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'U'Vl���e) 

'11'U11ij l'Jm���'U1':i�'U'U fl1':i(,)'fJ"llll>l'lBBel'U b\>l l'J'V11 fl1':i��m-rr1 'l vJ�1v\'1--11'U bb��-rr1'l 'W�1el1'1�._, 

�1'Ub'11�� 1m, ci'1V1fu·1.h�l'Jfl(,)b 'Ub'LlwK1fu½'v11il'1 b w1��B'lBBB'W':i�'U'U'llB'1bb �'1'llUl>l 1 Vl� v1ii11r11ri n bb�� 
� � , � � 

.,, d 'i' 0 "" 'i' d "" o 'l .':1 d J/ d.,. 
1" ., 

'Ui;'!i;'!11� Vl':ielb Vl'1el bl>ll'J'V11fl1':ib\,l':il'Jl.Jel'UI11fl'U1 b'U'Uel'1Vlel'1 6lMl.Ji;'!I11W'U1 'WTI1Vli;'!'1 W'U'Vlt:-11l.Jlfl m 'lli;'l':i1'1 
, � 

i1 'l '1'J�1'V11'11'U bb�� 1 'U'Vliinonm 1Bib U'Ui1 'l '1'J�1el1'1�'1 bl>ll'Ji1 'l vJ�1'V11'11'U"ll�'V11fl1':ibfl�el'U\911l'JV'lellhiiB1 

'lei fa1 b'-il� bb��(,)1l.J\911 tl'W1� b l.lmb m'Wv111.'i'lB fa 1 'WwBiv1iir111ml'1b w1��B 'leieiei'Uvl i;'!'Ub"ll�--1 'l ti bl>ll'JWB� 

bl.!B11ei bl>l':i b'-il�'-il�'V11Vl'W1vl b tJ1 tl'U bl;'!iJ B'U n11vl6111 tlb vf-wi� bl.ll.l bb  m'W� l>l� l>lt'U�1'UB--1i1 'l vJ�1'lM�t--1t'U 

'UBfl'-il1nffi 'Wi1'l '\'J�1ei'1--1�--1'-il�v\'1m1 bri� B'UM1l'JWB� biieii'lei bl>l':ib'-il�vl b�l.!B'Wmri'UB--1 bfl�B 1 vm Vli;'! b6/Jtll.l 
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U'Vl'W1 bbl;l�'VlU'Vl1'W1'.i'.iWn'a'.i:U 

ih:r�l'U'Llfl1'.i�()l.J'Ll1B'Umru1'Llfl1'.ivl'.i1'<il1Mi:11'.iU-:J:ilvn-:i�wTw (biomarker) zj-:JbU'WGl1'.i�i:11:lJ1'.itl ' , 

�'Ufl'.iill\il-:Jfl�11i:11lJ1'.itlb'U-:J1'Ll11i1i:!�Mlfl '.i1Mb11 �fovY-:i!'J-:Ji:11:lJ1'.im''lfl'v'111'1J1'U'Ue)flVfe)-:J'LJ�'UMfl1'.i11i1 

1v1mo'W1�Bci1-:iri-:im'.i�\,l.J'Lllii'Tf 'IJ{�i:11m1mh 1 '1Jvl'.i1'<il1 bA'.ilt�i:11'.i�i:l'Ll b'<il 11il1 mtV111-:iv\'1n'<ilm1:w 1 'Ll " 

i:l'Llb'<il11i1'Vl'Ll'Vl (real-time monitoring) bbl;ltMelb�e)-:J (continuous monitoring) bMt.li:11'.iU-:J:ilvrn�1J71'W 

�'W'Ub'Wb'Vl1B bbi;ltDi:li:111t'IJB-:J:W'W�� B1'Vlb'l1'Ll i:11'.i�U-:J'UBflm1tb:Wvl1'\JB�"li:w�v1'1Jn� bb1;ltfl�1mtlm1B'Ll , 

bb'.i-:J b'U'Ll fll;lbrli:I bbl;ltbbl;lrlb\?l'Vl " 

i:11'.iB b� fl 1 ·m11;1i� B�mt.11 'Lli1-:imt.1'<ilt:ur111:wr:\'1�qiMBfl1'.i'Vl1-:J1'Ll'IJB-:J'.it'\J'UM1-:J 1'1JB-:ii1-:imt.1 

1v1mo'W1tBci1-:iri-:i m1v\'1-:i1'Ll'IJm'.it'U'\J'U'.iti:11'Vl fl�1:Wb if B bbl;ltfl11'1Jf '\Ji:l:WM1;1'1JB-:Ji 1-:im t.1 �-:i fat.1'1.Jn� 

MB�vl'.i) b'IJb�c.1:w1BBB'Ll <l'Llb'Vl1Bm1J1n11 70 i]l;l�b:1J1;1(,)e)�vl'.i bbl;lt bi:li:!i:111tB�'1 'Ll'l11-:J 50-130 i]1;1� 

b:l.Jl;l(,)e)�\?l'.i) [1] bMt.l'W'U11'U�mruab�fl b 'Vl'.i1l;lii:11:lJ1'.itlU-:J:ilhri(P)1-:J 111ii'mnmt.1 b 'll'Ll b'.irl61!i:!Mfl 1 'Vfi 'U'.i6/Ji:I 

m1 tfl1'.i'IJ1MJ1 r111mr1� c.1v1 bbl;lt 1 '.iAflWM nm'Ll lil-:JlY'Llfl1'.i�()l.J'Ll1B'IJmru1 'Llfl1'.ivl'.i1'<il1M'IJ�mrui:111 
'IJ ' , 

