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Preparation and Characterization of Amphiphilic Ti-grafted KIT-1
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Abstract: The Ti-KIT-1 sieve was obtained by a grafting method using tetrabutyl titanate as Ti

source and KIT-1 as support. An amphiphilic Ti-KIT-1 sieve was prepared from Ti-KIT-1 modified

with trimethylchlorosilane and characterized by XRD, DRS, FT-IR and nitrogen adsorption-desorption

techniques. Experimental results show that the resultant amphiphilic Ti-KIT-1 sieve remains the original

mesoporous structure with a smaller specific BET surface area and BJH volume of pores compared

to the Ti-KIT-1 sieve. DRS and FT-IR indicate the existence of tetrahedral titanium (�), which

may act as active sites for epoxidation of olefin. The amphiphilicity of samples are measured through

adsorption capacity for the vapour of water or toluene, acetone, n-hexane. The resultant Ti-KIT-1 sieve

is amphiphilic due to the partial coverage of the external surface with the hydrophobic alkylsilane groups

and the hydrophilicity of the rest of the surface.
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9�;U8X��8y�xB,qU8X�
?^-�B^�:&� [9−11]. 0w=z(�w=�JoZ
MU#a/8y���Nr +n�B�;U8X Ti-KIT-1, 9�Q
JlÆKz
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z
373K )Z 24h, +`'�B#f� pH R 10.5∼11.0�k
)ZXv/
7n5�
U�e
H`n��m;� pH=7, 9>\n
>/z 813K � N2 #R',\ 1h, wz8#',\ 6h �
 NaKIT-1 W1�x NaKIT-1W1U 0.1mol/L� HNO3 F;���n (< �;2R 1� 10),{Z{� 0.5h, �m
U�e
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�
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TzKO 800∼4000cm−1. W� XRD Q|z Rigaku

D/MAX- � A � X a�W�-aAZ��
 X a�R CuKα, �%(R 40kV, �%hR 20mA. TzKO 2θ: 1.5◦ ∼8.0◦, Tz�4 4◦/min. 5�28yP�;!�;Iz Micromeritics ASAP-2000 �fIjfAZQ[
jf"R�#
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Fig. 1 Diffuse reflectance ultraviolet spectra of sam-

ples

(a) KIT-1; (b) Ti-KIT-1; (c) W/O-Ti-KIT-1; (d) O-Ti-

KIT-1
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=�BR 220nmq�j~Zw Ti–O �y1�%�0���
5�2Z�5��z��V�fB [13], 260nmq�j~Z5
wU8X8y�z TiO2 ���l��5�'F TiO2 +[�U28s�B�Tu[da8 1,5q 3 )5�'B��[�q
=,4%k�9B��[s^%��P��5�'
�B8=5Æ~_U8X8y^ TiO2 ���z�� 2 RU8X5��bR:4=-H��
Y� 2(b)5q
5� Ti-KIT-1z 949cm−1 f�nz=Æ���a –Si–O–Ti–	/j~Z
=m 957cm−1f� Si–OH JCd�	/Z�i=- Ti–OH 7�
=55�2B�KU8X�f�a_��VB
�)�&��fBi8=�-BRw}4m6824HO�E�'� [14].y� 2(c) � (d) ':5F.n
ÆK45�
W/O-Ti-KIT-1 � O-Ti-KIT-1 , i_ 949cm−1 q�f��VB�	/j~Z
=mz 2963cm−1 qnz_Æ���a –Si–O–Si(CH3)3 JC�d�	/Z [15], ,5� O-Ti-KIT-1 z 845cm−1 q��a
–Si(CH3)3 JCd�	/Z [16] 2�~w
�=C�n_ W/O-Ti-KIT-1 � O-Ti-KIT-18y<n�z/Z��ÆKJC
<,5� O-Ti-KIT-1 ÆK4f4�q�
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�
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_�)+ �5
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��6�ÆK45� W/O-Ti-KIT-1� O-Ti-KIT-1(J� 4(b),(c))  i_ Ti-KIT-1 $��E�Z��*�

5�qr�
%�6���

? 2 4��aP93<+G�?
Fig. 2 FT-IR spectra of samples

(a) KIT-1; (b) Ti-KIT-1; (c) W/O-Ti-KIT-1;

(d) O-Ti-KIT-1N 1 KIT-1 4�� Ti-KIT-1 0
YveT�p TiO2 i�
Table 1 Structural parameters and TiO2 content of different KIT-1 and amphiphilic Ti-KIT-1 samples

Sample SBET/m2
·g−1 V /cm3

·g−1 D/nm TiO2/wt%

KIT-1 931.2 0.83 3.57 0

Ti-KIT-1 410.7 0.397 3.86 4.27

W/O-Ti-KIT-1 357.0 0.432 3.83 4.23

O-Ti-KIT-1 349.4 0.325 3.72 4.20
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? 3 4��	|3 XRD V�,`?�
Fig. 3 Low-angle XRD patterns of samples

