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CHAPTER - II

PREP&RkTIQN OF A S&MPLE AND

DIELECTRIC HYSTERESIS
* JP§rfe-_-I.Preparation of a Sample :

2* 1 Introduction:

Sodium vanadate is one of the ferroelectric crystals.

It does not exhibit ferroelectric properties at roan temp­

erature but at higher temperature its properties are well 

observed. Recently it has been pointed out that several kinds 

of crystals of XVO^ type exhibit the ferroelectric properties 

similar to those of barium titanate. In the field of ferro- 

electrics research, the physical properties of single crystals 

cf NaVQ^ have been studied and it has been reported that this 

substance is perhaps a ferroelectric. But ferroelectric 

properties of NaVC>3 below 380°c were reported by Sawada et al 

(1951). Wo further evidence on ferroelectricity of this 

compound seems to have been presented by any other workers.

Sawada et al(l95l) had reported that dielectric

constant at room temperature is small and only a slight hump
owas observed near its Curie temperature, 380 c. The shape 

of hysteresis loop was irregular. The twin structure similar 

to the domain structure of BaTiO^ was observed. The data 

concerning the spontaneous polarization at Curie temperature 

was not reported by Sawada and Nomura (1951).

The structure of NaVC>3 has often been classified as 

one of the perovskite type but it is actually quite different



as was shown by Sorum (1948). The lattice contains VC>4 

tetrahedra which shows two comers, and can be regarded as 

being constructed of infinite linear chains of VO^ ions.

The importance of this compound in the ferroelectric family 

is that it seems to be the only example amongst the ferro­

electric oxides that does not crystallize with a framework 

of oxygen octahedra.

Metavanadates of the alkali metals XVQ^ , exist over 

the entire range frcm lithium through cesium. Snail crystals 

of all have been g rown by slowly cooling stoichiometric melts. 

Large crystals# allowing extensive property# evaluation were 

not produced. However# recently# Baughman and Farnum (1970) 

produced sizeable crystals of KVO^ •

The first study of solid-liquid equilibria in the system 

Li^O-V^O^ was made by Canneri (1928), who reported the forma- 

tion of two intermediate compounds, one a is 1 salt which 

melts congruently at about 618°C. Beisman and Mineo (1962), 

found other additional compounds and confirmed the existence 

of LiV03 .

& number of compounds also exist in the Na^O -V^Oj. 

system including a composition at 50 mole/4 Na2° sodium 

metavanadate, like LiVO^ melts congruently; but at a 

slightly higher temperature (627 - 638°C), Glazyrin and 

Fotiev (1964) determined that NaVO^ was monoclinic using
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optical techniques, which confirmed the earlier work of 
Sorum, who reported the space group to be C 2/c and the 
lattice constants a *= 10.14 &°, b - 9.45 &°, C » 5.86 &° and 
0 * 69.58°. Strusievici (1962) reported a polymorph of NaVO^ , 
prepared by dehydration of the crystal hydrate. Sawada dnd 
Kcmura (1950) reported that sodium metavanadate became a 
ferroelectric above roan temperature and exhibited a danain 
structure and hysteresis in electric fields. Fulvari and 
Killer et al(l960) however, conjectured that NaVO^ may be 
antiferroelectric rather than ferroelectric above roan 
temperature.

Fotassium metavanadate has been more widely studied 
which includes highly refined crystal structure analysis 
and optical studies. Canpound formation and phase diagrams 
for the K^O - system are also available. Fran these
studies it was evident that KVQ^ melts congruently at a 
temperature of 520°C, and has an orthorhombic crystal structure 
with lattice constants aD % 570 &° , bo 85 10.82 A°, C0 ** 5.22 &°.

The variation of refractive index and birefringence as 
a function of cation radius for the alkali metal metavanadate 
series was studied by Glazyrin (1964). A steep almost linear 
decline of birefringence was observed with increasing cation 
radius. The index of refraction also decreased with increasing 
cation radius, reaching a minimum.
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Recently, Hellicar and White (i960) have observed 

ferroelectric properties in silver vanadate C&gVO^). The 

Curie temperature is 170°C - 180°C; hence below this tempe­

rature it is ferroelectric and becomes Paraelectric above 

this temperature. The compound, however, is probably not 

iscmorphous with NaVO^ •

2. 2 Compound Preparations

In the present stucfy, our aim is to prepare ferroelectric 

compounds sodium vanadate and potassium vanadate. Since 

these are alkali metals, the method of preparation of sodium 

vanadate is similar to that of potassium vanadate*

Plate-type single crystals of NaVC^ were obtained by 

Sawada S. and Nanura S. (1951) and K. Remani and M. A. Viswamitra 

(1974). They obtained plate-like crystals of NaVO^ by slow 

cooling of the molten l: 1 mixture of V2°5 anc^ Na2C°3 ^ran 

630°C. The crystals were yellowish brown in colour with well 

developed |l00^ good cleavage planes. The external forms of 

crystals are of various kinds of types, i.e. square, recta­

ngular and other ones. Therefore for the preparation of NaVO^ 

and KVO^ ferroelectric compounds above method can be adopted.

