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1 SLEeEssy

1.1 {LEEFiRF

Ultra 55 #4937 % S 4l 7 86U B% ( SEM, £ [ 4K W] {4 #5281 ) , X Pert PRO B L2 T15E X GFEEAT S
(fir 22 IR A H]) .

FKEACER EUK DK R SRR TCK SR BRIR TR R (30 B R TR e Ak TR
J7) NaOH ( Uitz A= PR 2GR A BRI A | 5 BB AL AL (FTO) LB (JEJE 2.2 mm, 1,
BH7 Q,56% 80% , BRI BB AR A IR F]) o BT ALY 0 e Bl S2 56 K35 2 87
Ko
1.2 XLWHE

N T RS L R ERAE T S U A R ARSI T FTO AR IS, 5 v B 43 3 PO R L S

AP SERUG B AT R 3 ml KR TR0 30 mL PRI A MR T A 16 b, BT AR5
7E S 3% R 500 C AR 3 b

AR A BRI A 45 0.2 ¢ /K EULHIE T 10 mL ZBETK, T4, FEALA &4 0.1 ¢ NaOH
KL 10 mL, 2 JFZEBIIA 2 mL YR K R SMECH 25% ~28% ), BRZEABINA | mL K4, 2
RV SRAL SR 29 36 mmol/L, NaOH ¥ 25 0. 11 mol/L, ZUK Y 29 0. 57 mol/L, 38 o
Sy 190 CF AR DUIKZ M S48 UK A 17 b A R A 63 I 23 59 TP 3
TIE Z B B B TR o 28 P B PRSP | 2 22 Tk S S 0 T

2 ZRHHNHE

2.1 BmEHREEHSH

B LA iz 26T 700 SEM IR R0 AN 1A W] DUR Wi £ 2RSSR, O Had i
FEPI Al LI RSB (FTO) BIER, UEWTIZ R AR =) AR EAR T o [ 1B D iz FofR =40 X AT i
WE, AE 1B wT LA MR AR R M A 3 TSI (26 =44.7° 52. 0°F1 76. 6°) ,3X SR AYAR
HER AT R4, 20 3 5 OS2 TR (111) L (200) F1(220) 3 AT dh AR X Rz, JL-F- A7 AE
A AU T NiO 5 Ni(OH) , PO ART S 06 , 33k 2 W il 46 (9 B 287 ) £ 2O B TR AR AR
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K1 gokE R SEM BER (A) K XRD &% (B)
Fig.1 SEM image(A) and XRD pattern(B) of the nano nickel
¢(NiCl, ) =36 mmol/L, ¢(NaOH) =0.11 mol/L, ¢(NH;-H,0) =0.57 mol/L,1 mL hydrazinehydrate, reaction temperature =
90 °C keeps for 17 h

FEARSZEy vh, B d B A B NiCOHD) , FIERAM B EUK 25 10 N°° B F7E— 8 RE R, BOK &
BT . — U AAERA o-Ni(OH), il B-Ni (OH ) , A £ 2L Y , B Oy BLR B 75 il 2R S IR A
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B, TSR R 5 TR S R 6 B-Ni (OH) , 49K 2 i3k 32 B DR R ek B35 5 T 1
B-Ni(OH),, H a-Ni(OH) 45 AR , (ESRBRIMER WP, o-Ni (OH) , 23 K 546 B-Ni (OH), ™ . T
PN BT R B H U S5 R B VE R R R I RE AR E 10 ™) o SE3 v, R /K & A SRS B 9
ARSI SRR A, TR L4 45 1 N U S T 1T AR 1, IS 3 T RSF 8o A i
TR A B8 L BEREIE 10 nm , B (OB R R B B 1 pm Z247 4
2.2 REEHEMFEHRIRNEN

