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Abstract

The crystalline texture of arrays of low diameter Co nanowires (NWs) synthesized by
electrodeposition using electrolytes with different acidities (pH in the range 2.0-6.6) was
studied by the switching field distribution (SFD) and first order reversal curve (FORC)
diagrams. Particularly, the SFD determined as the derivative dM/dH of the descending part of
the major hysteresis loop has proven to be a reliable and powerful method for the identification
of different crystalline textures in the NWs and the quantification of their corresponding texture
percentages. The presence of the face centered cubic-like texture at low pH values and
hexagonal close packed textures with the c-axis perpendicular and parallel to the NWs axis at
higher pH values have been identified by performing multiple Gaussian fits to the SFD by virtue
of their different magnetic behavior observed during reversal of the magnetization. The field
position and size of each curve in the multiple Gaussian fit provide information about the
corresponding magnetic contribution and volumetric texture percentage of each crystalline
texture in the NWs, respectively. The analysis of the SFD has been complemented and validated
with FORC diagram measurements, showing that the width of the coercive field distribution is
in good agreement with the width of the SFD. Also, it has been found that the different branches
observed in the FORC diagrams along the interaction axis provide further insight on the
interaction between magnetocrystalline fields. This work provides a novel methodology for the
use of magnetometry as a reliable technique for the study of the interplay between the
microstructure and magnetic behavior of arrays of NWs.
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1. Introduction

Arrays of very long and parallel magnetic nanowires (NWs)
are interesting systems due to their particular geometry, shape
anisotropy and the possibility to induce other magnetic effects
of magnetocrystalline (MC) or magnetoelastic nature. Particu-
larly, the combination of these properties make Co NWs good
candidates for microwave and high density recording media
applications [1]. Contrary to Ni, Fe and alloyed NWs, it is
well known that electrodeposited Co NWs can exhibit the
hexagonal close packed (hcp) crystalline texture, responsible
for the appearance of an additional MC anisotropy contribu-
tion that superposes to the magnetostatic (MS) contribution.
Indeed, the hcp texture of Co NWs can be tailored by con-
trolling electrochemical parameters like the electrolytic bath
acidity [2-6], temperature [7, 8], current density [9], depos-
ition potential [10, 11], boric acid concentration [6], or geo-
metrical parameters of the NWs like their diameter [12, 13],
and aspect ratio [14, 15]. Furthermore, previous works have
shown that Co NWs synthesized using electrolytes with pH
values in the range 2.0-2.6 have preferred face centered cubic
(fce)-like texture without any MC anisotropy contribution,
whereas they present the hcp texture when they are electrode-
posited using electrolytes with pH values between 3.5 and 6.6.
As also shown, in this pH range the orientation of the hcp
c-axis can be either perpendicular (pH between 3.5 < pH <
5.5) or parallel (pH 2 6.0) to the NWs axis [16, 17]. Nev-
ertheless, low diameter Co NWs with mixed crystalline tex-
tures can be synthesized using electrolytes with intermediate
pH values [16, 18]. The coexistence of two or three crystalline
textures in the NWs modifies the way an array is magnetized,
since each texture has its own magnetic behavior. Indeed, pre-
vious works on arrays Co NWs electrodeposited into porous
polycarbonate (PC) [16] and alumina membranes [19] sug-
gest a strong dependence of the magnetic and microstructural
properties with the hcp c-axis orientation. The effective mag-
netic response is then expected to depend on the proportion
of each textured phase present in the NWs. Previous works
have reported on the identification of the different crystalline
textures using ferromagnetic resonance and first order reversal
curve (FORC) distributions [16, 20-22]. However, these meth-
ods are time consuming as they require recording an important
amount of FORCs or absorption spectra along with signific-
ant data processing. Therefore, an easy and reliable method
based on a single magnetic measurement to identify crystal-
line textures present in the NWs is of paramount importance.
In this work, a simple protocol based on the switching field
distribution (SFD) is proposed to evaluate the proportion of
fcc-like and hcep crystalline textures present in arrays of low
diameter Co NWs with low dipolar interaction and synthesized
from electrolytes of different acidities. The analysis carried out
using this protocol has been compared with the corresponding
FORC diagrams. Despite the ability of FORC diagrams
to detect subtle and complex magnetization processes, the
SFD method has proven to provide valuable information
equivalent to that of the FORC coercive field distribution

(CFD) in a very simple way from single magnetization
curves.

