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of fission recoil fragments. The thermal neutron 
dose during irradiation was monitored using high 
puri ty cobalt wire, and energy deposition (extend­
ing to 5 X 1021 e.v. per g. of solution) was cal­
culated assuming IGO Mev. of recoil energy re­
leased per fission event,2 and a thermal neutron 
fission cross-section for L'235 of 580 barns.3 The 
main products were hydrogen, oxygen and nitro­
gen, with smaller amounts of carbon dioxide, and, 
in the case of concentrated nitrate solutions, nitrous 
oxide. With more dilute solutions, precipitation 
of some UO4 during irradiation was encountered. 
As this phenomenon would have introduced uncer­
ta inty into energy deposition data, it was prevented 
by adding about 100 p.p.m. of iron as ferric nitrate 
to the solutions; this presumably catalyzed the de­
position of H2O2 sufficiently to prevent peroxide 
precipitation. No peroxide and only traces of 
nitrite were found in solution after irradiation. 

A plot of GH2 VS. ( N O 3 - ) V i is linear, and obeys 
an equation of the type GH, = A — ^(NO3-)1 ' '3, 
(1) where 4 = 2,0 and £ = 0.8: the GH2 da ta of Boyle 
and Mahlman for Th(XO3I4-U235 O2(XO3)2 solutions 
also lie on this line. The results can therefore be 
explained qualitatively in terms of a theory1 in­
volving reaction of diffusing H atoms with N O 3

- : 
N O 3 - + H -> NO2 + O H - (2), where the par­
ameter k is a measure of the probability of reac­
tion (2). 

Values of GN2 are more than an order of mag­
nitude greater than those obtained for fast neu-
tron-y energy. Figure 1 shows a log-log plot of 

Fig. 1.—Log-log plot of GN2 VS. [NO3]: O, present results; 
• , data of Boyle and Wahlman; A. data of Bidwell. 

Gx2 vs. (X1O3-), and includes the present data, those 
of Boyle and Mahlman,4 and those of Bidwell, 
et al.,6 obtained from experiments with critical as­
semblies of uranyl nitrate solutions (the Los 
Alamos "water boilers")- The continuity of the 
curve indicates tha t cation variation has little effect 
on nitrogen yields. The present da ta were ob­
tained at about 80°, while the American data cor-
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B.N.L.-235, Supplement 1 (1957). 
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(0) R. M. Bidwell, L. D. P. King and W. R. Wvkoff, Xud. Sci. 
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respond to temperatures ranging from 37° to 300°; 
temperature has therefore no significant effect on 
GN2-

Below a ni trate concentration of about AM, ni­
trogen vields can be expressed by the empirical 
relationship GN1 = 0.004(NO3") !-6 (3), though 
nothing can be said at this stage about the mecha­
nism of nitrogen formation. 

A complete account of the work, with due ac­
knowledgments, will be published elsewhere. 

(7) Vacation Student, University of St. Andrews, Scotland. 
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ENZYMATIC FORMATION OF D - T A G A T U R O N I C AND 
D - F R U C T U R O N I C ACID 

Sir: 
Various microorganisms have been shown to 

metabolize uronic acids rapidly although little is 
known about the na ture of the primary reaction 
products formed.2 '34 In the present study, D-tagatu-
ronic acid (II) and D-fructuronic acid (IV) have been 
identified as the first products in a new pathway 
for the metabolism of D-galacturonic acid (I) and 
D-glucuromc acid (III) , respectively. 
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Cultures of E. coli (ATCC 9637) were grown aero-
(1) D-Tagaturonic acid may also be designated as 5-keto-D-altronie 

acid, 5-keto-r.-galactonic acid or, systematically, D-araWKo-5-hexulo-
sonic acid. Similarly, D-fructuronic acid may be designated as 5-keto-
D-mannonic acid, 5-keto-L-gulonic acid or D-£y%o-o-hexulosonic acid. 

