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This work began as an extension of previous studies on the o

vomieal

reactivity at defect regions of a CI‘YStal-(l’Q’s) The reactivity spocif-

ically studied was thermal decomposition and the system was NaBrd, which

3
thermally decomposes according to the equation

NaBrO3 - NaBr + 3/2 02
It is known that reactivity varies markedly from oAne crystal to another
of the same substance and therﬁefor’e‘ a comparison between a normal crvstal
and one containing a large number of deliberately introduced defects is
fraught with uncertainties especially since the act of studying the de-
composition destroys the crystal.

MR 2 A

The motivating idea behind this work was a direct comparison hotwee

- ¥

. . . . e fe .
reactivity of a normally situated bromate ion and one that is placed at

=114

very disordered region of the same crystal. In this way an in-cif

parison is made for normal and defect regions. This has been achic

the following way. A sample of polycrystalline NabrO, is irradic
nuclear reactor. The nuclear reaction

81Br + neutron - 828r"’~‘ + gamma ray

- .. o pay pesults, in
occurs ('amongst others).(u) The emission of the gammna I'dy resu s

most cases, in anenergetic recoil of the

l‘

BQBP-}; (Of thc O'I‘d‘:\-' O{ hx'i" >

i i i svely labelled - this i5

of electron volts). This recoil a) is radloa'ctlvcl_,r 1
ey T Y
i sohlv damaszed rorion Inot
denoted by the asterisk and b) results in a highls
Lol re of the rocoil o

vicinity of its resting place. The exact natu
| | ¢ oty

P v at tharmal troatment
not yet been established, but 1t 18 known that t at

Of 1‘" - - th HEA B A S i
4 our

L . a snt Il','i'fnf‘_"ié
with the Br labelled. This re-formation of paren
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i hernal decorpo
temperatures well below those at which the




«

the temperature is now raised, the decomposition of BrO

2.

3 and Br'“O3

occur cimultancously and because of the fact that the bromate ion at

the damagéd reglon 18 labelled one may cobtain decemposition rates of

normnal broma‘te and b

crystal under identical conditions.

romate situated at damaged regions in the SANE

The ¢xperimental procedure was as follows. About lOO-mgs. NaBr‘O3

(A.R. Grade
ampoule for one hour

approximately 10 13

divided into eight approx

neutrons/cmz/s).

This sample was

placed in a quartz boat mounted on a metallic slug.

were placed at the end of a long
provided with a ground glass stopper.

a 24" combustion type furnace.

The same tube

At the other side of

connected up with a high vacuum system. In this way

leaving the semples in a vacuud environment at room T

boats, being situated on metallic slugs could be magn

into and out of the furnace at will.
and the desired furnace temperature set.
‘controlled (by a Leeds and Northrup c.A.T.
+ ©

+ 0.1 C. for long periods
inserted into that portion of the gquar

of the furnace, the system being open to the pumps dur

iment.

It was decided not to first
(to re-form Br*osn) and then take the sy

but rather to take the samples to decomposition

Most of the re-Fformati

on of Br‘-’O3

The furnace

controller

(weeks). All eight samples

<

&
“

is then very rapid.

- polycrystalline)were irradiated in an evacuated quartz

in the Brookhaven Graphite Research Reactor (flux

then opened and

imately equal portions, each porticn being

All eight'boats

quartz tube. This end of the tube was

then passethhrough

the furnace the tubs
i+ could be evacuated
enperature.

etically manipulated

In practice, the rube was evacuated

was capable of being
- programmér) to

were then quickly

o tube situated in +he flat zone

ing the entire expir-

anneal below decomposition temparaltur?

.

tem to decorposition tempers Tures
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generally around 15 minutes.

