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The solvent sublation using ion pairs of metal-2-naphthoate(2-HNph) and tetrabuty]l ammonium (TBA™) ion
has been studied [or the concentration and determmation of ultra trace BT, In(ITDH and TI(TI) 1ons 0 water
samples. The partition coellicients (K},) and the extraction pereentages ol 2-HNph and the 1on pairs to methyl
1sobuty] ketone (MIBK) were oblained as basic data. Afler the on pair TBA™M(Nph)s was lormied in waler
samples, the analyles were coneentrated by the solvent sublation and the clements were determined by GF-
AAS. The pH of the saniple solution, the amount of the ligand and counter 1on added and stirring time were
optimized {or the efficient formation ol the 1on pair. The type and amount ol optimum surfactant, bubbling time
with nitrogen and the (vpe of solvent were investigated lor the solvent sublation as well. 10.0 ml. of 0.1 M 2-
HNph and 2.0 mL of 0.1 M TBA* were added (o a 1.0 T, sample solution at pH 5.0. After 2.0 mL. of 0.2%(w/v)
Triton X-100 was added, the 1on pairs were extracted mto 20.0 mlL MIBK in a flotation cell by bubbling. The
analyvtes were detenmined by a calibration curve method with measured absorbances in MIBK, and the recovery
was 80-120%.
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Introduction

Following studies on the concentration and determination
of trace elements by solvent extraction.'* flotation™ and
solvent sublation™’” in this laboratory. the solvent sublation
using ion pairs of metal-2-naphthoate (2-HNph) and tetra-
butyl ammonium (TBA') ion has been studied for the
concentration and determination of ultra trace Bi(I11), In(111)
and TI(IIl) ions in water samples. Solvent sublation'' is a
combined separation technique of solvent extraction' =" and
flotation.'®*

Usually organic ligands. which are well studied for this
procedure of a high selectivity to analytical elements. have
been used in this solvent sublation method.*"" It is not easy
to select an optimum ligand. but aliphatic carboxylic acids
have been widely used as a ligand.”* Aromatic carboxvlic
acids have not been widely used because of their low
extraction utility for metal complexes.'” Yamada and others™
have studied the solvent extraction of Co(Il). Ni(II) and
Cu(1l). using 1-and 2-naphthoic acid as a ligand. Benzene or
I-octanol was used as a solvent. The partition coefficients
and extraction constants of the ligands were obtained. and
the analytical results of the ppt level of Mn(Il) were reported
by a catalytic method using several derivatives of the
naphthoic acid svnthesized. ™

Also the formation of ion pair was used to enhance the
extraction efficiency by the synergistic effect.™** The complex

ions became neutral. TBA' ion has been widely used for this
purpose. Nasu er of. synergistically extracted thiocyanate
complexes of Cu(l) and Cu(l1).”® Fe(ll) and Fe(Ill)” into
chloroform. and Cu(ll) into MIBK™ by the formation of ion
pair with TBA . Haiping er /. studied the equilibrium on
the extraction of Li(l) complex of water-soluble porphyrin
by the formation of ion pair in the presence of TBA .

In the present work, the basic research was on the solvent
sublation of Bi(Ill). In(IlI) and TI(IID, using 2-naphthoic
acid(2-HNph)* and TBA . The distribution ratio and extrac-
tion rate of the ion pair. TBA'-M{Nph);~ were obtained as
well as the distribution ratio of 2-HNph between aqueous
solution and MIBK. These basic data were utilized to
optimize experimental conditions (pH, the amount of ligand
and counter ion. and so on) for the application of solvent
sublation to the analysis of real samples (tap water. river
water. etc.). The efficient flotation was also studied by
imvestigating the effects of surfactants. such as Triton-X 100.
The applicability was evaluated with recoveries obtained
from real samples.

Experimental Section

Reagents and instruments. All reagents were analyvtical
grade and the deionized water used was purified by Milli-
pore Milli-Q water system. The standard solutions of 100
pg/mL analvtes were prepared with NIST reference material
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for In(1ll) and KRISS references for Bi(111) and TI(1L[) for
the working standard solutions. The (.1 M solution of 2-
naphthoic acid was prepared in an ethanol with a guaranteed-
grade reagent (Aldrich Co.) without further purification. A
0.2%(w/v) ethanolic solntion of Triton X-100 was used as a
surfactant.

A pH meter of Japan Tokvo Rikakikai Co. (Model PHM-
2000) was used with an Ingold composite glass electrode,
and it was adjusted with a buffer solution before use. The
absorbances were measured with an atomic absorption
spectrophotoineter of Perkin-Elimer. Model 2380. equipped
with HGA-400 programmer. The UV/Visible spectrophoto-
meter was Shimadzu, Model UV 2100.

