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Multiblock polycarbonates were facilely synthesized by covalently binding poly(ethylene oxide) (PEO) and poly(propylene oxide)
(PPO) blocks, using triphosgene as coupling agent. The resulting multiblock polycarbonates exhibited thermo-responsive gelation
behavior. A pronounced viscosity increase was observed when the temperature increased, which was traced to the formation of a
network of micelles. With further heating, the viscosity began to drop, which reflected breaking down of the network. Viscoelastic
properties of the multiblock polycarbonates in aqueous solutions were probed by dynamic oscillatory techniques. At low frequencies,
the systems showed a typical liquid-like behavior and at high frequencies they behaved as elastic materials. Data also showed that
the network formed by polycarbonates with less EO/PO composition ratio evolved and strengthened, thus exhibited more elastic
behavior. Temperature sweep results revealed that the aqueous solutions of polycarbonates underwent a sol-gel-sol transition with
increasing temperature. By properly regulating the EO/PO composition, gelation occurred upon increasing the temperature to 37◦C,
which made it a promising candidate for an injectable drug delivery system.
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1 Introduction

Thermo-responsive amphiphilic copolymers have been re-
garded as highly attractive materials due to their wide use
in biomedical application, such as drug delivery, tissue en-
gineering and other biomedical devices (1, 2). In particular,
polymers capable of showing a sol-to-gel transition by tem-
perature change constitute an active area of biomaterial
research. The basic feature shared by thermo-responsive
copolymers is that water solutions of these polymeric sys-
tems display low viscosity at room temperature, and exhibit
a sharp viscosity increase as temperature rises within a very
narrow temperature interval, producing a gel at body tem-
perature (3, 4).The sol to gel transition of these polymers
at low temperature can be utilized in the drug delivery ap-
plications since the transition temperature is around the
body temperature (5–8). When the solution is exposed to
the body by subcutaneous or intramuscular injection, it
forms a gel in situ, entrapping the drug. The drug is then
released by diffusion and-or by gel erosion from the surface
which occurs upon dilution (9).

Address correspondence to: Yebang Tan, School of Chemistry
and Chemical Engineering, Shandong University, Jinan 250100,
P. R. China. E-mail: ybtan@sdu.edu.cn

A number of thermo-responsive copolymers have
been studied during the last decades, with much work
focusing on poly(ethylene oxide)-poly(propylene oxide)-
poly(ethylene oxide) (PEO-PPO-PEO, Pluronics) triblocks.
These triblocks have been widely used in various industries
(10, 11) and their gelation mechanism is relatively well
understood by many previous studies (12). For Pluronic
F127 (EO99PO67EO99), by adjusting the concentration of
the polymer, the unimer-micelle equilibrium shifts towards
to micellar state. When the aggregation number reaches
the plateau value, the micelles come into contact with one
another with increasing temperature. These contacts ulti-
mately cause entanglements among the hydrophilic corona
PEO chains, and finally, a gel structure is formed (13).
However, these triblock materials are non-biodegradable
and their gel phases are found to dissolve in vivo in short
time upon dilution (14). Therefore, the biodegradable
copolymers composed of poly(ethylene glycol) (PEG)
and biodegradable polyester, such as poly(L-lactic acid)
(PLLA), poly(D,L-lactic acid) (PDLA), poly(lactic
acid-co-glycolic acid) (PLGA) and poly(D,L-lactic acid-
co-caprolactone) (PDLA-co-PCL), have been investigated
extensively during the past years. (15–19). In situ gel
formation makes these copolymers solutions promising
injectable biomaterials. Regrettably, in most of the studies,
the sol-gel-sol transition temperatures were measured by
a vial method which could introduce discrepancies in the
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398 Wang et al.

determination of the solution-soft gel or soft gel-hard
gel transitions (20). Instead, rheology can be regarded
as a useful means to characterize sol-gel-sol transition
(21, 22). In our study presented here, we synthesized a
series of thermo-responsive multiblock polycarbonates
consisting of PEO and PPO, and the sol-gel-sol transition
of them was characterized by rheology. Furthermore, we
not only presented the sol-gel-sol transition temperature,
but also provided the detailed mechanism that governed
the gelation properties of these systems.

