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ABSTRACT 

Nuclear resonance absorption of the 25 .6-keV garmna cE:cy of Dylbl 

has been studied experimentally at pressures up to 100 kbar by using sources 

situated in gadolinium metal together with thin metallic dysprosium absorbers. 

Velocity spectra taken at 30 and 50 kbar show complex hyperfine structure. 

Increasing the pressure leads to both greater recoil-free fractions and 

greater overall hyperfine splitting. The effect of pressure on the recoil-

free fraction is satisfactorily explained with a modification of Hanks' 

theoretical treatment. It is proposed that the hyperfine splitting is 

predominantly due to electric quadrupole interactions, with the electric 

field gradient at the nucleus increasing with increasing pressure. By 

fitting theoretical spectra to the velocity spectrum at 30 kbar, a value of 

1.30 is derived for the ratio of the quadrupole moments of the ~5 .6-keV 

state and the ground state of Dy161 . 
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I. INTRODUCTION 

; ~ . 

The pressure dependence of the M8ssbauer effect has been treated 

l theoretically byHanks. -High pressures are expectedto cause an enhancement 

of.'recoil-free fractions,_ in a manner similar to that of low ·temperatures, by 

'the creation of a more rigid crystalline lattice. No experimental information 

has been available to confirm this theoretical conclusion, although Pound et a1. 2 

performed experiments with Fe57 at pressures up to 3 kbar, in which line 

shifts were sought. The present paper deals with the results of experiments 

at pressures up to 100 kbar with the 25.6-keV gamma ray of Dy161 . The emit-

ting and absorbing nuclei were embedded in gadolinium and dysprosium metals, 

respectively. With this system a pressure dependence is found for both the 

recoil-free fraction and the hyperfine splitting. 

. d •t Dyl6l Nuclear resonance absorption has been previously observe Wl h · 

by Ofer et al.3' 4 These workers studied the resonance effect in several crys-

talline'environments at room temperature and at lower temperatures. More 

recent work by a group at Manchester5' 6 gives the temperature dependence of 

the hyperfine structure (hfs) for a metallic Dy absorber in its antiferromagnetic 

state (85 to· 175°K). ·An interesting -result 'Qf their work is that large hyper-

finesplittings are observed from magnetic interactions, but that these 
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splittings disappear with the transition to the paramagnetic state at the 

Ne'el point. (A similar phenomenon has been observedwi~h Fe57 in iron metal; 7 

the hfs pattern collapses into a single line at the Curie point.) 

For the present work it is necessary to extend the theory of Hanks to 

the case in which the ambient temperature T is greater than the Debye temper-

ature e for the emitting atoms. The recoil-free fraction f is given by a 

Debye-Waller factor, 

ln f = (l) 

where R is the recoil energy of an atom upon emission of a gamma ray, and k 

is Boltzmann's constant. For the case where T/e >> 1, one may proceed in the 

following manner. When T/e is greater than about 1.6, the int~gral in Eq. (l) 

is well approximated by
8 

JejT ~ dt 

0 e -1 
(2) 

This yields a very simple high-temperature expression for the recoil-free 

fraction: 

ln f (T/e > 1.6). (3) 

It is convenienct to work with the ratio f
2
jf

1 
·Of recoil-free fractions at. 

pressures P
2 

and P
1

, given by 

ln = 
6RT 

k 
l 

e 2 
l 

)· (4) 

... 



.. 
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Hanks obtains the volume dependence of e from the Grilneisen relation, 

and, by assuming small volume changes,·he gives the following expression: 

Here 'Y is the Grilneisen constant for the material, and6V/V1 

This may be inserted into Eq. (4) to give 

12 RT-Y 

kB 2 
l 

(5) 

(6) 

For convenience the ratio f
2
/f

1 
at arbitrary pressures P

2 
and P

1 
may be ex­

pressed in terms of quantities at the reference pressure P = l atm by 
0 

= (
v -v 12 RTY o .. 2 

kB 2 Vo 
0 

v -v) 0 l 
v 

0 

= 
12 RTY (6.V2 _ 6.Vl) .::.:::;;._~2<-+- v v . ( 7 ) 

kB o o 
0 

This expression is general for the case of T/e >> 1. .Later it will be simpli-

fied even further by use of the conditions which held during the experimental 

work described herein . 
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II. EXPERIMENTAL METHODS 

