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Abstract

The cloud point extraction behavior of iron(lll) and vanadium(V) using 8-quinolinol derivatives (HA) such as 8-quinolinol (HQ), 2-methyl-
8-quinolinol (HMQ), 5-butyloxymethyl-8-quinolinol (HER), 5-hexyloxymethyl-8-quinolinol (HER), and 2-methyl-5-octyloxymethyl-8-
quinolinol (HMQgQ) and Triton X-100 solution was investigated. Iron(l11) was extracted with HA and 4% (v/v) Triton X-100 in the pH range
of 1.70-5.44. Above pH 4.0, more than 95% of iron(lll) was extracted with HQ, HMQ, and §M®anadium(V) was also extracted with
HA and 4% (v/v) Triton X-100 in the pH range of 2.07-5.00, and the extractability increased in the following order of HMQ < HEQx HO
<HOQ. The cloud point extraction was applied to the determination of iron(lll) in the riverine water reference by a graphite furnace atomic
absorption spectroscopy. When 1.284.03M HMQ and 1% (v/v) Triton X-100 were used, the found values showed a good agreement with
the certified ones within the 2% of the R.S.D. Moreover, the effect of an alkyl group on the solubility of 5-alkyloxymethyl-8-quinolinol and
2-methyl-5-alkyloxymethyl-8-quinolinol in 4% (v/v) Triton X-100 at 26 was also investigated.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Cloud point extraction; Iron(lll); Vanadium(V); 8-Quinolinol derivative; Triton X-100; Graphite furnace atomic absorption spectroscopy

1. Introduction solid sorbents extraction. Recently, a cloud point extraction
of organic and inorganic compounds using non-ionic surfac-
Determination of trace metal ions in natural water samples tants have been concerned in analytical chem[dtr§]. On
is interesting and important for analytical chemistry. To detect heating a surfactant solution over a critical temperature, the
them, we can use several methods such as atomic absorptiosolution easily separates into two distinct phases. The one
spectroscopy, inductively coupled plasma atomic emission contains a surfactant at a concentration below, or equal to, a
spectrometry, and so on. However, it is difficult to determine critical micelle concentration. The other is a surfactant-rich
trace metals in their samples directly, because of their low phase. An analyte can be pre-concentrated with a large de-
concentration and coexistence of matrix species. Therefore,gree of the concentration into a surfactant-rich phase. The
pre-concentration and separation of analyte are needed beforeloud point extraction has some advantages such as inexpen-
measuring. sive, good concentration efficiency, environmentally lower
The most common procedures for the pre-concentration toxicity, and small environmental pollution over conventional
of analytes interested are the use of either liquid—liquid or liquid—liquid extraction.
Watanabe et al. have extensively investigated the cloud
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poly(oxyethylene)-4-nonylphenyl ethg7—10], and many  calibration curves for HA. The molar absorptivities of HA at

chelating reagents, until now have been used to extract metaimaximum wavelength were obtained from these calibration

ions for some worker§11-17]. For example, pyridylazo curves.

compounds were used for the pre-concentration of Cu(ll)  The solubility of HA in 4% (v/v) Triton X-100 was ob-

[13], Co(ll) [14], and Er(ll1)[15]in the cloud pointextraction.  tained in the following way. The 4% (v/v) Triton X-100 so-

Dithizone was employed to the cloud point extraction/pre- lution containing excess HA was stirred for 48 h, stayed for

concentration on-line flow injection method for Hg(ll) deter- 30 min, and centrifuged. The supernatant solution was ade-

mination[16]. 8-Quinolinol was applied for the differentia- quately diluted with 4% (v/v) Triton X-100. Then, absorbance

tion and the selective determination of chromium species by at maximum wavelength of the resulting solution was mea-

using Triton X-114[17]. sured and the solubility of HA was calculated using the molar
In this work, the cloud point extraction behaviors of absorptivity of HA.

iron(lll) and vanadium(V) using 8-quinolinol derivatives

(HA) and Triton X-100 and determination of iron(lll) by a 2.4. Cloud point extraction procedure

graphite furnace atomic absorption spectrometry (GF-AAS)

were investigated to get fundamental information concerning ~ Triton X-100 aqueous solution containing metal ions, ac-

the separation of traces metal ions. Furthermore, the photo-etate buffer, and HA was taken in a test tube with a glass

metric determination of iron(lll) extracted in the surfactant- stopper. After staying for 30 min, the solution was heated at

rich phase was carried out. The solubility of HA in Triton 75°C for 30 min in a thermostated water bath. Then the re-

X-100 aqueous solution was also determined a&t@5 sulting turbid solution was cooled to abeui0°C for 20 min

ina cooling bath and then an aqueous solution was poured off.