TE K BGA JE: 1 45 G KB e 1o R e | 527 e B % 75 400 4 TG S5 85 W A A P S0, 7 L A Sl
T2 T AR P K BT S
2.2.1 REEAHKES B AT ed Hoa B 2 HTERHIHE S —E : NaOH % 0. 11 mol/L, %
JKUESE S 0. 57 mol/L, KA MM AL S 1 mL, JZWRIEE S 90 C, K2 IHA] 17 ho AS[R)RHe B 408 F 7=
Wiy SEM B8 o B 2 W AT LI H , ZEBRLIRR B 2 3. 6 mmol/L, pH = 10. 20 5}, 4nf&] 24 R , 8 5 i)
W ARG s B BRI ST 138 K ) 18 mmol/ L, pH {10, 17 W, [ 2B 7w, B A R~F A W 4
S TG 4 S U Py — 2B R, L pH (B 9. 91 J% 9. 12, 4K 2€ 12D FioR , ) SR 4L T I A,
BRI RN 38— B BRI KU , SRR B e B2 434, 5 S0 VA VR pHL (L SR/, DA B 52 37
PRI SR A BRI AR AL o A1, 25 XRD RS AHT , JITAS =45 g 110 37 7 AR 4 SR

I Z¥=s

2 AEBRIEEE T PP SEM B
Fig.2 SEM images of products with different concentrations of nickel source
The concentration of nickel and pH of solution:A. ¢(NiCl,) =3.6 mmol/L, pH =10.20; B. ¢(NiCl,) =18 mmol/L, pH =10.17;
C. ¢(NiCl,) =73 mmol/L, pH =9.91; D. ¢(NiCl,) =0.18 mol/L, pH =9.12

2.2.2 REKFAMT ,NaOH FZ5F = M g v (LI, pH (X 9K BB 45 A 3 B 25
Wi , AR 3L pH {32 2252 NaOH ¥R BE (520 , (HZUKAE— B R B2 b2t pH (B S0 — 5 R, O g itk
772 NaOH 250 R I SE8 o 18] 3 NAEBEA UK T, NKAARR 0.2 g ARG HFIMAR 1 mL LUK %
PR 90 C R Mt E] 17 h, AN[R] NaOH #é B PG 2945 =919 SEM B R A 3 il LI Y 75
KRR, 24 NaOH ¥ 54 mmol/L, pH {H 2 9. 26 IF, UNE 34 /R, 7= W) R BN BRIE 00K, B &
NaOH ¥ FZ38 R H] 0. 11 mol/L, pH {E 2y 9. 85 If, A& 3B fIr7n , Jhof th BL 17 FoR&SH{E A 1Y L),
IM7E NaOH [ B 3551 0. 22 mol/L, pH {E 4y 10. 23 LA K B i i, 4 &l 3C F1 3D Fis, P8 51 A8 b i
R, RN BIRAERIZE ), FHAE NaOH ¥R BEARSESR )5 PR 15— B XTI 732, 78 NaOH ¥ BERLAR I
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GhF L a-Ni (OH), BBk, Bk 22 0] 75 5 %% A= 08 E 5 S50 BRk PAT 2R O B OK A SR, B
a-Ni(OH) 5646 B-Ni( OH) 3R FrE BRIE , B 257 1 3 J5Ui5 2 (8 2 BB BURLAR BB o 7E B 1R 1
B, AR o T B B P AR S 9 ) Ao 0 AR R O AT IS R P O S T e A
KB K, R 80 B-Ni (OH) , SR IRGE K B R 22 , S5 WA AT 7 B TR NI 26 B0 17 Bk 7 B 2
o 5350, it XRD Sp#ir K BUSTAR = Wy 3 057 75 M T R

B3 Ak, AR NaOH ¥ B2 L2 pH (T 4719 SEM [ )5
Fig.3 SEM images of products with different concentrations of NaOH and different pH values without addition of

ammonia
A. ¢(NaOH) =0. 054 mol/L, pH =9.26; B. ¢(NaOH) =0.11 mol/L, pH =9.85; C. ¢(NaOH) =0.22 mol/L, pH = 10.23;
D. ¢(NaOH) =0.43 mol/L, pH =10.44

