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A small quantity of Np237, the long-lived ancestor of the 4» -f- 1 series, has been isolated from a natural source. The 
Th2" content of Th230 obtained from Belgian Congo pitchblende concentrate and of Th232 obtained from Brazilian monazite 
has been determined indirectly through isolation of the Ac225 daughter. The respective values for the mass ratio Th228 to 
Th232 in these sources is (4.0 ± 0.6) X 10"u and less than 3 X 10 _ u . The mass ratio of U233 to U238 in the pitchblende con­
centrate and the monazite samples is set at (1.3 ± 0.2) X 1O-13 and less than (4 ± 2) X 1O-11, respectively. The maximum 
value for the mass ratio of Np237 to U23S in the Belgian Congo pitchblende concentrate is thus calculated to be (1.8 ± 0.4) X 
1O-12, and the maximum value for the ratio of the respective neutron capture cross sections of U238 in the ore body for the 
(n,2») and (n,y) reactions is set at (1.3 ± 0.6) X 10~3. It is probable that the true values are much lower than these 
figures which are based on the assumption of zero contribution from the Th232(»,7) reaction. The relative contributions of 
the U238(»,2n) and the Th232(«,7) reactions cannot be calculated, but it seems likely that the latter reaction makes the larger 
contribution. 

Introduction 
The 4«, the 4« + 2 and the 4w + 3 radioactive 

series, whose respective long-lived parent nuclides 
are Th232, U238 and U235, have long been known to 
exist in nature. The "missing" 4« + 1 series, of 
which Np237 may be considered the long-lived geni-
tor, was reported by Hagemann, et al.1, and English, 
et al.2, who prepared U233, whose mass number 
conforms to the general formula 4« + 1, by the 

/3 
Th2320,7)Th233 —> U233 reaction. 

I t has been pointed out by Seaborg3 that ura­
nium-bearing ores should contain trace quantities 

of Np237 formed by the U238 (», 2»)U237 - A - Np237 

reaction; and it has been suggested by Garner, 
Bonner and Seaborg4 that uranium-bearing ores 
containing an appreciable relative quantity of tho­
rium should contain some long-lived U233 formed as 

/3 
the result of the Th232O, T)Th233 —> U233 reaction. 
However, isolation of either Np237 or U233 from nat­
ural sources has not been reported, and except for 
the stable terminal member of the chain, Bi209, the 
family of radioactive heavy nuclides corresponding 
to the formula 4« + 1 has not been found in nature.1 

In the work presently reported, Np237 was iso­
lated from an aqueous waste resulting from the proc­
essing of Belgian Congo pitchblende concentrate. 

The decay of Np237 leads to the formation of 
Th229 (a-active, 7.34 X 103 years),1 and the decay 
of U238 leads to the formation of Th230 (a-active, 
8.0 X 104 years) .6 Since the half-lives of these tho­
rium isotopes are very long with respect to the time 
involved in processing an ore, but very short with 
respect to the age of the ore deposit, it follows that 
the ratio of Th229 to Th230, by activity, should be 
identical to the ratio of Np337 to U238, by activity, 
assuming that Th229 has been formed by no means 

(1) French Hagemann, L. I. Katzin, M. H. Studier, G. T. Seaborg 
and A. Ghiorso, Phys. Rev., 79, 435 (19S0). The decay scheme of the 
4« -f 1 series is given in this paper. The values for the half-lives, as 
well as the characteristic a-energies, of the members were also taken 
from this reference. 

(2) A. C. English, T. E. Cranshaw, P. Demers, J. A. Harvey, E. P. 
Hincks, J. V. Jelley and A. N. May, ibid., 72, 253 (1947). 

(3) G. T. Seaborg, Ckem. Eng. News, 25, 358 (1947). 
(4) C. S. Garner, N. A. Bonner and G. T. Seaborg, T H I S JOURNAL, 

70, 3453 (1948). 
(5) The values for certain half-lives have been taken from the 

Table of Isotopes of G. T. Seaborg and I. Perlman, Revs. Modern Phys., 
80, 585 (1948). 

other than Np237 decay. However, it is to be 
noted that Th229 will be formed if neutrons are cap­
tured by the Th232 present in small quantities.1 

This correction is of unknown magnitude and may 
approach 100%. 