2. Experimental

2.1. Samples preparation

Arrays of 10 um long Co NWs have been fabricated by a
standard three-probe electrodeposition technique into 22 ym
thick track-etched PC membranes with 45 4+ 5 nm pore dia-
meter. The length of the NWs has been estimated from the
electrodeposition time required to fill the porous membranes
to 45%. These PC membranes have pores density equal to
5 x 10° pores cm? corresponding to a porosity of 3.5%. Prior
to the electrodeposition, a Cr(20 nm)/Au(600 nm) cathode was
evaporated onto one side of the membrane. Cobalt NWs
were grown at room temperature using 238.48 g1~ 'CoSOy +
30g1~!' H3BO;s electrolytes with different acidities and at a
constant potential of —0.95 V versus Ag/AgCl. The electrode-
posited NWs are almost perfectly cylindrical and parallel with
adeviation less than 5° and have a very low surface roughness.
The as-prepared solutions have a typical pH value of about 3.8,
which was lowered down to 2.0 by adding dilute H,SO,4 and
increased up to 6.6 by adding 0.1 M NaOH. The electrolyte pH
and magnetic parameters for all the samples considered in this
work are shown in table 1.

2.2. Microstructural characterization of Co NWs

The morphology of Co NWs has been analyzed by scanning
electron microscopy (SEM) using a dual beam (FIB/SEM)
FEI-Helios Nanolab 600 microscope, after dissolution of the
PC membrane in dichloromethane. Figure 1(a) shows a SEM
micrograph displaying a bunch of broken NWs with approx-
imate length of 4-5 ym. This micrograph confirms the cyl-
indrical shape and high homogeneity of the NWs. The close-
up view in the inset of this figure shows sharp details of the
NWs, confirming a low surface roughness and the breakpoint
at the tip of a NW. The crystalline orientation of Co NWs
electrodeposited using electrolytes with different pH values
has been evaluated by x-ray diffraction (XRD) experiments
using a RIGAKU SmartLab spectrometer with Cu K, radi-
ation. Prior to the XRD measurements, the Cr/Au cathode was
etched using a 12:KI (0.1:0.6 M) solution in order to eliminate
undesired diffraction peaks arising from other elements than
Co. Figure 1(b) shows the XRD patterns for arrays of elec-
trodeposited Co NWs at pH values of 2.6, 4.4 and 6.6. As seen,
the XRD pattern of the Co pH 2.6 NW array shows a main peak
corresponding to the Co plane (111), which confirms their fcc
structure [5]. At the intermediate pH value of 4.4, the NWs
have preferential hcp crystalline texture as confirmed by the
presence of the two peaks corresponding to the hcp planes
(100) and (101), which is in good agreement with previous
works [16, 23]. In this case, the dominant plane (100) indicates
that the hep c-axis is close to the direction perpendicular to the
NWs. The peak corresponding to this plane disappears for the
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Table 1. Coercive field (H.) and remanence magnetization (M)
determined by hysteresis loop measurements for Co NW arrays
fabricated using electrolytes with different pH values. The number
of adjusted Gaussians to the SFD is shown for comparison.

Sample pH H. (kOe) M; (%) Adj. Gauss.
1 2.00 1.880 98.9 1
2 2.40 1.622 98.6 2
3 2.60 1.543 96.7 2
4 3.27 1.272 92.8 2
5 3.38 1.223 88.9 2
6 3.50 1.160 84.7 2
7 3.78 1.054 75.7 2
8 3.96 1.140 71.0 2
9 4.20 1.370 76.5 2
10 4.40 1.246 91.0 2
11 4.60 1.113 76.2 2
12 4.80 1.030 71.6 2
13 5.00 1.118 68.6 2
14 5.40 1.323 64.5 3
15 5.60 1.456 66.2 3
16 5.80 1.496 72.3 3
17 6.20 2.173 95.2 2
18 6.40 2.170 98.0 2
19 6.60 2.210 99.4 1

pH 6.6 NW array for which the main diffraction is observed
for the (001) plane. This result is consistent with a change of
the crystal orientation of the hcp c-axis from perpendicular to
parallel to the NWs axis. These microstructural changes with
the pH are consistent and in good agreement with previous
reports [16].

