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Q of B dFdAE AZAS BAWES Agsld 2AHLUAR dibenzo-18-crown-6(DISCH)$ valinomycin(Val)& ol &3t Kol 24 €A PVCH
AZol vty foAweM e FZENS PENGTE PVCHlA ZEBA (LA N EAH RS £ (doping)ed ¥, #EEA TR #F, 7h2A,
057 9 o]2e FEEWle] 0 AF9 7187, ABSPEY FAZHEE D Pelo| o] 2 HHAG F WSS HESUT FHLUAR
DISCH6, Valg K'o| e o2 aa|aAlsta A5t %, 7t2AZ dibutylphthalate(DBP), dioctyl sebacate(DOS) % dibutyl sebacate(DBS)E, E4A 7]
BA#AZ potassium tetraphenylborate (KTPB) 2 £vl2 THFE AAAZ PVCE oj&atd g Azt utAe] A FF DIBCHS Vall
A9 323 wt %0120L, 7FAAE DBP7F 78 HAd 7taAolA BEA dFt e HH 9T oM GFAM GobdsE AFEA F
olzlou MR} o) o]FE ol SutAle] £ ue] BT Fo| Fgale] AFEA0] PS¢ & YAk DIBCHS A$ Kol hg &
Foawe] og g AL e 2ok NH > Ca > Mg” > Na',

Abstract: Electrode characteristics were studied in the interface between sample solutions and K™ ion selective PVC membrane electrodes containing
neutral carriers, dibenzo-18-crown-6(D18Cr6) and valinomycin(Val). The effect of doping of base electrolytes, the chemical structure and the content of
carrier, variation of plasticizer, membrane thickness, and concentration variation of sample solution on the response characteristics of electrode such as
the measured Nemnstian slope, the detection limit, the linear response range, and potentiometric selectivity coefficients, were studied. In order to
synthesize the membrane D18Cr6 and Val as neutral carriers were used, and complex between the carrier and K ions were used as active materials.
PVC membrane electrodes were made of plasticizers (DBP, DOS, and DBS), the base electrolyte[potassium tetraphenylborate(KTPB)], and solvent(THF).
The chemical structure of carrier D18Cr6 was best for electrode and ideal electrode characteristics were appeared especially in case of doping of TPB.
The optimum carrier content was about 3.23 wt % in case of D18Cr6 and Val. DBP was best as a plasticizer. As membrane thickness decreased the
electrode characteristics was improved. But its characteristics were lowered below the optimum membrane thickness because of the elution of carrier,
deterioration of membrane strength, etc. In the case of D18C16, the selectivity coefficients by the mixed solution method for the K™ ion were in the order
of NHi > Ca” >Mg™ > Na'.

Key words: K -ion Selective PVC Electrode, Dibenzo-18-crown-6, Valinomycin, AC Impedance Spectrum, Ion-exchange Current Density,
Warburg Impedance
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FHLWAS ol8 ¥ Kol &MYy PVCT A3 735

propylene(PP), SN ZEA|$A), styrene-divinylbenzene 35 HAE o}
033 o] 2w BeA], nA L ¥ AL (urushi)E o] &F A
23 JBu AF (coated wire electrode) $22 UE & Utk
o] FA 743 ¥y AMEHE PVCE AL AA Y A= o
M2 gz e e EF4E Gol, ANy, &4, #7] 29
23 Fol g, AWBHA L FZo Mo o|&Hm, A7}
3t Az 123 1ge]l YA ¢l AHE Az 7.
ASHA FHE L o] LB AF tig AFME F2
WA (carrier) B2 73872 (active materia) 2 AFAlolu] uk
$FEAZ ALHE FUIAF, LolE, oj23FA ¢ A He
2 FA o] 2244 (electroneutral ion carrier)E o] €38tdch 1
gy ol x A FaAd Hgtd #E&EA A, sy
43 2 deAl$ (selective coefficient)ol} tha 47188 o]
o] AN e A B} A d77F Basilg &
3] Moody$} Thomas &[10,11]0] &utAlZ didecylphosphoric acid
5 AL o] &d Ca¥ o] eMHA AL HE AR oF
At Fda AN 34 F9 $0]-&3 tetrafluoroboric acid,
Ta, Cs, K, NHz 012 § 7% 340, 3430, oA 7]
% = A

