
ūŬȆȊȕȉŮȊȌ ȇŬȆ ūŬůȉŬŰȌůȇȌɸǿŬ 
Mºssbauer

ūȌȆŰȄŰǾȎ: ŪȌŭȒȍǾȎ ǧŮɸǼůŰŬȎ
5ȄǪȉŮȍǿŭŬ ǵȉǾȉŬŰȌȎ ǷȄȉŮǿŬȎ



Rudolf Ludwig Mºssbauer
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ǵȌ űǼůȉŬ ŰȌȏ űȒŰȕȎ



ūŬȆȊȕȉŮȊȌ Mºssbauer

·ǴŰȆȎ ȉŮŰŬɸŰȗůŮȆȎ ŰȒȊ 
ɸȏȍǾȊȒȊ ŬȊŰȆůŰȌȆȐŮǿ Ȃ
ŬȇŰȆȊȌȁȌȈǿŬ.

·ǮǽȍȌȎ ŰȄȎ ŮȊǽȍȂŮȆŬȎ ŰȌȏ 
űȒŰȌȊǿȌȏ ȐǼȊŮŰŬȆ ůŰȄȊ 
ŬȊǼȇȍȌȏůȄ (recoil) ŰȌȏ 
ɸȏȍǾȊŬ.

·ǝȍŬ ŭŮȊ ȏɸǼȍȐŮȆ ǴȏȊŰȌȊȆůȉȕȎ!

rsc.org ~ Introduction to Mossbauer Spectroscopy, ǧȆŬȈǽȋŮȆȎ ǲŬȊŮɸȆůŰȄȉǿȌȏ Lubeck



ūŬȆȊȕȉŮȊȌ Mºssbauer

·ǥȊ Ȍ ɸȏȍǾȊŬȎ ŰȌȏ ȏɸȕ ȉŮȈǽŰȄ ůȏůŰǾȉŬŰȌȎ ŬȊǾȇŮȆ ůŮ 
ȇȍȏůŰŬȈȈȆȇȕ ɸȈǽȂȉŬ,ŰȕŰŮ Ȍ ɸȏȍǾȊŬȎ ȅŬ ɸŬȍŬȉŮǿȊŮȆ 
ŬȇǿȊȄŰȌȎ. 

·ER=EȂ
2/2 mc 2

·ǝȍŬ m= ȉǼȃŬ ȇȍȏůŰǼȈȈȌȏ Ý ER Ą 0 . ǨɸȌȉǽȊȒȎ 
ȏɸǼȍȐŮȆ ǴȏȊŰȌȊȆůȉȕȎ!!

rsc.org ~ Introduction to Mossbauer Spectroscopy, 
ǧȆŬȈǽȋŮȆȎ ǲŬȊŮɸȆůŰȄȉǿȌȏ Lubeck,  P. G¿tlich, Z. Anorg. Allg. Chem., 2012 , 638, 15ï43



ǶɸǽȍȈŮɸŰŮȎ ǥȈȈȄȈŮɸȆŭȍǼůŮȆȎ

·ǱȆ ŮȊŮȍȂŮȆŬȇǽȎ ůŰǼȅȉŮȎ ŰȌȏ 
ɸȏȍǾȊŬ ŮɸȄȍŮǼȃȌȊŰŬȆ Ŭɸȕ ŰȌ 
ȄȈŮȇŰȍȌȊȆŬȇȕɸŮȍȆȁǼȈȈȌȊ ŰȌȏ.

·ǭȕȂȒ ŭȆŬűȌȍŮŰȆȇȌȖ 
ɸŮȍȆȁǼȈȈȌȊŰȌȎ ɸȌȉɸȌȖ-ŭǽȇŰȄ, 
ŭŮȊ ŮɸȆŰȏȂȐǼȊŮŰŬȆ Ȍ 
ǴȏȊŰȌȊȆůȉȕȎ.

·ǮŮ ȇȆȊȌȖȉŮȊȄ ɸȄȂǾ 
ŬȇŰȆȊȌȁȌȈǿŬȎ, ȈȕȂȒ Doppler ,
ǽȐȌȏȉŮ ŮȖȍȌȎ ůȏȐȊȌŰǾŰȒȊ.

