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Abstract: Hexagonal B-C-N compounds were successfully synthesized by using hydrogen-free 1,3,5-

trichlorotriazine and boron tribromide as reactants and metal sodium as reluctant through a chemical

reduction synthesis method at 450◦C. The synthesized sample was characterized by X-ray diffraction

(XRD), transmission electron microscope (TEM), selected area electron diffraction (SAED), electron

energy loss spectroscope (EELS) and Fourier transformation infrared spectroscope (FTIR), respectively.

The results indicate that the synthesized B-C-N compound is polycrystalline with hexagonal structure

and its composition is B0.5C0.07N0.43.

Key words: hexagonal B-C-N compound; chemical reduction synthesis method; X-ray diffraction;

electron energy loss spectroscopy

1 74I�b�B-C-N ��
XNKnG$X)%+Q0+k [1,2], YD6��
G�r� B-C-N ��
a�XNCPFtL�ke BNd6G-H+�R?n$XG-H%v�tÆR?ye B-C-N��
lnG�0zi�aCj�4��aRGÆCr%v��#
1Bj� B-C-N ��
Gq;eaN
�0"�.*a [3], 
f"�.*a [4], u�u1a [5,6], ��T�a [7] �9.5�0a [8] I��VzItÆ�05BT�a�u�u1a�0t?n\KGye B-C-N ��
 [9] �XNb<A�G B2CN ��
 [10]. 2℄�<xn�0eaGN8

A�l_��LPX?$�0N8lOJt�'GTv&9. [8,9], ChX{mG�0+
l����'RbGs4�℄:���X{mG�0+
DLR B-C-N ��
!R B-C-N-H ��
��tB[℄?�q�{I���"zC"�'G�A�r
(CaB2N4) �a}�n (CCl4) �Tv�tÆ9.5�0a�0t?n0i9PGye B-C-N �K [11].D:�tÆ--?$"�'GTvb�0 B-C-N��
�RB['	3�qGN#{Od?��{}C"�'G)��} (C3N3Cl3)����� (BBr3)�Tv�F[
�!T.�'J?n&G�0!T�0ea�0ye B-C-N��
��Z�0+
H)�&%	 2007–10–08, )
2��&%	2007–11–19��1$	 	3oN'63Q^Z/� (973)(2005CB724400); 	3w1`/'E (50532020)?<��	 f � (1975– ), Æ� Q�;I� E-mail: mcsunguang@tom.com
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2 '5Æ�: 9.7g SXi�9G C3N3Cl3 � 6mL BBr3 $��f<:*� 50mL51ml�4< 14g F[ Na}�!T.�aws:Æ1X3��"GWo�lH*�:51m�k��X~�Qy{lH�gN8�W (350, 450� 550◦C), �� 12h. bFA\��:51mx2d/gT��kE:���L�^B8��2d�.ev^�K℄;C5.:�lGVk�{�EDG�A B-C-N ��
j	�:j	:�X 100◦C ��s 5h, 5.^i�'J8�f0 Rigaku D/MAX–2500/PC ' XE�7EA (XRD, CuKα, 4
Q1 40kV) Z:�H*
�i��'J8� JEOL JEM–2010 'xEQv��N (TEM) � Gatan }` ENFINA–776 'Qv�qhK� (EELS) Z:�H*t(��--Qv7E (SAED) ��+0ii��'Jok>�#�}�� (FTIR) i�t:�lG58A��
3 '5��8�.4Rt"vN8�WZ+
K�1WGG��z 1 �"v�W�kE:�G XRD z��<zlaC℄4�BbFX>J�W (350◦C) �>u�W (550◦C) M�kEG+
G XRD �l\4�t��GgK��℄BbF�WX 450◦C MkE+
lk�gK�{C�aC7� 450◦C �qbFG{2bF�W�z 2 � 450◦C �kE+
G
XRD z��Zz 2 lk4�G7ElH*�S_��<J=+Du=+xw7ElG d ei�Qye BN(h-BN PDF#450893) G (002) � (100) �
(101) � (102) � (004) � (110) � (112) K�6Y�I�D:7�kE+
�
ye BN A�Gye��!l�P 2θ=26◦ pIG{%7El�ye�G (002) l�qlkZFG de 0.3365 nm ~?PL
�ye BN kZFG (002) 7ElG d e (h-BN

