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general agreement with Tolman's work on nickel(0)- 
phosphine complexesz6 and may facilitate the design 
of d10 complexes containing tertiary group V donor 
ligands as specific catalysts. 
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The preparation and characterization of [Cu(DBen)zBr] Clod, [ C U ( D B ~ ~ ) ~ ( N C S ) ( N O ~ ) ] ,  [Cu(DBen)~(seCN)(N0,)1, 
[Cu(DBen)z(SeCN)(C104)], [Cu(DBen)z(SCN)]Br, and [Cu~(DBen)4(SCN)(C104)2]C104 are reported. [Cu(DBen)zBr]Br 
was also characterized. Reflectance spectra a t  room temperature and a t  liquid nitrogen temperature, magnetic suscepti- 
bilities from room temperature to liquid nitrogen temperature, infrared and far-infrared spectra, and visible spectra and 
molar conductivities in DMF and methanol were used to  deduce the structures. Preliminary electron spin resonance 
spectra of some of the complexes are also reported. Most noteworthy is the existence of the [ c ~ ( D B e n ) ~ B r ]  + cation in 
both trigonal-bipyramidal and square-pyramidal forms. 

Introduction 
Ethylenediamine and N-alkylethylenediamines are 

well known for their high coordinating abilities, but 
little is known of N-aralkylethylenediamines. There is 
one description of the electronic and magnetic proper- 
ties of some copper (11) dibenzylethylenediamine 
(DBen) comp1exes.l According to the method of 
preparation, the Cu(DBen)zBrz complex can be iso- 
lated in two geometric forms-a five-coordinate form 
and a tetragonal form.' There are two reports on 
stability constants of DBen c o m p l e x e ~ , ~ ~ ~  and further 
stability constant work, in dilute solution, has recently 
been ~ o m p l e t e d . ~  Ni(DBen)zBrz exists as a five- 
coordinate c ~ m p l e x . ~  

There has recently been great interest in the bonding 
of the thiocyanate ligand to  metal ions6 J#rgensen7 
has suggested that a given metal ion in either high or 
low oxidation state may exhibit M-SCN bonding, 
whereas in an intermediate oxidation state, the bond 
type may be M-NCS. Until Brown and Lingafelter* 
showed from X-ray analysis that the thiocyanate 
ligand is S bonded to copper in the Cu(en)z(SCN)z com- 
plex, i t  was commonly believed that all of the thio- 
cyanate complexes of first transition series metals are 
N bonded. Basolo, et U Z . , ~  have shown that Pd-NCS 
bonding occurs in [Pd(Etadien) (NCS) I + ,  while Pd-SCN 
bonding occurs in [Pd(dien) (SCN) ] +, a difference 
which was considered to result from the steric factors 
and the differing basicities of the amines. At present, 
the thiocyanate ligand is known to bond in five different 

(1 )  Part  I :  

(2) A. E. Frost and A.  A .  Carison, J .  Ovg. Chem., 24, 1581 (1959). 
(3) K. C. Patel and R.  P. Patel, J .  Inoug. Nucl. Chem., 28, 1752 (1966). 
(4) D. E. Goldberg and K. C. Patel, unpublished results. 
( 5 )  K. C. Patel and I,. F. Larkworthy, unpublished results. 
(6) J. L. Burmeister, Coovd. Chem. Rev. ,  1, 205 (1966); 3, 225 (1968). 
(7) C. K. JZrgensen, Inovg. Chem.,  3, 1201 (1964). 
(8) B. W. Brown and E. C. Lingafelter, Acta Cvyslallogu.,  16, 753 (1963). 
(9) F. Basolo, W. H. Baddley, and J. L. Burmeister, Inovg. Chem., 3 ,  

L. F. Larkworthy and K. C. Patel, J .  Inovg. Nucl. Chem., 38,  
1263 (1970). 

1203 (1964). 

ways:l0 MSCN, MNCS, MSCNM, MzSCN, and 
MzSCNM. The selenocyanate ligand is also known to 
bond through either its nitrogen atom, its selenium 
atom, or both. 

Experimental Section 
Copper(I1) salts (reagent grade), potassium selenocyanate 

(K & K Laboratories), and dibenzylethylenediamine (Aldrich 
Chemical Co.) were used without further purification. Spectro 
Grade solvents were used for solution spectra and for conductance 
measurements. Analytical data are presented in Table I. 

Diffuse reflectance spectra a t  room temperature and a t  liquid 
nitrogen temperature were recorded on a Cary Model 14 spec- 
trophotometer equipped with a diffuse reflectance accessory using 
magnesium oxide as reference. Solution spectra were recorded 
on the same instrument, using 1-cm silica cells and M 
solutions. 

