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Copper(II) complexes having the formula C11L2X2 were allowed to react 
with chlorine and bromine and several crystalline complexes of the type 
[LHMC11X4] (where L is 3,5-lutidine, 3,4-lutidine, 2,4-lutidine, and 2,6-lutidi-
ne and X is СГ or Br~) and [LH]2[CuX2Y2] (where X is СГ, Y is Вг~) were 
isolated. All these complexes were characterized on the basis of their ana
lyses, conductance, magnetic susceptibility, infrared, and electronic spectral 
data. 

Halogenation reactions of several transition metal complexes of the type ML2X2, 
where M is a bivalent metal like zinc, nickel, manganese, and cobalt, L is a nitrogen donor 
ligand and X is Cl~ or Br~, were reported earlier [1 — 7]. Several tetra-, penta-, and hexa-
-coordinated anionic complexes were reported for bivalent nickel and zinc. Some interesting 
results [7] were obtained while undertaking the halogenation of copper(II) complexes. 
I t was therefore thought worthwhile to extend the investigation to the case of copper(II) 
complexes of lutidines. A number of electrolytic complexes having the formula [LH] 2 

[CuX4] and [LH]2[CuX2Y2], where L is 3,5-, 3,4-, 2,4-, and 2,6-lutidine, X is СГ or Br", 
and Y is Br~ are reported in this communication. 

Experimental 

All the chemicals were of A.R. grade. C11L2X2 complexes were prepared by previously 
reported methods [8, 9]. 

Chlorination 

To an ethanolic suspension of СиЬгВгг complexes pure and dry chlorine gas was passed 
slowly till a clear solution was obtained by exothermic reaction. The solution was cooled 
overnight when yellow crystalline compounds separated. Chlorination of СиЬгВгг complex
es resulted in a complete replacement of bromine atoms by chlorine. 

Bromination 

To an ethanolic suspension of СиЬгСЬ and СиЬгВгг liquid bromine was added drop-
wise and the mixture was shaken till a clear solution was obtained by exothermic reaction. 
On cooling overnight, dark violet crystalline compounds separated. The compounds 
were suction filtered, washed with ethanol and ether, and dried in vacuo. Halogenation 
reaction did not succeed in CHCI3 or ССЦ media probably because of the absence of a sol-
volytic mechanism. 
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Table 1 

Analysis, mel t ing point , c o n d u c t a n c e , a n d m a g n e t i c susceptibi l i ty d a t a of crysta l l ine 
c o p p e r ( I I ) complexes 

Compound 

[3,5-lutH]2[CuCl4] 

[3,5-lutH]2[CuCl2Br2] 

[3,5-lutH]2[CuBr4] 

[3,4-lutH]2[CuCl4] 

[3,4-lutH]2[CuCl2Br2] 

[3,4-lutH]2[CuBr4] 

[2,4-lutH]2[CuCl4] 

[2,4-lutH]2[CuCl2Br2] 

[2,4-lutH]2[CuBr4] 

[2,6-lutH]2[CuCl4] 

[2,6-lutH]2[CuCl2Br2] 

[2,6-lutH]2[CuBr4] 

Calculated/found 

% Cu 

15.07 
14.85 
12.45 
12.14 
10.60 
10.26. 
15.07 
14.92 
12.45 
12.61 
10.60 
10.45 
15.07 
15.15 
12.45 
12.30 
10.60 
10.35 
15.07 
14.76 
12.45 
12.22 
10.60 
10.29 

% ci 

33.67 
33.45 
13.91 
13.85 

— 

33.67 
33.54 
13.91 
13.76 

— 

33.67 
33.28 
13.91 
13.79 

— 

33.67 
33.48 
13.91 
13.67 

— 
— 

% B r 

-

31.30 
30.98 
53.32 
53.05 

— 

31.30 
31.15 
53.32 
53.22 

— 

31.30 
31.08 
53.32 
52.95 

— 

31.30 
31.18 
53.32 
52.96 

Colour 

Yellow 

Dark violet 

Dark violet 

Yellow 

Dark violet 

Dark violet 

Yellow 

Dark violet 

Dark violet 

Yellow 

Dark violet 

Dark violet 

M.p. 

