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Abstract: Electron paramagnetic resonance studies on single crystals of Triglycine acetate doped with VO(II) are carried out in the 
room temperature at X-band frequencies. Single crystal rotation in each of the three mutually orthogonal crystallographic planes 
namely ab, ac* and bc* indicate two chemically equivalent sites, with differing intensities. Angular variation studies in all the three 
orthogonal planes confirm that the two intense vanadyl sites referred as I and II, are found to be magnetically inequivalent, have 
occupied interstitial positions in the lattice. The spin Hamiltonian parameters obtained for the two sites are Site I: gxx=1.9818;
gyy=1.9646; gzz=1.9346; Axx=7.295 mT; Ayy=6.396 mT; Azz= 18.456 mT. Site II: gxx=1.9815; gyy=1.9713; gzz=1.9348; Axx=5.609 mT; Ayy= 
7.140 mT; Azz =17.942 mT. However the analysis of the powder spectrum reveals the presence of only one site. Admixture coefficients, 
Fermi contact and dipolar interaction terms have also been evaluated. UV-Visible data of doped complex confirm the structure and 
symmetry of the host lattice. 
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1. Introduction 

Non-Linear Optical (NLO) material for optical second 
harmonic generation (SHG) have received consistent 
attention for applications in the field of telecommunication, 
optical computing, optical information processing, optical 
disk data storage, laser remote sensing, laser driven fusion, 
color displays material diagnostics and optical switches in
inertial confinement laser fusion experiments [1-6]. In
general, organic materials (amino group) show a good 
efficiency for SHG. Most organic NLO crystals have usually 
poor mechanical and thermal properties and are susceptible 
to damage in applications. It is difficult to grow large optical 
quality crystals of these materials for device applications. 
Crystals of amino acids are good candidates for NLO 
application. In recent years Electron Paramagnetic 
Resonance (EPR) has been used as a tool to identify 
paramagnetic transition metal ions, trapped hole centers and 
electrons close to the conduction states in non-linear optical 
and photorefractive materials [7-9].  

Vanadyl ion is the most stable biatomic ion [10] among a 
few molecular paramagnetic transition metal ions which is
used extensively as an impurity probe for electron 
paramagnetic resonance studies. Due to short V=O bond, the 
unpaired electron is in a nondegenerate state. This leads to
resolved electron paramagnetic resonance (EPR) spectra. 
The hyperfine interaction is anisotropic and therefore 
sensitive to orientation, conformation, and rotational 
relaxation [11]. As a result, interesting changes are found in
the EPR and optical spectrum in different crystalline field 
environments [12–16].  

Since, to our knowledge, there is no EPR data seem to exist 
for VO(II) ions introduced in diamagnetic glycine-organic 
acid compounds and in this work we report an EPR and 
optical study of VO(II) dopant ions in the single crystals of

Triglycine acetate (hereafter abbreviated as TGA) [17] 
whose crystal structure details are used for EPR. 

2. Experimental 

2.1 Crystal Growth 

Single crystals of TGA were prepared by using the 
following procedure. The starting materials glycine and 
glacial acetic acid were taken in the ratio 3:1. The calculated 
amount of salt was dissolved in deionized water at room
temperature with continuous stirring [17]. One percent by
weight of vonadyl sulphate was added as dopant during 
crystal growth. The synthesized solution was left to dry at
room temperature. Single crystals of VO(II)/TGA were 
obtained within 15 days by slow evaporation of the solution 
at room temperature. 

2.2 Crystal Structure

TGA belongs to monoclinic crystal symmetry, and having 
unit cell parameters a = 0.5102 nm, b = 1.1970 nm, c = 
0.5461 nm, α = γ = 90, β = 111.7665. The cell volume V = 
309.7863 Å3. 

2.3 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 VO(II) doped TGA 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*.  
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2.4 Optical adsorption Spectroscopy: 

Powder sample of VO(II)/TGA 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. 

3. Results and Discussion 

Single crystal EPR studies were carried out at room 
temperature for VO(II) ion doped TGA with proper shape 
and size. Rotations are carried out in the three mutually 
orthogonal planes namely ab, ac* and bc* to obtain spin 
Hamiltonian parameters. Here, b corresponds to
crystallographic axis b, a is perpendicular to axis b in ab
plane whereas c* is perpendicular to both the axes a and b. 
Fig. 1a shows a typical EPR spectrum of VO(II)/TGA, at a 
particular orientation in plane I (bc*of site I at θ = 70˚ and 
ac* of site II at θ = 120˚). The EPR spectrum consists of
eight major lines characteristic of a VO(II) ion with S = 1/2 
and I = 7/2. During crystal rotations, the observation of
splitting of hyperfine lines indicates the presence of another 
site. Crystal rotations were done in all the three planes (say 
Plane 1) to obtain spin Hamiltonian parameters. Another 
EPR spectrum of the complex, at the indicated orientation, is
shown in Fig. 1b for the plane II (ac*of site I at θ = 30˚ and 
ab of site II at θ = 50˚). Here, one can notice the two sites 
(Sites I and II). Fig. 1c represents the Single crystal EPR 
spectrum of VO(II)/TGA at room temperature for plane III 
(ab of site-I at θ = 110˚ and bc* of site-II at θ = 10˚).
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-o-o-) indicates Site-II. 
A close look at Fig. 1b suggests that one site has 
considerable g anisotropy, whereas the other site has 
relatively lower g anisotropy. The difference is also noticed 
in hyperfine values. Normally, during crystal rotations, when 
the system has two sites, which are magnetically 
inequivalent, but chemically equivalent, but the anisotropy 
in g and A should be the same. Hence, the rotation of
crystals have been labeled as Plane I, II and III, instead of
normal way (ab, ac* and bc*).  

