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The absorption spectra of chloro-, chloronitrato- and chlorotetramethylthioureacopper(II) 
complexes dissolved in acetone were studied in visible and near ultraviolet regions. The chloro
nitratocopper(U) complexes give an absorption band at 25670 cm -1. The 21100 cm - 1 ab
sorption band of chlorocoppcr(II) complexes is by formation of the chloronitratocopper(II) 
complexes slightly shifted towards longer wavelengths. The chlorotetramethylthioureacopper(II) 
complexes are characterized by three bands with maxima at 19010, 21000, and 24390 cm -1 . 

The absorption band at 19010cm- 1 can be considered a charge-transfer band ClI-<- S. Ab
sorption bands in the region of 20750-- 21000cm- 1 observed for the systems of chi oro- and 
chloronitratocopper(II) complexes can be interpreted as the charge-transfer bands Cu -<- CI. 
The absorption bands at 2S 670 and 24390 cm -1 in the presence of nitrato and tetra methyl
thiourea ligands, respectively, have the character of the charge-transfer bands Cu -7 ligand. 
The n-acceptor nature of th,e tetramethylthiourea and the nitrate group deduced from the analysis 
of the electronic spectra is in good agreement with the previous experimental results concerning 
the effect of these ligands upon the intramolecular changes in the coordination sphere. 

It was experimentally proved 1 , 2 that the nitrate group enters the inner coordina
tion sphere of the chlorocopper(II) complexes in acetone solution. An increase 
of the NO; concentration affects the intensity of the absorption band in the region 
20750 - 21100 cm -1, which is characteristic for the chloro copper(II) complexes. 
The absorbancy value of the system [Cu(II)J: [Cl-J : [NO;J = 1 : 2: 0·5 is 
nearly four times greater than that of the analogous system without nitrate ions. 
This effect was not yet explained. The existence of multinuclear complexes was as
sumed in the above mentioned papers. A remarkable effect of the nitrate ligand 
upon inner complex redox processes in chlorocopper(II) complexes was found in the 
works3 ,4. The experimental evidence brought in these papers3 ,5,6 showed that an ef
fect comparable to that of the nitrate group have also ketones, alcohols, thiourea 
and some of its derivatives, thiocyanates, etc. Theoretical explanation was given 7 , 

where the effect of these ligands upon the redox properties of the chlorocopper(II) 
complexes is explained by their n-accepting ability. For these reasons, it was im
portant to collect further information about the heterogeneous coordination sphere 
of the investigated Cu(II) complexes, to obtain objective data of the n-accepting 
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ability of the ligands and of the nature of their effect upon the electronic system of the 
complex. 

EXPERIMENT AL 

Acetone (p.a. quality, Lachema) used for the preparation of the solutions was purified by treat
ment with permanganate8 , rectified and dried over a molecular sieve (Nalsit)9 . Comercial thiou
rea, Cu(N03h.3 H 20, LiCI (Lachema), and CuCl 2 .2 H 20 (Chemapol) were of p.a. quality. 
Anhydrous copper(II) chloride was prepared by dehydration of the dihydrate in hydrogen chlo
ride atmosphere. Tetramethylthiourea was prepared according to the described method 1 o. 
The instantaneous Cu(II) concentration in the system VI (see below) was determined in the fol
lowing way: the absorbancy of the system was measured at appropriate time intervals and simul
taneously a n excess of thiourea was added to the solution of the same composition. An acetone 
insoluble precipitate of the dichloride of bis(aminoiminomethyl) disulphide formed by reaction 
of Cu(II) with thiourea3 was weighed (Fig. 1, Table I). The copper concentration was determined 
electrolytically, the concentration of chlorides potentiometrically, and the sulphur content both 
gravimetrically and by SkramovskY's method 11. The measurements were performed on a Zeiss
Jena monochromator and on the spectrophotometers SF-I0 (USSR, 400-- 7S0 nm), Unicam 
SP-700 (England, 200- 3300 nm), and Spekord UV-VIS (DDR, Zeiss-lena, 200- 800 nm). The 
air humidity and the temperature ( ± O·SO) were kept constant. 

