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1. Introduction

Study of the resonant reflection and absorption of light by
low-dimensional semiconductor objects is a simple and reli-
able way of the determination of exciton parameters [1-5].
When the size-quantized semiconductor objects (quantum
wells (QW), quantum wires, and quantum dots (QD)) are
irradiated by light, elastic light scattering and absorption
intensify resonantly if the light frequency w; equals to the
exciton frequency @y. The resonant peak width is determined
by the exciton damping I' = vy, + y, which consists of
nonradiative y and radiative y, damping. An important role
of the radiative damping y, was proved for the first time
in [6-8]. Light reflection by some structures, consisting of
quantum wells, wires, and dots was considered in [9].

The light elastic scattering on a QD of arbitrary form
and sizes in a resonance with excitons is investigated in [10],
where the quantum perturbation theory is used. However,
the quantum method does not allow to get out of the lowest
order on the light-electron interaction and to calculate cor-
rections to the exciton energy due to that interaction. Such
approximation is acceptable only under condition y, < y.

In the present work, a semiclassical method [9, 11-14]
is applied for calculation of electric and magnetic fields,
while a description of electrons remains quantum one. The
semiclassical method allows to calculate precisely electric and
magnetic fields on large distances from a QD, that is, to take
into account all the orders on the light-electron interaction.
It allows to introduce into the theory the nonradiative
damping y, to calculate the light absorption and the exciton

energy corrections due to the long-range exchange electron-
hole interaction. At last, the method admits consideration of
the monochromatic and pulse irradiation (see, e.g., [15]).

There are two variants of the semiclassical method. The
first of them assumes using of boundary conditions for
electric and magnetic fields on the semiconductor object
boundaries (see, e.g., [11, 16]). However, using of boundary
conditions in the case of spherical QDs, for instance, realizes
into cumbersome calculations [11], and calculations become
much more complicate for other forms. Therefore, we use
here the second variant of the semiclassical method—the
method of retarded potentials—allowing to avoid using of
boundary conditions at all.

2. The Method of Retarded Potentials

First of all, we calculate the current j(r, t) and charge p(r, t)
densities induced by the electric field inside of the object
[12, 17, 18] and averaged on the ground state of the crystal.
Using of stimulating electric field Ey(r, ¢) in these expressions
leads again to the limitation by the lowest order on the light-
electron interaction. But substitution of the genuine fields
E(r, t) inside of the object leads to the precise results.

The induced electric and magnetic fields are represented
with the help of the vector A(r, t) and scalar ¢(r, t) potentials

AE(r, £) = —%aA(f’ 0 _d9n)

ot or (1)
AH(r,t) = rot A(r, t).



The retarded potentials are [19, page 447]

Anf) = %Jd3r'](r’t_ v|lr—r |/C)’

[r —r'|

7l 3 rP(l',:t—V|r—r'|/c)
o0 = % [ BRI

2

where v is the light refraction coefficient (we assume it
is identical inside and outside of a QD). Having used the
current and charge densities with the precise field E(r,t) =
Eo(r, t) + AE(r, t) and substituting (2) into (1), we obtain an
integral equation for the induced field AE(r, t) inside of the
object. In some cases this equation may be solved. Having
calculated the precise field inside of the object, we obtain the
fields outside with the help of (2) and (1).

3. The Induced Current Density

The quantum theory of conductivity of low-dimensional
objects is elaborated in [17, 18, 20]. The average current
and charge densities induced by a weak spatially inhomo-
geneous electromagnetic field are calculated for the spatially
inhomogeneous systems. It was shown that the averaged
current and charge densities contain two contributions, first
of which is expressed through the electric field, and the
second is expressed through the first spatial derivatives of the
electric field. Situations when the second contribution may
be neglected are discussed in [20]. The main contribution
into the average current density at temperature T = 0 is as
follows:

. t
jdnﬂzéjffj dt

x (0] [ a0, dp(', ) | | 0) B, ) + c.c.,

(3)

where determinations of [11] are used: (0| ---|0) is the
average value on the ground state, [a, b] is the commutator

of operators a and b, }(r, t) is the operator of current density
in the interaction representation, d(r) = > Fipi(r), T; =
r; — (0]r;]0), pi(r) = ed(r — r;), E(r, 1) is the classic electric
field.

