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Microplatelets of the layered-kagome compound BaCos(VOa)2(OH)2, which is the Co** analogue of mineral vesignieite

BaCus(V0a.)2(OH)2, have been prepared with very high yield by hydrothermal reaction using synthetic karpenkoite
Co3V207(0OH)2.2H.0 as starting reagent. The Rietveld refinement of X-ray diffraction data indicates that CosV,07(OH).-2H.0
is isostructural with martyite Zn3V,07(OH).-2H20. Two single-phased samples of microstructured BaCos(VOa)2(OH). have

been characterized using powder X-ray diffraction, FT-IR and Raman spectroscopies, thermal analyses, scanning electron

microscopy, energy-dispersive X-ray spectroscopy and magnetisation measurements. Their crystallite sizes perpendicular to

the c-axis are in the range of 92(3) to 146(6) nm and depend on the synthesis conditions. Results have been compared to

those previously obtained for quasi-spherical nanoparticles having a crystallite size of the order of 20 nm, to explore the

effect of the crystallite size on the properties of BaCos(VO4)2(OH)2. This study highlights that the magnetic properties depend

on the crystallite sizes only at low temperatures.

Introduction

The family of divalent transition-metal orthovanadates
BaM3(VOg4)2(OH),; where M = Co, Ni, Cu has received a good deal
of attention in the last two decades, essentially because their
crystal structures comprise kagome arrays of magnetic ions.*™14
Kagome compounds are of great interest due to their complex
and unusual magnetic behaviour resulting from geometric
frustration.’>% All three BaM3(V0O,);(OH), compounds have
similar crystal structures which are built up of M30g(OH);
brucite-like layers.171218 These layers are formed from edge-
sharing MO4(OH), octahedra and are kept apart by VO,
vanadate groups and Ba?* ions. Fig. 1 gives a schematic
representation of the structure of the Co-based member
BaCos3(V0y)(OH),.1® The most studied compound is the
synthetic analogue of copper mineral vesignieite
BaCus3(VOy4)2(0OH),, which is a well-known spin-1/2 kagome
antiferromagnet with a Weiss temperature 0 = - 80 K.*™1! This
compound orders magnetically at Ty = 9 K, and a dynamic Jahn-
Teller effect persists below Ty indicating concomitant spin and
orbital frustration. The less-studied spin-1 nickel member
BaNi3(VO4)2(0OH), exhibits a glassy magnetic transition at low
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temperature.’> BaCosz(V04)2(OH),, which is the focus of this
work, was first obtained with moderate yield by hydrothermal
reaction, from a mixture of Ba(OH),-H,0, Co powder and V,0s.18
Its crystal structure was solved to be a rhombohedral R3m
system with regular kagome planes of edge-sharing CoO4(OH),
octahedra. However, only very small single-crystals were
obtained together with impurities, thus hindering further
investigations of their physical properties. Recently, we
reported a new soft-chemistry route to quantitatively obtain
pure quasi-spherical and highly crystalline nanoparticles (NPs)
of BaCosz(V0O4)2(0OH), with size in the range of 9-25 nm, by a
coprecipitation method at ambient pressure.’> We have
demonstrated that nanostructuring does not affect the crystal
structure even at the atomic scale. Magnetic susceptibility data
at high temperature (T > 150 K) are consistent with high-spin d”
Co?* ions in octahedral environment. This compound was
therefore identified as a candidate in the search for new
quantum  magnets with spin-orbit coupling.* No
superparamagnetic blocking temperature or spin-glass
transition were detected above 2 K, yet the magnetic behaviour
could be affected by finite-size or surface effects at low
temperature. Very recently, Y. Haraguchi et al. reported the
magnetic properties of polycrystalline samples produced via a
hydrothermal route that used Ba(OH),.8H,0, CoCl,.2H,0, and
NH4VOs as reagents.!* Magnetic measurements suggested that
bulk BaCosz(VO4)2(OH), possesses a canted antiferromagnetic
order below 2.7 K and behaves as an effective spin Jer = %
magnet at low temperatures. Analysis of powder X-ray
diffraction (XRD) data was performed using the published
structural model in ref.’® without refining any structural
parameters or determining crystallite sizes.



