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Abstract: The shape-controlled hollow sphere Cu,O nanomaterials were prepared by one-step solvothermal
method, and used Cu(NOs),*3H,0 as raw material, ethylene glycol as reductant and polyvinylpyrrolidone (PVP) as
surfactant. In this study, the influence of different mass ratios of Cu(NOs),*3H,0 and PVP (w¢,no,), 3,0 /weve) and
reaction time on the crystal structures, morphologies, surface area and optical properties of Cu,0 was researched.
The photocatalytic mechanism of Cu,0 nanocrystals are also investigated. The results show that the photocatalytic

activity of Cu,0 hollow spheres covered by nano-thorns is best when w o), .31m0/wrvp=45, and at the 1 h of

irradiation, the photodegradation efficiency of methyl orange solution can reach up to 94.3%.
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Fig.1  Preparation process of Cu,O
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Table 1 Parameters of the preparation of Cu,O

nanomaterials under different radios

Sample Weuno,), 3,0/ Weve Reaction time / min
S1 45 30
S2 22.5 30
S3 15 30
S4 11.25 30
S5 9 30

F2 ARREMBEH &K Cu,0 HRHNITEZSH
Table 2 Parameters of the preparation of Cu,O

nanomaterials under different reaction

times
Sample Weano,), 31,0/ Weve Reaction time / min
T1 9 20
T2 9 30
T3 9 40
T4 9 50
TS 9 60

1.2 Cu,0O R1E

R XRD W3 7E 75 [ DX-2500 7 X 5k AiT
S #EAT AR 0.5°, 4 58 0.03°, fE A4
Cu Ko, W1 1=0.154 06 nm, T8 Bl R 10°~90°
K HZE [ Fei 22\ Quanta 200 AL 9 45 4 fi - & 3L

>

180 C E Centrifugation II
30 min 60 C



1088 Jd Hl fk

#o% 4R %34 %

5% (SEM) WL Z B 5 1 SEOU T S50 | A6 0 s s 4, TR HRL
JE 20 kV; R H A H20 7] Shimadzu 2550 #Y 58
AP 4360 BE T (UV-Vis) Kl B4 51 1 #5952 Al 2P
KR 0.5 nm, PATEFE K 300~800 nm ; & H 9 [ %
T EE FLS-980 M £ 25 /I 25 %2 6615 43 B SRS Wl A
i B G BUR G5 (PL) s R H A 5 3 UV-2550 2 %€
AR UL S SR SRS 0 A 7 5% A1 T D, 3 i 5 T ik
JGI% (UV-Vis DRS); & H1 3¢ [E 2 50 ASAP2020 %Y [t
21 R FLAR 43 B A0 5 A b 1) L 2R TR R (S )
LA, TARIREE g 77 K, MR 7 DA 5
120 C A3 hy Al B A il
1.3 FEL IR

50 mg AL TN AE] 50 mL %N 10 mg-
LB MO VW R 5 B TR 5V A PR T et S
min, £ IEAEAL 2 T2 MO 41 1 W B 58 B SF-
flir . JeHEIL RN AE [ A A R N 2R (B 2)h AT,
W 40 W IS 22 X7 VR vl L GIR | 1E 6 R B T
2RI 14 em BN E B 10 min BB AN B L
b, 78 8 000 remin™ BYELOHLHES L 5 min 5
FJRWEW, S UV-Vis 43066 EETHINE S W )
WIS, MRS MO S KM K 466 nm Ab (11
JERE R B — b B R S MR

—

14 cm

Magnetic stirrers

K2 MO R fip 2 & 1
Fig.2 Equipment of photocatalysis

2 HR5WR

2.1 XRD ##7
2.1.1 AR BT PO AE 254 i 9 XRD 3 B

3 AR o S L AR ] A BE 0 XRD Al 45
B, WERTATLLE 1, & R S I TE 29.647°
36.521° ,42.423° 61.552° 73.739°F1 77.611°5% 4k i}
BT ATHE 3 BIRE R Cu,0 B (110),(111),(200),

(220), (311)F1(222) &b T, JIT A By AT S5 e 55 vt 37 7
fm & R I (PDF No.00-005-0667)— 2, JF Hik A
Al B4 A7 S 0 B SIEBARE S R 4B Cu0),

m: Cu,0

m(111)

u(220)
w311
(222)

