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ABSTRACT

Thiswork deals with the preparation of Ti/Co,0,/(SnO,+Sb,0,) modified
electrode by thermal deposition of aloy Snand Sb in titanium substrate and
its use as indicator electrode in potentiometric and conductometric acid-
base titration in agueous solution at 298.15 K. The E-pH curves are linear
with dopes of (0.0503) at 298.15 K. This value is close to the theoretical
value 2.303RT/2F (0.059 V at 298.15 K). The standard potential of these
electrodes, E°, are computed with respect to the SCE asreference el ectrode.
The recovery percentage for potentiometric and conductometric acid-base
titration is calculated. The cell constant for pair el ectrode was determined.
The specific conductance for standard KCl was determined and compared
with that of glass conductive electrode. The variation of molar conduc-
tance with dilution for some common electrolytes was tested. Also the
molar conductance at infinite dilution of some common electrolytesis de-
termined by each conductive cell and conductive glass electrode. Three
acids: acetic, propanoic and phosphoric acids were potentiometrically ti-
trated with NaOH as titrants where acetic, hydrochloric and a mixture of
acetic and hydrochloric acids was conductometrically titrated with NaOH
astitrantsin aqueous medium at 298.15 K using the prepared electrode.
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INTRODUCTION

Glass electrodes have been the most popular pH
electrodesfor the last seven decades because of their
sengitivity, sdectivity, sability, andlong lifetime¥l. How-
ever, glasselectrodeshave several disadvantagesdue
totheintringc natureof theglassmembrane. Thedraw-
backsof glasselectrodeshaveledtointensiveresearch
for alternative pH eectrodes. Asaresult, variouskinds
of potentiometric pH sensors have been devel oped®
1 Inadditionto glass e ectrodes, metal-metal oxide
€l ectrodes have been used as acid-baseindicator el ec-

trodes. The most frequently used are the antimony!*¥,
niobium(*®, copper*”, tantalum(*¥, stainless steel*9,
iridium®, tungsten’! and aplatinum-20% rhodiuma-
loy dectrodes. Thefeasbility of eectrodeposited metd -
oxidesinamatrix of graphite? 2, platinum!?*+ 23 and
other materia $%. 2 was studied as potentiometric el ec-
trodesfor H,O".

Titanium/ Titanium-oxide € ectrode hasbeen pre-
pared and used asindicator € ectrodein potentiometric
acid-base and oxidation - reduction titration in aque-
oussolution. TheE-pH curveislinear with dopeclosed
to the theoretical value 2.303RT/2F (0.059V at
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298.15)1281,

Thepossibleuseof aniridium electrodeasapH-
monitoring system has been mentioned by various au-
thorg?3, Theoriginad work was carried out by Perley
and Godsha k* who described both atechniquefor
preparing thee ectrode and some application. Theuse
of reacting sputtered iridium oxidefilmsaspH sensors
has been reported by katsube and co-workers®” who
observed anormal (2.303RT/F) open-circuit potentia/
pH shift for thissystem.

Dry cell graphite (DCG) electrodes activated with
potass um permanganate and Aluminum has been em-
ployed as potentiometricindicator e ectrodesfor acid-
basetitrationd®> =,

A smultaneousconductometrictitration method for
determination of mixtures of acetic acid,
monochloroacetic acid, trichloroacetic acid and ex-
tremey diluted solutions(EDS) isproposed by Ghorbani
et. al.* and K. Hiller™™, Also conductometric titration
of thiosulfatewith silver ionsusing non-conventiona
conductivity cdlswith different cell constantsand e ec-
trode congtructions, equipped with silver ama gamated
slver, stainless-sted and polished platinium el ectrodes
were used,

Wu et. al. fabricated miniaturized polysilicon €l ec-
trodesfor conductometric sensorsand compared them
to Pt black and Pt €l ectrode’®”. An automated conduc-
tometrictitration system hasbeen designed and investi-
gated by Hail and Holler3,

A new sensor for ammonium determination based
oninterdigitated conductometric thin-film planar elec-
trodes was fabricated by including nonactin in a
plasticised poly (vinyl chloride) membrane deposited
onthe sensitive area of the transducer. The effects of
pH, buffer concentration, theinterferencesof Na*, K*
and Ca2* ions, the effect of ionic strength and of tem-
peraturewereinvestigated®.

