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D
endritic polyamidoamine (PAMAM) is one of the first synthesized and commer-

cialized dendrimers, and because of its peculiar properties it is widely used in

many fields. In this paper, the first generation polyamidoamine dendrimer (G1.0

PAMAM) with primary amine terminal groups was synthesized by the Michael addition

reaction of ethylenediamine and acrylic acid ester in the divergent approach. The first

grade mass molecule ions [M+H+]+, m/z 518 in mass spectra indicated that the 

molecular weight of G1.0 PAMAM was 517 g.mol-1, which was in accordance with the

theoretical molecular weight. The characteristic structure of the products was corrobo-

rated by FTIR spectra. Moreover, thermal behaviours of G1.0 PAMAM were investigat-

ed by DSC and TG-DTG techniques. It was suggested that G1.0 PAMAM had a 

two-stage thermal weight loss curve between 150ºC and 450ºC, the intersection 

temperature 282.32ºC divided the weight loss curve into two stages, the normalized

heat was -485.48 J.g-1, and the heat flow values at the intersection temperature of two

stages reached a maximum. The weight loss ratio to the total weight ratio was 55.71%

at the first temperature stage between 150ºC to 282.32ºC, and at the same stage the

integral heat area to the total heat ratio was about 53.93%. Standard MS and the 

second order MS spectra of G1.0 PAMAM showed that the decomposed structure at

the low temperature stage would be the fragment ion, m/z 289. A possible formation

mechanism of the fragment ion was also proposed as that the primary amine terminal

of G1.0 PAMAM was decomposed from terminal tetra-amino structure to bi-amino

structure.

INTRODUCTION

Dendrimers, which are widely used

in many fields, have attracted con-

siderable attention due to their 

perfectly branched topological

structures with peculiar properties,

such as low melt viscosity, dissolu-

bility, non-entanglement and a

large number of active terminal

groups [1-5]. Recent studies on

dendrimers have extended the

scope of research from synthesis to

their applications for catalysts [6],

photoactive and electronic materi-

als [7-9], medicinal and biomedical

materials [10], and other functional

materials [1,2,11].

Polyamidoamine dendrimers

(PAMAMs) were first synthesized

by Tomalia et al. [12], as one of the

first synthesized and commercial-

ized dendrimers and are mostly

synthesized by divergent approach-

es. These sequences consist of: (a)

an exhaustive alkylation of primary

Available online at: http://journal.ippi.ac.ir 



amines (Michael addition) with methyl acrylate, and

(b) amidation of amplified ester groups with a large

excess of ethylenediamine to produce primary amine

terminal groups [13,14]. 

The thermal behaviours are one of the important

properties of the practical materials. PAMAMs are

seldom single-acting. Their applications, in drug

delivery systems and functionally modified materials,

mainly exist in a compound manner. Therefore, most

of the reports on the thermal property characteriza-

tions and applications of these compounds involve

their composites or modified PAMAMs derivatives,

and a minority group consists of PAMAMs itself.

Hereinto, Tomalia et al. [15] reported that G3,4

PAMAMs functionalized with methyl-2-ethynylpyri-

dinium triflate enhanced their thermal stability;

Huang et al. [16] investigated the thermal behaviour

of PAMAM-poly(benzyl-L-glutamate) amphiphiles;

and Ozturk et al. [17] detected the thermally decom-

posed behaviour of G4 hydroxy-terminated PAMAM,

etc. While less work was concerned about the thermal

properties of pure PAMAMs. Tan et al. [18] briefly

reported the glass transition temperature (Tg) and the

thermal stabilities of pure PAMAMs.

In this paper, the first generation of amino-termi-

nated dendrimer polyamidoamine G1.0 PAMAM was

synthesized with ethylenediamine and acrylic acid

ester as starting materials and methanol as solvents.

The structure of the product was characterized by

FTIR and MS techniques. The thermal behaviour of

G1.0 PAMAM, such as the normal heat, the mor-

phologies of thermogravimetric curve and the weight

loss ratio, were investigated by DSC and TGA tech-

niques in detail. Furthermore, a possible mechanism

for the fragment ion was proposed.

EXPERIMENTAL

Materials

Ethylenediamine (Tianjin Kermel Chemical Reagent

Co., Inc, Tianjin China), acrylic acid ester, methanol

(Tianjin Damao Chemical Reagent Co., Inc, Tianjin

China) were analytical grades. Acrylic acid ester was

purified by distillation. 

Apparatus

The FTIR spectra were recorded on KBr pallets using

an Avatar 330 Fourier transform infrared spectro-

meter (Nicolet America). 

