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Abstract

A dinuclear centrosymmetric copper(II) complex has been prepared and characterized via FT-IR, UV-Visible and elec-
tron spin resonance spectroscopy, electrochemical method, and powder and single crystal XRD techniques. The two
copper(II) ions are connected by two p-1,1-O atoms belonging to para-fluorophenyl acetate ligands. Each copper(II)
ion is coordinated by two other carboxylate ligands in monodentate and a 2,2’-bipyridine molecule in bidentate manner.
Thus the geometry around each penta-coordinated copper(Il) ion is square pyramidal with distortion factor 7 = 0.04.
Purity and uniform crystalline nature of the complex was assessed from powder XRD spectrum. ESR signal consisted of
partially resolved hyperfine splitting pattern while electrochemical studies revealed diffusion controlled electron transfer
processes with diffusion co-efficient of 1.628 x 107 cm? s™!. The results of all spectroscopic experiments support each
other. The complex afforded mixed binding mode with DNA yielding DNA-binding constant values of 3.667 x 10*and
1.438 x 10* M! using cyclic voltammetry and absorption spectroscopy, respectively. The preliminary studies heralded
good structural and biological importance of the synthesized complex.

Keywords: Oxygen-bridged copper complex; structure; electrochemistry; DNA-binding study.

1. Introduction

Binuclear copper(Il) carboxylates with 2,2'-bipyri-
dine adopt diverse bridging groups which affect their
properties. There can be single bridging group such as a
trans-bidentate ligand like 1,4-dibenzoate ion.! Such rela-
tively longer spacer ligand precludes the possibility of elec-
tronic interaction between two copper(II) ions of the bi-
nuclear molecule. In such binuclear copper(II) complexes
the observed EPR signal is typical of monomeric complex-
es with g ~ 2.2 Another common bridging group in binu-
clear copper(Il) complexes is chlorine®> where the di-

chloro-bridged dinuclear complexes with 2,2’-bipyridine
were found catalytically more active than their mono-nu-
clear analogue.’ Some complexes contain water molecules
bridging the two copper(II) centers* where the weaker su-
per-exchange interactions in analogues containing
1,10-phenanthroline and 2,2'-bipyridine have been at-
tributed to the diauqa bridges.

Carboxylate ligand is known for its versatile binding
as well as bridging mode. Although the 1,2-bridging mode
of carboxylate® as well as thio-carboxylate ligand® is com-
mon, it is also able to bridge two metal centers of dinuclear
complexes in 1,1-O-bridging fashion as in phenyl acetate
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and maleate derivatives of copper(Il) with 2,2'-bipyri-
dine.”8 The latter type of bridging can be alone’ or in com-
bination with other 1,1-bridging groups. The other
1,1-bridging groups can be hydroxyl, aquo® and CI'° along
with a variety of 1,2-bridging groups. These groups have
been found to alter the properties of the resulting com-
plexes considerably. This paper reports the synthesis, char-
acterization and DNA-binding properties of a double
1,1-O-bridging copper(II) carboxylate containing biologi-
cally important ligand 2,2'-bipyridine.

2. Experimental

2. 1. Materials and Methods

Anhydrous CuSO,, 4-fluorophenyl acetic acid, 2,2"-
bipyridine, KCl, NaHCO; and sodium salt of the salmon
sperm DNA were purchased from Fluka, Switzerland. Sol-
vents like chloroform, methanol and dimethyl sulfoxide
were obtained from Merck, Germany. Melting point was
measured using an electro-thermal melting point appara-
tus Gallenkamp, serial number C040281, U.K. FT-IR spec-
trum was recorded in the range from 4000 to 400 cm™~! on a
Nicolet-6700 FT-IR spectrophotometer, Thermo Scientif-
ic, USA, equipped with attenuated total reflectance (ATR)
sampling technique. Powder XRD spectrum was obtained
at 298 K with a PANalytical, XPert PRO diffractometer em-
ploying Cu-Ka radiation (A = 1.540598 A). Bruker ESP-300
spectrometer operating at X-band frequencies (-9.5 GHz)
was used to obtain the solid state EPR spectrum of the fine-
ly powdered single crystalline sample of the complex.

