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interferences of salts of metals, in the presence of
1000-fold amount as metal, were not serious except
for cupric chloride, ferric chloride, ferric nitrate, po-
tassium nitrate, sodium chromate, and ammonium
molybdate. It is supposed that the interferences with
these salts are owing to the formation of nonvolatile
vanadium compounds. The addition of aluminum
chloride was effective for the suppression of interferen-
ces with iron, copper, and chromate, presumably be-
cause of the increased population of vanadium atom
by the formation of stable aluminum oxide. Inter-
ferences with molybdenum and potassium could not be
suppressed by aluminum salts. For the determination
of vanadium in water, the following method is recom-
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mended. After successive injections of 20 pl of sample
and 20pl of 5% aluminum chloride solutions into the
graphite tube, vanadium was determined directly under
the conditions mentioned above. This method gave a
fairly good agreement with the standard addition
method.

(Received May 13, 1976)
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Fig. 1 Pyrolysis gas chromatograms of lauryl (A)

and cetyl (B) trimethyl ammonium chlo-
rides, and mass spectra of alkyldimethyl-
amines

Column : OV-101, 5% Chromosorb GAW/DMCS, 2m;
Temp. : Column, (100~250)°C, 4°C/min, inj., 250°C;
Peak—I : Methyl chloride, 2 : lauryldimethylamine,
3 : cetyldimethylamine
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Fig. 2 Pyrolysis gas chromatogram of benzyltri-

methylammonium chloride

Column : OV-10!, 5% Chromosorb GAW/DMCS, 2m;
Temp. : Column, 90°C, inj., 300°C; Peak 1:
Methyl chloride, trimethylamine, 2 : benzyl chloride,

3 : benzyldimethylamine
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Fig. 3 Pyrolysis gas chromatograms of cetylethyl-
dimethyl ammonium bromide (A) and
benzylphenyldimethyl ammonium chloride
(B)

Column : OV-101, 5% Chromosorb GAW/DMCS;

Temp. : Column, (100~250)°C, 4°C/min, inj., 300°C;
(A) Peak I : Methyl bromide, ethyl bromide, 2:
cetyldimethylamine, 3 : cetyl bromide, 4 : cetylethyl-
methylamine; (B) Peak——1 : Methy chloride, 2 :
benzyl chloride, 3 : N-dimethylaniline, 4 : benzylphe-

nylmethylamine
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Fig. 4 Pyrolysis gas chromatograms of myristyl

(A) and cetyl (B) benzyldimethyl ammo-
nium chlorides and mass spectrum of my-
ristylbenzylmethyl amine

Column : OV-101, 5% Chromosorb GAW/DMCS, 2 m;
Temp. : Column, (100~280)°C, 4°C/min, inj., 300°C;
Peak——1 : Methyl chloride, 2: benzyl chloride, 3 :
myristyldimethylamine, 3’ : cetyldimethylamine, 4 :
myristylbenzylmethylamine, 4’ : cetylbenzylmethylamine
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Fig. 5 Pyrolysis gas chromatogram of benzalko-
nium chloride

Column : OV-10l, 5% Chromosorb GAW/DMCS, 2 m;
Temp. : Column, (100~280)°C, 4°C/min, inj., 300°C;
Peak——I1 : Methyl chloride. 2 : benzyl chloride, 3:
lauryldimethylamine, 4 : myristyldimethylamine, 5:
cetyldimethylamine, 3’ : laurylbenzylmethylamine, 4" :

myristylbenzylmethylamine, 5/ : cetylbenzylmethylamine
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Fig. 6 Combined pyrolysis gas chromatograms of 79 Fixanol
laurylpyridinium chloride and cetylpyridi- 135
nium chloride, mass spectrum of cetyl il 137 x10
chloride 85 ,
, , 97,1 1149 /163 MM
Column : OV-101l, 5% Chromosorb GAW/DMCS, 2 m; N T 248 276
Temp. : Column, (100~280)°C, 4°C/min, inj., 300°C; = - —
Peak 1 : Pyridine, 2 : lauryl chloride, 3 : cetyl chlo- mle
ride (B) Fig. 7 Pyrolysis gas chromatogram of textile soft-
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ner “Fixanol” and mass spectra of pyroly-
zates

Column : OV-10l, 5% Chromosorb GAW/DMCS, 2m;
Temp. : Column, (100~280)°C, 4°C/min, inj., 300°C;
Peak 1 : Pyridine, 2 : lauryl bromide, 3 : myristyl
bromide, 4 : cetyl bromide;
was measured with indirect inlet system at 230°C

Mass spectrum of fixanol
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Analysis of quaternary ammonium salts by gas
chromatography and GC-MS method using pyro-
lysis technique. Yukio Ono*, Yoshiko Havama**
and Shigeyuki Tanaka*** (*Central Customs Labora-
tory, Ministry of Finance, 531, Iwase, Matsudo-shi,
Chiba; **Analytical Section of Yokohama Customs,
I-1, Kaigandori, Naka-ku, Yokohama-shi, Kanagawa;
***Faculty of Engineering, University of Tokyo, 7-3-
1, Bunkyo-ku, Tokyo)

Mass spectrometric identification of pyrolyzates from
quaternary ammonium salts was investigated with a
Hitachi RMU-6E spectrometer coupled with a K-53
gas chromatograph {59 OV-10l, 2m X3 mm i.d., (100
~250) °C, 4°C/min}. Gas chromatography was carried
out on a Shimadzu GC5A PF equipped with an FID
{5% OV-10l, 2mx3 mm i.d., (100~280)°C, 4°C/
min}. Aqueous solutions of alkyl- and benzyl-trime-
thylammonium salts, benzylethyl- and benzylphenyl-
dimethylammonium salts, benzalkonium salts and alkyl-
pyridinium salts were applied to a gas chromatograph

KAGAKU Vol. 25 (1976)

with the temperature range of (250~300)°C at the
injection port. Gas chromatographic and GC-MS
methods gave identical chromatograms. Long chain
quaternary ammonium compounds such as alkyltrime-
thylammonium salts -and alkylpyridinium salts gave
alkyldimethylamines and alkyl halides by pyrolysis.
Quaternary ammonium compounds with ethyl, phenyl
or benzyl groups attached to the nitrogen atom yielded
different decomposition products. The carbon-nitrogen
bond cleavage occurs preferentially in the following
decreasing order; benzyl>methyl>ethyl: Pyrolysis of
benzalkonium chlorides at 300°C yields methy! chlo-
ride, benzyl chloride, a series of alkyldimethylamines
and alkylbenzylmethylamines. @The mechanisms of
pyrolysis for these salts were discussed from the above
results.
(Received May 19, 1976)
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