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Abstract: The pKA values of protonated triethylamine, pyridine and 2,2'-dipyri-
dyl in propylene carbonate (PC) were determined by applying the coulometric–
–potentiometric method and a hydrogen/palladium generator anode (H2/Pd). 
The investigated and reference base were titrated to 50 % with protons electro-
generated from hydrogen-saturated palladium, in the presence of sodium per-
chlorate as the supporting electrolyte. The half-neutralization potentials E1/2(x) 
and E1/2(st.) of the investigated and standard base, respectively, were measured 
using a glass–SCE pair. The obtained pKA values were compared with those 
reported in the literature. 

Keywords: coulometry; pKA of base; propylene carbonate; hydrogen/palladium 
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INTRODUCTION 

There are only a few papers in the literature concerning the determination of 
the pKA of bases in PC.1−3 The presented procedures for the determination of 
pKA values are based on the potentiometric titrations of bases with a standard so-
lution of perchloric or hydrochloric acid. The pKA values for protonated amines 
reported in the literature differ considerably between one another.2,3 

PC is an aprotic dipolar solvent which has some advantages ("environmental 
friendly" solvent) over other protophobic solvents such as acetone or acetonitrile. 
This solvent has been recommended as a medium for electrochemical investiga-
tions4 and acid base titrations.5−8 The principal disadvantage of PC, is that it 
hydrolyzes fairly rapidly in the presence of strong acids. In previous papers7,8 it 
was shown that the use of a standard perchloric acid solution for titration of bases 
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in PC can be avoided by generating perchloric acid coulometrically at a H2/Pd 
electrode. Furthermore, a H2/Pd electrode was applied as a generator electrode 
for the determination of the autoprotolysis constant of PC9 and other aprotic sol-
vents,10 as well of protonization constants of electrolytes in ketones.11−12 The 
aim of this work was to confirm whether the coulometric–potentiometric method 
and a hydrogen/palladium generator electrode can be employed for the determi-
nation the pKA values of some organic bases in PC. 

EXPERIMENTAL 
Apparatus and electrodes 

The apparatus and electrodes used in this study were described earlier.10 
Reagents and solutions 

All chemicals were of p.a. purity (Merck and Fluka). Propylene carbonate was distilled 
under reduced pressure (b.p. about 80 °C) before use. The supporting electrolyte was a 0.10 
mol dm-3 solution of sodium perchlorate in PC. The liquid bases triethylamine and pyridine 
were dried over fused potassium hydroxide and then distilled under reduced pressure. An ap-
propriate amount of a base was weighed into a volumetric flask, dissolved in PC and then 
diluted to the mark. The base concentration (0.010 mol dm-3) was checked by titration with 
protons generated at a H2/Pd electrode, with potentiometric detection of the equivalence point.  
Procedure 

A base solution (2.00 ml) and the sodium perchlorate solution (18.00 ml) were put into 
the anode compartment of the electrolytic vessel. The sodium perchlorate solution was put 
into the cathode compartment to the same level. The auxiliary electrode (a platinum wire) was 
immersed in the catholyte. The generator H2/Pd anode and the electrode pair glass-modified 
SCE were immersed in the anolyte. The current was switched on, and H+ ions were generated 
at the H2/Pd anode in the amount required to half-neutralize the reference base (investigated 
base) solution. Titration of the base (0.0010 mol dm-3) was performed at a constant current 
(3.0 mA). After thermostating at 25.0±0.1 °C, the potential was read. 

RESULTS AND DISCUSSION 

The dissociation constants of protonated triethylamine, 2,2'-dipyridyl and 
pyridine in PC were determined in the following cells: 

 SCE || Bst, cM, +
stBH , cM | glass electrode 

 SCE || Bx, cM, +
xBH , cM | glass electrode 

The standard and investigated base at the same concentration cM were 
titrated coulometrically to half-neutralization with protons generated by the 
anodic oxidation of hydrogen dissolved in palladium in presence of sodium 
perchlorate as the supporting electrolyte. The half-neutralization potentials E1/2(st.) 
and E1/2(x) of the standard and investigated base, respectively, were measured by 
a glass–SCE electrode pair. The pKA value of the studied base was calculated 
according to the following equation: 
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 pKA(x) = pKA(st) + (E1/2(x) – E1/2(st))/0.059 
where pKA(st.) represents the dissociation constant of the standard base 1,3-di-
phenylguanidine (pKA(st.) = 16.98). 

The pKA values of the investigated bases determined coulometrically using a 
H2/Pd anode and a 0.10 mol dm–3 sodium perchlorate as the supporting elec-
trolyte, as well as the literature data obtained by other experimental techniques, 
are summarized in Table I. 
TABLE I. Dissociation constants of protonated organic bases obtained by coulometry at 
25.0±0.1 °C (supporting electrolyte, 0.10 mol dm-3 sodium perchlorate in propylene carbo-
nate; generation current 3.0 mA) 
Base pKA±SDa pKA, literature data2 
Triethylamine 17.28±0.09 17.94 

2,2'-Dipyridyl 13.20±0.07 – 
Pyridine 11.32±0.10 11.92 

aStandard deviation; number of determinations: 5 
No data have been published in the literature for 2,2'-dipyridyl. The experi-

mental pKA value for 2,2'-dipyridyl obtained in this study by coulometry is 
13.20±0.07. The pKA values for pyridine and triethylamine determined by the 
herein proposed procedure are lower by approximately 0.60 pK units than those 
obtained by the classic potentiometric method.1 This can be explained by the dif-
ferent conditions of the investigation in the present work in comparison with those 
applied by other authors. 

