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Sample Calcination Average particle Average particle Saturation References
Temperatue (C) size size magnetizatinMs
XRD (nm) TEM (nm) (emu/g)

MgFe,04 400 7 5 1.33
500 8 6 3.77 [20]
600 10 7.5 6.24

ZnFe,04 450 21 17 4.49
500 24 22 2.66 [21]
550 31 27 1.81
600 33 31 0.74
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Sample Calcination Iron Isomer Qaudrupole Hyperfine Cation
Temperature Sites Shift Splitting Field distribution
(K) d(mm/s) QS(mm/s) H(T)
400 Doublet -0.298+0.006 0.609+0.010 0 100
500 Doublet -0.288+0.003 0.629+0.005 0 43.06
MgFe,04 Sextet -0.252+0.029 0.035+0.050 40.453+0.252 56.94
600 Doublet -0.292+0.003 0.624+0.005 0 34.47
Sextet -0.275+0.010 -0.012+0.019 39.798+0.090 57.63
Sextet -0.333+0.005 -0.158+0.009 45.800+0.033 7.90
450 Doublet -0.321£0.001 0.373+0.002 0 72.13
Sextet -0.347+0.002 -0.196+0.005 45.936+0.017 27.87
500 Doublet -0.324+0.001 0.349+0.001 0 70.69
ZnFe,0, Sextet -0.344+0.002 -0.185+0.004 45.982+0.012 29.31
550 Doublet -0.321+0.001 0.342+0.001 0 67.35
Sextet -0.345+0.001 -0.189+0.003 45.944+0.010 32.65
600 Doublet -0.324+0.001 0.335+0.001 0 71.99
Sextet -0.346+0.002 -0.187+0.004 46.043+0.013 28.01

Ear 209> (omabline adlge jI oU 2d (665 G b (o
V Js> 0 595 migh i (ol &5 A8 e o Lle 4
Ls'il';?') d&.‘y: 4 .by)p u"“‘“" duob S d)}b L ol o0 u.u
- OFIAYT. s ¥YI 5/ iy (ammbline U i ddse o
ol dplS” (gl diged Yljge cads o, Sl da 3 Fe 0 jd 0L
o Ui oUgd goXl pogde 1) oU b (goSl 9
Wil (o (Sl 4 bgpe (o b ey (SIS oSN 9
(Jhaal A sl ol b silles g 15yl wwblize cunls oS
Olse o8 28l oo (Fe™ )l sl g2 (sl (J1)a2lST) B
g YOI+ A YV(T) ey o Wil a4 bow p, ¢
Sl 53 al cla e xjer Al e YA/ VAN -A+(T)
st lawg &S gl 4l caws jl Jhaalst 5 Jhaal s gl
2 0 s ol &5 LT e Cawd 395 o 03> by b b
sl o &S .\:] WX O @L) u;‘ 5l oo z»r Y JBJ‘?
- o JLaalS] slo oSl 2 )y (M) i (slo o5 5L
-5 Ol jobo & (Fe3+) u.m] s e as u‘ll} 2 Vg

025g JU | 295 0,lowd [V AV oyl

DhiSeny g &5 A5 o 4ST U (s STl ag2g
35 Olee Vi 3illao) )l Lod (ol )3 (oublize 32 (398
" omeblinahl g Jl3) S0l o5 (Adl (o jho plp i)
(sl lizall o J18) gt S (oo 4l o jaie 3 3930
S 5l )Rl dsyo Frv glod jo oS cunl pl Sl
JOVES Iy JUR FSL SRS S P W PR W VR N1 IV IV VR RS BV S
S5 Loy onle (B jtbline o (S5,bly e s
oS (uibliaehl pow <o > [V w2y o plii ) Hho &
XRD gl lawgi a5) Wb ialS yiegil &y aunblize 0)d ol
1S 45 punbline (£3,5lnenl (g5, 5 (A5 46 TEM 4
S5PL awlie JB )l (o &S5 ol (plinly 3 1) publise
g o cusl (2mls b 38155 )5 aom cpl il (ole)S Slogs
13l s Ul a8 Lol [YV] el s 4y 3l Ke ¢ SSL
Ss aS cde a (gl ojes SO Gl gly o)) ol ralS L
ol gledl iblias (olo)S lug 9 Cdgl aw 55 Cpul
oil38l ol Kl anjd e e 4 Frr jlld & e b o