M solutions were determined 
a t  25" using a Wayne Kerr Universal conductivity bridge, Model 
B221. Infrared spectra of Nujol or hexachlorobutadiene mulls 
were recorded between KBr plates over the range 5000-650 cm-' 
with a Perkin-Elmer Model 21 spectrophotometer. The far- 
infrared spectra were measured between polyethylene plates over 
the range 600-250 cm-l on a Perkin-Elmer Model 457 spectro- 
photometer. They and the magnetic susceptibility measurements 
were done on a Gouy balance at  the University of Surrey, Guildford, 
Surrey, England. The esr spectra were recorded a t  Hunter 
College of the City University of New York on a Varian V4502 
spectrometer. 

(I) Bromobis(N,N'-dibenzylethylenediamine)copper(II) Per- 
chlorate.-[Cu(DBen)zBr] Br was prepared from aqueous solu- 
tion.' To a suspension of this compound (0.01 mol) in absolute 
ethanol was added solid LiC104 (0.012 mol). The solids were 
dissolved by heating a t  95". The resulting filtrate yielded navy 
blue crystals, which were washed with absolute ethanol. 

(11) Isothiocyanatonitratobis(N,N'-dibenzylethylenediamine)- 
copper(II).-A suspension of Cu(DBen)z(r"O3)~ (0.01 mol), pre- 
pared as described previously,' in absolute ethanol was treated 
with solid NH4SCN (0.01 mol). The pink solid turned blue on 
shaking the mixture. The product was filtered and washed with 
ethanol. Recrystallization from DMF is not possible because of 
its very high solubility, but ethanol or a mixture of DMF and 
ethanol yields solid Cu(DBen)z(NOs)z. 

(111) Selenocyanatonitratobis(N,N'-dibenzylethylenediamine)- 

Molar conductances of the 

(10) (a) C. D. Flint and 14. Goodgame, J .  Chem. SOL. A ,  442 (1970); 
(b) A. Mawby and G. E. Priagle, Chem. Commun., 385 (1970). 
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Compd and color 

[Cu(DBen)zBr] c104 

[Cu( DBen)z(NCS)( NOS)] 
(navy blue) 

(blue) 

(dirty blue) 
[Cu(DBen)n(SeCN 1 (NOS)] 

[ Cu (DBen)p (SeCN) (ClO,)] 
(greenish blue) 

(green) 

Clodc (blue) 

[Cu(DBen)p(SCN)] Br 

[Cu,( DBen)4(SCN)(ClOa)z] - 
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7-% c-- 
Calcd Found 
53.1 53.1 

59.7 59.1 

55.7 54.9 

52.9 52.7 
50.9 

58.1 56.7 

54.05 53.3 
53.2 

TABLE I 
ELEMENTAL ANALYSES~ 

---% H-7 7-% N-- 7% s--. 
Calcd Found Calcd Found Calcd Found 

5 .6  5 . 9  7 .7  7 . 8  

6.05 6 .0  12.65 12.4 4 . 8  5.05 

5.7 5 . 8  11.8 12 .1  

5.35 5 . 3  9 . 4  10.2 
5.2 9 . 7  

5 .9  6 .2  10.3 10.5 4 .7  4 .7  

5 . 5  6.35 8 . 7  8 . 9  2 .2  2 .3  
5.65 9 .2  2 .2  

7% Seb--- 
Calcd Found 

11.1 11.2 

10.6 10.2 
10.3 

a Microanalyses by Alfred Bernhardt Microanalytical Laboratory, Elbach iiber Engelskirchen, West Germany. Microanalysis of 
Prepared by treating Cu(DBen)~(C104)2 .HzO and NHaSCN in the mole ratios selenium is difficult and was done by control analysis. 

1 : 1 and 1 : 2, respectively. 

TABLE I1 
MAGNETIC PROPERTIES, MOLAR CONDUCTANCES (All) ,  AND FREQUENCIES OF INFRARED 

BANDS DUE TO SCN OR SeCN OF Cu(I1)-DBen COMPLEXES 
Diamag 

r - f i e f f , a  BM-- cor X 108, -AM, cm2/mol ohm- 
Complex 300'K 90°K 8 ,  O K  cgsu D M F  CHaOH 

[Cu(DBen)pBr] Clod 1.98 1 90 10 44 1 81 106 
[ C ~ ( D B ~ ~ ) Z ( N C S ) ( N O ~ ) ]  1.92 1.89 5 424 88 89 
[Cu(DBen)~(secN)(r\ 'O~)] 2.11 1.96 13 43 5 103 92 

[Cu(DBen)z (SeCN) (C104)l 1.86 1.79 14 448 118 b 

[ Cu2( DBen)4(SCN)(Cl04)~1 Clod 1.94 1.80 . . .  438 57c b 
[Cu(DBen)s(SCN)] Br 1.90 . . .  . . .  440 6 72 

C-N str, cm -1 

. . .  
2096 
2042, 2060 w, sh, 

2080 w, sh, 
2100 w, sh 

2050, 2090 sh 
2065 
2050 

a Calculated, using the relationship pefi  = 2 . 8 4 4 2  BM; XA is the molar susceptibility corrected for the diamagnetism of the ligands 
and anions. Insufficient solubility. Assuming a formula weight of 722, corresponding to a monomeric formula. 

copper(II).-To a suspension of C U ( D B ~ ~ ) ~ ( N O ~ ) ~  (0.01 mol) in 
absolute ethanol was added KSeCN (0.01 mol). Reaction took 
place immediately, producing a dirty blue solid, which was 
washed with ethanol, then with water, and finally once again 
with ethanol. It was impossible to prepare Cu(DBen)z(SeCN)z 
from Cu(SeCN)2, since the latter is unstable even in absolute 
ethanol, decomposing into CuSe. 

