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Abstract - Three new mononuclear copper(II) complexes 

namely [Cu(L)(CH3COO)]X, (X = PF6
- (1) and BF4

- (2)), 

[Cu(L)(NCS)]PF6 (3) and one nickel(II) complex [Ni(L)Cl2] 

(4), where L = {N,N-bis(3,5-dimethylpyrazol-1-ylmethyl)}(2-

aminomethyl)pyridine have been synthesized and 

characterized by several techniques including X-ray 

crystallography, microanalyses, IR, UV-Vis spectroscopy 

and mass spectrum analysis. Molecular structure of the 

complexes [Cu(L)(CH3COO)]PF6.H2O and [Cu(L)(NCS)]PF6 

have been solved by single crystal X-ray diffraction studies 

and showed that copper atom in both the complexes have 

distorted square pyramidal geometry. The proposed 

structure of nickel complex is octahedral.  

Key words.  Ligand; mononuclear; copper(II);  nickel(II); IR;  

structure. 

 
I. INTRODUCTION 

oordination chemistry with nitrogen containing 

polydentate heterocycle ligand are of great interest in 

chemical  research because they form variety of 

coordination complexes with large number of metal ions 

and also acts as blocking ligand for building polynuclear 

complexes [1-10]. Tripodal ligand containing pyrazole / 

imidazole are of particular interest due to their biological 

activity and their copper complexes can be used as model 

for active sites in copper proteins [11,12]. There are few 

reports on coordination complexes with N3-coordinate 

ligand containing two different heterocycles such as 

pyridine and pyrazole where both the groups are separated 

by spacer group like methylene group [13-14]. However, 

tetradentate N4-coordinated ligand containing two 

different heterocycles such as  pyridine and pyrazole is 

relatively less.  

As our interest on the synthesis and structures of 

multinuclear transition metal complexes with the 

tetradentate N4-coordinated ligand {N,N-bis(3,5-

dimethylpyrazol-1-ylmethyl)} (2-aminomethyl) pyridine 

(L), we have reported copper(II), Ni(II), Co(II), Zn(II) and 

Cd(II) complexes with this ligand in combination of 

pseudohalides like N3
-
, NCS

-
, NCO

-
 etc [15-18]. In this 

paper, we report on the synthesis and characterizations of 

copper(II) complexes namely [Cu(L)(CH3COO)]X (X = 

PF6
-
 and BF4

-
), [Cu(L)(NCS)]PF6 and nickel(II) complex 

[Ni(L)Cl2] with the ligand {N,N-bis(3,5-dimethylpyrazol-

1-ylmethyl)} (2-aminomethyl) pyridine (L). Crystal 

structure of the two complexes 

[Cu(L)(CH3COO)]PF6.H2O and [Cu(L)(NCS)]PF6 have 

been solved by single crystal X-ray diffraction studies. 

II. EXPERIMENTAL 

A. Materials and methods 

All chemicals and solvents were of analytical grade 

reagents. Cu(CH3COO)2.H2O and NiCl2.6H2O (Loba, 

India), sodium perchlorate monohydrate, ammonium 

hexafluorophosphate and ammonium tetrafluoroborate 

(Aldrich) were of reagent grade and used as received. 

Solvents used in this study were purified following the 

standard procedures. Ligand {N,N-bis(3,5-

dimethylpyrazol-1-ylmethyl)}(2-amino-methyl)pyridine 

was synthesized by stirring  solution of N-

(hydroxymethyl)-3,5-dimethylpyrazole and 2-

(aminomethyl)pyridine in 2 : 1 mole ratio as per  

published procedure[15] . 

 

B. Physical measurements 

The infrared spectra were recorded on a Perkin-Elmer FT-

IR spectrometer RX1 spectrum using KBr disk. UV-Vis 

spectra (900 - 190 nm) were recorded on a Perkin-Elmer 

spectrophotometer model Lambda 35 in CH3CN solution. 

Microanalyses (C, H, N) were carried out using a Perkin-

Elmer IA 2400 series CHN elemental analyzer. Molar 

conductance (M) were measured in a Equip-Tronics 

conductivity meter (model no. EQ-660A) using ca. 10
-3

 M 

solutions in CH3CN. Room temperature magnetic 

susceptibilities of powder samples were measured by 

Guoy balance using Hg[Co(SCN)4] as the reference. Mass 

spectrum was recorded on Waters micromax 

spectrometer.  

