
Thermal diffusivity of lead iodide
T. S. Silva, A. S. Alves, I. Pepe, H. Tsuzuki, O. Nakamura et al. 
 
Citation: J. Appl. Phys. 83, 6193 (1998); doi: 10.1063/1.367492 
View online: http://dx.doi.org/10.1063/1.367492 
View Table of Contents: http://jap.aip.org/resource/1/JAPIAU/v83/i11 
Published by the American Institute of Physics. 
 
Related Articles
Area of contact and thermal transport across transfer-printed metal-dielectric interfaces 
J. Appl. Phys. 113, 024321 (2013) 
Negative correlation between in-plane bonding strength and cross-plane thermal conductivity in a model layered
material 
Appl. Phys. Lett. 102, 011901 (2013) 
Thermal conductivities of one-dimensional anharmonic/nonlinear lattices: renormalized phonons and effective
phonon theory 
AIP Advances 2, 041408 (2012) 
Ballistic thermal transport contributed by the in-plane waves in a quantum wire modulated with an acoustic
nanocavity 
J. Appl. Phys. 112, 124315 (2012) 
Thermal conductivity of sawtooth-like graphene nanoribbons: A molecular dynamics study 
J. Appl. Phys. 112, 123508 (2012) 
 
Additional information on J. Appl. Phys.
Journal Homepage: http://jap.aip.org/ 
Journal Information: http://jap.aip.org/about/about_the_journal 
Top downloads: http://jap.aip.org/features/most_downloaded 
Information for Authors: http://jap.aip.org/authors 

Downloaded 29 Jan 2013 to 200.128.60.106. Redistribution subject to AIP license or copyright; see http://jap.aip.org/about/rights_and_permissions

http://jap.aip.org/?ver=pdfcov
http://aipadvances.aip.org
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=T. S. Silva&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=A. S. Alves&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=I. Pepe&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=H. Tsuzuki&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=O. Nakamura&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.367492?ver=pdfcov
http://jap.aip.org/resource/1/JAPIAU/v83/i11?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4773532?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4773372?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4773459?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4770491?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.4768445?ver=pdfcov
http://jap.aip.org/?ver=pdfcov
http://jap.aip.org/about/about_the_journal?ver=pdfcov
http://jap.aip.org/features/most_downloaded?ver=pdfcov
http://jap.aip.org/authors?ver=pdfcov


JOURNAL OF APPLIED PHYSICS VOLUME 83, NUMBER 11 1 JUNE 1998
Thermal diffusivity of lead iodide
T. S. Silva, A. S. Alves, I. Pepe, H. Tsuzuki, O. Nakamura, and M. M. F. d’Aguiar Neto
Instituto de Fisica, Universidade Federal da Bahia, 40.210-340 Salvador, Bahia, Brasil

A. Ferreira da Silvaa)

Department of Physics and Measurement Technology, Linko¨ping University, S-581 83 Linko¨ping, Sweden

N. Veissid and C. Y. An
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The thermal diffusivity and thermal conductivity have been determined for lead iodide PbI2, at
room temperature, using the photoacoustic spectroscopy. The result shows a thermal diffusivity
as5(25.060.4)31023 cm2/s, a value very close to other semiconductors of current technological
importance. The electrical conductivity is also measured and discussed. ©1998 American Institute
of Physics.@S0021-8979~98!03010-2#
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The sensitivity of a modulation frequency in the photo
coustic spectroscopy~PAS! technique has been amply dem
onstrated in various thermal diffusivity measurements
semiconductors.1–7 The fact that the PA signal depends o
how the heat diffuses through the sample enables us to m
sure its thermal properties. Thermal diffusivity, as optic
band gap energy, is an important physical parameter to
considered in device modeling. Like the thermal diffusivi
the thermal conductivity is particularly an important para
eter to manufacturing devices. The measurement of ther
diffusivity as allows us to obtain the thermal conductivityk,
once the densityr and the specific heatCv are known. We
determinek by the relationk5asrCv .

A better knowledge of both thermal and optical prop
ties leads to improvements in the whole processes of de
fabrication and its optimization.1–13

Recently, we have determined the optical band gap
ergy of lead iodide PbI2 by PAS, having so demonstrated th
utility of this method to investigate the optical properties
semiconductors.8 The spectra are obtained directly fro
the amount of heat generated in a sample due to n
radiative absorption processes.1,8–12 The single crystal of
PbI2 was grown by Bridgman’s method with thec-axis
oriented perpendicular to the growth axis.8 The thermal
diffusivity was only measured along thec axis, because o
the difficulty of cleaving the PbI2 samples along other direc
tions.

PbI2 is a wide gap semiconductor, 2.30,Eg,2.36 eV,8

with large applicability as a room temperature detector.8,14,15

The detector leakage current (ld) is proportional to the con-
ductivity of the material. As good detectors are expected
have low value ofld, the electrical conductivity of this ma
terial would also be highly desirable.

