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Spin transport in the phenalenyl radical
throughout molecular dynamics trajectories

Kevin Batzinger and Manuel Smeu *

The phenalenyl family of radicals has previously been identified as either possessing high spin filter

efficiency (SFE) or excellent conductance, with these behaviors being tunable by the application of bias

voltage. However, the persistence of these traits in the presence of thermally-induced structural

fluctuations has yet to be determined. In this study, we employ a combination of ab initio molecular

dynamics (AIMD) and the non-equilibrium Green’s function technique combined with density functional

theory (NEGF-DFT) to show how spin and charge transport behaviors evolve in a phenalenyl (PLY)

molecular junction under thermal motion. To this end, we performed 5000 fs AIMD trajectories on Au-

PLY-Au molecular junctions at temperatures of 300 K, 500 K, and 700 K, calculating charge and spin

transport properties every 100 fs over these simulations. Remarkably, the molecule remained bonded to

the Au electrodes at temperatures up to 700 K. Similarly, the SFE of the junction was stable against

fluctuations caused by thermal-induced motion, with the SFE remaining above 80% for the majority of

the three trajectories. Although there were a few instances of SFE dropping below 80%, strong SFE was

quickly recovered within 200 fs. Additionally, the conductance of the molecular junction broadly

increased with the temperature of the AIMD trajectory, with the 700 K trajectory producing the highest

set of conductance values. Through the combination of AIMD and NEGF-DFT techniques, we show the

robustness of spin filtering behavior in the PLY against thermally-induced structural changes in

molecular junctions and that higher temperature can result in higher conducting configurations.

1. Introduction

Typically, spintronic devices are constructed out of sheets of
thin magnetic and non-magnetic materials, through which
architectures such as a spin-transfer torque structure can be
created.1–3 However, these alternating magnetic and non-
magnetic structures require careful processing and painstaking
engineering. Organic molecules, in contrast, are easy to man-
ufacture, possess a degree of purity unmatched in the inorganic
world, have finely tunable electronic structures which are
altered via well-known chemical reactions, and can be prepared
in a wide variety of types and combinations.4 Most importantly,
since organic molecules are made from elements of the upper
rows of the periodic table (i.e., C, H, S, O), the spin–orbit and
hyperfine interactions – the primary methods through which
spins interact with the environment – are weak, leading to long
lifetimes for electron spins.4,5 Evidently, organic molecules
provide an excellent testbed through which the interactions
between spin and current can be further explored.

Organic spin valves achieve significant spin polarization
through the use of ferromagnetic electrodes and typically

operate in low-temperature conditions.4,6 The spin polariz-
ation is determined by the overall combination of the
organic molecule and the electrode, where the spin current
originates from the spin-polarized density of states in the
electrodes. Naturally, the question of imparting a spin-
polarized density of states in the junction through means other
than ferromagnetic electrodes arises. Radicals, a class of
organic molecules containing one or more unpaired electrons,
inherently possess a spin-split density of states which may
translate to in-junction behavior and impart a spin-split density
of states to the overall molecular junction.4,6–10 As such,
radicals are advantageous in that they do not require ferromag-
netic electrodes, external magnetic fields, or transition metal
elements to achieve significant spin polarization. For example,
the phenalenyl class of radicals has previously been studied for
use as a spin filter; it was revealed that phenalenyl (PLY-2SH)
exhibits a high degree of spin filtering that can be turned
on or off by application of bias voltage.6 However, that
study was performed on a single, geometrically optimized
(minimum-energy) structure. While focusing on a minimum-
energy junction provides a representative junction geometry,
and is hence a good approximation, this technique discounts
the role thermal-induced motion could play on the molecular
junction.
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At room temperature, thermal fluctuations change the con-
formation of the molecular junction and induce variations in
the geometry (compared with the optimized structure) that
could change charge and spin transport characteristics as the
junction evolves in time. Therefore, an ensemble of structures
representing the various configurations visited by the junction
must be generated to properly evaluate transport behavior in
thermal environments.11,12 This study investigates the room-
temperature junction behavior of the PLY radical, and to that
end we performed a series of brute-force calculations to deter-
mine the robustness of spin filtering in the PLY radical with
–SH linker groups against thermal-induced fluctuations. We
combined ab initio molecular dynamics (AIMD) trajectories
with the non-equilibrium Green’s function technique as imple-
mented in density functional theory (NEGF-DFT) to calculate
transport behavior over an ensemble of structures created by
thermal-induced motion in the junction. Notably the molecule
remained attached to the electrode tips at temperatures of 300
K, 500 K, and 700 K, and the spin filtering efficiency remained
high throughout all trajectories. Additionally, the distribution
of conductance values over the AIMD trajectories trended to
greater conductance values at higher temperatures, with the
highest conductance configurations visited in the 700 K
trajectory.