(2) S. S. Cohen, J. Biol. Ckem., 177, 607 (1949). 
(3) P. J. Heald, Biochem. J., 50, 503 (1952). 
(4) M. P. Starr, J. DeLey and W. W. Kilgore, Science, 125, 929 

(1957). 
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bically on a minimal salt medium containing D-
galacturonic acid as the sole carbon source. After 
24 hours at 37°, the cells were harvested, disrupted 
by sonic vibration and the extract partially purified 
by isoelectric precipitation. 

A reaction mixture containing 50 ,umoles of either 
I or III was incubated separately with the extract 
for one hour at 37° and the reaction products iso­
lated by chromatography on Dowex-1-formate5 or 
by paper chromatography with ethyl acetate: 
acetic acid:water (3:1:3) as the solvent system. 
In either case, there was a clear separation of un-
reacted starting material and of a more rapidly 
moving component which was isolated and identi­
fied as II or IV, respectively. 

Both of the unknown products gave color reac­
tions characteristic of uronic acids6'7 but which 
were stable to bromine water under conditions 
where the alduronic acids were completely oxidized. 
Upon treatment with HIO4 under acidic condi­
tions,8 formaldehyde was not formed and the pres­
ence of a 2-keto acid therefore presumed unlikely. 
Quantitative measurement at pH 6.29 showed that 
3.1 and 2.6 moles of HIO4 were taken up per mole 
of II and IV, respectively. The glycolic acid 
formed10 was 1.0 and 1.1 moles per mole of II and 
IV, a result in close accord with the theoretical 
values for 5-keto acids. 

Further evidence that the enzymatic reaction 
products were II and IV was provided by reduction 
with KBH4. The resulting aldonic acids were 
lactonized and chromatographed on paper in three 
different solvent systems. Upon visualization of 
the lactones with hydroxylamine and FeCU,11 it 
was seen that II yielded galactono- and altronolac-
tones while IV yielded gulono- and mannonolac-
tones. These results are definitive for the struc­
tures as written. 

The crystalline brucine salt of D-fructuronic acid 
was prepared by a modification of the procedure 
used to synthesize crystalline D-tagaturonic acid.12 

Paper chromatography in several solvents revealed 
that II invariably co-chromatographed with au­
thentic D-tagaturonic acid and that IV acted sim­
ilarly with pure D-fructuronic acid. Upon incuba­
tion of the synthetic keturonic acids with the 
enzyme, the formation of the corresponding aldu­
ronic acids (I or III) was readily demonstrable. 
Finally, the crystalline brucine derivatives of II 
and IV were prepared and checked by mixed melt­
ing points with the authentic derivatives. 
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INHIBITION OF CRYSTALLIZATION IN POLYETHYL­
ENE SUBSEQUENT TO GAMMA IRRADIATION 

Sir: 
Recent results1 suggest that irradiation of poly­

ethylene at room temperature and doses below 29 
X 1020 e.v.g.-1 causes no change2 in crystallinity, 
but that on fusion and solidification subsequent to 
the irradiation, the crystallinity decreased.2 We 
have confirmed these results by a direct measure­
ment at room temperature of the amorphous con­
tent of polyethvlene utilizing the infrared absorp­
tion bands3 at 1080 and 1303 cm."1. 

The open circles of Fig. 1 demonstrate the con­
stancy of the crystallinity of 85% crystalline Mar-
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Fig. 1.—Open circles, are relative amorphous content 

((PA) of Marlex-50 polyethylene as a function of room 

temperature irradiation; solid circles, ^A for irradiation 

at 140°. The dotted lines indicate the growth in amorphous 

content during post-irradiation fusion and solidification. 

Upper straight line is a test of Eq. (2). 

lex-50 during irradiation at room temperature with 
Co-60 7-rays while the vertical arrows indicate the 
growth of relative amorphous content, 4>A, on post-
irradiation fusion and solidification. The four 
solid circles represent data obtained at room tem­
perature subsequent to irradiation at 140°. The 
post-irradiation fusion also causes additional vinyl 
decay and vinylene growth.4 

Hitherto, only the effect of cross linking on 
crystallinity has been considered, but the following 
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