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ABSTRACT: In this article, two novel benzobisthiazole-containing hyperbranched polyamides with different end groups were synthesized,

by adjusting the feed molar ratio of the reaction monomers, using 1,3,5-benzenetricarboxylic acid and 2,6-diaminobenzo[1,2-d:4,5-

d’]bisthiazole as monomers, polyphosphoric acid as solvent, and catalyst. The molecular structure of the synthesized hyperbranched

polymers were speculated by 1H-nuclear magnetic resonance (NMR) analysis, 13C-NMR analysis, and Fourier transform infrared analy-

sis. The Mn, Mw, and DB of the carboxyl terminated polymer HB-COOH are 3264 g/mol, 3350 g/mol, and 44.1%, respectively, with a

polydispersity of 1.03. The Mn, Mw, and DB of amino terminated polymer HB-NH2 are 3340 g/mol, 3420 g/mol, and 41.7%, respec-

tively, with a polydispersity of 1.02. The thermal stability of HB-NH2 was higher than HB-COOH in the range of 30 8C–800 8C.These

two benzobisthiazole-containing hyperbranched polyamides were completely amorphous and soluble in DMSO. Their DMSO solutions

exhibited strong blue fluorescence. The fluorescent intensity of HB-NH2 was higher than HB-COOH. The prepared polymers were

potential useful in the area of blue light emitting and display. VC 2016 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2016, 133, 43453.
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INTRODUCTION

In the past two decades, hyperbranched polymers have continu-

ously attracted special attention on account of their unique mac-

romolecular structure, meliorative physical and chemical

properties, as well as their broad range of applications, such as

coatings, surface modification agents, additives, drug delivery

vehicles, macromolecular building blocks, nanotechnology, and

supramolecular science.1–8 Hyperbranched polymers are superior

to dendritic polymers for that they can be easily synthesize by a

“one pot” method. They have highly branched architecture and

large numbers of functional end groups and got an advantage

over their linear counterpart with their high solubility, low vis-

cosity, good processability, tunable light emission, low crystallin-

ity, and controllable thin film morphology.9,10 Generally

speaking, two kinds of methods are used to synthesize hyper-

branched polymers, such as ABn (when n� 2) method and

A2 1 Bn (when n� 3) method.11–13 Among these two methods,

ABn type monomers are usually difficult to synthesize, because

there are two different reactive groups in their molecules and

they can undergo self-polymerization in some cases. While

A2 1 Bn (when n� 3) method has the merits of commercially

available monomers and soluble hyperbranched polymer in high

yield synthesized by the control of polymerization conditions.14

Poly(p-phenylene benzobisthiazole) (PBZT) is a kind of aro-

matic heterocycte conjugated polymer, which is well known for

its excellent mechanical properties (high tensile strength and

modulus), high chemical and thermo-oxidative resistance,15

and large and ultrafast third-order nonlinear optics (NLO)

response.16–20 While the insolubility of PBZT in common

organic solvents which deriving from its high degree of molecu-

lar rigidity and strong intermolecular interactions makes PBZT

difficult to process and impedes more detailed and accurate

studies on this type of conjugated polymer. To solve this prob-

lem, introducing hyperbranched structure into rigid PBZT

backbone by an A2 1 B3 method was found be effective in our

previous work.20 The prepared hyperbranched poly(p-phenylene

benzobisthiazole)s was soluble in organic solvents and their

DMF solutions emit strong blue light under the excitation of

ultraviolet (UV) light.20

In this work, the author report the synthesis and characteriza-

tion of two novel benzobisthiazole-containing hyperbranched
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polyamides by direct polycondensation of 2,6-diaminobenzo-

[1,2-d:4,5-d’]bisthiazole (DABBT) with 1,3,5-benzenetricarbox-

ylic acid (BTA) via an A2 1 B3 approach using poly(phosphoric

acid) (PPA) as catalyst and solvent under an argon atmosphere.

These two benzobisthiazole-containing hyperbranched polya-

mides are supposed to have special fluorescent properties

because of the aromatic heterocyclic benzobisthiazole groups.

The synthetic approach is shown in Scheme 1. The condensa-

tion polymerization of DABBT and BTA was performed in two

manners. In manner 1, DABBT and BTA were added by the

molar ratio of 1 : 1 (m : n 5 1 : 1), in which carboxyl group

was excess and carboxyl-terminated hyperbranched polyamide

(HB-COOH) was generated. When the molar feed ratio of

DABBT and BTA was 9 : 4 (manner 2, m : n 5 9 : 4), amino-

terminated hyperbranched polyamide (HB-NH2) was prepared.

