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2 9 Monohydrogen arsenate & A9 AH o2 FA Aak3ly] 93k 7R A E9l Ag,S-PbS-
PbHASO~CusS &t A|7}A] A9l Ag,S-PbS-PbHAsO; 2 5 o] AzFHo HrAHAt AgS:
PbS : PbHAsO, : Cu,S 9} A £u] (E¥])7F 2.0:0.5:1.0:0.259 AFo] AN 74g, I3 %, &
%9 ARl 349 0.1F NHAcNHOH 93 §9 9 949 ol & 259 pH 8502
2 24335 107~107*M HAsO 5= HelolA AF3stglaz, CN-, In, S5 Cl- 5] w38t glch

ABSTRACT. Four component AgsS-PbS-PbHAsO;~Cu,S and three component Ag,;S-PbS-PbHAsO,
electrodes have been prepared and evaluated for the direct measurement of monohydrogen arsenate.
The 3.0:0.5:1.0:0.25 (mole ratio, Ag,S : PbS : PbHAsO, : Cu,S) composition is superior in
terms of potentiometric response, stability, rapdity of response and reproducibility. Testing was done
over the concentration range 107*~107*M HAsO2 in 0.1F NH,Ac-NH,OH buffer solution at pH
8.50 with constant ionic strength. Interfering ions were CN~, I~, S~2 and Cl-.
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binder 2.4 Ag,S7} AL&3 %, =g J&
4 14k3g]l PbHPO, 71 7+--EA 2 o] &gl
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o 43S Ag,S-PbS-PbHAsO,~CusS 8} Ag:S-
PbS-PbHAsO, 4] 3}3 o] & A 52| Eu] & 3:
1:1:0.25,3:0.5:1:0.25, 2:1:1,3:1:1
2 ASAA S EA S Az, o eEAL 7
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1. 7171 & AjoF

(A) 717

1) AARATE & A7) A& monohy-
drogen arsenate 712~ A T8 ALL-35l% o1 (Fig.
1), 71% A2 Fisher S
x5t #2435 S.C.E,
AHgag e

(2) ZE A9 =42 Beckman recorders} -
5] Orion Research Model #901 digital pH/
mV meter & A}-8-319] o},

(3) A1 8.9 wig-& Spex mixer mill (Model
16) & AF8-3l9 o5, pellet 7] =0l = Hot plates
(M-2381) 7} 33 Carver Press Model C(M-
2380) & °] 83k

(4) BE $7]%& Pyrex f8] A% 2 polyethy-
lene A F& AH83L5 o},

(B) A <F

(1) NapHAsO, - 7H,0, La(NOj);, CuCl, Ag
NO;, Pb(NOs),; NasS-9H,0, NH, OH, 2
NH Ac, Fisher Scientific Company A & 3 4]

Scientific Company A
Porous-Plugtype) &
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Fig. 1. Designs for monohydrogen arsenate sensing
electrode,

] 3 ALty o, silver wire 9 silver
powder &= Alfa Division Ventron (200 mesh)
4§, 28n BE 89S 99 R4
& Agsigie
(2) Stock Solution

("B 0.1M HAsO2~ £ : Na,HAsO, - 7H,0
0. 1Mol 8} Z=5 = 4L A eksle 0.1F CH,COO-
NH,—NH,OH $t%-89 (pH 8.50) 0.2 oA
1000 ml 2 3 o F-2 2949 1072~107M )
HAsO2~ 892 (.1F CH;COONH,—NH,0OHs$}
% g0z A% 4AA Azsge

(+}) 107M La(NOg)3 €9 : La(NOy) 33 1.02
X107'M M FFE A #ste] 0.1F CH,COONH,
—~NH,OH % 89 H4 1000ml 2 & o}
+ F2 99 1.02X1072M, 1.02X1073M-E S}
T §Yor AF AHAA Azsgct

