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ABSTRACT

2,4-, 2,5-, 2,6- and 3,5-dihydroxyacetophenone (DHA) used as
matrices in matrix-assisted ultraviolet laser desorption/ioniza-
tion mass spectrometry (UV-MALDI-MS) were studied by
steady-state and transient absorption spectroscopy, together
with DFT calculations at the B3LYP level of theory. All com-
pounds have low fluorescence quantum yields, possibly due to
an efficient excited-state intramolecular proton transfer
(ESIPT). Laser flash photolysis (LFP) results showed that, only
for 2,4-DHA, a phototautomer could be detected at
k = 400 nm. Their photochemical stability in solution at differ-
ent wavelengths and conditions was analyzed by UV–Vis and
1H nuclear magnetic resonance spectroscopy (1H-NMR),
together with thin layer chromatography and ultraviolet laser
desorption/ionization mass spectrometry (UV-LDI-MS). Only
3,5-DHA showed decomposition when irradiated, probably
because phototautomerization is not possible. Thermal stability
studies of these compounds in solid state were also conducted.

INTRODUCTION
One of the most successful applications of organic photochemistry
in solid state is UV-MALDI mass spectrometry. Through this ana-
lytical technique, desorption/ionization of the analyte is induced
by a UV laser and assisted by a photosensitizer (matrix). Although
the standard compounds used as matrices in UV-MALDI-MS are
commercial, most of their photochemical properties remain
unknown and there is not yet a clear model for the photosensitized
process that takes place from the matrix to the analyte, after the
UV-laser shot. In addition, no rules are followed when it comes to
choosing the right matrix for a particular analyte. Knowing which
properties photosensitizers should have to efficiently desorb the
analyte could help to simplify the UV-MALDI experiment and to
obtain new structures useful as matrices.

In 1995, Mohr et al. (1) introduced 2,6-dihydroxyacetophe-
none as a matrix in UV-MALDI-MS to analyze several oligosac-
charides. Since then, dihydroxyacetophenones, particularly 2,4,

2,5 and 2,6- isomers, have been widely used as UV-MALDI
matrices for peptides and carbohydrates (2–4). Experiments per-
formed in our laboratory showed that also 3,5-DHA can desorb
several oligosaccharides (see example in Supplementary Materi-
als, Figure S1). However, no complete comparison of the four
isomers has been informed in the literature. Krause et al. (2)
studied 2,4, 2,5, 2,6 and 3,5-DHA as UV-MALDI matrices and
found that the last one was unable to desorb the analytes used;
yet, they did not discuss the reason for the difference in effi-
ciency that the other three photosensitizers showed in their study.
It is well known that ortho-hydroxybenzoyl compounds undergo
a fast intramolecular hydrogen atom transfer reaction at the first
excited single state, with a large Stokes shift (5–7). Although
Krause et al. (2) suggested that the intramolecular proton transfer
in 2,4-, 2,5- and 2,6-dihydroxyacetophenone is may be responsi-
ble for their ability to desorb the analyte when used as matrices
in UV-MALDI experiments, no comprehensive studies involving
the photochemistry and photophysics of these compounds were
reported. L€udeman et al. (8) only gave a very brief description
of the transient absorption spectrum of 2,5-DHA, but did not
study the other position isomers.

Regarding thermal stability, Ehring et al. (9) studied the pho-
tochemical versus thermal mechanisms in UV-MALDI-MS using
2,5-dihydroxybenzoic acid as matrix, but they did not take into
account the thermochemical stability of the compounds involved
in the UV-MALDI process, although they suggested, as a con-
clusion, that most of the energy is converted into matrix heating
following photoexcitation (10). Knowledge of the thermal stabil-
ity and possible high-temperature-induced chemical reactions of
the common UV-MALDI matrices should play a critical role in
understanding why some matrices are “highly” resistant to laser
shots during the experiments, whereas, for others, after a few
shots on the same sweet spot, the ion signal vanishes, preventing
the detection of the intact analyte molecular ion (3,11). In view
of this, Tarzi et al. (12) examined, form a chemical point
of view, the thermal stability of different classical matrices such
as 2,5-dihydroxybenzoic acid, 2,4,6-trihydroxyacetophenone,
a-cyano-4-hydroxycinnamic acid, 3,5-dimethoxy-4-hydroxycin-
namic acid, nor-harmane and harmane.

