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In this work, magnesium doped and undoped manganese oxides nanomaterials were synthesized by soft chemical reactions, specifically by
oxide-reduction method, in order to generate birnessites type materials. The characterization of synthesized birnessites by Elemental Analysis
by Atomic absorption shows the presence of magnesium, XRD confirm the lamellar structure and morphological analysis by SEM exhibit
characteristic flakes of this nanomaterial. Magnetization analysis by Vibrating Sample Magnetometer shows different magnetic behavior,
when birnessite type material is magnesium doped. This confirms the presence of magnesium and also suggests that magnesium is localized
mainly at the birnessite layers, also thermogravimetric analysis exhibits diverse thermal stability.

Keywords:Birnessite type materials; lamellar structure; magnetic behavior.

En este trabajo, nanomateriales deóxidos de manganeso dopado y sin dopar con magnesio, fueron sintetizados por reacciones de quı́mica
suave, especı́ficamente por el ḿetodo de oxido-reducción, con el objetivo de preparar materiales tipo birnesita. La caracterización de
las birnesitas sintetizadas usando análisis elemental de absorción at́omica muestra la presencia de magnesio, XRD confirma la estructura
laminar y el ańalisis morfoĺogico por SEM, exhibe las hojuelas caracterı́sticas de este material. Los análisis de magnetización usando un
magnet́ometro de muestra vibrante, indican un diferente comportamiento magnético cuando la birnesita está dopada con magnesio. Lo
anterior sugiere la presencia de magnesio y que el magnesio esta localizado principalmente dentro de la estructura laminar; también el
ańalisis termograviḿetrico (TGA) exhibe diversas estabilidades térmicas.

Descriptores:Materiales tipo birnesita; estructura laminar; comportamiento magnético.

PACS: 75.75.-c; 75.75.Cd; 75.60.Ej; 75.70.Cn; 75.47.Lx

1. Introduction

Currently, the fabrication of nanomaterials with well defined
structures and novel properties is playing an important role in
the development of nanotechnology. That is how, as an im-
portant functional oxide, MnO2 has been attracting intensive
attention due to its distinctive properties and potential appli-
cations in the fields such as magnetic materials, catalysts and
electrode materials. The most studied manganese oxides are
the perovskites type, because they exhibit colossal magne-
toresistance (CMR). Also, exits another type of manganese
oxides whose magnetic properties have been less studied, like
birnessites type structures. Birnessite, is a lamellar structure
of manganese oxides that consists of edge-shared MnO6 Oc-
tahedra in which the manganese has a mixed valence and for
these reason they are negatively charged and cations and wa-
ter molecules, occupy the interlayer region for charge com-
pensation (see Fig. 1) [1,2]. They could be found in natural
and mineral state or could be synthesized under laboratory
conditions, to find them with high structural purity [2].

Until now, the investigation of the application of birnes-
sites type materials as magnetic materials still remains va-
cant, although the ion doping, shape, size, and surface layers
of manganese oxide is generally believed to influence their
magnetic properties [3]. For example, the good conductiv-
ity in such systems implies delocalization of electron density,
whereas magnetic properties can be significant when elec-

trons are localized; delocalized systems may result in weak
magnetism such as Pauli paramagnetism, whereas localiza-
tion of electrons leads to local moment magnetization [4].

In this work, a variation of the Luo method [1] in order to
prepare Na-birnessite and Mg-doped birnessite materials was

FIGURE 1. The layered structure of the Birnessite type materi-
als. Green circles represent cations, blue circles represent water
molecules, and red circles represent oxygen atoms. Manganese is
in the octahedral’s center.
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used. The final material belongs to an aging of a MnOx gel,
which is produced from the oxidation of Mn(OH)2 in NaOH
solutions by KMnO4 in absence or presence of Mg2+ in the
initial solution.