The ratio of Th229 to Th230 in a sample containing 
several grams of Th230 (ionium) which had been iso­
lated, in this Laboratory, from an aqueous waste 
resulting from the processing of Belgian Congo 
pitchblende concentrate was measured by deter­
mining the content of Ac226, a 10.0 day a-active 
daughter of Th229. 

The requirements of the technique are stringent, 
since a virtually weightless sample of Ac225 is re­
quired for determination of a-energies6; and actin­
ium, a trivalent element, must be separated from 
divalent radium and lead, trivalent bismuth, and 
tetravalent thorium. In order to obviate the much 
more difficult problem of separating actinium from 
rare earths, the Th230 was exhaustively purified 
from rare earths (and Ac226), and the Ac226 allowed 
to grow again. 

Experimental 
Isolation of Np237 from a Sample of Th230.—In the isolation 

of approximately one microgram of naturally-occurring Pu23* 
from a uranium process waste,7 the aqueous effluents from 
the first thenoyltrifluoroacetone extraction cycle were com­
bined and set aside for further study. This composite 
aqueous phase was subsequently evaporated to dryness. 
The residue was dissolved in 0.5 M HNO3, and the resulting 
solution made 0.1 M in KjCr2O?. After a heating period of 
several hours the solution was saturated with magnesium 
nitrate and contacted with eight equal-volume portions of 
diethyl ether (0.3 M in HNO3) which were scrubbed suc­
cessively with twelve half-volume portions of a solution 3.5 
M in Mg(NOa)2 and 0.2 M in HNO3. The combined ether 
extract was allowed to evaporate over water. This aqueous 
phase was evaporated to dryness. 

The resulting residue was dissolved in 5 M HCl, and any 
plutonium present reduced to the trivalent state (leaving 
any neptunium present in the tetravalent state). The 
neptunium was then extracted into four successive portions 
of 0.4 M thenoyltrifluoroacetone in benzene from the diluted 
solution.8 These organic phases were then scrubbed suc-

(6) The energies of the a-particles were determined by means of a 
multi-channel differential pulse analyzer: described by A. Ghiorso, 
A. H. Jaffey, H. P. Robinson and B. B. Weissbourd, Paper 16.8 in 
"The Transuranium Elements," National Nuclear Energy Series, 
Div. IV, Vol. 14B, McGraw-Hill Book Co., Inc., New York, N. Y., 
1949. 

(7) D. F. Peppard, M. H. Studier, M. V. Gergel, G. W. Mason, 
J. C. Sullivan and J. F. Mech, T H I S JOURNAL, 73, 2529 (1951). 

(8) This procedure for separating neptunium from plutonium is re­
ported by L. B. Magnusson, S. G. Thompson and G. T. Seaborg, Phys. 
Rev., 78, 363 (1950). 
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cessively with small portions of 1.0 M HCl, in order to de­
crease the content of Th2 3 0and trivalent Pu239, until the total 
a-activity of the composite organic phase (determined by 
measuring the a-disintegration rate of an aliquot evaporated 
on a 5-mil platinum disc) was reduced to 110 counts per 
minute. 

In order to simplify the interpretation of later a-pulse 
data the absence of Th230 was proved. The proof was 
furnished by the removal of added Th234. 

Enough Th284 tracer was added to the organic phase to 
produce a total /3-counting rate, under the counting condi­
tions used, of 12,700 counts per minute. Following several 
hours of agitation to permit thorium isotope exchange, the 
organic phase was scrubbed successively with six small 
portions of 1.0 M HCl in order to strip the thorium from the 
organic phase. The entire organic phase was then evapo­
rated on a 5-mil platinum disc. The total a-counting rate 
was 26 counts per minute, and the total ^-counting rate was 
less than 50 counts per minute. 

Alpha pulse analysis showed 7 a-counts per minute due 
to Np237. Most of the remaining activity was due to Pu239. 

