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ted photoacid to capture and
directly release a Lewis acid: application to CO2

photorelease

Berk Delibas,a Sumit Sahu,a Dani Cotton,a Hayden Harkins,b Andrew S. Petit, b

Joaqúın Rodŕıguez-López cd and Jahan M. Dawlaty *a

Controlling reactivity using light remains an important goal in chemistry. Since acid–base reactions are

central to nearly all chemical phenomena, photoacids are important molecules for controlling reactivity.

Conventional photoacids release protons upon excitation or generate a Lewis acid through light-induced

structural changes. Here, we report a conceptually different mechanism of Lewis photoacidity that

leverages the excited-state mechanisms of a Brønsted photoacid. It is well known that the Brønsted

photoacid 2-naphthol releases a proton upon light absorption and converts to 2-naphtholate. We show

that 2-naphtholate binds the Lewis-acidic CO2 in the ground state and releases it upon photoexcitation.

Through experimental and computational studies, we demonstrate that the spectroscopic characteristics

and Förster cycle of this process are remarkably similar to those observed for proton release from 2-

naphthol. This strategy provides a new approach for designing systems for reversible CO2 capture and

release and has potential for photochemistry of Lewis adducts beyond CO2.
Introduction

Control over reactivity using external stimuli remains a central
goal of modern chemistry. Among the available stimuli, light is
uniquely powerful due to its versatility. Light can be used to
trigger reactions with controlled timing,1–4 is available as
renewable energy in sunlight,5–9 and enables a wide range of
photochemical transformations.10–12 Photoacids are particularly
attractive in this context. Upon irradiation, this class of mole-
cules undergoes an increase in acidity that can drive acid-
dependent chemical reactions.13 Several strategies have been
developed to achieve photoacidity. First is the class of photo-
acids that undergo major structural changes that lead to more
acidity,14–19 for example merocyanines that undergo excited
state photoisomerization.20 Second is the class of excited state
photoacids, such as naphthols and pyrenols,21,22 where the
molecule is more acidic in the excited state, without major
structural changes.

While photoacids are most commonly discussed in terms of
proton release, they can also be considered in the broader
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context of Lewis acidity. Such systems are known as photo-Lewis
acid generators (PHLAGs).19,23,24 Upon excitation, PHLAGs typi-
cally undergo irreversible structural changes that result in the
release of a Lewis acid. The liberated Lewis acid can then
increase the acidity of the solution through interactions with
the solvent or directly participate in chemical
transformations.25–27

In recent years, signicant efforts have been devoted to
overcome the high energy requirement for CO2 release by using
various stimuli including redox reactions triggered by elec-
trodes,28,29 humidity swings,30 microwave irradiation,31 pH
swings,32 and light.33–37 Among these strategies, light-triggered
CO2 release is particularly appealing. Recently, merocyanine
photoacids have been used by us and others13,35,38,39 for the
reversible capture and release of CO2. Merocyanine releases
a proton upon photoexcitation, which acidies the solution,
and shis the CO2 capture equilibrium towards release (Fig. 1,
upper panel). Similarly, photobases have also been explored for
light-controlled CO2 capture and release.13,34,40

Here, we establish a general framework for reversible capture
and release of Lewis acids using a canonical Brønsted photo-
acid. It is well-known that the Brønsted photoacid 2-naphthol
can release a proton upon light absorption and convert to 2-
naphtholate.41–45 We show that the Lewis acidic CO2 coordinates
with 2-naphtholate and, analogous to a proton, can be directly
ejected upon photoexcitation (Fig. 1). In this work CO2 serves as
a representative Lewis acidic molecule, but the conceptual
framework is general and can in principle be extended to other
Lewis acids. We provide experimental and computational
Chem. Sci.

http://crossmark.crossref.org/dialog/?doi=10.1039/d6sc02183b&domain=pdf&date_stamp=2026-05-30
http://orcid.org/0000-0002-9428-3499
http://orcid.org/0000-0003-4346-4668
http://orcid.org/0000-0001-5218-847X
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6sc02183b
https://pubs.rsc.org/en/journals/journal/SC


