a4 3 8 B 49 24 2004 12
( 100081. * , E-mail: cbcao@bit.edu.cn)
5 (C3N3Cl3) 5
, 230 , 1.8 MPa X (XRD)
(SEM) (TEM) (ED) (EELS) (Raman)
. SEM TEM , , 20 30 pm,
s 50 60 nm, 30 40 nm, EELS S
1.00, ED XRD , CN
Liu Cohen2! CN
a-C;N,  B-C3N, ) 1
’ NiCl, 50 mL
66 230 6h
: CsN, 5 (
[Lﬂ’ : o B ) -
. 1997 | Cohen B! g- C3Ny ) ’
2/3. 230
CN C3Ny
10 h. s
’ 4 h, )
6~9 X (XRD)
’ ’ Rigaku D/max-J4100;  Hitachi S3000N
(CN,) (: 0.15 0.30), teart Limax o Hrac i 700
CN GN, . 1tachi
(ED).  TECNAI F20
(EELS) ;
. 1998 Renishaw RM2000
CiN, [10-13] 4] (Raman).
) 2
, 13l 1(a) SEM
NaN3 . C3N4 5 5
) ) 20 30 pm.
(C3N5Cly) 70 .
s 1:1 I(b) (c) (d)

2540

www.scichina.com


mailto:cbcao@bit.edu.cn

49 24 2004 12 4 F 0K

120 nm

100 nm

1 (a) SEM  ;(b),(c) (d)
> 50 60 nm,
30 40nm.  1(b) CN
) 52 nm.
1(c) , ,
1(d)
) I(c) (d) , )
, CN,
16,17
, (b)
1(b), (¢) (d)
2(a) , ~
=
, s
]
d dy = 2.12A, d, = 1.20A, o5
N, d U8 2(b)
EELS , C K 293.4 eV , , .
c 285.7 eV T 200 300 400 500 600
N K r oo 399.1 RV
4083 eV.c° 7 C 2 (ED)(a)
N sz [17.19.20] (EELS)(b)

www.scichina.com 2541



M5 h & 4 24 2004 12
EELS , 1 X
, N/C 1001015, 20/(°) d/A 11, 20/(°) d/A 11,
1 18.18 48756 58 6 3028 29493 65
1:1, CN 2 2242 39622 T3 7 37.00 24276 39
Raman ) 3 2426 3.6657 100 8 40.62 22192 35
3 Raman , 4 2564 34715 82 9 4314 20952 41
1347 em™ (D ) 1569 em™(G ) G 5 2722 3273 73 10 62.74 1.4797 29
Ezq » ., XRD ,
sp ; D
st N XRD
el oG e D, ’
C3N4
EELS 18] CN
Elementar Vario EL (Germany)
L 1569 ’ 950 ’
1347 1 C: 45.40%, N: 33.97%,
A H: 3.99%, H,
3 H H.
s
=t EELS , ,
Jusi
- XRD ED
1000 liOO 14b0 16b0 18b0 2000 ’
AIS(I78/cm™
3 , (C3N;Cly)
4 1 XRD >
20 , , 5 .
25° ( , NiCl, ,
002 ), d 0.36 nm, ED 230 6 h,
, ED , ED )
C3N;Cl, CN , CN
CN ,
= CN
z : ’
~ CN £ B
CN )
. . . . . s . , Amelinckx
10 20 30 40 50 60 70 80 2527
20/%) ““base-growth” 125271
4 XRD C3N;Cl;

2542

www.scichina.com



49 24 2004 12 4 F 0K

230

Cl N

N Xy e
n || | 4 3 Na 230°C, 1.8 MPa
N =N cyclohexane
\“c|‘/ ~3n NaCl
Cl
NﬂL\N N‘f’!\"n
i i
\/*%CIL"?\!N/C\C/N%C/LQQN/C\C/N%C/
! L L
N xco& xco& \.cé
¢ :
ealia] = Ny

W N
N, <, l, |||:, , ! i
i T L /"'eklg

o o M e -
i i ﬁl
. L
SUPSPTeIS S
/l%,,/c\c/“%c/c%"/c\c/"gcz S g M

F=
!

