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/Abstract: Quinoline photobases exhibit a distinctly higher
pK, in their electronically excited state than in the ground
state, thereby enabling light-controlled proton transfer reac-
tions, for example, in molecular catalysis. The absorption of
UV light translates to a pK, jump of approximately 10 units,
as established for small-molecule photobases. This contribu-
tion presents the first synthesis of quinoline-based polymeric
photobases prepared by reversible addition-fragmentation
chain-transfer (RAFT) polymerization. The integration of qui-
nolines as photobase chromophores within copolymers
offers new possibilities for light-triggered proton transfer in

nanostructured materials, that is, in nanoparticles, at sur-
faces, membranes and interfaces. To exploit the light-trig-
gered reactivity of photobases within such materials, we first
investigated how the ground- and excited-state properties
of the quinoline unit changes upon polymer integration. To
address this matter, we combined absorption and emission
spectroscopy with time-resolved transient-absorption studies
to reveal photoinduced proton-transfer dynamics in various
solvents. The results yield important insights into the ther-
modynamic and kinetic properties of these polymeric quino-
line photobases.
/

Introduction

The control of proton-transfer reactions by external stimuli is
of interest as a tool to address chemical reactions' and bio-
chemical processes.”’ One way to temporally and spatially con-
trol the release of protons is the use of photoacids; molecular
structures that experience a drop in pK, of several orders of
magnitude upon UV light absorption.

A complementary approach to the widespread use of photo-
acids is to use photobases. Photobases exhibit a drastic in-
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crease in basicity in the electronically excited state, that is,
pK, < pK,*. Typical representatives of photobases are aromatic
amine derivatives such as quinolines,” acridines,” 3-styrylpyri-
dines™ and azomethines,® as well as other derivatives like xan-
thones” and curcumin.® Despite the numerous studies of
photoacids, particularly naphthols® and pyrenols,'” there are
only a few papers that explore the ultrafast proton-capture dy-
namics of quinoline photobases: for this reason Dawlaty et al.
investigated a series of substituted quinolines.'? Their re-
search indicated that substitution in the 5-position, and the
role of triplet states contribute to the proton capture dynam-
ics." Furthermore, Dawlaty established a free-energy relation
between the proton-capture rate of 5-methoxyquinoline in dif-
ferent protic solvents and the thermodynamic driving force of
the protonation reaction.'”” Thus far, only a few contributions
have examined the integration of photoacids or photobases
into polymeric materials despite the fact that the integration
of pK, switches into macromolecules opens up ways to trans-
late light-triggered proton release and capture to nanoparti-
cles, membranes and surfaces. Ardo and co-workers created a
pyrenol-photoacid-modified Nafion ion-exchange membrane
for light-driven ion transport used in photovoltaics.® Further-
more, they recently studied interfacial and nanoconfinement
effects on a polymer-bound photoacid and found that nano-
confinement alters the ground- and excited-state acidity,
which were related to changes in the surface potential and the
solvation environment.'"" We previously investigated and re-
ported the excited-state proton transfer in a series of 1-naph-
thol-derived polymeric photoacids."® Herein, we present the
synthesis of the first polymeric photobase derived from a poly-
merizable quinoline derivative (N-(quinolin-5-yl)methacryl-

© 2020 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH


http://orcid.org/0000-0003-4685-6608
http://orcid.org/0000-0003-4685-6608
http://orcid.org/0000-0003-4685-6608
https://doi.org/10.1002/chem.202003815
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fchem.202003815&domain=pdf&date_stamp=2020-12-04

Chemistry—A European Journal

Full Paper
doi.org/10.1002/chem.202003815

Chemistry

amide, NQMAm). A representative copolymer containing
NQMAm and oligo(ethylene glycol) methacrylate (OEGMA) de-
noted PNQMA was synthesized by RAFT copolymerization.
Spectroscopic studies revealed that the macromolecular envi-
ronment causes changes in the quinoline photophysics. To this
end, we studied the impact of the proton source on the ener-
getics of ground and excited states and discuss the ultrafast
reaction kinetics of photoinduced proton capture, comparing
the molecular photobase NQOMAm to the macromolecular pho-
tobase PNQMA.