A. Materials Preparation 

. th f ~ Gd t d' t . . d' t· Tb161 
Sources ln e orm o.J_; - meal -J.scs con alnlng ra loac lVe 

were used throughout this work. Discs were machined from a large piece of 

commercially-obtained Gd metal of natural isotopic composition. To meet the 

req_uirements of the high-:-pressure apparatus, each disc wap 3/16 in,. in diam-

eter and O.OO'?:Oi:O •. OOQ5 in. thick. Neutron irradiation of these machined samples 

160( . ) 161 produced the Gd n;y Gd reaction, followed by the beta-decay of 3.7-min 

Gd161 to 7-day Tb161 . Sources prepared in this manner were used directly in 

the experiments, without the necessity of further chemical or metallurgical 

procedures. 

Absorbers prepared by vacuum evaporation of natural Dy metal onto an 

aluminum backing foil were used. The average thickness of each foil was 

2 
10 mg/cm of Dy .. 

B. Production of High fressures 

Pressure was transmitted to a source disc by means of anvils of the 

type developed by Bridgman,9 with the design modifications described by 

Harris et a1. 10 They are shown in Fig. 1. Each anvil is tapered with an 

angle of 5 deg, except for the t-in. flat portion at the center. Between the 

flat portions of two anvils are contained the sample and a gasket in the form 
-- - --- --------

of a ferric-oxide-coated-pyrophyl:C"fie rrn.g;-.--A-deta-i-led- -v-iew-o;f~this _:pr_~ssur_e __ 

chamber is shown in Fig. 2. Pressure was applied to the anvil assembly by a 

hydraulic press with 100-ton capacity. 

The loading pressure on the ram of the press could be accurately 

measured, although this q_uantity is not necessarily an accurate measure of the 

true pressure on the sample. ll With Bridgman-type anvils Montgomery et al., 

-~ --
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found that a radial pressure gradient existed in the sample) with the pressure 

at the center of a sample of silver chloride somewhat lower than the pressure 

at its edge. However) at constant radius they found that the true pressure is 

proportional to the loading pressure. 

C. Gamma-Ray Spectroscopy 

The velocity spectrometer used in this work is a constant velocity 

device that utilizes a rotating-disc absorber. It is similar to the apparatus 

12 described by Shirley et al.J in which the absorber is driven by a synchronous 

motor and an audio oscillator. 

Gamma rays were detected by a standard Nai scintillation counter. The 

counting geometry required for the high-pressure experiments was quite poor. 

As shown in Fig. 2J only those gamma rays that escape from the edge of the 

source disc can be detected. The half-thickness of Gd metal for pbotoelectric 

absorption of 25.6-keV gamma rays is estimated to be only 0.05 mmJ so that 

virtually all the photons that reach the detector are emitted from a very 

small volume at the edge of the sample. This is important because the effects 

of the radial pressure gradient in the source are then minimized. Since most 

of the photons that escape arise within a distance which is a very small frac-

tion of the radius of the sampleJ the variation of pressure over this distance 

is also quite small. 

. ' ~- ; 
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III . RESULTS 

A. Introduction 

The earliest work in this research was largely exploratory in nature. 

Short experiments were performed at a number of pressures between one atmos­

phere and 30 kbar in an effort to determine quickly whether large absorption 

effects would occur in this system in this pressure range. Although these 

experiments were by no means sufficiently thorough to give detailed velocity 

spectra, below 25 kbar no large absorption effects w~e observed. However, 

at a pressure near 30 kbar, qualitative evidence for several deep resonance 

minima was obtained. It was at this pressure, therefore, that a thorough 

systematic study of the velocity spectrum was made. Later a similar study 

was performed at a pressure near 50 kbar. Finally, an effort was made to 

obtain the velocity spectrum at a pressure near 100 kbar, as well as to re­

peat the experiment at atmospheric pressure with greater precision. The 

results of these experiments will be given in the following sections. 

