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I.  HOT ATOM CHEMISTRY OF CARBON-14

A.  Background and Scope of the Research

When compounds containing nitrogen are subjected to thermal
neutron irradiation, the following nuclear reaction occurs:

14    1        15        14    1N +n > [N ] >C   +H.

The recoil energy of the product C14 atom is 40 Kev., about
104 times chemical bond energies.  This large recoil ensures
rupture of all residual chemical bonds, i.e., chemical bonds14originally attached to N14.  The recoiling C atom may then
enter chemical combination after dissipating most of its kinetic
energy through collisional interactions with atoms, ions, or
molecules of the target material. This nuclear reaction and
others that produce radioactive carbon provide unique ways to
study the chemistry of atomic carbon under varying environmental
conditions. The possible chemical combinations of the recoil
atom depend initially and principally upon the atomic and
molecular constitution of the target and its state of aggrega-
tion. 1 ,2,3 The ultimate distribution of labeled products may

depend as well upon concomitant radiation during the neutron
irradiation and upon post-irradiation treatment of the target,
such as the dissolution of solid targets in solvents.

2,3

Carbon hot atom chemistry has been studied by nuclear
reactions that produce Cll and (14.  Wolf and co-workers 4,5,6

at Brookhaven determined the distribution of labeled carbon
compounds in ammonia using the reactions N 14 (P, a) Cl l and
N14 (n, P) (14.  (14 has a very long half-life (5600 years)
and Cll a very short one (20 minutes).  Consequently, the time
required for irradiation of the targets is many times greater
for the (n, p) than the (p, a) reaction, in order that sufficient
radioactive product be produced. The extraneous radiation is
therefore always large for (n, p) irradiations but can be varied

from small to large for the (F, a) process, depending upon the
proton flux. Cacace and Wolf  subjected gaseous, liquid, and
solid ammonia to varying proton flux. The carbon-11 products

were methylamine, methyleneimine, and methane. Increases in
radiation dose was attended by a decrease in methylamine and a
corresponding increase in methane production. Under comparable
proton flux, the ratio of methylamine and methane was larger in
liquid and solid ammonia than in gaseous ammonia, suggesting
that the radiolytic conversion of methylamine to methane is
diffusion controlled. In pile irradiated gaseous ammonia
Yang and Wolf4 found mainly C 14 H 4 and small amounts of cl GH3 NH2,
indicating that the large gamma and x-ray flux attending the
pile irradiation affected the conversion of methylamine to
methane.2  Cacace and Wolf concluded that methylamine and
methyleneimine are produced by hot reactions in ammonia, and
that methane is produced primarily in thermal reactions and

secondarily in radiolytic reactions.
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probably pi stabliized.

Yankwich and Vaughan2 studied the chemistry of C 14
produced in crystalline ammonium bromide.  The distribution
of labeled products provides an interesting parallel with that
of Cll in low dose proton irradiated solid ammonia.6  The
yields of methylamine were 79% and 75% in ammonium bromide and
solid ammonia, respectively, and the yields of methane were 7.5%
and 9% for these targets, respectively. In addition, formaldehyde
was found when the crystalline ammonium bromide was dissolved
in water, which suggests that methyleneimine could have been
the precursor in the crystals prior to their dissolution.2
This parallel supports the contention that the radiolytic effect
upon the distribution of labeled products is diffusion controlled,
and that this diffusion is of negligible consequence in high
melting ionic salts.

Considerable insight into the mechanisms of carbon atom
reactions has been provided by the gas phase studies of Wolfgang,
MacKay, and co-workers, 5 using the nuclear reaction  (1 2   (1,   n)
cil in hydrocarbon targets.  Labeled products were attributed
to addition (to multiple bonds), insertion into single bonds,
and abstraction reactions. 5,8

