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ABSTRACT

3-Mercaptopropyl Trimethoxysilane (MPTMS) is a common silane coupling agent and can fix ionic liquid on
supporter in supported ionic liquid catalyst field. In this study, response surface methodology was used to design
and optimize the reaction conditons which were MPTMS dosage, reaction time and temperature for the best MPTMS
loading amount (S content). The optimum experimental conditions are MPTMS 1.43 g, time 31 h and temperature
391 K. The predicted S content is 0.95 mmol/g and the experimental is 0.91 mmol/g. The thickness of MPTMS layer
isabout 0.55 nmin SO, pore.
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INTRODUCTION

Nowadays, supported ionic liquid catalyst (SILCh dse employed in many classical oragnic synthesig[lL For
example, Lina Han et al used porous polymer beagetied ionic liquids for the synthesis of cyclarisonate from
CO, and epoxide [3]. Matthias Josef Beier et al useuici liquid supported Pt nanoparticles as catafgst
enantio-selective hydrogenation [4]. Majid Vafaabta et al used silica suported task specific idigigid catalyst
system for oxidation of cyclohexene to adipic awith 30% HO, [5].

In previous study of SILC, functionalized ionic digs should be conjuncted on the special matefidésoporous
silica (SiQ) has the right space for catalysis and widely usesSILC as carrier [6]. 3-Mercaptopropyl
Trimethoxysilane (MPTMS) is a common silane couplagent and can fix ionic liquid on supporter [Mpwever,
the quantitative research for the reaction betwEBITMS and mesoporous silica has no relevant repditie
reacton equation is shown in Eq.1:

OH OCHs 0
OH + cho—? SH—» O7S| SH
OH OCH, (0]

@

Response surface methodology (RSM) is a kind afropation method and has a good application indisign of
experiments, data analysis and experimental piedid8, 9]. So, | this paper, the effects of MPTM8sage,
reaction time and temperature were investagatetherMPTMS loaded on mesoporous SiRSM was used to
search the best MPTMS loading at a optimal reactanditon.
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EXPERIMENTAL SECTION

2.1 Synthesisand characterization of MPTM S-SiO,

Firstly, 5g mesoporous silica (SiQ3-mercaptopropyl trimethoxysilane (MPTMS) andrOtoluene were added in
100 mL stainless steel hydrothermal reactor witfrPTining. Average porous size and surface areaaefoporous
silica are 9.4nm and 329.8hy, respectively. Toluene is AR and MPTMS (97%, @R purchased from Acros
Organics (Geel, Belgium). Secondly, hydrothermalcter was placed in blast oven which could adjestction
temperature. After a period of time, hydrothermedator was removed form oven and cooled by airrdiyji
MPTMS-SIQ, was obtained using solid-liquid separation. Theyga was dryed by blast oven. Finally, sulfur (S)
contents of the samples were analyzed by elemantdyzer. Sulfur content is equivalent to the lagddsf MPTMS
on mesoporous. Elemental analyzer is used GERMANYEMEENTAR VARIO EL III . Nitrogen
adsorption-desorption isotherms were determinedr&t using an autosorb 1Q porosimeter. Prior to measent,
the sample was degassed at°@Dor 2 h. Specific surface areas and pore digidha were calculated using the
BET (Brunauer-Emmett-Teller) and NLDFT (nonlocahdity functional theory) methods, respectively.

2.2 Response surface methodology

Table 1 Levelsof the variablesfor BBD experimental design

. . Levels
Variable Code  Unit X1 0 1
MPTMS A g 1 1.3 1.6
Time B hour 12 24 36
Temperature C K 353.13 373.13 393.13

Tab.l lists range of three independent variableSMRanalyzed the experimental data obtained fromvabo
procedure by the following second-order polynoramkhown by Eq.2 [10]:

S:B0+iBixi+iBiixi2+ii Bi% X )

S is the predicted response. Thand x are independent variable. Thgis the regression intercept apdp;, B; are
the regression coefficient. Design Expert softweeesion 8.06 was used to perform the regressiotysinaand
analysis of variance (ANOVA). Using regression gem to get the fitted quadratic polynomial equatiand then
use the equation to develop the response surfadesoatour plots.

