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ABSTRACT: Visible light energy transfer catalysis has emerged in recent years as an attractive synthetic method for
accessing high-energy intermediates, leading to the discovery of novel reactivity modes inaccessible via thermal methods.
Computational methods have played a crucial role in understanding and predicting energy transfer catalysis, bypassing
the need for complex and laborious photophysical measurements. Specifically, adiabatic triplet energies have been used
as a predictive tool in the design of substrates amenable to sensitization, as well as a mechanistic tool. However, this
approach fails to accurately predict the likelihood of triplet energy to molecules that undergo large structural changes
upon excitation, and provides qualitatively incorrect predictions of E/Z-isomerism under energy transfer catalysis. Here,
we introduce a new metric, dynamic vertical triplet energies (DyTE), based on the evaluation of change in vertical energy
gaps throughout direct dynamics trajectory simulations. This approach improves the predictive capabilities of density
functional theory computations and provides further support for the "hot-band" mechanism of energy transfer. We
demonstrate excellent performance, with R? = 0.96 and a mean absolute error (MAE) of 2.1 kcal/mol, for a collection of
20 small organic molecules, whereas the traditional adiabatic model performs significantly worse (R?=0.58, MAE = 8.3
kcal/mol). We anticipate this approach will be valuable for predicting E/Z isomerization triplet energies, for which currently
there is no available computational protocol.
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To facilitate the progress of energy transfer applications,
a crucial prerequisite is a comprehensive understanding
of the triplet energy levels of both the donor and accep-

tor molecules. Experimentally, these values can be ob-
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tained through various spectroscopic techniques, such
as phosphorescence spectra analysis by assigning the
(0,0) transition energy and magnetically perturbed Sy -
T+ absorption spectroscopy, or via a series of quenching
experiments."l"® Unfortunately, the determination of tri-
plet energies often necessitates specialized equipment
that are not readily available in most synthetic laborato-
ries. Additionally, specific expertise is often required for
the accurate interpretation and deconvolution of
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Scheme 1. Recent examples of visible energy transfer
applications in synthetic methodology and selected
examples of computational designed substrates and
catalysts.
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In recent years, computational methods employing
quantum chemistry (e.g. density functional theory, DFT)
have emerged as a valuable approach to address these
limitations in the determination of triplet energies."! By
employing computationally determined adiabatic triplet
energies (describing the energetic difference between
singlet and triplet minima, fully optimized on their re-
spective potential energy surfaces), great strides have
been made in accelerating chemical discoveries within
this rapidly evolving field. Computational approaches
using DFT have found broad applications, including the
design of substrates and catalysts tailored for visible
light energy transfer applications (Scheme 1),5"4211 gg
well as facilitating mechanistic studies.['? While the adi-
abatic energy transfer model has demonstrated great
success, for systems that are structurally flexible or with
highly distorted triplet structures, qualitative explana-
tions of energy transfer catalysis and quantitative pre-
dictions of triplet energies may nonetheless fail (see be-
low). To address these shortcomings, this work will in-
troduce an alternative metric based on dynamically eval-
uating the singlet-triplet gap, aiming to provide a more
robust understanding of the underlying processes.

Limitations of the adiabatic model

The prevailing consensus is that energy transfer in
solution occurs through the Dexter mechanism, wherein
sensitization is explained as a simultaneous
intermolecular electron transfer event between donor
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and acceptor molecules (Figure 1, Eq. 1).I" Dexter's
equation,!"® 1" provides a means to assess the rate of
energy transfer (k;) as a function of spectral overlap
integral J. It is generally accepted that the rate of
sensitization primarily relies on the contributions of J,
and for exothermic processes, a substantial spectral
overlap is expected. Consequently, in exothermic
reactions, the reaction rate is anticipated to approach
the diffusion limit, indicating a rapid and efficient energy
transfer. This fundamental assumption also forms the
basis of how triplet energies are assigned from
quenching experiments."