The chemistry of recoil C 14 in high melting crystalline
targets is complicated by the necessity to dissolve the target
in a suitable solvent in order to release the labeled products.
The identity of the entrapped primary recoil product is masked
by the possibility of secondary reactions between these products
and the solvent. Thus, neutron-irradiated crystalline  Be) N2 9
dissolved in aqueous sulfuric acid yielded significant proportions
of labeled methane, carbon dioxide, formic acid, formaldehyde,
hydrogen cyanide, cyanamide, guanidine, urea, and methylamine,
each of which was a secondary product of the reaction of crystal-
entrapped precursors and the solvent. The presence of guanidine
and urea among the post-solution products indicated the existence
of surprisingly stable polyatomic precursors,9 which are

 f VN

The spectrum of carbon-14 products of neutron irradiated
crystalline nitrogeneous targets (aqueous dissolution) depends
markedly upon the sp  ific chemical natures of the targets.In ammonium sulfate, the main products were methylamine,
formic acid, formaldehyde, and methane.  In hydrazine sulfate
(N2H6SO4),3 these products plus large yields of guanidine,
urea, cyanamide, methylene diamine, and formamidine were found.
The richer spectrum of nitrogen compounds produced in hy *azine
sulfate is attributable to the weak N-N link in the N2H6
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ion and to the po*%ible carbon atom insertion in N-H or
N-N'bonds in N2HG

The research described in this report is concerned with
uncovering the detailed chemistry of recoil carbon-14 produced
by pile irradiation of crystalline compounds containing nitrogen.
Of chief interest in this research are the alkali azides
(NaN3 7 KN3 , and CsN3 ) ; Potassium azide has been the subject of
the study during the current period. The alkali azides are
particularly interesting targets for the following reasons:
(1) The recoil C 14 atom is limited to reactions with but two
elements, nitrogen and alkali metal. Inasmuch as the distribution
of labeled products is often quite complexi -3,   it is important
to minimize this complexity in order to facilitate inter-
pretation of the results. (2) The radiation chemistry of both
sodium and potassium azides has been studied in thermal columns
of nuclear reactors ; it therefore becomes possible to estimate11

the effect of concomitant radiation upon the radiocarbon compound
distribution in alkali azide targets. (3) Alkali azides are
highly soluble in a number of solvents. Thus, the crystal-
entrapped labeled products can be released by dissolution in
non-aqueous solvents in addition to water. (4) These azides
have relatively low decomposition temperatures for ionic solids(e.g. , KN  decomposes 4 350°C). Thermal decomposition provides
an alternative to solvent dissolution as a means to release
crystal-entrapped products. In addition to the alkali azides,
other targets being studied are hydrazinium dihydrochloride
and solid five-member aromatic heterocycles.

During the past two years, a number of papers relevant to
the hot atom chemistry of alkali azides have appeared. Of
these, the paper by Finn, Ache, and Wolf 12 on magnesium nitride
is particularly interesting.  The neutron irradiated tar et

s           was dissolved in water; the chief products found were C  n4,
c14 N-, and C 14 N 2=.  However, thermal annealing of the target
at 500° for fivedays roduced a drastic reduction in the
relative amounts of Cl N-and C 14 N 2= accompanied b¥ a very large
increase in Cl4H2= NH and a smaller increase in C 4H40  The
authors suggested that the annealing process may lead to12

Clt..N bond separation facilitating formation of C14H2=NH.
Kuhry and Adloff 13 ,1 4 reported C 1 4 products produced  in  the
nitrides of Be, Mg, Ca, Al, Zr, Ba, Ga, Ti, V, Nb, and Mo.
Methane, cyanide, cyanamide, and isocyanate were found in
varying relative amounts.  Stocklin and Vogelbruch 15 studied
C 14-labeled nitrides obtained by thermally decom osing Cu 3N
in the presence of organic substrates.  Thus, HC 4N is produced
in the presence of C2HG, and acetonitrile and acrylonitrile in
the presence of a mixture of C2H4 and C2HG• In all cases, the
major product was reported to be (1402, despite careful pre-
irradiation out gassing.

3-
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B.  Experimental Section

Sample Preparation and Irradiation

1.  Potassium Azide. Distillation Products Industries
practical grade KN3 was recrystallized three times from water-
ethanol solvent, then dried 12 hours at 120°C. Ten grams of thepurified KN3 was loaded in a quartz ampoule which was held at.areduced pressure of 10-5 torr at -56°C for 96 hours.  The ampoule
was sealed off under vacuum, then irradiated in the thermal column
of the Los Alamgs Omeya West reactor for 120 hours in a flux ofabout 1012 n,cm ,sec The reactor ambient temperature was about
90'C. .The ampoule was opened in a dry box with helium atmosphere86 days after irradiation, then ground to uniform size, and storedin a desiccator in the dry box:  Subsequent weighings of samplesand handling of the irradiated KN3 was done in the dry box.

