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Abstract

The possibility of applying natural monocrystaline pyrite as a sensor for the potentiometric titration of weakdiddimethylformamide,
methylpyrrolidone and pyridine was investigated. The potential of this electrad@hdimethylformamide, methylpyrrolidone and pyridine
exhibits a sub-Nernst dependenceNN-dimethylformamide the slope (mV/pH) is 39.0 and in methylpyrrolidone it is 45.0. The potential
jumps at the titration end-point obtained in the titration of weak acids are higher than those obtained by the application of a glass electrode
as the indicator electrode The potential in the course of the titration and at the titration end-point (TEP) are rapidly established. Sodium
methylate, potassium hydroxide and tetrabutylammonium hydroxide (TBAH) proved to be very suitable titrating agents for these titrations.
The results obtained in the determination of the investigated weak acids deviate by 0.1-0.35% with respect to those obtained by using a glass
electrode as the indicator electrode.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction trode, but without sufficient succe$3]. Apart from this,
they tend to behave erratically and their behavior depends
Very weak acids and weak acids are commonly on the nature and extent of pretreatment or “condition” of
titrated in basic solvents such BkN,-dimethylformamide, the electrode. In addition, the electrodes have a limited use-
methylpyrrolidone and pyridine. ful life when employed in non-aqueous titration because the
A glass electrode is widely used as the indicator electrode solvents dehydrate the glass membrane, thereby reducing its
in non-agueous as well as in aqueous titrations. Its responseaffinity for, or response to, hydrogen ions. In the basic range
to (pH = —log a(H™)) has been shown to be Nernstian in in non-aqueous solution, a glass electrode exhibits an alka-
various non-aqueous solvdif and many acid dissociation line error[4], so that the e.m.f. jump may be diminished
constants in aprotic solvent have been obtained by using aor even fail to appear during a titrati¢s]. Allen and Ged-
glass electrode as pH-seng@}. However, in non-aqueous des[6] found that a glass electrode did not respond to all
media, these electrodes show certain undesirable featuresto changes of acidity of an ethylenediamine solution con-
the potential response of a glass electrode in non-aqueougaining sodium ions. Harlo7] obtained complex titration
solutions is often very slow. In some cases, it takes over curves in pyridine when the titrant contained potassium ions.
1h before the equilibrium potential is reached. Efforts have While titrating picric acid with quaternary tetrabutylammo-
been made to improve the response speed of a glass elecrium hydroxide (TBAH) using a glass electrode as the indi-
cator, lzutsu et al[8] obtained distorted curves when GBL
mspondmg author. Tels 381-34-335-039: was us_ed as the solvent as 'Fhfa re_\s_ult of the hydrolysis of
fax: +381-34-335-040. GBL with acids-bases. Thus, it is difficult to obtain reliable
E-mail address: randjel@knez.uis.kg.ac.yu (R.P. Mihajloyi information with a glass electrode. The glass electrode re-
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sponse was shown to be slow in 2-propanol when the solu-
tion was changed from basic to acif@j. The e.m.f. change
was correlated with ion-exchange processes in the gel-layer.
In the basic region, hydrogen ions in the gel-layer were re-
placed by alkali metal ions. The reverse exchange occurred
on making a basic solution containing alkali metal ion more
acidic, as would happen during the titration of a base with
an acid. Despite the small total amount of exchanged ions,
about 108 moles cnt? of glass area for most hydrogen ion

glass electrode, the exchange process is slow and results in

an e.m.f. which varies with time.

As alternatives to a glass electrode, metal and metalloid
indicator electrodes, metallic electrodes coated with a layer
of hydroxide or oxide, metal hydrides and some minerals
can be use10-38].

Mihajlovic et al. [39]used Pt-(H/Pd)ef and Sb-(H/Pd)et
electrode systems in PC (propylene carbonate) for the
coulometric—potentiometric titration of organic bases and
in the potentiometric titration of mineral and organic
acids, as well as of di-component acid mixtures. The plat-
inum electrode was pre-treated with hydrogen peroxide,
iron(ll)-sulphate or nitric acid, or it was anodically or
cathodically polarized or heated to glowing.

