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Synopsis. The design of a separation scheme for Cu'!, Fe!"!,
and Ga' from Al'"' by chelate extraction was proposed on the
basis of the HSAB rule. Among the various chelating agents,
8-quinolinol was estimated to be the most effective for
separation. This prediction was confirmed through
experiments.

In previous work the authors introduced a new dual
parameter scale, strength (Sa) and soft (o4) factors of a
metal ion (M%), into the HSAB rule! which was
successfully applied to the design of a separation shceme
of In' from Ga'"! by chelate extraction; thus, the most
effective chelating agent could be predicted on the basis
of the HSAB rule.? This approach was extended to
group separations of Cu', Fel, and Ga' from Al
(matrix) by a single chelate extraction; the proposed
method was confirmed to be applicable to practical
analysis through experiments.

Experimental

Reagents. 8-Quinolinol was obtained from Wako Pure
Chemicals, and used without further purification. o-Xylene
and all the other chemicals used were of guaranteed grade.
Deionized water was used throughout.

Apparatus. A Shimadzu Model ICPS-1000111 ICP atomic
emission spectrometer equipped with a plasma torch was used.
A Horiba Model pH meter F-16 and Iwaki KM type shaker
were also used.

Extraction Curves. Twenty cubic centimeters of an
aqueous solution containing trace amounts of Al', Cu'", Fe!'l,
or Ga", whose pH was preliminarily adjusted by adding the
monochloroacetic acid-sodium monochloroacetate buffer, was
placed in a separating funnel. An equal volume of o-xylene
solution containing 5.0X10-3 mol dm™3 8-quinolinol was added;
the mixture was then shaken vigorously for 30 min.  After the
phases were allowed to separate, the pH of the aqueous phase
was measured. To the organic phase 1 moldm™ nitric acid
was added; a metal ion was back-extracted into the aqueous
phase, which was applied to inductively coupled plasma atomic
emission spectrometry (ICP-AES) in order to determine metal
ions. All experiments were carried out at room temperature
(ca. 293 K).

Analysis of Commercial Alum. Twenty grams of com-
mercial alum (guaranteed grade K,SO4 Al(SO4)324H,0 from
Kanto Chemical Co., Int.) was dissolved in water, and made up
to1ldm?. Then,5.00 cm? of the sample solution and 15 cm? of
the monochloroacetic acid-sodium monochloroacetate buffer
solution (pH 2.9) were mixed. The buffer solution was
preliminarily shaken with a 5.0X1073 moldm™ 8-quinolinol
solution to remove any impurities. Then, Cu", Fe'!, and Ga™
of the aqueous phase were separated from AI™ by shaking
20 cm? of an o-xylene solution containing 5.0X1073 mol dm™ 8-
quinolinol for 30 min. After trace metal ions were back-
extracted into 5.00 cm?® of 1 mol dm™3 nitric acid, the aqueous
phase was applied to ICP-AES.

Results and Discussion

Extraction constants for metal chelate (K.x) were
rationalized by the HSAB rule:!

log Kex + zpKa = SaSs + 0a0s, 1)

where pKa., subscripts A and B, indicate the acid
dissociation exponent of the chelating agent, the Lewis
acid and the base, respectively. S and o4 are defined by
the following equations:
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Here, ASy°, R, AH°, and T'denote the hydration entropy
of a metal ion, the gas constant, the heat of formation of
an aqueous metal ion, and the absolute temperature,
respectively. The extraction of a metal ion with a
chelating agent (HR) is assumed to proceed according to

M=+ ZHRorg = MRz,org + 2H+> (4)

where the subscript org denotes the organic phase.
Here, the extraction constant is defined as

M— [MRZ]org[H+]z )
“ [M*I[HRLy

In the absence of an auxiliary ligand in the aqueous
phase, the distribution ratio of a metal M (DY) is
represented as DM=[MR]o,{[ M*)|(MOH= 1]+ }"1=
[MR_Jordl M*)tamony ™!, where amon) is a side-reaction
coefficient, and by introducing DM into Eq. 5, the
following is derived:

log DMapon = log KexM + zlog [HR ],y + zpH. (6)