Partition coefficient of 2-naphthoic acid. A 1.0 mL of
1433 x 10~ M 2-HNph was added to 100 mL of purified
water, and the solution's pH was adjusted from 2.0 to 12.0
with 0.1 M HNQ: and 0.1 M NaOH solutions. The ligand
was floated from the aqueous solution to 100 mL MIBK in a
flotation cell by bubbling with nitrogen gas for 3 minutes.
The phase was separated by 5 minutes standing, the remain-
ing 2-HNph was measured with a UV/Visible spectrophoto-
meter and the content was calculated by a standard calib-
ration curve method to get the distribution ratio.

Distribution ratios of metal complexes and ion pairs.
After the pH was adjusted to 5.0 in 100 mL aqueous solution
of given concentrations of analvtical ions, 2-HNph 1.000
times the total metallic concentration was added. and this
solution was stirred 3 minutes to form stable complexes. To
form ion pairs. TBA' 1.000 times each ion concentration
was added. and the solution was stirred 3 minutes. This
sclution was transferred into a flotation cell to float the
complexes and ion pairs by bubbling nitrogen gas 5 minutes.
After 5 minutes standing. the absorbances of the metal ions
were measured in the acqueous solution to calculate distri-
bution ratios with the concentrations of the remaining metal
lons.

Solvent sublation. A 10.0 mL ethanolic solution of 0.1 M

Table 1. Instrumental conditions for Perkin-Eliner 2380 GF-AAS
and heating programs tor HGA-400 graplute turnace

Bi In Tl
Wavelength (nm) 2231 303.9 2768
Current (mA) 30 30 30
Bandwidth (nm) 0.7 0.7 (.7
Signal mode Absorbance
Inert gas Argon
Tube Type uncoaled lube
Diving ( C) 110 C. 110 C, 110 C.
[3s]. (3s) [3s]. (3s) 3s]. (59)
Chaming (*C) 400 C. 300 ‘C. 600 *C.
[3s]. (2s) [2s]. (10)s) [3s]. (10s)
Atomization (7C) 2300 “C. 2400 *C. 2300 C.
[3s]. (28) [3s]. (3s) 35]. (2s)
Cleanmg (' C) 2600 “C. 2600 ~C. 2600 C.
3s]. (3s) [3s]. (3s) 35). (39)

Sample imection: 20 4l (solvent: MIBK). [ ]: Holdmg Time. ( )
Ramping Time
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2-HNph was added to 1.0 L of the filtered sample solution in
an Erlemmeyer flask. and the pH was adjusted to 5.0 with
HNO:s and stirred 5 minutes. 2.0 mL of the 0.1 M TBA' ion
and 2.0 mL of a 0.2%(w/A) Triton X-100 solution were
combined by stirming 3 minutes. The solution was floated in
a flotation cell by bubbling nitrogen gas at the rate of 30 mL/
min for 3 minutes to extract the ion pairs into 20.0 mL
MIBK. The concentration of analytical ions were determin-
ed in the solvent directly by measuring absorbances with
GF-AAS. The instrumental conditions of GF-AAS are
shown as in Table 1.

Results and Discussion
Metal complexes and ion pairs. The 2-HNph** reacts

with three valent metal ions to form complex ions. And they
form ion pairs with TBA as follows*";

@

o--- M 7T

TBA®

TBA' M(Nph);~

As shown in Figure 1. the absorption pattern of 2-
naphthoic acid is so different from the spectra of its metal
complexes that the studies on the chemical behavior of
the ligand and complexes were possible with UV/Visible
spectra.

Partition coefficient of 2-naphthoic acid. The partition
coefficient of 2-naphthoic acid between aqueous solution
and MIBK solvent is indicated as follows:

_ [HNphl,,, I
P [HNphl,, )
But the acid dissociation constant (X)) in an agqucous
solution is

_ TH TagINpI1ag

K, [HNph],,

(2)

and the value is 143 x 10 1 (298 K). Therefore. a distribu-
tion ratio (/3,) can be defined as follows™:

~

e [HNph]

[0f

‘aq - [HN}JII]

i

l_

D=

T

A3 - (3)
+ [Nph Taq

~

i)
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Figure 1. The UV/Vis spectra ot 2-naphthoic acid and M-(Nph)s.

