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A B S T R A C T

New, so-called, N-phase revealed around ~Al79Fe12Pt9 (B. Grushko, J. Alloys Comp. 829 (2020) 154444) has 
been studied by 3D electron diffraction and high-angle annular dark-field imaging. Its structure is concluded to 
be monoclinic with the cell parameters of a ≈ 1.243 nm, b ≈ 1.654 nm, c ≈ 1.97 nm and β ≈ 107.24◦. The 
symmetry of the unit cell can be described by either P21 (No. 4) or P21/m (No. 11) space groups. Despite 
extensive study, the structure solution of the N-phase was impeded by abundant structural defects. Electron 
diffraction data point to a close structural relation between the Al–Fe–Pt N-phase and the E-phases earlier 
observed in the Al–Ru–Rh or Al–Co–Rh(Ir) alloy systems. Both the N-phase and E-phases have very similar values 
of the b and c cell parameters while their cell parameters a are related as aN ≈ aE/[2sin(2π/5)]. The monoclinic 
Al–Fe–Pt N phase is established as a distinct member of the pseudo-decagonal intermetallic family.

1. Introduction

An investigation of the Al–Fe–Pt alloy system [1] revealed a new 
phase forming at 700–850 ◦C around ~Al79Fe12Pt9. In [1], its powder 
XRD pattern (see below in more detail) could not be indexed or asso
ciated with any known phase. On one hand, the distribution of the 
strongest reflections was quite typical of the phases exhibiting 
pseudo-decagonal structures (see Ref. [2–5], for example), on the other 
hand, it also showed noticeable differences, as was illustrated in Fig. 4 of 
Ref. [6].

The corresponding Al–Fe–Pt phase was designated N keeping in 
mind its quite close equivalent composition to that of the orthorhombic 
Al–Fe–Pd N-phase reported in Ref. [7], in addition to the fact that Pd and 
Pt belong to the same column of the Periodic Table. The Al–Fe–Pd 
N-phase forming around Al76.5Pd10.5Fe13.0 was studied by electron 
diffraction and found to be orthorhombic with the cell parameters a 
≈ 2.31 nm, b ≈ 1.60 nm and c ≈ 4.70 nm, the reflection conditions were 
consistent with a B-centered structure.

As follows from the present study, the new Pt-containing phase has a 
monoclinic structure with indeed similar cell parameter b but very 
different cell parameters c and a. In order to discriminate these rather 
different structures the corresponding Al–Fe–Pt phase is designated 
below by the italic symbol N-phase.

In this contribution the Al–Fe–Pt N-phase is studied in more detail by 

electron diffraction and high-resolution electron microscopy.

2. Experimental

The alloy of the nominal composition of Al79.1Fe12.5Pt8.4, was pre
pared and preliminary studied in Ref. [1]. It was produced by levitation 
induction melting in a water-cooled copper crucible under a pure Ar 
atmosphere. The purity of Al was 99.999%, of Fe 99.99%, of Pt 99.9%. 
The sample used for the structural determination was annealed at 850 ◦C 
under vacuum for 284 h. The annealed sample was examined in [1] by 
Scanning Electron Microscopy (SEM) and Powder X-ray Diffraction 
(XRD). The local compositions were measured by Energy-Dispersive 
X-ray Analysis (EDX) in SEM on polished unetched surfaces using a 
JEOL 840a scanning electron microscope equipped with EDAX Genesis 
200 emission spectroscopy system. Powder XRD examinations were 
carried out using Cu Kα1 radiation and an imaging plate (Huber G670).

For the Transmission Electron Microscopy (TEM) analysis, the parts 
of the above-mentioned annealed sample were ground into powder 
using an agate mortar and pestle, dispersed in isopropanol and stirred in 
an ultrasonic bath. This suspension was dropped on a carbon-coated Cu 
TEM grid for subsequent Electron Crystallography (EC) study. The N- 
phase particles were identified using EDS in TEM. Structure character
ization was performed using 3 Dimensional Electron Diffraction To
mography (3D ED) method [8–10]. The investigation was carried out 
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using JEOL 2100 TEM operated in 200 kV using high-tilt tomography 
holder. Multiple electron diffraction datasets were recorded manually 
from different particles using the Selected Area Electron Diffraction 
(SAED) mode, with a constant tilt step of 1◦ at angular range from ±25◦

