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Abstract: A coulometric—potentiometric procedure for the determination of re-
lative acidity scales of acetone, methylethyl ketone, methyl-isobutyl ketone and
propylene carbonate is described. The range of the relative acidity scale of a
solvent was determined from the difference between the half-neutralization po-
tential of perchloric acid and that of tetrabutylammonium hydroxide. The per-
chloric acid was generated in situ from a hydrogen—palladium electrode in pre-
sence of sodium perchlorate or tetrabutylammonium perchlorate as the suppor-
ting electrolyte. The electrode pairs glass—SCE and (H,/Pd);,—SCE were ap-
plied for the measurement of the half-neutralization potentials of the acid and
base. A wider range of relative acidity scale of the solvents was obtained with
the glass—SCE electrode pair and tetrabutylammonium perchlorate as the sup-
porting electrolyte.

Keywords: relative acidity scale; coulometric generation of perchloric acid; hyd-
rogen—palladium electrode; non-aqueous solvents.

INTRODUCTION

The choice of solvent as the medium for acid—base titrations was done on the
basis of the thermodynamic constants of the solvent, the dissociation constant of
the titrated acid (base), the half-neutralization potential of the titrated acid (base)
in the investigated solvent and the relative acidity scale of the solvent.!

The autoprotolysis constant, K, is one of the basic thermodynamic constants
of a solvent, which depends on numerous parameters including the acidity and
basicity of the solvent, the relative permeability and polarity of the solvent mole-
cules, efc. The Ky value gives information directly relevant to the extent of the
acidity scale, pKs. Solvents with higher pK; values have a stronger differentiating
effect during the titration of multicomponent electrolyte mixtures.
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The relative acidity scale of a solvent, £, has no physical meaning as does
the acidity scale pKg, which is calculated from the autoprotolysis constant of the
solvent. The value of the £ scale of a solvent is calculated from the difference
between the half-neutralization potentials of a strong acid and a strong base in the
given solvent. The relative acidity scale defines for every solvent the approxi-
mate potential ranges which can be used for potentiometric acid-base titrations
under the determined experimental conditions (titrant, electrode pair, efc.). Hence,
the E scale is a practical criterion for the choice of the optimal conditions in po-
tentiometric acid-base titrations in the given solvent. With increasing range of the
Eg scale, the possibility of the titration of weak bases (acids) and of different-
tiating titrations of multicomponent mixtures of bases (acids) in the solvent is
increased.

There are a few data in literature concerning the relative acidity scale of non-
-aqueous solvents.2~6 The presented procedures for the evaluation of the E scale
were based on the determination the difference between the half-neutralization
potentials of perchloric acid and tetraecthylammonium hydroxide (TEAH) or te-
trabutylammonium hydroxide (TBAH) in the given solvent. It was found that the
range of the scale depends on the nature of the solvent, the type of the electrode,
the nature and concentration of the titrant and the presence of water and other
impurities in the solvent.

Although perchloric acid is a strong electrolyte in most non-aqueous sol-
vents, its application as a titrant is connected with some experimental difficulties,
such as the instability of the acid in organic solvents, the presence of water, efc. It
might be expected that an improvement of the procedure of classical titrations
with perchloric acid would be obtained by using coulometric titration. With the
coulometric titration technique, it is not necessary to prepare a titrant solution as
this is generated electrolytically. It was shown’ that many organic compounds
(phenols, thiols, ascorbic acid, esters of gallic acid, efc.) and mercury, as well as
hydrogen (or deuterium) dissolved in palladium can be successfully applied as
anodic depolarizers for the coulometric generation of acids in non-aqueous sol-
vents. The most favorable anodic depolarizer for the coulometric titration of bases
as well as for the coulometric determination of protonation constants in non-aque-
ous solvents is hydrogen dissolved in palladium. The anodic oxidation of hydro-
gen generates “dry” hydrogen ions, by which means the introduction of a titrant
into the solution is avoided, the titrated volume and the ionic strength remain
unchanged and the procedure is simplified.

No data have been reported on the application of coulometric titrant genera-
tion for determination of the relative acidity scale of solvents.

Employing the possibility of the direct H" generation by the electrooxidation
of hydrogen dissolved in palladium, in this work a procedure for the coulometric—
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—potentiometric determination of the relative acidity scales of some dipolar apro-
tic solvents was developed.

EXPERIMENTAL
Reagents

All employed chemicals were of analytical grade from Merck or Fluka. Prior to use, ace-
tone (AC), methylethyl ketone (MEK) and methyl-isobutyl ketone (MIBK) were purified by
procedures described in the literature.® Propylene carbonate (PC) was used without further
purification.

Tetrabutylammonium hydroxide (TBAH) in a 2-propanol-methanol mixture (0.10 M)
was used. The exact concentration of TBAH was determined coulometrically using a hydro-
gen—palladium generator electrode.