Isolation of Ac225 from a Sample of Th230, No Tracer 
Added.—A sample of thorium as the nitrate, containing 
8.77 ± 0.09 g. of Th230 (and 74 g. of Th232), isolated from an 
aqueous waste resulting from the processing of Belgian 
Congo pitchblende concentrate for uranium, was extracted 
into approximately 10 liters of 0.6 M solution of thenoyl­
trifluoroacetone' in benzene at a pVL of unity.10 This solu­
tion was scrubbed with several small portions of 0.1 M 
HNO3 to remove traces of rare earths, yttrium and actinium. 
The solution was then allowed to age for 80 days to permit 
the growth of Ac226 from the Th289 present. 

At the conclusion of the ageing period, the Ac225 was re­
moved from the organic phase into a small volume of aqueous 
phase by scrubbing the organic phase with three successive 
200-ml. portions of 0.1 M HNO3,10 these aqueous phases 
being successively contacted with two 300-rnl. portions of 
0.6 M thenoyltrifluoroacetone in benzene followed by two 
300-ml. portions of benzene. The benzene-thenoyltri-
fluoroacetone extracts containing the Th230 were combined, 
Ac227 tracer was added to a portion, and the extract allowed to 
age for the experiment described in the section, "Isolation 
of Ac225 from a Sample of Th230, Tracer Added." 

The composite aqueous phase, containing radium, bis­
muth and lead daughters of Th232, of Th230 and of Th229 and 
relatively large quantities of Th230 and Th232 in addition to 
the desired Ac226, was evaporated to dryness. The residue 
was dissolved in a small quantity of water, and the solution 
converted to 10 ml. of saturated ammonium nitrate, 0.3 M 
in HNO3 . 

This aqueous feed was then contacted successively with 
four 10-ml. portions of dibutoxytetraethyleneglycol11 to 
extract thorium, followed by two 10-ml. portions of tributyl 
phosphate12 to extract actinium, leaving radium in the 
aqueous phase. (Each of these organic phases had pre­
viously been pre-equilibrated with a large volume of satu­
rated ammonium nitrate, 0.3 M in HNO3.) The aqueous 
feed was then followed, in the extraction cycle, by one 10-
ml. portion of ammonium nitrate scrub (saturated ammo­
nium nitrate, 0.3 M in HXO3). 

The dibutoxytetraethyleneglycol phases were then dis­
carded. The two tributyl phosphate phases, containing ac­
tinium and traces of radium, were contacted successively 
with two 5-ml. portions of ammonium nitrate scrub in order 
to reduce the radium content and then contacted succes­
sively with three 10-ml. portions of 4 M HNO8 in order to 
transfer the actinium to an aqueous phase. The aqueous 
reextract was scrubbed with carbon tetrachloride to remove 
traces of tributyl phosphate13 and then evaporated to dry­
ness with a heat lamp, taking care not to heat beyond dry­
ness. 

The residue was taken up in 2 ml. of saturated ammonium 

(9) Thenoy l t r i f l uo roace tone was o b t a i n e d from D o w Chemica l C o . 
(10) T h e ex t r ac t ion coefficients for a c t i n i u m a n d t h o r i u m from an 

acidic a q u e o u s phase in to a benzene solut ion of thenoy l t r i f luo roace tone 
are g iven b y F r e n c h H a g e m a n n , T H I S J O U R N A L , 72 , 768 (1950) . 

(11) D i b u t o x y t e t r a e t h y l e n e g l y c o l was ob t a ined from Carb ide and 
C a r b o n Chemica l C o r p o r a t i o n , 

(12) T r i b u t y l p h o s p h a t e , t h e n - b u t y l o r thoes t e r , was ob t a ined frum 
Commerc i a l So lven t s C o r p o r a t i o n . 

(13) T h i s t e c h n i q u e for r e m o v a l of t race q u a n t i t i e s of t r i b u t y l phos ­
p h a t e is r e commended by J. C. Warf. T H I S J O U R N A L , 7 1 , 3257 (1949) . 

nitrate, and the above cycle of dibutoxytetraethyleneglyco 
and tributyl phosphate extractions repeated on a scale one-
fifth of the foregoing. The final water reextract was evap­
orated to dryness, and the residue allowed to age for 24 
hours to permit Ac228 and residual Pb and Bi isotopes, not 
of the Ac225 series, to die out to a low value. 

