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RIS h, BEEPEER; S5 C/min FHEAE
750 'C, fRiE 1.5h, BEEYAEER. BURBIE, FER
M. L 2 AN T BT a5 B AR B il 44
S450 A1 S750. il 25 K ORAF LR R AZRD -

K X SR ATHMY (X-ray diffractometer, XRD,
ULTIMIV, Japan) 70 vl s A0 R IR S50 . RT3
KA HEE (scanning electron microscope, SEM,
ZEISS SUPRA, Germany) MEZEM BT IESE, M
BT B AR < DL L T R RE . SR A AL A Ot R AX

(infrared spectroscope, FTIR, TENSOR27, Germany)
ST R e SR AR S AR T R O
f% ( inductively coupled plasma optical emission
spectrometer, ICP-OES, PerkinElmer OPTIMA 7000V,
America) WAV HERE TIKE. RHEEX pH it

(S220-B, Switzerland) XA pH fE .

KB EOE TN H S AR RO TUE PR BE . SEERAH P
HNEIZRR R (pseudomonas. aeruginosa, P. aeruginosa,
1A00099, o [EIHEFE R AP A DRIECE B Pl o B
e EAIUEIREE N 1X10° CFU/MmL M40 &7, A5
ORI TE W, 23 I AC B A EHR N 0.25. 0.5 0.75
1 mg/mL KRG, 49K Si0, (B4 1) 1E AR
XPHRZH . 75 37 ClHEIRIGFRM PR IR 24 h 5, KRG
FRVB) SR AE 2216 BiE-TH L 37 "CROLIEH 24 ho £
= HBNEE D HTIC (Surpere G6R) FR G i1 1# % N4,
EAN RS /A R

n=(N,—N)/N,x100% ()
Ay ABUEE (%) 5 NATN 535 Xt AR S50 2

PS5 R TE B RS RS K TR AR TR A VR 0.22 nm
JERLYE, WSR-S R pHAES Mo BTk

KNS5 pH {EA Mo B T IREXT P. aeruginosa

DR . 43 FH AR IR VAR R B (NH4),MoOy,, LifgsE

TR BL B AIE pH {E A Mo B TR PBS ¥l (4
SR _EIR 2 R RNREE N 0.25. 0.5. 0.75. 1 mg/mL
PVRA BT pH EA Mo B FIRE) . WLl ERCE R
T 0.22 nm JEREEIE S 4315 1x10° CFU/mL 41 1 &2
WA, 37 CHiFE 24 h Z J5 iRt 4.

LIS HIE R T TEST (T #856) BEAT S it
SR DF A S hn kw22 =R, WEMEZE FKCE S5
DL o w7 SRR P<0.001. P<0.01 A P<0.05” .

2 FER54
2.1 #RRIE
1 941K S450 Fl1 S750 ¥y RFE S SEM &

. B 1a A S450 Ff i A2 H SR 1 3 51 IARCIR 45 74 41
B, B —EERAHER, RSFLE 100~400 nm

Z 8. I 1b AT, S750 A M N TEEEZ) S um (AR
REER, KN 10~130 um. B AT LA B A fATE
JEH 450 CTFm & 750 CHF, Bl & ARk R ~F B4l
KGN BIHOK G, 25 K B ASCIR 45 48 5 A8 9 KACIR 45
o IX W] g2 T S750 & O R A S A% &
SHAr, 5RO T B AR K, MR BRCIR
R R ANKBCRESY.

2 24 S450 A1 S750 £ XRD Elif. MEHA]
PLE H 2 MR SH14 5 a-MoO; (JCPDS 05-0508)
HIRHIEAT S I ——XF R, 3R S450 F1 S750 M3 H
0-MoO; 411 5 a-MoO; b+ F IIFFAFIE L, S450
FE b R e RIS B, (021) gbTHI, 10 S750 A i 1) di i e
XTRL (0200 dhl. 5 S450 FEaAHEL, S750 B (0K 0)
sy T 77 555 U8 558 P55 R X L o TR AT G Ve i 2 R i, 3R
S750 K i 75 it A4 T2 B I 72 Hh R 30 HH B 1) % ) e 2,
TV RO A A K AR A R e A, AR T
AT T ECORJE T RE AT, (0 k0D T AR X oA 5t
{14 st T (D B RGOV 2 L 2B K R B T S K
P, R4 SERER SR ICAEACRI . thath,
XRD P& % b Ffr A R AE 5 9 A Bt AR AT S, 61 2 Fh 2%
P15 1 0-MoOs # B A R A7 45 5 5

3 24 S450 F1 S750 £ S I LLAN il . B AT
PLE Y S450 Ff L 7E 986, 856 817 cm ' AbAT 3 M
fEUE, AR HL S750 FE A TE 982, 892, 804 cm ' ibfT 3
AR . b 980 em™" P I A4 45 HR Bh i VA IR T

