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ABSTRACT 

Hyperthermia has been gaining a lot of interest 
as a method for treating cancer particularly as 
an adjunct to other modalities such as 
radiotherapy and chemotherapy.  Self 
controlled magnetic hyperthermia takes 
advantage of producing localized heating by 
subjecting nanomagnetic particles to an 
alternating magnetic field.  The temperature 
rise at the cancer tissue is controlled by the 
particles Curie temperature.  In the present 
paper 

4)2(5.05.0 OFeGdZnMn xx −
 nanoparticles were 

synthesized using chemical co precipitation 
technique to obtain particles with Curie 
temperature of 42 and with high value f 
magnetization.  These particles showed high 
promise for self controlled magnetic 
hyperthermia application. 
 
INTRODUCTION 

Hyperthermia is temperature elevation of tissue 
with the aim of receiving therapeutic benefits.  
Knowledge about heat treatment of tumors is as old 
as the written text in medicine [1].  Unfortunately, 
the enthusiasm of modern cancer research for this 
modality has been sporadic until recently. In the 
1960s, researchers confirmed that cancer cells are 
more vulnerable to heat than their normal 
counterparts. In the U.S., the hegemony of the three 
official modalities -- surgery, radiation and chemo -
- lasted until the 70s, when hyperthermia was taken 
off the ACS blacklist (Unproven Therapies List). In 
late 70s and early 80s several trials had shown that 
hyperthermia combined with radiation produced 
superior results over radiation alone. Recently, the 
results of three European and one American phase 
III trials have become available. All these trials 
were well controlled, showing that the use of 
hyperthermia in combination with radiation therapy 
results in superior tumor response, tumor control, 

and survival as compared with radiation therapy 
alone [2] 
Magnetic hyperthermia is the method of heating 
body tissue using magnetic materials [3,4,5]. In this 
process magnetic material is introduced near the 
tumor then subjected to an oscillating magnetic 
field that will cause the material to heat.  Self 
controlled hyperthermia controls the spot 
overheating that causes necrosis [6].  The self 
control of overheating is provided by controlling 
the materials Curie temperature. Nanomagnetic 
particles with Curie temperature of 42-43oC are 
suitable for producing biocompatible heat source at 
the tumor site when subjected to an alternating 
field. Once the particles temperature reaches the 
Curie temperature they will stop responding to the 
applied field, hence the heating will be maintained 
at the Curie temperature.  This study is aimed at 
producing nanomagnetic particles with Curie 
temperature of 42-43oC.  
Mn-Zn Ferrite nanoparticles have gained a lot of 
consideration mainly because of the ability to vary 
their properties by varying the proportions of the 
constituent metals [7-9]. These particles are of the 
form ZnxMn(1-x)Fe3O4 and are synthesized by 
physical as well as chemical means. Chemical co-
precipitation is one of the various methods used to 
synthesize nanoparticles. Gd-substituted Mn-Zn 
ferrite particles are made by chemical co 
precipitation method.  The particles formed are of 
the nature 4)2(5.05.0 OFeGdZnMn xx − . The effect of 

varying Gd proportions on the Curie temperature of 
the nanoparticles is reported. 
 

MATERIALS AND METHODS 

Mn-Zn-ferrite particles and Gd substituted Mn-Zn- 
Ferrite particles are obtained via chemical co-
precipitation and ferritization. First the metal salts 
are co-precipitated into hydroxides. This is done by 
addition of aqueous solution of metal salts in water 
to the co precipitating base (e.g. NaOH, 
CH3NH3OH etc.). For the case of Mn-Zn Ferrite 
particles the reaction occurs as follows: 
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Then this precipitate is transformed into ferrite by 
heating in the precipitation alkaline solution 
(ferritization). The reaction for Mn-Zn ferrite 
particles is as follows: 

322 )(2*)(*)()1( OHFeOHxZnOHMnx−  
otaq.↓  

OHnOnHOFeZnMn xx 2242)1( )4(* −+−  

 
FeCl3 6H2O, GdCl3 6H2O, MnCl2 4H2O and ZnSO4 
7H2O were used to obtain Fe3+, Gd3+, Mn2+ and 
Zn2+ ions in the aqueous solution. This salt solution 
at 90°C was added to 8M NaOH solution at 90°C 
followed by vigorous stirring. The stirring and 
heating at 90°C was continued for a minimum of 
40 mins [7-9]. It has been reported by Auzans et. 
al. [7-9] that heating for over 40 mins does not 
produce any significant changes in the particles 
properties. The product was then filtered, washed 
with distilled water and finally washed and dried 
with acetone. 
 
