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Table 1 Solid materials used in this work

Material Structural formula Purity Supplier

5,6-Dichloronicotinic Acid b +o00H Tokyo Chemical
|\ >98.0%

cie” S Industy Co.,Ltd

6-Chloronicotinic Acid = coor Tokyo Chemical
| >98.0%

o S Industy Co.,Ltd

o ) >3 ~GR0H Tokyo Chemical
Nicotinic Acid [ | >99.0%

Industy Co.,Ltd
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Fig.1 Activity of 6-Chloronicotinic Acid vs. mass
of the material for the reaction.
Gas sample material : HTO vapor
Reaction temperature : 70C
Reaction time : 1.0 h
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Table 2 Rate constants (kcoon) and activation energies (Ea) for COOH groups in sample materials

k!
Material E,/kJ + mol™
50 C 60 C 70 C
5,6-Dichloronicotinic Acid 22 28 32 17
6-Chloronicotinic Acid 18 22 25 15
Nicotinic Acid 14 15 17 8.7
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Table 3 Substituent constant (¢)'® for each substituent in a substituted nicotinic acid

Substituent Subsituent constant ( o)
m-OH 0.12
p-OH -0.37
p-COOH 0.45
p-Cl 0.23
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Fig.6 A plot of the logarithm of the relative rate
constants for nicotinic acid derivatives vs.
substituent constants (o) at 70C. Symbol k
is a rate constant for each nicotinic acid de-
rivative, and ko is the rate constant for nico-
tinic acid.
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Table 4 Substituent constant(o)'® for each substituent group included in the substi-

tuted nicotinic acid

Substituent group

Subsituent constant ( o)

m-Cl, p-Cl

0.53

Table 5 Estimation of rate constants for 5,6-Dichloronicotinic Acid (solid)

k107 h!
Material
50 C 60 C 70 C
Experimental Value 22 28 32
Estimated Value 22 28 32
04
o3 L p=0.50 m-CLp-Cl

logo(k/ke)

(o)

Fig.7 A plot of the logarithm of the relative rate constants for
nicotinic acid derivatives vs. substituent constants (o) at 70
C. Symbol & is a rate constant for each nicotinic acid deriva-
tive, and ko is the rate constant for nicotinic acid.
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Abstract

Kinetic Reaction Analysis of the Pyridine Derivatives
in the T-for-H Exchage Reaction
and the Application to the Estimation
of the Reactivity of Unknown Nicotinic Acid Derivatives

Jun AoTsuka, Wang YING, Takayuki SATO, Noriaki KATAOKA,
Hiroshi IMA1ZUMI and Naoki KANO

Department of Chemistry and Chemical Engineering, Faculty of Engineering, Niigata University
8050 Ikarashi 2-nocho, Nishi-ku, Niigata-shi, Niigata Pref. 950-2181, Japan

In order to quantitatively evaluate the influence of tritium CH or T) in ecosystem and the reactivity of ma-
terials having H atoms, the hydrogen isotope exchange reaction (T-for-H exchange reaction) between 6-
Chloronicotinic Acid (or 5,6-Dichloronicotinic Acid) and HTO vapor was observed at 50— 70C in the gas-
solid system. Applying the A”-McKay plot method to the data obtained in the reaction, the rate constants of
the functional groups in each material were obtained. Comparing these constants, following four matters
have been found in the T-for-H exchange reaction. (1) With regard to pyridine derivative, the reactivity of
carboxyl groups depends on the number and position of chloro groups ; (meta-position and para-position of
chloro groups) : (para-position of chloro groups and meta-position of hydrogen) : (meta-position and para
-position of hydrogen)=1.9 : 1.5 : 1.0. (2) The reactivity of the unknown nicotinate derivatives can be ob-
tained by applying the Hammett plot obtained in this work. (3) Using the A”-McKay plot method, the reactiv-
ity of each functional group can be obtained nondestructively, quantitatively, and be analyzed without using
any masking reagent. (4) The method used in this work may be useful to determine the reactivity of the func-
tional groups in similar materials.
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