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* C:Ohte.nts cf thirs Cheptet' hs$ ~en pUbli$~ in 

J., Phys. Ch SOUd State l?bysice J.~- 389 (1919) ~ 



~.on~ urn monochlt>;fO•ecate.te [ C1C'!li2coom-'] ( ~bre-.liated 
8\$ AHC~) c.cyata;t.l1J$es in two foxvns. li'Q;m :t is orl.bo.rharJ:>ic 

with apae:e group P21a1a1 .end fotm lZ ie mone.l~11nic with $pace 

v group C2/c - at xocro t&~ratu::es• Form IX exhibited 

f0melect.ricit¥. l»iO'tf '~e a tao0k £1.7 ,. 'ho er~a.t"anC$ ()f 

ferroe1ect:ri~ty 1n l\fCA aM its ~tetated. ealt Nn4:o<ClC!I2coo).~ 
( abb~.l$.ted es .. .MeA) is. veey intere$ting, D$utero-.mm1~1um 

e!eu.teriurn bi13rf(ehtoro-aeotate) hes e fa!rroelectr!c phase 

ttans1t1on t!!t TeD o 130°I~ flJ. ~!e shift otr traneit.ion · 

tempaJ:"ature on deuteron indicates the importan.ee of h1d!:09en 

bOn~s acsociattad with ·tbe &.tnar enton in 'the ter~l~t1c 

phase tt"ansit.f.on. 

The Cey$t.al attuc~\U'e Of ~ntum hyr)roqen d1ehlo~ 

~*;ate [ t~H4HtC1CH2COc) a] ba• bt9tm dete~ed by l¢hi'Jw.we £ 2.7 

~~itb the t~-dim$Jld.onal x•r.cw enalys1s t!'!t ~. t~t"atute 

(i.e. in t.he paraetectr1e ph~ee) •. ~..e e:eyet~ls ex-a monccl.f.nie 

./ with the stilaea gro~ c21c ana eell ditnonaions Qt;e llS fo110\1S• 

tA fa 10.•521 ft 

b • 11~576 St 

c .. e.se7 i 
0 13 • 1lg•49' 

ACCOrding. to t'hf1!k studies ~ntum ion 1!es on s 

~£o1d .mtts and mtSkes et. bydrcgen bortll ~~!t.~ f$n ~;en atan 



from each of a:tx different ebl.o%'0acetate neidti~a. ~e ac!tlic 

l'lfdrogen atom is !nvolvad in ave~;~ gho:tt l~rogen bond o ••• o -= 
I -

2•432.;!0• oos . R, whieh connect • two ehl¢roaeetate resieues: ,. {ae,r.)u . 
' 

e qentrl!! of ~etq < f!~~ (6• 1)) • '.rh1s a.ioni!ie$ the.~ !n the 

para~le~t:~ie pbaes the QhJotoacet$te tst!U.cals CA1 end ·CA2 
(Fig. (6(» '2_)) ·ate eeystelleg~ephiea~:ty e~vra1ent &n<l en -

conneeted. by a short o ... H•H• 1Hl hyd~en bond aCJ:Oe$ the eent~ of 

SYllll\ettlf• The- problem Of the ayrrometricai OW bond ~$ mte.t"b$t!r1i;JI 
, 

since e lt'IOdel o£ orde.r-d!aordet type i$ ac:aapted in ~$t 

hydrogan-ioondE!d fe~lect:ties. 

Tha ~stel struetut'e o~ t~ fe~!~etr!c pi~$<'9., below 

12B0 R. of AMC.t\ was also deterrn1tled . by zehi!t'at~ta .£. s .7 • The 
./ 

syrr~etry of the eryetai ehengee from c21c, to c
0 

• At the · · _ · · 

t~ena1 t!on, th0 ~;o eeid reaiea1~l-becane :-non-e~va1~nt•- so· 1n 

the 1~;-tGraperature pheu~et 1~ 1m rev$aled tba~ the ~ric 

$Ilion 1o.ee its centre of Sl!r~try and the C:hlorlne- sites!' at 

the ends of the anion, oo~ cnvsta11egra!J>bieallY 
I . 