We assume T = 0. It was assumed also in (3) that currents
and charges are absent at infinite distances, and that the
electromagnetic field equals 0 at t — —oo, what corresponds
to adiabatic switching on of fields. We suppose an interaction
between charged particles, a possible presence of an external
potential and quantizing magnetic field.

We apply (3) to consideration of low-dimensional size-
quantized semiconductor objects [7] and suppose that the
stimulating light frequency or carrying frequency of a pulse
irradiation are close to the semiconductor energy gap hw,.
Sizes R of a semiconductor object are much more than
a lattice constant R > a. The distances, on which the
smooth multiplier from the wave function varies, are much
greater a and comparable to the sizes of the object. Then
the effective mass approximation is applicable and the size-
quantization condition is satisfied. The last statement means
that the exciton energy spectrum is discrete one. Then [7, 8],
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the average density of induced current in QWs, QDs, and

quantum wires is determined by the expression
2
. ie
](I‘, t) = 2
2mhwgmg 5

e—iwt

+00
* L
8 {pCV”Fﬂ(r)deww — wy +iy,/2

x| dr'E; () (pem8 () (4)

e—iwt

+0o
Fp 0] dog

X J dr'F,(r") (p;"mé‘(r', w)) } +c.c.,

where the determinations are used: e = —|el, m, are the
electron charge and mass, respectively, pc,, is the interband
matrix element of quasimomentum operator, corresponding
to the exciton with indexes 7, F,(r) is the envelope exciton
wave function at r, = r, = r, where r.(ry) is the electron
(hole) radius-vector, hw, is the # exciton energy counted
from the ground state energy, y, is the nonradiative exciton
damping. The set 7 includes indexes of semiconductor
valence and conduction bands, and 6 indexes, characterizing
an exciton in the effective mass approximation (these 6
indexes describe the function F,(r)). Finally, &(r, w)) is the
Fourier transform of the electric field

E(r,t) = %J, dwe '8 (r, w) + c.c. (5)

The main and conjugated contributions in (5) are chosen so
that

&o(r, w) = 2Eoe1e™ Dy(w), (6)

where k is the wave vector of stimulating light, the function
Dy(w) describes the form of a stimulating pulse [12]. The
average density of charge induced inside of a semiconductor
object may be determined with the help of (4) and continuity
equation

op(r,t)
5 - 0. (7)

div j(r,t) +

4. The Case of the Exciton I's X I'; ina QD

Let us consider an exciton consisting of an electron from
twofold degenerated conductive band I's and a hole from
twofold degenerated valence band I'; chipped of by the spin-
orbital interaction in T, class crystals. The exciton T X
I'; (see [10, 11]) is the most simple object in contrast to
excitons containing light and heavy holes. All the measurable
values do not depend on the direction of vectors relatively
of crystallographic axes, that is, a crystal plays a role of an
isotropic medium.

According to determinations of [21, page 73], the
electron wave functions have the structure

Yy =iSt, Yo =iS 1, (8)
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and the hole wave functions are
1 1
Yy=—4X-iY)1 ——=Z |,
hl \/g( 1 ) \/g

i(X+iY) ! +LZ 1
V3 V3T
Having combined (8) and (9) in pairs, we obtain fourfould
degenerated excitonic state for which the interband matrix
elements of momentum operator result in

)
Wi =

Pov1 = %(ex - iey)) Po2 = %(ex + iey),
(10)
Povs = &e Povs = —&e
cv3 \/3 2] cvd \/3 72)
where the scalar
Pev = i{S| px [ X) (11)

is introduced; e, e, e, are the unite vectors along the
crystallographic axes.

We assume that the QD radius R is much less than
the bulk exciton Bohr radius (strong-confinement regime).
Under these conditions the binding energy of the exciton,
determined by the Coulomb interaction, may be neglected.
From the four exciton states, to which the interband matrix
elements (10) of the quasimomentum correspond, it is easy
(by drawing up the linear combinations) to obtain three
bright and one dark excitonic states, about which the speech
goes, for example, in [11, 22, 23]. Below we show that the
corrections to the bright exciton energy, caused by long-
range exchange interaction of electrons and holes, occur in
our theory automatically and coincide with the results of
(11,22, 23].

