
Square Bubbles in Irradiated 
&d Annealed Lithium 
Fluoride Crystals 

When lithium or a compound contain- 
ing this element is irradiated with neu- 
trons, the ,Li6 isotope, which constitutes 
about 7.5 percent of natural lithium ( I), 
undergoes the ( n ,  a )  reaction ( 2 )  

If the irradiations are carried out on 
solids at low temperatures, the resulting 
helium and tritium gases are trapped 
within the crystals. As an extension of a 
program at our laboratory on the be-
havior of fission gases and other gaseous 
nuclear reaction products (3) ,  a study 
has been made of the behavior of irradi- 
ated LiF single crystals on thermal treat- 
ment. As would be expected, at higher 
temperatures, the gases agglomerate to 
produce voids in the solid. 

The shape of these cavities is, how- 
ever, quite anomalous. Instead of spheri- 
cal holes, which might have been antici- 
pated, under certain thermal treatments 
the cavities are nearly square, approxi-
mately 0.01 to 0.02 millimeters on a 
side, and quite thin compared with their 
plane dimensions. When these cavities 
first appear, they are characterized by 
brilliant interference colors, indicating 
that their thickness is of the order of a 
few wavelengths of visible light, prob- 
ably no more than 0.002 mm at most. 
No voids, spherical or plane, were ob-
served in unirradiated LiF even when it 
was annealed for as long as 72 hours at 
700°C or at temperatures near the melt- 
ing point of the salt, 842OC ( 4 ) .  

To observe the square holes, LiF crys- 
tals obtained from the Harshaw Chemi- 
cal Co. were irradiated in the reactor 
at Brookhaven National Laboratory at 
30°C for integrated thermal neutron ex- 
posures of 1x 1017 and 3 x 1OlS neu- 
trons/cm2. The crystals were then heated 
in air. There was no difference between 
the two samples, except for the presence 
of more gas and more cavities in the 
specimens with the longer irradiation, as 
might be expected (5). 

At 500°C, no agglomeration of gas or 
appearance of voids could be detected 
even after 72 hours of treatment and 
with magnifications of as high as 1000; 
at 660°C, in 15 hours, voids were readily 
observable at magnification of 150; and 
at 726OC, 3 hours was sufficient to pro- 
duce voids that were easily visible under 
the same magnification (6). Figure 1 is 
a photomicrograph ( 7 )  of a crystal sub- 
jected to this treatment, showing the 
square bubbles. The white areas are 
faces of the cavities inside the transparent 
crystal; cavities at the surface appear 
dark. The edges of these squares tend 
to be parallel to the (100) planes of the 
crystal and appear predominantly at sub- 
boundaries rather than in sound por-

tions of the subgrains or in regions ad- 
jacent to cracks. (Note crack in Fig. 1; 
possibly the failure to observe voids near 
cracks is the result of the fact that the 
latter constitute convenient paths for the 
escape of reaction product gases.) 

Once the voids have formed, pro-
longed isothermal treatment of the crys- 
tals produces no significant change in the 
relative positions, but it does result in 
an increase in the population density and 
growth of the edges of the voids. This 
phenomenon was examined at 726OC 
after 3, 9, and 24 hours, and it was found 
that the edge-length growth is appar-
ently linear in time and is in fact de- 
scribed by the equation, determined by 
the method of least squares, 

for t less than 25 hours, where L is the 
void edge length in microns, t is the 
time in hours, and * 0.1 1 is the standard 
deviation of the observed from the cal- 
culated results. (This was for a samplv 
irradiated to 3 x 1018 neutrons/cm2 at 
30°C. The interference colors observed 
when the cavities first develop disappear 
as this growth process progresses, indi- 
cating that the holes are increasing in 
thickness simultaneously with the in-
crease in plane area. 