(IV) Selenocy~natoperchloratobis(N,N'-dibenzylethylenedi- 
amine)copper(II).-A suspension in absolute ethanol of Cu(DB- 
en)2(C104)~.H~O (0.01 mol), prepared as described previously,' 
was treated with a solution of KSeCh- (0.01 mol) in absolute 
ethanol. The resulting greenish blue solid was filtered, washed 
with ethanol, and dried. The dry solid was washed with water 
to ensure removal of all traces of KSeCN and then was washed 
with ethanol. 

(V) Thiocyanatobis(N,N'-dibenzylethylenediamine)copper (11) 
Bromide.-To a suspension of [Cu(DBen)zBr]Br (0.01 mol) in 
absolute ethanol was added solid NHaSCN (0.01 mol). The 
solids were dissolved by heating. From the filtered blue solution, 
blue crystals separated and were filtered and washed with ab- 
solute ethanol. 

(VI) Thiocyanatobis(perchlorato)tetrakis(N,N'-dibenzylethyl- 
enediamine)dicopper(II) Perchlorate.--A solution of NHaSCN 
(0.01 or 0.02 mol) in absolute ethanol was treated with a suspen- 
sion of Cu(DBen)z(Cl04)2.HzO1 (0.01 mol) in the same solvent. 
The resulting blue solid was filtered, washed with ethanol, and 
dried. 

Results and Discussion 
Six new coordination compounds of DBen with 

copper(I1) have been prepared, and their reflectance 
spectra have been measured both at room temperature 
and at  liquid nitrogen temperature. Magnetic sus- 
ceptibilities from room temperature down to liquid 
nitrogen temperature, infrared and far-infrared spectra, 
and visible spectra and molar conductivities in DMF 
and methanol are reported in Tables I1 and 111. The 

infrared spectra between 600 and 250 cm-' are very 
complicated (Table IV) ; however, assignments of cer- 
tain bands are made by mutual comparison and by 
comparison with literature values. The magnetic sus- 
ceptibilities are discussed as a group, after which the 
other properties of each compound are discussed, and 
finally esr spectra are discussed. 

Magnetic Susceptibilities.-Magnetic susceptibilities 
were measured at  seven temperatures between 87.5 and 
300°K. The magnetic moments a t  300 and 90°K and 
the Curie-Weiss constants of all the complexes are 
reported in Table 11. The compounds are all magneti- 
cally normal, high-spin copper(I1) complexes except 
Cuz(DBen)4SCN(C104)3, which may show a weak anti- 
ferromagnetic interaction. 

[Cu(DBen),Br]C104.-From their spectral and other 
properties, two isomers of Cu(DBen)*Br2-a blue com- 
plex prepared from ethanolic solution and a dark blue 
compound prepared from aqueous solution-have been 
assigned tetragonal and five-coordinate structures, 
respectively. To characterize the five-coordinate com- 
plex further, a dark navy blue complex has now been 
isolated by replacement of a bromide ion by perchlorate. 
The reflectance spectra of all three complexes differ, as 
shown in Figure 1. The tetragonal form of Cu(DBen)z- 
Br, has a band in its reflectance spectrum at  14,500 
cm-I, with a shoulder near 10,200 cm-l. The five- 
coordinate form of the dibromide has a very broad band 
a t  12,600 cm-'. The reflectance spectrum of the per- 
chlorate has an intense band a t  17,000 cm-' and an un- 
resolved shoulder near 15,000 cm-l (Table 111). The 
reflectance spectrum of a complex reflects the energy 
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TABLE I11 
ELECTRONIC SPECTRA OF Cu(I1)-DBen COMPLEXES 

7 Soh spectra, k K  (e) -Reflectance spectra,a kK-- c-- 

Methanol Room temp Liq Nz temp D M F  

[Cu(DBen)zBr] e104 17.0 17.0 14.65* (255) 15.6b (160) 

[Cu(DBen)z(NCS)(N03)1 14.5 14.8 27.3 sh (820) 28.6 (1100) 
11.1 10.6 15.5* (185) 15.4b (180) 

[ Cu(DBen)z(SeCN) (Nod] 16.2 16.5 25.5 (160) 28.6, 27.0 (400) 
11.5 sh 11.8 sh 16.7b (165) 15.6b (80) 

[Cu(DBen)z(SeCN) (Clod)] 16.2 16.7 25.0 (250) c 
11.5 sh 11.5 sh 16.0 (160) 

[Cu(DBen)z(SCN)] Br 14.7 14.9 14. 7b (238) 27.8 sh (1000) 

[Cup (DBen)a(SCN) (ClO&] cloi 16.6 16.8 25.0 (250) C 

-15.0 vw, sh -15.0 vw, sh 

-12.0 vw, sh -11.0 sh 15. 5b (195) 

11.3 sh 11.8 sh 16.0 (160) 
a All bands are broad. b Asymmetric on the low-energy side. Insufficient solubility. 

