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Characterization of Ni-P and Fe-P by X-ray absorption spectroscopy
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Due to the lack of long range order and hence the ab-
sence of grain boundaries, amorphous alloys have un-
usual physical properties. For example, they have ex-
cellent corrosion resistance. The presence of metalloids
such as P and C lead to the formation of amorphous or
glassy structure. In a previous study, Lalvani et al. [1]
have studied the structure of these alloys by X-ray ab-
sorption spectroscopy (XANES). The energy level used
in these structures was quite low (less than 2200 eV)
which enabled the investigation of P K-edge. Their re-
search indicated both a metalloid-P character in amor-
phous Ni-P and the transfer of charge from the Ni to
the P-p orbitals in this material. They also showed that
scratching of the sample leads to a p5+- oxidized fea-
ture. The Fe-P sample (relative to the NiP) appeared to
indicate a stronger transition of metal-P hybradization.

The XANES technique is superior to the ones em-
ploying X-ray photoelectron microscopy and angle-
resolved XPS since the latter suffer from a number
of deficiencies. They are not able to quantitatively de-
scribe the chemical composition of the passive films
formed on the surface. In addition, the data obtained on
the valency of species present is not clear.

One of the major problems in studying the corro-
sion behavior of amorphous alloys in aqueous solu-
tions is that the passive oxide layers formed are usually
very thin (typically a few nanometers), and are formed
under the presence of a high electric field [2]. Generally,
ex situ surface analysis methods are used for investiga-
tion which involve vacuum conditions and beams of
electrons or ions in the absence of electric field and
electrolyte which could significantly alter the passive
layers. Raman spectroscopy on the other hand could be
employed in situ, however it has certain limitations as
well [3]. XANES probes electron transmissions from
core levels (the 1s level for the K edge) to unoccupied
levels and is thus sensitive to the valance and coordina-
tion of the absorbing atom. In addition, the height of the
absorption edge is proportional to the total amount of
the absorbing element present in the beam (irrespective
of valence) and thus can be used to monitor dissolution
of elements from thin films [4].

Fe-P and Ni-P samples were produced by electrode-
position. Electrodeposition was carried out under con-
stant current from acidic solutions on 25 micron thick
copper foil. The bath composition is given in Table I.

500 ml of electrolytic solution was used in each case.
Significant agitation was provided to the bath during de-
position with a magnetic stirrer. The anode and cathode
were placed parallel to each other at a distance of 4 cm.
The current densities and temperature conditions were:

0.05–0.23 A/cm2 and 50–65 ◦C for Ni-P and 0.02–
0.1 A/cm2 and 40–50 ◦C for Fe-P deposition. The ele-
mental composition of the deposits was found by atomic
absorption spectroscopy. Additional experimental de-
tails are also provided elsewhere [5, 6].

The EXAFS spectrum (absorption vs. energy) and
Fourier transformation (amplitude) of the signal vs. dis-
tance (Angstrom) are plotted for both, FeP and Ni-P
samples in Figs 1–3. For the Fe-P sample, a peak is ob-
served at the energy level of about 7100 eV which grad-
ually decreases over higher energy levels. The spectrum
corresponds to the Fe-K edge. XAS measurements are
sensitive both to the atomic site electron states and the
near shell coordination number/types. Using one shell
data analysis, the bond length for Fe-P sample was es-
timated to be about 2–3A and the disorder parameter
was found to be approximately 0.0066. The Fourier
transformation (Fig. 2) shows one single major peak at
about 2A which is significant in that it shows that there
is no long distance order and only short distance order
is possible. Hence, it is concluded that the sample is

TABLE I Bath composition for electrodeposition

A. Ni-P Bath
NiSo4 · 6H2O 150 g/l
NiCl2 · 6H2O 45 g/l
H3PO4 (86%) 40 g/l
H3PO3 40 g/l

B. Fe-P Bath
FeSO4 · 7H2O 200 g/l
NaH2PO4 · H2O 7 g/l
Oxalic acid 0.5 g/l
Glycine 8 g/l

Figure 1
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Figure 2

Figure 3

amorphous. The coordination number was found to be
equal to 2.

For the Ni-P specimen, the best data fit was found for
a two shell analysis. The Ni-K edge was observed to be

approximately equal to 8350 eV. The amplitude of the
peak is lower than that seen for the Fe-P sample. The
bond length was calculated to be 2.4A and the disorder
parameter was found to be approximately 0.0066. The
coordination number was found to be 6. The Fourier
transformation shows one single (major) peak at about
2A which suggests that there is no long distance order.
For relatively large bond lengths (>3A), there are no
major peaks and therefore only short distance order is
possible. Hence, it is concluded that the specimen is not
crystalline but it is amorphous. Thus, the preliminary
data obtained support the use of techniques employed
in this investigation for characterization of amorphous
alloys.
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