'The eight samples were pulled out of the furnace one by one to freeze
the reaction at desired time intervals. After all samples were removed the
system was opened to atmosphere and each of the eight . saﬁnlcq dissovled in
1 ce of'an approximately 0.001 N KOH. Each solution was then analyzed for
B #0 /Bﬁ" ratio.using a paper electrcphoreéisvtechnique already described

Brlefly this technique separates bromate and bromide ions on a plece of

chromatographic paper, lom width (moistened with dilute eLectroljte solution)

across which 1000 Volts is placed. After about 1 hr of this treatment the

. . . . 2 . .“‘ . o "
paper is dried and cut up into 1 cm” secticns. FEach section is counted for

- 82 .
the gamma ray act1v1ty from “Br on a scinillation well counter. Figure 1 shows

(73

‘2 typical hlotogram

T the first peak to that of the second. By duplicating this procedure for

G

each of th
, 3
tion of time, i.e. the kinetics of the Br*OB— decomposition. It must be

travel at

[¢4]

pointed out now that the Br0, and Br®0,_ from any given sampl

»

the same rate on the chromatographic paper of course. By simply allowing

82, . ‘s .

the Br® activity (half-life 35.5 hrs) to decay to zero and then re-irra-
B .

diating all the sections and re-counting for BQBP it is possible to obtain

.

the original BrOsﬁ/Br_ ratios, it being borne in mind that the Qriginal

number of bromine atoms activated by the first one hour irradiation is a
negligable number compared to the total bromine atom concentration. The

second irradiation is effectively an activation analysis and measures

BP03 /Br . This latter ratio is to be compared with the Bx#0, /Br® and

L)

corresponds to the identical crystal with the same th rmal treatment. In
Practice the ratio bromate to bromate plus bromide was used in order to

conform to current practice in the field of hot-atom chemistry. In ordew

(5

eight samples one can follew the BrQ concentration as a func-

)-

. The ratio BP*OS—/BP*— is simply the ratio of the area



FIGURE 1.

Typical Histogram for the Br#0g /By Separation






. . : L,
to compare the decomposition of a bulk bromate ion and a bromate situated
at the site of an original recoil, it is only.necessary to plot, as a
function of time, the quantities R aund R* where
[Bros, ] , k[Brl-os ]

R = - —— and R% = — -
, [Bro3 + Br ] - [Br#0, + Br® ]

3



RESULTS

————

The results are contained in the R vs.

(YR

time curves. Space prowvo:

showing these curves for all the temperautres studied, but £

. )
oy " 1
Lour t',’i‘ Ak

Ones, from the lowest to the highest temperatures are shown in Pipurcs?

through 5. Each figure represents an isothermal run and in cach ther

A

sets of eight points. The open circles are the R¥ values and for ecach of

these therc is a corresponding R value (diamond shaped) at the sare tir:

(the time of withdrawal from the furnace). Note that in all the runs, t!

temperature dropped about 2°C. when all the eight samples were Intr

1y

~+

into the furnace. It took about 15 minutes for the set temperature
be attained. All times were recorded after this temperaturc cquilibrutios
occurred.

Figure 2 shows results for the lowest temperature (319,2°C.). Tn

i 3 : meatton of bulk by
diamond shaped points represent simple thermal decompositon of buir oi i

ture Thoe swaties

. . . . .y 13 ~amneraturd. i
ion and show that the reaction is very slow at thls temperatusc

. v counting statist’ ¥
is large for the last three points owing to the poor counting ste

& 7 ipnitial steep riue
run lasted more than a week). The R¥* values show an initidl S

.

)
fact al

and vhat is probably a pseudo-plateau. This curve is 1in 1
standard Szilard-Chalmers annealing curve. The latter goncr-fon =

s . , -plateau.
a sharp initial rise and a subsequent pseudo plate

Szilard-Chalmers annealing, i.e. the formation of B!‘-.Ua Fre

Species, apparently occurs during +he 15 minute warn-up time. It ey
mentioned here that at 200°C., which is the highost tenpmriten ‘
heretofore(s), the pseudo-plateau value of R# was 570. Lot et
shown in the figure represents & plot vs. time of the cusntity 1

. .

IF it is assuoed the

The purpose of this plot is the following:
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FIGURE 2

R and R¥* vs.

time (319.2°C)
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re-formed.Br*Os— ions in the crystal are subject to the same (thermal)

&ecdmposition as the normal bulk BrOS—, one may obtain some idea of what
the classical Szilard-Chalmers annealing curve would have looked like
in the absence of decomposition at these temperatures by add%pg to the R*
values thaf amoun% of decomposition fhat has occurred, i.e. (100~R). The
dashed curve, shown in this Figure aé well as Figures 3, 4 and 5, may thus
be regarded as a standard Siilard<Chalmers annealing curve. The original
motivating idea of these expepiments, i.e. a possible difference in decom-
position rate of BrOS— and Br*Os' is thus ignored in this analyéis.