€1 b� n 1 ·m11;1i�:wm1mhb 'W1t b'<il1t'<il-:Ji:1-:J i:11:lJl'.itl'U'Llvi fl'IJ�mrui:11111ii'Bci1-:i(P)el b � B-:J bbl;lt'Vl'Ll'Vh-:ivi�-:i:w " 

b'Vlrl fo fa�ii'1{'1Jf�lil1b 'W1tMB 1BBB'Ll (Ion selective electrode: ISE) b U'Llii'lf 'IJ{ffi 'lib 'Vlrl'Llrl 1 'W " " 

b 'Vl'Ll'll1m:w'Vln 'Llfl1'.ivl'.i1'<il1v1�1;1(P)1-:i'IJe)-:Jl'!flc.11 wvl1'<il1n.ff 11 wvl1v\'1-:i1'Wbbi;lt.ff 11 -wvl1eY1-:ia-:i [1J zj-:i'<il1mt'\J'\J 

t-:iblil:W'IJB-:J ISE .ff11-wvl1vY-:ii:1B-:J'IJ'LlM '<ilt:W'IJ'Ll1v11my v\'11V11o1B-:i1i'IJ�mrui:11'.i\i11Bci1-:imn bb1;1t1o1B-:i:u 

�11i�1c.11 'Wfl1'.i'U1'.i�f mn.ff11 vJY11zj,:i:u11r11i:1-:iBnlii'1c.1 lil-:J1T'Llfl1'.it!B'IJ'Ll1M'.it'\J'\J 1v1m1:w bbl;ltBBflbb'\J'U b �B 
, " 

tl m�l'W 1 vr.ff 11 wvl 1 b 'U 'We) 'Um ill '.it'U'\J all solid-state vY-:iV!:lJM '\Ill 1 VI i:11:lJl'.itl'V'lfl'V'fle) '1Jmru1 'IJ1 'ti 'Ll e) fl , ' 

Vf e)-:J'U!J'UM fl1'.i119741t.1 �-:i b'U'Ll15fl1'.ivl1J1i:l'Llb'<il � -:iv\'11 Vl:W'LJe)�b V!Ue)fl1115:l.J1vl'.i_;p'Llvl1-ul 'Llfl1'.i\?l'.il'<il 

1bA'.i1t�'IJ�mrui:11'.iBb�flb'Vl'.i1m.i b'll'Llfl1'.i1'Vlb'Vl'.ivl zj-:J'.it'\J'U all solid-state �tlflelelflbb'\J'U bbl;lttlBG11'LlbVI " 
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n11tl1 ISE :IJ1'W(ll.J'U11 'IX:ih�uu all solid-state L � el 1 '\Xl;'f1m1cim1'11 �'\J�mrul;'f11S L� n 1 ·ml1;1(9l1 'U 

�1el�1-rffi�'11b'U'U\11el'1L'11��1'U�1VI\J'1 b'/1'U LVl1el Vl�el 'Ui;'li;'l11� 

ion-selective 

electrode 
�---<0)1-------. 

sample 

reference 

electrode 

sensing t reference
membrane membrane 

1-----:::::::::==:=:::::::::
l
r:==:::=::=:==:--r:==:::::=:==:::::=:------

i 0.1 M KCI 0.1 M KCI 

sample 

, _________ _ 

\------------

- Ag/AgCI -
. I cm 

'a'U� 11�'U'U�1fof�'11L'W1�(9leJ1eJeJel'U (Ion selective electrode: ISE) LL'U'U�'1L�JJ ('U'U) Lbi;,�bb'U'U 
'IJ 'IJ 

�el�1'Ub'IX�1l'V'lvhL'U'U1�'U'U all solid-state 'VY--1V1JJ� (i;11'1) [2] 
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Buhlmann's group [2] 11il-W\ilJ'W1()1Tr'Uj ISE 1\111:Jf171cieJ?l1'W ISE bb'U'IJ!iY,:nfoJ1ib'U'W'a�'U'U all 

solid-state J.:i'Vl:W\1l'U'W1i:1\1ln'a�\111'r} '11.:iYl'U11�1fo{ ISE �llil:W'1l'W1\1lb�rn.J1f1 Ylf1Yl111i1�11:J i:11:W1'H1'W7hJ 
' '\J 

.:J1'Wrr¥.:i b�!:.11 bb61Tvl.:i (disposal devices) i:11lJ11t:l'W1:W71'U(,l'a'J�1 bfl11�v1i:111Bb� f1 t 'Vl1l'1(,1'1Je).:Jfll;le)l 11ii 

bLG'l� 1 Ylbb 'Vli:1 b61!!:J:W 1mvW1:Wlilel.:Jvi1f1WUf 'Ui:1.f11Yl 1\111 flel'Wf1111 'U.:Jl'W bbl;1� 1 'UU�lJ1(,l1i:171�1elci7.:J b� l:J.:J bbl-1 

201:wtr11�(,l'a�f1�':Jl:J 

V1�mtJ�1:J'WbbUG'l.:J'LleJ1:Jmf16'\Lteicintl1hJhi'.:i1'W l\111:Jr-J1"5'1:.1 [7] 'llilbfll:J'W\ilJ'W7()1Tfoi ISE L'Um�'U'U all I �_,.,- � � 

solid-state t\111:J1'1lb'Vlfl1'Wfa�f111'W�'W (Ink-jet technology) m·1h1:.11'Wn11tJ1��'r}ji11wvh hw

th��'r}i.ff 1 l Y'l-w1t1.:i�.:i�1n-Bm 1ei{/-Bl;lnei{ flG'leJ 11� bLiK1 b ¥i:wm1:wLi:1� 1:.11'1lei.:i.ff 1 l Y'l-w1t1.:i�.:i t\111:Jf111 .. 
I� .tjq d ,::,/ .q I d • , . . 

