XX IMEKO World Congress
Metrology for Green Growth
September 914, 2012, Busan, Republic of Korea

PHOTOCHEMICAL PROPERTIESAND CYTOTOXICITY OF T1O;
NANOPARTICLES DEPENDING ON THE DEGREE OF AGGLOMERATION

N.A. Lee"?/Presenter, M. Yoon? and N.W. Song™"

'Center for Nanobio Convergence, Korea Researchutesof Standards and Science, 267 Gajeong-Ro,
Yuseong-Gu, Daejeon, 305-340, Republic of Komnegsong@kriss.re.kr
“Molecular/Nano Photochemistry & Photonics Lab., &#ment of Chemistry, Chungnam National University,
99 Daehak-Ro, Yuseong-Gu, Daejeon, 305-764, RepabKorea.

Abstract: The purpose of this paper is to evaluate themicron size particles. However, the study on tHédince
photocatalytic activity and the cytotoxicity of th@imary  between agglomerated and primary NPs has not been y
TiO, nanoparticles (P-TiENPs) comparing with aggregated performed in respect of photocatalytic activity and
TiO, nanoparticles (A-Ti@ NPs). A-TiQ: NPs were nanotoxicity.
suspended in pH 8 phosphate buffer and stabilifezt a In this study, we observed the photocatalytic #gtiand
magnetic stirring. P-TiONPs were isolated from A-TiD cytotoxicity of aqueous suspension of Fi®Ps (P-TiQ
NPs by using centrifuge method. The photocatabgtitvity = NPs) in the form of well-dispersed primary particle
was measured by observing the photocatalytic oxidaate comparing with that of TIENPs in agglomerated forms (A-
of NADH and the cytotoxicity assessment was evaldidty TiO, NPSs).
using the MTT assay. The oxidation rate of NADHAR

TiO, NP suspension was slightly higher than that in ©,Ti 2. METERIALSAND METHODS
NP suspension. P-THENP showed about 20% higher cyto-
toxicity than A-TiG, NP at the concentration of 0.3 mg/ml. Stabilized A-TiQ NP suspension was obtained in pH 8

phosphate buffer solution by stirring with a magmégar for
Keywords: agglomerated Ti©ONP, primary TiQ NP, 24 h. After sonication of A-TI@NP suspension, stabilized

photocatalytic activity, cytotoxicity P-TiO, NP suspension was isolated as the supernatant of
centrifuged A-TiQ NP suspension.
1. INTRODUCTION The concentration of P- and A-TiQIP suspension was

determined by measuring the weight of dried poweier

TiO, NPs have been widely used as cosmetic ingredientiehydration of 1 mL suspension in an oven until weght
for sunscreen and photocatalysts for the decompositf change was lower than 0.1 % for one day. As theimmeilx
wastewater by releasing ROS species under UV atai. concentration of P-TIiONP suspension was 2 mg/ml, the
The research interest on Ti®Ps has been increased alongconcentration of A-Ti@ NP suspension was adjusted to be
with the increase of industrial use. On the prenedeudy, the same value for comparison with P-TiPs.
TiO, NPs are reported to be easily aggregated in agueou DLS size of TiQ NP in aqueous suspension was
solution. Karla and David reported that althoughmpry  measured using a particle size analyzer (Ostuketriglecs,
particle size of commercial TUNPs is usually less than 50 Photal ELS-Z). The UV-visible absorption spectrunTi,
nm, the NPs are observed in the form of aggregates NP in agueous suspension was measured using a
agglomerates with the size of 100 ~ 1,000 nm irspectrophotometer (Shimadzu UV-1700). The size and
solution[1,2]. For this reason, researchers haied tto shape of P-Ti@ NPs were measure using a scanning
disperse NPs as a stable suspension and analyzerfaee electron microscope (SEM, S-4800, HITACHI). The
area of agglomerated TJMPs in aqueous solution. Particle individual sizes of the P-TiDNPs were analyzed on the
size affects the photocatalytic activity. As theesiof the image displayed by graphic program. The Photocttaly
TiO, NPs becomes smaller, the specific surface area #&ctivities of both NPs were compared by using NAB$1
increased resulting in the increased photocatahiivities. the substrate for photocatalytic degradation.
So the large surface area of NPs can be a profih¢mnical

industry providing efficient photocatalytic matdsia 3. RESULTSAND DISCUSSION
However the small size of NPs can give adversetiffethe
aspect of safety. Because small particles are lysizabwn Fig. 1 shows the SEM image of the P-FiQPs. The

to penetrate into the inner part of the cells, tasyregarded average size of P-TiONPs was 24t 0.9 nm and the NPs
as more hazardous than the larger ones. Katirel.  exhibited elliptical in morphology.

