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PART I. PRELIMINARY STUDIES FOR THE EXTRACTION OF METALS IN

THE PRESENCE OF ZEPHIRAMINE

CHAPTER 1. INTRODUCTION

Most metal ions play an important role in. the hydrosphere,
biosphere and atmosphere. In recent years, with the rapid
growth of human and industrial activities; pollution by heavy
metals is becoming a ma’jor concern. Often, these pollutants
are finally brought into‘the sea. Presently, the concentrations
of these metals occur only as trace amounts in the'oceans,
but the concentration of these metals by living organisms
is of critical importance; we must pay strict attention to
the concentration of these substances by food chains.

For discussions about pollution, it is necessary to know
baseline concentrations of those constituents accurately.
However, there are a number of difficulties in the analysis
of these tréce amounts in sea water, because of their low
concentration in the environment. Accurate, sensitive,
simple and rapid methods for the determination of trace
chemical constituents are required.

Generally épeaking, chemical analyses involve two steps:
the first is the separation of the desired constituent from
the bulk sample and the second is the measurement of the amount
of constituent present. Although practical techﬁiques for
these measurements have rapidly advanced with improvements
of analytical instruments in recent years, basic techniques

for their separation have changed little during this time.



Among the latter the most important techniques afe as follows:

1. Distillation or evaporation

2. Precipitation

3. Chromatographic separation‘

4. Solvent extraction

In this study, solvent extraction has been adoptedvand
investigated for the separation and concentration of some
trace metal ions which form chelates w1th suitable organic
reagents.

Although solvent extraction has long been famlllar to the
chemist, only in Yecent years has it begun to achieve recognition
as one of the most powerful separation and concentration
techniques. The extraction method hes the advantages in
simplicity, rapidity and ease.

Prior to the determination of an element by ébsorptiometry
'or by some other enalytical methods'the element must be
separated.quantitatively and sufficiently concentrated so that
the element can be determined accurately. Such conditions
are achieved by the selection of axsuitable organic reagent,
organic solvent pH-value of the aqueous phase and so on.

Solvent extractlon plays an important role in the
determination of trace elements, and today the metal chelate
with a suitable organic reagent is widely used for extraction.
According to the type of chelate formed, metal chelates are
classified as follows:

1. Charged (valence—unsaturated) metal chelates

l-a. Cationic chelate



1-b. Anionic chelate
2. Uncharged (valence-saturated) metal chelates
2-a. Coordination-unsaturated chelate
2—b.‘ Coordination-saturated chelate
Typicai examples are shown in Fig.I-1.

To extract e metal chelate into an organic solVent the
formatlon of an uncharged species is a probable prerequisite,
because charged chelates are poorly extractable. But in the
case of extraction of charged chelates, extractable chelates
may be formed by the neutralization of charge attendin: the
association of these ions purely on the basis of their
electrostatic attraction. For example, tin(IV) oxinate (a
‘positively charged chelate) or iron(II)-8-hydroxyquinoline~-
5-sulfonic acid chelate (a negatively charged chelate) is
extracted by ion~association or coupling with an ion having
opposite charge, such as chloride ionl or a cationic surface-
active agentz.‘ The extractability of an uncharged ehelate is
greatly reduced by water molecules eoordinated to the central
atom. Namely, an uncharged metal chelate having no water
molecule is extractable into organic solvents, but an uncharged
metal chelate having a water molecule or water molecules is
poorly extractable into organic solvents. |

If the coordination number of a metal is twice as large
as thelcharge of the metai cation the resulting chelates have
no hydrate water, i.e., water coordinated'to the metal. Such
chelates are named "coordination—seﬁﬁrated". Therefore,

chelates, such as cobalt(II) oxinate or nickel dimethyl-



glyoximate, may be easily extracted into all organic solvents.
If the coordination number is more than fwo times of the.
charge, the resulting neutral chelate has "free" coordination
sites which become occupied by water molecules. Such hydrated
chelate compouhds are often arbitrarily named "coordination-~
unsaturated”; these coordination—unsaturated chelates are
poorly extractable into inactive organic solvents such as -
benzene, 1,2- dlchloroethane and chloroform, because of the
water molecules coordinated to the free coordination positions
of the central atom. For example, typical and useful organic
rYeagents such as 8-hydroxyquinoline(oxine) and its derivatives,
and some B-diketones, form valence-saturated but coordination-
unsaturated chelates with many divalent metals, and these
chelates are poorly extractable into inactive solvents3. In
order to make the extractlon of coordlnatlon—unsaturated
chelates possible, synergic extraction using heutral organic
substances such as pyridine3—$ and its derivativesG; and
tri-butyl phosphate7, has been studied.

In spite of the fact that there are a large number of
coordlnatlon-unsaturated chelates, little is known about
their extractlon into inactive organic solvents. If‘coordination—
unsaturated chelate can be quantitatively extracted into an
organic solvent, the sphere of application of these solvents
for extraction techniques will be widely extended, In this
section, the author shows that some coordination-unsaturated
chelates, which are poorly extractable and therefore have not

been used for separation and concentration of metals, can be



quantitatively extracted into inactive solvents in the presence
of a quaternary ammonium base; e.g., the chelates of calcium-
GHA, nickel-and zinc-SAPH, nickel-and cobalt-TTA and magnesium-
oxine become extractable in the presence of zephiramine which
is a quaternary ammonium base. The possibility of using this
phenomenon for the determination‘and conéentration of metai

ions is also discussed.

Organic reagents used

Chelating reagents:

Glyoxal bis-(2—hydroxyanil) :GHA
o—(Salicylideneamino)phenol :SAPH
Thenoyltrifluoroacetone :TTA
8-Hydroxyquinoline :Oxine

Quaternary ammonium bases:
Tetradecyldimethylbenzyl ammonium chloride:Zephiramine(zeph.)

Cetyltrimethyl ammonium bromide , ' :CTMAB

The structure are shown in Fig.I-2.
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Fig. I-1. Structure of various chelates.

I-a, cationic chelate; I-b, anionic chelate;

IO-a, neutral and coordination unsaturated chelate;

II-b, neutral and coordination saturated chelate.
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CHAPTER 2. EXPERIMENTAL

2-1. Reagents

Metal solutions
| Calcium, 5 x 10-3 M. Dissolve 0.500 g of calcium carbonate
in 10 ml of conc. HCl1 and dilute to 1 1 with water.
Nickel, 1 x 10-2 M. Dissolve 2.81 g.of nickel sulfate in
1l 1 of water.
Zinc, 1 x 102 M. Dissolve 2.87 g of zinc sulfate in
1 1 of water.
Cobalt, 1 x 10-2 M. Dissolve 2.38 g of cobalt chloride
in 1 1 of water.
Magnesium, 1 x 10-2 M. Dissolve 2.46 g of magnesium
sulfate in 1 1 of water.
Standardize the metal solutions against a standard solution
of EDTA. |

Chelating reagents

GHA, 1.5 x 10~2 M. Dissolve 0.360 g of glyoxal bis-(2-
hydroxyanil) in 100 ml of ethanol.

SAPH, 5 x 103 M. Dissolve 0.268 g of o-(salichidenamino)
phenol in 250 mi of‘ethanol. .

TTA, 5 x 10-3 M. Dissolve 0.555 g of thenoyltrifluoroacetone
in 500 ml of 1,2-dichloroethane. |

Oxine, 1 x 10°2 M. Dissolve 0.726 g of 8-hydroxyquinoline
in 500 ml of an organic solvent. -

Quaternary ammonium bases

Zephiramine, 5 x 10-3 M. Dissolve 0.920 g of tetradecyl-



dimethylbenzyl‘ammonium chloride in 500 ml of water.
CTMAB, 5 x 1073 M. Dissolve 0.911 g of cetyltrimethyl
ammonium bromide in 500 ml of water.

Buffer solutlon

The pH of given solution was adjusted w1th acetate buffer
(pH 4 — 6), phosphate buffer (pH 6 — 8) or borate buffer
(> pH 8).

All the chemicals used were of analytical-reagent grade.

2-2. General Procedure

A metal solution, a buffer solution and a quaternary
ammonium base solution were placed in - a separatory funnel.
The chelating Yeagent solution and an organic solvent were
added,and the funnel was shaken for a definite time. After
the organic phase was dried w1th anhydrous sodlum sulfate,
the absorbance was measured against water as a reference and
the blank correction was made. |

The extraction efficiency was obteined by determing
the metal concentratlon in the aqueous phase by atomlc
absorption Spectrophotometry and by measuring the absorbance

of the formed chelate in the organic phase.
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CHAPTER 3. RESULTS AND DISCUSSION

3-1. GHA chelate

In this section, the sensitive éxtraction—spectrophotometric'
method for the determination of calcium is reported.

Calcium is an abundant element and plays an important
role in environment, especially in bibsphé:e. -Calcium, for
example, is a major constituent of the shell of molluscs and
somé types of marine plankton.

