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Abstract

In this research, microfluidic lab-on-a-chip (LOC) devices were developed to perform
autonomous mixing on a single chip using an electrowetting-based valve. A structure of the valve
was composed of a gold electrode and a polydimethylsiloxane (PDMS) microchannel to separate
solutions in a mixing area. The valve was opened when an electrolyte solution reached a zinc
electrode of an electrochemical cell at the end of the flow channel. The potential of the mixing
electrode (Au) was changed to -0.82 V since the cell was electrically connected to the valve. As a
result, the mixing electrode becomes hydrophilic making the valve opened and then two
solutions were mixed inside the mixing area. To demonstrate the applicability of the
electrowetting-based LOC device, the colorimetric detections for the analysis of chlorine
concentration using mobile phone camera were performed. A chlorine solution was filled in a
PDMS microchannel and another solution containing Potassium lodide-Starch solution in
potassium chloride (KCl) being electrolyte solution was dropped on Ag/AgCl electrode and
transported by capillary action in an another PDMS microchannel. The solutions were confined
outside the mixing area by micropillar structures and then were mixed by the automatic
operation at mixing area when the valve opened. The experimental results showed the

calibration curve of the color ratios with corresponding 0-20 ppm chlorine concentrations.

Keywords: lab-on-a-chip; electrowetting; chlorine measurement; microfluidic; mobile phone
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U7 5 wansmsviaureanaIdalusia
Fuannisldansavareinisadludosldans
fuans (3U7 5a)  ansaransdziadeuilnens
ATaan3lufsuinamauas Ui sb) Tutuil
asazatsazgniudaglulasdans ndeindu
asazaneilansiinanansdidninslasdud gnidy

¥

hgvedldarssnuuuniivalnindanes/gaes

g (3UN 50) Wietalwihdmsuwadgnun

Y Y

Aaalsne
Aaulumeansazany wadazgnnsedukazlou
gl mndrdudaluiigihe waddei
ya192lWiavidsuaudiannlelasTndndu
lalnsiian 1ndrazlnsnludinavarsazaona

d0agNaANUAIFUN 5d

(d)

Injected solution

~ Solutions mixed

Valve opened automatically

JUN 5 anMsNUYeddnluii (a) ldasavaeiviadudeddans (b) arsavareindiounluds

USaunanans (o) ansazanefaesiinauansdidinivsladgnlddigusuuaniuny uaz (d) 1duda

omludRlazansaranesaaaliu

3.3 NANNI5ATIVIAAINNLINTUVD S

paasulagldnsansiaioun
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Wty Ao ansavanslnuna@onlelelag-duls
(Kl-starch solution) ﬁwammiazaWIWLmaL%u
paalsd (KCD Feamududu 0.1 M vhwihildu
a1savaredidninslanfidsldlunisnaaovans
azanspaeiufiiinnudududieiu Tnedanu
Wudulugae 02200 ppm  lesnind3unm
naosuluthuszuhiivaendesenisgulnauslnad
ANSENIN9 0.2-0.5 ppm luvagfinududuves
anoTuiivaendusensgulnauilnavesdnifelsl
ML 140 ppm dddnseanududuves
Aavsulugg 0.2-20.0 ppm
N13M5ITAAULTUTUVDIAABT UMY
nsdmiadeudianunsarilalnenisldndesdie
awunlnsdnsiiadeudl (Phone 5) e ndud
vssnaeiuiFesnsinamidudy Tnedin1sdn
nMsmaaesdsguil 6 udnnislunisnsaainaziden
Unamesgunniansliiufisnisiasuuasd
yosanslululasuowua Faduudnuiiasnauiu
ntuagiasiziadainamdiangldierasy
Wuadruiduduvssaassu (colorimetric
detection) Tneldaunisd 7 [18] lun1sAuanim
A18nT1EUE (color ratio) lneagABInIAIAINM
Wudieasanandnite 3 8 (RGR) venodaiily

Wndeyad Aranuduvesdnilaainnisiien

Mobile phone

Microfluidic device

youafiaula (region of interest, ROI) Feazld
Judeyaiuein Inedoyausazafonnuiduvesd
Tuusasfinwavosnin 9ntudwh ARl
unAade Welfinanugndedlunisin Tae
$nfugosmannuduvesditundminuinai
fvunlidugaénads (reference) 1ilathdeya
wanilulddnsunisAuiuasnsidiudann
aun13f 7 auldnsmanududuninsgiu
(calibration curve) fivandsnrnuduiusuosd
snsrdrudinsrataiisuiuaianududuves

AaesuluYe 0.2-20.0 ppm
Vo6, V0
S + S + S
cr= LR 3G, B (7

loe?t CR Ao dnsndiud R Ao Apuitud

Wiy (average color value) ¥a3duLAdlUUSIIU
voulwmneluvesgunmuinuiauls G, fe A
mnududindsvesdifodluinaveuvaniely
vosgunmuiadiauls B, fe Aanududiods
vosdiniuluudnaveuiennislureaguan

Ushaaula R Aenududnunasvesusiau

r
9198esEuA G, Armnududnumdivesusim
91989weddley B,  Aranududiunaiues

USLIEU919999EUEY

Sereen BAGKOOlnds 31J17'i 6 LNUNINNITNABDY
A9 IAAIULNTY
YBIARDIUAIY
nsdniadoud
dlo h WVUADINGS

