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 Abstract 

Compared to linear analogs, hyperbranched polymers (HBPs) have gotten much attention in the last 

decade because of their intrinsic globular topologies and distinctive features like low viscosity, high 

solubility, and a high degree of functionality. In this work, four types of hyperbranched polyester 

polymer HBPs have been synthesized using the A2+B3 polycondensation methodology. Firstly, the 

starting material B3 monomer (Pyrimidine-2,4,6-triol) has been synthesized using urea and malonic 

acid with the presence of sodium Na as the catalyst for the reaction. Secondly, four types of materials 

(tartaric acid TA, adipic acid AD, maleic acid MA, and phthalic anhydride PA) as A2 monomers were 

added to the starting material B3 monomer in an oil bath to prepare the four types of HBP. The chem-

ical structure of HBPs was characterized by FTIR, and 1H-NMR. The molecular weight of the prepared 

HBPs was characterized by gel permeation chromatography GPC, and thermal properties were char-

acterized by differential scanning calorimetry DSC and thermal gravimetric analysis TGA. FTIR re-

sults showed that there are new bands, such as C-O-C between A2 and B3 monomers, as indicated by 

1H-NMR. In addition, GPC shows that the prepared polymers have a narrow molecular weight distri-

bution with good thermal stability, as indicated by DSC and TGA. 
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1. Introduction 

Polymers are the most commonly utilized materials in mod-

ern science and technology, and they have attracted the inter-

est of industry and academics together. Polymers are more 

popular than other types of materials because of their distinct 

structure and properties, which have led to a wide range of 

applications in industries such as coatings, plastics, compo-

sites, adhesives, macromolecular building blocks, pharmaceu-

ticals, supramolecules, and nanoscience (Mohammad, 2007). 

Polymers are classified as linear, branching, or cross-linked, 

based on the macromolecule's structural design. Graft, comb, 

star, and dendritic polymers are forms of branched polymers 

with distinct molecular architectures. Highly branched poly-

mers, such as hyperbranched polymers (HBP) and dendrimers, 

have recently been identified as a new class of polymeric ma-

terials due to their distinct physical and chemical characteris-

tics compared to their linear analogs. When compared to their 

linear analogs of similar molecular weights, highly branched 

dendritic polymers have many valuable properties, such as 

high reactivity, decreased melt and solution viscosities, a good 

presence of interior cavities, and so on. This is because of their 

globular and non-entangled structure, uniform size, high de-

gree of branching, and multiple functional end groups. These 

branched polymers may be adjusted to modify the character-

istics for desired applications in terms of polarity and func-

tionality (Gao and Yan, 2004; Hobson and Harrison, 1997; 

Inoue, 2000; Tomalia and Fréchet, 2002). 

Hyperbranched polymers are polydisperse, indefinitely 

branched molecules with no structural control and a high mo-

lar mass. The main advantages of hyperbranched polymers 

over dendrimers are that they are easier to synthesize, can be 

produced in one step, and provide more material at a lower 

cost. Flory depicted the intermolecular condensation of Abx-
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type monomers as the first hyperbranched polymer from a the-

oretical standpoint in 1952. In 1982, Kricheldorf reported con-

densation of AB and AB2 monomers to make hyperbranched 

polyesters, and interest in hyperbranched polymers exploded 

after Kim and Webster reported the condensate of Abx-type 

monomers as a hyperbranched polyphenylene in 1990 (Flory, 

1952; Jikei and Kakimoto, 2001; Kim and Webster, 1990; 

Kricheldorf et al., 1982). According to many research, den-

dritic polymers have been used as rheology modifiers, curing 

agents, dispersion agents, compatibilizers, and processing aids 

(Diao et al., 2006; Mulkern and Tan, 2000; Tatiya et al., 2014; 

Wågberg et al., 2007; Yiyun et al., 2005). In recent years, sev-

eral studies have been conducted for the preparation of hyper-

branched polymers that have different functional groups with 

different properties (AL-Abayechi et al., 2020; Al.-Zuhair, 

2020; Al-Zuhairi et al., 2017; Higashihara et al., 2012; Ishida 

et al., 2000; Yue et al., 2013; Zhang et al., 2009).  

