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Cetylpyridinium lon-Selective Electrode Based on Dibenzo-18-Crown-6 in
PVC Membrane for Auto Control of The Chemical Plants
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ABSTRACT

The cetylpyridium ion-selective electrode were developed by dibenzo-18-crown-6 for auto
control of the chemical plants.

The effect of content of active material and the membrane thickness on the response characteristics of
electrode such as the linear reponse range, the detection limit, and Nernstian slope of the electrod, were
studied.

The electrode characteristics was better with decreasing the content of active material above the
optimum content, but became worse below these.

DBP was best as a plasticizer, The effect of the membrane thlckness on the electrode characteristics
was improved with decreasing the membrane thickness, but below the optimum membrane thickness the
electrode exhibited an inverse trend.

lNEMdd
Symbol Definition Typical Unit
Ai parameter governing the detection limit of ion i [mol?/17]
a ion size parameter [A°]
N activity of ion i {mol/1]
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Boadb|o) ASHOIE 4 Dibenzo-18-Crown-6% 0|83t Cetylpyridinium 0|2 MEY pvce} B3

(&} activity of internal contacting solution of ion i [mol/1)
C. concentration of the detection limit [mol/1]
E cell or L. S. E. portential (emf) [mV]
Eo reference potential encompassing the potential contributions E; to Es in Eq. (2) [mV]
E° standard potential in Eq. (4a) {mV]
E, interface potential between Hg and Hg,Cl, [mV]
E, interface potential between Hg,Cl, and KCl(sat’d) [mV]
Es interface potential between KCl(sat’d) and salt bridge [mV]
E, interface potential between internal solution and AgCl [mV,
Es interface potential between AgCl and Ag . [mV]
E, liquid-junction potential (mV]
Enm membrane potential [mV]
F Faraday constant [J/mol-equiv]
k; ionic distribution cofficient [-]
k;; potentiometric selectivity cofficient [-]
R gas constant [J/mol-K]
s Nemnstian slope at 25°C [mV/decade]
T absolute temparature ["K]
w mobility of component i [m?/mV -s)
w, weight percent of active site [wr. o]
z; ionic changer of component i (-1
Greek Letters

7i activity cofficient of component 1 0
¢ concentration of ion-exchanger in the membrane I
Subscripts

1 refers to ion 1 i
) refers to ion j 0
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ogE, 2oy

o A78AL, FoggsYe hexadecyltrimethyl-
ammonium bromide$} sodium dodecyl sulphate®
Alg-3ta] Fol2 AR o WHgde HAEE nF9
MEs 87390 B3 AFsch

Tamaki$¥e #3232 dibenzo-18-crown-6
£ °]43l9 1-dodecylpyridinium chloride 5 %
o]l AWM HHHoz wgde PVCH
AFo| B8 AFE 31 1-dodecyl pyridinium©]
29 A% 10%mol/dm®e) NEx WA N-
emstian $Ho 242 AY SHHAE JehA
i, carrier-free membraneo} A2l L& 1-al-
kylpyridinium ion>alkyltrimetyl ammonium ion
>alkylammonium ion®]3 crown etherZ ©}-8%
AFo| 9 A EL alkylammonium ion>1-al-
kylpyndinium ion>alkyltrimethylammonium ion
olgti Bu3tirh

£ dFdMe ZSEAE dibenzo-18-crown-6
o] %ol F8A AWNPAIAAY cetylpyridinium
chloride® ZYAA E@AE Az o3, o &
FAE PVCA A A 2859 39 3%
Aol g Y U, Nemst 71€7] 5& v
il RESS 53 Fo| & AHPAA o] 2194
AFE Azdnn g

2. ol=x] Wi

oMYA AT Zulx wHAX9} o ¥ FA
Fo.2 7Y Zulx vbdaxE o294 1

Y& (internal contacting solution) Hv 3L
Al A 34 AF A= solid contact 2 Wl
HEF A5 (internal reference electrode) 2.2 4
(1)3} Zo] o]Fo] R} '
—Hg; Hg,Cly; KCl(sat’d)|salt bridge|sample

E, E, E, E;
L j

external reference electrode

| membrane | internal solution; AgCl; Ag* -+ (1)
L—Ey— E, Es

L

IElternal reference electrodﬂ

ion-selective membrane electrode

a71x EolH Ege nAl-2A|, nA-Ax) 2
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NA-AH| & ARAA B3 AR, Eps A
A& 9 (liquid-junction potential) L Ey-2 2hA
%l(membrane potential)elth. o448 & At
%2 cell potential (E) 2 the-3t 2ol vehd 4= 9l
=2

