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ABSTRACT 
UV-curable perfluoropolyether (PFPE)-based fluoropolymer (PFPE-DMA) was synthesized and the photocuring 
behaviors of PFPE-DMA/HDDA systems with and without tertiary triethyl amine (TEA) were investigated using 
photo-DSC under air and nitrogen atmospheres. Photo-DSC analysis revealed that N2 purging and the presence 
of TEA mitigated oxygen inhibition in the photopolymerization of the UV-curable free-radical PFPE-DMA/ 
HDDA system. In addition, TEA synergistically acted as a coinitiator or photosynergist under nitrogen atmos- 
phere, which increased the cure rate and percentage conversion for the photopolymerization of PFPE-DMA/ 
HDDA. TEA acted as both oxygen scavenger and photosynergist. The results presented here demonstrate that 
investigating the photocuring behaviors of PFPE-DMA/HDDA systems is very helpful to determine the optimal 
curing conditions for the PFPE-DMA fluoropolymer. 
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1. Introduction 
Photocurable fluorinated monomers and oligomers have 
recently received widespread attention due to their desi- 
rable characteristics resulting from the presence of fluo- 
rine atoms, such as releasing properties, low refractive in- 
dex, water impermeability, chemical stability, and weather- 
ing resistance. Various fluorinated materials have already 
been used in electronics-industry applications such as 
photolithographic fabrication, UV nanoimprinting litho- 
graphy, and the production of microelectromechanical 
system (MEMS) devices [1-6]. 

The synthesis and curing properties of UV-curable flu-
oropolymers containing perfluoropolyether (PFPE) struc-
tures have been reported [7-9]. The UV-cured PFPE-ba- 
sed fluoropolymers exhibit low surface energy, low mo-  

dulus, low toxicity, and high gas permeability. They can 
also be used to produce transparent films with very high 
hydrophobicity after UV curing, and show remarkable 
resistance to organic solvents using in microfluidic-de- 
vice applications. These properties have the potential to 
expand the field of microfluidics to many novel applica- 
tions. 

The present paper describes observations of the pho- 
tocuring behaviors of a PFPE-based fluoropolymer. Aac- 
curate kinetics analyses yield quantitative data on the 
photocuring behaviors of PFPE-based systems for de- 
signing new types of MEMS devices [10-12]. 

We synthesized a UV-curable PFPE-based fluoropoly- 
mer (PFPE-DMA) and investigated the curing behaviors 
of free-radical photopolymerizations of PFPE-DMA/ 
HDDA systems with and without tertiary amine under air 
and nitrogen atmospheres using photodifferential scan- *Corresponding author. 

http://www.scirp.org/journal/ojopm�
http://dx.doi.org/10.4236/ojopm.2014.41002�
mailto:jhhong@chosun.ac.kr�


J.-D. CHO  ET  AL. 

OPEN ACCESS                                                                                      OJOPM 

7 

ning calorimetry (photo-DSC). 

2. Experimental 
2.1. Materials Synthesis 
PFPE-based fluoropolymer (PFPE-DMA) was synthesiz- 
ed based on the work of Priola et al. [7-9]. The reaction 
involved the methacrylate functionalization of a commer- 
cially available PFPE diol (Mn = 4000 g/mol, Solvay So- 
lexis) with 2-isocyanatoethyl methacrylate (Hesita La- 
boratories). 1,6-Hexanediol diacrylate (HDDA, UCB Che- 
micals) was used as a diluent monomer, 2,4,6-trimethy- 
lbenzoyl-diphenyl-phosphineoxide (TPO, CibaGeigy) 
was used as a free-radical photoinitiator, and triethyl 
amine (TEA, Aldrich) was used as a synergist. All the 
materials were used as received. The liquid formulations 
were prepared by directly mixing TPO with PFPE-DMA 
and HDDA at 30˚C for about 1 h under vigorous stirring. 
The processes of the synthesis and UV curing of PFPE- 
DMA are shown in Figure 1. 

2.2. Photodifferential Scanning Calorimetry 
Photo-DSC experiments were performed using a diffe-
rential scanning calorimeter equipped with a photocalo-
rimetric accessory (TA 5000/DPC System). The initia-
tion light source was a 200-W high-pressure mercury 
lamp that gave a UV light intensity at the sample of 14 
mW/cm2 at 365 nm. Samples weighing 1.0 ± 0.1 (mean ± 
SD) mg were placed in uncovered aluminum pans, and a 
reference aluminum pan was left empty. The exothermic 
heat for photocuring at 100˚C under a nitrogen atmos-
phere was 95 J/g, and was considered as the total heat, 
ΔHtotal, for the fully cured PFPE-DMA/HDDA polymer 
network. This value was used in the subsequent analysis. 
TA Instruments software was employed to obtain the re- 
sults from the photo-DSC experiments. 

3. Results and Discussion 
UV-initiated photopolymerization based on acrylates and  

 

 
Figure 1. Synthesis and UV curing of PFPE-DMA. 

methacrylates has received considerable attention due to 
the associated fast and solvent-free curing, multifunctio-
nality, and negligible toxicity [13-18]. However, they are 
vulnerable to the inhibition of free-radical polymeriza-
tion by oxygen. Two mechanisms proposed for this inhi-
bition in a UV-curable free-radical system are (1) quench-
ing of the excited states of the photoinitiator and (2) sca-
venging of free radicals. Purging with nitrogen and add-
ing amines to the UV-curable free-radical system are 
known to mitigate oxygen inhibition [13], and hence we 
used these methods to obtain the optimum cure rate and 
cure conversion of the PFPE-DMA/HDDA system. 

