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ABSTRAK

Pengekstrak amonium pirolidina-ditiokarbomat (APDTC) dan metil-isobutil-keton (MIBK) didapati lebih
berkesan dengan penambahan n-butilamina terutamanya untuk analisis ion-ion Cd(Il) dan Zn(II).
Pengekstrakan ion-ion logam bivalen adalah fungsi pH dan kepekatan APDTC dan n-butilamina. Ion-ion
Cd(11) dan Zn(1l) menunjukkan isyarat nyalaan spektrometrik yang tingg: masing-masing pada julat pH
7 hingga 12 dan 2 hingga 12 apabila pengekstrak APDTC-n-butilamina-MIBK digunakan untuk meng-
ganti APDTC-MIBK. Isyarat yang lebih tinggi ini boleh ditafsirkan dalam sebutan pembentukan aduk
amin sinergt dan/atau kesan pelarut campuran.

ABSTRACT
Ammonium pyrrolidine-dithiocarbamate (APDTC) and methyl-isobutyl-ketone (MIBK) extractant were
Jound to be considerably improved by the addition of nbutylamine especially for the chemical analysis of Cd(II)
and Zn(II) wns. Solvent extraction of the bivalent metal ions is a function of pH and the concentration
of APDTC and nbutylamine. Cd(II) and Zn(Il) ions exhibit considerable flame spectrometric signal
enhancement for pH ranges from 7 to 12 and 2 to 12 respectively when APDTC-nbutylamine-MIBK was
used as the extractant in place of APDTC-MIBK. The signal enhancement observed may be interpreted

in terms of the formation of synergistic amine adduct and/or mixed solvent effect.

INTRODUCTION
Ammonium pyrrolidine-dithiocarbamate (APDTC)
and methyl-isobutyl-ketone (MIBK) is one of the
most commonly used extraction systems for
preconcentration of trace metal for AAS. APDTC
was reported to be able to complex with some 30
elements and most of these complexes can be
extracted into organic solvents (Kirbright and
Sargent 1974; Zolotov et al. 1982). Due to the
instability of the metal- APDTC complex, back
extraction with acid was recommended (Danielson
et al. 1978; Sturgeon et al. 1979). However, its use
is limited as it suffers from slow kinetics and non-
quantitative recovery of metal ions in organic
phase (Sturgeon et al. 1979). To overcome these
problems, another back-extraction method using
a dilute mercury (II) solution instead of mineral

acid was proposed (Lo e al. 1982). Back extrac-
tion generally requires an extra step in the
analytical procedure.

Recently, we added primary amine to
APDTC-MIBK extraction system and extracted
certain bivalent metal ions. The analysis with
flame AAS shows considerable signal enhance-
ment for the extraction of Cd and Zn ions.

The use of alkylamine especially the long
chain high molecular weight for the extraction of
metal ions has been widely reported (Clark and
Viets 1981; Zolotov 1970). The use of short chain
amine, however, is rarely reported. Umland and
Hoffman (1957) and Luke (1956) reported the use
of primary amine n-butylamine as additive to
chloroform in order to improve the extraction of
alkaline-earth 8-hydroxyquinolates. Scribner and
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Kotecki (1965) followed by photometric analysis
extracted trifluoro acetylacetonates of bivalent
metal ions with chloroform containing some
isobutylamine. Zolotov et al. (1982) had considered
that amines could be used as solvents to extract
metals from their iodide solutions.

In this paper, an attempt is made to report
work done using n-Butylamine-APDTC-MIBK
extractant for the extraction of trace metal ions
of Cd, Zn, Pb and Cu, by flame AAS analysis.
The emphasis of the work will be on the solvent
extraction of Cd(II) ions.

MATERIALS AND METHODS

Material and Reagents

MIBK, nitric acid, ammonia solution, sodium
hydroxide were of Analar Grade and were used
without further purification. Spectrosol Grade
APDTC was used directly. N-Butylamine was
redistilled before used.

One percent (W/V) APDTC was prepared
by dissolving 1 gm APDTC in 100 ml volumetric
flask containing 0.5 ml conc. NH,OH. The solu-
tion was then topped up to 100 ml and filtered.
The APDTC solutions were prepared fresh daily.

Stock solution of 1000 ppm Cd was prepared
by dissolving the pure metal in minimum amounts
of nitric acid while 1000 ppm Cu, Pb and Zn were
prepared from their nitrate salt (AR Grade). The
stock solution was standardized by EDTA titra-
tion.

Deionized distilled water was used for all
dilution and rinsing purposes.

Solvent Extraction

Fifty ml of solution containing known concentra-
tions of metal ions and APDTC was transferred
to a separatory funnel containing 10 ml of the
organic solvent mixture. This mixture contains
known amounts of MIBK and nButylamine. The
solution was hand-shaken for 1 minute and phases
were allowed to be equilibrated for 5 minutes
before phase separation was carried out. The pH
of the solution was adjusted by NaOH or HNOS.

