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Abstract

The potential use of the naturally occurring yellow-orange pigment curcumin as a photodynamic therapy
agent is one of the most exciting applications of this medicinal compound. Although subnanosecond
spectroscopy has been used to investigate the photophysical processes of curcumin, the time resolution is
insufficient to detect important and faster photoinduced processes, including solvation and excited-state
intramolecular hydrogen atom transfer (ESIHT). In this study, the excited-state photophysics of curcumin is
studied by means of ultrafast fluorescence upconversion spectroscopy. The results show two decay
components in the excited-state kinetics with time scales of 12−20 ps and ∼100 ps in methanol and ethylene
glycol. The resulting prominent isotope effect in the long component upon deuteration indicates that
curcumin undergoes ESIHT in these solvents. The short component (12−20 ps) is insensitive to deuteration,
and multiwavelength fluorescence upconversion results show that this decay component is due to solvation of
excited-state curcumin.
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The potential use of the naturally occurring yellow-orange pigment curcumin as a photodynamic therapy
agent is one of the most exciting applications of this medicinal compound. Although subnanosecond
spectroscopy has been used to investigate the photophysical processes of curcumin, the time resolution is
insufficient to detect important and faster photoinduced processes, including solvation and excited-state
intramolecular hydrogen atom transfer (ESIHT). In this study, the excited-state photophysics of curcumin is
studied by means of ultrafast fluorescence upconversion spectroscopy. The results show two decay components
in the excited-state kinetics with time scales of 12-20 ps and ∼100 ps in methanol and ethylene glycol. The
resulting prominent isotope effect in the long component upon deuteration indicates that curcumin undergoes
ESIHT in these solvents. The short component (12-20 ps) is insensitive to deuteration, and multiwavelength
fluorescence upconversion results show that this decay component is due to solvation of excited-state curcumin.
Introduction
Curcumin, 1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione, is a naturally occurring yellow-orange pigment
derived from the rhizomes of Curcuma longa (turmeric). It has
been traditionally used as a spice and food coloring in Indian
cooking and medicine.1 Currently, it is the subject of a large
number of investigations in the fields of biology, medicine, and
pharmacology owing to its profound effects on human health.
Curcumin exhibits a variety of biological and photochemical
properties, including antioxidant, anti-inflammatory, and anticancer activity.2-6 Recently, it was also established that curcumin has the ability to prevent protein aggregation in debilitating diseases such as Alzheimer’s and Parkinson’s.7,8 Curcumin
has two tautomeric forms, namely β-diketone and keto-enol.
It has been shown that curcumin exists predominantly as a
keto-enol tautomer in a number of solvents with various
polarities using results from NMR spectroscopy.9 It follows that
strong intramolecular hydrogen bonding is present in the
keto-enol tautomer of curcumin, of which the chemical
structure is shown in Figure 1, providing a favorable interaction
for stabilization of this tautomeric form.
Recent research shows that curcumin has great potential to
be an effective photodynamic agent.10-17 In particular, studies
have demonstrated the use of curcumin to treat melanoma,18-24
and the photodynamic action is greatly enhanced in the presence
of light for destruction of tumor cells.15-17 It has been shown
that stable photoproducts are not responsible for the medicinal
effects of curcumin.10 Photolytically produced active oxygen
species such as singlet oxygen, hydroxyl radical, superoxide,
or hydrogen peroxide are mainly suggested for its activity.10,11,25-29
In addition, Jovanovich et al. demonstrated that H-atom transfer
is a preferred antioxidant mechanism of curcumin by laser flash
photolysis and pulse radiolysis.30 Currently, there are significant
* To whom correspondence should be addressed. E-mail: tak.kee@
adelaide.edu.au (T.W.K.); jwp@iastate.edu (J.W.P.).
†
Iowa State University.
‡
University of Adelaide.

Figure 1. Structure of the keto-enol form of curcumin.

