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SUMMARY

The crystal structure and magnetic properties of Mg xCdiFeAlO40<x<
1.0) have been investigated by x-ray diffractometer, Mossbauer spectrometer and
vibrating sample magnetometer(VSM). These samples(0<x<1.0) have been
prepared with an interval of 0.1 as the Cd concentration increases and are fired
in air atomosphere for 5 hours at 600 C and 10 hours at 1100 C by the ceramic
sintering method.

The x-ray diffraction pattern shows that the crystal structure of the
samples is a single phase cubic spinel type. The lattice constant has been found
by extrapolation method using the Nelson-Riley function and it increases slightly
from 8.1324 A to 87767 A as the Cd concentration is added.

Mossbauer spectra of Mg; «CdiFeAlO4 have been taken at both 80 K and
300 K. Mossbauer spectra show a superposition of two sextets and one doublet
for x=0.0~0.6 at 80 K, x=0.0~0.2 at 300 K, respectively. Isomer shifts are
distributed between 0.256 mm/sec and 0.332 mm/sec indicating the existence of
Fe* ions and show no change with the addition of the Cd concentration.
Quadrupole splittings are distributed in the range of -0.053 mm/sec and 0.070
mm/sec and show no change with the addition of the Cd concentration. Magnetic
hyperfine fields(Hys) are distributed in the range of 433.537 kOe and 513.019 kOe.
Magnetic hyperfine field of Mg «CdxFeAlO; (0<x<1.0) decrease with the addition

of the Cd concentration. The Curie temperature exists between 600 K and 775 K

and decrease as the Cd concentration is added.
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Fig. 2-1. Origin of isomer shift.
(a) Electric monopole shifts nuclear energy levels without lifting the
degeneracy.

(b) Mossbauer spectrum of isomer shift.
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Fe Isomer Shift Quadrupole Splitting
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Fig. 2-2. Quadrupole splitting for a nucleus with spin I=3/2 in exited

state("'Fe).

(a) 1=3/2 level is split into two sublevels by electric quadrupole
interaction.

(b) Mossbauer spectrum of quadrupole splitting.
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Fig. 2-3. Magnetic hyperfine splitting for a nucleus with spin I =3/2 and
I =1/2 state.

(a) The nuclear energy levels by magnetic hyperfine splitting.

(b) Mossbauer spectrum of magnetic hyperfine splitting.
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Fig. 3-1. Block diagram of Mossbauer spectrometer system
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Fig.4-1. The x-ray diffraction patterns of Mgi1-xCdxFeAlO,
(x=0.0, 0.2, 0.4, 0.6, 0.8, 1.0) at 300K.
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Table 1. (a) Data of Mg;«CdxFeAlO, for x-ray diffractometry(x=0.0, 0.2, 0.4).

MgFeAlOy4 MgosCdo2FeAlO4 MgosCdoaFeAlO,

20 | d(A) [I/To hkl | 28 |d(A) |I/Io| hkl | 26 |d(A)|I/Io| hkl
18.83014.7088| 12 | 111 [18.850(4.7038| 13 | 111 |18.7404.7312( 20 | 111
30.100{2.9665( 29 | 220 {30.060|2.9703| 57 | 220 |30.130|2.9636| 55 | 220
35.5002.5266 [ 100 | 311 |36.460|2.4623| 100 | 311 [35.490|2.5273| 100 | 311
4454012.0326 17 | 400 |43.400|2.0833| 26 | 400 |43.380|2.0842| 62 | 400
57.020]1.6138( 28 | 511 |58.660|1.5725| 24 | 511 [57.550|1.6002| 39 | 511
62.6701.4812| 26 | 440 |64.430|1.4449| 31 | 440 - - - -

Table 1. (b) Data of Mg;-«CdiFeAlO, for x-ray diffractometry(x=0.6, 0.8, 1.0).