Mass spectrum analysis was carried out with API

4000 Triple Quadrupole LC/MS/MS Mass

Spectrometer (AB Sciex Instruments, America), and

the deionized water was used as solvents.

The Tg was detected on a DSC 822e differential

scanning calorimeter (Mettler-Toledo, Switzerland)

in argon atmosphere. The sample was first heated

from 25ºC to 100ºC at a rate of 30ºC/min, then quick-

ly cooled from 100ºC to -65ºC at a rate of -20ºC/min,

subsequently heated from -65ºC to 100ºC at a rate of

10ºC/min again. The instrument was calibrated with

indium regarding temperature and enthalpy; the heat

values were recorded by DSC 822e differential scan-

ning calorimeter from 25ºC to 450ºC at a rate of
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H2NCH2CH2NH2 + 4CH2 = CHCOOCH3

(EA)                     (MA)

(G0.5 PAMAM)

G0.5 PAMAM + 4H2NCH2CH2NH2

NCH2CH2

CH2CH2CONHCH2CH2NH2

CH2CH2CONHCH2CH2NH2

+ 4CH3OH

NCH2CH2N

CH2CH2COOCH3

CH2CH2COOCH3
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CH3OCOCH2CH2

H2NCH2CH2NHCOCH2CH2

H2NCH2CH2NHCOCH2CH2

CH3OCOCH2CH2

Scheme I. Synthetic route of G0.5 PAMAM and G1.0 PAMAM.



10ºC/min; thermogravimetric analysis (TGA) data for

the PAMAM was taken on TG/SDTA 851e (Mettler-

Toledo, Switzerland) at a heating rate of 10ºC/min in

argon atmosphere.

Methods 

PAMAM was synthesized by the reaction of ethylene-

diamine and acrylic acid ester using methanol as 

solvent according to the following procedure [12-14].

Preparation of G0.5 PAMAM

A 250 mL four-necked flask was equipped with a

mechanical stirrer, a constant-voltage funnel and a

nitrogen inlet. The flask was firstly filled with ethyl-

enediamine (1.0 mL, 0.015 mol) and methanol 

(50 mL). Then acrylic acid ester (10.80 mL, 0.12 mol)

was added to the solution dropwise under stirring. The

reaction lasted for 48 h in nitrogen atmosphere at

room temperature. Finally the solution was diverted

into a rotary vacuum evaporator, volatilized at 40ºC

for 5 h with a vacuum 0.99 MPa. An amount of 

6.01 g product was gained, and the yield of G0.5

PAMAM reached 99.33%.

Preparation of G1.0 PAMAM

The reaction device was equipped the same as above.

The flask was firstly filled with G0.5 PAMAM 

(6.01 g, 0.0149 mol) and methanol (100 mL). Then

ethylenediamine (24.0 mL, 0.36 mol) was added

dropwise. It had been stirred for 48 h under nitrogen

atmosphere before the solution was transferred to the

rotary vacuum evaporator and volatilized at 70ºC for

6 h with a vacuum 0.99 MPa. The yield of G1.0

PAMAM reached 98.22%, the gram mass was 7.59 g. 

RESULTS AND DISCUSSION

The FTIR spectrum of G0.5 PAMAM is shown in

Figure 1. The absorption band at 1737.21 cm-1

belongs to the stretching vibration of carbonyl group.

The three strong absorption peaks for symmetric and

asymmetric C-O band in ester are 1175.38, 1199.31,

and 1253.57 cm-1, respectively, which suggests that

the Michael addition reaction has been put in practice

between ethylenediamine and acrylic acid ester. 

The FTIR spectrum of G1.0 PAMAM is shown in

Figure 2. According to the results of reference [18],

the  absorption bands at 3251.60 cm-1, 3426.50 cm-1,

and 1550.30 cm-1 correspond to N-H. The strong

absorption band at 1649.94 cm-1 is associated to the

existence of amide NH.

Figure 3 is DSC thermogram curves of the pure

G1.0 PAMAM. Apparently, the glass transition 
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Figure 1. FTIR spectrum of G0.5 PAMAM.



temperature (Tg) of the G1.0 PAMAM is below zero,

whose Tg onset is only -9.43ºC, Tg midpoint is 

-6.04ºC, for G1.0 PAMAM is a slabby filemot 

substance at ambient temperature. Therefore, its Tg

values are very low, which are approximate to the

data in the literature [18].

Figure 4a is the TGA curve of the G1.0 PAMAM

in argon atmosphere. The weight loss rate accelerates

between 150ºC and 450ºC. It is evident that the curve

has two stages in the total weight loss regions; the

total gram mass is 38.0007 mg, the point of intersec-

tion is about 282.32º, the total weight loss is

Figure 3. The DSC curve of G1.0 PAMAM. 