For ethene, the computed adiabatic triplet energy has
been reported as 68.8 kcal/mol using high-level Coupled
Cluster theory, CCSD(T), extrapolated to the complete
basis set (CBS) limit.'S! Using this adiabatic value (as is
commonly practiced), it would be expected that with
common sensitizers such as benzene (Te = 84
kcal/mol),l"® acetone (Te = 81 kcal/mol),"” and
acetophenone (Te = 74 kcal/mol)'” energy transfer
should proceed in a highly exothermic fashion, with
quenching rate constants close to the diffusion limit. To
the best of our knowledge, direct energy transfer to non-
conjugated alkenes has not been successfully reported
in the literature. Evidently, the thermodynamic
favorability of energy transfer considering a substrate’s
adiabatic energy gap does not guarantee sensitization
will take place.
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Figure 1: (Top) Mechanism of Dexter energy-transfer, where kg is the rate of quenching, K describes the orbital interaction
between the donor and acceptor, J represents the spectral overlap integral (Eq. 2), and Rp4/L is a measure of the distance
between the donor and acceptor molecules; (Bottom) Potential energy surface for the E/Z-isomerization of stilbene (A) under

the adiabatic mechanism, (B) under the hot-band model.

Further limitations of the reliance on adiabatic triplet
energies are apparent when scrutinizing the E/Z-
isomerization of alkenes, a pivotal process in both
synthetic chemistry and biological pathways.'""1'8 |n
recent years, there has been a notable surge in interest
in visible light energy transfer as a method for converting

the thermodynamically stable E-alkenes into the
thermodynamically less stable Z-isomer, a process that
is not possible thermally.''” Stilbene (2), a prototypical
substrate for studying E/Z-isomerism (Figure 1), has
been a focal point in both experimental and
computational investigations.!"® Experimental and
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computational studies show that a 90° dihedral twist
occurs in the relaxed triplet state geometries of alkenes,
reducing spin-pair repulsion, as observed in stilbene and
other alkenes.!""”! The E-isomer, being
thermodynamically more stable in the ground state, has
a higher adiabatic triplet energy than the Z-isomer, since
the optimized triplet structure is common to both.
However, the selective isomerization of the E-isomer to
the Z-isomer is observed experimentally using
sensitizers with appropriate triplet energies.'! This
discrepancy between the adiabatic triplet energies and
observed isomerization outcomes underscores the
inadequacy of relying solely on adiabatic models when
exploring intricate, yet fundamental, processes such as
E/Z-isomerization. Recently Kerzing and Gilmour have
arrived at a similar conclusion, using a combination of
in-depth photophysical and computational methods,
suggesting that the triplet energy is located somewhere
between the adiabatic and vertical gaps.'™ In their
groundbreaking work, they show that triplet energies
computed vertically from the S, minima qualitatively
align with experimental observations, however, they still
vastly overestimate tier values.

These observations prompted us to reevaluate the
traditional understanding and approach to modeling
triplet energies. Insight into the discrepancy between
adiabatic triplet energies and triplet energies determined
by quenching rates can be obtained by studying
endothermic processes. While quenching by exothermic
energy transfer is expected to happen with rates close
to the diffusion limit, endothermic processes are
expected to follow the Sandros-Boltzmann equation [3]:

kq

[E(D) — E(A)]

k, =
1+exp|— RT

q

(3]

where, Kk, is the bimolecular quenching rate constant, ky
is the diffusion rate, E(D) is the triplet energy of the
donor, E(A) is the triplet energy of the acceptor, T is the
reaction temperature and R is the universal gas
constant."® This equation serves as the foundation for
evaluating experimental triplet energies based on
quenching studies, as most systems conform to this
relationship. While this model has been well established
for many chemical systems, molecules such as Z-
stilbene have been found to deviate in the endothermic
regime.? To explain this "non-classical" behavior,
proposals involving the notions of "non-vertical" energy
transfer gained popularity within the photochemical
community.??  Despite  their popularity, these
explanations fundamentally challenge the Franck-
Condon principle.

An alternative view is the “hot-band” mechanism, where
energy transfer to molecules in their ground state occurs
through vertical excitation along a vibrational normal
mode, leading to a reduction in the energetic separation
of the So and T: hypersurfaces (Figure 1,B). This
explanation maintains elegance without violating the
Franck-Condon principle. Wagner and Scheve, studying
the “non-vertical’ sensitization to biphenyl in 1977,
reached a similar conclusion but argued that "better

potential energy diagrams are required before the
original concept of non-vertical energy transfer needs to
be completely replaced by the hot-band model"."
Motivated by Wagner and Scheve’s statement, we
hypothesized that advances to algorithms and hardware
since their studies make these models now tractable for
computational investigation. The work to be described
grew out of this assumption.

