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Abstract: By using Morelli-Callaway model and some structure dependent parameters, theoretical
calculations of LTC for wurtzite Bulk CdSe, zinc blende CdSe nanowire and nanolayer are performed.
The theoretical and experimental correlation for CdSe NWs with diameter 41, 52 and 88nm and
nanolayer with thickness of 4.3nm are investigated. While, the direction of growth of ZB CdSe is <110>,
one equation for longitudinal and two different equation for transverse mode are used for calculating
acoustic group velocity. Therefore, Morelli-Callaway model splits to three branches. There are six
phonon transfer scattering rate, which are umklapp, normal, boundary impurity, dislocation, and
phonon-electron scattering rate. In different temperatures, different phonon scattering process appeal.
The shape of LTC as a function of temperature has a bell shape that all phonon scattering rate
configured this shape. The peak of lattice thermal conductivity shift to higher temperature with
decreasing the size of CdSe nanostructure. In summarize, the LTC for a particular temperature depends
on the size and crystal structure. At 300K thermal conductivity of WZ bulk CdSe has less value than all
ZB CdSe NWs mentioned in this work. Also quantum confinement effect cause mechanical and thermal
parameters change with decreasing the size and dimension of CdSe semiconductor.
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1. Introduction

The unique physical properties of cadmium selenide (CdSe) make it to become an attractive
semiconductor(Grunwald, Rabani, & Dellago, 2006; Huang et al., 2007; Jia-Jin, Yan, Wen-Jun, &
Qing-Quan, 2008). It provide a great bulk modulus (53.4GPa), a very low thermal conductivity (0.09
W/cm:-K), wide energy gap (1.84 eV), and a high melting temperature (1623K) (Jia-Jin et al., 2008;
Madelung, 2012; Omar, 2016). Three crystalline structure forms of CdSe are rocksalt (RS), wurtzite
(W2Z) and zincblende (ZB) structure and possibly orthorhombic or monoclinic (Jia-Jin et al., 2008;
Madelung, 2012). Thermal properties are different for different structures, and different
nanostructure size during quantum confinement effect (Yang et al., 2015). There are many
experimental measurements of lattice thermal conductivity (LTC) for binary compound
semiconductors of nanoparticles (Caylor, Coonley, Stuart, Colpitts, & Venkatasubramanian, 2005;
Pernot et al., 2010), nanowires (Fon, Schwab, Worlock, & Roukes, 2002; Guthy, Nam, & Fischer,
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2008; Mingo & Broido, 2004) and nanolayers (Feser, Chan, Majumdar, Segalman, & Urban, 2013;
Samvedi & Tomar, 2009). In the other hand, a lot of researchers theoretically follow experimental
results of LTC by applying mathematical calculation (S. Mamand, Omar, & Muhammad, 2012; S.
Mamand, Omar, & Muhammed, 2012; S. M. Mamand, 2014).

In the current work lattice thermal conductivity (LTC) of bulk CdSe, single crystalline CdSe
nanowires with Zinc Blende phase and nanograined film are investigated theoretically and fitted with
experimental result reported by Ref. (Yang et al., 2015) and (Feser et al., 2013), respectively. Since ,
the growth direction is [110], then the equations are used for calculating longitudinal and transverse
group velocity for bulk CdSe split Callaway model into three terms. Furthermore, the effect of
dislocation, phonon-electron, boundary, phonon-phonon umklapp and normal three phonon
scattering are assumed for calculation LTC for each cases that are mentioned. In addition, many size
dependent parameters like mean free path, lattice constant, unit cell volume, density per atom,
melting temperature, Debye temperature and acoustic group velocity are calculated. Also, there are
some parameters as dislocation density, impurity, carrier concentration, surface roughness and
Gruneisen parameter for each longitudinal and transverse mode that are used to fit the theoretical
curve with their experimental counterparts.