In this study, we focused our attention on a series of dihydr-
oxyacetophenones indicated in Fig. 1. We used steady-state
as well as transient absorption spectroscopy to investigate
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the excited states of these compounds. Although MALDI
measurements are conducted in solid state; to begin with the
study of the photochemistry (photochemical stability and photo-
physics) of compounds used as MALDI matrixes in solution is a
proper starting point. The thermal stability of the selected matri-
ces at their melting point was also studied, using different tools
such as frontal ratio (Fr; thin layer chromatography, TLC), UV-
absorption spectroscopy, 1H nuclear magnetic resonance spec-
troscopy (1H-NMR) and ultraviolet laser desorption/ionization
time-of-flight mass spectrometry (UV-LDI-TOF-MS), for moni-
toring the remaining material obtained after heating. Dihydroxy-
acetophenones showed thermal stability in the experimental
conditions and were recovered unchanged after melting experi-
ments, except for 3,5-DHA that showed darkening of the prod-
uct. They were also recovered unchanged after 100–200 shots by
the UV laser in UV-LDI-MS experiments conducted in a laser
desorption/ionization mass spectrometer with a Nd: YAG laser
source (kexc = 355 nm).

MATERIALS AND METHODS

Chemicals. Dihydroxyacetophenones were purchased from Sigma-Aldrich
Chemicals Co. (Milwaukee) Acetonitrile, methanol, ethanol, isopropanol,
tert-butanol and 1,3-propanediol (Merck HPLC grade) were used as pur-
chased, without any further purification. Deuterated solvents (Merck,
Darmstadt, Germany) were high-quality PA grade. Sulfuric acid of ana-
lytical grade was used. Water was filtered Milli-Q purity. Quinine sulfate
(QS; Aldrich Chemicals Co.) was used as purchased. Calibrant chemicals
for UV-MALDI-MS nor-harmane (m. w. 168.068 Da) and b-cyclodextrin
(m. w. 1135.0 Da) were purchased from Sigma-Aldrich (Milwaukee).
1F-fructofuranosylnystose (m. w. 828.28 Da) was purchased from Wako
Pure Chemical Industries (Osaka, Japan).

Electronic spectroscopy and photophysical experiments. Absorption
measurements were performed with a UV–Visible spectrophotometer Shi-
madzu UV-1203. The spectrofluorimeter employed in this study was a
PTI QM-1 Quanta Master whose output is automatically corrected for
instrumental response by means of a Rhodamine B quantum counter and
equipped with a Xe lamp and a Hamamatsu photomultiplier. Steady-state
spectra were obtained in freshly prepared air-saturated and in Ar-saturated
solution.

Fluorescence quantum yields (Φf) were determined at room tempera-
ture, relative to QS (10�5

M in H2SO4 1 N), Φf = 0.595 (13,14). The
excitation wavelength was set to 355 nm and the monochromator slits to
2.5 nm. The diluted reference and samples were optically matched
(A < 0.1). Corrections were made for difference in refractive index as
well as for emission spectra.

Laser Flash Photolysis (LFP). Transient absorption spectra and
quenching were determined using a Continuum-Surelite I Nd:YAG laser

generating 355 nm laser pulse (10 mJ per pulse, ca 10 ns pulse duration)
as excitation source. The spectrometer was a commercial Applied Photo-
physics, LKS80. All the kinetic determinations were performed at
25 � 1°C.

1H-NMR spectra were registered on a Bruker AC-200 (200 MHz)
spectrometer. Chemical shifts (d) are reported in parts per million (ppm),
relative to internal tetramethylsilane. Measurements were carried out
using the standard pulse sequences. The deuterated solvent used is indi-
cated in each case.