Afterwards, characterizations of morphological, struc-
tural, thermal and magnetic properties were performed. We
found that, when birnessites are magnesium doped, magnetic
properties changes considerably due to its paramagnetic na-
ture and structural changes; then, this suggests magnesium
presence inside the layered structure.

2. Experimental methods

Synthesis:We follow the method of Luoet al [1]. In brief,
a solution of 19.6 g of Mn(CH3COO)2.4H2O (Across Or-
ganics 99%) and 3.4 g of Mg(CH3COO)2.7H2O (Mallinck-
rodt 99%) in 140 mL of distilled deionized water (DDW) was
added slowly to a solution of 50 g of NaOH (Merck 99.5%)
in 160 mL of DDW under vigorous stirring, forming a white
slurry of Mn(OH)2. A solution of 4.8 g of KMnO4 Merck
99% in 140 mL of DDW was added slowly to the slurry un-
der vigorous stirring, producing a brownish black suspension
of MnOx,where x depend of average oxidation state (A.O.S)
of manganese in this structure. The suspension was aged stat-
ically at 40◦C for 1-4 days. The solution was washed until pH
9.5, air dried and stored for characterization. In order to pre-
pare the undoped birnessite, Mg(CH3COO).7H2O (Merck,
99%) was eliminated in the starting solution.

Elemental analysis by atomic absorption (A.A):The
chemical composition of the synthesized materials is deter-
mined by a Perkin Elmer 3110 spectrometer. The particles
were digested in HCl 37% and diluted to the mark using
DDW 2: 1 relation prior to analysis.

Scanning Electron Microscopy (SEM):The morphologies
of the birnessites are investigated using SEM. The scanning
electron microscopy is performed on a JEOL JSM 5910LV
scanning electron microscope at an accelerating voltage of
15kV using secondary electron imaging.

Powder X-Ray diffraction:Structural analyses were car-
ried out on a Rigaku Miniflex II diffractometer utilizing Cu
radiation with an operating voltage of 30 kV and current of
15 mA. Scan speed of 2.00 deg. min−1 and scan range from
3 to 70 degrees with a step size of 0.02 degrees.

Thermal Gravimetric Analysis (TGA):TGA was used to
find the water content and the thermal stability of synthe-
sized materials. The water content was obtained using a TGA
Q500 from TA Instruments. Each sample was analyzed in
a 40 ml min−1 N2 flow with a temperature ramp of 10◦C
min−1 from ambient temperature to 800◦C.

Magnetic Behavior: the hysteresis cycles of the birnes-
sites were obtained with a Vibrating Sample Magnetometer
(VSM) - VersaLab, Quantum Design, Inc. The applied field
was varied in the range -27≤ H ≤ 27 kOe. Data were
obtained for consecutiveH = 100 Oe steps, stabilizingH be-
fore each reading, atT = 50 and 300 K.

3. Results and discussion

Elemental analysis by atomic absorption, confirms the pres-
ence of the metals used for synthesis. Table I represent the
percentage of reactants of each birnessite where they exhibit
changes in relations to the initial stoichiometry.

SEM micrograph (Fig. 2) shows the material composed
by particles aggregates with typical flakes morphology of lay-
ered materials [5].

Figure 3a shows diffraction peaks localized at 12.42◦,
24.92◦ and 37◦ 2θ that confirms the lamellar structure with a
d spacing of 7.12̊A; also this pattern displays the existence
of a feitcknechite phase at 19.26◦ which is a manganese oxy-
hidroxyde (β-MnOOH).

Figure 3a shows diffraction peaks localized at 12.42◦,
24.92◦ and 37◦ 2θ that confirms the lamellar structure with a
d spacing of 7.12̊A; also this pattern displays the existence
of a feitcknechite phase at 19.26◦ which is a manganese oxy-
hidroxyde (β-MnOOH). Figure 3 (b) exhibits characteristic
peaks localized at 12.36◦, 24.94◦, 36.80 ◦ 2θ that corre-
sponds to d spacing of 7.15̊A; then, this is a turbostratic
structure that agrees with Luoet al. report [1] for a lamel-
lar structure birnessites type materials. Diffraction peaks of d
spacing 9.50̊A and 4.91Å, matches up to a highly hydrated
lamellar phase named busserite and the peak localized at 4.6
Å represents theβ-MnOOH phase [1].

