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Ulli~xial Stress Effects on 
Parity-Forbidden 'rransitiollS in :KaCl: Cu+ and l{Cl:Ag-i

By 

W. DULTZ 

95 

The temperature dependence of the st.ress·indu ced dichroism in the "CY absorption banel s 
of XaCI: Cu+ and KCI : _-\ g+ is invcst iga ted . The experiments are cxpla i ncd by a frcqu ency 
splitting of the lR act in resonance mode and an off-centre displacement of the defect in 
the excited state. The ," ,due of the quaelmt.ic electron-lat ti ce interaction is determined. 

Die Temperaturab hiingigkeit des dnl"ch ax ia len Drnck verursachten Dichroismus in den 
l ;V-Bandcn von XaCI: ClI + und K(,I: .-\g+ wird untersueht. Die Experimente la ssen sich 
dlll"ch eine Frequenzallfspaltung del' IB,-aktiven Hesonanzschwingllllg Ilnd durch cine 
"Off-cclltrc" -Verschicbllng de l' Stol'stelle im angcl'egtcn Zusta nd cl'kliiren . Der " 'ert del' 
quadJ'utischen Elcktroll-(:it tcr- \\'c(' h~elwil'kllng lI"il'd ucstil1lJl1t. 

1. Introclurtion 

The UV absorption bands ofCu+ and Ag+ in alkali halides shm\' a characteris
tic temperatuI'O dependence, whi ch was carefully investigated by FuJ3giinger . 
et, al. [1 , 2]. Th e defect ion replaces a cation on a normal latti ce site with point 
symmetry Oh' The electroni c transitions hav e been interpreted as parity-for
bidden electric dipole transitions (n - ]) dlo -+ (n - 1) d 9n s (n = 4 for Cu+, 
n = 5 for Ag+). Odd parity lat ti ce modes dest roy the inversion symmetry of 
the defect and. the transitions bccome allowecl by mixing of e \'en and odd clee
h'omc stat es [3]. ObsC' n 'ccl dC\'ia tioll ' from the expcctcd temperature depend
cnce of t.he oscillator strength gave further information about the defect pro
perties. Tn KaCl :Cu+ a small " off-centre" di splacement of the Cu + ion in the 
lat.tiee cell and a thermal contraction ofthc cell at higher temperature has been 
proposed [1 , 4]. In KCI: Ag+ two phonon processes in the high-tempera,tul'e 
range cause an additional incrcase of the oscillator strength proportional to the 
square of the temperaturc [2]. 

To inves tigate the interacti ons of th e defect electrons ,,-ith (' ubic distortions 
of the lattiec, thc U \' absorption ofNaCl:Cu+ wa. measllrcrlunder hydrostati c 
pressnre at room temperaturc [..1,] using a method duc to Driekamer [5]. Untll't' 
a hydrostati c pre:;sUJ'c of 1 khar, t.he relnti,'e shift of the pea k energy t;,.J~/E 
\I'as fonno to bl' 1.5 x 10- 3 and a small deereasc of thc oscillator strf'ngt h wa s 
observcd [-t-]. In the prcsent. work we rcport on thc effec ts of uniaxial stI'C:;;; 
(interactions " 'ith nOlleubi c distortions of r~- and T 5-sYlllll1 ctry) on the UV 
bands of r aCI : ell + and KCl: .\ g+ a,t different t ern peratures . 

2. JUcaSnr('lIIl'llts 

We mcasured the diffcl'l'lleC in the absorption constant K for light polarizf'd 
parallel ~lIld perpendicular to the st.ress axis by a, rotating polarizer using a lock
in technique [6, 'iJ. The size of the samplcs was about i X [) X 1 mma. To a\'oid 
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band at 4,8 eY, called the D-bancl, corre
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is appliNI t o thc crysta l th e absorption constants [( II and H .L mcasut'cd with 
light p o la rizl'cl para lI e l and p erpendicl1lar to th e s trpss axis H rc ciiffprent. I'll is 
diffc-rl'll Ce i:l/{ = 1\'U - J{ J . is plot t ed n'nms pC'etral e nprg.\· for [0011 :-;;tn'ss 
in the IOI\"er part of Fi g. 1. ;\ compari son· of /:"J\(It)) \\·itlt the absorption spec
trum J\(E) ill the npper part of l-'ig. 1 sh o\\·s that UlC' challge of the oscillator 
s t rengt It 1I nd e l' appl ied ~ t t'{' s:-;; i» th e d om iuant clfC'ct. \\"h ereas 11 shift. of the ba nel s 
due to a t'plitting of thc exc it ed s tates is ncgligible. i:lX is a linear function of 
thC' strc:-;;s . \\·c al:;o not e th at /:,,[; diiTers in s ign for tht' two bands. 

