





















































continued to be the now low-flux Graphite Reactor.
Only toward the end of this period, with the
commissioning of the ORNL Research Reactor
(ORR) in 1958, did ORNL obtain a more intense
neutron source. Because of this low flux, the
experiments carried out by the group then in the
Physics Division (Wollan, Shull, Koehler, Wilkin-
son, Cable, and Child) and that in the Chemistry
Division (Levy, Peterson, Busing, and Smith)
continued to be elastic scattering experiments in
which the final momentum of the neutron is
measured, but at the same energy as that of the
neutrons incident upon the sample—crystal struc-
ture, magnetic structure, magnetic disorder in
alloys, etc.

In 1955, at Chalk River, B. Brockhouse and his
associates initiated their studies of inelastic
neutron scattering. In such experiments the
energies as well as the momenta of the scattered
neutrons are measured. Brockhouse et al. devised
the first triple-axis crystal spectrometer and
invented the now commonly used constant
(wave vector) and constant E (energy) methods of
operating the instrument. Because the energies of
neutrons having wavelengths that approximate
interatomic spacings are comparable to the
energies of excitations in solids (phonons, mag-
nons, crystal field energy splittings, etc.), the
energy gain or loss of the neutrons on scattering is
readily measurable. Neutron inelastic scattering
measurements can provide a wealth of informa-
tion about the interatomic forces in solids as well
as about the strength of magnetic exchange
interactions, to cite just two examples. Such
experiments require high incident intensity,
however, and were not attempted at the Oak Ridge
Graphite Reactor.

When the ORR came on line in 1958, it gave
Oak Ridge a Ai=*=~t if brief, edge in neutron
sourc treng ORR (and its sister reactor,
the Materials _._.____ Reactor), having a flux of
the order of 3 x 1014 neutrons cm-2 sec~!, was then
the world’s most intense neutron source used
primarily forresearch. The programs that used the
Graphite Reactor were transferred to the ORR but
with new and more elegant instrumentation. It
was during this time that Levy and his group
developed their automatic, four-circle diffractome-
ter, and Wollan and his group developed the
rotatable magnetic field diffractometer with
which many of the exotic magnetic structures and
structure transformations in the rare earth metals
and alloys were determined.
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In 1964, Wilkinson, who 1
the Solid State Division, anc
had transferred into the sar
Chemistry Division, set uj
neutron spectrometry progr:
struction of a triple-axis spec
They were subsequently join:
and later by H. A. Mook. Th
completed at this instrumen
lattice dynamics of copper
temperature, with special atte
effects. Investigations of oth
or more difficult problems i
such as are found in galliur
started, but they were not c
lack of intensity in the neutro
later finished at the HFIR.)

Meanwhile the design ¢
the Oak Ridge High Flu
(HFIR) was under way,
instrumentation for this res
With the startup of the HFIE
had, and has to this day,
neutron source for research
physics group, which had be
Moon, transferred into the S
Ernie Wollan at this time w
retirement, but he continued
to take an active interest in
division.

At first, three of the fo
holes at the HFIR were inst
HB-3, which is a tangenti:
equipped with a conver
spectrometer of exceptionally
construction. Under optimum
at the sample on this ins
passed anywhere. At HB-1, ar
in this country and duplic
at the Institut Lauel e
This is a triple-axis, polariz
eter, the analyzing cryst
polarization-sensitive. With
final momentum, final ener;
state of the projectile neutr
This constitutes the m:
information about the target.
HB-2 was installed by the
Group, now expanded to inclu
and George Brown. At HB-2,"
HFIR is exploited to permi
determinations at high reso
organic compounds. Each












This is an NMR spectrum of a sample derived from the
controlled oxidation of coal, mostly the methyl ester of
1,2,4-benzene tricarboxylic acid. V. F. Raaen obtained
the sample from a complex mixture of acids after
methylation and separation on the gas chromatograph.
The upper trace was taken at higher resolution,
expanded scale, so that the peak separations can be
measured. The histogram represents the number of
hydrogens giving rise to the peaks.

explains. “Other nuclei with a spin greater than
% possess an additional property, a quadrupole
moment, which interacts with the magnetic
moment, resulting in short relaxation times and
very broad NMR signals.”

“Fortu—-‘ely,” Benjamin says, “one of the
most abunaant elements in organic compounds,
hydrogen, has a spin of % and a large magnetic
moment, making it extremely useful for NMR
studies. Hydrogen atoms at different positions in
organic compounds are subject to slightly
different internal magnetic environments
because of the circulation of electrons; hence,
they absorb rf energy at slightly different
frequencies in a static external magnetic field.
Thus, a methyl group (CH;) will give a signal at
a different place in the spectrum from a hydroxyl
(OH) group. This property is known as the
‘chemical shift.” It is also immediately apparent
that the intensity of the methyl signal is three
times that of the hydroxyl signal. The areas
under the signal (shown as peaks on the recorder
chart) are proportional to the number of
hydrogens giving rise to the signal.”

