Chinese Physical Society

ME*E Acta Physica Sinica

€D Institute of Physics, CAS

RIS ORI SRR & S M AR 1
FHRAE N

Tuning the photoluminescence, magnetism and cytotoxicity of ZnO by tailoring the nanostructures
Zhang Jian-Hui Han Ji-Gang
5| 5 & Citation: Acta Physica Sinica, 64, 097702 (2015) DOI: 10.7498/aps.64.097702

7 2% 1513 View online:  http://dx.doi.org/10.7498/aps.64.097702
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2015/V64/19

AT RERCH B BB S &
Articles you may be interested in

S B G R RORE THE TR PR 30T 8 41 L BSUR G R AT 5T
Near ultraviolet luminescence characteristics of ZnO nanoparticle film
VP 2EH%.2014, 63(15): 157702  http://dx.doi.org/10.7498/aps.63.157702

IKIE 18 ZnO: Cd 9K F T ZE 1 KOG BUR DGR
Microstructure and photoluminescence of ZnO: Cd nanorods synthesized by hydrothermal method
PP 224%.2014, 63(15): 157701  http://dx.doi.org/10.7498/aps.63.157701

Ag-N 345 p B ZnO {55 — P JE FERTF 7%
First-principles study of Ag-N dual-doped p-type ZnO
PP 22 H%.2013, 62(16): 167701 http://dx.doi.org/10.7498/aps.62.167701

N BN E S ZnO MY p 34T o Sy SRR 7T

Study on the p-type conductivities and Raman scattering properties of N* ion-implanted O-rich ZnO thin
films

YEi = 4.2013, 62(3): 037703  http://dx.doi.org/10.7498/aps.62.037703

ZnO:Sb H R KIEHUR G S 2 FF T 7T
Photoluminescence and Raman properties of Sb-doped ZnO thin film
PP 2242012, 61(24): 247701 http://dx.doi.org/10.7498/aps.61.247701


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.64.097702
http://dx.doi.org/10.7498/aps.64.097702
http://wulixb.iphy.ac.cn/CN/Y2015/V64/I9
http://wulixb.iphy.ac.cn/CN/abstract/abstract60223.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60223.shtml
http://dx.doi.org/10.7498/aps.63.157702
http://wulixb.iphy.ac.cn/CN/abstract/abstract60222.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60222.shtml
http://dx.doi.org/10.7498/aps.63.157701
http://wulixb.iphy.ac.cn/CN/abstract/abstract54929.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract54929.shtml
http://dx.doi.org/10.7498/aps.62.167701
http://wulixb.iphy.ac.cn/CN/abstract/abstract52017.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract52017.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract52017.shtml
http://dx.doi.org/10.7498/aps.62.037703
http://wulixb.iphy.ac.cn/CN/abstract/abstract51259.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51259.shtml
http://dx.doi.org/10.7498/aps.61.247701

32 % R  Acta Phys. Sin. Vol. 64, No. 9 (2015) 097702
Tl RO R A FYIEFRARIL 100 B
FHINRER ORI SR &
MM AN St
EEMET BN

(P 5 RSB 2 B, AR S B B R A S s, B9 210093)
(2015 4E 3 A 16 HIH; 2015 4E 4 A 23 HikEMEHH )

AL (ZnO) GKFPEHA AL UV OGS A M K BHBE fa it B~ 38 B 9O hros  #E R 2
W AT R 1 T2 N T A e T SRR 2 —. PRI AL ZnO 9K 5 R VTR ZnO 1 S2Br R
YN, (RS, IR I AR e BT 17 45 AV  SCBIn A R A AR I SR R S AR B,
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fn R 3 B W R A M, N O AR AT T RS IR
W, HAME 1010 Pa @& A LA BETE U 1L
B T AR g i B, e 25 M A pb s i e,
R R L. B R 5 R RO R R MR A b
FRPE, SR 6mm (Ff7R 2 -3 H il 5% R) 5 C6v
(RERFNE 5 HRoR), 2N P63me, Ml a
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1.633 [IERAE S 7 R L) ). 2R 4 ) S AL

ch, 5 A DL TR T A AT 0, e ¥ - |

BT RIS T 4240 319 0.074 710,140 nm 4. 1 B & i
P LT, B TS T S A R B e &;&

(1/3, 2/3, 0) F1(1/3, 2/3, 0.3817). HFAEFE T8k

AT ER S AHAR I B 7 L sp3 7 AR AL A LA Ay 1 BRI 4

HHC 1 DO T A 45 g 561 78 R AR N 38, B B8 T AR Fig. 1. Ideal wurzite crystalline structure of ZnO.
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AR 52 MR ST L, T DR SR, Y AR A
RS AW B G oK ROBER, 5 42 1 B T 1 L
PR AF AR H R, 2 A R M AT DAY 35 5 i L 28 5%
2SR SRR A By JEOR I J . DALt i 4 o) A0 B
BIANKEE R, n RT3 B T et 7 H ) 2 18 ok
g3~ FTH HLAT A, T LAOK R 2 b i 1y Bl s A AL B
(PR TR AR, AT SRAS I FH B 75 ZE ¥ R 781, 5%
Je s O kgt U012 gl e B g 1k & (12— 100,
CLHRTE 1A G E AR 9K 45 1 1) A R A R 42
TR 2, FEAT DL N =28 ISR VE (W
sol-gel ¥ 1O L S AR IR i 7 AR Ak 2 A i (1
AL 2R (18] K BB i DO A= i)
B RE P e B oK s D12 AL g PO,
BAFEERERBEGEE. mEm. 7 amR5PE
I AT 1 v S AR AT 2 B B o T A AL
Ghosh %5 [21] 3 i 200 I IR 3 R 40 S A0 1) L A3
SONARF], K RG24 7 AN R RST B A B g oK
BREERIZNIAOE A%, Li%k P9 Fl NaAOT LB
AT AR GK NI e R, SR, FE R 23
CLHRE PR AL P i & K E A B B R T
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N TR (SR 20 B2 5 2H R 129)) 2
W —FhER 2 Fh. AL T A R 2 B B AL
BEYROR IR b1 e DA 58 A i P bR 2, BRAE iR
R, H SRR 4 SOl 2 UGNk RS A
TES. X e T B IR A B3R 1 37 M 7R AN (E 2 52 1 46
AR M SR (5 B0 e £ R A A ke 1)),
1] B 23 45 S AR R OKORL T SR A 201 1) 2B 4 40
B (T — F PR 2 ) Y8 PR B R IR ) AT 2 i 4
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AR RO B | 40 3 M SR s DL 10) 2
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PR, FEREFOURRK: 1) FAb 8 R e
Bk EWR RN %846 LD M LED S5 4508
FHEINH; 2) 18 HL T 3% R PR i) S A X o 5
B SARGEK G i b 5N IR e, R T
F HAE e T 2R RS BB AT A 5 E N
FA RS AL R R R 1 2 S 44, 3) T S gk
S5 R 0 20 R B AN O I T 2 A R A AR AL
ghoR gk, i H O s 1 A AR S5 0 BT B 1)
S Pt B 2 M A R T L A v 2k 1,