Fig. 3 :-;; ulllmarizes the t e rnperat lll"e dqwndenec of the stJ·e;;s cffects. Thp 
osc-illatol' t' trength I('J' ) for a s ingk Land is found from a Gau:::s-euITe analysis 
using the dat,l of Fuf3giin ge l" [1). \re find t hat Mil = (Ill - f J.)d has the sa mc 
sign fo r eorl'espondi ng ha nd » in XaCI: Cu + and KCI: ~-\ g - . To explain sign and 
U'll1 pCl'a t lIrC' dq)('ndeJlco of '::"1 /1 \\-0 \\"ill discus:; thn'e effccts: 1. a frcqueney 
splittin~ of the far IR rcsonance morl e. 2. a s illall off-eC'ntre cii»to rti on of tl1(' 
d efect , ~nd 3. a quadratic C' lcc tron- lattie(' interaction. "-e \I·iil s llo\\" in the di s 
cussion of the experimental data th at all three C'[fects contribute to th e oo::;erncl 
dichroislll. but the main cont ribution comes fro111 the first and second effects 
l11 C'llti OIWcl ab0'-e. 

3. 'rh('ory 
To in\"esti~ate the intera ction bet\\·een the ekctronic states of the defec t and 

the ioni c di spla ce lJl ents. it is eOlwenif'nt to classify the elect ronic \I·a ye functions 
and the normal coordinatps Q(l) of the perturbed lattice according to their tran,, 
formation propertiC's und er t h e e lellle nt s of the p o in\" g roup of the ddect. "itc. 
[i'or \\·cll loca lized defects it i,.; suffi cient to eOllsider the internet ion within th e 
oct.a hedra l complcx Ag+(CI-)6 or Cll+(CI -)r, and introclu ef' the syllllllC't ry co
o rd ina tes f) d of t he corn plex \l"h ic hare ba ;;is fun 'ti on>' of t hC' ilTC'd u eiLl e represen
tations 1'" of 0h (i (1 el1o tes the !'O\\. indC'x ). Small c1eyintiom; from 0h-sYllllnetry 
duc to 1,1 !tiee yi bmt ions a nel :-lta tic di sto rt ions (J a h n-Tell (' r effect, off-epntl'f' 
di spla cem ent) of the latticp cell will be trcnted as pertllrhations. The :;Ylllmctry 
coordinatC's q,; arC' lin ea r combinations of the Borrnal coo rdinates Q(l) of the 
pe rturbed la ttiee : 

q~ i = L c., ;(l) Q(l) . (1) 
I 

Each S\"llImChT coord ina t e is assoe ia,t C'el \I·i t h a distortion \\·it h a potential 
L'IlPrg.'· .!- (I) ; (f~ j' \\·he re (I) " is a n effl'c:tiyc frequency of the c0111pl C'x'. 

The Hamiltonian 11 of tllC' sy;;telll 

H = Hc + lfl + H ,,\ (2) 

(" oll:-;;i"t:-; of the Hamiltonian of thC' (Jpfeet electrons Ifr . the latti ce Hamilt onian "I. and the operator of the ('lcetl"On-lattiel' intt'ra etinn Jl t • l . \\Oc expand tIlt' 
l'll'ct roll Intti cl' int e raction in tlte Hamiltonian in t erll1 !:' of tIl(' S\-1I1111etn- coOt·L1i 
IHltp;; q,j. taking linear (eCj ll rdi o ll (;Ll)) and qllnclrnti c t e rm,,;" (l'Cj uati'on (;3b)) 
into account: 

lfe l = JIj + [/~ , 

if} = 5: 1·-;;(/') q-;;. 
Lt. ,; 

(3) 

(3a) 

f{2 = L 5: 1';;; fI j(l') q;; ... q#i + .... (3b) 
.' , j p, j 

/' <lPllot( 'S the sd of t'1('ctronie eourdinat{'· and thC' upper s ign thp parit.\· of the 
distortioll. 1';;.- (1') has t il(' sa me trall~fnrillatioll pl'Op('rtil'~ a s the i-th basi" fllll('-

7 physicn :\4/1 
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t.iOIl of r ;;, and r~ i (J AI') tl'an::;fonns as the prod ud g-;: i X IJ~ j. ] n t h.i,; a pproac ll 
no othel' tC'l'm::; of the >li\llle order in the di,;tol'tiolls q, i contribute to Olll' effect.;;. 

Thc zproth-ol'del' dcctronie wave fUlletion '/PII' is an eigenfullction of 11e. 
'P/,i deseribes tile clcclJ'()nic state in tll!' static eompl!'x anci is the i-til ba sis func
tion of the ,u-t It irrecluci 1)le rcpresent<~tion . Taking lId as a perturbat ion and 
the ionic clisp\ncem(,llt.; g., i as parameters, we obtain a m ixing between e,en and 
odd plpctronic stat('s "PI,i of the defect: 

'. _ -'- . + '" < ~J-;:j IHcil '/'~;> _. 
"/"" - '/PI-" kJ. E F '/P"1' 

V, ) .:.I " - ..-I., 
(4) 