Figure 3 represents a temperature of 322.8°C. (The insert will be dis-

cussed later). Here the thermal decomposition is more in evidence. After

about 20 hours both R and R* appear to fall on straight lines. Despite

dt dt

This relationship held for all the other (lower) %emperature runs not

the scatter, it is clear that

shown.

A somewhat higher temperature is shown in Figure 4, Again the insert
will be éiscussed later. The curves Jjoin up after about 20 hours and,
within expe?imental erﬁor, remain joined for the rest of the run. This is

typical of the higher temperatures where the curves always joined and never

crossed over. Figure 5 is for one of the highest temperatures studied.

ARRHENIUS PLOTé

It is difficult to choose a parameter to obtain Arrhenius plots. One

o

needs an idea of the activation emergy for the decomposition of normal bulk

bromate as well as that for the processes responsible for the annealing of

BgBr* species, i.e. the Szilard—Chalmefs annealing. For the bulk decomposi-



FIGURE 3

R and R* vs. time at 322.8°C.

(The insert is for the simple Br*/Br03~ exchange at 325.0°C)
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FIGURE 4

R and R vs. time at 336.8°C

(The insert is for the simple Br“/BrOS_ exchan

&

"

2 at 3360°C)
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FIGURE 5

R and R% vs. time at 342.2°C
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tion, the parameter ki was chosen.

(0

to the previous study ~°.

. . -dR
This is = for smali t which conforms
These experiments were not designed to obtain

accurate values of the activation energy for bulk decomposition but rather
to obtainv an in-situ ~compar»ison of this quantity with the corresponding
quantities for BI‘*Oa_. Figure 6 shows that at the lower temperatures the
bulk decomposition occurs with an activétion energy over 100 kcal/mole.
Figure 7 is an Arrhenius plot for two parameters associated with Szilard-
Chalmers annealing. They are 1) the reciprocél of the time to reach the
r'naximumbvalug of R*, and 2) the reciprocal of the time corresponding to the
beg.inning of the pseudo-plateau on the dashed curves of Figures 2 through
S. Both parameters yiéld some idea of the activation energy of the Szilard-

Chalmers process toward the end of the annealing. As stated before the great

bulk of the annealing occurs first and is extremely rapid. In fact the latter
is cémpleted within the warm-up perio‘d. (15 minutes) and it is estimated that
the activation energy for this process is well under 10 Kcal/mole. The parti-
cular technique employed in these experiments does not make possible the-
measurement of an accurate value for this quantity. It is clear that the
plots in Flgur‘e 6 and 7 display the same general form but that the activation
energy for the bulk decomposfc:.o*x at the lower end of the exnployed temoev‘a—
tures is at least a factor of U greater than the processgs involved in the

Szilard-Chalmers annealing at these temperatures.




FIGURE 6

Arrhenius plot for the bulk decomposition ki (hr-l) vs 1/T x 105.
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FIGURE 7

Arrhenius Plots for Szillard-Chalmers annealing
(Closed circles are reciprocal of time in hours to reach the pseudo-plateau)

" Open circles are reciprocal of time in hours to reach maximun R%* 4 lg'l)

-~



OF +

.00l

le2

404 Kcal./m,

28.4 Keal./m,

\
256 Keal./m. \\
\\ .
\ \\\\‘\\
\ ~——
\ ~~O-_
\ S~ 34 Keal./m.
\\o\\
(177 x 10%)

xé4 - 166 168



DISCUSSION

Before proceeding to a discussion of these results, it is well to

point out some of the features of the NaBrO, thermal decomposition. It

3
is believed that the whole surface becomes nucleated immediatély upon

(1)