In this study, four novel hyperbranched polyester polymers 

have been synthesized using double monomer methodology 

polycondensation A2+B3. The starting material B3 has been 

synthesized firstly, then four materials (tartaric acid TA, 

adipic acid AD, maleic acid MA, and phthalic anhydride PA) 

as A2 monomers were added to give four types of hyper-

branched polyester. These polymers were characterized using 

FTIR, NMR, and GPC. 

2. Materials and Methods Used for the Synthesis 

of Hyperbranched Polyester (HBPs) 

Several materials have been used for the preparation of 

HBPs which included pyrimidine-2,4,6-triol (C4H6N2O3) 

which is used as the branching agent core material (B3 first 

monomer) for HBPEs and tartaric acid TA, adipic acid AD, 

maleic acid MA and phthalic anhydride PA used as other mon-

omers (A2). All the materials used in synthesizing hyper-

branched Polyester polymer were obtained from Aldrich and 

Lancaster and used without purification. Table 1 shows the 

properties of these materials. 

Table 1. The properties of materials used for the synthesis of HBPs 

Properties Tartaric 

acid 

Adipic 

acid 

Maleic 

acid 

Phthalic 

anhy-

dride 

Mw (g/mol) 150.087 146.142 116.072 148.1 

Density 

(g/cm3) 

1.79 1.36 1.59 1.53 

Melting 

point °C 

148 152.1 135 131.6 

Chemical 

formula & 

structure 

C4H6O6 

 

C6H10O4 

 

C4H4O4 

 

C8H4O3 

 

3. The Synthesis of the Starting Material (Pyrim-

idine-2,4,6-triol) B3 Monomer (Figure 1) 

The starting material (Pyrimidine-2,4,6-triol) used in the 

synthesis of the four hyperbranched polyester polymers was 

prepared based on our previous work (Al-Mutairi et al., 2022). 

0.5 mole (52.03 g) of malonic acid and 0.5 moles (30.03 g) of 

urea dissolved in 250 ml of ethanol in the presence of 11 g of 

sodium that was dissolved in 250 ml of ethanol in a glass 

beaker protected with calcium chloride. All the ingredients 

were mixed for 10 hours at 110 °C in the presence of molecu-

lar sieves. After the completion of the reaction, a white pre-

cipitate was formed. Then 500 ml of hot water and 45 ml of 

HCl were added. Then in an ice bath, the mixture was cooled 

for 24 hours. After that, the mixture was filtered, washed, and 

dried for 3 to 4 hours at a temperature of 105-110 °C. The final 

product is (Pyrimidine-2,4,6-triol) which was used as the start-

ing material for the polymerization process. The overall reac-

tion is shown in Scheme 1. 

 

 
Fig. 1. The synthesis of the starting material B3 monomer (pyrimi-

dine-2,4,6-triol) 

4. The Synthesis of Hyperbranched Polyester 

Polymers (Figure 2-5) 

A 0.2 mol (25.6g) of the white precipitate (pyrimidine-

2,4,6-triol compound) was mixed with 0.3 mol (45 g) tartaric 

acid TA in a round bottom flask set over an oil bath. The bath 

temperature was steadily increased to 170°C and then held at 

160 °C for 4 hours. Continuous mixing was used until the re-

actants were fully melted producing a pale brown material 

(Hyperbranched Polyester Polymer) (AL-Abayechi et al., 

2020; Al-zuhairi, 2020; Al-Zuhairi et al., 2017; Higashihara et 

al., 2012; Ishida et al., 2000; Yue et al., 2013; Zhang et al., 

2009). 

