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The IR spectra of films of PVA subjected to acetalation with furfu- 
ral and to coupling with maleic anhydride by the diene synthesis have 
been obtained, and an assignment of absorption bands is given. The 
alkali treatment of the adduct of poly(vinyl furfural aceral) with ma- 
leic anhydride is apparently accompanied by the epimerization of one 
carboxyl group. 

One of the methods of impar t ing  cat ion-exchange 
p rope r t i e s  to f ibe rs  and f i lms  of poly(vinyl alcohol) (I) 
i s  the i r  aeetalat ion with fur fura l  and subsequent  t r e a t -  
ment  with male ic  anhydride by the Die l s -Alde r  r e -  
action [1] 
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In this work, we have invest igated samples  of f i lms  
of I and also the products  of its convers ions  through 
fur fury la t ion  and through the diene synthes is  (II and III) 
by IR spectroscopy.  The spec t rum of hea t - s t ab i l i zed  
f i lms  of I (Fig. 1, a) shows only an i n c r e a s e  in t h e i n -  
tens i ty  of the c rys t a l l i n i ty  bands at 1147 cm -1 as com-  
pared with the ini t ia l  f i lm of I. The spec t rum of the 
product  of the aeeta la t ion of I with fur fura l  (II, Fig. 1, 
b) shows absorpt ion  bands at 745, 793, 885, 895, 930, 
and 955 cm -1, co r respond ing  to the nonplanar  defor-  
mat ion v ibra t ions  of the C- -H bond of the furan  r i n g  

[2] and absorpt ion bands at 820, 1005, and 1067 cm -I 
cor responding  to the v ibra t ions  of the r ings  of an ace-  
tal of I [3]. It is not excluded that the absorpt ion at 
1005 cm -1 is also due to the pulsat ion v ibra t ions  of the 
furan  r ing  [4]. The d isappearance  in the spec t rum of 
II of the band at 915 cm -1 cor responding  to the Yr(CHz) 
v ibra t ions  in the amorphous phase [5] and the i n v a r i -  
abil i ty of the in tens i ty  of the c rys ta l l in i ty  band shows 
that the acetalat ion reac t ion  takes place mainly  in the 
amorphous pa r t  of the polymer .  

The change in the shape of the band and the in t en -  
sity of absorpt ion in the 1430-1450 cm -1 region andthe  
dec rease  in in tens i ty  of the absorpt ion band at 3340 
cm - i  in the spec t rum of II as compound with that of I 
shows a dec rease  in the number  of hydroxyl groups in 
the p rocess  of fur fury la t ion  as a consequence of b lock-  
age with acetal  bonds. The bands at 1227, 1375, 1430, 
and 1445 cm -t (CH and CH z groups; 5CH and 5OH) [6,7] 
p re sen t  in the spec t rum of the ini t ia l  I a re  re ta ined  in 
the spec t rum of II. In the IR spec t rum of III (Fig. 1, 
e), the absorpt ion bands due to the v ibra t ions  of the 
furan  r ing  have disappeared.  The absorpt ion bands at 
820 and 1067 cm -1 eo r respond ing to  the v ibra t ions  of the 
acetal  r ing  r e ma i n ,  and the absorpt ion band at 1005 
cm -j is shifted toward the shortwave region of the spec-  
t rum,  985 cm -1. A change in the f requency of the ab-  
sorpt ion bands of the acetal  r ing  according to the na -  
tu re  of the rad ica l  attached to the r ing  has been observed  
previous ly  [3]. All this  conf i rms  the c o r r e c t ne s s  of the 
scheme given above for  the reac t ion  of poly(vinyl fu r -  
fura l  acetal) ~dth maleic  anhydride.  

The absorpt ion band at 1090 cm -1 probably re la tes  
to the vC--  O absorpt ion in I. The absorpt ion in the 
1170-1300 cm -1 region cor responds  to the in te rac t ion  
between the p l ana r  deformat ion  v ibra t ions  of C--Owhen 
a hydrogen bond is p resen t  [8] and, probably,  the ab-  
sorpt ion due to the oxygen br idge of the r ing  of the ad-  
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Fig. 1. Spectra  of f i lms  of PVA (NaCI pr i sm)  : a) af ter  heat s tab l i -  
zat ion (I, th ickness  ~ 10 m~); b) af ter  furfuryla t ion (II, th ickness  ~ 

10 ~); c) af ter  the diene synthes i s  reac t ion  (Ill, th ickness  ~ 15 m#). 
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duct. The absorpt ion bands at 1363 and 1410 cm -i a re  
probably connected with the f an - l ike  v ib ra t ions  of the 
CH and CH z groups and the de fo rmat ion  v ib ra t ions  of 
the OH groups [6]. The absorp t ion  f r equency  at 1630 
cm -~ co r r e sponds  to the s t r e t ch ing  v ib ra t ions  of the 
C-----C bond of the adduct. The absorpt ion  bands in the 
1700-1750 c m  -1 reg ion  co r r e spond  to Vc= O of carboxyl  
groups.  The p r e s e n c e  of the l a t t e r  is  a lso conf i rmed  
by the p r e s e n c e  in the s p e c t r u m  of a s e r i e s  of bands in 
the 2500-3000 cm -I region.  The d e c r e a s e  in the in ten-  
si ty of the vOH absorpt ion  band at3340 cm -1 as compared  
with the s p e c t r u m  of II may be caused  by p r o c e s s e s  
accompanying  the diene synthes is  reac t ion  (for example ,  
dehydrat ion o r  oxidation). 

