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Corrigendum

Electron optical phonon interaction in equilateral
triangular quantum dot and quantum wire
Zheng-Wei Zuo and Hong-Jing Xie

2009 J. Phys.: Condens. Matter 21 405406

It has come to the attention of the authors that in the above
article some errors occurred.

e There is an error in figure 2. The +0c0 and —oo should be
replaced by LT and —%, respectively. L, is the length of
equilateral triangular quantum wire.

e Equation (54) should be replaced by

2
o 3272 n*e
Imk — ﬁLG*M [4 (lz +m2 + lm) 72 + kZAZ] 1+ %nn*a

B 8wl (1 1)
C BLAR +m2 +Im)w +k2A2] \exo &0/

e Equation (62) should be replaced by

o 8rhe*wLo (1 l)
R SBLAR +m? + Im)w? +k2A%] \eoo &0/

These errors do not affect the conclusions of the paper.
The authors apologize for these errors and any possible
inconvenience they have caused.
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Abstract

The optical phonon modes and electron optical phonon interaction of the equilateral triangular
quantum dot and quantum wire in vacuum are studied with the dielectric continuum model. The
analytical expressions for the longitudinal optical phonon eigenfunctions are deduced. After
having quantized the eigenmodes, we derive the Hamiltonian operators describing the
longitudinal optical phonon modes and their interactions with electrons. The potential

applications of these results are also discussed.

1. Introduction

In recent years, the challenge of synthetically controlling
nanomaterial shape has been met with limited success.
A variety of methods have been developed for making
nanomaterials with a wide range of sizes, shapes and
dielectric environments. The GaN and n-GaN/InGaN/p-GaN
triangular nanowires [1, 2], PbSe, CdS, Ni, Ag, Au and
NiS triangular nanoprisms (nanotriangles) [3—8] have been
synthesized. Because of their special physical properties,
they show successful and potential applications in a variety
of fields such as nanowire lasers [9], optical biosensors [10]
and photothermal agents [11].  The optoelectronic and
physicochemical properties of nanomaterials are a strong
function of particle size. Nanoparticle shape also contributes
significantly to modulating their physical properties. Nano-
materials of different shapes have different crystallographic
facets and have different fractions of surface atoms on their
corners and edges, which makes it interesting to study the
effect of shape on their physical properties. It is well known
that the electron—phonon interaction is an important factor
influencing the physical properties of the polar crystals such as
the binding energy of impurities, carrier transportation, linear
and nonlinear optical properties, especially in low-dimensional
materials. Hence, a proper description of polar optical phonon
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modes and the electron—phonon interaction Hamiltonian for
quantum systems of complex shapes is necessary.

Many authors have made their contributions in studying
phonon modes and electron—phonon interaction in various
low-dimensional quantum systems. The electron—phonon
interactions in a dielectric confined system was first studied
by Fuchs [12], Lucas [13] and Licari [14] within the
dielectric continuum model. Wendler [15, 16] developed the
framework of the theory of optical phonons and electron—
phonon interaction for the spatially confined systems. Mori
and Ando [17] have determined the phonon modes in single
and double heterostructures. Stroscio [18] has deduced the
longitudinal optical (LO) and surface optical (SO) phonon
modes in a rectangular quantum wire. Xie et al [19, 20]
have studied the interface optical (I0) and SO phonon modes
in a cylindrical quantum well wire with a finite confining
potential and an infinite potential. Klein [21] and Roca [22]
have derived the polar optical phonon modes in spherical
quantum dots. Cruz [23] has obtained the IO phonon mode
in GaAs/Al,Ga;_,As quantum spheres. Li and Chen [24] have
deduced the LO, top surface optical (TSO) and side surface
optical (SSO) phonon modes in a cylindrical quantum dot.
Zhang [25] has studied the phonon modes in a quantum dot
quantum well. Wu and Xie [26] have worked out the LO, TSO
and SSO phonon modes in a quantum annulus. However, in
theory, the exact formulations for the phonon modes and the
electron—phonon interaction in quantum systems of complex

© 2009 IOP Publishing Ltd  Printed in the UK
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Figure 1. The geometry of ETQD.

shapes such as equilateral triangular quantum dots (ETQD) and
equilateral triangular quantum wires (ETQW) are still absent.

