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Abstract

Today’s need for renewable energy combined with modern societies' reliability on on-demand
power leads us to find solutions that can store excess or produce directly to storage for later use.
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A MOlecular Solar Thermal (MOST) based on norbornadiene/quadricyclane(NBD/QC) does the

latter with an isomeric photoswitching molecule pair. The theoretical studies of molecular solar
thermals (MOST) provide a needed understanding of potential synthetic candidates. We have
investigated an array of more complex solvation models for the norbornadiene/quadricycle (NBD/
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photoswitch; Molecular thermoswitch; Energy
storage

QC) photoswitch and the impacts of the models on the first absorption energy. Our results have

been obtained with various density functional theoretical methods and basis sets.

Introduction

In the shift towards renewable energy sources, harnessing
solar energy emerges as a pivotal focus due to the sun’s
abundance as an untapped energy reservoir [1,2]. Molecular
photoswitches offer a promising, cost-effective avenue
for potentially storing solar energy over extended periods
compared to conventional photovoltaic solutions [3-6].
Through molecular solar thermal energy storage (MOST)
systems, employing photoswitchable parent molecules, a
chemical transformation occurs upon exposure to sunlight,
transitioning into a metastable, higher energy state [7,8]. The
stored solar energy is subsequently released as heat when the
metastable state reverts to the parent form. Catalytic control,
using homogeneous and heterogeneous catalysts, allows for
the on-demand release of energy.

However, identifying the optimal photoswitch for MOST
applications necessitates optimization across various
parameters. The system must absorb light in the UV-visible
range corresponding to the solar spectrum in its parent
form, while the metastable form should exhibit minimal
absorption. Additional criteria include high stability against
photodegradation and reactions with species like singlet
oxygen, a high quantum yield of photoisomerization, and low
molecular mass for increased energy density [9,10].
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This study focuses on the norbornadiene/quadricyclane
(NBD/QC) couple, a photochromic molecular system, and
explores the potential influence of solvent molecules and
metallic nanoparticles (NPs) on its thermochemical properties
for enhanced MOST applications. Earlier findings suggested
that solvent molecules and NPs could significantly reduce
the thermal back reaction barrier of related couples without
compromising solar energy storage [11]. Additionally, solvent
molecules and NPs were found to enhance one and two-photon
absorption, induce redshifts in absorption, and alter electric
properties [12-14]. Consequently, coupling such solvent
molecules and NPs with the NBD/QC system could catalyze
the thermal back reaction and modify optical properties for
efficient solar energy storage.

The study focuses on an NBD/QC system known for its
effective performance in MOST applications utilizing both
catalytic and electrochemical activation [15-17]. The primary
question addressed is whether the thermal back reaction
can be promoted without compromising energy storage
capabilities using NPs. The key inquiries include changes
in storage energy and thermal back reaction barriers upon
physisorption onto different NP surfaces, the dependency on
NP type, and the impact of distance and relative orientation
between NBD/QC systems and the solvent molecules or NPs.

www.physicsresjournal.com m
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Hybrid quantum mechanical/molecular mechanical (QM/
MM) calculations are employed to model the NBD/QC system
and the solvent molecules using quantum mechanics, while
the NP is modeled using molecular mechanics. Interaction
between the subsystems is determined through polarization
dynamics, providing an atomistic description of the NPs. The
study employs various orientations of NBD/QC relative to the
solvent molecules and the NP to investigate the influence of
the NP and the solvent molecules. The investigation aims to
contribute insights into leveraging metallic NPs to enhance the
applicability of the NBD/QC system in MOST, shedding light
on the complex interplay between molecular photoswitches
and nanoparticle surfaces.

We [18] have shown that M06-2X and w B97XD with def2-
TZVP or 6-311+G(d) produce good results for an NBD/QC
[19] system in a vacuum and a continuum solvation model. To
take our understanding further we wish to model this system
in more detail to check the accuracy of our earlier work and
to investigate how the absorption profile of the systems
changes as a result of a variance in solvation and modeling
parameters. Our aim is to gain knowledge of how NBD/QC’s
properties evolve through increasing solvation modeling
complexity, specifically the first absorption peak as well as the
intensity of its oscillator strength, which we deem to be good
representations of the influence of the models.

We have done this for both the carboxylate and neutral
species shown in Figure 1, denoted as NBD , /QC ;;and NBD , /
QC, respectively.