2 LIGAR G RNE
2.1 SEIE ARSI

R LM% BB (PVP, Mw = 15000, K15;
Mw = 30000, K30; Mw = 58000, K58, Mw =
90000, K90), Zn(NO3)s-6Hs0, Zn(Ac)s-2H,0,
NaOH. =¥ (TOPO). WM (PAA,
Mw = 1800). KM ZEFITC, IEKE. FEE. I
K BES ToKH ZBE. Jurkat T 40l 10% Jf 4
M3 (FBS) AL JiE A BE % (L-glutamine) s itk FR 284
I %) B, B2 LR IR B 4B R (4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid, HEPES). A i 2
4. Namalwa, Daudi F1Raji B k=840 fl. 72
e BB (L-glutamin), 1X 5 H & -# 5 & (1X
penicillin-streptomycinx) . B £h 22 i £h7K (PBS),
WAL N BE (PT). %€ £8 2 (Annexin V), 27, 7-—
FK K LW ME (2, T-dichlorouorescein dia-
cetate, DCFH-DA), i 5135 o0 Hrali, H A&
1S FH AT AR AT 3 — P4 Al

2.2 BMENFAREIRG &

221 PVPR @& dhEimbA A4 m
KR LM

afil E A PR S5 1) & G B 2 1 NaOH
TN Zn(NO3)o-6Ho O 2B VA TAE i HE 15
KON R 20 mL ¥ fEA PVP (1) IEREE R,
YOI G B HE 30 min, 285 A& B HI A AL
PR UK SE I T B, W] DATE =R T F O a4k
SRR RN R 2 d, BUBRNEEFE 95 °C R E N
1 d. RS BT RORE R 2 e e R S R S
Do =0k, B S TN HEFRE 50 °C BT 758 K
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FE . B MCE PVP 4 1 8 A & NaOH Al
Zn(NO3)2-6Ho0 I ita L s BB [a] | 35 R &5 ] BA
PAFAF T S AR GOR S5 1. T34, AR
JIr 75 R SR, RSB AR & T DA B
1O

A - R S S K& G #4 0.8 mL
773 mM (1 M = 1 mol/L) FITC Z, % ¥ W £ it
FER IR fRA 1.0 g PVP 100 mL 1E R %
W . PiHES min /5, MA0.8 mL 70.25 M
Zn(NO3)2-6HyO 7K U 48 2245 £ 30 min, fifi )5
TN 0.8 mL 0.5 M NaOH-Ho,O HEEVA TR, 4k £
L4 hJE, K 3RS 7= FH £ 1 e it 7 R g
Ve 3 I, B 5 ONEERE T 50 °C MLl 15K AFE .

2.2.2 P An AR F KA AR &R @ IFF
AAAE AR IR

# 0.5 g Zn(Ac)y - 2H,O A %100 mL —
HEE S, FH A i B T E 180 °C LA 78 4 Vi iR
Zn(Ac)y-2H,0. FREHAE B = 5, B A
0.8 mL 223 7/K, EHE 10 min J&, K700 e
EN180 °C &M 6 min. FifF =PI 2B iE L 50
FE P e 33, Bl 5 N BEFE 50 °C BT 158
KA.

2.2.3 AT A RFE AR @RS K
FA A

Xt F FH PVP 3 1) 45 & 7 v il 2 1) Bk 4 9
K Wik, W] DL I 228 PVP I A & K& NaOH Al
Zn(NO3)o-6HoO ft 5 b ok B 42 20 28 9hy K ks %
THI R B 0 5 7, AR s 12, AT BB T 1T 4N
SR SBURL F) 2 TH i 43 R0 3% THI R e 17 %o 3R THT V75 9
0 SR B G KR T 3 THI 2 P R 1 1) 2 i 4 Ak
BTV, T 5 FH AR TH S 1 7R ) SRV (20 mL,
0—80 mg/mL) TEHE A T 7877 H F Ik il 25 i Ak
PEYNK IR (£ 350 mg). 7 50 min J&, K AT1E
VI £ B 25 O FHEE 75 BRI IR, Bl JE TN IS AR
H150 °C B4 AR RE . I8 SO R TS M
TR P R DA T L AE S A A G RORE 7 3R THT A
. MBI PAA MAEKAE AR, XHE
FHPAA AINaCl (1 mM) (IR & /K IEH0E 75 4>
B EL 4 F SR GRRL T, BB S F 25 B8 K vki%k
PR, eAb 1T mM NaClE A EZRN A Y5
1 G KR (1 T 3R 1T B4 7 0 b 4 SO, 3@ it 1

T PAA IV FER T AR 1 2R T B 7
PNIEEE SR REEAY S TR E LR R

2.3 FsEEmAIMEEENLR
2.3.1 AAAFAE SO LE M MK

FIT 45 S A B FF 0 6 45 8 A A8 A X5 2ok R
1 94X (Philips X'pert MPD, Cu K, 41 £k) i3t 17
g, FEMITE SRS A EE (SEM/EDS;
LEO1530VP) f1i& #f L7 (TEM, Technai F20, 200
KV) 23 #. B RS F W Ot i 43 BT X (U-
3410 8L UV1800). iz £L 4k o6 1% 43 #1 4% (Nicolet
5700 8X NEXUS870) fl X 4 £k & i 41X (XPS, VG-
ESCALAB-MK-II) #4740 #r. ZEMISCE 73t 46
AR il 3 7K At A 7R b AT R, B
0 Bl £ T B ' B 2 K 1 oo (146 WO B2 K A
ain) B L e (BEXS RO BE/NRIRE ) AE I 24163
BT eR, K R RE S ST O B RE R AT
M #E XPS 7t FEG K Zn 2ps o WEALEH C
Is BEAT b o€ . A 1 R T H Aar 5 2R SC LA 49 A
X (NanoZS) M LA 8. BT A A8 il 34 43 U
5 mM KRR TE 25 °C 5, F kTR H
i U5
2.3.2 AN SO LBR AL, B F T

P A8 69 3K,

MR 5250 75 2, FUEE AR W 4 2 ST U AR B Ak
Jr BB BB K B A 7 R BT R BUR SRR
FIT F 1 5% 06 385 43 #7430  T64000 (3 R 5
K 210.6 W/mm? [f] 442 nm He-Cd 0t F I 2 £
0.25 W/mm? ) 325 nm He-Cd #0%) 8L FO7TXP (3%
RICIF N E K 1 Xe AT H6IR). DO BIRE R B
B i 3 RO A BOROGIRAE B A2 R AT K
MK, T 43 HCE VAR R RE o A Xe ST i
FOGCURAE 2R R N AT ROGINR. A R i 11
P35 FR IR ZRE B SR v AT T i 1] 2 )

