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1.  Introduction 

      Electron paramagnetic resonance (EPR) studies are useful for the knowledge of structural distortions and local 

site symmetry of transition ions in crystals [1-7]. EPR spectra of these ions are frequently analyzed with the help of 

microscopic spin-Hamiltonian (MSH) theory. Using this theory, the spin Hamiltonian (SH) parameters from EPR 

can be correlated with optical absorption and structural parameters. Both the experimental and theoretical studies 

indicate that the spin Hamiltonian parameters of transition ions (d
5
 (

6
S)) in crystals are very sensitive to local 

distortion. Therefore, the SH theory is widely used in crystals. 

The crystal-field (CF) parameters of d
5
 ion are obtained using superposition model (SPM) [8, 9]. The zero field 

splitting (ZFS) parameters are determined using CF parameters [10]. Mn
2+

 ion is important as its ground state is 
6
S5/2 [11-15]. The electron spin is affected by high order interaction of crystalline electric field and in external 

magnetic field the orientation of spins is free [16]. As S state ions have large spin–lattice relaxation time, Mn
2+

 ion 

gives well resolved EPR lines [15-19] at room temperature (RT). 

In the present paper, the CF parameters are determined using SPM and these parameters with MSH theory give ZFS 

parameter for Mn
2+

 ion at the substitutional Zn
2+ 

site in guanidine zinc sulphate (GZS) crystal at RT. 

2. Crystal Structure  

The crystal structure of GZS, Zn[C(NH2)3]2(SO4)2 belongs to space group dI 24


 with unit cell dimensions a = 

0.9515 nm and c = 1.4351 nm, and there exist four molecules per unit cell (Z = 4) [20]. A network of zinc and 

sulphate ions constitutes the main feature of the structure. Four oxygen ions form a distorted tetrahedral 

environment around the Mn
2+

 ion, as shown in Fig. 1.  
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Fig. 1 Environment around Mn
2+

 ion. 

3. Theoretical Investigation 

The Mn
2+

 ion in GZS crystal substitutes at Zn
2+

 site [21]. The SH of 3d
5
 ion in crystal field of axial symmetry is 

given as [2, 22, 23] 

+  D{Sz
2
-

3

1
S(S+1)}                    ℋ =               

 

                       

                       

                         +                                                                                                            (1) 

where the first term gives electronic Zeeman interaction, B is the external magnetic field, g is the spectroscopic 

splitting factor and μB is Bohr magneton. The second, third, and fourth terms represent the second order axial, 

fourth-rank cubic and fourthrank axial ZFS terms [2]. The fifth term provides the hyperfine interaction term. S, 

D, a, F are the effective spin vector, second order axial, fourth-rank cubic and fourth-rank axial ZFS parameters, 

respectively. An isotropic approximation for the electronic Zeeman interaction is used in case of Mn
2+

 ions [2, 24, 

25]. 

 

The Hamiltonian for a d
5
 ion is given as 

ℋ = ℋ 0+ ℋ cf + ℋ so                                                                                                                                                       
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 where ℋ cf  = 
kq

k

qkqCB                                                                                                               (2) 

gives the crystal field Hamiltonian. ℋ 0 and ℋ so represent free ion Hamiltonian and spin-orbit (SO) coupling, 

respectively. Since the spin-spin coupling is very small [26-28], its contribution has been neglected in Eq. (2). 

The crystal field of SO interaction is considered as perturbation term [29,30]. The strong-field scheme calculation 

for F-state ions was given by Macfarlane [31]. The SO contribution to the ZFS parameter D for 3d
5
 ions in axial 

symmetry is given by [30] 

                                         (3)                         

where P = 7(B+C), G = 10B+5C and D = 17B+5C. P, G, and D represent the energy separations between the 

excited quartets and the ground sextet. Racah parameters B and C give the electron-electron repulsion. Only 

fourth order term is taken in Eq. (3) as other perturbation terms are negligible [32]. The parameters B, C and ξ, in 

terms of the average covalency parameter N, are given as, B = N
4
B0, C = N

4
C0 and ξ = N

2
 ξ0, where B0 and C0 are 

the Racah parameters and ξ0, the spin-orbit coupling parameter, for free ion [33, 34]. B0 = 960 cm
-1

, C0 = 3325 

cm
-1

, ξ0 = 336 cm
-1

 [2] for Mn
2+

 ion are used here. N can be obtained with the help of equation 

 

          ,                                                                                                     (4) 

 

By using SPM the CF parameters for Mn
2+

 in GZS crystal are calculated and substituting these in Eq. (3) ZFS 

parameter D is obtained. Similar method has been used for finding ZFS parameters by many other workers [35]. 

