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ABSTRACT. The parameters of dissociation of camphoric acid in its dilute (0.0001-0.01M) solutions were deter-
mined with the aid of original exact and approximate equations. © 2010 Bull. Georg. Natl. Acad. Sci.

Key words: degree of dissociation, dissociation constant, camphoric acid, hydrogen ion concentration, dissocia-
tion step.

Camphoric acid (1,2,2-trimethyl-1,3-cyclopentane-
dicarboxylic acid) is one of the important representa-
tives of the group of cycloalkanedicarboxylic acids (these
acids and their derivatives are widely used in pharma-
ceutical industry). Taking into account that the majority
of drugs are weak acids or bases and their dissociation
parameters have a strong influence on the
biopharmaceutical properties of drugs and their interme-
diates, knowledge of these parameters is very impor-
tant. In this work the regularities of the electrolytic dis-
sociation of biologically active camphoric acid were de-
termined with the aid of original equations suggested
by us for the calculation of the dissociation parameters
of weak multibasic organic acids with “overlapping”
equilibria [1-9].

In the case of dibasic weak organic acid with “over-
lapping” equilibria the mass action equations may be
presented as follows:
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where K1 and K2 are the thermodynamic dissociation
constants of the first and second dissociation steps, α1
and α2 are the “usual” degrees of dissociation of these
steps, 2α′  is the “partial” degree of dissociation of the
second step (this term was first suggested by us [8,9]),
c is the total concentration of acid, F1 and F2 are the
quotients of the activity coefficients:
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According to the equations (1) and (2) the degrees
of dissociation, α1 and α2, can be evaluated succes-
sively by iterative solution of two quadratic equations:
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The value of the “partial” degree of dissociation

2α′
 according to equation (2) can be determined with

the aid of the following equation:
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or with the aid of α1 and α2 values:

122 /ααα =′ . (8)

The values of the activity coefficients were calcu-
lated with the aid of the Debye-Huckel expression:
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where ai is the cation-anion distance of closest ap-
proach, A and B are constants depending on the proper-
ties of water at given temperature, zi is the charge of

ion. The ionic strength )21()2( 2121 αααα ′+=+= ccI .

With the aid of equations (5), (6) and (8) the values
of the “usual” and “partial” degrees of dissociation for
dilute (0.0001-0.01M) solutions of D-camphoric acid have
been calculated. The K1 and K2 values for this acid
(K1=2.7x10–5; K2=8x10–6) were taken from [10]. The α1,
α2, 2α′  and pH values for the dilute solutions of D-
camphoric acid at 25ºC are presented in Table 1. The
concentrations of dissociated and undissociated forms
may be determined with the aid of the following equa-
tions:

)1()(][ 2121 αααα ′−=−=− ccHA (10)

212
2 ][ ααα ′==− ccA (11)

)1()(][ 2121 αααα ′+=+=+ ccH (12)

)1(][ 12 α−= cAH (13)

Taking into account the comparative complexity of
calculations with the aid of equations (5) and (6), we
obtained simple empirical equations for fast approximate
calculation of the α1, α2, 2α′  and pH values for the
dilute solutions of D-camphoric acid (concentration
range c=0.0001-0.01M):

42.0
1 008531.0 −= cα (14)

9.05
2 105488.1 −−×= cα (15)

48.03
2 108155.1 −−×=′ cα (16)

cpH lg538.0177.2 −= (17)

The difference between the results obtained with
the aid of these equations and the accurate values pre-
sented in Table 1 does not exceed 10%.
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Table 1.

The parameters of dissociation of D-camphoric acid in dilute solutions at 25º

Concentration of acid, M α1 α2 α′2 pH 

0.0001 

0.0002 

0.0003 

0.0004 

0.0005 

0.0006 

0.0007 

0.0008 

0.0009 

0.001 

0.002 

0.004 

0.006 

0.008 

0.01 

0.4075 

0.3100 

0.2616 

0.2312 

0.2096 

0.1934 

0.1805 

0.1700 

0.1611 

0.1536 

0.1115 

0.0804 

0.0663 

0.0578 

0.0519 

0.06105 

0.03350 

0.02331 

0.01794 

0.01462 

0.01236 

0.01071 

0.00946 

0.00847 

0.00768 

0.00399 

0.00206 

0.00140 

0.00106 

0.00086 

0.1498 

0.1081 

0.0891 

0.0776 

0.0697 

0.0639 

0.0593 

0.0556 

0.0526 

0.0500 

0.0358 

0.0256 

0.0212 

0.0184 

0.0165 

4.333 

4.167 

4.073 

4.007 

3.956 

3.914 

3.879 

3.849 

3.823 

3.799 

3.644 

3.490 

3.401 

3.338 

3.289 
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fizikuri qimia

qafuris mJavas eleqtrolituri disociaciis

kanonzomierebebi
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avtorebis mier SemoTavazebuli originaluri gantolebebis daxmarebiT gaTvlilia biologiurad

aqtiuri D-qafuris mJavas eleqtrolituri disociaciis orive safexuris Cveulebrivi da

“parcialuri” xarisxebi da pH-is sidideebi mJavas ganzavebuli xsnarebis koncentraciis intervalSi

0.0001-0.01M. miRebulia agreTve martivi empiriuli gantolebebi disociaciis xarisxebisa da

xsnarTa pH-is mniSvnelobebis swrafi miaxloebiTi gaTvlisaTvis mJavas koncentraciis aRniSnul

intervalSi.
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