Results and Discussion

The polymerizable photobase N-(quinolin-5-yl)methacrylamide
(NQMAmM) was accessed via a simple acylation of quinolin-5-
amine with methacryloyl chloride using triethylamine as a base
in dichloromethane (DCM) at 0°C (Figure 1). Pure NQMAmM was
isolated as a white powder by column chromatography with a
yield of 69%. Characterization by 'H and *C NMR is shown in
Figures S1 and S2 in the Supporting Information.

To study the photophysical properties of a photobase in a
macromolecular environment, a water-soluble copolymer of
NQMAm and OEGMA was prepared using reversible addition-
fragmentation chain-transfer (RAFT) polymerization as depicted
in Figure 1, denoted PNQMA. Under these optimized polymeri-
zation conditions, we obtained a well-defined copolymer with
a number averaged molecular weight of 11000 gmol™ and a
low dispersity of 1.18. The monomer feed ratio (NQMAm/
OEGMA =25:75) was in close agreement to the final polymer
composition determined by 'H NMR analysis, indicating that a
random copolymer of NQMAm and OEGMA was formed.
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Figure 1. Synthetic scheme showing the synthesis of N-(quinolin-5-
yl)methacrylamide (NQMAm) and the corresponding copolymer PNQMA
(x=0.75, y=0.25).

Thermodynamic considerations regarding the photobasicity
of NQMAm and PNQMA

Figure 2 displays the ground-state absorption and emission
spectra of the unprotonated and protonated forms of NQMAm
and PNQMA. Two electronic states contribute to the main ab-
sorption band of quinolines in the UV range, which (according
to the Platt notation of cata-condensed aromatic systems) are
referred to 'L, and 'L, states."® The 'L,, 'L, states are character-
ized by atom centered/ bond centered excess charge density
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Figure 2. A) Ground-state absorption and emission spectra of the quinoline
and quinolinium forms, NQ and NQH, of the molecular photobase NQMAm
and the quinoline functionalized polymer PNQMA. B) Thermodynamic cycle
illustrating the photobasicity of quinolines. Upon electronic excitation, the
quinoline photobase NQ captures a proton from a proton source with a suit-
able pK,, for example, alcohols or water, and forms the protonated species
NQH in the excited state.

in the excited state compared to the electronic ground state.
Excitation of the 'L, state pushes electron density towards the
heterocyclic nitrogen and thus plays a crucial role in quinolines
acting as a photobase (Figure 2).

Integration of the quinoline into the OEGMA-based copoly-
mer causes a bathochromic shift of the overall absorption
both in the NQ and the NQH form of the photobases (see also
Figure S5 and Table 1). Quantitative analysis by Gaussian fitting
indicates a shift to lower energies of AE~—0.13 eV in NQ and
—0.12 eV in NQH of PNQMA with respect to the monomer. The
ground-state acidity constants pK, were estimated via UV/Vis
titration to 4.0 and 2.8 in NQMAm and PNQMA, respectively
(Figures S3 and S4). The emission of the protonated quinoline
NQH obtained in acidified aqueous solutions is centered at
558 nm in NQMAm and 512 nm in PNQMA. The blueshifted
emission located at 405 nm in PNQMA in a basic aqueous envi-

Table 1. Approximated 'L, band transition energies, emission maxima of
the unprotonated and protonated form, NQ and NQH, and acidity con-
stants in the electronic ground and excited state of NQMAm and
PNQMA.