Fig. 1 Two approaches for using light to release CO2. In the top panel,
light releases a proton from ametastable Brønsted photoacid inducing
a pH swing, which in turn affects the CO2 equilibrium with the
absorption agent. In the bottom panel we demonstrate our concep-
tually distinct approach, where CO2 is adsorbed directly on the
conjugate base of a Brønsted photoacid. We show that the photo-
chemistry of proton ejection and CO2 ejection are quite similar,
thereby allowing direct photorelease of CO2.
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evidence for the thermodynamic feasibility of this process by
constructing its Förster cycle and computationally demon-
strating that excited state CO2 release has a small energy barrier.
Furthermore, both experiment and theory reveal surprising
spectroscopic and thermodynamic similarities between 2-
naphthol and the 2-naphtholate-CO2 adduct.

The simplicity of this approach makes it a promising plat-
form for exploring Brønsted photoacids as systems capable of
direct Lewis acid release. Previous work by us had shown
analogies between Brønsted and Lewis photobases.46 The use of
this approach may open new paths for interesting chemistries
enabled by light-triggerable Lewis acid release beyond CO2.47
Results and discussion
Characterization of the relevant species

We examined three substituted naphthols, 2-naphthol, 6-
bromo-2-naphthol, and 6-methoxy-2-naphthol, for the reactivity
of their conjugate bases towards CO2 in tetrahydrofuran (THF).
We have selected THF as our choice of solvent. THF was selected
due to its ability to dissolve all the relevant chemical species
(naphthols, naphtholates, and naphthylcarbonates) and its
general unreactivity. Several other solvents such as DMSO,
acetonitrile, triethylamine, and toluene were tried. However,
THF proved to be the most suitable.

As shown in Fig. S14 in the SI, 6-methoxy-2-naphtholate is
expected to have the highest affinity towards making an adduct
with CO2, which we attribute to the electron donating nature of
the methoxy group. Further details on the ground state stability
of these adducts can be found in Section S5 in the SI. Therefore,
we will use 6-methoxy-2-naphthol as the molecule of choice for
the experiments presented here. For ease of notation, 6-
Chem. Sci.
methoxy-2-naphthol, 6-methoxy-2-naphtholate, and 6-methoxy-
2-naphthylcarbonate will be referred to as naphthol (NpOH),
naphtholate (NpO−), and naphthylcarbonate (NpOCOO−)
respectively for the rest of the paper.

Fig. 2 presents the reaction scheme and the FTIR, NMR, UV-
vis, and uorescence results for all relevant species. The FTIR
spectrum (Fig. 2b) of NpOH (black dotted line) shows charac-
teristic ring modes at ∼1608 and ∼1616 cm−1 for aromatic
alcohols. Computational analysis, discussed in more detail
below, suggests that the –OH bending mode is strongly coupled
to these ring modes. The characteristic –OH stretch mode
appears at ∼3290 cm−1 (see inset, Fig. 2b). These features are in
good agreement with assignments in the literature.48 Upon
deprotonation and formation of the NpO− (blue dashed line),
the –OH stretch mode is lost as expected. The ring modes of the
NpO− shi to lower frequencies relative to NpOH and overlap
with other peaks as shown in Fig. S3 in the SI. Additionally
a characteristic –CO stretch mode for NpO− is observed at
∼1591 cm−1. Aer introducing CO2 and forming NpOCOO−,
a large and distinctive peak at around ∼1700 cm−1 is observed.
This peak is well known33,49 as the characteristic asymmetric
stretch mode of the attached CO2 fragment. In a previous study
by our group we have established a correlation between the pKa

