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ABSTRACT: The first crystal structure of  [Cu(terpy)2](PF6 )2 , where terpy=2,2':6',2"-terpyridine 
is reported. Green crystals of  [Cu(terpy)2](PF6 )2 were grown by ether diffusion into an acetonitrile 

solution of the complex. Crystal structure of this complex is tetragonal ( space group: P 4 21c ) with 
a = 8.8916(3), c = 20.0214(13) Å, and z = 2. The structure was refined by using 1828 independent 
reflections with I > 2�(I) to a R  factor of 0.0809. The terpy ligands are tridentate and linked to the 
Cu(II) via three N atoms. The CuN6 entities have compressed octahedral geometry with the shortest 
Cu-N bonds that form the axial positions. This complex represents z-in distortion at 293K and has a 
D2d point group. The effective magnetic moment ( �eff ) of  [Cu(terpy)2](PF6 )2  was measured to be 
1.95BM by Evans method. Cyclic voltammetry experiment of the complex shows that the Cu(II/I) 
couple is quasi-reversible. 
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INTRODUCTION 

Transition metal terpyridine complexes have been 
studied extensively since the ligand was first reported 
around 30 years ago. Terpyridine complexes were 
originally developed as the basis of metal selective 
analytical techniques, but have since played a fundamental 
role in the development of our understanding  of  the  
ligand  substitution  and   electron transfer  creativities  of 
 
 
 

transition metal complexes and of biological systems. 
Furthermore, their diverse photo-chemical and photo-
physical properties have led to extensive studies related 
to the development of photonic devices such as sensors, 
optical switches and photovoltaic cells [1-10]. 

A regular octahedral CuL6 chromophore for the Cu(II) 
is  very  uncommon  but  does  occur for the [Cu(NO2)6]

4- 
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anion when stabilized by high symmetry lattices such as 
the face-centered-cubic lattice of K2Pb[Cu(NO2)6] at 298 
K [11]. All six Cu-N distances of 2.11Å are equivalent 
from the copper site symmetry, with the actual symmetry 
of  the  anion  lowered  to  Th  by  the conformation of the 
nitro oxygen atoms. A regular trigonal octahedral CuL6 
chromophore is more common than the regular octahedral 
chromophore. It is most common in the tris (chelate) 
Cu(II) complexes such as [Cu(en)3](SO4) [12] or 
[Cu(ompha)3](ClO4)2 [13] but also occurs with tridentate 
chelate ligands as in [Cu(metri)2] [14]. The compressed 
tetragonal octahedral stereochemistry with six equivalent 
ligands is restricted to the [Cu(NO2)6]

4- anion in the 
rubidium and cesium complexes [15]. The compressed 
rhombic octahedral stereochemistry is more common 
than the tetragonal form, but both together only constitute 
a very restricted class of Cu(II) structures [16,17]. 

We are interested in the question of whether the 
presence of the two terpy ligands will influence the 
structure, bond lengths and symmetry of the 
[Cu(terpy)2]

2+.  In the present study, we have determined 
the structure of  [Cu(terpy)2](PF6 )2 (Fig. 1). 

The structure of [Cu(terpy)2](PF6)2 has been compared 
with the structures of Cu(II) and Ni(II) complexes of 
terpyridine ligands such as [Cu(trepy)X2].nH2O (X= Cl-, 
Br-, NO2

-, NCS-, F- ), [{Cu2(terpy)Cl4}2] and [Ni(terpy)2]
2+ 

[18-26]. 

 
EXPERIMENTAL  SECTION 

Materials 
All the chemicals and solvents used were reagent 

grade. Absolute ethanol, DMF, acetonitrile, 2,2':6',2"-
terpyridine, copper (II) chloride hydrate and ammonium 
hexafluorophosphate were purchased from Aldrich and 
used without further purification. 

 
Physical Measurements 

IR spectra were recorded as KBr pellets on a FT- IR 
Jasco 460 spectrophotometer and electronic spectra on a 
Jasco 7850 spectrophotometer. 1H-NMR spectra were 
recorded on a Bruker DRX-500 MHz, AVANCE 
spectrometer at ambient temperature in DMSO-d6. 
Elemental analyses were performed by Heraeus CHN-O-
Rapid elemental analyzer.  

