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ABSTRACT

Mixed-chelate copper(Il) complexes with a general formula [Cu(acac)(diamine)]X where
acac=acetylacetonate ion, diamine=N,N-dimethyl,N’-benzyl-1,2-diaminoethane and X=BPhs-,
PFs—, Cl04~ and BF,~ have been prepared. The complexes were characterized on the basis of elemental
analysis, molar conductance, UV-vis and IR spectroscopies. The complexes are solvatochromic and
their solvatochromism were investigated by visible spectroscopy. All complexes demonstrated the
positive solvatochromism and among the complexes [Cu(acac)(diamine)]BPh4-H,0 showed the highest
Avmax value. To explore the mechanism of interaction between solvent molecules and the complexes,
different solvent parameters such as DN, AN, « and $ using multiple linear regression (MLR) method
were employed. The statistical results suggested that the DN parameter of the solvent plays a dominate

contribution to the shift of the d-d absorption band of the complexes.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

A great number of studies have been dedicated to solva-
tochromism of metal complexes because of their potential ability to
act as a Lewis acid-base color indicator [1], molecular switch [2-5],
pollutant sensor [6,7] and imaging device [8]. Solvatochromism is
defined as the influence of solvent on the electronic absorption and
emission spectra of molecules. Among the solvatochromic metal
complexes the mixed-chelate copper(Il) complexes have received
great attention due to presence of a strong Jahn-Teller effect which
resulted in a simple and regular changes in their electronic spectra
according to the strength of interactions with solvent molecules
at the axial sites[9]. There are different solvent parameters to
describe the interaction between solvent and the metal complexes
such as Gutmann’s DN (donor number is a measure of coordinating
ability of solvents on the standard of dichloromethane) [10], Mayer
and Gutmann’s AN (the electron acceptor property of a solvent)
[11], Dimroth and Reichardt’s Er(30) (a measure of the ionization
power of a solvent) [12], Kosower’s Z (an empirical measure of
solvent polarity), Kamlet-Taft’s & (hydrogen bond donation of a
solvent), 8 (hydrogen bond acceptance of a solvent), and 7r* (polar-
ity/polarisability parameter of a solvent) [13-17]. In many cases
it was found that, the shift in the electronic absorption spectra of
the complexes depends on more than one solvent parameter. The
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correlation between the spectral shifts and solvent parameters can
be examined by computational methods [18].

In this report, we prepared four mixed-chelate copper(Il) com-
plexes shown in Scheme 1. The complexes are soluble almost in a
large number of solvents and show solvatochromism. The mecha-
nism of interaction between solvents and the complexes and effect
of counter ions on the solvatochromism of the complexes are inves-
tigated.

2. Experimental
2.1. Materials and methods

The preparation of the ligand N,N-dimethyl,N’-benzyl-1,2-
diaminoethane (diamine) was carried out as reported earlier [10].
All the chemicals used were reagent grade and solvents for spectro-
scopic and conductivity measurements were “spectro-grade” used
without further purification. Caution: perchlorate salts are poten-
tially explosive and should be handled with appropriate care.

Infrared spectra measurements were carried out using KBr
disk on a Bruker FT-IR spectrometer in the range 450-4000 cm™'.
Conductivity measurements were performed with a Jenway 400
instrument at 25 °C. UV-vis spectra of the solutions were obtained
with a Braic 2100 spectrophotometer using 1 cm quartz cells. Ele-
mental analyses (C, H, and N) were performed using a LECO 600
elemental analyzer. Absolute metal percentages were determined
by a Varian-spectra A-30/40 atomic absorption-flame spectrom-
eter. The following solvents were used for solvatochromic study:
dichloromethane (DCM), nitromethane (NM), nitrobenzene (NB),
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X = B(Ph)4-,PF6_, C104-,BF4-

Scheme 1. The structure of the complexes.

benzonitrile (BN), acetonitrile (AN), propionitrile (PN), acetone
(Ac), tetrahydrofuran (THF), ethanol (EtOH), methanol (MeOH),
dimethylformamide (DMF), dimethylsulfoxide (DMSO), pyridine
(Py) and hexamethylphosphorictriamide (HMPA).

