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Methyl methacrylate-based chloride ion-selective membrane electrodes with
an internal solid contact were prepared. The stability, detection limits, slope of the
calibration curves, standard potential and the selectivity of the prepared electrodes
were found to be satisfactory. The new electrodes can be successfully applied to the
determination of chlorine in organic and biologically active substances by the direct
potentiometry and potentiometric titration after their combustion in an oxygen
atmosphere.

Recently the number of precipitate-based ion-selective electrodes has signif-
cantly increased.!=5 These electrodes were made in various forms and the main
points of variation among the electrodes of the same kind involved the construc-
tion of the membrane and the internal contact to the membrane. Homogeneous
membranes consisted entirely of an active material, whereas heterogeneous mem-
branes consisted of an active material supported in an inert matrix such as sili-
cone rubber, PVC or polythene. Data have also been published on the prepara-
tion of heterogeneous ion-selective electrodes based on methacrylates as inert ma-
trix by molding mixtures of insoluble precipitates with thermoplastic polymers at
suitable temperatures and pressures,6-8 or by evaporating the solvent (tetrahydro-
furan) after placing the investigated solution for membrane preparation into the
respective glass casting ring, resting on a sheet of plate glass.>'® The membranes
of methyl methacrylate-based iodide-selective!l and bromide-selective!? electrodes
were prepared by the polymerization of methyl methacrylate monomer after pla-
cing a homogenized mixture containing known ratios of the active components
and methyl methacrylate monomer and polymer into a metal die with correspond-
ing dimensions.

This paper is aimed at establishing conditions for the preparation of hetero-
geneous methyl methacrylate-based chloride ion-selective electrodes by the polymeri-
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zation of methyl methacrylate monomer. The mechanical and electrochemical pro-
perties of the prepared electrodes and their possible application in the analysis
of organic and biologically active substances were also investigated.

EXPERIMENTAL
Chemicals and solutions

All chemicals used were of analytical reagent-grade (Merck). Stock solutions were prepar-
ed by standard procedures.!3>14 Sodium chloride solutions (Orion, 94-17-06) were also used.
The ionic strength of solutions during the recording of the electrode calibration curves as well
as in direct potentiometric determinations was maintained constant (I = 0.1) by adding potas-
sium nitrate.

Preparation of membrane electrodes

The membrane electrodes were made of methacrylate resin Simgal, Galenika — Beograd:
a) Simgal powder — methyl methacrylate polymer, benzoyl peroxide and inorganic pigments; b)
Simgal liquid — methyl methacrylate monomer (polymerizes when cold), and a tertiary amine,
produced from Howmedica International LTD, London, crude materials.

Silver chloride, the active component of the membranes, was prepared by adding drop-
wise a solution of silver nitrate (2.46 g) in double distilled water (40 c¢m3) to a solution of po-
tassium chloride (0.90 g) in double distilled water (400 cm3) acidified with nitric acid (0.05 mol/dm3),
with constant stirring of the reaction mixtures. The precipitated silver chloride was left to digest
for 24 h, after which it was filtered off and washed with double distilled water until the filtrate
gave no positive reaction for silver ions. The precipitate was dried at 105 °C, ground in an agate
mortar, and passed through a JEL, DIN No. 105E sieve. The particle diameter was less than
0.038 mm.

Silver sulfide was prepared according to the procedure given by Camman and Rechnitz.15
After drying at 110 °C, the precipitated silver sulfide was treated in the same manner as des-
cribed for silver chloride.

For the preparation of the electrode membranes, the required amounts of active compo-
nents and Simgal powder were homogenized in a glass mortar, Simgal liquid was added and the
mixture was again homogenized. The homogeneous mixture without bubbles was then transferred
into a stainless steel metal die placed on a glass plate. The inner diameter of the ring was 11.0 mm
and the heights were 0.5, 1.0, 1.5 and 2.0 mm, respectively. The upper surface of the thick mass
was then pressed with a smooth metal rod (diameter, 11.0 mm) in order to obtain a compact
homogeneous mass. After the polymerization at room temperature was over, the membrane ob-
tained was polished, first with a fine-grain Podravka-Bellupo polishing strip and then with Orion
polishing strips (94-82-01).

The membranes prepared were set into the respective bearing at the end of a polyvinyl
chloride tube of 15 c¢m length whose inner and outer diameter was 9.0 and 14.0 mm respect-
ively; they were stuck with the mixture used for their preparation. The internal solid contact was
made by fixing silver wire to the membrane of the electrodes with the mixture used for the pre-
paration of membranes (Fig. 1).

The electrodes either were stored in a 1.0 %103 mol/dm3 potassium chloride solution which
was replaced every 10—15 days with a freshly prepared solution, or were kept in dry air with
a protective cap. After use, the electrodes were rinsed with double distilled water and blot dried.

