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 A B S T R A C T

At equiatomic composition, FeV alloys form metastable phases such as the B2 phase or a short-range ordered 
phase in favor of the equilibrium 𝜎 phase. In this regime, structural, magnetic, and vibrational properties are 
strongly influenced by atomic disorder. For thermally co-evaporated Fe1−xVx thin-films, the non-equilibrium 
phase diagram is explored and the short-range ordered phase that forms at equiatomic compositions is 
compared to its base-centered cubic counterpart. The results indicate that within the short-range ordered 
thin-films, the structural disorder is accompanied by an increase in chemical order, i.e. Fe and V atoms are 
their respective preferential nearest neighbors. These observations are important for a better understanding 
of recrystallization in nonmagnetic, short-range ordered templates, in which crystallization can be selectively 
triggered.
. Introduction

In intermetallic alloys such as Fe–Al and Fe–Rh, order–disorder 
ransitions can be selectively triggered through laser [1,2] or ion ir-
adiation [3–11], which comes with large variations of their physical 
roperties. In Fe–Al and Fe–Rh for instance, the nonmagnetic, chemi-
ally ordered phase can be transformed to a ferromagnetic, chemically 
isordered phase. In Fe-V [12–14], a transformation from a nonmag-
etic, structurally disordered (short-range ordered (SRO)) phase to a 
erromagnetic structurally ordered phase can be selectively triggered. 
urthermore, in the same composition range, it is possible to address a 
ransition from chemical disorder to chemical order through thermal 
nnealing [15–17], which shows an unusual increase in vibrational 
ntropy upon ordering. Hence, in Fe1−xVx, both structural and chem-
cal disorder need to be considered in understanding the complex 
nterplay between structure, magnetism and vibrational properties. 
enerally, the binary alloy Fe1−xVx attracted scientific interest for 
 variety of characteristics. To name a few, the magnetic coupling 
etween interfaces and bulk alloys is fundamentally different [18–
0], the base-centered cubic (bcc) crystal has completely suppressed 
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magnetic ordering at V-concentrations above 𝑥 = 0.7 [21,22], at low V-
concentration it exhibits a very low Gilbert damping parameter and low 
saturation magnetization [14,23,24,24–28], and around equiatomic 
concentration, the structurally complex 𝜎 phase appears [21,29–35]. As 
the 𝜎 phase has slow formation kinetics, a metastable phase diagram is 
also found in a similar concentration and temperature range, revealing 
preferential B2 order [17], accompanied by an anomalous increase 
in vibrational entropy [16] or short-range order [30,36]. The coexis-
tence of A2 (bcc, chemically disordered quasi solid solution), B2 (bcc, 
ordered/layered bcc), SRO (structurally disordered) and the 𝜎 phases 
(structurally complex, 30 atoms/unit cell, partial chemical order [29,
31]) often complicates the preparation, characterization, and therefore, 
the understanding of such structures. This has become particularly 
evident when trying to explain the magnetic [22] and vibrational prop-
erties of the Fe1−xVx system [15]. In this study, co-evaporated Fe1−xVx
thin-films of varying concentration are investigated. The metastable 
phase diagram phase will be addressed by comparing two series of 
samples, one with constant substrate temperature (TG) of 573K during 
growth but varying composition and second, samples with constant V 
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concentration of 𝑥 = 0.4 but varying TG. The results obtained will help 
to improve the understanding and modeling of structurally and chemi-
cally disordered alloys, which will be useful for investigations of phase 
transformations caused by laser- [13] or ion-irradiation [12,14] and 
studying disorder induced effects on magnetic [23,27] and vibrational 
properties [15].