of alcohols and the frequencies of their carbonates.33 Based on
the pKa of naphthol, our measured carbonate frequency
matches the previously established trend (Fig. S5 in the SI). The
spectrum of NpOCOO− shows that there is some leover
quantity of NpO−, as evidenced by its characteristic peak at
∼1591 cm−1. Surprisingly, we observed that the features asso-
ciated with the NpOCOO− ring mode (∼1607 cm−1) almost
perfectly matched that of NpOH. This phenomenon, while
unexpected, strongly suggests that the naphthalene ring is
mostly agnostic to whether a Brønsted acidic proton or a Lewis
acidic CO2 is attached to the oxygen. It is important to note that
ring mode at 1618 cm−1 is missing for NpOCOO−. We attribute
this fact to the lack of an –OH mode to couple with the ring
modes in NpOCOO−.

As described in more detail in Table S6 in the SI, our
calculated harmonic vibrational frequencies provide additional
support for the assignment of the FTIR spectra. Specically, at
the harmonic level, the highest-frequency bright ring modes of
NpOH and NpOCOO− are very close to each other at 1680 cm−1

for NpOH and in a range of 1673–1679 cm−1 for NpOCOO−.
However, the corresponding mode of NpO− is signicantly red-
shied at 1653–1660 cm−1. Note that the range of frequencies
mentioned above for anionic species corresponds to the pres-
ence and absence of the Na+ counter-ion coordination and their
conformers. The Na+ is present in the system because it is
produced from the NaH reagent used to deprotonate NpOH. For
this reason, in the simulation of all anions, we have considered
both scenarios with and without explicit Na+ ion pairing.
Finally, we speculate that the experimental width of the
carbonate stretch mode reects, in part, variability in the
solvent environment and position of the Na+ counter ion.
Therefore, in this work we will be reporting the values for the
species with explicit contact pairing with Na+.
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Experimental reaction scheme (a) for 6-methoxy-2-naphthylcarbonate formation and FTIR (b), 1H NMR (c), UV-vis (d), and fluorescence
(e) spectra of each component of the reaction. 6-Methoxy-2-naphthol, 6-methoxy-2-naphtholate, and 6-methoxy-2-naphthylcarbonate in
THF are depicted as black dotted lines, blue dashed lines, and red solid lines respectively.
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To further establish the identity of the species, we present 1H
NMR (Fig. 2c) data. NpOH (black dotted line) yields a distinct –
OH proton at 8.17 ppm and ring protons ranging from 7.54 to
6.89 ppm. As expected, upon formation of the NpO− (blue
dashed lines) the feature assigned to the –OH proton di-
sappeared. Ring protons of NpO− are up-shied due to the
more negative charge on the ring. Upon forming NpOCOO− (red
solid line), the signal due to ring protons appears as broad
peaks at a chemical shi that is in between that of NpOH and
NpO−. Importantly we do not see any signcant –OH proton
feature upon formation of the NpOCOO− conrming that it is
not signicantly contaminated with NpOH. Even though two
species (NpOCOO− and unreacted NpO−) are present, as evi-
denced by the FTIR experiments, the 1H NMR spectra show one
set of peaks, which is likely due to the well-known fast exchange
effect in NMR.50,51 The large width of these peaks could be
explained by the inhomogeneity of their highly ionic
© 2026 The Author(s). Published by the Royal Society of Chemistry
environments. The exact splittings on the NpO− and especially
NpOCOO− are not assignable due to signicant broadening of
the spectrum and overlap of signals.

Next, we show the UV-vis spectra of all three species (Fig. 2d).
The NpOH spectrum (black dotted line) closely matches the
photoacidic La band of various naphthols in the literature.52 The
NpO− spectrum (blue dashed line) is red-shied relative to
NpOH which is consistent with the literature.52 The NpOCOO−

spectrum (red solid line) resembles that of NpOH, with features
in the shorter wavelengths. As supported by the FTIR data
shown above, the NpOCOO− solution also contains unreacted
NpO−. Correspondingly, the NpO− peak is observed in the UV-
vis spectrum. However, this peak is slightly shied and broad-
ened with respect to the pure NpO− spectrum, which is likely
due to the highly concentrated and ionic nature of the solution.
We also observed a similar phenomenon when we intentionally
mixed 2-naphthol and 2-naphtholate (SI Fig. S6).
Chem. Sci.

