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Optical and electron paramagnetic
resonance studies of the excited triplet
states of UV-B absorbers: 2-ethylhexyl
salicylate and homomenthyl salicylate†

Kazuto Sugiyama, Takumi Tsuchiya, Azusa Kikuchi* and Mikio Yagi*

The energy levels and lifetimes of the lowest excited triplet (T1) states of UV-B absorbers, 2-ethylhexyl sali-

cylate (EHS) and homomenthyl salicylate (HMS), and their deprotonated anions (EHS− and HMS−) were

determined through measurements of phosphorescence and electron paramagnetic resonance (EPR)

spectra in rigid solutions at 77 K. The observed T1 energies of EHS and HMS are higher than those of

butylmethoxydibenzoylmethane, the most widely used UV-A absorber, and octyl methoxycinnamate, the

most widely used UV-B absorber. The T1 states of EHS, HMS, EHS− and HMS− were assigned to almost

pure 3ππ* state from the observed T1 lifetimes and zero-field splitting parameters. EHS and HMS with an

intramolecular hydrogen bond show a photoinduced phosphorescence enhancement in ethanol at 77 K.

The EPR signals of the T1 states of EHS and HMS also increase in intensity with UV-irradiation time

(photoinduced EPR enhancement). The T1 lifetimes of EHS and HMS at room temperature were deter-

mined through triplet–triplet absorption measurements in ethanol. The quantum yields of singlet oxygen

production by EHS and HMS were determined by using time-resolved near-IR phosphorescence.

Introduction

Organic UV absorbers with an intramolecular hydrogen bond
have been widely used in cosmetic sunscreens. These UV
absorbers enable an intramolecular excited-state proton trans-
fer (ESPT) after photoexcitation. Intramolecular ESPT can
facilitate an efficient and rapid non-radiative dissipation of the
absorbed UV energy, resulting in high photostability.1–5 This is
one of the reasons why these UV absorbers are used in cos-
metic sunscreens. Among these UV absorbers, 2-ethylhexyl sali-
cylate (EHS, octyl salicylate, Neo Heliopan OS, Scheme 1) and
homomenthyl salicylate (HMS, homosalate, Scheme 1) are the
first UV absorbers used in sunscreen formulations.6,7

The intramolecular hydrogen bonding in EHS and HMS
lowers the energy of the excited state and exhibits UV absor-
bance in the ideal UV-B range of 280–320 nm, while EHS and
HMS have small molar absorption coefficients of <6000 mol−1

dm3 cm−1.6–8 EHS and HMS have the ability to solubilize crys-
talline UV absorbers such as 4-tert-butyl-4′-methoxydibenzoyl-

methane (BMDBM), the most widely used UV-A absorber in
the world.6,9 They are photostable ingredients with an excellent
safety record, despite their continued usage for more than 50
years.9–11 They are approved for use in Australia, EU, Japan
and USA.12,13

Sunscreens are photochemical systems containing more
than one UV absorber to provide perfect protection throughout

Scheme 1 Molecular structures and principal axes (x, y, z) of the ZFS
tensors chosen for EHS, HMS, SA, MeS, MBA and MeMB.

†Electronic supplementary information (ESI) available: The phosphorescence
and EPR spectra of SA, SA−, MeS, MeS−, MBA, MBA− and MeMB in ethanol at
77 K. See DOI: 10.1039/c5pp00138b

Department of Chemistry, Graduate School of Engineering, Yokohama National

University, Tokiwadai, Hodogaya-ku, Yokohama 240-8501, Japan.

E-mail: akikuchi@ynu.ac.jp, yagimiki@ynu.ac.jp

This journal is © The Royal Society of Chemistry and Owner Societies 2015 Photochem. Photobiol. Sci., 2015, 14, 1651–1659 | 1651



the whole solar UV radiation range. There may be stabilizing
or destabilizing interactions in the mixture of organic UV
absorbers.14–28 Since the lowest excited triplet (T1) state is gen-
erally long-lived, many physical and chemical interactions are
possible in the T1 state.29 However, to the best of our knowl-
edge, information on the T1 states of EHS and HMS has not
yet been reported in the scientific literature.