interests in developing a detailed level of understanding in the
photophysics and photochemistry of curcumin in order to further
exploit its medicinal effects.
Several studies have focused on using time-resolved fluorescence spectroscopy to investigate the excited-state photophysics
of curcumin in organic solvents on the subnanosecond time scale,
aiming to provide fundamental understanding to elucidate the
medicinal properties of curcumin.12,31-34 In all cases, these studies
focused on excited-state intramolecular hydrogen atom transfer
(ESIHT) of curcumin because this phenomenon has been associated
with the medicinal properties of other pigment molecules, including
hypericin and hypocrellin.35-39 Two of these studies agree that
the fluorescence lifetime of curcumin in methanol has a
dominant component with a time constant of roughly 130 ps.31,34
This decay component, however, was assigned to different
molecular processes, i.e., solvation34 and ESIHT,31 in the two
studies. Here, we perform ultrafast fluorescence upconversion
studies to address this issue in the literature. Using a time
resolution of 300 fs and deuterated curcumin, we show
unambiguously that ESIHT occurs with a time scale of
approximately 100 ps. Furthermore, the similarity between the
time scale of ESIHT and the measured fluorescence lifetime
indicates that ESIHT is a major photophysical process in the
deactivation of the excited state.
Owing to femtosecond time resolution of ultrafast fluorescence upconversion, a short-lived fluorescence decay component
with a time scale of 12 ( 2 ps was also detected at 520 nm for
curcumin in methanol, in addition to the ESIHT component. In
ethylene glycol, the short-lived component has a time constant
of 20 ( 3 ps. This fast decay component was previously
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unobserved because of the insufficient time resolution used.
Solvation is expected to be present in the relaxation dynamics
due to the substantial change in dipole moment reported for
curcumin.31 In the present work, using results from multiwavelength fluorescence upconversion measurements, we definitively
assign this decay component to solvation dynamics. The
solvation correlation function C(t), which provides a quantitative
measure of the time scale of solvation dynamics, has a fast
component which is shorter than the instrument response
function of 300 fs, and a slow component of 12 ( 2 ps in
methanol and 30 ( 5 ps in ethylene glycol. These results
strongly support the assignment of the 12-20 ps component
observed in the fluorescence upconversion results to solvation.
Experimental Section
Materials. Curcumin (purity ∼70% HPLC) was purchased
from Sigma Aldrich and used without further purification. Highpurity curcumin (g98.5%) was obtained from Alexis Biochemicals. This highly purified product is virtually free of the other
two closely related curcuminoids (∼30%) which are also found
in turmeric, namely demethoxy- and bisdemethoxycurcumin.
While the experiments performed in this work involved using
curcumin from the first source, fluorescence upconversion and
time-correlated single photon counting measurements were
repeated using high-purity curcumin to ensure the roles of
demethoxy- and bisdemethoxycurcumin are negligible. Methanol, ethylene glycol, and chloroform were obtained from Fisher
Scientific and used without further purification. In addition,
chloroform was also dried over type 4A molecular sieves prior
to use. Methanol-d4 (purity 99.8%) and ethylene glycol-O,O-d2
(purity 98%) were purchased from Cambridge Isotope Laboratories, Inc. and used without further purification. For the
experiments on curcumin in deuterated solvents, curcumin was
allowed to equilibrate in these solvents for 48 h to ensure
complete exchange of the enolic hydrogen with deuterium.
Steady-State Measurements. Steady-state absorption spectra
were obtained on Hewlett-Packard 8453 UV-visible spectrophotometer with 1 nm resolution. Steady-state fluorescence
spectra were obtained on a Spex Fluoromax-4 with a 3 nm
bandpass and corrected for lamp spectral intensity and detector
response. All the samples were excited at 407 nm for steadystate fluorescence measurement. For both fluorescence and
absorption measurements, a 5 mm path length quartz cuvette
was used. All experiments were done at room temperature.
Time-Resolved Measurements. The apparatus for fluorescence upconversion is described in detail elsewhere.40 Briefly
it is based on a home-built mode-locked Ti:sapphire oscillator
producing femtosecond pulses at a fundamental wavelength of
814 nm with a repetition rate of 82 MHz. Frequency-doubled
pulses (407 nm) were used to excite the sample, and the residual
of the fundamental was used as the gate pulse to upconvert the
fluorescence signal. First, the fluorescence signal was collected
using a 10× objective lens. Then, the gate pulse and fluorescence signal were focused onto a 0.4 mm type-I BBO crystal
to generate the sum frequency light, which was detected by a
photomultiplier tube mounted on a monochromator. The full
width at half-maximum (fwhm) of the instrument response
function is 300 fs, obtained by the cross-correlation function
of the frequency doubled and the fundamental light. A rotating
sample cell was used and all experiments were performed at
room temperature.
Solvation dynamics are analyzed and quantified by means
of the solvation correlation function, C(t)

C(t) )

ν(t) - ν(∞)
ν(0) - ν(∞)