In natural samples, calcium is usually determined by
flame photometry. This is a relatively insensitive method,
and in practice, errors of the ordér of 0.5 ppm must be accepted.
A search of the literature reveals a few available colorimetric
methods: Sandell8 has quoted five in detail. Two of these are
indirect, i.e., one involves determination of excess of oxalaté
by a ceric salt, and the other involves determination of.
phosphate by the molybdenum-blue method after removal of
magnesium, a multiple-stage micro technigque being used.
Chloranilate and murexide are sensitive, and the presence of
up to 10 ppm of magnesium is permissible when these reagents
are used. But’murexide is extremely unstable. o-Cresolphthalein
complexone has been used for determining calcium after removal
of magnesium, but the calibration graph is non—iinear.

In 1957, Bayer9 synthesised a Schiff's base, glyoxal
bis(2-hydroxyanil) (GHA). Shortly afterwards, Goldstein and
Stark—Mayér10 found that the compound was é sensitive reagent

for the detection of calcium, with which it forms a red-colored



11

chelate and it was subsequently used by Goldstéinll as an
indicator in the quantitative determination of calcium by
ethylenediamine tetra-acetic acid (EDTA). Because of
superioiity in selectiviﬁy of the reaétion for calcium,‘many
papers on spectrophotometric deteLmination of calcium Qith
GHA have been reported. GHA has been,.for exaﬁple, used to
determine calcium in natural samples, suchnas rain and sea

waterlz; soil extract, serum and plasma13—15. On the other

hand, other workersls'17

have studied the reaction conditions
of GHA, using pure calcium salts. The,calcium—GHA‘chelate

is extracted from an alkaline solution with chloroform,‘and
the chloroform phase is clarified by centrifugation. bUmland
and Meckenstock16 found that the chloroform phase can be
clarified and the color stabilized with the addition of a
small amount of methanol, but they also found that the chelate
was incompleteiy exfracted with added methanol, recovery

being only 15 per cent. In the absence of alcbhol, as in

17

Williams and Wilson's method™ ', the complex is stable for

only 15 minutes after extraction. Lihdstrom‘and Milligan18
pointed that the reagent and its éhelate are unstable in the
presence of Waéer. It is concluded that GHA is superior to
the other reagents in colorimetric determination of calcium,
but a serious disadvantage is that the red color rathef
rapidly fades.

To overcome the instability, the color formation in

13,19,20

a mixture of water and alcohol " or extraction of the

chelate into a mixture of alcohol and chloroform21 was tried,



12

all attempts, however, were not always satisfactory.
The author has found that a good color-~stability is‘,
\aChievequrextraction of the chelate into 1,2-dichloroethane

with the addition of zephiramine, a quaternary ammonium base.

3-1-1. Recommended procedure

A solution of calcium (0 — 1.25 u mble), 2 ml1 of borate
buffer (pH 12.8), 2 ml of ethanol and 1 ml of the GHA solution
are placed in'. - a separatory funnel, and dilute to 20 ml with
water. After 1 — 2 min, i ml of the zephiramine solution and
20 ml of 1,2-dichloroethane are added and the funnel is shaken
for 1 min. After the organic phase has been dried.with
anhydrous sodium sulfate, the absorbance is measured at

530 nm using water as a reference.

3-1-2. Absorption spectra
The absorption spectrum of calcium-GHA chelate extracted
into 1,2-dichloroethane is shown in Fig.I-3. The extracted
chelate is red colored and has an absorptibn maximum at 530 nm,
where the reagent blank has no absorption when compared with

water.

3-1-3. Conditions for‘extraction

Effect of pH. The aqueous solution was adjusted to various

pH values with the borate buffer solution and the extraction
was carried out as above. Constant absorbance readings were

obtained in the pH range of 12.7 — 13.0 (Fig.I-4), and the
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experiments were carried out at PH 12.8.

Color-stability of the extracted chelate. No change in the

absorbance of the organic phase at 530 nm occurred for at
least 6 hours (Fig.I-5). This proposed method appears to
have solved the serious disadvantage of the color-instability

of the Ca-GHA complex.

Effect of shaking time. Constant readings were obtained in
the range of 4 — 7 min. of the shaking time (250 rpm).

Effect of time on color development. We must wait 1 — 2

minutes after adding the GHA because of its slow reaction rate
with calcium; at the same time we must not wait too long
because of GHA's instability in water. Thus, no later than
two minutes after GHA addition, the organic solvent must be
added, and the solution shaken for at least 4 minutes. ' If
thesé instructions are followed)a color-stable solution
results which can bé read at any time within one hour.

Effect of GHA and ethyl alcohol concentrations. " Since GHA

is insoluble in water, GHA solution was pfepared with éthyl
alcohol. Effects of the concentrations of ethyl alcohol
and GHA were studied. Constant readings were obtained in
the ranges of 4 x 10-4 — 8 x 10-4 M of GHA (Fig.I-6) and

1.3 — 3.0 M of ethyl alcohol in the aqueous phase.

Effect of zephiramine concentration. = The constant and
maximum absorbance of the extract was obtained in the range
of (1 — 4) x 1074 M of zephiramine (Fig. I-7).

Extractability and molar absorptivity. About 20 ml of

aqueous solution containing 50.0 pg of calcium and the reagents
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of appropriate concentrations was shaken with 20 ml of
1,2—dichioroethane; the extraction was repeated with another
20 ml of 1,2-dichloroethane after the separation of the first
extract. The second extract showed no absorbance of Ca-GHA,
.and it was found that 100 ¢ of calcium was extracted in a
single extraction. The molar absorptivity of the extracted
chelate was 1.3 x 104 which is higher then the value obtained
by the conventional method, (8 — 9) x 103.12:16-18

Calibration curve. Varying amounts of calcium were extracted

by the proposed method. Beer's law holds up to 50 ug of
calcium, and Sandell's sensitivity for an absorbance value of

0.001 was 0.0031 pg cm~2 (Fig.I~8).

3-1-4. Composition of the extracted chelate

" GHA is a quadridentate-ligand and its chelate with calcium
is a 1 : 1 chelate which is unstable and not extractable into
inactive solvent. In the presence of zephiramine, however,
calcium-GHA chelate is extracted into 1l,2-dichloroethane, and
the color of the extrect is very steble. So, the composition
of the extracted chelate was investigated.

The calciem to GHA molar ratio in the extract was
determined by the continuous variations method* (Fig.I-9).
It was determined that composition of extracted chelate is
Ca(GHA) 5. |

In order to examine the stoichiometry between the metal

* See appendix
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and thé zephiramine, two experiments were made by vafying
concentrations either of calcium or zepﬂiramine. Fig.I-7
shows that the exﬁraction was complete when the zephiramine
concentration was more than 1 x 10-4 M regardless of concentra-
tions of calcium, and a constant absorbance was obtained even
when the zephiramine to calcium molar ratio was 0.25 — 20.
Moréover, at a constant concentratioh of zephiramine, the
relétionship between calcium concentration and the absorbance
was linear, regardless of the molar ratios of zephiramine to
calcium, e.g., 1, 0.5 and 0.3, as shown in Fig.I-10. These
experiments indicate that the presence of a certain amount
of zephiramine is necessary for the formation of Ca : GHA =
1 : 2 chelate, but that there is no,stoichiometric rélationship
between the amounts of zephiramine and calcium necessary for
the formation of the extractable chelate. Probably the
extracted chelate has no zephiramine in its composition.

For these reasons, the composition of'the‘dheiate
extracted in the presence of zephiramine is assumed to be
Ca : GHA = 1 : 2, having no zephiramine in its composition.

Regarding ﬁhe calcium-GHA chelate, it may be concluded
that the water molecules involved in the ordinary nonextractable
1l : 1 chelate are replaced by a GHA mqlecule (HpA) by the
action of zephiramine. The color-stability was achieved by

expelling the water molecules..
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Fig. I1-3. Absorption spectrum of Ca-GHA chelate

in the organic phase.
[Calag = 4 x 1075 N, [GHAl ;g = 6 x 10-4 M,

[zephlag = 2 x 104 M, and pPH = 12.8.
Vag = 25 ml and Vorg = 20 ml. Reference:Water.
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Fig. I-3. '
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Fig.‘I—7. Effect of concentration of zephiramine

on extraction of Ca-GHA éhelate.

The number on the lines shows the [zephl/[Ca]

ratio; (1) 0.25, (2) 0.5, (3) 1.0, (4) 1.5,

(5) 5.0 and (6) 20. [GHAl ¢ = 7.5 x 10-3 M,
- and Vorg = 50 ml.
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Fig. I-9. Continuous variations method for
Ca-GHA chelate.

ICalyq + [GHAl 5 = 2 x 10-4 M.
The others are the same with those in
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The number on the line shows the [zephl/[Ca]
ratio; (1) 1.0, (2) 0.5, and (3) 0.3
[GHAl .o = 5 x 10-3 u, [zephlag = 2 x 10-4 y,
and Vorg = 50 ml. -
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3-2. SAPH chelate

o—(Salicylidene—amino)phenol(SAPH),\a tridentate ligand,
has two hydroxy groups as "teeth" and a similar structure to
GHA. SAPH (expressed es HpA) forms a nonextractable M(A)
chelate with divalent cations such as cobalt, manganese,
nickel and zinc22'23. SAPH and its chelates are so unstable??
that the reagent is hardly applicable to the colorimetric
determination of these metals.