Se'L, NQ S 'LNQH E..NQ E.NQH ApK, pK, pK."
NQMAmM 420 3.67 288 222 101 40 141
PNQMA 407 355 306 242 98 28 126
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ronment corresponds to the unprotonated form NQ. The ex-
clusive emission of the NQ species was not detected in
NQMAm, which is attributed to emission quenching effects at
high pH values. In neutral aqueous solution the monomeric
photobase NQMAm shows dual emission, and the peak locat-
ed at higher energies is assigned to the emission of the unpro-
tonated form NQ. The corresponding energy of NQ in NQMAm
was extracted by Gaussian fitting of the emission spectrum
(Figure S6) and estimated to be 2.88 eV (431 nm). With this in-
formation in hand, the corresponding acidity constants in the
excited state, pK,*, are derived by Férster cycle analysis"” (see
depiction for quinolines in Figure 2B, and further details in the
Supporting Information page 4 and Figure S6). Both photobas-
es NQMAm and PNQMA reveal a drastic jump in the basicity or
ApK, of approximately 10 units upon excitation resulting in a
pK.* of 14.1 in NQMAm and 12.6 in PNQMA. This indicates that
integration of the quinoline motifs into the methacrylate-
based polymer does not diminish the potential of quinoline to
act as a photobase.

Variation of the solvent confirms the proton capture ability
of the polymeric photobase PNQMA and compares the key
spectroscopic features to the monomeric NQMAm (Figure 3
and Table S2). Both NQMAmM and PNQMA exhibit ground-state
pK, values far below the solvent pK, (i.e., 4.0 and 2.8, see dis-
cussion above), which ensures the presence of the unprotonat-
ed quinoline NQ in the electronic ground state, while depend-
ing on the solvent excited-state protonation is observed. In
aprotic DCM, the unprotonated species NQ is present both in
the ground and the excited state as indicated by the NQ emis-
sion at approximately 410 nm. In low pK, protonating sol-
vents—such as HFiP, TCE and TFE—the emission is distinctly
redshifted compared to the NQ form, confirming the presence
of the protonated quinolinium form NQH in the excited state.

In H,0, NOMAm shows a dual emission with estimated peak
positions at 431 and 558 nm, which indicates proton transfer
from the solvent to a fraction of excited photobase chromo-
phores and hence the presence of both species, that is, NQ
and NQH, in the electronically excited state. These observa-
tions are in line with the estimated pK," values of NQMAm and
PNQMA (Table 1), and the thermodynamic notion that proton
capture to the electronically excited photobase takes place in
solvents of lower pK, compared to the pK, of the photobase.
Thus, the excited-state protonation of the quinoline photobase
is not limited by its macromolecular environment, for example,
due to insufficient solvation of the chromophore and the gen-
erated photoproducts in the respective polymer-solvent envi-
ronment. However, the solvent also affects the energetics of
the ground and the excited states. To illustrate this, we com-
pare the absorption and emission features of NQMAm and
PNQMA in TFE and DCM, a protic and an aprotic solvent of
similar polarity (Table S2, ¢,=8.6 and 8.9 Fm™"). Thus, changes
observed within absorbance and emission are directly relatable
to changes in the protonation state of the quinoline and ac-
count for pre-association, that is, the formation of hydrogen
bonded photobase associates, NQ HO-R, in proton donating
solvent. Upon addition of TFE to a solution of the photobase
in DCM the main absorption band gradually blueshifts (Fig-
ure S7A). This agrees with the absorption peak difference in
TFE and DCM, which amounts to +0.42 eV and +0.16 eV in
NQMAm and PNQMA, respectively. The blueshift of the absorp-
tion band observed upon addition of the hydrogen bond
donor TFE indicates a destabilization of an excited state exhib-
iting n-m* character."® The opposite effect is observed in the
excited state: addition of a proton source TFE (ca. 2000 equiv.
based on the amount of NQ) redshifts the emission band by
—0.10eV and —0.11 eV in NQMAm and PNQMA (Figure S9).
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Figure 3. A) Absorption and normalized emission spectra of NQMAm, and B) excitation and emission spectra of PNQMA collected in protic solvents, for exam-

ple, water and alcohols, as well as the aprotic solvent dichloromethane.