In the present study, we observed the phosphorescence and
electron paramagnetic resonance (EPR) spectra of EHS and
HMS and their deprotonated anions (EHS− and HMS−) in
ethanol at 77 K. We obtained the energy levels, lifetimes and
zero-field splitting (ZFS) parameters of the T1 states. At room
temperature, we observed the time-resolved triplet–triplet
(T–T) absorption spectra of EHS and HMS and the time-resolved
near-IR emission spectra of singlet oxygen generated by photo-
sensitization with EHS and HMS. In the course of the study,
photoinduced phosphorescence enhancement was observed
for EHS and HMS in rigid solutions at 77 K. The nature of the
T1 states of EHS and HMS is discussed. The T1 states of sali-
cylic acid (SA), methyl salicylate (MeS), 2-methoxybenzoic acid
(MBA) and methyl 2-methoxybenzoate (MeMB) have been
studied for comparison.

Experimental
Chemicals

EHS (>98%), HMS (>98%), MeS (>99%), MBA (>98%) and
MeMB (>99%) were purchased from TCI and used without
further purification. SA (Wako, >99.5%), ethanol (Wako, Super
Special Grade) and 2,2,2-trifluoroethanol (Wako, >98.5%) were
used without further purification. The concentrations shown
in this study were determined at room temperature. The con-
centrations should be corrected for shrinkage of the solution
upon freezing at 77 K.

Optical and EPR measurements

The UV absorption, total emission, phosphorescence and
phosphorescence–excitation spectra at 77 K were recorded by
the same method as that described previously.30,31 The experi-
mental setup for the time-resolved T–T absorption experiments
is the same as that previously reported.32 The sample solution
was flowed in a Tosoh T-57-UV-10 cuvette (10 mm optical path
length) for the T–T absorption spectrum measurements. For
the T–T absorption decay measurements, sample solutions
were deaerated by freeze–pump–thaw cycles.

The time-resolved near-IR emission measurements were
carried out in ethanol. Samples were excited with a Continuum
Surelite Nd:YAG laser (266 nm, repetition rate 10 Hz). The
experimental setup for the time-resolved near-IR emission
experiments is the same as that reported previously.32

The EPR spectra were recorded in ethanol at 77 K using a
JEOL-JES-FE1XG X-band spectrometer (ν = 9210 MHz). The
static magnetic field was calibrated with an Echo Electronics
EFM-2000 proton NMR gauss meter. Samples were excited
with a Canrad-Hanovia Xe–Hg lamp (1 kW run at 500 W)

equipped with an Asahi Technoglass UV-D33S glass filter
(transmits the wavelength 250–400 nm) and an Asahi Spectra
REX-250 Hg lamp (250 W) equipped with an interference filter
(313 nm).

Results and discussion
UV absorption spectra

The UV absorption spectra of EHS and HMS were recorded in
ethanol at 25 °C and 77 K. The spectra show blurred
vibrational structure and only one peak in the UV-B range even
at 77 K, as shown in Fig. 1. The molar absorption coefficients
of EHS and HMS in ethanol at 25 °C were obtained to be
4650 mol−1 dm3 cm−1 at 306 nm and 4580 mol−1 dm3 cm−1 at
306 nm, respectively.

Transient absorption spectra

To obtain the information on the triplet states at room temp-
erature, the transient absorption spectra of EHS and HMS were
recorded by utilizing laser flash photolysis in ethanol at 25 °C.
Fig. 2 shows the transient absorption spectra of EHS and HMS
in Ar-saturated ethanol obtained 3–8 μs after the 266 nm laser

Fig. 1 UV absorption (dotted line) and phosphorescence–excitation
(solid line) spectra of (a) EHS and (b) HMS in ethanol at 77 K. The sample
solutions were prepared at a concentration of 1.5 × 10−2 mol dm−3 for
the UV absorption measurements and 3.0 × 10−5 mol dm−3 for the
phosphorescence–excitation measurements.
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pulse. Fig. 3 shows the time profiles of the transient absorp-
tion signals of EHT and DBT. The decay of transient absor-
bance was drastically accelerated by the addition of ground-
state oxygen, 3O2. The observed transient spectra can be
reasonably assigned to T–T absorption spectra since 3O2 is a
well-known triplet quencher.29 The T–T absorption decays
were exponential, and the lifetimes of the T1 states of EHS and
HMS were estimated to be 140 μs and 120 μs in deaerated
ethanol at 25 °C, respectively. It should be mentioned that the
lowest excited singlet (S1) states of EHS and HMS undergo
intersystem crossing to the T1 states to some degree, even
though intramolecular ESPT facilitates the internal conversion
of the S1 states into the ground states.

