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ABSTRACT
It is well known that the dissociation constant is most important parameter in development and optimization of new
compound for effective formulation development. Dissociation constant plays a crucial role in understanding
chemical phenomenon of drug because it affects pharmacokinetic behavior like absorption, distribution, metabolism,
and elimination (ADME). Solubility, permeability, protein binding of a compound is also influenced by its pKa.
There are various techniques available for determination of dissociation constant. Among Photometric techniques
available, ultraviolet-visible spectrophotometry is one of the most frequently employed technique in pharmaceutical
analysis for determination of this parameter. In this review the most valuable UV spectroscopic methods such as
derivative spectrophotometry, simultaneous equation method, orthogonal polynomial method, multi-wavelength
method, molar ratio method, difference spectrophotometry for determining accurate pKa value are presented.
Keywords: Dissociation constant, pH, Spectrophotometer, Derivative spectrum, Deprotonation, pKa.
INTRODUCTION
Dissociation constant is most valuable parameter to
understand chemical phenomenon such as biological
activity, absorption and extent of ionization of
compound in different pH, so is the key parameter in
drug development and optimization.[1-9] The pKa of a
compound is the pH at which the compound is 50 %
protonated.[10] There are various methods for
determination of pKa such as potentiometric titration
where the pKa is determined from titration curve.[1115]
Using NMR, pKa is derived from data of chemical
shift, coupling constant and pH.[16-19] Capillary
electrophoresis is carried out in different buffer
solutions and pKa is determined from relative
mobility of ions at different pH.[3,20-25] ELISA, pKa is
determined from linearized plot.[26-28] In HPLC, pKa
is derived from data of retention factor of protonised
and nonprotonised form of compound and pH of
mobile phase.[29-33] Hyper-rayleigh scattering
technique measures dissociation constant from data
of first hyperpolarizability of neutral and ionic
molecule.[15,34-35] UV spectroscopic methods, where a
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UV spectrum of the compound is recorded for each
point of the titration and the change in UV
absorbance is plotted against the pH.[36-38] The
technique of ultraviolet-visible spectrophotometry is
one of the most frequently employed technique in
pharmaceutical analysis for determination of
dissociation constant. It is customary to express the
dissociation constant of both acidic and basic drug by
pKa values. The lower the pKa of an acidic drug,
stronger the acid.[39] The pH and pKa influence
absorption of drug is given in Table 1. The higher the
pKa of a basic drug, the stronger the base. Thus from
the knowledge of pKa of the drug and pH at the
absorption site, the relative amount of ionized and
unionized drug in solution at a particular pH and the
percent of drug ionized at this pH can be determined
by Henderson – Hasselbach equations.[40]
For weak acids,
pH = pKa + log(ionized drug)/(unionized drug)
For weak bases,
pH = pKa + log(unionized drug)/(ionized drug)
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The UV spectroscopic method is easy and simple
method for calculation of dissociation constant. At
pH = pKa, the ionized and unionized form of
compound are equal. The different methods used for
calculation of pKa like potentiometry, conductometry
have limited application for determination of second
dissociation constant of very weak acid.[41] There are
various factors which affect determination of
dissociation constant. The use of cosolvent yields
higher pKa value for acids and lower value for bases
than does pure water.[42] The temperature and
surfactant also affect dissociation constant of
compound.[2,4] The pH of the mobile phase affects
retention of acidic and basic drug.[43] Hence the
conditions used in the measurement should be
critically analyzed.
UV-Visible spectroscopy involves the absorption of
electromagnetic radiation from the 200–800 nm
range and the subsequent excitation of electrons to
higher energy states. The absorption of
ultraviolet/visible light by organic molecules is
restricted
to
certain
functional
groups
(chromophores) that contain valence electrons of low
excitation energy.[44]
In human body, different organ have different pH as
given in Table 2. As pH changes dissociation
constant also changes, so it is necessary to study
dissociation constant at different pH to determine the
extent of dissociation at the site of absorption.[45]
UV
SPECTROSCOPIC
METHODS
OF
DETERMINATION
OF
DISSOCIATION
CONSTANT
2.1 Simultaneous equation method.
2.2 Second derivative method.
2.3 Orthogonal functional method.
2.4 Difference spectrophotometry.
2.5 UV spectroscopy using 96 – well microtiter
plates.
2.6 Multi-peaks Gaussian fitting method
2.7 Molar ratio method.
2.8 Multiwavelegth spectroscopic method.
Simultaneous equation method: An alternative to
potentiometric
titration
is
UV–VIS
spectrophotometry because it can handle compounds
with lower solubility and lower sample
concentrations. The main advantage is higher
sensitivity to compounds with favourable molar
absorption coefficients. However, in such a case, a
compound must contain a UV-active chromophore
close enough to the site of the acid–base function in
the molecule. The limitation of this method is
spectral difference between neutral and ionized