S3 N N s
N A s4 R

S3 N
s2
al !\ v
30 20 50 60 70 80
20/0)
Bl 3 ANIE i Hﬁﬁ(wwm‘):.3H10/wm)‘?ﬁﬂ§ Cu,0 FEfH Y

XRD
Fig.3 XRD patterns of as-prepared products synthesized

with different mass ratios (we,o,), 31,0 /Wpvp)

AN [R) 207 B TR 5 ) XRD 43T
4 N weuno,, a0 wee=9 BT, AN]SR ] ]
AR RIRE S B XRD 18 45 5 5 7R K ] g 20
40 .50 Fl1 60 min 51T A FE & AT S 05 55 5 1 N [
K30 min FF AT ST A K A B B 4 AR Ak | A )
FIRE S R AR Cu0 .

2.12

~
=
—
—
<
]

S ~
Q = o~
g s g
u \./ Q
T5 N AR
T4 N ]
T3 \ A
T2 N\ A
N N ]
1 1 1 " 1 1 1 " 1 1
30 40 50 60 70 80
20/ )

Kl 4 AN T 143 Cuy0 /9 XRD
Fig.4 XRD patterns of as-prepared products synthesized

with different reaction times

2.2 SEM 4 #f
2.2.1  AN[RBTR AR 62 AR 5 Y SEM 43 B

h T ik — AR Cu,0 W ROWIE 5, FRATT X
FESEAT T SEM WK (& 5), Bl 5(a~e) s 3 R
Weuno,), 31,0 Wep=45,22.5,15,11.25 I 9 I il #5 FF i



% 6 W] BRI R T 5 Cu0 25 0 BRI 4 O f A e 1089

(a) 45, (b) 22.5, (c) 15, (d) 11.25 and (e) 9
Bl S R IR B B (o, o o) 460 G0 19 SEM

Fig.5 SEM images of Cu,0 under different we, o, .3n,0 /wpve

MO SR IE AT HTRE S X BN 1~2 o BT
IR, 2 weumo,, om0 /wee=45 BT TR Y 2 112 4L
B ) I B 55 8 A0 KR | 3 S g Kol 1 RS SR L
K Sa). 3 weno,, om0/ wne=22.5 B, Cu,0 Bk
HIRIAFR T A — LGRS 38 BT 90 K S 5 ik
LR (P 5b) o 2 weyo, ), an0 wee=15 F1 11.25 B K
114) 2 1T 7 5 A AR ST T AR 40K ST O R ) RUSH R A
9 20~80 nm, [FIB | ot & LUAEL R 11.25 B, ks i
BT — SE AR BROE WKL (B 5(c,d)e 3 weno,, a0/
wyp=9 I R 2 T 4 30 Fhy R 78 11 /N JIURE 11 2R 7
BRAVEOR /Y AN 50 nm 24, WK 5e fin, It

Hh N 5(a~d) AT LU 75 201 Cu,0 F80k 3R 1 #5
LT — 2 /NFLIR
2.2.2  AN[ESBE I [ RE Y SEM 43 AT

BT Cuy0 Bk R L T — 28/ NALIR (] 5(a~
d)), FATHEMAFEN R Cu0 KA 7] HE N 25 0 2R 45
Hy o TP Se & we,mo,), 3m,0 fwee=9 I, SOV 8]
730 min, 15 2 58 M Cu,0 TR, IR ATTZE I T
LA E 20 U RO B R BESY Cu,0 K
AR,

Kl 6(a~e) N W cuno,), 31,0 /Wevp=9 B, S N7 B ] 43
54 20,30,40,50 A1 60 min &4 Ut il 75 09 FF i

500 nm
—

(a) 20, (b) 30, (c) 40, (d) 50 and (e) 60 min
K6 AIEBRLIE AT Cu0 19 SEM K

Fig.6 SEM images of Cu,0 under different reaction times



1090 Jd Hl fk

#o% 4R %34 %

SEM El, M 6a AT LAE 15 S0 GREKE T 00y, it
AR, RO A DA 2 BN I TE] Sy 30 40
min B 75 219 Cu,0 ERRZ5H 8 58 % (18 6(b,
o) MIEL 6(d,e)m] LLE i, >4 52 B ] 2 50 160
min B | 175 1) Cu,0 BR & A 0 240 | 45 11
YK ORI TR AE—
23 AEKHE