B2 R ASGF ol A3 A5 dd d7vt dAsH &

&, AR, 33Az 59 Ad7A B4 Ao Ao gout =
el ukAl, 7haAl, PVC 2 40 59 Edu|go| Hgaix @&
oW S AFEANS 48 F floH, 53] &0y 7aAY F
78 A5 B4 A 9%E vAdn BaFe] oHe9l AF
Al ol2Mdd PVC AT JtaAg EYARA 71EA
Fo A AxE, AT 2 23 =4 (solubility parameter)
(1219} Z2& AR - 223 AAd 93] PvCLe AZE o F
23 AAZ FLIA4] FAXWAE o) 88 Kol2HdA A
ol #% d7E A dBEE valinomycin (Va)& o] 83ta] of
23 PVCHolA A, impedanceE4 5 dl28 A7
12[1,13] dibenzo-30-crown-107} dibenzo-18-crown-6(D18Cr6)<
o] gata] MelAso} A4+ (formation constant)S ZAH5H L
®oltH14]. Morf$} Simons: Val® dioctyl adipates} o-
nitropheny! octyl ether® 7H:AlZ PVCHE AZdo K o] &9
g Y& (transport numben)® A-HF #AE drsigot
(5] zevh &ubAl, 7haal 2 ZRAdE 59 $33 72, i)
A 2 AV AEHE AAes 7Y =S A9 Atk
B dToAe &R DISCHS Valg o] g8t Kolexd
A PVCH 3§ Axd PVCE ol2AdA AZd ggt 72
Ml d (base electrolyte)d] YR, LutAlo 259 &% sla
A, 457 4 o] FEWle] BE Nemnst7]27], 4845
B 2 WASATEY, dao)el W& HeEAS 5L Nemst
SHEAS gt Hu - AESYeH, = 1l Valda
grol Ax FHA ol £& DISCH-PVCY AZL Musies 22
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2. ANz, FA| ¥ Uy

2.1. dENE
2.1.1. A <

LA B Fee BHEY dibenzo-18-crown-6(D18Ct6)
(Sigma Chem. Co., 98%)} Val(Sigma Chem. Co.)& ©| 83} 3,
HIE 28222 tridodecylamine(TDDA) (Tokyo Kasei Co.)& o
&5, I54 o] potassium chloride(KC)(Junsei Chem. Co.,
9%)¢% EFAE Az ALgAY 124 AAAZ PVC(n=
1100, ISE grade, Junsei Chem. Co.) % 71442 dibutylphthalate

(DBP)(Showa Ether Co., 99%)$} dioctyl sebacate(DOS) Tokyo
Kasei Co., 96%), dibutyl sebacate(DBS)Tokyo Kaset Co., 98%)
£ A48tk PVCY blending®l AH8¥ &l tetrahydrofuran
(THF) (Junsei Chem. Co., 9%)e151 oA, %ol& ngA 9] ukgA
< FYA717] A3 EUA (doping agent)Z 71¥ A2 (base
electrolyte)q] potasium tetraphenylborate(KTPB)Tokyo Kasei
Co, B%)E A7beto] Ao, o9 RE Aok EF A
AFE FAS A AMgsg. /5 BE ol pHI 48w
Fo MAe 9F%E Rty UFHFE 25 A7) Milli-Q
(Millipore Co)2 ©HA] oj3}3le] vl & 183 MQ - cm ol =
TFE ARSI

Zgol e EELAL 25 AFAY M AZE KCIE &
3] Pl oj29 FFE 107 M KCIE AZE ¥ 107 M7t
7] 22 A5t AR, YEFO|LY Fiolle #F
% 10" M NaCl 3 10" M HCI 598 wioz Azsqd