Multiblock polycarbonates reported here were syn-
thesized by coupling poly(ethylene glycol) (PEG) and
poly(propylene glycol) (PPG) through one-step condensa-
tion copolymerization, using triphosgene as coupling agent
and pyridine as catalyst. This allows a new class of thermo-
responsive copolymers to be made. The gelation behav-
ior of the aqueous fluids was characterized in terms of
steady-state shear measurements and dynamic oscillatory
techniques. Based on these results, we suggested a gelation
mechanism for the aqueous solutions of multiblock poly-
carbonates.

2 Experimental

2.1 Materials

Poly(ethylene glycol) (PEG) with a molecular weight of
6000 g/mol was supplied by Sinopharm Chemical Reagent
Co., Ltd and purified by dissolving in dried chloroform
followed by filtration and precipitation in anhydrous ethyl
ether before use. Poly (propylene glycol) (PPG) with molec-
ular weight of 2000 g/mol, purchased from Sinopharm
Chemical Reagent Co., Ltd was dried at 120◦C under vac-
uum for 2 h. Triphosgene was purchased from Yao and
Shun Import and Export Co., Ltd and used without fur-
ther purification.

2.2 Synthesis of the PEG/PPG Multiblock
Polycarbonates

As a typical example, preparation of various PEG/PPG
multiblock polycarbonates was described as follows.
Briefly, PEG6000 (12.033 g, 2 mmol) and PPG2000 (4.008
g, 2 mmol) were dissolved in 30 mL of CH2Cl2 placed
into a three-neck flask. 2.6 mL of anhydrous pyridine was
poured as a catalyst and the mixture was cooled in an ice
bath (0–5◦C). A solution of triphosgene (1.826 g, 6 mmol)
in 10 mL of CH2Cl2was added to this mixture dropwise
during 90 min under magnetic stirring. After the dropping,
the mixture was stirred for 45 min at room temperature.
Then the polymerization was carried out at 40◦C for 6
h with stirring. The resultant copolymer was precipitated
from diethyl ether, and further purified by redissolving into
methylene chloride followed by precipitation in a mixture
of methanol and diethyl ether (4:1 in volume fraction).

1H-NMR (400 MHz, CDCl3, TMS), δ (ppm): 3.35–3.85
(m, OCH2 CH2 and OCH(CH3) CH2 ), 1.15–1.17
(d, OCH(CH3) CH2 ), 4.25–4.30 (t, CH2CH2OCO ),
4.85–4.90 (m, COOCH(CH3) CH2 ), 1.25–1.30 (m,

COOCH(CH3)CH2 ). IR (KBr, cm−1): 1749 (C O),
1264 (C O), 754 (C H).

2.3 Samples Preparation

A series of the multiblock polycarbonate aqueous solutions
were prepared by slowly adding of predetermined amount
of polycarbonates to cold distilled water followed by stir-
ring. Then, the sample solutions were kept at 4◦C for 24 h
to equilibrate before the rheological measurements.

2.4 Characterization of the PEG/PPG Multiblock
Polycarbonates

The 1H-NMR spectrum was recorded in CDCl3 solventon
a Bruker AV-400 NMR spectrometer at 400 MHz with
tetramethylsilane (TMS) as an inert standard at room tem-
perature.

Gel permeation chromatography (GPC) measurements
were carried out in DMF (1 mL/min) at 40◦C using a
Waters 515 liquid chromatography equipped with three
styragel columns and a refractive index detector.

Rheological properties were studied using a HAAKE
RS75 Rheometer. A cone-and-plate (C20/1*Ti, cone di-
ameter and angle are 35 mm and 2◦) fixture was used to
carry out the measurements. The rheological behavior of
our samples was determined under both steady and oscilla-
tory shear to obtain the steady shear viscosity and dynamic
viscoelastic properties of the polycarbonate solutions. Each
sample was equilibrated for 10 min before starting the rhe-
ological analyses to eliminate the mechanical history.

2.4.1. Viscometry test
The temperature-dependent behavior of the polycarbon-
ates system was studied in the temperature range of 15–
70◦C at the shear rate of 10 s−1. The heating rate was
0.8◦C/min.

2.4.2. Oscillation stress sweep
In oscillatory measurements, the rheological parameters
were measured as a function of stress at a frequency of 1
Hz in 50 steps to obtain the linear viscoelastic region. The
temperature was controlled at 25◦C. Once the linear region
was obtained, the rheological measurements were made as
a function of frequency at a fixed stress.