 

C. X-ray data collection and refinement 

The crystals of suitable size were obtained by slow 

evaporation of the reaction mixture over a week. Data 

were collected using Mo-Kα radiation ( = 0.71073 Å) at 

293 K with a Bruker SMART APEX diffractometer 

equipped with CCD area detector. The details of 

crystallographic data collection and some important 

features of the refinement for the compound 1 and 3 are 

given in Table 1 and selected bond lengths and angles are 

given in Table 2. The data interpretation were processed 

with SAINT software [19] and empirical absorption 

correction was applied with SADABS software programs 

[20]. The structure was solved by direct methods using 

SHELXTL [21] and refined by the full-matrix least-

square based on F
2
 technique using SHELXL-97 program 

C 
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package [22]. All non-hydrogen atoms were refined 

anisotropically. The hydrogen atoms were fixed 

geometrically and refined using the riding model. The 

residual electron density was in the range   1.126 and -

0.560 e Å
-3

 for 1 and 1.035 and -0.474 e Å
-3

 for 3. 

 

D. Syntheses of compounds 

[Cu(L)(CH3COO)]X.H2O, X
 
= PF6

- 
and BF4

-
 

A methanol solution (10 ml) of the ligand L (0.162 g, 0.5 

mmol) was added to a solution of Cu(CH3COO)2.H2O 

(0.1 g, 0.5 mmol) in methanol (10 ml) with constant 

stirring. After 10 min, an aqueous-methanol solution of 

NH4X (0.5 mmol) was added to the mixture. The colour 

changed to deep blue immediately and stirring was 

continued for 2 h. The solution was filtered and the filtrate 

was kept for evaporation slowly. It was possible to obtain 

diffraction quality crystal after 5 days.  

[Cu(L)(CH3COO)]PF6.H2O (1). Yield. 60%. Found: C = 

39.72, H = 4.65, N = 13.82%. Anal calc. for 

CuC20H29N6O3PF6; C = 39.38 ; H =  4.76; N = 13.78%.  

IR (KBr disk): cm
-1

; (OH
-
), 3437s, br; (C=C) + 

(C=N)/pyrazole ring,  1604,   1555 vs,  (COO
-
, symm), 

1400;  (PF6
-
),  844 vs. UV-Vis spectra: 

λmax(nm)(εmax/dm
3
mol

-1
cm

-1
): 630 (64), 380 (6900) . 

ΛM(CH3CN)   (Ω
-1

cm
2
mol

-1
): 125,  μeff = 1.78 BM. 

 [Cu(L)(CH3COO)]BF4.H2O (2) 

Yield. 60%. Found: C = 43.62, H = 5.22, N = 15.33%. 

Anal calc. for CuC20H29N6O3BF4; C = 43.53; H =  5.26; N 

= 15.24%. IR (KBr disk): cm
-1

;   (OH
-
), 3430s, br; 

(C=C)+ (C=N)/pyrazole ring, 1609, 1558 vs; (COO
-
, 

symm), 1399; ν(BF4
-
), 1048 vs. UV-Vis spectra: 

λmax(nm)(εmax/dm
3
mol

-1
cm

-1
): 634 (60), 381 (7000). 

ΛM(CH3CN)  (Ω
-1

cm
2
mol

-1
): 120. μeff = 1.79 BM. 

[Cu(NCS)L]PF6   (3) 

A solution of ligand  L (0.324 g, 1 mmol) in methanol (10 

ml) was added to a stirring solution of Cu(CH3COO)2. 

H2O (0.218 g, 1 mmol) in methanol (10 ml) and the 

colour was changed to deep blue immediately. To this 

mixture, an aqueous solution (1 ml) of KSCN (0.097 g, 1 

mmol) was added drop by drop. After 5 min, an aqueous-

methanol solution (1:1) of NH4PF6 (0.163 g, 1 mmol) was 

added into it and stirring was continued for 3 hr. The 

volume of the solution was reduced to 10 ml, filtered and 

the filtrate was left for evaporation slowly. Yield 0.218 g 

(30%). Found: C, 38.78; H, 4.05; N, 16.45%. Anal Calc 

for C19H24CuN7SPF6: C, 38.51; H, 4.06; N, 16.60%; IR 

(KBr pellet) cm
-1

; ν(NCS
-
), 2043 vs; (C=C)+ 

(C=N)/pyrazole ring, 1604 s 1556 vs, ν(PF6
-
), 844 vs. 

UV-Vis spectra: λmax(nm) (εmax/dm
3
mol

-1
cm

-1
). 660 (164), 

382 (6534). ΛM (Ω
-1

cm
2 

mol
 -1

).  = 125.  μeff = 1.76 BM. 

