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Photomitcbg Propaties of POryacetylene Daivrtives 
with a photoinduced Azobelaene Moiety in the S i  Croup 

SUNG IL OH, DONG JOO BYUN, and SE YOUNG OH 
Dept. c$ b. Eng., WV., Seoul 121-742, Korea 

We report on the photoswitching progerties of novel mono-substituted 
pdyacetylene duivatives with various azobenzene moieties that are 
photochermcally reactive in the side p u p .  Polymerization of the 

Rh complex catalysts. When exposed with 350 nm UV a 450 nm visible 
manochromatic light, the mbenzene side groups in the polyacetylene 
derivatives unw trarw-a ‘s reversible photoisomerizalion p.ocess. The 
photoisomerization rate of pciyacetylene derivatives having a l o q ~  alkyl 
chain in the azobenzene terminal graup was more effective due to the 
providing of enough intermolecular free volume. 

pdyacetylene daivativa WUE Carried out ~ t h  Zieglw-Natta, WS, end 

Azabmme cunpamd is charactarzed by reversible traasformation from 
more stable trans form to the less stable cis form upon irradiation with UV 
a visible light. Thus, polymers with an azobenane moiety in the side chain 
have tea w i ~ l y  i n v e s t i d  to use as a phatoewitching &vial”. 

pd yacetyiene derivatives, Pd y [ 5 < 4 ’ - a l k y l ) p h q l m m -  1 .e. 
PABR03A, whae AJ3, R, 0, 3, and A represent azobenzene mesq$nic 
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I n t h e p m i a u , ~ ~ h a v e r e p o r t s d o n  t h e s y n d r e s i s d  
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334 S. I .  OH rt al. 

moiety, number of carbon in an alkyl group attached to the ambmzme 
group, ether linkase, number of methylenic unit in the spacer between 
ambenzene and acetylenic group, terminal acetylene, respectively and the 
first P means polymer) as shown in SCHEME 1, and their basic 
photoresponsive chara~teristics~. 

In the persent study, we report on the synthesis and properties d 
polyacetylene derivatives with a cyano(nitrile) or methoxy group in the 
azobenzene terminal moiety. Especially, we discuss in detail the 
phatochemically and thermally induced reaction kinetics according to the 
species of azobenzene terminal moiety. 

R = H, P m 3 A  
R = n-pertyl, PAB503A 
R = cyaao, PABC03A 
R = &xy, P M M 3 A  

Synthesis of monmers having cyano and &my groups in the azobenzaK 
terminal moiety w Carried aut by the synthetic mte of AB003A monomer 
reported previously. ABR03A(R=H, pentyl, cyano, and methoxy) mo~lomers 

were polymerized by Zegler-Natta(Fe(ac&-AIEt~ -lacetonate), 
metathesis(Moc15-phcSn, WCld%Sn), and Rh complex(lRhWl3D)Cl]~-&N, 
NBD=n-) and its results are summarized in TABLE I .  

The mdecular Weight and strum of these pdymers and monomers 
were investigated by Cipc, FT-IR, 'H, 13C-NMR, and UV-Visible 
qemosqic measurements. f i e  phdoresponsive chamteristics due to the 
irradiation d UV(350 nm) or Visible(450 nm) monochromatic light with a 
450 W Xenon lamp wae studied by UV-Visible spemwqic measurement 
in tdm solution. 
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PHOTOSWITCHING PROPERTIES OF POLYACETYLENE DERIVATIVES 335 

TABLE 1. Polymerization of ABR03A by Zieglcr-Natta, metathesis, and 
Rh complex catalysts. 

Polymer Catalyst' Solvent Yield(%) U , w  
P W 3 A  Fe Toluene 44 8 2  x 10' 4.2 x 10' 51.2 
PABSO3A Fe Toluene 41 I 2  x 10' 1.6 x 10' 133.3 
PABOOM Mo Toluare trace 
PAB003A W Toluene trace 
PABOO3A Rh Chloroform 90 9.0 x 10' 3 0  x 10' 3.3 
PAB503A Rh Chloroform 90 1.3 x 10' 3.5 x 10' 2.7 
PABC03A Rh Chloroform 22 5.1 x 10' 1.3 x 10' 2.6 
PABMO3A Rh Chloroform 85 3.8 x 10' 1 4  x 10' 3 8  

' FpFMmb-ALB+ ~-MoclzR4so W ~ w C k p h s R  rd R&IRhRIBD)ahEI,N 
Fb- fm 6 boln II man m. [ m m a m t ~ [ ~ ) = 9 0 ,  Iauyrlw.01 mddL 

The revetsible photasomerization of monaners and polymers was 
investigated by W-Visible measurements. 'Ihe absorption intensity of trans 
isomer is dramatically decreased due to the irradiation of 350 nm 
motlochromatic light, while that of cis ismm is slawiy i d .  When a 
450 nm visible light is illuminated, a reversible isomerization from as to 
transform isobserved. The trans-cis p h o t o i s a n d a n  rate of 
polyacdylene daivatives was obtained fmn the W-Visible spectra 
characterized by maximum absorption peak oftrans isomer at 337 nm and a 

0 1 2 5 4 6  

Tim(rdn.) 

FIGURE 2. Pbts for the cis-tmm 

phaoisonnizatcm kimics af PABR03A 
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336 S. I .  OH et ul. 

broad absorption peak of cis isomer at 430 nm. 
The plots for trans4s phdoisomerization of PAEiR03A(R=H, pentyl, 

methoxy, and cyan0 grcup) are shown in FIGURE 1 The d o n  of all 
polymers proceeds in the first order in toluene solution The difference in 
dopes is mainly due to the difference in intenndecular free vdume behveen 
polymer backbones necessary for the reaction occurring according to the 
molecular species of azobenzene terminal moiety On the other hand the 
rate of cis-+bans isarnerization is 2 times higher than that of trans +cis 
isomerization owing to the difference in quantum yield and is independent 
of the lwbenzene terminal moiety as shown in FIGURE 2 
shows the typical Switching characteristics of PAB503A casting film and 
its solution state. While the switching time of the casting film was longer 
than that of solution state, the switching behavior itself was reversible and 
highly reproducible 

FIGURE 3 

. ~ ~. - - 
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: 0 1  
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