E= (E1+E2+E3+E4+E5)+EJ+EM

E0+EJ+EM ............................. (2)

q714 Epe E\°lM EsE& XS 71539
(reference potential) 8 433 4 250 o
A3ez A2 AFEd AESAT gy AL
ol xe] Azt HEHY Eje AP AsAS A
43U E; =022 ¥ § Ytk E = Ey+Eyol
A utAgle] Wislh= E9] wdld sigdch

2.1 M= Nemsti

o] dA LR oJr B o|2out NeH oz wtg
3= ol Wdte AF[7E 532 G A$9 94A
$1(zero-current membrane potential) & 737
2 JAF3 de FEAA oA g BA o]
eh-Lid= g

Ey = f‘_g In _E_Zi*_ .......................... (3)

A71M BEE o AE F AR 849 F9 4
¥ i9 §5x0li, [a]e UE EF 5899 &
TE, z & o219 A&, R2 71A4s, T 2
2% 2 F¥ Faraday’dseolth. o714 Uy g%
FE&Y¢ FF=E YA FAPGA -

E= Eo_hs.log @y rrrreeeeeeeeeeeseneenainiaan (4)

9, E° = EO_S,log[al]; e (4a)

o710} A] s= Nemnst2l 9] 71€7124 25T
o5 2.

RT
s =2.303 —= = 59.16mV/z; -=+--eeeeeee (5)
ZiF

2 (4)¢h 4] (5)8 HInE W) ImVe) AR 1
7} o] 29 A% 4% Hxe BExASe WEE
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0.1mVelstele A& (s £1% oo Fg
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AAZ H(4)7F 482 5 e o34 444
g ojd 5 glenz N&8F Wl ol (interfer-
ing ion) j9] EAF AN A= RAHE NemnstH
9 T Nicolskyd®o.2 g3 2o Yyehd 4 9
t}.
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E = E’—s-log [ai+,§iKij(a)jZi/Zi] ........ (6)

4 (6)AA K;;& A=A S (potentiometric sel-
ectivity coefficient) 2 Al&&H A F0]L&(prim-
ary ion)¥ &) 0]-2(interfering ion) Ato]e} i
A FEEE Uiy b AN dFdch

2.2 Mo &3

AdAFE 2289 (separated solution m-
ethod)# E &894 (mixed solution or fixed int-
erference method)22 ZAE 4+ Ut 2R
Nemst2}olH ol &(i = 1) Wafo]&(j=2)]
T o] 2AA 17} Fol29 AS 2= +1de=
thg 2jo] AFF,

E = E%—s-log{a;+Kj prap) werereeeeeeees (7)

2.2.1 £e-89y
A8 F Fol2 1T EAde A$ oj24dA
%ié.%ﬂ % ANe vy 29 2
= E045- log F PRRTITTIL I LPPPYPIIEPPPRPIPRS (8)
h’i T Fol2g W1 Walol & 29 EA3u
o) & 13} 29] YA7F7E BehA A (7)o A a; = 00
o2 o3 A5 2
E; = E%+slog Ky p+stlog ap »-+eeeeeeee (9)
qhop Fol e} H}aww BEET} 20 4
= ;0|22 NEAS 2o A ARG £ 9l
222
log K2 = (El—Ez)/s ..................... (10)
A7} e A9 ged 2o,
log Ky 2 = (E;—E3z)/s+(1—2)/23) log a
.................................... (11)
Folesh Welole g ma Eelstel WA E,
3 E, & QQ’T%J.O‘:'E’—‘} (11)ef| A el A 4
g 74])‘]"’3‘1‘ At BE 17} o] 29 A4 0.1~0.
0IM &4olA Z4sh} F oj29 FEES 24
37] fistel e FEdlA F4%E A9E Ak