2.3. Crystalline texture evaluated using the SFD method

The SFD, also called differential susceptibility, is an important
micromagnetic curve in magnetic recording media research
used to evaluate the field width in which magnetization
reversal takes place [24, 25]. The SFD is obtained as the deriv-
ative dM/dH of the descending branch of the major hysteresis
loop (MHL) recorded by applying the magnetic field along
the NWs axis direction [26, 27]. Figure 2 shows a comparison
between SFD and the descending branch of the MHL for two
arrays of Co NWs deposited using electrolytes with pH 2.0
(Sample 1) and 4.4 (Sample 10). As seen, the SFD for Sample
1 is symmetrical with a single peak centered around its cor-
responding coercive field. Conversely, the SFD for Sample
10 displays a shoulder at lower field values and its max-
imum is not centered at the coercive field of its MHL. As
shown previously, the microstructure of Co NWs is composed
of one or more crystalline textures, namely fcc-like and hep
[16, 18], where the former (later) is more likely in NWs grown
using more acid (alkaline) electrolytes. The Co hcp texture is
such that the c-axis can be oriented parallel (||) and perpen-
dicular (L) to the NWs, then having two different hcp tex-
tures, namely hereafter hep)) and hep, . Co NWs grown using
electrolytes with intermediate acidities have a combination of
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Figure 1. (a) SEM micrograph of Co NWs after dissolution of the
PC membrane. The inset shows a close view of two NWs with
average diameter of 45 £ 5 nm. (b) XRD patterns for arrays of Co
NWs electrodeposited using electrolytes at the pH values of 2.6, 4.4,
and 6.6.

these textures, each one behaving as a well-defined magnetic
phase with specific coercivity, resulted from the superposition
of their MC and MS anisotropies. As a consequence, the SFD
can exhibit various peaks, each one associated to a different
crystalline texture. To evaluate the presence of these crystal-
line textures, a numerical fit based on the superposition of
one to three Gaussian curves is performed to the experimental
SFED. In this context, two conditions must be met for optimal
Gaussian-based curve fitting: (a) the coercive fields of single
phases (or textures) must be different to prevent overlapping,
and (b) the volume of secondary phases must be large enough
to be measured. Both conditions are necessary to be able to dis-
tinguish between the different contributions in the SFD, oth-
erwise a single and wider peak will be observed.

2.4. Crystalline texture evaluated using FORC diagrams

The FORC distribution p(H,H;) is defined as the mixed
second derivative of a series of FORCs (M(H, H,) curves) with
respect to H, and H, that is [28]
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Figure 2. Switching field distribution (continuous line) obtained
from the descending branch of the MHL (dotted line) for the Co
NW arrays with (a) pH = 2.0 (Sample 1) and (b) pH = 4.4 (sample
10) (see table 1).
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Then, a new set of coordinates defined as H, = (H, — H)/2
and H, = (H; + H)/2 is used to rotate the FORC distribution
by 45° counterclockwise. The new coordinates H, and H,
provide information about the mean coercivity and inter-
action of individual NWs with the surrounding NW array,
respectively [20]. The final FORC diagram is a contour plot
of p(H,,H), with H, and H, on the horizontal and vertical
axes, respectively [29-31]. For each sample, 200 FORCs were
measured and used along with the FORCinel 2.0 software [31]
to generate FORC diagrams with very high resolution. The
analysis of FORC diagrams has been performed in terms of
the CFD and the interaction field distribution (IFD) along the
H_. and H, axes, respectively.

3. Results and discussion

3.1 Co NWs with single crystalline texture

Arrays of Co NWs with single texture are either polycrys-
talline fcc-like or have preferential hep crystal orientation
with the c-axis along the NWs axis. The former (later) has
been obtained using an electrolyte with its pH adjusted to
2.0 (6.6). As seen in figures 3(a) and (q) the SFD for these
two NW arrays shows a single peak, which is consistent with
the presence of a single magnetic phase; as will be further
evidenced by the results of the intermediate pH cases. How-
ever, the single peaks for the fcc-like and hep NW arrays are
centered in 1.88 kOe and 2.21 kOe, respectively. The larger
center field for the NW with hcp,| texture is associated to the
magnetic anisotropy. As known, the anisotropy field for arrays

o
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o
n

=
(=2

i
=

SFD (Norm)
H, (kOc)

SFD (Norm)
H, (kOe)

SFD (Norm)
H,, (kOc)

SFD (Norm)
H, (kOe)

pH=540

SFD (Norm)
H, (kOc)

SFD (Norm)
H, (kOe)

SFD (Norm)
H, (kOe)

SFD (Norm)
H, (kO¢)

2 1
4 0

g

0

2 2
H (-KOe) H, (KOe)

