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& 9} Tetradecyltrimethylammonium chloride(TDTMACDS- X713} A Zeiy] -2 XA AT YA A
2% Aol 9] 24 wrl P4 H7153A S4E vehly] Astel AHgsgleh. olw) M3t AT
o] ZAH)E 95.4 wi%h A2 E2iw, 4.6 wi% TDTMACIo| o o] A3ete] pH 713402 pH 6-10 G oll4] F-4]
& 5 glgleh olF AFHES dsto] 2ol A& 7871871 10-300 mM §HellA —37.5 mV/decade £ ©]
244l Nemstian 7}-§7]&7 10l & vl ot A| Aol E 0] 2 5 th& So| 2ol A A=A 2 o 5
3tk Kanes=1.3, K0=2.0, Kq5.=0.8, K»qsen=2.0, K*,c0,=0.8. 3+ 4 Me] 2 -2 2 A ASt>
PVC-A A A A5l wls] A4 AFEel gt A F o] $53t=2 CWEY A AT =/1=E
o FAR ASFHE vdeblisich o] E aAA ASEL 354974 Fitel el tid e AejAlE
o ol &l W FgHel Hgle] 55 AFHE & 4 Agde

ABSTRACT. Silicone rubber-matrix membranes doped with tetradecyltrimethylammonium chloride (TDTMACI)
are used to enhance electrode performance for chloride measurements in physiological samples. The optimized mem-
brane formulation incorporates 95.4 wt% silicone rubber and 4.6 wi% TDTMACI, and its pH response is negligible
in the range of pH 6-10. The TDTMAC]I-doped silicone rubber membrane exhibits sub-Nernstian response to chlo-
ride from 10 to 300 mM (-37.5 mV/decade), but its selectivities for chloride over other anions are remarkably enhanc-
ed: K™ qno=1.3, K5,;=2.0, K™ q5,=0.8, K" qsn=2.0 and K™ 10,=0.8. Furthermore, since the silicone rubber-matrix
membrane exhibits better adhesion to the solid surface than do PVC membranes, the lifetime of the coated-wire type
membrane electrode is greatly improved. The response properties toward chloride and salicylate for solid-state sensor
are not significantly changed after at least 35 days of use.
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< AN zEAE o) 2Al=A] whd F(ion-selec-
tive membrane electrode; ISME)}2 21t | 2to] &
olatx $-3t A 7|31EHA] BAS /A EE & e
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Al 2. Tridodecylmethylammonium chloride(TDM
ACI), tetrabutylammonium chloride(TBACI), dodecyl-
trimethylammonium chloride(DTMACI), trioctylme-
thylammonium chloride(TOMACI), bis(2-ethylhexyl)
adipate(DOA), bis(2-ethylhexyl) sebacate(DOS), 2-ni-
trophenyl octyl ether(NPOE)e} 2]2| A2 A18-¥ poly
(vinyl chloridePVC)= FlukaA}(Ronkonkoma, NY,
USA)9] A E-& AH8-819] 1, tetradecyltrimethylammo-
nium chloride(TDTMACI), octyltrimethylammonium
chloride(OTMACI), distearyldimethylammonium chlo-
ride(DSDMACI):= TCIA}H(Tokyo, Japan)2] Al-Z-& A}
23kt 28] di(2-ethylhexyl) maleate(DOM), di-
undecyl phthalate(DUP)+= Scientific Polymer Products
AHOntario, NY, USA)?] A& AR&3tga, Z2)$
# &2 ThermedicsAHWobumn, MA, USA)®] Tecoflex
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Z2]-$-2eH(SG-80A)S, AUzl Eeiv= Dow Coming
A}Midland, MI, USA)®] 3140 RTVE A[8-3}%ic}.

auel] Alddell ARSS BE AR B4 teF
(analytical reagent grade)o] A1-4-=| i}, FF8-for}
A58qe] Azede "ol23d FHF(I8MQ -
cm; Yamato Millipore WQ 500)2 AH&-3}3ic}.