formed are required.[1,3,46] A number of aromatic
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molecules show characteristic absorption in the
ultraviolet region and can therefore are easily
determined by UV spectroscopy.[47] The pKa value of
compound determined from following equation,
pKa= pH – log [MR-]/[HMR]
where MR- is the dissociated ion and HMR is the
undissociated ion
pKa= pH – log [AHMR. HMR,MR – AMR. HMR,HMR]
[AMR. MR,HMR – AHMR. MR,MR]
AHMR, MR is the absorbance of undissociated ion at
wavelength of dissociated ion.
AHMR ,HMR is the absorbance of undissociated ion at
wavelength of undissociated ion.
AMR, MR is the absorbance of dissociated ion at
wavelength of dissociated ion.
AMR, HMR is the absorbance of dissociated ion at
wavelength of undissociated ion.
MR, MR is the molar absorption coefficient of
dissociated
ion
at
wavelength
of
dissociated ion.
MR, HMR is the molar absorption coefficient of
dissociated ion at wavelength of undissociated ion.
HMR, MR is the molar absorption coefficient of
undissociated ion at wavelength of dissociated ion.
HMR, HMR is the molar absorption coefficient of
undissociated ion at wavelength of undissociated ion.
If sample contains two absorbing drugs or two
different form of of same drug each of which absorbs
at the max of the other. The max of two different
form of drug must be different.[48-49]
Second derivative method: A derivative spectrum
shows better resolution of overlapping bands than the
fundamental spectrum and permits accurate
determination of the max of the individual bands and
discriminate narrow spectral bandwidth. This is
because the derivative amplitude (D) i.e. the distance
from a maximum to a minimum, is inversely
proportional to the fundamental spectrum bandwidth
(W) raised to the power (n) of the derivative order.
Thus,[49]
D α (1/W)n
Compounds in which absorption spectra overlap and
cannot be separated by conventional methods, are
easily recorded in derivative spectrophotometry.[50] In
derivative spectrophotometric method normal
spectrum is converted to its first, second, or higher
derivative spectrum. The first derivative spectrum is
plot of rate of absorbance with wavelength against
wavelength. The second derivative spectrum is plot
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by taking the curvature of the normal spectrum (zero
order) against wavelength or plot of d2A/d2 vs .
In this method sample solution is prepared by
dissolving an excess amount of sample to show
turbidity due to precipitation of the undissolved
species. The concentration of solubalised species in a
turbid sample solution is measured by taking the
absorbance of its supernatant. The effect of the
background scattering signal caused by turbidity of
sample solutions is easily eliminated by second
derivative or higher derivative spectroscopy.
Suppose AH+X- is the salt of strong acid and weak
base. When the neutral species A is sparingly soluble,
addition of excess amount of salt to an alkaline buffer
causes precipitation of A, therefore the turbid
solution is formed and when A is saturated, the
dissociation constant (pKa) of weak acid AH+ is
calculated by
pKa=So [H+]/[AH+] ……..a
where So is the concentration of saturated B, i.e., the
solubility of B. If S denotes the sum of So and [AH+],
i.e.,
S = So + [AH+] ……b
[AH+] = S - So ……c
pKa = So [H+] / (S – So) ……..d
Equation d can be rearranged to give
S = So [H+] / pKa + So …….e
From above equation „e‟ pKa value is obtained by a
plot of S against [H+] should give a straight line with
a slope So/pKa and an intercept So. As the signal
amplitude of a derivative spectrum is proportional to
the concentration of dissolved species, and the
spectra of A and AH+ of these sparingly soluble
derivatives are identical, S = mD, Then, the previous
equation becomes
D = Do [H+]/Ka + Do ………….(f)
where Do is the corresponding amplitude for
saturated molecule. D is the derivative signal
amplitude at a particular wavelength and m is a
constant. The pKa value is determine from slope of
plot of D (instead of S) against [H+](shown in fig.1).
Spectrophotometric methods requires different
spectra for different species and reagents must be
pure.[51-52] When amount of substances is very less to
show a measurable absorbance second derivative
spectrum is used.[53]
Orthogonal method: The essential feature of a
difference spectrometric assay is that the measured
value is the difference absorbance (ΔA) between two
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equimolar solutions of the analyte in different
chemical forms which exhibit different spectral
characteristics.[49] ΔA method is suitable for
compound in which absorption affects with pH
change. But some compound shows subsidiary peaks
without any large change in intensity or the ΔA value
may be small. Such compounds have limited the
application of the ΔA method. In these situations,
application of the orthogonal function (ΔP j) method
gives solution for the analysis of such compounds.
When the absorption spectra of the different species
in solution overlap, the use of the Amax, method may
give incorrect results. In such cases, the application
of the orthogonal function (ΔPj) method helps in the
resolution of the spectral overlapping which make
easy the determination of the ionised species at any
pH value. For determination of pKa value the drug
should be dissolved in solvent in which sample is
fully dissociated. The determination of pKa of drug is
based upon recording the absorption spectra in strong