In view of the poss ib i l i ty  of the o c c u r r e n c e  of i s o m -  
e r i za t ion  of the carboxyl  groups in the adduct III, it 
appeared  of i n t e r e s t  to c a r r y  out a m o r e  de ta i led  s p e c -  
t roscop ic  study in the 1600-1800 cm -1 reg ion  of the 
f i lms  inves t iga ted  prev ious ly .  With this  a im the spec -  
t r u m  of III was taken af te r  the f i l m  had been t r ea ted  
with 0.1 N sodium hydroxide  solution and subsequent  
convers ion  of the ion-exchange  product  into the H- fo rm.  
A compar i son  of the s p e c t r a  (Fig. 2a and b) shows that 
this t r ea tmen t  causes  a change in the s t r u c t u r e  of the 
adduct III. The absorpt ion bands at 1680 and 1742 cm -1 
in the IR s p e c t r a  d i sappea r  and only the bands at 1710 
and 1728 em -1 r e m a i n ,  t he i r  in tensi ty  r i s i n g  cons ide r -  
ably. This  can apparent ly  be r e g a r d e d  as a c o n f i r m a -  
t ion of the passage  of the carboxyl  groups of the adduct 
a f te r  t r e a t m e n t  with alkali  f r o m  the c is  f o r m  into the 

t r ans  f o r m  which has been de tec ted  p rev ious ly  by chem-  
ical  methods.  

The r e su l t s  obtained a r e  in full  a g r e e m e n t  with mode rn  
ideas  on the s t r i c t  spat ia l  d i rec t iv i ty  of the diene syn-  
thes i s  [9] and with the r e su l t s  of inves t iga t ions  [10,11] 
in which it  was shown that the alkal ine hydro lys i s  of 
e s t e r s  of e i s - l , 2 - d i c a r b o x y l i c  acids in the b icyc l ic  
s y s t e m s  of 3 ,6-endoxocyclohexane  is accompanied  by 
the ep imer i za t i on  of one of the carboxyl  groups with 
the fo rmat ion  of the co r r e spond ing  t rans  acid. 

The spec t r a  given in the f igure  also show that in III 
even before  t r e a t m e n t  with alkali  t he r e  was a ce r t a in  
number  of carboxyl  groups in the t r ans  position. It is 
mos t  l ikely  that this  is connected with the act ion of 
heat to which the f i lm  was subjec ted  in the p r o c e s s  of 
its t r e a t m e n t  with wa te r  and ex t rac t ion  with acetone.  

EXPERIMENTAL 

The spectra were taken on H-800 and IKS-14A speetrophotometers. 
The spectrophotometric investigations were performed with samples of 
PVA of Japanese manufacture of type FF-2 having a degree of polymer- 
ization oflS00 (content of acetate groups 0.2%; sodium acetate absent). 

The method of obtaining the films has been described previously 
[12]. The films were subjected to heat stabilization in the free state 
at 220~ for 6 rain, after which they were acetalated with furfural 
under the conditions described for the treatment of fiber [13] using a 
high-ratio bath of the following compositon: futfural 4%, HzSO4 20%, 
sodium sulfate 20%. The reaction temperature was 70 ~ C and the time 
40 rain. The films were then washed with water and extracted with 
ethanol for a day. 

The furfurylated films (II) were subjected to coupling with maieic 
anhydride by the Diels-Alder reaction at 120" C for 3 hr, using a 10% 
solution of maleic anhydride in toluene. The reaction was carried out 

in sealed tubes, and after the end of the process the films were washed 
with distilled water (temperature 50-60 ~ C) and extracted with acetone 
for 24 hr. 
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Fig. 2. Spec t rum of a f i l m  
of PVA in the 1600-1800 
em -1 reg ion  (NaC1 pr i sm)  : 
a) af ter  the diene synthes is  
react ion;  b) af ter  t r e a t m e n t  
with 0.1 N sodium hydroxide 
solution and eonvers ion  into 

the H-form.  

The treatment of the films after the Diels-Alder reaction with 0.i 
N sodium hydroxide solution was carried out for 48 hr. 

The authors express their thanks to Prof. L. V. Smimov for a dis- 

cussion of the results. 
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