The samples made were of the form 

4)2(5.05.0 OFeGdZnMn xx − . The following Mn-Zn-Gd 

ferrite particle samples were made: 
Sample 
Name 

Proportion 
of Gd: x 

S 0 
T 0.2 
U 0.5 
V 0.7 
W 1 
X 1.5 

The hysteresis curves were obtained at room 
temperature using a vibration sample 
magnetometer (VSM). A Quantum Design 
SQUID was used to study the temperature 
dependence of the magnetization. 
 

RESULTS 

All the samples were examined by X-ray powder 
diffraction (XRD). XRD diagrams for the samples 
are shown in fig. 1. All major peaks were indexed 
to the standard pattern for Mn-Zn Ferrite. 
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Fig 1. XRD Analysis 

Hysteresis curves: 
The hysteresis curves at room temperature for the 
samples S, U, W and X were obtained using a 
vibration sample magnetometer by subjecting them 
to a field in the range of 0 to 5,000 G (fig. 2).  All 
these samples were observed to be soft-magnetic. 

 
Fig. 2 Hysteresis curves 

 
Temperature dependence of magnetization: 
The temperature dependence of magnetization was 
observed by using a Quantum Design SQUID. For 
this a constant field of 100G was applied and the 
moment was measured by varying the temperature 
from 0K to 450 K. 
Fig. 3 shows the superimposed Temperature 
Dependence on Magnetization plots for all the 
samples. The Curie temperature was calculated by 
extrapolation of the linear sections of the 
temperature dependence plots [7]. The variation in 
Curie temperature with increasing Gd proportion is 
plotted in fig. 4. 
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Fig. 3 Temperature dependence of magnetization 
for all samples 

 
Fig 4 Curie temperature variation with Gd 
 
Saturation Magnetization: 
Table 1 lists the variation in saturation 
magnetization and Curie temperature with 
increasing Gd proportion.  
 
Table 1 Msat and Tc for samples 

Sample 
Name 

Saturation 
Magnetization 

(EMU/g) 

Curie 
Temperature 

(K) 

S 20 320 
T - 409 
U 29 412 
V - 406 
W 24 414 
X 9.5 382 

 
DISCUSSION 

In this study Gd substituted Mn-Zn ferrites with 
various Zn and Gd proportions were synthesized to 
study the effect on the magnetic properties of these 
particles and also to find a combination which will 
result in particles having a Curie temperature 
suitable for hyperthermia application. 

It is observed that the saturation magnetization of 
the particles drop with increasing Gd proportion. 
The initial increase in the saturation magnetization 
can be explained by considering that the Gd3+ ions 
have a large spin magnetic moment per atom (7µB) 
as compared to that of Fe3+ ion (5 µB) [10-13].  
Addition of Gd3+ ions results in their occupancy of 
the octahedral sites. The preference for octahedral 
sites maybe attributed to their large ionic radii. 
Since the ionic radii of the Gd3+ ions are large, 
there is a decrease in the distance between these 
and the oxygen ions when adding Gd ions [14]. As 
a result the ions at the octahedral sites no longer 
have their moments parallel to each other. A part of 
these ions have moments aligned anti parallel to the 
other atoms on these octahedral sites. This results 
in a reduction in the net magnetic moment of the 
octahedral atoms. As the Gd substitution is 
increased, more and more octahedral atoms have 
their moments antiparallel As a result the saturation 
magnetization drops.  
Upadhyay et al. [15] have synthesized Gd 
substituted Mn-Zn Ferrite nanoparticles using 
chemical co-precipitation. They observed an 
increase in the pyromagnetic co-efficient 
( HTM )/( ∂∂ ) of the resultant particles.  The 
increase in the pyromagnetic co-efficient is 
desirable because it results in a steeper slope of the 
magnetization v/s temperature plot which in turn 
ensures that the magnetization decreases rapidly as 
the temperature approaches the Curie temperature. 
This rapid decrease in magnetization means that the 
particles are heated up faster at temperatures below 
the Curie temperature and suddenly stop being 
heated near the Curie temperature which is a 
desirable property for Hyperthermia application.  
From Fig. 4 it can be seen that there is an increase 
in Curie temperature with Gd substitution. The 
Curie temperature increases from 320 K for Sample 
S (x=0) to about an average of 410 K for sample T 
(409 K), U (412 K), V(406 K) and W (414 K). 
Thus the Curie temperature remains almost 
constant for Gd proportions x=0.2 till x=1.0. But 
further addition of Gd results in a decrease in Curie 
temperature (Sample X: x=1.5: Tc= 382 K).  
 