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6sc02183b


Chemical Science Edge Article

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

2 
M

ay
 2

02
6.

 D
ow

nl
oa

de
d 

on
 6

/1
2/

20
26

 4
:0

4:
17

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
We computationally explored the energetics and the elec-
tronic structure of the low lying electronic transitions for the
relevant species in Fig. 2d. We note that different conformers of
the species as well as the ion pairing with Na+ in the solvent
environment yielded different vertical excitation energies.
These effects can be observed more clearly in the computational
values reported in Tables S11 and S12 in the SI. We have
calculated the S0 / S1 vertical excitation energies of NpOH,
NpO− and NpOCOO− to be 3.81, 2.88–3.24, and 3.90–3.99 eV,
respectively. As noted before, the range of energies corresponds
to the presence and absence of Na+ and its conformers. We note
the similarity in vertical excitation energies between NpOH and
NpOCOO−. This similarity is consistent with the experimental
results shown in Fig. 2d.

Finally, we present the emission spectra in Fig. 2e. Since the
NpOCOO− sample has unreacted NpO−, we chose 300 nm as
our excitation wavelength since it has a small overlap with
NpO− absorption but signicant overlap with NpOCOO−. We
used 300 nm excitation for all three species to keep the excita-
tion energy constant between experiments. The NpOH (black
dotted line) and NpO− (blue dashed line) emissions have peaks
at around 380 nm and 431 nm respectively and match well with
values from the literature.52 For NpOCOO− (red solid line) we
observed two peaks in our emission data at 375 and 413 nm.
These emissions are assigned to NpOCOO− and NpO− respec-
tively, consistent with other characterization studies discussed
above. The channels for these emissions will be discussed later
in the paper with additional computational evidence. As with
the UV-vis spectra, the uorescence assigned to NpOCOO− is
remarkably similar to that of NpOH. Calculations reported in
Table S11 in the SI support our assignments of the vertical S1/
S0 transition energies for NpOH, NpO−, and NpOCOO− as 3.38,
2.50–2.83, and 3.17–3.53 eV, respectively, with the range of
energies corresponding to the presence and absence of Na+ and
Fig. 3 The natural transition orbitals (NTOs) (a) for the S0/ S1 transition o
geometry and plotted with an isovalue of 0.06. Scheme (b) shows the
Brønsted and Lewis photoacid mechanisms show nearly identical behav

Chem. Sci.
its conformers. We again note that vertical transition energies
for emission between NpOH and NpOCOO− are very similar
compared to that of NpO−.

In analyzing the emission spectrum of NpOCOO−, we note
that the NpO− emission in this sample appears as a shoulder
and is signicantly blue-shied compared to pure NpO−. Since
only the emission of NpOCOO− is required to construct the
Förster cycle, further explanation of this effect is not needed.
Possible reasons for the blue shied NpO− peak are discussed
in Section S2.3 in the SI.

The other molecules, 2-naphthol and 6-bromo-2-naphthol,
also exhibited similar trends in their spectra which is sup-
ported by computational results that reveal similar patterns in
the harmonic vibrational frequencies, vertical and adiabatic
energy gaps, and natural transition orbitals between all of the
systems. Further information on their spectra can be found in
Section S5 in the SI.
Construction of the Förster cycle for napthylcarbonate