NP |
N.ﬁcl"'\" _-l,fc‘“-.. N ey
# ‘**N/!“c/"**‘c’c%n/u\c/"%c’cla*‘n-’lcl'\
~=" "l‘lxcé“

i |
230°C

Zo

N 1|
i CN 468
5
, 1.8 MPa
, , 50 60 nm,
20 30 pm, 1.00,
( : 20171007)
( : 1999000718)

Cohen M L. Calculation of bulk moduli of diamond and zinc-
blende solids. Phys Rev B, 1985, 32(12): 7988 7991[DOI]

Liu AY, Cohen M L. Prediction of new low compressibility solids.
Science, 1989, 245: 841 842

Guo Y J, Goddard W A. Is carbon nitride harder than diamond?
No. but its girth increases when stretched (negative Poisson ra-
tion). Chem Phys Lett, 1995, 237: 72 76[DOI]

Teter D M, Hemley R J. Low-compressibility carbon nitrides.
Science, 1996, 271: 53 55

www.scichina.com

19

20

21

22

23

24

25

Miyamoto Y, Cohen M L, Louie S G. Theoretical investigation of
graphitic carbon nitride and possible tubule forms. Solid State
Communications, 1997, 102: 605 608[DOI

Suenaga K, Yudasaka M, Colliex C, et al. Radially modulated nitrogen
distribution in CN, nanotubular structures prepared by CVD using Ni
phthalocyanine. Chem Phys Lett, 2000, 316: 365 372[DOI

Suenaga K, Johansson M P, Hellgren N, et al. Carbon nitride
nanotubulite-densely-packed and well-aligned tubular nanostruc-
tures. Chem Phys Lett, 1999, 300: 695 700[DOI

Liu X W, Chan L H, Hong K H, et al. Effect of bias voltage on
the formation of a-C:N nanostructures in ECR plasmas. Thin Solid
Films, 2002, 420-421: 212 218[DOIL

Sung S L, Tsai S H, Tseng C H, et al. Well-aligned carbon nitride
nanotubes synthesized in anodic alumina by electron cyclotron reso-
nance chemical vapor deposition. Appl Phys Lett, 1999, 74: 197
199[DOI

Fu Q, Cao C B, Zhu H S. A solvothermal synthetic route to pre-
pare polycrystalline carbon nitride. Chem Phys Lett, 1999, 314:
223 226[DOI

Lv Q, Cao C B, Li C, et al. Formation of crystalline carbon nitride
powder by a mild solvothermal method. J Mater Chem, 2003, 13:
1241 1243[DOI

2003, 48(3): 229 232[ ] [PDF]

, 2003, 48(9): 905 908[ ] [PDF

Jiang Y, Wu Y, Zhang S Y, et al. A catalytic-assembley solvother-
mal route to multiwall carbon nanotubes at a moderate tempera-
ture. ] Am Chem Soc, 2000, 122: 12383  12384[DOI

Guo Q X, Xie Y, Wang X J, et al. Synthesis of carbon nitride
nanotubes with the C;N, stoichiometry via a benzene-thermal
process at low temperatures. Chem Commun, 2004, (1): 26 27
Sen R, Satishkumar B C, Govindaraj A, et al. B-C-N, C-N and
B-N nanotubes produced by the pyrolysis of precursor molecules
over Co catalysts. Chem Phys Lett, 1998, 287 : 671 674[DOIL
Terrones M, Grobert N, Terrones H. Synthetic routes to nanoscale
B,C,N; architectures. Carbon, 2002, 40: 1665 1669[DOI

Wang B, Lei J L, Wang R H. Diffraction-pattern calculation and
phase identification of hypothetical crystalline C;N4. Phys Rev B,
1998, 58: 11890 11895[DOI