2.1.2. ¥oj2 MEN PVCE H=E

%ol Ae4 PVCHE A%d7] 918 DISCHH Valg el
Z4e) w2} 006~10 g& chloroformel £31A170 ¥ 107 M KCl
4 100 mLE 250 mL vlolA¢l Y1 1A ¢ Ad sz
ZPge) o] §AE RIS olgsto 308 FAAMA K714
chloroform$& A(ZAYHE 22)3 £89 4oz 2288 3 )
£, ZEE AHEE §7145 S FAVIR S F Fe948e Y
g3 A FAEA (complex formation) £4oT e Fg ¥
AN w2 agkgith olsh e wyog 7~83) gHEslo]
AAPEAY F714ES 252 3~43) Aol e ARy
2 4500 rpmillA ZEIE FEL AAR 3 25 T AZ74A4
1A zF BEOjL FAFEE AU £F 024 FAS
A8l AolA Qe F3REo] KTPBE SubAel s3]
10°~10* M& 7}814 DISCr6e 2H](067:1~2:1)8
7HAA ZEole AJFEL IUY. TF: BFO)L A
PVCEHE AZ3}7] i8] @) 243 g FAE @
20 mLE vlelAd ¥x MAs mukslHA PVC 92} 1 g& 22
A ol gA3] fANZ F JlaAed wE QoM 9L E71x
AAFAAAL 01~10 g& A= ¥z 0~4027 :ukgc
9% ARl Aol AZF FAR Aol ¥ FAPWA
mm, ¥°] 30 mm)d %9 FAE mE s FA)E 793
YA E e Z7|2 A7 5~67 AE YL F oz ¥
Z FEU ol¥A 2~39 ALdM Az e Ay BHA
(Mitutoyo Co.)5 AH43to] Azd 4o FAE G4z Bgo
Z 28t H TRAE JAG3L
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2.1.3. ¢0|2 MM Mo Hx

ASEL 943 dzd" PVCHE A9e 2712 2 Figure 1
9] 2)¢ o] PVC&(Zo] 130 mm, WA 7 mm, $74 35 mm)2)
EFE HAAS % PVC-THFE M2 n4A A, 24 7A4E A
ZA7 g PVCHY] 7R E WE §0] A gE2 ¥
AE AHgste] 4Ads HAAI T TA U4AIT Ao A AzA
¥, /45 AT AU g AAY TR o9 BEXE
107 M KCl 80 2, 39 20| 21},

2.2. 4EHA|

AEgde ZFme A4 BAZ 2Hsy 4% FHS
Figure 1¢] Jepiigich

ZlERFoe single junction saturated caromel electrode
(S.CE) (Cole-Parmer Co., 60648)E% AM&3tgith a8z Alg &
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1. lon-selective membrane 2. Working electrode(Ag/AgCl)

3. Sample solution 4. Salt bridge

5. Reference electrode(calomel) g 102 M KCI

7. Potentiometer 8. Magnetic bar

9. Internal solution
Figure 1. Schematic diagram of a membrane electrode measur-
ing circuit and cell assembly.

9 22 4AsA FA%7 s F2=(EYELA Co., SB-9,
max. 70 T)IA 25+1 TE FAAAD A9xE A4 (Hung
Chang Co., Digital Multimeter 8%02A) 2 H|XECSZ Scanner
1200(data recording and programming DE 10-70)(NEC. Ltd.)&
o} &3te] = A (working electrode)! Ag/AgCIATE 43,
NEAZY Z22d A3L 3o Ao FHIA

2.3, dyud
2.3.1. 3= &3

d F dezdA dFLEE fAE 4749 ZE UEF
Aol BEEA107~107 M s8] 23 B2 A3 &
AFo2 W FofEH wdatdA AHAE FAHNG of o,
Agolgel K¢l 2% o]l&%= ZHA (onic strength adjuster)
Z 5 N NaCl& B&899 $=4H= 001~01 mLE 7}sto A
3 B8 ure Y de 2eFE 343 A3
Aold o Kimwipes Fo]2 Fobd thE thA §ld] o]
Z43Arh

ol
=

2.3.2. MeApel 53

HaARY 34 3R] QAS LEAEH ol RE
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Figure 2. FT-IR spectroscopy of DI8Cr6(a) and complex
formation of D18Cr6(b).

3. 43z
3.1, gol2 MY PVCEte| A YHA &2l & 24 &Y
o] 2AHA AZ e Az oA M FLE AL EFE
2o deFoz whgste EWrAe Meolzt # & it B AT
dAe 4 AR DISCHH Valg AH&slgich gwtzogd A
o 2YE Zde ALl E AT rngd FY AFHL F
7 (cavity)® 7P o} F&ol23 B0 g whEain, o
AT o3 DISC6S] #7443 ¢Ze] £ ¢ EFS
o] zte ol 2wt % dpdTe A o HMeHoz AHAPE