Time-resolved near-IR phosphorescence spectra of singlet
oxygen

Interaction of an excited triplet state of an organic molecule
with 3O2 generally leads to the sensitized formation of singlet
oxygen, 1O2(

1Δg).
29 The near-IR phosphorescence spectra of

1O2(
1Δg) generated by photosensitization with EHS and HMS

were recorded in oxygen-saturated ethanol at 25 °C, as shown
in Fig. 4. The phosphorescence peak was observed at 1274 nm.

Fig. 2 Transient absorption spectra of (a) EHS and (b) HMS in Ar-satu-
rated (solid line) and oxygen-saturated (dotted line) ethanol at 25 °C.
The sampling times were set at 2–17 μs after the 266 nm YAG laser
pulse. The sample solutions were prepared at a concentration of 3.8 ×
10−3 mol dm−3 (the absorbance at 266 nm was 1.0).

Fig. 3 Time profiles of the transient absorption of (a) EHS and (b) HMS
in deaerated ethanol at 25 °C. Transient absorption was monitored at
430 nm. The sample solutions were prepared at a concentration of 3.8 ×
10−3 mol dm−3.

Fig. 4 Time-resolved near-IR phosphorescence spectra of singlet
oxygen, 1O2(

1Δg), generated by excitation of (a) EHS and (b) HMS in
oxygen-saturated ethanol with 266 nm YAG laser pulses at 25 °C. The
sampling times were set at 10–25 μs after the laser pulse. Inset: the
phosphorescence intensity was monitored at 1274 nm. The sample solu-
tions were prepared at a concentration of 3.8 × 10−3 mol dm−3.
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The lifetimes of 1O2(
1Δg) generated by excitation of EHS and

HMS were determined to be 15.0 μs and 14.7 μs, respectively.
The observed wavelength of the phosphorescence peak is very
close to that observed in ethanol by Schmidt (1273 nm).33 The
observed lifetimes are close to those observed in ethanol by
Shimizu et al. (14.5 μs) and Kikuchi et al. (16 μs).34,35

The quantum yields of 1O2(
1Δg) generation, ΦΔ, were deter-

mined relative to phenalenone in oxygen-saturated ethanol. ΦΔ

values generated by phenalenone were reported to be almost
unity in many solvents including methanol.36,37 The ΦΔ values
of both EHS and HMS were determined to be 0.019.

Photoinduced phosphorescence enhancement

The phosphorescence spectra of EHS and HMS were measured
in ethanol at 77 K, as shown in Fig. 5 and 6. The energy levels
of the T1 states of both EHS and HMS were estimated to be
27 000 cm−1 from the shorter wavelength edge of the phos-
phorescence. The phosphorescence lifetimes of EHS and HMS
were observed in ethanol at 77 K. The results are given in
Table 1. The energy levels of EHS and HMS are higher than
those of BMDBM (ET1

= 20 400 cm−1) and the most widely used

UV-B absorber, octyl methoxycinnamate (OMC, ET1
=

19 500 cm−1).30,38 EHS and HMS may act as a triplet energy
donor for BMDBM and OMC in the mixtures of UV absorbers.

In the course of the emission studies, a marked increase in
the phosphorescence intensity during the photoexcitation was
observed for EHS and HMS. Fig. 5a shows the irradiation time
dependence of the phosphorescence intensity of EHS in
ethanol at 77 K. The phosphorescence intensity rose and
approached an equilibrium value (photoinduced phosphor-
escence enhancement ). After a period of 30 min in the dark the
phosphorescence intensity decreased with respect to the value
from the end of the preceding irradiation period (relaxation).
Fig. 5b shows this behavior. The phosphorescence spectrum
did not change during the irradiation, as shown in Fig. 5a.
The photoinduced phosphorescence enhancement and relax-
ation were also observed for HMS, as shown in Fig. 6.

The phosphorescence–excitation spectra of EHS and HMS
are blue-shifted with regard to the UV absorption spectra, as
shown in Fig. 1. The phosphorescence and phosphorescence–
excitation spectra of SA, MeS, MBA and MeMB were observed
in ethanol at 77 K for comparison. The results are shown in

Fig. 5 (a) Phosphorescence spectra of EHS at irradiation times of
0 min, 2 min, 4 min and 6 min in ethanol at 77 K (λexc = 313 nm). (b)
Irradiation time dependence of the phosphorescence intensity of EHS
and relaxation in the dark period of 30 min in ethanol at 77 K. Phosphor-
escence was monitored at 420 nm. The sample solutions were prepared
at a concentration of 1.5 × 10−2 mol dm−3.