(1)

where ν(0), ν(t), and ν(∞) denote the peak frequency of the
emission spectra at time zero, t, and infinity. The “zero time”
emission spectrum has been approximated using the emission
spectrum of curcumin in hexanes, according to the method of
Fee and Maroncelli.41 The ν(∞) is taken as the peak frequency
of the steady-state fluorescence spectrum. ν(t) is determined by
taking the maxima from the log-normal fits as the time-resolved
emission maximum which is constructed according to the
procedure described by Maroncelli and Fleming42 using steadystate emission spectrum and fitting parameters from wavelengthresolved decay traces. In most cases, however, the broad spectra
result in uncertainty in the exact position of the emission
maxima. Thus, using the signal-to-noise ratio and width of the
spectrum (including “zero-time”, steady-state, or time-resolved
emission spectrum) as guides, we have determined the typical
uncertainties as follows: time-resolved emission (∼(200 cm-1),
“zero-time” ∼ steady state (∼(100 cm-1). These uncertainties
are used to compute error bars for the C(t). The fractional
solvation at 300 fs was calculated using f300fs ) 1 - C(t)300
fs).
Time-resolved fluorescence lifetime anisotropy data were
collected using the time-correlated single photon counting
(TCSPC) technique. Our apparatus has been described elsewhere.40 Recent modifications in the experimental setup include
the replacement of NIM-style electronics by the Becker and
Hickl photon counting module Model SPC-630. With this
modified system, the full width at half-maximum of the
instrument-response function is ∼40-45 ps. The acquisition
time window had a width of 3.33 ns with 1024 channels,
corresponding to 3.25 ps per channel. All experiments were
performed using 407 nm excitation obtained by frequency
doubling of 814 nm fundamental light. For anisotropy measurements, 65 530 counts were collected at the peak channel for
parallel polarization. A normalization factor was then applied
to the TCPSC trace such that the maximum count was 10 000
due to requirement of the analysis software. A cuvette of 1 cm
path length was used for the time-resolved anisotropy measurement. The anisotropy measurement involved collecting two
fluorescence signals with polarizations parallel (I|) and perpendicular (I⊥) to the excitation polarization in order to determine
the anisotropy decay r(t), as follows:

r(t) )

I||(t) - I⊥(t)
I||(t) + 2I⊥(t)

(2)

The anisotropy data were obtained from simultaneous fitting
of parallel and perpendicular decays.43 The decay of the
anisotropy reflects the time scale of orientational relaxation.
Results and Discussion
UV-Vis Absorption and Fluorescence Spectra of Curcumin. Figure 2 illustrates the absorption and fluorescence
spectra of curcumin in methanol, ethylene glycol, the corresponding deuterated solvents, and chloroform. The spectra
obtained in methanol and chloroform were found to be in
agreement with the previous results with respect to the spectral
shape and peak position.33 While the UV-vis absorption spectra
are relatively insensitive to the solvent used, the fluorescence
spectra exhibit a strong solvent effect. The strong dependence
of the Stokes shift on solvent polarity indicates that the excited-
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Figure 2. Normalized absorption and fluorescence spectra of curcumin
in (a) methanol (MeOH), deuterated methanol (MeOH-d4), (b) ethylene
glycol (EG), deuterated ethylene glycol (EG-d2), and (c) chloroform
(CHCl3).

state dipole moment of curcumin is considerably larger than
that of its ground state. This property also implies that solvation
dynamics play an important role in the excited-state relaxation
of curcumin, as will be discussed further.
Fluorescence Upconversion and Excited-State Intramolecular Hydrogen Atom Transfer of Curcumin. The excitation
and probe wavelengths in the fluorescence upconversion experiments are 407 and 520 nm, respectively, as shown in Figure 2.
While having the excitation wavelength at 407 nm efficiently
promotes curcumin from the ground state to the excited state,
monitoring the time-resolved fluorescence at 520 nm, which is
on the blue side of the fluorescence spectrum, provides the good
signal-to-noise ratio and sensitivity to record early time events
in the excited-state relaxation process.
Figure 3a shows the fluorescence upconversion signals of
curcumin in methanol and deuterated methanol as a function
of time. The time-resolved fluorescence signal of curcumin in
methanol (red) was fitted with a biexponential function with
time constants of 12 ( 2 and 70 ( 10 ps with nearly equal
amplitudes; see Table 1. In order to demonstrate the effect of
deuteration, fluorescence upconversion of curcumin in deuterated
methanol was investigated. In deuterated methanol (blue), while
the first decay component remains identical within experimental
error, a prominent isotope effect is observed in the second
component. The decay time constant of this component is
increased to 120 ( 20 ps upon deuteration. Fluorescence
upconversion experiments were also performed with pure
(g98.5%) curcumin in methanol and the same fast and slow
components were obtained as mentioned above.
The appearance of this prominent isotope effect of 1.7
requires equilibration of curcumin in deuterated methanol for a
period of approximately 48 h. Exchange of the enolic hydrogen
of curcumin with the deuterium of methanol-d4 is expected to
occur on this time scale, which is consistent with deuteration
of a similar system.44 In contrast, the inset of Figure 3a shows
the fluorescence upconversion results of curcumin in methanol
and deuterated methanol with an equilibration time of only 15
min. The two traces are identical within experimental error,
clearly showing the absence of an isotope effect at early