The liquid organic bases were first dried over fused potassium hydroxide and then distil-
led under reduced pressure. The concentration of the solutions of the bases were controlled by
titrating them with H* generated by the oxidation of hydrogen dissolved in palladium.

The supporting electrolyte was 0.10 M sodium perchlorate or 0.10 M tetrabutylammo-
nium perchlorate (TBAP) in the required solvent.

Apparatus

The apparatus for the coulometric—potentiometric determination of relative acidity scales
of the solvents is shown in Fig. 1.

T b——0

3 —o

|
@

L
)

w
®
Fig. 1. Schematic diagram of the apparatus for the
©- . . . L
coulometric—potentiometric determination of the re-
@t lative acidity scale of solvents: (1) current stabi-

lizer, (2) pH-meter, (3) glass electrode, (4) calo-
mel electrode, (5) Pt-cathode, (6) thermostat, (7)
———® H,/Pd electrode and (8) magnetic stirrer.

The current source was a voltage—current stabilizer (type STNS, Vinca, Belgrade). The
current in the generating circuit was measured with a precise milliampermeter (Iskra, Kranj).
The anode and cathode compartments of the electrolytic vessel were separated by a sintered
glass disk of porosity 4; the volume of anolyte was 40 ml, and that of the catholyte 10 ml. The
potential was measured by means of a pH-meter Radiometer pHM-26. The temperature of the
solution was kept constant by circulating thermostated water through the outer glass-mantel of
the vessel. The solution was continuously stirred with a magnetic stirrer.

Electrodes

The generator electrode, (Hy/Pd),e,, was a palladium plate (1 emx2 emx0.5 ¢cm), satura-
ted with hydrogen obtained by electrolyzing a dilute aqueous sulfuric acid solution.
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The indicator electrode, (H,/Pd);,q, was made in the form of a palladium spiral wire
sealed into a glass tube by means of a platinum wire. The electrode had previously been satu-
rated with hydrogen obtained by the electrolysis of water. The response of (H,/Pd);,4. elec-
trode in the solvents was investigated from the potential measurements in solutions of coulo-
metrically generated perchloric acid (within the concentration range 0.010 M to 0.0010 M) in
sodium perchlorate media. It was found (Fig. 2) that the potential of the (H,/Pd);,q electrode
showed a sub-Nernstian dependence on the logarithm of the concentration of perchloric acid,
with a slope of 46 mV in acetone and 44 mV in methylethyl ketone.
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b Fig. 2. Plot of the potential of the (H,/Pd);yq
100 electrode vs. logarithm of the concentration of the
a5 30 25 20 15 electrogenerated perchloric acid in (a) acetone and

log (¢ / mol dm™®) (b) methylethyl ketone.

A glass electrode, type G-202B (Radiometer, Copenhagen), was used. The electrode was
conditioned in the required solvent before use.

A modified saturated calomel electrode, type K201 (Radiometer, Copenhagen), with po-
tassium chloride in methanol was used as the reference electrode.

Procedures

Determination of the relative acidity scale. The relative acidity scale of AC, MEK,
MIBK and PC were determined from the difference in the half-neutralization potentials of
perchloric acid and TBAH. Two electrode pairs, a glass—SCE and a (H,/Pd);,—SCE, were
used for the measurement of the half-neutralization potentials of the acid and base.

Determination of the potential of the half-neutralization of perchloric acid. The suppor-
ting electrolyte (sodium perchlorate or TBAP) was poured into the anode (40 ml) and cathode
(10 ml) compartments of the electrolytic vessel. The platinum and (Hy/Pd),e,.€lectrodes were
immersed into the catholyte and anolyte, respectively. The required amount of hydrogen ions
was generated at the (Hy/Pd),, anode (current of 5.0 mA). The coulometrically obtained per-
chloric acid was then half-neutralized with a standard solution of TBAH. The potential of
half-neutralization of perchloric acid was read 60 min after thermostating (25 °C).

Determination of the potential of half-neutralization of TBAH. The supporting electrolyte
was placed into the cathode and anode compartments up to the same level. A suitable volume
of a standard solution of TBAH (0.500 ml) was added to the anolyte and then titrated to half
neutralization with hydrogen ions generated at the (Hy/Pd),e, anode. The half-neutralization
potential of the base was also measured after thermostating the solution.

Coulometric—potentiometric titrations of mixtures of bases in propylene carbonate. The
supporting electrolyte was poured into the anode (20 ml) and cathode (5.0 ml) compartments
of the electrolytic vessel. The platinum wire was dipped into the catholyte and the (Hy/Pd)ge,
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electrode and the desired electrode couple (glass—SCE or (H,/Pd);,q—SCE) were placed in the
anolyte. A weighed amount of the base being determined was added to the anolyte, the current
was switched on; hydrogen ions were generated discontinually and the potentials were read.