2. Experimental details

Sample preparation: Thin films of Fe1−xVx with a nominal thickness 
of 40 nm were prepared using a self-built MBE setup under UHV-
conditions (base pressure of 10−10 mbar, by co-evaporation of 
Fe (95% 57Fe)) from a thermal evaporator and V from an elec-
tron beam evaporator. Before evaporation, the isopropyl-alcohol 
cleaned Si(001)/270 nm SiO2 substrates were heated to 573K 
for 30 min under UHV conditions and cooled down or heated 
up towards the specified growth temperature TG. The combined 
growth rate of Fe and V was held constant throughout the 
sample series using 0.18  Å∕s. No further annealing steps were 
performed. The enrichment with 57Fe on the final samples is 
essential to achieve a high signal-to-noise ratio of the Mössbauer 
spectra and the Nuclear Inelastic Scattering.

Vibrating sample magnetometry: Vibrating sample magnetometry 
(VSM) was performed at 300K in a Quantum Design Dynacool 
PPMS system, using the VSM option with the magnetic field 
parallel to the surface plane. Volume-magnetizations were re-
calculated employing the weight of the sample and assuming 
40 nm thickness.

X-ray diffraction: X-ray diffraction (XRD) patterns were recorded us-
ing a Phillips PW1730 diffractometer with Cu K𝛼 radiation at a 
wavelength of 1.54  Å. Samples were aligned in reflectivity using 
the total external reflection at 0.8◦. Fitting was performed, using 
the software package Pi [37].

Mössbauer spectroscopy: 57Fe Mössbauer spectroscopy at perpendic-
ular incidence of the 𝛾-rays onto the film surface was performed 
by detection of conversion electrons (CEMS). For the detection 
of the electrons, the sample was installed in a proportional gas 
counter, i.e. housing with a continuous He gas flow mixed with 
4% CH4 to avoid ionization processes. For the measurement, a 
constant acceleration Mössbauer driving unit was used with a 
57Co source embedded in a Rh matrix, while the velocity of the 
spectrometer was calibrated with an 𝛼-Fe foil reference sample 
at room temperature. The experimental spectra were evaluated 
by a least-squares fitting routine using the Pi software pack-
age [37], using the Hesse-Rübartsch method with a smoothing 
parameter between 0.2 and 1, still allowing for discrete hyper-
fine field values, especially at low V concentration. Because of 
the statistical nature of local environments in the sample, the 
hyperfine field was fixed to depend linearly on the isomer shift 
in the fashion: 𝛿iso = 𝐼𝑆 + 𝛥iso ⋅ 𝐵HF

X-ray magnetic circular dichroism: For a range of samples, X-ray 
magnetic circular dichroism was measured at beamline PM3 at 
BESSY II in Berlin [38]. To avoid large contributions of native 
oxide, the samples were grown onto silicon-nitride membranes 
to allow for measurements in transmission geometry. To achieve 
this, the sample surface plane was rotated 37◦ relative to the 
synchrotron beam, in order to have large enough projected area 
of the membrane window and high projection of the in-plane 
magnetization. The magnetic field was parallel to the surface 
plane to allow for easy switching of the in-plane magnetization. 
Throughout the measurements, the helicity of the X-rays was 
fixed and the dichroic signal was obtained by switching the 
magnetic field orientation.
2 
Fig. 1. Concentration dependence (a) of the (110) Bragg reflection of Fe1−xVx
grown at 573K and growth temperature dependence (b) of Fe0.6V0.4. The 
resulting lattice constants (c) in comparison to literature [40,41] with full 
squares for TG = 573K and open tilted squares with color according to the 
growth temperature in (b).

Nuclear Inelastic Scattering: Inelastic nuclear scattering measure-
ments were performed at the nuclear resonance beamline (for-
mer ID18) at the European Synchrotron Radiation Facility
(ESRF) in Grenoble [39] in reflectivity at an incidence an-
gle of 0.288◦ using an avalanche photodiode mounted closely 
above the thin-film surface. The spectra were obtained using 
the high resolution monochromator with an energy resolu-
tion of ∼0.8meV (FWHM) at the nuclear resonance of 57Fe 
at 14.4 keV. Energy calibration was performed using powdered 
(NH4)2Mg57Fe(CN)6.

