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Understanding self-assembly aspects of block copolymers is of great importance due to their utility in a wide
range of applications whether in chemistry, pharmacy, or medicine. In this work, properties of poly(ethylene
oxide) -block- poly(propylene oxide) -block- poly(ethylene oxide) (F108) are studied in solution using fluores-
cence technique and curcumin as the molecular probe. Fluorescence of curcumin has been tracked in solutions of
different concentrations of F108. The CMC (critical micellar concentration) and CMT (critical micellar temperature)
have been found to be 23.2 μM and 35 °C respectively. First time curcumin fluorescence-based method has been
proven to be useful to estimate CMT. Furthermore, fluorescence quenching technique using hydrophobic cetyl
pyridinium bromide and hydrophilic KI quenchers has established the position of curcumin is located near the
hydrophobic pocket of Stern-layer of F108 micelle. New insight on effect of ionic strength and bile salt on the
CMC and CMT values of F108 is evaluated through curcumin probing. CMC has decreased with the increase in
the concentration of the three salts except for NaC. The effect has been arranged in decreasing order as follows:
NaDC > NaCl > NaC. On the other hand, the effect of the three salts on the CMT of F108 has been found to be
less remarkable, with a 1-fold decrease for NaCl and NaDC and almost no change for NaC.

1. Introduction

Smart polymers with responsive properties have received much
interest in the last few decades because of their crucial role in na-
noscience and drug delivery applications. Poly(Ethylene Oxide) -block-
Poly(Propylene Oxide) -block- Poly(Ethylene Oxide) (F108) is a water-

soluble non-ionic triblock copolymer. It belongs to the class of block
copolymers, so called pluronics or poloxamers. These copolymers have
dual character: hydrophilic and hydrophobic which establishes these
molecules as amphiphilic species that can self-assemble in aqueous
media into micelles having a hydrophobic core and a hydrophilic sur-
face. This kind of micellization occurs above a certain concentration,
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known as critical micellar concentration (CMC) [1,2] and/or above a
certain temperature, called critical micellar temperature (CMT). There
has been extensive research on the utility of these micellar structures in
different fields. Understanding self-assembly aspects of block copoly-
mers was and is still of great importance to scientist because of their
utility in a wide range of applications whether in chemistry, pharmacy,
or medicine. Pluronic F108 belongs to this class of compounds; how-
ever, interestingly this pluronic, among other pluronics like F127 and
P104, is known for its high hydrophilic percentage (around 80%) [3].
F108 in solution behaves like surfactants; above critical micelle con-
centration and/or temperature, it aggregates into micelles of hydro-
phobic core and hydrophilic interface. Studying the CMC and CMT
changes in block copolymers has been a subject of interest to many
researchers. Different methods in literature were employed for this
purpose. Such methods include surface tension measurements [4,5],
FTIR technique [6], DPH solubilization method [7], and fluorescence
probing [8]. Fluorescence probes, mostly pyrene molecule, proved to be
a powerful technique for this aim. However, studying F108′s behavior
in solution using curcumin as a molecular probe is limited. Curcumin is
a well-established ancient drug, existing as a β-diketo which tauto-
merizes between its enol and keto structures. On the other hand, ex-
tensive research is being held on curcumin, known for its therapeutic
effects. Moreover, due to its responsive fluorescence properties, cur-
cumin is being extensively used as a probe to target specific systems.
Though interaction between curcumin and pluronics is strong as it is
widely reported that curcumin gets buried in the hydrophobic cavity of
pluronic micelles, studying F108 behavior in solution using curcumin as
a fluorescence probe is very limited. Interestingly, curcumin is be-
coming an established fluorescence probe for many systems like micelle
[9], liposomes [10], and heterogeneous systems [11]. Curcumin is
widely getting realized for its potential application as a molecular probe
[12,13] and sensor [14,15]. The use of fluorescence technique in
probing is widely favored over classical microscopy techniques because
it offers detailed information reaching a single molecule sensitivity
[16]. For instance, a study conducted by Khoury et al. [17] in 2016
revealed that curcumin can serve as an efficient, non-toxic, and easily
accessible probe molecule to study the liposome properties. Further-
more, it was successfully proved in this study that curcumin can be used
to observe the effect of cholesterol on liposomes and study ethanol
induced interdigitation of liposomes [17]. Chebl et.al have also studied
pre- and nano-aggregation behavior of chitosan oligosaccharide using
curcumin as probe molecule [18]. In another study Chebl et al. have
shown that curcumin formulated with chitosan oligosaccharide and
integrated with negatively charged silica nanoparticles to form nano-
capsules can serve as a cost-effective and highly selective analytical
technique for cholesterol sensing without enzymatic reaction [19].
Moreover, Wu et al. reported curcumin as a chemosensor for fluoride
anion in 2010 [20]. Thus, it is of great importance to comprehend the
type of this interaction between curcumin and F108, taking advantage
of curcumin’s fluorescence properties and keeping its applicability in
drug delivery, biomedical applications, and nanotechnology. Similarly,
the adding of additives into associates of an amphiphiles will change
their physicochemical characteristics for instance the degree of ioni-
zation, reaction rates along with clouding or phase separation [21–23].
In this manuscript curcumin as an external fluorescence probe is pro-
posed as a method to investigate the self-assembly behavior of F108 in
water. The CMC and CMT are both determined at a fixed concentration
and temperature, respectively. Results obtained are compared to those
achieved using pyrene probing and DPH solubilization technique from
literature. Effect of ionic strength and bile salt is also evaluated. Fur-
thermore, the position of curcumin in the micelle is studied through
quenching technique using CPB and KI as quenchers.

