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1. A closed form for the electrostatic interaction between two rod-like charged objects.
J. Phys. Condens. Matter, 23 (2011) 155103.

Research highlight: http://iopscience.iop.org/0953-8984/labtalk-article/45679
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Micro & Intermediate
Filaments

Cell membrane
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Compound T, (K)  Eu (/T) &e (/T) Aab (/T) Ae (ﬁ) HS (D) HE (D)

NCCO 24 58 3.5 1200 260 000 10 -
LSCO 38 33 2.5 2000 20 000 62 15
YBCO 93 15 2 1450 6000 120 40
Bi2212 95 20 1 1800 7000 100 30
Bi2223 110 15 1 2000 10 000 250 30
T11224 128 14 1 1500 — 160 -
Hgl1223 135 13 2 1770 30 000 190 -

IV ]col 68 lablo, ol sl pol> laaius FY Joas

Superconducting compounds 7™ (K)

LMCO-type compounds

Las_ .M, CuOy (LMCO) M = Ba, Sr, Ca 39
LasCuOyg4y 45
Caa_,Na,Cu0aCls 26
Ra M.CuQy (RMCO) (electronically doped cuprates) 24
R = Pr, Nd, Sm, Eu, M = Ce, Th, Ce+5r

Sr14-:Ca;Cu2¢041 (ladder compound 12

superconducting under high pressure at » = 13.6)

YBCO-type compounds

RBagCusOg,, (r > 04) (R-123) R =Y, La, Ca, RE; a3
RE = Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, Tm, Yb, Lu

YBasCuyOg (Y-124) 80
YBasCuss0s_,  (Y-24T) 7
PbaSraACu3Osyy, A=R4+Sr, R+ Ca 80
Las_.5r:CaCuaCsa 60
RuSraGdCu20s-s (Ru-1212)  (superconducting ferromagnet) 46

Bi-, Tl-, Hg-type compounds
BiaBraCa,,_1Cu, 00,4445 Bi-22(n — 1)n* (n=1-3)

BizSraCuOg, 10
Bi2Sr2CaaCuaOi044 110
TlmBa2Can—1Cun O2nsmi2+s Tl-m2(n — 1)n* (m=1,2; n=1-4)
Tl;BagCuOg 5 o3
Tl BagCagCug gy 4 133
TlaBazCaaCus Q1045 125
HgBaoCan—1CusO2nt0+s  Hg-12(n —1)n* (n=1-5)

HgBasCuOy, s 98
HgBasCasCusOgy 4 135
HgBa2CasCusOsys  (under pressure of 30 GPa) 164

*The sequential numbers represent the composition ratio of the cations
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Abstract

Electrostatic interactions between rod-like and stripe-like charged objects play a substantial role
in the many systems of condensed matter and soft condensed matter physics such as strongly
correlated materials, liquid crystals, electrolytes, polymers and bio-molecules. For example,
superconductors and antiferromagnetic Mott insulators are a large class of strongly correlated
systems whose quantum phases have been studied intensively. Many results signifying the
segregation of charged carriers into fluctuating stripes in cuprate superconductors have been
reported. In the ceramic samples La,-,Sr,CuQ,4 co-doped with Nd, the charged stripes are seen by
neutron diffraction as a static lattice modulation coherent with low-temperature tetragonal
modulation. Nickelates (La,-,SryNiO,4) are the other good empirical realities for observing the
charged stripes at low temperatures. The relationship between correlations of charged stripes and
high-Tc superconductivity has been studied intensively in nickelates. More physical insights are
gained by obtaining a closed-form formula for the interaction of such stripes. Indeed, the closed
form gives us much useful information on the physical properties of the system, such as orderings
and correlations of the charged stripes and also the thermodynamic properties of the system.
Experimental evidence of such interactions is also observed in the colloidal world. Actually, in
the colloidal solutions, macromolecules such as DNA molecules, TMV or the fd virus, V,0s
ribbons, crystalline Boehmite (AIOOH) rods, etc, are intrinsically extremely anisotropic and have
rod-like and ribbon-like shapes. In the context of an orientational phase transition, it has been
elucidated that the electrostatic interaction between the polyelectrolytes leads to a twisting effect
which enhances the concentration at the isotropic to nematic (I-N) phase transition. More
findings are attained by making use of the form of the interaction energy between such objects.
Many efforts have been made to employ the analytical and numerical approaches for computing
the electrostatic interaction of two rod-like charged objects.

Despite all simulations and analytical approaches, the lack of a closed-form formula for the
interaction energy of such anisotropic particles is felt. In this thesis we have obtained a closed-
form formula for the interaction energy of two rod like charged objects with lengths 2I, and 2I,
and arbitrary orientations in three dimensions, separated by r. By using the closed-form formula
we have computed the thermodynamic functions of a 1D array of charged rods in which each rod
interacts only with two nearest neighbors. Although the electrostatic interaction is long range and
there are no practical realizations to vindicate our assumption, one can get more insight about our

finding of the closed-form formula and its direct effects on the thermodynamic behavior of a



system. Finally the relationship between the behavior of the specific heat and the electrostatic
interaction energy is investigated.

In the second part of this thesis we have tried to find the electrostatic interaction of two rod-like
objects at the presence of screening effects. Actually finding an analytical expression for the
screened electrostatic interaction of two charged rods is not a trivial task and is conundrum.
However, we can obtain useful results by considering a number of axial quadrupole on the rods
and investigate their electrostatic interaction for different screening lengths, numerically. The
noticeable result is that the orientations with minimum and maximum energies are not changed by
adding the screening effects. It means that the presence of any salt cannot change the Min and
Max configurations.

In the last part of this thesis, we employed our results to discuss the physical properties of the
Cuprates. We have studied the structural properties of lightly hole doped cuprates. At lightly
doped regions, charge and spin stripes are emerged in different Cu-O layers. Considering charge
stripes as classical anisotropic objects, we have obtained the orientations of stripes with minimum
interaction energy. Our results are in good agreement with the experimental ones. Finally we have
concluded that in the lightly doped regime one can neglect the quantum effects and study the

physical properties of the system.
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