2.2.3 R NaOH F4F F KR ES = g e H% R 20K — @B EXT pH R SUE, 6]
IHE—E AT, /R BRE T I A A SRS T IO A A AN, T B ZUK 28 T AN TR 2 A e B X 5
BAERAEIR . [ 4 S50 NaOH Z&1F R RIFFHE RO IMA R —7E : 7K EAMH 0.2 ¢, K G 1 mL,
SCREIRE 90 °C SRR TRI g 17 b 375 28K e S IR B 2 125 =y e B el o IAIET Rl DL, 7E 20K
BN 0. 14 mol/L,pH {57 8. 41 I, ANIA] 4A Jr7R , AL S0 FEBRAR UKL , 00K 26 1h1 A 35 1 A 52
BRI B B P RGEH , B KR 3 R 0. 28 mol/L, pH {E 8. 92 i, WM& 4B /i, 2R B
KL A9 AE AL, FE UK AR 0. 57 mol/L, pH {E4 9. 21, 4N 4C Frow , P2 i BLF- B 1 e 4544 , O
Wt 2 KR BE 3 — P3G R F) 2. 26 mol/L, pH fE 9. 64 IF, ANIE] 4D Jfrzw , i i) RO — 2 B3 A
JE o ABKANE T, KA BERARA T, 798 pHELE A, 3 B A AR A 2R B B AR T3 it
FRHR JEANAZ DRI A ) S0 A A B T A iy RO, S AR AR AR AR B 5 Ry AR RS A% 1 [ P A
K, I3 BOHIE B 32 S I ERIE | B S WL AN, TR0 pH AECHE N, DT A5 S A A B pdy A
I SN, T R IR AR A B, P SRR A J5, ATRTE B AR A 4 o [ 7 R i 2k ok
R E T BA —E A SR ARSI R R S A B T S —OHA & 7 R R
TR IRAE R o PRI KR BEBOR , F )RR SO, FUBUS o il T 20K Ui BE ) 50555 , HOB A
R pH (B, RN E—RE 250 T A A AR, DT R RIE AR K, AT NaOH . 1952
W5 559 , SSCPE 0 TR P IR AT B 15 NaOHL 2 MR 358 B2, R R AT AT H BURIAR 25 F Fry s 38, (R T AR
YEFEPE FORIE S . SHIE pH B 450, JOEUKAESE NaOH JinA S0 T F 0 1 4545 2 A48 1 4 EE , 4l 20K
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ZAF R SRR BRAOR Fr AR ZUK B RTR SRR S R, B U 59 RO K, (R )2
AT RUA g FEBEAN ORI 7 AR B H B (9 ARG AR 1) PR AR R Y A A ENAR 58 [ %
e pH AE LR 20K A S48 51 FXHERIE MR RIE SR — € R

K4 A NaOH Z& 4T, ARIZUK M K2 pH AE R 7 #7f) SEM IR A
Fig.4 SEM images of products with different concentrations of ammonia and different pH values without addition of
NaOH
A. ¢(NH; -H,0) =0. 14 mol/L, pH=8.41; B. ¢(NH;-H,0) =0.28 mol/L, pH =8.92; C. ¢(NH, -H,0) =0.57 mol/L, pH =
9.21; D. ¢(NH; -H,0) =2.26 mol/L, pH =9. 64