The addition of zephiramine, however, changes the

nonextractable nickel-or zinc-SAPH chelate to an extractable

one, and increases the color-stability of the chelate as well.

3-2-1. Absorption spectra
‘Nickel

Fig.I-11 shows the ebsorption spectrumof nickel—SAPH'Chelate
against the reagent blank extracted into 1,2-dichloroethane
in the presence of zephiramine. The extracted chela;e is
~yellow-colored and has an absorptiohvmaximum at 440 nm. No
shift in the maximum absorption wavelength was observed when
the pH value of the aqueous phase was varied from 9.0 to 12.5.
In these experiments, the absorptions were meaeured at 440 nm
using the reagent blank as a reference.

Zinc

The ordinarily nonextractable zinc-SAPH chelate also
changed in the presence of zephiramine to an exXtractable one,

showing an absorption maximum at 425 nm (Fig.I-12).
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3-2-2. Conditions for extraction
Nickel

The effect of pH on the absorbance was examined and
constant absorbance readings weré obtained in the pH tange
of 10 — 11.5. pH 11.0 was chosen for subsequent experiments.
The absorbance decrease slightly for a few minutes, but a-ter
this time no change in the absorbance ét 440 nm was observed
for at least l-hour. Shaking times of 1 to 5 min. gave the
identical results.

Because the SAPH solution was made using ethyl alcohol,
the effects of varying concentrations of ethyl alcohol and
SAPH were investigated. Constant readings were obtained in
the range of (1 — 2.5) x 10~4 M of SAPH (Fig.I-13) and 0.43
— 0.86 M of ethyl alcohol in the aqueous phase.

The effect of the amount of zephiramine on the absorbance
is shown in Fig.I-14. No change in the absorbance Was‘seen
in the range of (2 — 6) x 104 M of zephiramine. |

Beer's law held for 0 — 25 y moles of nickel, and the
molar absorption coefficient at 440 nm was 2.4 x 104 (Fig.I-15).
Zinc |

A constant absorbance was obtained in the PH range of
9.5 — 11.3, with concentrations of SAPH more than 4 times
(Fig.I-16) and of zephiramine more than.6 times that of zinc
(Fig.I-17). The absorbance decreased slightly for a few
minutes immediately after shaking, and thereafter the color
was stable for at least 1 hour. |

A linear relationship was obtained up to at least 50 p moles
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of zinc between the concentration of zinc and the absorbance

(Fig.I~-18). The molar absorption coefficient at 425 nm is

8.4 x 103.

3-2-3. Composition of the extracted chelates

Nickel |

The chelate of nickel with SAPH is nénextractable and
very unstable in the absence of zephiramine. In the bPresence
of zephiramine, however, the nonextractable chelate changes
to an extractable chelate, and its composition was investigated
by the continuous variations method. As shown in Figs.I-19
and 20, the nickel-SAPH ratio in the extract was found to be
1l : 2, and the nickel-zephiramine r.tio was also 1: 2. Thus,
the chelate extracted in the presence of zephiramine must
have composition ratios of 1 : 2 : 2 (Ni : SAPH : zeph).
Zinc

The composition of zinc-SAPH chelate extracted into 1,2-
dichloroethane was also investigated'by the continuous
variations method (Figs.I-21 and 22), and it was found that
the chelate extracted in the presence of zephiramine- has
compositional ratio of 1 : 2 : 2 (2n : SAPH : zeph).

Although nickel and zinc chelates usually give a 1. : 1
chelate, they change tol : 2 chelates in the presence of
zephiramine. Thus, it is assumed that the 1 : 2 chelate has
two negative charges as a result of higher chelation, and
then the charged chelate couples with two‘molecules of

zephiramine, the product being extracted into organic phase
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as Ni(A)z(zeph)z or Zn(A)Z(zeph)Z. Since this chelate contains

no water molecules, its color is stable.’
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Fig. 1-11. Absorptlon spectrum of Ni- SAPH
chelate in the presence of zephiramine.

[Nl]aq = 2.5 x 10-5 u, [SAPH] 54 = 1.25 x
10-4 M, [zephlag = 2.5 x 10-4 M, ang

PH = 11.0.

Vorg = Vag = 20 ml.

Reference: Reagent blank.
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[Zn]lag = 5 x 10-5 u, [SAPH] 3¢ = 2.5 x
10-4 M, [zephlag = 2.5 x 104 M, and
PH = 11.0.

Vorg = Vag = 20 ml.

Reference: Reagent blank.
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Fig. I-14. Effect of concentration of
'zephiramine on extraction of Ni-SAPH chelate.

Conditions are the same with those in
Fig. 1-11.
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on extraction of zZn-SAPH chelate.

[Zn]aq = 2.5 x 10-5 M.
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[Nilag + [SAPHlag = 1.35 x 1074 u,
[zeph]aq = 9.0 x 10-5 M.
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Fig. I-20. Nickel to zephiramine ratio in
‘the Ni-SAPH chelate. '

[Nilag + [zephlag = 1.35 x 10-4 M,
[SAPH]aq = 9.0 x 10-4 M.

The others are the same with those in
Fig. I-11.
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Fig. I-21. Zzinc to SAPH ratio in the presence
of zephiramine.

[Znlaq + [SAPH] 4 = 1.0 x 104 M.
The others are the same with those in
Fig. I-12.
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3-3. TTA chelate

Thenolytrifluoroacetone(TTA) is a bidentate ligand and
forms valence-saturated (for the central atom) but coordination-
unsaturated chelates, M(TTA)2.2H20,'with nickel and cobélt(ﬂﬂ.
The chelates can be extracted into some oxygen-containing
solvents such as alcohols and ketonesgd_26 or into inactive
solvents such as ben.ene and 1,2~dichloroethane by means of
synergisml.l'6 Such chelates, however, are rarely extracted
directly into inactive solvents becuase of water molecule
.interference.

Nickel-and cobalt-TTA chelates are also extracted into
1,2-dichloroethane, an inactive organic solvent, in the
presence of zephiramine or cetyltfimethyl ammonium bromide

(CTMAB) .

3-3-1. Absorption spectra
The absorption spectra of Ni-and Co-TTA chelates formed
in the presence of the quaternary ammonium base were measured
‘using water as a reference (Fig.I?23). As seen in Fig.I—23,
the effects of zephiramine(and CTMAB on the extraction are
the same for‘ﬁickel and cobalt; Although the spectra have
no peaks, the wavelength of 420 nm was used hereafter where

the reagent blank showed no absorption.

3-3-2. Conditions for extraction
The effect of pH on the extractions of nickel-and cobalt-

TTA chelates in the presence of a quaternary ammonium base
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was examined by changing the pH of the solutions from 4 to 9.

Since constanf and maximum absorbances at. 420 nm were obtained

in the pH range from 5 to 9 for nickel and cobalt, pH 7.0

was chosen for further experiments. Shaking times from 2

to 10 min. had the same effect on the extraction efficiency;

the extracted chelates were stable for at least‘l hr. The

molar concentration of TTA more than 10 times to nickel and

6 tiﬁes to cobalt gave a constant absorbance,':espectively.
The presence of quaternary ammonium bases produced

irreqular patterns of absorbance (Figs.I-24 and 25) caused by

turbidity in the 1,2-dichloroethane phase; clear solutions

with constant absorbances were observed for molar concentration

ratios of quaternary ammonium base more than one, for nickel

and cobalt.

3-3-3. Composition of the extracted chelate

The metal-TTA molar ratios of the chelates extracted in
the presence 6f the qﬁaternary ammonium bases were determined
by the continuous variations method (Figs.I-26 and 27) and the
equilibrium-shift method. Both methods show that th? nickel-
and cobalt-chelates have the composition of metal : TTA =
1 : 3. The ordinary M(TTA)2-2H20 chelates change to the
coordination-saturated chelate, M(TTA)3, two molecules of
water having been expelled by the action of quaternary ammonium
bases. It is reasonable to assume that the M(TTA) 3 chelates
have a minus one charge resulting from higher chelation; as

a result the chelates are extracted into the inactive solvent
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after coupling with a positively charged quaternary ammonium
base. Figs.I—24 and 25 show that the 1 : 1 molar ratio of
quaternary ammonium bases to the metal is sufficient for the
complete extraction. Thus, it is suggésted‘that extracted
chelates have the compositions of Ni(TTA) 3 (zephiramine) and
Co(TTA)3(CTMAB), respectively.

Quaternary ammonium base has two effects on the extraction:
one is to form a highly coordinated chelate, and the other is

to couple with the formed highly coordinated chelate.
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Fig. I-23. Absorption spectra of TTA chelates.

[metall,y = 1.25 x 10-4 u, [TTAlorg = 5 x
10-3 M, [Q.A.B.]aq =5x 1074 M, and pH = 7.0.
(1) Reagent blank, (2) Ni with CTMAB,

(3) Ni with zeph, (4) Co with CTMAB, and

(5) Co with zeph. '

Vorg = 10 ml and Vg = 20 ml.
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Fig. I-25. Effect of CTMAB on Co-TTA chelate.