Mihajlovi¢ et al. [40-50]applied B/Pd and B/Pd elec-
trodes as the indicator and reference electrode for the titra-
tion of acids and bases in water and non-aqueous media.

Antonijevi€, et al.[51] have used natural monocrystalline
pyrite as the electrode material for the potentoiometric titra-
tion of acids in water.

In this work the possibility of applying a pyrite sensor
for the potentiometric determination of weak organic acids
in N,N-dimethylformamide, methylpyrrolidone and pyridine
as solvents has been investigated.

2. Experimental
2.1. Reagents

All the used chemicals were of analytical reagent
grade (Merck and Fluka). N,N-Dimethylformamide,
N-methylpyrrolidone and pyridine (Fluka) were puriss p.a.
purity: pyridine (>99.8%) with water conternt0.05%,
N,N-dimethylformamide #$99.8%) with water content
(>0.05%) and methylpyrolidone (>99%) with water con-
tent >0.1%. These solvents were used without further
purification. We checked the water content in the applied
solvents by using Karl Fischer titration.

Solution of acids were used as primary standards or
their concentrations were previously determined by titrating
them with standard B{NOH (tetra-n-butylammonium hy-
droxide) by using visual or potentiometric, applying glass
electrode-modified SCE electrode couple, end-point detec-
tion; a 0.1 mol L=1 solution was used. The solvent contained
about 0.1% of water. Methanolic potassium hydroxide was
prepared according to Kreshkov, et @&2].
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Fig. 1. Scheme of the apparatus for potentiometric titration of acids: (1)
pH-meter; (2) indicator electrode (pyrite electrode or glass electrode); (3)
reference electrode (SCE on#d); (4) magnetic stirrer.

Tetra-n-butyl ammonium hydroxide (laboratory-reagent
grade) 0.1 M solution in toluene—methanol (3:1 v/v) was
standardized against an aqueous solution of potassium hy-
drogen phthalate with phenolphthalein as indicator. A so-
lution of sodium methylate in a mixture of benzene and
methanol was prepared according to Kreshkov, ef54].

A 0.1% solution of Thymol Blue was used as the indicator.

The stationary potential of the pyrite electrode was mea-
sured in a freshly prepared solution pftoluene-sulfonic
acid within the concentration range of 5:#0to 5.103M
in N,N-dimethylformamide and 5.18 to 2.5.10%M in
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Fig. 2. Plots of the pyrite electrode potential versus tprteluene-sulfonic
acid in: 1.N,N-dimethylformamide; 2. methylpyrrolidone; 3. pyridine.



Lj.V. Mihajlovi et al./ Talanta 64 (2004) 879-886 881

N-methylpyrrolidone (Figs. 3 and 4, respectively). In all the intervals in the region withint0.3mL of the end-point.
investigated solutions, a stable potential was attained in lessincrements of 0.1 mL were the minimum that could rea-
than 5-6 min. The results (Fig. 2) represent the data ob-sonably be reproduced with the burette used. The titration
tained by measuring the potential of the pyrite electrode af- end-point was determined the second derivative method.
ter standing for 30 min in the respective solution.

The volume of acid was measured by means of a mi-
cro burette with a PTFE tip; for visual end-point detection, 3. Results and discussion
1.00 mL of the investigated acid was taken, whereas for po-
tentiometer end-point detection, 2.00-3.00 mL of acid were  Various inorganic bases, acetates of alkaline metals, alko-

used. lates of alkali metals and many different organic bases have
been used as base titrants for the titration of compounds
2.2. Electrodes with acid properties in non-agueous solvents. Sodium and

potassium hydroxide in methangb3], ethanol [54,55],

The pyrite electrode has been described in our earlier pa-2-propano[56,57], acetates of alkali metdB8] and methy-
per [51]. The H/Pd reference electrode was made of pal- lates, ethylates and 2-propylates of sodium, potassium and
ladium saturated with hydrogen, and immersed in 0.2M lithium [59-61]were frequently applied.
sodium perchlorate or tetra-n-butyl ammonium hydroxide  Amines, such as diphenyl guanidine, pyridine, morpho-
in the appropriate solvent, placed in a glass tube with a line, tetramethyl, tetraethyl and tetrabutyl ammonium hy-
sintered-glass (G-4) bottom. droxide, are the most frequently used base titr§6®s63].

