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A simple procedure for the preparation of thiocyanate selective membrane electrodes with internal liquid contact is

described.

The electrodes consist of pellets made from the AgSCN or the mixture of AgSCN and Ag,S by using pressure at room

temnperaiure.

The analytical behaviour of these electrodes is described in terms of potential-concentration curves, selectivity ratios,

effect of pH, response time and potentiomerric titrations.
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INTRODUCTION

Ion-selective electrodes have undergone a re-
markable development in the last 20 years [1, 2]. These
electrochemical sensors have hitherto found numero-
us applications in direct potentiometry, potentio-
metric titrations, kinetics studies, biochemistry and
biomedical research, industrial analytical control, etc.

1,3-5].

Various types of ion-selective electrodes are now
prepared in many laboratories and produced by some
companies.

Ion-selective solid-state electrodes can be manu-
factured with homogeneous or heterogeneous mem-
brane.

There are data about thiocyanate homogeneous
membrane electrodes made with crystalline material
by using pressure atan elevated temperature [6, 7], and
about thiocyanate heterogeneous membrane electro-
des made with crystalline material dispresed in a
thermoplastic polymer such as polythene or metacrylic
esters [8].

This paper describes the preparation and proper-
ties of thiocyanate solid-state homogeneous mem-
brane electrodes based on AgSCN or AgSCN/Ag,S.

EXPERIMENTAL PROCEDURE

Chemicals and solutions

All chemicals used were of analytical-reagent
grade, produced by Merck or Alkaloid-Skopje.

Solutions of known concentration (0.1 mol-dm™
AgNO,, 0.1 mol -dm~ KSCN) were prepared by stand-
ard procedures [9, 10].

The ionic strength of the solution (I = 0.1 mol-
dm™) during the recording of calibration curves of the
electrodes and in direct potentiometric determina-
tions was kept constant by the addition of potassium
nitrate.

Apparatus

Measurements were performed by the use of the
Orion Research digital ionalyzer model 801A and

Radiometer satured calomel electrode model K401
with a potassium nitrate salt bridge. The temperature
of the solution was kept constant with a MLW Ultra-
termostate model U-15-C. The solution was stirred
magnetically.

Preparation of membrane electrodes

The silver salts used in the preparation of mem-
brane electrodes were prepared in our laboratory.

Silver thiocyanate was prepared as follows:

A solution of silver nitrate (2.0 g) in double-dis-
tilled water (40 cm®) was added dropwise with constant
stirring to a solution of potassium thiocyanate (1.0 g)
in double-distilled water (400 cm®). The precipitated
silver thiocyanate was left to digest for 24 hours, after



34 K Kalajd%ievski, V. Trajkovska

1

L T T T

T T T T T T T

Fig. 1 — Schematic of a thiocyanate-selective electrode with a
liquid internal contact: 1 — Electrode body; 2 — Membrane;
3 — Silver wire; 4 — Internal solution; 5 - Connecting wire;
6 — Electrode cap

which it was filtered off, washed with double-distilled
water until the filtrate gave no positive reaction for

silver ions, dried at 105°C, ground in an agate mortar
and passed through a JEL, DIN N* 140E sieve.

Silver sulfide was prepared according to the
procedure given by Camman and Rechnitz [11]. After
drying at 110°C the precipitated silver sulfide was
treated in the same manner as described for silver
thiocyanate.

The membranes of electrodes were prepared in
the following way:

I) from the silver thiocyanate

I) from the mixture of silver thiocyanate and
silver sulfide (in ratios from 30% : 70% to 70% : 30%).

All pellets were formed at 19 MPa pressure at
room temperature over a period of 20 hours.

After that the membranes obtained were po-
lished with alumina powder and then with Orion
polishing strips. The prepared membranes were set
into the respective bearing at the end of a polyvinyl
chloride tubing of 15 cm length whose inner and outer
diameters were 10.0 and 15.0 mm respectively (Fig. 1).

The internal liquid contact was made by silver
wire in a solution of silver mtralc (10~ mol dm™). The
electrodes were stored ina 10° mol-dm™ thiocyanate
solution, wich was replaced with a freshly prepared
solution every 10-15 days.

RESULTS AND DISCUSSION

In the course of these investigations eleven elec-
trodes were prepared and evaluated : five electrodes in
whose membranes only silver thiocyanate was incor-
porated (group I electrodes) and six electrodes in
whose membranes a mixture of silver thiocyanate and
silver sulfide was incorporated (group II electrodes).

The analytical behaviour of these electrodes is
described in terms of potential-concentration curves,
selectivity ratios, effect of pH, response time and
potentiometric titrations.

The calibration curves in standard solutions of
SCN™and Ag" ions respectively, with ionic strength 0.1
mol-dm™ KNO,, were recorded and the Nernstian
limit, detection limit, standard potential and the slope
of calibration curves were determinated. The form of
calibration curves for two electrodes respectively is
given in the Fig. 2.

The standard potential of the electrodes pre-
pared was positive : the standard potential of the group
I electrodes was 160—-190 mV and that of the group II
electrodes was 190-208 mV.