Fig. 3a presents the natural transition orbitals (NTOs) associ-
ated with the S0 / S1 transition for all 3 species at the ground
state optimized geometry. For all three molecules, the electronic
transitions show a clear p / p* character. Analysis shown in
Fig. S22 and S25 in the SI reveals that the electronic character of
the S1 state is largely unaffected by the presence or absence of
a Na+ ion. Importantly, we note that the NTOs of NpOH and
NpOCOO− are remarkably similar. This is consistent with our
previous analysis where we showed that NpOCOO− and NpOH
have very similar spectroscopic signatures. Collectively, our
analysis shows that the inuence of the Lewis acidic CO2 on the
electronic structure of the rings is similar to the inuence of the
Brønsted acidic proton. Therefore, we postulate that the
mechanisms which govern the naphthol Brønsted photoacidity
will be similar to those of Lewis photoacidity.
f NpOH, NpO−Na+, and NpOCOO−Na+ at the ground state optimized
Förster cycles for Brønsted and Lewis photo-acidic naphthols. Both
iour as proved experimentally and computationally in this work.

© 2026 The Author(s). Published by the Royal Society of Chemistry
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To demonstrate the photoacidity of the Lewis adduct, we use
the above experimental and computational results to construct
the Lewis Förster cycle for the NpOCOO− and NpO− pair. We
show that similar to the thermodynamic drive for NpOH to
release its proton in the excited state, NpOCOO− also has the
drive to release its CO2 in its excited state. For constructing the
Lewis Förster cycle for the NpOCOO− and NpO− pair, we make
assumptions similar to those made for the canonical Brønsted
Förster cycles.41,53

Fig. 3b shows the Lewis Förster cycle along with the Brønsted
Förster cycle for comparison. The adiabatic energies have been
experimentally estimated by nding the intersection points
between the absorption and emission spectra, which is a stan-
dard method in the eld of excited state proton transfer.53 The
details are reported in Section S3 in the SI. Computational
adiabatic energies are found by evaluating E00 = E00

(S1) − E00
(S0),

where E00
(S0) is the ground state energy calculated at the S0-

optimized geometry while E00
(S1) is the energy of the S1 state

calculated at the excited state optimized geometry. Using both
the adiabatic energies for NpOCOO− and NpO−, the difference
in pKCO2

between the ground and excited states can be calcu-
lated using the following equation:

DpKCO2
¼ pK*

CO2
� pKCO2

¼ E
NpO�
00 � E

NpOCOO�
00

2:303RT
(1)

Note that a negative sign of DpKCO2
corresponds to an

increased drive for CO2 release in the excited state.
Because the adiabatic energy gaps for NpOH and NpOCOO−

are similar in THF at room temperature, the experimental DpKa

z −6.3 and DpKCO2
z −6.7 are similar. Importantly, DpKCO2

is
signicantly less than 0, demonstrating that this molecule is
a Lewis photoacid with a thermodynamic driving force to
release CO2 upon photoexcitation. As shown in Table S17 in the
SI, our computational analysis also demonstrates Lewis pho-
toacidity, although we overestimate the magnitude of the ther-
modynamic driving force with calculated DpKa = −9.33 and
DpKCO2

= −11.93. The computational overestimate is likely due
to lack of explicit solvation and an ionic environment. For
example, if we neglect the presence of a contact ion pair with
Na+, the deviation from the experiment becomes even larger.

We now consider the physical insight into the origin of the
photorelease of CO2 from NpOCOO−. The NTOs shown in
Fig. 3a indicate that the S0 / S1 electronic excitation shis
electron density away from the oxygen atom that binds the CO2,
weakening the dative bond that holds the Lewis adduct
together. Löwdin population analysis using the transition
density matrix reported in Tables S20 and S21 in the SI conrms
loss of electron density at this oxygen atom for both NpOH and
NpOCOO− aer the electronic excitation. Additional insights
into the photoacidity of NpOCOO− are achieved using energy
decomposition analysis (EDA) summarized in Fig. S32 and
Table S22 in the SI. Photoexcitation reduces Pauli repulsion,
stabilizing the Lewis adduct. However, all attractive intermo-
lecular interactions decrease in magnitude with electronic
excitation. This is especially true for the polarization and clas-
sical electrostatics components of the interaction energy.
© 2026 The Author(s). Published by the Royal Society of Chemistry
Overall, the stabilization caused by reduced Pauli repulsion is
overwhelmed by the collective weakening of all attractive
components of the interaction energy, resulting in weaker
dative bonding in the S1 state than in S0.
Direct photorelease of CO2 from naphthylcarbonate