Mg()ACd()_(;FeAlOz; Mg()A2Cd<)A8FeAIO4 CdFeAlO4
20 | d(A) [I/1Io| hki 28 | d(A) | I/To| hkl 20 | d(A) [I/1Io| hki
29.980 29781 53 | 220 [34.350(2.9781| 53 | 220 |28.980|3.0785| 55 | 220
35450125301 100 | 311 |38.27012.5301| 100 | 311 |34.120(2.6256( 90 | 311
43.360 [ 2.0851| 77 | 400 - - - - - - - -
57570115997 52 | b1l |55.2502.0851| 77 | 511 |55.280(1.6604( 62 | 511
62.500(1.4848| 30 | 440 |60.620|1.5997| 52 | 440 [60.080|1.5387| 34 | 440
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Fig. 4-3.(b) The Mosshauer spectra of Mg xCdiFeAlO,
(x=0.6, 0.7, 0.8, 0.9, 1.0) at S0K.
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Fig. 4-4. (a) The Mbssbauer spectra of Mg;-xCdFeAlOy4

(x=0.0, 0.1, 0.2, 0.3, 0.4, 0.5) at 300K.
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Fig. 4-4. (b) The Mossbauer spectra of Mg xCdxFeAlO,

(x=0.6, 0.7, 0.8, 0.9, 1.0) at 300K.
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Table 2. Ionic distribution and absorption area ratio of Mg;—xCdxFeAlOy

X 7+ =4 sWaT HWAHI(A/B)
0.0 |[FeopAlo sl [MgFeosssAlos] O 1.793
0.1 1[Cdo1FeosnAloses] IMgosFeoassAlosi] O 1.207
0.2 |[CdoFensAlosn) [MgosFeosnAlosss]"Os 0.828
0.3 |[CdosFenassAloznl* IMgorFensnAlsss]Oa 0.557
0.4 I[Cdo.aFeozsAlo sl [MgosFeor0Alossol"Os 0.351
05 |[CdosFeoasAloasl* IMgosFenssiAlosss] Ox 0.199
0.6 |[CdosFeo100Alno 1*[MgoaFenso Alozo]"Os 0.122
0.7 - -
0.8 - -
0.9 |[CdogFen ] [MgoFeosAlO; 0.111
L0 Jicdl [FeAll O, -

o7l ol el = F55 ol2om oled sheAel du olEd WA
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ZAA A2 olEet: BAAM Alol2mt} Fe''ol&o nlgo] mEA oFs
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Table 3. Mossbauer parameter of Mg; <CdiFeAlOs system at 80K.

L.S.(mm/sec) Q.S.(mm/sec) Hi(kOe)

A site B site A site B site A site B site

0.0 0.279 0.245 -0.012 | -0.035 | 484.117 | 510.129

0.1 0.274 0.285 0.000 | -0.023 | 487.007 | 513.019

0.2 0.239 0.314 -0.023 | -0.035 | 469.665 | 500.013

0.3 0.309 0.285 0.070 | -0.023 | 469.665 | 495.678

0.4 0.332 0.285 0.070 | -0.035 | 458.104 | 485.562

0.5 0.291 0.256 0.058 | -0.058 | 458.104 | 489.897

0.6 0.291 0.279 0.012 0.012 | 433.537 | 472.556

0.9 0.471 - 0.803 - - -

1.0 0.475 - 0.847 - - -

Table 4. Mossbauer parameter of Mg; «CdFeAlO, system at 300K.

L.S.(mm/sec) Q.S.(mm/sec) Hi(kOe)

A site B site A site B site A site B site

0.0 0.192 0.146 0.057 -0.034 | 435986 | 469.849

0.1 0.233 0.134 -0.012 | -0.147 | 411.860 | 453.769

0.2 0.169 0.181 -0.116 | -0.047 | 407.525 | 422.208

0.7 0.330 - 0.683 - - -
0.8 0.331 - 0.690 - - -
0.9 0.328 - 0.654 - - -
1.0 0.353 - 0.744 - - -
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Fig.4-5. The variation of the isomer shift for Mg, xCd<FeAlO,4

as a function of x at 80K.
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Fig.4-7. The variation of the quadrupole splitting for
Mg; «CdiFeAlO, as a function of x at S80K.
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Fig.4-10. The temperature dependence of magnetic hyperfine field
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