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Hexane extraction-spectrophotometry of iron(IIl)
and copper(Il) with diethyldithiophosphate (Ana-
lytical application of Q, O'-dialkyldithiophosphate I.).
Kenjiro HavasHi, Yoshiaki Sasaki, Shoji TAGAsHIRA,
Shigehiro INOMATA, Junko RikrTAKE, Yukiko HisaTOoMI*,
and Mitsuyasu Suzukr** (*Department of Chemistry,
Faculty of Science, Yamaguchi University, Yoshida,
Yamaguchi-shi, Yamaguchi, 753; **Department of
Chemistry, Faculty of Liberal Arts, Yamaguchi
University, Yoshida, Yamaguchi-shi, Yamaguchi, 753)

It was found that the addition of hydrogen peroxide
led to improvement in the reproducibility and the
sensitivity in the extraction-spectrophotometry for
iron(IIT) and copper(II) with diethyldithiophosphate
(dtp~™). As a result, the determination method for
these metal ions was investigated in the presence of
hydrogen peroxide. The iron and copper complexes
extracted into hexane gave the absorption spectra
having maxima at the wavelength of 360, 490, and 590
nm and having a maximum at 419 nm, respectively.
The optimum conditions of pH and the concentrations
of hydrogen peroxide and Kdtp for the determination
of iron at 590 nm were 1.5~3, 0.006~0.02 mol dm-3,
and 0.05~0.3 mol dm™3, respectively. And, those for
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copper at 419 nm were 0~6, 0.005~0.02 mol dm™3,
and 0.02~0.3 mol dm—3, respectively. By the extraction
into 10 cm® of hexane from 10 cm?® of the aqueous
phase containing 0.01 mol dm—® hydrogen peroxide
and 0.1 mol dm~=3 Kdtp at pH 2, (5x10-%8~3 x 10-9)
mol dm—2 iron and (2.5x10-%~1x10~%) mol dm3?
copper were extracted quantitatively and the absorbance
of hexane phase against pure solvent followed Beer’s
law. The molar absorptivities of the iron and copper
complexes were 3.54x10® (at 590 nm) and 1.26 x 104
mol~! dm? cm~! (at 419 nm), respectively. The inter-
fering ions in the determination of iron were copper(11),
cadmium(II), lead (II), silver(I), and oxalate. And,
those ions for copper were cadmium(II), lead(II),
silver(I), tellurium(IV), and osmium(VIII). The
ligand was hardly oxidized with hydrogen peroxide at
the above conditions, the effect of the addition of
hydrogen peroxide may be due to suppressing the
reduction of metal ions with dtp~. [Fe(dtp)s] was
estimated as a species extracted on the basis of the
relation between the distribution ratio of iron and the
ligand concentration. The distribution constant and
the overall formation constant for this complex were
also determined as 51.9 and 1.95x 104, respectively.
The extraction mechanism for copper was complicated.
(Received December 28, 1983)

Keyword phrases
hexane extraction-spectrophotometry of iron (I1I) and
copper(Il); with diethyldithiophosphate and hydro-
gen peroxide; formation constant of tris (diethyl-
dithiophosphato) iron(III) complex.
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Schematic diagram of apparatus

(a) Carrier gas, Hz; (b) Injection port; (c) Sepa-
ration column; (d) Furnace; (¢) Hydrogenation
tube; (f) Splitter; (g) Absorption solution; (h)
Microtube pump; (i) Pulsation buffer tube; (j) Gas
absorption tube; (k) Chloride-selective electrode;
(1) Bromide-sclective electrode; (m) Saturated calo-
mel electrode; (n) Column packed Ag; (o) Flame

ionization detector
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Fig. 2 Chromatogram of mixture of chlorine and
bromine compound

(1) Solvent, (2) Bromochloromethane, (3) 1-Chloro-
pentane, (4) I-Bromopentane, (5) 1-Nonane; (a)
Chloride-selective electrode detector, (b) Bromide-
sclective electrode detector, (c) Flame ionization
detector
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Fig. 3 Flow diagram for obtaining products of
hydrogenation
(a) Carrier gas, H:; (b) Column, Durapak-low &/,
60°C; (c) Furnace, 900 °C; (d) Hydrogenation
tube;  (e¢) Column, Porapak Q, 60°C; (f) Flame
ionization detector
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Fig. 4 Products by hydrogenation of test com-