Chem. Eur. J. 2021, 27, 1072-1079 www.chemeurj.org

1074

© 2020 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH


http://www.chemeurj.org

Chemistry
Europe

European Chemical
Societies Publishing

Full Paper

Chemistry—A European Journal doi.org/10.1002/chem.202003815

Such a shift to higher energies upon the presence of small
molar fractions of a proton donor is related to the stabilization
of a H-bonded n—-mt* state, and interpreted as a strengthening
of the hydrogen bond in the excited state."” This strengthen-
ing effect of the ES hydrogen-bond complex NQ--HO—R corre-
lates with the enhanced basicity in the excited state. In gener-
al, the absorbance and the emission spectra in the considered
solvent set are less effected by solvent polarity and proton
donor capability within the macromolecular photobase
PNQMA (Figures S7 and 8, Table S1). Negative solvatochrom-
ism, which manifests in a redshift in the emission obtained in
non-protonating solvents of increasing polarity, as seen in
NQMAmMm, is not distinguishable in PNQMA (Figure S7C). This in-
dicates that the major environmental effect within PNQMA is
introduced by oligoethylene glycol in the copolymer side
chains. The emission quantum yield of NQMAm is dependent
on the protonation state of the quinoline. In solvents with pK,
values that mediate protonation of NQMAm in the excited-
state moderate fluorescence quantum yields, that is, in the
range of a few percent, are observed (Table S3). In higher pK,
solvents, in which no excited-state proton transfer (ESPT) takes
place, the emission quantum yield of NQ is reduced (e.g., 2.4%
in HFiP compared to <0.1% in MeOH). In general, the emis-
sion quantum yield increased upon integration of the quino-
line into the copolymer and was found to be independent of
the protonation state. In all solvents under investigation
PNQMA revealed emission quantum yields in the range of 5-
20% (Figure 3). N-Heterocyclic compounds reveal closely
spaced n-t* and m-m* transitions. As reported in literature, low
emission quantum yields of azarenes, for example, quinolines
in their respective unprotonated form NQ, can be related to
the lowest-lying excited singlet state with n-m* character
which decays dominantly via non-radiative decay channels."
However, the nature of the two lowest singlet states is strongly
affected by inter- and intramolecular polar interactions, for ex-
ample, by the specific solvent environment and the microen-
vironment created by the (macro-)molecular structure. The
polar interactions (and the presence of hydrogen bond
donors) tend to destabilize the n-rt* transition whereas the m—
7* transition is stabilized. This can lead to an inversion"® or to
state mixing of the two lowest electronic states.”” The second
situation, that is, an emissive state with partial T-7t* character,
may explain the higher emission quantum yield of PNQMA in
its unprotonated form NQ.

Photoinduced proton capture dynamics of NQMAm and
PNQMA in various solvents

The excited-state dynamics of the quinoline photobases were
investigated in various solvents, that is, HFiP, TCE, TFE, H,0,
MeOH and DCM, were investigated by femtosecond transient-
absorption (TA) spectroscopy. This study gives insights into the
i) role of the different solvents and the ii) impact of polymer in-
tegration on the proton capture dynamics of the photobase.
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fs-TA spectroscopy in solvents not allowing for excited-state
protonation of NQ