UV-LDI-MS. Ultraflex II MALDI-TOF/TOF (Bruker Daltonics), with
a Nd: YAG laser (kexc = 355 nm) as excitation source. Compounds were
measured in positive and negative linear modes using 10�2–10�3 M
matrix concentration and 10�3

M analyte concentration in CH3OH:H2O
1:1 (v:v) and CH3CN:H2O 1:1 (v:v). Matrix stock solutions were made
by dissolving 5 mg of the selected compound in 0.2 mL of MeOH–H2O
(1:1, v/v) or in 0.2 mL of MeCN–H2O (2:3, v/v). Calibration was per-
formed with nor-harmane (m. w. 168.068 Da) and b-cyclodextrin (m .w.
1135.0 Da) using the FlexControl software.

Photochemical stability experiments. Acetonitrile DHA solutions
(10�4

M) were irradiated at room temperature under stirring and in air or
nitrogen atmosphere, in 1 cm stoppered quartz cuvettes using three fluo-
rescent tubes of 254 or 366 nm (Osram, 18 W each one). A Heraeus TQ
150-Z3, 150 Watt lamp, water cooled through a Pyrex jacket was also
used (kexc > 300 nm). Experiments were monitored by TLC, UV–Vis
and 1H-NMR spectroscopy and UV-LDI-MS. Preparative irradiations
were performed in a similar way, using quartz Erlenmeyers and
5 9 10�3

M acetonitrile solutions. TLC analysis was performed with alu-
minum silica gel sheets (0.2 layer thickness, silica gel 60 F254, Merck).
The spots were visualized by UV light (kexc = 254 nm) or I2 vapors.

Thermal stability experiments. Compounds were dissolved in CH3OH:
H2O 1:1 and the solvent evaporated afterward. 1–2 mg of the solids
obtained were placed between two cover glasses, and heated up to their
melting point on a hot plate (covered sample, Method A) the system was
kept under heating several minutes after melting. To check the effect of the
air on the thermal decomposition, experiments were also performed placing
the sample on cover glasses and heating them up to their melting point
(uncovered sample, Method B, heating at open air). Experiments were
monitored by TLC, UV–Vis and 1H-NMR spectroscopy and UV-LDI-MS.

Computational methods. DFT calculations were performed using the
B3LYP exchange-correlation functional together with the standard
6-31++G(d,p) basis set. The stationary points were characterized by fre-
quency calculations to verify that the transition structures had only one
imaginary frequency. The solvent effects on the mechanism have been
considered using a self-consistent reaction field method based on the
Tomasi’s polarizable continuum model. As the solvent used in the experi-
mental work was CH3CN, we have selected its dielectric constant
e = 37.5. Thermodynamic calculations were made with the standard sta-
tistical thermodynamics at 298.15 K and 1 atm. All calculations were
carried out with the Gaussian09 suite of programs (15).

RESULTS

Spectroscopic and photophysical properties

Photophysical properties of the studied dihydroxyacetophenones
were characterized by UV–Vis and fluorescence spectra, together
with the quantum yield of fluorescence which was measured in
CH3CN.

UV–Vis spectra of dihydroxyacetophenones are characterized
by the presence of two bands corresponding to a two p–p*, this
assignation was based on TDDFT calculation (see Supplementary
Materials). All the dihydroxyacetophenones show very week flu-
orescence as indicated by the very low fluorescence quantum
yields measured (Table 1). This finding may be rationalized by
operation of efficient excited-state intramolecular proton transfer
(ESIPT) which lowers the fluorescence quantum yield Φf. This
observation was previously reported for 2-hydroxyacethophenone
(Fig. 2) (16). The most common acidic group in the ESIPT reac-
tions is the phenolic OH, whereas the basic site is usually a het-
eroatom such as the carbonyl oxygen or nitrogen of a heterocycle.