attainment of decomposition temperature ~’. This applies to visible
surfaces as well as sub—gréin boundaries, etc! The nucleation thus creates
an interface between reacted and un-reacted material and it is the advance
into the crystallite of this envelope (the so-called contracting envelope)
which determines the topochemical kinetic features of the decomposition or
Vthe overall observed fractional decomposition vs tiée. These kinetics
usually yield little informatién about the ultimate atomic mechanisms in-
volved in the decomposition. The presence of the product NaBr in contact
with unreacted NaBrOé is believed to cause a eutectic type of melting above
about 329°C., but that this melting and decomposition occur simultaneously.
This is to be diséinguished from ordinary meiting in that it occurs below
the thermodynamic melting point and the decomposition occurs concurrently
with Eifﬁiii.melting- Hence, at about 323°C., the decomposition rate rises
very sharply since the liquid state of NaBrO, decomposes much faster than
the bound sfate.

With these.notions in mind one may examine the results of this exper-
iment with two éoints of view in mind: a) there is present an interface

where the reactivity is centered, and b) at the higher temperatures, the

presence of a liquid phase must be included in the discussion.

SHAPES OF THE R AND R* VS TIME CURVES
Some of the observed features of these curves are to be expected

while others are quite surprising. The R vs time curve is simply a repetition

S,
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of a simple thermal decomposition study, but these experiments were not

designed to yield accurate kinetics of this decomposition but _merely to

Provide a control so as to obtain a comparison between the decomposition

of ]31»()3 and Br® 3 - However, one feature is apparent that was never

cnbsefved‘when the kinetics were measured by plotting oxygen evolved vs.

times, namely, a jog in the curve near the beginning of the decomposition.

The most likely cause is the annealing of the radiation products but it

is strange that the oxygen pressure plots never showed this effect. The
overall shape at lower temperatures is in agreement with previous measurements,
as 1is fhe shape at higher temperatures.'

The R* vs. time curves also show, within very general limits, the
expected behavior. A éharp initial rise is followed by a plateau or

" pseudo-plateau. At the higher temperatures the occurrence of the thermal
decomposition of Br*Os_ (newly formed) gives rise to the observed drop
in R* at larger times.

The surprising features are the following: 1) where the temperature
was high enough, the values of R and R* always merged and within experi-
mental error the R and R* vs. time plots never crossed over after becoming
equal but always followed the same values until the end of the ?xpepimcnt.
Where the temperéture and therefore reaction rate was too low to observe
this'merging, the slopes of the R and R* vs. time curves.indicated an
eventual join-up and, in fact, an Arrhenius plot of the time to merse,
whether actually observed or extrapolated, showed apparent activation

. . led curve
energies not too different from those in Figure 7. 2) the dash B

o 11 -Chalmers
which one may assume to at least roughly represent Szilard '

. ‘3 ical such curve
-annealing after decomposition 1s accounted for is a typica

3 i unusual.
except that the attainment of 100% retentlion 1S very
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ARRHENIUS PLOTS

The activation energy plots invariably show two distinct portions.
Whether fheée are two classical straight lines or merely a plot of con-
tinuously increasing slope is a difficult question to answer. Much more
data would be required to yield an answer. ﬁowever, it is perﬁaps not too
serious a problem since either'case more or less allows the same-conclusions;
For ease of discussion it wili be assumed that there is a higher temperature
region of large slope and a lower one of much lesser slope. The large slope

region has previously been observed in the NaBrO3 thermal decomposition

) .

(1 .
‘study and roughly corresponds to the same slope and temperature range

observed here. Any differences might easily result from the fact that
different starting material was used. In the thermal decomposition studies
mentioned, the temperature range was extended beyond that used inm this study

. (o]
and the Arrhenius plot at about 340 C. straightensd out into a definitely

classical one correspending to an activation energy of about tSKeal/mole.

%)

This is the tempsorature region of rapid liquefaction and will not be con-

sidered any further. The "large slope” region was considered to result from

the melting of a eutectic type of mixture formed between the product (bromide)

and parent (bromate) material, The large slcpe was not considered to yield

.
.

@ true activation energy since the onset of melting must have an enormous
enhancing effect on the pre-exponential factor. The large slopes are quoted
in Keal/mole merely for reference sake.
It is apparent that the activation ensrgies for processes measured by
.. 82 . .
the labelled recoil “Br species are much lower than for processes involved
in the bulk thermal decomposition. However, the shapes of the Arrhenius

plots are similar.

e

S .

e S



B
e

11.