Lfll;'l el'U'V'l 161l L:W:W L 'U'a'W'VI :w i:11'Wi:.Ji:1:W'1lel.:J Lf1l;l el l1poph1l1c (tetrabutylammonium tetrabutylborate: 

TBATBB) Lbl;l�bfl�eJ'Ui'UBrnY'W�1!:J t Ylbb'Vli:1b61!!:J:Wfll;le) 1-a�b �eiv\'11 iX.ff 1 l wvhe11.:i0.:i:wfi'lnm wrhr1.:iv1 zj.:JYl'U17 

.ff 11 W'W7B1.:J8.:Jvl.:Jf1�71i:11:w71t:lU1�1:Jf1(,lb 'ITT 'Wf111(,l'a'J�'J(,l 161Jb�!:J:W bbl;l� t YlbL 'Vli:1 b61!!:.i:WleieieJ'W 1 'W'U?li:171� 1� 

1 'Wi:171l;l�l;ll!:J�1el87.:J Vl�eli:111l;l�l;l1tl:IJ1(,l1jl1'W�fl17:Wb 'U:W'U'W\>l1.:J1 nm:w bb\>leJci1.:i 1-an(,17:W.ff1'l W'W1B1.:J8.:J 

1 'W.:i7'Wi1�.:i1:iJL Vlm�m.J1 'Wm1tl1m 1 oiftJ1�1:Jf1(,lb 'Ub'U'W(9)1fui ISE �1V1fon111 Lr111�v,m10L�n t 'Vl<a 1l;l(,lb 'W 
, " 
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Sample solution 
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'Vl'Uvi bbfl�vimdei.:i -rr11 vJW7el1.:J�.:Ji\i.:i-.S1b 'U'Wv1el.:Ji(,)J'W1vlel '11f1.:J1'U1',ijl'J�e.Jium�'U11ilfl11i(,)J'W1,rr11 vJw1 

el1.:J�.:Jbb'U'U all solid-state 'U'W�el�b:WeJ1vJ�:w��(,JVJ�mmhV11utl1�1'.Jf11,Jb'tlb'UW•l11'U'fo'Umn:w11;1 b(,11'.J 
, '\J , '\J 

.fl1Wllel.:J-rr11 vJw1�'Jl'Jl"lel:W�e)�l,l'lJe).:J-8m 1ei{/'8f1 b'Jel1\"lflel 11(,11 'Wel�fl1 b ';i?!b'1fl� b�:Wbf1�el'llel.:J b"llb�l'J:W\"lflel 

hvfo.:i 1tlb �el tvfilr11Pinl'J1 vJw1�\"l.:J� zj.:j�'IJ11-rr11 vJW7el1.:J�.:id ilr11PimH vJW7\"l.:J�bbfl�J1b'Wl'J.:Jbbrl -1. 7 +

1.2 mV/decade 

✓PVC Doped with lonophore {ISM) 

Solid State RE 

+ 
OCP 
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v1-:i1!t11�t1if �-:ii:1'Ll1'<il�'<il�tl11e11\i'l'H'<ili;l b6lltl el�fl1 L'5i:lb'<ili;l zj-:Jb'Utl'V'lel�bllel{'lleJ'Utl1 (hydrophilic) 

�i'i�'Llu�Vl�elbb 1-:i�\i'lb Vltit111�Vl11-:i 1m1;1 nm uu bfl'a-:Ji:1�1-:ii1-:i bb Vli:11:l-lil� bb1;1�i'ii:1:l-ltw1'Wbl"l� 1 'Ll fl1 'a\i1\i'li1Jtl1 
' � 

b 1eJ{/6/l1;1 b 1eJ1 fli;lel 11vi bbi;l� 1i.ff11 'V'lvh6/l1;1 b 1eJ1btlu.ff11-wyj 1'Vl1-:J1tl1 tl fl1'a\?l'a1'<il1 bfl'a1��fli;leJ'l 'a\i'lbeleleltl 

bbm;.ff 11-wvh6/l1;1neJ{�bA�eJ'UJi'1t1'Wl'IJb:l-J:l-Jb 'U'a'Ll 1tim'a\?l'a1'<il1\i11eJeJeltl'll'W\i'l�tl b 6lltl b"IJb�tl:l-J L\i'ltl'<il�'Vl1fl1'a 

'lh����\il1f'U{ ISE 'a�'U'U all solid-state 'U'Ll1i:l\i'lb"/Ji;li;l Li;l6'\'llel-:Jn'a�\i11� Vl�el�-:J'Vlel bbi;l�'lh�t1n1,11-ul, 'Ll 
d,.9 'U 'I \J 'I 

., "' 
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1.3 61.lel'Ub 6lJ(,Jn1'a1icJ 

w�tn#i'1fof ISE uu1i.'1\'lb"IJ1;11;1lm,1"llB-m:rn�rn� Vt�ai�'VIB t�e:i1-if1;11·vr!um1�a1-:;;i1\?11-fhnrui.'!1':i 
" , " 