PDF#450893: d(002)=0.3328nm;L
 PDF #250284:

d(002)=0.3348nm). ZPL
�ye BN�ye B-C-N��
℄5�LP�\XN�IGKv(℄�D:��zU:�G XRD �b�X+
G�z0 [11].�tH?#0S+
GA�+�00i�XxEQN��Z:�H*t SAED � EELS i��tÆXxEQN��*_��:�l�N?qG(t"�YG��t_m�Z℄$�t_mH*t
SAED )U�A����℄$_mXN\KA��z 3 y4tk�*DG�t_mXxEQN�G�,![� (a) +ZFG SAED [� (b). < (a) la

y 1 !u�V�j�/9�F XRD y�
Fig.1 XRD patterns of the samples synthesized at

different temperatures

y 2 450◦C �j�/9�F XRD y�
Fig. 2 XRD pattern of the sample synthesized at

450◦C℄4�k�0G�t_mG2>X 200nm |O�< (b) l4�G��G7E�aC℄4k�0G�t_mXN\KA��ow�rG7E�L�D}kZFG d ei�� 0.3361 � 0.2160nm, i�Q
XRD�lG (002)� (100)�GK�6Y�ZF�_�℄$\K_mXNye�A��Q XRD A�?h�Z:�lG\w\K_mH*t EELS i��A�_��℄$_mUvM�N B � C � N �nRb�z 4 �O'G B-C-N \K_m EELS ��<z 4 laC�*D B � C � N �nRbkZFG K ��Vl�i��P 188, 284 � 401eV 7�hJ EELS =9lGSqi�|��0Stk�0ye B-C-N \K_mG�0zi (Tv
i�q)�
 50%B �7%C �43%N,,�0G B-C-N��
a�0� B0.5C0.07N0.43. Z\w"vG B-C-N \K_mH*G EELS Sqi��A���_mG�0zi��"?�LPXZ:�lG_mH* EELSi�Æ1l�\�N_�!lGVkRb�i;}
(Cl) �� (Br) �
 (Na) I��&N8lkJGTv
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5 � e ��H��. S`i�xd B-C-N ��� 1069

y 3 450◦C ��/9�F TEM y �YEF SAED y
Fig. 3 TEM image and corresponding SAED pattern of

the sample synthesized at 450◦C

y 4 xd B-C-N [J^lF EELS y�
Fig. 4 EELS spectrum of the synthesized polycrystalline

hexagonal B-C-N compound

y 5 450◦C �j�/9�F FTIR y�
Fig. 5 FTIR spectrum of the sample synthesized at

450◦Cl"�N'Rb�D:_���4R%Et"�N'IVkG9� B-C-N ��
��tH?#0Sk�0G:�R B-C-N ��
℄gye BN �L
G)%$�
�Zk�0G
B-C-N :�H*t�}��i��C7):�lk�G�08n
��� [13] lf4�B �C �N �nTvd6N�08=XR�S B-C-N ��
G0Gp;�U�z 5 � 450◦C �kE:�G FTIR���zl4�tow��G�}�Vl�i��

P 801 � 1375cm−1 7�#\ZFP B-C-N �G�}~,^T�℄�\YZFP B–N 8GFi^T�P [12]. w}�X 1280 � 1600cm−1 pI4�tow>��G�V��i�ZFye B-C-N ��
lG C–N � C=N G�Vl [14]. B–C–N � C–N �
C=N G=X��:�l B � C � N �nTvd6��08�<℄
�tk�0G:�0R B-C-N��
�℄gL
�ye BN G)%$�
 [13]. 2℄Xk�0G B-C-N ��
l�n�q>J�D:k(0G C–N � C=N <S�>C�℄a�RCh�}��lon8�V%W>>Gq;TDd?�
4 �"

1) 'J?n&G�0!T�0ea�C"�'G C3N3Cl3 � BBr3 �Tv�F[
}�!T.�X 450◦C ��0tKmGye B-C-N ��
�
2) TEM � EELS i�A���k�0Gye

B-C-N ��
XN��t(�p`�C\Km=X�!0i� B0.5C0.07N0.43.

3) hJ FTIR Z:�H*t58A�i��_��P 801 � 1375cm−1 7G B-C-N ��
�}�V>%�LP B-C-N ��
lnG�q�>J�Ch�P 1280 � 1600cm−1 7G C–N � C=N 8G�}�V>>���+/
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