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. .
ABSTRACT

The quadrupole interaction of l8lTn with the

electric field gradi~nt (EFG) at Hf sites in the co-

ordination compounds (NH4 )3 HfF 7,K3HfF7 and nf(acac)4

has been measured by the method of differential perturbed

angular correlations.

The heptafluorates which possess identical crystal

structures were found to produce vastly different EFG's at

the sites of the 181Ta probe nuclei. OVer the range from

li~uid nitrogen ~o room temp~ature, the EFG in (NH4)3HfF7

was observed to change from : stati, to a dynamic nature

due to the reorienting RfF 7
3 ion add the effects of the

dynamic NH4+ i~ns. No comparable time-dependent eff~cts

were observed in K
3

HfF
7

which required a two site static

model for the Hf atoms at liquid nitrogen temperature and

a one site model, with only a slight dynamic modification,

at room temperature. The results were found to he in agree-

ment with other NMR and X-ray studies of these compounds.

The ~easurement of the EFG at the metal site in
. J

uf (acac.l 1 Y~,~lded a large asyrrunetry value tbat is discussed

in terms of the crystal structure and type of ligand bonding

involved in this octocoordinated complex. Comparison of the

results for synthetic and irradiated samples of Hf(acac)4
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gave no indications ~f' radiation produced damage to the_

crystal structure. Evidence for the existence of two

sites with different asymmetry parameters as suggested by

a previous study was not found ...
A detailed investigation of instrumental effects

in perturbed angular correlation measurements was also

carried out. This study included the measurement and

correction of system nonlinearities and backqround anomalies.

in time spectra measurements.

Finally, a precise measurement of the half-life of

the 482 keV level in lBlTa was performed using the delayed

coincidence method.
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CHAPTER--1 I

INTRODUCTION

The pursui t of s<;ienti f ic knm"lcdge by means of

research in physics generally leads to the study of a
,;; .

particular field of endeavour such as nuclear or solid-state

physics. The problems encountered often lie within a well-

defined discipline. There are however, certain fruitful

areas of research that are not so restricted in their outlook.
I

One such case is that of perturbed angular correlations (PAC)

which combines the points of view of nuclear physics, solic1-

state physics, atomic physics and chemistry. Thj_s j s a prime
~

reason why PAC has become a great attraction for many experi-

mentalists. It has Lecome knmV'n as a physical method rather

than remaining as a limited branch of nuclear physics from

which it originafed.

The PAC method, is hased on the measurement of the

angular distribution of radiation from nuclei whose spins tend

to point in a certain preferred direction. Angular distributions

of radiation from free n~ctei are dependent only on the nuclear
. .

propert1es of the system and as such, the study of these .

distributions has become an important tool in nuclear researep.

Generally, these nuclei are not free but are locaterl in a

1
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source or target in which large internal and external mngnetic

or~electric fields may be present. These fields interact with

the magnetic or electric moments of the oriented nucleus under

study and may change its degree of orientation in the time

interval between its initial orientation and the subsequent

emission of the nuclear radiation. Thfs change allows one to

study the interaction of the nucleus with its surroundings'

and therefore can be a valuable aid in chemical and soliq-state

research.

There are a number of methoos available to produce an

assembly of nuclei that possess the same average orientation

with respect to a particular axis. One way, is to place the

sample at very low temperature in a region of strong magnetic

or electric field thereby producing a net aliqnrnent of nuclear
~

spins. Another method uses n~clear reactions that leave the

target nucleus in an oriented state because of the conservation

of angular momentum of the reaction products. A third method,

and the one with which this thesis is concerned, is the selection

of nuclei whose spins happen to be in a preferred direction.

The basis of this method ca~ be explained b~ considering

a nucleus that decays through the successive emission of two

y-rays, ,Yl and Y2 as shown in figure 1.1. Although y-rays are

chosen here, other two-step nuclear processes can be utilized



Figure 1.1

Decay of an Excited Nucleus by Successive y-Ray Emission


























































































































































































































































































































































































