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Fluorescent and glucose-sensitive hyperbranched poly(amidoamine)s (HPAMAMs-B) were synthesized via Michael
addition of 1-(2-aminoethyl) piperazine, methyl acrylate, and 3-aminobenzeneboronic acid (APBA). These hyperbranched
polymers emitted chartreuse photoluminescence and showed emission band at 378 nm under excitation wavelength. The
intensity of emission band was enhanced with increasing the amount of APBA in HPAMAMs-B. The glucose sensitivity
of HPAMAMs-B has been investigated at different glucose concentrations and pH conditions. These hyperbranched
polymers showed potential for biomedical applications such as fluorescence imaging technology and glucose detecting
sensors.
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1. Introduction

In order to develop intelligent drug delivery vehicles,
fluorescent polymers are emerging as agents for real-time
imaging technologies allowing tracking of carrier loca-
tions.[1] Self-emission fluorescent polymers can be used
to directly analyze intercellular behavior (through fluo-
rescence microscopy) without requiring additional fluo-
rescence labeling (e.g. with organic dyes, nanoclusters,
or quantum dots), which may allow a decrease of analy-
sis time as well as an increase in selectivity and sensitiv-
ity of the methods.[2] Among them, hyperbranched
fluorescent polymers have received much attention due
to their three-dimensional structures and potential build-
ing blocks for the construction of organized functional
materials. In addition, hyperbranched fluorescent poly-
mers are usually prepared by facile one-pot synthesis
from specific monomers with branching potential.[3–8]
For example, we have reported the hyperbranched poly
(amidoamine)s (HPAMAMs) that synthesized by Michael
addition of 1-(2-aminoethyl) piperazine (AEPZ) and
methyl acrylate (MA) can emit bright blue fluorescence
intensity under excitation wavelength.[9,10] The fluores-
cence intensity of the polymers increased correspond-
ingly with the increasing tertiary nitrogen in the
molecular structure by alkylation of the residual amino
protons of HPAMAMs with propylene oxide.[11] In par-
ticular, there has been increased research interest in the
development of glucose-sensitive polymeric systems that
exhibit different fluorescent level in response to changing
glucose concentration, so as to mimic the natural
response of the body. This could lead to better control of

blood glucose levels in diabetic patients.[12] This
approach involves an enzyme-substrate reaction that
results in a change of microenvironment.

The aim of the present work was to develop a facile
and one-pot method to prepare hyperbranched polymers
with striking fluorescence properties. Using hyper-
branched fluorescent polymers based on fluorescent
response, we are able to detect glucose both visually and
spectrally. Scheme 1 shows the synthesis process for hy-
perbranched fluorescent poly(amidoamine)s from AEPZ,
MA, and 3-aminobenzeneboronic acid (APBA).

2. Experimental

2.1. Materials

AEPZ, APBA, and MA were purchased from Sigma-
Aldrich and used as received. All reagents and solvents
of analytical grade are purchased from commercial sup-
pliers and used without further purification unless stated
otherwise.

2.2. Polymerization

To prepare the hyperbranched fluorescent and glucose-sen-
sitive polymers HPAMAMs-B, the monomers, MA,
AEPZ, and APBA were firstly added into a 10 mL glass
tubes. The molar ratio of these three monomers was con-
trolled as listed in Table 1. Then, the polymerization was
carried out at 80 °C for 48 h in a sealed glass tube after
three freeze-pump-thaw cycles. The white solid sample
was dissolved in DI water. The purification step via
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precipitation in diethyl ether can effectively erase the
unreacted monomer or low-molecular weight products to
narrow the molecular weight distribution. The feed molar
ratio of AEPZ, MA, and APBA is controlled at 30:70:0,
30:65:5, 30:57:13, 30:52:18 for HPAMAMs, HPAMAMs-
B1, HPAMAMs-B2, and HPAMAMs-B3, respectively.

2.3. Characterization
1H NMR spectra were recorded on a 300MHz Varian
Mercury 300 at ambient temperature. Gel permeation
chromatographic analysis was carried out using a
Waters 1525 pumping system (USA) at the flow rate of
0.5 mL/min with an Ultrahydrogel 500 column (Waters).
The eluent was DI water. UV–visible spectra were
obtained using a Shimadzu UV-2550 spectrometer.
Steady-state fluorescence spectra at room temperature

were measured with a HITACHI F-4600 fluorescence
spectrophotometer.

2.4. Detection of glucose sensitivity of polymers

To investigate the glucose fluorescence sensitive property
of as-prepared polymers, 5 mg of polymer was added to
5 mL of glucose aqueous solution and the concentration
of glucose was controlled at 0–0.8 mg/mL. After 3 min of
incubation at 37 °C, the fluorescent intensity was detected
by fluorescence spectrophotometer with λex = 310 nm.

