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Mossbauer Spectroscopy and Determination of Debye Temperature
Using Isomer Shift and Resonance Absorption Area.
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Summary

In this study. we have improved the methods determining the Debye temperature. From a fact that the

75

kinetic temperature proposed by Mazo and Kirwood simplize the Mossbauer data we could compute the 8,

using isomer shift variance about low temperature range. 50~300K. and linearizing temperature To

of data. Futhermore, we have tried automatic

ratios about (x2)/¥" to determine the Debye temperature accurately. From each methods. we knew the 8,

of iron foil stands on 476~485 K.

iteration process of log resonance

absorption area

The credible @p from Méssbauer data can be determined by the careful measurement and fine computer

technique.
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TERR (K} AREA: A{T)
49 1.40824
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Table 2. Absolute temperature T, kinetic
temperature U(N), and log A(T}=Q(N)

SAMPLE NAME [S:::FE

EINSTEIN MODEL :T0=118.1980%4
DV/V#LE15=-4.05979087+-5.92G78B25E-042T+
EINSTEIN TEMP TE=234.394198
STD.DEV=6.31245623E-04

T UiN) o

49 120.112028 -4.13002978
13 128.760174 -4,13642172
100 142,738333 -4, 14493221
125 160.20829 -4, 1351352
150 179.832601 -4, 16647084
175 200.B835345 -4,17863332
200 222.739901 -4,19138842
225 243.326418 -4,2045776
230 268.333904 -4,21809039
275 291.729333 -4,23185162
307 J18. 21571 -4, 24944149

Y-RANGE:::#-4.3 -4 .03
T-RANBE:::#0 330 350

Massbauer fraction& ln f=—<x®/ Xl lal %
Hslw (xPolli= zero point motionzt BF-Fo|
wslololel. fitting: gl A4de] T*=0q) A
gAe  xH=0% debim o, 1 Held
f=1, log f=07} slc}. & log A2l scaled y% k2|
AR o] F47|d scale? < logfell gk Aol
ek,

isomer shiftol] .= chemical % 2nd order Doppler
shift7} £3+=le] 202 2nd order Doppler shift+ 4
£ Al FHFe xHoll BAsch T 2EelA

of 11 2] &
3 .. _3
7m<x >—?kT

2 1" 4 drh, Fe2 544 zero point mo-
[

tion o\l =1 8] M 5 Tedsle] zero point energy g

Teae &
A8 sl 4 olcl, Einstein solidell 4 2-E6h= X
€ gl AFAe] dvz E.&

En=(n+ 3 \E=KT, cot (T T)&Z Fofx|d, Vi-
nal& 2](Collins and Cosgrove. 1976)] w}e}

5 T*E zH2jgto g4 isomer shiftd
<

1
{K-E)=(P-E) = ?KTO cot h (T,/T)

1
= 7KT*, T*= T, cot h(T,/T)
7 slel fzpe] A Fdl g FFell 2

K Ex=ImE®» oo

x% =£T *
m

2 Fojxc}, azl4q &5 F43 isomer shifty=

__ b+ h +GH
2C

2cot h (T, /T)

2mc

ok 7o) Foiz| T*oll of gk isomer shifte] 717
d

. 1 dv 3k —15
T 2 dT.—Ea—CQ'—Z.MXIO olth, afz}A
[.S.(mm) 15 LS. .
v = = 1 2
c X107= 5 oo0zesg ~ATBT AL A
ek,

Debye solidell 4 ol 2l A =
u =fde(w)n(w)dw

2 Fofzith, ofv|ol] zero point energy I?ﬁw-'fé-

o Asbsta gelshal

2
o Wy

[lﬁ fw
Z bw -
2 +eﬁw7KT_1]d“’

x3dx 9
+ ry RE,

T
= 9RT (= )SIB%
BD L] eX—1
R .
u=Uv+ ¢ ROz} =i kinetic temperature T

of sl US U'ez A3t svo 24z Te
2 3ts 3/8 6 poltl. (Collins and Cosgrove, 1976).
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Table 2. Absolute temperature T, kinetic
temperature U(N), and log A(T)=Q(N)

SAMPLE NAME IS:::FE

EINSTEIN MODEL :70=118.1980%94
DV/Ve1E15=-4,05979(87+-3.92078625E-044 T+
EINSTEIN TEMP TE=234.394188
STD.DEV=6.51245623E-04

1 UiN aN)

49 120. 112028 -4.13002978
15 128.760174 -4, 13642172
100 142.738333 -4, 14493221
125 160.20829 -4,1351352

130 179.83260t -4, 16647084
175 200.835345 -4.17843332
200 272.759901 ~4,19138843
225 245.326418 -4.2043778