ineqUivalent £3..7 • 
P~ t'he detailed stutly .of nuclear ~adru~l~ ~asonaru::e £47 

1t also xoJ.lows that all e'hl<!?.t!ne atoms ira this t':.tY~al ate 

equivalent at~ te.~tature bUt tbera ~r~ ~ !fteqn!valene 

chlorine sit;ae m the 1ow te.~ture phs.$& tih!eb aupports the 
. ' ' 

x•ray ~lysis £2,aJ • 
. Alon9 the ferroatoottic etX$.S [ 10~. ] the . dtolect.rlc 2 

. . / . ' . . 

aen®an-t:s cbe·y the eur.s.~ ... tve1Ss1~1 w.f.t:h a CU.t'i~~;e.f.ss ·ce!)stant /s 



CL 

0 (i) 0(2) 

F i g ~ { 6.2) 

Fig.(6.1} 

Fig.(6.l). Bond distances (in angstroms) and bond lengtb.s 

in the ~HCA chloroacet;ate r0siduc indicating 

the O.imeric structure o:!: r\HCA conn0ctit1g the 

hydrogen bonds Q-H• • •0 £ 3J. 
C(l) C(2) O(l) • lll.4° 

C(l) C(2) 0(2) 

Fig. (6.2). Nature of the sym.met:ric double "t-rell potential.. 



of 44°C .. 'I'~ di.met!on. of the O•I-I•:ti•O bydro~en bond co:!ne!&ts 

rougbly with. the direction of tht!/1 spontm«Jous pclet!ze.tt.on~ At 

-the curt~poin~, ~~eous polar1$at.1c.m j\wps t.o about 

o. os ~J.c/cn2 "raa remehes 0•18 uc/t:m2 ~t •195°¢ f 1.7 • T~ 
<l!sc:ontineou3 ehanges· in the ~t,onteneou$ pOlGt.f.~n~t!on ~ t:he 

d!.electrlc constant sugueest tbe:it t.l'.- p~ar$e tt1!lno1tion is ·of· 
' 

the fi:r~ ot-~r !n netu;te• Chil'uttf:a. "'t el• f 4 J also · point;.et! 

out: that the oeparatien be~~li!n the ~u~!i)01c t'$$otlan~e lttif.Js 

is p~oport1one1 to the ~n-t~~tit !>Olati:tation 'C>Ibich elift se.tVe 

as tt-a ol:de.r: pea.~ter. 

considering the feat.~s for the tranr.d.t!on of Atw.-~A or 

t) the ttf.nsition t$mperatute btl~~ 10° higher ur.-on 

tl~terat.i.On4 . 

!i) t:he sponteneoth:;. polattMtion itJ s.na11 

ti.U aiffel:'W£tial tbe~al td"lal'!tS1s $ho~1a that t~ tran$1 tion 

is accom,vM.tee w.f.ttb e $t~all tbe~;tnal tmomaly over a ven btoad · 

temperature region 

iV) ~he NQR QQublat epacing shews a l~e effect of 

dmuterat!on. (by a faet;oJ:t of 2.17), Chihara at al £ 4..7 SU~Q"asted 

the po$$ibility of en orde~ai50~r or a dla.plaeive type of 

mechani~ They alee propo~d that the hydrogen lxmd bas e 

/ -~~- 4oubl~-Jo11 t!!J.td.m"Jf(l potential;. (f'lgure (6 •. 2)) one deepe.!1' t'hsn 

the oth~r !n the low temperntur~ pheee.. Ira the high tempsretur:s 

phase ~)X'Otons will :,Set> ea i'Jl$0 'ob$et"Vs6 £:cQro x~ny 

$tlli!Ues f i; 3 .7• e ~tdo d¢u1!)1PW1l m1n!tm.!m r..otontiai• end. 



