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The conducting polymer poly(3,4-ethylenedioxythiophene), or PEDOT, is an attractive material for flexible
electronics. We present combined molecular dynamics and quantum chemical calculations, based on den-
sity functional theory, of EDOT oligomers and isoelectronic selenium and tellurium derivatives (EDOS and
EDOTe) to address the effect of temperature on the geometrical and electronic properties of these systems.
With finite size scaling, we also extrapolate our results to the infinite polymers, i.e. PEDOT, PEDOS and
PEDOTe. Our computations indicate that the most favourable oligomer conformations at finite tempera-
ture are conformations around the flat trans-conformation and a non-flat conformation around 45◦ from the
cis-conformation. Also, the dihedral stiffness increases with the atomic number of the heteroatom. We find
excellent agreement with experimentally measured gaps for PEDOT and PEDOS. For PEDOT, the gap does
not increase with temperature whereas this is the case for its derivatives. The conformational disorder as well
as the choice of basis set both significantly affect the calculated gaps.

PACS numbers: Valid PACS appear here
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I. INTRODUCTION

Poly(3,4-ethylenedioxythiophene) (PEDOT) is one of
the experimentally most well-studied conjugated poly-
mers. This material combines a number of very attractive
properties such as optical transparency in the conducting
state, high stability in air and at elevated temperatures,
and high processability1. PEDOT was initially developed
by Bayer AG in the late 1980s for use as an antistatic
agent and as electrode material2. Today, PEDOT is a
widely used material in many commercial applications
such as, e.g., touch screens for mobile phones and flat
panel displays, electronic paper, and solar cells.

The PEDOT polymer consists of chains of EDOT
units, see Figure 1. Each EDOT pair is connected via
a C-C bond (the one connecting atoms 4 and 5 in Fig-
ure 1c). In the ground state, the polymer has an aromatic
character (Figure 1a) and the bond connecting two con-
secutive EDOT is a single bond (1.54 Å). In the excited
state, the polymer adopts a quinoid-like character (Fig-
ure 1b) and the bond connecting two consecutive EDOT
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is double (1.34 Å). The most stable conformation has
adjacent EDOT monomers ordered in the trans-position,
see Figure 1c, forming a flat structure (the dihedral an-
gle 7-4-5-8 is close to 0◦). The EDOT units rotate eas-
ily around the bond connecting adjacent units. For the
polymer, this results in a large number of conformational
degrees of freedom and, at finite temperature, high tor-
sional disorder. In the gas phase, the dihedral angle ro-
tations require energies of typically around or less than
1 meV per degree and inter-ring bond3, and are there-
fore easily activated by thermal fluctuations at ambient
temperature (kBT = 25.7 meV at T = 298 K, where kB
denotes the Boltzmann constant).

In general, substituting specific atoms or functional
groups in conducting polymers is a viable strategy for
developing new materials for organic electronics. With
such substitution, it is possible to tune many fundamen-
tal properties, e.g., the polarizability, dielectric constant,
intermolecular interactions or the optical absortion spec-
trum. PEDOS is a derivative of PEDOT, in which the
heteroatom sulfur atoms have been replaced by isoelec-
tronic selenium. This material has a smaller energy gap
compared to PEDOT. It also has excellent electrochromic
properties4–6. Further isoelectronic substitution of sulfur
with even heavier atoms than selenium is conceivable.
Due to the large spin-orbit coupling in elements with
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FIG. 1. (a) Aromatic structure of PEDOT. (b) Quinoid struc-
ture of PEDOT. (c) Trans-positioning and (d) cis-positioning
of adjacent EDOT monomers. In the cis-position, the dihe-
dral angle is 0◦, and in the trans-position, it is 180◦. The
numbered carbon atoms 1-6 in panel (c) constitute the car-
bon backbone. Atoms 7 and 8 are the heteroatoms.

high atomic number, such derivatives of PEDOT could
become useful in spintronics applications for detecting
spin currents through the inverse spin hall effect (ISHE)7.
The next derivative in the isoelectronic series would be
PEDOTe, where the sulfur atoms have been replaced by
tellurium. This system, however, appears to be challeng-
ing to synthesize, although related tellurium-containing
polymers have indeed been successfully synthesized8.

