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Abstract— The EPR spectra of Cu(II) ion in Gamma glycine 

single crystal recorded in X-band frequency at room 

temperature reveal the presence of two sites in the lattice. 

Spin Hamiltonian parameters, obtained from single crystal 

EPR spectra, recorded in three mutually orthogonal planes, 

exposed the presence of Cu(II) ion incorporated in 

interstitial site.  The principal values of the g- and A-tensors 

indicates orthorhombic symmetry around the Cu(II) ion. The 

bonding parameters were evaluated and the ground state 

wave function of Cu(II) ion was constructed.  The optical 

absorption spectrum shows three bands confirming the 

distorted octahedral symmetry around the Cu(II) ion. 
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I. INTRODUCTION 

The search for non-linear optical (NLO) material has been 

of great interest in recent years due to their widespread 

applications such as high-speed information processing, 

optical communications and optical data storage [1]. 

Organic NLO materials are superior to their inorganic 

counterparts due to high conversion efficiency for second 

harmonic generation and good transparency in the visible 

region, high resistance to optical damage and so on. Within 

the last decade much progress has been made in the 

development of these NLO organic materials having large 

nonlinear optical coefficients. Amino acids are interesting 

materials for NLO application as they contain proton donar 

carboxyl acid (-COO) group and the proton acceptor amino 

(NH2) group in them [2]. Glycine is a simple amino acid 

which has three polymeric crystalline forms α, β and γ. 

There are two types of glycine groups such as glyciniumions 

and zwitter ion. The zwitterionic structure of glycine is 

useful for its optical activity [3]. Single-crystal EPR and 

optical absorption studies of Cu(II) and VO(II) doped L-

Arginine phosphate monohydrate (LAP) indicated that the 

symmetry around these paramagnetic ions is rhombic. [4,5]. 

Single-crystal EPR studies of Cu(II)-doped Glycine lithium 

sulphate (GLS) [6] were reported from our laboratory. 

Recently, single-crystal EPR studies of Cu(II)-doped bis-

glycine sodium nitrate (BGSN) [7] have been reported from 

our laboratory. In continuation of the research work single-

crystal EPR and optical absorption studies of Cu(II) doped 

into another NLO material, that is, gamma glycine (GG), 

were undertaken, and the results are reported in this article. 

It is well known that single-crystal EPR studies of Cu(II) ion 

are the simplest powerful paramagnetic probe extensively 

used to understand the nature and type of distortions and the 

extent of delocalization of the unpaired electrons in the 

lattice [8-11]. 

II. EXPERIMENTAL 

A. Crystal Growth 

Single crystals of GG were prepared by using the following 

procedure.  The starting materials Glycine and Calcium 

chloride were taken in the ratio 4:1.  The calculated amount 

of salts was dissolved in deionized water at room 

temperature with continuous stirring [12].  One percent by 

weight of copper chloride was added as dopant during 

crystal growth.  The synthesized solution was left to dry at 

room temperature.  Single crystals of Cu(II)/GG were 

obtained within 15 days by slow evaporation of the solution 

at room temperature. 

B. Crystal Structure 

GG belongs to hexagonal crystal symmetry, and having unit 

cell parameters a = b = 0.7025 nm, c = 0.5476 nm, α = β = 

90, γ = 120.  The cell volume V = 235 Å3. Space group 

P31. 

C. EPR Recording 

EPR spectra were recorded at room temperature using a 

JEOL JES TE100 ESR spectrometer operating at X-band 

frequency, having a 100 kHz field modulation. Single 

crystal of Cu(II) doped GG with proper shape and size was 

selected for rotations in the three mutually orthogonal planes 

namely ab, ac* and bc*. Angular variations of the crystal 

were made at room temperature by rotating the single crystal 

along the three mutually orthogonal axes a, b and c*.    

D. Optical Adsorption Spectroscopy 

Powder sample of Cu(II)/GG was used for optical 

absorption studies and the spectrum was recorded at room 

temperature using a Varian Cary 5000 UV-Visible NIR 

spectrometer in the range of 200–1100 nm. 