2.2. Syntheses

2.2.1. Preparation of [Cu(acac)(diamine)]BPh4-H>0, 1

A solution of containing Cu(OAc);-H,0 (1.2g, 6 mmol) and
Na,CO3 anhydrous (0.3g, 3mmol) in absolute ethanol (45 ml)
was added to the mixture of N,N-dimethyl,N’-benzyl-1,2-
diaminoethane (1.0g, 6mmol) and acetylacetone (0.62ml,
6 mmol). The resultant suspension was stirred for 2h, and then
was filtered to remove [Cu(acac), ] by-product. A saturated solution
of NaBPhy in absolute ethanol was then added to the resultant
clear blue solution. After concentration of the solution at room
temperature, the blue crystals were collected with filtration
and dried in vacue. The yield was 58%. Selected IR data (v/cm™!
KBr disk): 3525 (m, O-H str.), 3217 (m, N-H str), 1578 (s, C=0
str.), 1521 (s, C=C str.), 735, 706 (s, C-H bend.). Anal. calcd. for
C40H47NBO3Cu: C, 70.84; H, 6.99; N, 4.13; Cu, 9.37; found: C,
70.80; H, 7.02; N, 4.18, Cu, 9.33%.

2.2.2. Preparation of [Cu(acac)(diamine)]PFg-H50, 2

This complex was prepared with the same procedure as complex
1, except that using NaPFg instead of NaBPhy (note: this compound
is hygroscopic and should be kept in a dessicator). The yield was
32%. Selected IR data (v/cm~! KBr disk): 3649 (m, O-H str.), 3293
(m, N-H str.), 1583 (s, (=0 str.), 1528 (s, C=C str.), 854 (s, P-F str.),
564 (m, P-F bend.). Anal. calcd. for C;gH;7N,03PFg Cu: C, 38.14; H,
5.40; N, 5.56; Cu, 12.61 found: C, 38.64; H, 5.96; N, 5.02; Cu, 12.39%.

2.2.3. Preparation of [Cu(acac)(diamine)]ClO4, 3

To the solution of N,N-dimethyl,N’-benzyl-1,2-diaminoethane
(1g, 6 mmol), acetylacetone (0.62ml, 6 mmol), Na,CO3 (0.3¢g,
3mmol) in ethanol (20ml) was slowly added Cu(ClO4),-6H,0
(2.2 g, 6mmol) in water (20ml). After 15 min the by-product of
[Cu(acac),] was separated by filtration. The midnight blue crystals
were obtained from the resultant clear blue solution after concen-
tration at room temperature. The yield was 76%. Selected IR data
(v/em~! KBr disk): 3247 (m, N-H str.), 1587 (s, C=0 str.), 1520 (s,
C=C str.), 1091 (s, CI-O str.), 625 (m, Cl-0 bend.). Anal. calcd. for
C16H25N,06CICuU: C, 43.37; H, 5.72; N, 6.36; Cu, 14.43; found: C,
43.33; H, 5.48; N, 6.28; Cu, 14.38%.

2.2.4. Preparation of [Cu(acac)(diamine)]BF4, 4

The same procedure as 1 was used for preparation of compound
4 except that using methanol as solvent and a saturated solution of
NaBF, in water instead of NaBPhg4. The violet crystals were obtained
with yield of 69%. Selected IR data (v/cm~! KBr disk): 3268 (m, N-H
str), 1588 (s, C=0str.), 1520 (s, C=Cstr.), 1083, 1038 (s, B-F str.), 740,
710 (s, C-H bend.). Anal. calcd. for C;gH5N;BF40,Cu: C, 44.93; H,
5.89; N, 6.55; Cu, 14.89; found: C,44.88; H,5.93; N, 6.57; Cu, 14.86%.