CONCLUSIONS .

The original purpose of these experiments was to measure the dif-

ference, if any, between the decomposition rate of normal bulk BrO3 and

the Bpr#* 3- at the damaged sites. While the experiments do show different

values of the linear regions of - %%i and - %%:- one may not assume that
the re-formation of Br*OB— is complete in this region. Hence it may equally
vell be assumed that - g%-> - %%: only because the Szilard-Chalmers

annealing is not yet complete in this region. In other words, had the

annealing been complete before this linear region, - %%’ would be equal to

aRrs

- 5{-but since Br#0, are still being formed, their apparent decomposition

3
rate is slightly lower than the bulk BrOB_ rate. In fact this latter argu-

ment appears to the author to be the more plausible one. On the basis of
this arguﬁent however, the fact that the values of [R* + (100-R)], (the
dashed curves) reach 100% is very significant. Oné may now focus attention
on the lower temperature region at the time when[R* + 100-R] reaches 100%.
The éfystallites have undergone some thermal decomposition, and if the
present picture of the latter is correct, all crystallites consist 6f
bromate surrounded by the appropriate amount of bromide. However, the

original recoil sites must have been homogeneously distributed tﬁroughout

the crystal. The re—forméd Br*OB— originally in the region which is now
bromide must also have decomposed (to Br# ). Hence, the remaining unde-
composed solid must consist of BrOs_ and Br*03— but no Br¥ (since dis-

solution of the whole system'results in.equal values of R and R*). Thus

the picture which emerges is a solid bromate crystallite in which the

" re-formation of Br*Os— goes to completion well before thermal decomposition

has disrupted the crystal. If true, this has significant bearing on both
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12.
the mechanism of thermal decomposition as well as SZilard-Chalmers annealing.
It now becomes interesting to examine this picture in the light of the
Afrhénius plots. ThQ.Szilard—Chalmers annealing and the thermal decomposition
BOTH show a vast change In slope of their respective Arrhenius plots. This

renders more than likely that whatever is causing the slope change for .the

R

decomposition is also responsible for the slope change of the Szilard-Chalmers
annealing. In the thermal decomposition study it had been assumed that the
pre-melting previously referred to was responsible for the shafp rise in
Slope. However, the melting in the temperature range of these studies is
only partial, i.e. there is solid bromate and a iiqﬁid phase always present.
The fact that some of the bromate is in the liquid state is thought to be
responsible for the vastly increased decomposition rate. This must then
also be responsible for vastly increaéed Szilard-Chalmers annealing rate.
The latter process however, is bound to be homogeneous since the original
recoil fragments are homogeneously distriguted (from the original neutron  ©
irradiation). It appears then that either the picture of a heterogeneous
thermal decomposition or a homogeneous Szilard-Chalmers annealing must be
in error. a

The guthor believes that the heterogenecus picture of thermal decom-
position may have to be modified. A possible clue as to how this comes
about is provided by the fact that the re-formation of Br*Os— goes to
completion. Such perfect annealing is rare andbhas been difficult to
justify  in terms of current theories. An answer is the possible existence
of exchange reactions. Suppose that at fhese temperatures, the solid state
exchange reaction

Br + Bros’ <> Br + ‘Bros"
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becomes possible. Such a reaction would easily ex

plain the attainment of

: ) s P ‘ .
2 100% re-formation of Br 03 in the solid state. One need not even pes-

tulate that the recoil species is Br#™, Suppose the species is not bronide

and is denoted by (Br*X). The peaction
(Br#xX) + BPOS- + (BrX) + BI":‘“'O3—
might occur but the reverse would be unlikely since the chance of (Er¥)

meeting a Br*Os— will be small compared to its meeting a BPOS—’ and +hae

latter will cause no overall changes. One is of course assuming fairly

rapid diffusion and a minimal 'cage" effect, which is not a bad assun
near the melting point. |

