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The pressure coefficient of the energy for the first sharp exciton peak in the 

optical absorpt ion spectra of l ead iodide PbI
2 

and bismuth iodide BiI
3

, has been 

measured and the values are compared with those for the first exciton in thallous 

bromide TIBr. 

Thallium, lead, and bismuth occupy successive positions in the periodic table, 
21 22.23 

and have the outer electronic configurations: TI 6s 6p : Pb 6s 6p : Bl 6s 6p • 

The metals are respectively mono-, di- and tri-valent in the stable form, and 

when the halides are formed, it is primarily the 6JHlIectrons in each metal which 

are involved in the bonding , leaving the 6s-levels occupied in each case. It has 

therefore been suggested (I, 2) that the upper valence band in the layer crystals 

PhI2 and BiI3 will be formed from iodide 5Pistates, with contributions from the 

metal ion 6s-states. The lowest conduction band is expected to be formed from the 

metal ion 6p-states in each ca se. The strong exciton peak which is observed in the 

optical absorption spectrum of PbI
2 

(3 to 6) and BiI3 (5, 7) is likely to be associated 

with the minimum bandgap in each material, and the variation of the exciton peak 

energy with pressure has been measured in order to obtain information concerning the 

associated band extrema. 

Single crystals of PbI
2 

and BiI3 grown by vacuum sublimation were cleaved by 

means of transparent adheSive tape to about 1000 ~, at which thickness optical trans

mission measurements could be made in the vicinity of the exciton peak energy at 

2.5 eV in PbI
2 

and 2.0 eV in BiI
3

. The pressure apparatus used has already been 

described (8). 

The exciton peak in both PbI
2 

and BiI3 was found to move rapidly, linearly and 

reversibly to lower energy under pressure. The pressure coefficients are given in 

Table I, together with the corresponding data for thallous bromide TlBr (8). Ex-
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Table 1 

The pressure coefficient of the first exciton peak in the optical spectra of thallous, 
lead, and bismuth halides 

E (3Eo /3p)T T (llE/aT) average 0 

(eV) -6 (oK) -4 
(10 eV/bar) (10 eV /deg) 

TlBr 
3.0 

-20.1 + 1. 0 274 +3.4 
cubic -9.5+ 0.4 80 -
PbI

2 2.5 
-18.5 + 1. 0 294 

-1. 25 
layer -16 . 5';: 0.5 80 

-
BiI3 2.0 

-16.6 + 1.0 274 
- 2.6 

layer -11.2 + 0.8 80 -

perimental investigations (8) and energy band calculations (9) for TlBr have 

established that the E exciton peak in TIBr is associated with a valence band 
o 

maximum in which there is a significant contribution from the TI ion 6s-states. 

The appropriate conduct ion band is formed from Tl p-states. The large negative 

pressure coefficients whic h are obtained in the case of PbI
2 

and BiI3 therefore 

provide strong evidence of significant contributions from metal 6s-states to the 

upper valence band in each material, since states of s-like symmetry rise in 

energy much faster under pressure than do p- or d-like states . 

The detailed band s t ruc ture of PbI
2 

and BiI3 is not known, and an unequivocal 

assignation of the transition associated with the peak E in each material to a 
o 

specific critical point in the Brillouin zone cannot be made. However, considerations 

of band curvature suggest that in common with the thallous halides, the first tran

sition in both PbI 2 and BiI3 is likely to occur at the zone boundary. 

It was found. for thallous bromide (8) that the positive temperature coefficient 

of the E peak energy may be attributed substantially to the effect of lattice dilatation, 
o 

with a relatively small electron-lattice interaction term (3E/3T)V' In the case of 

PbI
2 

and BiI3 however, the energy of the first peak in optical absorption has both a 

negative temperature coefficient (10, 7) and a large negative pressure coefficient, 

so that the electron-lattice interaction term must be negative in both materials, 

with a magnitude greater than that of the total temperature coefficient. 



43 

the optical spectra of thallous, 
es 

(aE/aT) 
-4 average 

(10 eV/deg) 

I 
+3.4 

-1. 25 

-2.6 

t tions (9) for TlBr have 

iated with a valence band 

from the Tl ion 6s-states. 

r-states. The large negative 

of PbI
2 

and BiI3 therefore 

rom metal 6s-states to the 

s-like symmetry rise in 

ike states. 

)t known, and an unequivocal 

E in each material to a 
o 

made. However, considerations 

Hous halides, the first tran

wne boundary. 

Jive temperature coefficient 

to the effect of lattice dilatation, 

rm (aE/aT)V' In the case of 

1 optical absorption has both a 

legative pressure coefficient, 

negative in both materials, 

ature coefficient. 

[ 
I 
I 

t 

I 

Short Notes 

References 

(1) CH. GAHWILLER and G. HARBEKE, Phys. Rev. 185, 1141 (1969). 

(2)D.K. WRIGHTandM.R. TUBBS, phys. stat. sol. 37, 551 (1970). 

(3) M.H. TUBBS, Phys. Letters (Netherlands) 22, 13 (1966) . . 

K31 

(4) A. E. DUGAN and H. K. RENISCH, J. Phys. Chem. Solids 28, 1885 (1967). 

(5) M. R. TUBBS, J. Phys. Chem. Solids 29, 1191 (1968). 

(6) J.A. WILSON and A.D. YOFFE, Adv. Phys. 18, 193 (1969). 

(7) B. L. EVANS, Proc. Roy. Soc. A 289, 275 (1966). 

(8) A.J. GRANT, W. Y. LIANG, and A.D. YOFFE, Phil. Mag., in the press. 

(9) H. OVERHOF and J. TREUSCH, Solid State Commun., in the press. 

(10) M.R. TUBBS, J.sci. Instrum. 43, 698 (1966). 

(Received November 11, 1970) 


	(Granier, R.) (Grant, A.J.)-9069_OCR
	(Granier, R.) (Grant, A.J.)-9070_OCR
	(Granier, R.) (Grant, A.J.)-9071_OCR