In our method of preparation of compounds, the mixture 

of Na^COg or K^CO^ and V2O ^ in 1U molar proportion was 

heated in the platinum crucible kept in the furnace upto 

6 30°C. Then this molten mixture at this temperature was allcwe d



to cool slowly; so that a crystalline solid was obtained.
This crystalline solid was then powered in the mortar and 
that powder was introduced in the pellet-dye to prepare 
pellets. For the preparation of pellets a pressure of 5 tone 
is required which is available from Brahma's pressure machine.

2* 3 ££ Navc^ *

In order to prepare NaVO^ , the mixture of 4.24 gms. 
of and 7.35 gms. of V2^5 was heated at 630°C in the

platinum crucible kept in the furnace. Na^Co^ and V2°5 
were purchased from the companies K. chem. Chemicals and 
Sarabhai M. Chemicals# Baroda# respectively. Both the chemicals 
were cf L-R grade. The mixture gets melted at this high temp­
erature and melt was allowed to cool slowly. At above high 
temperature sodium carbonate gets decomposed and evolution 
of C02 takes place leaving behind the crystalline solid 
having yellowish brown colour. This crystalline solid of 
NaVO^ was observed to be transparent and hard. The chemical 
reaction that takes place at high temperature can be written 
as:

Na2C03 + V205 = 2 WaV03 + CC>21

The crystalline solid of NaVO^ was then powdered in 
the mortar and that powder was introduced in the pellet-dye 
to prepare pellets. For the pellet formation a pressure of 
5 tone required which is available from Brahma's pressure 
machine. These pellets were sintered and then used for experime­
ntal purpose.
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2.4 Preparation of KVO^ *

For the preparation of KVO^ compound, a mixture of 

5.52 gms. of K^CO^ anc^ 7*35 gms. of V2^5 was ^eateci at 

about 750°C in the platinum crucible kept in the electrical 

furnace. These chemicals K2C®3 an<^ V2®5 were Pu^c^ased from 

the company Sarabhei M. Chemicals, Baroda. Both the chemicals 

were of LR grade. Then the molten mixture was cooled slowly.

At the temperature 750°C, potassium carbonate gets decomposed 

and evolution of CO^ takes place leaving behind the crystalline 

pink solid. We can write the chemical reaction for above 

process as follows*

K.,CO_ + V„0_ * 2KV0_ + CG-^
2* w *L o o ^

The crystalline solid of KVO^ was then powdered in 

the mortar and powder was introduced in the pellet-dye to 

prepare pellets. The preparation of pellet requires the 

pressure of about 5 tone; for which Brahma's pressure machine 

dan be employed. These pellets were sintered and used for 

experimental purpose.
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P & R T - II 

DIELECTRIC HYSTERESIS

2*5

The basic criterion for the identification of the 

ferroelectric material is that it must show hysteresis loop 

on the CRO connected in the Sawyer-Tower circuit. Ferroelect­

ric properties of NaVO^ below 380°C were reported by Sawada 

et al (1951). The dielectric constant at room temperature 

is amall and hysteresis loop reported, was irregular. The 

dielectric constant along the ferroelectric direction obeys 

the Curie-Vfeiss law:

C
B ----------- ------------ (2.i)

T - TC

Wfe know that ferroelectrics are the materials which 

possess a spontaneous electric polarization Ps which can be 

reversed by applying a suitable electric field E. This process 

is known as switching, and is accompanied by hysteresis. See 

Fig. 1. 2. In many ways these materials are electrical analogues 

of ferromagnetics, in which the magnetization I may be 

reversed by a magnetic field H.

2.6

For ferromagnetic substances * coercive field “ is 

obtained f rcm the figure of the hysteresis loop (Fig. 1. 2, 

Chapter-I). This coercive field obtained by measuring Ec is



identical with the threshold field at which almost all the
domain walls can be$±n to move* On the other hand for ferro­
electric substances# threshold field is fairly lower than the 
coercive field. For BaTiO^ single crystal, for example# the 
threshold field is written a few hundreds of volts /cm. at room 
temperature# while corresponding coercive field is several 
hundred volts/on. or higher for 50 Hz alternating field. Thus# 
for ferroelectric substances the coercive field is not deter­
mined by the threshold field, but will be determined by the 
characteristics of the movement fey of domain wall under 
external field.

The coercive field can be represented in terms of the 
movement of domain walls# and hysteresis loop can be related 
with movement of domain walls. These above statements can be 
explained by taking example of BaTiO^ . BaTiO^ single crystal 
has only 180°C domains. The coercive field depends on applied 

field# crystal thickness and temperature. It has been found that 
the imperfections affect the hysteresis loop# and double loop 
may be formed, if the crystal is heavily stressed. The 
theoretical expression for coercive field is given by:

(2.2)
Where#
do = thickness of the crystal.



46

E0 *• amplitude of the applied field.

W - angular frequency.

Ec - coercive field.

Vc - Velocity of the forward growth c£ the domain.

2*7 Effects of ^Internal Stresses_on_I^steresis_Loog:

Ms knew that the stability of domains is influenced by 

internal stresses of the substance. By application of the 

external field, the polarising charges are developed on the 

surface of the substance and these charges are compensated 

by the charges on the electrodes. The fully polarized state 

of the crystal will be the most stable, if depolarizing field 

is completely neglected. This is because by the appearance 

of domain walls the free energy of the crystal is increased 

by the energy of the boundaries. On the contrary, if certain 

internal stresses exist in the substance, the state with a 

certain domain configuration may become most stable; because 

the internal stresses will be relaxed by the appearance of 

domains. Therefore, for such substances the original state 

with a certain domain configuration may be restored, when 

applied field has been removed. Thus the internal stresses 

will act on the domain walls as a sort of restoring force.

2.8 Experimental Details*

The dielectric hysteresis curve can be obtained on 

the CRO by using Sawyer and Tower circuit. The modified form
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of Swyer and Tower (1930) circuit is as shown in Pig. 2* !• 

Hysteresis loops can be observed very easily on the screen 

of an oscilloscope by inserting the crystal in the modified 

circuit a* c. field (generally 50 c/s). The voltage across 

the crystal is applied to horizontal plates of the 

oscilloscope. The capacitor CQ is connected in series with 

the crystal Cx . Thus# the horizontal deflection is propor­

tional to the field across the crystal and voltage across CQ 

is therefore proportional to the polarization of the crystal 

cx • This voltage is applied to the vertical plates of the 

oscill ©scope.

The Sawyer and Tower circuit allows not only the 

display of the hysteresis loop on the oscilloscope screen, 

but also the measurement of important quantities such as the 

spontaneous polarization Ps and coercive field Ec .

The experimental set up is shown in Fig. 2* 2. In the 

circuit of Fig. 2*1, two oil filled condensers are used in 

series. The output of a step up transformer givew output 

voltage of 700 volts. A gang^ condenser is used in series 

with the crystal. The pellet is mounted in a specially 

designed crystal holder. The surfaces of pellet were made 

conducting by using silver-paste. Two resistances, each one 

meg. ohm, are used to avoid damage of CRO. The voltage 

across the pellet was 1 KV/cm.
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2*9 ^steresisJ^c»p_of^Nay03 *

% using Sawyer and Tower circuit as shown in Pig. 2. 1, 

the hysteresis loops can be observed on the cathode ray 

oscilloscqpe. At roan temperature the hysteresis loops are 

not observed for sodium vanadate. In case of sodium vanadate 

well defined hysteresis loop is observed at 220°c as shown 

in Fig. 2* 3(b). Hysteresis loop disappears at 450°C ana again 

appears at 200°C as shown in Fig. 2.3(d).

2. 10 Hysteresis Loop of KVO^ *

When the pellet of KVQ^ is placed in the crystal

holder connected in the Sawyer-Tower circuit, the hysteresis

loop is observed on the screen of CRO. Hysteresis curves

for KVG^ at different temperatures are as shown in Fig. 2.4. 
case of ICV03 Q

In^loop is observed at 275 C, which vanishes at temperature 

325 °C as shown in Fig. 2.4 (d).

Sawada S. and Nanura S. (l95l) had reported that the 

hysteresis loop which broadens at definite temperature, 

decreases with the increase of the impressed voltage. The 

observation of the hysteresis curves for NaVO^ and KVC^ 

gives an idea that as the temperature increases, the shape 

of the loop gets disturbed and vanishes at the Curie temperature.
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REFERENCES

55

Baughman R. T. and 

Fa mum E. H.

Burfoot J. C.

Camnasio h, and 

Gonzalo J.K

Canne ri G.

Glazyrin M. F. and 

Fotiev &•&.

Hellicar N.J. and 

White E.&.D.

J ona F. and Shi rane G.

Matthias B. T.

Miller c. S. and 

Remeika J. F.

Pulvari C. F.

Makamure E. and 

Furuichi J.

Nishicka A. and

: (1970). Mater. Res. Bull.5,993.

: (1967). D. Von. Nostrand Company 

Ltd., London.

• (1975). Solid State Canmunication, 

16, 1169.

• (1928). Gazz. Chim. Ital. 58 (6).

: (1964). Kristallografiya,S.506.

s (i960). Private Canmuni cati on.

• (1962). Ferroelectric Crystals, 

Pergamon Press,London.

s (1956). Phys. Rev. 104,849.

: (1960). Phys. Rev. 120,1670. 

s (i960). J. Phys. Soc. Japan, 15, 2101.

• (1959). J.Phys.Soc. ,Japan, 14,971.

Takeuch M.



5$

Reisman A. and 

Mineo J.

Sawada S. and 

Ncmura S.

Soxuma H.

Strusievicic and 

Ltficacs I.

Sonin A* S. and 

Gladkii V.V.

Towe r C. H* and 

Sawyer C. B.

s (1962). J.Fhys.Chem.66,1181.

s (1951). J.Phys. Soc. Japan, 6,192.

: (1943). Kgl. Norske Videnskab, 

Selskabs, Forh.16,39.

: (1962). 2. Anoxg Allgem. Chem. 

315, 323.

s (1960). Kristallografica,

5, 145.

: (19-30). Phys. Rev. 35, 269.

OOO-