L°cj 

150 

128 

145 

176 

185 

148 

161 

154 

172 

182 

154 

168 

Con
ductance 

[mhos] 

241 

258 

260 

271 

253 

264 

252 

249 

245 

263 

257 

254 

Meil 

[B.M.] 

1.93 

1.78 

1.81 

1.95 

1.84 

1.79 

1.91 

1.86 

1.83 

1.98 

1.86 

1.82 

k i t = d i m e t h y l pyr id ine . 

Table 2 

Inf rared a n d electronic spect ra of c o p p e r ( I I ) complexes [ c m - 1 ] 

Compound (3(N-H) r ( C - H ) i ? ( N - H ) 

[3,5-lutH]2[CuCl4] 
[3,5-lutH]2[CuCl2Br2] 
[3,5-lutH]2[CuBr4] 
[3,4-lutH]2[CuCl4] 
[3,4-lutH]2[CuCl2Br2] 
[3,4-lutH]2[CuBr4] 
[2,4-lutH]2[CuCl4] 
[2,4-lutH]2[CuCl2Br2] 
[2,4-lutH]2[CuBr4] 
[2,6-lutH]4CuCl4] 
[2,6-lutH]2[CuCl2Br2] 
[2,6-lutH]2[CuBr4] 

1630 
1625 
1620 
1625 
1620 
1625 
1635 
1628 
1630 
1638 
1635 
1630 

2980 
2960 
2980 
2960 
2975 
2960 
2990 
2985 
2980 
2980 
2975 
2985 

Far-infrared £ 

M -

280 

325 

[cm-i] 
-CI M-
s, 240 s 
— 

s, 345 s 

3150, 
3160, 
3150, 
3160, 
3150, 
3150, 
3150, 
3130, 
3145, 
3140, 
3150, 
3145, 

spectra 

- B r 

240 s 
245 s 

3200, 
3210, 
3210, 
3220, 
3200, 
3200, 
3240, 
3240, 
3250, 
3260, 
3260, 
3250, 

[3, 

3240 
3250 
3260 
3310 
3300 
3290 
3300 
3310 
3300 
3330 
3310 
3320 

21 000(1150), 13 200 (80) 
17 000 (35) br 
17 200 (76) br 
20 800(1200), 13 400 (98) 
17 400 (41) br 
17 500 (60) br 
21200(1208), 1340(115) 
17 200 (25) br 
17 000 (48) br 
20 800(1200), 13 000(108) 
17 200 (38) br 
17 000 (61) br 

Diffuse reflectance spectra [nm] 

5-lutH]2[CuCl4l 475, 740 > 1100 
[3,5-lutH]2[CuCl4] 
[3,5-lutH]2[CuBr4] 
[3,5-lutH]2[CuCl2Br2] 

b r = broad . 
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LUTIDINIUM TETRAHALO CUPRATES(II) 

Purity of the isolated compounds was established by estimating metal and halogen 
by standard methods. Conductance was measured in acetone medium (10 - 3M soln.) 
using a Toshniwal conductivity bridge and a dip type cell. Magnetic susceptibility mea
surements were made over solid specimens at 25°C using Gouy method (C11SO4 was 
used as calibrating material for calculating ß of Gouy tube). The i.r. spectra w êre re
corded on hexachlorbutadiene mulls using a Unicam SP-200 spectrophotometer. Far-
-infrared spectra were recorded by a Perkin —Elmer spectrophotometer. Electronic 
spectra in the visible range were recorded with 10 - 2 M acetone solutions using a Unicam 
SP-500 spectrophotometer. All the relevant analytical, conductance, and magnetic 
susceptibility data are recorded in Table 1. The infrared and electronic spectral data 
are given in Table 2. 

Results and discussion 

When chlorine gas was passed into the suspension of C11L2X2 complexes in ethanol,. 
it could react in three ways: (i) Bivalent copper can be oxidized to the trivalent state,, 
(ii) chlorine can get into the pyridine ring or (iii) chlorine can react with hydrogen of 
ethanol to form HCl which subsequently reacts with bonded ligand base forming qua
ternary halides. In the present case the oxidation has definitely not taken place as indi
cated from the magnetic susceptibility measurements. Neither the substitution in the 
pyridine ring has taken place. If it were so, the formula would have been [Cu(py • Cl^Cb} 
and the analysis of the compound would have indicated the presence of only two halogen 
atoms since the ring halogen cannot be estimated by diluted HNO3 treatment, but 
requires prior fusion. Further, such a compound would be a non-electrolyte. 

