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�

 

 

�  (Boron-doped 

diamond : BDD) 

13)

BDD

13)
 

 

 

 

Fig.1  (BDD)  

 

� BDD D-
14) 15)

BDD

BDD BDD

BDD

BDD

BDD

16) 17) 18,19)

BDD 2.0V
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BDD

 

 

� 2.0V

BDD  (Fig. 

1)  
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Fig. 2. BDD  

 

A)  CE = counter electrode, RE = reference electrode, and WE = working  

� (BDD) electrode.  

B) , where 1 = working electrode (dashed line), 2 = spacer, 3 = reference  

� electrode, 4 = counter electrode, 5 = tube, 6 = effluent or eluent outlet, 7 = plastic 

jacket 

  

A) 

B) 
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�

(Flow injection analysis: FIA) (High 

performance liquid chromatography HPLC)

BDD

FIA

1.6V 2.0V vs Ag/AgCl

100pmol 10pmol 10pmol  

(Tablel 1) 
20)

 

 

Tabel 1 BDD FIA  
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� BDD

BDD

BDD

BDD

 

� BDD

BDD  
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�

 

 

1.  (BDD)  

 

 

� Cyclic voltammetry

Cyclic voltammgrams

BDD Fe
2+

/Fe
3+

�(Fig. 3)�21) �

�

�

� �
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�

�

�
Fig.3� BDD Fe

2+
/Fe

3+ �

�21)� �

�

�

� BDD Fe
2+

  Fe
3+

 

0.7 V vs Ag/AgCl� Fe
3+

  Fe
2+

 0.25 

V vs Ag/AgCl

pH
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�

Cerisola

BDD
22)

BDD

1.7V vs SHE

Fig. 4

 

 

 

 

Fig. 4 Cerisola BDD  

 
22)

 

 

 

BDD
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1.1.  

 

1.1.1.  

 

D- Sigma-Aldrich

 

 

1.1.2.  (BDD)   

 

�  (BDD) 

23)
CVD CVD

chemical vapor deposition 17 μm

CVD

CVD

9 1  

10000 ppm B/C 10 20 mm 20

50mm �
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1.1.3.  

 

�

Fig.5 HABF501potentiostats/Galvanostats 

(HOKUTODENKO) WX4420XY recorder

BDD

100 mM pH 4.5 1~10 mM

BDD 0.5 v/v % 

2.60 V vs Ag/AgCl 5

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5   

 

  

WE : Working electrode, CE : Counter electrode, 

RE : Reference electrode 

Potentiostat�

WE� CE�

RE�
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1.2  

 

1.2.1.   

 

� 100 mM pH 4.5 0  10 mM

D-

 1.50  2.05 V vs Ag/AgCl 0.1 V vs Ag / AgCl / sec

Fig. 6  

 

 

Fig. 6  BDD  

 

  

E / V vs Ag/AgCl

+i / μμA

0 mM

1mM

5mM

1.5 1.8 2.0

0

50

100

10mM D-glucose

2.5mM
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BDD D-

D-

2.0 V vs Ag/AgCl

1.80 V vs Ag/AgCl 

 (+i/μA) 1.93 V +i/μA

0, 1, 2.5, 5, 10 mM 20, 27.5, 42.5, 72.5, 107.5 μA

R
2
=0.988  (Fig. 7)  

 

 

 

Fig.7  

 

BDD

 2.0 V vs Ag/AgCl 

BDD D-

 

  

y = 8.9694x + 20.813 
R² = 0.98802�

0 

20 

40 

60 

80 

100 

120 

0 2 4 6 8 10 12 

 (+
i/μ

A)
�

�(mM)�
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� D-

5 mM D- 100mM 

pH 1.8~10

pH

pH pH4.5 1.7 

V vs Ag/AgCl pH6.7 1.6 V vs Ag/AgCl

pH  (Fig. 8)  

�

 

 

Fig. 8 pH  

 

 

pH  (Ep/V vs Ag/AgCl)

Fig. 9  
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Fig. 9� BDD -pH  

 

-pH pH 1.8 pH 7.0

 (Ep) pH 1.8~pH 6.7

-57.5 mV/pH  

-59 mV / pH

19,24)
 

 

 

 

BDD D- pH

 (Fig. 9) BDD

BDD 1.0 V vs 

Ag/AgCl

16),17)

BDD

H2O → 1/2 O2  2H   2e- 

 

E (V) = - 0.059 V / pH 

-57.5 mV/pH 
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BDD() + H2O

BDD(.OH) + Glucose

M(.OH) + H+ + e-

M() + Glucose oxidation products + H+ + e-
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2.  

 

� BDD

D-

BDD

 

� 7-

25)
7-

Fig. 10 7-  375 nm  453 nm

BDD

7-  

 

 

 

 

Fig. 10  

 

  

Coumarin 7-Hydroxycoumarin 
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2.1  

 

2.1.1.  

