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Studies on the Growth Mechanism of Hydrothermal Synthesis of & —-Ni(OH),
Nanowires

Lu, Yajun Wang, Haoran Gu, Yu Xu, Lan Sun, Xiaojun Deng, Yida*
(State Key Laboratory of Metal Matrix Composites, Shanghai Jiaotong University, Shanghai 200240)

Abstract SO3~ ions and OH™ ions play important roles in hydrothermal synthesis of Ni(OH), nanostructures with only
inorganic nickel salt and NaOH. The whole process could be divided into 2 parts, the preparation of Ni(OH), gel and its
hydrothermal reaction. According to our analysis, the former one is an ionic-reaction which produces amorphous Ni(OH),. It
is the later one when Ni(OH), gel crystallizes that dominates the polymorph and morphology of final products. The influence
of OH™ on morphologies of Ni(OH), has been studied by changing the ratio of n( SO3~ )/n(OH"). To discuss the effect of
SO3™ ions in hydrothermal system on crystal growth, we wash the gel which is prepared by NiCl, and NaOH with the mix-
ture solution of Na,SO, and NiSO, for different times, so that C1~ ions in the gel solution could be replaced by SO3~ ions
in varying degrees. Then the nanosized Ni(OH), products is prepared by hydrothermal treatment. Also, the samples were
characterized by means of X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and transmission elec-
tron microscopy (TEM). TEM results show that there will be 2 main nanostructures in different hydrothermal conditions:
nanowires and nanosheets. XRD and FTIR results reveals that the nanowires is Ni(SOy)o3(OH); 4, one kind of a-Ni(OH),, and
the nanosheet is 8-Ni(OH),. We finally got a conclusion that low amount of OH™ and pure SO}~ environment is advanta-
geous to synthesis of a-Ni(OH), nanowires. Since a-Ni(OH), is hydroxyl-deficient and consists of stacked Ni(OH),-, layers
toward which the SOf ion has a higher affinity than other ions such as CI and NOj , the SOf ion is able to enter its
interlayers. The structure is stabilized due to the strong coordination bonds between SO3~ and Ni*" in Ni(OH),-, layers.
Also, free Ni** ions in solution would be linked to intercalated SO~ through coordination bonds, so that new Ni(OH),-,
layers could form constantly and stack along the c-axis. As a result, there will be a preferential growth in the [001] direction.
However, this process is not likely to continue when there is high amount of OH , which may cause high Coulomb repulsion
along the [001] direction.

Keywords hydrothermal synthesis; a-Ni(OH), nanowires; growth mechanism
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Figure 1 TEM images of the Ni(OH), samples prepared with different amount of OH

n(SO3™ Yn(OH ): (a) 1 1;(b) 1 1.53;(c) 1 : 1.64;(d)1: 1.8;(e) 1: 2

2 BRI ST /KHEREE T BiS Ni(OH), =411 TEM i

Figure 2 TEM images of the Ni(OH), samples synthesized in the solution with different ions
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Figure 3 XRD patterns of the Ni(OH), samples synthesized in the solu-
tion with different ions
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Figure 4 FTIR spectra of the Ni(OH), samples synthesized in the solu-
tion with different ions

(@) C1; (b) CI”+ SO3 ™ ;(c) SO3~

Ni(OH), [ 5B AT & ) 7 2 1

tT* Ni(OH), i AFHAR(100)Ek(010) 1 #) Ni* im it
OH 1%, TMAIARO0 )M Ni* " W #5 2 OH [ &5, &
NP pH {E R, ShAA(001) T 23 A7 ) G k2 B 20,
AN R HE A AR /N, PR il A4 A7 5 (00 1) [T 5 1 2
KM BE. WF5ERW, 2 pH {EHECKKE, ShA001)1H )
FTFE I TR T (100) [ 5k (010) [ B /5K, S A
FEA ) 9100135 [010] 77 0] AR K B IR €544, 24 pH{E
IRKHS, W OH & R ARy, &5l I 1B HE /5 R H
I ZEFEAESE /N, AR TC TR & 1) 2R K, iR
A6 1) T S0REER, XN Sunt S5 3 (1) 4516 J2—Ew).

