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Abstract

A facile environmental friendly method has been developed to prepare silver nanospheres with
good dispersion and the size in the range of 300 - 400 nm. Silver nanospheres were obtained via
the chemical reduction of Tollens’ reagent at room temperature, using ascorbic acid as the reduc-
ing agent and polyvinylpyrrolidone (PVP) as the surfactant. The obtained silver nanospheres were
characterized by X-ray powder diffraction (XRD), energy dispersive X-ray spectroscopy (EDX),
scanning electron microscopy (SEM) and UV-visible spectroscopy (UV-vis). The influence of reac-
tion time and the amount of PVP and ammonium hydroxide on the formation of silver nanos-
pheres was studied. The growth process of silver nanospheres was analyzed and the possible me-
chanism of crystal growth was proposed. The catalytic degradation activity of the obtained silver
nanospheres on methylene blue was also measured. They showed excellent catalytic degradation
activity on methylene blue.

Keywords

Silver Nanospheres, Ultrasonic Wave Assisted, Methylene Blue, Catalytic Degradation

R 4 B A I R SRR TR B E o I B & i Y
PRI SR

B R F K, B4R £ & W F T

TESEE .



http://www.hanspub.org/journal/aac
http://dx.doi.org/10.12677/aac.2015.52002
http://www.hanspub.org
mailto:qli@swu.edu.cn
http://creativecommons.org/licenses/by/4.0/

7R 7l Bk ) 26 B A K TR B JHE o . PP 5 W ) HE A B AR 7

PaRRF MRS BT, HK
Email: gli@swu.edu.cn

Weks H . 20154F4 110 FHBER: 20154F4H30H; & A HM: 20154F5H7H

HE

AR MRER BRI, PUIRMER (CoHa06) AIEIRF, IR Z ML K2 HA (PVP) AR VEF, FEMB P
BT, KA T BRI EEBAE RIS & TSNS, SEERE. REA300~400 nmif
WPKER, FIXETEMARATE . BRESBXETLIE. QiR T EMBENES - TR ETN &8~
BT T RAE. B BESEAERE PVPHHEMEKEBRTT =M. 217 TRIKERI A
KA, il T AREHIAKHIE, BT AR I F R R RS, SRR, HI & HIRYKER
X IE R I R AT AL REARRCR -

XA
WYPOKER, AR, WHREE, IR

1. 53|

AESR, & RYNKRLT R 5 58 6 Jm AH L E A SRR 0 M B T A2 2 T AR o6 . TERT A 4
JEAKKLT 1, ERGUKRL T AEGURBL RN G AR Sk 2L Oy AT T, BN B RGP
SINE. Sk RIVE MR A B DL AE S U R, W, A, B AR
PUB[L]-[5]- R GRH 2 B [6] BRARIASETS G 7 R RE 16 YT [8] 5 itk -

H BB S R BRI TR A 1R %, SR 2AR[9]. e b 2R[10]. AWTR[11]. JBU b 22k 12] A
B TR [13]55 . TEIX LTy, A0 JR vk — Bl e s F I 46 J7vk, DNLERAE D5 (8, BTl & 1
F[14].

YK BRI N FEREE E BB EITRRSE RS Ry Mg Mk E . RIL i B it i —Fh
—MRITVE R % — RV U TS RGO RIRL,  DAFR 2 A HE LR R o AR 1) S A [15]

7 7P AR A 25 2 B R T 5 B PR S R B IR (/N T 1 ORD) T B D vl o F [16]-[ 18], "B B T b 3
T A, P TR, OB T R, B AR SR R AR AR () S R A R R [19] [20] .
P A FE A S S R R, Bl A SRR IS, 17 HL R s P A X S A 2 [21]-[23]: PHESM
PO DX 5k DA R S5 AR 2 R AR T DX 3o a1 SR e 7 AR TE P B I P S 3 ELASE KPR DRI 771, X P o
T REBI YR R T ETEN, PUONTEPHR R tp ik B 7R B A EE 2R (>10% K-s™) [23] [24]. A —TF
M, WRRNKAERIAL, 3B PORGN A= WEIZIE R 2 ST AN, HEEARNESR
JE, RS AR B TR R AR R SO N IR AR AR, RSV AR R0 i R R b [25] [26].
BEAh, AT A B A ARG IBURL[27], 68 75 4 Bl B2 v LASE S e A% 70 Y 0 H 1 T A ) R P R
Pt = O BT A RRE B 43 A1 [28] o

TEARSCH, AR T — W e =B A INEA T, HIE PVP FRTE&MF T Hil s Rk 1)
Jiidie XA I [A] LA & PVP FIZK (1 FH B P~ S GRS IR AT 718, IR T el BRI RROMLEE . X7

X I P S A o A P AT T


mailto:qli@swu.edu.cn

JEEL 7 0 BV 1) 8 AR M DK TR B JHOT AT R 5 W ) A B A 7 7

2. SEEGER4y
2.1. SCIEHARL

TR (AgNO;, >99%) . HUIA IR (CeHgOs, >99%)F1TE 7K 2.1 (CoHsOH, >99.7%)%5:4k, 2418571 W B 2 )X
JNHEACTHIR AT, B Hral . B 26 el (PVP) I B R #8 i Rtk Tk, 4> 78294 30,000,
IEALS(NaBH,, >96%), iV FF 3L (CiH15CINSS-3H,0) 30 B i FEAL SR FIE PR A 7 o S236 31
25 B 1K (18 MQ) NSk B == 14 il o

