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Reaction of acrylamide with vanadium phosphorus oxide VOPO4?2H2O at room temperature yielded the

intercalation compound without degradation of the VOPO4 layers. Two types of intercalation compounds were

formed: the intercalation compound washed with n-heptane accommodated acrylamide with a bilayer

arrangement, and the sample washed with acetone occluded the guest species with a monolayer. Both the

VOPO4–acrylamide intercalation compounds were exfoliated in 1- or 2-butanol. The exfoliated oxide layers

were reconstructed to layered VOPO4 materials by removal of the solvents, while acrylamide was partly

deintercalated during the exfoliation–reconstruction process. The layered materials reconstructed from the

exfoliated VOPO4 layers were characterized by their morphology: the reconstructed samples consisted of

aggregated small flakes which were morphologically very different from relatively large square platelets

observed for both the starting vanadium phosphorus oxide and the initial intercalation compound.

Introduction

Oxovanadium phosphate VOPO4?2H2O is a layered compound
characterized by its high intercalating capability.1 The layered
structure consists of VOPO4 layers and interlayer water
molecules: VO6 octahedra and PO4 tetrahedra are linked
together through corner-sharing to form V–P–O sheets.2

VOPO4?2H2O intercalates various molecules and ions through
different routes.3 Organic molecules, such as amines,4–11

amides,12 alcohols,13,14 carboxylic acids,15 amino acids,16 and
poly(oxyethylene) compounds17 are accommodated by polar
adsorption. Pyridine is coordinatively incorporated into the
interlayer space.18 Some cationic species are taken up via a
redox mechanism in the presence of reductive reagents.19–21

VOPO4?2H2O is also known as a catalyst precursor; it is
reduced to the layered material VOHPO4?0.5H2O and then
pyrolyzed to (VO)2P2O7,22 which is an industrial catalyst for
the selective oxidation of n-butane to maleic anhydride.23

Intercalation of VOPO4?2H2O may be utilized as a method of
preparing nanostructurally modified catalyst precursors.24

We have recently reported the intercalation of VOPO4?2H2O
with 4-butylaniline.24–26 The VOPO4–4-butylaniline intercala-
tion compound is characterized by its exfoliation properties: it
is delaminated in THF and reconstructed by removal of the
solvent while ordering of the restacked layers is sensitive to
the experimental conditions. However, we found that
VOPO4?2H2O partially collapsed upon reaction with
4-butylaniline for prolonged periods. In addition, the
VOPO4–4-butylaniline intercalation compound tends to
degrade during the exfoliation–reconstruction process. Exfo-
liation of VOPO4 sheets without such structural damage should
be preferable for utilizing the exfoliated layers to prepare
nanostructurally modified catalyst precursors.

In the present study, we attempted the exfoliation of
VOPO4?2H2O through intercalation of amides which are
expected not to degrade the oxide layers because of their
relatively low basicity. Acrylamide was incorporated into

VOPO4?2H2O, and the obtained intercalation compound was
successfully exfoliated in butanols, which have been utilized
for reducing VOPO4?2H2O to the catalyst precursor
VOHPO4?0.5H2O.22,27 The intercalated structure was recon-
structed from the exfoliated sheets, but the morphology of the
reconstructed sample, characterized by aggregated small flakes,
was different from that of the initial intercalation compound
which consisted of large plate-like particles.

Experimental

Materials

VOPO4?2H2O was prepared according to the literature by
refluxing a mixture of V2O5 (24 g, Wako), 85% H3PO4

(133 cm3, Wako) and H2O (577 cm3) at 388 K for 16 h.1 The
product was filtered, washed with acetone, and then kept under
ambient conditions. Powder X-ray diffraction (XRD) and IR
spectroscopy identified the product as VOPO4?2H2O.1,28

Organic reagents used were purchased from Wako, and used
without further purification.