The same procedure was used for the preparation of the 

other three hyperbranched polymers with some difference in 

the number of materials and the temperature depending on the 

melting temperature and molecular weight of these materials 

as shown in Table 2. The structure and reaction between the 

starting material (pyrimidine-2,4,6-triol) B3 monomer com-

pound and the other three A2 monomers (adipic acid AD, ma-

leic acid MA, and phthalic anhydride PA) are shown in Figure 

3 to Figure 5. 

Table 2. The conditions and amount of materials used for the synthe-

sis of HBPs 

Material B3 Core 

(g) 

A2 Mono-

mer  (g) 

Temperature 

(°C) 

Color 

HBP-TA 25.6 45 160 Pale brown 
HBP-AD 25.6 44.8 170 Pale brown 
HBP-MA 25.6 35.8 150 Pale yellow 
HBP-PA 25.6 45 150 Pale yellow 
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  HBP-PA HBP-AD    HBP-TA HBP-MA 

Fig. 2. The prepared hyperbranched polymers 

 

Fig. 3. The synthesis of hyperbranched polyester polymer (HBP-

TA) 

 

Fig. 4. The synthesis of hyperbranched polyester polymer (HBP-

AD) 

 

Fig. 5. The synthesis of hyperbranched polyester polymer (HBP-

MA) 

 

Fig. 6: The synthesis of Hyperbranched polyester polymer (HBP-

PA) 

5. Characterization 

1. Infrared spectra (FT-IR) were measured using the FT-IR-

AFinity-1 SHIMADZU range (400-4000 cm-1).  

2. Nuclear Magnetic analysis NMR: NMR spectra (H1-

NMR): The NMR spectrum was measured using a Bruker 

DMX-300 NMR SPECTROPHOTOMETER 300 MHz, using 

DMSO-d6 as a solvent. 

3. Gel permeation chromatography (GPC; Shimadzu, Japan) 

with a refractive index detector was used to characterize the 

molecular weight of the prepared hyperbranched polyester 

polymers. Samples were dissolved in THF solvent at 

a 5 mg/mL concentration. The flow rate of the mobile phase 

was kept at 1.0 mL/min. The instrument was calibrated with 

polystyrene standards. 

4. Thermal analysis: The melting points Tm of the prepared 

compounds were measured using the differential scanning cal-

orimetry DSC apparatus. The samples were heated with 

a heating rate of 10 °C/min from 25 to 250 °C. While the ther-

mal stability of the prepared compounds was investigated us-

ing thermogravimetric analysis TGA; the samples were heated 

with a heating rate of 10 °C/min from 25 to 900 °C. Both tests 

(DSC and TGA) were conducted under an inert gas atmos-

phere and with a sample weight of 10 mg±0.5. 

6. Results and discussion  

6.1. FTIR analysis 

Figure 7 to 11 shows the FTIR spectrums of the starting ma-

terial (pyrimidine-2,4,6-triol) and the four types of prepared 

HBP. Figure 7 shows the FTIR of the starting material, where 

the band values at 3332.99 cm-1 and 3209.55 cm-1 are for the 

OH group. The band at 1651.07 cm-1 is for C=N and the band 

at 1419.81 cm-1 is for Ar(C-C), and the band at 1249.87 cm-1 

is for C-O stretch, the band at 1157.87 cm-1 is for CH wagging, 

and the band at 1095.57 cm-1 is for C-O stretch (R2CHOH). 

The band at 995.27 cm-1 is for (=CH) out of a plane. The bands 

at 740.67 and 702.09 are for (N-H) and (C-H) out of a plane. 