A glass electrode type G-202C (Radiometer, Copenhagen)in all our investigations of the behavior of a pyrite elec-
and a calomel electrode type 401 (Radiometer, Copenhagenjrode as an indicator electrode in pyrrolidone, dimethylfor-
with potassium chloride in methanol were used as the refer-mamide and pyridine, sodium methylate, KOH in anhydrous
ence electrode. The glass electrode was conditioned in themethanol and TBAH in a mixture of 2-propanol/methanol
appropriate solvent before use. were used as titrants.

The indicator pyrite electrode was coupled either with a
saturated calomel electrode or with an/Pid-electrode as  3.1. Mechanism
the reference electrode and the change of the potential with
time was followed. The changes of the potential of the pyrite  Pyrite is only slightly soluble in water, like all other sim-
electrode with time in a solution of the appropriate acid in ilar sulphides. The dissociation of pyrite gives rise to Fe(ll)

the corresponding solvents are showrFig. 2. cations and sulphur anions. Fe(ll) ions can be oxidized to
Fe(lll) ions by oxygen dissolved in water. Fe(lll) ions can
2.3. Apparatus also be formed in the solution by the oxidation of pyrite

when oxygen is present in the solution, since pyrite is a good

The apparatus used for following the potential changes ascatalyst for the reduction of oxygen. The cathodic reduction

a function of ¢ (sulfanilic acid) and for end-point detection of oxygen causes the anodic dissolution of pyrite according
with pyrite electrode—SCE, pyrite electrodexPd refer- to the equation:

ence electrode and glass electrode—SCE couples is shown i I o "
Fig. 1. The potentials during course of the titration were mea- rl]—‘eSg +8H0 = F* +25Q% + 16H' + 14e (1)

sured using a pH-meter type pHM-62, Radiometer, Copen- | 3 solution into which a pyrite electrode is immersed,

hagen, or a Digital 870 pH meter. the aforecited properties of pyrite bring about the formation
of Fe(Il) and Fe(lll) ions. It is known that with increasing pH
2.4. Procedure values of the solution, these ions undergo hydrolysis which

can be represented by the following equation:
Certain volume (12mL) of solvent is measured, three

drops of indicator are added and the solvent is titrated F€'" + 2kH20 = Fe(OH);, "9 4+ kH30" (2)
with appropriate titration substance until the change of
colour of the indicator. Then, certain volume of inves-
tigated acid is measured and appropriate electrode pair
(pyrite electrode—SCE, pyrite electrodePld or glass
electrode-SCE) is immersed in the solution. The solu-
tion was then titrated potentiometrically by adding 0.05 or
0.1mL increments of 0.1 M tetra-n-butylammonium hy-
droxide (potassium hydroxide or sodium methoxide) and
measuring the potential immediately before the addition of \,are

each increment. The potential measurements were made at

2 min intervals at the beginning of the titration and at 4 min ox = Fe(OH), "X+ /FeS

Reaction (2) shows the formation of hydroxide in a layer
near the pyrite electrode. Since pyrite is a semiconductor,
the system Fe(OHI"K*/FeS can be considered to be a
hydroxy sulfide/metallic electrode whose potential can be
defined by

RT
ox+ |n aoxaﬁscﬁ 3)
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If only solid components are formed in the layer near
the electrode, the expression for the potential of the pyrite 30
electrode can be simplified:

>
&
0

E= E;X—i-S—: Inat, o (4) 250
From expression (4) it can be seen that the potential of
a pyrite electrode depends on the activity of®4 ions. 200 1
Eqg. (4) can also be applied to non-agueous solutions con-
taining weak organic acids.