(€]

Computational details

Calculations were performed using Density Function
Theory (DFT) at the level of CAMB3LYP [20,21], M06-2X [22],
MN15 [23], SOGGA11-X [24], w B97XD [25] with the basis sets
6311+G(d), 6-311++G(d,p) [26-33] and def2-TZVP [34,35]
levels of theory using Gaussian16 [36]. The calculations were
performed with the presence of methanol (€, = 32.613, €, =
1.766) as both an explicit molecule and the combination of the
explicit molecule and the IEF-PCM method [37]. Thereby, we
implicitly model the outer solvent as a dielectric medium. We
compare the results with UV-Vis spectra in toluene(€_ = 2.374,
€,,= 12.238). The two model abstractions, the supermolecular
model (SMM) and the semi-continue model (SCM) are outlined
below along with the vacuum and the continuum model (CM)
(by Bieske, et al. [38]) Figure 2.

Model abstractions

Vac - Calculations performed in a vacuum
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Figure 1: The investigated NBD/QC photoswitch and its reaction path.
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CM - Continuum Model, calculations performed an IEF-
PCM solvent shell

SSM - Super Molecular Model, calculations performed in a
vacuum with one explicit solvent molecule calculated

SCM - Semi Continuum Model, the investigated molecule
and one explicit solvent molecule inside of an IEF-PCM solvent
shell.

Time-dependent DFT (TD-DFT) calculations were
performed in order to obtain excitation energies and oscillator
strengths. With these, UV-Vis spectra were simulated under
the assumption of Gaussian band shape with a standard
deviation of o = 0.4, with fifteen electronic excitation states
calculated per molecular configuration.

We have in addition to our solvation investigation
studied the interaction between our molecular systems and
a hemispherical gold nanoparticle. This has been done using
DFT and the M06-2X/6-311+G(d) level of theory for the
reference state and DFT with the CAMB3LYP/aug-cc-pVDZ
[39,40] level for the interaction. This has been performed in
Gaussian16 and Dalton20, respectively.

The alignments of the systems relative to the hemisphere
were done as shown in Figure 3 both as pictured with
methanol, but calculations without methanol have also
been performed. We have used ChemDraw and Jmol [41] to
generate our molecular structures, with the latter being used
to illustrate charge distribution within the molecules.

Results and discussions

Solvation environment

We have looked at the effect of adding explicit solvent
molecules to NBD carboxylate (compound 1) in a vacuum,
by looking at the first absorption energy. This results in a
blueshift as shown in Figures 4(a,b), with the incrementally
shift decreasing with additional solvent molecules, as shown
in Figure 4c. This trend of blueshift as a consequence of the
introduction of an explicit solvent molecule is amplified for
NBD(Z), shown in Figure 5, however, further blueshift with
additional solvent molecules is not occurring for NBD(Z), where
the absorption consistently lies at * 301 nm, see Table 1.

The charged QC;, conformer also displays an incrementally
decreasing blueshift with additional solvent molecules. Our
calculations with one explicit solvent molecule, however,
are closer to the experimental values than the pure vacuum
value calculated by Bieske, et al. [38], as shown in Figure
6a and Table 1 . Furthermore, our multi explicit solvent
molecule calculations dip below the vacuum value of 220
nm, as displayed in Table 1. The elimination of the molecular
charge narrows the gap between our calculated values and
the experimental reference value, while the incremental
blueshift as a result of additional solvent molecules is almost
eliminated, also shown in Table 1.

www.physicsresjournal.com m
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Figure 2: The investigated explicit solvent molecule systems with one, two and three explicit solvent molecules as both charged and
uncharged species. The one explicit solvent molecule system (Figure 2(a)) have been investigated with varying degrees of theory, while
both the two and three (Figures 2(b) and 2(c)) molecule solvent systems have been performed with DFT/CAM-B3LYP/6-311+g(d) level of
theory.

Figure 3: Investigated molecular-nanoparticle configurations with the molecular systems alignment relatively to the gold hemisphere
outlined, (a) side orientation (b) top orientation (c) CN orientation and, (d) COO- orientation.

Table 1: First absorption peak for both NBD and QC calculated with CAM-B3LYP/6-311+G(d) level of theory Vac and sol.,, data point's by Bieske, et al.
[38].