2. 2. Single crystal X-ray Crystallography

Diffraction data for the complex were collected at the
Australian Synchrotron (A = 0.708457 A) at 100(2) K on
beamline MX1.!! XDS software was used for the data re-
duction and indexing of diffraction pattern.!? Direct
method was used to solve the crystal structure while using
the program SHELXL-97, it was refined against F? with
full-matrix least-squares method.!> Refinement of all
non-hydrogen atoms was performed with anisotropic dis-
placement parameters.

2. 3. Electrochemical Study

Voltammetric study was conducted using an SP-300
potentiostate, serial number 0134, BioLogic Scientific In-
struments, France. Complex was dissolved in aqueous
DMSO (1:4) solution containing 0.01 M KCl, under an N,
saturated environment. Measurements were made in a
conventional three-electrode cell with a thin platinum
wire as counter electrode, a bare glassy carbon electrode
(GCE) with a surface area of 0.196 cm? as the working
electrode and saturated silver/silver chloride electrode
(Ag/AgCl) as reference electrode. Prior to each experi-

ment, the GCE was cleaned properly such as polishing
with alumina (Al,0;) and washing with organic solvent
and distilled water. All the measurements were performed
at room temperature (25 + 0.5 °C).

2. 4. DNA-Binding Study by Cyclic
Voltammetry

The salmon sperm DNA (SSDNA) solution was pre-
pared by overnight stirring of the solution after adding
small amount of its sodium salt to it. Then its absorption
spectrum was taken and concentration of DNA was calcu-
lated using Beer-Lambert’s law putting molar absorptivity
= 6600 M~! cm~L."* Complex solution was prepared at 3
mM in aqueous DMSO (1:4) and its voltammograms were
recorded in pure form as well as with 10, 20, 30, 40, 50 and
60 uM DNA.

2. 5. DNA-Binding Study by UV-Visible
Spectroscopy

The complex was prepared at 6 mM in aqueous
DMSO (1:4) and its absorption spectra were taken in pure
from as well as in the presence of 10-90 uM DNA. Succes-
sive additions of SSDNA were made to the reference as
well as sample cells (1 cm path length) and the spectra re-
corded at room temperature (25 £ 1 °C).

2. 6. Synthetic Procedure of the Complex

4-Fluorophenyl acetic acid (6 mmol, 0.925 g) was
neutralized via reacting with an equimolar quantity of so-
dium bicarbonate (0.504 g, 6 mmol) in distilled water. Af-
ter neutralization, copper sulphate (0.240 g, 3 mmol) was
added to the reaction mixture and was stirred for 3 h at 60
°C as depicted in Scheme 1. This was followed by the addi-
tion of solid 2,2'-bipyridine (0.468 g, 3 mmol) and stirring
was continued for further 3 h. The final product was
washed with distilled water and dried in air. A mixture of
chloroform and methanol (1:1) was used for crystalliza-
tion.

Light blue crystals; m.p. 150-152 °C; yield (70%).
FT-IR (cm™): 1614 v(OCO),gym> 1421 Y(OCO)gyp,, Av =
193, 2955 vCH,, 3084 v(Ar-H), 1590, 1473 vAr(C=C),
1217 v(Ar-F), 421 v(Cu-0), 506 v(Cu-N).

3. Results and Discussion

Copper(II) complex with 4-fluorophenyl acetic acid
and 2,2'-bipyridine has been isolated in quantitative yield
by following Scheme 1. The complex has been character-
ized by various analytical techniques such as infra-red,
UV-Visible and electron spin resonance spectroscopy as
well as powder and single crystal X-ray diffraction while
the purity level of the complex was confirmed by powder
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Scheme 1. Synthetic procedure of the complex

XRD pattern. DNA binding constant for the complex were
evaluated, using cyclic voltammetry and UV-Visible spec-
trophotometry.