Dynamic evaluation of triplet energies

The hot-band model stipulates that sensitization
proceeds via vertical excitation along vibrational normal
modes. Previous investigations of non-vertical energy
transfer mechanisms have predominantly focused on
interpolating and quantifying the curvature of the
potential energy surfaces, with particular emphasis on
replicating the shape of the Sandros equation.?? Here,
we propose a different approach by directly extracting
the relationship between the So and T excited states
from direct dynamics trajectory simulations with DFT.
We turned to quasiclassical MD trajectory calculations?®!
to sample vibrational motion and to assess the
distribution of vertical triplet energies over the timeframe
of the simulation(s). These trajectories are initiated in
the region of the ground state minimum. Our approach
does not explicitly consider the minimum energy
structure on the triplet state surface.

Due to the high computational demand of performing
direct dynamics trajectories at the DFT level of theory,
we adopted a practical approach to balance quantitative
accuracy with computational cost. Benchmarking
studies against high-level Coupled Cluster calculations
of adiabatic triplet energies for several organic
molecules indicated the MO06-2X/6-31G(d)//M06-
2X/MIDI!' provides very similar results (MAE = 1.5
kcal/mol) with no appreciable degradation in
performance compared to using quadruple-( basis sets
(MAE = 1.2 kcal/mol) (See Supporting Information).?*
Previous studies have shown that quasiclassical MD
trajectories with the MIDI! basis set are sufficient to
provide accurate results when evaluating ensemble-
averaged molecular properties.”® In this work,
simulations were performed at the M06-2X/MIDI! level of
theory and vertical So-T1 gaps were evaluated on these
non-stationary point structures at the M06-2X/6-31G(d)
level of theory. We used the MILO package!®®
developed by Ess and co-workers, interfaced with
Gaussian 16."! Taking inspiration from aforementioned
related protocols for molecular property prediction
harnessing quasiclassical dynamics trajectories, 25
trajectories were employed for each molecule and the
So-T+ gap was sampled every 8 fs, with total simulation
lengths of 1000 fs.”®! For each of the structures
investigated, this computational protocol generates an
ensemble of triplet energies that are normally distributed.
Details of computational benchmarking studies,
investigations into the effect of sample size, and detailed
statistical assessments of the resulting datasets are
described in the Supporting Information.
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Figure 2: Dynamic evaluation of triplet energies for ethene: (A) cartoon potential energy surface diagram; (B) variation of vertical
triplet energy evaluated across a 1000 fs quasiclassical trajectory calculation; (C) vertical triplet energy as a function of C=C
bond length; (D) normal distribution of triplet energies across 25 trajectories; (E) normal cumulative distribution of triplet energies

across 25 trajectories.

Using ethene as our initial system, the MO06-2X/6-
31G(d)//M06-2X/MIDI! level of theory gives an electronic
(AE) adiabatic triplet energy of 67.3 kcal/mol, while the
electronic vertical triplet energy from the relaxed ground
state singlet geometry is 106.8 kcal/mol. These findings
align well with previous literature reports, which indicate
adiabatic and vertical triplet energies of 68.8 and 104.1
kcal/mol,!"® respectively, at the CCSD(T)/CBS level of
theory. Nevertheless, in experimental studies the triplet
energy of ethene was estimated to be 84.0+2.5 kcal/mol
using magnetically perturbed So-T4 absorption
spectroscopy.l'® Notably, both the adiabatic and
vertically determined ab initio triplet energies exhibit
errors in greater than 16 kcal/mol in comparison to this
experimental value. The computed Gibbs free adiabatic
triplet energy (AG) of 63.1 kcal/mol, which is routinely
used in the estimation of triplet energies, was found to
perform worse, with an absolute error of 20 kcal/mol.l?!

In evaluating the vertical So-T1 gap, we observed
significant fluctuations throughout our simulations
(Figure 2B). Collating these computed vertical energies
obtained across all 25 simulated trajectories, we found
that the So-T+1 gap followed a normal distribution ranging
from 70 to 130 kcal/mol (Figure 2D). A fitted
Gaussian/normal distribution yielded a mean (y) of
103.5 kcal/mol with a standard deviation (o) of 9.1.
Interestingly, the experimentally determined triplet
energy of 84 kcal/mol falls within the range of this
dynamically evaluated distribution. To investigate the
source of variation in the vertical So-T+ gaps, we
examined the correlation between structural parameters
and the vertical So-T1 gap. Among those considered, the
stretching and compression of the C=C bond exhibits a
strong linear inverse correlation (R? = 0.95) while other
distances, angles, and dihedrals were weakly correlated
(Figure 2C). The vibrational distortion of the central C=C

bond predominantly contributes to the origin of
dynamically distributed triplet energies: for longer
distances we expect smaller spin-pair repulsion in the
triplet state. The experimental value (84 kcal/mol)
corresponds to a central C=C bond stretched to
approximately 1.41 A, representing an increase of 0.08
A relative to its equilibrium length of 1.33 A, and closer
to the 1.46 A equilibrium geometry of the T, state.