For conven~ence, the three principal elevated pressures that were 

used will be labelled 30 kbar, 50 kbar, and 100 kbar. As discussed in Sec.II-B, 

an exact knowledge of absolute pressures was not available, so that the above 

numbers are merely useful for the identification of different experiments. 

However, the nominal pressures of the experiments, as calculated from the 

loadings l:le verY near-tlfese- numhers-,--so -that-the-geB.eral--reg-ions-of'_ {)ressur_e_ 

are correctly indicated. 

From a velocity spectrum it is possible to extract a quantitative 

value for the relative recoil-free fraction. Shirley et a1. 12 have shown 

that the recoil-free fraction f is directly proportional to ~he area above 

a transmission curve, and that the proportionality constant depends only upon 
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parameters related to the absorber. Therefore, for two experiments that use 

the same absorber, 

f 2 (Area) 2 
f 1 == (Area\ 

dv 
(8) 

dv 

where T(v) is the transmitted intensity of gamma rays at velocity v, normalized 

to the transmitted intensity at a velocity ~ar off resonance. Thus, without 

explicit: knowledge of the absorber parameters, a ratio of recoil-free fractions 

may be obtained. In the following sections use is made.of this relationship 

to give the recoil-free fraction at a pressure P relative to that at 30 kbar. 

The trend of the quantities fp/f
30 

will be adequate to define the pressure 

dependence of the recoil-free fraction. 

The overall width of a velocity spectrum will be treated in the follow-

ing manner to obtain quantities related to the overall width of the emission 

pattern. A quantity 6E is defined as the energy difference between the highest-

and lowest-energy component of the emission hfs pattern, i.e., the overall 

width for the source. Similarly, a quantity 6E is defined for the absorber. 
a 

Then, the observed width of a velocity spectrum 6E b is the sum of 6E and 6E 
o s a 

For two experiments using the same absorber an expression independent of 6E 
a 

is given by 

(9) 

The quantities DEobs and 6Ep - DE
30 

will be given at each pressure. 
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In the cases for which it was possible to do so) the velocity coordi-

nate of the spectrum centroid was computed. This is given by 

v = (10) 

The quantityv is of interest as a measure of the chemical shift between Dy
161 

in Gd and Dy161 in Dy. 

B. Velocity Spectrum at 30 kbar 

The transmission spectrum as a function of relative velocity for the 

30 kbar experiment is shown in Fig. 3. The curve is defined by approximately 

100 data points taken at velocity increments of 0.37 mm/sec) with an average 

statistical error per point of ±0.26%. Each portion of the spectrum was 

measured at least four times) with different sources) over a period of about 

one year. Reproducibility of all the features of this spectrum was excellent. 

These data were taken at a loading of 3500 psi) corresponding to a nominal 

pressure of 30.8 kbar. 

Two features of this spectrum are readily apparent. First,) there is 

a <;omplex hfs; and) secondly) the pattern is asymmetric) both with respect to 

-zero veloc:ity -and- w'i-th r-espe-ct -to_the_li:ol2 _p_os__i tions . __ A measur~ o_f'_the asymmetry 

about zero velocity is given by the velocity coordinate of the centroid: 

v = 4.0 ± 0.2 mm/sec. An interpretation of the asymmetric hfs will be given 

in Sec. IV-B. 

As mentioned earlier) this SJ?ectrum will serve as a reference for the 

description of the spectra at other pressures. For this reason) considerable 

•' 
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effort was spent in reducing the statistical error of the points and in 

accurately defining the line positions. The area above the curve and the 

overall width of the spectrum have been used to obtain the values of fp/f
30 

and 6Ep- 6E
30

.reported in the following sections. 