XH2Ha| H2l0|2MEHM =9l MIE. wstol
A= A5 Ax2E $3 AR AZE PVC,
Zelsdsd, AW E AR, tadEe
DOA, DOS, NPOE, DOM, DUPE A}-&-3}ict. =3t
ol2AlelA EA gl DIMACL TOMACL OT-
MACI, TDTMACI, TBACI, DSDMAC] 5-& A3}
Hem olF VA Astol ey 2z AR
de] AM-E = 3gHE 59 hul TDMACIS} B 52
a5k

ol & slol A A= XA A, 7hAaA], o]
2494 B8 4ujal THFS %o faldol}
Teflon 3 9ol 5o = =7 22 mm, §°] ¢f 1em
l frelgtell o] AYF3AHPVCH F] % A
A 9] 7% THF 0.8 ml, Al2]Zelw] 2|2 4] -5
THF 0.4 ml). o]of A3 8ol 23 AFEHES
AAFAE 200mgs 71EE AZFHNAG AR
£o= PVCH Eo2f-9-dlwk AR A ASe] A9 3
FAE 7|5l wxgte] Az, d2jEey
A2 A AT Aolli= 49 o)A AxAIA A3}
At

b woz AE 24 seleaiuy
A543 274 55mme] d3 e Azhlo] Pillips
A (1S-561; Glasblaserei Moller, Zurich)el] #+2t3}
o AEuFoz s Wil EeRoer
0.1 M NaH,PO;, 0.1 M Na,HPO,, 12]3 001 M
NaCle] £3H-g-o] AHE-H %t

THIA SOl MEy ETe) ME. & A7l
A 2AE A2 71 7T el coated wired
electrode(CWEYE 2|4 A)zlsle] A&slsict. CWEE
S{(Ag) F5A1(2 cm length, 1 mm od)  H-E2| A
A sto] YW REE ALY ol 2L Lol
w27 HES A2 PAFo2A Ataict.

A dstol ey BT A AT
A Qo) HH% e o AYd 13 24
(95.4 wt% Ag]&2y, 4.6 wt% TDTMACI)S THF
£} 0.3 ml(200 mg 7] )l oz, o] A3l LN

N
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so) o2 Axtel CWES 343 ket Aol
WIEA g g ele2H Axtsjalc

z Azt A 2 wAA RS
 9J 87143 3(Orion double junction Ag/AgCl;
Model 90-82) Alel®] A9t FA4- A Azbd
16502 AD W37 & F8 AFel 2 A= A2
stodct. 23802 universal buffer(10.0 mM Na,PO,,
6.7 mM citric acid, 11.4 mM boric acidy§ NaOHZ
AAs}e] pH 5.59F 742 23] Abg3lglov 33}
o) ATl b Fof A&l A g=(selectivity coefficient)
= 7219} 2} (matched-potential method)yS- ©]-8-3}
of Fstedet ¥

Ay ¥ 1@

£ QoA o] AN EAE ook’ 43 ¢
¥ 9& AR, AR A E kel 5 2 3
S WA 2N ste| R FA A AeAlde]
E o] &3} & AR Sol22| whajag-g AAs}
34} skl

zlo|2MeliM Mato| A3 Y. A o}
okg} 4} o+ 2F 9(DTMACI, TOMACI, TDTMACI,
OTMAC], TBACI, DSDMACIE PVC, Z2]-$-det
2 Al A A9 HEEAAS ZAE
t}. olw AFate] 2A-L PVC-, Ea]g-%-2| 2| A
A Fute] Aol 33 wt% A A, 1 wt% o] 2419
A E4, 66 wt% DOA°| %, A Ze|s -2 A A A
S 0 wt% AAA, 1wi% o] AN E4,
9 wt% DOA2t}. olw] TDTMAC] 249 AI7Hs
ALstae AR A FHustel @AGe] Gstel
2ol gt 7H-gAd o) v 2h2 ZH-5A S el
t}. Fig. 12 o§2] A A4 Welx2] TDTMACI A7}
5] Gslo] &3} AR|AH | E o] o) i3t 7}
$+54% 7152 TDMACI 7} A523 8|3L3le
vebd Zojrt a23AME & 4 gl%eo] TDMACI
A7b AS=e] A $-(Fig. 1(A), (B), PVC &2]9-
A&, delfey 5 o= AAA A3 Ao
= B oslo] 27 el o] E o] ol o) u]s:
g ASEAE el RS o 5 Yot 2t
TDTMACLHE o] &AHA] EAR A3t 51k
74 -$(Fig. 1(C), D)l PVC-2} L] 42l eh-x| 2] 4|
AFel| A= ol o] e M= 7H-2-3}A] ot
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Fig. 1. Potentiometric responses of three different matrices membranes based on TDMACI (A, B) and TDTMACI (C,
D): -®@- PVC; -A- polyurethane; -8 - silicone rubber. The background electrolyte was universal buffer, pH 5.5.
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Fig. 2. Potentiometric responses of silicone rubber-based membranes prepared by employing different content of TDTMACIL:
-A- 1.0 wt%; -a - 2.7 wt%; -@ - 4.6 Wt%; -A- 9.0 wt%; -0 - 18.2 wt%. The background electrolyte was universal buffer, pH 5.
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Fig. 3. Potentiometric responses of TDTMACl-doped sili-
cone rubber membranes prepared with different plasticizers:
-®- DOA; -O- DOS; -A- DOM; -m- DUP; -0- NPOE.
The background electrolyte was universal buffer, pH 5.5.