 

  [Ni(L)Cl2] (4) 

A methanol solution (10 ml) of ligand L (0.324 g, 1 

mmol) was added to NiCl2.6H2O (0.237 g, 1 mmol) 

solution in methanol (10 ml). The solution was stirred for 

3h, filtered and kept for slow evaporation at room 

temperature. Light greenish compound was obtained after 

few days. Yield: 0.270 g (60 %).  Found:  C = 47.78; H = 

5.36; N = 18.62%; Anal calc for NiC18H24Cl2N6; C = 

47.61; H = 5.29 ; N = 18.53% ; MS (EI): m/z 417 (100%) 

(C18H24N6ClNi)
+
.
 

IR (KBr pellet), cm
-1

: (C=C) +  

(C=N)/pyrazole ring, 1613 s, 1554 vs; (PF6
-
), 844 vs;. 

UV-Vis spectra: λmax(nm) (εmax / dm
3
mol

-1
cm

-1
): 550 (sh), 

535 (15), 390 (7000).  ΛM (CH3CN)    (Ω
-1

cm
2
mol

-1
): 25 .  

μeff = 2.88 BM.  

 

III. RESULTS AND DISCUSSIONS 

A.  Synthesis  

Mononuclear copper(II) complexes 

[Cu(L)(CH3COO)]X.H2O ( X = PF6
-
,  BF4), were 

synthesized by reacting a methanol solution of copper 

acetate dihydrate, ligand L and X
  
(PF6

- 
/ BF4

-
) in 1 : 1 : 1 

mole ratio and characterized by microanalyses and 

physico-chemical methods. There was no change of 

composition for copper(II) complexes when the 

experiments were carried out with excess PF6
-
/BF4

- 
 ion. 

When ClO4
-
 ion used as counter anion in this reaction, 

sticky mass was always obtained. Molar conductance data 

show that the complexes 1 and 2 are 1:1 electrolyte (ΛM 

>125 Ω
-1

cm
2 

mol
-1

) [23]. Spectral data and single crystal 

structure determination data support the composition of 

the complexes [Fig.1]. The complexes are soluble in 

common organic solvents like methanol, ethanol, 

dichloromethane etc. 

 
Fig 1.  ORTEP  diagram of  complex 1  with  atom  numbering scheme. 
 

The complex [Cu(NCS)(L)]PF6  was obtained by 

reacting a methanol solution of copper acetate, ligand L, 

KSCN and PF6
-
 ion in appropriate mole ratio. The 

interesting point is that when the same reaction was 

carried out with different copper salt such as copper 

nitrate or copper perchlorate as starting material, we 

obtain five coordinated copper(II) complex with different 

composition. Molar conductance of the complex 3 in 

CH3CN solution showed the complex was 1:1 electrolyte 

(ΛM >125 Ω
-1

cm
2 

mol
 -1

) indicating the presence of 

counter anion in the complex and this was confirmed by 

IR and crystal structure determination. The crystal 

structure of the complex [Cu(NCS)L]PF6 shows it has 

distorted square pyramidal geometry [Fig.2].  The 

complex is soluble in acetonitrile, dichloromethane and 

other common organic solvents.  

  Mononuclear nickel complex [Ni(L)Cl2] was obtained by 

reacting a methanol solution of NiCl2.6H2O, ligand L in 

1:1 mole ratio. The ESI-MS spectral measurement of the 
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complex 4 show an intense peak (100%) at m/z 417 

corresponds to mono cationic species [Ni(L)Cl]
+
 [Fig.3]. 

Molar conductance of the complex in CH3CN solution 

shows that it is non electrolyte and there was no change of 

conductance even after 2h indicating no dissociation of 

chloride ion from the compound. On the  basis of above 

data, we propose that nickel(II) complex has  octahedral  

geometry.  The  complex  is soluble in common  organic  

solvents  like  methanol, ethanol, acetonitrile, 

dichloromethane etc. Due to unavailability of diffraction 

quality crystals, crystal structure of complex 4 could not 

be solved. 

 

 
Fig.3. ORTEP diagram of complex 3 with atom numbering scheme. 

B.  Description of crystal structures of 1 and 3.  

Crystal structure of [Cu(L)(CH3COO)]PF6.H2O  (1). 

