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A Study on the Oxidative Transformation of Quinone Compound using
Nanostructured Black-birnessite
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ABSTRACT : In this study, new manganese oxide (i.e., black-birnessite) particles with nanostructures were prepared and its
physico-chemical properties and oxidative-transformation efficiency on 1,4-naphthoquinine(1,4-NPQ) in the presence of reactive
mediator was investigated. The results were also compared with that of the manganese oxide (i.e., brown-birnessite) particles
synthesized by classical McKenzie method. Analysis of XRD and SEM data show that the particles are a single phase
corresponding to a birnessite-based manganese oxide with cotton ball-like shapes containing nanofibers. In batch experiments,
removals of 1,4-NPQ by the black-birnessite follows pseudo-first-order kinetics and the rate constant values obtained are
greater about 2.3 times than that of the brown-birnessite in spite of its lower surface area (41.0 vs 19.80 m*g). The results
can be explained by the higher crystallinity and nano structured features of the back-birnessite particles, which give higher
reactivity for the removals of the quinone compound. HPLC analysis of the reaction products confirmed that the
balck-birnessites removed 1,4-NPQ through cross-coupling reaction in the presence of catechol as a reactive mediator.
Key Words : black-birnessite, brown-birnessite, nanostructure, 1,4-NPQ, oxidative-transformation reaction
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Table 1. Physical and chemical properties of the compounds

used in this study

Formula/ i a b
Compounds Chemical structure Sw(mg/L) log AKow
MW(g/mol)
1,4—Naphthoguinone
CioHe02/158.15 668 1.71
(1,4-NPQ)
s s
HO
Catechol CeHs02/110.11 46%x10° 0.88
MO

AWater solubility, mg/L at 20~25°C. °Octanol-water partition coefficient, L/Kg.

ray diffraction)} SEM(scanning electron microscope)
2 o}ajo] FA5ILh XRD B4 e Bakielel U
AVSHE AlEe} YR EFEA Nig 20:19] HI&R HlojA &
Ag qo A o BRI Z]I & X-—ray diffractometer
D5000)E AbgSte] st
Cu—Kea , 40 KV, 30 mA2] ZA|7]ol|A] step size 0,02,
ARSE 5% /min,, FAPHS(20)= 5° ~80° o]}t SEM
He AzE PUARE 34 o] 3] A2
JEC—1100 E Ion Sputtering AX|S 0|8 AuZ FHA]
o ooigict. SEM HAS AAE AJRE Field
Emission Guno| &= JSM—6700F(JEOL LTD)S ©]&
sto] 7REHY 10 kv, LA EAHIE(x10,000) 2715}
ZAslct v EHE BEAL MircomeriticsAHNorcross,
GA)©] ASAP 2010 FHFA7|E ARESte] S745}50T, H
EHA(m’/g)> AR 29 AlRE 10TA Hdxs}
I g7 g% A2 Ny S 524l tigh BET( 4= &
off ALkskAT fojxl FIHISHE Al=9] BET B|3H 2|2}
Hit7]E F7|= Table 29} ),

(Simens, B R

o Ay

)
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Table 2. BET surface area and pore diameter of synthesized
black and brown birnessites

T Surface area Average pore Particle size
ypes

(m?/g) diameter(4V/A), nm  range (nm)
black—birnessite 19.80(+1.2) 12.7 300 ~ 1,000
brown—birnessite | 41.05(%1.5) = -

®not determinated because the cloud—like particles appear as aggregates
of individual smaller particles with no particular shape

23. 3124 ME U 2Auny

HUYAlo|EQ} 1,4-NPQ2] HFSAIS S 20 ml, faFo
serum bottleZ ARE-3FA] FJ-A](batch test) O = 43§35}
o} HRE8HO serum bottleo] 1,4-NPQ FE=8H(20
mg/L)T} catechol FZ-8-M(100 mg/L) ZF 10 mL A & 20
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of pH 52 2839}, ¥He 871 HIZE Ade] Zut u
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30 rpmOE MR AN R 9 F AHAZE o
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20 u09] A RS FUsto] 254 nm] UV 75712 o g5}l
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Fig. 1. X—ray powder diffraction patterns of the synthesized
manganese oxides. (a) balck—birnessite produced by
Cheney method and (b) brown—birnessite produced by

the McKenzie method.
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Fig. 2. SEM observation of the surface of black—birnessite particles (left) and brown—birnessite particles (right) at magnification X

25,000.
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Fig. 3. Disappearance of 1,4-NPQ in agueous suspension by
birnessites.  Experimental  conditions: 10  mg/L
1,4-NPQ, 50 mg/L Catechol, 1.0 g/L Birnessite
loading, 20°C and pH 5.0, in the dark.
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Fig. 4. Pseudo—first order disappearance of
birmessites (same experiment as Fig. 3).

1,4-NPQ by
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Table 3. Summary of kinetic constants and half—lifes for the
reaction of 1,4—NPQ by black— and brown—birnessites

Typs Kk(hr™) A tz (hr)  Keuf(L/m? - hr)
black—birnessite 0.265  0.960 2.62 1.34X107°
brown—birnessite 0.112  0.968 6.19 0.273x1072

®Surface area normalzed rate constants, which was obtained by
normalizing the rate constant value(x, hr™") to the birnessite surface area
values(m?/L) shown in Table 2.
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Fig. 5. HPLC chromatogram of a mixture of 1,4-NPQ and
catechol (no addition of birnessites) (a) and 1,4—-NPQ
and its reaction product after 5 hr reaction by adding
brown—birnessite (b) and black—birnessite (c) (in the
same experimental conditions as Fig. 3).
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