The following systems were studied: CuCIz-LiCl-acetone (I), CuCI 2-LiCl- LiN03- acetone (II), 
CuC12 .2 H 20-LiCl-acetone(IIl), CuC12 .2 H 20-LiCl-LiNOr acetone (IV), Cu(N03h.3 H 20-
LiCI-acetone (V), and CuClrtetramethylthiourea-acetone (VI). 

RESULTS AND DISCUSSION 

The absorption spectra of the systems containing chlorocopper(II) complexes in the 
visible region were thoroughly studied in the papers5 ,6,12.13. The plots of absorbancy 

TABLE I 

Rate of the Oxidation-Reduction Changes in the System CuCI2-Acetone-Tetramethylthiourea 
ccu(lJ) 0·02M; CT O·OSM; Cthiourea O·ISM; [Cu(II)]: [Cl-]: [T] = 1 : 2: 2; [Cu(II)]: [thiourea] = 

= 1 : S·26. 

A a pb A - P A a pb A-P 
min % % % min / 0 % % 

0 100·0 100·0 10 91·0 92·0 1·0 
2 97·S 98·0 O·S 16 86·S 
4 9S ·S 20 84·S 86·0 l·S 

92·S 

a Relative absorbancy value with respect to A at t = O. b Relative weight amount of the precipitat
ed bis(aminoiminomethyl) disulphide with respect to that amount precipitated at t = o. 
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against wavelength show for all systems a very similar character (the position of the 
maximum of the absorption band and its intensity, Fig. 2). Substantial differences 
in the courses of the spectra were found in the near ultraviolet and near infrared 
regions. 

Even the dried acetone contains some amount of water which influences the studied absorption 
spectra. However, this amount could be taken as constant, provided that the measurement was 
performed at constant temperature and air humidity. In connection with the studied problems 
the effect of water on the absorption spectra was negligible. It is known that the systems 1- V 
undergo spont~neous redox processes3 . S•6 ,14, IS. The absorbancy of all these systems was there
fore measured immediately after the preparation and mixing of the solutions (within 1 minute). 
The decrease in the Cu(I1) concentration in this time interval could be considered to be negligible. 

The presence of the nitrate group in the system affects the intensity of the ab
sorption band at 21050 - 21100 cm -1 . Two new bands are observed on the ab
sorption curves 1 and 2 of the system II: one at 25670 cm- 1 (Fig. 3) and the second 
in the region of 28900-29400 cm- 1 (approximately of double intensity). The nature 
of the last band remains unexplained. Acetone itself absorbs in this region. The sym
metry of these bands indicates a superposition of several bands. An attempt to de
compose these spectra to their components was made using a graphic methodl6

. 

The result of such a decomposition of the absorption curve for the system IV is shown 
in the Fig. 4. The maxima found by this procedure are located at 21050 and 25670 
cm- 1 . 

The absorption band with the maximum at 25670 cm -1 is present only in the 
spectra of systems containing the nitrate group. This fact is in agreement with the so 
far obtained results on the nitrate group participation in the Cu(II) coordination 
sphere1

,2. The information about the complex composition in the isomolar system 
CuC1 2 .2 H 20-LiN03-acetone was obtained by the method of JOb17 and Ostro
myslenskij 18 . The curve 1 on the Fig. 5 corresponds to the frequency 25670 cm - 1, 

:E: j 
0 , 5 10 15 min 20 

FIG.! 