Another extraction cycle on the same scale was then per­
formed. The final aqueous reextract was then evaporated 
to dryness, and the container heated with 1 ml. of 0.02 M 
HNO3, which was then evaporated to about 0.2 ml. This 
solution was then saturated with ammonium nitrate and 
contacted successively in a single centrifuge cone with two 
0.10-ml. portions of tributyl phosphate. The tributyl 
phosphate phases were combined, and an aliquot evapo­
rated on a 5-mil platinum disc for a-counting14 and for meas­
urement of a-energies.6 The data are listed in Table I. 
The a-pulse analysis curves are shown in Fig. 1. The two 
curves pertain to the identical aliquot counted at different 
bias settings and for different counting times. 

Isolation of Ac225 from a Sample of Th230, Tracer Added.— 
Using a shortened version of the preceding procedure, a 
sample of Ac227 was separated from its daughter activities. 
This isotope of actinium has two modes of decay, approxi­
mately 1.2% of the decaying atoms emitting a-particles, 
and the remainder emitting /3-particles.15 The energy of 
the ^-particles is too low to permit the use of ^-counting as 
an assay technique. However, standardization of an Ac22 ' 
solution by determination of the a-disintegration rate asso­
ciated with a certain aliquot is easily accomplished if the a-
particles emitted by the Ac227 may be distinguished from the 
a-particles emitted by the daughters of Ac227. Conse­
quently, a solution of this isotope was standardized imme­
diately after purification by determining, through a-pulse 
analysis, the number of a-disintegrations per minute result­
ing from the a-branching of the Ac227 contained in an aliquot 
evaporated on a platinum disc. (The energy of the par­
ticles considered is sufficiently different from that of any of 
the Ac227 daughters that no difficulty is experienced if the 
sample is a freshly purified one.) 

An aliquot of the standard Ac227 solution corresponding to 
420 c./min. due solely to a-branching was added to a por­
tion of the benzene-thenoyltrifluoroacetone extract, de­
scribed in the preceding section, containing 5.31 ± 0.05 g. 
of Th230 (and 45 g. of Th232). (This portion of the extract 
had been mixed with 300 ml. of 0.1 M HNO3 immediately 
following the isolation of an actinium fraction as described 
in the preceding section.) The mixture was agitated for 
approximately 30 min. each day to prevent the accumula­
tion of Ac225, as formed, on the walls of the container. The 
extract was allowed to age for 56 days. 

An actinium fraction was then isolated by the method de­
scribed in the preceding section. The final tributyl phos­
phate extract was evaporated, in approximately equal parts, 
on two 5-mil platinum discs. One of these samples was 
immediately subjected to a-pulse analysis (to determine 
that fraction of the total a-activity due to Ac227 and that due 
to Ac225 and its daughters), and the other was concurrently 

TABLE I 

ISOLATION OF AC 2 2 6 FROM Th23" 
Ac «s A c ! 2 i 

Th- : !0 , Ageing, isolated, Yield, con ten t , 
ExPt,17 %. days c . / m i n . % c . /min . 

1 8.77 80 227 
2 5,31 56 153 44.5 344^ 

" Expt. 1 involved no Ac227 tracer. In Expt. 2, Ac227 

tracer was added so that the chemical yield could be deter­
mined. b Since the feed solution of Th230 had aged 56 days 
and the period between isolation of the Ac226 sample from 
the Th230 and a-pulse analysis of the aliquot was 24 hr., 
the "Ac225 content" represents 76.4% of the maximum value. 

(14) A lpha coun t ing was done wi th a m e t h a n e p ropor t iona l coun te r 
wi th an a p p r o x i m a t e 5 2 % g e o m e t r y factor . Be t a coun t i ng was done 
on t h e first shelf of a Ge ige r -Mul le r coun t e r filled wi th neon-amyl 
a c e t a t e gas, wi th a window th ickness of a p p r o x i m a t e l y 2 m g . / c m . 2 , 
using a p p r o p r i a t e a l u m i n u m absorbe r s t o p r e v e n t coun t i ng of a -par ­
ticles. 

d o ) M. Percy, J. phys. radium. 10, 435 (1939) ; / . chim. phys., 43 , 
)o~> (1940). S. Pe t e r son and A. Ghiorsu, in " T h e T r a n s u r a n i u m Ele­
m e n t s , ' ' N a t i o n a l Nuc lea r Ene rgy Series, Div . IV, Vol. 14B, P a p e r 
19.10, M c G r a w - H i l l Book Co. , Inc. , New York, N , Y., 1949. 



