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Thenon-luminescentandspin-dependentdisexcitationprocessobservedin F-centerpairsin alkalihalidesat low
temperatureis explainedby a covalentbondwithin thepair. Exchangeeffectsgive a negativecontributionto the
latticepotentialenergy.If thepair separationis small, localmodesbecomeunstableandspontaneouslatticedistor-
tions bringback thepairin its groundstate.

Alcali halidecrystalswith a highconcentrationof F- Weconsidera pair of F centerslocatedatsitesa
centersshowat low temperaturea strongvariationof and b (separationR).The first one is in its relaxedcx-
the luminescentquantumyield underan appliedstatic citedstateand the secondonein its groundstate.A
magneticfield [1,21 which allows optical detectionof local vibrationalmode(frequencyw, amplitudeq
electronicandnuclearmagneticresonances[3,4]. with <q2)~=~= I) mixesto the electronicstate an-
Thesephenomenaare explainedby interactionof pairs otherone ~ ~, having anenergyhigher by 6. Up to the
of neighbouringcenters,in which the electronicdisex- secondorder,theq dependentwave functionandits
citation path(radiativeor non-radiative)dependson energytake theform
thesymmetryof the two-spin wavefunction. Accord-
ing to anhypothesisput forward by Markhamet a!. — ~- w~q~)— wq~

1+.

[5] andresumedby Luty [5] in orderto explain the
correlationobservedbetweentheF andthe F’ band E =E0 — 6iv

2q2 1-

intensities,theelectronof theexcitedmemberof a the ~Li~admixturebeingthen w2. With this wave func-
pair shiftsnon-radiativelyto the othermemberto tion, the totalenergyof thepair is calculatedaccord-
form an F’ centerand then comesbackto its ground ing to theHeitler-Londonscheme,while assumingthat
stateby a tunnel effect.Thenecessityfor the F’ theperturbationof thesecondcenterat b is negligible
centerto be in a singletspin statesetsthe condition (stateva). Theresultis a function of thepair spin(50
for this process,consistentwithmostof the observa- or 1) andof q, with an exchangeenergyJ

0 forq0.
tions.This mechanism,beingspindependent,should The termin w

2q2,including thevibrationalpotential
respondto EPRandif it is the only one,the relative energy,is relevantfor the stability andtakesthe form
variationof theF’ concentrationshouldbe of theor-
der of the relativeluminescencevariation(> 10—2). 1 d2E = + ~ 6+(.JJlIVbI~/l)—(~/OIVbI 1,1)0)

But with well separatedpairs [3], the F’ absorption 2 d(wq)2 4w2
dependenceon EPRismuchsmallerthan 10~[7]. e2 e2~ }+(5—~~-)(J

1—J0)
Thissuggestsanotherspindependentmechanismfor
non radiativedisexcitation,which hasnothingto do
with transientF’ centers.In this paperwe develope J1 is theexchangeenergyfor thea-centerin a pure~!e~

stateand Vb is the local potentialat siteb. The expres-
qualitatively the followinghypothesis:Provideda sion in theparenthesisis independentof the totalspinsuitable spinstate,a covalentbondis formedbetween s andis certainlynegativebecausethe electronclouds

the two membersof thepair; theexchange“softens” screentheelectrostaticinteractionbetweentheions
certain localizedvibrational latticemodes,up to the and therebysoftenthe local mode,reducingits fre-point to makethemunstable,so thatevenat zero
temperaturethe systemshifts to its groundstateonly quencyto w’ < w. Thelast,spin dependentterm in-ducesa softeningonly for thesingletstate50, and
by tumbling down vibrational states. this canleadto an instability of themode,i.e. a nega-
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enceof a neighbourwithin the critical distance,can
be depictedin a configurationdiagram(fig. 1), for a

- non softeningmodeA anda softeningmodeT. The

S=Qj44A former expressestherelacationbetweenthe ground

J stateF0(ls) and a relaxedexcitedstateF*(2s), and
, the lattercouplesF*(2s) to a higherlying statee.g.
B F*(2p).

- - The instability of the T mode for thespin singlet
A producesa saddle-shapedenergysurface,on which

the systemglidesuntil it meetstheenergy surfaceof
Fig. 1. Configurationdiagramfor theenergyof thetriplet thegroundstate(ABC). For the spin triplet, the ener-
andsingletrelaxedexcitedstatesandfor thegroundstate gy surfacehasalwaysa minimum, from which the
(seetext). groundstateis reachedeitherby a vertical radiative

transition(A’B’C) or througha highly excitedvibra-
tive frequency,providedthe two following conditions tionalstateat high temperature(A’B”C). The effect
are satisfied: of the neighbouringcentreis todecreasethecurvature

I ) ,j1 >~ this shouldbe the casesincethehigher of theenergysurfacepreferentiallyfor thesinglet spin
lying state1i~extendsfartherin the latticethan the state,and this is enoughto changethe luminescent
lowerlying state~ yield of thepair, in agreementwith the observations.

2) The local mode shouldcouple strongly the two At short distance,the groundstatemight showa sec-
states,so that theadmixtureis large: ondarypotentialwell correspondingto the pair “F’
w

2 > hw’/2(J
1 — J0). ±vacancy”into which the systemcanglide and get

Theseconditionsare satisfiedif theseparationof trappedmomentarily,until it reachespoint C by tun-
the pair is smaller than a critical valueR~.This param- nelling throughthepotentialwall.
eterhasbeenestimatedwith properlyscaledhydrogen-
like wave functions,approximatingthe excitedstates We are indebtedto ProfessorF. Bassanifor valuable

~o and ~i by 2s- and 2p-functions,respectively.They discussionsand to theSwissNational Foundationfor
shoulddescribereasonablywell the F centerat large supportof this work.
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