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Studies of (1) Actinide and Lanthanide Ions and

(2) Organic Molecules in Triplet States by

Magnetic Resonance  Methods:

0. Approximate amount  of  time or effort  of ·.principal investigator.

0.1.  My letter dated 1970 December 29 to Dr. Robert P. Epple,

is an accurate description  of time spent  in the  past  and  of  time

that will be spent during the remainder of the current term of the

contract.

1.  Apparatus.

1.1.  A new X band microwave electron paramagnetic resonance

spectrometer has been constructed. This spectrometer provides

for rotation of the crystal sample at low temperatures as well as

for rotation of the magnetic field about a perpendicular axis.

All bf our microwave spectrographs, EPR, ENDOR, EEDOR, are

now mounted on interconvertible plug in mounts for use with any of

our cavity assemblies at either of our cryogenic stations.

1.2. We have constructed a new K band microwave spectrometer incor-

.porating required  design features for'the study of photoexcited

states of both organic molecules and f electron ions.
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1.30  Our zero field magnetic resonance spectrometer has been

reconstructed so as to permit the rotation of crystal samples

with respect to the microwave polarization while the crystal is

in place in the spectrometer at superfluid helium temperatures.

This refinement permits the observation of different zero field

transitions in the same crystal. sample without removing and re-

mounting the crystal.

1.4.  ENDER spectrometers have been. revised to provide for an

oscilloscopic display of ENDOR signals.  This greatly facilitates

and speeds up the gathering of ENDOR data.
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2.  Research during the period 1970 December through 1971 October.

2.1,  f Electron Systems in Single Crystals.  (See references

3.2. and 3.4. on attached list of.publications.)

2.1.1.  The electron nuclear double resonance ENDOR'·spectra of

147 +3 149Sm+3 ions occurrin  substitutionally at La+3Sm   and of

ion sites in LaC£3
single cry tals hsve been campletely inter-

preted. The values obtained for nuclear magnetic dipole moments

and their isotopic ratios and the values obtained for the isotopic

ratios of the electric quadrupole moments, compare favorably with

respect to accuracy, with the best atomic beam values of these

quantities for similar systems.

147 +3 11,9 +3We have utilized our ENDOR data for  , Sm and "+ Sm to

elucidate the questions which have arisen in the past concerning

the extremely large Sternheimer antishielding factors which have

been postulated and calculated for f electron ions. Our measure-

ments show the validity of these very large values, for the anti-

shielding factors.

352.1.2.  Work has been continued on the investigation of the cr
and 37(l- ENDOR studies of superhyperfine interactions between the

f electrons of Sm+3 and the CE- ions in LaC£3 single crystals.

The data gathering is nearly completed.  It has been necessary to

extend the experiments to additional frequency ranges in order to

effect an interpretation of the Cf nuclear quadrunole interaction

effects.
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201.3. Vety great progress has been made in the interpretation of

the ENDOR spectra  of' NpF6 dilutely substituted  i.zi  UF6· and  in the
obtaining of the values of the superhyperfine interactions between

the f electrons and the 19F nuclei.  It has been possible to

obtain  with high accuracy the values   of   the   ani sotropic tensor

components for the f electron . Zeeman interaction and of the

237Np  -f electron hyperfine interactions. The extremely high

resolution which has been obtained iii these spectra has permitted

the individual analysis of hyperfine interactions of the four

different kinds of F which occur. in NPF6 in the single crystal.

2.104. We have met with notable success in our opening up of the

new field of investigation of photoexcited states of trivalent

rare earth ions in single crystals„  We have obtained and now have

completely analyzed the electron paramagnetic resonance spectra of
7                                  -

two photoexcited states of -LL, 5 Nd-1-3    loris    in LaC83
single crystals.

We have analyzed the anisotropic tensor Zeeman interactions, the

anisotropic tensor 145Nd hyperfine interactions, and the Nd145

electric quadrupole interaction for these two photoexcited states.

