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A new spectrophotometric method for the determination of citraconic acid in the presence of mesaconic acid is
proposed. It has been found that citraconic acid (or more exactly, the hydrogencitraconate anion) forms a stable red-
colored association compound with the #ris(1,10-phenanthroline)iron(IT) cation (Amax = 516 nm) which can be selec-
tively extracted with nitrobenzene. The optimal parameters of the determination are estimated (pH = 4, the molar ra-
tio of the citraconic acid and indicator 1 : 36, mesauring after 15 min after the formation of the complex). Under
these conditions a large amount of mesaconic acid is not extracted making possible the determination of citraconic
acid in the presence of mesaconic acid. In the concentration range from 8.10™ mol/l to 2.4 10™* mol/l a linear relation-
ship between the absorbance value (at 516 nm) and the concentration of the citraconic acid has been found. The rela-
tive standard deviation is 4.03 % and the recovery is from 96.9 % to 102.5 %.
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INTRODUCTION

Citraconic acid (which, as it is well known,
very often appears together with its geometric
trans isomer mesaconic acid) is widely used as a
starting material in the production of polymers,
ion-exchange resins etc. [1]. This is why it is im-
portant to have an efficient and reliable method for
the determination of the concentration of citraconic
acid in the presence of its geometric isomer.

Several approaches are known in the litera-
ture. Thus, Ravindranath et al. [2] have proposed a
spectrophotometric method with the use of curcu-
min and boric acid in the presence of which the
citraconic acid forms a stable colored complex,
while mesaconic acid does not react under these
conditions. More recently, chromatographic meth-
ods for a quantitative determination of citraconic
acid in the presence of its geometric isomer have
been developed [3, 4].

In the course of our earlier studies [5] on the
behavior and properties of the cis—trans isomeric

dicarboxylic acid, we developed a polarographic
method for the determination of the two acids in a
mixture. In the present study we attempted to de-
velop a spectrophotometric method for determina-
tion of citraconic acid in the presence of mesaconic
acid which would be both simpler and more precise
than the few already known. Thus, we used the
findings [6, 7] that some organic acids with a
symmetric structure (e.g., phtallic acid, picric acid,
maleic acid and some others) could be selectively
extracted with a suitable organic solvent in the
presence of cationic metal chelates such as #ris(1,10-
phenanthroline)iron(Il), #ris(2,2'-bipiridyl)iron(II),
bis(cuproine)copper(AND) or bis(neocuproine)-
copper(AND) with a subsequent use of the extract
for a spectrophotometric determination of the or-
ganic acids. Since citraconic acid has a structure
similar to that of the above-named acids, we be-
lieved that our previous experience would be bene-
ficial in our present efforts.
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EXPERIMENTAL

Reagents and solutions

All reagents for the preparation of the solu-
tions were analytical-grade chemicals. Redestil-
lated water was used as a solvent.

Standard solutions of dicarboxylic acids were
prepared from recrystallized citraconic and mesa-
conic acid. The concentration of the two acids was
5-10"° mol/l. Before use, the stock solutions of car-
boxylic acids were diluted as required. The
concentration of the two acids in the diluted
solutions varied from 0.2:10° mol/l to 2.4-107*

mol/lype solution of tris(1,10-phenantroline) iron(Il)
sulfate (¢ = 1.6:102 mol/l) was prepared by dis-
solving 1.485 g of this compound and 0.695 g of
ammonium iron(Il) sulfate hexahydrate in diluted
sulfuric acid (0.1 mol/l).

The phosphate buffer solutions with various
pH were prepared by mixing the solution of potas-

sium dihydrogenphosphate (0.3 mol/l) and sulfuric
acid (0.5 mol/l).

Procedure

5 ml of carboxylic acid solution, 5 ml of the
phosphate buffer solution, 5 mL of standard solu-
tion of tris(1,10-phenantroline)iron(Il) sulfate and
10 ml of water were transferred by pipette into a
separating funnel. 10 ml of nitrobenzene was
added and the funnel was shaked for 1 min (some
other extractants were also used but the results
were unsatisfactory). After 15 min the nitroben-
zene extract was transferred to a 25 ml glass tube
and anhydrous sodium sulphate was added to dry
the benzene extract.

