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In this study, four hydroxycinnamic acids, namely 3,4-dihydroxycinnamic acid, 4-hydroxycinnamic
acid, 4-hydroxy –3- methoxycinnamic acid and 4-hydroxy-3,5-dimethoxycinnamic acid, were titrated
conductimetrically and potentiometrically using triethylamine and tetrabutylammonium hydroxide in
acetonitrile, 2-propanol, and pyridine solvents under a nitrogen atmosphere at 25◦ C.
In conductimetric titration with tetrabutylammonium hydroxide all of the compounds exhibited
conventional stoichiometric titration curves in 2-propanol . As is evident from the titration curves,
all these compounds gave two well-deﬁned end points. The ﬁrst end point corresponds to exactly one
equivalent and the second one to the two equivalents of the base. In conductimetric titration with
tetrabutylammonium hydroxide, all of the acids (except caﬀeic acid) show two end points in pyridine
solvent. These compounds were titrated conductimetrically in acetonitrile and gave only one end point.
Potentiometric titration curves of these phenolic acids with tetrabutylammonium hydroxide in pyridine solvent look very much like the titration curves of weak diprotic acids obtained in an aqueous media
with a strong base. In addition, equilibrium is attained very rapidly after each addition of the titrant.
However, a second end point cannot be easily observed in the case of 2-propanol.
None of the compounds cited above gave meaningful conductimetric and potentiometric titration
curves upon titration with triethylamine, which is a weaker base than tetrabutylammonium hydroxide.

Introduction
Hydroxycinnamic acids are commonly found in foods such as fruits, vegetables and grains. The highest
concentrations of these phenolics are typically found in the surface layers. Accordingly, it has been speculated
that these compounds play some role in the natural fungal resistance1 of these foods. These phenolic
acids have also been associated with sour, bitter and astringent ﬂavors found in vegetable proteins2 . A
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speciﬁc cinnamic acid, ferulic acid, has been identiﬁed as the odorless precursor to the highly malodorous
p-vinyguaiacol (PVG)3,4 . Hydroxycinnamic acids have also been associated with accelerated browning5,6 .
Because these acids can inﬂuence both the color and ﬂavor of a variety of food products, many analytical
procedures have been developed.
There are a number of publications on the titrations of carboxylic acids and phenolics in non-aqueous
7−21

media
so far.

, but no reports dealing with the titration of cinnamic acids in non-aqueous media have appeared

In this study, solutions of 3,4-dihydroxycinnamic acid, 4-hydroxycinnamic acid, 4-hydroxy –3-methoxycinnamic acid and 4-hydroxy-3,5-dimethoxycinnamic acid in pyridine, acetonitrile and 2-propanol solvents
were titrated conductimetrically and potentiometrically with triethylamine and tetrabutylammonium hydroxide under a nitrogen atmosphere, at 25◦ C.

Experimental
Apparatus
An Orion Model 101 conductivity meter equipped with an Orion Cat. No. 99.01.01 conductivity cell was
used.
Electrode potentials were measured using a Hanna HI 9321 Microprocessor pH meter . A glass - silversilver chloride electrode system was used and the silver-silver chloride electrode was modiﬁed by replacing
the saturated aqueous KCl solution with a saturated solution of KCl in methanol.