In the herein proposed procedure, the use of a H2/Pd anode as the source of 
hydrogen ions in the coulometric determination of the dissociation constants of 
bases in PC makes this simpler than the classical method. The oxidation of hyd-
rogen generates "dry" hydrogen ions, hence, as the introduction of a titrant into 
the solution is avoided, the titrated volume and the ionic strength remain unchan-
ged. Particularly, since the ionic strength of the solution in PC cannot be calcu-
lated, the coulometrically determined acid dissociation constants of protonated bases 
are only valid for the applied supporting electrolyte, sodium perchlorate at a con-
centration of 0.10 mol dm–3 and thus represent conditional dissociation constants. 

Based on the values of the dissociation and homoconjugation constants of 
acids in PC and acetonitrile, it was shown that an enhanced polarity of the aprotic 
solvent is favorable for the dissociation of the cationic acids and that PC is a 
somewhat stronger base than acetonitrile.1 In accordance with this consideration, 
the pKA values of bases in PC determined either by coulometry or the classic 
method are smaller than those obtained in acetonitrile.2 

PC has a small autoprotolysis constant, a relatively high permittivity and 
dipole moment, as well as a pronounced differentiating effect, relative to many 
electrolytes. On account of these properties, PC is suitable for the determination 
of mixtures of bases. A differential titration of bases in this solvent is only pos-



658 JAKŠIĆ and DŽUDOVIĆ 

sible if the difference between the pK values of the bases in the employed solvent 
is sufficiently high. From this point of view, the conditional dissociation cons-
tants of protonated bases in PC are important physico–chemical parameters, which 
can be used for predicting the conditions for the differential coulometric–poten-
tiometric titration of bases in mixtures in this solvent. 

CONCLUSIONS 

The conditional dissociation constants of triethylamine, pyridine and 2,2'-di-
pyridyl in propylene carbonate were determined by applying the coulometric–
potentiometric method and a hydrogen/palladium generator anode. Employing 
this procedure, the preparation of a standard solution of perchloric acid, which is 
unstable in this solvent, is avoided and the effect of dilution of the solution in the 
course of the titration is eliminated. This method is simpler than the classical 
potentiometric method. 
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КУЛОНОМЕТРИЈСКО–ПОТЕНЦИОМЕТРИЈСКО ОДРЕЂИВАЊЕ pKA 
НЕКИХ ОРГАНСКИХ БАЗА У ПРОПИЛЕНКАРБОНАТУ 
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Применом кулонометријско–потенциометријске методе и водоник–паладијумове гене-
раторске електроде oдређене су pKA вредности протонисаног триетиламина, пиридина и 2,2'-
дипиридила у пропиленкарбонату. Испитивана и референтна база титрисане су кулоно-
метријски до 50 % протонима добијеним анодном оксидацијом водоника раствореног у пала-
дијуму у присуству натријум-перхлората као основног електролита. Полу-неутрализациони 
потенцијали (E1/2(x) and E1/2(st.)) испитиване и стандардне базе мерени су применом елек-
тродног пара стаклена електрода–ЗКЕ. На основу вредности полу-неутрализационих потен-
цијала и pKA(st) вредности стандарднe базе израчунате су константе дисоцијације испити-
ваних база. Добијене рKA вредности упоређене су са литературним подацима. 

(Примљено 30. новембра 2007, ревидирано 4. фебруара 2008) 

REFERENCES 
1. K. Izutsu, I. M. Kolthoff, T. Fujinaga, M. Hattori, M. K. Chantoni, Anal. Chem. 49 (1977) 503 
2. K. Izutsu, T. Nakamura, I. Iijima, Bull. Chem. Soc. Japan 52 (1979) 2721 
3. J. Talarmin, M. L'her, J. Courtot-Coupezz, C. R. Hebd, Sci. Acad, Sci. Ser. C 287 (1978) 105 
4. V. Vojinović, S. Mentus, V. Komnenić, J. Elactroanal. Chem. 547 (2003) 109 
5. N. A. Baranov, N. A. Vlasov, L. P. Potehina, O. F. Shopot'ko, Zhur. Anal. Khim. 25 

(1970) 2069 
6. R. Mihajlović, V. Vajgand, Lj. Jakšić, M. Manetović, Anal. Chim. Acta 229 (1990) 287 
7. R. P. Mihajlović, V. J. Vajgand, Lj. N. Jakšić, Talanta 39 (1992) 1587 



 COULOMETRIC–POTENTIOMETRIC DETERMINATION OF pKA 659 

8. Lj. N. Jakšić, R. M. Džudović, R. P. Mihajlović, Z. D. Stanić, J. Serb. Chem. Soc. 65 
(2000) 587 

9. R. M. Džudović, R. P. Mihajlović, Lj. N. Jakšić, in Proceedings of XV Yugoslav Sym-
posium on Electrochemistry, Palić, Yugoslavia, (2001), Book of Abstracts, Serbian 
Chemical Society, Belgrade, (2001), p. 97 (in Serbian) 

10. V. J. Vajgand, R. P. Mihajlović, R. M. Džudović, Talanta 36 (1989) 1154 
11. R. Mihajlović, Z. Simić, Lj. Mihajlović, M .Vukićević, Talanta 43 (1996) 2131 
12. R. P. Mihajlović, Lj. N. Jakšić, R. M. Džudović, Anal. Chim. Acta 557 (2006) 37. 



<<
  /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