Hence, the varying intensities (areas) of the
peaks in the spectrum indicate the number of
hydrogen atoms in the complex molecules and
their relative chemical shifts in relation to the
position of the hydrogens in the molecule as well
as the other kinds of atoms in the environment of
the hydrogen. Some hydrogen NMR signals are
quite complex; that is, they are split into a
number of components. The appearance or
complexity of the signal depends on the number
of near neighboring hydrogens and their
distribution i1n space. These splittings are a
result of spin-spin interactions known as
“coupling constants.” By analyzing the three
kinds of information in the spectrum (chemical
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shifts, intensities, and coupling c
ORNL researchers can determine the
and composition of chemical compounc

The NMR facility at the Laborator
be used to study organic structure wi
spectroscopy. However, the most
isotope of carbon (carbon-12) has an ¢
number and charge and therefore no
moment. On the other hand, carbon-
has a natural abundance of 1%, has a
moment and a spin of Y%. Natural a
carbon-13 NMR spectroscopy has rapid
an extremely important technique
availability of sophisticated moder
averaging equipment. Although carbor
spectroscopy is more diffict
time-consuming than hydrogen N
principles are nearly the same and man
chemists believe the information
rewarding.

Lloyd L. Brown, a chemist associ
the NMR facility says, “We can s
chemistry of appropriate sam
temperatures between —150 and 2(
prefer to operate with pure liquids or so
pure compounds, but we frequently
possible to determine the composition o
mixtures. Only very small samples are
10 mg of a sample whose molecular
about 200 is perfectly adequate, but it 1:
to work with only micrograms by accu
thousands of spectra in a short time
transform NMR spectroscopy). Th
spectroscopy is nondestructive. The ¢
not consumed, and after analysis, it is
for other types of measurements.”

The first NMR experiments were c:
in 1946, and the first commerci:
spectrometers were made available com
in the mid-1950s. Small units are now
universities for undergraduate teach
research. Some universities have
advanced NMR units complet
sophisticated computers. Spectrome
available for operation at 60, 80, 90, 10C
megahertz (MHz), with the most :
state-of-the-art units operating at 270,
even 360 MHz. The ORNL facility op
100 MHz for hydrogen. Such a spectr:
too expensive for many small universiti
the ORNL unit is used in the sumn
number of faculty members and stude
various university programs.
























Classically, the term cancer (or carcinoma,
which is the term used for neoplasms, or abnormal
new growths, derived from ectodermal tissues) has
been used strictly to designate a tumor showing
evidence of invasive and destructive growth.
Without that evidence, most clinicians and
pathologists have not been willing to make the
diagnosis of cancer. This capacity to invade and
metastasize to distant sites has been the
cornerstone of the definition of cancer for
centuries. Only recently have clinicians and
researchers become aware of certain lesions that
appear to precede invasive cancer. One of these is
the “carcinoma in situ,” also called intraepithelial
carcinoma, which is a noninvasive stage of cancer.
In short, it has become accepted that invasive
cancer is only the fatal end stage of a disease
process. The disorder apparently has multiple
evolutionary phases, characterized by varying
degrees of disturbance of cell and tissue growth
and differentiation. Unfortunately, with the
exception of carcinoma in situ, no “pre-neoplastic”
lesions have yet been identified with any degree of
certainty. It is well established, from human
studies and animal experiments, that months and
more often years elapse between the first (and
perhaps only) contact with a carcinogen and the
appearance of invasive cancer. However, little is
known about the persisting cell and tissue damage
during this so-called latency period. Various cell
and tissue changes have been recognized in the
respiratory tract epithelium of “healthy” smokers,
but whether and how these are related to
bronchogenic carcinoma is not known. Because
bronchogenic carcinoma, once diagnosed, is
virtually incurable, it is important to learn
something about the existence and nature of the
different pre-stages. The precancerous lesions or
preneoplasias mightberelatively easy to eradicate
with the therapeutic tools now available. Because
experimentation with humans is possibleonlyin a
very limited way, studies on laboratory animals
must serve to close the gaps in our knowledge of
the evolutionary process of bronchogenic
carcinoma.

Investigations of the
neoplasias and the search for and
characterization of preneoplasias in the
epithelium of the respiratory tract have become
major focal points in the respiratory
carcinogenesis group of the Biology Division in
recent years. Some of the questions we are asking
are:

development of
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1. Do some cell populations hav
probability than others of beco:
cells?

2. If such preneoplastic cell popule
what are their morphological, bio
functional characteristics? Ca
recognized, perhaps, with cell
markers and distinguished from (
cells of the same origin, (b) cell:
toxic, but noncarcinogenic, agents
that are fully neoplastic?

3. If there is indeed an evolutiona
preneoplastic lesions, can som
lesions regress and disa:
epidemiological studies on ex-smo.
suggest? How can we identify tl
that tend to progress to cancer
carcinogen exposure has ceased? \
crucial factors that affect such r
progression?

To even begin to pursue son
questions, it was necessary to d
experimental models that would ¢
expose preselected segments of respi
to known quantities of carci
predetermined lengths of time to j
populations with known ‘“‘exposure h
to subject them to various types of
analyses. From studies in our own
laboratories, we know that ¢
resembling bronchogenic carcinomas
be induced in the respiratory tracts
hamsters. For this, the animals are
chemical carcinogens and radion
either inhalation or intratracheal inje

is not possible, however, -
approach—because of the anato
physiological complexitie s ex

carcinogens (with the necessary con
and exposure duration) of a presele
site within the organ system. Thus
predict when and where preneopla
will appear. We therefore developed a
which two or more standard-size piec
tracheas are grafted subcutaneously
of an isogenic recipient, a techn
vised with Don Martin, Dick Griesermr
Kendrick. The rodent trachea is ai
and histologically very similar to

bronchus. After these grafts are esta
insert cylindrical pellets containing
quantity of carcinogen; the car


