164 

the p:t'Qtons rapidly tunnel bet.tf~n these tutnima b1hieh aft 
separ.at.od by i$ lot'' ar.d cl.,ss- potGntial. berriero Tbe mE:ebani$!'1• 

tharefol"th now bee~~ that ef an cJ:tlePdieottiGI:' %eing $pin 

sye.rtem* t~nc:e the usual p$eud~6)1)1n ~1 £61 1#9..7 ~eema to 

he al~l!aaole. 

aut f~ thei!: (¢bihara et el.•) recent caJ.orklets:iC 

3tudie$ L SJ Cbihara efi £;11. dtat:art!ed th!s !)Ol'Sibility ® the 

g·1"0W.1de that 'th$ obse~ed entrow ts srnE9.ll competed tQ the 

value of R~n2 pied!etf.'Jd ·~J:Om -the ot"de~ieo~r ~G\l• TheY 

rejected the Pfl)ss!bilt:tr of a &:mblo•well potential ee the 

O•H•••O di~tan~ (2.433 ~) $t ~ ~rnture 1e; in-.de~ate 

fo~ a double-t-fell potential ap;pro~.ime:tion. '!:hey elso pointed 

out that the ent~y of t~«naition as well ae the jump o£ the 

heat e~paeity ie -too latge :fOJ: a diapla~!Vt!a t.we cf tr-ant~ition. 

.Ratn&n and 1nfr&red epeatra of J\HCA Q.nti DADCA sho"t1ed thet 

the umr.onium .ions are atst(:!rtet! even :1fi the hi9h t~ra.tw:e 

pl'UlStl end the dist:O:rt!.on ~CQOtrieS la~et' belOW TC £1 _7 • 

t·iGf>leVt:r' fs:t:m the t\'ork o£ Elliott E9J ana Lsrktn ana 
Ves.~ f 10.7 \'itJ fitad that. en Ising modQl tn a tren3Vet-se fi~1a 

cou.vlod wtth proton-lstt.tc:a intera....~tons is su~:tsbl~ ·ff.or 

.describing many kinde of phase transitions in eeystale 

assumi,ng. small displacement of ions or group$ in tho lattie~ .. 

. Thus $-t may eppear suitable to SWlY tlt$ ~oup.ied ps~~spin• 

lattice model to the p~eeent salt., 



The PtJ.tpOM of this <qpapter is to ez«ena the. pee~opin 

. model L .1.1J f.Ot the ~l$tlOtj.O.ll Of the ~alOU$ dJ.eleotric 

' be~i.o;- Qf ,f.HCtt\ .&I'1d ~~· It 11as besn ~hO\m fer the f.trt-rt: 

time tb~t sueh a nlOC:o.l ~ veey triell e.!{tllaiJl t'P.e uncmtd.o:..uv 

d1~loctrie as t~te11· as t'etroeleetz:!e bahavio!t of tb".}oe ea~ -ta. 

aonsid&r.i!Jg thTJ' ~hn~;t~ ~;;m.t.t-ibui:io%1. ··of ·tlta lattice 

\ . · vi.brat~ton~ . tl~ p~Stt!1~:1$tt1<C~. e¢t1,plal ~~ tr.O'd$1 can, he t;¢1tten 

/i 

/-yo ' 

\ ' 
a.$ .< ~~ · <t~apttU:JIIA ~:td:m.B) 

... ,• . ' \' ,·; 

. '•' 

wl',e.r.'e .n. is t::ne t.unn~ltng ~~qti~ney, J~d 1~ tl"~e ~)~t~pt'Oton 

!ntQl!'e.etion;· v 1q i.s ttJE? p~oi!-l~:t'G.tiQ~ h'ltel;i!let~iota~ @q and p q 
.IV • ,..,;;. ;-., 

· ere t.h$ ttottlal eoo~ina.:t~s ~.u th~ eonjugat~ · niCnlent:a ~spe~tively. 
. ':'/ -

~ l$ · thl1~ pnooon \\tllVe vc~to:a."' t,~~:~.h b~(rr~ h~:r.on!c ft."Gqucney aq and 
. ,.,-rq itJ · the :Eoureh ordet ~hapiettli~,c · Pil~. · <Jf ·~he- .!{i'f!t.i~e 

N . 

vi'b~~tion~• ~11t.oou.t. (;11!11~9 · !nt~P'l th,..;; dc'btaJ;le ~f the· theoretical 
' 

1~ \ ;.,; e:rH?.lcul~tiontl tdh!.ch pG\s btir~n · ~nmm e~l111.er ( chsr,.tat· :m:r.A .a~d III.B) ; 
/I I ' II .... ; - • l 

' . _, Or)ly ·~ ~"CJ:"l::Sng fo~l,a · are 'p~.sentoo hi!lrelt- Ca1eultt'Cion Of. 

