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Abstract

We report on a comprehensive experimental and theoretical study of Fe;_,Rh,Ge compounds, within the
entire concentration range = € [0.0-1.0], using X-Ray diffraction, small-angle neutron scattering, magnetom-
etry and theoretical calculations. While FeGe and RhGe are single phase helimagnet and unconventional
superconductor, respectively, an internal splitting of the crystallographic and magnetic states is found for
intermediate compositions € [0.2-0.9]. A theoretical analysis of the stability of the two detected phases,
together with the experimental data, indicate that this splitting preserves a common space group and oc-
curs within single crystallites. Despite their apparent similarity, these two phases however display different
magnetic structures, with distinct ferro- and helimagnetic character.

Keywords: helical spin structure, small-angle neutron scattering, magnetic ordering temperature

1. Introduction of interactions between spins: ferromagnetic (FM)

exchange interaction, antisymmetric Dzyaloshin-

Th i i f ith . . . . . .
e magnetic properties of compounds with a skii-Moriya (DM) interaction, and anisotropic ex-

cubic B20 structure, such as MnSi and FeGe, are change interaction [1, 2, 3, 4, 5]. The competi-

currently the subject of intense research. These s tion between FM (J) and DM (D) terms stabi-

h - i llo- . . . .
» compounds have a non-centrosymmetric crystallo lizes the helical spin structure with the wave vector

graphic structure of B20 type, described by the ke = D/J.

space group P2;3. The noncentrosymmetric ar-

rangement of magnetic atoms in a B20-type lat- The magnetic structure of binary compound

tice leads to the formation of a spin helicoid. It is MnSi undergoes a phase transition to an incom-

10 known that this structure is based on a hierarchy » mensurate helical spin state with a wave vector

k= (2m/a)(&,&,€), where € = 0.017, Te = 29.5

*Corresponding author

Email address: skanchenko_do@pnpi .nrcki.ru (D.O. K. The spin helices in MnSi are oriented along four

Skanchenko) equivalent directions (1, 1, 1), so that in the absence
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of an external magnetic field, four types of magnetic
domains are formed in the crystal [3, 6].

Another compound similar to MnSi in terms of
magnetic structure properties is FeGe [4, 7]. There
are several significant differences between magnetic
structures of FeGe and MnSi. The value of the
temperature of magnetic ordering in case of FeGe
is equal to T, = 278 K [4]. This value is close
to room temperature. Together with the possible
applications of homochiral helical magnetic struc-
ture this amplify the researchers interest to tran-
sition metal monogermanides. Another difference
between FeGe and MnSi is the magnitude of the
wave vector of the magnetic helix in the ordered
state, which in FeGe is directed along the (1,1,1)
axes and equals to k& ~ 0.09 nm~! in compare to
k ~ 0.36 nm~! for MnSi. The value of the wave
vector does not depend on the strength of the ex-
ternal field and depends weakly on temperature. It
is known that, as the external magnetic field in-
creases above the first critical field H.;, the mul-
tidomain magnetic structure is rearranged into a
single-domain conical helix with the wave vector kg
directed along the field. With a further increase
of the magnetic field up to H.o, the conical spi-
ral transforms into a field-induced ferromagnetic
state [3].
tain range of fields Hoy < Hyy < H < Hyo < Heo,

At temperatures near the T¢, in a cer-

the so called ”skyrmion lattice” (or A — phase) ap-
pears. The A — phase is an anomalous phase of the
flip of the helix wave vector k by 90° with respect
to the external magnetic field [8].

The definition of the magnetic chirality with re-
spect to the structural chirality (left or right) is

another intriguing feature of B20 compounds. It
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is well known that structural chirality ”~”

strictly
determines the meaning of the magnetic chirality
74719, 10, 11, 12, 13, 14]. However, the relation
between two chiralities is found to be different for
various B20 compounds. It was fond that in case of
Mn based compounds (such as MnSi and MnGe)
the crystalline and magnetic chiralities have the
same sign, while the chiralities are opposite to each
other for Fe based ones, i.e., for FeGe. The study
of the solid solution of MnGe and FeGe compounds
with the help of small-angle neutron scattering re-
veals that the short-period helical structure of pure
MnGe (k = 2.3 nm™!) changes to a long-period
helical structure of pure FeGe (k = 0.09 nm~!)
through a ferromagnetic-like transition at . = 0.75
[14]. The possibility of the formation of ferromag-
netic structure with non-zero value of D was later
theoretically explained by the competition between
cubic anysotropy and DM interaction in solid so-
lutions [15]. Similar result was later observed for
Feq_,Co,Ge solid solutions [16]. In both these fam-
ilies, the substitution involves solely 3d elements.
The substitution of 3d elements with 4d, such as
Rh, leads to even more intriguing results [17, 18, 19,
20]. Measurements of the electrical resistance and
magnetization of the binary compound of rhodium
monogermanide RhGe, which is an isostructural
analog of MnSi and FeGe, demonstrated a super-
conducting state below T, ~ 4.5 K [17]. The spe-
cific heat data confirmed the volume character of
superconductivity in this compound. The replace-
ment of Mn atoms with Rh brings the helical mag-
netic system to evolve unexpectedly with respect to
Mn; _,Fe,Ge series [19, 20]. In particular, no flip