Cyclic voltammograms were recorded by using a PC 
PII Pentium 300 MHz microcomputer equipped with a 

data acquisition boared (PCL- 818 PG, PC- Labcard Co.) 
and a custom made potentiostat. Gold ultramicro-
electrodes (25 �m, in diameter) were prepared by sealing 
metal microwires (Goodfellow metals Ltd., UK) into a 
soft glass capillary.  

The  capillary  was  then cut perpendicular to its 
length to expose the wire. Electrical contacts were made 
using silver epoxy (Johnson Matthey Ltd., UK). Before 
each experiment, the electrode surface was polished for 1 
minute using extra fine carborundum paper and then for 
10 minutes with 0.3 �m alumina. Prior to being placed in 
the cell, the electrode was washed with water and 
acetone. In all measurements an Ag(s)|AgCl(s)|1M 
KCl(aq) reference electrode was used. The auxiliary 
electrode was made a Pt wire, 1 cm length and 0.5 mm in 
diameter. 

 
Preparation of [Cu(terpy)2](PF6 )2 

CuCl2.2H2O (63 mg, 0.37 mmol) was dissolved in 20 mL 
of absolute ethanol in a 100 mL round-bottom flask.  
2,2':6',2"-  terpyridine  (172 mg, 0.738 mmol)  was added. 
The dark green solution was stirred and refluxed for 1 h. 
The solution was cooled to -50 °C overnight and the dark 
green precipitate [Cu(terpy)2]Cl2 was collected by suction 
filtration and washed with absolute ethanol (10 mL) and 
diethylether (10 mL), respectively. [Cu(terpy)2]Cl2 was 
dissolved in 20 mL water and precipitated from solution 
as a hexafluorophosphate salt by the addition of excess of 
NH4PF6 (815 mg, 5 mmol). The product, [Cu(terpy)2] 
(PF6)2, was collected by suction filtration, washed with 
cold water (10 mL) and ether (10 mL), and then air dried. 
Diffusion of diethylether into an acetonitrile solution of 
the complex gave green crystals suitable for X-ray 
crystallography. Yield 103 mg, 76%. Found: C, 44.12; H, 
2.76; N, 10.63 calculated for C30H22F12CuN6P2 (Fw = 
820.02): C, 43.90; H, 2.70; N, 10.25. 

 
Crystallography 

Green crystals of [Cu(terpy)2](PF6)2 were grown by 
ether diffusion into an acetonitrile solution of the complex. 
Single-crystal X-ray diffraction measurements were 
carried out with a Bruker  ApexII diffractometer  equipped 
with a graphite monochromator for data collection at 293  
(2) K. The determination of unit cell dimensions and data 
collection were performed with MoK� radiation  
(� = 0.71073 Å). Data  reduction  processing  was  carried 
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Fig. 1:  [Cu(terpy)2](PF6 )2. 

 

out by the use of the program Siemens SAINT, which 
applied Lorentz and Polarization correction to three-
dimensionally integrated diffraction spots.  

The program Bruker SPINT was utilized for the 
scaling of diffraction data, the application of a decay 
correction, and an empirical absorption correction  
based on redundant reflections. The space group was 
confirmed by XPREP routine in SHELXTL program. The 
structure was solved by direct method using SHELXS97 
[27-30] and difmap synthesis using SHELXS97. 
Anizotropic refinement was performed for all non-
hydrogen positions. All H- atoms were calculated. 
Further details of the structural analyses are given in 
table1. 

Position parameters and atomic coordinates are given 
in table 2, and selected bond lengths and angles are listed 
in table 3. 

 
RESULTS  AND  DISCUSSION 

The terpyridine Cu(II) complex was prepared 
according to the following reactions: 

CuCl2. 2H2O + 2 terpy � [Cu(terpy)2]Cl2 + 2H2O 
[Cu(terpy)2]Cl2 +2NH4PF6 �[Cu(terpy)2](PF6)2+ 2NH4Cl 

[Cu(terpy)2](PF6)2 is air-stable and readily recry-

stallized in the tetragonal space group 4P 21c. The 
elemental analysis of the complex is consistent with 
C30H22F12CuN6P2, as are the following X-ray structure 
and spectroscopic characterizations. Fig. 2 shows the 
coordination geometry of the ligands about the  
Cu(II). The terpy ligands are tridentate and linked to the 
Cu(II)  via  three  N  atoms.  Thus,  the  metal  ion  is  six- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: ORTEP drawing for the complex [Cu(terpy)2](PF6)2 . 
 

