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FOREWORD 

T h i s i s t h e four th of a s e r i e s of Q u a r t e r l y P r o g r e s s R e p o r t s . 
With t h i s i s s u e of the Q u a r t e r l y P r o g r e s s R e p o r t , a s y s t e m of 
d e s i g n a t i n g the a p p r o p r i a t e AEC budget ac t iv i ty n u m b e r s for the 
v a r i o u s r e s e a r c h a c t i v i t i e s h a s been s t a r t e d . T h e s e n u m b e r s a r e 
g iven in p a r e n t h e s e s , a t the r i gh t hand s i d e of t he page , a l o n g s i d e 
the subjec t head ings to which they p e r t a i n . 

In the c a s e of suppor t ing a c t i v i t i e s , no budget ac t iv i ty n u m b e r 
is i nd ica t ed , s i nce t he c o s t i s d i s t r i b u t e d p r o p o r t i o n a t e l y t h r o u g h 
out t he L a b o r a t o r y . 

While m o s t of t he d e p a r t m e n t s have s u m m a r i z e d t h e i r •work 
or u s e d a f o r m c o m p a r a b l e to an a b s t r a c t , t he C h e m i s t r y D e p a r t 
m e n t h a s g iven both a b s t r a c t s and c o m p l e t e r e p o r t s on i t s work . 
The m a j o r p a r t of t he p r o g r e s s in t he R e a c t o r Sc i ence and E n g i n 
e e r i n g D e p a r t m e n t i s being p r e s e n t e d s i m u l t a n e o u s l y in a s e p a r a t e 
c l a s s i f i e d r e p o r t . 

t-
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PHYSICS D E P A R T M E N T 

n 

As in p r e v i o u s q u a r t e r l y r e p o r t s , s u b j e c t s a r e p r e s e n t e d only when s ignif icant 
p r o g r e s s has been a c c o m p l i s h e d and the r e p o r t i s of defini te sc ien t i f i c i n t e r e s t . In 
m o s t i n s t a n c e s , the m a t e r i a l p r e s e n t e d is an a b s t r a c t o r an a b r i d g e d edi t ion of a 
m o r e comple t e c o v e r a g e of the w o r k which is e i t he r a l r e a d y s u b m i t t e d o r i s about 
to be submi t t ed for pub l i ca t ion in a sc ien t i f i c j o u r n a l or for o r a l p r e s e n t a t i o n be fo re 
a sc ien t i f ic soc i e ty . The i t e m s have been g rouped under four g e n e r a l head ings : 
1) dynamic p r o p e r t i e s of nuc le i , 2) s t a t i o n a r y p r o p e r t i e s of nuc le i , 3) high e n e r g y 
p a r t i c l e p h y s i c s , and 4) t h e o r e t i c a l t o p i c s . 

Dynamic P r o p e r t i e s of Nuc le i 

M e a s u r e m e n t of I s o m e r i c T r a n s i t i o n E n e r g i e s w^ith a Sc in t i l l a t ion S p e c t r o m e t e r (5212)* 

An a c c u r a t e m e a s u r e m e n t of i s o m e r i c t r a n s i t i o n e n e r g i e s i s n e c e s s a r y for a 
c o m p a r i s o n be tween t h e o r e t i c a l and e x p e r i m e n t a l g a m m a - r a y l i f e t i m e s and t h e r e f o r e 
p lays an i m p o r t a n t r o l e in any s y s t e m a t i c inves t iga t ion of i s o m e r s . The g a m m a - r a y 
s c in t i l l a t i on s p e c t r o m e t e r is p a r t i c u l a r l y su i ted for the d e t e r m i n a t i o n of i s o m e r i c 
t r a n s i t i o n e n e r g i e s w h e n e v e r one or m o r e of the following condi t ions is fulfilled: 
The i s o m e r i c t r a n s i t i o n is not too highly c o n v e r t e d , the speci f ic ac t iv i ty i s low, o r 
the l i f e t ime is s h o r t . Under s u c h c i r c u m s t a n c e s the u s e of the s c in t i l l a t i on coun te r 
m a y yie ld r e s u l t s tha t a r e s u p e r i o r to t hose of a b s o r p t i o n m e a s u r e m e n t s and m a y 
c o m p a r e in a c c u r a c y with t hose a t t a inab le wi th a l ens s p e c t r o m e t e r . The s c i n t i l l a 
t ion coun te r s h a r e s wi th s o m e o the r n ie thods the d i s a d v a n t a g e tha t the g a m m a r a y 
o b s e r v e d does not n e c e s s a r i l y c o r r e s p o n d to the i s o m e r i c t r a n s i t i o n . It m a y follow 
the i s o m e r i c t r a n s i t i o n o r a p p e a r in a be ta or K b r a n c h . T h e r e f o r e , in s o m e c a s e s , 
s u b s i d i a r y e x p e r i m e n t s m a y be n e c e s s a r y . 