If the electrode reaction were reversible, as shown in the i ]
equation above, then the Nernst equation might be appli- -1 -1,5 -2 -25 log C
cable. In dilute aqueous_ solution, the aCtIV_Ity _Of the \_Nat?r Fig. 4. Plots of the pyrite electrode potential versus log ¢ (concentrations)
would be constant, but if the Nernst equation is applied in ptojuol-sulfonic acid in methylpyrrolidone.
non-aqueous solution, the potential developed would be re-

lated to the activities of both the hydrogen ions and the water tion, but since the potential of a pyrite electrode as an indi-

[12]. cator electrode is very stable with respect to time (Fig. 2),
it can be successfully applied to the titration of acids in
N,N-dimethylformamide, methylpyrrolidone and pyridine as

. . ., solvent.
When a solution of quaternary ammonium hydroxide

(TBAH) in non-agqueous solvents is used as the titrant, water
is formed during the neutralization of the acid sample, and
the potential changes are not simply related to the activity

of the hydrogen ions only. However, since the concentra- The behavior of a pyrite electrode as an indicator electrode

tion of_the water increases dur_lng the titration and that of was checked by the titration of a series of organic acids of
the acid decreases, the potential change should be greater;. . o

. ._different strengths and various structures. The titration was
than the corresponding one when the water concentration

. . . carried out by using sodium methylate, KOH in methanol or
remains constant. The theoretical value for this increase y 9 y

in the potential chanae can be calculated by insertin thetetrabutylammonium hydroxide, the concentration of which
P hang . y 9 had been determined with benzoic acid before the titrations.
appropriate date into the Nernst equation.

The titrations of acids in methylpyrrolidone with sodium
methylate can be represented by the following equations:

. RT
E=E + = lapor/ (am,0)*3] (5)

3.3. Titration of acids in N,N-dimethylformamide,
methylpyrrolidone and pyridine

3.2. Sopes of the potential response of the pyrite pH sensor
CsHoON + HA = CsHoONHT + A~
The values of the slope of the potentialNiN-dimethyl- _ B N
formamide for a given range of concentrations is 39.0 mV, CH3ONa= CHzO™ +Na
while for met_hylpyrrolidone it_is_ 45.0 mVHKigs. 3 and 4). CsHgONH* + CHzO~ = CsHgON + CH3OH
Since the pyrite electrode exhibits a sub-Nernst dependence,
it cannot be used for the measurement of pH of the solu- Nat + A~ = NaA
- Summary:
]
300 HA + CH3ONa = CH3OH + NaA (6)
And with TBAH by:
CsHgON + HA = CsHgONH' + A~
R4sNOH = R4NT + OH™
250
CsH9ONHT + OH™ 2 CsHgON + H20
CsHgONT + A~ = R4NA

Summary:

200 » ) 3 oot HA + RsNOH = R4NA + H,0

Fig. 3. Plots of the pyrite electrode potential versus log ¢ (concentrations) ~ AS it can be seen from the above equations, while titrat-
p-toluene-sulfonic acid iN,N-dimethylformamide. ing an acid with TBAH, water, which has negative effects
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Fig. 5. The effect of the indicator electrode on the shape of the end-point inflexion in the potentiometric titration of benzoic aenirmsd-B3-naphthol
in methylpyrrolidone: 1a, 2a, 1b, 2b: glass electrode; 3a, 4a, 3b, 4b, 5b: FeS2-electrode. Titrant: 1a, 1b, 3b: TBAH; 2a, 3a, 5b: sodium methylate; 4a,
2b, 4b: potassium hydroxide.

on the titration of weak acids with this titrant, is released. couples Fes-SCE and glass—SCE are shownFRig. 7.