2. Computational methods

The nature of this study necessitated the use of different
methods to compute the electronic and physical structure of
the PLY molecule, generate the AIMD trajectories of the mole-
cule in-junction, and perform transport calculations. Most
notably, the B3LYP exchange–correlation functional was uti-
lized in the ORCA code to evaluate the isolated PLY molecule,
while the Perdew–Burke–Ernzerhof (PBE) exchange–correlation
functional was used for AIMD and transport calculations per-
formed in VASP and NanoDCAL, respectively. This approach
has been extensively used in other studies,6,9,13,14 although
subsequent calculations utilizing PBE were performed on iso-
lated PLY to mitigate the discrepancy between the different
methods.

2.1. Density functional theory

Calculations to determine the physical and electronic structure
of PLY-2SH were performed using the ORCA code.15 The B3LYP
hybrid functional16–19 was used for the exchange–correlation
functional with the 6-311++G(d,p) basis set.20 The electronic
convergence criterion was set to 1 � 10�5 eV in terms of the
total energy of the molecule for all ORCA calculations. After the
molecular structure was calculated, the hydrogen atoms were
removed from the –SH groups, as is expected when the mole-
cule is placed in a junction, and the PLY-2S molecule was then
placed in between two Au (111) electrodes with lattice constants
of 2.94 Å determined by VASP relaxations as shown in Fig. 1.

Structural relaxation and ab initio molecular dynamics
(AIMD) calculations were performed using the Vienna ab initio

Simulation Package (VASP)21 and employed a plane-wave basis
set, with ion-electron interactions approximated by projector
augmented wave potentials21–25 and the exchange–correlation
functional provided by the Perdew–Burke–Ernzerhof (PBE)
generalized gradient approximation.26,27 Van der Waals forces
were considered using the DFT-D3 method with Becke–Johnson
damping, which is an empirical correction to the interatomic
forces.28

Structural relaxation calculations were performed on the
two-probe structure shown in Fig. 1 to identify the optimal
inter-electrode separation and binding configuration. Struc-
tural relaxations employed a mixture of the blocked-Davidson
and RMM-DIIS algorithms and utilized the G k-point29,30 with a
400-eV plane-wave energy cutoff. The relaxed two-probe struc-
ture was then used as the initial structure for AIMD trajectories.
Each AIMD trajectory employed the G k-point, a 1-fs timestep,
and a 400-eV plane-wave energy cutoff.29,30 The electronic
convergence criterion was set to 1 � 10�6 eV in terms of the
total energy of the two-probe system for both AIMD and
structural relaxation calculations. AIMD trajectories were per-
formed for 5000 fs at temperatures of 300 K, 500 K, and 700 K
which were fixed via a Nosé–Hoover thermostat.31

2.2. Non-equilibrium green’s function-density functional
theory

Structural data generated by the AIMD trajectories were
extracted and used to calculate electron transport throughout
the trajectories, at a sampling rate of once per 100 fs due to the
high computational cost of electron transport calculations.
This approach has been utilized previously by our group to
combine AIMD and NEGF-DFT calculations.32 Over the course
of the AIMD trajectories, structures with greater energetic
favorability will be visited more often. This sampling at a set
time interval mimics the stochastic nature of break-junction
experiments.33,34 Sampling more data points from the AIMD
trajectories would provide a clearer picture of the processes
occurring in the system but is prohibitively computationally
expensive.