Chang H L, Hsu C M, Kuo C T. Forming silicon carbon nitride crystals
and silicon carbon nitride nanotubes by microwave plasma-enhanced
chemical vapor deposition. Appl Phys Lett, 2002, 80: 4638
4640[DOI

Yin L W, Bando Y, Li M S, et al. Unique single-crystalline beta
carbon nitride nanorods. Adv Mater, 2003, 15: 1840 1844[DOI
Ling H, Wu J D, Sun J, et al. Influences of substrate bias on the
composition and structure of carbon nitride thin films prepared by
ECR-plasma assisted pulsed laser deposition. Diam Relat Mater,
2002, 11: 1584 1591[DOI

Zhou Z, Xia L F, Sun Y. The influence of arc currents on the prop-
erties of carbon nitride films deposited by vacuum cathodic arc
method. Thin Solid Films, 2002, 413: 26 31[DOI

Lejeune M, Durand-Drouhin O, Zelama K, et al. Structure and optical
properties of carbon nitride films deposited by magnetron sputtering.
Solid State Communications, 2001, 120: 337 342[DOI

Muhl S, Gaona-Couto A, Gonzalez G, et al. Hollow cathode synthesis
of crystalline CN films. Diam Relat Mater, 1998, 7: 1605 1616[DOI
Amelinckx S, Zhang X B, Bernaerts D, et al. A formation mecha-
nism for catalytically grown helix-shaped graphite nanotubes.
Science, 1994, 265: 635 639

Wang X B, Hu W P, Liu Y Q, et al. Bamboo-like carbon nanotubes
produced by pyrolysis of iron () phthalocyanine. Carbon, 2001,
39: 1533 1536[DOI

Wang X B, Liu Y Q, Zhu D B, et al. Controllable growth, structure,
and low field emission of well-aligned CN, nanotubes. J Phys
Chem B, 2002, 106: 2186~2190

(2004-03-15 , 2004-06-03 1 s

2004-11-15 2 )

2543


http://dx.doi.org/10.1103/PhysRevB.32.7988
http://dx.doi.org/10.1016/0009-2614(95)00267-8
http://dx.doi.org/10.1016/S0038-1098(97)00025-2
http://dx.doi.org/10.1016/S0009-2614(99)01340-8
http://dx.doi.org/10.1016/S0009-2614(98)01425-0
http://dx.doi.org/10.1016/S0040-6090(02)00798-8
http://dx.doi.org/10.1063/1.123291
http://dx.doi.org/10.1016/S0009-2614(99)01169-0
http://dx.doi.org/10.1039/b303210h
http://www.scichina.com/kz/0303/kz0229.stm
http://www.scichina.com/build/news/qy.asp?u1=iisvr.scichina.com/protect/2003/kz/0303/kz0229.pdf
http://www.scichina.com/kz/0309/kz0905.stm
http://www.scichina.com/build/news/qy.asp?u1=iisvr.scichina.com/protect/2003/kz/0309/kz0905.pdf
http://dx.doi.org/10.1021/ja002387b
http://dx.doi.org/10.1016/S0009-2614(98)00220-6
http://dx.doi.org/10.1016/S0008-6223(02)00008-8
http://dx.doi.org/10.1103/PhysRevB.58.11890
http://dx.doi.org/10.1063/1.1487925
http://dx.doi.org/10.1002/adma.200305307
http://dx.doi.org/10.1016/S0925-9635(02)00101-2
http://dx.doi.org/10.1016/S0040-6090(02)00449-2
http://dx.doi.org/10.1016/S0038-1098(01)00411-2
http://dx.doi.org/10.1016/S0925-9635(98)00168-X
http://dx.doi.org/10.1016/S0008-6223(00)00270-0

	碳氮纳米管的催化自组装溶剂热法制备及其表征
	黄福林  曹传宝*  朱鹤孙
	关键词  碳氮纳米管  溶剂热合成  三聚氯氰  催化自组装



