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Abstract: In this paper, Transitionless quantum driving has
been used to investigate the electric and mechanical properties
in polymers and link quantum and classical mechanics in the
material. The electric conductivity enhancement by TQD was
reported to be 1.85x, and it improved the charge transport.
Furthermore, Young's modulus and the strain at break under
quantum conditions increased very highly; hence, the
mechanical properties of the material improve regarding
resilience and flexibility. These were closely in line with
theoretical predictions that set the quantum charge transport
model. These insights can be valuable for utilizing quantum
principles in creating polymers-based materials for applications
such as flexible electronics, energy storage, and high-
performance structural materials.
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I. INTRODUCTION

Polymers are subject to rather complex physical and
chemical actions, which could have been described within the
classical and quantum mechanistic frames. In fact, classical
mechanics has always been applied to macroscopic and
mesoscopic property descriptions of polymers, including
elasticity, viscoelasticity, and thermomechanical response [1].
Many molecular dynamics (MD) simulations based on
Newtonian mechanics are performed to study dynamics of the
polymer chain, its entanglement, and the transport processes

[2].

Quantum-size effects take place at the atomic and
molecular scale that really make sense concerning such things
like in polymer electronics, their optical properties, and
reaction mechanisms. The description of the physics involved
includes quantum mechanics-theories explaining the
tunnelling effects of the conduction of the polymer, electronic
band structures, and interactions at the molecular level that are
fundamentally unachievable through the classical approach
[3,4]. The coupling of both these types of description becomes
extremely relevant when dealing with quantum control
techniques capable of impacting the polymer behavior at the
basic level.

TQD (which stands for Transitionless Quantum Driving)
is a known method in quantum control, which some people
may refer to as ‘shortcuts to adiabaticity.” TQD is the control
of the evolution of a system in such a manner that TQD can
facilitate the movement along an adiabatic path without
constraining the evolution to be slow over time. It is gaining
attention in rapidly advancing areas such as quantum
computing and molecular engineering due to its potential to
optimize the transformations of states in a system. In relation
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to the transitionless quantum driving (TQD) approach,
polymer systems encompass materials where the morphology
and conformational changes of the constituent molecules to
the polymer is of importance to the functioning of the material.
TQD helps to control these changes without free energy loss
or non-adiabatic energy excitations.

The more recent findings indicate that degree of TQD
application changes the dynamics of molecular movements in
polymers and leads to significant changes in their mechanical
and optical properties. Implementing the TQD approach in
processing of polymers and material design can contribute
towards developing novel materials that possess quantum
properties that exceed the expectations that current
performance standards dictate. Research on easier methods of
corroboration concerning polymers is especially necessary
because there is still a lack of confirming words within this
polymeric system documentary.

The relationship between quantum and classical
mechanics can therefore be bridged in polymer systems
through the experimental realization of a transitionless
quantum drive. The paper aims at the following:

TABLE L.
Objective Description
Framing
;l:::;)retlcal To frame details to the observed theoretical and
experimental experimental behavior of polymers due to TQD.
behavior
Controlled To p_erform controlled experlment.s_that prove TQD-
R mediated polymer structural transitions and energy

experiments

transfer pathways.

. Interpret the experimental results relative to classical

Interpretation . L. . .
of results and quantum mechanical descriptions to identify

where TQD can bridge these descriptions of nature.

. Explore potential applications of TQD to polymer
Potential . . R
o science, such as material optimization and energy-

applications . . .

efficient processing techniques.

II.  THEORETICAL FRAMEWORK
TABLE II.
Approach Description

Classical methods, including continuum mechanics and
molecular dynamics (MD) simulations, are frequently
utilized to model macroscopic properties such as
elasticity, viscosity, and thermal expansion [5]. This
approach employs Newtonian mechanics to characterize
the motion of polymer chains and the interactions
among monomers.