K1 A EF R L T 315 a-MoOs #4811 SEM TESR
Fig.1 SEM morphologies of a-MoO3 formed at different thermal
decomposition temperatures: (a) S450 specimen (inset is

the enlarged image) and (b) S750 specimen
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Fig.2 XRD patterns of a-MoO; formed at different thermal

decomposition temperatures

Mo=0 £, T 800~900 cm ' &b i i e S |y T %o Rz
HIRE) Mo-O-Mo v (f) XUAC A7 AR T 512 . H.
S450 Ff i 1 Mo=0 F1 Mo-O #5852 = T S750 £
it o ZLAM G — B UE S T A IR i MoO3. Mo-O
R R T R R S VA A A DDA 2T

2R ERTIR, B[R FA o A B2 3R A5 1) S450 FH S750
FEE I o-MoOs; 4%, {HiEiR (750 °C) TERIIFE i
I HE B ) T R, T B K RS BIAROR K AR
ARG, TR T B S R I 9RO 4544
2.2 MEMR
221 MARE M EEIRN

4 NANTRIHR FEE F S450 A1 S750 # i 5 P. aeruginosa
FEREFR 24 h G PO BB 45 R . ] 4a BORBES 2
FAORE ot VA B2 38, R N ) R 9 B0 e, 3R B 4
WG /1 SRR IR B S DA OC . ] 4b SR S450 RN
0.25. 0.5. 0.75. 1 mg/mL i, FHTHE R 5 5N 27.3%.
99%. 100%- 100%. T {EAHFEREE A4 T, S750
AP RAR N 16.1%. 30.1%- 52.3%- 73.6%.
HHUEPT L S450 F1 S750 A% &R I H R 4F B b v 1
fe, H S450 MPUR 22 E =T S750 FEf .

5 ONFE SR LR 3% 24 h 5 R pH (AN
Mo B FIRIE. WEFTR, S450 FIkIEHN 0.25. 0.5,
0.75 1 mg/mL B, B pH {5378 5.1, 4.9, 4.7,
4.3, Mo B FIRE 25N 1.6. 3.5, 4.8, 6.5 mmol/L.
S750 [N 0.25, 0.5, 0.75, 1 mg/mL K, HBH
pH 054 5.2, 5.0, 4.7, 4.5, WKK Mo B FIK
ERIN 1.7, 3.2, 4.6, 5.6 mmol/L. 24 S450 5 S750
FES IR EE A 0.25 mg/mL K, B pH M\¥JUG 7.2 43
WIREZE 5.1 A1 5.2, BEFE S450 8L S750 WK FZ M8 N,
T pH E RS BRI o 10 B 2 B RE S RLA T K J5 A H307
Wi, FEBERME. % S450 5L S750 RIS

v Mo=0O v Mo-O-Mo $750

982 892 804
986 856,

817

1200 1100 1000 900 800 700 600
Wavenumber/cm’'
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Transmittance/%

K3 AN ER S AR T 3RS K a-MoOs B4 RHRIZL ARt 1
Fig.3 FTIR spectra of a-MoO; formed at different thermal

decomposition temperatures
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S750

Antibacterial Rate/%
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Kl 4 ASFERO R T 3RS K a-MoOs B4 K} BT B 45 2R
Fig.4 Bacteria colony images (a) and antibacterial rate (b) of
0-MoO; formed at different thermal decomposition

temperatures (SiO; is used as control group)

#| 1 mg/mL K, B pHE T HIEZE 42 F14.5, IR
2 FiORE S VAR pH AE, WT LA HAE [R1R B2 26 4R T S450
) pH 18 bt S750 1%, Bl S450 () H;O™ ¥ &= T S750
M H;O ¥ tHiE. thah, MK SIEFTBUEH, 4 S450
8¢ S750 MK EE RN 0.25 mg/mL i, BEHH Mo B Tk
FE43 58 1.6 1 1.7 mmol/L, FZ% S450 B¢ S750 ik J&
MI3E N, WM Mo BS FIREERFSEA @M. 2 S450 B
S750 W FEHE i # 1 mg/mL B, Mo B TR FEE BN % 6.5
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F15.6 mmol/L. HHILTA] UL, BfiEFERIREM TR, Mo
B RS, I BAEA R &R, S450
1] Mo &V &k S750 B .

AT Z T LL S450 FEdhEL S750 FE kR H
Z 1 H;O'H Mo B FistHiE, mIREEH T AR M E
TR a-MoOs FI R ~F A1 LR AR AN [F BT 8. SEM
iR S450 FE M FHAUR B K BOIRZE I 1) a-MoO5 4H
B, FRSE/ANT S750 B RCK AR 544 . R i AR
EbF S750 K &b, S450 1 bE 2R AR 58 K I B ARV
T E SR RE . KUK, Kaptay 25T thig
H, ERAED IR STEN, EREAECK, R
KU AR . A, a-MoO; MR IR S
Mo-O Fil Mo=0 BEHIfF{E % V)% . Pena-Bahamonde
GO FE R, TS = MoOs M4k, H FTIR 3
H Mo-O 5 5k . {EWF T, S450 FF &b L 8750 £ 3K
B B SR Mo-O Fl Mo=0, K] MV i 15 58 v
222 WEMH SAT