2.3.3  AALAEAE S0 L I8 A ML X,

# M ATCC 3L Namalwa, Daudi fi Raji B
MREEANALE 37 °CHI 5% COo I T =278 7%
£ RPMI 1640(GIBCO), 10% it 4 fiLif « ¥ 3L IR
W LB PR (10 mM). £ R BERZ (2 mM), 1X H &
R RIS W, RS x 10°
7E 96 FLAR A FH WITE B R #h 22 v 5 /K Hh 8 75 30 min
I B0 SR M GKRLT- Ab BE. Kb 5E S, 0 40
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FH AR T i ANl o B 1 G, SRS P 4E B &
F1 FlowJo 1 GraphPad Prism ¥ {4 4t 11 7 #1 41 g
MIFET R, B g RARE E 4 kUL . R4
T2 FBUR 5 T LT 4 M P 5 %85 ) D B S 2
T T I G B R G4 XS R KoL T 1R P A5

3 4R 5

3.1 HKREHFEHRT, . REKS.

REBRTFHERITH
3.1.1 PVPF@&dhikst AFMARLEH

9 4% 41

w1 RN, SRR — R AR M A, B
B8 S I IE M ST (0001). A S TR
B P F T (0001) A0 EE B P 19 46 T (0110). — %1%
BUF, RV, SRR I R A K T T
Vooor > Voito > Vooor, Wi c AR K — 4451418
W R EAEE R LI 3 824 28] e g
il 3 A dn T A AR, AR B B IRATTAE AT DA
# HAT R R GUORN. E e TR e
B [T (0001) [ 43 125 7 B0 67 A 14 7 THT (000T) F 480 25
TR E A BT, &5 5EEH I 1
BUE e AR G I LT A A T P B SR T X
% THT W B ) 4 JO o A 2 2 T R I8 A A B o T 11 A
KL, AT g FRATT R 5 S8 A B 1 i T AR R R &
PR MREE T — A B E A, fEAEIRATIE
FIPVP R4l Bh I 1 A AL B gl K g5 by, £ LT
PVP LRI 1) PVP &2 —ME K HAE
FEAHVAVEL ()5 WL IR -E 4, BRI HL AT BAT 7z A
125 Fh I N 2) PVP B BER I N AITO 41
A XL T, B 5588 T RS R 3)
HEM, PVPE I REEP RE R — g IRl & &
(K R EAE B R BRATIE f SEAEE  A s BE
AR T — PRI 7. BRI ERATRE T T
PVP /7K /IE & (WPN) X R ) 5 o744 225k AT
5 A BGRAGEER 254l i o5 i R AR R IR T
H\PVP W T RN E . BRI, /15 T
— RYNMRR I A B K S5 1.
3.1.1.1 PVP [ & X i &AL B9 K g5 M I R

SRS R A
# 0.8 mL NaOH /K (0.15 M) #10.6 mL

Zn(NO3)2-6HoO L (0.10 M) MK iR
F0.2 g K30 1920 mL 1E B, B UM

Ja i FE 30 min, ZRJETE35 °C B E XM 36 h.
Bl2 (a) s, iR (B m 1) FER LK
21145 nm BINAEGK . B2 (b) 2 /NIUE A
(1) 51 7 FE 2 TEM [, Ji B o 00 3 AR 7 A7 4
(SAED) {EFF 24 s W 2 EL4T fE /N U - T
FRAN. BN BRI SAE & F0.28 nm 1
g A% 25 SU R PR 5 ZnO 9 (100) ST A7 4. SAED
H R AT S AT LUFE AR KR 1010, 1100 AT 0110 55 4
T B AR, X e g B3R B i 15 S % F o1 T 2
(001) A 1H. XRD B (Kl 2 () #iA 11X LE/SiA %
F IS AR IR (P6sme, a = 0.322 nm,
¢ = 0.521 nm). H A (002) F1(004) W B A 3 E AT
S UG, 2 BH T A0 A Bo AURE 1Y) 2 2 G THT 2 (001) T,
X5 LA TEM 45 % —%.

(b) 3 nm
()
" 002
=
]
5
=
&
~
>
IS
b7
=)
Q
2
E
004
A
30 40 50 60 70

20/(%)
B2 NUEEMEYK A H SEM (a) fl HRTEM (b) &
% XRD (c) Eig. (b) HhitEE 4R SAED 16
Fig. 2. SEM (a) and HRTEM (b) images, and XRD
patterns (c) for hexagonal ZnO nano-plates. Inset of (b)
is the corresponding SAED pattern.
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TEARFE A B 2 A AR HI LR, K K30 1
FEM0.2 gl F0.1 g )5, FEYITES ST
A NI WUZ G54 (HBS, B3 (a)), [FIE AL 8
A IR AT PARA 2 33 °C. #— 28 K30 1 &=
F200.05 g, r=¥) IR R HBS 46 #5135 32 K ik
A>3 80 nm, 1M H A A A 1) AR B L R B w19 T

(38 °C) M BE A H S SN T (48 h). K K30 &M
0.2 g HINEN 0.3 gt S B kAT, B 1
48 h SN TE R, H R AT IR T E R N
TE R (K470 nm). #E—545 K30 (19 FH =319 0 £
0.35 g LL_L, [ Mt A &4camibl, BIsEAE 35 °C ) 1
48 h, WA — TR AR & R A K

3.1.1.2 K& R A & E AL B R S M RS

3 TEANF N AR A IR A K S5 F 1 SEM B LN 0.5 ((a), 0.1 g K30, 0.8 mL 0.15 M NaOH,
33 °C, 36 h) f14 £ ((b), 0.1 g K30, 1.2 mL 0.1 M NaOH, 35 °C, 36 h) [I/NIAFIZLEN; (c) HEZZEEM (1.2 g K30,
0.8 mL 0.15 M NaOH, 95 °C, 24 h); (d) F— M FEFHZ B4 (1.5 g K30, 0.8 mL 0.15 M NaOH, 95 °C, 24 h);
(e) #i%t (1.0 g K30, 0.8 mL 0.15 M NaOH, 75 °C, 4 h) (f) #X02 (1.0 g K30, 0.8 mL 0.15 M NaOH, 80 °C, 8 h); (g)
[ F (1.0 g K15, 0.8 mL 0.15 M NaOH, 65 °C, 8 h); (h) £)Z (1.0 g K15, 0.8 mL 0.15 M NaOH, 75 °C, 8 h); (i) Bi
(0.5 g K90, 0.8 mL 0.15 M NaOH, 95 °C, 4 h); (j) -0 MFERI/SLENE (1.0 g K30, 0.4 mL 0.3 M NaOH, 95 °C,
4 h); (k) #aEHE (1.0 g K30, 0.2 mL 0.6 M NaOH, 95 °C, 4 h); (1) ¥k (1.0 g K30, 0.05 mL 2.4 M NaOH, 95 °C,
24 h)

