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Multi-Space Excitation as an Alternative to the Landauer
Picture for Nonequilibrium Quantum Transport

Juho Lee, Han Seul Kim, and Yong-Hoon Kim*

While the Landauer viewpoint constitutes a modern basis to understand
nanoscale electronic transport and to realize first-principles implementations
of the nonequilibrium Green’s function (NEGF) formalism, seeking an
alternative picture can be beneficial for the fundamental understanding and
practical calculations of quantum transport processes. Herein, introducing a
micro-canonical picture that maps the finite-bias quantum transport process
to a drain-to-source or multi-electrode optical excitation, the multi-space
constrained-search density functional theory (MS-DFT) formalism for
first-principles electronic structure and quantum transport calculations is
developed. Performing MS-DFT calculations for the benzenedithiolate
single-molecule junction, it is shown that MS-DFT and standard DFT-NEGF
calculations produce practically equivalent electronic and transmission data.
Importantly, the variational convergence of “nonequilibrium total energy”
within MS-DFT is demonstrated, which should have significant implications
for in operando studies of nanoscale devices. Establishing a viable alternative
to the Landauer viewpoint, the developed formalism should provide valuable
atomistic information in the development of next-generation nanodevices.

Density functional theory (DFT) in the standard form cannot
be applied to nonequilibrium quantum electron transport phe-
nomena, thus in the last decade or so the method combining
DFT and nonequilibrium Green’s function (NEGF) formalism
within the Landauer viewpoint has been established as the stan-
dard approach for first-principles finite-bias quantum transport
calculations.[1,2] While successful, the DFT-NEGF approach suf-
fers from several shortcomings due to the Landauer framework
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invoked in its numerical realization. The de-
vice is viewed within the Landauer picture
as an open system with an external battery
as the source of the current flow,[3–5] and
to implement this viewpoint one replaces
within the self-consistent DFT-NEGF calcu-
lations the Hamiltonian and related matrix
elements corresponding to the left and right
semi-infinite electrode regions with those
from two separate infinite bulk DFT calcu-
lations. At the fundamental level, the result-
ing grand canonical formalism makes the
total energy, the central object within DFT,
ill-defined. Practically, the absence of the
variational total energy guideline (and re-
minding that the electrical current is also
not a variational quantity) can be a se-
rious limitation in ensuring the compu-
tational convergence of DFT-NEGF self-
consistent cycles.[2,6] Indeed, seeking varia-
tional principles for open quantum systems
is a long-standing scientific challenge in var-
ious contexts.[7]

In this work, we report the development of a multi-space
constrained-search formulation of DFT for nonequilibrium elec-
tronic structure and quantum transport calculations and its ap-
plication to a molecular junction. To establish the multi-space
constrained-search DFT (MS-DFT) formalism for nanoscale
junctions where the grand canonical Landauer picture can be
invoked (i.e. a nanoconstriction sandwiched by electron reser-
voirs), we first adopt the micro-canonical picture and replace the
semi-infinite metallic electrodes by finite but sufficiently large
metal slabs. Next, we introduce a new conceptual framework that
maps the finite-bias “quantum transport” process to the drain-to-
source or multi-space electronic “optical excitation”. The result-
ing MS-DFT provides an alternative framework to the standard
DFT-NEGF scheme for first-principles nonequilibrium quantum
transport calculations and can be straightforwardly implemented
within an existing DFT code. Regarding our initial report on
the development of MS-DFT,[8] concern was raised on its va-
lidity in that we demonstrated its equivalence with DFT-NEGF
only for the vertically-stacked 2D systems involving weak van
der Waals interactions. In this and accompanying articles,[9] tak-
ing the more established molecular junctions that involve cova-
lent bonding between molecules and electrodes, we show that
the quantum transport properties calculated within the standard
DFT-NEGF method are faithfully reproduced by the MS-DFT ap-
proach. Importantly, the variational convergence of the “nonequi-
librium total energy” with respect to the basis-set level within
MS-DFT will be demonstrated, which should have significant
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Figure 1. a) Schematic of the Landauer picture for a nanoscale junction under the applied bias voltage Vb, where one considers a channel (C) sandwiched
between the left (L) and right (R) reservoirs. While the L and R reservoirs are in local equilibrium with the electrochemical potentials µL and 𝜇R,,
respectively, the C scattering region is driven into a nonequilibrium state and is characterized by quasi-Fermi (imref) levels that can be split into multiple
levels. b) Schematic of the MS-DFT framework and the computational procedure. The L-to-R quantum transport is mapped to R-to-L electron excitation,
and it is numerically embodied as a constraint of e Vb = 𝜇L − 𝜇R.

implications for the first-principles investigations of electrified
interfaces for nano-electronic/energy/bio device applications.