3. Results and discussion

The molecular weight (Mn) and yields of these hyper-
branched polymers were collected in Table 1. Figure 1(A)
showed the 1H NMR spectra of hyperbranched fluorescent

Table 1. Molecular characteristics of fluorescent and glucose-sensitive HPAMAMs-B.

Molar ratio (AEPZ: MA: APBA) Yield (%) Mn (×10
4) PDI λmax

HPAMAMs 30:70:0 74.8 4.5 2.31 308
HPAMAMs-B1 30:65:5 66.8 3.5 2.35 309
HPAMAMs-B2 30:57:13 68.2 3.3 2.28 310
HPAMAMs-B3 30:52:18 74.1 3.8 2.21 319

Figure 1. 1H NMR spectra (A) and FT-IR spectra (B) of HPAMAMs, HPAMAMs-B1, and HPAMAMs-B3.

Scheme 1. The reaction scheme for preparing fluorescent and glucose-sensitive hyperbranched poly(amidoamine)s (HPAMAMs-B)
from AEPZ, MA, and APBA.
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poly(amidoamine)s without and with APBA moiety
(HPAMAMs-B). For the HPAMAMs sample, the protons
neighboring primary and secondary amines appeared at
2.00–3.30 ppm. After adding APBA for synthesis of
HPAMAMs-B, new peaks at 6.50–7.20 ppm appear, which
was due to the protons from phenyl ring in APBA.[13]
The intensity of these peaks from phenyl ring gets stronger
as the amount of APBA increases, which indicated that
more APBA structures have been covalently linked to
HPAMAMs. FT-IR spectroscopy was also employed to
characterize the compositions of fluorescent and glucose-
sensitive HPAMAMs. As shown in Figure 1(B), the char-
acteristic absorption peak of the HPAMAMs at 1635 and
1546 cm−1 can be observed which is contributed to the
amide bond, and the polymerization successfully occurred.

With increasing ratio of APBA to AEPZ, the strength of
the characteristic absorption peaks belonging to –OH at
about 3299 cm−1 enhanced gradually. And the obvious
peaks at 2949 and 2820 cm−1 are contributed to the N–H
stretching vibration.[14] In addition, the structure of ben-
zene ring cannot be observed from FT-IR spectra due to
relatively low amount of APBA in the polymers.

HPAMAMs displayed blue photoluminescence (PL)
under 365 nm irradiation according to the previous
reports.[9] However, HPAMAMs modified with APBA
showed strong chartreuse PL, as shown in Figure 2(A).
With the increasing amount of APBA in polymers and
concentration of polymers, PL of HPAMAMs-B is
enhanced gradually.[15] UV–visible spectrometer was
used to investigate the UV absorption properties of

Figure 2. Illumination photographs of aqueous solutions of HAMAMs, HAMAMs-B1, HAMAMs-B2, and HAMAMs-B3 with differ-
ent concentrations under UV irradiation (A) and UV–vis spectra of HAMAMs, HAMAMs-B1, HAMAMs-B2, and HAMAMs-B3 (B).

Figure 3. PL emission spectra of HPAMAMs (A), HPAMAMs-B1 (B), HPAMAMs-B2 (C), and HPAMAMs-B3 (D).
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HPAMAMs-B polymers (Figure 2(B)). For the sample of
HPAMAMs, an absorption band at ca. 308 nm can be
found. The highest absorption peak exhibits a red shift
with increasing the amount of APBA in the polymers,
and a shoulder peak at ca. 350 nm increases gradually as
well, which presents the n→π* energy changes of nitro-
gen atoms.

As shown in Figure 3(A), an emission band at 405
nm in the PL spectra of HPAMAMs is observed under
light irradiation at 310 nm, due to tertiary nitrogen with
lone pair electrons inside the high branching.[16,17]
However, the emission band of polymers exhibits a blue
shift to 378 nm after modification by APBA moiety. The
intensity of emission band is increased compared with
that of HPAMAMs at same concentration. Interestingly,
the intensity of polymers modified by APBA moiety at
emission band firstly increases at low concentration
(0.1–0.5 wt%), reaches a maximum at 0.5 wt%, and then
decreases with the increasing concentration (1.0–3.0%).
It was mainly caused by intermolecular self-absorption,
fluorescence quenching, and energy conversion of colli-
sion at high concentration.[18–22]