Figure 3. (left) Experimental SFD curves (e) and effective
Gaussian fit (yellow line) resulted from the sum of individual
Gaussian fits for the fcc-like (red line), hep . (green line) and hep
(blue line) crystalline textures. The dotted line indicates the coercive
field of each NW array. (right) FORC diagrams plotted in the H,—H.
plane, where the black triangle (V) on top of each diagram indicates
the position of the coercive field.

of hep| Co NWs is the result of the superposition of the MS
and MC contributions, which is larger than the anisotropy field
for arrays of fcc-like Co NWs because it corresponds only to
the MS contribution [16]. These single-textured NW arrays are
of particular importance as they serve as reference systems to
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study the magnetic behavior and microstructure of NW arrays
with mixed crystalline textures. On the other hand, the FORC
diagram for the fcc-like Co NWs is characteristic of a low
interaction system, as indicated by the narrow width Ap of
the IFD along the H,, axis. This result is consistent with the
expected low MS interactions due to the low packing fraction
of the NW arrays studied in this work.

Besides, the FORC diagram for the hcp; NW array in
figure 3(r) shows that MS interactions remain low, as expec-
ted because all NW arrays studied in this work have the same
packing fraction. Magnetization reversal, on the other hand,
takes place in a CFD centered at a higher field than that of the
fcc-like NW array (see the triangles on top of figures 3(b) and
(r)). This result is in good agreement with that obtained with
the SFD.

3.2. Co-NWs with multiple crystalline textures

In contrast to Co NWs with single crystalline texture obtained
at pH values of 2.0 and 6.6, previous works show that arrays of
Co NWs synthesized using electrolytes with intermediate pH
values have a combination of crystalline textures. Specifically,
FMR experiments have shown that Co NW arrays synthesized
from electrolytes with pH values between 2.0 and 6.6 have a
magnetic anisotropy lower than those for the fcc-like and hep
phases [16]. It has also shown that the dominant microstructure
of these NWs has texture hcp | with the c-axis oriented perpen-
dicular to the NWs axis. Therefore, the average microstructure
of Co NWs can vary from a fcc-like structure with no MC
anisotropy at low pH, to a textured polycrystalline hcp struc-
ture with the c-axis perpendicular to the NWs axis at inter-
mediate pH values (3-5.5) and with the c-axis parallel to the
NWs at higher pH values (5.5-6.6). These structural changes
can be inferred from the SFD and FORC diagrams shown
in figure 3. That is, arrays of Co NWs with 2.4 <pH < 5.0
(Samples 2—-13) have a combination of fcc-like and hep crys-
talline textures, as suggested by the SFD line-shape display-
ing either two peaks or a single peak with a shoulder at lower
field values. Clearly, the curves line-shape can be well repro-
duced using a two-Gaussian fit, as shown in figures 3(c), (e),
() and (0.

Besides, the effective magnetic anisotropy of the hcp
crystalline texture is the result of the competition between the
MC and MS contributions because they oppose each other.
That is, the MS field constrains the magnetization along the
NWs axis, while the MC field constrains the magnetization in
the direction perpendicular to the NWs axis. As a result of this
competition, the MC field is subtracted from the MS field and
the effective anisotropy for the hcp texture is lower than the
MS contribution alone which is characteristic of the fcc-like
texture. Therefore, for these NW arrays the peak centered at
higher (1.5 kOe) and lower (x0.84 kQOe) fields corresponds
to the fcc-like and hep | textures, respectively. The Gaussian
fits associated with the fcc-like texture (red curves) maintain
their field position and shape as the pH increases, while those
associated with the hcp texture (green curves) increase in
height and width, reaching their maximum at pH = 4.80. This
behavior is consistent with an increase of the hep | texture with
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Figure 4. Crystalline texture percentages of Co NW arrays as a
function of the electrolyte pH, determined from the area below each
curve of the multiple Gaussian fit to the SFD.

the pH, which can be quantified from the shape and size of
each individual Gaussian fit. Indeed, these parameters are dir-
ectly related to the area below each Gaussian fit, which can be
used as a measure of the percentage of its corresponding crys-
talline texture. Therefore, the total texture of the NWs reflects
the contribution and weighted importance of the different tex-
tures, as shown in figure 4. This figure shows that the hcp |
texture increases with the pH at the expense of the reduction
of the fcc-like texture.

