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CHEMISTRY AND MATERIALS DIVISION HIGHLIGHTS

T. A. Eastwood

Solid State Studies

A novel method for determining Si(Li) detector efficiency has
been demonstrated in the range of photon energies where no
convenient radioactive sources are available. It is based on the
values for proton-induced K-ionization cross sections which are now
firmly established from experimental and theoretical studies. The
determination is made by measuring the characteristic X-ray yields
for an appropriate selection of target atomic numbers and proton
bombarding energies, under standardized experimental conditions.

Range distributions can be calculated from theory for ions
implanted into elemental solid targets and are known to agree quite
well with experimental determinations. An important test of this
confidence has been made by examining the distributions that extend
across the interface between two dissimilar materials. The early
indications are that in the test pairs Si/Ge and Ge/Si the
theoretical predictions are fulfilled.

An extensive comparison has been made of all channeling
technique data, relating to defect-impurity interactions in
metallic single crystals, with data culled from many other highly
selective techniques. Specifically, for the case of the mixed
dumbbell configuration, a remarkably concordant picture of defect
kinetics emerges.

Radiation Chemistry

Comparisons of computed and experimental steady state
concentrations of products from the radiolysis of aqueous solutions
have shown that improved rate constant ratios for the reactions of
hydroxyl radicals with hydrogen and hydrogen peroxide and for the
reactions of solvated electrons with oxygen and hydrogen peroxide
should be attainable from further experiments. Similar comparison.-
for alkaline oxygenated solutions give a value for the rate constant
of the reaction of 03~ and H2.
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Laser Photochemistry

A separation factor of greater than 40 has been obtained in
the irradiation of equimolar mixtures of deuterated and undeuterated
formaldehyde at about 0.5 kPa with the HF laser. This factor
decreases to 2 at 4 kPa. These values are similar to those
previously obtained for isotopic mixtures of methanol and formic
acid.

Irradiation of eguimolar mixtures of CH3OH and CD3OH at 0.26
kPa have been made using two frequencies from a pulsed CO2 laser.
The ratios of the absorption cross sections for these frequencies
for CH3OH and CD3OH were 7:1 and 1:10 but the separation factors in
each case were close to unity. This unexpected result is being
studied further.

Hydrogen Isotope Exchange

The rates of deuterium exchange between hydrogen and cyclo-
hexylamine catalyzed by the lithium and sodium salts have now been
measured over the temperature range 258 to 288 K thus giving values
for the activation energy and the entropy of activation for these
reactions.

Surface Chemistry

In trying to prepare a clean unreconstructed platinum (100)
surface it was found that on the removal of the hydrogen (added to
reduce the adsorbed oxygen) the surface reconstructs. This was
shown by the change in the symmetry of the low energy electron
diffraction (LEED) pattern from (lxl) to (5x20). This finding and
results from other tests using photoelectron spectroscopic techniques
disagree with results from experiments done elsewhere in which we
now believe there was surface damage arising from the ion sputtering
method used to clean the crystal.

Research aimed at improving our understanding of the nature of
adsorbed gases on catalytic surfaces has shown that there are two
adsorbed species of carbon monoxide on the (100) cyrstal face of
platinum.. The data are similar to those obtained in studies of CO
on Pt(lll) surfaces and suggest that they are linear and bridged
forms.
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Analytical Chemistry

Spark source mass spectrometry has been used to screen samples
of so-called "super-pure" iron that were being considered for
fabrication of reactor irradiation capsules. Thirteen trace
elements were determined and the concentrations of three elements,
Mn, Co and V were found to be such as to give unacceptable levels
of radioactivity in all samples if irradiated.

All of the plutonium nitrate waste solutions stored on site
since the I9601s have been converted to the oxide via the oxalate
precipitation and calcination route. About 395 g of plutonium
were so treated.

Materials Science

Results so far from experiments designed to establish whether
thermal cycling has any effect on the rate of migration of the
(ct-Zr + 6-ZrH^ g) boundary along a pressure tube show no evidence
for accelerated movement of the boundary of the two-phase region for
up to 672 cycles between 250 and 300°C (523 and 573 K).

"Nodular" corrosion of Zircaloy components is a problem in
boiling water reactors and might occur in CANDU reactors if
boiling and inadequate hydrogen levels in the coolant were simul-
taneously present. Experiments aimed at understanding this
phenomenon have tended to disprove the hypothesis that high negative
electric fields across the oxide are associated with the occurrence
of "nodular" corrosion. The corollary to this hypothesis, that
hydrogen migrates more rapidly through the oxide under the supposed
high fields, and initiates the nodules by forming local hydride
pustules may also be discounted.

Recent studies of crystal-bar zirconium have shown that stray
second phase particles are always associated with the sites of oxide
cracking and associated enhanced oxidation. Accumulating evidence
shows that a number of localized phenomena in the zirconium alloy
corrosion field are initiated at stray particles, which are not
expected components of the alloy, but arise as a result of (e.g.)
casual contamination during fabrication.

Observations showing that dislocations with <c>-component
Burgers vectors are quite common in zirconium alloys, contrary to
previous indications, and identification of the sites where these
commonly occur will result in major modifications to current
hypotheses explaining in-reactor creep and growth of zirconium alloys,

The ACCORD analysis has been modified to allow elastic
deformation of the reactor end-shield (previously assumed to be
rigid). This refinement of the analysis is part of an on-going
program to improve the predictive capabilities of ACCORD.
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Within the range of purity of available grades of zirconium
no differences are seen in the positron annihilation spectra. The
implication that possible impurity effects are already saturated in
the purest available zirconium, will be studied.
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1.2 ION PENETRATION

1.2.1 Search for Ko -Radiation in Heavy-Ion Atom Collisions
PtS

- W.N. Lennard, I.V. Mitchell, G.C. Ball (Nuclear Physics
Branch) and H.C. Lee (Theoretical Physics Branch)

Jn a recent publication (1) we described results
relating to the production and decay of double K-vacancies
in heavy ion-atom collisions. Attention was centred on
K a a and Kag photon emission resulting from the 2s"

1 2p - 1

-> Is""2 and 3s"1 2P"1 •*• ls~2 transitions, respectively.
The Kgg decay (3s~^ 3p - 1 •*• Is-2) has never been observed.
A recent theoretical paper (2) predicts that this transi-
tion will be very weak except in heavy atoms (Z £ 50), and
then only for high velocity collisions.

To test this prediction, we have bombarded a variety
of targets (Pe, Cu, Ge, Zr and Mo) with energetic (50-145
MeV) Cu and Br beams from the MP tandem accelerator in an
effort to observe the Kg g photons, above a background of
competing Isa molecular orbital continuum radiation. We
have not observed Kgg from any of these systems. In the
most favourable case, 80 MeV Cu -> Fe, see Figure 1.2.1.1,
we determined an upper limit for the intensity ratio
KBg/Kaa < 5 x 10~ 3 for the lighter collision partner,
Fe(Z = 26). The results of Moiseyev and Katriel (2) yield
Kee/Kaa (Fe) £ 5 x 10"1*, which is consistent with our
observations. The intensity ratios Kag/Kaa were similar
to Kg/Ka ratios, consistent again with selection rules
based on electron-electron correlations.

It appears that the observation of Kg g may only be
possible in heavy atoms at collision energies of hundreds
of MeV, and then only in systems (i) where the photon
spectrum is free from Coulomb-excited y-^ays, and (ii)
for near-symmetric systems, so that the radiative spectrum
from the singly K~ionized heavy partner does not obscure
the signal from the doubly K-ionized lighter partner.

(1) W.N. Lennard, I.V. Mitchell and D. Phillips,
J. Phys. Bll_, 1283 (1978); AECL-6075-

(2) N. Moiseyev and J. Katriel, Phys. Lett. 58A,
303 (1976).
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Figure 1.2.1.1

Portion of the X-ray spectrum excited by 80 MeV Cu
ion bombardment of an Fe target. The arrow indicates
where the Fe Kfi line would appear.
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1.2.2 Efficiency Measurement for a^Si(Li) Detector ; 1.5-6.4 keV

- W.N. Lennard and D. Phillips

For photon energies above ~6 keV standard, calibration
sources may be used successfully to determine absolute
efficiencies for X-ray detectors. Suitable sources are
not available for lower energies. However, in recent
years, both experimental and theoretical studies have
established that proton-induced K-ionization cross sections
are reliably known for proton velocities Vp < v k, where vk
is the K-electron velocity of the target atom. We have
used these cross section values to measure the detection
efficiency of a solid-state counter at photon energies of
1.5 keV < E x < 6.4 keV.

Thin self-supporting films (< 100 ng/cm2), varying in
Z from 12 to 28, were bombarded with protons ranging in
energy from 0.5-1.8 MeV. The K X-ray and scattered particle
yields were measured simultaneously with a Si(Li) detector
(200 mm2 x 5 mm) and a surface barrier detector (50 mm2)
at 90° and 157° to the incident proton beam, respectively.
The target normal was 37.5° from the beam.

We have used the relationship

N~ i« (Nt) n~ a~ E~ i

Np = *p ( N t ) % °R ep

where N_, = number of K X-rays

N = number of scattered protons

i = number of incident protons

Nt = target thickness (atoms cm"2)

£2 = X-ray detector solid angle (ster.)

Î2 = surface barrier detector solid angle (ster.)

a = cross section for K X-ray production (assumed
known)

a_ = differential Rutherford scattering cross
section appropriate for the target and beam
energy

ex = efficiency of the Si(Li) detector (we
assume e = 1 for the surface barrier detector)

P
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Figure 1.2.2.1

Measured (4) and calculated efficiency for a 200 mm2

x 5 mm Si{Li) X-ray spectrometer. Data were generated
by use of proton-excited K X-ray lines.
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Using a variety of targets (;z) t one then obtains the
relative detector efficiency at a number of discrete X-ray
energies corresponding to the K emission energies. All
targets were initially analyzed by ^He ion back-scattering
to determine whether impurities were present that would
complicate the subsequent interpretation of the proton
data.

A theoretical efficiency has been calculated using the
manufacturer's nominal Be window thickness (Q.05 mm),
assuming a Au contact thickness of 22 nm, and assuming a
Si dead layer thickness of 0.5 pm. We have normalized our
relative efficiency measurements to our calculated curve
at E x = 6.40 keV (Fe K a ) . The data, as shown in Figure
1.2.2.1, are as yet preliminary as no corrections have been
made for self-absorption of x-rays in the target, energy
loss of projectiles, etc.

1.2.3 Surface Structure Analysis by Rutherford Backscattering
(RBS) and Channe1ing

- J.A. Davies, C. Sitter, D.P. Jackson, P.R. Norton
(Physical Chemistry Branch) and W.N. Unertl (University
of Maine)

The surface relaxation of the Pt (111) surface has
been re-investigated under ultra-clean conditions, using
the new UHV chamber for LEED, Auger and RBS measurements.
As in our previous work (1), two independent methods were
used: (i) a comparison between perpendicular-to-the-
surface (<111>) and non-perpendicular (<310>) channeling
directions of similar d-spacing; and (ii) a careful
angular scan through a close-packed, non-perpendicular
channeling direction (<110>). Measurements were made at
180 K, first on an ultra-clean Pt surface and then on the
same crystal in the presence of 10"4 Pa H2 gas. The
latter condition should have reproduced closely the sur-
face conditions present in the earlier cryoshield system (1),
and indeed we observe an almost identical outward relaxa-
tion (+ 0.003 nm) . However, in the absence of adsorbed H2,
we find no evidence of asymmetry in the <110> angular
scan; hence the ultra-clean surface exhibits negligible
(< 5 x 10"1* nm) relaxation. Furthermore, the absolute
magnitude of the surface peak for the non-perpendicular
axes is significantly larger in the absence of adsorbed
hydrogen, suggesting that the ultra-clean (111) surface
perhaps has a somewhat enhanced vibrational amplitude.
This point is being investigated further.
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Problems with the azimuthal rotation drive of the
UHV goniometer (PR^:Ma-47, section 1.2.8; AECL-6455)
have still not been completely resolved. Additional
modifications have been made and the revised system is
now being tested.

Collimation and angular divergence of the RBS beam
have been improved considerably by inserting a set of
movable apertures in the first differential pumping
chamber. It is now possible to confine more than 99.9%
of the incident "*He ions within a 2 mm spot on the target,
with a maximum divergence of 0.02°.

(1) J.A. Davies, D.P. Jackson, N. Matsunami, P.R. Norton
and J.U. Andersen, Surface Science 78, 274 (1978) .

1.2.4 Thickness Measurements of Thin Films

- D.C. Santry and R.D. Werner

Two attempts were made to produce thin, self-supported
films of germanium (by weight 115 yg/cm2). Analysis of
the films by He ion backscattering indicated that under
the best conditions possible in the evaporation chamber,
oxide formation occurred. The films contained i> 8.4%
oxygen distributed evenly throughout the germanium films,
indicating a "gettering" reaction occurring during the
process. The same effect was also noted for silicon films
but was minimized by precoating the inside of the chamber
with silicon prior to film formation. This technique was
used without success for germanium. These germanium films
could be used to obtain stopping power data, but the necessary
correction for the presence of oxygen would lead to an
uncertainty of 10% in the values.

1.2.5 Stopping Power for Heavy Ions

- D.C. Santry and R.D. Werner

Stopping power measurements have been completed for
uHe ions in silicon foils that are oxide free (< 0.1%
oxygen). Extensive measurements have confirmed our
initial observations (PR-CMa-46, section 1.2.6; AECL-6401),
that stopping values for energies below 2 MeV are signifi-
cantly lower than those recommended by Ziegler and Chu (1).
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A least squares polynomial fit to our measurements per-
formed at 50 keV intervals from 200 to 2000 keV is shown in
Figure 1.2.5.1 together with the recommended values from
various semiempirical tabulations. Also included in the
figure are recent measurements by Oetzmann and Kalbitzer (2).
One possible cause of the discrepancies is the difficulty
of preparing silicon targets free of oxide.

Although considerable data are available for the
stopping of ^He ions in various materials, information on
the stopping of 3He ions is very limited (5). In general,
it is assumed that the stopping of 3He at any velocity is
identical to that of ^He at the same velocity. Thus the
stopping power of 3He at energy E equals the stopping of
^He at an energy 4/3 E. We have now confirmed the validity
of this simple scaling law over the energy region 1 to 2
MeV by measuring the stopping of 3He and ^He ions in the
same films of selected elements. The results are shown
in Table 1.2.5.1.

(1) J.F. Ziegler and W.K. Chu, Atomic Data Tables 13,
463 (1974).

(2) H. Oetzmann and S. Kalbitzer, Max-Planck-Institut
report MPI-H-1978-V19.

(3) H. Bichsel and C. Tschalaer, Nuclear Data A3, 343
(1967).

(4) J.F. Ziegler, "He Stopping Powers and Ranges in All
Elemental Matter", Pergamon Press, New York (1978).

(5) H.H. Andersen, "Bibliography and Index of Experimental
Range and Stopping Power Data", Pergamon Press,
New York (1977).

1.2.6 Heavy Ion Ranges in Ge, Ge on Si and Si on Ge Substrates

- H. Ishiwara and W.D. Mackintosh

We have measured the range distribution of 0.11 -
1.2 MeV Bi ions implanted into Ge, into thin Ge films
(̂  50 yg cm~2) on Si substrates, and into thin Si films
(̂  50 yg cm"2) on Ge substrates, using MeV He ion back-
scattering for the analysis. The substrates were
cooled to 50 K during the implantation, in order to avoid
an anomalous range distribution of the Bi ions as described
in previous reports (PR-CMa-46, section 1.2.5; AECL-6401
and PR-CMa-47, section 1.2.4; AECL-6455).



- 11 -

2.00

1 .BO —

I .80 -

« 1.00 -

0.40
200 tOO SOO BOO lOOp 1200 1400 1600 IBOO 2000 2200

ENERGY (keV)

Figure 1.2.5.1

Stopping power of silicon for '•He ions.