2.  Hydrazine Dihydrochloride. Fisher Certified Reagent
N2H6C12 was ground finely in a mortar under helium in the.dry
box, transferred to a quartz ampoule, then vacuum dried (-10-5
torr) with infrared heating for eight days.  The irradiation andpost-irradiation treatment was identical to that of the potassiumazide. A 10 g specimen was irradiated.

3. Imidazole. Aldrich Chemical Company Imidazole was
recrystallized three times from benzene, air dried, then storedin a desiccator for several days. Ten grams of the imidazolewas subjected to high vacuum (10-5.torr) for one hour at 0°C,
then sublimed into a quartz ampoule, which was sealed off under
vacuum. The target was irradiated in the Omega West reactor for
120 hours at reactor ambient temperature below the crystal meltingpoint of 90°C.

Specific Activity of Potassium Azide.

A weighed sample of the target (-.01 g.) was mixed with a
weighed sample of oxalic acid and burned in a tube furnace contain-
ing copper oxide at 800°C. The oxalic acid served as a source of
carbon dioxide, which in turn provided a carrier for radio-active
carbon dioxide produced by the target combustion. The furnace was
continuously sept with oxygen; carbon dioxide was recovered in atower containing aqueous NaOH and converted to BaC03 for weighing
and handling.

Aqueous Dissolution of KN3 (No Post-Irradiation Treatment)

The procedure used for aqueous dissolution of target samples
and subsequent separation of possible labeled products has been
described in detail elsewhere (see references 2, 3, 9, 10, and 16).Altogether, analyses were carried out for twelve one-carbon species.

4-
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Thermal Anneal of KN).

A weighed sample of KN3 was sealed under helium gas into
5mm x 40mm. borosilicate glass tubes, then heated in a Lindberg
Crucible oven at a given temperature and for a given time interval.
After cooling, the annealed target was dissolved in water, diluted
to 50ml., and aliquots withdrawn for analysis.  The solution was
analyzed for cyanide, cyanamide, and hydrolyzable (to carbon dioxide)
activities. An aliquot containing cyanide carrier was acidified,
then heated while undergoing aeration. The air sweep passed through
two towers, one containing AgN03 and a second containing carbonate-
free NaOH; C02 gas introduced into the air sweep provided weighable
carbonate for the hydrolyzable activity. AgCN recovered from the
first tower was combusted at 800° over CuO and collected as BaCO3 .
A second aliquot containing cyanamide and cyanide carriers was
acidified, AgN  ·added, and AgCN removed by filtration. The filtrate
was made alkaline by excess NH4OH and the resulting A92(N2 collected

by filtration. This precipitate was washed, dissolved in 3NH SO ,
then re-precipitated as Ag CN  by addition of NH OH. The cycled
precipitate was converted to CO  by combustion at 800° over CuO. In
some cases, the total dissolved activity (total solution) was deter-
mined by alkaline permanganate oxidation of an aliquot. In some of
the short time anneal experiments, the target sample was heated in
an unsealed tube under vacuum; in these cases, volatile products were
collected in a U-tube trap at -195°. The contents of the trap was
swept by oxygen stream into a Cuo-filled furnace at 800°.

Thermal Decomposition of KN3 Target.

A weighed sample was placed in a 1cm. x 15cm. reactor tube,
which was fitted to a U-tube cold trap (-195°), which in turn was
connected to the high vacuum line. The system was evacuated prior
to heating. In some cases, decomposition occurred in the presence
of N2 gas, and in others under vacuum. The reactor tube was heated
in a Lindberg crucible furnace at 400° for 2 ot 3 hours.  In a
control experiment, it was found that decomposition of 0.07g.
irradiated KN3 was essentially complete after 2 hours at 400°,
but longer periods are required to decompose non-irradiated KN 
at this temperature (see ref. 15 for a similar observation on
CU3 N) . After decomposition, the U-tube was removed and analyzed for
volatile C components. The residue in the reactor tube was14

dissolved in water.  In some experiments, no solid carriers were
present in the reactor whereas in others, KCN or KCN and K 2CN2
were added and intimately mixed with the target prior to decomposition.
Cyanide, cyanamide, volatile components, and hydrolyzable (to
carbonate) components were determined by the same procedures used
for thermally annealed samples (see above).

Radioactivity Determinations.

All radioactivity measurements were made on gaseous CO2
evolutes from various BaC03 specimens using the Cary model 31 vibrating
reed electrometer 2.