3.1. FT-IR Data

FT-IR spectrum of the complex showed all the ex-
pected bands which helped to deduce its structure. The
bonding mode of the carboxylate moiety was indicated by
its characteristic stretching frequency observed at 1614
and 1421 cm™! corresponding to the asymmetric and sym-
metric OCO stretching vibrations, respectively. The ap-
pearance of a Cu-O absorption band at 421 cm™! con-
firmed the coordination of the carboxylate ligands through
oxygen. The values of Av = {v,,,(OCO) - v4,,,(OCO)} =
193 calculated for the complex indicated bridging biden-
tate mode of coordination of the carboxylate moiety to
copper(Il) ion in the complex.’ In addition, the appear-
ance of C=N stretching band of the complex at 1598 cm™
instead of its normally observed characteristic region
(1610-1625 cm™1)'%17 indicated the involvement of the ni-
trogen atom of bipyridine in bonding with copper(II)
ion.!® The appearance of a new medium intensity band for

the complex in the region 506 cm™, attributable to a Cu-N
vibration further supported it.!° The aromatic C=C and
C-H stretching vibrations were observed at 1590, 1473
and 3084 cm™!, respectively. The methylene C-H stretch-
ing frequency of the complex was observed at 2955 cm™
which were supported by the presence of bands at 730 and
1359 cm™! corresponding to its rocking and bending vi-
brations, respectively. Methyl C-H stretching frequency
gave rise to absorption band at 2985 cm™! supported by the
band at 1443 cm™! assignable to the bending vibrational
motion of this functionality. Aromatic C-F was indicated
by well-defined peak at 1217 cm™.

According to the literature, 2,2’-bipyridine and
1,10-phenanthroline give rise to absorption bands at 756,
851, 1090, 1138, 1274, 1434 and 3337 cm™1.% Keeping in
view these absorption values, the bands appearing at 3329,
1275, 1167, 1090 and 775 cm™! have been assigned to the
coordinated 2,2"-bipyridine molecule. The presence of lat-
tice water molecules was indicated by a broad absorption
band at 3200-3600 cm™.

3. 2. Powder XRD Study

Powder X-ray diffraction spectrum of the synthe-
sized complex has been obtained and compared with the
respective simulated spectrum of the complex by superim-
posing the spectra. The experimental and simulated pow-
der XRD spectra are in complete agreement mutually as
shown in Fig. 1, indicating that the complex has been iso-
lated and crystallized in completely pure form.
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Figure 1. Experimental and simulated powder XRD spectra of the
complex.

3. 3. ESR Spectroscopy

X-band ESR spectrum of crystalline sample of the
complex in solid state is shown in Fig. 2A. The spectrum is
typical of dinuclear copper(II) complexes in triplet state?!
showing partially resolved hyperfine splitting with g* val-
ues 2.23603 and 1.95253 indicating dimeric structure for the
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Figure 2. A, X-Band ESR spectrum of complex showing partially
resolved hyperfine splitting. B, low field spectrum showing the
‘half-filled” forbidden transition.

complex in solid state.2?? The low field spectrum shown in
Fig. 2B indicates the ‘half-filled’ forbidden transition.?! Thus
the typical ESR signal confirmed the +2 oxidation state of
copper in the complex and supported the nuclearity and
structure of the synthesized copper(II) complex.