• Bichsel and Tschalaer (3)

Œ Ziegler and Chu (1)

A Ziegler (4)

j|) Oetzmann and Kalbitzer (2)

_j: This work. The solid line is a least squares
polynomial fit to the data.
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TABLE 1.2.5.1

COMPARISON OF MEASURED STOPPING POWERS
FOR 3He AND t*He IONS

Target Energy Stopping Energy Stopping
3He I+He 3He '•He

(keV) (keV per pg cm"2) (keV) (keV per \xg cm"2)

carbon 1000 1.63 1500 1.39

1333 1.68 2000 1.41

aluminum 1000 1.17 1500 1.00

1333 1.13 2000 1.01

silicon 1000 1.12 1500 0.980

1333 1.13 2000 0.974

gold 1000 0.375 1500 0.330

1333 0.373 2000 0.332
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Prior to the range measurements, the energy resolution
of the solid state detector when cooled to 243 K was
checked using the backscattering spectra of thin (< 30 nm)
Ag and Bi layers on Al substrates. These had been prepared
by implanting the Ag and the Bi ions in Al, then decreasing
the spread in the distribution by the techniques of anodic
oxidation followed by oxide stripping. The FWHM values
were found to be about 11 and 12 keV for 1 and 2 MeV He
ion beams, respectively.

The observed ranges of Bi ions in Ge were virtually
independent of the dose in the range 1 x 10 1 5 to 1 x 10*6

ions cm"2, in contrast with the earlier experiments where
target cooling was not used. In the energy range of 0.25
to 1 MeV, the experimental values of the projected range
and the standard deviation were larger than the theoretical
ones by about 10 and 40%, respectively.

It was also found that the Bi ion concentration was j
discontinuous at the interface between the Si and Ge in ,i
both those specimens where a Si layer had been superimposed j:
on a Ge substrate and those where a Ge layer had been super- j j
imposed on a Si substrate. The observation of this dis- '
continuity confirms the predictions derived theoretically I
in References 1 and 2. Further, the magnitude of the •
discontinuity coincides with the theoretical values (2)
within the experimental error of 10%. The role of oxygen \;
impurities in the Ge films is expected to be weak (see 1.2.4). <
The range distribution in these double-layer specimens is now j
being investigated in wider ranges of energies, layer thicknesses
and ion species.

(1) S. Furukawa and H. Ishiwara, J. Appl. Phys. £3, 1268 (1972) .

(2) K.B. Winterbon, Appl. Phys. Lett. 3_1, 649 (1977).

1.2.7 Angular Distributions and Total Cross-Sections for Fission
Induced by f"2C and I6Q Bombardment of the Tungsten Isotopes

- J.U. Andersen (Aarhus University), J.S, Forster (Nuclear
Physics Branch), E. Laegsgaard (Aarhus University),
I.V. Mitchell and D. Ward (Nuclear Physics Branch).

See Progress Report PR-P-121, section 2.4; AECL-6530.

1.2.8 High Velocity DSAM Lifetime Measurements in 30Si and 30P

- T.K. Alexander, G.C. Ball, W.G. Davies (Nuclear Physics Branch)
with I.v. Mitchell.
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See Progress Report PRTPT-121, section 2.5;
AECL-6530,

1.2.9 Interpretation of the Velocity Dependence of Low Energy
Stopping powers

- H.R. Andrews, D. Ward (Nuclear Physics Branch), with
W.N. Lennard and I.V. Mitchell

See Progress Report PR-P-121, section 2.6,
AECL-6530.

1.3 ELECTRON MICROSCOPY

1.3.1 Collision Cascades in Si

- L.M. Howe, M.K. Rainville, H. Haugen (McMaster University),
and D.A. Thompson (McMaster University).

Studies of the annealing behaviour of individual
damaged regions which were produced during low fluence
(101* - 10' 2 ions cm~2) ion bombardments in Si, are
continuing. Silicon single crystals were bombarded in
a non-channeling orientation at 50 K with 20 keV As, 30
keV As 2, 20 keV Sb, 40 keV Sb2, 15 keV Bi and 30 keV Bi2
ions. The irradiated crystals were examined in the electron
microscope, annealed in vaauo out of the microscope at
temperatures ranging from 350 to 630 K, and then re-examined
in the electron microscope. Detailed measurements will
now be undertaken to determine the size and density of
the damaged regions in the as-irradiated and in the annealed
crystals. A preliminary survey of the electron micrographs
yields the following information:

(1) The contrast features of the damaged regions suggest
that these regions are 'amorphous1 in nature.

(2) During annealing the density and size of the damaged
regions decreases but there is no indication of any
change in the basic nature of the defects (e.g. there
is no evidence for the formation of dislocation loops).

(3) The damage produced by the molecular implants is more
resistive to annealing than that produced by the atomic
implants of the same element.
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(4) For the atomic implants, the damage is more resistive
to annealing as the mass of the bombarding ion is
increased.

(5) The electron microscope results appear to be quite
consistent with the previous channeling results (see
PR-CMa-47, section 1.4.6; AECL-6455).

1.4 RADIATION DAMAGE AND METAL PHYSICS

1.4.1 A Comparison of Defect Studies Using Channeling and Other
Selective Methods ~~~~~ ~~

- M.L. Swanson

In recent years a number of exciting new methods have
been developed to study point defects in metals. These
techniques are important because of their selectivity;
that is, amongst the complex ensemble of defects usually
present in metals, especially after irradiation, certain
classes of defects can be investigated. For example, ion
channeling and the Mossbauer effect are particularly
sensitive to interstitial defects, while positron
annihilation is affected only by vacancy-type defects.
Secondary ion mass spectrometry (SIMS) measures solute
atom concentrations. Diffuse X-ray scattering gives
information on strain fields of interstitials as well as
small clusters of defects. Mechanical relaxation is very
sensitive to small concentrations of defects which pin
dislocations. Field ion microscopy can be used to identify
single defects and impurity atoms.

Ion channeling is especially suitable for 'seeing1

the position of solute atoms in the crystal lattice. When
a solute atom has trapped a self-interstitial atom in the
mixed dumbbell configuration, the solute atom is displaced
a large distance from a lattice site. This displacement is
detected easily by channeling measurements, and its
magnitude has been determined to be 0.1 - 0.14 nm in
<100> directions for f.c.c. crystals. The concentration
of mixed dumbbells can be measured with no adjustable
parameters to an accuracy of approximately 10% by measuring
the concentration of .displaced solute atoms. In this way,
the mechanisms of interstitial migration, trapping and
annihilation can be studied.
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The results of channeling studies of mixed dumbbells
havo now been compared with data published by other labor-
atories using the previously mentioned selective techniques,
as well as with electrical resistivity measurements. The
following conclusions are dr?wn:

(1) Interstitial Mobility. Channeling results agree with
all other data, showing that free interstitial migra-
tion occurs at the end of stage I recovery (40-50 K
in Al and Cu, 120 K in Zr).

(2) Trapping Efficiency. The ratio of the trapping
efficiency of vacancies e v to that of solute atoms
e t for self-interstitials (ev/e.|- ^ 5 for Ag in Al)
from channeling data agrees with resistivity measure-
ments at 150 K, Lut is much larger than resistivity
results at 70 K.

(3) Trapping Configuration. From channeling measurements,
the mixed dumbbell configuration was found to have
<100> orientation for f.c.c. metals and approximately
<4043> for h.c.p. metals. The former configuration
agrees with calculations and with diffuse X-ray results
for self-interstitials. This configuration is also
consistent with the low vibrational frequencies
measured for mixed dumbbells by Môssbauer experiments.
There is some disagreement with internal friction
results for Al-Fe complexes in an Al crystal. How-
ever, more complicated clusters of defects may be
involved with these measurements.

(4) Thermal Stability. Channeling results show that
mixed dumbbells are stable to stage III recovery
(200 K for Al), but that shallow traps dissociate in
stage II (an Al interstitial trapped at a Mg atom in
an Al crystal). These results agree with Môssbauer,
internal friction and electrical resistivity data.

(5) Annihilation Mechanism. Mixed dumbbells are annihilated
in stage III recovery by recombination with vacancies.
The interstitial is not released from the solute atom
in this stage, but the vacancy migrates to the mixed
dumbbell. This result is in agreement with all other
data, including the vacancy-sensitive positron annihila-
tion data.



- 17 -

1.4.2 Channeling Measurements of the Trapping of Al Interstitial
Atoms by Ge Atoms in an Al-0.1% Ge Crystal

- M.L. Swanson, L.M. Howe and A.F. Quenneville with
P. Offermann and K.H. Ecker (Hahn-Meitner-Institut,
Berlin)

A summary of the results of this work is given by the
following abstract from a forthcoming article in Radiation
Effects.

It was shown by channeling-backscattering measurements
that Ge atoms were displaced from lattice sites during
He ion irradiation of Al-0.1 at% Ge at 70-90 K. This displace-
ment was approximately 0.11 nm in <100> directions, and was
due to the trapping of self-interstitial Al atoms by Ge
atoms, predominantly in the mixed dumbbell configuration.
The displaced Ge atoms returned to normal lattice sites
during isochronal annealing from 180-300 K. The recovery
behaviour in this temperature range was somewhat more
complex than that observed for other binary Al alloys,
indicating that either clustering of Ge atoms or strong
binding between vacancies and Ge atoms impeded the annihila-
tion of mixed dumbbells with vacancies.

1.4.3 Channeling Measurements of Defect-Solute Interactions in
Fe Crystals

- M.L. Swanson, L.M. Howe and A.F. Quenneville

It was shown previously (PR-CMa-41, section 1.4.2;
AECL-5851) by channeling measurements in an Fe-0.2 at% Au
crystal that Au atoms did not trap Fe self-interstitial
atoms in the mixed dumbbell configuration. Since Au atoms
expand the Fe lattice considerably ((VAU-Vpe)/Vpe = AV/V = 44%,
where V = atomic volume) this result was expected. However,
smaller solutes, such as Te (AV/V = 8.7%) and Be (AV/V = -26%)
should have a greater tendency to form mixed dumbbells with
Fe interstitials.

Fe crystals, obtained from H. Schultz of the Max-
Planck-Institute in Stuttgart, were implanted with
10 1 6 Be or Te ions cm"2 at 40 keV. Backscattering measure-
ments for the Te-implanted crystal in <111>, <100> and <110>
channels indicated that the Te atoms were largely non-
substitutional. The apparent displaced fractions of Te

atoms f^™ n > in these channels were 0.79, 0.79 and 0.68
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respectively. No structure was observed in <111> or <100>
angular scans. This crystal was then annealed for 1 hour
at 1000 K, resulting in a Te concentration of 0.04 at% near
the surface. The substitutional fraction of Te was approxi-
mately 90%. Neither irradiation at 35 K with 5 x lO1^ cm"2

1 MeV He ions nor subsequent annealing to 360 K altered
the substitutional fraction of Te appreciably; hence mixed
dumbbell intersti;ials do not appear to have been formed.
The irradiation-induced defects observed as a dechanneling
increment in the backscattering spectra disappeared almost
completely during the annealing, the main recovery stages
being at 100 and 190 K.

In the case of the Be implant, the crystal was also
annealed for one hour at 1000 K, but the diffusion of Be
was considerably slower than that of Te, as observed by
measurement of the Be concentration profile using the
9Be(d,a)7Li reaction. This crystal will be annealed at a
higher temperature.

1.4.4 Growth and Surface Preparation of Crystals for Channeling
Investigations

- A.F. Ouenneville

Studies of ion channeling in single crystals have
created a continuing requirement for metallic single
crystals of high perfection. A CRNL report describing
the methods that have been developed to meet this need
at CRNL has now been completed.

An account is given of each step in the manufacture
of crystal specimens, viz:

(1) growth of relatively strain-free, single crystal
ingots by the Bridgman-Stockbarger technique ;

(2) spark cutting of the ingots to produce discs having
little surface deformation;

(3) mechanical and electro-polishing to remove residual
damage and deformation;

(4) specimen orientation and quality assay through use of
back-reflection Laue X-ray diffraction; and, finally,

(5) characterization of the near-surface perfection
through channeling effect measurements.
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Results are shown for 99.999% pure Al, Cu, Zn and Au
and dilute alloys of Al and Cu.

1.4.5 Preparation of Oriented Sn Crystals

- M.L. Swanson, A.F. Quenneville and R.A. Ploc (Materials
Science Branch)

The orientation of a Sn crystal (body^centered
tetragonal) obtained from the Nuclear Physics Branch was
determined by computer analysis of back reflection X-ray
patterns. The crystal was then sliced such that the
c axis was 22.5° from the normal to the surface. The
slices were polished for use in studies of nuclear
quadrupole moments.

1.5 NUCLEAR METHODS OF ANALYSIS

1.5.1 Movement of Implanted Ions in Porous Aluminum Oxides

- W.D. Mackintosh and H.H. Plattner

In PR-CMa-47 section 1.5.1; AECL-6455 we noted that
when In or Xe was implanted at doses exceeding 1 x 10 1 5

ions cm"2 into preformed porous oxides on Al, no thickening
of the oxide occurred during subsequent anodization. We
have now found that Rb and I exhibit the same effect at
doses of 2 x 10 1 5 ions cm"2. As these four species are
radically different in their chemical behaviour, it would
appear that inhibition of further oxide growth is due to
a physical change in the outer layers of the preformed oxide
caused by the ion bombardments.

When Rb or I was implanted to a fluence of 2 x 10 1 5

ions cm"2 in specimens covered only with the natural air-
formed oxide, and the specimen was then anodized, no such
inhibiting effect was observed. The oxide thickness as
determined by Rutherford backscattering analysis was the
same on both implanted and non-implanted areas.
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1.6 COMPUTATIONS

1.6.1 The Influence of Surface Trapping on the Reflection of
Hydrogen Atoms from Titanium

- D.P. Jackson

Large numbers of low energy particles from cooled
plasmas will impinge on the divertor and pumping surfaces
of fusion reactors. When the incident particle energy (Eo)
is sufficiently low, the influence of a surface trapping
field must be considered in any model of the particle-
solid interaction. In particular, atoms of hydrogen have
a strong affinity for adsorption on metal surfaces. In
this work therefore, the influence of surface trapping was
calculated for the model system of hydrogen atoms incident
on amorphous titanium.

A computer simulation code was used to obtain the
particle (Rfl) and energy (R%) reflection coefficients.
The elastic interactions of the particles with the solid
atoms were represented by an ordered sequence of binary
collisions governed by the Molière interatomic potential.
Inelastic effects were included by means of a Lindhard
electronic stopping power model, applied to the particles
in the segments of their trajectories between binary
collisions. Each particle was followed until it was
either reflected or trapped within the solid or on the
surface. The surface trapping field was represented by
a structureless potential barrier, characterized by a
well-depth E^, acting normal to the surface. The effect
of this field on an incident atom is to accelerate it and
decrease its angle to the surface normal (0O). An
emergent particle must have a normal velocity equivalent
to at least E t in order to escape from the surface. Some
atoms with total energy greater than E^ may not fulfill
this criterion and then perform hopping trajectories in
the surface region until they ultimately escape or are
trapped. The calculations were done for cases having an
E t range of 0-20 eV and E o range of 0-200 eV with a
sufficiently large number of particles per case to ensure
statistically valid results. Where comparisons with
previous work were available (Et = 0 ) , good agreement was
found with the present calculations.

The most significant feature of the results is the
unexpected persistence of surface trapping effects on the
reflection coefficients for Eo/Et values of up to
approximately 8.0. This is shown to be almost entirely
due to the important role of the hopping trajectories.
The behaviour of R^ and RJJ as functions of E o and 0O is
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modified considerably for E t > Q, When E t = 0, RN and RE

steadily increase as Ep decreases whereas for E t > 0 they
rise to a maximum of about 4 E t and steadily decrease there-
after. For E t = 0, RN and Rg rise rapidly as 0o increases.
For E-t > 0, this increase is less rapid and a plateau value
is attained at grazing incidence angles.

