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Introduction 

In the recent years the research of low-temperature properties 

of amorphous solids has played a growlng part in solid state physics. 
1 
l

.,I:IIII/l However, to date we are far away from any satisfactory understanding 

of the microscopic mechanisID causing a variety of anomalies obtained 

in therrnal, acoustic, dielectric anâ other measurements. 

Even phenomenological models fail in 'considering a large amount 

of' expe~imental results (Phillips 1981;, Fischer 198). A further ad­

vance in this direction.is rendered more difficult by the experimen­

tal fact that with increasing structural disorder the glassy behavi­

OUT of different solids gets quite similar independent of individual 

properties of the crystalline modificat~on. 

But simple disorder is not sufficient for explaining the effect. 

Consequently, investigations of an analogous behaviour of ordered 

crystalline solids are needed with facilitating the identification 

of decisive excitations. 

Glassy behaviour is well established in a variety of crystalline 

materiaIs. In particular, measurements óf ferroelectric crystals are 

important owing to advanced structural investigations and high sensi­

tivity of' the dielectric constant for low-Iying excitations (Fisch~r, 

198). The character of phase transi:ion is thought to be important 

for nature, concentration and kinetics of localized excitations. 

There are displacive type and order-disorder,type ferroélectrics 

characterized by different atrength of the potential anharmonicity 

describing the energy of atorns and dipoles rearranging at phase 

transition. 

Some displacive type ferroelectrics exhibit a high degre~ of 

structural and compositional disorder causing a diffuse phase tran­
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sition. For such relaxation ferroelectrics the glassy behaviour was 

first found for PMN (Ackerman et al. 1981), PLZT polycrystals (Fis­

cher et al. 1981) and SBN singlecrystals (Fiacher et al. 1982). Ana­

10gouB results are obtained for ceramicsPbxSr1_xTl03 
and for the quantum paraelectric &ingle crystal SrTi0 (Fischer,19&3h3 

In order-disorder type ferroelectrics the phase transition is 

caused by the condensation of a 80ft tunneling mode. In KDP-type 

crystals in the paraelectric state the protons tunnel between the 

two minima a double-well potential along the hydrogen bonds. Above 

the Curie-temperature Tc the proton motion within different bonds 

ia uncorrelated. This corresponds to a high degree of disorder in the 

proton system. At T>Tc rneasurements of thermal conductivity on 

such crystals show similar resulta as known for glasses (Suemune 1967). 

At phase transition the glasay behaviour appears to be finished. For 

T<T~ the dipolar interaction causes a lopg-range order in the proton 

system and in the lattice coupled to it. The tunneling motton of pro­

tons is localized within 'one potential minimum. However, a certain 

disorder remains due to the domain structure. Therefore it is promi­

sing to study the influence of thia kind of diso~àer on thermal and 

dielectric properties of these cryetals. 

Ex::geriment 

For meaBurement of the thermal conductivity and the dielectric 

constant monocrystalline samples with large Tc(TGS, Tca322K), inter­

mediate Tc (KDP, Tca123K) and low Tc(DLTIT, Tc = 1.8K) were chosen. 

The thermal conductivity was measured at 0.1K< T <4K by a usual 

stationary two-heater method in a 3He_4 He dilution refrigerator. 

The temperature was deterrnined by a calibrated Ge-thermometer checked 

by a ee cond one mou»ted on a sample hoLde r , The present paper deals 

with the results of thermal conductivity. The dielectric data and all 

2 

details of preparation and measuring accuracy are summarized by , 

Fischer (1983). 

Results 

For a KH P0 single crystal (6.5 x 7.J x 30 mm3 ) À was measured
2 4 

along the c-axis. In this direction the phonon propagation i8 more 

sensitive to the scattering by proton motion localized mainly in a ~ 

plane normal to the ferroelectric c-axis (He.genbarth 1980). The re­

sults are shown in fig.1. The low temperature data (T<4.2K) make a 

good extrapolation to the higher temperature data though the resulta 

are obtained for different sampleswüh unknown defect concentration 

and domai~ structure. 

,For compar1aon the results for and the calculated vari­KP2P0 4, 
ation of ;l(T) due to crystal Burface, dislocatiqns, point imper­

fections, and Urnklapp proceaBe~ are alao illuatrated. 