The distribution ratio of 2-HNph between an aqueous
solution and organic MIBK was calculated using UV/Vis
absorbance of 2-HNph remaining in the original aqueous
solution and the equilibrated aqueous solution after an
extraction. The values of distribution ratio were plotted from
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Figure 2. The effect of pH on the log D, of 2-naphthoic acid
belween aquecus solution and MIBK. [2-IINph] = 1433 % 107 M
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pH 2.0 to 12.0 as shown Figure 2.
Equation (3) was changed by the substitution of equations
(1) and (2):

I .
—+ - €))
Ay K [H]

L
D,

There arc two ways to obtain the X value. The reciprocal of
the distribution ratio. 1/0, was plotted versus the reciprocal
of hydrogen concentration. 1/[H7]. The K, value can be
calculated from the intercept and slope of the curve with a
known value of the dissociation constant at 298 K. The same
K value of 3,55 x 107 was obtained in this work.
Distribution ratio of metal complexes and ion pairs. 2-
Naphthoate (Nph ) ion rcacts with a meial ion (0 form a
complex in an aqucous solution and (he complex is extracted
into an organic solvent. such as MIBK. The reaction can be
written as follows:
R

{ag

M+ 3Nph, ., = M(Nph), .y (reaction 1)

The distribution ratio of the mctal ion is indicaicd as:

. M{Nph ;
D= Cew _ [M{Np )3]0,“ )

' (1;1q [MR ’ ]-,1q + [M(Nph)_"]aq

But [M{Nph),"] anion is formed by the Nph™ ion dissociat-
ed from some excess 2-HNph in the aqueous solution. And it
forms a ion pair of TBA''M(Nph),~. with TBA" ion to be
extracted into the organic solvent.
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Figure 3. The etfect of pH on the distribution of metal-2-
naphthoate complexes and the ion pairs between aqueous solution
and MIBK. B [Bi(Nph):], M : | TBA"-Bi(Nph): |. @ : [In(Nph):|.
T |TBATIn(Nph): |. & : [TU(Nph)). & : [TBA*TI{Nph) |.

- .+ TBA.

g

M, +4Nph

{ay}

{ay) = I-TBA+ . M(Nph);J(mg]

(rcactlion 2)

Therefore. the distribution ratio of the ion pair can be
calculated as follow:

C
D, = ==

T Caq

~ IM(Nph),], +|TBA” - M(Nph);]
IM" [y + [M(Nph),

e

+|TBA - M{(Nph),]

(6)

ay ag

In Figure 3. the vanation of the distribution ratio for the
complexes and ion pairs at each pH of an aqueous solution is
shown for the addition of TBA ™ ion.

Extraction percentage of ion pairs. In general. an extrac-
tion percentage is indicated in the following equation (7)™

Va
E(%) = 100 x [p/(ur + V—q)} )

org

The extraction percentages of ion pairs at each solution pH
according to this equation are given in Figure 4 for the
addition of TBA' ion and no addition. The maximum
extraction percentage was 100% for Bi(III) at pH 3-7. 90%
for In(lll) at pH 6-7 and 73% for TI(III) at pH 6.0,
respectively. All of these values are much higher than values
for the corresponding complexes.

Solution pH for the solvent sublation. Based on the
above consideration of the extraction equilibria. the solvent
sublation. which was the combined technique of flotation
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Figure 4. The pH dependencies on extraction percentage of metal-
2-naphthoate and ion pairs rom aqueous solution mto MIBK, B :
[Bi(Nph)]. M [IBA™Bi(Nph): |. @ : [In{Nph)]. = : [IBA™
In(Nph),], & : [TINph)s]. -~ : [TBA"TI(Nph)s].

and solvent extraction. was applied to separate and
concentrate Bi(111). In(Ill) and TI(111) in water samples for
the determination. Various experimental conditions were
imvestigated to fix an optimum procedure.

First. the pH was studied in an aqueous solution because
2-HNph should be ionized to 2-naphtoate(2-Nph™) ion to
form stable metal complexes.” The sublation efficiencies of
three elements were imvestigated. changing the pH from 2.0
to 11.0 with the absorbances of the analvtes in MIBK. The
maximum absorbances appeared at a pH range of 4.0-6.0
(Figure 5). The acid dissociation constant of 2-HNph at pH
2.0-3.0 was very low with an &, of about 107, so the
efficiencies decreased with increasing acidity. On the other
hand. the efficiencies also decreased with increasing
basicity. because the analyte ions usually formed insoluble
hydroxide precipitate. Therefore. the pH was adjusted to 5.0
for further sublation.