'I' �d , � tt"-' 
1.4 'U'a:: Ll:J"ll'IJ'Vlfl1m11il� LWa'U

V I q V 

(,leJ-:J L ',J1 !J�1'Uf.J1Vl'U-:J 



<J 
'U'Vl'VI 2 

b"ll�b�!:.lm'U'Wl11;11 30 m'Vi ·.;nmT'W'Vl1f11'fVh.JVhnrn�m1m 'VJe:i� nA�e) hii�-:i1U'U'W6IY11 'Y'lvh'll�ne:i{� 

b{,)� m.1t1.J �nrn�m1m 'VJe:i� nr1mi 1 <a ii"I �v\' 1'1.JJj n�m nu.ff 161l� ne:i{ Ln {?]t, um11<a'IJ<a � ne:iu'lJeN'llm 101 r1� 0 

hiit'W b{?]l:J"l�b�'W 1(,7"17flfl7':i��161lm10{b'IJ�1:.1'W"l7fl�L�'W b 'U'W�b'Vl1v11 

2,5. �fl�7'W1':i1iJb(,)eJ1�1-:i 1 1'Wfl7':iV171vf�11 'VJvheY1-:i�-:i1vfiiLi."ltl!:J':i.f11'1'1 b'll'W 'IJ�mru 1eib{?]';ib"I�� 

1i 'IJ�mruLn�e:ir1�0h\>1vfli.'11'W1e11{?]':iL"I� LU'WIX'W 

1eJeJel'W 

2. 7. �n�1�n�ru�'Vl1-:i«ru\i11.J1'Vlm'lle:i-:ie:i1.JmA1.J11 'W'lJeJ-:i'Vle:i-:i .ff 11 'VJ-w1'Vl0-:i 1,1,���11 'VJ-w1i11-:i€l-:i,., ' 

pseudo Ag/AgCl �t,{,)�m-Jt'W t,71!:Jb'Vlfl'WA Scanning electron microscopy (SEM), Transmission

electron microscope (TEM) bb�� Potentiometry

2.8. 111bi."l'WeJi;.J�-:i7'1.J11ij!:J11.J-:)7'WU1�'llil1'lJ7fl11':i�\il'U'W1'W1'1J1� RSC Tokyo International

Conference 2019 ru dfo-:i:Uu� 'IJ1�b'Vll"lrl1u'W 1�'11117-:Jl'W� 4-5 fl'W!:.171:.l'W 2562
� '  

2.9, 11,m1�vii;.J�fl1':i'Vl{?]�eJ-:i Lb��m'I.Ji;.J� 
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d 
'U'Vl'Vl 3 

'11'Lll�tl'd'th�"'1'Ur111l.Jci1b�'oJ1'Llfl1'H(,)�!:Jl.1.ff 11 wv1101-:IB'1 pseudo Ag/ AgCl 'U'Ll1"'11>)b'll'1� fo1;1 

"lleJ-:im�lil1� blil1:J1iL'Vlfl'WrinwwiivfouuB-:ir1 L'oJ'Vl zj-:iVJJ-:i"oJ1nvi11i½LL i½-:i�m1.1V1.nil 120 eJ-:Il"l1L'll'1L"IJ!:l"'1 
' 'U 

1um- ru1.ff11 'W'W181'1B'1 pseudo Ag/AgCl m1m 'lJfl1'Wl';i1\!11il 1eJelel'Ll fa1:J'Ufl�Lbi1.ff 1 h>l-w1 

pseudo Ag/ AgCl 'oJ�:Wrl1flWU11 'l'lvh� b ui !:J'Llbb 'U'1'11'U LdeJ 1 t1"'111'1�'11!:J(,l1eJ�1'1:wlelelel'lJrl'1el 1 ';ilifo� 

�-:i1!'lJV!1 fl�el'1'U1l.1116Ub uu.ff 11 wv1101�B'1 �'1c;)el'1'Vl1 fl1';j�lilbb u1tue'.h 1 i½:w bi;1t1!:J';i .f11'W��tu blil!:J'11'Ll1�!:J 

-d\�eln 1.if-weJ� Limfle1 l1i11b'oJ'1� b�iim.Jmr16VeJ-:ibn�eJ l-wbb 'Vlm�!:Jl.Jfl'1el 111il'1-:i 1 u zj-:ibdeJ-u1.ff 11 wv1101-:iB-:i 
' 

pseudo Ag/ AgCl ��lilbb 'U11'711:.1Wel� bl.Jel'ftel'l1i11 b"oJ'11 uvi1 fl1'aPin�11;1 n�ru�'Vl1-:iiru511t11'Vl 1:.111'71!:J b 'Vl fl'Wfl 

SEM wu11:w.fft1"llel-:!b'oJmfl�el'Uel�'U)J.ff11wvhei'1-:iB-:i pseudo Ag/AgCl �b(,)�!:Jl.Jtu Ciu� 3.lc) zj-:i'oJ� 

'W'U11'11'lJ1� 1:.1.rf G'l1m1ri1;1f 1-:i.ff 11 'W'W181'1B'1� d'.lm:::U'U"llel-:I Lb �-:iJ-:i'a:::'U'U (all solid state reference 

electrode) 11'7 

,.016110/21 Ill 01� ,1�\. J011n1 020 1016/10/21 IIL 01.!.I ,2 �.._ 30 l)fll 

J'll� 3.1 .fl1W�11:.1\1l1!:Jb'Vlrl'Wrl SEM "llel-:! a) .ff11 'W'W1"8'1b1el1 b) i11wvJ1 pseudo Ag/ AgCl bb'1::: c) .ffu 

