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Abstract

One-dimensional carbon nanomaterials (including carbon nanotube and one-
dimensional graphene nanomaterials (e.g., graphene nanoribbon and graphene
nanoscroll)) has great potential application value because of its unique structure and
physical and chemical properties. However, beyond the superb properties of one-
dimensional carbon nanomaterials, we have to face the high cost, and complicated
synthesized procedure of preparation. Therefore, achieving graphene 1D tubular
structure with both low cost and simple method is becoming an urgent challenge to be
addressed. The graphene oxide (GO) has natural oxidation ability that can oxidize
some metals (e.g., Cu and Fe) spontaneously, this novel property can attribute to the
presence of various oxygen-containing functional groups, such as the epoxies (C-O-
C groups), hydroxyls (C-OH groups) and carboxyls (C-OOH). According to the
Lerf’s model, epoxies and hydroxyls are randomly distributed across the carbon
backbone, carboxyls are mainly attached on the edge. Inspired by the reaction of Cu
with GO, we successfully in situ synthesized the graphene nanotube (GNT) by using
Cu NWs as template. This method has following advantages: low cost, simple process,
controlled size of GNT. The major results of this thesis are outlined as followed:

1. Reaction of GO with Cu and its reaction mechanism: GO could oxidize some
metals (e.g., Cu and Fe) spontaneousy, then GO reduced while Cu oxidized to Cu™.

The optimized pH value of the reaction of GO aqueous solution (1 mg/mL) is 3,

and both the concentration of reactants and the reaction temperature have the



positively influence on reaction degree. Moreover, Cu not only can react with GO
of GO aqueous solution, but also can react with GO dispersed in organic solvents
(e.g., DMF, NMP and THF). Finally, we get reaction rate constant (k) which is
characteristic parameter of dynamics research, and the characteristic parameters of
thermodynamic research (e.g., activation energy (Ea), the pre-exponential (A) and
the entropy of activation).

2. Insitu synthesis of GNT: Based on the reaction of GO with Cu, we successfully in
situ synthesized the GNT by using Cu NWs as template, the diameter of GNT is
about 100 nm, and its wall thickness is about 15 nm. We can get GNT with
different diameter only by changing Cu NWs template.

3. Preparation of GNT doped GO/PVA hydrogel and its application: We successfully
in situ synthesized the GO/PVA/GNT hydrogel, where GNT and three-
dimensional network structure of hydrogel to form complex porous structure.
GO/PVA/GNT hydrogel electrode was used to detect DNA, and the detection limit
was low to 1078 M.
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Figure 1-1 Schematic of graphene and its derivatives
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[5]. ERGAISHRAE R, MR A A T OEIL % 97.7 % [8], LEW] T AR
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SR R SRR R PR RS, CAEA SRS Z 51k T AL
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C. Berger % Nl ik SiC, KM T HZHZ Z A 58IE[13,14], &I EA
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FE SRR N 5 AL 26 AT A SR AT A A B, LR B b R E e A
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BN I E A BRI B O AR S IR A =0, BT SMa AN
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FAIE ST TR I N A T B, BOARMRER, d a0 AR K E S, T H BT
KEEANE fe B8 5] NAE1F 5 28 0 O A Dh b 55 07 T R A BRI . ioF
— IR AR JRE, AR B An S vl an Rk, I B AN = A R
B S AN AL B B AR B 1 2 P AL B AT DLFT I A 4 oK SR T Y R, B TR LA 1
“UIIT” TeRch S8, KT RHIRRA “IRIIKE NI [34,35].
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Gao %% A [36-38]H/F Jt K BL A AT S0 AL K T = B R HESIE i, I
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T2 ST SR A TR IR 5 22 BOR 5 2R3 W - S A A T, A A
BRI — 2016 J5 A9 B 0 SRR AT 4, X PP SRR 2 4 BB AR L IR AR 5 B2 (~ 140
M Pa, HRIRAHKH A 5.8 %)L AL RIS HBIE(~25%104 Sm™Y). [, BN
AR A Y BA RIEFIORTINE, DL RSN A R R E R G5 2400 (B 1-2),
URAh, S BIE-BRAKE E A LT 5 [42,43],  BARIXFhAl A SRR AT 4E AL
AL, HR AR AR AL, It Gao &8 A [441i i 36 KAk
A S TR — B Ul g 22 12, BN AT DL B0 32 BR800 1 2 1
Ca®, 93| 7 RA kI f B T e e, R haRrEkE T 5015 M Pa,
XL CARIE () A SR IE AR 4 i b R B2 420 M Pa [45]34 2275 20%.

B 1-2 f S e 2 R, sa M 14 SEM B RIUA 3200 4 4k 4 23 i [38]
Figure 1-2 Macroscopic neat GO fibres, SEM images of GO fiber and the fibres

can be woven into designed patterns and complex textiles
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B 1-3 fad A SR 21 4 PR R N5 7 [45]

Figure 1-3 Magnetic response of functional graphene fibers
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