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ABSTRACT 

 
EPR studies have been carried out on K8 [Cu2Hg2As2W19O67 (H2O)] in single crystal at 300 K. Single 

crystal EPR is used to study the dipolar interaction between Cu (II) centers. The appearance of seven lines with 
intensity ratio 1:2:3:4:3:2:1 clearly shows the interaction between two copper nuclei. The fine structure lines 
arising from S = 1 ground state are successfully analyzed and the various spin Hamiltonian parameters extracted 

are, g|| = 2.247, g = 2.091 and D = 0.0366 cm
-1

. The Cu-Cu interaction is mainly dipolar in nature and based on 
the experimental D value the locations of Cu atoms in the lattice are speculated. 
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INTRODUCTION 
 

Polyoxometalate complexes are considered to be useful models for metal-oxide 
catalysts because of their ability to accommodate transition metal ions at specific sites and to 
undergo multi-electron reduction [1-3]. Since these compounds are structurally rich, they can 
be used as building blocks for designing molecular based ferromagnets [4,5]. Recently transition 
ion substituted polyoxometalates have attracted additional interest as model systems for 
studying exchange interaction in clusters [5]. Additionally these compounds offer ideal 
structural support to study the interactions between delocalised electron and the paramagnetic 
metal ion. Because the magnetic clusters of the paramagnetic ions are encapsulated in the 
diamagnetic, large size polyoxometalate fragments, complications arising from intermolecular 
interactions become negligible in these compounds. EPR and magnetic susceptibility 
measurements have been used to study interaction between the paramagnetic metal ions in 
these centers [6,7]. Most of the EPR studies have been, however, made on mainly powder 
samples.  
 

In our continued interest to study substituted polyoxometalates, in this paper we report 
our attempt to synthesise copper clusters by replacing mercury in the polyoxometalate ion, 
[Hg4As2W19O67(H2O)]10-. A dimeric copper center is identified by EPR spectroscopy. The 
dimeric Cu(II) cluster has been obtained as good crystal and single crystal EPR shows 
ferromagnetic interaction  between the Cu(II) centers. The fine structure lines arising from S = 1 
ground state are analyzed to probe the possible geometry of the ‘Cu2Hg2’ moiety. Although 
EPR of several dimeric Cu(II) complexes are known [8-13], here we report description of a 
dimeric Cu(II) center encapsulated in a polyoxometalate lattice. 
 

EXPERIMENTAL 
 

Materials 
 
 Mercurous nitrate, cupric nitrate, potasium nitrate and diarsenic oxide were obtained 
from Qualigens fine chemicals, India. Sodium tungstate was received from BDH fine chemicals, 
India. All the chemicals used were of AR grade and used without further purification. 
 
Preparation of the compounds 
 
 K8[Cu2Hg2As2W19O67(H2O)] (I) was prepared  based on the literature method [14] 
employed for the preparation of the parent compound  K10[Hg4As2W19O67(H2O)]  (II). 
(Hereafter the compounds (I) and (II) are referred to as PA-Cu2Hg2 and PA-Hg4).  
 a. Synthesis of PA-Cu2Hg2 
 
 Replacing mercurous nitrate in the above procedure by a mixture of copper nitrate and 
mercurous nitrate in the mole ratio of 2:2 green coloured PA-Cu2Hg2 was obtained. The salted 
out compound was dissolved in minimum amount of water. On slow evaporation at room 
temperature, light green coloured needle-shaped crystals were obtained within two weeks.    
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Found: Cu, 2.34; Hg, 7.41; As, 2.68; W, 60.01; K8[Cu2Hg2As2W19O67(H2O)]  requires Cu, 2.30; 
Hg, 7.29; As, 2.71; W, 59.51 %. 
 
Attempts to prepare trimeric and tetrameric compounds by using required mole ratio of copper 
nitrate, yielded products which were mainly a mixture of the dimeric and monomeric 
compounds.  
 
Analytical and physical methods. 
 
 Arsenic and tungsten were estimated as pyrophosphate and oxinates. Mercury was 
estimated spectrophotometrically as mercury thiocyanate [15].  Copper was estimated using 
Perkin Elmer 380 atomic absorption spectrometer. IR spectra were recorded as KBr disks on a 
Perkin Elmer 783 spectrometer. EPR spectra were recorded using a Varian E 112 spectrometer 
equipped with 100 KHz field modulation. DPPH was used as an internal standard. X-band crystal 
rotation was performed in three mutually perpendicular planes. An insert type Dewar flask was 
employed to record EPR spectra at 77 K. 
 