Fig. 6 (a) Phosphorescence spectra of HMS at irradiation times of
0 min, 2 min, 4 min and 6 min in ethanol at 77 K (λexc = 313 nm). (b)
Irradiation time dependence of the phosphorescence intensity of HMS
and relaxation in the dark period of 30 min in ethanol at 77 K. Phosphor-
escence was monitored at 420 nm. The sample solutions were prepared
at a concentration of 1.5 × 10−2 mol dm−3.
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Fig. S1–S5.† The observed phosphorescence spectra of MeS
and MeMB are similar to those reported by Aleksiejew and
Heldt.39 The observed phosphorescence–excitation spectrum
of MBA is similar to the UV absorption spectrum of MBA,
although the phosphorescence–excitation spectrum is some-
what red-shifted with regard to the UV absorption spectrum,
as shown in Fig. S5.† The phosphorescence intensity of MBA
did not increase during the excitation in ethanol at 77 K. This
phosphorescence behavior was also observed for MeMB in
ethanol at 77 K. The methoxy derivatives of SA where the
hydroxyl groups are replaced by methoxy groups showed con-
stant intense phosphorescence during the excitation. On the
other hand, the observed phosphorescence–excitation spectra
of SA and MeS are blue-shifted compared to the UV absorption
spectra and the photoinduced phosphorescence enhancement
was observed.

The photoinduced phosphorescence enhancements observed
for EHS, HMS, SA and MeS are similar to those observed for
benzophenone derivatives used as UV absorbers, 2-(2-hydroxy-
4-methoxyphenyl)-4,6-diphenyl-1,3,5-triazine (HMPDT) and
2-hydroxypropiophenone at 77 K.31,40–42 The photoinduced
phosphorescence enhancement was explained by considering
the intramolecular and intermolecular hydrogen bonds.31,40–42

One possible explanation for the observed phosphorescence
enhancement is that the photoinduced intermolecular hydro-
gen-bond formation between EHS and ethanol leads to the
enhancement of the S1 → T1 intersystem crossing. Before exci-
tation EHS is the closed form with a chelate-type intra-
molecular hydrogen bridge in ethanol. For the closed form of
EHS an intramolecular ESPT takes place after excitation. This
is followed by rapid internal conversion and no phosphor-
escence is observed at the very beginning of the first
irradiation. In ethanol the fraction of the intermolecular
hydrogen-bridged species to the solvent (open form) increases
during irradiation and the S1 state of the open-form EHS
undergoes intersystem crossing to the T1 state. The open-form

EHS in the ground state undergoes relaxation to the closed
form during the dark period.

To confirm the mechanism of the observed phosphor-
escence enhancement the irradiation time dependence of the
phosphorescence intensity was observed for EHS in 2,2,2-tri-
fluoroethanol at 77 K. As shown in Fig. 7a, phosphorescence
was observable at the very beginning of the first irradiation
and the phosphorescence intensity increased with the
irradiation time. Before irradiation EHS is the mixture of the
closed form and open form since trifluoroethanol has a stron-
ger tendency to form hydrogen bridging than ethanol. This
irradiation time dependence of the phosphorescence intensity
was also observed for HMS, as shown in Fig. 7b.

The phosphorescence measurements were carried out for
the deprotonated anions of EHS and HMS (EHS− and HMS−)
in ethanol–KOH at 77 K. The results are listed in Table 1. As is
clearly seen in Fig. 8, the phosphorescence spectra of EHS−

and HMS− are red-shifted with regard to those of their neutral
forms. The phosphorescence intensity of EHS− and HMS− did
not increase during the excitation. These experimental results
also support the above-mentioned mechanism of the observed
phosphorescence enhancement for EHS and HMS. The phos-
phorescence lifetimes of the compounds studied were deter-
mined in ethanol at 77 K and are listed in Table 1. The
observed phosphorescence lifetime of MBA is close to that

Table 1 T1 energies (ET1
), phosphorescence quantum yields (ΦP), zero-

field splitting parameters (D*) and T1 lifetimes (τ) observed in rigid solu-
tions at 77 K

Molecule Host
ET1

(cm−1) ΦP

D*
(cm−1)

τP
a

(s)
τEPR

b

(s)

EHS EtOH 26 700 0.054 0.1340 1.02 1.07
EHS− EtOH–KOH 23 900 0.17 0.0819 0.57 0.59
HMS EtOH 26 700 0.049 0.1350 1.01 1.01
HMS− EtOH–KOH 23 900 0.16 0.0834 0.58 0.59
SA EtOH 27 000 —c 0.1339 0.95 0.91
SA− EtOH–KOH 23 700 —c 0.0819 0.71 —d