2. 48 23l A=

Ag,S-PbS-PbHAsSO ©] Zw]7}1:1:19 &%
EE Axs AslE AgS PS=1: 5 (2
8])5} PbS: PbHAsO4—— 1(£4])$ mixer o]
Fol 1087 E-?{}/‘]Zl:‘_i’ﬂ e T UG &
5 AgS: PbS——2— 197] §13ted A= AgNO,
1 mole 3} Pb (Nos)z L mole Hlof 3= e
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7] ol 9oy oF 150 ml A 59 FFHFFR
T 9 & gk E oF8, 9 E Na,S 1. 5mole

o A e FE 100ml 9 FHg H4A
o] 3te] AgNO; ¢ Pb(NOs), £ S0 =4
awple maeh A gy Asbste £93
AEY AgS-PbS & At} o] HAEE 90°C
9] ovenolA 2UZt AZRAFY, =3 EIFE
PbS : PbHAsO4=—2— 1(Zu) 2 7] §1sto Pb
(NOg)z 1.5mole d]e]] F3F= & F& FFol
A 150ml 2 7HE oS NagS 9+ Na,HAsO,
247 119 Bl e e A
150 ml & %Tar%ﬂ] = &% $9& A=t
150 mZ ¢] Pb(NO3), 8ol 150 m/ ] NayS-Nay.
HAsO, £ &9& zwisteA AHstgozH
PbS-PbHAsO, & AAEY z4ol L :19 &
T AAEL 4Rt ol FHFEE 90°C 2 oven
A 297 A=AZT

ﬁoﬂﬂ AL 1: 4 mole 249 AgsS: PbS &
E]-g-a»]- o : 1 mole 113 el PbS: PbHAsO4 =3
8- A Alsl oF& whol agate mortaro]] ¥z A
A5 48024 AgS:PbS: PbHAsO;=1:1:
1 £35S 9%tk

Cu,S = CuCl 5g8 NHOH 27ml 2 &%
oz FHS 250 ml & 713 ¥ NaS7g

Foll ol $HL sEte AAESE A
Z2~¢} alcohol 24 AA 3 o},
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PbS : PhHAsO, 9] EH]E-2:1:1, 3:1:1&
gz, 4717 AEQ A fol= AgS:PbS:
PbHASO, : Cu,S9] E¥| & 3:1:1:0.25 3

0.5:1:0.25 2 35}

3. HIe| H=E

7+ 34 B4 2 agate mortar ol A FA I
A%tz 10 2 o] & Spex mixer mill off 4 £t
% 235 A8 0.7g9 silver powder 0.2g &
IR & pellet dieo] @o] 10ton-em™202, 104
7+ Zob A2, 180°C, 200°C & 7}t 73
ate A zdtgen, &x7F 240°Coldd A+
o &= pellet o] 2R A} Fdo| A7lnz ¥
2o 2% AL pellet & A =FA Egkeh 3
A5 pellet 2 320, 400, 500 mesh ¢} sand pa-

per 2 A 02 FAE B 15 6, 1, 0.259]
diamond paste & %} Fulo] F4FEE FAH
o} ol&dA 3 X silver wire S AIF=e &3
o] soldering 3}3, epoxy resin(Devcon, U.S. A)
2 plastic tube of ¥FAZ F 247 A3AA

A AA AToz A&t
A9 :,LJ_f Fig. 1] A==t
4. ®9l =HY

10~'~10"*M monohydrogen arsenate &% o
50ml & 7tz 100ml vlo]Ae] ¥ A4 mut
Az Aok A 2 &Y Fol A AFHAINE

F& 2ok Asgel dAHAA A S
¥ 2 3% A5 28 S92 0.1F NH,-
AcE Ag3td o] ZEE dAIA IS

2449 4L e 2o

Ion meter
TM.AE Sample S.C.E()™
__Glass electrode | solution S.C.E(2)__
pH meter

M. A.E: Monohydrogen Arsenate Elecrode.
S.C.E: Saturated Calomel Electrode.

#3t % nF

1. Monohydrogen Arsenate Iono CH3h
8.

748 E4 o) Ag,S-PbS-PbHAsO,~CusS ¢ Aga-
S-PbS-PbHASO, 9] 4 3#u]sh L5 W& mo-
nohydrogen arsenate ion 9] 7857} Table1 ol
ZA=%

748 EA o] Ag,S-PbS-PbHAsO, &) En] 7} 2:
1:191 Ej, Ep E3 AFe A E; AT 480 A
3 ggemn 180°C = 7143k E, A =-2 Nerns-
tian slope 7kl 29.5mV /decade ofl = F 4 w] ] =]
23R ul 28 5 1071~10"M o 4] 7mV/decade
9 &g 2o F4irh 200°CE 7F9d Es A
T E AFEdE &9 3FEE7F 301 10~
6mV/decade 9 7H8-& M FZH.