Detailed investigation of the consequences of confor-
mational disorder in these systems are very scarce. In
general, it can be expected that non-planarity and dis-
order will affect the fundamental properties of the poly-
mers. For example, non-planarity reasonably causes a
localization of the otherwise delocalized valence and con-
duction bands in conjugated polymers, resulting in a
deterioration of the transport properties9. In particu-
lar, it has been demonstrated that dihedral angle rota-
tions cause the gap between the highest occupied molec-
ular orbital (HOMO) and the lowest unoccupied molec-
ular orbital (LUMO) to increase significantly in PE-
DOT and PEDOS10,11, as well as in polythiophene and
polyselenophene3,12. This may be an important reason
why it has proved difficult to construct devices with op-
timal charge carrier mobility based on these polymers.

Recently, Bombile and coworkers9 addressed the effect
of dihedral disorder on the optoelectronic properties of
polythiophenes using a tight-binding approach. They
found that dihedral disorder indeed tends to shift the
absorption peak toward higher frequencies.

Due to the significant computational cost, density
functional theory (DFT) computations have hitherto
mostly been employed to address highly ordered sys-

tems of conducting polymers13–17. As soon as disor-
der is invoked, the computations become very demand-
ing. With modern computational resources however, it
is possible to address disorder directly at the DFT level.
Here, we present detailed systematic calculations, using
DFT-based molecular dynamics simulations, of how the
structure of EDOT oligomers and its selenium and tel-
lurium derivatives vary as a function of temperature and
oligomer length, and how this variation affects the elec-
tronic structure properties of the oligomer. The com-
puted data allow us to draw conclusions concerning aro-
matic/quinoid character, and to analyze how the con-
formation affect the HOMO–LUMO gaps. In a previous
work, we have presented computations of the dihedral an-
gle distributions for 12-oligomers of EDOT, EDOS, and
EDOTe at 300 K.18

II. THEORY AND COMPUTATIONAL DETAILS

The ground-state structure optimization as well as
the quantum molecular dynamical simulations were car-
ried out using the Car-Parrinello molecular dynamics
(CPMD) method19,20 with periodic boundary conditions
in all three dimensions. The detailed setup used is very
similar to the one used in a previous paper,18 but for
clarity, we repeat the pertinent details here. The CMPD
method treats all atoms of the system quantum me-
chanically at the density functional theory (DFT) level.
The interatomic forces are calculated at each time step,
keeping the electron orbital functions close to the Born-
Oppenheimer surface with the help of fictitious dynamics.
In the present calculations, we used a fictitious electron
mass of 800 atomic units and a time step of ∆t = 0.1 fs
to integrate the equations of motion. We employed the
BLYP21,22 approximation for the exchange-correlation
part of the total energy functional. The effect of the core
electrons was described using Troullier-Martins norm-
conserving pseudopotentials23 and the valence electron
wave functions were expanded in a plane-wave basis set
with a kinetic cut-off of 90 Ry.

To simulate the neutral oligomers, an orthorombic sim-
ulation box containing one oligomer was used. The size
of the simulation box was chosen large enough to avoid
oligomer-oligomer interaction. Thus, the simulation box
along the oligomer chain was scaled so that the vacuum
distance between adjacent polymers and walls of the box
along the x, y- and z-directions was set to 4 Å, i.e. the
molecule-molecule distance was at least 8 Åin all direc-
tions. With this box size, the orbital overlap between
adjacent oligomers was found to be negligible24.

The initial configuration was chosen to be planar, with
atomic distances taken from Kim and Brédas.25. From
this initial guess, the ground-state structure was found
through quenching and annealing for 2.5 ps. The sys-
tem was subsequently equilibrated during 5 ps. In this
step, the temperature was controlled by rescaling the
velocities so as to keep the system within a 40 K toler-
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ance window around the target temperature. We selected
200 K, 300 K and 400 K as target temperatures to inves-
tigate the effect of temperature on the oligomer proper-
ties. After equilibration followed a MD run of 50 ps for
each target temperature, during which statistics were col-
lected. Here, temperature control was implemented for
both the atomic and electronic degrees of freedom using
Nosé-Hoover thermostats26,27 with a characteristic fre-
quency of 10000 cm−1 for the electrons and 480 cm−1 for
the atoms.