At T < 4.2K the results obey: 

.À 11: 1.0 • 10-2 • T2 •05 ± 0.1 (W/cmK) 

In LiTIC • H20 (LiTIT) the phase transition ia alao deter­4H406 
mined by the kinetica of proton tunneling. The Curie-temperature of 

LiT1T(T =1OK) is sh1fted to lower temperaturas by deuteration (To21.ec 
for DLiTlT,(Brezina et al.1970».Plgure 2 presents th~ tharmal oonduo­

t1Tlty resulta for a DLiTIT single orystal(2x2x15 mmJ ) at 0.1K<T~4.2K. 

The heat flow WBS along the a-direction parallel to the spontaneoua 

polarization ax1a. Again there ia a good extrapolation to the high 

temperature valuea (T > 4.2K). 

For T < 1K one obtains: 

.À :: 9.7 • 10-3 • T2•O (W/crnK). 

At Tc there ia a distinct discontinuity in slope. 

3 



À = 2.96 • 10-2 • T2•6 (W/cmK). 
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Fig.1. The thermal conductivity À 01' "a 

KH2P0 polydomain single crystal. For
4 

T > 4K resul ta are taken from (Suemune 1967). 

a) The calculated variation with the tempe­

rature of1due to phonon scattering on the 

crystal surface (G),' dislocations, 

point imperfections and Umklapp 

processes (U); 

b) and c) thermal conductivity 01' KD2P04 
and KH2P04, respectively; 

d) apecific heat, divided by T3, of a 

KH P0 aingle cryatal (La_leaa 1976).
2 4 

I~ (TGS) there ia a second-order phaae(NH2CH2COOH)3· H2S04, 
transition at Tc• 322K. The changee in dielectric propertiea by 

~euteration are negligible in comparison with the two other samples 

(Lines and Glasa 1917). Thermal conductivity was meaaured along the 

c-axia, i.e. perpendicular to the polar b-axia. The reaulta for two 

different samples are shown in fig.3. At O.lK c T <3K the firat 
, 0-"-" _ .. 

sample (0.5 x 0.7 x 30mm3) obeys: 

The small crcss section of the aample and the hi~~ absolute value of 

Jl suggest that this behaviour is due to the influence of boundary 

scattering at these temperaturas where the mean free path is of the 

order of 0.1 ••• 1 Mm. Thus, for clear deducti~n of any contribution 

from 10w-Iying excitations the boundary scattering should be elimi­

nated. So measurementa were continued for a larger sample 

(5 x 10 x 35' mm3 • sample 2). The results ahow a well-defined T
2_ 

-dependence at O.lK<T< 1K. 

Discussion 

The thermal conductivity of ~he three ferroelect~ics shows the" 

~-dependence at low temperatures sUggesting phonon aoatterinl tJp10al 

tor llas••••HowQver.tor these ainlle ory.tala th. absoluta valuea ot 

À are advanced by 2 ••• 3 ordera of magnitudes. On account of 

thia. a marlmum in). ia obtaí.ned for T ts10K known for crystala. 

Yet the value 01' À is reduced by more than two orders in com­max 
parison with the resulta expeçted by calculating the phonon Bcatter­

ing as usual for dielectric cryatals (fig.1). Above the ma~imum in 

À the UmkIapp processea (ft ..... T"exp(\I,.{·n ) do not 11mit the 

thermal conductivity in KDP and DLiTIT (Suemune 1967, Hegenbarth 1980): 

KDP: A ,..., T-1•5 at 20K'" T "' 100K 

DLiTIT: .A - T~1 at 10K<T < 30K 

Therefore. it appears unreasonable to suggest that the reduced maxi­

mum in À is due to the low-temperatures scattering process 

(T2-dependence) aIone. There is rather a second phonon scattering at 

T~Tmax other than the Umklapp processe It is obvious to identify 
·1 this acattering proceaa as a typical one causing the plateau in A 

4 5 



0w1ng to the low ~ntens1ty of th1s scatter1ng 

mechan1sm in these ferroelectr1c crysta'le, i t could not duf'Luence s1g-:" 

nificantly the elope in À(T). Th1s d1scussion in terme of glassy 

behaviour 1e confirmed by available specific '"heat and dielectr1c da­

ta. It is well-establiahed' that the spec1f1c heat of amorphous mate­

ria1a exh1b~ts a min1mum-~um bohav10ur in c/~) agalost T ril3pre­

sentat1on. Uaually th1s effect is explained by the contribution of 

low-lying localized statea (two-level systeme and E1nste1n-modes). 

