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Abstract : Solvent extraction of Ni(Ill) into a chloroform by wusing salen[N,N’-Bis (salicylidene)-
ethylenediamine] as a ligand has been studied. Salen was synthesized from ethylenediamine and
salicylaldehyde by simple condensation reaction in an ethanol. Salen formed a 1 : 1 complex with Ni(I)

5.12

and its extraction constant was 10™°. For the determination of Ni(II) in sea water samples, some

experimental conditions such as pH of solution, amount of salen, acid type and concentration for back
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extraction, extraction time, and influence of foreign ions were optimized by using a synthetic sea water.
The sea water of which the composition was similar to a natural sea water was synthesized in this
laboratory. Trace Ni(II) was extracted into the chloroform in the weak basic solution above pH 8. And
the nickel could be quantitatively extracted with the concentration of salen higher than 1.2 x 10 mol/L.
This concentration was more than 180 times of Ni(II) in the solution with a mole ratio. Real samples
of Korean coastal sea water were analyzed under optimized conditions. Even though Ni(II) was not
detected in these samples. Recoveries more than 98% were obtained in the samples which 40 ng/mL
of Ni(Il) was spiked. And detection limit of proposed method was 1.3 ng/mL. From these results, it
could be known that salen of this type would be applied for the determination of trace metals as an

organic chelating reagent.

Key words : Ni(Il), salen, solvent extraction, AAS, sea water
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Fig. 1. Synthesis of salen.

o e H Mz

2. 2. AlS{HE]

=2ERod

Salens AHE3IY Ni)S FE3he AR F&244
= g 2o FHyoz AT 30 mgL Ni(l)
(NIST SRM, USA)°] =A43l= 0.1 mol/L NaCl £
25 mLol $H5-89 1 mLE H7lste 899 pH =
A& HAH3Elde; Salend F71871<] DMF (Baker
Co., USA) =91 &HS Apdel] FH|sle] 8-
A Fe FE A /A FA o] A salen
S SANGFO R AMBSle FHIE SR EAshe
F4:0]L8 25 mL FEEFEE (HPLC-grade, Baker Co.,
USA)C. 2 3Z3}9th Nisalen ZEo] &9 22
¥EOZHH 01 mol/L ZEAFMERCK, Germany) 25
mLE 9FE% U5 NiD] 35S dAFTER7Y]
(model 2380, Perkin-Elmer Co., USA)E =A3}3ct i
EYXE AN dHY EFEHE AHEat] AAF
Ao NiDE AFth F718m2 F25A &

—’F%C—’EOﬂ Holde NiDe] 42 Ase F&Hd

g Pk

=
_g_ LR 1 zxﬂo}@q Table
€59 BFEE B AYPdA =
b

40 ng/mLA Ni()o] &% 100 mL <1335l
2.6x10° mol/L salen 10 mLE 231, pH 9] KCI/H;BOy/
NaOH $+5-89 10 mLE #7lstd &9 pHE =4
3tk o] &8 WE 250 mL EAZw 7o) &7 %,
10 mL E22¥EL FH7F89th 18]3 mechanical
shaker®] 4] 245 pm¢] £E2 1027F £50] FAuth 4

Vol.17, No.6, 2004

o] &% s F FrIF A &l

& 483

B

G4t {718uhe] el 98 o 3083t BHE o
& f714olE 29 NS A 0.1 mol/L ZAHe:

galo] %% gk 2 NADS FI YA}
+E712 AR ST AAFFERTS &
21&

Table 29 )3T

H
OH'I ]Iloit

Table 1. The major and minor constituents of sea
water and its molar concentration

El . dissolved”  sea water synthetic sea water
ement
species mol/L mol/L
Sodium Na* 3.7 x 10" 4.6 % 10"
Chlorine cr 55%10" 54x%10"
Magnesium  Mg™ 53 x 107 52x 107
Potassium K 9.72 x 10 9.7 x 10°
Calcium ca* 1.03 x 107 1.9 x 102
Strontium S 9.13 x 10° 1.5 x 10"
Sulphur SO 2.82x107 2.8 x 107
Carbon HCO® 233 x10° 23 x10°
Bromine Br 8.39 x 10™ 8.3 x 10"
Boron B(OH);  4.06 x 10 43 x10*

"Douglas A. Segar, “Introduction to OCEAN SCIENCES",
Wadsworth, Belmont, USA, 1998.