The spectra were recorded from 400 nm to
650 nm. The absorbance was measured at 516 nm,
15 min after the preparation of the benzene extract,
using a reagent blank extract or nitrobenzene as a
reference.

RESULTS AND DISCUSSION

The spectrum of the nitrobenzene extract of
citraconic acid (¢ =1.2-10* mol/l) of the aqueous
solution which contains #ris(1,10-phenantroline)-
iron(1I) sulfate with a concentration of 32-10~* mol/l
in phosphate buffer (0.3 mol/l) with a pH value of
3.5 is shown in Fig. 1. As it can be seen from Fig.
1, an absorption band appears at around 516 nm.
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Fig. 1. UV-VIS spectrum of citraconic acid extracted with
nitrobenzene in presence of #ris(1,10-phenantroline)iron(1l)
sulfate and a phosphate buffer with pH = 3.5

The band is most probably due to the com-
plex formed between the citraconic acid and

tris(1,10-phenantroline)iron(II) sulfate, a reaction
which is expected for acids with a similar structure
[7]. To confirm such an origin of the band in the
spectrum, first of all the influence of pH values of
the solution on the position and values of the ab-
sorbance of this band was studied. Several solu-
tions were prepared with an identical concentration
of the citraconic acid (¢ = 1.2:10* mol/l) and of the
indicator #ris(1,10-phenantroline)iron(Il) sulfate
(c =32.10"* mol/l) with different acidity. The acid-
ity of the solutions was regulated with phosphate
buffers with pH values from 3 to 5. The results of
these measurements are shown in Table 1.

Table 1

Absorbance values of the nitrobenzene extract
of citraconic acid (c = 1.2-10” mol/l) in presence
of tris(1,10-phenantroline)iron(ll) sulfate and
phosphate buffers with pH from 3 to 5

pH 3.0 3.5 4.0 4.5 5.0

As;g 0.1707  0.3775 0.3990  0.3475 0.2173

It turned out that the position of the band does
not change whereas the value of the absorbance of
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the citraconic acid extract has a maximal value at a
pH value of 4, although satisfactory absorbance
values were obtained in the whole region of pH
values between 3.5 and 4.5. Distribution curves for
the individual forms of citraconic acid present at
different acidity were obtained from the pK values
of the acid: pK,; = 2.95 and pK,, = 5.98 [8] and are
shown in Fig. 2. On the basis of these curves it is
deduced that at the pH range from 3.5 to 5.5 the
predominate form is the monodissociated citracon-
ate ion which under the given conditions forms an
ion-association complex with #ris(1,10-phenantro-
line)iron(Il) sulfate. It is this form to which the
spectral band is assieved. In the course of the sub-
sequent measurements the pH value of 4 is used as
the optimal one.
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Fig. 2. Distribution of citraconate species (H,C, HC and C, ")
as a function of pH value

To determine the metal : ligand ratio in the
formed complex, a series of solutions in which the
concentration of citraconic acid was held constant
(1.2:107* mol/1) and that of the indicator was varied
from 0.12:10™* mol/l to 48-10°* mol/l. The pH
value was 4 (a phosphate buffer). The results of
these measurements are given in Table 2 in which
[cit] / {[cit] + [ind]} denotes the ratio of the equi-
librium concentrations of citraconic acid (in the
nominator) and the sum of the equilibrium concen-
trations of the acid and the indicator (in the de-
nominator).

The data in the Table 2 show that the absorb-
ance has a maximal value at the [cit] / {[cit] + [ind]}
ratio of 0.7, which suggests that in the formed
ionic associate the mole ratio of the tris(1,10-
phenantroline)iron(Il) cation and the citraconate
anionis 1 : 2.

The subsequent studies were carried out to-
wards the goal of finding the optimal conditions
for developing an analytical method for determina-
tion of citraconic acid in the presence of mesaconic
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acid. As it turned out, the optimal ratio of the con-
centrations of citraconic acid and the indicator is
1 : 36, that is the one for which the maximal ab-
sorbance value was observed.