This r e p o r t i s c o n c e r n e d with a s e r i e s of m e a s u r e m e n t s of i s o m e r i c t r a n s i t i o n 
e n e r g i e s which have been c a r r i e d out wi th the he lp of a s c in t i l l a t i on c o u n t e r , Nal 
c r y s t a l s a c t i va t ed wi th T i l w e r e u sed . A c o m p a r a t i v e l y s m a l l c r y s t a l (~2 c m in 
a r e a and 1 cnn high) w a s found m o s t useful for a d e t e r m i n a t i o n of low ene rgy g a m m a 
r a y s . The c r y s t a l , c o v e r e d wi th a l a y e r of m i n e r a l o i l , w a s fixed to a 5819 RCA 
phototube and backed by an a l u m i n u m foil r e f l e c t o r . The photo tube w a s connec ted to 
a 204B Atomic I n s t r u m e n t Company l i n e a r a m p l i f i e r and thence to a DuMont 248 o s 
c i l l o scope for d i sp l ay of the s e l f - t r i g g e r e d p u l s e s ( sweep t i m e ^ 5 ( isec) . The p u l s e 
d i s t r i b u t i o n w a s pho tog raphed with the he lp of a P o l a r o i d c a m e r a . The l i n e a r i t y of 
the a r r a n g e m e n t w a s checked with the following we l l -known g a m m a - r a y l i n e s : Co "^ 
(59 kev) , T e l 2 3 m (159 ^ev) , Te^^^"^ (213 kev) , C r ^ l (320 kev) , Cs^^T (^£,1 ^ e v ) , and 
found to be s a t i s f a c t o r y in t h i s e n e r g y r a n g e . To obta in the m e t a s t a b l e s t a t e s tha t 
w e r e i nves t i ga t ed , su i t ab le s a m p l e s ( m e t a l s or ox ides ) w e r e exposed to slow n e u t r o n s 
in the Brookhaven r e a c t o r and then t r a n s f e r r e d r ap id ly to the s c in t i l l a t i on c o u n t e r . 
Tab le 1 s u m m a r i z e s the r e s u l t s . The a p p a r e n t g a m m a - r a y cont inuum p r e v i o u s l y found 
by Goldhaber , M u e h l h a u s e and T u r k e l ( P h y s , Rev . 7 1 , 372 (1947)) for I r l 9 2 m (1.5 min ) 
in compe t i t i on wi th the 57.4 kev i n t e r n a l l y c o n v e r t e d t r a n s i t i o n found by Ca ldwe l l 

*For explanation of these numbers, see Foreword. 



Tab le 1 

I s o m e r i c T r a n s i t i o n E n e r g i e s 

P r e s e n t Work 

I s o m e r 

S^46m 

Se'7'7"^ 
R h l 0 4 m 
S b l 2 2 m 
Hfm 

I r l 9 2 m 

*As give 

Hal f -Li fe 
T i m e 

19.5 s e c 
17,5 sec 
4.7 m i n 
3.5 m i n 

19 s e c 

1,5 m i n 

n by K, Way 

E n e r g y of y 
(kev) 

135 
150 

52 
6 8 

2 1 5 

Up to'x.57 

P r e v i o u s Data 

E n e r g y of e -
(kev) 

165 (abs) 

69.5 ( spec t ) 
110 (abs) 

86.1 
135,1 (spect ) 
190 (abs) 
44,1 L I 

46.0 Lj i i 

E n e r g y of y 
(kev) 

180 (abs) 
150 (abs) 

50 (abs) 

T r a n s i t i o n 
E n e r g y (kev)* 

180 
150 

80;50 
140 
150 

190 
57.4 

et a l , . N u c l e a r Da ta , Na t iona l B u r e a u of S t a n d a r d s , 499 

(Phys, Rev, 78, 407 (1950)) yields a pulse distribution with an upper limit close to this 
energy but of very different appearance from that obtained for gamma rays of other 
isom.ers of s imilar excitation energy. This spectrum is being investigated further. 