These anomalies in speciíic heat are also found for KDP end TGS crys­

taIs (Lawlesa 1976). For KDP th1s ia shown ~n connect10n w1th thermal 

conductiv1ty results (fig.1). It hes been found by Ackerman et al. 

(1981) that the pook in C/T3 1s correlated with the plateau 1n A 
both for amorphous and crystalline materials. So the typical phonon 

scattering mechanism responsible for a plateau-11ke slope, if"suff1­

eently atTong (as 1n amorphous materials),for KH2P0 i8 expected 

in glasses. 

4 
around 17K. Tbis is confirmed by the above d1scussion concerning toe 

reduced .A at these temperaturea. Another 1ntereoting feature ot 

A should be p01nted out. For KDP-type crystalo it haa been found 

by SUemune (1967) that the thermal conductivity peako À in­max 
creaa~ proportionally to the fourth power of the Cur1e-temperatures 

T as~ c
 
À • 2,6 ' 10-9 , T~ (W/cm.K) (1 i.
 mox 

The present resulta show that below the peak ), obeya~ 

A .. A • T2• It ie eaey to show t bet the correlat10n can be aloo 

expressed concerning A ao A _ ~ .... T4 wi th1n the same 8CCuraCY.mox c 
In the current tunneling model (Phil11ps 1981): A ~( h., r&)-l 

( n. 1s a constant density of two-level systems andlthe coupling 

constant). It 1a known that is not very sensit1ve with1n ther 
SRme clasa of materiaIs. Thuo, eq. (1) gives a correlat10n between 

low-ly1ng, states and lattice dynamicsl n • ,yT-c
4• The analogous 

,	 -1(relationahip 1a known for amorphous so11ds with ". - T ~g 1sg 
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tlw gla~s transit10n temperature), (Raychandhur1 and Pohl 1982). Th1s 

I	 relat10n was the subject of some speculat10ns 1n the framework of 

two-level system spectra. Such a type of correlat10n 18 a1so known 

for antiferromagnetic monox1dea w1th the NaCl-type structure where 

Àmax~Tri!) (TN 1s the Neel-temperature). Suggest1ng glaosy behavi­

our end "'. ""Tii4/ 3 for theae cryste.ls w1th magnet1c ~rder. It Le 

intereeting to prove these correlations for other groups of fer~­

electrics and ferromagnet1cs. The g1880y behav10ur of order-disorder­

-type ferroelectr1cs 1s confirmed by the dielectric measurementS. 

Pigure 4 shows, for example, the var1at10n of d1s1ectric constent 

for a KDP 01ngle crystal. There 1s a dist1nct m1n1mum.in ~Elt 

Y
I" at T.	 1.5K, end the 10garitbm1c temperature dependence for T..r T1 
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Variation of AlI! with temperature for
 
a KDP single crystal. 

ia well known for glasses. For the measuring f~equency f. 1.6 kHz, 

the value of T is approximately one order of magnitude larger
min 

than that usually observed in amorphous materiaIs and other disor­

dered solids. The lineary dependence AfIe_ A, (T/T1- 1) 

(A • 2.1 • 10-4, é'(T,) = 14.7) for T>T'l is a Lso a substan­
1
 

tial feature of the universal mechanism causing glassy behaviour
 

(FiB,cmr 1983). 

Conclusions 

Measurements of thermal conduetivity, specific heat and die­

lectric constant at low temperatures show the glassy behaviour of 

order-diBorder-type ferroelectric single crystals. 

' .. Analogous results are	 known for relaxation ferroelectrics 

and quantum paraelectrics. 

~ l 

\1 

I: An analysis of thermal conduetivity data in terms of two-level 

systems gives values for n.• rI. or ". lying in the same 'range as:! 
for other diso~dered and amorphous solids (oee the Table). 

li	 .. 
u 1able. Analysis of Ther.mal Conductivity Data: 

li	 1) from (F:i3cher 1983),
 
2) from (Anthony and Anderson 1976),
 
3) from (Smith et aI. 1978)
 

l.T-2(W/cm.KJ)\l	 no.r(J/m
3) n.(J-'.m-3) 

