
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

An EPR Study of Cu2+ Doped Sodium Hydrogen Oxalate Monohydrate
Single Crystal
B. Karabuluta; A. Buluta; R. Tapramaza

a Faculty of Arts and Sciences, Department of Physics, Ondokuz Mayis University, Samsun, Turkey

To cite this Article Karabulut, B. , Bulut, A. and Tapramaz, R.(1999) 'An EPR Study of Cu2+ Doped Sodium Hydrogen
Oxalate Monohydrate Single Crystal', Spectroscopy Letters, 32: 4, 571 — 579
To link to this Article: DOI: 10.1080/00387019909350007
URL: http://dx.doi.org/10.1080/00387019909350007

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019909350007
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 32(4), 571-579 (1999) 

AN EPR STUDY OF Cu” DOPED SODIUM HYDROGEN OXALATE 
MONOHYDRATE SINGLE CRYSTAL 
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ABSTRACT 

The EPR spectra of Cu?‘ in Sodium hydrogen oxalate monohydrate, 

NaHCIO,.H,O (SHOMH hereafter) single crystal was studied at room 

temperature The angular variation of EPR spectra showed that the Cu” ion in 

SHOMH single crystal substitutes with Na‘ monovalent cation together with a 

monovalent vacancy to compensate oxygen in the crystal Since the crystal 

symmetry is triclinic, only one site is observed in the EPR spectra in three 

perpendicular axis The spin Hamiltonian parameters were obtained, and the 

ground state wave function of Cu ’+ ion in the lattice was constructed 
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572 KARABULUT, BULUT, AND TAPRAMAZ 

INTRODUCTION 

It has been less than a few decades that the transition metal ions as a probe 

have been used to determine the different symmetry environments and structural 

phase transitions in the host lattices by electron paramagnetic resonance technique 

[ 1-91, Cu ?’ ion especially has been one of the most extensively used paramagnetic 

ions. In the majority of studies reported so far, Cu” impurity replaces with a 

divalent cation present in the lattice, whereas there are a few studies that report 

substitutional replacement of Cu ’+ with monovalent cation. In this case a question 

about the charge imbalance arises, which can be explained by assuming that it is 

compensated by another monovalent cation vacancy. Moreover, in some cases, it 

has been found that the magnetic coupling tensors have their principal axis pointing 

along the impurity and monovalent cation vacancy directions [ 1-21, 

In order to determine the site symmetry around the metal ion, one has to 

form the ground state wave function of the unpaired electron Depending on the 

symmetry, the ground state wave function of Cu” ion in the host lattice can be 

formulated [S-91. To our knowledge, such a study has not been carried out and 

reported. In this study, we undertake the construction of ground state wave 

hnction of the Cu 2T ion in SHOMH lattice. 

EXPERIMENTAL DETAILS 

The aqueous saturated solution of sodium oxalate and oxalic acid with 

equal molarity were prepared.Averysmal1 amount of CuSO,.SH,O was added to 

the solution as impurity. The iinpurified saturated solution was then left for 

evaporation at room temperature. Well developed good crystals were obtained 

within 6-7 days. Figure 1 shows morphological structure and the selected axis set 

of Cu 2- doped SHOMH single crystal. 

SHOMH belongs to the triclinic system (space group PI [l]) and contains 

two molecules in a unit cell. The unit cell dimensions are a = 6.5032A, 
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C.. 

Figure 1. The morphological structure and the selected axes set of Cu’+ doped 
SHOMH single crystal. 

b = 6 6 7 1 8 A ,  c = 5 6 9 8 2 A a n d  the angles are a = 8 5 0 3 6 ’ ,  p = l 0 5 9 7 7 ’ a n d  

y = 105 016” [lo-1 1 1  

Varian E-109 C Model X-band EPR spectrometer was used to  record the 

spectra The magnetic field modulation frequency was 100 kHz The single crystal 

was mounted on a goniometer and the spectra were recorded in the three 

perpendicular planes (ac*, b*c*, ab*) with 10” intervals at room temperature A 

diphenylpicrylhydrazile sample (g=2 0036) was used as a reference to correct to  the 

g values 

RESULTS AND DISCUSSION 

The Cu 2 1  ion in SHOMH single crystal is in d9 state The recorded EPR spectra 

of C u ”  doped SHOMH single crystal shows4 lines in all orientations. Since the 

symmetry is triclinic, only one site is observable as in Fig. 2 .  The g’and A’ 
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2500 H (Gauss) 3300 

Figure 2 The EPR spectra of Cu'+doped SHOMH single crystal when 
magnetic field making CIC* plane 1 10". 120" and 130" with a axis in ac" plane 

the 

tensors were calculated from angular variation of the lines in three perpendicular 

planes Figure 3 shows the variation of lines in three perpendicular planes. 

