
Session: Molecular and Inorganic Materials 

 

 

 

Temperature and size effects on photopolymerization dynamics of 

diacetylene nanocrystals dispersed in water  

 

Tsuyoshi Asahi 1, Kenta Yamada 1, Takahiro Uemitsu 1, Tsunenobu Onodera 2 , 

Hidetoshi Oikawa2 

 

1Department of Material Science and Biotechnology, Ehime University, Japan 

2Institute of Multidisciplinary Research for Advanced Materials, Tohoku University, Japan 

E-mail: asahi.tsuyoshi.mh@ehime-u.ac.jp  

 

Diacetylene derivatives are well known to show solid state polymerization induced by - (or 

UV) irradiation or thermally. The reaction is promoted by the spatial arrangement of the 

monomer molecules in the crystal matrix, and the mechanism were investigated for bulk 

crystals, thin polycrystalline films, and nanocrystalline colloids. In the present work, we 

investigated temperature and size effects on the photo-polymerization dynamics of diacetylene 

nanocrystals dispersed in water, and demonstrated that the photopolymerization of the 

nanocrystals changed drastically in the temperature region from 20℃ to 70℃. We prepared 

water dispersions of nanocrystals of 1,6-di(N-carbazolyl)- 2,4-hexadiyne (DCHD) and 10,12-

heptacosadiynoic acid (14,8-ADA), and examined the polymer conversion by UV (300 nm) 

irradiation by measuriong the characteristic absorption of f -conjugated backbone chain of 

polydiacetylene. 

As a representative example, the results of DCHD nanocrystals (100-nm prticle size) are shown 

in Figure 2. The kinetics of polymer formation shows some interesting properties.In the 

beginning, there is a slow increase of the conversion, the induction period, followed by the 

autocatalytic region where the reaction rate strongly increases. The behavior is quite simillar  

to a bulk crystal. The unconventional reaction kinetics is considered to be due to the crystal 

strain caused by the mismatch of the polymer (or oligomer) molecules in the monomer crystal 

matrix. There is energy barrier of translation and rotational motion of monomer molecules   

in addition reaction, and the activation energy will decrease with polymer  i.e. the amount of 

polymer molecules he monomer crystal matrix. It is worth to note that the polymer formation 

kinetics changed drastically around 50℃. The polymer formation time above 50℃ shortened 

100 times in comparison to 30 ℃ , while the induction period decreased gradually with 

temperature. This suggests that lattice properties of DCHD nanocrystals will change after 50℃, 

leading to decrease of the activation energy of addition reaction. 

 
 

Figure 1. Absorption spectra of DCHD nanocrystals before and after UV irradiation (left) and Fraction of 

polymer conversion (absorbance at 640 nm) as a function of irradiation time at different temperatures 
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In the case of 14,8-ADA, the simillar temperature effect on the polymer formation dynamics 

was observed. Figure 2 shows the absorption spectra of 14,8-ADA nanocrystals (50 nm size) 

after UV irradiation. The absorption peaks at 610 nm and 650 nm similar to that of polyDCHD 

was assinged to the absorption of the polymer having a long-range structural order in the p-

conjugated backbone chain (bule phase) and the peaks at 520 nm and 550 nm are of the polymer 

with a short-range one (red phase). For incerasing of the temperature from 10 to 45℃, the 

coversion of bule phase plymer decreased and red phase one was almost constant. For further 

temperature increasing, the polymer conversion decreased and above 60℃ the plumer did not 

fomed. Since polymerization of 14,8-ADA occures exclusively in crystalline phase, the 

nanocrystals having 50 nm size became to amrphous nanoparticles above 60℃. On the other 

hand, the nanocrystals of 200 nm size showed photopolymerization at  60℃ but did not abov 

70℃. Because the melting point of the bulk crystal was 68℃, It is suggested strongly that the 

melting point of 14,8-ADA nanocrystal having 50 nm particle size decreased than that of bulk 

crystal. This result will be an experimental demonstration on depression of melting point of 

nanoparticles for organic compounds.  

 

 
Figure 2. Absorption spectra of 14,8-ADA nanocrystals (50 nm size) dispersed in water after UV (300 nm) 

irradiation at different temperates for 10 to 60℃. 

 

 

 

Funding: JSPS KAKENHI Grant Number JP26107011 in Scientific Research on Innovative 

Areas “Photosynergetics” 

 

References:  

[1] Advances in Polymer Science 63 Volker Enkelmann, Institut fiir Makromolekulare Chemie, 

Hermann-Staudinger-Haus 1984, 92, 130. 

[2] C. Kolimar and H. Sixl J. Chem. Phys., 1987, 9, 87. 

[3] H. Oikawa, T. Oshikiri, H. Kasai, S. Okada, S.K. Tripathy, H. Nakanishi, Polym. Adv. 

Technol. 2000, 11, 783. 

[4] H. Baughman, J. Chern. Phys. 1978, 68, 3110. 

 

Session: Molecular and Inorganic Materials MIM-POS-04

2