The HOMO-LUMO gaps were calculated as a func-
tion of twisting angle for oligomers of EDOT, EDOS and
EDOTe at the B3LYP22,28–30 level using the Gaussian 09
software package.31 In these computations, we employed
both the 6-31+G(d) and the LanL2DZ basis sets. To find
the HOMO-LUMO gap of the infinitely long polymer, we
performed finite size scaling using our computed data for
the dimers, tetramers and hexamers. As it is well known,
linear regression gives incorrect results32 and more elab-
orate schemes must be used. Specifically, we fitted our
data to the equation

E = E0

√
1 + 2

k′

k0
cos

π

N + 1
. (1)

This finite size scaling approach is based on a simple
model of the polymer as a chain of identical oscillators,
and was first used by W. Kuhn33 to address polyene.
Here, E is the gap and N is the number of double bonds
along the shortest path connecting the terminal carbon
atoms of the molecular backbone. E0 and k′/k0 are
treated as free parameters in the fit. In the model, E0

corresponds to the vibration energy of a single oscillator,
k0 is the force constant of the isolated oscillator, and k′

is the force constant coupling two adjacent double bonds.
Finally, the effect of conformational disorder on the gap
size was modeled by performing a weighted average of
the computed gap with respect to the dihedral angle dis-
tribution.

III. RESULTS AND DISCUSSION

In the ground state, i.e. at 0 K, adjacent monomers
are in the trans-position and the polymer is flat with
the dihedral angles close to 180◦. We find that the het-
eroatom orbitals substantially contribute to the LUMO
in all cases. In contrast, the HOMO typically shows very
little weight at the heteroatom positions, see Figures S1-
S8 in Supplementary Material. As regards structural pa-
rameters of the monomers and oligomers in the ground
state, see Figure S9 in Supplementary Material. Our re-
sults are very similar to previous work for EDOT, EDOS
and their oligomers.12,25,34,35

The molecular dynamics simulations allow us to explic-
itly study the effect of finite temperature on the struc-
tural and electronic properties of the oligomer. Since
the energies associated with dihedral rotations are small,

TABLE I. Planarity factor for hexamers of PEDOT, PEDOS
and PEDOTe at 200 K, 300 K and 400 K. The numbers in
parentheses refer to the one standard deviation widths of the
distributions.

Oligomer T=200 K T=300 K T=400 K
6EDOT 0.67 (0.11) 0.64 (0.08) 0.67 (0.08)
6EDOS 0.71 (0.14) 0.64 (0.10) 0.60 (0.13)
6EDOTe 0.78 (0.11) 0.66 (0.08) 0.57 (0.14)

dihedral angle distributions can be expected to vary sen-
sitively with temperature. Figure 2 shows the dihedral
angle distributions around the trans-position (180◦) for
hexamers of EDOT, EDOS and EDOTe at three differ-
ent temperatures. For 6EDOT (hexamer of EDOT), the
distribution seems to be relatively independent of the
temperature in the range studied, whereas for 6EDOS
and 6EDOTe (hexamers of EDOS and EDOTe, re-
spectively), as temperature increases, the distributions
broaden significantly and the total population diminishes
in this range of dihedral angles. For shorter oligomers,
(tetramers and dimers), the distributions widen for all
three studied systems, although the trend is weaker for
the EDOT oligomers compare to the EDOS and EDOTe
oligomers, (see Supplementary Material, Figures S10 and
S11). The trends in the dihedral distributions agree with
the observed higher stiffness of oligomers the heavier the
heteroatom is. At 200 K, the distribution for 6EDOT
is already quite broad, whereas a higher temperature is
needed for 6EDOS and 6EDOTe to reach a similar broad-
ness. This is illustrated in Figure 3, where we show the
change in total energy for the dimers as a function of di-
hedral angle. Our motivation for choosing the LanL2DZ
basis set is shown in the Supplementary Material section,
Figures S12 and S13.

All oligomers show a second peak in the dihedral an-
gle distribution around 45◦ away from the cis-position.
These peaks are displayed in Figure 4 for hexamers of
EDOT, EDOS and EDOTe as a function of temperature.
They appear due to the competition between steric hin-
drance (favouring a non-flat oligomer configuration) and
π-conjugation (favouring a flat oligomer configuration)36.
In the Supplementary Material we discuss this issue fur-
ther and also compare with polythiophene (Figure S14).

