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1,2-Dibenzoyl CyclopentadienewDerivative as New Potential
 Chelating Agent in Geological Materials

MOHAMMAD H. ARBAB ZAVAR, SAYYED FARAMARZ TAYYARI*,
SIMA EVAZMOGHADAM and MAHMMUD CHAMSAZ
Department of Chemistry, University of Ferdowsi, Mashhad 91775-1436, Iran
, - Fax: (98)(511)8438032;  Tel: (98)(511)8780216;
E-mail:stayyari@yahoo.com, tayyari@ferdowsi.um.ac.ir; moghadaml352@yahoo.com

In this paper,  2,3-bis(p-methoxybenzoyl)cyclopentadiene
(DPMBCP) has been studied as a chelating agent and pKa value
was determined by means of spectrophotometric measurements.
The sigmoid curve of optical density against pH was constructed
and pKa value was obtained from log I against pH, having the value
of 827+0.02 at A=421 nm and temperature (t) =25+ 0.1°C.
Interaction of Fe*, Ce*, La®* with DPMBCP in water/cthanol
(1:1) (v/v) solution studied and for Fe** and Ce* leads to the
formation of complex species in the recommended condition.

The optimum conditions for solvent, the pH and concentration
of ligand were studied and interference effects, linear range detec-
tion limit, specific absorptivity, Sandell sensitivity and other ana-
Iytical parameters were also evaluated. The method is sensitive,
simple and an alternative for spectrophotometric determination of
Fe’* and Ce*, but not for La™. The reproducibility for Fe** is
shown by a relative deviation of about 0.67%. This system obeys
the Beer’s law and is suitable for iron determination in the concen-
tration range from 0.1 to 1 pg/cm®, with a correlation coefficient
() of 0.9992. Analytical application has been tested for geological
materials (iron-rock), in which the results were compared with
atomic absorption measurement. , ,

Very good concordances were obtained between these two dif-
ferent techniques, suggesting the potential of present spectrophoto-
metric method for iron analysis.

Key Words: JIron c‘komplex,‘:Ceriuimfcomplex, Dissociation
constant, Spectrophotometry.

INTRODUCTION

DPMBCP belongs to 1,2-diaceyl cyclopentadiene compounds characterized
by a seven-member ring'™>, which solely ~¢xjsts in the enol form. The proton
chemical shifts for these compounds suggest the presence of a very Strong
intramolecular hydrogen bond* % 7. These compounds are classified by Gilli and
* Bertolasi® as {-diketone enols and are potentially capable of forming complexes
with metal ions. : i

Linn and Sharkey® prepared 2,3-dibenzoyl cyclopentadiene (DBCP) in neutral
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atmosphere. Any attempt on the preparation of a sandwich form of iron with
DBCP has not been successful, which was attributed to the 7-electron delocal-
ization in the cyclopentadiene ring'®. In spite of extensive studies on the
complexation of the 3 diketones'! 12, to the best of our knowledge, no report has
appeared on the formation of comp]lexes by this class of compounds.

Iron is the fourth most abundant element in the earth’s crust occurring in nearly
all types of rocks and soil minerals as both Fe?* and Fe’*.'> Concerning its
biological activity, iron is a highly versatile element, serving as an active centre
of proteins responsible for oxygen and electron transference in metalloenzymes
such as oxidases and dehydratases”

Iron determination and speciation methods in enviromental and biological
samples have been developed with high sensitivity. The determination of different
oxidation states of iron in a variety of samples is generally achieved by

complexation with specific chelating agents followed by a spectrophotometric
measurement. Tiron (4,5-dihydroxy-1,3-benzenedisulfonic acid)®®, 1-(2-pyridyl—
az0)-2-naphthol (PAN)'®, dithiocarbonate!”, cupferron 18 8-hydroxy-quinoline!?,
B-diketones® and many other chelatmg reagents have been used for Fe**
' determination, after oxuhzmg the Fe?". New chelating agents have been intro-
duced both for determination of trace elements and preparing chelating resins.
Spectrophotometric?" 2 or chemiluminescence® ?* detection and many other
analytical methods have been developed for determination of iron with high
sensitivity. In this paper a newly synthesized ligand, DPMBCP, is introduced for
determination of Fe**. Decrease in the absorbance of ligand during complexation
was aimed to apply a simple, highly selective and sensitive determination method
for iron(Ill) in ge@logmal samples.

