Indian Journal of Chemistry
Vol. 35A, April 1996, pp. 346-348

Hydroxyanthraquinones in micellar media:
Improved spectrophotometric reagents for
beryllium(I1) and aluminium(III)

Tarasankar Pal* & Nikhil R Jana
Department of Chemistry, Indian Institute of Technology.
Kharagpur 721 302, India

Received 12 December 1994; revised 7 June 1995;
accepted 19 November 1995

Enhancement of absorption spectral intensities have
been observed for Be(IT) and Al(111) complexes of alizarin
and quinalizarin in the presence of cationic and nonionic
micelles. This effect has been successfully exploited for the
spectrophotometric determination of Be(IT) and AI(III).
Optimum conditions for complexation, composition of
complexes and statistical analysis of the results have also
been reported.

The addition of surfactants to aqueous solutions of
certain metal-dye complexes results in substantial
changes in the UV-visible spectrophotometry of the
complexes' ~*. This is due to the formation of ternary
complexes which usually show an increase in molar
absorptivity and a bathochromic shift of the absorpt-
ion maximum relative to that of the binary complex-
es. Another important factor is the solubilizing capa-
city of micelles towards metal complexes that are not
very soluble in water, so that extractions into organic
solvents can be avoided. Anthraquinone derivatives
are moderately selective and sensitive reagents® and
their performance has been improved by treatment of
spectral signals®”, use of inclusion complexes of cycl-
odextrins®, etc.

Alizarin and quinalizarin are well-known reagents
used for the detection as well as estimation of Be(II)
and Al(IIl) in organic or mixed aqueous-organic sol-
vents®. Here we report the effective use of different
micellar media (cationic, anionic and nonionic) to
improve the sensitivity of spectrophotometric met-
hod for the estimation of Be(II) and AI(II1) using aliz-
arin and quinalizarin over the existing methods. It has
been shown that cationic and nonionic micellar me-
dia increase the sensitivity of the method. The solubil-
ization of both the reagents in micellar media render
them to be efficient and useful spectrophotometric
reagents in the absence of organic solvents unlike the
earlier known methods. The other metal ions which
form complexes with alizarin and quinalizarin incl-
ude Ca(II), Mg(I1), Zn(II), Cu(Il) and Ce(III). Howe-

ver, in micellar media the spectral enhancement of
these metal complexes was not observed.

Experimental

Absorbance measurements were carried out on a
Shimadzu UV-160 digital spectrophotometer using
1 cm quartzcells. A digital pH meter (ECIL, Hydera-
bad) was used for pH measurements.

All reagents used were of AR grade. Doubly distil-
led deionised water was used throughout the study.
Boric acid (BDH, India) solution (0.01 mol 1™ ") and
sodium hydroxide (BDH, India) solution (0.04 mol
171) were used to prepare various buffer solutions in
the pH range 6.0-12.0. The pH of the buffer solutions
was finally adjusted with NaOH solutions using a pH
meter. Alizarin and quinalizarin were recrystallized
from methanol and stock solutions (~ 10”4 mol 7 1)
of these reagents were prepared in buffer solutions of
varying pH (6.0-12.0). Be(1I) solution 0.016 mol 17!
was prepared by dissolving accurately weighed beryl-
lium metal (AD Mackay, New York) (0.036 g) in dil.
H»S0, in a 100 ml calibrated flask. The pH of the
solution was then increased to the range of 5.0-6.0
using Na>CO; and the volume was made up to the
mark. Fresh stock solution (0.01 mol I7') of AI(IIT)
was prepared by dissolving aluminium nitrate in wa-
ter and the solution was standardised following
EDTA titration'®,

Surfactants used were: cetyltrimethylammonium
bromide (CTAB), sodium dodecyl sulphate (SDS)
and polyoxylethylene-isooctylphenyl-ether (TX
100) (all Aldrich, USA). CTAB (0.5mol 17 ') solution
was prepared by dissolving 1.82 g of the surfactant in
water ina 10 ml volumetric flask. A 4.0 mol 1™ ! stock
solution of NaCl(BDH, India) was used to maintain
the ionic strength of the reaction medium.

