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PREFACBE

Incommensurate ferroelectrics with ﬁ-sz“ strue
cture have bgen oxtensively investigated since 1977.
The interest in this class of systems has so far
centred around the phase transitions. These systems
exhidbit on cooling a series of phase transitions,
generally covering paraelectric, incommensurate and
ferroelectric phases. (HH4)2ZnBr4 is the least
inventigated in this family of crystals. In fact,
prelimirary reports on physicel properties of this
system have appeared only recently. The thesis
describes the investigations carried out on (HH4)2ZnBr4
using photoluminescence, thermoluminescence, optical
absorption, EPR, pulsed MR and microhardness techni-
ques. All these techniques have been applied to
(NH4)22nBr4 for the first time.

Chapter I provides the bnckground information
concerning the imperfections, phase transitions and
the experimental techniques, relevant to the material
presented in the subsequent chapters.
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Chapter IXI contains brief description of experi-
mental set ups, especinlly the apparatus for photo-
luminescence spoctral and lifetime measurements developed
as a part of the thesis work.

Chapter IXI presents the results of photolumine-~
scence spoctral and lifetime measurements, and optical
absorption study of (un4)2ZnBr4. Bxcitation by 337.1 nm
radiation from a nitrogen laser leads to two intense
overlapping emission bands peaking at 630 and 660 nm
at room temperature (RT). Cooling the crystal to 100 K
produces & new emiesion band at 535 nm. X-irradiation
at RT for 20 minutes or heat-trentment at 523 K for
{ hour or adéitional doping of Mn°

ction in the intensity of the 630 and 660 nm bands.

* 4ons causes a redu-

The X-irradicted crystal shows at 100 K the green
emission, the orange emispion being negligible.
Luminescence decey measurezents performed at 168, 271

and 303 K yielded varying profiles in accordance with
varying contributions from the green and orange emissions
at these temperatures. The lifetime values in the

1«3 milliseconds range are typical of Hn?* ions in
insulators. Optical absorption spectrum at RT of the
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ag-grown crystal shows absorption in the near UV region,
X-irradiation produces a new absorption band at 460 nm,
vhich could ensily be bleached out by 460 nm light.
Correlating various observations, Hn?* ions in environ-
ment 8 of cubic and lover symmetries, as vell as in
association with primary emission centres, are proposed
to be responsidble for the orange and green emiogions.
It ie 8lpo proposed that F-like centres are produced

in (HB4)2ZnBr4 upon X-irradiation.

Chaptor IV concerns with the thormoluminescence
study of (RH4)2ZnBr4. Pwo glov poaks at 356 and 407 K
are observed when the crystals X-irradinted at RT are
linearly heated. A detriled curve fitting of both the
glow peanks has shown that first-order kinetics are
spplicable. Optical bleaching dy 460 nm light after
X-irradiation reduces the intensity of the 356 K peak,
Though the TL emission spectrum could not be recorded,
the glow appears to be orange in colour. The results
ore interpreted in conjuction with the information
obtained from other studies. The glow peak at 356 K is
attributed to de-trapping of electrons at BEr~ vacancies,
and the 407 K peak to de-trapping of clectrons from

2

impuritiss. The emission ariges from Mn“* ions presuzably
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vhen electronsg lidberated during the heating process
recombire with holes in the vicinity of Mn ' iona,

2

Energy transfer to Mn°% ions as activators from primary

emission centres io vell known,

Chapter V prepents the results of investigations
on (rm4)22nBr4 using EPR and pulsed KMR techniques.
The EPR spoctrum at RT clearly shows that Mn°* ions
are prescnt in three different environments. Careful
temperature variation measurements revealed a phase
transiticrn occurring at 430 K. The measuresents
indicate that the crystalline phopo icmodiately below
430 K is neither incommensuratce nor ferroelectrice.

Two minime at 93 end 171 K, and a chango of slope at
~235 K are the s2lient features in the plot of the
proton relaxation ¢ime versus temperature. The minimum
at 171 K arises from the re-orientational motion of
the IH, ion. It is suggested that the phase transition
indicated by the change of slope at ~235 K is neither
displacive nor distortive type.

Chapter VI concerns with microhardness measurements
on (HB4)2ZnBr‘. The offects of changes in the impurity
and dofact concentration brought out by differemt dopings,



and troatments 1ike X-irradiaotion and thermal gquenching
on microhardneso are systexmatically ctudieds It io
ectabliphed that Mn®* ions in (HH4)22nBr4 segregate

near the dislocations during the growth procoss. Thornal
quenching disperses Mn°* ions away from dislocations

and into isolated pites within tho crystal matrix,
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Inperfoct cryostols have engnged the attention of
physicists, chemists and metallurgists for many decades.
Especially the properties of non-metallic, inorganic single
crystals containing imperfoction have been oxtenscively
studled. These systems are interocting because of the
variety of native defects that could be formed, the possi-
bility of studying the propertios of choson impurity ions
and the role played by the imperfections in modifying the
properties of the host crystal., Since onch experimontal
technique provides information only about a spocific aspect,
the complote study of such crystals involves application
of a varioty of physical and chemictl methods of investie
getion, However, o2 systematic study of the physical gystem
is possible only wvhen the dotailed crystal structure is
already known. Bapic information concerning the unit cell
and the cotailed arrangement of atoms is obtained by the
methods of Xeray crystallographye. Only those agpects which
are relevant to the present study are considered in tho rest

of thig chapter.
1. liative Defects

A crysctal lattice is nover perfect. A variety of
native defects could occur in an otherwise perfect lattice.

At any temperature, the free energy of the crystal is a



mininmum when a certain fraction of the ions leaves the
lattice points in the bulk and forms & new layer on tho
surface. !lore 2nd more cation and anion vacancies are
expected to te produced in this mannor, as tho temperature
risos. Such vacancies could be studied through modificne-
tions induced in the properties of the crystal as a vholeo.
For example, ionic conductivity in the KaCl type nlkalil
halides 1o mostly aue to migraticn of cntion vncancies.
Yhen the involved mechanismpo are identificd, measuremente
of ionic conductivity ap a function of temperature provide
precise values for the energles nosoeiated with respective
mechanicms. Ionic crystals upon X- orveirradiation gome-
times get coloured. The olectrons literated during the
irradiation process get trapped ot the arion vacancies and
form what are called Fe-centres. The formntion and proper-
ties of such centres have been axtensivoly ctudied in
alkali hnlicos. Largor aggregates of simple F-~centres
liko M=, I~ and R~ contres are algo possitle. bLince F-
centre involves 2 single clectron, it could very convenien-
tly be studied by EPR techniguee. Since the electron is
loosely bound to the anion vacancy, it is highly delocoli-
god. Interaction of the delocaliged clectron with ions
as far awny as 6th shell from the vacancy has been obper=-

ved by II"LOR tochniquo‘. F-contre hap a gorios of eleo=-



tronic states and hence it is possidble to odbservo transi-
tions betweon them. In the case of EaCl, KCl1 and KBr,
the lowest energy absorption bdand falls in the visible
rogion and hence these crystals acquire characteristic
colour. The corresponding transition in the emission has
also been observed at low temporaturcs. 1In ZnS or ZnSe
(II-VI crystals), a complex consisting of a hole trapped
on a sulphur (Selenium) ion 2djacent to the Zn vacancy =
Cl pair has been obgerved. Labelled 'A-contre', this has
been studied in detail by EPR ané photoluminescence tech-
niquese 7The EPR study led to an unambiguous identlifica-
tion of the centre, where as tho photoluminescence obser-
vations indicated that the F-centre acts as an accoptor.
In addition to wacancies, certein other types of defects
involving host lattice ions have been obsorved in alkall
halides. The vacancy could be associated with an inter-
stitial ion (Prenkel defect) and two halide ions can be
bound togoether wherein a hole is trapped. The latter
defect called V -centre has been identified and thoroughly

studied by EPR and ENIOR techniquaaz.

Extended defecte like edge and pcrew dislocations
occuring in crystalline solids play & major role in influen-
cing the crystallization process 2nd the mechanical properti-
es. The dislocation theory of crystal growth is well



supported by experimentnl obdservations. For example,

if the growth from solution is cided by @ screv diplocae
tion 'spiral staircase' growth results, leading to growth
pyramids on the crystal surfonce and these have tecen obger-
ved. The mechanical properties of crystals like micro=
hardness depend on the extend to which the dislocations
are nobile. Defects like vacancies, impurities, vacancye
impurity dipoles, precipitates etc., e¢ffect the mechanical
properties of crystals by thoir influence on the mobility
of dislocations., Any treatment liko quenching and annese=
ling of the crystal, which alters the defect nature, cone
centration and digtridbution, is expoocted to influence the

mechanicalpropertics.
2. Impuritices

Renl cryoctals contain foreign atoms ag impurities
which congtitute simple point defects. Becausc of limito-
tions in the purification of chemical subctonces, the
crystals grown from salts inherently contain impurities.
Only certain technologically important substances like
Silicon are available in ultre-pure form and even these
have impuritics to the extent of O.1 PPm, Usually the
crystals are intentionally doped with specific impurities
to modify the properties of host crystals. However, it



is not possible to dope any impurity into any host corystal,
this teing govorned by solubility considerations. If the
charge of the impurity ion is different from the charge of
the hogot ion it replaces, then the charge compensation io
usually achieved by the formation of vocancies in tho host
lattice and honce additional defects would be introduced.
If two defocto A and B have oppositecharges and tho totte
perature is high enough such that at least one of thom is
mobile, appoociates of type AB may be formod, the A=B gpacing
being of the order of nearest - neighbour distance in the
lattico. Impuritiocs could also occupy interstitial sites
in the lattice. Interctitial atoms are somotimes mobilo

at lower temperatures, and hence the associntes in such
cagens would be formed more enpily. MHoro complox as. ociatoes
involving more than tvo siople defects ore also somotimes

obsorved,

At relatively higher impurity concentrations, preci-
pitation of impuritices occurs. Precipitation is influonced
by the conditions under which the crystals are grown and
usually takes place along the dislocations and grain

boundarios.



Je¢ Crystal Pield Effects

An jon with unfilled electron shells, like o trane
sition metal or rare earth ion, when doped ap an impurity
into a crystalline solid, is perturbed by its neighbours
in tho lattice. Thie porturbation could be approximataly
taken into account by considering the electrostatic field
set up by these neighbours, which are treated as point
charges or extended charge distributions. The crystal
field theoory and ligand fiecld thoory involve tho details
of this process. The spectral or mognotic proporties of
the roferoence ion are usually calculated in torms of o num-
ber of unknown parameters which are proportional to the
strength of the electrostatic field. The symmétry of tho
pite of the roforence ion controlo the dotails of the
calculation, Also, the numnber, dogoneracy and symmotry
typoes of cnergy levels of tho referonce ion depend sololy
on this gymmetry. In the actunl ciculation, a Hamiltonian
H for tho reference ion is first formed including a term
representing the clectrostatic field. Like the solution
of any problem in solid state physics formulated in
quantum mechanical langunge, the polution of the above
problem involves diagonalizing the Homiltonian H., Group
thooretical approach provides a simplified yot elegant



vay of doing this. Tho basis for this approach is the
existenco of oporators reflecting the symmnetry propertios
of the physical systom which leave tho Hamiltonian of the
systen invarient. Tho resulting cyometry operationo
invariably form a group.

4. Phage Transitions in Crystals

Phnpe tranpitions are highly collective phenomena
taking place simultancously in the whole medium on a
macroscopic scale, Tho intoractione between the constitu-~
ent sof the medium, which are the origin of collectivo
behaviour, are typically short-ranged. Structural phase
trarsitions (SPra) in golids involve mainly a cooporative
chonge of atomic configuration at o critienl applied
temperature (Tc) and pressure. The phage transition
phenomena near To are specified in terms of rosponso
functions. The existance of an ordor parameoteor 7 is a
common feature of mopt phase transitions. 2 ioc non-zero
below Tc and gero above it. Landau's theory predicto
to be proportionml to (Tc - 7)72 pear Tge AT =7,
Z(T) can bte discontinuous, when tho transition ip sanid

tobe of first ordor, otherwise it is of socond order,.