2. Theory and Calculation

This model used by Asen-Palmer (Asen-Palmer, Bartkowski, Gmelin, & Cardona, 1997), originally
formulated by Callaway J. in 1959 (Callaway, 1959). It is an important approach to study lattice
thermal conductivity. The detail for LTC is given by:

6p/T
K= AT3j 7. J(x) dx 1)
0

whered = (kp/h)3(kp/(21%v)), J(x) = x*e*(e* —1)™%, x =hw/ksT, kg and i are the
Boltzmann constant (1.38065 x 10723 m? -kg -s™2-K~!) and reduced Planck constant
(1.05457 x 10723] - 5), respectively, at the same time 7. is the combined phonon relaxation time,
and v is acoustic group velocity, w is the phonon angular frequency, 8, is Debye temperature and
finally T is the absolute temperature, respectively.

Table 1: The fitting parameters of CdSe NWs used in this work for calculating LTC for
each diameter.

r Nimp Np Ne Lc L
3 2 3 & 4 Al

nm m m m nm pm

43 | 4.0x10% | 7x10' | 2.5x10% | 0.600 4.3 4 0.4 0.3
41 1.0x10% 10% | 7.3x10%* | 0.400 41 4 0.6 0.5
52 2.0x10% 10" | 6.8x10** | 0.365 52 4 0.68 0.5
88 2.0x10% 10" | 7.5x10** | 0.365 88 4 0.7 0.52
Bulk | 1.0x10% 10¥ | 7.0x10* 1.3 0.9

Volume 3, Issue 1 (Special Issue); September, 2017 10



Eurasian Journal of Science & Engineering EAJSE
ISSN 2414-5629 (Print), ISSN 2414-5602 (Online)

Thermal conductivity for bulk material could be expect by using Eq. (1). Moreover, this equation can
give a good theoretical calculating LTC, for of thin films (Balandin & Wang, 1998; Khitun,
Balandin, & Wang, 1999) and NWs. This model has been modified by Asen-Palmer et al. (Asen-
Palmer et al., 1997) Morelli et al. (D. Morelli, Heremans, & Slack, 2002) by splitting both transverse
and longitudinal phonons explicitly and normal three phonon processes. Then the LTC are given by
this relation (Asen-Palmer et al., 1997; D. Morelli et al., 2002):

K=K+ 2Ky (2
KL = KLl + KLZ (2a)
Kr = KT1 + KTZ (2b)

In Eqg. (2a) each k;, and k;, are the standard Debye-Callaway terms which are expresed by:

1 6%/T
iy = 5 AT fo L)) (x) dx @)
IR 770 W k) B
w=zar| [ G )](")d] U Fohm O ©)

and in similar fashion, in Eq. (2b) x,, and k,, for the transverse phonons are just like these (Omar
& Taha, 2010):

1 eg/T
=340 [ )00 dx ©)
_1 %/T 17 (x) /T <l (x) B
kr, = 3 ArT? fo T )/<x)d] U oo ® & ()

where T and L in the superscripts showed the modes of each transverse and longitudinal phonons,
respectively, also, 8} and 85 are the transverse and longitudinal Debye temperature, respectively and
can be calculated by (D. Morelli et al., 2002):

1/3
k) _ (@™ hvu ®
D v ks

with w,ryis longitudinal (transverse) zone-boundary phonon frequency, also, v r)is the acoustic

group velocity for growth direction <110> can be calculated as (Hou, Yang, Hu, Zhang, & Yang,
2014):

v, (1110) = j% st S (92
vp([110]) = % (9b)

where €y, , C;, and C,, are elastic constants, which for CdSe is given in Table (3). Furthermore, A4;
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in Eq. (5) and 4, in Eq. (7) are as follows:

kg\* kg
== 10a
A (h) 2m2v; (102)

kg\®> kg
== 10b
Ar (h) 2m2vy (10b)

2.2 Phonon-Scattering Rates

Heat transfer in semiconductor materials due to phonons effected with different scattering processes.
The scattering process rate which is takes into account in the present work are: phonon—phonon

(normal scattering, r,f,m , and anharmonic interaction or three-phonon Umklapp scattering, rﬁm),

phonon—impurity, r,@m, phonon—electron scattering, rf,ﬁf_)e, phonon—boundary, rém, and phonon—

dislocation rate rg(CT). These scattering rate process combined as follows:

o | =\ o L(T) L(T) L(T) L(T) L(T)
Tc Tn Ty 3% Tp Tph—e Tpc

The corresponding equations briefly mentioned as follows:

2.2.1 Three Phonon-Phonon Umklapp and Normal Scattering Processes

Umklapp scattering (also Umklapp process or U-process), which the total of phonon wave vectors is
not conserved except changes by a reciprocal lattice vector. It divided to longitudinal and transverse
by (D. Morelli et al., 2002):

_ 2
[Tb(T)] 1 _ Bll]‘(T) (%) x2T3e—(9£(T)/3T) (12)

with Umklapp parameter strength for longitudinal (transverse) is given by:

2
BL(T) _ hyL(T)
u - L(T)
M vi 6
here M is the average mass of an atom in the crystal, y, r is Gruneisen parameter that is handled to
fitting the theoretical LTC curve with corresponding experimental data.

In the other hand, normal phonon scattering has an important effect for determining the peak of the
LTC (S. Mamand, Omar, & Muhammad, 2012), however it is not a resistive process (Omar & Taha,
2010). Mathematically can be expressed as:
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-1
("] = By Pw?T? (13)
with

L _Kgviv . kgvRv

N Mnzvs T N Mhdvs

where V is unit cell volume which is calculated for each case and listed in the Table 2.

2.2.2 Phonon-Impurity Scattering Rate

The atoms of a given crystal have different of mass due to present impurity or exist isotopes in its
structure. The impurities specified as defects and dislocations. Also, point defects are assumed in two
types, which are isotope atoms and impurity. The related relaxation rate can be expressed in term of
unitless parameter, X, as shown below (S. Mamand, Omar, & Muhammad, 2012):

L] _ (LT LD
[ "] = (0 + 1) o (14)
where Il.LS(OT) is the phonon scattering due to different isotopes of an element or compound, and for

each modes are given as:

SO Am vl
likewise, Iierg is the phonon scattering distribution because of impurity, that is represented as:
L(T) — 3V2 S2 ]
imp T VE(T) imp

here S is the scattering factor, which its value is equal to one (Klemens, 1955). In addition, Ny, is
the concentration of impurity, and can be find its value during fitting LTC curve. What is more, I" is
strength of the mass-difference scattering and for CdSe which is an alloy composed of two different
elements is as follows:

M 2 Mg, \*
I (CdSe) =2 [(ﬁ) r(cd) + (W) F(Se)] (15)

where M.; and Mg, are the average atomic mass of Cadmium and Selenide, respectively. The
coefficient of 2 in front of the square brackets is because CdSe is a binary compound (D. Morelli et
al., 2002). Also, T'(Cd) and I'(Se) are the strength of the mass-difference scattering and in general
form for each element can be found as:

1= Y5 ®
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where c; is the percentage atomic natural abundance, m; is the atomic mass of the it" isotope and m
is the average atomic mass is equal to m = ); c; m;. The strength for each Cd and Se isotopes is
listed in Table 3.

2.2.3 Phonon-Boundary Scattering Rate

The phonon-boundary scattering rate for bulk is assumed self-sufficient of each frequency and
temperature,

-1
and expressed as [rém (L)] = v )/d, where d is the effective diameter of the specimen and is

found to be 3mm due to fitting LTC at low temperature. Although, rﬁmfor nanostructures is
depends on group velocity and the value of effective diameter of the sample, L.ss, however it is
independent of either temperature nor frequency:

-1 VLT 1 1
[Pl =T = v () a
e c

Table 2: Calculated diameter dependence values for mean path length, Eq. (25), lattice parameter,
Eq. (27), unit cell volume, Eq. (28), mass density, Eq. (29), melting temperature, Eg. (30),
longitudinal and transverse Debye temperature, for nanolayer and nanowires Eqg. (31) and for bulk
Eqg. (8). Furthermore, phonon group velocity for longitudinal and transverse, calculated for nanolayer
and nanowires with Eq. (32) and for bulk is calculated by Egs. (9a) and (9b).