2. 2 2 &% 89y
2 (8)% 4 (9)F E, = E,o ZAo)A ARt
DH:—*} 2P,
K1,2 = al/é12 .................................. (12)
A7 e Ae o 2o
Kio = a1/(a)? /%2 «oveverveenennnninannan, (13)

o] e T TN FolLe) FEE Yo,

ST UYATHX| HIA H1E "9 39

pvce} ®3

AAAE F50 Jehlo] R A9 Nernst2] 9] F4
3 ol e] ZMoA AYzte s]L717t 0
F, FEAE AT A Mo Tt HoA 52 2
ohffo] A (12)e] <jste) HelASE Agct
dhAFE 48R 7%, 25 2 55, X
A 282 4, $vle B8 2oy 24o)
& Fx wat Zol7t A7} B 433 Hofmeist-
er] Mgxe didz cgi]?}q
0] 23] 34 (ion-associate ) &
© AT A4 i\“r];“ ——] g Rt

e 2o,

' T R
K=k =% 15)
A7IM ui% yE oY o] FE(mobility) o]z

ki%h k= 8ol A o] 29 RujA<olrt, mEz
‘g'u“ LH"“"’] uiSUJOIEi ki/kj7]' ﬁaﬁ]‘)‘r\‘o]ﬂ 2}5
FSHAE YHE BAZL AP, &, k/kE o)
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71& 893H(solvation) VA= BAHD} 2
HEZ oj2udA, & 2 tAAe FRY v 5
of wekr AdeAFr wald 4 ok 4,

Electrode Potential{mV)

Co
log a

Fig. 1 Schematic illustration of eq. (16) and
determination of detection limit(C,)
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Kamo%'%& Nemst2]-2 #4123 %(detection -
imit)9} FFAA o2 #AYL Lo Uitk

E = E%+s-log(a+v/a?+A;)/2 v (16)

drld A A BASAEEE Ul AR}
T},
A (16)2 (a)?>A; Q0 A% Nernst?©] Hui,
32<Ai?_] R K;j= A,’/Aii YERE 4 Q) @
AZAEE(CL)L Fig. 194 & 4= = vis} 2
o] Zold £ Ui

Fig. 1914 A(A)= 4 (4)& vl Aoz A
(B)e

E = E%+s'log(v/A;/2)& vehdt.

watd C = VA/20182 A#E AXE 5 4
th.

3. dtine, I N Wi

3.1 dEnE

3.1.1 A<

ZBEEAL dibenzo-18-crown-69F %) Al
YA cetylpyridinium chloride, hexadecyltrim-
etylammonium chloride(HDTMA) (Fluka AG.,
25% in water)9] B3AE AHE-ER, A2
A8 &AL PVC(Polyvinyl chloride n =
1100, Junsei Chem. Co.) % 7}4&A¥ dibutylph-
athalate(DBP) (Showa ether Co., 99%)% A%
Ak

PVCH blendingoll AH8-€ &ull= tetra hydrof-
uran(THF) (Junsei Co., 99% )1, %ol Al
HABGA Q] X Fe] A8 Bvl= chloroform(Y-
akuri Pure Chem. Co., 99% )]t}

FHT5c Eeol2n pH7l A¥wsdd nixe
e 13 ANZHEE &) Mill-
i-Q(Millipore Co. )2 A o3}3ted AR5t}
BFELYL AFAHTNA ARF cetyl pyridini-
um chloride & A &3] H&Aslo] 2E4E o] &3y
0.1M=z AZF 3 10,M7IA &2 434
t}.

3.1.2 Crown etherll cetylpyridinium chloride$]
g

Fol& AHEPA N dgH oz wgde o

A AFE Az} Ao FEERL dib
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enzo-18-crown-6 o]2d] &3 & ) F3}oo}
Lia= 0 ’

dibenzo-18-crown-6¢} 7§ A3l A& o
24 ue} dibenzo-18-crown-6 0.06-1.0g%
50ml9] chloroformell €A1 ¥ 0.1M cetylpyr-
idinium chloride$-¢} 100mlE 250mi HlojA] ¥
32 N A ANavrls awgit o] g9
308 HAE o83l FEEE T ¥, 4500rpm
oM 2A17 Ax witste oldAAS AR
2 #7183 $4og $R F, FAp2 §714
€ sy, #3927 Holgle dgASF2 v
gk
colgge whiez 7, 83 ¥REElY dibenz
0-18-crown-6% cetylpyridinium©} & X&A|7
¥, dolE 8 AAs) d8td 25T 3F
Az A 2442 A28 dibenzo-18-crown-6
%} cetylpyridinium E-3A1E AAch