Photophysical behaviors of the resultant benzobisthiazole-

containing hyperbranched polyamides in dimethyl sulfoxide

(DMSO) solution were studied spectroscopically.

EXPERIMENTAL

Starting Materials

A2 monomer DABBT was synthesized and purified using a

slightly modified literature procedure.21,22 B3 monomer BTA

(>99%) was purchased from Aladdin Industrial Corporation.

PPA and DMSO were purchased from Sinopharm Chemical

Reagent Co., Ltd., and were used as received.

Polymerization

The synthesis procedure of carboxyl terminated

benzobisthiazole-containing hyperbranched polyamides (HB-

COOH) was as follows. Into a 100 mL dry three-neck flask,

60 mL PPA containing 83.0 wt % P2O5, 0.445 g (0.002 mol)

DABBT and 0.4123 g (0.002 mol) BTA were added with contin-

uous stirring and dry argon gas purging. The reaction mixture

was heated to 80 8C with a heating rate of 5 8C/h. And then the

heating rate changed to 10 8C/h from 80 8C to 100 8C. After

that, the reaction was carried out at 100 8C for 2 h, 110 8C for

1 h, and 120 8C for 0.5 h. After the reaction system was cooled

to room temperature, the mixture was poured into a large

amount of deionized water. The polymer was collected by suc-

tion filtration and washed repeatedly until the pH value of the

filtrate become neutral (pH � 7). Then the hyperbranched

polymer was collected by suction filtration, and extracted with

deionized water in a Soxhlet apparatus for 48 h. Finally, the

polymer was dried at 100 8C for 48 h under reduced pressure.

The synthesized hyperbranched polymer was named HB-COOH

in this manner. The yield of HB-COOH is about 51.3%.

The synthesis procedure of amino terminated benzobisthiazole-

containing hyperbranched polyamides (HB-NH2) was similar to

Scheme 1. Synthetic approach of benzobisthiazole-containing hyperbranched polyamides.
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that of HB-COOH with a feeding molar ratio of 9 : 4

(DABBT : BTA). The amino terminated hyperbranched polymer

was named HB-NH2. The yield of HB-NH2 is about 69.9%.

Generally speaking, molecular weights normally influence poly-

mer’s properties effectively. With the increase of molecular

weight, the polymer’s aggregation states and mechanical proper-

ties should be changed accordingly. While for conjugate poly-

mers, the solubility will be deteriorated when the molecular

weight is higher than a certain level. Especially for hyper-

branched conjugated polymers with reactive end groups, when

their molecular weights increased to a certain extent, gelation

usually happens and insoluble substances are produced. In order

to prepare hyperbranched polyamide with high molecular

weight, the author has synthesized benzobisthiazole-containing

hyperbranched polyamides by a stepwise heating process with

an extra heating of 130 8C for 1 h. But unfortunately the

Figure 1. 1H-NMR spectra of HB-COOH and HB-NH2.
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produced polymers were found to be partial soluble in DMF or

DMSO. The appropriate highest reaction temperature is consid-

ered as 120 8C and the heating time is 0.5 h.

Measurements
1H nuclear magnetic resonance (NMR) and 13C NMR spectra

were recorded on a Varian 400 MHz NMR spectrometer by

using deuterated dimethyl sulfoxide (DMSO-d6) as the solvent

and tetramethylsilane (TMS) as an internal reference. Fourier

transform infrared (FTIR) spectra were recorded on the Perkin–

Elmer infrared spectrometer at room temperature. GPC

measurements were performed on a Malvern GPC/SEC-Viscotek

270 max gel permeation chromatography system, using DMF as

the eluent at a flow rate of 0.5 mL/min. The temperature is

30 8C. The molecular weights and molecular weight distribu-

tions of the polymers were calculated using narrow-molecular-

weight polystyrene standards as reference. UV–visible absorp-

tion spectra of polymers in DMSO solution were recorded on a

METASH UV-8000A spectrometer over the wavelength range of

250–800 nm. Thermogravimetric (TG) and differential scanning

calorimetric (DSC) measurements were carried out with a

NETZSCH STA 449F3 Jupiter
VR

simultaneous TG–DSC under

Figure 2. 13C-NMR spectra of HB-COOH and HB-NH2. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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nitrogen flow with a heating rate of 10 8C/min. The temperature

range is from 30 8C to 800 8C. Wide-angle powder X-ray diffrac-

tion (XRD) patterns were recorded at room temperature on a

Rigaku Ultima IV XRD system using CuKa radiation

(k 5 0.15406 nm), at a scanning rate of 2 8s21. Fluorescence

spectra were recorded on a Horiba scientific Fluoromax-4 spec-

trofluorometer using DMSO as solvent at room temperature.