The conclusion from this work is that the effects of
surface trapping must be included in order to correctly
model the interactions of low energy plasma particles.
A publication on this topic is now in preparation.

1.6.2 Dechanneling in Si and Ge

- L.M. Howe and N. Matsunami (Nagoya University)

Analytical expressions for the diffusion functions
have been derived for a calculation of dechanneling using
the diffusion model (i.e. a model in which the change with
depth z of the distribution in transverse energy of the
channeled ions is described by a diffusion equation, as
described in PR-CMa-42, section 1.5.3; AECL 5971). This
included modifying the electron density po and applying a
correction factor C n for the nuclear scattering. With
the derived functions, the diffusion equation was solved
numerically to obtain the normalized yield x(z) f° r H+

incident along <110> and <111> axial channels of Si, and for
H+ and D+ incident along the same channels in Ge. The
calculations were performed for various incident ion
energies E and crystal temperatures T. The theoretical
results were then compared with experimental dechanneling
data obtained at CRNL in recent years.

In general, good agreement was obtained between theory
and experiment by letting the electron density pQ around
the center of the channel be a fitting parameter which
should be independent of E and T. The values of po which
gave the best fit between the theoretical and experimental
results were comparable with those estimated from the
harmonic approximation to the Molière continuum potential.

With regards to the dependence of %{z) on the
incident ion energy (with the temperature being held
constant at 29 5 K ) , the theoretical dechanneling curves
for H + incident along <111> and <110> in Ge were in quite
good agreement with the experimental curves for ion
energies in the region 0.6-2.5 MeV but the agreement was
less satisfactory at 0.3 MeV; see Figure 1,6.2.1 for example.
A similar trend was also apparent in the data for D ions
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in <111> Ge. The poorer agreement between the theoretical
and experimental dechanneling results at Q.3 MeV is probably
due to the fact that for low energies, the energy loss effect,
which has not been taken into account in the theory, becomes
relatively more important.

The dependence of x(z) o n crystal temperature was
investigated for the <111> and <110> channels of Si and
Ge for 1.0 - 2.5 MeV H ions. For all cases, there was
reasonably good agreement between the theoretical and
experimental curves, an example of which is shown in Figure
1.6.2.2. Certainly the functional dependence of x(z) o n

temperature is essentially the same for the theoretical
and experimental results. This indicates that the thermal
contribution to the dechanneling appears to have been treated
quite satisfactorily in the theoretical calculations.

1.7 ACCELERATOR OPERATION

1.7.1 2.5 MV Positive Ion Van de Graaff

- J. Lori

The Van de Graaff accelerator was operated for 1497
hours in the year 1978. During the past three months it
operated as follows:

Operating Routine Modification
Month Time Maintenance Time

(Hours) (days) (days)

December 69 7 a l d

January 110 10 b

February 146 I e

(a) Two days work on pulse height analyzers, five days to
replace left bearing on a turbo-molecular pump,

(b) Two days work on a pulse height analyzer, eight days to
change belt and ion source of accelerator.

(c) Replace terminal alternator bearings.

(d) Modify electrical supply to turbo-molecular pump.
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1.7.2 High Voltage Mass Separator

- G.A, Sims

The accelerator operation has been very satisfactory
during the past three months. Several shutdowns were
necessary to correct minor electrical faults,
however, these faults were remedied very quickly and no
lengthy down-time was recorded.

The 'beam-on' time during the previous three months
was 206 hours.

Total 'beam-on' time for 1978 was 1078 hours.

1.7.3 70 kV Mass Separator

- O.M. Westcott

The 70 kV mass separator continues to run trouble-free.
Three requests generated non-routine operation.

(1) Preparation of high dose 3He implants into Au and
Cu foils. The Cryomech unit was used to cool the targets
and surrounding shroud to 50 K during implantation, result-
ing in much cleaner targets. The retention of 3He in these
targets has yet to be determined.

(2) Up to 10 pA of Be ions were obtained by inserting
Be metal inside a quartz tube in the Physicon 910 ion
source and flowing CCli* over the charge.

(3) End-plate modifications were necessary to make 100 keV
Ne + + implants into cantilevered Zr specimens (see PR-CMa-48,
section 4.3.1, AECL-6538).

1.8 PUBLICATIONS AND LECTURES

1.8.1 Publications

Absolute Cross Sections for 6i*Cu and 61Cu Produced by
Deuteron-Induced Reactions in Copper
- M. Diksic, J.L. Galinier, H. Marshall, L. Yaffe,

R.B. Moore and D.C. Santry
Nucl. Instr. Meth. 159, 171 (1979).
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Studies of the Ti^W/Au Metallization on Aluminum
*• R.S. Nowicki, J.M. Harris, M.A. Nicolet and I,V. Mitchell
Thin Solid Films 52, 195 (1978).

Thickness Measurements of Thin Foils Using Alpha Particles
from 148Gd and 241Am
«- D.C. Santry and R.D. Werner
Nucl. Instr. Meth. 15_9, 523 (1979).

Scattering of keV Hydrogen and Helium Ions and Neutrals
from Oxygen Covered Surfaces
- J.E. Robinson and D.P. Jackson
J. Nuclear Materials, 76*77 (1978) 353.

1.8.2 Lectures

Ion Implantation
- J.A. Davies
Conference on the Ontario-Quebec Section of the Electro-
chemical Society: 1-day symposium on Surface Reactivity
and Semiconductor Technology, Hamilton, 1979 February 23.

Theoretical Solid State Studies Relevant to Fusion
Reactor Materials
- D.P. Jackson
Plasma-Wall Interactions Workshop, University of Western
Ontario, 1979 February 9

An Application of Ion Beams to Determination of Reconstruction
and Relaxation of Pt Surfaces
- N. Matsunami (J.A. Davies, P.R. Norton, D.P. Jackson and
J.U. Andersen)

Ion Source and Its Application (ISAT) Conference in Japan,
1979 February 19-22.

Charge State Dependence of K X-Ray Production in Heavy
Ion-Atom Collisions
- P. Mokler (W.N. Lennard, I.V. Mitchell, and G.C. Ball)
Presented at German Physical Society meeting,
1979 March 5-9, Berlin, West Germany

Linear Polarization of Molecular Orbital X-rays
- P. Mokler (W.N. Lennard and I.V. Mitchell)
Presented at German Physical Society meeting,
1979 March 5-9, Berlin, West Germany

The above lectures may not be available in print.
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2.2 ANALYTICAL CHEMISTRY

2.2.1 Emission Spectrography

- G. Jarbo, P. Paught

2.2.1.1 High-Voltage/Spark-in-Oxygen Excitation of Solution
Residues

The dried residue technique has been demonstrated to
be useful for analysis applications in which there is no
predominant matrix element. Typical analysis applications
are:

1) monitoring of metallic impurity elements in
UO2, PuÛ2 and PuO2/UO2 fuel pellets after
separation from the matrix

2) metallic impurity elements in moderator D 20

3) metallic impurities in radioactive waste
solutions.

When one or two elements predominate, interelement
interference effects become severe. The use of a buffer
to minimize interference effects produces two undesirable
side effects: loss of sensitivity and loss of precision
resulting from sputtering of a thick residue. It has
become apparent that versatile application of the
spectrograph (3.4 M Jarrell Ash) for semiquantitative
analysis requires the application of both spark and arc
excitation techniques. DC arc methodologies are now being
developed.

2.2.1.2 DC Arc Excitation of Solution Residues

This method is a modification of the one used at
Whiteshell Nuclear Research Establishment. Sample
solution (residues) mixed with LiCl buffer are excited in
a flowing argon atmosphere. Second order spectra are
recorded. Calibration curves for 7 elements have been
prepared and will be used to test the capability of the
method with multi-element standard solutions.
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2.2.1.3 DC Arc Excitation of Solids

The Webb (M.S.W. Webb and M.L. Worthingham, Atomic
Energy Research Establishment - R5799) technique is being
tested to assess its suitability for CRNL analysis
requirements. There is a need for a technique which can
cope with a variety of solids (corrosion deposits,
incinerator ash soil samples), many of which are not
readily dissolved. The Webb technique appears attractive
because elements can be detected at concentrations ranging
from parts per million to percent levels.

2.2.2 Analytical Support for Heavy Water Production Plants

- R.M. Cassidy, R. Harpur

2.2.3 Atomic Absorption Spectrometry

- D. Bellavance, J.P. Mislan

2.2.3.1 Analysis of Pt/C Catalyst (Powder) for Pt

Previous work has shown that atomic absorption
spectrometry is a relatively simple and effective
technique for analysis of platinum in commercial Pt/C
catalyst preparations. The sample is weighed, ignited at
800°C in air, reweighed, dissolved in a mixture of HNO3
and KC1 and analysed by flame atomic absorption (FAA). A
commercial 10% Pt/C preparation, R69, distributed by
Johnson Mathey, was found to contain 9.8 + 0.2% Pt by
direct FAA measurement and by indirect carbon weight loss
determination.

A CRNL Pt/C preparation, C16I was found to contain
12.6 ± 0.3% Pt by FAA and gave a weight loss of 77% on
ignition of air. The suppliers of the C16I predicted a
Pt loading of 20%, but were puzzled by the very low
catalytic activity of the final (supported) catalyst

. preparation. Samples of C16I were acid leached in hot
sealed Parr bombs to check recovery efficiency, but gave
lower rather than higher Pt results.

In an effort to explain the disparity between Pt
analysis results by FAA and the weight loss data obtained
for sample of C16I'ignited in air at 800°C, several
experiments were conducted with low temperature radio
frequency plasma oxidation apparatus. The use of a low
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temperature oxygen radio frequency plasma permits carbon
removal by C02 formation, without weight less by thermal
decomposition. Low temperature plasma oxidation of R39
catalyst formulation gave an 89% weight loss, as expected,
but C16I gave only 60% weight loss. Ignition of the C16I
residue gave an additional weight loss of 18%, indicating
the presence of three or four components in the original
C16I. Analysis of the residue for Pt gave a result of
12.6% as found originally. Neutron activation analysis
confirmed the Pt analysis results for R69 and C16I and
indicated the presence of significant amounts of Na and
trace levels of Cl. The low catalytic activity of C16I
can now be explained; a lower Pt content than expected
and as yet undetermined amounts of Na, Cl and oxygen.

2.2.3.2 Analysis of Deloro-50 Alloys

Deloro-50 alloys are being considered for surfacing
of wear prone components, e.g. pumps and valves, intended
for CANDU primary coolant service. Deloro alloys have a
significantly lower cobalt content than alloys used
previously for this purpose, and thus offer promise for
minimizing 60Co activity transport. Difficulties have
been encountered in maintaining uniform deposition
conditions. Non-uniform composition of Deloro alloys
could be the cause of the deposition problems. An
analytical program was undertaken to establish analysis
conditions for Fe, Ni, Cr, Co, B and Si.

The major problem in analysis of Deloro-50 alloys
is sample dissolution. The sample must be di solved in
an acid medium which does not pose problems in the atomic
absorption analysis step or cause the loss of volatile
elements. An HC1/HF mixture on heating gave homogeneous
solutions for Deloro-50 samples, but flame atomic
absorption (FAA) results for Ni were erratic and B and Si
results were low (volatile SiFi, and BF3 lost) .

A two-stage dissolution procedure was developed for
multi-element analysis of Deloro-50 alloys; pretreatment
of samples by boiling in distilled H2O to condition the
surface, followed by dissolution in hot HNO3/HF for Fe,
.Ni, Cr, Co and room temperature dissolution of a specimen
in HNO3/HF contained in a sealed plastic container for
subsequent FAA analysis of B and Si. Mass balances were
in the range of 96-98%. Analyses for C and 0 are planned
to improve mass balance data.
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2.2.4 Inductively Coupled Argon Plasma/Optical Emission
Spectrometry (ICAP-OES)

- G. Jarbo, M.T. Hurteau, J.P. MisIan

2.2.4.1 Determination of B and Gd in D20 (Reactor Moderator)

Development effort has been interrupted by higher
priority service analysis requests.

2.2.4.2 Analysis of Zirconium Alloys for Alloying Elements and
Impurities

Analysis of zirconium XL alloy for alloying elements,
namely Sn, Nb and Mo, gave results which appeared to be
influenced by the HNO3/HF acid mixture used for sample
dissolution. The HF appears to cause a matrix interference
as well as being detrimental to glass components of the
nebulizer and torch. A mixture of H2SÛ!, and H2O2 was used
for sample dilution in place of HNO3/HF. This procedure
gave good analysis results for zircaloy NBS standards and
appears to be more flexible than flame atomic absorption.

The feasibility of performing multi-element minor
and trace element analysis of zirconium XL alloy is being
examined. The high density of zirconium spectral lines
will prevent the analysis of certain elements because
of spectral interference.

2.2.4.3 Analysis of U/Al Alloy (Reactor Fuel)

Quality control monitoring of U/Al alloy for uranium
content is normally done by controlled potential
coulometry which is accurate to ± 0.1% (relative). An
accuracy requirement of only ± 0.5% suggests that the
ICAP-OES method could be a satisfactory alternative. The
advantages of an ICAP-OES method are speed and the ability
to analyze for both Al and U to provide a mass balance
check. Initial results indicate that ICAP-OES may
satisfy this requirement.

2.2.4.4 Analysis of Non-Metals by ICAP-OES

Requirements for semi-quantitative determinations of
total organic carbon in process water samples and phosphorus
content of an orgariophosphorus compound have been
satisfied by ICAP-OES. These applications will be
investigated in greater detail as time permits.



- 35 -

2.2.5 Chromatography

- R.M. Cassidy, S. Elchuk, T. Longhurst

2.2.5.1 Low Level Metal-Ion Determinations

After a three month interruption, work has
recommenced on the application of ion-exchange chromatog-
raphy to the analysis of very small concentrations
(pg«mL 1) of metal ions. At present we are
concentrating on Co(II) and recent improvements in
equipment have reduced peak to peak noise to a level
that corresponds to < 2 pg of Co(II). Calibration
curves are being prepared for the determination of Co(II)
in water from reactor loops used to.study activity
transport. '

2.2.5.2 CAN-DECON Analysis

Work has continued on the application of gas
chromatography (GC) to the analysis of the organic
acids [oxalic, citric, and ethylenediaminetetraacetic
acid (EDTA)] in the reactor decontaminant, CAN-DECON.
An investigation of different esterification reagents
has shown that BF3 in dry methanol will esterit'y all
three acids and these esters can then be separated and
determined by GC. This procedure works well for free
acids or their Li salts but in the presence of Fe(II)
at concentrations > 16 yg^mL"1 low recoveries are
obtained for EDTA. The analysis procedure is being
modified in an attempt to eliminate the effect of
Fe(II).

2.2.5.3 Determination of S2Fi0 in SF6

Further work with this analysis has been delayed
due to the depletion of our S2F10 standard.

2.2.6 Mass Spectrometric (Magnetic Sector) Analysis of
Gas Mixtures

- H. Herrington, L. Junop, J.P. Mislan
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2.2.6.1 On-Line Data Acquisition and Processing

The faults that have restricted new applications of
the Hewlett Packard Model 3352B Laboratory Data System
have been discovered and corrective actions have been
initiated.

2.2.6.2 Analysis of Impurities in 133Xe

Quality control monitoring of 133Xe commercial
product for non-active impurities is continuing.

2.2.7 Quadrupole Mass Spectrometry

- T.H. Longhurst

2.2.7.1 Methyl Iodide Release from Charcoal Filters

As has been reported in previous progress reports,
methyl iodide has been detected in the air from the
charcoal filters which are located in the exhaust duct
from the 9 9Mo production facility. The methyl iodide
detected with the gas chromatograph-mass spectrometer
(GC-MS) was CH 3

1 2 7I. A much smaller quantity of CH 3
1 3 1I

was detected by gamma ray spectrometric analysis of the
CH3I peak trapped from the GC. Since long counting
times are required for these small concentrations of CH 3

1 3 1I,
an adsorption trap, which can be calibrated and fitted to
the automatic sample changer on the gamma ray spectrometer,
has been constructed to permit unattended analysis.
Further work on this problem has been delayed until a
suitable air sampling pump is received.

