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Abstract

Aconitic acid is an unsaturated three carboxylic acid, presented in almost all fruits. Aconitic acid is an
electroactive compound in acid and neutral medium. A square-wave voltammetric method for guantitative
determination of aconitic acid is developed. The optimization of experimental as well as the instrumental
parameters is achieved. The optimal conditions for quantitative determination of aconitic acid are: 0.1 mol/LL HCI
as a supporting electrolyte, frequency f = 120 Hz, amplitude E,, = 40 mV, scan increment dE = 4 mV. The
influences of the interference organic substances on its voltammetric response is determined. The detection limit
is 1 x 10 mol/L. Reproducibility of the method expressed in the therm of relative standard deviation varied
from 0.1 1o 1.2 %.
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Introduction

Aconitic acid (1 propen 1,2,3 tricarboxylic acid) is an unsaturated tricarboxylic acid
which is usually present in beetroot, sugar cane, as well as in a large number of fruits such as

oranges, apples, pears, lemons etc. [1]. Aconitic acid exists in two geometrical isomers - cis
and frans aconitic acid (see figure 1).
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Figure 1. Moleculare structure of trans a) and cis b) aconitic acid

Trans isomer is a stable form in aqueous solution while cis isomer, after some time,
converts into trans isomer. The derivatives of aconitic acid, such as triethyl or tributyl ester,
are widely used as plasticizers for bunna rubber and plastics [2].

There are a few analytical methods reported for quantitative determination of aconitic
acid [3-4]. The voltammetric or polarographic behaviour of aconitic acid is not completely
known.

Polarographic and voltammetric methods are frequently applied for studying the redox
properties of various compounds. Moreover, these techniques are extensively explored for
quantitative determination of some unsaturated polycarboxylic acid [5-7]. The square-wave
voltammetry is one of the most advanced electroanalytical techniques. It is particularly
appealing because of its fast scan-rate, high frequency, large amplitude, and relatively low
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residual current [8-9]. In this work, the square-wave voltammetry together with the cyclic
voltammetry is utilized for the characterization of the redox properties as well as for the
quantitative determination of both cis and trans aconitic acid at a hanging mercury drop
electrode (HMDE) in aqueous medium.

Experimental

All chemicals were of analytical grade (MERCK). The stock solution of aconitic acid
was prepared with dissolution of an appropriate amount of aconitic acid in twice distilled
water. All measurements were performed by a Polarographic Analyzer Princeton Applied
Research Model 384 B. The working electrode was a hanging mercury drop (HMDE) with a
surface area of 0.0149 cm®, Ag/AgCl (saturated KCl) was the reference and Pt wire was used
as a counter. The pure nitrogen was used for deoxigenization of working solutions. All
experiments were done at room temperature.

Results and discussion

Several chemicals with different pH values were tested as supporting
c..otrolytes for aconitic acid. The data for peak potential, peak current as well as half-peak
width of the SW signal of aconitic acid in each of these supporting electrolytes are listed in
Table L It can be seen that the aconitic acid is an electroactive compound only in neutral and

acid media. Table 1
Data for the supporting electrolytes.
c(aconitic acid) =5 107 mol/L: f= 120 Hz; Ey, =20 mV; dE =4 mV

Supporting electrolyte EJ/V I/mA AE, ! i/ AE,2x100/
mV uA mv''
0.1 mol/L K1 -1.15 1.07 110 0.97
0.1 mol/L. ammonia / / / /
buffer pH = 9.1
0.1 mol/L KNO; -1.10 0.95 175 0.54
0.1 mol/L acetate buffer -1.02 1 140
pH=3
0.1 mol/L acetate buffer -1.05 0.83 150 0.71
pH=35
0.1 mol/L acetate buffer -1.19 0.35 100 0.35
pH=4.9
0.1 mol/L HCI -0.830 1.32 110 1.2
0.1 mol/L borax / / / /

The ratio peak current-half-peak width (iy/AEy;) for aconitic acid has a maximum
when 0.1 mol/L hydrochloric acid is used as a supporting electrolyte. The square-wave
voltammogram of aconitic acid recorded in 0.1 mol/L HCl is well shaped, with peak potential
of -0.832 V and half-peak width of 140 mV. The redox process of aconitic acid at HMD
electrode is completely irreversible and, according to the literature data for the reduction of
unsaturated dicarboxylic acid with one double bond (fumaric and maleic acid) at a mercury
electrode [7], it could be presented with the following equation:
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HOOCHC=CH(COOH)CH,COOH + 2 ¢ +2H" = HOOC,HCCH,CH(COOH)CH,COOH

The linearity between the peak potential and frequency of the excitement signal ranges
from 40 to 120 Hz. Frequency of 120 Hz was found to be suitable for quantitative
determination of aconitic acid.The peak potential as well as the peak current of aconitic acid
are affected significantly by the amplitude of the SW signal.