The spectra obtained in the three orthogonal planes for 
VO(II) ion are fitted with the following spin-Hamiltonian 
using the program EPR – NMR [18] 
Ĥ = β(gxBxSx + gyBySy + gzBzSz) + AxSxIx + AySyIy + AzSzIz  
  
The g and A matrices thus calculated are given in Table 1,
along with the principal values and direction cosines. Using 
these g and A matrices, the isofrequency plots are simulated 
for three planes namely ac*, bc* and ab and are given in
Fig. 2a, 2b and 2c respectively, where a good agreement is
noticed. In all these figures, the solid lines indicate the
theoretical values and the solid and open circles indicate the 
experimental values of site-I and site-II respectively. 

Figure 1 (a): Single crystal EPR spectrum of VO(II)/ TGA 
at room temperature for plane I (bc*of site I at θ = 70˚ and 

ac* of site II at θ = 120˚) , ν = 9.4060 GHz. 

The direction cosine of C – O, C – C and C – N bonds in
TGA lattice are given in Table 2. These are helpful to
predict the location of the paramagnetic impurity. If the 
direction cosines of principal value of gzz match with any 
one of the direction cosines of bonds in TGA, one can 
assume that the dopant has entered the lattice 
substitutionally. Otherwise, an interstitial location is
expected for the paramagnetic impurity. A close look at the 
direction cosines given in Tables 1 and 2 indicate that none
of them matches with each other. In other words, one can 
suggest that the vanadyl ion might have entered the lattice in
an interstitial location. 

Figure 1(b): Single crystal EPR spectrum of VO(II)/TGA at
room temperature for plane II (ac*of site I at θ = 30˚ and ab

of site II at θ = 50˚) , ν = 9.4060 GHz. 

Figure 1(c): Single crystal EPR spectrum of VO(II)/TGA at
room temperature for plane III (ab of site-I at θ = 110˚ and 

bc* of site-II at θ = 10˚) , ν = 9.4060 GHz. 
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The EPR spectrum of the powder sample of VO(II)/TGA, 
recorded at room temperature, is given in Fig. 3. The spin 
Hamiltonian parameters calculated from the powder 
spectrum are also given in Table 3. The agreement between 
these values and the values obtained from single crystal 
analysis is relatively good. However, gxx/gyy and Axx/Ayy are 
not resolved in powder spectrum due to the closeness in their 
values. This kind of observation is very common in VO(II) 
impurities. The principal values of the spin-Hamiltonian 
parameters of VO(II) ion in TGA are tabulated with similar 
lattices in Table 3.

 

 
Figure 2 (a): The angular variation plot of VO(II)/ TGA at
room temperature for plane ac*. (  Indicates site I and 

–o-o- indicates site II). ν = 9.4060 GHz. 

Figure 2 (b): The angular variation plot of VO(II)/ TGA at
room temperature for plane ac*. (  Indicates site I and 

–o-o- indicates site II). ν = 9.4060 GHz. 

 
Figure 2 (c): The angular variation plot of Cu(II)/ TGA at

room temperature for plane ab. (  Indicates site I and –
o-o- indicates site II ). ν = 9.4060 GHz. 

Table 1 Principal values and direction cosines of g and A matrices for VO(II)/TGA at room temperature. 

Table 2: Direction cosines of bonds in TGA 
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Figure 3: Powder EPR spectrum of VO(II) doped TGA 

recorded at RT. ν = 9.4022 GHz. Powder values are given in
Table 3.

Table 3: Spin-Hamiltonian parameters for VO(II)/TGA 

3.1 Admixture coefficients  

The admixture coefficients are calculated from the spin-
Hamiltonian parameters. The single unpaired electron on the 
metal ion occupies dxy or dxz or dyz orbital in an octahedral 
configuration. Upon lowering the symmetry, the ground 

state dxy can mix with dx
2-y

2, dyz and dxz. The admixture 
coefficients C1, C2 and C3 are related to the spin-
Hamiltonian parameters by the relations [19] 
g║ =  2

3
2
2

2
1 232 CCC    
 3214 CCCg 

  
The equations (3.2) and (3.3) along with the normalization 
condition  12

3
2
2

2
1  CCC  can be solved iteratively to

obtain the admixture coefficients. The values of C1, C2, and 
C3 obtained are given in Table 4, along with few literature 
values. 

