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PARITY ASSIGNEENTS AT L IN THE LEAD SALT STEICOJD iCTORS
Richaxrd Dalven
Department of Physics
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ABSTRACT
It is concluded that the proposals of Glosser et al.

(Phys. Rev. Lett. 33, 1027 (1974)) on parity assignments
in PbTe are supported by consideration of the momzntum
matrix elements for the tramsitions in question. However,

it is clear that further experimental studies, particularly

of PbSe and PbS, are necessary before the present parity

il

assignments at in the lead salt semiconductors cana be
called into question.
R - . l - - .. . 3 _—
In a recent ‘letter;” Glosser et al. have indicated that the accepted

. . 2 ‘ . -
parity assignments  for the bands at L are incoerrect for PpTe. The

urpose of this comment is to present additional evidence on this poink,

but also to suggest that further experimental -work is necessary before -

the present parity assignments can be concluded to be incorrect.
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o crigrently zccented pacity assignments ab L (ziven by Martine:

U T 9o oL
2 . . . .
et al.” ) are shown in Table I, as is the scheme propossd by G7OSS°I et al.
The parity assignments for PbTe labeled (C) in Table I are those
imolicitly proposed by Glosser and are a set of assignments in which the
parities of the band edges (L{(5), L(7), L(8&)) and of (L(3), L{4), L(6))
are the same. The scheme labeled (G) in Table T is the only one con-

Y

sistent with the parity assignments suggested by Glosser, and also with

(L]

ties” (i.e., 1.{0) L(5) = L 7y for the conduction

Lg ,

j

the accepted par



and valence band edges at L in PbS, PhSe and *hTe.
1

The evidence put foth by Glosser™ is basically the non-observation
of a critical peoint transition at L under circumstances {(i.e., the
Fermi level out of the band) under which one would expect to ohsarve
only critical point trapnsitions. This null result is interpreted as
meaning that the trausition is forb dden because the initial and final
state at L have the same parity.

It appears to the author that this conclusion is based on equating
the Laporte selection rule4 with its converse. This rule states that,
under certain circumstances, matrix elements of
moment operator vanish unless the initial and final states have opposite
parities. It seems unjustified to use the converse of this selection rule
to conclude that the non-observation on a transition means, first, that
it is forbidden, and that, second, it is forbidden because of fﬁe parity
selection rule above. It is one of the l*miuavlcna of Glosser et al.’
~letter that they do not consider any otherx possible reasons that the
transition in question might not be observed. OCne of fhe purposes_ofA

this comment is to cohuldec the possibility that the elec ric dipole

th

matyrix elemeants for the transitions in question are small, so that tha
transitions in question are not observed because they are simply weak,
and not because they are forbidden at L.

Momentum matrix elements between a number of pairs of states at L

R 5 e . it

and at X have been calculated” by M. Schluter using the Martinez et al.
band structure. Some of these matrix elemenits are shown in Table IT for
several transitions which are parity-allowed at L in the scheme of

‘assignments (A) in Table I, and are p“rlty~fo*bWJﬂeﬂ at 'L in the scheme ().
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The energy sepavations AE = (E, - En) are those calculated™ in the

k.
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Martinez et al. band structure. Table II shows that the values of
12 e ' iy : -

lM{ for these tranmsitions are all within a factor of two of

39 : ' . - 6 . o ’
. g - erg, the value estimated to correspond to the

T, > I'. transition in In5b7 at 3.4 eV. The observed value of (AR/R) imn

8 7

. ~5
electro~reflectance for this I'g > T7 transition is about 10 7. The
conclusion is that, given these calculated matrix elements at L and at
I in PbTe, these transitions (if allowed) are strong enough'td be detected'

. . ' -7
with Glosser's quoted sensitivity.of (AR/R) ® 5 X 10 °.
On the other hand, if these transitions are forbidden, then one may
.o 4 I . e - ) .
estimate the relative intensities of allowed and forbidden electric
dipole transitions at L for PbTe for the photon energy range in question.
The forbidden transition would have a probability per unit time that is
, 4 . 2. L o
decreased by a factor (ka)  relative to that of the allowed transition.