3. Results

Fig.  1(a) shows the dependence of the position and intensity of the 
(110) Bragg reflection as a function of 𝑥, measured for the Fe1−xVx
alloy thin films grown at 573 K. For the full patterns, please see 
the supplementary material. With increasing 𝑥, the Bragg reflection 
shifts to smaller angles, indicating larger lattice constants. Furthermore, 
increasing the V content, the Bragg reflections broaden until the peaks 
vanish and become almost indistinguishable from the background. In 
particular, at 𝑥 = 0.4 and 0.5, the Bragg reflection vanishes and 
recovers at 𝑥 = 0.6 and 0.7, until it vanishes at higher V content. 
The variation of the (110) Bragg reflection as a function of growth 
temperature TG for 𝑥 = 0.4, depicted below in Fig.  1  (b) shows a 
sharp (110) Bragg reflection only at low growth temperatures, whereas 
it strongly broadens at higher temperatures. Fig.  1(c) shows the lattice 
constants obtained by refining with an A2 Fe1−xVx model. The (100) 
peaks indicating B2 order were not observed for any of the samples. The 
results are compared to the results of Hannemann and Smith [40,41] for 
bulk systems. The progression of the lattice constants exhibits nonlinear 
behavior, deviating from Vegard’s rule for smaller lattice constants.

Fig.  2(a) shows the first quadrant of magnetic hysteresis curves and 
Fig.  2(b) the corresponding concentration dependent saturation mo-
ments for samples grown at 573K as average moment per atom and as 
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Fig. 2. Volume magnetization and corresponding atomic saturation moment for (a),(b) concentration dependence of Fe1−xVx grown at 573K and (c),(d) growth 
temperature dependence of Fe0.6V0.4. At high temperatures and intermediate V concentrations, there is a sudden drop in saturation magnetization, reflecting the 
change from ferromagnetic bcc to paramagnetic/weakly ferromagnetic for the short-range ordered phase. At concentrations above 𝑥 = 0.7 V, the magnetic moment 
is completely quenched, as is expected for their Pauli-paramagnetic character. Volume magnetization in kA/m translates to the same values in emu/cm3.
moment per Fe-atom within the sample. The saturation magnetization 
decreases with increasing V concentration until for 0.4 ≤ 𝑥 < 0.6
it is strongly reduced to very low values for the short-range ordered 
thin films. For 𝑥 = 0.6, where the sample is A2 ordered again, a 
slight increase of MS is observed which is suppressed for 𝑥 = 0.7 and 
above. The growth temperature dependence in Fig.  2(c)&(d) shows 
high saturation magnetization for low growth temperatures, with the 
sample grown at 473K slightly surpassing the sample grown at 300K. 
At higher temperatures, where the XRD suggests only short-range order, 
the saturation magnetization vanishes except for TG = 573K, indicating 
the presence of magnetic ordering.

The CEMS method is susceptible to hyperfine interactions such as 
local changes in electron density, electric field gradients or magnetic 
fields around the 57Fe nuclei within the sample. Fig.  3(a) and (b) shows 
the CEMS and corresponding mean hyperfine magnetic fields and mean 
isomer shifts obtained from fitting via the Hesse-Rübartsch method as 
already explained in Section 2. For pure Fe in Fig.  3(a), a sharp sextet 
split spectrum is observed, corresponding to ferromagnetic, bcc Fe with 
a hyperfine field splitting of 32.2 T with the hyperfine field oriented 
in the sample plane, as expected from the large shape anisotropy of 
the thin film. For 𝑥 = 0.1, the spectrum smears out towards a lower 
hyperfine field splitting. Upon closer examination, two main hyperfine 
field contributions become apparent. One possesses a slightly higher 
hyperfine field than pure Fe, while the other has a slightly lower one. 
Further increase of 𝑥 leads to additional broadening and decreasing of 
the hyperfine fields, until the hyperfine field is completely diminished 
for 𝑥 = 0.4 and 0.5, and only a single asymmetric resonance is detected 
for the SRO and paramagnetic/weakly ferromagnetic samples. For 𝑥 =
0.6, a broad hyperfine field distribution is detected again, and a further 
increase in V content only results in completely diminished hyperfine 
fields, corresponding to their paramagnetic character. This behavior is 
represented in Fig.  3(b), depicting the mean hyperfine field and the 
mean isomer shift. The mean hyperfine field is reduced with increasing 
𝑥 for the bcc samples and it vanishes for the SRO samples as well as for 
the samples with 𝑥 ≥ 0.7, which reflects their paramagnetic behavior. In 
contrast, for the mean isomer shift, a linear functionality of the decrease 
3 
is observed for the bcc ordered samples, whereas a large decrease of 
the isomer shift is observed for the short-range ordered samples. In Fig. 
3(c), the CEMS for Fe0.6V0.4 is shown for different growth temperatures 
TG. The SRO samples grown at high substrate temperature show a 
single asymmetric resonance, whereas the samples grown at lower 
substrate temperature become ferromagnetic and, therefore, show a 
broad hyperfine sextet.