2. Materials and methods

2.1. Materials

Pluronic F108, curcumin, Cetylpyridinium Bromide (CPB), sodium
chloride (NaCl), potassium chloride (KI), sodium cholate (NaC), and
sodium deoxycholate (NaDC) were obtained from Sigma-Aldrich and
used as received. The solvents used were obtained from Sigma Aldrich
and were of HPLC grade.

2.2. Sample preparation

A stock solution of F108 (10mg/mL) was prepared in double dis-
tilled water. Likewise, a stock solution of 1mM curcumin was made in
methanol. The stock solutions of CPB, KI, NaCl, sodium cholate, and
sodium deoxycholate were distinctly prepared in double distilled water.
Afterwards, dilutions were made as desired. For the CMC study, fluor-
escence measurements for samples of different F108 concentrations in
this range (0, 2.28, 4.56, 6.85, 9.13, 13.7, 18.26, 27.4, 41.1, 54.8, 68.5,
82.2, 109.6, and 123.3 μM) were conducted. To guarantee micelle
formation, CMC study was performed at 45 °C which is higher than the
literature value of CMT. Curcumin’s concentration was maintained
constant at 3.33 μM in all the samples. It is worthy to note that a sample
without curcumin was prepared for each of the samples to check if F108
has any fluorescent properties, and it was shown that the error is within
10%, meaning that the fluorescence is solely due to curcumin’s pre-
sence. To study the effect of salt on CMC of F108, the different F108
samples were prepared at different salt concentration. The first salt
tested was sodium chloride. 1, 10, 100, and 150mM of NaCl was added
to all the solutions. The same experiment was done by varying the
concentration of sodium cholate and sodium deoxycholate as follows:
0.25, 0.5, and 5mM for sodium cholate and 0.25, 0.5, and 1mM for
sodium deoxycholate. For the CMT study, a sample with 3.33mM of
curcumin and 82.2 μM (1.2mg/mL) was prepared. The concentration of
F108 was chosen to be higher than the literature value of CMC to ensure
micellization. It is worthy to note that the amount of methanol present
in the solution was less than 1% (v/v) in order not to affect our mea-
surement. Fluorescence measurements of this sample were done at
different temperatures (5, 10, 15, 20, 25, 30, 32, 34, 35, 36, 37, 38, 39,
40, 42, 46, 50, 55, 60, 65, and 70 °C). For quenching experiments, F108
and curcumin concentrations were kept constant at 82.2 μM (1.2mg/
mL) and 3.33mM respectively. The concentrations of the quenchers KI
and CPB were varied as follows, respectively: 0, 0.2, 0.4 and 0.6M for
KI and 0, 45, 100, 200, 500 and 800 μM for CPB. Such low con-
centration range for CPB was selected because it can aggregate at high
concentration, losing its quenching activity. Fluorescence measure-
ments were also conducted at 45 °C.

