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Abstract - The preparation and use of uniform, stable HgS targets for high 

resolution particle spectroscopy are described. 



1. Introduction 

Static quadrupole moments of the first excited states in about 70 
1 2) stable even-even nuclei have been measured in the past 10 years ' . 

Almost all of these measurements rely on the reorientation effect in 

Coulomb excitation . Nuclei ranging from 0 to 2 0 8 P b have been studied 

with this method. However, due to difficulties in the manufacture of 

suitable targets, no quadrupole moment measurements have been reported 

in the mercury isotopes up till now. At the Australian National University 

we have been involved in a continuing program to measure quadrupole 

moments in selected nuclei (see, for example, references 4 and S). 

These measurements utilize uHe, 1 2 C and 1 6 0 bc.inis together with annular 

surface-barrier detectors capable of high resolution . The present 

paper describes the preparation of isotopically enriched HgS targets 

suitable for reorientation effect measurements. 

In order to achieve the best possible quality in the back-scattered 

particle spectra the targets used have to satisfy the following re

quirements: 

1) They must be thin (1 - 10 ug/cm 2) and highly uniform. Small 

imperfections or "graininess" in the targets can produce low 

energy tailing in the clastic peak which may extend for several 

hundred keV below the elastic peak. Such tails adversely affect 

the peak-to-valley ratios obtainable for the inelastic peak and 

limit the accuracy of the measurements. 

2) Targets must be free of impurity elements which may interfere with 

the elastic and inelastic particle groups. Kven a few ng/cm 2 of 

such impurities may significantly distort the results. Therefore 

the number of steps required in the manufacture of the targets must 

l)e kept to a minimum. 
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3) Targets must be resistant to melting and evaporation under 

bombardment; this problem is most acute for 1 6 0 and 1 2C projectiles. 

4) They should be prepared on light mass backings, preferably on 

self-supporting foils of carbon or aluminium, which can be produced 

with high elemental purity. 

Doubt ct aL •* have reported successful manufacture of B - HgS 

(cinncbar) targets on thick nickel backings for recoil-into-gas g-factor 

measurements in \\g isotopes. They were able to make one target per 

evaporation on nickel backings in an enclosed boat. The enclosed 

evaporation boat is essential as HgS vapour has a tendency to condense 

on cold objects, such as the walls of the vacuum unit, rather than the 

substrate. 

2. Preparation of the Targets 

The enriched Hg isotopes were obtained from ORNL Separated Isotopes 

Division in oxide form. Mercury sulphide was prepared by dissolving the 

oxide powder in dilute high purity ('vlO H ) HC«, and then bubbling ILS 

gas through the solution until a black precipitate (g - HgS) formed in 

the container which also served as the evaporation boat. The resultant 

mixture was then dried under a heat lamp. 

In order to be able to make more than one target in each evaporation 

a 50 mm diameter conical quartz boat was used (figure 1). The lip of 

the boat was flat and flame polished in order to form a seal with the 

plate holding the substrate material. Initially an aluminium plate with 

space to accommodate five (13 mm diameter) target frames was used. The 

substrate was 10 - IS pg/cm2 self-supporting carbon foil. Evaporation 

using this procedure was not successful. The HgS vapour condensed onto 

the aluminium plate and onto the target frames but not on the carbon . 

^^^^^^^^^^^^^jaçJonj^^^jùn^^r^çjju^sjvej^^btEn^ 
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foils were used in place of carbon. 

The selective deposition of the HgS vapour was avoided by using 

carbon coated microscope slides. These were held in an annular flange 

and supported over the boat by two posts (figure 1). The quartz boat 

was held in a carbon crucible which could be raised to lift the flange « 

under vacuum. The weight of the flange with the glass slides was 

sufficient to provide a reasonable seal between the polished lip of the 

quartz boat and the carbon coated slides. The carbon boat was heated in 

an r - f coil to orange-red colour (^600 - 800°C). The HgS immediately 

evaporated and deposited onto the carbon layer on the glass slides. It 

is necessary not to overheat the carbon boat as this produces "blisters" 

in the carbon layer; use of thin (5 - 10 ug/cm 2) carbon layers minimizes 

the problem. Highly uniform HgS targets could be obtained with this 

procedure ranging from 1 to 40 ug/cm2 for a charge of 3 mg in the boat. 

The thickness largely depended on the seal achieved between the boat and 

the carbon coated slides. After evaporation the carbon layer was cut 

to appropriate size and floated off in warm de-ionized water. Up to 

20 targets on target frames with 9.5 nun diameter holes could be obtained 

in this way. 

3. Results 

It was found that a thin (M yg/cm 2) layer of carbon evaporated 

onto the HgS deposit on the slides was sufficient to prevent the 

evaporation of the targets under bombardment. The targets were tested 

with 300 nA of 40 MeV 1 6 o 6 + beams without loss of target material or t 

observable deterioration in the quality of the particle spectra. In 

figure 2, a spectrum of 17 MeV ''He ions backscattercd from 1 9 8 H g is 

shown. The peak to background ratio of the 2 state is better than 200:1, 

and there is no indication of any contaminant peaks in the vicinity of I 
+ ' ' ! 

t h e . •?. nr/lk ,,th,,- .1 »l,.., :•....... i .. ... : ,.:.. : -p..- :... : -.. -'"h , r \ 
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method of target preparation, therefore, appears well suited to experiments 

involving high resolution particle spectroscopy in the llg isotopes. 

We would like to thank Mr. .v.II. Mugglcton for his numerous useful 

suggestions during the course of this work. 
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FIGURE CAPTIONS 

FIGURE 1. Apparatus used for preparation of HgS targets. 

FIGURE 2. Spectrum of back-scattered **He ions obtained with an annular 

counter at a mean angle at 171.6° for a target of 1 9 8HgS 

and a bombarding energy of 17 MeV. The isotopic enrichment 

of the 1 9 8Hg was 99.38». Excitation energies, spins and 

parities are given for groups corresponding to levels in 
198llg. A weak group corresponding to the first excited state 

of 2 0 0Hg (0.13% concentration) is also indicated. 
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