MeS EtOH 26 700 0.048 0.1350 1.07 1.02
MeS− EtOH–KOH 23 900 0.27 0.0833 0.61 0.57
MBA EtOH 26 900 0.37 0.1360 1.02 0.99
MBA− EtOH–KOH 26 800 0.36 0.1380 0.40 0.41
MeMB EtOH 26 700 0.36 0.1350 1.12 1.10

aObtained from the decay of phosphorescence. bObtained from
the decay of the EPR Bmin signal. cNot available due to weak
phosphorescence. dNot available due to weak EPR Bmin signal.

Fig. 7 (a) Irradiation time dependence of the phosphorescence inten-
sity of (a) EHS and (b) HMS in trifluoroethanol at 77 K (λexc = 313 nm).
Phosphorescence was monitored at 420 nm. The sample solutions were
prepared at a concentration of 1.5 × 10−2 mol dm−3.
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observed in EPA (ether–isopentane–alcohol, 5 : 5 : 2 by volume)
at 77 K (0.96 s).43

The quantum yields of phosphorescence, ΦP, of EHS and
HMS were determined relative to the quantum yields of fluo-
rescence, ΦF, of 9,10-diphenylanthracene in ethanol at 77 K,
ΦF = 1.0.44,45 In the same manner as that reported pre-
viously,46,47 the values of ΦP were determined to be 0.054 and
0.049 for EHS and HMS, respectively, after the phosphor-
escence intensity reached equilibrium value. The ΦP values of
the compounds studied are listed in Table 1. MBA and MeMB
without intramolecular ESPT are strongly phosphorescent as
expected.

Photoinduced triplet EPR enhancement

In the presence of an external magnetic field B, the magnetic
fine structure of the triplet molecule can be described by the
following spin Hamiltonian:

HS ¼ gμBBSþ SDS

¼ gμBBS� XSx2 � YSy2 � ZSz2

¼ gμBBSþ D Sz2 � 1=3ð ÞS2� � þ E Sx2 � Sy2
� �

:

ð1Þ

Here, −X, −Y, and −Z are the principal values of the D
tensor (ZFS tensor), and D and E are the ZFS parameters. The
other symbols have their usual meaning. We may assume that

the g tensor is isotropic. Assuming the molecular planarity in
the T1 state, the principal axes (x, y, z) of the ZFS tensor were
taken to be as shown in Scheme 1. The ZFS parameters D and
E are defined to be D = −3Z/2 and E = (Y − X)/2.

The value of the ZFS parameter D* can be obtained from
the observed resonance field of Bmin signal with the aid of the
following equation:48

D* ¼ fð3=4ÞðhνÞ2 � 3ðgμBBminÞ2g1=2 ð2Þ
where

D* ¼ ðD2 þ 3E 2Þ1=2 ð3Þ
and h and ν have their conventional meanings. The g value
was assumed to be equal to the free electron value. The tran-
sitions observed at Bmin correspond to the transitions between
the two sublevels which are not adjacent at high magnetic
fields. Consequently, these transitions are often called ΔMS =
±2 transitions.

The EPR spectra of the T1 states of EHS, HMS, EHS− and
HMS− were recorded in ethanol at 77 K, as shown in Fig. 9 and
10. The values of D* were obtained from the observed reso-
nance field of Bmin with Kottis and Lefebvre’s correction and are
listed in Table 1.48 The T1 lifetimes obtained from the decay of
the EPR Bmin signal are also listed in Table 1. The T1 lifetimes

Fig. 8 Phosphorescence spectra of (a) EHS− and (b) HMS− in ethanol–
KOH at 77 K (λexc = 334 nm). The sample solutions were prepared at a
concentration of 1.5 × 10−4 mol dm−3.

Fig. 9 EPR spectra of the ΔMS = ±2 transitions for the T1 states of (a)
EHS, (b) EHS−, (c) HMS and (d) HMS− in ethanol at 77 K. The sample solu-
tions were prepared at a concentration of 1.5 × 10−2 mol dm−3.
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obtained from the EPR measurements are in good agreement
with those obtained from the phosphorescence measure-
ments. This agreement shows that the observed EPR spectra
are reasonably assigned to the EPR spectra of the T1 states of
EHS, HMS, EHS− and HMS−. The EPR spectra of the T1 states
of SA, MeS, MBA, MeMB, SA−, MeS− and MBA− were recorded
for comparison, as shown in Fig. S4 and S6–S8.†

The ΔMS = ±1 transition signals for EHS and HMS are too
weak to be observed, as shown in Fig. 10. On the other hand,
Bmin signal and two sets of the ΔMS = ±1 transition signals
were observed for EHS− and HMS−. The ΔMS = ±1 transition
signals near 330 mT were not observed because very strong
EPR signals due to free radicals formed by UV irradiation were
observed over the range of the external magnetic field from
300 to 350 mT.