acid, strong alkali and in series of buffer solution of
different pH values. The pH can be adjusted in such
way that there will be a great preponderance of one
form in the solution and observed spectrum will be
that of the predominant form. At pH values
intermediate between the extremes, both forms are
present and the observed spectrum is a linear
combination of both components providing that
Beer‟s law is followed. According to general rules
the order of the polynomial, Pj is chosen such that it
makes a large contribution to a certain segment in the
absorption curves of the compound at a given pH
value and a small contribution over the same
segments at another pH value. So, the coefficient
difference, ΔPj, will correspond with the maximum in
the convoluted curve.
The pKa value of acidic and basic drugs are
determined from orthogonal function by using
equation a and b
pKa = pH + log (Pjd – Pjb )/(Pjb – Pju ) …….(a)
pKa = pH + log (Pjb – Pju )/(Pjd – Pjb ) ……(b)
where Pjb, Pjd and Pju are the coefficients of the
polynomial, Pj, of the buffered, dissociated and
undissociated drug solution, respectively. The
proposed method is applied for the determination of
the pKa, value(s) of drugs with single, double and
triple pKa, values. To obtain precise values of Δpj the
comparative coefficients, ΔQj, have been applied
where ΔQj = Δpj Nj1/2 and Nj is the normalizing
factor.
pKa = pH + log(Qjd–Qjb)/(Qjb–Qju) ….(c)
pKa = pH + log(Qjb–Qju)/(Qjd–Qjb) .....(d)
where Qjb, Qjd and Qju, are the comparative
coefficient of the buffered, dissociated and un
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dissociated drug solution, respectively. The pKa
value of drug is also determined by graphical method
(plot of Qj vs pH). The pKa is obtained from pH
value at which concentration of dissociated and
undissociated form of the compound are equal. Qj1/2,
(at half neutralization) can be calculated using (Qja +
Qjb / 2, where a and b are the fully acidic and fully
basic solutions for singly dissociated compounds.
The pH which corresponds to Qj 1/2 is taken as
pKa.[54]
The method eliminates the effect of
interferences during analysis.[55]
UV spectroscopy using 96 – well microtiter plates:
This method is useful for poor water soluble drug.
The advantage of this method is sensitivity of UV
spectroscopy with rapid measurement of pKa value.
In this method UV spectrophotometer is equipped
with pH meter (use to preparation of buffer solutions)
and microplate reader. The pKa determination by UV
spectrophotometry require chromophore group near
the ionization centre. If the compound is stable with
DMSO solvent then stock solution is prepared in this
solvent. The different buffer solution of constant
ionic strength is filled in 96 well microtiter plates and
then amount of stock solution is added to each well,
leaving a series of blank buffers as correction factor.
The data of UV spectrum which is taken at each
wavelength as function of pH and pKa are processed
with prism program. The pKa value work out by
nonlinear regression (prism program) using following
equation.
Absorbance total = HA - A- * [10 (pH – pKa)] * [St]
1 + 10 (pH – pKa)
Where HA and A are the extinction coefficient of the
acid and base forms of the compound respectively,
[St] is the total compound concentration. The plot of
absorbance difference against pH also give pKa value
at inflection point.[10,56]
Difference spectrophotometry: The selectivity and
accuracy of spectrophotometric analysis of samples
containing absorbing interferences may be markedly
improved by the technique of difference
spectrophotometry. The essential feature of a
difference spectrophotometric assay is that the
measured value is the difference absorbance (ΔA)
between two equimolar solutions of the analyte in
different chemical forms which exhibit different
spectral characteristics. The simplest and most
commonly used technique for altering the spectral
properties of the analyte is the adjustment of the pH
by means of aqueous solutions of acid, alkali or
buffers. The ultraviolet- visible absorption spectra of
many substances like aromatic carboxylic acid,
phenol and amines contain ionizable functional
groups. Their absorption spectra are dependent on the
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pH of the solution. The selectivity of the ΔA
procedure depends on the correct choice of the pH
values to induce the spectral change of the analyte.[49]
The plot of absorbance difference against pH give
pKa value at inflection point.[56]
The pKa of the drug is also determined by following
equation,
pKa = pH – Log (A – Aa) / (Ab – A)
where A is the absorbance of the solution at
particular pH, Aa and Ab is the absorbance at the
same concentration in acid and alkaline solution
respectively. The use of 0.1 M hydrochloric acid and
0.1 M sodium hydroxide to induce the ΔA of the
analyte is convenient.[57-58]
Multi-peaks Gaussian fitting method: UV-visible
absorption spectra of compound (suppose HMR) are
measured at different pH values. A multi-peaks
Gaussian is used to interpret the spectra. The multipeaks Gaussian fitting calculation on the overlap
peaks gives the integrated absorbance ratio A1/A2,
then the pKa of compound can be obtained.
Theory of multi-peaks Gaussian fitting method:
Ionization equilibrium of compound in aqueous
solution is express by following equation
HMR  MR- + H+
When HMR and MR- exist simultaneously to give a
spectra with two peaks at particular pH value. Multipeaks Gaussian fitting on the spectra which have two
peaks gives following equation
y = yo +

