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Fig. 1 Specific activity vs. time for the reac-

tion between 3,5-dihydroxybenzoic
acid (DHBA) and HTO vapor.
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Fig. 2 A"-McKay plots for the -OH and
-COOH in DHBA in the reaction.
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Table 1 Rate constants (k) and activation
energies (£.) for each functional
group in 3, 5-dihydroxybenzoic acid
(DHBA) and other materials

Functional k/107'h~! E,
group 50°C 60°C 70°C kJ-mol™
OH in DHBA 23 25 28 11
COOH in DHBA 13 16 18 18
OH in m-HBA 19 21 23 8.8
COOH inm-HBA 12 15 17 16
OH in p-HBA 23 % 27 7.0
COOHinp-HBA 7.8 9.2 11 17
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Fig. 3 Each plot of the logarithm of relative
rate constant for monosubstituted
phenol vs. substituent constant (o).
Symbol & is a rate constant for each
monosubstituted phenol, and %y is the
rate constant for p-hydroxybenzoic
acid.

Upper plot is in 60°C, and lower one
is in 50°C. The mark (M) means the
sum of each substituent constant for
m-COOH and m-OH in DHBA.
1:p-COOH, 2:m-COOH, 3:p-OH.
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Fig. 4 Each plot of the logarithm of relative
rate constant for monosubstituted
benzoic acid vs. substituent constant
(0.

Symbol & is a rate constant for each
monosubstituted benzoic acid, and kg
is the rate constant for 4-biphenyl
carboxylic acid.

The constant (i.e, k) was obtained
previously (see Ref.2).

Upper plot is in 70°C, middle one is in
60°C, and the lower is in 50°C.

The mark ((J) means the sum of
each substituent constant for two
m-OH in DHBA.

1:p-CN, 2:mCN, 3:m-l 4:p-],
5:m-OH, 6:p-C¢Hs, 7:p-OCH;, 8:
p-OH.
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Abstract

Simultaneous Analysis of the Reactivity of
Trisubstituted Aromatic Compounds
——Use of Hydrogen-lsotope Exchange in a Gas-Solid System——

Hiroshi Imarzumi, Hideyuki SAkAr* and Naoki Kano

Department of Chemistry and Chemical Engineering, Faculty of Engineering,
*Graduate School of Science and Technology, Niigata University
8050, Ikarashi 2-Nocho, Niigata-shi 950-2181, Japan

In order to reveal the reactivity of each functional group in the compound having three
functional groups per molecule, the hydrogen-isotope exchange reaction (T-for-H exchange
reaction) between disubstituted phenol and tritiated water vapor (HTO vapor) was dynamically
observed at 50, 60, and 70°C in a gas-solid system. The data obtained in the observation
increased with increasing observed time, and it was found that T-for-H exchange reaction
occurred. Applying the A"-McKay plot method to the data obtained, the reaction was
dynamically analyzed. The rate constant (k) of each functional group for the reaction was
consequently obtained. These k’s obtained and k’'s obtained previously were compared with
each other. When the additive property of the Hammett rule was applied to the k’s obtained in
this work, the new substituent constanis were obtained. The new constants were fitted on the
Hammett plot obtained previously. From the above-mentioned, the following five matters have
been clarified. (1) The reactivity of different functional groups can be compared with each
other by applying the method used in this work. (2) The reactivity of the functional groups can
be dynamically analyzed, and the A”-McKay plot method is useful to analyze the reactivity.
(3) The additive property of the Hammett rule, which is generally used in the field of organic
chemistry in order to compare the chemical reactivity of organic materials, is applicable to
quantitative comparison of the reactivity of the functional groups. (4) T he reactivity of the
functional groups can be simultaneously (and unchangeably) analyzed by using the T-for-H
exchange reaction. (5) The method used in this work is useful to analyze the reactivity of a

material having many kinds of functional groups.
(Received January 18, 2000)
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