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The Method of Determining the Degree of Modification Nano-SiO2. Determination of Quantity 
of Surface Hydroxyl Groups of Nano-SiO2.The Grignard reagent (CH3MgCl) was utilized to react 
with surface active hydrogen of nano-SiO2 to release CH4 gas, and consequently the content of surface 
silicon hydroxyl groups could be determined, with the reaction scheme as follows1-3. Firstly, hoping 
to remove the bound water, nano-SiO2 was activated in an oven at 110 °C for 12 h. Secondly, 4.0 ml 
CH3MgCl was added in 250 ml pressure equalizing addition funnel. 1.0 g nano-SiO2 and 100ml 
toluene were added in 250 ml conical flask. Finally, the flow-process diagram of reaction was set up 
as follow in Figure S1. 

SiOH+CH3MgCl SiOMgCl+CH4  

 
Figure S1. Flow-process diagram of CH3MgCl titration. 

To calculate quantity of silicon hydroxyl groups by equation S1:  
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Where, N—Quantity of surface hydroxy groups, number/unit, P—Atmospheric pressure (Pa); V—
The Volume of CH4 in eudiometer (m3), VK—Blank experiment CH4 volume (m3); NA—Avogadro 
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constant, R—Gas constant; T—Experiment temperature (K), S—Specific surface area of sample 
(m2/g); m—Sample mass (g).  
The results of quantity of surface hydroxy groups of nano-SiO2 by CH3MgCl titration are as shown 
in Table S1.  

Table S1. Quantity of hydroxyl groups by CH3MgCl titration. 

No.  Mass/g  Gas volume/ml  Hydroxyl groups/ mmol/g  
1 1.0633 31.4 1.1491 
2 1.0007 29.8 1.1587  
3 1.0880 32.3 1.1552  

Average  1.0507 31.2 1.1543  
The experimental results show that the content of surface hydroxy groups of nano-SiO2 is within 

the range of 1.149~1.159 mmol/g.  
Determination of quantity of monomer amino groups of modified nano-SiO2. Prepare and 

calibrate about 0.100 mo1/L of hydrochloric acid-ethanol standard solution4-7, and dilute the standard 
solution 10 times for standby use. Weigh a certain amount of modified nano-SiO2 samples (Firstly, 
5.0 g nano-SiO2 and 100.0 ml toluene solvent were added in 250 ml round flask. Then 2.0 g KH540 
was added slowly into the round flask, and the mixture was reacted under magnetic mixing at 80 °C 
for 12 h. After that, ethanol was utilized to wash the unreacted KH540 and toluene solvent in rotary 
steaming instrument for multiple times.), and dispersed the samples in ethanol. Add indicator 
thymol blue after the samples disperse evenly, and titrate it with hydrochloric acid-ethanol standard 
solution. The end point of titration reaches when the system turns into pink from light yellow, and 
does not fade in 30 s. The amino value of nano-SiO2 surface is calculated in equation S2:  

0
N

)= 100c V  VC
m

−× ×（  (S2) 

Where, c is the concentration of hydrochloric acid—ethanol solution (mol/L); m is the mass of 
modified nano-SiO2 (g); V is the reaction of amino to the volume of hydrochloric acid—ethanol 
solution (mL), V0 is the volume of hydrochloric acid—ethanol solution of a blank testing (mL). 

Table S2. Content of surface amino groups after grating KH540 to nano-SiO2  

No.  Mass (g)  VHCl(ml) V0(ml) CHCl(mol/L) 
Amino value 

(mmol/g)  
No.1  0.4662 20.42 0.02 0.008818 0.3859 
No.2  0.4864 21.28 0.02 0.008818 0.3854 
No.3  0.4626 20.14 0.02 0.008818 0.3835 

Average  0.4717 20.61 0.02 0.008818 0.3849 
As can be seen from Table S2, the content of surface amino groups of modified nano-SiO2 is about 

0.383–0.386 mmol/g. According to the reaction principle, 1 mol KH540 can react with 3 mol silicon 
hydroxyl groups, and is less than one third of surface hydroxy groups of nano-SiO2, which shows 
that the modification is feasible.  

Effect of Feeding on Modification Degree. Weigh 1.0 g nano-SiO2 (dry it for 12 h at 110 °C before 
using it), add different amounts of KH540 and 16.0 ml toluene, and let them react for 12 h at 80 °C. 
After reaction, get the white powder modified nano-SiO2 after drying the reaction product for 24 h at 
110 °C in vacuum after utilizing ethanol to wash away the unreacted KH540 and toluene for multiple 
times. Utilize the hydrochloric acid—ethanol non-aqueous titration to determine the content of amino 
proups of the product surface, and calculate the modification degree of surface hydroxy groups of 
nano-SiO2 with the results as shown in Figure S2.  
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Figure S2. Effect of KH540 dosage on surface modification degree of nano-SiO2. 

As can be seen from Figure S2, the content of surface amino groups of modified nano-SiO2 can 
be controlled by the control of KH540 dosage. With the increase of KH540 dosage, the content of 
amino groups gradually increases, and the modification degree increases correspondingly. When the 
KH540 dosage is 0.0365 g, the content of surface amino groups of modified nano-SiO2 is 0.1012 
mmol/g, and the modification degree is 26 %. When the KH540 dosage is 0.0672 g, the content of 
surface amino groups of modified nano-SiO2 is 0.1848 mmol/g, and the modification degree is 48 %. 
The above results show that the modification of surface hydroxy groups can be achieved through 
control the modification reaction conditions.  
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