In this paper, we consider the ETQD and ETQW in
vacuum with the dielectric continuum model. This paper
is organized as follows: in section 2, the confined LO
phonon modes and the corresponding Frohlich electron—
phonon interaction Hamiltonian of the ETQD are deduced. In
section 3, by the theoretical scheme of the ETQD, we derive
the confined LO phonon modes and the corresponding Frohlich
electron—phonon interaction Hamiltonian of the ETQW. In
section 4, the potential applications of these results are
discussed.

2. The confined L.O phonon modes of ETQD

Firstly, we consider an ETQD of polar semiconductor placed in
vacuum. The geometry of the ETQD is shown in figure 1. The
height is 2d. The side with equilateral triangular cross section
is a. The dielectric constant is assumed to be isotropic.

Under the dielectric continuum approximation, we start
with the electrostatic equations

D = ¢E =E + 47P, (1)
E = —-V¢(), )
V .D = 4mpy(r), 3)

where D, E, P and ¢ are the electric displacement, electric field
strength, electric polarization density and electric potential,
respectively. pp is the free charge density and ¢ is the dielectric
constant. For free oscillation, the charge density py(r) = 0, so
we get the following equation:

eV2¢(r) = 0. 4)

There are two possible solutions for equation (4), one of
which is
e(w) =0, &)

and the other is
V2 (r) = 0. (6)

In this paper, we only focus on the first solution. Since in
a polar crystal

€0 — €0

)

e(®) = o + ———5—,
where ¢) and €4 are the static and high-frequency dielectric
constants and wro is the frequency of the transverse optical
phonon. e(w) = 0 would give
€0
o = w%o_ = wio’ ®)
€00
Equation (8) is just the Lyddane—Sachs—Teller (LST)
relation, which describes the bulk LO modes of frequency
w = WrO.-

2.1. The eigenfunctions of the confined LO phonons

In the ETQD, the electric potential ¢ (r) in equation (4) is an
arbitrary function of x, y and z. Owing to the electrostatics
boundary conditions that the tangential component of E and
the normal component of D are continuous at the boundary and
equation (5), the electric potential ¢ (r) should be zero at the
boundary and in the region outside. According to the geometry
of the quantum dot, the electric potential ¢ (r) can be taken as

o) =V¥(x,y) f(2), &)
C cos(k,z) + D sin(k,z) for —d < z <d,

F@ = {O otherwise,

(10)
where the k, is the phonon wavevector in the z direction.
C, D and k, can be determined by the boundary conditions.
Since the place z = 0 possesses reflectional symmetry,
the electrostatic potential should be either symmetric or
antisymmetric about this place. The boundary conditions
match in two ways: either C = 0 or D = 0. Hence, we have
two solutions for f(z):

£5() = Coos( X k=135 (11
2) = %) =1,3,5,...,
and

A . [ km

f%(z) = Dsin 57%)" k=2,4,6,.... (12)

However, the equilateral triangular cross section function
W(x, y) is not solvable by the separation of variables. In
fact, the cross-section function problem is similar to the
quantum mechanical problem of a particle in an equilateral
triangle infinite well (or billiard). So, the eigenfunctions of
the Schrodinger equation can be chosen as the cross-section
function, which can be found in these articles [27-35]. To
make the paper self-contained, we reproduce the results of Li
and Blinder [27]. A particle with the mass m in the equilateral
triangle is described by the Schrodinger equation:

K2 [ 92 92
- =+ =)V = EV(x,y). 13
7 (ax2 ayz) (x,y) (x,y) (13)
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Firstly, it is convenient to introduce the three auxiliary

variables:
2 2 y+\/§
u=—y, =— -4+ —x],
A’ A\ 2772
2 3
%(—%—%x)+2n, u+v+w=2m,

(14
where A = +/3a/2 is the altitude of the equilateral triangular
cross section.