Figure 3. Fluorescence upconversion decays of curcumin in (a)
methanol (MeOH), (b) ethylene glycol (EG), and (c) chloroform
(CHCl3); corresponding decays in the deuterated analogues in (a) and
(b) show a prominent isotope effect. The inset in (a) shows the virtually
identical traces prior to the H/D exchange (equilibration time of ∼15
min), which indicates that the isotope effect observed after equilibration
(48 h) is independent of solvent effects. While the decays in (a) and
(b) exhibit biexponential nature, the trace in (c) is single exponential.
All samples were excited at 407 nm and fluorescence was collected at
520 nm.

TABLE 1: Fluorescence Upconversion Decay Parameters
for Curcumin in Different Solvent Systemsa
solvent

a1b

τ1 (ps)

τ2 (ps)

methanol
methanol-d4
ethylene glycol
ethylene glycol-O,O-d2
chloroformc

0.45
0.45
0.45
0.45
1.0

12
12
20
20
130

70
120
105
220
-

a
The fluorescence upconversion traces, f(t), were fitted with the
multiexponential function f(t) ) a1 exp(-t/τ1) + a2 exp(-t/τ2). The
a1, a2, and τ1 were kept constant during the fitting process. All
parameters have a relative error of (15%. b a1 + a2 ) 1.
c
Chloroform was dried over molecular sieves prior to use. Water
content was assessed with a coulometric Karl Fischer titration
(Mettler Toledo DL 39). % wt H2O ) 0.002.

equilibration time. The results shown in Figure 3a and the inset
yield the following important insights. First, the observed isotope
effect correlates with the enolic H/D exchange of curcumin,
supporting the excited-state hydrogen atom transfer character
of the kinetics. Second, the lack of isotope effect at early
equilibration time indicates that the hydrogen atom transfer
process is intramolecular in nature, as opposed to a consequence
of intermolecular hydrogen bonding with the surrounding
solvent molecules. Additionally, this result also indicates that
the observed isotope effect is unrelated to the suppression of
radiationless deactivation of excited-state curcumin in deuterated
methanol. Therefore, these results clearly indicate that ESIHT,
which occurs with a time constant of 70 ps in methanol, is a
major pathway of nonradiative decay in curcumin.
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Figure 4. Representative normalized wavelength resolved fluorescence upconversion traces of curcumin in methanol (MeOH) and ethylene glycol
(EG). Time-resolved emission spectra were constructed by collecting upconversion traces over a range from 500 to 600 nm at intervals of 10 nm.
The time-resolved traces at the red end (600 nm) show a growing component, which is the signature of solvation dynamics.

The effect of solvent on the fluorescence upconversion signal
is shown in Figure 3b. In ethylene glycol (red), the time-resolved
fluorescence signal also exhibits a biexponential decay, similar
to methanol. However, the time scales of the decays are longer;
the time constants of the decays are 20 ( 3 and 105 ( 15 ps,
with nearly equal amplitudes. Deuteration of ethylene glycol
produces a similar isotope effect, i.e., the time constant of the
short-lived decay component remains unchanged but that of the
long-lived component is increased by a factor of 2.1; see Table
1. The presence of this notable effect further supports our
assignment of the long-lived decay component to ESIHT. The
ESIHT time constants of curcumin reported in this study are
comparable to those of 7-azaindole in methanol.45
The ESIHT for curcumin in methanol and ethylene glycol
occurs, within experimental error, on the same time scale (70
( 10 and 105 ( 15 ps, respectively; see Table 1). While the
solvent viscosity differs by a factor of ∼30 between methanol
and ethylene glycol (0.59 and 16.1 cP, respectively, at 20 °C),
the lack of dependence of the ESIHT time scale on viscosity
indicates that ESIHT occurs through small amplitude molecular
motions, which do not heavily involve the surrounding solvent
molecules. In this regard, ESIHT in curcumin is similar to that
in hypericin, for which the rate of ESIHT is uncorrelated to
solvent viscosity.38,39 In another related species, 2-hydroxyacetophenone, it was determined that small-amplitude molecular
vibrations are responsible for the initial events in ESIHT and
the O-H vibration is unaffected in this process.46 Therefore,
our results indicate that ESIHT in curcumin is similar to that
of the systems in which ESIHT has a weak dependence on
solvent viscosity.
Chloroform is a polar aprotic solvent with which curcumin
is not involved in intermolecular H-bonding. Care was taken
to exclude water in chloroform because it has been reported
that water quenches the fluorescence by forming a nonfluorescent stable complex with excited-state curcumin.47 In addition,
the presence of a hydrogen-bonding impurity might complicate
the excited-state dynamics.48 The fluorescence upconversion