TABLE IVa 
INFRARED SPECTRA OF NUJOL MULLS O F  Cu(I1)-DBen COMPLEXES BETWEEN 600 AND 250 CM-’ 

[Cu(DBen)zBr]CIO4 (NCS) (NOS) I (SeCN) (NO$ I (SeCN) (Clod) I (SCN)IBr (C104)21C104 [Cu(DBen)rBrlBr 

585 m 581 m 580 m 578 m 585 s 582 m (580 s ‘1 
570 w 560 w 550 vw 550 w 503 m 550 w, br 1570 m( 

510 m 510 s 509 s 483 w 511 m (508 m\ 

[Cu(DBen)z- [Cu(DBen)z- [Cu(DBen)z- [Cu(DBen)z- [Cuz(DBen)r(SCN)- 

492 m 500 s 498 s 499 m 1497 s J 
151.21 

457 s 460 s 456 sh 465 vw, sh 14651 

\5O8js 
498 m 

487 w 460 s 
478 w 437 w 14601‘ 448 s 446 s 

425 m 420 s 
410 s 

395 m 

380 vw 365 m 378 w 378 w 
330 w 340 w, br, 320 w 350 vw 

300 w, sh 297 w, sh 297 s 323 w 
295 s 

280 s 283 w, sh 270 m 270 m 

318 w 

272 m 
Braces indicate split bands. 

A 

19 17 15 13 ( 1  9 

5 cm-1x1~3 
Figure 1.-Diffuse reflectance spectra a t  room temperature of 

[Cu(DBen)~BrlBr (A), [Cu(DBen)~Brz] (B), [Cu(DBen)~Brl- 
c104 (C), [Cu(DBen)z] ( C ~ O ~ ) Z . H ~ O  (D), and [Cu(DBen)z- 
(SCN)IBr (E). 

levels of the cation, which are controlled largely by the 
nature of the donor atoms and the local symmetry 
about the metal ion. The great differences in the spec- 
tra of these three compounds cannot be caused by a 
difference in (uncoordinated) anion. Many cationic 
complexes are known in which the anions have very 
little effect on the reflectance spectrum of the com- 
pound,l1-I3 and hence the cations are assigned identi- 
(11) S. Utsuno and K. Sone, J .  Inoug. Nucl. Chem., 28, 2647 (1966). 
(12) N. T. Barker, C. M. Harris, and E. D. McKenzie, Proc. Chem. Soc., 

(13) W. K. Musker and M. S. Hussain, Inorg. Chem., 8, 528 (1969). 
London, 335 (1961). 

’405’sh 468 w 
392 m 450 s 

425 s 
370 w 380 w 360 w 
332 w 350 vw, br 337 w 

327 w 
300 s, br 

272 m 270 m 280 vw, sh 
260 s, br 

cal structures in these cases, Nor is i t  possible for 
ligand conformation to cause such appreciable changes, 
although such isomerism has caused changes in the 
colors of certain complexes with the same local sym- 
metry.14 Considering all these factors, i t  is reasonable 
to believe that Cu(DBen)zBrC104 and the two forms of 
Cu(DBen)zBr% must all have different structures. 

Cu(DBen)zBrC104 has a strong, broad infrared band 
near 1100 cm-l, characteristic of an ionic perchlorate 
group (Figure 2). The expected band near 630 cm-’ 
is masked by ligand vibrations. With the perchlorate 
ionic, the possible structures for the cation are square 
planar, with only DBen coordinated, or some five- 
coordinate complex with DBen and bromide ion co- 
ordinated. The former can be eliminated as a pos- 
sibility by comparison of the reflectance spectrum of this 
complex with that of a square-planar complex,l Cu(DB- 
en)z(C104)2. HzO (Figure 1). The reflectance band 
of the Cu(DBen)zBrC104 complex is much more intense 
and is shifted 700 cm-’ toward low energy compared 
with that of Cu(DBen)z(C104)z. HzO, which resembles 
the change in electronic s p e ~ t r u m ’ ~  that occurs be- 
tween [ C ~ ( e n ) ~ l X ~  and [Cu(en)z(NHB) ]Xz and with the 
“pentaammine effect” observed16 in aqueous solutions 
of copper(I1) ion as ammonia is added. Such a high 
increase in intensity of a d-d reflectance band suggests 

(14) N. A. Bailey, E. D. McKenzie, and J .  R. Mullins, Chem. Commun. ,  

(15) A. A. G. Tomlinson and B. J. Hathaway, J .  Chem. SOC. A ,  1685 

(16) J. Bjerrum, C. J. Ballhausen, and C. K. JWgensen, Acta Chem. 