To understand the crystal-field splitting, the SPM is effectively used. This model has also been applied for 3d
n
 

ions [8, 32, 36]. The crystal field parameters, using this model, are found from the equations [37] 
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in which R0 is the reference distance, in general chosen as the average value of all four bond lengths (for axial 

symmetry). 

4. Results and Discussion 

 

The average value of two out of four Mn
2+

-O bond lengths are given as R10 = 0.20936 nm and the average 

value of the rest two bond lengths are also given as R20 = 0.20936 nm. ΔR1 and ΔR2 represent the distortion 

parameters. 2



A , 4



A and tk are the intrinsic parameter and power law exponent, respectively. In tetrahedral 
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coordination, )(RA 04 =  Dq 27/16-   [10]. For 3d
5
 ions, 

4

2

A

A
is in the range 8-12 [32, 36]. The power 

law exponent for Mn
2+

 ion is taken as t2 = 3, t4 = 7. Semi-ab initio calculations are performed for other 

transition metal ions to obtain the intrinsic parameter values in SPM, 

The values of B, C and Dq are obtained (for oxygen ligands) [38] using optical study [39] as 917, 2254 and 

756 cm
-1

, respectively. First no local distortion is considered and the value of D is estimated. For this, taking 

4

2

A

A
= 8 and R0 = 0.215 nm, the sum of ionic radii of Mn

2+
 = 0.08 nm and O

2-
 = 0.135 nm, which is slightly 

larger than the average distance of four ligands; the Bkq parameters are obtained as: B20 = -66319.5 cm
-1

, B40 

= 43026.6 cm
-1

, B44 = 25713.3 cm
-1

 and the value of D as: D = 11174.3×10
-4

 cm
-1

. EPR study gives the 

experimental value of D as: D = 702.0×10
- 4

 cm
-1

 [40]. From above it is found that the theoretical value is 

larger than the experimental one. 

Now, taking local distortions as ΔR1 = 0.04794 nm and ΔR2 = 0.00002 nm, R0 = 0.215 nm and ratio 

4

2

A

A
 = 

8, the Bkq parameters are obtained as: B20 = -56109.5 cm
-1

, B40 = 24233.6 cm
-1

, B44 = 25696.1 cm
-1

and the 

value of D as: D = 702.4×10
-4

 cm
-1

, in reasonable agreement with the experimental one: D = 702.0×10
-4

 cm
-

1
. 

5. Conclusions 

Axial symmetry zero-field splitting parameter D for Mn
2+

 in GZS crystal has been determined using 

superposition model and perturbation theory. The theoretical D is in reasonable agreement with the 

experimental one when local distortion is taken into consideration. This theoretical investigation suggests 

that Mn
2+

 ion occupies substitutional Zn
2+

 site supporting the conclusion drawn from the experimental EPR 

study. 

ACKNOWLEDGEMENT 

                The authors are thankful to the Head, Department of Physics, University of Allahabad for 

providing the facilities of the department. 

     References 

[1] C. Rudowicz, S. K. Misra, SPIN-HAMILTONIAN FORMALISMS IN ELECTRON MAGNETIC      

RESONANCE (EMR) AND RELATED SPECTROSCOPIES, Appl. Spectrosc. Rev. 36 (2001)11-

63. 

[2] Z. Y. Yang, C. Rudowicz, Y. Y. Yeung, Microscopic spin-Hamiltonian parameters and crystal field 

energy levels for the low C3 symmetry Ni
2+

 centre in LiNbO3 crystals, Physica B 348 (2004) 151-

159. 

[3] Z. Y. Yang, Y. Hao, C. Rudowicz, Y. Y. Yeung, Theoretical investigations of the microscopic spin 

Hamiltonian parameters including the spin–spin and spin–other-orbit interactions for Ni
2+

(3d
8
) ions 

in trigonal crystal fields, J. Phys.: Condens. Matter 16 (2004) 3481-3494.  

[4] T. H. Yeom, Y. M. Chang, S. H. Choh, C. Rudowicz, Experimental and Theoretical Investigation of 

Spin‐Hamiltonian Parameters for the Low Symmetry Fe
3+

 Centre in LiNbO3, Phys. Stat. Sol. b185 

(1994) 409-415.  

[5] P. Gnutek, Z. Y. Yang, C. Rudowicz, Modeling local structure using crystal field and spin 

Hamiltonian parameters: the tetragonal FeK
3+

–OI
2−

 defect center in KTaO3 crystal, J. Phys.: 

Condens. Matter 21 (2009) 455402.  

[6] Y. Y. Yeung, D. J. Newman, Superposition-model analyses for the Cr3+ 4A2 ground state, Phys. 

