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Abstract

Existence of a pure imaginary mobility of charge carriers in organic polymers materials, precisely the poly
p-phenylene vinylene is explored in this work. Indeed, we propose a new model of dynamic equation of particles
able to carry electric charges, we introduce a control parameter of the adiabatic evolution combined with a
phase difference between the external perturbation of the material and the position of carrier, leading from
then on to the non-use of the complex mobility. This model after transformation allowed us to demonstrate the
existence of negative capacitance at low and high frequencies in the poly p-phenylene vinylene. Also thanks to
this new model, we were able to obtain results in line with the experimental ones, thus confirming the validity

of our model.
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1. Introduction

Polymer light-emitting diodes and polymer light-emitting
electro-chemical cells, are components that have become
practically essential in the new miniaturized technologies that are
experiencing a meteoric rise [1-8]. This is how organic polymers
materials, specifically poly p-phenylene vinylene, are the subject
of particular attention regarding studies by an impressive number
of researchers following the discovery of the ability of these
materials to emit intermittent light after an external disturbance
[9]. To better understand the behaviour of these organic polymers,
it is necessary to study their characteristics, including the electrical
mobility of the charge carriers, which can be electrons, holes, and
even both simultaneously although trap-free transport of holes
provides a good description of many high-efficiency devices [10-
17]. for many of these materials, most of which are disordered, the
charge carriers are trapped during their movement in the potential
wells found in them, thus constituting a great hindrance to the
mobility of the said charge carriers, thus giving them a complex
character [18]. Generating more interest, several experimental
works have been carried out on the poly p-phenylene vinylene
and its derivatives, using as measurement techniques, the current
voltage J(V) time of flight (TOF) space charged limited (SCL) and
spectroscopic impedance[19-30]. In March 2001, MARTENS et
al. in their experimental research on LED polymers, demonstrated
the existence of a negative contribution of capacitance at low
voltage in these materials [31.32,33]. However, it was only in

2003 that a first theoretical study was carried out by KWOK on
LED polymers, confirming the experimental results obtained in
2001 by MARTENS on the capacitance; KWOK thus proposed a
first theoretical equation model the development of which led to
the experimental results [34]. In this model, it should be noted that
one of the constituent parameters of the material, that is mobility,
is considered to be a complex quantity, making it difficult to
understand. Still based on this model, KWOK carried out several
other works [35,36]. Although this model is a pioneer, the fact that
the electrical mobility of charge carriers is complex and therefore
somewhat nuanced, has opened up research into the existence of a
more adequate model. Thus YOU-LIN WU et al in 2019 propose
a modified KWOK model, they show that by introducing a phase
difference between the electric field and the average position of
the charge carrier and by considering the electric mobility this
time real, one obtains better results compared to those of KWOK
and compared to the experimental results obtained in 2001 by
MARTENS et al [37].

Given the increasing importance of imaginary components and
their applications, such as the imaginary resistor used by TABUE
et al. to manufacture a parity time symmetry dimer, it is therefore
appropriate to consider imaginary mobility, since the resistance
and electrical mobility of a material are inversely proportional
[38]. It is with this in mind that we propose a new model of
the dynamics equation that allows us to rigorously obtain the
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experimental results with a very low percentage of error.

2. Model and Calculations

Our model consists of an organic polymer of area A and thickness L, containing as carriers of charges holes and electrons.

By considering only, the holes as carriers of charges, and by creating a disturbance in the polymer by means of an external electric field
E, the equation of the dynamics reflecting the displacement of the holes and which corresponds to the theory of Drude is given by [34]:

d’x dx
m? zag7+[(x qE (1)

Where m is the mass of the charge carrier, g the coulomb charge, K the Hooke constant, x the average position of the particle and
Iu"’””g the imaginary electric mobility of the hole.

Since P = Ngx [37] with P the polarization vector and N the charge density, Eq. (1) becomes:
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We considered the solutions of Eq. (2) in the form\ p= e/~ 7+ ]

with @ the pulsation, @ the phase difference between the polarlzatlon vector and the applied electric field, 7 the parameter measuring
the adiabatic evolution of the system.