Fig. 1 A schematic showing the two-probe electrode-molecule-
electrode system. Gold-colored atoms represent Au, yellow atoms repre-
sent S, brown atoms represent C, and white atoms represent H. Atoms
shaded in red are held frozen and all other atoms are free to move. Inset:
Chemical structure of the phenalenyl radical.
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As the outermost layers of the two-probe system in Fig. 1
were held frozen, the two-probe system in Fig. 1 could be joined
to Au (111) electrodes, which repeat to infinity on the left and
right sides of what is now called the central cell.35 Electron
transport properties were calculated via the non-equilibrium
Green’s function technique in conjunction with density functional
theory, as implemented in the NanoDCAL code.35,36 These
calculations employed the G k-point for the central cell, the
PBE exchange–correlation functional, Troullier–Martins norm-
conserving pseudopotentials37 and a 50-Hartree real space grid
cutoff energy, consistent with previous studies.6 We note that,
while the PBE-D3 approach was employed in the AIMD trajec-
tories to obtain reliable geometries of the molecule in-junction,
van der Waals corrections are not suitable for obtaining the
electronic structure used in transport calculations. The electronic
convergence criterion was set to 2.7 � 10�3 eV in terms of the
Hamiltonian and density matrices of the two-probe system. A
double zeta polarized (DZP) basis set was used for C, H, and S
atoms, while a single zeta polarized (SZP) basis set was utilized for
Au. This approach was used to significantly save on computa-
tional cost and is consistent with previous studies.6,38,39 Addition-
ally, these ballistic transport calculations were performed at a
temperature of 0 K. This means that transport behavior is dictated
solely by structural changes induced via thermal fluctuations, as
opposed to, e.g., electron–phonon scattering. We performed these
calculations at 0 K due to the short length of the molecule and the
results from a previous study by Topolnicki et al.12 The short
length of the molecule (0.7 nm) implies a lack of electron–phonon
coupling,40 and the previous study by Topolnicki et al. showed
that including the effects of temperature via Fermi level smearing
only produced minute static shifts in the transmission spectra, far
outweighed by the structural changes induced via MD methods.

Calculation of transport properties starts from the calcula-
tion of the Green’s function of the central cell as a function of
energy E,

G(E) = [(E + iZ)S � H � S1 � S2]�1. (1)

In eqn (1), H and S are the Hamiltonian and overlap
matrices for the scattering region, respectively, Z is a positive
infinitesimal, and S1,2 are the self-energies of the left and right
electrodes.35,41 The self-energies describe the effects of cou-
pling the electrodes to the scattering region and contain real
and imaginary components. The real component represents a
shift of the energy levels in the scattering region due to charge
transfer from the electrodes, and the imaginary component
represents the broadening of these levels corresponding to the
broadening matrix seen in eqn (2),

G1;2 ¼ i S1;2 � Sy1;2
�
:

�
(2)

The self-energy is calculated by an iterative technique.42 The
electronic density matrix is then obtained as,

r ¼ 1

2p

ð1
�1

f E; m1ð ÞGG1G
y þ f E; m2ð ÞGG2G

y� �
dE; (3)

where m1,2 are the electrochemical potentials of the left and

right electrodes and f (E,m) is the Fermi–Dirac function which
describes the occupation of an energy level given the energy
and electrochemical potential, m. With the Green’s function
obtained from the self-consistent, iterative process calculated
using eqn (1)–(3),35,36,42 we can now obtain the transmission
function T(E) via eqn (4), which gives the probability that an
electron with a given energy E will transmit from one electrode
through the scattering region into the other electrode
as,35,36,41,43,44

T(E) = Tr(G1GG2G†). (4)

The electric current can then be obtained by integrating the
transmission function over all energy points from the electro-
chemical potential of the left electrode to the electrochemical
potential of the right electrode, and is given by:45

