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! o JI& ZEE A9y AT vEYr2e QAR PVCIL AHEEHg o, B dFdide &
2l Rks Agsig®, 4vR sfP M ZE 2-nitropheny-n-alkylate, 72532+ potassium tetraphenyl
borate X D-18-Crown-6 5-& MM A4 Axqick ¥ Fe| 9L v e 2] DFol HYHFe
TRE 7BURY PVC EH L] ZFe|2 A4 WS vdld &3 o Ack A5 $-&H(slope fac-
tor)> AAMEFFEHK' FE 1 1X107'~1X1074 M) el A 52 mV/decadec) i, £ AT uyiso]e &
(NH,*, Na*, Li*, Ca?*, Mg, Cu*")e] &Ash= 3|5 S| 2Fo)¢ B(Ph),” ZFLdoz AR
A FuAdg Aeshed AFHes H4sgch

ABSTRACT. Previous matrices of potassium ion selective electrodes are generally based on PVC.
In this study, however, the electrode membrane was prepared with polyurethane matrix containing potas-
sium tetraphenyl borate as sensing materials and D—18-Crown-6 and 2-nitrophenyl-n-alkylethers as
solvent mediator. The average life time of the K*-selective electrode based on polyurethane was 75 days
which is significantly longer than PVC based one, The slope factor in linear dynamic range (1X10-1X10°*
M) was 52 mV/decade. The electrode has been successfully applied to find end point in potentiometric

titration of K* with tetraphenyl horate solution in the sea water, even in the presence of several interfe-
ring cations{NH,*, Na*, Li*, Ca’*, Mg**, Cu**).
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23 gley F2 PVCE WEY2Z o7 Eoln,
Fiedler® o) Ze]$-#ghg AH4-3le PVCe} 7hgdt
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* Sodium tetrapheny) borate[NaB(ph),]:J. T.
Baker Chem. Co,

« Potasstum tetraphenyl borate[KB(ph),] :
NaB(ph), 10gg %&F 100m/e| Zo]3 KCl =
329 S0 mig A3l 7Hgk § AL 70T 147
ghalsteich A7 W7k F YA wyNYg
Fel9 B (1G4 2 AHsln ZFHFF2 3838 4
A of T 22X 2447 AxAA HE
AR Agstdc)

- dioctyl phthalate{DOP) . Wako pure chemical
Ind.

- dioctyl adiphate(DOA) : Wako pure chemical
Ind.

* poly vinyl chioride(n=1100) : Wako pure
chemical Ind.

* Dibenzo-18-crown-6(D-18-crown-6) : Aldrich
chem Co.

+ Valinomycin . Aldrich Chem Co.

+ N, N-dimethy! formamide(DMF) ; Korea Fer-
tilizer Ind Co.

- tetrahydro furan{THF) : Merck Chem., Co.

o) ik2] A5 AfF(SF) 2 Azl A
At AE FAR] gz g

+ pH(mV) meter : M-5 Hitachi-horiba, Japan.

- pH/Ion meter : EA-920, orion research, Inc.
USA.

- Reference electrode ; 2080A-06T, Horiba, Ja-
pan.

* FT-IR spectrophotometer : FTS60, Biorad, U.
SA.

- GC-Mass spectrometer : QP-10004, Shima-
dzu, Japan.

* auto titrator ; Mettler DL4ORC, Switzerland.

EE0I2 M9y o go| =N

B2 o E} AL =x| 9o Azt Ale
3 Ze2)e 4 FAA(PU elastomer)+ DMF &
Foll A gAFgal Aot diisocyanate A
228 dicyclohexylmethane-4,4'-diisocyanate(Hy,
MDI) %2 hexamethylene diisocyanate{HDI) S
ARG Atolle HF 2¥Ee] 0.03% Y
dibuyltin dilaurated Zo§= A}8-3}%. %2, Diisocya-
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Table 1. Polyurethane elastomer used

Sample identification Mn of PTMG Monomer feed mol ratio Wt% of Mw of PU
MDI : PTMG : BD soft segment elastomer
PUHR-15-66 1.500 1:6:5 34 89,000
PUH-30-17 3,000 1:2:1 83 136,004}
PUL-10-100 1,000 1:2:1 61 81,000
PUL-30-100 3,000 1:2:1 83 103,000
MDI : diphenylmethane-4,4’ -diisocyanate.
nate A1 ¥o) 44'-diiphenyl methane disocyanate
] rubber stopper

