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Boron-doped Diamond (BDD)

Boron concentration carbon density in diamond = 1.76 X 1023
boron solubility into diamond = 1.4 X 1022
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Electrochemical Properties of Boron-doped
Diamond (BDD) Electrodes
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Development of diamond electrodes (2000~)
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Detection of free chlorine
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Even in low concentration region (0—2ppm), the detection was possible.

J. Electroanal. Chem., 612, 29 (2008).



Prototype of Residual Chlorine Monitor (2018)
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In China (2019)

Institute for Electronics and Information Technology in Tianjin, Tsinghua University
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Cd detection in rice
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Next generation electrodes for sensor

Electrochemical analysis by BDD microelectrodes

f < Remarkable properties of microelectrodes > \
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Recent Topics

Simultaneous detection of phermacokinetics

Drug concentration Hearing ability
Cochlea (Diamond microelectrode) (Glass microelectrode)
4 Glass Microelectrode ___Ameifer )

Bumetanide

loop diuretic drug
[Uses] edema, neonatal seizures
[Side Effects] hearing loss




Bumetanide (uM)

Real time measurement
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Nature Biomed. Eng. 1, 654 (2017).
Science 359, 1287 (2018).[Highlight]
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Development of dlamond eIectrodes
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CO, Reduction
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CO, reduction using BDD electrodes



Electrochemical reduction of CO,
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J. Electrochem. Soc., 141, 2097 (1994); J. Electroanal. Chem., 404, 299 (1996).
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Electrochemical Properties of Boron-doped
Diamond (BDD) Electrodes
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Angew. Chem. Int. Ed., 53, 871 (2014).



Recent trial for CO, reduction

—p 1. 100% Faradaic efficiency

2. Produce more valuable compounds



Formic acid production

CO, + 2H* + 2~ - HCOOH

Catholyte: 0.5 M KCI aq.
Anolyte: 1.0 M KOH aq.

(Current density: 2, 5, 10, 20 mA cm™)
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Dependence of electrolyte flow rate

Faradaic efficiency @ 2 mA cm™
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Faradaic efficiency of HCOOH increased up to 95%) with increasing flow rate.
= Progress of CO, mass-transport

Angew. Chem. Int. Ed., 57, 2639 (2018).



Recent trial for CO, reduction

1. 100% Faradaic efficiency

—p 2. Produce more valuable compounds
(To control of the production)



(1) Cu-modified BDD electrodes
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Electrochim. Acta., 266, 414 (2018).



(2) In Amine Solution

Amine solutions are used for CO, absorber....

Examples :
1. MEA (Monoethanolamine)

2. EAE (N-Ethylamino ethanol)
Carbon Capture & 3. DEA (Diethanolamine),
Storage Association . .
4. Ammonia solution
[high loading capacity : 1.76 kg CO,/kg NH,
MEA = 0.55-0.58 kg CO,/kg MEA ]
P u r p Ose : Mani, F. et al. Green. Chem. 2006, 8, 995-1000
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Methanol is the main product

NH; + CO, + H,0
HCO5 + 5H,0 + 6e-
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CO, (aq) T H,O ny < H+(aq) + HCO5’ (aq) pK; = 6.35

+ - + 2- -
H (aq) T HCO; (aq) <—— 2H (aq) T CO; (aq) pK: = 10.33
Zhong, H. et al. J. Phys. Chem. C., 2015, 119, 55-61.
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pH is also an important factor for the production!!

RSC Adv., 6, 102214 (2016).



(3) Electrolyte



Cation dependence
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Buffer effects of alkali cation

CO, reduction by Ag electrodes
Singh, M. R. et al. J. Am. Chem. Soc. 2016, 138, 13006-13012.
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Anion dependence
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ChemistrySelect, 3, 10209 (2018).



CO production in KCIO,

(-2.1 V vs. Ag/AgCl)
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J. Am. Chem. Soc., 141, 7414 (2019).
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Absorbance

In-situ ATR-IR
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Absorbance

Abszorbanog

Measurement by 3C BDD
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Interaction between intermedeates (CO,"~) and BDD electrodes are different.

J. Am. Chem. Soc., 141, 7414 (2019).