Ag;S-PbS-PbHAsO,=3 : 1:1(F4])<l Eg, Es,

AT Af oM Az Eiv E AT
ot o ol A veigterd 2=E 180
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Table 1. Response for HAsQ42~

Membrane Electrodes® HAsO2~ response slope
Mole ratio Temperature
composition NO. (negative, mV/decade)
E; R.T? no response
2:1:1 E; 180 °C 7(1071~1073M)
E;3 200 °C 10~ 6(1071~107*M)
AgyS : PbS : PbHAsO,
Es R.TH 6(10-1~10~3M)
3:1:1 Es 180 °C 15~11(10"1~10-4M)
Es 200 °C 22~14(10"1~10"*M)
E; R.T.? 8(1071~1073M)
Eq 180 °C 18(1071~1072M)
3:1:1:0.25 12~ 6(1072~107M)
24(10"1~10-2M)
E, 200 °C
AgsS : PbS : PbHAsO, : i 19~12(1072~107% | )
Cllgs
Exo R.T. 10~ 6(10"1~1073M)
-1~,10-2
En 180 °C 22(10 10-2M)
3:0.5:1:0.25 13~ 7(1072~107*M)
-1.,10-2
Es 200 °C 27(10 1072M)
23~15(1072~10"4M)

4 Electrodes were made by pressure for 10 hours at 10 ton cm™2. * Room temperature.

°C, 200°C 2 7193 Es, EeAS= 247 156~1
1mV/decade (107 1~107*M), 22~14mV/decade
1071~107*M) = e FA B, EsASEY &
A8 ASE 2o FHr
zE 1 o] A el zkel 29.5mV/decadeo] 717k
7S EA AEE 23] A0A A4
S ZA3= Cu,SE A71ek A9 Ep Eg, Eg
A5l A, F2dA A=z E; A== E, E4
A2t o $2 &S ioq FHom, EgE
AS%E E, Es8t E; E AFHGE 8ol ¥
- Sub-Nernstian slope &1 18mV/decade(10"1N
1072M), 24mV/decade(107~1072M) 9| & 2
7 mel Fg

= pellet A=A %3 £2 4% 5 PhSY 4
& 0.5mole 2 2A% Ey Euy, Ep ASS
AR ue WA A A Az Ee AT A5
# Ey EyB A%5 nohe o 2g0] Fow
180 °C ol A] A 27 Ey AFE 107~1072M0] A

é
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22mV/decade 8] &
°Coll A A=z Ep A

ZAeE& 2590, 200
F9] A9 107I~10"2M<]

A 27mV/decade Q1 Nernstian slope o] o}F 7}
7hE g 2o T
o} 4] £ monohydrogen arsenate -3 A =& ¢

9 Aol 93bd Hz x4 200°C 9 Ag,S—
PbS—PbHAsO4—Cu,S 9] Enj7} 3:0.5:1:
0.2591 2397} HAsO42‘°ﬂ date] g 2o
SEE ne] FYSS 9T WA olahg
EE A9E Ep 21 o2 AA3H ),

99 FAH S Lxo we} AY Fgo] L
E, 33 Eg AZ9 ZHEEE Fig., 24 B4
33 o

2. pHe| g%

HASOZ o] 9% A4 pHE Fa7] S8k
1072M HAsOZ~ 9} 1073M HAsO2 o] o] d}e]
0.1F NH;Ac—NH,OH buffer solution & A}-&-8}
o pHE H3AA 7144 ANE 3% A5
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-s0r
ol T 4SS ¢ PbS I PbHASO,
1 Cu,5{3:05:1:025) 200°C
—70r —s—dr Ag,S 1 P5S * PbHASO,
1Cu;S(3:1111:025) 200°C
-80F

! L " L
5 4 3 2

)
1 ~log [HASO[]

Fig. 2. Response curve for 10~'~10~*M—HAsOg2-
-0O—0O—0O~ AgsS: PbS : PbHAsO4: CugS (3:0.5:
1:0.25)200 °C ~-A—A—A~ Ag,S : PbS : PbHAsO; :
CugS (3:1:1:0.25) 200°C.

mV
+80 |

+ 60

® 10°M Hasor”
@10°M HAs0?”