Figure 1. Structure of the dihydroxyacetophenones studied.
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However, an efficient intersystem crossing may also affect the
fluorescence rendering the triplet state of the dihydroxyacetophe-
nones. Thus, analysis of the Stokes shift must also be considered
diagnostic for ESIPT reaction. Stokes shifts for the dihydroxyace-
tophenones are collected and shown in Table 1. 2,4-DHA shows
the largest Stokes shift followed by 2,6-DHA, whereas 2,5-DHA
shows a small shift of the fluorescence spectrum.

Photochemical stability

As UV-MALDI-MS experiments are generally performed at
355 nm, DHA acetonitrile solutions were irradiated first at
366 nm and also at 254 nm and kexc > 300 nm under air and
nitrogen. No chemical changes were observed for 2,4, 2,5 and
2,6-DHA through TLC, 1H-NMR and UV-LDI-MS. On the other
hand, 3,5-DHA showed important decomposition (50% conver-
sion) evidenced by the change in color, morphology and in the
UV-LDI and 1H-NMR spectra, yielding a brown polymeric prod-
uct, which was not possible to purify (Fig. 3 for 2,4 and
3,4-DHA; see Supplementary Materials for the rest of dihydroxy-

acetophenones). UV–Vis spectral changes observed for 2,5 and
2,6-DHA with the absence of chemical changes could be attrib-
uted to a keto-enol tautomerization, which does not occur for 3,5-
DHA.

Thermal stability

Dihydroxyacetophenones were heated up to their melting point as
described in Materials and Methods section. Thermal stability
experiments of the DHA crystalline matrices at their melting
points were conducted by heating the selected powdered com-
pound placed as a sandwich between two square microscope cov-
erslips (thin windows of glass) on a heating block (Fisher-Johns
apparatus) (Method A). To check the effect of air on the process
the solid placed on a thin microscope glass coverslip was heated
without covering (Method B). Except for a darkening of the
melted product for 3,5-DHA, no changes were observed after
heating the dihydroxyacetophenones. TLC analysis of the solid
residue obtained after melting the matrix by method A using the
commercial compound as reference clearly showed the same chro-
matographic behavior (identical aspect of the spots and Fr values)
for all dihydroxyacetophenones. The UV-absorption spectra in
CH3CN of the melted matrix were registered and compared with
those of the corresponding reference. The melted matrix showed
identical absorption (shape of the bands, wavelength location,
kmax) to those of the starting material. Finally, the 1H nuclear
magnetic resonance (1H-NMR) spectra obtained for the solid
remaining after melting each matrix were identical to that of those
corresponding nonmelted matrix. The same result was observed
by UV-LDI-MS, where no signals at higher values of m/z were
detected (see experimental data in Supplementary Materials).

Laser Flash Photolysis

Although LFP was performed for all the dihydroxyacetophenon-
es under study, only 2,4-DHA gave rise a transient absorption
with a maximum at 400 nm. The transient decayed with
k = 5.9 � 0.4 9 104 s�1 (lifetime of 17 � 1 ls), and it was not
affected by the oxygen concentration (Fig. 4a and b). This last
observation ruled out the mediation of the triplet for the DHA.
As previously mentioned, 2,4-DHA showed the largest Stokes
shift in fluorescence and the transient observed may correspond
to the keto isomer formed upon ESIPT reaction. To confirm the
keto-enol nature of the intermediate observed by LFP, the effect
of proton donors like water and alcohols was examined. Figure 5
illustrates the effect of the addition of water to the decay trace
monitored at 400 nm.

Table 1. Spectral properties of dihydroxyacetophenones in CH3CN.