The transient spectra collected in the aprotic solvent DCM (Fig-
ure S13) reveal a broad positive differential signal covering the
entire probe wavelength range accessible. The initial spectrum
(At=0.5 ps) shows minor structuring with a maximum at
435 nm in both chromophores and an additional band located
at 380 nm in NQMAm. At later delay times a hypsochromic
shift of the band from 435 nm to 420 nm is followed by the
overall decay of the transient signal. The collected data was
analyzed by a multi-exponential fit to estimate the correspond-
ing characteristic first order time constants (Table S3). The ini-
tial decay associated with the blueshift ESA band at around
435 nm is characterized by 7, (2 ps in NQMAm and 33 ps in
PNQMA). This kinetic component is interpreted as solvent re-
laxation of the photoexcited chromophore.”” Subsequently,
the unprotonated quinoline returns to the electronic ground
state on a ns timescale, that is, with a characteristic time-con-
stant of approx. 3.1 ns in PNQMA and 2.6 ns in NQMAm. Also,
the obtained time constants 7,=32ps and 7,=23ns for
PNQMA in MeOH resemble the results in DCM. For NQMAm in
MeOH a fast time constant of 7,=1.8 ps is observed, which
can be assigned to the decay of a red-shifted excited-state ab-
sorption feature, yielding an ESA band below 400 nm, which
decays with a characteristic time constant of 20 ps. Hence, 1, is
associated again with cooling, while we conclude that the
decay of the excited-state monomeric photobase in MeOH
(20 ps) is drastically faster than in its polymeric counterpart
(2.3 ns). We associate this process with the presence of fluctu-
ating hydrogen bonds between the NQ units and MeOH in
NQMAm and PNQMA. Nonetheless, the solvent-independent
spectral signatures of the photoinduced dynamics in NQMAm
and in PNQMA in DCM and MeOH confirm the absence of ex-
cited-state proton transfer. This result agrees with the estimat-
ed insufficient thermodynamic driving force of ApK, —1.4 in
NQMAmM and —2.9 in PNQMA for excited-state protonation.

fs-TA spectroscopy in solvents allowing for excited-state
protonation of NQ

When dissolved in HFiP, the transient absorption spectrum of
NQMAm recorded at At=0.5 ps is dominated by a positive dif-
ferential absorption signal below 450 nm and beyond 600 nm
corresponding to ESA in these spectral regions (Figure 5). At
around 510 nm, minor negative contributions are Vvisible,
which we relate to the stimulated emission in this spectral
region. At increasing delay times, the features below 450 nm
decreases, whereas the negative band grows and shifts to
longer wavelengths. From delay times of about 5 ps onward,
an isosbestic point at 452 nm is distinguishable. At longer
delay times, the negative band appears at 560 nm and an
overall decay of the transient absorption feature is observed.
This decay is incomplete within the experimentally accessible
delay time window. The fs-TA spectra of PNQMA dissolved in
HFiP show qualitatively the same features as NQMAm. Further-
more, dissolving NQMAm and PNQMA in TCE and TFE yields

© 2020 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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Figure 4. Compilation of fs-transient absorption data of NQMAm (left) and PNQMA (right) obtained in the solvent MeOH (pK,=15.5, no ES protonation of
NQ). Upper panels of the graphs show the species-associated difference spectra (SADS) and transient spectra obtained at selected delay times At after photo-
excitation together with an inverted emission spectrum. The lower panels include kinetic traces at selected wavelengths.

qualitatively identical results as in HFiP (Figures S10 and S11).
The quantitative data analysis is based on a global three-expo-
nential fit, and the resulting characteristic time constants are
summarized in Table S3. Based on the transient absorption
spectra collected in non-protonating solvents, that is, MeOH
and DCM (Figure 4 and Supporting Information Figure S13),
the differential absorption spectra obtained immediately after
photoexcitation are related to the unprotonated quinoline NQ.
However, the presence of a stimulated emission band located
at approximately 510 nm indicates that partial quinoline
proton capture already takes place within the first 0.5 ps after
photoexcitation (see also Figure S16). We propose that the
slight changes in the transient spectra in early times are relat-
ed to excited-state solvation and reorganization of the hydro-
gen-bonded quinoline photobase, that is, the formation of an
intermediate protonated state exhibiting a strengthened hy-
drogen-bond between quinoline and the proton donating sol-
vent. The timescale of solvation for the molecule agrees with
solvation times available in literature.*?