(MDD <2 A%dle E9i7} e AsdA 44l
7tk A3l poly tetramethylene ether glycol
(PTMG) 9] +3F #33(Mn), 23 $39$
(monomer feed ratio), #A¥ Fa|¢Hk I
% AR (soft segment)d] PTMGS] ¥}, &%
5 dgae 33 JF2ARHMw) & Table
1o} F=slgict. AIubH & PTMG#} diisocyanate
2 WA wgAZ o}Sd 1, 4-butanediol(BD) &
2}&g dA27|E Prepolymer S ol 4-8i9ich.

sEseIo| 8M4. HBr(48%) 71 md, con-H,SO,
305m! R 3722 n-butyl alcohol-g FFE=fie)
Wi 24170 B9t Wk A7 60 i) ClYelH 2R
223517 10%2] NaHCO:7} 248% 3 jeEF =
Bgdo g ARsdch el o g g7
©}& 253+ n-butylbromide(bp. : 101.6C) 50g-
A& | 95%). olsh 2 whie g &
E2s25¢ BEsQUL Azcl F, n-penta-
nol® HBr=%-€] n-pentyl bromideZ, n-hexanol2}
HBr& %€ n-hexyl bromide &, n-octanol®} HBr=
2E] p-octyl bromideE zHzh A

Kai oA (slovent mediator}2| §hd. 4vio)
N Z AL2% 2-nitrophenyl-n-butyrate, 2-nitro-
phenyl-n-pentylate, 2-nitrophenyl-n-hexylate, 2-
nitrophenyl-n-octylate 5-& 77} o1& ol Mz
s}glel. o-nitrophenol 28g(0.2M), B&34-d 30g
(02M), 35 KLO0; 282(02M), ¥ AEZ Ace-
tone 200m/§ 1/72] 37 VFFeisze ¥z
AAAAZ Mo 7hdute)(heating mantle) <t
A e SEB 48413 T4 AR gRee)
$8d ¥ 27 200mE VPt A ARES
%49l t}& benzeneLE 100 mi4 23 3331 ¢

glass tube
(6 = 12mm)

Ag/AgCl electrode

o}—— Internal solution

Yt — . Sensing membrane

Fig. 1. Constructional details of potassium ion selec-
tive membrane{polyurethane/PVC) electrode.

slode). ] ZA-& 10%-NaQH 8922 100 mi¥ 3
3] AHY c}gell benzened AratelolA FHEhe
A AT Fol de FEE PERdt dS
2-nitrophenyl-n-butyrate(bp. | 118~121C/mmHg,
126~129C/2 mmHg, 171~172¢C/19 mmHg)e] <
48 o 50%%ck #1922 Wl fFAsA 7
7te) oHlE&5 Z, 2-nitrophenyl-n-pentylate(3-§-
A|7 1 724)7), & 465%), 2-nitrophenyl-n-hex-
ylate(NF-2-A)7} ¢ 72A17F, 5% 1 55.3%), o-nitrophe-
nyl-n-octylate(4H£A1 7} | 804)7}, 8 | 58%) $-&
A st ok

ZEOIR My MNF2| ME. o)AYAy =y
F& Moody FVo] nufid A fAg 722
Wi Fig 1), AT 5L KW 108
cm) o2 nHET Ag/AgCl 71E4A3§ KCI =348
ol AN @rpd EHFAE FAHUG
Aede) uhgg e e e o
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Table 2. Preparation of potassium ion selective membranes

No of Sensing materials(g) Solvent Polymer Swelling Membrane
Membrane mediator{(02 m/)  matrix(0.2 g) reagent thickness(m.m)

1 D-18-Crown-6 : 0.1 NPHE PVC DMF - DOP 027

2 D-18-Crown-6 : 0.05 NPHE PVC DMF - DOP 0.44
KB(Ph), : 0.05

3 KB(Ph),: 0.1 NPHE PUH-15-66 DMF 0.33

4 D-18-Crown-6 : 0.1 NPHE PUH-30-17 DMF 0.23

5 D-18-Crown-6 : 0.1 NPHE PVC DMF - DOP 0.17

6 D-18-Crown-6 : 0.1 NPPE PVC DMF - DOP 0.27
KB(Ph), : 0.05

7 D-18-Crown-6 : 0.1 NPOE PVC DMF - DOP 0.31

8 D-18-Crown-6 : 0.1 NPOE PUH-30-17 DMF 0.11

9 D-18-Crown-6 : 0.1 NPBE PVC DMF - DOP 0.31
KB(Ph), : 0.05

10 D-18-Crown-6 © 0.1 NPBE PVC THF - DOP 0.36
KB(Ph), : 0.05

11 D-18-Crown-6 : 0.1 NPOE PVC DMF - DOP 042
KB(Ph}, : 0,05

12 KB(Ph),: 0.1 NPBE PUH-15-66 DMF 0.46

13 Valinomycin : 0.05 NPHE PVC DMF - DOA 0.27
KB(Ph), : 0.05

14 D-18-Crown-6 : 0.1 NPOE PUL-10-100 DMF 0.29

15 D-18-Crown-6 : 0.1 NPOE PUL-30-100 DMF 0.30

NPHE : o-nitrophenyl-n-hexylate, NPPE : o-nitrophenyl-n-pentylate, NPBE : o-nitrophenyl-n-butyrate, NPOE :

