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Abstract- Present paper investigate theoretically dielectric properties such as dielectric constant, soft mode frequency
and tangent loss by considering two sub lattice pseudospin, spin-lattice coupled mode model (PLCM) and adding
third and fourth-order anharmonic (phonon) and spin-lattice interaction terms and using thermal Green’s function
(double time) method expression for dielectric constant, soft mode frequency, and tangent loss is derived for TGS
crystal. Model value have been fitted in expression and their temperature dependence have been calculated for TGS
crystal. Theoretical results have been correlated with experimental results of (Aravzhi et al 1997), which is
approximate close to experimental results.
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Introduction

TGS is a type of order-disorder ferroelectrics with chemical formula (NH2CH,COOH);H,SO.. It has wide
range of application in the field of optoelectronic mainly in infrared detectors, capacitors, transducer,
optical transmitters etc(Sun et al.1999,Krajewski et al.1980). The crystal have low dielectric constant and
large pyroelectric coefficient. It is H-bonded crystal and show second-order phase transition at Curie
temperature 322K (Bharthsarathi T., et al.,2010). It is monoclinic in ferroelectric as well as in paraelectric
phases. The lattice parameter at room temperature for this crystal are a = 9.15A, b = 12.69A, ¢ =5.73 A, B
= 105.4° at higher temperature this parameter change a=9.320 A, b=7.277 A, c=8.970 A, B = 114.91°.

A variety of work on TGS crystal have been carried out by many experimentalist. Crystal structure of this
crystal are first studied by Hoshino (Hoshino et al.1959) and revealed the essential ferroelectric parameter.
Ostrowski et al.,(2012) studied the dielectric properties of fine grained triglycine sulphate and observed
shift in T, permittivity by reducing the particles size and application of hydrostatic pressure. have done
synthesis, growth and electrical transport properties studies on pure LiSO4 doped TGS and pure crystals
properties, such as growth, synthesis and transport(electrical) were studied (Khanum and Podder, 2011).
Size-driven ferroelectric transition in TGS nano composite studied by Cizman et al,(2013). Optical,
structural study of KDP-doped TGS crystal is carried out by Deepti and Shanti(2014). Prasolve at al(1998)
studied dielectric hysteresis loop of TGS crystal. Yamaguchi et al(2006) carried out dilatometric study on

TGS crystal. Alexandru et al have made dielectric relaxation study on TGS crystal.
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Theoretical studied on TGS crystal first done by using Ising model (Blinc et al,1961). Later on (Tello and
Harnandez, 1973) studied transition mechanism of TGS using tunneling model. A Vibrational study of
phase transition in TGS crystal is done by (Chaudhuri et al,1988) by considering two-sub lattice
model(pseudo spin). They considered Green’s function method (Zubarev,1960) and find the relation for
soft mode frequency, susceptibility, dielectric constant and transition temperature. They (Chaudhuri et
al,1988) have not taken third order anharmonic (phonon) and spin lattice interaction terms. They could not

find better and decisive results as they disassociate the correlation in beginning.

In this work we considered, third, fourth order anharmonic and spin lattice interaction terms in Two-Sub-
Lattice model (PLCM). We use Green’s Function (Double Time) method and simplifying PLCM model to
derive the relation for width, shifts, dielectric constant, tangent loss and soft mode frequency. The model
value of various physical quantities are fitted in derived relation, hence their temperature variation are
examined theoretically. The Theoretically obtained values for these relation (soft mode frequency, tangent

loss and dielectric constant) is compared with experimental results for TGS crystals (Aravazhi et al,1997)

Hamiltonian Formalism

The two sub-Ilattice pseudo spin- lattice coupled mode model (PLCM) for TGS crystal is taken as

Ha :_ZQZ(Sl)i( +S;)_Z[Jij (Slzislzj +Szziszzj)+ KijSlziSZZj]
‘ ” &)
_Zvik(SlZiAk +Szszk+)+%zwk(Ak+Ak +B,By)
k k

Here SLn(m=x,z) is Pseudo spin variable’s(S) component, Q - tunneling frequency(proton), Jiand Kj are
coupling constants of coupling of same and different lattices. Vikis constant corresponding to lattice-spin

interaction, wy represent frequency(phonon), Ay is position and Bx momentum operator.