The process associated with 7, (5.3 ps in NQMAm and 12 ps
in PNQMA, HFiP, Figure 5) reflects the decrease of the ESA
band at around 400 nm and further build-up of the SE which
simultaneously red shifts from 510 to 540 nm in NQMAm and
to 525nm in PNQMA, respectively. Within the observation
window, for example, from 5 ps onwards (NQMAm in HFiP), an
isosbestic point at 452 nm emerges. This indicates a popula-
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tion transfer between two distinct chemical species, that is, NQ
and NQH. For that reason, we assign the process associated
with 7, to excited-state proton capture by the quinoline photo-
base and the formation of a closely interacting counterion pair
(Figure 6). Integration of the photobases into a copolymer
slows down the kinetics for proton capture (see also Figures
S14 and S15). The respective characteristic first-order time con-
stant 7, is 5 ps for NQMAm in HFIP, while it is prolonged to
12 ps for PNQMA. In parts, the slower proton capture in a mac-
romolecular environment can be related to a reduced thermo-
dynamic driving force: the pK,* of PNQMA is 1.5 units lower
compared to the respective molecular photobase NQMAm.
Furthermore, changes in the local solvation and correspond-
ingly different local dielectric constants imposed by the poly-
mer side chains might contribute to the kinetic differences ob-
served. The second kinetic component, 7,, features a decrease
of the ESA band located at around 400 nm and the emergence
of a stimulated emission located at 565 nm. We assign this pro-
cess to “anion escape” from the local solvent cage, that is, the
separation of the protonated photobase and the acid anion.
Such anion escape has not been observed in ultrafast proton
transfer studies involving quinoline photobases before, likely
due to the limited delay-time window of 600 ps employed in
studies so far.""'>%! Nevertheless, a sequential proton transfer
was previously identified during ESPT of a quinone cyanine 9
photoacid®? and a Schiff base super-photobase.”” The anion

© 2020 The Authors. Chemistry - A European Journal published by Wiley-VCH GmbH
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sion spectrum. The lower panels include kinetic traces at selected wavelengths.

In summary, the implementation of a photobasic quinoline

_R
* R o@ into a copolymer environment does not affect the proton cap-
1% o’R O@ o’R ture ability itself but has drastic effects on the overall dynamics
i|4 111 observed upon photoexcitation of the chromophore. A simpli-
N® 1-2 N@ T3 r{L fied scheme of the ES dynamics in quinolines is depicted in
P R | Figure 6 (representative for the PNQMA, but also valid for the
molecular photobase NQMAm). Three different states were dis-
protonatlon of NQ solvation of repopulation of S, tinguished along the proton capture of the quinoline: i) solva-
close counterion generated ¢ tion of NQ tion and hydrogen bond strengthening; ii) excited-state
pair photoproduct protonation, and thus the formation of a close counter ion

'cage escape' of the
alkoxide anion

Figure 6. Depiction of the ES dynamics observed in the quinoline photo-
bases NQMAm and PNQMA.

escape is prolonged in the polymeric photobase, for example,
characterized by a time constant of 90 ps in NQMAm com-
pared to approx. 140 ps in PNQMA considering HFiP as solvent.
The obtained results in all protonating solvents under investi-
gation show that also the generation of fully charge separated
quinoline photobases is notably slower in the macromolecular
environment. 7;, which is characterized by the decay of the
ESA band at 400 nm accompanied the vanishing of the SE
band is interpreted as repopulation of the electronic ground
state by NQH followed by the (re-)formation of the unproton-
ated quinoline NQ.
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pair; and iii) “cage escape” of the alkoxide anion, that is, forma-
tion of completely separated photoproducts. All processes pro-
ceeded slower in a macromolecular environment with polar
oligoethylene glycol side chains.

Conclusions

We report the integration of quinoline photobases in a meth-
acrylamide copolymer as a proof-of-concept example of a pho-
toswitchable polymer material. Analysis of the ground-state
absorption spectra shows that embedding the quinoline af-
fects the energy levels of the 'L, transitions, as manifested in a
bathochromic shift of approximately 0.12 eV. Nevertheless, the
change in pK, upon UV excitation was estimated to be approx-
imately 10 units in both quinoline chromophores, yielding an
excited state of 14.1 in NQMAm and 12.6 in PNQMA. Our con-
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tribution demonstrates that the local dielectric constant has a
major impact on the photophysical properties of quinoline
photobases. We further demonstrated that the polymer envi-
ronment greatly influences the observed excited-state proton-
capture kinetics, for example, slowing down proton capture of
the quinoline from solvents, which is attributed to i) a lowered
thermodynamic driving force and ii the increasing impact of
the local dielectric constant introduced by the oligo(ethylene
glycol) in the polymer side chain. The rather long-lived excited
state of the macromolecular quinoline photobase under inves-
tigation seems to be very beneficial for applications that re-
quire the removal of a proton, for example, in photocatalysis.
While this study has shown the general ability of quinolines
acting as proton-capture units in polymers, we still face great
challenges to design intelligent and light-switchable soft
matter materials based on photobases.