coordinate. The CuN6 entities have compressed 
octahedral geometry with the shortest Cu-N bonds 
[Cu(1)- N(2), 1.986(5) and 1.987(5) Å] that form the 
axial positions. The remaining nitrogen atoms [N(1), 
N(1A), N(1C) and N(1B)] of terpy ligands are in the 
equatorial base. As shown in Fig. 2 and table 3, this 
complex represents z-in distortion at 293 K and has a D2d 

point group. The mean Cu-N axial bond lengths are 
significantly (by 0.20 Å) shorter than the Cu-N equatorial 
bond distances (2.187(4) Å). In complexes of the type 
[M(terpy)2]

2+, the predominant strain component of the 
rigid terpyridine ligand corresponds to a distinct 
compression along the molecular z axis of the MN6 

polyhedron. This is nicely documented by the Ni(II) 
complexes, because the 3A2g ground state of octahedral 
Ni(II) is John-Teller stable and the NiN6 geometry solely 
reflects the strain effects imposed by the ligands and /or 
steric packing effects in the unit cell [19]. 

The bond angle formed by Cu(II) and two cis  
nitrogen atoms of each terpyridine ligand [N(1)-Cu(1)- 
N(2), N(1A)-Cu(1)-N(2)] is 77.44(11)°, while, the  
bond angle formed by two trans nitrogen atoms  
of the terpyridine ligands [N(2)-Cu(1)-N(2)] is linear 
(180.000(1)°). Previous studies of the structures of 
copper (II) complexes with terpyridine ligand have 
indicated structural distortions. For example, in 
[{Cu2(terpy)Cl4}2], all copper ions are subject to a 
distorted square- pyramidal coordination with typically 
long axial bonds [28]. In [Cu(terpy)Cl2] and 
[Cu(terpy)(NO2)2].H2O, Cu(II) is found in a distorted 
square   pyramid,   with   the   terpyridine   ligand   in  the  
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Table 1: Crystal data for [Cu(terpy)2](PF6)2. 
 

Empirical formula C30H22F12CuN6P2 

Formula weight 820.02 

Temperature 293(2) K 

Wavelength(�) 0.71073 Å (Mo K�) 

Crystal system, Space group Tetragonal, P 4 21c 

Unite cell dimension a = 8.8916(3) Å    ,    c = 20.0214(13) Å 

Volume 1582.90(13) Å 3 

Z 2 

Exptl crystal density diffrn 1.720 g/cm3 

Absorption coefficient 0.896 mm-1 

F(000) 822 

Crystal Size 0.2×0.12× 0.04 mm 

Theta rang for data collection 2.5-25.5 

Reflections collected/ unique 2424/1828[ R(int)= 0.0314] 

Goodness- of- fit on F^2^ 1.067 

Refinement method Full- matrix least- square on F^2 

Data / restraints / parameters 2424/0/100 

Final R indices (1>2σ(1)) R1 = 0.0809, WR1 = 0.2562 

R indices (all data) R2 = 0.0971, WR2 = 0.2764 

Diffraction – radiation – source Fine-focus sealed tube 

Monochromator graphite 

Diffraction – measurement – device-type Bruker Apex II 

Limiting indices� -12<=h<=12, -12<=k<=12,-28<=l<=28� �

Refine ls extinction coef 0.009(5) 

Computing – data- collection Bruker Apex 2 

Computing – cell- refinement Bruker SAINT 

Computing – data- reduction SAINT 

Computing – structure- solution SHELXS97 (Sheldrick, 1990) 

Computing – structure- refinement SHELXL97 (Sheldrick, 1997) 

Computing – molecular- graphics SHELXTL 5.1, XP (Sheldrick, 1994) 

Computing – publication- material SHELXL97 

R=Σ��F0�- �Fc�/ΣF0 �, WR= Σ W( �F0�- �Fc�)
2 /Σ W( �F0 �

2)1/2 

 
equatorial plane. [Cu(terpy)(NCS)2] and [Cu(terpy)Br2] 
exhibit a quite unusual coordination geometry in the solid 
state. The average Cu-N distance between Cu(II) and the 
terpyridine ligand (� 2.00 Å) in both complexes are 
similar to those in  [Cu(terpy)Cl2].  But while  the  two  
Cu-Cl  spacings  in  the  latter  compounds differ by more 
than 0.2 Å, corresponding to a distorted square pyramid 
with a very long apical bond distance, the two Cu- Br or 
Cu-NCS bonds are of equal length in the two complexes, 
[Cu(terpy)Br2] and [Cu(terpy)(NCS)2] [29]. 

