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An Electrochemical pCl-stat and Its Application to
Electrometric Determination of Chloride Ion

Hiroshi OHaSHI and Takashi MOROZUML

Abstract

An electrochemical pCl-stat was devised with a silver-silver chloride electrode and a
potentiostat to control the concentration of chloride ion in an aqueous solution in a
range of pCl 1 to 6.

Firstly, several attempts were made to construct a very stable potentiostat in which
the fluctuation of potential was less than 10 V. Among the three types of electronic
potentoistats examined, the most satisfactory one was constructed with a chopper-type
differential amplifier.

Reasonably high accuracy of the pCl-stat in controlling the concentration of chloride
ion was ascertained from the results of chemical analysis of chloride ion as a function
of the potential of silver-silver chloride electrode and also the measurement of dynamic
response of the pCl-stat.

It was also found that the pCl-stat can be successfully used for the electrometric
determination of chloride ion in various cases, as follows:

(1) the determination of {ree chloride ion in the presence of simple cations which
do not form complex ions with chloride ion,

(2} the determination of chloro-complex ion such as UQ,Cl* which can be formed
by dissolving pure uranyl salt into a solution containing chloride ion, and

(3) the determination of impurity chloride ion in the soluble salts which may form

the chloro-complex.
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Fig. 1. Schematic diagram of
electrochemical pCl-stat. Ag+ Cl — AgCl4+e(7 /7 — FEIE)

A, electronic potentiostat; B, (2)
Ag-AgCl electrode ; C, auxilia- B AHUML

ry polarizing electrode; D, ref- ' _

erence electrode; E, magnetic AgCl+e—>Ag+Cl (7Y — FRIE)
stirrer ; F, sintered glass-filter. (3)
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99.99% LIE) #9 16 m #8—1 &\ o b o LHF 2008 2 6 L GEMmE R 250 5 5%
Wk 500 em? F ), 4k 0.1 mole/d o HEMBAW AT BV CH lmA/em? T ) — FERT
15 pREEEM L C, $FEMEIZ 1 coulomb/em? 12 £ DAL A HTIH i Db, 24 MR-
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REEHERBAIIT L - T LI, V3 = A4 VYOMKSEL X Hcbic, vI=A8ED
KER TP EO HNO; #¥EmL T pH % 32 ff -7,
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B o LT B i s B b vieh »fe, Fic, Hickling 0B X 5404 —MoE
HEET A B, SR FY 7 PERIEImVhr BE L BBV AWV D RIEXNED S
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Fig. 2138 EL7c pCl A%y 2R HT 57 vy ZBE-TH B, TD 5 b SEANOHE
SN OEBMEMEECHLT S, COEEMEREEC 7 ey 7RENAKIEEO L O &
L HBEN oA, ORI B B WAV IERIC K 7 RUHEE e { EFIE (120
db max) O F = v S —BEMBEHEZEA G VB HCERRH B, EHIMER L Ag-AgClE
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Fig. 2. Block diagram of electrochemical pCl-stat. Inside of
brocken line corresponds to A in Fig. 1.
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Fig. 3. Circuit diagram of output device.
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Fig. 4. Influence of roughness of thermostat regulation
on the fluctuation of electrolytic current in eju-

ilibrated state at constant potential.

1 A of fluctuation corresponds to 1 pV approximately.

Supporting electrolyte, 1 M KNO3; Cci— =ca.
(a) rough thermostat regulation, e.g.+0.2°C.

(b) precise thermostat regulation, e.g.+0.03°C.

