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Abstract- Titania supported nickel catalyst (Ni-TiO2)was synthesized by impregnation of Ni(NO3)2.6H2O on a titania 
prepared from titanium iso-propoxide by a sol-gel techniqueusing cetyltrimethyl ammonium chloride as atemplating agent. 
The catalyst was characterized by powder X-ray diffraction, BET surface area analysis, and surface acidity measurement 
viaadsorption of organic base pyridine. The addition of nickelontitania increased the physical and chemical properties of the 
catalyst, i.e. crystalinity, surface area and surface acidity. The synthesized Ni-TiO2catalyst was applied for the hydrogenation 
of the artemisininto deoxyartemisinin giving yields up to34% in mild reaction conditions. 
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I. INTRODUCTION 
 
Artemisinin is a unique sesqueterpene lactone 
endoperoxide isolated from the Chinese plant 
Artemisia annua and is chinese medicine. One of its 
active components is deoxyartemisinin which is 
naturally occuring although in low yield. Total 
synthesis of deoxyartemisinin was reported by Zhou 
et al. And the dimer is known to have shown 
cytotoxicity to cloned murine Efhrlich ascites tumour 
cells and against murine bone marrow using a 
clonogenic assay for committed progenitor cells of 
the granulocyte-monocyte lingkage. 
Deoxyartemisinin is also an intermediate product of 
dehydroartemisinin, a further hydrogenation product 
of artemisinin which show several fold of 
antimalarial activity than the parent artemisinin. 
Previous reports on the synthesis of deoxyartemisinin 
include the use of nickel boride generated in situ from 
NaBH4 and NiCl.6H2O and semisynthesis using Al-
NiCl2.6H2O giving quantitative yields.  
Recently, catalytictechnologieswhicharenon-polluting 
andefficientare needed. The solidacidbegan to replace 
theliquidacids which areknown to behighlycorrosive, 
hazardousandpotentiallypolluting. Replacement of 
homogeneous acid with a heterogeneous solid super 
acid as the catalyst is expected to provide several 
advantages, among which facilitates the separation of 
the reaction mixture, allowing a continuous operation 
such as regeneration and neutralization of the catalyst 
[1] as well as lower installation costs and 
maintenance processes [2].In addition to 
theacidicproperties, physicalproperties ofthe 
catalystare also animportantaspect to enhance the 
catalytic acitivity[3].  
Sol-gel methodnotonly allowsgood controlof 
thesupporting materialbutalsooffers the 
possibilitytorest uponthe preparation ofmetal 
catalystsonoxidefroma homogeneous 
solutioncontaining boththe 
catalyticmetalprecursorsandmetalprecursors 
[4].Metalalkoxide undergoes 

hydrolysisandcondensation in thealcoholsolvent to 
form a polymericoxidenetworkcontaining alcohol. 
Forthe catalytic usage, liquid solventmust be removed 
fromalkogel. In addition tothe 
conventionaldryingmethodandsupercriticaldryingusin
g asurfactantas 
atemplatetoproduceporousmaterialandimprovethe 
properties ofalcogel[4,5]. By saturating wet 
alcogelwithsurfactant solutionduringdrying, 
theoxidenetworkwill be avoided fromcollapse.In this 
research, we used sol gel method modified by 
surfactant to produce mesoporousTiO2material and 
investigatethe crystalinity, surface area, and surface 
acidity. The Ni-TiO2 catalyst prepared was then 
applied for the hydrogenation of artemisinin to 
deoxyartemisinin such as shown in Scheme. 1.  
 

