#® ROYAL SOCIETY
PP OF CHEMISTRY

RSC Advances

View Article Online
View Journal | View Issue

COMMENT

Comment on “Structural, electrical, and
multiferroic characteristics of lead-free
multiferroic: Bi(Cog 5Tig.5)O3—BiFeO5 solid
solution” by N. Kumar, A. Shukla, N. Kumar, R.
Choudhary and A. Kumar, RSC Adv., 2018, 8, 36939"

Pawet E. Tomaszewski ®

i '.) Check for updates ‘

Cite this: RSC Adv., 2022, 12, 30008

My comments concern the significant errors in the crystallographic part of the commented paper. It was

. 202 found that the studied crystal is of the sillenite type and the correct formula should be Bi,sFeOsq: Co,Ti

Received 16th November 1 . . . . .

Accepted 7th October 2022 instead of BiFeOs. Moreover, the type of unit cell is not correct. Due to the double doping the new type
of unit cell, previously unknown, was proposed for such crystals. Furthermore, the authors did not find

DOI: 10.1039/d1ra08415a that the studied sample contains two slightly different phases, both of the sillenite type. The actual
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Results

The commented paper' presents the results of studies on the
different physical properties of BiFeO; ceramics modified by
two different dopants, Co and Ti, in the nominal volume of
40%. However, it is clear that there are at least three major
points which must be underlined and, if possible, corrected:

(1) wrong attribution of the chemical formula and name of
the crystal studied in the commented paper,

(2) wrong and illogical indexation of the presented diffrac-
tion patterns,

(3) the apparent splitting of the peaks is a sign of bi-phasic
character of the studied sample. This is not discussed by the
authors which leads to incorrect interpretation of all presented
results.

(Ad 1) The main error concerns the wrong chemical formula
of studied crystals. The diffraction pattern published in the
commented paper has a characteristic set of the diffraction
peaks which can be compared with that of the sillenite-type
crystal. It is sufficient to compare the X-ray powder diffraction
patterns from BiFeO; published by the same team of authors (N.
Kumar, A. Shukla, N. Kumar & R. N. P. Choudhary - J. Mater.
Sci.: Mater. Electron., 32, 5870-5885, (2021)) presented in upper
figure, and the pattern from the commented paper (N. Kumar,
A. Shukla, N. Kumar, R. N. P. Choudhary & A. Kumar - RSC Adv.,
8, 36939, (2018)) shown in bottom drawing. The clear difference
in both diffraction patterns (note that the scale is the same: 20-
75°) indicate that the structures are different. Note, that the
diffraction pattern is a fingerprint of the crystal structure.
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chemical composition of the studied crystals is not known.

Fig. 1 shows the diffraction pattern characteristic for BiFeO;
crystal in trigonal phase. However, the published pattern shown
in Fig. 2 is not an image of other crystal phase of BiFeOj; crystal.
This set of diffraction peaks is characteristic for the sillenite-
type crystal, i.e. crystal of the other stoichiometry, Bi,sFeOso.
Thus, the correct chemical formula of studied sample is
different than those supposed by authors. The studied samples
are not a double-doted BiFeO;:Co,Ti, but the sillenite-type
Bi,sFeO34: Co,Ti. The correct composition and structure of
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Fig. 1 The diffraction pattern characteristic for BiFeOs crystal in the
trigonal phase.
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Fig. 2 The diffraction pattern published in the commented paper.

crystal from the commented paper will be possible only when
the raw X-ray diffraction data can be accessible.

It is necessary to underline that the prepared mixture of
ingredients can not give the crystal of a desired composition
(and chemical formula). The Nature does not know what is the
expected crystal composition, it has a well know his own
chemical or crystallo-chemical rules of synthesis or crystal
growth. It is well known that in some cases the crystals of
desired chemical composition can be obtained only from a non-
stoichiometrically mixture. Moreover, only the diffraction
pattern is a unique tool for verification of crystal structure, i.e.
crystal symmetry, unit cell parameters and atomic content of
the unit cell.

One can suppose where is a source of failure in the growing
of different crystal than those desired. This is due to the
temperature of the sintering of the sample. They started with
the Bi,O; which is known to have the high temperature phase
(y-phase) of the sillenite structure. Thus, the synthesis at this
region of temperature must give the final crystal of the same
structure, i.e. Bi;sFeO;q. Note, that the nanocrystals often have
the transition temperature lower that the bulk crystal; this is the
case.

Moreover, it is well known that the sillenite-type phase can
be observed as a parasite phase of small content. However, in
the case of commented paper the sillenite phase is a MAJOR
part of the sample, not minor as stated by Authors. The
diffraction pattern (bottom figure) has no sign of the perovskite
phase (the upper pattern) at all!

(Ad 2) The second error in the commented paper is the wrong
set of lattice parameters. The published lattice parameters, a =
9.875(2), b = 8.485(2), ¢ = 18.603(2) A and V = 1558.8 A* (erro-
neously printed as 1585.8 A®) are not related to those of pure
BiFeO; crystal. The indexation of the presented diffraction
pattern is wrong. Moreover, it is not possible to obtain the
published lattice parameters by DICVOL program. The pre-
sented set of indexes give the contradictory data on the lattice
parameters calculated from different selected peaks. For
example, the lattice parameter a is equal to 8.545 A when use the
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020 peak, 9.922 A from 203 peak, 8.077 A from 150 peak, etc.
This clearly indicate that the indexations (hkl) presented by
authors are wrong and MUST be corrected.

The crystal structure of sillenite Bi,sFeO3q is described in
cubic symmetry with space group 123 (No. 197) and lattice
parameters @ = b = ¢ = 10.191 A (ICSD #257493).>* Unfortu-
nately, there was not possible to index the patterns in the cubic
system. Fortunately, the parent structure of cubic sillenite may
be also presented in the monoclinic symmetry reaching the unit
cell with the lattice parameters of abouta = b = 14.5 and ¢ =
10 A, where a and b axes are oriented along the diagonal of the
base of cubic unit cell. Thus, @ and b are equal to about v2acupic-
The monoclinic angle 8 could not significantly deviate from 90°.
As I know, such unit cell was not observed until now in any of
sillenite crystals.

It is obvious that the introducing of two different ions, e.g. Co
and Ti, may result in the deformation of the basic crystal
structure and a creation of a new unit cell - this of monoclinic
symmetry.

(Ad 3) The third error is that the sample is bi-phasic and not
a single-one. The apparent splitting of several peaks is, in
reality, the effect of superposition of two similar diffraction
patterns, both becoming from two different sillenite-type crys-
tals, Bi,sFeOsq instead of the assumed BiFeO;.> This difference
is a result of some kind of separation of dopants between two
similar crystals. It is possible due to difference in the ionic radii
of both dopants. Now, it is only possible to show that the lattice
parameters of both phases are as follows: a = 14.790(12), b =
14.364(8), ¢ = 10.088(6) A, § = 90.88(6)° and V = 2142.9 A® for
the phase I, and a = 14.706(4), b = 14.484(4), ¢ = 10.464(8) A,
8 =90.42(5)" and V = 2228.6 A® for the phase II. Note, that such
small deviation of the monoclinic angle from 90° can result in
an apparent orthorhombic symmetry. The preliminary estima-
tion of the possible space group for both phases gives two
possible symmetries (for unique axis » and unit cell choice 1):
C1c1 (no. 9) and C12/c1 (no. 15).

Thus, it is clear that the subsequent results of studies are
also affected by the errors and should be corrected.
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