
論文 / 著書情報
Article / Book Information

題目(和文) ドーパミンの電気化学的研究

Title(English) Electrochemistry of dopamine (Thesis Summary)

著者(和文) イリヤニ イスマイル

Author(English) Iryane Binti Ismail

出典(和文)  学位:博士（工学）,
 学位授与機関:東京工業大学,
 報告番号:甲第10333号,
 授与年月日:2016年9月20日,
 学位の種別:課程博士,
 審査員:北村 房男,菅野 了次,冨田 育義,稲木 信介,平山 雅章,大坂 武男

Citation(English)  Degree:,
 Conferring organization: Tokyo Institute of Technology,
 Report number:甲第10333号,
 Conferred date:2016/9/20,
 Degree Type:Course doctor,
 Examiner:,,,,,

学位種別(和文)  博士論文

Category(English)  Doctoral Thesis

種別(和文)  論文要旨

Type(English)  Summary

Powered by T2R2 (Tokyo Institute Research Repository)

http://t2r2.star.titech.ac.jp/


（博士課程）
Doctoral Program 

論文要旨

THESIS SUMMARY 

専攻：
Department of 
学生氏名：
Student's Name 

Electronic Chemistry 

Iryane Binti Ismail 

専攻
叫立偶�浬f) : 博士
Aralni: Thgee断臼吋
指導教員（主）：
Ac!!demic Advisor(main) 
指導教員（副）：
Academic Advisor(sub) 

D血cf
(Engineering) 

Assoc. Prof. Fusao Kitamura 

要旨（英文800語程度）
Thesis Summary (approx.BOO English Words ) 

Electrochemical behaviour of DA (dopamine) depends on solution pH, its concentration, potential scan rate etc. which are 
closely associated with the intracyclization reaction (ICR) and polymerization. In this thesis, electrochemical behaviour 
of DA has been studied experimentally and theoretically. The obtained results were used to support the proposed model of 
electrooxidation pathway of DA. Also DA-modified electrodes, in which DA is covalently bound to chemically modified electrodes, 
were successfully fabricated by amide bond formation through simple stepwise technique of diazonium reduction on electrode 
surface. This doctoral thesis is composed of 7 chapters. 

In.Chapter 1, the importance, outline and motivation of the present research are demonstrated. 
In Chapter 2, electrochemical reaction of DA was investigated. At acidic pH, ICR did not occur because of the protonated 

amino group. ICR leads to formation of leucodopaminechrome/dopaminechrome couple, and the redox peak of this couple was easily 
observed from the first potential cycle in solutions of pH 6 and above. The electrochemical reaction of DA proceeds in an 
ECC mechanism at pH 9 and below. On the other hand, at pH above 10, ICR and the subsequent chemical reactions occur rapidly. 
Higher concentration of DA (i.e., 1 mM or more) led to faster polymerization reaction resulting in the polymerized DA adsorbed 
on electrode surface. A CEC mechanism proceeds at pH 10. 

In Chapter 3, it was found that redox reaction of 5-MDA is simpler than that of DA at pH 9 and below and that ICR does 
not occur. This is because the methyl group at C5 position of benzene ring prevents the amino group from nucleophilic attack 
at C5 position. Electrochemistry of 5-MDA is quite similar. On the other hand, at pH above 10, 5-MDA was largely 
electroinactivated due to the attack by hydroxide ions in the alkaline solution. 5-MDA is more easily oxidized due to the 
methyl group compared to DA. Comparison of HOMO/LUMO energies between DA and 5-MDA provided the explanation on the question 
of why 5-MDA was more easily oxidized. 5-MDA has higher HOMO energy compared to DA, meaning that 5-MDA more easily donates 
electron than DA. 

In Chapter 4, the incorporation of DA and 5-MDA at Nafion-modified electrode is better in acidic solutions compared to 
that in neutral sol.ution. This is because the positively charged amino groups of DA and 5-MDA are electrostatically attracted 
to the negatively charged sulfonate group of Nafion. Comparing DA and 5-MDA at acidic pH, 5-MDA was more easily incorporated 
into the Nafion film probably due to the hydrophobic attraction of the methyl group. At acidic pH, the redox reaction of 
DA (and 5-MDA) at Nafion-modified electrode gives formal potential shifted negatively compared to that on bare electrode 
due to hydrophobic interaction between the oxidized form of DA (and 5-MDA) and the hydrophobic moieties of Nafion. 

In Chapter 5, covalently bound DA to the p-aminobenzoic acid (PABA) -modified electrode was fabricated in two step-technique. 
The first step is the reduction of PABA diazonium on the electrode surface. The PABA-modified electrode bears the carboxyl 
terminal group. In the second step, the carboxyl group was bound to the amino group of DA (and 5-MDA) through amide bond 
coupling. DA was found to be covalently bound to PABA since no redox peak of the leucodopamichrome/dopaminechrome couple 
could be observed. This indicated that ICR could not occur due to the amide bond formation between amino group of DA and 
carboxyl group of PABA. 

In Chapter 6, two redox molecules (pyrolloquinoline quinone (PQQ) and DA) were covalently bound to the chemically modified 
electrode. Similar technique of electrode modification as shown in Chapter 5 was employed with a little modification where 
(in the new technique) three steps were involved. The first step is reduction of p-phenylenediamine (PDA) diazonium on the 
electrode surface. The ?DA-modified electrode bears the amino terminal group. The second step is the amide bonding between 
the amino group of PDA and carboxyl group of PQQ. The final step is the binding of amino group of DA and another carboxyl 
group of PQQ, Both redox molecules were stably confined on the electrode surface. 

In Chapter 7, concluding remarks on the present doctoral thesis are addressed. 
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