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ABSTRACT

L-histidine coated iron oxide nanoparticles (HCIO) have been synthesized in one pot in the presence of L-histidine. The characterization and analysis results revealed that magnetic nanoparticles are maghemite (or magnetite) and L-histidine is covalently bonded to the nanoparticle surface via carboxyl groups. Thermal analysis revealed that magnetic nanoparticles showed catalytic effect that caused an early degradation/decomposition of the L-histidine capping. Single crystalline nature of iron oxide NPs was confirmed by near spherical morphology assessed by TEM, particle size calculated from TEM analysis and crystallite size calculated from XRD analysis. Magnetic measurements reveal the superparamagnetic character of the nanoparticles, hence the nanocomposite. The ac conductivity showed a temperature dependent behavior at low frequencies and temperature independent behavior at high frequencies which is an indication of ionic conductivity. The dc conductivity of the nanocomposites is found to obey the Arrhenius plot with activation energy of 0.934eV. Analysis of electrical modulus and dielectric permittivity functions suggest that ionic and polymer segmental motions are strongly coupled in the nanocomposite.
Keywords: L-histidine, magnetic nanoparticles, magnetic property, conductivity.

1. Introduction 
Magnetic nanoparticles are used as delivery systems for drugs, in medical diagnosis,  hyperthermia, and cell separation
.  Most of these applications require chemically stable, well-dispersed and uniform size particles. For this reason, new technologies in synthesis and methods of analysis have been developed. Amino acids are very desirable chemicals as ligands anchored with magnetic nanoparticles. Therapy with amino acid imbalance or with amino acids as a dose of nutrients has been widely used to treat cancer sufferers because some amino acids reduced tumor cells. In therapy, histidine has been claimed of being useful in decreasing blood pressure because of its vasodilatory effects. It is also used as a supplement in rheumatoid arthritis treatment, and is, like many other amino acids, important for growth and general tissue repair. The ability of histidine to act as an electron donor and, thereby, to neutralize singlet oxygen and the hydroxyl radical results in improved contractility and heart function during a heart attack or craniological procedures such heart bypass, heart transplant, angioplasty
.
In this study, we aimed at a new synthesis route to prepare amino acid-modified iron oxide in one step
. This process may have potential applications to synthesize other amino acid capped nanoparticle configurations, including essential amino acids and some proteins coating. In addition, the synthesized amino acid-coated magnetic nanoparticles might be applied to cell separation, diagnosis and targeted drug delivery for cancer therapy.

2. Results and Discussion

2.1. XRD Analysis

Phase investigation of the crystallized product was performed by XRD and the diffraction pattern is presented in Fig. 1e. The XRD pattern indicates that the product consists of magnetite, Fe3O4, and the diffraction peaks are broadened owing to very small crystallite size. All of the observed diffraction peaks are indexed by the cubic structure of Fe3O4 (JCPDS no. 19-629) revealing a high phase purity of magnetite.  EDX analysis also confirmed this formula. The line profile, shown in Fig. 1e was fitted for observed six peaks with the following miller indices: (220), (311), (400), (422), (511), (440). The average crystallite size, D and  σ, was obtained as 7 ±1 nm as a result of this line profile fitting.

2.2. FT-IR analysis

FT-IR spectra of iron oxide, L-histidine,  HCIO nanoparticles and suggested linkage of L-histidine to iron oxide surface are given in Fig.1a-1d. The presence of the iron oxide nanoparticles is evidenced by the strong absorption bands at around 570-590 cm−1 that confirm the metal-oxygen streching, present in Fig. 1a and 1b. In the spectrum asymmetric and symmetric stretching frequencies of carboxylate (COO-) are observed at 1635 cm−1 νas(COO-) and 1411 cm−1 νs(COO-) respectively.
In the spectrum for HCIO (Fig. 1c), the vibrations of asymmetric and symmetric stretching of carboxyl anion occurred at 1607 cm−1 and 1392 cm−1. Also the peak at ~3400 cm-1 (Fig. 1c) is assigned to N-H stretching. According to these results, FTIR analyses suggest that L-histidine remains chemisorbed on the surface of iron oxide.
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Fig. 1  FT-IR spectra of  (a) Iron oxide, (b) L-histidine, (c) HCIO nanoparticles, and (d) Suggested linkage of L-histidine to iron oxide surface, (e) XRD pattern and line profile fitting of HCIO nanoparticles and (f) TGA thermograms of  (i) Fe3O4 NP’s  (ii) HCIO, and  (iii) L-histidine.
2.3. TG Analysis
Thermograms of iron oxide (Fe3O4), L-histidine and HCIO are presented in Fig.1f, which can be used for a quantitative comparison of degradation behavior of samples. Iron oxide shows no weight loss in the temperature range of TG analysis. On the other hand, the two-stage degradation is seen in the TGA curves of both L-histidine and HCIO samples. HCIO sample shows a