RESULTS AND DISCUSSION

The relative acidity scales of acetone, methylethyl ketone, methyl-isobutyl
ketone and propylene carbonate were determined by coulometry from the diffe-
rence between the half-neutralization potentials of solutions of perchloric acid
and TBAH of the same concentration in the investigated solvent.

Es=E1»(HCIOy) - E1/2(TBAH)

In order to obtain a half-neutralized solution of perchloric acid, the required
amount of acid (1.67x1073 M) was generated in situ from the (H2/Pd)gen elec-
trode and then neutralized to 50 % with a standard solution of TBAH. A half-
-neutralized solution of TBAH was obtained by titrating a solution of the base
(1.67x1073 M) to 50 % with hydrogen ions coulometrically generated at an
(H/Pd)gen anode. The half-neutralization potentials of perchloric acid and TBAH
were measured using both a glass—SCE and a (H,/Pd);,g—SCE electrode pair.

As an example, the calculation of the relative acidity scale of acetone from
the experimental data is shown in Table L.

TABLE 1. Determination of the relative acidity scale of acetone using a H,/Pd generator

electrode; ¢(TBAH) = 1.67x10-3 M; ¢(HCIO,) = 1.67x10- M; supporting electrolyte sodium
perchlorate (0.10 M); current 5.0 mA

. Number of
Electrode pair determinations Ep(HCIO,) / mV E|»(TBAH) /mV E,/mV $/mV
Glass—SCE 6 —470+4 +182+6 652 9
(H,/Pd);,e—SCE 4 —120+7 —418+3 298 10

8Standard deviation; the values of the standard deviation represent the accuracy of the measurement of the
relative acidity scales of the investigated solvents

The ranges of the relative acidity scales of the investtigated solvents, obtain-
ed by the coulometric—potentiometric procedure, are shown in Fig. 3.

As can be seen from Fig. 3, various intervals of the relative acidity scale
were obtained for one solvent; the range of the £ scale depended on the elec-
trode pair and the nature of the employed supporting electrolyte. When a glass—
—SCE electrode pair was used for measuring the half-neutralization potentials, a
wider acidity scale of the solvent was obtained than when a (H,/Pd);,g—SCE elec-
trode couple was applied. Thus, for example, the £ scale of acetone (in a sodium
perchlorate medium) determined with a glass—SCE and a (H»/Pd);,q—SCE elec-
trode pair were about 650 and 300 mV, respectively (Table I). This difference in
the relative acidity scale of a solvent can be explained by the sensitivity of the
(H»/Pd)ing electrode being lower than that of a glass electrode in the investigated
solvents; the slopes of the potential response of the (Hy/Pd)ingq electrode were
sub-Nernstian (Fig. 2).
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On the basis of this fact, it is to be expected that the highest potential jumps
at the end-point would be obtained if a glass electrode were used for the detection
of the end-point in the employed solvents. The curves of the coulometric—poten-
tiometric titrations of two-component mixtures of bases in propylene carbonate
as the solvent using glass—SCE and (H,/Pd);,—SCE electrode couples are shown
in Fig. 4.
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Fig. 4. Coulometric—potentiometric titration curves of mixtures of bases in propylene
carbonate: (a) triethylamine + quinoline and (b) triethylamine + 2,2’-bipyridy].

In the coulometric titration of a mixture of bases, triethylamine + 2,2’-bipyri-
dyl, the potential jumps recorded for the first and second end-point were 60 and
150 mV, respectively, when a glass electrode was used and 30 and 60 mV, res-
pectively, when a (Hy/Pd)jnq electrode was used. As in PC, in the other dipolar
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aprotic solvents (AC, MEK and MIBK) in accordance with their £y scales, coulo-
metric—potentiometric titrations of mixtures of bases can be successfully perfor-
med using a glass indicator electrode.”

The range of a relative acidity scale of a solvent depends on the nature of the
supporting electrolyte and also on the presence of water. When TBAP was ap-
plied as the supporting electrolyte instead sodium perchlorate, wider Eg scales
were obtained. The large influence of the supporting electrolyte on the Eg scales
determined using a glass electrode can be explained by specific effects of the
cation of the supporting salt on the sensitivity of this electrode.

Water lowered the range of the relative acidity scale in all the investigated
solvents. It was found that the addition of small amounts of water (less than 1 %) in
the anolyte had a large effect on the relative acidity scale of the solvent. Thus,
after the addition of 0.30 % water, the relative acidity scale of acetone was nar-
rowed by 65 mV, whereas after the addition of a further 0.70 % water, the scale was
narrowed by an additional 60 mV. In accordance with the influence of water on
the E scale of the solvent, it is to be expected that the potential jumps at the end-
-point in the coulometric—potentiometric titrations of bases (acids) will be decreased.

