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ABSTRACT

The continuous measurement of the voncentration of chloride
iene (C17) in a flowing strsam of aqueous soluticnh, by an ion selective
slectrode is deascribed in this report. The study was made urder four
different flowrates, namely, 50, 100, 150 and 200 ml/min. The measure-
ments were fast and reproducible with the teflon electrode cell specially

made for this purpose.



WATER CHEISTRY STUDIES X -~ CONTINUOUS MONITCRING OF
CILORIDE TON COWCENTRATION IN THE RAIGE 10-500 P,P.M.
USTMNG A SPECIFIC ION ELECTRODE

3.V. Narasimhan and K.5. Venkateswarlu

1. INTRODUCTION

Ion selective electrodes, which are finding increasing applice~
tion in analyticsl potentiometry, measure directly the act;tvity of the ion
of interest with minimum interference from many other ions. As the name
indicates, they are selective to a particular ion. In view of the importance
of chloride measurement on & continuous basis in several resctor we er
systems, it was thought desirable to develop & procedure for this anion.

A liquid jon-exchange membrane electrode is one among the
different types of ion selective electrodes. One such electrode is
pictorially represented in fig.1. The solutim, &ys develops a potentiel
at the solutionamémbrane interface I. Simila~ly 8, devel‘ops a potential
at the other membrane-solution interface II. .The difference between thesa
two interface potentials is sensed by the internal reference Ag/AgCl
electrode. The electﬁgé.l contact between a, and a8, is maintained by
transport of the icn of interest across the mewbrane, Ths 1liguid ion
excohange -mnhragie is a thin film of water insoluble, ion selective organic
liquid ion exchenger, The potential registersd by the electrode is given
by the equation (1)



2,303 RT ’

E=E % log & vs i1}

o
where E = the enf of the ocell
Eou a oconstant equal to E when a = 1
a = activity of the lon of interest
R = gas constant
T = Temperature in °K

F w Faraday = 96495 coulomb..

The chloride ion selective electrode shows Nermstian behaviour in the
range 1M - 2x10° 9. From equetion (1), at 300°K, for a Sen fold changs
in aotivity of the chloride ion (for all univalent ions) the ion selective
electrale gives approximtely 58 mV change in potential, This large change
in pote.ntial can be utilised to monitor continucusly the chloride ion
aotivity. Since it ie easier to handle molarity or p.p.m. than activity,
the results of the following experiments are presented in p.p.m.
». EXPERIMENTAL

Chloride ion selective electrode of liguid ion exchenge moshrass
type, model 92-17 supplied by Orlon Research Inc., wes made use of in the
present study. The double junct‘.lén reference electrode, alzc supplied by
th.e same company was used. The ion selective electrode was filled* one day
before the start of the experiment and conditioned for 24 howrs in 0.1M NaC

. Solutionsof NaCl 9.2, 53.2, 212.7 and 425.5 p.p.mm. were prapered
by diluting a standexd 10” M NaCl soluticn.

* It was found that commercially aveilable snd cheap Aliguat 326 (Tri-

caprylylmethylemmonium chloride) in isodecancl serves as a good liquid
anion exohanger,



The electrode cell was mads out of a teflon blook (fig.2).
Tha cell was so constructed that the tips of the imdicator as well as
* the reference clectrodes just touched the sclution flowing through
the cell, The inlet was arranged in such 2 way that the solution was
gsensed by the electrode the moment it entered the cell. The refersnoce

end the indicator compartment volumes wers kept to & minimum,

The apecific ion meter Model 407 was used in the stuly, which
reglotered the potential gensed by ;;he electrodea and which at the gsame
time gave an output that could be recorded on an XY recorder. Ths meter
seleotor knob wao kept in "mv(exp.)" position. The calibration control
¥nob was edjusted for a 10™°M solution of NaCl so that the meter showsd
soro deflection.

The recorder used was a three pen recorder Model B-34 Electronic
Reacorder RDK. The attenuator knob of the recorder wes kept in 20 mV
position full scale, with centre zero sdjustment. Chari speed was
sd justed to 60 mm/min.

The entire flow system (fig.3) was constructed out of either
tygon or glass tubes. The reserveirs used were of Z lities capacity
Corning espirator bottles.

The rotometer vsed in this stuly was oonstructed with > stainless
ateel ball and calibrated by collecting a fixed volume of liquid (500 ml)
for various amm:hts of time in different positions of the stainless oteel
ball, The oal!.bm;::lon graph is shown in fig.4.