For SW amplitude value from 10 to 80 mV, the peak current enhances proportionally
to the SW amplitude. The half-peak width is also sensitive to the variation of the SW
amplitude. The ratio i/AE,; reaches a maximum at SW amplitude of 40 mV. It means that
amplitude of 40 mV is the most suitable for analytical purposes in the case of aconitic acid.
The calibration curve (R2 = 0.999) of aconitic acid was constructed over the concentration
range from 2 X 10 mol/L to 1.4 x 10 mol/L (see figure 2) .

Figure 2. Relationship between pecak current and concentration of aconitic acid in 0.1 mol/L. HCL as a

ip/HA

0.5 T T 1
2 7 12 17

c(aconitic acid) x 10°%/mol L™’

supporting electrolyte. Frequency f= 120 Hz, SW amplitude £, = 40 mV, scan increment
dE=4mV.

The effect of the interference compounds which are usually presented in the fruit
samples together with aconitic acid on its SW voltammetric response is investigated.

Table II

Tolerance limit of some interference on the SW voltametric response of aconitic acid.
¢ (aconitic acid) = 5 x 10° mol/L. *

interference Tolerance limit Potential of reduction/ V
(c(i)/c(aconitic acid) (in 0.1 mol HCI)
Malic acid 1 -0.740
Fumaric acid 3 -0.756

* Other conditions are as in the Table I
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It should be noted that vitamin C, sucinic, tartaric, acetic, citric and oxalic acid do not
interfere with the voltammetric response of aconitic acid, except maleic and fumaric acid
whose electrochemical behaviour is similar with that for aconitic acid (see Table II).

The detection limit is estimated as 1 x 10° mol/L (0.184 pg/mL).

The sensitivity of the method expressed as a slope of calibration curve is about 0.112 uA
L/uwmol. The recovery of the method varied from 0.1 to 1.2 % (n = 10)

In summary, square-wave voltammetry is a sensitive, rapid, precise, and accurate
analytical technique for determination of aconitic acid, and by extension of other organic
compounds. This technique is also attractive due to the relatively low cost of the
instrumentation and short time required for the analysis. The disadvantages of this approach
are addressed to the problems presented by complex sample types. In principle, the problem
of interference can be dissolved by separation techniques (i.e. chromatography) case by case,
according to the specific nature and the type of the sample.
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ANCTpaKkT

AXOHUTHATAa KHCEJdHA MpeTCTaByBa HE3aCHTEHa TPHKApOOKCUIHA OpraHCKa KHCENMHA,
NpUCYyTHA HAjYEeCTO BO PACTUTCNHHU IUIONOBH. ENEKTPOXEMHCKH € aKTHMBHA BO KHUCENTa W HEYTpaJiHa
cpenuua. 3a Hej3UHO KBAHTUTATHBHO ONpefieiyBaibe, paspaboTeHa ¢ KBagpaTHO-OpaHoBa BOJNTaMETPUC-
Ka MeToja Ha BHUCeUKa >KMBHMHA KankKa. ONTHMalTHUTE YCJIOBH 3a KBAHTUTATUBHO OMNpENENYBAILE CC:
ocHoBeH enexTpoauT 0,1 mol/l. HCL, dpexsenunja f = 120 Hz, ammmntyaa E, = 40 mV u notesnujaacH
uakpeMeHT dE = 4 mV. VMcniutado ¢ BIMjaHUETO Ha HEKOM OPraHCKH CYNCTaHIM BpP3 BOJATAMETPUCKHOT
onrosop. I'pannnaTta Ha geTeklMja u3HecyBa | X 10°° mol/L. PenponyuubmIHOCTa Ha METOIaTa U3Pas3CHa
IIpeKy pejlaTUBHATA CTaHIapfHa geBujanuja ce aBwxu o 0,1 no 1,2 %.
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