2.2. REKBENFIE

P L7 RAF 23 BIFREL AgNO; 0.3 g+ FUIRIILEZ 0.3 g« PVP 0.1 g, B H RN 3 MEA 10 mL £5
TIKIIBEM b, BED19EREZ) 5 min 2 58 41k, I AgNOS I TN TG (3% VAW, B 1 mL & & 25%~28%
MK INE] AgNO; ¥ B AR v G NIk, BCRUREE . AR5 PVP JKIEBUIMNIRE B+,
TRA TR FE 5 mine H VR A VA ORI BTN ML ERIA W, AR5 IR TR A T RN = BE R A5 A
(VCX750, SONICS & MATERIALS, INC.)H, F# B AR RENER L 1 em, @HLAE 1 h, TN
750 W, NEFERETIA 25°C . FEHE A ALER I R A, TR B JE (ORGSR A, R AR KR
RBILL N JE, FEEE O BZ K BT, B FRBEG 3 Ik, ToK OB 2 IR. a4l
BHIRE S TRAE B2 A T 50°C I FH: 5 h, SR AR %

2.3. RIERZE

K X GHERATHA(XD-3, Jb e B8 FH AR A PR A 7)) % il 45 AR KM R AT T X S 4k K AT
SHXRDYRAE, 23561 N: LL Cu Ko $H£E (L = 1.54178 nm) A¥EF, 2 HLE N 40 KV B HLFN 200 mA.
FIEE N 4 Imin, FAREROATS A TE BN 10°~90° (20); KIS AORE B BUEERE R, H FEI Quanta 250
R o7 B AT PR (SEM) A RE B i X S 2R RB IS (EDX) 4347 K Shimadzu U-2550 B84 -
AT L2366 P THIRE R 4 - BT LIRS G 1S (UV-vis)

24. fE{LSCLE

N T IS H AR GNRORL 0T S R R (O pEE A B AR S 1, AR TR AN - R e TSk
IS0 BRI AT e o 3 3 B A = 4 S5 B A TE 664 nim A P DA W T 5 FBE AL SR ) DT B8 409 KT PO i L PR ARt 12 o
S SEI, B 1 mL IRV x 107 M)A 2 mL 2B TR GG SN B AN 3.5 mL A S
mer, VREWAY, MRRHMORE . 5 AR, K1 mL R ERERQ x 10* M), 0.5 mL HIEA LA
(L x 10° M)A 1.5 mL 2 B /K S8 JE i n B 4808 3.5 mL (A JE bkt v, JRA 3927, DRI eRE .
HEASE, ¥ 1 mL E AL x 1070 M) 0.5 mL BIRELARTA (1 x 107 M)A 1.5 mL 48 KARVE W
(0.067 mg/mL) %GR INEI RN 3.5 mL (A SEtb o, JEA%5), 10 min A1 20 min J& 2 H100R 0%
.

3. R51T1ie
3.1 X ST R TH(XRD) 47

TE I R P 5 B A B S AR R, R SR T B X S ERAT5T, XA AT R TS
) A3 AR G5 K 404 o 18] 1 RAEHIE, PVP N 0.1 g, Z/KN 1 mL IR, B RmE 1 h 57
VIl XRD Eli . B 38.11°, 44.27°, 64.42°, 77.46°H1 81.53° kb IN T 5 AW R HIRTEIIE, 73 HI%t
T4 AR Fr (JCPDS 04-0783) L f#)(111), (200), (220), (311)F1(222) %1t , 5 B il £ B4R g K i ik B

O,



T 7 A 2 ) BN R R R JHL IV PR i ) M A B A E 7

AL TT G5, HAE S, a5 RAf.
3.2. AT RRMB(SEM) K BEE(EDX) 347

SEM = B F U S HURAA L 2 TH SR AD ST S SR T 3R AT AL 2 0T . 14 2(a) AR T B i e
F1g . dERH, EGF R Bk BRIk, A5 BRiAE KN EARME, 2574 300~400 nm. XM
EDX FME(E 2(0)BnlE Si 554N RE Ag 155, U HIRE T A AR 9K 7 (FE W 2 TTRVERE LA T
W, BrPVERERE ).

3.3. $RPAKTKAIFERR

RYKERTE BOL R s 7 R R

2AgNO, + 2NH,0H — Ag,0 + 2NH,NO, + H,0 1)
Ag,0+4NH,0H - 2] Ag(NH; ), |OH+3H,0 @)
2[ Ag(NH,), JOH + C4H 05 — 2Ag + CH,O, +4NH, + 2H,0 ®)

ARIGHTSCHIIAR, 88 P 1 e v 2 A0 T P I [T PR 22 0N, ARGRRE 7 B T AR B 28V

(111)

Intensity (a.u.)

10 20 30 40 50 60 70 80 90
2 Theta (degree)

Figure 1. XRD pattern of the sample prepared at room temperature for 1 h
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Figure 3. The SEM images of as-obtained products: (al) with the reaction time of 0.5 h, (a2) with the reaction time of 1.5 h; (b1)
with 0.08 g of PVP, (b2) with 0.12 g of PVP; (c1) without ammonium hydroxide, (c2) with 2 mL of ammonium hydroxide; (d)
without PVP and ammonium hydroxide
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Figure 4. UV-visible absorption spectra of as-obtained silver nanospheres
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Figure 5. Chemical structure of methylene blue
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Figure 6. Changes in absorbance value of methylene blue under different reaction conditions
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Figure 7. Mechanism of catalytic degradation of silver nanospheres on methylene blue
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