The flowrates chosen for this stuly were 50, 100, 150 and

200 m1/min.



3. BESULTS

Each solution. wag pagsed till a comstant bageline was obiained
and then suddenly with a system of stopcocks a solution of another
conocentration was let in, while the flow of the previous solution was
stoppeds Enough time was allowed to get the baseline. ESimilarly -arious
combinationq listed' in Tabie I were ocarried out. The graphs ébtair.ed ere
reproduced in fig.5-11. All graphs were ansl ysed ar;l the rigetimes {10/
to 9% changa in potential) were calculated. These values are plotted
againat respective flﬁrataa (fig.56~108)» The slopes of these lines are
listed in Table IT. The slopes (nl/mlmt™' = mt) are proportional to
risetimes; therefore comparison of these slopes 1s equivelent to comparing
risetimes for fixed flowretes.

4. CONCLUSION

The following conclusiona can be drawn from this study:

1. For any change in dopoantra.tion. the e]_.euiiro&s regponse is
almost instantaneous. This is an important end veeful char~cteristioc.
2. The system stebilises to the new concentration in less than
60 sec. The risstime, defined as the time taken for rise or fall in
pc;tential from 10 to 90/ is less for a positive concentration change
than for the same negative concentration change. This is true for any .
flowrate.

3 For either positive or negativé coﬁoentration change, the
rigetime is indeperdent of flowrate.

4. For a fixed flowrate, the risetime 1ncieasea with inoresge in.
magnitude of the cﬁange in concentration of the chiorids tow,

5. The system can be easily adopted o the requirenents of

reactor water systems.



TABLE I

—

Initial concn. Change over Flowrate For 105 to 90% change
flowing to the concn. ml/min, Tme(sec. ) Vol.of soln.
PaPellle PePelite P&-Bsing(ml)

150 35 88
100 35 60
50 - 46 38
53.19 200 586 190
150 55 137.5
20 55 46
9.219 200 60 200
150 42,5 105
20 49.0 41
212.7 53.19 200 59,5 198
150 59 148
00 59 99
20 37 47.3
9,219 200 52,5 175
150 53.0 132.5
100 48,0 80.0
50 40.0 33.3
55.19 9.219 200 31.0 100
150 40,0 100
100 29.0 48.3
50 29,0 24.2
.21 .19 200
2 »? 150 24 60
100 29 48.4
50 24 20
212.7 200 ‘32 106
199 29 T2.5
100 30 50,0
50 29 24.2
425.5 200 48 160
150 41 102.5
100 37 62,0
50 34 129{
A9 212.7 200 44 4
9319 150 40 100
100 40 67
50 39 1;:
425.5 200 53
? 150 45 112,%
100 16 60 -
2 r
12, 25.5 200 35
2 2.7 45 150 35 68
100 38 60
50 38 32




TABLE II

Initisl conen. Change over ’ Slope(mt)
fge g

425,59 212.7 0.51
53.2 0.94
9.2 : 1,028

212.7 53.2 0,98
9.2 0,97

53.2 9.2 0,51
9.2 53,2 0.425
212.7 C.51

‘ 425.5 0.89
53.2 212,7 0.72
425.5 0.83

212,7 425.5 .51
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Legend:

41- Solution reservoirs.
2- Constant height, constant level reservoir.
3~ Stop-cocks.

4~ Two way stop-cock.
5-Indicator electrode compartment.
6-Reference electrode compartment.
7 - Indicator electrode-

8- Reference electrode.
9 - Flow-rate control valve.
10-Rotameter.

Fig. 3. FLOW SYSTEM
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Appendix

Readins of fig. nos. 5 to 10.

The movement of the ohart always siaris at the boitom of
the papesr and goes up. An arrow from the left indicates that
specified concentration is flowing to start with. An arrow from
the Tight indicates that the original flow is stopped and a new
concentration is being introduced. This is {true fer esch flowrate

which is als¢ maried on the graph.

Scale: Y axis = Time (1 om = 20 sec.)

Xaxs = mv (4 inch = 40 V)
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Flg. 5a - 10a.

Plot of volume of 1iguid flushed out when there is
a change in concentrations (in the rise time)

v
£l owrate,.

Shaded pointe refer to higher to lowar concentrati on
change.

Nonsheded pointes indicate lower to higher conoentra-
tion change.
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