In Eq.(1) we add third, fourth order anharmonic(phonon) interactions terms

Hb = Zv(s)(Kl, K21 K3)A<1A<z A(a + ZV(4)(K1’ KZ! K3’ K4,)A1<1A<z A<3 A<4’ (2)

where firs:l:;a second term ineq.(2) and a|<rlek:2:f31|(i4rd, fourth order force constants respectively.
we shall add

He=—24E3 (S +57) = D Vi (SiA +Si A, ©)
where U is dipole monl1ent of O—H———Olkbond and E external electric field. The first term describes effect of
external electric field on crystal and the second term reveal an indirect coupling in tunneling movement of

two proton between two equilibrium position of O-H---O bonds.
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the total Hamiltonian is

Htot, = Hat+Hp+Hc
Method

From D.N. Zubarev(1960), we introduced Green’s function
Gy t-t)- <<512i (t)yss, (t)>> *
= —ioft—t )[satrss ) @)

In Eq. (4) S;; is spin variable, @ is step function, §= 0(t<t) & 6= 1(t>t). Differentiating Eq. (4)
two times w.r.t. t & t respectively, find Fourier transform and put in Dyson’s equation form we obtain

G; (@) =Gy (w)+ Gi(j) (a))ls(a))G,? ()
®)

Where Gi?(a)) is Green’s function in unperturbed form, and P(a)) is operator corresponding to
polarization. These are given as

. 59<Sﬁ>§ﬁ
Gj(w)= m , ’
TR L

alsy)’  asy)

()

where

F(t)= ZQVikAt<Slzi5ij - ZQ‘]ij (Slzisl)i(gij + SlTS:LZj )_VikA<‘Jij (Slzisl)i(gij +S;S; )_ 20K, S;S;

1i i ij“1iV2j

®)
The second part of P(a)) have higher order Green functions <<Fli; Fl'j>>, which are like <<mn,pg>>,

<<mnp,qrs>>. These can be disassociate into simpler ones and then solved. In this way 5(50) is evaluated.
Eq. (5) gives Green’s function finally as

71'[602 —éz—ﬁ(a))}

)
where

Q% =a’+b?—-bc

(10)
a=2J,(S;/)+K,(S; )+ 24E

(11)
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b =20 (12)

c=23,(S7)+ K, (S3) (13)

Putting the value of P(a)) into Eq. (9) and resolving into real A(a)) and imaginaryr(a)) parts we
obtain

2
4 22 022y V22N <sz> V2K2N<S> iy (sx) v2o2n a2(s? Lo lo? -5
A( )7 a b7c 8Q Vka Ik ijok\il ik ij k 3vika Sil VikJiija Si1 AQVIkaa<S > k(w wk)
o + + +

2 =27 2 272 =2 - - o) 2
PRI ae aw dew) dew) g il (14)

a bl 8sz_iNk 8ol 2N V2K2N <s_">2
w%ﬁMw®$~) (o-0)-alo+ s —=—olo-)- oo 8] 5K 50 ) 50+ )] P[50 6)- oo+ )]

20 20 20
. Iﬁ X 2[5(0) a)- (mf))] 4/12E2V|iNka2 5(10752)75(%&)] . 89V§a)21"k (a))(<sl’:> <Slz| >)
ZQbZ ZQbZ 2|: < — mk )2 + 4a)k | s (w):l (15)

In Eq. (14) & (15) Dy s phonon frequency (modified), Ak(a))is phonon shift, Fk (a)) is phonon width.

AGA))

They can be derived by solving Green’s function(phonon) <<
only.

& by using phonon Hamiltonian

With the help of shifts A(w) one can analyse variation in the value of frequency i.e shifts in peak of
frequency curve. The width T'(w) describe width between two point which is half the maximum of the
frequency curve.

Ferroelectric (Soft) Mode Frequency

Now putting the above values of P(®) into Eg. (9) finally, the Green function becomes

& (o) Q<Six> ij

L 7t|_a) Q2+2|QF(a))J (18)
Where
> =07 +A, (o) (19)

After solving we obtain expression as

1
2 avin, (sX) avin 2
o 4v|kQNk<sl’§>mk +4QVi§<Slzi>awk +2v|kJua<sli> <sl’§>mk 4K £k2< 1'> ik k;i > “k
~) + 4 2
+au E2V|k<51|>“’k V'kJJNka <Slz'> ViiK§a<SlZi><S]§> “k
+

o b2 bO
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(21)

The frequency ( is soft mode frequency of TGS crystal. It is clear from above equation that temperature
depended various interaction terms have fine impact on soft mode which contains third, fourth- order

anharmonic interaction, electric field and extra spin lattice interaction terms.

