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Article

Spectrophotometric Deter mination of Trace Amountsof Calcium Using the Calcium Complex
with Alizarin

Hong-Wen Gao

School of Chemistry and Chemical Engineering, Anhui University, Hefei-230039, P. R. China

A reacdo entrecdlcio edizarina(ALZ) foi investigada para determinag&o espectrof otométricade
calcio em niveisdetragos. O surfactante cationico brometo de cetilmetilaménio (CMAB) foi usado
€Oom sucesso paraaumentar asensibilidade. O método de corregéo betafoi empregado paradeterminar

as propriedades do complexo Ca-AL Z, ao invés daespectrof atometria convencional . Osresultados
revelaram que o0 complexo formado, Ca(AL Z),, tem absortividade molar real igual a3,74x 10°L mol*

cm*emA= 630 nm.

Thereaction between calcium and alizarin (ALZ) wasinvestigated for the spectrophotometric
determination of traceamountsof cal cium. The cationic surfactant, cetyltrimethylammonium bromide
(CTAB) was useful to increase the sensitivity. The beta-correction method was applied for the
determination of the properties of the Ca-ALZ complex instead of ordinary spectrophotometry.
Results showed that the complex formed, expressed as Ca(ALZ),, has areal molar absorptivity

equal to 3.74x10° L mol-*cm™ at 630 nm.
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I ntroduction

Calcium exists extensively in nature. It is one of the
elements necessary for the human body. Therefore, the
absorption of calcium from food, drinking water, grain and
S0 onisnecessary to health. The chromogenic reagents, 3-
(2-chlorophenylazo)-6-(2- bromophenylazo)-4,5-di-
hydroxynaphthalene-2,7-disulfonic acid,* ethanedial-bis
(4-hydrobenzoylhydrazone),? chloridazon C,® rhodamine
B* and others have been used for the determination of
calcium by spectrophotometry. Alizarin (ALZ) has been
found to sensitively complex calcium at pH 5.2; its
structure is given below:
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Derivatives of ALZ have aready been applied for the
determination of aluminum,® of the hardness of water © and
heavy metal ions.” Using this reaction, the determination of

e-mail:gaohw@mars.ahu.edu.cn

the Ca-ALZ complex for trace amounts of calcium hasbeen
carried out by 3-correction spectrophotometry. The presence
of the cationic surfactant, cetyltrimethylammonium bromide
(CTAB) may increase the anaytical sensitivity because it
can form aternary complex together with Caand ALZ. This
report describes the determination of the properties of the
CaALZ complex, which includes the complex ratio and
thereal (not apparent) molar absorptivity of complex by the
beta-correction spectrophotometric method & instead of
ordinary spectrophotometry. The beta-correction
spectrophotometric method gives the absorption of the
excess ALZ and the Ca-ALZ complex product so that a
simpler operation and more acceptable results for the
determination of the propertiesof the Ca-ALZ complex may
be obtained than with conventional methods such as molar
ratio,'* continuous variation,2 equilibrium movement, etc.
Results show that the composition ratio of Cato ALZ is
CaALZ=1:2 andthereal molar absorptivity of the complex
i$3.74x 10°L mol-*cmr at 630 nm. The presence of tartrate
may mask the co-existing metal ions, except calcium and
other alkaline earths. Beer's law was obeyed over therange
0-2.00 mg Lt Ca(ll) and the detection limit of calcium was
0.035mg L1, For analyzing samples, therecovery of calcium
from standard sol ution was between 96.2 and 108% and the
relative standard deviations less than 4.6%.
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Principle

The following expression was earlier established® for
the determination of the real absorbance (A) of a metal
(M) complexed (M Ly) withaligand (L).

PR Y]
1-ap

The symbols AA and AA’ are the absorbances of the
solutions of ML and excess L, which are measured at
wavelengthsA, and 4, against areagent blank, respectively.
The correction constants, « and § are obtained from the
following equations by measuring M L, and L:
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The symbols sMLy“, eMLy“, g and g *? are the molar
absorptivities of ML and L at wavelengths 4, and 4,,
respectively.