1/nm | Mee A | - | Mo Mmoo 1/nm
NBD(V,,) -/317% 315 355 -/220° - - QC(Vac)
NBD(sol ,,) -/303% 319%2/315% 378%2/355°% -/232% 256 296 QC(sol,,,)
NBD(s0l 4,,,,") 301/312 - - 249/237 - - QC(s0lgyy,)
NBD(s0l ¢, %) 308/305 - - 256/232 - - QC(s0lge, )
NBD(s0l g,,,,2) 301/309 - - 249/228 - - QC(s0lgy,?)
NBD(s0l ¢, 2) 311/304 - - 254/235 - - QC(soly,?)
NBD(solg,,,*) 303/307 - - 247/224 - - QC(solgy°)
NBD(s0lgg,,?) 309/306 - - 264/239 - - QC(solge)
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Vacuum NBD(y) 1. absorption value compared to 315nm SMMy. mor. NBD(1) 1. absorption value compared to 315nm
175 125
CAM-B3LYP-  2.99 2.38 2.38 CAM-B3LYP-  -2.11 -2.76 -3.34
15.0 10.0
M06-2X -  1.78 1.18 -0.02 12,5 M06-2X - -3.40 -3.91 -5.48 75

10.0

> >
MN15 - § MN15 - SZ
L7s - 25
SOGGA-11X -| lso SOGGA-11X -| 0.0
L, -25
wB97XD - 0.58 -0.02 -0.02 > wB97XD - -4.34 -4.96 -5.16
-5.0
\ i af e o o P
AX ) ¥ o o o e &
o> S
(a) (b)
x10%
3.0 s nbd_multl
s nbd_mult2
nbd_mult3 0_4
2.5 c
=)
e
T 20 03 g
§ &
= 1.5 =
w 1.0 [\ §
0.5 \J 0.10
/ 1] il \“ [ /
0.?_ F8 AT IS 1 . — BO
75 200 225 250 275 300 325 350 375 40

Wavelength (nm)
(©

Figure 4: Effect from the addition of explicit solvent molecules to NBD carboxylate (compound 1) in vacuum. Vacuum ((a)) and experimental
data taken from Bieske, et al. [38], (b) SCM model. (c) The x-axis is the basis set and the y-axis is the DFT method.
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Figure 6: Effect of the addition of explicit solvent molecules to QC carboxylate (compound 1) in vacuum. Vacuum (a) and experimental data taken
from Bieske, et al. [38], (b) and SCM model. In (a) and (b) the x-axis is the basis sets and the y-axis is the DFT method.

Looking at the solvated charged case of the CM and SCM
models we get a slight redshift of the absorption by including
an explicit solvent molecule going from CM to SCM, as shown
in Figures 7(a,b), which is carried onwards ever so slightly
with additional solvent molecules as shown in Figure 7c.

The effect of a charge shift from 1 to 2 results in a slight
further redshift of the first absorption energy, which again is
echoed with more explicit solvation molecules, as shown in
Figures 8,9, respectively.

While both the charged and uncharged NBD conformers
(NBD,,and NBD,, ) do lie inside a narrow margin of error in
predicting the first absorption energy, this is not the case for
QC. Our results show significant differences between QC,, and
QC,, which are shown in Figure 10. The smallest divergence
for the charged case is the biggest for the uncharged, which
furthermore, predicts the experimental value at some of the

theory levels, as shown in Figure 10b.

This large disparity between charged and uncharged
species in first absorption energy have lead us to investigated
the uncharged specie in greater detail and compare them
as shown in Figures 12,13 and look at the placement of the
solvent molecules around the NBD/QC photoswitch. We have
in addition compared our results to experimental reference
data from UV-Vis experiments [42] performed in toluene,
shown in Figure 11, the error range of which is comparable to
that of the CM model by Bieske, et al. [38] (Figure 7b) and our
SMM model results (Figure 4b).

In Table 1 we see that our calculated values for SCM/QC
with one explicit solvent molecule have the same absorption
value as the experimental GC-MS value by Bieske, et al.
[38], i.e. an experimental GC-MS molecule, which should be

https://doi.org/10.29328/journal.ijpra.1001074

charged, have an absorption value corresponding to that of a
uncharged calculated molecule.

We have, due to this discrepancy, compared the first
absorption peaks of NBD and QC in both of our models to
find the effects of the charge of the neutral acid group versus
the charged carboxylate, which are shown in Figures 12,13.
These changes do as shown, affect the QC conformers to a
larger extent than in the case of NBD. Along with the impact
of more explicit solvent molecules, as shown in Table 1, these
do point to a clear trend of the QC conformers being volatile to
environment changes, which to us indicates insufficiencies in
the level of theory used to model this system.

