R E W | 5 T A
C B AaMASa DE
@ - . Rev. Cubana Quim.
!TLll]fﬂILEll V01.30, no.1, enero-abril, 2018, pags. 45-54, e-ISSN: 2224-5421

Formation of cobalt and hydrogen phosphate-based flower-like
structures: Influence of polyvinyl alcohol and pyrazole

Formacidn de estructuras tipo flores basadas en fosfato de cobalto e
hidrégeno: Influencia del alcohol polivinilico y el pirazol

Dr. Augusto Iribarren-Alfonso ' Dra. C. Adaris L6pez-Marzo ',
Lic. Angel Labrada-Rodriguez "

augusto@imre.uh.cu; a_iribarren@yahoo.com

" Instituto de Ciencia y Tecnologia de Materiales, Universidad de La Habana, La Habana,
Cuba; " Laboratorio Central de Criminalistica, La Habana, Cuba

Recibido: 24 de marzo de 2017 Aprobado: 8 de Junio de 2017

Abstract

Phosphate compounds have been object of studies due to their possibilities to be used in
catalyst, optoelectronics and optics among other applications. Cobalt and hydrogen phosphate-
based radiating sprays of acicular flower-like structures with petals of about 100-300 nm cross-
sections were obtained by chemical synthesis. The use of polyvinyl alcohol and pyrazole in the
initial dissolutions showed their influences in the variation of size and characteristics of the
obtained flower-like structures. In this case the flower petals become more acute, which leads
the increasing the specific surface and it facilitates to coat and impregnate the structures with
other substance in order to form heterostructures.
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Resumen

Los compuestos de fosfato han sido objeto de estudio debido a sus posibilidades de ser usados
en catalisis, optoelectronica y dptica entre otras aplicaciones. En el presente trabajo nuevas
estructuras tipo flores con forma radial acicular basadas en fosfato de cobalto e hidrégeno con
pétalos de alrededor de 100-300 nm se obtuvieron por sintesis quimica. ElI uso de alcohol
polivinilico y pirazol en la disolucion inicial mostraron su influencia en la variacion del tamafio
y caracteristicas de las estructuras tipo flores obtenidas. En este caso los pétalos de las flores se
hacen més agudos, lo cual lleva al incremento de la superficie especifica y facilita cubrir e
impregnar las estructuras con otras sustancias para formar heteroestructuras.
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Introduction

Phosphate compounds have been object of many studies due to their interesting
properties and applications [1, 2]. Transition-metal phosphates are of relevant interest
for their potential applications in the areas of catalysts, optics, electronics, and
magnetic. One of them, cobalt phosphates, has been studied because of their
technological interest, which, since its first use as component in semiconductive glasses,
already includes applications as ion-selective microelectrodes, catalysts, battery
electrodes, glass materials and others [3-6]. Micro and nanostructured crystals and
microporous materials have been research interest of several groups because of the need
to increase the specific surface of structures [7-9]. Previous works have reported the
obtaining of diverse phosphate flower-like geometries structured by plates [10-13].
On the other hand, polyvinyl alcohol (PVA) has been used as surfactant or stabilizer in
aqueous dissolutions for the formation of low dimension particles and
structures [14, 15]. To our knowledge, pyrazole (HPz) has not been used with that aim,
but it could also be useful to modify the structures shape. The presence in the ring of
two nitrogen atoms in pyrazole suggests the formation of ionic species that form
possible hydrogen and other chemical bonds, which can contribute to the molecular
structure of the formed complexes, including their stoichiometry, geometry, and solid-
state structures and significant effects on chemical and physical properties [16]. PVA
and HPz are highly water soluble and no hazardous hence, they and the solvent do not

harm the environment.

The target and achievement of this work were the obtaining of micro and
nanodimensioned structures with radiating sprays of acicular flower-like geometry of
cobalt and hydrogen phosphates in a film by chemical synthesis using polyvinyl alcohol
(PVA) and pyrazole (HPz). The use or not of one or both organic compounds induces
different shape flower-like structures. SEM images, EDX, and x-ray diffraction

measurements are presented and analyzed.