CONCLUSIONS 
Nanosize Mn-Zn ferrite and Gd substituted Mn-Zn 
ferrite particles have been synthesized by chemical 
co precipitation method. The samples are observed 
to be soft-magnetic. Addition of Gd3+ ions up to 
proportions of x=0.5 results in an increase in the net 
moment. Further addition of the Gd3+ ions 
results in a decrease in the net moment.  The 
saturation magnetization increases then 
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decreases with increasing proportion of 
Gadolinium.  The Curie temperature increases 
with addition of Gadolinium. But addition of Gd 
in proportions more than x=1.0 results in a 
decrease in Curie temperature. 
 

ACKNOWLEDGMENTS 

This project was partially funded by a grant from the 
Florida State University Research Foundation. 
 

 
REFERENCES 
 
1. O. S. NIELSEN, M. HORSMAN, J. 
OVERGAARD, European J. of Cancer, 37 
(2001) 1587-1589  
2. B. HILDEBRANDT, PETER WUST Crit. 
Reviews in Oncology/Hematology, 43 (2002) 
33-56 
3. B. PARK, B. S. KOO, Y. K. KIM, M. K. 
KIM, Korean J Radiol, 3 (2002) 98-104 
4. S. DEGER, D. BOEHMER, I. TURK, J. 
ROIGAS, V. BUDACH, S. LOENING, 
European Urology, 42 (2002) 147-153 
5. A. JORDAN, R. SCHOLZ, P. WUST, H. 
FAHLING. R. FELIX, J Mag Mag Matr, 201 
(1999) 413-419 
6. N. BRUSENTSOV, L. NIKITIN, T. 
BRUSENTSOVA, A. KUZNETSOV, F. 
BAYBURTSKIY, L. SCHUMAKOV, N. 
JURCHENKO, J. Mag. Mag. Matr., 252 
(2002) 378-380 
7. E. AUZANS, D. ZINS, M. M. MAIOROV, 
E. BLUMS, R. MASSART, Magn. 
Gidrodinamika 38 (1999) 78-86  

8. E. AUZANS, D. ZINS, E. BLUMS, R. 
MASSART, J. Mater. Sci. 34 (1999) 1253 – 
1260 
9. E. AUZANS, Mn-Zn ferrite nanoparticles 
for water- and hydrocarbone-based 
ferrofluids: preparation and properties, Thesis, 
1999 
10. C. KITTEL, Intro. To Solid State Physics, 
John Wiley & Sons, NY, 4th Ed. 
11. G. BURNS, Solid State Physics, Academic 
Press Inc.,1985 
12. K. SCHRODER, Elec., Mag. And Thermal 
Properties of Solid Mat., Marcel Dekker Inc. 
NY, 1978 
13. R. KUBO, T. NAGAMIYA, Solid State 
Physics, McGraw Hill., 1969 
14. J. SMIT AND H. P. J. WIJN, Ferrites, 
John Wiley & Sons, NY, 1959, p 139-142 
15. R. V. UPADHYAY, R.V. MEHTA, 
KINNARI PAREKH, D. SHRINIVAS, R.P. 
PANT, J. Magn. Magn. Mater. 201 (1999) 129 
– 132 
 

