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Study on the Photochromism of Ni—Al Layered Double Hydroxides Containing
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The photochromism of nitrate-containing nickel-aluminum
layered double hydroxides (NiAl-NO3-LDHs) has been
studied. Powder X-ray diffraction (PXRD), FTIR, UV/Vis,
XPS, ESR, EXAFS, and elemental analysis were used to in-
vestigate the structure, composition, and photochromic be-

havior of NiAl-NO;-LDHs. A possible photochromic mecha-
nism in NiAl-NO3-LDHs has been proposed.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

Layered double hydroxides (LDHs) consist of metal bru-
cite type layers — Mg(OH), sheets where octahedra of Mg?*
ions, sixfold coordinated to OH ", share edges to form two-
dimensional infinite sheets. LDHs constitute a vast family
of compounds of general formula [MY,_ .M" (OH),]-
A ,'nH,0, where x typically varies between 0.20 and
0.33. They are stacks of positively charged, partially substi-
tuted brucite-like layers that are spaced by exchangeable A”~
anions and water molecules.'?l LDHs are attractive materi-
als for various fields of application such as catalysis,! op-
tical materials,*> biomimetic catalysis,[®7] separation sci-
ence,!®] medical science,!'>!!l and electrochemistry.!'?13]

Recently, research on photochromic materials has re-
ceived much attention because of the potential use of these
materials in photonic applications. Practical applications
are also well established, for example, in optical trans-
mission.[' Photochromism is also widely utilized from the
molecular level up to complete devices; representative ex-
amples are molecular switching of host-guest aggre-
gates,['>16] sol—gel thin films,'” and pigment-protein com-
plexes involved in proton pumping.!'8! However, there are
very few reports of LDHs being used as candidates for pho-
tochromic materials. It has been reported that a sulfonated
spiropyran dye (SP-SOj") intercalated in Mg-Al, Zn-Al,
and Li-Al LDHs exhibited photochromism due to inter-
layer reversible photoisomerization between SP-SO;~ and
photoinduced merocyanine.[!%-2"]

Although photochromism resulting from the properties
of the interlayer organic guest has been observed in LDH
composites, the mechanism related to the host-guest inter-
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action has not been reported. In this paper, we report for
the first time photochromism in a NiAl-NOs-LDH. PXRD,
FTIR, UV/Vis, ESR, XPS, EXAFS, and elemental analysis
were used to investigate the photochromic behavior, and its
possible mechanism has also been proposed.

Results and Discussion

The Crystalline Structure and Chemical Composition of
NiAl-NO;-LDHs

Figure 1 shows the PXRD pattern for NiAl-NO5-LDHs.
A typical PXRD pattern was found for NiAI-NO;-LDHs
prepared by a hydrothermal method (a profile similar to
those observed in hydrotalcite-like compounds): sharp and
symmetric peaks related to 00/ reflections and broad and
less symmetric peaks related to Okl reflections (Figure 1).
The peaks were indexed in a hexagonal cell with rhombohe-
dral symmetry, where ¢ = 26.79 A and a = 3.00 A. The do;
parameter, which corresponds to an interlayer distance of
8.93 A, is typical for hydrotalcite-like materials containing
nitrate anions.!

On the basis of elemental analysis, the chemical composi-
tion of this particular NiAl-NO5;-LDH (Ni/Al = 2) was
found to be [Nig ¢43Alp 357(OH)>](NO3 ) 357°0.7H,0O (caled.
H 2.92, Al 8.29, N 4.30, Ni 32.62; found H 3.01, Al 8.15,
N 4.23, Ni 33.49).