Absorption* Emission

kmax (log e) kmax
† Φf

‡
m§

2,4-DHA 272 (4.26)
312 (3.9)

397 0.006 6800

2,5-DHA 254 (3.89)
359 (3.64)

396 0.004 2600

2,6-DHA 265 (3.86)
341 (3.53)

394 0.004 3900

3,5-DHA 263 (3.69)
320 (3.14)

400 0.008 6250

*Maximum of the absorption spectrum measured in nm; †Maximum of
the fluorescence spectrum exciting at 355 nm; ‡Fluorescence quantum
yields determined by use of quinine sulfate in 0.05 M aqueous H2SO4;

kexc = 355 nm; §Stokes shift measured in cm�1.

O

CH3

OH

enol isomer

OH

CH3

O

keto isomer

h , ESIPT

Figure 2. Excited-state intramolecular proton transfer for 2-hydroxyace-
tophenone.

2,4-DHA 3,5-DHA

Figure 3. Irradiation of 2,4 and 3,5-DHA in acetonitrile solution at 254 nm under nitrogen atmosphere.
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The effect of H2O, D2O, CH3OH and CD3OD and different
alcohols on the decay rate of the transient was examined by
measuring the decay rate at 400 nm as a function of the pro-
ton donor concentration in CH3CN at 298 K. Figure 6 depicts

the logarithmic plots of the observed decay rate (kobs) against
log[CH3OH] or log[CD3OD]. The linear nature of the log–log
plot responds to Eq. (1), where the slope is the reaction order
of the process for the R–OH, and the intercept is the log of
the rate constant for the intermolecular reaction. In Table 2,
the data obtained for all the proton donors studied yield a
reaction order close to two for H2O and D2O, while for the
alcohols this value ranges from 1.1 to 1.3. Therefore, more
than one water or alcohol molecule are considered to partici-
pate in the catalyzed decay process. From Table 2 it is also
possible to determine the isotope effect, where kH2

O/kD2
O and

kCH3
OH/ kCD3

OD are 2.7 and 2.8 respectively. This relatively
large isotope effect at a 0.1 M concentration indicates the
proton transfer nature of the reaction (17). This last observa-
tion, together with the low fluorescence quantum yield and the
large Stokes shift, allows us to unambiguously assign the
intermediate observed by LFP as the keto isomer formed by
ESIPT as indicated in Fig. 7

log kobs ¼ log kROH þ n log ½ROH� ð1Þ

DISCUSSION
Except for 3,5-DHA, all compounds showed high photochemical
stability under irradiation. Starting compounds were recovered

(b)

(a)

Figure 4. (a) Transient absorption spectrum of 2,4-DHA (3 mM)
obtained by 355 nm laser photolysis in CH3CN at 0.5 ls (■), 1.2 ls (●),
2.8 ls (▼) and 7.6 ls (*) after the laser pulse. (b) Time trace (monitor-
ing at 400 nm) of the transient absorption spectrum of 2,4-DHA under
(a) Argon, (b) aerated and (c) oxygen atmosphere.

Figure 5. Decay kinetic monitored at 400 nm of the transient absorption
spectrum of 2,4-DHA obtained by 355 nm laser photolysis in CH3CN at
different water concentration.

Table 2. Logarithm of rate constant and reaction order of the proton
donors obtained by Eq. (1) of the transient absorption of 2,4-DHA mea-
sured at 400 nm in CH3CN at 293 K.

Proton donor log k n

H2O 6.22 � 0.06 2.1 � 0.2
D2O 5.79 � 0.03 2.0 � 0.2
CH3OH 5.47 � 0.01 1.06 � 0.05
CD3OD 5.02 � 0.06 1.1 � 0.1
CH3CH2OH 5.48 � 0.01 1.2 � 0.1
Isopropanol 5.86 � 0.01 1.2 � 0.1
tert-butanol 5.54 � 0.03 1.3 � 0.2
1,3-propanediol 5.94 � 0.02 1.2 � 0.1

Figure 6. Effect of H2O (■) or D2O (●) on the observed decay rate
(kobs) monitored at 400 nm of the transient obtained by 355 nm laser
photolysis of 2,4-DHA in CH3CN at 293 K.
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unchanged after several hours and the spectral changes of 2,4;
2,5 and 2,6-DHA may be attributed to a keto-enol tautomeriza-
tion in the excited state. Thermal stability results shown previ-
ously suggest that their performance as UV-MALDI matrices is
more related to their photochemical behavior.