·ǵȌ űǼůȉŬ ŮǿȊŬȆ ůȏȊǼȍŰȄůȄ 
ŰȄȎ ŭȆŬɸŮȍŬŰȕŰȄŰŬȎ ŰȌȏ 
ŭŮǿȂȉŬŰȌȎ ůȏȊŬȍŰǾůŮȆ ŰȄȎ 
ŰŬȐȖŰȄŰŬȎ ŰȄȎ ɸȄȂǾȎ.
ǧȆŬȈǽȋŮȆȎ ǲŬȊŮɸȆůŰȄȉǿȌȏ Lubeck, 
P. G¿tlich, Z. Anorg. Allg. Chem., 2012 , 638, 15ï43



ǫůȌȉŮȍǾȎ ǮŮŰŬŰȕɸȆůȄ (ŭ) 

·ǪȈŮȇŰȍȌȊȆŬȇǾůȏȊŮȆůűȌȍǼ: Ǫ ɸȏȇȊȕŰȄŰŬ ŰȌȏ ȄȈŮȇŰȍȌȊȆŬȇȌȖȊǽűȌȏȎ 
ůŰȌȊ ɸȏȍǾȊŬ, |ǸS | 2(0 ) .

·ǲȏȍȄȊȆȇǾ ůȏȊŮȆůűȌȍǼ : Ǳ ȉȄ ȉȄŭŮȊȆȇȕȎ ȕȂȇȌȎ ŰȌȏ ɸȏȍǾȊŬ, ɸȌȏ 
ŭȆŬűǽȍŮȆ ůŮ ȇǼȅŮ ŮȊŮȍȂŮȆŬȇǾ ůŰǼȅȉȄ, <R ex

2> & <R gd
2> .

·Ǫ ȄȈŮȇŰȍȆȇǾ ŬȈȈȄȈŮɸǿŭȍŬůȄ ȐŬȉȄȈȗȊŮȆ ŰȆȎ ůŰǼȅȉŮȎ ŰȌȏ ŭŮǿȂȉŬŰȌȎ, 
ǼȍŬ Ȅ ŬɸŬȆŰȌȖȉŮȊȄ ŮȊǽȍȂŮȆŬ ȂȆŬ ŭȆǽȂŮȍůȄ ŮǿȊŬȆ ȉŮȂŬȈȖŰŮȍȄ ȇŬŰǼ ŭ.

·ŭ=(2ɸ/3)ǩe2{[ |ǸS | 2(0 )] src - [|ǸS | 2(0 )] abs}(<R ex
2> - <R gd

2>)
·ǨȋŬȍŰǼŰŬȆ Ŭɸȕ ŰȄȊ ȌȋŮȆŭȒŰȆȇǾ ȇŬŰǼůŰŬůȄ ŰȌȏ ŬŰȕȉȌȏ ȇŬȆ ŰȌ 
ůȏȊȌȈȆȇȕ spin (S)ŰȌȏůȏůŰǾȉŬŰȌȎ.

hyperphysics.phy-astr.gsu.edu, 
ǧȆŬȈǽȋŮȆȎ ǥȊȌȆȐŰȌȖ ǲŬȊŮɸȆůŰȄȉǿȌȏ, 
ǧȆŬȈǽȋŮȆȎ ǲŬȊŮɸȆůŰȄȉǿȌȏ Lubeck, 
Mossbauer Spectroscopy: Introduction, G. J. LONG &  F. 
GRANDJEAN



ǵŮŰȍŬɸȌȈȆȇǾǥȈȈȄȈŮɸǿŭȍŬůȄ

·ǪȈŮȇŰȍȌȊȆŬȇǾůȏȊŮȆůűȌȍǼ: ǮȄ ȇȏȁȆȇǼ ůȏȉȉŮŰȍȆȇǾ ȇŬŰŬȊȌȉǾ 
űȌȍŰǿȌȏ ůŰŬ ŰȍȌȐȆŬȇǼ ůȅǽȊȌȏȎ,EFG =VZZ+V YY+V XX

·ǲȏȍȄȊȆȇǾ ůȏȊŮȆůűȌȍǼ: ȖɸŬȍȋȄ ŰŮŰȍŬɸȌȈȆȇǾȎȍȌɸǾȎ ůŰȄ 
ŭȆŮȂŮȍȉǽȊȄ ȇŬŰǼůŰŬůȄ, eQ

·Ǫ ŬůȖȉȉŮŰȍȄ ȇŬŰŬȊȌȉǾ űȌȍŰǿȌȏ (eQÍ0) ŬǿȍŮȆ ŰȒȊ ŮȇűȏȈȆůȉȕ ŰȒȊ 
ŭȆŮȂŮȍȉǽȊȒȊ ȇŬŰŬůŰǼůŮȒȊ ȉŮ ǧǨQ.