Anong throe dimensionnl systems, three distinct typeo

of 3PT; could occur - dipplacive, order - disorder and



distortive. A displacive transition involves the dis-
placemnent of atoms from their earlier positions leading
to a rearrengement of the structure. An order - disorder
phoase trancition is associnted with the ordering of
certain structure elemtnts which are digordered before
the trancition. Such transitions are associated with

the ordering of protons in hydrogen bonds (as in sulfaten
and cyanides) and the ordering of radicals becouse of
hinderod rototion (as in sodium nitrate). If Z and Z
represent the numdor of formula units in the upper and
lowoer temperature phases, then for o ferrodistortive
transition Z = z'. vhere as for an antiferrodistortive
trangition z' = nZ, wvhere n is an over integer. Further
sub division of structural phage transitions ag baged on
the dlelectric response of the syctem naar'Tc. An ortho-
electric transition upsunlly involves n displacement
corresponding to a rotation of o sublattice configuration
as in 5r7i045 and there is no change in dielectric susce=
ptibility near Tc’ Ferroeolectric trangition involves
the onset of a macroscopic polarization below T, through
a tranplaticn2l atomic displacemeont lending to a polar
unit cclle. A net polarigation alco oxists in the case

of an antiferrodictortive forroclectric transitions such
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as in Gd,;M00,, the systems exhibiting such a transition
being known as "improper" ferroelectrics. Antiferroelectric

structures could be represented 2s a set of two superimposed
sublattices, the sublattice polarigzations being induced by
atomic translations ap in the case of ferroelectrice.
Strain, rotational and Jahn-Teller types of transitions,
vhich are of displacive or distorntive nature, also occur

in three dimensional syctems. Jehn-Teller transitions
occur in crystals containing ions whooe electronic ground
etate is orbitally degenerate. A cooperative distortion

of the lattice is brought about by vidronic modes arising
from the coupling of electronic oxcitations with the lattice
vidbrations of the frequency. In the past decade or so,
certain crystalline solids showing a long range correlated
deviation from three dimensional lnttice periodicity have
boen found3. In these oystems o local atomic property ins
modulatod such that the wavelength of the modulation is not
an integral multiple of tho unit cell odge (i.0. # n.a).
In structurally incommensurate syctems, the local property
is an atomic position, whercasit is the electron charge
density in charge dencity wvave syctems like layered
transition metal dichalcogenidess Structurally incommen-

surate insulting crystals aroc characterized by a bagice
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lattice otructure eant a superimposed incommensurante lattice
defornntion and hence the translationzl gymmetry is lost

in cuch pystems, Atomic arrangements in com encurate and
inconrensurate crystals are schonn icnlly shown in Figelete
The tronclationnl symmetry is upsurlly recovered ty cooling
down below a new critical teamporature T.» whore a co-callod
"lock«in trancition"” takes plnco and the modulation becomes
connencurates The now unit cell paramecters would te
intogral multiples of the high tenperature formes FPhose
tranpcitione to incom.ensurate phrces could te doccerited

by a generaligzation of coft mode tleory of structural phage
traroitioncs 1n certain very cpecific low=dimencional
syotems, tr interesting phnpe trancition involving a change
in the degroe of delocalization of the electron density

appeare to take placc4.

Structural phage transitions could, of course, bo
observed ty diffraction methode. 4 variety of non-
Giffraction methods could bte effectively used to investigato
SPTQ. EFR of trangition metal ionsc used ap protes hns been
extensively used to investigete the SPTa in polids. Ceveral
as-pecto of the EPR spectrum coulec be influenced by an
SPT: the axial zero field oplittin, parameter D mny deviate
from lincarity near Tog the orientation of the principal
axes of the spin Hamiltonian may change with T acp Tc ie



Pige 1.1

/tomic arrangorent in commensurate (a) and incomnen=-
surate (b) crystals.
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approached; fluctuations in somo geometric parameter
characterizing the local structure could influecnce the
line widths; in a forroelectric transition, a change
in the dielectric constant that would occur at Tc will
cause a change in the spectral intensity.

A nucleusg is an excellent probe to investigete the
changes due to an SPT occuring in the clectric and magnetic
interoactions in the system at a miecroscopic level. TFlu-
ctuations in the oclectric field gradient, changes in the
rates of motion of molecular groups, distrotions in the
geometrical arrangement of atoms ctc., ere all brought
about by an SPT, which have & corresponding effect on tho
spin-lattice relaxation time. In the caso of crystals
conteining ions appropriate for N(R study, the structural
changes modify the electric field gradient resulting in
the modification of the H(R spectrum. In many crystals,

a group of atomp, may be bonded togother such that it
could bo treated as an independent unit, like (Zn014)2"
tetrahedra in Rb,%nCl,e. Vibrations of such a group invol-
ving various modes are obpervable in far infra-red. Tho
intensity of frequency of tho lines in the IR spectrum

may change at the trarnsition temperaturs or the lowering
of the syrmetry may cause splittings of the lines. In
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n2ny ionic crystals, the bandgap corresponds to wavelength
in the UV or near UV region and hence the changes in the
fundamental absorption edge as a function of temperature
could bc followed in an optical absorption exporiment.

A trangition from cubic to tetragonal structure, for
oxample, ray cause a slight anipotropy of tho absorption
of light when the eloctric vector is rotated from the
tetragonal axis to a direction normal to the axis,

Similor observations can te made using photoluminescnce.
The ferroelectric phase trannitions can easily be detected
by mensurement of dielectricconstant. In the ferroclectiric
phape, dieclectric hypothesis loops can be observod in
strong electric fioclds. However, it is nocessary to use
a varioty of oxperimental techniqueos to get the details

of the ferroelectric phase. Measurements of spocific hcat
and differential thermal annlyeis are algo uscd to detoct

phagse transitions in crysctals.
5. Compounds of Type A BX,

A BX, typo compounds comprisc & monovalent metal
or HHZ or an organic group (A), o divalent metal (B)
and a halogen atom (X). An attractive feanture of this
clags of compounds is the availability of a variety of
structure types and the pospibility of anion and cation
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subotitutions within related structure types. There aro
six important crystal structure categories among AZBX4
structuros, the structure 0113-32804 boing onc of them,
The basgic structure of/3-32504 typo of compounds is
characterised by the space group Prem = q;g with 2 = 4.
In A2BI4 compounds, the Bx4 group can have a planar or
a tetrahodral geomciry. Perroelectricity has been found
only in tetrahedrally coordinated hnlido ccapounds
hnving/3-32504 structure. In some of these cystems on
incommensarate phape 2ppears betwoon the high temperatwure
Paraolectric phape ond the forrcelectric phope, Addi-
tional phases right be expocted ¢o appeer if A 4o an
organic group, since 2dditional coupling exists betweon
the '.»' group and the nx4 tetrahodra. Conpnred to tho
large nuater of &2Bxa compoundg, the number of known

ferrocloctrics among them is very cnall.

Sudden interest in compounds of/3-x2504 structuroe
hapg ariscn in 1977, vhen & well defined incomxnensurato
phage wag observed in K28o04.Bh22n£&‘, szznﬂl4.
(F8,),2nC1, ond (H(CH3)‘)2 ZnCl, crosome of the com-
pounds in this category subjectod to extencive investi-
gotionn, The investigative techniques used include X-
ray diffraction, noutron scattering, Raman ccattering,
IR, IMR, NR, EPR and Differential thermal annlysic.
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6. Experimental Methods Used
6.1 Electron paranngnetic resonance (EFR)

BEFR 48 a poverful technique for studying the parte
nmagnotic impuritiocs or defacts in ionic crystals.
Bspecianlly, ions belonging to tho 3d group of the porio-
dic talle have been invectigated cxtensively. In the
crystal lattice the paramugnetic ion is oxposed to the
eloctrootatic field arising from the surrounding ione
(11gends)e The cymmetry and the intonsity of the fiold
depend on tho geometrical arrangement and the mature of
tho ligands, respectively. Some of the important inteoe
ractione involved in the splitting of levels of tho para-
wagnetic ions are the cryctal field intoraction, the inte-
raction bdetveen the electron spin cné nuclear spin of the
ion, and the interaction totween the electron spin and
nuclear erin of the ligands which arises vhen t!ec unpaired
elcctrons are not entirely locnlized on the magnetic ion
and their wave functions include orbitalgsc belonging to the
l1igands. Lxternal magnotic field roemoves the spin
degecneracy of the orbital states and the :LFR otudy eoson-
tinlly ccneiots of measuring tranpitions within the
lovest lying Zeezan lexels.

The LPR spectrum in general conciocto of several
lines resulting from various interactions within the
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paramagnetic ion and its interaction with the surroundings.
The data obtained from the analysis of the EPR spectrum
can be presented in a cornvenient form bty using what is
called the 'Spin Hamiltonian' which congists of terms
representing various interactionss The Spin Hamiltonian

formalicm employs the ccnoopt of 'effective spin' of the
ground state, S, which is obtained by equating the number
of levelp in the lowest group to (25+1). VUhen the ground
ptate is an orbvital singlet, the effective spin would
be equal to the total spin of the ion. V¥hen referred
to the principal axes (x,y,z) of the paramagmetic ion
the general ppin Hamiltonian including the ligand hypor-

fine term takes the form

H =8y ¢ ByHySy + 8,5,
+ (82 = 1/3 8(8+1)) + B(5Z = &)
+ (2/6)(83 + 8} + 83 = 1/5 s(341) (35%435-1))
+ AzIzSz + AxIxSz + Aylygy
+ @ (12173 1(101)) + @' (1B - 12)
+3 Ay 8y 13

The form of the spin Hamiltonian should reflect the

local symmetry of the paramagnetic ion. If the symmetry
is cubic, the following substitutions are to be made in

the abvove Hamiltonian 3
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8:"33“85"8
Axc%uhzah
D=0 and E =0
’ X

Q =Q =0

The substitutions relevant for axial symmetry are

&y = B4 81'%“81.
Aznﬁ Aanynn
B=0 and Q=0

An EPR study gives precise information about the
strongth and symmotry of tho crystal field, about the
paramagnetic ion, the nucleer spin of the ion, and in
favouradble cases the opins of ligande and thus cnadbles
a prediction of the local structure. The importance
of EPR in the study of phaso transitions has already

been pointed out in section I.35.

A good account of the instrumentation and the

oxperimental techniques involved in the EPR investigae

tions is given in the books by Poolos and Algerﬁ.

6.2 Pulped nuclear magnetic resonance (pulced NMR)

In radio-frequency (rf) spectroscopy typical rela~

xation times amount to milliseconds or longer, and hence
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the opins in the gystom have little time to relax, An
excess population of spins might bte built up in the
excited state, thereby slowing down the rate at which
enorgy is absorbed rosulting in saturation. As the
ratios of the probability of spontancous emission to
that of induced absorption is proportional to the bube
of the frequency, saturation occurs more roadily et
lowver froquencies., DBecause of theco condierations, NMR
reloaxation times tend to be longor than their countor-
parts in EPR. Both CW and Pulse methods exist for
investigating physical systoms containing nuclear
nagnetic dipoles. However, pulse methods have several
advantages over the CW IMR technique. In pulse methods,
tho signal is obsorved in the absence of rf field which
has a perturbirg influonce on the cpins. Thin enadles
application of high powor rf pulses without saturation
linitation, which countributes to enharcement of S/HN.
Also, oinco epin relesxation leads suitable for moasuring
relaxation tires, The relaxation times of the spin can
te detercined from the rcesponse of the cpin system to a
chosen cequence of rf pulses. Fige.l.2 shows the typical
response to the application of inverso recovery secgquence
(1m-7-T7/2)e Spoctiral information can Le derived by

Fourier iLransformation techniquos.



Pig.l.2

Typieal recponso of a phyeicol ocysten to the
application of inverse recovery seqguence (TT-T-T/2),
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In static magnotic ficld the resultant magnetic
moment ¥ aligns itocelf along the field. Thio alignment
does not occur instantaneously, but over a time period
gsevoral times longer than the spin-lattice relaxation
time Tqye A natural frequency (O, «Y H, exists at which
the magnotization absorbs energy from the oscillatory
field. The width ACOof this resonant abgsorption is
inversely provrorticnal to the spin-spin relaxation
time T?. In the case of ionic cryoctals, nucleor rela-
xation is caused mainly by the presence of paramagnetic
impurities in proportions somoetimes as cmall as o few
PPm. The saturating rf field H, induces cpin flips ot
a rate A=Y, i2/sH, vhere H ip tho linowidth. Notiomal
effects in colids can be conveniontly studied bty their
influence on gspin lattice relaxation. Such effects cre
mainly due to bindrecd motion, while they could algo
arige from spin rotation and transletional diffusion.

The thooretical and experimental aspecto of KMR
are elegently described in the books by Abrngam7 and

Parrar and Beokara.

6.3 Optical abporpticn and photoluminoscence

Opticel absorption and photolumineoconce techniques

are extonsively applied for studying impuritics and other
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lattice defects in ionic crystals. Together, these
techniques provide complote information about the
onergy levels of the defocts, and in favourable cases
the polarigation properties of absorption and omission
spectra provide information about the defect symmetry
in a direct way.

In tho crystal lattice tho impurity ions are
oxposed to the crystal field, rosulting in the splitting
of tho froe ion tormoc and optical trangitiono are obsor-
ved votvoen thuse cryoctul rield-spiit stutes. These
transitions ure intru-ionic, but scveral othor modes
of alporption are poppible in ionic crystule containing
dofectg. ihotoluminescence is oicitod by alsorption
of 1ighkt in a wavelength range which may correspond to
a transition betwecen energy levols of the localized
states of the delect responaitle for ths eanission, or
a transition bLetween the states of a poncitizer in
which cage the excitation enorgy ic later transforred to
the luminiscent ion, or o transitior between a localiged
gtate and the conduction band or a transition involving
valonce and conduction bands. Excitation spectrum,
which 48 a plot of luminesence intoneity at a particuler
A versus the wavelength of the excitation, provides

informntion concorning the atsorption of excitation
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1ight and hence supploments the rosults of the direct

aboorption nensuroment s.

The minimum detectable defoct concontration is
generally much lower in lumincscence than in abgorption
meapurcmert o, because of tho aboence of background
pignal,

The theooretical and experimental aspects of optical

9

spoctroscopy are treated in the booko by Dicke” and

D1 Bartolo'C.

6.4 Thormoluminescence

Thermoluminoscence (TL) is one of tho moot sencitive
methods for studying structural and radiation-relatod
defocts in insulators. The process involves the presence
of two bapic types of contres called the 'trapping centre'
(trap) and the 'luminescence centre'. Both the centres
are made up of an imperfection (mative defect or impurity
jon) and its surroundinge in the crystal. VWhen free
carriers are availadble in the crystal, for example during
X-irradiation, they get trapped at the trapping centres.
A carricr in a trap is in an excited stato tnd the nature
of the trapping centre is such that the carrior in tho
oxcited state cannot make a direct transition to the
ground state. Upon thermal stinulation, the trapped
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carriors are releaged into the concduction or valence
band and eventually captured either Ly luminescence
contros, or by recombination contres in clcso proximity
to the luminescenco centres. In the laotter cnse, the
energy relecaged in the recombination process is tranc-
ferred to tho lunminescence centres. The emission
occurs vhen the excited lumincscence centres make a
randiative trancition to the ground stote. The TL
procecs involving cnergy tranofer to the lumineccenco

cortres is schomntically shown in Fige 1.3

The evaluation of trap parameterp is the firgt
otjectivo of experimentation. The metcurements usuanlly
gtart with X~ orY -=irradiation of the crystal. The
crystnl ic next heated slowly at a lincar rate and the
radiation enitted is rocorded. The glow curves thuo
rccorded are used to determine trap parameters cuch 2o
energies, frequency factors, trap donenities and trancie
tion probabilities. For traps of o girglo derth, tho
ghape and peak temperaturae of the glouw peak are indepen-
dont of tho initial occupancy of the traps, if firot
ordor kinctics are involved., Sometimes two or more clow
peaks occur clcsely, resultirg ina congidrable overlap.

