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Gels INTRODUCTION

Ammonium monoghloreo~acatato [c:wx CODNH, (abbresvmte&
am AHORY e:ystanises in two forms. Fomm I is omhammbia
#M:h ma«m graup mzlalzl Aand form 1T 4s monoelinic with space
v group c:z/a e+ ot yoom temporaturess Form If exhibited

ferroalectricity below T, = 120°K £ 1.7 « The eppearance of
ferroslactricity in AHCH ‘a:“xa its deuterated calt ND,D(CICH,C00),
(sbbreviated as AUCA} is.very interesting. Deuterc-ammonium |
dauterdun bizst{ehloro-aeatata) has 8 ferrcelectric phasa
transition ot L., = 1:30@&: Z 1.7 + Thig ghift of transition
terporature on deuteron indicates the importance of hydrogen
bonde associated with the dlimer snden in the forvoeleotric
phage transition. ]
The crystal structure of amronium hydeogen dichlopo-
acetate [ NE,H(CICH,COC) , | has been determined by Ichikaws / 2.7
with the thres-dimensicpal Xeray snalysis et room temperature
(iees in the parsslectric phasels The crystals ere mencclinie
~ with the e@é&e greup 62/@ and ceoll dimongsions are az followss
a = 10.521 &
w 11.576 &
= S.5087 &
= 319 48°
- &

© a ©

®

According to theiyr studies amwonium ion i:i.ees on o
tuc~fold asnis and makes a hydrogen bond with an oxycen atom
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frem each of six dlfforent chloroscetate rosidues. The acidic
hydrogen atom is involved in a very chort hydrogen bond O ése O =
2043240.005 B, which conhests two chloroncetate rogiducs -across

_ @ centre of syrmetry (£igure (6; 11}- This aignifies that in the

mra@lemrm vhage the c:hmmacatam radicals ml andg c&z
(Flgs (r:'n. 23) are exystallogrophically equivalent and ave
connected by a chort O~Hes+O hydrogen bond across the centre of
ayrmatyys The problem of the symmatrical OHO bond is interssting,
pince & modal of ’ar&ez-ﬁaé,mxd@r type 1s accepted in most
hydrogen-bonded ferroelectricss

The crystal stracture of the ferroelectric phasar below

120K of anCh wes aleo determinod by Ichikawa /3 7 « The

symnetry of the eryvetal changes from Cppe t0 Cg o At the -
trencition, tha two ccid redleais bectne ‘honweoplivalonts So in -
the loweterperature phesee '3.‘@: is rovealed that the mmc
anion loses its centre of symmetyy and the qiﬁotina lsi‘hes)/i' at
tha onds of tho aniens baeomé crystallographiéally
ine;quivalem: [ 37 s
. From the detelled study of mueclear quddrugele reasononce /47

it alzo follows thot sll chiorine atoms in éhia' erystel are
souivalent at soom temporsture but thore are two inaguivalent
ehlorine sites in the low tempersture phe;@a whiech ‘ﬁupp@!ta the
Seray anolysis /£ 2037 )

| hlorg the forrocloctric axes [202 | the alelectric 2
cengbants -@bsy ghe Quziceinlss 1&;#;- ‘{ai&h 2 Curisstiolrs constant 5



Fig.(6.2)

Fig.(8.1)

Fig.(6.1). Beond distances (in angsticms) and bond lengths
| in the AHCA chloroac@tate residue indicating
the dimeric structurs of AHCA eonnecting the
hydrogen bonds O-He++0 / 3.7.
cl1) c(2) of1) = 111.4°
c(1) c(2) 0(2) = 123.2°.

Flg,(6.2). Nature of the symmetric double well potential.



of 449C « The direction of the Geies»o hydfogen bond colncldes
roughly with the direction of the spontensous polarization: At
the Curie-point. sponteneous polarizetion jurps to sbout
6,05 pe/en® and veaches 0»18 pefen® at ~185°¢ /1.7 « The
discontineous cheanges in the gpontenecusy polarization and the
dialectric constant sugpest that the phase tranpition ig of |
the first crder in notuges Chihara st ale 4 7 a,lsa-poiﬁf@aﬁ
sut that the separation betwesnh the gquadiupols resonance lines
45 proportional to the spontenecus polasization which can serve
ag the order pasrmueter.

