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An X-ray camera for use at high pressure and low temperature was designed to measure 
the lattice parameter of NaCI as a function of pressure up to 80 kbar at liquid nitrogen tem
perature. The cbange in pressure on cooling the clamp vessel was corrected by using the lattice 
parameter-pressure relation of Si at room temperature. The result on the pressure-volume 
relation of NaCI is in agreement within tbe experimental error with simply extended Decker's 
calculation of the equation of state of NaCI. 

§1. Introduction 

Recently Decker l
,2) calculated an equation 

of state of NaCI up to hundreds kilo bars at 
elevated temperatures by using the vibrational 
Mie-Griineisen equation in order to establish 
the calibration of pressure in high-pressure 
high-temperature apparatus. Since his calcula
tion agreed with the results of both the dynamic 
compression and the static compression, it has 
been used as a reliable scale of pressure. 

On the other hand, a strong requirement 
began to arise to calibrate high pressure 
precisely at lower temperatures as the high 
pressure technique has been employed in the 
solid state physics. Similarly to high tempera
ture experiments, a pressure calibration estab
lished at room temperature can not be used 
directly for low temperature experiments 
because of the changes in thermal and elastic 
properties of a pressure transmitter. The pres
sure dependence of su perconducting transition 
temperature Te of metals such as tin and lead 
is often used as a low temperature manometer. 3) 

However this method is not established, since 
the pressure calibration itself involves a 
problem as to measuring the pressure effect 
on Te, though there is an exception of the 
careful measurement by Jennings and Swen
son4

) who used solid parahydrogen as a trans
mitter to produce quasi hydrostatic pressure 
up to 10 kbar. 

It seems that Decker's method of pressure 
calibration by using the equation of state of 
NaCI can still be used at lower temperatures, 
although he did not calculate the equation at 
the temperature below O°C. In order to extend 
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Decker's calculation to the lower temperature 
range, one needs to check his assumption that 
the Griineisen parameter is a function of volume 
only and to see if it is applicable in the range 
of high pressure and low temperature of interest. 
The purpose of this paper is to develop a high
pressure low-temperature X-ray camera and to 
examine the va lidity of the extended Decker's 
calculation by measuring lattice parameter of 
NaCI under pressure at liquid nitrogen tem
perature. 

§2. Experimental 

2.1 High-pressure and low-temperature X-ray 
camera 

A camera was designed to obtain Debye
Scherrer patterns of substances under condi
tions of high pressures and low temperatures. 
As shown in Fig. I, the camera consists of a 
pressure clamp vessel , a frame with a film 
cassette, and a dewar. The clamp vessel has 
almost the same structure as a room tempera
ture camera previously reported.5) The whole 
part of the clamp vessel except Bridgman 
anvi ls was made of copper-beryllium alloy 
because of its ductility at low temperatures. A 
collimator consisting of two circular apertures 
with diameter 0.3 mm separated by a distance 
20 mm is contained in the body of the clamp 
vessel. A boron-epoxy cell of 3.0 mm in 
diameter and 0.5 mm in thickness with a pow
dered sample at its center is placed between 
Bridgman anvils made of tungsten carbide. 
After pressure is clamped with the same method 
as described in a previous paper,5) the clamp 
vessel is suspended by a stainless steel bar from 
the center of the ceiling of the frame so as to 
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Fig. 1. Cross section of high-pressure and low

temperature X-ray camera. 
1) pressure clamp vessel 2) frame 3) film 4) dewar 
5) sample in boron-epoxy cell 6) Bridgman anvil 
7) stainless steel bar 8) pinhole collimator 9) mylar 
sheet 10) beamtrap with fluorescent screen 11 ) 

. heating co il 12) helm with indicator, and scale 13) 
nut. 

construct a 172 mm diameter Debye-Scherrer 
camera. 

A dewar is inserted between the clamp vessel 
and the frame. A sample can easily be held at 
77K by putting the clamp vessel into liquid 
nitrogen. Intermediate temperatures, when 
necessary, can be obtained by using ethyl 
alcohol, isopentane, and other suitable fluid 
cooled by liquid nitrogen instead of liquid 
nitrogen itself. The temperature was measured 
with a copper-constantan thermocouple at
tached to an anvil near a boron-epoxy cell. In 
order to prevent the film cassette and a film 
from shrinking due to conduction cooling, the 
temperature of the frame was kept at room 
temperature by winding heating coils around 
the frame. The dewar has an opening for 
admitting an incident X-ray and a slot for 
extracting X-rays diffracted in the angle range 
- 50 ° < 2e < + 50 0 . These opening and slot 
are covered on both sides with mylar film 
transparent to X-rays. In order to protect a 
coolant from filling the gap between the anvils 
and absorbing the X-rays, the collimator and 
the slot of the clamp vessel are also covered 

with mylar film. In addition, a clearance be
tween the inside of the dewar and the outside 
of the clamp vessel was designed to be as small 
as possible to minimize the absorption and the 
scattering of the X-rays by a coolant. 

At each run, the frame was placed at the 
definite position in front of the X-ray tube. 
Then the height and the direction of the clamp 
vessel were adjusted relative to the frame with 
the aid of a nut and a helm respectively, so that 
the collimated beam was observed at the center 
of the fluorescent screen. The readjustment of 
the height was necessary, because the clamp 
vessel and the stainless steel bar shrinked on 
cooling. 

Filtered Mo KIX radiation from a Rigaku 
Denki RU-3H rotating anode X-ray generator 
was used . It took 1.5 hours to obtain diffrac
tion pattern of NaCI or Si at high pressure and 
low temperature at an output of 50 kV and 
80 rnA. The diffraction pattern obtained at 
liquid nitrogen temperature was as clear as 
that obtained at room temperature. The preci
sion of lattice parameter determination by 
using the present camera is approximately 
±O.l %. 

2.2 Pressure determination 
The value of the pressure clamped at room 

temperature was easily determined from the 
measurement of the lattice parameter of NaCI 
on the basis of Decker's calculation 2

) of equa
tion of state of NaCI at 25°C. Preliminary 
measurements showed clearly that this pressure 
gets intensified when the clamp vessel is cooled . 
This is mainly due to a difference in thermal 
contraction of load-bearing members (copper
beryllium clamp vessel, tungsten carbide anvil, 
and boron-epoxy cell). A large amount of 
pressure intensification was also reported by 
Christoe and Drickamer6) who developed a 
clamp cell for high pressure X-ray and M6s
sbauer resonance studies. 

In the present study the following method 
was employed to determine directly the pres
sure at a sample at low temperature. If thermal 
expanSIOn is negligibly small compared to 
compressibility, a lattice parameter-pressure 
relation at room temperature can be employ'ett 

( .. 
for the pressure calibration at low temperatures. 
For this purpose Si was adopted in this ex
periment. Namely, the compressibility of Si 


