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The reaction between polyvinylidene fluoride (PVDF) nanofibers and sodium hydroxide in the presence of propan-

2-ol (IPA) as phase transfer catalyst (PTC) was studied. In this work, a new reaction mechanism for the formation of 

the conjugate structure. Sodium isopropylalcoholate catalyzes the Csp2 F bond cleavage in a transfer hydrogenation 

step and results in the formation of Csp2 H bond, a mechanism supported by the presence of acetone. These findings 

are of particular importance to PVDF alkaline reaction, it indicates that the use of IPA as PTC alter the reaction 

mechanism. 
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Introduction 
The reaction of PVDF and alkaline solutions is 

recognized as a key surface functionalization method 

and hence has been studied repeatedly over the past 

three decades for improving various inherent 

characteristics such as electrical conductivity, 

adhesiveness, or wetting properties[1–4]. 

From previously reported studies, there is a 

common consensus on the mechanism of 

PVDF defluorination by an alkaline solution, or at least 

on the initiate elimination E2 step of the mechanism[1–

4]. Ross et al. further elaborated on a mechanism 

based on surface characterization techniques by 

reacting PVDF with NaOH using tetrabutylammonium 

bromide as the PTC[5]. The aim of this work is to study 

the mechanism of PVDF reaction with NaOH in propan-

2-ol, focusing on group theory and symmetry tools in 

analyzing the vibrational modes of the 

dehydrofluorinated PVDF for a better understanding. 

  

Methodology 
 The aim of this work is to study the mechanism of 

PVDF reaction with NaOH in propan-2-ol, focusing on 

group theory and symmetry tools in analyzing the 

vibrational modes of the dehydrofluorinated PVDF for 

a better understanding. 

Table 1. Parameters for the dehydrofluorination of PVDF nanofibers 

mats.  

 

PVDF nanofibers (density of 3.5 g/m2) were 

obtained from the Laboratory of Nanofibers Materials 

Development and Testing, Institute of Nanomaterials, 

Technical University of Liberec.  

The dehydrofluorination reaction was performed 

by soaking various 5 × 5 cm2 PVDF nanofiber mats in 

20 ml of different concentrations of NaOH solutions 

(0.1–1 M) in 1 ml of 99.8% IPA for 15 min. The 

nanofiber mats were then placed into covered Petri 

dishes and heated at either 60 or 80 °C in an oven. The 

reaction parameters of temperature, contact time and 

NaOH concentration were varied to observe their 

effects on the reaction. 

Quantification of acetone in PVDF and NaOH/IPA 

reaction medium was carried out by gas 

chromatography GC coupled with a mass 

spectrometer. 

Results and discussion 
The reaction of PVDF nanofibers with NaOH in IPA 

was performed using a variety of reaction parameters.  

 

FTIR signals at 840 cm−1 and 600 cm−1 from the post 

reacted PVDF nanofiber spectra suggests that the 

reaction substrate has an all trans or β conformation. 

FTIR spectra of the treated PVDF nanofibers displayed 
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 functional groups signals, where two distinct FTIR 

spectra were observed based on the reaction variables. 

The first spectra displayed no new bands (silent 

spectra) being formed from the measurements of 

samples modified at 60 °C regardless of contact time or 

concentration of NaOH. Similarly, no new bands 

appeared from reaction parameters at 80 °C and the 

lowest concentrations and contact times of 0.1–0.5 M 

NaOH and 1–2 h, respectively. In contrast, the spectra 

from all other samples treated at 80 °C (at harsher 

conditions) displayed new bands (active spectra), 

showing the appearance of a new weak band at around 

1570 cm−1 assigned to two overlapping bands, the first 

is C C st and the second is OH deformation, and also 

a broad OH band at around 3350 cm−1. The silence of 

the double bond signal within FTIR spectra implies that 

the rule of mutual exclusion is in effect, whereby all IR 

active vibrational modes are Raman inactive and vice 

versa. Hence the structure of the product displaying 

silent FTIR spectra is the hydrated conjugated structure 

CH CH. 