With a constant annealing time, at  in- 
creasing temperatures, precisely the same 
kind of growth is observed-that is, in- 
crease in the length of void edges and 
thickness, and no change in the relative 
positions of the square holes. This be-
havior was examined at four tempera- 
tures in the range 700' to 820°C, and 
the data, for the same irradiation time 
and temperature as in Eq. 1, and for a 
uniform annealing time of 15 hours, are 
described by the least squares equation 

for 700' < T < 825OC. In this relation. 
T is the annealing temperature in de- 
grees Centigrade, L is the edge length 
in microns, and + 0.51 is the standard 
deviation. From Eq. 2, L is 0 at T = 
584' + 8 8 O C t h a t  is, this is the mini-
mum temperature at which bubbles 
would become visible after 15 hours of 
annealing. At higher temperatures, the 
cavities lose their square shape. Thus, 
after 15 hours, at 820°C the holes were 
observed to have rounded corners; and 
annealing for this time just below the 
melting point (842OC) resulted in the 
more intelligible formation of cavities 
with circular cross sections, presumably 
spheres. At 726OC, rounding of the cor- 
ners of the squares was also observed, 
after 82 hours of treatment. 

The mechanism by which these thin 
square cavities form and the reason for 
their observed alignment with the (100) 
crystallographic planes are not under-
stood. This phenomenon has been ob-

Fig. 1. Square bubbles in lithium fluoride. 

served to date only with irradiated LiF, 
and it is not known whether any other 
crystals exhibit this rather surprising be- 
havior (8). 
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Experimental Infection of Rats 
with Streptobacillus moniliformis 

Although Streptobacillus moniliformis 
has been isolated frequently from wild 
and laboratory rats, particularly from the 
lung, middle ear, and nasopharynx, it 
has been considered a commensal micro- 
organism of low virulence for this host 
( 1 , Z ) .  The microorganism has displayed 
virulence for human beings, most com-
monly following the bite of a rat, but 
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also after ingestion, and the infection has 
been characterized by fever, rash, and 
arthritis ( 3 - 5 ) .  High pathogenicity for 
mice has been demonstrated, and one 
means of identification of Streptobacillus 
ii by the infection produced in mice. 
\vith resultant septicemia and joint in-
~mlvement (2, 4, 6 ) .  The joint infection 
in mice is essentially an osteoarthritis 
and osteomyelitis, usually secondary to. 
or accompanying, a severe generalized 
systemic infection. Joint involvement ac- 
companying systemic infections of man 
and animals by other microorganisms is 
also seen, although joint involvement 
alone may occur. An affinity of S .  monili- 
formis for joint tissues of the developing 
chick embryo has been described ( 7 ) .  
.ittempts to infect rats with S.  monili-
formis via several routes have been 
unsuccessful, except for the occasional 
production of a localized lesion at the 
injection site (2, 6, 8).  

During immunological studies with 
Streptobacillus moniliformis, a number 
of strains were isolated from naturally 
occurring lung and middle-ear infec-
tions in older laboratory rats. One re-
cently isolated strain from a middle-ear 
infection (strain "C") has proved to be 
virulent for the laboratory rat and ap- 
pears to have a specific predilection for 
joints, bone, and periarticular tissues. 
Upon intravenous injection with thiq 
strain, young rats developed a polyar-
thritis within 5 to 7 days, which subsided 
10 to 30 days after the acute phase in 
nlort animals. The disease was produced 
consistently, in several experiments, in a 
high percentage of animals injected in- 
rravenously, but it was not produced by 
subcutaneous injection with the sarnc 
strain. 

Young Holtzmann-Fisher cross or 
Sprague-Dawley rats, 2% to 3% month5 
old, were used. The Holtzmann-Fisher 
animals were offspring of rats which had 
been maintained on prophylactic dosec 
of 	 aureomycin for months, and neither 
parents nor offspring showed cultural or 
immunological evidence of natural infec- 
tion with Streptobacillus. Cultures of S .  
?noniliformis were carried routinely on 
rabbit blood agar, and in beef infusion 
broth adjusted to pH 7.6 to 7.8 and en- 
riched with 20 to 30 percent sterile hu- 
man ascitic fluid. These media were se- 
lected for producing the most consistent 
and abundant growth of the strains un- 
der investigation, after several other cul- 
ture media and enrichment materials had 
been screened. Injections were made 
into the tail vein with 2.0 ml of an 18- to 
20-hour beef infusion-ascitic fluid broth 
culture which had been inoculated from 
a 	 24-hour broth or blood agar stock 
culture. 