MTEN, 2O 5 e REALAE 0O %) 54 73 E 0
£ LT OEHA 4 VILE 1072 mole/d i35\ T
T H b & &, ERMBMEE D ORI A il
Lcb D% Fig 4 1Ry, ZOLKAT TR 1A ©
BHETEH LV OBEETCHEL T Y, &
WOTEEIL =10 2#A LLTFCHh 525, BB s
BOREEIL =104V LT TH B Z Ervbn b,
pCl ~ s v 1+ ® /@A photo 1 1277,

4 RBHERLEZ

4.1 pCl %y MOERAF v BREHSHEE
DCl 2 & v b DA AV PLEHERE A et
T2HMT, BREEMEZ L ICBEOBMEIRE B X
O PHRR B R 2R E B EEHRA A VIRE L O
Bt & EERIIC N Chde, Z OO ERIC KT Photo 1.

103 M.

General view of pCl-stat.
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i Ag-AgCl B OFEERL 500 cm?, ¥R 330 ml & L7,
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DITRC X o THEAIOEHR A 4 VIREEORRIFZE LA BBk L7e,
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Fig. 5. Variation of current from potentiostat with time
during adjustment of chloride concentration by
electrochemical pCl-stat (1). Supporting electro-
lyte, 1 M KNOj3; temperature, 25°C.

Potential Cc1~, approx.
Curve Change, mV Initial Final
+ 30 (190-220) 53x10-4M 1.6x10-4 M
+30 (220-250) 1.6x10-1M 51x10-5M
-+ 30 (250--280) 5.1x10-5M 1.6X10-5M
430 (280-310) 1.6X10°5M 49x10-¢M

gowe
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Fig. 6. Variation of current from potentiostat with time
during adjustment of chloride concentration by
electrochemical pCl-stat {2). Supporting electro-
Iyte, 1 M KNOs; temperature, 25°C.

Potential Cc1~, approx.
Curve Change, mV Initial Final
A —30(310-280) 49%x10~6 M 1.6x10-5M
B —30{280-250) 16x10-5M 51x10-5M
C —30 (250-220) 5.1x10-5M 1.6xX10-4 M
D —30(220-190) 1.6x10-4 M 53%x10-4¢M

AL & & B HR R BT R
i(t) = i(o0) e (4)
v RN TH B I, HIROXEM LEHOBR 2 dH 5T BEHROH B ¥ X O EIR
DL i(0) 1 & LS FEENL, WS HEEER, BRI S W HRAR & BHE»H
%o T7cdb, pH A2y rOB&ELEHMEZ 2 &

ES [5,Cagct — ki Cor-(0)]

i(t) = F — e (5)
Lty (Rat ko)
"%‘ij(l_'td)]}a

B = 5 (6)

a - -
1+"D‘ (ka—i—kc)
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BH# A X v iE D Aex Ag-AgCl B O FHELN TH BT & Fig. 7k L U Fig. 8 ©
Iowisd, ThLEDORIBEEBMYFNLFR £30mV, £60mV BByt
BHo TDEE, Ag-AgCl BMO AT U DIBRBIEAN AL L, R E O AL E %
UDODRRERMICET L, HECEZORMCHE L TS I E 5 2 L2 D BT,

MALOFERIA S LTk (W 9) K@M RS, £, IhbHofRI L, 5
EISTHFR BT DI S BRI B 2 L 5 ThH 5, BE LEH L 4+ VBB L
90% OEALIGET T HCIE 20 SR OB B IVET5 TH D 2 & Hion B,

sk, pCl A&y + ROINEREIIERA 4 VIRESHHC /5138 X b v M
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Fig. 7. Variation of potential of unpolarized Ag-AgCl
electrode with time during adjustment of chl-
oride concentration by electrochemical pCl-stat
{(1). Supporting electrolyte, 1 M KNQj; tem-

perature, 25°C

Potential Ce1—, approx.
Curve Change, mV Initial Final
-+ 30 (280-310) 1.6x10-5 M 49x10-¢ M

+30 (250-280) 51x10-5M  1.6X10-5M
—30 (280-250) 16x10-5M  51x10-5M
— 30 (250-220) 51x105M  1.6X10-4M