All dihydroxyacetophenones showed very week fluorescence,
with Φf in the order of 10�3 and none showed contribution of
their triplet states in their photophysics properties as evidenced
by the LFP study. It is well demonstrated that electronic excita-
tion in systems like o-hydroxybenzaldehyde with a preexisting
hydrogen bond in the ground-state results in a rapid proton trans-
location occurring in the first excited singlet state, through a pro-
cess commonly known as ESIPT (18,19). Furthermore, ESIPT is
known to be a very efficient nonradiative deactivation channel
for intramolecular hydrogen-bonded compounds and occurs in
ultrafast time scale (20,21). This process could be operating in
the photophysics of the dihydroxyacetophenones under study;
however, the signature for ESIPT is manifested by largely Stokes
shifted emission (ca 10 000 cm�1) given by the keto isomer.
Only 2,4-DHA displayed a large Stokes shift, whereas 2,5- and
2,6-DHA showed a relatively small energy difference between
the absorption and the emission, indicating that probably nondra-
matic changes in their geometries occurred in their excited states.
Furthermore, the observation of the keto isomer for 2,4-DHA by
LFP confirmed the ESIPT process for this dihydroxyacetophe-
none. The long lifetime of this intermediate allows us to rational-
ize it as the E isomer for the keto form indicated in Fig. 7. This
intermediate returns to the ground state by rotation of the car-
bon–carbon enolic double bond to the Z isomer that collapses in
a very fast proton transfer to the enol isomer. A schematic
energy-level diagram of the overall process is illustrated in
Fig. 8, where the rate constant (kPT) of the ESIPT process is con-
sidered to be much larger than kf and knr; therefore, the observed
fluorescence from S1 state comes from the Z-keto isomer. A
similar schematic diagram has been proposed for 1-hydroxy-
2-acetylnaphthalene, whose behavior is very similar to the herein
reported for 2,4-DHA (17).

The reactivity of E-keto isomer of 2,4-DHA toward proton
donors showed a relative large isotope effect of 2.8, indicating
that the mutual proton transfer between the intermediate at the
proton donor plays an important role in the catalytic process. All
the alcohols measured were less reactive than water and their
reactivity did not vary greatly, with an average value of
4.5 9 105 M

�1 s�1 for the rate constant of the proton catalyzed
E-Z ground-state isomerization reaction. This process was con-
sidered to follow a second-order rate law as the rate order for the
alcohols was close to the unity for the alcohols measured
(Table 2). For 2,5- and 2,6-DHA, neither triplet excited state nor
keto isomer formed by ESIPT was observed. The lack of tran-
sient detection can be rationalized as an absence of ESIPT

reaction as the principal nonradiative decay channel; however, a
further possibility is that the keto isomer is too unstable to be
observed by our timescale LFP measurements. To gain insight
into the dynamics of the proton translocation reaction, the
ground-state intramolecular proton transfer (GSIPT) was explored
for all the dihydroxyacetophenones by DFT quantum chemical
calculation. Figure 9 compares the GSIPT curves for the dihydr-
oxyacetophenones calculated by full optimization of the structure
in acetonitrile. For each title molecule, the S0 state potential
energy profile along the reaction path shows two minima associ-
ated with the enol and the E-keto isomer. As expected by the
dearomatization of the molecule, in all cases the E-keto isomer is
less stable than the enol form. Furthermore, the transition state
energy associated with the conversion between both conformers,
starting from E-keto isomer and going to the enol, was calculated
following the order 2,6-DHA (23.6 kcal mol�1) < 2,4-DHA
(24.6 kcal mol�1) � 2,5-DHA (24.7 kcal mol�1). These results
for 2,5- and 2,6-DHA suggest that, if E-keto isomers are formed
upon photoexcitation, they would have similar lifetimes as the
energies associated with the proton translocation are similar
among the dihydroxyacetophenones. Most likely, ESIPT reac-
tions never take place for 2,5 and 2,6-DHA as the energy differ-
ence between absorption and emission is too narrow to allow