For the nanoscale junctions to which the Landauer picture is
applicable (physical or energetic nanoconstrictions),[3,5] we es-
tablish the multi-space constrained-search DFT formalism as
follows:

We first switch from the standard grand-canonical or Landauer
picture to the micro-canonical one, in which electrical currents
are viewed as the long-lived discharging of large but finite ca-
pacitors. Such an approach was initially explored by Di Ventra
and Todorov,[10] but they focused on adopting it within time-
dependent DFT to study transient (rather than steady-state) elec-
tron dynamics.[11] We will here focus on the steady-state quantum
transport problem.

Next, we divide the junction into the left reservoir (L), channel
(C), and right reservoir (R) regions, and trace the spatial origins
of a wave functionΨ to L or C or R. At the zero-bias limit, together
with one global Fermi level, they collectively give the ground-state
density 𝜌0 (r⃗) = 𝜌L

0 (r⃗) + 𝜌C
0 (r⃗) + 𝜌R

0 (r⃗). The L/C/R partitioning is
performed in the spirit of the Landauer picture (Figure 1a), and
is accordingly similar to that introduced in typical standard DFT-
NEGF calculations. Regarding the Landauer framework, we first
note that—as emphasized by Landauer himself multiple times—
it is a viewpoint and not a specific equation.[5] Especially, it rests
upon several physical assumptions that include the presence of a
geometrically or energetically narrow nanoconstriction[3,5] within
the channel region C that is sandwiched between the left reser-
voir L and right reservoir R. The L and R reservoirs are individ-

ually in local equilibrium with the electrochemical potentials 𝜇L
and 𝜇R, respectively, and thus characterized by the Fermi-Dirac
functions,

f L∕R(E) ≡ f (E − 𝜇L∕R) = 1
1 + exp[(E − 𝜇L∕R)∕kBT ]

(1)

It should be cautioned that the L and R “reservoirs” in princi-
ple do not correspond to the physical metal “electrodes” in that
the interfacial “lead” regions of electrodes that partly accommo-
date voltage drops (see Figure 1a) should be included within the
channel C.[3,5] Within these preconditions that also determine
the validity of DFT-NEGF as well as MS-DFT calculations, we
now model the electrodes by finite metal slabs and postpone the
switching to the grand canonical picture or semi-infinite elec-
trode case until the self-consistent electronic structure calcula-
tion is completed.

Finally, we view the quantum transport under a finite applied
bias voltage Vb = (𝜇L − 𝜇R)/e as the excitation from the drain
reservoir R to the source reservoir L, and apply a constrained-
search procedure or minimize the total energy to those spatially
“excited” states with density 𝜌k. In establishing the mapping of
the transport problem to the optical counterpart, we generalize
the variational (time-independent) excited-state DFT, which was
formally well-established by Görling[12] and Levy-Nagy,[13] to the
R-to-L multi-space excitation case. In other words, the role of
light in time-independent DFT is played by the external battery in
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MS-DFT, and it is mathematically embodied by a multi-space
constraint.

Then, given the ground state with the total energy E0 and den-
sity 𝜌0, the governing equation of the MS-DFT becomes a con-
strained search of the total energy minimum of the excited state
k with the density 𝜌k(r⃗) = 𝜌L

k (r⃗) + 𝜌C
k (r⃗) + 𝜌R

k (r⃗),

Ek = min
𝜌

{∫ v(r⃗)𝜌(r⃗)d3 r⃗ + F
[
𝜌L

k , 𝜌C
k , 𝜌R

k , 𝜌0

]}

= ∫ v(r⃗)𝜌(r⃗)d3 r⃗ + F[𝜌k, 𝜌0] (2)

with the universal functional

F[𝜌k, 𝜌0] = minΨL∕C∕R→𝜌k

⟨
ΨL∕C∕R ||T + Vee

||ΨL∕C∕R
⟩

(3)

where the spatially-resolvedΨL/C/R are understood to be restricted
to the states that satisfy the bias constraint of eVb = 𝜇R − 𝜇L and
are orthogonal to the first k-1 excited states.