2.4.3. Frequency sweep
After a proper stress of 85 Pa was selected, frequency sweeps
were performed with the frequencies varying from 0.01 to
25 Hz at 25◦C. The frequencies and the modulus values
were then plotted in logarithmic scale.
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Gelation Behavior of Multiblock Polycarbonates 399

Sch. 1. Synthesis of PEG6000–PPG2000 multiblock polycarbon-
ates.

2.4.4. Temperature sweep
The sol-gel-sol transition temperature was determined by
oscillation temperature sweep at a frequency of 1 Hz. The
shear stress was kept constant at 20 Pa, which was in the lin-
ear viscoelastic region. The temperature range was 25–70◦C
and heating rate was 0.8◦C/min. Mineral oil was added to
the edge of the cone to prevent the dehydration during the
rheological experiments.

3 Results and Discussion

3.1 Multiblock Polycarbonates Synthesis

Thermo-responsive PEG/PPG multiblock polycarbonates
were synthesized by covalently coupling PEG and PPG, us-
ing triphosgene as coupling agent and pyridine as catalyst.
The reaction process was shown in Scheme 1. The molecu-
lar weight of PEG and PPG were fixed at 6000 g/mol and
2000 g/mol, respectively. Three multiblock polycarbonates
with initial PEG/PPG feed molar ratios of 0.8/1, 0.9/1
and 1/1 were synthesized and were coded as EO-CO-PO-
0.8, EO-CO-PO-0.9 and EO-CO-PO-1. The structures of

the polycarbonates were confirmed by 1H NMR and the
molecular weight and polydispersity of the polycarbonates
were determined by GPC as summarized in Table 1. The
feed molar ratios of PEG/PPG were 0.8/1, 0.9/1 and 1/1,
thus the corresponding EO/PO molar ratios were 3.2/1,
3.6/1 and 4/1, respectively. However, the actual EO/PO
molar ratio in copolymers (shown in Table 1) obtained
from 1H-NMR deviated from the designed values, which
was probably attributed to the incomplete copolymeriza-
tion and the removal of oligomers during the purification
process. The polymerization yields ranged from about 50
to 66% after isolation and purification as shown in Table 1.
All GPC traces of the multiblock polycarbonates were uni-
modal and showed low polydispersity, indicating that the
purity was enough for the study of rheological properties
of these multiblock copolymers.

3.2 Viscosity Vs. Temperature Profiles
of the Polycarbonates Systems

Figure 1 presents the temperature-dependent behavior of
the apparent viscosity for 15 wt% polycarbonates systems
with varied composition. As it is clearly shown in the plots,
all of the three polycarbonates exhibit thermo-responsive
properties. A sharp increase in viscosity can be observed in
the plots for each sample, and then the viscosity drops dra-
matically with the elevated temperature for EO-CO-PO-0.8
and EO-CO-PO-0.9. Taking EO-CO-PO-0.8 for example,
when it is heated, an abrupt change in viscosity is observed
and a plateau viscosity exists in the temperature range be-
tween 30◦C and 42◦C. This can be traced to the formation
of a network of micelles which is broken by the shear flow,
as previously reported by Bromberg on the star-branched
PEO-PPO-PEO networks (23). With further heating, the
viscosity begins to drop, which reflects the breaking down
of network. The viscosity lowers till the temperature reaches
around 60◦C. As for EO-CO-PO-1, only the increase pro-
cess of the viscosity is observed as shown in the insert of
Figure 1, no viscosity decrease is observed up to 66◦C (tem-
perature was not elevated beyond 70◦C due to the risk of
water evaporation despite the use of a solvent trap). The
sharpness of the plots and the magnitude of viscosity val-
ues decrease with increasing EO/PO composition of the

Table 1. Molecular characteristic of PEG6000-PPG2000 multiblock polycarbonates

PEG/PPG Yield/%
Sample (feed mole ratio) EO/POa Mb

n Mb
w Mw/Mb

n (after purification)

EO-CO-PO-0.8 0.8/1 4.4/1 98000 138000 1.41 51.82
EO-CO-PO-0.9 0.9/1 5.2/1 101000 123000 1.22 65.9
EO-CO-PO-1 1/1 6.8/1 99000 127000 1.28 49.7

aObtained from 1H-NMR measurements.
bObtained from GPC measurements.
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400 Wang et al.

