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Abstract: Surface silylation of MCM—41 with trimethylchlorosilane was carried out to adsorb nitroaromatic compounds ( NACs) from aqueous solution
based on batch adsorption tests. The methylated MCM—41 was characterized by X-ray diffraction ( XRD) transmission electron microscopy ( TEM) N,
adsorption-desorption and Fourier transform infrared spectroscopy ( FTIR) . The results demonstrated that the adsorption rate of NACs was very fast and the
adsorption process was exothermic. The linear model could fit the adsorption isotherm of NACs over the methylated MCM—41 well. Substituents with
electron donating groups on the aromatic rings decreased the methylated MCM-41 adsorption whereas substituents with electron withdrawing groups on the
aromatic rings strengthened the methylated MCM—41 adsorption. The increase of pH had no noticeable effect on non-ionized NACs adsorption. However
for ionized NACs the amount of adsorption decreased with the increase of pH. Evidenced from the results given above the formation of an electron donor—
acceptor complex between electron donor functions at the siloxane surface and the aromatic ring system of the NACs may be postulated as a plausible
mechanism of the methylated MCM—41 adsorption. The regeneration results showed the suitability of methylated MCM—41 as a reusable adsorbent.
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1 ( Introduction)
NACs
( NACs) ( Rajagopal et al. 2001;
S . N . Nevskaia et al. 2004 ) . ( Beltran et al.

N uang et al.
1998) ( Huang et al. 2006)
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( 2009) ( Zhao et al.
N 1996; Selvam et al. 2001) .
. . . MCM—+41
NACs MCM-41
NACs
NACs
( Zhao et al. 1996; Selvam et al. 2001; )
] 2 ( Materials and methods)
Walcarius et al. 2010) .
. . ( Wang 2.1
et al.  2005; Gokulakrishnan et al. 2006; Lee ( TMSC ) (
et al. 2007; Mangrulkar et al. 2008) ) ( ) (NB ) 2-
NACs (2-CINB >99%) 3- (3Cl-
NB > 98%) 4- ( 4-CI-NB >
MCM—41 99%) (2NP ) (3NP
(Qin et al. 2007)  MCM-41 ) (4NP ) 13- (3-
Si—0—Si NO,NB ) 1 4- (4NO,NB >
98%) (4-NH,NB ) 13 5-
MCM-41 (13 5-INB >99.9%)
MCM—+41 . NACs 1.
1 NACs
Table 1 ~ Summary of NACs properties and linear model coefficients obtained from adsorption data fitting results
logK,, N S pK, Ki
/nm /(g*L™") /(Leg™") K /(Leg™") R
NB 1.85 267 2.00 - 0.004 1.700 0.988
2- 2-CI-NB 2.45 259 0.32 - 0.006 3.550 0.990
3- 3-CI-NB 2.48 263 0.29 - 0.024 5.060 0.966
4- 4-CI-NB 2.50 274 0.19 - 0.044 4.540 0.989
2NP 1.78 278 1.30 7.15 0.035 0.960 0.950
3NP 2.00 226 13.00 8.36 0.023 0.027 0.959
4NP 1.96 226 14.60 7.06 0.034 0.029 0. 864
13- 3-NO,NB 1.49 242 0.48 - 1.800 0.900 0.980
1 4- 4-NO,NB 1.48 264 0.069 - 4.000 1.030 0.996
4-NH,NB 1.39 380 0.73 1.02 0.014 0.054 0.997
135- 1 3 5INB 1.18 227 0.33 - 60. 000 0.140 0.989
K, / N max S pK, K, NACs ( Haderlein et al. 1993;
1996)
2.2 MCM—+41 CH,-MCM-41.
MCM-41 ( Zhao et al. 2.3
1996) : MCM-41 Philips PW1710 X
( Broyer et al. 2002) lg MCM- Cu Ka 40 kV
41 12 mL TMSC 100 mL 30 mA 0.02° 1.2%min "'
45 C N, 24 h. 20=1.0 ~10°. TEM H-8100
70% 200
3 120 C 12 h kV. BET ASAP2020