The intervention of such exchange reactions in the thermal decon-
position mechanism is also an interesfing possibility. It is easy to
imagine the decomposition of a bromate ion at the surface of a bromate
crystallite. It is a little more difficult to visualise this deconzosition ,
at the interface formed by the two solids (bromate .and bromide). Houcvey,
one may suppose that bromide easily formed at the surface underzces Cxo.ai e
with bromate beneath the surface. The net effect of such an‘ ebzch%fiife is
to contingous:Ly bring bromate ions to the surface where steric factors
render more easy the decomposition. Such a mechanism has (in effect) teen
previously proposed for thermal decompositions but has never been taken
seriously(l’s). The. decomposition may then be described neither as homegenecus

. i s if the decon-
or heterogeneous but as something between the two. It 1s as if

' | isintesration er U,
Position now permeates the whole crystal and a bulk disintesg

(1 =g

s

B he cryst:
At highest temperatures, the presence of Br throughout tn

.
[

i i seltine. This nive
cause a generalized bond looSening and/or partial nelting
v‘ feion and

~heniu For decanne
to the sudden increase in slope of the Arrhenius plot for d

| 5 1 o gtopic factols,
= i i ~ocesses involve st
Szilard-Chalmers annealing, since both pr
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bond rupture, etc.

It is postulated that both thermal decomposition and Br*OS_ annealing
involve the exchange reaction. The decomposiéion occurs with much higher
activation energy since it involves the additional (difficult) step of
disruption of BrOs-. The exchange also involves bond'rupture but this is
Partially offset by tﬁe attractive energy between the Br and the oxygens

- of the bromate with which it is exchanging. F
The existence of a Br_/BrO3‘ exchange reaction has geen tested. The
inserts in Figures 3 and 4 represent results for the folléWing experiment.
A few mgs. (about 3) of NaBr were irradiated with neutréns_and diséplved

1R & solution containing about 100 mgs NaBro The solution was dried in

3"
. vacuum oven at about SOOC. and the resulting powder given exactly the same
thermal treatment as the irradiated NaBrO3 in the main experiments described
abovg, i.e. samples are withdrawn from a constant temperature oven at dif-
ferent times. 1t was‘found that, although the solid initially contains only
"BQBP*— and BrO,_ . catment rest : mat] £82p.20
r 3 > the thermal treatment results in the formation o Br O3
the fraction of which is shown in the insert as a function of time. Apparently
the reaction
Br#” + BrO; <> Br + Br*0,
ocegrs. Note that the temperdtuve corresponding to the inserted graphs are
close to those used in the main experiment on the same graph.

This experiment proves that Br exchange% with BrOa— in the SQlid
state but does not proceed as fapidly as the reaction of recoil Br species.
However the nature of the recéil species is unknown. It may not be bromide
or ifrit is bromide it may be situated at an espceially reactive site; It

may be a bromide containing species that is much more capable of exchange with

bromate than is bromide itself and yields bromide ion upon dissclution.
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Clearly much more work is needed, but it seems likely that ti

position and Szilard-Chalmers annealing reactions may throw light u:u

others mechanisms. The simple exchange of Br and BrO, is presently |

studied in this laboratory. Probably the data on the variation of suc!

ol bl

reaction with temperature as the solid passes through various stages of

sy Y
il

melting might also throw some light .on the as yet very little understood

melting process.

4

P

[P




REFERENCES

J. Jach, J. Phys. Chem, Solids, 24, 63, (1963).

J. Jach, J. Phys. Chem. Solids, 24, 75, (1363).

J. Jach, Proc. 5th International Symposium on the Reactivity of Solids

~ (edited by G. M. Schwab, p. 422, Elsevier, Amsterdam, (1966).

G. Harbottles, Annual Review of Nuclear Science, 15, 89, (1965).

J. Jach and G. Harbottle, Trans. Faraday Soc., Eia 520, (1958).

A Glasner and L. Weidenfeld, J. Amer. Chem. Soc., Zﬁﬁ 2467, (1952).

For further details on this technique see reference 5.