Table 2

Absorbance values of the nitrobenzene extract
of citraconic acid at 516 nm in presence of
tris(1, 10-phenantroline)iron(ll) sulfate with

varying concentrations and a phosphate buffer

with pH = 4.

Cing/ molT 107 [cit] / {[cit]+[ind]} Asie
0.12 0.90 0.2151
0.30 0.80 0.3605
0.54 0.70 0.5659
0.78 0.60 0.5203
1.20 0.50 0.4657
1.80 0.40 0.3965
2.70 0.30 0.3527
4.80 0.20 0.1998
10.80 0.10 0.0898
24.00 0.05 0.0712

In order to establish the influence of the iso-
meric form of the citraconic acid (mesaconic acid)
on the formed ionic associate we tried to form, un-
der identical experimental conditions as those for
citraconic acid, an ionic associate between the me-
saconate anion and #ris(1,10-phenantroline)iron(Il)
sulfate at pH value of 4 (phosphate buffer). The
extract from the reaction mixture in nitrobenzene is
spectroscopic inactive (the band characteristic for
the complex formed by the indicator with dicar-
boxylic acids is absent in the spectrum). Thus, it is
very likely that the mesaconic acid does not form
an ionic associate with tris(1,10-phenantroline)-
iron(II) sulfate. Then it follows that citraconic acid
may be quantitatively determined in the presence
of the mesaconic acid.

To determine the optimal period during which
the absorbance of the formed complex could be
measured, the stability of this associate was meas-
ured at subsequent periods after mixing the re-
agents. It was found that the absorbance values did
not change during a period of 24 hours. The meas-
urements were started 15 min after the preparation
of the investigated sample because of practical rea-
sons (the necessity of extraction etc.).
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The concentration range in which the formed
ionic associate obeys the Beer’s law was deter-
mined too. The series of solutions with a varying
content of the citraconic acid were prepared, in
which the concentration of the #is(1,10-phenantro-
line)iron(Il) sulfate (used as an indicator) was
32:10* mol/l. The acidity of the solutions was, as
previously described, regulated with a phosphate
buffer (pH = 4). After the extraction in nitroben-
zene, measured values of the absorbance at 516
nm, for one of the series of solutions, are shown in
Table 3. On the basis of the obtained results the
calibration diagram was costructed.

Table 3

The absorbance values at 516 nm
of the nitrobenzene extract of citraconic acid
in presence of tris(1,10 phenantroline)iron(Il) sul-
fate with ¢ = 32-10” mol/l and a phosphate buffer
with pH=4

o/ molTt 10 0.8 1.2 1.6 2.0 2.4

Asie 0.2516 0.4024 0.4389 0.5647 0.5988

The equation describing the linear relation-
ship between the absorbance and the concentration
of the citraconic acid is:

(R*=10.988)

Consequetly, it is clear that there are favor-
able conditions for development of an analytical

Asis=0.1086 + 2.142:10% ¢/mol-1"!

Namely, in real samples these acids could be pre-
sent together with the citraconic acid. The
investigations show that these other acids do not
react with #7is(1,10-phenantroline)iron(Il) and have
no significant influence on the spectrum of the
complex of this reagent with the citraconic acid.

The influence of the chloride and sulfate ions
was also studied. Several solutions with an identical
concentration of the citraconic acid (¢=1.2-10"
mol/l) and of the indicator #ris(1,10-phenantro-
line)iron(II) sulfate (¢ = 32-10* mol/l) and varying
concentrations of chloride (from 1.5-10* mol/l to
2.0-10 mol/l) and of sulfate (from 3.0-10™* mol/l
to 3.2:10 mol/l) ions were prepared, respectively.
It was shown that these ions influence the final
results when their concentration is about 10 times
higher than that of the acid.

The developed method for determination of
the citraconic acid with #ris(1,10-phenantroline)-
iron(Il) ion in the presence of the mesaconic acid
(method of standard addition) was tested on simu-
lated samples in which the content of the citraconic
and of the mesaconic acid was varied. In all stud-
ied cases the analytical recovery, R, was in the al-
lowed range (see Table 4).