"llel-:!'Wel� bl.Jel'f1.t1llil';ib\!'1��mf'l�el'U'U'lJi11 wv11 pseudo Ag/ AgCl 

.ff 11 vJ-w1eJ 1-:i B-:i� b uu 'i:::'U'U"llel-:I LL �-:ii-:i'a :::uu� � nG'lf 1-:itu1;11m'a ritl1ii 1'VllilG'leJU'l.J1:::�'Vl5.f11'W 1\1l 

blil1:Jfl11m1"oJ11ilm1'1:::m1:.1lwLL'VlG'lb<l!1:Jl.Jfl'1eJhlil�r111m-uii-uu\911-:i 1 (1x10-a - 1.0 liim1) 1'711:l 
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b'VlA'Llflb'V'lbVl'W�belb:W(,)'VJ� b\?l!:Jb'U�tJUb'VltJUnU.ff11vJ-w1 pseudo Ag/AgCl �bA�elU\i11tl Reference

membrane zj,:i b tlu·rnuu�1inu.ff11 vJ-w1ii'1-:iu-:i� b'Um�uu'tlm bb �-:iJ-:i·rnuu zj,:i\11 nm'aV1M6'\eJU'V'lu11 

.ff 11 'W'W1� bA�elU\i11tl'V'lel�b:WeJ'a1e'l1M'a b\lG'l�i�mtu1 'U-:J1'Wl'<ilm1:wri1�m1J 'W'W1� fol-:J�� 20.3 ± 2.1 

40 

30 

20 

>10
E 
- 0 
LL 

:E-10 
w 

-20

-30 

OREM Hydrogel 

0 

-40 ��-��-��-��-��-�

-9 -8 -7 -6 -5 -4 -3 -2 -1 0
log [CI-J 

J'llvl 3.2 iqJqJ1ttril1flbVlrl'Wfolb'V'lb'Vl'W�belb:W(,)'Vl�b�eJW.ff11vJ-w1ii'1-:iu-:i pseudo Ag/Agel �brl�elU\i11tl 

Reference membrane bbG'l�'V'lel�b:W€11'1.e'lbMWilG'l 1'Wfl1'a(,)'a1'<il1M6'\1W�mtJ1'V'lbbV16'\b�tl:WAG'lelbv°i�r111:w 

b'U:W'U'W 1X10-8 �-:i 1.01:wmi bMt116il'.ff11vJvhii'1-:iu-:i double junction-type Ag/AgCl

-:i1t11�t1i1'\J1�6'\ur111:wi1 b �'<il 1um1i�u1.ff11 vJ-w1ei'1-:iu-:i� b tluwuu'tleJ-:i bb �-:iJ-:i1�uu 1Mti 1.ff'V'leJ 

�b:Wel1'1.e'lb\?l'ab\lG'lbA�elU��16/JeJ-:Ji11 vJvh pseudo Ag/ Ag Cl b�el�1tlb�:Wf'l11:wb6'\�tl'aflTV1'1 'Wfl1'a(,)'a1'<il1\?l 

1eJeJ€lt11 t16'111G'l�mt1 

6'1-:J m 1.ff6'1{1-:i.ff 11 vJ-w1V11-:i1u 1Mt1V11m1i-:ibm1�vieJt1mr1m 1 t1'tl€1-:JV1€J-:J(,)1:w-:i1t11'<ilt1'tleJ-:J Maattanen A
� , 

Xylene b �el'U11 m 'Ub'U'WVliifl 1 'Wfn'a'W:W'Wb tlu.ff 1 b 'W'W1'Vl1-:J1'U�el 1 'U 
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1 Dodecanethiol 

6�� 
stir 

• Disperse by xylene

Inkjet printing. 

• • 

170°C - 1 hr • Sintering 

( I 
'tetraoctylammonium bromide (TOAB) 

·a-LI� 3.3 •ff.u(,leJ'Uf111�'1Lfl17:::�e:i'Ufl1fl'W7 b 'W'1leJ'1'VleJ'1
� , 

l�m�m11e:i'Umr1m l 'W'1leJ'1'VleJ'1� L(,l� tl:i.Jtm.J1�mrnfo'l'J-ru:::V11'1� ru�1'U1 m�1 tl L 'Vlfl'Wfl TEM
, � 

V ti 41" 1  <V O  .:::i, f'V r <LI ,::., 41" '1leJ'1m:::l,l7'l'J-mtJmie:i'1':iJi;1'Vl111"1'UneJ'ULL;;i:::'v'!;;i'1'Vl7nwvm��1tJ?111;;i:::;;i1tJ'VleJ'1 �m1V1;;i-:i':iJ1nm1�:i.J� 

?111;;i:::;;i1tJ'VleJ-:J LL;;i::: Syntering � 170 eJ'11"17L61Jm61itl?I �'U11t'U�1'1leJ-:Jm:::l,l7'l'J-L'U�tl'WL'U'U�'VleJ-:J zj,:i 

LL?l�-:i1 vi'L �'U11'U';i:::?l'Ufl11:i.JG11L �':() 1'Uf11';i?l11-:J.ff11 'v'Jvh'VleJ-:J't.J'\.Jf1';j:;\,)7'(oj- (1,J� 3.4b bbi;1::: 3.4c)
\I 

b) 

1'U� 3.4 a) m�ci1tl�1tlL'Vlfl'Ufl TEM '1JeJ-:JeJ'Ufl1fl'VleJ-:J'1J'U11,l'\.J1b'\.J�i;1:::mtl1'W Xylene LL;;i:::m�ci7tl 
\I , 

,nnn1;1e:i,:i�;;iV111i'1'W'1JeJ-:Jm:::l,l1'l'J- b) rie:i'W LL;;i::: c) 'v'l�-:J m1�m1�1tJ?111;;i:::mtJ'VleJ'1 LL;;i::: Syntering vi 