The Förster cycle presented in the previous section proves
a favorable thermodynamic driving force for CO2 release in the
excited state. However, the existence of a thermodynamic
driving force does not prove that the process is kinetically
feasible. For example, if excited state CO2 release involves
a substantial energy barrier, Lewis photoacidity may not kinet-
ically compete with other decay channels. In this section, we
present evidence that the barrier for CO2 release in the excited
state is small and that photorelease of CO2 can be achieved
experimentally.

Fig. 4a compares reaction coordinate diagrams for CO2

release from NpOCOO− on S0 (gray) and S1 (red) potential
energy surfaces. Excitation to S1 signicantly increases the
thermodynamic driving force for CO2 release while also
reducing the transition state barrier. The presence of an
approximately 3 kcal mol−1 barrier for the excited state allows
CO2 release but also ensures uorescence from NpOCOO−.
Importantly, this is consistent with the experimental observa-
tion of emission from NpOCOO−. It is worth noting that in the
absence of a contact ion pair, no barrier for CO2 release is
observed in the calculations (SI Fig. S36). Fig. 4b shows poten-
tial energy curves for the S0, S1, and T1 states along the pathway
for light-driven release of CO2 from NpOCOO−. These geome-
tries were obtained from a relaxed scan stretching the C–O
dative bond on S1. This analysis demonstrates that CO2 release
is adiabatic, with the S0 and T1 states remaining well-separated
from S1 throughout. Additional analysis shown in Section S5 in
the SI indicates that no higher-lying singlet or triplet states
become close in energy to S1 as the dative bond is stretched.
Importantly, the adiabaticity of the excited-state CO2 release is
consistent with the experimental observation that excitation of
NpOCOO− results in emission from NpO− once CO2 is released
in the excited state. Even though we do not have absolute
experimental evidence that the NpO− emission arises from
NpOCOO− that has lost its CO2 in the excited state, the fact that
we have signicant NpO− emission along with NpOCOO− hints
that such an emission channel is possible.

Next, to prove photorelease of CO2, we used a sealed FTIR
cell containing either the 6-methoxy or the unsubstituted 2-
naphthylcarbonate solution in THF and 10% (v/v) triethylamine
(TEA) solution. TEA was used to stabilize the carbonate and
limit the effects of water contamination. The cell was illumi-
nated with 340 nm LED light while the FTIR spectra were being
continuously measured. We tracked the carbonate peak of the
NpOCOO− to measure its concentration in cycles of light on and
off (Fig. 5). For both samples we observe sharp decreases in
carbonate peak intensity upon irradiation, which shows that the
NpOCOO− adduct breaks with light. Importantly, we also
observed the regeneration of the NpOCOO− peak during the
dark parts of the cycles. In the experiments shown there is an
Chem. Sci.
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Fig. 4 Panel (a) compares the reaction coordinate diagrams for CO2 release from NpOCOO− + Na+ on S0 (gray line) and S1 (red line) as
calculated at the uB97M-V/def2-QZVPD//uB97X-D/def2-SVPD level of theory with a ROKS treatment of the excited state. Panel (b) shows
potential energy curves associated with stretching the dative bond in NpOCOO− + Na+, RC–O, for the S0, S1, and T1 states. The geometries were
obtained from a relaxed scan performed on S1 using the ROKS-uB97X-D/def2-SVPD level of theory while the energies were evaluated using
ADC(2)/def2-TZVPD. Insets show representative geometries along the scan.