COoOwe
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Fig. 8. Variation of potential of unpolarized Ag-AgCl
electrode with time during adjustment of chl-
oride concentration by electrochemical pCl-stat
(2). Supporting electrolyte, 1 M KNOj; tem-
perature, 25°C,

Potential Ce¢1™, approx.
Curve Change, mV Initial Final
A +60(310-370) 49%x10-6 M 47x10-TM
B -+ 60 (250~310) 5.1%x10-5M 49x10-5M
C — 60 (310-250) 49%10°6M  5.1x10-5M
D -+60 {190~250) 53x10-1M 51x10-5M

ARENCD, FIEBEMY 350mV & 2 5 EHEERMNCEBOSA A VIREH L, BNk
TSR oM T B S SRS 7, Lo s T, pCl A 2y PO gEBICRM T

BIRBGIEFEA & VIEC LC 107 mole/l [iEM 6 LD & & A TH - 1o,

4.1.2 BEBREAAVEZRRELOBR

SEGRR B o) B EBALBIFEE OB EECL & EHEA 4 VIS ORI MERTNCL Nernst

AN & » CTFRTE 50, ERCZOBEAME I D0 E 5 22 IR L TA 7,
- o, Ag-AgCl BlixH HHEAICEEL CEBMBIFEROERNELILLDY ¥ » T,
—~EROBMRIE L L VB USRI X 0 TOREARET D &0 5 EBFRa v, ¥,
C OFRIERITEEA 4 VIRED 1070 mole/l FRELLT & &P UL WD 2 55 5%
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Hxilehnote, £2T, BEA 4 VG ERCEFEREDAORK AV REAL, £OMR
BRI & SERMEMEBERROIEHEAL BN L, FEREBCERT 2 £ TolE, Ag-
AgCl BHiH LB T AT + v EABLEEE L TR 2L FELIFHLL, Z0EK
Br Qo BABEOKEY v &41E, ERETOERS v ORE Ca- ik

o = "

L,

FEWORERIL Fig. 910 mT £ 60 Th » €, WEBMEEHA 4 VEEDORBE OFICTE
BBIRAYRSL U e, FBRACROWBUEIR S TL <, 2k » T, pCl A%y FOIFESHRA
VB A BT A ESST ST B I & VHERE 2,

Fig. 9 o4 [Cl 1=1 mole/d T/ EL T, E°+E % KdCLhBE —35mV vsS.CE.

(mole/ | )

Concentration of Cl

100 150 200 250

Potential {mV  vys. S.C.E )

Fig. 9. Relationship between potential and chloride
concentration. Supporting electrolyte, 1 M

KNO;; temperature, 25°C,

O by titration method

® {rom dilution effect
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Licotn, —J5, Harned 597, F o810 & - CHEIEALE A E7c 7o USRI B U T LE X
NIBEETE RN E° ofilt —24mV vs S.CE. Tth s, EoHAEEL L CiGs Gy
T HMIER L IR EDOWEHE N E L HId, OEBRIC KO TEEFFEME & LT Lmole/d
o KNO; %l L C\ % 205, Debye-Hiickel o X i3 % & UE 3 AU ETE 8RB 5
mm%~mﬂmrmm%mmvw&®M&k& Lieds o T, B oo kil b fhine X
L 0EH g TR 2 e, RS, AR 7R S Jou L L i o rp MK A e
OEBEIEH O &, WHEH mV FAORD TRE WL O L FhR TV 50T R ofiid
—EEM LD EELHRD
4.1.2 ﬁ§4#y®wﬁ%m
pCl 2 &y M X » THEBA 4 VIREY Bt » Tk &, FORCEEL 4 viERm

DB A RAT DL E, TOWNBOERA & VIRE L RHEINCERA 4 vz LD
pCl A&y A=) OIEE R, WBOERA & VIBENHRE LA L H L & B

Ag-AgCl Bl L CE oS+ 2 7 2 — FERSHR, i, #ofsicgnry — i
Wb, o, FLWEETka GRS 2 ORR A 15 AU K o J
LA MV R 2 D IEMEC MIE S 5 Z £V CE B,

BT EEERE R D TR ISR N B kD & 5 TH B, pCl A & v 1 RDSGELIC

A o P T

Table 1.