In this paper, we report an alternative synthetic strategy to
obtain microstructured BaCos(VO4)2(OH), via hydrothermal
treatment of CosV,07(OH);-2H,0, which is the synthetic
analogue of mineral karpenkoite,® in Ba(CH3COO), aqueous
solution. This synthetic route is inspired by previously published
works that reported the preparation of vesignieite
BaCus(V0O4)2(OH), by heating powders or crystals of volborthite
Cus3V,07(0OH),-2H,0 either at ambient pressure?® or under
hydrothermal conditions.®? Two polycrystalline
BaCos(V0O4)2(0OH), samples, hereafter labelled as BaCos-A and
BaCos-B, with crystallite sizes perpendicular to the c-axis of
146(6) and 92(3) nm, respectively, have been obtained by
varying the cooling rate during the hydrothermal synthesis. The
cooling rate also impacts the yield of synthesis. BaCos-A and
BaCos-B have been fully characterized using XRD, thermal
analyses, FT-IR and Raman spectroscopies, scanning electron
microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS),

and magnetisation measurements. Results have been
compared to those previously obtained for crystalline
BaCos3(V0O4)2(OH), NPs,®* to discuss the impact of

nanostructuring on the magnetic properties. We also provide
for the first time refined structural parameters deduced from a
Rietveld refinement of XRD data for CosV,07(OH),-2H,0, which
isostructural

unambiguously indicates that it s with

ZI’13V207(OH)2'2H20.

(a) (b)

Fig. 1 Crystal structure of BaCos(V0a)2(OH)..*® (a) Projection along the
[100] direction. (b) View along the [001] direction showing a fragment
of a kagome layer of edge-sharing CoOs4(OH), octahedra. Blue
octahedra: CoOs, green tetrahedra: VOa, red sphere: oxygen, yellow
sphere: barium, white sphere: hydrogen. Hydrogen bonds are displayed

as grey dashed lines.

Experimental
Synthesis

Cos3V,07(0OH);-2H,0 was first obtained as a microcrystalline
powder by a hydrothermal method derived from a reported
procedure.?! Powder samples of CosV,07(0OH);-2H.O were
characterized by XRD and SEM as described below. BaCos-A and
BaCos-B were then synthesized in a reproducible manner under
mild hydrothermal conditions. Co3V,07(OH),-2H,0 (0.1 g; 2.17
10" mmol) was introduced into an aqueous solution (10 mL) of
barium acetate Ba(CHsCOO), (0.089 g; 3.48 10 mmol). The
mixtures were 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
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1°C/min, and left for 24 hours in autogenous pressure
conditions. The autoclave was cooled to room temperature at a
rate of 15 °C/hour for BaCos-A, and of 60°C/hour for BaCos-B.
After filtration, the obtained light-brown powders were washed
with water and ethanol, and dried in air at room temperature.
Yields are 94% and 68% for BaCos-A and BaCos-B, 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.
X-ray diffraction 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 1.44s each. A total acquisition time
of about 3 hours was necessary to obtain patterns with a good
enough signal to noise ratio because of the fluorescence due to
the cobalt-containing samples. Structure refinements were
carried out with the Jana2020 software,?? using the Rietveld
procedure with the fundamental parameter approach.?3-2> This
approach makes possible the deconvolution of the X-ray line
profile diffractometer (X-ray energy dispersion and optics) and
the specimen itself without the need for a standard. Nitrogen
volumetric measurement treated by the Brunauer-Emmett-
Teller (BET) approaches were recorded on a micrometrics ASAP
2010 device. Thermogravimetric analysis (TGA) were performed
in flowing air at a heating rate of 5 °C min! on a SETARAM TG-
DSC 111 between room temperature and 800 °C. FT-IR spectra
were recorded at room temperature in the 4000-400 cm™range
on a BRUKER Vertex. Room temperature Raman spectra were
collected under microscope in backward scattering
configuration using a Renishaw InVia spectrometer and the 633
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™.. Spectra were recorded at 2 cm"
1 resolutions over the wavenumber range -20-1900 cm™, with 4
scan accumulation (with 10 s as exposure time). SQUID
magnetometers (Quantum Design, MPMS) were used to collect
temperature and field dependent dc magnetization data. The
susceptibility was defined as the ratio of the magnetization M
to the small applied field H = 100 Oe, x = M/H.

Results and discussion
Synthesis and Physicochemical Characterizations

BaCos3(V0O,),(OH), powdered samples have been prepared by
hydrothermal reaction of synthetic microcrystalline powders of
karpenkoite CosV,07(0OH),-2H,0 in a Ba(CH3COO), aqueous
solution. Noticeably, the cooling rate from 200°C to room
temperature significantly impacts the yield of the synthesis
which increases from 68% for BaCos-B to 94% for BaCos-A, by
decreasing the cooling rate from 60 °C/hour to 15 °C/hour.