Apparatus

The measurements were performed using an Orion Research digital ionanalyzer (Model
801A), a Radiometer PHM 26 pH-millivoltmeter equipped with a recorder, and an Elektrozveze
megaohmmeter (type 2070). The temperature of the magnetically stirred solutions was kept con-
stant (25.04-0.1 °C) with an ultrathermostat (Model U-15-C). A commerical Orion chloride elec-
trode (Model 94—17A), an Orion double-junction reference electrode (Model 90—02), and a Ra-
diometer saturated calomel electrode (Model K 401) were used.
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The combustion of substances in an oxygen atmosphere was carried out in 300 or 500 cm?3
vessels. The combustion products were dissolved in 10.0 cm3 1.0 mol/dm3 potassium hydroxide
to which four drops of hydrogen peroxide (30%) were added. Prior to the determination of chlo-
ride the solution being examined was neutralized and made slightly acidic with dilute nitric acid.
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N _MZ:sz Fig. 1. Schematic of a methyl methacrylate-based
P chlorid-eselective electrode with a solid internal
< Himm contact: 1) electrode body, 2) membrane, 3) solid
" b contact, 4) silver wire, 5) connecting wire, and

6) electrode cap.

RESULTS AND DISCUSSION

The preparation of the active components for chloride ion-selective mem-
brane electrodes was first investigated. To this aim the procedures described in
the literature for the synthesis of AgCl and Ag,S were checked and modified. In
parallel, according to experience gained earlier,12 electrode membranes of various
composition and thickness based on methacrylate resin (Simgal, Galenika — Beo-
grad) were prepared by the polymerization of methyl methacrylate monomer at
room temperature and under atmospheric pressure.

The characteristics of the prepared electrodes showed that with increasing
membrane thickness, the resistance of the electrodes increased and in the case of
membrane thickness greater than 1.5 mm, their electrode functions were weakened ;
the mechanical stability of electrodes with a membrane thickness up to 0.7 mm
was found to be small. Because of that, membranes with a thickness of 1.0 mm
were prepared for further investigations. By changing the membrane composition
it was established that the potential of the prepared electrodes depended on the
concentration of chloride ions in the solutions examined only when the content
of the active components in the electrode membranes was larger than 709;. When
the amount of methacrylates in the membranes exceeded 309, the resistance of
the electrodes was large, but when the membranes contained only 109 matrix,
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they were mechanically unstable (for example, fissures were found in electrode
membranes containing 70% AgCl, 20% Ag,S and 109, methyl methacrylate, already
1320 days after their application).

On the basis of the results of preliminary investigations, 35 electrodes were
prepared with a membrane thickness of 1.0 mm, containing 70—909; active com-
ponents and 30—10%, methyl methacrylate resin: 10 electrodes contained mem-
branes with incorporated silver chloride and 25 electrodes contained membranes
in which mixtures of silver chloride and silver sulfide in a ratio ranging from
1:5 to 5:1, were incorporated.

The properties and the behaviour of the prepared electrodes were investi-
gated over a period of 2 years. It was found that the resistance of the electrodes
whose membranes contained 80 —87% silver chloride (electrodes of group I) rang-
ed from 170 to 155 M Q, whereas that of the electrodes containing the same per-
centage of a mixture of silver chloride and silver sulfide (electrodes of group II)
was 120 to 0.9 M Q. The resistance of the group II electrodes with the same total
percentage of active components in their membranes was found to decrease with
increasing amounts of silver sulfide. The standard potential of the prepared elec-
trodes was positive (230—295 mV). The sensitivity, selectivity and other electrode
functions of both electrode groups were the best when the content of active com-
ponents in their membranes was approximately 85% (84-—86%). For group II
electrodes it was very important that the ratio of silver chloride to silver sulfide
in their membranes was from 1:1 to 1:1.5. The lower limit of their Nernstian res-
ponse was 4.0104 to 2.0 x10~4 mol;dm3, and their detection limit!-16 4,0 105
to 1.0 x10-5 mol/dm3; the slope of the calibration curves, even after longer appli-
cation of the eclectrodes, was close to the theoretical one (57— 61 mV). The effect
of the pH of the examined solutions (1.0x10°2 to 1.0 10-3 mol/dm3, I = 0.1)
on the electrode potential was investigated by following potential variations with
pH changes on the addition of nitric acid and/or sodium hydroxide solution. The
results obtained revealed that the pH change did not affect the potential within
pH 3—10. The response time of the electrodes was better than 15sin 1.0x 102
mol/dm3 chloride solutions as well as in solutions of higher chloride concentra-
tions; in 1.0 10~4 mol/dm3 chloride solutions the response time was longer but
did not exceed 1 min. The characteristics of methyl methacrylate-based chloride
ion-selective electrodes were close to those of the Orion chloride electrode Model
94 17 A (Table I). The selectivity coefficients of the electrodes were determined
by direct potentiometric methods or indirect potentiometric methods? in the pres-
ence of carbonates, phosphates, chromates and arsenates, respectively. The values
obtained were within the cotresponding values of the Orion chloride electrode
Model 94 —17A (Table II).

