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Abstract

Calculated titration curve shapes and errors using Gran’s graphical method in poten-
tiometric precipitation titrations with ion-selective electrode are presented here. The
method chosen for these calculations is the argentometry of (2~50) x 107*M level of
thiocyanate and halogenides in which Ag/S-electrode is used as the indicator electrode.

Considering the effects of solubility of the precipitate after the equivalence point,
theoretical titration curves can be derived from the equation represented below.

"R () = V(1 + #f) etE-EONRTIR)

= Lo [0 =D + 4G U = D + 4Ky (4 2]

Where C, and V, are initial concentration and volume of the sample, and #, f, K., denote
dilution factor, fraction titrated, and solubility product of the precipitate respectively.
Titration curve shapes are evaluated from plots of the function F,(f) at increment of
f=0.1. From these curves, computation of the fraction titrated at the end point (fep)
from which theoretical per cent titration errors can be determined is carried out as
follows.

F
fep = f - F: g;
9% error = 100 (fep — 1) = 100 ¢
Where F,' 0’) is the derivative of the function F,(f), and fe, is the point at which a
tangent at f on the curve will intercept the horizontal axis (F, (f) = 0).

The calculated titration error (&) increases as the sample ion concentration (Cp)
‘decreases and as K., and dilution factor (#) increase. In general, the errors are negligible
only in the limit of very sparing solubility of the precipitate. These conditions require
that C;=2 X 10°° M in the titration of SCN”, I", Br™ and C;2 x 10* M in that of CI".
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In the method, the end point errors in the titration of (2~ 10) x 10° M CI” can be
diminished as much as several per cent,

1 & El

14 vBEEBOMABEL, SR st 2BUuERCEOFNLFEYELL. 14 vEBRET
HENEZ N DHEBEIA A VERTHHD, FTHHLEILELOBE, A4+ vBEYRDD
BEHEBMAEE L BUEREE S hbh?, BEEFREEIERS LEECSVWTIY T
h, PEAA VvOPBIBEEEMLNTERL Y XL Xh 5B, Schultzb, Carr® 4, 1+ viE
BAHRERL THRBBED E-V BREBEHROGES 4 vic X 2 BROFE(s X OLhE0
Th, ThbblEBRELITEIC L o TRDR,

Gran 7= 5 FEY O, (Ve +V)exp{E/ (RT/F)} — V i OBEBMHINT & - THEH
ERDDLFEKET, E-V HROEMEH,» LUR A2 RDBUERECTHb - GREL L AVHhD
Lowieh, Gl Liberti 59 12X 5T7 o B A VOERBCIEA XA, FAFEALIATH
AU L L Gran ey FEOEHRERE, L AE/AV O E & OBERB/MEICON

TREBLMZEIR TV, EFIXZALOMEN D, ST KITS Gran 7 v » FETEHES
OEFrARL, WER f LBHEE « LoBFEYHLMACL. Gran ey PRV Y Z{EEO
BREAXFE L, Schultz) oBGHEMBOFHEY AV,

2 B i

FAUT7 Vv, avE BE ILBEFEIAvE X TELTE, SHEEOBERCHEE L
FAEF DA A vHIC KA TRIN B FEIEET 5.
AgX () ZAg + X7 i e e (1)
Ky, = Gag+ ® @ *++4 st s e s e (2)
T K 13U AgX (s) OERBMENY, aas BLV ax- BB LOC X 414+ v lF
BERT. Ag/S- A4 A VEBEYHRA A VIEROKERERE LCEHELET ARILBROEB N
FRUETHE, BED E 34 4 vlE—FCWTEREORL Y CBEYHVS L,

E=FE4+ Rg I [AGH)  crvrrrvrrere i (3a)
HBHWLIL

eE/RT/F) _ o E'/(RT/F) LAZH Yoo s 3b)
THELbhB, T

E' = E' + RFT In Yag® = Erar + Ej  cvvevveiiiiiii (4)

X BIC yagt HEIA A VOEREH Y, Ewor BBAEE SCE 0B, E nREEMLLE
. '

&, X A vomikE CM o BEw Vinl 22 b, BE Cu M OB ENEE CE
ETHBBIC KT, WEROEMESY Vml L35, AgX(s) OBMEETARE X~ (4 v
b & TIRBIRI TR TPk fo S L X b, BRI BIMEL 7o % = LAt AgCI®, AgSCN® iz
WTHBATV S, M S B Y THA 4 VBEALEWRE LTS, 10°M LT OREDR
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FURA A+ v R BUREID T 52D, Agh 4 4 v & ORYRTML L bER Ll < Tx s, B
EEW (1), (2)5%035{%03mu 2H0E LT, YERALEOES &+ VB EFEERVBEE Cag
LVEB AgX (5) OBMEE S #EMLT (Ga), Gb)RTHHIhD.

