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Abstract

An apparatus for growing single crystals from aqueous solution by the slow evapo-
ration method was constructed. Mixed crystals of K;_,(NH,)H,PO, (KADP) with
(NH;)H,PO4 (ADP) fractions of 0.021 and 0.12 were successfully grown. Their com-
position was determined by mear of e x-ray powder diffraction method. This
analysis also suggests that those «  stals are a mixture of two phases even at room
temperature. The details of the structure of the additional phase could not be deter-
mined.

The dielectric constant € of the mixed crystals as well as pure KH,PO4 (KDP) was
measured along the polar axis in the temperature range from 20 K to 300 K. The fre-
quency range of the applied electric field was from 100 Hz to 10 MHz. The data were
analyzed by means of the standard Landau theory of phase transitions with coupling
terms reflecting the interaction between the electric and eclastic degrees of freedon.
The temperature dependence of ¢ follows typical Curie-Weiss behavior in the range
of approximately 30 K above T, for all crystals studied. The value of the critical
temperature decreases with increasing ammonium ion content in agreement with pre-
viously published results. The analysis ¢ the frequency dependence of the dielectric
susceptibility clearly indicates the existen  of two dispersion processes: resonant and
relaxational. The former is at ited to the piczoelectric activity of all the crystals

studied. The latter is the result of the response of the permanent dipole moments

v



present in ferroelectric crystals to the applied electric field. In the case of mixed crys-
tals the relaxational dispersion is characterized by a distribution of relaxation times.
Its mean relaxation time as well as its v 1th increases with decreasing T. This is a
typical behavior for mixed crystals for which the two end menibers of the solid solu-
tion in their pure form undergo ferroelectric and antiferroclectric phase transitions,
respectively. This behavior is a result of competing long range interactions.

New results for the temperature dependence of the C& and C¥ clastic constants
of the crystals were obtained by means of the Brillouin spectroscopy. In addition to
that the soft acoustic mode behaviour was also studied by means of the piezoelec-
tric resonance method. Both « th 1 gave qualitatively similar results which also
correlate very well with the dielectric me¢ urements. All major differences could be
explained by assuming an inhomogeneous distribution of the ammonium ions in the
KDP matrix. The Brillouin results were also analyzed by means of the andau the-
ory. It approximates very well the temperature dependence of the Cf clastic constaut
in the paraelectric phase region all crystals studied. The measured values of C&
below T, are in general lower than those predicted by the model. The greater the
NH, content the bigger the discrepancy.

Morcover, the analysis of the temperature dependence of the CF; elastic constant
indicates the existence of a new ph :in the mixed materials. Its stability region
broadens with increasing NHy concentra m. For the crystal with the ighest am-
monium concentration studied it coincides with the dielectric plateau region between
70 K and 55 K. At temperatures below t : plateau region the Kggs(NHy)o12H2POy
sample scattered the laser light very strongly. This is most likely caused by defects
and sample inhomogeneities but annealing the sample for two hours at 400 K does

not result in any significant change.
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Should reality be something that only a
handful of the world’s most advanced
physicists understand? One would expect
at least a majority of people to understand
it. Should reality be expressible only in
symbols that require university-level
mathematics to manipulate? Should it be
something that changes from year to year
as new scientific theories are formulated?
Should it be something about which
different schools of physics can quarrel for
years with no firm resolution on either
side? If this is so then how s it fair to
imprison a person in a mental hospital for
life with no trial and no jury and no
parole for "failing to understand reality”?
By this criterion shouldn’t all but a
handful of the world’s most advanced
physicists be locked up for life? Who is
crazy here and who is sane?

Robert M. Pirsig
-LILA-



Chapter 1

Introduction

1.1 Orientational Glasses

Crystalline solids are probably the most extensively studied materials in physics.
The degree of understanding of their properties is sufficient to produce numerous
technological applications. This state of affairs is undoubtedly related to the fact that
material in that form posesses long range order, i.e their structurc can be generated
fully by indefinite repetition of certain groups of atoms, the content of a unit cell,
in three dimensions. This idea was first introduced by Abbé Haiily as carly as in
1784. Clearly the discovery of rstal pe ups by J. F. C. Hessel in 1830, an
enumeration of all 230 space groups independently by E. S. Fedorov, A. M. Schoenflies
and W. Barlow in the last decade of the nineteenth century, the discovery of X-ray
radiation by W. C. Roentgen in 1895, and an experimental confirmation of the regular
arrangement of atoms in soli by Max >n Laue in 1912, were milestones in the
development of lattice dynamics d e tr ic band theorics. They. in turn were
very successful theories explaining a large number of static and dynamic properties

of crystals.

3]















CHAPTER 1. INTRODUCTION 7

Figure 1.2: KDP unit cell. Different color spheres represent different atoms: red -

oxygen, green - potassium, blue - phosphorus, black - hydrogen.

such that the r and y axis coincide with each other in both phases. Then the point
group symbol is F4d2, the unit cell has twice the volume of the original one and its
dimensions are a = b = 10.534 A and ¢ = 6.959 A. With that choice of unit cell the
phase transition results in a small elongation of one of the sides and contraction of
the other. Also, the unit cell type stays the same in accordance with the fact that
there is no soft mode at the Brillouin zone boundary and no cell multiplication. From
the point of view of the smaller cell however, the phase transition induces a shear
deformation in the zy plane and the re lting cell becomes rhombic with the inner

angles differing from 90° by about 27 minutes of arc [14].
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small increments of r. The greyed out regions indicate the concentration range where
a ferroelectrically or antiferroelectrically ordered phase coexists with a proton glass

phase. There are two characteristic temperatures indicated on the phase diagram in

~100K - L, /

ncentration

Figure 1.3: Schematic 2-T phase diagram for K;_.(NH4),H.POy solid solution (after
[74]).