5. Electric and Magnetic Fields on Large
Distances from a QD

Let us consider light scattering by a QD near the resonance
with some energy level of I'c XI'; exciton, when other excitons
and excitonic energy levels may be neglected. Our energy
level is nondegenerated, then the index # takes on four values
from 1 to 4, and only the values p.,;, according to (10),
depend on 4. Without light-electron interaction we have

(1),1 = Wo,
(12)

Y=y Fyr)=F),

though the function F(r) may be chosen as a real one. After
summation on # in (4) with using (10), we obtain

: ie’ pz, P et
j(r, 1) = 2F(r)J dwe " T(w)L(w) + c.c, (13)
3nhwemy —o

where

T(w) = Jd3r8(r, W)E(r),

1 1 (14

Lw) = w — wy +iy/2 i w+wy+iy/2"

With the help of (7) we obtain the induced charge density

_iwt<M>T(w)L(w) +ec

2
¢ dr
(15)

at =
plr.t) 3rhwgm§) o @

The nonresonant term from (14) is neglected below.
Using (2), we obtain electric and magnetic fields on large
distances from a QD

AE (1, t)], . o = E*(r,t)ef + E(r,t)e; +c.c.,

(16)
AH (1, t)], . = H'(r,t)el + H (r,t)e; +c.c.,
where
E*(r,t) = SN dw we'* =9 Q(k;, w,er)
T 2nhiwgmicir) o v

H*(r,t) = FivE* (1, 1),
Qs 0,€7) = 2 p2, Pl (T(w)el ) L(w),

P(k) = Jd3re’th(r),
(17)

ks = (wv/c)(x/r) is the wave vector of scattered light.

To obtain precise induced electric and magnetic fields on
large distances from a QD, we have to calculate the vector
T(w), determined by the genuine electric field inside of the
QD and consisting of stimulating and induced fields

E(r,f) = Eoelj do ¢<=0D (o) + AE(r,£),  (18)

where k = wv/c, e is the circular polarization vector. In the
case of a monochromatic irradiation

Dy(w) = 8(w — wy), (19)

but at a pulse irradiation the frequency w is widespread in
the interval Aw near w;, and Aw is vice inverse to the pulse
duration At.

Using the formulas for retarded potentials, we obtain the
induced field

2 2
&(r,w) = 2meEpe™ Dy(w) — 2e ‘D”a;
3hic wgmic
(20)
1 d\ d
% L(w) [T(w) b (T(w)a> a]ep(r),
where
eik\r—r'\
D(r) = Jd3r'Fr,(r’)7. 1)
lr—r'|
Equation (20) is an integral equation for €(r, w). Then
— 1 3 _ iqr 4nP 2177[2 _
O(r) = 2 Jd qe P(q){q2 et % k)},
P 1 1 1
a b E(a—b+i5+a—b—i6>’ 0 — 0.
(22)



Let us substitute (22) in (20), multiply both sides on F(r),
and integrate on r. We obtain the equation for the vector
T(w):

T(w) (1 +C(w) J dSqJ(q))
= 2nEye;Do(w)P* (k) (23)

+ % Jd3qq(qT(w))J(q))

where determinations

2 2
Clw) = % (6) DELEIY

e ) wgmpe
(24)

J(a) = [P(a) Iz[zlﬂzqukz +4:[k5(q—k)],

are introduced.

Equation (23) may be considered as a system of three
equations for the components Ty (w), T,(w), T.(w). Having
solved this system, we can substitute the results into expres-
sions for induced fields on large distances from the QD.
Thus, the problem of light scattering in the resonance with an
exciton I'e X I'7 in a QD of arbitrary form is solved in principal
at any relation of the light wave length and QD’s sizes.

