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the rate at which the river can supply 
sediments to the nearshore zone. In 
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struction of flat offshore profiles is 
the basic mechanism by which the 
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ruby sample. 

A persistent deficiency in the routine 
use of the high-pressure diamond cell 
(1) has been the inalbility to determine 
with simplicity and accuracy the pres- 
sure on the sample contained between 
the diamond anvils. In many reports 
pertaining to the diamond cell, pres- 
sures have been determined generally 
from the applied load on the anvils with 

Table 1. Fixed points used to calibrate mea- 
surements of pressure in the diamond cell at 
room temperature. 

Transition 
Substance Transition* pressure 

(kbar) 

CC14 L-I 1.3 

CC14 III-IVt 40 

H20 L-VI 9.6 

H20 VI-VII 22.3 

n-CQH16 L-I 11.4 

C2H5Br L-I 18.3 

* The abbreviation L refers to the liquid state, 
and the Roman numerals designate solid phases. 
t The III-IV transition point of CCl4 was not 
included in the data reported in Fig. 2 because 
of the nonhydrostatic character of the medium 
surrounding the ruby sample. 
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no other factors taken into considera- 
tion (2). This procedure usually results 
in an unsatisfactory estimate of the 
pressure, particularly in the higher 
pressure ranges where errors as large 
as ? 30 percent have been estimated. 
Less frequently, pressures in the dia- 
mond cell have been determined from 
lattice parameters of powdered NaCl 
measured by x-ray diffraction tech- 
niques (3), and, in at least one instance, 
pressures were determined from shifts 
in the optical absorption bands in 
nickel dimethylglyoxime (4). These 
methods for measuring pressure in the 
diamond cell are either grossly inac- 
curate, insensitive, or extremely incon- 
venient, and it is for these reasons that 
we think the diamond pressure cell has 
not realized its full potential as a re- 
search tool. 

We have discovered what appears to 
be a new technique for continuous 
pressure measurement based on the 
the shift in wavelength of the sharp- 
line (R-line) luminescence in ruby 
samples. In all of our experiments to 
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date we have used the diamond-anvil 
apparatus with metal gaskets (5), but 
the method is applicable to any pressure 
system with optical access. In practice 
a small fragment of pink ruby crystal 
(0.05 percent Cr3+, by weight) is placed 
in the diamond cell with the material 
under study. The sample is excited by 
radiation from a super-high-pressure 
mercury arc which is filtered to elimi- 
nate the red wavelengths. A photoelec- 
tric detection system is used with a 
grating monochromator and a strip- 
chart recorder. A typical luminescence 
spectrum of a small fragment of ruby 
contained in the diamond pressure cell 
at ambient atmospheric pressure and 
room temperature is shown in Fig. 1, 
curve A. A similar spectrum is shown 
in curve B, except that here the pres- 
sure on the ruby crystal is approxi- 
mately 22.3 kbar. The ruby sample 
from which this spectrum was Obtained 
was enclosed in the diamond cell with 
an equilibrium mixture of ices VI and 
VII, a point known to be at 22.3 kbar 
and room temperature on the equilib- 
rium phase diagram (6). The sample 
chamber, which is defined by the gasket 
wall and the two diamond anvils, is a 
right circular cylinder approximately 
0.3 mm in diameter and 0.15 mm high. 
Readily measurable signals can be ob- 
tained from ruby samples 'occupying 
20 percent of the cell volume. This 
amount of ruby does not interfere with 
other measurements in the cell. 

In order to calibrate our measure- 
ments in the diamond cell, we have 
used the freezing points of the liquids 
listed in Table 1 along with two solid- 
solid transition points. These materials 
were selected because they have well- 
characterized transition pressures and 
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Fig. 1. The R-line luminescence spectra 
of a crystal of ruby in the diamond cell: 
curve A, ruby sample at ambient atmo- 
spheric pressure; curve B, ruby sample 
in a mixture of ices VI and VII at ap- 
proximately 22.3 kbar; and curve C, 
ruby sample in a mixture of CC14 III 
and IV at an average pressure of 40 kbar 
(nonhydrostatic environment). (Peak 
heights are arbitrary.) 
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Pressure Measurement Made by the Utilization of Ruby 

Sharp-Line Luminescence 

Abstract. A rapid, convenient technique for precision pressure measurement in 
the diamond-anvil high-pressure cell, which makes use of the sharp-line (R-line) 
luminescence of ruby, has been developed. The observed shift is -0.77 ? 0.03 
reciprocal centimeters per kilobar for RI and -0.84 ? 0.03 reciprocal centimeters 
per kilobar for R2 to lower energy and is approximately linear in the range 
studied (to 22 kilobars). Line-broadening has been observed in some instances and 
has been tentatively identified with nonhydrostatic conditions surrounding the 
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also because they were used in an 
earlier report which described the cali- 
bration of nickel dimethylgloxime as 
a pressure standard (4). The data were 
treated by least-squares curve-fitting 
and were plotted on the graphs shown 
in Fig. 2. The graphs indicate that the 
line shift is linearly proportional to the 
pressure up to the highest calibration 
point used with a slope of -0.77 ? 0.03 
cm-1/kbar for R1 and -0.84 + 0.03 
cm-~/kbar for R2. The standard devi- 
ations shown here represent the statisti- 
cal variations. 