r dmean a V p Tm 95 9;1 9;‘2 V|_ le sz
nm | A A | A | kgm? K K K K m/s m/s m/s
2.71 | 6.27 | 30.9 | 5164.8 208.9 98.04 | 3715.5 | 1592.6 | 1640.5
4.3 9 9 4 g 1472.4 0 95.20 0 0
a 264 | 6.11 | 285 | 5590.3 | 1593.4 | 226.1 | 112.9 | 106.1 | 3571.2 | 1530.7 | 1576.8
9 5 8 9 4 1 7 0 8 9 4
- 264 | 6.10 | 28.4 | 5614.6 | 1599.7 | 227.0 | 103.3 | 106.5 | 3563.5 | 1527.4 | 1573.4
4 6 6 0 8 1 8 2 7 8 3
83 2.63 | 6.09 | 28.2 | 5651.5 | 1609.3 | 228.3 | 104.0 | 107.1 | 3551.9 | 1522.4 | 1568.2
8 3 7 6 6 6 0 6 0 8 8
Bul | 2.63 | 6.07 | 28.0 | 5705.0 | 1623.0 | 230.3 | 104.8 | 108.0 | 3535.2 | 1515.3 | 1560.9
k 0? 4 1 Q° 0? 0 9 7 0 2 0

“Ref. [1010],

where L is the length of the sample. For absolute temperature smaller than Debye temperature the
value of L. get in order of the cross-sectional dimensions, which is known as Casimir length (L,).
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Furthermore, let a tiny proportion of phonons scattered because of surface of the sample, whereby,
the relaxation rate of boundary scattering for longitudinal (transverse) mode is given by (Omar &
Taha, 2010):

L(T) -t 1(0-¢ 1
[P we)| =i <Lc e (18)
Hence, 1/L.s is specularity parameter, which is depends on the frequency of phonon and the rate of
surface roughness, €. Surface roughness has a value in the range ( 0 1[I [11), with maximum
value ([/[1711) represents phonon completely specular reflection and minimum value ( 0)
shows the phonon is completely diffuse surface scattering.

In this work, for each CdSe NWs and nano layer the value of € is found by fitting theoretical LTC
with experimental data.

70 ¥ Experimental data

— Theoretical

£ n
= >

K (W.m L. K™Y
(9
(]

0 100 200 300 400
T (K)
Figure 1: Lattice thermal conductivity of bulk CdSe as a function of temperature. The theoretical
calculation (solid line) fitted experimental data (filled rectangular), Ref. (Yang et al., 2015), at high
temperature and extended for low temperature.

2.2.4 Phonon-Dislocation Scattering Rate

The scattering of phonons due to dislocations needs to a non-linearity of phonon-dislocation
interaction. Crystal including dislocation (linear defect) undergoes another phonon scattering process
which is divided into short and long range scattering. The short range is similar to three-phonon
Umklapp scattering, that phonons scatter on the center of the dislocation lines, moreover, the long
range is scattering of phonon due to elastic strain field of dislocation lines (Jie Zou, 2010):
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-1 V3 kpTy®
[BPc0] =N 5— () #° (19)

L(T)

wheren = 55, that is found by integration (Klemens, 1955), is weight factor which illustrates the
mutual tendency of dislocation lines and the direction of temperature gradient. Furthermore, ND is
the density of the dislocation lines of all types. The value of dislocation density for each investigated
specimens listed in Table 1.
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Figure 2: Theoretical calculation for lattice thermal conductivity of (a) zinc blonde CdSe NWs with
diameters 41, 52 and 88 nm. The calculated LTC are fitted with experimental data from Ref. (Yang
et al., 2015). Also, for nanolayer CdSe with thickness equal to 4.3nm is fitted (solid line) with
experimental result (empty squares) reported in Ref. (Feser et al., 2013). The effect of boundary
scattering is taken into account; In addition nanostructure parameters for calculating LTC assumed.

2.2.5 Phonon-Electron Scattering Rate

Concentration of free electron increases with increasing temperature and doped material in
semiconductors. Electrons could scatter phonons, so the rate of phonon-electron scattering for each
longitudinal (transverse) modes is as follows (Jie Zou & Balandin, 2001):

2 *1,2 *,2
T X = X ex e
[ )] p v hiy 2kgT P\™ 2kyT

where n, is electron concentration density, E is deformation potential and p is mass density. The
guantitative value for each mentioned parameters is given in Table 1-3.