In the framework of the hot-band model, sensitization
proceeds through normal mode vibrational distortions.
To maximize energy transfer rates, a sufficiently high
population of vibrationally distorted species is required,
wherein energy transfer is formally exergonic upon
encounter complex formation with the sensitizer. To
visualize the population as a function of vertical Te gap,
the cumulative normal distribution function provides a
more effective representation (Figure 2,E). Based on
this analysis, we find that around 1-2% of the total
population will have a vertical singlet-triplet energy gap
equal to or less than the experimentally determined
triplet energy of 84 kcal/mol.

Understanding the significance of the tail-end, rather
than the mean value, of this distribution can be
qualitatively understood within the context of the Dexter
overlap integral (egs 1-2 in Figure 1). Here, the acceptor
excitation So-T1 spectrum intersects the donor
phosphoresce at the lower energy end of the distribution.
The significance of the empirically determined
population can be reconciled by comparison with the
Sandros-Boltzmann equation [3].2% Using this equation,
when the triplet energy of the donor molecule matches
the acceptor, the rate of quenching occurs at half the
diffusion limit. A diffusion rate in the range of 10'°-10"
M's' depending on the solvent-medium viscosity,
corresponds to a formal activation energy barrier of 3 to
4 kcal/mol at room temperature (from transition state
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theory).?®! According to the Boltzmann population
equation [4], it is expected that, at any given moment,
0.5-2% of the population (p) has enough energy to
overcome the “activation energy barrier’. This
observation aligns well with our simulations, in which the

vertical triplet energy calculations, we can more
accurately calculate the triplet energy for the critical
population point of half the diffusion limit.

AG

. . . p=e KT [4]
experimentally determined value includes 2% of the
overall population. The calculation of triplet energy can (T ) 1 fTE U w? ar s
. T . . . . . = g
be refined by utilizing the cumulative distribution function P(Tel o o2 oy € E (5]
(CDF) [5], specifically for the population that
corresponds to half of the diffusion limit. By extracting
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Figure 3: Comparison of computed triplet energies for a series of organic compounds against experimentally determined triplet
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To investigate the applicability of this approach more
broadly, we conducted trajectory simulations for 20
organic substrates with various functional groups,
including simple alkenes (1,3-4), cyclic alkenes (5-7,8),
conjugated alkenes (2,8-9,10-13), alkynes (14), diazines
(15), as well as aromatic molecules (16-19).l'630 The
dynamically-generated results are shown alongside
adiabatic triplet energies at the same level of theory and
experimentally determined values (Figure 3). Strikingly,
the widely used adiabatic model is only modestly
correlated with experiment (R? = 0.58) with a large mean
absolute error (MAE) of 8.3 kcal/mol. Closer
examination revealed significant errors for simple
alkenes, with ethene displaying the largest error of 20.1
kcal/mol. This trend persisted across all simple alkenes
(1, 3-7), decreasing for more constrained (i.e., less
flexible) structures. The adiabatic prediction for
norbornene (7) has the lowest error (4.1 kcal/mol), still
greater than the experimental uncertainty of 1.5 kcal/mol.

Conversely, conjugated alkenes (2-E/Z, 8-13)
demonstrated improved performance, with errors as low
as 1.5 kcal/mol for indene (9). However, notable errors
persisted, with E-B-methyl styrene (10) and Z-B-methyl
styrene (11) displaying errors of 6.1 and 14.3 kcal/mol,
respectively. Similarly, Z-stilbene (2-Z) and styrene (8)
also performed very poorly, with errors of 11.7 and 5.9
kcal/mol, respectively. Dienes such as isoprene (12)
also gave an error of 6.0 kcal/mol. On the other hand,
cyclohexanone (13), a common motif in recent visible
light energy transfer synthetic methods, was found to
also perform reasonably well, leading to an error of 2.9
kcal/mol.l""! Dimethyldiazine (15) performed poorly with
an 11.8 kcal/mol error. The lowest error was obtained for
azulene (18), which was found to be 0.8 kcal/mol.
Surprisingly, other simple aromatic systems such as
benzene (16), naphthalene (17) and biphenyl (19)
exhibited errors of 4.6, 5.2 and 5.3 kcal/mol respectively.
Collectively, these findings underscore the limitation of