 

Fig. 7. FTIR of pyrimidine-2,4,6-triol (starting material) B3 mon-

omer 
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Figure 8 shows the FTIR spectrum of HBP-TA, where the 

band values at 3410.15 cm-1 and 3224.98 cm-1 for O-H stretch, 

and the band at 3101.54 cm-1 for OH dimer. The band at 

2877.79 cm-1 is for the CH stretch, and the band at 1712.79 

cm-1 is for C=O, while the band at 1419.61 is for Ar (C-C) 

stretch. Also, the band is at 1365.60 cm-1 and 1350.17 cm-1 for 

C-H rocking. While the band at 1249.87 cm-1 is for C-O stretch 

esters (RCOOR’), and the band at 1195.87 cm-1 is for -C-O 

stretch phenol Ar(OH). The band at 1134.14 cm-1 is for C-O-

C stretch and the band at 1087.85 cm-1 is for C-O stretch, and 

the band at 1033 cm-1 is for C-O stretch (R2NH), while the 

bands at 802.39 cm-1 and 771.53 cm-1 are for CH out of a plane 

(Ar tri-sub.) and the band at 732.95 cm-1 for C-H out of a 

plane(Ar mono-sub.), and the bands at 663.51 cm-1 and 632.65 

cm-1 are for C-H bend. 

 

Fig. 8. FTIR of Hyperbranched Polyester Polymer with Tartaric 

acid HBP-TA 

Figure 9 shows the FTIR spectrum of HBP-AD, where the 

band at 3479.58 cm-1 is for OH stretch, and the bands at 3186.4 

cm-1 and 3101.54 cm-1 are for OH dimer. While the band at 

2962.66 cm-1 is for CH3 stretch and the band at 2877.79 cm-1 

is for CH stretch. The band at 1697.36 cm-1 is for the C=O 

stretch, and the band at 1419.61 cm-1 is for Ar(C-C) stretch. In 

addition, the band at 1350.17 cm-1 is for C-H rocking, the band 

at 1280.73 cm-1 is for C-N stretch, 1195.87 cm-1 is for -C-O 

stretch and the band at 1033.85 cm-1 is for C-O stretch. The 

other bands at 925.83 cm-1 for O-H bend (RCOOH), and the 

bands at 771.53 cm-1 are for CH out of a plane (Ar tri-sub.) 

and at 732.95 cm-1  for C-H out of a plane (Ar mono-sub.), the 

band at 686.66 cm-1 is for =CH out of the plane, and the band 

at 632.65 cm-1 is for C-H bend.  

Figure 10 shows the FTIR spectrum of HBP-MA, where the 

bands at 3479.58 cm-1 and 3417.89 cm-1 are for OH stretch, 

and the bands at 3201.83 cm-1 and 3062.96 cm-1 are for OH di-

mer. While the band at 2877.79 cm-1 for CH stretch, and the 

band at 1705.07 cm-1 for C=O stretch. The band at 1635.64 

cm-1 for N-H bends out of the plane. The bands at 1589.34 cm-

1 and 1427.32 cm-1 are for Ar. (C-C) stretch. In addition, the 

band at 1373.32 cm-1 is for R-CH, the bands at 1257.59 cm-1 

are for C-N stretch, and the band at 1033.85 cm-1 is for C-O 

stretch is for esters, while the band at 933.11 cm-1 is for OH 

bend of RCOOH. The other bands at 864.11 cm-1 and 779.24 

cm-1 are for Ar. C-H out of a plane, and bands at 632.65 cm-1 

and 609.51 cm-1 for C-H bend. 

 

Fig. 9. FTIR of Hyperbranched Polyester Polymer with Adipic 

acid HBP-AD 

 

