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INTRODUGTION Figure 1. Disposable Pt Working Electrodes on a Polymeric Substrate

Pt Working Electrodes: Background Information Algument

e Detection of a broad range of electro active groups e ‘ggcr:(rigge
—Hydroxy, methoxy, or amine groups in aliphatic, aromatic, and A

carbohydrate compounds (such as alcohols, antibiotics, phenolic
antioxidants, catechols, and carbohydrates)
Alignment

— Amino thiols and other S-containing species
— Formic acid and —0H containing organic acids )
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— Inorganic Anions (such as SO52", $%°, N3~ and CN").

e Knitted PTFE reaction coil is used between the chromatographic
column and the detection cell.

e Current methods with conventional Pt electrodes are not as popular
A mefhods with A lectiodes PULSED AMPEROMETRY WAVEFORM
— Poor reproducibility of published methods
— Relatively difficult to develop a suitable waveform for achieving a

stable detection response over a long period of time. Figure 2. Typical Waveform for Platinum Electrodes

2. Oxidative Removal of Reaction Products: PtO
(step 1 of “cleaning cycle”)

Why Disposable Pt Working Electrodes? 19 v
o Predictable stability of response S B

X i by Pt-OH ’ 3. Reductive Removal of
e Fasy installation (OH ads)? Reaction Products:

Pt atoms (step 2 of
“cleaning cycle”)

— Fast equilibration (minimal delay after installation)
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— Excellent electrode-to-electrode reproducibility s 043 = t
¢ No conditioning required 2.0
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— No hand polishing £ 0
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— No activation waveforms Seconds

W Integration period
(. Kokkinidis and D. Jannakoudakis, J. Electroanal. Chem. 1983, 153, 185.
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NEW WAVEFORM DEVELOPMENT FOR
DISPOSABLE PT ELECTRODES

Cyclic Voltammetry with Disposable Platinum
Electrodes

Figure 3. Cyclic Voltammetry of Glycerol Performed Inside a
Chromatographic Detection Cell of a Dionex ICS-3000
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a Starting points for waveform development

Table 1. Effect of Oxidative Potential (E2 or Step 1 “Cleaning Cycle”)

E23 (V) Peak Height (nC) Peak Asymmetry Lifetime® (Days)
Glycerol EtOH Glycerol EtOH

1.00 4310 12.15 1.83 2.52 1

1.10¢ 45.40 12.91 1.86 1.96 1

1.20 47.02 13.92 2.09 1.76 -1

1.30 49.26 14.74 2.30 193 5-6

1.40 49.03 14.82 1.98 1.73 -3

1.50 50.05 16.56 1.83 117 N.D.

1.60 49.39 15.48 1.96 1.66 <1

21nall runs, E1sand E3s are kept at 0.45 and —0.70 V, respectively.
b The lifetime was defined as a time interval required to dissolve the platinum layer under chromatographic detection conditions.
© Optimal conditions:

Table 2. Effect of Reductive Potential (E3 or Step 2 “Cleaning Cycle”)

E33 (V) Peak Height (nC) Peak Asymmetry Noise (nC)
Glycerol EtOH Glycerol EtOH
0.20 57.33 16.07 2.82 1.79 0.210
0.00 51.24 18.62 2.70 1.86 0.180
—0.20° 47.71 18.54 2.48 152 0.147
—0.40° 54.04 22.06 2.4 2.07 0.148
-0.50 52.37 22.66 242 207 0.151
-0.60 4473 21.23 2.38 212 0.156
-0.80 44.55 2273 251 2.1 0.143

2 Waveform conditions: detection potential (E1) is 0.45 V; Oxidation cleaning potential (E2) is 1.20 V.
b Optimal conditions.
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Figure 5. Varying Duration of Step 1 of the “Cleaning Cycle”
Concentrations: 50 ppm all analytes (except butanol: 100 ppm)
a . . Peaks:
Waveform Optimization 1 HOCH;-CHOH-CHOH-CHOH-CHOH-CHy-OH
2. CHy0H-CHOH-CH,0H
-230 3. HOCHp-CH,-OH
—240 4. MeOH
250 5. EtOH
Figure 4. Detection Response vs. Detection Potential (E1) 0 3 E’U%ﬁ .
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22817 Total Cleaning Times: 1.52, 0.76, 0.38, 0.19and 0.10 s
Total Waveform Times: 1.83, 1.07, 0.69, 0.50 and 0.41 s
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Table 3. Optimized Waveform?

Time (s) Potential (V)" Integration
0.00 0.30
0.29 0.30 Start
0.31 0.30 End
0.32 1.15
0.66 1.15
0.67 -0.30
1.06 -0.30
1.07 0.30

2RSD (%, electrode-to-electrode): Glycerol (3.46) and EtOH (12.35)
with the optimized waveform
b Versus Ag/AgC!

ANALYTICAL PERFORMANCE OF DISPOSABLE
PT ELECTRODES

Figure 6. Long-Term Stability: Optimized Waveform
Standards: 50 ppm
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SEPARATION AND DETECTION METHODS

Table 4. Calibration Results

Alcohol | Electrode Type | Range (ppm) | Correlation Coefficient?