Chemicals
Analytical reagent grade chemicals were used unless indicated otherwise.
3,4-dihydroxycinnamic acid (caﬀeic acid), 4-hydroxycinnamic acid (p-coumaric acid), 4-hydroxy –
3-methoxycinnamic acid (ferulic acid) and 4-hydroxy-3,5-dimethoxycinnamic acid (sinapinic acid) were
purchased from Sigma (99% pure) and used without further puriﬁcation.
Tetrabutylammonium hydroxide (TBAOH) was purchased from Merck as a 0.100 M solution in 2propanol/methanol and was diluted with pure, dry 2-propanol to give an approximately 0.020 M solution.
Triethylamine was purchased from Fluka (98% purity). Triethylamine solutions were prepared with about
a 0.020 M concentration. These solutions were standardized against primary standard benzoic acid (with
ﬁve runs). The reservoir for the titrant was ﬁtted with a drying tube containing ascarite and magnesium
perchlorate to prevent the absorption of carbon dioxide and moisture from the atmosphere.
The solutions were kept in a dark-colored ground glass stoppered ﬂask in a refrigerator. The solutions,
prepared and kept under these conditions, were found to be stable for at least 6 months.
Benzoic acid (sublimed) was puchased from Merck.
Pyridine was purchased from Merck and used after further puriﬁcation22 . Acetonitrile and 2-propanol
were purchased from Merck (HPLC grade) and used as received.
Throughout the work ca. 2.0.10−3 M solutions of the phenolic compounds were titrated (ﬁve runs)
with 0.0200 M solutions of titrants.
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Results and Discussion
The following conclusions can be drawn from the conductimetric and potentiometric titration curves obtained
for solutions of four hydroxy cinnamic acids with tetrabutylammonium hydroxide in pyridine (ε = 13.6),
2-propanol (ε = 19.4) and acetonitrile (ε = 36 ).
The conductimetric titration of acids in non-aqueous solvents, using tetrabutylammonium hydroxide
as titrant, yields conductance curves of various shape, depending on the acid as well as on the solvent
employed. In the conductimetric titration with tetrabutylammonium hydroxide, all of the compounds
exhibited conventional stochiometric titration curves in 2-propanol. There are one carboxylic acid group
and two phenolic groups in caﬀeic acid and there are one carboxylic acid group and one phenolic group
in the other three cinnamic acids (Table 1). As is evident from the titration curve (Figure 1), all these
compounds give well-deﬁned two end points. The ﬁrst end point corresponds to exactly one equivalent and
the second one to the two equivalents of the base. Beyond the ﬁrst end point, the conductivity of the solution
increases further, but generally with a smaller slope. The slopes for the phenolate ions are deﬁnitely smaller
than that for carboxylate ions. Caﬀeic acid shows similar titration curves, only its speciﬁc conductivity
increases more sharply after the second end point. The slopes of the titration curves in the 2-propanol
medium for phenolic acids before the ﬁrst end point were practically identical (Figure 1). After the second
end points, the slopes of the titration curves are also in the same manner as found in the titration before
the ﬁrst end point.
Table 1. Studied Hydroxycinnamic Acids

Private Nouns
Caﬀeic Acid
(C9 H8 O4 )

Systematic Nouns
3,4-Dihydroxycinnamic acid

p-Coumaric Acid
(C9 H8 O3 )

4-Hydroxycinnamic acid

Ferrulic Acid
(C10 H10 O4 )

4-Hydroxy –3methoxycinnamic acid

Sinapinic Acid
(C11 H12 O5 )

3,5-Dimethoxy -4hydroxycinnamic acid

Formulas

In the conductimetric titration with tetrabutylammonium hydroxide, all of the acids (except caﬀeic
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acid) show two end points in pyridine solvent. Caﬀeic acid cannot be titrated in this medium because of the
formation of precipitate. The slopes of the titration curves in the pyridine medium for the phenolic acids
are twice as much as in the 2-propanol medium. Figure 2 clearly shows that cinnamic acids can be titrated
in media with dielectric constants as low as 13.6.

Figure 1. Conductimetric titration curve of 4-hydroxy
– 3,5-dimethoxycinnamic acid in 2-propanol with tetrabutylammonium hydroxide.