A new conductometric cell design, for precisecon-
ductance measurements hasbeen devel oped and tested
using aqueouslidocaine hydrochlorideasamodd sys-
tem. The pK_ vaueobtained, 7.28, iscloseto the pre-
vioudy reported conductometrically determined aver-
age, 7.18149,
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EXPERIMENT

Treatment of titanium surface

Pretrestment of thetitanium surfacewascarried out
following the procedures suggested by Fengi“Y. The
sheet of titanium was polished on 320-grit paper strips,
using water aslubricant, followed by 1IMm siliceous
past blasting. The sheet was then degreased in 40%
NaOH, cleaned in a hot 1:1 mixture of HNO, and
H,S0, andfinally washed inwater. Thetreated surface
wasimmersed in aboiling aqueous solution of oxaic
acid (15%) until the TiO, dissolved. Coating by active
meta oxidewas carried out immediately to minimize
formationof TiO,“.

Coating Co,0, on Ti-Surface

Co,0, eectrodewas prepared by thermal decom-
position of nitrate precursor deposited onto atitanium
plat. Ti plateswere smoothly polished with emery pa
per, degreased in CH,Cl,,, etched in concentrated nitric
acid, rinsed with digtilled water, and wiped with afilter
paper. Immediately after pretreatment, a 0.5 M
Co(NO,),.6H.,O isopropanol solutionwaslayered onto
the support. Then the support was dried at 60°C to
evaporate the solvent and heated in air at 300° C for
10 min. Oxidelayerswere deposited by repeating this
procedure 10 timesto achievefull coverage of theme-
tallic surface. Final annealing wasdoneby keepingthe
samplefor onehour at 300° C to completethethermal
decomposition*,

Coating of mixtureof SnO,and Sb,0,0n Ti/Co,0,-
surface

Thetherma deposition of SnO, on titanium sheet
was carried out according to the procedure of Lipp
and Pletcher™. The pretreated titanium sheet wasim-
mersed for some minutes in a solution of 20% wt
SnCl,.5H20 and 2% wt SbCl,, in 2-propanol. The ex-
cessof acohol wasallowed to evaporate by heatingin
air at 90°C for 10 min. This stage was then repeated.
After two gpplications, the oxidelayer wasformed ther-
mally by heating at 500°C for 20 minin amufflefur-
nace, with alow and continuousflow of oxygen. These
stages were repeated until the SnO, coating reached a
loading of about 0.8 mg cm?; it wasnormal to employ
fiveapplications. Finally, the coating wasannealed at
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500°C for 60 minuteg*3.
Chemicals

Chemical used in potentiometric titrationswere,
CH,COOH, CH,CH,COOH, H,PO, ferrous ammo-
nium sulphate,HCI, CH,COOH, NaOH, KMnQ,,
HNO,, H,SO,, NaF, 2-propanol, SnCl,.5H,0,
SbCL ,,oxalic acid, Co(NQ,),.6H,0, Pb(NO,),, The
chemica sareof anadytica puregrades.

Sensor design of potentiometric cell

The potential of theindicator electroderelativeto
that of the reference electrode was measured on a
digital multimeter model 1008 (Kyoritsu,Japan). Po-
tentialsweremeasured to+ Smv. The potential of Ti/
Co,0,/(Sn0,+3b,0,), electrode was measured vs. a
saturated calomel electrode (SCE). Theerror inthe
measurement of the potential dueto liquid- junction
potentiasinthese el ectrolytesis estimated to be about
0.001 V&4,

Titration was carried out in a(50ml) Pyrex glass
beaker inwhichtheacid or reductant put init and the
base or the oxidant placed in a25 ml micro burette.
Thesolutionin abeaker isstirred by means of amag-
netic firrer. Theeectrode (indicator and reference) was
dipped slowly into aqueous solution (acid or reduc-
tant). After the steady-state potential wasattained, the
titration of theacid was carried out by addition of 1ml
of thebaseto the acidic solution, waiting until the steedy
potential isestablished and then measured. Theresults
werereproducibleto satisfactory value of +£ 5 mv for
potential measurements. The processof addition of the
titrant was repeated until the equivalence point was
reached.