Fig. 3. SEM images of the typical ZnO nanostructures made with different reaction conditions: Hexagonal bilayer
with aspect ratio of 0.5 ((a), 0.1 g of K30, 0.8 ml of 0.15 M NaOH, 33 °C, 36 h) and 4 ((b), 0.1 g of K30, 1.2 ml of
0.1 M NaOH, 35 °C, 36 h); (c) semi-multilayer (1.2 g of K30, 0.8 ml of 0.15 M NaOH, 95 °C, 24 h); (d) multilayer
with an equator gap (1.5 g of K30, 0.8 ml of 0.15 M NaOH, 95 °C, 24 h); (e) gears (1.0 g of K30, 0.8 ml of 0.15 M
NaOH, 75 °C, 4 h); (f) semi-bilayer (1.0 g of K30, 0.8 ml of 0.15 M NaOH, 80 °C, 8 h); (g) wafers (1.0 g of K15,
0.8 ml of 0.15 M NaOH, 65 °C, 8 h); (h) multilayer (1.0 g of K15, 0.8 ml of 0.15 M NaOH, 75 °C, 8 h); (i) bowls
(0.5 g of K90, 0.8 ml of 0.15 M NaOH, 95 °C, 4 h); (j) hexagonal bilayer with concave centers (1.0 g of K30, 0.4 ml
of 0.3 M NaOH, 95 °C, 4 h); (k) capped pots (1.0 g of K30, 0.2 ml of 0.6 M NaOH, 95 °C, 4 h); (1) hemispheres
(1.0 g of K30, 0.05 ml of 2.4 M NaOH, 95 °C, 24 h).

TESR B H MO5H I E 4 (3 (b)), #E—

Ff HBS 4548, (H A L (Fr J8 AT K (1 EL A1) 328 3

&N K 5 & 2

 EFrR, {1 0.1 g K30, 0.8 mL NaOH 7K
W (0.15 M), 0.6 mL Zn(NO3)o-6HoO LB IE T
(0.10 M) 5551 4E 35 °C & )R . 36 h 13 2| HBS
AALEE YK SR, (R BRI AL R &N A R
K S & A 0.8 mL AN E] 1.2 mL, Frfs =40k

1.4 mL PL 5, /K& &l A WPN R Ry
S) AT B RR, ARNIE i 7 A A A B, PRI S
AN B2 AR RCR A3A . PREF DL B SRR AR 1)
ATEE T, KK & &M 0.8 mL Jk/> %] 0.4 mL J5 (3%
 NaOH )& ERFFAA), FAACEE A Bz 2K
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WA, B T 48 h#R A N 5E 4, T B

(T3 HBS 28 i P 35146 29 50 nm (750 .

BE— P ROKH) & B FCE) 0.2 mL B2 T, AL

(45 i 58 A2 A0, N 48 b fa R4S 3 —Ledk i

T e T 4).

3.1.1.3 SRR BT fi 2 A AL B N K S B RS
TESR 4z 1R

T8 I B N iR AT DA Bk R PVP R
K EA RS PVP I &1 52 20 R B, 1N
BAVRME Z S HOR AT S~ 5
—, B R RO B, AT DL PVP A Y
P REN0-—2 g REH MR, BN, &ELE
95 °C i B [ ¥ 24 h, 294 K30 [ H E M 0.05 g 38 i
1.0 g, PR FFHBS 544, 2K 7] LA 40 nm
HnE| 1.2 pm. #—PINK30 WHER 1.2 g5,
HBS 45 F4 38 2 3 B R bR, (HNU M M ik
HIL T 2R E SRR, 1 H A O AR R A M
Fe (B3 (c)). MIMK30MAHER] 1.5 g)a, FE™Y)
AR A MBI 2 Z A5 (B3 (d)). BB, AR
FEA B ml DL E R = e s, fildn, {FH 1.0
g K30 I, B s MR FEM 75 °C F+3 80 °C F195 °C
AT DL S AR = Y ) EMIE S 5 (B3 (e)) &2
FHESUZ (B 3 (F)) ATHBS 4544, {4 1.0 g K151,
W S B FE MM 65 °C T3 75 °C F195 °C ] LAt
EAGEE = AR TSN (3 (g)) 28 By 1M
Fea L i 22 2 S5 40 (103 (h) Ay [T R oo Fl 7R TE
M2 2458 (B3 (d)). /0.5 g K90 I, K s b il
FE MM 65 °C F+2 95 °C Al LK AL 87 P2 i) E Ak
TV 55 IS TR AR P BR AR Btk AR (B 3 (1)). 36 =,
PE R AT U A B ACR R SR, M
1.0 g K300, #/KMHEM 0.4 mL FEEE] 0.2 mL
H10.05 mL ] LUK =P i T30 s TUT R w0 R /N34
TEXUZ S5 (K13 (§)) 28 ey i (B 3 (k) FpER
(K 3(1).
3.1.1.4 PVP 4 T80 e & 90 K A A EE 45 i T

FE [ R0

B RTIR, A PVP )RR A
45 AR SUA toE YEAER], PVP A 5 7y 1 5 Bk
I BERT AL B I A R B A EEE 5. D
FAFAWE T T PVP B & Ko 1 B A A 4
A FEFRIRE . W 4 B, BEsE PVP RTERISE N,
SEACEE I 25 IR LW SR I ARG, ) T — M ME

Ja, IELRETE . 546, BEE PVP 4 F K,
SR 1) 4 I B A /MBI TR, RIAPVP Y
ST RS FHEMK, 75— IR RO
BRI T EAEE LS 5. PVP X 8L EE 4 IR 1
A& 4B 2 R AT LUH RO BL R AN IR — 7
[, PVP 7E 1F KB 2 R AK 7, X ] B2 ke
i LA BRI 7K 3 T IR Zn?t R OH -~ & B
PR AR R (0 SBE, AT 2 oo S A A PO 45 o
RNL. 25T ENE, PVP XK 4 7 B HR 44 G
JInlRedG N, At — B8 E B s . St
b, BEE S TR, PVP /KGRI H 2
) X LK PVP 2> T HLE S PVP 2 T3

L A g
v sof 9/
) | O
e o/
= 70tk /
5 o
Q. r O
£ 6ol °
8 b/
£ 50 /O
£t QP . —O— KI5
£ a0t f y —e— K30
)
Z L A ¢4 —A— K90
O | 7
30 C 1 N 1 N 1 N 1 N 1 N 1
0 04 08 1.2 1.6 20

PVP amount/g

B4 SFiems mikEM PVP Mo FREHERXR
Fig. 4. ZnO crystallization temperature as function of

the amount of PVP with different molecule weight.