I ¼ 2e

�h

ð1
�1

TðEÞ f E; m2ð Þ � f E; m1ð Þ½ �dE; (5)

which can be approximated at T = 0 K as,

I ¼ 2e

�h

ðm2
m1

TðEÞdE: (6)

For a given bias voltage, spin filter efficiency (SFE) is
calculated as,

SFE ¼ Ia � Ib

Ia þ Ib
¼ Ga � Gb

Ga þ Gb
; (7)

where Ia and Ib represent current through spin up and spin
down channels (assigned arbitrarily), and Ga and Gb are the
conductances of the a and b channels which can be recovered
by dividing the calculated current by the bias voltage. All
transport calculations were performed at a user-defined bias
voltage of Vb = 0 V. In the limit of zero bias, the conductance
across the simulation cell can be approximated as the value of
the transmission function at the Fermi energy.41,43,44 However,
taking the SFE and conductance from the Fermi energy alone
can make these results overly sensitive to slight shifts in T(E).
To avoid this oversensitivity, we integrated over the transmis-
sion spectra in the energy window of [�0.1,0.1] eV, where EF = 0,
and divided by 0.2 to recover conductance. This ensures that
fluctuations in T(E) near the Fermi level do not have an out-
sized effect on conductance and SFE. Accordingly, SFE and
conductance are calculated as,

SFE ¼
1

0:2

Ð 0:1
�0:1dE TaðEÞ �

1

0:2

Ð 0:1
�0:1dE TbðEÞ

1

0:2

Ð 0:1
�0:1dE TaðEÞ þ

1

0:2

Ð 0:1
�0:1dE TbðEÞ

; (8)

and

Gtotal ¼
1

0:2

ð0:1
�0:1

dE TaðEÞ þ
1

0:2

ð0:1
�0:1

dE TbðEÞ; (9)

respectively, where Ta(E) and Tb(E) are the a and b components
of the transmission spectrum.
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3. Results and discussion

The electronic and physical structures of PLY-2SH are shown in
Fig. 2 and were obtained via ORCA code calculations. Using
B3LYP as the exchange–correlation functional, the highest-
occupied molecular orbital (HOMO) and lowest-unoccupied
molecular orbital (LUMO) exhibited minimal splitting between
their a and b spin components, with the HOMO orbital split-
ting by 0.16 eV and the LUMO orbital splitting by 0.05 eV.

The singularly occupied and unoccupied molecular orbitals
(SOMO and SUMO), grouped by their shared spatial function,
are split by 1.87 eV.46 When the PBE exchange–correlation
functional was utilized the HOMO and LUMO orbitals were
split by 0.11 eV and 0.07 eV, respectively, while the SOMO and
SUMO orbitals were split by 0.61 eV. While the exact value of
the split between the SOMO and SUMO orbitals differs signifi-
cantly between the B3LYP and PBE functionals, the orbital
splitting values for the HOMO and LUMO levels are similar
between the two functionals. Additionally, utilizing the PBE
functional gives a SOMO–SUMO split value remarkably similar
to that obtained via transport calculations performed in
NanoDCAL, with NanoDCAL calculating a SOMO–SUMO split
value of 0.52 eV, vide infra. We have also performed calculations
on the isolated molecule using a DZP basis set, and these data
are included in Fig. S19 of the SI. This result is in agreement
with others reported in literature.6 The spin-split SOMO and
SUMO indicate that spin-resolved transport is possible in the
junction.

To that end, transport calculations were performed on the
optimized metal–molecule–metal junction, and the resulting a
and b spin transmission spectra are shown in Fig. 3(a). Clearly,
the spin-split characteristic from the isolated molecule main-
tains itself in the junction as evidenced by the spin-split spectra

Fig. 2 (a) Energies of the highest occupied (HOMO), singularly occupied
(SOMO), singularly unoccupied (SUMO), and lowest unoccupied (LUMO)
molecular orbitals in the PLY-2SH radical, calculated with B3LYP (left) and
PBE (right). (b) Eigenfunctions of the orbitals plotted in (a).