4.6 wt% 71 AFe] Astel Lo & 71}
& 754 e, AgjAEe)E o] e o
3 7HAE v el 3mM7EA] SmV #te
2 o $- HA g3k AL 2 4 ek

o2 JlaAle i 2 gekiste A xR
t}. Fig. 32 Ag7HA19] 34§ S AA4std A5
uh 24(86.4 wi% A2]Zaln], 4.6 wi% TDTMACI,
9.0 wt% 7taA)A A 7HAaAle] FHF wsAA A
33 Zooh. 1AM & 4 9l%e] DOA%} DOSE
SR A Fate] 71 9423 A8 BA S
eli}¢l 3z, DOM, DUP, NPOE 5-& AH8-3F A52h2
d3lo] o 3t FHgAol FA3] A M
7884 e AL B 4 9t} Fig. 4= DOAS &

S 9.0-28.4 wi%7}A] WstAI ) S EAS
vehd Aot o] DOAV} thE oW 7iAA % A
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Fig. 4. Potentiometric responses of TDTMACI-doped
silicone rubber membranes prepared with various con-
tent of DOA: -@-.none; -O- 9.0 wt%; -A- 16.5 wt%;
-A- 22.9 wt%; -u- 28.4 wt%. The background elec-
trolyte was universal buffer, pH 5.5.

JHEA g AFoe] SAE @ 2Alsch 1
g vel A4AE A AeA ge Aa =
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wi% DOA; 2|4 432 24 2)0| 714 S48 3H¢
BX4E dehhsich o)A B2 vl 66 %)) 7}
ZAE Hrbslobt AAAQ 252 ks PVCA
2] $-allsh-A) 2] A AFeEAE e SAolrk
M|, Table 12§19} 343} }4& 7
A AAYY A4 3% 24 19} 29 ©}E Lol E
o g AASE 7129 PVCAA A TDMACI
A7} At wlmstel vehd Aelth. Beld=
2 4 glRo] HASY AF%e) AL Aol =
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Tabe 1. Selectivity coefficients for silicone rubber-based
chlorie-selective membranes doped with TDTMACT*

Selectivity Coefficent, K5

. PVC/ SR/ SR/
Interferent, j pMAacy TDTMACK TDTMACY
DOA® DOA®
Chloride 1.0 1.0 1.0
Nitrate - 1.3 2.0
Todide 6.3x10° 2.0 2.5
Salicylate 5.0x 10° 0.8 13
Thicoyanate 1.0x10° 2.0 32
Perchlorate ~ 4.0x 10* 0.8 0.8

*Values were evaluated in universal beffer, pH 5.5 and det-
ermined using the matched potential method at 10 mM in-
terfering anion concentration. "PVG; poly (vinyl chloride),
TDMAC]; tridodecylmethylammonium chloride, DOA; bis
(2-ethylhexyl) adipate, SR; silicone rubber, TDTMACL;
tetradecyltrimethylammonium chloiride. ° Refer to reference
12. * Optimized composition 1; 95.4 wt% SR and 4.6 wi%
TDTMACL. ©Optimized composition 2; 86.4 wt% SR, 4.6
wt% TDTMACI and 9.0 wt% DOA.

o] &-& X3 AR Hol-Eol i3t Aol =
A AR AL o ek old olF HFHES
d5}o] ol W7 7F&7]e7]E 10723 10°
Jol|A] —35~—37.5 mV/decade &. ©] 24l Nemstian
718714 % v3ich