002

Intensity/arb. units

4I0 5I0 GIO 70
20/(%)

5 7KV IR SRR A TR A B 1 2 BT i (FF

1) fRx EERE A SEM (a) A XRD (b) i

Fig. 5. (a) SEM image (a) and XRD pattern (b) for

the control sample prepared by repeating the synthesis

w
(=)

of samplel (shown in Fig. 2) in water solution.
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RER AR+, N T W\ PVP 1E 1E L H 5 7K
FAAE F AT LR S A B O 5 i, E SR B 2 A
B3 (d) A S IR S AT PSR LG E R A SR
PRAF A S L Z A AR, R T G T o 3 A
KA. P 5 (a) B, B2 Bt i s EORE i
FEREE M RIRZE (WES5 (b)) MARIERT. 1
B3 (d) AT £ i (055 B o U 2 G 5 T PRl S
dn. DA BT B SR aG 25 8 4y R A 7E WPN & &
PVP Xt 7K 43 F [ 344 B 3 m S A0 B 1R 45 .
A —J7 T8, WHTFTE, PVP 2T NATO 574
BT B S8 s R e TRl RE & R
255 AE TR PVP 237 b B SR I 45 iz
M HE A B AR K. B BA R FE B e 4
ZE R ST PVP XA B 145 IR B 5 B IR
PR A — AR

3.1.1.5 PVP 43 TR AR &5 0 1) i 2 113

N T AIF 92 AL B M PVP 43 1 18] 7] BE 17 75 1)
&G 1E M, FATHEFL T BT il % 10 AR 3R 1 1) = AL
BERE S A AN S S oy A, B T Al
1) PVP(K30) A Fr 4 i (FH T 14 40 4k B Ol i

1427, 1666, 2925 13433 cm ™~ iR T 4R AEZL AN
Wi, 5376 B PVP 73 F ) N—H—O0 24 & it
. C=0 M C—H IIHR3H KK AR i) O—H 4 1.
T 2 Fros BIRE S (B 1), B 776 1066 F11163
em™1 Kb B I B AR AL B AR 2 7 T IR O UG
HRBL B I T PVP 4> F R AR L0, 5
i PVP A LL, 7ERES 19, X C—H 8 i 40 4k
W VA 0 (R R 10 B AR (E . N—H—O 284 it
N A HT C=0 B (W WU 73 ) i 7 21 1381, 1453 Fl
1728 cm ™t XFCRMIER T LLUHET PVP 41
ML ER I O/N A EE P B B T I 4% & . X
TRES LI LURE i, DR BE I &5 T 2 %, IR
B USRI AEE b R I 2 75 T RS, FERE R 1 A
TR, BR T C—HEESN, BT PVP RHIER
WU 1)o7 BRI AR AR AS AR [F], 3X 3% B AE 3 5 A
H PVP [0 B 0—RA—FE. B6 (b) i
Pl AR 1 T 3 1) SR A () £ WSS i3k — 2 3R B
AN TSR B A B i BB A R PVP RRIE TR U
U, X et R TR [F 1 %% % R, PVP 4T
TR B A% S A b B AN IR BRAT M, AT 5
) SR A AR AR 2B K AN R (R 4R oK 5 44

FE ) BIL0AM 6. 6 Brs, 2i PVP 1 1284,
(a) silicon substrate
control sample of sample 1
2 %
‘g
3
o)
g
a
] S
g =
< <
0
RS .
— g Q
N m
AN

Wavenumber/cm~!

1 1 1
1000 2000 3000 4000

(b) 8

Pl
- pus

2

/\Nw\,l_

1 1 1
800 1200 1600 2000
1

7

Absorption/arb. units

Wavenumber/cm ™~

6 4iH)PVP (K30). Kl 2 s iIfedn (Fh 1) K& HAE KT & x EURE el 4 R B 2L AN IO
i (a); B3 (a)(1), (d)(2), (e)(3), (£)(4), (h)(5), ()(6), (k)(7) A (1)(8) Frntt it HILLAMR I (b)
Fig. 6. (a) Infrared absorption spectra of pure PVP (K30), samplel (shown in Fig. 2), control sample

of samplel, and silicon substrate. Infrared absorption spectra (b) for the samples shown in Fig. 3.

(a)(1), (d)(2), (e)(3), (£)(4), ()(5), (1)(6), (k)(7) and (1)(8).

MRAE DL B sig 25 R, JAlse bt 17 LT e
BRI, WA 7 (a) B, HOE, BT 5 PVP
g A 1) O /N AR IE UL &4, %Pl & P AR

W EOH™ B M i /KAE i ZnO, PVP XK 4
T B SR A A FH AT LA X — e K AR il B H 4
PVP [ E/NT 0.05 g, PVP X /K41 1 ok 46
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JIK 55, AR A B Fe T E A B I 45 OB 4
A (B 7 (b)) UG, BT 585 71
SAEMER, W PVP 2 AR S W I 2 & & 8
719 (0001) &R b, AT A S T ) AL dn
RUSCHTIR, (0001) & AE KR E R, PVP & &
FOEAR T, A BRI SR T LA K R LI — 4 7S T
BeREEE R (W 7 (). BE%E PVP &SN, ©AE
(0001) s T = PR P %) Bk ke ik 22 ) AT Sl 35 0 1) 1%
o AR, 3 350 8 ) — A A 245 ) TR B
DR S A B R AR M 25 4, ) — S AT A i AN Fa

€, B 5 AL B T AE B WO PVP R (0001)
i TR 2k 2 ARG, DT 48 B A F ey 2 4, A4 7
W46 K R FE AR e, AN AR BCHBS 25 1 (B 7 (d)).
% HBS 45 #4 [t H ¥k LL B PVP [f1 F & 5% (0001)
s [ A2 K P 410 o) R 2 8 i g b, R A Bk
HBS A BHLEE, F AT 4 1 HBS B 5X EDS (40
B8). anilELAT I, HBS F 2 18] S X 38/ Zn/O
EE 5 9 0.92, B2 E % /Y (0001) & 10, 11 7N 4
JE R X 3 Zn/O Lol 9 1.12, R Z &N
(0001 ) i IH].

W i "H—CH,
_[_(*H:_(E-H.]. :unnl}—n ‘NHHE‘XH_E?LI 2+
N‘.Xn’:o T ‘:I
i (0001)-0
. (c) /+CH2—CHY i
el Zn=(0001) nrlun—,xﬁ R
20H N, O e
(00011-0
+CH;—CH} -[-Cl-I:—(l:‘g‘}? o 001 y+€H_CH2+
r\ O N. .'I'I.a c‘),_ .n I-N
[:] (0001)-0 C’ Q
H (0001-0(partially covered by
fa)l !g physically adsorbed PVP)
(b) (000T)—7n +CH>—CH+ - 4CH—CH>}+
ZnO I :/n:(—)-{[IIiIII: (0001)=7n . |
" hih
. (0001)-O(covered by physically adsorbed PVP)
+CH,—CH+ +CH—CH»} o
A
H—0O—H N
0~H—0—H~0 !ﬂ  (CH—CH}
(0001)=2n. |
O V

7 AR (a) B HRAK S 1 IE PVP-4F B TGS AR E TS K A R (b) ARARAE K
HIEAEE fmiAAZ B — A& B IEA I (0001) & IHIANE U Gk P (0001) FRIHT; (c) —4e/NWEH S A, (d) BA
RIVHRELL I HBS £5H; (e) BAT/NIBILL I HBS Z5#; (f) MEXUREH; (g) W 451

Fig. 7. Proposed growth models of ZnO: (a) PVP urges the dehydration of the Zn2t-PVP coordination compound

to form ZnO by binding water with PVP; (b) initially formed ZnO nuclei comprising of a positive polar (0001)

plane rich in Zn cations and a negative polar (0001) plane rich in O anions; (c) one-dimensional hexagonal prismatic

ZnO structure; (d) HBS structure with large aspect ratio; (e¢) HBS with small aspect ratio; (f) semi-bilayer ZnO

structure; (g) thin plate ZnO structure.