Rev. B34 (1986) 2258-2265.  

[7] D. J. Newman, D. C. Pryce, W. A. Runciman, Superposition model analysis of the near infrared 

spectrum of Fe (super 2+) in pyrope-almandine garnets, Am. Mineral. 63 (1978) 1278-1281;  

[8] A.  Edgar, Electron paramagnetic resonance studies of divalent cobalt ions in some chloride salts, J. 

Phys. C 9 (1976) 4304; G. Y. Shen, M. G. Zhao, Analysis of the spectrum of Fe2+ in -pyrope 

http://www.rroij.com/open-access/a-theoretical-calculation-of-zerofield-splitting-parameter-for-mn2-ion-in-cadmium-ammonium-phosphate-hexahydrate.php?aid=61321#10
http://www.rroij.com/open-access/a-theoretical-calculation-of-zerofield-splitting-parameter-for-mn2-ion-in-cadmium-ammonium-phosphate-hexahydrate.php?aid=61321#32


                                                                                                                                        Journal of 

                                                                                                                                         ISSN  
 

Volume 8, Issue 1 available at www.scitecresearch.com/journals/index.php/bjmp                                                         22| 

      Boson Journal of Modern Physics 

                          E-ISSN: 2454-8413 

garnets, Phys. Rev. B30 (1984) 3691- 3703,  

[9] S. K. Misra in: Handbook of ESR (Vol.2), eds. C. P. Poole Jr., H. A. Farach, Springer, New York, 

1999,  Chapter IX, p. 291.  

[10] H. Anandlakshmi, K. Velavan, I. Sougandi, R. Venkatesan, P. S. Rao, Single crystal EPR studies of 

Mn(II) doped into zinc ammonium phosphate hexahydrate (ZnNH4PO4·6H2O): A case of   

interstitial site for bio-mineral analogue, Pramana 62 (2004) 77- 86.  

[11] P. S. Rao, Single crystal EPR study of Mn(II)-doped magnesium potassium Tutton's salt, 

Spectrochim. Acta A 49 (1993) 897-901.  

[12] S. K. Misra, Estimation of the Mn
2+

 zero-field splitting parameter from a polycrystalline EPR 

spectrum, Physica B203 (1994) 193-200.  

[13] B. R. Mc Garvey, Electron Spin Resonance of Transition Metal Complexes, in: Transition Metal 

Chemistry, Vol. 3, ed. R. L. Carlin, Marcel Dekker, New York, 1966.  

[14] S. Natarajan and J. K. Mohana Rao, The crystal structure of diglycine calcium chloride tetrahydrate,   

Curr. Sci.  45 (1976) 490-491.  

[15] A. Abragam, B. Bleaney, Electron Paramagnetic Resonance of Transition Ions, Clarendon Press,  

Oxford, 1970.  

[16] H. A. Kuska, M.T. Rogers, Radical Ions, E. T. Kaiser, L. Kevan, Eds., Interscience, New York, 

1968.  

[17] V. S. X. Anthonisamy, M. Velayutham, R. Murugesan, Spin-lattice relaxation of Co(II) in 

hexaaquocobalt(II) picrylsulphonate tetrahydrate: An estimate from EPR line width of the dopant,  

Mn(II), Physica B262 (1999) 13-19. 

[18] T. H. Yeom, S. H. Choh, M. L. Du, A theoretical investigation of the zero-field splitting parameters 

for an Mn
2+

 centre in a BiVO4 single crystal, J. Phys.: Condens. Matter 5 (1993) 2017-2024. 

[19] M. J. D. Powell, J. R. Gabriel, D. F. Johnston, Ground-State Splitting for d
5 6

S Ions in a Cubic 

Field, Phys. Rev. Lett. 5(1960)145-146.  

[20] H. Watanabe, On the Ground Level Splitting of Mn
++

 and Fe
+++

 in Nearly Cubic Crystalline 

Field, Prog. Theor. Phys.18 (1957) 405-420.  

[21] C. N. Morimoto, E. C. Lingafelter, The crystal structure of zinc guanidinium sulfate, Acta Cryst. 

B26 (1970)335-341. 

[22] M. L. Du,  M. G. Zhao, The eighth-order perturbation formula for the EPR cubic zero-field splitting 

parameter of d
5
(

6
S) ion and its applications to MgO: Mn

2+
 and MnCl2.2H2O, J. Phys. C: Solid State 

Phys.18 (1985) 3241-3248. 

[23] W. L. Yu, Cubic zero-field splitting of a 
6
S state ion, Phys. Rev. B39 (1989) 622-632. 