3.2 Optical absorption studies 

The optical absorption spectrum of VO(II) doped in TGA at
room temperature is shown in Fig. 4. The spectrum consists 
of three absorption bands at 230 nm (43,478 cm-1), 521 nm
(19,193 cm-1) and 930 nm (10,752 cm-1) respectively. VO(II) 
ion with d1 configuration has 2D ground state. In octahedral 
crystal field, the 2D state splits into 2T2g and 2Eg, while an
octahedral field with tetragonal distortion further splits the 
2T2g level into 2B2g and 2Eg and 2Eg splits into 2B1g and 2A1g. 
The ordering of the levels will be 2B2g < 2Eg < 2B1g < 2A1g
[19]. For vanadyl ion one can expect three bands 
corresponding to the transitions 2B2g → 2Eg (Edxy→dxz, dyz),
2B2g →

2B1g (Edxy→dx
2
-y

2) and 2B2g-2A1g (dxy → dz
2) [20, 21]. 

Among these levels, B2g will be the ground state. Thus, for 
VO(II), two  

Table 4: Admixture coefficients of VO(II) ion in TGA 

bands are expected corresponding to the transitions 2B2g →
2Eg and 2B2g →

2B1g. These two bands can be assigned to Δ┴

= 2B2g → 2Eg (Edxy→dxz, dyz) and ∆॥ = 2B2g → 2B1g
(Edxy→dx

2
-y

2) transitions respectively. Except for the high –

energy band at 43,478 cm-1, all other bands are attributed as
d-d transitions. The band at 43,478 cm-1 is due to charge
transfer, arising from the promotion of electron from the
filled bonding level (oxygen orbital) eπ

b to nonbonding level
b2 and is assigned to the transition eπ

b→ 2B2g (b2) (from filled
level to dxy level) [22].

Both EPR and optical data can be used to calculate the
molecular orbital coefficients by using following equations
[23, 24]

g║ = ge















2
2

2
141 

,  
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2

2

1 
egg ,  

Here ge is free electron g value equal to 2.0023 and λ is the 
free ion value of the spin-orbit coupling constant of VO(II) 
ion (170 cm-1 [25]). 2

2
2

1 ,  and γ2 are the molecular 
orbital coefficients of the d1 electron. These molecular 
orbital coefficients (also called bonding coefficients) thus 
characterize in-plane σ bonding, in-plane π bonding and out-
of-plane π bonding, respectively.  

The parallel and perpendicular components of hyperfine 
interaction A║ and A┴ are related to the molecular orbital 
coefficients by the following expressions [26],
A║ = -P[κ -4/7 2

2  - ( ge - g║) - 3/7(ge - g┴)] (a)  

A┴ = -P[κ -2/7 2
2 - 11/14 (ge - g┴)] (b) 

The degrees of distortion can be estimated from the Fermi 
contact term κ and the P parameter, which are related to
radial distribution of wave function of the ions given as P = 
gegNβeβN(r-3). Here, 2

2 is the covalence ratio of V=O bonds. 
The parameter P is related to the isotropic hyperfine 
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coupling and represents the amount of unpaired electron 
density at the nucleus.  

Neglecting the second order effects and taking negative 
values for A║ and A┴, P value is calculated from the
following equation [27] and the results are given in Table 4.
P = 7(A║ - A┴) / 6 + (3/2)(λ/∆║)  

The Fermi contact parameter (κ) is calculated by using the
equation  
κ = - Aiso / P – (ge – giso)

Here, Aiso and giso are calculated from the powder A and g
values respectively. Combine equations (a) and (b) and
eliminating κ, one can get an expression for 2

2 in terms of
the principal values of the g and A tensors, 

2
2  = (-7/6)[(A║ - A┴)/P + (ge-g║) – (5/14)(ge - g┴)]  

The calculated molecular orbital coefficient parameters are 
given in Table 5. The deviation of 2

1  from unity usually 
represents the degree of the admixture of the ligand orbitals 
and increase in the degree of covalency. 2

2 , found in this 
work, clearly indicates that the bonding is nearly ionic and 
represents poor π bonding of the ligands. If 2

1  = 1, the bond 
would be completely ionic. If 2

1  = 0.5, the bond would be
completely covalent. The parameters 1 - 2

1  and 1 - γ2 are 
the measures of the covalency. First term gives an indication 
of the influence of σ bonding between vanadium atom and 
equatorial ligands, second indicates the influence of π

bonding between the vanadium ion and the vanadyl oxygen. 

Table 5: Molecular orbital coefficients for VO(II) ion doped 
in TGA 

Figure 4: Optical absorption spectrum of VO(II) doped 
TGA recorded at room temperature 

4. Conclusion 

EPR and optical studies of vanadyl ions in TGA single 
crystal have been carried out at room temperature. The g and 
A parameters and their direction cosines have been 
evaluated from EPR analysis. The detailed EPR analysis 
indicates that the two vanadyl sites occupy interstitial 
positions in the crystal lattice. The crystal field and 
tetragonal distortion parameters have been estimated by
assigning the optical transitions. From the correlation of
EPR and optical data different bonding parameters have 
been determined. 
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