230 268.353904 -4.21809039
275 291,729333 -4,23185162
303 318.215711 -4, 24944149

Y-RANGE:::4-4.3 -4 .05
T-RANGE:::#0 330 350

Mussbauer fraction- In f=—<x®/ X%l 2l&) A
HEle (xS zero point motionzt 3 $Fo]
@50 eleh, fitting w4al H4el T*=0ol o
4L B =0F drhdz Yo, 2 Hel4
f=1, log f=07} =lct, = log A2 scaled y& 319
2P0 o] F4l7lw scalex T logfoll gk Aol
ek ‘

1somer shiftol] = chemical % 2nd order Doppler
shift7} £%t5lo] 9l 7 2nd order Doppler shift= %
Eo] Al FHFel Dol Al 2 oA
o izl &

%m &% =%kT

2 32" + drh $e25d 4 zero point mo-
Do

tion o} 2 ¢ &z F 1 edsle] zero point energy &

Tgehs 25 T*E Aolgo 24 isomer shifts
A3 zlel 4~ 9lcl, Einstein solidell 4 2l -F3l= %
< ksl AlEe] Al Eq

En=(n+ ; 'E=KT, cot (T, Y& Foizu, Vi
rial4d 2] (Collins and Cosgrove. 1976)d] uhe}

(K-E)>=(P-E) = %KTO cot h (T,/T)

1
= KT T*= 1, coth(T,/T)
7boxleh kel A Fel A el 2l

K-E)y=ima®» oz

<x'~’>=iT*
m
2 FojAlel oz 25 £43 isomer shifti-
Ls = B+ v +<22)
o 2C
3 k
=— - T*
2 mc
3KT,
= e cot h (T, /T)

ol 7ro] Fefzla T*oll o3t isomer shifte] 7]-g7|

o 1odv 3k “15
£ e s ooor=2.41X107 Peleh wheb
[.S.(mm) 5 I.S. -
S = = 1 =
c X107= (Tooozess ~ATBTTL A
et

Debye solidoll 4 o4 2] kA =
u=[dep@n@do

2 Fo]zlch of7lel|l zero point energy %Aﬁw—fﬁf

o Asbsbn delstal

hw
7 Mt a1 de

x3dx 9

—R
+se°

INw?
U:I‘qﬂ 30)[ 1
o W,

T
=9RT (— )3 Ie%
OD o eX—1
—w 2 - " -
u=u+ g RO, 2} %w) kinetic temperature T

of daf UE U2z 433 sheo Z8g Te
4 3ts] 3/8 6 polth. (Collins and Cosgrove, 1976).
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Table 3. Absolute temperature T, kinetic

temperature U(N), and Q(N)=%>(1O'5
SAMPLE NAME IS:::FE(30 MICROD METER PLATE)
EINSTEIN MODEL :70=1B1.811041
DV/V#IELS=519.7059572+-1. 41746745T#
EINSTEIN TEMP TE=353.422081 DEBYE TEMP= 484.84
57D.DEV=1,88985101

T N g{N)

49 182.028848 264.074031
73 184, 683008 257.371581
100 191.452455 2435.797198
125 202.783364 231.387592
159 217.139554 213.242142
173 233.852201 186.691128
206 252.277607 162, 041361
225 271, 963511 136.490994
250 292.594024 105. 104069
275 313. 945004 71.2141428
302 338.320453 £9,9272849

Y-RANGE:::#-100 4C0 190
T-RANBE:::#0 500 100

Fig6& 7t &% 7 7boll 4 sample?®] isomer shift&
plotgh Aejch, * ("= el 9 isomer shift datao]
A4 B3 Ao 44L HA T E 2e T*
o s A%y AE vebAT Yek wAe
isomer shift§ T*oll cfsi A&st «7l=u o)
computer simulationZ s T & 181.810] = fitting%t
T 519.705572—1.417676T* )¢ o 4 Qc}, o}
ehA To2 Y6 Al4bsl 6y & 484.8¢]=, fittingdt
T2} isomer shiftF 2| 2P TE Hx9%q] o
<+ dl «dlZ5 & isomer shiftzte] =},

Table 32 Massbauer 23 2] Bl 2% T, kine-
tic temperature T*=U(N), %X]OIF’:Q(N)—% ot
ER T e}, =2]ol] 4 Maossbauer

spectra®| resonance absorption area® &} |4zl

2| & kA o]

2.4 ¢| Debye temperatures} 7+2 spectra®} isomer
shift2 %-e{ kinetic temperatureol] s} <13 5} <) 7]

= ol 875+ T,2 4] oozl Debye tempera-

e oo .
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