[AZ'] = Cag + 8 v (5a)
Cag + (C4, + 4 Kip)'?
Ag A; D e (5b)
ClhV - GV
CAE = —Ai]mri—o B LT D (63)
Cle (V - V)
= LVQI_.‘T_ ....................................................................... (6b)

LI ZT K MREBRRER, K= (Ag') (X7) = K%/(Fae® * ¥x), ¥EbL, V. i1
YBRC KT 2mMBBRoRERTHS. (Ba), (6b) Rt
Coe(V-V)+S(Vi+ V)

(Ag*) = AT S R (7
AESRS, oM F (V) #R& (8a) TE&ET 5.

Fi (V)= (Vo4 VYeE/RT/F) i (82)
LT (3b), (7), (8a) RX&b

Fi (V) = eE/RIE)N(Co, (V= W) 4+ S(Vy b WD} v @8b)

Eied, Fi(V) % VIEHLT ey b5, BEBRBICE T E' N—FThE, BRE
SHEHRTEBLE, Tibb Cae D2V Ko ThHhIE, FI(V) iz VIRBULEAR dF(V)/AV
= C}; exp{E'/(RT/F)} OBE#BFLYRT. EROOZIZZOEGYHAL, F (V) =0 §i
O Ve MBS L LTHLAS,

#X D Gran ey PR, (8b) ROBMEE SEEFL TV, WE AT CHEM
EoYENRETERVWEE0 FI(V) -V HEhRoBrW LT 50w, F (V) 2
ER [ OBBCER TS, WERY '

e e Y e
f = —C:T ' * (9)
TR L WER & ORE LY
—1 Cn -------------------------------------------------------------------------------------------
r = o, +(10)
EThiE, (6a) Rxb
= Gl = 1) et
Cug = L+ 7f an

2B%5. (6b), (1) RRIEH f, 7, C BXV Kep X o> THEBBRDO (Agh) 1ELT 3
twml, E-V @ElhRominc Schitz? oW b D LRA—-BRTHSB. Licsi->T (8a)
A% [ oBficRbe

Fi(f) =Vo(l + 7f) eB/RT/E) (i (12a)
LBk, (Bb), (Bb), (11), (12a) K& b

Ry = R0 VolCT =D+ GU =D e At YN,

ZZTEB F. () #RATEET S,
Fs (f) = Vn(l + rf) e(E-E’)/(RTfF) ..............-......‘.............”.... ................. (13 a)
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Fo(f) = D0 (G = 1) + {CL S = 1) + 4Kup (L 7fYPI) oo (13b)

LLC(f—D/A+7f) D2 Ky ThHiL, , _
Fo(f) = VaCo (F — 1) vrrerreenemii s (13¢)
Lied, Thbitko-T, Hxbhi Ky, Co, 7, Vi &2 T F, (N % f oME LTHE
L, (N -f 7ey bzl hilEiigxRERT 5. Figl cxo—fixrt.
Gran 7= » FEEHEEO—& (f, Fo()) Kkt 5 HEH

Y — Fy () = FQ(f) (X = f) corrrvmremmmnnmnsniniinse e e e (14)
OY=0kxiFd X BEY fo LU, YERA (=1 LOf£EY ¢ LB,
9 B35 = 100 (fop — 1) = 100 & +vrererrrresssmrsssemmsssninsiestiiit st s (15)

Y -oTHElEY S22 b0T5. o€ F/U) BlE FO) oEEETcHs, (14),
(15) %k b e BKRKXTHEL OIS, e ibiic f OBAMT, ¢4£0 TH5. a

D ¢ N T e -
e F () -0 d (16)

