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ABSTRACT

Inorganic-organic hybrid materials have attracted a lot of interest due to their potential application in optoelectronic
devices. To understand the basic properties of this new type of nanocomposite, dispersion energies of mixing
exciton at the interface in polymer- parabolic quantum dots are theoretically investigated taking into account the
interaction between Frenkel and Wannier-Mott exciton. In particular, the effects of magnetic field on the energetic
behaviors have been focused to the interaction parameter. Our interest is based to compare the performance of three
nanocomposites such as organic P3HT incorporated respectively with inorganic (CdSe, ZnSe, ZnO) parabolic
quantum dots. The application of magnetic field induce that the interaction parameter rate increases considerably
which can improve the resonance of hybrid exciton. The results indicate that the prominent nanocomposite is
essentially related to the P3HT-ZnO.
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1. INTRODUCTION

Advances in the research of hybrid organic-inorganic quantum dots semiconductors have given rise to
extensive research activities [1-7]. Using the nanocomposites such as CdSe, ZnSe and ZnO inorganic
quantum dots embedded in the poly (3-hexylthiophene) (P3HT) more results are important [8,9]. In
particular, the interaction of Wannier-Mott-Frenkelexcitons in the hybrid can be described with the
coupling term which has been investigated in this work with and without the effect of magnetic fields.
Well for these nanocomposites, where the resonant mixing of Wannier-Mott and Frenkelexciton can
appear, exciton weights and dispersion energies have been investigate. Moreover, since the Wannier-
excitons in quantum dots possess a large Bohr radius, there is why they are sensitive to external
perturbations [8, 9]. After having an idea about the energetic behavior of exciton without fields we
develop calculation to study the influence of the magnetic field in the electron and hole radius. Some
recent control methods are discussed in [18-23].

2. THEORETICAL MODEL

The method of calculation has been used to describe the energetic behaviors of Wannier-Mott-Frenkelexciton
formed in the hybrid inorganic—organic device [10, 11]. However, the measurement of the best condition
for coupling term is treated with and without magnetic fields. In this work, we consider that the two types
of excitonWannier-Mott in quantum dots and Frenkelexcitons in the organic polymer are moving between
lattice sites.

The total Hamiltonian of the hybrid system under applied magnetic field B is governed by:
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Hiu,=Hr+Hw(E B)+H ,(E,B)

H,  is the interaction Hamiltonian between Wannier-Mott-Frenkelexcitons, which will lead the
hybridization by a coupling term constant that defined in (Eq. 1)

Lk, F) =y | H 1k, F)|w ) (1)

H, is The Hamiltonien of interaction,

7 F> and |w W> describes respectively the Frenkel and Wannier-
Mott excitons state.

The most important result of the resonant interaction between Frenkel and Wannier-Mott excitons can
be deduced for the large value of the coupling term [ with wave vector kR . Thus the coupling term given
in (Eq. 2) as a function of both wave function and electric-magnetic fields is given by the expression:
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It’s clear that z and z, consider the displaced along (z-axis) of the harmonic oscillators corresponding of
the wave functions. R and R, are similar of the effective radius to the electron and hole in the quantum dot
which we have to identify their equations next.

The calculations are interested for parabolic quantum dots parameters (CdSe, ZnSe, ZnO) given as a
function of the weights according to the Frenkelexciton‘c - (k)‘2 (Eq. 3) and Wannier-Mott exciton ‘C w (k)‘2
(Eq. 3) written as:

2 r (k)
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Here E is the energy of Wannier-Mott exciton and £, the energies of the hybrid exciton at the interface
of the parabolic quantum dot and the organic crystal [8].

|cw (k)

After observed the interaction behaviors corresponding to the coupling term " results we are project
our work to observe the transformation of the exciton by using the profiles of the hole and electron radius
related in (Eq. 4, 5) along the magnetic field given by :

&i(B) =\/%hwh(3) 4)
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We note that »_and o, are the effective frequency upon application of the magnetic field and m, m are
respectively the effective mass of electron and hole.

3. RESULTS AND DISCUSSION

Results are taken for nanocomposites CdSe, ZnSe and ZnO (Qds) embedded in P3HT using the numerical
values of parameters depicted in Table.1.