considerable thermal stability up to 300 oC. Degradation of L-histidine over the iron oxide begins at a much lower temperature. This behavior could be originated from the fact that iron oxide particles behave as catalysts thus reducing the degradation temperature of L-histidine.  
2.4. TEM Analysis

Morphology and size distribution of L-histidine coated iron oxide NPs was analyzed using TEM. Few micrographs at different magnifications and a histogram calculated thereof are presented in Fig. 3.  Fe3O4 particles exhibit dominantly near spherical morphology. SAED pattern of HCIO is given in the inset of Fig. 3b which reveals crystalline nature of iron oxide nanoparticles. Average particle size calculated by log-normal fitting to the size distribution histogram, was obtained as 8.5±0.25 nm. As compared with the crystallite size from X-ray line profile fitting, this reflects nearly single crystaline nature of the Fe3O4 nanoparticles.
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Fig. 3 (a,b) TEM micrographs of L-histidine-coated iron oxide (HCIO) NP’s at different magnifications, in the inset is shown the SAED pattern;  (c) Calculated histogram from several TEM images with log-normal fitting, (d) Room temperature magnetization curve of HCIO nanoparticles.

2.5. Magnetization Measurements

Fig. 3d shows the room temperature magnetization curve of the HCIO nanoparticles. The saturation magnetization is determined as 45.5 emu/g which is considerably lower than the theoretical Ms of the bulk magnetite (92 emu/g). This reduction is expected in NPs as the surface magnetic order can be affected by the structural distortions that can cause spin canting and existence of non-magnetic surface layer
. HCIO NPs do not saturate in an external field of 15 kOe. Moreover, there is no measurable coercivity and remanance. The weaker magnetization and lack of saturation have often been observed in iron oxide NPs4-
. All of these observations are characteristic features of superparamagnetic NPs having particle size smaller than 16 nm
. 

Magnetization of superparamagnetic particles can be described by the Langevin function which can be used to determine the particle size.   Theoretical fitting to M(H) curve in Fig. 4 gives the mean magnetic moment of the coated magnetite NPs as 5.616 (B. Thus, using this value with the known Ms (45.5 emu/g), mean particle size is obtained as 7.6 ( 1.9 nm which agrees well with the values estimated from both TEM histogram and XRD line profile fitting. 

2.6. dc - ac conductivity, and permittivity evaluation

The ac conductivity, σac (ω) of the HCIO nanoparticles has been measured from 20 oC up to 150 oC using impedance spectroscopy. 

The ac conductivity of L-histidine for various temperatures is shown in Fig. 4a. It is clear that the ac conductivity under a certain frequency, ~1 kHz for RT, 10 kHz for 150 oC, increases with temperature and is given with a frequency dependency of 
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 for each of the relevant temperatures. However at high frequencies ac conductivity varies with the same way but independent of temperature. 
The ac conductivity of HCIO nanopaticles as a function of frequency at various temperatures is illustrated in Fig. 4b. It is found from the log-log graph that, initially, the frequency independency of the conductivity at low frequency region exists. Then, after a certain frequency value, which is strongly temperature dependent, it becomes a form of 
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 where the exponent “n” varies between 0.6 and 0.7 depending on the temperature.