[TTA]Org =5 x 10-3 M, and pH = 7.0.

(1) [Colaq = 2.5 x 1074 M, and (2) [Colag =
1.25 x 104 M. |
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Fig. I-26. Continuous variations method for
Ni-TTA chelate in the bresence of zephiramine.

[Nilaq + [TTAlorg = 2.5 x 10-3 M,
[zeph]aq = 7.5 x 10~4 M, and PH = 7.0.
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Co-TTA chelate in the presence of cTMAB.

[Co]aq + [TTA]org= 2.5 x 10-3 M,
[CTMAB] 5 = 7.5 x 104 M, ang PH = 7.0.
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3-4. Oxine cheiate

8-Hydroxyquinoline (oxine) forms chelateés with many
divalent metals. Among theée, magnesium oxinate is poorly
extractable into inactive solvents such as benzene, 1,2-
dichloroethane and nitrobenzéne; this resulté from the
formatioh of magnesium oxinate dihydrate, Mg(0X)y-2H,0, which
has strongly coordinated water molecules. If the coordinated
watef molecules in the chelate are replaced by other neutral
organic molecules, i.e. if‘the coordination‘is saturated,
the chelate can be readily extracted ihto inactive solvents.
For this purpose, synergic extractions in thé presence of

28,29 and pyridine5 have been

n—butylamine%7 . butylcellosolve
suggested.
In this section, it is sﬁown that the magnesium-oxine

- chelate can also be quantitatively extracted into inactive

solvents in the presence of zephiramine.

3-4-1. Absorption ' gpectra
The absorption spectra of Mg-oxine chelate and the reagent
blank extracted in the presence of zephiramine‘are shown in
Fig.I-28. The magnesium chelate has an absorption maximum at
390 nm in the organic phase. All absorbance‘measurements were

therefore carried out at 390 nm. The molar absorption

coefficient at this wavelength is 6.5 x 103.

3-4-2. Conditions for extraction

Effect of pH. The solvent extraction behavior of the
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Mg~oxine system in the presence of‘zephiramine was studied over
the pH range 8 to 10. Fig.I—29 shows the percentage exttaction
of Mg-oxine chelate into 1,2-dichloroethane as function of pH.
Distribution ratio of magnesium in the‘eétraction with various
solvents are plotted as a function of pH in Fig.I-30.

As shown in Figs.I-29 and 30, the extraction beéins to
occur around pH 8.5 and becomes 100 % effiéient at pH 9.5.

Effect of shaking_time. Shaking time was varied from 1 min.

to 30 min; a 5 minute shaking time was found to be optimum.
The complex in the organic phase was optically stable for at
least 1 hour.

Effect of oxine concentration. The concentration of oxine

in the organic phase was varied from éero to 1.25 x 16—3 M,
other factors beiné kept constant. Com?lete extraction waé
obtained using a concentrations higher than 0.75 x 1073 M
(Fig.I-31). |

Effect of zephiramine concentration. In studies of the

effect of zephiramine concentration, it was found that magnesium
was completely extracted in the range of (1.5 — 2.5) x 1073 M

of zephiramine in the aqueous phase (Fig.I-32).

344—3. Composition of the extracted chelate
Composition of thé extracted magnesium-oxine chelate in
the presence of zephiramine was examined by the equilibrium-

- shift* and continuous variations method.

* See appendix.
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The dependence of log D, D being the distribution ratio,
on pH and logloxine] are shown in Figs.I-30 and 33. All these
plots gave linear lines having a slope of three, indicating that
the extracted magnesium cheiate hés a composition of [Mg(0X)3]1~.
The results shown in Fig.I-34 reveal that the extracted chelate

has a composition of Mg (OX) 3(zeph).

" 3-4-4. Effect of organic solvent
By using nitrobenzene, 1,2-dichloroethane, chloroform and
carbon tetrachloride, a chelate of the same composition was
extracted, but the nature of organic solvent affected the
extractability of the chelate.
From the above results, the following system is suggested

for the extraction.
2+ . . +
Mg (H,0) g  + 2HOX > Mg(OX),-2H30 + 2ut + 4 H,0

Mg (0X) »-2H,0 + HOX + zepht > [Mg(OX)3]-[zephl* + H¥ + 2H30

Then, [Mg(OX)3(zeph)]org[H+]3

Kex &

2+ 3 +
“[Mg ][Hoxlorg[zeph 1

is given.

For the extraction of ion-associated chelates, it has been
~generally said that the higher the diélectrio constant of the
organic solvent used, the greater the extractability. For the
extractable magnesium-oxine chelate, the extraction constants
(Kex) and the dielectfic constants of the organic solvents are

listed in Table I-1 and their relationship is shown in Pig.I-35.
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‘The relationship showed a good accordance with the general rule
for extraction by ion—association. The best solvent was
nitrobenzene and the second‘was'l,2~dichloroethane. As
nitrobenzene was not good for having a bad smell, practically

1,2~dichloroethane was preferred.
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Fig. I-28. Absorption spectra of Mg-oxine
chelate and reagent blank in the presence

of zephiramine.

[Mg]aq =5 x 10-5 M, [HOX]Org =5 x 10-3 M,
[zeph]aq =1 x 10-4 M, and pH = 11.0.

(a) Mg—oxine—zephiramine'chelate Vs. reagent
blank, (b) reagent blank vs. water.

Vaq = 20 ml and Vorg = 10 ml.
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Fig. I-29. Effect of pH on extraction of
-magnesium oxinate.

- The others are the same with those in
Fig. I-28.
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Fig I-30. Dependence of log D on pH at
extractlon of Mg oxinate with various solvents

in the presence of zephiramine.

Mglag = 1 x 10-4 M, [HOX]org = 1 x 10-2 M,
and [zephlyg = 1 x 1073 M. '

(a) nltrobenzene, (b) l,2—dichloroethane,
(c) chloroform, and (d) carbon tetrachloride.
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Fig. I-31. Effect of concentration of oxine
on extraction of Mg-oxine chelate in the
presence of zephiramine.

[Mglag = 2.5 x 10-5 M.
The others are the same with those in
Fig. I-28,
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Fig. I-32. Effect of concentration of

zephiramine on extraction of Mg-oxine chelate.
| [Mglag = 2.5 x 1075 M.

The others are the same with those in
Fig. I-28.
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Fig. I-33. Dependence of log D on log [oxine]
in the presence of zephiramine. '

(a) nitrobenzene at pH = 9.50, (b) 1,2-
dichloroethane at PH = 9.50, (c) chloroform

at pH = 10.05 and (d) carbon tetrachloride

at pH = 9.80. '

The others are the same with those in Fig.I-28.
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Fig. I-34. Continuous variations method for
magnesium-oxine and magnesium-zephiramine

relétionships.

(a) o = [Mg]/[Mgl + [HOX]; [Mg] + [HOX]
=5 x 1074 M, and [zeph] = 5 x 10-4 M,

(b) @ = [Mgl/[Mg]l + [zephl; [Mg] + [zeph]
=1 x 1074 M, and [HOX] = 5 x 10-3 M.

pPH = 9.5,
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Table I-1

Extraction constants and dielectric constants of the organic

solvents used.

CCly CHCl3 CoH4Cly CgH5NO>
Dielectric constants (a) 2.2 4.8 10.4 34.8
- log Kex ' 18.5 18.0 17.7 17.3

6S



690

1971
CHCI
y CClZ\I 3 C,H,Cly |
| * 18 5\\\\\\“\1
S 17} - CeHsNO,
1 ‘
- 00 0.5 » 1.0 1.5

log(b(‘)

Fig. I-35. Relationship between Kox and dielectric
constant (a).



PART II . DETERMINATION OF TRACE METALS IN SEAWATER

CHAPTER 1. INTRODUCTION

In recent yéars, the determination of trace elements in
sea water has recieved an increasing amount of-attention and
the use of3modern<instrumental methods has been successful in
this field.

'Riley30 has summerized the available data for the method
of determination of héavy metals in seawater and has concluded
that much of the early classical work is unreliablé because
~of faulty analytical techniques and contamination. At present,
atomic absorption spectrophotometry and neutron activation
analysis offer the best promise for the determination of trace
elements in the sea.