Glycerol Non-disposable 0.5-100 1.0000
Disposable 0.5-100 0.9995

Ethanol Non-disposable 1-500 0.9996
Disposable 1-500 0.9998

2 Quadratic fit

Table 5. Limits of Detection

Conventional Optimized
Waveform Waveform
Alcohol ED 40 Pt (ppm) ED 40 Pt (ppm) Disposable Pt (ppm)
Glycerol 0.54 0.20 0.10
Ethanol 1.63 051 0.25

Figure 7. Glycols
Columns: lonPac AS14 (Analytical, Peaks:
2 %250 mm) 1. Ethylene glycol 100 ppm
200 - lonPac ICE-AS1 2. Propylene glycol 100
(Guard, 4 x 50 mm) 3. Diethylene glycol 100
Temperature: ~ 30°C Possible Applications:
Eluent: 100 mM MSA 1. Food and beverage
Flow Rate: 0.20 mL/min 2. Drinking water and wastewater
Inj. Volume: 20 ul 3. Cosmetics
Detection: PAD
Electrode: Disposable Pt (1 mm)
nC 1 Gasket Thickness: 2 mil
Reaction Coil: 375 uL
2 g
\V4
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Figure 8. Alcohols
Column: lonPac ICE-AS1 Peaks:
-200 (4 x 250 mm) 1. Sorbitol 50 ppm
Temperature: 30°C 2. Glycerol 50
Eluent: 100 mM MSA 3. Ethylene glycol 50
Flow Rate: 0.20 mL/min 4. Methanol 50
Inj. Volume: 20 uL 5. Ethanol 50
Detection: PAD 6. 1-Propanol 50
Electrode: Disposable Pt (1 mm) 7. 1-Butanol 100
nC g Gasket Thickness: 2 mil Possible Applications:
2 Reaction Coil: 375 ul. 1. Fermentation broth
4 5 2. Toothpaste
1 3. Beverages
4. Cosmetics
5. Antibacterial formula
-330
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Figure 9. Formic Acid
Column: lonPac ICE-AST1 (4 x 250 mm)
01 Temperature: 30°C
Eluent: 100 mM MSA
Flow Rate: 0.20 mL/min
Inj. Volume: 20 uL
Detection: PAD
Electrode: Disposable Pt (1 mm)
Gasket Thickness: 2 mil
Reaction Coil: 375 puL
nC 1 Peak: 1. Formic acid 100 ppm
Possible Applications:
1. Environmental samples
2. Food
3. Tissue and body fluid samples for
monitoring of methanol poisoning
~340:
0 ) 20 30
Minutes 20822
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Figure 10. Cyanide and Azide

Column: lonPac ICE-AS1 Peaks:
990+ (4 x 250 mm) 1 1.Cyanide  1ppm
Temperature: 30°C 2. Azide 1
doilt 100 mM MSA Possible Applications:
AT 0.20 mL/min 1. Pharmaceutical formulations
AU 2. Wastewater and drinking water
Detection: PAD 3. Beverages
Electrode: Disposable Pt 4. Forensic samples
(1 mm)
nC Gasket Thickness: 2 mil
Reaction Coil: 375 uL LOD: 1 ppb (cyanide)
Void J

115 ppb (azide)
LZ_,_

Figure 13. Red Wine Sample
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Figure 11. Phenol in an Alcohol Mixture
150- Column: lonPac ICE-AST (4 x 250 mm) Peaks:

B Temperature: 30°C 1. Methanol
Eluent: 100 mM MSA 2. Ethanol
Flow Rate: 0.20 mL/min 3. Phenol 10 ppm
Inj. VO,'””_“ 20l Possible Applications:
Detection: PAD 1. Wastewater, drinking and surface water
Electrode: Disposable Pt (1 mm) 2 Plants
Gasket Thickness: 2 mil 3. Consumer goods made of plastics

nc Reaction Coil: 375 uL 4. Body fluids

20
Minutes
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22824

APPLICATIONS

Figure 12. Cell Culture Medium

10
Minutes

Column: lonPac ICE-AST (4 x 250 mm)
—1301 Temperature: 30°C
Eluent: 100 mM MSA
Flow Rate: 0.30 mL/min
Inj. Volume: 20 uL
Detection: PAD
Electrode: Disposable Pt (1 mm)
Gasket Thickness: 2 mil
o Reaction Coil: 375uL
Sample: Medium spiked with alcohols
(Dilution 1:200)
Peaks: 1. Unknown
2. Glycerol
3. Unknown
4. Ethanol
-270 v J
0 20
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Void Column: lonPac ICE-AST1 (4 x 250 mm) Peaks:
6 Temperature: 30°C 1. Unknown
-1804 |1 Eluent: 100 mM MSA 2. Unknown
3 Flow Rate: 0.30 mL/min 3. Glycerol
Inj. Volume: 20 ul 4. Unknown
Detection: PAD 5. Unknown
Electrode: Disposable Pt (1 mm) 6. Ethanol
Gasket Thickness: 2 mil 7. Unknown
Reaction Coil: 375uL 8. Unknown
nC 5 Sample: Red Wine (Dilution 1:10) 9. Phenolic compound
n 10. Phenolic compound
7
8 9 10
-
-280 T T T v v g
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Figure 14. Toothpaste
1507 Column: lonPac ICE-AST (4 x 250 mm) ~ Peaks:
1 Temperature: 30°C 1. Sorbitol
Eluent: 100 mM MSA 2. Glycerol
Flow Rate: 0.30 mL/min 3. Polyethylene glycol
2 Inj. Volume: 20 uL 4. Unknown
Detection: PAD 5. Unknown
Electrode: Disposable Pt (1 mm)
nc Gasket Thickness: 2 mil
Reaction Coil: 375 uL
3 Sample: Toothpaste (Dilution 1:100)
Void 4
j\
-280
0 10 20 30 40 50 60
Minutes 20807

e Developed a fabrication process for manufacturing disposable
Ptelectrodes

— Excellent electrode-to-electrode reproducibility
— Faster start-up
— No polishing and reconditioning

e (Optimized a waveform for disposable and non-disposable
Ptelectrodes

e |mproved analytical performance for determining alcohols and other
compounds (e.g., cyanide and azide) in acidic eluent

lonPac is a registered trademark of Dionex Corporation.
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