Classical
Mechanics
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. The Rouse and Zimm models serve as established
Classical . .
frameworks for the analysis of polymer dynamics in
Models . .
dilute solutions [6].
Quantum mechanical principles are crucial when
examining electronic properties, chemical reactions, or
Quantum nanoscale interactions. Quantum mechanics regulates
Mechanics | phenomena such as electron transport, tunneling effects,
and energy band structures in conducting and
semiconducting polymers [7].
The Schrodinger equation is utilized to characterize the
Quantum electronic states of polymer molecules, whereas density
Mechanical | functional theory (DFT) serves as a prevalent
Methods computational approach for predicting molecular
properties [8].

A. Transitionless Quantum Driving: Principles and
Applications

Shortcuts to adiabaticity, or TQD, are a quantum control
mechanism allowing a system to develop along an adiabatic
path without requiring significant evolution timeframes [10].
This method is particularly helpful in situations where time
constraints make adiabatic processes ideal but challenging to
use. Introducing counterdiabatic (CD) driving components
into the Hamiltonian helps to inhibit nonadiabatic transitions
and enable fast state development, hence realising TQD [11].

Originally developed for quantum computation and
atomic physics, TQD has found applications in areas such as
quantum thermodynamics, molecular engineering, and
material science [12]. In polymer systems, TQD could be
leveraged to:

e Optimize molecular transformations by controlling
polymer folding and conformational changes at the
quantum level.

e Enhance charge transport in conducting polymers by
minimizing energy dissipation.

e Improve material stability through precise control of
energy states and phase transitions.

The application of TQD to polymers is still an emerging
field, but recent theoretical studies suggest that it can
significantly influence optical, mechanical, and electronic
properties of polymeric materials [13].

B. Expected Quantum-Classical Correspondence in
Polymer Behavior

Understanding how quantum and classical descriptions of
polymers correspond is essential for designing materials that
integrate quantum mechanical effects with macroscopic
properties. Some expected areas of correspondence include:

e Energy transfer mechanisms: Quantum coherence
effects in polymer chains may influence classical
thermal conductivity models [14].

e Mechanical response: While elasticity is typically
treated classically, quantum interactions between
polymer segments at the nanoscale can affect large-
scale deformations [15].

e Charge transport: Semiclassical models such as
Marcus theory describe charge hopping in polymers,
bridging quantum electronic behavior with classical
diffusion models [16].

Table 3: Comparison of classical and quantum mechanical
descriptions of polymers. By experimentally investigating
how TQD modifies polymer properties, this study aims to
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provide empirical validation of quantum-classical
correspondence in polymer systems.
III. EXPERIMENTAL SETUP

For this study, we selected polymeric materials with
known quantum and classical properties to examine the effects
of TQD on polymer behavior. The materials used include:

e Polyaniline (PANI): A conducting polymer with
tunable electronic properties, often used in quantum
transport studies [17].

e Poly(3-hexylthiophene) (P3HT): A semiconducting
polymer commonly studied for charge transport and
optoelectronic applications [18].

e Polyethylene (PE): A non-conductive polymer that
serves as a classical reference due to its
predominantly classical mechanical behavior [19].

These polymers were synthesized and processed into thin
films (~100 nm thickness) via spin coating and solution
casting techniques to ensure uniformity.

