
Lawrence Berkeley National Laboratory
Recent Work

Title
THE FERMI MOMENTUM OF ALUMINUM FROM 0 TO 100 KEARS

Permalink
https://escholarship.org/uc/item/79j5v4q6

Authors
Burton, James J.
Jura, George.

Publication Date
1967-03-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/79j5v4q6
https://escholarship.org
http://www.cdlib.org/


UCRL-17lJ.6lJ. 

University of California 

Ernest O. 
Radiation 

Lawrence 
Laboratory 

THE FERMI MOMENTUM OF ALUMINUM FROM 0 TO 100 KBARS 

TWO-WEEK LOAN COpy 

This is a Ubrar~ Circulating Cop~ 
which ma~ be borrowed for two weeks. 
For a personal retention cop~, call 

Tech. Info. Dioision, Ext. 5545 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



'y 

-" 

i 
I 

f 
f 

Submitted to Physical 
Review Letters 

UN IVERS ITY OF CALIFORNIA 

Lawrence Radiation Laboratory 
Berkeley, California 

AEC Contract No. W-7405-eng-48 

UCRL-17464 
Preprint 

THE FERMI MOMENTUM OF ALUMINUM FROM 0 TO 100 KBARS 

James J. Burton and George Jura 

March 1967 



,>0 

, ' 

<%>1, = UCRL-17464 

THE FERMI MOMENTUM OF ALUMINUM FROM 0 TO 100 KBARS 

James J. Burton and George JUra 

Inorganic Materials Research Division, Lawrence Radiation Laboratory, 
Department of Chemistry, 

University of California, Berkeley, California 

March 1967 

In this letter we report the results of a study of the Fermi mo-

mentum of aluminum from 0 to 100 kbars carried out at room temperature 

through the utilization of positron annihilation. We have found that, 
. 

oVer this pressure range, the Fermi momentum of aluminum is very well 

described by the free electron model which predicts that the Fermi mo-

mentum, PF' of a metal is given by 

~ ( 
where Z is the number of ' valence electrons per unit cell in the lattice 

and V is the volume of the unit cell. Melzl has studied the details of 

a small region of the Fermi surface of aluminum to 7 kbars with the 

de Hass- van Alphen effect and has shown that his results cannot be 

explained by the free electron model. We will show that our results 

for the average momentum at the Fermi surface are not inconsistent with 

those of Melz. 

It is well known that the angular distribution of two quantum 

annihilation of positrons in alkali metals, alkaline earths, and 

aluminum is characterized by a central parabola with a tail at large 

2 angles. The interpretation of the tail is not yet certain; it has 

, been explained by assuming that the positrons have a large effective 
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mass or temperature~3 It could also be due to the population of states 

above the Fermi level at absolute zero which was found Qy Luttinger for 

4 a system of interacting e~ectrons. However, it is well established 

that the angle at which the central parabola extrapolates to zero) B
F

) 

is related to the Fermi momentum by 

where m is the mass of an electron and c the velocity of light. 5 A 

study of the variation of BF with pressure yields the pressure depend

ence of the Fermi momentum. 

22 We used 500 ~c of Na in the form of NaCl as the source of posi-

trons. The NaCI was placed between two 1/8" diameter discs of 1/2 mil 

Nylar. This source was put betv:een two discs of 99 .999~fo Al which were 

5/16" in diameter and 7 mils thick to form a sandwich. The entire sand

wich was contained by a 1/211 x 3/3211 X 20 mil pyrophyllite :dng arid 
. , 

placed between 1/2" Bridgman anvils (Fig. 1). 2" NaI detectors located 

1 meter from the source with lead slits 1-1/2" high and 20 mils wide 

. were used. The slits were perpendicular to the plane of the sample. 

The zero pressure annihilation spectrum of the positron source was 

obtained initially. It was assumed that pressure changes in the anni-

hilation spectrum of the source were small in comparison to the total 

pressure change in the spectrum and possible changes in the source 

spectrum were neglect.ed in analyzing the data. The source contributed 

roughly one-third of the total annihilation spectrum. 

Annihilation spectra were taken at 0, 27, 54, 81) and 108 kbars. 