3.1.3 Cetylpyridinium ¢]- 2=l 4d PVCee] Az

ool x4, 2] Fo] we} THF 20mlE ¥]o)
Aol ¥ A3 wukstHA PVCAA 1g& ZF
H gol A3 LA F shhA9] ol Wi}
dibenzo-18-crown-6 0. 06~1.0g-2 A3 2 Yo] 30
~4083 wRiste A9 £HF S He 448
deth o 84& Ao Ao Az feElR 9
9 FdY (R 30mm, ¥°] 30mm)ol) 9 FAE
13 Rty qdRAE gBe e Fe
5~63 A= €& ¥ feEgos By e 9
Al 2~39 MAM3] Ao Az =22 F2
X ZH2PA wojd o3 AHE o) 4
Ax Wgo g vto] FAE A FF FFA
€ dArh

3.1.4 Cetylpyridinium ©] 24943 A3F9 A=
ASEL 949 PVCEHE A3e a2 Ae
Fig. 29} &2 PVC#(Z°] 130mm, W7 7mm 2
7 3.5mm)9] E¥Fo HA&A(15% PVC-THF
4d4)2 AZAA o= A= A2AZ PVCHY
7V3AeEE A PVCEl FFsla £d0] x|
BEE Ak E£F 2AFE AYY o 4=l
olsf Ztuta]o] YA LXS, UF LA
F& AR A7 Y3t AS% siarE
50mmA Fel e 1H-g Herh olAL 1, 2¢
A= HedA d=2F F 0.1M cetylpyridinium
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& 81MH|9| IZH|01E 93t Dibenzo-18-Crown-6& 0|23t Cetylpyridinium 0|2 M4 pvcY M3

chloride8-H ) 2~34 g10] £}, 919 PVC A
FEo WE 898 A& S Fig. 33 2ol B
AN A2 -9l AFE 4 2BANA
3 € dibenzo-18-crown-6 o] 24ely AT L =
A AAel THLZ 0.1M cetylpyridinium chlor-
ide &) g0l Erh

3.2 AEER|

ANggde g5 FYAte] WAE FAH3
Aste] wbAR o] wide 4 (1)3 Zo) Fig. 30
et it B A F(reference electrode )& =&
# ZEo 2 ¥ single junction saturated calomel
electrode(S. C.E) (Phonix Co.)Z& AR
agla Agsde 252 dASA 87 $)5ky
ol A2 UE Fol F2x& d4dsio 25+
0.1Cc2 fAAZAYG. A9ie AYAA(Kikushi
Co., DME 1400) & ©]& U535 Ag/AgCl A
Fo| FF-& calomel AT 3& A &

3 th

3.3 AUy

A= dibenzo-18-crown-6 o] YA HF&
£A317] A 1A AX 0.1M cetylpyridinium
chloride &9 &10] FAh7t 34 AAd oF

L/— Shield Cable
n J

PVC Cap

Glass Tubing

Silver

PVC Tubing

Araldite Seal

Ag/AgCl Electrode

Internal Reference
Solution

Ion Selective Membrane ¥

Fig. 2 Configration of the PVC matrix membrance
ion-selective electrode

ST AYOIMSAX) HIA H1E "o 33

0% AE 2ead 22 U8 Holle 492 &
opdl & e zoA 254+0.1CE YA 258 &
Ag Z+zke)] B2 49(107~10"M cetylpyridini-
um chlonde)dl 23} Calomel AZ& vlaAZo
2 32 FREE ayshdA A9RE 24819
i, EELAL ulye] ZHE wols 242 3,
43] Aol AFE Kleenex Zol& Foldl ke o}
Al godo] g1o] ZA3H

9
1

Potentiometer 10) Magenetic bar

2 =
3 2
1 - 7
10—teee—="o - foomc=—=oro
1} Ion-selective membrane 2) Intemal solution
3) Sample solution 4) Inner reference half cell
5) Reference half cell 6) Reference electrode
7) Diaphragm 8) Salt bridge
)
)

Const. temp. water bath

Fig. 3 Schematic diagram of a membrane electrode
measuring circuit and cell assembly

4. AR % 2§

4.1 Dibenzo-18-Crown-62| 3131% |&t

o] 2 AFA XN I FAF R &
& o] 2o Mo g kg3t HS-BH 9 MHo
2 & Utk BEEAY 3 Tz wEbA
HeEA sHx, Aoz &5 ¢ hy
ol 2] 484 (mutual solubility)o] #&}5to s
59 o] 2xg o} eHr)

Fig. 4+ dibenzo-18-crown-69] 3}8d Fz9)
HFEAE Vel Z oz ol g e HH2A
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oy, 2oy