Fig. 3 Transmission spectra calculated for (a) the static, geometrically
optimized metal–molecule–metal junction and structures extracted every
100 fs from the (b) 300 K, (c) 500 K, and (d) 700 K AIMD trajectories. The
association of HOMO�1, HOMO, SOMO, and SUMO orbitals with specific
transmission resonances are indicated on the static transmission spectra
by red, orange, green, and blue arrows, respectively.
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in Fig. 3(a), which is in agreement with previous studies
performed on PLY-2SH.6 The HOMO�1, HOMO, SOMO, and
SUMO peaks were identified via scattering state calculations,
and more detail on this process can be found in Section S2 of
the SI. The b and a peaks at �0.05 eV were assigned to
HOMO�1 and HOMO orbitals, respectively, and are indicated
by the red and orange arrows in Fig. 3(a). The T(E) peak at
�0.02 eV was assigned to the SOMO orbital and is indicated by
the green arrow in Fig. 3(a). Finally, the peak at 0.5 eV was
assigned to the SUMO orbital and is indicated by the blue arrow
in Fig. 3(a). After the static transmission spectra were calcu-
lated, the Au-PLY-Au structure shown in Fig. 1 was employed for
5000 fs AIMD trajectories as described in Section 2.

Remarkably, PLY maintained its robust bond to the Au
electrodes in each trajectory, never detaching from either
electrode even at 700 K. Snapshots are plotted every 1000 fs
from each AIMD trajectory in Section S1 of the SI, demonstrat-
ing the attachment of the PLY molecule to the electrode
throughout each trajectory. From these AIMD trajectories,
structures were extracted every 100 fs and employed for use
in NEGF-DFT calculations. The resulting transmission spectra
calculated from the 300 K, 500 K, and 700 K AIMD trajectories
are plotted in Fig. 3(b–d). Clearly the thermal motion affects the
transmission spectra, although different peaks in the spectra
are affected to varying extents.

The HOMO and HOMO�1 peaks near �0.5 eV do react to
thermal fluctuations, with their energetic positions exhibiting
shifts of 0.1–0.5 eV compared to the optimized structure. The
spread of the HOMO and HOMO�1 peaks is proportional to
temperature, with far more variation in HOMO/HOMO�1
positions occurring in the 700 K trajectory than in the 500 K
trajectory, which in turn exhibits more variation than the 300 K
trajectory. Although the spectra exhibit large changes in shape,
the energetic positions of the transmission peaks near the
Fermi energy are relatively fixed. The SOMO peak near
�0.02 eV is remarkably stable against thermal fluctuations in
the 300 K trajectory, never deviating more than 0.1 eV away
from the optimal structure peak position. This peak changes its
energetic position by larger amounts as the temperature is
increased, although it is much less varied than the HOMO/
HOMO�1 or SUMO peaks. We suspect this is due to the
extension of its tail across EF, which implies that the SOMO
level is pinned to the Fermi level.47 The SUMO peak, near
0.5 eV, is more varied, with fluctuations changing the peak
position by 0.2 eV in some cases. Again, the variation in peak
position appears to be proportional to temperature, as high
temperatures have larger spreads in SUMO energetic positions.
Remarkably, while thermal-induced fluctuations in the junc-
tion do shift the energetic position of orbital resonances in the
transmission spectra, spin degeneracy is never restored
throughout the trajectory as evidenced by the spin-split nature
of the transmission spectra.

From the generated transmission spectra, conductance and
SFE were calculated as described in Section 2. The conductance
and SFE of the PLY junction are plotted over the 300 K, 500 K,
and 700 K AIMD trajectories in Fig. 4.