2.3. MLR analysis

All the absorption maxima reported were taken from experi-
mental curves of the d-d transition of the complexes. Multivariate
statistical methods have been used in the classification and selec-
tion of solvents. The empirical parameters of the solvent polarity
were used as basic data sets. These parameters can be obtained
directly from literature [19-21]. The extraction of the chemical
information contained in such a data set can be carried out by sta-
tistical method of Multiple Linear Regression analysis (MLR). In this
method, a dependent variable Y is described in terms of a series of
explanatory variables X1, .. ., Xn, as given in Eq. (1):

Y =Yo+ a1 X1 +a2X + - 4+ anXn (1)

It is assumed that all the explanatory variables are independent
of each other and truly additive as well as relevant to the prob-
lem under study [22,23]. Y is the value of a solvent dependent
physicochemical property (vmax in this study) in a given solvent
and Yp is the statistical quantity corresponding to the value of
this property in the gas phase or in an inert solvent. Xy, Xy, ...,
X, represent independent but complementary solvent parameters,
which account for the different solute/solvent interaction mecha-
nisms. ai, dy, ..., a, are the regression coefficients describing the
sensitivity of the property Y to the different solute/solvent inter-
action mechanisms. The postulate is that the solvent effect on a
solute property Y can be represented as a linear function of some
independent but complementary parameters describing the Lewis
acidity and basicity of a given solvent. The AN and «, values are
chosen as a measure of Lewis acidity. In addition, Gutmann’s donor
number DN and B were selected as a measure of solvent basic-
ity [24-28]. In this approach, the Backward and Enter procedure
were used for selection of the most relevant variables. A final set of
selected equations was examined for stability and validity through
a variety of statistical methods. The choice of a suitable equation
for further consideration was made by using four criteria, namely,
multiple correlation coefficient (R), standard error (S.E.), F-statistic
and the number of variables (n) in the model. The best multiple
linear regression model is one that has high R and F-values, low
standard error, the least number of variables and high prediction
ability [29]. In Parameter selection, variables with small variance t
(not significant at the 5% level) were then removed. “t” value is the
solvent-independent coefficients divided by S.E. To determine the
relative significance of the solvent parameters, the regression coef-
ficients are described in terms of percentage contribution value. Eq.
(2) could be statistically qualified into percentage contribution fac-
tor P(X;). To attain this, the regression coefficients, which emerge
from multiple regression equations are normalized to numerical
range 0-1[14]. Hence, the percentage contribution P(X;) of a solvent
parameter in multiple regression is calculated [30].

100|a;|
— (2)

> ialail

A comparison of the relative importance of the solvent property
can easily be defined using P(X;), which show a good agreement
between various system under study.

P(X;) =
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Table 1

Molar conductivity data (An,) of the complexes (2~ cm? mol~1, at 25 °C) in different solvents.
Complexes DCM NM NB AN Ac MeOH
1 7.48 51.45 16.31 93.02 83.99 53.54
2 5.6 83.13 25 133.19 133 84.1
3 4.42 87.26 21.71 142.65 133 80
4 4.79 80.14 20.2 134.5 120.18 86.7
1:1 electrolytes 10-20 75-95 20-30 120-160 100-140 80-115

Table 2

Electronic spectra of the complexes in various solvents: vmax/10° cm~" (¢/M~! cm~') and their solvent parameter values.
Solvent DN AN B o Complex 1 Complex 2 Complex 3 Complex 4
DCM 0.0 20.40 0.10 0.13 18.71(107) 18.35(91) 17.83(101) 18.08(116)
NM 2.7 20.50 0.06 0.22 18.26(107) 17.83(101) 18.15(110) 17.33(106)
NB 4.4 14.80 0.30 0.00 17.82(103) 17.42(92) 17.95(106) 18.21(123)
BN 11.9 15.50 037 0.00 17.36(105) 16.81(108) 17.39(100) 17.33(103)
AN 14.1 18.90 0.40 0.19 17.17(119) 16.67(105) 17.27(115) 17.15(119)
PN 16.1 16.00 0.39 0.00 17.30(120) 16.84(106) 17.04(121) 17.09(115)
Ac 17.0 12.50 0.43 0.08 17.31(103) 16.75(102) 17.15(108) 16.98(113)
THF 20.0 8.00 0.55 0.00 17.19(110) 17.21(99) 17.33(111) 17.27(109)
EtOH 22.9 37.10 0.75 0.86 16.99(106) 16.37(116) 16.58(111) 16.64(118)
MeOH 233 41.30 0.66 0.98 16.80(112) 16.36(109) 16.86(113) 16.81(122)
DMF 26.6 16.00 0.69 0.00 16.45(105) 16.00(108) 16.26(103) 16.42(110)
DMSO 29.8 19.30 0.76 0.00 16.09(115) 15.90(111) 16.26(124) 16.16(118)
Py 33.1 14.20 0.64 0.00 15.57(110) 15.46(115) 15.50(106) 15.48(119)
HMPA 38.8 10.86 1.05 0.00 15.38(117) 15.36(124) 15.31(119) 15.50(120)

