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The p o l y m e r s  of n i t rophenylace ty lenes  a r e  convenient  mode l s  when studying the e lec t rophys ica l  
p r o p e r t i e s  of organic  semiconduc to r s ,  and they a re  a lso  used in the synthes is  of po lymer ic  dyes ,  redox 
p o l y m e r s ,  etc. They a re  obtained by the n i t ra t ion of polyphenylacetylenes  [1-4] or  by the po lymer iza t ion  
of n i t rophenylacety lenes  [5, 6]. 

Some of the c h a r a c t e r i s t i c s  of the t h e rma l  bulk po lymer iza t ion  of p-n i t rophenylace ty lene  (III) and the 
p r o p e r t i e s  of the obtained p o l y m e r s  a r e  d iscussed  below. 

Compound (HI) was obtained by a modif icat ion of the methods  given in [7-11] by the following scheme:  

Br~ O ~ C  . . . . . . . . . . . . . . .  KOH, a lcohol  P-02NCsH~CH=CHCOOGaHh--- p- ~ e~4urJt~ru~t~rt~ugu2rl5 . . . .  
HtSO~, --2HBr 

(1) 

p_0zNC6H4C~CC00H ~aHCO,, a -co-------Z-- p-D~NC6H~C~CH 
(H) glI) 

The po lymer iza t ion  of (III) above 150 ~ p roceeds  at a fas t  ra te  and with a high m o n o m e r  convers ion  
(Fig. 1). The solubil i ty of the p o l y m e r  and the t he rmomechan i ca l  ana lys is  data (Fig. 2) indicate i ts  l inear  
s t ruc tu re .  The IR s pec t r a  (absorption bands at  690, 750, 860, 1015, 1110, 1180, 1450, 1590, and 3080 
c m  -1) r e f e r  to the benzene r ing,  in which connection the second and third bands c h a r a c t e r i z e  p - s u b s t i -  
tution; the intense s t re tch ing  v ibra t ions  of the ni t ro  group at 1350 and 1520 cm -1, and the e lementa l  ana l -  
y s i s  r e su l t s ,  a r e  in a g r e e m e n t  with the s t r u c t u r e  of a m a c r o m o l e c u l e  that is fo rmed  via reac t ion  of the 
acetylene  bonds. 

The mean  m o l e c u l a r  weight of the isola ted po ly -p -n i t ropheny lace ty lene  (PNPA) f rac t ions ,  which a re  
soluble in acetone,  var ied  in the range  f rom 300 to 3000. It is  poss ib le  that a sl ight i nc rease  in the amount  
of ca rbon  in some  of the PNPA samples  is due e i the r  to the reduction or  c leavage of the ni t ro groups.  A 
reduct ion of ni t ro g roups  to amino groups  was obse rved  in the po lymer iza t ion  of p -  and o -n i t rophenv l -  
ace ty lene  in p l a s m a  [5]. However ,  under  the m i l d e r  conditions of our  expe r imen t s  the contr ibut ion of this 
p r o c e s s ,  if it in gene ra l  occur s ,  is sl ight,  as  is evidenced by the absence  of the absorpt ion  band of the NH z 
group in the 3300-3500 cm -1 region. The PNPA do not lose weight e i ther  in vacuo or  in the a i r  up to 200- 
250 ~ (Fig. 3). The same  as for  a number  of o ther  polyconjugated s y s t e m s ,  during t h e r m a l  degradat ion the 
weight  loss  p rac t i ca l ly  s tops at  a ce r t a in  depth of decomposi t ion  (42% at  800~ whe rea s  during t h e r m o -  
oxidative degradat ion  comple te  decomposi t ion of the p o l y m e r  occu r s  in the range 500-600 ~ The PNPA a re  
p a r a m a g n e t i c ,  and the EPR spec t r a  r e p r e s e n t  a single line without additional s t ruc tu re  with an intensi ty of 
1017-1018 s p i n s / g .  The PNPA a re  reduced with c o m p a r a t i v e  ease  to the cor responding  amino de r iva t ives ,  
which can be diazot ized and condensed with a ldehydes and ketones.  The hydroch lor ides  of the p o l y - p -  
aminophenylace ty lenes  a r e  readi ly  soluble in methanol .  

E X P E R I M E N T A L  M E T H O D  

The IR absorp t ion  spec t r a  of the m o n o m e r s  and p o l y m e r s  (as KBr  pel lets)  we re  taken on e i ther  a 
UR-10 o r  UR-20 ins t rument .  The EPR s p e c t r a  we re  recorded  on an I~PR-2 s p e c t r o m e t e r .  The m o l e c u l a r  
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Fig. 1. Effect of t empera ture  and time of heating on yield of PNPA. Polymer iza t ion  t e m -  
pe ra tu re ,  ~ 1) 170; 2) 200; 3) 250; 4) 200 (after reprecipitat ion).  

Fig. 2. Thermomechanica l  curves  of PNPA, obtained at 200 ~ in 1 h: 1) soluble portion 
af ter  reprecipi ta t ion;  2) insoluble portion. 

Fig. 3. Heat stability of PNPA, obtained at 200 ~ in 1 h, in vacuo (1) and in the a i r  (2, 3): 
1, 2) soluble por t ion af ter  reprecipi ta t ion;  3) insoluble portion. 

weight of the samples  in acetone solution was determined using the thermoelec t r ic  method descr ibed in 
[12]. 