Considering the features for the transition of ADCR or
AHCA viZe

1) the transition temporature bacomes 10° higher upon
deuteration: |

1i) the spontenecus polarization is swell

141y Qifferentia) thesmal snplyeis shows that the trongition

iz gecompanied with a anall thermal andmaly over a very broad
temperature reglon

iv) the HOR doublot gpselng shows & lavge effoct of
deuteration (by a factor of 2.17), Chihara et al /4 7 suggested

the possibility of ai order-disorder or o displagive type of

mechanisme They Alse proposed that the hydrogen bond has 8
double~well mifitmum potentials ffigure (5.2)) cne desper than
the other in the low temperatura phases In the high temporsture
phase protons will see. ag also obaerved from H-ray

studies / 2+3_7» o symstric double~well minimun potentisls and
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the protons ropidly tunnel between thece minima which are
aeparatead h',' & low and close potential barrviers The mechanism
therafors: now becomos that of an order~disorder Ising snin
systans Hence the ususl prevdoespin rmodsl) / 6+7:6_7 seens to
be asplicebliae. _ : '

But £rom their (Chihara et als) recent calorimetric
studies / 5_7 Chihara ok als disrerded this possibility on the
groundn that the observed entropy iz smnall compered to tﬁe |
value of Rin2 predicted from the order=disordor models Thay
raejacted the poosibility of a double-well potentiel as the
G-+ distance (26432 ) at mm temperature iz inadecuate
for a doublo~vell potentisl approximations They elso pointed
out that the entyopy of trangition as well as the jurp c:sii the
heat capacity ds too large for a dleplacive type of trangition,

Ranan and Anfrarved spectra of AHCA and DADCA showed thet
the smmondun ions are distorted aven in the high tw@mﬁute
rhasa and the i gtortion bocomes larger mmw Té vé ?]/;

Howevers from the work of Elliott £ 97 and tarkin and
ﬁaa.k £ 10 7 we £ind that an Ieing modal dn & transverse faem'
eounlaod with pictonelattics intersctions is sulteble for
- deseribing meny kinds of phase transitions in exrystsle
assuming swall dlsplacement of ions or groups in tha lattice.
Thus it may appgar guitable to sprly the coupled pseudcé;ﬁpinﬁ
lattice model to tha prasent salts .
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The purpose of thischmpter 1 to extend the peandsscpin
. model /11 7 for the miamtian of the suomelons clolsstric
behavior of AHEA and ADCR. It has bean showm for the first
time that such a model can wery well ewplain the ﬁnmaw@
toloctric as well as ferfoplectric behavicr of thoase saltge

Ge2e THEORETICHL c::m:’mm@:s

cz:-nswartng *c,h«,?: mmmm @,}r*simc ton of tha iobtlce
- &3 z:"ai:hxso Ahe ‘s::smmm? attice counlad moide model san be written
as {seo chapd @X'IELA aﬂt’!IIIB) |

’ > Y
. -l vy

éi o ’““’QZ{(ﬁ %;L_—j -3’3_;! E g,

o VA

'-,-ev Z(gﬁ)z ;f+1*-tm 5 O

17
oo \"’ oy easeq, G} Ei:} QL @, N iVIel)
Z R % “’33 ‘5& |

- qimﬂa ﬁ, ccs;,‘,

where O is the tuoneling amquen«*ya J 53 ig te protonproton
intaractions Viq 18 the pe ol Etiion intergpetions - O and Py
are the sovmel coordinetes and the e‘s@nﬁz@am' monenta poespegtively.
o ix the phonton weve veobor with be r@/ hosoanic freduahey % and

' ﬁ\"' s ¢he fourdth order dnham, ic‘«:'ﬁa%‘@i&’ the ldttice “

vs.bme'wme without goling inte ths z’cai«adfla e the theoretical
eajcoulats tent hich hag Ezssr«n shown earlier (cheptes mra and IIB) ¢

enly the work mg b@mm ars prostnted Hokes Gea‘*%lwian of
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thermal Groents functiens like qu Q..Q» gives the ensryy
spectrum fron vhish the tesmzitios temperatuve T 15 chigined
has tho goft moda Sreguenay 8,.—>0s @iﬁ'ﬁ Ferrosisotric

)
instability condition) ~
Oz, = v Mesy ) {¥Iw2)

‘éﬂhﬂﬁgf .
g% 53, v%m& Vtwwa

Vig s T v L N " . (VIs3)
q % |

Fc q".’i‘@% Aa the contribution ﬁm the snharmonic part of the

Hamiltonisn (eouation (VI-1)) and J, 1o thé pure praton=proton

mteém&mm The static susceptibility e;a&c:u&aﬁéﬁ £romn
g A & ; 18 ) ; ” \ A . A
Kiog = = (&“% ) Loyl ) (VI~4)