Materials and methods

Experimental procedure
HsPO4 (85 %), CoCl,-2H,0, and pyrazole (HPz) all analytical grade were purchased
from Aldrich, and polyvinyl alcohol (PVA) was PVA 117 (98,5 % hydrolysed) from

Chem-Supply Pty Ltd. All reagents were used as received. Dissolutions were prepared
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as shown in table 1, where pH is also presented. The mixtures were stirred for 15 min in
ultrasonic bath and were left in repose for 20 h. For sample preparation a portion of the
corresponding dissolution was deposited by drop coating on glass slides and dried by
annealing at 70 °C in air ambient. Semiquantitative pH measurements of the

dissolutions were carried out with Merck pH 0-14 indicator paper.

TABLE 1. REAGENT MOLAR RATIO OF THE
INITIAL DISSOLUTIONS

Sample | CoCl,:2H,0 | H3PO, PVA HP; pH

H 1 0 0 6 5

12 1 0 1,5 0 6
1-4 1 1 0 0 1
2-1 0 1 1,5 0 1
3-10 0,2 1 1,5 0 1
4-2 1 1 1,5 0 1
5-9 1 1 0 2 2
6-l 1 1 0 6 3
8-8 1 1 1,5 11 3

Morphology, size and elemental composition of the structures have been investigated by
scanning electron microscopy (SEM) in a Leica 440 microscope equipped for energy-
dispersive x-ray spectroscopy (EDX). X-ray diffraction (XRD) characterization of the

samples was carried out in a Philips diffractometer working at 45 kV and 40 mA, using

Cu Ka radiation.

Results and discussion

In order to study the formation of the structures several dissolutions were prepared as
shown in table 1. The samples obtained from dissolutions of H3PO,4 and CoCl, lead to
the formation of brain-coral-like structures as displayed in the SEM image of figure 1
corresponding to sample 1-4. The structures have diameters of the order of tens
micrometers. EDX measurements of the structures reveal presence of Cl, Co, O and P.
Chloride was associated with remaining CoCl, in the structures, which did not react
with the phosphoric acid, and then it is possible to subtract from the elemental
proportions that corresponding to Co in CoCl,. Thus, rest of Co found in the structures
gave an elemental ratio P/Co of 1:1. Under the assumption that they form phosphates, it
corresponds to the compound CoHPO, as corroborated from x-ray diffraction

measurements (not shown here).
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Fig 1. SEM image of cobalt phosphate brain-coral-like
structures in sample 1-4. The insert details
one of the structures

No raising structures were found from the SEM images in sample prepared from
dissolution of HsPO4 + PVA (sample 2-1) and HPz + CoCl, (sample H). However, if
some amount of CoCl; is added to dissolution as in sample 3-10, little structures of
about 2 um diameters were observed by SEM (not shown here). For higher amount
of CoCl, added to the dissolution like in sample 4-2 it is observed the formation of
circular rosettes ranged hundreds pum diameter, as shown in figure 2. EDX
measurements to the structures gave, after subtracting the amounts corresponding to
CoCly, a relation P/Co with a ratio 1:1, which also would correspond to CoHPO,. The
rosettes reach sizes of up to 300 um, which demonstrates the structure sizes tends to
increase due to higher cobalt hydrogen phosphate amounts, together the effect of

agglutination of PVA.

From comparing the before-mentioned samples it is possible to affirm that the structures
are formed mainly by cobalt hydrogen phosphates with some residual CoCls.
Additionally, it is possible to confirm that the PVA acts as a surfactant agent that
confers the dish form to the structures as in sample 4-2, and the present compounds are

the same ones in the structures, i. e., CoHPO, and CoCls.

Rev. Cubana Quim., vol. 30, no. 1 enero-abril, 2018. e-ISSN 2224-5421 m



Augusto Iribarren-Alfonso, Adaris Lépez-Marzo, Angel Labrada-Rodriguez

50 um 500 um

Fig. 2. SEM image of phosphate-based flower-like
structures in sample 4-2. The insert
shows details of structures

The addition of HPz in place of PVA to the H3PO, + CoCl, dissolution results in
radiating sprays of acicular flower-like structures with independent acute petals, but in
this case they only reach diameters up to about 5-10 um, as exhibited in figure 3. The
appearing of these radiating sprays of acicular flower-like structures with lower size and
independent petals denoted that HPz influences in it. A feature to takes into account is
that from EDX analysis it was fond that the elemental relation P/Co varies according to
HPz amount in the dissolution. Thus, the elemental relation P/Co changed from a ratio
3:1 in sample 5-9 to 5:1 in sample 6-1 in which the HPz amount is higher. The elemental
ratio indicate that a lot of P atoms are associated to hydrogen phosphate, hydrated or

not, and the rest is associated to cobalt hydrogen phosphate.