The cobalt pyrovanadate Co3V,07(0OH),-2H,0 has been thought
to beisostructural to the synthetic analogue of mineral martyite

This journal is © The Royal Society of Chemistry 20xx
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Zn3V,07(0OH),:2H,0, based on the comparison of X-ray
diffraction patterns with JCPDS files no. 50-0570 or 87-0417 for
Zn3V,07(0H);,-2H,0.2%26 To our knowledge, however, no refined
structural parameters have been reported so far. This prompted
us to perform a Rietveld refinement of the XRD pattern of
Co3V,07(OH)>-2H,0 using the published P3m structural model
of Zn3V,07(0OH),-2H,0.%7 The final Rietveld plot is shown in
Fig. S1, ESIt. The refined structural parameters (Table S1, ESIt)
are very close to those previously reported for
Zn3V,07(0H),-2H,0, well demonstrating that both compounds
are isostructural. As for BaCosz(VO4)2(OH),, the structure of
Co3V,07(0OH),-2H,0 is built up of Co30¢(OH), kagome layers.
These layers are connected along the c-axis by pyrovanadates
groups, and water molecules occupy large cavities between the
layers (Fig. S2, ESIT). The refined crystallite sizes are in the range
of 162-354 nm perpendicular to [001]. A SEM image of a
representative microstructured sample of Co3V,07(OH),-2H,0
is given in Fig. S3, ESIt.

For BaCos(V0O,),(OH),, Ba/Co, Ba/V and Co/V elemental ratios
were determined by EDS analyses (Fig. S4, ESIT) and were equal
to 0.33, 0.50 and 1.48, for BaCos-A and to 0.37, 0.51 and 1.39,
for BaCos-B. These values are in good agreement with the
expected ones (0.33, 0.50 and 1.50, respectively). The TGA
curve of BaCos-B shows one weight loss of 3.23% in the
temperature range of 25-590 °C (Fig. S5, ESIT). This can be
attributed to removal of one water molecule (theoretical
weight loss of 3.11%), arising from the decomposition of the
two hydroxyl groups.

The purity and crystallinity of the BaCos3(VO,)(OH), samples
were confirmed by XRD analyses at room temperature. Their
structure was refined starting from the R3m structural model of
ref..’® Final refinement plots are shown in Fig. 2 and in
Fig. S6, ESIT for BaCos-A and BaCos-B, respectively. Final
reliability factors and refined structural parameters are given in
Table 1 and Table S2, ESIt for BaCos-A and BaCos-B,
respectively. For both samples, structural parameters are in
good agreement with those previously obtained for single
crystals.'® The crystal structure displayed in Fig. 1 was carefully
described and compared to related compounds in ref..'®
Compared to the isotropic crystallite size of BaCos3(VO4),(OH),
NPs which was evaluated to about 22 nm,*® the micrometric
BaCos3(V0O,)2(OH), samples show much higher crystallite sizes of
146(6) and 92(3) nm in the (ab) plane for BaCos-A and BaCos-B,
respectively. The crystallite sizes along the c-axis, 38(8) and
47(5) nm for BaCos-A and BaCos-B, respectively, are smaller
than the in-plane ones and seem to be independent of the
synthesis conditions.

The observed anisotropies of the crystallite size are consistent
with the particle shapes as revealed by SEM. As can be seen in
Fig. 3, the two samples consist of microplatelets with sizes in the
approximate ranges of 0.5-10 and 0.1-5 um for BaCos-A and
BaCos-B, respectively. As expected from these SEM analyses,
the microstructured powders exhibit a very low specific surface
of about 2 m? gt which strongly contrasts with that of 61 m? g*
previously obtained for BaCos(VO,)2(OH), NPs.13

This journal is © The Royal Society of Chemistry 20xx
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Fig. 2 Rietveld refinement plot for microstructured BaCos-A showing

observed, calculated and difference patterns. The high-level noisy
pattern is due to cobalt fluorescence.

Table 1 Structural parameters, final agreement factors and crystallite
size for BaCos-A.