Ionic strength was adjusted to 0.1 M by
KNO3 when necessary.

Atomic Absorption Spectrophotometer
(Model IL 651) was used for metal ions analysis.
The absorbance units obtained were background
subtracted using the signals output of the reagent
blanks.

RESULTS

Extraction as a Function of pH

Extraction efficiency of APDTC (0.02%)- n-
Butylamine (0.5%) - MIBK for metal ions such
as Cd(II), Cu(Il), Pb(II) and Zn(II) ions was
assessed and compared with those of APDTC
(0.1%)- MBIK under various pH conditions.
Only the absorbance unit of signal output was
sed. Results show that APDTC-n-Butylamine-
MIBK and APDTC-MIBK extraction systems
have similar pH dependence curves for the extrac-
tion of Cu(II) and Pb(II) ions between the pH
range of 2-12. However, for the case of Cd(II),
both extraction systems produce similar pH
dependence curves only at a pH range of 2 to 7
(Figure 1). From pH 7 onwards, APDTC -n-
Butylamine-MIBK system produces higher
relative signal output and the signal increases
sharply from pH 10 to 12. As for APDTC —
MIBK extraction system, its output signal
decreases from pH 7 onwards. A near 4-fold signal
enhancement was observed when APDTC-
nButylamine-MIBK was used at pH 2 as com-
pared with the signal obtained via APDTC-MIBK
system (Figure 1).
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Effect of pH on the Flame AA Signal for the extraction of
1 ppm Cd(11) using the following extractants:
® (0.1%) APDTC - MIBK,
A (0.02%) APDTC - (0.5%) n-Butylamine - MIBK

Fig. 1:

Figure 2 shows that the extraction curve for
Zn(II) ion is also pH dependence. The APDTC
nButylamine-MIBK system produces enhanced
zinc signals output as compared with those deriv-
ed from APDTC-MIBK system over the pH
range of 2-12.

96 PERTANIKA VOL. 13 NO. 1, 1990



ENHANCEMENT OF CADMIUM AND ZINC FLAME SPECTROMETRIC SIGNALS

- T T
‘/‘_A A A
8 A /.\ i
. .
Y
0.6 I il
"
2
<
o
4
o
2 o04r 7
<
.
l\.
—
S
0.2 - N
1 L 1
4 8 12

pH
Fig. 2:  Effect of pH on the Flame AA signal for the extraction of 1
ppm Zn(11) using the following extractants:
W Aqueous solution (before extraction)
® (0.1%) APDTC - MIBK
A (0.02%) APDTC - (0.5%) n-Butylamine - MIBK

Effect of n-Butylamine

Effect of varying the amine concentration in
organic layers was carried out. A sharp increase
was observed in the absorbance unit as % amine
increases to 1% and levels off as amine concen-
tration increases further. A Langmuir type of con-
centration isotherm was observed. The variation
of amine concentration was similarly carried out
in the aqueous layer as a possible complexing
agent rather than as a diluent. As expected, a
Langmuir isotherm was observed up to a certain
amine concentration. After the addition of 5%
amine, there was a slight decrease in absorbance
unit. It was due to the dilution of the organic layer
with increasing amount of amine added to the
aqueous layer. The optimum concentration of
amine required in the presence of 0.02% APDTC
for the extraction of 1 ppm Cd(II) ion is 0.5%.

Effect of Varying APDTC

Efficiency of Cd extraction via MIBK was assess-
ed by varying APDTC in the absence and
presence of n-butylamine. Results in Table 1 show
that in the absence of the amine, the absorbancg
increases steadily from 1 x 10 %% to 1 x 107"
However, in the presence of 0.5% n-Butylamine,
the absorbance unit increases sharply from 1 x

10"’ to 5 x 10" *% APDTC and remains con-
stant up to 1 x 10~ '%. The signal output was
enhanced by about 80% when amine was used
indicating that APDTC-amine-MIBK is a more
superior extracting system as compared to
APDTC-MIBK. Another advantage is that the
amount of APDTC used can be considerably
reduced by as much as 3% fold when 0.5% n-
Butylamine is used.

TABLE 1
Effect of varying the amount of APDTC for the
extraction of 1 ppm Cd(II) ion in the absence
and presence of n-Butylamine at pH 4.5
and 10.0 respectively.

APDTC (%) Without With
Amine 0.5% Amine

1.0 x 1077 0.02 Abs. 0.09

1.0 x 10°* < 0.21

5.0 x 10~* 0.13 0.59

1.0 x 1073 - 0.60

5.0 x 1077 0.13 0.60

1.0 x 1072 0.13 0.60

5.0 x 1072 0.18 0.60

1.0 x 107! 0.33 0.60 Abs.
Abs = Absorbance

Calibration Curve

Figure 3 depicts the calibration curve for Cd in the
concentration range of 0.01-1 ppm with and
without a solvent extraction step. The greater
sensitivity of the Cd calibration curve using n-
Butylamine-APDTC-MIBK system for metal
extraction followed by flame AAS analysis as com-
pared to the one obtained directly via aqueous
solution is clearly demonstrated. However, cau-
tion has to be exercised as linearity of the curve
is only below 0.25 ppm.