3.1 BBHSSLIUVRE
FREE  REER TR 4 v ER S-125.
ZREME ﬁm%ﬁlﬁﬂﬁym/*/a/g/ﬂsanm3%D %%Hkm/mmﬁ)
v ABH ARV,
BrMEIREBR TES pH/mV 3+ HM-20B =X 5. aﬁﬁﬁoﬁﬁﬁﬁuﬁﬁmox
SICAPERF TRy — 2=y b C-550 Biz X o7,
RIEFIThiBRRL 0o $EALL.
3.2 #& 1E
FAvTVBA Y v AERLE oL ) VA, iwﬁvvh #Ab» Vv A D(2~50)x10° M
Wi 50ml REED, <7 FxF 92 AR—T—THERELNS, (1~10) x 10° M REEBHEER
AEHBE 2 vy bTO0.5 ¥l lml FolmL, BELCEMLERM 7. AR & TR
DA A VR, WBH Y v A FIALBEERS PV Y A, BB Y Y ATTNT 0.1 KHAML
fo. WERE (25 £0.1)°C & Li.
3.3 &t " -
(8a), (13b), (16) Kix v+ — 7 PC1801 MEFE LFHEBIC X EFE L. (13b) KO
EHgr =16 f=2 FToORBEI f=0.1 HET, f=2n1bf=4 FTL f=0.2
R CE R Lic. Bfirz 5fid%, k= (n10 x RT)Y/F & &,
Fu (V) = (Vo + WeE/RT/E) i (8a)
= (Vo 4 W)eBINI0/k e (1)
Lteh. ERLEA A VEBEORED SEAMEL, (4. 2. D RT X5 cBERIECE E
Z bR DT, TT £=59.15(25°C) L LTADREH F(MZEFHEL.

4 HREIUER
4.1 BRBEHRS ITRE
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Fig, 1 i X » TROLEERBO—FIART. Kp=1x10" V,=50ml, Cy=5
X 10°M, 7 =0.05 & LTU3b) XA HAE LI b Oukphig (1) Tha. 6OV K DL,
(13b) XD Kep MERTE 20T U3) R EMB, The@Eif Q) RT. i () Fo—H
BUOSER (=2 kT8RRI LB DTS fuo 12 f2RELERBE, MBS
=D IERT5M, MESE—FLALL, Kp=1x10"TH\T C 8L » OFF(bizk 3
e % (13b), (16) XL Wt L, T ofHE% Fig, 2 %L 0 3 wid. Fig.2Xbh C ok
EVE L (e TANELTeD, FFig, 3 05 7 OPX B E eI Z Ebhns. L L
r=0.05 "B r=005 FTI2WTHRBEL, » OF(D ¢ HRIFTEE L C oLT{toRis
THECH LTS, Eh e it f L LI #BROCELL, [ xRS EhiE el X
{feh. Kop=1x10" Cy=5x10*M, »=0.05(Fig. 1 fif (1)) 0L ¥ f =4 TB\T
e=—0.033, Co=1x10"M, »=0.1Tik f=21F6\T e=—0.0256 Lirsd. C, = (2~5)
Xx10'M ThhiX f=2 Te=—0.01 LIF&en,. C=2x10°M, »=0.02 OFETIL
F=10 KI5 ¢ ik — 0,068 TH5.

E—V @HEMMBD Schultz ¥ oz Lhid, ARHEE C /&< Ko 2AAE V&
B, ZBMAISESLVATICH Db, ThbLEEBRERATAXI, E=V

ORI HESREDE %, Gran 7r oy b ¢
EHBTIEf=112805 |e] BNAkX{ s, ERW
2 C=2x10"M, 7»=10.02 DEHEA + » (Kp, a0l .
=3.2 X 10" OWMEHE DK AL E -V HE X ,
BOTMEL hRDEZ LB TH B, Gran 7 2
By PECL > TEHCKRELRDES, |
|
u.:;_ n ek 5 , EIT
Fig. 1 Theoretical titration curve by

Gran's plot
Kap=1x10"1"; V=50 ml; Co=5x 10"5M;
r=0.05; Zerror=100 (fep—1} =100z ; Curve

02 (I} : Theoretical curve calculated by eq.
(13b); (2) : calculated by eq. (13c)
w
|
oLp
06
8]
005r
i 0.04F
w
r ' opat
Fig. 2 Effect of sample fon concentration
varied on the titration error
Kap=1% 101" Values of CoM: (1) 2x 107

(r=0.02), (2)5x10%(r=0.1), (3)5x105(r=
0,05), (A1x104(r=0.1), (5)2x 10-4{r=0,1),
(B) 5% 1074 (r=0.1)

3 4

/

Fig. 3  Effect of dilution factor varied
on the titration error
Hap = 110718 Cg 1 5% 10-'M ; Values of
dilution factor, r = Co/Clag: (1) 0.5, ()
0,25, (3) 0.1, (4) 0.05
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49 FAUTPUBBIUNQAFVAAD Gran Ay MEAEZBHE

