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Abstract 

This experiment was performed to find a viable procedure to synthesize a silica compound 
with immobilized corannulene capable of separating fullerene derivatives from regular 
fullerenes using HPLC. The process of investigating the synthesis of this silica was to attempt 
to immobilize phenylacetylene onto silica. The procedure investigated the viability to utilize 
CuAAC click reaction for the immobilization of phenylacetylene onto (3-azido-propyl) 
trimethoxy silane. Two different possible approaches have been investigated using the 
CuAAC click reaction in this experiment. The first procedure investigated was to perform the 
click reaction on the silane in solution. The second procedure investigated the possibility to 
perform the click reaction on the silane bound to silica. Both procedures resulted in 
successful incorporation of phenylacetylene. The products were analyzed with NMR and 
XPS. The product in both cases was contaminated by a copper carbide byproduct formed in 
the click reaction.   
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1. Introduction and aim of the diploma work                    

In 1985 a new type of carbon structure, called fullerenes, was discovered by Harold. W. 
Kroto, Robert F. Curl and Richard E. Smalley1. Fullerenes are carbon structures that consist 
of hexagonal and pentagonal carbon ring structures that form a symmetrical cage, where 
every carbon is bound in a sp2 hybridization.  The rings are organized as a traditional football 
with each pentagonal ring surrounded by five hexagonal rings. The unique curvature of the 
fullerene is caused by the pentagonal rings2. Fullerenes are important compounds in many 
different fields of chemistry; some of its uses are as a catalyst, solar cells, in medicine, water 
purification and biohazard protection among others.2    
When Fullerenes are treated with a high pressure of H2 gas and high temperature, it is 
possible to hydrogenate fullerenes. Fullerenes gain different properties and slightly distorted 
shape by hydrogenation, as well as many different isomers, which have caused much interest 
in fullerene research.3 The distorted shape is caused by the sp3 hybridization of the 
hydrogenated carbons of the fullerenes.4  The isomers that are formed in the hydrogenation 
process are difficult to separate and cannot be separated with ordinary HPLC columns. 
 
Corannulene is similar in structure to fullerenes and forms a bowl shape which has a 
complementary structure of the curvature of fullerenes. Corannulene consist of five fused 
hexagonal rings which are organized in a similar fashion as the fullerenes which gives causes 
the bowl shape of the corannulene. Due to this structure, it forms strong interactions with 
fullerenes both with π- π interactions and the complementary shapes. The strong 
interactions between corannulene and fullerenes can be exploited to bind and separate 
fullerenes.5 
 
In this experiment I have attempted to find an effective procedure to attach corannulene to 
silica using click chemistry. There are several different types of click reactions. One example 
of click reaction is the CuAAC6, which is the one used in this experiment to immobilize 
phenylacetylene on silica. The CuAAC utilizes an azide group and an alkyne as a 
cycloaddition into a stable ring structure called triazole ring. The triazole ring is a five 
membered ring with three nitrogen atoms and two carbon atoms. A large benefit to the 
CuAAC reaction is the formation of this triazole ring. The triazole ring is very stable and is 
chemically inert in many common reaction conditions. However, the uncatalyzed click 
reaction can take days since it involves several slow and reversible reaction before the stable 
triazole ring is formed. To reduce the reaction time and to increase the yield of the reaction, 
copper(I) is used as a catalyst which increases the reaction time by a factor of 107.6 Both 
copper(I) and copper(II) can be used to catalyzed the click reaction. However, copper(II) 
must be used with a reducing agent to reduce to copper(II) to copper(I) during the reaction. 
Both of these oxidation states of copper have been used in this experiment to catalyze the 
click reaction.6  
 
Two possible procedures were investigated in this project to utilize the click reaction. One of 
the procedures that were investigated was to perform a click reaction on a silane with an 
azide group to attach the desired functional group. The silane was then attached to silica. The 
other procedure was to first attach the azido silane to the silica and then perform the click 
reaction. The modified silica can then be used in HPLC column to separate fullerene 
derivatives from each other from ordinary fullerenes. Since the corannulene will have 
stronger attraction to fullerene due to π- π interactions it will effectively separate the 
fullerene from hydrogenated fullerenes. It will also separate different isomers from each 
other since the different isomers have different hydrogenated configurations. Corannulene 
was, however, not used in this experiment; phenylacetylene was used instead as a model 
substance. 
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2. Experimental  