For practical calculations, we now invoke the single-electron
Kohn–Sham (KS) picture and solve the KS equations,

[
ĥ0

KS + Δ𝜈HXC
(r⃗)

]
𝜓i(r⃗) = 𝜀i𝜓i(r⃗) (4)

and obtain 𝜌k and Ek by partitioning the L/C/R regions (Figure 1b
left panel) and applying the constraint of eVb = 𝜇L − 𝜇R (Fig-
ure 1b right panel). Here, ĥ0

KS, Δ𝜐HXC
(r⃗),𝜓i(r⃗), and 𝜖i represent

the ground-state KS Hamiltonian, its (Hartree and exchange-
correlation potential) bias-induced modification, KS eigenstates,
and KS eigenvalues, respectively.

Recall that within DFT-NEGF the matrix elements of the L
and R reservoir electrode regions are, according to the Landauer
viewpoint, replaced by those of separate bulk calculations (scat-
tering boundary conditions) in the process of constructing the
self-energy matrix ΣL(R) = xL(R) gL(R)

s x†
L(R), where xL(R) is the L –

C (C – R) coupling matrix and gL(R)
s is the L (R) surface Green’s

function. This replacement in DFT-NEGF directly affects the self-
consistent construction of the finite-bias density matrix, or the
electron correlation function Gn (or lesser Green’s function G<)
according to

Gn(E) ≡ −iG<(E) ≈ G(E)ΓL(E)G†(E)fL(E)

+ G(E)ΓR(E)G†(E)fR(E) (5)

which then, as mentioned earlier, can pose practical difficulties
already at the stage of self-consistent electronic structure calcula-
tions due to the absence of a variational principle.[2,6,7]

Within MS-DFT, on the other hand, we complete the self-
consistency cycle for the solution of nonequilibrium KS equa-
tions without introducing ΣL(R) or the information from sepa-
rate bulk crystal calculations. After the nonequilibrium electronic
structure has become available, we then recover the scattering
boundary condition or the Landauer picture as a post-processing
step and apply the matrix Green’s function formalism[14,15] to cal-
culate the transmission function

T(E; Vb) = Tr
[
ΓL(E; Vb)G(E; Vb)ΓR(E; Vb)G†(E; Vb)

]
(6)

where G is the retarded Green’s function, and ΓL(R) = i(ΣL(R) −
Σ†

L(R)) is the L (R) electrode-induced broadening matrix. The
current–bias voltage (I – Vb) characteristic is then calculated us-
ing the Landauer–Büttiker formula,[1,2]

I(Vb) = 2e
h ∫

𝜇R

𝜇L

T(E; Vb)[f (E − 𝜇R) − f (E − 𝜇L)]dE (7)

Several comments are in order: first, regarding the transport-
to-excitation mapping idea that plays a central role in this work,
we emphasize that it was invoked as a viewpoint that replaces the
Landauer picture.[3–5] While it was utilized here to formulate the
MS-DFT approach, we expect that it could be more generally ap-
plicable in treating nonequilibrium quantum transport problems
and could be adopted within, for example, the quantum Monte
Carlo or density functional tight binding approach.

We implemented MS-DFT within the SIESTA code,[16] which
is based on the linear combination of atomic orbital formalism
and has been extensively employed for the development of DFT-
NEGF programs.[17,18] Here, note that the MS-DFT formalism is
not restricted to localized atomic-like basis sets and could be gen-
erally implemented by constructing Wannier functions.[19] To re-
alize the L/C/R partitioning, we assigned the spatial origins of KS
states to L or C or R by comparing their weights within the L, C,
and R regions according to

𝜓i(r⃗) ∈

⎧⎪⎪⎨⎪⎪⎩

𝜓L
i if ∫L

||𝜓i(r⃗)||2d3r > ∫C∕R
||𝜓i(r⃗)||2d3r,

𝜓C
i if ∫C

||𝜓i(r⃗)||2d3r > ∫L∕R
||𝜓i(r⃗)||2d3r,

𝜓R
i if ∫R

||𝜓i(r⃗)||2d3r > ∫L∕C
||𝜓i(r⃗)||2d3r

(8)