Fig. 10. FTIR of Hyperbranched Polyester Polymer with Maleic 

acid HBP-MA 

Figure 11 shows the FTIR spectrum of HBP-PA, where the 

band at 3479.58 cm-1 is for O-H stretch, and the band at 

3194.12 cm-1 and at 3101.54 cm-1 for OH dimer. While the 

band at 2877.79 cm-1 is for CH stretch, and the band at 1759.08 

cm-1 is for C=O stretch symmetric (anhydrides RCO-O-

COR’). In addition, the band at 1697.36 cm-1  is for C=N, and 

the band at 1411.89 cm-1 is for Ar(C-C) stretch, while the band 

at 1350.17 cm-1 is for C-H rocking. Also, the band at 1257.59 

cm-1 is for esters C-O stretch (RCOOR’), the band at 1111.89 

cm-1 is for C-O-C stretch, and the bands at 1072.42 cm-1 and 

1033 cm-1 are for C-O stretch. The other bands at 910.40 cm-1 

and 794.67 cm-1 for =CH out of the plane, and the bands at 

740.67 cm-1 and 709.80 cm-1 for Ar (C-H) out of the plane, 

while the bands at 671.23 cm-1 and 632.65 cm-1 for C-H bend. 
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Fig. 11. FTIR of Hyperbranched Polyester Polymer with Phthalic 

anhydride HBP-PA 

6.2. NMR analysis 

To further confirm the chemical structure of the starting ma-

terial (pyrimidine-2,4,6-triol) and the four types of the pre-

pared HBP, the 1H-NMR measurements were performed. The 

data of 1H-NMR confirmed the structure of the raw material 

(pyrimidine-2,4,6-triol) and HBP polymers. 

Figure 12 shows the 1H-NMR of pyrimidine-2,4,6-triol, it 

shows that the DMSO-d6 signal was seen at 2.4 ppm. The sig-

nals at 4.162-4.315 ppm attributed to (S, 1H, CH pyrimidine), 

the signal at 8.499 ppm (S, 1H, imidic OH), and the signal at 

10.165 ppm related to (S, 1H, phenolic OH). 

 

 

Fig. 12. 1H-NMR of pyrimidine-2,4,6-triol (starting material) B3 

monomer 

Figure 13 shows the 1H-NMR of Hyperbranched polyester 

polymer with tartaric acid (HBP-TA), it’s found that the signal 

at 4.082 ppm related to (S, 1H, CH pyrimidine), the signals at 

3.062-3.082 ppm related to (d, 6H, OH tartaric group), and the 

signal at 5.153 ppm attributed to (d, 6H, CH tartaric group). 

 

Fig. 13. 1H-NMR of Hyperbranched Polyester Polymer with Tar-

taric acid HBP-TA 

Figure 14 shows the 1H-NMR of Hyperbranched polyester 

polymer with adipic acid (HBP-AD), it’s found that the signals 

at 3.965-4.091 ppm for (S, 1H, CH pyrimidine), the signals at 

1.649-1.689 ppm related to (t, 12H, CH2 adipic group) the sig-

nals at 2.016-2.033 ppm for (t, 12H, CH2 adipic group).  
 

 

Fig. 14. 1H-NMR of Hyperbranched Polyester Polymer with 

Adipic acid HBP-AD 

Figure 15 shows the 1H-NMR of Hyperbranched polyester 

polymer with Maleic acid (HBP-MA), it’s found that the sig-

nal at 4.052 ppm for (S, 1H, CH pyrimidine), the signals from 

6.504-6.514 ppm for (d, 3H, malic acid (trans)), and the sig-

nals from 6.661-6.663 ppm for (d, 6H, malic acid (cis)).  
 

 

Fig. 15. 1H-NMR of Hyperbranched Polyester Polymer with Ma-

leic acid HBP-MA 
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Figure 16 shows the 1H-NMR of Hyperbranched polyester 

polymer with Phthalic anhydride (HBP-PA), the signal at 

4.015 ppm related to (S, 1H, CH pyrimidine the signals from 

6.506-6.734 ppm attributed to (6H, Ar-ring) and signals from 

6.956-7.145 ppm related to (6H, Ar-ring). 

 

 

Fig. 16. 1H-NMR of Hyperbranched Polyester Polymer with 

Phthalic anhydride HBP-PA 

6.3. GPC analysis 

The molecular weights of the four types of polymers that 

were prepared have been determined by GPC using THF as 

the solvent and compared with polystyrene as the reference 

material. The weight average molecular weight Mw, the num-

ber average molecular weight Mn and the polydispersity index 

PDI(Mw/Mn) have been obtained from the GPC curves. 

