
Accepted Manuscript

A new approach to improvement of gas permeation properties of metathesis
polynorbornenes: gem-difluorocyclopropanation of backbone double bonds

Alexander A. Morontsev, Vsevolod A. Zhigarev, Roman Yu. Nikiforov, Nikolai
A. Belov, Maria L. Gringolts, Eugene Sh. Finkelshtein, Yurii P. Yampolskii

PII: S0014-3057(17)31707-X
DOI: https://doi.org/10.1016/j.eurpolymj.2017.12.020
Reference: EPJ 8207

To appear in: European Polymer Journal

Received Date: 29 September 2017
Revised Date: 3 December 2017
Accepted Date: 18 December 2017

Please cite this article as: Morontsev, A.A., Zhigarev, V.A., Yu. Nikiforov, R., Belov, N.A., Gringolts, M.L., Sh.
Finkelshtein, E., Yampolskii, Y.P., A new approach to improvement of gas permeation properties of metathesis
polynorbornenes: gem-difluorocyclopropanation of backbone double bonds, European Polymer Journal (2017),
doi: https://doi.org/10.1016/j.eurpolymj.2017.12.020

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.eurpolymj.2017.12.020
https://doi.org/10.1016/j.eurpolymj.2017.12.020


  

1 

 

A new approach to improvement of gas permeation properties of 

metathesis polynorbornenes: gem-difluorocyclopropanation of backbone 

double bonds 

Alexander A. Morontsev
1
, Vsevolod A. Zhigarev

1,2
, Roman Yu. 

Nikiforov
1
, Nikolai A. Belov

1
, Maria L. Gringolts

1*
, Eugene Sh. 

Finkelshtein
1
, Yurii P. Yampolskii

1 

 

1
A.V.Topchiev Institute of Petrochemical Synthesis, Russian Academy of Sciences, 

Leninskii pr. 29, 119991, Moscow, Russia 

2
Moscow Technological University, Lomonosov Moscow State University of Fine 

Chemical Technologies, Vernadsky Avenue 86, 119571, Moscow, Russia 

 

ABSTRACT 

The impact of double bond modification by gem-difluorocyclopropanation (gDFC) in 

poly(norbornenes) backbone on their gas transport properties was studied for the first time. With 

this aim the research of gDFC of polynorbornene (PNB) and poly(5-trimethylsilylnorbornene) 

(PNBSi) in the conditions of sodium chlorodifluoroacetate thermolyses at 180-190
o
C in methyl 

benzoate solution were carried out. The starting poly(norbornenes) were synthesized via ring-

opening metathesis polymerization of the corresponding monomers mediated by the first 

generation Grubbs’ catalyst. The degree of double bonds conversion into the gem-

difluorocyclopropane and the molecular weight of modified polymers could be controlled by 

adjusting the reaction time, sodium chlorodifluoroacetate amount, and polymer concentration in 

reaction mixture, as well as by addition of inhibitor. The bulky Me
3
Si-substituent hindered the 

modification of double bonds in poly(norbornenes)’ backbone. The gDFC decreased the thermal 

stability of poly(norbornenes). However, the films of modified polymers demonstrated high 

stability during storage at the ambient conditions, especially in comparison with unmodified 

polynorbornene. The introduction of gem-difluorocyclopropane in poly(norbornenes) backbone 

increased their gas permeability coefficients P especially strongly for PNB. Simultaneously the 

values of ideal selectivity αij=Pi/Pj were not changed or slightly increased. The noted growth of P 

was caused by increases in the solubility coefficients S. To elucidate the role of the two types of 
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