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Selective Colorimetry of Sodium Ion in Anionic Micellar Solution Containing
Dibenzo-16-crown-5 Chromoionophore

Toshiharu Kuboyama, Shigeo Nakamura, Makoto Takagi,* Jong Chan Lee.” and Takashi Hayashita*" "

Depaitiment of Chemical Systems and Engineering, Graduate School of Engineering, Kyushu University, Higashi-ku, Fukuoka 812-81
» "Department of Chemistry, Chung-Ang Universiry, Seoul 156-756, Korea
¥ Department of Chemistry. Graduate School of Science, Tohoku University, Aoba-ku, Sendai 980-77

{Received February 2, 1998: CL-980073)

Colorimetric response of a lipophilic dibenzo-16-crown-5
chromoionophore 1 in aqueous micellar solution has been
examined. A selective color change was obtained for Na* ion in
the anionic micellar solution of 1.

The extraction photometry by a crown ether
chromoionophore requires toxic and volatile organic solvents and
an inconvenient phase separation process in the analysis."* If
alkali metal cation photometry could be performed in
homogencous aqueous media, a wide variety of applications
would be feasible.> In this study, a selective colorimetry of
alkali metal cations in aqueous micellar solution containing
dibenzo-16-crown-5 (DB 16CS5) chromoionophore 1° has been
examined. DBI16C5 skeleton possesses an appropriate ring
cavity to match the ionic diameter of Na*.® The micellar solution
is expected to provide a hydrophobic circumstance which
solubilizes the lipophilic crown ether chromoionophores in
aqueous solution and enhances the ionophore-metal interaction,”
We report herein the first evidence that an anionic micelle
containing 1 showed a selective colorimetric response for Na* in
aqueous solution (Figure 1).
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Figure 1. Structure of Chromoionophore 1 and
concept of metal ion sensing in aquoues micellar
solution.

The colorimetric behavior of 1 for alkali metal cations was
evaluated spectrophotometrically in aqueous micellar solution.
The aqueous solution (50 crn3) contained 5.6x10° M (1 M=1

mol dm>) chromoionophore, 1x10 M HCI, 5x10°* M 2-
morphorinoethanesulfonic acid (MES), 10.0 mM surfactant, and
0.10 M alkali metal chlorides or tetramethylammonium chloride

(TMACI) was stirred in 80 cm® jacket cell at 30°C under N,
atomosphcre. The surfactants used in this study are
cetyltrimethylammonium bromide (CTAB, Kishida Chemical
Co.,Ltd.), Triton X-100 (Wako Pure Chemical Ind. Ltd.), and
tetramethylammonium dodecylsulfate (TMADS, prepared by
modifying the reported procedure®). Titration was made with 7.5
wt% TMAOH aqueous solution using APB-410 auto piston buret
(Kyoto Electronic Ltd.) to adjust the pH, and then the electronic
spectrum was measured at each pH. The pH of the aqueous
solution was calibrated from Gran's plot.”

The resultant spectral characteristics of chromoionophore 1
in 10.0 mM micellar solution of (a) CTAB, (b) Triton X-100, and
(c) TMADS are shown in Figure 2. Increasing the pH promotes
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Figure 2. UV-spectra of 1 as a function of pH in
aqueous (a) CTAB, (b) Triton X-100, and (¢) TMADS
solution. Salts concentration: (.10 M of (O) TMACI,
(0O) LiCl, (<) NaCl, and (X) KCL

proton dissociation of the phenolic chromophore and absorptions
based on the dissociated species (L) appeared at 405-408 nm.
The apparent pK, (pK,***) values calculated from these data are
summarized in Table 1. In both CTAB and Triton X-100, no
significant differences in the pK,*PP values was noted. The low
pK,*P values observed for CTAB reveals that the cationic charge
of the micellar surface accelerates proton dissociation of the
phenolic chromophore. For Triton X-100, the pK,**? values are
apparently hi%hcr than that of p-nitrophenol in aqueous solution
(pKa= 7.1)."° This is attributablc to a hydrogen bonding
between the chromophore proton and polyoxyethylene unit in
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Triton X-100. In contrast, a selective coloration of
chromoionophore 1 was observed for TMADS solution. Thus
the absorbance at 406.0 nm raises only in the presence of Na*
ion. This is a first instance that crown ether chromoionophore
exhibited a highly selective colorimetric response for alkali metal
cations in micellar solution. It should be noted that the spectral
characteristics of 1 for K* was not recorded in Figure 2 due to a
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Figure 3. Molar absorptivity at 405.4 nm as a function
of metal ion concentration. Chromoionophore: 2.8x10°
M; Buffer: 1.0x102 M; Salts: LiCl (0), NaCl (©), KCI
(%), and TMACI (O).

precipitation of potassium dodecylsulfate (PDS) in the presence
of 0.1 MK*.!!
Since distribution of the lipophilic chromoionophore 1 from
a micellar phase into a bulk aqueous phase is negligible, the
following ion-exchange equilibrium may be derived,
Kex

HL, + M*; S ML, + HY, 1)

where Ky, subscripts "m" and "a" are the ion-exchange constant,
micellar and aqueous phase, respectively. The apparent molar

absorptivity (€) of the chromoionophore is expressed as,

2 8“_ 2t EM.Kex [M+]./[H+].
G 1+K‘1[M+]./[H‘]. (2)

where &y, and ey denote molar absorptivity of HL and ML
species, respectively. Plots of the apparent molar absorptivity vs.
metal ion concentration at pH 9.40 are shown in Figure 3. The
K,y values for each metal cations are determined from a non-
linear least-squares program. The obtained pK,x value was 7.67

Table 1. Apparent acidity constant of chromoionophore 1*

pK,**

Surfactant Li* Na* K* TMA*
CTAB 6.62 6.69 6.69 6.65
Triton X-100 8.73 8.57 8.75 8.85
TMADS - 8.73 - -

*Calculated from the data in Figure 2.
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for Na* (The changes in absorbance for Li*, K*, and TMA™* were
too small to evaluate). On the assumption that L~ species in the
micellar phase is negligible, the apparent acidity constant K,*FP is
mostly equal t0 Kex[M*1,. Thus the pK,*P value is estimated to
be 8.67, which is in consistent with the pK,"PP value of 8.73
obtained in Table 1.

Although further investigation is required to elucidate the
detailed mechanism of this system, it is probable that the anionic
charge of the micellar surface inhibits the formation of a loose
ion-pair metal-chromoionophore complex because of an electric
repulsion of the surface charge with phenolate anion of the
chromophore. Thus the complex formation would be restricted to
cations which can form a tight ion-pair in the binding site of the
chromoionophore.

In summary, the anionic micellar solution is shown to be a
quite effective medium for alkali metal ion sensing. This result
demonstrates that a highly selective colorimetry for metal cations
would be feasible through a proper combination of anionic
micelle or vesicle systems with molecular designed lipophilic
chromoionophores.
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