The solvent effect on the absorption spectra of four copper(Il)
complexes were recorded in the range of 12,000-25,000cm™!
using visible spectroscopy. Thus four equations were obtained for
the copper(Il) complexes 1-4 by applying multiple linear regres-
sion (MLR) method using SPSS software [31]. The role of the
solvatochromic parameters, such as «, 8, DN and AN in the above
equations have been studied to investigate the mechanism of the
interactions between complexes and solvents [18,32,33].

3. Results and Discussion

The complexes 1, 2 and 4 were prepared by mixing of
Cu(OAc),-H;0, diamine, acetylacetone and Na,CO3; with molar
ratio of 1:1:1:0.5, respectively in absolute ethanol or methanol
and then addition of a saturated solution of appropriate counter
ion salt. However, complex 3 was synthesized with direct use of
Cu(ClOg4)-6H,0 instead of Cu(OAc),;-H,0 in an ethanol-water mix-
ture. The undesired by-product of [Cu(acac),] was formed during
the preparation of the complexes which was isolated and then sepa-
rated simply by filtration. Analytical data of the obtained complexes
indicated the formation of the desired mixed-chelate copper(Il)
complexes. The establishment of the purity of compound 2 to an
acceptable level was hindered by hygroscopic nature of compound.

3.1. IR spectra

Formation of the mixed-chelate copper(ll) complexes can be
concluded from IR spectroscopy. The observed bands can be cat-
egorized into those corresponded to the ligands, counter ions and
also the bonds formed between copper(ll) and coordinating sites
of the ligands [1]. The similarity among the infrared spectra of the
complexes might imply that the structures of all complexes are

the same and the only differences are due to presence of different
counter ions. Two intense absorption bands in the region around
1520-1585cm~! in the complexes could be assigned to the C=C
and C=0 vibrational modes [34-37]. The N-H stretching vibration
of the diamine ligand appears in the 3200 cm~! region. The vibra-
tional bands around 1040 cm~! are corresponded to the stretching
vibration of C-N bond and the bands around 1450 cm~! are asso-
ciated to the scissoring vibration of -CH,- groups [38]. The strong
bands around 1380 cm~! are associated to the bending vibrations of
CHj3 groups. The two strong bands at 735 and 706 cm~! in complex
1 are corresponded to the phenyl group of the tetraphenylborate
ion [39]. These two bands also appear in other complexes with low
intensity due to the presence of phenyl group in the diamine ligand.
The vibrational bands at 854 and 564 cm~! which are characteristic
of PFg~ anion confirms the formation of complex 2 [35]. Complexes
1 and 2 also show sharp bands around 3550 cm~"! region that are
associated to the presence of water molecule in the complexes
[40]. The presence of Cl04~ ions in complex 3 is confirmed by two
intense bands at 1091 and 625 cm~! which are related to the anti-
symmetric stretching and anti-symmetric bending vibration modes
of this group [38]. A strong broad band in the 1083-1038 cm™!
region in complex 4 approves the presence of BF4;~ anion in the
complex [35].