M PVP G0 2 — & & 0 %, PVPIFIRY)
B W% BF 2 (0001) & b IR B 4 406 e AR K
(B 7(e), T £ & RMEABSE # (7). X4
(0001) ff T 1= 4 B2 W% Bt (9 PVP &K 21 56 4= 0 il
i I AR E, EAEE KRR O T A K Bl 7S %
FOIRGEH) (B 7 (). U PVP & KEE T4 K4
EAZ I SR TS, S A KA R k. i
Tk S W AR R PR R A B 4K 45 4 HBS A Kl 2
HR SEM B, I FG A PR 44 K &5 44 41 v] BAFE |
WA KM EEAL I8 2 E TR W 9 (a)

7, AR 1.0 g K30 F195 ©C ) 5B 2 A 4 i HBS
opuR e SN VE AN ER i TR /S Sl ) e G A
BEF, AR S EHEEKH T B4
I7NIATE B, RMNAT 1 hgE, ITA JeE R A b
AT 54— RNFEAT2 hE, XEEfE
KN PO K KRB ARG KA EAZ
K, MM i HBS 45 7. 3 8 HBS 45 #4) i %5 [ B
FIBEAT 4R 4L K K E 4 h A EIH K (B9 (b)), &
B SR A 1) 2E Bk 38 28 R R R AE K S B B
R J, BT AR B ) S8 o o A 7 A i g R B 85 R (1 22
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WIS, BT A5 HBS 45 /) 128 7= 2R B T, ALK
2 B Y Ta) B3 n, T L A By o Ja) [T 86 R g 1) T
K9 (c)). HAEE S B R S IR R
B R A D& PVP RS (0001) 1 (0110) & 1
. B9 () FR AU 2 AN [ X 5k fr J& 5 AR Ak AT
DL tH, MRIORE A /A 30300 /320 Hp oy, 0K IR 35 it
R PERG N, X AT LA DR A A 1 s R s B b
% DX 35 0 R 0 0. I X A4 i ) 9 A e
SRR IBIE A 175 F AR IR S B0 6 (n
UKL 4) AR (Wnf50ks 5) TESR AR . 2400 IR 7
I8 B VLRD IS, S8 A BT 1) T 7 SO P AT 84D (2
WKL 2) AR PVP bR 17510 F 1 - &
BreEK. BN FRE A RS A E LS IR, 4R
A2 ) HBS 25 46 18 18 ek /> & P82 i o UKL 10 2544
A, T S B R R ) P A (WU B). SE
B, S MARMEHREE (HRERIFH 15
FRR) #AE [ — AR R R B, X AT RESRIR T B
S — e R 2 B LT AR 7E B 75 2% I
55 I R ) F R TR AR AS R 7 72 2 T A R 2 B 1Y)
U,

9 K 1.0 g K30 F195 °C KR MR & 0.5 h (a),
4 h(b) fl 48 h ((c), 1—5 RARAFEBREMLZLLER) 5
Pt SEM B Jy

Fig. 9. SEM images of the samples made using 1.0 g
of K30 at 95 °C after reaction of 0.5 h (a), 4 h (b), and
48 h ((c), 1—5 show the different ripening degree).

3.1.1.6
A2 iR Ei

T FE R AR T B0 e A AL B 9K S R 1

(@) gz
o gy PO : ;
1 2 3
keV
(b) Zn
ﬂ\/

1 2 3 4 5
keV

8 HBS HANBUKLIK 7SI BRI (a) AP Fr 2 8] 1 1% 5
FHH (b) ALB4IX EDS 1. $ FIFR ] T sk i X 48

Fig. 8. EDS spectra around the hexagonal surface (a)
and the interface (b) of an individual HBS. Insets show

the corresponding region.

W EATR, AR IR A GRS B TR 46
A S A% A it T PR A K 2 LU AR AT S I 224k
PR, BRI 0T e B2 Y5 VR P 43 4 A0 J5 82 771 2 ) ) o
B EE A S e AL B I B A S5 . R 1.8 mL
NaOH /K (0.5 M), 2.4 mL Zn(NO3)2-6H,0 2,
FEEWE(0.25 M), 2.4 g K58, 60 mL 1F J& 8 % 7 %
SIS Z A, TEREHE T B2 h, BTG =W R Bl =
ISR AN K S5 4 (B 10 (). HRTEM 3 W% 45 kg 2
FH 3 A 5P S SR A A 4 7 i, 35 T A
TERMHBS 8544 (B3 (a), (b) ALkl A%
T—ARXH. Bi% OH /Zn2t (NaOH/Zn(NO3)s)
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Bl 10 AR, 2.4 g PVPATLS (a), (b), 1.75 (c), (d), 2.0 (e), 2.25 (f), (g), 2.75 (h) ZLLFIf OH/Zn%t

B84 5 1 TEM 1 HRTEM &

Fig. 10. TEM and HRTEM images of ZnO samples made with 2.4 g of PVP and OH/Zn?" ratios of 1.5 (a),

(b), 1.75 (c) (d), 2.0 (e), 2.25 (), (g), and 2.75 (h) under stirring.
EL B N 1.5 38 I 2 1,75, = F1 S B8 0 2E 1 a2 3140 F)2.25 f5, YA R R T RYKE (B0 (1)).
], A P ELARZ 20 nm (IR 25 o 35 2 HRTEM (10 (g)) R HIZE PIEEH T2 20 2 nm
P (110 (c)). HRTEM £ WiZ & (B hr £ 4 IR (B 10 (d)). 24 OH~ /Zn2t Lhfpl 4k sk
2 nm K/NEIBE R (110 (d)). 4 OH~ /Zn?t g 2.75 J5, P AR = Ak e (10 (), R
LA T 2 2.0 = L B Le ) S5, PR AR Al K REZEE ISR R SR i H EAR AR
ZAHACKEE (K10 (e). 2 OH™ /Zn2T L3 m BITOHIZ W 4 N A T SRR, BL BB 9K S5 1
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RPN TE B E K S HAEBHEHBN T
AIRKRATE. A RrE T A AR L, &
T TEM A 7% (K10 (c)) AT =BZ4E ( 1 (h))
T 7 o AR 2 1 0 K 5 ) T S R I R P (W
5810 min). W 11 (a), (b) FE 11 (c), (d) 7 AT
TN, I T Tl 25 ) R 4 T 0 43 ) R A G R T B
T (4 XPS Wl A2 HH PVP AR ) (AN 58 4245 i 11
B (K11 (a), (b)) M=% (K11 (c), (d)). XK
X EEH K ZE R AR A PVP 5 [ 45 dl A B,