Time Dependence of the Decrease in Absorbancy and Cu(II) Concentration in the System CuCI2 -

Acetone-Tetramethylthiourea 
o The absorbancy value relative to A at time t = 0; • The amount of precipitated bis(amino

iminomethyl) disulphide relative to the amount formed in the reaction of the system VI with 
thiourea at time t = O. 
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i.e. to the position of the absorption maximum. The value of ilA shows its maximum 
at the ratio of [CuCI2 .2 H 20] : [NO;] = 1 : 2 and is negative for the ratios greater 
than 2 : 1, which can be explained by the absence of the nitrate group in the coordina
tion sphere. Maximum differences in the absorbancies due to the presence of the 
nitrate group were observed for v = 24690 cm -1 (curve 2, Fig. 5). The values of AA 
are positive and exhibit the maximum difference at the ratio of [CuCI2.2 H 20] : 
: [NO;] = 1 : 1. At this ratio the effect of the nitrate group on the absorption spec
trum in the region of20750-21100 cm- 1 is the greatest. This finding agrees with the 
experimental results published earlier1.2 • The dihydrate of copper(II) chloride was 
used because of its better solubility in acetone. The effect of water in the studied 
spectral region is negligible. It was established in several papers5 .6.12.13 .19 that the 
acetone solutions of chloro- and chloronitratocopper(II) complexes show a maximum 
absorption in the region of20750-21l00cm- 1. The position of the maximum de
pends on the Cu(II) concentration and the component ratio. 

The conclusion that the nitrato-ligand has similar effect on the electronic system 
of the coordination sphere of the chlorocopper(II) complex as tetramethylthiourea(T) 
or some thiourea derivatives was drawn on the basis of experimental results3.7 •

14. 
It can be expected that the absorption spectra of chloronitrato- and chlorotetra
methylthioureacopper(II) complexes will show some similarity and analogous 
course of the curves, respectively. The absorption curves of the system VI for dif
ferent ratios of [Cu(II)] : [TJ and the constant ratio of [Cu(II)] : [Cl-] = 1 : 2 
are shown in Fig. 6. The decomposition of a composite band as we made it by the 
method16 is shown in the Fig. 7. We were able to identify three bands with maxima 
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FIG. 2 

Absorption Spectra of the System CuClz-
LiCl~Acetone 

[Cu(II)]:[Cl-]; 11:2; 2 1 : 3; 31:4, 
41:6; cCu(I1): curve 1 1.10- 3M, curves 
2- 4 5 . 10- 4 M; cell length 0·5 cm, tempera
ture 24°C; Unicam SP-700. 

Collection Czechoslov. Chern. Cornrnun. /VO\. 37/ (972) 

FIG. 3 

Absorption Spectra of the System CuC12-

LiC]-LiNO 3 -Acetone 
[Cu(II)]: [Cl-]: [N03"]; 1 1: 2: 2; 2 

1 : 3 : 2; 3 1 : 4 : 2; 4 1 : 6 : 2; cCu(I1}: curve 1 
1. 10-'3M; curve 2-4 5 . 10- 4M; cell length 
0·5 cm; temperature 24°C; Unicam SP-700. 
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FIG. 4 

Decomposition of the Absorption Band into 
Components 

System CuClz.2 H zO-LiCI-LiN03-aee
tone [Cu(lI)]: [CI-] : [N03"];] : 2: 2; cCu(Il) 

= 1.1O- 3M. 

FIG. 6 

Absorption Spectra of the System CuClz
Tetramethylthiourea-Acetone 

[Cu(lI)) : [CI-] : [T]; 1 1 : 2: 0; 2 1 : 2 : 2; 
3 1 : 2 : 3; 4 1 : 2 : 4; 5 1 : 2 : 5; ccu(lI) = 

= 1·25 . 10-: 3M ; eeillength O· 5 em; tempera
ture 24°C; Unieam SP-700. 
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FIG. 5 

0·\ 

The Changes in Absorbancy of the Isomolar 
Systems CuClz.2 H zO-LiN03- Acetone 

cCu(1J) = CN03- = 7·5 . 10- 3
M; the right

hand scale holds fer the curve 1, v =~ 25670 
cm -1 , )i for curve 2 is 24390 cm- I . 
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FIG. 7 

Decomposition of the Absorption Band into 
Components. System CuClz-Tetramethyl
thiourea-Acetone 