III. RESULT AND DISCUSSION 

Single crystal EPR studies were carried out at room 

temperature for Cu(II)/GG.  Single crystals of Cu(II) doped 

GG with proper shape and size are selected for rotations in 

the three mutually orthogonal planes namely ab, ac* and 

bc* to obtain spin Hamiltonian parameters.  Single crystal of 

Cu(II)/GG was mounted along one of the crystallographic 

axis c* and a typical EPR spectrum, at a particular 

orientation is shown in Fig. 1a.  The EPR spectrum consists 

of four major lines characteristic of a Cu(II) ion with S = 1/2 

and I = 3/2.  During crystal rotations, the observation of 

splitting of hyperfine lines indicates the presence of another 

site.  Fig. 1a consists of more than four  
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Fig. 1: a Single crystal EPR spectrum of Cu(II)/GG recorded 

at room temperature for an orientation of the crystal in the 

ab plane.  ν = 9.41060 GHz 
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Fig. 1: b Single crystal EPR spectrum of Cu(II)/GG 

recorded at room temperature for an orientation of the 

crystal in the ac* plane.  ν = 9.41060 GHz 
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Fig. 1: c Single crystal EPR spectrum of Cu(II)/GG recorded 

at room temperature for an orientation of the crystal in the 

bc* plane.  ν = 9.41060 GHz. 

hyperfine lines indicates the presence of two sites.  

Fig. 1b shows the EPR spectrum of Cu(II) ion doped in GG 

single crystal in the ac* plane when the crystal is rotated 

along the axis b.   In this figure two sets of four hyperfine 

lines are observed which indicates the presence of two sites. 

The low field resonances, corresponding to Site I and the 

high field resonances labeled as Site II.  Fig. 1c shows single 

crystal EPR spectrum of Cu(II)/GG recorded at room 

temperature for an orientation of the crystal in the bc* plane.  

Here one can see only four lines which exhibits the merging 

of two sites in that particular orientation.  Generally, the 

coincidence of two sites along crystallographic axes 

suggests that the two sites are magnetically inequivalent, but 

chemically equivalent.  In order to confirm this observation, 

isofrequency plots were plotted in the three planes and are 

given in Fig. 2a, 2b and 2c respectively.  In all these figures, 

closed circles (•) indicates Site-I and open circles (o) 

indicates Site- II.   

As the copper(II) ion has a single unpaired electron 

(S = 1/2) interacting with its nucleus (I = 3/2), the following 

spin Hamiltonian is used to analyses the EPR spectra in the 

three planes 

zzzzyyyyxxxxzzzzyyyyxxxx
ISAISAISASBgSBgSBgH    

Here, the symbols have their usual meaning.  The 

quadrupole and nuclear Zeeman interaction terms are 

ignored.  The spectral data in the three planes have been 

analyzed using program EPR-NMR [13] to obtain spin 

Hamiltonian parameters g and A for both the sites.  The 

values thus obtained are given in Table 1, along with the 

respective direction cosines.  From the crystal data of GG, 

the direction cosines of various bond direction cosines have 

been calculated and are given in Table 2. 

The next aim is to locate the position of the dopant 

ion.  This will be obtained by comparing the direction 

cosines of principal g/A values with those of direction 

cosines of the host lattice.  From the crystal data of the host 

lattice GG, the direction cosines of various bond directions 

have been calculated and are given in Table 2.  By 

comparing the values in Tables 1 and 2, one can say that the 

direction cosines of principal values of g and A do not match 

with directions cosines of host lattice.  This immediately 

suggests that the paramagnetic impurity Cu(II) has entered 

the lattice GG interstitially in both the sites. 

In order to confirm the single crystal EPR analysis, 

EPR spectra of the powder sample was recorded at room 

temperature and is given in     Fig. 3.  The powder EPR 

spectrum shows axial symmetry, even though single crystal 

analysis indicated orthorhombic symmetry.  This is a 

common observation in majority of Cu(II) complexes 

studied, since the two perpendicular g and A values (xx and 

yy components) are close and not resolved due to large line 

width.  The g and A values have been calculated from this 

spectra and are given in Table 3, along with a few literature 

values.  The powder sample was cooled to 77 K and the 

recorded EPR spectrum does not show any change either in 

g/A values or in resolution, compared to room temperature 

spectrum.  Hence, no additional information is available 

from 77 K spectrum.  Even though two sites have been 

noticed in single crystal analysis, only one site is seen in the 

powder spectrum due to the closeness of spin Hamiltonian 

parameters for the two sites. 
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Table 1: Principal values and direction cosines of g and A 

matrices for Cu(II)/GG  at room temperature. 