Sensor design of conductometric cell

Conductometric cellscons st of twoidenticd pairs
of modified thinfilmsdectrodes. Thesemodified elec-
trodes serve as sensing elementsand areplaced at a
fixed distancegpart to make contact with solution, which
conductivity isto be determined. Thelength between
the sensing electrodes are (1cm) and the surface area
(Lem?). Conductanceof thetwo parallel eectrodeswas
measured and compared with standard conductivity
meter (CM-30V) (TOA electronicltd 44 CT 121 W
Japan). Titration was carried out in aPyrex glass bea-
ker (100 ml) inwhich the acid put init and the base

—— Fyll Peper

placed ina(25) ml microburette. Thesolutionin abea
ker isstirred by meansof amagnetic stirrer.

RESULTSAND DISCUSSION

The use of Ti/Co,0,/(Sn0O,+Sb,0.) electrode as
anindicator eectrodein potentiometric acid-base
titration in aqueoussolution at 298 K.

TheE-pH relation of Ti/Co,0,/(Sn0,+30,0,) elec-
trode

Figure 1 showsthe change of theopen circuit po-
tentia (E) of the Ti/Co,0,/(SnO,+Sh,0,) electrode
with pH. The E-pH plot of the Ti/Co,0,/(SnO,+b,0,)
electrodefitsstraight linewith slope of 0.0541 V at
298.15 K. Thisvaueiscloseto the magnitude of the

y=-0.0503x + 0.5328

TUCo,0,/(SN0,+Sb,0; ) electrode potential vs.SCEN

Fig.1: E-pH relation for TiCo;0,/(Sn0,+5b,0,) electrode at 298.15 K
Figure1: E-pH relation for Ti/C0,0,/(SnO,+Sb,0.,) elec-
trodeat 298.15K.
term 2.303 RT/F at the corresponding temperature

(0.059V at 298 K) which indicatesthat theworking
electrode behaves reversibly and can be used as an
indicator electrodefor [H*] ion determination.
Sn+2Sb+5H,0 - SN0, +Sb,0, +10H* +10e- (1)
Nernst equation of thisreaction can bewritten as:

E =E%;
Ti/C030,4/(SN0,+Sb,05) — &= Ti/C030,4/(Sn02+Sb303)
2.303RT
10F

[Snoz + Sb203][H ’ ]10
[sn+25b]JH,0* [

Where Sn, Sb, SnO,and Sb,0O, aresolids, and H,Oin
excess, their activities=1

+

log

2

0 .
ETi/Co3O4/(SnOZ+Sb203) = E 1110304 (510, +$0,05)

2.30F3RT Iog[H . ] A3)
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E =E’
Ti/C0304/(SN0,+Sb,05) — = Ti/C0304/(Sn02+S0,03)
2.303RT

=

Thisequationisapplicablefor thereversible be-
havior of working electrode. From the developed
Nernst equation weindicate that working electrodes
can beused aspH-indicator. From Figure 1 the E° value
of the Ti/Co,0,/(SnO,+Sb,0,) electrode, i.e. the po-
tentid at [H*] =1, iscomputed as532.8 mV relativeto
the saturated calomel eectrode.

Potentiometric acid-basetitr ation

Figure 2 representstherelation between thevol-
umeof 0.1 M NaOH with each potentia shiftinthe
titrations of acetic, propanoic, and phosphoric acids,
respectively. The variation of the Ti/Co,O,/
(SnO,+3b,0,) electrode potentia at 298 K with the
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Figure2: Potentiometrictitration of aceticacid (a), propanoic
acid (b) and phosphoricacid (c) with 0.1 M NaOH at 298.15K.

different volumes of NaOH followed typica potentio-
metric titration curves. These curves show dight de-
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Figure3: Potentiometrictitration of aceticacid (a), propanoic
acid (b) and phosphoricacid (c) with0.1 M NaOH at 298.15K
(for locating end points).
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creasein potential (to more negative values) with the
addition of thetitrant.