Fig. 1. The effect of temperature on the flow curves of 15
wt% aqueous solutions of EO-CO-PO-0.8 (PC1), EO-CO-PO-
0.9 (PC2) and EO-CO-PO-1 (PC3).

polycarbonates. This suggests that the thermo-responsive
behavior is dependent on EO/PO composition.

3.3 Viscoelastic Behavior of the Polycarbonates Systems

In oscillatory measurements, the rheological parameters
were measured as a function of stress at a fixed frequency
of 1 Hz to obtain the linear viscoelastic region in which
storage modulus G′ and loss modulus G′′ are independent
of the applied stress at any given frequency. Figure 2 de-
picts the stress sweep results for 20 wt% aqueous solutions
of multiblock copolymers EO-CO-PO-0.8, EO-CO-PO-0.9
and EO-CO-PO-1 at 25◦C, more impressive results can be
easily grasped. For EO-CO-PO-1 (Figure 2a), the values
of G′ and G′′ are considerably smaller compared with that
for EO-CO-PO-0.8 and EO-CO-PO-0.9. Furthermore, G′
is smaller than G′′ andG′ exhibits great fluctuation in the
frequency range measured, which reveals that the viscous
component maintains dominating in 20 wt% aqueous so-
lution of EO-CO-PO-1. However, for EO-CO-PO-0.8 and
EO-CO-PO-0.9, G′ and G′′ remain virtually constant with
increasing stress up to the critical stress (σ c) values of
about 300 Pa, after that, G′ and G′′ begin to decrease
whereas G′ drops noticeably with further increase in the
applied stress. At the same time, G′ is always higher than
G′′, indicating that the elastic component is a larger pro-
portion of the solution compared to its viscous compo-
nent (24). Interestingly, G′ andG′′ values of EO-CO-PO-
0.8 are larger than that of EO-CO-PO-0.9 as expected.
For example, the storage modulus G′ of EO-CO-PO-0.8
keeps fixed at about 100 Pa, while that of EO-CO-PO-0.9
is about 50 Pa. The values of G′′ for EO-CO-PO-0.8 are

Fig. 2. Stress sweep results for 20 wt% aqueous solutions of
(a) EO-CO-PO-1, (b) EO-CO-PO-0.9 and (c) EO-CO-PO-0.8 at
25◦C.
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Gelation Behavior of Multiblock Polycarbonates 401

Fig. 3. Frequency sweep results for 20 wt% aqueous solutions of
EO-CO-PO-0.8 (PC2) and EO-CO-PO-0.9 (PC1) at 25◦C.

almost two times as that for EO-CO-PO-0.9 at the plateau
stage.

After a stress of 85 Pa was selected, the storage and loss
modulus were measured to further compare the aqueous
solutions properties of the polymers with different EO/PO
composition ratios. Since EO-CO-PO-1 does not exhibit
linear viscoelastic behavior, we show the results of the other
two typical samples. As indicated by the frequency sweep
curves in Figure 3, at low frequencies, the systems show
a typically liquid-like behavior with G′′ > G′. When it is
shifted to high frequencies, a crossover from viscous to
elastic behavior is observed with G′ = G′′. At still higher fre-
quencies, the systems behave as an elastic material with G′ >
G′′ and then G′ tends to a plateau. These results suggest that
the multiblock polycarbonate systems become more elastic
at higher frequencies, which is typical for networks contain-
ing entangled or interconnected chains. Analogous phe-
nomena were observed from Pluronic F68 (EO78PO30EO78)
system (25). What’s more, when compared EO-CO-PO-0.8
with EO-CO-PO-0.9, the values of G′ and G′′ become larger
over the applied frequency range. And the frequency of in-
tersection (G′ = G′′) ωc, shifts towards lower value, that
is to say, the relaxation time λ (λ = 1/ωc) shifts towards
longer time, indicating that the network formed by poly-
carbonates with less EO/PO composition ratio evolves and
strengthens, thus exhibits more elastic behavior. From the
oscillation experiments, frequency-dependent behavior of
complex viscosity η∗ was also obtained as shown in Fig-
ure 4, it can be observed that η∗ decreases gradually at
corresponding frequency range.