 
Table 2:Direction cosines of bonds in GG. 
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Fig. 2: a The angular variation plot of Cu(II)/GG at room 

temperature for ab plane. Solid and open circles Indicates 

experimental values for site-I and site-II respectively and 

solid lines indicate theoretical values.  ν = 9. 41060 GHz. 
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Fig. 2: b The angular variation plot of Cu(II)/GG at room 

temperature for ac* plane. Solid and open circles Indicates 

experimental values for site-I and site-II respectively and 

solid lines indicate theoretical values.  ν = 9. 41060 GHz. 
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Fig. 2: c The angular variation plot of Cu(II)/GG at room 

temperature for bc* plane. Solid and open circles Indicates 

experimental values for site-I and site-II respectively and 

solid lines indicate theoretical values.  ν = 9. 41060 GHz. 
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Fig. 4: Powder EPR spectrum of Cu (II) doped GG recorded 

at room temperature, using powder values given in Table 3.  

ν = 9.41060 GHz. 

 
Table 3: Spin-Hamiltonian parameters for Cu(II) in GG 

A. Admixture Coefficients 

A close look at the hyper fine values (Table 1) indicates that 

one of the principal values (Azz) is appreciable smaller than 

a generally observed A║ values for a copper ion. A few 

systems having smaller hyperfine values are known and 

their spin – Hamiltonian parameters are given in Table 3, for 

comparison.  One of the previously studied systems of ours 

i.e., Cu(II) doped GLS [6] and the present system have the 

lowest Azz values, reported so far in the literature.  This low 

value of A has been explained by considering the admixture 

of dx2- y2 ground state with dz2 excited state [14-16]. 

The magnitudes of Azz get decreased because of the 

presence of opposite sign of hyperfine values of the 

electrons of the orbital.  The admixture coefficients of dx
2
- y

2 

and dz
2 can be calculated using the procedure mentioned in 
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the literature [17].  Spin orbit coupling mixes the ground 

state with the excited state.   

From g values, the coefficients of the d-orbital of 

the Kramers’ doublet are determined.  The Kramers’ doublet 

wave functions for the ground state can be expressed as  


54231
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From this equation, it is clear that if a = 1, the 

system has dz
2 ground state and lowest Azz value and if b = 1, 

the system is in dx
2

- y
2 ground state and maximum hyperfine 

value.  In terms of admixture coefficients, the expressions 

for g and A value are given as  

gz = 2 – 4d2 – 4e2 + 8bc + 4de 

gy = 2 – 4c2 -4e2 + 4√3ad – 4ce + 4bd 

gx = 2 – 4c2 – 4d2 + 4√3ae – 4be + 4cd 

where a, b, c, d and e are the coefficients of ,
1

  

,
2

  
3

 , ,
4

  and 
5

  [18], respectively. Assuming d = -e, 

the coefficients a, b, c and d have been calculated and are 

given in Table 4, along with few literature values. The 

relationship between hyperfine values and the coefficients is 

given by 

Az = P{8bc + 4de +(6ξ – κ)(1 – 2d2 – 2e2) –  

3ξ [4c2 + 4b2 – e2 + √3a (d + e) + 3(d – e)     (c – b)]} 

Ay = P {4√3ad – 4ce + 4bd + (6ξ – κ)                    (1 – 2c2 – 

2e2) - 3ξ [(√3a + b)2 – 

         c2 + 4d2 – e2 - √3a(e +2c) + 3dc 3be – 3de] } 

Ax = P {4√3ae + 4dc – 4be + (6ξ – κ)                    (1 – 2c2 – 

2d2) - 3ξ [(√3a + b)2 – 

         c2 - d2 + 4e2 - √3a(d – 2c)+3ce – 3db – 3de] } 

where ξ is a constant and depends on the electronic 

configuration of the ion and the gyro magnetic ratio of 

copper and its free ion value is 360 ×10-4 cm-1and κ is the 

Fermi contact term which is a measure of bonding effects on 

the Cu(II) in the crystal lattice.  From the above equations, P 

and κ have also been calculated and are given in Table 5 

along with some known values.  The ratio of Pcomplex to Pfree-

ion is around 69%, indicating the delocalization of the d-

electron.  The percentage unpaired spin density on copper 

ion is 31% and the remaining density is being distributed 

onto the ligands.   

