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Communications

Temperature Coefficient of Resistance of
Iodine and Selenium at High Pressure*
B. M. Ric6LEMAN AND H. G. DRICKAMER

Department of Chemistry and Chemical Engineering,
Universily of Illinois, Urbana, Illinois

(Received May 14, 1962)
N a recent paper! the resistance of sclenium and

iodine was presented as a function of pressure to
several hundred kilobars. For sclenium, a discontinuity
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Tic. 1. Resistance vs temperature, selenium-170 kbar.
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in the pressure-resistance curve was observed at
128 kbar. Since this coincided with the pressure where
the optical absorption edge extrapolated to zero,? it was
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116, 2. Resistance vs temperature, iodine=280, 300 kbars.

proposed that this corresponded to the disappearance
of the energy gap between conduction and valence
band and the beginning of metallic conduction. For
iodine, there was a discontinuity in the slope of the
resistance-pressure curve at 235 kbar which again
coincided with the point where the absorption edge
extrapolated to zero. It was proposed that this again
represented the beginning of metallic conduction.
Recently, it has been possible to extend our high-
pressure clectrical measurements to liquid-nitrogen
temperature.® The resistance cell is just as previously
described,*® but the press has been modified. An
accurate pressure calibration at low temperature has
not yet been established. The technique used largely to
date has been to apply pressure to the desired level
measuring resistance, then to cool quickly to nitrogen
temperature maintaining constant applied force, and
to warm slowly measuring resistance. At room tem-
perature and at nitrogen temperature there is negligible
Seebeck effect on the leads. At intermediate tempera-
tures, while warming, the effect must be measured and
the resistance corrected. In Fig. 1 is a typical run for
selenium at 170 kbar. The resistance is indeed metallic
and increases as 7°7. (Since no correction for contact
resistance has been made, the exponent may actually
be larger.) Figure 2 presents two runs on iodine at 280
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and 300 kbar. Again the resistance is metallic with a
temperature dependence of 7%, X-ray experiments
are being planned to determine the structure and
interiatomic distances in both materials at high pressure.

*This work was supported in part by the U. S. Atomic Energy
Commission.
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Electron Magnetic Resonance of Triplet
States-and the Detection of Energy
Transfer in Crystals*

R. W. BrRaNDON, ROGER L&, GERKIN, AND
Crype A. HUTCHISON, JR.

Enrico Fermi Inslitute for Nuclear Studies and Departnient of
Chemistry, University of Chicago, Chicago 37, Illinois

(Received May 15, 1962)

FINILE transfer of excitation energy from molecules of
A one chemical species in triplet states to molecules
of a second species with production of triplet states in
the second species has been previously observed in
liquid solutions® by optical methods and in glasses by
both optical methods? and electron magnetic resonance
methods.* We here report the observation, by means of
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clectron resonance, of transfer of energy in single
crystals from optically excited phenanthrene molecules
to naphthalene molecules with creation of triplet
states in the latter. This transfer has been observed in
single crystals of the two species in biphenyl.

The magnetic spectra show that both species occurred
as oriented molecules having gone into the biphenyl
structure substitutionally for biphenyl molecules and
having their principal magnetic axes parallel to those
of the biphenyl molecules.

Observations of magnetic resonance of triplet states
of phenanthrene and of naphthalene occurring together
and separately as solutes in biphenyl crystals have
been made at the boiling point of liquid nitrogen both
(a) at high fields using 2.3 10" sec™! radiation and
(b) at fields of 75 to 4 G using radiation of appropriate
frequencies. The mole fractions of phenanthrene and
naphthalene in biphenyl were approximately 91073
and 5X 1074, respectively, as determined by ultraviolet
absorption. We have observed the ratios of (a) the
intensities of the resonance signals of the crystalline
solutions in the presence of a high-frequency cutoff
filter between the light source and the crystalline solu-
tion to (b) the intensities in the absence of such a
filter. The filter consisted of a 12.8 g liter~! solution of
naphthalene in iso-octane as described by Kasha.A The
light source was an A-H6 lamp. In Table I we list the
values of these ratios.

The change in temperature of a single crystal of
phenanthrene in biphenyl upon insertion of the filter
was measured at-the temperature of the experiments
and found to be —3°K. The change in (D— £) /kc for
naphthalene with temperature was found to be
—1.3%X107% cm™ deg™' at the temperature of the
experiments. The changes in transition frequencies

TasrLe I.

Intensity with {filter

Intensity without filter

Value at

nitrogen Magnetic Value at
cviously Solvent Solute resonance low ficld high field DA-Lifhe em™  D—1i/hc em™  —=2/[5/hc em™
ied. An
fure has i Naphthalene
o+ ! Biphenyl Naphthalene 0.290 0.35 0.08373 0.11469
rgely to ) Phenanthrene +0.015 =£0.04 =+0.00003 =+0.00003 (0.03096)»
ed level !
nitrogen ! Biphenyl Naphthalene  Naphthalene <0.011 <0.076 0.11476 e
cce, and { =40.00002
) \g
. l Naphthalene )
m tem- { Bipheny!l Phenanthrene 0.530 0.44 0.03385 0.14700 B
egligible " Phenanthrene =+0.008 =+0.07 =+0.00002 =0.00001 (0.09315)
Gmpera.- | Biphenyl Phenanthrene  Phenanthrene 0.491 0.4 0.035387 0.14701 0.09315
red and E +0.006 +0.04 =+0.00002 =+0.00002 =+0.00003
run 1flc‘)r { Durene Naphthalene  Naphthalene - seie 0.08708 0.11529 (0.02821)»
mete -
ctaliic ! Fluorene Phenanthrene - Phenanthrene sine siaie Lo e 0.09045
contact { =+0.00003
actually !
e at 280 ’ % Calculated from other-entrics in the row.
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