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Table 1 Electrolyte systems
System
Electrolyte
’ o an (111)
Leading Anion NO;- NO;- OH-
Concentration 5mM 5mM 5 mM
Cation Ccd{n Cd(II) Ca(lI)
Additive Acetone Ethanol —
Terminating 5 mM of hexanoic acid
2.3 # #

BA v rwKT 2~5 WV &, DDA V7%
\w/v% CHERLEOBRE (10 pl IF)Z~f 77
) v TEBREALL. REEHA A VOBERIRD X
yriEmIhs PU EOR V. PU fE=(Ps—PL)/
(Pr—PL), Ps, Pp. Pt 3K 4K, VY —F 4 v ITAA
v, B—31FNAAF VOBMZOIRETDS.
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Table 2 PU values of chloride and sulfate ions

PU values
Solvent/%
Chloride Sulfate

Acetone
0 0.03 0.06
10 0.05 0.12
20 0.06 0.18
30 0.08 0.21
40 0.17 0.43
50 0.27 0.55

Ethanol
10 0.06 0.12
20 0.10 0.23
30 0.11 0.30
40 0.12 0.48
50 0.13 0.62

Each solvent was added in leading electrolyte solution.
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Electrophoregrams of chloride and sulfate
ions in the sample ink, black (1)

(A) : Chloride, (B) : Sulfate; Sample : 10pl of 2%
aqueous solution of black (1); Migration current :
100 pA {both (a) and (b)}; Electrolyte system : (I)
(in Table 1); (a) : Added acctone 20 % to leading
electrolyte; (b) : Added acetone 40 9% to leading
electrolyte
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Fig. 2 Electrophoregrams of chloride and sulfate

ions in the sample ink, black (1)
(A) : Chloride, (B) : Sulfate; Sample: 10pl of 2%

aqueous solution of black (1); Migration current :
(a) 100 pA, (b) 75pA; Electrolyte system : (II) (in
Table 1); (a) Added ethanol 20 % to leading clec-
trolyte, (b) Added cthanol 40 % to leading electrolyte
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Fig. 3 Electrophoregrams of chloride and sulfate
ions in the sample ink, black (1) and
yellow

(A) Chloride, (B) Sulfate; Sample: (a) 10pl of 2%
aqueous solution of black (1), (b) 20pl of 1%
aqueous solution of yellow; Migration current : 150
pA {both (a) and (b)}; Electrolyte system : (III)
(in Table 1)
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Table 3 Determination of chloride and sulfate ions in the sample ink
Sample Black (1) Black (2) Black (3) Red Yellow Blue
Electrolyte system®’ IIX III IIT I I I
(Solvent/%) (-) (=) =) (20) ) (20)
Migration current/pA 150 150 150 100 150 100
Chloride/% 0.85 0.23 0.19 2.4 0.79 0.17
Sulfate/% 0.90 0.31 0.22 0.81 0.50 0.38
pH 8.9 9.4 9.5 7.1 7.6 6.3
(Concentration® of the sample) (2 %) (5 %) (5%) (1 %) (1%) (1 %)
Results by other methods
Chloride/%¢°? 0.98 0.28 0.27 2.5 1.1 0.20
Sulfate/% 1.1 0.53 0.40 1.2 0.81 0.41

a) Shown in Table 1; b) :w/v % of aqueous solution; c) Potentiometric titration analysis;

d) Gravimetric analysis
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Determination of chloride and sulfate ions in
water-soluble ink for ball-point pens by capillary
tube isotachophoresis. Shoji Mural, Takami
Ozawa, and Yasuyuki Makr (Industrial Research
Institute of Kanagawa Prefecture, 3173, Showa-
machi, Kanazawa-ku, Yokohama-shi, Kanagawa, 236)

It is very important to know the amounts of Cl-
and SO, in water-soluble ink for ball-point pens
because large amounts of these ions cause various
troubles such as blurring and precipitating. The capil-
lary tube isotachophoresis has been applied to the
simultaneous determination of Cl- and SO,2- in ink.
In order to determine the optimum conditions for the
separation of these ions, three electrolyte systems have
been investigated; (I) : the leading electrolye (L)
contains 5 mM cadmium nitrate and acetone, the
terminal electrolyte (T) contains 5 mM hexanoic acid,
(IT) : (L) 5mM cadmium nitrate and ethanol, (T)
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5 mM hexanoic acid, (III): (L) 5 mM calcium hydroxide,
(T) 5mM hexanoic acid. Cl- and SO~ in the standard
solution are determined successfully with each electrolyte
system. For both electrolyte (I) and (II), the more
the amount of solvent increases, the more the potential
unit (PU) values of Cl- and SO,*" increase, and there-
fore, these ions are separated more clearly. PU values
vary as follows : no organic solvent, Cl~: 0.03, SO":
0.06, 50 9, of acetone, 0.27, 0.55, 50 % of ethanol,
0.13, 0.62. In case that 20 9% of acetone or ethanol
is added, Cl- and SO~ in ink can be separated and
determined. Adding above 30 % of these organic sol-
vents, SO,2~ is separated from CI~ but not separated
from the sulfinate dyes in ink. The dyes become
insoluble in the electrolyte (I) and (II), and stick to

W&, KR, W, ik k- kK ERGERRREIS2FIAT 3 EAREOREERE 233

the capillary tube and detector as each electrolyte is
acidic. On the contrary, electrolyte system (III) which
is basic gives good results for basic ink. Cl~ and SO~
are separated without interferences of the dyes. PU
values are also high (Cl- :0.24, SO.2~ :0.32). The
detection limit of Cl- and SO2~ by the present method
is 3 ppm.
(Received November 7, 1983)

Keyword phrases
capillary tube isotachophoresis; simultaneous deter-
mination of chloride and sulfate ions; investigation
on leading and terminal electrolytes; water-soluble
ink for ball-point pen.
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