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Abstract. The phase transformations of the Co lattice are discussed, which determine the anomalous
changes in the magnetic properties of chemically deposited Co-P films obtained at various pH values.
The coercivity of the Hc films obtained at low pH values exceeds 1 kOe and decreases to several units Oe
in the films obtained at high pH values. It is shown that the observed changes in the magnetic properties
of Co-P films are caused by the transition of the cobalt crystal lattice to the nanocrystalline state.
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The most famous and broadly used technology of metal’s chemical deposition from salt so-
lutions is the application of anticorrosion coating upon metallic surfaces, as well as produc-
ing the connecting stripes on printed-circuit boards for the needs of radio electronics. Besides
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these industries, using the chemical technology is very perspective for the purposes of produc-
ing thin magnetic films which are necessary for developing such devices as memory cells for
magnetic/thermomagnetic recording and data storage, as well as creating highly sensitive signal
transmitters. The most interesting, from an applied science’s point of view, is a possibility of
producing materials with various characteristics that is easily performed by changing conditions
of chemical reactions, such as chemical composition and acidity of the deposition’s environment,
a temperature of the deposition and so on. There upon, the magnetic films produced by Co-P
alloying are especially interesting. This alloy, because of high values of some cobalt parameters, is
most usable in terms of practical application. Therefore, the specificity of its producing is a sub-
ject of scientific interest that resulted in a number of publications. The most of them are focused
on the influence of solution acidity upon the films’ structural and magnetic properties. Using
some additional reagents, able to change solutions’ pH, it is possible to improve the morphology
of film’s surface, to change its structure [1–5] and to produce, depending on the pH value, either
highcoercivity or lowcoercivity specimens [6–8]. However, because of the experiment’s multi cen-
tricity and the complexity of describing the redox processes, the technology of metals’ chemical
deposition from water solutions is not properly studied and developed. This is the main factor
barring broad use of chemical deposition for the purposes of producing magnetic films.

This work, based upon experimental data, demonstrates that, within the given range of
the process solution’s concentrations, growth of the solution’s pH follows to a polymorphic phase
transition of the Co crystal lattice from the hcp structure to the fcc one, that results in anomalous
changes of its magnetic properties: coercive force and magnetic anisotropy. Basing on the analysis
of redox processes of the cobalt deposition, the procedure of revealing the pH influence upon the
granular microstructure is proposed.

1. The technology of specimen producing and
the procedure of measurement

The process solution is the water one of cobalt sulphate (CoSO4 · 7H2O) with the concen-
tration of 15 g/l, the solution of sodium hypophosphite (NaH2PO2 · H2O) of 10 g/l, and the
one of sodium citrate (Na3C6H5O7) of 25 g/l. The required pH value is reached by adding
alkaline reagents such as sodium hydro carbonate NaHCO3 or caustic soda NaOH of different
concentrations. The value of solutions’ acidity is measured by the pH-150MI apparatus to an
accuracy of ± 0.05. The deposition goes under the temperature of 1000C and the magnetic-field
strength of H=3 kOe on a cover glass faceplate, previously cleaned, sensitized and activated by
the methods, standard for the technology of dielectrics’ chemical metallization.

The films’ microstructure is analyzed by the methods of transmission electron microscopy,
including revealing the specimens’ elemental composition, using a TEM HT-7700 (Hitachi) with
a X-Flash 6T/60 (Bruker) energy dispersive detector. The values of coercive force and saturation
intensity are revealed by, consequently, the meridional Kerr effect and a SQUID magnetometer
(room temperature). Measuring NMR-signals is performed by a standard spin echo apparatus
within the range of 150–250 MHz.

2. Research results
Fig. 1 shows dependence of the created films’ induced anisotropy constant KU and the coer-

civity HC upon solutions’ acidity.
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Fig. 1. Dependence of HC and KU on the solution’s acidity

Within the range of low pH (7.2÷ 8.5) KU value is ∼ 2.5× 105 erg/cm3. Growing pH follows
to rising anisotropy, and within the range of pH∼ 8.5 KU is ∼ 6 × 105 erg/cm3

.The following
growth of acidity results in a step-like drop of KU by an order, to 5× 104 erg/cm3. The value of
HCwith pH growing to ∼ 8.5 rises from ∼ 1 kOe to ∼ 1.5 kOe, and later, with the following pH
growth, HC step-likely drops down to few Oes.

As it follows from the data of specimens’ X-ray diffraction analysis, obtained for pH < 8.5
(Fig. 2a), the highly coercivity is characterized by existing a hcp-phase of cobalt. Relatively equal
heights of major peaks reflect presence of the polycrystalline structure with no preferred direction
of the crystallite growth; that may also be derived from the analysis of electron microscopic
(TEM) micrographs of the surfaces, represented by Fig. 2b. Fig. 2c demonstrates a typical
electron diffraction pattern of a highcoercive polycrystalline film.