The compounds now reported are yellow or dark violet crystalline solids and are 
fairly soluble in acetone in which medium they are 2 : 1 electrolytes, the molar conduct
ance values (Лм) being near ~250 mhos (Table 1). The dark violet compounds give 
deep green solutions in acetone which undergo colour change on heating, on dilution,, 
or on keeping for a day or two probably due to solvolysis. Infrared spectra (Table 2) 
indicate the presence of N — H stretching and bending frequencies in the ~ 3000 and 
~ 1600 c m - 1 region respectively; the interference of Nujol absorption in this region 
is avoided by using hexachlorbutadiene as the mulling agent. A number of four coordi
nated tetrahalo complexes of copper(II) have been reported [4, 5] in the literature. 
They were prepared by the reaction of copper halides and quaternary halides. The 
compounds now reported are new examples for this category. However, in the present 
work the method of preparation is different since the quaternary halide was obtained 
in situ from the bonded ligand base. Mundie and Nuttal [6] reported the synthesis of 
the [pyH]2[MX4] type of complexes, where M is Zn(II), Ni(II), and Co(II), by the re
action of halogen with dipyridine metal halides, a method similar to the present one.. 
They recorded the infrared spectra on Nujol mulls and reported the bands due to N — H 
stretching frequency. We could not resolve the spectra since the mulling agent Nujol 
also absorbs heavily in the same region. To avoid this interference, we recorded the spectra 
on hexachlorbutadiene mulls and could clearly resolve the bands due to N — H stretching 
frequency since the mulling agent does not absorb in this region. Further, the far-infra
red spectra of three representative compounds were recorded (Table 2). The metal halogen 
stretching frequencies for the yellow complex indicate a tetrahedral [10] configuration 
whereas those for dark violet complexes indicate a square configuration. 

Magnetic measurements indicated the complexes to be paramagnetic in the presence 
of one unpaired electron (piett values ranging between 1.78 to 1.98 B.M.) as expected 
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for а соррег(П) ion with d9 configuration. Moments of complexes containing [C11CI4]2" 
ions are more than 1.9 B.M. typical of Cu(II) ion in a tetrahedral environment. For 
truely tetrahedral compounds the moment is about 2.2 B.M., but the moments in the 
present case are lower. This might be because of quenching of some orbital contribution 
to the moment due to distortion from regular tetrahedral symmetry. 

On the basis of the electronic spectra (Table 2) the complexes can be classified into 
two categories. The first category of compounds containing [СиСЛгВгг]2- and [CuBr 4 ] 2 -

ions show a single band in the 17 000 c m - 1 region presumably indicative of a square 
configuration [11 — 14]. The second category of complexes containing [СиСЦ]2- ions 
exhibit a broad band in the 13 200—13 400 c m - 1 region. From the spectra and crystal 
structure determination both planar and distorted tetrahedral stereochemistry have 
been suggested [5, 14—16] for a compound containing [CUCI4]2- ions. A truely tetra
hedral compound should exhibit [11] one broad band below 10 000 c m - 1 . But Sacconi 
#,nd Ciampolini [18] obtained bands at 8500, 13 600, and 21 000 c m - 1 in the electronic 
spectra of a salicylaleneaminato copper(II) complex and suggested that flattening of 
tetrahedron results in the splitting of both the ground and the excited levels. In the 
spectra of chloro complexes now reported, we could not record the band below 10 000 c m - 1 

due to the limitation of the instrument used, but we obtained two other bands near 
the same regions reported by Sacconi et al. Further in the reflectance spectra of the 
compound [3,5-lutH]2[CuCl4] bands were observed at 475, 740, and > 1100 nm indica
tive of tetrahedral or pseudo-tetrahedral environment around the metal ion. Thus it 
is expected that the tetrachloro complexes reported now have pseudo-tetrahedral confi
guration. This is also in conformity with the more recent observation [19] that tetra-
.alkylammoniumtetrachloro cuprates contain discrete distorted tetrahedral CuCl^" ions. 
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