C. Velocity Spectrum at 50 kbar 

The transmission spectrum for the expeb±ment at 50 kbar is shown in 

Fig. 4. The curve is defined by approximately 200 data points taken at veloc­

ity increments of 0.37 mm/sec, with an average statistical error per point of 

±0.4%. Each portion of the spectrum was measured at least twice, with dif-

ferent sources, over a period of abou~six months. Most of the features of 

this spectrum were reproducible, although certain portions were repeated 

several times because of poor reproducibility. These data were taken at a 

loading of 6ooo psi, corresponding to a nominal pressure of 52.8 kbar. 

It should be noted that the hfs of the 50 kbar spectrum is even more 

complex than that of the 30 kbar spectrum. Tnere appear to be approximately 

twice as many lines in the 50 kbar spectrum, spread over a larger velocity 

range. Again the pattern is asymmetric about zero velocity, as indicated by 

the velocity coordinate of the centroid: -;; = 2.0±0.4 mm/sec. Fr0m the area 

above the curve one obtains f
50

/f
30 

= 1.81±0.05. The overall width of the 

transmission curve compared with the 30 kbar spectrum is given by &:
50 

- &:
30 

= 2.67±0.05 em/sec. 



. \ 
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D. Results at Other Pressures 

An experiment at atmospheric pressure was performed by using a loud-

"13 speaker-driven velocity spectrometer. The use of this device permitted a 

much larger counting geometry than was possible in the high-pressure ex-

periments. Also, the continuously varying velocity eliminated the need for 

source-decay corrections. The velocity scale for the experiment was 

established by a measurement of the well~known velocity spectrum of Fe57 in 

14 Fe metal . 
161 . 

With Dy , counts were taken repeatedly until a statistical 

accuracy of better than 0.1% for each velocity point was attained. The 

results of this experiment were negative: no nuclear resonance absorption 

effects were found within the statistical accuracy QUoted. ConseQuently, it 

is possible to set an upper limit on the recoil-free fraction at l atm 

relative to that 30 kbar as f 0/f 
30 
~ 0. 3. 

Finally, an experiment was performed at a loading of 11;000 psi, 

corresponding to a nominal pressure of 96.7 kbar. This pressure, previously 

referred to as 100 kbar, was considered to be about the practical upper 

limit for a counting experiment with the existing eQuipment. Even though a 

considerable amount of data was taken at this pressure, the results are 

complicated by several experimental difficulties. Nevertheless, some useful 

information could be obtained from the data·. In particular, the overall width 

of the spectrum was easily measured to give 6E - 6E = 5·5 ± 0.2 em/sec. 
- - - - -- 100 30 

-
The relative recoil-free fraction could be obtained, with a very large-error;-

the result is f 100/f
30 

= 3 ± 1. There was some evidence for hfs throughout 

the spectrum, but the large error prevents giving a detailed velocity 

spectrum. 
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E. Swnmary and Comparison of Re~ults 

The quantitative results of the previous sections are brought together 

for comparison in Table I. Jrr_Fi_g, 5 the general shapes of the velocity 

spectra are compared schematically. The curves in Fig-,. 5 represent 

smoothed velocity spectra arbitrarily drawn through the data points. A 

smoothed velocity spectrum may be thought of as a smooth curve upon which the 

hfs is to be superimposed to give the experimental spectrum. Smoothed 

velocity spectra are used here for the graphical comparison of widths, areas, 

and shapes to avoid the added complexity of hfs. Indeed, for the 100-kbar 

spectrum only the smoothed velocity spectrum can be given from the data, and 

this with considerably less accuracy than for the other two curves in Fig;._ 5. 

Two qualitative conclusions may be drawn immediately from this 
' 

comparison. With increasing pressure: 

(l) recoil-free fractions increase; 

(2) hyperfine splittings increase. 

These two effects swnmarize the influence of high pressures on the M3ssbauer 

effect in Dy161 as determined from this experimental work. The interpretation 

of these results will be discussed in the following sections. 