Synthesis of intercalation compounds

We prepared intercalation compounds of VOPO4?2H2O with
acrylamide and N,N-dimethylformamide (DMF). For the
reaction of VOPO4?2H2O with acrylamide, powder
VOPO4?2H2O (1 g) was added to acrylamide (10 g) dissolved
in ethanol (40 g), and the mixture was stirred at 303 K for 72 h.
The product was washed with n-heptane or acetone, and then
dried under ambient conditions. The reaction with DMF was
carried out at a relatively high temperature according to the
literature:12 VOPO4?2H2O (0.8 g) was added to neat DMF
(10 cm3), and the mixture was stirred at 383 K for 6 h. The
product was washed with acetone and dried under ambient
conditions.
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Exfoliation of the intercalation compounds

The VOPO4–acrylamide intercalation compound, in powder
form (0.5 g), was added to 1- or 2-butanol followed by stirring
at room temperature for 24 h. The obtained suspensions were
allowed to stand for more than 7 days, after which the residual
unexfoliated powder had settled out and the liquid phase had
become transparent. The supernatant was then separated by
decantation, and dried to solid under ambient conditions. The
residual solid was dried under ambient conditions.

Analytical instruments

Powder XRD patterns were recorded on a Rigaku MiniFlex
diffractometer (Ni-filtered CuKa radiation). IR spectra of the
solid samples were measured by a Bio-rad FTS-7 spectrometer
using the KBr disk technique. SEM images were taken by using
a Hitachi S-2100A scanning electron microscope. The organic
content of the sample was measured by CHN analysis at Center
for Instrumental Analysis, Hokkaido University.

Results and discussion

Formation of VOPO4–acrylamide intercalation compound

The reaction of VOPO4?2H2O with acrylamide in ethanolic
solution expanded the basal spacing of the layered oxide to
form an intercalation compound. Fig. 1 shows the XRD
patterns of the samples. The product washed with n-heptane
(Fig. 1b) has a basal spacing (d001 spacing) of 1.40 nm
(2h~6.30u), which is larger than those of VOPO4?2H2O

(0.74 nm) and anhydrous VOPO4 (0.41 nm).29 The gallery
height of the reaction product is estimated as 0.99 nm by
subtracting the basal spacing of anhydrous VOPO4 from that
of the product. This value is the same as the gallery height of
the montmorillonite–acryalmide intercalation compound
where acrylamide molecules are accommodated with a bilayer
arrangement.30

Fig. 1b also exhibits a small diffraction peak at d~0.91 nm
(2h~9.68u), in addition to the peak at d~1.40 nm. If we regard
this peak as another phase of the acrylamide-intercalated
VOPO4 compound, the increment in the basal spacing is
estimated as 0.50 nm. It has been reported that acrylamide
molecules are intercalated into montmorillonite with both
bilayer and monolayer arrangements; the monolayer orient-
ation expands the basal spacing by 0.54 nm.30 In addition, the
kaolinite–acrylamide and a-Zr(HPO4)2–acrylamide intercala-
tion compounds, in which acrylamide is arranged in mono-
layers, have been reported to have gallery heights of 0.41 nm 31

and 0.35 nm,32 respectively. Hence, we assign the minor
diffraction peak at d~0.91 nm observed in the present study
to another phase of the VOPO4–acrylamide intercalation
compound which is characterized by a monolayer orientation
of the intercalated acrylamide.

The IR spectrum of the product obtained by the reaction of
VOPO4?2H2O with acrylamide exhibits many absorption
bands due to acrylamide, as shown in Fig. 2b: e.g., 3490–
3170 cm21, n(N–H); 1683 (shoulder) and 1660 cm21, n(CLO);
1615 cm21, n(CLC); 1588 and 1560 cm21, d(NH2); 1431 cm21,
d(CH2).33,34 As for the absorption bands assignable to VOPO4

lattice vibrations (1100–400 cm21), the band due to n(P–O),
which appears in the spectrum of VOPO4?2H2O at
1090 cm21,28 is weak in the product, whereas the other
bands are essentially the same as those observed for
VOPO4?2H2O. This absorption profile indicates retention of
the layered structure of VOPO4 and suggests a certain
interaction between the acrylamide and the P–O groups of
the VOPO4 layers. These results support the formation of the
VOPO4–acrylamide intercalation compound. The CHN ana-
lysis (C: 21.4%, H: 3.4%, N: 8.6%, C/N atomic ratio~3.0)
determined the composition of the product to be
(CH2LCHCONH2)1.8VOPO4?nH2O. SEM observations, shown

Fig. 1 XRD patterns of (a) VOPO4?2H2O, the VOPO4–acrylamide
intercalation compounds washed with (b) n-heptane and (c) acetone,
and the products obtained by reaction with DMF for (d) 6 h and (e)
24 h.