A thermnl cleaning tochnique is used in such caseo to
resolve the peake. In thie method, tho cryotal is firct



Fig. I.3

Schenatic diasgram of simple model for processes
including eporgy transfer occuring in thermo-
lurinescence.
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heated at a chosoen rate to a tomperature Just higher
than the temporaturo of the lowest glow peak, and then
rapidly cooled to RT, The procedure is ropented for

subsocquent glov peaks.

The identification of luminescenco contres is often
made by oltaining the spectral dependence of thermolu-
ninesconco. For this purpose, tho crystal is maintained
at o temperaturc slightly loss than the tomperature of
cach of the glow penks, and tho ecmission spoctrum io,
recorded using a fast scan, Additional information
required in the interpretation of TL resulte is usually
ottained by pnrallel LPR, c¢ptical adoorption and
photoluminesconce investigations,

6.5 Microhardnegs

Kicrohardness is one of tho most seneitive among
the mechanicnal properties of crystnlline solids. It ip
ugunlly neagured by a otatic indentation method. The
revistanco of matorials to indontation varies with thelir
elastic propertics. Since tho ultimate otructure of
polido connist of compreossidle atoms held togother by
bonding forces, changes in the nature ant extent of
bonding &s woll as defects procent in the lattice are

expocted t0 influence the elastic properties and hence
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heated at a chosen rate to a tomperature just higher
than the temperature of the lowest glovw peak, and then
rapidly cooled to RT, The procedure is repeated for

subpequent glow peaks.

The identification of luminescence centres is often
nado by ovtaining tho spectral depcendence of thermolu-
minesconco. For this purpose, the cryctal is monintained
at o temperature slightly less than the temporature of
each of the glow peaks, and tho emission pgpoctrum is,
recorded using a fast scan, Additional information
required in the intorpretation of TL results is usually
ottained by parallel LPR, cptical abdbsorption and
photolunineocence investigations.

6.5 Hicrohnrdnesgs

Microhardnens is one of tho moot sensitive awmong
the mechanical properties of crystalline solids. It ip
usually neagured by a static indentotion method. The
resictonce of materials to indentation varies with their
elastic properties. Since the ultimante structure of
polidoc consist of conmprensitle atome held togother by
bonding forces, changee in the nature an¢ extent of
bonding es woll as defocts present in the latiice are

expocted $0 influence the elastic properties and hence
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tho microhardness. In view of th so, it is most
approprinte to concidor microhardnocs as o meagure of
resistance to dislocation motion. Thip point of view
has bteon well-accopted in the litcrature. Tosistance
to tho motion of digclocations coused by tho dbonding
forceo alono io tho intrinsic hardneoso of the cryotal.
The hardnees of a high purity, gool quality and woll
anne 1 d cryoctal is sometimos called 'minimum hardnens'.
It ic woll known that various imperfocticns strongly

influence the microhardness of sirgle cryoctals.

Tre olperv ticnr esserntinlly concist of meaowd g
the slzo of indertatior marks formed on 2 guitally
praopar « curface of tle sample um or ap 101rinte load.
Yoriou wosiyno h ve becn triced for the tool used to
nake inaentoviors. Yor 2 diwmmond pyranid having sguaro
tase and with tho argle totwaeen the ficos at tho vertox

ag 136°, the microhardéness HF, is ,iven Ly

1,854 P
whore | io the lo2d used in ¢ramp and 4 is the length of

the din onal in microng.

Microhardneos io a tochnique which isincreasingly
2 plied nov a ¢ays to investirate microinhomogenitios in
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the distribution of impurities in single crystals, tho
effect of dislocation wencity on tho mochanical propere
tios of crystals, the polerity of crystallographic

planes of semiconducting compounds otce.

The book by Glagov and Vigdorovich11 treatso all

aspects of microhardness in a dotailed manner.



26

Refereonces

1. V.E. Powler, " Physics of Color Centros ", Acadenmic
Press, Rew York (1968).

2e CePe Slichter, ® Principles of Magnetic Resonance ",
Harper and Row, NHew York (1963).

3¢ R.Blinc, Physics Reports (Review section of physico
Zottern), 79, 331 (198%1).

4e Ze Iquval, f.Hi. Chance and R.l. Baughman,
JeChaa.Phys.66,5520 (1977).

5« Jdres CePs Poole, " Floctron Spin Resonanco = A
Conprohencive Troatise on Ixperimemtal Techniquosn®”,
Interscience Publichers, Inc., New York (1967).

6e ReSe Alger, " Electror Parama/motic Resonanco @
Techniques and Applications *, John Wiloy and Sono,
Inc., Low York (1968)-

Te A, Abragam, "The Principles of Hucloar Hagnetisa",
Oxford University Press (1961).

8, T.Ce Farrar and E.D. Becker, " Pulse and Fourier
Trancform I'MR", Academic Press, New York (1971).

9, G.H., Dieke, " Spootra and Enorgy lovelo of llare
Barth Ions in Crystals ", Interscience Publichero,
Ince, l'ew York (1968).

10« B. Ii Partolo, " Opticoel Interactions in Solidae ",
John Wiley nnd Sonp, Inc., New York (1968).

1. V.., Glazov and V.H.Vigdorovich, " HMicrohardnoscs
of metals and Scmiconductors ", Consultants Bureau,

Fow York (1971).



1.

2e

Je

4.

Se

6.

27

CHAPTER II

ATPARATUS AND MRBASURE IEITS
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1. FPhotolunminescence
1«1 Lomipgsion opectra

The oxporimental set up uoed for recordirg emiscion
spoctra is shoun schematically in [14e IXete Tho Cul
model 1L 103 nitrogen lasgor uscd for cxcitation consiots
of plmena colunmn, copper clad opoxy sheet, spark gap and gas
l1ino. The porspex plasma colusn encloses two aluminium
electrodos of 55 cms effoctive lengthe. A doultlo sido
conrer clad glaso cpoxy sheot 1s uscd as the eneryy
ptorns,e clement. The spark (ap io pressurized to about
2 k(,/cm2 at aor oexcitation voltage of 12.5 RV IC. Tho
exact prescure and voltoge required dopend on tho olec=-
trodo nyockng. The pulse repotetion can bo controlled
by trig crirg the spark gap uith o trigger cenorator.
The lager pulpe generated has 2 width of 10 nano seconds
wvith a poeak powaer of atout 200 | and a pulse repctetion
rate upto 50 liz. The croso-poction of the lager lLeam
is a rectan le of dimensions 5 x 15 em®. The boam woso
focuoped onto the crystel by & c lindrical lene
(2" dip nnd 75 mm focal length)e. Fluoreccence from the
crystal vas gothered in o propendiculer direction and
focussed onto the ontrance olit of = high resolution

monochromator (JOl1II YVC! model HES 2). The excitation



Pig. II.1

Bloch diagram of the set up used for reccording
omission spectra.
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lascr bonn at 337.1 za was dlocked by using ¥Yelles
Griot typo GG 335 Fw0 13541 filtor. After tho wavelen-
gth seloction, the lisht wop deotocted Ly LII 9558 (B
Photomultiplier tubo having S-20 rocpcnpe. The P.T
io0 housed in a Products for Research Ince housing
model ™ 104 k"’ which has n provision for thormoe-
eloctric 11y cooling tho photocathode to 233 K. The
8y nol -roces.in was done using o paioton counting
rvetom asse dbled from ORT.LC component urits., It
consigts of an ORT .C mocel 9301 fast pro-amplifier,
9302 2.11lifior - discriminmtor, 9315 photon counter
and 9325 "=~A convertor. The rise time of the pre=-
anglificr 4s 1.5 nsoc. reaturcs of tho 9302 include
videb.nd high gain anplifier rd an intogral vip-
crimin: tor which is a lenair , edgoe type uvhooo level
can be rdjusteod over a range from 50 oV to 1 Vo The
ORi1 BC 9315 hoton counter oent ins tuo LC 100 I
counters (4 and B), both of which n y bo indejondently
goted from an external cource. The (IT.C 9725 D=A
converter converts ary throe sclecteu corsecutivo
digits from the output of & 9315 photon courtor into an
analog voltngo. Theo annldg output of tke photon
counting system is recorded ty a Lowl tt - Packard
7132 A Y=t recorder or HP modol T0J2 X-Y rocorder.
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1.2 Imiorion lifetimes

The eoxperinental arrangement used for rocording
luninoscence decay curvesis chown in Fig. II.2.
Litrogen lnger io used ap the excitation source for
the docay measurcrertss The 1lfr cor boam wap ¢plit
into tvo perpenticuler cocponento of cquanl intencity
by urii; a team oplittor. One componant wap usod
in corj ction with a silicon II' rhotodiode (H wmodel
5082=4207) for deriving trigrer ulses for tox-car
intesrator (Irince. Appl. Res. modol 162) and occi-
lloocope (Iektronix model 475 A). [Iho circuit usod
for thic jurpose ic shoun in Fige 1I.3. [he other
conponont wags used for opticnl cxcitrtion, the ocniseion
teirg cotected by the ILD, the ou ut of which vao
»iven to either the oscilloscope Or l ox=car averager.
Yost of tho experimentc wore dore by jointeby-point
meacurcsent. Lecay curves wero alco recordod dircctly
uping & Y=t recorder. Optimipsation of varioup para=-
metoro was done bty viewing tho acca, curve on the

osocilloscopee.



Pig. 1I.2

Block diogram of the lifo-time mecpurenent set up.
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Fig. 11.3

Photodiode detector
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1«3 Tezporature variation

The cmispion spoctra were recorded ot low tenpo=-
ratures wvith a cryostat. All tho low tcmporaturoe
meagurenents were code using o homo-mnde general
purpose all stoinlesr steel optical cryoatnt: The
cryoctat ig of cold finger type with two corcontric
gold-plated phiclds nround the cold-=finger. lleasure-
ments in the range 110-300 K were mndo by winding a
heater on a portion of the cold-finger ana using a
homo-mado temperature controllor, An iron-constantan
thermocouple wao used as the soncing cloment. The
tenporature was set using a 10 turn helipot, the
eotizated rtability being + 0.5°. The block dingram

of the {erperaturo controllor ioc chown in .ig. 1I.4,
2« Opticanl Abgorption

vhinal gu UV=200s gpoctrophotor oter, oporating in
the vave length range of 200-700 mm, wng used for
optical abeorption worke [his i o« double bLeam ppectro-

photometer having ceperate sample and reforence

compartments. All the ueasuroncnic wvere mude only at

* generous gift from the Univernity of Utrocht, Lolland



Pig. 11.4

Block diagram of the temperature controller.
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rooa tenmperature. Samples of oigce 3 x 3 x 2 nma veroe
used in the prosent zonsurements. Iho oquipnent iop
fittod with a wavelength markin,, mechanicn, uvhobe
calitration wagp asgumede The lano positiono wero
determined by recording the spoctre on an expondod
ecale and using the wavelength markings on the chart.
vpectra vero rocorded both btefore ond aftor X-irradi-

ation,
3¢ Thormoluminescence

3«1 Llow curvesn

‘ige I1.5 chowp the pot up' ueed for recordirg
thernmoluninescerce glow curven., It conoiots osrentinlly
of a progr n ed heating systom anc o sensitive dotoctor
apcerbly. / temperature .rogrom er (Indotherm model 487)
capable of lincar hoatiig in the range 273 - 1273 K
and at ratec 25° and 50° per minute, & otriy and a
40 Luire chromel-tlumel thermocou le comprise tho
heatin- oystems The detector aorenbly consisto of o
photomultiplier (L1 5256 8), a high voltage power
supply, & preamplifier, a uLC amplifier ord a recorder

(HP model 7002 X-Y recorder).

¢ Availnlle in the nolid stete and Materinl Sclerce
labg, Th;rics Lepartmert, Oozmania Univereity, Hyderatad.