To make further analysis of the dynamic viscoelastic of
the polycarbonate systems, we also measured a variation
of G′ and G′′ with different aging time for 20 wt% aqueous
solution of EO-CO-PO-0.8 that was incubated at body tem-

Fig. 4. Variation of complex viscosity as a function of frequency
for 20 wt% aqueous solutions of EO-CO-PO-0.8 (PC1) and EO-
CO-PO-0.9 (PC2) at 25◦C.

perature. The results are presented in Figure 5. It can be
seen that both G′ and G′′ decrease continuously with in-
creasing aging time. After stored at 37◦C for 5 days, the
maximum values of G′ decreases from around 25000 Pa ini-
tially to about 1300 Pa, while that of G′′ slightly decreases
from 5000 Pa to 1200 Pa. After 7 days, the sample turns to
a viscous liquid as G′′ become always higher than G′. The
decrease of modulus has been proposed as an indicator of
degradation of hydrogel, as previously reported in the case
of PEG polymers (20). The change of η∗ at correspond-
ing frequency as shown in Figure 6 further validates these
results.

The gelation behavior of the obtained polycarbon-
ates was investigated by a temperature sweep method.

Fig. 5. Frequency sweep results for 20 wt% aqueous solution of
EO-CO-PO-0.8 with different aging time at 37◦C.
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402 Wang et al.

Fig. 6. Variation of complex viscosity as a function of frequency
for 20 wt% aqueous solutions of EO-CO-PO-0.8 with different
aging time at 37◦C

Measurements of G′ and G′′ at a constant frequency (1 Hz)
as a function of temperature for 15 wt% aqueous solutions
of EO-CO-PO-0.9 are shown in Figure 7. At low tempera-
ture, the sample is in a liquid state with G′′ > G′ as shown
in inset A of Figure 7. As the temperature monotonically
increases, an abrupt increase in G′ is observed, which marks
the onset of the gelation process. As soon as the tempera-
ture reaches about 37◦C, a crossover of G′ and G′′ occurred,
indicating that the samples underwent a sol-gel transition,
forming an elastic network (26, 27). When checked, the stiff
gel is found to be immobile over long time (shown in inset B
of Figure 7). Then, G′ and G′′ continue increasing together
until they get to the maximum values. The maximum G′ ob-

Fig. 7. Variation of storage modulus (open circles), loss modulus
(solid circles) and complex viscosity (solid triangles) as a function
of temperature for 15 wt% aqueous solutions of EO-CO-PO-0.9
and corresponding images in solution and gel states.

viously corresponds to the most compact micelle structure.
The gel reverts back to a solution when the temperature
is elevated to 56◦C or even higher values (shown in inset
C of Figure 7). Apparently, the gelatin physical network is
broke down. Concomitantly, the complex viscosity η∗ also
exhibits abrupt increase and then pronounced decrease as
temperature is elevated. It is of great importance to note
that the sol-gel transition temperature for 15 wt% polycar-
bonate aqueous solution is 37◦C, the presence of the gel
phase at body temperature (37◦C) suggests that the poly-
carbonates is a promising candidate for an injectable drug
delivery system that can be prepared at room temperature
and would form a gel in situ upon subcutaneous or intra-
muscular injection.

The gelation behavior observed from our PEG/PPG
multiblock copolymers system appears different from
those of EO and PO containing Pluronics system (P94,
EO21PO47EO21 and P103, EO17PO60EO17) that show two
gel states (28, 29), since the second gel state could not be de-
tected from our systems. The reason for this distinction can
probably be traced to the different composition between the
two different systems. As explained by Park and co-workers
(13), the first gelation was caused by the close packing of
the micelles as the micelles became dominant over unimers
and the micelle equilibrium was further shifted toward the
micelles; the second gelation at high temperature was in-
duced by more favorable hydrophobic attraction between
the core PPO block phases. Because of the relatively low
PPO composition of our polycarbonates compared to that
of P94 or P103, it is not difficult to understand the absence
of the second gel state for our system. It is also reasonable to
think the relatively long PEO blocks somewhat suppress the
entropy driven hydrophobic attraction by providing steric
layers, thus only the sol-to-gel and gel-to-sol transitions are
detected (30).

The gelation processes of EO-CO-PO-0.8 and EO-CO-
PO-0.9 are further demonstrated in Figure 8 where the loss
tangent, tan δ = G′′/G′, is shown as a function of temper-
ature ranging from 25◦C to 70◦C. For each polycarbonate,
two stages along the temperature coordinate during the
gelation process can be identified. An initial drop of tan
δ occurs attributed to the initial rapid growth of clusters,
which causes G′ to become measurable (31). Next, G′ and
G′′ increase together, until a gel network, composed of in-
terconnected micelle is formed (25, 32). At higher tempera-
tures, tan δ drops continually until it reaches minimum val-
ues at the temperature of about 40◦C for EO-CO-PO-0.8
and 45◦C for EO-CO-PO-0.9, indicating that the gel be-
comes much stiffer. At still higher temperature, tan δ shows
a significant decrease, till a sol to gel transition emerges.

