
I.

A TIME-DIFFERENTIAL PERTURBED ANGULAR CORRELATION STUDY

"

By

IAN ALEXANDER CUNNINGHAM, B.Sc.

A Thesis

. ,
I

!

.;.,

Submitted to the ~chool of Graduate Studies

in ~artial Fulfilment of the Requirements

... for the Degr~e

Master of Science

MCMaster,~~~versitY

sePtem~ 19a1

..



·,
"

A'PERTURBED ANGULAR CORRELATION

. I
I



MASTER OF SCIENCE (198'1)
(physics)

McMaster ~~i~e~~itY
Ha~ilton, qntario

't,'

,I
i

TITLE: A Time-Differential Perturbed ~ogular Correlation
Study of K3HfF7

.AUT140R: Ian Alexander Cunningham, B.Sc. (Queen's Uni versi ty)

SUPERVISOR: Dr. W.V. P~estwich

NUMBEI,i'OF PAGES:
~

-.

xii, 100', 'II.

~..,

."

" "t,

..
"

11

"

'"

".,..
'.

I,
'.:----



"

'- ,~ I

.,
\

j

ABSTRACT

The method of using time dependent perturbed angular

correlations (TDPAC) is used in a study of the hafnium

atom~s envi~onment in K3~fF7~ It is found that there are

two possible e1ectric field gradients (EFG), different ~n

both magnitude and, asymmetry about 'the axis of the greatest

component, at sample t~mperatureS 'below 250 ± 1 Kelvin and

only one above. This indicates that a solid to sol'id ,phase
\

transition occurs at this temperature from a two site struc- f

ture for the hafnium ,to a one ,site form. The EFG 'asymmetry I.
OT-'blle' lo~temperatur~,si te, having a 'relat~ve population of .,!

0.25, increases f~om--O~62 ± .0.3 to >.95 between 170 and 230
•,

Kelvin.
,

This .can be ,interpr~ted as the effect of a second

/
/ state of this hafnium ,si te wi th,'an energy difference of

approximately, 0.25 eV and a 'relative de'generacy 'of approxi-..
mately 10-7 • Such a ~tate could be ~he result 01 ,n

i~purity or lat~±ce distortion.

Using the ~3HfF7 as a sample study,. the observed

data was . operated on in a deconvolution analysis to r.emove

the effect of the fin(te ti~e res~ons~ of'the:measuiement

a~paratus.. An i tera't.i ve Bayesian" approach was found to
"

ampl~fY high frequency spectral ,noise less than"the linear

inverse filter 'technique however the fi-Qise inherent ..in the'. .
./ '
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measured data limi ts the usefulness ·of this type of analy "

sis. The parameters us'ed to descr~be the \~FG interaction!,
, I

, I •

evaluated in a least squares f~t of the theo~etical expre~

I
I

sion to the data, were found to be unaffected 'by -the gecqn-

volution operation within statistical uncertainties.
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CHAPTEH 1

INTKOUUCTION

The method of using perturbed angular correIa tions

(PAC) is one of several avaIlable to researchers for

\

studying ,the internal structure of materials. I t can be

able to this technique.

used as a complementary tool to the Mossbauer technique, and

sometimes to the nuclear magnetic resonance technique, for

determining the nature of the hyperfine interaction between

nuclear elec~romagnetic moments and extranuclear electro-
~ )

magnetic fie~ds. In the area of solid state physics or

physical chemistry this enables an investigator to study

properties of the electric field gradient and/or the magni-

tude of a magnetic field at the site of a probe isotope, of

which there are known to be approximately twenty-five suit-
I

1

!

As the name implies, this effect is a perturbation

of the more commonly studied angular correlation in the

decay of an unstable nucleus. In general it is a time-

dependent perturbation and 'is often given' the abbreviated

title TDPAC. It can be observed experimentally by measuring

the distribution of time intervals between successive em is-

sions in a gamma-gam~a cascade ~s a function of the Bmission

angle•. Alpha-gamma and beta-gamma ~AC intera~tions are also

1



" ,

2

possible but are not delt with in this study.

The TDPAC technique is not new; the first experiment \

was performed in 1951 by Frauenfelder (Fr5!). The theory

was first treated by Goertzel in 1~46 (Go46) and extended
I

later by others, notably Alder (A152), Abragam and lJound

(Ab53) and Frauenfelder and Steffan (Fr68). The me thod has

been used to study crys tal struc ture problems, magnet ic and

electric interactions in insulators, a host of chemIcal

compounds, hyperfine interactions in metals, structural

defects, ion implantations, liquids, gases and bio~ogical

materials. A rather extensive survey of recent works in the

pUblished literature' is given by l{inneberg (Hi 79).

Since its introduction, measurements have become

more refined as the time resolving capabilities of detection

apparatus have improved. Sodium iodide detectors are often

used to detect the gamma emissions when decay energy infor-

mation must be retained, but the relatively slow response of

the scintillator material is responsible for limiting the

minimum time resolution obtainable. In this thesis, the

potential of using a decon~olution 'approach as part of a

data analysis to improve th~ time resolution of the col

lected time interval distribution~ is investigated. Th~s

procedure involves using. computer techniques to remove or

"unfold",the influence the detecti?n apparatus has on the

observed time spectra. Forker and Rogers, (Fo 71) used a










































































































































































