Fig. 5 Relative change in naphthylcarbonate concentration with respect to time for 6-methoxy-2-naphthylcarbonate (a) and 2-naphthylcar-
bonate (b) in THF. The cyan shade corresponds to irradiation with 340 nm light and dark shade corresponds to no illumination. A clear decrease in
carbonate concentration upon irradiation with light and recovery of carbonate concentration in the dark is observed.
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overall decrease in carbonate concentrations as not all the
carbonate is regenerated once the light is turned off. We attri-
bute this to the following. The FTIR cells used in the experi-
ments are not completely airtight. Therefore, some of the
released CO2 is able to escape the solution and is unable to be
recaptured. Additionally, water contaminates the system over
time, reducing the available naphtholates to recapture the CO2

in the absence of a strong enough base. However, we propose
that it may be possible to use this approach even in aqueous
media. Further discussion about this topic can be found in
Section S2.4 in the SI. Photobleaching under irradiation is also
possible. However, we do not believe that this is the driving
factor for the irreversibility in our system.
Chem. Sci.
The above results both point to not only the existence of
a thermodynamic driving force for the photorelease of CO2 but
also show that it can be achieved experimentally. Therefore, we
show that release of the Lewis acidic CO2 in the excited state is
analogous to that of a Brønsted photoacid. While photorelease
of Lewis acids has been demonstrated before,47 in this work we
show that conjugate base of a Brønsted photoacid can coordi-
nate with a Lewis acid and release it upon photoexcitation.

As mentioned above we have also studied unsubstituted and
bromo-substituted naphthols. Their spectra and comparative
analysis can be found in SI Section S2. Although, bromo-
substituted naphthol did not have favorable conditions for
experimental Förster cycle analysis it is important to note that
© 2026 The Author(s). Published by the Royal Society of Chemistry
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methoxy-substituted naphthol showed smaller drive for CO2

release in its excited state compared to the unsubstituted
naphthol (DpKCO2

−6.7 and −8.2 respectively). This trend was
also observed computationally across a larger variety of
substituents (SI Section S5). Such behavior in photoacidity with
electron-donating/withdrawing substitutions was studied by us
and others in different systems.46,54–56 It is interesting to note
that our system follows a similar trend to canonical photoacids.

Conclusion

In this study, we demonstrate a new approach to light-triggered
Lewis acid release. We have shown, both experimentally and
computationally, the analogies between Brønsted and Lewis
photoacidic pathways. This work lays the foundation for using
Brønsted photoacids as platforms for releasing Lewis acids
without requiring the oen irreversible structural changes
associated with conventional photoacids. Our approach offers
some advantages over the conventional photo-Lewis acid
generators by reversibly releasing the Lewis acid in the excited
state.

Additionally, the Lewis Förster cycle constructed in this work
has a lot of similarities to its Brønsted counterpart. We antici-
pate that the Lewis Förster cycle may be tunable in analogy to
the Brønsted photocycles that have been reported before.57–59

Our work may be extendable to photorelease of other Lewis
acids, especially those that are relevant for catalyzing reactions,
such as BF3.60 However, interaction of the stronger Lewis acids,
such as BF3, may prevent easy photorelease, and further work
may be necessary for nding suitable systems.

While this study focuses on a new conceptual approach for
releasing CO2 we believe that it can be built upon and be inte-
grated in large scale CO2 capture and release systems.
Furthermore, our approach differs from previously reported
light-driven CO2 release strategies that rely on metastable
photoacids, such as merocyanines, which operate through
structural changes that induce a pH shi and indirectly alter the
CO2 equilibrium. In contrast, the system presented here is
based on a classical photoacid scaffold, where light directly
weakens the interaction between the conjugate base and CO2,
enabling stoichiometric photorelease without relying on bulk
pH changes. Given the electronic structure similarity between
the excited states of NpOCOO− and NpOH, it would be inter-
esting to compare the ultrafast kinetics of their respective
dissociations in future studies.

Finally, in our computations we have observed that the
barrier for CO2 release in the excited state is dependent on the
contact pairing and the solvent environment. We believe that by
changing the counter ion used in this experiment it may be
possible to tune the release rate of CO2 with light.
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