170 eJ-:Ji'11L61Jm61itl?I 
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L�eiu1.ff 1 l vJ�1V1ei-:iinvi'1flT� �fl�1i;i' rr11ru�'Vl7-:JLflffi 't'J�1 ti11 m 'Vlfl'Ufl l 61Jfl� fl 11mmim..1l>\V11 1viv 

b 'U?l7'j1;l�1;118lJ1l>l'j,,FW'Uel-:J Ferri/ferrocyanide b 'Wfl1'jl>\'j'"J'11vl �u111 vfii;yqi1ru b 'Ufl1'jl>\'j'"J'11vl�� �u 

y;flelelfl'Vlvl'U'Wlli;l�1vlfl'U'W elV1-:Ji;l� 2 y;fl Ael b'v'l�fllBBel'W bli;l�'V)e),:j elV1-:J'Uvll'1'W ('j'U� 3.5) LL?lvl-:JbVIL'IA'W 
'U 

11?11lJ1W?l�7-:J.ff 1 l °t'J�1'Vlel-:JU'UL61Ji;li;l Li;li;'l'1Je),:jfl'j�v)1� Lli;l�'U'j�8 fll>l"l 'UL  'U'U.ff 1 l yJ�7 lm 'W-:J1'Wi�v-d 

8 

6 

<(4 
3:2 
C: 0 
� 
=5-2 

(..) -4 
-6

-8 
-0.5 

'U ' 

0 0.5 1 1.5 

Potential (V) 
2 

it1-vi 3.5 l61Jfl�fl bmmw hmml.J'Uel-:J?l711;l�mvml>l'j-'17'W Ferri/ferrocyan ide �fl17l.JL 'Ul.J'U'W 1 Ll..11;l1'f 

1�m 1 off.ff1 lvJ�1V1ei-:i�t:1fl'Wl.J'VjU'lJL61Ji;l1;l fa?t'Uei-:im�v11� 
" '\J 

SEM �u11ilei'W.fl1fl'UeJ-:i'VlB-:JLfl�BUBVU'W�'W�'"J'UB-:Jm�v11� ('jtl� 3.6a) .ff1lvJ�1'VlB-:J�Ll>l18l.Jt'W'1�'1fl 
'I 'U 'U '\I 

'111'l tl1 'UL U'W.ff 1vi'1-:i1m �ei fl7'jl>\'j1'11vt 'leieiei'U'Uei-:i L61JL�Vl.J 1vivfl1'jLfl�BUti11Vy;1�Ll.JmL m'W�L&ll.J lei fa 1 'W 

�ei{�ilm1mhb �1�t,1ei L61Jb�Vl.J 'leieiei'W L�eivi'1 fl11 bfl�eiu.ff 1 'l 't'J�1V1ei-:iti11m 'Vlfl'Ufl fl11'Wl.J'VjbL uu�-:i�b '1'Vl 

�u11.fr1 lvJ�1V1ei-:i�mr1�eiuti11v.ff'W'IJ1-:i � 'UB-:iy;1�Ll.Jl.JLm'Weiv1-:i�1(1,:i ili;i'fl�ru�L'U'WLL�'WvMmn-:i LLt,1 

eiv1-:ihnl>l7l.J'11fl.fl1�ci1v SEM ('j'U� 3.6b) '1��U17y;1�bl.Jl.JLLU'j'U�'1fl'Wl.J'Vji;l,:J'l'\.lil�'W�1'VfhJ?tJ1L?tl.Jel 
" '\J 

el1'1 L tiei-:imfl'17fl fl11vvi&lv11�V111-:i�1'UB-:i-ff 1'l 't'J�1V1ei-:i Lb1;l�y;1�Ll.Jl.J L m'W 'llJ��B vi'-:ii!m1'Wi�v-d'�-:ivi'1 

fl1'j1;lvt'Umh nvi'Um fl1'jVvt&lvi'Uei-:iy;1�Ll.Jl.Jb m'W 1vivm1'111�B� Ll.JfffleJ 1v11b'11;llnbfl�Brn1-:iu'W.fr1 l 't'J�1 

"' "" ' 
L 'Wel-:J'11 fl�Bml.JeJ'j 

'le1 Lvl'j b '1i;l?l1lJ11 '1'V11Vl1.J1� b tl�vu L?ti'.iel'U fl11�61h 81 vfy;i�Ll.Jl.Jbl U'j'I.J8vl�vl�'W�'"J'Uel-:J.ff 1'l vJvhM��-:it'U 

( 'j'U� 3.6c) zj,:i�u11.ff 1 'l 't'J�1vfl 'U�B� La.JBfle11v11 L '11;\ L 'LJ'W(P)'"J fli;l1-:J'j �Vil 1-:i.fr1'l °t'J�7'Vl B-:J LLi;l�y;i;Ll.Jl.J b rn'W " 
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A11:w'<i\'11, vn��B b'lli,�t.1ii 1e:ie:ie:it1'VY--11,1, uu�:l'.11,1,l;l� 1l-lilvrn� 1,iie:ifl� b\91'H '<ill;l 1, ut1�1 nm-:i m'Vl\91l.'!Bum11wn'<il1\91 

fl11l]I, 'Vll'V'U61Jel'1 b'IJl,�t.lll 1mrn'Ll 1 t1r.'11'.ii;l�i;l1t.l �u:h-&11 vJvhffi 'U�el�l,lleJTI� b\91'.il,'<i)i;l I, U'U�1 nm--1ilm1:wb 