The comparisons of absorption above (Figures 4(a,b), 5,
6(a,b), 7(a,b), 8, 10 and 11) have been made to non-optimal
experimental reference values, as both PISA [38] and UV-Vis
[42] values are inadequate for our total model space and as
such should be viewed with precaution. We do, however, see
the trends as representative, from which we are able to say
that increased model complexity benefits the QC conformer
while being inconclusive for NBD.

We have done a preliminary investigation on the system
to explore these trends further, with increased solvation
complexity at the CAM-B3LYP/6-311+G(d) level of theory,
shown in Table 1. The spectrum of QC converges to and
around the experimental first absorption value from PISA
[38], indicating the presence of solvent molecule at detection
and a possible proton transfer as our results with neutral NBD
(NBD,)) align the best with said value.

These results illustrate the marginal gains in accuracy
of more complex solvent models for the NBD system, but
appraisal for QC. This indicates sufficient accuracy afforded
with a CM approach in modeling NBD.

207
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Figure 7: Effect from the addition of explicit solvent molecules to NBD carboxylate (compound 1) in vacuum. Vacuum ((a)) and experimental data

taken from Bieske, et al. [38], (b) SCM model. (c).
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Charge effects on first absorption energy

As one might note in Table 1, there are distinct differences
in absorption between the charged and uncharged molecules
for both NBD and QC, which is why we have looked at the
charge effect on the absorption as illustrated in Figures 12, 13.

As described above, a change in the molecular charge
results in a shift in absorption. This shift is nonuniform
through the models as illustrated in Figures 12,13. As shown
the SCM model induces both the largest and smallest shift in
absorption due to changing charge, with NBD being affected
negligently and QC experiencing a * 100 nm change in the
shift. While the effect is closer between the conformers for the
SMM model (Figure 12), QC still has a larger change overall.

Storage energies

We have as part of our investigation calculated the storage

SMM1. moi. NBD charge effect on 1. absorption value (NBD1) vs. NBD(y))
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energies for both molecular configurations in both of our
models, the results of which are shown in Table 2.

As shown in Table 2 the shift between neutral and
charged molecules relates to a change in the storage energies,
specifically the SOGGA11-X/6-311+G(d) level of theory, which
inverts the preferred molecular configuration in both models.

Generally, our methods show better consistency with the
change of model than change of charge, CAM-B3LYP being the
most consistent with the charge difference.

Our results show unexpected changes in storage energies
as a result of different basis sets, especially the 6-311+G(d)
basis set exhibits large differences in energy compared to
6311++G(d,p) and def2-TZVP when calculated with the same
method.

SMM1. o1 QC charge effect on 1. absorption value (QCy) vs. QC(z))
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Figure 12: Comparison of first absorption energy between differing molecular charges within the models shown with (a) SMM NBD and (b) SMM QC.
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Figure 13: Comparison of first absorption energy between differing molecular charges within the models shown with (a) SCM NBD and (b) SCM QC.
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Micro-solvation structure

The different charge configurations (1 and 2) of the NBD/
QC pair affect how the explicit solvent molecules are placed
around them as shown in Figure 14. This might be one of the
contributing factors to the change in absorption and energies
observed as a result of the charge shift, the most radical of
these being the SOAGGA11-X functional.

Table 2: Calculated storage energies of the charged molecule in the investigated
solvation models, displayed in kJ/mol.
Gray SSM(kJ/mol) 6-311++G(d,p) 6-311+G(d) def2-TZVP
Charged species
CAM-B3LYP 107.3 108.2 104.0
M06-2X 86.2 88.6 86.2
MN15 93.9 95.4 91.7
SOGGA11-X 89.2 88.7 87.1
wB97XD 95.2 94.5 93.1
Neutral species
CAM-B3LYP 109.6 112.3 106.6
MO06-2X 72.9 145.3 71.0
MN15 90.6 90.0 87.0
SOGGA11-X 71.9 -13.0 70.9
wB97XD 80.9 79.8 76.4
SCM(kJ/mol) 6-311++G(d,p) 6-311+G(d) def2-TZVP
Charged species
CAM-B3LYP 94.2 123.4 95.2
M06-2X 93.4 94.5 106.3
MN15 109.5 102.6 76.7
SOGGA11-X 83.5 95.8 73.9
wB97XD 98.5 102.8 80.2
Neutral species
CAM-B3LYP 118.9 122.5 119.0
M06-2X 76.8 149.7 73.7
MN15 99.7 103.9 101.6
SOGGA11-X 76.171 -11.1 74.2
wB97XD 80.5 83.4 78.6

5

The lack of charge allows for the solvent interaction with
a point differing from the carboxylate/acid group. As shown
in Figure 14d the interaction between the charge and the
dipole moments of the solvent molecule is strong compared
to that of the neutral species (Figure 14c) and while the
solvent molecules do move away from the point charge of the
carboxylate group (1), they have less tendency to do so with
the neutral (2) molecule.