of the magnetic chirality was observed and a split
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of the additional modulation of the period of mag-
netic order was found with SANS. The second re-
flection was explained as the presence of magnetic
“twist grain boundary” phases, involving a dense
short-range correlated network of magnetic screw
dislocations with the cores described as nonradial
double-core skyrmions [19].

the compounds  of

Nevertheless, binary

Fei;_.Rh,Ge was not studied yet. The evolu-
tion of the magnetic structure of FeGe with Rh
replacement of the magnetic atoms may lead to a
nontrivial behaviour of the magnetic system and
confirm the assumptions on the nature of helical
ordering in B20 solid solutions. In particular, the
nature of the magnetic system of RhGe and its
possible applications is still to be revealed.

This work is devoted to the study of struc-
tural and magnetic properties of Fe; _,Rh,Ge com-
pounds with = 0.0 — 1.0. The evolution of physi-
cal characteristics with Rh replacement of Fe is fol-
lowed. By means of theoretical and experimental
methods. In particular, X-ray powder diffraction,
small-angle neutron scattering (SANS) and mag-
netometry experiments have been performed. The
split of the magnetic and crystallographic states in
Fe;_,Rh,Ge was found. This result is qualitatively

confirmed by the density functional theory.

2. Experimental techniques

For this work, Fe; _,Rh,Ge compounds were syn-
thesized with = from 0.0 to 1.0 with a step of 0.1.
The samples were synthesized under a pressure of
P = 8 GPa and T = 1700 K in a high-pressure

toroidal cell by melting a composition of Fe, Rh,

130

135

140

145

150

155

160

and Ge in proportions corresponding to the desired
composition of the solid solution [21]. The samples
are obtained in a polycrystal form with a crystallite
size of about 10 pm (see details in [22]). The crys-
tal structure of the samples was studied by X-ray
diffraction (XRD). The measurements were carried
out at room temperature and atmospheric pressure
using a Guinier camera — G670, Huber diffractome-
ter (Cu Koy).

Magnetic susceptibility measurements have been
performed in order to obtain the temperatures
of the magnetic ordering for all synthesized com-
pounds with ac method in a home-made coil sys-
tem.

The magnetic structures were further probed us-
ing small-angle neutron scattering (SANS). The
SANS experiments were carried out at the PA20
facility at the Laboratoire Léon Brillouin in Saclay,
France. The neutron beam wavelength was chosen
equal to 5 A, the sample-detector distance was var-
ied in the range of 12-20 m in order to establish
the Q-range available for investigation in the most
optimal way for studying the magnetic structure
of compounds. An external magnetic field was ap-
plied perpendicular to the incident neutron beam.
Due to the high-pressure synthesis, the amount of
sample for each composition was relatively small.
In order to increase the amplitude of the signal,
the studies were carried out as follows. Samples
were first cooled to 5 K in a zero external magnetic
field. After cooling the evolution of their magnetic
structure was studied upon increasing the magnetic
field. This made it possible to determine the vari-
ous critical fields H.; and H.o at low temperatures

for Fe;_,Rh,Ge compounds. Upon completion of
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Figure 1: a: X-ray powder diffraction pattern of Fe;_,Rh;Ge at x = 0.5; b: Lattice constants versus Rh concentration in

Fej_Rh;Ge. The green dot is the lattice constant for RhGe, the purple dot is the lattice constant for FeGe. The inset shows

the mass fraction of each of the two phases as a function of the Rh concentration.

the study of the field dependence of the magnetic
structure, the magnetic field was removed. Further
studies were carried out on the temperature depen-
dence of the magnetic structure of the studied com-
pounds. As a result of field-cooling measurements,
the sample is measured in "frozen” single domain
state. The resulting scattering intensity is much
higher than in the multidomain HM ground state.
despite the fact that the information about the pure
ground state is lost, this procedure made it possi-
ble to determine T with greater accuracy and un-
ambiguously determine the presence or absence of
helical magnetic ordering for all the studied com-

pounds.