VFE



Jois 4 as i b sl o ydgil ol 50 l)dgl (g So oS

dad )0 b digel dad (gl (509 3] Cind g laBd SIS Y
Ay oo ol ) roltie Hlde LoyE aidS lales

600 "C

550 °C

Relative Intensity

=1 =1
=1 =1
T T
| |

500 °C

JJJJJJ 450 ‘c

Velosity
S ls dapp Fee g
b ob s o o/TY mm/s 5~-- ¥y mm/s s  SUgd)
Cuol e pl & (pl 9 (QS~-+/YA mm/s §~-+/v'f mm/s
ol 03)S5 535 2L 5 digudlS” (glod yusi b ) w5g5 &S

S5 a5 -F

Lod il 381 b oo e gy l)dgil j0 a0y L Sbjge guls
“o R puin (suiblise ailge 4 boype (U (25 555
o o Gy Sly3eil )0 oud sdalive yleyj (S8 43 L3545
2l o ol ola g0 4 by oKl anjd v clod 5
o Lod yoxi b JhaalsT s Jhaal 5 gla ol j0 o el
(suiblize (olg s Cl (S98S @jg5 st (] &5 A (e
sl G e jaie o8 Sldgl 3 298 (o0 B gl
o Gl o> Gl b el sla oSl > ol
S 1) 698 2b9> (uebline e adlge Sy 59y Cuyp gl
o1 dbla] Cinds G b puebliio (g6 Lt dilgo 4y Ly

iy 4 ol ola e VIATL g OVISYT. 3l Sl 4z y> £ s
LS oo Jial ]y Jhaal s g Jl)salst sl oSl

zzzo000 |- a
_E-_""; ;;;;; L ]
Wzazo000 - .
=
E:Lcc:cc - i
g [500°c]

“=zisoooo | ]
=

T

& s zp0000

Velosity (mm/s)

Ber Feor (glod 3 0nd dipulS e o b S35l fljge il ¥ IS
Sl dx > Fe v g
ciliso (glaled 3 451 (59, o )b Sldgl Sljge cado A JSS
b diges dad (gl pljge cado amd o lis |y Wl onds auuls
2 b S bawgs o5 1) (598 (655 po (pusblitelyly (29> S
SOl a5y o i 1) ool ous Ablsl Chns wublize
2 398 sbyiehl Wil (oo (22 (ublize JlSlo Sy 92
ol 1y Sl @l by puis b plige b I ool cons
B398 e b olo o (b Pljge b (Y sda) dmd s
Sl 0310 yoms 4y o y8 lyd cawadoline 518 o a2 o L
b diges dad 3 [V] 295 (o0 03 Cod Lo )3 5l ol lgie @
o0a Jasl wublize sla SU i bawg a5 (gl anb s
ol 00 Jadl by HUgd bawgs a8 Cunl (gl 4l I 1S ol
il 903 pled (gl (59) o p Sl Sljse i 5, ol Sl
Fhjge cb IS5 cpl & w0 L ]y 093 (2B S
Sy g Cusl Jseme (55) Cund Jold (slo e o ST 5
g5 &S Cunl VEM mols b g3 38155 3 does o) [VY-YF]

Wd‘*”l @92 D)Wl“ﬂﬂv erwqb“ VEO



[8] S. Calvin, E. E. Carpenter, B. Ravel, V. G.
Harris, S. Morrison,” Multiedge refinement of
extended x-ray-absorption fine structure of
manganese zinc ferrite nanoparticles.” Physical
Review B, 66, 2244051-22440513, 2002.