S B=EE A0 gz wEATH24l
Figure 2% d¥X 22 DI&CiHel
FT-IR 2¥9EAL AN ZHE
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ZEol2s AXFPAA
ZAe sandwichy & ©]§3}o]
317 &, NaCl platedl]l AIRE 447 1~2%-84 #3535
FA7E 01 mmAE HEE 340 Figure 29 (a)olA= DISCS
AA 7L 7422 YE polyethers] EAEFSUY C-09 A%AF &
Fo7h 1250 cm” 22904 Y} 9l T8 polyether 722 A
WE C-H A23F F5u7 3000 cm” #2olA4 vehd gich
a8y ZFoles ALdHZY FIJFEL AT beAME
C-0 EA4EFUY W gloy 3000~3500 cm ' Atojol A 2
Z C-HY F5d7 24" RS A £ Ak olRnez
DI8Ci6el ol S AAMYANZ A4, AetE =29 ringdl
ZHgol ol THE DISCHY 3y Fzv WaEEss ¢
F AAh
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Figure 3. UV spectroscopy of DI18Cr6(a) before and (b) after
complex formation with potassium ion.
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Figure 4. Effect of cation selective electrodes of D18Cr6 with
KTPB, Valinomycin and TDDA electrode potential.

Figure 32 DI8Cr6st Z-gol29 APE FAHH L UVaH
Efez Yed o=, ol& DISCH7} o] A go| nluz &
ZFold d3 FAE YH}T Y&E BT Yk 2N
(@t ZAFAEH DISCHAAY FF 2HEF Amm &0 242,
278 nmellou}, ZFolEe s FAFANI (b)) FF, ZFol2
o B FAez A8 FF 2HEH Foo] o]FH A
ol 256, 294 nmZ °|F3Ath. ol& DIBCr67} ion paird FA
o] ol 2Atele] A2t NS Moz AZE.

3.2. 2utx|o| &j8tH Txol 2utxel K© SH|o oA

Figure 45 312 D18Cr69}t Val 2 v|w§ 22 TDDAE o
4319 AFEAL U Aoz AZY 7L7)E 77 5846,
5244 2 5196 mV/pK'elx, M¥EEsiel dAZH s A
% DISCr67t #ASAEE 10° M 2 48889 1x 107 ~
85 X107 M9 o]4Hel AY & AFAHY & Yehigith
AFAA 229 d7AH13lE K o)eddA #3oz JAT
A2A AZYAA K o2 HdFoz o|FAJE Aog 47
A Vag ol g8tioy ¥ dAFoHe Kol (A& 266 A of
ato] 48 w8324 (reactive extractant)Z 2ejx Yz, AA
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Figure 5. Effect of molecular ratio of D18Cr6 and potassium on
the electrode potential with KTPB. )
: carrier =323 wt %, TPB =9.994%10"° mol/dm’, d =019 mm

o] ZujZ ALEH T FAY WRE Aoy R AgAoR
379 Agol 27 A DISCI6E HHRE o] &3l olAbA < A
& Mesta)

Figure 5% DI8Cr6s} Z-gol29 EHE WA AAFAA
o 7|24 A2 KTPBE H7/MIA AgolR K9 #F5e) Wil
o Wb AFHYE dehd Zolth o] F$ A5 FEE o]
AE=(E 7% g Debye-Huckel2] & ol g3le EEAF(7)
£ Tote] EFEE AASHOIL o "9 u 24 guky 325
wt %, PVC 3225 wt % 2 7}2A(DBP) 6452 wt %01, o
F7AE 019 mmelgles, EY¥ KTPBY % 999 x 107
mol/dm’e]4th. KTPBE &8 A% Estx ¢ Aeng A
FEAol WS A D, Byl Wl watd AZe 7)), &
AZREE 2 AP 4EHEY 5202 0 IASHAEEE 108!
1>12:1>15:1>1:19 €42 108:10] ¢+58 AZFE5HL Y
B o] W AZ2AEEE 10° M3 HEeHEe 1x107~
85 % 10° Mel9X, Nemst ol&4d] 93 71&7), S& 5016
mV/pK'olt}, ¥ AgdA PVCY AFL 5846 mV/pK' 2 thi
A2 e dehlided, A#"Hz & Orion AT 56%1
mV/pK Bt 24319 tH18). o] AE BHl7t 1:19) A$ Kol &o]
olFE ¥l §l1, 15:190 A% Fo] YR PolAy] wi
ZI2As Aol UL S Zae Aow AZHTNI9] "k E
Ay M PVCE AT o|AHA AZog B £ gt} R
KTPB7} o] 2] A2#Ad] glo]x #4A4 712 Asd ol g
AFAT /7149 718488 029 A5A4d o2ge AR
ZA 9 Hdr7t ARFgager ANHeE (-)AHFE 7
Ase] K'oleg) Adjel5S FWAF|Z, o] APo] Tz
sloj 29 Wale ¥A ¥3 =AY £ 9 4F9 EYA (dopant)
ot 22 HAE M 9lon, =8 ANH (potential window)S
()43t Bz g WY £ vty ¥EF Korytal2019] 97
2 g skgick £ule whgol dojux] e ATHYE Ao
2 st o] AYAL Lujst Az AsA EF) w A
o SHAINE B B5% & FAZAFE olstAE da 2