Tablel
Physical parameter values of CdSe, ZnSe and ZnO quantum dots use in this work.
Typical values for the electric dipole moment of the organic molecular transition P,
the vector related to the transition of polarization in the solid D, the lattice constant of organic crystal a,
the radius R, and the space z, are P=5 Debye, D=12 Debye, a=5 A, R=1 0A, 7,=20 A, respectively [8].

Material g R, (A) m’ m* R, (A) E_(eV)
CdSe 9.5 23 0.13 0.74 46 1.74
ZnSe 8.7 17 0.157 0.935 34 2.69
ZnO 8.2 12 0.28 0.54 24 32

Following the coupling term [~ G developed in Eq (2), Fig. 1 illustrates the coupling term of P3HT-
(CdSe, ZnSe and ZnO) exciton profiles deduced as a function of the wave vectors KR . Notice that the
coupling term decreasesrespectively for P3HT-ZnO, P3HT-ZnSe and P3HT-CdSe nanocomposites. This is
reported previously by the confinement process which is justified by the large Bohr radius in the quantum
dots.

The coupling term G has its maximum value in the Brillouin zone with small wave vectors, which is
due to the parabolic shape of quantum dot. The exciton behaviors tend to Wannier-Mott exciton state, and
they possess the larger radius like the Bohr radius [12-15]. Therefore we have good results of coupling term
for nanocomposite P3HT-ZnO which corresponding to the less values of quantum dot core radius and
exciton Bohr radius (seeing Tablel.).

After having a view for interaction behaviors, Eq(3) and Eq(4) are developed to discuss the best condition
to obtain more recombination for Wannier-Mott-Frenkelexciton . Here we can deduce the resonance state
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Figurel: Coupling term G for nanocomposite P3HT-(CdSe, ZnSe, ZnO).
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Figure 2: Weights |C_ (K) |* and |C,, (K) |? for the lower hybrid Frenkel-Wannier-Mott exciton
state for a positive and negative energetic shift (a. A =-4 meV, b. A =4 meV).

of the two excitons by express the results with two values of energetic shift “ between the Frenkelexciton
and the fundamental Wannierexciton level. We show that A = E_(0)-E_(0) and the Frenkelexciton is
independent of the in-plane wave vector K. In this case the Wannier-Mott |C,, (K) [*and Frenkel |C, (K) |
exciton weights are gives in Fig. 2 (a, b) for A =+ 4 meV;

It is clear that the weights |C_ (K) |* corresponding to Frenkelexciton taking in Fig. 2. (a, b) near zero
wave vector and for energetic shift A =+ 4 meV predominant and decreases for large wave vectors KR . On
the other side the Wannier-Mott exciton |C,, (K) |* gives zero and increases in the same area.

In Fig. 2. (b) for A =4 meV we have |C, (K) ’=|C, (K) |’, well T (K) = [E(K)-E,,(K)| which corresponds
at a strong coupling between the Frenkel and Wannier-Mott energies. We note that the hybrid excitonic
shifts become clear and corresponding approximately to the resonance [14-19]. Finally, an important effect
is the possibility of using energetic shift A =4 meV for tune the resonance between Frenkel and Wannier-
Mott excitons, so we have to complete the calculation with this value of energetic shift.

Passing to the Fig. 3(a, b, c), we discuss the results of the coupling term under applied the magnetic
fields B. We show that Fig. 3 is corresponding to the nanocomposite P3HT-((a) CdSe, (b) ZnSe and (c)
ZnO) as a function of wave vectors kR .

Note that, at small radius R, the coupling term curves are mainly fixed by the quantum size effect and
these results are nearly the coupling term. On the other hand, at large wave vectors kR, the exciton states
appears and the magnetic confinement affects the size of the coupling term from B = 1T to B =5T.

Consequently, we should mention that (Fig.3c) corresponding to the nanocomposite P3HT-ZnO has the
best results for the application of magnetic fields. This is due to the fact that the exciton recombination has
a maximum value in the nanocomposite P3HT-ZnO unlike the charge recombination in the others. To
understand the increases of coupling term as function as large values of magnetic fields, we assimilate this
result to the fact that we will have best extraction of charges. In this case we can previously deduce that the
recombination between electrons and holes is increasing taken so it created more population of excitons.