By replacing Pand E = Eoe" (@=o)r Eq. (2), we obtain:
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Considering this organic polymer as a flat capacitor of surface A and distance separating the faces opposite L, its capacitance is given

by:
C=Re fid
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3. Result and Discussions

Frequency(rad/s) C(F) Experiments Kwok’s Model [34] You-lin wu et al Model | New model for this
dada [33] [37] work

30 -6.66x10-10 -6.69x10-10 -6.66x10-10 -6.66x10-10

100 -2.30x10-10 -2.88x10-10 -2.40x10-10 -2.89x10-10

300 -6.50x10-11 -6.98x10-11 -6.97x10-11 -6.6x10-11

1000 -1.40x10-11 -1.42x10-11 -1.41x10-11 -1.40x10-11

Table 1. Comparison of the negative capacitance values of the different models with those experimental
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(rad/s) o | (rad/s) o, [(m?*)N (rad) ® (rad/s) t (m>. V.S i
30 2.30x10" | 4x10* 1.871768582 |0.1204633262 | -1.885967181x10"
100 2.30x102  13.50x10%! [2.291907017 |0.6513094658 | -2.932455751x10"2
300 2.30x10"  ]3.02x10%" | 1.584969128 |3.281276546 -1.191691980x10"
1000 2.30x10"  ]2.49x10%" | 1.645007382 |0.5115340410 [ -3.442721795x10"3
Table 2. Material parameters used to obtain the capacitance values in Table 1.
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Figure 1. Simulated capacitance versus frequency curves when t=0 rad/s, 7=0.1 rad/s, 1=0.5 rad/s, =2

Fig. 1 shows the curves giving the evolution of capacitance as a function of the frequency of the electric field and of the control
parameter of the adiabatic evolution of the system. we find that at a certain frequency well determined, the attenuation of the
vibration frequency of the polymeric materials by the parameter of the adiabatic evolution of the system T increases the energy
storage capacity of the given material. Between 0 and 50 rad/s, the capacitance remains constant and very close to 0 F, subsequently
it varies in a positive and negative way before one again beginning its constant character.
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Figure 2. Capacitance versus frequency when : (2) 7=0.65 rad/s and ® =2.29 rad , p,, =2.932455751x10'2
m2.V1.ST; (b) 1=0.12 rad/s and @ =1.87 rad , 4, =-1.885967181x10""! m>.V-.S™!; (¢) 1=3.28 rad/s and ®
=1.58rad, 1, =-1.191691980x10""" m?>.V-.S!; (d)1=0.51 rad/s and ®=1.64 rad , u, =-3.442721795x10°
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Fig. 2 shows the evolution of the capacitance versus frequency for different value of ®@ and u, .
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We find that the capacitor made from polymer saturates at low
frequencies, except for t=0.65 rad/s where it saturates at high
frequencies. values use to set the figures are contained in the
previous tables to better highlight the negative character of the
capacitance. higher the frequency of the external electric field is,
greater the collisions between the charge carriers in the polymer
and greater the effect of the potential wells that constitute traps
for the movement of the particles, causing the movement of the
charge carriers to be rather slow, so that the material will have a
lower capacitance. 1 is a function of the pulsation of the external
disturbance which is the electric field here, indeed we can see
that its value increases slowly with the pulsation of the field w.
T acts as a control parameter which can amplify or attenuate the
frequency of charge carrier oscillation. There is an attenuation
in our work.

The results we have obtained highlight the purely imaginary
character of the electrical mobility of charge carriers in organic
polymers, specifically poly p-phenylene vinylene. Indeed,
starting from a new modified Paul Drude equation model
proposed by us, translating the dynamics of holes in organic
materials. Considering Eq. (2) and the values of the characteristic
parameters of the organic polymer namely the charge density
N=10%'m, the mass m=9.1x1%3'kg, the thickness of the material
L= 2x10"m, the surface area A= 10" m?, the charge qg= 1.6x10
¢ [34].