The comparison of the geometries of the CuN6 entities 
in [Cu(terpy)2](PF6)2 with the corresponding Ni(II) 
polyhedron in [Ni(terpy)2]

2+ (space group P42/n) [24, 30, 
36] is quite informative. In [Ni(terpy)2]

2+, the Ni(II) 
coordination is also tetragonal. Though the ionic radii of 
Ni(II) and Cu(II) are nearly identical, the average Ni- N 
bond length (2.09 Å) is slightly smaller than the comparable 
Cu-N distance (2.12 Å). In previous studies, the force 
field for the cellular ligand field stabilization energy/ 
molecular    mechanics   (CLFSE/MM)   method   [32-45] 
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Table 2: Atomic coordinates and equivalent isotopic displacement parameters for [Cu(terpy)2](PF6)2.  
U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. 

 

Atom x y z U(eq) 

Cu(1) 0.5000 0.5000 0.5000 0.0483(3) 

N(1) 0.7208(4) 0.4057(4) 0.4762(2) 0.0483(8) 

N(2) 0.5000 0.5000 0.5000 0.0468(9) 

C(1) 0.8309(7) 0.3622(6) 0.5174(3) 0.0613(12) 

C(2) 0.9631(6) 0.3020(7) 0.4977(4) 0.0723(14) 

C(3) 0.9838(6) 0.2823(7) 0.4271(4) 0.0775(15) 

C(4) 0.8737(6) 0.3281(7) 0.3844(3) 0.0692(15) 

C(5) 0.7430(5) 0.3901(5) 0.4097(2) 0.0516(10) 

C(6) 0.6202(6) 0.4472(6) 0.3674(3) 0.0545(10) 

C(7) 0.6255(9) 0.4434(8) 0.2998(3) 0.0768(16) 

C(8) 0.5000 0.5000 0.2635(4) 0.086(3) 

P(1) 0.9827(5) 0.5089(6) 0.19042(13) 0.0849(9) 

F(1) 1.1082(7) 0.4393(8) 0.1448(3) 0.110(4) 

F(2) 0.8642(7) 0.5818(10) 0.2375(3) 0.142(4) 

F(3) 0.8770(7) 0.3747(7) 0.1858(4) 0.093(3) 

F(4) 1.0492(7) 0.4195(9) 0.2502(3) 0.105(3) 

F(5) 0.9170(8) 0.5969(9) 0.1312(3) 0.084(2) 

F(6) 1.0881(8) 0.6442(7) 0.1996(4) 0.129(5) 

 
has been applied to Ni(II) and Cu(II) polypyridyl 
complexes [30]. For [Cu(terpy)2]

2+ and  [Ni(terpy)2]
2+ the 

limiting geometries of tetragonally elongated and 
compressed octahedral are within a few kcal mol-1, 
although the set of parameters overestimates the ligand 
contribution and predicts a compressed geometry [25,31]. 

The 1H-NMR of [Cu(terpy)2](PF6)2 was recorded in 
DMSO-d6. The 1H-NMR spectrum with broad resonance 
of this complex indicates paramagnetic behavior at room 
temperature. The effective magnetic moment (�eff) of 
[Cu(terpy)2](PF6)2 was measured to be 1.95 BM by Evans 
method [46]. The magnitude of  �eff is consistent with 
magnetic moment for six–coordinated Cu(II) complexes 
(1.7-2.2 BM) [47]. The IR spectrum of [Cu(terpy)2](PF6)2 
shows a absorption pattern in 4000 - 400 cm-1 region 
similar to terpy ligand. 

Electronic spectrum of the complex was taken in 
DMF. The intense absorption bands seen in the UV 
region (264, 279 and 329 nm with log� = 4.8, 4.6 and 
4.01, respectively) are assigned to ligand-centered (���*) 
transitions [48-50]. For six-coordinated Cu(II) with z-in 

distortion, three ligand field transitions are expected. 
However, the intensity of the absorption at visible region 
suggests a more accurate assignment may be metal- to- 
ligand charge transfer (MLCT) with minor contribution to 
band intensity due to underlying ligand field transitions. 
The intense absorption band at visible region (683,  
log� = 3.6) is assigned to metal- to- ligand charge transfer 
(MLCT) (d���*) by analogy to other Cu(II) polypyridyl 
complexes [48]. 

