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pH Sensor Application of Printed Indium-Tin-Oxide Nanoparticle Films

Changhan Lee', Jacha Noh', Sangsu An', Sangtae Lee’, Dongmin Seo’, Moonjin Lee’, and Jiho Chang"*

Abstract

We investigated a pH sensor using an Indium tin oxide (ITO) nanoparticle (NP) film printed on a flexible substrate. First, the printing
precision and mechanical stability of the ITO-printed film were investigated. In particular, the factors that influence the crystallinity of
ITO films were studied using X-ray diffraction pattern analysis. The response of the ITO pH sensor was calibrated using a series of stan-
dard pH solutions (pH 3-11). The pH values of various specimens were measured using an ITO pH sensor, and the results were com-
pared with those of various pH measurement methods. As a result of the experiment, the maximum error was approximately = 0.04
pH (0.4 %) at pH 9, which indicated that the ITO pH sensor is highly suitable for pH measurement. Finally, we used the ITO pH sensor
to the measure of general specimens such as solvents and beverages and compared the results in comparison with those obtained from

several conventional methods.
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Fig. 1. (a) Photograph of the printed ITO-NP sensor, (b) ITO NP film
with flexible characteristics, (c) Optical microscopy image for
printing precision measurement, (d) SEM image of porous
surface of ITO-NP film.
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Fig. 2. Resistance change during bending test. Bending radius was
10 mm, measurement was performed for every 500 bendings.
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Fig. 3. SEM images of ITO-NP film surface before bending test ((a)
and (b)) and after bending test ((c) and (d)). (a) and (b) rep-
resents for the different position on the same specimen.
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Fig. 4. XRD rocking curves of ITO-NP film (a) before bending test
and (b) after bending test.
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Fig. 5. (a) temporal response of ITO pH sensor and (b) calibration
curve for ITO pH sensor. External bias was 1V for all sam-
ples.
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Table 1. Comparison of pH measurement results of several spec-

imens.

Specimens Prr:goig;s Iﬁ;?;s Corsr:;l;rrcial ITO NP sensor
City water 7 7 7.32 5.6+£04
Cola 2.41 [19] 3 2.54 3+1
Orange juice 3.75 [19] 4-5 4.01 32+£27
Ion beverage 3.34 [19] 3 349 8.6+1.6
ZpH £ FH L ) pH FEol we} SHo] rgHow
Z715he 22 2 4 9tk o] A4S o]§3te] 1T0 pHAA <)
SHEAS WA (calibration) 313t Fig. 5(bye o1l 72l A]
BE o]&sle] v S43% pHE §H —‘i:*é% A3 Aol
o oolw) 2zt Al Tl #F l— QA= 2t e FAIEH
o} 5k pHY ol HIske] &2 pHPH A HlwE & AakE
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