Dec. 5, 1952 OCCURREITCE OF'THE: (4W -f 1) SERIES IN JSTATURE 60S3? 

Fig. 1.—a-Spectrum of naturally occurring Ac1 

subjected to a-counting in a counter calibrated at approxi­
mately 52% geometry.14 The data are included in Table I . 
The a-pulse analysis curve is shown in Fig. 2. The bias 
setting and counting time differ from those used in obtaining 
the data of Fig. 1. 

Isolation of an Actinium Fraction from a Th232 Sample, 
No Tracer Added.—A sample of thorium as the nitrate 
tetrahydrate,1 6 containing approximately 1 kg. of Th232 was 
dissolved in approximately 14 liters of dibutoxytetraethyl­
eneglycol by long stirring at room temperature. The clari­
fied solution was scrubbed with six 500-ml. portions of 6 M 
ammonium nitrate. The extract, containing 985 ± 10 g. 
of Th232, was then allowed to age for 56 days. 

At the conclusion of the ageing period, the extract was 
contacted with four 250-ml. portions of ammonium nitrate 
scrub (saturated ammonium nitrate, 0.3 M in HNOa) in 
order to strip the actinium, leaving the thorium in the or­
ganic phase. These aqueous phases were then separately 
and successively contacted with two 250-ml. portions of 
tributyl phosphate, in order to separate actinium from ra­
dium, etc. 

The dibutoxytetraethyleneglycol phases were combined 
with the large dibutoxytetraethyleneglycol extract. Tracer 
Ac227 was added, and the extract allowed to age for the ex­
periment described in the section, "Isolation of an Actinium 
Fraction from a Th232 Sample, Tracer Added." 

The tributyl phosphate phases were then contacted suc­
cessively with three 125-ml. portions of 4 M HNO3. The 
combined aqueous re-extract, containing actinium and con­
taminants, was scrubbed with carbon tetrachloride to re­
move traces of tributyl phosphate and then evaporated to 
dryness with a heat lamp, taking care not to heat beyond 
dryness. 

The residue was dissolved in a small quantity of water, 
and the solution converted to 10 ml. of saturated ammonium 
nitrate, 0.3 M in HNO3 . The technique used for the isola­
tion of an actinium fraction from a Th230 sample was then 
used, beginning a t the first dibutoxytetraethyleneglycol and 
tributyl phosphate cycle. The data are listed in Table I I . 

TABLE I I 

ISOLATION OF AC 2 2 5 FROM Th232 

AcS" Ac" ' 
Th232, Ageing, isolated, Yield, content, 

Expt.a g. days c./min. % c./min. 

1 985 56 < 5 
2 962 73 < 3 51.5 <6b 

" Expt. 1 involved no Ac22 ' tracer. In Expt. 2, Ac227 

tracer was added so that the chemical yield could be deter­
mined. 6 Since the feed solution had aged 73 days and the 
period between isolation of the Ac226 sample from the Th232 

and a-pulse analysis of the aliquot was 24 hr., the "Ac226 

content" represents 85 .1% of the maximum value. 

Isolation of an Actinium Fraction from a Th232 Sample, 
Tracer Added.—An aliquot of the standard Ac227 solution 
corresponding to 420 c./min. due solely to a-branching was 

(16) The thorium nitraterObtained from Lindsay Light and Chemical 
Co., had been isolated from a Brazilian monazite concentrate with ap­
proximate Th and U contents of 6 and 0 .1%, respectively. 

T 1 T 

I 12 24 36 46 

CHANNEL NUMBER. 

Fig. 2.—oj-Spectrum of naturally occurring Ac226 with Ac227 

tracer. 

added to the dibutoxytetraethylcne glycol extract, contain­
ing 962 ± 10 g. of Th232, described in the immediately pre­
ceding section. Following a 73-day ageing period, an ac­
tinium fraction was isolated according to the procedure of 
the preceding section, beginning with the saturated am­
monium nitrate scrub. The data are included in Table I I . 