2.2.4 ZORKEEETF NaOH iR EXT =B ied B N TR E/KS NaOH [a] A7 7E I, NaOH ¥
JE B AR A X ST B0 235 SR 1 532 M) 2 5 -5 L BRI A7 A B ) S 36 5 SR AT Y s ), 4 LB R B I A AN
A5 NKGEAER 0.2 g, FKEWE T mL, Z/KWKE 0. 57 mol/L, N EE R 90 °C, Wit E] 17 h, #47 T 78
[#] 7 2 KR BE R 1T NaOH R BE (1) 5250 o 18] 5 A ZKAEAERT , AN [R] NaOH v FE (9 7= WiE Sl . B S
AL ZEIZ SRR, #50] NaOH ¥k FEAE 0. 22 mol/L, % pH < 10. 29 B (& 54 5B F15C) , =Py R AR
Fih FRIES , HAE 0. 22 mol/L NaOH Z5f4F R 438 T BRI 7S M R R o Bl O FE2
TKAFAERT , NaOH ¥ FE X8R 7 (0 RUSF gl i B %5 2 0 MVE . 76— ) NaOH ¥ FE i [ (/N T
0.22 mol/L J pH {H# 10. 29 LIFIF) 4, Bl NaOH Ve B B34 K, il A9 a3 W] 2 Sa sl X bL &1 3C F
B 5C WL B as A FT AR L, TES A T 20K, SE80 45 7F R4 0. 22 mol/L NaOH B}, PETCZU/K I T,
pH {4 10. 23 (E 3C) , GZ/K T pH {EHH 10. 29(EI5C) , 7=y i HRARAERIZE A8 25 Sy 7 AR GEHE , 3 7] e A
DR A K B AEAEAH X 4l NaOH 145 26 1F T 055 1 3 00 A e AL A 20 308K 17 R 1A 4% PV L, BRIV
TR B LEEFN =4 [RIFELE 0. 43 mol/L NaOH Z5R i, Q] 5D Fiow , i RE5H 5% A8 A B R AL T 251
X2 NaOH FEIA S /298 5 W BEI , 20K B AVE R K8 , AT S NaOH. 1y 3= A Y, T M i ik
TOFNBESE A S5 A 7 BE NI, 0 B R RAS AR, 3 5 Bl i NaOH /R S R — 3

2.2.5 NaOH JREREHAM T, RAGKEST =W e %m A 7EZ /KR NaOH LFRIAF/E T, 757K
SR 0.2 g, NaOH ¥ &4 0. 11 mol/L, /KE WA 1 mL, i i B 90 °C B[R] 17 h, #4858 T 7
NaOH ¥ FEANAS , I8 5 20K Wk BEXT =B A 15200 o 18] 6 S /K il NaOH JEA7 4514, 1 15 2 K vk B2 i
RN T IESLE . I 6A 6B F1 6C v LA H, 7E NaOH 5 ZUKIHAFLAE T, &K M BE 1 AR fb X
B TE SR sZ A FAR X255 , AN Bl 25 FLvR B R AR B 1Y) pHL B3 R, BR SR B AT Ir st oK, fE 0K 18
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500 nm
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KIS AR NaOH 2= #y i) SEM i J
Fig.5 SEM images of products under different concentrations of NaOH

A. ¢(NaOH) =0.054 mol/L, pH=9.82; B. ¢(NaOH) =0.054 mol/L, pH =10.07; C. ¢(NaOH) =0.054 mol/L, pH =10.29;
D. ¢(NaOH) =0.054 mol/L, pH =10.45

500 nm
Lo E‘i
]

K6 AR ZUKH BT =1 i) SEM JE
Fig. 6 SEM images of products under different concentrations of ammonnia

A. ¢(NH;-H,0) =0. 14 mol/L ( Deionized Water 21.5 mL), pH =9.87; B. ¢(NH; +H, 0) =0.75 mol/L ( Deionized Water

21 mL), pH=9.94; C.¢(NH;-H,0) =1.5 mol/L( Deionized Water 20 mL), pH =10.02; D. ¢(NH; -H,0) =2.26 mol/L
( Deionized Water 14 mL) , pH =10.36