to ±58◦ and a precession angle of 1◦. Precession was added to improve 
the resolution of the data and eliminate the missing wedge between the 
consecutive frames [11–14]. Initial data processing and structure char
acterization was carried out using PETS software [15]. High Resolution 
TEM (HRTEM) investigations were performed on a JEOL JEM-2100F 
TEM operating at 200 kV equipped with JED-2300T EDS, scanning 
coils and GATAN 806 High-Angle Annular Dark Field (HAADF) detector. 
For (S)TEM analysis, Spectra 200 (Thermo Fisher Scientific) scanning 
transmission electron microscope (S/TEM) equipped with a probe 
Cs-corrector (S-CORR) and cold-FEG electron source at an accelerating 
voltage of 200 kV was used. In STEM mode, the images were recorded 
with high-angle annular dark field (HAADF) detector.

3. Results and discussion

3.1. Characterization of the structure of the N-phase using electron 
crystallography

For structure characterization, several particles of the N-phase were 
examined. First, chemical analysis was performed on each studied par
ticle (using EDS) to ensure their composition was close to Al80Fe12Pt8. 
Then, using 3D ED technique [8–10] we acquired the diffraction data 
and determined the cell geometry of the N phase. A series of off-axis 
patterns with large angular separations were recorded; see Table 1
summarizing the acquired datasets. Data processing and subsequent 
structure determination were carried out using PETS software [15] from 
each dataset independently. Final average composition of the particles 
was approximately Al79Fe13Pt8. The structure was found to be mono
clinic with the average cell parameters a ≅ 1.24 ± 0.01 nm, 
b≅ 1.654 ± 0.025 nm, c≅ 1.97 ± 0.04 nm and β≅ 107.24 ± 0.6◦. A 
successful indexing of all observed electron diffraction patterns was 
achieved using these unit cell parameters. The corresponding precession 
electron diffraction (PED) patterns of the N-phase along the [010] and 
[100] directions are shown in Fig. 1. The [010] electron diffraction 
pattern, Fig. 1a, exhibits pseudo-tenfold symmetry with strong re
flections arrange in pseudo-decagonal rings which is characteristic of 
pseudo-decagonal structures [7,16–18].

It should be noted that the standard deviation of the estimated cell 
parameters is higher than commonly accepted for the structures deter
mined using electron crystallography methods. Therefore, we suggest 
that each studied particle had its distinct stoichiometry and exhibited 
somewhat different cell parameters, which points to a high degree of 
atomic substitution that might hinder structure solution.

Fig. 2 shows a linear trend with R2 ≈ 0.7 (where R2 is the measure of 
goodness of fit used in linear regression [19]), between the cell 
parameter b (as an example) and the Fe-to-Pt ratio, indicating a mod
erate correlation between composition and the b cell parameter. The 
observed trend is consistent with Vegard’s law, which describes an 
approximately linear relationship between cell parameters and compo
sition at constant temperature [20].

The reciprocal lattice cuts of a dataset taken from one of the particles 
are shown in Fig. 3. The reflections with the odd values of k are absent in 
the (0kl)* and (hk0)* planes, but not in other reciprocal lattice planes, 
like (1kl)*, (hk1)* and (h1l)*. From these observations, the serial 
reflection condition 0k0: k = 2 n is obtained, suggesting the presence of 
a twofold screw axis parallel to the b-axis of the crystal. Therefore, ac
cording to the International Tables of Crystallography [21], only P21 
(No. 4) and P21/m (No. 11) space groups can describe the symmetry of 
this unit cell. The two space groups differ in whether an inversion center 
is present.

The HAADF images of the N-phase taken along the [010] direction 
(Fig. 4a) provided additional information. In HAADF images, the 
contrast is dictated by the atomic number of elements [22,23], namely, 
the columns containing the heavy atoms appear in the image as bright 
spots. The strongest intensity of these spots is expected to originate from 
the Pt atoms, moderate intensity from Fe, while the columns consisting 
solely of Al atoms will appear the darkest and may be difficult to discern. 
Considering that different layers within the same column may be 
occupied by different elements, and only the averaged total scattering is 
observed, it is not possible to directly assign a specific column to a 
specific element, even though the elements exhibit significantly 
different scattering strengths.