2.2.7.2 Determination of Water in Fast Neutron Rods

Accurate analysis of H20 in U02 fuel of Mark 7 fast
neutron rods is important since excess water could produce
large internal pressures and/or excessive amounts of
•zirconium hydrides. In the past sample preparation
procedures produced large H2O blanks which reduced the
precision and accuracy of the methods. A new sampling
technique has been devised whereby the external surfaces
of the sample rod can be thoroughly degassed prior to
puncturing the element. A YAG laser is used to puncture
the wall of the fuel element after it is enclosed in an
evacuated and sealed glass container. Moisture from the
filling gas and that adsorbed on the fuel can then be
determined without any significant blank.
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2.2.7.3 Analysis of (NDit)2PtBr6 for Deuterium

The results of physics experiments with a material
claimed to be (NDt,)2PtBr6 had suggested that this material
was not fully deuterated and a sample was analyzed by
mass spectrometry to determine the deuterium content.
The sample was introduced into the mass spectrometer on
the solids probe, evacuated and mass scans taken at
various sample temperatures between 30 and 87°C. At
or above 70°C, ammonia and hydrobromic acid were observed.
Calculation of the %D (%D = (D/D+H) x 100) indicated that
the deuterium content was < 1%. Considerable
contamination of the sample with Cl and I species was
also indicated.

2.2.8 Determination of Hydrogen-in-Metals by Inert Gas
Fusion/Gas Chromatography

- H. Herrington, J.P. Mislan

A LECO R-H3 Hydrogen Determinator is being
evaluated for rapid analysis of hydrogen-in-zircaloy
samples. Analysis is accomplished by dropping a weighed
sample into a graphite crucible, containing an appropriate
releasing agent (accelerator), heating the crucible plus
sample and accelerator rapidly to release H2 and sweeping
the H2 through a thermal conductivity detector with N2.
Recovery experiments have been performed, with NBS H-in-Ti
standards and zircaloy-2.5% Nb samples, pre-analysed by
the CRNL isotope-equilibration technique. The following
parameters have been studied in an effort to maximize H2
recovery from titanium and zircaloy-2.5% Nb samples; type
of accelerator (Pt, Ni, Sn, Ni/Sn), temperature, and N2
sweep time. Conditions have been found for recovery of
95% of the H2 from titanium but recovery of H2 from
zircaloy-2.5% Nb samples has not exceeded 85%. This
level of recovery will be useful only if high precision
can be maintained. Precision studies are currently
underway as well as recovery experiments with 2 other
zircaloy types: Zircaloy-2 and zirconium XL alloy.

2.2.9 Analytical Support for NRX Calandria (Corrosion)
Working Party

- J.P. Mislan, M.T. Hurteau

A Philips PW 9762 NO/NO2/NOX analyser has been
purchased for extended monitoring of nitrogen oxides.
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The analyser has been bench tested for extended periods
with NO and N0 2 at the 10 ppb concentration level.

Reactor tests will be resumed when 57S-A1 sampling
lines have been replaced by 2S-A1 to permit better
correlation of nitrogen oxide levels with corrosion
deposit measurements.



2.2.10 Analysis Requests

Received
from

System
Materials

Metallurgical
Engineering

Type of Sample

Reverse osmosis solutions

Filtered reverse osmosis solutions

Reverse osmosis clean-up solutions

Fuel decrudding solutions
Douglas Point GS boiler deposit

Process water
U02 powder
H-5 crud f i l te rs
Freon loop crud
WNRE evaporator tests
UO2 fuel

Water condensate from air compressor

Zr-2.5% Nb test specimens

N 2 gas from stripper calibration tests

Tungsten carbide ring seal

Boiler deposits

Incinerator ash

Zr-2.5% Nb pressure tube samples
Zr-2.5% Nb test specimens
Lubricant from Chase Nuclear

Zr-2.5% Nb

No. Of
Samples

10

5

3

13
9

2
1
3
1
75
1

4

200
13

2

4

10

92
8
3

3

No. of
Determinations

20

45

21

65
118

6
1
18
6
75
54

62

222
60

4

96

260

184
12
72

84

Type of Analysis Done

Na, K, Ca, Mg, Fe, Cu,
Mn, Al, Si, S C , POi,,
NO 3
Na, K, Ca, Mg, Fe, Cu,
Mn, SOi,, PO^
Na, K, Ca, Mg, Fe, Ni,
Si
Fe, Ni, Cu, Co, Cr
Fe, Ni, Cu, Ca, Na, Mg,
Si, P, Cl, Zn, Quant-
itative Spectrographic
Cl, pH, Conductivity
O/U Ratio
Fe, Ni, Cu, Co, Cr, Al
Fe, Cr, Cu, Ni, Cl, Si
Na
Quantitative
Spectrographic
Fe, Na, K, Zn, Pb,
Quanti ta tive
Spectrographic
H
Quantitative mass
spectrometry
Quanti tative
Spectrographic
Quantitative
Spectrographic
Quantitative
Spectrographic

0, N
H
Ca, Mg, Cl, F, Quant-
itative Spectrographic
Quantitative
Spectrographic

I
LJ
VO

1



Received
from

Fuel
Engineering

General
Chemistry

Chemical
Engineering

Type of Sample

Zr-2.5% Nb fuel sheath material

ZED-2, CECE-Rig process gas

U02, PuO2 and Pu02/UO2

Extraction efficiency test solutions

CECE-Rig process water

GS Pilot Plant process water
NPD process water

Tank farm rad waste solutions

Fuel
Materials

Physical
Chemistry

Materials
Science

AECRC-
Isotope
Group

R.&I.S.

NPD

U02
N2 gas

Enriched U02 pellet

Solutions from photolysis

Zr-2.5% Nb test specimens

l33Xe product

Breathing air.

NPD-PHT D20

NO. of
Samples

50

84

No. of
Determinations

72

84

21

60

54

Type of Analysis Done

H, D

33

8

3

13

62
5

3

9
2

1

9

186

648

21

26

62
131

24

14
6

4

19

Quantitative mass
spectrometry
Quantitative
Spectrographic
Fe, Ni, Cr, Ca, Co, Mn,
Ca
K, Cu

25"UV measurements
Quantitative
Spectrographic
Quantitative
Spectrographic

C, Fe
Quantitative mass
spectrometry
O/U, Fe, Ni, F

Ca, Mg, Na, K

i

•b

o
1

Quantitative mass
spec trome try

Quantitative mass
spectrometry

Cl, F, Quantitative
Spectrographic



Received
from

NPD

Solid State
Science

Civil and
Mechanical
Design

Reactor
Technology

Type of Sample

NPD moderator

Al rod

BNPD incinerator ash

Anodizing dye

NO. Of
Samples

1

1

1

1

NO. Of
Determinations

52

52

78

1

Type of Analysis Done

Quantitative
Spectrographic

Quantitative
Spectrographic

Quantitative
Spectrographic

Thermal decomposition
experiment

TOTAL 763 3100
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2.3 RADIOACTIVITY MEASUREMENTS

2.3.1 Flux Mapping in NRU Silicon-Irradiation Facilities

- W.J. Edwards (in collaboration with G. Nicholson,
NRU Reactor Branch, CRNL)

The NRU facilities for irradiating cylindrical silicon
crystals to produce phosphorus-doped material, by the
reaction

90Si + n •* 31Si £ 3 1P,

are located in the four 'large' J-rod positions, 1, 3 and
4 8, 50. These positions have light water-filled thimbles
installed in which sets of silicon crystals are suspended
centrally and rotated slowly in the neutron flux to provide
a radially symmetrical dose. Self-powered neutron detectors
are installed in the small intermediate J-rod positions 2
and 49. These provide relative values of the average flux
near the reactor centre line and when properly calibrated
serve to control the irradiation period to achieve a
specified doping level.

The irradiation specifications are quite stringent.
No more than 1% radial variation in the integrated neutron
flux nor more than 5% overall difference from the specified
concentration of phosphorus is allowed.

In order to calibrate the facility, extensive and
accurate flux-mapping is required. This has been undertaken
using cobalt wire monitors centrally located in holes in
long cylindrical solid aluminum rods. The rods are employed
to simulate the effect of silicon crystals in displacing
the water. Measurements are made along the rod centre-line
at 5 cm intervals.

A flux profile taken in this manner using a 1.905 cm
diameter Al-rod in JR-50 is shown in Figure 2.3.1.1. This
figure shows a broad perturbation at the elevation
corresponding to the calandria bellows and a rapid fall off
from end effects. Consequently only about 50 cm of the
facility has a sufficiently flat flux profile to permit
the irradiation specifications to be met.

Irradiations using aluminum rods of greater diameter
than that in Figure 2.3.1.1 show a similar profile but
larger absolute flux. The larger values for the flux
result from the displacement of the light water in the
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thimble by the aluminum which has a smaller scattering
and adsorption cross section. A plot of the centre-line
flux normalized to a constant average value from the
external self-powered neutron-detector is shown in
Figure 2.3.1.2 for three sizes of aluminum rod. The
effect on the flux of displacing water by aluminum may
make it possible to extend the length of the constant
flux portions of the facility to lower elevations by
placing a properly shaped aluminum insert in the base of
the thimble.

The radial variation within the larger aluminum rod
has also been measured and found to be £ 1% as required.
Further measurements to include all four J-rods are being
completed.

2.3.2 y-Spectrometry Laboratory

- P.A. Robinson

A total of 689 samples was received during the period
1978 December 1 to 1979 March 8. These were analysed as
follows:

Na(I) spectra
Ge(Li) spectra

decay curves beta
gross beta

16
561

577

11
113

124

DISTRIBUTION OF BETA ANALYSIS

Loop

Decay

Gross

X-1

1

4

X-2

-

4

X-3

2

18

X-4

-

18

X-6

-

12

U-l

2

18

U-2

3

18

U-5

3

18

Special
Analysis

-

3
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DISTRIBUTION OF GAMMA ANALYSIS

Loop

Y's

X-1

4

X-2

25

X-3

10

X-4

2

X-6

2

U-1

5

U-2

6

U-5

2

NRU

28

NPD

13

Special
Analysis

480

2.4 DEUTERIUM ANALYSIS

Deuterium Analysis

- W.M. Thurston, M.W.D. James

The following is a summary of deuterium analyses for
the period 1978 December 6 to 1979 Mart;h 12.

No. of Samples

6959

100

41872

15

Branch Program

General Chemistry Electrolysis-Catalyst
Exchange

General Chemistry Combination of
Standards for
Calibration

Physiral Chemistry H2-H2O Exchange

Miscellaneous

48946

2.4.2 Heavy Water Analysis - Cooperation with Production Plants

- W.M. Thurston, M.W.D. James

2.4.3 D/H Analyses by Density

- W.M. Thurston, M.W.D. James
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2.5 ELECTROCHEMISTRY

2.5.1 Laboratory Demonstration of the CECE-HWP Super-Upgrader

- M. Hammerli, A.S. Denovan

2.5.2 H/D Analyses for Noranda Laboratory CECE-HWP Rig

- M. Hammerli, A.S. Denovan

2.5.3 ZED-2 Analytical Support

- M. Hammerli, W.J. 01mstead

2.5.4 Detection of NO/NO2 in Electrolytic Hydrogen from an
Electrolyte Containing 30% KOH and 5 x 10 x and 5 x~10~2

mol-L""1 KNO3

- M. Hammerli, W.J. 01mstead

2.5.5 Ion-Selective Electrode Determination of Boron

- J. Gulens, P.K. Leeson

We are continuing our studies of the response of the
fluoroborate (BF?) electrode, and have compared the response
of a new modular BF~ electrode (Orion Model 93-05) to the
old electrode (Orion Model 92-05) used previously. The
modular electrode is considerably better than the old_
electrode: it has a lower limit of detection (1 x 10 6 vs.
3 x 10~6 mol'L"1), a lower limit of Nernstian response
(1 x 10~5 vs. 2 x 10~5 mol'L"1^ and a faster response time
(̂  3 min vs. ^ 7 min at 1 x 10 6 mol'L"1)- These improve-
ments are due to the fact that the size, thicknors P^d
geometry of the liquid-exchanger membrane have been
optimized and are fixed (modular design), while jn tb(*
old electrode these were variable since the electrode Had
to be re-assembled every time for use.

We have determined that the electrode's limit of
detection to BF~ is not influenced by the concentration of
NaF in solution, but is strongly affected by pH. In pci.Cic.
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solutions the interference may be due to HF7 while in
alkaline solutions, the interference may be due either to
0H~ directly or to hydrolysis of the BF.,. Studies on
optimizing the rate of conversion of H3BO3 to HBFi, are
continuing.

2.5.6 Redox Processes in Ground Water

- J. Gulens (with D.R. Champ, Environmental Research Branch,
CRNL)

We have resumed our field studies on the mobility of
arsenic in ground water. Our previous results showed that
*.he mobility of both the As (III) and As(V) species
increased as the ground water became more reducing
(PR-CMa-45, AECL-6327); however, the increased mobility
may also have been due to the increase in the pH of the
ground water between the oxidizing and reducing conditions.
These experiments will attempt to determine the relative
role of pH and EJJ (measured platinum electrode potential of
ground water) in the mobility of arsenic.

We have been able to alter the pH of ground water over
the range pH 5-8 by the metred addition of thoroughly
de-aerated acid solutions, while simultaneously maintaining
it in a reasonably constant reduced state (EJJ values
ranging from -220 to -130 mV vs. the saturated calomel
electrode). This ground water is being used to study
arsenic mobility through the sand columns, as a function of
pH.

2.5.7 H2S-in-Water Monitors

- J. Gulens (in collaboration with M. Cooke, Glace Bay
Heavy Water Plant)

2.6 MASS SPECTROMETRY AND FUEL ANALYSIS

2.6.1 Spark Source Mass Spectrometry

- S.V. Armstrong



- 49 -

2.6.1.1 Analysis of Super-Pure Iron Intended for Irradiation
Capsule Fabrication

It is important that iron irradiation capsules not
contain more than minimum amounts of impurities that
would be activated under neutron bombardment to produce
unwanted radiations. Three samples of "super-pure" iron
intended for this purpose were examined by spark source
mass spectrometry. Thirteen trace elements were
positively identified and approximate concentrations were
calculated. The results are shown in Table 2.6.1.1.1.

Of these elements, potentially the most troublesome
are manganese, cobalt and vanadium. These particular lots
of iron would not be particularly suitable for the
manufacture of irradiation capsules.

TABLE 2.6.1.1.1

Trace Impurities in Iron Samples

No. Element Concentration (weight percent)

Iron Iron Iron
Sample #1 Sample #2 Sample #3

1 Sodium 2.8 x 10"* 2.1 x lO"1* 1.2 x lO"1

2 Magnesium 2.4 x 10~* 2.9 x 10"* 5.3 x 10~"

3 Potassium 4.0 x 1C"5 1.1 x 10~3 4.9 x 10"3

4 Calcium 1.1 x 10"" 1.7 x 10~" 1.5 x 10"2

5 Titanium 1.0 x 10~3 1.8 x 10~3 9.0 x 10"1*

6 Vanadium 2.0 x 10~5 2.2 x 10~" 8.0 x 10"5

7 Chromium 8.1 x 10"1* 3.6 x 10~3 8.8 x 10~"

8 Manganese 1.3 x 10"3 5.3 x 10~3 1.1 x 10~2

9 Cobalt 1.2 x 10"3 2.1 x 10~3 1.3 x 10"3

10 Nickel 2.2 x 10~3 8.6 x 10"3 7.9 x 10"3

11 Copper 5.1 x 10"4 4.3 x 10~" 8.1 x 10~"

12 Niobium 8.0 x 10"5 5.0 x 10"5 2.0 x 10"5

13 Molybdenum 4.8 x 10~" 2.2 x 10~3 6.5 x 10~"

3

N.B. It can be assumed that the results quoted are accurate
within a factor of three.
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2.6.2 Thermionic Emission Mass Spectrometry

- J.A. Schruder, C.H. Knight

Because the Bldg. 250 hot cells are shut-down for
renovation, no irradiated samples were analysed this
quarter. A score of unirradiated uranium, boron,
gadolinium and neodymium samples from Nuclear Materials
Control Branch, Bruce Generating Station, and General
Chemistry Branches were analysed for their relative
isotopic abundances.