For locating end points, better resultsare obtained
by constructing aplot of AE/AV against V of titrant.
Figure 3represents AE/AV against V plot for the po-
tentiometrictitrationsof CH,COOH, CH,CH,COOH
andH,PO,, with0.1 M NaOH, respectively. Fromthe
plotsthevaluesof end pointsare determined. The ob-

TABLE 1: Themolar amountsA of CH,COOH acid, CH,CH,COOH acid, H_PO, acid, experimental and theor etical amounts
of NaOH, Be, Bt and recovery per centage (R%) for acid-basetitrationsusing Ti/Co,0,/(SnO,+Sb,0,) indicator electrode.

Acid  CHsCOOH acid CH5CH,COOH acid _ H3PO, acid

First step Second step
AM) OB Naob R%  neon mmon R%  Naon mson  R%  Naon nson R
0100 0095 0100 9500 0094 0100 9400 0046 0050 9200 0930 0100 93.00
0075 0073 0075 9730 0073 0075 97.30 0036 0037 9720 0074 0075 98.60
0050 0047 0050 9400 0046 0050 9200 0023 0025 9200 0046 0050 92.00
0025 0024 0025 9600 0027 0025 10800 0013 0012 10830 0026 0025 104.00
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tainedresultsarelisted in TABLE (1) for acetic, pro-
panoic and phosphoric acidsrespectively.

The values of the recovery percentage (R%) for
theall abovetitrationsare ca cul ated as equation (5).
From the plotsthevalues of end pointsand thevalues
of therecovery percentage (R%) aredetermined as.

()

Where Be=experimenta amount of baseand Bt=
theoretical amount of base calculated from the
stiochiometric equationsof neutraization reactions. It
isclear from these datathat theworking electrode can
be used asindicator e ectrode with the satisfactory re-
covery percentagenot lessthan 92%in potentiometric
titrations. Thesedifferencesintherecovery percentage
may aitribute, to theimpuritiesin thereagents.

B
R% = —=x100
Bt

TABLE 2 : The molar amounts A of CH,COOH acid,
CH,CH,COOH acid, H,PO, acid and experimental pK afor
acid-basetitrationsusing Ti/Co,0 /(SnO,+Sb,0,) indicator
electrode.

acig CHsCOOH  CHCH,COOH H4PO, acid
acid acid Firs Second

step step

A(M) pKa pKa PKa  pKa
0100 476 4.85 213 7.19
0075 476 4.83 209 721
0050 476 481 211 721
0025  4.69 4.83 213 7.23

U 05,0 eboctron ot vaSCEN
bt
1
|
|
|

Time (8)
Figure4: Responsetimeof the Ti/Co,0,/(Sn0O,+Sb,0,) pH
sensor at different pH values. Upper curveat pH =2 and lower
onefor pH=11

Thevauesof pKafor different acidscan bedeter-
mined using the method of half neutrdization. They
areclosetotheprevioudy reported valuesasshownin
TABLE (2) for thetested acids.

Theresponse time of the sensor

Figure4 showstheresponsetimeof theTi/Co,0,/
(Sn0O,+Sb,0,) pH sensor at different pH values. Re-

—— Fyll Peper

sponsetimewas achieved 50 seconds, which rendered
thesensor highly practical.

Effect of temperatureon theresponse char acter-
istics

TheTi/Co,0,/(SnO,+Sb,0,) pH sensor response
waseva uated at different temperatureasshowninFig-
ure 5. At lower temperatures, like 283 K, the slope of
the sensor was about 35.8 mV/decade and the sensor
would be used for pH measurementsintherangefrom
(2-11). However, when thetemperature of thetest so-
lutionswas adjusted to 333 K, the dlopesignificantly
increased to 54.8 mV/decade. By raising thetempera
tureto 353K, the slopeincreased to 59.1 mv/decade.