S.G. R3m : a=5.92655(15) A, c=21.0552(6) A
Cryst. size=146(6) nm L [001], 38(8) nm // [001]

Atom X y z SOF Uis"(Eguw
Ba; 0.6667 0.3333 0.8333 1 0.036 (2)
Co: 0.8333 0.6667 0.6667 1 0.025 (2)
Vi 0.3333 0.6667 0.7529 (2) 1 0.022 (3)
O 0.3333 0.6667 0.8327(7) 1 0.020 (3)
0, 0.4983(10) 0.5017(10) 0.7285 (4) 1 0.020
O3 0 0 0.7118(10) 1 0.020
Hi 0 0 0.7494* 1 0.008*

GOF= 1.14, Rwp= 4.12 and Rp= 3.24

*not refined

Fig. 3 SEM images of representative microstructured samples of (a)
BaCos-A and (b) BaCos-B.

BaCos-A and BaCosz-B were then characterized by FT-IR and
Raman spectroscopies. Fig. 4 shows a comparison between the
FT-IR and Raman spectra of BaCosz-A and those previously
reported for the BaCos(V0O4)2(OH), NPs.23 In the range of 1000-
400 cm™, the infrared vibration bands, which can be mainly
attributed to V-O and Co-O stretching modes, are highly
comparable for both micro- and nanostructured samples
(Fig. 4(a)). Their Raman spectra also exhibit similar peaks in the
range of 100-1100 cm (Fig. 4(b)). However, microstructuring
significantly impacts the profile of the Raman peaks which are
much thinner for BaCos-A than for the NPs. Similar results have
been obtained for BaCos-B (Fig. S7, ESIT).

J. Name., 2013, 00, 1-3 | 3
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Magnetic Properties

Temperature dependences of the inverse magnetic
susceptibilities, 1/%(T), of BaCos-A and BaCos-B are shown in
Fig. 5. At high temperatures, susceptibilities follow a Curie-
Weiss law y = C/(T-0). Fits to this law between 150 K and 300 K
yield the values C = 9.50(1) cm3 K mol? and 0 = - 26.6(3) K for
BaCos-A, and C = 9.08(1) cm3 K mol* and 6 = - 29.7(3) K for
BaCos-B. The fitted C values corresponds to effective magnetic
moments s of = 5.04 and = 4.92 pg/Co-atom for BaCos-A and
BaCos-B respectively. These pefs values are consistent with high-
spin Co?*ions in a weak octahedral crystal field. Experimental
effective paramagnetic moments for octahedral high-spin Co?*
ions are larger than the spin-only value for S = 3/2 (3.87 us) due
to an unquenched orbital angular momentum.?® The negative
Weiss temperatures are slightly smaller than the values
previously reported for a polycrystalline sample (-22.7(2) K)**
and for NPs (-22.4(4) K).!3 Thus, it appears that the high-
temperature magnetic susceptibility is not significantly affected
by the crystallite size. This can be also seen from the x(T).T
product versus temperature T plot shown in Fig. 6. Both the
x(T).T values at 300 K and the smooth decreases in x(T).T with
decreasing temperature are consistent with theoretical

4| J. Name., 2012, 00, 1-3
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expressions of the susceptibility of a six-coordinated high-spin
Co?* mononuclear complex.?®2° Below = 5 K, the x(T).T products
of the microstructured samples sharply increase, suggesting the
onset of ferromagnetic correlations. There is a maximum in the
x(T).T data at 2.6 K (for BaCos-A) or 2.5 K (for BaCos-B),
indicating a magnetic transition. As can be seen in Fig. 7, the
low-temperature ZFC and FC susceptibilities of BaCosz-B increase
down to 2 K with a small difference between the ZFC and FC
data below 2.5 K. For BaCos-A, which has the highest crystallite
size in the (ab) plane, a maximum is observed in the ZFC trace
at 2.4 K and a ZFC-FC bifurcation occurs below this temperature.
These findings suggest that a weak ferromagnetic order sets in
at low temperature (2-3 K) in the microstructured samples,
consistent with recent results obtained for a polycrystalline
sample with unknown crystallite sizes.**

O BaCogz-A

40 4 O BaCos-B L

1/, (mol cm™3)

T T T T T T T T T T

0 50 100 150 200 250 300
T (K)

Fig. 5 Inverse magnetic susceptibility 1/x versus temperature T for

BaCos-A and BaCos-B, as measured under zero-field-cooled conditions
at 100 Oe. Solid lines denote the Curie-Weiss fits from 150 to 300 K.
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of 100 Oe. Insert: enlargement of x(T).T below 15 K.
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BaCos-B, and BaCos(V0i)2(OH), nanoparticles'® (NPs). All data were
acquired at an applied field of 100 Oe.