The transition to lowly coercive conditions with pH > 8.5 corresponds with the film struc-
ture changes, visible at transmission electron microscopic (TEM) micrographs of the surface,
represented by Fig. 3b. X-ray photographs of such specimens show diffused reflexes, typical for
nanocrystalline materials (Fig. 3a). Layers, dividing denser structural formations, are visible
at TEM micrographs as well as it is in the case of highly coercive Co-P films. These electron
diffraction patterns (Fig. 3c) bear witness to the presence of a nanocrystalline structure.

Basing on the analysis of TEM micrographs of the highly anisotropic polycrystalline films
and electron diffraction patterns of the lowly anisotropic polycrystalline ones, the dependence of
the size of granules (of which the films consist) on pH values is revealed (Fig. 4).

Because the X-ray diffraction analysis is poor for obtaining data on the Co atomic environment
in the films with small grains the spin echo NMR method has been used for these purposes [9].
It is well-known that the amplitude of the spin echo NMR signal is determined by the specimen’s
magnetic susceptibility χ, that is inversely proportional to the value of the magnetic anisotropy’s
field (Ae ∼ 1/H). Thus the NMR technology has been used for researching lowly anisotropic
specimens. The integral spin echo spectrum of the studied specimens is a broad curve (within
the range of 185–230 MHz) having a diffused maximum, located near 200 MHz, the signal
intensiveness dropping to zero at the low-frequency left part of the curve and, at the same time,
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Fig. 2. Research data on the highly anisotropic specimens: a — roentgenogram, b — electron
microscopic (TEM) micrograph, c — electron diffraction pattern

certain absorption features at the right part of the spectrum (Fig. 5). This absorption maximum
corresponds with incomplete filling of the first coordination sphere (11 instead of 12) in the
nearest environment of Co atoms within close packing of the fcc-phase. This effect may be a
result of cobalt lattice defects, diamagnetic substitution of a cobalt atom by one of phosphorus,
edge (surface) effects and uncompensated ties on the surface of crystallites. Additional absorption
maxima (216 MHz and 227 MHz) correspond to the high-frequency absorption of Co nuclei for
fcc and hcp structures consequently. This peak looks more intensive for the A-specimen and
more diffused for the B one, that is caused by a greater degree of disordering within the nearest
atomic environment of the fcc lattice. There is an additional peak (227 MHz) for the B-specimen
that corresponds with the influence of the hcp lattice.

3. Discussion

It is well-known that there is close interrelation between the cobalt particles’ sizes and their
crystal structure. Small particles(d < 10 nm) have cubic fcc structure (β-phase), whereas large
ones (d > 40 nm) have hcp structure (α-phase); the intermediary field has a mixture of both [10].
Such transformations of crystal structures are caused by a various degree of dependence of the
α- and β-phase free energy on cobalt particles’ diameters. The structural changes of cobalt
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Fig. 3. Research data on the lowly anisotropic specimens a — roentgenogram, b — electron
microscopic (TEM) micrograph, c — electron diffraction pattern

Fig. 4. Dependence of crystallites sizes on solution’s pH
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Fig. 5. Spectrum of spin echo specimens, created by pH= 8.9 (a) and 9.15 (b)

particles correspond with visible structural variations of the films studied. If pH is low, large
Co particles emerge (up to 70 nm); their stable phase is α-phase. Growing acidity results in the
emergence of smaller Co particles (up to 5 nm) whose stable phase is β-phase. As it follows from
the aforementioned data, the films, created within the environment with low pH values, mostly
have the hcp structure with large crystallites; the latter are diminishing together with growing
acidity and, if pH becomes more than 8.5, the structure of the substance is becoming transformed
into the fcc-modification. In the beginning of this transformation we can see a mixture of the
phases with the dominated influence of hcp-cobalt upon magnetic properties of the substance.
The phase transition ends at pH ≈ 8.7 when the substance’s magnetic properties become to be
determined by cobalt’s β-phase. This transition is diffused because of sufficient dispersion of
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the particles’ sizes in the films that results in their phase heterogeneity. The following acidity
growth leads to subsequent depressing α-phase of cobalt; the substance mostly transforms into
a fcc lattice with an incomplete environment.

4. Conclusion

As it follows from the data obtained, sharp changes of the induced magnetic anisotropy and
the coercive force of Co-P films in the conditions of growing acidity correspond with Co crystal
lattice’s modifications. The films, created in the environment with low pH, have a structure
with large Co crystallites of hcp lattice. The acidity growth leads to decrease of the crystallites’
typical sizes and, as a result, to the polymorphic phase transition with emerging fcc structure.

We are grateful to the Center for the common use of Federal Research Center KSC SB RAS.
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Аннотация. Обсуждаются фазовые превращения решетки Co, которые определяют аномальные
изменения магнитных свойств химически осажденных пленок Co-P, полученных при различных
значениях pH. Коэрцитивная сила пленок, полученных при низких значениях pH, превышает 1 кЭ
и снижается до нескольких единиц Э в пленках, полученных при высоких значениях pH. Показано,
что наблюдаемые изменения магнитных свойств пленок Co-P вызваны переходом кристаллической
решетки кобальта в нанокристаллическое состояние.

Ключевые слова: пленки Co-P, химическое восстановление металлов, наведенная магнитная ани-
зотропия, нанокристаллический материал.

– 458 –