9 Z-¢EA 11. 76wt %, PVC 29.41wt%, 2 7}&
A DBP 58.82wt%°lAx, FAE 0.4mmel)
SHALS 52 55 &, IAZSAEE o)l
A o dojA 28 Axol RS AL U
BRI, AR §99 57 ARTE FoAA
AYFFH AN E 2~102 oAt}

Nernst®] o]&2]e] 9% 71&7] s& 59,
16mV/dibenzo~18-crown-6°)1}, & A ¥e] HAg}
244 dibenzo-18-crown-6 ©] &€ A PVCe
=& 47.55mV/dibenzo-18-crown-6 2 Tha ZHe
&e v

v

4.2 ot5e| A&

Fig. 5% dibenzo-18-crown-62] & wz4ql
1L.76% < 735 57 i3 A48 H3le
Eid 207 A7} 0.4mme) 2S¢ 71 $e 3
#E QA oA BEA T} ARAA g Fo] 2
ZHE 3 ASRAN 7} ZAaE7) WEeln wEA 7} 0.
15mm=E gre 7 9o & wHA|3}o] ol A t}E 9t
3 o]l F&3p] 7] oz AAdd. 19
Y4 PVCE ©]-83 n¥zto] SAd thd 9
9Bt AS(coted wire electrode) T ¥]a A 3

-150
-100p
(o]
o
—~ -50F
= o
]
g L
3 0
3 | ©
A <
3 o) o)
£ sof
2
[#3)
100+
—1 1 i 1 1 L
7 6 5 4 3 2 1
Cetylpyridinium

Fig. 4 Effect & the structure of dibenzo-18-crown6
ion-selective electrode potential
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-150—
-1001-
o &
-50 @ §]
S
E
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g jze Y o &
<] A
p & W
¥ sof
§ 00.4 mm
om 7 0. 65mm
100+ A0.5 mm
[J0. 15mm

1 i 1 1 1 1
7 6 5 4 3 2 1
Cetylpyridinium
Fig. 5 Effect of membrane thickness of the PVC
dibenzo-18-crown-6 ion-selective electrodes
of electrode potential
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a o s pré
g 50
3 ° s
2 v O11. 76wt %
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714, 20wt %
1 1 1 1 1 1

7 6 s 4 3 2 1
Cetylpyridinium

Fig. 6 Effect of electro-active material contents of
dibenzo-18-crown-6 ion-selective electrode

potential
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BapAd|el XISHOE 913 Dibenzo-18-Crown-65 0|23t Cetylpyridinium 0|2 ME4A pvCcYyt H2

2o A3 AgelE Yo AFAe] 2
G2 WAA Hol Ve AFwgo] oA
g AY% 2 REAUA AS UPHA g,
Aoz £A7 0.4mmUW 71 F& AES
Wi 2 #AEY FES dehiich

4.3 Dibenzo-18-Crown-62] &l2to| Hst

Dibenzo-18-crown-62] &g 1.969 4 25.
00wt% = W3IA A A & dolrr] $5td]
Fig. 67 o] gaddisle] of2 A5 e wsls
YeR )

Dibenzo-18-crown-62] 3tgko] 11.76wt% ol 1
GEAZE 0.4mmEW AFEJo] 7HF 4
=3

HA o] FSEHA ue v=un FHEF
AA 7} 7EaA 8-S Asta 7] W ol Aol
wet SEAT 7taA Y] BA) vty 2e 4
TE dag 3}

5..d 8

PVCE wWiA2 stx 23832 Dibenzo-18-c-
orwn-6% Fol& F84 AW 44 Cetylpyr-
idinium< ©)43d A 23 Cetylpyridinium ©]&
A PVCE A9 B4 HED 23 v
22 dgg 4t
1) Dibenzo-18-crown-69¢] #3# Fx7} whH =

of A% 2E¥Y, Nemst”]-&7] 5 AZ EA
o X DL Cetylpyridiniume -9 N-
ernst 7]&7] 47.55mV/dibenzo-18-crown-6%}
AE-eHES 102-9X10°M7AX] 24 758
ASE AFstH)

2) PVC A7} AFEA ) nlx& 4L do)
Se F5 T2 FYE JehY, FH9 5
£ 0.4mme]Ach

3) Dibenzo-18-crown-62] &gkl g Jae
ol A5 FolAle HILE vy ort
& 224 L Cetylpyridinium®] 24 742
11.06wt%, PVC 29.41wt% < DBP 58.
82wt % ©] ot
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