The aqueous solution was subjected to the analysis of iron(l11)

by GF-AAS or vanadium(V) by ICP-AES. For measurements

2.1. Reagents of the absorption spectra, the surfactant-rich phase was di-

luted with water. Then, the resulting solution was supplied to

HQ and HMQ (Kanto Chemical Co. Ltd.) were recrys- absorption spectral measurements of metal-HA complexes.

tallized twice from ethanol. 5-Alkyloxymethyl-8-quinolinols ~ The volume of the surfactant-rich phase after the phase sepa-

(HO,Q, n =1, 2, 3, 4, 6, 8, 10) and 2-methyl-5- ration was measured by using a graduated cylinder instead of

alkyloxymethyl-8-quinolinols (HMQQ, n = 1, 2, 3, 4, 6, a test tube, and was obtained from the average of three mea-

8, 10) were prepared by the method previoydly]. Triton surements. The concentration of Triton X-100 and HA were

X-100 was purchased from Aldrich. Metal stock solutions changed in the range of 0.1-8.0% (v/v) and 4:0Q0° to

were prepared by the dilution of AAS metal standard solution 1.86 x 10~2M, respectively. The pH was ranged from 1.70

(Kanto Chemical Co. Ltd.) with a dilute perchloric acid so- to 5.44.

lution. Water was doubly distilled and further purified with a

Milli-Q (Millipore) equipment. An acetate bufferwas usedto 2.5. Determination of iron(lll) in the riverine water

adjust the pH. All other chemicals were of analytical reagent reference by GF-AAS

grade and were used without further purification.

2. Experimental

JAC 0031 and JAC 0032 of the riverine water reference
2.2. Apparatus were purchased from The Japan Society for Analytical Chem-
istry. A 10-ml JAC 0031 or 5-mI JAC 0032 was takenin atube.
To the solution, 0.5 ml of 5.0& 1072 M HMQ in 4% (v/v)
Triton X-100, 2 ml of an acetate buffer solution (pH 5.0), and

UV-vis spectra were measured with a Jasco V-560
UV/VIS spectrophotometer using the quartz cell with an op-
tical path length of 10 mm. The pH measurements were per- .

0 -
formed by a Radiometer PHM93 pH meter. A GF-AAS (Shi- an adeq'uate amount of 8% (v/v) Triton X-100 were added
. . __successively. Then the total volume was made up to 20 ml
madzu AA-646) using an autosampler was used to determine” : .
. L2 . . with water. The solution was kept at 4G for 60 min, then
iron(lll) concentration in aqueous solution and iron(lI)—HA )
X . ) . heated at 75C for 35min and cooled. After the complete
complexes in a surfactant-rich phase. The operating condi- . :
: ) i separation of two phases, 0.5 ml of the surfactant-rich phase
tion was as follows: wavelength, 248.3 nm; monochromator . ! .
) . was taken into 0.5ml of 0.1 M HCI. The resulting solution
band pass, 1 nm; lamp current, 10 mA; sample uptake rate, )
. S was used for GF-AAS analysis.
10pl. Vanadium(V) concentration in an aqueous phase was
determined by an inductively coupled plasma atomic emis-
sion spectrometer (ICP-AES, Nippon Jurrell Ash ICAP-575). . .
3. Results and discussion

2.3. Solubility measurement of 8-quinolinol derivatives - . .
in Triton X-100 solution 3.1. Solubility of HA in 4% (v/v) Triton X-100

Absorption spectra of 4% (v/v) Triton X-100 solution dis- The solubility of HA in 4% (v/v) Triton X-100 aqueous
solving known amounts of HA were measured to make the solution at 25C increased in the following order: HQ,
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Fig. 1. Effect of an alkyl group on the solubility of 5-alkyloxymethyl-8-
quinolinol and 2-methyl-5-alkyloxymethyl-8-quinolinol in 4% (v/v) Triton
X-100 at 25°C. HO,Q (O), HMO,,Q (A).