[24] Z. Y. Yang, An investigation of the EPR zero-field splitting of Cr
3+

 ions at the tetragonal site and 

the Cd
2+

 vacancy in RbCdF3:Cr
3+

 crystals, J. Phys.: Condens. Matter 12 (2000) 4091-4096. 

[25] D. J. Newman, B. Ng, The superposition model of crystal fields, Rep. Prog. Phys. 52 (1989) 699-

763. 

[26] W. L. Yu, M. G. Zhao, Spin-Hamiltonian parameters of 
6
S state ions, Phys. Rev. B 37 (1988) 9254-

9267.  

[27] K. D. Singh, S. C. Jain, T. D. Sakore, A. B. Biswas, The crystal and molecular structure of zinc 

lactate trihydrate, Acta Cryst. B31 (1975) 990-993.  

[28] C. Rudowicz, H. W. F. Sung, Can the electron magnetic resonance (EMR) techniques measure the   

crystal (ligand) field parameters?, Physica B300 (2001) 1-26.  

[29] C. J. Radnell, J. R. Pilbrow, S. Subramanian, M. T. Rogers, Electron paramagnetic resonance of  

Fe
3+

 ions in (NH4)2SbF5 , J. Chem. Phys. 62 (1975) 4948-4952.  

[30] J. A. Weil, J. R. Bolton, Electron Paramagnetic Resonance: Elementary Theory and Practical 

Applications, second ed., Wiley, New York, 2007. 

[31] W. L. Yu, M. G. Zhao, Determination of the crystalline structure of Mn
2+

: CaZnF4 by EPR and 

optical spectra of Mn
2+

, J. Phys. C: Solid State Phys. 17(1984) L525-L527. 

[32] J. F. Clare, S. D. Devine, Application of the superposition model to non-S-state ions, J. Phys. 

C17(1984) L581-l584. 

[33] R. M. Macfarlane, Zero Field Splittings of t2
3
 Cubic Terms, J. Chem. Phys. 47 (1967) 2066-2073; 

Perturbation Methods in the Calculation of Zeeman Interactions and Magnetic Dipole Line 

Strengths for d
3
 Trigonal-Crystal Spectra, Phys. Rev. B1 (1970) 989-1004.  

[34] M. H. L. Pryce, Spin-Spin Interaction within Paramagnetic Ions, Phys, Rev. 80 (1950) 1107-1108.  

[35] R. R. Sharma, T. P. Das, R. Orbach,  Zero-Field Splitting of S-State Ions. I. Point-Multipole Model, 

Phys. Rev. 149 (1966) 257-269.  

[36] W. L. Yu, M. G. Zhao, Zero‐field splitting and the d–d transitions of Mn
2+

 on Ca(II) sites in 

Ca5(PO4)3F, Phys. Stat. Sol. b140 (1987) 203-212.  

[37] Y. Y. Yeung, Superposition model and its applications, in: Optical Properties of 3d-Ions in Crystals,   

https://journals.iucr.org/b/issues/1970/04/00/a07382/a07382.pdf
https://journals.iucr.org/b/issues/1975/04/00/a12074/a12074.pdf
https://journals.iucr.org/b/issues/1975/04/00/a12074/a12074.pdf


                                                                                                                                        Journal of 

                                                                                                                                         ISSN  
 

Volume 8, Issue 1 available at www.scitecresearch.com/journals/index.php/bjmp                                                         23| 

      Boson Journal of Modern Physics 

                          E-ISSN: 2454-8413 

Spectroscopy and Crystal Field Analysis (Chapter 3, pp.95-121), M. G. Brik and N. M. Avram 

(Eds.), Springer: Heidelberg, New York, Dordrecht, London, 2013. 

[38] Q. Wei, Investigations of the Optical and EPR Spectra for Cr
3+

 Ions in Diammonium Hexaaqua   

Magnesium Sulphate Single Crystal, Acta Phys. Polon.  A 118 (2010) 670-672. 

[39] R. Kripal, H. Govind, S. K. Gupta, M. Arora, EPR and optical absorption study of Mn
2+

-doped zinc 

ammonium phosphate hexahydrate single crystals, Physica B392 (2007) 92-98. 

[40] T. T. Hoa, N. D. The, S. McVitie, N. H. Nam, L. V. Vu, T. D. Canh, N. N. Long, Optical properties 

of Mn-doped ZnS semiconductor nanoclusters synthesized by a hydrothermal process, Opt. Mat.  

33(2011)308-314. 

[41] K. Gruszka, R. Hrabanski, J. Ozga, Z. Czapla, EPR study of guanidine zinc sulphate crystals, 

Nukleonika 58 (2013) 387-390. 

 