AJEE] 2.26 mol/L,pH >4 10. 36 (& 6D) i, F R ™ #y f RFA WL A8/ o 75 pH (EARIE I OC T,
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HBTREKMNS G, B EEHE IR K Fro @ id Acharya™ " [ BF 58 M3, 28 7K Fl NaOH ¥ 2k Ji
B-Ni(OH), , ifi B-Ni( OH) , 5 F-H i R 5 R ZE /K B R o, N -G 4% 6 0 i 18 18 KB T NP i
Ji Ni** 5 OH ™ Hus S B2, A A F B-Ni(OH) 4K Fr it AR i ) o it — 3 i &S P vl LIS S e
SRR R o T T T R T A I R R KA Y S R SR T R Ak 4
B LA ER R AR

2.2.6 GBEXFMHHIRGHYra AEGORM R L HOR KA G BUS R IR TR ORISR . 1
P Al ) % 25 R IR 0.2 g, NaOH ¥R E A 0. 11 mol/L, S /KY€ FE 4 0. 57 mol/L, 74 i A
it 1 omL, BFE] 17 h) AR S SR i BE A5 IR R TR A R o B T R TR B 4544 (50,90
130 A1 170 °C) Fr=#yi) SEM B R M RTLAE Y, TS = i TR S 8, e He e A ) R
FEREARZE 50 CHf, anE 7A Fos, JUF R B AR TAETFHE 2 90 “C (B 7B) #1130 C (K 7C) J5 74
FEI NI R ARIE AR, 3 AT RS BN 76 L A i — g B, B 45 3 T v R AR 8 4 L, B0t 2 iy
B-Ni(OH), S &K 4 Al & A T, S EERIR B-Ni(OH) , 7%, i 3 BLAL i f B-Ni(OH ) , 44
KA TR BEARSE TR E] 170 CCIE, A& 7D R, LR B AN WLR 0 R R, T3] T HA
T AN K ST 5 (R TE S . FTAIACH 46 90 ~ 130 “C Bl N 32 FIF B 16, 76 90 C 4544 F 153 2] 1941
SR, FLRE Rt B, 48 XRD 4347, B A5 r= 938 0 57 A4 TR AR

500 nm | 3
— 1

K7 AFERRE R ™Y SEM IR
Fig.7 SEM images of products under different reaction temperatures

A.50 °C, pH=10.06; B.90 °C, pH =10.05; €.130 C, pH=10.07; D. 170 °C , pH = 10. 04