The elcctronic wa YC functions '/P;, i(q,;) and the encrgies E I, i(g-,;) are 110\1- func
tions of the lat tiee di:.;tori ions q~ j. The nuclear wave functions 'l.rW, i) arc eig!'l1-
functions of HI + EI' i(q,;) , " 'here k denotes the set of nuclear quantum numbC'l's. 
The \I'a \-e fUllct ions of the sy,;telll are prod uets of ¥J;, i and I.~ i [10 J : 

!Uk . - ' .• " i (5) :1' ") - "/11'} '1.1.- . 
The oscillator st rengt h / of th e electronic dipole transition between the ground 
state 1J-'o ancI the exc:it ('d state 1/1;' is given by [lOJ 

.J II"~ I Z 12 

/0 " = -3- ....,-:;- eo I' .dyo kJ ( '/Pol .... 1'1 1!pI'i ) -, - " )~ ' / 
f!- i i = l 

(6) 

m* denotes the effcctiye mass of the electron, Eo I' the mean en('rgy of the tran
sition, l'jthe electric dipole operator, and Avo the thermal average over the ground 
state. 

For the prcs!'nt we take only the linear terlU (3a) of fI"l into account. 'Ve 
insert (-:!) into (6) an(l take the thermal average of products of the form g .d q{Jj . 

Since we consider static and d~-nalUic distortions of the lattice cell , each ionic 
displacement q",. consists of a static part Q,,;o and a dynamic part Q" i: 

(7) 

Using the orthogonality of the symmetry coordinates q, j of the complex we 
obtain 

( q.dq{Ji ) = <Q~iQ(1i + Q,dQiJio --1-- Q"joQ{J i + Q,do Q{Jio) = 
= <Q,,,Q{Ji)O,, p Oii + Q,,;oQPiO. (8) 

In analog.\· to the Jahn-Tell('r ('ffeet, the Q. ; 0 arc the coor-clina tes of t,he potential 
minima of the total energy of I he complex ineluding t,he linear clectron-lattice 
interaction. but in contrast to the oyen-parity Jahn-Teller di stortions, we only 
con. icl('l' off-centre displacements with odd parity which do not contribute to 
the ('nergy in first orti('r. In linear approximation only di stortions of odd parity 
eontribul(' to the oseillator s(n'ngth / oft,he transition. T ile oetah('dral complex 
has 1\1'0 thre!'fold odd \-i bra tions of T4-s)'mlnC'try a nd one threefold dpg(,llera te 
odd vibration of f'::-syllllnl'lry. t:lim:c Il~ resonance modes W('I'(' obsl'ry('d in 
XaCI: C'u ol antI in Eel: :\ gT we n!'gl('ct, ('ffect,; from Fr.-morl('s and a~sume that 
only olle T 4-1Il0c!(' (q-;J cnntribnt('s to the pnrit .\· breakillg ('l'j'l'et. Q40 = 
= (Q.lru, Q.lIIO . Q-;; u) is e:dlcd all uff-cl'ntJ'!, dist oJ'tioll of th!' defect. \\' e tn ke the 
average of all the po.;,.:iblc uff-c('ntre positions in til(' lattice cell: 

I 
.-h(off-centJ'e) Q-;;o Q~iO = _.-;- L Q~.o Q-:!io = 

.\ ofT-.· . 

(9) 
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tet q-;j x qt j. Tn this aJ:lproaelt 
s q, i contribute to our dfeets. 

I . is all eilYcnfund ion of llc· 
l't 0 

plcx ancl is the i- t h basis func-
ing H e t a8 a perturbation and 
ain a mixing betwecn en~n and 

(4-) 
v 

?l1ergies Ell j(q~;) arc nO\l' fune
ayc functions xi'j(q. j) are eigen
ct of nuclN\!' quanl.ull1 num ber!>. 
of V';'i and x~j [10J: 

(5) 

~ transition bcbrccl1 the grounli 

'J 
(6) 

) the mean enel"O-Y of the tran-
I' Co-

thermal average over the ground 

11 (3a) of lIrt into account. \Ye 
of products of t be form q., ~ qp}' 

IlS of the lattice cell, each 10niC 
mel a dynamic part Q".,: 

o . (7) 

rdinates q" i of the complex \I'C 

Pi 0 • 
(8) 

c the coordinates of the potC'ntial 
uciil1l' t hC' Ii ncar electron-Ia Hiee 
J llhl~Tcllcr d is! ort iuns. we onl.\· 
rity which llo not contribute to 
on'onlY diRtortiolls of odd pari! ,I' 
n ,;itiol~. The octahedral cOll1pks 
: J'\" and one thr efo ld rlC'W'llernte 
O; l<1n cC' Illud(',; ,ren' Ub"l'lTed ill 
from r :;- lllo(lc:> and <l::i:-<lll1l(' tlt :ll 
Jl<1rit~· brC'aking C'lTl':t. !-rlu -: 
.)J'tion of tht' clpfl'ct. \\ e take the 
ill the lattice cell: 
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}.i is the llltlllbcr of po.'sible off-centrc positions. Qo may be called the off·C'entrc 
di ,;p laccll1C'nt, but note that it docs not nccessarily dcscribe a static dispiacC'lllcnt 
of the defect ion. . 