As can be seen, the brightest spots, originating from the Pt/Fe con
taining columns, belong to the corners of the parallelepipeds in the 
images. The following description is related to the two-dimensional 
projection of an “idealized” structure, with the corresponding termi
nology implying three-dimensional distribution of atoms. Thus, each 
corner is surrounded by decagonal rings of heavy atoms, which are 
probably arranged in two sets of pentagons rotated by 36◦ and shifted 
along the b axis. This is logical, considering the distribution of other 
heavy atoms at the corners of other pentagons, as is shown in Fig. 4b. 
Subsequently, the “atoms” in different layers are shown in Fig. 4b by 
different colors. Apart from the completely decorated pentagons, there 
are also partially decorated pentagons shown by broken lines.

The dimension of the pentagons (s = 0.47 nm, the diagonal of the 
pentagon is τ times longer) is the same as in the E-phase (see Ref. [3–5]
and references therein) and many other Al–TM structures (see more 
below). Subsequently, following geometrical considerations, the ideal 
cell parameters of N are: a = s(1 +τ) = 1.230 nm, c = s(1 +2τ) 
= 1.99 nm and β = 108◦, i.e. close to those experimentally observed. In 
the tiling of the HAADF image in Fig. 4b, each “blue” pentagon is 
decorated by heavy atoms (atom columns) in its corners and in its 
center. In the pentagons, adjusted to the corners of the unit cell (shown 
by broken lines), two atoms in one of the diagonals are missing. Sub
sequently, three kinds of tiles building the pattern can be asserted, as is 
described in Fig. 4c. In addition to the pentagons, there are rhombi 
filling the gaps between the pentagons and containing two additional 
heavier atoms, marked in orange in Fig. 4b.

As can be seen in Fig. 5, each corner of the unit cell is surrounded by a 
ring of ten above-mentioned pentagons, and the “yellow pentagons” 
with alternating orientations are arranged into “belts”. The corre
sponding “red” decagons share their sides along the c-direction and 
intersect along the a-directions.

The structure can be described in an unconventional setting of the 

Table 1 
Summarized data table containing EDS results and cell parameters as processed in PETS software.

Data Set EDS results Cell parameters Indexed reflections Completeness

Al at% Fe at% Pt at% a, nm b, nm c, nm β,◦ % %

1 78.31 12.87 8.82 1.2516 1.6832 1.9632 105.752 99.69 56.38
2 81.08 11.51 7.41 1.2131 1.6855 2.0689 107.866 74.40 46.75
3 79.08 12.56 8.37 1.2452 1.6606 1.9833 106.534 85.71 48.1
4 79.82 12.19 7.99 1.2103 1.6766 1.9649 106.253 68.31 29.74
5 80.30 11.40 8.30 1.2480 1.6350 1.9775 106.974 90.25 59.87
6 80.17 12.27 7.56 1.2508 1.6895 1.9656 105.853 97.66 55.18
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space group, B21 or B21/m, that, as shown in the Appendix, facilitates a 
comparison with the N-phase of Al-Fe-Pd. The unconventional setting is 
obtained by the transformation a, b, a+ 2c, which leads to the B- 

centered unit cell shown in Fig. 5, for which cB = 2cPsin
(

2π
5

)

=

3.785nm.

Despite numerous attempts to determine the atomic model of the N- 
phase using 3D ED (either independent or merged datasets), the result 
was still negative. Both direct methods (as implemented in SIR2019 
[24]) and the charge flipping algorithm (Jana [25]) were tested. The 
analysis of the datasets (including merged ones) revealed a negative 
slope in the Wilson plots and very noisy data. It is customary to attribute 

Fig. 1. PED patterns taken from the N-phase structure along: (a) [010] and (b) [100] orientations.

Fig. 2. Dependence of the b cell parameter value on Fe/Pt ratio.

Fig. 3. Reconstructed 0kl, h0l and hk0 sections of the reciprocal space taken from the 3D ED data captured from the Al79Fe13Pt8 N-phase. The intensity of reflections 
is presented in logarithmic scale. Inserts are added to emphasize the lack of the odd 0k0 reflections at the 0kl and hk0 sections.
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these effects to dynamical scattering; however, the sample thickness 
does not appear to be excessively high. Indeed, the above-mentioned 
high-quality HAADF images were obtained from the same particles. 
On the other hand, the regions of a regular structure, as in Fig. 4a, were 
quite small, and high densities of structural defects were revealed within 
each particle (see Fig. 6). Such defects strongly influenced the measured 
intensities of the electron diffraction reflections.