EXPERIMENTAL

Materials: DPMBCP was prepared according to the Linn and Sharkey
method® from lithium cyclopentadiene and p-methoxy-benzoylchloride in an
argon atmosphere. The yellow crystals were recrystallized from glacial acetic acid
‘to yield yellow needle-like crystals (65% yield), m.p. 157-158°C, 'H NMR
(CDCly): & 3.91 (s, 6H), 6.49 (t, J = 3.6 Hz, 1H), 7.02 (d, J = 8.6 Hz, 4H), 7.28
(d, J=3.6 Hz, 2H), 7.84 (d, J = 8.6, 4H), 18.62 (s, 1H). The prepared compound
was investigated by elemental analysis, IR spectroscopy and TH NMR. A stock
solution (107 M) of ligand was prepared by dissolving the requisite amounts in
pure ethanol and diluted as required to obtain the working solutions. All chemicals
(E. Merck) were of analytical reagent grade and were used without further
purification. Ce™, Fe** in different concentrations were prepared from Ce(SOy),,
Fe(NO;); standard solutions. HCIO4 and NaOH were used for pH adjustmentu
Interference studies were made using different salt solutions, preferentially in the
chloride form (for cations) and sodium (for anions). De-ionized water and pure
ethanol were used for preparing solutions.

Apparatus: All spectrophotometric measurements were made with a
Shimadzu 3100S spectrophotometer, coupled with a colour plotter model 200
91027 at 25.0°C. Stoppered quartz cells of 1.00 cm optical path length were
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always utilized. A Varian model AA-20 atomic absorption spectrometer was used
for comparing the results. The pH measurements were made with Metrohm
Herisau E-603 pH-meter, calibrated regularly before use with standard buffer
solutions. All measurements were performed in the presence of 50% ethanol (v/v)
at 25°C. Solutions were prepared with deionized water punﬁed with an Advantech
Millipore F2HN 6496SC system.

Spectrophotometric analysis: Ligand indifferent solvents was investigated
and aqueous/cthanol (1 : 1) (v/v) was selected (Figs. 1 and 2). Spectrophotometric
analysis of 2 x 1075 M ligand solution was investigated in aqueous/ethanolic
(1 : 1) (v/v) media and different pH, in the range of 250-500 nm spectral range
at 25 +0.1°C. The pH values were adjusted by adding appropriate amounts of
NaOH and HCIO,. Standardization of combined electrode in C;HsOH (50%) was
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Fig. 1 Ligand in different solvents: DPMBCP = 5.9 x 10~
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Fig. 2. Ligand in different aqueous/etham)l concentrations:k(l) 1.5,(2) 1.38, (3) 1.27, (4) 1.08,
(5) 1, (6)0 (DPMBCP =2.1 x 107) ‘ :

performed in acidic and basic range as explained in literature® 2%, The reported
pH values are referred to the suitable solvent scale. The changes in electronic
spectra of PDMBCP with pH are shown in Fig. 3.
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Fig. 3. | Spectrophotometric titration of DPMBCP with NaOH in aqueous/ethanoli¢ (1 : 1) (vfv)
(DPMBCP =2 x 10°M and pH = 5-10) ~

Determination of acidic constant: Spectrdphotometry is an ideal method
for determination of acidic constants when a substance is not soluble enough for
potentiometric studies or when its pKa value is particularly very low or high (e.g.,
less than 2 or more than 11)*” %, The method depends on direct determination of
the ratio of the molecular species that is the neutral molecules to the corresponding
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ionized species in a non-absorbing solution, in which its pH values are either
known or measured. A series of solutions in highly acidic and basic media are
prepared, their absorbances are measured and the corresponding absorptivities are
calculated from the Beer’s law A = g,.. If the concentrations of the species and
anionic form of compound and acid dissociation constant of diketone to be [HA],
[A7] and Ka respectnveﬁy, the followmg equation could be used:

HA <———> H +A”
[AT] [H*] Ya~ Yo'
K=" . 1
“  [HA] Yan W
_ o AAT (e—en)
pK, =pH - log wi pH ~log ———= (& — ©)

=pH-logl '

where €y, and €4 are the molar absorptivitiesof HA and A™ at A =421 nm,
respectively, and € is the total molar absorptivity of HA and A™ at any given pH
value at the same wavelength. The foHowmg procedure was applied.
. Astock solution of 107* M DPMBCP was prepared in aqueous/ethanolic (1 : 1)

(v/v) solution. 2.5 mL of this saluuon was transferred into a 5 mL volumetric
flask and diluted to mark with 0.1 M HCIO, in 50% ethanol solution for
preparation of acidic solution of the hgand For basic solution, 2.5 mL of the
stock solution was transferred into'a 5 mL volumetric flask and diluted to mark
with 0.1 M NaOH in 50% ethanol and the total concentration of compound in
forms of HA and A™ was measured. Four series of each sample at different
concentrations were prepared [0.5 X 10°-2x107 M] in acidic and basic solu-
tions and the optical density of each solution was obtained. The UV absorption
maxima (Ap,y) and half protonation values are shown in Table-1.

 TABLE-1

PKy DATAFOR THE STUDIED COMPOUND
Spectral maximum (Amax, nm, (€)) : . ’ Acidic measurement
Anion forma Acidic formb | A° (um) md pKa Correlation

395.6(1.27 x 10% 421.8(2.087>’<m4) 421 10149 8274002 09971

a: measured in T M NaOH, -~ b: measured in 0. 1 M HC104, ¢ for pK., measurement,
d: slope of log I vs. H graphs.

For determination of pK, value, sPectmphotometric titration with NaOH was
performed and the change of absorbance with pH was utilized, which is depicted
~in Figs. 4 and 5. :

Investlgatmn of Fe3+, Ce* 5 La3+ For Fe’t determination, 2.5 mL of the
acidic Fe** solution comammg 02 M NaClO4 was taken in a 5 mL volumetric
flask followed by addition of 2.5 mL (DPMBCP x 107 solution and adjusting
the pH at 2 and diluting to mark with 0.3 M HCIOy, ethanol and de-ionized water.,
After the complexation was complete, the absorbance of each solution was

~measured at 421 nm against a blank. The stoichiometry of the Fe-DPMBCP
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complex was investigated by mole ratio method. In this method the iron
concentration was held constant while the concentration of DPMBCP was
increased, the absorbance at 421nm was plotted vs. the mole ratio of
DPMBCP/iron and the result was 2 : 1 (ligand/iron). For Ce** and La>* determi-
nation, solutions containing 0.1 M NaClO, and 5.9 x 10~ DPMBCP in different
pH was prepared and the absorbances of the complex and the ligand were
measured at 421 nm. ‘

RESULTS AND DISCUSSION ’
Spectmphommetric studies: DPMBCP is niot soluble in water but by adding

“ethanol concentration up to 50% (v/v) the solvation is complete (Fig. 1). This

compound is considerably soluble in many organic solvents such as ethanol,
benzene, chloroform, methyl isobutyl ketone, N-hexane, carbon tetrachloride as

~ well as in alkaline aqueous solutions (Fig. 2).