Amount of ligand, 2-HNph. Usually, an excess of ligand
is needed for the formation of metal complexes. The amount
of 2-HNph required to form stable metal complexes was
imvestigated. The absorbances of analvtes in MIBK were
measured changing the adding volume of 0.1 M 2-HNph
from 2.0 to 16.0 mL in the aqueous solution of 2.0 ng/mL of
each metal ion. As shown in Figure 6. the absorbances
plateaued on the addition of more than 10.0 mL, which
means more than 10,000 times in the mole ratio of analytes.

Type and amount of surfactant. A neutral TBA ion pair
of complexes can be floated and extracted in MIBK, but a
surfactant has been used to improve the flotation. This is due
to the fact that a surfactant not only can support an ion pair
by forming foams. but can also make the surface of the ion
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Figure 5. L{Tcct of pli on the complexation of 2.0 ng/mL analyic

1ons with 2-naphthoic acid for an efticient solvent sublation.

pairs hydrophobic.' "

The flotation efficiencies of the ion pairs were investigated
by the addition of the surfactants sodium oleate (SO)' ¥ and
sodium laurvl sulfate (SLS)'*"" as anionic surfactants, TX-
100 as a neutral one. and cetylpyridinium chloride (CPC) as
a positive surfactant. TX-100 indicated the best efficiency
among the surfactants, as shown in Figure 7. Such a fact
could be explained by the neutral structure of TBA'

0r——T———T T T T T

0.20 +

0.154

0.10 4

Absorbance

0.05 -

0.00 4 u ]

0 . 2 4 6 8 10 12 14 16
0.1 M 2-Naphthoic acid, mi.

Figure 6. Amount of hgad to fonn the stable complexes tor the

effective solvent sublation of 2.0 ng/ml. analvte 1ons.
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Figure 7. Comparison of tlotation etficiencies of 2.0 ng/ml.. accor-
ding (o vanous surfactants. TX-100: Triton X-100, CPC: cetylpyn-
dinium chloride, SLS: sodium laury] sullate, SO: sodium oleate,

M(Nph),~ by the addition of TBA' ion to M{Nph),~ solution.
Bi(111) was not greatly influenced by TX-100 compared with
In¢11I) and TICLLD).

In general. the flotation is also influenced by the amount
of surfactant. Therefore. a variation of absorbances was
observed (in Figure 8) by changing the volume of 0.2% TX-
100 solution from 0.3 to 5.0 mL. Bi(1[) and 1n(111) showed a
plateau on the addition of more than 2.0 mL of 0.2% TX-100
solution, but the absorbance of TI(111) did plateau with more
than 3.0 mL of 0.2% TX-100 solution. Therefore. 3.0 mL of

030 ¥ T . T ’ 1 ¥ 1 N i
A
0.25- i
020 i
8
& 015
E . -1 -
0.10 -
005 -
000 v ] * ] * 1 v ] T H
0 1 2 3 4 5

0.2 % (wiv) TX-100 addition, mL

Figure 8. Amount ot a surtactant tor the etfective sublation of ion
pairs ot 2.0 ng/ml. analvtes.
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0.2% TX-100 was added in this experiment.

The solution should be stirred to promote the stable
formation and efficient sublation of complexes after the
addition of TX-100. The optimum stiming time was
imvestigated by the observation of absorbances. changing
stiring time from 3 to 21 minutes. From the results, 3
minutes was fixed. but the absorbances of In(1L[) and TI([11)
were gradually decreased with the time. Such phenomena
happened because TBA'-M(Nph).~ ion pairs had partially
weak positive charge. This made the hydrophilic properties
stronger than the interfacial tension. which were overcame
by the delaved stirring. The complex of Bi(Ill) was less
influenced by stirring because this complex has a larger
hydrophilic property owe to the more intense neutral
structure of Bi(Nph)s compared with other ions.

Bubbling of N gas. In the flotation technique, an inert gas
is bubbled through a fritted porons glass disc from the
bottom of the solution to float some precipitate. complex,
ion pair. etc. Such floated materials are extracted into a light
organic solvent in the solvent sublation technique. There-
fore. the bubbling velocity and time as well as the size of gas
bubbles are very important to float and support materials on
the surface of the solution.™’

After the bubbling velocity was fixed in this experiment.
the bubbling time was iivestigated at the given velocity for
efficient sublation to find the volume of the bubbling gas.
Nitrogen gas was used because it is inert and inexpensive.
The bubbling time was changed from 3 to 21 minutes to fix
an optimum value (Figure 9). The absorbances of In(111) and
TI(111) were decreased by bubbling of more than 5 minutes.
Such phenomena were due to the redistribution of ion pairs

0T T T
—u—Bi
—0—In
0.25 A ATl 4
0.20 ® e
8 ./\M‘
8 015
8 0151 T
2
<
0.10 4 e
. ./J/I.,"——I——. |
0.00 T T T T T T TT

3 6 9 12 15 18 21
Bubbling time, min

Figure 9. Bubbling lime of a nitrogen gas for (he cffcelive
sublation of the 10n pairs at the concentration of 2.0 ng/ml..
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Figure 10. Sublation efficiencies for ion puirs of 2.0 ng/mL
analy tes, according to the (ype of solvent.

coated with the surfactant. That is. the interface of gas-liquid
onthe ML - TBA' ion pair was broken by liquid-liquid face.
Bi(lll) was only partially influenced by longer bubbling
because the surface was already more hydrophobic than
other ions.