RESULTS AND DISCUSSION 
 

Crystal structure of K10[Hg4As2W19O67(H2O)] 
 
   Single crystal X-ray diffraction study [14] of PA-Hg4 shows the polyoxoanion to 

crystallise in triclinic form with α = 78.49,  = 84.36 and  = 78.25. The lattice parameters are a 
= 28.99, b = 18.82 and c = 16.88 Å  and Z = 4.  The structure of the anion [14] is given in Figure 1. 
The unit cell contains two asymmetrical AsW9O33 units in which the arsenic atoms are in the 
apex of the AsO3 pyramids. The two AsW9O33 units are linked by a WO6 octahedron. Of the six 
oxygen atoms in WO6, four atoms are shared with two AsW9O33 units, and the other two lie in 
a trans position at the vertices of the WO6 octahedron. The four mercury atoms in the anion 
form a rectangle whose sides are 2.49 and 3.73 Å. The two AsW9O33 units face each other, but 

are turned 90 with respect to each other. As a result the eight mercury atoms form a distorted 
cube [14] shown in Figure 2. The various Hg-Hg distances are listed in Table 1. Knowledge of the 
dispositions of Hg atoms helps to speculate the probable site for the Cu (II) (vide infra). 
 
IR study  
 
  IR spectra of the compounds PA-Cu2Hg2 and PA-Hg4 are given in Figure 3. In general 
the compound PA-Cu2Hg2 shows absorption pattern similar to PA-Hg4, indicating that the two 
compounds possess similar heteropoly anion structure. The bands observed at the spectral 
region 960 and 890 cm-1 may be due to W-O terminal and W-O-W edge-sharing vibrations 
respectively [16]. 
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Table 1: Distances between the various mercury atoms of the distorted cube of the anion*, 
[Hg4As2W19O67(H2O)]

10-
 

 
Atoms Distance (Å) Atoms in the triangle 

() 

Chord distance 
(Å) 

Hg1-Hg2 2.496 Hg2-Hg3 (123) 4.543 

Hg1-Hg5 3.303 Hg2-Hg3 (234) 4.485 

Hg1-Hg3 3.796 Hg7-Hg6 (567) 4.461 

Hg2-Hg4 3.760 Hg7-Hg6 (678) 4.503 

Hg2-Hg7 3.340 Hg7-Hg1 (721) 4.169 

Hg3-Hg4 2.440 Hg7-Hg1 (715) 4.933 

Hg3-Hg6 3.267 Hg8-Hg3 (863) 4.965 

Hg4-Hg8 3.732 Hg8-Hg3 (843) 4.087 

Hg5-Hg6 2.545 Hg7-Hg4 (724) 5.029 

Hg5-Hg7 3.664 Hg7-Hg4 (784) 4.132 

Hg6-Hg8 3.732 Hg1-Hg6 (516) 5.031 

Hg7-Hg8 2.521 Hg1-Hg6 (563) 4.141 

 
* From reference (14) 
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EPR spectra 
 
a. Powder spectrum  
 
 Line shape analysis of powder EPR spectra, has been extensively used to evaluate the 
zero-field parameters of S = 1 systems. Powder EPR spectrum of  PA-Cu2Hg2, measured at 300 

K, given in Figure 4, exhibits resonance lines at 307.5,  262.5 and 335 mT corresponding  to Ms 

=  1  transitions. In addition to the Ms =  1 transitions, the forbidden Ms =  2 lines is also 

clearly visible around 155 mT. The intensities of the Ms =  1 and Ms =  2 signals follow the 
expected ratio, 1: (D/B)2 where D is the zero-field splitting parameter. The field position of the 
half-field transition can be related to the average g value and the zero-field parameter by 
expression [17]      

 

D* = (D2 + 3E2)1/2 = 3/2 [(gB0)2 - (2gBmin)2]1/2                        (1) 
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The spin Hamiltonian parameters obtained from the powder spectrum are given in 

Table 2. 
 