3.2. Conductometric data

Table 1 shows the molar conductivity values of complexes 1-4
and the standard values for 1:1 electrolytes in different solvents
[41]. The results exhibited that the complexes are 1:1 electrolyte
in all solvents except in solvent of dichloromethane. However, the
results reveal that in solvent of dichloromethane the conductance
values for all complexes are much lower than those expected for

Table 3

Selected models of backward MLR method and related values of F, R, S.E. and Avpax.
Complexes Equations F R S.E AVmax
1 Vmax/10% = —0.079DN,, + 18.502 23117 0.97 0.21 3326
2 Vmax/10% =—0.071DNgqy, +17.979 115.77 0.95 0.27 2988
3 Vmax/10% =—0.071DNg,y, +18.251 141.57 0.97 0.25 2835
4 Vmax/103 = —0.066DNy, +18.123 89.55 0.94 0.29 2736
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Table 4
P(X;) values of complexes 1-4.
Complexes
1 2 3 4
P(DN) 73.12% 69.72% 66.14% 59.83%
P(AN) 12.2% 19.89% 16.50% 6.50%
P(B) 9.06% 10.33% 13.09% 31.66%
(o) 5.60% 0.045% 2.45% 1.98%

1:1 electrolytes. Thus, it seems that an ion-pair formation (or anion
coordination) might existin some extentin dichloromethane. Addi-
tionally, the conductivity values in complex 1 are less than standard
value for 1:1 electrolytes due to the low ionic mobility of BPhy~
anion [41]. These results demonstrate the existence of weak inter-
actions between the copper centers and counter ions that are driven
out by high polar solvent molecules, which leads to 1:1 electrolytes
[42,43] as well as solvatochromism.

3.3. Solvatochromism

The complexes 1-4 are soluble in a wide range of organic sol-
vents and demonstrate solvatochromic properties. The electronic
absorption spectra of the mixed-chelate complexes are character-
ized by a broad structureless band in the visible region attributed to
the d-d transition of the copper(Il) ions. As the electron configura-
tion of copper(Il) ion is d?, the broad structureless absorption band
is associated to the transition of the electron from the lower energy
orbitals to the hole ind,>_» orbital. The visible spectral changes of
these complexes in some selected solvents are illustrated in Fig. 1.

All of the complexes show the solvatochromic behavior and the
shifts induced in certain solvents depends upon the nature of the
counter ions. The position of the v of the complexes along with
the molar absorptivity and their respective solvent parameter val-
ues are collected in Table 2.

To explore the solvent effects on the absorption spectra of the
complexes, the absorption frequencies (vmax ) were correlated with
the solvatochromic Eq. (1). Hence, The frequencies of the d-d
absorption transition band (vmax ) of each complexes in various sol-
vents with their own solvent parameters shown in Table 2 were
offered in Eq. (3) one by one to the statistical computer program,
being accepted, rejected, or exchanged until certain statistical crite-
ria are met. The solvent parameters used include Gutmann’s donor
DN and acceptor numbers AN, electron pair donating ability 8 and
hydrogen bonding ability «.

Vmax = Vmax" + DN +bAN+cB+da 3)

The results obtained from the correlation of the absorption fre-
quencies with the solvent parameters are illustrated in Table 3. The
datain Table 3 show that dominate solvent effect in all complexes is
DN and contribution of the other solvent parameters were rejected
based on the statistical criteria explained in the experimental sec-
tion.

To determine the relative contribution percentage of DN and
other parameters on the shift of the vpax values an Enter MLR
method was also applied. Thus, the DN and AN parameters were
normalized first using Marcus method [14]. The resulting normal-
ized parameters values along with o and 8 parameter were then
offered in Eq. (2) [30,33]. The calculated results are presented in
Table 4.

The results again confirm the dominate contribution of DN
parameter in the solvatochromism of the complexes. It is valuable
to note that although the percentage of 8 parameter in Table 4 is
9-32% its contribution in solvatochromism is discarded as a result
of its high Sig. value (0.026-0.768, this value should be less than
0.005 to be accepted [44]).

complex 1

HMPA

(7]
o]
<
v/10° cm’!
complex 2
HMPA
0.6 BN
" NM
Qo
< 03
pDvMso  MeOH
ol T T T T T 1
12 14 16 18 20 22 24
vI10® cm”
complex 3
HMPA
0.6
NM
23
< 03 BN
MeOH
DMSO
0+ : : : : : :
12 14 16 18 20 22 24
v/10°em™
complex 4
7]
Q2
<

v/10°em’

Fig. 1. Absorption spectra of the complexes in selected solvents. Absorption spectra
in other solvents are omitted for clarity.