Figure 6 showsthe square of the correlation coef-
ficient (r?) for pH measurements using the solid-state
sensor, at different temperatures, ascompared to pH
vauesobta ned by aconventiond pH dectrode (Hanna
InstrumentsHI 1131 pH combination el ectrode) was
found to increase asthetemperatureincreaseswhere
asr? valuesfor measurementsat 283 K, 298 K, 333
K, and 353 K were 0.9956, 0.9979,0.9986, 0.9995,
respectively. Thisindicatesthat better resultscould be
obtained at higher temperature. Overall, it can beeadly

Ly e ——
0 s @ 0 8

Figure 5 : Effect of temperature on slope of Ti/Co,0,/
(SnO,+Sb,0,) pH sensor at 283K (A), 333K (¢#), and 353K ().

= rF=0.995¢ Ar’=0.9573
.| +r=0.998& «r'=0.3335

H

PpH [;{Tl.'COaOAJ{SHO;"'SD;D\:}] elect:ede
Figure6: Correlation between the conventional glass pH
electrodeand Ti/Co,0,/(SnO,+Sb,0,) pH sensor at 283K (),
298K (A), 333K (#) and 353K (@).

recognized that excellent correl ation betweenthere-
sultsobtained by the solid-state pH sensor and the con-
ventiona glasspH dectrode could be achieved.

—— a%a['yttaa[’ CHEMISTRY
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Potentiometric oxidation-reduction titration

Figure 7 representstherelation between thevol-
umesof 0.1 N KMnO, with each potentia shiftinthe
titration of ferrousammonium sulphate. Thevariation
of the Ti/Co,0,/(SnO,+Sh,0,) electrode potential at
298.15K with the different volumes of KMnQO, fol -
lowed typical potentiometrictitration curves.

For locating end points, better resultsare obtained
by constructing aplot of AE/AV against V of titrant.
TABLE 3: Themolar amountsA of Fe(l) experimental and
theor etical amountsof KM nO,, Be, Bt and recovery per cent-
age(R%) for oxidation-reductionttitrationsusing Ti/Co,O /
(Sn0O,+S0,0,) indicator electrode.

Fe(l) (N) Be(N)KMnO, Bt(N)KMnO, R%
0.100 0.093 0.100 93.00
0.075 0.074 0.075 99.00
0.050 0.047 0.050 94.20
0.025 0.027 0.025 108.00

—=—0.1N ——0.073M
-::_‘t:‘“:_‘_::- .. ——0.054 —=—0.025M

TilCoy0y/ (S0 45b;0,) decirode potential vs SCEV

Volume of KMnO, f ml

Figure7: Potentiometrictitration of Fe(I1) with0.LNKMnO,
in aqueoussolution at 298.15K .
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- 1N e .0TSN

" ——0.05N —e—0.025N
|
|
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hogh L B e
Volume of KMnQ,/ ml

Figure8: Potentiometrictitration of Fe(l11) with0.LN KMnO
in aqueoussolution at 298.15K (for locating end points).

Figure8represents AE/AV againgt V plotsfor the poten-
tiometrictitration of ferrousammonium sulphatewith 0.1
NKMnO,. Theobtainedresultsarelistedin TABLE (3).

BN TH G040, [0 +5b,0;) slectrode potantial vs, 5C

4

The use of Ti/Co,0,/(Sn0O,+Sb,0.) electrode as
anindicator eectrodein conductometricacid-base
titration in aqueoussolution at 298K .

Conductometricacid-basetitration

Figure 9 showstherel ation between the conduc-
tance of the pair Ti/Co,0,/(Sn0O,+3b,0,) electrode
with 0.1 M NaOH inthetitration of different concen-
tration of acetic, hydrochloric and amixture of acetic
and hydrochloric acidsat 298 K.

The conductance of the acetic acid will below on
account of itspoor dissociation. On adding thealkali,
highly ionized sodium acetateisformed and hencethe
conductance beginstoincrease.