No. | E o Qum | o) F | 0 Q0w

i { i
1 i 310 0.53 } 492 1.27 0.00261 487 i 1.66 i 488.7 ‘ (.995
2 810 (.50 464 1.23 0.00267 | 461 ‘ 1.57 w‘ 4626 0998
3 250 0.50 464 0.58 0.00128 \ 454 | 2.46 , 456.5 0.985
4 250 0.51 473 0.59 0.00127 466 | 251 5 4685 1 0990
5 ! 250 0.53 492 0.59 (0.00113 522 t 1.61 % 524.6 1.065
6 280 | 052 483 1.20 0.00249 482 1.31 l 483.3 1.000
7 340 0.52 483 0.63 0.00131 481 5.16 Iw 486.2 1003
340 049 | 455 0.53 0.00144 437 | 486 | 4419 | 0972
9 276 0.21 195 0.22 0.00115 191 ; 0.55 x} 1916 | 0984
10 | 278 0.22 204 0.26 0.00111 234 0.56 234.6 | 1.150
11% 280 0.51 47.3 0.055 0.00165 333 0.28 ; 34.6 0.730

* 10-3M KNQOj3 solution

E: potentisl of silver-silver chloride electrode (mV)
v: volume of sample added (m¢é)

Qun: real amount of chloride ion added (m. coulomb)

£{0): initial current (mA)
B: logarithmic decay constant of current (sec—1}
Qo=17/f (m. coulomb)

Cor-Fv: correction for dilution effect (m. coulomb)

Q=Q+Coi~Fv (m. coulomb)
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e, RGP OREA 4 VIBEATEOMCEIE Ll 2 L a a0 b, BRI DM
FHAW A AL, TRMEMEEOBEROMMZLL B iul X o, 7o b 28, BRED
YEda A 4 VIR R 4 OffICHBE L Tk X, 10 2mole/l~-KCl % (f=0962) #8 k& LEFD

BOSml HEEATH LD KL REL, ZOHERC LD EROBEL B LR
Table 11278 L 72, Qo (XFUBHATR b O A3 1 A4 Vi S 2 AU, Qo (RS L A5 i
TH T, ZOE, EEMEMEEO I U CHRBANCH » TRE LoD T, #)
W do & log é~¢ IR D WHEL B A 27 Qo=(0/B) Rtz Qu & Qo DAEILEE o
BHRA Vs Co- WM 3 20 TH - T, BAREO KEE v &4, 208 Co
FVicsie, Qiciown-LZORFEE Iz TEHE L QiR 2 P o lHE1 4+ v o
BICHS A, Q& Qu WL TADEHFIZL < —HL Tu b,

RET OB A VEEAE &, BB L TL AN EETH B, )
U X 57cdjis Lingane BV X - TEHRHX A T A0, ERCEREEOEE HDH o
VBB O U 2 R TE B R TS B A G RIE M E IR IS RE B L WO RN B D, L
2L, A U L ool pCliltfizis LT 1/1000~1/0000 £ o FEEE O HIf L Ty 5 0 T,
WG OO BHE D HEE LT HTL 27 DIEDRIE AL 5 5, Ficblhic Xk o
W, BHBA 4 R 10 mole/d FEEF TR LB ENTELDT, ITIUTH ML
T i iAo A VRIS DG P e CTH B MoV L e B,

Br, I 7& Ag-AgCl EMo B 2 UES 2 EUINE S PEINCE IFLTLH %
DMTE BadEiiie s, £l LT UOLNOy), ihod TR 1 # v o 5 #f Pl o Tk
T 5,