Antimony was used in isotopically enriched form (97.7% Sb ). Present energy 
values a re est imated to be accurate to 10%, The only serious discrepancy between 
these values and ear l ie r ones appears in the case of Hf"^ (19 sec) where Hole (Arkiv 
Mat. Astron. Fysik 36A, #9 (1948)) had found a transi t ion energy of 150 kev with a 
be ta- ray spectrograph, and where the present value is considerably higher (215 kev). 
The possibility of a two-step isomeric t ransi t ion is being investigated, 

C,E, Larson, Oak Ridge National Laboratory, supplied the hafnium metal and Dr, 
Keim's group supplied the isotopically enriched antimony sample, (E. der Mateosian, 
M, Goldhaber) 

Gamma Rays in the Decay of Rh^°^ and Pr^"^"^ (5212) 

Two isotopes, Ru^"" and Ce^'*^, have been found capable of producing photo-
neutrons in Be and D, In both cases the isotope is derived as a fission product and is 
therefore obtainable in quantity; in addition, the lifetimes (1 year for Ru^^° and 275 
days for Ce^'*'*) a re long enough to make them useful as photoneutron sources . Photo-
neutrons a re produced by gamma rays emitted with intensit ies of the order of 2% per 
beta ray in the decay of the daughters, 30-sec Rh-*-"" and 17-min Pr-''*'^. 

Previous work on Rh ° by Peacock has indicated that the decay involves two ex
cited states in P d ^ ° and that two cascades and a c ross -over gamma ray occur. This 
isotope is also known to possess a strong gamma-gamma angular correlat ion. Theo
re t ica l at tempts by Falkoff and others to explain this correlat ion on the basis of the 



p r o p o s e d leve l schenne have not been s u c c e s s f u l . B e c a u s e of t h i s a s p e c t of Rh ^" , the 
g a m m a - r a y spec t runn h a s been i nves t i ga t ed by nneans of both a s c in t i l l a t i on s p e c t r o n n -
e t e r and a m a g n e t i c l ens s p e c t r o n n e t e r . With the s c in t i l l a t i on s p e c t r o m e t e r a 2 .9 -Mev 
g a m m a w a s found which i s ev iden t ly the l ine r e s p o n s i b l e for the pho toneu t ron y ie ld . 

Care fu l m e a s u r e m e n t wi th the l ens s p e c t r o m e t e r us ing both lead and u r a n i u m 
p h o t o e l e c t r i c c o n v e r t e r s , showed l ines p r e s e n t wi th the following e n e r g i e s : 0 ,511 , 
0 .621 , 0.87, 1.045, 1,55, and 2.9 Mev. The f i r s t two a r e s t r o n g and of n e a r l y equa l 
i n t ens i ty ; they a g r e e wi th i n t e r n a l c o n v e r s i o n l ines found by R.D. Hi l l (unpubl i shed) . 
No c r o s s - o v e r of 0,511 p lus 0.621 Mev i s o b s e r v e d . The 0 . 5 1 1 - and 1.045-Mev l ines 
a r e p robab ly c a s c a d e g a m m a r a y s c o r r e s p o n d i n g to the 1,55-Mev c r o s s - o v e r . T h e s e 
s a m e l ines have been o b s e r v e d by Mei , Huddles ton , and Mi t che l l in the K - c a p t u r e 
decay of A g ^ " , a l s o leading to the s a m e p roduc t n u c l e u s , Pd^O°. It i s p r o b a b l e tha t 
m o r e than one p a i r of c a s c a d e g a m m a r a y s i s p r e s e n t in the decay of Rh^Oo, and in 
such a c a s e the a n a l y s i s of the angu la r c o r r e l a t i o n would be m o r e difficult than p r e 
v ious ly thought . E x p e r i m e n t s a r e p lanned which nnay he lp to a s s i g n the v a r i o u s t r a n 
s i t ions by m e a n s of co inc idence t e c h n i q u e s . 