180

185

190

3. Measurement results and theoretical

analysis

Crystal structure. Investigating the crystal struc-
ture of the samples by X-ray diffraction, we found
that all the Fe;_,Rh,Ge compounds crystallize into
the B20 cubic structure. However, the diffraction
peaks corresponding to the B20 structure split in
the Rh concentration range from z = 0.25 to « =
0.9 (Fig. 1b).

This splitting can be described by two shifted
peaks (Fig. la). In this case, no additional peaks
were observed, which indicates the existence of
identical isostructural phases with close cell param-
eters. The ratio of the intensities of the split peaks
depends on z pointing out the z-dependence of the
volume fraction of each phase. The splitting of the
peaks stays almost constant with z. X-ray pat-
terns at z = 0.0 - 1.0 can be fully described us-
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ing a two-phase model with a B20 type structure
(Fig. 1b). At z = 0.0 - 0.2, as well as 1.0, only one
phase is observed (see inset in Fig. 1b). At z = 0.8,
the fractions of the phases are equal. It should be
noted that the lattice constants of the correspond-
ing phases are extrapolated to the lattice constants
for the binary compounds FeGe (at z = 0.0) and
RhGe (at z = 1.0). Such stratification can indicate
two different scenarios: either structural splitting
occurs within one crystallite, i.e., the coexistence of
two isostructural phases is observed, or it is a con-
sequence of the crystallization of compounds with
close values of Rh (Fe) concentrations, i.e. the ex-
istence of crystallites with different cell parameters
is observed. However, the second scenario does not
allow to explain the monotonic evolution of the vol-

ume fractions of different phases with x.

Ab initio simulations. Our ab initio computations
were made within density functional theory (DFT).
We used the projector-augmented—wave (PAW)
pseudopotential method [23] as implemented in
the VASP package [24], with the PBE-GGA ver-
sion [25] of the exchange-correlation potential. The
calculations were converged with a plane-wave cut-
off of 350 eV and a reciprocal-space resolution of
~ 0.1 A= for k-point grids. The calculations of
the partially disordered solid solutions Fe;_,Rh,Ge
were done at © = 1/4, 1/2, and 3/4, by replacing
the due number of equivalent Fe atoms in the cubic
B20 cell with Rh atoms.

It is worth noting that, due to the chemical inho-
mogeneity (replacement of Fe with Rh), the P23
symmetry in the calculations is violated, thus for-

mally the lattice becomes actually triclinic and,
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Figure 2: The calculated spin moments of phases 1 and 2
as functions of concentration z. (dashed pink curves). The
experimental results [16] for the isostructural and isovalent
system Fej_;Co,Ge are presented for comparison (full blue

curve).

strictly speaking, does not belong to the B20 type.
However, this symmetry-breaking distortion from
B20 is quite small and only visible as a very
weak broadening in our powder diffraction patterns

(slightly more pronounced for phase 2).

To test the hypothesis of two coexisting phases
within one crystallite, we considered two crystal
structures at each concentration x, in line with our
experimental findings (see Fig. 1b). At x = 0.5,
the experimental lattice parameters were used (al
= 4.78A and a2 = 4.80A for phases 1 and 2, re-
spectively), while at x = 0.25 and 0.75, interpo-
lation between adjacent measured values was ap-
plied. At z = 0.5 and 0.75, both phases 1 and 2
are found stable, with a slight (< 0.17 eV/atom)
energy preference for phase 1. At z = 0.25, two
phases turned out practically indistinguishable in
enthalpy and other properties (recall that experi-
mentally, phase 2 is only observed starting from x

= 0.3).
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Our spin-polarized calculations were performed
for a collinear ferromagnetic (FM) alignment of
spins. Here, this is a reasonable approximation,
since the experimentally measured periods of mag-
netic structures in Fe;_,Rh,Ge (320-1400 A, see
Fig. 4) are significantly longer than the unit-cell
size (~ 5 A). Thus, in calculations we do not distin-
guish a spin spiral and a FM state (infinite-period
spiral). Fig. 2 shows that the concentration depen-
dence of evaluated magnetic moment per formula
unit Fe;_,Rh,Ge is different for phases 1 and 2.
For pure FeGe, the calculation yields a moment of
~ 1 pp/Fe, which compares well with the exper-
iments and previous calculations [26, 27, 28, 29].
The FM state in both structures is lower in energy
(by < 0.04 eV/atom) than the PM state.