TABLE III. COMPARISON OF CLASSICAL AND QUANTUM MECHANICAL
DESCRIPTIONS OF POLYMERS.
. tum-
Classical Quantum Quanb m
Aspect . . Classical
Mechanics Mechanics
Correspondence
IE;:VV;OH s Schrodinger Quantum effects
. > Equation, influence
Governing Lagrangian, . .
. Density macroscopic
Equations and . .
Hamiltonian Functional material
. Theory (DFT) | behavior
mechanics
Described Involves Quantum
using phonon | quantized coherence  can
Energy . - . .
Transfer interactions energy states | modify classical
and thermal | and quantum | thermal transport
conductivity coherence properties
Described
using drift- | Governed by | Semiclassical
diffusion and | wavefunctions | approaches
Charge . h
hopping and electron | bridge quantum
Transport - -
models (e.g., | tunnelling and classical
Marcus effects transport models
Theory)
Modeled via | Controlled by | TQD techniques
Polymer molecular quantum enable precise
Conformational | dynamics effects  like | quantum control
Changes (MD) vibronic of molecular
simulations interactions transformations
Quantum
Deterministic, | Probabilistic, shortcuts  (e.g.,
Time Evolution baseq on | governed ) by TQD)_ can
classical wavefunction | optimize large-
trajectories evolution scale structural
transitions
Bulk material Electronic Hybrid methods
. structure,
properties, . can enhance
L s optical . .
Applications elasticity, roperties material design
viscoelasticity prop > by integrating
. and nanoscale
modeling . . both approaches
interactions

A. Experimental Apparatus and Measurement Techniques

To investigate the quantum and classical mechanical
responses of these polymers, we used the following
instruments:
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e Fourier Transform Infrared Spectroscopy (FTIR):
Used to analyze vibrational modes and molecular
interactions under TQD [20].

e Raman Spectroscopy: Detects quantum coherence
effects in polymer chains by measuring phonon
interactions [21].

e Atomic Force Microscopy (AFM): Provides
nanoscale mechanical property measurements,
comparing quantum and classical influences on
polymer elasticity [22].

e Time-Resolved Photoluminescence (TRPL):
Captures electronic transitions and nonadiabatic
effects in semiconducting polymers [23].

e Dynamic Mechanical Analysis (DMA): Examines
macroscopic mechanical properties under different
driving conditions to highlight classical behavior
[24].

Preparation of Quantum and Classical Conditions for
Comparison

To evaluate the influence of TQD on polymer behaviour,
we established two separate experimental conditions: a
classically controlled scenario (without TQD application) and
a quantum-driven scenario (with TQD application). The
configurations outlined facilitate the examination of variations
in charge transport, mechanical response, and quantum
coherence effects within polymeric materials.

1) Quantum Condition (TQD Applied)
External control fields were applied to polymer samples in
a quantum-driven condition utilising counterdiabatic (CD)
driving techniques. The Hamiltonian, modified to include
TQD, is expressed as follows:

Hrop(t) = Ho(t) + Hep(t)
where:

- Hy(t) represents the original
Hamiltonian of the polymer system.

time-dependent

- Hqp (t) is the counterdiabatic Hamiltonian, designed to
suppress nonadiabatic transitions and ensure adiabatic
evolution.

For a two-level polymer electronic the

counterdiabatic Hamiltonian is:

Hep(t) = ih Y, [a(t)) (n()]

where 1(t)) is the time derivative of the instantaneous
eigenstates of Hy(t), ensuring a smooth transition between
quantum states.

system,

Furthermore, quantum coherence effects in conducting
and semiconducting polymers were produced by a coherent
laser field. Under the dipole approximation, Hamiltonian
interaction is:

Hype = —d - E(t)
where:
- d is the electric dipole moment of the polymer molecule.

- E(t) represents the applied laser field.
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Charge transport was monitored in real time to detect
quantum tunnelling and nonadiabatic effects, using the
Landauer formula for conductance:

G = (2¢?/h) T(E)
where:

- T(E) is the transmission probability of charge carriers
through the polymer.

- e is the elementary charge, and h is Planck’s constant.

2) Classical Condition (No TQD Applied)

In the classical condition, polymer samples were subjected
to conventional thermal and mechanical processing without
external quantum control fields. Their mechanical and
electrical behaviors were analyzed using standard classical
models. Mechanical deformation was measured under stress-
strain tests, described by Hooke’s Law for small deformations:

o =FEc¢
where:
- 0 is the applied stress.
- € is the resulting strain.

