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The Reaction of Hypochlorite with Glycine. II _
The Mechanisms of the Formation of Chloroglycines and Their Decomposition

Eixo Saxural and Ryoji SAwWAMURA
Department of Pharmacy, College of Science and Technology, Nihon University
1-8, Kandasurugadai, Chiyoda-ku, Tokyo 101, Japan
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The mechanism of reaction of glycine with hypochlorite was investigated under neutral condi-
tions in phosphate buffer. At the first stage in this reaction, monochloroglycine was formed at
any molar ratio of glycine and hypochlorite. When the amount of hypochlorite exceeded the
equimolar of glycine, dichloroglycine was formed from monochloroglycine.  Although monochloro-
glycine was fairly stable, dichloroglycine was labile, so that it underwent decarboxylation and
dehydrochlorination to form cyanide, as the corresponding nitrile. Cyanide thus formed was
chlorinated rapidly by combined residual chlorine in chloroglycine molecules or by excess hypo-

chlorite, and converted to cyanogen chloride. One mole glycine needed three moles of hypochlorite

for the formation of the equivalent cyanogen chloride.

subsequent addition of excess hypochlorite.

Cyanogen chloride was decreased by the

Total chlorine consumed by 1 mol glycine was 4.5 mol.

Keywords——amino acid; chloramine; chlorination; cyanide; cyanogen chloride; glycine; hypo-

chlorite; N-chloromethyleneimine; N-dichloroglycine; N-monochloroglycine
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Fig. 1. Effect of KI Dose on the Velocity of
DPD-Color Development by Chloramines

In a photometer cell, 0.15 ml each of buffer reagent
and DPD indicator reagent is placed, and 3 ml chlora-
mine solution (in 1/75u phosphate buffer pH 7.0) is
added and mixed. To the mixture, 0.03 ml KI solution
is added and mixed immediately, and the absorbance
at 550 nm is recorded at a chart speed of 10 mm a min.
The velocity of absorbance increase is calculated from
the incipient increment on the chart and shown in 40D
min-! muy-! available chlorine determined in each
fraction.

O Ammonia chloramine @ Glycine chloramine
-—— monochloramine — monochloramine
------ dichloramine oo dichloramine |

a b c

Ammonium chloride 6.0x10-5y% 3.0x10-5x 1.5%x10-5y

Glycine 6.0x105% 3.0x10-8y 1.5%10-5x

Hypochlorite 2.97%x10-5y 2.97%10-5y 2.97%x10-5m
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Fig. 2. Decomposition of Chloramines

a~-Amino acid Hypochlorite
A alanine 4,854 10 %M
A serine 5.660x 104y
@ glycine 5.395%104m

QO glutamic acid 5.660x10-4m
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DPD ¥ic X b JETE 5 L\ 5 Palin® O & —FK
LT 5.
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Figb. 3. Decomposition of Glycine-Chloramine

Hypochlorite is added to glycine (5x10-4n) in 1/75n
phosphate buffer (pH 7.0).

Hypochlorite A :5.475x10-4y, B:2,735x10-4m, C:8.595
x10-4y, D :10.945%x10-4m
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Fig. 4. Residual Chlorine and Formed Cyano-
gen Chloride in the Mixture of Glycine
and Hypochlorite

Hypochlorite (5.83x10-5y) is added to glycine (2x10-5y)
in 1/75u phosphate buffer (pH 7.0). The residual
chlorine was determined by the DPD-ferrous titrimetric
method for differentiation of chlorine species into free
chlorine, mono- and dichloramine. Cyanogen chloride
in aqueous phase in the bottle was determined by
pyridine-barbiturate method.

[0 total residual chlorine; O free residual chlorine ;
Y monochloramine ; £ . dichloramine; @ formed
cyanogen chloride

BECHEER 0GB R T 5 - L DI,
Fig. 4 ORINAE T BigkY X FOGEEN B
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Fig. 5. Effect of KI Dose on the Velocity of
DPD-Color Development by N-Chloro-
methyleneimine

The procedure is the same as shown in Fig. 1.

N-chloromethyleneimine : 2.354x10-5x in 1/75m phosphate
buffer (pH 7.0).
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Fig. 6. Consumed Chlorine, Formed Cyanide
and Formed Cyanogen Chloride in the
Mixture of ' N-Chloromethyleneimine

and Hypochlorite

Hypochlorite reacted on N-chloromethyleneimine (70x
10-5 ) in 1/75 m phosphate buffer (pH 7.0).
Added hypochlorite : 14.38X10-5
consumed chlorine ; A formed cyanide; @ formed
cyanogen chloride ’
Added hypochlorite : 143.78x10-5 &
& consumed chlorine
No cyanide and cyanogen chloride are observed.

2, 3fEEA X HCKREREFRRBOER T 7 »
VT VORRENRBATHC L EBE L. £ T, v
7 VOB (3.846x 1074 n) KR BEOREEER S
ER XSG BICERTH 27 e s 7T VvOEY~y ¥
AR— AR L D PR L. £ Fig. 7 ©RL
fek o, sl 1l PLEoRBEEERAIERTS
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Fig. 7. Formation of Cyanogen Chloride in the
Mixture of Cyanide and Hypochlorite

In a glass bottle, hypochlorite is added to the potassium
cyanide (3.849x10-4 ) in 1/75 m phosphate buffer (pH 7.0)
solution, and the bottle is sealed with a silicone rubber.
Cyanogen chloride in gaseous phase in the bottle was
determined by gaschromatography with ECD after 30
min standing.

Concentration of formed cyanogen chloride is calcula~-
ted as in the aqueous phase.

LI EoT, BT s r AT VENBAS LI, TD
WA BBOWEL, 7Yy Ve 3 e U EokEERERR
RS R OEE (FIHY Fig. 5 L—&KLk.
b YL LOERNEE ‘
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M 14 OMCIRBREER P &HEL, =412
DT TIHERT, =k 14 P ETRBEENTHEL
Tz, wAM 114 B EoEHABRAERZROEEY
BEACEBIIEBCH L T45° &7 0, ZOER & il
DEFEILENLI L 4.5 DB o,

% =

R BT B EBED 7' ) v v L REERER O R
Fig. 8 RN Wbk o, 7V vy viEn
PRGN 4.5 T OERE R L TERETS. COfE
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LT 5. , _
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of Glycine and Hypochiorite

Hypochlorite reacted on glycine (6x104y) in 1/75m
phosphate buffer (pH 7.0). Residual -chlorine was
determined by the DPD-ferrous titrimetric method for
differentiation of chlorine species into free chlorine,
and combined chlorine.

A combined residual chlorine; O free residual chlo-
rine

TR Ui N-2 7 a7 3 2 = b Y U KRG
T5E0)—~BRTORELRDS.
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Chart Proposed by Zgliczynski et al.lV
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Chart Proposed by Zgliczynski et al.lV
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