To investigate the magnetic properties further, we collected
isothermal magnetisation data M(H) at several temperatures
below 50 K for BaCos-A (Fig. 8) and BaCos-B (Fig. S8, ESIT). Very
similar behaviours are observed for both microstructured
samples. Similar trends were reported for the NPs.13 At 50 K, the
anticipated linear paramagnetic variation of M(H) is observed.
The shape of the isothermal M(H) curve strongly changes when
lowering the temperature to the range where the (T).T product
rapidly increases. At T = 2 K, the isothermal curves of both
microstructured samples have the form typical for an
antiferromagnet with a weak ferromagnetic moment. As H
increases, there is an immediate increase in M. Once the
saturation of the weak ferromagnetic moment has been
reached, M almost linearly increases to = 25 000 emu/mol (1.4-
1.5 pp/Co-atom) at 70 000 Oe.

These low-temperature behaviours can be explained by a weak
ferromagnetism due to spin canting. As recently suggested, a
Dzyaloshinsky-Moriya interaction may give each kagome layer a
net ferromagnetic moment by canting the spins slightly out of
the kagome plane.’® It is also plausible that the single-ion
anisotropy mechanism for spontaneous spin canting occurs
because the kagome layers are formed from compressed
Co04(0OH), octahedra that are tilted to each other (see Fig. S9,
ESIt). The directions of the local easy axis on the Co?* sites could
therefore differ from each other. For high-spin Co?* ions in a
weak octahedral crystal field, the magnetic moments are
expected to be anisotropic due to spin-orbit coupling.3° For
instance, an Ising anisotropy with ¢ as the magnetic easy axis is
observed for BaCo,V,0s (S.G. /4;/acd) in which the CoOs
octahedra are compressed along the c-axis.3!

For the time being, magnetic data on polycrystalline
BaCos3(V0O4)2(OH), do not provide definitive evidence for
geometrical magnetic frustration within the kagome layers. The
value of the ratio of the absolute Weiss temperature to the
magnetic ordering temperature, |0|/Tm, which serves as a

This journal is © The Royal Society of Chemistry 20xx

frustration index, is moderate, less than 10. The |0|/Tn, value
can however be deceptive in some cases, because the 0 value
extracted from high-temperature 1/%(T) data may not reflect
the energy scale of a dominant spin-exchange coupling. For
example, 6 can be a linear combination of different
antiferromagnetic and ferromagnetic couplings. Also, we noted
that the calculated magnetic susceptibility of isolated (non-
interacting) octahedral high-spin Co?* ions has a Curie-Weiss-
like behaviour at high temperature with 6 = -20 K due to the fine
structure splitting of the energy levels of the Co?* ion under the
action of crystal field, spin-orbit interaction, and magnetic
field.?8

30000

25000

20000

15000

Magnetisation (emu/mol)

10000 4 ¢

5000

T T T T T T
0 10000 20000 30000 40000 50000 60000 70000
Magnetic Field (Oe)

Fig. 8 Magnetic field dependence of magnetisation measured at several
temperatures as for BaCos-A (red
BaCos(V0a4)2(OH)2 nanoparticles®* (NPs) (blue symbols).

indicated symbols) and

Finally, we turn to the differences between the magnetic
behaviour of NPs with a grain size of 20 nm in ref.!® and those
of microstructured samples. These differences occur mainly at
low temperatures, T < 10 K. As can be seen in Figs. 6 and 7, %(T)
and x(T).T increase less rapidly for the NPs with no ZFC-FC
magnetic irreversibility down to 2 K. In the absence of any
magnetic data for bulk BaCos(VOa4)2(OH),, such increases and
the rapid initial increase of the M(H) curve at 2 K (see Fig. 8)
were previously ascribed to finite size or surface effects.
Because the susceptibility and isothermal magnetisation
behaviours of NPs resemble those of micrometer-sized
samples, we can now suggest that highly crystalline NPs with
crystallite size of = 20 nm behave as bulk BaCo3(V0O4)2(OH), with
a size-induced decrease of the magnetic ordering temperature.
Size-dependent shits of the magnetic ordering temperature
have been observed in collinear as well
nanostructured antiferromagnets.32:33