11 : MCM-+41 2389
KBr Spectrum
3 ( Results)
One
4000 ~ 3.1 CH,;-MCM+41
400 cm ™' CH,-MCM41 XRD  TEM 1
2.4 la CH,-MCM41 20=2.18°
2.4.1 10 mg CH,-MCM-41 (100)
50 mL 10 mL (110) .
10 pmol*L™"  3-CINB.NB 2NP  (pH=  (200) (210) MCM-
5.8) 25 C (150 remin ") 41 . 1b
0.45 pm 3-CINB. CH,-MCM41 TEM CH,-MCM-41
NB 2NP
2.4.2 10 mg CH,-MCM- 3.0 ~4.0 nm
41 50 mL 10 mL -
NACs (pH = 5. 8) ( 150 - A
remin"')2 h 0.45 pm
NACs tq. = (C, - 3
C.)V/M 0. £
(pmoleg™) C, NACs (pmol*L™") C. E
NACs (pmoleL™") Vv
(mL) M (mg).
2.4.3 pH 20 mL
10 wmol*L.™"  NACs HCl  NaOH
pH 3-~10 20mg  CH,-MCM41
2 h 0.45 pm
NACs
2.5
10 mL (10 pmol +L™")
3-CINB NB (pH=5.38) 10 mg
CH,-MCM+41 2 h
0.45 pm NB
3-CINB CH3_N[CM_41 1 CH;-MCM41 XRD(a) TEM(b)
70% 120 C 12°h Fig. 1 XRD (a) and TEM (b) of CH,-MCM41
2.6 N, - MCM-41
( Waters 2478 ) CH,-MCM41  BET 942 mg ™'
NACs symmetry C-18( 4.6 mm x 150 700 m*e g~ 0.8 cm’ g™ 0.55
mm 5 pm) NACs cmg ! 2.91 nm  2.54 nm
20 pL MCM-41 .
( 1:1 ~4:1) NACs 2 MCM—41
NACs CH,-MCM41 2900 c¢m ™'
C—H 850 cm ™!
Si—C ( Patel
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et al. 2011) K,
MCM—41 CH,-MCM-41 3470 em™'  (Leg™') NACs  CH,-MCM41
1630 cm ™! 960 1 : 1
cm ™ NACs
MCM-41 3-NO,NB.4-NO,NB
_ 1 3 5-INB
g (Boyd et al. 2001) .
é CH,-MCM41 CH,-MCM-41
= .
CH3-MCM-41
O 1 3-CI-NB
(5.06 L+g™") 3NP (0. 027
Si—O0—Si
I T IR SR N 11 | ll [ L‘g_l) 3-CI-NB 3NP 187
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers/cm ™' 3-CINB CH3 -MCM+41 .
2 MCM-41 CH,-MCM41 FTIR —OH —NH,
Fig.2  FTIR spectra of MCM—-41and CH;-MCM+41 NACs
r =
3.2 CH,-MCM-41  NACs il “ Z?‘%{%
3. 2 1 3 5 min 7L - Py g:cgzNB
CH,-MCM-41 3-CI-NB. NB b o o N
2NP 8.25.6.13  4.58 sk <y 5
O -1 i — N
pmoleg ™. CH,- 2 4 s, o ) v
MCM-41 NACs r .
2 ] v
1 v
( Walcarius et al. 2010) . ooy
0 1 2 3 4 5 6
[ a O — Co/(umol-L™Y)
; [I/ sk 4 o 3-NO,-NB
i < 4-NO,-NB
o 4-NH,-NB
2 lba—a o A A A ~ 4NP
%‘) o < 3NP
i H . o o o jo L y > 1,3,5,-TNB
<= | g
w ¢ fv < .
= e Yo e
2 —v—2NP -
- 1 9 > > ! o N
o > ° ©
0 L T N T TR AN TR NN R S 0 B, & &% & 5 ! ! ! ! )
0 30 60 90 120 150 180 0 5 10 15 20
7% AT 1] /min Ce/(pmol-L ™1
3 CH,-MCM-41 NACs 4 CH,MCM-41 NACs
Fig. 3 Effect of oscillation time on NACs adsorption by CH;-— Fig.4  Adsorption isotherms of NACs on CH;-MCM+41
MCM-41
3.2.3 pH 5 pH  CH,-
3.2.2 4 CH;-MCM- peM-41 (3-CI-NB)
41 NACs (2NP) . 5 CH,-MCM-41
NACGs 3-CI-NB pH=3.0~9.5
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8. 43 umol » g7' (

