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Quantum transport in Disordered Systems: The Inspiration

Anderson, Philip W. ”Absence of diffusion in certain random lattices.”
Physical review 109.5 (1958): 1492.

Lagendijk, Aart, Bart Van Tiggelen, and Diederik S. Wiersma.
”Fifty years of Anderson localization.” Phys. Today 62.8 (2009): 24-29.
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“ Localization was a different matter: very few believed
it at the time, and even fewer saw its importance;

among those who failed to fully understand it at first
was certainly its author. It has yet to receive adequate
mathematical treatment, and one has to resort to the
indignity of numerical simulations to settle even the

simplest questions about it.”

—Philip W. Anderson, Nobel lecture, 8 December 1977
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Exciton Transport

The large variations in mobilities
observed in the case of π- conjugated
polymers such as MEH-PPV and P3HT.

The Torsional motion in the backbone of
the polymer chain breaks the conjugated
pathway

Femtosecond time-scale Torsional
relaxation in Organic Semiconductors.

Grozema, Ferdinand C., et al.“Intramolecular charge transport along isolated chains of conjugated polymers:
Effect of torsional disorder and polymerization defects.” The Journal of Physical Chemistry B (2002)

Jean-Luc Bredas and Robert Silbey. Excitons surf along conjugated polymer chains.
Science, 323(5912):348- 349, 2009

Clark, T Nelson, S Tretiak, G Cirmi, and Guglielmo Lanzani. Femtosecond torsional relaxation.Nature Physics,
8(3):225, 2012
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Basic Formulation

Hamiltonian of the system in the Hilbert space HS = Hε ⊗Hθ1
⊗Hθ2

⊗ ......⊗HθN

ĤS = −~ωθ
N∑
i=1

∂2

∂θ2
i

+
N∑

<i,j>

U(θij ) + ~ωε
N∑
i=1

σ+
i σ
−
i +

N∑
i=1

N∑
j=1

i 6=j

V (θij )σ
+(i)σ−(j)

Lets consider an arbitrary state vector |Ψ〉 in HS and since [N̂ex , Ĥ] = 0 1

P̂ex |Ψ(t)〉 =
N∑

n=1

〈n|Ψ〉|n〉 =
N∑

n=1

ψn(Θ, t) |n〉

3 ∀ ψi
′s and ψ̇i

′s are periodic with a period 2π with respect each variable θi .

1
Additionally, we also find that [P̂total , Ĥ] = 0 and thus there is conservation of momentum within the system
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Basic Formulation

We further model the coupling potetials as cosine functions of the θ′i s as:

V (θij ) = Vo cos(θi − θj ) and U(θij ) = Uo cos(2(θi − θj ))
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Basic Formulation

The way we model the coupling changes the physical picture. As the matrix Vin
N×N
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When all the rotors are ordered!
When you have Static Disorder
When they’re all Rollin!
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Survival Probabilities
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Defects
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Static Disorder
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Fourier Transform
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How does the system scale with N?

We find the time averaged Transition Probability(Pn): PN = lim→∞
1
t

∫ t
0 |UN,1(τ)|2dτ

In the case of Ordered Chains, PN = 3
2(N+1)
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How does the system scale with N?

Disordered chains PN = a
Nb , where a = 1.5963± 0.09553 and b = 1.68205± 0.0744
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How does the system scale with N?

Scaling of the Fourier-transformed Hamiltonian
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Future Work

Time Evolution by Block Decimation(TEBD)

Implementation of time dependent Density Matrix Renormalisation Group(DMRG)
method to capture the Hamiltonian dynamics of the low lying energy states.

Effect of Defects

Using Green’s functions methods to study the effects of chemical and torsional defects
along the chain.

Heat Transport

Study the effects of torsional disorder within the polymer chain on heat transport
when the system is coupled to heat baths on the two ends in a linear geometry.
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Density Matrix Renormalisation Group Method

Density Matrix Renormalisation Group Method

De Chiara, G., Rizzi, M., Rossini, D., Montangero, S.(2008).
Density matrix renormalization group for dummies. Journal of Computational and Theoretical Nanoscience, 5(7)

White, S. R. (1992). Density matrix formulation for quantum renormalization groups
Physical review letters, 69(19), 2863.

Schollwöck, Ulrich. (2011)The density-matrix renormalization group in the age of matrix product states.
Annals of Physics 326, no. 1: 96-192.

22 / 24



Quantum transport in Disordered Systems
Model

Effects of Disorder
Scaling Behaviour

Future Work
DMRG

Density Matrix Renormalisation Group Method

Acknowledgements

I am really indebted and thankful to :

Hari Kumar Yadalam, IPC Department, IISc
(My informal advisor)

Dr. B Siva Kumar, Associate Professor, Dept. of Chemistry, SSSIHL
(My Thesis advisor)

Prof. Chelli Janardhana, Honarary Professor, Dept. of Chemistry, SSSIHL

Prof. Debendranath Sahoo, Honarary Professor, Dept. of Physics, SSSIHL

Prof. Achanta Venu Gopal,
Department of Condensed Matter Physics and Material Science, TIFR Mumbai

Prof. Upendra Harbola,
Inorganic and Physical Chemistry Department, IISc Bengaluru

23 / 24



Quantum transport in Disordered Systems
Model

Effects of Disorder
Scaling Behaviour

Future Work
DMRG

Density Matrix Renormalisation Group Method

Please feel free to write to me at : vijaysai.mocherla@rochester.edu

24 / 24


	Quantum transport in Disordered Systems 
	The Inspiration
	Torsional Disorder and Exciton Transport

	Model
	Basic Formulation

	Effects of Disorder
	When all the rotors are ordered!
	When you have Static Disorder
	When they're all Rollin!

	Scaling Behaviour
	How does the system scale with N?

	Future Work
	DMRG
	Density Matrix Renormalisation Group Method