The cell magnetization is localized mostly at iron
atoms and increases with their number. The mag-
netic moments at Ge atoms are small in magni-
tude (< 0.07 pp) and antiparallel to the iron mo-
ments. The moments induced on the Rh sites are
even smaller (< 0.03 pup). Such magnetic arrange-
ment is similar to that of Mn;_,Rh,Ge, which was
calculated and confirmed by the XMCD measure-
ments in our paper [20]. For comparison, we also
present in Fig. 2 the experimental data [16] for the
isostructural and isoelectronic system Fe;_,Co,Ge
exhibiting analogous spin spiral.

Both concentration dependences look very sim-
ilar for FeGe doped with the isovalent 4d-Rh or
3d-Co. [30]
of MnGe doped with Rh/Co, a small systematic

In our previous comparative study

excess of the calculated magnetization values over
the measured ones was ascribed to the noncollinear-

ity of experimental magnetic arrangement. Phase

285

290

295

300

FeGe Fe,,Rh,Ge O\RhGe
24
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0.0 0.2 0.4 0.6 0.8 1.0

Figure 3: The estimated value of DM interaction in the

Fei_,Rh;Ge compounds.

2 has a higher cell magnetization and iron moment.
For example, the iron moment in FeRhGes is equal
to 1.37 up and 1.60 pup for phases 1 and 2, respec-
tively. The two phases also have different density
of electronic states near the Fermi energy, which
governs, in particular, the magnetic properties of

metals.

Since the experimental values of crystallographic
parameters were used in our calculations, the re-
sulting external pressures felt by the two phases are
non-zero. Their difference is of about 2 GPa, with
phase 2 being more non-equilibrium. Thus, qualita-
tively, we have a model situation of two coexisting
isostructural phases with the same Rh content x
and different magnetic properties. This might indi-
cate that the observed structural split occurs within
a single crystallite and is not a consequence of the
crystallization of compounds with close values of

the Rh(Fe) concentration.

A real sample is evidently characterized by im-
perfections such as defects, chemical disorder and

residual microstresses, typical of non-equilibrium
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phases synthesized under high pressure. As is
known, parameters of the Dzyaloshinskii-Moriya
interaction, which determine the presence and pe-
riod of magnetic spiral, are highly sensitive even to
very small mechanical deformations. The theoreti-
cal analysis and ab initio calculations confirm this
assumption. The theoretical analysis also a change
in the sign of the DM interaction similar to that
observed in Fe;_,Mn,Ge [31]. This predicts the
flip of the spin helix chirality in Fe;_,Rh,Ge with
x increase at 0.5 < x < 0.6 (Fig. 3). The relatively
small value of calculated DM constant in the region
of z > 0.6 indicates a possible ferromagnetic struc-

ture of RhGe-based compounds according to [15].

Magnetic properties. In order to verify the theo-
retical predictions the magnetometry and SANS
measurements were performed. Fig. 4 shows the
results of magnetometry and the temperature de-
pendencies of the magnetic susceptibility () of
Fe;_,Rh,Ge compounds with different Rh concen-

trations.

o o o
o N
1 L 1

% (arb. units)
o o o o
e T

0.1+

150 200 250 300

T(K)

100 350

Figure 4: Temperature dependence of magnetic susceptibil-
ity for Fe;_;Rh;Ge. The inset shows the concentration de-

pendence of the critical temperatures in Fej_,Rhz;Ge.
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As can be seen from the obtained experimental
data it is possible to determine two critical temper-
atures of the magnetic transition for samples with
x > 0.2, namely, T,;, defined as the point of inter-
section between linear behaviours at low and high
temperature regions and, T.o, defined as the tem-
perature at which the susceptibility is maximum.
The x dependence of the critical temperatures T,
and T,.o, obtained as a result of the magnetometry
measurements, is shown in the inset in Fig. 4 (black
and red dots ).