421 AAVEBOBEEACSE®E Fig. 4101 A vikE (Agt] INEEM E OB
AR, MiA 4 vk50ml 2 1 x 10°M F4zik 1 x 10°M @ERREK % 0.5 ml 32 5.0ml %
CHENL, FOBE, EEICELACBMAME L, BER 25°C LU, RA A4 vKEE s XU
R S LIRIKE S LT A v v o, SBIEFE®F bV v & B ) v a2y, T
ThA 4 VEER 0.1 & Lic. FoOfRE Fig. 4wt X512, EAGREMREOMBICBIfR
—EA A VEEDL LT, B A VEFCE LA U oE# . bhic, BT 5ALL (68.8 &
0.7)mV Than., MEICHER LicS 4 vBE S-125 128/ 4 vick L TERREZ L CIDE YR T
e, '

Gran 7w » FPEED F, (V) OFER\T, #f1 4 viEoWR > BT b —ETlhiiT
i b, FHTAAF VEBD B #THHE LT . —BICA & vEROILERA & v
BHOERRAICES L, BEOGEIETTS. HFALLCBRZOWTLHRA A VRES
(1~ 10) x 10°M TIE& T BEE - Nernst X OBEBIEA /R S\, LicdioT &k oMt & 5T
F, (V) #3tETHIE, iR dF, (V)/AV = sy exp{E'/(RT/F)} = C’sg exp (I7'In10/k)
Kx<leb iz h Fi(V) =V i V offhicon EHCERL, HEORECEDHR
EZxb5x 5. : ' :
4500 4.22 FALTIBAAVBEIVNART VAR

- VOREE  FAUT VEBAAVEIUavE, B¥E,
WA A VvOBMEREOHKSEY Gran 7r » P X
S TRST, HEMERT<THEE A Y 7 a2 BV,
# 84 Tablel 3 X 0 Figs. 5, 6i2%+T. Tablel
it C=2x%10°M, »=0.02 DEFS + v OFEC
BT HRBHORE R L OB F (V) oftREAERL,
%@ Gran 7w » ML Fig, 5 g (2) ¢tk 5. Fig.s
CaRT X, YUBEA (V=1ml) iZxF2ELEO

+450

£ vs. SCE, mV

+id(H]

tigsag s 4 4 Wiiiis 4 s It
-4 o+ [

(") BREER TR /o0, HRE OWRIE Y (3 10ml

Fig. 4 Response of Ag/S ion-selective . -

elecllj:?ode to Ag*sion at 25°C FCHEYEITHIE, SBEAITIREAL —E 3 5 His

Total ionic strength: 0.1; Compositions X

of the salt added: (1) KNO3 (0.1M), (2) BHEA:zBbRE, CG=2%x10°M, »=0.02; C, =5
KNG (0.04 M), NaClOy (0.06 M), (3) KNO,
(0.04 M), K150 (0,02M), (4) K:SO, (0.033 x 10°M, »=0.05 ©FF 7 »fEH VY 74, avit
M)

AV T AREUE(SY v ADHEY Fig.6a, b, ¢
Rt CHODOWMBOBREEIZA & v E 0.1 1285V T, Ko, agsen = 2.0 X 1072,
Kap, as1 = 1.5 X 10", Kup, age: = 8.7 X 108 TH B, Lich- TUBELIZKIT 5 BMEILE
B|TExD. WELEFRAA vOBEEL VERTHSL, HEEAAVvIERHTYL, CGx2x10°M &
fehud, Fig.6d WiRT X o SRACKSIT2BMELYEBRTH LN TES.

423 FMERBOFE Gran 7e o PEMROGERNL Bb) XX H dF (V)/AV = Clag
exp (E'In10/k) THxz bh, k Car #—FILTh E OB X > T OEMMIRILD.
Fig, 4 R Lick 512, WML v v &, BEEBF Vv A, HBH» Y 9 AL TE
OELBDIE, DRCEFTAHRMEEM E; 0OBLICLDEELBNRS.

B =g+ EL

In Pagt — Erer + Ejreererrer (4)
Wi (4. 2. 1) OWMEOFERY Fig. 7 &€ Fi(V) =V Zeay b TRT. ORI, HnED
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I X D EANI R B, WEFBE DA 4 VIRE
4 FvolEY—FeRkTE, FW) -V Fay
MIEMETCD, TOEM{RE@ATRIYEANED
HHCDERTRLTWAS, 14 VEE 0.1 THRNE 5
AV Y ACEzeFA+ o7 vEEH Y o A OEE R I
% Fig. 8 omt. HRIMESTE®RA Y v oD% E—
s EnE bR,

Ag/S- A & VERILERY A 4 vERERET, A e
4+ v OHEOI A 4 VEBETSHE. HEHEFR EEEEEEEEENU

V. ml of 107"\ AgNO2

Eﬁ& Lfiﬂﬁuﬁ’f # :/?EiRIIjEETZE) %{E%ﬁﬁ [ Sl Fig. 5 Potentiometric titration of CI~