G Cu0 /2 TE BG Wl i1y, Wb HA
Cu(NO3),-3H,0 Fl PVP, 7£3X A~ J bz i #2 v PVP fE
FARAF) EG YRR 43 BB A SRR, EG 7E il
B K AR B B (CHACHO), CH;CHO RE % 57 #ik — 1
SR H)P, oy R )R . B A B SR (H)
1B R 8 JEHVEE Cu(NOs), - 3H,0 B I Cu0, Wy
K)o, 2y FE T .

-2H,0

2HOCH,CH,OH 2CH;CHO —
CH;CO-COCH+2H (1)
2Cu(NO3),-3H,0+2H —
4HNOs+Cu,0+5H.0  (2)
TEA I Cu0 A H  PVP ANUAE ARSI
YERFRMEHN, B ERMEHLY Cu,0 MIRMA
7 it T 2 S (0 RO o sl A2 W B 7 Cun0 AR AR

PVP in Cu(NO,),

solution

PVP in Cu(NO,),

core-shell micell

Kid i, — el Bl PVP (1 b T A K R A
BEAT W B PVP 11 1 AR A B 8 R R AR 3l ]
PL3E 5 2 A2E Cu(NOs),-3H,0 5 PVP WY it HE B K
Pt Cu,0 TEA . FE IS4 30 min, we,po,), 3n0/
wpyp=45 B PVP 1% BB, Cu0 fb i AT — 343
fn TS PVP B, BXHET 80T SRS 1 Sk
K, Cw,0 ERE M ARVR . 25 weyno,, .3n,0 wee=15 B,
PVP ¥ 3 K Cu,0 fb 1K B 2 A9 b 1T W2 B PVP,
Cu,O BRZFE AT PR AR B ST 5 AR Weuno,), 31,0/ W0pvp=
9 B, Cu,0 Fr A 0 & it JL-F-#8 W B PVP, 3T 4%
A CunO BRI Hh BRIE /N B0k P 58 1T

FEFXF 20 F1 30 min A517F T Cu,0 T 56 A1 4544
MIWFIE s, BRATHE I T — A 0] BB (9 AL R fif: B
Cu0 25O AR B R 7 Fros | KAE IR Y
REY PVP, LV W 248 R BRI £ B X s 2k
Rl 2t ) T 9 25 4 — BT PR BRAR A Sy 250 Bk 2
PR VT I Cu> S RAEAE PVP B L th 3k
ARJEV B, BE A LR T Cu® il PVP 3248 i o
I, EG 1 Ry 3 Ji 50 ok 349 AH A A K Cuide
JEA Cul P BIAE B Cuy0, SR 38 2 PR | B 0ol
Ifil PVP 4355 ok 19 225 0 S5 Cuy0 .,

Growht process

Centrifugation Cu,0 hollow shpere

K7 Cu0 %L ERAERYLHR B
Fig.7  Cu,0 hollow spheres growth mechanism

24 BET RFLES#H

AT TR AT, DA Ak 7R 1 B 2 T AR ) H O AR 1R
T P bl 2R TR A T B G 43 R 1 4 T
(T M7 s Bk 22 Ak BN A 3, 8] 8(a~c) 430
977 K R RS S1,S3,S5 19 N, W B — 56 B 46 36 ot
LML, BT LLE 3 R S IR
AF — 5t B 25 0 T £ 25 2 TV Y 13 ROV S 6, U A
FRE S S A LA IFLAR S A1 (18] 8 N4 14)
A LLE RS LR R EE AR AE 3~25 nm, Ir AL
I3 AT EE R AL AT, R Y 3R T AURTF 2 AL
BR/NERITINER 3 iR, K3 LLE
HFRIEIE SRR Cu0 R BUR K, R Y
SR BRIE ORL 1Y) Cup0 FEVK 1T 2R 18T 30 2k 99 K ST
TRR Cu0 bR TR (S i/

®3 AEHEMMERERINALE
Table 3 BET surface areas and average pore

diameters of the different samples

Sample Suer / (g Pore diamter / nm
Sl 35 19.39
s3 29 17.53
S5 31 578
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