CH,COOH (aq)+ [Na* (aq)+OH (aq)|
— CH,COOH(aq)+Na*(aq)+H,0(1) ©)

Whentheacidiscompletely neutradized, further ad-
ditionof dkdi introducesof fast moving hydroxyleions.
The conductance of the solution, therefore, beginsto
increase even more sharply than before. On plotting
theconductance against the volume of thealkai added,
thetwo linesobtained will beasshownin Figure (9a).
The point of intersection givestheend point.

The conductance of hydrochloric acid using work-
ing el ectrodesisdueto the presence of hydrogen and
chlorideions. Asdkali isadded gradualy, thehydro-
genionsarereplaced by slow moving sodiumions, as
represented bel ow:

H* (aq)+ ClI- (aq)+ [Na+ (aq)+ OH~ (aq)]
> Na- (aq)+ CI-(aq)+ H,0() ()

Hence, on continued addition of sodium hydrox-
ide, the conductance will keep on decreasing until the
acid hasbeen compl etely neutralized. Any subsequent
addition of akali will result inintroducing fast moving
hydroxyleions. The conductance, there, after reaching
acertanminimumvaue, will begintoincrease. Onplot-
ting the conductance against the volume of sodium hy-
droxide added asin Figure (9b) the point of intersec-
tion of these two lines gives the volume of sodium
hydorxiderequired for the neutrdization.

When amixture of astrongand aweak acidisto
betitrated against astrong adkali using apair of sudied
electrode as indicator electrodes a combination of
curvesshownin Figure (9c) isobtained. Hydrochloric
acid, amuch stronger acid, will get titrated first. The

Hnalytical CHEMISTRY o
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TABLE 4: Themolar amountsA of CH,COOH acid, HCI, mixture of CH,COOH and HCI, experimental and theor etical
amountsof NaOH, Be, Bt and recovery per centage (R%) for acid-basetitrationsusing Ti/Co,0 /(SnO,+Sb,0,) indicator

dectrode.
Acid CH,COOH acid HCI Mixture of CH;COOH and HCI
BM)  B(M) o BEM)  BUM) oo Be(M) BIM)
AM)  NaoH NaoH R¥®  NaoH  NaoH  R% AM) NaOH NaoH  R7
01000 0.0997 01000 9975 00099 00100 99.20 0.006 00027 0.0030  90.00
CH,COOH
0.0 + 00019 0.0020 95.00
7o 00700 00750 9330 00075 00075 10000 0,004 HC|
0.005 00026 0.0025 104.00
00500 00490 00500 98.80 00047 00050 9320 CH:COOH
+ 00024 0.0025  96.00
00250 00240 00250 9600 00025 00025 10000 (005 HCl

TABLE5: Theend pointsof different concentration of CH,COOH acid, HCI, mixtureof CH,COOH and HCl for Ti/Co,0,/
(Sn0O,+b,0,) electrode and glassconductive electrodein aqueoussolution at 298.15K.

End paint of End point of HCI
Acid CH;COOH P A(mole) End points of mixture CH;COOH and HCI
(M) glass studied glass studied glass studied glass studied
electrode €lectrode electrode electrode electrode electrode electrode electrode
0.1000 20.90 21.00 26.60 26.40 0.006
+ 5.50 5.49 4.00 411
0.0750 14.80 14.80 20.10 20.20 0.004
0.0500 10.30 10.40 12.70 12.40 0.005
+ 5.10 5.90 3.70 3.60
0.0250 4,90 5.10 6.60 6.70 0.005
—=—0 1M —ir— 0 . DSM 250 —8a—0 .01 —a—D.00EM
A0D — —=—0.075M —e—DD0Z5M o —=—0 0075M ——0002Z5W
; 300 - . -».L..x-..g!lg it
E 200 - E :&‘Qm_ ngbéri
E E 100 - _Q:é'ﬁ 'H..? --Eli
x\#’} - h-l
100 = E0 - - '!-1--
o T T T T T a T T T T T T T T
5 10 15 20 25 20 -5 10 15 a2l 25 a 35
Volume of NaOH {(ml) Volume af NaOH {(ml)

60 =

S0 -

2 a0

—=—0 00ECH ,COOH+0.004HC

Volume of NaQOH {ml)