To verify the occurrence of antiparallel coupling between the Fe and 
V moments, XMCD was measured on a bcc sample at a concentration of 
𝑥 = 0.4 (see Fig.  4), illustrating measurements at both the Fe and V L2,3
edges. The antiparallel coupling is evident from the different signs of 
the XMCD for both elements. The antiparallel-induced moments in V 
have been shown to originate from short-range polarization, a direct 
result of hybridization with Fe [19,20,42]. By application of XMCD 
sum rules, a Fe spin moment of 1.12  𝜇B and an orbital moment of 
0.13  𝜇B was determined, summing up to a total magnetic moment of 
1.25  𝜇B. For V, the orbital moment amounts to −0.11  𝜇B, and the spin 
moment to −0.14  𝜇B, summing up to −0.25  𝜇B. For Fe, the error can be 
estimated in the range of 10% and for V, the error might be larger, as its 
spin-moment might be underestimated by the sum-rules about a factor 
of 2 due to jj-mixing. Please keep in mind that the samples are grown 
onto a different substrate as explained in Section 2, so this measurement 
only provides an estimate of the atomic magnetic moments and the 
indication of antiparallel coupling between Fe and V (see Fig.  4).

Nuclear inelastic scattering has been used to study various types 
of disordered materials [16,43–47] and was carried out for a con-
centration of 𝑥 = 0.4 for a SRO sample, grown at 573K and for a
bcc (A2) phase, grown at RT. From such measurements, the Fe-partial 
vibrational density of states (VDOS) can be extracted, allowing for 
understanding of bond strengths and certain thermodynamic quantities, 
allowing for interpretations of structural and chemical disorder. While 
the A2 phase in Fig.  5 shows the expected behavior of the A2 alloy [16], 
the Fe–partial vibrational density of states (VDOS) of the short-range 
ordered sample is significantly broadened, and there is a variation in 
the energy of certain vibrational contributions. As such, the longitudi-
nal acoustic peak at high energies is subject to a stronger broadening 
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Fig. 3. Area-normalized CEMS spectra and corresponding mean hyperfine fields and mean isomer shifts for (a),(b) concentration dependence of Fe1−xVx grown 
at 573K and (c),(d) growth temperature dependence of Fe0.6V0.4. At high growth temperatures and intermediate V concentrations, there is a sudden drop in both 
hyperfine field and isomer shift, reflecting the change from the ferromagnetic, hyperfine split sextets to the single asymmetric resonance line of the SRO phase 
and the high V-content alloys.
Fig. 4. X-ray absorption spectra (XAS) and XMCD spectra of as-grown poly-
crystalline Fe0.6V0.4. XMCD shifted by −1 for visibility. Measurements were 
performed at the Fe- and V L3,2 edges in transmission at an angle of 37 degrees 
with respect to the beam, with a parallel alignment of the magnetic field and 
the thin-film surface. The antiparallel alignment of Fe and V moments is visible 
from the different sign of the XMCD at the Fe and V edge.