Cyclic voltammetry was performed on an acetonitrile 
solution of [Cu(terpy)2](PF6)2 with 0.1 M TBAH as a 
supporting electrolyte. The Cu (II/I) couple was observed 
at -1128 mV vs SCE. As shown in Figs. 3 and 4, Cu (II/I) 
couple is quasi-reversible and generally possesses 
invariant anodic to cathodic peak separation of 78 mV at 
scan rates from 50 to 400 mV/s.  

[Cu(terpy)2]
2+ + e- � [Cu(terpy)2]

+ 

The four quasi- reversible reduction couples at 
negative potential are assigned to the sequential 
reductions of terpy ligands as shown in following 
reactions [49,51-54]. 
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Table 3: Bond lengths [Å] and Angles [deg] for [Cu(terpy)2]) (PF6)2. 
 

Bond Lengths, (Å) 

Cu(1)-N(2) 1.986(5) N(2)-C(6) 1.345(5) 

Cu(1)-N(2) 1.987(5) N(2)-C(6) 1.345(5) 

Cu(1)-N(1) 2.187(4) C(2)-C(3) 1.435(11) 

Cu(1)-N(1A) 2.187(4) C(3)-C(4) 1.363(9) 

Cu(1)-N(1C) 2.187(4) C(4)-C(5) 1.383(7) 

Cu(1)-N(1B) 2.187(4) C(5)-C(6) 1.427(7) 

N(1)-C(1) 1.337(7) C(6)-C(7) 1.356(9) 

N(1)-C(5) 1.333(6) C(7)-C(8) 1.424(9) 

C(1)-C(2) 1.350(8) C(8)-C(9) 1.424(9) 

Bond Angles (deg) 

N(2)-Cu(1)-N(2) 180.00(1) N(1)-Cu(1)-N(1) 154.9(2) 

N(2)-Cu(1)-N(1) 77.44(11) C(1)-N(1)-C(5) 118.1(4) 

N(2)-Cu(1)-N(1) 102.56(11) C(1)-N(1)-Cu(1) 129.4(4) 

N(2)-Cu(1)-N(1) 77.44(11) C(5)-N(1)-Cu(1) 112.6(3) 

N(2)-Cu(1)-N(1) 102.56(11) N(1)-Cu(1)-N(1) 124.8(6) 

N(1)-Cu(1)-N(1) 154.9(2) C(6)-N(2)-C(6) 120.5(2) 

N(2)-Cu(1)-N(1) 102.56(11) C(6)-N(2)-Cu(1) 119.8(3) 

N(2)-Cu(1)-N(1) 77.44(11) N(1)-C(5)-C(4) 121.7(5) 

N(1)-Cu(1)-N(1) 92.71(5) N(1)-C(5)-C(6) 115.0(4) 

N(1)-Cu(1)-N(1) 92.71(5) C(4)-C(5)-C(6) 123.3(5) 

N(2)-Cu(1)-N(1) 102.56(11) N(2)-C(6)-C(7) 122.1(5) 

N(2)-Cu(1)-N(1) 77.44(11) N(2)-C(6)-C(5) 115.1(4) 

N(1)-Cu(1)-N(1) 92.71(5) C(7)-C(6)-C(5) 122.7(5) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Cyclic voltammograms of [Cu(terpy)2](PF6)2, 10-3M in 
acetonitrile show Cu (II/I) couple in the range 0 to -2500 mV, 
between scan rates of 50-400 mV/s (I-VII). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Three-dimensional voltammograms (current-potential- 
scan rate) of [Cu(terpy)2](PF6)2, 10-3M in acetonitrile shows a 
quasi-reversible behavior for the Cu(II/I) couple. 
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[Cu(terpy)2]
2+ + e- 

� [Cu(terpy)(terpy -)]+ 

[Cu(terpy)(terpy -)]+ +e- 
� [Cu(terpy -)(terpy -)]  

[Cu(terpy -)(terpy -)] +e- � [Cu(terpy -)(terpy 2-)]- 

[Cu(terpy -)(terpy 2-)]- + e- � [Cu(terpy 2-)(terpy 2-)]2- 

 
CONCLUSIONS 

[Cu(terpy)2](PF6)2 represents a static Jahn-Teller 
distortion (z-in) at 293 K and the Cu-N axial bond 
lengths are significantly shorter than the Cu-N equatorial 
bond distances. 

Complexation of Cu(II) by substituted terpyridine  
and other polypyridyl ligands opens up a convenient 
pathway to a multitude of well- defined supramolecular 
architectures. 
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