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Abstract

L

TiO, microspheres with a uniform particle size distribution were synthesized by hydrothermal method. After being
sintered, the titania microspheres that are obtained have an average diameter of 5 ym, a surface area of 383.5 m?%g,
an average pore volume of 0.25 cm?®g, and an average pore diameter of 35.9 nm. Normal phase chromatography
was separated the mixture of benzene, nitrobenzene and nitro-anisole, three substances were separated well on the
titania column. The microspheres possess enough rigidity to withstand high packing pressure and are very useful as
a new kind of chromatographic packing material for high performance liquid chromatography (HPLC).
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Introduction

TiO, has been extensively used in photocatalysis [1], lithium
battery [2], sensor materials [3], dye degradation [4], cosmetics [5]
and other technical fields [6]. In recent years titania materials for high
performance liquid chromatography (HPLC) has attracted considerable
attentionsattributed to the good chemical stability, mechanical strength,
enough rigidity and amphoteric ion-exchange properties [7-9]. By far
silica is the most popular material for manufacturing chromatographic
columns. While the chemical and thermal stability of silica has limited
application in commercial use. The silica only can be used in a narrow
pH range as the strong hydrolysis and the instable Si-O band when
pH>8 or pH<2 that leads to the changes of peaks sharp and retention
characteristics of the separations [10]. In addition, bare Si-OH of the
silica surface affected the mesidino, chelate and hydrogen bond will
generate irreversible effect that cause serious detail and reduce the
efficiency of separation. Both these conditions reduce the lifetime of
the HPLC column.

Titania has greater mechanical and pH stability (pH 1-14) that
may compensate for the narrow pH range of silica and it is suitable
for the separation of the alkaline substances especially the biological
macromolecules [11]. Nowadays, the research about the TiO, used
as the chromatographic packings instead of the silica column is less
reported, not to mention the practical application. The main difficult
is due to how to synthesize the uniform and controllable size TiO,
microspheres. So the preparation of the TiO,microspheres that meet
the conditions is the key.

Recently the methods about how to prepare the TiO, microspheres
are broadly reported, including the sol-gel [12,13], hydro-thermal
method [14], Polymerization-Induced Colloid Aggregation (PICA)
[15], non-aqueous emulsions [16], co-precipitation [17] and so on.
While the latter three methods cannot be applied in the extensive
production as the ways are so verbose and thereagent are expensive.
Thus in our paper, the TiO, microspheres are prepared by the hydro-
thermal method. Through a large number of experiments, we have
discovered the optimal experimental conditions of synthesizing the
TiO,and the morphology and particle size of the microspheres are
controlled. So TiO,can be made into the normal phase packing. In
order to test the chromatographic performance, we plan to separate
some basic materials.

Experimental Section
Apparatus

A scanning electron microscope, model JSM-5610LV (Electron
Optics Corporation, Japan) was used to record the electron
micrograph. An X-ray diffractometer model D/max-2500 VL/PC
(Science Instruments, Japan) was used to determine the crystal shape
of the titania. An oven, model DGF-30 (Experiment Instruments
Corporation, Nanjing, China) was used to control the reaction
temperature. An autoclave of a 50 mL polyfluortetraethylene cup was
to be the reaction vessel. A Micromeric model ASAP-2010 surface
analysis instrument (Micromeric Corporation, US.A) was used to
collect nitrogen adsorption/desorption isotherms. A laser particle size
analyzer, model Master Sizer2000 (Malvern Company, UK) was used
to determine pore size distribution (PSD). A HPLC/MS model 1290-
6460 (Agilent Corporation, American) was used to separate the special
substances.

Reagents

Titanium tetrachloride, ammonium sulphate, urea and other
reagents were all analytical grade. n-hexane,ethanol, benzene,
nitrobenzene, o-nitroanisole are HPLC grade. Water (H,0) was distilled
and deionized using a Millipore Milli-Q system (Bedfold, MA, USA).

Synthesis of Porous Titania Microspheres

The synthesis of TiO, microspheres are prepared by the following
steps: 0.72 g of ammonium sulphate, 8.5 g of urea, 8mLof water and
8mL of ethanol were added into the conical beaker. Under continuous
stirring, 0.6 mL of titanium tetrachloride was added drop by drop. After
stirring for 5h, the transparent solution was obtained and the pH was
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Figure 1: SEM image of TiO, microspheres.
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Figure 2: XRD patterns of TiO, microspheres.

about 2. Then the solution was transferred into an autoclave of a 50 mL
polyfluortetraethylenecup. The autoclave was heated and maintained
at 393 K for approximate 5h and then the autoclave was cooled to the
room temperature. After the suspension was filtered, the precipitate was
washed twice with deionized water and washed third with ethanol. The
microspheres was dried at 353K and carbonized at 773K in a muffle
furnace after grinded. Then, the TiO, microspheres sample can be
obtained.