 

 7-

 

 

2.1.2.  

 

�

0.2 M 7-

10 M 

100 mM  (pH 4.5) 

 2.0 V vs Ag/AgCl

30 60

FP-8000 series ( )  375 nm
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2.2.  

 

2.2.  

 

pH 4.5

7-

Fig. 11 460nm

7-

460nm  

 

 

 

 

Fig. 11  

A) pH 4.5  

B)  

C) 7-  

  

A) B) 

C) 
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BDD

460 nm

30 60

BDD

BDD

D-  

 

 

Fig. 12 BDD  
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3.  

 

D-

BDD

2 1

Benzyl α-D-glucopyranoside 2 D-

 

Benzyl α-D-glucopyranoside

D- D-
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3.1.  

 

3.1.1.  

 

D- tris (2,2-bipyridine) ruthenium ( ) chloride hexahydrate 

Sigma-Aldrich Benzyl α-D-glucopyranoside

 

 

3.1.2.  FIA  

 

� HPLC FIA

Benzyl α-D-glucopyranoside D-

FIA

FIA FIA

Fig. 13  

 

 

Fig.13 BDD FIA  

 

  

Injector

Oven

RecorderPotentiostat

Pump

+

Carrier
solution

Recycle

BDD
electrode
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5.4 mM Benzyl α-D -glucopyranoside

50 mM  (pH 4.5) D-

5.6 mM 50 mM

 (pH 4.5) HPLC

 LC-10A ( ) 1.0 mL / min

BDD  (COLUMN OVEN Model 505 ; FLOM)

30 
o
C 2.0 V vs 

Ag/AgCl 7

20 HPLC HPLC LC-10AD

 ( )  TSK-ODS 100V (4.6 150mm, TOSOH)

UV ( =254 nm) A : , B : 

, A : B (100 : 0) 15  (90 : 10) 20  

(30 : 70) 5

1
H-NMR

13
C-NMR  JNM-LA 600 FT (600Mz) 

DMSO-d6  (TMS) 

0 ppm JEOL JMS-GCmate spectrometer

 (  : 70 eV)  

[Ru(bpy)3
2+

] FIA
26)

HPLC 100 mM  (pH 6) Pump 

L9100 (HITACHI) 1 mL / min 0.3 

mM Ru(bpy)3
2+

Cl2 50 mM H2SO4 INTERIJENT PUMP 310 (FROM)

0.4 mL/min

ECL–DETECTOR (COMET 2000A)  Senshu Pak SAX (4.6

150mm, )  
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3.2.  

 

3.2.1. FIA Benzyl α-D-glucopyranoside

 

 

� FIA Benzyl α-D-glucopyranoside

7

 Benzyl α-D-glucopyranoside (Retention time 15 min)

(4,6,9,18 min)

1
H-NMR

13
C-NMR EI-MS

9 min

2 mg NMR MS *  

(Hydroquinone)
27)

 

 

*Spectrum data 

Hydroquinone. White solid (2.0mg). δΗ(DMSO-d6,400MHz) : 6.53 

(4H, s, Ar-H), 8.56 (2H, s, Ar-OH); δC (DMSO-d6, 400MHz) : 115.5, 

149.6; m/z (EI) 110 (M
+
, 93.3%). 

 

�

BDD

28,29,30)

UV

2

Brillas
29)

BDD

2

CO2  Fig. 14 Brillas BDD
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Fig. 14 Brillas  

BDD  
29)
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� BDD Benzyl α-D-glucopyranoside

C-C

5.6 mM Benzyl α-D-glucopyranoside 150 mg

2 mg 1.33 %

 

� Brillas
29)

HPLC 
26)
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� HPLC 0.25 M

5.4 mM Benzyl α-D-glucopyranoside (150 

mg/ 100 mL) 2.0 V vs Ag/AgCl 7

 7.7 min 50 pmol 

(S/N = 10) 50 pmol ~ 2 nmol

7.7 min

7.7 min

7.7 min

100 mL

1.25 mg / 100mL 150 mg / 100 mL Benzyl 

-D-glucopyranoside 1 1.25 mg

0.83 %

Brillas
29)

Benzyl -D-glucopyranoside

CO2

CO2  
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 3.2.2. FIA D-  

 

� FIA Benzyl α-D-glucopyranoside

Benzyl α-D-glucopyranoside

BDD D-

D-  

� D-

 

� 100 mg D- 1 0.315 mg

D-

Benzyl α-D-glucopyranoside

0.32 %

CO2  

� Varela
31)

Fenton

D-

D-

 

� BDD D-

BDD

BDD Fenton

D-
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�  

 

� BDD Benzyl α-D-glucopyranoside

Fig. 15  

 

 

Fig. 15 BDD  

 

 

� BDD

C-C 2

CO2 BDD

BDD FIA

HPLC

 

 

 