A cross-validation methodology was also carried out for choos-
ing prediction power of the proposed model for all complexes.
The cross-validation methodology is essential since a model with
good statistics values necessarily do not have a good prediction
potential. Three cross-validation parameters, calculated for the
proposed model [45], are presented in Table 5. The parameters
in Table 5 are defined as: PRESS, as the predictive residual error
sum of squares, PRESS = " (Ypred — Yexp )2; SSY as the total sum of
squares of deviation of the experimental values from their means,
SSY=>"(Yexp — Ymean)* and Q2 as the cross validation squared coef-
ficient, Q2 =1 — PRESS/SSY, where Ypred is the predicted, Yexp is the
experimental, and Ymean is the mean values of the target properties
(Vmax)-
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Table 5
The quality of the obtained models by means of Q?, PRESS and PRESS/SSY and pre-
dictive correlation coefficient (Rpre ).

Compound Q? PRESS PRESS/SSY
0.950 0.56 0.049
1 Vmax experimental = 1.004vp,« predicted — 0.077
Rpre =0.975
091 0.89 0.093
2 Vmax experimental =0.993 v, predicted +0.136
Rpre =0.952
0.92 0.75 0.078
3 Vmax €xperimental = 1.009v,.x predicted — 0.164
Rpre =0.961
0.88 1.01 0.117
4 Vmax €xperimental = 1.004v,.x predicted — 0.068
Rpre =0.939

As the results showed in Table 5, good cross-validation Q2 values
were obtained (Q2?>0.75; Q%*=0.88 — 0.95). PRESS is an important
cross-validation parameter accounting for a good estimate of the
real predictive error of the model. Its value less than SSY indicate
that the model predicts better than chance and can be consid-
ered statistically significant. To have areasonable model, PRESS/SSY
should be less than 0.4. In our case, PRESS/SSY ranges between
0.117 and 0.094, indicating that the DN model for complexes is sig-
nificant. To confirm our finding, vimax values predicted by Eq. (1) are
compared with the obtained vpax values. Within the experimental
error, the values agree well with donor number of solvents. The
plots obtained from vpax (experimental) against vmax (predicted)
values are shown in Fig. 2.

According to the results obtained, the DN parameter of the sol-
vent has a dominate contribution in Eq. (3) for compounds 1-4
and governs in the shift of the d-d absorption band of the com-
plexes. The negative sign of the coefficient a indicates a red shift
as the donor number of solvents increases. The red shift observed
in the d-d visible absorption band originates in variation of Lewis
acid-base interaction between the chelates around the copper ions
and the respective solvents molecules. Since approaching of the
polar solvent molecules to the axial position of the complexes
causes a strong repulsion between electron in the dz2 orbital of
the copper(Il) ions and the electron pair of the solvents and hence
decreasing the required energy for transferring the electrons to
dx27y2 orbital. Accordingly, the position of this band decreases
nearly linearly with the increasing of the donor numbers of the sol-
vents. The plots of the observed vax values of the complexes versus
the donor number of the solvents as shown in Fig. 3 demonstrated
good correlation for all complexes.

There is an identical trend in the visible absorption spectra
of the investigated complexes. The nature of counter ion X in all
investigated complexes is generally ineffective to the vyax value in
solvents with high donor power. However in low DN solvents dif-
ferences in vyax is larger among the complexes. It seems that as the
approach of the solvent molecules with different donor power to
the axial vacant sites of the complexes causes a change in the geom-
etry of the copper center from square planar to octahedron. This
conclusion is in agreement with our pervious results [10,46]. How-
ever, It was found that the Avmax(=(Vmax)pcm — (Vmax JHmpa ) values
depend on the counter ion, X used in the complex and are in order
of BPhy~ >PFg~ > ClO4~ >BF4~. The best results were obtained for
complex 1 indicating this fact that the size of counter ions are effec-
tive in the solvatochromism phenomenon. The bulkier counter ions
have looser binding to the Cu(ll) center and can be driven out more
easily by solvent molecules cause the higher Avmax value.

