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ABSTRACT

Pulsed Amperometric Detection (PAD) with disposable platinum
electrodes following a separation with hydrolytically stable silica-based
or polymeric columns open up new possibilities of chromatographic
organic acid analysis. Acclaim® organic acid columns are silica-based
reversed-phase columns which can be used in 100% aqueous acidic
mobile phases as low as pH 2. Polymeric columns from the lonPac®
series allow mobile phase in a broad pH range from 0 to 14. Using an
optimized PAD waveform under acidic conditions, new disposable plati-
num electrodes deliver a stable detection performance for organic acids.
The PAD with disposable platinum electrodes can be up to 30 times
more sensitive than UV detection between 200 and 210 nm. We have
carried out a comprehensive method development including optimiza-
tion of waveform potentials and concentrations of acidic mobile phases.
This presentation describes analytical performance (detection limits and
reproducibility) not only for aliphatic mono carboxylic acids but also for
aliphatic di-carboxylic acids, hydroxy carboxylic acids, and unsaturated
carboxylic acids.

INTRODUCTION

Electrochemical detection (ED) is a widely used detection method in
liquid chromatography (IC and HPLC), capillary electrophoresis and
flow-injection analysis. Recent reports indicate an increasing use of ED
due to its high sensitivity, ease of microfabrication, and acceptable cost.
Pulsed Amperometric Detection (PAD) is considered to be more reliable
and significantly more reproducible than traditional DG amperometric
detection techniques. PAD has been applied to a number of electro-ac-
tive analytes already. Most important applications of PAD, so far, have
been for alcohols and carbohydrates.

We have developed a robust process of microfabrication for disposable
thin film electrodes of various types, such as Pt, Au, and Ag. We have
also developed optimized PAD waveforms for use with such dispos-
able electrodes. The thin film electrodes offer a predicable stability of
response, fast equilibration, and an excellent electrode-to-electrode
reproducibility.
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In this presentation, we describe a development of an optimized PAD
waveform for direct detection of organic acids. As a working electrode,
we utilize the newly developed disposable thin-film Pt electrodes. The
Limits of Detection (LOD) achievable with PAD detection have been
compared with those by single-wavelength UV detection.

EXPERIMENTAL

The chromatography was performed using a Dionex ICS-3000 system
(Dionex, Sunnyvale, CA). The ICS-3000 system consisted of a DP gradi-
ent pump with on-line degas, an AS autosampler (injection loop, 20 pL),
a temperature controlled column compartment and an ED electrochemi-
cal detector. The separations were carried out at 30 °C. The eluent, a
0.10 M solution of methanesulfonic acid (MSA), was pumped at a flow
rate of 0.20 mL/min through an lonPac ICE-AS1 (4 x 250 mm) column.
A three-electrode thin-layer amperometric detection cell was equipped
with a disposable platinum electrode. The surface area of the platinum
working electrode was 0.785 mm?. A reference electrode (Ag/AgCl) was
placed downstream from the thin-layer channel. The system control,
data analysis and data processing were carried out with the help of
Chromeleon® software from Dionex. All chromatographic results
reported here were generated using experimental conditions described
above, unless specified otherwise.

RESULTS AND DISCUSSION

Fabrication of Disposable Electrodes

The polymeric substrates were cleaned, dried, placed on a stainless steel
supporting plate, covered with a stainless steel mask defining the shape
of working electrode, of contact lead and of contact pad. The assembly,
consisting of ground plate, polymeric film, and stainless steel mask, was
placed into a radio frequency sputtering chgmber. The chamber was then
gvacuated to ~107 Torr. A layer of ca. 500 A titanium was sputtered first
to promote adhesion of the platinum foilm to the polymeric film. Follow-
ing that, a second layer of ¢a.10,000 A platinum was sputtered onto the
titanium layer using a 99.99% Pt target.
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Figure 1. Disposable Pt Working Electrodes on a Polymeric Substrate
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Pulsed Amperometric Detection (PAD)

PAD uses a multi-step potential waveform incorporating a signal
acquisition by current integration as well as a specified period of

time for anodic and cathodic cleaning potentials. In a triple-potential
waveform, current integration occurs during a first potential, usually at
the end of the time period to minimize the contribution by non-Faradaic
currents. The potential is then stepped up to a higher potential achiev-
ing oxidative cleaning of the electrode surface. Subsequently, a third
potential, which is lower than the first and second potentials, is applied
for electrode reconditioning by cathodic dissolution of the surface oxide
formed during the first and/or second potentials of the waveform.

Figure 2. Typical Waveform for Platinum Electrodes
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Waveform Optimization

The E1 potential was varied between 0.10 and 0.50 V vs Ag/AgCl in
0.10 Vincrements. The E2 and E3 potentials were kept constant at
1.15and -0.30 V respectively. The resulting series of response results
is represented as a plot of signal/noise versus detection potential in
Figure 3. The potential of 0.30 V is the optimal detection potential for all
of the organic acids evaluated in study.

