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Progress of the Study on the Synthesis and Catalytic Property
of Noncrystalline Alloy Nanotubes
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Key Laboratory of Mesoscopic Chemistry of Ministry of Education, School of Chemistry and Chemical Engineering,
Nanjing University, Nanjing 210093, Jiangsu, China

Abstract: Binary noncrystalline alloy nanotubes M-B (M = Fe, Co, and Ni) were prepared using NaBH, as the reducing agent for the reduc-
tion of transition metal ions located in the layer structure of lytropic liquid crystals of mixed nonionic-anionic surfactants. By adding P-, Co-,
or Cu- containing compound during the preparation of Ni alloy samples, ternary noncrystalline alloy nanotube, i.e., NiPB, NiCuB, or NiCoB,
can be obtained. It has been argued that the presence of the lytropic liquid crystals is the key for the formation of noncrystalline nanotubes.
The reduction of transition metal ions located in the layer structure of the liquid crystal accompanied by the formation of H, results in the
cleavage and curl of the layer structure leading to the formation of nanotubes. The catalytic properties of some hydrogenation reactions have
shown that the noncrystalline nanotubes are superior to the corresponding noncrystalline nanoparticles. Due to the well known unique prop-
erties of the noncrystalline materials, it is expected that the noncrystalline nanotubes, as a new type of nanotubes, might possess exciting
prospects for their future application.

Key words: noncrystalline alloy; nanotube; liquid crystal; catalytic hydrogenation
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Fig. 1. Polarizing optical microscope images of liquid samples consisting of Tween 40-CSA-Fe*" at a molar ratio of 1:1:1 at various temperatures.

(a) 60 °C; (b) 30 °C; (c) 28 °C ; (d) 25 °C. CSA—camphorsulfonic acid.
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Fig. 2. Small-angle XRD pattern of the lytropic liquid crystals (LC)
sample.
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Fig. 3. The diagram of the rolling-up of the layered LC sheets for the
formation of nanotubes.
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Fig. 4. Schematic diagram of the rolling-up mechanism for the for-
mation of Fe-B nanotubes from the precursors deposited on a glass
substrate. (a) Precursor consisting of assembly of Tween 40, CSA, and
Fe** in a lamellar structure; (b) Cleavage of nanosheets from the la-
mellar templates caused by the release of hydrogen; (c) Rolling-up of
the sheet-like structure into solid nanotubes.’®
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Fig. 5. SEM images of Fe-B nanotubes (a—e) and TEM image of Fe-B nanotubes on glass substrate (f).
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Fig. 6. XRD patterns of Fe-B (1), Co-B (2), and Ni-B (3) noncrystal-
line nanotubes.
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Fig. 7. N, adsorption-desorption isotherms of Ni-B nanotubes.
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Table 1 Pore structure properties of different nanotube samples

Pore volume®

Sample Ager/(mP/g)  Pore size* (nm) (cm¥lg)
Fe-B NTs 118.3 46.2 0.6
Co-B NTs 98.9 55.9 05
Ni-B NTs 92.6 59.7 05
NiPB NTs 119.6 23.6 0.7
NiCoB NTs 114.6 62.1 0.7
NiCuB NTs 110.9 69.1 0.7
FeB NPs 39.6 10.2 0.2
CoB NPs 335 10.6 0.1
NiB NPs 31.9 8.2 0.1

*BJH method from desorption branch. °Single point adsorption at
relative pressure of 0.97. NTs: nanotubes; NPs: nanoparticles (Ref.

[28)).

25mum

8 Fe-B, Co-B # Ni-B 4K &8 TEM B
Fig. 8. TEM image (80 kV) of Fe-B nanotubes (a), HRTEM image
(200 kV) of one isolated Fe-B nanotube (b), and TEM images of Co-B
(c) and Ni-B (d) nanotubes. Insets: SAED patterns.

e i A&, K& 8(b) KixAEah ) HRTEM # Jv (200
KV), th % 00 AE S S FEAE. & 8(c) R (d) 43 A
Co-B Ml Ni-B E &G & 4K E 1 TEM B . X
SegEHLAE W, T 5 XRD 45 52, E St 5 VEFT
FRARAT B AR S A RHE.

3 ZRERTEENKE

R TFVEAR AT F R A S n AR S S &gk
LD NI SRR N, 75 BRI Ni-B FE I
P SIS P LG, AT 43 = e IR A NiPB
Gk, FIAEH, VR N4 JE 6 % Co 5 Cu
EW, WAl HI49 X046 8 5 B B AR s AR dh s &
44K NiCoB mi NiCuB. W4k, A% H4

FSCRT R, PR I0 b T e 4% A T A P A 4 K A 1)
TEAS, IXBEHR R R M 4 w8 T AR R 5 M e 1 4 M, A
TR FNV U PEREAL B A RHE AL T BT 5.

