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Oxidative Transformation of 1-Naphthol Using Manganese Oxide
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ABSTRACT : In this study, removals of 1-naphthol by oxidative-coupling reaction using birnessite, one of natural Mn oxides present in
soil, was investigated in various experimental conditions(reaction time, Mn oxide loadings, pH, etc). Removal efficiency of I-naphthol by
birnessite was high in all the experimental conditions, and UV-vis. and mass spectrometric analyses on the supernatant after reaction con-
firmed that the reaction products were oligomers formed by oxidative-coupling reaction. Pseudo-first order rate constants, &, for the oxida-
tive transformation of 1-naphthol by birnessite was derived from the kinetic experiments under various amount of birnessite loadings, and
using the observed pseudo-first order rate constants with respect to birnessite loadings, surface area-normalized specific rate constant, ks
was also determined to be 9.31><10‘4(L/m2 - min) for 1-naphthol. In addition, the oxidative transformation of 1-naphthol was found to be de-
pendent on solution pH, and the pseudo-first order rate constants were increased from 0.129 at pH 10 to 0.187 at pH 4.
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Compounds 1-Naphthol ~ Chemical and physical property
OH o Mu(g/mol) 144.17
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OO <> O log Ko 2.85
pK, 934

Fig. 1. Selected physical and chemical properties of 1-
naphthol.
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Table 1. Analytical parameters for LC/MS
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Parameters LC/MS(LCQ DECA XP)
Column(Shiseido, Japan) 1x250 mm CI8, 5 pm
Mobile phase A: 5% ACN, B: 95% ACN
Gradient A:B = 100:0(5) - 0:100(40")
Flow rate(uL/min) 50
Tonization source ESI mode
Capillary voltage(V) - 48
Mass scan range(Da) 0 - 1000
Source temperature( C) 215
1.02
/ Reaction products
2.92
é
M
1.00 3.00

Retention Time (min)
Fig. 2. HPLC chromatogram of 1-naphthol and its reaction products by birnessite with respect to time of (a) 10 min., (b) 20
min., (c) 40 min; experimental conditions: 40 mg/L 1-naphthol, 25 mg birnessite, pH 5.0 + 0.1, and 20C in the dark.
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Fig. 3. UV-vis. absorption spectra of 1-naphthol and its reac-
tion products by birnessite with respect to time of (a)
5 min, (b) 10 min, (c) 20 min, (d) 40 min, (¢) 50 min.
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Fig. 4. UV-vis. absorbtion ratios(Ase/Azs) for 1-naphthol and
its reaction products by birnessite with respect to
reaction times.
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Fig. 6. Disappearance of 1-naphthol in aqueous suspension at
different birnessite loadings; experimental conditions:
40 mg/L 1-naphthol, 20C and pH 5.0, in the dark.
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Table 2. Summary of kinetic constants and half-lifes for the
oxidative transformation of 1-naphthol by birnessite

1-Naphthol(40 mg/L)

Birnessite
0.625 g/L 125 gL 25 g/L
Kmin) 0.0525 0.0917 0.133
% 0.999 0.996 0.993
tin(min) 13.20 735 530
Ksuf (L/m* - min) 931 x 10"
o 1-Naphthol(30 mg/L)’
Birnessite
pH =4 pH=7 pH =10
k(min™) 0.182 0.157 0.129
P 0.999 0.999 0.998
h(min) 381 441 537

* Normalized to bimessite surface arca of 44.37 m%/g
® Amounis of Biressite added is 1.25 g/L

YIHASHES o8 I-Naphthol®] 43} AA A7 539

o 5-MnO,=0.625 g/L
o §-MnO,=1.25glL
& §MnO,=25g/

Ln (C/Co)

0 10 20 30 40 50 60 70 80
Time (min.)
Fig. 7. Pseudo-first order disappearance of l-naphthol at di-
fferent birnessite loading(same experiment as Figure
6).
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Fig. 8. Effect of birnessite surface area concentration on the
pseudo-first order rate constants for the oxidative trans-
formation of 1-naphthol.
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Fig. 9. Pseudo-first order disappearance of 1-naphthol at diffe-
rent pH; experimental conditions: 30 mg/L 1-naphthol,
25 mg birnessite loading in 20 mL and 20C, in the

dark.
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Fig. 10. Effect of pH on the pseudo-first order rate constants

for the oxidative transformation of 1-naphthol by
birnessite.
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