Column packing

The chromatographic column (250x4.6 mm i.d.) was filled with
titanium oxide and a pressure of 450psi was applied by the use of a
high-pressure pump, model DSTV-150 (HASKEL Technical Company,
American). Isopropanol and methanol was used as propulsion solvent.

Results and Discussion

SEM images and X-ray diffraction of porous titania
microspheres

TiO, synthesized by hydrothermal treatment are spherical and free

from clustering. The SEM micrograph is shown in Figure 1. It can be
seen the TiO, microspheres are 6-10 um in diameter.

Figure 2 shows the X-ray diffraction of the TiO,.
It is clearly seen from Figure 2, the X-ray diffraction intensity of the
TiO,without the heat treatment is very lower and the crystal structure
is amorphous. After being sintered, the diffraction intensity sharply
increase and the diffraction peaks in 25.32°C, 37.88°C, 48.11°C,
53.94°C, 62.51° are the characteristic peaks of anatase TiO,. It is proved
that the crystal shape of titania microspheres is anatase-type.

The specific surface area of TiO,microspheres

The specific surface area of the stationary phase is one of the
most important parameters in chromatogram [7] Chromatographic
separation requires the packing be a larger surface area in order to
facilitate the carrying load lots of more samples and provide sufficient
separation efficiency. The specific surface area of titania that being
sintered is 383.5 m?/g, whereas the microspheres without heat treatment
is 276.0 m*/g, which was calculated using the standard Brunauer
Emmett Teller (BET) method. This is because the water adsorbed in
the TiO, microspheres will dissociate to Ti-OH bond formation owing
to the heat treatment. With the temperature rising, the adjacent Ti-OH
bond will concentrate to Ti-O-Ti bond. Though this agglomeration
leads to decrease the specific surface areas, the TiO, microspheres
synthesized byhydrothermal treatment still have large surface areas.

Pore Size Distribution (PSD) of porous TiO, microsphere

According to the theoretical analysis and practical application, Carr
[12] has considered that the ideal packings should be in accordance
with the suitable physical and chemical parameters. The diameter of
the microspheres must be in the range of 2 to 50 nm and the pore
diameter should show a narrow pore size distribution. Meanwhile it is
necessary the appropriate pore size is supposed from 0.2 to 0.7 cm®/g.
Figure 3 shows nitrogen adsorption /desorption isotherms of porous
TiO, microspheres after heat treatment. As is shown, it is intuitively
seen that the adsorption branch is consistent with the IV isothermal
map of the ideal chromatography. In accordance withthe IUPAC
classification, the most favorable stationary phaseshould have a type IV
adsorption isotherm and a H type hysteresis loop [18]. According to the
desorption isotherm the average pore volume of TiO, is 0.25 cm’/g and
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Figure 3: Nitrogen adsorption / desorption isotherms of porous titania
microspheres.
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Figure 4: Particle size distribution (PSD) of porous titania microspheres.
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Figure 5: Chromatogram of the separation of aromatic compounds on

titania. Solute: benzene(2.600), nitrobenzene (3.987), o-nitroanisole

(10.907). Eluent: n-hexane—ethanol. Flow: 0.6mL/min. Detection: UV at

254nm. Temperature: 35°C. Pressure: 280bar.

the pore diameter is 35.9 nm based on the BJH models. The pore size
distribution of TiO,microspheres is shown in Figure 4. It is seen that
the PSD of TiO, is narrow and relatively uniformity. The average size of
TiO, is 7 um which is consistent with the results of scanning electron
microscope.

Chromatographic condition

Normal-phase separation of aromatic compounds was performed
on the titania column using n-hexane and ethanol as the mobile
phase. The mixtures contained benzene (10 pg/mL), nitrobenzene
(0.4 pg/mL) and o-nitroanisole (0.2 pg/mL). Injections of 5 pL of
appropriate concentrations of these mixtures produced satisfactory
chromatographic peaks with detection at 254 nm and the mobile phase
was controlled at 0.6 mL/min. The mobile phase was gradient elution
:0~7 min,100% n-hexane, 7~8 min,100%~90%n-hexane, 8~20 min,
90% n-hexane. The column temperature was controlled at 35% and
the initial pressure of the column was about 280 bar. The separation
results are shown in Figure 5. As can be seen the three substances
were separated well on the titania column. Benzene and nitrobenzene
were retained on the stationary phase as Lewis base of the 7 electron of
the aromatic compounds was reacted with the Lewis acid of the TiO,.
o-nitroanisole was retained longer in the chromatographic column

due to the strong polarity. As can be seen, titania that is synthesized by
hydro-thermal method is useful as a packing material for HPLC.