3. 4. Structural Description of the Complex

The ORTEP diagram with the atom numbering
scheme of the complex is shown in Fig. 3, while the crystal
data and refinement parameters are given in Tables 1 and
2. In the dinuclear complex, the two copper(II) ions are
connected by two p-1,1-O atoms belonging to carboxylate
ligands. Each copper(II) ion is coordinated by two other
carboxylate ligands in monodentate and a 2,2'-bipyridine
molecule in bidentate manner. This results in square pyra-
midal geometry for each penta-coordinated copper(II)
ion. The complex is centrosymmetric in which the metal
centers are bridged by p-1,1-O atoms and the center of
symmetry is lying at the center of the Cu,O, parallelogram
core. Constituting the axial position of one square pyra-
mid, each of the bridging oxygen atoms is part of the
square plane of the other square pyramid. Each pair of the
copper atoms constitutes a four cornered planar Cu,O,
core where the two bipyridine molecules are trans oriented

with respect to the Cu,O, core making five-membered
chelate rings with Cu. The distortion factor 7 (= 8 — a/60°,
where B and o are the largest (174.48(6)°) and second larg-
est (172.31(7)°) angles around the five-coordinated metal
ion) calculated for the complex was 0.04, which shows a
slightly distorted square pyramidal geometry for each cop-
per(I).2* The Cu-N bond distances are 1.9999(18) and
2.0189(18) A and are similar to the corresponding distanc-
es found in previously reported dinuclear copper-bipyri-
dine complexes.?*

Cu-O distances of the complex are quite asymmetri-
cal. The Cu-O bond distances in the equatorial plane are
1.9441(16) and 1.9800(15) A which are typical of the
Cu-O equatorial distances of the previously reported di-
meric? and polymeric?®?” complexes. The axial Cu-O dis-
tance is 2.3535(15) A indicating relatively weaker bond
with copper. Since copper(II) complexes with square pyra-
midal geometry are Jahn-Teller inactive, the elongation of
the apical Cu-O bonds is owing to the filled antibonding
a; (d,%-orbital) leading to more electron density of the
filled antibonding orbital along the apical Cu-O bond
axis.?® The b; (d,’-,?) orbital is half filled and is not offer-
ing that much repulsion to the four ligands (two Cu-O
and two Cu-N bonds) present in the basal plane. Such
elongation of the apical bond has been found typical of the
previously reported complexes as well.?° The nearly perfect
square pyramidal geometry around copper has been made
possible by the asymmetric nature of the Cu-O bond dis-
tance of the bridging oxygen. This Cu-O-Cu asymmetric
bonding of the bridging oxygen is also typical of other
copper(Il) complexes.?> The smallest angle around Cu is
N-Cu-N = 80.74(7)° being formed by the copper ion and
two nitrogen atoms of bipyridine molecule and has been
found typical of other copper(II) complexes with N- and
O-donor ligands.®

Packing arrangement:
The packing diagram of the complex is shown in Fig.
4, where the uncoordinated oxygen atoms of the carboxyl-

Figure 3. ORTEP drawing of the complex with atom numbering
scheme. H-atoms not shown for clarity.
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Figure 4. Packing diagram of complex

Table 1. Structure refinement parameters of the dinuclear complex

Empirical formula Cs5,H F,CuyN,Oq
Formula weight (g mol™) 1088.01

T (K) 100(2)
Crystal system Monoclinic
Space group P2,/n

Unit cell dimensions

a(A) 9.948(2)
b(A) 15.335(3)
c(A) 15.460(3)
a(®) 90

B 101.58(3)

y (®) 90

V (A3) 2310.5(8)
VA 2

p (calculated) (Mg/m?) 1.564

g (mm™) 1.004
F(000) 1116
Reflections collected 14039
Independent reflections 4035

Data / restraints / parameters 4035/0/ 405
Goodness-of-fit on F? 1.077

Final R indices [I >2 o(I)]
R indices (all data)

R,=0.0335, wR, = 0.086
R,=0.0375, wR, =0.0883

ate ligand establish weaker interactions with the hydrogen
atoms of the 2,2"-bipyridine ligand of the side lying dimer
and those of the lattice water molecule. Additionally, the
water molecule present in the crystal lattice is responsible
for strong intermolecular interactions: its oxygen and hy-
drogen atoms are able to interact with the methylene hy-
drogen and the uncoordinated oxygen atoms of the car-
boxylate ligands of the two neighboring dinuclear
complexes, respectively, thus completing the packing.
Similarly, one out of two fluorine atoms of each of the two
asymmetric units of the dimeric molecules of the complex
is closer enough to attract methylene hydrogen atoms of a
ligand in the next dimer.