4. Conclusions

In this paper, we have proposed a new equation model of the
dynamics of electric charge carriers, more precisely that of holes.
This new model is different from the two previous ones proposed
by Kwok and You-Lin Wu in terms of electric mobility. Indeed,
we introduce for the very first time the concept of pure imaginary
mobility, associated to a control parameter of the adiabatic
evolution of the system and to the phase difference between the
mean position of the particle and the external perturbation. We
are strongly convinced of the added value of this model, because
thanks to it we have obtained experimental results on the
existence of negative capacitance in poly p-phenylene vinylene.

Acknowledgments

The authors like to express their appreciation to Nonlinear
Physics and Complex Systems Group, Department of Physics,
The Higher Teacher’s Training College, University of Yaounde
I for academic support.

References

1. Burroughes, J. H., Bradley, D. D., Brown, A. R., Marks, R.
N., Mackay, K., Friend, R. H., ... & Holmes, A. B. (1990).
Light-emitting diodes based on conjugated polymers.
nature, 347(6293), 539-541.

2. Braun, D., & Heeger, A. J. (1991). Erratum: Visible light
emission from semiconducting polymer diodes [Appl. Phys.
Lett. 58, 1982 (1991)]. Applied Physics Letters, 59(7), 878-
878.

3. Gustafsson, G., Cao, Y., Treacy, G. M., Klavetter, F.,
Colaneri, N., & Heeger, A. J. (1992). Flexible light-emitting
diodes made from soluble conducting polymers. Nature,
357(6378), 477-479.

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.
21.

Kido, J., Kimura, M., & Nagai, K. (1995). Multilayer white
light-emitting organic electroluminescent device. Science,
267(5202), 1332-1334.

Leising, G., Tasch, S., Meghdadi, F., Athouel, L., Froyer,
G., & Scherf, U. (1996). Blue electroluminescence with
ladder-type poly (para-phenylene) and para-hexaphenyl.
Synthetic metals, 81(2-3), 185-189.

Pei, Q., Yu, G., Zhang, C., Yang, Y., & Heeger, A. J. (1995).
Polymer light-emitting electrochemical cells. Science,
269(5227), 1086-1088.

Pei, Q., Yang, Y., Yu, G., Zhang, C., & Heeger, A. J. (1996).
Polymer light-emitting electrochemical cells: in situ
formation of a light-emitting p— n junction. Journal of the
American Chemical Society, 118(16), 3922-3929.

Cao, Y., Yu, G., Heeger, A. J., & Yang, C. Y. (1996).
Efficient, fast response light-emitting electrochemical cells:
Electroluminescent and solid electrolyte polymers with
interpenetrating network morphology. Applied physics
letters, 68(23), 3218-3220.

Burroughes, J. H., & Bradley, D. D. C. (1990). C; Brown,
AR; Marks, RN; Mackay, K.; Friend, RH. Burns, PL, 539-
541.

Blom, P. W., & Vissenberg, M. C. J. M. (2000). Charge
transport in poly (p-phenylene vinylene) light-emitting
diodes. Materials Science and Engineering: R: Reports,
27(3-4), 53-94.

Berleb, S., & Briitting, W. (2002). Dispersive Electron
Transport in tris (8-Hydroxyquinoline) Aluminum (A 1 q
3) Probed by Impedance Spectroscopy. Physical review
letters, 89(28), 286601.

. Rakhmanova, S. V., & Conwell, E. M. (2000). Electric-

field dependence of mobility in conjugated polymer films.
Applied Physics Letters, 76(25), 3822-3824.

Scott, J. C., Brock, P. J., Salem, J. R., Ramos, S., Malliaras,
G. G, Carter, S. A., & Bozano, L. (2000). Charge transport
processes in organic light-emitting devices. Synthetic
Metals, 111, 289-293.

Vissenberg, M. C. J. M., & Blom, P. W. M. (1999). Transient
hole transport in poly (-p-phenylene vinylene) LEDs.
Synthetic metals, 102(1-3), 1053-1054.

Blom, P. W. M., & De Jong, M. J. M. (1998). Device
operation of polymer light-emitting diodes. Philips journal
of research, 51(4), 479-494.