The dc conductivity of HCIO nanoparticles is presented in Fig. 4c. From the graph dc conductivity of the nanocomposites is
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Fig.4. ac conductivity of  (a) L-histidine and  (b) HCIO nanoparticles, (c) dc conductivity of HCIO nanoparticles (d) exponent n of L-histidine as a function of temperature for low frequencies.

found to obey the thermally activated conduction rule with activation energy of 0.934 eV. This represents the influence of the temperature on the conductivity of nanocomposites; a typical degree of the influence on conductivity of temperature.

When the frequency dependency of ac conductivity for both L-histidine and HCIO nanoparticles are compared with each other, it is clear that the conductivity at low frequencies is relevant to the nature of pure L-histidine structures like polymers
. However, L-histidine-capped-magnetite can modify the dependency of conductivity as a function of both temperature and frequency when compared with the pure one. As a result, because of the nature of both temperature and frequency dependency, the conductivity of HCIO NPs can be attributed to the ionic conductivity
.

The real and imaginary parts of the complex permittivity of HCIO NPs are illustrated in Fig. 5a and 5b, respectively. The real part of permittivity, which is related to the stored energy within the medium, is remained almost unchanged at low temperature while over a temperature of 130 oC is increased sharply up to a frequency of 15 Hz and saturated over it and again it happened as in the low temperature case (see the graph in the inset of Fig. 5a). At high frequency the imaginary part of permittivity becomes less sensitive to both frequency and temperature, tends to be stabilized as reported earlier
. These results for both real and imaginary part of the permittivity are attributed to the ionic relaxation process although dipolar contributions also exist at high frequency region
.
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Fig. 5 (a) Real and (b) imaginary part of the permittivity of HCIO  NPs; (c) Real (d) imaginary part of modulus of pure L-histidine.

Fig. 5c-d shows the electric modulus formalism of the pure L-histidine. According to the electric modulus formalism of the pure L-histidine matrix, when the temperature is lowered, the expansion of pure L-histidine matrix will separate the filling components of the nanocomposites that connected with each other earlier. The interfaces between magnetites and L-histidine matrix will enhance, and the dielectric constant will rise. When the temperature is higher than a certain value, the L-histidine nanocrystallite phase begins to change, transforming from a semi-crystalline phase to the more disordered polymer-like region. The interfaces between the magnetites and the L-histidine matrix will decrease. So the dielectric constant will decrease. The polarization will be enhanced. In this case, the dielectric constant increases again. At higher frequency, the values of the electric modulus of both L-histidine and its magnetite composites become less temperature-dependent. It can be understood that various physical and chemical factors such as crystallinity, synchronized cation-anion motions, and the formation of the ion-pair have a strong effect on ionic conductivity
. These factors reduce the cationic conductivity, and therefore this act as a barrier for potential applications. 

3. Conclusion

We have successfully synthesized L-histidine capped iron oxide nanoparticles in one pot process. The final product was analyzed for composition, microstructure, ac-dc conductivity performance, and dielectric permittivity. L-histidine is assessed to be covalently bonded to the iron oxide nanoparticle surface via carboxyl groups. Thermal analysis revealed that magnetic nanoparticles showed catalytic effect that caused an early degradation/decomposition of the L-histidine capping. Near spherical morphology was assessed by TEM and particle size calculated from TEM analysis  and crystallite size calculated from XRD analysis reveal single crystalline nature of iron oxide NPs. Magnetic measurements reveal the superparamagnetic character of the nanocomposite. The ac conductivity showed a temperature independent behavior at low frequencies and temperature dependant behavior at high frequencies which is an indication of ionic conductivity. The dc conductivity of the nanocomposites is found to obey the Arrhenius plot with activation energy of 0.934 eV. The ac and dc conductivity measurements revealed semiconductor conduction characteristics, and various trends were observed, as a function of frequency and temperature, revealing different mechanisms dominating based on the temperature dependant reorganization of the nanocomposite. Permittivity measurements showed increasing dielectric constant with increasing temperature as expected from semiconductors. Analysis of electrical modulus and dielectric permittivity functions suggest that ionic and polymer segmental motions are strongly coupled in the nanocomposite.
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