Instrumentation and chemicals 
Reagents were purchased from Sigma-Aldrich Chemical Co and used without further 
purification. 1H NMR spectra were recorded on a Bruker 360 MHz DRX. 13C NMR spectra 
were recorded on a Bruker 400 MHz Avance III and a Bruker 500 MHz Avance III. Kratos 
Axis Ultra DLD electron spectrometer was used for all XPS analyses.      
 
Substitution of (3-chloro-propyl)-trimethoxy-silane7. 

 
 (3-chloro-propyl)-trimethoxy-silane (4.6 ml) was added to a dry round bottom flask 
containing 150 ml dry DMF. 2,46 g NaN3 and 20,1 mg KI catalyst was added to the flask. The 
mixture was stirred for 24 hours under nitrogen atmosphere at 100°C. The solution was then 
diluted with diethyl ether, divided into two parts to avoid filling the separation funnel too 
much. Both parts were washed with water thrice and brine once. The solutions were 
combined and dried using MgSO4. The solution was then concentrated by evaporation and 
4.37g (~85% yield) (3-azido-propyl)-trimethoxy-silane product was collected as pale yellow 
oil and examined using 1H NMR and 13C NMR . 1H NMR (360 MHz, CDCl3) δ 0.7 ppm 2H, 
1.65 ppm 2H, 3.25 ppm 2H, 3.6 ppm 9H. 13C NMR (400 MHz, CDCl3) δ 6 ppm 1C, 22 ppm 
1C, 50 ppm 3C, 53 ppm 1C. 
 
Click reaction on azido-silane in solution8,9.  

 
 (3-azido-propyl)-trimethoxy-silane (4.37 g) was added to 150 ml dry DMF in a dry round 
bottom flask. 3.78 ml DIPEA, 2.2 ml phenylacetylene and 0.4 g CuI (purified with Soxhlet 
extraction using dichloromethane as solvent) was added to the mixture. The solution was 
stirred for 24 hours under N2 atmosphere at room temperature. The solution was then 
diluted with Diethyl ether, divided into two parts and both was washed with water thrice and 
brine once. The solutions were combined and dried using MgSO4. The solution was then 
concentrated by evaporation and 5.17 g was collected as oil (78.9% yield). The oil was 
examined using 1H NMR. The product was purified further using Kügel-rohr evaporation. 1H 
NMR (360 MHz, CDCl3) δ 0.7 ppm 2H, 2.1 ppm 2H, 3.25 ppm 2H, 3.6 ppm 9H, 4.4 ppm 2H, 
7.3-7.5 ppm 3H, 7.8 ppm 3H. 
 
Activating silica powder. 

 
To a beaker containing 1M HCl, 2.56 g silica (200Å and 200m2/g) was added to protonate 
oxygen on the silica surface. The silica was allowed to react with the acid for 30 min. The 
solution was then filtrated on a glass filter and washed with methanol and water. The silica 
was collected in a beaker and dried in a vacuum oven at 105°C for 16 hours.  
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Attaching azide silane to silica 9,10. 

 
The activated silica was placed in 10ml DMF. 0.39 g (3-azido-propyl)-trimethoxy-silane was 
added to the solution. The solution was heated to 110°C and was allowed to react for 24 
hours. The solution was then filtrated using a glass filter and washed with water and 
methanol. The silica was analyzed using XPS and solid phase 13C NMR. 13C NMR (500 MHz) 
δ 9 ppm 1C, 23 ppm 1C, 55 ppm 1C. 
 
Click reaction on azide silica9,10. 