Table 2. Operating parameters of atomic absorption
spectrophotometer (model 2380 AAS and HGA-
400 programer Perkin-Elmer Co. USA)

Instrumental Parameter

Wavelength 232.0 nm
Band width 0.2 nm
Signal mode absorbance

Heating program for graphite tube

Drying 120 T @3, 3)
Charring 1200 C @, 6)
Atomization .

2700 C (2, 12, 3)
Cleaning

“The numbers in parenthesis are ramping time, holding
time and read time respectively.
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Table 3. Experimental data of the solvent extraction of
Ni(Il) by using salen

[salen]uged [salen’]eq Nilq Niloe D log Ke
1.78x10*  1.04x107 1.73x10™ 1.67x10* 0.9649 4.97
221x10"  7.37x10° 1.27x10* 2.14x10* 1.6880 5.36
265x10*  2.42x10° 1.00x10* 2.40x10* 2.3939 4.9
3.07x10%  3.87x10° 7.20x10° 2.69x10™ 3.7324  4.98
350x10*  5.09x10° 4.16x10° 2.99x10* 7.1951 5.15
3.92x10*  7.49x10° 2.33x10° 3.17x10™ 13.608 5.26
average : 5.12
3. 2. 772049 MH
Ao FAE Nisalen FES &0 FE3+=
AL 5ot 2 538 MEYAE /A AR
FEH BALAE 29 2 FF57] Aotk a8n
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Fig. 3. Steps involved in solvent extraction of Ni(Il) with
salen.
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Ni*" : 40 ng/mL

E%

ccl,

Type of Solvent

Fig. 4. Extraction efficiencies according to the type of
solvent. Dielectric constants CH>Cl»:9.14, CHCl;:
4.807, CCl4:2.24, n-hexane:1.89, m-xylene:2.359,
ethyl acetate:6.081.
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Fig. 5. Effect of equilibrated pH on the extraction of Ni(Il).
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Fig. 6. Optimum concentration of salen for the formation
of stable Ni-salen complex.
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Fig. 7. Effect of equilibrated pH on extraction of Ni(Il)
in the presence of ClO4 ion or not.
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Table 4. Tolerance limits of some foreign ions for the
determination of Ni(I) in sea waters

Foreign "Average concentration Studied Tolerance limit

ions in sea water(mg/L) (mg/L) (mg/L)
Ca®' 412 x 10° 1.0 x 10° -

Mg** 129 x 10° 3.0 x 10° -

Co™ 3 % 10° 10 -

Zn®" 5 x 10" 10 -

Mn** 2 x 10* 10 -

Fe* 2 x 10° 10 1

cu®* 1 x 10® 10 1

" “Introduction to ocean science” D. A. Segar, USA, ITP,

1998, p118

- Not interfered element.

J

N0

sl gollA HAHFE xAow Iu|Fo NS
A3 AR Table 59 JERRATE AEE AFHE
ZA 10 Lo Algol 10 mLe] 3 Aaks Hrls)
A2t NE F EASH: FEoU &5 47
R e o B 7 = e A e
o 40 ng/mL®} Ni()& A7} & F 94 ~

104%9) 35S 4& 4 ST

2,
fl oo
Y

Lo 1o 2 o A

Table 5. Analytical results of nickel in real samples by
the proposed method

Ni added Ni found RSD  recovery

Sampl
ampre ng/mL ng/mL % %
0.00 0.00 - -
Daechon
40.0 42.0 4.04 104
0.00 0.00 - -
Kanghwa
40.0 38.3 3.46 96
0.00 0.00 - -
Gamchusa
40.0 374 4.42 94

" Number of analysis n = 5
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