APBA was used in modification to endow HPAM-
AMs with glucose-sensitive property. Phenylboronic acid
has been widely utilized for the design of chemosensors
in the detection of saccharides over the past dec-
ades.[22–26] The covalent interactions between phenylb-
ronic acid and the hydroxyl groups of saccharides
(1,2-or 1,3-diols) lead to the formation of five- or six-
membered rings and allow bronic acid to be a sensitive
detector for saccharides.[25–28] Figure 4 shows the
fluorescent intensity curves vs. glucose concentration

controlled at 0–0.8 mg/mL and the concentration of poly-
mer kept at 0.5 wt%. The fluorescent intensity is
decreased with the increasing glucose concentration in
the solution. In the case of HPAMAMs, the fluorescent
intensity is 35.5 a.u. when the concentration of glucose
is 0 mg/mL. It is changed to 28 a.u. when the concentra-
tion of glucose is 0.8 mg/mL. The value has been
dropped 7.5 a.u. with varying the concentration of glu-
cose from 0 to 0.8 mg/mL. After modification by APBA,
the strongest initial fluorescent intensity can be observed.
The value of fluorescent intensity is decreased gradually
with increasing the concentration of glucose. Especially
in the case of HPAMAMs-B3, the fluorescent intensity is
changed from 640 to 510 a.u. varying the concentration
of glucose from 0 to 0.8 mg/mL. The value has been
dropped to 130 a.u., which revealed that HPAMAMs
modification with APBA moiety has superiority in
detecting trace glucose, such as the glucose concentration
in human blood. The decreasing fluorescent intensity
with presence of glucose may be the photo-induced elec-
tron transfer that occurred from the unshared electron
pair of the nitrogen atom to the phenyl ring through a
complexation reaction of glucose with –OH groups of
APBA. With the decreasing amount of –OH groups
through the reaction, the intensity of emission band
decreased gradually. The large and complex structure of
hyperbranched polymer followed with complexation of
glucose result in hindering the fluorophores emitting
fluorescence.[29] The fluorescent-sensitive property of
HAMAMs-B dependence on the glucose concentration
indicates that they are potential candidate sensitive detec-
tors for glucose, especial at the low concentration level.

Figure 4. PL emission spectra of HPAMAMs (A), HPAMAMs-B1 (B), HPAMAMs-B2 (C), and HPAMAMs-B3 (D) in different
concentration of glucose with mass fraction of 0.5 wt%.
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Figure 5 showed the pH-dependent glucose sensitiv-
ity in terms of fluorescence intensity, where the concen-
tration of polymers and glucose is controlled at 0.5 wt%
and 0.05 mg/mL, respectively. It reveals that highest
fluorescence intensity of solution is found at pH 7.4,
which is close to the human’s physiological fluid envi-
ronment. Interestingly, all the four polymers demon-
strated a similar trend. The fluorescence intensity of
solution decreases with either increasing or decreasing
the pH of solution. Comparing with the blank samples,
the fluorescence intensity is decreased 30–60% at pH 7.4
when the concentration of glucose controlled at
0.05 mg/mL. The maximum decrement in fluorescence
intensity is observed in the acidic conditions. For exam-
ple, the fluorescence intensity of HPAMAMs-B3 reaches
a maximum decrement of 68.18% in the presence of
glucose at pH 5.0, which indicates that the polymer has
higher sensitivity for determining glucose in acidic
environment. Although HPAMAMs and HPAMAMs-B2

have the relative higher decrement percent of fluores-
cence intensity, HPAMAMs-B3 has the highest optical
sensitivity for the highest decrement of its absolute value
in fluorescence intensity.

To determine the glucose sensitivity of polymers,
four saccharides, namely sucrose, D-(+)-maltose, D-fruc-
tose, and glucose, have been chosen to investigate the
fluorescent response properties.[30,31] As shown in
Figure 6, addition of glucose to HPAMAMs-B3 solution
results in an immediate decrease in intrinsic fluorescence
(ex 310 nm, em 378 nm), reaching a maximum decre-
ment of about 86.68% after 3 min. In the case of HPAM-
AMs-B1 and HPAMAMs-B2, the maximum decrement
is around 85.66 and 76.06%, respectively. HPAMAMs
exhibit the lowest decrement due to lack of the affinity
functional groups to saccharide molecules. In sharp con-
trast, sucrose and D-(+)-maltose produces only a modest
decrement of fluorescence. And D-fructose can only
induce a smaller decrement. Therefore, HPAMAMs-B3
exhibits a highly selective, sensitive, and fluorescent
response toward glucose.

4. Conclusion

Hyperbranched polymers with fluorescence and glucose-
sensitive properties have been successfully synthesized
via Michael addition polymerization of AEPZ, MA, and
APBA. The resultant polymers emit chartreuse fluores-
cence intensity under excitation wavelength. The inten-
sity of fluorescence is dependent on the concentration of
glucose, the kinds of sugar, and the pH value of solution.
The hyperbranched polymers modified by more APBA,
the affinity functional groups to glucose molecules,
exhibit higher glucose and fluorescent sensitivity. The
as-synthesized fluorescence and glucose-sensitive hyper-
branched polymers possess promising potential applica-
tion in fluorescence imaging technology and glucose
detector sensors.
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