observed that NPs less than 100 nm in size posed a

significant health risk to human. Michaatlal. reported that

the reactivity of small size NPs is higher thanttbfthe
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Figure 1. a) The SEM image of the P-Ti€ample, b)Particle
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Figure 2. SEM-EDX spectrum of P-TiONPs dispersed in
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The EDS spectrum (Fig. 2) shows the characteri§tic
and Kz peak of titanium (energy of Kand Kg: 4.511 keV
and 4.931 keV). And other peaks were identified as optical density of A-TiQ NP suspension was higher than

Table 1. SEM-EDX spectra elements of P-TiB@ispersed in

pH 8 phosphate buffer solution

Element Atom (%)
Titanium 21.09
Oxygen 48.18
Sodium 14.82
Chlorine 6.37
Carbon 5.45
Phosphorus 2.71
Silicon 1.38

phosphorous (K 2.013 keV, k: 2.139 keV), chlorine (K
o 2.622 keV, K: 2.815 keV), chloride (£ 2.622 keV, K
g 2.815 keV) and silicon (K 1.739 keV, K: 1.835 keV).
Phosphorous and chlorine species came from thERNg,,

which was the composition of pH 8 buffer solutidind

chloride and silicon species are associated wikibosi

substrate.
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Figure 3. The average hydrodynamic diameter of P-TiO
and A-TiO, NPs in cell culture media as injection time
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Figure 4. UV-vis absorption spectra of Ti®IPs at 2 mg/ml

Fig. 3 shows the DLS size of TJONPs in RPMI
containing 10% FBS media. The hydrodynamic size was
maintained to be 3& 10 nm and 146=- 10 nm for 24 h in
cell culture media with Ti@ NP concentrations of 20
ug/ml. Fig. 4 shows UV-vis absorption spectra aieaus
TiO, NP suspensions. The absorption band maximum of
P-TiO, was blue shifted compared with of A-TiOThe

Table 2. Photo-oxidation rate constar.f,) of NADH
in the presence of Tihanoparticles

Concentration of

Kapp (UM/min)

TiO, (mg/ml) A-TiO, NPs P-TiQ NPs
0.46 0.75 0.70
0.23 1.30 1.02
0.11 181 1.32
0.06 2.87 28
0.03 3.34 1.94
0.01 3.44 1.37




that of P-TiQ NP suspension at the same concentration. 1th.37uM/min. P-TiO, NPs exhibited higherg, values than
the range of near-UV wavelength (310 - 340 nm), thé\-TiO, NPs in the concentration range of 10 ~ 4§ml.

extinction coefficiency of A-Ti@ NPs was five times

higher than that of P-TiONPs.
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Figure 5. Relative fluorescence intensity,dd{lsod Of
NADH in the presence TisNPs

(3]
Fig. 5 shows the photocatalytic degradation of NADH

in the presence of P-TIONPs and A-TiQ NPs in pH 8
phosphate buffer solution. The slope of curve iateel the

rate of NADH oxidation. The curve is representedhwi [4]

normalized value of fluorescence intensity at 460 he
normalization was done by using the initial fluaesce
intensity of NADH before UV irradiation. {do{ l4e0,0 In the

absence of TiIONPs, heo{l460,0did not reduced maintaining

unity for ten minutes by UV irradiation, which meahat

NADH was not oxidized by the absorption of UV ligh

itself but photo-oxidized by the catalytic activiof TiO,
NPs.

Fig. 6 shows the viability of RAW 264.cells accagli
to the concentration of TIONPs. The cell viabilities in the
presence of Ti9QNPs were calculated from the normalized
absorption of reduced MTT relative to negative ooinfThe
ICso of P-TiO, NPs was 26.7g/ml and P-TiQ NPs exerted
20% higher cytotoxicity compared with A-TJONPs. Cell
viability was dependent on NPs concentration. Itswa
dramtically reduced until 20 ~ 4Qg/ml but slowly
decreased above 4@/ml in both forms of TIQNPs.
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Kapp Values of NADH photooxidation in the presence of

P-TiO, NPs and A-TiQ NPs are summarized in Table 1.

It was calculated from the slope in the plot @ {14600 VS
UV irradiation time. When the concentration of Fi@Ps
was 30pg/ml, kg value of P-TiQ NPs was 3.341M/min

and that of A-TiQ NPs was 1.94uM/min. When the
concentration of TIQNPs was 1Qug/ml, the kg, value of
P-TiO, NPs was 3.44M/min and that of A-TiQ NPs was
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Figure 6. Cytotoxicity test of TiQ nanoparticles. RAW

264.7 cells were exposed 24 hr to nanoparticled, cail
mortality was assessed by MTT assay.