Table 2. Selected bond lengths and angles of the dinuclear complex

9

Distances, A

N1-Cul 1.9999(18)
N2-Cul 2.0189(18)
01-Cul 1.9441(16)
03-Cul 1.9800(15)
Cul-03 2.3535(15)
Angles, °

01-Cul-03 91.69(7)
01-Cul-N2 172.31(7)
03-Cul-N2 95.51(7)
01-Cul-N1 91.89(7)
03-Cul-N1 174.48(6)
N2-Cul-N1 80.74(7)
01-Cul-03 90.41(6)
03-Cul-03 77.84(6)
N2-Cul-03 93.76(6)
N1-Cul-O3 106.33(6)

3. 5. DNA Binding Study Through Cyclic
Voltammetry

DNA binding ability of the complex has been ex-
plored using cyclic voltammetry where the shift of peak po-
tential was used to interpret the mode of DNA binding ac-
tivity of the complex. According to literature, shifting of
potential to the less positive region on addition of DNA
exhibits electrostatic mode of interaction with complex,!-3?
while to a more positive region indicates intercalative mode.
However, a mixed DNA-complex binding behavior is usual-
ly observed in practice. Based on the above criteria, a mixed
binding mode has been observed for the synthesized com-
plex. A shift of 40 mV in the potential to the less positive
region was observed on addition of DNA to the complex
solution as shown in Fig. 5A, exhibiting an electrostatic
mode of interaction with the complex.>! However, after suc-
cessive addition of SSDNA, the potential kept shifting to the
right side which shows a concomitant intercalative mode of
binding with SSDNA as well. The intercalative ability of the
complex is attributed to the homo- as well as heterocyclic
aromatic rings in the molecular structure of the complex
while the concomitant electrostatic mode is owing to the
presence of florine atoms at the para-position of the phenyl
rings which are able to establish electrostatic interaction
with DNA base pairs. In short, the presence of polar as well
as planar groups give rise to a mixed DNA binding mode.
Since the shift in peak potential towards less positive region
is far more compared to the shift towards more positive re-
gion, the major mode of binding will be electrostatic.

The diminution in the peak current as a conse-
quence of DNA addition to the complex solution as evi-
dent from Fig. 5 (inset) is attributed to the decrease in
concentration of the free complex as a result of the for-
mation of complex-DNA adduct. The slope value of i, vs.
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Figure 5. A, Cyclic voltammograms of the complex in the absence and presence of 10-60 uM DNA. The peak current decreases and the peak poten-
tial is shifted to the right hand side on successive additions of DNA as shown in inset. B, plot of log. 1/[DNA] vs. log. I/(Io - I) for the calculation of

binding constant of complex through cyclic voltammetry.
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Figure 6. Plots of anodic peak current, i, vs. square root of scan rate, v/ before (A) and after (B) DNA addition showing reduction in slope value

with DNA addition.

v12 plot is reduced from 0.066 to 0.030 on addition of
DNA as shown in Fig. 6 indicating the binding of DNA
with complex.?>3* This decrease was used as basis for the
calculation of binding constant of the complex with DNA
making use of the straight line plot of log 1/[DNA] vs.
log I/(I, - I) (Fig. 5B), using the following equation
(equation 3.1):%°

log (1/[DNA]) = log K,, + log I/(I, - I) 1)

where K, is the binding constant, I, and I are the peak cur-
rents of the complex in the absence and presence of DNA,
respectively. The value of K}, was found to be 3.667 x 10*
M-! which is comparable to other structurally related cop-
per(I1)*37 and Rh(II)*® complexes.