Conclusions

The traditional silica column will enhance solubility in basic mobile
phases and at higher temperatures. Meanwhile the tailed peaks are
appearedwhen the alkaline substances are separated on the column.
Thus our work hammers at exploring a new liquid chromatography
stationary phase. The TiO, microspheres synthesized byhydrothermal
treatment was about 5 um. The PSD of TiO,was relative narrow and
uniform. The pore size of TiO, was 35.9 nm which is in the range of
mesopore. Simultaneously specific surface area was 383.5 m?*/g and pore
volume was 0.25 cm®/g. Benzene, nitrobenzene and o-nitroanisole were
separated well in the titania column. All these parameters are showed
that TiO,is the excellent normal phase for the liquid chromatography.

Acknowledgment

This work was supported by the Natural Science Foundation of China (Grant
No0.21201102) and Science Foundation of Jiangsu (Grant No. BM2007132), China.
We gratefully acknowledge the anonymous reviewers whose comments helped to
improve the manuscript.

References

1. Jiang ZT, Zuo YM (2001) Synthesis of porous titania microspheres for HPLC
packings by polymerization-induced colloid aggregation. Anal Chem 73: 686-
688.

2. LiYT, LiJ, WeiYJ, Wei Y, Hu YZ (2007) Preparation and properties of Titania
based supports for HPLC. Chemical Research and Application 19: 882-885.

3. Ellwanger A, Matyska MT, Albert K, Pesek JJ (1999) Comparison of octadecyl
bonded titania phases, Chromatographia 49: 424-430.

4. LiZX, Kawashita M (2010) Sol-gel synthesis and characterization of magnetic
TiO2 microspheres. J Ceram Soc Jpn 118: 467-473.

5. Guo CW, Cao Y, Xie SH, Dai WL, Fan KN (2003) Fabrication of mesoporous
core-shell structured titania microspheres, Chem Comm 21: 700-701.

6. Wu TX, Liu GM, Zhao JC (1998) Rhodamine B under Visible Light Irradiation in
Aqueous TiO2 Dispersions. J Phys Chem B 102: 5845-588-51.

7. Collins AM, Mann S (2003) Synthesis of titania hollow microspheres using non-
aqueous emulsions.J Mater Chem 13: 1112-1114.

8. Huang HY, Zhou JH, Liu HL, Zhou YH, Feng YY (2010) Selective photoreduction
of nitrobenzene to aniline on TiO2 nanoparticles. J Hazard Mater 178:994-998.

9. Deng D, Kim MG, Lee JY, Cho J (2009) Green energy storage materials
Nanostructured TiO2 and Sn-based anodes for lithium-ion batteries. Energy
Environ Sci 2: 818-837.

10. Kalanur SS, Prashanth SN (2010)Voltammetric sensor for buzepidemethiodide
determination based on TiO2 nanaparticle-modified carbon paste electrode.
Colloids and Surfaces B:Biointerfaces 78: 217-221.

11. Kim JB, Seol DH, Shon HK, Kim GJ, Kim JH (2010) Preparation and
Characterization of Titania Nanoparticles from Titanium Tetrachloride and
Titanium Sulfate Flocculation of Dye Wastewater. Journal of Japan Petroleum
Institute 53: 167-172.

12. Auffan M, Pedeutour M, Bottero JY (2010) Structural Degradation at the
surface of a TiO2-Based Nanomaterial Used in Cosmetica. Environ Sci Technol
44: 2689-2694

13. Winkler J, Marme S (2000)Titania as a sorbent in normal-phase liquid
chromatography. J Chromatogr A 888: 51-62.

14. Maier NM, Franco P, Lindner W (2001) Separation of enantiomers: needs,
challenges, perspectives.J Chromatogr A 906: 3-33.

15. Zizkocsky V, Kucera R, Klimers J, Dohnal J (2008) Titania-based stationary
phase in separation of ondansetron and its related compounds.J Chromatogr
A 1189: 83-91.

16. Xie YB, Yuan CW, Li XZ (2005) Photocatalytic degradation of X-3B dye by
visible light using lanthanide ion modified titanium dioxide hydrosol system.
Colloids and Surface A: Physico chem Eng Aspects 252: 87-94.