WA B T HEHEAE & 7 PVP 72 8L B i
FA dn PR B 7 =X, AT AR 5 AN R 0 T A
R AR . I 7 = S5 A8 R Il FITC 3 B
Gekl, LEARA SRS AN RE T, RATHID A AL
T FITC-ZnO = JH 42 57 & 45 ¥ 1 Fh T B 9 oK &5
¥ (B 12). XRD F1HRTEM £ %8, FITC %]
M7y BB AL 0 de i S AL b TS B T A
SCHE A AN E R 25K (B 12 (b)), X 54 AL
BESTBRE S R R EE R (B 10 (b)) ANIF.

K11 [B10 (c) BBk (a), (b) FIE 10 PranfI =M% (c), (d) BIRBERE ) (MR R5E 10 min) K] TEM

1 HRTEM

Fig. 11. TEM and HRTEM images of the as-formed nanoparticles after 10 min of reaction for the tube
shown in Fig. 10(c) (a), (b) and tripod shown in Fig. 10(h) (¢), (d) samples.

20 30 40 50 60

SAED Kli

12 FITC-ZnO =% 5 & 45 M AAFE M TEM

(a) F1HRTEM (b) K, J o py 4 Pl 43 5 & % 2 i) XRD Al

Fig. 12. Typical TEM (a) and HRTEM (b) image of FITC-ZnO tripod-composites. Insets of (a) and (b)
show the relevant XRD and SAED patterns, respectively.
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B m % ) KR ) B R ST R
w0 P 69 B A 2 R 25 A

DAy ] B R THT i 9 P AN 5 e R T 3 7
SEACERGRIORL, £ MR & T — PR FA s i 7K
R DT, ROBEAE T RN T A A LI R
A7, H T EEASDCRT BLB 1 A R bR 7 A [ 5
LA, 1y H AT AR 2B =4 A . i Bin
LA bR T L A B R VTR, A S A B Y AT AR
¥, 15 35 SR AL BF R BURL. 40P 13 o, B
i 5 1D AU A B R A 8 LA 40 11 nm F 5273 Y
ZHAKEK.

3.1.2

K13 SRk L & AL B K ER TEM K]
Fig. 13. Typical TEM image of the ZnO nanospheres
made by the microwave heating assisted-forced hydro-

lysis method.
3.1.3 MR AN E B E R E @RS
a4 18 4=

TE 7K VR 8 1) S8 A A oK JBOREE 5 7 1F L
i 112155290 JR AT FH A Jin 8 & 1 7 125 1) 4% O S AL
BEGNOK BR [F)RE 7 A 80 2 1) IE L af, 3R HE 20 i 5
(zetal potential, ZP) FiiA#) 21.4 mV, X 7] fg K JH
TEALEE AL (0001) b1 S & 1) Zn?t B5. SR,
F PVP T m] 25 & il £ (000 A B 90 K 45 1 2008

SO R WRTATR, Bl 58S TS G E
H, PVP %5 5 BUa) W B 21 & 2 8% &1 1 (0001) A
THT, AT 0 16102 o T A AR, B RS T 19 (0001)
BHAK, &AM EEYOR G 2 . X
T PVP S a1 45 & J7 ) 4 8L B oK S5 44, Bl
THE T E &SI, 0 NaOH, FAT R EH
AR NaOH 1 Zn(NO3)2-6Ho O 1) 11 & b, i n]
DA AR fe 2% S A B 9 KR 3 T VR B A SRR
BT E, SO e AT R R T . 9 dn, o
B 10 fTon I 2.4 ¢ PVP il % B AL BE G K 51,
AP OH™ /Zn? T HLEIM 1.5 483 1.75, 2.0, 2.25
1275 )5, BT ARS8 B G0 K R T IR R TH ZP AH S 4
M —4.9%F] -7.6, —12.4, —19.1 f1 —22.6 mV (I
R 1), EARFESHIEE 10 Froste BB 4T,
/> PVP I H &3] 0.6 g Ak/> PVP X & & 4 5
T 19 (0001) & I A I, A0 B 9K R 1
FM AT A N Y. B S BT ) OH~ /Zn2 T
LB 1.6 2551 2.0 F12.67 )5, FTfS AL B9 Kokl 1
[ 161 ZP AH .3 M 19.9 A2 F 15.3 F110.5 mV (I,
F 1), XTI m#E] & A B GRRLT, BT
BA MBS, FATRA T LLPAA XY
YRR T AT 5 AL T iR R R R T LT RN
— PSSR, PAA TE/KIE H & 2k ZEE 11 2L
HLPE. e R T PAA 2 T W0 I B AL B R T
b JE, TRk AR A ELE. A, Gl E B,
FIE 4 mg/mL R FE K PAA AU AL EE I 85 e vk
S T DL 1, T EL G 28 AR ET DL 2
). X fF PAA JEHIE A TR A EGUKRR T 3&
T LT, TR AR PR R S B K 45 M B R ST R SRS
A5 ARAE T FRATRE R A ORI 7T 2 T LT X SR AL B

#1 HARKPVP & &M OH™ /Zn?t LEIH# 1 ZnO B S E/K B2 51 R 2 )5 (KR T H 34 ZP FEE T XPS Wl

RERITHEM N F =R O/Zn Lt

Table 1. Zeta potential, N atomic concentrations, calculated O/Zn ratio before and after water washing
based on the XPS results of the ZnO samples made with different PVP amounts and OH~ /Zn?* ratio.

