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Simulation and modeling of organic thermoel ectric materials for waste heat regeneration

Resonant modes dueto electron-phonon coupling in dopped polythiophene

(*We wite firstly well -known matrix el ements of the nodel %)

al =0.0; a2=0.0; a3=0.0; a4 =0.0; ab = 0.0;
a7 =0.0; a8=0.0; a9 =0.0; all1 =0.0; s = -4.0;
(*ai is ionization potential of C atom
and s standing for the sane quantity for S atom
tilda stands to indicate nodification of ionization energy due to disorder,
here undopped val ues have been taken into account x)

A =123.6; B=0.3776; c0 = 7. 814;

(x»static lattice parameters taken from PRL 1989, vol . 63, 7, 786-789%)

Rcc = 1. 557; Rcs = 1. 782;

(» p=1 takes into account interaction with phonons,i.e. for p=0,

phonon-el ectron coupling is absent and the cal culation goes for static latticesx)

p= 1.0;

(*p=1 takes into account interaction with phonons,i.e. for p=0,

phonon-el ectron coupling is absent and the cal cul ation goes for static latticex)
1.441 1.441

B12 = A= Exp|[- ] +p*cO*AxExp[- ] * (1. 441 - Rec +B);
1.457 1. 457
/323=A*Exp[— ]+p*CO*A*EXp[— ]*(1.457-RCC+B);
1. 350 1. 350
B34 = AxExp|[- ] +p*cO+AxExp|[- ] * (1.350 - Rec +B);
B B
1.721 1.721

325=A*Exp[— ]+p*CO*A*EXp[— ]*(1.721—RCS+B);

(»first part are bonds, the second expresses phonon correction. Rij
are taken from Table | from af orenmenti oned reference x)
I mport ["C:\\ Users\\ gor\\ Deskt op\\i nagePT. pdf " ]

polythiophene-MONOMER in atomic basis, any other conjugated polymer is applicable as well
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We write Hamiltonian of the monomer system on the atomic basis from off-diagonal elements defined above as
follows

al B12 0 0 0 O
Bl2 a2 B23 0 pB25 O
0 B23 a3 B34 0 O
0 B34 a4 O p23
B25 0 0 s pB25 0
B23 B25 ab B12 O
0 0 Bl2 a7 B23 0 pB25
0 B23 a8 B34 O

0 0 B34 a9 0 pB23
0 B25 0 0O s p25
0

0 0 pB23 B25 all

0
0
0
0

O o O o o
o OO o o o
o OO o o o

0
0
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0
0
0

o OO o o o
o OO O o o
o O O O
o O O O

Then we introduce Hamiltonian for the sparse polymer system
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Pol y101 = Mat ri xFor m[

SparseArray [{Band[{1, 1}] » M Band[{11, 12}] -» g12, Band[{12, 11}] - B12,
Band[{12, 12}] - M Band[{22, 23}] » 12, Band[{23, 22}] -» B12,
Band[{23, 23}] - M Band[{33, 34}] -» 312, Band[{34, 33}] - B12,
Band[{34, 34}] » M Band[{44, 45}] - 12, Band[{45, 44}] - B12,
Band[ {45, 45}] - M Band[{55, 56}] -» 312, Band[{56, 55}] -» B12,
Band[ {56, 56}] » M Band[{66, 67}] » 312, Band[{67, 66}] -» B12,
Band[{67, 67}] » M Band[{77, 78}] -» 312, Band[{78, 77}] -» B12,
Band[{78, 78}] - M Band[{88, 89}] -» 312, Band[{89, 88}] -» B12,
Band[{89, 89}] » M Band[{100, 101}] -» B12,

Band[{101, 100}] » B12, Band[{101, 101}] ->a"1}, {101, 101}]];

(xEi gen problemis solved in next step
for static polyner intercting with phononssx)

{val s, vecs} = Ei gensyst em[%]

dat 1 = val s;
dat 2 = vecs:

101
For each eigenstate |y) = P (i 0% ,-) | i » which are novel dressed electronic states due to disorder and coupling

i=1
to phonons we can plot coefficients (i || ;) in atomic basis

picl = MatrixPl ot [vecs, FraneLabel - {j, i}, PlotlLabel »"Matrix elenments (i, )" ]

Matrix elements(i,i)

1010 |_ e s .|..-_||.-|—|.|-.-.-|.- S i

1 20 40 60 80 101

dat a3 = Tabl e[vecs[[i 1], {i, 1, 101}]

dat a4 = Tabl e[vecs[[i, j]]*vecs[[i, j11, {J, 1, 101}, {i, 1, 101}7;
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Mat ri xFor m[dat a4]

pic2 = MatrixPl ot [% FraneLabel - {j, i}, PlotLabel - "Probabilities |(i, ¥ )|"2"]

i ml = Li stLinePl ot [{vecs[[l]], vecs[[2]], vecs[[3]1]1},
AxesLabel - {i, "(i,¢;)"}, PlotLabel > {¥1, ¥2}]
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in2 = ListLinePlot [{vecs[[10]], vecs[[20]1},
AxeslLabel - {i RO DS } Pl ot Label - {10, z[rzo}]

_ {¥10, Y20}
(2%

::MM bl 0 A i

=B il

inB = ListLinePlot [{vecs[[28]], vecs[[29]1},
AxesLabel - {i, "(i,y;>"}, PlotLabel - {¥25, ¥20}, Frame - True]

28, Yo0}

-0.05F

-0.10F

-0.15F

i m4 = ListLinePlot [{vecs[[30]], vecs[[31]]},
AxeslLabel - {i AP S } Pl ot Label - {439, Y31}, Frame » Tr ue]

As0, Yz}

0.10F ]
0.05F AA ]
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i mb = Li stLinePl ot [{vecs[[40]], vecs[[50]1], vecs[[60]1},
AxesLabel - {i, "(i,y;)"}, PlotLabel - {¥a0, ¥s0, ¥eo}]

{¥40, Y0, Yool

[y
03}

02}

i m6 = Li stLinePl ot [{vecs[[?O]], vecs[[80]]1, vecs[[90]11},
AxesLabel - {i, "(i,y;)"}, PlotLabel - {¥70, ¥s0, ¥o0}]
{¥70, Y80, Yool
)

02~

0.1

in7 = ListLinePlot [{vecs[[100]], vecs[[101]]},
AxesLabel - {i, "(i, ¥ )"}, PlotLabel - {¥100, ¥101}]

{¥100, Y201}
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