IV. DISCUSSION 

A. Recoil-Free Fractions 

Equation (7) may be placed in a form more suitable for comparison with 

the experimental results by introduction of the Slater expression15 for the 

pressure dependence of 6V/V , 
0 

6V 
v 

0 

(ll) 

where a and b are here considered as empirical parameters. In addition, use 
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is made of the proportionality between pressure and loading to define a new 

variable, x: 

x. (12) 

By using a ratio of accurately known loadings the uncertainties in the 

pressure scale are avoided. With some rearrangement the final result is 

f2 
ln­. f 

l 

12 RTY 

k8, 2 
0' 

( ~:l (13) 

After inserting the value of the recoil energy for the 25.6-keV 

gamma transition in Dy161 , and, from the work of Bridgman, 16 volume data for 

the 30-kbar reference state, an expression is obtained that is suitable for 

comparison with the experimental results. Debye temperatures for pure Dy 

and Gd metals, as obtained from heat capacity measurements,
1

7 are near the 
I 

0 . . 
value 150 K; however, the appropriate Debye temperature for a Dy impurity in 

Gd metal is not known. va:lues for the Grlineisen constants of these metals 

. 18 
are ava1lable, but the results of two different methods of obtaining the 

constants do not agree. Therefore, Eq<. ,( 13) is fitted to the high-pressure 

data points by considering e: 2
/Y as an adjustable parameter. 

0 

With 

points with 

normal values of e and y one might expect to fit the experimental 
0 

e 2/Y of the order of 20,000. However, the data are actually fitted 
0 

well with values of e 2 jy of only 3600 to 6000. In Fig. 6 the four experi­o 
2 mental points are shown together with -the caTcu~atea: -curve -ror e- j-y =- 6ooG-.- --­

o 

An interpretation of this low value that appears the most reasonable and that 

is consistent with all the experimental data postulates that a for the Dy 
0 

impurity atom lies in the range 75° to 100° K. ·From Eq. (l) these values of 

B correspond to recoil-free fractions of only 0.0003 to 0.01 at a pressure 
0 

of one atmosphere. Thus, it is not surprising that no resonant absorption 

effects could be detected in the atmospheric-pressure experiment. The 
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magnitude of the Debye temperatures thus obtained agrees well with the 

picture of the impurity atom being less tightly bound in the lattice than 

are the host atoms. 

Quantitative agreement is, therefore; obtained between the experimental 

results and the theory by making a reasonable assumption about the value of 

the Debye temperature of the impurity atom. Although Eq. (13) was derived 

with the help of some rather severe approximations, it nevertheless give.s results 

that are apparently consistent with experiment. In particular, it satis-

factorily explains the observed increase in recoil-free fractions with 

pressure. 

B. Hyperfine Splittings 

Due to the complexity of the velocity spectr~ it is possible to give 

a detailed interpretation of only the 30-kbar data, where there is the 

greatest definition and the least number of lines. By using an IBM-7090 

computer to generate the theoretical M8ssbauer patterns, a successful fit 

to the velocity spectrum at 30 kbar was achieved using a simple model for the 

splitting mechanism. The. essential features ofthis model are, first, that 

the emission line splitting is due entirely to electric quadrupole inter-

actions in the source, and, secondly, that the absorber cross-section pattern 

consists of a narrow,partially-resolved doublet. With these assumptions the 

most important adjustable parameter in the calculation becomes the ratio p 

of the quadrupole moment ofthe excited state to that.of,the ground state. 

A theoretical M8ssbauer absorption pattern for p = 1.30 is shown in Fig. 7, 

together with the data points at 30 kbar. Small changes in p do not change 

the fit significantly, so that for the 26-keV state of Dy161: 

p = Q(26-keV)/Q(g~s) = 1.30±~.05. 
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In Fig. 8 are shown the hyperfine gamma-ray components between two nuclear 

levels, each with I 5/2, split by a pure electric ~uadrupole interaction. 