1 t1m'.i\9l'.i1'<il1\91 t 'IJl,�t.1ii 1e:ie:ieit1r.'l--1n11.ff11 vJ-w1'Vle:i--1 1,1,i;l�.ff 11 vJ'Vl1'Vle:i-:it1 mA�e:iuJb t.1'v11<il1,iirn 'U'.i'Ll b\91t.11l-lil�e:i 
'1 '1 

�l,lJelTI�b\91'.i l,'<ili;ll,U'U�1f)i;l1._:j ( '.i'U� 3. 7) b\91t.lr.'l7m'.itl\9l'a1'\11\91 b'IJl,�t.1ll 1elelel'U 1m t1-d1--1m1rnoifiioift1 1X10-6 

'1 

�--1 1.01iim1 
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500 

400 

E 300 

iij ·- 200

0 100 

0 

o ISM-gel-Au

olSM-Au 

oAu 

cp 

0 

0 

0 0 

0 

0 

0 0 

-100 ��-��-�-��-�-��

� � � � 4 � � � 0 

log [Na+] 

au� 3. 7 �qjqj1f;Wil1m Vlfl'Ufl 1 'WLVl'W�1m:U(,lV11L�eJ 1-ir.ff11 v.Jvhvh:nm 'U'W.ff11 v.J'V11V1m .ff 11 'WW1Vl'el-:l��fl 

Lfl�eJU\'111:Jv;i.;h:um um LL�u:.ff 11 v.J'V11V1eJ-:i� nn Lfl� eJUl'l11:Jv;1.;h:umum 1�tJ1 'U'WeJil L:ueJfle11�1 L'1m 'U'W 

(i)'Jmn-:i 1'Wfl1'j(,l'j'J'11�?111'1ti;l11:J161fL�l:JlJf1l;'lelhv1�f111lJL'UlJ'U'W 1 X 10-7 ii-:i 1.01:um41�1:Jt-ir.ff11v.Jw1 

el1-:10-:IL'U'W double junction-type Ag/Agel 

611'\llf Ufl1'j(,l'j'J'11� beleJeJ'lJ'jtUU'1Jel-:ILL �-:1'/J'\J � 1 Vl:WU'Wfl'jt�1� � lJ'1J'W1� L� fl 'Wfl'W1 bvl�1 l:J L � elfl1'j 

'lht1:Jfl(,l1 -if�-:!Vl1-:lfl11LL'WV1� LL'1t�-:ILL1�l;lellJ�el b 'U 
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d 
'U'Vl'VI 4 

-:i1'U1�1:.1illMw\9lltn':itu un1':im1�1\9l 1€Jffel'U 1\9l1:.1v'i1 m':iw\9llm-rr1l wvl1v'i1-:i1'U LL�t-rr11 wvl1J1-:i�-:i 

um61l�� fo?1'1J€J-:i mt\9l1� L �€Jfl1':itht1:.1 fl(,11 -UL tlw,hf uf vli1L 'W1tM€J 1€J€J€J'UWUU'1l€J-:!LL �-:!'l.f'W\9l 1 VI� vlii 
" ' " 

1\9l1:.1.ff 11wvhe11-:iS-:i .ff 11 'l"lvhe11-:iS-:i pseudo Ag/ AgCl v1 Lfl�€J'UM11:J'WeliiL�€J';ibe'J11'l';iL��v1 L�� 

€J'UJl1fl'1)€)-:j Lfl� €J 1 'W LL 'Vl?l L�l:J�fl�el 1 ';i� �-:i11J1 'U-:!1'U1� m1ii'IJ':it�'Vl5 .fl1'W Lb�tb?l� mm'W 1 'Llfl1';i(,)';i1�1\9l 

r111�i1b 'W1t(,leJ 161lL�1:.1�1€J€J€J'Ll v11-u¥miiL�m1eJ11'l'H�� L 'U'UM1nm-:ivl'li11:.11 vi'-wi�b�mb m'Ll�l'l�l'l�'Ll�1 

'1)€]-:!-rr11 'W'W1'Vl€J-:!1(,l��-:i-fi'Ll !'J-:!?11mW\,l';i1�1\9l 16'/lb�l:J�1€Jelel'U1Jil 'U'll1-:!fl11m'U�'U'U 1 X 10-6 �-:i 1.0 fo

mi zj-:i�l'l11iir111� 111 'Llfn':i(,)':i1�11'l 16'/!L�mi1€J€J€J'UG'!-:!mn 
" 
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i;J'a.'Ll.f\TV fa'HU qi'IJ11(i\'?1h:ir111ii11iii'.leJn'U Prof. Daniel Citterio ru Department of Applied 

Chemistry, Keio University 'lh�l'Vll"l��'U zj-:!l'U'W Professor �:wr111mzjt.11'/J1qJ1'WVl"11ffllfl;l1tJ(i11tJ mvi 

l '/J
0 

'U microfluidic paper-based analytical devices (µPADs), optical sensors ll "1 � low-cost 

analytical devices bi;JtJ 1(i\'l�'U'Vl1-:! 1 'll l�tJlJ'IJlJvi'eJ-:i'll:1ju1\m1 bb'°1�Vl11ell�t.11 nrn 1'U1�tJ�'<il�'\11111lJ fl'U 1 u 

el'U1rl\9l 

I 'I'� ,.. 'IJ.' 