complex 1
19
=
= 17
=
15 4 T J
15 17 19
Vprea/10°
complex 2

Vexg/10°

15 17 19
Vprea/10°
complex 3
19
m@
S 17
s
15 + T ]
15 17 19
Vorea/10°
complex 4
19
*
M@
S 17 ) ¢
=
*
15 1 T ]
15 17 19
Vpred/l03

Fig. 2. The plots of the observed vmax values against the calculated vmax values for
complexes 1-4.

+ complex 1
= complex 2
A complex 3

Vimax(10°cm’)

x complex 4

DN

Fig. 3. Dependence of the vn,x values of complexes 1-4 on the solvent DN values.
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4. Conclusion

Four new mixed-chelate copper(Il) complexes with solva-
tochromic properties were prepared. Their solvatochromism were
examined with different solvent parameters models using MLR
computational method. The statistical evaluation of the data (R, S.E.,
F-test, Q% and PRESS/SSY) indicated that DN model of the solvent
plays the most important role in the solvatochromic behavior of the
complexes. All complexes demonstrated positive solvatochromism
due to coordination of solvent molecules with different donor
power to the axial site of the copper(ll) ion result in changing
the geometry of the complexes from square planar to octahe-
dron. Among the complexes of [Cu(acac)(diamine)]X, complex 1
(X=BPhs™) displayed highest Avmax value. As the size of the
counter ion X increase the ion pair interaction between cation com-
plex[Cu(acac)(diamine)]* and X decreases. Thus, solvent molecules
facilitates the dissociation of the anion X from cationic complex
with coordinating to the axial sites of the complex.

Acknowledgement

We are grateful for the financial support of Mazandaran Univer-
sity of the Islamic Republic of Iran.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.saa.2011.08.042.

References

[1] A.Taha, Spectrochim. Acta A 59 (2003) 1611-1620.

[2] O.Kahn, CJ. Martinez, Science 279 (1998) 44-48.

[3] J.A.Real, E. Andres, M.C. Munoz, M. Julve, T. Trainer, A. Bousseksou, Science 268
(1995) 265-268.

[4] GJ. Halder, CJ. Kepert, B. Mourabaki, K.S. Murray, J.D. Cashion, Science 298
(2002) 1762-1765.

[5] O.Kahn, C. Kréber, Adv. Mater. 4 (1992) 367.

[6] J.L. Meinershagen, T. Bein, Adv. Mater. 13 (2001) 208-211.

[7] K. Sone, Y. Fukuda, Inorganic Chemistry Concepts, vol. 10, Springer,
Berlin/Heidelberg, 1987.

[8] C.A. Fontana, R.A. Olsina, Talenta 36 (1989) 945-950.
[9] E. Movahedi, H. Golchoubian, J. Mol. Struct. 787 (2006) 167-171.

[10] H. Golchoubian, E. Rezaee, ]. Mol. Struct. 927 (2009) 91-95.

[11] P.Suppan, N. Ghoneim, Solvatochromism, The Royal Society of Chemistry, Lon-
don, 1997.

[12] C. Reichardt, Chem. Rev. 94 (1994) 2319-2358.

[13] H. Golchoubian, E. Rezaee, ]. Mol. Struct. 929 (2009) 154-158.

[14] Y. Marcus, Chem. Soc. Rev. 22 (1993) 409-416.

[15] W. Mizerski, M.K. Kalinowski, Monatsh. Chem. 123 (1992) 675-686.

[16] W. Linert, Y. Fukuda, A. Camard, Coord. Chem. Rev. 218 (2001) 113-152.

[17] Y. Marcus, The Properties of Solvents, Wiley, Chi Chester, 1998.

[18] D.O. Dorohoi, A. Airinei, M. Dimitriu, Spectrochim. Acta A 73 (2009) 257-
262.