Figure 3. Ratio of Signal-to-Noise vs. Detection Potential (E1)
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Table 1. 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
*vs. Ag/AgCl

Limits of Detection

Limits of Detection were determined as three multiples of noise in

UM units using an injection volume of 10 pL. For the comparison of
detection limits, we carried out separations at 30 °C with an eluent con-
taining 5 mM methanesulfonic acid (MSA). The flow rate and column
were 0.60 mL/min and Acclaim OA silica-based (5 um, 4.6 x 250 mm)
respectively. The UV detection was performed at 210 nm using an
AD20 detector (Dionex). All the other conditions for both UV and ED
detections were same as described in Experimental.

Figure 4. Organic Acids Selected for Comparison of LOD (PAD vs. UV)
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Table 2. Comparison of Limits of Detection (uM) by PAD and UV

Formic Acetic Malonic | Succinic Tartaric Maleic
Acid Acid Acid Acid Acid Acid
uv 25.63 24.31 28.77 16.50 0.30 1.09
ED 0.97 297 158 0.77 0.04 0.21
LOD Ratio
of UV/ED 26.42 8.18 18.21 2143 7.50 519

Table 3. Dependence of LOD on Eluent Concentration:

PAD and lonPac ICGE-AS 1 Column

Reproducibility

The reproducibility was evaluated by 70 consecutive injections of a
mixture of five aliphatic acids over a 48-hr period. The chromatograms
from the 1, 101, 20", 301, 40™, 50, 60", and 70" runs are shown in
Figure 7. The relative standard deviations of peak areas for all organic

acids in the 70 chromatograms are in the range of 2.1-7.4% (Table 4).

Figure 7. Reproducibility Evaluation: Organic Acids
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MSA Conc. Formic Acetic Propionic Butyric
(mM) Acid (pM) Acid (pM) Acid (pM) Acid (pM)
25 25.58 53.48 36.71 46.27
50 9.30 15.88 22.73 35.81
100 278 5.98 7.54 9.96
200 255 22.01 22.56 20.09
The optimal concentration of MSA is at 100 mM for all tested aliphatic organic acids.
Figure 5. Example Chromatograms of Organic Acids
LOD: 0.93 pM (Peak 2) Column: lonPac ICE-AST
23 nM (Peak 3) (4% 250 mm)
Temperature: 30°C
1 Eluent: 100 mM MSA
CH,=CHCOOH Flow Rate: 0.20 mL/min
Inj. Volume: 20 L
3 Det. Method: PAD (Int. at1.15V)
Electrode: Disposable Pt (1 mm)
Gasket Thickness: 2 mil
Reaction Coil: 375 pL
nC CH;CH,COOH Samples: Acids (19 M)
Peaks: 1. Exclusion volume
L \2 2. Propionic acid
3. Acrylic acid
4. Impurity
4
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Figure 6. Example Chromatogram of Carboxylic Chelates
1101 Column: lonPac AS7
(2 x 250 mm)
Temperature: 30°C
Eluent: 100 mM MSA
Flow Rate: 0.20 mL/min
Inj. Volume : 25l
Det. Method: PAD (Int. at 1.15V)
Electrode: Disposable Pt (1 mm)
nC Gasket Thickness: 2 mil
Samples: NTA, EDTA, DTPA and
EGTA (10 yM each)
Peaks:
1. Void
2. Nitrilotriacetic acid (NTA)
3. Ethylenediamine-tetraacetic
acid (EDTA)
60 0 5 4 6 1‘0 1'2 1'4 4. D'\gthylenelriamine»pemaacetic
Minutes acid (DTPA)
5. Ethyleneglycol-bis(2-aminoethylether)-
NN,NN —tetraacetic acid ) (EGTA)
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Table 4. Reproducibility: 70 Injections, 2 Days

Formic Acetic Propionic Butyric Pentanoic
Acid Acid Acid Acid Acid
RSD (%) 7.44 322 5.34 293 2.07

CONCLUSIONS

e Significantly better Limits of Detection (LOD) with ED than with UV
e Direct detection of organic acids (no derivatization)

e Unsaturated carboxylic acids are detected with a higher sensitivity
than saturated carboxylic acids

e Achieved good reproducibility (% RSD areas) < 7.5%

e Developed a fabrication process for manufacturing of disposable
Pt electrodes

e (ptimized a waveform for disposable Pt electrodes

HPLC 2006 Presentation

3




Passion. Power. Productivity.

Dionex Corporation
1228 Titan Way

P.0. Box 3603
Sunnyvale, CA
94088-3603

(408) 737-0700

North America

Sunnyvale, CA (408) 737-8522 Westmont, IL (630) 789-3660
Houston, TX (281) 847-5652 Atlanta, GA (770) 432-8100
Mariton, NJ (856) 596-0600 Canada (905) 844-9650

www.dionex.com

Austria (43) 1616 5125 Belgium (32) 3 353 4294
Denmark (45) 36 36 90 90 France (33) 139300110
Germany (49) 6126 991 210 Italy (39) 06 66 51 5052
The Netherlands (31) 161 43 43 03

Switzerland (41) 62 205 99 66

United Kingdom (44) 1276 691722

Asia Pacific

Australia (61) 2 9420 5233 China (852) 2428 3282
India (91) 22 28475235 Japan (81) 6 6885 1213
Korea (82) 2 2653 2580

LPN 1860-01 06/06
©2006 Dionex Corporation



