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Recently, a considerable growth of information technologies has resulted in the necessity for 
storage and handling a colossal volume of digital information. Today, magnetic information 
carriers are the most widespread, and no other technology can compete with them in storage 
density and rate of access to stored data. Further improvement of the performance requires the 
development of principally new magnetic materials with high saturation magnetic flux 
density, appropriate coercivity and suitable magnetic characteristics for information carriers, 
reading heads, etc. From a technological point of view, a special role in creating the 
components for such devices belongs to high-quality nanostructures and nanocomposites. 
 
The use of purely nanocrystalline systems is limited because of their low stability and 
tendency to form aggregates. Encapsulation of nanoparticles in a chemically inert matrix is a 
well-known solution of this problem. Such an approach enables one to avoid aggregation of 
nanoparticles and protect them from the effect of external factors, and, therefore, makes it 
possible to take advantage of the specific properties of nanomaterials. 
 
In the present work, we intended to prepare magnetic nanoparticles in a layered double 
hydroxides (LDH) matrix. Layered double hydroxides are compounds of a general formula 
(M2+

xM3+(OH)2x+2)+[(anionn-)1/n·mH2O], where M2+ is a metal in the oxidation state +2, M3+ is 
a metal in the oxidation state +3, and anionn- is almost any anion, which does not form a 
stable complexes with the above cations. The structure of an LDH is formed by positively 
charged hydroxide layers (M2+

xM3+(OH)2x+2)+ and negatively charged anions in the interlayer 
space. As a rule, H2O molecules are also present in the interlayer space. A characteristic 
property of LDHs is high mobility of anions in the interlayer space between the rigid 
hydroxide layers, which allows exchange of anions without the destruction of the layers. 
Thus, various functional anions can be incorporated into the interlayer space. 
 
Aforementioned peculiarities of the LDH structure suggest their possible application for the 
preparation of nanomaterials by chemical reactions of anions intercalated between the 
hydroxide layers. One can expect that the presence of hydroxide layers will provide 
conditions required for the formation of low dimensional anisotropic nanostructures. During 
chemical reactions of anions in the interlayer space, rigid hydroxide layers spatially constrain 
the reaction zone, thus rendering the conditions similar to those in the 2D nanoreactors, such 
as Langmuir-Blodgett films and self-assembling monolayers. 
 
Many other compounds, such as anionic clays, zeolites, etc., also possess layered or caged 
structure, which allows intercalation with functional precursors and subsequent synthesis of 
nanomaterials. However, certain specific features of LDHs make them especially attractive. 
First, layered LDH structure is stable over a wide range of cations and anions. Nowadays the 
compounds with M2+ = Mg2+, Zn2+, Fe2+, Co2+, Ni2+, Cu2+, Cd2+, Mn2+ and M3+ = Al3+, Cr3+, 
Mn3+, Fe3+, Co3+, Ni3+, Sc3+, Ga3+, In3+ were successfully obtained and characterized. The size 
of anions in the interlayer space can be varied from 3 Å to 30 Å. The amount of anions 
present in the interlayer space is proportional to the charge of hydroxide layers, which can be 
easily controlled during the synthesis by varying the ratio between M2+ and M3+. This allows 
one to prepare LDHs with required volume fraction of nanoparticles of the final material. Due 



to high diffusion rates of gases into the interlayer space, thermal decomposition of LDHs 
usually proceeds without the destruction of the layered structure. Many chemical reactions of 
anions present in the interlayer space also proceed without the destruction of the layered 
matrix, which in turn provides spatial constraints for the reaction zone. These properties of 
LDHs provide a unique possibility for the design of nanocomposite materials.  
 
Magnetic nanocomposites (M/Al-Mg-O, M=Fe, Ni, Co) were synthesized from anion-
substituted layered double hydroxides (LDH): Mg1-xAlx(OH)2[(anionn-)x/n·mH2O], anionn-= 
FeEDTA-, NiEDTA2-, CoEDTA2-; x=0,1; 0,15, 0,2; 0,25, 0,33 (ref. 10, 15, 20, 25 и 33 
atomic% Fe and 5, 7.5, 10, 12.5 и 16.5 atomic% Ni, Co ). To remove organic ligands samples 
were annealed in air at 400oC, then it was reduced in hydrogen flow in temperature range 
400oC – 1000oC. Reduction of these samples leads to the formation of anisotropic 
nanoparticles. Different anisotropies of nanoparticles were observed by changing the 
concentration of iron complex. Thus, one-dimensional nanostructures of iron with needle-like 
and fiber-like shapes are forming at the high concentration of iron complex, decreasing the 
concentration of iron complex in the interlayer space gives two-dimensional structures. Very 
small (~1-3 nm) isotropic spherical nanoparticles of iron are forming at low concentration of 
iron complex in the interlayer space. All nanocomposites were characterized using X-ray 
diffraction, electron microscopy, magnetic measurements etc. 
 
Formation of anisotropic nanoparticles was proven by TEM. The formation of needle-like 
nanocrystals of iron occurring at high iron content (x = 0.33 – 0.25). Decrease the amount of 
complex in the samples (x = 0.20 – 0.15) leads to the formation of 2D nano-platelets, it should 
be noted that the size of these platelets decreasing with the decrease of iron content. At very 
low content of the complex in the sample (x = 0.10) isotropic spherical nanoparticles of iron 
are forming. Magnetic properties of the reduced samples Mg1-xAlx(OH)2[(FeEDTA)x mH2O] 
with different iron content were investigated using SQUID magnetometer. The temperature 
dependence of magnetic susceptibility shows that Mg3Al(OH)8[FeEDTA·mH2O] reduced at 
T=600 and 800oC is superparamagnetic with very low value of magnetic moment (µ~10µb). 
Also these samples has blocking temperature lower 5K. It confirm the formation of one 
dimensional nanostructures of α-Fe with size less then 10 nm in the samples reduced at 600 
and 800oC. It was observed that magnetic properties of iron-containing anion-substituted 
LDH strongly depend on the different iron content. The difference is clearly seen in blocking 
temperatures for different samples, value of magnetic moment etc. So, nanocomposite with 
large platelets of iron has the maximum magnetic moment, that makes it the most perspective 
as magnetic storage material. From the other hand needle-like samples has very sharp peak 
around the blocking temperature, that makes it attractive for physical measurements of 
quantum tunneling of magnetization in quasi-1D systems. Calculations based on the magnetic 
measurements confirm the change in anisotropy of iron nanoparticles with change of iron 
content in nanocomposite. These data is in good agreement with electron microscopy data. 
 
Dependence of the lateral and longitudinal anisotropy of iron nanoparticles was calculated 
from electron microscopy and magnetic measurements. Nonlinear change in anisotropy of 
obtained nanoparticles with iron content allows us to conclude that other factors affect on the 
process of the nanoparticle formation. Obviously the increase of iron content increase the 
number of reaction centers taking place in the process of reduction. But, different aluminum 
content in hydroxide layers influence on the charge of these layers, that change the force of 
electrostatic interaction between the layers. Thus, hard hydroxide layers bound the reaction 
zone and make different influence on the reaction taking place between the layers. And 
formation of the particles with different anisotropy and sizes can be due to the influence of 
these two factors. 


