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ELECTROCHEMICAL INITIATION OF SURFACE 
DEHYDROHALOGENATION OF POLYVINYLCHLORIDE FILMS 

G.S.Shapova1 t Y.V.Kontsur 

Institutr of Riaorganic Chemistry and Pctrbch~mistry, Academy of 
Sciences of Ukraine, Khark'ovskoye Shosse,56, 253160, Kiev. 

Ulrrai ne 

The possibility af indirect clcctroehemical dehvdro- 

halogenation of polyvinylchloride (PL'C) at thc sacrifice of the 

raductisn products of acetonitri le ha3 been established and 

realized. n possible mechanism has been praposcd. Thc described 

process may be used a5 the method of PVC surface 
dehydrohaloqenation to obtain thc semiconducting laycrs on the 

f i l m  curfaces. 

I NTRODUCT I ON 

It is known that PVC is subjected to dfhydrochlorination by 

action of various chemical agcnte and onergctic: exposures of 

dif4rrcnt n;lturc. This precess i q  followed bv fornation of 

polyconjuqatcd multiple bonds system C 1 3 .  The resulting matcrial 

likc thc majority sf polyaers with  thc conjr!gatcd system possesses 

semiconducting propertics and may be used in electrical 

engineering, microelectronic, etc. CZI. Of special intercst is the 
creation of polyccnjugatcd btruct.t ireP on PVI: film surface from the 
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50 SHAPOVAL AND KONTSUR 

point  of view of p o s s i b i l i t y  t o  obta in  two-layer material wi th  

t h i n  surface conducting layer  and t o  r e t a i n  physico-mechanical 

proper t ies o f  PVC. 

Such material has been achieved through the  dehydrohalogenation 

o f  PVC f i l m  surface by clcctrochemical i n i t i a t i n g  process and 

rcpor t ed here. 

MnTERIRLS 

The suspended PVC wi th  the molecular weight 1 ~ 1 0 ~  wa5 used. 

ThE. employed reagents were p u r i f i e d  by procedures described i n  the  

l i h x a t u r c :  a c e t o n i t r i l e  C33, tetrahydrofuran C41, tetrabuty- 

lammonium perchlorate (TBCIP) C53. The f i lms fo r  invest igat ions 

(thickness 60 Am) were formed from the  so lu t i on  of PVC i n  

t e t r  ahydrof ur an. 

METHODS 

E lec t ro l ys i s  of 0.05 M TBCIP i n  a c e t o n i t r i l e  wa5 car r ied  out 

under COntrOllFd po ten t ia l  w i th in  the i n te rva l  of E values - ( l . B f  

2.2) V (vs S.C.E.) i n  argon during 1 hr. The two-chamber sealed 

c e l l  w i th  cathodic and anodic spaces separeted by a Schott f i l t e r  

was uscd f o r  t h i s  procedure. The platinum p la tes  were used a5 the 

electrodes. The PVC f i l m  ~JES placed i n  cathodic space before or 

a f t e r  e lec t ro lys is .  Then the f i lms were dr ied  i n  vacuum, t h e i r  

surfaces were invest igated by i n f ra red  r e f l e c t i o n  absorption spec- 

troscopy (IRRRS) with the  spectrometer Specord M80. The PVC f i l m s  

ard catholy te so lu t ion  were studied by UV-spectroscopy wi th  thc  

spectrometer Specord M400. The spec i f i c  surface conduct iv i ty  of 

f i l m s  nas measured by two-probe method wi th  the  a i d  of high-ohmic 

vcltrneter 87-26. The t e s t  f o r  rupture strength was car r ied  out 

wi th  rupture machine RM-250. 
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ELECTROCHEMICAL DEHYDROHALOGENATION OF PVC FILMS 51 

RESULTS i?ND DISCUSSION 

During the electrolysis the PVC film has been changing colour 

to dark-brown*. The invcstigation of PVC surface by IRRAS showed 

the considerable decreasing ofabsorption band intensity in the 

area of 600-700 cm-' characteristic to the valency oscillation of 

C=C conjugated bonds C61 (fig.1). UV-spectrum of such PVC f i l m  1 5  

characterized by absorption curve in 280-600 nm area (fig.2) typi- 

cal to the polycne structure C71. 

During the electrolysis the catholvtc solution also ha5 been 

changing: its colour becoming yellow-brown, the absorption in 280- 

500 nm area in UV-spectrum appe-aring, the relative viscosity nf 

solution increased by 5%. Perhaps, these changes take place due to 

removing of acetonitrile 501LlblC low-molecular products of PVC 

reduc t i on to cat hol yt e. 