Thus, in Fig. 6a, the local atomic packing, indicated by arrows, shows 
a stacking fault and a boundary (presumably a twin boundary). Some 
grains contained multiple domains arranged in a maze-like pattern 
(Fig. 6b). These grains exhibited various structural defects.

3.2. N-phase vs. E-phase

In agreement with the powder XRD examinations, mentioned in the 
Introduction section, both present electron diffraction and HAADF data 
point to a close structural relation of the Al–Fe–Pt N-phase to the E-phase 
forming in closely equivalent compositional ranges of the neighboring 
ternary Al–TM alloy systems (see Fig. 4 of Ref. [6]) and extensively 
studied earlier in Al–Ru–Rh system in Ref. [3–5].

For comparison, the HRTEM image of the E-phase along the [010] 
direction is shown in Fig. 7a together with the corresponding tiling by 
the decagonal rings (Fig. 7b). The E-phase is orthorhombic with the cell 
parameters of a ≈ 2.31 nm, b ≈ 1.60 nm and c ≈ 2.00 nm. Thus, both 
the N-phase and E-phases have very similar values of the b and c cell 
parameters, while their cell parameters a are related as aN ≈ aE/2sin(2π/ 
5) as can be easily concluded from the description in Fig. 7b. The volume 
of the “ideal” unit cell of the N-phase is exactly half of that of the E- 
phase.

Along with the overall similarity, some differences in the distribution 
of heavy elements in E and N phases can be observed in Fig. 7e. In N, the 
heavy elements are located at the corners of the ‘blue’ pentagons, 
whereas in the E-structure they occupy both the corner and mid-edge 
positions of the decagonal rings.

3.3. Suggested phase transition

The above-mentioned defect structure of the N-phase might be a 
result of a phase transformation from an initial state forming by solidi
fication. The as-cast structure of the relevant alloy has not been studied 
in Ref. [1], but it is plausible to suggest the formation of a quasiperiodic 
decagonal phase in as-cast material, subsequently annealed in the 

Fig. 4. HAADF image of the N-phase taken along the [010] zone axis (a) and its “idealized” tiling by pentagons of 0.47 nm edge length (b). Three differently 
decorated pentagonal tiles and a rhombic tile are shown in (c).

Fig. 5. Tiling of the N-phase by decagonal rings (columns).

Fig. 6. HAADF images taken along the [010] zone axis of the Al79Fe13Pt8 
particles. Arrow point on stacking fault in (a), while twin boundary is shown by 
dashed line and arrowhead.
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present investigation. Indeed, more recently, quite similar powder XRD 
pattern has been revealed in an Al–Fe–Ir sample of a closely equivalent 
composition of Al77.5Fe7.2Ir15.3, annealed also at 850 ◦C [6]. On the 
other hand, an independent recent investigation of an Al79Fe5Ir16 sam
ple annealed at somewhat higher 927 ◦C [26] revealed a stable deca
gonal structure with the 1.6 nm periodicity in the specific direction (D4). 
In addition to the powder XRD examination, (reproduced from [26] in 
Fig. 8 and compared to the powder XRD patterns of the N-phases) this 
finding was confirmed there by electron diffraction. The composition 
studied in [26] is close to the Ir-rich limit of the N-phase compositional 
range reported in Ref. [6].

The observations reported in Ref. [6] and Ref. [26] are not in direct 
contradiction, as the different structures were identified in samples with 
slightly different compositions and annealed at different temperatures. 
As demonstrated in Ref. [2], both periodic and quasiperiodic 
pseudo-decagonal structures can be formed even at identical composi
tions when annealed at different temperatures. Conversely, quasiperi
odic and complex periodic structures have also been found to coexist at 
the same temperature, although their compositions differed slightly 
(see, for example, Ref. [27,28]).

In Ref. [6], a sample of the corresponding nominal composition was 
also examined after annealing at 1100 ◦C. However, due to a slight 
deviation of its actual composition, the sample contained a major 
neighboring phase, which prevented identification of the minor phase(s) 
in the powder XRD pattern. In contrast, the Al–Fe–Pt N-phase observed 
at 700–850 ◦C does not appear in the 1100 ◦C isothermal section re
ported in Ref. [1].