This is the first investigation of these properties for any photo-

excited state of any trivalent rare earth ion, in spite of the

extremely vast literature on the paramagnetism and magnetic spectra

of the ground states of these ions and the very great amount of

theoretical study of these excited states.
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2.2.  Organic Molecules in Triplet States.  (See references 3.1.,

3.3., 3.5., 3.6., on attached list of publications.)

2.2.1.  The transfer of triplet excitation energy from phenanthrene

molecules dilutely substituted in diphenyl single crystals to

naphthalene molecules similarly dispersed in the same host crystal,

at approximately 1.5'K, has been observed and investigated by mag-

netic resonance methods. This type of energy transfer in crystals

is quite different from the thermally activated transfer which

has been studied in our laboratory for some years. This transfer

occurs by dynamical processes which take place during the irradiation

of these crystals at temperatures, 1:5'K and lower, i.e. far

below the temperature, 85' K, only above which thermally activated

transfer occurs.  A series of experiments has been designed and

executed, which have served in a very definitive manner to exclude

anumbermfa priori possible (and prosposed) mechanisms for this

dynamical transfer, and to indicate the actual process responsible

for the transfer.

2.2.2.  An investigation of the trapping of triplet excitation on

protonaphthalene  molecules dilutely substituted in deuteronaphtha-

lene molecules has revealed very interesting new effects related

to the trapping of a triplet excitation on a pair of juxtaposed

guest molecules, a type of trapping which was observed  some time

ago by other workers.    We  have  been  studying the proton hyperfine

interactions at these double trapping sites and have observed
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anomalous effects of extreme j.nterest. These effects promise
#

increased insight into the nature of these traps and the processes

of triplet energy transfer in crystals.

2.2.3. We have continued our studies of proton hyperfine inter-

actions in photoexcited triplet states of aromatic molecules in

single crystals. Our effort has been concentrated on simple

systems and we are currently investigating these interactions in

the lowest triplet state of benzene-d4 in which only the 2 protons

give large hyperfine interactions.

2.2·.4.   We have initiated studies of methylene  in its ground triplet

states in single crystals. The preparative apparatu.s has been

completed and preparations have been made. Some preliminary

attempts at obtaining magnetic spectra of this molecule in single

crystals of fluorocarbons have been made.

2.2.5.  We have begun an investigation of the magnetic resonance

spectra, in particular the ENDOR spectra, of sandwich compounds

of  vanadium .
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3.     Publications.

3.1. David C. Doetschman and Clyde A. Hutchison Jr.

Electron Paramagnetic Resonance and Electron Nuclear

Double Resonance Studies of the Chemical Reactions of

Dlphenyldiazomethane and of Diphenylmethylene in

Single 1,1-Diphenylethylene Crystals.

J. Chem. Phys. 00, 000 (1971). Preprint attached.

3.2. I. Y. Chan and Clyde A. Hutchison Jr.

Electron Nuclear Double Resonance of Samarium 147
and Samarium 149 Tripositive Ions in Lanthanum

Trichlorlde Single Crystals.

Phys. Rev. 00, 000 (1971). Preprint attached.

3.3.   Richard H. Clarke

Magnetic Resonance Studies of the Deuteration Effect

on Intersystem Crossing in the Anthracene Molecule.

Chem. Phys. Letters 00, 000 (1971). Preprint attached.

3.4.           Richard H. Clarke and Clyde A. Hutchison    Jr.

Electron Paramagnetic Resonance of Photoexcited n

States of Nd in Single Crystals of La CE .+3 3 ,
Phys. Rev. Letters 27, 638, (1971). Reprint attached.

3.5. Richard H. Clarke and Clyde A. Hutchison Jr.

Electron Nuclear Double Resonance of Photcexcited

Anthracene Molecules in Their Lowest Trlplet State

in Phenazine Single Crystals.

J. Chem. Phys. 54, 2962 (1971) Reprint attached.
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3.6.   Nicholas A. Ashford and Clyde A. Hutchison Jr.

Paramagnetic Resonance Absorption and Triplet State

Energy Transfer of Photoexcited B-Methylnaphthalene

Molecules in Naphthalene Single Crystals. »1«'f
J. Chem. Phys. 54, 1165 (1971) . Rerrint attached.
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