Inserting (5) , (7) , and (8) into (G) we obtain for the oscillator strength 

/ri->r:(( J't ) = ,·n(o) {'17i «Q~y> + <QL») + cyclic terms} + 
+ L-1i(5) {1]~ ((J~!lO + QLo) + cyclic terms}, (10) 

fri ->l·t = A~ {171<QL> + cyclic terms} + 
+ A; {1]iQixo + cyclic terms} . (11) 

.-:1 3 , A 4 , and A5 arc constants, depending on the excitcd statc of the transit ion. 
IJ = (1],;, 1]v, 17.) is thc unit vector of polarization. The first expression describes 
transitions from a nonclegenerated statc rt to the orbital trip let statcs Fi, Ft, 
the second onc transi tions to an orhital doublet, stat.e r t. The second term 
represents the effect of the off-centre potential. Without stress the expressions 
(10) and (11) arc isotropic ill the polarization, because the lUcan square ampl i
tudes of the lattice ,ibrations arc equal in each direction: 

\

kT 

9 0 " II W w
2 

( Q:; ,> = <Q-> = - coth .-.-- ~ 
2 w 2 kT " 

2w 

for kT ~ It 0), 

(12) 

for kT~ hw. 

Inserting (12) into (10) and (11) we obtain the temperature dependence of the 
oscillator strength L 2]. 

Uniaxia.l stress lifts the degeneracy of the resonance 1U0de and we get dif
ferent vibrat.ional frequcncies aJl(1 different off·centre distortions parallel and 
perpendicular to the stre:;;;; axis. ~\s an example Fig. 4 sho \\'s the splitting of 
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the Pi-resonance mode in Xa CI :Cll+ uncl e r uniaxial st rC:3S of 100 kp/em 2 a~ 
takcn frolll data ,L:i\'cn in rrferrnee [1 1]. The hydro,;tatic tc'rm of the strr. ~ 
Hamiltonian ll::!] doe ,; not cntrr into our formulas, sincc we ollly lllrasnre tltt" 
effect, of nOll c llbi c distortion;;. The frequC'l)c,\' splitting changes the llH'an 
squarr amplitudcs "qL) as obtai llcd from tlte c1eriYaii\'c of eqnation (12) : 

(13) 

\ ' 

'f 
I . 

' I 
OJ is t,he frrqnellcy of thc resonance mode, /:).(I)( t.he frcqucncy shift due to nOll, I 
cubie tcrlllS of the s tress Hamiltonian. ]i'ig.5 Sho \rR thc t emp eraturc dCJ)Pnd, 
ence of c(T, (I)) . The high, ancllo\\·,tcmpel'Uture limits arc 

(' for /.;T > I/o) , 

c(T. ('J) = : (l ~ ) 

for k1' ~ It (/) . 
w 

Inserting (1:3) into the cleriyatin of (10) a nd (Il) \\·c obtain the expres;' iollS for ' l 
(/11 - I JJ// (Table 1). '1'\\'0 effrets cOl1t rilmt e to (f ll - 11.) /1 = MIl in Table 1: I, · 

Transitions 

3 
2 c('t. 0»),53 -

1 

- '"2<02> X 

X {.'lOIIO - ..'l (,)J.o} 
-------,- - -----

rt -- 1~: 

, - 3 c('1.'. OJ) c\ ";'" 
1 

I ..L-- X , «(p> 
X {..'lOll 0 - ..'l(iJ. o} 

Table 1 

P [Ill] 

3 
-:;- c(T, w) 11; -

1 

-2<Q~> X 
, X {.~Oll 0 - ..'l(IJ. o} 

- 3 c('1', (I)) 155 + 
1 

+ < O~> x 
x {..'lOll 0 - ..'l()J. o} 

P [011] 

3 
:2 c('1" co) (5; -

1 
- ;>"-<'0- 0-> X ;,: -

X {..'lQIIO - ..'lOJ.o} 

- 3 c('1'. co) 155 + 
1 

+ « ,P) x 
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(j ;, the cllcrp:y "'plit tinp: of the rc:;onan("c m ode cOITespoll,ling to Fig . 4. and I .. ' 
...'lQj'l u, the dWllgt' of the· Il'lllpC'rature ind"lH'ntit'nt (2 li o b," uniaxial stn',;". , , 
Qj'l () is (k[ ill l'd hy I .. . 

Q" 1 \~ 0 '. 0 IILl = -\. -' L .. -Io ~)- . 
~ off·c. 