AL, A A Y DHBELT ORI X A4 & o} gi“a;ksto:;z;?:zéx%%?;(lrrimzf o w10
VEBR I 46 X OU'SBREUE OV 856, F O EIL (r=0.05)
Ba)ko E' HazhbiELbh5. 44+ VvEEK X ZBEAEGBRFEECBIL, Schultz) i
B SIRA v OILE BN B, Fio Carr® BHAK BB ERORS 1 4 vOIRENL D, X
MERBEMGOMREEEHEEYR UL, ThbRTRT E-V BEhgeEiiLicdbo
T, A A v T 0K Sk Nernst KOMHRCED THBRNLYBFH L, COER E
—V R OBISOBE, Lio TEERECR LEETSRTO—o REE 01
* v BRI TH T,

Wit 4 vBRIEBEIC L APEEIC ST, Gran 7 e v MBI L 5EEORITC LU,

ChbDEEORMNDL Z LERERT SR, RFMCOVTRAROFEE Lz,

Fuyrxiw™

3r } 31 -
{a} SCN IR ) 1

Faifv)xio™
o
T

0

Vi ml of AgNO2

Fig. 6 Potentiometric titration of SCN-,
15, Br- and Cl™ with AgNO;
Vo 50 m!; Concentration of SCN-, I,
Br~, CoM : (1) Blank, (2) 2x10°¢ (r=0.02),
(3) 5x10r* (r=0,05) ; Concentration of CI~,
CoM : {1) Blank, (2) 2x10% (r=0.02), (3)
5x 107 (r=0.05)
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Table 1  Potentiometric titration of 50 ml of 2 x 10~*M KCl with 1 x 10~*M AgNO;®) using
Ag/S ion-selective electrode
v VotV B Fi(V) x 1079 ®

(ml) (ml) (mV)
0 50.0 + 328

E.P. 1.0 51.0 405 0. 3585

1.5 51.5 412 0.4754

2.0 52.0 415 0.5395

2.5 52.5 420 0. 6618

3.0 53.0 424 0. 7807

3.5 53.5 428.5 0.9389

4.0 54.0 432 1. 0860

4.5 54.5 435 1.2319

5.0 55.0 438 1.3972

5.5 55.5 441 1.5845

6.0 56,0 443.5 1.7622

6.5 56.5 446 1.9597

7.0 57.0 448 2.1371

7.5 57.5 449.5 2.2855

8.0 58.0 451 2. 4440

8.5 58.5 453 2.6647

9.0 59.0 454 2.7941

9.5 59.5 455.5 2.9872

10.0 60,0 457 3.1935

(a) Ionic strength of 0.1 with KNO,
() Fi (V)= (Vo+ V) exp (E In10/k), k=59.15

3 =
i ar
2F 2l
L L
P X
S S
= &
r 1
0 L L L L , L N
[1] 1 2 3 4 5 6 Y]
V, miof 107°M AgNO» V., mlof 107°M AgNOs
Fig. T Gran's plot using known addition Fig. 8 Effect of the salt added on pot-
procedure (cf. Fig. 4) entiometric titration of SCN™ with
Vo : 50ml; Coug: 1% 109 ; Total ionic AgNOs
strength of the sample: 0.1; Compositions Vio: 50ml; Coag: 1x103M ; salt added:
of the salt added: (1) KNOjs (0.1M), (2) -O- KNOsy (1=0.1), @ K30, (I=0.1);
KNOy (0.04 M), NaClOy (0.06 M), (3) KNO, Concentration of SCN-, CoM : (1) Blank, (2)
(0.04M), Ko50 (0.02M), (4) K,S0¢ (0.033M) 2% 1075 (r=0.02), (3) 5x 10 (r=0.05)
5 # B

{RBRIC Ag/S- 4 A VBEYAVWS (2~50) x 10°M F4 o7 vEBRks L U2 v, R
%, WA 4D Gran 7 e v b EBMEHEOBMAWERRYEE, ERWERZCOVTER
L.
(1) ZREA 4 vOWMERE C, OPIEE, WWBESE OBMRER S X OFRA 4 v ORE /
WEEOWEL » OARX\V Y, BHREEIMATS.
(2) BHMXIEER f OBKT, MSBACKTHEMEN R 4 v OWRECSH LERT
Efvwi ¥, fAAREERTBERBEIESTS.
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(3) BEEAEETELLYE (SCNT, I, Br ©2wT G2 x 10°M, ClI7 2wt
C'x2 x107'M), YBAMETHEHBIBER THEL IR, BREEL(ERTES.
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