AR 4 7K ARG R H B 8 T IR ) 7 ) P A 5 W TR A
5, BATAA, BIELEYILG IR N AR R P4 SO, 1E
IKPAEHE T IN SO;~ A LIS 2] Ni(OH), 41K 474,

Acta Chim. Sinica 2012, 70, 1731—1736



C
Té.b
a

Bl 5 Ni(OH), i R4 MR
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Figure 6 A ball and stick model for Ni(OH), crystalline structure
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Figure 7 Schematic view of the formation of a-Ni(OH), nanowires
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4 SCIGERSY
4.1 I8
S A1 B NiSO4+6H,0, NiCl*6H,0, Ni(NO;),e
6H,0, NaOH, NaSO, ¥J Ky rtral, _|bifg[E 292 [ 40,
iR FI ARG A b B, S8 BT FH 2K Sk 3Rl
Sl K LIS, S50 BT F SN 58 Rt s a1 Sz 56 %8 |
.
4.2 OH M E 234K Ni(OH), =257 B2 MR
KT IRAF AR B K BIR B A 3E 1 OH Al
SO;~ Lbfl, FEHTST OH A& T = 3 5%
Wi, FLIZANEI) n(SOF )/n(OH ™) EL A 3354 T — 2H Xk 1 s
Fc k] 2 mol/L NiSO4 F1 2 mol/L NaOH &3, Fr ik
FE R oA al. AR 1 4050 A, B, C, D, E 5 2100
mL B E2E A 7.5 mL [f NiSO,, FiInA—E 4
()25 B /KM RE, RGNS 5 AR ) NaOH ¥4
PEPE, 19 RNRSE ISR, 55 TN IE MR RN 2 i
FIKFBEAELT 5 B T i i AR B R R AE 60 mL.

#1 R[S0 /OH LLi R ML LL
Table 1 The reactants with different SOi~ /OH ™ ratio

n(SO3™ )Yn(OH ) V(NiSO,)/mL V(NaOH)/mL
1:1 75 75
1:1.53 75 115
1:1.64 75 12.3
1:18 75 13.5
1:2 75 15.0

B TR BN E] 4 KN 2, [N 551125
N 60%. F NV TN 120 C [R5 LI i 44
HEAT KA HE, {90 24 h. RN =) 5e i, 2%
BT KIEVE6 IR, N 60 CARIRA N HET, WFEEfS 35
— 2l FE .

4.3 FFRSO; XS ERHK NI(OH), =HH a5
e

T BA NiCLy A5 B B ARG i FE . BEH) 2 mol/L
NiCl, il 2 mol/L NaOH ¥, XA K orbral. ke
n(SO; )n(OH )=1: 1, BL A, B, C 3 } 100 mL ¢4,
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% H B h B e i 7.5 mL 1) NiSO,, FIIA— &4k
TR L B FoKMRE, SRJEIAIIAN 7.5 mL (1) NaOH % i21
PiHE, 1920 SE A SR, 5o IS G AR 2 i
TRFEREALLS 3 LAt B ARS8 DR FFAE 60 mL.

SN J5E IS NiCl, F1 NaCl R &3, M
NiSO4 I Na,SO4 MR SISk, &5, Pk h
¢(NiSO4)=0.125 mol/L, ¢(Na,SO4)=0.125 mol/L. ¥ 3 H
BRIV HIVERR 0, 3, 6 YR, JT AgNO; VW] LLES
E, YE¥ 3 WA, WA /AVE CU, PRk 6 UG, Wil
LA CU, 33 3 MO R iR bS.

P VIS IR AR 3 R N3 kAT
IKPAEER, SRR Y 4.2 bk, 5305
471,

4.4 FEEHHR

FH D/Max-yB %4 X 5 e A7 58 5 BT (X-ray diffraction,
XRD)X T8y R BEAT YA 5B, I s R 35 kv, 200
mA, Cu #', Ko 4&5+F. J Bruker Equinox55 FT-IR #4%ic
SE L AN Wi . A Philips 2100 3% S HL 1 B
(Transmission Electron Microscopy, TEM)X] Ni(OH), [
WO SRATIIGE. K C404/6/7 T il 22 /R 14 4k
PO FE S IEAT KT, THELE 24 10 °C/min.
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