A1

exp [- 2((x-max1)/w1)2] +

w2
A2

exp [-2((x -max2)/w2)2]

w2
where,
yo = Baseline,
max1 and max2 = Maximum absorption wavelengths
for MR- and HMR,
w1 and w2 = Half peak widths for MR- and HMR,
A1 and A2 = Absorbance of the two peaks for MRand HMR.
From spectra Multi-peaks Guassian fitting method
gives the λmax1, λmax2, w1, w2, A1, A2. The pKa
value at different pH is calculated by following
equation.
pKa = pH – log [MR-] / [HMR]
= pH – log 2A1 / 1A2
= pH + log - logA1/A2
where, A1/A2 = 1[MR-] / 2[HMR]
1 is the molar absorption coefficients of MR
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2 is the molar absorption coefficients of HMR.
Based on absorption spectra of compound multipeaks Gaussian fitting gives the integrated
absorbance of MR- and HMR absorption peaks which
is used to calculate concentration of MR- and HMR.
Hence the pKa measurement results are more reliable
and repeatable.[59]
Molar ratio method: The dissociation constant of
polymer metal complex is determined using molar
ratio spectroscopic method. Absorption spectra of
polymer, metal ion and polymer - metal ion complex
solutions are recorded and max values for each
system are determined.
Me+ + nPL
Me(PL)n+
+
Where Me is the metal ion, PL is the chelating unit
of the polymer ligand, and n is the coordination
number of the metal ion.
The equilibrium constant, Kf, can be calculate by the
following equation
Kf =