Q-IO i,; tIt(' di~pla('cm l'nt y('dol' of the off-cclltre po~ition and; the Hnit ,'ector 
parallel to the stn's,; nxii". (J j n is dC'f'ill cd in <1 na I ())'!." lo Qil li' 

TIle :;;trC',;,; rfred dpri"C'd from thl' lillC'ar t,ll'etrllll - lattit'l' interaction (:~n) 
ill till' lla1l\ilt onian (Ta hl e l) dl'PCIHb ollly Oil the l'!lprg.'· spl itting of thc rr,,'" 
llarW(' mudl' alltl 01\ till' distortioJl of tl\(' latti eL' cl'll, uut !lot Oil the J1Iatri .\ 

-~'-~~ . ...... -.. ..,.---.,. . ...... --~~~-------~-~ --~-~- ... 
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iaxial strc,;s of 100 kp/cm~ <1'; 

hnlrostatic tcrm of thc strr"" 
li~ " . sincc ,,·c on l.\· measure till' 
" splitting change::; the Ill rnn 
cri\'atin' o f r<Illation (12): 

the frcqucnc~" shift dne t o non· 
ho\\".· the t Clllpcmhll'e depend. 
limit::; are 

' ~ 'l (oJ , 

(1+) 

' ~ ll (/). 

U) \I'e obtain the expre::;sioll'; fur 
([ II - /1.)// = MIl in TillJle 1 : 

P [0111 

3 
) bo - :2 ciT. w) 150 -

I 
X - 2 <Q~> X 

- ~(IJ.O} X {~(iIIO - ~QJ.o} 
>-----

-,· 3 c{ 'l' . w) (5, -i
I 

+ < (),~) x 
x {~('II 0 - ~(.IJ. ,,] 

de cor rl'!"pond in ~ to ]~ i~, -1 . nnd 
( Jl(knt (i :~ u u:-· IIniaxia l ,;1 ['1''';-: , 

(\.i ) 

re po"it io n and; the 1I11it \'rdoc 
nal c)If \' to O~ n, 
rlt' c~;'on-lattil'(, interaction (:Ltl 

\ the ellrr,l!.\' "plitting or t he !'(' ''~' , 
, tiel' cell. iJut II lit on tilt' Hulln:--

I 
,,' . • t _ tMd~ ts£-t , . 
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f' lell1ents of the trall:3ition, The t emperature cleprlHle llce of the efTeet cons ists 
of t.\I 'O parts : t hc fil'::;t part i"proportional to c( '} ' , (1 )) and there'fore constant at 
hig h t elll pem hues . the ,;r('o nd pn l't i, d lIC to the off·centn' cl i, ,t ort ion a 110 decreases 
\I'ith 1/ '1' in the high.te'mpt'ra ture range CFig, 5), 

Since the tress transfurm s as F l , ri. nncl r.~ . all t erms of the interaction 
Hamiltonian of the ,'trcs:-.i·diHtorted complex 'I'hieh arc lineal' in qJ' q;i: and 
q5i aro changed, Having not o bse rYC:d a splitting of tho ab:;orption bands, '1'0 

may neg lect thesc terms in thc linca r electron- latticc interaction, In thc 
quadratic c lectron- Iattice interaction n cw tcrms appear. the transformation 
properties of which for st ress iu LUlU] direc tion arc ginn by [13] 

_ - -'- { I , J3' _ 1 
H2 - Q~ x LlQ3, 1 - 2 (.t ) - 2 (y -)J V3, ~ + 

, {I J3 } + Q:jy ~Qi, 1 - :2 (:\:) + T (.1; z) V3, ~ + 
+ Q4'z LlQ3. 1 {(z)} Va, ., (16) 

..\Q:J. l is the di stortion coordinate of th e lattice cell , and proporti o nal to thc 
nppl ied Htre:;::; , U sing the sallle scheme which led to (10) and (U) \\'e get mixed 
terms with (3a), bC'ing lineal' functi on::; of stress , ,\"e obtain an additional term, 
which h as to be added to the first column of Tablc 1: 

I II - h 1(:I!l} 3 0: ~ , ) 

j' " '_( ,-,-, = -:) .- LlQ3,l = C4, 5, 
I1 -+ I 4 J 3 } _.'1 

I II - I.L ' (3 a) ~/ ., 
---.. _, + _ = - 3 --; LlQ:l.l = C3 ' 

I /'1 ->l'" A 

(Ii) 

_' : C\' and A , A' nrC' l'C'ducecllllntrix c-iC'lI1cnts, \\-e find that the n :latin' cha nge 
of the o"cillntor s trC'ng th b,v uniaxial :; tre!;s due to the quadratic electron-Iatt icc 
intcraction docs not de pcnd 011 temp('ratme (Fig,5), bllt ill contrast to th e e ffects 
of the linea l' e l(,ctroll- latticc illtl'l'a etioll it depends o n the matrix elen1C'lIts of 
thc transition, 