Several plutonium samples from the mixed oxide fuel
fabrication line in Bldg. 375 were similarly analysed.

2.6.3 Fuel Analysis

- S.R. Bokwa, C.H. Knight

2.6.3.1 The Anion Exchange Separation of the Rare Earths,
Americium, Uranium and Plutonium

Separation experiments for burn-up measurements on
irradiated fuel solutions have been limited because the
chemistry hot cells are currently out of service.
However, trial separations are being performed on fuel
solutions which have decayed for about 6 years. Because
their activity is low, these solutions can be used in
fume hoods with a minimum of shielding. At present, work
is being concentrated on the determination of the
distribution of fission products during the separation
and the level of alpha contamination in the neodymium
fractions.

2.6.3.2 Hot Cell Renovations

The renovation of Bldg. 250 hot cells, which are
essential for the analysis of highly active samples, has
been in progress since late January. With the current

• rate of progress the cells could be available by summer.
At present there is a backlog of about 30 samples for
burn-up analysis.

2.6.4 Analytical Support - Plutonium Fuel Fabrication Line

- F.C. Miller, L.G. Shurrock, B.W. Hildebrandt
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2.6.4.1 Routine Analyses

During the quarter the following analyses were
carried out in support of the fuel fabrication for
Experiment BDL-419:

Plutonium content - 14
Uranium content - 1
Carbon - 2
Nitrogen - 2

Fluoride - 2
Oxygen/metal ratio - 4
Hydrogen - 23
Metallic Impurities - 1

2.6.4.2 Hydrogen Analysis

Hydrogen analyses on sintered mixed oxide pellets
were normally carried out on 5 g samples of the fractured
pellets. However, erratic duplicate analyses were
obtained on the same pellet and this was traced to spots
of surface contamination by diffusion pump oil.
Consequently, whole pellets are now analysed to give a
more realistic picture of the total hydrogen content of
the pellets.

2.6.5 Calibration of Neutron Non-Destructive
Assay Equipment for Plutonium Analysis

- F.C. Miller, L.G. Shurrock, B.W. Hildebrandt

The fabrication line staff use a neutron non-
destructive assay facility to compare the relative amounts
of fissile plutonium to total heavy elements in the
individual pellets and also in the fuel elements produced.
However, no absolute standard is available to calibrate
this system. In an attempt to establish a quantitative
calibration, nine pellets from Batch 88, which had been
analysed repetitively by non-destructive assay, were
analysed for plutonium by controlled potential coulometry
and the following results were obtained:

Pellet Number Neutron Assay
Wt.%. Fiss. Pu in

Total Heavy Elements

Coulometric Assay
Wt.%. Fiss. Pu in

Total Heavy Elements

1
4
11
18
39
47
53
57
58

0.5150
0.4996
0.4892
0.5033
0.4993
0.5131
0.5120
0.4995
0.4870

0.5107
0.5152
0.4933
0.4963
0.5073
0.5076
0.5049
0.4940
0.4957

Average 0.5020 ± 0.01 0.5028 + 0.008
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The concentration of fissile plutonium in total heavy
elements calculated from, the weights of plutonium and
uranium added to the batch is 0.491, thus both sets
of analyses show a positive bias. Work is continuing
to resolve this discrepancy.

2.6.6 Conversion of Plutonium Nitrate Solutions to Oxide

- F.C. Miller, L.G. Shurrock, B.W. Hildebrandt

A program was started to convert all plutonium
nitrate solutions, which had been in storage since the
1960's, to the oxide form. An inventory of 39 5 g
plutonium, consisting mainly of purified final-product
solutions, was transferred to the analytical chemistry
line; the solutions were homogenized and the amount of
plutonium and its relative isotopic abundances were
determined. The plutonium was precipitated as the
oxalate, filtered, and transferred to the fabrication
line for calcination to oxide. The calcination has been
completed and analysis of the final product is
proceeding. Some difficulties were encountered in the
coulometric analysis for total plutonium because of the
high iron content in the solutions. A quantitative iron
analysis is being carried out on the homogenized solution
in order to correct the result for total plutonium.

2.7 PUBLICATIONS AND REPORTS

2.7.1 Publications

Oxidation-Reduction Sequences in Ground Water Flow
Systems
- D.R. Champ, J. Gulens and R.E. Jackson
Canadian J. Earth Sciences, 16, 12-23 (1979)

2.8 LECTURES, CONFERENCES, MEETINGS, COURSES

2.8.1 Conferences and Meetings

1979 Pittsburgh Conference on Analytical Chemistry and
Applied Spectroscopy, held at Cleveland Ohio, 1979 March
5 to 9. Attended by R.M. Cassidy
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Meeting of the Canadian Advisory Committee on Hydrogen,
held in Ottawa, 1979 January 16. Attended by M. Hammerli.

Meeting of the Program Review Group for the Noranda-
Electrolyser Program for Advancement of Industrial
Technology project to develop commercial electrolysers,
held in Ottawa, 1979 January 31. Attended by M. Hammerli.

Seminar on Atomic Absorption Spectrometry, presented by
Varian Associates of Canada, held in Ottawa, 1979
January 22. Attended by M.T. Hurteau, G.J. Jarbo,
E.D. Bellavance and J.P. Mislan.

Seminar on Induction Coupled Argon Plasma-Optical Emission
Spectrometry, presented by Jarrell-Ash Division of
Fisher Scientific, held in Ottawa, 1979 February 15.
Attended by J.P. Mislan
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3.2 RADIATION CHEMISTRY AND LASER PHOTOCHEMISTRY

3.2.1 Pulsed Electron Radiation Chemistry

- A.W. Boyd and O.A. Miller

(a) Yield of Excited N Atoms in the Radiolysis of Nitrogen

The value for this yield derived previously (PR-CMa-46,
AECL-6401) from the observed yield of NH in N2-H2 mixtures
is G(N(2D)) 2L 0.8. As discussed this appeared to be too
low to be consistent with the yields of N0 2 and 0 2 in N2-N2O
mixtures. Further calculations have confirmed this and
lead to a yield of G(N(2D)) ^ 3. Approximately the same
value is required to give agreement with the N0 2 yields
obtained in the irradiation of N 2-O 2 mixtures by Dmitriev
and Pshezhetskii (1). The most obvious explanation of this
discrepancy is that only a fraction of the N(2D) atoms react
with H 2 to give NH and the remainder are deactivated to the
ground state by H 2. To obtain further data measurements of
the O3 yield in the Febetron radiolysis of N 2-O 2 mixtures
(see PR-CMa-47, AECL-6455) are being extended.

(b) Calculation of Product Concentrations from Primary Yields

- with R.S. Dixon (Research Chemistry Branch, WNRE) and
x^.B. Carver (Mathematics and Computation Branch)

The calculations of the concentration of products in
irradiated water (see PR-CMa-44, AECL-6327) have been
extended and detailed comparisons have been made with the
experimental results of Hochanadel (2), Schwarz (3) and
Kabakchi, Shubin and Dolin (4). These show that improved
rate constant ratios for the reactions of OH radicals
with hydrogen and hydrogen peroxide and for the reactions
of solvated electrons with oxygen and hydrogen peroxide
may be obtained from further experimental measurements.
Comparison of the computed values and the experimental values
in reference (4) gives a value for a rate constant not pre-
viously reported; that for the reaction between H2 and 03".

This work has been submitted for publication.

(1) M.T. Dmitriev and S.Ya. Pshezhetskii, Russian J. Phys.
Chem. 3£, 418 (1960).

(2) C.J. Hochanadel, J. Phys. Chem. 5£, 587 (1952),
Proc. Int'l Conf. Peaceful Uses of Atomic Energy
1, 521 (1955) United Nations.

(3) H.A. Schwarz, J. Phys. Chem. 6jS, 255 (1962).

(4) S.A. Kabakchi, V.N. Shubin and P.I. Dolin, High
Energy Chemistry 1, 127 (1967).
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3.2.2 Pulse Radiolysis of Liquid Systems

- W.A. Seddon, J.W. Fletcher, F.C. Sopchyshyn and L.W. Thomson

(a) Kinetics of Alkali Metal Reactions in Ethers

The computer treatment has indicated the complexity
of the kinetics and the need for more accurate rate constants
in some areas. Both flash photolysis and pulse radiolysis
are being used in an effort to obtain these numbers.

(b) HP 9830 Terminal Computer System

The central computer terminal system has become so
busy in recent weeks that a considerable fraction of our
programs are not being processed properly. Considerable
effort has been made to develop a PROMPT system for our
HP 9830 terminal. Even so the current situation remains
unsatisfactory and major improvements are required at the
main computer. Our FORTRAN software programs have been
modified in collaboration with M.B. Carver (Mathematics
and Computation Branch) using the differential equation
solving package FORSIM. This package is much faster
than the WR20 package used previously.

(c) 2.5 MeV Van de Graaff Electron Accelerator

The failure of a focus control motor resulted in a
six week shutdown of the accelerator. Replacement of this
motor led to unanticipated problems with the pulsing circuit
which were eventually traced to light being emitted from the
terminal belt charging screen. This resulted in a spurious
trigger to the photomultiplier circuit and irreproducible
background pulses.

3.2.3 Radiolytic Decomposition of CAN-DECON Reagent

- W.A. Seddon, J.W. Fletcher and L.W. Thomson, with
R.M. Cassidy, General Chemistry Branch

3.2.4 Photochemical Isotope Separation

- R.D. McAlpine, D.K. Evans and F.K. McClusky

(a) Laser Induced Decomposition of Formaldehyde

Isotopically selective decomposition has been studied
for selective excitation of the CH2O component (using all
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lines of the DF laser, see PR-CMa-46; AECL-6401) in
equimolar mixtures of CH2O and CD2Û. The separation
factors for various total pressures are shown in Figure
3.2.4.1. The fall-off of selectivity with increasing
pressure is similar to that observed for isotopic mixtures
of HCOOH (1) and CH3OH (2).

The HD fraction of the total hydrogen yield increases
with total formaldehyde pressure from 4% for the 0.55 kPa
mixture to 36% for the 4.055 kPa mixture. This change
could indicate a pressure dependent competition between
two different reaction channels (for example between
molecular decomposition and free radical decomposition)
and experiments are currently being performed to test this
possibility.

(b) Multiphoton Decomposition of Methanol Using a C0 2 Laser

Preliminary laser induced decomposition studies of
CH3OH by a CO2 laser have been performed. In addition,
relative optical absorption cross sections have been
measured (using a spectrophone cell) for absorption of
various COZ laser lines. The ratios of absorption cross
sections for four pairs of isotopically labelled methanols
are shown in Figure 3.2.4.2 and the conventional IR
spectra of these species are shown in Figure 3.2.4.3. This
figure can be used as a guide to the initial choice of laser
lines for selective irradiation studies using the CO2 laser.

Preliminary irradiations have been carried out for
several mixtures. For example, the equimolar mixture
CH3OH/CD3OH (total pressure ^ 0.26 kPa) has been irradiated
with the 9P(16) and the 10P(28) lines. The first line is
expected to give a high selectivity favouring hydrogen and
the second favouring deuterium. However, for the 9P(16)
line, otH = 1.3 [aH = (H/D) products/ (H/D) reactants] was
observed, and for the 10P(28) line <XD = 1.2 [ap = (D/H)products/
(D/Hreactants]

 w a s observed. These numbers are considerably
smaller than might be expected from an examination of
Figure 3.2.3.2. Studies are continuing to determine the
reasons for this unexpected result.

(1) D.K. Evans, R.D. McAlpine and F.K. McClusky, Chem.
Phys. 32_, 81 (1978) .

(2) R.D. McAlpine, D.K. Evans and F.K. McClusky, Chem.
Phys. (in press).
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Separation factors for selective irradiation of the
CH2O component for various equimolar mixtures of
CH2O and CD2O.
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3.2.5 Laser Magnetic Resonance (LMR)

- D.R. Smith and J.D. Bonnett, with J.S. Geiger (Nuclear
Physics Branch)

Various solutions to the vibration problem which
limits our spectrometer sensitivity at low modulation
frequency are being considered. These include relocation
of the equipment into a laboratory on bedrock, mounting
both the FIR laser and the CW CO2 pump laser on the same
table, and conversion to a transversely-pumped FIR laser (1)
much shorter in length than the existing longitudinally-
pumped one. In the meantime we are operating the spectro-
meter at a modulation frequency of "v» 400 Hz where vibration
plays a relatively minor role. The sensitivity under these
conditions is limited to i» 1 in 10 *, a factor of 10
improvement over the 20 Hz situation.

Modifications have been made to the "burner" used to
produce free radicals. Using the modified arrangement we
have observed absorption signals from the radicals NH,
(X3Z-, v = 0) (2) and NH 2 (X2Bi) (3) produced by reacting
fluorine atoms with ammonia. The atom O(3P) has also been
detected by conventional means (4). To date, we have
failed to detect CH (X2TT) from an F + CH., flame (5) or
an O + C2H2 flame (6). In the former case we believe there
is an impurity inhibiting the reaction. In the latter case,
we are reluctant to establish the spontaneous oxy-acetylene
flame conditions which seem necessary.

We plan to make a further search for signals from
free radicals produced by multiphoton dissociation before
making changes in the apparatus. Fast sample and hold
circuitry and a routing feature have been added to a slow
digital signal averager. This will be used to maximize
sensitivity by long term averaging and will allow us to
accumulate signal and background spectra under identical
noise conditions.

(1) K.M. Evenson, D.A. Jennings, F.R. Petersen, J.A. Mucha,
J.J. Jimenez, R.M. Charlton and C.J. Howard, IEEE.
J. Quant. Electronics !L3, 442 (1977) .

(2) F.D. Wayne and H.E. Radford, Molecular Physics 32^,
1407 (1976).

(3) P.B. Davies, D.K. Russell and B.A. Thrush, Proc. Roy.
Soc. Lond. A353, 299 (1977).

(4) P.B. Davies, B.j. Handy, E.K. Murray Lloyd and D.R. Smith,
J. Chem. Phys. 6£, 1135 (1978).
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(5) J.A. Mucha, D.A. Jennings and K.M. Evenson, J. Mol.
Spectroscopy 7£, 463 (1978) .

(6) K.M. Evenson, H.E. Radford and M.M. Moran, Appl. Phys.
Lett. 18, 426 (1971).

3.3 HYDROGEN-WATER EXCHANGE

3.3.1 Kinetic Studies of the Isotopic Exchange Between Hydrogen
and Water

- J.P. Butler, J. den Hartog, F.W. Molson, J.H. Rolston
and D.E. Clegg

3.3.2 Surface Studies by X-Ray and UV Photoelectron Spectroscopy
(XPS and UPS) and Low Energy Electron Diffraction (LEED)

- P.R. Norton, D.K. Creber and J.W. Goodale

(a) Preparation of Clean Unreconstructed Platinum (100)
Surfaces

It has been reported (1) that it is possible to prepare
a clean unreconstructed Pt(lOO) surface by a process
involving first, adsorption of CO, second, sputtering with
250 eV O + ions and third removing excess adsorbed oxygen by
hydrogen reduction. The residual hydrogen was then removed
by warming to 373 K. The symmetry of the resulting LEED
pattern was (lxl). It has been established at this
laboratory that adsorption of H2 at low temperatures also
produces the (lxl) surface, but our recent LEED and thermal
desorption spectroscopy experiments have shown that it is
not possible to remove the adsorbed hydrogen without also
causing the surface to reconstruct. This starts to occur
at 340-350 K. At ^ 370 K hydrogen is removed rapidly but
the LEED pattern changes to (5x20) symmetry. There is
also considerable disagreement between the present work
and that previously reported by Bonzel and co-workers (1)
as to the changes that occur in the UPS valence band
spectra of Pt(100) as a result of the phase transition. It
is believed that the sputtering method used by earlier
workers resulted in surface damage that was not detected
by LEED and which stabilized the (lxl) structure to
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temperatures at which hydrogen could be rapidly desorbed.
The origin of the discrepancy in the UPS data remains
obscure.