-5-
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C.  Results and Discussion

1.  Potassium Azide.

Results of experiments on n-irradiated KN 3 can be
separated into two classes according to the mode of
target dissolution prior to product analysis. In the
first class, target samples with or without post-irradia-
tion treatment were dissolved in water. In the second

class, target samples were heated and held at 400'C for
two to three hours, leading initially to melting and
subsequently to decomposition of KN 3 to N2 and K£(g) S).
The melt in the second class serves. the same role as
the solvent in the first class, that is, the entrapped
precursers are freed to react further (or not react)
with the surrounding medium. After decomposition, the

decomposition residues were dissolved in water before
analyzing for labeled compounds. Percent activities
are based upon target specific activity of 35,760 f

700 cps/g.-target (average of three determinations).

Class 1 Experiments: Aqueouk Dissolution.

(a) No Post Irradiation Treatment.  The results ob-
,·   tained in these experiments are given in Table I;

many of the results in Table I were obtained in the
preceding period (1968-69), with some modified by
results obtained in the current period.  Thus, an
error was made in the standardization of cyanamide
carrier used in the preceding period, leading to
too large a gravimetric factor in the percent activity
calculation. Subsequent determinations of cyanamide
indicated the percent activity to be about one third
that given in the last report (COO-1620-3). Also,
re-determinations of the hydrolyzable (to carbonate)
activity indicated it to be about four fold that
previously reported. Further, it is likely that

previously reported formic acid and urea activities
were inflated by carbonate activity from the hydro-
lyzable fraction; it will be necessary to remove the
activity attributable to the hydrolyzable fraction
before beginning the formic acid and urea analyses.

A single experiment utilizing 3N H2S04 as the
solvent was run.  The percent activities of cyanide,
cyanamide, and hydrolyzable were 13.0%, 11.0%, and
6.6% respectively, indicating a rather large solvent
effect. We intend to continue experiments with
various acidic and alkaline dissolving media in
the current period.

(b) Short Term Anneal. Table II lists results of
two thermal anneal experiments; the target samples
were held under vacuum at 1950 for 160 minutes.

-6-



Table I
t

Distribution of Activity: Aqueous Dissolution of
Potassium Azide Target (No Post-Irradiation Treatment)

Compound Number of Percent
Separate Activity

Determinations

CO                  3         2.2 t 0.02

CO/CH4 -
3         0.7 + 0.7

HCN                 6        30.0 + 3

CNNH                2         4.3 + 0.5
2                                      -

HCHO                 2         4.0 + 0.1

CH NH               3        12.1 + 0.2
3 2 -

HCOOH -

CO  (NH 2)2 - -

CNH(NH )            4         7.9 + 6.02 2 -

CH NHNH             3         6.8 + 3.03*      -
CH OH               2         1.4 + 0.9

3                                             -

Hydrolyzable        2        25.6 + 2.4

Grand Total 95.0

44'712-'0'   .1.   69««" - »,/fo
 e,«,eFUfl  "_08 - 3-,J*'I '  ( 12 'V»' rt Foj»
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Table II

Distribution of Activity: Aqueous Dissolution of Thermally
Annealed Potassium Azide Target: 1950 for 160 Minutes

Source Number of Percent
Separate Activity

Determinations

HCN                      2 41 +1

CNNH                    2                  5   +.12

Hydrolyzable 2 , 3 2.5  +0.5
-

Total Solution                        2                                       94.5  +  3.5

Table III

Distribution of Activity: Aqueous Dissolution of Thermally
Annealed Potassium Azide Target: -2500

Source Number of Percent
Separate

,s  ,                                    ActivityDeterminations

-6 minutes -10 minutes

HCN              '       2 51.2 42.7

CNNH                     2 5.3 5.7
2

: Volatile (Trap)          2 1.1 0.7

-8-



The results indicate that cyanide activity increased '
by -10% in comparison to the unheated specimens (Table
I), whereas cyanamide remained essentially unchanged
and the hydrolyzable increased by -6%. Similar behav-
ior was observed when two samples were heated under
vacuum to 2500 for about 6 minutes and 10 minutes,
respectively (these times are approximate, because of
the uncertainty of the warm up period of the target
during the short intervals).  The variability of
the cyanide activity and its sensitivity to short
term post-irradiation heating suggest that the crystal
entrapped precursor for cyanide is also the precursor
for other labeled products.  That CN- activity in-
creases with short term heating is a surprize, in
view. of the opposite effect observed by Finn, Ache,
and Wolf for M93N2 and the opposite effect of long12

term anneal of KN 3 (see section  c) .