2.3. Instrumentation

Steady state fluorescence measurements were performed by a
Jobin–Yvon–Horiba fluorimeter. Emission and excitation slits were
both set at 5 nm. The fluorimeter was equipped with a 100W Xenon
lamp and an R-928 detector operating at 950 V. For temperature reg-
ulation, a thermostat was coupled to the fluorimeter sample holder. The
temperature was read by an external thermometer. All fluorescence
measurements were performed at an excitation wavelength of 425 nm
and emission spectra were collected over a wavelength range of
440–800 nm.

3. Results and discussion

3.1. Self-assembly and critical micelle concentration

Although micellization is a spontaneous process, it only commences
above a certain polymer concentration, the critical micellar
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concentration (CMC), at a fixed temperature. Detecting this con-
centration can be done by tracking the change in several physical
properties as a function of the polymer concentration. Such properties
include surface tension, electrical conductivity, or osmotic pressure.
Other spectroscopic techniques like fluorescence can be employed to
determine CMC. Probes like pyrene and N-phenyl-1-naphthylamine
(NPN) are very well known for this target [24]. To investigate the CMC
of F108 and reconfirm its value, curcumin was used as a fluorescence
probe to examine the aggregation behavior of F108. Therefore, in the
present study we followed the emission spectra of curcumin at different
concentrations of F108 at 45 °C as it is shown in Fig. 1A. The emission
spectrum illustrated a maximum at ∼512 nm after excitation at
420 nm. Afterwards, a blue shift to ∼ 496 nm occurred at higher con-
centrations of F108 and remained constant at concentrations higher
than 54.8 μM. The variation of fluorescence intensity at 512 nm with
F108 concentration is shown in Fig. 1B. As can be seen in this figure,
the fluorescence intensity of curcumin increased linearly until a parti-
cular concentration and continued to increase with a larger slope
afterward. The break in fluorescence intensity vs F108 concentration
must have arisen from the micellization/aggregation of F108. There-
fore, it corresponds to CMC value and it is estimated to be ∼ 23.2 μM
(Table 1). Our result is in excellent agreement with the CMC values
reported in literature using pyrene probing are 22.0–22.6 μM [25,26] at
37 °C. The value obtained by simulation was lower and estimated to be
around 17.1 μM [27]. Conflicting CMC values resulting from using

different techniques is widely observed in previous studies [7,27]. The
blue shift and the increase in the fluorescence intensity signify that
curcumin experiences a more nonpolar environment in F108 micelles.
This marks the incorporation of curcumin in the hydrophobic core of
F108 micelles [28].

To examine the effect of ionic strength on the interaction of cur-
cumin with F108, the fluorescence spectra of curcumin was tracked for
the different concentrations of F108 (representative spectra shown in
Fig. S1A), where the concentration of NaCl was varied from 1 to
150mM. The fluorescence intensity of curcumin was monitored at
512 nm for each NaCl concentration in the presence of different F108
concentrations (See Fig. 2). It is evident from Table 1 and Fig. S1B that
the CMC value was significantly lowered from 23.2 to 7.94 μM as the
NaCl concentration reaches 150mM. This is estimated as a 3-fold de-
crease. Indeed, this observation is not surprising as it is widely con-
veyed in previous similar studies that NaCl reduces the CMC of micelle
[9]. Previous studies utilizing SANS on pluronic F88 (E103PO39EO103)
have revealed that the PEO moiety got dehydrated with the addition of
salt [29]. Reduction of CMC value i.e. enhancement of micellization in
the presence of salt is quite expected as the NaCl salt introduces the
salting-out effect [5].