Fig. 11I.5

Block diagram of the set up uwved for recording
thermoluminescence glow Curves.
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Tho sample chamber is a light aluminium dbox with
tvo compartments. The top of lower compartment hng an
opening (C) at the centre with a chuttor arrangezent (&H).
The lower conpartzent (AL) conpists of a kanthal strip
heater (Ii) fitted exnctly tolow the opening (0)e Tho
THT is appropriately arrcnged within tho upper chambor
(AU)e The openirg ic covered by a glooo plate (GP) to
protect the photocathode from thercal radiation. A
szall depression (D) in the middle of the kanthal etrip
ensured a fixed position for the cample throughout theo
meapurcment, Since the thermocouple is spot welded to
tho btottom of the dopression, correcct reoading of the
sample teoperature vas enpured. The temperaturo progra=-
mmor used 4o specificnlly deeigned for thormoluminegco:ce
meagurenento. A line varying voltage reference obtained
from an electronic ramp generntor is compared with the
thermocouple emf and the error eignal ise amplified by
8 chopper anplifier of high stability. The heater
pover io proportionately cortrolled by the amplifioed
error. After the set tempernturc ic reachod, pover

to the heater is nutbmatically svitched-off.
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divided into threc dictinct parts = transmitor, proto
and recoiver. The trarc.itter is a pulged rf source
which can deliver very short, hig! p wer (upto 3 Ki)

rf pulcen, A zingle coil serien reconant circ it formo
tho prote. «ith this probto, it io poositle to tuno tho
frequoncy of operation, over the raonge 2 to 30 I lig,
uoing app oprinto rf coils. The receiver part consisto
of a :1apt roccvery pre-anplifier, o tuned noylifior,

a phage pet sitive wotoctor and a 1 v paps filtere 4
comrereinl boxecar averzger (Prircoetuen Applied [ ogsearch
modol 16?) was used for malin, mcocurc ento on tho
trancicente. The te perature co troller used for luw
temreraturo menpure erts hnp nlr acy beer diocusced

un.cr o ction 1.3.
6. . icrohardneso

Ficrohardness peaouroszcnt s were n do uclirg a
Vicker's microhardnesp tester in cor junction with o
1 L2 Universnl microccope. The indentitions were made
ty applying o 60 ga load for 10 ceconds. To otudy tho
effoct of quonching, camples were airtnined at varioup
tomperatures in tho range KT to 773 ¥ for 1 hour beforo

dropping onto a thick co peor pl-to.
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1. Summary of Results of Vork Reported on Some Systems
having /3 -sz4 Structure

AoBX, compounds having /2-125’04 structure, like
Rb,2nCl,, Rb,Znbr,, (Ki,),ZnCl, and (N(CHs),),ZnCl,
havo boen extensively investigatced in the past fow
yoars., The interest in such cozmpounds has boen the
successivo phase transitions and the forroeloctricity
which they exhibit. Though many more compounds fall
under this category, the presont sumzary is limited

to tho four coampounds mentioned nlove.

The incommensurate phage in a compound having
/3-K2804 structure wag first discovered in K,5¢0, by
IJizumi ot al by inelastic neutron pcattering. Earlioer
gtudies have shown that both Rb22n014 and Rb22n3r4
have phage soquences of normal - incommenpurate -
fefroolectric, similar to the sequence observed for
K28004. Rb22n014 hns normal phngo above 302 K (Ti)'
an incommensurate phaso between 302 and 190 K and a
ferroelectric phase below 190 K (Tc). The correcponding
temperaturece 1nJRb22nBr‘ are 346 K and 187 K. Both
these compounds exhibit incommensurate structuroco along

the c-oxis. Below T o scpontancous polarization dovelops



along tho a-axis with ¢ equal to one-third of o
of the highest tomperature phago. Prom N(WR mensure-
2 concluded that the region
where modulation ig descridbed by plano wave limit

ment s, Alcksandrova et al

(broad solitons) sproads upto 210~ 220 K 4n Rb,yZnCl, .
The soliton lattice appears below this limit, HNeutron
acattoring1 and Raman scattering3 gtudion of K28304
have revealed temperaturc dependort coft modes. Though
similar effects were observed in Raman secattering
study? of Rb,ZnBr,, the dotails are differemt. In tho
Raman scattering study of K28e04, 2 rapid increage in
the occattering intensity of soft modes was observed
as Ty is epproached fron belowe Such an increape wap
not observed for Rb22nnr4. This observation indicatos
that the mechaniem in szznﬂr4 is not an typically
displacive type as in the caso of x28304. but rather
in-botwvecn displncive and order-disorder type. liowever,
from the intensities of satellite reflections in X-ray
diffraction pattorn Gesi and Iisum15 concluded that
the ferroolectricity in szzn014 i8 induced by the
same mechaniem ag 1o found in K25o04. In tho Raman
ppectrun of RbZchlg s peaks were obgerved around

1 1

300 cm". 140 cn”' and below 100 cn” '« The peaks
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eround 300 and 140 co™' have boan nsignod to intornmal
modes of 2n014 radicals, Ko peaks were observed abtove
400 cn”', which indicates that tho ionp in ZnCl, radical
are loosely coupled., Wada ot nl? have observed two
soft modes in K25e04 by Raran scattering moasurements.
The ono observed telow the incommensurate transition
hag been apigned to the emplitude mode and the order
observed in the low toaperature comrer.surate phage to
the phace mode. In an extcension of thio work to
szzn0148. wada ot ol otsorved the amplitudo mode dut
could not detect tho phage mode above 77 K, the lovect
temperature of their measurements, FPrnncke ot n19
extonded this wvork to lower terperaturec and detoectoed

a phage mode at 72 K. Upin-lattico reclaxation moasure-

10 have demonctrated that in tho

nento by Blinc ot al
incommensurate phase of Rb22n014 the epin-lattice
relaxation rate is dominated by phagons. Rocont otudiesn
have Lrought out more phages in both Rbazncl4 ard
szanr4. From dielcctric, thormal and X-ray diffraction
neagurenent 8 Mat sunaga and Haknnurn11 concluded that

four phases exist in Hh22n614 ap followo 3
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1. T > 406 K norsal, with C = C,

II 319 K< T < 406 K paracloctric, with C = 4C,

III270 K < T ( 319 K, antiferroelectric, vwith
Cu 400

IV 2 < 270 K, forroolectric, with C = 500.

In the came gystem, Sato et n112 havo detectod from
dielectric constant measuroments o vwonk-ferroeloctric
phago over a narrov tempoeraturc range from 268.5 K to
276 h. PFrom T-ray diffraction study, Ucda ot al'>
cboerved five pheaco trarsitiors at 50,80, 108, 200
nnd 247 E in hbzznnr4. A suporcooling effect toge-
theor Jithk thermal histeresis wng obpervod at the
inconzencurate - commensurate trancition tomperature
of 20 k., The super=cooling effect hap been attri-
buted to the surface pinning of tho crystal. The
lowosot temperature trancition at 50 K is found to
dopend on the heating rate, which is presumed to be
due tc urfece pinning or tho impurity pinning. KR
moasurcnentc by Blinc ot al”' have chown the existonce
of regicrs where the modulation wave is floating.

The flosting regions co-oxiet vith othor rogions where
tho mode wave is static. Impurity phase pinning and
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a roughening of the modo wave at higher temperatures
are proposed to account for these effccts. Alckonne
drova ot al15 have observed second-order qugdrupole
shifte in the NKR opoctra of C'Rb in tho incommen
surate phnge of szzncl4 and Rb22n3r4.

Belobrova et al16

found a phage transition 4n
(nn4)22n014 at T, = 266 K by NQR technique. Belov T,
the crystal is forroeloctric with spnce group Poyen
and with the tredling of the lattice parameter along
the c-axis. Tho temperature dependence of the detailo
in the KCR gpectra around Tc has shown that the crystal

has incommensurate phase above T ..

Sawnda ot a1'?

tranpitions in (n(cq;4)22nc14 at 293, 279, 276.3, 161
and 161 K using ITA technique. Diclectric constant

observed five succensive phape

measurement s indicated ferroeolectricity along the
a-axis in the range 276.3 ond 279 K. Theo ferroeolectric
phngo transition is prosumcd to bo of incomzoncurate -
comaensurate type. Reoricntations of CH, ond n(ca3)z
vere dotected in I'MR spoctra oven ot 120 K‘a. The
doudble minima observed in the teamporature dopendenco

of recloxation time (T1) hag been attridbuted to the
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motion of 055 groups about their 03 axes and the
isotropic reorientations of the TMA ion. Tho observed
valuos for the Ty minima indicated the prosecnce of
tvo inoquivalent tetramethyl groups of equinl number.

Though the four compounds mentioned co far have
boen oxtersoively investigated, the related compound
(RH4)2ZnBr4 has roceived very 1little attention.
Infact, the first papers containing preliminary reoults
have appeanred only recently. Osaka ot 0119 have
studied the dielectric and thermnl propertiec of
(EH4)zanr4 and oboerved two phnge transitions at
216.5 and 439 K, The phase trangition at 216.5 K
is a first order phase transition and associated with
thermal hycteresis of about 11°, They have puggested
that (KH4)2ZnBr4 has o superlattice structure at room
tomporature similar to that in (HH4)2chl4. Spontancous
polarigation of 0.22,u’00u1/cm2 vag oboorved at 133 K,
Hosknlov et a120 have etudied (Mi,),ZnBr, by FQR
techniquo, and obgerved n discontinuous change of NQR
frequencies at 222,5 K with a teaperature hystercsis
of 10° A first order phape trangition ie indicated
heroce Another phose transition at~428 K and a veak
anomaly at 365 K were found by ITA technique. Pyro-

electric charge meapurements irdicated o value of
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0.2t coul/cm2 for the spontapeous polarizatior. HNQR
meaguremcnts cocem to indicato that incomsensurato phagco

is abgent in (m4)2ZnBr4.

¥e have undertaken o comprchensive study of
(!ﬂl4)22n3r4 ty a variety of phynical techniques and
the rocults obtained from photoluminescence and optical
absorption mensureunents are prescutod in thie chaper.
Such measuresents have not been reported so far on any

A,_,nx4 type compound having /3-1(,_804 gtructure.
2 Crystal Orouwth and Characterigation

Single crystals of (RH4)ZZnBr4 vere grown by alow
evaporation from aqueous solution of !IH4Br and ZnBr,
taken in stoichiometric proportion. The LR grade Zinc
Bromide produced by two different chomical firmp, namely
Thomas and Thomas (Indie) and Durgoyne (Indin) wns usod
for crystal growth., Likewviso, the Ammonium Bromido
produced by Loba Chemie Industriat Co. (India) and
Modern Chemical Corporation (Indin) wap used, Cubr,,
MnBr,e«4H,0, CoBl,.6H,0, RiCl,.6H,0, HaCl and 31013
used as dopants were of Analar grade produced by
BIH (England) or BIH (India). Doutle distilled water
wvas ugsed for preparing the solutions. Two different
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evaporation procedures were employed. In cne method
the beaker cortaining the solution wae covered with a
perforated filter paper and left at ambient tempera-
ture for evaporation. Such evaporations at ambient
teomperature wore carried out in Summer months ao well
a8 in winter months wvhen the tomporature over a 24 =
hour pariod varied in the approximate range 26 to 43°C
and 12 to 26%¢ respectively., In the second method the
beckor was kept in an oven vhose temporature vas
mainteined constant and hence the evaporation occuroed
at a conctant temperature. On different runs the oven
was mointained at 25, 30 or 35°C. Aleo, bonkers of
100, 250 ané 500 cc capacities wore used at each of
the tenperatures mentioned above. In cll at least

50 gro:th runs were mado t0o obtain crystals for the
present work. The ¢ire taken for tho crystals to
appoar obviously depends on how close the prepared
polution was to the state of supersaturation. Howovor,
the stortest time for many good single crystals to
forn simultoneously in the beaker was about 72 hours,
when the ovaporation occured at a constant tompsraturo
of 35°c. BEvaporations involving the usc of seeds woro

not tricd teczuse the crystale obtained were big enough
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for all the investigations. Good single coryotals

vere ottainod from almost all tho runs, the only
differerces being the duration of &rowth and the
nunter of isolated single crystals formed. The
crystals were allowed to grov upto a oigo of approxi-
mately J ma x 3 mz x 1,5 mm, Tho samo growth hatit
vas observed in all cases. The crystals aro cleonr,
have all the 6 faces prooisecly formed, and of good
quality. A photograph of come of the crystals obtained
is shown in Pig. 11I.Y. Crystalg woro also grown

from solution to which CuBr,, HnBr2.4H20. 0001?.6n20,
N1012.6H20. HaCl and 31013 vore ndded as dopantes.

For all the dopants, o range of concentrations viz.
Oely 05y 1.0, 2,0 and 5 by weight, was used. No
chan es wore observed in the growth habit or in any
other features wvhen dopants vere added to the starting
soclutions, In fact, identical crystals were obtained
vhether or not any dopanto wore andded, and whatever
be the conditions of evaporation, The crystals have
distinct cleavage plane perpendicular to the b-axie

as obsorved in the case of (HH4)2Zn01i1.

Various chaoracterization procecdures vere employed

to check the formation of (HH4)22zrr4 crystals.



Fig. I1f.1

Photogravh of sume of the crystels of (£H4)2ZnBr4
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Qualitative chemical analyses were made to confimm
the presence of Amronium, Bromine and Zinc in the
compound., Complete X-ray fluoreocence analysic
was carried out to estimate tho rolative numbers of

2+

Zn"" and Br ions. This annlyois also revenled the

presenco of an' ions in the lattice. The single
cryctals obtained were ground into fine powder and
X-ray powder diffractogram was recorded. The
diffractogram thus rocorded is chowr in Fige. I1I.2.
The 'd' values deduced from tho diffractogramn
togoether with those calculated from the lnttice
paramoter data available in the literature for

(HH4)2ZnBri°. are given in Table IIl.1.

Tho good
agreenont btetween the two seto of values establishes

that the crystals obtained aro thoese of (nn4)23nnr4.