 
The silica (with attached azide silane) was placed in 15 ml DMF. 0.05 g CuSO4 and 0.07 g Na 
L-ascorbate was added to the solution. 0.4 ml phenylacetylene was finally added and the 
solution was mixed by swirling. The solution was then placed under N2 atmosphere and left 
for 24 hours at 50°C. The solution was then filtrated using glass filter and washed with water 
and ethanol. The silica was then analyzed using XPS. 
 
Solubility test on byproduct. 
Some byproduct was isolated from click reaction in solution and on silica. The byproduct was 
placed in seven different test tubes. To these test tubes acetone, chloroform, cyclohexane, 
diethyl ether, DMF, methanol, tetrahydrofuran, 1M HCl(aq) and 1M NaOH(aq), was added 
individually. The byproduct showed no sign of dissolution in any of the solvents.  
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3. Results and Discussion  

Substitution on (3-chloro-propyl)-trimethoxy-silane with NaN3 was performed to attach the 
azide on the silane. This azide would later be used to perform the click reaction. 1H NMR was 
performed on the starting material and the product to ensure that the substitution occurred 
and to look for any impurities. NMR showed that the reactions went to completion. The 
NMR spectrum of the starting material (figure 1) showed that at 3.6 ppm two signals overlap 
that correspond to three methoxy groups and hydrogen on the third carbon where the 
substitution occurred. In the NMR spectrum performed on the product (figure 2) shows that 
the signal from the hydrogen on the third carbon have shifted from 3.6 ppm to 3.3 ppm 
indicating that the substitution occurred and that the azide have been attached to the propyl 
group. The NMR spectrum also showed a small signal from an impurity at 2.9 ppm. The 
purification of the product was effective except for this small impurity. The impurity might 
be removed through further washing. 13C NMR was performed to have reference spectra for 
solid phase 13C NMR performed on the silica with attached (3-azido-propyl)-trimethoxy-
silane. The NMR spectrum showed four distinct signals and a solvent signal (figure 3). The 
signal at 54 ppm corresponds to carbon where the substitution took place. The signal at  
50 ppm corresponds to the methoxy groups. This spectrum was used as a reference for solid 
phase 13C NMR performed on silica with immobilized (3-azido-propyl)-trimethoxy-silane. 
 

 
Figure 1: 

1
H NMR spectra showing the starting material.  

 
Figure 2: 

1
H NMR spectra showing the product of the substitution on (3-chloro-propyl)-trimethoxy-silane.  
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Figure 3: 

13
C

 
NMR spectra showing the product of the substitution on (3-chloro-propyl)-trimethoxy-silane.  

The reaction was performed several times. The yield of the reactions was, for the reactions 
with larger quantities, consistent at slightly below 85% (84.5% and 83.8%). The yield for 
small quantities however, was lower (62%). The cause of the smaller yield in the experiments 
at lower quantities is most likely due to loss in washing procedures since the amount of 
starting material was <1ml and only a small loss would result in a large percentage loss.  
 
Click reaction on (3-azido-propyl)-trimethoxy-silane was performed to examine the 
efficiency of the click reaction in solution before attaching the trimethoxy-silane to silica. The 
trimethoxy-silane could then be attached to the silica potentially obtaining the final product. 
During the click reaction, a yellow byproduct formed which caused problems during 
purification. During extraction the byproduct was not successfully separated from the 
product. Filtration failed to separate the byproduct as well. After washing and filtration, 
1H NMR was performed to see if the product was successfully formed and to see how 
contaminated it was by the byproduct. The 1H NMR spectrum showed that the product was 
successfully formed (figure 4). The signals at 7.3-7.5 ppm and 7.8 ppm show that the triazole 
ring and phenyl group is present in the sample, as well as the signal at 4.4 ppm which 
corresponds to hydrogens at the third carbon. This signal has shifted from 3.3 ppm to  
4.4 ppm due to the cycloaddition. These signals indicate that the reaction successfully 
formed the desired product. The NMR spectrum also showed that starting material was still 
present in the product. This is indicated by the signals at 3.3ppm and 1.7 ppm. These signals 
are the same signals seen in figure 2. This indicates that the reaction did not go to 
completion. No signal from a byproduct was observed in the NMR even though it could 
clearly be seen in the solution. This could be due to the fact that it did not dissolve in the 
solvent that was used. 
 