Fig. 2 IR spectra of (a) VOPO4?2H2O, the VOPO4–acrylamide
intercalation compounds washed with (b) n-heptane and (c) acetone,
and (d) the product obtained by reaction with DMF for 6 h.
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in Fig. 3, proved that the VOPO4–acrylamide intercalation
compound consisted of plate-like particles morphologically
similar to those of VOPO4?2H2O. This result supports that the
layered structure of the starting material is retained in the
product, while the corners of the square VOPO4?2H2O particles
become round after the intercalation.

Intercalation compound obtained after washing with acetone

When the reaction product was washed with acetone instead of
n-heptane, only the 0.91 nm phase of the intercalation
compound was observed in the XRD pattern, as shown in
Fig. 1c. While a shoulder at around 2h~12u indicates the
presence of VOPO4?2H2O, which may form through complete
deintercalation of acrylamide, the major diffraction peak of
d~0.91 nm is assigned to the VOPO4–acrylamide intercalation
compound with a monolayer interlayer arrangement of
acrylamide, as described above. SEM images of this sample
(not shown) were essentially the same as those of the VOPO4–
acrylamide intercalation compound washed with n-heptane,
indicating that morphological alterations, which often reflect
severe structural modifications such as partial degradation of
the VOPO4 layers, did not occur during the acetone treatment.
The IR spectrum of the sample, shown in Fig. 2c, exhibits
several absorption bands due to acrylamide: e.g., 3485 and
3353 cm21, n(N–H); 1660 cm21, n(CLO); 1615 cm21, n(CLC);
1575 and 1560 cm21, d(NH2); 1431 cm21, d(CH2).33,34 The
composition of the sample was estimated from the CHN
analysis as (CH2LCHCONH2)1.1VOPO4?nH2O (C: 15.9%, H:
2.9%, N: 6.2%), indicating that the amount of intercalated

acrylamide is smaller than that in the above-described
intercalation compound where acrylamide is accommodated
with the bilayer arrangement. We distinguish hereafter the two
intercalation compounds as the monolayer-type and bilayer-
type intercalation compounds.

The IR spectra of the intercalation compounds give
information about the interlayer microenvironments of acryl-
amide. For both types of intercalation compound, the
absorption bands due to n(CLO), n(CLC), and d(NH2) all
appear at wavenumbers lower than those of free acrylamide.33

A similar shift to lower wavenumbers has been observed in the
spectra of acrylamide–metal comlexes,34 where the –NH2

group of acrylamide has been presumed to interact with metal
ions. Thus, we infer the presence of interactions between the
–NH2 group of the intercalated acrylamide and the VOPO4

layers in the VOPO4–acrylamide intercalation compounds. On
the other hand, the spectra indicate a difference in the
microenvironments of acrylamide between the bilayer- and
monolayer-type intercalation compounds. The spectrum of the
bilayer-type intercalation compound is characterized by the
appearance of several absorption bands due to n(N–H), which
overlap each other, at 3490–3170 cm21. The band due to
n(CLO) at 1660 cm21 is not a singlet but is accompanied by a
shoulder at 1683 cm21. In contrast, the monolayer-type
compound exhibits two distinct bands due to n(N–H) at 3485
and 3353 cm21, and a single band of n(CLO) at 1660 cm21.
These differences suggest that acrylamide molecules in the
bilayer-type compound are in a heterogeneous state while the
guest species in the monolayer-type compound are in a rather
homogeneous state.

Formation of VOPO4–DMF intercalation compound

The reaction of VOPO4?2H2O with neat DMF at 383 K for 6 h
yielded a product whose XRD pattern (Fig. 1d) showed
expansion of the basal spacing by 0.93 nm. This value is
similar to the basal spacing of the VOPO4–DMF intercalation
compound (0.949 nm) synthesized by Lara et al.12 The IR
spectrum of the product (Fig. 2d) exhibits characteristic
absorption bands due to DMF (e.g., 1680 cm21, n(CLO);
1650 cm21, d(NH2)), again similarly to the spectrum previously
reported.12 The absorption profile of the VOPO4 lattice
vibrations suggests interactions of DMF with the P–O group
on the layers, as observed for the VOPO4–acrylamide
intercalation compounds. SEM observations confirmed the
presence of plate-like particles (images not shown) which were
morphologically very similar to those observed for the VOPO4–
acrylamide intercalation compounds. These data indicate the
formation of the VOPO4–DMF intercalation compound.

However, we found that reactions with DMF almost
collapsed the layered structure of VOPO4?2H2O by prolonging
the reaction period to 24 h. The XRD pattern of the sample
after the reaction with DMF for 24 h (Fig. 1e) is characterized
by poor crystallinity with several small peaks, although the
layered nature of VOPO4?2H2O appears to be retained as
evidenced by small peaks around d~1.1 nm and d~0.93 nm.
Thus, the VOPO4 layers should not be stable but should
degrade under the present reaction conditions with DMF. We
have already reported a comparable phenomenon: the layered
structure of VOPO4?2H2O tends to collapse during lengthy
reactions with 4-butylaniline although intercalation com-
pounds can form without severe structural alteration of the
VOPO4 lattices through shorter reaction times.26 The present
results exemplify again the relatively low structural stability of
VOPO4?2H2O against reactions with organic basic compounds.
We did not examine the exfoliative properties of the VOPO4–
DMF intercalation compound because of this tendency to
degrade.

Fig. 3 SEM images of (a) VOPO4?2H2O and (b) the VOPO4–
acrylamide intercalation compound washed with n-heptane.

1860 J. Mater. Chem., 2001, 11, 1858–1863



Exfoliation of the bilayer-type VOPO4–acrylamide intercalation
compound in butanol

When a powder of the bilayer-type VOPO4–acrylamide
intercalation compound was stirred in 1-butanol, the solvent
became green. After the stirring was stopped, most of the
powders were settled out, while the colored liquid phase was
found to be stable without any obvious change for at least a
week; such behavior was similar to that observed for
exfoliation of the VOPO4–4-butylaniline intercalation com-
pound.26 About 24 mass% of the sample treated was
transferred into the liquid phase. Preliminary XRD measure-
ment of the colored supernatant dried by dip-coating onto a
glass slide showed retention of the layered structure, suggesting
exfoliation and reconstruction of the intercalation compound.
We then prepared and characterized powder samples from the
liquid phase by evaporating the solvent under ambient
conditions.

The intercalated structure of VOPO4 with acrylamide was
reconstructed from the colored solution obtained by the
treatment of the intercalation compound with 1-butanol,
indicating the presence of the exfoliated VOPO4 layers in the
suspension. The XRD pattern of the powder sample prepared
by evaporating 1-butanol from the supernatant, shown in
Fig. 4a, reveals the presence of the bilayer-type VOPO4–
acrylamide intercalation compound and crystalline acrylamide.
The diffraction peaks due to acrylamide disappeared after
washing the sample with n-heptane to give a single-phase
diffraction pattern of the bilayer-type intercalation compound
(Fig. 4b). The composition of the washed product was

determined from the CHN analysis (C: 15.5%, H: 3.1%, N:
6.0%) to be (CH2LCHCONH2)1.1VOPO4?nH2O, while that of
the initial intercalation compound was (CH2LCHCONH2)1.8-
VOPO4?nH2O as mentioned above. The IR spectrum of this
sample (Fig. 5a) exhibits a partially recovered P–O stretching
absorption which is weak in the spectrum of the initial
intercalation compound (Fig. 2b). These results indicate that
the amount of acrylamide intercalated in the reconstructed
sample is smaller than that in the initial intercalation
compound; acrylamide is deintercalated to some extent
during the dispersion–evaporation process.

We also note that the amount of acrylamide intercalated in
the reconstructed intercalation compound is similar to that in
the monolayer-type sample, although the acrylamide molecules
are arranged in a bilayer. However, the IR bands due to
acrylamide in the reconstructed sample resemble those in the
initial bilayer-type intercalation compound. These data reveal
that the interactions between acrylamide and the VOPO4 layers
in the initial bilayer-type intercalation compound are main-
tained to a large extent during exfoliation–reconstruction in
1-butanol. This result is in contrast with that of the acetone
treatment which alters the host–guest interactions to yield the
monolayer-type intercalation compound.

On the other hand, the residual sedimentary solid separated
from the suspension did not completely retain the structure of
the original bilayer-type intercalation compound. This sample
was a mixture of three phases, as shown by its XRD pattern
(Fig. 4c). The bilayer-type intercalation compound having a
basal spacing of 1.40 nm (2h~6.30u) was present only as a
minor phase. The major phase characterized by the diffraction
peak of d~0.91 nm (2h~9.68u) is assigned to the monolayer-
type intercalation compound. In addition, the intense diffrac-
tion peak at d~0.71 nm (2h~12.40u), which is close to the
basal spacing of VOPO4?2H2O (0.74 nm) and is overlapped by
the second-order peak of the 1.40 nm-phase (bilayer-type
intercalation compound), suggests the presence of deinterca-
lated VOPO4?nH2O. The IR spectrum of this sample (Fig. 5b)
shows that the absorption bands due to acrylamide are weak

Fig. 4 XRD patterns of the samples obtained after the exfoliation of
the bilayer-type and monolayer-type VOPO4–acrylamide intercalation
compounds in 1-butanol: (a) unwashed powder recovered from the
bilayer-type intercalation compound exfoliated in 1-butanol by
evaporating the solvent, (b) sample (a) after washing with n-heptane,
(c) residual solid deposited in the suspension, and (d) powder recovered
from the monolayer-type intercalation compound exfoliated in
1-butanol. Circles indicate diffraction peaks due to acrylamide.

Fig. 5 IR spectra of the samples obtained after the exfoliation of the
bilayer-type and monolayer-type VOPO4–acrylamide intercalation
compounds in 1-butanol: (a) powder recovered from the bilayer-type
intercalation compound exfoliated in 1-butanol by evaporating the
solvent and subsequent washing with n-heptane, (b) residual solid
deposited in the suspension, and (c) powder recovered from the
monolayer-type intercalation compound exfoliated in 1-butanol.
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relative to those of the initial bilayer-type VOPO4–acrylamide
intercalation compound. The composition of the sample was
estimated from CHN analysis as (CH2LCHCONH2)0.8-
VOPO4?nH2O (C: 12.1%, H: 2.4%, N: 4.8%). These results
indicate again that a certain amount of acrylamide is
deintercalated from the initial intercalation compound which
was dissolved in 1-butanol during the alcohol treatment.

Treatment of the bilayer-type VOPO4–acrylamide intercala-
tion compound with 2-butanol gave results essentially the same
as those observed for the 1-butanol treatment. The intercala-
tion compound was partially and stably dispersed in 2-butanol,
and the bilayer-type intercalated structure was reconstructed.
Partial deintercalation of acrylamide was also observed as in
the case of the treatment with 1-butanol.

We observed a remarkable difference between the initial and
reconstructed intercalation compounds in their morphology.
This morphological change occurred in both 1- and 2-butanols.
The SEM image of the intercalation compound reconstructed
from the exfoliated layers, shown in Fig. 6a, exhibits aggregates
of small flakes which are much smaller than the plate-like
particles of the initial intercalation compound (see Fig. 3b).
However, this morphological change was observed only for the
samples reconstructed from the supernatant; the powders
which settled out after the butanol treatments almost retained
the size and plate-like shape of the initial intercalation
compound (Fig. 6b).

Therefore, we conclude that the bilayer-type VOPO4–
acrylamide intercalation compound is (partially) exfoliated in
butanols. The platelets of the initial intercalation compound
are cracked and cleaved during the butanol treatments into
small flakes, which are stably dispersed into the solvents; the
intercalation compound exfoliated in butanols should be
present as small and thin (probably nm thickness) layers.
The small flakes are reconstructed into the intercalation
compound by evaporating the solvent, but form aggregated
particles which are morphologically different from the initial
intercalation compound. In contrast, the residual large plate-
like particles of the intercalation compound which avoided the
cleavage process cannot be exfoliated in the solvents, and thus
the unexfoliated solid retains the morphology of the initial
intercalation compound. This exfoliation–reconstruction pro-
cess is schematically represented in Fig. 7.

Exfoliation of the monolayer-type VOPO4–acrylamide
intercalation compound

The monolayer-type VOPO4–acrylamide intercalation com-
pound was exfoliated in 1- and 2-butanols, similarly to the
bilayer-type intercalation compound. Stable green superna-
tants were obtained when the monolayer-type VOPO4–
acrylamide intercalation compound was treated with butanols,
suggesting exfoliation of the monolayer-type intercalation
compound. However, this behavior was not absolutely the
same as the exfoliating behavior of the bilayer intercalation
compound; the difference was evidenced by XRD measure-
ments of the solution phase dried by evaporating the solvent
and washed subsequently with n-heptane.

The XRD pattern of the powder sample recovered from the
suspension of the monolayer-type intercalation compound in
1-butanol, shown in Fig. 4d, resembles that of the unexfoliated
solid of the 1-butanol-treated bilayer-type intercalation com-
pound, rather than that of the reconstructed material obtained
from the exfoliated part. The diffractogram indicates the
presence of the bilayer-type intercalation compound by a peak

Fig. 6 SEM images of the samples obtained after the exfoliation of the
bilayer-type and monolayer-type VOPO4–acrylamide intercalation
compounds in 1-butanol: (a) powder recovered from the bilayer-type
intercalation compound exfoliated in 1-butanol by evaporating the
solvent and washing with n-heptane, (b) residual solid deposited in the
suspension, and (c) powder recovered from the monolayer-type
intercalation compound exfoliated in 1-butanol.

Fig. 7 Schematic representation of the exfoliation–reconstruction
process of the VOPO4–acrylamide intercalation compounds.

1862 J. Mater. Chem., 2001, 11, 1858–1863



at d~1.42 nm (2h~6.22u) as well as the monolayer-type
intercalation compound (d~0.91 nm) and deintercalated
VOPO4?nH2O (d~ 0.71 nm). This fact indicates that both
deintercalation and re-intercalation dynamically occur in the
suspension containing the exfoliated intercalated layers. As a
result, the exfoliated monolayer-type VOPO4–acrylamide
intercalation compound would disproportionately form the
three types of product after the exfoliation–reconstruction
process. This structural alteration was not observed for the
solid unexfoliated during the 1-butanol treatment; its XRD
pattern indicated the presence of both the monolayer-type
intercalation compound and VOPO4?2H2O.

Powder samples reconstructed from the suspensions of
exfoliated layers of the monolayer-type VOPO4–acrylamide
intercalation compound were morphologically different from
the intercalation compound before exfoliation, as in the case of
the exfoliated bilayer-type intercalation compound. The SEM
image of the reconstructed sample, shown in Fig. 6c, exhibited
aggregated flakes which are observed for the sample after
reconstruction of the exfoliated monolayer-type intercalation
compound. In contrast, the unexfoliated samples retained the
plate-like morphology of the initial monolayer-type intercalation
compound (photographs not shown). Such morphological
alteration was essentially the same as that observed for the
bilayer-type intercalation compound, suggesting that exfoliation–
reconstruction of the VOPO4–acrylamide intercalation com-
pound proceeds independently of the interlayer orientation of
acrylamide molecules through the process represented in Fig. 7.

We additionally note that the morphological alteration
during the exfoliation–reconstruction of the VOPO4–acryl-
amide intercalation compounds in butanols is somewhat
similar to that observed in the preparation of VOHPO4?0.5H2O
from VOPO4?2H2O by reduction using alcohols.22,35 It has
been reported that VOPO4?2H2O can be reduced by several
alcohols to VOHPO4?0.5H2O which is morphologically
characterized by ‘‘rose-like’’ aggregates. The rose-like particles
consist of small flaky platelets, which are comparable with the
flaky aggregated particles observed in this study. The alcohols
have been presumed to be incorporated into the structure of
VOPO4?2H2O; they work as templates during the reduction
process to determine the morphology of VOHPO4?0.5H2O.22

Our results strongly suggest that interlayer reactions of
VOPO4?2H2O with alcohol play an important role in the
morphological change during the reduction.

Conclusions

The present study demonstrates that the reaction of
VOPO4?2H2O with acrylamide expands the interlayer space
of the oxide to form two types of VOPO4–acrylamide
intercalation compound with different orientations of the
intercalated guest species, and that both the intercalation
compounds are exfoliative in alcohols. The exfoliation of
VOPO4 layers occurs together with partial deintercalation
while the exfoliated layers can be reconstructed to the
intercalation compound or VOPO4?2H2O by removal of the
solvents. The morphology of the reconstructed samples,
characterized by aggregated particles of small flakes, is very
different from that of the sample before exfoliation. Such
morphological alteration is a characteristic of the exfoliation
process of layered compounds, as has been observed for other
materials.36 This property should be useful for preparing novel
microstructurally modified V–P oxide materials. In addition,
the morphological similarity between the reconstructed sam-
ples obtained in the present study and the previously reported
rose-like particles of VOHPO4?0.5H2O should give a new
insight to the formation of the important catalyst precursor
VOHPO4?0.5H2O.
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