Fig. III.2

¥-ray diffractogram of powdered (KH 4 ) o2nBr

4
crystals,
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Table III.t

'd' values of (HH4)2 ZnBr4 lattico

d moasured d calculated ¢
(Presort .ork) from the reported lattice
paranetors

326 Je5

2.00 1.99

1.70 1.7

1.63 1.64

141 1.41

1426 1.26

1.15 1.15

1.10 1.10

1.00 1,00
* Aehe lfOoskalov ot ale Physebtate

sol (a ) 72, K 19 ( 1982 )
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3¢1 Photoluminescence spectral measurements at room

tenperature

Tho sot up used for photoluminescence cpooctral
measurcments was cstablished as a part of the present
thesis work. For the photoluminoscence measuremnents,
@ s"mple of gige S x 3 x 1 mn? vag fixed on to the cold
finger of a stoninless steel optical cryostat, with
broad face making an angle of 45° w.r.t the direction
of the laser beam. Since the becn from the nitrogen
laser had a cross section of 15 x 5 m? ot the oxit
of the loser, a cylindrical lonn wvas used to focus
it onto the crystal. The width of the focuoged spot
was atout 1 mm. Tho emitted light wes viewed at an
angle of 90° w.r.t tho lager bean, and wvas focussed
onto the slit of the monochromator using a two-lons
comnbination. The emission spoctrum was firot nmonitorod
on the photon counter of the photon counting cystem by
manual operation to f£ix the peak pooition, Sittirng on
the peak, the position of the laper spot on tho pample
eand the oricentation and position of the collecting lenses
vere adjusted to get the nmaxinmum reoading on the digital
digplay of the photon counter., Theo discriminator level
vag then adjusted to get 2 reagonable signal to noise
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ratio. PFinally, the gnin of tho onplifier and the PHT
voltage were adjusted to get about B80% of tho maximum
deflection of the pen on the recorder, corresponding to
the threo digits on the photon counter chooon for digital
to onalog conversion., The emission opectrum wng then

recorded by using a gsuitadble scan gpeed.

Pige I1I.3 shows the photoluninescence (PL)
spectrum at room temporature (RT) of a " Pure " (crystalo
grown from golution to which no doparts were intentionally
added are referred to asc " purc ") crystal of (KE,),2nBr,.
The spectrum contains aon intence band at 630 nm and a
shoulder arocund 660 nm., The same spectrum was observed
for all tho crystals growvn by using various dopants in
tho starting solution, oxcopt HnBr4.4H20. Cryctals
groun from a solution to which 27 Hnﬂr‘.4320 wao addod
as dopant phow & very much reduced emlosion vhich could
not be rocorded. To find out the effoct of X-irradiation,
the same sample which wno used for recording the PL
spectrunm earlier, was exposed to X-rays for 20 minutes.
The crystal acquires orange colour upon X-irradiation,
The PL spectrum of the X-irradiated cryctal contains
the 6320 and 660 mn bands as before, but with very much
reduced irntensity. Also, no nev band is obgerved at R.T,



Pig. I1L.3

The Photoluminescence gpectrum of "pure” (RH4)2£nBr4
at RT 3 337.1 no excitation,
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The acquisition of orange colour by the cryctal upon
X=-irradintion, shows the formtion of colour centres.
Since tho native defects in a crystol lattice tre
influenced by therzmal treatment, it was felt worthwhile
to find out tho effects of thermal gquenchirg on the

PL spoctrum. Accordingly, an as=grown crystol was
maintained at a temperaturo of 200°C for 1 hour and
then rapidly quenched to R.T. This sample, when excited
by the lager team as before, showed feolle orange
eniosion, where ag the exicsion was intonse before the

thereal treatment.
3.2 Photolucinescence spectral mearcurexzerts at 100 K.

Photoluminescence spectra were recorded at 100 K,
by ccoling the sacple mounted on the cold finger which
vag in direct contact with liquid nitrogen. The tompe-
rature of the sample could te chsnred by controlling
the powor supplied to the heater wound on the cold
fingere The PL cpocirum of an ap-grown gaaple at 100 K
contains the 630 and 660 na tando, tut with very much
reducod irtensity as comparcd to tho spectrunm at RT.
Algo, the spectrum contains a new tand peaking at 535 nnm,
Pige 1II.4 shows the PL spectrun recorded at 100 X
of a eample which was X-irradiatod for 20 minutes. The
greon eaission tand peaking at 535 nn doninates the
spoctrun, the orange enissicn boing negligidle.



Fige. 1I1.4

Tho »hotolusainescence spectrun of a "pure"
(nn4)22nﬁr4 crystnl X-irradinted at RT for
20 minutes and recorded at 100 K,
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J¢J HNeasurcment of luminescenco lifetices

Tho cet up usged for detorninirg the lunminoccence
lifetimos at various temperatures was ectadlighed as o
part of the present thesis work. It conrists mainly
of an arransement for obtaining trigger pulses, &
box=car integrator and a high frequency oscilloscope.
The lifetimes nssociated with the enitting ionp were
doduced from the respective decay curves. The following
procedurce was employed for recordirg tho decay curves.
First an idea of the decay involved wvaeg obtained by
obgerving the decay curve on the otcilloscopo following
excitotion by the laser pulse. Tho pattern was Lhen
optimiced by ronipulating the ap-ropriate cettings.

Tho trigger and the signal input wero then given to

the boxe-car integrator. An aperture range of 10 m.secs
wag found to te appropriantsc. In the manual operation,
exponcntially averaged D.C.gigral at dolay timeso corroe-
ponding t0 5,6,7,8,10,15,29,30,40,50,60,80 and 307 of tho
aperturec range vepg meagurod vith the oscilloscope. In
the scan mode, an aperture width of 5 mano gseconds wag
chosen and the aperture range of 10 m.secs vas scannod
while recording the cxponentially averaged D.C. signal

level on 8 y=t recorder.
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A typical decay curve obtained for a "pure" cryotal
at R.T. following pulsed excitation from the nitrogen
laser is shown in Pig, IlI.5. 2ho single exponentinl
curve ottained vap arzlyoed uoin, a ctandard fitting
procedure with the help of a D,C... Computer., The
analysis yiclded o volue of 1.5 m.ococs for the lifetime.
In a systematic run, decay curves of a "pure" crystal
wore recorded at the controlled eample temperatures of
303, 271 anc 168 K. At 303 K the emission wap orange,
where ag ot 168 K it wap mostly groen. At the intermo-
dinto toxporatwre of 271 K, both the emissions were
present. Fig, I11.6 shows the decay curves recorded ot
303 K and 168 £, TCho wvalue for life time deduced from
the decay curve obtained nt 168 K is 2.3 milligecondo.

34 Optical adsorption meacurezento

Largest single crystuls (about 4x4x1 nns) that wvere
obtained in varioup growth runs were used for the optical
absorption measurements. Thin rectapgular copper stripo
just fittirg the sample and reference compartments, and
having un opening at the expected boam position were uscd
as sampleo holders. The chosen singlo crystal wap mounted
on a thick black paper having a hole of about 3 cm dia
such that the crystal covered the entire hole, ond thie



Fig. 1II.5

Luminescence decay obzervea for "pure"” (mi4)22nnr4
at RT, following excitation by & 10-rano second
pulse from nitrogen laser.
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Flge III.6

Luminascence decay olservod for "pure"” (hﬁ4)22n1r4

at 167 K (filled circles) and 303 K (open circles),
following excitatior Ly a 10«n2pno cecond pulse
frux nitrogen lasar.
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peper wes Zixed orto the copper strip. In the reforenco
compartuert, a black paper with similar holo wag uood.
The scan wnu irterruptod at 400 nn to change the source,
and the royuired balancing was automatically taken

care ofe All the mensurements werc made only nt RT,
since tho foeility for low texpernture meapurements is

not avoilable with the instrument used.

The cptical atsorption spectrum recorded uvoing
An asegrown "pure” cryctal and covering the range
200630 rr i yiver In Tig. III.( Mhe cpectrum shows
strorg czbsorptio~ irp the near U,Vs re¢ ior vith a promie
rant nteorption land At “94 ne ard a coopouite of
overlarpirg absorptior tardes in the re¢ ion 200270 na.
Sirce racdiation damnge could occur in eryectalline solido,
the "pure” cryetils vere r-irrudiste for 20 minutes,.
The cryctals '.2ve acquired oyange colour upon X-irradintion,
irdicatirs the forcation of radintiun dezage centrone
Tho optical atsorption spuctiun of the a=irradisted
crystel ic giver in Fig, i1I.8, Ao oxpected from the
orapge colour of the {rradinsted cryotal, oan intenge
newv ebpoorption tand is ceen in the visitle rogion, which
peake at 460 nn. Also, there aro changesg in the absor-
ption in %he nenr U.V. region, tands now appearing around

206, 232 and 272 mm. To tost whothor the irradiatione



P:lg. I11.7

Optical absorption spectrum of an ag-grown,
"pure® (m4)22n3r4 crystal at RT,
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Pig. 1I1.8

Opt ical. aboorption gpectrum of ar X~irradiated,
"pllt‘o" ('!1*.4)2323131'4 cryﬂtal at RI.
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produced centres responsible for the 460 nn bond could

be bleached with the Ccorresponding light, the irradiated
crystel was exposed to 460 nnm light for { hour. The
460 nm 1light was obtained from o combination of a xenon
lamp and a monochromator, and wag focussed onto the
irradiated esample. The irradiated crystal wag found to

lose the orange colour completely.

4. Reosults and Discussion

The EPR repults to bto described 4in chapter V phow

that Npo'

background impuritics. Eoth tho 630 and 660 no omiscion

lono are present in all the crystals as

tendg are agsigned to Hn?+ ions. The assignment ip taged
on the value for the life tirmo obgerved for the orange
enisccion, The obperved value of 1.5 millioeconds is
typical of Mn°' fons in crysctalline solids. The most

likely substitutional site in the QHH4)22nBr4 lattice

for Mn?* ion 1s the zn’* cite. If the (inir,)®" complox

24
is undistorted in the lattice, the symrotry of the 2n

gite would be tetraheodral. The LIR rosulto and the
microhardness results to be deccribed in chapter VI,

show that the samples used in tho prescnt investi;ationo

24
contain associated Hn2+ ions. Sone of the Mn

may be present in the interstiticl oitee. The 630 on

ions
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band is asoigned to Kn°* ione ot the Zn* sites in the
lattice and the weaker tand nround 660 nm should be
arieing from An* fors ot eites vith syzzetry lower thon
cubic. Surely, En°* ions at sitop vith different
cynnetries lead to different EPR spootra., Infact,
clearly identifiable EPk ppectra fron Hn.z+ ions in
different environxcnts hove teen oboerved in the prosomt
work (Chapter V). These spectra could only te identi-
fied in the recordings of thermally quenched crystaleg.
Unfosrtunately, thermal quoenching leads to ocuch a reduction
in the enission intonsity that it waps not possildtle to

correlate the TR and photolumincecence observations.

Patle 11I.2 showvs the absorption ard onmicsion data

of certoin Fn°'- doped single cryctals. The abporption

btands correspording to transitions from the ground ctato

to the low=lying excited states of Hn?+

in crystalline
colids occur in the visibtle and noer U.V. region. Tho
fitting of the observed bands to tho crergy lovel dlagran
determired by the strength ard sycumetry of the crystal
field to which the Hng' iong are cxpoecd, io popsibdble
only when st least tvo tande are identified. The oxcle
tation wavelength of 337.1 nn falle within the abgorption

tond peaking at 294 o, 1t is probatle that the 294 nm
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BExpericentally observed positions of absorption Rands

and the emission band of Hp2

System

* in some insulators

—

Abeorption bands
nm

Enigsion bands
nm

te ngP3 t Mn

2e KZﬁF; $ Mn
4e RaCl 1 n

S5« NoF s Un

6. MgP,eHnZ*

397
298
399

398
400

325
425

595
110

580

670 to

770 \
(brond band)
390

590

670

7600

240
610
680




band is one of the absorption bands of Hn?‘, gince tho
emission certeinly aripes from Hn?*ionn. llovevor, the
observed reduction in the intensity of the emisoion band
after X-irradiation ouggests another mechanism. The

294 nma atcorption could te attributed to an imperfection
in close proximity with.Hn?+. the emipcion aricing from
nn?* ions due to cnergy transfeor. IX-irradiation changes
the charge cstate of the ions associnted with an*iono.
Therroluminescence neagurcnente to te descridod in
Chapter IV strongly support this mechaniem. 1In addition
to the tand at 27°nm, tho abeorption spectrum (Pig.XII.8)
contains overlarping tands in theU.V.region. Cooling
the crystal ehifts the atocrption Ysrdo, resulting in
more officient oxcitation of some othor centres. Thio
explaing the reduction in intensity of the exigscion
bande at 630 ana 660 um. The appearanco of nov emission

2

band at 535 nm could be attributed to Hn *+ sons associatod

with the centres which are more efficiently oxcited

at 100 K. The ngsignment of 535 nm emiscion band to Hne*
jons ip tased on the lunincscence life tinos. Theo
luminescence decay curve at KT (Fig. 111.5) represcnts
the dynanics of centres responsible for the orango

enission, whereas the curve at 168 K ropresents the
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centres responsidle for the greon enispion, The fact
that lifotices of 1.5 and 2.3 milligeconds were observed
at the tvo temperature, vhich arc typical of nn2+ iono
in insulntors, indicates that Nn2* sons are responsidle

for thoe groen emission as well,

Tho existonce of associatod Mn°' ioms in the "pure"

crystals of (HH4)22nBr‘ used, has been known from EPR
and microhardness measurements. Additionnl doping of
Hn?+ ions might be resulting in the concentration

quenching of luminescenco, vhich oxplains tho drastic

reoduction in the ocniscsion intensity of Mn doped cryoctalo,

On the basis of the effect of opticnl bloaching,
the corrolation of optical abeorption and thermolumine-
gscence results (Chapter IV) togethor with extensive
14terature availadle on the F-like centres in oolidso,
the 460 nm obsorption tand is attributed to the formation
of F=like cemtres in (NH,),2nEr, upon J-irradistion.
Felike contres heve teen identified in peveral categories
of crycstalline solids. The P=contre end ito aggregatos
1ike the M= and R~ centres, the PT=contre and P, -cextre
4n alkali halides have been extonsively studied. Larger

ageregatos of Fe=contres form on spocisl troatment se
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EPRy ENIOR, optical abeorption, ionic-conductivity and
diolectric loss are the main physical methods omployed

in identifying and studying the propertios of those
contres. In alkaline earth oxides, the P*- and P-centros
and thoe poeosidle amnloguen 0f Me and Hecentres in alkall
halides hnve been identificd., It io the EPR technigue
vhich ployed a major role in tho identificotion of tho
P¥ecentre in nlkaline enrth oxides, sulfides and selenidoss.
The wove function of the F'=centre io highly delocanliged,
and the IlilGt gpectrum contained ovidence of intercction
with ions as far avny ap in the fifth chell. The idon-
tification of the absorption bands corresponding to the
P' and F-contros in alkaline esrth oxides cnmo much later
than the .JR ctudies. ivon then, the idorntification wne
difficult tecnunc of the prescnce of impurity bnndazs.
?he conclusive identification come from a combination

of several observations, d4ncluding & correlation with
the BEPR spectrum, thermal annealing behaviour, the offocto
of additive colcuration ard optical bleaching and Faraday
rotation. The emission band of P contre in Kg0, Cad
apd Sr0 hap been identified. Vilronic structure on both
the obeorption end emiseion dands hap teon oboerved.
Perturbad'P+ cortres involving charged defects in the



vicinity of F* certres in the lattice have also been
obaervnda4. The formation of P* cemtres in other oxiden
like 20, BeO, Al,05, T40, and D4,0, has boen cpoculatod>
A combinod study of LPR and optical absorption indicated
the formtion of two types of F-contres in BaPCl and