o-nitrophenyl-n-octylate,

PVCE A3l 53 7H&¥d(sensing mate-
rials) 2= KB(ph),} dibenzo-18-crown-6-ether 3}
P$EEE @522 2= ¥4 H7HAzch PVC o)
EYLE AL Ade 7haA (plasticizer) 24
DOPY DOA §& A7MANZARAG Eelsaae A
40 de JlaAE ARgsR] dgkeh A3 7
352 Addy 5 A7) S8t Qo
¥42T F 71A9 o-nitrophenyl alkyl ether® &
T AANAIEN AT FedE Aok
A oo} 2L Table 29} 7} %, PVC v
EJAE AT welle KB(ph),2] #4e) B 5
& olMES 05ml AE 73t S8)Al7| 2 o}A)
THF &woll ¢ o2l 374 3cm, Fo) 2
cm®] 2R 27} rings) EFYL RT A4
A LA A 4EEAe] £48 A9 =g Azt
stdck. 28y FTe)faee THFO 3849 R
Fol %o=® =®¥ nndimethyl formamide
(DMF) 2vio] $#A17c). DMFell= KB(ph) %
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F FULEE Y olMES AN FYast
ULk Table 241 e 2HYNE 2= £ &4
AR ool 4o 224)7)7] YW 65C 2
oA 244170 AR ¥ 2 YA Ee|gwu e
Yo Aye) fEd B Bo] EHAA Ko
A 9hEAE aAsiodc),

ST 3. Agd K-A"4 2339 7|5
ASE& pH/mV meterel 73] zbzbe] K- w2
S4Q07~107° Mol 9 WFAYES =3l
o WA 2 7 gole) 2x e Gesrzgy
AE A-E3te] QA 25C7) FASE R shedo)

€2 % D

o} olPRMIe] &l JAHY REAFe) 2.
nitrophenyl-n-alkylate % $-& FT-IR ¥3-3x 4|2}
GC AFEHAE HPES YQslqic} Aggrde
7€ o-nitrophenyl-n-butylate(MW : 196), -penty-
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Table 3. Potential responses of potassium ion selec-
tive electrodes

Electrodes Slope factor Linear range Life-time

No (mV/decade) (M) (day)
1 55 0.1~1X10 * 16
2 52 0.1~1x10"" 1
3 8 - -
4 52 0.1~1X10"* 11
5 52 0.1~1X10"*¢ 17
6 54 0.1~1X10"1 19
7 47 0.1~1X1074 8
8 48 0.1~1x10°* 75
9 56 0.1~1x10"* 5

10 56 0.1~1x10* 27

i1 56 0.1~1%x10"" 12

12 14 — —

13 47 0.1~1x1071 52

14 50 0.1~1Xx10 1 4

15 48 0.1—~1x10"° 7

late (MW : 209) ,-hexylate (MW : 223),-octylate
(MW :251) § 8% ¥l sast (M+14
=} @A A Jepger iyl RE dAVE
28 e 5 ojn| o] A7)z} sl vebktch

MM S (slope factor) 38, SEEx. 7
K* F4dd digr 4559 47485 3432
71 %7112k slope factor), 41*¥#(linear range)
%) L9 (life time) 52 Table 30| +53}dc). PVC
g A4-g AFe 7)€ 56 mV/decadeo| SAaL
Za)eaet Ao AL ojRr} thh A5
52~48 mV/decadeZ4] ©]&3kal 59.2 mV/decade
obe A3k Al ol AL B 5 AR
Ze$dgr A3 £ PVC AF9 FHEH
Agdch. @ A9 FFole AdA AT FYF
e 2PcH(Fig 2). Sels-ske Aol uj§ o
ofgte) 2 elolA) Wl g F2 WEAdE Kl AL
A B(soft segment)s] ¥zl ¥E (8%
PTMGS] MnE 300045l o] vlEgxz 3
aiche g WwAstsdch Fiedler'® 5o Aol
A Zejsagr 438 71271€ 44 mV/de-
cade® R.7% v} A%}, Felgalge) 24E =
Ay wheAde] $stwA £ Y ¢ UE
Aol 7heghe & £ Uk ol AR