5-decyloxymethyl-8-quinolinol (H@Q) < 5-propyloxyme-
thyl-8-quinolinol (HG;Q) < 5-octyloxymethyl-8-quinolinol
(HOgQ) < 5-ethoxymethyl-8-quinolinol (HeR) < 5-hexyl-
oxymethyl-8-quinolinol (HQQ) < 5-butyloxymethyl-8-qui-
nolinol (HO4Q) < 5-methoxymethyl-8-quinolinol (HEY)
< 8-quinolinol (HQ); HMQ,Q, HMQ < 2-methyl-5-ethoxy-
methyl-8-quinolinol (HMQQ) < 2-methyl-5-decyloxyme-
thyl-8-quinolinol (HMO,oQ) < 2-methyl-5-methoxymethyl-
8-quinolinol (HMO1 Q) < 2-methyl-5-octyloxymethyl-8-qui-
nolinol (HMOgQ) < 2-methyl-5-hexyloxymethyl-8-quino-
linol (HMOsQ) < 2-methyl-5-butyloxymethyl-8-quinolinol
(HMO4Q) < 2-methyl-5-propyloxymethyl-8-quinolinol
(HMO3Q) (Fig. 1). The solubility of HMQQ is higher
than that of HQQ. When the number of the ethylene
group in HQ,Q and HMQ,Q molecules is larger than 4

and 3, respectively, the solubility decreased along with an
increase in the ethylene group. Though the reason why

the solubilities of HQQ and HMQQ are relatively small
among these HED and HMQ,Q molecules has not been
clearly explained, the variation in the solubility may be
ascribed to a difference in the interaction of alkyl group in
the HA molecule with polyethylene group of Triton X-100.

3.2. Extraction behavior of iron(lll) with HA

The pH effect on the extraction percentage of iron(lll)
(2.50 x 10~*M) with HA (HQ, HMQ, and HMGQ) (1.25
x 10~3 M) using a 4% (v/v) Triton X-100 aqueous solution
was investigated. Iron(lll) was completely extracted with HQ,
HMQ, and HMQQ in the surfactant-rich phase at pH 4.85
(Fig. 2). The extraction percentage—pH curve for HMD
shifted to a slightly lower pH region than those for HQ and
HMQ. Above pH 4.0, more than 95% of iron(lll) was ex-
tracted with HQ, HMQ, and HM@R.
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Fig. 2. Effectof pH onthe cloud point extraction of iron(Ill) with HA. Fe(lll)
2.50x 107*M, HA 1.25 x 103 M, Triton X-100 4% (V/v).

Fig. 3shows the effect of HA concentration on the cloud
point extraction of iron(lll) (2.50< 10~4 M) using a 4% (v/v)
Triton X-100 aqueous solution at pH 4.95. The extraction
percentage of iron(lll) with HA in 4% (v/v) Triton X-100
increased in the following order: HME® < HMQ < HQ.
However, the extractability of iron(lll) with HMQ was not
very different from HQ and HM@Q. As will be mentioned
below, HQ is not adequate for the absorption spectrophoto-
metric determination of iron(lll) because of serious interfer-
ence from vanadium(V). Consequently, HMQ was used for
the subsequent cloud extraction experiments.
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Fig. 3. Effect of HA concentration on the cloud point extraction of iron(lll).
Fe(lll) 2.50 x 10~4 M, Triton X-100 4% (v/v), pH 4.95.
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Table 1
Effect of Triton X-100 concentration on the extraction percentage and the
concentration factors of iron(lll) with HMQ

Triton X-100 (%, Vv/v)

0.1 0.2 0.5 1.0 2.0 4.0 8.0
Vs (ml)2 0.18 0.28 0.39 0.65 131 2.61 5.23
%E 92.3 952 952 959 97.1 97.8 859
Fre? 102.4 680 488 295 148 7.5 33
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3.4. Determination of iron(lll) in spiked water sample
by an absorption spectroscopy

It is worthwhile to apply a spectrophotometric method,
which needs neither difficult procedure nor expensive equip-
ment to the determination of metals. The complex of iron(l11)
with HQ has a broad absorption in the whole visible re-
gion, while most of metal-HQ complexes have no absorp-

a s is the volume of the phase-separated surfactant-rich phase. The totaltion around 600 nnj19]. Therefore, HQ has been used as
volume (the phase-separated surfactant-rich and the aqueous phase) is 20 mj photometric reagent for iron(|||)_ In this method, vana-

b Freis defined as the iron(lll) concentration in the surfactant-rich phase
divided by the initial iron(lll) concentration.