Determination of Be(Il) and AI(1II)

In a 10 ml calibrated flask, 9.5 ml of reagent solu-
tion (pH 8.2) was mixed with varying amounts of surf-
actant (0.05-0.10 ml) and NaCl (0.0-0.5 ml) solution.
To this mixture, was added 5-30 pl of Be(1I) [or 5-50
ul AI(TIT) solution] and the final volume was made up
with buffer solution of pH 8.2. The solution was mi-
xed well and spectral measurements were made after
30 min in case of Be(II) and after 2-3 min in the case of
AI(III). In the estimation of Be(IT), with alizarin as the
reagent, absorbance was measured at 525 nm for cati-
onic and nonionic micelles, and while using quinaliz-
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Table 1—Characteristics of Be(II) and Al(I1I) complexes
Complexes Medium used
H,0 TX 100 CTAB

Aman £ C # sk £ C € Comp.

nm Imol 'cm™! e nm lmol™'cm™! S Mman Imol " '‘cm™?
Be(II)-alizarin 525 0.3x10* 1ll- defined 525 — NSi 525 09x104 1:3
Be(I1)-quinalizarin 565 0.5x10* 2:3 565 == NSt 620 1.0 x 104 2:3
Al(II)-alizarin 525 0.3x10* 2:3 525 0.7x10¢ 1:2 530 0.9x 0% 1:1
Al(Ill)-quinalizarin 565 0.9x10* I:3 565 0.9x104 1:2 575 1.2x 104 2:3

tSlope ratio method.
NS: Non-stoichiometric

arin, measurements were made at 565 and 620 nm for
nonionic and cationic micelles respectively against
reagent blank.

While estimating AI(ITI), the absorbance against
reagent blank was measured at 525 and 530 nm for
nonionic and cationic micelles respectively, when ali-
zarin was-used as the reagent. In the case of quinaliza-
rin, the absorbance was measured at 565and 575 nm
for nonionic and cationic micelles respectively.

Results and discussion

Absorption spectrum of alizarin and quinalizarin
has been studied previously'!'*2. In order to study the
influence of micelles on the absorption spectra of rea-
gents, we have used the surfactant concentration
much above their critical micellar concentration
(cmc)'3. The absorption maxima for neutral as well as
anionic forms of reagents showed bathochromic shift
in cationic micelle compared to that in water but rem-
ained almost unaffected in nonionic and anionic mic-
elles. The absorption spectra of metal complexes aga-
inst reagent blank in different micellar media have
also been studied and their spectral characteristics
summarised in Table 1. The molar absorptivity val-
ues due to Be(lI) and Al(I1I) complexes have been
found to increase in cationic and nonionic micellar
media associated with/without change in A«
values.

The effect of pH on the formation of Be(II) and
AI(TIT) complexes of alizarin and quinalizarin have
been studied in the pH range of 6.0-11.0. The complex
formation is highly influenced by pH of the solution,
the optimum pH ranges being different for different
media due to the relative shift of acid-base equilibr-
ium of reagents in different media?-3. The calibration
graphs have been obtained at pH 8.2 except for Be(II)-
-alizarin complex in CTAB and Be(II)-quinalizarin
complex in water where pH of 10.0 and 9.0 respectiv-
ely was maintained.

In order to choose the appropriate micellar media
for the analytical estimation; the cationic, anionic
and nonionic surfactants were tested. Cationic and
nonionic surfactants showed promising results in the
present study. To avoid adverse effect of ionic
strength and precipitation of reagents, surfactant co-
ncentrations were always kept above their cmce valu-
es.

Surfactants above their cmc extract the reagent in
the micellar stern layer and thus the reagent is concen-
trated in the micellar pseudophase. This leads to the
dye-rich complex formation. However, the orientat-
ion of the extracted reagent in micelle may favourably
open up different binding sites and thus lead to compl-
exes of different nature. The effect of the concentrat-
ion of surfactants on complexation have been studied
at their respective A, values. The absorbance values
have been shown to increase first and then gradually
decrease with the increase in surfactant concentrati-
on. The increase in absorbance values may be presu-
mably due to the incorporation of dyes into the micel-
lar pseudophase and the decrease is attributed to the
dilution of dyes within the newly formed micellar pse-
udophase.