34.7172 mg, the total rate of weight loss of PAMAM

is 91.36%. The weight loss at the low temperature

stage between 150ºC and 282.32ºC is 21.1714 mg,

the weight loss ratio to the total weight ratio is

55.71%, while at high temperature stage between

282.32ºC and 450ºC, its weight loss is 13.5458 mg,

the ratio is 35.65%, the weight loss of the samples

seems to stop further at the high temperature of

450~700ºC, the remainder hydrocarbon black is

3.2835 mg, being the ratio of 8.64% to the total

weight ratio. Therefore, the samples lose their

weights mostly at low temperature stage, the weight

Figure 4. TGA curve of G1.0 PAMAM (a), and DTG curve

of G1.0 PAMAM (b).
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Figure 2. FTIR spectrum of G1.0 PAMAM. 

 



Figure 5. The heat curve of G1.0 PAMAM. 

loss ratio to the total weight loss ratio is 60.98%, and

the main structure of G1.0 PAMAM has been decom-

posed before 282.32ºC.

To obtain a more precise analysis on thermal sta-

bilities, the sample was investigated by differential

thermal gravimetry (DTG). The weight loss rate

(dm/dT) with temperature for G1.0 PAMAM is pre-

sented in Figure 4b. The DTG curve of PAMAM with

two large peaks around the temperature between

241.26ºC and 300.58ºC indicates that the thermolysis

process will be divided into two stages, which accords

well with the results of TGA. At the first stage the

weight loss rate is -0.32 mg.ºC-1, the second stage is 

-0.16 mg.ºC-1, and therefore the weight loss rate in the

whole decomposed region goes fast, followed by a

slow rate. 

Figure 6. The standard MS of G1.0 PAMAM.

Figure 7. The second order MS of G1.0 PAMAM.

To study the energy changes in this thermolysis

process, DSC technique was used to record the 

energies of the samples from 25ºC to 450ºC at a rate

of 10ºC/min. As it is shown in Figure 5, the DSC

curve shows that it was endothermal during the

process of G1.0 PAMAM thermolysis, and the

endothermal peak is 282.32ºC, the total heat is

26.74×103 mJ, the samples gram mass is 55.0761 mg,

and the normalized heat is -485.48 J.g-1, the total heat

area is divided by the endothermal peak into two

areas, the left integral heat area is about 53.93%, and

the right integral is about 46.07%. The data of TGA

and DTG showed that the temperature of endothermal

peak in this DSC curve would be intersection temper-

ature of TGA. In other words, at the intersection tem-

perature the heat flow value reaches maximum,

because in the total weight loss regions, the decom-

posed rgion is fast followed by a slow region, and

before 282.32ºC the main structure has been decom-

posed.

The MS fragmentation patterns of G1.0 PAMAM

were discussed in liquid chromatography/mass spec-

trometry (LC MS/MS). The analytical results showed

that the standard MS and the second order MS (MS2)

of G1.0 PAMAM were almost identical in LC MS/MS

analysis using the two ionization methods (Figures 6

and 7).

The spectra of first grade mass molecule ions, 

m/z 518 and m/z 540, are given. In which the mole-

cule ions, m/z 518 corresponds to [M+H+]+, and 

m/z 540 corresponds to [M+Na+]+. The second grade
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mass spectra of fragment ions, m/z 173, m/z 211, 

m/z 255, m/z 273, m/z 289, m/z 302, m/z 327, 

m/z 403, m/z 404, and m/z 416, are also listed in

Scheme II. Because the molecular weight of G1.0

PAMAM is 517 g.mol-1, the total weight loss ratio of

55.71% before 282.32ºC corresponds to fragmental

weight of about 288, with addition of one hydrogen

ion, whose mass spectrum will be m/z 289, one of the

strong peaks in the standard MS and the base peak of

the second order MS spectra. It can be concluded that

the decomposed structure at the first decomposed

stage would mainly consist of fragment m/z 289. The

possible formation mechanism is shown in Scheme

III.

CONCLUSION

In this work, the thermal behaviours of dendritic G1.0

PAMAM were detected by DSC and TG-DTG tech-

niques. It was found that the thermal weight loss

curve of G1.0 PAMAM had two stages, the intersec-

tion point was about 282.32ºC, the normalized heat

was -485.48 J.g-1. Moreover, the heat flow values of

samples reached the maximum at the intersection

point. At low temperature stage between 150ºC and

282.32ºC the weight loss ratio to the total weight ratio

was 55.71%, and the integral heat area to the total

heat ratio was about 53.93%. The standard MS and

the second order MS spectra indicated that the

decomposed structure at the low temperature stage

was perhaps the fragment ion, m/z 289. 
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