Table 4

Determinated values of the concentration
of citraconic acid in the presence of mesaconic
acid

11104 :
Cmesac.acid/ Ccitraconic acid/ mol1 10 A516 (R n %)

L . A mol 1107
method for the determination of the citraconic acid
in the presence of the mesaconic acid. Taken Taken Found
The measurements done to evaluate the preci- 0.5 1.00 1.02 0.3278  102.0
sion of the determination showed that the relative 1.0 1.20 1.22 03830 1017
. . o
standard de?fl-atlon (RST) is 4.03 A).' s 150 145 04198 969
In addition to the study of the influence of the
. . 2.0 2.00 2.05 0.5479  102.5
presence of the mesaconic acid on the results ob-
tained from the determination of the concentration 3.0 2.50 2.48 0.6409  99.2
of the citraconic acid, the influence of several other
acids: oxalic, tartaric and fumaric was studied too.
CONCLUSIONS

Our studies showed that the method for deter-
mination of the citraconic acid in the presence of the
mesaconic acid developed by us, is not only charac-
terized by satisfactory accuracy (RST = 4.03 % and
R from 96.9 % to 102.5 %) and sensitivity, but is
also suitable for the determination of the content of

the citraconic acid in samples which contain ox-
alic, tartaric and fumaric acid, as well as chloride
and sulfate ions.
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“the University reform”. The authors of the present pa-
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Faculty of Technology and Metallurgy to the newly
established Faculty of Chemistry. Because of many rea-
sons, the group from the Faculty of Technology and
Metallurgy was treated as “the newcomers”. Among
those who treated us as colleagues of equal standing

thus helping us to overcome the anxiety we felt was Dr.
Ivan Petrov whom we then simply called “the profes-
sor”. As a sign of recognition and appreciation for eve-
rything “the professor” did during his working life but
especially the treatment of us, with a feeling of great
respect for him we dedicate this paper to him.
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K.Ily‘ll-[l/l 360[)0]3]/[: IUTPAaKOHCKa KACCJINHA; ME3aKOHCKA KNUCEIINHA; CHeKTpO(bOTOMeTpI/ICKO ONpeACIyBambE;

tris(1,10-penanTpormmn )xene3o(1l).

IIpensioxkeH € HOB CHEKTPOGOTOMETPUCKU METO[
3a ompefeNnyBambe Ha NUTPAKOHCKA KUCENINHA BO MPHCYC-
TBO Ha Me3aKoHCKa KuceanHa. HajieHo e feka nuTpakoH-
cKaTa KrcenuHa (WM, TOTOYHO, XMIPOTeHIMTPAKOHATHH-
OT aHjoH) ¢hopMupa CTaOGUITHO, [PBEHO 0OOCHO COCAMHE-
wue co katjoHoT Ha fris(1,10-penantpomun)xene3o(1l)
(Amax = 516 nm), KOe MOXKe CEJIEKTHBHO Jla ce eKCTpaxupa
co HUTpoOeH3eH. OnpefieNieHn ce ONTUMAIHATE EKCIIePH-
MeHTanHu napametpu (pH = 4, MOTapHUOT OJHOC IUTpa-
KOHCKa KHCeJNHA : nHauKaTop = 1 : 36, cnektpodoTome-
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Tpupame 1o 15 min o popMupame Ha KOMIUIEKCOT ), TIPH
KOM ME3aKOHCKaTa KHCEJIMHA HE TPajii KOMILIEKC, IITO IO
OBO3MOXYBa OINPEeNyBaleTO Ha IUTPAKOHCKA BO NpH-
CYCTBO Ha ME3aKOHCKaTa KucelnHa. Bo KOHIEHTpalycKo-
TO mofpayje of 8,0-10~° mol/l no 2,4-10 mol/l mocrou mu-
HeapHa 3aBUCHOCT Mel'y BpeTHOCTa Ha M3MepeHaTa arncop-
0aHIa ¥ KOHIEHTpaluujaTa Ha ME3aKOHCKAaTa KHCEJIMHA.
PenaruBHata cranpgapaHa jfesujanmja usHecysa 4,03 %, a
AHAJIUTUYKIOT MPUHOC ce ABIKY off 96,9 1o 102,5 %.