6. The Special Case of a Spherical Symmetrical
Envelope Wave Function

Let us consider a special case when the system of three
equations is reduced to one equation. It happens if the
function P(k) depends only on the module k, that is,

P(k) = P(k). (25)

The condition (25) is fulfilled, if the function F(r) is
spherically symmetrical or the QD sizes are much less than
the wave length of the stimulating light when P(k) = P(0).
For instance, (25) is satisfied in the case of a spherical QD
limited by the infinitely high rectangular potential barrier.
Then the envelope wave function

. 2
F(r) = 2Lsm (mrr/R)

TR~ ) (26)

corresponds to the lowest excitonic energy level wy, and

T <2
P(k) = éjodx sin k%m;",

P(0) =1. (27)

Then

2nEpe;Do(w)P* (k) (w — wo + iy/2)

T(CU) - w—$0+i(y+)fr)/2

, (28)
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where

B e pha’ b
9 chagma T
gm0 (29)

Wy = wo + Aw,

L Jw 2 2
Aw= ——— ——+¢_ P
@ Ih wgwm§y? J o dq9°(P(q)) (30)
30
P
X (g% — 3k?) Ry

The value (30) of an exciton energy correction coincides
completely with the results of [6] and preceding results of
[16-18], where it was considered as the result of the long-
range exchange electron-hole interaction (see [8]). Having
substituted (28) in (16) and (17), we obtain electric and
magnetic fields on the large distances from the QD applicable
in the cases of the monochromatic or pulse irradiation.

The precise results for the fields distinguish from the
results of the lowest approximation on the light-electron
interaction only by the substitution wy by @y and y by I' =
Y+ vy

For the case (19) of the monochromatic irradiation we
obtain
3

—~Eo7—|[(eref)el + (ere])e; ]

AE((1), D), -0 = = kr

ei(k[?’*w[t)
X e — + Loy
w; — wo +i/2 ce
iy (31)
4% _ —
AH((D), O - = = B [ (ere el — (erel e |

ei(k;r—wlt)

X?"'
w; — wo +il/2

C.C.,

where k; = wyv/c.

7. The Pointing Vector on Large Distances from
the QD and the Total Cross-Section of Light
Scattering at the Monochromatic Irradiation

The Pointing vector on large distances from the QD equals

S|r~ o = So+ Sinterf + Sscat (32)
where
_ < _ Y
Sy = o Eg X Hy ZﬂEOez,
Cc
Sinterf = E[EO X AH + AE X Hy], (33)

Secat = — AE x AH.
4
With the help of (31) we obtain

o Y2 lees |’ + |eet|?
4 7 (ki) r (wp — @)t +T2/4°

Sscat = (34)
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The module of the total flux of scattered light per time unite
is

3m, y? 1
Igeat = —So—~ . (35)
2 (k) (w1 - Bo) +T2/4
Obtaining (35) from (34) we have used the relations
2 1
‘efes‘ = ’el‘es+ = 1(1 +cos0)%,
(36)
jerer]” = lerer | - ’
efel| =|ee; —Z(l—cos(?) ,

where 0 is the scattering angle. An integration 6 is performed.
Having divided T, on the density Sy of the stimulating light
flux and using k; = 27/A;, we obtain the total cross-section
of light scattering

4
Oscat = iAZZ —yr/ . (37)
27 (w) — @y)* +T2/4

The differential cross-sections have been determined in [8].

8. The Light Absorption: The Role of
the Nonradiative Damping

The results for the cross-sections of light scattering on
QD, obtained with the help of the quasiclassic method,
coincide with the lowest approximation on the light-electron
interaction with the results of the quantum perturbation
theory [10]. However, the quasiclassic method allows to
obtain also the cross-section of light absorption by a QD.
In the case of a monochromatic irradiation the absorption
is stipulated by the nonradiative damping y of excitons, and
it equals 0 at y = 0. The same result was obtained at a
monochromatic irradiation of a QW [7, 24]. The cause is
that at y = 0 a dissipation of energy, spent on an exciton
creation, is absent. And this energy returns at an exciton
annihilation. In the case of a pulse irradiation the integral
absorption equals 0 at y = 0 [15, 25-27].

It was shown at calculations of light absorption by
a QW that the interference of stimulating and induced
electromagnetic fields must be taken into account (see, e.g.,
[25]). The same is true for the case of QDs.

9. The Interference Contribution into
Energy Fluxes

Let us calculate an interference contribution into the Point-
ing vector at r — oo in the case of a monochromatic
irradiation. Using (31) and

E;(r,t) = Eoefei(k"""") +c.c.,
, (38)
Hj (r,t) = Eov[ez X ef]e’(kl"“’”‘) +c.c.,

5
we obtain
Sinterf = Sz + SL’ (39)
3 Vr 2 el(kll‘ kir)
S;=—-—--—"-§ H ———==- tcc. |, (40
‘ 4 Rgr 0 G (w;—wo—iI‘/Z e (40)
3 Vr il s - eilkir=kir)

SL = sto <€l (el € )(es ez)m +c.c. |,

(41)

where +(—) correspond to the right (left) circular polariza-
tion of the stimulating light.