IINTTAUNUD 9

aud
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Taglunsmnsmanududuunsgu
Tuarldnassuiinsruanududuldaddludesld
ansuudnuazlaansildlunmsmaaeunasIuludn
Foanils emardnsdiudiaonndes ol
NIINAITUTULINTFIULEIFz AN T lY
ideailefiadatutndmnududuvesranIuves

A1561981995 99 N suAIAN LTS

4. NANT5IUUASNITAATIZN
4.1  NAgUN15IN9UYesTUBLanINg
LINTS
ASNAABUNITYNUYBITUBLANINS
LN ansiilinageuntsviauresduiduans e
wasdideriiFoninansazanevigosisaduiiday
Wty 1 mM elihesenisdunanisiedeud
wazn1suauiuresarsazatglululasivaiua lne
T¥ndeaganssmiuuurigeaisaeusidundesdiely
N1INAFUTY d1%MTUNTEUIUNTVINNUVDITY
5iannstaviie Budusonisiiuasazaefinds

aslulukruasuanauAfaunludsniulane

@)

(b)

.i.

L~ Transported
solution

voauvuiua (3Uf 7a) Tutuiluuaveslalastansi
AU RAUTINSNELYaIENs I AN saTay
Bl wasonunluuinadideanisneay aaniuy
Wuansasansfigesdwmauiuaisazatedianing
ladluwvuiuamue (U7 7b) wadiAnnsnszdu
TrAnSluiAnTy naReasazareiaenanfy

(5UM 70) wilasandr i Aivinarene s duda L

Y

° a

¥rauiivhuiidundmauuazdaluiiivingae
Fanes/Fanoinaslsiiudaluingrads dalvdh
augninanlsdnaneilulalasiida nadnsae
Mdrnsdndnluifuazarsazaisisansiio
NI TINAINULATHENAUD LD AL UL

FgUN 7d uag UM Te uanaguvengvesuiiim

Y Y

¥ '
A A

Huflvosnswauneukazudsasazanefiansua
AURIUAIAU
4.2 NM15ASINAMUTUTUVDIAADIU
Sususenislanassuuiunm 5 pl ag
Tuuwruiua Giamﬁflmﬁaama%‘mwuﬁﬁmiq
d158%818 2 @19a¥ans LAYdNIazatulsn Ae

asavanelnunadeulolalanniainuituduy 0.90

(c)

Electrolyte
solution

=

(d)

Transported solutions

JUN 7 MsiefeuilvesansiTesuasdilen (geelsadu) vesgunsallulasgdandmiuldlunisuanans

(@) uag (b) wansgunounasazaneaaslunvalualznauiu (o) wansgunanas (d) uansgy

YUNOUNAN Lag (e) LanIgUvenEnaINEy
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18.0 ppm
20.0 ppm

e Experiment

—— Fitted curve

Sample £ £ £ e
ROI £ £ £ £ E £ 3 £ £
& &8 &8 &8 &8 &8 & § § & & & =
o~ < © © ) o o o o =] e e ]
=3 =) o o - o~ < © © o o 3 o
1.0 E
0.95 \
BN
0.9 +
r \ y=0.001x% - 0.0355x + 0.9808
0.85
o F \ R*=0.9903
= L @
T 08
= L
o
<] \0\
O 0.75 \\
0.7
L] [ ]
E * - r
0.65 T
0.6 - f=tt 1 = e | t t t t t

10

12 14

Chlorine concentration (ppm)

U 8 nsnTiaTarasiuuuiUdanivsanisimelnsdwindewd sudmuudunwaevesuiiamnaly

WAAZAMUITNTUVDIAADIUAIN 0.2-20.0 ppm LduUsELans ROI MlglunisAuumasnsdIud

sUMuanafunsvuansanuduiusvesrdnsdudsennududuvesraniu

M Tulnunadeunaslsandanuduty 0.1 M way
d1savangfdss Ae @rsavarsundandiaiiy
Wudw 025 M lulwunadeunaslsaniaing
WUTY 0.1 M @savaensdasnaunuludnsdiu
6.67:1 waU3unssam 5 pL gnisluwyuiuadn
wyuuanilsduduusuuauay asavaieisaes
A a ' | ' a

wasunandesldarsluaugndesnialva e

a &l a & I3
d15avanesouANuITYaIsazatedianinslad
rguyuiuanluauuazigadlifingnnszeu

1 ' £%

4 = &
miaxmamaawagizmwaaamumawﬂﬂﬂw

NENALLNANITHANAUDE DR UL ALALATEUIUNNT

yosufAsenadiazandusoluuussuudy n1s
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Fruans Fadunsmfinansdernuduiussening
dnsrdrudnuanuTnduvesnaosulugig 0.2-
20.0 ppm wuhdnsdmaiuultianauionny
turesnaetuilingeduogadaiaunuaumsin
Aluflearidsaos Aoy = 0.001X - 0.0355x +
0.9808 IngilAn R? = 0.9903

5. d3d
a1sazatvaIsaAdeuTiLasnanfusie
nsgurunsenludiluszuvvesivagania lay
91/ 5IA1TUaATUAZNITAIUANNITHINIUYBS
28280 1uf 1dihuuuiiugiutennaie
TaEnaidnnsimisuaswadluiinag 42lwihiivi
flenes d9ned wazdalles/Iatnesmanlsn
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As199nAuLT U U snaesuTUNSYUIUNIS
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