than the low-energy contributions, but its positional variation is negligi-
ble. In comparison, the low-energy contributions show less broadening 
4 
Fig. 5. Fe-partial vibrational density of states derived from measurements of 
nuclear inelastic scattering for as-grown polycrystalline (A2) and as-grown 
SRO Fe0.6V0.4. Apart from an overall broadening of the VDOS, a softening of 
the low-energy phonons can be observed for the SRO sample. The inset shows 
the low-energy region over E2 in a similar manner to [43].

but a significant softening, i.e. a shift towards lower energies. The 
inset in Fig.  5 shows the low-energy region of the Fe–partial VDOS 
over the square of the energy. Both samples show a linear relation 
corresponding to Debye-like behavior, but the SRO sample shows a 
larger slope. Upon forming the SRO state, the Fe–partial vibrational 
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Fig. 6. Concentration dependence of MBE-grown FeV thin-films with varying 
concentrations (filled squares) and of Fe0.6V0.4 with varying temperature (open 
tilted squares), the shaded area represents the regime of SRO sample growth, 
also depicted with sketches of the lattice at the top. From top to bottom: 
Lattice parameter derived from XRD, open triangles and closed line from lit-
erature [40,41], as presented in [40]; saturation magnetization from vibrating 
sample magnetometry; mean hyperfine field of the Mössbauer spectra; mean 
isomer shift of the Mössbauer spectra relative to 𝛼-Fe with IS of −0.107 mm/s.

entropy increases by 0.16(1)  kB∕atom, which is higher than what Fultz 
et al. (0.01(2)  kB∕atom) found for bcc-Fe compared to nanocrystalline 
Fe [43], and larger than what Munoz et al. found for A2-B2 Fe0.5V0.5
(0.12(3)  kB∕atom) [16].