[19] V. Gutmann, Coordination Chemistry in Non-aqueous Solutions, Springer,
Vienna, 1968.

[20] V. Gutmann, The Donor-Acceptor Approach to Molecular Interactions, Plenum
Press, New York, 1978.

[21] W. Linert, V. Gutmann, Coord. Chem. Rev. 117 (1992) 159-183.

[22] ]. Shorter, Correlation Analysis of Organic Reactivity. With Particular Reference
to Multiple Regression, Wiley, Chi Chester, 1982.

[23] O. Exner, Correlation Analysis of Chemical Data, Plenum Press/SNTL, New
York/Prague, 1988.

[24] V. Gutmann, E. Wychera, Inorg. Nucl. Chem. Lett. 2 (1966) 257-260.

[25] V. Gutmann, Coord. Chem. Rev. 2 (1967) 239-256.

[26] V. Gutmann, A. Scherhaufer, Monatsh. Chem. Rev. 99 (1968) 335-339.

[27] V. Gutmann, Chimia 23 (1969) 285-292.

[28] V. Gutmann, Coord. Chem. Rev. 18 (1976) 225-255.

[29] S. Riahi, M.F. Mousavi, M. Shamsipur, Talanta 69 (2006) 736-740.

[30] M. Charton, J. Org. Chem. 40 (1975) 407-411.

[31] SPSS/PS, Statistical Package for IBMPC, Quiad Software, version 13, Ontario,
1998.

[32] M. Jalali-Heravi, F. Parastar, J. Chromatogr. A 903 (2000) 145-154.

[33] K. Anbalagan, L.S. Lydia, Spectrochim. Acta A 69 (2008) 964-970.

[34] H.Junge, H. Musso, Spectrochim. Acta A 24 (1968) 1219-1243.

[35] K. Nakamoto, Infrared and Raman Spectra of Inorganic and Coordination Com-
pounds, 4th ed., Wiley-Interscience, New York, 1986 (Section I.8).

[36] M. Mikami, I. Nakagawa, T. Shimanouchi, Spectrochim. Acta A 23 (1967)
1037-1053.

[37] K. Nakamoto, A.E. Martell, J. Chem. Phys. 32 (1960) 588-597.

[38] C. Tsiamis, M. Themeli, Inorg. Chim. Acta 206 (1993) 105-115.

[39] N. Sekine, T. Shiga, M. Ohba, H. Okawa, Bull. Chem. Soc. Jpn. 79 (2006) 881-
885.

[40] R.S. Drago, Physical Methods in Chemistry, W.B. Saunders, Philadelphia, 1977.

[41] WJ. Geary, Coord. Chem. Rev. 7 (1971) 81-122.

[42] H. Golchoubian, Anal. Sci. 24 (2008) X169-X170.

[43] H. Golchoubian, Anal. Sci. 24 (2008) X195-X196.

[44] D.L. Massart, Handbook of Chemometrics and Qualimetrics Part A, Elsevier,
Amsterdam, 1998.

[45] K. Roy, P.P. Roy, Eur. ]. Med. Chem. 44 (2009) 2913-2922.

[46] H. Asadi, H. Golchoubian, R. Welter, ]. Mol. Struct. 779 (2005) 30-37.


http://dx.doi.org/10.1016/j.saa.2011.08.042

	Spectroscopic studies on Solvatochromism of mixed-chelate copper(II) complexes using MLR technique
	1 Introduction
	2 Experimental
	2.1 Materials and methods
	2.2 Syntheses
	2.2.1 Preparation of [Cu(acac)(diamine)]BPh4·H2O, 1
	2.2.2 Preparation of [Cu(acac)(diamine)]PF6·H2O, 2
	2.2.3 Preparation of [Cu(acac)(diamine)]ClO4, 3
	2.2.4 Preparation of [Cu(acac)(diamine)]BF4, 4

	2.3 MLR analysis

	3 Results and Discussion
	3.1 IR spectra
	3.2 Conductometric data
	3.3 Solvatochromism

	4 Conclusion
	Acknowledgement
	Appendix A Supplementary data
	Appendix A Supplementary data