Studying the PbI2 thermal properties, we have performe

a!Permanent address: Laborato´rio Associado de Sensores e Materiais~LAS!,
Instituto Nacional de Pesquisas Espaciais~INPE!, C.P. 515, 12.201-
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the experimental determination for the thermal diffusivit
using PAS techniques. The conventional experimental p
toacoustic setup, consisting of a periodically exciting lig
source an the photoacoustic cell containing the sample
microphone is show schematically in Fig. 1.

The aluminum open-ended cell used is show in Fig.
The cylindrical gas cavity has its top closed by a qua
window, the bottom being closed by the sample itself. T
cell configuration allows different ways for the samp
excitation, i.e., from its front side and also from its re
side. The choice between these possibilities determines
kind of spectrum obtained, transmission or reflection,
well as the suitable model for treatment of the experimen
data.

A Kondo 50 W lamp was used as light source and
heating frequency modulated by a HMS 220 mechan
chopper, varied from 20 through 150 Hz. This modulati
beam passes through a convergent lens and a water fi
The latter is used to ‘‘cool down’’ the light beam, cutting o
the IR spectrum components.

The acoustic signal produced in the gas cavity by
sample is detected by a Sennheiser condensed microp
~model KE 4-211.2! and analyzed in respect to the modulat
reference by a lock-in amplifier ITHACO 3961B.

The amplitude and the phase angle of the photoacou
signal are recorded and interpreted as a function of the ch

FIG. 1. The schematic experiment setup for thermal diffusivity measu
ments.
3 © 1998 American Institute of Physics
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FIG. 2. The thermal diffusivity cell in detail.

FIG. 3. PA intensity vs chopper frequency for the 250-mm-thick sample of
PbI2.

FIG. 4. Chopper frequency dependence of the rear signal. The solid cu
represent the best fit of the data to Eq.~1!. The best value for the therma
diffusivity of PbI2 is as5(25.060.4)31023 cm2/s.

TABLE I. Measured values of thermal diffusivity and thermal conductiv
k for two samples of PbI2. The thermal conductivity was obtained from th
relationk5asrCv

Thickness~mm! as (1023 cm2/s) k (1023 W/cm K)

200 24.862.0 26.864.3
250 25.060.4 27.160.9
Downloaded 29 Jan 2013 to 200.128.60.106. Redistribution subject to AIP l
per frequency by the data acquisition system, hooked up
personal computer.

For the transmission arrangement, corresponding to
rear-side excitation of a thermally thick sample, the therm
coustic phase contribution is given by Eq.~1!:5–7

F5F01arctan$Ls@~p/as! f #1/221%21, ~1!

whereF0 is the initial phase,as is the thermal diffusivity,Ls

is the sample thickness~Ls5200 and 250mm!, and f is the
chopping frequency. These parameters are determined
numerical least-squares fitting procedure.

In Fig. 3 we show the rear-PA intensity as a function
the chopping frequencyf for the PbI2 sample. It is shown
that the PA intensity is proportional tof 2x, for our best set
of measurementsx520.93060.004. In Fig. 4 we show the
chopping frequency dependence of the rear-signal phase.
solid curve represents the best fit of the data to Eq.~1!. The
room temperature thermal diffusivities of PbI2 were mea-
sured for two different samples of 200 and 250mm, respec-
tively. The values obtained wereas5(24.862.0)
31023 cm2/s and as5(25.060.4)31023 cm2/s, respec-
tively. The better error bar, associated with the seco
sample, is due in part to the thickness difference, but als
the fact that we have covered its back side with a carb
black layer. This procedure enhances the PA signal stabi
but is not recommended for too thin samples.

Using the values for PbI2 for as , r56.16 g/cm3 and
Cv50.0421 cal/g/K at 300 K, from Refs. 16 and 17, respe
tively, one gets the value ofk displayed in Table I.

The as is a physical parameter characteristic of ea
material. Beyond its intrinsic importance, its determinati
gives also our best value is one order of magnitude hig
than for HgI2 (as'1023 cm2/s), which has a
Eg'2.3 eV.9,13 The value ofas to the PbI2 may also be
compared to the values of the very narrow band gap se
conductors PbTe (Eg'0.3 eV) and SnTe (Eg'0.2 eV).
Their thermal diffusivities areas514.231023 cm2/s and
as526.231023 cm2/s, respectively. Recently, the PA me
surements of the thermal diffusivity have been done for ot
materials of current technological importance such
ZnSexTe12x and Ge:Sb:Te alloys.1,16 For the ZnSexTe12x

wide band gap alloys with 0<x<1 and 2.12<Eg

<2.63 eV, the values ofas are around 16.031023 cm2/s.
Our value of as5(25.060.4)31023 cm2/s for PbI2 is
closely toas5(27.061.4)31023 cm2/s of the Ge15Sb29Te56

alloy.18

Using a voltage divisor technique, the electrical condu
tivity of the PbI2 samples with gold contacts was also me
sured. A stable dc voltage source~HP6632A! and a multim-
eter~HP3478A! were used in the measurement. The value
the electrical conductivity at room temperature is abou
310211 V21 cm21, which recognize PbI2 as a good mate-
rial with potential to be used as, for instance, ionizing rad
tion detector.

The authors~N.V.! and ~A.F.S.! would like to acknowl-
edge financial support of the Brazilian National Resea
Council ~CNPq-Brazil!.
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