Gold nanoparticle interaction

We have looked at the interaction of our system with a
gold nanoparticle both with and without an explicit solvent
molecule at different distances between the gold nanoparticle
and the molecular system. We have compared four different
systems to nanoparticle configurations for both the NBD and
QC conformer, shown in Figures 15,16, respectively.

As shown in these figures (Figures 15,16) the interactions
result in a minor blueshift of all NBD, alignment but that of
Figure 3d which is shown in Figure 15d, thereby mirroring the
trends exhibited by the addition of explicit solvent molecule

to NBD/QC.

The effecton the QC;, conformeris an increased absorption
oscillator strength, this effect is most visible for the COO
alignment (Figure 3d) shown in Figure 16d. However, this is
not true for the top alignment (Figure 3b), which exhibits a
small decrease in the absorption intensity (Figure 16a) as a
result of the interactions with the nanoparticle.

The effects of including an explicit solvent molecule, shown
with NBD,, in Figure 17, do confer a small but consistent
blueshift of the absorption. This effect results in a move of the
peak in Figure 17c from 327 nm - 324 nm absorption peak
without an explicit solvent molecule towards 318 nm - 314 nm
with one solvent molecule, these effects are shown in Table 3.

The result of including an explicit solvent molecule into the
molecule (NBD/QC) nano-particle interaction is a consistent

Figure 14: Micro-solvation structure of the charged QC (a) and neutral (b) QC with two explicit solvation molecules, along with micro-solvation
structures with three explicit solvation molecules for charged QC (c) and neutral NBD (d) molecules.
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Figure 15: UV-VIS spectra for NBD in interaction with a gold nano-particle at various distances (in Angstrom) and orientations. The x-axis is the

wavelength and the y-axis is the intensity. The orientations for the respective UV-VIS spectra can be seen in the following figures: (a) Figure. 3(b), (b)
Figure. 3(a), (c) Figure. 3(c) and (d) Figure 3(d) orientations.
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Figure 16: UV-VIS spectra for QC in interaction with a gold nano-particle at various distances (in Angstrom) and orientations, (a) top orientation in

various distances (b) side orientation (c) CN orientation and, (d) COO- orientation. The x-axis is the wavelength and the y-axis is the intensity.
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Figure 17: Comparison of UV-Vis spectra between inclusion and exclusion of an explicit solvent molecule in the (a) top, (b) side and (c) CN orientations.

The x-axis is the wavelength and the y-axis is the intensity.

Table 3: Peak absorption with and without explicit solvent molecule included in
reference state.
Orient. With(nm) Without(nm)
NBD,,, (3.21A) 318 327
NBD, (4.21A) 315 324
NBD, (5.21A) 314 323
NBD,,, (2.86A) 315 324
NBD,,,, (3.86A) 315 323
NBD,,, (4.86A) 314 323
NBD,,, (2.86A) 315 323
NBD,,, (3.86A) 314 323
NBD,,, (4.86A) 314 323
NBDCOO 31 1(3 86A) 31 6(3 18A)
NBD 64 31 2(4 86A) 31 8(4 19A)
NBDCOO 31 3(5 86A) 320(5 18A)

blueshiftin absorption. The absorption of the nanoparticle and
molecular system does, however, lie at a longer wavelength
than the molecule alone, resulting in overlaps between the
nanoparticle, molecule, and explicit solvent molecule system
with that of NBD in vacuum (calculations and PISA) and
solvation (UV-Vis).

This overall blueshift is dependent on the relative
orientation between the molecular system and the
nanoparticle. As shown in both Figures 15,16 the interactions
of the gold particle and system (NBD/QC) only convey a small
distortion of the absorption. This effect is mostly dependent
on the substituent aligned with the particle. However, the
distance between the two also plays a role in intensity, which
is the most pronounced with the carboxylate group aligned
against the nanoparticle Figure 3d and that is illustrated in

https://doi.org/10.29328/journal.ijpra.1001074

Figure 15d and Figure 16d. Illustrated in Figure 16 is the fact
that the QC-carboxylate species do not absorb in the visual
spectrum.