as noncollinear

Conclusions

In this paper, we have presented an alternative synthetic route
to produce microstructured BaCos3(VO4),(OH), samples with
variable crystallite size in the (ab) plane, by using the kagome-
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layered pyrovanadate Co3V,07(OH),-2H,0 as a starting reagent.
This procedure therefore resembles a topochemical reaction as
it involves the introduction of Ba?* ions into a pre-shaped
Co304(0OH), kagome-layered structure. As for NPs, PXRD
analyses reveal that the crystal structure of the microstructured
BaCos3(V0O4)2(OH), samples is identical to that previously
reported for single-crystals. Our susceptibility and
magnetisation data suggest that micrometer-sized samples
with crystallite sizes lower or higher than 100 nm possess a
weak ferromagnetic order below 3 K. Also, these results shed
new light on previously published low-temperature magnetic
measurements of highly crystalline NPs with sizes in the range
of 9-25 nm. The magnetic properties of these NPs could be
explained by a size-induced decrease of the magnetic transition.
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Figure S1. Rietveld refinement plot for Co3V207(OH)2-:2H20 showing observed, calculated
and difference patterns. The high-level noisy pattern is due to cobalt fluorescence.



Figure S2. Crystal structure of Co3V207(OH)2:2H20. Blue octahedra: CoOs, yellow tetrahedra:
VOs, orange sphere: oxygen, white sphere: hydrogen.

Table S1. Structural parameters and crystallite size of Co3V207(OH)2-2H20.

SG P3m : a=5.9886(3) A, c=7.1804(4) A, Cryst. size=217(5) nm L [001]
Atom X y z SOF Uiso
Equiv
(A%
Coi 0.5 0 0 1 0.019(7)
Vi 0 0 0.2494(16) 1 0.034(7)
O, 0.6667 0.3333 0.874(5) 1 0.000(7)
02 0.155(3) 0.311 (5) 0.829 (2) 1 0.000
O3 0 0 0.5 1 0.000
O4 0.7548(13) 0.374(6) 0.482(12) 1 0.000
H; 0.6667 0.3333 0.75% 1 0.02*
GOF= 141, Rwp=9.49, Rp=7.43
Aniso. Ull U22 U33 U12 U13 U23
ADP (A?)
Coi 0.013(9) 0.002(10) 0.039(6) 0.001(5) 0.014(11) 0.03(2)
Vi 0.032(10) 0.032 0.037(9) 0.0216(5) 0 0

*not refined




Figure S3. SEM image of Co3V207(OH)2-2H20.
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Figure S4. EDS spectrum acquired on micrometric particles of BaCos-A (a similar spectrum has
been obtained for BaCos-B).
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Figure S5. Thermogravimetric curve of microstructured BaCos-B recorded in air.
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Figure S6. Rietveld refinement plot for microstructured BaCos-B showing observed, calculated
and difference patterns. The high-level noisy pattern is due to cobalt fluorescence.
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Table S2. Structural parameters and crystallite size of BaCos-B.

SG R3m : a=5.9238(2) A, c=21.0609(9) A, Cryst. size=92(3) nm L [001], 47(5) nm // [001]

Atom X y z SOF Uiso Equiv (A?)
Ba; 0.6667 0.3333 0.8333 1 0.033(2)

Co; 0.8333 0.6667 0.6667 1 0.013 (2)

Vv, 0.3333 0.6667 0.75273) | 1 0.015(3)

0, 0.3333 0.6667 0.832(8) 1 0.005 (3)

0, 0.49309) | 0.5070(10) | 0.7275(4) | 1 0.005

O3 0 0 0.7030(10) 1 0.005

H; 0 0 0.7494* 1 0.008*

GOF=1.11, Rwp=3.32, Rp=2.62

*not refined
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Figure S7. Comparison of (a) FT-IR and gb) Raman spectra of microstructured BaCos-B (black
line) and BaCo3(VOa4)2(OH)2 nanoparticles® (NPs) (blue line).




30000

—o— 2K
—x— 5K
25000 —o— 10K

Magnetisation (emu/mol)

ST T T T T T T T T T T T T
0 10000 20000 30000 40000 50000 60000 70000
Magnetic Field (Oe)

Figure S8. Magnetic field dependence of magnetisation measured at several temperatures
for BaCos-B.

Figure S9. Fragment of a kagome layer in the BaCo3(VO4)2(OH)2 crystal structure (projection
along [001] direction). Blue, red, and pink spheres represent Co, O2, and O3 atoms (see Tables 1
and S2), respectively. Barium, vanadium, and hydrogen atoms have been removed for clarity. Each

kagome layer is formed from compressed Co(02)4(03)2 octahedra with dCo-02 =2.176(4) A and
dCo-03 =1.9407(6) A.
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