of extensive T bonding betn-een metal 
and ligand, including also x back-donation and result- 
ing in a lowering of the filled x orbitals of the ligands. 

(20) C. K. JGrgensen, J f o l .  Phrs., 6 ,  43 (1963). 
(21) C. K .  Jprgensen, “Inorganic Complexes,” Academic Press Inc., New 

York, N. Y., 1063, p 137. 
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Metal Complexes as Chelates. 11. Binuclear 
Complexes Containing Similar and Dissimilar Metal Atoms1 
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-4 new series of oxygen-bridged complexes is reported with special emphasis on copper(I1). Most of these complexes call be 
shown to be discrete dimeric molecules. Both homo- and heteronuclear dimers can be prepared in a large number of cases, by 
forming a complex of metal M with a tetradentate salicylaldimine, L, and, in turn, using this complex itself as a ligand. The 
latter (ML) then acts as a bidentate in complexing with a metal halide, MX, or M’X2, t o  which i t  coordinates through its 
two phenolic oxygens. The Schiff base complexes used here as ligands (“complex ligands”) are tetradentate Schiff base 
complexes of copper(I1) and nickel(I1). The former are normal paramagnetics, in contradistinction to reports of anomalous 
magnetic moments, and the latter are well known to be diamagnetic. The binuclear complexes are generally considerably 
less soluble in organic solvents than the complex ligands, so that  many different complexes can be formcd by direct reaction in 
saturated solutions. All of the homo- 
nuclear complexes of copper(I1) show antiferromagnetic interactions, which can readily be explained in terms of the well- 
established “Bleany-Bowers” theory. Heteronuclear complexes so far prepared involving copper(I1) with other paramag- 
netic and diamagnetic metals and nickel(I1) with other paramagnetic metals are simple paramagnetics and their magnetic 
properties are in accord with the Curie-Weiss law, between 80 and 400”K, with relatively small Weiss constants. 

Both the complex ligands and the binuclear complexes are nonionic in nitrobenzene. 

Introduction 
Solutions of various metal salicylaldimines (1)  and 

metal halides reacted in organic solvents to form 
new types of complexes to which we attribute 
an oxygen-bridged structure (2). In  this way it is 

1 2 

(1) (a) Par t  I: S. J. Gruber, C. M. Harris, and E. Sinn, I i w g .  N z d  
Chem. Lelters, 3, 496 (1967); (b) taken in p a r t  from the Ph.D. thesis of S. J. 
Gruber, University of h-ew South Wales, 1966. Preliminary work was re- 
ported in the B S c .  (Honors) thesis of S. J. Gruber, 1962. 

possible to bring almost any two metals, similar and 
dissimilar, into combination. 1 , 2  Various types of tri- 
nucIear complexes involving both similar and dis- 
similar metals, were prepared using an analogous 
method, but with noncoordinating anions such as per- 
chlorate replacing the halogen atoms. Oxygen 
bridging of the type shown in structure 2 brings groups 
of two or three metal atoms into close proximity so that 
antiferromagnetic interactions occur in a number of 
cases where the metals have unpaired electrons. The 
shifts observed in the infrared frequencies associated 

( 2 )  S.  J. Ciuber, C. M. Hat-!-is, and E. Sinn, to be published 


