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We :13ve measured the variation of the thermoelec­
tric power a and the elec trical conductivity a with uni­
form (0mnidirec tional) pressure up to 9000 kg/cm2 ap­
plied at room temperature to single -crystal n- and p ­
type samples of PbTe and PbS . Oil was used as the pres ­
sure-transmitting medium . The apparatus was the same 
as th.1t used in earlier Ivork [1] . 

The thermoelectric power a, the electrical con ­
ductivity a. and the carrier density ~ are listed in the 
adjoining table . This table also gives the percentage 
change in a and a at a pressure P = 1000 kg/ cm2 

(da./adP and da/adP) . One of the experimental curves 
is shown in the figu re; the other curves were similar. 

From the variation of the thermoelectric power and 
the electrical conductivity we can calculate the varia ­
tion of the effective mass m" and the mobility~. The 
method of calcula tion of mol< and u was the same as that 
used earlier in analyzing the results of similar measure­
ment> carried out on samples of PbSe [1]. 

The variation of m" was calculated from the varia­
tion of the thermoelectric power 

a. = ~ [ r -t- 2 Fr+dp.*) - *J. 
q r-t-l Fr(t~*) po, 

1 d:J. _ k [ r-t-2 d (Fr+l) 1J d1'-· (1) 
-';' dP -7q r -I- 1 d:J. * --p; - dP 

= 4 .. (2m.kT)'/' ·p, ( *). 
n 113 'I, po , 

dIn m" 1 F _ 'I, (p. *) dp.· 
dP - '3 F'I, (/J.*) dP' 

where Fr are Fermi integrals, Jl" is the chem ical poten­
tial level in units of kT, £. is the power exponent in the 
dependence of the mean free path (1) of an electron on 
its energy [/ (s).-...- s'J. The table lists the values of 
dIn m- /dP calculated using Eqs. (1) and (2) for r = 0 

[2, 3J.-
The linear variation of the electrical conductivity 

with pressure is related to the variation of the mobility. 
This was confirmed by measurements of the Hall coef­
ficient RH' at pressures up to 9000 kg/cm2

, on the 
purest n- and p-type samples. 

To determine that part in the mobility variation 
which is related to the variation of the chemical poten­
tialJl", the equivalent variation of the mobility was cal­
culated for a nondegenerate sample (denoted by the sub­
script "nd"): 

(3) 

where r is the gamma function. 
The calculated values of d (In Und)/dt are also given 

in the table. 

-Calculations carried out for r = 1/2 and r = 1 (not 
listed in the table) give practically the same values of 
d( 1n m - )/dp. 

Result> of :v1easurements and Calculations for PbTe and PbS Samples 

Sample Carrier density, 
a. da /adP, da/adP. dm*;hrt:!p, duncVUnddP. Com -

Type Jl V /deg. 
0. _ in 0/0 in 0/0 in 0/0 in % per 

pound No. n-1-cm s 
cm-3 at 300· K lPer tone per tone per tone tone 

PbTJ 
3/1 n 9.4 X IOn 280 230 - 1.1 6.9 - 2.49 7.0 - 2.8 

26/2 n 4 .1 X 1019 57 4500 - 1.92 5.4 - 1.95 6.25 - 3.2 

14/5 P 2.3 X 1018 263 280 - 1.2 7.0 - 2.47 7.1 - 2.8 8 

12/ 1 P 6.9 X 1018 191 820 - 1.4 6.7 - 2.24 7.0 - 3.12 

20/1 P 2.0 X 1019 117 1640 - 1.64 6.2 - 2.12 6.65 - 3.14 

19/1 ? 5.0 X 1019 64 2950 - 1.8 5.8 - 1.82 6.4 - 3.5 

14 n 4.9 X 1018 236 360 - 0.93 3.7 - 1.8 3.8 - 2.1 

\ 27 n 2.2 X 1019 94 1860 - 1.35 3.2 - 1.7 3.78 - 2.22 

PbS 25 n 7.4 X 1019 51 3660 - 1.6 3.0 - 1.4 3.7 - 2.64 

I 43 P 2.1 X 1018 290 170 - 1.06 6.4 - 2.26 6.56 - 2.9 

42 P 1.1 X 1019 191 800 - 1.3 4.7 - 2.05 5,0 - 2.44 
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Dependence of the thermoel ectric 
power and the electr ical conductiv­
ity on pressure for sample No. 19 / 1. 
1) Pressure increasing; 2) pressure 
decreasing. 

Let us now consider the result obtained. 
1. Similar values of the change in the effective 

mass for n - and p -type samples confirm the earlier sug­
gestion [4] that the effective carrier m asses are deter­
mined primarily by the "interaction" of the valence and 
conduction bar,ds . Some difference in the changes of 
the effective mass between n- and p - type samples of PbS 
is obviously related to the effect of other bands. which is 
in qualitative agreement with the work of Walton. Moss 
and Ellis [5].\"ho found that the e ffective electron mass 
determined from the Faraday effect for PbS (0.17 6) was 
larger than for PbSe (0 .114) and consequently the con ­
tribution of other bands in PbS is greater than in PbSe. 
For the same reason the values of the changes of the ef­
fective masses differ more strongly in the case of PbS 
than for PbSe [1]. 

2. From the deformation potential theory it is 
knO\"n [6] that 

The experimental values of s = d (In Und)/d (In m·) are 
close to - 2.5 ( the average values are - 3.10 for PbTe 
and - 2.46 fo r PbS) , obviously indicating that on deforma­
tion the effec tive mass changes to a greater extent than 
the deformation potential constant C (for details see [1 ]). 

3. Using the results obtained in the present work we 
may attempt to separate out the thermal expansion and 
the lattice vibra tion contributions in the temperature 

depcndence of the effective mass obtained for PbTe by 
Devyatkova and Smirnov [7]; m- ~ Tl· r.o . 

From the Imown values of the compressibili ty [8] 
( l/V)(dV /dP ) = 2.56 X 10-6 cm2/kg and the linear ex­
pansion coe ffic ient [9] (lll )(dlldP) = 2.5 X 10 - 6deg -l 

we easily find that a pressure of 1000 1<g/cm2 is equiv­
alent (in the se nse of changing the separation between 
atoms) to a temperature change of 34 deg. According to 
Devya tkova and Smirnov [7] we should have om-/m-
= 6.3 %forthis change , but we found that 1000 kg/cm2 

produced 0 m -/m - = 2.2,,/0. It follow s that approximately 
65"/0 of the change in the effective mass is related to 
atom vibrations and the other 35,,/0 is due to thermal ex­
pansion. 

4. The relative change of the effective m ass under 
pressure decreases somewhat with increase of the degree 
of degeneracy of the electron gas (see the adjoining 
table). This indicates a departure of e(k) from a pa­
rabola . 

The authors thank B. Ya. Moizhes and A. R. Regel' 
for discussing this work. 
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