TECHNICAL REPORT DISTRIBUTION LIST

0ffice of Naval Research ' 2
Washington, D. C. 20360
Attn: Code 425
}ONR Branch 0ffice 1
21? South Dearborn Street
{ Chicago, Illinois 60604
]Attn: Dr. S. Herzfeld

ONR Branch Office 1
207 West 2uth Street

| New York, New York 10011

- Attn: 1f]
i t Scientific Department

| ONR Branch Offjice 1
5 1030 East Green Street
! Pasadena, California 91101

Attn: Dr. R. J. Marcus

| ONR Branch Office 1
; 1076 Mission Street

! San Francisco, California 94103

| Attn:

Dr. P. A, Miller

ONR Branch 0ffice : 1
495 Summer Street

Boston, Massachusetts
Attn: Dp, gJ. H. Faull

02210

Commanding 0fficer 7
ONR Branch Office

Box 39, Fpo

New York, New York 09510

Naval Research Laboratory 2

Washington, D. C. 20390

Attn: Tech. Informaticn Division(s)
Chemistry Division

DUREE Technical Library 1
Room 3C128 Pentagon :
Washington, D. cC.

Department of the Army 1
Supply and Maintenance Cémmand
Maintenance Readiness Division
Washington, D, C.

ttn: Technical Director

U.S. Army Chemical R&D Laboratories 1
Edgewood Arsenal, Maryland
Attn: Librarian

U. S. Army Natick Laboratories
Clothing & Organic Materials Division

" Natick, Massachusetts

Attn: Associate Director

Office, Chief of Research & Development
Department of the Army

Washington, D. C.
Attn: Physical Sciences Division

Chief, Bureau.of Ships
Department of the Navy
Washington, D. C. 20360
Attn: 3424

Technical Library, DLI-3

* Bureau of Naval VWeapons

Department of the Navy
Washington, D. C. 20360

Defense Documentation
Cameron Station
Alexandria, Virginia 22314

U. S. Army Electronics R&D Laboratory

- Fort Monmouth, New Jersey 07703

Attn: SELRA/DR

Naval Radiological Defense Laboratory
San Francisco, California
Attn: Technical Library

Naval Ordnance Test Station
China Lake, California
Attn: Head, Chemistry Division

Army Research O0ffice - Durham
Box CM, Duke Station

Durham, Norht Carolina

Attn: CRD-AA-IP

Atomic Energy Commission
Division of Research
Chemistry Programs
Washington, D. C.

Atomic Energy Commission

Division of Technical Informaiton
Extension

P.0. Box 62

Oak Ridge, Tennessee

20



Dr. H. S. Gutowsky
Department of Chemistry
University of Illinois
Urbana, Illinois 61803

Dr. G. J. Janz

Department of Chemistry

Renselaer Polytechnic Institute

Troy, New York

Dr. B. Sundheim
Department of Chemistry
New York University

New York, New York 10003

Dr. R. F. Baddour
Department of Chemical Engineering

. Massachusetts Institute of Technology

Cambridge, Massachusetts

Dr. C. R. Slngleterry
Code 6170

Naval Research Laboratory

, Washington, D. C.

Dr. A. B. Scott
' Department of Chemistry
- Oregon State University

Corveallis, Oregon

- Dr. Paul Delahay
' Department of Chemistry
. New York University
New York, New York 10003

e

Dr. E. Yeager

Department of Chemistry
Western Reserve University
Cleveland, Ohio

| Dr. T. P. Dirkse

Department of Chemistry
Calvin College
Grand Rapids, Michigan

Dr. B. S. Rabinovitch
Department of Chemistry

| University of Washington

. Seattle,

Washington

Dr. Arthur Finch

Department of Chemistry
Royal Holloway College
University of London
Englefield Green, Surrey

Dr. R. A. Horne .
Arthur D. Little, Inc.

15 Acorn Park

Cambridge, Massachusetts

Dr. G. E. Leroi
Department of Chemistry
Princeton University
Princeton, New Jersey

Dr. C. M. Knobler

Department of Chemistry’
University of California
Los Angeles, California

Dr. Michael O'Keeffe
Department of Chemistry
Arizona State University
Tempe, Arizona.

Dr. H. Brumberger
Department of Chemistry
Syracuse University
Syracuse, New York

Dr. H. W. Offen
Department of Chemistry
Unversity of California
Santa Barbara, California