I 
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'WeJfl'11flilti'-:i'l�'U1C-J�-:J1'W1'1EJ1'W�1'nm�e:i-:i "Highly Stable and Reusable Paper-Based 

Potentiometric Ion-Sensing Using Intermediate Hydrogel Layer" hh11Li:l'WeJC-J�-:J1'WLLU'\Jb'UG'ILt,leJ{ 

LL��tJ1mtJ�'1 1'W-:J1'W'U'a�'1Jl.11'1J1fl1'a'a�iu'W1'W1'1J1&i RSC Tokyo International Conference ru 
, 

Makuhari Messe LlJeJ-:J�'\J� 'U'a�LVlf'l��'W 1m�vd1-:i1'W� 4-5 fl'W!'.J1!'.J'W 2562 
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Poster No. 2-03 Nipapan Ruecha, Koji Suzuki, Daniel Citterio 
Highly Stable and Reusable Paper-Based Potentlometrlc Ion-Sensing Using Intermediate Hydrogel Layer 

Conventional methods for ions selective electrode 

.------® 

All solid state ISEs and reference electrodes 

Limitations 
• All-solid-state ion-selective electrode and reference 

electrode with internal solution r ree. 

)( Expensive 
)( Require large sample volume 
)( Difficult to operate 

Advantages 
• Simplification of the sensing 

device construction 
• Truly miniaturization 

Aims: to develop all-solid-state ion selective electrodes (ISEs) and all-solid-state reference electrode 
(s-RE) via inkjet-printing method and use as a low-cost and reusable paper-based potentiometric 
ions-sensing 

1 

Adhesive tape { 

Photo paper 

1st layer: Chanel flow

2nd layer: Reservoirs 

3rd layer: ISEs & s-RE 

• WE: ISM-hy,:lroJE:I-AuNP5/CNTs 
• RE Hy,:lro_;ie:1-p.A_;i/A:;iCI 

WE 

Poster No. 2-03 Nipapan Ruecha, Koji Suzuki, Daniel Citterio 
Highly Stable and Reusable Paper-Based Potentiometrlc Ion-Sensing Using Intermediate Hydrogel Layer 

All-solid-state reference electrodes (s-RE) 

RE 

Ag conductive pad 

• Hydrogel modified pseudo silver/silver chloride (p-Ag/AgCI) electrode shows good performance on photo paper 

p-Ag/AgCI Hydrogel-p-Ag/AgCI 

All-solid-state Ion selective electrode (ISEs) 

0RCU 01(0� 

20 o o (l o • * o O o 
[10 
;;:-• 
�-10 0 0 0 0 0 0 0 0 0 
... 

.JO 

.e ., -6 °tog {c1 ) -2 ., o , 

Potentiometrlc signal 

OllEJ.I 01<091! 
., 

� O o O O O O O o O 
O 

.JO 
so�-�---��-� 

0 1 2 J • 5 G 7 II 9 10 11 
Number of measuremenls 

Reusable s-RE (10 times) 

• Hydrogel intermediate layer modified ISEs was firstly introduced and integrated with hydrogel-p-Ag/AgCI 
reference electrode to exhibit a highly sensitive for Na• measurement. 
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Concept 

D Potentiometric signal readout D All solid state ISEs and reference electrodes 
► The measurement of a working electrode potential with respect to a 

reference electrode as function of the concentration. 
► To develop all-solid-state ion selective electrodes (ISEs) and all-solid-state 

reference electrode (s-RE) via inkjet-printing method and use as a low-cost 
and reusable paper-based potentiometric ions-sensing ► Required equipment for signal readout 

D Conventional methods for ions selective electrode D Paper-based Potentiometric ion-sensing 

Advantages 

ISEs system 

Device design 

D Fabrication procedure 
1. Ag ink printing 2. FcC1

3
printing 

Photo paper 
.. .. 

4. AuNPs inl( printing 5. KC1 hydrogel prin1ing 
.. . .. 

G. CH ,COOU hyclmgel 
printing 

• 

Results and Discussion 

3. CNTs ink.printing 

7. ISMprinliny 

D All-solid-state reference electrode (s-RE) 
SEM images 

► All-solid-state ion-selective electrode and reference electrode with internal 
Limitations solution free. 

o Expensive �����
o Require large ' 

sample volume 
o Difficult to operate 

D Paper-Based Potentiometric Ion-Sensing Device 
.·········································································· 

( 
1 st layer: Chanel flow ·.) 

Adhesive tape { 2nd layer: Reservoirs 

Photo paper 
3"1 layer: ISEs & s-RE

Advantages 

□ Device Image

RE 

WE 

Ag conductive pad 

,: • WE: lSM-hydrogel-AuNPs/CNTs 
••• ................................................................... ,..••• • RE: Hydrogel-p-Ag/AgCl 

Hydrogel-AuNPs/CNTs ISM-Hydrogel-AuNPs/CNTs 
Printed Ag 

Potentiometcic responses 

p-Ag/AgCI Hydrogel-p-Ag/AgCI 
AuNPs/CNTs 

Potentiometcic responses 

• ISM/CH3Cooli (0.05 M) incorporated with HydrogellAuNPs/CNTs 
···························••,

: RE (commercial Ag/AgCl) : 
············ ............... .

• (Hydrogel-p-Ag/AgCl) vs (REM-p-Ag/AgCl) 

OROA ollClgd 

o O O O 

>10 

�o 

Selective detection of Na• Repeatability & Stability 
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fl umber of mea9u1ements 
linear range :10 •to 1 M 
Sensitivity: 56.4 ± 2.2 mVldecade 

► Highly stable RE using hydrogel containing 1 M KCl modified on p-Ag/AgCI was successfully 
prepared and used as all-solid-state reference electrode. 

► Hydrogel containing 0.05 M CH3COOLi as intermediate layer between ISM and AuNPs/CNTs 
electrode was introduced and exhibited highly sensitive for Na• measurement. 

► This system could be applied as a promising extremely low-cost and reusable potentiometric 
ion-sensin . 
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