1103 (1970). 

(1968). 

Scond., 8, 1275 (1954). 
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\ 

\0., 

\ \. 

1 1 I I 

9 10 

P- 
Figure 2.-Infrared spectra of [Cu(DBen)z] (ClOa)z.H20 (.4), 

[C~(DBen)~Br]C104 (B), and [Cuz(DBen)4(SCN)(C104)2] e104 
(C). 

a loss of center of symmetry. Far-infrared bands at  
280 cm-I of C U ( D B ~ ~ ) ~ B ~ C ~ O ~  and a t  260 cm-' with a 
weak shoulder a t  280 cm-' of Cu(DBen)zBrz, which are 
much stronger and broader than bands in the same 
region for the other complexes, possibly includes a 
band due to metal-bromine stretch (Table IV). From 
these results, a five-coordinate structure is assigned to 
[Cu(DBen)zBr]ClOr. Hence i t  is believed that the five- 
coordinate cation [ c ~ ( D B e n ) ~ B r ] +  exists in two iso- 
meric forms, in [ c ~ ( D B e n ) ~ B r ] B r  and [Cu(DBen)z- 
Br]C104. 

A square-pyramidal structure is assigned to the 
cation of [Cu(DBen)zBr]C104 and a trigonal-bipyram- 
idal structure is assigned to the cation of [Cu(DBen)z- 
Br]Br on the basis of the following comparisons. The 
reflectance spectrum of a square-pyramidal complex, 
[Cu(trien) (SCN) INCS, whose structure was deter- 
mined by X-ray diffractionJ17 has a broad asymmetric 
band a t  17,400 cm-'. Also the members of a series of 
bis(ethylenediamine)copper(II)-monoammonia com- 
plexes were assigned square-pyramidal structures16 
from their reflectance spectra, each of which has an 
intense band a t  17,000 cm-l with a very weak shoulder 
near 11,000 cm-l. In contrast, the reflectance spec- 
trum of Cu(NH&Ag(SCN)3, which has been assigned 
a regular trigonal-bipyramidal structure from X-ray 
analysis,18 has two strong, broad bands of high in- 
tensity a t  12,800 and 14,500 cm-' (which appear almost 
as a single band). Cu(dienMe)Clz, Cu(dienMe)Brz, 
[Cu(bipy)2"3 l(ClOd~, and [Cu(bipy)zNHsl(BF~)z, 
with electronic properties very similar to those of Cu- 
(NH&Ag(SCN)s, were a s ~ i g n e d ~ ~ ~ ~ ~  trigonal-bipyram- 
idal structures. Using these results as guides, a square- 
pyramidal and a trigonal-bipyramidal structure can be 
assigned to [Cu (DBen)zBr ]C104 and [Cu ( DBen)zBr ]Br, 
respectively. These results are consistent with the esr 
spectra (see esr section). Square-planar, octahedral, 
and tetrahedral isomers are well established for nickel- 

(17) R. Barbucci, G. Cialdi, G. Ponticelli, and P. Paoletti, J. Chem. SOC. 

(18) R. C. Slade, A. A. G. Tomlinson, B. J. Hathaway, and D. E .  Billing, 

(19) 11. Ciampolini and G. P. Speroni, Inorg. Chem.,  5 ,  45 (1966). 
(20) B. J. Hathaway, I. M. Procter, R. C. Slade, and A. A. G. Tomlinson, 

A ,  1775 (1969), and references therein. 

ibid. ,  A ,  61 (1968). 

J .  Chem. SOC. A ,  2219 (1964). 

(11) complexes. 21 Recently diamagnetic and para- 
magnetic forms of Ni(DBen)z(ClO& were i ~ o l a t e d . ~  
However, to our knowledge, the present report is the 
first report of structural isomerism in a five-coordinate 
copper(I1) cation. 

[Cu(DBen)zBr]C104 behaves as a uni-univalent elec- 
trolyteZ2 in DMF. The spectrum in this solvent con- 
sists of one broad band a t  14,650 cm-', a frequency 
much different from that in the reflectance band. 