Since both the sources and the absorber were in the paramagnetic 

state during these experiments, the assumptions used in deriving p, although 

imperfect, are reasonable. Previous work5,7 with Fe57 and Dy161 shows that 

splitting due to magnetic interactions becomes very small when the emitting 

nuclei are in a paramagnetic host lattice. The value of p thus obtained 

may be compared with the ratio of ~uadrupole moments for the ground states 

of Dy163 and Dy161 . Both the ground state of Dy163 and the 25.6-keV state 

161 . 19 of Dy have the Nllsson ~uantum numbers 5/2- (523). In paramagnetic 

resonance measurements Park20 found the ratio 

Q(l63)/Q(l61) = 1.18±0.15, 

which agrees wit:q the present result. It should be noted that Boyle et a1. 6 

in their work with Dy161 interpreted deviations from a pure magnetic splitting 

pattern by ~uadrupole interactions with p = 1. In Fig. 8 are shown the 

splitting patterns for pure ~uadrupole interactions with p = 1.00 and 

p = 1.30. The symmetrical pattern results when p = 1.00, in contrast to the 

asymmetrical patterns observed in this experimental work. 

At first glance it seems reasonable that the ratio of ~uadrupole 

moments for the odd-neutron in different spectroscopic states in Dy161 may 

- -d:Cffe r- from- unTty;--- ou:t-rf· we· consider- in-de'l;ai.J.-th€ the or-e tical _pro_blem Qf_ 

e~uilibrium deformations of nuclei, it is not clear that such a. difference 

in intrinsic ~uadrupole moments Q should be obtained here. Examination of 
0 

the Nilsson diagram (Fig. 4 of Ref. 19) shows that the 5/2+ orbital· (ground 

state of Dy
161

) is· more steeply down-sloping (energy decreasing with 

deformation) than the 5/2- orbital. We can easily make the ~ualitative 

prediction for nuclei with fewer neutrons than Dy
161 

that the odd nucleon 



-15- UCRL-lo630-Rev. 

in the 5/2+ state should have a polarizing effect giving a greater deformation 

than in the 5/2- state. For nuclei with more neutrons than Dy161
, the reverse 

should be true, since the states are really "hole" states. For Dy161 itself 

the difference in deformation should probably be small, and it would re~uire 

a detailed study including pairing forces to determine even the sense of the 

deviation from unity of the quadrupole ratio. Since it seems unlikely that 

the intrinsic ~uadrupole moments Q can vary so much between states our 
0 

attention is drawn to the projection factor relating Q , which we measure, spec 

and Q , the intrinsic moment. 
0 

Qspec 

where I is the nuclear spin and K is the projection of the spin along the 

nuclear symmetry axis. Since the spins of ground and excited states are the 

same (I= 5/2), one would normally expect the same projection factor, for 

there should be a K of 5/2 in both cases. It is apparent that if K is not 

a good quantum number, and a spin 5/2 state possesses admixture of K = 3/2 

and K = l/2 components there will be a reduction in the observed Q . The spec 

Dy161 ground band exhibits an anomalously close spacing that suggests a fair 

amount of mixing with the 3/2+ (651) band. To explain our ~uadrupole 

moment ratio of 1.3 assuming Q to be the same in ground and excited states, 
0 

would re~uire about 2o% admixture of K = 3/2, or 13% of K = l/2, or some 

combination of both. Such admixtures seem unduly large, but it is clear that 

161 
the ground band of Dy deserves special attention with respect to break-

down of the K-~uantum.number. 

If the viewpoint .is taken that the overall splitting is predominantly 

due to the electric quadrupole inte:raction at all pressures up to 100 kbar, 

an interesting correlation may-,be. pbtained between the measured values of .6E 
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and the quadrupole coupling constants B. For this purpose it is assumed that 

in the first approximation the relative energies of the sublevels are given 

by 

E 
2 

(l/4 ) 2 Q 3m - I(I+l) 
e q: I(2I~l) ( 14) 

where B = (l/4) e2qQ. For both the 25.6~keV level and the ground state of 

D 161 th' . b y , lS expresslon ecomes 

E 
2 = (0.3 m - o.875)B ( 15) 

By using Eq. (l5),the relative energies of the seven gamma transitions 

between sublevels of the two states may be calculated as a function of P· 

Since the quantity 6E is defined as the energy difference between the 

highest- and lowest-energy gamma components, it may be obtained from the 

energy expressions. Due to crossovers in the energies as p is varied there 

are several ranges, each with a different expression for 6E: 

( -1.8 p + 1.8) B, p~ o, 

1.8 B, 0~ p~ 0.5, 
6E = ( 16) 

(1.2 p + 1.2) B, 0.5 ~ p ~ 2, 

1.8 p B, 2-:S p. 