4. ])iscussion 

" 'e compare the ab:sorp tion change ..\J'- of Fig, 1 and ~ 'I'ith thc theoretical 
expressions for the change of th C' 7.t' 1'Oth m OIllC'nt stated in Table 1. The ex
perilll l' ntal yallles of !1J\, \I'hich arC' p os iti Ye nne! llC'gnti\-C', do not. change sign 
,,"ithin a s ing le band, Thi ,; It'ad :; to th l' eOllclusio n that the main eff('ct is dut' to 
linear electron- latti ce intcra etion ,,'hicit ri eal'l\' sho\\'~ a diffc\'('l1ec in s ifl n 
betweell 3/ of a 1'; -r F r tl'nnsition and ..\j of 1',-> l'i(n) transitio ns , ]3~', 
('<1 11"0 of the tran:-;fOl'lI1l1tioll prupC'I'tips of the stn' "" t(,llsor , no di Ht inction 
hc-t\\'l'cn 1'. all d l'~' is Jlossihle by "tl'(,,,,; llle'a';lIrCII1('lIt" , 

"'e first di sc ll s" the B·halld uf KCl ::\g+ a"slIllIing the I'P";U IIHII C(, lIlode sp lit
ting to oe the dOJllillant effl'et, \\ ' he' n a [OOl] s trP"" of 1(10 kp /clll~ is applied 
lI'l' find frOIll thi s band a rc'latiH' "plittil~g !1(f) /W = ~,5 x lO - 2 of thc' I'eso nall('e 
mock at :~8,8 cm - 1 . Th(' I'l'hl,tin' ehan!!e of the oscillator s tl'l'lIgth for stress in 
IIII J all(l [II I1J direelioll is small(' !' thall ] i lO of thc ehnnge for rUOl] stress, 
\I'hieh illlplips a l'l'latiH' splitting- o r the' I'C"Olln IlCC mode slI1nllC'[' Own ~,5 x 10- 3 , 

This is ill good ngl'l' l'IIH'IIt. \\'it h til(' sma ll "allle orbs (Fig, -1) fOllnd hy BlI.fle I II] 
in X nC I :CII +, alld :,;igllifil's a \'c ry \\'eak int('J'actioll vetll'cen the cl e r(' ct and the 

.. .... -- -
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lattice for the J'~-COl11pOllent of the stress. The sign of the splitting :3 ,)3 = I . 

= W II - W 1.. uncler LOOn :;tn'ss i,; as,mlllcd to be positin>. This is consistellt 
with the l'e,;lIlts of ~olt ' [U] ror the !"plitt ing of the IH. resonance in K1:Ag~ . 
With this sign of 63 \I 'C obtain the same assignments for the tmnsitions ill 
KCl :..-\ g'i' and XaCI :ClI + aH reported in r+]. [8]. and [91. Besides this we obtain 
the transition 1,,' ~ ra to be due to the A ' -band (5.36 eY) in KC1:Ag+ whie-Ii \I 

is on ly scpara ted from the A-bancl at low tempera turcs. In the A- ba nd of bot h II 

systems the I\ ~ rt transition partly compensate's the effect. of t.he re --+ J'" ", 
transition. Taking the ndlles of 0.w jw from the R-bancl \\'e obtain for tIlt' .\ 
A-banel in KCI :Ag+ the ratio of the oscillator stre'ngth /3 //5 = 2.7 which i~ 'I' 
smal ler than /3 /fs = 5 obtained by Frohlich ct a !. [9]. The results agree in that :1 

the r 1 --+ 1'3 transition yields the larger contribution. I" 

The quadratic clectron- lattice-interaction term (17) is fOllnd to be I to t , 
2 x 1O- ~ at ]00 kp/ l.'Il1 2 [or each hand (,rable 2). but it has a l1egati\'c sign for III 

the D-bancls. This i;:: consistent \\'ith the fact that the quadratic electroll- latt icl' (', 
interaction eontributions to the oscillator strength of the transitions of Ag+ ill I I 

alkali halides could not be neglected [2]. ,., 

Table :l 

Band .1w/m 

KaC'I:Cu + 
A 2.34 X 1 O - ~ *) 8.6 x 1O-2***) 
D 2.34 X 1O-~ *) 8.6 X 10-2 

-- ---_._---
A 2.5 X 10-2**) 0 

KCI: _.\g '" B 2.5 X 10-2 0 
D :l.5 X 10-2 **) G.3 X 10- 2 

*) Ohtained from f ll ]. 
*':') Obtained froll1 the str!'ss effect of the R-hnnrl. 

"'**) Obtained from the streRS effect of the D-bnnd. 

c 

+ 1.1 X 10-2 

-2.2 x lO-2 

+2.3 X 10-2 

+ 0.8 X 10-2 

- 2.7 X 10-2 

I i3/i; 