Bile salt contains a hydrophobic anion which gives it unique prop-
erties. In a heterogeneous environment where aggregation processes,
micelles or membranes occur, bile salt interacts differently compared to
ionic salt. It can alter micelle/membrane properties through parti-
tioning into these structures [10]. In this study, the effect of two bile
salts, sodium cholate (NaC) and sodium deoxycholate (NaDC) (see Fig.
S2A), on CMC of F108 was investigated. First, 0.25, 0.5. and 1mM of
NaC were added to solutions containing a range of F108 concentrations
for which fluorescence measurements was conducted. Rather than
being quenched, an enhancement in the emission intensity of curcumin
was observed (see Fig. S2B). The increase in curcumin’s fluorescence
intensity in the presence of sodium cholate proposes a cooperation
between the hydrophobic cholate anion and curcumin along with F108
that leads to stabilization of the excited state of curcumin. However, the
enhancement of intensity was more pronounced at higher concentra-
tions of F108 as depicted in Fig. S3, and this is expected as curcumin’s
excited state gets more stabilized in the post-aggregation stage. A blue
shift in the emission maximum of curcumin was noted as shown in Fig.
S2B. The blue shift is a sign of aggregation of F108 in higher con-
centrations in which curcumin experiences a different microenviron-
ment, namely a nonpolar one. CMC values in the presence of NaC
presented in Table 1 showed a 1-fold reduction compared to CMC of
F108 then an increase was observed. In the presence of NaC, the ag-
gregation/micelle formed is no more the same as we expect without
NaC, because the hydrophobic cholate ions get integrated into the mi-
celle/structure, largely locating around the Stern-layer of the micelle
and exposing the charged anion towards the aqueous medium as pre-
sented in. Thus, hydrophobic cholate ion boosts to bring hydrophobic
layers of polymer to come in contact with each other by reducing the
CMC.

Another bile salt tested was sodium deoxycholate. Similar to NaC,
an increase in the fluorescence intensity of curcumin and a blue shift
were noticed at higher F108 concentrations, which is a sign of stabi-
lizing curcumin’s excited state (See Fig. S4A). The CMC was estimated
in the presence of 0.25, 0.5 and 1mM of NaDC, and values are sum-
marized in Table 1. As mentioned earlier, CMC was estimated from the
breaking point of the graphs which show the fluorescence intensity
alteration as shown in Fig. S4B-D. It was found that CMC decreased
with the increase in NaDC concentration similar to what was observed
for NaCl. However, the effect was more pronounced for NaDC com-
pared to NaC (1-fold) and NaCl (9-fold for NaDC as compared to a 3-
fold decrease for NaCl). This could be due to the hydrophobic nature of
NaDC compared to NaC, as the polymeric aggregate may completely
form a new kind of micelle in the presence of NaDC comparing with
NaC due to lower CMC value. Note that at the highest concentration of

Fig. 1. (A) Fluorescence emission spectra of curcumin (3.33 μM) at different
concentrations of F108; (B) Fluorescence intensity of curcumin at λem =512 nm
plotted versus concentration of F108.
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NaDC (1mM) there was no CMC detected due to it low value indicating
fast micellization.

3.2. Self-assembly and critical micelle temperature

Micelle formation of pluronics is not only concentration-dependent,
but also it is very sensitive to temperature [7]. Pluronic polymers exist
in the form of unimers at low temperatures and start to form micellar
aggregates at temperatures higher than CMT [30.31]. Because tem-
perature has a direct crucial effect on the micellization process, we
decided to evaluate the CMT of F108 at a concentration (82.2 μM) that
exceeded the CMC of F108 (23.2 μM) observed in our previous results.
Fluorescence spectra of aqueous solution with 82.2 μM F108 (named
solution X) and 3.02 μM curcumin were monitored at 2–5 °C tempera-
ture intervals over the range 5–70 °C as shown in Fig. 3A. Emission
intensity of curcumin remained almost constant between 5 and 35 °C