The effect of the Triton X-100 concentration on the cloud
point extraction ofiron(lll) (2.50< 10~* M) with HMQ (1.25
x 1073 M) at pH 4.85 was investigated. The volume of the
surfactant-rich phase after the phase separatigh e ex-
traction percentage (%E) and the concentration factarg (F
were determined in a Triton X-100 concentration range of
0.1-8.0% (v/v), wherd-r¢ is defined as the iron(lll) con-
centration in the surfactant-rich phase divided by the initial
iron(Ill) concentration (Table 1). The iron(lll) concentration

in the surfactant-rich phase was calculated using both values

of %E andVs. The very high value, 102.4, d¢fre was ob-
tained by using 0.1% (v/v) Triton X-100 aqueous solution.
More than 95% of iron(lll) was extracted with HMQ in the
range of 0.2—-4% (v/v).

3.3. Extraction behavior of vanadium(V) with HA

The pH effect on the extraction percentage of vana-
dium(V) (2.00 x 10~>M) with HA (HQ, HMQ, HO4Q,
and HQQ) (2.00 x 103M) using a 4% (v/v) Triton X-

100 aqueous solution was investigated. The extractability of

vanadium(V) with HA in 4% (v/v) Triton X-100 increased in
the following order: HMQ < HQ < H@Q < HOsQ (Fig. 4).
Plots of the extraction percentage of vanadium(V) against pH
for HOgQ kept high values (>94.5%) in the experimental pH
range. Above pH 2.9, more than 95% of vanadium(V) was
extracted with HQQ and HQQ.

Fig. 5shows the effect of HA concentration on the cloud
point extraction of vanadium(V) (2.00 10~° M) using a 4%
(v/v) Triton X-100 aqueous solution at pH 3.40. More than
95% of vanadium(V) was extracted with HQ and HQQ
above 1.8x 1074 and 1.2x 104 M, respectively. The ex-
traction percentage of vanadium(V) with HQ approximately
became constant at 77% above 2.40* M.

The effect of the Triton X-100 concentration on the cloud
point extraction of vanadium(V) (1.00 10~4 M) with HOgQ
(1.00 x 10~3M) at pH 3.40 was investigated. The extrac-
tion percentage and the concentration factbts, were de-
termined in a Triton X-100 concentration range of 0.4—6.0%
(v/v) and were listed infable 2. More than 98% of vana-
dium(V) was extracted with HE® in all Triton X-100 con-
centration range.

dium(V) is especially disturbing, because it also gives black
vanadium(V)-HQ complex, which has an absorption in the
whole visible region.

]OO T ! T g =| H “ 1 D T
80 —
60 — —
[L] - -

1S3
5 A :HO,Q i
20 O :HOGQ | _
v :HMQ

O L I L | L I L I L

1 2 3 4 5 6
pH

Fig. 4. Effect of pH on the cloud point extraction of vanadium(V) with HA.
Vanadium(V) 2.00x 10-3M, HA 2.00 x 10~3 M, Triton X-100 4% (v/v).

100 : ,
80 |- -
60 |- _
53] | _
®
40 |- -
| O :HQ i
20 A HO4Q |
O : HOLQ

0 1 I 1 I 1

0 1 2 3
[HA]/10* M

Fig. 5. Effect of HA concentration on the cloud point extraction of vana-
dium(V). Vanadium(V) 2.00< 10~ M, Triton X-100 4% (v/v), pH 3.40.
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Table 2 1.0
Effect of Triton X-100 concentration on the extraction percentage and the
concentration factors of vanadium(V) with HQ

Triton X-100 (%, Vv/v)

0.4 0.8 1.0 2.0 4.0 6.0
Vs(m)®> 034 055 065 131 261 392
%E 981 984 986 989 986 986
FyP 577 358 303 151 76 50 05

Absorbance

a Vs is the volume of the phase-separated surfactant-rich phase. The total
volume phase (the phase-separated surfactant-rich and the aqueous phase)
is 20 ml.

b Fy is defined as the vanadium(V) concentration in the surfactant-rich
divided by the initial vanadium(V) concentration.