Téble'ﬂi—l indicates  the mean abundances of some heavy-
metals in sea water?l’32 but it must be emphasized that the
analytical data for each element varies.quite wiaely.n Concentra-
tions of heavy metalé in seawater aré‘usually one Or more
ordeis of magnitude less than ﬁhe detection‘limits of commonly-
‘used methods such’as spectrophotometry, direct atomic' absorption
spectrophotometry and so on.. The most commoh concentration
techniques that have been employed are co-precipitation,
solvent extraction and the use of ion—exéhange chuﬁns. of
these techniques, as mentioned in PART I, solvént extraction
of the trace elements for atomic absorption analysis is superior
for simplicity and speed. |

Although many of these elements exist in seawater at
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cdncentrations below their detection limits usiﬁg atomic
absorptioh, they can often readily be concentrated by extraction
into a small amount of suitable solvent which results in an |
increase in sensitivity. Clearly, a combination of sol?ent
extraction and atomic absorption spectrophbtometry'presents
a useful method for the détermination of trace elements in
saline waters. Alkali and alkaline éarth ﬁetals, which are
the main part of the'constituents,‘and interfere seriously
with atomic absorption spectrophotometry, are easily eliminated
by solvent extraction. So nowadays, solvent extraction is
widely used before the‘atomic‘absorptiometric determination of
metais. o

It is well known that ammonium pyrollidine dithiocarbamate
(APDC) and sodium diethyldithiocérbaméte (DDTC) are usefull
chelating agents for a number of tranéition metals and permit

36 have -

a wide pH range for extraction. Sprague and Slavin
shown that the extractibn.bf APDC and méthyl isobutyl ketone
(MIBK) makes it pbssible to separate"trace elements from

25 % potassium chloride solutions and havé suggested its use
for séa water. \Afterwards, many investigations have used thev
systems of APDC—MIBK:,W'38 APDC-ethyl acetate39 and DDTC—MIBK40

to separate a number of heavy metals from sea water. However,
these methods have many problems. For instance, extractabilities
of heavy metals with these systems are hot always complete,

and such organic solvents have appreciable solubility (~10 %)

in water and are not suitable for routine analyses because

of their rather high costs.
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On the other hand, oxine is a more typical and powerful
chelating agent as compared with APDC and‘D'DTCl.lO—43 In previous
papers, precipitation reaction of oxine with aluminum?4'45
ironl,l6 Vanadium'47 and cadniium48 has been used for the determina-
tionfof these metals in sea water. As seen in the summary
by Staty? many papers on chelation and extraction of metal
oxinates have been reported, but there is no information on
thé simultaneous extraction of heavy metals in sea water. Some
metal oxinates, such as ziné and éadmium oﬁinates, are not
oridnarily extracted into suitable organic solvents.

In PART I, it was shown that some non-extractable chelates
chaﬁge to extractable chelateé in the presence of a quaternary
ammonium base. This finding can be applied to the extraction
of trace metals from sea water, and followed by atomic
absorption spectrophotometry. In fact, the extraction‘system
of oxine-1,2-dichloroethane in the presence of zephiramine
makes it possible to extfact several heavy mefals siﬁultaneously;
e.g. nickel, manganese, cadmium, zinc. and copper in sea water.
Besides the simultaneous extractioh of several metals, this
method has the advantages of oxine being an inexpensive and |
stable chelating agent and the solubility‘of 1,2-dichloroethane

being low (~ 0.1 %) in water.



Table -1

Abundance of selected trace metals in the oceans (ppb) .

-

Trace metal ‘ Chester ang Stoner? Goldbergb
’ Range Average Averagev
Zn - 0.6 — 12.6 1.4 3
cd \ .0.04 - 0.3 0.07 0.02
Ni 0.5 - 5.2 1.2 2
Mn | 0,“12 —‘- 1.2 T 0.22 | 0.3
Cu 0.3 — 3.8 0.8 2

a Ref, 31
b Ref.32

9
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CHAPTER 2. EXPERIMENTAL

2-1. Reagents

Oxine solution, 1 x 1072 M. 'Diséolve 1.45 g of the reagent
in 1.1 of 1,2-dichloroethane. o

Metal solutions, 1 x 102 M. Each solution of cadmium,
zinc, nickel, manganese and copper was preéared by dissolving
cadmium nitrate or the»other metal sulfates, and_standardized
with EDTA. The solutions were diluted for use.

Zephiramine solution, 5 x 10-2 M. Dissolve 18.4 g of
tetradecyldimethylbenzylammonium chloride in 1 1 of water.

" Buffer solution. The pH of a solution was adjusted with

acetate buffer (pH < 6.2), borate buffer (pH 6.2 — 12.0) and
sodium hydroxide solution (pH > 12.0).

All the éhemicals used were of anaiytical4reagent grade.

2-2. General procedure

A metal solution, a buffer solution and the zephiramine
solution were placed in- - a separatory funnel and diluted
to 20 ml with water. The oxine—l.z—dichloroethane (20 m1)
was added and tﬂe funnel was shaken for a definite time.
vAfter the organic phase was dried by filtration through a
paper filter, the absorbance was measured against the reagent-
blank. Distribution ratios were obtained by determing thel
metal concentration left in the aqueous phase by atomic

absorption spectrophotometry.
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CHAPTER 3. RESULTS AND DISCUSSION

3-1. Chelation and\extraction of heavy metals with
8~-hydroxyquinoline .
8—Hydroxyqﬁinoline(oxine) is nearly insoluble in water
and ethef, but quite soluble in alcohol and 1,2~-dichloroethane.
Oxine has a hydrogen atom which is replacéable by a metal ion,
and has a heterocyclic nitrogen which forms a five-membered
chelate ring with the metal ion. Oxine is known to react
with at least 43 metals which are generally the same metals
that precipitate with ammonia?q The divalent and trivalent
metal oxinates have the general formulas of M(oxine) o and
M(oxine) 3 respectively. Among these, some.divalent metal
oxinates are of neutral charge but coordinatioﬁ-unsaturated
chelates which are poorly extractable into inactive solvents.
For example, zinc, cadmium and magnesium fofm M(oxine)é-2H20
which are not extractable into inactive solvents. For this .
reason, oxine can not be used direcF1§ for the simultaneous
éxtraction and concentration of theée metals from sea water,
In this section, the fact that nonextractable metal oxXinates
change to extractable chelates‘by the addition of zephiramine
and the conditions for application to simultaneous extraction of

these metals from sea water are investigated.

3-1-1. Zinc

Absorption spectra

The absorption spectrum of zinc-oxine chelate extracted
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in the presence of zephiramine is shown in Fig.II-1. The

bright yellow zinc oxinate solution has a\strong absorption

at 400 nm and the réaéent also shows considerable absorption

at this wavelength (Fig;lI—l). The absorbances were measured
against the reagent-blank as a reference. The'mola: absorption

coefficient of zinc-oxine chelate at 400 nm is 7.0 x 103.

Effect of pH

The aqueous solution‘was adjusted to various pH vaiﬁeé
with acetate and borate buffer solutions, and the extraction
was carried out by the above procedure (2-2). The extraction
of zinc~oxine chelate begins at about pH 6.7, increaseé
shafply and attains 100 % above pPH 8.0 (Fig.II-2).

Effect of shaking time

With other variables constant, the extraction period was
varied‘from 1l to 30 min.. The'optimum shaking time was found
to be 5 min. The colour of the extract is quite stable for
at least 5 hqurs, ‘

Effect of oxine concentration

Varying amounts of oxine were/addea to 1,2—dichloroethane
and the each'so¥ution was shaken with zinc solution of PH 8.5.
A constant absorbance of the extract is obtained from 0.8 x 10-3
‘tQ 1 x 1073 M of oxine, and the 100%-extraction is achieved |
(Fig.1m-3) . |

Effect of zephiramine cohcentration |

It was found that the extraction begins at about‘l x 1073 M
and becomes 100 % above 5 x 104 M of zephiramine in aqueous

solution (Fig.II-4).
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Fig. II-1. Absorption spectra of Zn-oxine
chelate and reagent blank in the presence of
zephiramine.

[Znlag = 1 x 1074 M, [HOX]l,pg = 1 x 10-2 M,
[zeph]aq =1 x 10-3 M, and pH = 9.0
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(a) Zn-oxine-zephiramine chelate vs. reagent

blank, (b) reagent blank vs. water.
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Fig. I-2. Effect of pH on extraction of wetal oxinates.

[metal]aq =1 x 10-4 M, [HOX]Org =1 x 10-2‘M, [zeph]aq =1 x 10-3 M,

10
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Fig. II-3. Effect of concentration of oxine
on extraction of Zn-oxine chelate in the

presence of zephiramine.

Conditions are the same with those in
Fig. I-1.
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- Fig. II-4. Effect of concentration of

zephiramine on extraction of Zn-oxine chelate.

Conditions are the same with those in
Fig. I-1.
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Fig. II-5. Dependence of log D on log [oxine]
in the presence of zephiramine.

[zeph]aq = 1
(a) Zn at pH
(c) cd at pH

(e) Ni at pH

X

10-3 M;
8.5, (b) Mn at pH
8.0, (d) Mg at pH
4.95.
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Fig. I-6. Continuous variations method

for zinc-oxine and zinc-zephiramine.

(a) @ = [z2n]/[2Zn] + [HOX]; [Zn] + [HOX]
=5 x 1074 M, and [zeph] = 1 x 10-3 u;
(b) o = [2n]/[2n] + [zephl; [2n] + [zeph]
= 2'x 10‘4‘M, and [HOX] =5 x 10-3 M.
PH = 10.9. ‘
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Composition of the extracted chelate

Dependence of log D on log [oxine] and the results of
" continuous variations method are shown in Figs.II-5 and II-6

which show that the composition of the chelate is [Zn(OX)3(zeph)].'

3-1-2. Cadmium
Cadmium forms an extractable chelate,'Cd(OX)z-Z(HQ&), but
this chelate-is decomposed on shaking for extraction:!"3
Therefore, cadmium can not be ektracted with oxine. Bu£ we
can quantitatively extract cadmium with oxine in the presence

of zephiramine.