Ionic strength has strong influence on acid-base
equilibria of charged micellar media'*. This is due to
bulk ionic strength dependence of micellar surface
charge. This effect was responsible for ionic strength
dependence of metal complex in micellar media
which was well observed in this case.

Determination of Be(IT) and AI(IIT)

Following the procedure described above, the vali-
dity of Beer’s law has been tested for Be(II) and AI(III)
in water as well as in cationic and nonionic micellar
media. Results of linear regression analysis and dete-
ction limits (calculated by IUPAC method!%) have
been summarised in Table-2. Increase in molar extinc-
tion coefficient (¢) value decreases the detection limit
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Table 2—Statistical data of Be(ll) and Al(I1l) analysis at 0.03 ionic strength

Reagent Metal Medium
H,O TX 100 CTAB
Calibration Beer’s Corre- LOD Calibration Beer’s Corre- LOD Calibration Beer’s Corre- LOD
curve” law  lation (ppm) curve® law  lation (ppm) curve® law lation (ppm)
range coeffi- range coeffi- range coeffi-
(ppm) cient (ppm) cient (ppm) cient
Be(Il) — — - - — — — — OD=09 007- 098 001
Al xC+0.005 043
AlII) OD=0.11 0.13- 097 003 OD=0.26 0.13- 099 004 OD=034 0.13- 098 0.03
xC—-0.002 1.89 xC+0.004 1.89 xC+0.005 1.35 0.15)
Be(ll) OD=0.57 0.07- 097 0.03 — — — — OD=106 0.07- 093 0.0l
xC—0.004 043 xC+0.005 043 (0.15)
Quinali- ANIII) OGD=0.33 0.13- 098 0.04 OD=0.34 0.13- 09 004 OD=045 0.13- 099 0.02
zarin xC+0.002 0.81 xC+0.003 1.35 xC+0.005 08I 0.2)
“Represents concentration of metal ion in ppm
‘—" Beer's law was not obeyed.
Values in parentheses represent detection limits for existing methods.
[T x 100] was 0.018 mol 1 *,
[CTAB] was 2.6 x 1073 mol 17! and 5.2 1072 mol 17" for alizarin and quinalizarin respectively.

in most cases and thus increases the analytical sensiti-
vity in comparison to water media. The detection lim-
its of the existing methods have also been summarised
in Table 2 and it has been observed that the proposed
method is more sensitive than the existing methods.

Eight successive measurements were made with
stock solutions containing 0.21 ppm of Be(II) and
0.52 ppm of AI(III) for both alizarin and quinalizarin
reagents. Relative standard deviations for alizarin
and quinalizarin method of Be(II) were 1.5% and
1.0% respectively and those for Al(1Il) were 2.0%
and 1.8% respectively.

Investigations were carried out to examine the infl-
uence of foreign ions on the estimation of Be(IT) and
AI(ITIT), when they were present separately in soluti-
on. Both the metal ions can be determined in the pres-
ence of Sr(IT), Ba(II), Na(I), K(I), NO; ,NO5 ,Cl,
Br~, CH3;CO;,S0% ™, POj3 . lons like Cu(II), Zn(II),
Cd(I1), Ca(Ir), Mg(II), Cr(III), Mn(II), Fe(III),
Co(ID), Ni(IT) interfere in the determination of Be(II)
and AI(III) for both alizarin and quinalizarin due to
the formation of complexes. As the complex format-
ion is influenced by the ionic strength of the medium,
the interference due to large excess of foreign ions
could not be investigated.

The above method for Be(II) has been successfully
applied to the determination of Be(II) in pure beryl.
Be(Il) was estimated in presence of EDTA to avoid
interference due to AI(IIT). The results were in good

agreement with those obtained by atomic absorption
spectrophotometry and other techniques'®. AI(III)
was estimated in several rock samples and the results
were crosschecked by AAS method.
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