 
Figure 4: 

1
H NMR spectra showing the product from the click reaction.. 
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To further purify the product, TLC was performed with the product to investigate the 
possibility of silica column chromatography. The silane, however, reacted with the silica 
which eliminated the possibility of this. The possibility to use aluminium oxide as a 
substitute for silica for chromatography was investigated. The silane reacted with the 
aluminium oxide as well eliminating these forms of chromatography.   
 
A Kügel-rohr distillation was performed instead. 1H NMR investigation was performed to 
study if Kügel-rohr distillation was a possible method for purification. The distillation 
proved unsuccessful since the product proved to have a very high boiling point thus partially 
decaying during the distillation. 

 
Figure 5: 

1
H NMR showing the product from the click reaction after Kügel-rohr distillation.  

The Kügel-rohr distillation was performed at high temperatures up to 170°C which caused 
the unreacted (3-azido-propyl)-trimethoxy-silane to boil off into the collection vessel. 
According to 1H NMR investigation, the high temperature caused a methoxy group to detach 
from the silane which can be seen by the decrease in intensity of the signal at 3.6ppm (figure 
5). This poses a problem since the methoxy groups is necessary to attach the silane to silica. 
 
The byproduct was not removed from the product either. This poses a problem since the 
byproduct must be removed before attaching the product onto the silica since it otherwise 
would contaminate the silica as well. In order to use this procedure to produce the final silica 
product efficiently, a reliable procedure must be devised to successfully purify the product. 
 
Activating of silica powder was performed in order to break the oxygen-oxygen bonds that 
form between the oxygen binding sites, protonate the oxygen and form hydroxyl groups. This 
will allow the hydroxyl groups to later react with the silane and form strong bonds. The silica 
was washed to remove the hydrochloric acid from the silica. Filtration of the silica is 
somewhat problematic since the silica beads are so small, so that a small amount of the silica 
goes through the filter. This causes problems in later stages when the silane have been 
attached leading to a loss of material, this can however be prevented with a filter with 
smaller pores.  The silica was then dried in a vacuum oven to remove most of the remaining 
water from the silica. This was because if the silica is too wet, the H2O can hydrolyze the 
silane. A small amount of residual H2O can however be beneficial when attaching the silane.   
 
Attaching azide silane to silica surface was performed in order to be able to perform the click 
reaction on the stationary silica. After the reaction, the silica was washed with water and 
methanol to remove the remaining reagents from the silica. It also helped stabilize the 
stationary phase since the water hydrolyzed the methoxy groups allowing oxygen bridges to 
form between the silane groups. An XPS analysis was performed in order to examine 
whether the reaction was successful or not. The XPS revealed that the silane successfully 
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attached to the silica. This is indicated by the presence of both carbon and azide in the 
sample (table 1), which suggests that the silane have been attached to the silica. The XPS 
could not, however, accurately quantify the amount of attached silane since the azide 
decayed during the analysis, which is indicated by the intensity of the signals showing that 
half of the N3 have decayed by the end of the analysis (figure 6). The amount of azide 
indicated by the XPS is thus not reliable. NO2 was also detected in the XPS (figure 7), this is 
formed from the decayed azide, and not in this reaction, since it was not found in the XPS 
performed in the next reaction step.  
 

 
Figure 6: Figure showing the presence and relative amount of N3 in the sample throughout the XPS analysis. The large peak 

in the figure is showing the relative amount at the start. The smaller peak is showing the amount later in the analysis. 

 

 
BE, eV  AC, at.% 

  C 1s 285.0 3.35 C-(C,H) 
 

 

286.7 1.56 C-O, C-N 

O 1s 532.7 60.71 SiO2 
 

 

533.9 4.42 Si-OH H2O 

Si 2p 103.3 28.76 SiO2 
 N1s 399.4 0.77 N*-N-N* 
 

 

401.0 0.28 N-N*-N 
 

 

404.5 0.14 NO2- 
 Table 1: Table obtained from XPS performed on the silica with attached silane, showing the bonding energies (BE) indicating 

from what element the signal originate and what the atom is bound to as well as the relative atom concentration (AC) of 
the element in the sample.  