[Me+ ( nPL) ]
[Me+][ PL]n

=

1-α
α (α n C)n

where α is the dissociation constant which is
calculated as the ratio of the absorbance for a defined
coordination number to the theoretical absorbance
value for maximum coordination, and C is the
complex concentration.60
Multi-wavelength spectroscopic method : The
multi-wavelengths spectrophotometric method used
to determine the pKa value of sparingly soluble
drugs. There are various methods like target factor
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analysis, rank annihilation factor analysis, principal
component analysis used to derive the pKa values
from the multi-wavelengths spectrophotometric data
obtained at different pH. UV absorption spectra of
the drug solution are acquired using a flexible device
based on a fiber optics dip probe, a light source and a
photodiode array (PDA) detector. The multiwavelength spectroscopic method also refer as
WApH technique because in this system the pKa
value is determined based on changes in absorbance
and wavelength as function of pH. The advantages of
this method over the other methods are that it enables
the pKa values independent of light absorbing species
present in the chemical system. Their absorption
spectra are determined from a single titration, without
prior knowledge of their optical properties. [ 9,45,61-62]
CONCLUSION
The pKa is the very important physico-chemical
property of the newly synthesized compound. It
provides useful information about pharmacokinetic
parameters and biological effects. So it is necessary
to find method by which accurate and precise
determination of pKa is possible. At lower
concentration
the
pKa
determination
by
potentiometry is not possible while by use of UV
spectroscopy give accurate results. Limitation of UV
spectroscopic method is the requirement of presence
of chromophore near the ionization site and
absorption spectra of dissociated and undissociated
forms of compounds should be different.

Table 1. Influence of drug pKa and gastrointestinal pH on drug absorption [40]
Sr.no. Acid/ base strength
1. Very weak acids

pKa
> 8.0

2.

Moderately weak acids

3.

Stronger acids

< 2.5

4.

Very weak bases

< 5.0

5.

Moderately weak bases

5 - 11

6.

Stronger bases

> 11.0
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2.5 to 7.5

Site of absorption
Unionized at all pH values; absorbed along
the entire length of GIT.
Unionized in gastric pH and ionized in intestinal pH, better absorbed from stomach
Ionized at all pH values; poorly absorbed
from GIT.
Unionized at all pH values; absorbed along
the entire length of GIT.
Ionized at gastric pH, relatively unionized
at intestinal pH; better absorbed from
intestine.
Ionized at all pH values; poorly absorbed
from GIT.
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Table 2. The pH ranges of different body fluids in the mammals. [45]
Blood plasma
Cell lysosomes
Pancreatic juice
Urine
Cell cytosol (liver cells)
Gastric juice
Saliva

7.4
<5
1.5 -3
5-8
6.9
1.5-3
6.4-7

Table 3. Application of various UV Spectroscopic methods for pKa determination.
Method
1.
2.

Simultaneous method
Second derivative method

3.

Orthogonal functional method

4.
5.

Difference spectrophotometry
UV spectroscopy using 96 – well
microtiter plates
Multi peaks Gaussian fitting method
Multi-wavelength spectroscopic
method

6.
7.

Drug

Ref

Bromothymol blue
Promazine
Chlorpromazine
Benzoic acid
Paracetamol
Phenobarbitone
Trandolapril
4-nitro phenol

48
50

Methyl red
Niflumic acid
Nitrazepam
Quinine

58
61

53

56
55

Fig 1 (a) Absorption and (b) second derivative spectra of a turbid sample solution prepared by adding drug
above saturated concentration.
REFERENCES
1.
2.
3.
4.
5.
6.
7.

