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Abstract- In this topic, a series of novel hydrocarbon ion polymers had been synthesized. In the structural design, we choose 
multi-benzene structure[1-6] introduced the trifluorinemethyl[7-9] into the polymer. Through its strong attraction for electrons, 
the nearby benzene exhibits electron deficient state and keep the sulfonate group away. Therefore, sulfonate groups will be 
grafted in the segments without trifluorinemethyl. [7-9] It effectively separates the hydrophilic end and hydrophobic end.  
The degree of sulfonated was controlled by different concentration of sulfonating agents. Then the polymers were dissolved 
in dimethyl sulfoxide (DMSO) and casted on the petri dish. After drying, a series of sulfonated polymer membranes were 
obtained. Their capability applied to solid electrolyte of proton exchange membrane fuel cell were also be assessed. 
The designed chemical structures were confirmed by NMR analysis, and the average molecular weight of polymers ranged 
from 1.3×105 to 2.0×105 g/mol as shown by GPC measurement. All the polymer membranes had a good thermal stability, 
mechanical strength and a high oxidative stability against Fenton’s reagent. Furthermore, the membranes with different 
water uptake can maintain good dimensional stability. They were not over-swelling and dissolved in water at high 
temperature, which was supported by TEM observations. 
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I. INTRODUCTION 
 
Proton exchange membrane fuel cells (PEMFC) is a 
device that can convert chemical energy directly into 
electricity and the energy conversion efficiency is not 
limited by the Carnot cycle, up to 80%. Over the past 
few decades, PEMFC have gradually attracted 
considerable attention as candidates for alternative 
power sources due to their high power density, good 
energy conversion efficiency, and low pollution. 
Proton exchange membrane (PEM) acts as an 
essential part of the fuel cell, which transfers protons 
from the anode to the cathode as well as serving as a 
barrier to fuel crossover between the electrodes. Ideal 
proton exchange membrane should meet the 
requirements of high proton conductivity, low gas 
crossover; excellent mechanical properties and 
reliable chemical stability. 
 
Commercial perfluorinated sulfonic acid (PFSA) 
ionomers, such as Nafion[10-11] have been widely 
adopted because of relative good mechanical, 
chemical stability and high proton 
conductivity.However, they have drawbacks such as 
high cost, harmful pollution, limited operating 
temperature (0-80oC), insufficient durability, and 
high methanol permeability. 
 
According to the literature, the structure is designed 
in the form of a multi-block copolymeror graft 
polymer can effectively make sulfonate groups 
grafted onto the specific location of main chain or 
branched chain. [12-14] The sulfonate hydrophilic side 
reaches alocally intensive effect and effectively 
separates the hydrophilic side and hydrophobic side,  

 
forming good phase separation morphology[7-9] and 
enhancing the proton conductivity. However, 
synthetic methods of multi-block copolymer are more 
complex and multi-step. It can grow long segment of 
hydrophilic and hydrophobic side chains, but also to 
enhance the difficulty of the polymerization reaction, 
it might be resulted in uneven distribution of 
molecular weight and influence its thermal stability. 
And Graft copolymer due to the sulfonate group can 
only be connected at the end of branches, making it 
difficult to improve the value of the IEC, though it 
has similar proton conductivity with Nafion in high 
humidity, once in a low humidity environment, the 
proton conductivity can’t compared to Nafion. 
 
In this topic, a series of novel hydrocarbon ion 
polymers had been synthesized. The degree of 
sulfonated was controlled by different concentration 
of sulfonating agents. Expected that at the appropriate 
IEC values, we will have a locally intensive structure. 
It forms good phase separation morphology and 
enhances the proton conductivity further. In addition, 
the fluorine-containing hydrophobic segment is also 
expected to significantly improve the dimensional 
stability, oxidative and hydrolytic stability of the 
material. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Monomer Procedure 
All reagents and solvents were purchased from 
Aldrich Chemical Co., Huiwei Technology Co., 
Panreac ,Hybiocare, Showa . 
The synthesis of Monomer 1 and Monomer 2 refer to 
our previously reported procedure in Scheme 1. [15] 
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and Scheme 2..3',6'-bis(4-bromophenyl)-3,3''-
bis(trifluoromethyl)-1,1':2',1''-terphenyl (5g, 1eq), 4-
Fluoro-3-(trifluoromethyl)phenylboronic acid (3.24g, 
3eq), K2CO3 (2.87g, 4eq), Pd(amphos)Cl2 (36mg, 
0.01eq) and toluene were placed in a flame-dried 
flask and refluxed for 48 hours under a nitrogen 
atmosphere. The solution extracted three times using 
(1 M) NaCl. Adding a small amount of active 
charcoal and Na2SO4 to removal water and a catalyst. 
The crude monomer was purified by recrystallization 
and obtain pure monomer 1 in 84.7% yield. Monomer 
2 was prepared in a similar way and hydrolysis to 
obtain pure monomer 2 in 84% yield. 
 
