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Abstract—Validity of the Davis method for the estimation of activity coefficients of the ions forming in an
acid-base system at the evaluation of thermodynamic dissociation constants of aromatic acids in

dimethylformamide medium is evidenced.
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As has been shown in our preceding publications
[1-4], calculations concerning ionic components in
transport processes [5, 6] (thermal conductivity,
electric ~ conductivity, viscosity and diffusion
coefficients in solutions of strong and weak
electrolytes) considering only the ions formed in the
first step of dissociation of multifunctional compounds
are not strictly correct. Equilibrium concentrations of
all ions in the acid-base system should be taken into
consideration. The most complete information on the
concentration of all moieties can be obtained from
logarithmic diagrams log C-log a(SH"), where log C
means the concentrations of all ions in the solution and
log a(SH") is the activity of proton solvated in any
solvent (activity of lionium ion) [1-4].

For the estimation of activity coefficients the most
applicable, as compared with the Debye method, is
Davis equation [7]:
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A disadvantage of the Debye method is the neces-
sity of introduction of 4 value, the tightest distance
between particles which is, strictly speaking, is not
known and commonly is accepted as 5x10°* cm or less.
In solution all the particles (even neutral molecules)
are in solvated state (molecular solvates, solvated ions,

associated ions, etc.), therefore even simple sum of
solvated ions radii (in the first approximation) does not
give complete information on the minimal distance
between the tightest ions, and its constancy and
equality to 5x10°* cm for a pair of the same solvated
cation and anion in any solvent seems doubtful.

The A4 coefficient is defined by the relation
A = (2uNA/1000)"(€*/2.3034k5 %) (1/¥*T*),

where N, is Avogadro number, kg is Boltzmann
constant, € is the medium dielectric permeability, 7 is
Kelvin temperature. For DMF this value equals: 4 =
1.6363.

Thus, the Davis equation removes uncertainty of
the distance between the tightest particles and quite
applicable to the calculation of activity coefficients of
ions in aqueous and, the more so, in non-aqueous
solutions where a certain ion is characterized by
different radii of solvated shells. With this equation the
calculation of dissociation constants of electrolytes is
more reliable [8] as compared with the Debye method.

We estimated ionic strenghts, activity coefficients
by Davis, and thermodynamic dissociation constants of
aromatic dicarboxylic acids at potentiometric titration
with a solution of guanidine: diphenic, diphenyl-
phthalide dicarboxylic, o-phthalic, isophthalic and
terephthalic acids, using Egs. (1)—(3).
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Fig. 1. Potentiometric titration curve of 4.215x10° M
solution of diphenic acid with 5.0178x10 M solution of
guanidine in DMF.
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Fig. 3. Potentiometric titration curve of 3.193x10° M
solution of  diphenylphthalide dicarboxylic acid with
4.6956x10 7% M solution of guanidine in DMF .

H,A ZHA + H', K; = ay+ [HA JAi/[HLAlf, 2)
HA ZA* +H', K, = - [AY )H/[HAIf,. (3)

Figures 1, 3, 5, 7, and 9 depict the curves of poten-
tiometric titration of the explored acids with a solution
of guanidine in the medium of DMF. The acids are
characterized by unresolved neutralization of both
carboxylic groups, except o-phthalic and terephthalic
acidc that show two titration jumps. Figures 2, 4, 6, 8,
and 10 depict the above mentioned logarithmic
diagrams log C-log a(SH") that allow estimation of
equilibrium concentrations of all charged and neutral
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Fig. 2. Logarithmic diagram of estimation of equilibrium
concentration at the reaction of diphenic acid with
guanidine in DMF: (7) acid concentration H,An, (2) con-
centration of ion HAn", and (3) concentration of ion An”".
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Fig. 4. Logarithmic diagram of estimation of equilibrium
concentration at the reaction of diphenylphthalide
dicarboxylic acid with guanidine in DMF: (7) acid
concentration H,An, (2) concentration of ion HAn', and
(3) concentration of ion An”".

moieties (solvated neutral molecules and ions) formed
at the dissociation of an acid at its titration with a
strong base.

Statistical treatment of experimentally found
thermodynamic dissociation constants of aromatic
dicarboxylic acid in DMF medium affords confidence
intervals for the experimental pK; and pK, values with
the probability 0.95 (see table).

Thus, we evidenced validity of Davis equation that
does not contain the uncertainty inherent in Debye—
Hueckel method in the distance of the tightest ions for
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Fig. 5. Potentiometric titration curve of 0.03718 M solution
of o-phthalic acid with 0.1549 M solution of guanidine in
DMF.
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Fig. 7. Potentiometric titration curve of 0.01687 M solution
of isophthalic acid with 0.1381 solution of guanidine in
DMF.
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Fig. 9. Potentiometric titration curve of 0.03250 M solution
of terephthalic acid with 0.1635 M solution of guanidine in
DMF.
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Fig. 6. Logarithmic diagram of estimation of equilibrium
concentration at the reaction of o-phthalic acid with
guanidine in DMF: (/) acid concentration H,An, (2) con-
centration of ion HAn', and (3) concentration of ion An*".
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Fig. 8. Logarithmic diagram of estimation of equilibrium
concentration at the reaction of isophthalic acid with
guanidine in DMF: (/) acid concentration H,An, (2) con-
centration of ion HAn', and (3) concentration of ion An*".
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Fig. 10. Logarithmic diagram of estimation of equilibrium
concentration at the reaction of terephthalic acid with
guanidine in DMF: (/) acid concentration H,An; (2) con-
centration of ion HAn', and (3) concentration of ion An*".
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Statistical treatment of experimentally found thermodynamic
dissociation constants of aromatic dicarboxylic acid in DMF
medium

Number
Acid of data | Confidence interval
points
Diphenic 30 pK; =10.03+0.40,

pK, =12.22+0.78
Diphenyphthalid dicarboxylic 27 pK; =9.82+0.45,
pK> = 11.44+0.69

o-Phthalic 30 pK; =6.947+0.315,
pK> =11.220+0.566
Isophthalic 25 pK; =9.791+0.140,
pK> =10.327+0.191
Terephthalic 41 pK; = 8.458+0.193,

pK> = 11.697+0.505

the application to the concept of theoretical estimation
and experimental measuring of thermodynamic
dissociation constants of aromatic acids in the medium

of organic solvents for both the cases of separate and
joint neutralization of two acid groups.

REFERENCES

Tanganov, B.B. and Alekseeva, 1.A., Zh. Obshch.
Khim., 2005, vol. 75, no. 11, p. 1775.

Tanganov, B.B. and Alekseeva, 1.A., Zh. Obshch.
Khim., 2006, vol. 76, no. 11, p. 1800.

Tanganov, B.B. and Alekseeva, 1.A., Vestnik Vost.-Sib.
Gos. Tekh. Univ., 2005, no. 2, p. 5; no. 3, p. 5.
Tanganov, B.B. and Alekseeva, I.A., Vestnik Bel. Gos.
Univ., Ser. Khim., 2006, p. 70.

Dashiev, R.Z., Baldanov, M.M., and Tanganov, B.B.,
Dokl. Ross. Akad. Nauk, 2005, no. 1(4), p. 12.

Baldanov, M.M., Baldanova, D.M., Zhigzhitova, S.B.,
and Tanganov, B.B., Dokl. Ross. Akad. Nauk, 2006,
no. 1, p. 25.

Davies, C.W., J. Chem. Soc., 1938, p. 2093.

Tanganov, B.B., Zh. Obshch. Khim., 2007, vol. 77,
no. 8, p. 1238.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 79 No. 7 2009




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