(a) KIT-1; (b) Ti-KIT-1; (c) W/O-Ti-KIT-1;

(d) O-Ti-KIT-1

? 4 4�� N2 ie - De�Y~
Fig. 4 Nitrogen adsorption-desorption isotherms of

samples

(a) Ti-KIT-1; (b) W/O-Ti-KIT-1; (c) O-Ti-KIT-1

? 5 4��: TB6~
Fig. 5 The pore size distribution of samples

(a) Ti-KIT-1; (b) W/O-Ti-KIT-1; (c) O-Ti-KIT-1S'	�
9�}�[�Æ 3 (3�x�7'T
P/P0=0.6∼1.0 5f0[#.x��e	�vIP3�1Sj�9q?*r��Æw9�SA (p>
5)�-	3(3�[���9�SA	*b�XS

A+�X=��	�{�I13��g℄ Ti-KIT-19����*<�)
	+9���*x 2nm DY	p_Æ9INÆ
3.3 /	X�Æ(
`+� SiO2 <3	� Ti Æ9S6V�6w�[�Y� Si–OH � Ti–OH,�7601FLv?M�	V�v7_R[K�01
<01Z�/o	�vIP6wDH�-��?M_��FL�
�0��hd	�D7�6w�I1�+oS6V����Æ3��V-�3DR"7[K
���hd��S���o� [17] �6
Æ���3�7PQ�'21"
�hd)_Q��[K
��S6	IPx�DS6VLhd!
S6V�j�<RT-7vvRT	Q1Tvu7�Æx 25◦C (X4>s	3�7��a.�9:��WI!�
$hdGY
_6 2 $	3����o� Ih p6
3(3� 3j-K-1 hd���WI��&p[{ [7]).v=	3� Ti-KIT-1 7��hdGY{vo_7� [K
�hd	6xk$o�-��Æ;3�
W/O-Ti-KIT-1 � O-Ti-KIT-17��hdY{vn℄		o_3� 3j-K-17��hdY	7[K
	a.�9:��WIhdGY{v~_	�_3� 3j-K-1 hd�WI�Y	���o�����!P Ih(3j-K-1)> Ih(O-Ti-KIT-1)> Ih(W/O-Ti-KIT-

1)> Ih(Ti-KIT-1), Wt3�3� Ti-KIT-1 P-��3�	3� 3j-K-1 P���$o�3�	�vS6V6w�DH
�IHAr"e2$o�k�Æ;3� W/O-Ti-KIT-1 � O-Ti-KIT-1���o�m�_3� 3j-K-1, ;o_3� Ti-KIT-1, 6xk<+�V-)
	�
3�$�[�g6~x
Ti–OH HA�6xk<+�-��[�Æ�7��	3� W/O-Ti-KIT-1 vx[��Æ!$����6w�I13�	��o��_P�Æ!$��3� O-Ti-KIT-1, �V-��t�Æ6 3��&93D6{	3j-K-1vROaHj�I7Æ9S6V KIT-16wi����U
	���o�{vo_R�<LB7Æ9 Ti-KIT-1 ��6wi����U
 O-Ti-KIT-1, ��{��StoS6V6w�I1e2y�	[M_V-�3���_Æ�vIP Ti-KIT-1 6w~x Ti–OH� Si–OH, 6w�I1o<DS�DH
�IHAr"	oS6V6w��℄<+�Y�����IHA	o3�6xk<+�V-�	P�DH`<Pk4601{1Z_P3�Æ
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5 � J?p
��W.��A�: KIT-1 T7W��*d7Æ 985N 2 0
℄��sK�Q�m<q�Y"a)�
Table 2 Adsorption capacity of samples for the vapour of water and toluene and acetone and n-hexane

Adsorption capacity/(mg/g dried sample)
Sample

χwater χtoluene χacetone χn−hexane

Ti-KIT-1 966.6 329.6 207.9 221.9

W/O-Ti-KIT-1 125.2 251.3 211.0 155.3

O-Ti-KIT-1 77.4 229.2 137.0 160.7

3j-K-1[7] 19.6 – – 354.3

∗3j-K-1 was prepared from parent KIT-1 modified by trimethylchlorosilaneN 3 0
Y��$�
Table 3 Hydrophbcity index (Ih) of samples

Hydrophbcity index(Ih)
Sample

χtoluene/χwater χacetone/χwater χn−hexane/χwater

Ti-KIT-1 0.341 0.215 0.229

W/O-Ti-KIT-1 2.007 1.685 1.240

O-Ti-KIT-1 2.961 1.770 2.076

3j-K-1 – – 18.076
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