Aktas AH, Sanh N, Pekcan G.. Acta Chim. Slov. 2006; 53: 214–218.
Niazi A, Yazdanipour A, Ghasemi J, Kubista M, Sheyda A, Alikhaha M. Croat. Chem. Act. 2009; 82 (4): 753–
759.
Shalaeva M, Kenseth J, Lombardo F, Bastin A. Journal of pharmaceutical science. 2007; 1- 24.
Zarei K, Atabati M, Abdinasab E. Eurasian J. Anal. Chem. 2009; 4 (3): 314-327.
Fathalla MF, Khattab SN. J. Chem. soc. Pak. 2011; 33 (3): 324-332.
Evagelou V, Kakoulidou AT, Koupparis M. Journal of Pharmaceutical and Biomedical Analysis. 2003; 31:
1119-1128.
Krol M, Wrona M,. Page CS, Bates PA. J. Chem. Theory Comput. 2006; 2: 1520-1529.

www.pharmascholars.com

283

Bebee Pathare, et al. Int J Pharm 2014; 4(1): 278-285
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.

ISSN 2249-1848

Chandrul K K, Srivastava B. J. Chem. Pharm. Res. 2010; 2(2): 519-545.
Tam KY, Hadley M , Patterson W. Talanta. 1999; 49: 539–546.
Comer J, Box K. Journal of Laboratory Automation. 2003; 8: 55.
Reijenga J, Hoof A, Loon A , Teunissen B. Analytical Chemistry Insights. 2013; 8: 53-71.
Qiang SZ, Admas C. Water Research 2004; 38: 2874 – 2890.
Zeng CX, Hu Q. Indian Journal of Chemistry. 2008; 47A: 71-74.
Ray PC, Munichandraiah N, Das PK. Chemical physics. 1996; 211: 499-505.
Babic S, Horvat AJ, Pavlovic DM, Macan MK. Trends in Analytical Chemistry. 2007; 26: 1043-1061.
Fielding L. Progress in Nuclear Magnetic Resonance Spectroscopy. Organon BioSciences, 2007; 51: 219-242.
Shortridge MD, Hage DS, Harbison GS, and Powers R. A journal of combinatorial chemistry. 2008; 10: 948958.
Wang HM, Loganathan D, Linhardt RJ. Biochem. Journal. 1991; 278: 689-695.
Popov K, Ronkkomaki H, Lajunen LHJ. International union of pure and applied chemistry. 2006; 78: 663-675.
Zhou C, Jin Y, Kenseth JR, Stella M, Wehmeyer KR, Heineman WR. Journal of pharmaceutical sciences. 2005;
94 (3): 576-589.
Matoga M, Kummer EL, Langlois MH, Dallet P, Bosc JJ, Jarry C, Dubost JP. Journal of Chromatography.
2003; 984: 253–260.
Geiser L, Henchoz Y, Galland A, Carrupt PA , Veuthey JL. J. Sep. Sci. 2005; 28: 2374–2380.
Cordova E, Gao J, Whitesides GM. Analytical. Chemistry. 1997; 69: 1370-1379.
Gao J, Mrksich M, Gomez FA, Whitesides GM. Analytical Chemistry. 1995; 67: 3093-3100.
Milanova D, Chambers RD, Bahga SS, Santiagdo JG. Electrophoresis. 2011; 32: 3286–3294.
Lee SH, Cho MH. Journal of Korean medical science. 1996; 11: 390-396.
Murthy GS, Venkatesh N. J. Biosci. 1996; 21: 641–651.
Orosz F, Ovadi J. Journal of Immunological Methods 2002; 270: 155– 162.
Jano I, Hardcastle JE, Zhao K, Salsbury RV. Journal of Chromatography A. 1997; 762: 63-72.
Hardcastle JE, Salsbury RV, Zhao K, Jano I. Journal of Chromatography A. 1997; 763: 199-203.
Manderscheid M, Eichinger T. Journal of Chromatographic Science. 2003; 41: 323-32.
Osborne WR, Tashian RE. Analytical Biochemistry. 1984; 137: 302-306.
Huo H, Li T , Zhang L. Springer Plus. 2013; 2: 1-5.
Shelton DP. Review of scientific instruments 2011; 82: 113103.
Ranjini AS, Das PK, Balaram P. J. Phys. Chem. B. 2005; 109: 5950-5953.
Jankulovska M, Spirevska I, Soptrajanova L. Bulletin of the Chemists and Technologists of Macedonia. 2006;
25(2): 99-106.
Bailey GW, Karickhof SW. Clays and Clay Minerals. 1973; 21: 471-477.
Bhagav P, Deshpande P, Pandey S, Chandran S. Der Pharmacia Lettre. 2010; 2 (3): 106-122.
Beckett AH, Stenlake JB. Practical pharmaceutical chemistry. 4th edition – part one, CBS publishers and
distributors pvt ltd, New Delhi: 1997, pp. 88.
Brahmankar DM, Jaiswal SB. Biopharmaceutics & pharmacokinetics. 2nd ed., Vallabh prakashan, Delhi: 2009,
pp. 42-44.
Aydin R, Ozer U. Tr. J. of Chemistry. 1997; 21: 428-436.
Lachman L, Liberman HA, Kanig JL. The theory and practice of industrial pharmacy. 3 rd ed., Varghese
Publishing House Mumbai: 1990, pp. 185-186.
Pissinis D, Sereno LE and Marioli JM. J. Braz. Chem. Soc. 2005; 16 (5): 1054-1060.
Kumirska J, Czerwicka M, Kaczynski Z, Bychowska A, Brzozowski K, Thoming J, Stepnowski P. Mar Drugs.
2010; 8(5): 1567–1636.
Meloun M, Ferencikova Z, Vrana A. American Journal of Analytical Chemistry. 2010; 1: 14-24.
Elmali D. Journal of Arts and Sciences Say. 2007; 8: 23-33.
Orphal J, Chance K. Journal of Quantitative Spectroscopy & Radiative Transfer. 2003; 82: 491–504.
Spectrophotometric
determination
of
the
pKa
of
Bromothymol
Blue,
http://chemlab.truman.edu/CHEM222manual/pdf/pka1.pdf,
Beckett AH, Stenlake JB, “practical pharmaceutical chemistry,” 4th edition – part two, CBS publishers and
distributors, New Delhi: 1997, pp. 275-298.
Kardile DP, Patel HH, Patel MR. International Journal of Pharmaceutical and Applied Sciences. 2011; 2(1): 2334.
Kitamura K, Takenaka M, Yoshida S. Analytica Chimica Act 1991; 242: 131-135.
Kara D, Alkan M. Journal of Chromatography A, (2004); 1037: 3 –14.