Absorption spectra

The absorption spectra of Cd-oxine chelate and reagent
blank in the presence of zephiramiﬁe are shown in Fig.II-7.
The ektracted chelate has an absorption maximum at 400 nm,
and its molar absorption coefficient is 6.5 x 103,

-Effect of pH

The effect of pH on the extractions in the presehce of
zephiramine was examined by changiﬁg the pH’of the solution
from 6}to 10. Fig.II-2 shows the plot of percentage. extraction
of Cd-oxine chelate as function of pH. The extraction reaches

100 % at pH 7.9.

Effect of shaking time
Five-minute shaking was found to be the desired time, and
the chelate is stable for_at least 6 hours.

Effect of oxine concentration

Varying amounts of oxine were added to the organic phase,
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other factors being kept constant, and the lOO%—extraction was
attained with a concentration higher than 3 x 10-3 M (Fig.II-8).

" Bffect of zephiramine concentration

Fig.II-9 shows that cadmium is quantitatively extracted
in the range of 6 x 104 — 1 x 10~3 M of zephiramine in the
agueous phase.

Composition of the extracted chelate

Results of the equilibrium shift method and the continuous
variations method are shown in Fig.II-5 and I-10. Both methods
showed that the cadmium chelate has the composition of metal :

oxine : zeph =1 : 3 : 1.

3-1-3. Nickel

Since nickel oxinate has no coordinated water molecules,
Ni(QX)z can be extracted into organic solvents in the absence
of zephiramine. In the absence of zephiramine, however, a
higher concentration‘of oxine is needed to extract nickel
guantitatively as compared with the éxtraétion in the presénce
of zephiramine. Moreover, the extfaction equilibrium of nickel
is attained after several hours in the absence of zephiramine%
It is obvious that the method in the presence of zephiramine
is superior to that in the absence of zephiramihe.for a routine
analysis. The éonditions for the extraction of nickel were
examined in the presence of zephiramine.

Absorption spectra

Absorption spectra of the nickel chelates are shown in

Fig.I-11. In the presence of zephiramine, the absorbance
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- Fig. I-7. Absorption spectra of Cd-oxine
chelate and reagent blank in the presence of
zephiramine.

[Cdlag = 1 x 1074 M, [HOXlgpg = 1 x 1072 M,
[zeph]aq = 1 x 10-3 M, and pH = 8.5.

(a) Cd-oxine~zephiramine chelate vs. reagent
blank, (b) reagent blank vs. water.

Vo;g = Vaq = 20 ml.
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Fig. II-8. Effect of concentration‘o‘f oxine on
extraction of Cd-oxine chelate in the presence
of zephiramine.

Conditions are the same with those in
Fig. II-7.
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Fig. I-9. Effect of concentration of zephiramine
on extraction of Cd-oxine chelate.

Conditions are the same with those in Fig.II-7.
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Fig. I-10. Continuous variations method for
cadmium-oxine and cadmium-zephiramine.‘

(a) o = [cdl/[cd] + [HOX]; [cd] + [HOX]

=1 x10"3 M, and [zeph] = 5 x 10-3 M,
~(P) o = [cal/[cdl + [zephl; [cd] + [zeph]

=5 x 1074 M, and [HOX] = 1 x 10-2 M.

pH = 8.0
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increases and the wavelength of absorpﬁion maximum shifts from

370 nm to 400 nm. The molar absorption coefficient of the

nickel chelate is 4.0 x 103 at 370 nm in the absence of

zephiramine and 7.3 x 103 at 400 nm in.the presence of zephiraminé.

Effect of pH

As shown in Fig.II-2, the extraction begins at about pH
- 3.5 with a sharp increase and becomes 100 % above pH>4.9 in
the presence of zephiramine.

Effect of shaking time

In the absence of zephiramine, the extraction is time-
consuming, but the optimum shaking time is shortened to 10
minutes in the presence of zephiramine. The éolor of the
extract is stable for at least 6 hours.

Effect of oxine concentration

In the presence of zephiramine, the effect of the concentra-
tion of oxine was examined (Fig.II—lZ). The 100%-extraction
is obtained with a concentration highervthan 7 x 10~3 M of

oxine.

- Effect of zephiramine concentration and composition of the

extracted chelate

In the case of nickel, nickel oxinate is extracted in the
absence of zephiramine, but the extracfability of the nickel
oﬁinate is enhanced with addition of zephiramine. High
extractability is due to the fact that the ordinary niékel
oxinate, Ni(OX)z, changes to another nickel oxinate having an
absorption maximum at 400 nm in the presence of zephiramine

(Fig.I-11). From Figs.II-5 and I-13, it is concluded that
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the extracted nickel chelate has a composition of Ni : oxine

[

=1 3. The extraction system of nickel chelate is assumed
as follows:
In the absence of.zephiramine;
Ni2* + 2HOX — Ni (0%), + 2Ht - (1)
Kex1
In the presence of zephiramine;
NiZ+* + 3HOX + zepht ——> Ni(0X)j3(zeph) + 3H* = (2)
i —
Kex2
The chelates of the two types are completely extracted into
organic phase at the pH higher than 5.5. So, we obtain

Kax? ‘[Ni(QX)3(zeph)]org[H+]

K - (3)
exl  [Ni(0X)p]oyg[HOX]orglzepht]

In the presence of 1 x 10-3 M zephiramine, nickel is
completely extracted as a chelate of Ni(QX)3(zeph) and its
molaf absorptidn coefficient is 7.30 X103 at 400 nm. On the
other hand, in the absence of zephirémine, that of‘Ni(OX)z is
2.35 x 103 at 400 nm. When the congéntration of zephiramine
is lower than i x 103 M at pH 5.5; the absorbance of organic .
phase at 400 nm is given by the following equation,

Absggonm = €1[Ni(0X),] + €5[Ni(QX) 3(zeph)]

= {2.35 x 103x X+ 7.30 x 103 x (1 - 0} x cni

or Absgoopm = (7-30 - 4.95%) x 103 x Cyy (4)

Where,‘sl and €5 are the molar absorption coefficients of
Ni (OX) 5 and Ni (OX) 3(zeph), respectively, X is the portion of

Ni(0X) 5 of the extracted chelates and Cyj is the total
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concentration of nickel.
The equation (3) is rewritten by the equation (5).

Kogp 1 - X1[HY]
Kex1 ~ X7 [HOX]

Org[zeph] (5)

At various concentrations of zephiramine, absorbances at 400 nm
were measured (Fig.II-14). From eqnation (4) , the value of X
is calculated at a certain concentration of‘zephiramine, and
the dependency of log ([1 - X1/[X]) on log [zephl] is,shonn in
Fig.Hm-1%. A linear curve having inclination of one (Fig.II-15)
indicatés that the extracted nickel chelate has a composition

of Ni(0X)3(zeph) in the presence of zephiramine.

3-1-4. Manganese

Absorption spectra

In the absence of zephiramine, manganese (II) is completely
extracted into organic solvents of 0.10 M oxine. As shown in
Fig.mI-16, the absorbance of the extracted chelate is enhanced
and the wavelength of absorption maximum shifts from 390 nm
to 400 nm in the presence of zephiramine. The molar absorption
coefficients of the extracted chelates are 4.8 x 103 at 390 nm
in the absence of zephiramine and 7.6 2 103 at 400 nm in the
presence of zephiramine.

Effect of pH

'In the absence of zephiramine, manganese is extrécted in
the pH range 9.0 — 11.0% In the presence of zephiramine, the
extraction of Mn-oxine chelate begins at pH 6.7 and reaches

100 % at pH 7.5.
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Fig. I-11. Absorption spectra of Ni-oxine
chelate and reagent blank.

[Nilag.= 1 x 104 M, [HOX]gpg = 1 x 10-2 M,
and pH = 4.95. ‘

(a) Ni-oxine chelate vs. reagent blank in the
presence of 1 x 10-3 M zephiramine, (b) Ni-
‘oxine chelate in the presence of 4 x 10-4 M
zephiramine, (c¢) Ni-oxine chelate in the
absence of zephiramine, (4) reagent blank

vVs. water.

Vorg = Vag = 20 ml.
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Fig. II-12. Effect of concentration of oxine
on extraction of Ni-oxine chelate in the

presence of zephiramine.

[zeph]aq =1x 10-3 M. |
The others are the same with those .in Fig.II-11.
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Fig. H-13. Continuous variations method for
Ni-oxine chelate.

[Ni] + [HOX] = 1 x 10-3 M, [zeph] = 5 x 10-3 M,
and pH = 5.8.



86

08

06

0.4

Absorbance

02

0.0 - " - % | L L s .-
0 2 4 & 8 10 20

" o 4
Zephiramine concentration in aq. phase, x10 'M

Fig. I-14. Effect of concentration of zephiramine
on the absorbance of Ni-oxine chelate.
[HOX],rg = 1 x 1072 M, and pH = 5.5.
O [Nilyg =1x 1074 M, and ¢ [Nilaq = 5 x 1075 M.
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Fig. II-15. Zephiramine dependence on formation
of Ni-oxine-zephiramine chelate from Ni-oxine

chelate.