Results and Discussion 
From the data of Table I, introducing limits of 

error, values for the following mass ratios, at secu­
lar equilibrium in the ore body, may be derived: 
Th229 to Th230, (3.4 ± 0.3) X lO"10; Th229 to Th232, 
(4.0 ± 0.6) X 10-11; and U238 to U238, (1.3 ± 0.2) 
X 10-13. 

From the data of Table II, the mass ratio of Th229 

to Th232, at secular equilibrium in the ore body, is 
calculated to be less than 3 X 10 -14, corresponding 
to upper limits for the mass ratios U233 to Th232 and 
XJ23310 TJ238 0f 7 x 10-13 and (4 ± 2) X IO"11, re­
spectively. 

Assuming that all of the U233 present in the pitch­
blende concentrate was formed as the result of the 
U238(«, 2«) reaction, a maximum value of (1.8 ± 
0.4) X 10-12 may be set for the Np237 to U238 mass 
ratio in this deposit. The corresponding maximum 
value of (1.3 ± 0.6) X 10~8 for the ratio of the re­
spective neutron-capture cross-sections of U238 in 
the ore body for the (», 2») and (», 7) reactions 
may then be calculated, since the Pu239 to U238 mass 
ratio in the same deposit is (1.5 ± 0.2) X 10~u .7 

However, it appears likely that the Th232(w, 7) 
reaction is a considerably greater contributor to the 
TJ233 c o n t en t than is the U238(«, 2«) reaction and 
that, therefore, the true values of the above ratios 
are much lower than the upper limits which have 
been determined. 

The neutron flux is assumed to be contributed to 
by: the Mi(a, «)M2 reaction where Mi is a light 
element such as Li, Si, Mg, etc.; spontaneous fis­
sion of U238; induced fission of TJ235; and cosmic 
rays. The importance of these various neutron 
sources in ore bodies has been discussed by Seaborg, 
et a/.,3,17 Levine, et a/.,18 Garner, et al.,4 and Pep-
pard, etal.1 

Since the M t(a, w)M2 reaction is almost certainly 
the major source of neutrons in monazite, it is logi­
cal to assume a much lower neutron flux in the mon­
azite than in the pitchblende deposit, since the flux 

(17) G. T. Seaborg and M. L. Perlman, T H I S JOURNAL, 70, 1571 
(1948). 

(18) C. A. Levine and G. T. Seaborg, ibid., 73, 3278 (1951). 
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of a-particles sufficiently energetic to produce the 
(a, n) reaction is relatively very much lower in the 
monazite sample. The monazite also contains a 
much higher relative content of contaminants of 
high neutron-capture cross-sections than does pitch­
blende. Consequently, in a qualitative fashion, 

The interatomic distances in ketene have been 
determined both by electron diffraction and by 
spectroscopy. The electron diffraction results2 gave 
C-C = 1.35 A. and C-O = 1.17 A. and were com­
patible with a linear arrangement of the carbon and 
oxygen atoms, A study of the infrared spectrum3 

of this compound did not yield sufficient data to 
fix all of the parameters, but a model with C-C = 
1.300 A. and C-O = 1.154 A. was found to be in 
agreement with the infrared data. I t was because 
of the disagreement between the electron diffrac­
tion and infrared results that the present reinvesti­
gation of ketene was undertaken. It was felt pos­
sible to improve upon the early electron diffraction 
study since the results of that investigation were 
based upon measurements of only six features and 
gave an average deviation of 0.033 from the mean 
ScatcdAobsd ratio. After the present investigation 
was started, the results of two microwave studies of 
ketene were published. The first of these4 led to a 
preferred model with C-C = 1.333 A. and C-O = 
1.150 A., while the second8 gave the long C-O dis­
tance as 2.62 A.; these results will be discussed 
later. 

The interest in tetrafluoroethylene stems from 
the rather large differences which have been ob­
served in the length of C-F bonds in various fluo­
rine compounds. In methyl fluoride, this distance 
is 1.39 A.6; in methylene fluoride, it is 1.36 A.7; 
in fluoroform, it is still shorter.8 It seemed in-

(1) Contains material from the Ph.D. thesis of T. Taylor Broun, 
Purdue Research Foundation Fellow in Chemistry, 1949-1°51. 