(Fig. 3B). This is expected because at low temperature, F108 does not
aggregate in aqueous solution. Thus, a hydrophobic pocket in which
curcumin can be solubilized and stabilized was not formed yet, and, as a
result, the fluorescence intensity of curcumin was very low. When
temperature reached 35 °C, an abrupt increase in the intensity occurred.
This sudden enhancement indicates the formation of micelles with
hydrophobic interior in which curcumin can be solubilized, giving a
characteristic spectrum [32]. Increasing the temperature of copolymer
aqueous solution ruptures the hydrogen bonds between the PPO block
and water molecules. This leads to the dehydration of the PPO groups,
permitting the hydrophobic interactions between the hydrophobic
segments to take place [33]. Therefore, we can say that there is a dis-
tinct temperature at which fluorescence intensity enhances dramati-
cally indicating the aggregation of unimers into micelles. This break
point can therefore be designated out as CMT. In our case, it was ob-
tained at 35 °C. This is in good agreement with literature values

Table 1
CMC and CMT values at different concentrations of sodium chloride, sodium cholate and deoxycholate.

Salt Critical micellar concentration (CMC) (μM)

0 mM 0.25mM 0.5mM 1mM 5.0 mM 10.0 mM 100.0 mM 150.0 mM

NaCl 23.2 19.2 13.1 12.1 7.94
NaC 23.2 6.36 5.23 6.25
NaDC 23.2 12.5 9.05 Not detected

Salt Critical micellar temperature (CMT) (°C)

0 mM 0.25mM 0.5mM 1mM 5.0 mM 10.0 mM 100.0 mM 150.0 mM

NaCl 35.0 35.0 33.8 33.5 32.1
NaC 35.0 36.0 33.7 35.7 35.0
NaDC 35.0 34.1 32.0 31.7

Fig. 2. Fluorescence intensities of curcumin at λem =512 nm plotted versus concentration of F108 and 3.33 μM curcumin in the presence of (A) 1mM; (B) 10mM;
(C) 100mM, and (D) 150mM NaCl.
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obtained by Alexandridis et al. [7] using DPH solubilization technique;
CMT obtained at 68 μM F108 was 36 °C which is quite comparable to
our value (35 °C) obtained at 82.2 μM, keeping in mind that CMT de-
creases as the concentration of the pluronic increases. At ∼55 °C, an
unexpected sudden decrease in the intensity was observed. This can be
attributed to the decrease in the micelles’ viscosity at very high tem-
peratures, which will push curcumin away from the hydrophobic in-
terior to the aqueous exterior, and, thus, making it insoluble again.
Therefore, there are two factors that interplay in this process: ag-
gregation and viscosity of micelles. The first factor dominates starting
from the CMT up to a certain high temperature after which the viscosity
factor takes over.

Similar to the previous part, we tried to figure out the effect of NaCl
on the CMT value of F108. So, we added 1, 10, 100, and 150mM NaCl
to the solution X for which the fluorescence intensity of curcumin was
monitored (Fig. S5A&B). Results of CMT are shown in Table 1. Inter-
estingly, the trend obtained shows decreasing values of CMT but the
effect was not very pronounced (only 3 °C decrease). Hence, salts have a
more pronounced and direct effect on CMC than CMT. This is in ac-
cordance with literature studies where it is manifested that all ionic
liquids or salts causes the reduction of CMT whenever their con-
centration increases [34]. 0.25, 0.5, 1 and 5mM of NaC were also
added to solution X to check the interaction of hydrophobic bile salt on
the CMT of micellization (see Figs. S6 & S7). Results show a negligible
effect for this salt on the CMT of F108. However, adding NaDC pro-
gressively decreased the CMT from 35 °C to around 31.7 °C, which
means that NaDC has a higher influence on the micellization of F108
compared to NaC. NaDC and NaCl both were able to reduce the CMT,

endorsing the micellization process.

