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1 Raw energy dispersive X-ray spectroscopy (EDS/EDX) spectra

cps/ev 1 cps/eV
Al - Al .
(a) 25 Feg.2aNip 76 (b} Fep51Nig.as
10
20 Spectral Atomic Absolute error Spectral Atomic Absolute error
Tz line content (%) (%) s Ezand line content (%) (28)
Al K-series 50.5 0.2 Al K-series 98.07 3.1
15 Fe K-series 21 0.4 1 Fe K-series 0.98 01
Ni K-series 74 26 6- Ni K-series 0895 01
10 1
] a |
3 2
1 % ] Hi
I_- N m A m N = fe T
R e i e 4 e — 0 r T ‘
4 6 8 10 12 14 o 2 4 [ a 10 12 14
Energy [keV] Energy [keV]
cpsfeV
4 a N
(c) Feg goNig 20
12
Spectral Atomic Absolute error
" flement | “jne | content (%) %)
1 Al K-series 812 29
8 Fe K-series 7.1 0.4
Ni K-series 17 0.2
64 | (Cerl) -
4
- e
ca
2 K i @
muEe ™y L.
0 L N b A, -
o 2 4 6 ] 10 12 14
Energy [keV]

Figure 1. EDX spectra for samples grown at -1.1V vs the reference electrode with electrolytes with a) 23% Fe,
b) 50% Fe and c) 75% Fe. Each subfigure includes its corresponding chemical quantification table, and the top-

right labels in each subfigures indicate the corresponding measured nanowire composition.
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2 Modeling of magnetization reversal in cylindrical nanowires

There are three main magnetization reversal modes in magnetic nanowires [1]: coherent rotation (mode
C), the classic Stoner-Wohlfarth model where all spins rotate simultaneously [2]; transverse wall
propagation (mode T), where a transverse domain wall is nucleated and expands through the nanowire
[2]; and vortex wall propagation (mode V) or “curling” mode [3], where a vortex domain wall is

nucleated and propagates.

The presence of one reversal mechanism or another will depend on both the properties of the nanowire
alloy (magnetization saturation, exchange length, etc.) and of the nanowire geometry (nanowire length,
diameter, etc.). Each reversal mode will create a different dependence of the coercivity with the angle
0 between the nanowire axis and the applied field, and therefore angular measurements can be used to

distinguish between the mechanisms.

For both the coherent rotation and transverse wall modes, the nucleation field H, (at which reversal
starts) is given by [1]

X _ 2Ke(x)V1-t2+tt

Hn(e) - HOM§(1+t2) S (1)
withx = C,T; t = tan (8)'/3 and where K,(x) is the total magnetic anisotropy of the sample, which
does however depend on the magnetization reversal mode being considered. Note that, within this

model, the nucleation field is taken to be equal to the coercivity (H, = H).
This anisotropy constant includes several contributions, so that [4]

Kt(X) = Ksh(x) + Kms + Kine + Kipe (2)

where K¢, (x) is the shape anisotropy and depends on the magnetization reversal mode considered, K,
is the magnetostatic contribution to the anisotropy stemming from the magnetic alignment of the
nanowires, K, is the magnetocrystalline anisotropy and K, is the magnetoelastic contribution. Due
to the near-one-dimensional nature of the nanowires, the shape anisotropy tends to be the dominant

contribution to the total, followed by the magnetostatic and magnetocrystalline terms [4].

For the two main anisotropy contributions considered, we should note that K, grows with the

saturation magnetization Ms, while for the shape anisotropy we have

Ken() = 7 HoMZ(1 — 3N, (1(x))) 3

N, (I(x)) is the demagnetization factor along the nanowire axis, and the length 1(x) considered is the
total length of the nanowire Lnw in the case of reversal mode C and the transverse domain wall width

wr in the case of reversal mode T [1].



The demagnetization factors are given as a function of the nanowire aspect ratio m = LNW/r. For
nanowires of sufficient aspect ratio (m > 10, as is our case), N,(Lyw)~ 0 [5]. For nanowires of a
general length and prolate form (i.e. m > 1) the demagnetization factors in the axial (N,) and

perpendicular directions (N, Ny) are given by [5]:
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These formulae can then be applied to the transverse domain wall widths wr to find the necessary
demagnetization factors for Eq. (3) and mode T. Considering together all this, we can finally calculate
the angular-dependent coercivity of Eq. (1) for the coherent rotation (C mode) and transverse wall (T
mode) magnetization reversal modes by taking the K, + Ky, + Kiye Sum as a fit parameter. For
vortex wall (V mode) magnetization reversal, the angular dependence of Hc was given in [3] for both
when there is a magnetocrystalline anisotropy and when there is none. In the case of neglecting the
magnetocrystalline anisotropy, we have

(2N, =K/s2) 2N =K/ )

J(ZNZ—k/SZ)Z sin2 0+ (ZNX—k/SZ)Zcosz 0

Hc(6) = 2nM; (6)

where S = r/ry with ry = AY?/M and k = q?/m (q is the smallest solution of the Bessel functions
and is 1.8412 for a cylinder).

By comparing the angular curves of coercivity for each magnetization reversal mode with the best-fit
value of K((x), we can deduce the leading reversal mechanism in each case, as the system will follow

the path of lowest energy, i.e., the reversal mechanism with the lowest coercivity values.

The angular coercivity values of the studied samples can be found in Fig. 5 in the main manuscript,
along with their best-fit curves for each reversal mode. The parameters of Fe and Ni (the saturation
magnetization Ms, and the exchange length Aex) necessary for performing the calculations were taken
from [6]-[8]. The transverse domain wall lengths of our samples (necessary to calculate K, in the
transverse domain wall case) were estimated from the micromagnetic simulation results provided in [9]
as being 65, 35, 32, 28 and 28 nm respectively for the Ni, Feo24Nio.76, Feos1Nio.49, FeosoNio 20 and Fe

samples respectively, by taking into account their Ms and diameter.



3 NW coercivity angular measurements
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Figure 2. (a) Diagram sketching the angular measurements performed and (b)-(f) coercivity measured at different
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angles to the NWs axis and fits to magnetization reversal models for the arrays of NWs with the following

composition: (b) Fe, (c) FeosoNio.20, (d) FeosiNio.ag, (€) Feo24Nio7s, and (f) Ni. Coercivity angular measurement

plots have been zoomed-in as necessary in each case to be able to appreciate the coercivity angular evolution.

4 First-order reversal curve (FORC) marginal coercivity distributions
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Figure 3. FORC marginal coercivity distributions for the samples studied. The y-axis indicates the FORC

intensity, with the values of each data series normalized to its maximum value, while the x-axis is the coercivity

axis of the FORC diagram.
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