decay trace of curcumin in chloroform is shown in Figure 3c.
The decay trace is best fitted with a single-exponential decay
function with a time constant of 130 ( 20 ps. This decay
component is assigned to ESIHT for the following reasons. First,
the decay trace is unrelated to solvation dynamics of curcumin
in chloroform since solvation in chloroform occurs with time
constants of 0.285 and 4.15 ps, as determined by Horng et al.49
Consequently, because intermolecular hydrogen bonding with
the solvent is impossible between curcumin and chloroform,
the observed kinetics are attributed to an intramolecular interaction, which we assign to an intramolecular process, namely
ESIHT. While the ESIHT time of a related molecule, 3-hydroxyflavone, is 240 fs in methylcyclohexane,48 the absence of
such a short component in Figure 3c indicates that ESIHT in
curcumin does not occur as rapidly as in 3-hydroxyflavone. In
fact, the 130 ps ESIHT time constant of curcumin in chloroform
shows good agreement with those of curcumin in methanol and
ethylene glycol.
Early Time Solvation Dynamics. In addition to ESIHT, the
fluorescence upconversion results also reveal that there is a
short-lived component with a time scale of 12 ps in methanol,
which is likely to be undetectable in TCSPC because of
insufficient time resolution. Solvation, in addition to ESIHT, is
expected to play a role in the excited-state relaxation dynamics
due to the significant dipole moment change reported for
curcumin: ∆µ ) 6.1 D.31 Such a ∆µ is comparable to that of
Coumarin 153 (∆µ ≈ 8 D),42,49 which is a standard probe
molecule for solvation dynamics. Additionally the fluorescence
spectra exhibit a Stokes shift that is largely dependent on solvent
polarity, implying that solvation may play a major role in the
relaxation of the excited state in addition to ESIHT.
To demonstrate the presence of solvation, we performed
fluorescence upconversion experiments on curcumin at up to
11 wavelengths spanning the range of 500-600 nm in methanol
and ethylene glycol. Representative decay traces are shown in
Figure 4. For curcumin in methanol, all the transients are well
fitted to a biexponential function with a fixed long decay
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Figure 6. Solvation correlation function, C(t), of curcumin in methanol
and ethylene glycol obtained from fluorescence upconversion experiments. Solvation correlation function is fitted with biexponentials decay
function. Both the solvents showed the same initial fast component of
50 fs but a different slow component of 12 ps (methanol) and 30 ps
(ethylene glycol).

Figure 5. Normalized time-resolved emission spectra of curcumin in
methanol (MeOH) and ethylene glycol (EG). Steady-state (ss) and
“zero-time” (t ) 0 ps) spectra are included. Almost 70% of the solvation
is complete in both systems within the time resolution of our instrument
(300 fs).