SrFCl cryatalsgs. X-irradiation of calcium fluorophop=-

phate, Ca,o(PO4)6§1, produced P-centres in the lottico® s
Tho ddentification was dased, ngain, on a correlation

of PR, BHICR and optical absorption ropult s, liowover,
8ll the varioety of careful met.ocurciernts and in ouch
detailo, that were required to conclusively identify

tho F~like centres in nlknli halides ancé alknline carth

oxidos are also .equired here. birco the 1PR techniquo

played a2 pajor role in identifyirg the F=-liko contros in

solids, the first requiremert is to grow crystalso of

2+

(FH4)22nBr4 without the backgrouns kn“" iono, oo that

the DL cpectra from centros othor than Hn?"' could bde

oboerved, With the crystals used in the prosert invooti-
cations, any ocuch spectru would be buried under the
intensce ﬂn?’ spectrun. Also, the aboence of an* iong
would help greatly the study of aboorption and emipoion

properties of other centres. Houwcver, we have not been

succecsful in producing such cryntals.
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1« Introduction

The role of Hn?‘ as an efficiont activator in lumi-

nescence cystems is well known'. Ionic and partially
ionic cryestals containing Mn°‘ ions are idenlly suitable
for thermoluminoscence (TL) study, since the information
required for interpreting the TL results can roadily be
obtaincd for these systems by EPR, photoluninescenco and
opt ical abeoorption tochniques. Infact, most of the
fonic crystolo studied by TL contained either ¥n°* or
certain rare carth ions as 1mpur1t1cng'5. Though Hn?*
ions surcly act as emissicn centros in TL procoss, tvo
different mechanisms of excitation have btoen propoced
4n the literature. Conversion of Hn?* to Hn3* during

2

irradinotion and the formation of oxcited Mn * 4one wvhen

the electrons are thermally roleased from the traps

0
is oncmode of excitation. Altern tively, En

* sone in
clcee proximity to primary eniooion centros can be
excited by cnergy transfer. F-contres, vhich are readily
formed in alkali halides On jrradiation, have teen found
to play & role in the TL proconaﬁ. Infact in SrPCl and
BaFEr, which are pixod crystals, two typeo of F=contres

corresponding to P~ and c1™ or Br~ vacancies have been

1nvolved7’e. Fecentros can easily be bloachod out by
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P-light, and the effect of optical bleaching on TL was
studied by Bhan and Raos. Sinco imporfections are
directly irvolved in TL process thermal trentments like

anneali: g, also offect the glow cnrvong.

No TL work has been reportod till mow on any of the
pystems belonging to thm/B-K2804 family. The present
study is oimed a2t investigating tho thormoluminescence
due to the imperfections which aro ovident from the
opticnl absorption and photoluminogocernce ctudies, oo
well as to correlate the changee occuring on optical

bleachinge.

2. Kinetics of TL

In the study of the phenomenon of TL, a knowledge
of kinetic order is essential to dotermine accurately
the trap depth. This information ic also helpful in
forming the basis for a model to explain the TL procoss.
However in many TL investigations, tho main interost

ig in the trap depth rather thar the doteraination of

kinetic order "Por Se". Tho occurance of multiple glow

curves and multiple gpectral rooponocs complicntes the

investigation of the kinotico for TL process. The

widely used method for deteroining the order of kinotico
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is based on the glcvw curve. Since the glow curves can
be easily rocorded, this method has cxperimental conve-
niences The kinetic order could also be dotermined by
obsorvirg the isothermal decay of emission.

The first quantitative aralysis of the glow curves
wap worked out by Randall and w11k1n31°. The probability

of an electron escaping from a trap is given by
P BPO O-E/n (1)

vhere P, ig the " attenmpt = to - cccnpe " frequency
(frequency factor) and B is the trap depth. Equation (1)
requires tho assumption that rotrappirg does not occur,

that P, and E are tomperature inde endent and that freed

carriors uniergo radiative transitionge

If the kinotics involved are of first order, then
scoveral npproximate methods of aralysio of glow curves
tased on oither the leading edgo, OT the trailing cdge
or tho half width of a glow ponk are availablo. The
parameters jnvolved in the analycis are ghown in

Pige. IVels If‘Ts 4s chosen then ogquation (1) londs to

the following expression for the trap depth:

2
E-Z'jﬂg (2)



Pig. IV.1

The parameters occuring 1ln the analysia of glov
curves § the glow peak shown in, typlcal for
f£irsgt order kinotics and a lincar heating rate.
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The Halperinelranner onalysis, as refined by Chon" »
gives the follo ing exprecsions for E and P_ 3
o

E = J1e52(1 - 1.582)
k'rs /T

P, = (B/1r2) oF/¥0g (4)

vhere & = (2 ua/r.) and /3 15 the heating rate of the
crystal,

Luochick's fermula as refined by Chen reado as
E = 0,976 (Kr3/s) (5)

Chen hap proposed an analysis in terms of the total
hal f-width >, which leads to tho exprossion

E "-‘-2.29 lﬂ: /00

The forpulae centioncd atove are 2ll tnged on a
very limited data corroopondirg to certain cpocific
partc of the actual glow curve, For more relinble
values of E ard P, =oTe dnta pointo nocd to be taken.
One ouch method ip due to Garlick and Gihnon‘z which

involves the initial rice of tho glow peak, Tho idenl

rethoc would, of course, involve fitting of the entiro

glow peske A grephical method of curve fitting for

67
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finding the appropriaste paramecters of first order

thermally stimulated curremt peaks has been suggest ed

by Covell and Hooda‘B. The method is aloo applicabdble

to first order TL curves. Chen and his co-workers have
given numerical curve fitting methods, involving the

use of a computer, for glow penks of first-order kine-
tics, second-order kinetics and geoneral order kinaticu14"5.

A first-ordor glow peak can be described by the expression,
T

I(T) = A oxp § -B/MT - P /s J exp (-5/u2V)ar! § (6)
To

where A constant

[ ] ]

=

the activation energy

k ¢ the Boltzman constant
T_ ¢ the initial temperature
/> ¢ the linear heating rate

Haako16 hng given the followirg solution for the intogral

in equation (6):

H 1

1 | P R n _qy0=! 5y

i exp (-E/K8')ar & T exp( E/k’l’)éi(k'f/ﬁ) (=1) (7

a
A good approximation to eguation (6) can be obtained by
using two terms of the agymptottc feries in equation (7)
and is of the fora

I(t) A exp E_-t - B exp (-t)t'e } (8)

dt = B/KT
where B = P E/3k, 8 constant an = B/
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For numerical curve fitting, equation (8) should ulti-
mately contain the paramoters derivetle from the experie-

mente. Accordingly, B is approximated ty
B & oxp (E/iP,) (B/i2.)%/(B/ix 42) (9)

where'i'8 ic the tomperature correcponding to the muximum
of the glow peak,

The ananlysic gtarts ith findii1 s an approximate value
for B frcm tho loss - detalled mothods of annlysips. This
value, together with the experimentally obtained TG'
are used for dotermining the trial value for B, which
crables the dotormination of tho value of A from (8).
These vnluos of A and B cre used for curve fitting. The
procedure would be ropeated incronenting or decrecmenting
the value ¢f E ot small enougt intorvalc. Temperaturos

in the rango of 0.9 to 1.1 Ts are gonerally used for
fitting. To determine the clononos: of fi%, the following

procedure 1o adopted: PFrom the erxperinental curve, the

intenscitien I correspondirg to 20 temperatwren (21)

covering the rongo 0.8 to 1.1 rg are noteds The norma=-

1izecd voluce (Ii)nre obtained by doviding each I4 by 18'

I1f I(Ti) are the correspondirg valuer for the computed

curvae, thon the following exprecsicn can de ucod to

deterzine tho closchoes of fit:



N
8= 2 (1) «1)? /

More reclinble would be the valuo of & emallor the value
of Se

3« Results and Discussion

Ly = grown cryetals of (1334)2211111'4 did not show
an) glov , onks Lifore X-izradiation. Fig. IVe2 phous
the depenuence of the irteusity of low peaks np a
Tuncticr Jf irradantion timo. ~ time of 2v ninutoo is
feund to 13 ¢, 84run, ard this hup been used for put-
scquclt cetgpurcuentse. FPige IVe3 vhows the glow curve
rocorded £ ninutowr after a=-irriaiation at ki and ucing

a heatir, ralec of 0.5 K/cec. ulow curves with different

rolative intensities of the t o reiks, while the penk
t omperatures remcining the came, were olgserved with
crystals grown by using different dopanto. The peak
pouitions of the bands are 356 ! and 407 Ke DBleaching
by F=light for 30 minuteg after XI-iradintion causes a
reduction in the intensity of 356 K penk.

The glow curves were analyoced bty the approximate

methods ag well ag ty curve fitting, ap detanilod in

Section 2. The vorintiors of A and B ag a function of

E obtained in the curve fitting rrocess are shown 1in

Tabloo IV.l ond IV.2. Tho complote pot of datn pointo



Pig. Iv.2

Thermoluminesconce glow curves ¢f a " pure "
(!&14)22n}3r4 crystal for various duratiors of
X~irradiation (a) 20 nin. () 60 min. (e¢) 30 min,
(d) 10 min. and (e) 5 min.
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Fig. IV.3

Thermoluminescence glow curve of a “"pure"” (m‘)zm:-,‘
erystal following X-irradiation at RT for 20 minutes;
a heating rate of 0.5 K/Sec. was used.
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Table IV.1

The values of A and B for different valuoco

of 'R' for Peak 1

™

E (ev) A B
0.97 2.87 x 10'? 4.85 x 1010
0.98 3,98 x 1017 6.86 x 10'°
0,99 5.52 x 10'? 9.69 x 1016
1,00 7.64 x 10'° 1.37 x 10'7
1.01 1,06 x 10'6 1,94 x 10'7
1.02 1.46 x 10'6 2,74 x 1017
1.03 2,03 x 10'6 3,87 x 1017
1.04 2.82 x 10'° 5.46 x 1017
1,05 3.90 x 10'6 7.7 x 10'7
1.06 5040 x 10'8 1,08 x 10'8
7.49 x 10'° 1.54 x 10'°

1.07




Table 1IV,2

12

The values of the constants A and B for different

values of *B' (ov) for Peak 2

B (ov) A B

1400 749 x 1013 1,66 x 1012
1,05 5.1 x 104 7458 x 10'?
1410 1.29 x 107 3,46 % 1016
1412 2.28 x 1012 6.33 x 10'6
1.13 3,03 z 1012 8.57 = 10'0
1014 4.0% x 1017 1416 x 10'7
145 5036 x 10'° 1,57 x 10'7
1.16 7012 x 10'? 2,12 x 1017
1417 9.47 x 10'? 2,87 x 10V7
1.18 1.26 x 1010 3,68 x 1017
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corresponding to the best fit are given in Tables IV.3
and IV.4, and a plot of these points on the experimental
curves is shown in Fig. IV.4, Table IV.5 gives the
values of S for the rango of values of B used in the
f£itting process for the first penk., Table IV.6 shows
similar values for the second peak. The higher wvalue
for S in the caoge of peak 2 could bo due to larger
overlap., The closeness of fit obgeorved shows that
first-order kineotics areapplicable to the systom undor
inveotigation. The valuos obtained for the trap depth
E and the frequency factor P, by various mothods are

given in Table IV.7.

From the EPR measurements to bo described in

chapter V, it is certain that all the crystalo contain
Mn2* fons ap background impurities. The optical absorpe
tion spectra show bands at 206, 232, 272 and 460 nm of
which tho 272 nn band has been ascribed to an imperfec-
tion other than KnZ', and the 460 nm tand to P-centres.
Dloaching of X-rayed crystals with 460 nm light reduceos
the intensity of the 460 nm absorption tand. A correo~

ponding decrease in the intenpity of the 356 K glow poak

hag also been obsorved. Theso obpervations suggest that

the 356 K glow peak originmatep fron electron-trappod



Pig. IV.4

FPitting of the glow peaks : the caleulated
points are denoted by e
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Table IV.3

Tenperature vs calculnted values of Intenpity for
the activation energy B = 1.05 ov for Poak 1

Temperature (°K) Intensity (ealculated)
350.0 17.6
350.8 18.4
35146 19.0
35204 19.7
353.2 2062
354,0 207
354.8 21.2
355.6 21.5
356.9 21.7
35702 21.65
3580 21.6
358.8 21.4
35946 21.0
360.4 20.6
361.2 19.9
36240 19.1
36248 18.2
™
3644 4.7

36542




Table 1V.4

Temperature vs calculated valuopg of intenpity
for the activation onergy 8 = 1.13 oV for penk 2.