Another important ingredient we need to devise in implement-
ing the transport-to-excitation mapping is the rule to determine
the occupancy f C

i associated with the channel region KS states
𝜓C

i . The assignment of fC corresponds to the procedure of deter-
mining quasi-Fermi levels (QFLs) or the channel electrochemical
potential, and f C

i and 𝜓C
i together allow to construct 𝜌C

k (r⃗) accord-
ing to

𝜌C
k (r⃗) =

∑
i

f C
i
||𝜓C

i (r⃗)||2 (9)

After testing several possibilities, we determined that the
proper occupation rule is to assume that 𝜓C

i can be divided into
one group originating from L and right-traveling with a popu-
lation function fL and the other group originating from R and
left-traveling with a population function fR:

f C(E) ≡ f
(
E − 𝜇C

)
→

⎧⎪⎨⎪⎩
f L(E) if∫L

|||𝜓C
i (r⃗)|||

2
dr⃗ > ∫R

|||𝜓C
i (r⃗)|||

2
dr⃗,

f R(E) if∫R
|||𝜓C

i (r⃗)|||
2
dr⃗ > ∫L

|||𝜓C
i (r⃗)|||

2
dr⃗

(10)

This rule essentially corresponds to the scheme that was also
adopted within DFT-NEGF (at the step of calculating the elec-
tron correlation function Gn according to Equation [5]). We have
recently shown that, given that the C-region QFLs can be split
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Figure 2. a) The optimized geometry of the BDT junction model. Red, green, and blue boxes indicate the L, C, and R regions, respectively, within the
MS-DFT or DFT-NEGF calculations. b) The plane-averaged electrostatic potential difference Δv̄H calculated for Vb = 0.8 V within DFT-NEGF (dashed
black line), MS-DFT with the occupation rule of Equation (10) (solid red line), and MS-DFT with a single average occupation rule (dotted blue line). In
(a) and (b), the orange and green down triangles respectively indicate the location of the S atoms and Au layers along the transport direction. c) The
numerical convergence behavior of the nonequilibrium total energy (blue filled circles) and current (red filled squares) at Vb = 0.8 V with respect to
the basis-set level (SZ: single-𝜁 ; DZ: double-𝜁 ; SZP: single-𝜁 plus polarization; DZP: double-𝜁 plus polarization; TZP: triple-𝜁 plus polarization; DZDP:
double-𝜁 plus double-polarization; TZDP: triple-𝜁 plus double-polarization).

into multiple levels in certain situations (Figure 1a), maintaining
the notion of two separate electrode-originated QFLs is essential
in performing MS-DFT calculations.[9]

We now apply MS-DFT to the molecular junction based on a
benzenedithiolate (BDT) molecule (Figure 2a), which has been
treated by several theoretical groups so can serve as a benchmark
system (for details, see Experimental Section and the Support-
ing Information).[20–22] In Figure 2b, we first show for the BDT
junction under Vb = 0.8 V the plane-averaged bias-induced elec-
trostatic potential change profiles,

Δv̄H(r⃗) = v̄V
H(r⃗) − v̄0

H(r⃗) (11)

where v̄V
H and v̄0

H are the Hartree potentials at the nonequilib-
rium and equilibrium conditions, respectively, calculated within
MS-DFT (red solid lines) and DFT-NEGF (black dashed lines).
We indeed find that the linear electrostatic potential drop profile
across the molecule obtained from DFT-NEGF is accurately re-
produced by MS-DFT, confirming the practical equivalence be-
tween the two approaches. We mentioned earlier that the de-
termination of QFLs is a nontrivial matter. For example, in-
stead of the C-region fC occupation rule that maintains the no-
tion of separate L- and R-originated nonlocal QFLs (Equation
[ 10]), enforcing a single averaged electrochemical potential (𝜇L
+ 𝜇R)/2 to be fC resulted in significant errors (blue dotted lines).
While the details of the error trend are different, this conclu-
sion is in agreement with our finding from different molecular
junction systems.[9]

As one central result of the development of the MS-DFT for-
malism, we next show in Figure 2c the numerical convergence
behavior of the nonequilibrium total energy Ek at Vb = 0.8 V with
the increase of the number of basis-set sizes. It should be em-
phasized that the total energy becomes an ill-defined quantity
once the grand canonical Landauer picture is adopted, so con-
sidering the variational convergence of the total energy as in Fig-
ure 2c is not possible within DFT-NEGF. However, remaining

within the microcanonical viewpoint up to the completion of the
finite-bias electronic structure calculation, MS-DFT allows the
nonequilibrium total energy to be variationally determined. In
contrast to the total energy, electrical current is not a variational
quantity.[2,6] So, as shown together in Figure 2c, the calculated
current values exhibit small fluctuations even beyond the level
where the total energy has been converged (red squares). Over-
all, considering the numerical convergences in both the total en-
ergy and current, we chose to use the double 𝜁 -plus-polarization-
level numerical atomic orbital basis sets in subsequent MS-DFT
calculations.

We next examine the quantum transport characteristics of
the BDT junction obtained by MS-DFT and DFT-NEGF (for de-
tails, see Experimental Section and the Supporting Information).
Here, remind again that, in contrast to DFT-NEGF, transport
properties are obtained within MS-DFT as a post-processing
process after the converged nonequilibrium junction electronic
structure is obtained. In Figure 3a, we present the I–Vb char-
acteristic of the BDT junction obtained within MS-DFT, which
shows the linearly increasing current with the applied voltage.
While the calculated conductance is about an order of magni-
tude larger than the experimental value due to the self-interaction
error within local density approximation (LDA),[22,23] the I–Vb
data are in good agreement with the DFT-NEGF ones. From the
transmission spectra of the BDT junction obtained at Vb = 0.8
V, we observe two prominent transmission peaks at −0.85 and
−1.43 eV below (µL + 𝜇R)/2, respectively (marked as ① and ② re-
spectively, in Figure 3b). Closely examining the bias-dependent
development of the transmission peaks ① and ② that should
have originated from the BDT highest occupied molecular or-
bital (HOMO) and HOMO-1 levels (Figure 3c left panel), one can
note that both transmission peaks become narrower and particu-
larly the peak ② intensity decreases with increasing Vb. It should
be first emphasized that these behaviors are not the artifacts of
the MS-DFT method in that, as explicitly shown in Figure 3c
left panel for the Vb = 0.8 V case, the MS-DFT transmission
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Figure 3. a) Current–bias voltage (I–Vb) curves of the BDT junction calculated within DFT-NEGF (black open squares, dashed line) and MS-DFT (red
open circles). b) The MS-DFT-calculated transmission spectra for Vb = 0.0 V (blue), 0.4 V (green), and 0.8 V (red). The gray shaded areas indicate the
transmission spectra within the bias windows [µL, 𝜇R] at each Vb. The most prominent transmission peaks near (µL + 𝜇R)/2 are marked as ① and ②. c)
For the Vb = 0.8 V case, the transmission spectra obtained from DFT-NEGF and MS-DFT are compared (left panel). The molecule PDOS obtained from
MS-DFT are shown together (right panel). d) The 3D contour plots of the MS-DFT-derived KS states that correspond to the PDOS peaks labeled as ①,
②, ③, and ④ in the (c) right panel. In (d), the isosurface level is 0.04 Å−3.

spectra almost perfectly match the DFT-NEGF counterparts.
Indeed, these features can be also found in several previous
reports,[21,22] but no clear explanations were provided.

We now explain the mechanisms of the bias-dependent
changes in transmission spectra based on the nonequilibrium
KS states, which are uniquely available within MS-DFT. Before
demonstrating the advantage of adopting the micro-canonical ap-
proach, we first show in Figure 3c right panel the Vb = 0.8 V
molecule-projected density of state (PDOS) data that can be ob-
tained from DFT-NEGF as well. While the PDOS spectra hint that
the left and right S-originated states are split by the applied bias
and produce non-transmitting PDOS peaks ③ and ④, the PDOS
analysis is apparently limited by providing indirect explanations.
To clarify the bias-induced breaking of the degeneracies in the S-
originated HOMO and HOMO-1 levels, we show in Figure 3d the
3D contour plots of the MS-DFT-derived KS states correspond-
ing to the conducting PDOS peaks ① and ② as well as the non-
conducting PDOS peaks ③ and ④. They then clearly show the
delocalized nature with significant weights in the benzene core
regions of the KS states ① and ② but the left/right S-localized and
disconnected nature of the KS states ③ and ④, providing intuitive
explanations of the bias-dependent development of the HOMO
and HOMO-1 transmission peaks.