' 
: :_!Ill .J/ ·: . 

-,· 
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t~al Green• s funct.!on$ 11'ke (( Oql t~.q)) gives the ~Mtir.if 

epect~ .f~ t4h!ch the trnnsitim tempe~tu~ ':Cc to obta~n~d 
<. es th~ so.ft rnot.l~ frequaney ~q ~ .O.r U$irtg ~t¢.l':Oe:teet$ie 

(V 

instabi:U.ty eondit.ton) -

.n/ka~e • tanh,.1·<4o/-tt~) 
whf.n~·e~ 

J~~J.· ~ J
0 

-t v!l(O)/(~ •t~ f' (!~'rt.J) 

V(q) " L v (Vl•3). 
, rr q. --- ·~\ ~-

rtc,!f!T'¢) ..... iGJ the contribution .fJrom ~he anbal:Tnorlic part of the 

H«nilton~&n (equation (Vl-1)) ~ J
0 

!e. tbe pu~ !')J:Oton-r>~oton· 

itlteJ:'aC.tion.. ~ static . sumc€3pt!b11!t.y t:bl;;ulated £rom 

follows a CUr!rt<?e$.stJ 1aw with Cuti~ eonst.ant~ 
~ 2 [ . -;; .n.. .. ..;, ' 1 

k:f:1. s.n:.· '*'v· .. (o) 1 ....... t$nh~ 'f!'!-'1ll.~c.J 1-+ ,-~ ' ~_.-:rt:"ljf- . :t ' 
1-~;r.• TCn~fi+ J"' t:~nb ( ~ rt'("")i1. . . 

.l!..> · L: '"' · ~ ... B'"C 'J 
. ' -, 

ttt1 e~tW.t.i6t1 {V:t· ... S) \"Jt~ have pUt r {~~ T. ~;;~ :IJ~cl ·= kat.rcf70 ~· 

r~~C (tdh.e~. r~ u itp~.(O"'~~)) 11. !-trJ i;; th~ S~lt:zttul COrl,otont~ W i$ 

the ab$0l.Utt9 ~Qra~~ 1n11 is th~ ·W<J.f.rt.~r of pr~~~.ins 1n 

t!h!3 tl!).At ~:u. of v~l:t~ ve;) ;~ and v. ~.o tb!~ ·t.'li,pol$ ~Or.ient along 

tfiw ([t!r~ction of t$.iX~nttln~~tls r;,'()·lar;!.zat:ito~ The tli$1~-trie 



' I 

tM csleul~t~ a.nd cbset"Yed £1J dielectric constants,~($) 
/":) 

1 ::> at different i:ert.P9ll'ature are shoiitn in figure (6•3·h EXIY-el'imenta1 . , I 

data of ~te-laQtr.!e constant ere ft.tted w!th, the pneent t:h$0~ 

t~intJ Te .:s 120°1:t £4.7 instead. ~c • a.ae01< £1.7• tate%' findings 

/6 of c..'hibetta e~ $1(9' r 4J Md Cl;lll'lalt~ an(\ lnaba £5.7. !ntlleate 

ths.t t:lw t!:'anoit!on tempe·tature · $Mul.d l;l.& l20°K ,q PS"oper 
I 

temperature correet!ona tn ~~ dielactt!Q constant date heve 

elno beiin tn~de before fitting w!th the theory •. 

' .. -t· 
t;:t.lnc:e none Of tho model pe~tet."s (.n f v 

0 
# J • P0 l en 

kneiWn tiS simply ;t&::iy these pareme.tare end fit tl'W ttanstt!on 

tert\pfl);ature Tc {a~c,t!on (VZ•2l) f.lnd, tt1e <;urie oonstan1: c 

(eqUa'tton (Vl«i05)) fo:: .a ~!ngle eet of the parametel:"s in table 

,.. (Vl•1)~ For a :pa~!eulttr ve1ue o£ .n. the val~ of J• l'JE!e~s 

f~ ( f.rom e(\Uat:1on (VI~2)) • A$ our purposn ie to fit the 

exPeritttental aattt of 'l'c and c, ~ve rtU:t a f~d v~lue o£ 

P1(0•'~'~ e. s.o~o-,19 eJ:o g•l• t:al~latet. for 'hidt:09f.!n"-b0nd.etl 

/ CJ.-- femroa1ectrt¢ aysteno li'kG tU»:',(KltaP04) end var.y .n. ·(foJr 
, I 
di££$tctnt $$ta) to find v0 • _N~oot" ~inca J0 !s alao \mknotvn 