Although several side-reactions caused by the dis-
tribution of a chelating agent may be taken into
consideration, only hydrolysis was considered in the
present approximate approach because of a lack of
quantitative data. Since the value of log aaion) nearly
equals zero below pH 4,% the pH of an aqueous phase for
the extraction of Cu', Fe'l, and Ga''' is adjusted to 3.0,
and [HR].z=5.0X10" mol dm™ is adopted tentatively.
Since log kexM+2zp K,=SaSst+0a0s, the following equa-
tion can be derived from Eq. 6:
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lOg DMOIM(OH) — SASB + OACOB — ZpKa
+ zlog [HR]ore + zpH. %)

For the quantitative extraction of a metal ion, log DM
should exceed 2; Eq. 7 is therefore rewritten as

OAOB =2+ log OM(OH) + ZpKa
— zlog[HR]or; — zpH — SaSs
=™ ®

On the other hand, since log DA should be below —2 to
maintain 99% amounts of Al'""in the aqueous phase, the
following equation can be obtained:

0mos=— 2+ 3pK,— 3log [HR ]org
- 3pH — SaSe = YAL (9)

Here, log aaony=0 is assumed. Now, Sa and o for
metal ions can be calculated from the reported data*>
and are listed in Table 1. The pK, and log amon) are
given in the literature;* Sp and op were calculated by the
authors in a previous paper.!) Thus, the feasibility of a
quantitative separation can be evaluated by using Eqgs. 8
and 9. The results of the calculations are given in Table
2, where 8-quinolinol, TTA (4,4,4-trifluoro-1-(2-thienyl)-
1,3-butanedione), STTA (1,1,1-trifluoro-4-mercapto-4-
(2-thienyl)-3-butene-2-one) and dithizone (3-mercapto-
1,5-diphenylformazan) are adopted as typical chelating
agents. As can be seen in Table 2, only 8-quinolinol
satisfies the condition expressed by Eqgs. 8 and 9. The
above predictions were confirmed through experiments.

As can be seen in Fig. 1, the quantitative separation of
Cu" from Al can be performed at pH=3.0. Strictly
speaking, the extraction of Fe™ and Ga™ is not

Table 1. Values of Sa and oa
I\/IZ+ SA OaA
Cu" 31.9 11.2
Fe 55.1 —8.32
Ca'! 59.6 —36.8
Al 54.7 —91.5
Table 2. Values of oaos and Y™
M#* Chelating agent OAOB m Remarks
Cu" TTA 1.1 3.1
STTA 3.2 0.5 a)
8-Quinolinol 1.5 0.1 a)
Dithizone 4.9 —5.1 a)
Fe™ TTA —0.8 1.8
STTA 24 —1.7
8-Quinolinol —1.1 —5.0 a)
Dithizone —37 -—11.6 a)
Ca' TTA —3.7 0.0
STTA —10.6  —33
8-Quinolinol —4.9 —8.2 a)
Dithizone —16.2 —14.0
Al TTA —92 =25 b)
STTA —263 —6.0 b)
8-Quinolinol —122 —9.2 b)
Dithizone —40.3 —15.8 b)

a) Eq. 8 is satisfield. b) Eq. 9 is satisfied.
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quantitative enough, probably because of side-reactions
caused by the distribution of 8-quinolinol. However,
since the per cent extractions for these ions exceed 95%,
the above approximation in which only hydrolysis is
considered seems to be reasonable.

The above separation scheme was applied to the
determination of trace amounts of Cu'', Fel'', and Ga'in
high-purity alum. Since a large amount of Al
interferes with the determination of trace metals, Al
should be removed from the sample solution before ICP-
AES is applied. Analytical results are given in Table 3.
The values obtained by the calibration curve method
were in good agreement with those found by the standard
addition method. In conclusion, the present method
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Fig. 1. Extractioncurves. [HR],;=5.0X107 mol dm™.

Table 3. Analytical Results for Alum
c.cM.? S.AM.”
ngg! pgg!
Cu" 1.1£0.1 0.92
Fe 2.610.1 2.4
Ca' 3.240.3 3.2

a) Calibration curve method; an average of seven determi-
nations. b) Standard addition method.
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will be applicable to the determination of Cu', Fe'', and 3) A. Ringbom (translated by N. Tanaka and H. Sugi),
Ga'' in high-purity aluminium, and the above approach  “Saku Keisei Hannoh (Complexation in Analytical

may be effective for the separation of other trace metals. ~ Chemistry),” Sangyou Tosho, Tokyo (1965), p. 329.
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