 
Scheme1. Structure of Artemisinin and its derivative, 

Deoxyartemisinin 
 

II. EXPERIMENTAL 
 
2.1 Materials   
Precursor titanium alkoxide employed in this study 
was titanium iso-propoxide, Ti(OC3H7)4 from Sigma-
Aldrich. Commercial cetyltrimethyl-ammonium-
bromide (CTAB), Ni(NO3).6H2O, n-Propanol, HNO3, 
and H2SO4 are purchased from E-Merck.All 
chemicals were of reagent grade purity and were used 
without any further treatment. 
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2.2 Method 
2.2.1 Synthesis of Ni-TiO2 catalyst 
The precursor employed in the preparation of the sol-
gel catalyst was titanium iso-propoxide in n-propanol. 
Thetitaniawas prepared as follows: 14,45mol of n-
propanol was put in a glass system at low temperature 
(0oC) with constant stirring. After, 9.25 mol of 
titanium iso-propoxide were drop-wise added to the 
solution and then the pH was adjusted to 3.0 with 
HNO3. The flask was put under reflux at 70oC and 
stirred for 5 h. Finally 3.3 mol of H2O were added to 
the reaction system and the resulting suspension was 
maintained under reflux and constant stirring until 
gelling was achieved. The wet gel was immersed 
overnight at room temperature in an n-propanol 
solution of surfactant (cetyltrimethylammonium 
bromide, CTAB), decanted and then dried under 
vacuum for 24 h at 70oC. Calcination of wet gel was 
performed for 4 h at 500oC. Nickel dopedtitania 
catalyst (6% Ni/TiO2) was obtained by wetness 
impregnation at 50oC, using Ni(NO3)2 . The 
impregnated samples were dried for 3 h at 70oC, then 
calcined for 4 h at 500oC and reduced in H2 for 2h at 
350oC. 
2.2.2 Characterization of Ni-TiO2 catalyst 
X-ray diffraction (XRD) analysis was carried out for 
crystallographic phases identification of the catalyst 
samples using a Phillip PW 1710 diffractometer, 
using Cu Kα radiation at 40 kV and 30 mA, and a 
secondary graphite monochromator. The specific 
surface area and pore size of the particles was 
determined by the BET and BJH method using N2 
adsorption/desorption at 77 K (Quantasorb, 
Quantachrome, USA). Prior to each measurement all 
samples were degassed at 110 °C and 10-4Torr 
pressure to evacuate the physisorbed moisture. 
Surface acidity of the catalyst was determined by the 
irreversible adsorption of organic base pyridine. The 
amount of pyridine adsorbed is the acidity of samples 
in mmol/g. 
2.2.3 Hydrogenation of artemisinin to 
deoxyartemisinin using Ni-TiO2 catalyst 
100 g of artemisinin, 30 ml of methanol, and 10% of 
the Ni-TiO2 catalyst were placed in an autoclave. 
After 1 hour of heatingat100 °C, hydrogen gas of 5 
bar was added into the reactor for 5 hours. The 
reaction mixture were filtered to remove the 
catalystand analyzed by using Gas Chromatography-
Mass Spectroscopy. 
 
III. RESULT AND DISCUSSION 
 
3.1 Powder X-ray diffraction study 
X-ray diffraction pattern for the formation of nickel 
titanate on Ni-TiO2 samples were shown in Figure 1. 
In the TiO2 spectrum the peak at 2θ = 25.5° 
corresponded to the anatase crystalline phase. At the 
same time, small diffraction peaks from nickel 
titanate, NiTiO3 was observed at 2θ =46, perhaps 
formed because of the reaction between solid in 

anatase surface if TiO2 and NiO [11]. The addition of 
nickel resulted in the decreasing of crystallite size and 
increasing of crystalinity for Ni-TiO2.  
 

 
Figure 1.X-ray diffraction pattern of Ni-TiO2 and TiO2 

 
3.2 Surface area and surface acidity measurement 
Specific surface area, SBET measured by using BET 
equation were shown in Table 1. The addition of 
nickel resulted in the increasing of specific surface 
area from 2,96 m2/g to 4,17 m2/g. The nature of acid 
sites may be defined by the presence of surface 
protons leading to the Brønsted sites or cationic 
centers due to unsaturation in coordination, which 
explain the Lewis acidity. The surface acidity of the 
samples were determined by the irreversible 
adsorption of pyridine. Pyridine adsorbed only on the 
strong acid sites [1]. The result from the qualitative 
measurements of the surface acidity of the samples as 
shown in Table 2.  The higher surface acidity, 0.52 
mmol/g  was obtained for sample Ni-TiO2 which also 
shows having the higher specific surface area than 
TiO2, as measured by BET method, Table 1. The 
specific surface area correlated with the acidity of the 
samples. High surface areas may increase the 
possibility to adsorb more base molecules which in 
result gives a high acidity. It showed that 
impregnation of nickel increased both specific surface 
area and surface acidity. 
Table 1.Surfacearea andsurface acidityof  Ni-TiO2 
and TiO2 
 

 
 
3.3Hydrogenation of artemisinin to deoxyartemisinin 
The corresponding catalytic properties of the Ni-TiO2 
samples towards artemisinin hidrogenation was 
explored. In thesynthesisreaction 
ofartemisininderivatives, metal supported 
catalystsystemshowedbettercatalytic activitythanthe 
metal catalyst. The existence ofTiO2 as supporting 
materialcontributed to theaddition ofacid sitesandthe 
stability ofthe catalystduring the reactionsystem. 
Acidsite's existenceandstabilityaresomefactors 
thataffect thesustainability ofacatalyticreaction. 
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Table 3.Hydrogenation of artemisinin to deoxyartemisinin 
using various catalysts 

