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PARITY ASSlGI-J·;J~iTTS AT L IN THE LEAD SALT S:E}iiSO::DUCTORS 

Richard Dalven 

Dep.1.rtment of Phys:tcs 
University of California 

Berkeley, California 94720 

ABSTl:U\CT 

It is concluded that the proposals of Glosser et al. 

(Phys. Rev. Lett. 12._, 1027 (1974)) on parity assign::1ents 

in PbTe are supported by consideration of the mom~ntum 

matrix elements for the transitions in question. E.m-:ever, 

it is clear that further experimental studies, partic~larly 

of PbSe and PbS, are necessary before the presE>nt parity 

assignments at L in the lead salt se~_conductors can be 

called in.to question. 

In a recent letter;
1 

Glosser et al. have indicated that the accepted 

. . 2 f h b d par1ty asslgnments or t e an ·s at L are incorrect for PbTe. The. 

purpose of this cou.-nent is to present additional evide:1ce on this point, 

but also to suggest that further experinental vmrk j_s ICec.essary before 

the present parity assignments can be concluded to be incorrect. 

2 
et al. ) are sho\om in Table. I, as is the scheme proposed by Glosser et al. 

The parity assignme;.1ts for PbTe labeled (G) in Table I a~e those 

in~ilicilly proposed by Glosser and are a set of assign~eilts in ~.;rhic.:h the 

parities of the band edges (L(5), L(7), L(8)) and of (L(3),. L(4), 1.(6)) 

arc the same. The .sche;ne lah~led (G) in Table I is the onl·; one con-

s·isten!:: \·T.Lt:h the parity assignw.ents suggested by Glosser, o.nd al22. Hith 
.... 

h 
, . . .) 

t .e e1cceptet. parJ.tJ.c~s (i.e.., I.(G) ""L~, L(5) for the conduction 



and valence band edges at L in PbS, J?b;)e and Pb'I'c. 

1 
The evidence put forth by Glosser- is basic.a::!_ly the non-observation 

of a critical point transition at L under circun1stanc(~s (i.e.~ the 

Fermi level out of the band) under which one ~.;auld expect to observe 

only critical point transitions. TI1is null result is interpreted as - 1 

meaning that the transition is forbidden because the init:ial and final 

state at L have the same parity. 

It appears to the author that this conclusi.on is based o:'! equatir:.g 

h L -· . 1 4 . h t e aporte select1on ru .e Wlt _ its converse. Th:~s rule states that, 

under certain circumstances, matrix elements of the electric dipole 

moment operator vanish unless the initial and f::i.na.l states have opposite 

parities. It seems unjustified to use the converse of this selection rule 

to conclude that the non-observation on a transition me:ans, first, thnt 

it is forbidden, and that, second, it is forbidden because of the par.Lty 

selection rule above. It is one of the limitations of Glosser et al. 's 

letter that they do not consider any other possible reasons that the 

transition in question might not be observed. One of the purposes of 

this cow...11ent is to consider the possibility that the elec.tric dipole 

~atrJ::: element~ for the t-::-s.nsitions. in i'~UP.,;tion. a::e sr~a.ll, so t~2·t the. 

transitions in question are not observed because they are simply weak, 

arid not because they are forbidden at L. 

Homentum matrix elements between a number of of states at L 

5 . 2 
and at 2:: have been calculated by H. Schluter using the :t-fartinez et al. 

band structure. Some of these matrix elemeats are shom1 in Table II for 

sevc,ral transitions t-7hich are parity-allowed at L in the schei:le of 

assi::,>nments (A) in Table I, and are p;;!rity-forbidden at L in the scheme (G). 
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The energy separations 6E =: (Ek - En} are those calculated in the 

Hartine:e: et al. 
2 

band structure. Table II shmvs that the values of 

jM! 2 
for these transitions are all within a factor of two of 

1111 2 ~ 1 X J 0- J 9 1 l . . ' 6 .1 h ' _ _ g - erg, t 1e va ue estlmatea to correspona to t · e 

r8 -+ r
7 

transition in InSb 7 at 3.4 eV .. The observed value of (6R/R) :Ln 

electro-reflectance for this r
8

-+ r
7 

transition is about 10-s. The 

conclusion is that, given these calculated matrix elements at L and at 

E in PbTe, these transitions (if allowed) are strong enough to be detected 

>·Tith Glosser's quoted sensitivity. of (6R/R) ~ 5 x 10-7
. 