It is worth noting the observations of the initial stages of formation of 
the Al₇₇Rh₁₅Ru₈ decagonal phase, shown in Fig. 2 of Ref. [4]. In that 
study, the electron diffraction pattern exhibited pseudo-decagonal 
symmetry with characteristic "triangle" spots and reflection splitting. 
This state was associated with an incomplete transformation of the 
decagonal phase forming in the solidified material.

3.4. Minor phases revealed by TEM

The abundance of the above-mentioned structural defects of the 
major N-phase is not the only indication of an incomplete trans
formation of solidified material. During the investigation of the N-phase, 
some particles exhibited a different structure. Analyses of the corre
sponding 3D ED datasets indicated an orthorhombic structure with the 
cell parameters a = 1.23 nm, b= 1.61 nm, and c= 2.32 nm, typical of 
the ε6-phase forming in the system at somewhat lower Al content [1]. 
The corresponding reciprocal lattice cuts (Fig. 9) exhibited the following 
reflection conditions: (0kl): l= 2 n, (hk0): h+k = 2 n, (h00): h= 2 n, 
(0k0): k = 2 n, and (00 l): l= 2 n, which correspond to the diffraction 
symbol Pc_n [21]. In agreement with other ε6 structures, Pcmn (No. 62) 
was assigned as the space group. Reflections of this phase were not 
visible in the corresponding powder XRD patterns due to a negligible 
fraction of this phase in the alloy. Although the ε6-phase belongs to the 

Fig. 7. HAADF image of the Al–Rh–Ru E-phase (a) and the geometry of its tiling by decagonal rings (b); the simplified presentation of the E-phase (c) is compared to 
that of the N-phase (d). In (e) the atomic columns whose locations are the same in E and N are shown red (including those schematically shown by rings in the corners 
of the unit cell), those in E are black and those in N are blue.

Fig. 8. Powder XRD patterns of: a) Al79Fe12Pt9 annealed at 850 ◦C for 284 h 
[1], b) Al77.5Fe6.5Ir16 annealed at 850 ◦C for 404 h [6], and c) the positions and 
intensities of the diffraction lines of Al79Fe5Ir16 annealed at 927 ◦C for 140 h 
(redrawn from Ref. [26] where the corresponding pattern was indexed as 
belonging to a quasicrystalline D4-phase). The nominal compositions of the 
alloys are given.
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Al–Fe–Pt system, it is not in equilibrium with the N-phase at 800 ◦C, as 
was established in Ref. [1]. Alternatively, it could remain untransformed 
during annealing of solidified materials. The composition of the ε6-phase 
measured in TEM was consistent with that reported in Ref. [1].

The binary ε6-phase structure has been reported to exist in the Al–Pd 
and Al–Rh alloy systems and as a ternary phase in several Al–TM1-TM2 
alloy systems (1 and 2 referring to different transition metals) and its 
structure was extensively studied (see [29] and references therein).

Another structure was observed at the periphery of a particle con
taining the major N-phase (see the HRTEM image in Fig. 10a). In 
contrast to the above-mentioned decagonal tiling characteristic of the N- 
phase, this region can be tiled by flattened hexagons decorated with 
pentagonal motifs at their corners (Fig. 10b). Although the b cell 
parameter could not be determined from this particular orientation, it is 
likely to be approximately ~1.6 nm, similar to the ε₆, N, and E phases. 
Such a tiling pattern characteristic of the so-called ξ-phase, which is 
structurally related to the ε₆-phase mentioned above. The estimated cell 
parameters of what appears to be an orthorhombic ξ-type structure are: 
aξ ≈ 1.97 nm and cξ ≈ 1.43 nm.