£l

7

C

{mv Vs S

~ 140

- 180

- 220

- 200

PR
Fig. 2. Relation between electrode potentials and po-

tassiwmn ion concentrations for polyurethane/PYC mem
brane electrodes. < | electrode No.1, & ! electrode
No.8, @ : electrode No. 15, a : electrode No. 10

Falgel g4ae)7} FriElng AR 48
AR = 97} GEolzn 4745 PVC vEH
22 243 79 = KB(ph),T $48E del=
Zgol el sl 7ol ukg-& 3HA YA di-
benzo-18-crown-6& A}43E% %2 KB(ph).2}
E48E Ao (100 AT o] A5
N¢rlE veY 2 FHE AFEE ¢+ A
ojre}. E E2|$EtE AMHE¥ dle KB(ph),®! ¥
Ake go|sh=|t ukS-Ad-e FH 939t dibenzo-18-
crown-65 AHEH& woll rk-5Ade] WEF] Al
g}, Solvent mediator® AMEY ZF ethers-&
ol g AH4ElER WoE Ae)hde WAY T+
gl A nt gk A7 BRI FEE 32 UE
& afgie} olZ g AE3HA] 49g Afele A9
EF(drift) gAtol 2~387 A&HA T 4L
Aol 3 o)Wl dAkgte] 95%F AAISE 30
Z ool HFoch 24-¢w ¥ (linear range) &
Zgl$de Q PVCe RE AJdA BFEolE ¥
T IX107'~1X1074M 16l o] FeiHen 1X
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Table 4. Selectivity coefficients® of K*-selective elect-
rodes based on polyurethane matrix(D-18-Crown-6,
o-nitrophenyl-n-octylate, PUH-3-17)

Interfering ions Kt

NH; 38X10°¢
Na~ 29X1077
Li* 1.7X107°
Ag* 73

Ca®* 37x10 *
Mg** 19x10°*
Cu?* 42X10°*

“Separate solution method at intertering level of 1072
M.

~ 400

Vs SCE)

E 'mV

EEETAT0 I o

-0 f

»/_/’J
S

1 2 3 1 5
G481 - Napiph)g o}

Fig. 3. Potentiometric titration curve for 125 mi of
sea water with 0.48 M-NaB(Ph), using electrode No.
8(Polyurethane matrix).

107* Mol HAdold "lelyelFig 2). 22y
(15)9) AS(PUL-30-100 AH8) 2| 7 $-olls 2o
< FE IXW0PMeME Ae] 24| o)fejzick

pHS| Y& MEb|$(selectivity coefficients). 2
Folx #8942 pHE Wizt A 71w (8)d A3
o] $-2 Mokch AFE pH7E 4.0~85 WA
LAY ANAE ez 2 9o do9(pH30
Y 90eME 1~3mV = 3 M) glg
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2 pH Ah8-<392 w-e Holal sic) 2} ofele
A PP dol7) )3t dYAFE Tl
Table 4 Aok Ag' o) Ao ggte] ois 2
ol olFY WHAIE(K' [ 133pm, Ag® : 126
pm)e] A2 vl Ao 7|3k 7o A7
€},

TAE R (application). A4 £4¥8e (3)w
AL AH8sle] f3 o H3ug Fo PHo)e
g 5slot 0.48 M-NaBiph), &80z
#HHAE 125 miE 3% Arke ol §edo)
390 ppmeE YUAELEPHor do ZAzjel 2
A=Ak (Fig 3). et B[ E(N: 10%, P:
26%, K: 21%) 39 2§ ¢ 0.1 M-NaB(ph),
EEENo2 ¥ st B(ph), o] K- % NH,
folf tisled B G4 AWE F o)FoE o
HYxAE el = K 3 NH,' o €& ofol
el Wxe) abgo2 NH gapes 233l
FgA A Asez 2§ $HE 78 5 ek

3 B

(1) 22 -8 matrixE AH3-8 o) &4 g}o]
PVC matrix& AHE3F o244 2y} $-7jo]
Y A3Es AR fyEiglon, 23] o A3 (soft
segment) 2] gol F& FEB matrixF 4 A48
7o) He}siich

{2) Linear ranget W%%2 #H3Io] K* &
I1X10 M o) 3ol A& o)Fsen} PUL-30-
1008 AH83 (19)9 459 A$E 1X10 M)
ME g o1Fc)h

(3) Z2|$-diet matrixe] o)A nte] Y=
A9 $Fa-e 48~52 mV/decade, A4 pHoide
4.0~85, Wefo)L-2] QP2 Ag' g Adstne 4
AR (Kaw) 7F 1L7X1072~42X10722] g 2]adch

B AFE BRY 24 dpulel Jee
2 olRojnen ole] F& HAE =g
2 g 2
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