0.8
0.7 —o
0.6

= 0.5 * *
0.4
0.3 o VL

o VT
0.2
4.3 a1 52 88

Diameter (nm)
Figure 3. Grlneisen parameter as a function of the size which is used for fitting theoretical LTC
with their corresponding experimental data of CdSe NWs and nanolayer. longitudinal and transverse
Grineisen parameter are represented as filled circle and filled square, respectively.

3. Lattice Thermal Conductivity of Nanostructure
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To calculate LTC for nanowire (quasi -one dimension) and nanolayer (two dimension), the
modification of bulk formula have to be used which include size dependent parameters. Also, the
effects of acoustic phonon confinement and boundary scattering which are due to nonequilibrium
phonon distribution has to be taken into account (Jie Zou & Balandin, 2001). Two factors that effect
on phonon confinement are phonon dispersion and acoustic group velocity. The value of phonon
group velocity decreases with decreasing size of nanostructure, that is because of quantum effect on
the surface of nanostructures (Balandin & Wang, 1998; Khitun et al., 1999; Jie Zou & Balandin,
2001). Balandin and Wang (Jie Zou & Balandin, 2001) shows the role of phonon confinement on
decreasing LTC of nanostructures. There is a good agreement of theoretical model for calculation of
LTC, which is fitted with experimental data (S. Mamand & Omar, 2014; S. Mamand, Omar, &
Muhammad, 2012; Omar & Taha, 2010) after considering the size dependent physical parameters
(Omar, 2016).

In the present work each impurity density, N;,,, surface roughness, ¢,carrier concentration, n,,
Gruneisen parameter, y, lattice dislocation density, Nj, are found as fitting parameters, and their
quantity listed in Table 1. In the other hand, mean bond length, d,;... lattice parameter, melting
temperature, T, vibrational entropy, S,;,, enthalpy of melting, H,,, lattice parameter, «, unit cell
volume, V, which are size dependent parameters, is calculated and written in Table 2.

There are two more quantities that split Callaway model into longitudinal and transverse modes,
which are phonon group velocity and Debye temperature. Phonon group velocity by using mass
density and elastic constants could be calculated for each modes of bulk materials (Hou et al., 2014).
Similarly, Debye temperature as a function of phonon group velocity and zone-boundary phonon
frequency could be calculated for longitudinal and transverse mode for bulk materials (D. Morelli et
al., 2002).

3.1 Mean Bond Length

The value of mean bond length starts to increase when the size of crystal reduced to nano scope
dmean (), and this increasing get a maximum value, d,,.q.n (%), When the size of nanostructure
material gets a critical size, r.. The change of mean bond length for semiconductors could be
calculated as follows (Omar, 2012):

1/2
Ao (r) = Adan () | exp | —2m &) =~ R (21)
3R (— - 1)

where R is ideal gas constant, and 7, is depends on the dimension of nanostructure materials,
1. = [3 — D]h, here D is dimension, which for quantum dots, nanowire, nanolayer are equal to zero,
one and two respectively; and h is where h is the first solid surface layer height that can be calculate
as:

h = 1.429 dpppgn () (22)
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1014 ° Y

1013
4.3 41 52 88

Diameter (nm)
Figure 4: Dislocation density for CdSe nanolayer with thickness 4.3nm and NWs with diameters 41,
52 and 88nm are handled in this work to fit theoretical with experimental results.

In the Eq. (21), S,,,is vibrational entropy for bulk and it can be find out from equation:
Sm () = Hp () /T (23)
where H,,, (o) is the enthalpy of melting, which is function of bulk melting temperature:
H,y(0) = —1075 T2 (c0) 4 0.059 T,, () — 21.33 (24)
Mean bond length as a function of size is as below (Omar, 2012):
dmean (1) = h — Adyean () (25)
Furthermore, the bulk value of d,;,.,, could be found as follows:

Amean(©) = h — Adpean (1) (26)

3.2 Lattice Constant, Unit Cell Volume and Mass Density

The physical dimensions which represent unit cell of a crystal lattice is lattice constant, whereby its
quantity can be calculated as (Omar, 2007):

a(r) = 13 dmean(T) (27)

V3

thus unit cell volume (Omar & Taha, 2009)
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3
V(ir) = [@ (28)
2
Finally, size dependence mass density of atoms is calculated from the relation:
M
p(r) =—— (29)

V(r)

3.3 Melting Temperature

For semiconductor material, melting temperature in as a function of size is given by (Omar, 2012):

2/3 ) —
Tm(r)_(V(r)) exp | = 26m(®) — R) (30)

T ()~ \V(0) 3R (1 —1)

Since unit cell volume for nanostructure semiconductors increases with deceasing size, then
according to Eqg. (30) the melting temperature decrease.

