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FINAL REPORT 
For Japan-Korea Joint Research Project 

 AREA

1. Mathematics & Physics 
2. Chemistry & Material Science 
3. Biology 
4. Informatics & Mechatronics 
5. Geo-Science & Space Science 
6. Medical Science 
7. Humanities & Social Sciences 

 
1. Research Title: 
 
Crystal Structure and Crystallization Behavior of Novel Polyester Materials with 
Controlled Methylene Segments                                                                    
 

2. Term of Research: From     July 1st, 2011    To        June 30, 2013                      

 

3.  Total Budget 
 

a. Financial Support by JSPS: Total amount:      2, 400   thousand yen        
 
    1st Year   1, 000   thousand yen      2nd Year   1, 000   thousand yen   
 

3rd Year     400   thousand yen     
 
    b. Other Financial Support : Total amount:              0        thousand yen       
 

4.  Project Organization   

a. Japanese Principal Researcher

Name Dr. Kohji Tashiro 

 
Institution / 
Department 
 
 
Position 

Toyota Technological Institute, 
Graduate School of Engineering, 
Department of Future Industry-oriented Basic Science and 
Materials 
 
Professor 

b. Korean Principal Researcher 

Name Dr. Hyun Hoon Song 

 
Institution / 
Department 
 
Position 
 

Hannam University 
College of Life Science and Nanotechnology 
Department of Advanced Materials 
 
Professor 
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 c. List of Japanese-side Participants (Except for Principal Researcher) 

Name Institution/Department Position 
Dr. Hiroko Yamamoto 
 
 
 
 
 
Dr. Tran Hai Ninh 
 
 
Dr. Kummetha 
Raghunatha Reddy 
 
Dr. Taiyo Yoshioka 
 
 
Dr. Daisuke Tahara 
 
 
Dr. Hguyen To Hoai 
 
 
Dr. Kaicheng Yen 
 
 
Mr. Masafumi Tasaki 

Toyota Technological Institute, 
Graduate School of Engineering, 
Department of Future 
Industry-oriented Basic Science and 
Materials 
 

as above 
 
 

as above 
 
 

as above 
 
 

as above 
 
 

as above 
 
 

as above 
 
 

as above 

Research Fellow 
 

 
 
 
 

Post Doctoral 
Fellow 

 
 

Post Doctoral 
Fellow 

 
Post Doctoral 

Fellow 
 
 

Post Doctoral 
Fellow 

 
Post Doctoral 

Fellow 
 
 

Post Doctoral 
Fellow 

 
Doctor course 

student 

d. List of Korean-side Participants (Except for Principal Researcher) 

Name Institution/Department Position 
 
Dr. Hye-Jin Jeon 
 
Hak Seung Jeong 
 
Kwang Bok Choi 
 
In Hye Sung 
 
Sun Kyu Tae 
 
Dr. Moonhor Ree 
 
 

 

 

Hannam University 
 

as above 
 

as above 
 

as above 
 

as above 
 

Pohang University of Science and 
Technology 

 

 
Post Doctor Fellow
 

Ms student 
 

Ms student 
 

Ms student 
 

Ms student 
 

Professor 
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5.  Number of Exchanges during the Final Fiscal Year* 
  a. from Japan to Korea                        *Japanese fiscal year begins April 1. 

Name Home Institution Duration Host Institution 
 
Dr. Kohji Tashiro 
Dr. Hiroko Yamamoto
Dr. Taiyo Yoshioka 
Dr. Kaicheng Yen 
 
 
 
 
 
 
 
 
 
 
 

 
Toyota Technological 
Institute 

 
May 2 – 7, 2013 
 
 

 
Pohang University 
of Science and 
Technology (Pohang 
Accelerator 
Laboratory) 
 
 

For Final Fiscal Year(FY2013) 

Total:   4    persons 

For Final Fiscal Year(FY2013) 

Total:     ２４      man-days 

Numbers of Exchanges during the Past Fiscal Years 

FY2011: Total   5      persons 
FY2012: Total   5      persons 

  
b. from Korea to Japan 

Name Home Institution Duration Host Institution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

 
 
 
 

For Final Fiscal Year(FY2013) 

Total:       0      persons 

For Final Fiscal Year(FY2013) 

Total:       0        man-days 

Numbers of Exchanges during the Past Fiscal Years 

FY2011: Total      1     persons 
FY2012: Total      2       persons 
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6. Objective of Research 

 
Polyesters, as represented by poly(ethylene terephtalate) (PET) is utilized in the 

wide fields in the various ways. However, the improvement of the properties is now 
requested for polyesters by controlling the chemical structures as well as the 
aggregation structure of these polyester chains.  