4. Discussion

Preceding the actual discussion of the recent data, some aspects of 
previous work will be summarized. The SRO Fe–V phase has been re-
ported previously [12,14,30,36]. For magnetron sputtered Fe0.6V0.4, it 
was seen that reordering kinetics under ion-irradiation strongly depend 
on the short-range structure of the samples, which itself is sensitively 
dependent on the diffusion kinetics during the sample preparation [14]. 
As the phase formation of Fe–V occurs at very small length-scales, 
understanding the atomic arrangements of these SRO thin-films is not 
trivial, but using EXAFS, different local environments for Fe and V were 
5 
observed, where the open volume around Fe decreases and the open 
volume around V increases [12]. The approach of this work to under-
standing SRO is a combination of examining the reasons behind the 
SRO phase formation by contrasting structural and magnetic properties 
of bcc-, SRO- and 𝜎-phase and to explore pathways to spectroscopically 
disentangle chemical and structural ordering phenomena. Fig.  6 sum-
marizes the results obtained from the data presented above. The color 
coding represents the growth temperature and the shaded area and 
the sketches of the lattice structure on top represent the concentration 
regime in which the SRO phase appears. Considering only the bcc-
phase for now, the XRD 6(a) shows a continuous increase of the lattice 
constant with increasing 𝑥, with shorter lattice constants as expected 
from Vegard’s rule, which usually implies stronger bonds between Fe 
and V compared to Fe–Fe and V–V. The mean saturation magnetization 
Fig.  6(b) and the mean hyperfine field Fig.  6(c) both decrease non-
linearly upon increasing 𝑥, but the saturation magnetization decreases 
at a faster rate than the mean hyperfine field. To understand this 
discrepancy, it is necessary to not only take into account the Fe but 
also the V contributions. As it is known for the FeV system, not only 
Fe, but also V carries a magnetic moment up to 1  𝜇B∕atom with 
antiparallel coupling to the Fe moment which has been found with 
polarized neutron scattering and XMCD [19,20,42,48–50]. The atomic 
moments found from XMCD within this study agree that the Fe moment 
is reduced upon alloying with V, but also V carries an antiparallel 
moment. The results are in the same order of magnitude as the moments 
derived from the VSM measurements, with the XMCD total moment 
slightly overestimating the total moment, which could be due to slight 
underestimation of the negative V moment due to jj-mixing [51,52] or 
due to the growth on a different substrate. The most notable difference 
between the results for the alloy at 𝑥 = 0.1 and 𝑥 = 0.15 (from [20,49,
50]) and the measurement at 𝑥 = 0.4 (Fig.  4) is evident in the pre-edge 
feature of the V L3 edge, which is more pronounced for 𝑥 = 0.4 in both 
XAS and XMCD. As a result, it can be noted that with increasing V 
content, not only does the Fe moment reduce, but also the V moment 
must be subject to concentration-dependent changes, which is in line 
with the observations made in [22,48]. The hyperfine fields in Fig. 
3 show an overall reduction and a broadening, until the hyperfine fields 
vanish entirely at 𝑥 = 0.7 and above. For the chemically disordered 
A2 alloys, this reduction and broadening reflects a distribution of 
hyperfine fields caused by the statistical probability of different local 
arrangements of Fe and V 1st, 2nd and 3rd nearest neighbors around 
the 57Fe absorbers (compare to [22]). For dilute alloys, this means that 
the hyperfine fields of Fe1−xVx depend on the binomial probability of 
the 57Fe nucleus having any number of 1st or 2nd nearest-neighbors 
replaced by a V atom, which results in a negative modification of the 
hyperfine field, or a slight enhancement of hyperfine field from the 3rd 
nearest-neighborhood [22,48,53,54]. Fitting the spectra yields different 
𝛥iso parameters (explained in Section 2) for different concentrations, 
which indicates varying shifts of the Mössbauer lines depending on 
the local concentration. This should not be the case, if only the oc-
cupation probability of a binomial distribution of local environments 
changes, and it also cannot be explained by a change of the Fermi 
contact field. Particularly for non-dilute alloys, this hints at a local 
environment-dependent magnetic coupling between Fe and V, resulting 
in a local concentration-dependent shift of the individual hyperfine 
field contributions. Fig.  6(d) displays the mean central shift of the 
hyperfine field distribution. For the bcc-phase a linear decrease of the 
isomer shift is observable over the whole concentration range. This 
reduction of the isomer shift corresponds to a larger electron density 
at the position of the Fe nucleus, which counteracts the concentration-
dependent increase of the lattice constant. This agrees well with data 
from Dubiel and Zinn [55,56], which has shown that the linear decrease 
of the isomer shift of Fe1−xVx with the V concentration is dominated 
by the direct transfer of s-electrons from V to Fe. For the SRO samples 
within the shaded area between 𝑥 = 0.4 and 0.5, a drastic reduction 
of the isomer shift compared to the bcc phase is evident. Moreover, 
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the isomer shifts are even smaller compared to the 𝜎 phase at the same 
concentration [31,35]. To understand such pronounced negative isomer 
shift, it is essential to understand the origin of the SRO phase. In our 
previous works with magnetron sputtered samples [12–14], it appeared 
at 𝑥 = 0.4 both at 300K and at elevated temperatures of 573K, with a 
higher degree of SRO at the elevated growth temperatures. By using 
the MBE growth at variable growth temperatures, it is possible to 
clearly distinguish between the SRO phase at high growth temperatures 
and the bcc-phase at low growth temperatures, with a sharp transition 
in between. This allows for the conclusion, that the SRO phase is 
a structurally frustrated phase originating from incomplete chemical 
and structural ordering during 𝜎-phase formation. How such short-
range order can be characterized and compared to the equilibrium 
phases is still ongoing research, but based on the obtained results, 
the following conclusions can be made. The short-range ordered phase 
is almost amorphous in nature, as can be seen from the very broad, 
almost non-visible Bragg reflections in the XRD, showcasing strong 
structural disorder in comparison to the equilibrium phases. Further 
it shows strongly reduced ferromagnetism, as both the saturation mag-
netization and the hyperfine fields vanish. Ultimately, the isomer shift 
shows a very prominent fingerprint with its pronounced shift to large 
negative values for the short-range ordered samples. Already in the
bcc-phase, the isomer shift directly depends on the V concentration, 
showing increasing negative shifts at increasing V concentrations [55,
56]. A similar observation was made for the 𝜎-phase, where the isomer 
shift is directly dependent on the number of V nearest-neighbors, 
also with large negative shifts observed for sites with a high number 
of V nearest-neighbors and low open volume around that particular 
site [32,35]. This reveals, that structural change is accompanied by 
chemical ordering, increasing the probability of having unlike atoms as 
nearest-neighbors and by reducing/increasing the open volume around 
Fe/V atoms respectively, which would be in line with the observations 
made in [12], where different local environments were observed for 
Fe and V atoms. The negative isomer shift of the SRO samples even 
surpasses the one of the 𝜎 phase. Interestingly, this is not seen for the 
high 𝑥 alloys, which also show only very broad Bragg reflections in 
the XRD. This implies that for the intermediate compositions, not only 
structural disorder in the form of mean square displacements of atoms 
or grain boundaries is essential to describing the disordered system, 
but an increase in chemical ordering and/or an increase of the Fe 
coordination number at the expense of V coordination, along with the 
volume decrease/increase around Fe/V are the main drivers behind 
the SRO. Furthermore, this makes the isomer shift a reliable probe for 
the chemical ordering tendencies in the intermediate alloy composition 
regime. These chemical ordering tendencies can be further understood 
by analyzing the Fe-partial VDOS of the SRO and bcc samples. Upon 
forming the SRO state, an overall broadening occurs and the low 
energy modes experience a softening, resulting in an overall increase 
of the (Fe-partial) vibrational entropy by a larger amount compared 
to the A2-B2 ordering transition [16]. Furthermore, the softening can 
be assumed as an indicator of the chemical ordering specific to the 
FeV system, if compared to the nanocrystalline-bcc system [43], which 
shows the broadening of the VDOS caused by the structural disorder 
but not a significant softening. Although the numbers presented above 
only account for the Fe atoms, the effects for V are expected to be 
even more pronounced, considering results for the element resolved 
VDOS [16] and EXAFS [12]. Another interesting parallel of the SRO 
films compared to the nanocrystalline films is the large slope in the 
low-energy region of the VDOS that could be due to a higher sound 
velocity or an increase of elastic discontinuities but, either way might 
be a fingerprint of the structural disorder of the system, leaving the 
nuclear inelastic scattering as a powerful tool for further studies of both 
structural and chemical disorder caused by the ion- or laser-induced 
selective phase transformation.
6 
5. Conclusion