Experimental Section

5-Aminoquinoline (>99%) was purchased from TCl Deutschland
GmbH. Methacryloyl chloride (97%) was purchased from Alfa
Aesar. Triethylamine (99.0%) was purchased from Chem Solute. Di-
chloromethane was purified using a PureSolv-EN solvent purifica-
tion system (Innovative Technology). Oligo(ethylene glycol)methyl
ether methacrylate (OEGMA, M, =500 gmol ') was purchased from
Sigma-Aldrich and passed over a short column of inhibitor remov-
er packing (Sigma-Aldrich) to remove the inhibitor prior to use.
2,2'-Azobis(iso-butyronitrile) (AIBN, Sigma-Aldrich) was recrystal-
lized from ethanol and stored in a freezer until use. 4-Cyanopenta-
noic acid dithiobenzoate (CPADB, >97.0%) was obtained from
Strem Chemicals and used as received. N,N-Dimethylformamide
(DMF, peptide grade) was purchased from Acros Organics. All other
chemicals and solvents were purchased from Sigma-Aldrich and
used without further purification unless stated otherwise.

Nuclear magnetic resonance

NMR spectroscopy was performed on a 300 MHz Bruker AC spec-
trometer at 298 K with the residual solvent resonance as an inter-
nal standard. The chemical shifts on the 6 scale are given in ppm.

Size-exclusion chromatography

SEC was carried out on an Agilent 1200 series system equipped
with a G1310A pump, a G1315D DA detector, a G1362A Rl detec-
tor, and with PSS GRAM 30 A/1000 A (10 um particle size, Polymer
Standards Service GmbH, Mainz, Germany) columns in series at
40°C using N,N-dimethylacetamide (DMAc) with 2.1 gL' LiCl as
eluent at a flow rate of 1 mLmin". The system was calibrated with
PMMA standards (M, =505 to 981 000 gmol™').

Synthesis of N-(quinolin-5-yl)methacrylamide (NQMAm)™®>!

Quinolin-5-amine (2.5g, 17.3 mmol) was weighed out into a
100 mL round-bottom flask charged with a magnetic stirrer bar.
The flask was then sealed with a rubber septum before being evac-
uated and back-filled with argon 3 times. Dichloromethane (DCM,
60 mL) was then added to dissolve the quinolin-5-amine. The mix-
ture was then cooled in an ice bath to 0°C under vigorous stirring
before triethylamine (3.6 mL) was added via syringe. Methacryloyl
chloride (1.51 mL) was then added dropwise to the solution via sy-
ringe. After 30 min, the ice bath was removed, and the reaction
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was allowed to proceed for a further 23 h at ambient temperature
before being diluted with DCM. The solution was then transferred
to a separating funnel and extracted with saturated aqueous
NaHCO;, saturated brine, and deionized water (3 times each). The
aqueous phase was then further extracted with DCM before the or-
ganic phases were combined and dried over Na,SO,. The organic
phase was then concentrated under reduced pressure to yield the
crude product as a brown crystalline solid. The final product, N-
(quinolin-5-yl)methacrylamide, was obtained by column chroma-
tography (eluent cyclohexane/EtOAc 1:5) as a white powder
(2.54 g, yield: 69.1%). '"H NMR (300 MHz, CDCl;): 6=8.92 (dd, 1H,
C,-H), 8.16 (d, TH, C,-H), 8.00 (d, 1H, C,-H), 7.91 (br, NH), 7.85 (d
1H, C,-H), 7.67 (m, 1H, C,~H), 7.42 (dd, 1H, C,-H), 5.94 (s, TH, C=
CH), 556 (s, 1H, C=CH), 2.14ppm (s, 3H,=C-CH;); "CNMR
(300 MHz, CDCly): 6=167.39 (C=0), 150.51 (N-CH), 148.74 (C=CH,),
140.58 (C,-NH), 132.49 (C,-N), 130.16 (CH), 129.40 (CH), 127.86 (C,-
H), 123.28 (C,-H), 122.19 (C=CH,), 121.17 (C,-H), 120.73 (C,-H),
19.01 ppm (CH,).