Since (40) and (41) are applicable at r — oo, it is
obviously that due to the factor /&%) only angles § — 0
can contribute into the constant energy flux. However, there
is the factor (e e;) in the RHS of (41), which equals 0 at
0 = 0. Therefore, the constant energy flux on the large
distances from a QD corresponds only to the vector §,.

Let us calculate the energy flux

II, = st Sz, (42)

going through a plane perpendicular to the stimulating light
direction z in a time unite on large distances behind of a QD.
A surface element equals ds = pdpd¢, and p = z tan 0,
r = z/cos 0, where 0 is the angle between k; and r. Having
integrated on the angle 6 which gives 27, using (36) and
going from the variable p to the variable 6, we obtain

3 )’r J
o v, S (Mg
z 8 kl wl a)o - IF/Z Sln ( 3)
4
2
o (M) ehi(1-1/c0s0) 4 o
cos@ -

Further we substitute variable 6 by the variable t =

(cos8)! = 1 and obtain
_ 37‘[ yr S()
T8 ko — & — T2
(44)
X J dt(2 A t) AL
1+t
Atz — o0
zj dt(zH) g izt
1+t
(45)
o , 4i .
— 4 dt —ikjzt =——(1- —ikiz ,
2 j dre (-e)
and we obtain
g ( i )
II, = ———— - tc.c
™ €50\ o Z i /2 T €
(46)
_ _37”23 y,F

2 k7 (= &)’ + T4

In (46), the terms going to 0 at z — oo, and rapidly
oscillating with z are neglected. Analogically we calculate the
contribution I, = [ dsST into the energy flux and find that
atz — oo thevalueIl, — 0.
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10. The Cross-Section of Light Absorption

Since T = y + y;, the flux IT, may be represented as two parts
II, = —e ITscar — e I1aps, (47)

where I, is determined by (35),

yry/ki

3
Lps= —So—"——5—.
o 2 O(wz—(%o)2+1"2/4

(48)

Obviously that the energy flux —e,Ils,e compensates the
total flux of the scattered energy, and Il corresponds
to the energy, absorbed by the QD per time unite at the
monochromatic irradiation. Having divided Il on the
density Sy of the stimulating energy flux, we obtain the total
cross-section of light absorption
Oabs = zi A%# (49)
T (w— @) +12/4

and reduces to 0 at y = 0, as it was supposed in advance.

Comparing (49) and (37) we find that in the lowest
approximation on the light-electron interaction the absorp-
tion cross-section is of the first order on that interaction (it
contains the factor e?/ch), and the scattering cross-section
is of the second order on that interaction (it contains the
factor (e2/ch)?). The ratio of the scattering and absorption
cross-sections equals y,/y. The absorption cross-section has
the maximum value at comparable values y, and y. At y, =y
in the resonance w; = @y

res 3

Oscat = Ugﬁi = QAIZ (50)

0.y and o,F; as functions of y,/y are represented in Figure 1.

11. Conclusion

Thus, the electric and magnetic fields induced at the light
irradiation of QDs are calculated in the resonance of
the stimulating light and excitons with the help of the
semiclassical method of the retarded potentials. The fields on
the large distances are calculated exactly.
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The concrete calculations are performed for the excitons
I x I'7 in cubic crystals of Ty class. It is shown that in the
case of small or spherically symmetric QDs the light-electron
interaction realizes into the substitution of the nonradiative
excitonic damping y by the damping I' = y + p, and the
exciton energy wy by the energy @y = wo +Aw, where y, is the
radiative damping, Aw is the correction to the exciton energy
due to the long-range exchange interaction of electrons and
holes.