£ollowa & Curle-Veiss law with Curde emsmnt,

2 }:m’ 80472 () [amtornd ,il' sl S
é‘;&..[ [t s ok ] {(VI=s)
© [@D& , anh( )]
10 equatdon (VIe8) wa Bavo pat F’{.;s R k Lo \" =

ré 7. (uhere r’ N %:BP (0:2.3) e Ky 4o the Soltwnan conpant: T ie
the absolute tamporatirs, 'nt is the tacber of feezv"% sping in
- dhs unds oell of volum ¥, » end 1 S5 tho 2ivole noment along
Cghe Ais m,t:lm af ﬁmmm@ma palarientlion. The diacloatyis
¢onctant € iz calovlioted fyom the relation.

g = 1 448X {VI=8)
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The caiculeted and chserved / 1 7 dielectrie constants:(s)

at different temporatute are shovn in figure (673), Exverimental

data of dislectric constant are fitted with the prasent theory
taling T, = 120°% /4 7 instead T, = 126°% /1 7. Later £indings
of Chihera et als / 4_7 and Chihera and Insba /57 indicste
-t,_hat the f:’z:ansit:!onl temperature should ke 120°K . Proper
temparature cermﬁiéns in the dlelectric constant data hove
aleo bean made bafere fitting with the theory. |

Gs3e RESULTS 20D mmﬁ&z@xm@

* —‘I
) Ar

Bince none 6f the model peremeters (O, v,
}mmm wi pirply Vary thase parsrotare and £it the tmnmt:im
temperature T, {equotion (VI-2}) mnd the curle constant €
iesaua’e;mn WI«..;)) for a single set of tm‘ paramsters in table
(VI.1)o For a particular velue of )L the value of 5" vecones
fived {from equation (VI-2}}: Ag our purpoca ip to £fit ¢the
experimental date of Ty and € we put & f£ized value of

70,5 = 5,00 arg ¥, caloudated for hydrogen-bonded
ferroslectric ayswnm ke :mmazmé) and Vaj:y O {for

'eﬁi'fffammt seta) te £ind 'f? . mmh@r aime 5 18 glso wnknowh

wa teke I, 0075 3 ap is tm@ for vm tvpe cryvetale L 12 7 «
It msy be coneluded from the good fitting of the
asmorimental data of Curie cm:staﬁt? tranelition terperatare
end the dlelectric constants {£igure (_6? €3}) that the poendo-
spin lottice coupled wmodta (PLCM) model is phencrenclogieally
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Peaudomspin mode) potunsters and other conotants ?ﬁ‘f@x‘
ng, (e ms@mmg AHCR  plogle éxyetal.
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Fig.(6.3). Thermal variation of the inverse dielectric

constant.

Contineous line = present th;bry;

circles « experimental.

We used T, = 120°K instead of 128°K for the

reason discussed in the text.
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epplicable for AHCA galt 1f the first suggestion of Chihara
ot ale £ 4.7 is correat, For £inding the model parsmeters
furthor olaborste IR and 'Ra;man studdca may ba Frultful. ﬁ’mm
thege studies the O+ styeching bondss as were obsssved by

. Hedzi /13 7 Ain the KDP system ean also be detecteds One plece

of evidence for the short hydrogen bondgs of coursss écomes /£ 4.7
from the IR measurements of Chihara ot als £ §_7 at 900 cm

and another at 850 cm o
uhother (900~B00) = 50 @'t ia equivelent %o the separotion
20 «» 42 the procedura of Haded /13 7 45 followsds It appeara
that Q. s very anell for AHCA écmpared Lo KDP where

« Wo cannot, howavere arcertain

- L~ 80 em 1 L1127 ¢« g 1 canaemwnw the order and the

disordeyr steotes are almost ecquivalent. That isy the gynnetrical
doublo well potentisl hill is very swell and behaves |
approximately as a single mindmum {(fiqure (6.23) which was also
p@int@r.! out by Ichikews £ 3_7 from Xersy stuév. The present
crystael iz therefore a spociel gsse whore the psende-cpln
formalian s ?mhenmnom@;iaalzy applicablo and the doublé well
p@wntiexl bahaves &8 a single-well potentis} giving the
apnweewhw low value of the observed é::’f:::opy 2690 oK =3 med, 3‘
c@mmarraﬂ to dnz »

Hoke we would like to mention that for & da@pér undak-
standing of the mechanicm of phase transition in this erystals
and for the verification of the model parancters cslculateds

| further studies,koth thecretical and esporimental (IR and Reman)



(3

163

- w4ll be highly intoresting. Frem this study with theé padudow
epin model & exdtical evaluation of the PLOM model will elss
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