(2) D. P. Stevenson and J. Y. Beach, J. Chem. Phys., 6, 75 (1938). 
(3) G. Herzberg, Symposium on Molecular Structure and Spectra, 

The Ohio State University, June, 1947. 
(4) B. Bak, S. Knudsen, E. Madsen and J. Rastrup-Andersen, Phys. 

Rev., 79, 190 (1950). 
(5) H. R. Johnson, J. G. Ingersoll and M. W. Strandberg, ibid., 82, 

327 (1951). 
(6) V. Schomaker and D, P. Stevenson, T H I S JOURNAT., 63, .'$7 

(1941). 
(7) R. L. Livingston and C. R. Rice, to be published 
(8) See references 20-22. 

the fact that monazite has a much lower Th229 to 
Th232 ratio than does pitchblende is satisfactorily 
explained, even on the assumption that nearly all 
of the Th229 is present as the result of the Th232(w, 7) 
reaction. 
CHICAGO 80, ILLINOIS 

teresting to be able to compare with the above dis­
tances the C-F distances in C2F4 and in F2CO 
where the double bond on the same carbon atom 
might cause additional shortening. Such a short­
ening has been observed in the corresponding chlo­
rine compounds.9 

A comparison of the C-C bond distances in ke­
tene and in ethylene with that in C2F4 should indi­
cate whether or not the presence of the fluorine 
atoms has any effect on this bond length. Further, 
a comparison of the C-O distances in H2CO and in 
F2CO should permit one to determine if the fluorine 
atoms have any effect on this bond length. 

Experimental 
Ketene was prepared in this Laboratory by the thermal 

cracking of acetone.10 After removal of acetone from the 
ketene by simple distillations, the product was subjected to 
rectification in a Podbielniak Hyd-Robot distillation 
column. The ketene distilled at a temperature of — 73.8± 
0.5° at 187 mm. and the sample used for the diffraction 
photographs was taken from the middle of this fraction. 
The sample was judged to be well above 99% in purity. 

The carbonyl fluoride sample was provided by the Carbide 
and Carbon Chemicals Co. (Oak Ridge) operating under a 
contract with the U. S. Atomic Energy Commission. In­
frared examination of the compound carried out at Oak 
Ridge indicated that the sample contained much less than 
1% of impurities. 

Two samples of tetrafluoroethylene were employed. 
One of these was obtained in this Laboratory by distillation 
of a commercial sample in the Podbielniak Hyd-Robot dis­
tillation column; a middle portion of the constant-boiling 
mixture was collected for photographing. The second was 
a specially purified sample supplied by Dr. C. F . Hammer of 
the Research Division, Polychemicals Department of the du 
Pont Company. 

The electron diffraction photographs were prepared using 
an apparatus constructed by Professor H . J . Yearian of the 
Purdue Department of Physics. The wave lengths of the 
electrons were determined from transmission patterns of 
zinc oxide and were about 0.055 A.; the camera distances 
were about 11 cm. 

(9) 1.. O. Brockway, Rn'. Modem Phys., 8, 231 (1936) 
(10) (a) Fieser and Fieser, "Organic Chemistry," D C Heath and 

Co., Boston. Mar.:;.. 19*4; Ib) R. O. Rice, J. Greenberg, C. E. Waters 
and R E. Vollrath, THIS JOURNAL, 56, 1760 (1934). 
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The interatomic distances in ketene, carbonyl fluoride and tetrafluoroethylene have been determined by electron diffrac­
tion, using the visual correlation procedure. The following results were obtained: ketene, C = C = 1.30 ± 0.02 A., C = O = 
1.16 ± 0.02 A. with / H C H and C-H assumed to be 117.5 ± 12.5° and 1.07 ± 0.02 A., respectively; carbonyl fluoride, 
C -F = 1.32 ± 0.02 A., C = O = 1.17 ± 0.02 A. and Z F C F = 112.5 ± 6° ; tetrafluoroethylene, C-F = 1.30 ± 0.02 A., 
C = C = 1.33 ± 0.06 A. and Z FCF = 114 ± 3 ° . The results for ketene are compared with an earlier electron diffraction 
investigation and with infrared and microwave results. The interatomic distances in C2F4 compare favorably with those 
obtained in a recent electron diffraction investigation in which the rotating sector was employed. 