2.2. General Procedure for Polymerization 
The general procedure for polymerization [15] is to put 
4,4""-difluoro-3,3""-bis(trifluoromethyl)- 2",3",-
bis(trifluoromethyl)phenyl-[1,1':4',1":4",1"':4"',1""-
quinquephenyl] (Monomer 1, 2.00g, 1eq), Spiro-9-
{2,7-bis[4-hydroxyphenyl]fluorene}-9’-fluorene 
(Monomer 2, 1.19g, 1eq) and Potassium carbonate 
(0.72g, 2.2eq), DMAc (20ml), toluene (15ml)  into a 
flame-dried flask under a nitrogen atmosphere. 
Removing toluene then refluxed for 12 hours at 
160oC.After completion of the reaction, obtain the 
product by pouring into a large number of Methanol 
in 98% yield. Finally, via the different amounts of 
Chlorosulfonic acid and Lauric acid to obtain the 
different degree sulfonated polymer. 
 

 
Scheme 1. Synthesis of Monomer 1 

 

 
Scheme 2. Synthesis of Monomer 2 

 

 
Scheme 3. Synthesis of SFC2 

III. RESULTS AND DISCUSSION 
 
3.1. GPC Analysis 
In order to understand the degree of polymerization 
of the polymer, we use various of the molecular 
weights polystyrene (Polystyrene, PS) as a standard, 
then set individual calibration curve depending on the 
time through the column GPC confirmed. The 
molecular weight shown in Table 1. The molecular 
weight of FC2 is about 2.45×105 g/mol and it has 
good film-forming properties. In addition to PDI = 
3.7 is reasonable value, confirming that introduce the 
trifluoromethyl into the structure makes the solubility 
better, is conducive to the polymerization reaction. 
 

Table 1. The molecular weight of FC2 

 
 
3.2. 1H NMR spectrum Analysis 
According to the 1H NMR spectrum, the structure of 
the monomer and polymer were identified correctly. 
Wherein each step of monomers, FC2 and the highest 
degree of sulfonic acid polymer 1H NMR spectrum, 
as shown in Figure 1. and 2.. 
 

 
Figure 1.1H NMR spectrum of monomer 1. 

 

 
Figure 2. 1H NMR spectrum of FC2 and SFC2. 

 
3.3. FT-IR Analysis 
The polymer structures were identified by FTIR. 
Among them, the 2.5µm wavelength scanning 
equipment to 25µm, after conversion between 
wavenumber 4000 cm-1 to400cm-1. The observation 
results are shown in Figure 3. and Figure 4.. 
 
From Figure 3., hydroxyl (O-H) on the original 
bisphenol monomer after polymerization has been 
almost converted into an ether group (-O-), there are 
no hydroxyl absorption band on FC2 over 3200 cm-1. 

Since the sulfonic acid group (-SO3H) appears, 
SFC2s apparent hydroxyl absorption peak at 3200 
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cm-1. In addition, Figure 4. found that location 
approximately 1004 cm-1 and 1028 cm-1, respectively, 
there is a new O = S = O symmetric stretching and 
asymmetric stretching peak. These peaks are indeed 
confirmed sulfonic acid groups successfully grafted 
on all synthesized polymer. 
 

 
Figure 3. FTIR spectrum of SFC2-series (wavenumber 4000cm-

1~400cm-1) 
 

 
Figure 4. FTIR spectrum of SFC2-series (wavenumber 1120cm-

1~920cm-1) 
 

3.4. Thermal analysis and mechanical properties 
TGA is a common device used to analyze the thermal 
stability. In Figure 5., FC2 has a high 
thermalstability, with a 5 wt% loss temperature (Td5%) 
of 598 OC. It is because high molecular weight, the 
segment length of a single molecular chain is long 
enough, rigid structure of the benzene and the effect 
of adding trifluoromethyl group. 
 
Unlike FC2 has only one stage of decomposition, 
sulfonated polymer SFC2s show the three-stage 
decomposition in Figure 5..  The first stage (less than 
200OC) losses mainly from the absorption of water 
molecules inside the film. The second stage of weight 
loss (between about 200OC ~ 500OC) is duo to the 
decomposition from a sulfonic acid group. Finally, 
the third stage of the weight loss (more than 500 OC) 
is the decomposition of the entire polymer main 
chain. 

 
Figure 5. TGA curves of the FC2 and SFC2s under nitrogen 

atmosphere. 
 

Measured by TMA, there is the stress-strain curve in 
Figure 6..Due to sulfonate group, SFC2s are easy to 
absorb excess water, thereby losing its mechanical 
properties, with the rise in the value of the IEC, the 
tensile strength gradually decline. However, the 
tensile strength of the material is still all more than 
64.7 MPa, it is much higher than the commercial 
material Nafion 211 (26.6 MPa). This confirms that 
compared to an aliphatic main chain structure of 
Nafion 211, SFC2s have better mechanical properties 
because of the multi-benzene structure and high 
molecular weight. In the section of Young's modulus, 
though affected by sulfonated group, it is still much 
higher than Nafion 211. Therefore, different from the 
softness of Nafion, SFC2s belongs to the more rigid 
structure. 
 

 
Figure 6. Stress-Strain curve of the FC2, SFC2s and Nafion 

211. 
 