[Cu(DBen)2(NCS) (NOS) 1, [Cu(DBen)z(SeCN) (Nod 1, 
and [Cu(DBen)2(SeCN) (C10,) ].-The reflectance bands 
a t  14,500 and 11,100 cm-I of [Cu(DBen)z(NCS)(NOs)] 
and a t  16,200 and 11,500 cm-l of both [Cu(DBen)z- 
(SeCN) (NOg) ] and [Cu(DBen)z(SeCN) (Clod) ] are char- 
acteristic of distorted octahedral ( Go) coordination. 
In  this symmetry three bands are expected.23 The 
broad high-energy band (main band) can be assigned 
to the superimposed transitions 2B1 + 2 B ~  and 2B1 + 2E 
and the other band or shoulder to the 2B1 + "1 tran- 
sition. Comparison of the low-energy bands (distor- 
tion bands) of [Cu(DBen)z(NCS) (NOa)] and [Cu(DB- 
en)z(SeCN) (NO3) ] clearly indicates (by the shift of 
the band toward lower energy in the former) lower 
distortion in the former complex, as expected' (Figure 
3).  As noted earlierz4 for Cr(en)zXz complexes (X = 

1.2 c 

Br or I ) ,  this type of band shift also indicates coordina- 
tion of both anions. On cooling to liquid nitrogen 
temperature, the main band in all three complexes 
moved 300-500 cm-l higher in energy, as expected for a 
d-d transition. 

The conductance and spectral data in methanol and 
DMF are reported in Tables I1 and 111, respectively. 
In these solvents [ C U ( D B ~ ~ ) ~ ( N C S )  (NO3) ] behaves as a 
uni-univalent electrolyte and absorbs near 15,500 cm-l. 
[Cu(DBen)z(SeCN) (Nos) 1 decomposes slowly in meth- 
anol. 

The coordination of both anions in the solid com- 
(21) D. M. L. Goodgame, M. Goodgame, and M. J. Weeks, ibid., A ,  1125 

(1967). 
(22) J. V. Quagliano, J. Fujita, G. Franz, D. J. Phillips, J. A. Walmsley, 

and S. Y .  Tyree, J .  A m e r .  Chem. Soc., 88, 3770 (1961). 
(23) B. J. Hathaway and A. A. G. Tomlinson, Coord. Chem. Reu., 5 ,  1 

(1970). 
(24) A. Earnshaw, L. F. Larkworthy, and K. C. Patel, J .  Chem. SOC. A ,  

1339 (1969). 
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plexes is confirmed from the infrared spectra. The 
presence of infrared bands (in cm-l) a t  824 (m) ( ~ 2 )  and 
1305 (s) and 1400 (s) (VS) confirms the monodentate 
coordination of the nitrate group in both nitrate com- 
plexes.26 The two bands a t  -318 and a t  297 cm-l 
can be assigned to M-0 stretching modes of mono- 
coordinated nitrate groupP (Table IV) . 

The weak splitting of an infrared band between 
1050 and 1100 em-' in [Cu(DBen)z(SeCN)(C104)] 
can be assigned to semicoordinatedZ7 perchlorate ion. 
The presence of far-infrared bands at  323 (w) and 295 
(s) cm-l due to  Cu-0 bonding, as well as a shoulder a t  
465 cm-', due to the vz vibration of the clod group, also 
supports this assignment (Table IV).  (See also the 
discussion of [CUZ (DBen) 4 (SCN) (Clod) z 3 (Clod). ) 

The thiocyanate ion has three fundamental modes of 
vibration-the C-N stretch, VI;  the doubly degenerate 
bending,v 2;  and the C-S stretch, v3. The C-N stretch- 
ing frequencies of N-bonded, S-bonded, SCN-bridged, 
and >SC=N- triply coordinated thiocyanate groups 
occur between 2040 and 2080, 2080 and 2120, 2119 and 
2133, and 2140 and 2170 cm-l, respectively.6 There- 
fore thevlband at2096 cm-lof [ C U ( D B ~ ~ ) ~ ( N C S ) ( N O ~ )  ] 
characterizes an S-bonded thiocyanate group. How- 
ever, contrary to this assignment, bands between 2070 
and 2100 cm-1 in M2M'2[Zn(NCS)a].nH20 complexes 
(where M and M' are Na, K, Cs, and NHI) and also a 
band a t  2073 cm-1 in [Cu(trien)SCN](NCS) have been 
assigned to N-bonded28 and S-bonded17 SCN groups, 
respectively. 

The region of C-S stretching frequency has been 
suggested as 780-860 cm-I in N-bonded complexes and 
690-720 cm-1 in S-bonded thiocyanate complexes.2e 
In the series of complexes reported here, this region 
cannot be used confidently because the substituted aro- 
matic ring vibrations occur here. However, the ~3 band 
of [Cu(DBen)z(NCS)(NOI)] a t  880 cm-l, where neither 
NO3 nor DBen absorbs, may suggest the presence of an 
N-bonded thiocyanate group. The differences in the 
C-N stretching bands of [Cu(DBen)Z(SeCN) (NO3) ] 
and [Cu(DBen)z(NCS) (Not)] (Table 11) suggests30 
that both compounds cannot be N coordinated. Also, 
bands between 2040 and 2080 cm-l have been inter- 
preted in terms of Se-bonded selenocyanatodiamine- 
copper(I1) complexes.29 Hence i t  is suggested that 
this complex contains a selenium-bonded SeCN group. 