A useful property of Eq. (16) is that no value of p gives a coefficient of 

B smaller than l. 8. Thus, when 6E = l. 8 B, the values of B are absolute 

- U.pp~e:t limits-. - ~uadrupo:le eeupJ.-i-ng- constants _c_orr~s_p_Qnding_ t9_6E ~ 6E0_b~s ~ar~-- _ 

give~ in Table II for both the upper limit and for p = 1.30, assuming that 

6E >>6E 0 

a 

A possible explanation for the increase in 6E with pressure is that 

the energy bands in the rare earth metal, formed from 5d orbitals, cross the 

Fermi level at some pressure below 30 kbar. Then, if these 5d bands with 

different azimuthal quantum numbers are anisotropically populated,an, 
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appreciable electric field- gradient g_ at the nu'cleus may be produced. Also, 

if the 5d bands continue to decrease in energy with increasing pressure, 

an increasing electric field gradient will be produced, leading to increased 

splitting in accordance with the observed trend. It is interesting to note 

that the electric field gradient calculated for a single 5d electron on 

a Dy+3 ion gives ~uadrupole coupling constants of the same order as those 

obtained at 30 kbar. The same mechanism may be invoked, using the energy 

bands formed from 6p orbitals; however, this' is considered less likely 

because calculations by Rajnak21 indicate that in the f~ee ion the 6p state 

is considerably higher in energy than the, 5d state. 
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Table L Quantities measured in high-pressure . 
M~ssbauer-absorption experiments 

·~ 

p fp .6.E 
obs .6.EB - .6.E30 v 

(kbar) X f30 (em/sec) (em/sec) (mm/sec) 

0 (l atm) ,...., 0 ~ 0.3 
( 

30 1.00 l 3.15 0 4.0 ± 0.2 

50 1.71 1.81 ± 0.05 5.82 2.67 ± 0.05 2.0 ± 0.4 

100 3.14 3 ± l 8.6 5·5 ± 0.2 
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Table II. Quadrupole coupling constants derived from 
experimental splittings 

.... 

Pressure B (Me) B (Me) 

(kbar) Upper Limit p == 1.30 

30 360 235 

50 670 435 

100 1000' 650 



-22- UCRL-10630 Rev. 

; . ,,· 

,..-

MU-29231 

Fig. 1. Cross section of Bridgman-type anvils. 
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Fig. 2. Cross section of the pressure chamber between the 
faces of Bridgman-type anvils. The shaded areas are 
a pyrophyllite ring. 
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P ~ 30 k bar 
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Fig. 3. Velocity spectrum at 30 kbar for Dy
161 situated in 

Gd with a thin Dy absorber. 
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Fig. 4. Velocity spectrum at 50 kbar for Dy161 situated in 
Gd with a thin Dy absorber. 
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Fig. 5. Comparison of velocity spectra at several pressures 
for Dyl6l situated in Gd with a thin Dy absorber. 
Hyperfine structure has been smoothed out of each curve. 
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Fig. 6. Experimental and theoretical recoil-free fraction 
ratios. The parameter x-is proportioEal to pressure. 
The solid curve was calculated for e

0 
/Y = 6000. 
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Fig. 7· Comparison of the experimental velocity spectrum 
at 30 kbar with a theoretical spectrum calculated by 
assuming pure quadrupole splitting in the source, with 

- p =-l~3G, an~ a-narrow-doublet pattern~ for_ the_abporb~-~ 
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Fig. 8. Gamma-ray components between two nuclear le\els, 
each with I = 5/2 and with pure electric ~uadrupole 
splitting. At the bottom, on energy scales, are the 
emission patterns associated with p = 1.00 and p = 1.30. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
mission, nor ~ny person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, co~pleteness, 

or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process-disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission'' includes any employee or contractor of the Com­
mission, or e~ployee of such contractor, to the exte~t that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor • 
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