The excitation wavelength was 396 nm.

RESULTS AND DISCUSSION

NMR Analysis

The 1H-NMR spectra of HB-COOH and HB-NH2 are shown in

Figure 1. For both HB-COOH and HB-NH2, the 1,3,5-benzene-

tricarboxylic acid moiety acts as the branching point. The num-

ber of remaining carboxylic groups (2, 1, or 0) of 1,3,5-

benzenetricarboxylic acid determines the assignment to terminal

unit (T), linear unit (L), and dendritic unit (D)23 as shown in

Figure 1.

For HB-COOH, the signals of broad resonance at d 5.81 and

12.20 ppm are attributable to the protons of amino group

(ANH2) and carboxyl group (ACOOH) respectively. The signal

of resonance at d 7.65 ppm is assignable to the protons of ter-

minal benzobisthiazole groups. While the resonance peak at

7.75 ppm attributes to the protons of inner benzobisthiazole

groups. The peak at d 7.84 ppm is assignable to the protons at

the ortho-position of ACOOH of the linear units. The reso-

nance peak at d 7.91 ppm is attributed to the protons at the

para-position of ACOOH on the linear units and the protons

at the para-position of ACOOH on the terminal groups. The

resonance peak at d 8.01 ppm is attributed to the protons on

the dendritic units. The resonance peak at d 8.27 ppm is attrib-

uted to the protons between two carboxyl groups on the termi-

nal units. The resonance peak at d 8.60 ppm is attributed to the

protons of amide groups deriving from the condensation reac-

tion of ACOOH groups (BTA) and ANH2 groups (DABBT).

For HB-NH2, the signals of broad resonance at d 5.39 and

12.19 ppm are attributable to the protons of amino group

(ANH2) and carboxyl group (ACOOH) respectively. The signal

of resonance at d 7.68 ppm is assignable to the protons of ter-

minal benzobisthiazole groups. While the resonance peak at d
7.75 ppm attributes to the protons of inner benzobisthiazole

groups. The peak at d 7.85 ppm is assignable to the protons at

the ortho-position of ACOOH of linear units. The resonance

peak at d 7.92 ppm is attributed to the protons at the para-

position of ACOOH on the linear units and the protons at the

para-position of ACOOH on the terminal groups. The reso-

nance peak at d 8.02 ppm is attributed to the protons on the

dendritic units. The resonance peak at d 8.28 ppm is attributed

to the protons between two carboxyl groups on the terminal

units. The resonance peak at d 8.61 ppm is attributed to the

protons of amide groups deriving from the condensation reac-

tion of ACOOH groups (BTA) and ANH2 groups (DABBT).

The 13C NMR data of HB-COOH and HB-NH2 were listed

below and the spectrum was shown in Figure 2. The corre-

sponding relations between the resonance peaks and the molec-

ular structures of HB-COOH and HB-NH2 were also displayed

in Figure 2. For HB-COOH, there were nineteen nuclear mag-

netic resonance peaks in the 13C-NMR spectrum of HB-COOH,

corresponding to nineteen kinds of carbon atoms in HB-COOH

molecules, as shown in Figure 2. The 13C-NMR spectrum of

HB-NH2 was similar to that of HB-COOH beside that the reso-

nance peak at d 145.85 ppm was inconspicuous in HB-NH2 and

there was a new resonance peak appeared at d 162.73 ppm. The

resonance peaks at 113.13 and 113.10 ppm in HB-COOH were

merged into one resonance peak at 113.14 ppm in HB-NH2.

HB-COOH: 13C NMR (100 MHz, DMSO-d6, d, ppm): 169.84,

169.55, 166.80, 166.44, 166.29, 158.05, 156.75, 148.60, 145.85,

144.07, 134.00, 132.36, 131.22, 130.48, 130.04, 113.13, 113.10,

109.70, 109.50.