 
 
b. Single crystal EPR spectra 
 
 Due to the needle shaped nature of the crystals, the crystal was first rotated about the 
needle axis. Typical spectra recorded for rotation about needle axis are shown in Figure 5. As 
seen from the spectra, generally two resonances are observed. These two lines correspond to 

the expected Ms = ± 1 lines. The line widths vary from 5 to 8 mT. 
 
  Additionally, the hyperfine splitting due to copper nucleus is observed at certain 

orientations especially on the Ms = ± 2 line. This is shown in Figure 6.  The Ms = ± 2 line could 
be clearly seen on high gain as shown in Figure 6. The seven line pattern follows the expected 
ratio for two equivalent copper nuclei viz., 1:2:3:4:3:2:1. This observation supports the 

formation of copper dimer. The appearance of well resolved zero-field lines and the Ms = ± 2 

line suggest the present system conform to case   i.e. Hzee  HDip + HHF  Hex. 
 
 When the crystal rotated about an axis perpendicular to the needle axis, the spectra 
showed similar behaviour. But the separation between fine structure lines was found to be 
maximum in this plane. Typical spectra recorded in this plane are shown in Figure 7. Further it is 
also noticed that around 300 mT, in addition to  the S =1 resonance, features corresponding to 
S = 1/2 species were also seen. These spectra are due to mononuclear impurities and are 
believed to originate from defective sites in the lattices [18].  The variation of fine structure 
lines in this plane was followed for every ten degree and it is shown in  Figure 8. 
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The EPR spectra can be interpreted by the following spin Hamiltonian [19] 
             H = SgB + D[Sz2 - S(S+1)/3] + E(Sx2 - Sy2)                   (2) 
 
The EPR transitions derived from this Hamiltonian are given by the equation 

h = EM -EM-1 = g+ (M -1/2) [D (3g||2cos2
 /g2-1) + 3E Cos 2                                                             

(1-g||2cos2
/g2-1)]    (3) 

Where B = h/g 

g2g2sin2
 + g||2cos2

 

g2 = gx2 cos2 +  gy2sin2 
 
Based on these equations the angular variation in this plane can be simulated 

successfully using the spin Hamiltonian parameters (given in Table 2). Figure 8, shows that 
there is good agreement between the experimental and the calculated angular variation of the 

Ms = ± 1 transitions. 
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Table 2: Spin Hamiltonian parameters for PA-Hg2Cu2 
 

PA-Hg2Cu2 g|| g D (cm
-1

) E (cm
-1

) 

Powder 
300 K 
77 K 

 
2.247 
2.241 

 
2.091 
2.089 

 
0.0366 
0.0361 

 
0.0057 
0.0054 

Single crystal 
300 K 

 
2.244 

 
2.090 

 
0.0364 

 
0.0056 

     

 
c. Zero-field splitting parameter  
  

The experimentally observed zero-field splitting parameter may arise from a 
combination of two important interactions [20] namely 
  

i) magnetic dipole-dipole interactions 
 ii) anisotropic exchange interactions 
 i.e. Dexptl = Ddd + Dex 
 

Assuming that the contribution from the exchange interaction is not very siginificant  
Cu(II) - Cu(II) distance can be arrived from the experimentally observed zero-field splitting 
parameter. The dipole-dipole interaction is inversely proportional to the third power of the 
metal-metal distance. When the zero-field splitting is predominantly due to the dipolar 
interaction between the copper ions, the following equation [21], based on a point-dipole 
model, gives the copper-copper distance, 
             
              r = (0.650 gav2/D) 1/3               (4) 

 
 Using gav (2.14) and D (0.0366) given in Table 6.2, r is approximately estimated to be 
4.039 Å. As discussed in previous section, the eight mercury atoms in [Hg4As2W19O67(H2O)]10- 
form distorted cube (Figure 2). The mercury-mercury distances are given in Table 1. The 
estimated mercury-mercury distance of 4.309 Å matches fairly with the length of the face 
diagonal viz., 4.503 Å. Hence we speculate that the copper atoms have replaced the diagonally 
opposite mercury atoms of the faces of the cube. Thus in this paper it is shown that the location 
of the paramagnetic impurities in a polyoxometalate can be approximately estimated using EPR 
as a tool. 
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