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ABSTRACT
In comparison with other carbon electrodes, boron-doped diamond 
(BDD) electrodes offer advantages, such as a wider range of available 
detection potentials, improved stability of detection response, and higher 
sensitivity. The detection of new classes of analytes, such as carboxylic 
chelating agents, has also been reported using BDD electrodes.

We have carried out an in-depth study of detection performance of proto-
type BDD electrodes for S-containing compounds, carboxylic chelating 
agents, fat-soluble vitamins, peptides, proteins, phenols, nitroaromat-
ics, catecholamines, and carbohydrates. The detection of some of these 
analytes, even with BDD electrodes, has not been reported before.

We will describe the optimization of detection potentials and report 
analytical performance data for each of the analytes. 

EXPERIMENTAL
Liquid Chromatography
Dionex ICS-3000
	 – AS Autosampler
	 – DP dual pump
	 – ED detector equipped with a boron-doped diamond electrode  

	 (11.3 mm2)

Software
Dionex Chromeleon® Chromatography Data System

Chromatographic Conditions
See figures for details.

APPLICATIONS

Figure 1. Carboxylic chelating agents.
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Column:  IonPac® AS7, 2 × 250 mm 
Temperature:  30 °C
Eluent:  150 mM Methanesulfonic
  acid (MSA)
Flow Rate:  0.20 mL/min
Inj. Volume: 25 µL

Det. Method: 2.0 V vs. Ag/AgCl
Electrode:  BDD
Gasket : 2 mil
Samples: NTA, EDTA and EGTA (10 µM)
Peaks: 1. Void
 2. Nitrilotriacetic acid (NTA)
 3. Ethylenediamine-tetraacetic acid (EDTA)
 4. Ethyleneglycol-bis(2-aminoethylether)
 -N,N,N’,N’ –tetraacetic acid (EGTA)

Table 1. Calibration Results: Carboxylic Chelating Agents 
Limit of Detection (LOD) 

(µM)
Linear Range 

(µM)
Correlation Coefficient

NTA 0.026 0.10–1000 0.9977

EDTA 0.014 0.10–1000 0.9951

EGTA 0.025 0.10–1000 0.9996

Figure 2. Fat -soluble vitamins.
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   LOD (ppb)
Vitamin A: 4.9
Vitamin D2: 5.3
Vitamin D3: 6.5
Vitamin E: 7.5

Column:  Acclaim® C18, 120 Å, 
 3 µm, 2.1 × 100 mm
Temperature:  30 °C
Eluent:  CH3CN: CH3OH (75:25, V:V),
 10 mM NaClO4
Flow Rate:  0.25 mL/min
Inj. Volume: 25 µL
Det. Method: 1.50 V vs. Ag/AgCl 
Electrode:  BDD
Gasket : 2 mil
Samples: Standards

Peaks: 1. Void
 2. Vitamin A 0.10 ppm
 3. Vitamin D2 1.00
 4. Vitamin D3 1.00
 5. Vitamin E 0.10
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Figure 3. Peptides and proteins.
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Column:  Acclaim C18, 
 300 Å, 3 µm, 2.1 × 150 mm
Temperature:  30 °C
Eluent:  B) CH3CN: H2O (5:95, V:V), 
 0.10% TFA 
 D) CH3CN: H2O (95:5, V:V), 
 0.10%  Trifluoroacetic acid (TFA) 
Flow Rate:  0.25 mL/min
Inj. Volume: 10 µL
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Det. Method: 1.50 V vs. Ag/AgCl 
Electrode:  BDD
Gasket : 2 mil
Samples: Standards A) 0.5 B) 5 
 C) 50 and D) 500 µg/mL
Peaks:  1. Void
 2. Insulin
 3. Myoglobin
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Table 2. Calibration Results: Peptides and Proteins
Limit of Detection (LOD) 

(µg/mL)
Linear Range 

(µg/mL)
Correlation Coefficient

Insulin 0.11 0.50–500 0.9926

Myoglobin 0.25 0.50–500 0.9996

Figure 4. Chlorophenols: EPA priority pollutants.

Figure 5. Hydrodynamic plots: chlorophenols peak height and signal-to-noise 
ratio vs. detection potential.

Det. Method: 1.0 V vs. Ag/AgCl 
Electrode:  BDD
Gasket: 2 mil
Samples: 5 ppm standard mixture
Peaks:  1. 2-chlorophenol
 2. 2,4-dichlorophenol
 3. 2,4,6-trichlorophenol
 4. Pentachlorophenol
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Column:  Acclaim PA, 3 µm, 2.1 × 150 mm
Temp.:  30 °C
Eluent:  A: 2.5 mM MSA 
  B: 2.5 mM MSA in 90% CH3OH
Gradient time:    0 4.5 10.5 20 20.1 30 min
%A 40 40 5 5 40 40
%B 60 60 95 95 60 60
Flow Rate:  0.20 mL/min
Inj. Volume: 25 µL

2-chlorophenol
2,4-dichlorophenol
2,4,6-trichlorophenol
Pentachlorophenol
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Table 3. Calibration Results: Chlorophenols
LOD 

(ng/mL)

Linear Range  

(ng/mL)

Correlation  

Coefficient

2-chlorophenol 7 50 – 5000 1.0000

2,4-dichlorophenol 10 50 – 5000 0.9990

2,4,6-trichlorophenol 1 50 – 5000 0.9990

Pentachlorophenol 4 50 – 5000 0.9970

Figure 6. Reductive detection of nitrotoluenes.
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Note: Chromeleon software allows reversal of peak direction.