Table 2 Experimental design matrix and resultsfor process optimization

RUN MPTMS Time Temperature S / mmol/g
/g /hour /K Experimental  Predicted
1 1.6(1) 24(0) 353.15(-1) 0.798 0.803
2 1.0(-1) 12(-1) 373.15(0) 0.746 0.706
3 1.3(0) 24(0) 373.15(0) 0.919 0.91
4 1.3(0) 24(0) 373.15(0) 0.902 0.91
5 1.0(-1) 36(1) 373.15(0) 0.712 0.706
6 1.0(-1) 24(0) 393.15(1) 0.723 0.715
7 1.0(-1) 24(0) 353.15(-1) 0.766 0.763
8 1.3(0) 36(1) 393.15(1) 0.894 0.905
9 1.6(1) 24(0) 393.15(1) 0.918 0.919
10 1.3(0) 24(0) 373.15(0) 0.911 0.91
11 1.6(1) 36(1) 373.15(0) 0.922 0.908
12 1.3(0) 24(0) 373.15(0) 0.915 0.91
13 1.3(0) 24(0) 373.15(0) 0.908 0.91
14 1.6(1) 12(-1) 373.15(0) 0.794 0.798
15 1.3(0) 36(1) 353.15(-1) 0.847 0.853
16 1.3(0) 12(-1)  353.15(-1) 0.854 0.841
17 1.3(0) 12(-1) 393.15(1) 0.865 0.857

RESULTSAND DISCUSSION

3.1 Experimental results

According to the Box-Behnken Design (BBD), expenmtat values of S contents at different experimental
conditons are shown in Tab.2. From the Tab.2, theeel7 experimental points which contain 12 faatgoints
and 5 zero ponits. 12 factorial points are threelke(A,B,C) to form vertices of cube. Zero porate the center of
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the cube. Experimantal error is estimated by 5 perot experiments.

3.2 Model and significant test
Experimental data was fitted by binary regressisimgi Design-Expert Software. The fitting resultas shown in
Eq.3, which takes their coded value.

S=0.91+0.061A+0.015B+0.017C+0.04AB+0.041AC+0.009B1914-0.0278-0.019C (3)

Predicted values of S contents were caculated by.Hdpe caculated results are shown in Tab.2 aedigied and
experimental values are very close.

Table 3 Resultsfor the reduced quadratic model of the variable effects on the response

Source Sum ofsquares f Meansquare F-Value Prob>Significant
Model 0.088 9 9.83E-3 70 <0.0001 Significant
A-MPTMS 0.029 1 0.029 209.33 <0.0001 Significant
B-Time 1.68E-3 1 1.68E-3 11.97 0.0105  Significant
C-Temperature 2.28E-3 1 2.28E-3 16.22 0.0050  Sagmif
AB 6.56E-3 1 6.56E-3 46.71 0.0002  Significant
AC 6.64E-3 1 6.64E-3 47.29 0.0002 Significant
BC 3.24E-4 1 3.24E-4 231 0.1726
A? 0.035 1 0.035 246.19 <0.0001  Significant
B? 3.04E-3 1 3.04E-3 21.65 0.0023  Significant
c? 1.54E-3 1 1.54E-3 10.96 0.0129  Significant
Residual 9.83E-4 7 1.41E-4
Lack of Fit 8.13E-4 3 2.71E-4 6.38 0.0527  No sigaifit
Pure Error 1.7E-4 4 4.25E-5

R2=0.9890, Adj-R?=0.9749, Pred R-Squared=0.8516, Adequate Precision=23.39, CV=1.4%.
Normal Plot of Residuals
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Figure 1 Normal plot of residualsfor S content

