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Poly(dimethtlsiloxane), PDMS is the most common representative of semi-inorganic 

polysiloxane polymers [1]. It is a versatile polymer with many excellent chemical, physical, 

and electrical properties and is tissue equivalent if exposed to ionizing radiation [2]. Gels 

may be prepared by curing of reactively terminated PDMS oligomers with appropriate 

reactants. Polymer gels are generally defined as polymer-solvent system in which 

macromolecular three-dimensional network retains the solvent sometimes in large 

amounts [3]. However the same term also describes other soft solid materials that keep 

their shape under the action of their own weight and are obtained by polymerization when 

reaction extent increases above the gel point but is below vitrification like the products of 

PDMS polymerization [4]. In an attempt to include organic solvents into PDMS-based 

gels diglycidyl ether terminated poly(dimethytlsiloxane), PDMS-DGE oligomers 

were reacted with selected diamines. The aim of this work was to characterize 

those products and to find out how much of liquid phase they could hold.  
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Figure 1. Some of the gels obtained by PDMS-DGE  

   reaction with selected diamines. The gels  

   are transparent and keep their shape. 

 

Table 1. Aliphatic amines used for preparing PDMS-DGE gels, the highest tested amounts and the  

              corresponding mass fraction of ECB solution the gel could hold 

 

Amine 

Unsoluble gel 

content after 

extraction in hexane* 

 

Vmax(ECB)  

Mass fraction of  

25% vol ECB in gel 

 

DAP 

 

81,2 % 

 

8 mL 

 

40,0 % 

 

EDA 

 

59,1 % 

 

4 mL 

 

35,7 % 

 

DETA 

 

77,9 % 

 

8 mL 

 

46,1 % 

 

TETA 

 

66,4 % 

 

12 mL 

 

62,4 % 

Diglycidyl eter terminated poly(dimethtlsiloxane), PDMS-DGE formula  

FTIR ATR and Raman spectroscopies 

 All diamines produced firm soft transparent gels on reaction with PDMS-

DGE. 

 The gel prepared with EDA was the softest and that with DAP was the 

firmest. 

 The unsoluble gel content after 4 weeks of extraction in hexane at 50 ºC 

depended on the diamine type. It decreased in order 

EDA<DETA<TETA<DAP.  

 

 ATR-FTIR-spectra (Fig. 2) revealed that more diamine reacted with 

PDMS-DGE in gels with DETA and TETA than in gels obtained by 

reaction with EDA and DAP. 

 Hydroxyl group in DAP contributed to hydrogen bonding in the 

corresponding PDMS gel causing a slight shift of Si-O stretching peak 

compared to other gels. 

 

 The only infrared epoxy absorption visible ATR-FTIR spectra in PDMS-

DGE at 910 cm-1 is marked in Fig. 3 (a). It was not present in any of the 

of the gels. 

 On the other hand Raman spectra shown in Fig. 3 (b) revealed 

significant content of unreacted epoxy groups in all of the obtained gels. 

 The relative intensity of Raman epoxy maximum in gels depended on 

the type of diamine used and increased in order 

DAP>EDA>DETA>TETA. 

 

Thermal analysis 

 An endothermic process was observed in DSC thermograms of the 

PDMS gels. It is not true melting because it has no corresponding 

exothermic process and does not appear on immidiate reheating but 

reappears if the same experiment is performed after several days. 

 The peak temperatures of that endothermic process increased in the 

same order as does the length of reactive diamine 

DAP<EDA<DETA<TETA. 

 The lowest endothermic process peak temperature of the gel prepared 

with DAP, presumably more hydrogen bonded, indicates the process is 

related to a change in secondary valent interactions. 

 

 

Figure 4. DSC thermograms of gels obtained by reaction of PDMS- 

   DGE with selected aliphatic amines at 50 ºC 
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Figure 2. ATR-FTIR-spectra of gels obtained by reaction of PDMS-DGE with selected     

    aliphatic amines at 50 ºC – “fingerprint” range 

 

Epoxy group 

1260 cm-1 

 

(b) 

Epoxy group 

910 cm-1 

 

Primary diamines – ethylenediamine, EDA, triethylenetetramine, TETA, diethylenetriamine, DETA and 1,3 daimino propanol, DAP, were reacted with 

diglycidyl ether terminated poly(dimethytlsiloxane), PDMS-DGE. The reaction was carried out for 144 hours at relatively low temperature, 50 ºC. The 

gels containing various contents of 25% chlorobenzene in ethanol (ECB) mixture were also prepared. The samples were analyzed by vibration 

spectroscopies. ATR-FTIR spectra were recorded using Bruker FTIR spectrometer TENSOR II equipped with diamond ATR unit. Raman spectra were 

recorded on Raman spectrometer Jobin Yvon T64000 with solid state 532 nm laser. Extraction was performed in hexane for 4 weeks at 50 ºC. DSC 

thermograms were recorded on Pyris Diamond DSC Perkin Elemer in Al-pans under nitrogen at heating/cooling rate of 20 ºC/min.  

 

 The selected diamines reacted with PDMS-DGE and all produced 

satisfactory  transparent gels.  

 The properties of the gels depended on the diamine structure. 

With the exception of DAP, that contains a hydroxyl group, all 

other diamines are structurally similar. DETA can be considered as 

a dimer of EDA and TETA as its trimer. 

 The gels prepared with DAP and EDA had lowest reaction extent 

but  hydroxyl group in DAP contributed to the stability of obtained 

gel and increased solvent volume the gel could absorb. 

 The gels prepared with DETA and TETA show higher amine content 

in FTIR, higher peak temperatures in DSC and higher insoluble gel 

content on extraction, 

 The gels prepared with TETA absorbed the highest quantity of ECB 

solution, about 1,5 times the mass of the gel. 

 

Figure 3. Pure PDMS-DGE and gel prepared with 1,3-diamino-2-

   propanol (DAP) (a) fingerprint range of ATR-FTIR-spectra 

   and (b) corresponding range of Raman spectra 
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* The mass % of insoluble gel with 1 mL ECB solution after 4 weeks extraction in hexane at 50 ºC 