(c) Long Term Anneal.  In these experiments, the
target specimens were sealed in borosilicate tubes
under helium at ambient pressure; the temperature
was held at 3000.  The results are shown in Table
IV.  Like the results of Finn, Ache, and Wolf12

Table IV

Distribution of Activity: Aqueous Dissolution of
Thermally Annealed Potassium-Azide Target: 3000.

Days

0              3              6              9              12

HCN 29.3 0.9 0.0 0.0 0.0

CNNH 2 3.8 0.0 0.0 0.0 0.0

Hydrolyzable 28.0 52.7
100 100 100

C02 1.7   32.7

Recovery 62.8 85.7 100 100 100

-9-



on Mg,N 2 the cyanide and cyanamide activities dropped
drastically. Unlike the Mg 3N 2 case, the activity
lost by CN- and CN2= appeared as carbonate (hydro-
lyzable plus (02) rather than methyleneimine. TO    1
gain insight into the origin of the carbonate frac-
tion (9 day specimen), we divided the hydrolyzable
into a cold and a hot sweep. In the cold sweep,
the target solution was acidified, then aerated for
fifteen minutes to remove accessible carbonate. The
tower containing aqueous NaOH was then exchanged for
a new one, and aeration was continued with heating
(hot sweep); the activity recovered in the cold
sweep was 70.7% and that in the hot sweep 31.8%.
A more direct measurement of accessible catbonate
was carried out on the zero day and three day
specimens.  A sample of target (zero or three day)
was placed in one arm of a U-shaped vessel; the
other arm contained 10 ml. water at -800.  The
vessel was evacuated, (02 introduced to ambient
pressure, and then the water was warmed to the
melting point. Upon rotation of the vessel, the
water dissolved the target sample in the (02 atmos-
phere; in control experiments, the pH of target
solutions was -6.  The solution was agitated vigor-
ously for fifteen minutes to permit equilibrium
between CO 2 in the gas and condensed phases. The
C02 was next swept into a tower containing aqueous
NaOH, precipitated as BaC03 then counted as C02•
The percent of C 1402 witn respect to total carbonate
was about 7% for the zero day sample and about 39%

. for the three day sample. It is clear from these
results that long term annealing causes reductions
in the relative amounts of (14N-, Cl#N 2=, and other
dissolved labeled products (eg. C 14HaNH2) attended by

14corresponding gains in C  02 and the hydrolyzable
fraction. The hydrolyzable component(s) behaves
qualitatively like cyanate (or isocyanate). At this
writing we are engaged in experiments to identify
the component (or components) that constitute what
we call the hydrolyzable fraction.· The source of
oxygen in the total carbonate activity is also under
investigation. Here, we wish to distinguish oxygen
from the water solvent and possible target occluded
oxygen by dissolving annealed samples in anhydrous
hydrazine rather than water.

Class A Experiments: Thermal Decomposition.

(a) Decomposition at 400': Nitrogen Atmoshpere.  The
first decomposition experiments were run during the
preceding period (see COO-1620-3); the reported
activity distribution was 57% cyanamide, 36% cyanide,
and 2% volatile (trap). As indicated above (Class 1
Experiments (a ), an error in standardization of the

-10-



cyanamide carrier was detected, invalidating the
percent activity attributed to cyanamide.  Three re-  '
peat experiments were run in the current period to
correct the activity distribution. Solid KCN was
added and mixed with the target sample; other carriers
were added after dissolution of the residue in
water.  The results are given in Table V.  Except

Table V

Distribution of Activity: Thermal Decomposition, Nitrogen
Atmosphere at 4000 with KCN Carrier Present.

Source Percent Activity

1                  2                  3                  4

HCN 28.3 9.0 33.6 35.7

CNNH 2 2.9 2.8 1.3 1.5

Hydrolyzable 47.5 62.2 37.5 44.4

Volatile (Trap) 0.8 1.9 2.0 .3.5

Recovery 79.5 75.9 74.4 85.1

for the second run, the cyanide recovery agreed
qualitatively with the 36% of the previous report,
but the cyanamide recovery was considerably smaller.
than that expected. The hydrolyzable fraction was
larger by about two-fold than that found in aqueous
dissolution of unheated samples (Table I). The

unrecovered activity could be due to dissolved
products not specifically sought in the analysis.