3.4 Debye Temperature and Lattice Group Velocity

To calculating group velocity and Debye temperature for bulk semiconductor the Egs. (8) and (9)
could be used, respectively. Thus, for nano size Debye temperature can be calculated by using
Lindmann's formula (Dash, 1999; Liang & Li, 2006):

ny 2 n
P

%) ~7

In addition, the result of Debye temperature obtained from Eq. (31) could be handled to express a
relationship for lattice group velocity that is extracted from Post (Post, 1953) assumption of
isotropic system is as following

v 6p

= 32
vB  9E (32)

Basic parameters for CdSe are listed in Table 3. Also, the outcomes of calculation of for each CdSe
NWs and nanolayer with diameter 41nm, 52nm, 88nm 4.3nm listed in Table 2.
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E- 23
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1021 ¢
4.3 41 52 88

Diameter (nm)
Figure 5: Impurity densities for thickness and diameter of 4.3, 41, 52 and 88nm are found for each
CdSe nanolayer and NWs, respectively. The quantitative value increases with decreasing
nanostructure size.

Table 3: Material parameters of CdSe

Ideal gas constant R 8.314(J.K ™ mol™) Ref. (Omar, 2016)
First surface layer height h 0.375827 (nm) From Eq. (20)
Enthalpy of fusion H | 481 @J.mol?) From Eq. (22)
Bulk overall melting entropy Sm () | 29.63x107(J.K .mol") | From Eq. (21)
. Ref. (D. T. Morelli
Average atomic mass A 95.68 amu & Slack, 2006)
. Ref. (D. T. Morelli &
25
Mass per atom M 1.6x10 (kg) Slack, 2006)
Strength of the mass-difference - 3. 45 x10*

scattering

Cd isotopes

1.25% %cd
0.89% *%cd
12.5% *°cd
12.8% *cd
24.1% *Cd
12.2% **cd
28.7% cCd
7.49% MeCd

Ref. (Wombacher,
Rehk&mper, Mezger,
& Miinker, 2003)
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0.89% "“Se

9.36% '®Se Ref. (Rouxel,
Se isotopes 7.63% ''Se Ludden, Carignan,
23.78% "*Se Marin, & Fouquet,
49.61% %°Se 2002)
8.73% *se
Cu 70.5 GPa
Elastic constants Cy, 44.3 GPa 2RgI.4§Hou etal,
Cu 13.9 GPa
w; 211 cm™t .
zone-boundary phonon frequency o, 169 em-1 Ref. (Adachi, 2004)
Ref. (J Zou,
. Kotchetkov,
Weight factor n 0.55 Balandin, Florescu,
& Pollak, 2002)
. . E, 4.25 (eV) Ref. (Madelung,
Deformation potential 2004)
Effective mass m’ 0.112 m, Ref. (Madelung,
2004)

4. Analysis of Results

4.1LTC inBulk CdSe

Morelli-Callaway model (D. Morelli et al., 2002), which is a modification of last version of
Callaway model (Callaway, 1959), is applied to calculate LTC as a function of temperature for bulk
CdSe. The correlated of theoretical and experimental data is depicted in Fig. (1). The curve include
high, intermediate and low temperature regions. The theoretical calculation has a good agreement
with experimental data in high temperature region.

To fit the LTC some adjustable parameters, that are written in Table. 1, are used. In addition, by
using elastic constants and given equations in Ref. (Hou et al., 2014; D. Morelli et al., 2002),
longitudinal and transverse Debye temperature and acoustic group velocity for bulk CdSe are
calculated and with the other parameters are listed in Table (2). To complete calculation of LTC
some specific material parameters are given in Table (3).