Figure9: Therelation between theconductanceof apair Ti/ Co,0,/(Sn0O,+Sh,0,) eectrodewith 0.1M NaOH inthetitration
of differ ent concentration of CH,COOH
(@) HCI (b) and amixtureof CH,COOH and HCI (c) at 298.15K
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titration of acetic acid will commenceonly after hydro-
chloric acid hasbeen completely neutralized. Hencea
combination of curvesasmentioned aboveisobtaned.
Thepointsof theintersection givetheend point of hy-
drochloric acid hasbeen completely neutrdized. Hence
acombination of curvesasmentioned aboveisobtained.
Thepointsof theintersection givetheend point of hy-
drochloric acid, acetic acid and sodium hydroxidere-
spectively. Asclear thevalues of theend pointsusing
the working electrodes are more or less close to the
magnitude of the values given using glass conductive
electrode. There is a good agreement between the
modified e ectrodesand the glassd ectrodewhichindi-
catethat theworking €l ectrodes behavereversibly and
can beused asindicator e ectrodefor conductivetitra-
tioninagueoussolution.

Thevauesof therecovery percentage (R%) for al
abovetitration are calculated from equation (5). The
caculated valuesof (R%) arelistedinTABLE (4). Itis
clear from thesedatathat the Ti/Co,0,/(SnO,+Sb,0,)
electrode can be used as an indicator electrode with
the sati Sfactory recovery percentage not lessthan 90%.
Thesedifferencesin therecovery percentage may be
attributed totheimpuritiesin thereagents. TABLE (5)
represents the relation between the end points of
CH,COOH, HCI and a mixture of CH,COOH and
HCI for Ti/Co,0,/(SnO,+Sh,0,) and glass conduc-
tiveelectrodeat 298K.

Cedll constant

The conductance obtained will, therefore haveto
be multiplied by acertain factor in order to get the spe-
cificconductance. Thisfactor iscaledthecel constant
whichisdetermined from thedimensionsof thecell.

The value of cell constant for Ti/Co,O,/
(SO, +Sh,0,) electrodesin agueous solutions at 298
K equal 148.7. Specific conductance of normal,
decinormd and centinorma solutionsof potassum chlo-
rideat different temperaturesaregivenin TABLE (6).

Variation of molar conductancewith dilution

Molar conductanceof an eectrolyteincreaseswith
increaseindilution. Thiswasattributed to increasein
thedegreeof dissociation of theelectrolyte. We define
degree of dissociation asthefraction of thetotal elec-
trolyteinsolutionwhich existsintheformof itsion. In
other words, on dilution, the same amount of € ectro-
lyteiscapable of furnishing alarge number of ions. It
may be pointed out; however, that increasein the num-
ber of ionsby dilutionismuchlessthanincreasesinthe
volumeof the solution. Therefore, thenumber of ions
per unit volume(eg; per c.c.) actually decreases. Hence,
the specific conductance decreases dthough themolar
conductanceincreaseson progressivedilution. Itisseen
that in each case, molar conductance increaseswith
dilution. Theincreaseinthe caseof electrolyteslike
hydrochloric acid, potassium chlorideand copper sul-
phate is not as large asin the case of acetic acid or

TABLE 6: Therelation between the specific conductance of K Cl solutionsfor Ti/Co,0 /(Sn0,+Sh,0,) eectrodeagainst the

glassconductiveelectrodeat 273K, 291K and 298K .

Specific conductance

Specific conductance

Specific conductance

A(M) (Sm™) at 273K (Sm™) at 291 K (Sm™) at 298 K
glasselectrode  studied electrode  glasselectrode  studied lectrode  glasselectrode  studied eectrode
1.00 6.543 6.539 9.817 9.799 11.169 11.167
0.10 0.715 0.715 1.119 1.119 1.288 1.288
0.01 0.077 0.077 0.122 0.122 0.141 0.141

TABLE 7: Therelation between themolar conductance, A, , in unitsof 10*Sm?mol™, at some common eectrolytesand the

glassconductiveelectrodein aqueoussolution at 298.15K .