In 50% aqueous/ethanolic solution, the electronic spectrum of DPMBCP dis-
plays mainly three absorption band maxima, at 421, 361 and 286.4 nm. The
intensities of the first two bands decrease on increasing the pH and a new peak
appears at about 272.8 nm (UV range). The spectra of DPMBCP in the pHrange of
5-12 show the existence of an isosbestic point at 343 nm, indicating acid-base
equilibrium in solution for this new reagent. The recorded spectra for this pHrange

. are presented in Fig. 3.
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Fig. 4. Sigmoid curve of A-pH for the pK, determination of DPMBCP (DPMBCP =2 x 10~°M
and pH =5~10 in 421 nm) ‘ . :

From the spectrophotometric titrations"and the plot of absorbance vs. pH and
calculating log 1, the calculated pK, in this medium was obtained to be

8.27 £0.02. ,

DPMBCP was quite stable in ethanol and 'ethancﬁcfsolution on standing for
over one month. Spectra of these solutions durin g this period of time did not show

- any significant changes. RO
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¥ = 10149 + 8.3927
Fe = 0.9971

0.8
0.6

3o

0.2 -

78

(3.2
A
0.6
A28

-

Lovioo d

3

2

Fig. 5. Linear plotk of log I-pH for the pKa determination

Irom, cerium and lanthanim complexation: Addition of cations to the
- ethanolic/aqueous (1:1) (v/v) solution of the ligand was studied at different hydro-
gen ion concentrations which for Ce** and Fe** leads to the lowering of intensity of
the band maximum at 410 and 421 nm (hypsochromic effect) (Figs. 6 and 8). The
conditions for effective complexation of Fe** were improved by studying the
effects of various factors such as pH, reagent concentration and ionic strength, in
order to dévelop a sensitive spectrophotometic method for the determination of
Fe(III) with the newly synthesized ligand (DPMBCP).

Effectof pH: The influence of pH on the Fe**-DPMBCP complex was studied
to find out the optimum pH range for Fe>* determination. The complexation of Fe**
with DPMBCP into ethanolic/aqueous media was investigated over a pH range of
1-7 (Fig. 7). HC1O4 and NaOH were used for adjusting the pH. The complexation

- of metal ion starts at a pH of 1.0 and reaches its maximum at about 2.0 where the

-

£
A~
<
<&

821

e suse
Ea .5
b 4 S
& 4
“ ¥
<]
£
& st
A s b
. » »
& R
i A
& e oty
- e % 4 3w
pT x"“w o
% 3 @
. e

o £ e hd

-] Had ~ @i L86 Gos B
e € qer D E~3

Fig. 6. Absorbance variation of ligand with complexation in different concentrations of iron at
pH =2 (DPMBCP =5 x 107°M and Fe* = 0.1-1.5 pg/em®)
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difference of absorbance between ligand and complex is at its maximum value. For
Ce**, the influence of pH was studied over the pH range of 1-12 and the complex-
ation of Ce** reaches its maximum at about 8 after 5 h in 60°C (Fig. 8).
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Fig.7. Effectof pH on the absorbance of ferric-DPMBCP complex (Fe** = 0.8 g/cm’, DPMBCP
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Fig. 8. Absorbance variation of ligand with complexation in different concentrations of Ce™ at
’ pH=8 (DPMBCP = 5.9 x 107 M, Ce* =0.422-1.13 pg/em®)

Effect of reagent concentration: A series of experiments was carried out at
pH ca. 2.0 to investigate the type of interaction between Fe’* and DPMBCP in
solution. It was found that Fe** forms a 1 : 2 complex with DPMBCEP. The effect of
reagent concentration was studied by keeping 0.28 pg/mL Fe>* solution in 0.1 M
NaClOy, to maintain the ionic strength constant. Different ligand/metal ratio
concentrations were employed (1-10) and the maximum difference in absorbance

between ligand and complex was observed to occur at more than 5-fold as shown in
Fig.9. : '
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Fig. 9. Influence of DPMBCP concentration on the complexation of iron (DPMBCP =
5% 1075 % 10 ML, F = 028 pg/em’)

Effect of ionic strength and diverse ions: The complexation was performed
in different concentrations of NaCl0y4 (0.001-0.1 M) and no considerable variation
was observed in the absorbance of the solutions. The effect of foreign anions and
cations on the complexation of iron with DPMBCP has been studied in detail. The
tolerance limit was taken as the concentration of foreign ions that caused an error of
not more than 5% in the determination of the analyte (Table-2).