The g a m m a - r a y s p e c t r u m of Pr^'*'* w a s a l s o m e a s u r e d in the l ens s p e c t r o n n e t e r 
and l ines of 2.185 1 0.015, 1.48, and 0.695 Mev w e r e found. The f i r s t of t h e s e is r e 
spons ib le for the pho toneu t ron p r o d u c t i o n in Be , and i t s e n e r g y w a s d e t e r m i n e d by 
a d i r e c t c o m p a r i s o n in the s p e c t r o n n e t e r wi th the 2 ,200-Mev l ine fronn r a d i u m . The 
s u m of the o the r two l ines i s equa l to the 2 .185-Mev l ine wi th in the e x p e r i m e n t a l 
e r r o r , ind ica t ing a c a s c a d e p r o c e s s . The c r o s s - o v e r t r a n s i t i o n is the m o r e i n t e n s e . 
In add i t ion , a low e n e r g y l ine w a s found which a p p e a r s to be the L - c o n v e r s i o n l ine of 
a 142-kev gamnna r a y . It i s not p o s s i b l e a t p r e s e n t to s t a t e the r o l e of th i s l ine in 
the decay s c h e m e . A v e r y weak pho toneu t ron y ie ld in d e u t e r i u m f r o m Ce-'^'*'* i s a l s o 
o b s e r v e d . Since the 2 .185-Mev l ine is def in i te ly below the D t h r e s h h o l d , an u n o b 
s e r v e d high e n e r g y l ine m u s t a l s o be p r e s e n t . (D. A l b u r g e r , E . d e r M a t e o s i a n , 
M. Goldhaber , S. Katcoff) 

Rad ia t i ons f r o m Sn^^^ (5212) 

An e a r l y s tudy of r a d i o a c t i v e t in by B a r n e s ( P h y s . Rev . 56, 414 (1939)) found 
ev idence for a weak 85 -kev g a m m a r a y fol lowing the K - c a p t u r e of Sn^^^ (105 days ) 
and p r e c e d i n g the 1 .74-hour m e t a s t a b l e s t a t e of In^^^m ^^^i^-h d e c a y s by a c o n v e r t e d 
390 -kev g a m m a r a y . Howeve r , Ne l son , Ke te l l e , and Boyd (ORNL 828) have r e p o r t e d 
an u n s u c c e s s f u l s e a r c h for t h i s g a m m a r a y . 

In the p r e s e n t w o r k , s t ab le Sn (enr iched) w a s b o m b a r d e d with slow n e u t r o n s 
and the r a d i a t i o n w a s s tud ied wi th a 2 7 5 - g a u s s pho tograph ic s p e c t r o g r a p h and a l s o 
wi th a s c in t i l l a t i on c o u n t e r . T h e r e w a s no ev idence of the 8 5 - k e v g a m m a r a y , e i t h e r 
c o n v e r t e d or u n c o n v e r t e d . An upper l i m i t for the p e r c e n t a g e of 85 -kev g a m m a r a y s 
c o m p a r e d to 390-kev g a m m a r a y s is 57o. An uppe r l i m i t for c o n v e r s i o n e l e c t r o n s 
f r o m the 85-kev t r a n s i t i o n is 1%. K, Li + L n i , and M c o n v e r s i o n l ines of the 390 ± 
1.5 kev g a m m a r a y w e r e o b s e r v e d . (J .W. Mihe l i ch) 

G a m m a R a y s f r o m Ti^^ (5212) 

The g a m m a r a y s of Ti^^ (6 min) , which d e c a y s by be ta e m i s s i o n to V^^, w e r e 
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s tud ied wi th a s c in t i l l a t i on coun te r and found to be i den t i ca l with t hose of C r51 (26 days) 
which decays by K - c a p t u r e to V . Both i so topes emi t 320 -kev g a m m a r a y s . (E. 
M a t e o s i a n , M. Go ldhabe r , J .W. Mihe l i ch , A.W. Sunyar ) 

d e r 

C r o s s - o v e r T r a n s i t i o n in Tc 9 9 m (5212) 