The molecular orbital coefficient α2, which gives a 

measure of covalent nature of σ-bonding, is given as  

α2 = A║/0.036 + (g║ - 2.0023) + 3/7 (


g - 2.0023) + 0.04 

here, 


g  is average of  gxx and gyy.  Another parameter α’ is 

also evaluated from the expression 

α’ = (1 - α2)1/2 + Αs here, S is the overlap integral between 

dx
2

- y
2  orbital.  The value of S is given as 0.076 for a copper 

complex with water ligands.  The complex is covalent in 

nature.  One more parameter R, which is the ratio of 

difference between second and third values to first and 

second values of g, arranged in the increasing order, is also 

calculated.  The parameter R gives an idea about the ground 

state nature of the paramagnetic impurity on the host lattice 

[20].  In the present case, the R value is found to be 0.37 and 

so the ground state is not pure dx
2
- y

2 type. 

 
Table 4: Admixture coefficients of Cu(II) in various crystal 

lattices. 

CSSH   - Cadmium sodium sulphate hexahydrate;  

ZPPH    - Zinc potassium phosphate hexahydrate;  

CoAPH-Cobalt ammonium phosphate hexahydrate. 

B. Optical absorption studies 

The UV-Vis-NIR spectrum is useful to obtain structural 

information of the molecule, by the promotion of electrons 

in σ and π orbital from the ground state to higher energy 

states.  Optical absorption spectrum of Cu(II)/GG recorded 

between 200 – 1200 nm, is shown in Fig. 4.  In an 

octahedral crystal field, the 2D ground state of Cu(II) ion 

splits into a triplet 2T2g and a doublet 2Eg, the latter being 

lower energy due to Jahn – Teller effect, which causes 

distortion in the octahedral symmetry.  Since only three 

bands are observed, the distortion is attributed only to 

tetragonal but not any other lower symmetry.  This supports 

EPR data also.  Accordingly, the bands are attributed to the 

transitions 2B1g → 2Eg, 2B1g → 2B2g and 2B1g → 2A1g, 

respectively.  The CFSE parameters Dq, Ds and Dt are 

evaluated with the help of the following expressions [22]. 
2B1g → 2Eg = 10Dq + 3Ds – 5Dt 

2B1g → 2B2g = 10Dq 
2B1g → 2A1g = 4Ds + 5Dt 

The parameters thus evaluated are Dq = 1700; Ds = 

3512; Dt = -626 cm-1.  The Dq and Dt values are found to 

have the same sign. This confirms the lowering of 

octahedral symmetry to an axially elongated tetragonal of 

Cu (II) in GG. 

 
Table 4: Molecular orbital coefficients for Cu (II)/GG 

system 

GLS    - Glycinelithium sulphate,  

BGSN - Bisglycine sodium nitrate. 
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Fig. 4: Optical absorption spectrum of Cu(II)/GG recorded 

at room temperature. 

IV. CONCLUSION 

Single crystal EPR spectra of copper(II) doped GG at room 

temperature reveal the presence of two sites in interstitial 

position.  The very low parallel component of hyperfine 

coupling constant has been explained by considering the 

admixture of dz
2 with dx

2 – y
2.  The bonding parameters 

indicate that the metal – ligand bond is fairly covalent in 

nature.  The powder EPR spectrum recorded at liquid 

nitrogen temperature does not show any change compared to 

that of room temperature spectrum and indicates only one 

site.  The optical absorption spectrum confirms the distorted 

octahedral symmetry of Cu(II)/GG and EPR results shows 

that the Cu(II) is tetragonally elongated symmetry. 
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