Since the electro-active complex moves to the elec-
trodes via diffusion, its diffusion coefficient D, should
suffer diminution with DNA addition. D, was calculated

using the Randles-Sevcik equation® (equation 3.2) via
putting various parameters in it and measuring voltam-
mograms at different scan rates before and after DNA ad-
dition.

i, = (2.99 x 10°) n(an)2AC" D, /2 y1/2 (2)

where i, n, o, A, C' D, and v denote the peak current in
ampere, the number of electrons involved charge transfer
coefficient, surface area of electrode, molar concentration
of complex, diffusion coefficient in cm?s~! and scan rate in
V 571, respectively.

The slope value was obtained making use of the re-
spective i, vs. v/ plots for oxidation and reduction while
Bard and Faulkner relation® (equation 3.3) was used to
calculate an.

an = 47.7/[E,-E,/2] mV 3)

Igbal et al.: Dinuclear Ternary Copper(I1l) Complex:


http://www.google.com.pk/url?sa=t&rct=j&q=randles+sevcik+equation&source=web&cd=1&ved=0CCEQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FRandles-Sevcik_equation&ei=ssaeT6WUDoni4QS9o-GpDg&usg=AFQjCNFttWJJMNxzgfWJ5eT0GJ0n96t_Mw

Acta Chim. Slov. 2018, 65, 989-997

where E;, is the peak potential and E/2 is the peak potential
at half of the maximum peak current value. The values of D,
thus calculated for the complex before and after DNA addi-
tion are 28.255 x 107 and 8.413 x 107 cm?s™!. The higher
value of D, of the free complex shows higher mobility of the
complex before DNA addition which indicates the interac-
tion of complex and DNA.*"*2 Thus the voltammetric study
indicated the potent DNA-binding potency of the complex.

3. 6. Absorption Spectroscopy

The complex showed a broad band in the visible re-
gion of the electromagnetic spectrum with A, = 680 nm
attributed to d-d transition of Cu?* 4># which is typical of
geometrically similar copper(II) complexes and helped to
confirm the structure of the complex in solution. Such
broad absorption band with A, = 680 nm is typical of a
distorted octahedral geometry in solution as shown in Fig.
7A (peak a). This indicates the attachment of a DMSO
molecule to the square pyramidal copper in the complex.
According to the literature, other copper(II) complexes of
similar geometry have been found to show absorbance in
the same wave length region.*>¢ Using Beer-Lambert’s
law, € of the complex was calculated to be 193 L mol™! cm™!
which is of the same magnitude as those of the structurally
related copper(IT) complexes.*?

3. 7. DNA Study Through Absorption
Spectroscopy

Since the absorption of the complex depends on con-
centration, variation of absorbance of complex is a sensi-
tive method of DNA-binding activity. Shift in A, as well
as reduction in absorbance are accompanied with binding
of the complex with DNA. When A, is shifted towards
shorter wavelength side, an electrostatic mode is manifest-
ed while intercalative mode is exhibited by shift towards
longer wavelengths.#”#8 Absorbance of the synthesized
complex exhibited marked decrease with addition of DNA
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&)

&
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[ -
?
O 0.4
<

0.2

600 750 900 1050

Wavelength (nm)

B

(10-90 uM) along with small red shift of 4 nm as indicated
in its spectrum shown in Fig. 7A. This type of binding has
been termed as ‘mixed binding mode’ i.e., partial intercala-
tion with groove binding mode.

