triplet state transitions. Since spectro-
photofluorometers are now in wide use
and can so easily be adapted to the
measurement of fluorescence polariza-
tion, this technique should now be
readily available to many laboratories.
RaymonDp F. CHEN
ROBERT L. BoOwMAN
Laboratory of Technical Development,
National Heart Institute,
Bethesda, Maryland 20014
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Pressure Dependence of the Alpha-Beta

Transition Temperature in Silver Selenide

Abstract. The pressure dependence of the a-8 transition temperature in Ag:Se
was determined by observing the temperature at which the sharp change in
resistivity occurs when Ag:Se is transformed from the low-temperature ortho-
rhombic to the high temperature body-centered-cubic form. The transition tem-
perature increased from 133°C at 1 atmosphere to 298°C at 47 kilobars. The
value of AHy, the heat of transformation, of 2.19 kcal/mol measured calorimet-
rically agreed well with the value calculated from dT/dP of the transition.

The silver and copper chalcogenides
have well-characterized (I, 2) poly-
morphic transitions to cubic structures

change in resistivity occurs when Ag:Se
is transformed from the low-tempera-
ture orthorhombic form (3, 4) (a-Ag:-

centered-cubic form (f-Ag:Se). Under
atmospheric pressure, this transition oc-
curs at about 133°C. Pressure depend-
ence of the transition temperature up
to 47 kb was determined by resistance
measurements. The samples were poly-
crystalline cylinders and rectangular
parallelepipeds cut from an ingot pre-
pared by the horizontal Bridgman tech-
nique and then cooled slowly through
the transition region. The sample had
carrier concentrations of about 2 X
10" cm™ at 77°K. Measurements of
resistivity versus temperature were made
at atmospheric pressure by a four-lead
method. At higher pressures, measure-
ments were made in the tetrahedral-
anvil press by a two-lead method previ-
ously used to investigate the P-T dia-
gram of InSb (6). The high pressure
cells were calibrated with the Bi I-II
(25.4 kb) and the Tl I-IT (37 kb)
transitions (7). The four-lead method
was also used to mecasure resistance at
room temperature as a function of pres-
sure to 40 kb. No appreciable change
in resistance was observed. X-ray pow-
der patterns taken at more than 45 kb
also showed no phase change at room
temperature.

Typical data for relative resistance
versus increasing temperature are given
in Fig. 1 for atmospheric pressure and
47 kb. At all pressures the resistance
increased sharply over a range of 10°
to 20°C when the samples were heated
through the transition point (Fig. 1).
Baer et al. (8) also observed an in-
crease in resistivity on heating a sample
which had been converted to the low-
temperature form by cooling from a
temperature a little above transition.
This treatment is similar to those used
in preparation and measurement of our
samples. In experiments on samples

at clevated temperatures. A sharp Se) (5) to the high-temperature body-
¢
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Fig. 1 (left). Relative resistance (R/R.) versus temperature for Ag.Se at atmospheric pressure and at 47 k‘b.. At‘atmospheric pressure,
resistivity in ohm-cm is equal to (1.02 X 10°) X (R/Ro). Fig. 2 (right). Temperature of «-8 transition in Ag.Se versus pres-
sure. Cross indicates data of Roy et al. at 1115 atm (9).
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converted by cooling slowly from 700°
to 900°C, Baer et al. (8) observed a
decrease in resistivity on heating through
the transition point. A decrease in
resistivity was also observed by Junod
(2). To explain their results, Baer et al.
(8) have proposed two modifications
of the low temperature phase. At at-
mospheric pressure the sign of the
temperature coefficient of resistivity is
negative for a-Ag:Se and positive for
B-Ag:Se. This change in sign is ob-
served for pressures up to about 15 kb,
but at higher pressures the temperature
coefficient is negative for both phases
(Fig. 1). At most pressures the S—a
transition on cooling occurred 15° to
25°C lower than did the «—>f transi-
tion on heating.

Transition temperatures (obtained
from graphs of resistance plotted against
temperature, as temperature increases)
are plotted against pressure in Fig. 2.
For each pressure the transition tem-
perature was taken as the temperature
at which the resistance began to rise
steeply. Roy et al. (9) observed an in-
crease of 8.0°C in the transition tem-
perature at 1115 atm with differential
thermal analysis (DTA). As shown in
Fig. 2, this point falls on the smooth
curve connecting my data. The in-
crease in transition temperature with
pressure is consistent with crystallo-
graphic evidence that SB-Ag.Se (2) is
less dense than «a-Ag:Se (7, 3, 4). [The
face-centered tetragonal «-phase pro-
posed by Junod (2) had lattice param-
eters which gave a molar volume which
is inconsistent with the experimental
data.]