The formation of hydrated conjugate structure 

prior to hydroxylation dictates the proposal of a new 

mechanism, whereby a hydrogenation step takes place 

after the elimination. Given the reaction components, 

the hydrogenation may be justified by a formation of a 

base-catalyzed transfer hydrogenation mechanism 

(Scheme 1c). The intermediate structure then 

decomposes in a hydrodefluorination step to produce 

the vinylene segment as a key product, 

and acetone plus sodium fluoride as side products 

(Scheme 1c).  

The results of the GC analysis showed the presence 

of acetone ranging between 2.7 and 12.4 μg/L. 

Primarily, the presence of acetone when using IPA is 

considered to be conclusive evidence of the catalyzed 

transfer hydrogenation mechanism proposed. 

 

Scheme 1. Proposed mechanism for PVDF dehydrogluorination. (a) 

deoritonation, (b) elimination, (c) transfer hydrogenation. 

Conclusion  
This study revealed that using propan-2-ol as a PTC 

in PVDF alkaline reaction with NaOH alters 

the dehydrofluorination reaction mechanism. In 

conclusion, a new transfer hydrogenation mechanism 

is proposed for the heterogeneous reaction of PVDF 

with NaOH in IPA, it explains the 

second fluorine departure and the hydration of the 

unit cell CF CH, whereby IPA was shown to be the 

hydrogen source in addition to its role as a PTC. 

Acknowledgements 

This work was supported by the Student Grant 

Competition (SGS) project at the Technical University 

of Liberec in 2021. 

Reference  
[1]  KISE, Hideo, Hiroshi OGATA a Masakazu NAKATA. Chemical 

dehydrofluorination and electrical conductivity of poly(vinylidene 
fluoride) films. Die Angewandte Makromolekulare Chemie [online]. 
1989, 168(1), 205–216. ISSN 1522-9505. Dostupné 
z: doi:https://doi.org/10.1002/apmc.1989.051680117 

[2]  BREWIS, D. M., I. MATHIESON, I. SUTHERLAND, R. A. CAYLESS a R. H. 
DAHM. Pretreatment of poly(vinyl fluoride) and poly(vinylidene 
fluoride) with potassium hydroxide. International Journal of Adhesion 
and Adhesives [online]. 1996, 16(2), Special Issue: In honour of Dr K. 
W. Allen on the occasion of his 70th birthday, 87–95. ISSN 0143-
7496. Dostupné z: doi:10.1016/0143-7496(95)00053-4 

[3]  TORRES-MENDIETA, R., F. YALCINKAYA, E. BOYRAZ, O. HAVELKA, S. 
WACŁAWEK, J. MARYŠKA, M. ČERNÍK a M. BRYJAK. PVDF nanofibrous 
membranes modified via laser-synthesized Ag nanoparticles for a 
cleaner oily water separation. Applied Surface Science [online]. 2020, 
526, 146575. ISSN 0169-4332. Dostupné 
z: doi:10.1016/j.apsusc.2020.146575 

[4]  SUN, Chenggui a Xianshe FENG. Enhancing the performance of PVDF 
membranes by hydrophilic surface modification via amine 
treatment. Separation and Purification Technology [online]. 2017, 
185, 94–102. ISSN 1383-5866. Dostupné 
z: doi:10.1016/j.seppur.2017.05.022 

[5]  ROSS, G. J, J. F WATTS, M. P HILL a P MORRISSEY. Surface 
modification of poly(vinylidene fluoride) by alkaline treatment Part 
2. Process modification by the use of phase transfer catalysts. 
Polymer [online]. 2001, 42(2), 403–413. ISSN 0032-3861. Dostupné 
z: doi:10.1016/S0032-3861(00)00328-1 

 

https://www.sciencedirect.com/topics/chemistry/acetone
https://www.sciencedirect.com/topics/chemistry/dehydrofluorination
https://www.sciencedirect.com/topics/chemistry/fluorine-atom