We used photo-DSC to elucidate the effects of N2 
purging and tertiary triethyl amine (TEA) on the photo-
curing behaviors of the four UV-curable PFPE-DMA/ 
HDDA formulations listed in Table 1. This technique is 
capable of providing photopolymerization kinetics data 
in which the measured heat flow can be converted direct- 
ly to the ultimate percentage conversion and polymeriza- 
tion rate for a given formulation, with the data obtained 
reflecting the overall curing reaction of the sample. How- 
ever, it should be noted that the cure kinetics data obtain- 
ed in this study are essentially empirical and do not pro- 
vide any mechanistic insight [10-12]. 

The photo-DSC exotherms for the photopolymeriza-
tion of the UV-curable PFPE-DMA/HDDA systems with 
and without triethyl amine under air and nitrogen atmos-
phere are illustrated in Figure 2. Figure 3 plots the per-
centage conversion versus irradiation time derived from 
Figure 2 for the photopolymerization of the above sys-
tems. The amounts of heat released, the maxima, the ul-
timate percentage conversions, and the maximum poly-
merization rates (Rp,max) derived from Figures 2 and 3 
are collected in Table 2. 

The presence of N2 markedly increased the cross-link 
density (which is related to the exotherm and percentage 
conversion) and the cure rate (which is related to the ma- 
ximum and Rp,max). This is ascribed to the absence of in- 
hibition by oxygen, which not only increases the rate of 
generation of free radicals by the photoinitiation process, 
but also enhances the overall rate and degree of cure. 

 
Table 1. Formulations of UV-curable PFPE-DMA/HDDA 
systems with and without triethyl amine under air and ni-
trogen atmospheres. Data values are weight percentages. 

Component 
Air Nitrogen 

A B C D 
PFPE-DMA 

(fluoropolymer) 90 90 90 90 

HDDAa 
(diluent) 10 10 10 10 

TPOb 
(photoinitiator) 3 3 3 3 

TEAc 
(amine synergist) - 3 - 3 

aUCB Chemicals; bCiba-Geigy; cAldrich. 
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Figure 2. Photo-DSC exotherms for the photopolymerization 
of formulations A-D listed in Table 1. Isothermal curing 
temperature: 30˚C; sample weight: 1.0 mg; light intensity: 
14 mW/cm2 at 365 nm. 

 

 
Figure 3. Percentage conversion profiles for the photopoly-
merization of formulations A-D under the conditions de-
scribed in the legend of Figure 2. 

 
Table 2. Exotherm data for the photopolymerization of 
formulations A-D. 

Formulation ΔH 
(J/g) 

Maximum 
(min) 

Conversion 
(%) 

Rp,max
a 

(min−1) 
A 38 0.233 36 0.93 
B 55 0.093 52 2.26 
C 71 0.057 68 3.71 
D 84 0.043 80 5.38 

aRp,max: maximum polymerization rate (Rp = dα/dt, where α is the fraction of 
resin converted). 

 
The addition of amine to the formulation significantly 

increased the cross-link density and the cure rate of the 
UV-curable PFPE-DMA/HDDA system under both air 
and nitrogen atmospheres. This is attributable to the ter-
tiary triethyl amine reacting with oxygen and scavenging 
peroxy intermediates formed by the reaction of oxygen 
with radical sites, thereby reducing the retarding effect of 

oxygen on the cure rate and also helping to increase the 
efficiency of the photopolymerization process. 

It is notable that the cross-link density and the cure 
rate were markedly higher for the formulation D. This 
indicates that triethyl amine synergistically acts as a coi-
nitiator or photosynergist in the absence of oxygen for 
the photopolymerization of the UV-curable free-radical 
system, which improves the efficiency of the photoinitia-
tion process so as to produce more active species and ac- 
celerate the cure rate and percentage conversion of the 
UV-curable PFPE-DMA/HDDA system. Tertiary triethyl 
amine acts as both oxygen scavenger and photosynergist. 
A proposed reaction mechanism of oxygen scavenging 
and photosynergism by triethyl amine is given in Figure 
4. 

4. Conclusions 
We have synthesized a UV-curable PFPE-based fluoro-
polymer (PFPE-DMA) and studied the photocuring be-
haviors of PFPE-DMA/HDDA systems with and without 
tertiary triethyl amine (TEA) under air and nitrogen at-
mospheres using photo-DSC. 

Photo-DSC analysis revealed that N2 purging and the 
presence of TEA mitigated oxygen inhibition in the pho-
topolymerization of the UV-curable free-radical PFPE- 
DMA/HDDA system. In addition, TEA synergistically 
acted as a coinitiator or photosynergist under a nitrogen 
atmosphere, which increased the cure rate and percentage 
conversion for the photopolymerization of PFPE-DMA/ 
HDDA. TEA acted as both oxygen scavenger and pho-
tosynergist. The results presented here demonstrate that 
investigating the photocuring behaviors of PFPE-DMA/ 
HDDA system is very helpful to determine the optimal 
curing conditions for the PFPE-DMA fluoropolymer and  

 
Photoinitiation 

 
Oxygen scavenging 

 
Photosynergism 

 
Figure 4. Proposed reaction mechanisms of oxygen scaveng- 
ing and photosynergism by tertiary amine. 
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also will provide an insight for designing new MEMS de- 
vices using this material. 
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