The heat of transformation (AH:)
has been calculated from the pressure
data by applying the thermodynamic
relation (d7/dp) = TAVw/AH. The
initial slope of the curve of the transi-
tion temperature plotted against pres-
sure from the data of Roy (9) is d7/
dp = 7.0°C per kilobar. The transition
temperature is 406°K. The molar vol-
umes (V) of the a and B phases cal-
culated from lattice parameter data are
35.57 cm'/mol (3) and 37.36 cm*/mol
(2), respectively. The AH: calculated
from these values is 2.5 kcal/mol. Roy
et al. (9) obtained AH: = 1.678 kcal/
mol by using a molar volume for the
low-temperature phase calculated from
their measured density of 8.14 g/cm’.
The molar volume used in my calcula-
tion corresponds to a density of 8.29
g/cm®

Since the present calculated AH: did
not agree with reported values (1.68,
1.61 kcal/mol) determined from heat
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capacity measurements (8, 70), a calori-
metric measurement of AH. was made
with a Perkin-Elmer Model DSC-1 dif-
ferential scanning calorimeter (/7). In
this apparatus the sample and a stand-
ard are sealed in aluminum foil, heated
or cooled at a constant rate, and the
differential power necessary to keep the
sample and standard temperatures equal
throughout the run are recorded and
integrated. For the measurements on
Ag:Se the calorimeter was calibrated by
melting-freezing runs on high purity
indium metal (7% = 156.6°C, AH» =
0.78 == 0.02 kcal/g-atm). The a—f
transition on heating began at 132.5°C
and the B—« transition on cooling be-
gan at 113°C, in good agreement with
the temperatures observed in the resis-
tivity measurement. The AH: for Ag.Se
was 2.19 kcal/mol.

In calculating the AH: from pressure
data the values of V@, and VB. were
obtained from lattice parameters meas-
ured at 298° and 443°K, respectively.
Therefore, the value of AVa. used in
the calculation is greater than the actual
value at the transition temperature. Use
of the value of AVa at 406°K would
reduce AH: and improve its agreement
with the result obtained calorimetri-
cally. Roy et al. (9) made such a cor-
rection by measuring the increase in
lattice parameter of the cubic high
temperature phase with increasing tem-
perature and by assuming the same ex-
pansion coefficient for the low tempera-
ture phase. However, they gave no data
which could be used to correct the
present calculations.

Screw Dislocations in Graphite

An unpublished (/2) DTA resulting
in AH: = 2.36 == 0.59 agrees better
with the AH. values obtained in this
study than with the values from heat
capacity measurements. The discrep~
ancy between the heat capacity results
and those obtained by other methods
may be due to the existence of the two
modifications of the low temperature
phase proposed by Baer et al. (8). This
difference of about 0.7 kcal/mol may be
heat of ordering which they discussed,
but for which they assigned no value.

Mario D. BaNus
Lincoln Laboratory*, Massachusetts
Institute of Technology, Lexington
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Abstract. Graphite contains varying concentrations of screw dislocations whose
Burgers vector parallels the c axis. Single crystals of natural graphite contain
very few such dislocations; furthermore, their Burgers vector always exceeds
450 angstroms. Pyrolytic graphites annealed above 3000°C contain abundant screw
dislocations, ranging from 10° to 5 X 10° per square centimeter in two different
samples prepared by somewhat different methods. The Burgers vectors of these

screws are predominantly 3.35 angstroms.

A decoration technique has been
developed (7, 2) which can render in-
dividual lattice vacancies in graphite
visible for electron microscopy. The
method consists of cleaving the crystal
to a thickness of a few hundred ang-
strom units, etching in a gas (usually
a mixture of O: and Cl:) which expands
surface vacancies to any desired diam-
eter without increasing their depth, and
finally decorating with minute amounts

of gold. This method reveals other lat-
tice defects besides vacancies, and in
particular can be used to identify screw
dislocations by the extra surface step
which originates on the dislocation (7).
I now report that the screw dislocations
can actually be “unravelled” by suitable
etchants like carbon dioxide which react
faster at linear than highly curved sur-
face steps. After the core of the screw
has been etched away, the remaining
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