Dielectric Constant, Tangent Loss

The effect of electric field in ferroelectric or dielectric crystal is expressed by susceptibility. This is related

to Green’s function as
x ==lim 27N Gy (e +ix) (20)

Here N is dipoles no. in unit cell and p is dipole moment in crystal. The relation between dielectric

constant & and susceptibility y is

e=1+4ny

(21)
For ferroelectric crystals & >>1
e=4ny 22)
From Eq. (18), (22) and (23) we find expression for dielectric constant as
() 82N (S5)5, (07 —O?)
slw)= l(wz _H2 )z N 2QZir2(w)J 23)

Where 6‘(6())>>1. Eqg. (23) shows that dielectric constant is inversely proportional to soft mode

A

frequency () , width I'(w) and directly to tunneling frequency Q of proton. However in numerical
calculation dielectric constant we neglect phonon frequency ® from numerator and denominator also width
term from denominator as their values are extremely small. Therefore finally dielectric constant are
expressed as

87N ” (S )

de)= g (24)

The power dissipated in dielectric crystal is taken as loss tangent (tand) and can be express as
proportion of imaginary (¢”) and real (¢) part of dielectric constant(g)

" 2
tané‘:‘c"_:_z?—r(f)z) (25)
& o —Q
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Eq.. (24) and Eq. (25) reveal that dielectric constant and tangent loss is depended on modified soft mode

frequency. Hence, also depended on tunneling frequency and anharmonic interaction terms.

Physical i’ Q J K Vi Tc N, Ax

Parameters

Values 0.59  0.10(cm™ 340(cm?) 170(cm?) 10(cm??)  322(K) 10%8esu 10.2
)

Table 1. Physical parameters for TGS crystal (Chaudhuri et al.,1988)

Results

With the help of various physical parameters taken from literature and fitting it in obtained expression for

dielectric constant(e), tangent loss (tand) and soft mode frequency(f)), their thermal variation have been
plotted(Fig. 1-3) for TGS ferroelectric crystal. It is seen from plot (fig.1,2), the dielectric constant and
tangent loss increases with temperature and become maximum at T and then decreases. Soft mode

frequency decreases first until ceases (softening) at T and further increases with temperature (fig.3).

5000 ——Exp
&  Theory

Dielectric Constant{z)
=)
2

300 310 320 330 340
T®)

Figure 1 - Thermal dependence of dielectric constant in TGS Crystal.
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Figure 2- Thermal dependence of tangent losz Figure 3- Thermal dependence of soft mode frequency
{tand)m TGS crystal i TGS Crystal

Discussion and Conclusion

In Present work, we modify two sub-lattice pseudo spin lattice coupled mode model (PLCM) by
extending earlier work of (Chaudhury etal,1988) In this model we considered third, fourth order
anharmonic(phonon) , spin-lattice interaction term and electric field terms. However, in numerical
calculation we take electric field term zero to make calculation simple. We disassociate the correlation at
proper stage. With the help of simplified model and differentiating Green’s Function two time (double
time Green’s functions method (Zubarev,1960) the expression for dielectric susceptibility and hence
dielectric constant(e) and tangent loss(tand) have been obtained in this paper. Using model values (Table
1) of quantities in expression for dielectric constant (¢) and tangent loss, numerically temperature
dependences of these have been calculated for Triglycine Sulphate (TGS),. Theoretically results have been
compared with experimental reported by (Aravazhi etal,1997). Our results approximately agree with

experimental results of other well. Expression of dielectric constant reveals that, the dielectric constant

depends on soft mode frequencyf) and it is inverse relation to square of soft mode frequencyf) . As soft
mode frequency contains the effects of extra-spin lattice interactions terms, also of phonon anharmonic
terms. This shows that dielectric constant depends on extra-spin lattice interactions terms in addition to

phonon-phonon anharmonic interaction terms. The dielectric constant (¢) increases at Tc because soft

mode frequency €2 decreases near Tc.

The expression for loss tangent (tand) show that it is also depended on tunneling frequency (Q2), soft mode

frequency QO and total width I'(®). The values of tangent loss increase and become maximum near
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Transition temperature. Due to high domain mobility near transition temperature dielectric losses increase
near transition temperature.

Therefore, it is concluded that the modified model explains better quantitatively the dielectric properties of
TGS, crystals. This simplified model can be applied for the study of similar other ferroelectric,

antiferroelectric H-bonded crystals.
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