Fig. 3. SEM image of a flower-like structure in
sample 6-1. Observe the formation of acute petals
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If HPz and PV A are added to the dissolution, i. e., with all the reagents, then the flower-
like structures with petals of about 100-300 nm cross-section are also obtained with the
same diameter approximately. However, more acute petals can be found as observed in
figure 4. The panoramic view of the sample 8-8 in figure 4 exhibits a nearly uniform

distribution of structures, which cover about 4 % of the sample surface.

The sample ground was identified as mainly constituted by amorphous PVA and HPz,
as corroborated for all the samples where no N and no C were detected by EDX analysis
in the structures. However, in some samples the formation of ridge structures can be
observed in the ground due to the presence of HPz and CoCl, as seen in SEM image.
Ridges do not form if HPz is absent; in which case the surface is flatter, as was proved

from SEM image of samples H and other images not shown here.

Fig. 4. Panoramic SEM image of sample 8-8 showing
a flower-like structure garden. Details of the flower-like
structures are also shown

Figure 5 shows the x-ray diffractogram of sample 8-8 and the main peaks are identified
[17]. X-ray diffraction measurements determined that sample 8-8 is a mixture of several
compounds. The wide band centred at about 26~23° was associated to an amorphous

part mainly constituted by PVA and HPz.

Rev. Cubana Quim., vol. 30, no. 1 enero-abril, 2018. e-ISSN 2224-5421 E



Augusto Iribarren-Alfonso, Adaris Lépez-Marzo, Angel Labrada-Rodriguez

The other peaks correspond to orthorhombic cobalt hydrogen phosphate hydrate from
dipyramidal class, to monoclinic cobalt phosphate hydrate from prismatic class, to two
monoclinic hydrogen phosphates from prismatic class, and to rhombohedral o.-CoCl,.
These results confirm the presumed compounds from the EDX measurements.
Unfortunately, peaks at 20~14,6 ° and 20~28,7 ° kept unidentified. Combining
elemental ratios obtained by EDX and DRX diffractogram results it is possible to
presume that these unknown peaks correspond to some of the possible cobalt hydrogen
polyphosphates. Anyway, it is evident that the flower-like structures are mainly
associated to crystalline cobalt phosphates and cobalt hydrogen phosphates with some

residual CoCl,, and the shapes and sizes are dependent on the added PVA and HPz.
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Fig. 5. XRD diffractogram of sample 8-8

In general, the acid medium partially prevents the stability of metal pyrazolates and
favors the formation of cationic pyrazolium, H,Pz" [18]. The increase of
HPz concentration in dissolution and consequently of pyrazolium reduces
the concentration of hydrogen ions in the dissolutions as can be proved from comparing
pH in samples 4-2, 5-9, 6-1 and 8-8 in table 1. In parallel form the pH increases the
higher possibility of Co pyrazolate [19], which also accentuates the pH increase.
However, during drying pyrazole segregates due to weakening and breaking of H bonds
and it goes to sample ground together PVA. Thus, the concentration of H atoms free
from pyrazolium increases and competes with the Co binding to phosphate as
demonstrated by comparing elemental relation P/Co from EDX measurements. Those

processes with intervention of pyrazole during the drying influence on the shape of the
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structures, which, besides, is related with the mixture of crystalline hydrogen, cobalt,

and cobalt hydrogen phosphates in the flower—like structures.

Cobalt hydrogen phosphate-based flower-like structures with so acute petals have not
been previously reported. Further studies on the control of size, compounds, reactions

and shape of these structures are being carried out in our research group.

Conclusions

We obtained cobalt and hydrogen phosphate-based radiating sprays of acicular
flower-like structures by chemical synthesis from dissolutions containing H3PO4 and
CoCI2 and adding polyvinyl alcohol as surfactant agent and pyrazole as shape
modifier. Variations in the concentrations of the dissolution reagent and process
conditions lead to changes in the distribution and density as well as the geometry and

size of the structures, which are aims of researches in course.
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