The curves of the titration of various organic acids in While titrating benzoic acid, for example, the potential
methylpyrrolidone as the solvent are shownFig. 5. The jumps at the TEP ranges from 210-311 mV/0.3 mol when a
curves of the titrations in dimethylformamide are shown pyrite electrode is used as the sensor and 116—352 mW*mL

in Fig. 6. and the curves of the titration in pyridine as when a glass electrode is used (Table 1). When sodium
the solvent with sodium methylate and the application of methylate and TBAH are used as titrants, the same jumps are
KOH in methanol and TBAH in a mixture of methanol and obtained while applying pyrite as the sensor. If a TEP glass
2-propanol as titrants with the application of the electrode electrode is used for the detection, the potential jumps are
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Fig. 6. The effect of the indicator electrode on the shape of the end-point inflection in the potentiometric titration of &Nalimethylformamide:
1a, 2a, 3a-benzoic acid (glass electrode), 1b, 2b-benzoic acig @te8rode); 3b, 4b-a-nitroso-B-naphthol (ReSlectrode); 5b-anthranylic acid (FeS
electrode); 6b-malonic acid (Fe&lectrode); 7b-salicylic acid (FeSlectrode). Titrant: 1a-TBAH; 3a, 1b, 3b, 5b, 6b, 7b: sodium methylate; 2b, 4b-KOH.
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Fig. 7. The effect of the indicator electrode on the shape of the end-point inflection in the potentiometric titration of acids in pyridine: 1b, 2b, 4c: glass

L0 mV)

mV, {1division

1a
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electrode; 1a, 2a, 3a, 1c, 2c, 3c, 5d, 6d: FeS2 electrode. Titrant: 2a, 1c: TBAH; 1a, 2b, 3c, 4c, 6d: sodium methylate; 3a, 1b, 2c, 5d: KOH.

decreased when sodium methylate is applied as the titranttive of whether TBAH or sodium methylate is used,
but they were slightly decreased when KOH was ap-
plied. When a glass electrode was applied in the titra-
the sensor, the potential jumps were the same irrespection of this compound, the potential jumps are much

due to the effect of sodium ions on the glass electrode.
While titrating a-nitrose-g-naphthol with pyrite as

Table 1

Potential changes at the titration end-point in the potentiometric determination of acids in pyrrolidone and pyridine

Titrated compound Solution Titrating agent Potential jump in mV
FeS-SCE Glass-SCE
Benzoic acid N,N-dimethylformamide TBAH?2 - 325
Potassium hydroxide 191 156
Sodium methylate 359 69
a-Nitroso-B-naphthol N,N-dimethylformamide Potassium hydroxide 177
Sodium methylate 317
Malonic acid N,N-dimethylformamide Sodium Methylate 293
Potassium hydroxide
Salicylic acid N,N-dimethylformamide Sodium methylate 375
Potassium hydroxide 276
Anthranylic acid N,N-dimethylformamide Sodium methylate 288
Potassium hydroxide 173
Benzoic acid Pyrrolidone TBAH? 321 352
Potassium hydroxide 210
Sodium methylate 310 116
a-Nitroso-B-naphthol Pyrrolidone TBAH? 170 200
Potassium hydroxide 145 89
Sodium methylate 170 60
Palmitic acid Pyrrolidone TBAH? 151 -
Sodium methylate 173 -
Potassium hydroxide 188 -
Salicylic acid Pyrrolidone Sodium methylate 174
Potassium hydroxide 199
Anthranylic acid Pyrrolidone Sodium methylate 121
Potassium hydroxide 185
a-Nitroso-B-naphthol Pyridine TBAH? 266
Potassium hydroxide 186
Anthranylic acid Pyridine TBAH? 216
Sodium methylate 365
Potassium hydroxide 154
Salicylic acid Pyridine Sodium Methylate 331

a Tetrabutylammonium hydroxide.
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lower when sodium methylate was applied than with L
TBAH.

While titrating in N,N-dimethylformamide with pyrite Lo
as the sensor, the highest potential jumps were ob- L
tained when sodium methylate was applied as the titrant | 2
(288-377mV/0.3mL). If KOH was applied in the titra-
tion, the potential jumps were lower, ranging from
173-276 mV/0.3mL. In the titration of benzoic acid with
a glass electrode as the indicator, the smallest jumps were
obtained in this solvent with sodium methylate.