Figure 1.3. First, 1}, designates the onset of freezing. It is easily determined from
a plot of the inverse dielectric constant ws. temperature. It corresponds to the tem-
perature at which it starts to ¢ late from Curie-Weiss behavior. The temperature
derivative of € shows a minimum at that temperature. Second, Ty is the glass transi-
tion temperature, usually tak as a temperature at which the real part of € displays
a maximum value. This statement is true everywhere outside the mixed phase re-
gion where typically two max a are observed, one due to ferro- or antiferroelectric
phase transitions (taking pla in clusters of those phases) and another one at the
glass phase transition temperature. The approximate values of the two characteristic

temperatures are also indicated at the left side of Figure 1.3.











































































































































































CHAPTER 3. CRYSTAL GROWTH AND CHARACTERIZATION 71

percent mole fraction of the NHy ions w  be substituted for x. Therefore KADP1
gets replaced with KADP:2.1 1d KAL 2 - with KADP:12. Those symbols are
more convenient because they explicitly reflect the compositi 1 of the samples as

determined experimentally.






























CHAPTER 4. EXPERIMENTAL DETAILS 81

An example spectrum calculated using Equation 4.5 for a case when e incident
light consists of three wavelengths (A, A+ &X and A—4)) is shov in Figt :4.3. The
distance between two subsequent transmission maxima in frequency (or wavelength)
units is called the Free Spectral Range (FSR) and can be determined from Equations

4.3 and 4.4. The result is

c
FS =— (4.6)
2nd
where normal incidence was assumed.
T T T T T T
I -
"NQ
\~
L)
050 ” v . 10
2nnd /A

Figure 4.3: Theoretical Brillouin spectri 1 consisting of three fferent wavelengths

(F = 400).

Two other parameters are used to describe the performance of the FP interferom-

eter. Contrast, defined as the. "1of1 <imum and minimum ‘-ansmission i.e
(2)
Io 1+R\?
= mer — 14+ F = , 4.7
C + (1 — ,R) (4.7)

e
]0 min
and finesse F which is defined as a ratio of FSR to the full w h at half maximum

(FWHM) of the transmission peak and given by

Fomve _ TR (4.8)

Z 1=K













































CHAPTER 5. RESULTS AND DISCUSSION 96

25

20

—
Y

Refe] x10°
S

25

20

15

Rele] x10°

og [f]

Figure 5.3: Frequency dependence of the real part of the dielectric constant of KDP

single crystal at selected temperatures: a) just before T, b) below T..
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Figure 5.4: Inverse dielectric constant as a function of temper. 1re for KDP in the
paraelectric phase. The solid lines represent Curie-Weiss law fits ) the data sets with

the same color of the symbols.

agreement with the literature ta. Considering the complexity of the polarization
relaxation processes present in this material, and their sensitivity to the presence of
defects and impurities it will be interesti ; to see how the sub tution of NH, ions

into the crystal lattice influences its dielectric properties.

5.1.2 KADP1

Samples of the KADP:2.1 single crystal for the measurements of the temperature
dependence of the dielectric constant were also prepared in a shape of a disk of 8.0 mm
in diameter and 1.12 mm thick. Its large surface was gold pl: :d in vacuum. The
measurements were performed in Crystal hysics Division of the Institute of Physics
in Poznan, Poland. The measurements :re performed at 17 different frequencies

ranging from 100 Hz up to 1 MHz. This somewhat limited range was dictated by the
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Figure 5.5: Temperature deper ‘nce of t :real (top) and imaginary (bottom) parts

of the dielectric constant of the KADP:2 single crystal at sele :d frequencies.
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I ure 5.9: Schematic representation of the frequency dependence of the real part of the dielectric constant (top row)
an corresponding Cole-Cole diagrams (bottom row) in the case of two dispersions: resonant ( P,), and relaxational

(Py) (see text for details).
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Figure 5.11: Real and Imaginary parts of the relative dielectric ¢ 1stant as a function

of temperature for selected frequencies for the KADP:12 crystal.
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tence of regions with different elastic properties resulting in mu lower piezoelectric
resonances should not be excluded. However, this hypothesis s uld be a subject of
more detailed experimental studies and remains purely speculative at present.

In order to investigate further the dielectric properties of the KADP:12 crystal in
the temperature range above the transition temperature the plots of the temperature
dependence of the inverse of the dielectric constant were prepared. They are shown in
Figure 5.12. The two frequencies plotted are representative of the low (constant stress
region) and high (constant strain region) :quency ranges. The presence of the piezo-

electric resonances even at 6.72 MHz is obvious. For the purposes of comparison with

6 .44 1oy 120 140 100 180

Ten rature [K]

Figure 5.12: The inverse of the dielectric constant as a function of temperature for

the KADP:12 crystal.

the KADP:2.1 results reported in the previous section a Curie /eiss law was fitted
to the data in the 90 K to 120 K range. The fits are represented ; black solid lines in

Figure 5.12. The Curie-Weiss constants obtained are: (1880+30) K and (1765+30) K
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Figure 5.16: The temperature dependence of the Cgs and C); elastic constants for

KDP as determined by the Brillouin spectroscopy method.
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