O
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HOOC

COOH

COOH

COOH

HO

COOH

COOH
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� BDD  

 

1. -amylase  

 

BDD

 (G1~G7) α-amylase 

α-amylase α(1

4)

α-amylase

32,33)
 

α-amylase α-amylase

2- -4-

32,33)
2- -4-

Fig. 16  

 

 

 

 

Fig. 16 2- -4-  (A)  

 (B) 

  

OHO
HO

OH

OH

O
O

HO
OH

OH

O
O

HO
OOH

OH

NO2
n

Cl

O
HO

HO
OH

OH

O
O

HO
OH

OH

O
O

HO
OHOH

OH

n

O

(A) (B) 
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2- -4-

 

BDD  (G1~G7)

α-amylase  
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1.1.  

 

1.1.1.  

 

D- Sigma-Aldrich Maltose (G2) Maltotriose (G3) 

Maltotetraose (G4) Maltopentaose (G5) Maltohexaose (G6) Maltoheptaose (G7) 

α-amylase from human saliva Type -A

 

 

1.1.2.  -amylase BDD HPLC 

 

� -amylase -Amylase from human saliva 2.0 U / 

20 μL G3 ~ G7 50 nmol / 10 μL 50 mM 

50 mM pH 7.0 970 μL 10

10 w/v%  10 μL 12000 rpm, 5 

min 10 μL HPLC

50 mM 50 mM 

pH 7.0  10 μL
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� HPLC Fig. 17

HPLC Develosil RPAQUOS-AR-5  50 mM 

pH4.5 LC-10A

1.0 mL / min BDD

COLUMN OVEN Model 505 ; FLOM 30 
o
C

1.90 V vs Ag/AgCl CR-5A 

CHROMATOPAC 

HPLC 0.5 % 0.5 mL / min 2.70 V vs 

Ag/AgCl 5  

 

 

 

Fig.17 BDD HPLC 

 

  

Injector

Oven

Waste

RecorderPotentiostat

ColummPump

Eluent

+ BDD
electrode
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1.2.  

 

1.2.1.  

 

�  (G1~G7)

Fig. 18 Table 2  

 

 

Fig. 18 BDD  

 

Table 2 BDD  

 

 

 

Detection limit

(pmol, s/n=5)
Compounds

Glucose            (G1)

Maltose            (G2)

Maltotriose       (G3)

Maltotetraose   (G4)

Maltopentaose  (G5)

Maltohexaose   (G6)

Maltoheptaose  (G7)

50

50

50

25

25

50

50
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G1 G2

G3 G4 G5 G6 G7 G3 β

α

G1 : 50pmol (S/N=5) G2 : 

50pmol (S/N=5) G3-β : 50pmol (S/N=5) G4-β : 50pmol (S/N=5) G5-β : 25pmol 

(S/N=3) G6-β : 50pmol (S/N=3) G7-β : 50pmol (S/N=3) 

50nmol 3.3% (R.S.D.)

7.0% (R.S.D.)  
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1.2.2. -  

 

α-amylase

Fig. 19  

 

 

 

 

Symbol:  = G7,  = G6,  = G5,  = G4,  = G3,  = G2. 

Fig. 19  

  

G2 G3 

G4 G5 

G6 G7 
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G7 3 G4 G3 G2

G5 G4 G2 G5 G3 G2

G7 G5 + G2 G4 + G3

G5 + G2 G4 + G3

G7 G4 + G3

G3 G2

G6 3 G4 G2 G3

G6 G4 + G2 2

G3 3 G4

1nmol G3 1.5nmol G6 2 G3

G4 + G2 G3 G4 + G2

G5 G3 + G2

G3 + G2 G5

Fig. 20
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Fig. 20  

 

 

� G5
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1.2.3. -  

 

 

α-glucosidase  (Acarbose)  (Miglitol)

α-glucosidase

α-amylase
34,35)

α-glucosidase

 (Fig. 21) -amylase

BDD BDD  

 

 

 

Fig. 21  

 

  



 42 

 

� mixed non-competitive inhibition

34,35)

-amylase BDD

G5

G3 G2 0.25~25mM

 (Fig. 22)

Lineweaver-Burk -amylase G5 Km 770.1 

mM Vmax 156.3 mM/min  

mixed non-competitive inhibition

 

 

 

 

Fig. 22 -amylase Lineweaver-Burk  

  

G5 + Acarbose (25mM) 

G5  
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� α-amylase
32)

α-amylase Fig. 23 50 M G5

25mM

α-amylase  

 

 

Symbol:  = G5,  = G3,  = G2. 

 

� � Fig. 23  
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�  

 

� BDD HPLC -amylase

-amylase -glucosidase
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� BDD

D-

D-

BDD

 

� Benzyl 

-D-glucopyranoside FIA

C-C

CO2

FIA

 

� BDD

UV

 

� BDD -amylase

BDD HPLC
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