Remarkably, the PLY radical maintains a strong spin filter-
ing behavior in all three trajectories. The SFE is calculated to
remain above 80% in the majority of the structures generated
via the 300 K, 500 K, and 700 K trajectories. Dips occur in the
SFE, notably at 200 and 2300 fs in the 300 K trajectory, at 1900
and 4100 fs in the 500 K trajectory, and at 600, 1400, 2100, and
4100 fs in the 700 K trajectory. Transmission spectra from these
SFE dips are included in Section S3 of the SI. Interestingly, the
SFE dips at 200 and 2300 fs in the 300 K trajectory, as well as
those at 1900 fs and 4200 fs in the 500 K trajectory and 1400
and 4100 fs in the 700 K trajectory, are caused by a dramatic
reduction in the SOMO peak compared to the preceding and
succeeding transmission spectra. The dips caused by this
feature are highlighted by shaded purple circles in Fig. 4.

The reduction in SOMO peak height is not attributable to a
single physical cause, as analyses of structural data around the
SFE dips in the 300 K trajectory and charge data over the first
3300 fs of the 300 K AIMD trajectory revealed no correlation
between structural factors, charge, and SFE behavior (see Sec-
tion S4 in the SI and discussion below). In some cases, the b

Fig. 4 Conductance and spin filter efficiency calculated every 100 fs over
(a) the 300 K, (b) the 500 K, and (c) the 700 K AIMD trajectories. Spin filter
efficiency is shown in blue, while conductance is shown in orange. Shaded
purple circles denote SFE dips caused by a reduction in the SOMO peak.
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HOMO resonance of the lowest SFE structure is closer to the
Fermi energy (700 K, 1400 fs), while in others the b HOMO
resonance is positioned further from the Fermi energy
in comparison to preceding and succeeding spectra (700 K,
4100 fs). Still in other cases, the a transmission spectrum at the
dip is an order of magnitude higher than the surrounding a
spectra, in addition to a reduction in the height of the SOMO
peak at the dip (500 K, 1900 fs).

The conductance, like the SFE, is more varied with increas-
ing temperature as shown in Fig. 4. Dips and peaks in the
conductance are short-lived, with the system returning to
intermediate conductance values (0.05–0.15 G0) within 200 fs.
Notably, the changes in conductance do not occur at the same
time as those in the SFE, and crucially, there is no obvious
correlation or anti-correlation between conductance and SFE,
as seen in Fig. 4 and Fig. S16 of the SI. This complements a
previous study performed on a series of PLY derivatives,6 in
which the PLY derivatives could either perform as efficient spin
filters or high conductors. That anti-correlation between SFE
and conductance was identified across a series of PLY deriva-
tives, whereas this finding demonstrates a lack of anti-
correlation between conductance and SFE in the same mole-
cule moving in a junction.

Additionally, the amount of charge present on the molecule
does not change significantly during these SFE dips, indicated
by a lack of shift in the SOMO position, and no singular
structural factor (i.e., dihedral angle) was identified to dom-
inantly determine the conductance and SFE behavior. Regres-
sion analysis was performed to demonstrate correlation
between dihedral angle and SFE or conductance around the
200 fs and 2300 fs SFE dips in the 300 K trajectory and is
presented in Fig. S17 of the SI. Specifically, dihedral angle
values were quantified by the sum of dihedral sin2 products,
which gives the alignment between the p-system of the mole-
cule and the Au–S bonds connecting the molecule to the
electrodes.48,49 While there is some correlation between
dihedral angles and conductance, there is no correlation
between dihedral angles and SFE. Regression analysis
was also performed between the amount of excess charge on
the molecule and the SFE and conductance over the first
3300 fs of the 300 K trajectory and is presented in Fig. S18 of
the SI. An excess charge of ca. �0.45e sits on the molecule in-
junction, with minor variations throughout the trajectory, yet
no correlation exists between charge and either SFE or con-
ductance. Accordingly, changes in conductance and SFE in the
junction are attributed to a multitude of structural factors such
as bond distances, bond angles, and overall tip-molecule
geometry. Importantly, the SFE is never destroyed in any of
the trajectories. Momentary dips in the SFE are followed by a
return to high filter efficiency behavior within 200 fs in
all cases.