The C-N stretching vibration of the SeCN group of 
[Cu(DBen)z(SeCN) (C104) ] appears as a strong, sharp 
band a t  2050 cm-1 with a shoulder near 2090 cm-' 
(Table 11). The appearance in the spectrum of a C-Se 
stretching band a t  510 cm-' and a doubly degenerate 
bending vibration a t  378 cm-I with its weak overtone a t  
762 cm-' in both the SeCN complexes confirms the 
presence of a selenium-bonded SeCN 

[Cu(DBen)z(SCN) ]Br.-From the appearance of the 
reflectance spectrum, a highly distorted tetragonal 
structure or a square-pyramidal structure was con- 
sidered most probable for this compound. But the 

(25) N. F. Curtis and Y. M. Curtis, Inorg. Chem., 4, 804 (1965). 
(26) J. I. Bullock and F. W. Parrett, Chem. Commun., 157 (1969). 
(27) I. M. Procter, B. J. Hathaway, and P. Nicholls, J .  Chem. Soc. A ,  

(28) Yu. Ya. Kharitonov, G. V. Tsintsadze, and A. Yu. Tsivadze, J .  

(29) M. E. Farago and J. M. James, I n o r g .  Chem., 4, 1706 (1965). 
(30) F. A. Cotton, D. M. L. Goodgame, M. Goodgame, and T. E. Hass, 

(31) A. Turco, C. Pecile, and hl. Nicolini, J. Chem. Soc., 3008 (1962). 

1678 (1968). 

I m v g .  Nucl. Chem. Lett., 6, 197 (1970). 

i b i d . ,  1, 565 (1962). 

reflectance spectrum has an intense band a t  14,700 
cm-l with a weak shoulder near 12,000 cm-l. From 
the absence of a band below 12,000 cm-l, the distorted 
octahedral structure can be ruled out for the following 
reasons. A highly distorted tetragonal complex, Cu- 
(DBen)&, has a distortion band a t  10,600 cm-I in its 
reflectance spectrum. Because of the smaller atomic 
radii and higher ligating power of nitrogen or sulfur and 
bromide than of iodide, comparatively less distortion 
and hence a distortion band a t  energy lower than 10,600 
cm-' could be expected in the spectrum of Cu(DBen)z- 
(SCN)Br if i t  did have a tetragonal structure. The 
reflectance spectrum of this complex is comparable to 
that of the square-pyramidal complexl7 [Cu(tpt)- 
(NCS) ]NCS (tpt = tris(3-aminopropy1)amine). 

[Cu(DBen)z(SCN) ]Br behaves as a uni-univalent 
electrolyte in methanol, and its solution spectrum has a 
band a t  15,500 cm-'. However, this compound is a 
nonelectrolyte in DMF and has a solution band a t  
14,700 cm-l. The C-S stretching modes between 
730 and 750 cm-1 are reported for weakly sulfur- 
bonded bis(diamine)copper(II) thiocyanate com- 
p l e x e ~ . ~ ~  The appearance of a band a t  743 cm-1 in 
addition to a normal band in this region of a substituted 
benzene ring can be assigned to a weakly sulfur-bonded 
thiocyanate group.22 Absence of a band between 260 
and 280 cm-1 of a coordinated bromide ion confirms the 
presence of an ionic bromide ion. 

C U ~ ( D B ~ ~ ) ~ ( S C N )  (C10a)3.-Treatment of Cu(DB- 
en)z(C104)2-H20 with NH4SCN in a molar ratio of 1 or 
2 in cold ethanol yields a light blue solid which analyzes 
as Cuz(DBen)c(SCN) (c104)3 (Table I). The reflec- 
tance spectrum of this complex has a broad band a t  
16,600 cm-l and a weak shoulder near 11,300 cm-I, 
which can be interpreted in terms of a tetragonal com- 
plex. 

This compound behaves as a tri-univalent elec- 
trolyte in DMF solution,22 and its spectrum has a single 
broad band a t  16,000 cm-I, which probably indicates 
some solvation (Table 111). 

Comparison of the infrared spectra of [ c ~ ( D B e n ) ~ ] -  
(C104)z*Hz0, [Cu(DBen)pBr]C104, and Cuz(DBen)4- 
(SCN) (C104)3 in the llOO-cm-l region clearly indicates 
the presence of both ionic and monodentate perchlorate 
groupsz7 in Cuz(DBen),(SCN) (c104)3 (Figure 2). The 
ratio of band intensities of VI and v3 was used as evidence 
to show coordination of the perchlorate group.27 The 
intensity ratios for Cu(DBen)z(SeCN) (C104), 37, and 
for Cuz(DBen)a(SCN) (C104)3, 40, in contrast to those 
for Cu(DBen)z(C104)z.H20, 19, and for [Cu(DBen)z- 
BrIC104, 20, indicate that semicoordination of Clod- 
has taken place in the first two complexes. The appear- 
ance of a vz band a t  468 (w) cm-' also suggests the 
presence of a semicoordinated perchlorate group. 