Furthermore, the FORC diagrams of Samples 2 to 13 show
an increase of Acpp in the range between 2.6 and 3.3 kOe,
which is in good agreement with the increase in width of their
corresponding SFD (see figures 3(d)—(j)). Besides, the width
Arppp of the IFD for these NW arrays increases from 1.7 to
2.7 kOe as the pH increases. This interaction field is clearly
different from the MS dipolar interaction field. This is because
the later is constant as it depends on their packing fraction,
which is the same for all the NW arrays in this study. Contrary
to the IFD for Sample 1 observed in figure 3(b), the IFD for
Samples 213 in figures 3(d)—(j) show two well visible curved
branches (red to black shadow zones) along the H, axis. Each
IFD branch is associated to a different crystalline structure
according to its corresponding mean coercive field, where the
wider (narrower) branch at lower (higher) coercive fields cor-
respond to the hep | (fce-like) texture. Therefore, each branch
provides information about the interaction field experienced
by each crystalline texture in an individual NW due to the
entire NW array. The larger Agp observed for the lower field
branch is consistent with the fact that the large MC contri-
bution due to the hcp, texture favors an easy magnetization
plane perpendicular to the NWs axis that reinforces interac-
tions between them and helps magnetization reversal to occur
faster.

As the pH is further increased in the range 5.4—5.8 (Samples
14, 15 and 16), the SFD displays three peaks as a result of
multiple mixed crystalline textures (see figures 3(k) and (m)).
The two Gaussians at low fields (green and red curves) in
the multiple Gaussian fit correspond to the hcp and fec-like
crystalline textures, as expected, but the third one at higher
fields (blue curve) is consistent with the presence of the hep
crystalline texture. Indeed, the Gaussian peak at 2.1 kOe for
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this texture is proportional to the largest effective magnetic
anisotropy of Co NWs that results from the superposition of
their MC and MS fields [16]. In this pH range, the Gaussian
amplitude for the fcc-like texture still dominates over the hcp
texture. However, the hep)| texture grows at the expense of the
hcp | texture because the fcc-like texture percentage remains
almost unchanged, as seen in figure 4. This result is in good
agreement with the NWs growth mechanism discussed above
in which a polycrystalline segment grows at the initial growth
stage [32]. As seen in figure 3(1), the FORC diagram of Sample
14 shows the widest CFD, in agreement with its SFD showing
three peaks with high deconvolution (see figure 3(k)). These
three peaks are reflected in the IFD as three branches along
the H, axis, with the one at middle H. values a little less vis-
ible than the other two. As comparing the FORC diagrams
in figure 3, the branches for this sample extended along the
H, axis are the longest ones, indicating a very strong interac-
tion for the hep crystalline texture. This result shows that the
larger this interaction, the lower the remanence magnetization
M, as corroborated by the corresponding value for Sample 14
in table 1, since it is the lowest M; value of all the samples in
this study.

As the pH increases further between 6.2 and 6.4 (see
Samples 17 and 18), the SFD consists in a single broad peak
which is better reproduced by a two Gaussian fit, as seen
in figure 3(0). These Gaussians observed at high and middle
coercive fields are consistent with the presence of a domin-
ant hep)| and a small amount of fec-like crystalline textures,
respectively. The hcp texture has vanished for these samples
due to the absence of the Gaussian peak at low field values.
Indeed, previous works have shown that Co NWs synthesized
at pH values above 5.4 are mainly single crystalline with the
hcp c-axis oriented along the NWs axis [16]. Despite of the
absence of the hcp, texture for these samples, Acpp ~ 3.1—
4.9 kOe remains almost unchanged from the value of samples
14, 15, and 16. This large Acgp value for Samples 1418 can
be ascribed to the dominant hcp texture (see figure 4) and
reflects the large dispersion of the MC anisotropy. Concerning
the IFD for Samples 17 and 18 with dominant hcp)| texture,
it shows a single branch along the H, axis with Ap &~ 1.2
kOe. This feature is due to the absence of the hcp | texture and
the presence of a very low fcc-like texture percentage, where
this later is yet present because of its preferential growth in
the early stage of the NWs electrodeposition process [13]. A
previous work suggests that a pH gradient is induced within
the nanopores, such that an acidic environment is produced at
the bottom of the nanopores, which favors the formation of
the fcc-like texture [33]. As the NWs growth continues above
the middle of the nanopores, the pH within them increases
and the formation of the hcp, texture is promoted. There-
fore, depending on the pH of the bulk electrolyte outside the
nanopores, the growth of hep)| texture can be promoted if the
electrolyte is sufficiently alkaline. Therefore, the growth of
the hep) texture can be promoted if the electrolyte is suffi-
ciently alkaline in order to counteract the pH gradient estab-
lished within the nanopores. This means that for electrolyte
pH values close to 6.6, an earlier hep)| growth is preferred,
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Figure 5. (a) Variation of the fields at peaks centers Hyec, Hnep.L »
and Hycp| from individual Gaussian fits corresponding to the
fec-like (circles), hep . (squares) and hepy (triangles) crystalline
textures. (b) Coercive field H. measured from the MHL (squares)
compared with the average coercive field (H.) (circles) calculated
using equation (2). (¢) Comparison between the full width of the
FORC-CFD Acrp (circles), and the full width of the SFD obtained
from the MHL (squares).