Because the apparent molar absorptivity (e ?) of
complex M L at wavelength 4, was calculated from the
measured absorbance (AA), thereal molar absorptivity (e %)
should be obtained from the real absorbance (A ) according

to the following expression:

A
e, =
5C,,

The symbol 6 indicates the thickness of cell and C,, is
thetotal concentration (mol L) of M. Themolar ratio (y')
of L needed to complex M may be expressed asfollows

i CL
Y =N C.
where
T]:ocAA—AA'
(1-ap)4',

The symbol # indicates the effective fraction of L, C_
isthe concentration (mol L) of L at thebeginningand A’
is the absorbance of the blank reagent measured at
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wavelength4,.y" always approaches amaximumy, which
is a whole number named the stoichiometric ratio of the
complex.

Experimental
Absorption spectra

Absorption spectrawere recorded using aModel 7230
spectrophotometer (Shanghai Analytical Instrument
Factory, China) with a3-cm cell.

A standard calcium (1) solution, 100.0 mg L™ Ca(ll),
was prepared by dissolving calcium carbonate (G. P,
Shanghai Chemicals) in 0.01 mol L hydrochloride acid.
Theligand solution, 5.20 mmol Lt ALZ, was prepared by
dissolving 2.000 g of alizarin (Shanghai Reagents) in
100 mL of 2% cetyltrimethylammonium bromide (CTAB,
Beijing Reagents) and diluting to 2000 mL with deionized
water, where the surfactant, CTAB was helpful to increase
the reaction sensitivity. The pH 5.2 buffer solution was
prepared with sodium acetate (A. R., Shanghai Chemicals)
and acetic acid (A. R., Huainan Chemical Reagents, China)
and it was used to adjust the acidity of the reaction solution.
The masking reagent, 20% potassium sodium tartrate (A.
R., Shanghai Reagents) was prepared for masking the other
metalsions. All preparations used deionized water.

Recommended procedures

A known volume of a sample solution containing less
than 50.0 ug of calcium is taken in a 25-mL volumetric
flask. 2 mL of buffer solutionisadded, then 1 mL of masking
reagent solution and 2.00 mL of AL Z solution. The mixture
is diluted to 25 mL and mixed well. After 5 min, the
absorbances are measured at 470 and 630 nm against a
reagent blank.

If the sampleissolid, such asfood or grain, it must be
prepared as a solution. Firstly, 1.00 g of solid sample is
turned into ash at 500 °C in a muffle furnace (Shandong,
China). Then, the residueisdissolved in 20 mL of 6 mol L™
hydrochloric acid and diluted to 100 mL with deionized
weter.

Resultsand Discussion
Absorption spectra

Figure 1 shows the absorption spectra of ALZ and the
solution after reaction with Ca. From curve C, two

wavelengths may be selected such that the difference in
absorbanceismaximized: 470 (valley) and 630 nm (peak).
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From curve A, the 8 value is calculated to be 0.556 and
fromcurve B, ¢ is0.10. Because theafs valueismuch less
than 1, the following expression isestablished: A_ = AA -
0.556AA.

1.6
14 1

1
0.8
0.6
0.4
0.2

0

-02 1

-0.4

Absorbance

500 600 650 700

Wavelength / nm

400 450 550

Figure 1. Absorption spectra of ALZ and calcium-ALZ at pH 5.2 in
the presence of CTAB: A- 10.4 umol of ALZ, B- only Ca-ALZ
complex, C- Ca(50.0 ug) - ALZ (10.4 umol) solution, A and B
against water and C against reagent blank.