component of 140 ps (fluorescence lifetime). In methanol, at
the blue end of the emission spectrum (500 nm), the result shows
a fast decay component of 10 ps (56%). At 530 nm, the time
constant of the fast portion becomes 17 ps (41%). At 560 nm,
a rising component is observed with a rise time of 1.6 ps. The
time constant of this rising component becomes 6.9 ps at 600
nm. The wavelength-dependent behavior of the fast component
is the signature of solvation dynamics. As shown in Figure 4,
a similar behavior is also observed for curcumin in ethylene
glycol, where the long decay component was also fixed at its
lifetime of 210 ps. These results clearly indicate the major role
of solvation in the relaxation of the excited state.
In Figure 5a, the emission spectra of curcumin in methanol
at 0, 0.3, 20.3 ps and steady state (t f ∞) are shown. For
curcumin in ethylene glycol, the trend of emission spectral shift
is similar to methanol but it occurs at a slower rate. For instance,
it takes the emission spectrum approximately 40 ps to almost
fully recover to the steady-state spectrum, as shown in Figure
5b.
The solvation correlation function, C(t), of methanol and
ethylene glycol are presented in Figure 6, and the solvation
parameters are shown in Table 2. In particular, the f300fs values
show that more than 70% of solvation is completed in both the
solvents within the time resolution (300 fs) of the instrument.
The C(t) shows an initial fast response (50 fs, fixed) followed
by a slow response. As shown by previous studies on similar
systems, this fast response is attributed to ultrafast librational
motion of the solvents.49-51 The time constants of the other
component are 12 ( 2 and 30 ( 5 ps in methanol and ethylene
glycol, respectively. These time scales are highly consistent to
the fast component in the fluorescence upconversion results at
520 nm of curcumin in these solvents; see Figure 3 and Table
1. Based on the results from the studies on solvation dynamics,
the short-lived component in the fluorescence upconversion
results for curcumin in methanol and ethylene glycol at 520
nm has been assigned to solvation. In addition, the average

TABLE 2: Solvation Correlation Function Decay
Parameters for Curcumin in Different Solvent Systems
f300fsa

solvent

τ1 (ps)b τ2 (ps) 〈τ〉 (ps)

a1

methanol
0.75 ( 0.04 0.71 ( 0.02
ethylene glycol 0.75 ( 0.05 0.73 ( 0.02

0.05
0.05

12 ( 2
30 ( 5

3.5
8.2

a
f300fs: fractional solvation at 300 fs. b The faster component was
fixed at 0.05 ps during fitting.

TABLE 3: Time-Resolved Fluorescence Anisotropy Data of
Curcumin in Different Systems
system
a

curcumin/MeOH
curcumin/EGa

r0

τ(r) (ps)

(r)
τcalc
(ps)

0.37 ( 0.01
0.36 ( 0.02

200 ( 20
5080 ( 1100

375
10200

a
The errors are based on the average of three measurements.
Fluorescence anisotropy decays are fitted to the form: r(t) ) r0exp[-t/τ(r)]. In all cases χ2 e 1.3.

solvation times in methanol and ethylene glycol are 3.5 and
8.2 ps, respectively, which are in excellent agreement with
previous studies using Coumarin 153 as the probe molecule.49
Fluorescence Anisotropy of Curcumin. The effects of
solvation and ESIHT on the rotational motion of curcumin are
examined with fluorescence anisotropy studies. To gain insight
into the sensitivity of orientation of curcumin to the environment,
anisotropy experiments were carried out in methanol and
ethylene glycol, and the results are shown in Figure 7. The
anisotropy parameters are shown in Table 3; the anisotropy
decays are single exponential, which are well described with
the equation r(t) ) r0 exp[-t/τ(r)], where r0 and τ(r) are the initial
anisotropy value and molecular rotational time, respectively.
The anisotropy results reveal that r0 has values of 0.37 and 0.36
in methanol and ethylene glycol, respectively, very close to the
theoretical limit of 0.4.
The anisotropy results also reveal that τ(r) of curcumin is 200
ps in methanol and 5080 ps in ethylene glycol. The difference
between the τ(r) of methanol and ethylene glycol can be
understood by taking into account the Debye-Stokes-Einstein
(r)
relation, which states that τDSE ) Vη/kBT. Using ηmethanol ) 0.59
cP, ηethylene glycol ) 16.1 cP (with T ) 20 °C), and the estimated
(r)
hydrodynamic radius of curcumin of 8.5 Å,52 τDSE of methanol
and ethylene glycol are estimated to be 375 and 10 200 ps,
respectively. Although the Debye-Stokes-Einstein relation
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∼12 ps in methanol and ∼30 ps in ethylene glycol. Results
from fluorescence anisotropy studies show that curcumin in
methanol and ethylene glycol have τ(r) of 200 and 5080 ps,
respectively. By comparing the time scales of solvation and
ESIHT with τ(r), we conclude that the coupling between
molecular rotation to other molecular processes is weak for
curcumin in methanol. Additionally, in the case of curcumin in
ethylene glycol, the coupling is essentially negligible.
Acknowledgment. T.W.K. acknowledges a research grant
from the Australian Research Council and National Health and
Medical Research Council Network “Fluorescence Applications
in Biotechnology and Life Sciences.”
Supporting Information Available: Supplementary UV-vis
and TCSPC results. This material is available free of charge
via the Internet at http://pubs.acs.org.
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