Conditions are the same with those in Fig.  Ti-14.
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Effect of shaking time

The optimum period for shaking was found to be 5 minutes,
and the color of the extract is stable for at least 6 hours.

Effect of oxine concentration

Ih the absence of zephiramine, a highér,concentration of
oxine such as 0.1 M is necessary to extract manganese, but in
the presence of zephiramine manganese is quéntitatively
extfacted with a lower concentration of oxine (Fig.II-17).

Effect of zephiramine concentration and composition of the

extracted chelate ' , a

The same effect of zephiramine on manganese extraction is
observed as in the extraction of nickel'(Fig.II—lG). Effect
of the concentration of zephiramine is shoﬁn in Figs.II-lSland
I-19, and it is easily concluded that manganese is extracted
as a chelate of Mn(0OX) 3(zeph) in the presence of zephiramine.

The continuous variations method gives the same result (Fig.II-20).

3fl-5. Copper

The coordination number of copper is ordinarily four, and
its chelate with oxine has a composition of Cu(OX),. .This
chelate is a coordination-saturated chelate which is easily
extracted in the absence of zephiramine. Moreover, the composi-
tion of the extracted Cu-chelate does not change with the
additionvof zephiramine. The Cu-oxine chelate has an absorption
maximum at 410 nm, and its absorption coefficient is 5.6 x 103
in either the absence or the presence of zephiramine (Fig.II-21).

As shown in Fig.II-2, copper is easily extracted at a low pH region.
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- Fig. I-16. Absorption spectra of Mn-oxine
chelate and reagent blank.

[Mnl,q = 1 x 1074 M, [HOX] =1 x 102 M,
and pH = 9.2.

- (a) Mn-oxine chelate vs. reagent blank in the

org

presence of 1 x 10~3 M zephiramine, (b) Mn-
‘oxine chelate in the presence of 4 x 104 M
~ zephiramine, (c) Mn—oxine chelate in the
absence of zephiramine, (d) reagent blank
vs. water. o

Vorg = Vaq'= 20 ml.
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Fig. I-17. Effect of concentration of oxine on
extraction of Mn-oxine chelate in the presence

of zephiramine.

[zeph] = 1 x 103 M.
The others are the same with those in Fig.II-16.
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Fig. I-18. Effect of concentration of zephiramine
on the absorbance of Mn-oxine chelate.

Conditions are the same with those in Fig.II-16.
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log[zeph]'

Fig:. II-19. Zephiramine dependence on formation
of Mn-oxine-zephiramine chelate from Mn-oxine
chelate.

Conditions are the same with those in Fig.II-16.
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Fig. @I-20. Continuous variations method for

Mn-oxine chelate.

[Mn] + [HOX] = 1 x 10-3 M, [zeph] = 5 x 10-3 M,
and pH = 8.5.

(a) Absorbance at 400 hm, and (b) absorbance
at 420 nm.
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Fig. T@~-21. Absorption spectrum of Cu-oxine
chelate in the absence of zephiramine.

[Cul,q = 1 x 1074 M, [HOX] =1 x 1072 M,
and pH = 4.7.

Vv

org

org = Vag = 20 ml.

350 400 T 450



3~2. Determination by atomic absorption spectropho-
tometry
As statediinChap.3-1, we can simultaneously extract five
divalent heavy metals with oxine at a.pH higher than 8.0 in
the presence,of'zephiramine. These same metals have been
exXtracted and concentrated from sea water by the above proposed
method, and have been measured by atomic absorption»spectropho-‘

tometry after back-extraction into an aqueous solution.

~ 3-2-1. Distribution coefficients of the metal oxinate
between sea water and 1,2-dichloroethane

Thé sensitivity of the whole method‘dependS'upon the ratio
of seawater sample to the amounts of extractive solvent and
back-extractive aqueous solution, and the success depends also
upon separability ' of the desired elements from the bulk
constituents. The method is dependent on the use of large
seawater/solvent ratios in order to achieve a concentration
effect as well as separation from the bulk constituents. When
a large seawater/solvent ratio is used, the extraction-percentages
of the metals will decrease, since the,relationéhip among the
distribution COéfficient (D), the extraction-percentage (E),
.and the volumes of organic phase (Vorg) and aqueous phase (Vé‘)

q
is given by the expression:

100 D

D + Vaq/vorg _

E =

This relationship is graphically illustrated in Fig.@I-22,.

As shown in Fig.II-2, the distribution ratios of five metals
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are approximately 1000 above pH 8.0. For subsequeht exXperiments,

a ratio of 25 is used.

3-2-2. Zephiramine concentration
Zephiramine is a positively charged large ion aﬁd has a
tendency to associate with é negatively charged ion, for
example, sulfate in seawater. Therefore, a higher concentration
of zephiramine is required for‘the extraction of metals in
seawater than in distilled water (Fig.I-23). So, 20 ml of
5 x 10"2 M zephiramine solution must be added to SOO—ml seawater

sample for complete extraction.

3-2-3. Back-extraction

In atomic absorption measurements, séme organic solvents
are not suitable to be burned in'Ehe flame because of the
formation of interfering products. To avoid such an interference
and increase the extraction efficiency, a badk—extraction
technique with an'équeous solution waé tried.

When the pH of a solution is lower'than 1, the metal ions
investigated do not form any oxinate (Fig.II-2). If 20 ml of
dichloroethane phase containing metal oxinate is shaken with
5 ml of 2 N nitric acid solution (pH < 0), the metals are
completely back-extracted.into the nitric acid phase. Finally,‘
the metal ions in the nitric acid solution are determined by

atomic absorptiometry.
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Fig. II-23. Effect of concentration of zephiramine on

extraction of metals from artificial seawater.

[Zn] = [cd] = 10 ppb, [HOX]
pH = 8.1.

Vaq = 500 ml and VOrg = 20 ml.

(a) extraction from distilled water, and

org = 1 % 10-2 M, and

(b) extraction from artificial seawater.
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3-2-4. Recommended procedure

A seawater sample is acidified with the addition of
hydrochloric acid (the final pH is about 1) and stored in
a polyethylene bottle?om52 The seawater sample (1 1) is
divided‘into two portions. Aliquots of 500 ml are placed in
l—l‘separatory funnels and the pH is adjusted to about 8.2 |
with the addition of sodium hydroxide and borate buffer solution.
Twenty ml of 5 x 10"2 M zephiramine solution is then added
to each funnel followed by 20 ml of oxine—l,2—dichloroethéne :
solution (1 x 10“2 M) . The funnel is shaken for 10 min. by
a mechanical shaker. After phase separation, each organic
- phase is combined and transferredto a 100-ml separatory funnel.
After the addition of 5 ml of the 2 N nitric acid sélution,
the funnel is shaken for 3 min. After the aqueous phase is
separated, concentration of each metal back-extracted into the
agueous phase is determined by atomic absorption spectropho-
£ometry.

The conditions of the atomic absorption spectrophotometry

are summarized in Table II-2.

3-2-5. " Calibration curve
Before use of.an artificial seawater, the metals which
are contained from the reagents uséd in preparation of the
artificial seawater53 are taken ou . by the same oxine—extraction
method as applied to seawater samples. An aliquot of 500 ml-:
of the artificial seawater is placed in a 1-1 separatory

funnel, and increments of the five metals are.added. The metals



Table II-2

Conditions of atomic absorption spectrophotometry.

Parameter ZnA o cd Ni Mn  Cu
Line used, i ’ ‘ | 2139 2289 2320 2795 | 3247
Lamp current, mA 15 ' 10 15 15' lQ
Absorption sense | : 150 200 145 240 1220
Detection limit, ppb 0.18 0.2 1.0 0.15 0.3

Atomic absorption spectrophotometer: Hitachi 207 Atomic Absorption
. Spectrophotometer ' ' ,
Flame: Air (1.8 kg/cm2, 13 1/min)-acetylene (0.4 kg/cm2, 3 1/min)

00T
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are determined by the procedure mentioned above. The calibration

curves are shown in Fig.II-24.

3-2~6. Precision of thée method
The precision of the method was tested by réplicate
analyses of known concentrations of the metals added to seawater.
After a seawater sample was analeed by thé proposed method,
known concentrations of five metals were added and recoveries
of the metéls were determined. The results are summarized in
Table II-3, and good accuracy and reproducibilities were

achieved for all metals except manganese.
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Fig. II-24. Calibration curves for the metals.



Table II-3

Recovery of metals added to seawater?