Figure 2 shows the recorded EPR spectra of Cu '+ doped SHOMH single 

crystal when the magnetic field makes 1 lo", 120" and 130" with a axis in LZC* plane. 

There are two isotopes of copper6'Cu and "5Cu with the abundancies of 69.2 % 

and 30.8 % respectively. Although "Cu lines are distinguishable in some 

orientations, it is not clearly observable in all orientations due to overlapping. 

Cu" ion in SHOMH single crystal substitutes with Na-  monovalent cation 

together with a monovalent vacancy to  compensate oxygens in the crystal 

structure. The complex structure is shown in Fig. 4. [ 111. The principal values of 

g and hyperfine splitting, and directions cosines were calculated by diagonialization 

procedure [13-141 and results are given in Table 1. The parameters were fitted to  
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ab* 

f 

90 ? I  I 

ROTATIONAL ANGEL (DEGREES) 

Figure 3. Angular variation of the g’ values of four lines of in SHOMH single 
crystal at room temperature. 

6 
/ 

Figure 4. View of Cu” complex in SHOMH 
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Table 1. Principal g and hyperfine (A) values, and direction cosines of Cu”  in 
NaHC 0,. H2  0 at room temperature 

Direction cosines in a, b*.c* 
axis system 

Tensor Principal values n h* C* 

K, 2.0562 0.891 0.101 0.441 
e I! 2.0729 -0.452 0.153 0.878 
I?:: 2.3378 0.021 -0.982 0.182 
A ,  36.4 G 0.996 0.054 0.066 
A,? 42.5 G -0.075 0.168 0.982 
A ,  153.8 G 0.042 -0.984 0.172 

the spin Hamiltonian corresponding to rhombic symmetry of the form [ 121 

7f = P(g,,H,S, +g,,H,S, +g&f,S,) +A,,I,S, +A,,LS, +-AyyI,Sy. (1) 

Figure 5 shows the powder EPR spectrum of Cu 2i doped SHOMH crystal 

It can be seen from the spectrum and froin the principal g and hyperfine values, 

Table 2, that the complex symmetry in the crystal i s  obviously rhombic. 

The ground state wave function of an ion with orthorhombic symmetry can 

be obtained by the equations given in ref 8. Rao et ccl [9] have modified the wave 

hnction and developed the most general expression for the ground state as 

where a’? is the covalency parameter which indicates the probability of findingan 

electron on Cu” d orbital. a and P are the mixing coefficients for 1.’ - y 2 )  and 

13:’ - r 3 )  orbitals Rao et 01 assumed a g 1, p = 0 and analysed the spectra only 

for the compressed octahedral symmetry with rhombic distortion superimposed on 

it [4]. Using equation 2 together with the experimental parameters obtained from 

EPR spectra, aI2, a ,  and k parameters were calculated The resultant 
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gz 

Figure 5. The powder EPR spectrum of Cu'- doped SHOMH at room temperature 

Table 2. The principal g and hyperfine 
Cu doped SHOMH crystal 

values of powder EPR spectrum of 

(1 
3 1 ,  g, * g' * g,,, A,, A b  * A, * AK<, 

2.0072 2.0075 23359 2.1817 3 7 G  5 0 G  147G 78 G 

parameters and the parameters found in other studies for comparison are given in 

Table 3. The ground state wave function of Cu2+,  in SHOMH lattice can be 

constructed as 

Y =  (0.966)"'[0.990/~' -y2)+0.100/3z' -Y')]. ( 3 )  

The unpaired electron in the Cu" ion spends some of its time on d371 r: orbital 

and on d,l-y2 orbital This wave hnction shows that the electron spends 3 4 
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Table 3. The comparison of the ground state wave hnction parameters obtained in 
this study and in other studies. 

Complex k aL2 a P  6g,,, 6g"d Ref 

NaHC-0, H 2 0  0 2 6  0966 0990 0 134 0 016 0024 thisstudy 

CdK2(S0&6H20 0315 0769  0996 0077 0 0 7  0084 Ref 3 

Rb,Zn(S04)?6D30 0 2 9  0 9 5  0981 0 194 0 110 0 114 Ref 9 

K:Zn(ZrF,): 6H20 0 38 0 84 0 990 0 1 I X  0 066 0 065 Ref9 

percent of its tiine on the ligands, whereas it spends 96.6 percent of its tiine 

ondjZ, r 2  and dX2-"? orbitals otthecopperion. The time spent on d orbital is shared as 

99.4 percent in dx? y l  and 1.34 percent in djZ2 rZorbital~. From these results, it 

can be concluded that the electron spends most of its time on d,? + 2  orbital. 
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