In principle, the room-temperature 
luminescence line width of 11.0 cm-1 
(7) allows a calibration of pressure to 
within a fraction of a kilobar. In this 
work, however, a standard deviation 
of 1.5 kbar was calculated, which means 
that other uncertainties of approxi- 
mately 1 kbar exist. 

In the case of Cr3+ in A1203 the de- 
pendence of the wavelength on pressure 
probably cannot be calculated theo- 
retically at this time. Our measure- 
ments indicate that the shift is, how- 
ever, linear, at least to 22 kbar, un- 
der the assumption of the fixed points 
listed in Table 1. The small compressi- 
bility of the sapphire host lattice (8) 
makes it unlikely that there will be a 
great departure from this observed 
linearity in the usable range of the 
diamond cell. 

We have chosen the R-lines of ruby 
for the measurement for several rea- 
sons. In earlier pressure measurements 
made by optical means broad lines or 
bands have been involved (4). In the 
case of broad lines, one must assume 
that the band shape does not change 
with pressure, but this, in the previous 
cases studied, is obviously not the 
case. In ruby purely electronic transi- 
tions are responsible for the R-lines, 
and there is no Stokes shift present. 
The transitions take place between the 
2E and 4,2 crystal field split states of 
the Cr3+ ion. The 2E state is split into 
two states E and 2A, and it is this 
splitting which is responsible for the 
two peaks. Actually each peak in the 
spectra of Fig. 1 is a doublet with a 
splitting of 0.38 cm-1 coming from the 
splitting of the ground state 4A2 into 
Kramer's doublets. This splitting is ob- 
servable only at low temperatures. 

Our values for the shift of the 2E 
levels (-0.77 ? 0.03 and -0.84 + 0.03 
cm-1/kbar are in fair agreement with 
earlier results. Langer and Euwema (9) 
reported a constant of -0.90 ? 0.05 
cm-1/kbar for the pressure coefficient 
of the ruby R-lines up to 10 kbar ob- 
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Fig. 2. The shift in the R-line lumi- 
nescence of a crystal of ruby as a func- 
tion of pressure to 23 kbar: (A) R1 
shift; (B) R2 shift. 

tained by an absorption method. How- 
ever, in that report it is not clear at 
what temperature this result was ob- 
tained, and neither is it clear to which 
line this constant refers. Paetzold (10) 
reported similar data up to 1 kibar also 
by an absorption method. His values 
at 290?K are -0.93 cm-1/kbar for 
RL and -0.82 cm-1/'kbar for R2. Be- 
cause ruby R-lines have a large tem- 
perature coefficient [approximately 
-0.14 cm-1/OK at room temperature 
(7)], the sample temperature is of 
vital importance in all measurements 
made by this technique. The thermal 
shift at room temperature corresponds 
to a pressure shift of approximately 
0.17 kbar/?K. Hence, care should be 
taken that the excitation light does not 
heat the ruby sample, although it must 
be of sufficient intensity to provide 
detectable signals. 

The spectrum for a sample of ruby 
placed in the cell with CC14 and at a 
pressure which produced an equilibrium 
mixture of phases III and IV is shown 
in Fig. 1, curve C. A large broaden- 
ing is observed for the luminescence 
lines which we think is an indication 
of a nonhydrostatic environment. The 
transition III-IV in CC14 is known to 
be sluggish and usually requires thermal 
energy in order for it to occur. The 
shifts indicate an average pressure of 
40 kbar, a pressure at which we know 
from other measurements that no 
broadening of the ruby lines occurs 
in a hydrostatic environment. This ex- 

ample illustrates the potential of the 
technique in identifying and studying 
nonhydrostatic phenomena. 

Preliminary measurements at higher 
pressures in which lattice parameters of 
NaC1 were used to calibrate the pres- 
sures indicate no significant departure 
from linearity to 70 kbar and no deg- 
radation of the line shape of the lu- 
minescence. We are also extending the 
range of measurements with the ruby 
to determine its temperature limita- 
tions. On the basis of data in the liter- 
ature, it appears that the luminescence 
is useful to approximately 200?C. 
Above this temperature line-broaden- 
ing effects become dominant. At low 
temperatures the technique should be 
somewhat more precise because the 
lines become somewhat sharper (7). 
The thermal shifts of the peaks will 
require accurate temperature control 
to give precise pressure measurements. 
Because A1203 is chemically quite in- 
ert, it is almost an ideal material for an 
internal pressure sensor and, after ac- 
curate calibration, may be useful as a 
secondary pressure standard. The in- 
ertness of the ruby makes it likely that 
experiments involving temperature cy- 
cling above 200?C will not destroy the 
usefulness of this measurement tech- 
nique. 
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