3.3. Location of probe molecule, curcumin

Any process which diminishes the fluorescence intensity of a mo-
lecule can be referred to as a fluorescence quenching. Crucial in-
formation about the distribution and microenvironment of a drug can
be obtained by fluorescence quenching studies on polymer bound
fluorescence probe by external quencher molecule. In our study, two
established quenchers were used: a hydrophilic quencher, KI [35] and
another hydrophobic one, CPB. It is well-known in the literature that I−

has a preference to stay in the aqueous phase because of its negatively
charged surface. However, CPB’s long 16 carbon unit hydrocarbon
chain can get easily fused in the hydrophobic region whereas the po-
sitive pyridinium moiety of CPB stays in vicinity to water molecules
[18]. In this study, the fluorescence quenching of curcumin by KI and
CPB was measured using the Stern-Volmer plot [35]:

= +
I
I

K KIln 1 [ ]SV
0

(1)

Where I0 and I are the intensities of curcumin in the absence and pre-
sence of the quencher molecule, respectively, and KSV is the Stern-
Volmer quenching rate constant. Results shown in Fig. 4A shows that
the fluorescence intensity of curcumin decreases as the concentration of
CPB increases. CPB quenches the fluorescence intensity of curcumin by
electron transfer process [36]. Curcumin acts as a donor where electron
in the excited state is transferred from the aromatic ring of curcumin to
electron deficient N-atom of CPB [18]. The CPB tail intercalates into the
hydrophobic part of F108 micelles and stays at the Stern layer with its

Fig. 3. (A) Fluorescence emission spectra of 3.33 μM curcumin obtained at a
fixed concentration of F108 (82.2 μM) and different temperatures; (B)
Fluorescence emission spectra of 3.33 μM curcumin obtained at a fixed con-
centration of F108 and different temperatures.

Fig. 4. (A) Fluorescence emission spectra of curcumin obtained at different
concentrations of CPB; (B) F0/F versus concentration of CPB (Stern Volmer
plot).

L. Bechnak and D. Patra Colloids and Surfaces A 583 (2019) 123955

5



charged moiety exposed at the surface. Therefore, interaction between
curcumin and pyridinium ion will only be favored if F108 micelles
allow curcumin to align parallel to the hydrophobic tail of CPB similar
to what is reported for curcumin in liposomes [37,38]. So, the reduced
intensity of curcumin is logical as it interacts with CPB at the Stern
layer, donating an electron to the N+-atom of CPB, after which it es-
capes the hydrophobic pocket to the aqueous medium. This suggests
that curcumin is also located within the hydrophobic domain of micelle
near the Stern layer. The Stern-Volmer plot for fluorescence quenching
of curcumin by CPB is shown in Fig. 4B, and it shows a linear increasing
trend having KSV equal to 0.00201 M−1. The quenching rate constant
(Ksv) of curcumin by CPB in liposomes was found to be 0.00187 M−1,
and this is in good agreement with our value. On the other hand,
quenching by KI gave us almost no change in the fluorescence intensity
of curcumin as shown in Fig. S8. This suggests the absence of interac-
tion between curcumin and I-; this conclusion is quite expected as it is
known that I- prefers to stay in the aqueous domain where it is so
distant from curcumin located at the interface of the micelle. Therefore,
this further assures our observation from CPB quenching where it is
clearly demonstrated that curcumin enters the hydrophobic pocket of
the micelle successfully but stays at the Stern layer as shown in Scheme
1.

4. Conclusion

To study the micellization behavior of F108 in solution, curcumin
was used as a fluorescence probe to determine the CMC and CMT of
f108, which were found to be 23.2 μM and 35 °C, respectively. This is
the first report where curcumin fluorescence was established to de-
termine CMT. The value found was in accordance with literature
[30,31], thus, curcumin can be used as a probe to sense CMT during
micelle formation. Curcumin was also used to track changes in CMC
and CMT with the addition of different salts. It was found that NaCl
reduced the CMC and CMT respectively owing to the salting out effect.
However, NaC and NaDC decreased the CMC but did not affect the CMT
much. Impact of salt is crucial for various applications. Both ionic
strength and hydrophobic salt have play crucial role during self-as-
sembly process [18]. Present study further confirms that hydrophobic
salt has a significant role in polymeric system. Further study needs to be
carried out in other polymeric systems to have a better understanding
on self-assembly process in the presence of hydrophobic salt. Curcumin
gets buried into the hydrophobic tail of liposomes [13]. Fluorescence
quenching using KI and CPB was performed to locate curcumin in the
micelle. It was found that curcumin is positioned at the stern layer of
the F108 micelle, which is similar to results observed in liposome sys-
tems [13,17].
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