The Cs, group of the triangle is isomorphous with the
group S3 representing the permutations among the variables
u, v and w. The C3, group has three inequivalent
irreducible representations A, A, (one-dimensional) and E
(two-dimensional). By way of the projection operators of the
irreducible representations, we can construct Cz,-symmetry-
adapted functions. The A, A, and E projection operators are
as follows:

P(A) =E+Co+C3+8+8 + 8, (15)
P(A)) =E+Co+C3 =8 — 8 — 8, (16)

P(E) = E +nCy +n*C3 — 81£ — nbof — n*83£,  (17)
n=e®5), (18)

where E, C,, C%, 381, 6> and 45 are the six symmetry operations
of the C3, group. £ stands for the operation of complex
conjugation. Boundary conditions aside, the Schrodinger
equation (13) admits a harmonic function solution of the form
f(lu—mv), in which [ and m are constants. The wavefunction
vanishes, when u = 0, v = 0 and w = 0. To find the
boundary conditions, f must represent the functions sin, cos
and exp(=£i), respectively, for Aj, A, and E eigenfunctions.
The explicit forms are as follows:
\I—ffm‘ = sin(lu — mv) + sin(lv — mw) + sin(lw — mu)
+ sin(lu — mw) + sin(lw — mv) + sin(lv — mu), (19)
wherem =0,1,2, ... l=m+1,m+2,..., and

pA

i = cos(lu —mv) + cos(lv — mw) + cos(lw — mu)

— cos(lu —mw) — cos(lw — mv) — cos(lv — mu), (20)
wherem =1,2,3,...,l=m+1,m+2,..., and

lp[i — ei(lu—mv) + r}ei(lu—mw) + r}*ei(lw—mu)

_ efi(lvfmu) _ nefi(lwfmv) _ n*e (21)
where for n = exp(2mwi/3),m =1/3,4/3,7/3,..,l =m+1,
m+ 2, ..., while n = exp(—2ri/3),m = 2/3,5/3,8/3, ...,
l=m+1,m+2,....

Using w = 27 — u — v, and the [, m values, the Ay,
A, and E eigenfunctions can be reduced to more compact
trigonometric forms. We can divide these eigenfunctions
into the symmetric part \IJIJ[” (x, y) and the antisymmetric part

W, (x,y):
1 3 21
U (x,y) = ——— {COS<\/_7me) sin[ﬂ)’}

(ﬁnz ) _ [(2m+l)71 }
— COS 1 X ) sin| ———y

A
I:\/grr(l+m) i| . |:(l—m)n i|}
— cos| ———x | sin| ————y |},
A A

—i(lu—mw)
9

3

where m = 0, 1/3,2/3,1,4/3,5/3, .., =m+ 1, m + 2,
..., 0om 18 the Kronecker delta function and

W, (x,y) = sin( x) sin[My}
A
(=mzm

, <J§nz ) , |:(2m+l)71 }
— sin X )simn| ———y
A A
! ! y},

V3 +m) } . [
——————~x|sin
where m = 1/3,2/3,1,4/3,5/3, .., = m+ 1, m + 2,
.... The functions ¥, (x, y) and ¥, (x, y) form a complete
orthogonal set on the cross section [32-34].
So, the eigenfunctions of the confined LO phonons can be

chosen as

V3rm

+ sin|: (23)

St Cromi V5 (2, ) £5(2) in ETQD,
Bk = : (24)
0 otherwise,
S— Crni ¥V, (x, ) f5(2) in ETQD,
Pk = . (25)
0 otherwise,
fork=1,3,5,...,and
Al Comt ¥;h (x, ) f4(2) in ETQD,
¢1mk = ] (26)
0 otherwise,
A Conk V5, (x, ) f4(2) in ETQD,
¢1mk = ] 27)
0 otherwise,
fork =2,4,6, ....

The polarization vectors for the confined LO mode are
calculated by considering equations (1) and (2) and the
condition ¢ = 0. We get

1

P = Vi o =S+ S— A+, A—. (28

2.2. The phonon modes and electron—phonon interaction
Hamiltonians

To find the expression for the Hamiltonian of the free-phonon
field, we start with the dynamic equations of motion of the
crystal lattice [14]:

pii = pogu + B, (29)

P =n*eu+ n*oE, (30)

where @ = mym_/(my + m_) is the reduced mass of the
ion pair and u = u; — u_ is the relative displacement of the
positive and negative ions, wy is the frequency associated with
the short-range force between ions, n* is the number of ion
pairs per unit volume, « is the electronic polarizability per ion
pair and Ej,. is the local field at the position of the ions. P
is the polarization field produced by the oscillating ions. The
Hamiltonian of the free vibration is given by

(22)  Hp= %/[n*;m <+ n*uwliuu—n*eu - Epdr. (31)