pounds

(a) 0.1yl of 1-pentane; (b) 0.1l of benzene; (c)
lpl of pentane containing 10-* mol/ml both of 1-
bromo-4-chlorobenzene and 1, 4-dibromobutane
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Table 1 Atomic ratios of chlorine-bromine and carbon-bromine in halogen compounds
Sample CHBrCl,»’ CBrCl3» C3H;sBr,Cl® C4H3Br,;® C:H;:Br.Cl.® C;HBr,Cl3 C2Br;CIF3®
Reference comopund 1 11 HI v v v 1
1.94 3.01 0.58 —0.19 0.95 1.57 0.53
1.31 g(z)g 8.57 -0.27 0.95 1.5(3) g.iz
. 1.95 . .52 —-0.29 1.05 1.5 .45
’(‘é‘l’}‘gf) ratio found 1.99 3.15 0.58 ~0.35 0.9 1.55 0.53
1.97 3.13 0.52 —0.42 0.95 1.54 0.49
1.98 3.15 0.58 —0.41 0.94 1.55 0.51
1.91 3.00 0.48 —0.41 0.98 1.54 0.47
Average X 1.95 3.10 0.55 —0.33 0.969 1.54 0.50
Std. dev. 0.032 0.086 0.040 0.088 0.038 0.022 0.031
Atomic ratio 2 3 0.5 0 1 1.5 0.5
Deviation —0.05 0.10 0.05 —0.33 —0.031 0.040 0.000
1.04 1.01 1.45 2.01 0.99 .94 1.03
1.07 l.g 1.52 2.£ 0.97 o.g }.g}
L 0.97 0. 1.5 1. 1.02 0. .
Aé‘}‘g‘; ratio found 1.09 1.02 1.62 1.77 0.96 1.04 1.07
(C/Br 1.11 1.03 1.68 1.64 0.96 0.97 1.07
1.04 1.07 1.56 2.07 0.95 0.95 1.10
0.97 0.99 1.68 1.66 0.95 0.99 1.12
Average ¥ 1.04 1.02 1.58 1.88 0.97 0.96 1.06
Std. dev. 0.055 0.038 0.086 0.202 0.025 0.042 v 0.043
Atomic ratio 1 1 1.5 2 1 1 1
Deviation 0.04 0.02 0.08 —0.12 —0.03 —0.04 0.06

a) Bromodichloromethane; b) Bromotrichloromethane;

IT : 1-Bromo-2-chloroethane; III : 1-Bromo-3-chloropropane;
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Fig. 5 Calibration curves for bromochloromethane

(a) Br channel; (b) Cl channel; (¢) C channel
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¢) 1,2-Dibromo-1-chloropropane;
1,2-dichloroethane; f) 1,2-Dibromo-1, 1, 2-trichloroethane; g) 1,2-Dibromo-1-chloro-1,2,2-trichloroethane;

d) 1,4-Dibromobutane; ¢) 1,2-Dibromo-
I : Bromochloromethane;

IV : 1-Bromo-4-chlorobenzene
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Gas chromatographic determination for atomic
ratio of chlorine, bromine, and carbon in halogen
organic compounds. Yoshimitsu Seo (Department
of Industrial Chemistry, Faculty of Engineering, Kyoto
University, Yoshida-honmachi, Sakyo-ku, Kyoto-shi,
Kyoto, 606)

Atomic ratio of C/Br and Cl/Br in various halogen
organic compounds was determined by gas chroma-
tograph with a detecting system consisted of conventional
hydrogen flame ionization detector and dual ion-
selective electrode of chloride and bromide. Com-
pounds eluted from a GC column (Durapak-Carbowax
400/Porasil C, 100~120 mesh, 1000 x 3 mm, i.d.) are
passed through a heated silica tube (1000 x 0.5 mm i.d.)
packed with platinum wire, where they undergo a
hydrogenolysis, and chlorine compounds are converted
to hydrogen chloride, bromine compounds to hydrogen
bromide and carbon compounds, to methane. The
decomposition gases are split into two parts (1 :1).
One part is passed through a granular silver absorber
which removes hydrogen chloride and hydrogen bro-
mide from gases and introduced a flame ionization
detector cell. Another is passed through a dual ion-
selective electrode detector cell, and the concentration
of chloride and bromide was determined. Since the
response of the flame ionization detector was directly
proportional to the number of carbon in molecule, C/Br
or Cl/Br ratios were determined for seven bromo-
chloroalkanes. Fairly good agreement was found
between the theoretical and found values.

(Received November 25, 1983)

Keyword phrases _
determination of C/Br or Cl/Br ratio in halogen organic
compound; gas chromatograph with FID and dual
1on-selective electrode of chloride and bromide;
simultaneous detection of chlorine, bromine, and
carbon.
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