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Abstract. In this paper, nitrogen-doped titania was achidwedetonation-driven flyer impacting on
the mixtures of TiQ and different nitrogen precursors. XRD, UV-Vis aK®S spectra were
employed to characterize the phase compositiomgpihg concentration and energy gap of recovered
samples. N doping concentration can be effectivedylated by choosing different doping nitrogen
resources, changing initial content of doping & resources and flyer velocity in order to regula
the energy gap of Ti®) The maximum concentration of nitrogen of dope@;Tvy shock loading at
3.37 km/s is 13.45 at%. The results show that aeatansforms to rutile and srilankite appears at a
higher flyer velocity (1.9-2.52km/s), the concetitra of doped nitrogen in the recovered samples
increases with increasing flyer velocity, the maxmmconcentration of nitrogen is 13.45 at%. The
edge adsorption wavelength of nitrogen-doped @tamduced by shock wave is shifted from 435nm
to 730 nm and the corresponding energy gap is egtiirom 2.85 eV to 1.73 eV.

Introduction

TiO, semiconductor that has oxidative capacity, chelnsiadility and low cost advantages is widely
applied in the solar energy conversion and enviemal remediation and is consider to be a most
effective photo-functional material [1-2]. But theain drawback of Ti@for photocatalysis is that its
energy gap is rather large, the energy gap of ttweenon phases of Tg3uch as rutile, anatase and
brookite is 3.03eV, 3.2eV and 3.4eV respectivelyud titania is only active in the ultraviolet regio
(A<420 nm) accounting for less than 5% of the natsw#r light. Therefore, a large effort has been
made to prepare element-doped Ji®order to enhance visible-light absorption aaduce energy
gap. Element doping consists of metal doping, ndah@oping [3] and multi-element codoping,
doped elements are usually transition metal iook a8 Fe, Cr, and V, etc. and non-metal anion such
as N, C, S and F and so on. Element-doped h&3 been prepared by many different ways such as
sputtering, powder nitriding, ion implantation, ameal vapor deposition, hydrolysis, spray thermal
decomposition and so on [4-10]. Present severahdapethods are hard to achieve high N-doping
concentration and therefore difficult to greatljhance the absorbance of i@ visible region and
reduce the energy gap. Shock wave action of higipéeature, high pressure and high strain rate
lasting for very short time{l0°s) will cause a series of catastrophic changeshefmical and
physical properties of materials [11]. Yakovynakt[12] found that the photoelectric properties of
Hg:-xCdkTe semiconductor can be greatly changed under shasle action induced by laser.
Furthermore, a high-dispersed,@® doped Ct" with the same optical property of ruby was obtdine
by treating the mixtures of aluminum powder and amium chromate under shock wave action
[13]. So the shock doping combined with shock-iretlichemical reaction and phase transition may
be a new method to extend the absorption edgevistiole light and reduce the energy gap. In this
paper, powder mixture of little dopant and titanidioxide were impacted by detonation-driven high
velocity flyer, under instantaneous high shock terafure and pressure, the visible-light absorption
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and energy gap of nitrogen-doped titania induceshimgk wave were regulated by choosing different
doping nitrogen resources, changing initial contérdoping nitrogen resources and flyer velocity.

Experimental

P25 TiQ (Degussa Co., Germany) was chosen as a precumis@gen-rich substances such as
dicyandiamide (DCD, &éN4H,4), hexamethylene tetramine (HMT,X4H12) and sodium amide
(NaNH,) were used as doping nitrogen resources. The samg@é the mixture of P25 TiGand
doping nitrogen resources. The steel flyer wasgiteg to a high velocity ranging from 1 to 3.5 km/s
which can be regulated by control the flyer thicksiand the height of main charge by detonation of
the main charge of nitromethane (€ND,), initiated by booster charge of 8701 explosiviee Fteel
flyer impacted the container with the samples stilyjg to shock wave compression. The
experimental conditions are shown in Table 1. Tggaximate calculation on the shock pressure and
temperature in Table 1 can be described elsewheletail [14]. The details of shock doping method
and shock loading apparatus were described in1Sef.

The recovered container was cut open by a lathe.phlase compositions of the recovered samples
were determined on an X-ray diffractometer (XRDjgéku D/MAX-2500) using Cu K radiation
(A=0.15406 nm) at 40 kV work voltage and 200 mA weoukrent. Nitrogen doping was analyzed by
X-ray photoelectron spectrometry (XPS) (Thermo ES@B 250). The light absorption spectra of
the samples were determined using a UV-vis diffteféectance spectrophotometer (Shimadzu
UV-vis 250 IPC) [16-18]. Before the XPS and XRD werization, recovered samples were washed
by water for three times in order to remove theessmitrogen resources.

Table 1. Experimental conditions and result. ASPN4H,4 (1%), B: P25+GN4H,4 (5%), C:
P25+GN4H,4 (10%), D: P25+NaNk{10%); E: P25+HMT(10%)

Edge
Samples | , P poo/po Jz]lgg(t:)t/ p?:soscukre ten?[r)]:r;kture adgorption ESZLgy Nls | Anatase | Rutile Sriilznk
@) | | ) | (GPa) ) gf:rv])elength ev) | A | ) ORI
P25 400 3.10 0 85.3 14.7 0
P25 1.77 0.45 2.25 13.8 1809 440 2.8p 0 43.0 49.2 8 7
A 1.76 0.45 2.25 13.0 1809 605 2.05 2.0v 59.9 324 7.7
B 1.88 0.52 2.25 13.0 1809 662 1.87 4.26 62.8 23.4 13.8
C 1.59 0.47 1.9 9.50 1280 698 1.78 9.2 67.7 210 131
C 1.64 0.50 2.25 13.0 1809 710 1.7% 11.28 50.7 27.521.8
C 1.61 0.48 2.52 15.5 2045 730 1.73 13.45 46.9 30.1 23.0
D 1.40 0.42 2.52 14.0 2045 436 2.84 1.5p 64.9 13.4 21.7
E 2.38 0.73 2.52 18.4 2045 436 2.84 1.91 54.2 17.5 28.3

Results and discussion

XRD analysis
The phase contents of recovered samples can hdatelt from the integrated intensities of anatase
(101), rutile (110), and srilankite (111) peaksadg to the following formulas [19]:

Wa = kaAn/ (Ka Ap + Ar + ks As) (1)
Wk = Ar/ (KaAa + Ar + ks Ag) (2)
Ws = ks Ad (KaAa + Ar + ks As) 3) (

where W4, Wg, and W represent the weight fractions of anatase, rudibe, srilankite, respectively.
The results of the calculation are shown in Table 1
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XPS studies

X-ray photoelectron spectroscopy (XPS) was useohimin semiquantitative data on chemical
element compositions of the recovered samples.nith@gen concentrations of shock recovered C
serial samples were 9.22 at%, 11.28 at% and 13%5espectively as given in Table 1. It is found
that the doping concentration of nitrogen is stipegrrelated with the conversion yield from anatas
to rutile and srilankite. The oxygen-titanium cooation was distortedly changed from 6:3 to 8:4
during the shock induced pressure-phase transitidrthe higher oxygen coordination was attributed
to the srilankite high-pressure phase [20-21]. Bhiéankite high-pressure phase can only be
short-range order in microsecond times under shookitions and the oxygen-titanium coordination
number varies from point to point [2s the radius of R and G anions are nearly the same,
oxygen sites in the TiO lattice are easily substituted by nitrogen atomish wncreasing
oxygen-titanium coordination number during the $hlmading process [22-24]. Ti-O matrix atoms
in titania lattice occurred a short distance disphaent and newly ligand exchange meanwhile
nitrogen species formed by shock induced chemieattion of dicyandiamide exchanged with
non-steady-state matrix oxygen atoms of Ji@pidly [19].Substitutional N-doping was achieved
during the very short time of shock wave actione Titrogen atoms exchange with matrix oxygen
atoms of TiQ during the rapid shock induced pressure-phasesitiam process from anatase to
srilankite high-pressure phase and the maximumestreation of nitrogen was 13.45 at%.

UV-vis spectra

The UV-vis diffusive reflectance spectra of unstextkP25 TiQ and shock-recovered C serial
samples were shown in Fig 1. The energy gaps sethkamples were calculated by a following [25]:

Eg(eV)=1240/ A(nm) (4)

where is the wavelength of adsorption edge. The wavéteafjadsorption edge of unshocked P25
TiO, is 400 nm as shown in Fig. 1 and the corresponeinmeygy gap is 3.10 eV. The adsorption edge
of these three shock-recovered C serial sampleibitadh obvious red shifts to about 700-730 nm
compared with 400 nm of P25 TiGaw material and the corresponding energy gap.18€V,
1.75eV, and 1.73eV separately as given in Tablendreasing flyer velocity, the energy gap of
shock-recovered C serial samples decreased witlntneasing concentration of doped nitrogen.
Since the energy gaps of different phases of, T#Datase 3.2eV, rutile 3.0eV, srilankite 3.4e\8 ar
different, the energy gap also can be influencedhieyphase transition during the shock loading
process. As shown in Figure 1 (b, c, d), the opedarts (400-450nm) in the UV-visible diffuse
reflectance spectra of these three shock-recov@rsmmples are caused by formation of rutile phase
with low energy gap by shock induced phase trasithe large absorption shoulder between 450nm
and 550nm in the UV-visible diffuse reflectance dpee are due to the nitrogen-doping induced by
shock wave. Furthermore, the horizontal adsorgtidhe range of about 550nm to 800nm of all the
three shock-recovered C serial samples exhibitetbab enhancement that is regularly ascended
with increasing flyer velocity corresponding to t@or changes from white to gray black after shock
treatment. It may be correlated with the defecit&, and color centers created by oxygen vacancy and
dislocation under shock wave action [26].

The UV-vis diffusive reflectance spectra of unshextkP25 TiQ, shocked P25 Ti© and
shock-recovered A, B, C serial samples at 2.25 kmefte shown in Fig. 2. The UV-vis diffusive
reflectance spectra of shock-recovered A, B, Gabsamples (c, d, e) exhibited obvious absorption
shoulder (450-550 nm), the absorption shoulder rbeciarger and the corresponding energy gaps
were reduced with the increasing initial contentdicf/andiamide. The energy gaps of these recovered
samples were calculated as given in Table 1.

The UV-vis diffusive reflectance spectra of unshextlP25 TiQ and shock-recovered C, D, E serial
samples at 2.52 km/s were shown in Fig. 3. Shockwered C serial sample exhibited much more
obvious red shift than shock-recovered D and Eaksaimples. Since the percentage of nitrogen atom
in the nitrogen-containing molecules of dicyandideni(GN4H,), sodium amide (NaNj and
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hexamethylene tetramine {d4H1,) are 40%, 25% and 18% respectively. Under shosktrment,
dicyandiamide (€N4H4) was decomposed into substances with higher coradiems of nitrogen
than sodium amide (NaNlHand hexamethylene tetramine;zH12), which is conducive to achieve
high concentration of nitrogen doping and obviced shift with corresponding energy gap reduced.

Absorbance

200 300 400 500 600 700 800

Wavelength/(nm)
Fig.1 UV-vis spectra of shock-recovered C seriad@as at different flyer impacting velocity. P25
TiO, raw material (a); shock-recovered C serial samgids90km/s(b) ,2.25km/s(c) and 2.52km/s(d)
C: P25+GN4sH4 (10%)
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Fig.2 UV-vis spectra of shock-recovered samplek wiluence of different initial content of
dicyandiamide. P25 Tigraw material (a); shocked P25 Ti(®); shock-recovered A, B, C serial
samples at 2.25km/s (c, d, e), A: P25M¢H, (1%), B: P25+GN4H,4 (5%), C: P25+@N4H,4 (10%)
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Fig.3 UV-vis spectra of shock-recovered sampleb witluence of different doping nitrogen
resources. P25 Tiaw material (a); shock-recovered E, D, C seaatgles at 2.52km/s (b, c, d), C:
P25+GN4H,4 (10%), D: P25+NaNk{10%); E: P25+HMT(10%)

Conclusions

In summary, the edge adsorption wavelength of ggnedoped titania induced by shock wave can be
shifted from 400nm to 730 nm and the correspondirgrgy gap is reduced from 3.10 eV to 1.73 eV.
Increasing flyer velocity, the nitrogen doping centration and the content of srilankite high-pressu
pahse of titania doped by 10% content gNgH, increased and the corresponding energy gap
decreased; at the same flyer velocity, absorptionisler became larger and the corresponding energy
gaps were reduced with the initial content of dindiamide increasing. The absorption edge and
energy gap can also be affected by choosing diffedeping nitrogen resources. Dicyandiamide
(C2N4H,) is better than hexamethylene tetramine (HM3NAE12) and sodium amide (NaNHto
achieve high concentration of nitrogen doping aeduce energy gap. The present experimental
results suggest that shock doping might be a noethod to achieve high concentration of element
doping and influence the energy gap of titania.
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