The enumerated facts attest that during the electrolysis the PVC 

film surfaces layer is being subjected to dehydrochlorination. 

This process is followed by formation of polyconjugatcd C=C bonds, 

destruction and passing of low-molecular fragments to solution. 

Sincc the f i l m  was in solution and did not touch the cathode, WE 

suppose that the proccss of dehydrohalogenation was initiated by 

anions CCH,CNl-, the possibility of their formation during the 

cathodic reduction of acetonitrilc was shown C81. 

The measuring clectrical conductivity o f  the films 
subjected to electrolysis and doppcd in iodinc vapour was Equal 

to 10-7R -'crn-*. However. thc conductivity of diffcrcnt parts of  

film is un~qual. It is connected with changes during thc 

electrolysis in concentration of particles initj ating the 

a ky changes of the eontrolc PYC film after 1 hr of expwure in 0.05 I! TBW in acetanitrile 

Ma¶ not f ixed by W- and IR-¶pKtrMCopy, 
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Fig.1. IRRfiS of PVC f i lms:  ( l ) - - e t a r t i n g ,  (?)-treated during 

e l e z t r o l y s i s  i n  c a t h o l r t r  (0.05 M TBGP i n  arctonitril~). 

ABS 

c ig .2 .  UV-spectra: ( l ) - G ? , C  f i l n .  a f t e r  c l c c t r o l ~ s i s  i n  n.05 M 
TBh3 i n  a c r t o n i t r i l c ,  (Z) -ca t t ln lv te  ~ 0 1 ~ 1 t i b ~  a f t e r  rcmosxng PVC 

f i l  n. 
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ELECTROCHEMICAL DEHYDROHALOGENATION OF PVC FILMS 53 

dehydrochlorinatiov and correspcndingly w i t h  t he  changes i n  

i n t e n s i t y  of t h e i r  act ion on f i l m  su r fam.  We suppose tha t  the 

t ln i formi ty  of the f i l m  p r ~ p c r t i c s  would be higher i f  thc f i l m  15 

t r e a t r d  by the c lcct ro !  yzcd cetholyte.  Such e f f o r t  was cstabl  ished 

i n  DMFCI [?I .  Rcally, the changes which take place i n  PVC f i l m  

treated by e l x t r o l y z c d  catholy,tc arc analogous t o  the changes 

occured i n  f i l m  during F lec t ro l yF is  : turn ing dark-brown and UV- 

and IF;-spectra mf t h i s  f i l m  being s im i la r  t o  the described above. 

The advantage i s  that  the conduct iv i ty  of  thc f i l m  producing by 

such way is eqcral oscr a l l  surfaces. 

The phisico-mcchanical t es ts  of thc f i l m s  wi th  clcctrochemi- 

call y dehydrohalogcnatcd surf aces shorred that  thc rupture strength 

o i  ctirh t -rfated Filmc with th icknesr 5P p m  is decreased bv no 

iorc 1OX. 

So the p o s s i b i l i t l -  of  i n d i r r c t  clectrochemical eehyerohalo- 

genation bf PVC 3t the sacrifice of the reduct ion products of  

a c e t o n i t r i l c  has been s t a b l i s h c d  and rFal ized. I t  15 supposed 

that CCH,CNI- i n t f r a c t  with PYC macromolecule5. which leads t o  

dehqdrohalagcnation and formation of  mu l t i p le  bonds: - 
e 

7 C k C N  - 2 CHkCN- + Hdt 

H t+ ICHZCNI- H H 
1 1  I I  
I I  
c1 H 

-C-C- - -C=C- t C1- + CHSCN 

The dcscribcd proccsr may bc used as the method of PVC surface 

dehvdrahalogmztion t o  obtain the  semicon-ducting layers on the 

f i l m  sur f  aceE. The advantages nf t h i  5 process over we1 1 -known 

method5 are  be t te r  thcrmo-, photo-, dehydrohalogenation by act ion 

o f  a l ka i l s ,  etc.  The i n d i r e c t  elcctrochemical dehydrohalogenation 

i s  rea l i zed  i n  comparatively s o f t  condi t ions a t  room temperature 

( tha t  keeps side e f f e c t s  minimum). This approach permits t o  pro- 

cess n r i y  polymfr surface and t o  obta in  semiconductor layers prac- 
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54 SHAPOVAL AND KONTSUR 

t i c a l  l y  wi thout  changes of shape and physico-mechanical p roper t i es  

o f  s t a r t i n g  polymer. 
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