The ORTEP view of the cationic part of the complex 1 

with atom numbering scheme is shown in Fig. 1. Selected 

bond parameters are given in Table 2. The structure 

consists of isolated [Cu(L)(CH3COO)]
+
 ion. The complex 

crystallized in the triclinic crystal system with P-1 space 

group. The copper atom has CuN4O coordination 

environment with a distorted square pyramidal geometry 

[ = 0.34]. In a perfect square pyramidal geometry,  is 

zero and it is one in a perfect trigonal bipyramidal 

geometry [24]. The ligand L is tetradentate N4-

coordinated, being bonded through N(1) of pyridine ring, 

N(2) of tertiary nitrogen atom, N(4) and N(6) of pyrazole 

rings. Each copper atom is coordinated with   four 

nitrogen atoms N(1), N(2), N(4) and N(6) of the 

tetradentate ligand L and one oxygen atom O(1) of the 

acetate ion.  The  basal plane consists of  three nitrogen 

atoms N(1), N(2), N(4) of the ligand L and  O(1) of the 

acetate ion while the axial position is occupied by N(6) of 

pyrazole ring of the ligand L. The Cu(1)-N(ligand) bond 

lengths are in the range of 1.908(3)  to 2.097(4) but the 

Cu(1)-O(1) bond length is 1.906(3) Å.  The two      

equatorial     bond    angles   O(1)-Cu(1)-N(2)   

 

 

Table 1. Crystal parameters of Complex 1 and 3 

Empirical formula C20H29CuF6N6O3P C19 H24CuF6N7PS 

Formula weight 609.995 591.02 

Temperature (K) 293(2)  293(2)  

Wavelength (Ǻ) 0.71073  0.71073  

Crystal system Triclinic,   Triclinic 

Space group P-1 P-1 

a (Ǻ) 8.748(5)  10.136(4) 

b (Ǻ) 10.440(5) 11.858(5) 

c (Ǻ) 15.063(5) 12.070(5) 

() 81.692(5 113.829(6 

() 80.524(5) 108.829(6 

() 78.826(5 94.952(6) 

Volume (Ǻ3) 1322.2(11) 1216.1(8 

Z 2 2 

Density (Mg/m3) 1.532 1.614 

Absorption coefficient (mm-1) 0.962 1.119 

F(000) 626 602 

Crystal size (mm) 0.35 x 0.31 x 0.29 0.43 x 0.24 x 0.11 

Theta range for data collection () 2.93 to 29.19 2.01 to 28.00 

Index ranges -10≤h≤11, -13≤k≤14,              -19≤l≤19 -12≤h≤13, -15≤k≤15,         -15≤l≤15 

Reflections collected  11299 9200 

Independent reflections  5970 [R(int) = 0.0698] 5235 [R(int) = 0.0366] 

Absorption correction  Semi-empirical from equivalents Semi-empirical from equivalents 
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Max. and min. transmission  1.0000 and 0.8448 0.8868 and 0.6448 

Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2 

Data / restraints / parameters 5970 / 0 / 337 5235 / 0 / 320 

Goodness-of-fit on F2
 1.044 1.104 

Final R indices [I>2(I)] R1 = 0.0682, wR2 = 0.1771 R1 = 0.0625, wR2 = 0.1757 

R indices (all data) R1 = 0.1053, wR2 = 0.2111 R1 = 0.0933, wR2 = 0.2061 

Largest diff. peak and hole (eA-3) 1.126 and -0.560 1.035 and -0.474 

 

Table 2. Bond lengths (Ǻ) and bond angles (˚) of Complexes 1 and 3 

Complex 1  

Bond lengths Bond angles 

Cu1-N1  2.008(3) O1-Cu1-N2   
 

178.85(12) 

Cu1-N2  2.097(4)   N4-Cu1-N6 105.72(15) 

Cu1-N4  1.998(3)   O1-Cu1-N6 99.58(15) 

Cu1-N3  2.335(4)   O1-Cu1-N2 178.85(12) 

Cu1-O1  1.906(3)    N1-Cu1-N4 158.52(16) 

Complex 3    

Cu(1)-N(7)                     1.933(4) N(7)-Cu(1)-N(2)              178.31(15)       

Cu(1)-N(4)                     1.995(4) N(4)-Cu(1)-N(1)              162.17(14) 

Cu(1)-N(1)                     2.005(4) N(7)-Cu(1)-N(6)              102.20(16) 

Cu(1)-N(2) 

Cu(1)-N(6) 

 2.062(3) 

2.468(4) 

N(4)-Cu(1)-N(6)    

N(7)-Cu(1)-N(4)           

102.18(14) 

98.93(16) 

[178.85(12)
0
]  and N(1)-Cu(1)-N(4) [158.52(16)

0
] differ 

by 20.33
0
.  

C. Crystal structure of [Cu(NCS)(L)]PF6
 
 (3)   

A perspective view together with atom numbering scheme 

for cationic part of complex 3 is shown in Fig. 2 and 

selected bond parameters are summarized in Table 2. The 

structure consists of cation [Cu(NCS)(L)]
+
 and  PF6

-
 

counter anion.
 