200
180 \\‘W

Potential, mV

220

200

180 —

pH
Fig. 5. Potentiometric pH responses of TDTMACI-dop-
ed silicone rubber membranes without plasticizer (@)
and with 9.0 wt% DOA (O).

pH 24354 U Walio|2e J&. Fig. 5+ A
3¢l Aol 2y HAFEFHA AT 24 1,2)
ol AA ¥ 3} 7+ A A g9 pHSl 6.8~74
G FH A o] glo] Asfel L T FA
o] 7hgdtA] delrr] f)s)sted pH Wslel] W& 7t
$EAE AR Aot a¥ox A X84 pH
A3l 6.8~7.49 4 pH ®i3}e)) u}2 7H-g-Ade] 9
& & 5 Uk webx] HA3kE gsto]2Al
A HSE pH 74 G e AH4d & SlE
7o g wiElc

302 AAMZ g3l 2} At o] E o]
o] Egule] 9l SllA] Arjdle] E o] 2] vt
atg- qlo] dste] e FrE A3 FAY -
NE7HE dotrstrh. ol & sl 100 mMe] o 3fo]
< "t EA3l= A 59k 100 mMe] g3to] 2ol ZHz}
0.1, 1.0, 3.0 mM2] A=jAl o] E o] & TF3|l=
A 85 Fulsldch@ A% dsto] 29 A =
A& 101~111 mMeo| 3z, A=A ol E o] 22 F&
W3 0.15~21mM HEo|th.? Fig. 6& vkt
T AulAdelE wialo] S TR d3fol

(A)

¥
5
5
5
g
§

(B)

Potential, mv
3
1

T 1 T T T T ¥
[} 200 400 800 800 1000 1200
Time, sec.

Fig. 6. Dynamic responses for TDTMACI-doped sil-
icone rubber membranes without plasticizer (A) and with
9.0wt% DOA (B) toward 100 mM chloride (a), 100
mM chloride/0.1 mM salicylate (b), 100 mM chloride/1.0
mM salicylate (c), and 100 mM chloride/3.0 mM sal-
icylate (d). The background electrolyte was universal
buffer, pH 7.4.
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Fig. 7. Dynamic responses for TDTMACl-doped coated-
wire type silicone rubber membrane toward chloride (a)
and salicylate (b). The background electrolyte was
universal buffer, pH 7.4.
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2%RE H8% B9 o) G2 3mMAAR
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& % 5 9leh,

JAY F3 ASKY. Fig. 7S A I
24 14 CWEY ZAA Aol Exlste] sjol e
3} e)Alefo] = o] 2ol et 7+ e

Iob. A AFAAE A Al sh nl%H
4 vhehde o % 1gich. Fig. 8 HA A3
4 1% 2 CWEY dsjoledaiy = el
o e 7H7187] Waje) A2 UdlE o] &
@ 784 WS Ui Aolth 2gelA ¥
o] 3577 dsfol Lol B 871871 E
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Fig. 8. Variation of slopes toward chloride (@) and
responses toward salicylate (O) over time for CWE bas-
ed on TDTMACl-doped silicone rubber membrane.
CWE was kept in magnetically stirred deionized water
throughout the measurement.
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o] A9 F7kxE ARF dslol& B4 2344
22 2837 95 A2 wedrt

d B

£ ATl vkt $79 43 dRE e Al
2|22y 5o AA AN 71aA Q] $F7 2 g
35 F3 ohst A9 dstol 2l A5
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o} A3 AT 248 E 954 wi% A2l Ee
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A& KP0gu=083} 1302 v $- 9-e3igir). o] § A
FE9] 3T 22 tos(H AR 95%ell
o] 27|7}x] HAe]i= A71H)=56 sece} 30 secyi.om (w}er
Aol A 100 mM g3}o]2 F5Z), potential drift
L = A9 2% (.17 mV/mino|¢)c}. 3 CWES]
A AT T])=NE o) 35U7HA] 7 3he-
£43¢ vehiiv] 2HEsta gl AL o 5 gl

£ A7e 1979 Frdista ded7F2Adn)e
A7 199 FA3tAhe] 1] (94-0800-07-01-
3)9] A el 2J3) fA= 2 o]ol] FAL=RLc}

o g8 ¥
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