I 1.2 

\ 2.7 
I -

So far wc have not takell a static o[[-c('ntl'c effect into account (second terlll 
in Table I). Hthe ofT-cent re effect dominates, I ~/. f l ckcl'ea:::es lI'ith teIl1pf'l'atul'l'. 
The ease of increasing It:./I/ I i,; re'alize(/ for the A- and B-uand of K CI: .-\g · . 
wherE'as thc A-ballr1 of :l\aCI:Cu - ancl th(' D-bancls of both s.\-ste lll s show thl' 
case of decl'cn::;ing 1'::'///1 with temperature. For this reason we di;.:cuss the;;(' 
band,; separatel.\'. To de<lll(;p thc ofT-ccn t re effect " '0 ca lcu latp the ()3-cff('('\ 
ofXaCI:Cu + u:-;in ~ till' l'l'S(lnancp mocle splitting as obtained from rrferellce [ II I. 
For K CI :_-\g+ we a l I'eadv obt ai ned the D3 -cffect from t he ana I,\'sis of our measure. 
IUl'nts of the J3-lJillld. l'illbtractin,!! thl' ()3-eff(' ct we find '::'Q~ = I'::'Q"I II - t:.QJ. II 
for a st rl'::;s o[ IOO kp/ell1 2 to be tj% for 1'.(,1 :_-\g + a nd H% for ,xaCI :('11 " of t 111' 
squa 1'(' of t h(' \'i brat iOllal a 111 plitll(\(, of t he I'e::;onallee mode at '.1' = 0 0 K (Taule :?). 
At st n ' ,;:;l'S of ahout :?UO() kp l (,lIl~ a nonlitl!'ar behnyiolll' should be t:xpcctI'd . 
To te"t this prc'diction llH'a::<lIl'l'lIlent" of the bands lInclN high hydrosta.tic pre'" 
sure nt, 10 \\' temperatures an' in iJrop:ress. Takinl! the "allies of t:.w jw and 
0.(;;; / JF(ll) frolll Table ~ \\'(' outain thl' ratio 1:1 '/5 fur tlw .A-band ill XaCI :Cu ' 
to be I .::! . Inst'lti tig tIlt' p<.H(\ met('l':; of TalJle :? into the cxpre>;,;ions of Tabl(' I 
and into I'<]uatioll (Ii) \\'0 obtain the theoretical temperature dependence or 
tifl/ of the diffL'l'ent ba nds (fulllincs in Fig. 3). 
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he sign of tltf' splitting 3 uJ = 
be positiYc. This is consistrnl 
f the lR resonance in Kl : .... \ g-. 
gnmcnis for the tran~itions ill 
~ nd [9]. Bcsic\rs th is we obtain 
nd (5 .36 eY) in KCl:Ag+ which 
'ratUl'rs. jn the r\·band of both 
sa tcs the effect of the 1''1 -+ 1':: 
the B·band we obta in for th(' 
r strcJl~th f3/fs = 2.7 " 'hi ch i~ 
I. [9]. The results ag ree in thilt 

Jution. 
crm (1 7) is found to be 1 to 
, but it has a nega ti\'e sign for 
at the qnadratic electron-Iattic'(' 
gth of the transitions of ~-\g" ill 

-c--l f,U. 
~ ._.----- - ------'----

> 10- 2 ***) 
A 10-2 

o 
o 

X 10- 2 

I. 
I. 

T l.l X 10-2 

- 2.2 x lO-~ 

+ 2.3 x l O- 2 

+ O.8 X 10- 2 

-2.7 X 10- 2 

.) -_ .1 

cffrct int o acrount (second tcrlll 
.':11 I I dt'cL'f'u :cs 'I'it h tcmperat1ll'l'. 
h(' ~-\. and 13·band of K CI :.-\~ - . 
banels of bot h S\'stem s sho\\' t h, ' 
~Ol' this r(,HSOIl 'wc d isc\l sS t hcst' 
effeet \\'(' l'a)('u[ate the ():l' l'ffeet 
~ a" obtained 1'1'(1111 reff'frnec [III· 
from thr anll !\',-; i::; of Ollr !l1ca,:u!'t'· 
( 'I'r filld ~(I ~ = 1.':1(810 - ~(/~ " 
>\g' and !) ~o fo r X aCI :Cu- of tIlt' 
anet' lll oLlc' at '/' = 0 " K (T ab [(' ~) . 

b('[111 \' io\ll' ,-;\toll l<l br t' x]lC'dl'd. 
lnds lInd('r higll hydrostat ic pp ,,, . 
fakin g the "<lI\lr::; of ~(" ;(I! <l I lt I 
/3 is for til!' ;\.han(l in :\'aCI:l'u ' 
:! into till' ('xpJ'(':;:;ions o f T a lJlr [ 
tical tl'IIl]lf'nlt Il1'r c1qwndrnC'f' III' 
). 

'Cniaxial Strcss Effects on Parity·Forbidden Transitions 

}'ig.6. Schematic plot or tlte rncrgy vcr:o: u:;;. int rra(,tioll toordi
Hllte of lhe odd lIlolle q-; \lincar coul'linJ:!) 