HCI NaCl KCI H2SO, CH3COOH NH,OH
AM) "Tglass  studied  glass  studied  glass  studied  glass  studied  glass  studied  glass | studied
electrode electrode electrode electrode electrode electrode electrode electrode electrode electrode electrode electrode
0.1000 391.10 390.98 106.61 105.93 128.88 128.88 250.78  250.72 5.19 5.18 3.60 3.50
0.0100 41193 411.86 118.47 11798 14123 14119 336.39 336.28 16.27 16.18 16.29 16.23
0.0010 42140 420.78 123.62 12339 146.88 14693 39948  399.35 49.16 49.00 49.18 49.10
0.00056M 42220 42195 12447 12439 147.88 147.76  412.88 412.76 67.07 67.06 67.17 67.16
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ammonium hydroxide. Thedectrolytesof thefirst cat-
egory (KCl, HCI, etc.) are known as strong el ectro-
lytes while those of second category (CH,COOH,
NH,OH, etc.) areknown asweak €l ectrol ytes.

Thevariation of molar conductancewith dilution
for somecommon el ectrolytesisshownin TABLE (7)
and thevariation of molar conductanceof infinitedilu-
tioninthe case of some common e ectrolytesisshown
inTABLE (8).

TABLE 8: Therdation between themolar conductance, A,,,,

in unitsof 104Sm?mol?, at infinitedilution for somecommon
electrolytesand that of glassconductiveeectrodein aqueous
solution at 298.15K .

°(10"sm*mol ™M A,

electrolyte  glasselectrode studied electrode
HCI 426.14 426.11
NaCl 126.22 126.98
KcCl 149.90 149.62
CH,COOH 390.61 390.58

Theresponse time of the sensor

Figure 10 representstherel ation between the con-
ductance and response time at 298 K for a pair Ti/
Co,0,/(Sn0,+3h,0,) electrode at different concen-
trations of CH_,COOH, HCI and a mixture of
CH,COOH and HCI respectively. Itisclear from Fig-
ure (10) that the responsetimesfor the studied el ec-
trodesarein therange of (50-100) second, which ren-
dered the sensor highly practicd.

it —b———— (@)

Figure10: Therelation between the conductance and re-
sponsetimeat 298.15K for apair Ti/Co,0,/(SnO,+Sb,0,)
electrodeat different concentrationsof CH,COOH (a), HCI
(b) and amixtureof CH ,COOH and HCI (c) respectively.

—— Fyll Peper
CONCLUSION

A modified sensor, Ti/Co,0,/(SnO,+3b,0,), was
developed and used asindicator €l ectrodein the po-
tentiometric and conductometric acid-basetitrations
in agueous solution at 298.15 K. Thiselectrode was
prepared by thermal deposition of some metal and
aloysfromtheir bathson thetitanium substrate. The
recovery percentage for potentiometric and conduc-
tometric acid-basetitration was calculated. The E-
pH curveislinear with slope of (0.0503) for the Ti/
Co0,0,/(Sn0,+3b,0,) electrode at 298 K. Thisvalue
isclosetothetheoretical value 2.303 RT/F (0.059V
at 298 K). The standard potential of the tested elec-
trode, E°, iscomputed as (532.8) mV with respect to
SCE asreference el ectrode.

To provethecagpahility of theabove mentioned elec-
trode, three acids: acetic, propanoic and phosphoric
acids were successfully potentiometric titrated with
NaOH astitrantsin agueousmedium at 298 K whilein
conductometric hydrochloric, acetic and amixture of
both acidswere a so titrated agai nst the sametitrant.
Thecdll congtant for the pair e ectrodewas determined
fromthedimensionsof thecell. Therelation between
the specific conductances of standard KCI solutions
for the cell against the glass conductive el ectrode at
different temperaturewasstudied. Thevariaion of molar
conductance with dilution for some common electro-
lyteswastested using themodified electrode. Also the
vaidion of molar conductanceof infinitedilutionincase
of some common electrolytesis determined by each
conductive cell and the conductive glasselectrode.
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