It h a s b e e n shown by M e d i c u s , M a e d e r and Schne ide r (Bull . A m . P h y s . Soc. 25, 
#6, E l ) tha t Tc^^"^ (6 h r ) d e c a y s in two s t e p s : A 1.8 t 0.3 kev t r a n s i t i o n followed by a 
141.2 - 0.5 kev t r a n s i t i o n , the l a t t e r be ing 2'- m a g n e t i c ( c o n v e r s i o n coeff ic ient a j ^ = 
0.095 1 0.020). In a s e a r c h for the e x p e c t e d c r o s s - o v e r t r a n s i t i o n , a m o l y b d e n u m foil 
was b o m b a r d e d in the Brookhaven r e a c t o r , t hus fo rming Mo which d e c a y s to T c " ' " ^ . 
The m o l y b d e n u m foil w a s d i s s o l v e d in a 6 0 - m l d i s t i l l i ng f lask in 4 m l of H2SO4 and a 
m i n i m u m amoun t of HNO3, The f i r s t f r ac t i on of the d i s t i l l a t e conta in ing the H N 0 3 w a s 
c o l l e c t e d and d i s c a r d e d . The r e m a i n d e r of the d i s t i l l a t e (containing the t e c h n e t i u m ) 
w a s d i lu ted to 4M, and the t e c h n e t i u m ac t i v i t y w a s c o - p r e c i p i t a t e d , a s the sulf ide , wi th 
0.1 m g of P t added a s H 2 P t C l ^ , The sulf ide w a s cen t r i fuged , w a s h e d and moun ted on a 
thin Al s t r i p which w a s i n s e r t e d in a h i g h - r e s o l u t i o n pho tograph ic 180° b e t a - s p e c t r o -
g r a p h . The e l e c t r o n l ines found a r e g iven in Tab le 2, 

Table 2 

Electron Energy 

120,0 
122,1 
137.8 
140.0 

Relative Intensity 

11.6 
1.6 
1.4 
1 

Interpretation 

141.1 - K 
143.2 - K 
141.1 - L ' 
143.2 - L and 
141.1 - M, N 

The d i f fe rence be tween the two K l i ne s i s 2.1 - 0.1 kev . 
The c r o s s - o v e r t r a n s i t i o n can be e s t i m a t e d to t ake p lace in 
1-2% of a l l t r a n s i t i o n s . Th i s p e r m i t s a unique l eve l a s s i g n 
m e n t . It i s of i n t e r e s t to note tha t the sp in o r b i t coupl ing 
l e ads in t h i s c a s e to a r e m a r k a b l y s m a l l sp l i t t ing of the g -
l e v e l s . ( J .W. Mihe l i ch , M. Go ldhabe r ; E . Wilson, C h e m i s t r y 
D e p a r t m e n t ) 

2 1 

141 143 

p 1/2 

g 7/2 

g 9/2 

Study of Lo'w E n e r g y G a m m a and Alpha 
Rad ia t i ons E m i t t e d F r o m Pa231 and U^^"* (5212) 

Mackl in and Knight ( P h y s . Rev . 72, 435 (1947)) o b s e r v e d wi th a G - M c o u n t e r a l o w 
e n e r g y g a m m a r a d i a t i o n f r o m a th in s o u r c e of U •*^, an a lpha e m i t t e r . By a b s o r p t i o n 
of th i s r a d i a t i o n in Al they showed tha t i t s e n e r g y w a s c o m p a r a b l e wi th tha t of the L 
r a d i a t i o n of Th. A f u r t h e r s tudy of t h i s r a d i a t i o n h a s now b e e n c a r r i e d out by Scharff -
Go ldhabe r , de r M a t e o s i a n , M. McKeown and Sunyar ( P h y s . Rev . 78, 325 (1950)) by 
m e a n s of a r g o n - f i l l e d p r o p o r t i o n a l c o u n t e r s . After p a s s i n g th rough a p r e a m p l i f i e r and 
l i n e a r a m p l i f i e r wi th v a r i a b l e ga in , the pu l se f r o m the p r o p o r t i o n a l coun te r w a s a n a 
lyzed by a s i n g l e - c h a n n e l pu l se he ight d i s c r i m i n a t o r and r e c o r d e d by m e a n s of a s c a l e r 
and nnechanica l c o u n t e r . 
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Th L X-ray LINES 