J Chromat Separation Techniq
ISSN: 2157-7064 JCGST, an open access journal

Volume 5 - Issue 4 » 1000237


http://www.ncbi.nlm.nih.gov/pubmed/11217783
http://www.ncbi.nlm.nih.gov/pubmed/11217783
http://www.ncbi.nlm.nih.gov/pubmed/11217783
https://getinfo.de/app/Preparation-and-properties-of-Titania-based-supports/id/BLSE%3ARN217925702
https://getinfo.de/app/Preparation-and-properties-of-Titania-based-supports/id/BLSE%3ARN217925702
http://www.researchgate.net/publication/225397607_Comparison_of_octadecyl_bonded_titania_phases
http://www.researchgate.net/publication/225397607_Comparison_of_octadecyl_bonded_titania_phases
http://astp.jst.go.jp/modules/search/index.php?page=DocumentDetail&journalId=1882-0743_118_1378_Sol-gel+synthesis+and+characterization+of+magnetic+TiO2+microspheres_N%2FA
http://astp.jst.go.jp/modules/search/index.php?page=DocumentDetail&journalId=1882-0743_118_1378_Sol-gel+synthesis+and+characterization+of+magnetic+TiO2+microspheres_N%2FA
http://www.ncbi.nlm.nih.gov/pubmed/12703780
http://www.ncbi.nlm.nih.gov/pubmed/12703780
http://pubs.rsc.org/en/Content/ArticleLanding/2003/JM/b301183f#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2003/JM/b301183f#!divAbstract
http://www.ncbi.nlm.nih.gov/pubmed/20227825
http://www.ncbi.nlm.nih.gov/pubmed/20227825
http://pubs.rsc.org/en/Content/ArticleLanding/2009/EE/b823474d#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2009/EE/b823474d#!divAbstract
http://pubs.rsc.org/en/Content/ArticleLanding/2009/EE/b823474d#!divAbstract
http://www.ncbi.nlm.nih.gov/pubmed/20363602
http://www.ncbi.nlm.nih.gov/pubmed/20363602
http://www.ncbi.nlm.nih.gov/pubmed/20363602
http://www.researchgate.net/publication/240773988_Preparation_and_Characterization_of_Titania_Nanoparticles_from_Titanium_Tetrachloride_and_Titanium_Sulfate_Flocculation_of_Dye_Wastewater
http://www.researchgate.net/publication/240773988_Preparation_and_Characterization_of_Titania_Nanoparticles_from_Titanium_Tetrachloride_and_Titanium_Sulfate_Flocculation_of_Dye_Wastewater
http://www.researchgate.net/publication/240773988_Preparation_and_Characterization_of_Titania_Nanoparticles_from_Titanium_Tetrachloride_and_Titanium_Sulfate_Flocculation_of_Dye_Wastewater
http://www.researchgate.net/publication/240773988_Preparation_and_Characterization_of_Titania_Nanoparticles_from_Titanium_Tetrachloride_and_Titanium_Sulfate_Flocculation_of_Dye_Wastewater
http://pubs.acs.org/doi/abs/10.1021/es903757q
http://pubs.acs.org/doi/abs/10.1021/es903757q
http://pubs.acs.org/doi/abs/10.1021/es903757q
http://www.ncbi.nlm.nih.gov/pubmed/10949472
http://www.ncbi.nlm.nih.gov/pubmed/10949472
http://www.ncbi.nlm.nih.gov/pubmed/18190922
http://www.ncbi.nlm.nih.gov/pubmed/18190922
http://www.ncbi.nlm.nih.gov/pubmed/18190922
http://www.sciencedirect.com/science/article/pii/S0927775704007058
http://www.sciencedirect.com/science/article/pii/S0927775704007058
http://www.sciencedirect.com/science/article/pii/S0927775704007058

Citation: Huang H, Zhou Y, Zhou J, Feng Y (2014) Preparation and Characterization TiO, Microspheres for the Liquid Chromatography Stationary
Phase. J Chromatograph Separat Techniq 5: 237. doi:10.4172/2157-7064.1000237

Page 4 of 4

17. Tani K, Kubojima H (1998) Separation of Inorganic Anions and Cations on 18. Tani K, Suzuki Y (1997) Investigation of the lon-Exchange Behaviour of Titania:
Titania by Use of Acetic Acid-Sodium Acetate and Bicine-Sodium Hydroxide Application as a Packing Material for lon Chromatography. Chromatographia
Buffers. Chromatographia 47: 655-658. 46: 623-627.

J Chromat Separation Techniq
ISSN: 2157-7064 JCGST, an open access journal Volume 5 - Issue 4 « 1000237


http://link.springer.com/article/10.1007/BF02467449
http://link.springer.com/article/10.1007/BF02467449
http://link.springer.com/article/10.1007/BF02467449
http://link.springer.com/article/10.1007%2FBF02490522
http://link.springer.com/article/10.1007%2FBF02490522
http://link.springer.com/article/10.1007%2FBF02490522

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Experimental Section 
	Apparatus
	Reagents
	Synthesis of Porous Titania Microspheres 
	Column packing

	Results and Discussion 
	SEM images and X-ray diffraction of porous titania microspheres
	The specific surface area of TiO2microspheres
	Pore Size Distribution (PSD) of porous TiO2 microsphere 
	Chromatographic condition 

	Conclusions
	Acknowledgment
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References