J. of Korean Ind. & Eng. Chemistry, Vol.9, No.5, 1998



738

150 - e -
100 -
| ]
Z
— 50k ® 4
+x
ui | |
s °
3 0 - 4
a2
] ° * A
e ¢* [ ]
g 50 |- —
uwt
L u ® 0671
A A 1.08:1
-100 |- s 21 -
A A
-150 | 1 1 ! L 1
7 6 5 4 3 2 1

Activity, pK* [ mol/dm®]

Figure 6. Effect of molecular ratio of D18Cr6 and potassium on
the electrode potential.
. carder =323 wt %, d=0.17 mm
ojA 2~3% AxZoA orgd ANGES YA, AS £99
557t 5E4E gobAA A¥SE P E 2~10%0Ath

Figure 6& KTPBE #7}8tA @& 2% DI&C6s}t ZEolL9)
BN E WA A AF3HYE Jebd Rejoh Eu]7F 1.08:190 A%
oto] zA L fubd) 323 wt %, PVC 3225 wt % 2 7144
(DBP) 6452 wt %°i02, &7 017 mmoldth A39 71¢
7], ¥AEAFE @ HNY3PEY T HAIEHL 1.08:1>2:1>
067:19) €42 Figure 59 »}7HAR 1.08:191 3¢ 7M¢ $2
A3E etk o we dAZAFES HFLITHAT
KTPBE #7He ZA$RT woldA 10° M 2 AESE 89 1x
10" ~8x10° Moldm, Aol 7147 5708 mV/pK 2 7] 243
A AWM A9 50 £4 gL 23E Yeiiglch

Figure 72 ZH|7} 1.08:10]x, $utalle] kol 323 wt % ¥
% FA7 017 mmd 9 JtaAle] $F W g A5H49E
UERd Zejth o] W ZhaAe] FFS 6452 wt %, 0.36 mololNd
2, 20AM & 4 & ui¢k Zo) DBP>DOS>DBSY ¢#o=
AT BAol Fohath o|RE FHol2 3 EZ we} Hajn
FEL3 olHdy AFE AHER 4 7t4A=Z DOS>DBP>
DOPY ¢4 2 $43dn HaHogiy21] o A9 DBPE A&
39 o A9 71€7] 58 mV/pClo; 2 AFLHEY 1.0x10°
~4x10° Motz B3# Liu $[22]9) 4723 vz o
7txAY F5HE oY B AgdAe AFEHe] g, ¢
2119 d7A7e dA&FH

Yoz AYH PVCT oMYl AFo|A staA &
ol 66 wt %% A& AU, B AFA Y 7taA FdFe o
2 At} PVCE AFoA 7H4Ale] o] How tho] A3tg
of gt UolA 2wk Ssl=rt oA m, A3le o] FFo] o}
A7l Yo AFoE AHEE & YUsiTh Y 7FAA Y ko) B
od EHAY LT AAY FEA02 9 £50] AA Ao
Fo] BudA RetA @t oRE 7taAl-&ukA € PVCY £
=9 (solubility parameter)® AWd F QIcHI2l uwabA
PVCH AFoA 7kaAEs A (mediator)E& Aok 317 wEol

sY3ist, A 9 ¥ A5 5, 198
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Figure 7. Effect of the potassium ion selective D18Cr6-PVC
membrane electrode at various plasticizer of DBP, DOS and DBS.
: molecular ratio=1.08: 1, carrier =3.23 wt %, d=0.17 mm