 The copper(II) center in complex 3 has   

distorted square pyramidal geometry [ = 0.27] with CuN5 

coordination environment and coordinated  by the four N 

atoms N(1), N(2), N(4), N(6) of the ligand and one 

nitrogen N(7) atom of terminal thiocyanate. The 

equatorial plane consists of three nitrogen atoms N(1), 

N(2), N(4) of ligand L and N(7) of terminal thiocyanate 

and N(6) of the pyrazole of the ligand in the axial 

position. The Cu-N bond distances in the equatorial 

planes are nearly equal [1.995(4)-2.062(3) Å] but these 

are much shorter than Cu-N axial bond distance [2.468(4) 

Å]. The Cu-NCS bond distance (2.062(3) Å) in this 

complex is nearly equal to the Cu-NCS bond distance 

(2.012(10) Å) of  the mononuclear Cu(II) complex 

reported by us[16].  The NCS
-
 ion is nearly planner with 

bond angle N(7)-C(19)-S(1) is 176.6(4). The two 

equatorial bond angles N(7)-Cu(1)-N(2) [178.31(15)º] and   

N(4)-Cu(1)-N(1) [162.17(14)º] are not equal and these are 

differ by 16.14º. 

D. IR spectra 

The IR bands of the complexes were assigned by 

comparing the IR spectra of free ligand. The IR spectra of 

all the complexes as well as ligand show two intense 

bands in the range of 1604 -1550 cm
-1

 which are assign to 

(C=C) and (C=N) of the pyrazolyl groups, indicating 

the binding of the ligand with metal ions. Besides, the 

complexes 1 and 2 show a medium intense band at 1400 

cm
-1

 which is assigned to ν(COO
-
), indicating the 

coordination of acetate group with the copper(II) ions 

[25]. The complexes 1 and 3 have characteristics bands at 

844 cm
-1

 due to ν(PF6
-
) and one broad band at 1040 cm

-1
  

for ν(BF4
-
) for complex  2. A sharp band at 2070 cm

-1
  due 

to  ν(NCS
-
)  indicating the coordination of NCS

-
 with the 

complex 3. All other bands obtained for the ligand are 

also present in all the complexes. 

.Electronic spectral and magnetic susceptibility data 

The electronic spectra of the complexes were measured in 

CH3CN solution. All the copper (II) complexes show one 

strong absorption band in the range of 630 – 660 nm with 

molar extinction coefficient 64-160 dm
3
 cm

-1 
mol

-1
. This 

may be attributed to the d-d transition [dxz, dyz → dx
2
-y

2
] 

and this type of band generally obtained in typical square 

pyramidal or distorted square pyramidal complexes [26]. 

For nickel complex 4, two weak absorption bands 

obtained in the range of 535 - 550 nm and this may be 

attributed to d-d transitions. For all the complexes, 

spectral band obtained at less than 400 nm are due to intra 

ligand charge transfer transition. 
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Room temperature magnetic susceptibilities of the 

complexes show one electron paramagnetism (µeff =~ 1.78 

B.M.) for copper(II) complexes 1, 2 and 3 and two 

electrons paramagnetism (µeff = 2.84 BM) for complex 4 

indicating octahedral geometry of the nickel complex.  

 

 

IV. CONCLUSION 

This paper reports on the  syntheses and characterization 

of mononuclear copper(II) complexes 

[Cu(L)(CH3COO)]X.H2O (X = PF6
-
 and BF4

-
), 

[Cu(L)(NCS)]PF6 and  nickel(II) complex [Ni(L)Cl2] with 

pyrazole containing tetradentate N4-coordinating ligand. 

The crystal structure of the complexes 

[Cu(L)(CH3COO)]PF6.H2O and [Cu(L)(NCS)]PF6 have 

been solved by single crystal diffraction studies and both 

the complexes have distorted square pyramidal geometry 

around copper center. The proposed geometry of 

nickel(II) complex [NiCl2L] is octahedral. 

 

A.  Supplementary data 

Crystallographic data for the structural analysis have been 

deposited with the Cambridge Crystallographic Data 

Center, CCDC 835974 for compound 1 and CCDC 

835975 for compound 3. Copies of this information can 

be obtained free of charge from the Director, CCDC, 12 

Union Road, Cambridge CB12 1EW, UK (fax: +44-1223-

336 033; e. mail: deposit@ccdc.cam.ac.uk or 

http://www.ccdc.cam.ac.uk). 
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