Figure 2A shows the Ni K-edge k'y(k) spectrum and
Fourier transform magnitude of the powdered NiAl-NO;-
LDH, while Figure 2B displays the experimental (solid) and
fitted (dotted) EXAFS curves with k'-weight for Ni-O co-
ordination in the powdered NiAl-NO;-LDH. The fitting
parameters are listed in Table 1 [Ni(OH), was used as a
reference sample]. Data analysis suggests a Ni-O distance
of 2.04 A and a Ni-O coordination number (CNy; o) of six
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Figure 1. Powder XRD patterns of NiAI-NOs-LDHs with different
aging times at 180 °C.

for the NiAI-NOs-LDH, which corresponds well to the data
reported by Scheidegger et al.>!l This reveals that the first
coordination shell of Ni comprises six oxygen atoms at
2.04 A, indicating that Ni"! is coordinated in an octahedral
environment.
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Figure 2. (A) Ni K-edge k'y(k) spectrum and Fourier transform
magnitude of powdered NiAl-NO;-LDH. (B) Experimental (solid
line) and fitted (dotted line) EXAFS curves with k'-weight for Ni—
O coordination in powdered NiAI-NOs-LDH.
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Table 1. Local coordination parameters around Ni in powdered
NiAl-NO;-LDH.

Sample CNnio  RniolAl  onio [AP
Ni(OH), 6.0 2.05 0.002
NiAI-NO;-LDH 6.0 2.04 0.003

Photochromism in NiAl-NO;-LDHs

Photochromism in NiAl-NO;-LDHs has been observed
for the first time in this work. Figure 3c shows the UV/Vis
absorption spectra of NiAl-NO5;-LDH both before and af-
ter UV irradiation. For the as-synthesized NiAI-NO;-LDH
sample before UV irradiation, two absorption peaks (at ca.
376 and 652 nm) were observed, which were assigned to the
(d—d) spin-allowed electronic transitions expected for a Ni>*
ion in an octahedral crystal field.??! Upon irradiation of
NiAl-NO;-LDH with UV light, the green samples rapidly
turned black. Furthermore, there was a remarkable en-
hancement of absorption in the wavelength range 300-
650 nm (Figure 3c). No change in color could be observed,
even when the black-colored NiAl-NOs-LDH was kept at
room temperature for a week. However, upon heating to
70 °C for 2 h, the color returned to green. The UV/Vis ab-
sorption spectrum also recovered its original profile (dotted
line shown in Figure 3¢, almost coincident with the initial
spectrum), demonstrating the reversibility of the photo-
chromism. Moreover, both the reversibility and reproducib-
ility of the photochromism were investigated. The inset in
Figure 3 displays the UV absorbance of this material at
500 nm, before and after ten irradiation cycles, indicating a
rather high reversibility and reproducibility.
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Figure 3. UV/Vis absorption spectra of (a) MgAl-NO;-LDH, (b)
ZnAl-NO;-LDH and (c) NiAI-NO3-LDH, before and after UV ir-
radiation [absorption curves of before and after UV irradiation for
(a) and (b) are coincident]. Inset: the relationship between the UV
absorbance of NiAl-NOs-LDH at 500 nm (before and after irradia-
tion) and cycle number.

The Photochromic Mechanism in NiAl-NO3z-LDHs

Influence of Nickel Ions

In order to study the effect of the nickel ions of the host
layers on photochromic behavior, MgAl-NOs-LDH and
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ZnAl-NO;-LDH were prepared as samples for comparison.
All three samples exhibit a PXRD pattern characteristic of
LDH-like materials, and the interlayer distance of the three
intercalates is about 0.88 nm, indicating well-defined LDHs
containing nitrate anions.

Figure 3 displays the UV/Vis absorption spectra of the
three samples, both before and after UV irradiation. No
obvious change could be observed in the spectra of MgAl-
and ZnAl-NO;-LDHs after UV-light irradiation (Figure 3a
and Figure 3b, respectively). This observation is in agree-
ment with their invariable white color, and in contrast with
the photochromic behavior that was observed in the case of
NiAl-NO;-LDH, as described above. This indicates that the
nickel ions in the host layer play an important role in the
photochromic behavior. This is possibly related to the octa-
hedral coordination environment of the nickel ion.

Influence of Aging Conditions

Figure 1 and Figure 4 display the PXRD patterns of
NiAl-NO;-LDHs with different aging times and aging tem-
peratures, respectively. All nine samples exhibit a PXRD
pattern characteristic of LDH-like materials, with an inter-
layer distance of approximately 0.89 nm. It can be seen
from Figure 1 and Figure 4 that the reflection intensity of
the LDHs becomes stronger with an increase in the aging
time or aging temperature. The indexing parameters are
listed in Table 2. It should be noted that there is a decrease
in the half-peak-width parameter, and an increase in the
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Figure 4. Powder XRD patterns of NiAl-NO3;-LDH aged for 24 h
at different aging temperatures.

crystallite size in the ¢ direction, upon increasing aging time
or temperature. This is an indication that the stacking se-
quences of the LDHs become more ordered and higher
crystallinity is obtained with increasing aging time or tem-
perature.

Figure SA and Figure 6A show the UV/Vis absorption
spectra of powdered NiAI-NO;-LDHs with different aging
times and temperatures, respectively, both before and after
UV irradiation. On irradiation the samples prepared with a
6 h aging time, or at 70 °C aging temperature, show the
most remarkable enhancement of absorption in the wave-
length range 300-650 nm. They are also accompanied by
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Figure 5. (A) UV/Vis absorption spectra of NiAl-NO;-LDHs with
different aging times at 180 °C, before and after UV irradiation.
(B) Background correction for the absorption spectra of the NiAl-
NO;-LDHs from (A) before and after UV irradiation.

Table 2. Lattice parameters of NiAl-NO;-LDHs prepared under different conditions.

Samples with different aging temperatures

Samples with different aging times

Parameters 70°C  100°C  130°C  150°C 180°C  6h 12h 18h 24h
dooz [nm] 0.879 0.904 0.927 0.903 0.906 0.893 0.900 0.912 0.906
half-peak width of the 003 reflection [°]  1.810 1.270 0.933 0.808 0.515 0.866 0.613 0.583 0.515
dy1o [nm] 0.151 0.151 0.151 0.151 0.151 0.150 0.151 0.152 0.151
lattice parameter a [nm]! 0.302 0.302 0.302 0.302 0.302 0.300 0.302 0.304 0.302
lattice parameter ¢ [nm]®! 2.637 2.712 2.781 2.709 2.718 2.679 2.700 2.736 2.718
crystallite size in ¢ direction [nm]®! 4.361 6.215 8.458 9.768 15.32 9.115 12.88 13.54 15.32
[a]l @ = 2d,10. [b] ¢ = 3dyo3. [c] Value calculated from the Scherrer equation.
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the most obvious change in sample color, which indicates
the most significant photochromism. Moreover, the en-
hancement of the absorption in the range 300-650 nm de-
creased upon increasing aging time or temperature. As the
aging time was increased to 24 h, or the aging temperature
was increased to 180 °C, no change could be observed in
either the absorption spectra or the sample color following
UV-light irradiation, which implied the absence of photo-
chromic behavior. On the basis of the PXRD characteriza-
tion above, it can be concluded that the ordered stacking
sequences and the crystallinity of NiAl-NOs-LDH have a
marked influence on its photochromism. Moreover, the ef-
fect of the wavelength of the excitation light has been
studied, and it was found that UV light with a wavelength
below 376 nm could cause photochromism in the material.

0
'c
=5
g
S 130°C
@
O
f ot
g .
2 150°C
[72]
L
<
180°C

I e e ) BN S e e e e e e e LA m e s s
250 300 350 400 450 500 550 600 €50 700 750 800

Wavelength [nm]

Absorbance [arb.units]

T T T T T
300 400 500 600 700 800
Wavelength [nm]

Figure 6. (A) UV/Vis absorption spectra of NiAl-NO;-LDHs with
different aging temperatures and aged for 24 h, before and after
UV irradiation. (B) Background correction for the absorption spec-
tra of the NiAI-NO;-LDHs from (A) before and after UV irradia-
tion.

In order to gain direct insight into photochromism in
NiAl-NO5-LDH, the NiAI-NOs-LDH samples which were
nonphotochromic (aging time 24 h and aging temperature
180 °C) were used as the baseline reference for further
analysis of the UV/Vis spectra. Background correction was
performed by subtracting the absorption spectrum of the
nonphotochromic sample from the photochromic NiAl-
NO;-LDH samples, both before and after UV irradiation.
2834
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The results are shown in Figure 5B and Figure 6B. Com-
paring the UV/Vis absorption spectra before and after UV
irradiation, it can be seen that there is an obvious peak at
approximately 500 nm. This indicates that there might be
some specific structural unit, with Ni in an octahedrally
coordinated environment, which results in photochromism
in NiAI-NO3;-LDH. As the aging time or temperature in-
creases, the stacking sequences of the LDHs become more
ordered, leading to the loss of the specific structural unit
and thus to the loss of photochromic behavior.

Influence of Host—Guest Interactions

In order to study the influence of host—guest interactions,
two samples of NiAI-CO5;-LDH were prepared: one by the
ion-exchange method from a NiAl-NO5;-LDH precursor
and the other by direct coprecipitation. Both samples exhi-
bit a PXRD pattern characteristic of LDH-like materials,
with an interlayer distance of approximately 0.76 nm, indi-
cating well-defined LDHs containing carbonate anions.
Figure 7 displays a comparison of the FTIR spectra of the
two NiAI-CO5-LDH samples. Both show the strong, sharp
band at approximately 1363 cm™! due to the absorption of
interlayer carbonate anions. However, it can be seen that a
peak at approximately 1384 cm™! was observed in the sam-
ple prepared by ion-exchange (Figure 7a), which indicates
the presence of a small amount of nitrate anions.
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Figure 7. FTIR spectra of NiAl-CO;-LDHSs prepared by (a) ion
exchange and (b) coprecipitation.

On the basis of elemental analysis, the chemical composi-
tion of the NiAl-COs-LDH that was prepared by coprecipi-
tation was found to be [Niggs6Aly 344(OH)5](CO5>)g 1720
0.8H,O (caled. C 2.06, H 3.37, Al 8.70, Ni 36.27; found
C 2.12, H 3.31, Al 8.73, Ni 36.19). However, the chemical
composition of the NiAl-CO;-LDH that was prepared by
the ion-exchange method from a NiAl-NO;-LDH precursor
was found to be [Nig 647Aly 353(OH)2[(CO5% )o.151(NO3 )o.051°
0.7H,0 (caled. C 1.70, H 3.19, Al 8.95, N 0.67, Ni 35.83;
found C 1.62, H 3.13, Al 8.86, N 0.71, Ni 35.76). It can be
seen that the sample prepared by coprecipitation was a pure
CO5*> LDH, while the other one, prepared by ion-exchange
from a NiAl-NO5-LDH precursor, contained both CO;*
and a little unexchangeable NOj5 .

Eur. J. Inorg. Chem. 2006, 2831-2838
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Figure 8a and b show the UV/Vis absorption spectra of
the two powdered NiAI-CO5-LDH samples before and after
UV irradiation. It was found that almost no change in the
absorption spectrum, after UV-light irradiation, could be
observed for the NiAl-CO;-LDH prepared by coprecipi-
tation (Figure 8b), which means that photochromism is not
an intrinsic property of NiAl-CO;-LDHs. However, in the
case of the sample prepared by ion exchange, a considerable
enhancement in the 300-650 nm range (Figure 8a) was ob-
served after UV irradiation. This is an indication that the
interaction between Ni>* and co-intercalated nitrate anions
is indispensable for the photochromism in NiAl-CO3-LDHs
prepared by ion exchange. This is possibly related to the
remaining nitrate anions that interact strongly with Ni>*
ions in NiAlI-NO;-LDHs through chemical bonding and
thus cannot be exchanged by CO;>".
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Figure 8. UV/Vis absorption spectra of powdered NiAl-COs-
LDHs, both before and after UV irradiation, prepared by (a) ion
exchange and (b) coprecipitation.

XPS Data

In order to confirm whether the photochromic behavior
of NiAl-NO;-LDHs is related to the redox of Ni**, XPS
was used to determine the chemical environment of Ni, N,
and O before and after UV irradiation. The XPS Ni2ps),,
N1ls, and Ols core level spectra of NiAl-NO5z-LDHs, before
and after UV irradiation, are shown in Figure 9. The bind-
ing energy (BE) value of the main Ni2ps,, peak, at around
856.4/856.5 €V, is assigned to the Ni** ion by comparison
with the known BE value for Ni2ps, photoelectrons in
Ni(OH), (855.6-856.6 ¢V).[?’] The XPS N1s peak at around
406.6/406.7 eV is attributed to N°* from the nitrate anions,
and the XPS Ols peak at around 531.9/531.8 eV is due to
O? from the nitrate anions. As no remarkable change in
the values of the BE can be observed after UV irradiation,
it is reasonable to deduce that the oxidation states of Ni,
N, and O in NiAl-NO3-LDHs do not change, and hence a
mechanism based on the redox of Ni** can be excluded.

Eur. J. Inorg. Chem. 2006, 2831-2838
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Figure 9. XPS spectra of Ni2ps», Nls, and Ols for NiAl-NOs-
LDHs before and after UV irradiation.

ESR Data

ESR was used to study the coordination environment of
Ni?* in NiAl-NOs-LDHs to obtain a further understanding
of the photochromic mechanism. It has been reported that
Ni** ions in Ni(OH), are ESR silent at room temperature,
most probably because of the regular octahedral crystal
field.l*?! Figure 10 displays the ESR spectra of powdered
NiAI-NO;-LDH before and after UV irradiation, as well as
that of NiAI-CO5;-LDH prepared by coprecipitation, as a
reference sample. It can be seen from Figure 10a that NiAl-
CO;-LDH is ESR silent at room temperature and at liquid
nitrogen temperature, because of its Ni-OH regular octahe-
dral crystal field. However, in the case of NiAI-NO3-LDH,
distinct signals with g = 2.163 (Figure 10b) and g = 2.643

2835
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(Figure 10c) were observed for the sample before and after
UV irradiation, respectively. These can be attributed to
Ni%* ions (3d?® electronic configuration) in a strongly dis-
torted octahedral crystal field.?”! The difference in the g
values indicates that the distortion in the octahedral crystal
field for NiAI-NO;-LDH is not completely the same before
and after UV irradiation.
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Figure 10. ESR spectra of powdered NiAl-CO;-LDH prepared by
coprecipitation (a), and NiAl-NO;-LDHs before irradiation (b)
and after irradiation (c).

On the basis of the discussion above, it can be concluded
that the host—guest interaction between Ni** and the nitrate
anions, and thus the presence of the specific octahedral
crystal field of the Ni?*, leads to photochromism in NiAl-
NO;-LDHs. Single-crystal structure analysis of CaAl-NOs/
CO;/SO,/CI-LDHs has revealed that Ca* ions are seven-
fold coordinated by O atoms. A water molecule, a carbonate
anion, or a nitrate anion occupies the seventh coordination
site of three of the four Ca?* ions contained in the main
layer.?*271 Moreover, Steven et al. reported that, in the lay-
ered material Ni,(OH)3NOs;, the nitrate anion was located
in the interlayer region and was coordinated through one
oxygen atom directly to the matrix Ni** cation.[?8! In the
current study, taking into account the confirmation by EX-
AFS data that Ni** ions are sixfold coordinated (Table 1),
the evidence from ESR data that Ni** ions exist in a dis-
torted octahedral crystal field, and the presence of unex-
changeable NOj, it can be concluded that there are specific
units of octahedral structure in which Ni** is coordinated
by five hydroxy groups and one nitrate anion through the
O atom in NiAl-NOs-LDH, as shown in Figure 11. The
influence of water cannot be excluded completely, and there
is the possibility that a hydrogen-bonding system exists be-
tween the host hydroxy and nitrate anions, and water mole-
cules, and thus water has a secondary influence on the pho-
2836
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tochromism of NiAl-NOs;-LDH (as shown in Figure 11).
Further studies on the effects of water, as well as theoretical
calculations, are under investigation at our laboratory.

Figure 11. Schematic representation of the structure of NiAl-NOs-
LDH.

The electronic configuration of Ni*>* ions in the ground
state is 3d® (ty.°e,%). As shown in Figure 12a, the octahe-
dral crystal field of the Ni’* ions is generated by the coor-
dinated O atom of the nitrate anion, and is somewhat dis-
torted with a g value of 2.163, derived from ESR spec-
troscopy data. Under UV-light irradiation, the electronic
configuration of the Ni?* ions in the excited state is 3d®
(tog*e.’), which speaks in favor of the Jahn-Teller effect,
and thus leads to a more strongly distorted octahedral
crystal field (Figure 12b). The latter structure is quite
stable at room temperature and cannot revert spontane-
ously. In comparison with the sample before UV irradia-
tion, it demonstrates changes in the UV/Vis absorption
spectrum (especially the strong absorption enhancement in
at a wavelength of 500 nm) and in the g value determined
by ESR spectroscopy (from 2.163 to 2.634). Upon heating,
the radiation-induced structure recovers its original state,
and the color changes from black to green. Because the
distorted octahedral structure [Ni(OH)sNO3] was a meta-
stable state thermodynamically, it reverted to the stable
regular octahedral unit [Ni(OH)4] by substitution of the
NO; by an OH™ group upon increasing aging time or tem-
perature during the preparation process. As a result, the
specific octahedral crystal field of the Ni** ion, coordi-
nated by a nitrate anion, leads to photochromism in NiAl-
NO;-LDHs.

Excited State
IV wsmrﬂmn
:ﬁ ® L :f ®
& @’

Figure 12. Photochromic mechanism in NiAl-NO;-LDH: (a) struc-
ture before UV irradiation and (b) structure after UV irradiation.
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Conclusions

Photochromism in NiAl-NO;-LDHs has been studied in
this work. The crystalline structure and chemical composi-
tion of NiAl-NO;-LDHs have been characterized on the
basis of the results of PXRD, FTIR, EXAFS, and elemen-
tal analysis. The studies on the influence of aging condi-
tions indicate that the host—guest interaction between the
nickel ion in the host layer and the interlayer NO5™ plays
an important role in its photochromic behavior. Taking into
account the confirmation by EXAFS data that the Ni**
ions are sixfold coordinated, the ESR spectroscopy data
that indicates that Ni>" is ESR active in NiAl-NO5-LDHs,
the confirmation of the presence of some unexchangeable
NO;-, and the exclusion of the redox of Ni?*, it can be
concluded that there is a specific unit of distorted octahe-
dral structure. This unit consists of a Ni?>* ion, which is
coordinated by O atoms from five hydroxy groups and one
nitrate anion, and results in photochromism in NiAl-NO;-
LDHs.

Experimental Section

Preparation of NiAl-NO;-LDH: NiAl-NO;-LDH was synthesized
by a hydrothermal method.*”! Typically, an aqueous solution of
NaOH (24 g, 0.6 mol) in deionized water (40 mL) was added drop-
wise to a vigorously stirred, freshly prepared solution containing
Ni(NO3),6H,0 (58.156 g, 0.2 mol) and AI(NO;);-9H,0 (37.513 g,
0.1 mol) (Ni**/AI’* = 2) in deionized water (100 mL) under a nitro-
gen atmosphere at room temperature. The final pH was approxi-
mately 6. The suspension was transferred to a Teflon-lined auto-
clave and heated at 70, 100, 130, 150, or 180 °C for a specific time.
The solid precipitate was collected by filtration through a mem-
brane filter under suction, washed thoroughly with water, and dried
at 70 °C for 18 h.

Preparation of MgAI-NO;-LDH and ZnAl-NO;-LDH: MgAl-NO;-
LDH and ZnAl-NOs-LDH, which were used as comparison sam-
ples, were synthesized by a hydrothermal method. MgAIl-NO;-
LDH was synthesized by a procedure similar to that described pre-
viously.?% A solution of Mg(NO;),:6H,O (32.0 g, 0.125 mol) and
AI(NO3);'9H,O (11.7 g, 0.062 mol) in deionized water (200 mL)
was added dropwise over 2h to a solution of NaOH (12.5g,
0.310 mol) and NaNOj; (18.2 g, 0.210 mol) in water (250 mL). The
mixture was transferred to a Teflon-lined autoclave and heated at
70 °C for 24 h. The precipitate was separated by centrifugation,
washed with water, and dried at 70 °C for 18 h. ZnAl-NO;-LDH
was obtained by a similar method.

Preparation of NiAl-CO5-LDH: NiAl-COs-LDH was prepared by
both coprecipitation and ion exchange. The sample prepared by the
coprecipitation method was synthesized according to a literature
procedure.3!! In the case of the NiAl-CO5;-LDH sample obtained
by ion exchange, the precursor NiAl-NOs;-LDH was synthesized
first by the procedure described above. Subsequently, a solution of
Na,COs; in deionized water (50 mL) was added to a suspension of
NiAIl-NO;-LDH in water (50 mL), and the mixture was then heated
to 70 °C for 24 h. The product was washed extensively with deion-
ized water, centrifuged, and dried at 70 °C for 18 h.

Characterization Techniques

PXRD patterns were obtained by using a Shimadzu XRD-6000
diffractometer under the following conditions: Cu-K, radiation (4
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= 1.542 A, 20 = 2-70°), 40 kV, 30 mA. Infrared spectra of samples
were recorded by using a Bruker Vector 22 FTIR spectrometer.
Specimens were prepared as KBr pellets. Elemental analysis of the
metal content was performed with an ICPS-7500 inductively cou-
pled plasma optical-emission spectrometer. C, H, and N elemental
analysis was carried out with an Elementar Vario elemental ana-
lyzer. The ESR spectra were recorded at room temperature with a
Bruker ESP300 spectrometer. A standard 100 MHz field modula-
tion and a 5-10 G modulation width were used. XPS was recorded
with a VG Scientific ESCALab220i-XL (VG Scientific Ltd., UK)
spectrometer.

The EXAFS spectrum around the Ni K-adsorption edge was ob-
tained by using the beamline 4W1B of the Beijing Synchrotron
Radiation Facility (BSRF). The NiAl-NOs;-LDH nanoparticles
were homogeneously smeared on Scotch adhesive tape. More than
eight layers were folded to reach the optimum absorption thickness.
The X-ray absorption spectrum of the Ni K-edge of NiAl-NO;-
LDH was collected at ambient temperature in the transmission
mode. The storage ring was operated at 2.2 GeV with a typical
current of 50 mA. Fixed-exit Si(111) flat double crystals were used
as a monochromator. The incident and transmission X-ray inten-
sities were detected by using ion chambers installed in front of and
behind the sample. The X-ray energy was calibrated by using the
Ni K-absorption edge (8348 eV). The absorption spectrum was col-
lected from 200 eV below the absorption threshold to over 700 eV
above the threshold.

EXAFS data reduction was performed by using WinXAS 97 1.1
and following standard procedures. The first maximum of the first
derivative of the absorption edge was chosen as the energy thresh-
old. The pre-edge absorption background was fitted and subtracted
by using a linear function. A derivative method was used to derive
the EXAFS signal and remove the post-edge absorption back-
ground. EXAFS functions were normalized by using the absorp-
tion-edge jump and were Fourier-transformed to R space with k'-
weight in the range 1.1-11.3 A. Fourier filters were used in the
range 0.3-1.8 A. Theoretical scattering paths for the fit were calcu-
lated by using the structures of a-Ni(OH),. To reduce the number
of adjustable parameters, the amplitude reduction factor, S,%, was
fixed at 1.1. The Ryio values are estimated to be accurate to
0.02 A, and the AE, and CNy; o values are estimated to be accu-
rate to 20%. The accuracy estimates are based on the results of
theoretical fits to the spectra of the reference compounds of known
structure.

Study of the Photochromic Properties of LDHs: UV irradiation was
carried out by using a 500-W xenon lamp. Absorption spectra were
recorded by using a UV/Vis spectrophotometer (Shimadzu UV-
2501 PC).
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