https://doi.org/10.26434/chemrxiv-2024-zt9wc ORCID: https://orcid.org/0000-0001-8565-7201 Content not peer-reviewed by ChemRxiv. License: CC BY-NC 4.0


https://doi.org/10.26434/chemrxiv-2024-zt9wc
https://orcid.org/0000-0001-8565-7201
https://creativecommons.org/licenses/by-nc/4.0/

a reliance on the computed adiabatic gap for assessing
triplet energies, and highlights potential pitfalls in
substrate design for sensitization or as a basis for
mechanistic conclusions. Adiabatic analyses with larger
basis sets and various levels of theory, including
coupled cluster (DLPNO-CCSD(T)/cc-pVTZ//M06-2X/6-
31+G(d,p)): R? = 0.69; MAE = 8.0 kcal/mol) and
multireference methods (NEVPT2:CASSCF/cc-
pVTZ/IM06-2X/6-31+G(d,p): R? = 0.53; MAE = 7.6
kcal/mol) do not change this assessment (see
Supporting Information).
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Figure 4: Violin plots of dynamic vertical triplet energy
distributions for several alkenes, aromatic and E/Z-
substituted and other compounds.

In contrast, the dynamic evaluation of triplet energies
significantly outperforms adiabatic predictions, yielding
a smaller MAE of 2.1 kcal/mol and a correlation
coefficient, R? = 0.96. A population cutoff 0.8% was
empirically-determined. In general, dynamic vertical
triplet energies consistently outperform adiabatic
measurements, except for azulene (13), where DvTE
underpredicted the experimental measurements by 2.5
kcal/mol. The largest gain in accuracy was obtained for

simple alkene systems, where adiabatic values perform
poorly. In all cases, DvTE’s were found to significantly
outperform the adiabatic values, leading to large
decreases in computed errors ranging from 20.9-4.1
kcal/mol down to 2.9-0.4 kcal/mol. The largest deviation
was tetramethylethene (4: 78.7 kcal/mol) when
compared to the experimental value of 75.8+2.1
kcal/mol, however even in this case the computed error
of 2.9 kcal/mol was found to be close the experimental
reported uncertainty of 2.1 kcal/mol. For other systems
where the adiabatic model also performed poorly, such
8, 12, 14 and 17 and 19, DvTE predictions lead to
substantial improvements. Additionally, systems that
performed well using the adiabatic model, such as 9 and
13 also saw modest improvements in predictive
accuracy. Notably, DvTE results are consistent with
triplet energies for E/Z-isomerization processes, where
we correctly identify that isomers (11, 2-Z) possess
higher triplet energies than their corresponding E-
isomers (10, 2-E). Additionally, DvTE values show
increased predictive accuracies compared to the
adiabatic model, particularly for the Z-isomers. For
instance, 11 showed a decrease in absolute error from
14.3 to 1.2 kcal/mol, while 2-Z improved its accuracy
from 11.7 to 3.7 kcal/mol.

To gain a deeper understanding of how structural effects
influence their vertical triplet energies, the dynamic
distributions for several structures are compared in
Figure 4. It is apparent that both the centers and the
width of these distributions vary across the different
compounds both influencing the energy at which energy
transfer can occur. For example, the triplet energy
distributions for ethene, cyclohexene, cyclopentene and
norbornene all have similar width (o values of 9.1, 9.7,
9.3, and 8.7 kcal/mol), while cyclohexanone, has both a
smaller mean (u = 77.1 kcal/mol) and a much a narrower
distribution (o = 4.6 kcal/mol) as a result of extended T-
conjugation. The means of the alkene distributions
(103.5, 101.7, 101.1, and 95.9 kcal/mol, respectively)
are correlated with their triplet energies, suggesting that
the variation is mainly electronic (i.e., rather than
dynamic) in nature. Compared to these alkenes,
aromatic compounds such as benzene, naphthalene,
and azulene produce narrower distributions (0 =6.7, 6.5,
and 4.8, respectively), tightly clustered around the mean.
Finally, a comparison of E and Z alkene-substituted
systems revealed that for both stilbene and f-
methylstyrene compounds, the differences between
their corresponding cis and trans structures were mainly
observed in the position of their means. For instance, in
E-stilbene, the y is 80.1 kcal/mol with a o of 8.7, while
the Z-analogue exhibits a significantly lower y of 72.1
kcal/mol and a modestly smaller o of 8.3. A similar
pattern is observed in E-B-methylstyrene (u = 88.8
kcal/mol, o = 8.7) and Z-B-methylstyrene (u = 83.8
kcal/mol, o = 8.5). These findings align with the ongoing
interpretation of Z-substituted systems, where the
decreased conjugation between the phenyl substituent
and the alkene chromophore leads to a substantial
change in the mean.
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Further applications of the approach