 

NSTI-Nanotech 2005, www.nsti.org, ISBN 0-9767985-0-6  Vol. 1, 2005 303


	Book1.1.pdf
	1132.pdf
	1132.pdf
	[13]  Lisa A. DeLouise, Peng Meng Kou, and Benjamin L. Mille



	Book1.2.pdf
	1064.pdf
	1064.pdf
	ABSTRACT
	2    TRIBOMECHANICAL ACTIVATION OF SOLIDS
	3     INDUCTION OF PROGRAMMED CELL DEATH-APOPTOSIS
	4    ANIMAL DATA
	5    HUMAN DATA

	CONCLUSION
	REFERENCES



	1124.pdf
	ABSTRACT
	To examine the roles of the adjuvant in antigen delivery, de
	INTRODUCTION
	EXPERIMENTAL
	RESULTS
	Phagocytosis of tomatine-antigen complexes by the DCs

	REFERENCES


	Book1.4.pdf
	825.pdf
	825.pdf
	 
	 
	ABSTRACT 
	The bioaccumulation of a large variety of inorganic trace elements in Bacillus subtilis was studied using an inductively coupled plasma mass spectrometer and compared to other related and unrelated species. Bacillus subtilis is a safe substitute for anthrax. Unique and reproducible chemical fingerprint for each species of organisms were determined. Additionally, it was found that these chemical signatures were very susceptible to laboratory and procedural effects, suggesting that this approach could be useful also as a forensic tool. In addition, quantitative analysis on these signatures have been performed to mathematically relate the chemical fingerprints of B. subtilis to the number of cells or spores present in an analyzed sample.  
	INTRODUCTION 
	METHODS 
	RESULTS 
	REFERENCE 




	828.pdf
	Elastic Properties of Aspergillus nidulans Studied with Atomic Force Microscopy 
	* Department of Chemical and Biochemical Engineering, UMBC, lzhao@umbc.edu 
	*** Department of Biological Science, UMBC, Baltimore, MD 21250 
	**** Department of Chemistry and Biochemistry, University of Maryland Baltimore County (UMBC), Baltimore, Maryland 21250 
	ABSTRACT 


	877.pdf
	ABSTRACT
	1.   INTRODUCTION
	3.  RESULTS
	REFERENCES


	175.pdf
	Nanofabrication of Bioselective Materials Using Diverse Nano


	Book1.5.1.pdf
	292.pdf
	292.pdf
	Nanotechnology  Based on Spatially Fixed DNA (RNA) Molecules
	ABSTRACT
	ON THE PRACTICAL APPLICATION OF NANOCONSTRUCTIONS
	The NaCs created by us are of interest for various areas of 





	557.pdf
	Testing

	307.pdf
	References

	743.pdf
	ABSTRACT
	1   INTRODUCTION
	MATERIALS AND METHODS
	REFERENCES



	Book1.7.pdf
	1158.pdf
	1158.pdf
	Testing the response to NO
	Results and discussion