Both the ξ-phase and ε₆-phase are constructed from pentagons with 
~0.47 nm edges, arranged at the corners of flattened hexagons - features 
that are clearly recognizable in Fig. 10a. However, in the ξ-phase the 
flattened hexagons are aligned parallel to one another, whereas in ε₆ 
they are arranged in a herring-bone pattern (see Fig. 10c). Consequently, 
the cell parameters c and a of the ‘ideal’ ξ and ε₆ phases are related by the 

golden mean τ as follows: aξ = τcε and cξ = aε/τ.
Although the ξ-phase belongs to the binary Al–Pt alloy system [1], its 

extension toward the relevant ternary compositions seems unlikely, 
considering the formation of several other phases in between (see the 
isothermal sections in Ref. [1]). Alternatively, it may be metastable, like 
the ξ-type structures observed in solidified Al–Pd–Mn alloys, where they 
coexist with the stable ε₆-phase (see, for example, Ref. [30]). Since the 
N-phase forms upon annealing, intermediate structural states are 
possible, particularly through the formation of ξ-type layers. Indeed, the 
ξ-phase and the N-phase have very similar cell parameters, with aξ ≈ cN. 
Therefore, the ξ-phase could also act as an intermediate buffer between 
the N and the ε₆ phases.

4. Summary and conclusions

Electron crystallography-based analysis established that the 
Al–Fe–Pt N-phase is a monoclinic pseudo-decagonal intermetallic with 
average cell parameters a ≈ 1.24 nm, b ≈ 1.65 nm, c ≈ 1.97 nm, and 
β ≈ 107∘. Although all diffraction data could be indexed within this unit 
cell (using space group P21/m), significant variability in cell parameters 
indicated a high degree of atomic substitution, pointing to a variability 
of the parameters as a function of the composition. Furthermore, the 
substantial density of structural defects along with the above stated 
variations in lattice constants ultimately prevented successful solution of 
the atomic model. HAADF-STEM imaging revealed characteristic tiling 

Fig. 9. 3D ED reciprocal lattice cuts of ε6 presented in logarithmic scale.

Fig. 10. HRTEM image of a minor phase and its tiling with flattened hexagons (a). Schematic “decoration” of a single tile (b) and a possible model of epitaxy of 
suggested ξ and ε6 on the N- phase (c).
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by heavy-atom-decorated pentagons forming decagonal rings, consis
tent with pseudo-decagonal motifs observed in related Al-transition- 
metal phases.

A close structural correspondence between the N-phase and the 
orthorhombic E-phase was confirmed, particularly in their b and c cell 
parameters and in their heavy-atom tiling patterns, although distinct 
differences in the decoration of decagonal rings were identified. These 
similarities, together with the abundance of structural defects, suggest 
that the N-phase forms through solid-state transformations of an initially 
quasiperiodic decagonal phase, consistent with phase relations reported 
in related Al-TM systems.

In addition to the major N-phase, TEM revealed minor inclusions of 
the ε6 and a ξ-type phases. Both phases display tiling built from 
pentagonal units with ~0.47 nm edges and exhibit cell parameters 
related to those of the N-phase through simple τ-scaling relationships. 
The ξ domains were typically located at particle peripheries and may 
represent metastable remnants or intermediates formed during the 
transformation sequence from a quasiperiodic precursor toward the N- 
phase. Their geometric compatibility with both N and ε6 suggests that 
ξ-like layers could act as structural buffers during phase evolution.

Overall, the results identify the N-phase as a distinct member of the 
pseudo-decagonal family of Al–TM intermetallics, structurally linked to 
the E- and ε6-phases and likely formed through a multistep 

transformation pathway involving quasiperiodic precursors and inter
mediate complex structures.
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Appendix

It is worthwhile to compare the tiling of the Al–Fe–Pt N-phase with that of the above-mentioned orthorhombic Al–Fe–Pd N-phase [7]. For this 
purpose, a common coordinate system, corresponding to the B-centered orthorhombic unit cell of the latter, and the B-centered pseudo-orthorhombic 
unit cell of the former, introduced in Section 3.1, is appropriate. Essentially, both structures show some similarities in projections along the b-axis (see 
Fig. 11). In both cases, the projections can be described by arrangements of four decagonal rings of small pentagons (s = 0.47 nm) located near the 
corners of the rectangular unit cell projections, along with an additional decagonal ring at the center.

In contrast, in the Al–Fe–Pd N-phase the decagonal rings neither touch nor intersect. Instead, they are connected by elongated hexagons. Each 
hexagon connects the centers of six small pentagons originating from three adjacent rings (highlighted in orange in Fig. 11b), in a manner similar to 
that observed in the structure of the Al₁₃Fe₄ phase (see, for example, Ref. [31]).

Fig. 11. Comparison of the tiling geometries of the b-projections of unit cells of the Al–Fe-Pt N-phase (a) and of the Al–Fe-–Pd N-phase [7] (b)
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