-20 }+

- 40 L

_GO -

70 75 80 85 9.0 85 pH

Fig. 3. pH effect on the HAsO4 2 (D 1072M HAsOg2-
@ 10-3M HAsOg£-.

Fig. 3¢ =49 AA7 1072M HAsO2, 107°M
HAsO2 ¢l 7% pH 8.014 pH9.0 Ate] 7}
4 WshE AA Be Aoz deyenz of
FHo] HAsOZ 9 4 99ez AA=
A 2E A2 pH 8.50014 AA s h
3. Wl ol 2o ¥
Wl o] &2 Table 20] TAH ups} 2o},
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Table 2. Interferences on the HAsO4?~ electrode

Anion® Response(mV) 4mV||Anion® Response(mV) 4mV
F- — 50 0 | HPOg2- —-53 -3
Cl- — 56 —6 || SO& —-53 -3
I- —187 —137 || WOZ2- -52 -2
S2- —~146 — 96 | MoO42- —-51 -1
CN- —135 — 80 || CrO42- —-52 =2
NO5- — 50 0 || None? —50 0
HCO;- - 51 -1

«Concentration of anions is 1X1072M/L. ¢ Pure
1Xx10-2M/L monohydrogen arsenate.

uha] o] & wh A2 Pb*, Agti A Eolt
AT Aol & FA e ol 2 Fol
A 7 2948 E 3 S0l 22 CN-, In, 8% 9]
51, F~, NOy~& A3¥ waskA &3keh.
. 3o £H
]}—Fﬂ_ AFE F7549 107'M HAsO2 <o)

gzolA BAIA R Fof A gFxd] delte] A
FY =5 333
Holl Fze] A=
t}, o] FollA 107IM HAsOZ~ &9 FoflA] 1
Fof ge] FAFAZ Fof 71-}%—‘-:-%
A3t A Agol B AgE
1071~1073M HAsO2~ o] v} 3] Sub-Nernstian
slope @1 22mV/decade ©] ¢} 2.1} soaking 3l Foj
= 27mV/decade o =23}l t}

=8 107IM HAsO2™ <ol g20] B33t =,
A5 9o 2AFHAE 7% 94l polishing
gt A ERE AT A3 & & 42 o] 3%
2+ AY FAZYE e 6FFdE #SES A
4 Wl e TR

e $5E 2FEQ0~VI0TM)Y A S =

E olvel BRI AATE TR AF=
(107~10"°M) 2 A Foll= 108 A= ZEA
7+& 859 o

5. HAsOZ off cH3t MR HHY

B AgdA Alzd HAOF ¢ A5E A
A AFoz e 1072M HAsOZ 10 ml & 3}
I titrant 4] HAsO2~ R3] 7Hgo] 9+
1.02X1072M La®"& Ah&-3te] AA AN 2 A of
st A ARy FFAAA o] X F

3°.LN1
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+140F

/<eq' point

+100 -

75 % 5 s 7 & 9
1.02x 107 M — La™(ml)

Fig. 4. Titration curve for 102M-HAsO4% (10ml).
Titrant; 1.02X1072M La3*.
DA 3HA mV jump 7} dolxtor HAY FAL
Fig. 44 =A34

u}2}4] monohydrogen arsenate 7H2- & 8- A
z Az#ezd = 5% 2R PUA
A43 o2 R0l A5A Ffck @A o
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Monchydrogen arsenate 2,1_%4 FA ARl
Ag,S-PbS-PbHASO,CuzS & 2]} 225 o
AN DA ASE A2 AH EvlE 3:0.5:
1:0.250| 2 25+ 200°C 2 Axd A9 7
S0l Ald £gteow Az £9 pHE 8504
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