The light scattering and absorption cross-sections by
QDs are obtained for arbitrary QDs under condition R < \;
and excitonic spherical envelope wave functions.
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Journal of Nanomaterials

Special Issue on

Polymer Nanocomposite Processing,
Characterization, and Applications

Call for Papers

Polymers reinforced with nanoparticles, such as carbon
nanotubes, are of great interest due to their remarkable
mechanical, thermal, chemical properties as well as optical,
electronic, and magnetic applications. In the general research
area of polymer nanocomposites, a number of critical issues
need to be addressed before the full potential of polymer
nanocomposites can actually be realized. While a number
of advances have recently been made in the area of polymer
nanocomposites, the studies on understanding of the effects
of processing parameters on the structure, morphology,
and functional properties of polymer nanocomposites are
deficient. There is a need for characterization techniques to
quantify the concentration and distributions of nanoparti-
cles as well as to assess the strength at the interface between
the polymer and nanoparticles. Also, there is a need for the
development of better models able to predict the mechanical
properties of the polymer nanocomposites as functions of
myriad factors including nanoparticle orientation, the type
of functional groups, and the molecular weight of polymer
chain. The relationships between the structural distributions
and the ultimate properties of the polymer nanocomposites
also need to be elucidated.

This special issue of the Journal of Nanomaterials will
be devoted to emerging polymer nanocomposite processing
techniques and call for new contributions in the field of char-
acterization and applications of multifunctional nanocom-
posites. It intends to cover the entire range of basic and
applied materials research focusing on rheological character-
ization, nanoparticle dispersion, and functional properties of
polymer nanocomposites for sensors, actuators, and other
applications. Fundamental understanding of the effects of
processing and nanoparticles on the polymer structure and
morphology, their optical, electrical, and mechanical proper-
ties as well as novel functions and applications of nanocom-
posite materials will be the highlights of this special issue.

Papers are solicited in, but not limited to, the following
areas:

e Solution and melt processing of polymer nanocom-
posites

e Rheological and thermal characterization of nanoco-
mposites

e Generation of nanofibers using extrusion and electro-
spinning of nanocomposites

e Processing-induced orientation of nanoparticles

e Quantification of nanoparticle dispersion

e Effect of nanoparticle incorporation on polymeriza-
tion

e In situ nanoparticle formation in polymer matrix

e Noncovalent functionalization techniques and char-
acterization of properties at polymer-nanoparticle
interface

e Novel applications of polymer nanocomposites

Before submission authors should carefully read over the
journal’s Author Guidelines, which are located at http://www
.hindawi.com/journals/jnm/guidelines.html. Prospective au-
thors should submit an electronic copy of their complete
manuscript through the journal Manuscript Tracking Sys-
tem at http://mts.hindawi.com/ according to the following
timetable:
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Publication Date May 1, 2010
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Special Issue on

Nanomaterials for Cancer Diagnosis and Therapy

Call for Papers

Integration of nanotechnology into the treatment of various
diseases such as cancers represents a mainstream in the
current and future research due to the limitations of
traditional clinical diagnosis and therapy. The early detection
of cancer has been universally accepted to be essential for
treatment. However, it remains challenging to detect tumors
at an early stage. For instance, the goal of molecular imaging
in breast cancer is to diagnose the tumor with approximately
100-1000 cells, compared to the traditional techniques which
may require more than a million cells for accurate clinical
diagnosis. On another hand, anticancer drugs are designed
to simply kill cancer cells, and their entrance into healthy
organs or tissues is undesirable due to the severe side
effects. In addition, the rapid and widespread distribution
of anticancer drugs into nontargeted organs and tissues
requires a lot of drugs with high cost. These difficulties have
largely limited the successful therapy of cancer.

Nanomaterials are anticipated to revolutionize the cancer
diagnosis and therapy. The development of multifunctional
polymeric nanoparticles allows for the early detection of can-
cers. The construction of intelligent polymeric nanosystems
can be used as controlled delivery vehicles to improve the
therapy efficiency of anticancer drugs, that is, such vehicles
are capable of delivering drugs to predetermined locations
and then releasing them with preprogrammed rates in
response to the changes of environmental conditions such as
pH and temperature. Besides polymers, these nanomaterials
can also be composed of supraparamagnetic iron oxide,
carbon nanotube, metallic nanoshell, core-shell aggregate,
or composites. These nanomaterials represent new directions
for more effective drug administration in cancer.