3.5. Water absorption and dimensional stability 
In the course of the operation of the fuel cell, water 
molecules are proton transport carriers. Thus, when 
the polymer film as a solid electrolyte, the amount of 
water absorption will affect the capacity of the proton 
conduction. In general, the higher value of the IEC 
degree of sulfonated polymer, because it contains 
more sulfonate group, its excellent hydrophilicity will 
make water absorption and proton conductivity a 
substantial increase. However, if the material is poor 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009,                Vol-4, Iss-2, Spl. Issue-2 May.-2016 

Preparation And Application Of Sulfonated Hydrocarbon Ionic Polymer For Proton Exchange Membrane Fuel Cell 
 

177 

dimensional stability, with the intrusion of water 
molecules, the film may be swelling or even become 
water-soluble. 
 
In order to understand the water absorption 
characteristics of SFC2s at different temperatures, the 
film is soaked separately for 30oC, 50oC, 70oC, 80oC 
and 90oC in water, test its water absorption, and 
observe that with the rise of water absorption, can the 
apparent size of the film (including the length and 
thickness) be maintained at a certain rate of change 
(Less than 50%). And also the value λ (nH2O / 
nSO3H) represents the water molecules each 
sulfonate can carry. The results are given in Table 2., 
Figure 7. and  Figure8.. 
 
All sulfonated polymer film absorption at room 
temperature (30oC) under the range of 8% - 14% and 
rise to 10.6% - 17.6% at high temperature (80oC). 
Whole absorption rises with increasing temperature. 
In this situation, SFC2s not only has the appropriate 
conductivity, but also has excellent dimensional 
stability. Because of trifluoromethyl, hydrophilic side 
and hydrophobic side form good micro-phase 
separation patterns, but also effectively suppress the 
excessive expansion of the volume of material. 
 

 
Figure 7.water uptake of SFC2s and Nafion 211. 

 
Figure 8. λ of SFC2s and Nafion 211. 

 
3.6. Oxidative and hydrolytic stability 
In the fuel cell element, reduction process in cathode 
is a combination of oxygen and hydrogen to produce 
water and electrons. If the oxygen reactionwas not 
complete, it will form hydrogen peroxide (H2O2). 
And H2O2 is also easily further reacted with some 
metal cations generated (HO ∙) or (HO2 ∙). These free 
radicals will attack the solid electrolyte membrane, 
resulting in the collapse of the polymer structure. 
From Table 3, the weight loss of all materials are 
within 2%, comparable with Nafion 211, which was 
visible that after introducing trifluoromethyl, SFC2s 
have good oxidation stability. 
 
In addition to the film soaked into water at 80 oC and 
dried for 24 hours, measuring the weight loss of less 
than 1% are described hydrolytic stability of these 
materials is really excellent. 

 
 
 

 
Table 2. water absorption, λ and dimensional stability of SFC2s and Nafion 211. 

 
 
Table 3. oxidative stability and hydrolytic stability 

 

3.7. Proton conducting analysis 
Through AC impedance analyzer measured at 80 oC, 
the proton conductivity of different relative humidity, 
the results shown in Figure 9.. From the figure it can 
be observed that all of the conductive polymer film 
with a relative humidity rises and IEC values exhibit 
a linear increase. Wherein the proton conductivity of 
SFC2-1.55 is 0.06 S/cm, not as Nafion 211, but still a 
good value. 
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Table 4. proton conductivity of SFC2s and 
Nafion211. 

 
 

 
Figure 9. proton conductivity of SFC2s and 

Nafion211. 
 

3.8. Microscopic morphological analysis 
The hydrophilic side and hydrophobic side form good 
micro-phase separation patterns as shown in Figure 
10.. Wherein the dark part is the sulfonic acid groups 
gathered together clusters of ions, light-colored part is 
the hydrophobic portion of the polymer main chain. 
With the rise of IEC values, the distribution density 
also rises. 
 

 
Figure 10. TEM of SFC2-1.27 and SFC2-1.55 

 
CONCLUSIONS 
 
In summary, we synthesized a new series of proton 
conducting polymer electrolyte membranes.  By the 
preliminary measurement results, introduction of 
fluorine atoms greatly enhances the characteristics 
and stability of the polymer. Its advantages are (1) 
increase the solubility of the polymer, the molecular 

weight promoted (2) limits the position of the 
sulfonate-substituted, synthesized Locally and density 
sulfonated proton exchange membrane (3) improve 
the film thermal stability and mechanical properties 
(4) at high temperatures and high humidity, the film 
provides good dimensional stability and avoid film 
too swollen. Furthermore, the powerful energy of 
fluorocarbon bond also makes the material has a high 
oxidation and chemical stability. In the section of the 
proton conductivity, the value of SFC2-1.55 at high 
temperature and humidity environment is 0.06 S / cm. 
Close to the commercial material Nafion 211. Based 
on the above characteristics, the SFC2s all have high 
thermal stability, oxidative, hydrolytic stability, 
mechanical properties and suitable proton 
conductivity. Therefore, we can expect this series 
material should have sufficient potential for 
development as a solid electrolyte and applied to 
proton exchange membrane fuel cell. 
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