www.pharmascholars.com

284

Bebee Pathare, et al. Int J Pharm 2014; 4(1): 278-285
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.

ISSN 2249-1848

Ishii H, Odashima T, Hashimoto T. analytical science. 1987; 3: 347-352.
Wahbi AM, EI –Yazbi FA, Barary MH, Sabri SM. International Journal of Pharmaceutics. 1993; 92: 15-21.
Wahbi AA, Hassan E, Hamdy D, Fathy E and Barary M. Saudi Pharmaceutical Journal. 2005; 13(1): 14-3.
Rios Martinez CH, Dardonville C. ACS Medicinal Chemistry Letteres. 2013; 4: 142−145.
Chika MJ, Prisilla EO. International research journal of pharmacy. 2012; 3: 88−90.
Werawatganone P, Muangsiri W. Determination of critical micelle concentration/Asian Journal of
Pharmaceutical Sciences. 2009; 4( 4): 221-227.
Hua ZJ, Qiong L, Miao CY, Qing LZ, Wei XC. Acta Phys. -Chim. Sin. 2012; 28( 5): 1030-1036.
Peckel N, Guven O. Colloid Polym Sci. 1999; 277: 570-573.
Allen RI, Box KJ, Comer JEA, Peake C, Tam KY. Journal of Pharmaceutical and Biomedical Analysis. 1998;
17: 699-712.
Meloun M, Ferencikova Z, Vrana A. J. Chem. Eng. Data. 2010; 55: 2707-2713.

www.pharmascholars.com

285