Davids, P. S., Campbell, I. H., & Smith, D. L. (1997).
Device model for single carrier organic diodes. Journal of
applied physics, 82(12), 6319-6325.

Bozano, L., Carter, S. A., Scott, J. C., Malliaras, G. G.,
& Brock, P. J. (1999). Temperature-and field-dependent
electron and hole mobilities in polymer light-emitting
diodes. Applied Physics Letters, 74(8), 1132-1134.
Martens, H. C. F., Brom, H. B., & Blom, P. W. M. (1999).
Frequency-dependent electrical response of holes in poly
(p-phenylene vinylene). Physical Review B, 60(12), R8489.
Campbell, 1. H., Smith, D. L., & Ferraris, J. P. (1995).
Electrical impedance measurements of polymer light-
emitting diodes. Applied Physics Letters, 66(22), 3030-
3032.

Melnyk, A., R., Pai, D., M. (1993). Phys. Met. Chem 8.
Lebedev, E., Dittrich, T., Petrova-Koch, V., Karg, S.,

J App Mat Sci & Engg Res, 2023

Volume 7 | Issue 2 | 199


https://doi.org/10.1038/347539a0
https://doi.org/10.1038/347539a0
https://doi.org/10.1038/347539a0
https://doi.org/10.1038/347539a0
https://doi.org/10.1063/1.106423
https://doi.org/10.1063/1.106423
https://doi.org/10.1063/1.106423
https://doi.org/10.1063/1.106423
https://doi.org/10.1038/357477a0
https://doi.org/10.1038/357477a0
https://doi.org/10.1038/357477a0
https://doi.org/10.1038/357477a0
https://doi.org/10.1016/S0379-6779(96)03751-4
https://doi.org/10.1016/S0379-6779(96)03751-4
https://doi.org/10.1016/S0379-6779(96)03751-4
https://doi.org/10.1016/S0379-6779(96)03751-4
https://doi.org/10.1126/science.269.5227.1086
https://doi.org/10.1126/science.269.5227.1086
https://doi.org/10.1126/science.269.5227.1086
https://doi.org/10.1021/ja953695q
https://doi.org/10.1021/ja953695q
https://doi.org/10.1021/ja953695q
https://doi.org/10.1021/ja953695q
https://doi.org/10.1063/1.116442
https://doi.org/10.1063/1.116442
https://doi.org/10.1063/1.116442
https://doi.org/10.1063/1.116442
https://doi.org/10.1063/1.116442
https://doi.org/10.1016/S0927-796X(00)00009-7
https://doi.org/10.1016/S0927-796X(00)00009-7
https://doi.org/10.1016/S0927-796X(00)00009-7
https://doi.org/10.1016/S0927-796X(00)00009-7
https://doi.org/10.1103/PhysRevLett.89.286601
https://doi.org/10.1103/PhysRevLett.89.286601
https://doi.org/10.1103/PhysRevLett.89.286601
https://doi.org/10.1103/PhysRevLett.89.286601
https://doi.org/10.1063/1.126793
https://doi.org/10.1063/1.126793
https://doi.org/10.1063/1.126793
https://doi.org/10.1016/S0379-6779(99)00449-X
https://doi.org/10.1016/S0379-6779(99)00449-X
https://doi.org/10.1016/S0379-6779(99)00449-X
https://doi.org/10.1016/S0379-6779(99)00449-X
https://doi.org/10.1016/S0379-6779(98)01323-Xhttps://doi.org/10.1016/S0165-5817(98)00019-9http://Vissenberg, M. C. J. M., & Blom, P. W. M. (1999). Transient hole transport in poly (-p-phenylene vin
https://doi.org/10.1016/S0379-6779(98)01323-Xhttps://doi.org/10.1016/S0165-5817(98)00019-9http://Vissenberg, M. C. J. M., & Blom, P. W. M. (1999). Transient hole transport in poly (-p-phenylene vin
https://doi.org/10.1016/S0379-6779(98)01323-Xhttps://doi.org/10.1016/S0165-5817(98)00019-9http://Vissenberg, M. C. J. M., & Blom, P. W. M. (1999). Transient hole transport in poly (-p-phenylene vin
https://doi.org/10.1016/S0165-5817(98)00019-9https://doi.org/10.1016/S0165-5817(98)00019-9http://Blom, P. W. M., & De Jong, M. J. M. (1998). Device operation of polymer light-emitting diodes. Phili
https://doi.org/10.1016/S0165-5817(98)00019-9https://doi.org/10.1016/S0165-5817(98)00019-9http://Blom, P. W. M., & De Jong, M. J. M. (1998). Device operation of polymer light-emitting diodes. Phili
https://doi.org/10.1016/S0165-5817(98)00019-9https://doi.org/10.1016/S0165-5817(98)00019-9http://Blom, P. W. M., & De Jong, M. J. M. (1998). Device operation of polymer light-emitting diodes. Phili
https://doi.org/10.1063/1.366522
https://doi.org/10.1063/1.366522
https://doi.org/10.1063/1.366522
https://doi.org/10.1063/1.123959
https://doi.org/10.1063/1.123959
https://doi.org/10.1063/1.123959
https://doi.org/10.1063/1.123959
https://doi.org/10.1103/PhysRevB.60.R8489
https://doi.org/10.1103/PhysRevB.60.R8489
https://doi.org/10.1103/PhysRevB.60.R8489
https://doi.org/10.1063/1.114267
https://doi.org/10.1063/1.114267
https://doi.org/10.1063/1.114267
https://doi.org/10.1063/1.114267
https://doi.org/10.1063/1.120179