For 6EDOT, the population in this range of angles ap-
pears to be independent of temperature. For the sele-
nium and tellurium derivatives, the population increases
with temperature. The observed trends match those ob-
served around the trans-position visible in Figure 2. To
summarize the statistics gathered from the dihedral an-
gle distribution in a single number, we computed a pla-
narity measure P as recently introduced by Sjöqvist et
al.37, see Table 1. P is zero when adjacent monomers
are in either the trans- or cis-position, and 1 when ad-
jacent monomers are perpendicular to each other. The
planarity of the oligomer is calculated as the average of
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FIG. 2. (Color online) Dihedral angle distributions around the trans-position conformation for 6EDOT (black lines in panels a,
b, c), 6EDOS (red lines in panels d, e, f), and 6EDOTe (blue lines in panels g, h, i) hexamers at 200 K (left-most column, i.e.
panels a, d, g), 300 K (middle column, i.e. panels b, e, h) and 400 K (right-most column, i.e. panels c, f, i) from 90◦ to 270◦.
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FIG. 3. Total energy versus twisting angle 2EDOT, 2EDOS
and 2EDOTe, using the B3LYP approximation to the
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the deviation from the perpendicular conformation, i.e.

P =

〈
1

n

n∑
i

|| θi | −90 |
90

〉
, (2)

where the dihedral angle θi is given in degrees and n is
the number of inter-monomer bonds. Thus, for each time
step we calculated the average planarity of the oligomer,
obtaining a normalized value in the range 0 to 1. Fi-
nally, we averaged over the whole MD trajectory of 50 ps,

as indicated by the brackets 〈...〉 in Eq. 2. Apparently,
the planarity for 6EDOT is essentially unchanged in the
studied temperature range, whereas it decreases with
temperature for both the selenium and tellurium deriva-
tives. The decrease is especially large for 6EDOTe. At
200 K, 6EDOTe is the most planar of the three hexamers
(P = 0.78), whereas at 400 K, it is the most non-planar
(P = 0.57).

Closely connected to the dihedral angle distributions
and the planarity, is the inter-monomer distance dX−O,
between heteroatom X, where X stands for S, Se, and Te,
and the closest oxygen atom on each adjacent monomer.
For planar oligomers in the trans-position, this distance
should attain its smallest possible value. In Table II,
dX−O is tabulated for all studied oligomers and temper-
atures. For comparison, the values for completely flat
oligomers are also given. The data in this table further
supports the conclusions drawn from the planarity anal-
ysis above. For example, we see that dX−O in most cases
tend to increase with temperature.

Our analysis of the bond lengths along the polymer
backbone for the hexamers show no clear correlation with
either temperature in the range 200 K–400 K, or with het-
eroatom type. However, at 0 K, the bond variations are
clearly larger at the edges of the oligomers compared to
the center, see Figure S9 in Supplementary Material. All
oligomers were found to prefer an aromatic-like state.
Additional results for the carbon backbone can be found
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FIG. 4. (Color online) Dihedral angle distributions around the trans-position conformation for 6EDOT (black lines in panels
a, b, c), 6EDOS (red lines in panels d, e, f), and 6EDOTe (blue lines in panels g, h, i) hexamers at 200 K (left-most column,
i.e. panels a, d, g), 300 K (middle column, i.e. panels b, e, h) and 400 K (right-most column, i.e. panels c, f, i) from 0◦ to 90◦,
showing the dihedral angle distributions centered 45◦ away from the cis-position conformation.

TABLE II. Average inter-monomer heteroatom-oxygen dis-
tances dX−O, expressed in ångström. The numbers in paren-
theses refer to the one standard deviation widths of the dis-
tributions.

Oligomer T=0 K (flat) T=200 K T=300 K T=400 K
2EDOT 2.96 3.1 (0.003) 3.0 (0.003) 3.5 (0.004)
4EDOT 2.95 3.1 (0.02) 3.2 (0.22) 3.1 (0.22)
6EDOT 2.92 3.6 (0.42) 3.5 (0.42) 3.5 (0.64)
2EDOS 2.95 3.0 (0.001) 3.0 (0.002) 3.1 (0.01)
4EDOS 2.94 3.0 (0.01) 3.1 (0.02) 3.3 (0.28)
6EDOS 2.94 3.1 (0.29) 3.6 (0.42) 3.8 (0.22)
2EDOTe 2.94 3.0 (0.003) 3.0 (0.0002) 3.0 (0.003)
4EDOTe 2.93 3.0 (0.008) 3.0 (0.008) 3.1 (0.1)
6EDOTe 2.93 3.3 (0.27) 3.6 (0.42) 4.0 (0.38)

in the Supplementary Material, Figure S9.

The size of the band gap is a key parameter for many
technological applications. In oligomers, the band gap
depends on, e.g., the oligomer length and the conforma-
tion. The experimentally measured gap may also depend
on, e.g., whether the polymer is in film form or in solu-
tion, the polarity of the solvent used, and the degree of
residual doping of the polymer. For PEDOT and deriva-
tives thereof, absorption spectroscopy indicates that the
difference in the gap is less than 0.1 eV between PE-
DOT in solution and PEDOT in film form.38,40 The

computed band gap also depends quite sensitively on
the computational approach used. Especially the dis-
continuity in the exchange-correlation functional is often
pointed out as the main source of error. Earlier calcula-
tions of the HOMO-LUMO gap in PEDOT using DFT-
based methods report values ranging from 0.7 eV to 2.7
eV. The large variation in the reported results can be at-
tributed to differences in choice of functional, finite size
scaling method used (or absence thereof), and geomet-
rical details.4,17,34,35,41,42 In these earlier studies, larger
gaps were found for shorter oligomers compared to longer
oligomers41. Also, the generalized gradient correction
was found to give small gaps17 whereas the B3LYP func-
tional was found to give larger gaps41 in closer agreement
with experiment.

For PEDOS, a computed HOMO-LUMO gap of
1.66 eV has been reported.35 In all these previous cal-
culations, the B3LYP functional tends to give the most
reasonable values for the HOMO-LUMO gap.

In the left-most column in Figure 5 (a, c, and e) we
show the HOMO-LUMO gaps computed with the B3LYP
functional combined with two different basis sets: 6-
31+G(d) and LanL2DZ. The amount of exchange in the
B3LYP functional is empirically optimized to reproduce
the experimental gaps in a range of small molecules.
Thus, any additional major errors in calculated gaps can
be expected to originate from other sources. In Figure 5,
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FIG. 5. (Color online) For hexamers (dashed lines) and extrapolated polymers (straight lines) of PEDOT (a and b), PEDOS
(c and d) and PEDOTe (e and f) using B3LYP together with 6-31+G(d) (black lines) and LanL2DZ (red lines). Left column
(a, c and e) is presenting gaussian calculations of HOMO-LUMO energy gap [eV] vs twisting angle [◦]; right column (b, d and
f) shows weighted averages of the HOMO-LUMO gaps [eV] over 50 fs of CPMD calculations vs T [K] and experimental data:
black triangle right - UV-Visible spectroscopy of PEDOT at room temperature38, black triangle left - optical absorption of
electro-oxidized PEDOT at room temperature39, black circle - spectroelectrochemistry of PEDOS film4

all dashed lines refer to results for hexamers, whereas the
full lines refer to the value of the gap in the corresponding
infinite polymer, calculated with finite size scaling32 as
described earlier. For all three studied hexamers, we see
that the gap varies significantly with the dihedral angle.
As expected, the largest gaps are found around a dihe-

dral angle of 90◦, where the π-conjugation is minimal. In
our computations we model the dihedral rotation with
an equidistant spiral twisting of the oligomers.

Also, the gap for PEDOTe is significantly smaller than
that of PEDOT and PEDOS. This reflects the much more
extended valence orbitals of the tellurium ion, and its
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more metallic character, compared to sulphur and sele-
nium.

Our computations of the dihedral angle distributions
allow us to address how the average HOMO-LUMO gap
in these systems changes with temperature. The right-
most column in Figure 5 (b, d, and f) shows the HOMO-
LUMO gap for each case weighted with the correspond-
ing dihedral angle distribution. Five interesting results
can be identified. First, we find that the average gap
in 6EDOT/PEDOT is essentially constant in the stud-
ied temperature range, whereas the gap increases signifi-
cantly for both 6EDOS/PEDOS and 6EDOTe/PEDOTe
with temperature so that at 400 K it is around 0.2-
0.4 eV higher than at 200 K. Second, we find that the
size of the gap increases with around 0.3 eV at 300 K for
6EDOT/PEDOT and 6EDOS/PEDOS due to the con-
formational disorder (for 6EDOTe/PEDOTe the trend is
unclear) compared to the 0 K results. Third, we find that
the choice of basis set (6-31+G(d) versus LanL2DZ) has a
significant impact on the gap. The 6-31+G(d) basis gives
between 0.2 and 0.5 eV larger gaps. Fourth, finite size
scaling lowers the gaps with typically 0.3-0.4 eV. Thus, all
these issues significantly affect the computed band gaps
and to make a fair comparison with experiment, all of
them need to be addressed. Finally, with the 6-31+G(d)
basis set, we find excellent agreement between the exper-
imentally measured gap (the black triangles in Figure 5b)
and our computed gap for PEDOT (full black line). The
same is true for PEDOS if we use the LanL2DZ basis set.
Here, the experimental value is the black filled circle in
Figure 5d, and the computed gap is given by the full red
line.