SANS measurements were carried out in order
to determine the type of the magnetic structure
of the compounds. The SANS patterns obtained
for the samples of Fe;_,Rh,Ge at T' =5 K in a
zero external magnetic field after the application
of an external magnetic field above H¢o are pre-
sented in Fig. 5. As it is shown in Fig. 5a two
Bragg reflections are observed on both sides of the
direct beam for FeggRhg1Ge, which corresponds
to a single-domain helical structure. The additional
reflections observed in Fig. 5a,b,c correspond to the
double scattering on highly ordered helical struc-
ture. With z increase, the reflections shift towards
each other, which indicates a decrease of the helix
wave-vector value (Fig. 5a-d). A further increase of
Rh concentration leads to the disappearance of the
signal from helical structure and only diffuse scat-
tering remains (Fig. 5e). With further substitution
of Fe atoms by Rh up to = = 0.7, the reflections ap-
pear again (Fig. 5f). Further z increase leads to a
decrease of the helical wave-vector value (Fig. 5g).

The neutron scattering intensity was averaged
over the azimuthal angle. The value of the helical

wave vector ks was determined from the neutron
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Figure 5: SANS intensity maps obtained on Fej_;Rh,Ge samples, obtained at a temperature of 5 K in a zero external magnetic

field after the application of an external magnetic field.

scattering profile as the value of the momentum
transfer corresponding to the maximum neutron
scattering intensity. Fig. 6 shows the x-dependence
of the helix wave-vector value ks. It can be seen
that at concentrations 0 < z < 0.4, the wave-vector
value decreases with « from ks = 0.0940.005 nm ™!
at @ = 0, i.e., for pure FeGe [4, 14]. For compound
with x = 0.5 the scattering from the helical struc-
ture is hidden within the resolution of the SANS
instrument, defined by the size of the beamstop,
ks < 0.05. However the tipical behaviour of the
intensity with external magnetic field was observed
for this compound and will be discussed below. For
the Feg4Rhp¢Ge compound, the scattering from

the helical structure is absent. This indicates the
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transition of the studied magnetic system to the fer-
romagnetic state. Since the wave-vector value k; is
small and evolves monotonically with x within the
range 0 < z < 0.5, it can be argued that the helical
structure of these compounds is satisfactorily de-
scribed by the model developed for FeGe [2]. A sim-
ilar vanishing of the wave vector for intermediate
concentrations was found earlier for Feq;_,Mn,Ge
and Fe;_,Co,Ge compounds [14, 16]. This phe-
nomenon was interpreted as a flip of the magnetic
chirality with = and later confirmed by calcula-
tions [31, 32, 33]. Analysis of the DM constant for
the series of compounds studied in this work also
satisfactorily describes the behaviour of the wave

vector of the magnetic helix over the entire range
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of concentrations. In addition, the sign change of
the DM constant in the concentration range = 0.5
— 0.6 (Fig. 3) suggests the reversal of the magnetic
chirality in these compounds. A further increase in
the Rh concentration leads to a sharp increase, for
x = 0.7, and then again a decrease, for x = 0.9, of
the wave-vector value (Fig. 6), which corresponds
to the theoretical estimation of the DM constant

(Fig. 3).
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Figure 7: Evolution of the magnetic structure of
Fep.9Rhp.1 Ge with increasing external magnetic field at T' =
5 K. An example of integration is shown using the red sector

on the SANS map obtained at T'= 5 K, in the inset.
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The neutron scattering intensity also varies with
the magnetic field. To analyze the corresponding
changes in the magnetic structure, the scattering
intensity was integrated in the sectors shown in the
inset of Fig. 7. The H-dependence of the intensity
on the external field, obtained as a result of integra-
tion at T = 5 K after zero-field cooling and before
the experiments on the determination of the criti-
cal temperature, is shown in Fig. 7. Based on the
field dependence of the scattering intensity, three
critical values of the magnetic field for phase tran-
sitions can be determined: H.y, H.i1, and Heo .
The critical field H.;, at which the intensity of the
Bragg reflection starts to increase, indicates the be-
ginning of the process of reorientation of the mag-
netic spirals in the direction along the external mag-
netic field. This implies a transition from a mul-
tidomain state to a single domain conical struc-
ture. The field H.i,,, at which the intensity of
neutron scattering along the external magnetic field
reaches its maximum, marks the end of the reorien-
tation process and the transition of each grain in the
polycristalline sample to the single-domain conical
state. The critical field H.o, determined by extrap-
olating to zero the linear decay of the longitudinal
scattering intensity with increasing external mag-
netic field, marks the transition to the field-induced
ferromagnetic state.

The z-dependence of the critical fields H.1, He1ym,
and H.p obtained for all the studied compounds at
T = 5 K is shown in Fig. 8. It can be seen in Fig. 8
that an increase of x up to 0.5 leads to a decrease
in all critical fields. With a further increase in the
Rh concentration, z > 0.5, no change in the critical

fields was found. This might be connected to the
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weak signal of helical structure from samples with
x < 0.7 after zero field cooling and low volume frac-
tion of helical structure in the compound (inset of
Fig. 1b).
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Figure 9: Concentration dependence of critical temperatures
in Fe;_;Rh;Ge. Black and red dots - magnetometry; blue
dots - SANS.