TABLE-2
INFLUENCE OF FOREIGN JONS ON THE SPECTRO-
PHOTOMETRIC DETERMINATION OF Fe* (1 pgfem®)
USING DPMBCP (5 x 107 M) AT pH = 2

Foreign ions - Mole ratiol - .- Poreign ions Mole ratio
Na(1), K(I) 51000 | CI,Br,NO3 100
Ca(Il), Mg(II), Ba(Il) 100 | CH;C007, ClO; > 1000
AX(IIT) - 50 |sof 10
Cr(IID) , 10

Validity of linear equatnon and correlatmn coefficient for decreasing
absorbance: A calibration curve was made under the optlmum conditions. The
present studies mdlcate that the Beer’s law was obeyed for Fe** at the concentration
range of 0.1-1 g/ cm?, with a correlation coefficient value of 0.9992 was obtained
for Fe’* DPMBCP complex. The values of slope and the intercept for the best fitted
line were obtained to be 2.45 x 104 and 0.0558, respectwely and the limit of
detection was 0.06 pg/cm>.

Precision, accuracy, specific absorptxvnty, Sandell sensitivity of the method
for iron determination: To obtain the precision and accuracy of the method,
determinations were carried out for a set of some measuringof 0.56 g cm™ of Fe3+,
under optimum conditions Calculations revealed that the standard deviation of the
method was 0.005 pg cm™ 3 and the relative standard deviationwas 0.67%. Also the
specific absorptl\/lty was 0.4191 mL/ g cm and the Sandell sensitivity was
233%x 10 pgem 2% which suggests relatively high precision of the method.
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Applications: Suitable amount of iron rock [standard reference material:
bauxite (Dominican) and iron ore], 0.1 g was transferred to a beaker and treated
with concentrated HC10, (30 mL) and HCI (50 mL) under heating and agitation, for
complete dissolution. Vapours of HCI were eliminated by continued boiling and
water was ‘added to maintain the volume. The final solution free of chloride ion was
transferred to a 500 mL volumetric flask and diluted to mark with dionized water.
Analytical applications were obtained by applying standard addition recovery test.
The results were confirmed by atomic absorption UV-Vis spectrophotometry. The

-process was repeated four times with each sample and the calculated average values
are presented in Table-3. Excellent concordance was obtained between the two
‘methods for the material tested, showing the potential of spectmphotomemc
method described here.

TABLE-3
EXPERIMENTAL RESULT ENCOUNTERED FOR
IRON ROCK THROUGH SPECTROPHOTOMETRIC
ANALYSIS AND ATOMIC ABSORPTION®

: ( : CFc,(ppm); stock solution
Sample - Spectrophotom

~ _etry ‘AAS %)
Iron ore 73.84 - 7314 0.95
Bauxite -~ 3307 3268 1.18

"DPMBCP =5 x 107 M, Coruanol = 50% (VIV).
Blank = -acid + ‘mineral solution + ethanol,
Sample = blank + ligand

Conclusion

In this investigation a new reagent DPMBCP was studled in different solvents
and the proper solvent mixture chosen for studymg and its pK, was determined.
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Decreasing absorbance of the ligand at 421 nm during iron complexation indicates
the potentiality of the ligand for a successful determination of Fe**.

Under the best experimental conditions different absorbances for the ferric
complexes and ligand are obtained at 421 nm. The system obeys the linear
equation with good precision. It is suitable for iron determination, over a
~concentration range of 0.1-1 pug/mL. Among diverse ion effects only I" and
H]PO4 interfered sxgmﬁcamly EBg > 5%). :

Analytical application was successfully tested for natural iron-rock and the
results were compared with atomic absorption measurements. Very good corre-
lation was obtained between these two techniques, showing the clear potential of
spectrophotometric method described here. Excellent stability of complex (at least
3 days) (an 11) and reproducnblhty were observed for analytical purposes.
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Fig. 11. Effect of time on complexation and stability complex for Fe**
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