[9] A. Yang, Z. Chen, A. L. Geiler, X. Zuo, D.
Haskel, E. Kravtsov, C. Vittoria, V. G. Harris,
“Element-and site-specific oxidation state and
cation distribution in manganese ferrite films by

diffraction anomalous fine structure,” Applied
Physics Letters, 93 ,0525041-0525043, 2008.

[10] V. G. Bhide, “Mdossbauer Effect and its
Applications,” Tata Mc Grew-Hill, New Delhi,
1973.

[11] U. (ed.). Ganser, Mdssbauer Spectroscopy.
Springer, New York, 1975.

[12] Hadjipanayis. G. C, G. A. (ed.). Prinz, “Science
and Technology of Nanostructured Magnetic
Materials,” 2013.

[13] R. C. Jitendra Pal Singh, H. M. Srivastava, R.
P. Agrawal, S. Kushwaha.” 57 Fe Maossbauer

spectroscopic study of nanostructured zinc ferrite,”
Hyperfine Interact ,183, 221-228, 2008.

[14] Z. X. Tang, C. M. Sorensen, K. J. Kaubunde,
G. C. Hadjipanayis,” Size-dependent Curie
temperature in nanoscale MnFe 2 O 4 particles,”
Physical Review Letters, 67, 3602-3605, 1991.

(o plgs) dgmue (sl 4S5 (spol dgeme [15]
5 S5 cand Sl ublite 5 g)llo (ol anylis”
Jlo ol g pits "edlS” IS CajonalSl o LS

AYAVES Sloris ¢pgd o lads I YRS

[16] A.Yang, C. N Chinnasamy, J. M Greneche,
Yajie Chen, Soack D Yoon, Zhaohui Chen, Kailin
Hsu, Zhuhua Cai, Kate Ziemer, C Vittoria, V. G
Harris. Nanotechnology, 20, 1857041-1857049,
2009.

[17] V. Braders, K. Buschow(Ed.), “Handbook of
Magnetic Materials,” North-Holland, Amsterdam,
190, 1995.

[18] S. Da Dalt, A. S. Takimi, T. M. Volkmer, V. C.
Sousa, C. P. Bergmann,” Magnetic and Mossbauer
behavior of the nanostructured MgFe204 spinel

Cuyd Olydgib gly lige el uomen iy (o LS Ty Cunl
5 B9 e 23le 32y 398 slagiell & amd Lo Ui (g,

IS (oo Mz e o> Gl L SeslS s

&>l

[1] T. K. Pathak N. H, V. K. Lakhani, K. B. Modi.
“Structural and magnetic phase evolution study on
needle-shaped nanoparticles of magnesium ferrite,”
Ceramics International, 36, 275-281, 2010.

[2] M. Naseri,” Optical and magnetic properties of
monophasic cadmium  ferrite (CdFe204)
nanostructure prepared by thermal treatment
metho,” Journal of Magnetism and Magnetic

Materials, 392, 107-113, 2015.

[3] M. Maria, A. Sinthiya, K. Ramamurthi, S.

Mathuri, T. Manimozhi, N. Kumaresan, M. M.
Margoni, P.C. Karthika, ” Synthesis of zinc ferrite
(ZnFe204) nanoparticles with different capping
agents “,Int. J. Chem Tech Res, 7, 2144-2149, 2015.

Goye ol Gl o)l plas] (gpol dgee [4]
a5 " olo)S Sllas by 4 odd i (sla o b gl

[5] V. G. Harris, N. C. Koon, C. M. Williams, Q.
Zhang, M. Abe, J.P. Kirkland, D.A. McKeown,
“Direct measurement of octahedral and tetrahedral
site environments in NiZn-ferrites,” IEEE Trans.
Magn.31, 3473-3475, 1995.