CONCLUSIONS

Based on the presented results, it may be concluded that a generator hyd-
rogen—palladium electrode can be applied for the coulometric—potentiometric de-
termination of relative acidity scales of dipolar aprotic solvents. By applying a
hydrogen—palladium generator electrode as a source of H', the use of a standard
solution of perchloric acid is avoided and the effect of water present in the acid
solution is eliminated. A relative acidity scale determined by this method is a
practical and useful criterion, which could find application in coulometric—poten-
tiometric acid—base titrimetry in non-aqueous solvents.

Acknowledgement. The authors are grateful to the Ministry of Science of the Republic of
Serbia for financial support (Project No. 142060).

U3BOJ

KYJIOHOMETPUJCKO OJIPEBUBAIGE PEJTATUBHE CKAJIE KUCEJIOCTU HEKHUX
JUIIOJIAPHUX ATIPOTUYHUX PACTBAPAYA ITPUMEHOM
BOJJOHUK-TTIAJIAIMIYMOBE EJIEKTPOAE

PAJIMUIJIA M. LIY}:[OBI/I"FA1 u JbUJbAHA H. JAKIIIR?

! Mpupoono—maiiemaiiuyicu (axy.aitiei, Yuusepsuitieiii y Kpazyjeeuy, Padoja Jomanosuha 12, 34000 Kpazyjesay u
2Pydapcko—zeonouticu paiyaitieit, Yuusepauitieit y Beozpady, Bywuna 7, 11000 Beozpad

[IpukazaH je mocTymak 3a KyJOHOMETPH]jCKO—TIOTCHIIMOMETPHjCKO oipehrBame penaTHBHAX

CKaJa KUCEJOCTH aleTOHa, METHJIETUI KETOHA, METHIM3HOYTHII KETOHAa M TPOIMICH-KapOoHaTa.

BpeaHocT penaTHBHE CKalle KHCEJIOCTH pacTBapada oapelieHa je 3 pasiuke MONy-HeyTpann3a-

LHOHMX TOTEHLHUjajla TePXJIOpHE KUCEInHe U TeTpaldyTHIaMOHH]jyM-XHIpOKcHaa. [lepxaopHa Ku-

CelIMHA je TeHEepUCaHa in situ Ha BOJAOHHUK—TIAJIa(ljYMOBO] CJICKTPOIH Y MIPUCYCTBY HATPH]yM-TIep-
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XJIopara WM TeTpabyTHIaMOHHjyM-IIepXJIopaTa Ka0 OCHOBHOT €JIEKTPOJINTA. 32 MEPEHE MOJTy-Hey-
TpalTH3alMOHNX MOTEHIMjajla KICeNInHe u 0a3e KopuheHu Cy eNeKTpOoIHH mapoBH crakineHa—3KE
u (Hy/Pd),,,;—3KE. Ilpumenom enextpoaHor napa craxiena—3KE u TeTpalbyTHiiaMOHKjyM-TIepXJio-
PaTHOT OCHOBHOT €JIEKTPOJIMTa 100ujeHe cy Behe BpeJHOCTH 3a pellaTHBHE CKaJle KHCEIOCTH UCIIH-
THBAaHHX pacTBapaya.

(ITpumsbeno 30. jyna 2007, peBuaupano 13. dhebpyapa 2008)

REFERENCES

1. A. P. Kreshkov, Analytic Chemistry of Non-Aqueous Solutions, Khimiya, Moscow, 1982,
p- 183 (in Russian)

. H. B. van der Heijde, E. A. M. F. Dahmen, Anal. Chim. Acta 16 (1957) 378

. H. B. van der Heijde, Anal. Chim. Acta 17 (1957) 512

N. A. Baranov, N. A. Vlasov, L. P. Potekhina, O. F. Shepotko, Zh. Anal. Khim. 25 (1970)

2069

5. A. P. Kreshkov, L. N. Bykova, Z. G. Blagodatskaya, V. D. Arashnikova, Zh. Anal. Khim.
23 (1968) 271

. S. L. Petrov, L. N. Bykova, Zhur. Anal. Khim. 25 (1970) 168

. R. P. Mihajlovi¢, Lj. N. Jak$i¢, R. M. Dzudovi¢, Anal. Chim. Acta 557 (2006) 37

8. A. P. Kreshkov, L. N. Bykova, N. A. Kazaryan, Acid—Base Titrations in Non-Aqueous

Solutions, Khimya, Moscow, 1967, p. 70 (in Russian)
9. R. P.Mihajlovi¢, Lj. N. Jaksi¢, V. J. Vajgand, J. Serb. Chem. Soc. 60 (1995) 141.

:l;(.»)l\)

~N




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