The decrease in absorbance as a result of DNA addition
gave the basis for quantitative affinity of copper(II) complex
for DNA by calculating its binding constant K, using the fa-
mous Benesi-Hildebrand equation* (equation 3.4):

Ay &g &g 1
= 4
N eg-c— &¢ K[DNA] “@

E€H-G— &G

where A and A, are the absorbance of the complex in the
presence and absence of DNA while ey_g and &g are their
absorption coeflicients, respectively. The ratio of slope to
intercept of the plot of the term on the left-hand side of
equation 3.4 vs. 1/[DNA] gives Kj, as shown in Fig. 7B.
The binding constant value of the complex was 1.438 x
10* M! which is of the same order of magnitude as that cal-
culated using cyclic voltammetry. The para-fluoro group on
the phenyl ring and the planar aromatic rings may be respon-
sible for the facile DNA-binding ability of the complex. Sim-
ilar binding potency has been observed for other copper(II)
complexes as well>®>! Thus the results of the absorption
spectroscopy and cyclic voltammetry for the DNA-binding
potency are in support of each other. The DNA-binding abil-
ity of the complex explored through these two techniques
heralds the biological relevance of the synthesized complex.

4. Conclusion

Mixed N- and O-donor ligand copper(II) carboxyl-
ate complex has been synthesized, isolated and purified in
quantitative yield. Its characterization has been confirmed
through single crystal XRD while the purity level was eval-
uated by superimposing the simulated and experimental
powder XRD plots which were found in complete agree-
ment showing that the crystalline sample was composed of

) -1.5
. K,=1.438x10*M"
-3.04 Nu
<° ~
< 45 AN
-~ '\\
< -60- AN
\\\
-7.5 \\\
9.0 : ; :
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Figure 7. A, Absorption spectra of complex. Peak a indicates spectrum of pure complex while other peaks (b-j) are after DNA addition (10-90 uM).
B, Plot of A,/(A - A,) vs. 1/[DNA] for the calculation of binding constant of complex through absorption spectroscopy.
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the single crystalline phase without any other impurity.
Crystal structure has shown that the geometry around
copper(II) ion is square pyramidal in the dinuclear com-
plex with asymmetrically bridging oxygen atom. The DNA
binding ability of the complex was judged from CV and
UV-Visible spectroscopy by calculating the intrinsic bind-
ing constant of the complex with DNA from both tech-
niques. Both techniques resulted in Ky, values of the same
order of magnitude such as 3.667 x 10*and 1.438 x 10*
M1, respectively. Moreover, the reduction of the diffusion
co-efficient of the complex on addition of DNA further
supported the DNA binding ability of the complex.

Supplementary material: CCDC 890111 contains
all the crystallographic information about the synthesized
complex. The data is accessible at http://www.ccdc.cam.
ac.uk/conts/retrieving.html, or from the Cambridge Crys-
tallographic Data Centre, 12 Union Road, Cambridge CB2
1EZ, UK; fax: +44 1223 336 033; or e-mail: deposit@ccdc.
cam.ac.uk.
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Sintetizirali smo dvojedrni centrosimetri¢ni bakrov(II) kompleks in ga okarakterizirali z FT-IR, UV-vidno in EPR spek-
troskopijo, praskovno in monokristalno XRD analizo ter elektrokemijsko metodo. Dva bakrova(II) iona sta povezana
preko dveh p-1,1-O atomov p-fluorofenilacetatnega liganda. Vsak bakrov(II) ion je koordiniran z dvema monodentat-
nima karboksilatnima ligandoma in bidentatno z molekulo 2,2’-bipiridina. Geometrija okoli pentakoordiniranega bak-
rovega(II) iona je kvadratno piramidalna s faktorjem popacenja 7 = 0.04. Cistost in uniformnost kristalini¢nega produk-
ta je bila ugotovljena z praskovnim XRD posnetkom. EPR signal ima delno razresljivo hiperfino strukturo, medtem ko

elektrokemijske Studije kazejo na difuzijsko kontroliran prenos elektrona z difuznim koeficientom 1.628 x 107 cm?s

-1

Rezultati spektroskopskih eksperimentov so si v soglasju. Kompleks se veze na DNA z veznima konstantama 3.667 x 10*
in 1.438 x 10* M}, kot je doloceno s cikli¢no voltametrijo oziroma absorpcijsko spektroskopijo. Preliminarni rezultati
kaZejo na strukturno in biolosko pomembnost pripravljenega kompleksa.
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