·ǧǨQ=( 1/ 2)eQV zz(1+Ȅ2/ 3) 1/ 2 ,0ÒȄ=(VXX -VYY)/ VZZ Ò1
·Ǫ ŰŮŰȍŬɸȌȈȆȇǾŬȈȈȄȈŮɸǿŭȍŬůȄ ŮȋŬȍŰǼŰŬȆ Ŭɸȕ ŰȄ ȂŮȒȉŮŰȍǿŬ ȇŬȆ ŰȌ 

spin ŰȌȏ ůȏůŰǾȉŬŰȌȎ.

ǧȆŬȈǽȋŮȆȎ ǲŬȊŮɸȆůŰȄȉǿȌȏ Lubeck,
rsc.org ~ Introduction to 
Mossbauer Spectroscopy , 
Mossbauer Spectroscopy: 
Introduction, G. J. Long & F. 
Grandjean



ǧȆǼůȐȆůȄ ŮȊŰȕȎ ȉŬȂȊȄŰȆȇȌȖ ɸŮŭǿȌȏ

·Ƕɸȕ ŰȄȊ ŮɸǿŭȍŬůȄ ŮȊȕȎ 
ŮȋȒŰŮȍȆȇȌȖ ȉŬȂȊȄŰȆȇȌȖ 
ɸŮŭǿȌȏ, ŬǿȍŮŰŬȆ Ȍ 
ŮȇűȏȈȆůȉȕȎ ŰȒȊ 
ŮȊŮȍȂŮȆŬȇȗȊ ůŰŬȅȉȗȊ 
ȇŬŰǼ ǧǨǮ(űŬȆȊȕȉŮȊȌ 
Zeeman).

·ǬǼȅŮ ůŰǼȅȉȄ ǫȉŬȎ ŭǿȊŮȆ
2ǫ+1ȊǽŮȎ ůŰǼȅȉŮȎ. 

·ǨɸȆȈǽȂȌȊŰŬȆ ȌȆ 
ȉŮŰŬɸŰȗůŮȆȎ ȉŮ ǧǫ=1ȇŬȆ 
ǧmǫ=0 ,Ñ1

·ǨɸȆȁŮȁŬȆȗȊŮŰŬȆ ŰȌ spin, Ȍ 
ǥ.Ǳ. ȇŬȆ Ȍ ǥ.Ǵ.

2ǫ+ 1 ȊǽŮȎ ůŰǼȅȉŮȎ

ǧȆŬȈǽȋŮȆȎ ǥȊȌȆȐŰȌȖ ǲŬȊŮɸȆůŰȄȉǿȌȏ, 
ǧȆŬȈǽȋŮȆȎ ǲŬȊŮɸȆůŰȄȉǿȌȏ Lubeck , rsc.org ~ Introduction 
to Mossbauer Spectroscopy , Mossbauer Spectroscopy: 
Introduction, G. J. LONG &  F. GRANDJEAN



ǴȖȊȌȑȄ ŰȒȊ ǶɸǽȍȈŮɸŰȒȊ ǥȈȈȄȈŮɸȆŭȍǼůŮȒȊ



ǨűŬȍȉȌȂǽȎ 

·Ǫ ŬȊǼȈȏůȄ ůŰŮȍȗȊ ȇŬȆ 
ɸŬȂȒȉǽȊȒȊ ŭȆŬȈȏȉǼŰȒȊ ɸȌȏ 
ɸŮȍȆǽȐȌȏȊ ŬȏŰǼ ŰŬ ůŰȌȆȐŮǿŬ

·ǧȄȈŬŭǾ ɸŮŰȍȒȉǼŰȒȊ, 
ȉŮŰŬȈȈȆȇȗȊ ůȏȉɸȈȕȇȒȊ, 
ɸȍȒŰŮȓȊȗȊ, ȇȏŰŰǼȍȒȊ, ǽȍȂȒȊ 
ŰǽȐȊȄȎ, ŬȍȐŬȆȌȈȌȂȆȇȗȊ 
ŮȏȍȄȉǼŰȒȊ é

·ǲŬȍŬŰȄȍǾůŮȆȎ ůŰȆȎ ŬȈȈŬȂǽȎ 
ŰȌȏ spinȇŬȆ ŰȄȎ ȌȋŮȆŭȒŰȆȇǾȎ 
ȇŬŰŬůŰǼůŮȒȎ ȇŬŰŬȈȏŰȗȊ 
ȇŬŰǼ ŰȄ ŭȆǼȍȇŮȆŬ ȐȄȉȆȇȗȊ 
ŬȊŰȆŭȍǼůŮȒȊ.