A s a m p l e of about - 4 m g of e n r i c h e d 
U w a s p l a c e d above the b e r y l l i u m 
window of the c o u n t e r . The d i f f e ren t i a l 
pu l se he ight d i s t r i b u t i o n i s shown in 
F i g u r e 1. An e n e r g y c a l i b r a t i o n w a s 
c a r r i e d out wi th the As K X - r a y e m i t t e d 
f r o m S e ^ ^ , a s K - c a p t u r e r . In the upper 
p a r t of the f igure the i n t e n s i t i e s of L 
X - r a y l ines e x c i t e d in Th wi th e x t e r n a l 
X - r a y s (Compton and Al l i son , X - r a y s in 
T h e o r y and E x p e r i m e n t , D. Van N o s t r a n d , 
1934), a r e p lo t ted a g a i n s t the s a m e e n e r 
gy s c a l e . The a g r e e m e n t of the l ine 
g r o u p s wi th the m e a s u r e d p e a k s i n d i 
c a t e s tha t the r a d i a t i o n s found by M a c k l i n 
and Knight a r e indeed L X - r a y s . The 
e n e r g y r e s o l u t i o n ob ta ined is i l l u s t r a t e d 
by the shift of the L X - r a y s p e c t r u m due 
to e l e m e n t 89 which is p r o d u c e d by a lpha 
decay of Pa^-^^. 

Since a t l e a s t o n e - q u a r t e r of the a -
e m i s s i o n s of U^^^ w e r e fol lowed by L 
X - r a y s , it s e e m e d r e a s o n a b l e to a s s u m e 
tha t they a r e p r o d u c e d by c o n v e r s i o n of 
low e n e r g y g a m m a r a y s in the L s h e l l . 
A s e a r c h for t h e s e g a m m a r a y s is so far 
u n s u c c e s s f u l . J . Te i l l ac (Connpt. Rend . 
239, 1056 (1950)) showed r e c e n t l y by 
nneans of a pho tog raph ic p la te t echn ique 
tha t about e v e r y t h i r d a lpha p a r t i c l e i s 
a c c o m p a n i e d by a c o n v e r s i o n e l e c t r o n . 
The e n e r g i e s of t h e s e e l e c t r o n s fal l i n 
to 3 g r o u p s o f -^36 , 50, and 75 kev , the 
s t r o n g e s t one being at 36 kev . It t h e r e 
fore s e e m s tha t in about 30% of the c a s e s , 

the a lpha decay of U^^'^ i s followed by s t r ong ly c o n v e r t e d g a m m a r a y s of e n e r g i e s 
r ang ing be tween 50 and 90 kev . 

A c o r r e s p o n d i n g s e a r c h for a n u c l e a r g a m m a r a y r e s p o n s i b l e for the L X - r a y s 
f r o m Pa^^^ y ie lded a peak a t --27 kev , a s shown in F i g u r e 2. The e n e r g y c a l i b r a t i o n 
w a s c a r r i e d out by m e a n s of the K r a d i a t i o n f r o m T e . C r i t i c a l a b s o r p t i o n of the n u 
c l e a r g a m m a r a y f r o m Pa^^^ a l s o showed that i t s e n e r g y l i e s be tween the a b s o r p t i o n 
e d g e s of Cd and In (26.7 and 27.9 kev) . ( F i g u r e 3.) F o r th i s e x p e r i m e n t Cd, In, and Sn 
a b s o r b e r s w e r e p l aced be tween the s a m p l e and the b e r y l l i u m window and the d i s c r i m 
ina to r vol tage of the p r o p o r t i o n a l coun te r w a s kept cons t an t a t the peak va lue for the 
g a m m a r a y . By m e a n s of a Wilson c h a m b e r t e chn ique , J . T e i l l a c (Compt . