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Micro- and nanostructured layered-kagome zinc orthovanadate
Baan(V04)2(OH)z

Bachchar Hadrane, Philippe Deniard, Nicolas Gautier, Michael Paris, Christophe Payen* and Rémi
Dessapt*

Pure micro- and nanocrystalline powders of the layered-kagome zinc orthovanadate BaZns(VOs)2(OH). have been
successfully prepared and thoroughly characterised. Microstructured samples (BaZns-MPs) have been produced by
hydrothermal reaction using synthetic martyite ZnsV,07(OH)2-2H0 as starting reagent. Nanoparticles (NPs) with an average
size of = 60 nm (BaZns-NPs-7h) or = 50 nm (BaZns-NPs-25min) have been obtained by using a coprecipitation method at
ambient pressure, and by varying stirring time. Rietveld refinements of X-ray diffraction data indicate that micro- and
nanostructured BazZns(VOa),(OH), both crystallize in a R3m structure very similar to that of the known layered-kagome
compound BaCos(VOa)2(OH).. Transmission electron microscopy observation of BaZns-NPs-7h and BaZns-NPs-25min reveals
crystallized NPs with homogenous distributions of Ba, Zn, and V elements. FT-IR and Raman spectra show subtle differences
between micro- and nanostructured samples which can not be linked to any differences in the average crystal structures.
The high resolution *'V MAS NMR spectrum of BaZns-MPs shows a single isotropic line attributed to VO4* groups with Csy
point group. The spectra of the nanostructured samples reveal the presence of a weak additional signal which decreases in
intensity with increasing the NPs size, and which has been tentatively assigned to the presence at the surface of the NPs of
a small amount of V°* ions in a different chemical environment. Nanostructuring also impacts the optical properties of
BaZns(V04)2(OH)2. The UV-vis absorption spectra of NPs exhibit an additional weak transition in the visible domain which is
not observed for the microstructured sample.

Introduction

Orthovanadate (VO,*) and pyrovanadate (V,0,*) groups are
robust self-assembling units to arrange 3d transition metal ions into
various lattices such as layered triangular,® honeycomb,?® or
kagome*> lattices. Among them, layered-kagome materials
containing divalent Cu, Co, Ni, and Zn ions offer a large variety of
compositions and structures.®1° They have been intensively
investigated these last years due to their high relevance in many
domains connected to materials science including quantum
magnetism,>*-13  visible-light driven photocatalysis,’*!> gas
sensing,'® biosensing,'”!® and energy storage.’®?2 In particular, the
family of orthovanadates BaM;(VQ,),(OH), with M = Co, Ni, Cu has
received high attention essentially because they feature kagome
lattices of magnetic M?* centers well separated by nonmagnetic
VO3> and Ba? ions. Therefore, these compounds can host exotic
guantum magnetic states such as quantum spin liquids. However,
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very little attention has been paid to their physicochemical
properties and to those of their nanostructures including the optical
or photocatalytic ones. BaMs3(VO4)2(OH), materials contain edge-
sharing distorted [MO4(OH),] octahedra assembled into formal
M30g(OH), depleted brucite-like layers in the (ab) plane. As an
example, the typical crystal structure of BaCos(VOs)2(OH),
(rhombohedral, R3m space group) is shown in Fig. 1.22 The M?* site
deficiencies are capped on both sides by VO4> groups. The layers are
stacked along the c-axis, so that the p3-OH groups are involved in H-
bonding interaction with the terminal oxo ligand of the VO, groups
of neighboring layers. Micro- and nanocrystalline powders of the
synthetic analogue of the copper mineral vesignieite
BaCus(VO4)2(OH), (monoclinic, C2/m space group) were intensively
investigated.*>?4%> This S = 1/2 kagome antiferromagnet shows a
Weiss temperature 8 = -80 K. Micropowder samples of
BaNi3(VO4),(OH), (monoclinic, C2/m space group) were then
prepared by Freedman et al.?® This frustrated S = 1 magnet exhibits
a glassy transition at 19 K. Very recently, Li et al. reported the
synthesis and magnetic characterisation of nanoparticles (NPs) of
BaNi3(VO4),(OH), which crystallize in the R3m space group.?’ Their
magnetic properties are very different from those of the
micropowder. The first synthesis of BaCosz(V04),(OH), was reported
by Dordevic et al.?3 Its crystal structure was solved from small single
crystals obtained under hydrothermal conditions in a mixture of
other impurities. The high-spin d” Co? ions form a regular kagome
network, and recently, we identified this compound as a possible
quantum magnet with spin—orbit coupling.?® We reported the



synthesis and the magnetic properties of pure quasi-spherical and
highly crystalline NPs of BaCos(VQ,),(OH), with size in the range of
9-25 nm, by a simple coprecipitation method at ambient pressure,
using Ba(CH3COO)2, Co(NOs)2:6H20, and NH4VOs3 as starting
reagents.?® The same year, Haraguchi et al. prepared hydrothermally
microcrystalline BaCos(VO,),(OH), powders from a mixture of
Ba(OH);-8H,0, CoCl,-2H,0, and NH4V03.2° More recently again, we
obtained pure microplatelets of BaCos(VO,;),(OH), with variable
crystallite size, by an alternative hydrothermal route, starting from
microstructured synthetic karpenkoite CosV,07(OH),-2H,0 as a
precursor.30 Strikingly, to the best of our knowledge, the Zn analogue
of vesignieite has not been studied so far. Very recently,
BazZn3(VO4)2(OH); has been mentioned as a nonmagnetic reference
compound available for evaluating the lattice specific heat of
BaNi3(VO4)2(OH); NPs,?” but no structural or physicochemical
characterisation data have been provided.

In this work, we report on the synthesis of pure NPs and
microplatelets of BaZns;(VO,4)2(OH), using synthetic routes we
previously implemented to obtain nano- and microstructured
BaCos(VO4),(0OH), samples.?®3° Microplatelets of BazZns(VO4),(OH),
(hereafter labelled as BaZns MPs) have been obtained via
hydrothermal treatment of Zn3V,07(OH);-2H,0, which is the
synthetic analogue of mineral martyite,® in Ba(CHsCOO), aqueous
solution. Nanostructured samples with two distinct particle sizes
(hereafter labelled as BaZnz NPs-25min and BaZns NPs-7h) were
synthesised, via a coprecipitation method, by varying stirring time.
All compounds have been fully characterised using X-ray diffraction
(XRD), FT-IR, Raman, UV-vis, >V MAS NMR spectroscopies, scanning
electron microscopy (SEM), transmission electron microscopy (TEM),
and energy-dispersive X-ray spectroscopy (EDS) with or without
elemental mapping.

Fig. 1 Crystal structure of BaCos(V0)2(OH)..2* (a) View of the (bc) plane.
(b) View along the c-axis showing a fragment of a kagome layer of edge-
sharing CoO4(OH). octahedra. Grey octahedra: CoOs, blue tetrahedra:
VOs4, red sphere: oxygen, green sphere: barium, white sphere:
hydrogen. Hydrogen bonds are displayed as black dashed lines.

Experimental
Synthesis of micro-crystalline BaZn3(VO,),(OH),

BaZnsz MPs was synthesized in a reproducible manner under mild
hydrothermal conditions using a combination of zinc pyrovanadate
Zn3V,07(0OH),-2H,0 and aqueous barium acetate solution. First,
Zn3V,07(0OH),-2H,0 was obtained as a microcrystalline powder by a
coprecipitation method at ambient pressure. An aqueous solution (4
mL) of ammonium metavanadate NH4VO3 (0.117 g - 1 mmol) was
added slowly to an aqueous solution (12 mL) of Zn(NOs),-6H,0
(0.446 g — 1.5 mmol) at 90 °C under vigorous magnetic stirring,
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leading to immediate precipitation of a white solid. The pH was
adjusted to 8 by adding manually NH; (6 M), and the slurry was
stirred at the same temperature for 3 hours. The mixture was then
sealed in 23 mL Teflon-lined autoclave and was heated at 120 °C for
1 day. The autoclave was cooled to room temperature, and after
filtration, the obtained powder was washed with water and ethanol
and dried in air at room temperature. Yield in Zn = 89%. Then, 0.1 g
(2.08 10 mmol) of the as-prepared ZnsV,0,(0OH),-2H,0 was
introduced into an aqueous solution (10 mL) of barium acetate
Ba(CH3C00), (0.079 g - 3.12 10 mmol). The mixture was stirred for
a few minutes under moderate heating and sealed in 23 mL Teflon-
lined autoclaves, which were then heated from room temperature to
200 °C at a rate of 1 °C/min and left for 24 hours in autogenous
pressure conditions. The autoclave was cooled to room temperature
also at a rate of 1 °C/min. After filtration, the obtained white powder
was washed with water and ethanol, and dried in air at room
temperature. Yield in Zn = 85%.

Synthesis of nanocrystalline BaZn3(VO,),(OH),

BaZnz NPs-7h was prepared by using a simple coprecipitation
method in ambient pressure. An aqueous solution (4 mL) of
Ba(CH3C0O0); (0.17 g — 0.667 mmol) was added slowly to an aqueous
solution (6 mL) of Zn(NO3),-6H,0 (0.298 g — 1 mmol) and NH;VO3
(0.078 g — 0.667 mmol) at 90 °C. The pH was adjusted to 8 by adding
manually NH; (6M), and the mixture was maintained under vigorous
magnetic stirring for 7 h. After filtration, the obtained yellowish-
white powder was washed with water and ethanol, and dried in air
at room temperature. A second batch of BaZns3(VO4),(OH), NPs
(hereafter labelled as BaZnz NPs-25min) was obtained according to
a similar synthesis procedure, except for the stirring time which was
limited to 25 min. Yields in Zn were 47% and 93% for
BaZnz NPs-25min and BaZns; NPs-7h, respectively.

Characterisation Methods

SEM images and EDS spectra were obtained with a JEOL JSM
7600F and JEOL JSM 5800LV scanning electron microscopes,
respectively. EDS analyses were carried out on thin pellets for
BaZn; MPs. XRD measurements were performed on a D8 Bruker
diffractometer employing the CuK-L3 radiation (Ge (111)
monochromator) and a Lynxeye 1D detector in the 5-110° 26
interval, with 0.014° steps of 3 s each. Structure refinements
were carried out with the Jana2020 software,3! using the
Rietveld procedure with the fundamental parameter
approach.32 This approach makes possible the deconvolution of
the X-ray line profile diffractometer without the need for a
standard: X-ray energy dispersion and optics in one hand and
the specimen itself in the other hand. The estimated standard
deviations were calculated in agreement with the procedure
reported by Berar et al.3® Nitrogen volumetric measurement
treated by the Brunauer-Emmett-Teller (BET) approaches were
recorded on a micrometrics ASAP 2010 device. Fourier
transform infrared (FT-IR) spectra were recorded at room
temperature, using the conventional transmission technique in
KBr-pellets, in the 4000-400 cm™ range on a BRUKER Vertex
equipped with a computer control using the OPUS software.
Room-temperature Raman spectra were collected under
microscope in backward scattering configuration using a
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Renishaw InVia spectrometer and the 514 nm line of an argon
ion laser. The laser probe diameter at the sample surface was
approximately 2 um. The laser power was reduced to about 0.1
mW to avoid sample heating. Two edge filters were used to
filter the Rayleigh line intensity, allowing measurements above
100 cm™L. Spectra were recorded at 2 cm™ resolutions over the
wavenumber range -20-1900 cm™, with 10 scan accumulation
(with 10 s as exposure time per scan). Scanning transmission
microscopy and EDS mapping were performed with a Themis Z
G3 (Thermo Fisher Scientific) operated at 300 kV. NPs were
dispersed in ethanol using ultrasonication and then deposited
on a gold grid covered with a thin carbon film. Electron
diffraction patterns were compared to those simulated using
the JEMS software (https://www.jems-swiss.ch/). Diffuse
reflectance spectra were collected at room temperature on a
finely ground sample with a Perkin-Elmer Lambda 1050
spectrometer equipped with a 150 mm diameter integrating
sphere coated with Spectralon®, a highly reflecting
fluoropolymer. Diffuse reflectance was measured from 250 to
850 nm with a 2 nm step using Spectralon® as reference (100%
reflectance). The reflectance data were treated by a Kubelka-
Munk transformation3* to determine the absorption thresholds.
51V MAS (Magic Angle Spinning) NMR spectra were acquired on
a 500 MHz Bruker spectrometer equipped with a 2.5 mm MAS
probe. We used a single w/15 pulse excitation with a
radiofrequency field of 110 kHz. MAS frequency was set to 20
kHz and the delay between scans to 1 s. Baseline were corrected
using the tool developed by Yon et al3® Spectra were
referenced with respect to VOCI3; by using Na3VO, as a
secondary reference at -545 ppm.3©

Results and discussion

First, a Rietveld refinement of the XRD pattern of the
Zn3V,07(0OH),-2H,0 powder sample which was used as starting
reagent for the synthesis of BaZn3 MPs was successfully
performed using the published P3m structural model.3” The
final Rietveld plot is shown in Fig. S1, ESIt, and the refined
structural parameters are gathered in Table S1, ESIT. The
refined crystallite size is 109(2) nm. The microplatelet
morphology of Zn3V,07(0OH),-2H,0 was well evidenced by SEM
(Fig. S2, ESIt).

Then, the purity and crystallinity of the micro- and
nanostructured BaZns(VO,)2(OH), samples were confirmed by
XRD analyses at room temperature. Since XRD patterns
compared well with ICSD card no. 236321 for BaCosz(VO4),(0OH),,
all patterns were refined starting from the published R3m
structural model.?® Final Rietveld plots for BaZzns; MPs and
BaZnz NPs-7h are shown in Fig. 2. Fig. S3, ESIT displays the
Rietveld plot for BaZnsz NPs-25min. Refined structural
parameters and crystallite sizes of BaZns MPs, BaZns NPs-7h,
and BaZnz NPs-25min are listed in Table 1, Tables S2 and S3,
ESIt, respectively. Principal bond lengths for all samples are
given in Table S4, ESIt. The refined crystallite size is of 185(5)
nm for BaZns MPs. These results indicate that this compound is
isostructural with BaCos(VO4,),(OH),,232%30 the crystal structure
of which has been described in the introduction and presented
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in Fig. 1. Ba atoms have 12-fold coordination with 6 short Ba-02
=2.81 A (Fig. S4, ESIt), and 6 six long Ba-O1 = 3.45 A distances.
Zn and V atoms reside on site of 2/m and 3m symmetry,
respectively. Zn02,03; octahedra and V02301 tetrahedra are
distorted (Fig. S4, ESIT). The Zn atoms are coordinated to four
equatorial oxygen atoms, with Zn-02 = 2.23 A, and two axial
03-H hydroxide ligands, with Zn-O3 = 1.95 A. Within the
orthovanadate group, the V-O1 bond (V-O1 = 1.67 A) is stronger
than the V-02 bond (V-02 = 1.71 A), so that the VO, unit adopts
a Gsy point group. BaZnz NPs-7h exhibits anisotropic crystallite
sizes of 26.0(8) nm along the c-axis, and of 37(2) nm
perpendicular to the c-axis. For BaZnz NPs-25min, crystallite
sizes are 13.1(4) nm along the c-axis, and 19.3(1) nm
perpendicular to the c-axis. As expected, the crystallite size
increases with stirring time.
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An important outcome of our Rietveld refinements is that the
average crystal structure is not affected by the synthesis route
or by the crystallite size. This can be seen in Tables S2 and S3,
ESIT, which gather cell parameters and atom positions for
BaZns NPs-7h and BaZns NPs-25min, and in Table S4, ESIt,
which gives the main interatomic distances for BaZns MPs and
for the two nanostructured samples. Taking into account the
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uncertainties, the individual and mean Ba-O, Zn-O, and V-O
bond distances do not change when the crystallite sizes
decrease.

Table 1 Structural parameters, final agreement factors, and crystallite
sizes for BaZnsz MPs.

S.G. R3m : a (A) =5.9732(2), ¢ (A) = 20.9890(6)
Cryst. Size = 185(5) nm
Uiso Equiv
Atom X Y z SOF ( AZ)
Ba: 2/3 1/3 5/6 1 0.060(2)
Zn; 5/6 2/3 2/3 1 0.050(3)
Vi 1/3 2/3 0.7555(3) 1 0.041(3)
O 1/3 2/3 0.8349(9) 1 0.041(3)
0. 0.491(2) 0.509(2) 0.7313(4) 1 0.041
[} 1 1 0.7098(11) 1 0.041
Hi1 1 1 0.7494* 1 0.008*
GOF=1.81, Rp=8.31, and Rwp=11.34
Ui U2 Us3 U1 Uiz Uz
Bai| 0.076(3) 0.076 0.029(3) 0.038(2) 0 0
Zni| 0.054(3) | 0.053(4) | 0.044(3) 0.026(2) -0.001(2) -0.002(3)
Vi | 0.046(4) 0.046 0.033(4) 0.023(2) 0 0

*not refined

The particle shapes and sizes of BaZnz MPs, BaZn; NPs-7h and
BaZn; NPs-25min were initially revealed by SEM (Fig. 3).
BaZn; MPs consists of microplatelets with sizes in the
approximate range of 0.5-10 um (Fig. 3(a) and 3(b)). Zn/Ba,
V/Ba and Zn/V elemental ratios were determined by SEM-EDS
analyses (Fig. S5, ESIT) and were equal to 3.2(2), 2.1(2) and
1.5(1), respectively, in good agreement with the expected ones.
The microstructured powder exhibits a very low specific surface
area of about 3.2 m? g~! which compares well to that observed
for microplatelets of BaCosz(VO4)2(OH), (2.2 m? g™) that we
recently elaborated by a similar hydrothermal procedure.®
BaZn; NPs-7h and BaZnz NPs-25min are composed of NPs with
size distribution in the range of 40-70 nm (Fig. 3(c) and 3(d))
and of 35-80 nm (Fig. 3(e) and 3(f)), respectively. As expected,
the specific surface areas of BaZnz NPs-7h (20.7 m? g™!) and
BaZnz NPs-25min (11.9 m? g!) nanopowders are higher than
that of BaZns MPs. These values are smaller than that recently
reported for BaCosz(VO4)2(OH), NPs (61 m? g71) with a smaller
average particle size of = 20 nm.?® The rather low specific
surface area for BaZn; NPs-25min is likely explained by the
formation of aggregates, which are assemblies of primary
particles with size distribution in the range of 35-80 nm
(Fig. 3(e)). For BaZn3 MPs-7h, an average particle diameter (d)
can be calculated from the specific surface area (S) using the
formula d(nm) = 6.103/[p(cm3/g)xS(m?/g)], where p is the
density deduced from Rietveld refinement. It yields d = 63 nm,
consistent with the particle size histogram deduced from SEM
(Fig. 3(d)). Next, BaZn3 NPs-7h and BaZnz NPs-25min were
characterised by STEM (Fig. 4 and Fig. S6, ESIt). STEM images
confirmed the SEM observation of size and shapes, and revealed that
NPs are well crystallized. For both samples, FFT diffraction patterns
have been indexed using the R3m model derived from the Rietveld
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refinements of XRD data. EDS mapping analyses for Ba, Zn, V (Fig. S7
and S8, ESIT) indicate homogeneous distributions of these elements.
The calculated Zn/Ba, V/Ba and Zn/V elemental ratios were found to
be 2.8(1), 2.3(4), and 1.2(2), respectively.

40 60 80 100
Diameter (nm)

0 .

50

- 40

e

330

o

40 60 80 100
Diameter (nm)

Fig. 3 SEM images of (a, b) BaZns MPs, (c) BaZns NPs-7h, and (e)

BaZns NPs-25min. Particle size histograms for (d) BaZnsz NPs-7h and (f)

BaZnz NPs-25min.

e

20 _nm

Fig. 4 (a,b) TEM images of representative BaZns NPs-7h at different
maghnifications. Reticular planes are visible in (b). (c,d) FFT diffraction
pattern along the [001] zone axis from the region marked out by the
white rectangle in (c). Global indexing in (d) was obtained using the
structural model deduced from XRD (Table S2, ESIT).

In order to probe the local structures, the micro- and nanostructured
compounds were characterised by FT-IR and Raman spectroscopies
(Fig. 5). The FT-IR spectrum of BaZns; MPs (Fig. 5(a)) shows four
intense bands at 970, 934, 802 and 741 cm™ which have been
assigned to the stretching modes of orthovanadate VO,* groups with

This journal is © The Royal Society of Chemistry 20xx
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Csy point group,3® probably coupled with V-O-Zn modes. A less
intense band at 513 cm™ has been attributed to a Zn-O stretching
mode. The broad band at 2963 cm can be assigned to the stretching
mode of the pu3-OH groups of the kagome layers, while the very weak
broad band at 3451 cm™ characterises vVOH stretching modes of
traces of adsorbed water molecules. The weak band at 1867 cm™
may be assigned to combination and overtone modes. Interestingly,
the FT-IR spectra of BaZns; NPs-7h and BaZns NPs-25min are very
similar to each other, but exhibit significant differences with that of
BaZnz MPs. Indeed, in the range of 4000-2000 cm?, the broad band
relative to VOH stretching modes of water molecules at 3450 cm™ is
much more intense for BaZnz NPs-7h and BaZns NPs-25min, and a
weak band at 1634 cm™ relative to the HOH bending modes is also
clearly distinguishable. This is well consistent with an expected
increase in amount of adsorbed water at the surface of the
nanostructured samples. Moreover, the IR signature of the layered-
kagome orthovanadate is also impacted by nanostructuring. The V-O
and V-O-Zn modes are characterised by four bands at 970, 905, 791,
and 758 cm?, and the stretching mode of the p3-OH groups is shifted
to 2974 cm™. In contrast, the energy of the Zn-O stretching mode
(513 cm™) is similar to that observed for BaZnz MPs. Let us notice
that the IR spectra of the BaZn;(V0O,),(OH), compounds are perfectly
comparable with those of the micro- and nanostructured samples of
their Co analogues.?®3% These differences in vibrational spectroscopy
signatures between micro- and nanostructured BaMs(VOy,),(0OH), (M
= Zn, Co) cannot be explained by differences in the average crystal
structures as determined by Rietveld refinements of XRD data.

Attribution of vibrational Raman bands of BaZnsz MPs (Fig. 5(b))
have been tentatively done by comparison with the Raman
signatures of reported BaMs(VO;)2(OH), (M = Cu,3® Co?®) samples.
BaZn; MPs exhibit two intense bands at 883 and 807 cm™ and two
much less intense ones at 969 and 717 cm, relative to the v;
symmetric and v3 antisymmetric stretching modes of the
orthovanadate units with Cs, point group. The weakly intense band
at 470 cm™ could be ascribed to the vs (VO4)3~ antisymmetric
bending modes, and the two other more intense bands at 360 and
322 cm™ have been assigned to the v, symmetric bending modes.
Noticeably, the broadening of the Raman peaks increases with
decreasing the particle size, indicating that the Raman signature
profile of BaZn3(VOa4),(OH), is strongly impacted by nanostructuring,
in perfect agreement with what we recently observed for micro- and
nanostructured BaCos(VO4),(OH), samples.?830

High resolution >V MAS NMR spectroscopy was also used as a
local probe of the crystal structure. Fig. 6 shows the NMR spectra of
BaZnz MPs, BaZnz NPs-7h, and BaZn; NPs-25min. As expected from
the crystal structure, a single isotropic line is observed for
BaZnz MPs. Its position at -546 ppm is within the range of isotropic
chemical shifts usually observed for orthovanadate groups.3®

For BaZn; NPs-7h and BaZnz NPs-25min, a strong signal at the same
position is also observed, confirming the same environment for VO,
groups in both micro- and nanoparticles, in agreement with XRD
results (see above). The comparison of the three spectra echoes
what is observed by Raman spectroscopy i.e., linewidths increase as
the particle size decreases (see inset in Fig. 6).

This journal is © The Royal Society of Chemistry 20xx
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Fig. 5 Comparison of (a) FT-IR and (b) Raman spectra of BaZns MPs
(black line), BaZnsz NPs-7h (red line), and BaZns NPs-25min (blue line).

Moreover, the spinning side bands manifolds stemming from
51y satellite transitions expand farther for nanoparticles. Hence,
the nanoparticles appear less well-crystallized than
microparticles, but still homogeneous. If not, the spectra of the
nanoparticles would present the superimposition of two lines,
one broad and one thin, revealing then a core-shell structure.
For BaZns NPs-7h and BaZns; NPs-25min only, an additional
weak line around —566 ppm is observed. However, the weak line
is broader than the main one, and the associated quadrupolar
coupling constant (Cq) is also larger (as shown by the inspection
of the outermost spinning side bands). This suggests that a small
amount of vanadium ions is localized in a more distorted
environment. Finally, the ratio between the weak line and the
main line is larger for BaZnz NPs-25min than for BaZns NPs-7h.
In addition, the ratio does not change after washing the
nanostructured samples several times with water and ethanol.
Therefore, we have tentatively attributed the weak and broad
signal around -566 ppm to the presence at the surface of the
NPs of V>* ions in a chemical environment different from that of
the bulk.
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Fig. 6 °*V MAS NMR spectra of BaZns MPs (black line), BaZns NPs-7h (red line),
and BaZns NPs-25min (blue line). Insert represents an enlargement of the
isotropic chemical shift lines around -566 ppm and -546 ppm (indicated by
black arrows) showing different broadening.

Since the color of micro- and nanocrystalline BazZn3(VO,),(OH)>
differ, their solid-state absorption properties were investigated by
diffuse reflectance spectroscopy. Fig. 7 shows the Kubelka-Munk
transformed reflectivity spectra of BaZns; MPs and BaZn; NPs-7h.
BaZn; NPs-25min shows the same behaviour as that of BaZns
NPs-7h. The intense absorption bands in the range of 250-350 nm
can be ascribed to mixed O—V and O—Zn ligand-to-metal charge-
transfer transitions.*® Optical band gap (Eg) energies are 3.56 eV,
3.55 eV, and 3.54 eV for BaZnz MPs, BaZns; NPs-7h, and
BaZnz NPs-25min, respectively. Unlike in BaZns MPs, a weak
absorption band shows up in the visible region for the NPs,
consistent with their slight colouring shown in the inset of Fig. 7,
which is maintained even after washing the samples several times
with water and ethanol. Let us notice that this colour is consistent
with that previously mentioned for a powder with an unknown
particle size.?”

% (nm)
300 400 500 600

Absorption (a. u.)

T -
45 4.0 35 3.0 25 20
hv (V)

Fig. 7 Kubelka—Munk transformed reflectance spectra of BaZns MPs
(black line) and BaZns NPs-7h (red line). The blue dashed lines denote the
linear parts of the plots, which are extrapolated to the x-axis. Inset:
Photographs of the corresponding powdered samples.
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It is tempting to ascribe this additional absorption band to
nanostructure-induced V°* species that yield the weak additional line
in the >V NMR spectra (see above). However, at this stage of our
study, there is no evidence to support such an assumption. The
nanostructure-induced optical absorption could also be ascribed to
the presence of defects or pending bonds of unknown origin.

Conclusions

In summary, we successfully elaborated micro- and
nanocrystalline powders of the layered-kagome
BaZn3(V04)2(OH), compound which completes well the series
already known for M = Cu, Co, and Ni. As for its Co and Cu
analogues, microplatelets of BaZn3(VO4),(OH), could be
prepared using the layered-kagome pyrovanadate
ZnV,07(0H),-2H,0 as starting reagent. NPs of BaZn3(VO,)>(OH),
with two distinct particle sizes were also obtained using a
coprecipitation method similar to that earlier used for
elaborating nanostructured BaCos(VO4)2(OH),. Microstructured
BaZn3(V0O4)2(OH), is isostructural with BaCos(VOg4)2(OH),.
Average crystal structures of micro and nanostructured
BaZn3(VO4)2(OH), as revealed by XRD are the same within error.
Nonetheless, differences in local structures due to
nanostructuring have been evidenced by FT-IR, Raman and >V
MAS NMR spectroscopies. In particular, the nanostructured
powders contain small amount of V>* ions in a chemical
environment which differs from distorted VO,3 tetrahedra with
Csy point group, as observed in the bulk sample.
Nanostructuring also induces optically active defects which
significantly = modify the  absorption  properties of
BaZn3(V0O4)2(OH),. Finally, considering that the crystal
structures of BaZn3(VO4)2(OH), and of its Cu, Co, and Ni
counterparts are topologically similar, our works open the
possibility of elaborating new solid solutions with highly tunable
photophysical and magnetic properties.
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