This special issue of the Journal of Nanomaterials will
cover a wide range of nanomaterials for cancer diagnosis and
therapy. It will mainly focus on the preparations, characteri-
zations, functionalizations, and properties of nanoparticles,
nanostructured coatings, films, membranes, nanoporous
materials, nanocomposites, and biomedical devices. Funda-
mental understanding of the basic mechanisms on material
and biological processes related to the unique nanoscale
properties of the materials will be the highlights of this
special issue.

Papers are solicited in, but not limited to, the following
areas:

o Synthesis and functionalization of polymer nanoparti-
cle/nanomicelle/nanocomplex

e Polymer nanoparticle/hydrogl for drug delivery

e Synthesis of intelligent nanogel

e Hydrogel in nanoscale sensing

e Supraparamagnetic nanoparticle for magnetic reso-
nance imaging applications

e Carbon nanotube-based devices for drug delivery

e Core-shell nanoparticle for molecular imaging

e Metallic nanoshell for drug delivery

e Nanoporous and nanoscaled materials for drug deliv-
ery

e Nanotechnologies for targeted delivery

e Controlled drug-delivery nanovehicles

e Biopolymers for drug/gene delivery and therapy

e Injectable hydrogels for tissue regenerations

e Bionanoparticles and their biomedical applications

e Nanomaterials for biosensors

e Toxicology of nanomaterials

Before submission authors should carefully read over the
journal’s Author Guidelines, which are located at http://www
.hindawi.com/journals/jnm/guidelines.html. Prospective au-
thors should submit an electronic copy of their complete
manuscript through the journal Manuscript Tracking Sys-
tem at http://mts.hindawi.com/ according to the following
timetable:

Manuscript Due October 1, 2009

First Round of Reviews | January 1, 2010

Publication Date April 1, 2010
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Department of Macromolecular Science, Fudan University,
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Phonons and Electron Correlations in
High-Temperature and Other Novel Superconductors

Call for Papers

It has been now over 20 years since the discovery of the first
high-temperature superconductor by Georg Bednorz and
Alex Miiller and yet, despite intensive effort, no universally
accepted theory exists about the origin of superconductivity
in cuprates. The absence of consensus on the physics of
cuprate superconductors and the recent discovery of iron-
based compounds with high transition temperatures have re-
emphasized the fundamental importance of understanding
the origin of high-temperature superconductivity. First-
principles calculations based on density functional theory
(DFT) often predict a rather weak electron-phonon inter-
action (EPI) insufficient to explain high transition tempera-
tures. A number of researchers are of the opinion that the EPI
may be considerably enhanced by correlation effects beyond
DFT. Others maintain that the repulsive electron-electron
interaction in novel superconductors is pairing and provides
high transition temperatures without phonons. On the other
hand, some recent studies using numerical techniques cast
doubt that simple repulsive models can account for high-
temperature superconductivity. Therefore, it seems plausible
that the true origin of high-temperature superconductivity
could be found in a proper combination of strong electron-
electron correlations with a significant EPL.

This Special Issue will become an international forum for
researchers to summarize recent developments in the field,
with a special emphasis on the results in high-temperature
superconductors and some other related materials that
combine sizeable electron-phonon coupling with strong
correlations. We invite authors to present original research
papers as well as summarizing overviews stimulating the
continuing efforts to understand high-temperature and
other unconventional superconductors. Potential topics
include, but are not limited to:

e Phonon spectroscopes of cuprates and related com-
pounds

e Experimental evidence for electron-phonon interac-
tions

e First-principles calculations of EPIs

e Strong-coupling extensions of the BCS-Eliashberg
theory including polarons and bipolarons

e Interplay of electron-electron and electron-phonon
interactions (Holstein-Hubbard, Frohlich-Hubbard,
tJ-Holstein, and similar models)

e Phase separation of correlated electrons

e EPI effects in fullerenes, MgB2, ruthenates, ferropnic-
tides, and other novel noncuprate superconductors

e Routes to higher temperature superconductivity

Before submission, authors should carefully read over the
journal’s Author Guidelines, which are located at http://
www.hindawi.com/journals/acmp/guidelines.html. Prospec-
tive authors should submit an electronic copy of their
complete manuscript through the journal Manuscript Track-
ing System at http://mts.hindawi.com/, according to the
following timetable:
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