In the titration in pyridine with pyrite as the sensor,
the highest potential jumps were obtained when sodium
methylate was applied as the titrant. Thus, while titrating
anthranylic acid with TBAH a jump of 216 mV/0.3mL I k
was obtained and while titrating the same acid with KOH r
and sodium methylate, jumps of 154mV/0.3mL and L
365mV/0.3mL, respectively, were obtained. While titrat-
ing a-naphthol with TBAH a jump of 190 mV/0.3 mL was
obtained and while titrating-naphthol with sodium methy- .
late and KOH, jumps of 150 mV//0.3 mL and 60 mV/0.3 mL, V (ml), (1 division=1 mi)
respectively, were obtained. When the titration was carried rig. 8. Potentiometric titration curves of anthranylic acid in pyridine
out with sodium methylate using a glass electrode, no jump obtained by using a pyrite electrode as indicator electrode and KOH as
was observed. titrant: 1: non-aqueous media; 2: 0.5% water; 3: 1% water; 4. 5% water,

When the pyrite electrode was applied as an indicator elec-°: 10% water.
trode in pyrrolidoneN,N-dimethylformamide and pyridine
the potential in the course of titration and at the equivalence 80 mV/0.3 mL, respectively. The greatest decrease of poten-
point (TEP) were found to be rapidly established (within a tial jump was obtained if the content of water was increased
few minutes) and the change of the potential at the TEP co- by 0.5%. Since water is released in the course of the titra-
incided with the change of the applied indicator colour. ~tions of acids when applying TBAH (reaction 9), it is the

Water lowers the potential jumps at the TEP in all the best to use sodium methylate as the titrant.
applied solvents. The anthranylic acid titration curves in ~ The results obtained in the determination of inves-
pyridine at different concentrations of water are shown in tigated acid (Table 2) in pyrrolidone, pyridine and
Fig. 8. If the solvent contains less than 0.1% of water, the N,N-dimethylformamide, using a pyrite indicator electrode
potential jump at the TEP to 148 mV/0.3mL. If 1% or 10% deviated on average by0.1-0.35% from those obtained
of water was present, the jumps were 88 mVv/0.3mL and With a glass electrode.

mv, [1division = 20 mV)

Table 2

Potentiometric titration of acids in non-aqueous solution by the application of the electrode pairsSEES

Titrated Solvent Number of determinations Taken (mg) Found (%)
Benzoicacid Methylpyrrolidone 6 24.42 100.00+ 0.2
a-Nitroso-B-naphthol Methylpyrrolidone 4 17.32 99.704+ 0.42
Salicylic acid Methylpyrrolidone 6 23.18 99.80+ 0.2
Palmitic acid Methylpyrrolidone 5 16.23 99.68+ 0.3
Anthranylic acid Methylpyrrolidone 6 23.20 99.724+ 0.17
Anthranylic acid N,N-dimethylformamide 5 23.37 98.01+ 0.7
Salicylic acid N,N-dimethylformamide 5 16.92 99.74+ 0,1
Salicylic acid N,N-dimethylformamide 6 16.92 99.65+ 0,17
a-Nitroso-B-naphthol N,N-dimethylformamide 6 26.88 98.98+ 0.66°
a-Nitroso-B-naphthol N,N-dimethylformamide 5 26.88 99.59+ 0.12
Malonic acid N,N-dimethylformamide 5 17.68 99.744+ 0.12
a-Nitroso-B-naphthol Pyridine 4 24.12 99.50+ 0.7
a-Nitroso-B-naphthol Pyridine 4 24.12 99.53+ 1.07
Anthranylic acid Pyridine 4 19.64 99.65+ 0.6°
Salicylic acid Pyridine 4 19.39 98.88+ 0.5
Benzoic acid Pyridine 3 22.60 99.65+ 0.37
Benzoic acid Pyridine 3 22.60 100.11+ 0.2

a Titration with sodium methylate.
b Titration with KOH in methanol.
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4, Conclusion

The obtained results show that a pyrite electrode can be

Lj.V. Mihajlovi et al./ Talanta 64 (2004) 879-886

[26] G. Gran, B. Althin, Acta Chem. Scand. 4 (1956) 967.

[27] R.A. Glenn, J.T. Peake, Anal. Chem. 27 (1955) 205.