4.2 LTC of CdSe NWs and Nanolayer

The correlated of theoretical and experimental of LTC for CdSe NWs with diameter 41,52 and 88nm
and nanolayer with thickness 4.3nm are depicted in figure (2a) and (2b), respectively. At low
temperature (T < 50K), all LTC related to T73. The maximum values of LTC and their
corresponding temperature depend on the diameter of NWSs and thickness of nanolayer.

Since, the quantitative value for each impurity, dislocation density, carrier concentration, surface
roughness, Casimir length and Gruneisen parameters were not measured for CdSe, then they
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assumed as adjustable parameters and have found by fitting curves of LTC with their related
experimental results and given in Table (1).

By using Egs. (1) to (20), LTC were calculated and Egs. (21) to (32), which are size dependent
parameters, has been used for NWs and nanolayer CdSe. The value for mean path length, lattice
constant, unit cell volume, mass density, melting temperature, longitudinal and transverse of Debye
temperature and group velocity, are listed in Table (2).

The shape of LTC is due to relaxation rates. At low temperature boundary and phonon—electron
scattering rate, at moderate temperature impurity and dislocation relaxation rates, and at high
temperature umklapp scattering have significant effect on LTC. For nanolayer, LTC from 150K to
300K is very flat, because scattering rate is constant and has a slight frequency dependence, like
boundary scattering.

At room temperature LTC of bulk CdSe, that has wurtzite (WZ) crystal, has lower value than zinc
blende CdSe with all diameter mentioned in this work for nanowires. However, the LTC of NWs of
WZ CdSe with lateral dimensions of (342nm X 172nm) and (330nm X 174nm) at 300K are even
lower than ZB CdSe with diameter 41nm (Yang et al., 2015). The reduced LTC in WZ CdSe is due
to the number of basis in crystal lattice, which are higher than ZB phase structure. Furthermore, WZ
has higher anharmonicity compared to the ZB phase.

Fitting parameters have been used in the current work as a function of size are shown in Fig. (3) to
(7) for Griineisen parameter, dislocation density, impurity density, carrier concentration and surface
roughness, respectively. Griineisen parameter decrease with decreasing the nanostructures size in fig.
(3) for each longitudinal and transverse modes. While, in the other parameters have significant
increasing with decreasing nanoscale size.
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Figure 6: carrier concentration as a function of thickness of nanolayer and diameter of CdSe NWs,
which are used for fitting calculated LTC in the current work for each 4.3, 41, 52 and 88nm.
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Figure 7: Surface roughness for CdSe NWs with diameter 41, 52, 88nm and CdSe nanolayer with
4.3nm thick are used as fitting parameters in this work.

5. Conclusions

Theoretical calculations of LTC for Bulk CdSe are performed by using Morelli-Callaway model.
Since the direction of growth of ZB CdSe is <110>, the equations used for calculating acoustic group
velocity splits to one equation for longitudinal and two different equation for transverse mode. Thus,
to calculate LTC for ZB CdSe the Morelli-Callaway model splits to three branches.

There are six phonon scattering process that are influence the heat transfer in CdSe and their effects
are temperature range dependence. All effects mentioned shape LTC curve, where LTC has a
dramatically increasing in low temperature region and gets a maximum value then make an
exponential decrease in high temperature region.

The same calculation are executed for CdSe NWs with diameter 41, 52 and 88nm and nanolayer with
thickness of 4.3nm. There are some parameters that are calculated by using size dependent equations.
Parameters like mean free path, lattice parameter, unit cell volume and acoustic group velocity their
quantitative values rise with decreasing size of CdSe; However, melting temperature and Debye
temperature decrease with reduce the size of CdSe nanowire and nanolayer. In addition, the value of
dislocation density, impurity, carrier concentration, and surface roughness found by using fitting the
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curves and their values increase with decreasing nanostructures size. Likewise, Gruneisen parameter
for each longitudinal and transverse modes used as adjustable parameter and their values step down
with decreasing the size of CdSe NWs and nanolayer.

In general, LTC for a given temperature depends on the size and crystal structure of CdSe
nanostructure. At room temperature thermal conductivity of WZ bulk CdSe has lower value than all
ZB CdSe NWs mentioned in the current work.
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