replacing the hcp; growth and hindering or even replacing the
initial polycrystalline stage.

3.3. Contribution of crystalline textures to the coercive field

Figure 5(a) shows the variations of the field value at peak cen-
ter vs. pH obtained from the Gaussian fits for each texture,
which are denoted as H; for i = fcc, hep, hepy). Particularly,
Hi.. remains nearly constant and lies in intermediate field val-
ues, whereas Hycp1 lies in lower field values and decreases
as the pH increases, corroborating the competition between
the MS and MC fields and the enhancement of the latter
through the increase of its corresponding texture percentage
(see figure 4). Conversely, Hyp| lies at higher fields than Hy,
and Hycp 1, which is consistent with the superposition between
the MS and MC anisotropies. The coercive field (H.) of the
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MHL shown in figure 5(b) is the result of the magnetic con-
tributions from the distinct crystalline phases present in each
NW array. To corroborate this assumption consider that the
coercive field is the weighted average of the peak center fields
(H;) contributing to each array, that is

(He) =Y TiH;, )

where T; = A;/Aspp with i = fcc, hep, hep| is the texture
coefficient defined as the quotient between the area below
the Gaussian fit (A;) and the area below the SFD (Agsgp).
These texture coefficients correspond to the texture percent-
ages given in figure 4, so only those contributing to the total
NWs texture must be considered in the calculation of (H.)
using equation (2). The very good agreement between the vari-
ation of H, and (H.) vs pH observed in figure 5(b) valid-
ates equation (2) and thus corroborates the assumption that
H_ is the average of the H; fields. However, as pointed out
by equation (2), each field must be weighted by its corres-
ponding texture percentage present in the NWs. Validation
of this equation provides a methodology for the determina-
tion of unknown crystalline texture percentages as long as
the others are well known. Besides, the width of the SFD
(SFD,,) provides further information about the magnetic beha-
vior of each crystalline texture, since its observed increase in
figure 5(c) shows that the magnetic anisotropy for the hcp
texture is more dispersed than the one for the fcc-like tex-
ture. That is, the larger SFD,, values observed at pH > 5.4
are due to the dominant hcp texture, consistent with what is
observed in figure 3 for larger Acpp values at larger pH values.
As seen in figure 5(c), the good agreement between the vari-
ation of both SFD,, and Acpp means that the SFD provides the
same information as the CFD shown on the FORC diagrams,
which is consistent with previous results on ferromagnetic NW
arrays [34].

4. Conclusion

We have shown that the SFD is a reliable and powerful method
to study the relationship between the magnetic and microstruc-
tural properties of electrodeposited Co NW arrays with con-
trol on the crystalline texture by the electrolyte acidity. This
method consists on the determination of the SFD from the
descending part of the MHL. By performing multiple Gaus-
sian fits to the SFD, it has been possible to identify different
magnetic contributions corresponding to specific percentages
of fcc-like and hcp crystalline textures, with the c-axis ori-
ented perpendicular (hcp, ) and parallel (hep))) to the NWs
axis. Specifically, this approach has permitted to distinguish
between NW arrays with the fce-like and the hepy single tex-
tures at pH values of 2.0 and 6.6, respectively, and with mixed
textures at intermediate pH values. By properly identifying all
the different textures in the NWs, it has been shown that the
coercive field can be expressed as the weighted average of their
magnetic contributions. It has also shown that the SFD is equi-
valent and provides the same information as the FORC-CFD
since they have the same full width. Then, the simplicity of

the SFD in comparison with the FORC-CFD lies on its feas-
ibility of obtaining the same information from a single and
reliable measurement. Finally, this work paves the way on the
use of magnetometry for the study of the interplay between the
microstructure and magnetic behavior of arrays of NWs in a
simple and reliable way.
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