(b) Adsorption on and Reactivity of Pt(100) Surfaces

(i) Adsorption of CO

Preliminary work has established that two adsorbed
species are detected by XPS. The similarity to the data
for the CO/Pt(lll) system suggests that there are both
linear and bridged species on the Pt(100)-(lxl) surface.
The adsorption has been studied by work function measure-
ments and the behaviour at low coverage on the Pt(100)-(5x20)
surface is similar to that on Pt(lll) giving credibility
to the model for the reconstructed surface that involves
hexagonal close packing of the topmost layer of atoms.

Time dependent work function changes have been observed
after adsorption to a given coverage has been completed. It
is believed that these effects are related to the movement
of the surface platinum atoms during the phase transition
(5x20) •*• (lxl). A detailed study is being undertaken.

(ii) Adsorption of H 2

Hydrogen does not adsorb on Pt(100)-(5x20) at 298 K.
This has been confirmed by thermal desorption and UPS
measurements. At temperatures below ^ 250 K hydrogen
adsorbs rapidly, resulting in a (lxl) LEED pattern. This
hydrogen can not then be desorbed at T £ 380 K indicating
very clearly that the heat of adsorption of H 2 on the (lxl)
surface is considerably greater than on the (5x20) surface.

The desorption of H2 and CO will be studied by dynamic
measurements of the work function.

(c) Photoelectron Spectroscopic Studies of Uranium Nitride (UN)

- (with W.J.L. Buyers, Neutron and Solid State Physics
Branch)

Photoelectron spectra have been obtained for the U 6s
level in UN. It is now believed that multiplet splitting
is-responsible for the broadening of the U 4f levels in UN
compared to U metal. The multiplet structure is complex
for the coupling of 4f and 5f electrons whereas the coupling
of 6s and 5f electrons should give rise to a doublet. An
asymmetric 6s line was observed but no clearly resolved
components were visible. It is probable that the
individual components are broadened by life-time effects
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because of the possibility of Coster-h.i.onig Auger
de-excitation. Measurements are currently being made on
uranium metal which is non-magnetic in an attempt to
measure the inherent line width of the U 6s singlet.

(1) H.P. Bonzel, C.R. Helms and S. Kelemen, Phys. Rev.
Lett. 35 (1975) 1237.

3.3.3 Surface Structure Analysis by Rutherford Backscattering and
Channeling

- P.R. Norton with W.N. Unertl (Univ. of Maine), J.A. Davies,
D.P. Jackson and C. Sitter (Solid State Science Branch)

For details see PR-CMa-48, Section 1.2.3.

3.4 ISOTOPE CHEMISTRY

3.4.1 Isotope Exchange Between Molecular Hydrogen and Cyclohexylamine
(CHA)/Cyclopentylamine TCPA)"

- E.A. Symons and M.J. Clermont

Arhennius activation energies (Ea) for D2 exchange
with CHA, catalyzed by LiCHA and NaCHA over the temperature
range -15 to +15°C, have been calculated from in-solution
rate constants determined from the gas phase composition
change measurements and the H2 solubility data (PR-CMa-46,
AECL-6401). The solubilities of HD and D2 relative to H2

were estimated from comparable data reported for water (1).
The values of E a are 14.0 kJ-mol"

1 for LiCHA and 11.8 kJ-mol"1

for NaCHA; these are smaller than the data at lower
temperatures for various catalysts in methylamine (15 to
20 kJ-mol"1) and ammonia (30 to 35 kJ-mol ). The correspond-
ing entropy of activation values, US*, are very low: -211
and -190 J-mol^-K"1 for LiCHA and NaCHA respectively.

From the temperature dependence of the H2 solubility
in CHA at -15 to +15°C the partial molal enthalpy and
entropy of solution were calculated to be 6.6 ±0.4 kJ-mol"1

and 24.4 ± 2.0 kJ-mol-1'K"1 (standard state 101 kPa H2)
respectively.
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More accurate values of the apparent response factors
(r.f.) for HD and D2 in equilibrium hydrogen mixtures
containing less than 1 mol percent H2 have been obtained
for the CEC 21-614 mass spectrometer. For a single
LiCHA-catalyzed run followed from 100 to 85 mol percent D2,
a first order line was placed through the reliable zero
time and final points and the r.f. values then adjusted to
fit the intermediate kinetic points onto this line. The
values of r.f. for D2 increase smoothly with mol percent D2:
7.0 at 90.0, 16 at 95.0, 36 at 97.5.

In an attempt to improve gas/liquid contact in the
stirred reactor a new unit was constructed with the gas
inlet (stainless steel frit) at the bottom. Preliminary
kinetic results for D2 exchange with NaCHA solution indicate
no significant improvement when the hydrogen is bubbled
through the stirred solution. Also included in the modified
design was a shorter stirrer shaft to reduce the tendency of
the stirrer and feedthrough shafts to become misaligned at
high stirring rates.

The temperature dependence of the kinetic isotope
effect (k.i.e.) 2kfjo/ko2 for LiCHA catalyst has been obtained
from a set of exchange runs in the new reactor with D2 and
with 1% HD in H2 at -15 to +15°C and 12,000 r-min"

1. The
observation that the k.i.e. apparently increases significantly
with decreasing temperature needs to be confirmed.

(1) J. Muccitelli and W.-Y. Wen, J. Solution Chem. 1_, 257
(1978).

3.4.2 Isotopic Exchange Reactions in Protic Solvents Studied by
NMR Spectroscopy

- J.D. Halliday and P.E. Bindner

Studies of proton exchange between liquid D2S and
methanethiol (1:2 mole ratio) have shown that the reaction
is catalyzed by residual traces of acid or base. Individual
runs, where the integrals of all the species present [1]
were measured, gave very good kinetic plots but the reaction
rate constants for repeat samples differed by over an
order of magnitude (Figure 1 ) . The exchange kinetics were
analyzed as a second order reversible system (1)

[1] CH3SH + D2S d=r^ CH3SD + HDS
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Attempts to remove these trace impurities by repeated
pickling of the apparatus have been unsuccessful. Hence
the reaction is being studied at higher concentration levels
of deliberately added catalyst {trimethylamine). Such
solutions show rates which are too fast to allow measurement
of the approach to equilibrium. However, the rates are
within the range for lineshape analysis. To simplify these
calculations using a modified version of the spin-coupled
intermolecular exchange simulation computer program (PR-CMa-47,
AECL-6455), only the protic reaction [2] is being studied as
a function of trimethylamine catalyst concentration.

[2] CH3SH* + H2S v==^ CH3SH + H*SH

(1) A. Frost and R. Pearson, "Kinetics and Mechanism",
2nd Edition, J. Wiley and Sons, 1961, p. 187.

3.5 REPORTS, PUBLICATIONS AND LECTURES

3.5.1 Publications

Peak Power and Heavy Water Production from Nuclear
Electrolytic H2 and O2 in Canada
- M. Hammerli, J.P. Butler and W.H. Stevens
Int. J. Hydrogen Energy (in press) (1979) .

Isotopic Exchange Reactions of Amines. II. Amine-Amide
Proton Exchange in the Potassium Methylamide/Methylamine
System
- J.D. Halliday and P.E. Bindner
J. Phys. Chem. (in press) (1979).

Laser Isotope Separation and the Multiphoton Decomposition
of- Methanol Using a Pulsed HF or DF Laser
- R.D. McAlpine, D.K. Evans and F.K. McClusky
Chem. Phys. (in press) (1979).

The Contribution of Pulse Radiolysis to the Chemistry of
Alkali Metal Solutions
- W.A. Seddon and J.W'. Fletcher
Radiation Physics and Chemistry (in press) (1979).
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Flash Photolysis of Alkali Metal Anions in Tetrahydrofuran
and Dimethoxyethane
- W.A. Seddon, J.W. Fletcher, F.C. Sopchyshyn and E.B. Selkirk
Can. J. Chem. (in press) (1979).

Analysis of the 118.6 ym LMR Spectra of pH, X3Z and a *A
- P.B. Davies, D.K. Russell, D.R. Smith and B.A. Thrush
Can. J. Phys. (in press) (1979) .

3.5.2 Lectures

Laser Photochemical Studies at Chalk River
- D.K. Evans
University of Alberta, Edmonton, Alberta, 1979 January 23.

Laser Photochemical Studies at Chalk River
- D.K. Evans
Department of Electrical Engineering and G.W.T.F., LASL,
Los Alamos, New Mexico, 1979 January 25.

Proton Exchange Studies by NMR Spectroscopy
- J.D. Halliday
Chemistry and Materials Division Seminar, Bldg. 330
Lecture Room, 1978 December 5.

Laser Isotope Separation Using Pulsed Infrared Lasers
- R.D. McAlpine
Chemistry and Materials Division Seminar, Bldg. 508 Conference
Room, 1979 February 6.

Laser Isotope Separation Using Pulsed Infrared Lasers
- R.D, McAlpine
Department of Chemistry, University of Toronto, Toronto,
Ontario, 1979 February 8.

Hydrogen Isotope Exchange Between Molecular Deuterium and
Cyclohexylamine
- E.A. Symons
Chemistry and Materials Division Seminar, Bldg. 508 Conference
Room, 1979 January 30.

Deuterium Isotope Exchange Between Molecular Hydrogen and
Cyclohexylamine
- E.A. Symons
"Poster" paper presented at Gordon Research Conference on
the Chemistry and Physics of Isotopes, Santa Barbara,
California, 1979 February 5-9.
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4.2 SURFACE CHEMISTRY

Hydrogen-Induced Cracking of Zirconium Alloys
- B. Cox and V.C. Ling

The double cantilever beam (DCB) specimen cut from cold-
worked Zr-2.5% Nb slab, and exposed to hydrogen gas at room
temperature and atmospheric pressure (PR-CMa-47, Section 4.2.1)
has continued to crack throughout the period of this report.
The crack has arrested twice, but on each occasion this was
found to have resulted from complete absorption of the hydro-
gen. Residual hydrogen pressures were measured at 10~4 Pa.
After refilling with hydrogen, the crack has restarted each
time. The cracking is now thought to be nearing Kj^, and
is 7.35 cm lono [from the center of the bolts] and emitting
only infreque..~ acoustic emission signals.

A Zircaloy-2 DCB specimen did not crack under similar
conditions. A check of the orientation of the starter crack
showed that it was correctly oriented, relative to the rolling
plane of the slab, for easy crack propagation. Since Nelson
and Wachob (EPRI Report NP-717, March 1978) had no difficulty
cracking Zircaloy-4, it is thought that other changes made to
the experimental technique were responsible for the absence of
crack propagation. In particular, the use of epoxy to bond the
specimen to the glass tube, to try to improve coupling with the
acoustic emission transducer is suspected. A second Zircaloy
specimen failed to give a straight fatigue pre-crack and was
rejected. We are awaiting further specimens to continue this
work, and are setting up a system which will maintain a
constant pressure of hydrogen in the tube.

Effect of Thermal-Cycling on the Movement of the (otZr+6zrHi . gj.
Phase Boundary in Zr-2.5% Nb
- B. Cox and V.C. Ling

When hydrogen is absorbed by zirconium alloys during
corrosion, or from gaseous hydrogen, theory predicts that once
the solubility of hydrogen at the oxidation temperature is
reached, any excess should be precipitated as a solid hydride
layer at the surface of ingress, especially in the presence of
temperature gradients. In practice, the formation of solid
hydride layers does not usually occur during corrosion, (even
for fuel cladding where the corroding surface is the coldest
surface) where ingress is relatively slow. Solid hydride
layers can be formed by gaseous hydriding, where the rate of
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absorption is very rapid, or by cathodic electrolytic hydrogén-
ation at room temperature, where diffusion of the hydrogen is
slow. The failure of theory to predict the actual behaviour of
fuel cladding has been explained on the basis of preferential
sites for hydride precipitation in zirconium alloys (R.C. Asher
and F.W. Trowse, J. Nucl. Mat., 1970, J35.» 115), and the
difference in solubility of y-ZrH and 6-ZrH^#g. Thus, the
"solubility" apparently varies considerably with position in
the specimen.

If the rate of hydrogen absorption during corrosion is
artificially increased, as for example in concentrated LiOH
solutions, then, above a critical ingress rate, the effect of
local variations in solubility is insufficient to prevent
precipitation of a solid hydride layer at the specimen
surfaces. This critical ingress rate will be a function of
temperature and alloy (i.e. the extent of variability in local
solubility) and can be roughly determined from results of the
metallographic examination of specimens corroded in LiOH
solutions. Figure 4.2.2.1 shows the results of such a deter-
mination based on Zircaloy specimens given no thermal cycles
during exposure to LiOH solutions.

It has long been known (R.E. Westerman, U.S. Report
HW-73382, 1962; and J. Nucl. Mat. 1966, _1£, 31) that thermal
cycling results in "supercharging" the core of a zirconium
alloy specimen, surrounded by a shell of solid hydride, to well
above the solubility limit for the maximum temperature reached.
Similarly, thermal cycling during corrosion in LiOH will result
in uniform hydride distributions for hydrogen fluxes that would
give hydride concentration at the surfaces of isothermal
specimens. This effect can be explained on the hypothesis of
Asher and Trowse.

Because the solubility of hydrogen at the operating
temperature of some CANDU reactor components may be exceeded
during their lifetime, and because the distribution of this
hydride as a layer, or a more diffuse two-phase region cannot
be predicted with certainty, the influence of thermal cycling
on the migration of the a+@ boundary is of interest. A. Sawat-
sky (WNRE) has voiced the opinion that the supercharging
phenomenon is effective only over short distances such as the
thickness of a pressure tube. However, experimental evidence
for this was not available, and so to eliminate the possibility
that enhanced diffusion along a pressure tube might occur an
experimental programme was started. A 5 x 15 cm section of
Zr-2.5% Nb pressure tube was cut, pickled and one side was
nickel-plated for the first 5 cm of its length to encourage
hydrogen absorption in LiOH solution. In practice, great diffi-
culty was experienced in hydriding this piece of pressure tube,
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and eventually after several attempts, this was achieved by
M.C. Teeter, Orenda Division, Hawker Siddeley Canada Ltd., in
LiOH solution at 300°C for 120 h. The specimen had one unavoid-
able temperature cycle after 10.5 h exposure.

The specimen was cut longitudinally into 0.5 x 15 cm
strips. So far, these specimens have been treated as follows:

(i) The longitudinal/transverse face of this specimen was
polished, etched to reveal hydride platelets and an
optical microscopic photo-mosaic made. The areal-
percentage of hydride in this plane was determined at a
number of predetermined points using the Quantimet
microscope. The specimen was removed from its mounting and
cut into specimens (4 per centimeter of length) for
hydrogen analysis in the General Chemistry Branch.

(ii) This specimen was given 336 cycles between 200 and 300°C
in air. The total cycle time was 90 minutes per cycle, of
which 50 minutes was at 300°C. The specimen was then
mounted for metallography in the same manner as specimen
(i), and subsequently cut for hydrogen analysis according
to the same pattern as specimen (i).

(iii)This specimen was given 672 cycles between 250 and 300°C
in air. The cycle time was again 90 minutes, but in this
case, 80 minutes was at 300°C. Subsequent treatment was
the same as for the previous specimens.