In closing, we comment that there is currently available an
analysis method to extract the eigenstates of the molecular pro-

jected self-consistent Hamiltonian (MPSH) derived from a DFT-
NEGF calculation as a post-processing process.[24] However, the
MPSH scheme remains non-rigorous in that one introduces
an arbitrarily defined supercell that contains a vacuum and ex-
tracts for the cluster model Γ-point eigenstates. In this regard,
we suggest that MS-DFT now provides the formal justification
and practical guidelines to take the DFT-NEGF output and prop-
erly perform the MPSH post-processing analysis (i.e. take the full
L/C/R model and the same periodic boundary condition k⃗-point
sampling as in the DFT-NEGF calculation) and even extract the
QFLs (i.e. partition the L/C/R states and apply the occupation
rule as prescribed above). Another promising extension of MS-
DFT would be the incorporation of advanced orbital-dependent
exchange-correlation energy functionals,[25] which is a non-trivial
task once one moves into the NEGF framework.[22] This could
resolve the incorrect electrode-channel level alignment prob-
lem resulting from self-interaction errors within (semi) local
exchange-correlation functionals, finally achieving the quanti-
tative agreement between experimental and theoretical current
values.[22,23]

In summary, we established a novel viewpoint that maps
a quantum transport process to a multi-space (from drain to
source) “excitation” within the micro-canonical picture. While
the viewpoint could be beneficial in a more general context,
it particularly allowed us to develop a first-principles quantum
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transport computational approach based on the MS-DFT frame-
work. The resulting MS-DFT method provides an alternative
route to the standard DFT-NEGF scheme for ab initio nonequi-
librium electronic structure and quantum transport calculations
and was straightforwardly implemented within a standard DFT
code. To prove the validity of MS-DFT, we then carried out
comparative MS-DFT and DFT-NEGF calculations for the BDT
single-molecule junction and demonstrated the excellent level
of agreements between the two calculations. We thus devel-
oped in this work a viable and effective alternative to the DFT-
NEGF approach for first-principles quantum transport calcula-
tions and additionally pointed out that MS-DFT provides practi-
cal guidelines for the post-processing analysis of DFT-NEGF cal-
culation results. Most importantly, the formulation of MS-DFT
was achieved by seeking an alternative to the Landauer picture
for nanoscale quantum transport, whose significant implication
was explicitly displayed via the variational convergence of the
nonequilibrium total energy.

Experimental Section
DFT Calculations: Based on the authors’ earlier works,[15,23] the

BDT-based molecular junction was modeled by locating the S atoms at
the FCC hollow sites of the 3 × 3 Au(111) electrode surfaces with the
Au-Au gap distance of 9.79 Å. Eight layers of Au atoms were adopted as
the electrodes and the outermost three layers were treated as reservoir
regions. It was checked whether this setup was sufficient to properly cap-
ture the voltage drop across the lead and molecule regions and to support
the bias voltage eVb between the L and R reservoirs. All calculations were
performed within the LDA[26] by employing double-𝜁 -plus-polarization-
level numerical atomic orbital basis sets and the Troullier–Martins type
norm-conserving pseudopotentials.[27] The mesh cutoff of 400 Ry for the
real-space integration, and 5 × 5 × 1 Monkhorst–Pack k-points grid of the
Brillouin zone were sampled. The atomic geometries of the C region that
included the lead Au layers were optimized until the total residual forces
on each atom were below 0.01 eV Å−1.

DFT-NEGF and MS-DFT Calculations: The TranSIESTA code was used
for DFT-NEGF calculations.[18] For the accurate and quantitative compari-
son of the DFT-NEGF and MS-DFT calculation results, the identical L/C/R
partitioning scheme was applied as schematically depicted in Figure 2a
and used the same gL(R)

s matrices. The gL(R)
s were extracted from sepa-

rate DFT calculations for three-layer 3 × 3 Au(111) crystals (red and blue
shaded area in Figure 2a) with the 5 × 5 k∥-point sampling along the sur-
face direction and 10 k⊥-point sampling along the surface-normal direc-
tion. The numerical convergence of the calculated transmission spectra
with respect to the Au electrode size within DFT-NEGF[28] and MS-DFT is
discussed in Figure S1, Supporting Information.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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