1.0 • 10-2

;j ~P04 

DLiTIT 9.7 • 10-3
 

'I! TGS 5.8 • 10-2
 

SBN1 ) 1.0 • 10-4
 

SrTiO 1) 2.6 • 10-4
 
3
 

aro Si02 ) 1.6.10-4 
2
 

10-2...Me-P-Alumina3) 4
 

4.4 • lOS 1.2 • 1043
 

3.9 • lOS 1.1 • 1043
 

5-.5 • 104 1.5 • 1042
 

1.0 .• 108 2.8 • 1045
 

3.7 • 107 1.0 • 1045
 

2.6 • 107 7.1 • 1044
 

6.4 • 104••• 1.7 • 1042... 
•••2 • 10-4 •••1.3.101 •••3.S • 1044
 

Similar to neutron-irradiated Si02, the results obtained for a varie­

ty of crystall1ne solids emphasize the suggestion that the phyoics 

of glaeay behaviour cannot be ch8racterimed by any quantity eriterion 
,	 -4 2 as given, for example, by Ackerman et aI. (1981): (.~ ~ 10 T,a.s.oJ. 

It appeara that the sizes of glassy anomalies continiously seale down 

to zero. So any "typical" anomaly may be masked by other effects just 

like the "plateau"-scattering in order-disorder-ferroelectrice. 

Therefore a moro general	 definition of glassy behaviour ia needed 

where, besidos the existence of eertain localized exeitation spectra, 

the eorrelation of various low-~emperature phenomena is the most im­

í,
 portant and characteristic feature. It is worth emphasizing a strong
 

correlation between low-lying states and lattiee dynamics of diffe­\l . } rent cLaaaae ..; of ao Lf.de, So the glaas transi tion temperature for1
I. amorphouB aolida playa an analogous rol~ as the Curie-tempera~ure 

9
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for ferroelectrica. It ia of principal inteTeat ~hat thie corre lati­

on -ie much etronger for ferroelectric eingle crystale where the die­

order in domain etructure ia much emaller than the lattice dieorder 

in glaeaes. Thie fact limita the simple aaaumptiona (Raychaudhuri 

and Pohl 1982) in the framework of ~he uaual tunneling modele The 

reeulta suggeat that the "pure" mechaniam reaponaible for glaaay phe­

nomena ia better to recognize in ordere~ eolida. Thie ia confirmed 

by recent atatementa that topological dieorder is not sufficient for 

glaesy behaviour (Lõhneyaen et ~l. 1981, Gardner and Anderaon 1981) 

and that polymorphiam ia conducive to the creation of localized exci­

tation apectra (Wang and Merz 1976, Mon and Aahcroft' 1978). It appeara 

that we have to look at the lattice dynamica cauaing phase transiti­

ons to underatand the phyaica of low-temperature behaviour. The com­

petition of long-range and ahort-range order forcea that leada to a 

phase tranaition at a certain temperature To ia essential. One can 

argue that fluctuationa of local rearrangementB between~e two phasea 

ia the initial proceee creating low-energy excitations due to lattice 

responds in the neighbourhood. Then the probability of such dynamic 

fluctuations is determined by the long-range order, i.e. by frozen d~ 

Border. Thus, the latter plays the part of a catalyzator for the mag­

nitude of glaBsy anomalies. In thie picture ie no need to poetulate 

a low energy epectrum. The excitatione indeed occur within the ordered 

regions. Conaequently, glasay behaviour could not be Been in Bolids 

that have a etable phaae Bt alI temperatures and no p01ymorph. Th1s 

18 consiatent with thermal conductivity and apecific heat meaauremenm 

on MgO (Gardner and Anderaon 1981) and dielectric data for TlCl 

(Rolate et aI. 1976). In the case of p-alumina the initial excita­

tions are thought to be the tranaitiona of mobile ions accompanied by 

lattice reaponse. However, the equilibrium diaorder and, hence, the 

etrength of anomalies can be changed due to extrineic parameters, for 

inetance', by cooling through Tc in the presence of an electrical 

f1014. ~US, in; the limit of a Bi~le-domain Ba~ple nO,glasBY ano­

10 

mal1es can be obaerved (Villar et aI. 1981, Grimm et aI. 1984). For 

order-disorder ferroelectrics the above diecuesion can be apecified 

aa followa: the decisive excitatione are due to the proton-(deuteron) 

motion in the ü-H-O bonds. Theee can be deacribed by a 80ft tunnelmg 

mode that ia coupled to an optical lattice mode (Lines and Glaaa 1977). 