[Cu(II)]: [Cl-]: [T]; 1: 2: 2; ccu(lI) = 

= 1.10- 3M. 
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at 19010, 21000, and 24390 cm -1. The shape of the last one indicates its composite 
nature. An another band with its maximum at about 29850 cm -1 could be found on 
the absorption curves (Fig. 6). Its intensity rises with increasing concentration 
of tetramethylthiourea. For the reasons mentioned above this band was not further 
analysed. The presence of tetramethylthiourea in the coordination sphere of copper 
complexes markedly increases the rate of the oxidation-reduction process; the 
measured values of the absorbancies do not correspond to the analytically determined 
Cu(I1) concentrations. The time dependence of the absorbancy was studied for the 
system VI (Fig. 8). The absorbancy at time t = 0 was obtained by graphical extra
polation. The error was 1%. The changes in absorbancy for t = 2 and t = 5 minutes 
corresponding to the decrease of intensity of the absorption bands in the region 
of 19000 - 21 000 cm -1 are given in the Table II. A survey of the intensity increase 
of the band in the region of 19000-21000cm- 1 and its ratio to the intensity of an 
analogous band in the corresponding system not containing T is also incorporated 
in this Table. By chemical methods it was proved that the decrease in absorbancy 
observed for the system VI in the region of 19000-21000cm- 1 was caused by de
crease of the Cu(I1) concentration. 

The electronic spectra of chlorocopper(II) complexes in acetone were studied 
by several authors 5 ,6, 12,13 ,20. Some absorption bands were only registered. Katzin20 

had assigned the two bands lying at 473 and 385 nm in the spectra of the system 
CuClz-acetone to the charge-transfer bands Me -7 L. This assignment disagrees with 
our assumption of the nature of the absorption band in the region of 20700 - 21 000 
cm -1 in the spectra of acetone solutions of chlorocopper(I1) complexes 14 and with 
the calculated absorption coefficient (25601 mol-l cm- 1)12. We have ascribed 
to this band the character of a charge-transfer band type Me ~ L. Our value of the 
absorption coefficient calculated for the systems II, IV, and V (the ratio of [Cu(I1)] : 
: [Cl-] : [NO~] = 1 : 2: 2, v = 25670 cm- 1) is 5641 mol- 1 cm- 1

. The experimen
tal results of spectrophotometric analyses5 ,6,12 ,14 prove the existence of an equi
librium between various Cu(II) complexes with heterogeneous coordination sphe
res. However, their equilibrium concentrations remain still unknown. The values 
of the absorption coefficients are incorrect since they are related to the analytical 
Cu(II) concentrations. The actual values will probably be somewhat higher. The 
changes in absorbancy of the isomolar system IV studied at v = 25670 cm- 1 and 
24690 cm- 1 suggest the formation of chloronitratocopper(II) complexes with 
various ratios of [Cu(II)] : [N03"]. A shift of the absorption maximum in the region 
of 20750-21100 cm- 1 towards the lower wavenumbers, caused by the substitution 
of one ligand in the chlorocopper(II) complex for a nitrate group brings an another 
evidence in favour of the formation of chloronitratocopper(II) complexes and of the 
lowering of the energy required for a charge transfer in these complexes. Some our 
results 19 indicate that the nitrate group replaces an acetone ligand at low ratios 
of [Cl-J : [Cu(II)]. . 
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TABLE II 

Time Dependence of the Decrease in Absorbancy in the System CuCIz-Acetone-Tetramethyl
thiourea 

Measured on a SF-IO instrument at 24°C, the cell length 0·5 cm, cCu(lI) = 2 . 10- 3. 

[Cu(lI)] _Aa,% 
Bb 

[TJ 2 min 5 min 

1: 0·25 no 22·0 0·480 
1: 0·50 14·5 22·0 0·525 
1 : 1·00 11·5 16·7 0·692 
1 : 1·25 16·0 23·0 0·577 
1: 1·50 12·1 19·2 0·930 
1 : 2·00 l2·6 20·0 1·080 
1: 2·50 14·2 21 ·2 1·420 

D Percentual decrease in absorbancy of the system VI at Ii = 19 000- 21 000 cm -1. b The ratio 
of the absorbancies of the system VI to that of the analogous system not containing T at time 
t =0. 