Here k is the magnitude of the wave vector of the incident radiatien,

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

case that of a valence band electron.. Taking fiw = 1.5 eV as a typical

' 5 -1 , . ' ‘ v
value, k = 0.76 X 10" cm =, and taking a - approximately equal to a
P foo= s -8 5\ . . \2 Y w-\NS 1A
lattice constant (6.3 X 10 ci) gilves (ka) = 2.4 X 10 7. One would

x

thus expect the intensity of a forbidden electric dipole transition to
be about 10 of the intensity of an allowed transition. Taking
o b N '

(AR/R) = 10 "as typical’ of an allowed transition, one would expect .

: ' -8 - |
{AR/R) to be less than about 10 for a forbidden transitionm,.

The conclusion of these matrix element considerations is that, if
the transitiomns at L shown in Teble I are allowed and have the quoted

values of momentum matrix elements, then Glosser's quoted sensitivity is



sufficient to bhave observed them. If the LlaaulL*0ﬂ= are forbid mwn,
their intensities would be too small to be observed with that sensitivity.

th-Glosser's proposal that certain

}_’n

These results are thus consistent w
critical point transitions at L are forbidden.

However, it should also be pointed ocut tha .t Closser's pLo sosed
parity assignments in LGDTe I have implications for PbSe and Pb3. Since
the only difference betw jeen badds L(3) through L(8) in PbTe and PhSe

. 2 . - vy ]
appears to be the relative oruorino of L(7) dna L(S), then, if Glosser's

roposad parity assignments are correct for PbTe, they are correct for
o g 3

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

to suggest that equivalent electro-reflectance band populatlon experiments

be performed on PhSe and. PhS. 1% appears particu Tarly'lvportanL in view

8 e . :
of the well known peculidrities of the properties of the lead salt

‘sanconduLtoru. Glosser‘s proposal that tqe question of the.parity
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a5510n:entb at L be reopened would be much more appropriate if
of expected transitions at L is observed for all Lhr¢g lead salt

semiconductors.

T this wvein, -the auhhor suggests also that. optical exp rimevts, by

methcds gthar than electro-reflectance, be dene 1n the photon @

.\' i
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range between about 130 and 2.0 eV. It secems particularly importamt.to

obtainbadditionai éxpefimeﬁtalydata in this‘regidn coﬁ iﬁihg énergi§s

‘at which seve rél.c i'i cal p01nt transiti at L‘(Seé'Téble II)Vgre

calculated to take place. Even though the identification and aséignmenﬁ
. | £

of such transitions is never completely'unequivocal, the existence. of

_ add;rlonal experimental data can only holn resolve these quesLlons.
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Table I.

>ayity assignments at L
for PbTe. '

Band bTe (A)3 PbTe (G)P

- +
L(8) Lys Lys
- +

L(7) L6 L6
L(6) = CB L L
. + +
L(5) = VB L L6‘
+ -—
L(%) Lys Ls
+ —

L(3) Ly L

)

qRef. 2 (A = "accepted').

Ref. 1 (G
VB = highest valence band

b

CB = lowest conduction band

Glosser et al.).

Table II. Momentum matrix elements and band separations
' AR in PbTe. ‘
' _ 2 _ 12 o . -
Transition | [M|7 = [4alp]k?|® (g-erg) | LE = (B, - E ) {eV)
-39
L(3 ' 6) 0.53-x 10 1.83
L4 + 6) 1.84 % 10729 1.38
-39
L(5 =7} 0.49 x 10 1.81
~39 .
L(5 - 8) 2.16 x 10 1.89
-39 o
Z(5 + 6) 0.91 % 10 o 1.22
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