22.

23.

24.

25.

26.

27.

28.

29.

& Briitting, W. (1997). Charge carrier mobility in poly
(p-phenylenevinylene) studied by the time-of-flight
technique. Applied physics letters, 71(18), 2686-2688.
Redecker, M., Bradley, D. D. C., Inbasekaran, M., &
Woo, E. P. (1998). Nondispersive hole transport in an
electroluminescent polyfluorene. Applied Physics Letters,
73(11), 1565-1567.

Redecker, M., Bradley, D. D., Inbasekaran, M., Wu, W. W,
& Woo, E. P. (1999). High mobility hole transport fluorene-
triarylamine copolymers. Advanced Materials, 11(3), 241-
246.

Campbell, A. J., Bradley, D. D., & Antoniadis, H. (2001).
Quantifying the efficiency of electrodes for positive carrier
injection into poly (9, 9-dioctylfluorene) and representative
copolymers. Journal of Applied Physics, 89(6), 3343-3351.
Abkowtz, M., & Pai, D. M. (1986). Comparison of the
drift mobility measured under transient and steady-state
conditions in a prototypical hopping system. Philosophical
Magazine B, 53(3), 193-216.

Pai, D. M. (1970). Transient photoconductivity in poly (N-
vinylcarbazole). The Journal of Chemical Physics, 52(5),
2285-2291.

Gommans, H. H., Kemerink, M., Andersson, G. G., &
Pijper, R. M. (2004). Charge transport and trapping in Cs-
doped poly (dialkoxy-p-phenylene vinylene) light-emitting
diodes. Physical Review B, 69(15), 155216.

Berleb, S., & Briitting, W. (2002). Dispersive Electron
Transport in tris (8-Hydroxyquinoline) Aluminum (A 1 q
3) Probed by Impedance Spectroscopy. Physical review
letters, 89(28), 286601.

Martens, H. C. F., Huiberts, J. N., & Blom, P. W. M. (2000).

30.

31.

32.

33.

34.
35.
36.

37.

38.

Simultaneous measurement of electron and hole mobilities
in polymer light-emitting diodes. Applied Physics Letters,
77(12), 1852-1854.

Tsang, S. W., So, S. K., & Xu, J. B. (2006). Application
of admittance spectroscopy to evaluate carrier mobility
in organic charge transport materials. Journal of applied
physics, 99(1).

Sayeef. Salahuddin, Supriyo. Datta, Nano Lett. 8, 405
(2008).

