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A�ABCDEF6G�. X )*HI(XPS)�7 Fourier JKLMNI(FTIR)
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e[cfg�[h	ijk�l)*+m�nopq
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f����m,���, OP�����>��2 �
����s ��&<=�α-C3N4 �β-C3N4 AB ,

x: �i�� �¡�}¢[5], £¤¥¦f§¨#©

Zª«[6], ¬�m�iB¨#©Zª«[7], ­�®¯

°±²³[8]�l�¨#ª«-´µ¶[9,10]mY
. ·

!, ¸-�¹Y
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;ÉCDÊË2ÌÍ. Teter[4]ÎÏÐÑÒcÓc¤2
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¸×
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¨�n(xcÓc¤ßàá2âã�m):-äåæ

/ç. ��, è<=é¹,-êëVW�ÀU2��
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íf<=
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ìbðñ
¾¿2��Äò�òóJEOP2tu

ôõ [11~13]. ö÷& , øP��><=��=ÀÁ¾

¿�Eα-C3N4, β-C3N4 �l_`Z2 g-C3N4(2H)AB,

ÜvYÆùxá¸ú:

C3N3Cl3 + Li3N   →� C3N4 + 3LiCl (1)

1 ��

û¨#üeýÚþ���e2Ú��ñ�

C3N3Cl3�l Li3N �b 50 mL ��	ü2c¤
&,

����ãe2
, oî��k�J 70%, j�Rs

350�áÜv 12 h(Üv
�¤Øh�a¤Ø�®�

��, Ók�ã����-���f��). ��� 
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0.��1223.$%'(î4��Ý,�ÉpJ2

56789:;<= 4 h,�XM,>CÝ.��

��?@¸o�2 X ³A89B³(XRD)Ú�

CM Rigaku D/max-J4100, ���]θ ~ 2θDEY
,

o� CuF Kα1G³A, ��Mλ = 0.154178 nm; �

� Perkin-ElmerHI2 ESCA PHI5300���iUJ

CK� X ³A�iUJ(XPS)Ú�, �L�� MgKα
A ; Fourier MNOP�J (FTIR)Ú�CM Perkin-

ElmerHI2 L-710�	¿.
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� 1 ����� X ��	�
�(XRD)

p�2?@ABZ=Mn�2TU . ?@2,-_

`Q�vbα-C3N4 2(110)S(d = 0.329 nm), ��,

øPT�op,>2CÝMqα -C3N4 2AB89 .

?@&α-C3N4 ýβ-C3N4 rsbD=, �� �t 

�\LuýRusfØ#�rMâã, �:h Guo

mO[3]2
�v�Z�w, X: α-C3N4&2 N	iý

β-C3N4 &2 N 	ir�xyb^zSVW, sfØ

#�Z�âã . {|øP2 �½|Tp�α -C3N4

2Aæ}½M a = 0.650 nm, c = 0.470 nm, β-C3N42

Aæ}½M a = 0.644 nm, c = 0.246 nm, �h Teter

� Hemley[4]����	
�Ç��~��k
o�

i�ak,�[o�����½M�6��üV¸p

2V�Xα-C3N4 2Aæ}½M a = 0.647 nm, c =

0.472 nm, β-C3N42Aæ}½M a = 0.640 nm, c =

0.240 nm ÙÚ�<. �P, � 1 &� 2 ��� 10 �

B³Q�vb_`Z2 g-C3N4 (2H), � 7 ��� 8

�B³Q2 dWh
�üVWñ
�v, �TU!�

�b C-N¨<Ý2î4AZ.

?@2���=l¨#�<�ÑÒ X ³A�i

UJ(XPS)��'(. � 2(a)¸úM¸p892 XPS

�J. T�, CÝ�/��?��, @���l¼e

2�S_Y�, î�eÚþM: C: 56.3%, N: 37.4%,

O: 6.3%. @?��2	iýM 0.66, �b
�üV

W 1.33. �� �t �/��b: 1) A��^A�

� 1 
����������� X ��	�������[14]��� a)

α-C3N4 β-C3N4 g-C3N4 (2H)
�� dexp/nm I/I0

dtheo/nm hkl dtheo/nm hkl dtheo/nm hkl

1 0.371 59 0.360 101

2 0.335 51 0.336 002

3 0.329 100 0.323 110

4 0.317 38 0.322 110

5 0.288 18 0.280 200

6 0.277 17 0.279 200

7 0.247 15

8 0.243 16

9 0.241 15 0.241 201

10 0.237 16 0.237 110

11 0.235 15 0.235 002

12 0.225 14 0.226 101

13 0.212 10 0.212 210

14 0.208 11 0.211 210

15 0.187 15 0.187 300

16 0.180 13 0.180 202

17 0.174 15 0.174 301

18 0.162 13 0.161 220

19 0.160 9 0.160 211

20 0.128 7 0.128 320

a) dexp ������	, dtheo �
��
�������
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� 2
(a) ����� XPS ��, (b) C1S � XPS ���, (c) N1S � XPS ���
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FGH Hughbanks[15];I Lieber[16]JKLM�"NO
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287.8, 286.5;I 284.4 eV�Z�Sab� sp3 C6N

(csp2 C == N(! C-C(. N1sP�"N � 398.2

! 399.6 eV�Z�Sab� sp3 C6N(! sp2 C == N

(, ,d� C1s�P�"N
[17]. RQ e$� spf�
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F|}�α-C3N4Iβ-C3N4�s
.