Tenperature Intonsity (Calculatoed)
400.8 11.6
401.6 11.9
402.4 12.2
403.2 12.5
404.0 13.0
404.8 13.0
405.6 13.16
406.4 15.2
407.0 15.4
408.0 13.35
408,8 133
4096 132
410.4 131
411.2 12.9
412.0 12.6
412.8 1243
413.6 11.9
414.4 :;‘;
415.2 *

416.0 10.4




Values of S reprosenting the"goodness of £it"

Table 1IV,5
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corresponding to the chosen values of E (Peak 1)

B (eV) 8

0.97 9.8 x 10~2
0.98 7.8 x 10~2
0.99 3.3 x 107
1.00 2.3 x 102
1.01 2.1 x 1072
1,02 1.4 x 1072
1,03 1.2 x 1072
1.04 1.2 x 1072
1.05 .1 x 1072
1,06 1.4 x 10~2
i 2.0 x 1072




Tadble 1IV.6

Values of § representing tho"goodnoss of f£it*,
corresponding to the chosen values of 5 (Peak 2)

B (ov) - 8

1.00 5.8 x 10™2
1.0% 3.8 x 10™2
1,10 2.2 x 10~°
1412 2.1 x 1072
113 1.8 x 1072
1.14 1.9 x 107
1,15 2.0 x 1072
1.6 2.2 x 1072
‘17 2.8 x 1072

1.18 Jel X 10-2
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anion vacancies. Bhan and Rn06

have attributed two glow
peaks obeerved in NoP:Mn®* to thormnl decay of P-centros,
sinco those peaks diminished on optical dloaching. The
glow peak at 407 K arises from detrapping of electrons

from imperfection othor than Mn°' ions.

Information concerning the luminescence contres
is upunlly obtainocd from the TL emission gpoctrum. Our
offorts to record the TL emission gpectrum were not
fruitful. Howaever, in dark a faint orange light weas
observed with naked oye as the irradiated crystal was

2+

gradually heated, suggesting that Mn" " ions act as

3+

luminesconce contres. Since stablo Kn contrep are

unlikely to form in ionic crystals doped with ¥n?* 1on06.
the possidbility of a change in the valence stato of Mn
jons during irradiation and TL process is ruled out.
However, cnergy tranfer to Mn?+ ions as activators from
pripary cmission contres is pospitlo. Thoe oemiosion
arises from an+ ions presumably when electrons froed in
the hoating process recombine with holes on the primary
emission centres, ond the liberated enorgy transferred
to Hn2' ions acting ap activators., The firgt order
kinetics observed for both the glow poaks indicate that

2

the primary emission centres end the Mn“' iono are close



enough to behave as a coupled pair, which is also an
essential requirement for energy transfer. Such a
mechanism has been proposed earlier by Laitano and
I-!artinelli” to explain TL results in the case of
Caso4znn?+ and L123407:Hn?+, and by de Murcia et a15
in GdFasﬂuJ It 18 interesting to note the proposition
of de Murcia et a2l that in chz. the energy transferred
to luminescence centres arises from interstitital 70

ions., Mariani and Alvarez Rivaa18

also involved the
inter-stitial halogens to explain the TL process in
KI, KBr, NaCl and NaF., In systems like SrCl,, oH°
radicals are presumed to be involved in the TL
mechanism®. To check this possibility, we have
recorded the IR spectrum of a " pure " crystal in the
range 600 - 4000 cm"1 which contains rather intenso

OH™ band.

A variety of cemtres involving vacancies,
vacancy pairs and lerger aggregetes, impurities at
lattice sites and at interstitial positions, associated
impurity - vacancy complexes etc could form in crysta-
11ine solids. Extensive measurements using a variety
o? physical methods are generally required to conclu=-
sively identify the centres. The crystals used in the



present investigations obviously contain more than two
types of imperfections. EPR is among tho most useful

techniques in the identification of such imperfections
whenever they are paramagmetic, dbut in the present case
ve are handicapped by the over present spoctra from an"'
ions. Changes in the relative intencities of tho glow

o+ 2+ and

poaks observed fcr crystals grown using Co“ , Ri

Cn2+ ag dopants suggest that native defects are involved.
With a hope to influence these defects in a definite

way, we have grown cryctals using 1313" and Ka' as dopant g,
However, what we were hoping for d4id not happon. Obviously

B1>* erd Na' sons have not entered the lattice.
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1« Introduction

Electron paramegnetic resonance has been exten-
cively used aa a tool to study the structural phase
transitions in crystals. RPR of Pe3+ doped as a
probe into perovekites like Sr?ios provided consi-
deradble information about phage transitions, including
the observation of devintion from menn field theory
for an 4PQ in o solid's The EPH of Pe>' doped into
K32P04(REP) cnabled & detaiied investigntion of the
forroeloctric phapse transition in hDPz. In the EPR
spectrun of er*in triglycine sulfate, which io a
hydrogen bonded ferroelectric, the splittings of the
lines were observed to foliow a (Tcp.r)yz dependonce
near To indicating that the local geometry followoed
the nean {ield thoory and is perhdps related to tho

3

displacive order paramoter”. Cr3+ hns been used as

an EPl prote to study phase transiticns in many alume?,

EPR technique is alpo ugoful in the investigation
of incomnmensurate phapges in solids. Since incommene
surate systems do not possess the translational lattice
periodicity, thero ie an cogeitially infinite number
of paramagnetic sites which contridbute to the magnetioc
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resonance spectrum, One thus expects to see a quagl-
continuous distridbution of resonance frequencies
instead of sherp lines as in comrensurate crystals,
Bhat ot a1’ have recontly studied the phase changes
in (3(033)4)22n014 by EPR usning Kn?* ions as probes.
The observations covered the paraeclectric (P),
incommensurate (1), and ferroelectric (f) phopes. A
single EPR line in the P phase broadenecd, split and
shifted progrossively aps the crystal was cooled into
and through the I phasc.

In solidp involving a molecular group like
Hﬂz » Cﬁ4 or 81H4. hindred rotations of the group
take place and hence there exists o possibility for
an order - disorder transition, At low temperatures
in the ordered phase, the molecular groups have fixed
average orientations, experiencing random reorienta-
tiopns. Ap the temperature is increased, the extent
of roorientations ané the fraction of ions reorienting
at a given ingtant increase, and ot Tc the tendency
to roturn to an average fixed orientation is compen=-
gated by the thermal energy, leading to the onset
of the cooperative order = disorder process. Since

such a process directly affects the opin lattice
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relaxation timo of protons in the molecular group,
the order - disorder transitions in solids have been
extonsively studied by pulscd N RG'B. In Aomonium
compounds the an ion could rotato from one equili-
brium configuration to another, cither around a
3=f0ld or a 2=fold axiag. The potential tarrior
tobe surnounted is difforent in the two cnpes, which
should be reflectod in the plot of spin lattico
relazation tine T4yVe Ts If tho compound consisto of
crystallographically in-equivalent HBZ ions, thon
the plot of Ty ve T would contain more than one
minimn‘o. The phago transitions are reflected as
changos in tho poténtial barriers for the reoorion-
tations which in turn aro observablo in an RMR
exporimont as discornable slopo changes in the rola-

xation rotes as a function of temperature.

The (HH4)22nBr4 cryctals grown by us inherently
contain Mn2® impurities. It wns folt worthwhile to
pstudy tho paramagnetic centres in this sy¢ emy, and to
use the nn®* EPR spectra to confirm the phage tronsi-
tions and to idontify tho phascs if possidle. The
rocults of such a study together with the results

obtainod from pulsed IMR expcriments aro presented

in this chapter.



2« Recults and Discussion

2.1 EPR

Pige. V.1 shows the EPR spoctrum (specctrum I) of
an ap=-grown, ‘pure' cample for H parallel to one of
the edges of the crystale It conoists of a broad line

(AR = 450 gauss ) around g = 2, chowing that Mn°*

ions
are present in the lattice as clusters. lio new lines

were observed after X-irradiation. Fig. V.2 shows the
EPR recording for the pure cample after quenching from
523 K, It consists of spectrum I and two new spectra

( spoctrn IT and III ). The dotails of the spectra

unanbiguously show that Hn?

* jons are responsidble for
the obperved reasonances. Spectra II and III ohow
identical apgular variation patterns for rotatioms in
the ob, bo and ac planes, Within each plane, both
spoctra II and III were obsorved to repeat after 909,
and the spectra obtained for angles from 45 to 90°
were inverge of thoce obtained from O to 45°. The
angular dopendence of the spectral details indicates
that spectrum II is cubic where os cpectrum I11I has
axinol oyometrye. However, the novement of the lines

ap & function of the angle could not be followed



Fig. V.1

X-band EPR spectrum of an ae-grown, " pure -
(WH,), ZnBr, erystal.
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218. V.2

Z-bungd LPi gpectruwm of 2 " pure " (BH4)2ZnBr4
eryetnl thermally quenched froz 523 K; H parallel
to one of the edges of the crystalj recorded at F1
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Precisely, as the resolution in spectrum II ioc poor with
considerable overlap vhereas ppectrun III 4s weak, The

following are the spin Hamiltoniaen parometers ovoluated
from tho spootra 3

Spectrum II g = 2,02 + 0.01
A= 854+ 30

Spectrum IIIX 8 = 2.00 + 0,019
= 85 4+ 30
D= 400 + 30

It has not been possidle to entimete the cubic field
splitting paresneter 'e' for cpectrum II, and g, B and Dy
for spectrunm I1II,

Detniled EPR mensuremento wore carried out on the
quenched enmple over the tomperature range 110 « 473 K.
Interosting changes in the relative intencities of lines
in spectrum II wero observed around 430 K, Fige V.3
schows the BPR spectra obtained at 403 and 443 K. Figs V.4
showes the EPR spectra recorded at 218, 223 and 228 K and
Pig. V.5 shows a part of the EFR spectrum recorded in



Fig. V.3

X-band EPR spectra of & ® pure " (lm4)2ZnBr4 cryctal
thermally quonched from 523 K; H parallel to one of
tho edgen of the crystalj recorded at (a) 403 K

and (b) 443 K.
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P‘-Bo Ved

X-bapd EPR opectra 07 a " puro ® (Ii,),2nBr,
cerystal thermally quenched from 573 Kj R parallel
toonc of the edgen of the cryotal; reccorded at

(a) 228 X (b) 223 K zand (e) 218 K.
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F’.g. Va5

A part of the EPR spectrum of quenched (mi4)22nnr4
in expanded form; at (a) 223 K (b) 218 K and
(0) 213 K,
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expanded form at 213, 248 cnd 223 K. Inspite of repcated
neasurenents on the samples grown at different times and

using different dopants in the starting solution, we have
not been able to observe the nhanse transition roported

1 2
at ~ 220 K by Mosknlev ot 8l and Osaka ot 311.

Spectrun I indicatec the prosconce of Hn?+

clugtors
in ap=-grown samples. Quenching from 523 K disperses a
small froction of the Mn°' lons. Substitutionmnl NH and
an* sites ap well ms interstitial sites are available for

the dispersed mn?+

ions. Spectrum II probably arises
from Hn?+ jons subptituting for Zn.2+ jons in tetrahedral
znnri' complexes. This is supported by the changes occu-
ring ip spectrum II at ~ 430 K. A glight distortion
involving HnBrﬁ' complex would change the value of 'a’
marginally and the accompanying ghifte in line positions
could be such that the new overlappingo result in the
observed intensity changes in the spectrum. Spectrum 111
could algo arise fron an* jons at tho substitutional an+
sites, but in addition associnted with nnz ions or pome other
imperfections. It 1is difficult to propose definite models
for the centres responsidle for the obgserved spectra until

the dotailed crystal structure of (HH4)2ZnBr4 is available.
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Changes in the intemsity of coertain lines at
~ 430 K observed in the EPR spoctrum shown in Fige. V.3
indicate the occurrence of a phage transition. The
intensity of an EPR spectrum depends, apart from the
number of paramagnetic ions, on the spin-lattice
relaxation time associated with the transfer of energy
from the oxcited paramagnetic ion to the lattice modes
of the crystal. Alco, the resomance intensity is
inversely proportional to the dielectric constant of
the sample. Hence a change in the dielectric constent
which accompanies a ferroelectric phape traneition
will cauce a change in the intensity of the spectrum,
However, both the effects would lcad to intensity
changes in the entire spectrum., The obgerved intensity
changes point out that

() the phase transition observed at=430 K is likely
to be of displacive type and

(b) the phase b010u'T°:=450 K is not ferroelectric.

Also, no progreseive changes in the line widths or
positions were observed around T o which rule out the
jnvolvenent of incommensurate phase. ¥We have very caree
fully looked for the phase transition in the range

215 « 250 K, observed earlier by Hoskalev et al by
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NQR and Ogonka et a112 from dieclectric constant meaource
mento, but we have neither obgperved changes in the spin
Haniltonian parameters nor chonges in the lino widths
and intensities, A poscidle explanation for this is
provided in the next seection in conjunction with pulsed
KMR repultao.