We also investigated the variation of complex modulus
G∗and the dynamic viscosity η′ over the temperature range
25–70◦C at a fixed frequency of 1 Hz, where η′ can be esti-
mated as η′ = G′′ / ω. The results for EO-CO-PO-0.8 and
EO-CO-PO-0.9 are presented in Figure 9. First of all, both
G∗and η′ show a pronounced rise. This implies the degree
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Gelation Behavior of Multiblock Polycarbonates 403

Fig. 8. Variation of loss tangent as a function of temperature for
15 wt% aqueous solutions of EO-CO-PO-0.8 (PC1) and EO-CO-
PO-0.9 (PC2).

Fig. 9. Variation of complex modulus and dynamic viscosity as
a function of temperature for 15 wt% aqueous solutions of (a)
EO-CO-PO-0.8 and (b) EO-CO-PO-0.9.

Table 2. Sol-gel-sol transition temperature and correspond-
ing transition modulus of multiblock polycarbonates aqueous
solutions

Sample EO-CO-PO-0.8 EO-CO-PO-0.9

concentration/wt% 9 15 18 20 15 18 20 23
Tsol−gel(◦C) 42 32 26 17 37 31 26 19
Tgel−sol (◦C) 48 51 55 63 56 61 68 —
Gsol−gel (Pa) 252 168 132 107 213 197 149 113
Ggel−sol (Pa) 393 215 187 167 351 269 273 —

of micellar packing changes with the increase in temper-
ature (33), thus leads to the increase of the viscoelastic
response for the system. With further heating, a decrease
is observed, suggesting that the network formed by bridg-
ing between the micelles begins to break down (25). The
temperature-depending behavior of G∗and η′ for EO-CO-
PO-0.8 (Figure 9a) resembles to that for EO-CO-PO-0.9
(Figure 9b), although there is a slight drop of G∗ for EO-
CO-PO-0.9 at the temperature of 45◦C.

The sol-gel-sol transition temperatures as well as corre-
sponding transition moduli of water-soluble EO-CO-PO-
0.8 and EO-CO-PO-0.9 at different concentration were
studied more detailed under the same conditions. The re-
sults are summarized in Table 2. For EO-CO-PO-0.8, hy-
drogels can be obtained with concentration higher than
9 wt%. The sol-gel transition temperature decreases from
42◦C to 17◦C when the concentration increases from 9 wt%
to 20 wt%, whereas the corresponding transition modulus
decreases from 252 Pa to 107 Pa. In contrast, the gel-sol
transition temperature increases from 48◦C to 63◦C with
the increasing concentration, concomitantly, the transition
modulus decreases from 393 Pa to 167 Pa. When it comes
to EO-CO-PO-0.9 with more PEO content, the gel phase
is facilely demonstrated when its concentration is higher
than 15 wt% and almost similar trends in the transition
temperature and transition modulus are observed. The gel-
sol transition is not observed when it at 23 wt% in the
temperature range we measured. Therefore, hydrogels with
different sol-gel-sol transition temperature and mechani-
cal properties can be obtained by regulating the EO/PO
composition ratio and the polycarbonate concentration.

4 Conclusions

Multiblock polycarbonates consisting of poly(ethylene ox-
ide) (PEO) and poly(propylene oxide) (PPO) were synthe-
sized using triphosgene as coupling agent and pyridine
as catalyst. With increasing temperature, the polycarbon-
ates exhibited a pronounced viscosity increase. This was
caused by the quick packing of micelles, or the formation
of physical gel network. The EO/PO composition ratios of
the polycarbonates systems had a noticeable effect on the
viscoelastic behavior of the systems. At low frequencies,
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the systems behaved like a viscoelastic liquid and at high
frequencies like a viscoelastic solid. Rheological measure-
ments also showed that a sol-gel–sol transition occurred
with increasing temperature and by regulating the EO/PO
composition ratio, the sol-gel transition could realize at
37◦C, which made the systems suitable as an injectable drug
delivery system.
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