The increase in the absorption band intensity in the region of 20750- 21100 cm -1 after 
incorporation of the nitrate group in the coordination sphere of the chlorocopper(U) complex 
can be explained by the ·n-accepting ability of this group. The conditions for a charge transfer 
from a chloro-ligand to the central atom are favoured by a charge withdrawal from the non
bonding orbital of the central atom to the incompletely occupied or vacant n-orbitals of the nitrato
ligand in a heterogeneous sphere of the chloronitratecopper(II) complex 7 . The intensities of the 
charge-transfer band5 reflect the probability of the transitions. The number of chloro-ligands 

~;:J 
I.Q() 500 600 1.nm 700 

FIG. 8 

The Time Dependence of the Changes in Absorbancy in the System CuCI2- Tetramethylthiourea
Acetone 

[Cu(Il)] : [Cl-] : [T]; 1 1 : 2: 0; 2- 6 1 : 2 : 2; 7 1 : 2 : 1; readouts taken after: 1, 2, 70·5 min; 
32·5 min; 44·4 min; 56·4 min; 68·3 min. Cell length: 1-60·5 cm; 7 1·0 Col; spectrophotometer 
SF-IO. 
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contributing to the transition at the mentioned wavenumbers due to the charge withdrawal 
from the central atom so increased (even if some chloro-ligands were replaced by nitrate groups) 
that an intensity enhancement is observed. 

The experimental results cited so far indicate that thiourea and some of its derivati
ves (e.g. tetramethylthiourea) show an effect on the properties of the Cu(II) comple
xes comparable to that of the nitrate group. Tetramethylthiourea was assumed 
to have some n-accepting ability 3 ,7. The changes of the absorption spectra caused 
by the nitrate group and by tetramethylthiourea are similar. This analogous behaviour 
is evident from the graphs shown in the Figs 6 and 8. A new band at 24390 cm- 1 

can be interpreted (similarly to the 25670 cm - 1 band observed in the presence 
of nitrate groups) as the charge-transfer band Cu(ll) --+ ligand . The increase in the 
intensity of the band at 21000 cm -1 due to the presence of tetramethylthiourea 
(system VI) is not so expressive as in the case of the nitrate groups . This band is 
split into two components because of the different donor nature of the sulphur atom 
enterring the coordination sphere. The intensities of the 19010 and 21000 cm- 1 

bands are nearly equal under the given conditions (Fig. 7) but their relative intensity 
depends on the ratio [Cu(II)J : [Cl - J : [TJ (Fig. 8, Table II). 

The data obtained by spectrophotometric measurements and especially the value 
of the absorption coefficient of the 25670 cm- 1 absorption band (systems II, IV, and 
V) or the 24390 cm -1 band (system VI) allow us to suppose that the absorption at the 
wavelengths is due to the charge transfer from a nonbonding orbital of the central 
atom to some unoccupied MO leve1. The energy of this transition in the complex 
CuClz.HzO was calculated 3·2 eV Z1 ,22. A transition in the region of 19000-21000 
cm -1 has the energy between 2.2 and 2·6 e VZ1 ,22. The value of the absorption coef
ficient and especially the existence of two absorption bands with maxima at 19010 
and 21000 cm - 1 in the system VI indicate that the charge transfer into the non bonding 
orbitals of the central atQm are involved. This assumption is further justified by an ob
served proportionality between the decrease of the intensity of this band and the 
decrease of the Cu(II) concentration (Table I, Fig. 1). The position of the absorption 
band at 19010 cm- 1 corresponds to a shift of the original band towards lower 
wavenumbers after the replacement by a heavier ligand. Therefore this band can be 
assigned to the transition ClI +- S. More accurate conclusions will be formulated on 
the basis of further experimental data and especially after MO calculations of the 
respective complexes. 
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