Organic solvent. The partition of the floated material into
a solvent is different according to type.” It depends on the
affinity of the material to the solvent. Therefore. an optimum
solvent should be found for the perfect partition of ion pairs.
First of all. the solvent must be lighter than water because
analyte material is floated and extracted into a solvent on an
aqueous solution by a gas bubbling. And it must not interfere
with the measurement of absorbance by AAS.

Benzene. m-xylene. MIBK and octane were used in this
experiment. This was done under other optimum conditions.
MIBK indicated the best absorbances for three kinds of
analyvtes and is known to have the lowest background in the
measurement of absorbance by a graphite fumace AAS.
Therefore, MIBK was used as a solvent {Figure 10).

Analytical results. The optimized experimental conditions
obtained above were applied to the analysis of real samples
to imvestigate the usefulness of this procedure. A series of
1.0 L standard solutions for Bi(IlI). In{IL) and TKIII) were
prepared. and given volumes of 0.1 M 2-HNph. 0.1 M TBA~
ion and 0.2%(w/v) Triton X-100 were added to this pH-
adjusted solution with stirring. The ion pairs were sublated
in a flotation cell to measure the absorbances in 20.0 mL
MIBK. Calibration curves were prepared with these absor-
bances and concentrations (Figure 11).

Using these calibration curves, Bi(III), In(III) and TI(IID)
were determined in real samples: tap water, Mihocheon
water, Kobok reservoir water and edible mineral water. The
given procedure in the experimental section was used for this
and the results are given in Table 2.

Recoveries were obtained with such real samples in which
given amounts of analvtes were spiked. The values are
shown as 81-122%. This procedure is considered to be
applicable for the determination of such trace elements in
various kinds of water.
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Figure 11, Calibration curves [or the detenmination of analytes.

Conclusion

Basic data of extraction equilibria. distribution ratio and
extraction percentage. were obtained for the solvent sub-
lation of trace Bi(1II). In(1II) and TI(111) as TBA -M(Nph);
ion pairs. These elements were determined in several kinds
of water samples by a given procedure of optimized condi-
tions.

1. The distribution ratio. A}, of 2-HNph between aqueous
solution and MIBK was 5.35 x 107 at room temperature.

2. The extraction percentages of elements as an ion pair
were 100% for Bi(Ill) at pH 3.0. 90% for In(III) at pH 6.0
and 73% for TI(1II) at pH 6.0.

3. These three elements could be simultaneously concent-
rated by a solvent sublation at pH 3.0, and a svnergistic
effect was obtained by the formation of the ion pairs.

Bull. Korean Chem. Soc. 2002, Vol. 23, No. 10 1387

Table 2. Analvtical results ot analvtes in real samples by a solvent
siblation (Unit ; ng/mL.)

RS Recovery

Sample  Elements Spiked Measured Recovered 0 ()
Tap water  Bi(ll1) (.00 097 3.09
2.00 323 228 (.87 109
In(llly 000 (.68 294
2.00 3.07 239 0.04 115
T 000 0.00
2.00 252 232 213 116
*Miho-  Bi(II)  0.00 0.00
cheon 2.00 1.98 1.98 152 99
In(IIly  0.00 0.00
2.00 235 235 085 117
TIIID)  0.00 156 2.56
2.00 320 1.64 122 9
“Kobok  By(IIIl}  0.00 0.97 5.15
FCSCIVOir 2.00 276 1.79 5.02 93
IndIly  0.00 0.73 267
2.00 3.20 245 04l Lle
TIIID)  0.00 0.57 3.51
2.00 2.19 1.62 3.09 83
Mineral By 0.00 0.00
water 2.00 223 223 1.3 s
In(lIly .00 .15 6.67
2.00 2.34 219 228 W
TIID .00 (.00
2.00 2.27 227 215 114

“n irmgation reservoir around seochang campus of Korea Univ. “a
riverside around scochang campus ot Kotrea Univ.

4. A given procedure was applied to real water samples
and recovery was 81-122%.
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