Figure 17 shows the molecular weight distribution curve of 

HBP-TA, it's shown that the Mw of the polymer was 1140 

g/mol, Mn was 870 g/mol and the midpoint molecular weight 

(Mp) was 1130 g/mol. The polydispersity PDI was 1.302874. 

 

 

Fig. 17. GPC curve of HBP-TA polymer 

Figure 18 shows the molecular weight distribution curve of 

HBP-AD, it's shown that Mw of the HBP-AD polymer was 

1120 g/mol, Mn was 890 g/mol and the midpoint molecular 

weight (Mp) was 1040 g/mol. The polydispersity index PDI 

was 1.257632. 

 

Fig. 18. GPC curve of HBP-AD polymer 

Figure 19 shows the molecular weight distribution curve of 

HBP-MA, it shows that the polymer has an Mw of 1880 g/mol, 

Mn of 1705 g/mol with a midpoint Mp of 1875 g/mol, and 

polydispersity index PDI of 1.1847635.  

 

 

Fig. 19. GPC curve of HBP-MA polymer 

Figure 20 shows the molecular weight distribution curve of 

HBP-PA, it found that the molecular weight Mw was 910 

g/mol and Mn was 820 g/mol, and a midpoint Mp of 950 g/mol 

with polydispersity index PDI 1.108942. 

From the above results, it’s found that all the prepared HBP 

polymers (HBP-TA, HBP-AD, and HBP-PA) have low mo-

lecular weight and narrow molecular weight distribution, ex-

cept HBP-MA which shows the highest molecular weight 

when compared with the other polymers. These results could 

be attributed to the chemical structure of the components (TA, 

AD, MA, and PA) that are used for polymerization, PA has an 

aromatic ring that could restrict the polymerization process, 

while the other components (MA, AD, and TA) have a simpler 

structure that not affect the polymerization process and re-

flected on the molecular weight. The overall results that were 

obtained from GPC are listed in Table 3. 
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Fig. 20. GPC curve of HBP-PA polymer 

Table 3. The GPC data for the prepared polymers 

Material Mn Mw Mp PDI 

HBP-TA 870 1140 1130 1.303 

HBP-AD 890 1120 1040 1.258 

HBP-MA 1705 1880 1875 1.185 

HBP-PA 850 910 950 1.109 

All the data are in (g/mol) except PDI has no units. 

6.4. Thermal analysis results 

Figure 21 shows the melting temperature of the prepared 

HBP. It's found that the melting temperature of HBP-TA is 

168.81 °C, of HBP-AD is 155.49 °C, HBP-MA is 148.27 °C, 

and HBP-PA is 197.49 °C. From these results, it is found that 

the HBP-PA has the highest melting temperature over the 

other prepared polymers due to the presence of aromatic rings 

in its structure, while HBP-TA and HBP-AD have lower melt-

ing temperatures than HBP-PA, due to the presence of hy-

droxyl groups in HBP-TA and CH2 in the main chain of HBP-

AD. While HBP-MA has the lowest melting temperature of 

the four polymers, also it is shown in Table 3) that the melting 

enthalpy ∆Hm of the prepared polymers is related to melting 

temperature, this may be due to the short chains and the lower 

functional groups (OH) within its structure. 

 

 

Fig. 21. DSC curves of the prepared HBP polymers 

Table 4. DSC data for the prepared HBPs. 

Samples Tm (οC) ΔHm (J/g) 

HBP-TA 168.81 123.72 

HBP-AD 155.49 81.97 

HBP-MA 148.27 56.49 

HBP-PA 197.49 95.22 

 

The thermal stability of a polymer can provide important 

guidance for its processing and application. The studies of 

thermal behavior not only can explain the behavior of a poly-

mer at high temperatures but also assist in the establishment 

of selection criteria for specific applications of polymer mate-

rials.  