AHgell AFE 2A g F, AT 2 taA

Al 3= AxH12] (£ PVC =203, DBP &
=190, DBS 6=188 @ DOS §=176)%9 zol7} & &4E HAF
EA4e] FoiAY, 7k2A7F DBPY A% 7MY £ haAEgn B
1% A¢Z{12]9= YA EH . 3 Hulanicki 5[23]& tris
(bathophenantholine) Ni(I)& ©| 8¢ PVCHFAA &ulle H4H4
7} AZFE dAZFAH T Foidun BEIHT Iy
Birch 5(24]& A48 YEFFE o4 AHIA A&y A5
AA o] ARE EFH AT 7tAAY 4FE AT
#EEAY L35S sz dFS uAve AT AFHe
2 AR s Azhgd.
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3.3. 2utH| Eato| HE
Figure 8& KTPBZ 999 x10° mol/dm*& #7bste} DI8CH-K
o] 29 EHE 108:12 FAFHA uhde] $FE 164 wt %
oA 909 wt %7HA EHAI T FAS 019 mmE FFPL W A
SAYE Jehd FHolth 323 wt %Y wW A=Y 71Lv)E 846
mV/pK 0193, $AZFEE 10° Molglen], d8edudE 85
X107 M2 714 & A339% Yehigd =8 323 wt %4
o gubAe) dgo] FrMESE zelu HY o o3l 164 wt
%ANME Nemnst7] €71, 3ASHsE € HYIEEy 5 A3 &
el A @y
Figure 95 KTPBE d71stA] & ZHol2 A
SollA EutA 9] ol AFAYP MAE GFE
7} 1.08: 1Y o ubA19) kS 323 wt %ol
2 HgA7T FAE 017 mmE ge W, SuAY o
323 wt %9 AS$ AF9 7187 57.08 mV/pK, BAZAEE
10°M 2 Agegdy 1x107~8x10° M2 £ A=Y=

YERRATE Figure 8% Figure 92 AIA9WA vz o

[7]%
Adea pvee A
Lebd Aoltt.
A 1176 wt %
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Figure 8. Effect of the carrier content of potassium ion
selective DI8Cr6-PVC membrane electrode with KTPB.
:d=0.19 mm
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Figure 10. Effect of the carrier content on potassium ion
selective valinomycin-PVC membrane electrode.
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Figure 11. Effect of the membrane thickness of potassium ion
selective DI18Cr6-PVC membrane electrode with KTPB.
: molecular ratio = 1.08: 1, carrier = 323%, TPB =9994x10° mol/dm’
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Figure 12. Effect of the membrane thickness of potassium ion
selective valinomycin-PVC membrane electrode potential.
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Figure 13. Potential response of DI8Cr6-PVC membrane electrode
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: molecular ratio = 1.08: 1, carrier =3.23 wt %, d =019 mm

Table 1. Selectivity Coefficient KJ% for Potassium Ion
Selective Electrodes by Mixed Solution Method

pot
Interferant, Kics
j @ 1B | o1PB | xie || rmge
aad. no Xie Thomasb =4
NH, |562x10"|19 x 10" - 024 [12x10%
ca |2s x10t |17 X101 - - j26x10"
Mg® 1891 x 10?398 x 10| - - |18 x10*
Na' [177x10%|25 x10°[45%x10°| 028 |26 x10°

*KTCPB: potassium tetrakis(4-chlorophenyl)borate by ratio of
apparent ion-exchange current densities.

PKTCPB, solvent mediator: 2-nitropheny} phenyl ether.

“valinomycin, solvent mediator: diphenyl ether.

E Addas 9X3A gou FIF 2WAE o]43 Leedt
Thomas([27}¢] A& AIF9} Valg o]-43lo] apparent ion-exchange
current density®] Bl&2 MHAFE AL THER F(28]9 A
AFE ¥ 489 Af vmg Aotk

Na'# Mg" ol&¢ Aslstne de d74enn £ A%s
YEeRHALE 8 KTPBE A7I8IA @& ZFol2HdA AFol
KTPBE #71d A3ud & Z3E Yghho 2 4389
DISCI6-PVCE W3¢ o83 MeAF HEe NH >Cd >
Mg® > Na'elglth ©)RA€ Umezawa S{29)o) 23 Uut MejA$
Aga gx)sgoh

4.2 £

£ A7dAE FALAZ DISCEY Vag olgdd Kole
Mg PVCe 239 o W13kE B4 A3 S48



F4LUAE o188 Kol2¥84 PVCH B 741

ol g3 Fud 43 g 2L 48 Ik
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A 9] ot
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