In recent years, there have been synthesized a series of arylate-type polyesters 
with the chemical formulae –[(CH2)mOCOC6H4COO-]-  Among them only the 
limited members, that is, 3GT with m = 3 and 4GT with m = 4 are industrially applied 
as excellent polyester materials with high elasticity or high toughness.  The polyesters 
with m = 5, 6, and 7 were also synthesized, which have not yet been applied to the 
practical usage.  It is now a new challenge to synthesize novel polyesters with much 
longer methylene segments and to clarify how the properties change from the 
conventional polyesters.   

In the previous 2-countries collaborative project between Japan and Korea, we 
synthesized a series of polyesters with the methylene units number m = 9 – 16, and 
studied the crystal structures of these 
polyesters and their model compounds on 
the basis of X-ray diffraction technique 
and so on.   For example, Figure 1 
shows the molecular structure of the 
model compounds which depends on the 
odd and even numbers of methylene 
units.  Correspondingly the packing 
mode is also different between the odd- 
and even-numbered compounds.  At the 
same time we analyzed the crystal 
structure of polyester with m = 10.  The 
chain conformation was all trans zigzag 
similar to that of the corresponding 
model compound shown in Figure 1.  In 
parallel, we studied the phase transition 
behavior of these compounds by 
measuring the temperature dependence of 
X-ray diffraction, Raman and infrared spectra.  However, the structural study had not 
been completed in the previous project because of too many kinds of polyesters to 
investigate.  Then, in the present study as an extended study about the polyesters, we 
have been challenged to analyze the crystal structures of polyesters with m = 9 – 20 as 
many as possible, to investigate the crystallization behavior of these compounds, and to 
clarify the relationship between the structure and thermal and mechanical properties 
from the microscopic point of view.  In the present study we have been challenged also 
to synthesize the polyester member of m = 40 or the polyester with the longest 
methylene unit, which might give us a novel polyester with more excellent property 
than the conventional polyester materials. 
 
 
 
 
 

図１ ポリエステルモデル化合物の分子構造（X
線結晶構造解析） 

9GT   11GT    10GT     12GT 

Figure 1 Molecular conformation of 
model compounds mGT 
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7. Methodology 
 
     As described in the section 6., our purpose is to develop a series of polyesters 
with the long methylene units and to clarify the crystal structure and crystallization 
behavior of these compounds and to know the relationship between structure and 
physical property from the molecular level. For this purpose the following 
methodologies have been utilized concretely. 
 
(1) The X-ray crystal structure analysis 
    The polyesters with the methylene units of m = 9 – 20 have been synthesized by 
ourselves, which were stretched to prepare the highly-oriented samples necessary for 
the crystal structure analysis.  The samples were set to the X-ray diffractometer to get 
the X-ray fiber diagrams.  The thus-obtained X-ray diffraction diagrams were analyzed 
quantitatively to determine the crystal structures in detail. 
 
(2) Infrared spectra 
     The polyesters with long methylene units show a series of many progression 
bands due to the internal couplings of the vibrational modes of methylene segments. 
The analysis of these progression bands gives us a useful information about the zigzag 
chain conformation of methylene parts.  The structural change in the crystallization 
process from the melt was investigated by referring to these vibrational spectral data. 
 
(3) Crystallization behavior from the melt 
     The crystallization behavior of polyesters with long methylene units had not yet 
been investigated at all.  This 
information is needed for the 
control of aggregation state of 
polyester chains, which is 
useful for the development of 
polyester sample with 
highly-controlled and highly 
excellent property.  The 
experiment was performed in 
Pohang Accelerator Laboratory 
synchrotron system by 
building up the simultaneous 
measurement system of 
small-angle X-ray scattering, 
wide-angle X-ray diffraction 
with infrared spectral data, as 
shown in Figure 2.   
 
(4) Estimation of ultimate Young’s modulus 
     The ultimate Young’s modulus is important as a guiding principle of production 
of sample with as high mechanical property as possible.  The experimental method 
was to perform the X–ray diffraction measurement under tension.  The theoretical 
method was to develop a new equation to estimate the Young’s modulus along the chain 
axis in addition to the usage of commercially-available software (Cerius2, Accelrys).   
  