we tel-:~ v0 ~ o.7S a: as 1~ true for X.Dv t;ype crvetaJ.e £12.7 • 
' :It msy be C:OD(ll11dec\l 1b:om the good fitting Of the 

enrfirtfnan~al (lt:lta of Curie con~tent,. transition temperatt..t~te 
• ·,1 

end the dielectric eons-tent$ (1!~ <t>•r3)) that t.bs p~.dO:-"' 
. . ( . 

$P'I.n letUce eoupled •no~ (PLa-1) n-odal is pbenQ't\enologietJl.ly 
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Fig~ ·(6 .. 3). Thermal· variation of the inverse dielectric 

constant. 
'r'-' 

Contineous line - present theory; 

circles - e~erimental. 

, \-Je used 'l'c ::;; 120~ instead of l28°I< for the 

reason discussed in the tex~. 



.epplie$ble £0~ AUCA aalt i£ the first ~gestion of Cbitwte 

at a1. f 4 J :I.e correct. For fin&~ the model pste.,.~tel"$ 
' 

futtbar elabot$t~ IR and· aernan atucU.ea may· be fruitful. item 

theN stutU.$& the o-n mt&'et::h.tng ~~ .. e• were obe¢rvcd bl7 
Mad21 £13 . .7 in the KliP eyetero can al!SQ oo ttet.a~t!d• One p!ec$ 

of evidence for the ~ht>J:t. hydrOgen bonds~ of ~too; ~s £ • _7 

fram the :tn meaeAtrsrnents of Chihara et e1. f·S.7 at: 900 cm ... 1 

and another at. sso en"'"'1 • t~e <:$~mot~ b;woverf' a~certmn 
t-Jbfatbet ( 90~900) :: $0 cm·l is $~iv$lont to the ®el)Oi;'ntton 

a.n. • if the procedure of ii$d~d. £13_} is followea. I.t a~ara 

that n iSJ very ~J.'nell. for AHC.\ e<;mpued to l~DP where 

. n ......., eo em•~ £12..7 • Ai& a c:on~(!U&r.tc$, the order and the 

d1aomer states .ere al.-not!t e¢'!U:l'Y~.en~ ~bat ! m, the eysll'OOtr1eal 

double well potent:l$.lld.:t1 1~ very small end behave~ 

appro:dmately as & t!!nttle min~ (~!~ (6.~J) whieh was al*' 

po1.nt~ ou~ by lchL~ewa E 3 ..7 · ft:em x.-ray stuAy. The pres&~nt. 
crystal tm the~fo~ a t=lt)eC!$1 .;:ase wher~ the ps~de-eptn 

.fo::me1ien js ~!?h$nomenolog!ca·lly ewl1cr.W1o a~d the double ~tell 

potential behaves as a single-well potenti~l giving the 
/--· 

appree1~1Y low value of the obServed entrOpy 2•90 Jt/..•1 mol:-1, 

CooW~+~tl 'to R.ln2 • 

itete l'le tiO'Uld; like to mention that for e. deeper under ... 

standing of the rneche:n!sm of pbaas ~l\U$!t.ion in thie eeystai, 

end ~or t.he verifieetien oft~ tOC!del parameteru ealeulatadr 

fw::thor ntud.ies,both thecrat!eal Md ~rirnentel (If! antlR&..ltla!l) 



~ill b$ !\!ghly- ~t:liureetiinq~ i'tan this $tuaY 111it.h ;h<e paielldo

s.r>in n-~1 ~ crJ.tie&l evaluation of the .M,CM moC!ol? w£11 &ltro 

~ poes1ble .. 

. ' 

1 s·9 

/ 
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