FHT LR Y] MoOs ¥ T/KJG, B e EMEIR
M HoMoO, (A3 , RJE 5KkHE—F kB
£ H;O'f1 MoOs> (AR(4)) o 7EFHA, HMoO,
AR 1 MoOL > 1 e Sk A2 A2 1T 3 o1,

MoO,+H,0 < H,Mo0, (3)

H,Mo0,+H,0 < H,0" +MoO} (4)

1

Il s450 a
" 3 s750

pH Value
O = N W ks LN J 0 O O
1T

Control 0.25 0.5 0.75 1

Il s450 b
FH] s750

Mo Ion Concentration/mmol-L™!
I R T A )
I

0.25 0.5 0.75 1
Concentration/mg-mL""!

Bl 5 AFEHOARRE TR o-MoOs MEER T I 24 h
SRR pH A K Mo B F it &

Fig.5 pH value (a) and Mo ion concentration (b) of a-MoO;
formed at different thermal decomposition temperatures

after immersion in the bacterial solution for 24 h

T B YRR IR BT R, 4 T I AR K 2 2 B
il X R T HyO i i 40 b B SO AN By, B
T LA pH SF4 LA K DNA B e 25 #4000, i 4
A R 20 B 4 PR A 5 I B R T I R R R T
&8 B T R R AR FE RO, MoOs 1B A mT ¥ 1 42 )8 4R
W, T KGR KE Mo B, AT 48 B
My ROS 7K-F L3, Tl &/ ROS T BUE AR,
it 4 T B R A BT TSRO, Ak, W Mo B
T3 2 0 5 T PR B 7 R M T B R 4 ) O B RR
SR A0 B B A AE T

At —5AIE S pH (B A1 Mo B F Ik £ %} P. aeruginosa
SHBVE I EZ A, AR RE O S A B 3R 3R 24 h R
11 pH {E A Mo B Tk & (K 5), BLEAIE pH 1H (4.3,
4.5. 4.7. 49. 5.0. 5.1. 5.2) 3 Mo & FikE (1.6,
1.7, 3.2, 3.5, 4.6, 4.8, 5.6. 6.5mmol/L) MEW 5
M HLRT IR 24 h 5, BEFCE pH EA Mo &1k &
X} P. aeruginosa 4R % 1M . SR (B 6) K
B8 R ) pH [ERFEEFEME (AN 5.2 BRKEI 4.2) , Bt
PRFFS TR ( 12%38 2] 43%) o 55—, B
W Mo B TR FEFFZ:THE (A 1.6 mmol/L 34
#] 6.5 mmol/L) , P FEWRINFFLFAE (N 0%
PR 73%) o Bk, BRI pH E B & B
Mo B FIRE, HAERTHEENRS.

AN, ARBFFKIL, EMHE pH &M, WA Mo
BT AAERIE R PR R IT K TH Mo B FIFl Mt

a
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Antibacterial Rate/%
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Fig.6 Effects of pH value (a) and Mo ion concentration (b) on

antibacterial rate
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Antibacterial Properties of MoOs; Formed by One-Step Thermal Decomposition Under
the Absence of Light

Wang Yizhuo'?, Zhang Huanhuan®, Zhao Hui', Zhao Ying >
(1. School of Material Science and Engineering, Xi’an Shiyou University, Xi’an 710065, China)
(2. Shenzhen Institute of Advanced Technology, Chinese Academy of Sciences, Shenzhen 518055, China)

Abstract: Biofouling is an important factor threatening the safe and efficient service of marine engineering materials, so it is of great
significance to develop efficient, environmentally friendly, and low-cost antifouling materials. In this research, two kinds of a-MoO;
powder materials were prepared by one-step thermal decomposition at 450 and 750 °C, which are designated as S450 and S750,
respectively. The samples were analyzed by XRD, SEM, and FTIR. Results show that the a-MoOj; obtained at 450 and 750 °C shows
nanoscale plate-like structure and micron-sized long plate-like structure, respectively. Plate counting was used to evaluate the antimicrobial
effects of two materials on pseudomonas aeruginosa (P. aeruginosa) under the condition of absence of light. Results show that the
antibacterial rates of S450 and S750 specimens at Mo ion concentrations of 0.25, 0.5, 0.75, and 1 mg/mL are 27.3%, 99%, 100%, 100% and
16.1%, 30.1%, 52.3%, 73.6%, respectively, indicating that both a-MoO3 obtained under two conditions show good antibacterial properties
in the absence of light. The pH value of the solution is decreased with increasing of the a-MoOj3 concentration, and the concentration of Mo
ions is increased with increasing of the a-MoOs3 concentration. The antibacterial activity of a-MoOj3 in the absence of light is attributed to
the synergistic effect of dissolution of H;O" and Mo ions. Compared with S750 specimen, S450 specimen exhibits higher antibacterial rate,
which may be due to its higher solubility, resulting in the more release of H;O" and Mo ions.

Key words: MoOs; antibacterial property; pseudomonas aeruginosa
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