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Determination of Low Level Concentration of Sulfur Dioxide
or Sulfite in the Air and Water

Shizuo Tsunocar*, Masateru Hiravama* and Hiroki IcHIRAWA*

Abstract

A new colorimetric method for the determination of sulfur dioxide in the
unpolluted air or sulfite in water has been developed, being based on the finding
that sulfite in the EDTA solution is stable for a couple of days. Sulfur dioxide in
the air is absorbed into 25 ml of a solution containing 1 mM EDTA, 5 mM
NaHCO; and 0.05 M NaN, by bubbling for one or two hours with a flow rate
less than 1.5 1/min. Water samples are also stored after the addition of the
EDTA-NaN, solution. Within a day after the sampling are added 4 ml of
0.08 g/1 p-rosaniline solution in 0.05 M HCl and 2.0 M H,PO,, and 1 ml of 1.29%,
formaldehyde solution to 20 ml of the sample solution. The absorbance at
560 nm is measured after 35 min. The sensitivity was 0.2 ppb for sulfur dioxide
in the air or 1 ppb sulfite-S in water.
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Table 1. Ozidation rate of sulfite in solutions (after Tsunogai®).

. |
Solution % Water temp. I Rate constant

Metal | EDTA . .

ppm J mM | C J hr
Deionized water ’ L g0 0.009

- 0.1 20—25 0. 0002
Fe, 1 — 25 >4.9
Fe, 1 0.1 20—25 0.008
Fe, 0.1 - 25 0.36
Fe, 0.1 — 20 0.29
Fe, 0.05 — 15 0.13
Cu, 0.1 — 20 0.27
Mn, 0.1 — 20 0.12
Al, 0.1 - 20 0.086
Co, 0.1 - 20 0.057
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Table 2. Effect of NaHCO, on the oxidation of sulfite by bubbling the air.

Lapse of time
NaHCO, obr | 1hr 2he | 3hr | 5 | 2br
mM
Sulfite 10-5 M
3.7 3.7 3.3 2.9
1 3.7 3.1 2.8
(3.6) (3.7) (3.7 (8.7
3.7 3.7 3.7 3.6 3.3
5 3.7 3.7 3.4 3.1
(4.0) (3.9) (3.9 (3.8)
3.7 3.7 3.6 3.4
10 3.5 3.5 3.4
(4.0) (¢.1) (4.1) 4.1)

Solution: 25 ml containing 1 mM EDTA and about 4x10-*M sulfite at the start
of experiment.

Bubbling air: free from sulfur dioxide.

( ): Values obtained by allowing to stand.

Table 3. Interference of nitrite and its removal by sodium azide.*

NO; NaN, SO; found
ppm** M 105 M
0 0 1.98
0 0.05 2.00
0.04 0 0. 92
0.04 0.05 2.03
0.04 0.1 2.00
0.08 0 0.35
0.08 0.05 1.97
0.08 0. 1.98
* Initial solution contained 1 mM EDTA and about 2x10-5 M
Na,S0,.

** Concentration in the air calculated by assuming the flow rate
of the air of 1//min and the duration of sampling of 1 hour.
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Fig. 1. Sampling bottle for sulfur Fig. 2. Calibration curve for the colorimetric determina-
dioxide in the air. tion of sulfite in water.
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Table 4. Sulfur diowide in the air and sulfite in rain at Faculty of
Fisheries, Hokkaido University, Hakodate.

EDTA method TCM method
: . S0,-S . . S0,-S
amplin, 2 ng ti 2
Sampling time ppb Sampling time ppb
Air
July 9, 1973
1130—1230 20 1230—1330 3.2
1335—1435 8 1530—1630 23
July 10, 1973
1400—1500 32 1255—1355 25
July 13, 1973
1130—1230 8 1300—1400 0.4
1430—1530 3.2
Rain
July 7, 1973
1200 15
1230 20 1230 20
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Reactions of Malononitrile under Hydrogen Pressure

Harumitsu YanacmMacHT*, Isamu KasHIRI**, Makoto SARAT®*
Akira Suzukr** and Masayuki Mixr+*

Outline

The reactions of malononitrile under hydrogen pressure were examined in the
absence and presence of various catalysts.

In either case, no hydrogenation took place. In cases where hydrogenation
catalysts were used with hydrogen, polymerization to a dimer, 1,1,3-tricyano-2-
amino-1-propene and a trimer, 1-(l-aminovinyl)-3-cyanomethyl-4,5-dicyano-
pyrazole did occur.

Of the catalysts investigated, Pd, Pt, Rh, Cu, Ni and Co exhibited strong
activity in that order, and salts of Zn, Cd and Hg showed weak activity,
whereas activated carbon or alumina which was used as a catalyst carrier had no
activity. With helium or nitrogen instead of hydrogen, no significant polymeriza-
tion took place. With deuterium instead |of hydrogen, the polymerization arose,
but the products contained no deuterium.

That the present process needs no solvent, will be advantageous for making

the malononitrile polymers which have been drawing attention by their interesting
biological properties.

Introduction

A number of works have been reported on the synthesis of diamines by the
hydrogenation of dinitrile!2),®). However, the hydrogenation of malononitrile
has never been described. The present paper refers to the behavior of malonon-
itrile under hydrogenation conditions. In order to synthesize trimethylenediamine
as a starting material for an organic polymer floccurant, we attempted to
hydrogenate malononitrile with or without a catalyst under hydrogen pressure.
Unexpectedly, the hydrogenation did not take place, but instead, a polymerization
did occur. The products were always a dimer and a trimer, which were identified
as  1,1,3-tricyano-2-amino-1-propene and  1-(1-aminovinyl)-3-cyanomethyl-4,5-
dicyano-pyrazole. The dimer was the same that had been obtained otherwise by
Meier®), Carboni®, Taylor et al.®), Decombe et al.” and Takahashi et al.®), and was
unanimously identified as above. The trimer again was not a new compound but
had been prepared by Schenk et al®, Anderson et al.l?, Junek!), Taguchi'® and
Kawabata et al.®). However, strangely enough, the structures suggested by them
were not only different from one another but also in error for apparent lack of
necessary data.

The polymers of malononitrile, especially the dimer, have been attracting
attention by the facts that it stimulates net RNA synthesis in rabbit nerve cells

* Nikki Kagaku Co. (B#{t.22)
** Laboratory of Chemical Engineering, Facully of Fisheries, Hokkaido University
(AR SR B2 B b TR )
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