Zn cd Ni | Mn Cu
Original concentration, ug/l 5.0 + 0.2 <0.2 - <1.0 0.3 + 0.1 0.5 + 0.1
Metal added, ug/l 4.9 2.5 5.8 5.5 4.7
Recovery, %° 98 + 3 98 + 98 + 78 + 1 09 + 1
a The sample is the surface water of Mutsu Bay

b Average of 6 determinations

€0T
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3-3. Applicétion to sea water

The proposed technique was applied to the determination
of five elements in seawater. The séawater samples were
taken from the surface waters of Tachimachi in.Hakodate,
Hakodate Bay, Mutsu Bay and Eastern China Sea, and the sample
waters were acidified and stored in polyethylene bottles.
In the laboratory, the samples were analyzéd against standards
prepared in the similar matrix, and the results are shown in
Table II-4. For the metal contents of the surface waters
which were analysed, no pronounced differences could be
detected in concentration when compared with the data for

world-wide surface waters by R. Chester and J. H. Stoner?l



Table II-4

Concentration of trace metals in

surface seawater from the various regions (ppb).

Zn cd Ni Mn Cu
1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
A 6.2 6.2 6.0 <0.2 <0.2 0.2 1.5 2.0 .1.0 0.5 0.4 0.5 0.6 0.3 0.6
Hakodate Bay » ’ :
B 5.8 5.8 6.0 0.2 0.2 0.2 1.5 2.0 2.0 0.2 0.15 0.15 0.5 0.3 0.3
(Sep., 1974) , » :
¢ 6.0 6.0 6.0 <0.2 <0.2 <0.2 1.0 1.0 1.0 0.4 0.2 0.2 0.5 0.3 0.3
: A 4.0 4.2 4.8 1.0 2.0 1.0 0.2 . 0.15 0.2 0.5 0.6 0.5
Tachimachi , ' '
B 3.8 3.6 3.6 <0.2 1.0 1.0 1.0 0.2 <0.15 <0.15 0.8 0.8 0.8
(Sep., 1974)
C 3.4 3.4 3.4 1.0 1.0 1.0 0.2 0.2 0.2 0.5 0.5 0.5
A 9.5 6.3 6.3 1.0 <1.0 1.0 1.2 0.6 0.6 0.5 0.6 0.6
Mutsu Bay ' :

' B 5.1 4.8 4.8 <0.2 <1.0 <1.0 <1.0 0.3 0.3 0.2. 0.5 0.5 0.5
(June, 1972) A _

o : c 7.5 7.3 7.5 1.0 1.0 1.0 1.0 0.9 0.9 0.8 0.6 0.6
Eastern China A 4.0 4.0 4.0 <1.0 <1.0 <1.0 0.4 0.3 0.5 1.2 1.0 170
Sea B 5.5 5.3 5.3 <0.2 1.5 1.0 1.0 1.9 1.5 1.5 6.8 5.6 6.3
(Feb., 1975) ~ 3.3 3.6 1.0 <1.0 <1.0 0.2 <0.15 <0.15 0.8 0.6 0.8

S0T
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SUMMARY

PART I.

A nonextractable metal chelate,-which is a vaience—saturated
but coordination-unsaturated chelate and has not been used for
determination, separation and concentration of that metal,
changes to an extractable chelate with the addition of a
quaternary ammonium base. This finding suggests the possibility.
of extraction of many trace metals from natural waters with
good results for separation and concentration of metals,
from the bulk composition of the waters.

GHA chelate

1. The nonextractable Ca-GHA chelate can be changed to
an extractable one with the addition of zephiramlne, and the
color of the extracted. chelate is stable for at least 6 hours.

2. The ordinary nonextractable chelate has a composition
of Ca(GHA), while the extracted chelate has a composition of
Ca(GHA)z.

3. Molar absorption coefficieﬁt is 1.3 x lO4 at 530 nm,
and the proposed method is more sensitive than the previous
method, in which the molar absorption coefficient is 8 x lO3

4. Sensitivity by Sandell! S expression is 0.003 ug cm 2,
and it would be possible to determine a trace of calcium in
various natural samples.

SAPH chelates

1. Nickel Oor zinc forms a 1 : 1 unstable and nonextractable

chelate with SAPH, but this chelate changes to the stable and
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extractable chelate having a composition of M(SAPH)Z(zeph)2 in
the presence of zephiramine.
2. The ext:acted chelates of nickel and zinc have absorption
maxima at 440 nm and 425 nm, and molaf absorption coefficienfs
ére 2.4 x‘lO4 and 8.4 x 103, respectively, |

TTA chelates

1. The nonextractable chelate of nickel and cobalt,
M(TTA)Z, also changesto extractable chelate having the composition

of M(TTA)B(Q.A.B.) in the presence of a quaternary ammonium

base (Q.A.B.).

Oxine chelate
| 1. The nonextractable magnesium chelate, Mg(oxine)z,
changes to the extractable chelate, Mg(oxine)3(zeph), in the
presence of zephiramine.

2. The extraéted chelate has an absorption maximum at

390 nm, and the molar absorption coefficient is 6.5 x 103.

PART II.

A method for simultaneous extraction of five heavy metals
was achieved by using chelation.with oxine in the presence of
zephiramine. After extraction énd concentration by the proposed
method, the'five heavy metals in seawater were determined by |
atomic absorption spectrophotometry.

1. The five heavy metals in seawater, zinc, cadmium,
nickel,‘manganese and copper, are simultaneously extracted in
the presence of zephiraminé at the pH higher than 8.0.

2. The extracted‘cheléte of.Zn, Cd, Ni or Mh has a composi-

‘tion of M(oxine)3(zeph).
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3. In the proposed ‘extraction-atomic absorption spectro-=

photometric method, the detection limits are as follows:

1l

Zn 0.18 ppb, Cd = 0.2 ppb, Ni = 1 ppb, Mn = 0.15 ppb, and

Cu

0.3 ppb.

4. The proposed method has the advantages in. its speed,

relatively good precision and high sensitivity.
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APPENDIX I. ‘Apparatus used

Spectrophotometer: Hitachi Perkin-Elmer 139 UV~VIS Spectropho—
tometer and Hitachi Model 101 Spectrophotometer.

Atomic Absorption Spectrophotometer; Hitachi 207 Atomic Absorption
Spectrophotometer.

PH Meter: Hitachi-Horiba F~Sss PH Meter.

Mechanical Shaker: Iwaki Model KM Shaker.

APPENDIX II. Method for determination 6f composition of an
extracted metal chelate

In order to consider the chemical mechanism of chelate
formation, it is necessary to determine the composition‘of the
chelate formed. 1In this study, the composition of a metal
chelate is mainly determined by continuous variations method and
equiiibrium shift method.
Io-1. Continuous variations method

In this method; the concentrations of the two reaction
components are varied, while the sum of the concentration is
kept constant. The molar ratio of concentratipns of thé added
cbmponents shown at the maximum absorbance is equal to the
compositional raéio of the complex.

We consider the following extraction scheme:

v 4+ ama B ma o+ ot
‘ B n
TIPHA /liPMAn ___ag.
Il b ‘ org.
HA MA

n
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The formation constant, K, and the partition coefficients,
PHA and PMAn’ are given by the expressionst

+.n
A 11H]

K = (1)
"] Al

'[HA]org
Pun = THA] . L (2)

[ n] or
) -~ - n org : (3)
MA, ~ TMA_] |

At the system containing xC moles of the metal and (1 - x)C
moles of the reagent, let us denote the concentration of the
complex in aqueous phase [MAn] by oC, then the concentration in

the organic phase [MAn]org,ls exp;egsed as aCPMA. And, thg

equation (1) are written as follows:

aC(1l + PHA)n[H+]n
K:

[xC - aC(l + Py ) 10(1 - x)C - naCc(lL + P

(4)

. n
o) 17

Equation (4) is differentiated with respect to x at constant pH:

-

2
1 + PMA . »n (1 + PMA) ]
x - o(l + PHA) 1 -x%x - noa(l + PMA)

1
i3+

ox 9x

_ 1 + : n
x‘— o(l + PMA) 1] - x - naf{l + P

) (5)
MA :
At the extremum, 9a/3x = 0. Then, from equation (5) we obtain

1 -
X .

n =

Thus, the n in the chelate, MAn, is given by the ratio of the
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molar fractions of the components at the extremum. Fig.App.-1.
shows the typical curve for MAn. This method can be also used
to determine the composition of mixed chelate compounds as

M(A)n(B)m.

I-2. 'Equilibrium shift method
This is a highly useful method for determlnlng the comp031—‘

tion of an extracted chelate compound based on the concept of

the extraction constant. If the extraction process is described

by the equation

n+ . + ‘
M +-nHAorg —_— MAn,org + nH ’ | (6)
Kox

the extraction constant is

+.n
Lo

n-+ n
NN il

[MA ]
log K = log n_org _ npH - nlog[HA] (8)
e n
M ]
The ratio [MA ] /[Mn+] is experlmentally determined,

n-org
provided that the metal gives no compound other than MA with

the reagent. Fronm equation (8), we obtain

log D = loq_Kex + an + nlog[HA]or

Thus if the reagent concentration is varied at a constant pH

value, the plotting of log D as a function of log [HA] gives

rg
& straight line with the slope of n(Fig.App.-2). This method
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can also be successfully applied to determine the composition

of a complex of type MAan.
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- Absorbance

[M]

LMI+[HA]

Fig. App.-1l.. Determination of composition of
extracted chelate by continuous variations
method.
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logC Distribution ratio

logCHAI

Pig. App.-2. Determination of composition of

extracted chelate by equilibrium shift method. -
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