Effect of ALZ concentration

Figure 2 shows the effect of the concentration of the
ALZ solution on the absorption of ALZ and its calcium
reaction product. From curve B, the real absorption (A )
approaches a maximum when more than 0.50 mL of ALZ
is added to the solution. In this study, 2.0 mL of ALZ
solution was added. From curve B, we observe that the
accurate composition ratio of L to Ca was obtained with
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Figure 2. The effect of the addition of ALZ solution on the absorption
of an ALZ solution and a Ca (50.0 ug) plus ALZ solution at pH 5.2:
A- ALZ solution at 470 nm against water, B- real absorption of the
Ca - ALZ complex at 630 nm, C- measurable absorption of the Ca-
ALZ solution at 470 nm against reagent blank.
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difficulty by the molar ratio method because its inflexion
point isunclear. However, fromthey’ curve (Figure 3), we
observe that v’ approaches the maximum and is constant
at 2 when the addition of ALZ solution is more than 1.0
mL. Therefore, the complex formed should be expressed
asCa(ALZ),
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Figure 3. Effect of the addition of an ALZ solution on the
composition ratio (y’) of ALZ to Ca

Effect of other conditions

The reaction between Ca(ll) and ALZ can proceed
rapidly at pH 4.5 - 6.5. The absorption of aCa (50.0 ug) -
ALZ solution approaches its maximum when the
concentration of CTAB is between 0.01 and 0.1% in the
reaction solution. The addition of 2.00 mL of the ALZ-
CTAB solution may provide the necessary CTAB
concentration to form the ternary complex with Ca(l1) and
ALZ. In addition, we observed that the reaction between
calcium (1) and ALZ wascompletein 2 minin the presence
of CTAB. Measurement of the absorbances may therefore
be carried out 5 min after the addition of an ALZ solution.

Calibration graph

A series of standard calcium solutions were prepared
and the absorbance of each was measured and plotted.
Two calibration curves, one of the real absorbance (A )
and the other of the measurable absorbance (AA) are shown
inFigure4.All of A_pointsseenin curveA fitamorelinear
curve than do AA of curve B. Therefore, the accuracy
obtained by the recommended method is better than that
obtained using single wavelength spectrophotometry.
From the curves A and B, we can calculate the real molar
absorptivity (¢,) of the Ca-ALZ complex to be 3.74x 10°L
mol*cm* at 630 nm and its apparent value (¢,) to be only
2.81x10°L mol*cm?, respectively. It shows that the
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Figure 4. Standard curves for the determination of Ca at 630 nm,
using ALZ as reactant at pH 5.2 in the presence of CTAB and sodium
potassium tartrate: A- real absorption (A ); B- measurable absorption
(AA).

sensitivity of the B-correction spectrophotometry was
higher than that obtained by the single wavel ength method.

Precision and detection limit

Ten replicate determinations of two standard solutions
containing 2.50 ug and 25.0 ug of Ca(ll) were carried out,
respectively. Their relative standard deviations (RSDs) were
4.6 and 1.0%. However, the RSDs for single wavelength
spectrophotometry were 11.8 and 3.9%, respectively. The
precision for g-correction spectrophotometry wastherefore
better than that for the ordinary method.

At an A_ of 0.010, the detection limit of calcium is
calculated at being only 0.035 ug mL-* (about 0.9 ug/
25mL).

Effect of foreign ions

The reagent sodium potassium tartrate was used as a
masking agent for some metal ions except the alkaline
earths. Once the recommended masking reagent was added
t0 2.00 mg L-* Ca(ll), none of the following ions affect the
direct determination: 100 mg L* Na', K*, CI', SO, F,
NO,, PO,*; 10 mg L* Ti*, Cr*, Po**, Mn*and 0.5 mg L™*
Mg*, Zn#, Cu®, Fe*, Ni%, Fe*. Ingeneral, the co-existing
ions in food, water and grains do not affect the direct
determination of trace amounts of calcium.
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Analysis of samples

As atest of this method, calcium was determined in
samples, for example special-use water, vegetables and
food. The results determined are listed in Table 1. The
average recovery of standard calcium was between 96.2
and 108% and the RSDs | ess than 4.6%.

Table 1. Results determined for the calcium content of some samples

Sample Added Found* RSD Mean recovery
mg kg? mg kg* % %
Water 0 0.756 3.4 96.2
0.500 1.237
Vegetable 0 21.5 15 108
20.0 43.1
Foodstuffs 0 3.56 4.6 101
5.00 8.60

* average of six determinations
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