4.3 JONBFOREEEHORE (U770 0gEE2H0ELT0)

S OHRA FVIEBSN A VERIB LT/ v e fila T 5 2 EXHBR TV B, &
D 7w ow RO REEER Y RET 5k, gk, EBEES, K-35 e 27 7k, ik
B EDFETERB LD, BEORES & v EHRCT, VTR DRICHEATE B LIRS T,

(i

P, —RICEBES Y v F(CL) 7 SRR E A N & A A VR
T B gy, L, pCl A%y W aHIEHT Y, HE 0 &EA & v ok
EENT, WROHE Y — 7y FOREET, &1 4 Vs TLllETE S &0 55
B s Enbhotk, TOFEBHELTT Ty T =12 m aflifk UOLCL oREEER
DMPTE A 1T\, T DRERA IR~ 220, ZoWEicsy T, FollE
FERO—FAGIH L2, WEHEORE & SERBFCODGCTHLACT 5

BHWEHA A v OFEREL DR L S B S GEMEE D Y 7 = LR
Am&ﬁ‘”ZmMﬁ¢K&A¢%&,4L2KﬁNtbh@6%ﬁ@%&vi:wﬁnﬁ%
HOIRUS & 0 R P OFA & VIREDS ISR T 5, ZOEEAS v EED
s i 5 7o, pCl A 2 » bix Fig. 10 i a © X 5 B dmT, o0& FEhclEE
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Fig. 10. Response of pCl-stat to momentary insertion
of test solution (with and without uranyl salt).
Supporting electrolyte, 1 M KNQj;; tempera-
ture, 25°C.
Coi-=1.1x10-3 mole/é.
Test solution,
(a) 10 mé of 1 M UOyNO;),
(b) 10 mé of 1 M KNO;
ZE UOLL DApii & A LI O H A 4 VIEXTIED U~z B 21 g
mEF A A VEOMCHNT 5, BEOVHLOAMRYRC L 5L 00, EHFEREOZ LS
By G = Al EREL B ERVCERYFAUARREA L CER—FRBSEYEN T ik E i
% (Fig. 10 gt b), chb ol a OESC I ABIBEMM b L2 h &L 0N D
UOCl" A4 OB M4 T 2 BLEE Quoar K RDBIENTED, T7bb UOLH
A

Quoort = S:’z;,dt-« g:"iz,dz (8)

Einh,

SR O Co L v b A LY 7 = 102 Ea R, 8) Rz L % UOLL
R A R ST b3 b enw UOY 1+ volic/icsd, ¥, 412 0B~ X
I L THHRA A VIERX 550 Lk T, Thboifinb UOLCH o%REEENR

K(:?FK
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Cyo,c1* Quo,ct
L= - 2 R 2 9
K. Cuo,z2+Cer- (CuFv—Quyo,0r* )Cm (9

F o TEHEA L ENTED

Fig. 11 i 1 mole/¢ o KNO, iE# o ¥ 35 1 4 v 4 1x107° 7o~ L 2x 10 *mole/d o
WH T ¥, ZhC Lmole/d OflliE Y 7 = A KB A 10mé $# AT 5 FKBREHFTC, v
s mefiRly T =g 4 vOlFELYy, BEAA VIEREOHKRE L URLILLDTH
L, ZOMRERBN TR OITEEA 4 viIBEC R U CERICEEL TR Y, b
kw5 =21 s e aflithk UOLCH OB ERTHIEARLTWS, ZOMEND (9) iz X
DREMER K %31HE45E 074 L5 5

fods, DAbEOFEBREHELINC L, EHEMREOBE S LORELE AL 2 T K oMEY
ilente, FOBEL LT, A4 VRE 2705 L)X & 2 AT a0t K.
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electrolyte, 1 M KNOs; temperature, 25°C.
Broken lines show the negative values of the ratio.
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Fig. 13. Plot of observed electricity against chloride
concentration for impure samples of uranyl
nitrate. Supporting electrolyte, 1 M KNOs;

temperature, 25°C.
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