In order to determine the critical temperature of
the transition from the paramagnetic state to the
helical state, the dependence of the integral inten-
sity of the Bragg peak on temperature was mea-
sured for all samples. The temperature T, corre-

sponds to the appearance of magnetic Bragg peaks
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and to a sharp increase in scattered intensity upon
cooling. The obtained dependence of the critical
temperature 7. on z is plotted in Fig. 9. It can
be seen that the ordering temperature T, decreases
with increasing concentration z from 278 K for
FeGe [14] to zero for RhGe.

This concentration dependence also clearly shows
that the curve obtained from the analysis of the ex-
perimental SANS data corresponds to the curve ob-
tained from the magnetometry data. Hence, we can
assume that the higher transition temperature ob-
tained with magnetometry corresponds to the ferro-
magnetic state, while the lower critical temperature
corresponds to the helimagnetic transition.

Comparison of the data with theoretical analysis
suggests that two magnetic phase states in the sam-
ple correspond to different isostructural crystalline
phases. In addition, taking into account that the
FeGe compound exhibits helical properties at low
temperatures and has a smaller cell parameter com-
pared to RhGe, we assume that the helical magnetic
structure of the crystalline phase corresponds to a
smaller cell parameter in the concentration range
x € [0.2-0.9]. This is also confirmed by the dis-
appearance of the helical magnetic order with an
increase of the Rh concentration to a value of 1.0,
which posses weak ferromagnetic properties at low
temperatures that might be explained by the decay
of DM constant in compare to cubic anisotropy in

RhGe-based compounds [15].

4. Conclusions

Summarizing the experimental and theoretical

data, we can conclude that we observe an inter-
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nal splitting of the crystal structure of Fe;_,Rh,Ge
compounds in a wide range of concentrations x €
[0.2-0.9]. A theoretical analysis of the stability of
the two detected isostructural phases indicates that
structural splitting occurs within a single crystal-
lite and is not a consequence of the crystallization
of compounds with similar Rh(Fe) concentrations.

Another result of the theoretical analysis is the
difference of the magnetic moments for two differ-
ent crystallographic phases. This indicates the pos-
sible coexistence of two different types of magnetic
order in the sample. The magnetisation measure-
ments made for Fe;_,Rh,Ge reveal two magnetic
phase transitions with temperature in a wide range
of concentrations x € [0.2-0.9]. Therefore we can
conclude that that two magnetic states with dif-
ferent T were observed: ferromagnetic state with
a high-temperature phase transition and helimag-
netic state with a phase transition occurring at
lower temperatures. The helical nature of the mag-
netic order at low temperatures was independently
confirmed by SANS. Similarly to Fe;_,Co,Si and
Fe;_,Mn,Ge compounds the flip of the magnetic
chirality was observed for helical magnetic struc-
ture in Fe;_,Rh,Ge at x ~ 0.6, which is confirmed
by theoretical calculations of DM constant in the
compound. This also means that the crystallo-
graphic and magnetic chiralities coninside in case
of RhGe-based compounds as well as for MnSi or
MnGe-based ones. As long as FeGe posses the he-
limagnetic ordering at low temperatures, it can be
concluded that the helical structure correspond to
a crysatllographic phase with smaller cell param-
eter and the isostructural phase with a larger cell

parameter posses ferromagnetic ordering within the
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z-range between 0.2 and 0.9. Also the assumption
could be made that the RhGe-based compounds
posses the ferromagnetic behaviour despite the lack
of the inversion symmetry and nonzero value of
DMI in the compounds. The monotonic behaviour
of volume fraction of each of isostructural crystal-
lographyc phases confirms this assumption.

The ferromagnetic nature of the RhGe-based
compounds could be explained by the predictions
made theoretically in [15]. That means that one
should expect a much stronger influence of the cu-
bic anysotropy on the formation of the magnetic
structure of RhGe in compare to FeGe. Possibly
the differences in electronic structure of the com-
pounds with 3d or 4d magnetic atoms are respon-
sible for such a result. Therefore, further investiga-
tion of replacement of Mn or Fe atoms with 4d ele-
ments in B20 binary compounds are important for
development of accurate theoretical model of these

magnetic systems.
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