	1169.pdf
	1. INTRODUCTION
	2. RESULTS


	Book1.8.pdf
	407.pdf
	Name
	Label
	Sequence

	569.pdf
	Controlling Colorimetric Reversibility of Polydiacetylene Su
	Ji-Seok Lee*, Joo Seop Lee*, Hyun Wook Park*, Cheol Hee Lee*
	Dong June Ahn**, and Jong-Man Kim*
	*Department of Chemical Engineering Hanyang University, Seou
	**Department of Chemical and Biological Engineering, Korea U
	dja@korea.ac.kr
	ABSTRACT
	We have investigated colorimetric reversibility of polydiace
	Keywords: biosensor, polydiacetylene, reversibility, supramo
	INTRODUCTION
	The development of efficient chemosensors based on conjugate
	Among the conjugated polymers reported to date, polydiacetyl
	Scheme 1 : Schematic representation of polymerization of ass
	The advantage of the nanostructured polydiacetylenes as sens
	The polydiacetylene-based chemosensors reported to date, however, function via irreversible fashion. Accordingly, once the blue-phase shifts to the red-phase upon a given external
	Figure 1 : Structures of diacetylene lipids investigated for
	EXPERIMENTAL SECTION
	Preparation of Diacetylene Lipid Monomers
	The diacetylenic lipid monomers investigated in this study w
	Figure 2 : Structures of diacetylene derivatives used for th
	Preparation of Polydiacetylene Supramolecules.
	The polydiacetylene vesicles employed in this investigation 
	Thermochromism of Polydiacetylene Vesicles.
	In order to investigate colorimetric reversibility of the po
	The polymer vesicle solution prepared with PCDA-mCPE 2, an e
	Next phase of current investigation focused on the effect of
	In order to gain more information on the role of the phenyl 
	The effect of hydrophobic carbon chain lengths on the revers
	We next investigated the effect of the terminal carboxylic g
	Final phase of colorimetric reversibility with polymer vesic
	RESULTS AND DISCUSSION
	Several aspects of the results described above warrant detai
	The observations made with polymer vesicles prepared with PC
	Another important factor for the reversible thermochromism i
	Investigation of the effect of the hydrophobic chain length 
	Terminal carboxylic acid is recommended for two major aspect
	CONCLUSION
	The observations made during our effort for the understanding of the structural effects of reversible polydiacetylene sensors have led to a conclusion. It seems most probable that
	The lipid monomers which afford polydiacetylene supramolecul
	REFERENCES
	D. tyler McQuade, Anthony E. Pullen and Timothy M. Swager, C
	Jelinek Raz, Kolusheva Sofiya, Biotechnology Advances, 19, 1
	A. Singh, R. B. Thompson and J. Schnur, J. Am. Chem. Soc. 12
	Yang Yi, Lu Yunfeng, Lu Mengcheng, Huang Jinman, Haddad Raid
	Lee Dong-Chan, Sahoo K. Sangrama, Cholli L. Ashok and Sandma
	U. Jonas, K, Shah, S. Norvez and D. H. Charych, J. Am. Chem.
	Ahn Dong June, Chae Eun-Hyuk, Lee Gil Sun, Shim Hee-Yong, Ch

	714.pdf
	V. Martins*, L.P. Fonseca*, H.A. Ferreira**, D.L. Graham**, 
	INTRODUCTION
	EXPERIMENTALS
	Chemicals
	Spin Valve Sensors and Chip Design
	Experimental Set-up
	Surface Functionalization
	Antibody Surface Functionalization
	DNA Surface Functionalization
	Magnetic Particles Functionalization
	Labeling and Setup Measurements

	RESULTS AND DISCUSSION
	CONCLUSIONS

	172.pdf
	A
	ABSTRACT
	INTRODUCTION
	CELLULAR COMMUNICATION
	PETRI NET METHODOLOGY
	A Petri Net Model of Cellular Communication
	A Detailed Petri Net Model of Cellular Communication

	CONCLUSION
	
	
	REFERENCES




	737.pdf
	Figure 1: Hybrid Computational Approach


	Book1.10.pdf
	1137.pdf
	1137.pdf
	ABSTRACT
	AKNOWLEDGEMENT
	REFERENCE


	1138.pdf
	Department of Mechanical and Aerospace Engineering


	Book1.11.pdf
	417.pdf
	417.pdf
	1  SEARCHING FOR OPTIMAL MIXERS
	2  NUMERICAL METHOD
	ACKNOWLEDGMENTS
	REFERENCES


	198.pdf
	Antimicrobial Fabrics Coated with Nano-Sized Silver Salt Cry
	CTT Group, 3000 Boullé, Saint-Hyacinthe,Canada, J2S 1H9,
	dtessier@groupecttgroup.com
	E. coli
	S. Aureus
	Fabric
	Not treated
	Not treated


	REFERENCES



	Book1.12.pdf
	680.pdf
	680.pdf
	Ana Morfesis* and David Fairhurst**
	*Malvern Instruments USA Inc., Southborough, MA, 01772 ana.morfesis@malvernusa.com
	1INTRODUCTION
	1.1Solar Radiation and Sunscreens
	3OPTICAL PROPERTIES


	3.3Formulation parameters
	
	
	
	4CONCLUSIONS