Koltunowicz, T. N., Fedotova, J. A., Zhukowski, P., Saad,
A., Fedotov, A., Kasiuk, J. V., & Larkin, A. V. (2013).
Negative capacitance in (FeCoZr)—(PZT) nanocomposite
films. Journal of Physics D: Applied Physics, 46(12),
125304.

Martens, H. C. F., Pasveer, W. F., Brom, H. B., Huiberts, J.
N., & Blom, P. W. M. (2001). Crossover from space-charge-
limited to recombination-limited transport in polymer light-
emitting diodes. Physical Review B, 63(12), 125328.

H. L. Kwok, Solid-State Electron. 47, 1090 (2003).

H. L. Kwok, Phys. stat. sol. (¢) 5, 639 (2008).

Kwok, H. L. (2015). Maximizing the value of gate
capacitance in field-effect devices using an organic interface
layer. Solid-State Electronics, 114, 163-166.

Wu, Y. L., Lin, J. J., & Kwok, H. L. (2019). Modeling the
negative capacitance effect in dispersive organic materials
using modified Drude theory. Solid State Electronics
Letters, 1(2), 105-109.

Tabeu, S. B., Fotsa-Ngaffo, F., & Kenfack-Jiotsa, A. (2019).
Imaginary resistor based parity-time symmetry electronics
dimers. Optical and Quantum Electronics, 51, 1-17.

Copyright: ©2023 S.D. Noupeyi, et al. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

J App Mat Sci & Engg Res, 2023

https://opastpublishers.com

Volume 7 | Issue 2 | 200


https://doi.org/10.1063/1.120179
https://doi.org/10.1063/1.120179
https://doi.org/10.1063/1.120179
https://doi.org/10.1063/1.122205
https://doi.org/10.1063/1.122205
https://doi.org/10.1063/1.122205
https://doi.org/10.1063/1.122205
https://doi.org/10.1063/1.1334925
https://doi.org/10.1063/1.1334925
https://doi.org/10.1063/1.1334925
https://doi.org/10.1063/1.1334925
https://doi.org/10.1080/13642818608240642
https://doi.org/10.1080/13642818608240642
https://doi.org/10.1080/13642818608240642
https://doi.org/10.1080/13642818608240642
https://doi.org/10.1063/1.1673300
https://doi.org/10.1063/1.1673300
https://doi.org/10.1063/1.1673300
https://doi.org/10.1103/PhysRevB.69.155216
https://doi.org/10.1103/PhysRevB.69.155216
https://doi.org/10.1103/PhysRevB.69.155216
https://doi.org/10.1103/PhysRevB.69.155216
https://doi.org/10.1103/PhysRevLett.89.286601
https://doi.org/10.1103/PhysRevLett.89.286601
https://doi.org/10.1103/PhysRevLett.89.286601
https://doi.org/10.1103/PhysRevLett.89.286601
https://doi.org/10.1063/1.1311599
https://doi.org/10.1063/1.1311599
https://doi.org/10.1063/1.1311599
https://doi.org/10.1063/1.1311599
https://doi.org/10.1063/1.2158494
https://doi.org/10.1063/1.2158494
https://doi.org/10.1063/1.2158494
https://doi.org/10.1063/1.2158494
https://doi.org/10.1103/PhysRevB.63.125328
https://doi.org/10.1103/PhysRevB.63.125328
https://doi.org/10.1103/PhysRevB.63.125328
https://doi.org/10.1103/PhysRevB.63.125328
https://doi.org/10.1016/j.sse.2015.09.014
https://doi.org/10.1016/j.sse.2015.09.014
https://doi.org/10.1016/j.sse.2015.09.014
https://doi.org/10.1016/j.ssel.2020.01.005
https://doi.org/10.1016/j.ssel.2020.01.005
https://doi.org/10.1016/j.ssel.2020.01.005
https://doi.org/10.1016/j.ssel.2020.01.005
https://doi.org/10.1007/s11082-019-2048-9
https://doi.org/10.1007/s11082-019-2048-9
https://doi.org/10.1007/s11082-019-2048-9