J. Phys.: Condens. Matter 21 (2009) 405406

Z-W Zuo and H-J Xie

Using the well-known Lorentz relation Ejoc = E 447 P/3

and the relation E = —47 P, we have
Ejoc = _%an (32)
1+ %nn*a
u= (33)
n*e

Substituting equations (32) and (33) into (29), we can
derive

i + o u =0, (34)

where

2 , 8 an*e’/

Wig = - 35
Lo = ® 317 Sena (35)

Hence, the confined LO phonon Hamiltonian from
equation (31) can be written as

2
1 1+ 8nn*a L.
Hio = > /[nu (*7) (P* - P + o o P* -P)} d’r.

n*e
(36)
The LO polarization vectors from equation (28) form an
orthonormal and complete set:

2
1+ 37n*a , 3
/2H*M (T P;r;lk’k’ . P:nk d’r

2
n*l,(, 1+ %7'[}1*0[ , 3
= 82 ( e /V‘W;’k' Vo dr

2
—n*u 1+ San*a ,
= ( > / B V2 dr.

(37

82 n*e

in which we use the Green’s first identity:

3 2 33 dp
Vo -Vodr = — [ ¢Viedr + [ 922 ds,  (38)
v v s on

In our case, ¢ = 0 (on the boundary), so that the second
term equals zero. We get

2
1+ 8nn*a ,
/ 2n* (37> P P &r = 800 8u Smm Sik

n*e
(39)
from equation (39) Cj,x can be determined

2
Clmk

2
_ 128d n*e
V3w [16(12 +m? +Im)d?* + k2A2] 1+ %n’n*a
32dw? 1
= 2o (— - —) . @0
VBr[16(12 + m? + Im)d? + k2A%] \ e €0
in which we use the wtg relation [14]:

4 mn*e?/u
2 2
Wi =Wy — ———————, 41
o 0 31— %rm*a @1
and the Clausius—Mossotti relation:

4 4an* @2)

Eoo = _

* 1-— ;—‘nn*a

We can express the polarization field P in terms of the
complete set of orthonormal polarization modes P}, :

1
h 2
P= — ) @} + Q) Prak (43)
;(G)Lo) i e
P=—i) (horo)? (@) — aim) P (44)

Imk

P and P are now quantum field operators. a}mk and @,k
are creation and annihilation operators for the LO phonon of
the (I, m, k)th mode. They satisfy the commutative rules for
the boson commutation relation:

(@imk> @) ] = 811 S Sk (45)

[@imk> @pmer) = @), @), ] =0. (46)

Hence, from equations (43)—(46), the Hamiltonian

operator for confined LO phonon becomes

Hio = Ztho (a;mkalmk + %) . 47
Imk
The electric potential can be expanded as
BO\?
$Lo = (—) (@i + hec), (48)
; oLo mKk ¥ Imk

where h.c. means the Hermitian conjugate.
The Frohlich Hamiltonian between the electron and LO
phonon can then be written as

Hero=—epro=—y (Cimka @ +hc), (49

where
I 3252 dwo < 1 1)
T BrI6(12 4+ m? + Im)d? + k2A%] \exs &)
(50)

3. The confined LO phonon modes of ETQW

For the ETQW, a parallel development is possible for the
determination of the longitudinal optical phonon mode. Since
the ETQW (see figure 2) is translationally invariant in the z
direction, the eigenfunctions of the confined LO phonons can
be chosen as

(1)

+ Crnk Wit (x, y)elk in ETQW,
Pk = .
0 otherwise,

where the k is the phonon wavevector in the z direction. The
polarization vectors for the confined LO mode are

1
Pk = 2= Vi (52)
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Figure 2. The geometry of ETQW.

The LO polarization vectors form an orthonormal and
complete set:

2
. 1+ %nn*a i i3
i\ | Pruwie P, &7 = 818 Snum S

n*e
(53)
5 167
Cimk =
& [4 (12 +m?2 4+ lm) 7?4 szz]
2
n*e
|l
1+ %nn*a
4e? 1 1
= “io <— - —) R
V3[4 4+ m? + Im)7? + k2A%) \exc &0

The polarization field P can be expressed in terms of the
complete set of orthonormal polarization modes P, :

B\
P= — ) (@) + @) Pk, (55)
P=—i) (horo)? (@) — aim) P (56)

Imk

P and P are now quantum field operators. a,ka and ag
are creation and annihilation operators for the LO phonon of

the (I, m, k)th mode. They satisfy the commutative rules for
the boson commutation relation:

(@i @] = St S St (57)

[tk i) = (@) @lye] = 0. (58)

The Hamiltonian operator for confined LO phonon
becomes

Hio = Ztho(a;mkazmk + 1. (59)
Imk
The electric potential can be expanded as
BoO\?
prLo = Z(—) (@Umi Dy + D). (60)
1mk \PLO

The Frohlich Hamiltonian between the electron and LO
phonon can then be written as

He o= —epro=— Y (Timk) by +hc),  (61)
Imk
where
l"2 _ 4}"1620)]_0 ( 1 1 >
Ik J3[43% + m? + Im)w? + k2A%] \exo €0/
(62)

4. Summary and discussion

In this paper, by using the technique of group theory, we
derived the analytical expressions for the confined LO phonon
modes, the Hamiltonian operators for confined LO phonon
and the Frohlich Hamiltonian between the electron and LO
phonon in the ETQD and ETQW. This is a starting point
for the study of the polaron effect and the phonon-assisted
physical processes in these systems. For example, with the
Fermi golden rule, we can apply the expressions to determine
the electron—-LO phonon scattering rates. And, what is more,
similar mathematic techniques can be used to study the phonon
modes in the quantum dot and quantum wire systems with
complex cross sections such as hemi-equilateral triangle (30—
60-90 triangle), regular rhombus (supplementary angles of 60
and 120) and regular hexagon [36, 37]. The case of ETQD
and ETQW with a finite barrier such as the ETQD and ETQW
surrounded by other polar semiconductors is included in our
future research project. It is well known that the ability to
model the phonon modes in dimensionally confined structures
has been the basis for efforts to design nanostructures such
that the resulting carrier and phonon states are tailored to yield
dissipative and scattering mechanisms different from those of
the corresponding bulk structures [38]. We hope this paper
will stimulate more theoretical and experimental work, which
could be helpful for the study of the influence of phonons on
physical properties in quantum dot and quantum wire systems
of complex shapes.



J. Phys.: Condens. Matter 21 (2009) 405406

Z-W Zuo and H-J Xie

References

(1]
(2]

(3]
(4]

(5]
(6]
(7]
(8]
(9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]
[18]

Kuykendall T, Pauzauskie P, Lee S, Zhang Y, Goldberger J and
Yang P 2003 Nano Lett. 3 1063

Qian F, Li Y, Gradecak S, Wang D, Barrelet C J and
Lieber C M 2004 Nano Lett. 4 1975

Fendler J H and Meldrum F C 1995 Adv. Mater. 7 607

Pinna N, Weiss K, Urban J and Pileni M-P 2001 Adv. Mater.
13 261

Bradley J S, Tesche B, Busser W, Maase M and Reetz M T
2000 J. Am. Chem. Soc. 122 4631

Jin R, Cao Y W, Mirkin C A, Kelly K L, Schatz G C and
Zheng J G 2001 Science 294 1901

Shankar S S, Rai A, Ankamwar B, Singh A, Ahmad A and
Sastry M 2004 Nat. Mater. 3 482

Ghezelbash A, Sigman M B and Korgel B A 2004 Nano Lett.
4537

Gradecak S, Qian F, Li Y, Park H G and Lieber C M 2005
Appl. Phys. Lett. 87 173111

Haes A J and Van Duyne R P 2002 J. Am. Chem. Soc.
124 10596

Huang W C, Tsai P J and Chen Y C 2007 Nanomedicine 2 777

Fuchs R and Kliewer K L 1965 Phys. Rev. 140 A2076

Lucas A A, Kartheuser E and Bardro R G 1970 Phys. Rev. B
22488

Licari J J and Evrard R 1977 Phys. Rev. B 15 2254

Wendler L 1985 Phys. Status Solidi b 129 513

Wendler L and Haupt R 1987 Phys. Status Solidi b 143 487

Mori N and Ando T 1989 Phys. Rev. B 40 6175

Stroscio M A, Kim K W, Littlejohn M A and Chuang H 1990
Phys. Rev. B 42 1488

[19]

(20]
[21]

[22]
(23]

(24]
[25]
(26]
[27]
(28]
(29]

(30]

(31]
[32]
[33]
[34]
[35]
(36]

(37]
(38]

Xie HJ, Chen C Y and Ma B K 2000 J. Phys.: Condens.