84.3%); 2NP pH=3.0~6.0
5.12 pumol+g ™" (
51.2%) pH 6.0 9.5
4.93 pmoleg™ 0.02 wmoleg™". 2NP
(pK, =7.15) pH > pK,
2NP CH,-MCM-41
(Lee et al. 2007) 2NP
CH,-MCM-41 . Haderlein
(1993; 1996) NACs
9 —
r B——n O——0Od—o—o——>0 0
8 —
7k —o—3-CI-NB
B —A—2NP
T sL at—a s
gL
=T N
oF \
1+
O_IIIIIIIIIIANAII

5 pH CH;-MCMH41 NACs
Fig.5 Effect of pH on NACs adsorption by CH;-MCM-41

3.2.4 6 CH,-
MCM-41 NB.3-CINB  3-NO,NB
6 CH,-MCM-41
NB.3-CINB  3-NO,-NB
NACs
3 NACs 2
2 3 NACs
: 5C 35°C NB
3.21 Leg™! 1.08 Leg™' 3-Cl-
NB 12.12 Leg™! 3.79 Leg™!
3-NO,NB 1.61 Leg™ 0. 66
Leg™'.
van’t Hoff
d(InkK,) _ AH, ()
d( 1) K
T
AH, (kJemol™") R
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Fig. 6 Effect of temperature on NB (a) 3-CI-NB (b) and 3-NO,-

NB(a) 3-CINB(b) 3-

NB (¢) adsorption by CH;-MCM-41

(Leg™). (1) AH,, 2
3 NACGs
: 3-CI-NB > NB >3-
NO,-NB.
2 3 NAGCs
AS° (2)
AS° 2 AS°
RTInK, = TAS" - AH,, (2)
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2 3 NAGCs K, AH,, AS’
Table 2 K, of three NACs at different temperature and the calaculated AH,, and AS°
Ky/(Leg™) AH AS°
5°C 15 C 25 C 35 C /(KJ*mol ") /(Jomol ")
NB 3.21 2.45 1.70 1.08 -25.7 -82.7
3-CI-NB 12.12 8.85 5.06 3.79 -28.8 -82.8
3-NO,NB 1.61 1.22 0.90 0. 66 -21.2 -72.3
3.3 CH,;-MCM+41 NACs CH,-MCM~41
5 CH,-MCM41 3-CINB
NB 3 . 3 _
CH,-MCM41 3-CI-NB Lo o
NB CH,-MCM41 05l -
3-CINB  NB N E o
90% CH,-MCM41 2+
S 05
Y
3 CH;-MCM-41 L a =
Table 3 The adsorption capacity of the regenerated CH;-MCM~41 151 e
/( pmol g ~") 0 T2 4 6 18 20 22 a2
3-CINB NB logKyy,
! 8.25 6-16 7 logK, logkK,,
2 8.10 6.06 . A
Fig.7 Plot of logK, versus logK,
3 8.01 6.01
4 7.62 5.88 1
° 7% 207 CH,-MCM-41
3.4 CH,MCM41 NACs CH,-MCM-41 4-
20 kJ*mol ~' CI-NB 4NH,NB 84
100 kJ*mol ' ( Faust et al. NAGs
1987).  NB.3-CINB  3-NO,NB CH;-MCM41 NACs
NAGs  CH,MCM4I CH,-MCM-41 CH,-MCM-41
/
NACs NACs
. / ( Haderlein ( Haderlein et al. 1993; 1996) . 2NP K,
et al. 1996; Boyd et al. 2001; Qin et al. 2007). NP 4NP 36 33 —OH
NB  MCM-41 —NO,
CH,-MCM 41 ( Haderlein et al. 1996) .
. ‘ NACs  CH,-MCM-41
NACs  CH,-MCM-41 /
« ” NAC@
“ ” K ow K()w NAC S
K « » : K, CH,-MCM41 4-CINB
K « ” 4-NO,NB NO,
(Wang et al. 2010). 7 logK, logK,, —Cl  4-CINB 4-NO,NB
4.4

IOgK(l

logK

ow
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4 ( Conclusions)

1) MCM-41

2) CH,-MCM41  NACs
3) CH,-
MCM-41 ;
CH,-MCM-41

CH,-MCM-41

MCM-41 NACs ;
CH,-MCM-41 NACs pH

4)
CH,-MCM-41 NACs
5) CH,-MCM41
MCM-41
/

NACs CH,-

: (1962—) N

. E-mail: majun@

hit. edu. cn.
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