The C-N stretching band of the thiocyanate group 
appears a t  2050 cm-l, where the ionic thiocyanate 
group absorbs. However, bands a t  300 cm-' and a t  
425 cm-' can be assigned to M-S stretching and SCN 
bending vibrations, respectively, 3 2  of a sulfur-bonded 
SCN group. Moreover, the presence of 0.5 mol of 
thiocyanate per mole of copper from both preparations 
suggests that the role of the thiocyanate must be more 
than just an anion in this complex. Hence, despite 

(32) J. M. Homan, J. M. Kawamoto, and G. I. Morgan, Inorg. Chem., 9, 
2533 (1970). 
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many reports6 that the C-N stretching vibration of a 
bridging thiocyanate group occurs above 2100 cm-’, 
structure I is postulated. Recently this type of bond- 
ing has been confirmed by X-ray analysis in [Pd- 
(SCN)4l2-. 

N 

I 

Electron Spin Resonance Spectra.-Electron spin 
resonance spectra of polycrystalline samples of some 
copper(I1) complexes are presented in Figure 4. The 
esr spectrum of [ C U ( D B ~ ~ ) ~ B ~ ] C I O ~  is isotropic, with a 
g value of 2.16, consistent with a square-pyramidal 
structure undergoing free rotation, such as that ob- 
servedz3 in CU(NH~)~(BF& (g = 2.126). 

The esr spectrum of [Cu(DBen)zBr]Br is aniso- 
tropic, with g values of 2.034, 2.074, and 2.203, con- 
sistent with a distorted trigonal-bipyramidal structure 
with a d,2 ground state. From the nature of the spec- 
trum, the distortion in this complex seems opposite 
to that33 in [Cu(bipy)J]I, which may reflect the rig- 
idity of bipyridine as opposed to the flexibility of DBen. 

The esr spectrum of [Cu(DBen)z(NCS)(NOs)] is 

(33) B. J. Hathaway and D. E. Billing, Coord. Chem. Re%, 6, 143 (1970). 

Figure 4.-The powder esr spectra (first derivative) of 
[Cu(DBen)zBr] ClOa (A), [Cu(DBen)zBr]Br (B), and [Cu(DB- 
en), (NCS ) (NOs)l (C). 

highly anisotropic. The average g value in an aniso- 
tropic system can be calculated using the relation34 

gav = d g I I ” / ”  + 2gL2’a (1) 
where gll = g, and g i  = g, = gv. Using the values 
811 = 2.036 and g l  = (g, 4- g,)/2 = 1.981 in the present 
case, the value ga, = 2.000 can be obtained. 
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(34) B. N .  Figgis, “Introduction to  Ligand Fields,” Interscience, New 
York, N. Y., 1966, p 293. 
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The magnetic susceptibilities of dichloro(2,3-dimethylquinoxalinato)copper(II) and dichlorobis(2-methylquinoxa1inato)- 
copper(I1) have been measured over the temperature range 4.2-77°K and shorn maxima indicating an antiferromagnetic 
alignment of spins. The experimental data can best be fitted by the Ising model for an infinite linear chain, supporting 
past structure proposals that these compounds have polymeric structures. The values of the coupling constants are also 
consistent with chloride bridges in the 2-methyl complex and quinoxaline bridges in the 2,3-dimethyl complex. The mag- 
netic data for dichlorobis(2,3-diphenylquinoxalinato)copper(II) show Curie-Weiss behavior down t o  very low temperatures 
where a small deviation indicative of a weak ferromagnetic interaction is observed. 

Quinoxaline complexes of copper (11) halides were 
first prepared by Underhill.’ On the basis of infrared 
and magnetic properties he proposed a polymeric struc- 
ture for these compounds involving an infinite chain 
of CuXz units with quinoxaline molecules as bridges 
between copper atoms in different chains. Later work 
by Billing, et al.,z showed that the nature of the poly- 
meric linkages was dependent on the degree and type of 
substitution on the quinoxaline ring. Their structural 
proposals were based on room-temperature moments, 
molecular models, and reflectance and infrared spec- 

(1) A. E. Underhill, J .  Chem. Soc., 4336 (1965). 
(2) D. E. Billing, A. E. Underhill, D. iM. Adams, and D. M. Morris 

ibid., A ,  902 (1966). 

tra. Campbell, et ~ 1 . ) ~  measured the magnetic sus- 
ceptibility of dichloro(2,3-dimethylquinoxalinato)- 
copper(I1) over the temperature range 80-300°K and 
were able to fit their data to the Ising model for anti- 
ferromagnetic chains, although they did not observe 
a maximum in the susceptibility vs. temperature curves. 
To  provide additional information bearing on the struc- 
tures and properties of these compounds, we have mea- 
sured the susceptibilities of dichloro (2,3-dimethyl- 
quinoxalinato)copper(II) , dichlorobis(2,3-diphenylquin- 
oxalinato)copper(II), and dichlorobis(2-methylquin- 

(3) M. J. M, Campbell, R. Grzeskowiak, and F. B. Taylor, ibid., A ,  19 
(1970). 