O
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OH

S0 enol isomer

HO

CH3

OH

O

S1E-keto isomer

HO

OH

CH3

OHO

S1 Z-keto isomer

h , ESIPT

Excited State
Isomerization

Figure 7. Excited-state intramolecular proton transfer for 2,4-DHA.
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Figure 8. General energy-level diagram for 2,4-DHA.
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proton transfer in the excited state (Stokes shifts are 2600 cm�1

for 2,5-DHA and 3900 cm�1 for 2,6-DHA). In addition, it is
well known that substitution at para position with respect to the
phenolic OH group showed strong suppression of excited-state
proton dislocation as reported for 5-amino and 5-methoxysalicyl-
ic acid (22). Most likely, the excited-state Z-E keto isomerisation
cannot be displayed because of the presence of a very shallow
excited-state surface with the Z-keto isomer as the single mini-
mum. This could account for the absence of ESIPT for 2,5-
DHA, where the OH at the five positions reduces the acidity of
the hydroxyl group in the excited state, whereas OH at the four
and six positions would increase the basicity of the carbonyl
group, therefore facilitating the ESIPT reaction observed for 2,4-
DHA but not for 2,6-DHA. To provide a better explanation of
these phenomena, a complete exploration of the ESIPT surface
using time-dependent density functional theory (TDDFT) must
be considered. However, this is beyond the scope of this work
where the quality of a material as UV-MALDI-MS matrices is
rationalized in terms of its photophysical properties.

CONCLUSIONS
In the case of 3,5-DHA, this is the first attempt of its use as a
UV-MALDI-MS matrix. The absence of phototautomerization
for this compound could explain the lack of photostability
observed in our experimental conditions. The other three dihydr-
oxyacetophenones showed thermal and photochemical stability
when irradiated with different UV sources (lamps and lasers;
LFP, UV-LDI-MS). As they also showed very low fluorescence
quantum yields, their main deactivation mechanism may involve
heat emission. 2,4-DHA has an ESIPT yielding a detectable tran-
sient through LFP, whereas 2,5 and 2,6-DHA might generate less
stable keto photoisomers.
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Additional Supporting Information may be found in the online
version of this article:

Figure S1. UV-MALDI mass spectra of 1F-fructofuranosylnys-
tose (A, PM 828.28 Da). Positive ion mode (a) and negative ion
mode (b), matrices: dihydroxyacetophenones as indicated.

Figure S2. Photochemical stability of dihydroxyacetophenones.
UV–Vis absorption spectra of dihydroxyacetophenones at 254,
366 and k > 300 nm (solvent: CH3CN).

Figure S3. 1H-NMR (200 MHz) spectra of dihydroxyacetophe-
nones, before and after irradiation (solvent CD3OD).

Figure S4. UV-LDI mass spectra of 3,5-DHA (M, m. w.
152.088 Da), before and after irradiation. Positive ion mode.

Figure S5. Thermal treatment of dihydroxyacetophenones.
UV–Vis absorption spectra of dihydroxyacetophenones and
melted dihydroxyacetophenones (Methods A and B) (solvent:
CH3CN).

Figure S6. Thermal treatment of dihydroxyacetophenones. 1H-
NMR (200 MHz) spectra of dihydroxyacetophenones and melted
dihydroxyacetophenones (solvent CD3OD).

Figure S7. UV-LDI mass spectra of 3,5-DHA (M, m. w.
152.088 Da) and melted 3,5-DHA. Positive ion mode.

Figure S8. Representative electronic transitions for 2,4-DHA
computed by TDDFT at the B3LYP with 6-31++G(d,p) basis set.

Table S1. Transition state energy associated with the GSIPT
from E-keto isomer to the enol form.
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