Analytical application

The previously mentioned data and the calibration curves of chloride ion-selec-
tive electrodes with a methyl methacrylate matrix (Fig. 2) show that they can be
successfully applied to the determination of chloride concentrations up to 2.0 X 10~4
mol;dm3 using the direct potentiometric method. They also show a pronounced
potential jump at the end point in potentiometric titrations of chloride solutions
with silzer nitrate. For example, it was found that the potential changes of the
electrodes whose membranes contained 42.5% silver chloride and 42.5%; silver sul-



649

CHLORIDE-SELECTIVE ELECTRODE

opoIJdS[d dYl JO UONBAIDE JAJe SAB(T q
Z5—0g "dd ‘[ 'Joy Ul poulOp dIe SWIIL v

€9L 08¢ 0°0¥c s-0IX09 -0 X0°S L8S 0°LS 0'9%C s-0IXS'C $-01 X0'¢
€LS 009 0°Tve s-0IX0Y y-0IXS°E 0ty 0°6S (UR9 74 s-0IX6'C y-0IXL'T
ocy 0°09 0°9¢T s-0IX9°C y-01XT'C (U4 009 (\ha74 s-0I X LT y-0I X0V
08¢ 0°09 0°SET s-0IX0T $-0IX0°C 0s 0’19 0°6€C s-0IX0C $-0IX0'T
I 08¢ 0Tyt s-0IX0T y-0I X0 14 019 0°6¢£C -0IX0°¢ y-0IX9°C
("ou0) (Aw) (¢wp/jow) (gwp/ow) (*ou0d (Aw) (cwp/jour) (¢wp/1ow)

(skep)  -oop/ Aw) [enuajod S)Ia] S| (skep)  "22p/ Aw) [enusjod | )T
qfurdy ado[s plepuels uonapg UBIISUIIN q3undy ado|s piepuels uonoRe UBISUION

3pOx3[3 APHOIYD YLI—p6 UOHO

SPOIIII[3 SAIIOI[IS-IPLIOIYD Paseq-21e[AIoeylawl [AYIRN

SureSe YIIm SOPOIOS[d SAIDQ[S-OPLIO[YD JO safuel asuodsar oul ul suoneueA I IAVL



650 PASTOR, PASTOR and KALAJDZIEVSKI

fide, in the titration of 1.0 X 10-2 mol;dm3 chloride solution with 1.0 X 103 silver
nitrate solution were about 100 mV/0.4 cm3 of the titrant. Possible applications
of chloride ion-selective electrodes prepared with methyl methacrylate resin were
shown by determining the chlorine content in organic and biologically active sub-
stances, after their combustion in oxygen atmosphere by the modified Schoniger
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Fig. 2. Calibration curve of methyl methacrylate-
-based chloride ion-selective electrodes whose mem-
branes contain: 1) 35% AgCl -+ 50% Ag2S and

2) 42.5% AgCl + 42.5% Ag,S: 3) calibration
curve of Orion chloride electrode Model 94—17A.

TABLE 1I. Selectivity coefficients of chloride-selective electrodes

Methyl methacrylate-based Orion '94—17A chloride
Interfering chloride-selective electrode electrode
g K2 Kb Ki? Kb
CO32- 8.1x10-5 7.9 x10°5
PO43- 1.6 104 2.3x104 3.0x10-4 1.9x10-4
CrO42- 8.8x105 5.8x10-5
AsO43~ 6.8 104 4.7x104

aK; values measured by direct method
bK; values measured by indirect method

procedure. The determinations were carried out by direct potentiometry and po-
tentiometric titrations. The results obtained are given in Table III. They are suffi-

ciently accurate and reproducible.
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ns3poxa

N3PAJTIA HOBOI" TUTTA XJIOPU- CEJIEKTUBHUX EJIEKTPOJOA HA BA3U
METUJIMETAKPUJIATA — BBUXOBE OCOBUHE U ITPUMEHA

T. J. IIACTOP, M. M. TIACTOP u KPYME KAJIAJIIMEBCKN*

Xemujcku gaxyaimeia, lpupogro-mailiemaiiuuku @axyaided, Yunusepsuimeiwi y beoipagy, . ip. 550, 11001 Beoipag u
*Xemujcxu unciaumyia, Ipupogno-maiiemaiiiviku gaxyaiei, Ynueepsuimew y Crodjy, 91000 Ckoiije

W3pahene cy XIopan-CeleKTHBHE €JIEKTPOIe Ha 0a3dM METHIMETaKpunaTa ca YHyTpallkbHM
YBPCTUM KOHTaKkTOM. CTaGHIHOCT, HAaTHG KaJMOPAUHOHAX KDPHBHX, CTAHJapIHH MOTEHIHWjal H
ce) EKTHBHOCT INPHIPEM/bEHHX €JIEKTpoda Cy 3amoBoJbaBajyhe. OHE ce MOry YCHEIIHO IPUMEHHTH
3a oApehuBame XJIOpA Yy OPraHCKMM M OHONOMIKH aKTUBHUM CYICTaHIIaMa NUPEKTHOM ITOTEHLHO -
METPHjCKOM METOHOM H (OTEHLUMOMETPHAjCKOM TUTPALUjOM HAKOH HHXOBOI CaropeBama y aT-
Mochepu KHCEOHHKA.

(IIpamibero 27. anpuna 1990)
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