Within 5 to 7 days after injection, rats 
developed redness, swelling, and tender- 
ness of the affected joints. The degree 
varied from moderate to severe, and one 
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No. 

28 5/5 
29A 5 /5 
29B 13/16 
30 6/6 
3 1 8/8 
Total 37/40 

to several joints showed involvement. 
Radio-carpal regions (wrists), tibio-tar- 
sal regions (ankles), digits, and occasion- 
ally hips were affected, and some animals 
showed involvement of all four extremi- 
ties a t  one time. Occasionallv. the arthri- ,, 
tis was migratory, disappearing from one 
joint only to appear in another. The in- 
cidence of clinically observed lesions in 
rats in five separate experiments is shown 
in Table 1. A total of 40 animals were 
injected intravenously, of which 37 ani-
mals developed gross joint changes. The 
clinically obvious joint involvement sub- 
sided within 10 to 30 days after the acute 
phase in most animals, although patho- 
logic studies indicated that microscopic 
evidence of bone and joint involvement 
could persist long after grossly visible 
swelling and redness had disappeared. 
Microscopic study also revealed evidence 
of infection in and around joints which 
had never shown gross changes. Although 
the disease was reproduced consistently 
in a high proportion of animals injected 
intravenously, subcutaneous injection of 
the same doses produced no observable 
lesions. 

Histologic study of a small number of 
infected animals showed an osteoarthri-
tis, characterized by an acute inflamma- 
tory reaction at the sixth day, subacute 
to chronic at the 17th day, and chronic 
fibrotic and proliferative at the 33rd day. 
The component processes were an osteo- 
myelitis, in most instances accompanied 
by periostitis, arthritis, and periarthritis. 
No lesions elsewhere than those described 
were found, either clinically or after de- 
tailed examination at autopsy. 

Affected joints were ground and cul- 
tured at autopsy, and the infecting mi- 
croorganism was recovered from the le- 
sions in 12 of 13 animals cultured during 
the acute phase (5  to 11 days), and in 
one of two joints cultured after the acute 
phase had subsided ( 1 7  days). Of 16 
heart blood cultures done at time of sac- 
rifice, only one was positive. A degree of 
immunological response to the Strepto-
bacillus, as evidenced by elevated plasma 
opsonin levels, has been demonstrated in 
infected animals. 

This reproducible, high-incidence, in- 
fectious ostt-oarthritis of rats apparently 
specifically affects bones, joints, and peri- 
articular tissues to the exclusion of all 

Table 1. Joint lesions and cultures in rats infected with Streptobacillus moniliformis. 


Experi-
No. arthritic/ Percentage No. positive/ Percentage
ment 
No. injected infection No. cultured recovery 

other tissues and organs, unlike the joint 
lesions found concomitantly with the 
generalized lesions of many systemic bac- 
terial infections of man and animals. 
However, specific joint involvement has 
been shown with some other microor-
ganisms. The production of an infectious 
osteoarthritis represents successful infec- 
tion of the rat with Streptobacillus mo-
niliformis at a site distant from injection. 
The natural occurrence of this microor- 
qanism in rats without evidence of sys- 
temic infection or joint involvement, and 
the characteristic joint involvement in 
human rat-bite fever caused by S .  moni-  
liformis, provoke interesting speculations 
about the role of infection in other ar-
thritic conditions. The role of the filtra- 
ble "L" forms of this microorganism is 
at present under investigation. 
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Atnlospheric Oxidation of 
Homogentisic Acid: -

Spectrophotometric Studies 

Since Boedeker ( I )  first fully de-
scribed and named the metabolic dis-
order alcaptonuria, it has been recog-
nized that the urine of patients with this 
disorder contains homogentisic acid (2,5- 
dihydroxyphenylacetic acid) and tends 
to darken on exposure to air or upon ad- 
dition of alkali. I t  is also well known 
that affected individuals virtually always 