The the rmograv ime t r i c  analysis  of the PNPA was run on automatic balances of type ATV-2 [13] and 
VTV-1,  designed by the Institute of Chemical  Phys ics  of the Academy of Sciences of the USSH, at a rate 
of t empera tu re  r i se  of 3 d e g / m i n  and a residual  p r e s s u r e  (when the study was made in vaeuo) of ~10 -4 mm 
of Hg. The thermomechanica l  curves  of the samples ,  molded as pel lets  with a d iamete r  of 8 mm and a 
height of 2-3 mm,  were  taken on the apparatus  descr ibed  in [14] at a constant  load, a specific p r e s s u r e  of 
0.8 k g / c m  2, and a ra te  of t empera tu re  r i se  of ~100 deg /h .  

Dibromide of Ethyl Es te r  of p-Ni t rocinnamic  Acid (I). With s t i r r ing  and heating on the water  bath, 
to a solution of the ethyl e s t e r  of p-n i t roc innamic  acid in CHCI 3 (~3 l i ters  of dry CHCI 3 /mole  of ester)  was 
added in drops  a solution of Br 2 in CHC13 (~1.3 moles  of Br 2 /mole  of ester) .  After  adding the Br 2 the flask 
contents were  heated until the solution ceased to decolor ize ,  the solvent was evaporated,  and the residue 
was  rec~ysta l l ized f rom alcohol. The yield of (I) was 98.4%, mp 110-111 ~ 

p-Nitrophenylpropiol ic  Acid (II). To a solution of (I), p repared  by dissolving in boiling alcohol, was 
added a 25% alcoholic KOH solution [~4.5 moles  of KOH/mole  of (I)] at a bath tempera ture  of 40-50 ~ The 
mixture  was kept at  ~20 ~ for  3 h, the precipi ta te  was f i l tered,  as was the salt  that was obtained af ter  
neutral izing the f i l t rate  with severa l  drops of conc. HCI, the fi l trate was evaporated nearly to dryness ,  and 
the combined res idues  were  dissolved in ice wate r  (a low tempera ture  mus t  be maintained in o rde r  to p r e -  
vent  CO 2 cleavage,  which lowers both the yield and puri ty of the desi red product). With s t i r r ing ,  20~ H2SO 4 
solution was added to the cooled solution until s trongly acid. The solution was kept for  some time, af ter  
which the (H) was separa ted ,  washed on the f i l ter  with smal l  port ions of 2% H2SO4 solution, then with 
chilled water ,  and dried in a vacuum-des icca tor .  

p-Nit rophenylacetylene (HI). A solution of (II) in aqueous NaHCO 3 solution was s team-dis t i l led to 
r emove  the (HI), which was dried and sublimed at  60 ~ (4 ram). White c rys t a l s  with mp 151-152 ~ were  ob-  
tained, which became colored in the light and a re  readily soluble in e ther ,  CHC1 s, benzene, and hot a lco-  
hol. When based on (I), the yield was 71.2%. Found: C 64.78; H 3.54; N 10.14%. CsHsNO 2. Calculated: 
C 65.3; H 3.4; N 9.5%. 

Polynitrophenylacetylene.  The thermal  bulk polymeriza t ion of (HI) at 150-250 ~ was run in sealed, 
evacuated (5-6 h, 10-3-10 -4 m m  Hg) g lass  ampuls ,  with an inside d iameter  of 20 mm and a height of 135 
mm. The charge  was 0.5 g (the ampul burs t s  a f te r  heating at 200 ~ for  15-20 rain when the charge  is 1 g). 
The unreacted monomer  was extracted with e ther  until the - C -  H band at 3300 cm -1 disappeared in the 
IR spec t rum of a sample,  and the residue was t reated with benzene in a Soxhlet apparatus until the color  
ceased.  Evaporat ion of the benzene gave a f ract ion with mol. wt. 300-400. The solid residue was d i s -  
solved in nitrobenzene (5% solution), fi l tered f rom a smal l  amount (~3%) of insoluble product ,  and the 
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po lymer  was precipi ta ted  by pouring into 10 volumes of methanol.  The po lymer  was dried over  P205 at 
50-60 ~ (4 mm) to constant  weight. It is soluble in ni t robenzene,  DMF, and par t ia l ly  soluble in acetone. 
Found: C 65.45; H 3.85; N 9.03% (PNPA, obtained at 200 ~ in 40 rain); C 66.37; H 3.44; N 9.50% (PNPA, ob-  
tained at 200 ~ in 60 min); C 67.36; H 3.57; N 9.40% (PNPA, obtained at 200 ~ in 6 h). (Call,NO2) n. Calculated: 
C 65.3; H 3.4; N 9.5%. 

The authors  express  the i r  grat i tude to O. G. Sel 'skaya for  supplying the thermogravlme~ric  and 
thermomechanica l  data. 

C O N C L U S I O N S  

1. Starting with the ethyl e s t e r  of p-n i t roc innamic  acid,  the method for  the synthesis  of p -n i t r o -  
phenylacetylene was improved.  

2. The thermal  polymer iza t ion  of p-ni t rophenylacetylene  and some of the p roper t i e s  of the obtained 
po lymers  were  studied. 
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