In simulations with higher temperatures, the SFE and con-
ductance values become more disparate, as shown in Fig. 5. In
all three trajectories, the conductance remains largely around
0.1 G0, although the 700 K trajectory shows some higher
conducting outliers.

The SFE also remains close to 100% for all three data sets,
although the 500 K and 700 K data especially show low-filtering
outliers. As expected, the number of structures which have
either a conductance around 0.10 G0 or an SFE near 100%
decreases as the temperature of the simulation is increased.
Notably, while higher temperature AIMD trajectories cause
higher conductance values to appear, it has precisely the
opposite effect on spin filtering behavior, causing lower SFE
values to appear. This is in part due to the nearly 100% filtering
behavior present in the PLY molecule at low temperatures.
When disparate values appear, they can only decrease. The
increase in conductance at higher temperatures is caused by
motion of the SUMO towards the Fermi energy in some higher
temperature structures, which also explains the appearance of
lower SFE values in higher temperature trajectories. These
results are in line with the conclusions drawn in a previous
molecular electronics study in which minimal energy structures
did not necessarily correspond to those with the highest
conductance.13 Thermal motion allows the molecule to visit
less stable structures that may conduct better than minimal
energy structures. Additionally, this behavior is in line with
conclusions drawn from studies on molecular break-junction
histograms as well as previous MD studies on single-molecule
junctions.12,33

The combination of AIMD and NEGF-DFT methods allows
for the construction of histograms like those shown in Fig. 5,
providing a more complete connection to the actual results of
molecular electronic experiments.43 AIMD, through inclusion
of thermal motion, generates a series of structures which have a
certain amount of randomness due to the statistical nature of
AIMD calculations.31 This is in-line with break-junction experi-
ments performed on single molecules, which are highly sto-
chastic in nature due to wide variety of bonding sites, tip
geometry differences, and thermal energy present in the
environment.33,34 However, break-junction experiments have

Fig. 5 Spin filter efficiency (left) and conductance (right) binned into
histograms of width 10% and 0.05 G0 respectively, for the 300 K, 500 K,
and 700 K trajectories.
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proven extremely difficult to perform on radicals due to their
highly reactive nature,10 and we are unaware of any such
published work to which we can directly compare our generated
histograms. Instead, we hope our work will inspire future
experiments and that our findings will inform future computa-
tion and experimental efforts and guide the design of spin filter
molecules.

4. Conclusions

In summary, we have employed a brute-force method to eval-
uate the robustness of spin filtering efficiency in the PLY
radical against thermal-induced structural fluctuations. We
calculated T(E) from three sets of 50 unique structures obtained
over AIMD trajectories performed at 300 K, 500 K, and 700 K,
and from T(E) we obtained the conductance and spin filtering
efficiency across the junction. Notably, conductance and spin
filtering efficiency values were increasingly disparate with
temperature, although high spin filtering efficiency was main-
tained throughout the majority of all trajectories. Importantly,
no obvious correlation or anti-correlation was identified
between conductance and spin filtering efficiency. These
results demonstrate that SFE can indeed be robust against
thermal-induced fluctuations, with the large dips in SFE estab-
lishing the variability in electronic behavior that can occur in a
molecular junction, and highlight the need to consider envir-
onmental factors when calculating the in-junction behavior of a
single molecule.
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31 S. Nosé, Mol. Phys., 1984, 52, 255–268.
32 K. Batzinger, D. Liepinya and M. Smeu, Phys. Chem. Chem.

Phys., 2024, 26, 5218–5225.
33 L. Mejı́a, P. Cossio and I. Franco, Nat. Commun., 2023,

14, 7646.
34 D. Dyer and O. Monti, J. Phys. Chem. Lett., 2023, 14,

10935–10942.
35 J. Taylor, H. Guo and J. Wang, Phys. Rev. B: Condens. Matter

Mater. Phys., 2001, 63, 245407.
36 J. Taylor, PhD thesis, McGill University, Montréal, Québec,
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