UL Z5 R AT LU Y PR PR ] 2 R B i A v, BRI BE 1 1 22 73 mmol/L.( 8] 2C) il
0. 18 mol/L([&2D) ,pH {HF3 9. 91 2 9. 12 B}, N AR = YIE S C A THE DK 75 20K 500 T,
4 NaOH ¥ i g : 54 mmol/L ([ 34) , pH Ky 9.26 W, S B B A B AN K Jr, 1l 24 NaOH ¥ 2l
0. 11 mol/L([& 3B) ,pH fH )y 9. 85 B, 2 b T 44 K ¥ Jr, i 244 NaOH ¥ i K pH (i — A 3 fn &
0.22 mol/LA 10. 23 DA b (¥ 3C I8 3D) ; KWL RABRIRAESEHE o MHETE NaOH 2 5 ), M2 KWL N
0. 57 mol/L,pH {H 3 9. 21 LA LI (&1 4C FIE 4D) , S A5 BN 94K R 45 o 1 220K 5 NaOH 3 [a] 2
55 R, UKW E R 0. 57 mol/L, ¥ r) pH EAE 9. 82 ~10. 29 If (& 54 5B FI5C) , W Al 152 FA4k
KR, HAE pH A 10. 29 B, 90K R i ROFROK, HIFERERGHE . 24 pH {E 24 10. 45 1F (18 5D) , )i A=
JRRIRTEZE ) o 24 NaOH ¥k BEANAE MM Z/K M BE I, 2 Z0K K BELE 0. 14 ~2. 26 mol/L( ] 64 ~6D) ,pH
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{ELAE9. 87 ~10. 36 I, PG =413 Aok (HAE U D 2. 26 mol/L, pH {E 7 10. 36 I (& 6D) , S )i Ffr 1%
FrBRSE BN G T35, S L 8 BE X 7 W TR B A7 AE — R Y52 . 23 BB, 5 MR &R B pHL fEL7E
9.91 DUR Bk BERR I, S ARAFFEVBRGK A, MIAEARER M T, pH B0 9. 85 I, S 1w 3 i B 44 K
Fr AT UL BRA BE X = OB A — € M52 o F3 50 AE—E BRI T, JA pH (EAE G E e N, A fiE
il A VBRI A, DR S REAAR 2R 1Y) pHL (DA R OK A i A ORI B2 R 5 pHL (L R/ RE 647 il
PPN (OH) , IE L, X I S IR AT BN B R JE B0 AR o, A fE GG i) pH E T, A 2B AR
Ni(OH), , NI RS — 20 A (Kl JFE ARG A o T2 /KON pH. (BB 52 R A 50555 , 70 Al A7 A
X S B2 R A I AN W, (E D BAT 28 6 S8 T a5 4 A B s 1, OF ELAE IO, v B0 R T B
5 INITTA A FB-Ni(OH) , A, PRI ZK AT 38 DR B e 1) 7 B BE i vog £ R A B, [ s ]
PAGE S A B AR S0 1 pH (ELYE BN A A BB A 0K 7, I ELAE T S R AR 28 o, 0 2 1) /R ok FE L e
pH EA 45 2 SR TR BRANOR T o il BE R AR [RI A S IR 5K, (EL A X O il BE Y B N, 23T 1A
THEN FAREEF B AURER , I LA A A% 26 1 BT RE R B 7 58

3 %5 i

FEAMEE PR A 70 (1 2 A0, 38 i 7K $O J5 Ni (COH), I NPT A3 8] 7 RSP IR 80 1 pom, JE ST
10 nm Y7L G TR AR R o T8I Pl SN A0 WIESE T 45 28408 7 DT S5 A 20 LA B A ] 4 K BT
U BN o S50 A B, UKA I THERB A (1977 42 J LR, NaOH A I T EGE A IS, R 720K
I NaOH LRl T A RERAFIRAL A B 7 R ORISR A =8 e A AT R TR TE 1 Y, AR Y
i B2 AT M T Dl VR A TR R
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Hydrothermal Synthesis of an Approximate
Two-Dimensional Hexgonal Nickel Nanoplatelets

LI Yuhe, HU Hailong "
( Southwest University of Science and Technology ,Mianyang , Sichuan 621002, China)

Abstract 2D platelet like nickel nanomaterials have high anisotropy with the morphology, and have the
significant application on the catalysis, magnetic recording, energy source and biological detection field. It is
important to search a simple, low cost method to prepare platelet like nickel nanomaterials without any
surfactant. Without any organic surfactant and other morphology control agent, thin nickel nanoplatelets were
successfully prepared on the fluorine-doped tin oxide (FTO) under the hydrothermal condition. The influence
of synthetic conditions on the morphology of the nanoplatelets was investigated. It is found that the
concentration of nickel salt, sodium hydroxide, and ammonia and the reaction temperature have apparent
influences on the morphology of the nickel nanoplatelets. The ideal nickel nanoplatelets with large lateral size
and small thickness can be obtained only under optimal concentrations of both sodium hydroxide and ammonia
together. Approximate two-dimensional(2D) hexgonal thin nickel nanoplatlets with a characteristic thickness
of about 10 nm and the lateral feature width of about 1 wm were obtained under optimal synthetic conditions.
The pH value and the reaction temperature affect the reaction speed, and finally the morphology of the
nanoplatelets. At pH 10, the complexation of ammonia to the nickel ion can facilitate the 2D growth of nickel
nanoplatelets.

Keywords ammonia complexation ;nickel nanoplatelets ; hydrothermal conditions
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