(b) Decomposition at 400': Under Vacuum.  To ascer-
tain if cyanamide activity in trace quantities was

lost by decomposition at 4000 during the two hour
runs, runs were made with both KCN and K2CN 2 mixed
intimately with KN3 prior to heating.  The resulting
mixtures were held at 4000C for three hours under
continuous evacuation. The results are shown in
Table VI. The roughly ten-fold increase in cyana-
mide activity clearly reveals the protective role
of the added solid carriers. With the melting of
KN3 (at 350'C), the KCN and K2CN2 carriers dissolve

-11-



Table VI

Distribution of Activity: Thermal Decomposition, Under
Vacuum at 4000 with KCN and K2CN2 Carriers Present

Source Percent Activity

1            2            3

HCN 26.0 29.1 --

CNNH 2 25.5 23.0 --

Volatile 1.6 0.9 6-

Hydrolyzable 32.8

Total Solution 83.0 72.5

in the melt.  Cr¥ tal-entrapped precursors that
form C 14N- and C  NT upon melting of KN  would then
become homogeneously distributed with C 12N- and
c 12NT in the molten solution. The hydrolyzable
fraction is smaller than that found when no K2CN2
carrier was present initially (Table V), suggesting
that at least some of the cyanamide activity becomes
hydrolyzable activity if K2CN2 is absent.

Since carriers dissolved in the melt appear to
protect corresponding labeled products, it was ofinterest to omit these carriers in the decomposi-
tion runs. Two such runs were made, in which KN 3
was heated under vacuum at 4000 for longer than
two hours.  The decomposition residue was dissolved
in water, then carriers added. The resulting dis-
tribution is seen in Table VII. This striking

result graphically illustrates the efficacy of
carriers in the molten solution as protective agents.
That 97% of the activity was recovered in the solu-
tion (experiment 2) indicates that the carbonate
from the hydrolyzable fraction (experiment 1) was
not present as C 02 gas. This carbonate could be

14 14
present as K2C  03 or as KOC  N or both; we are carrying
out experiments to resolve this question at this time.

-12-
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2. 6ther Targets.

Two targets, hydrazine dihydrochloride and imidazole
have been irradiated at Los Alamos and are both on hand.
Sodium azide purified by repeated recrystallization
from aqueous alcoholic solution will be degassed and
sealed off preparatory for irradiation at Los Alamos
later this current period.

II. Kinetics of Deuteration of Five Member Aromatic Heterocycles.

Two manuscripts accepted by the Journal of Organic ChemistFY
(April 1970) describe research completed during the current
period on the kinetics of deuteration of pyrazole and imidazole,
respectively. Preprints of these manuscripts are enclosed.

f

-13-
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..              ·                                                          Table   VII

Distribution of activity: Thermal Decomposition, Under
Vacuum at 4000 with No Added Solid Carriers

Source Percent Activity

12

HCN                       0

CNNH 2                    0

Volatile 3.6

Hydrolyzable >100

Total solution                        97.3

Recovered >100 100.9

Continuing Research:

Before attempting detailed speculations regarding
precursors leading to the various labeled products in
potassium azide, we require answers to a number of
questions. First, we need to know the source of oxygen
in carbonate from hydrolyzable fractions of aqueous
dissolutions and thermal decomposition experiments, and
second, the nature of the hydrolyzable fraction itself.
For example, if OCN- is a product, is it formed as such
in the target, or does it result from aqueous hydrolysis
of a (N-C-N) entity to form HOCN?  Third, we need to
investigate further the seemingly contradictory effects
of short term and long term anneal upon the cyanide
activity. Fourth, we must investigate the effects of
strongly acidic and strongly alkaline aqueous dissolu-
tion upon the product distribution.

Plans for Publication:

At this writing, we plan to write two manuscripts
on the hot atom chemistry of C in KN 3 • The first of14

these will be concerned with aqueous and non-aqueous
(eg., hydrazine) dissolution of the target, and the
second with the thermal decomposition of the target in
the presence of various gaseous atmospheres (eg., 02,H2,
hydrocarbon, organic iodides, N 2, and vacuum).  We plan
to submit the first of these before the end of the
current period and the second later in this calendar year.

-14-
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