The pressure calibration was based on the phase transitions of bismuth 

in the same geometry us~ng silver chloride as the pressure transmitter • 
.. 
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In going fram 0 to 100 kbars, the ~ emission rate of the source was 

found to decrease by 20%; this was not surprising as in ~ossbauer 

studies to 100 kbars the intensities of the Fe57 lines have been found 

to decrease as much as 80% because of deformation of the anvils. The 

raw data at each pressure were corrected for the pressure and time 

decrease in count rate. The aluminum spectrum at each pressure was 

obtained by subtracting the source spectrum from the corrected data 

assuming that the ratio of total source to total aluminum counts was 

constant over the pressure range of interest and that the shape of the 

source spectrum did not vary with pressure. The results for the Fermi 

momentum at each pressure did not depend greatly on these two assump-

tions. 

At each pressure studied, the central portion of the observed 

annihilation spectrum of the aluminum was fit with a parabola. In 

fitting the data with a parabola we neglect the effects due to the 

finite resolution of the experimental apparatuB and the finite width 

of the source; errors introduced by this assumption are small compared 

to the statistical uncertainty in the results o 

The Fermi momenta at the five pressures examined are plotted in 

Fig. 2 as a function of pressure. The line in this figure is the Fermi 

momentum curve predicted by the free electron model assuming three free 
6 

electrons per atom and using the volume data for aluminum of Bridgman 

and Jamieson. 7 Figure 2 shows that the Fermi momentum of aluminum is 

very accurately described by the free electron model within the errors 

of this experiment. 

We have found that the Fermi momentum of aluminum to 100 kbars is 

very accurately descr,ibed by the free electron model. This is intui-

I 
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tively reasonable as the Fermi surface of aluminum at zero pressure 

is fairly close to that predicted by the free electron model assuming 

three electrons per atom. We would not expect the number of free 

electrons to increase with pressure as this would involve stripping 

core electrons off the aluminum ions which is energetically unfavorablo. 

1 Melz has found in experiments to 7 kbars that the Fermi surface 

of al~inum does not grow as predicted by the free electron model. 
8 . 

Ashcroft showed that the zero pressure Fermi surfac·e of aluminum Can 

be fitted with two Fourier coefficients of a weak pseudo-potential 

Vlll = .0179 Ry 

in an OPW calculatio~. Melz obtained the pressure derivatives of the 

pseudo-potential coefficients based on form factors proposed by 

Harrison9 

dVlll 
"""dj) '" 1.6 X 10-4 Ry/kbar 

-4 / 2.1 X 10 Ry kbar 

He found that these pressure derivatives adequately explained his data. 

1 Using Melz's values of the derivatives of the pseudo-pot~ntial 

coefficients we have calculated the average value of the momentum at 

the Fermi surface for a number of pressures between 0 and 100 kbars 

assuming that the coefficients are linear in pressure. The calculated 

average momenta at the Fermi surface agreed with the values obtained 

\ r ; 



-5-

UCRT,-17464 

from the free electron model to within .1% over the entire range. 

Though the band gaps of aluminum are pressure dependent, very little 

of the Fermi surface lies close to the zone boundaries. Thus the 

average momentum at the Fermi surface does not depend strongly on the 

band gaps so long as the band gaps are small. 

This work suggests that positron anni.hilation studies of Fermi 

momenta may be an excellent tool for investigating either the pressure 

dependence of the volume of free electron metals or the high pressure 

electronic properties of metals for which the pressure dependence of 

the volume is well established. Positron annihilation~ould be most 

useful for studying metals with a large compressibility because of 

the difficulties involved in getting sufficient accuracy in the data 

and the weak expected volume dependence of the results. 
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FIGURE CAPI'IONS 

,(a) The positron source, aluminum, and pyrophyllite contain

ing ring. 

(b) The assembled sample sandwich between Bridgman anvils. 

The Fermi momentum of aluminum as a function of pressure. 

The line is that predicted by ,the free electron model. 
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Bridgeman ' 
anvils ' 

XBL673 - 2389 

(a) The positron source, aluminum, and pyrophyllite 
containing ring. . 

(b) The assembled sample sandwich between Bridgman 
anvils. 
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0 , 25 50, 75 100 
Pressure (kbars) 

XBL673- 2390 

The Fermi momentum of aluminum as a function of pressure. 
The line is that predicted by the free electron model. 
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