Figure 22 shows the TGA and DTG curves for the prepared 

HBP. It was found that both HBP-TA and HBP-AD showed a 

two-stage degradation process, while HBP-MA and HBP-PA 

showed three stage degradation process. For HBP-TA the first 

stage degradation starts between 201 to 276°C with 49.5% 

weight loss and the second stage degradation starts between 

285 to 584°C with 27.9% weight loss, while for HBP-AD the 

first stage start between 131 to 338°C with 64.6% weight loss 

and the second stage degradation start between 347 to 597°C 

with 24.3% weight loss. The research results revealed that 

HBP-TA has better thermal stability than HBP-AD because 

HBP-TA has a higher molecular weight than HBP-AD and 

also has higher OH content and lower branch length. 

 

 

 

Fig. 22. TGA and DTA curves for the prepared HBP 

For HBP-MA the first stage degradation process starts be-

tween 104 to 176°C with 7.2% weight loss, the second stage 

degradation process start between 193 to 289°C with 32.6% 

weight loss, and the third stage degradation process starts be-

tween 292 to 595°C with 25.9% weight loss. While, for HBP-

PA the first stage degradation process starts between 113 to 
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319°C with 73.42% weight loss, the second stage start be-

tween 328 to 452°C with 9.4% weight loss, and the third stage 

start between 465 to 581°C with 9.61 weight loss. From these 

results, it's found that the HBP-PA has better thermal stability 

than HBP-MA which may be attributed to the presence of an 

aromatic ring within its structure, and also to the higher melt-

ing enthalpy as indicated by Table 4. 

5. Conclusion 

From the above results, it is found that FTIR analysis shows 

that each of the four types of HBP has various functional 

groups within the same macromolecule such as OH, C-N, 

C=O, C-O, and C-O-C while 1H-NMR shows the interaction 

and bonding between these groups (groups with Hydrogen). 

GPC shows that three of the four prepared HBP polymers 

(HBP-TA, HBP-AD, and HBP-PA) have narrow molecular 

weight and polydispersity index PDI except HBP-MA has a 

higher molecular weight. DSC shows that each of the prepared 

HBP polymers has different melting temperature due to the 

difference in their chemical structure, HBP-PA has the highest 

melting temperature due to the presence of an aromatic ring in 

its structure. TGA showed that HBP-TA and HBP-AD poly-

mers have two stages of thermal degradation, while HBP-MA 

and HBP-PA have three stages of thermal degradation, and it 

is found that all the HBP polymers have good thermal stabil-

ity.  
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使用 A2+B3 单体制备和表征新型超支化聚酯聚合物 
 

關鍵詞 

超支化聚酯 

HBP 

A2+B3单体 

缩聚 
1
H-NMR 

GPC 

 摘要 

与线性类似物相比，超支化聚合物 (HBP) 在过去十年中因其固有的球状拓扑结构和低粘度、

高溶解度和高功能度等显着特征而受到广泛关注。 在这项工作中，使用 A2+B3 缩聚方法合成

了四种类型的超支化聚酯聚合物 HBP。 首先，在钠钠作为反应催化剂的情况下，使用尿素和

丙二酸合成了起始原料 B3 单体（嘧啶-2,4,6-三醇）。 其次，在油浴中将四种物质（焦油-

酒石酸TA、己二酸AD、马来酸MA和邻苯二甲酸酐PA）作为A2单体加入到起始原料B3单体中，制

备四种HBP。 HBPs 的化学结构通过 FTIR 和 1H-NMR 表征。 制备的HBPs的分子量采用凝胶渗

透色谱GPC表征，热性能采用差示扫描量热DSC和热重分析TGA表征。 FTIR结果表明，如1H-NMR

所示，A2和B3单体之间存在新的条带，例如C-O-C。 此外，GPC 表明制备的聚合物具有窄的分

子量分布和良好的热稳定性，如 DSC 和 TGA 所示。 

 

 