[28] G.A. Harlow, C.N. Noble, E.A.W. Garrard, Anal. Chem. 28 (1956)
787.

successfully applied as an indicator electrode in the poten-j>q; g w. watt, G.R. Choppin, J.L. Hall, J. Electrochem. Soc. 101 (1954)

tiometric titration of weak acids with standard solutions of
bases (KOH, sodium methylate and TBAH) in pyrrolidone,
pyridine andN,N-dimethylformamide as solvents.

The potential in the course of the titration and at the equiv-

alence point (TEP) was found to be rapidly established.

Sodium methylate, potassium hydroxide and tetrabuty-

lammonium hydroxide were proved to be a very suitable
titrating agent for these titration.

The results obtained in the determination of the inves-

229;
G.W. Watt, G.R. Choppin, J.L. Hall, J. Electrochem. Soc. 101 (1954)
235.

[30] E. Bishop, Analyst 77 (1952) 672.

[31] E. Virasoro, Rev. Facultad Ing Quim. (Univ. NaCl. Litoral, Santa Fe
Arg) 20 (1951) 83.

[32] V. Novak, Chem. Listy 49 (1955) 848.

[33] H. Spandan, E. Brunneck, Z. Anorg. U. Allgem. Chem. 278 (1955)
196.

[34] R.M. Kulkarni, K.R.K. Rao, Anal. Chem. 36 (1964) 894.

[35] J.P. Butler, T.P. Czepiel, Anal. Chem. 28 (1956) 486.

tigated acids using a pyrite indicator electrode deviated [3¢] ¢ J. Lintner, R H. Schleif, T. Higuchi, Anal. Chem. 22 (1950) 534.
from those obtained using a glass electrode on average by37] E. Bishop, G.D. Short, Analyst 87 (1962) 467.

+0.1-0.35%.

References

[1] L. Safaric, Y. Stransky, Titrimetric Analysis in Organic Solvents,
Elsevier, Amsterdam, 1986, p. 71.

[2] K. lzutsu, Acid-Base Dissociation Constants in Dipolar Aprotic
Solvents (IUPAC Chemical Data Series No. 35), Blackwell Scientific
Publications, Oxford, 1990.

[3] R.G. Bates, Detemination of pH, Theory and Practice, Wiley, New
York, 1973, p. 372.

[4] B. Karlberg, G. Johansson, Talanta 16 (1969) 1545.

[5] G.A. Harlow, C.M. Noble, G.E.A. Wyld, Anal. Chem. 28 (1956) 784.

[6] J. Allen, T. Geddes, J. Pharm. Pharmacol. 9 (1957) 990.

[7] G.A. Harlow, Anal. Chem. 34 (1962) 148.

[8] K. lzutsu, T. Nakamura, S. Hiraoka, Chem. Lett. (1993), 1843.

[9] B. Karlberg, J. Electroanal. Chem. 45 (1973) 127.

[10] T.S.West, C.L. Wilson, D.W. Wilson, Comprehensive Analytical
Chemistry, Vol. IB, Elsevier, Amsterdam, 1960, p. 800.

[11] N.H. Furman, J.M. Kolthoff, P.J. Elving, Treatise on Analyti-
cal Chemistry. Part 1, Vol. 4, Interscience, New York, 1967,
p. 2277.

[12] T. Jasinski, E. Kwiatowski, Zeszvty Nauk. Mat. Fiz. Chem. Wyzsza
Szkola. Pedagog Gdansk 8 (1968) 101.

[38] J.S. Fritz, N.M. Lisicki, Anal. Chem. 23 (1951) 589.

[39] R. Mihajlovic, Lj. Jakse, V. Vajgand, J. Serb. Chem. Soc. 56 (12)
(1991) 745.

[40] V.J. Vajgand, R.P. Mihajlod, R.M. DZudovt, Lj. Jaks€, Anal.
Chim. Acta 202 (1987) 231.

[41] R. Mihajlovi¢, V. Vajgand, Talanta 30 (1983) 789.

[42] R.P. Mihajlovi, Doctoral dissertation, Belgrade, 1987.

[43] Lj.V. Mihajlovi¢, Master thesis, Beograd, 1989.