To demonstrate the influence of magnetic fields in the nanocompositeexciton radius, we have focused
our attention to calculate the hole and electron radius using Eq. (7, 8) for CdSe, ZnSe and ZnOQds added
to P3HT which is presented in (Fig. 4).

We obtain a remarkable difference between the extension of the electron R and hole R, in the Qds
under the magnetic field effect for R = 80 A. Therefore we can understand by the results of calculations
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Figure3: Coupling term for nanocomposit P3HT-((a) CdSe, (b) ZnSe, (¢) ZnO)
as a function of KR for two differents values of magnetic field B for R = 40 A and z,=55 A.
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Figured4: Change of effective widths corresponding to the electron R and hole R,
quantum dots according to the magnetic field B for R = 80 A.

that more recombination of charges is found in the nanocomposite P3HT-ZnO by comparing to the others
electron-hole radius in P3HT-ZnSe and CdSe-P3HT. We notice also that the electron and hole radius decrease
with the largest values of magnetic field. It is due to the extra confinement of the magnetic field when it is
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created and it is observed that the effect of magnetic field will have more influence for the bigger radius
than the smaller ones. We should focus that for large magnetic fields we can have the best results of hybrid
devices.

4. CONCLUSION

We have demonstrated with the nanocomposite structures of various quantum dots (CdSe, ZnSe and ZnO)
mixed in polymer P3HT that the behaviors of coupling terms have interest results under magnetic fields
effects. This work confirmed that the coupling term have the same behavior of the leader of confinement
corresponding to the Wannier-Mott excitons which is very sensitive to external fields. In this case we have
demonstrated that this coupling increases with the magnetic field effects, so the confinement has been
affected. Calculations are investigated to describe the weights of excitons as functions as values of energetic
shift between the Wannier-Mott-Frenkelexcitons. Lastly we agreement the results of the magnetic field
influence to the hole and electron radius to show that magnetic fields reaches the recombination of electrons
and holes which ameliorates the coupling term. Further work is in progress to according our theoretical
results of the effect of electric and magnetic fields with experimental data and we will observe in the final
the benefits of hybrid devices.

REFERENCES

[1] Z.Ben Hamed, N. Mastour, A. Benchaabane, F. Kouki, M.A. Sanhoury and H. Bouchriha, “Franck-Condon analysis of
fluorescence quenching in hybrid P3HT: wt% TBPO-capped CdSe quantum dot matrix”, Journal of Luminescence, 170
(1), 30-36, 2016.

[2] N. Mastour, Z. Ben Hamed, A. Benchaabane, M.A. Sanhoury and F. Kouki, “Effect of ZnSe quantum dot concentration
on the fluorescence enhancement of polymer P3HT film,”Organic Electronics, 14,2093-2100, 2013.

[3] S. Schmitt-Rink, D.S. Chemla and D.A.B. Miller, “Linear and nonlinear optical properties of semiconductor quantum
wells,” Advances in Physics, 38 (2), 89-188, 1989.

[4] N. Peyghambarian, S.W. Koch, H.M. Gibbs and H. Haug, “Nonlinear optical materials and devices,” Ettore Majorana
International Science Series, 49, 99-118, 1990.

[5] V.L. Colvin, M.C. Schlamp and A.P. Alivisatos, “Light-emitting diodes made from cadmium selenide nanocrystals and a
semiconducting polymer,”Nature, 370, 354-357, 1994.

[6] S.Coe, W.K. Woo, M. Bawendi and V. Bulovic, “Electroluminescence from single monolayers of nanocrystals in molecular
organic devices,”Nature, 420, 800-803, 2002.

[7]1 S. Chanyawadee, P.G. Lagoudakis, R.T. Harley, D.G. Lidzey and M. Henini, “Nonradiative exciton energy transfer in
hybrid organic—inorganic heterostructures,” Physical Review B, 77, Article ID 193402, 2008.

[8] R.Ridene, N. Mastrour, D. Gamra and H. Bouchriha, “Energetic behavior of excitons in hybrid organic—inorganic parabolic
quantum dots and its electric field dependence,”International Journal of Modern Physics B, 29, Article ID 1550211,
2015.