Matter 12 8623
Xie HJ, Chen C Y and Ma B K 2000 Phys. Rev. B 61 4827
Klein M C, Hache F, Ricard D and Flytzanis C 1990 Phys. Rev.

B4211123
Roca E, Trallero-Giner C and Cardona M 1994 Phys. Rev. B

49 13704
de la Cruz R M, Teitsworth S W and Stroscio M A 1995 Phys.

Rev. B 52 1489
Li W S and Chen C Y 1997 Physica B 229 375
Zhang L, Xie HJ and Chen C Y 2002 Phys. Rev. B 66 205326
Wu B and Xie H J 2008 Commun. Theor. Phys. 49 493
Li W K and Blinder S M 1985 J. Math. Phys. 26 2784
Li W K and Blinder S M 1987 J. Chem. Educ. 64 130
Krishnamurthy H R, Mani H S and Verma H C 1982 J. Phys. A:

Math. Gen. 15 2131
Mathews J and Walker R L 1970 Mathematical Methods for

Physicists (New York: Benjamin) p 237
Pinsky M A 1980 SIAM J. Math. Anal. 11 819
Prager M 1998 Appl. Math. 43 311
McCartin B J 2003 SIAM Rev. 45 267
Jung C 1980 Can. J. Phys. 58 719
Jain S R 2008 Phys. Lett. A 372 1978
Kuykendall T, Pauzauskie P J, Zhang Y, Goldberger J,

Sirbuly D, Denlinger J and Yang P 2004 Nat. Mater. 3 524
Wang X D, Summers C J and Wang Z L 2004 Nano Lett. 4 423
Stroscio M A and Dutta M 2001 Phonons in Nanostructures

(Cambridge: Cambridge University Press) p 220


http://dx.doi.org/10.1021/nl034422t
http://dx.doi.org/10.1021/nl0487774
http://dx.doi.org/10.1002/adma.19950070703
http://dx.doi.org/10.1002/1521-4095(200102)13:4<261::AID-ADMA261>3.0.CO;2-X
http://dx.doi.org/10.1021/ja992409y
http://dx.doi.org/10.1126/science.1066541
http://dx.doi.org/10.1038/nmat1152
http://dx.doi.org/10.1021/nl035067+
http://dx.doi.org/10.1063/1.2115087
http://dx.doi.org/10.1021/ja020393x
http://dx.doi.org/10.2217/17435889.2.6.777
http://dx.doi.org/10.1103/PhysRev.140.A2076
http://dx.doi.org/10.1103/PhysRevB.2.2488
http://dx.doi.org/10.1103/PhysRevB.15.2254
http://dx.doi.org/10.1002/pssb.2221290209
http://dx.doi.org/10.1002/pssb.2221430211
http://dx.doi.org/10.1103/PhysRevB.40.6175
http://dx.doi.org/10.1103/PhysRevB.42.1488
http://dx.doi.org/10.1088/0953-8984/12/40/307
http://dx.doi.org/10.1103/PhysRevB.61.4827
http://dx.doi.org/10.1103/PhysRevB.42.11123
http://dx.doi.org/10.1103/PhysRevB.49.13704
http://dx.doi.org/10.1103/PhysRevB.52.1489
http://dx.doi.org/10.1016/S0921-4526(96)00530-3
http://dx.doi.org/10.1103/PhysRevB.66.205326
http://dx.doi.org/10.1088/0253-6102/49/2/51
http://dx.doi.org/10.1063/1.526701
http://dx.doi.org/10.1088/0305-4470/15/7/024
http://dx.doi.org/10.1137/0511073
http://dx.doi.org/10.1023/A:1023269922178
http://dx.doi.org/10.1137/S003614450238720
http://rparticle.web-p.cisti.nrc.ca/rparticle/AbstractTemplateServlet?calyLang=eng\&journal=cjp\&volume=58\&year=0\&issue=6\&msno=p80-098
http://dx.doi.org/10.1016/j.physleta.2007.11.016
http://dx.doi.org/10.1038/nmat1177
http://dx.doi.org/10.1021/nl035102c

	1. Introduction
	2. The confined LO phonon modes of ETQD
	2.1. The eigenfunctions of the confined LO phonons
	2.2. The phonon modes and electron--phonon interaction Hamiltonians

	3. The confined LO phonon modes of ETQW
	4. Summary and discussion
	References