HB-NH2: 13C NMR (100 MHz, DMSO-d6, d, ppm): 169.84,

169.56, 169.24, 166.85, 166.57, 166.29, 162.73, 158.05, 156.79,

148.35, 144.11, 134.00, 132.37, 131.22, 130.51, 129.90, 113.14,

109.69, 109.47.

The degree of branching (DB) is one of the most important

parameters for the characterization of hyperbranched polymers,

which describes the structural perfection of hyperbranched

polymers. The DB can be calculated by using Fr�echet definition

as follows:

DB5ðD1TÞ=ðD1T1LÞ24–26

In this formula, D, T, and L refer to the number of dendritic,

terminal, and linear units in the polymer, respectively. Generally,

the values of D, T, and L can be determined by 1H NMR mea-

surement according to the integrated area of corresponding pro-

ton resonance peak. In this research, the DB of HB-NH2 was

determined by the ratio of the integrated area of protons reso-

nance peak at d 8.02 ppm (represent the dendritic unit), the

protons resonance peak at d 7.85 ppm (represent the linear

unit) and the protons resonance peak at d 8.28 ppm (represent

the terminal unit). Similarly, the DB of HB-COOH was esti-

mated by the ratio of the integrated area of the protons reso-

nance peak at d 8.01 ppm (represent the dendritic unit), the

protons resonance peak at d 7.84 ppm (represent the linear

unit) and the protons resonance peak at d 8.27 ppm (represent

the terminal unit). Therefore, the DB of HB-COOH and HB-

NH2 were 44.1% and 41.7%, respectively (see Table I).

FTIR Analysis

Figure 3 gives the FTIR spectra of HBPA-COOH and HBPA-

NH2. Sample HBPA-COOH and HBPA-NH2 have the similar

FTIR spectra with a few tiny differences. The absorptions at

Table I. Characterization Data for HB-COOH and HB-NH2

Sample
DABBT/
BTAa

Mn

(g/mol)b
Mw

(g/mol)b PDIb
DB
(%)c

HB-COOH 1/1 3264 3350 1.03 44.1%

HB-NH2 9/4 3340 3420 1.02 41.7%

a Feed molar ratio of monomers.
b Number-average molecular weight, weight-average molecular weight
and polydispersity (PDI) are determined by GPC.
c Degree of branching is estimated by 1H NMR analysis.
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about 1621, 1551, and 1441 cm21 are attributed to the amide

groups deriving from the reactions between ACOOH groups of

TBA and ANH2 groups of DABBT. Concretely, the signal at

about 1621 cm21 is assigned to the stretching vibration of

AC@O, the absorption at around 1551 cm21 is assigned to the

bending vibration of ANAH, and the absorption at about

1441 cm21 is attributed to the stretching vibration of ACAN.

The broad absorption at about 2971 cm21 is assigned to the

stretching vibration of ANAH. The absorption bands around

1217 and 1673 cm21 can be assigned to the stretching vibration

of ACAO and AC@O of ACOOH groups,27 indicating the

presence of –COOH groups remaining in both HB-COOH and

HB-NH2. The FTIR analysis and NMR analysis indicate that the

benzobisthiazole-containing hyperbranched polyamides were

successfully synthesized.

GPC Analysis

The molecular weights and polydispersity index (PDI) values of

HB-COOH and HB-NH2 are measured by gel permeation chro-

matography (GPC). The result is shown in Figure 4 and Table I.

The number-average molecular weight (Mn) and weight-average

molecular weight (Mw) of HB-COOH are 3264 and 3350 g/mol,

respectively. Hence, the PDI value of HBPA-COOH is about

1.03. And for HB-NH2, the Mn and Mw are 3340 and 3420 g/

mol, respectively, with a PDI value of 1.02 (see Table I). Cer-

tainly the aforementioned molecular weights of HBPA-COOH

and HBPA-NH2 are slightly inaccurate, because they are esti-

mated by GPC using linear polystyrene as the standard, and the

volume of hyperbranched polymers are usually smaller than

that of their linear counterparts when their molecular weights

are the same.28,29

XRD Study of Benzobisthiazole-Containing Hyperbranched

Polyamides

The wide-angle X-ray diffraction (WAXD) patterns of HB-

COOH and HB-NH2 are presented in Figure 5. There is no

obvious sharp diffraction peaks for the two hyperbranched

polymers in the 2 theta range of 5 8–80 8, indicating that the

synthesized hyperbranched polymers (HB-COOH and HB-NH2)

are all amorphous. The results of diffraction studies can be

explained by that the introduction of branching in the polymer

backbone disrupted the close packing of polymer molecules.30

In consequence, the crystallinity of hyperbranched polymers is

generally greatly decreased compared with their linear counter-

parts and completely amorphous polymers were obtained. These

results are consistent with the DSC analysis (Figure 7), in which

no crystalline melting peaks are observed. The amorphous

nature of these hyperbranched polymers makes them soluble in

DMSO. On this basis, the UV–vis absorption properties and

fluorescent properties of HB-COOH and HB-NH2 were studied

for the first time.