 
 
Solid phase 13C NMR was performed to further examine that the silane successfully attached 
to the silica. The 13C NMR performed on the azide silica showed the carbon signatures that 
were found in solution on the 13C NMR performed on (3-azido-propyl)-trimethoxy-silane 
except for the methoxy group signal, signifying that the silane successfully attached to the 
silica. There were also a slight shift of the signal, this could originate from the attachment to 
silica. 
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Figure 7: Figure showing solid phase 

13
C

 
NMR performed on azide silica . 

Click reaction on the azide silica was performed to investigate how effective the click reaction 
was compared to the click reaction in solution. The reaction formed the same yellow 
byproduct as the previous click reaction.  The silica was washed with water and methanol 
and filtrated using glass filter to remove impurities, unreacted material and to remove the 
byproduct. The byproduct however, was not removed in the wash. Some of the byproduct 
was collected for further testing. XPS were performed on the product to examine if the click 
was successful and how contaminated the product was from the byproduct. The XPS showed 
(table 2) that the nitrogen-nitrogen signals were stable and carbon bound to nitrogen was 
present, indicating that triazole ring had been formed. This suggests that the click reaction 
was successful. The XPS also showed a large amount of a carbon atoms with bonding 
energies typical for carbides (283.8), as well as a large amount of Cu(I) present in the 
sample. These signals indicate that the byproduct could consist of a complex between 
unreacted phenylacetylene and Cu(I). 
 

 
BE, eV AC, at.% 

  C 1s 283.8 23.72 Carbide 
 

 
284.9 10.37 C-(C,H) 

 

 
286.0 4.04 C-O, C-N 

O 1s 532.7 36.32 SiO2 
 

 
534.0 1.37 Si-OH H2O 

Si 2p 103.4 18.11 SiO2 
 N 1s 399.9 2.19 N*-N-N* 
 

 
401.3 1.45 N-N*-N 

 Cu 2p 932.5 2.44 Cu(I) 
 Table 2: Table obtained from XPS performed on the silica with the click product, showing the bonding energies (BE) 

indicating from what element the signal originate and what the atom is bound to as well as the relative atom concentration 
(AC) of the element in the sample.  

A solubility test on the byproduct was performed to investigate if the byproduct was 
soluble in any of the solvents used. The solubility test proved unsuccessful since the 
byproduct did not dissolve in any of the solvents. 
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4. Conclusions  

This study shows that it is viable to synthesize silica that has suitable aromatics attached 
using click chemistry. However, the procedure must be refined in order to efficiently produce 
a pure sample of the modified silica. The most significant problem is the byproduct that is 
formed in the click reactions. Thus an effective way to purify the product needs to be devised. 
During the experiment, different ways of purification was investigated. A solubility test was 
performed on a small amount of isolated byproduct where an array of different solvents with 
different polarity and structures was used, to no avail. Distillation was used as well; however, 
both the byproduct and desired product have a high boiling point not suitable for distillation. 
Further experimentation with purification methods must be performed before this 
procedure can be optimized.  
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5. Outlook  

The method of attaching aromatics to silica used in this study needs to be optimized before it 
can effectively be used to modify silica with corannulene. The most vital problem to be 
addressed in future study is the byproduct that is formed. A possibility to avoid the 
formation of the byproduct is to use copper nanoparticles as a catalyst instead of copper 
salts. This could prevent copper to form byproducts in the solution and instead be attached 
to the particle which can be easily removed. This would result in a silane with the desired 
click product which could possibly be attached to silica.  
Another possible solution to this is to perform the click reaction performed on silica as 
shown in this project. The byproduct could be removed by detaching the byproduct from the 
silica using sonication and washing the silica to remove the detached byproduct. 
Once a pure product can be obtained, this procedure can be a very efficient strategy to attach 
corannulene to silica. 
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