`�~4���83�����("# , ,�

�~�� Fourier�����R(FTIR)��y. TQ 3

8U,  �� 3345, 3177! 1548 cm−1����ZX


NHx (x = 1,2) �t8���[18],  �� 1614, 1507

;I 1304 cm−1����Z��SX C=N �(! C

6N r(���[19,16],  ��� 1404 cm−1��&�
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¶[21]. ·: �¸�¹(adspecies)�£¡z(fluid nutrient



� 48 � � 3 � 2003 � 2 � � �

232 www.scichina.com

� 3 ����� Fourier ��	
��
�(FTIR)

phase)!	¢V®¯.$��¸!º¸�k»¼�
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C3N3Cl3 |�@A�Än CN ¤, F���*"#�

ÅÆÇÈ|ÉÊËÌf�"#�È|&Í�Î@A

B, �ÏÐÎµd ÑÒ|4A� CNµd�Ó�¹,

23�£¡z(fluid nutrient phase) vs
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×��ÏÐØ (Ö­ÙÚ Tc = 288.9Û , Pc =
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�äªcú1;Iö÷�ø���Ðè|}��¨�

��¡m���ª . F��	�
���ijÏÐ

Îµd|kv�3�����¡z��`
�ÁÂ

4���@�ýþ���4YÈ|������


��.

�� ��������	
��(
��: 20171007)�

��������(B-123)����. �

� � � �

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

2 Liu A Y, Cohen M L. Prediction of new low compressibility solids.
Science, 1989, 245: 841~842

3 Guo Y J, Goddard � W A. Is carbon nitride harder than diamond?
No, but its girth increases when stretched (negative Poisson
ration). Chem Phys Lett, 1995, 237: 72~76

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

5 Niu C M, Lu Y Z, Lieber C M. Experimental realization of the
covalent solid carbon nitride. Science, 1993, 261: 334~336

6 ���, ��, ��	. C3N4
��
����(�)�Ni���

��. ����, A�, 1997, 27(2): 154~157

7 �� , !"#, $%&, '. C3N4()
*+,-./0. �
���, A�, 1999, 29(8): 757~768

8 Hellgren N, Johansson M P, Broitman E, et al. Anisotropies in
magnetron sputtered carbon nitride thin films. Appl Phys Lett,
2001, 78(18): 2703~2705

9 Cao C B, Wang H, Zhu H S. Carbon nitride films deposited from
organic solutions by electrodeposition. Diam Relat Mater, 2000, 9:
1786~1789

10 Fu Q, Jiu J T, Cai K, et al. Attempt to deposit carbon nitride films
by electrodeposition from an organic liquid. Phys Rev B, 1999, 59:
1693~1696

11 Xie Y, Qian Y T, Wang W Z, et al. A benzene-thermal synthetic
route to nanocrystalline GaN. Science, 1996, 272: 1926~1927

12 Li Y D, Qian Y T, Liao H W, et al. A reduction-pyrolysis-catalysis
of diamond. Science, 1998, 281: 246~247

13 Holmes J D, Johnston K P, Doty R C, et al. Control of thickness
and orientation of solution-grown silicon nanowires. Science,
2000, 287: 1471~1473

14 Wang B, Lei J L, Wang R H. Diffraction-pattern calculation and
phase identification of hypothetical crystalline C3N4. Phys Rev B,
1998, 58: 11890~11895

15 Hughbanks T, Tian Y. On the structure and composition of carbon
nitride. Solid State Comm, 1995, 96: 321~325

16 Zhang Z J, Fan S S, Lieber C M. Growth and composition of
covalent carbon nitride solids. Appl Phys Lett, 1995, 66:
3582~3584

17 Marton O, Boyd K J, Al-Bayati A H, et al. Carbon nitride
deposited using energetic species: a two-phase system. Phys Rev
Lett, 1994, 73: 118~120

18 Li Y A, Xu S, Li H S, et al. Polycrystalline carbon nitride β-C3N4

films synthesized by radio frequency magnetron sputtering. J
Mater Sci Lett, 1998, 17: 31~35

19 Zhao X A, Ong C W, Tsang Y C, et al. Reactive pulsed laser
deposition of CNx films. Appl Phys Lett, 1995, 66: 2625~2654

20 Wu D W, Fu D J, Guo H X, et al. Structure and characteristics of
C3N4 thin films prepared by RF plasma-enhanced chemical vapor
deposition. Phys Rev B, 1997, 56: 4949~4954

21 Laudise R A. The Growth of Single Crystals. New Jersey:
Prentice-Hall Inc, 1970. 86~98

22 Loebel R. Rokert C W, Melvin J A. CRC Handbook of Chemistry
and Physics. 63rd ed. Boca Raton, FL: CRC Press Inc, 1982~1983.
F-75

23 Buhro W E, Hickman K M, Trentler T J. Turning down the heat on
semiconductor growth: solution-chemical syntheses and the
solution-liquid-solid mechanism. Adv Mater, 1996, 8: 685~688

(2002-07-1912)