The lower limit of their Nernstian response
(Nernstian limit) was from 5.0- 10 mol- dm” to 2.0-
10°mol-dm™ of the group I electrodes and from

6.0-10”° mol-dm™ to 3.0-10”° mol-dm™’ of the group
Il electrodes. Their detection limit [’%] was from
6.0-107 mol- drn" to 4.0-107 mol- dm™ and from
7.0-10° mol-dm™ to 3.0 -10°® mol-dm™ in both
electrode groups respectively.
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Fig. 2 — Calibration curve of thiocyanate-selective electrode.
Electrode membrane contains: 1) 100% AgSCN; 2) 30% AgSCN
+70% Ag,S
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The slope of calibration curves was 58.0-59.0 mV
and 54.0-61.0 mV of the group I and II electrodes
respectively.

[t can be concluded from these results, that the
sensitivity and other electrode functions of both elec-
trode groups are similar, but the group I electrodes
displayed some better properties.

Therefore, further investigations have been per-
formed with group I electrodes.

The response time of the electrodes was better
than 45 seconds in 1.0-10~ mol-dm™ thiocyanate
solutions as well as in solutions with higher thio-
cyanate concentrations. In solutions with lower thio-
cyanate concentrations, however, the response time
was not as rapid, but it did not exceed two minutes.

The calibration curves of the prepared electrodes
show that they can be successfully applied to the
determination of thiocyanate in solutions with con-
centrations up to 1.0-10”° mol-dm™ using the direct
potentiometric method.
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Fig. 3. — Potentiometric titration curves for thiocyanate with
sdver nitrate solutions:

1)1.0-10°7 mol dm"™ KSCN with 1.0~ 10_ mol -dm’ AgNO

2) 1.0-107 * mol-dm” KSCN with 1.0-107 mol dm” AgNO3

3)1.0- ll.l'4 mol-dm”™ KS( N with 1.0- 10" mol dm”™ AgNO

4) 1.0 10~ mol -dm™ KSCN with 1.0-10™* mol -dm™ AgN(_)

The electrodes also displayed a pronounced po-
tential jump at the end point in potentiometric titra—
tions of thiocyanate solutions with silver nitrate (Fig.
3).

These titrations are possible only in solutions
with thiocyanate concentrations down to 1.0+ 10" mol -
dm™.

The effect of the pH on the electrode potential
was investigated by following changes in the electrode
potential with variations in the pH of tested solutions
caused by the addition of nitric acid or of sodium

[nac. xeM. TexHoIl. MakeoHHja, 11, 1-2, eTp. 31-34 (1992)

hydroxide solution (Fig.4). The results obtained re-
vealed that pH variations do not affect the potential
between pH 5 and 7, so that the electrodes can be safely
used in this pH range for thiocyanate determination.
But, for concentrations down to 10~ mol-dm *SCN,
the pH interval where pH variations do not affect the
potential is large (from 3 to 7).

The selectivity coefficients of the electrodes were
determined by direct and indirect potentiometric
methods [4] in the presence of chlorides, chromates,
carbonates, bromides, iodides, arsenates, phosphates
and hexacyanoferate (II), respectively. The values
obtained are given in Table I and they are within the
expected limits.

Elv
+200
+180
+160}

140}

+120+

i b

L n

bt TPTT8 9 B8 sa

Fig. 4. The effect of the E:H on the electrude potential :
L) 1.0- 10 mol- dm * KSCN
2)1.0-107 mol dm™ KSCN
3)1.0:10"° mol-dm™ KSCN

Table 1
Selectivity coefficients of thiocyanate selective
electrode
Interfering ions K K
] L]
cr 3.0:107° 89-107°
Br- 5.0-107° =
I 3.0 =
co;” = 5.4-10-8
crol™ = 1.9-107
PO, = 3.9-10-7
AsO}~ 5 4.9:10-7
[Fe(CN),J*~ 37-10° E

K:. —values measured by direct method

K:; — values measured by indirect method
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Peaume

HPUTIOTBYBAKLE M CBOJCTBA HA THOIIMJAHATHH LIBPCTH XOMOI'EHH
MEMBPAHCKH EJIEKTPO/IN

Kpyme Kanajunescku v Bepa Tpajkoscka

MHCTUTYT 3a XeMKja, TIpopo/Ho-mMaTeMaTHuKH (akyntet, Y HuBepsuTeT ,,CB. KMpHI 1 MeToauj"
91000 Ckonje, MakeqoHHja

Kayuni 38oposy: XOMOreHa THOLUMJAHATHA CEIEKTHBHA elleKTpoa

OnuiuaHa e efHOCTEBHA MOCTaNKa 3& NPUroTBYBAHE HA
THIJI_lHjﬂHﬁ'I‘HH CeNCKTHBHH MCMBPQHCKH €JIEKTpOoAH CO BHAT-
peleH Te4eH KOHTAKT.

ENekTpouTe COApKAT UBPCTH MeMOpaHK, HaNpaBeH! o1

AgSCN uan cMeca off AgSCN U Ag,S, co Npecysatbe Ha cobHa
TeMInepaTypa.

BHATPeLHHOT Te4eH KOHTAKT Kaj elleKTpoaMTe e OCTBI
peH c30 cpebpena xuua u pactBop o cpebpo(l) Hurpar (107 mol
~dm ).

AHATMTHYKOTO OJIHECYBAILE HA OBME €JIEKTPOJH € OfH-
[IAHO NPEKY KPHEH MOTEHLM)al-KOHUEHTPALUM], CENeKTHBHH
koe(MUMeHTH, BiiHjaHue Ha pH, BpeMe Ha 0JAroBOp M NOTEHLIHO-
METPHCKA THTPALHja.
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