Column:  Acclaim PA C18 
 120 Å, 3 µm, 2.1 × 150 mm
Temperature:  30 °C
Eluent:  CH3OH: H2O (50:50, V:V), 
 5 mM MSA
Flow Rate:  0.15 mL/min
Inj. Volume: 25 µL
Det. Method:  –0.70 V vs. Ag/AgCl 
Electrode:  BDD

A

E
D

B
C

Gasket 
Thickness: 2 mil
Samples: Standards A) 10 B) 100 
 C) 1,000 D) 10,000 and 
 E) 100,000 nM)
Peaks:  1. 4-Nitrotoluene (NT)
 2. 3,4-Dinitrotoluene (DNT)
 3. 2,4,6-Trinitrotoluene (TNT)
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Gasket 
Thickness: 2 mil
Sample: Catecholamine Standard (10 nM) 
Peaks:  1.Norepinephrine (NE) 
 2. Epinephrine (E)
 3. Dihydroxybenzylamine (DHBA)
 4. Dopamine (DA)

Column:  Acclaim C18, 2.1 × 100 mm 
Temperature:  30 °C
Eluent:  Citric Acid/ NaAc/ EDTA/ 
 Octanesulfonic acid / 
 CH3OH (pH 3.4)
Flow Rate:  0.20 mL/min
Inj. Volume: 10 µL
Det. Method: 0.80 V vs. Ag/AgCl

25786

Table 4. Calibration Results: Nitrotoluenes
Limit of Detection  

(LOD) (nM / ppb)

Linear Range  

(nM)

Correlation  

Coefficient

RSD (%)  

15 hr

NT 9.30 / 1.28 10–100,000 0.9996 1.64

DNT 8.06 / 1.47 10–100,000 0.9981 1.20

TNT 6.68 / 1.52 10–100,000 0.9991 1.20

Figure 7. Catecholamines: BDD and glassy carbon (GC) electrodes.

Table 5. Comparison of Limit of Detection with BDD and  
Glassy Carbon Electrodes 

BDD Glassy Carbon

NE (nM) 0.56 0.65

E (nM) 0.73 0.79

DHBA (nM) 0.70 0.80

DA (nM) 1.19 1.96

Figure 8. Thiols, disulfides, and thioethers.

Column:  Acclaim C18, 2.1 × 100 mm, 3 µm
Temperature:  30 °C
Flow Rate:  0.30 mL/min
Inj. Volume: 10 µL
Det. Method: 1.90 V vs. Ag/AgCl
Electrode:  BDD
Gasket: 1 mil
Sample: Standards (2 µM 
 except for CysCys, 1 µM and Cys, 
 20 µM) 
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Peaks:  1. Cystine (CysCys)
 2. Cysteine (Cys) 
 3. Cystathionine (CT)  
 4. Glutathione (reduced form, GSH)
 5. Homocysteine (Hcys) 
 6. Cysteinylglycine (CysGly)
 7. Methionine (Met) 
 8. Glutathione (Oxidized form, GSSG)
 9. Homocystine (HcysHcys)

Figure 9. Hydrodynamic plots: thiols, disulfides, and thioethers peak height and 
signal-to-noise ratio vs. detection potential.
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Table 6. Calibration Results: S-Containing Species
Limit of Detection 

(LOD) (nM)
Linear range  

(nM)
Correlation  
Coefficient

CysCys 0.28 1–10,000 0.9993

Cys 6.07 20–20,000 0.9973

CT 1.64 5–20,000 0.9998

GSH 3.58 20–20,000 0.9983

Hcys 8.57 20 –20,000 0.9989

CysGly 5.00 20–20,000 0.9951

Met 5.29 20–200,000 0.9994

GSSG 9.15 20–20,000 0.9999

HcysHcys 13.5 20–20,000 0.9998

Figure 10. Mono- and disaccharides detected with BDD and Au electrodes.
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B. Au - Integrated Amperometry

A. BDD - DC Amperometry at 550 mV

Column:  CarboPac® PA1, 4 × 250 mm
Temperature:  30 °C
Flow Rate:  1. 0 mL/min
Eluent:  200 mM NaOH
Inj. Volume: 25 µL
Det. Method: Quadruple waveform -  Au
 0.55 V - BDD
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Electrode:  Au and BDD
Gasket Thickness: 2 mil
Peaks:  1. Glucose (20 µM) 
 2. Fructose (20 µM)
 3. Sucrose (40 µM) 
 4. Maltose (10 µM)
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Acclaim, CarboPac, Chromeleon, and IonPac are registered trademarks of Dionex Corporation.
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Figure 11. Hydrodynamic plots: fructose peak height and signal-to-noise ratio 
vs. detection potential.

CONCLUSIONS
•	 Developed new prototype BDD electrodes:
	 – Wide detection potential window
	 – Oxidative and reductive detection
•	 Optimized detection potentials for a variety of compounds (see 

Figures 5, 9, and 11 )
•	 Achieved a broader range of linearity for thiols, thioethers, and  

disulfides
•	 Developed new applications (reductive detection of nitrotoluenes, 

oxidative detection of chelates, peptides, proteins, and fat-soluble 
vitamins)