2.2 Pulsed IR

Proton relczation measurcments wero made over the
temperature range 83 « 284 K. A glacs saumple tube of
10 mm dia filled vith dried powder obtained by crushing
single crystals, and serled under vacuum, wag used for
nengurcment s. T1 pmeagurements were made &t 20 Miz by
meacuring the intensity of the free induction decay
following the sampling pulse applied in 8 (xv- - 1T[2)
sequence. A box-car integrator wns used for signal
averaging. T1 was ottained by leost squarc fitting
the aata on a DCI computer. Meassurementn were made on
two camples grown separately under differentconditions.
Tho two sete of readings cozpare very woll within
experimental OGIrrore Pable Ve! gives the data ohtained
on one of the samples. A plot baged on theno data is
chown in Pig. V.6, Prominent in this plot ore two minimn
in the relaxation times ot 93 and 171 K, and an indication



Pig. V.6

The terperature dependenco of the proton spin=-
latt ice relozxation time T,8t 20 Flz for " pure "
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Table V.i 3

Temperature vs spin lattice relaxation time T,

Temporature °x Ty meSoc.
91.0 99.4
100.5 73¢9
104,2 78.3
106.4 101.4
107.3 159.4
109,0 260.9
110.1 273.4
110.6 246.4
111.7 210,1
113.1 169.5
144.6 144.9
115.6 130.4
117.5 115.9
121.0 98,55
124.9 82.60
135.7 47.80
140.3 34.70
147.7 21.70
157.0 11,60
161.2 10.14
165.3 124
171.0 5.7
178.4 6.66
181.8 8.26
189.6 13N
194.9 21.74
200.8 31,88

Contd. o o



Tﬁmparnturo ox T1 m, SeCe

206.1 44.99
208,3 50,72
211.4 62.31
214.4 68,11
217.7 88,40
221.4 101.45
222.7 115.94
224,2 123.18
22642 137.68
229.4 163.76
232.0 188,40
2357 231.88
2391 275.36
242.9 347.82
245.3 362434
2516 449,27
258.6 536,23
266,5 608,69
2T1.2 695.65
275.1 782.6

278.2 869.5

284.0 927.5




of a change of slope at 235 K. T4 values are observed

to be frequency dependant at lover temperatures as
.!p.dt.‘.

The ‘!‘ measurements provide direct information on
the motion of NH; ions in solids. Sudden changes in
the magnitude of f‘ as a function of temperature, or
change in the slope of 7, ve 1/T curve, are interpreted
to reflect a phage transition in the -olid‘. If a
recrientational motion of NH, ion characterized by a
correlation time 7. is the dominmant mechanism for protom

relaxation, the appropriste expression for T, 1is

2
Go-oertiw o, A 2
T £ |rart |+ 43 (1)

c

where 7 is the magnetogyric ratio,cois the Larmor
frequencgy and b is the inter-proton distance in

m‘ jon. C is equal to 27/40 or 9/20 tor motions
W.r.t S=fold or 2-fold axesj ruputl.vcu « In
equation (1) T, is governed by intra-molecular dipolar
interactions., The correlation times have an eXpo-
nential temperature dependence governed by the
Arrhenius law

7 - 72 exp ( Ba/¥T ) (2)
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vhere Ea is the activation cnergy end %c is the pre=-
exponentinl factor. Ea in equation (2) is a measure
of the hoight of the potentinl barrier among equivalent

molecular positions. Equation (1) gives a minimum 4in
T1 vhen w7 = 0.624

Todo and Tatsuraki! studied HeNH,50,.2H,0 by pulsed
NMR tochnique. A single minimum in the T, vs 1/T curve
wag obtained at 101 K, below which a steep increase in
T, was obgerved. Using equotions (1) and (2) the
authors have calculated Ea to be 1.0 and 3.5 KCal/mole
in paraelectric and ferroelectric phases, respectively.
It 18 interesting to note that though dielectric
anomnlies were observed in RnﬂH4SO4.2H20 at 101 K and
92 Ky the Ty measurements did not exhibit any anomaly
at 92 K. Thig wes attributed to a leecs violent nature

6 have performed

of the transition at 92 K., HMiller et al
T, measurcments on (HH4)2804 where in a distinct chango

in the clope of T, Vs 1/? curve wasp observed at 223 K.

The activation energies dotormined are 2.3 and 6.1 KCol/mole
in the paraeclectric and ferroelectric phase respectivelye.
Similar measurcaents by the same authors on (RH4)ZBGP4

rovenled only 8 change of slope in the T, Vs 1/T curve
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near the Curie point, Dielectric and thermal measure-
ments on (NH,),BeF, had earlicr chown a ferrooloctric
transition of second order at 173 K. The T4 measurcmont p
support tho earlier assumption of a8 less violent nature
of the trangition, Pulsed MR meacurements by Koksal
and Bahceld® on Im,Br, NH,SCH, N,M0,, (1H,),3,0q
(HH4)20r§07 and (HH4)2ce(H03)6 have shown that spin
rotational interaction contributes to"l‘1 at high
tenporatures. Accordingly, the measured values of

T4 wore fitted by 8dding 2 term representing the

cpin-rotational interaction, to equation (1).

The following genorcl conclupsions could bo made
from the recults of pulsed MR experiments on ammonium

compoundes

1) The barrier for the isotropic tumbling of rm; ion

is gencrally higher in the ferroclectric than in the
paraelectric phase. Hence the change to a ferroelectric
phase could be interpreted as generally involving a
change in the lattice structure.

2) In amsonium compounds containing protong other than
those in HBI son, phage transitions occur corresponding
to ordering of protons in bonds like H-lle«0 and O=-H-0
arising from ionic shifts.



3) Spin rotational interactions of HH: ions contribute

to T, 8t clevated temperatures.

4) The Ty vs 1/T plots gonerally oxhidit ono or more

ninimn at low temperatures.

5) The reorientation motion could be described adequa=
tely in terms of the motions of independent Eﬂz ions.
Eowever, cages exist where in the values of Tg indiecato

some long range co=operative behaviour betweon HHI ions.

HH4 group is the only NMR sengitive probe in the
present studies., Sundaranm et nl‘o. havo studied
(HH4)2Zn014 by pulsed HMR. The crystal structure of
(NH,),2001, 15 such that there arc two types of totro-
hedra RH; and ZnCli' which are connected by a not work
of hydrogen bonde. In the unit cell, there are two
types of EHI jons vhich are chemically inequivalent.
Since Fﬁz group ie the only NHR sensitive probe in
(HH4)22nc14 also, the Ty Vs 1/T plot of this compound
is expected to contain two prominent minimacorresponding
to the reorientations of tho two in-cquivalent mi; ions
in the lattice. Sundaram et al, have observed two

minima at 80 and 33.5 K which they have assigned to tho
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two in-gquivalent HHI ions. The observed values of
the two Ty minima are roasonabdle ap compared to the
expected values, Genin and O.Reillyg observed two
minion at 120 K and 172 K in the T, vs 1/T plot for
HaHH4BO4.2820. Based on the comparision of the
measured values of the two T1 ninima with those
calculated from equation (1), the two minima have
been assigned to reorientational motions of M, ions
we.r.t, the 2-fold and 3-fold axes. The values of

T, minima obtained by Sundaram ot al., Genin and
O.Reilly and 4in the present work, scaled to 20 MHZ,
are summarized in Table V.2, It is clear from the
table that the T, minimum observed at 171 K for
(KH,),2ZnBr, 1s associated with the reorientational
motion of the NH; fon in the lattice. The observed
T4(min) of 6.7 m.Sec 1s less than the corresponding
values 4in (HH4)2Zn014 and NalH,S0,.2H,0« Thic 1s due
to tho fact that the (HK4)2ZnBr4 samples used by us
inherently contained a high concentration of para-
magnetic ions leadn to faster relaxation of the protons

in the HH4 - ZTroup.

The effect of a phage transition on various
physical propertics of a solid is not always strong.



Tadble V.2

Data on T4 minima in some ammonium compounds.

Syotem Temperature Ty
(NH4)22ncl4 82 K 10.8 n gec
93 K 10.6 m soc
HQNH4m4-2320 120 K 12.4 m pec
170 K 24 B sec
(HH4)2ZnBr4 93 X 55 m gec
171 K 6.7 m soc
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It 18 not uncommon to miss a phage transition alt ogether
becauge there is no detectable offect on the chosen
physical property. The minute change in slope of the
curve in Fig. V.6 around 235 K indicates the occurrence
of a phse transition as explained earlier in thie
section, The transition temperature observed is higher
as compared to the values reported by Mosknlev et nl"
end Osaka et al'2, Table V.3, which cummarizes the
transition temperatures observed by different techniques
for systems similar to (RH4)2ZnBr4. shows that such
differonces have been observed earlier. Tho fact that
the transition is obpsarved in pulsced KMR which 1s
senoitive to moleculer motions, and not in EPR enadbles
us to remark on tho nature of the phaso transition

at 235 K., If it wero a structurcl phase transition
involving dipplaccments in ionic positions, we would
have obperved changes in the spin Hamiltoniaon parameters.
However, reoricntations of molecular groups not directly
associated with paramagnetic centres are unlikely to
have o measurable effect on the EPR opectrum. 8ince

the pulsed EMR measurements carried out by us are on

protons in tho an group, any motional changes involving
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this group would reflect in tho values of 21.

Put together, our EPR and pulsed KMR results lead
to the foliowing picture concerning phaose transitions

11X ; II Phase

H
!
235 K 430 K Tenperature

Phase II is noither ferrosleoctric nor incommensurate.
The transition at 235 K 15 unlikely to te of displacive
or distortive type, where as the transition at 430 K
is 0f displecivo or distortive type.
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1e¢ Introduction

Inmperfections strongly influence the microhardness
of single crystals. W¥hen divalent cations are doped
into an alkali halide crystal, tho isolated impurity
ions, tho impurity aggregates and the cation voacancios act
as obotacles to diclocation motion and thus lead to an
increase in microhnrdness. However, an incroaso in tho
doping concentration results in impurity precipitation
and a reduction in microhardnessc. Lekshmipathi Rao and
Hari Babu1 have shown that the microhardness is indo-

pendent of the size, shape and oriontation of precipitates

Thoe mierbhardness of alkali halide crystals contai-
ning procipitates increasecs on thermal quonchirg, Howe
ever, as to be expected, it remains constant beyond the
temporature at which the precipitates are completely
dispersed. Etching studies on as -« grown and quenchod
KCl:Ba, Srz have indicated that dislocations act as

nucleation sitees for the formation and growth of such

precipitatos.

For mixed crystnls of alkasli halidos, the microhard-

ness io found to vary nonlinearly with relative composi-

tion. Subba Rao and Hari Babu? investigated the nature
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of defects in such systemo ueing otching, ionic conduc=
tivity and dielectric loss techniques and concluded that
the mixed crystals contain a higher concentration of
dislocations, low=-angle grain boundarics and vacancies
than the end crystals. The differences in the cize of
the iono in the mixed lattice lead to local ctraine
vhich ultimately influcnce the microbardnoss.

Though considerable work has boen done on alkali
halides, microhardness measurements on crystals of ine
organic salts containing ammonium ion havo been rnro4.
As in the copge of alkali halides, doping by divalont
metal ions appears to load to an increaso in cierohnrde
ness. The information Sbtainod on such systems is $060
limited to permit any generalization, Woe have carried
out &y otematic measurements on (HH4)22nBr4 cryotalo
with a voriety of dopingso, doping concentrations and

thermal quenching, ond the ropults are presented here.
2. Roowlts and Discussion

Fige VI.! shows tho dependonce of microhardness
(HF) on the applicd load for a "pure” crystal. Hicro-
hardness decreases as the load increasos upto about

60 gms beyond which it remains constant. Pig. V1.2



FPige. VI.t

The load dependence of microhardnees for a "purg"
(HHq')zanr4 erystal.
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Pige V.2

The dependence of microhardness on MnZ* concen-

tration for (HH4)22nBr4 crystals doped with
Hn2+ ions.
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shows the dependence of microhardness on Nn?+ concen«

tration and Pig. VI.3 shows the dependence on the
quenching temperature. Fig., VI.4 ghows the EPR spec=
trum before and after quonching from 523 K, of a sample
similar to the one used for measurements shown in
Pig.V1.3.

The dependence of microhardmness on load shown in
Pig. VI.! ip similar to the trend obsorved in alkali
halides. The observation of identical curves for the
" pure " crystals as well as for crystals grown using
Fat and Dis+ as dopants leads to the conclusion that
fa* and Bi3+ ions have not gone into the latticoe. Since
the charge compensidtion requiremcnte are different for
gat, Mn®* and B1>* ions, the incorporation of those
ions would have influenced the load dependence. In
Fig. V1.2, the microhardness hag tho highest value for
the least concentration (0.5%) used. This shows that
precipitation is already taking place at 0.5% concen-
tration, and that thip trend incroases as the concen=
tration increases to 5%. This is confirmed by the
obgervations shown in Pigs. Vi.3 and Vi.4. The presence

of most of the Hn?+ ions as precipitates in the ap=-

grown crystal leads to the brond EFR sigral as in FPig.
¥I.4(a)e GQuenching disperses the Mn°* ions rosulting



Fig. V1.3

The dependence of microhardness on the quenching
temperature for (HH4)22nBr4 crystalpe.



10 | | | |
373 473 573 673 773 873 973

TEMPERATURE(K)—



Fig. Vi.4

EPR spectra of a " pure ® (HH4)2ZnBr4 crystal
before (a) and after (b) quenching from 523 K.






"

in the resolved spectrum as in Pig. VI.4(d), and
increaged microhardness in Pig. Vi.3. It is obviocus
that tho trends observed for (HH4)22nBr‘ are similar
to thoge obgerved for alkanli halides. In comparison
with observations on Kclzna.Srz. it ip concluded that
Mn®* lonms in (NH,),ZnDr, precipitate ncar the dislo-
cations during crystal growth from solution.
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