·ǨȖȍŮůȄ ȉȄȐŬȊȆůȉȗȊ.

E. Solomon, Inorg . Chem, 2005 , 44, 723-726



ǨűŬȍȉȌȂǽȎ ůŰȄ ǦȆȌŬȊȕȍȂŬȊȄǷȄȉŮǿŬ

·ŪŮȉŮȈȆȗŭȄȎ ŰŮȐȊȆȇǾ ȂȆŬ ŰȄȊ 
ŬȊǼȈȏůȄ ɸȍȒŰŮȓȊȗȊ ȇŬȆ ŮȊȃȖȉȒȊ, 
ȉŮ ȉŮŰŬȈȈȆȇȕ ȇǽȊŰȍȌ ŰȌȊ ůǿŭȄȍȌ,
57Fe.

·Ǫ ɸȄȂǾ ŬȇȌȈȌȏȅŮǿ ŰȄȊ ɸȌȍŮǿŬ: 
57Co Ą 57Fe*

Ą
57Fe +Ȃ

·ǴȏȐȊǼ ŬɸŬȆŰŮǿŰŬȆ ŮȉɸȈȌȏŰȆůȉȕȎ 
ŰȌȏ ŭŮǿȂȉŬŰȌȎ ȉŮ ŰȌ ȆůȕŰȌɸȌ 
57Fe, ȈȕȂȒ ŰȄȎ ȉȆȇȍǾȎ 
ɸŮȍȆŮȇŰȆȇȕŰȄŰǼȎ ŰȌȏ (<2%).

ǧȆŬȈǽȋŮȆȎ ǲŬȊŮɸȆůŰȄȉǿȌȏ Lubeck,
E. Solomon, Inorg . Chem, 2005 , 44, 723-726



ǲŬȍǼŭŮȆȂȉŬ ǥȊǼȈȏůȄȎ ūǼůȉŬŰȌȎ ǴȏȉɸȈȕȇȌȏ

1. ǦȍǿůȇȌȏȉŮ ŰȄȊ ȆůȌȉŮȍǾ ȉŮŰŬŰȕɸȆůȄ ŭȇŬȆ ǽȐȌȏȉŮ 
ȐŬȍŬȇŰȄȍȆůȉȕ ȂȆŬ ǥ.Ǵ., ǥ.Ǳ. ȇŬȆ spin (S).

2. ǦȍǿůȇȌȏȉŮ ŰȄȊ ŰŮŰȍŬɸȌȈȆȇǾŬȈȈȄȈŮɸǿŭȍŬůȄ ǧǨQȇŬȆ 
ǽȐȌȏȉŮ ȐŬȍŬȇŰȄȍȆůȉȕ ȂȆŬ spin ȇŬȆ ȂŮȒȉŮŰȍǿŬ.

serc.carleton.edu, ncbi.nlm.nih.gov



ǲŬȍǼŭŮȆȂȉŬ ǥȊǼȈȏůȄȎ ūǼůȉŬŰȌȎ ǴȏȉɸȈȕȇȌȏ

·ŭ=0.82 mm s-1Ý
ǥ.Ǳ.=+2 ȇŬȆ S=2

·ǧǨQ=-0.45 mm s-1Ý
ǨɸǿɸŮŭȄ ŰŮŰȍŬȂȒȊȆȇǾ 
ȂŮȒȉŮŰȍǿŬ

M.E. Pascualini, N.V. Di Russo, Chem. Sci., 2015 , 6, 608-612



ǧȆŮȍŮȖȊȄůȄ ȂŮȒȉŮŰȍǿŬȎ ůȏȉɸȈȕȇȌȏFe(II)  

ǧEQ = 3.23 mm s-1

ÝǵŮŰȍŬŮŭȍȆȇǾũŮȒȉŮŰȍǿŬ

(ȂȆŬ ŮɸǿɸŮŭȌ ŰŮȍŬȂȒȊȆȇȕ
ǧEQ < 1.0 mm s-1)

Ǩ. ūŮȍŮȊŰǿȊȌȎ, ǫ. ǴŬȊǼȇȄȎ, ǲ. ǬȏȍǿŰůȄȎ,ŬŭȄȉȌůǿŮȏŰŬ ŬɸȌŰŮȈǽůȉŬŰŬ


