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a b s t r a c t

Noticeable lowering of the energy gaps have been achieved for the layered perovskite K2La2Ti3O10 as a
result of the attempts made to incorporate Sn2+ and N3− ions. Incorporation of Sn2+ ions was carried out by
the ion-exchange reaction of K2La2Ti3O10 with aqueous tin(II) chloride solution. Nitrogen incorporation
was attempted by the solid state reaction of the parent oxide with urea around 400 ◦C in air. The resultant
oxides have been characterized by power X-ray diffraction, UV–visible diffuse reflectance spectroscopy,
and Fourier transform infrared spectroscopy. Room temperature ion-exchange was sufficient to introduce
Sn2+ ions with the resulting product of composition (Sn0.45K0.2H0.9)La2Ti3O10·H2O. Visible light absorption
was observed with the absorption edge red shift of ∼100 nm from that of the parent K La Ti O . The
in doping

itrogen incorporation
isible absorption
hotocatalyst
hodamine B

2 2 3 10

lowering of the band gap was as expected by the contribution of Sn 5s orbitals to the O 2p orbitals in the
formation of the valence band. Nitridation using urea resulted not only in nitrogen doping but with the
additional sensitization by the presence of carbon nitride (CN) polymers, which again resulted in visible
light absorption. The product oxides obtained as a result of cation and anion intended substitutional
studies have been found to be useful for the visible light photocatalytic decomposition of organic dyes

such as rhodamine B.

. Introduction

The development of new semiconductor based photocatalytic
aterials is a very challenging task, for it involves different decid-

ng factors such as the band gap, carrier transport, catalytic activity,
urface related absorption properties and chemical stability [1].
resently, TiO2 with a band gap of 3.2 eV (387.5 nm) has been
he most accepted and widely used photocatalyst for the min-
ralization of various harmful organic compounds and for the
uccessful splitting of water to produce hydrogen and oxygen [2–4].
he searches for alternate photocatalysts are being carried out to
evelop materials that are capable of using visible light, which con-
titutes a larger portion of the solar light. One approach has been
o modify the band gap of TiO2 by metal (e.g. Cr, Fe, Mn, V, Mo,
o, Ni) ion doping. In spite of the successful reports of visible light
ctivity, specially for Cr3+ and Fe3+ doped TiO2, faster recombina-
ion of electrons and holes occur due to the formation of defects by

ation doping [3–6]. Recently, incorporation of non metal dopants
uch as C, N, F, S, and P in TiO2 has attracted the attention of
he researchers [6–10] and in particular nitrogen doping has been
xtensively investigated [11–13]. Narrowing of the band gap lead-

∗ Corresponding author. Fax: +91 11 27666605.
E-mail address: suma@chemistry.du.ac.in (S. Uma).

304-3894/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
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© 2011 Elsevier B.V. All rights reserved.

ing to visible light absorption and photocatalytic activity has been
attributed to the overlap of N 2p and O 2p orbitals in the formation
of the valance band.

Another important route to discover photocatalysts has been to
identify new materials with appropriate band gaps. Many mixed
metal oxides with early transition metal ions having d0 configu-
ration (Ti4+, Nb5+, Ta5+) have been explored. Specifically, several
of the layered perovskites such as K2La2Ti3O10, RbPb2Nb3O10,
KLaNb2O7, have been identified as photocatalysts in the presence
of co-catalysts (Pt, NiO, etc.) for the evolution of H2 from water
under UV light radiation [14]. These layered oxides are attractive
photocatalytic materials for the following reasons: (i) their struc-
tures consist of two dimensional perovskite slabs interleaved with
cations and this structural type is expected to increase the lifetime
of the photogenerated electrons and holes, and thereby increas-
ing the efficiency of the materials [15]; (ii) the perovskite slabs are
normally made up of metals such as Ti, Nb, or Ta, that have been pre-
ferred as photocatalysts under UV irradiation [14]; (iii) numerous
low temperature synthetic possibilities exist [16] to study the influ-
ence of cationic and/or anionic substitutions by the appropriate

tuning of the band gaps. For the aforementioned reasons, we were
interested to investigate the layered perovskite oxide, K2La2Ti3O10
as part of our ongoing efforts to identify visible light active
photocatalysts for the decomposition of aqueous dye solutions
[17–19].

dx.doi.org/10.1016/j.jhazmat.2011.02.064
http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
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Our objective has been to study the influence of cationic (Sn2+

or K+) and anionic (N3− for O2−) substitutions, in order to verify
he changes in the band gaps along with the photocatalytic activ-
ties. Incorporation of Sn2+ with a 5s2 configuration has resulted
n lowering of the band gaps similar to the effect of nitrogen
ncorporation leading to visible light absorption and subsequent
hotocatalytic activities. Particularly, experiments supported by
heoretical calculations in the case of oxides such as SnM2O6 and
nM2O7 (M = Nb, Ta) have indicated the formation of valence bands
y the mixing of O 2p and Sn 5s orbitals. Specifically, SnNb2O6, pho-
ocatalytically evolved H2 and O2 from water under visible light
20]. SnWO4 exhibited good photocatalytic activity for the degra-
ation of rhodamine B dye solution under visible light [21]. Sn2+

ncorporation by simple ion-exchange reactions has been known
n the synthesis of various photocatalysts such as Sn2+/K4Nb6O17,
n2+/KTiNbO5 which produce H2 from an aqueous methanolic solu-
ion under visible light irradiation [22]. We recently reported the
imple ion-exchange synthesis of novel Sn2+ containing pyrochlore
xides such as Sn0.92Sb2O6·2.0H2O, K0.59Sn0.20SbWO6·1.0H2O and
0.58Sn0.29TaWO6·1.0H2O and investigated their photophysical and
hotocatalytic properties [18]. To our knowledge, K2La2Ti3O10 has
ot been exchanged with Sn2+ ions, and we wanted to examine if
otassium ions can be replaced by Sn2+ ions by simple ion-exchange
eactions and if so, interested in determining the effect of Sn2+ ions
ubstitution on the visible light absorption and the photocatalytic
ctivities. In the present study, we synthesized Sn2+ incorporated
2La2Ti3O10 by the room temperature ion-exchange reaction of
2La2Ti3O10 with an aqueous solution of tin (II) chloride solutions.
and gap was reduced in the resultant Sn2+ exchanged K2La2Ti3O10
roduct and was found to decompose aqueous rhodamine B (Rh B)
olution under visible light.

Regarding the anionic (N3−) substitution in K2La2Ti3O10, it is sig-
ificant to mention that many mixed metal oxides have also been
ystematically researched for nitrogen doping, as in the case of TiO2.
and gap narrowing due to the upward lifting of the valence band
y N 2p contribution and visible light photocatalytic activities have
een observed in the case of layered niobate, HNb3O8 [23], layered
itanate, Cs0.68Ti1.83O4 [24], and the three dimensional perovskite,
rTiO3 [25]. Nitrogen incorporated K2La2Ti3O10 was also synthe-
ized using urea with a view to compare the band gap narrowing
etween the cation (Sn2+) substituted and the anion (N3−) sub-
tituted products. However, we found that by heating the oxide
2La2Ti3O10 with urea in air around 400 ◦C resulted not only in
itrogen doping but with the additional sensitization by the pres-
nce of carbon nitride (CN) polymers. Polymeric graphitic carbon
itrides, g-C3N4, and metal (Fe, Zn) containing g-C3N4 have proven
o be efficient visible light photocatalysts [26,27]. Nitrogen dop-
ng coupled with the incorporation of CN polymers in oxides were
nown, specially when urea was used as the source of nitrogen. Fur-
hermore, the carbon and nitrogen based condensation products
f melamine obtained by the thermolysis of compounds such as
rea act as sensitizers resulting in increased UV and/or visible light
hotocatalytic activities in the case of TiO2 [28], NaNbO3 [29] and
2Ta2O7 [30]. Currently, in K2La2Ti3O10, we observed that nitrogen
oping along with the introduction of CN polymers contributed to
he lowering of the band gap leading to visible light photocatalytic
egradation of aqueous Rh B solution.

. Experimental

The parent K2La2Ti3O10 was prepared by mixing and heat-

ng stoichiometric amounts of K2CO3 (Ranbaxy), pre dried La2O3
99.9%, Aldrich) and TiO2 (99.8%, Aldrich), initially at 900 ◦C for
2 h, then reground and calcined at 1000 ◦C for 12 h. The powder
-ray diffraction confirmed that the white product was essentially
2La2Ti3O10.
Materials 189 (2011) 502–508 503

2.1. Ion-exchange synthesis of Sn2+/K2La2Ti3O10

After the structural verification by powder X-ray diffraction,
the parent K2La2Ti3O10 was ion-exchanged with a solution of
SnCl2·2.0H2O (99.99%, Aldrich) in acidic medium. Typically, 1 g of
the powder was sonicated with 100 ml of 0.1 M tin (II) chloride
solution in hydrochloric acid for 2 h and the white color of the pow-
der changed instantaneously to yellowish green. The products after
ion-exchange were washed with water and dried at room temper-
ature.

2.2. Synthesis of nitrogen incorporated K2La2Ti3O10

Typically, 1 g of the parent layered perovskite was mixed with
4 g of urea (99.5%, Spectrochem) and then heated in a covered cru-
cible at 400 ◦C in air for 3 h. For comparison, nitrogen incorporation
in K2La2Ti3O10 was tried at 400 ◦C for 6 h by heating under ammonia
vapor using nitrogen as the purge gas.

2.3. Characterization

The powder X-ray diffraction patterns were recorded using
Rigaku Miniflex diffractometer employing Cu K� radiation.
QUANTA 200 FEG (FEI Netherlands) Scanning Electron Microscope
and Zeiss EVO-40 Scanning Electron Microscope with EDAX attach-
ment were used to obtain the cation stoichiometry. Morphology of
the samples were also recorded using Philips Technai G2 TEM with
300 kV accelerating voltage. UV–visible diffuse reflectance data was
collected over the spectral range 200–1000 nm using Perkin Elmer
Lambda 35 scanning double beam spectrometer equipped with a
50 mm integrating sphere. BaSO4 was used as a reference. The data
were transformed into absorbance with the Kubelka–Munk func-
tion. Fourier Transform Infra Red spectroscopy was taken using a
Perkin Elmer 2000 spectrometer. The chemical nature of N in the
urea treated K2La2Ti3O10 has been studied using X-ray photoelec-
tron spectroscopy (XPS) using Perkin Elmer series XPS using an Al
K� X-ray line (hv-1486.6 eV) for photoelectron excitation.

2.4. Photocatalytic experiments

Photocatalytic studies were carried out using a 450 W Xenon
arc lamp (Oriel, Newport, USA) along with a water filter to cut
down IR radiation and glass cut off filters, Melles Griot-03FCG057
to permit only visible light (400 nm ≤ � ≤ 800 nm) and Melles Griot-
03SWP602 to permit only UV light (� ≤ 400 nm) radiations as
desired. The experimental details of the photochemical reactor
have been reported earlier [17]. A typical experiment of degrada-
tion was carried out as follows: 0.2 g of the catalyst was added to
100 ml of aqueous solution of Rh B with an initial concentration of
5 × 10−6 mol/L for visible irradiation experiments. Prior to irradia-
tion, the suspension of the catalyst and dye solutions was stirred
in dark for 30–60 min, so as to reach the equilibrium adsorption.
5 ml aliquots were pipetted out periodically from the reaction mix-
ture. The solutions were centrifuged and the concentration of the
solutions was determined by measuring the maximum absorbance
(�max = 552 nm).

3. Results and discussion

3.1. Synthetic attempts and products characterization for cation

(Sn2+) substitution in K2La2Ti3O10

K2La2Ti3O10 has a layered perovskite structure consisting of
lanthanum titanium perovskite layers interleaved by K+ ions
[31]. K2La2Ti3O10 has been known to crystallize in I4/mmm
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ig. 1. Powder X-ray patterns of (a) K2La2Ti3O10 and (b) Sn2+ exchanged
2La2Ti3O10.

pace group (a = 3.8769(1); c = 29.824(1) Å) and also was found
o intercalate water molecules in the interlayer space to
orm K2La2Ti3O10·2H2O crystallizing in P4/mmm space group
a = 3.8585(1); c = 16.814(1) Å) [31,32]. In the present study, the
owder X-ray diffraction of anhydrous K2La2Ti3O10 (Fig. 1 and
ig. S1 in the Supporting Information) agreed well with those
ublished earlier [31,32] and the tetragonal lattice parameters
ere found to be a = 3.848(7) and c = 29.575(1) Å. The aqueous ion-

xchange of anhydrous K2La2Ti3O10 with SnCl2·2.0H2O solution
t room temperature was sufficient to incorporate Sn2+ ions in
lace of K+ ions. During the exchange of Sn2+ ions, water molecules
ere also incorporated as in the case of parent K2La2Ti3O10. The

xtent of water intake was estimated to be one water molecule
H2O) from the loss observed around 100 ◦C during the thermo-
ravimetric analysis (Fig. S2 in the Supporting Information) of the
on-exchanged product. SEM measurements (Fig. 2) of the parent
2La2Ti3O10 and the Sn2+ ion-exchanged product revealed that the
hape of the crystallites has been retained in the product without
ny significant variation. Rod and plate like structures of the parent
2La2Ti3O10 were preserved during the Sn2+ ion-exchange. How-
ver, the crystallite agglomerates of the order of 1 �m or less in the
n2+ exchanged K2La2Ti3O10 suggested a size reduction (Fig. 2b),
ossibly because the ion-exchange reaction of K2La2Ti3O10 with
queous SnCl2·2H2O solution was carried out under ultra son-
cation, an established procedure to achieve a reduction in the
rystallite size [33].

The respective EDAX measurements in Fig. S3 in the Support-
ng Information yielded 0.45 of Sn and 0.2 of K along with an
xpected ratio of 2:3 for La:Ti. TGA results (Fig. S2) clearly indi-
ated a loss of 1.0 to 1.5 water molecules up to a temperature
f 200 ◦C and in addition showed a distinctive step correspond-
ng to the loss of one water molecule between temperatures 200
nd 400 ◦C. The initial loss of water after 100 ◦C substantiates the
ydrate formation similar to that of the parent potassium analog.
he loss of water at reasonably higher temperatures of 200–400 ◦C
oint to the possibility of the presence of protons and Sn2+ ions
ccupying the lattice sites of the vacated potassium ions. This sit-
ation is similar to the formation of acid such as H2La2Ti3O10
y the treatment of K2La2Ti3O10 with a mineral acid [31]. In

he present case, the incorporation of protons along with Sn2+

ons might balance the charge leading to a product composition
f (Sn1.0K0.2H0.9)La2Ti3O10·1.0H2O based on the EDAX and TGA
esults.
Fig. 2. SEM images of (a) K2La2Ti3O10 and (b) Sn2+ exchanged K2La2Ti3O10.

Considerable changes in the peak shape and intensities have
been noticed in the powder X-ray diffraction patterns (Fig. 1). The
presence of successive c axis dependent 0 0 l reflections (specifically
in the 2� range of ∼5–25◦) confirmed the layered structure and a
careful analysis of the rest of the reflections indicated the possi-
bility of the occurrence of both the structural types (I4/mmm) or
(P4/mmm). Accordingly, Le Bail [34] fit of the powder X-ray diffrac-
tion patterns to determine the lattice parameters of Sn2+ exchanged
product was carried out using TOPAS [35] by considering both
the structural types, and we found (Fig. S4) that the majority of
the pattern could be indexed based on the I4/mmm structure and
the refined lattice parameters are a = 3.808(4); c = 28.87(4) Å). The
decrease in the lattice parameters has been found to be consistent
with the corresponding decrease (∼0.02 Å) in the interplanar dis-
tances (dh k l), as compared to the parent anhydrous K2La2Ti3O10.
The observed changes in the lattice parameters of the Sn2+ ion-
exchanged product [18] can be attributed to the combined effect of
the (i) water of hydration, which would lead to an increase and (ii)
to the replacement of smaller Sn2+ (ionic radius (VIII), 1.36 Å) ions
replacing bigger K+ (ionic radius (VIII), 1.65 Å) [36–38] ions.

Diffuse reflectance spectra of K2La2Ti3O10 and the Sn2+ ion-
exchanged product are shown (Fig. 3). The absorption band of

the Sn2+ incorporated product resulted in red shift consistent
with its observed yellow color as compared to the white col-
ored parent oxide. The narrowing of the band gap by Sn2+

ion-exchange was estimated to be 2.67 eV versus 3.63 eV for the
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ig. 3. Diffuse reflectance spectra of (a) K2La2Ti3O10 and (b) (Sn1.0K0.2H0.9)La2Ti3O10.
nset shows the corresponding absorbance versus energy in eV.

arent K2La2Ti3O10 (inset in Fig. 3). The lowering of the band
ap can be related to the valence band formation of Sn 5s and

2p orbitals and with a conduction band resulting out of Ti
d orbitals. The band gap reduction due to Sn2+ contribution
as been well established in many of the mixed metal oxides
uch as pyrochlore Sn2−x

2+(Sny
4+M5+

2−y)O7−x−(y/2) (M = Nb, Ta)
39], SnM2O6 (M = Nb, Ta) [20], the ion-exchanged layered oxides,
n2+/KTiNbO5, and Sn2+/K4Nb6O17 [22], and in the tin antimony
yrochlore oxides (Sn0.92Sb2O6·2.0H2O, K0.59Sn0.20SbWO6·1.0H2O
nd K0.58Sn0.29TaWO6·1.0H2O) [18]. The absorption in the visi-
le region of Sn2+ cation exchanged product was possible mostly
ecause of the electronic transition from the valence band of Sn 5s
nd O 2p orbitals to the conduction band having mainly the valence
rbitals (3d) of titanium.

.2. Synthetic attempts and products characterization for anion
ubstitution (N3−) in K2La2Ti3O10

Fig. 4 shows the powder X-ray diffraction patterns of
2La2Ti3O10 and its urea reacted (at 400 ◦C in air) product. The

iffraction patterns indicate that the layer structure is maintained
long with the peak broadening indicating a decrease in the crys-
allinity of the product. The likelihood of the peak broadening
oticed in the powder X-ray diffraction pattern might also arise
ue to the presence of structures corresponding to that of the parent

ig. 4. Powder X-ray patterns of (a) K2La2Ti3O10, (b) CN-K2La2Ti3O10 and (c) N-
2La2Ti3O10.
Fig. 5. Infrared spectra of (a) K2La2Ti3O10, (b) CN-K2La2Ti3O10 and (c) N-
K2La2Ti3O10.

anhydrous and hydrated forms in the end products. Le Bail fit of the
powder X-ray diffraction patterns to determine the lattice param-
eters of the urea treated product was carried out by considering
both the structural types, and we found (Fig. S5 in the Support-
ing Information) that the majority of the pattern could be indexed
based on the P4/mmm structure and the refined lattice parameters
are a = 3.857(1); c = 14.692(5) Å). The reduction in the c parameter
implies that the polymer might very well be dispersed throughout
the solid without specifically occupying the interlayer space.

The TGA of the urea reacted K2La2Ti3O10 product when carried
out with a heating rate 10 ◦C/min (Fig. S5 in the Supporting Infor-
mation) exhibited a very high percentage loss of about 25% between
temperatures 450 and 800 ◦C. The TGA plot showed a small
decrease (around 0.05%) up to 150 ◦C. A small weight increase
(around 1.5%) has been noticed before the substantial weight loss
(25%) due to the CN polymer. In order to verify the weight increase
of 1.5% against the weight loss of 25%, we carried out the same
experiment with a heating rate of 3 ◦C. This TGA output (inset in
Fig. S6) resulted only in a continuous loss leading to the decompo-
sition and removal of the CN based polymer. Subsequent analysis
of the FTIR spectra showed several strong bands in the range
1200–1700 cm−1 (Fig. 5), suggesting the presence of residual car-
bon products of urea decomposition. IR spectrum of the parent
K2La2Ti3O10 has also been shown for comparison, wherein the
peaks corresponding to the O–Ti–O bonding were only present
in the range 500–1000 cm−1. The decomposition products of urea
are complicated and the products have been identified as C3N4
[24], along with various other carbon and nitrogen (CN) contain-
ing heterocyclics. The broad band near 3400 cm−1 corresponds to
the N–H stretching vibration. The peak noticed around 2150 cm−1

can be assigned to the N C O stretching or –N C N stretching
[40]. The strong bands in the range 1200–1700 cm−1 are correlated
to the skeletal stretching vibrations of the aromatic rings and can
be taken as the finger print for the presence of CN polymers. An
out of plane bending mode of these heterocyclics has been noticed
around 800 cm−1 [29,30]. Morphology from SEM measurements of
the CN sensitized K2La2Ti3O10 (CN-K2La2Ti3O10) powder samples
(Fig. 6) neither showed any marked change from the morphology
of K2La2Ti3O10 (Fig. 2), nor the presence of CN polymers. The pres-
ence of CN polymers was only detected from the respective TEM
images (Fig. 7). The images in addition to plate and rod like features

confirmed the presence of polymeric network.

Since the nitridation of urea resulted in CN polymers sensitized
K2La2Ti3O10, for comparison we attempted an alternate nitridation
experiment of heating the parent oxide under NH3 vapor with N2
purge gas around 400 ◦C. The color of the product remained sim-
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Fig. 6. SEM image of CN-K2La2Ti3O10.

lar and the powder X-ray diffraction pattern (Fig. 4c) indicated a
ystematic increase of d values (∼0.02 Å) with the parent struc-
ure intact. The peak broadening has been found to be less than
hat of the CN sensitized product (Fig. 4b). The corresponding IR
pectra (Fig. 5c) also did not show the strong peaks in the range
200–1700 cm−1, except for the bending vibration mode of N–H
ond at 1423 cm−1 thereby confirming the doping of nitrogen in
2La2Ti3O10. There seems to be a possibility of N–O because of the
dditional absorption peak around 720 cm−1. Usually, the infrared
ands of NO2 were identified by the strong peak around 1618 cm−1

anti symmetric stretch), weak absorption around 1318 cm−1 (sym-
etric stretch), and the strong peak around 750 cm−1 (bending)

41]. However, in the present case, this absorption peak around
20 cm−1 has been consistently present in the parent, ammo-
ia treated and urea treated K2La2Ti3O10 (Fig. 5) and naturally
een assigned to the presence of the parent oxide host and the
–O possibility was therefore excluded. Our results based on FTIR

esults agreed very well with the only other report of nitrogen
oping in K2La2Ti3O10, wherein the nitridation was carried out

y immersing the parent powder successively in aqueous nitric
cid and ammonia solutions, followed by heating in nitrogen gas
t 400 ◦C [42].

Fig. 7. TEM image of CN-K2La2Ti3O10.
Binding Energy (eV)

Fig. 8. The XPS spectra of N1 s peak CN-K2La2Ti3O10.

Additional information regarding the state of nitrogen in the
urea and ammonia treated K2La2Ti3O10 has been studied by record-
ing the XPS profiles. Usually, the presence of N3− was confirmed by
the observation of N 1s peak with the binding energy around 396 eV
[43]. In the present case, the N 1s peak was absent in both the par-
ent K2La2Ti3O10 and the ammonia treated K2La2Ti3O10. However,
we observed a strong N 1s peak around 396.4 eV (Fig. 8), confirming
the presence nitrogen in the urea treated K2La2Ti3O10. The ammo-
nia treated K2La2Ti3O10, however showed a shift in the Ti 2p peak
(Fig. S7 in the Supporting Information). In the parent oxide the Ti
2p3/2 peak was around 458.12 eV, while Ti 2p3/2 peak was shifted to
457.65 eV in the ammonia treated product. Nitrogen doping in TiO2
has often resulted in similar shift in their respective Ti 2p3/2 peak.
For example, a lowering of the binding energy up to 0.8 eV has been
reported in the Degussa P25 TiO2 [41]. The binding energy of the Ti
2p3/2 for the parent (TiO2 without any nitrogen) and the nitridated
TiO2, have been found to be 459.5 eV and 458.7 eV [41]. The XPS
results also led to the conclusion of higher amount of nitrogen in
the urea treated sample as indicated by the N 1s peak along with a
negligible amount of nitrogen as indicated by the shift in the bind-
ing energy of the titanium based (Ti2p3/2) peak in the ammonia
treated K2La2Ti3O10.

Optical absorption property by the UV–visible diffuse
reflectance spectra of the CN polymer sensitized (CN-K2La2Ti3O10)
and nitrogen doped (N-K2La2Ti3O10) oxides resulted in red
shifts relative to K2La2Ti3O10 (Fig. 9). Nitrogen doping has been
known to shift of the absorption edge towards higher wave-
lengths because of the contribution of nitrogen 2p orbitals to the
valence band comprised of oxygen 2p orbitals, thereby moving
the valence band upwards. Simple doping of nitrogen in place of
oxygen in N-K2La2Ti3O10 has resulted in a band gap reduction
from 3.63 eV (K2La2Ti3O10) to 3.59 eV (N-K2La2Ti3O10), which
is comparable with the earlier observed band gap reduction
of 3.69 eV (K2La2Ti3O10) to 3.44 eV (K2La2Ti3O10−xNx) [42]. If
additionally, CN polymers get incorporated as in the present case
of CN-K2La2Ti3O10, the UV–visible absorption spectra (Fig. 9)
showed in a larger red shift of about 100 nm. The band gap was
reduced to 2.92 eV for the CN polymers incorporated nitrogen
doped K2La2Ti3O10. C3N4 itself has been known to absorb visible

light with a band gap of 2.7 eV, and the noticeable reduction in the
band gap (0.71 eV) of CN-K2La2Ti3O10 (inset in Fig. 9) could only be
explained by the presence of CN polymers, rather than by simple
doping of nitrogen for oxygen.
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ig. 9. Diffuse reflectance spectra of (a) K2La2Ti3O10, (b) N-K2La2Ti3O10 and (c) CN-
2La2Ti3O10. Inset shows the corresponding absorbance versus energy in eV.

.3. Influence on the visible photocatalytic activities by cation
Sn2+) and CN polymers with anion (N3−) incorporation in
2La2Ti3O10

Decomposition of Rh B solution was investigated under visible
ight (400 nm ≤ � ≤ 800 nm). Fig. 10 shows the rates of decomposi-
ion of Rh B for K2La2Ti3O10 and Sn2+ exchanged K2La2Ti3O10, along
ith the photolysis of Rh B under visible light without any catalyst.

or comparison, we have also included the rate of decomposition of
h B by the well known Degussa P25 TiO2. It is evident that the pho-
odecomposition of Rh B is negligible in the absence of any catalyst
nd also in the presence of the parent K2La2Ti3O10. The parent oxide
id not show any visible absorption and has been found to decom-
ose Rh B only under UV light. TiO2 although not expected to know
ny visible activity based on its band gap (Eg = 3.2 eV), was found to
ecompose Rh B under visible irradiation. This particular degrada-
ion of Rh B under visible light has been clarified and been attributed

o the sensitization process in which the excited dye molecule effi-
iently transfers the electron to the conduction band of the specific
atalyst semiconductor and initiates the photodegradation pro-
ess [44]. Almost a similar rate of degradation has been found

ig. 10. Photodegradation of Rh B solution with time under visible radiation: (a) Rh
blank, (b) Rh B on K2La2Ti3O10, (c) Rh B on Degussa P25 TiO2 (0.05 g of surface

rea 55 m2/g) and (d) Rh B on (Sn1.0K0.2H0.9)La2Ti3O10. Inset shows repeated runs of
hotodegradation of Rh B solution by (Sn1.0K0.2H0.9)La2Ti3O10.
B blank, (b) Rh B on K2La2Ti3O10, (c) Rh B on N-K2La2Ti3O10, (d) Rh B on Degussa P25
TiO2 (0.05 g of surface area 55 m2/g) and (e) Rh B on CN-K2La2Ti3O10. Inset shows
repeated runs of degradation of Rh B. solution by CN-K2La2Ti3O10.

for the Sn2+-exchanged sample, (Sn1.0K0.2H0.9)La2Ti3O10·1.0H2O
under visible light irradiation (Fig. 10). The photocatalyst has been
found to be useful for the additional cycles of decomposition of Rh
B, with a moderate decrease in the rate of decomposition (inset in
Fig. 10).

CN-K2La2Ti3O10 showed higher decomposition rate for Rh B dye
as compared to nitrogen doped N-K2La2Ti3O10 (Fig. 11). The aque-
ous Rh B solution has the maximum absorbance around 552 nm and
the solution turned colorless within 150 min using 0.2 g of the cat-
alyst CN-K2La2Ti3O10. The rate of decomposition was found to be
slightly higher than that observed for P25 TiO2 under similar exper-
imental conditions. The inset in Fig. 11 shows that the CN polymer
sensitized K2La2Ti3O10 sample was active for the successive cycles
of decomposition with similar rates of decomposition of Rh B under
visible light irradiation.

Lowering of the energy gaps was achieved successfully for the
layered perovskite K2La2Ti3O10 as a result of incorporation of Sn2+

and by nitrogen doping coupled with CN polymer sensitization.
Both cationic and anionic substitutional attempts resulted in cor-
responding red shift in absorption edges as compared to the parent
K2La2Ti3O10. The lowering of the band gap was as expected by the
contribution of Sn 5s orbitals to the O2p orbitals in the formation of
the valence band. Nitridation using urea resulted in nitrogen doping
with the additional sensitization by the presence of carbon nitride
(CN) polymers, which again was responsible for visible light absorp-
tion. The product oxides obtained as a result of cation and anion
targeted substitutional studies have been found to be useful for the
visible light photocatalytic decomposition of organic dyes such as
rhodamine B.
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