Thin-films of Fe1−xVx were grown in the whole concentration range 
and at different substrate temperatures. For most of the sample com-
positions, the thin-films grow in the 𝑏𝑐𝑐-phase, showing the known 
properties such as deviation from Vegard’s rule, a linear relationship 
between isomer shift and concentration, and antiparralel alignment of 
Fe and V moments. Beyond that, the SRO phase was found around 
equiatomic composition and only at elevated growth temperatures, 
which implies that it is a pre-stage of the 𝜎-phase. The SRO phase is 
recognizable not only by the absence of narrow Bragg reflections in 
the XRD pattern and the absence of ferromagnetic order, but also by a 
very pronounced negative isomer shift, indicating a substantial increase 
of the electron density at the Fe nuclei, which is indicative of both 
reduction of the free volume around Fe and the increase of V- nearest 
neighbors. Furthermore, the Fe-partial VDOS shows not only broaden-
ing, as expected from the structural disorder, but also softening of the 
transversal modes that results in the overall increase of the vibrational 
entropy within the SRO-phase, both stabilizing the SRO phase and 
indicating chemical ordering. In conclusion, the structural disordering 
of the SRO Fe–V alloy is accompanied by chemical ordering, effectively 
increasing the probability of finding unlike nearest-neighbors. Espe-
cially the isomer shift and nuclear inelastic scattering have proven to 
show pronounced and reliable fingerprints of structural and chemical 
disorder, opening up possibilities to investigate their correlations with, 
e.g. the presence of vacancies, grain boundaries or other structural 
defects.
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