It is, however, worth noting that the amine
system produced readable signals with con-
siderable degree of linearity at a range of 0.01-0. 1
ppm while the Cd signal was barely detected via
direct nebulization of the aqueous sample contain-
ing < 0.05 ppm Cd. This does allow trace analysis
of Cd of down to ppb level using Flame AAS via
solvent extraction of n-Butylamine-APDTC-
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Fig. 3:  Calibration graph of Cd(11):
(a) aqueous solution (before extraction)
(b) (0.02%) APDTC - (0.5%) n-Butylamine - MIBK

MIBK extractants and the use of a preconcentra-
tion factor of 5 and more.

DISCUSSION

The explanation of the above finding would be aid-
ed by an understanding of the complexing proper-
ties of the dithiocarbamate in the presence or
absence of n-Butylamine and the stability constant
of its metal complexes.

The dissociation of APDTC is favored at pH

> 3.29 and is as shown

S
Y
—c/ +NH:

\S_

pKa 3.29|

APDTC

RN
[fang
(PDTC ™)

The complexing properties of dithiocarba-
mates are directly connected with the presence of
‘two donor sulphur atoms which determine the
nature of the metal that can be bound and the
strength of the complexes formed (Hulanicki
1967). The decomposition of PDTC to CS 2,takes
place under strongly acidic condition (Scharfe et
al. 1973). Solvent extraction of metal complexes
can be summarized as follows:

QaQ

M"™ " nPDTC~ ==M(PDTC)_
M + nPDTC™ + Am==M(PDTC) (Am)

M(Am)(PDTC)_

Am = nButylamine (non-protanated)

In the APDTC-MIBK system, metal com-
plexes of M(PDTC)n or M(PDTC)2 for bivalent
metal ion, are extracted into MIBK. In APDTC-
nButylamine-MIBK system, the presence of
nButylamine would encourage the formation of
ion association complex of amine adduct: either
in the form of M(PDTC), Am or M Am(PDTC),
where M is divalent. In the latter complexf
PIDTC"™ acts as a counter ion. No effort is made
to identify the nature of the adduct extracted
by MIBK.

For the case of Cu and Pb, the extraction of
its metal complexes produce similar results over the
pH range of 2-10. It may mean that Cu(PDTC),
and Pb(PDTC) complexes are stable and effi-
ciently extracted by MIBK as inferred from its
stability constant (Log B2: Pb(PDTC)2 = 16.8;
Cu(PDTC), = 29.5) (Scharfe et al. 1973;
Hulanicki 1967). The presence of nButylamine
exerts no significant effect on its extraction.

However, under similar conditions, the ex-
tractions of Cd and Zn complexes exhibit a dif-
ferent behaviour (Figures 1-2) probably because of
the smaller value of stability constant (log f2
(Zn-PDTC) = 9.8 — 10.4, P2for Cd-PDTC is
not reported). Although there is a lack of reliable
reports on the stability constant of the amine
adduct of bivalent metal ions, certain predictions
can be made with regard to the stability of the
adduct. The presence of amine probably stabiliz-
ed with Zn and Cd dithiocarbamate complexes by
forming a more stable amine adduct.

These explain why signal enhancement was
observed for Cd from pH > 9 where nButylamine
(pKa 10.77) are deprotonated and have lone pair
electron available for the formation of ion associa-
tion complex of amine adduct. The observation
of the larger than usual signal enhancement at
alkaline condition indicates that the amine adduct
formed is synergistic in nature. However, the
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mechanism of synergism is unclear. In the case
of Zn, signal enhancement was observed over a
larger pH range (pH 2-12) indicating that besides
the synergistic amine adduct formed, other effects
may also play a part. This effect may be the mix-
ed solvent effect whereby Zn(PDTC), may be
doubly extracted by amine and MIBK diluents.
This mixed solvent effect probably exerts a con-
trolling role especially under the acidic condition
of pH 2-6 where the formation of amine adduct
would not be encouraged.

This work shows that there is an advantage
of using APDTC-nButylamine-MIBK system for
the extraction and analysis of Cd(II) ions in
strongly alkaline conditions. The extraction and
analysis of Cd may prove otherwise futile under
such a condition since hydrolysis would set in. For
the extraction and analysis of Zn(11) ions,
enhancement was good over a wide pH range of
2-12 and the signal outputs after background sub-
traction were excellent when APDTC-nButyla-
mine-MIBK extraction system was used.
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