[44] R.P. Mihajlovi, Lj.V. Mihajlovi¢, V.J. Vajgand, Lj.N. Jakéj Talanta
36 (1989) 1135.

[45] R. Mihajlovic, V. Vajgand, Lj. Jak&, M. Manetove, Anal. Chim.
Acta 229 (1990) 287.

[46] R. Mihajlovic, V. Vajgand, Z. Sinti, Anal. Chim. Acta 265 (1992)
35.

[47] R.P. Mihajlovt, Lj.N. Jakst¢, R. Dzudowt, J. Serb. Chem. Soc. 61
(1996) 689.

[48] R. Mihajlovic, Z. SimE, Lj. Mihajlovic, A. Jokic, M. VukaSinove,
N. Rakicevic, Anal. Chim. Acta 318 (1996) 287.

[49] R. Mihajlovic, Lj. Jakse, V. Vajgand, Talanta 39 (1992) 1587.

[50] R. Mihajlovi¢, V. Vajgand, R. DZudog, Talanta 38 (1991) 673.

[51] M. Antonijevic, B. Vukanove, R. Mihajlovic, Talanta 39 (1992) 809.

[52] A.P. Kreshkov, L.N. Bykova, N.A. Kazaryan, Kislotno-snovnoe
titrovanie v nevodnikikh rastvorakh, Khimia, Moscow, 1967.

[53] A.P. Kreshkov, L.N. Bykova, N.A. Kazaryan, E.S. Rubtsova, Zh.
Anal. Khim. 20 (1965) 492.

[54] A.l. Malishev, O.K. Smirnov, Zav. Lab. 29 (1963) 1173.

[13] J. Prazak, J. Grimmer, Collection Czech. Chem. Commun. 24 (1959) [55] A.l. Malishev, Zav. Lab. 28 (1962) 927.

2049.
[14] H.V. Malmstadt, D.A. Vassallo, Anal. Chem. 31 (1959) 862.
[15] V.Z. Deal, G.E.A. Wyld, Anal. Chem. 27 (1955) 47.
[16] E.J. Grushov, B.F. Al Mudarris, Talanta 22 (1975) 417.
[17] G. Jandler, H. Klaus, J. Inorg. Nuclear Chem. 1 (1955) 120.
[18] H. Zeidler, Z. Anal. Chem. 146 (1955) 251.
[19] O. Tomkek, J. Valcha, Chem. Listy 44 (1950) 283.
[20] O. Tomicek, M. Zukrieglova, Chem. Listy 46 (1952) 263.
[21] J.E. DeVries, S. Schiff, E.St.C. Gantz, Anal. Chem. 27 (1955) 1814.
[22] M. Katz, R.A. Glenn, Anal. Chem. 24 (1952) 1157.
[23] A.J. Martin, Anal. Chem. 29 (1957) 79.
[24] M.L. Moss, J.T. Elliott, R.H. Hall, Anal. Chem. 20 (1948) 784.
[25] G.R. Sprengling, J. Am. Chem. Soc. 76 (1954) 1190.

[56] B.A. Zarinsky, I.A. Gurev, Zh. Anal. Khim 20 (1965) 294.

[57] L.N. Bykova, S.T. Rashevskaya, N.A. Kazaryan, E.S. Rubodova,
Zav. Lab. 31 (1965) 415.

[58] A.F. Gremillion, Anal. Chem. 27 (1955) 133.

[59] J.S. Fritz, Acid—Base Titration in Nonaqueous Solvents, Columbus,
OH, 1952.

[60] J. Inczedy, O. Gimesi, Acta Chim. Hungar 31 (1962) 347.

[61] D.H. Mathews, G.M. Buglass, J.R. Brown, T.R. Welch, J. Appl.
Chem. 12 (1962) 48;
D.H. Mathews, J.R. Brown, T.R. Welch, J. Appl. Chem. 12 (1962)
64.

[62] W. Stuck, Z. Anal. Chem. 177 (1960) 338.

[63] L.J. Lahr, Anal. Chem. 32 (1960) 1166.