Thermal analysis (Fig. 4) displays three important re-
gions where the decomposition takes place. The first region
(23◦C to 200◦C) corresponds to the evolution of physisorbed

TABLE I. Metal content in synthesized materials

Material
wt %

Na K Mg Mn

Birnessite
Na,K(MnOx)

6.31 0.50 0.00 52.40

Birnessite
Na,K(MgMnOx)

4.14 0.03 2.52 35.00

FIGURE 2. SEM photography of Birnessite nanoflakes. It is ob-
served the lamellar morphology.
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FIGURE 3. XRD pattern of Birnessites type materials, (a)
Na,K(MnOx), (b) Na,K(MgMnOx).

FIGURE 4. TGA analysis of birnessites split into three regions of
decomposition.

and structural water until 150◦C [5,6], it is observed that the
doped birnessite losses less water than the undoped one. This
suggests that some magnesium ions could have moved to the
interlayer region and increases the hydration energy, because
they bound strongly the interlayer water molecules. The sec-
ond region (200◦C to 450◦C) and the third region (450◦C to
800◦C) correspond to phase change to Mn2O3 and Mn3O4

respectively [7,8]. These materials are highly thermally sta-
ble; at 800◦C, they loose less than their 20 % of their weight.

For magnesium doped birnessite, at 300 K, the magne-
tization does not show any hysteresis at all (Fig. 5), which
indicates that a paramagnetic behavior exists at this tempera-
ture range [9]. At the undoped birnessite, the magnetization
curve is not completely linear, which suggests that the mag-
netization process in the sample is associated to the move-
ment of the domain walls. In addition, an improved magnetic
response of the un-dopped in comparison with the doped bir-
nessite is achieved.

FIGURE 5. Hysteresis cycles showing the differences in mag-
netic behavior between un-doped and doped birnessites materials
at room temperature.

The magnetization analysis suggests a magnetic moment
decrease due to the presence of Mg2+ in the doped sam-
ple. Un-doped birnessite has higher levels of manganese,
sodium and potassium (Table I), and does not have pres-
ence of magnesium; this magnesium absence leads to higher
magnetization in un-doped sample. Geet al [4] reported
in K-birnessites, that at higher concentration of K+ ions in
this type of material, the samples could have larger coerci-
tivity and also, the typical ferromagnetic behavior may be
attributed to the fact that birnessite-related manganese ox-
ide layers usually contain many oxygen vacancies, which are
contributive to a ferromagnetic moment [4].

Then, magnesium presence at the doped birnessite is re-
vealed by vibrating sample magnetometry analysis. Both
samples does not exhibit saturation magnetization at maxi-
mum applied field of 27000 Oe, therefore this suggests a su-
perparamagnetic behavior [10]. Finally, at low temperatures
of 50 K (results not presented), it is observed for both sam-
ples, an increment of the magnetization with no phase transi-
tions.

4. Conclusions

Birnessite type materials have been characterized by elemen-
tal analysis of atomic absorption, x ray diffraction, termo-
gravimetric analysis and vibrating sample magnetometry. It
was found the presence of magnesium at one material (Bir-
nessite Na,K(MgMnOx)). This magnesium increased the
thermal stability of the sample; also, magnesium allowed the
formation of the busserite phase but reduced the average grain
size, as showed at the XRD pattern. Other important analysis
was that the magnesium doped birnessite is completely para-
magnetic and undoped shows low magnetization hysteresis
process. This confirms the presence of magnesium and also
suggests that magnesium is localized mainly at the birnessite
layers.
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