[9] N. Mastour, M. Mejatty and H. Bouchriha, “Theoretical approach of the electro- luminescence quenching in (polymer-
CdSe quantum dot) nanocomposite,” Superlattices and Microstructures, 82, 461-471, 2015.

[10] V.Halonen, T. Chakraborty and P. Pictilainen,”Excitons in a parabolic quantum dot in magnetic fields,” Physical ReviewB,
45 (11), 5980-5985, 1992.

[11] Y. Chiba and S. Ohnishi, “Quantum-confined Stark effects on a GaAs cluster embedded in AlxGal”xAs,” Physical
Review B, 38, Article ID 12988, 1988.

[12] D.V. Talapin, J.S. Lee, M.V. Kovalenko and E.V. Shevchenko, “Prospects of colloidal nanocrystals for electronic and
optoelectronic applications,” Chemical Reviews, 110, 389-458, 2010.

[13] P.Reiss, E. Couderc, J.D. Girolamo and A. Pron, “Conjugated polymers/semiconductor nanocrystals hybrid materials —
preparation, electrical transport properties and applications,” Nanoscale, 3 (2), 446-489, 2011.

[14] H. Saidi, S. Ridene and H. Bouchriha, Int. J. Mod. Phys. B, 2015, 29, 1550054.

S. Ridene, M. Debbichi, M. Said and H. Bouchriha, “Dependence of hole effective mass on nitrogen concentration in W-
type strained InAs (N)/GaSb/InAs (N) quantum well lasers,” European Physical Journal B, 85 (1), 1-7,2012.



Effects of Magnetic Field on the Energetic Behaviors of Excitons... 673

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

(24]

S. Romdhane, S. Jaziri, H. Bouchriha and R. Bennaceur, “Frenkel-wannier-mott exciton states in Organic-Inorganic
semiconductor quantum wells subjected to a magnetic field,” Physica Status Solidi (a), 164 (1), 335-338, 1997.

S. Jaziri, “Effects of electric and magnetic fields on excitons in quantum dots, Solid State Communications, 91 (2), 171-
175, 1994.

S. Jaziri, S. Romdhane, H. Bouchriha and R. Bennaceur, “Electric field effect on hybrid exciton states in organic—inorganic
quantum wells,” Physics Letters A, 234 (2), 141-146, 1997.

N.Q. Huong, “Exciton hybridization states in organic—semiconductor heterostructures containing quantum dots,”’4dvances
in Natural Sciences: Nanoscience and Nanotechnology,2 (1), Article ID 013001, 2011.

S. Vaidyanathan and S. Pakiriswamy, “A five-term 3-D novel conservative chaotic system and its generalized projective
synchronization via adaptive control method”, International Journal of Control Theory and Applications, 9 (1), 61-78,
2016.

S. Vaidyanathan, K. Madhavan and B.A. Idowu, “Backstepping control design for the adaptive stabilization and
synchronization of the Pandey jerk chaotic system with unknown parameters”, International Journal of Control Theory
and Applications, 9 (1), 299-319, 2016.

A. Sambas, S. Vaidyanathan, M. Mamat, W.S.M. Sanjaya and R.P. Prastio, “Design, analysis of the Genesio-Tesi chaotic
system and its electronic experimental implementation”, International Journal of Control Theory and Applications, 9
(1), 141-149, 2016.

S. Vaidyanathan and A. Boulkroune, “A novel hyperchaotic system with two quadratic nonlinearities, its analysis and
synchronization via integral sliding mode control,” International Journal of Control Theory and Applications, 9 (1),
321-337, 2016.

S. Sampath, S. Vaidyanathan and V.T. Pham, “A novel 4-D hyperchaotic system with three quadratic nonlinearities, its
adaptive control and circuit simulation,” International Journal of Control Theory and Applications, 9 (1), 339-356,
2016.

S. Vaidyanathan and S. Sampath, “Anti-synchronization of identical chaotic systems via novel sliding control method
with application to Vaidyanathan-Madhavan chaotic system,” International Journal of Control Theory and Applications,
9 (1), 85-100, 2016.