Synthesis of the quinoline photobase copolymer P(NQMAmM, ,s-co-
OEGMA,5)o (PNQMA) by reversible addition-fragmentation chain-
transfer (RAFT) polymerization CPADB (13.8 mg, 4.94x 10"2 mmol),
NQMAmM (453 mg, 4.94x10"'mmol) and OEGMA (0.49 mL,
1.1 mmol) were weighed out into a microwave vial charged with a
magnetic stirrer bar. A stock solution containing the initiator, AIBN
(432 mg, 2.63x107" mmol), in DMF was then added. The total
volume of solvent was then adjusted to 0.46 mL to yield a DMF to
OEGMA ratio of approximately 1:1 (v/v). The reaction vessel was
then sealed with an aluminum cap fitted with a PTFE-faced silicone
septum, and the reaction mixture deoxygenated by purging with
argon for 10 min before being placed into a thermostated oil bath
preheated to 70°C to initiate the polymerization. The polymeri-
zation was quenched after 8 h by cooling in liquid nitrogen and
exposure to air. The crude mixture was diluted with DCM and pre-
cipitated in cold diethyl ether (3 times). The final copolymer was
isolated by centrifugation and dried in vacuo. '"H NMR (300 MHz,
CD,CL): 6=9.04-7.24 (quinoline), 4.42-3.96 (-OCH,CH,-(EO)g-),
3.92-3.38 (-CH, (EO)g-), 3.33 (-O-CH,), 2.31-0.62 ppm (backbone);
SEC (DMAC/LICl, PMMA calibration): M,=10,980gmol™', M, =
12,990 gmol ', =1.18.

Steady-state spectroscopy

Steady-state absorption spectra were collected either on a Jasco
V530 or on a Jasco V780 UV/Vis/NIR spectrophotometer. Steady
state emission spectra were collected in 1 cm quartz cuvettes, and
all experiments performed on a FLS980 emission spectrometer (Ed-
inburgh Instruments) using a Xe lamp (ozone free 450 W Xenon
bulb) as an excitation source. Fluorescence quantum yields were
determined relative to the reference standard 1-napththol in H,O.

Femtosecond transient absorption spectroscopy

Femtosecond transient absorption spectra were collected using a
previously reported home-built pump-probe laser system that is
based on an amplified Ti:Sapphire oscillator (Libra, Coherent
Inc.).”® The excitation beam (1~340 nm, pulse duration ~ 120 fs)
was generated using the frequency-doubled fundamental. The
power of the pump beam was kept below 0.12 mW before enter-
ing the sample solution. A white light supercontinuum generated
by an eccentrically rotating CaF, plate was used to probe the pho-
toinduced absorption changes in a wide spectral range from 350
to 750 nm. The probe beam is delayed in time with respect to the
pump beam by means of an optical delay line, and the mutual po-
larization between the probe and pump is set to the magic angle
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(54.7°). The fs-transient absorption data is displayed after a numeri-
cal chirp correction. To avoid contributions from the coherent arte-
fact during pulse overlap,?” the region of pulse overlap was fitted
by Gaussians and omitted from data analysis. Afterwards, the data
was analyzed by a global multi-exponential fit, in which the transi-
ent data below 380 nm was omitted from the data analysis due to
pump-scatter in this spectral region.
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