To test the feasibility of the photometric determination
of iron(lll) extracted in the surfactant-rich phase, UV-vis
absorption spectra of the surfactant-rich phase were mea-
sured according to the procedure mentioned above. Ab-
sorption spectra (_)f ron(lll)- and Yanadlum(v)_HA Com_ Fig. 7. Absorption spectra of vanadium(V)-HA complex extracted in
plexes extracted in a surfactant-rich phase were obtainedsfactant-rich phase. Vanadium(V) 2.8010-5M, HA 2.00 x 10-3M,
as shown inFigs. 6 and 7, respectively. The absorption Triton X-100 4% (v/v), pH 3.40. Surfactant-rich phase was diluted with wa-
spectra of iron(ll)-HQ, -HMQ, and -HMgER complexes ter a half.
have two absorption maximum wavelength around 470
and 590 nm, whereas, that of vanadium(V)-HMQ complex
has no absorption band around 600 nm, although those ofon the determination of iron(lll) (2.58 10~° M) with HMQ
vanadium(V)-HQ, -HQ@Q, and -HQQ complexes have a  (1.25x 103 M) using a 4% (v/v) Triton X-100 aqueous So-
broad absorption band around 520 nm. These results suggedttion containing foreign metal ions was investigated. In the
that the use of HMQ enables photometric determination of presence of copper(ll), the surfactant-rich phase was tubid.
iron(lll) in the presence of vanadium(V). Consequently, the Therefore, the solution was filtered by filter paper before
determination of iron(Ill) with HMQ was carried out by an measuring of the absorbance. Based on the calibration curve
absorption spectroscopy in the cloud point extraction systemfor iron(lll) by the absorbance at 600 nm, M level of
containing some foreign metal ions. iron(lll) could be spectrophotometrically determined. The

The effect of foreign metal ions such as vanadium(V), presence of 2.5& 10-°>M copper(ll) and nickel(Il) and 2.50
copper(ll), nickel(ll), cobalt(ll), zinc(ll), and aluminum(lll) ~ x 10~4M vanadium(V), zinc(l1), and aluminum(lll) ions did
not interfere with the determination of iron(lll). These results
implied the utility of HMQ for the photometric determina-
tion of iron(lll) in the cloud point extraction system con-
taining some foreign metal ions. The sensitivity of HMQ for
iron(lll) is lower than those of 1,10-phenanthroline and 4-(2-
pyridylazo)resorcinol. However, HMQ can be widely used
as the photometric reagent for iron(lll), because it is hardly
disturbed by the foreign metal ions.

Wavelength/nm

10 =

3.5. Application to the determination of iron(lll) in the

05 riverine water reference by GF-AAS

Absorbance

The proposed method was applied to the determination of
iron(Ill) in the riverine water reference (JAC 0031 and JAC
0032) by GF-AAS. The cloud point extraction was carried
00 | { 1 | out using 1.25x 1073M HMQ and 1% (v/v) or 4% (v/v)
Triton X-100 aqueous solutions. Each sample was analyzed

400 500 600 700 ’ . - .
three times. Based on the calibration curve, iron(lll) was de-
Wavelength / nm termined. The analytical results were showiiable 3. When
. i A
Fig. 6. Absorption spectra of iron(ll11)-HA complex extracted in surfactant- the Triton X-100 Conc_entratlon IS_ 1 % (V/V)’ the_refsu“ showed
rich phase. Fe(lll) 2.50« 10-5M, HA 1.25 x 10-3M, Triton X-1004% a good agreement with the certified values within the 2% of

(v/v), pH 4.94. Surfactant-rich phase was diluted with water two-thirds. the R.S.D. This result shows that the proposed method is



530 A. Ohashi et al. / Talanta 65 (2005) 525-530

Table 3
Determination of iron(lll) in the riverine water reference material by GF-AAS
Reference material Triton X-100 concentration (%, v/v) Certifieg (1) Found (ugt?) R.S.D. (%) Recovery (%)
JAC 0031 1.0 6.9+0.5 7.0+£0.1 1.1 102
4.0 6.9+0.5 8.4+0.7 8.0 121
JAC 0032 1.0 57+2 58+1 1.2 101
4.0 57+2 58+1 1.9 101
sufficiently applied to the determination of 10M level of surfactant and chelating agent. The proposed method can be
iron(ll1). applied to the determination of various trace metal ions in

various water samples.

4. Conclusion
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