Analysis fo variance is shown in Tab.3. The Modefdfue of 70.00 implies the model is significanhefe is only a
0.01% chance that a Model F-Value this large coglcur due to noise. Values of Prob > F less thaB( indicate
model terms are significant. In this case A, BAB, AC, A?, B?, C? are significant model terms. Values greater than
0.1000 indicate the model terms are not significartording to the Prob > F value, the order ofuiefce on the
each factor level in the selected range is MPTM®xJerature>Time. The Lack of Fit F-value of 6.38 liepthere
is a 5.27% chance that a Lack of Fit F-value thige could occur due to noise. This relatively lprabability
(<10%) is troubling. The coefficient of determirmati(R) is excellent at 0.9890. A high’Ralue indicates that the
obtained model gives a good system response essmathin the studied range. The Pred R-Squareti8516 is
in reasonable agreement with the Adj R-Squared ®749. Adeq Precision measures the signal to maise. A
ratio greater than 4 is desirable. Your ratio of8®3ndicates an adequate signal. Also, a relatikeler value of the
coefficient of variation (CV of 1.4%) indicates atter precision and reliability of the exeprimentlins. The CV
which is a ratio of the standard error of estimatehe mean value of the observed response is aureaf
reproducibility of the model. As a general rulenadel can be considered reasonable reproducilite @V is not
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greater than 10% [11].

Two diagnostic figures are analyzed to check omtibeels adequacy, which are shown in Fig.1. FroeRily.1, it
is shown the normal plot of residuals for reactmiween MPTMS and mesoporous Si@hich expresses the
residuals fall on a straight line. The straighelindicates that errors in this study are distedutormally for all the
responses. Fig.2 shows the plot of residuals vepseglicted S content. The figure indicates a simiandom
scatter without any obious patterns and unusualtstre. This result means the model is adequatatt be
concluded that the model is able to successfulyura the correlation between the the experimexaatlitions and
S content [11].

Residuals vs. Predicted
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Fig. 2 Residuals versus predicted for Scontent.

3.3 Response surface methodology
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Fig.3 Three-dimensional response surface plot of S content for reaction between MPTM S and mesoporous SiO,

Fig.3(a) shows three-dimensional response surfgoesfon the effect of the MPTMS (A) dosage ancktii®) for S
contens. When the MPTMS and time are fixed on #&vel, curves of S content express increasing wdinsitly
and then decreasing. It is implied the there aeeltbst experimental conditions. From the Fig.3itb)ls shown
three-dimensional response surface figure on tfectebf the MPTMS (A) dosage and Temperature (G) So
contens. It is clearly to see that temperature xm@atal conditon appears the best value. Accotbnthe Fig.2(a)
and Fig.2(b), the optimum experimental conditions BIPTMS 1.43 g, time 31 h and temperature 391 H an
predicted S content is 0.95 mmol/g. Using the optimonditons, the experimental S content is 0.9lolfgnThe
experimental value obtained is very close withvhkie calculated form the model, which consequerglhjfies the
model capability.
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3.4 N, adsor ption and desor ption
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Fig.4 N, adsor ption-desor ption isother ms and pore diameter distributions of SiO, and MPTM S-SiO,

Fig.4 shows the Nadsorption-desorption isotherms and pore diantistributions of Si@ and MPTMS-Si@ BJH
distributions and BET surface were calculated usiagadsorption at 77K. Both of samples displayed a thp
isotherm with HI hysteresis loop and a sharp iraseein pore volume adsorbed above,/#®, which is typical
characteristic of highly ordered mesoporous matefi]. MPTMS significantly affected the surfacea and pore
distribution of MSG and pore volume is significangimaller. The Si@sample showed a maximum pore diameter at
9.4 nm and surface area of 329.8 m#/g. After reactithe maximum pore diameter and surface area of
MPTMS-SIQ, decreased to 8.3 nm and 210.6 m2/g, respectiValy.thickness of MPTMS layer is about 0.55 nm in
SiO, pore.

CONCLUSION

The best expeimental conditons was aquired abautreéaction between MPTMS and mesoporous, 3i€ing
response surface methodology. The optimum expetahesonditions are MPTMS 1.43 g, time 31 h and
temperature 391 K. The predicted S content is h@®l/g and the experimental is 0.92 mmol/g. Thekihéss of
MPTMS layer is about 0.55 nm in SiQore.
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