Below the Curie-temperatura the tunneling motion of photona ie nearly 

stopped. Now the long-range correlation in the proton syatem caueeaI.. 
an aeymmetric double-well poten~ial of each O-H-O bond, and the pro­. ! 
tona will oecillate within the lower minimum. However, if the corre­

lation ie incomplete due to the disorder in the domain atructure, 

the poe8ibility of local fluctuationa in the upper atate remains finite 

even far below To. Thia correeponde to a dynamic rearrangement from 

ferroelectrio to paraelectric configuration in the ehort-range order. 

Then the reaponae of the Burrounding ferroelectric matrix givea ria. 

to additional low-cnergy excitationa typical for glasay behaviour. 

A moro detailed conaideration of theae problema ie given by 

(P~er (1983) and will be publiahed elaewhere. 
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ltlHwep 3. E8-86-213 
CTeKno06pa3Hoe noaeAeHHe cerHeT03neKTpH4eCKHX MOHoKpHcTannoB 
THna nopRAoK-6ecnopRAoK npH H~3KHX TeMnepaTypax 

H3MepeHa TennonpoBoAHOCTb MOHoKpHcTannoB KH2P04, DLiTIT H TGS 8 06naCTH 
TCMnepaTYP OT O,lK AO ~I{. ÀnR Bcex o6pa3~oB HaÇjAeHa KBaApaTH4HaR TeMnepaTYP­
HaR 3aaHCltlMOCTb: À = A"T2, rne A ~ (1 ••• 6)'10-2 H/cm"K3. Yl.lHTbIBaR H3BeCTHble 
AaHH~~ YAenbHo~ TennoeMKOCTH H AH3neKTpH4eCKHx H3MepeHH~, nonY4eHH~e pe3ynb­
TaTbI MOlKHO 061>ACHHTb KaK npoaaneuae HH3KOTeMnepaTypHblX aHoManH~, xapaxrepuux 
AnA aMop<tJHblX aeurecr a , Y KpHcTannoB r ana KDP' 06HapYlKeHa CHnbHaR CBA3b MelKAY 
K03<tJ$H~HeHToM A H TeMnepaTypo~ K~PH T.e. A ~ T~. BbI~Ka3b1BaeTCR npeAnono­Tc,
lKeHHe o cy~ecTBOOaHHltl aHanorH4Ho~ KoppenR~HH ~ AnR APyrHx THnOB KpHCTanrOB. 
Iloxoxae pe ayns r e ra H3DeCTHbl AnR aMoP<PHbIX aeurecr e , rAe xapaKTepHblM nap aaerpoa 
RBnReTCR TeMnepaTypa cTeKno06pa30BaHHR T , 06paTHo nponop~HOHanbHaR nHHe~HoMJ 

BKnaAY o TennoeMKOCTb. Pe3ynbTaTbl YKa3b1B§~T Ha TO. 4TO nOAPoGHoe H3Y4eHHe 
,qHHaMHKH peweTKH, oTBe4a~ei1 aa <t>oHoBble npeapautexan , HMeeT' saxaoe 3Ha4eHHe 
AnA nognHHHoro nOHHMaHHR HH3KoTeMnepaTipHblX c3HoManHH CHnbHO Ae<t>eKTHblX B8IJ.leCTE 
H c r exon, 

Pa60Ta OblnonHeHa B na60paTopHH BblCOKHX 3HeprH~ OHRH. 

Ilpenpanr OG'benHHemrOrO JOiCTHTyra anepasrx HCCHenOBaHHií. Ilyõaa 1986 

Fischer E. E8-86-213 
Glassy Boh~vlour of Order~Dlsorder Type Ferroelectrlc 
Single CrYDtals at low Temperatures 

The tharmal conduct.lvity À of KH2P04' DLiTIT and TGS slngle crystals was 
measured In the temperature range from O. 1K to 4K. For ~11 samples À is 
quadratlc In temperature: À = A'T2 with A ~ (1 •.. ~)·10- W/cm'K3 " Taking 
into 8ccount avallable specific heat data and dielectric measurements, the 
results con be explained by glassy oehaviour. The coefficient A Is found to 
be proportlonal to T~(Tc is the Curie temperature) for KDP-type crystals. 
Analogous correlations are suggested to be true for other groups of solids. 
Similar results are known for amorphous solids where the important parameter 
is the glass transition temperature Tg and the excess speclflc heat is inver­
sely proportional to Tg• Th1s leads to the conclusion that detalled informa­
tion concerning lattice dynamics causing a phase transition is essential for 
understanding the physics of 91assy behaviour at low temperatures. 

The investigation has been performed at the la~oratory of High Energies. 
JfNR. 
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