On the other. hand • if these transiticns are_ forbidden, then one may 

estimate4 the relative intensities of allm.,ed and forbidden electric 

dipole transitions at L for PbTa for the photon energy range in question. 

The forbidden transition would have a probability per unit time that is 

decreased
4 

by a factor (ka)
2 

relative to that of the allowed t"i:ansition. 

Here k .is the magnitude of the v:rave vector of the incident radiation, 

and a is the spatial extent of the relevant Have function, in this 

case that of a valence band electron. Taking hw == l. 5 eV as a typic.al 

5 -1 
vall.le, k = 0.76 x 10 em and taking a approximately equal to a 

lattice constant 
-8 

X 10 
? . -5 

(ka)- ~= 2.t, i< 10 One ;.;ould 

thus expect the intensity of a forbidden electric dipole transition to 

be about 10-S of the intensity of an allmJed transition. Taking 

(6R/R) ~ 10-4 as typical7 of an allowed transition, one would expect 

-8 . 
(6R/R) to be less than about 10 for a forbidden transition. 

The conclusion of these matrix element considerations is that, if 

the transitions at L sho•m :Ln Table I are allowed and have the quoted 

valu~s of momentum ~atrix elements, then blosser's quoted sensitivity is 
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sufficient to have observed tl1em. If the transitions are forbidden, 

their intensities \•7 ould be too small to be observed t.:ith that sensiti.vity. 

~ltese results are thus consistent with Glosser's proposal that certain 

critical point transitions at L are forbidden. 
.. 

However) it should also be pointed out that Glosser's proposed ,. I 

parity assignmentG in Table I have implications for PbSe and PbS. Since 

the only difference between bands L(3) through 1.(8) ln PbTe and PbSe 

2 
appears to be the relative ordering cif 1,(7) and L(8), then, if Glosser's 

proposed parity assignments are correct for PbTe, they are correct for 

PbSe and~ by inference, very probably for PbS. It, therefore, is important 

to suggest that equivalent e.lectro-reflectaace band population experiments 

be performed on PbSe and PbS. This appears particularly important it1. vie"\-1 

f h 1 1 1 8 1" • • r h • £. l 1 d 1 o - t e He.L cnm,,n .pe.cu larltles or t ·e. propertles o ·· t 1e ea sa t. 

semiconductors. G1osser 1 s proposal that the question of the parity 

assign1nents at L be reopened Hould be much more appropriate if the absence 

of expected transitions at L is observed for all three lead salt 

semiconductors . 

. In· this vein> the author suggests also that optical experiments, by 

methods f"Jt'G2-r t'.h~T:t cle.ct:LO·~reflectct!lC2, b'2 dor~e .in the phOt·O·t;l a.ne.r-,gy 

range between about 1-.0 and 2.0 eV.. It seeii!s particularly i1roportant .to 
l 

obtain additional experimental data in this regioa containing ene.rgie.s 

at which several critical point transH.ions at L (see Table II) are 

calculated to take place. Even though the identification and assignment 

of such transitions is never completely unequivocal, t_he existence of 

additional experimental data can only help resolve the~e questions. 
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Table I. Parity assignments at L 
for PbTe. 

-----.-·-------------·----------,.-----
Bani! l'bTe (A) a PbTe (G)b 

. _________ _, __ ·----

- + 
L(S) 1

45 
1

45 

1(7) 16 
1+ 

6 

L(6) CB L6 16 

L(S) VE 1+ 
6 

L+ 
6 

L(4) + 
1 45 

145 
-I- -1(3) L' 
6 L6 

aRef. 2 (A = "accepted"). 
b 

Ref. 1 (G =Glosser et al.). 
VB -= highest valence band 

CB = lowest conduction band 

Table II. Momentum matrix elements c:.nd band separations 
L\E in PbTe. a 

Transition 11:12
: I <ni£Jk>i 2 

(g-erg) 

1.(3 -+ 6) 0.53 X 10 -39 1.83 

L(i; + 6) 1 n' _._,. (.t4 X 
1 ('-39 
J..-....J 1,38 

1(5 -+ 7) 0.49 X 10-39 1.81 

1(5 -r 8) 2.16 X 10-39 1.89 

1::(5 ·+ 6) 0. 91 X 10-39 1. 22 

a 
Ref. 5. 
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