The off·crntre rffeet fou nd in X aCI :Cll+ 
l'ai"l's the Cjurstioll \I'Il" no off·cent !'e effC'ct 
was found at tilC' IR dhsol'ption of the reso · 
nan c(' mock. Ob\'iollsly the r ffe ct is onl\' 
connccted \I'ith thr C'xeitcd statc r ;; of K ci: 

r' I 
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qj 

Ag-'- " 'hi ch is distorted by theocld parity m ode. 
This distortion may be descri bed in terms of 
a l'elati\'ely strong adm ixture of 1'"; e lectron· 
ic states to the l'r; . s tate \\'hich gi\'(~s ri se 
to a small off· centre disp lacem ent of the ion 
in thC' C'xe it ed state. In KaCI :Cu+ the off· 
eentrc effrct is biggf' r and is abo found in 
the lower rxcitcd statrs. Fig. 6 shows this 
cOllcept in a configu ration coordina te model. 
The potential C'uel'gy has b cen plottC'cl " rr· 
sus olle of the t hrec s \'InmetrY coordinates 
q"ii. " 'e 110te tha t th; 1l1 0dr,,' tl cscribed in . 
Fig. 6 do not cause a broade ning of the ---------------~ 
bands, b ut make the parity.forhiddt'n transitions a llo\\·ecl. Qo dC'notes the 
off· ccntre di"placement. The d iffeJ'('nt energy parabolas of one exC'ited statC' arC' 
dep;encrate at t h c inY('fsion centrc, where the ground state has minimal rnercr \", 
This model explain;; the fact t hat n o off·centre splitting of the IR resona~~e 
mode at lo \\' temprratures has beC'll found by expcrimcnts, 

In Sect io n 2 \l'e have seen that the first· moment cha nge under stress " 'as nE'O'li· 
g ibl c. It " 'as this fact. which Ill ade a detailC'd analysis of t he z('['oth mom~nt 
possih lE'. But this lac k of a "t rrss splitting in );'a'CI :Cu+ and KCI :Ag+ is in 
cont rast t o the propC'l' t iC's of ot her colour centn's as F -cent I'r8, V·eent res . 
and TI -'- ions . In all t.hese system :; a relatil'e ly :-;tro ng s plittin O' ull~ler r~. a ncl 
1'~ · s tl' eSS was ob:;C'l'\' ed. \\'e concillde that the coupling of tl~e exeitC'd states 
to 1'3' and T5'·mode" is sma ll in Xa,Cl :Cu" a nd K CI :.-\g+ a nd much too wC'a k 
to r<lUst' a Jahn·Tellrr rli"tortion, In "uch a ca:"C' a second·o rder pE'rturbation 
by odd modes (F:; and 1'5) is no longel' negligible nnd might CaU:5L' <~n off.t'l' lltre 
effect if there is a,~u.fficient[y st rong eouplin~ to the "ibratio n of an impurit.'· 
re801H1Ilcr modc. lhls ~f'C' IlI ~ to be t.he easc for the .A·ba nd and th e D·band o f 
);,,,(,[ :Cll ~ a nd for the D·hand of K CI :.:-\g-. Stark ('ffect lllca,nll'l'll1ents [-1-] and 
l1bso rption lllea:-;UI'('II1Pllt" II I indicate- that the l'xeited states of thC'sc band" 
ha\'e a ~trong ligand c haracter Irh icil rna\' incrca;;e the "orb ita[ rad ius" and the 
polarizabi[.ity o f tht'st' :;tatl"; O\'l'r tho";' of the .-\. a nd 13 · band s ill KC I :.\ g ~ , 
and g l\, e fl :;P t o the ob"l' I'\'l'd :;tres:'; r fTcet s. 

5. SlIlIIIIlary anti C(lll('/lI~ iun : 

Thr stress dichroism of the U ' " absol'ption band" in XaCI :Cu T and K CI :..:-\g~ 
s llml's a change of the zrroth mOlllent \I 'hi c h i" linea l' in s trc:;s, but· no stress 
:;p litling. ~1'1H' dominant ('ffcel is c xplained b.\· a "plittin),! o f th C' fl' t' quc nc,l' of 
til<' lR aetJ\'r ['esonilnce lIIo11t'. The :;plitting fo[, 1'.·; ·:-;lre"s is :;llIallc[' than 1/1U 
of the s plitting for 1':1·,;tl'(,s,; \I 'hi e l! is in good lll!I'l'l' IlH' llt " 'ith I1lpa"urC' lIl r nt s of 
ti lt' IH <1eti\'C' mode Hlldcl' st rt's:; LIl, I-l- J. 
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The tempcraturC' dcpendence of the strcss dichroislll " 'as ll sed to t'"aluah' 
the effcct of t hc quadratic plectron-Iattice int craction. This ('[feet I\'a" found 
to he of the same order of magnitude as that due to the J'c,;on:1nce moc\c. H i~ 

positin' for thc A- ami B-bands and Ilegat i\'c for the D-bands. 
The tcmpcrature dq)cndellcc of the stl'C::;~ dichroism in the D-uand,; gin~i) 

eyidence of a small off-ccntre effect ill t hl' cxcitec\ sta tes. This is pxp laiucd as 
a result oft he sma ll coupling to 1'i - amll'i-Iattice yibrations \\'hid). made highcr
order coupling to odd modl's obsel'va ble. The D- bands arc undcrstood to ha YO 

a strong ligand character which fa\'ours this coupling. 
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