The signs of the ZFS parameters of EHS− and HMS− are not
known. We assumed that the signs of D and E are positive and
D > 3E. The ZFS parameters thus obtained are D = 0.0763 cm−1

and E = 0.0179 cm−1 for EHS− and D = 0.0763 cm−1 and E =
0.0184 cm−1 for HMS−, respectively. The observed EPR spectra
of the randomly oriented triplet states were simulated in the
same manner as that presented by Kottis and Lefebvre.48 In
the present simulation, a Gaussian linewidth of 3 mT was
used. The computer-simulated EPR spectra are shown in
Fig. 10.

At high magnetic fields when the three spin states are
totally quantized by the magnetic field according to their MS

value the ΔMS = ±1 transition is an allowed transition.49 On

the other hand, the so-called half-field transition is a forbid-
den transition in the sense of ΔMS = ±2. However, the observed
Bmin signal is much stronger than the ΔMS = ±1 transition
signals, as shown in Fig. 10. This can be explained from the
fact that in the low field of 150 mT an MS is not a good
quantum number for the spin states with ZFS parameters of
∼0.1 cm−1 and the whole MS quantization scheme breaks
down.49 The appearance of a strong half-field transition is not
a violation of the selection rule of ΔMS = ±1 because this rule
only holds for eigenfunctions of Sz and does not apply for the
T1 molecules studied in this work.

Fig. 11 shows the irradiation time dependence of the inten-
sity of EPR and phosphorescence for the T1 state of EHS. As is
clearly seen in Fig. 11, the EPR intensity rose and approached
an equilibrium value. This behavior is the same as that of
phosphorescence. The photoinduced enhancement of the con-
centration of T1 molecules was confirmed by the phosphor-
escence and EPR measurements.

The lifetimes of the T1 states of EHS and HMS are about 1 s
and the D* values are about 0.14 cm−1. These values suggest
that the T1 states of EHS and HMS possess mainly a 3ππ* char-
acter in ethanol. As is clearly seen in Table 1, the energy levels,
lifetimes and D* values of the T1 states of EHS and HMS are

Fig. 10 EPR spectra for the T1 states of (a) EHS, (b) EHS−, (d) HMS and
(e) HMS− in ethanol at 77 K. The sample solutions were prepared at a
concentration of 1.5 × 10−2 mol dm−3. (c) Computer-simulated EPR
spectrum of EHS− obtained by using D = 0.0763 cm−1, E = 0.0179 cm−1

and ν = 9221 MHz. (f ) Computer-simulated EPR spectrum of HMS−

obtained by using D = 0.0763 cm−1, E = 0.0184 cm−1 and ν = 9207 MHz.

Fig. 11 Irradiation time dependence of the intensity of phosphor-
escence and EPR of (a) EHS and (b) HMS in ethanol at 77 K. Phosphor-
escence was monitored at 420 nm and EPR signal was monitored
at 140.7 mT. The sample solutions were prepared at a concentration of
1.5 × 10−2 mol dm−3.
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similar to those of MeS, MBA and MeMB. The T1 states of EHS
and HMS can reasonably be assigned to a locally excited triplet
state within the SA molecular moiety, and the two unpaired
electrons of EHS and HMS in the T1 states localize on the SA
molecular moiety.

Conclusions

The observed T1 energies of EHS and HMS are higher than
those of BMDBM and OMC, the most widely used UV-A and
UV-B absorbers. EHS and HMS may act as a triplet energy
donor for BMDBM and OMC in the mixtures of UV absorbers.
Transient absorption and time-resolved near-IR measurements
show that the S1 → T1 intersystem crossing is not negligible
for EHS and HMS in ethanol at room temperature. Photo-
induced phosphorescence enhancement was observed for EHS
and HMS in ethanol at 77 K. One possible explanation for the
observed phosphorescence enhancement is that under
irradiation the photoinduced intermolecular hydrogen-bond
formation between the solute and ethanol leads to the
enhancement of the S1 → T1 intersystem crossing.
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