The description of a molecule’s triplet energy as
emerging from an ensemble of structures sampled by
vibrational motions, as opposed to a stationary
geometry, has implications beyond ftriplet energy
prediction. Since the effects of changes in temperature
and isotopic masses can be captured by the
dynamically-averaged triplet energy distribution, we
expect this approach will be useful to understand their
role in energy transfer processes. Further, we also
believe that efforts to develop endergonic energy
transfer processes can be informed our approach. For
example, recent investigations from the Glorius group
highlight the amenability of benzothiophene (20) to
triplet sensitization using photocatalysts with triplet
energies more than 5 kcal/mol lower than the
substrate.B"! Both the computed DvTE (70.0 kcal/mol)
and adiabatic Te (73.1 kcal/mol) were found to align well
with the experimentally determined Te of 68.7+0.4
kcal/mol.®? Examining the vertical Te distributions
revealed a wide range of energies, as indicated by the
standard deviation o = 7.1 for the fitted normal
distribution. Within this observed range of vertical triplet
energies, values were found to go as low as 60 kcal/mol
— a window that falls within the photocatalyst range of
63-65 kcal/mol known to enable sensitization (Figure 4).
This suggests that the discovery of substrates with large
o-values in their DVTE distributions may open avenues
for discovering and assessing novel endergonic
sensitization reactions.

Effect of Molecular Confinement
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Figure 5: Hypothesized effect of confinement on the
distribution of vertical triplet energy gaps.

Building on this interpretation, it becomes apparent the
importance of considering triplet energy as a distribution of
states rather than a singular value. This perspective opens
up discussions about how extrinsic factors might affect the
distribution of states by influencing the dynamic behavior of
the molecule. A prime example is the effect of molecular
confinement. Confining molecules may induce additional
anharmonicity in the vibrational modes, impacting the o-
value of the vertical distributions (Figure 5). Notable
scenarios include sensitization within the active site of an
enzyme,l®l in supramolecular complexes,®® or in chiral
photosensitizers that rely on hydrogen bonding.[>dI7]

These considerations open the doors to an additional
dimension for reaction optimization.

Model limitations and performance

The dynamic approach to triplet energy evaluation gives
a pronounced improvement in predicting experimental
values (the MAE is reduced from 8.3 kcal/mol to 2.1
kcal/mol), but there are certain practical limitations. One
limitation of this model is that it omits contributions from
the orbital overlap contributions,®34  while also
assuming that the diffusion-limited rate constant is the
same for all molecules studied. Further, the
computational demand is increased relative to adiabatic
calculations using ground-state structures. Under the
proposed protocol, 6250 single-point energy
calculations are performed on snapshots from
quasiclassical trajectory calculations. Moderately large
systems like Z/E-2 require approximately 1000 CPU
core hours using our computational resources.
Despite the current computational protocol not being
conducive to high-throughput screening campaigns, we
anticipate that ongoing advancements in machine
learned potentials may streamline the process for
dynamically evaluating triplet energies.®! Nevertheless,
we firmly believe that this new methodology enhances
our fundamental understanding of the sensitization
process and is well-suited for single-use scenarios
where in-depth mechanistic understanding is crucial for
designing better sensitization reactions. For instance,
using ethene as an example, a 20 kcal/mol error for
adiabatic interpretation is significantly high to miss
assess the likelihood of ease of energy transfer, and
E/Z-isomerization would predict the wrong product
formation, inconsequential of the chosen level of theory.

CONCLUSIONS

In summary, we have proposed a novel approach and
metric for evaluating triplet energies. This metric, based on
the hot-band model of energy transfer, offers a significant
improvement over the commonly used adiabatic model,
reducing the mean absolute error (MAE) from 8.3 kcal/mol
to 2.1 kcal/mol. Given the considerable uncertainties
associated with adiabatic predictions, we strongly
recommend utilizing the computed DvVTE instead.
Additionally, we envision that the analysis of triplet energies
obtained from molecular dynamics as a distribution of
states, rather than a singular value, may enable the
discovery of new ways of controlling triplet energy, while
also facilitating the identification of molecules amenable to
endergonic energy transfer.
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