Figure 2.
Conductimetric titration curve of 3,5dimethoxycinnamic acid in pyridine with tetrabutylammonium hydroxide

Acetonitrile is a dipolar aprotic solvent. From a practical point of view, it is one of the best
solvents for the titration of phenolic acids, because it dissolves these acids in suﬃcient amounts at room
temperature. So this solvent was selected as the titration medium. Hydroxycinnamic acids have been
titrated in acetonitrile using TBAOH conductimetrically. In these titrations, all acids show single and
distinct stoichiometric end points. This means that these compounds cannot be determined stepwise when
they are dissolved in acetonitrile solvent. The conductimetric titration curve of 4-hydroxycinnamic acid in
acetonitrile with tetrabutylammonium hydroxide is shown in Figure 3. In the titration, until equivalence is
reached, tetrabutylammonium and carboxylate ions are present in the medium. After the equivalance point,
tetrabutylammonium and phenolate ions are present in the medium and the speciﬁc conductivity increases
very slowly through the addition of hydroxyl ions into the medium. The mobilities of these ions in dipolar
aprotic solvents are very limited and very close to each other. Hence, conductimetry is not an appropriate
method for determining cinnamic acids with tetrabutylammonium hydroxide in dipolar aprotic solvents such
as acetonitrile.
The potentiometric titration curves of these phenolic acids with tetrabutylammonium hydroxide in
2-propanol solvent look very much like the titration curves of weak diprotic acids obtained in the aqueous
media with strong bases. In addition, equilibrium is attained very rapidly after each addition of the titrant.
But, the second end point can not be easily observed in the case of 2-propanol. The potential jumps of these
compounds at the ﬁrst end points are over 150 mV. While at the second end points, the jumps are about
30-40 mV. Caﬀeic acid behaves diﬀerently from the others. In the potentiometric titration of caﬀeic acid,
the second end point corresponding to two equivalent phenolic protons is observed in this solvent (Figure
4).
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Figure 3.
Conductimetric titration curve of 4hydroxycinnamic acid in acetonitrile with tetrabutylammonium hydroxide

Figure 4. Potentiometric titration of caﬀeic acid in 2propanol with tetrabutylammonium hydroxide

Pyridine was found to be a good basic solvent for use with tetrabutylammonium hydroxide as a
titrant (Figure 5). Constant potentials were reached rapidly, remained steady and were reproducible. In
the potentiometric titration with tetrabutylammonium hydroxide, all of the three (except caﬀeic acid) show
two end points in pyridine. The potential jumps of these compounds at the ﬁrst end points are over 50
mV. At the second end points, they are approximately 80-100 mV. None of the cinnamic acids (Table 1)
exhibited conventional potentiometric titration curves when titrated with tetrabutylammonium hydroxide
in acetonitrile under a nitrogen atmosphere at 25◦ C.
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Figure 5. Potentiometric titration of p-coumaric acid in pyridine with tetrabutylammonium hydroxide

It is clear that 2-propanol is to be preferred for the conductimetric titration of cinnamic acids,
especially when tetrabutylammonium hydroxide is used as a titrant. These compounds can be determined
stepwise when they are dissolved in 2-propanol in concentrations as low as 2.0 10−3 M. Therefore, only the
results obtained in this medium were evaluated statistically. The titration of each compound was performed
ﬁve times (Table 2). In conclusion, it can be said that four cinnamic acids can be analyzed in 2-propanol
medium using conductimetry with rather small RSD and the recovery values obtained are suﬃcient.
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These phenolics have been titrated with triethylamine under the same conditions in 2-propanol, pyridine and acetonitrile medium. None of the compounds gave a meaningful conductimetric and potentiometric
titration curve on titration with triethylamine.
Table 2. Conductimetric analysis of cinnamic acids in 2-propanol medium with TBAOH (0.0200 M) (n=5)

Compounds
3,4-dihydroxycinnamic
acid
4-hydroxycinnamic
acid
4-hydroxy-3methoxycinnamic acid
3,5-dimethoxy–4hydroxycinnamic acid

Results,
95% conﬁdence
1.72.10−3± 6.09.10−5

Taken
M
1.80.10−3

Recovery
%
95.6

1.61.10−3± 2.86.10−5

1.64.10−3

98.4

1.96.10−3± 2.86.10−5

1.94.10−3

99.0

2.26.10−3± 2.86.10−5

2.24.10−3

99.1
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