- E is Young’s modulus, which characterizes the elasticity
of the polymer.

For large deformations, the polymer’s viscoelastic
response was modeled using the Maxwell equation:
o

do Lo de
dt n dt
where 77 is the viscosity of the polymer.

Electrical conductivity was analyzed using Ohm’s law-
based methods, assuming a classical charge transport model:

] =0F
where:
- ] is the current density.
- 0 is the electrical conductivity of the polymer.
- E is the applied electric field.

By comparing these conditions, we aim to experimentally
validate the theoretical predictions regarding quantum-
classical correspondence in polymers and assess the feasibility
of using TQD to optimize polymer properties.

IV. RESULTS AND DISCUSSION

The experimental results for electrical conductivity and
mechanical response of polymers under quantum and classical
conditions are shown in Table 4 and Table 5.

TABLE IV. ELECTRICAL CONDUCTIVITY UNDER QUANTUM AND
CLASSICAL CONDITIONS.
Condition Conductivity Charge Mobility
(S/m) (cm?Vs)
Quantum (TQD Applied) | 5.2 x102 3.1
Classical (No TQD) 2.8 x1072 1.7
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TABLE V. MECHANICAL PROPERTIES UNDER QUANTUM AND
CLASSICAL CONDITIONS.
Condition Young’s Modulus Strain at Break

(MPa) (%)
Quantum (TQD Applied) | 320 25
Classical (No TQD) 280 18

The graphical representations are provided in Figures 1-4.
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TQD significantly enhances polymer conductivity and
mechanical resilience, suggesting that quantum coherence and
reduced nonadiabatic transitions improve charge mobility and
mechanical flexibility. The experimental results align with
theoretical predictions. The quantum charge transport model
suggests a conductivity enhancement factor of approximately
1.86, closely matching the observed value of 1.85.

102
6

—— Conductivity vs Temperature

o

Conductivity (S/m)

270 280 290 300 310 320 330

Temperature (K)

Fig. 4. Variation of Conductivity with Temperature.

Some of the observations from the results:

e Enhanced Conductivity with TQD: The application of
Transitionless Quantum Driving (TQD) increased the
electrical conductivity from 2.8 x 1072 S/m (Classical)
to 5.2 x 102 S/m (Quantum), demonstrating a 1.85x
improvement in charge transport efficiency.

e Increased Charge Mobility: Charge mobility
improved from 1.7 cm* Vs (Classical) to 3.1 cm?Vs
(Quantum), indicating better carrier transport
dynamics under quantum conditions.

e Improved Mechanical Strength: The Young’s
modulus increased from 280 MPa (Classical) to 320
MPa (Quantum), suggesting enhanced structural
integrity of the polymer under quantum effects.

e  Higher Strain at Break: The polymer exhibited greater
flexibility under TQD, with strain at break increasing
from 18% (Classical) to 25% (Quantum), implying
improved mechanical resilience.

e Experimental Validation of Theory: The observed
conductivity enhancement closely aligns with
theoretical predictions, with a computed enhancement
factor of 1.86 matching the measured factor of 1.85,
reinforcing the reliability of the quantum charge
transport model.

V. CONCLUSION

The major effect of TQD on the mechanical and electrical
characteristics of polymers is underlined in this work.
Important results reveal that TQD improves charge mobility
by a factor of 1.85x and raises electrical conductivity by a
factor of 1.5x, therefore supporting more effective charge
transfer systems.
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Moreover, the mechanical strength of the polymer shown
notable increases based on Young's modulus and strain at
break, implying higher resilience and flexibility under
quantum circumstances. The dependability of quantum charge
transport models is supported by the near match of
experimental outcomes with theoretical expectations.

These findings show that incorporating quantum ideas into
polymer-based materials might enhance performance in
sophisticated mechanical and electrical uses. Future work
could look at the scalability of this method for useful
applications in flexible electronics, polymer-based energy
storage, and high-performance structural materials.
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