IV. CONCLUSIONS

In conclusion, we have used a combination of CPMD
simulations, quantum chemical computations using the
Gaussian software package, and finite size scaling to ad-
dress finite temperature properties of PEDOT and its
isolectronic derivatives PEDOS and PEDOTe. In all
cases, we address isolated chains in the gas phase. We
find that the HOMO-LUMO gap depends significantly
on temperature for PEDOS and PEDOTe, whereas this
is not the case for PEDOT. However, the conforma-
tional disorder is important to take into account in all
three cases. We also find that the choice of basis set
affects the gap quite significantly. With all corrections
taken into account, we find excellent agreement with ex-
perimentally measured gaps for PEDOT and PEDOS
if we use the 6-31+G(d) basis set for PEDOT and the
LanL2DZ basis set for PEDOS. Our computations also
indicate that the dihedral stiffness of these systems in-
creases with the heteroatom and that the most common
oligomer conformations at finite temperature are the flat
trans-conformation and a non-flat conformation around
45◦ from the cis-conformation. Temperature fluctuations
cause quite large deviations from these two main confor-

mations.
The electronic structure and the conformational disor-

der of the here studied polymers may conceivably also be
affected by, e.g., solvents, dopants and interchain inter-
actions. For example, dopants may affect the HOMO-
LUMO gap with as much as 0.3 eV.17 All these issues
are relevant to investigate but left for a future study.

SUPPLEMENTARY MATERIAL

See Supplementary Material for the next figures:
Figure S1-S4 - Highest occupied and lowest unoccu-

pied for 6EDOT oligomer calculated with 2 different ba-
sis sets: 6-31G(d) and LanL2DZ.

Figure S5-S8 - Highest occupied and lowest unoccu-
pied for 6EDOS and 6EDOTe oligomers calculated with
LanL2DZ basis set. Those figures are showing influence
of heteroatom on molecular orbitals.

Figure S9 - The bond lengths for C-C/C=C bonds
of 6EDOT, 6EDOS and 6EDOTe at 200 K , 300 K and
400 K.

Figure S10 - Dihedral angle distributions of the
2EDOT, 2EDOS, and 2EDOTe dimers at 200 K, 300 K
and 400 K from 90◦ to 270◦, showing the dihedral angle
distributions centered around the trans-position confor-
mation.

Figure S11 - Dihedral angle distributions of the
4EDOT, 4EDOS, and 4EDOTe dimers at 200 K, 300 K
and 400 K from 90◦ to 270◦, showing the dihedral angle
distributions centered around the trans-position confor-
mation.

Figure S12 - Comparison of Gaussian calculations of
HOMO-LUMO energy gap [eV] vs twisting angle [◦] for
6EDOT under B3LYP for 6-31+G(d) and LanL2DZ basis
sets.

Figure S13 - Comparison of Gaussian calculations of
minimum energy [eV] vs twisting angle [◦] for 2EDOT
and 2EDOS under B3LYP for 6-31+G(d) and LanL2DZ
basis sets.

Figure S14 - Comparison of Gaussian calculations of
minimum energy[eV] vs twisting angle [◦] for dimers of
PEDOT (2EDOT here) and polithiophene (2T here) un-
der B3LYP with 6-31+G(d) basis set.

Figure S15 - Comparison of Gaussian calculations of
minimum energy [eV] vs twisting angle [◦] for dimers of
PEDOT (2EDOT here) under B3LYP (black line) and
BLYP (red line) with LanL2DZ basis set and BLYP (blue
line) with planewave basis set.
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