UV–Vis Spectra and Fluorescence Spectra of HBPA-COOH

and HBPA-NH2

The UV–Vis spectra and fluorescence emission spectra of

HBPA-COOH and HBPA-NH2 in DMSO solution are shown in

Figure 6(a,b), respectively. Figure 6(a) describes the UV–Vis

spectra of HBPA-COOH and HBPA-NH2 in DMSO solution

with the concentration of 1.0 mg/mL. Both HBPA-COOH and

HBPA-NH2 show similar absorption in the range of 260–

800 nm. Each sample has three absorption bands: the first at

kmax 5 261 nm, the second at kmax 5 308 nm, and the third at

kmax 5 332 nm. These three absorptions are all with in the

scope of the ultraviolet region. The absorption intensity of HB-

COOH is lower than the absorption intensity of HB-NH2 in the

range of 260–400 nm obviously, which can be attributable to

the end-group effect of hyperbranched polymers. Amino group

(ANH2) are electron donating, which will reduce the energy

gap between highest occupied molecular orbital (HOMO) and

lowest unoccupied molecular orbital (LUMO) and hence

Figure 3. FTIR spectra of HBPA-COOH and HBPA-NH2.

Figure 4. GPC curves of HB-COOH and HB-NH2.

Figure 5. WAXD patterns of HB-COOH and HB-NH2.

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2016, DOI: 10.1002/APP.4345343453 (6 of 9)

http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


facilitates the corresponding electron transition. While carboxyl

group (ACOOH) is an electron-withdrawing group which will

enhance the energy gap between HOMO and LUMO. Therefore,

electron transition between HOMO and LUMO is easier in

amino terminated polymer HB-NH2 than that in carboxyl ter-

minated polymer HB-COOH.

The fluorescence emission spectra of HB-COOH and HB-NH2

are shown in Figure 6(b), together with the fluorescence spectra

of pure DMSO. Both HB-COOH and HB-NH2 display strong

blue light emission when excited at 396 nm in DMSO solution.

The concentration of the two samples is 0.033 mg/mL. Sample

HB-COOH has a broad emission in the range of 410–680 nm

with a maximum emission wavelength of 477 nm. And sample

HB-NH2 shows a broad emission in the range of 410–680 nm

with a peak at 468 nm. The solvent DMSO has a weak and

broad emission centered at about 447 nm when excited with a

light of 396 nm. So the emissions of sample HB-COOH and

HB-NH2 are mainly from the synthesized hyperbranched

polymers.

The intense emission of HB-COOH and HB-NH2 suggests that

the hyperbranched structure could maintain the stability of the

excited state and help to prevent the aggregation and excimer

formation.31,32 The fluorescence intensity of HB-NH2 is higher

than that of HB-COOH, which is attributed to the end group

effect of hyperbranched polymers. The end group effect on the

fluorescent properties of HB-COOH and HB-NH2 is similar to

that of UV–vis absorption properties. HB-COOH is carboxyl

terminated polymer with many carboxyl groups in its molecule

structure. While HB-NH2 is amino terminated polymer with

large number of amino groups (ANH2) in its molecular periph-

ery. The ANH2 groups are electron-donating, which facilitates

the electron transition from HOMO to LUMO. However,

ACOOH is electron-withdrawing, which will weaken fluores-

cence emission. Therefore, the fluorescence intensity of HB-

COOH is lower than that of HB-NH2, and the maximum emis-

sion wavelength of HB-NH2 is 9 nm red-shift than that of HB-

COOH. This is in accordance with our previous study.20 These

two hyperbranched polymers are potential useful in the area of

blue light emitting and display.