(iv) This specimen was given 2688 cycles between 250 and 300°C.
It has been polished for metallography but further work
has been discontinued pending receipt of the hydrogen
analyses on the previous specimens.

The results so far show that as-received from Orenda, the
specimen consisted of a solid layer of hydride ^ 0.5 mm thick
beneath the nickel plated area. The remainder of the tube
thickness under the nickel plate was a uniform two-phase (a+6)
region which gave hydrogen analyses of 100-150 mg/kg. The cal-
culated hydrogen ingress rate, based on analyses of the area
containing the hydride layer was (2-2.5) x 10~2 yg/cm2/s;
well-above the line (Figure 4.2.2.1) where solid hydride layers
would be expected to form. In the un-plated region, the hydro-
gen content decreased rapidly from 100 mg/kg to ^ 8 mg/kg. The
original hydrogen analysis of the tube was ^ 5 mg/kg. Thus the
hydrogen content of the two phase region is well-above the
hydrogen solubility of ô-ZrHi.g at 300°C (̂  70 mg/kg) and
in good agreement with the value of the hydrogen solubility of
Y-ZrH at 300°C (158 mg/kg). This confirms the Asher and Trowse



- 76 -

hypothesis that, in the absence of thermal cycles, no hydride
precipitates until the y-ZrH solubility is reached. The
thermal cycle received by this specimen after only 10.5 h of
autoclaving is not expected to have haJ much effect because of
the low hydrogen content which would have been reached at that
time. Note that hydrogen uptake in the unplated areas exposed
to LiOH solution was negligible, contrary to the situation
expected for Zircaloys, where nickel plating is unnecessary for
achieving high hydrogen uptakes in LiOH.

After 336 cycles, the hydrogen content of the a+fi region
had risen significantly, albeit non-uniformly along its length.
The peak hydrogen content being 360 mg/kg. However, the diffu-
sion profile along the length of the tube appeared, both metal-
lographically and analytically, to have been little affected by
the cycling. After 672 cycles, the metallography suggested
that the (a+6) boundary (̂  70 mg/kg at 300°C) had moved ^1.5
cm down the tube. The analyses, which have just been received,
do not confirm this. The small additional shift in the analy-
tical hydrogen profile car. be explained by a small uptake of
hydrogen during the cycling, which was done in laboratory air.
The greatest weight here should be given to the analytical
figures because of the known difficulty of estimating hydrogt-n
contents from optical micrographs. In this context, it is
interesting to note that agreement appears to be good at low
hydrogen contents (< 50 mg/kg) but that the metallographic
results become very erratic above this concentration. Beneath
the nickel-plate the analysis suggested that the 50°C thermal
cycle was less efficient that the 100°C one in giving "super-
charging" of the specimen core. The results to date are shown
in Figure 4.2.2.2; the specimen given 2688 cycles remains to be
analyzed.

4.2.3 Oxidation of Zirconium Alloys in High-Temperature High-
Pressure Steam
- N. Ramasubramanian and S.B. Thomas

All the samples, a total of 24, oxidized in steam at
773 K have been cross-sectioned and examined in the scanning
electron microscope. Nodular oxide growth is observed only in
high pressure steam (11 MPa) and on Zircaloy-2 mainly in the fl
slow-cooled condition; the as-received material showed an odd
nodule or two, very few compared to the former. No oxide
nodules were detected on Zircaloy-2 in the p-quenched condi-
tion.

In order to investigate whether a non-uniform distribu-
tion of potential, on the growing oxide surface, is related to
the nodular oxide growth, the effect of a pre-deposited film on
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Figure 4.2.2.2 - Effect of thermal cycling on hydrogen distribution in Zr-2.5% Nb
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the oxidation behaviour was studied. A thin film of "chromium
oxides" was deposited by immersing a Zircaloy-2 sample in a
boiling solution of 1% ammonium fluoride and ammonium chromate
for 10 minutes. Zircaloy-2 .samples with and without the
"chromium oxides" were oxidized in steam (11 MPa) at 773 K.
The "chromium oxides" did not affect the oxidation behaviour of
Zircaloy-2 in the three conditions (as-received, (3-slow cooled
and 3-quenched) tested. Accelerated oxidation was observed with
the B-slow cooled materials; the furnace-cooled material, with
a coarse a platelet structure, was most severely attacked.
Optical examination of the oxide surface revealed that the
"chromium oxides" coating had become discontinuous by recrys-
tallization during the steam oxidation.

A set of Zircaloy-2 samples was oxidized in molten
KNO3~NaNO3; weight gain, potential/time and polarization
measurements were made. Following the oxidation, samples were
cross-sectioned and examined in the optical microscope. The
weight gains by Zircaloy-2 in the three conditions were similar
and considerably less than those in steam oxidation. No
nodular oxide growth was evident. During the 96 h oxidation in
the molten salt the rest potential of the alloy, in the
as-received and B-slow cooled conditions, stayed at a low
negative potential of -0.15 V after dropping from a highly
negative potential of -1.3 V in the first 30 min. The
potential of the g-quenched material stayed steady at -0.45 V; a
slight decrease and a subsequent increase in the rest potential
was noticed in the first 2 h. The oxide film grown is several
times thicker than the size of the intermetallic precipitates,
but no abrupt changes in the rest potential were observed. The
observation by Urquhart et al. (J. Electrochem. Soc. 125, 199,
1978) of an abrupt increase in the rest potential of a-annealed
Zircaloy-4 during steam oxidation might have resulted from the
sputtered platinum electrode limiting the access of steam to
the alloy. A highly negative rest potential may therefore not
be related to nodular oxide growth.

Breakaway Oxidation of Zirconium
- R.A. Ploc and J.A. Roy

Further to Pr-CMa-47, section 4.2.7, samples oxidized for
1105 days at 623 K have been cross-sectioned and acid etched to
reveal both the inner and outer oxide interfaces. Regions of
spalled oxide at the outer surface were always associated with
regions of localized oxide thickening. Further, inclusions,
visible at the outer surface, acted as stress raisers which, in
turn, caused localized oxide bulging and cracking.
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4.2.5 Anodic Oxides on Zirconium
- R.A. Ploc and J.A. Roy

(a) Ana1ys j.s_of_ the_Bu1k_Film

Anodic oxides were grown in a saturated solution of
ammonium pentaborate to 20 and 25 volts in the constant current
mode at 1 mA/cin^ on zirconium (Batch Be). When removed
from their substrates, they were found to possess typical
structures; monoclinic aZrO2 with thin flake-like crystal-
lites about 25 to 35 nm in diameter.

Three distinct films were noted in the electron
microscope:

(1) A very thin (̂  5 to 10 nm thick) pseudo-amorphous oxide -
i.e., diffuse diffraction rings but cubic ZrO2 in
nature.

(2) A second thin film displaying long, thin oxide crystal-
lites nucleated on a uniform film (100 to 200 nm long
with a 10 to 1 aspect ratio). The diffraction patterns
indicated a pseudo-amorphous background and cubic ZrO2
'stringers'. The 'stringers' were invariably directional.

(3) The main, bulk film as indicated above.

Often these films became separated during preparation for elec-
tron microscope examination, which indicated planes of weakness
between the various layers.

(b) Eleçtriçal_Behayigur

It has been noted that in almost every electrolyte, there
are rapid and repeated perturbations of the forming voltage
with time around 22 volts. This is thought to be associated
with localized breakdown of one of the thin outer films. SEM
investigations of such oxide surfaces were inconclusive.
Oxides formed at 20 and 25 volts showed no immediate differ-
ences though this is probably due to the ability of the oxide
stripping solutions to separate the layers mentioned in (a).

(c)

A piece of metal remaining attached to the oxide has made
it possible to determine the following relationships for some,
possibly all anodic oxides:
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It is not possible to be more definite as the oxide SAD pattern
has not been fully analyzed.

(d) Analysis of Oxide Electron Diffraction Patterns

As has been noted many times before, analysis of oxide SAD
patterns are complicated by the multiplicity of oxide orienta-
tions present. A recent, but limited, theoretical examination
of the SAD patterns suggested that the [121]m aZrÛ2 zone
axis is parallel to the [0001]zr. The [211]m is a second but
less likely candidate and the [011]m is definitely not
possible.

4.3 ELECTRON MICROSCOPY

4.3.1 Ion Simulation of Zr-2.5% Nb In-Reactor Creep
- J.R. Parsons, C.W. Hoelke and R.W. Gilbert (Metallurqical

Engineering Branch)

The test rig, shown in PR-CMa-47, was used during '-.he last
quarter to measure the end deflection of Zr cantilever beam
specimens on which were 8.0 nm of thermal oxide, 30 nm or GO nin
of anodized oxide. End deflections after irradiation with 100
keV neon ions to a dose of % 1 x 10~16 ions cm" 2 (<\,io dpa)
are significant and correspond to compressive oxide stresses
averaged over the oxide thickness of 35,000, 7,000 and 3,500
MPa (i.e. 50, 10 and 5 x 105 psi) respectively. Plastic
deformation of the thin zirconium specimen (% 0.1 mm) is sus-
pected. Additional in-microscope ion irradiations are in
progress to investigate this possibility.

4.3.2 Discharges in the Electron Gun of the Elmiskop 101
- C.W. Hoelke and J.R. Parsons

Modifications of the electron microscope cleaning and
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operating procedures plus the addition of a liquid nitrogen
cooled trap in the gun chamber have succeeded in greatly
reducing the arcing problem, referred to in PR-CMa-47.

All metal parts of the gun chamber are cleaned by
"sandblasting" with 50-100 ym glass beads and then rinsing in
acetone before use. A standard hairpin filament is installed
and the microscope is operated at 100 kV for one hour. During
this time, some arcing takes place. The hairpin filament is
replaced with a single crystal pointed filament and after
evacuating the microscope, the trap shown in Figure 4.3.2.1 is
cooled with liquid nitrogen.

The filament is then conditioned by operating at each of
40, 60, and 80 kV for 5 minutes before 100 kV operation is
commenced.

By following this method, we are generally able to operate
until the filament fails from thermal evaporation without
having an arc occur.

4.3.3 <0-Component Dislocations in Zirconium Alloys
- O.T. Woo, G.J.C. Carpenter and S.R. MacEwen

<c>-component dislocations have been found in abundance
near deformation twins in deformed Widmanstatten Zircaloy-4,
and in deformed, textured, short transverse Zircaloy-2 having
an equiaxed 30 ym grain size. In deformed martensitic
Zircaloy-4, these dislocations were observed within many of the
martensite plates. In alpha grains which contained deformation
twins, <c>-component dislocations were readily observed. The
density of these dislocations varied from twin to twin. An
example of a uniform distribution of <c>-component dislocations
is shown in Figure 4.3.3.1. In grains which did not contain
deformation twins, slip was predominantly by <a>-type disloca-
tions. Figure 4.3.3.2, in which the operating reflection is
0002, shows clear areas within the grain indicating the absence
of <c>-component dislocations. At triple point grain boundary
junctions, however, a few <c>-component dislocations can be
seen in the figure.

By means of TEM contrast experiments, both pure <c> and
<c+a>-type dislocations have been identified. The segments of
<c>-component dislocations tend to be long, straight, and to
lie on either the basal or pyramidal planes. The strong
association between <c>-component dislocations and deformation
twins or grain boundary junctions suggests that they arise from
an accommodation mechanism required to maintain compatibility
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Figure 4.3.2.1 Parts of the cold finger trap assembly, showing
cold-finger and Dewar (a and b) adapted from
Siemens Elmiskop 1 anticontamination device,
copper cold trap (c) with nylon faet and gun
chamber (d) with extra part.
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Figure 4.3.3.1 Uniform distribution of <c>-component dislocations in
deformation twin of short transverse equiaxed
a-Zircaloy-2.

Figure 4.3.3.2 <c>-component dislocations near triple point grain
boundary junction of the same Zircaloy-2 sample.
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between crystallites which differ in their ability to accommo-
date the imposed strain by <a>-slip.

A paper describing <c>-component dislocations, and their
expected influence on irradiation growth, has been prepared for
submission to Journal of Nuclear Materials.

4.4 METAL PHYSICS

Mechanical Testing
- P. Santone, T. Trottier, O.T. Woo and S.R. MacEwen

Failure of components associated with the paper tape
reader, the utility Input-Output boards, the central memory
boards, the paper tape punch mechanism, the teletype, and the
variable speed drive gear box has limited computerized mecha-
nical testing during the past quarter. Experiments were done
at constant cross-head speed (with the assistance of
C E . Coleman, Metallurgical Engineering Branch) to monitor
acoustic emission from twinning during room temperature
deformation of crystal bar Zr specimens, cut from the longitu-
dinal and short-transerse directions of a rolled slab. The
longitudinal specimens showed no evidence of deformation
twinning, and acoustic emission was negligible.

The short transverse specimens twinned profusely (as
shown by optical microscopy) during deformation. Acoustic
emission began at the proportional limit (̂  20 MPa) at a rate
of about 3 x 102 counts/s and increased gradually up to
about 1% nominal strain. Between 1% and 3% strain, the
emission rate increased to a maximum of about 1 x 104 counts/s
at 2% strain (̂  170 MPa), and then decreased equally rapidly
back to the 3 x 102 counts/s rate. For the remainder of
the test, to 10% nominal strain, the acoustic emission rate
remained low while the flow stress increased to about 350 MPa.

Three short transverse specimens, deformed to nominal
strains of 1.5%, 1.8% and 8.1% have been sectioned and
specimens are being prepared for TEM examination of the dis-
location structure in the vicinity of the twins.

Analysis of the data, from the experiments reported in
PR-CMa-46, 4.3.5 (ii), is being completed by Santone. From the
analysis, a comparison of the operational activation areas
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obtained from strain-rate-change tests and from stress relaxa-
tion tests, and the effect oi work-hardening rate on transient
creep, are being obtained.

4.4.2 Irradiation Creep and Growth
- M.A. Miller and S.R. MacEwen

(a) In-Reactor Test Program

Experiment RX60-B has been in creep facility #6 in NRX for
approximately 5 months. The objectives of the experiment were
to evaluate the irradiation growth of the test apparatus, and
to devise ways to extract the constants required for data
analysis. Failure of a heater winding in the second hour of
operation precludes attaining the first objective, because of
the large temperature gradient across the specimen. Experiments
have, therefore, been designed to measure the response of the
pneumatic gauge output (Pv) which results from deliberate,
short term (minutes to hours) perturbation tests, and to relate
it to the change in temperature of each of the rig components.
Initially, considerable difficulty was experienced in relating
the Pv output to the thermal expansion of the rig compo-
nents which grip the specimen. The problem was found to relate
to the non-linear thermal expansion coefficient of Nilvar, the
alloy from which the components were made. RX-60B was removed
from NRX during the last week of November 1978, the grip compo-
nents were replaced with ones made from 304 stainless, and the
rig was reinserted in facility #6 on 1978 December 14.

Perturbation experiments, done during the past quarter,
have been of two types: specimen temperature ramp-and-hold, and
reactor power ramp-and-hold. In the first, the reactor power
is held constant while the specimen temperature is changed in
50 K steps, with a 20 rain hold at each level. In the second,
the specimen temperature is held constant while the reactor
power is stepped up or down in 2% increments, again with a 20
min hold at each level. In both cases, the back pressure and
supply pressure are held constant, and data are taken every 15
s. Figure 4.4.2.1 gives an example of data from an experiment
of the second type. Figure 4.4.2.1a shows the temperature of
the pneumatic gauge, near the first orifice. At this point,
the temperature results primarily from gamma heat and is
proportional to reactor power. Figure 4.4.2.1b shows the
Pv pressure output; the large steps are the result of the
temperature changes in all of the components of the rig, whil^
the smaller serrations are the result of the supply pressure
controller dead band. As' a result of the changing gamma heau
levels, the temperature of most of the growth rig components
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changed. Figure 4.4.2.1c, which shows the temperature of the
stainless steel can which contains the heater windings, is an
example. Similar temperature changes were recorded for four
other rig components. The specimen temperature, however,
remained constant to within + 0.3°C, as shown in Figure
4.4.2.Id.