[6] V. G. Harris, N. C. Koon, C. M. Williams, Q.
Zhang, M. Abe, J.P. Kirkland, “Cation distribution
in NiZn-ferrite films via extended x-ray absorption
fine structure,” Applied physics letters, Phys., 68
2082-2084, 1996.

[7] S. Calvin, E. E. Carpenter, B. Ravel, V. G.
Harris, S. Morrison," Use of multiple-edge
refinement of extended x-ray absorption fine
structure to determine site occupancy in mixed
ferrite nanoparticles,” Applied physics letters, 81,
3828-3830, 2002.

Wd‘*”l P92 D)Lwl\‘”&v QM‘S VS


http://www.nanosociety-ir.com/?xid=0023040134000000004&id=21

obtained at low temperature,” Powder Technology
210, 103-108, 2011.

[19] A. D. Arelarol, L. M. Rossi2, H. R.
Rechenberg,” In-field Mossbauer characterization
of MFe204 (M= Fe, Co, Ni) nanoparticles,” Journal
of Physics: Conference Series, 217, 0121261-
0121264, 2010.

[20] M. Naseria, M. H Majles Ara, E. B Saion, A.
H. Shaari. “Superparamagnetic magnesium ferrite
nanoparticles fabricated by a simple, thermal-
treatment method,” Journal of Magnetism and
Magnetic Materials, 350, 141-147, 2014.

[21] M. Naseria, Elias B. Saion, M. Hashim, A. H.
Shaari. H. Abasstabar Ahangar.” Synthesis and
characterization of zinc ferrite nanoparticles by a
thermal  treatment method,” Solid  State
Communications, 151, 1031-1035, 2011.

[22] J. Wang, “Prepare highly crystalline NiFe204
nanoparticles with improved magnetic properties,”
Materials Science and Engineering: B, 127, 81-84,
2007.

[23] Y. Ahn, E. J. Choi, S. J. Kim Korean Phys.
Soc. 41, 123-128 ,2002.

[24] C. N. Chinnasamy, A. Narayanasmy, N. K.
Ponpandin, H. Chattopdhyay, J.M. Guérault,
“Greneche Condens. Magnetic properties of
nanostructured ferrimagnetic zinc ferrite,” Journal
of Physics: Condensed Matter, 12, 7795-7805,
2000.

[25] C. Upadhyay, H. C. Verma, “Anomalous
change in electron density at nuclear sites in
nanosize zinc ferrite,” Applied physics letters, 85,
2074-2076, 2004.

[26] C. Upadhyay, H. Verma, C. Rath, K. K. Sahoo,
S. Anand, R. P. Das, N. C. Mishra,” Mossbauer
studies of nanosize Mnl— xZnxFe204,” Journal of
alloys and compounds, 3526, 94-97, 2001.

Wd‘*”l @92 D)Wl“ﬂﬂv olfqu‘s VEY


https://www.sciencedirect.com/science/article/pii/S0304885313005970
https://www.sciencedirect.com/science/article/pii/S0304885313005970
https://www.sciencedirect.com/science/article/pii/S0304885313005970

V'@,

/»jga\_
8 Nanoscale

www.nanomeghyas.ir

>"Fe Mossbauer Spectroscopic Study of MgFeOs and
ZnFe;O4 Ferrite Nanoparticles

M. Naseri*, M. Chireh, N. BeygiMohamadi

Department of Physics, University of Malayer, Malayer

Abstract: In this research, Mossbauer spectroscopies of magnesium ferrite and zinc ferrite nanoparticles which
were fabricated by thermal treatment method were used for the investigation of characterization of magnetic and
microcopy as magnetic hyperfine and cation distribution. The obtained results of the experiments of vibrating
sample magnetometer (VSM), X-ray diffraction (XRD) and transmission electron microscopy (TEM) of these
ferrite nanoparticles which were already published were used.

Keywords: Nanoparticles, Magnesium ferrite, Zinc ferrite, Mossbauer spectroscopy, Hyperfine structure, Cation
distribution.
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