The results of including an explicit solvent molecule
into the molecule (NBD/QC) nanoparticle interaction are
consistent blueshifts in absorption. The absorption of the
nanoparticle and molecular system does, however, lie at
a longer wavelength than the molecule alone, resulting in
overlaps between the nanoparticle, molecule, and explicit
solvent molecule system with that of NBD in vacuum
(calculations and PISA) and solvation (UV-Vis).

This overall blueshift is dependent on the orientation
between the molecule and particle, as shown in both Figures
15,16, the interaction of the gold particle and system (NBD/
QC) only conveys a small distortion of the absorption. This
effect is mostly dependent on the substituent aligned with the
particle, however, the distance between the two bodies also
plays a role in the intensity, which is the most pronounced
with the carboxylate group aligned against the particle Figure
3d illustrated in Figures 15d, 16d. lllustrated in Figure 16 is
the fact that the QC-carboxylate species do not absorb in the
visual spectrum which is a significant advantage.

Conclusion

As we have outlined the increased model complexity
results in a small and incrementally decreasing blueshift of the
first absorption value of NBD. QC shows a beneficial response
from the investigated models, however, since QC absorbs
below 300 nm its accurate modeling is of lesser concern.
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We have shown that the previously applied model results
in a sufficient level of accuracy in the modeling of NBD and
increased model complexity does not confer perceptible
improvements in this matter.

This study has investigated the environmental effects on
the norbornadiene-quadricyclane (NBD/QC) photoswitch, a
crucial component in molecular solar thermal energy storage
(MOST). Theresearch addressed the need for a comprehensive
understanding of molecular candidates in MOST, bridging the
gap between theoretical models and the physical reality of the
systems under investigation.

The primary goal of this research was to enhance our
understanding of the NBD/QC photoswitch’s properties,
particularly focusing on the first absorption peak and oscillator
strength under varying solvation and modeling parameters.
By employing advanced computational methods, we were able
to refine the accuracy of previous models and unravel how the
absorption profile evolves with the increasing complexity of
the solvation.

The investigation involved the use of density function
theory (DFT) calculations at different levels, including CAM-
B3LYP, M06-2X, MN15, SOGGA11-X, and B97XD, using
various basis sets. Explicit solvent molecules and continuum
solvation models were considered, and time-dependent DFT
calculations were performed to obtain excitation energies and
oscillator strengths. The study explored different molecular-
nanoparticle configurations and their orientations relative
to a gold hemisphere. Both charged and uncharged species
(NBD(1)/QC (1) and NBD(2)/QC(2)) are investigated.

The addition of explicit solvent molecules to NBD
carboxylate in a vacuum results in a blueshift of the first
absorption energy. The impact is more pronounced for QC
conformers, especially in charged configurations. Solvation
models and the number of explicit solvent molecules influence
the absorption profile, emphasizing the sensitivity of QC
conformers to environmental changes. A distinct difference
in absorption between charged and uncharged molecules
was observed for both NBD and QC. Charge shifts lead to non-
uniform shifts in absorption, with QC conformers showing
larger deviations.

Storage energies were calculated for both charged and
neutral species in different solvation models, revealing
unexpected changes in energy as a result of different methods.
CAM-B3LYP consistently exhibited better consistency with
charge differences. The micro-solvation structure of charged
and neutral molecules with explicit solvent molecules was
analyzed. The charge configurations affected the placement
of solvent molecules around the molecules, contributing
to the observed changes in absorption and energies. The
interactions of the system with a gold nanoparticle were
explored, considering varying distances between the bodies.
Four different configurations are compared for both NBD and
QC conformers.
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In summary, this research showed intricate details of the
NBD/QC photoswitch, shedding light on its behavior under
diverse environmental conditions and providing valuable
insights for the development of molecular solar thermal
energy storage systems. We are of the belief that the level of
theory used (DFT/CAM-B3LYP/6-311+G(d)) is insufficient
in the description of QC’s absorption behavior or that there
were unknown parameters in reference experiment [38].
The alignments of our calculations with the experimental
data (Table 1) and the further development of the relation of
absorption to a number of explicit solvent molecules are also
shown in Table 1. We hope that our results will lead to further
experimental investigations in order to validate the results
presented here.
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