 
(Process Condition : Heating 3 hours, H2 addition 5 
hours, 100°C, H2 5 bar) 

 
Table 4.Hydrogenation of artemisinin to deoxyartemisinin 

using Ni-TiO2 under various condition 

 
Ni-TiO2 prepared by using sol gel method resulted 34 
% of artemisinin derivative, deoxyartemisinin in 
optimum process condition. The optimum process 
condition was found after heating 1 hour at 100°C 
then hydrogenation for 5 hours with H2 pressure of 5 
bar. This artemisinin derivative, deoxyartemisinin, is 
known as an anticanceragent [12]. 
 
CONCLUSION 
 
Impregnation of nickel into TiO2 prepared by using 
sol gel method modified by adding surfactant as 
templating agent increased the physical and chemical 
properties, such as crystalinity, spesific surface area 
and acidity. This catalyst resulted up to 34% of 
deoxyartemisinin, as one of the artemisinin 
derivative.  
 

REFERENCES 
 
[1] X. Bokhimi, A. Morales, E. Ortiz, T. Lopez, R.Gomez and J. 

Navarrete, Sulfate Ions in Titania Polymorphs, J. Sol-Gel Sci. 
and Tech., 29, 31-40, 2004. 

[2] Lonyi, F., Valyon, J., Engelhardt, J. and Mizukami, F., 
Characterization and Catalytic Properties of Sulfated ZrO2-
TiO2Mized Oxides, J.  Catal., 160, 279-289, 1996. 

[3] Sunajadevi, K.R and Sugunan, S., Surface Characterization 
and Catalytic Activity of Sulfated Titania Prepared via the 
Sol-Gel Route, React. Kine. Catal. Lett., 82, 11-17, 2004. 

[4] Tursiloadi, S., Imai,  H. and Hirashima, H., Preparation and 
Characterization of MesoporousTitania-Alumina Ceramic by 
Modified Sol-Gel Method, J. non-Crystalline Solids, 350, 
271-276, 2004. 

[5] Weissman, J.G., Ko, E.I and Kaytal, S., Titania-Zirconia 
Mixed Oxide Aerogels as Supports for Hydrotreating 
Catalysts, Appl. Catal. A., 94, 45-59, 1993. 

[6] M.H. Youn, J.G. Seo, H. Lee, Y. Bang, J.S. Chung and I.K. 
Song, Hydrogen Production by Auto-Thermal Reforming of 
Ethanol over Nickel Catalyst Supported on Metal Oxides : 
Effect of Support Acidity, Applied Catalysis B: 
Environmental 98, 57-64, 2010. 

[7] Y.J. Huang and J.A. Schwarz, The Effect of Catalyst 
Preparation on Catalytic Activity: The Catalytic Activity of 
Ni/Al2O3 Catalysts Prepared by Wet Impregnation, Appl. 
Catal.,30, p. 239, 1987. 

[8] G. Sankar, C.N.R. Rao and T. Rayment, Promotion of the 
Metal-Oxide Support. Interaction in the Ni/TiO2 Catalyst, J. 
Mater. Chem, 12, p. 299, 1991. 

[9] J. van de Loosdrecht, A.M. van der Kraan, A.J. van Dillen 
and J.W. Geus, Metal–Support Interaction: Titania-Supported 
and Silica-Supported Nickel Catalysts,  J. Catal.170, p. 217, 
1997. 

[10] J.C. Rodríguez, T. Viveros, A. Monzón, in: C. Bartholomew, 
G. Fuentes (Eds.), Proceedings of the Catalyst Deactivation 
1997, vol. 111, Cancun, Mexico, 5–8 October 1997, Stud. 
Surf. Sci. Catal., Elsevier, Amsterdam, p. 609, 1997. 

[11] M. Numata, R. Takahashi, I. Yamada, K. Nakanishi and S. 
Sato, Sol-gel Preparation of  Ni/TiO2 Catalysts with Bimodal 
Pore Structures, Applied Catalysis A:General, 383, 66-72, 
2010. 

[12] Bhattacharya, A.K., Pathak, A.K., and Sharma, R.P., Semi-
synthesis of Deoxyartemisinin, Mendeleev Commun, 17, 27-
28, 2007. 

 
 
 

 