K9 2 NiPB 44K . 412K v 1) TEM By Aile
i (EDS). < % B, NaBH, ¥ B F1 22 N\ Ji % Bt
3 NiPB JEd A GG KEMIEEA B2,
W, NaBH, ¥ 5B iy, N T80 RE B, ™= 9 1) 45 A% gkt
N I AT R DR I U AR 4K 52 B A 1)
Hesh o, B, 24 NaBH, W 4 4 mol/L, i\
ML 0.05 ml/min 5, JrfS NiPB JE S A& & 48K
B HA AN 20~25 nm (UL 9(a)); 4 NaBH, i & K
2.5 mol/L, Hil A% FE 2 0.02 mi/min I, 3 B 42 B &
14 K F] 80~90 nm (UL & 9(b)). 1M 24 NaBH, i A
F 1.5 mol/L i, g AT 9K B A i, AS T il
(LK 9(c)). Kl 9(d) hE 124 20~25 nm [¥] NiPB 3
WA A AR ) HRTEM B . W DLE Y, 45 B
JEFE R AT ~3 nm, B 5N T — M AH B i 4 0 oK
LKA, 3K R AW S AR A R, # ks i Ak
F IR B R A3 /S T — MR A I A5 R AR
I, At O 22 BB A A J2 1) 23 B R it Bl 21 2R 4 oK
ERE. Rl iR, AR P RIS A NI P AT B
ZROGE, UESE T NIPB HE S S G A 40K 1 TE K.

& 10 24 NiCuB #11 NiCoB 44K & ¥ i ) TEM
WO, ATLLE W, T gk s B I RS, K
ALk J LK.

el s S Ty TEE SN SR (o N cewy cmEs
0123456738291
Energy (keV)

9 NiPBHIRE. HXKFH TEM B FEEIEE
Fig. 9. TEM images of the NiPB nanotubes with the diameters of
20-25 nm (a) and 80-90 nm (b), TEM image of nanosheets (c), and
HRTEM image and EDS of a NiPB nanotube (d). Insets: SAED pat-
terns.
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Table 2 Catalytic activity of different catalyst samples for the hy-
drogenation of m-nitrotoluene to m-toluidine

Sample Pressure (MPa) Yield (%)
Fe-B NTs 35 79.2
n 5 Co-B NTs 2.0 93.8
10 NiCuB #1 NiCoB #y:k &8 TEM B Ni-B NTs 2.0 93.1
Fig. 10. TEM images of the noncrystalline alloy nanotubes NiCuB Fe-B NPs 35 10.7
(a) and NiCoB (b). Insets: SAED patterns. Co-B NPs 2.0 83.5
Ni-B NPs 2.0 80.0
3% Pd/C 2.0 96.0
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Other conditions: 20 °C, 2 h.
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Fig. 11. Hydrogenation of p-CNB catalyzed by different NiPB catalyst samples. NiPB NTs-4° and NiPB NTs-4° denote NiPB NTs-4 samples with
the same surface area and same weigh as NiPB NTs-1, respectively. p-CNB: p-chloro-nitrobenzene; X: p-CNB conversion.
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Table 3 The composition and pore structure properties of different NiPB catalyst samples

Sample Ni:P:B molar ratio Ager/ Pore size Pore volume
In the raw material In the catalyst (m?/g) (nm) (cm®/g)
NiPB NTs-1 1:0.25:4 73.3:1.5:25.2 119.6 23.6 0.79
NiPB NTs-2 1:0.5:4 68.9:9.6:21.5 121.8 23.1 0.83
NiPB NTs-3 1:1:4 57.2:25.6:17.2 128.3 22.3 0.86
NiPB NTs-4 1:0.25:4 73.6:1.6:24.8 85.6 85.8 0.57
Ni-B NTs-5 1:4 75.8:24.2 93.5 60.4 0.63
NiPB NPs-6 1:0.25:4 78.9:1.0:20.1 27.3 — —

12 243 NiPB 442K & fi Ak n & AF FH 0 7 =
A W] BLR AR E W, W RS B
IR B 2 TR P, e ) 4 1 o 52 B B 4 RE T o
MAHE AR, WTREA T 2 M 5 8RB i pL 25 1A

Ethanol 2

p-chloroaniline
% < @ @ % ¢

12 NiPB iR ERILMEEATER
Fig. 12. Schematic diagram for the hydrogenation of p-CNB into
p-CAN catalyzed by NiPB nanotubes in absolute ethanol. p-CAN:
p-chloroaniline.
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Fig. 13. TEM images of NiPB nanotubes (a) and Ni-B nanotubes (b)
after five catalytic cycles. Insets: SAED patterns.
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