From tests such as shown in Figure 4.4.2.1, we conclude
the following:

the power leads to the heater windings are too close to
the body of the pneumatic gauge
the stainless steel cylinder which contains the
specimen, Al liner, and heater windings, is in inter-
mittent contact with the inner surface of the fast-neutron
rod, resulting in hysteresis in the Pv output follow-
ing a change in temperature
several of the thermocouple beads could be better posi-
tioned on the rig, and ^11 should be more securely
attached to the component whose temperature they measure.

The growth rig for RX60-C is currently being assembled, with
modifications in design to account for the above points.

(b) Analysis of Test Data

During the previous quarter, Miller derived a method to
correct Pv output for changes in temperature measured at
eight positions in the growth rig. Using proportionality
constants calculated using handbook values for thermal expan-
sion coefficients and the geometric constants of the growth
rig, it was possible to predict changes in Pv, for given
changes in temperature to jO.0%. The principle source of error
was the constant associated with the change in temperature of
the pneumatic gauge nozzle. During the past quarter the model
has been refined to allow for temperature gradients across most
of the major components of the rig.

A second program has been written to analyze the data from
perturbation experiments, with the objective to obtain the
proportionality constants of Miller's model. Thus far, a
reproducible constant for the gauge nozzle only has been
obtained. Analysis is limited because of the lack of ther-
mocouples at critical positions in the rig, and because of the
hysteresis effects observed after large (50°C) temperature
changes.

(c) LAMPF_ Experiment

Over the past two or three years, there have been several
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proposals by the Los Alamos personnel to provide a position for
a NRX-type of creep or growth rig in, or near, the 800 MeV
proton beam at LAMPF. Each was eventually abandoned due to
predicted problems in temperature stability related to the
small (fy 2-5 mm), very intense, beam. A more recent proposal,
by Dr. R. Brown, seems much more feasible. It is suggested
that we install a growth rig in the beam immediately ahead of
the beam™stop. At this position it is possible to degrade the
beam to a radius of 1.5 to 2 cm, thus an entire stationary
standard creep or growth specimen could be irradiated. Calcu-
lations by Brown show that with a dpa rate of 7.6 x 10"?,
s""*, the temperature ripple resulting from the pulsing beam
is expected to be less than 1°C, and that the gamma-heating
temperature should be between 85°C and 285°C, depending on
specimen geometry and end cooling conditions. Consequently, we
are proceeding with a design for a growth rig suitable for
LAMPF, based on the RX60-C rig design.

(d) Theoretiçal_Calçulations_of_Irradiation_Creep_and
Growth

The analysis of the effects of solute atom trapping on
creep and growth, which was initiated during the attachment of
MacEwen to the Argonne National Laboratory, is continuing. The
basic concepts and equations of the model are complete, and
current effort is centered on finding a suitable method for
numerical analysis.

Analysis of Fuel Channel-End Shield Interaction
- S.R. MacEwen (with A.R. Causey, Metallurgical Engineering
Branch)

One of the assumptions of the ACCORD* analysis is that the
end shield moves as a rigid body, by translation and rotation
only. In actual fact, the forces exerted by the elongating
calandria and pressure tubes and by the moderator will cause
the end shield to distort elastically. To calculate the
elastic deflection, a model has been developed which considers
the end shield as a disk of thickness T and stiffness D. The

•Analysis of Candu CORe Deformation
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stiffness matrix L^j, which defines the deflection at point
i from a unit force at point j, has been calculated for two
types of boundary conditions: simply supported or clamped
perimeter. A computer program has been written to calculate
the deflection of a plate subjected to any number of point
forces of arbitrary magnitude applied at arbitrary positions on
the plate surface, for either choice of boundary conoHtions.

The ACCORD programme is being modified to calculate the
time-dependent, elastic deflection of the end shield. Prelimi-
nary results show, as expected, that the clamped edge calcula-
tion gives a smaller end shield distortion than does the
simply-supported edge condition. The absolute magnitude of the
deflection at each point depends sensitively on the choice of
D, which for now is a rough estimate (by A. Norseworthy, AECL
Engineering Co.) only. For the calculations to be representa-
tive of an actual end shield design, we consider it necessary
to compare output for static, simple loading cases from ACCORD,
with finite element calculations from the AECL Engineering Co.
code, STARDYNE. From such a comparison it should be possible
to obtain the optimum value of D and, if necessary, to modify
specific elements of the L^j matrix. Having optimized D
and L£j for a given end shield, ACCORD can then be used to
calculate the time-dependent elastic deflections which result
from the interaction of the fuel channels with the end
shields.

Irradiation Growth of Zirconium Single Crystals
- G.J.C. Carpenter, R.A. Murgatroyd (United Kingdom Atomic

Energy Authority) and J.F. Watters

The latest measurements indicate a significant difference
in the growth behaviour of single crystals made from sponge
purity stock, compared to those of iodide purity. Thus, the
initial growth rates of the crystals of lower purity are
substantially less than the better purity specimens. This is
probably related to a higher rate of point defect trapping in
the impure material. The results to date suggest that the
saturation strains are similar in the two materials, although
some further measurements are required to confirm that satura-
tion has indeed occurred.

Now that the growth behaviour of well-annealed single
crystals is becoming well-established, some further irradiation
growth measurements are planned in order to obtain more
information on the growth mechanism in polycrystals and the
role of dislocations from deformation processes. Polycrystal-
line specimens with two widely different grain sizes have
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therefore been prepared from the same iodide zirconium stock as
the single crystals. These will be irradiated in the annealed
and cold-worked states. An attempt is also being made to
produce single crystal specimens in the cold-worked state,
using room-temperature tensile deformation.

4.4.5 The Electron Beam Zone Melting Equipment
- G.J.C. Carpenter and J.F. Watters

Several zone melting runs have been made using 1 cm diame-
ter zirconium rods by shorting out one bank of resistors in the
power supply circuit in order to increase the power. So far,
the largest single crystal produced with this diameter has been
about 4 cm long. It is also planned to assess the degree of
zone refining resulting from this procedure. A useful guide to
the purity of a metal is given by the ratio of the resistivity
at 273 K to that at 4.2 K. Apparatus to measure at a sensiti-
vity of ^ 1 yft, is therefore being assembled and tested, with
the assistance of J.C. Baker (Instrument Development Branch.

4.4.6 Positron Annihilation in a-Zr
- G.M. Hood and R.J. Schultz

Positron annihilation in a high-purity grade of zirconium
has been studied in the temperature range 290-1650 K. The
results are not inconsistent with those of earlier studies on
less pure material [1,2]. They confirm the absence of any sign
of positron interactions with equilibrium vacancies in a-Zr.
The temperature dependence characteristics of positron annihi-
lation in the 3-phase of Zr are quite distinct from those of
the ct-phase.

[1] G.M. Hood, R.J. Schultz, and G.J.C. Carpenter, Phys.
Rev. Bl£, (1976) 1503.

[2] G.M. Hood and R.J. Schultz, J. Nucl. Mater. 67, 207(1977).
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- S.R. MacEwen
Submitted to the International "Structure Mechanics in
Technology" Conference, Scheduled for August 13-17, 1979, in
Berlin.

Epitaxy and Near-Coincident Cells for Zirconia and Zirconium
R.A. Ploc
Submitted to Acta Crystallographica A

Flow Stress and Dynamic Strain-Ageing of g-Transformed
Zircaloy-4
- O.T. Woo, D. Tseng, K. Tangri and S.R. MacEwen
Submitted to J. Nuclear Materials

Positron Annihilation and Vacancy Formation in Al
- G.M. Hood and R.J. Schultz
Submitted to J. Physics F: Metal Physics
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5. REPORT OP UNIVERSITY OF TORONTO

J.C. Polanyi

Multiphoton excitation (MPE) and multiphoton dissociation
(MPD) occupy an important place in the research being
performed under this contract.

Despite much effort, both theoretical and experimental,
fundamental questions remain to be answered in connection
with the mechanism by which MPE and MPD take place. In
particular, the initial absorption processes leading up
the vibrational ladder to the 'quasi-continuum' (QC of
vibrational states ^ 100 states per cm"1 interval of energy)
have yet to find a satisfactory explanation. This is
particularly true for the case of smaller molecules with
fewer vibrotational energy-states (methanol, formaldehyde
and formic acid being studied by AECL) and for molecules
absorbing in 'stiffer' vibrational modes (as in the case
of HF-laser MPD—a field being pioneered by AECL).

Recent theoretical studies have stressed the importance
of vibrational hot-bands (vibrationally-excited states
and combination bands) on the cross-section for MPE (1,2).
These appear to be the first theoretical studies of the
temperature dependence of MPE in the literature. The
effect of hot-bands is clearly evident in these theoretical
treatments.

Experimental studies of temperature effects have been
restricted to MPE, and have avoided the somewhat more
difficult questions of MPD as a function of temperature.
Clearly MPE is a requisite for MPD; however the two
processes, though linked, are not identical—a molecule
may be multiphoton excited without being multiphoton
dissociated.

Some workers have been concerned to reduce hot-band
effects and narrow the frequency band over which MPE occurs
in large molecules, by cooling (3,4,5). The most thorough-
going study of the temperature dependence of MPE known to
us is to be found in work (to be published) by D.O. Ham
and his group at the University of Rochester (6). These
workers have shown that (in contrast to single-photon
absorption in which heating causes a red-shift of the
absorption band without change in the total area under the
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band (7,8)) in MPE heating causas a red-shift together
with a marked increase in the area under the absorption
curve, i.e. markedly more-efficient MPE. Almost certainly
this implies markedly more efficient MPD.

In the past quarter we have used our molecular beam
MPD apparatus to study the effect of enhanced temperature
on multiphoton dissociation under collision-free conditions.
The advantage of the beam configuration (in addition to the
guarantee that one is studying the primary process, without
contributions from secondary encounters) is that one can
explore a wider temperature range than in a static system
since (a) cell windows need not be heated and (b) heating
can occur immediately prior to the point of emergence of
the beam, and pyrolysis can thereby be minimised.

Our objectives were two-fold: (i) to determine the
extent of the 'red-shift' in MPD to a temperature as high
as 1,000 K, and (ii) to learn whether a molecule (CHsBr)
that exhibits MPE without MPD at 300 K, will show MPD at
1,000 K.

The experimental set-up is a three-beam configuration:
a molecular beam and two laser beams. The molecular beam
issued from a 9 mm I.D. open-ended quartz tube into a
vacuum chamber held at ^ lO^1* Pa background pressure. The
tip of the quartz tube was heated by nichrome wire, wrapped
around the last 6 cm of the tube, to 700°C (973 K ) . The
flow of gas from this tube was approximately 25 pmol-s"1.
We estimate the pressure of gas in the last 6 cm of the
quartz tube to be in the range 1 - 10 Pa. The time required
to traverse the 60 mm hot region of the pipe at these flow
rates and pressures is approximately milliseconds. The
average number of collisions with the hot wall (whose
temperature was monitored by a thermocouple inserted into
a small blind-ended tube within the hot zone—this inserted
tube also served to increase the surface area and to
introduce some turbulence) was in the range 50 to 500
collisions. This should suffice for approximate thermal
equilibration.

The other two beams consisted of a focussed beam from
a CO2 TEA laser (̂  30 J«cm~z fluence at the point of
intersection with the two other beams) and a tunable
vacuum ultraviolet (vuv) 'probe-laser' for detecting the
product of MPD, namely atomic Br.

When pure Br2 gas was flowed down the heated inlet,
thermal dissociation produced sufficient atomic Br for
easy detection by vuv.laser-induced fluorescence (LIF).
This served to establish the location of h'9%/z •*• zp3/2 LIF
transition at 1541 Â used to monitor Br density.
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(i) The results of an experiment with a CF3Br beam
at 300 K and at 973 K are given in Fig. 5.1. The C-F
stretching mode is the motion excited in CF3Br by the
CO2 emission. Absorption is most effective (300 K) in
the region of 1082 cm"1. There is clearly a large shift
in the long-wavelength tail of the MPD yield curve.

The observation suggests a novel means to produce or
enhance laser induced isotope separation, particularly in
the separation of D from H. If (say) CF3H and CF3D were
expanded supersonically from a hot nozzle there would be
a partial cooling of the vibrational temperature. (We have
observed this partial relaxation, by infrared chemiluminescence,
in the supersonic expansion of HF and of HC1). The vibrational
cooling would normally be greater for the species with
more-closely spaced vibrational levels, i.e. CF3D. The
extent of "differential vibrational cooling" could be
affected by adding a diluent gas that more-closely matches
in vibrational frequency one component (say CF3D) than the
other (CF3H). The effect on MPD at the red-wavelength end
of the yield-curve of such a vibrational temperature
difference—or even, perhaps a rotational temperature
difference—could be quite marked. The hotter component
of the gas would show more MPD, and the cooler one less MPD.
Thus the separation factor would have been altered.

(ii) Studies in other laboratories have shown that
CH3Br (methyl rocking motion) absorbs pulsed TEA laser
radiation from 8 lines of the CO2 emission; 10R(14), 10P(10),
10P(28), 10P(30),....10P(38). These lines excite the v6 band
centred at approximately 955 cm"1.

Using 300 K CH3Br we were, however, unable to observe
any multiphoton dissociation to give CH3 + Br. It is
possible that dissociation gives CH2 + HBr—we are not
equipped to detect HBr.

We repeated the experiment at 973 K. No MPD to give
CH3 + Br was observed even at this enhanced temperature.

Parenthetically we note that we were unable to detect
Br from thermal dissociation of CF3Br or CHsBr under our
experimental conditions. In the contact time of 0.3
milliseconds (p ^ 4 Pa) we would expect these molecules to
dissociate by 0.004% and 0.016% respectively (11). The
MPD of CF3Br must exceed this by > 0.1%.*

*An independent calculation showed it to be ^ 1% (comparable
to that reported for similar systems by Y.T. Lee)
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Fig. 5.1 - Yield of Br from multi-photon dissociation (MPD) of
. CF3Br at 300 K (O) and 973 K (D) • Recent molecular
beam results from the laboratory of Y.T. Lee (Aa.S. SudbjzS,
P.A. Schulz, E.R. Grant, Y.R. Shen, and Y.T. Lee, J. Chem.
Phys. 70, 912 (1979)) for MPD of CF3Br at 300 K are shown
as +. Note that the 973 K results are normalised to the
same peak yield as the 300 K results. (The peak of the
MPD spectrum at 300 K is found to be shifted from the
corresponding absorption peak by ^ 3 cm"' toward lower
frequency.)
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In conclusion we note the possible significance of this
study for our future research under the present contract.
We shall attempt to measure the enhanced reaction cross
section for reaction with MPE CF3Br++. We should like to
know whether the energy in CF3Br+t is randomly distributed.
If we can introduce approximately the same total energy into
CF3Br partly by heating and partly by MPE we should have
some evidence as to whether these alternative modes of
"heating" are equivalent. We could arrange to produce a
certain rate of MPD either by MPE of cold CF3Br or by MPE
of hot CF3Br (at the peak of its shifted absorption curve,
or in the long X tail of that curve) and could perhaps
ascertain in each case whether the reactive cross section of,
say, Cl + CF3Br -»• CF3C1 + Br has been enhanced to the same
degree.

A difficulty that we shall encounter in measuring reactive
cross-sections for A + BCD"'"'" •> AB + CD with BCD++ multiphoton
excited, is that the TEA laser is on for only ^ 100 ns.
During this time the products, AB + CD, only increase to
'v 10% of the steady-state value corresponding to the rate
constant for the A + BCD++ 'hot' reaction (A + BCD) (300 K)
being the 'cold' reaction. This inherent 'demagnification1

of AS r (changes in reactive cross-section) will be a
significant obstacle, but should not prove insurmountable.
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