Sample PVP/g OH~™/Zn?t ratio ZP/mV N 1s/%

O/Zn ratio-unwashed =~ O/Zn ratio-washed

1 2.4 1.50 —-4.9
2 2.4 1.75 —7.6
3 2.4 2.00 —12.4
4 2.4 2.25 —-19.1
5 2.4 2.75 —22.6
6 0.6 1.60 19.9
7 0.6 2.00 15.3
8 0.6 2.67 10.5

2.28
1.88
1.31
1.26
1.15
0.11
0.26
0.49

1.11 0.95
1.18 0.98
1.26 1.00
1.33 1.02
1.42 1.05
1.13 0.93
1.24 0.99
1.39 1.07
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YK G5 R M RS . 20 A OR S Ab B AR AL B
KR 1 PAA M0 34 in %1 0.37, 1.0, 3.0 1
10 mg/mL J&, FACE YRR TR T 1K PAA
F-HGI0, AH SR SR T ZP M\ 21.4 35 7 B AK 2]
11.1, 1.7, —11.0 F1 —21.6 mV, £ ALK £ 1T
HALff 40 A R A IE AR B 1. SRS PAA 5 4b
FRYNK LT FRAL I T v, FRAT 1A FH & FPAS [R) R 2 1)
b R THD I 1 TSR S AT I B KR, TR
H B3 SO AT R T 7, 5 I CRUE AR K
SERITESRAN RS AR,

3.2 AREFFERIER, RER S REB
X EUFREH L R FE RIS
R BG5S

HREAVEI T PVP S M 45 5 A B 25 R
TG 0 = I PL %, DARTF 72 40K S AL B 1
TESFI R %5 % PL 52, 0 14 s, 1%
B i #8 A — AR LT A B AR Y IR R
TR G, VAR RR M AT VS DR T RESE SR 1
R AL iz . B F R S5 M ) S A B A 7N T
T2 (BE 1) FIUG 56 (28 3) A AL & B 0. 4R
M, ARG B BRI 2= B
R, KAWL R I HARTE. R IX e 45 1y 1 46 24 4
W S5 R AR B RST, o] RAHERR 2% Jot A& 2808 1) T
P PL W S iR, R A8 AR v 45 4, Tl 4%
(1) HBS LT 1) B 47 B X 3 A Rl AN . B, AR
I DL F R A K ALEE, Bl A SRR 2
WRE 22 Bk, A B BURL P 38 1 B A
P50 RLAZ B W G 0. T R A AN 38 S0 1 AR B I
JeEUR e EE R R P20 R b R AR T
(14 2 't Vg it 20 2K 45 ) 1 A8 A0 mT DLUE BB T T 3 AR 4
BT 38U A 5. R — B IE X AN S i, R
A2 B AR A B A RO )RR OH ™ /Zn T
2 LU DA SUR S A P SR T A, DA R 4% AL
BEROCEUR R, Wik 15 (a) B, F1 0.6 g PVP
A& (OH- /Zn2t = 2) & AL 8 7= e
#9356 nm A — X BT AL BEAE R BRIV H
TR GG AR & (OH /Zn?t = 1.6, 2.67)
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Fig. 16. PL (a) and UV-Vis absorption (b) spectra of

ZnO nanospheres with different surface charge.
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Fig. 17. PL spectra of the completed reaction solution

(a) for FITC-ZnO nanotripods and the control mock
completed reaction solution ((b), without adding ei-
ther Zn(NO3)2-6H20 or NaOH).
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Fig. 18. Magnetization versus magnetic field for the ZnO
NPs with different SC. The magnetization versus magnetic
field in the low-field region magnetization for the ZnO NPs
with ZP of 17.1 mV is shown in inset to show the typical
hysteresis loop. The diamagnetic/paramagnetic background

was subtracted for all the curves.
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distribution of a ZnO NP with an adsorbed TOPO

molecule, taken from the first-principle calculation.
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Fig. 21. Following 24 h treatment of NPs at different
concentrations, the cell death of B lymphoma cell lines
Daudi (a), Namalwa (b), and Raji (c), induced by ZnO
NPs made with 2.4 g (negative, solid line) and 0.6 g
(positive, dash line) of PVP and different OH~ /Zn?+

ratios.
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Fig. 22. (a) Following 24 h treatment of NPs at differ-
ent concentrations, the cell death of Raji cells, induced
by ZnO NPs made with OH™ /Zn?7 ratios of 2.75 (10.5
mV) and 2.67 (—22.6 mV) before (solid line) and after
(dash line) water washing; (b) the corresponding reduc-

tion value of cell death induced by water washing.
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Fig. 23. Cell death of Raji cells induced by ZnO NPs
made with OH~/Zn?* ratios of 2.75 (10.5 mV, (a))
and 2.67 (—22.6 mV, (b)) at different concentrations,
after treating for 10, 20, and 30 h; (c) the correspond-
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Abstract

ZnO nanomaterials have been extensively investigated for its broad applications such as room-temperature UV
lasers, light-emitting diodes, solar cells, dilute magnetic semiconductors, bio-labeling, and target medicines. Tuning and
optimizing the properties of ZnO nanostructures are urgent for the practical applications. Here, the photoluminescence,
magnetism, and cytotoxicity of ZnO nanparticles have been effectively tuned by adjusting the nanostructures. Firstly,
by developing the novel polyvinylpyrrolidone(PVP)-directed crystallization route, microwave heating-assisted forced
hydrolysis method, and post-treating with surfactants, a series of high pure ZnO nanostructures including spheres, semi-
spheres, rods, tubes, T-type tubes, tripods, wafers, gears, double layers, multilayer, capped pots, and bowls with tunable
size and surface component/charge has been successfully prepared. The PVP can greatly promote the ZnO nucleation by
binding water, and direct the ZnO growth by forming a variety of soft-templates and/or selectively capping the specific
ZnO facet which is confirmed by the infrared absorption spectra. Secondly, the band-edge UV emission of ZnO has been
greatly modified in both intensity and peak position by simply changing the sizes, shapes, and surface component of
the ZnO nanoparticles. However, changing the surface charge of ZnO nanoparticles can only vary the intensity of the
band-edge UV emission of ZnO. Significantly, the fluorescence of fluorescein isothiocyanate (FITC) is increased by up
to ~90 fold through doping the FITC molecules into the ZnO naoncrystals, which can effectively separate the FITC
molelcules and avoid the energy transfer and the resulting fluorescence self-quenching. Thirdly, the room temperature
ferromagnetism with tunable intensity is induced in the ZnO nanoparticles by coating them with different surfactants at
different concentrations. As confirmed by the x-ray photoemission spectra, the coated surfactant molecules can donate
electrons to the ZnO nanoparticles and induce the ferromagnetism. The electron number varies with the surfactant
and the surfactant concentration, leading to the fluctuant ferromagnetism. The theoretical calculation further reveal
the fluctuant nature of ferromagnetism in the ZnO nanoparticles coated with surfactants. This explains the previously
reported seemingly irreconcilable ZnO ferromagnetism induced by capping surfactants, and provides a general chemical
approach to tuning the ferromagnetism of ZnO nanoparticles by modifying the capping-surfactant concentration. Finally,
it is revealed that the shape, size, surface charge/composition, and band-gap of ZnO nanostructures have different
influences on the ZnO-induced cytotoxicity. The surface composition or adsorbed species of NPs may contain the
toxic matter such as OH- ions that determine the NP-induced cytotoxicity, and should be detected before cytotoxicity
assays are conducted. The rod-like NPs are more toxic than the spherical NPs. The positive surface charge can
accelerate the nanoparticle-induced toxic action and enhance the cytotoxicity. Compared with the effects of shape and
surface composition/charge, the influence of the nanoparticle-size variation on the nanparticle-induced cytotoxicity is
less significant, and can be overwhelmed by other factors. These results will be conducible to the cytotoxicity assay and

safe usage of ZnO NPs.
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