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Abstract

The use of dielectric property for chemical sensing and measurement in liquid samples was
presented. Binary-liquid mixtures were used to demonstrate the applicability and efficiency of the concept.
For a mixture of two liquids with different dielectric constants, a new dielectric property is a combination of
the two liquids. Thus, quantitative analysis of a liquid in that mixture can be accomplished if we can detect
the change in signal due to the change in dielectric constant of liquid mixtures. This work adopts a capacitively
coupled contactless conductivity detector (C4D) to measure chemical components in binary-liquid systems.
A C4D sensor is lab-made of polytetrafluoroethylene (PTFE) tubing with two metal electrodes placed on the
outer wall of the tubing. Parameters that affect the performance of C4D sensor, such as electrical parameters
(frequency and voltage supplied to the electrode), tubing size and various types of metal electrodes were
investigated. Measuring solution aspirated through the sensing area of electrode gives the changes in C4D
signal from the concentration of interested liquid. In this work, various ratios in a binary-liquid mixture of
alcohol and water leads the changes in C4D signal response. Quantitative analysis can be carried out using
the plot between the response signals of the C4D with target analyte concentration. Rubbing alcohol is
selected as a target sample for demonstrating the C4D response to the dielectric property. In the method
validation, our developed C4D method gives no significant differences of the quantitative results from gas
chromatography. These sensors can readily measure when liquid contacts the sensing areas. Furthermore, it
is convenient to use and solvent resistance. Consequently, the sensors can be applicable as portable devices

for quality control in the production line as well as in the laboratory.
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a
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uHunauns uazimagiifiusiiieldnaasadutaguinlnih Tnsveaeusensaiansmasgruvesenusaluti ua
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VI AUl A1N19INTNUINTFIU )
yliavasdagur i . 4 “ r
) (X10°s.m™) (0-100%(v/v) ethanol in water)
= 63.0 y = (-8.30+0.41)X107 + (14.90+0.22)  0.991
59.6 y = (-7.53+0.37)X 107 + (13.15+0.20) 0.991
WRUNDILA
37.8 y = (-7.020.37)X107 + (12.72+0.18) ~ 0.991
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fuusmuaudwelul uiugudnasnaegluvie PTFE 4.75 fadwns, Anueni8idningm 20 gu., Yoinedidniveng
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11y Ao deyeyrad C4D (Vao)
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Usznsusn fe analilunismevaussvesiinyaingeinitianthliindy q Weswmnfuidnsulifingean (mss
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A wdl 8 nmiuansnailmesnsiasesivesiingiata C4D AukauaueIBEnnIAvLIRsg 9 FuusnIuny:
wiinduluTanthlwihuuie PTFE awaduriuaudnansnieluresvie PTFE 4.75 faduns ¥e31981aninsa 1.0
fiadiuns ussuliified 20 Vi, waveruvediniinszuaadudl 100 kHz
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G‘hLLwﬂqﬁLﬁmLﬂummq”lmlﬁ'uwuamié (Co Tunwil 3) AIdevinsfnwinaresterinszninddninsaneniulily
N15MOUALBIDITINTIATA Han1TNAaeLanslumseil 3 nudtmulilunisrevausveiinTIaiaaIngesing
5¥198L8nnsn 1 uaz 3 dadwnslimldunneeiy wasanullunismevauewesinsvinazananiefiussey
Fo4311952n39Biannsadu 5 waz 10 Jafuns awa1du 1nran1snnaese19aiUladn ASLALYBI3195E NI
Sidninsneraiiunrgliiiuuuanss (Co) Sudunnuaiilsifesnslunisvaass anugluih G danunsafinuld
wdlngunnemeviefiuiiviesswindidninsadivmihidutanladidnnin ddunsmeaesildansafidaeentd
fedu Tuoull §Adudonderinesznindidnlnge 1 fadiuns Wussosisssnisddninsafnyay esanidu
msUszndanislamiinidu @niidnosnludmduresing 1 fadwns deundniidnosnludmsutesine 3 faduwns)

AN5197 3 HAVBIYBIIITENINN 2 BldnlnsademnulilunisnevauswesiInsIainvesasaratslenuealutinsey
av 0 99 100 laeUsuns

Ya99195znI98dnnsn (Haduns) dun1snsidunse” r*
1 y = [(-7.610.32)X10%x + (15.81+0.17) 0.993
3 y = [(-7.79£0.39)X 102 + (11.98+0.21) 0.990
5 y = [(-6.88+0.22)X107]x + (8.08+0.12) 0.996
10 y = [(-5.05£0.57)X10°]x + (4.9120.31) 0.951

"HulIAIUANTBISTUY Yo PTFE wdausieniinduduriugudnans 4.75 faduns aA11ue13909848ntNnsa 20
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Fndluihvasnszudlninaduuuy sine wave fidngliundidninsavndn

ilefagliildmnuhlunsnovaussvessngiaia CaD figsgn {Adelimnasuszuumensdsundamis
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AMUANANS WA NTT (Vpp) AuN1INTMILTURTS" r’
5 y = (-0.87£0.06)X 107 + (1.13+0.03) 0.983
10 y = (-4.35+0.18)X 107 + (6.33+0.21) 0.993
15 y = (-6.07+0.28)X107 + (11.07+0.15) 0.992
20 y = (-7.56+0.35)X 107 + (14.65+0.19) 0.991
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EtOH:  10-100%(v/v)
i-PrOH: 10-100%(v/v)

FtOH: y = -0.0975x — 0.4948, r’ = 0.998
i-PrOH: y = -0.1348x — 1.3761, r’= 0.990
70% (v/v) EtOH = 0.14%

70% (v/v) i-PrOH = 0.77%

EtOH = 1.66%(v/v)

i-PrOH = 1.10%(v/v)

EtOH = 5.54%(v/v)

i-PrOH = 3.64%(V/v)
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3. Ao (%RSD, n=10)

4. Limit of detection (3SD of regression/slope)

5. Limit of quantitation (10SD of regression/slope)
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