In our previous study, three heterocyclic hyperbranched poly-

benzobisthiazoles (HBPBZTs) were synthesized through an

A2 1 B3 approach by adjusting the mole feed ratios of 2,5-Dia-

mino-1,4-benzenedithiol Dihydrochloride (A2) and 1,3,5-benze-

netricarboxylate (B3). These polymers are conjugated polymers

Figure 6. UV–Vis spectra and Fluorescence spectra of HBPA-COOH and HBPA-NH2 (a) UV–Vis spectra; (b) Fluorescence spectra (excitation wave-

length: 396 nm).

Figure 7. TG and DSC thermograms of HB-COOH (left) and HB-NH2 (right).
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with high rigidity.20 While in this study, two semi-conjugated

benzobisthiazole-containing hyperbranched polyamides with dif-

ferent terminal groups (HP-COOH and HP-NH2) were synthe-

sized via an A2 1 B3 approach by using 2,6-diaminobenzo[1,2-

d:4,5-d0]bisthiazole (A2) and 1,3,5-benzenetricarboxylate (B3).

Generally speaking, semi-conjugated polymers have higher solu-

bility than conjugated polymers. So the solubilities of HP-COOH

and HP-NH2 are supposed to be higher than HPBPZTs in some

polar organic solvents (DMF and DMSO). As a consequence, the

processability of these two hyperbranched polyamides is better

than HPBPZTs. In addition, the maximum absorption wave-

length of HBPBZTs is 336–363 nm. While for HP-COOH and

HP-NH2, the maximum absorption wavelengths are 332 and

308 nm, respectively. When excited at 370 nm, HBPBZTs emit

blue lights in the wavelength range of 439–443 nm. While for

HP-COOH and HP-NH2, when excited at 396 nm, the maximum

emission wavelengths are 468 and 477 nm, respectively. Both

HBPBZTs and the benzobisthiazole-containing hyperbranched

polyamides (HP-COOH and HP-NH2) emit blue lights when

excited by ultraviolet. And compare to HBPBZTs, the maximum

emission wavelengths of HP-COOH and HP-NH2 are red-shift.

TG and DSC Analysis

The TG and DSC thermograms of HB-COOH and HB-NH2 are

shown in Figure 7. These two polymers show similar thermal deg-

radation behavior in the range of 30 8C–800 8C. There are three

stages in the TG curves of HB-COOH and HB-NH2. The first

stage is from 30 8C to about 300 8C, with weight losses of 11.69%

and 3.26% for HB-COOH and HB-NH2, respectively. The second

stage is from about 300 8C to about 465 8C. The weight losses in

this stage are about 13.24% and 7.46% for HB-COOH and HB-

NH2, respectively. The third stage is from about 465 8C to about

800 8C. The weight loss speed in this stage is much higher than

that in the first stage and the second stage. The residual masses at

800 8C are about 9.94% and 27.60% for HB-COOH and HB-NH2,

respectively. The thermal stability of HB-NH2 is higher than HB-

COOH in whole measurement temperature range. The DSC

curves of HB-COOH and HB-NH2 display wide endothermic

peaks in the range of 30 8C to about 150 8C, which is supposed

due to the evaporation of absorbed water, owing to the hygro-

scopic nature of high polar groups on molecular interior and

peripheries. While the wide and strong endothermic peaks after

300 8C are ascribed to the thermal decomposition of the hyper-

branched polymers, which is in accordance with the TG analysis.

CONCLUSIONS

In this research, two different benzobisthiazole-containing

hyperbranched polyamides were synthesized via an A2 1 B3

approach by adjusting the feed mole ratio of the A2 (DABBT)

and B3 (BTA) monomers using PPA as solvent and catalyst. The

molecular structures of the synthesized hyperbranched polya-

mides were characterized by 1H NMR, 13C NMR, and FTIR

analyses. The Mn, Mw, and DB of the carboxyl-terminated poly-

mer HB-COOH were 3264 g/mol, 3350 g/mol, and 44.1%,

respectively, with a polydispersity of 1.03. The Mn, Mw, and DB

of amino-terminated polymer HB-NH2 were 3340 g/mol, 3420

g/mol, and 41.7%, respectively, with a polydispersity of 1.02.

These two polymers were completely amorphous and could be

soluble in DMSO. HB-NH2 is more stable than HB-COOH in

the range of 30 8C–800 8C. Their DMSO solutions exhibit strong

blue fluorescence (468–477 nm). The fluorescence intensity of

HB-NH2 is stronger than that of HB-COOH. They are good

candidates in the area of blue light emitting and display.
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