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Abstract

The decolorization of methylene blue aqueous solution by the irradiation of an atmospheric-pressure plasma jet
was examined by absorbance spectrum measurement and nuclear magnetic resonance (NMR) and mass
spectrometry (MS) analyses. An atmospheric-pressure argon (Ar) plasma jet was generated at a frequency of 10
When 10 mL of 10 mg/L methylene
blue aqueous solution was irradiated with this plasma jet, the blue solution gradually became lighter with
increasing irradiation time and was almost completely decolorized after 20 min of irradiation. The results of
NMR analysis indicated that the decolorization was caused by the destruction of the conjugated systems in the
methylene blue molecules.

kHz with an applied voltage of 10 kV and an Ar gas flow rate of 10 L/min.

In addition, the results of MS analysis revealed that methylene blue molecules with
a mass-to-charge ratio (m/z) of 284 were decomposed mainly into unidentified substances with m/z = 208 and m/z

=191.

Keywords: Atmospheric-pressure plasma, Methylene blue aqueous solution, NMR, MS

1. [ZFL®HIC

BB T T A~ Z T2 BEAKALER IS B 2 BFZE 8 TE A
ENTEY, KPP TORAAKEIZLD LD Y, ki
TORBABEICEDZ D 79, Kk ETO L AREIC
LIt 7O kEToORBREKEBBCLS LD Y,
KETORZES T A~ICLDrb0 P Whbndhs. 2
NHOHFEICENT, SROBEZEE L THAAEEEO
AF LT N—(CH CINS) R ERH VBN TN D,

DLEife 2 1%, KRERJET LI Ar) T APz M
AF LT — KR ~BE L, 20 M O MRS Tt S
NAZLZRHELE W, 200 T, REAIEAFLLT L
— T DRREDOIZDTHY, TONRIEIT T A~HDE
T RILF—E A K H,0) 5 & ZE LR A L KR
OH) Z AN L DBIES R L DD THD Z & a
HELE., LOLERD, AFLror—231rnEnko
WAREND DI RBTH - 1=,

AT, RIS (NMR) fiEfr & =L 7 hr 27 L

— A A AVE BT (ESI-MS) & W, K&EE Ar 77 X~
1 LR ERE TV AT L LEHLE LR
*) TS AL = B e oz

®3 BIF S HE I T G (R A B

*4  TEHERET LERHR

*5 LM ESE T LER AL

Ty NEBRBRLEATF LY T A —KERFTDOAF L
T I— T D Sy R TR O R & 5 A T

E&

Fig. 1 IZEBEEOMIKK 279, HEElX, FEERD
A (X 50 mm, N6 mm, M 8 mm) IZHEEMD
i (NEE Amm, M 6mm) AL, A58 OIMAIZ B2
WM O H9E £ S 0. 05 mm, & 10 mm) 2B\ 7= E Th
59 RmEmBEEMNT S Z LT, BMEOAIEEN
EIZFTHFEEANY THEEZ AR L, WAL Ar TRAE T
A<t l, TOT T AR RKKATIZY = v MRICE T
5. FIRX<Y v M, Logy WEE/EBE LHV-10AC
ZRWVCEME 10 kHz, HUNTEIE 10KV, Ar H A& 10
L/ TRAESE., Z0&ETIE, 79 XY=y b
A B S B ZE R TICK 30mm R L 17, ZoER
R 6mm Tholz, ZTOT T A~y Mo, B
60 mm DOH T AF T ¥ — L HNORE 10 mg/L (10 ppm) D A
F LTI —KEEHE 10 mL 12 1~30 M BH L7-. Ao
BRI D AT LT — KB E COHEEE 15 mm T
1T-7-.

AT LT — KR DO W SE AT S VRIEIZ I,

2. %



TIX2V oy MBI L B 2 FL v T —KIEHEDOREE : NMR 3 & O MS @HT

Fig. 1 Schematic of experimental setup.
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Fig.2 Molecular structures.

Fig. 3 Photograph of plasma jet irradiated onto methylene
blue aqueous solution.
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Fig. 4 Change in color of methylene blue aqueous solution
owing to plasma jet irradiation for different times: (1) Before,

(2) 1 min, (3) 5 min, (4) 10 min, (5) 15 min, (6) 20 min, and
(7) 30 min.
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Fig. 5 Dependence of absorbance spectra of methylene blue

aqueous solution on plasma jet irradiation time.
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Fig. 6 Rate of decomposition of methylene blue owing to

plasma jet irradiation.
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Fig. 7 Change
approximately 664 nm with respect to plasma irradiation

in wavelength for peak observed at

time.

Table 1 Bond dissociation energy

The broken bonds Bond dissociation energy

(kcal/mol)
N(CH;)C¢Hs-CH; 70.8
CeHs-S-C¢Hs 76
C¢Hs-NH-C¢Hs 87.4
C¢Hs-N(CH;), 93.2
C¢Hs-NH, 103.2
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Fig. 8 NMR spectra of methylene blue aqueous solution on
plasma jet irradiation time. (1) Before, (2) 1 min, (3) 5 min,

and (4) 20 min.
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Fig. 9 ESI-MS spectra of methylene blue aqueous solution on
plasma jet irradiation time. (1) Before, (2) 5 min, (3) 10

min, and (4) 20 min.
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Fig. 10 Decomposition of methylene blue molecules.
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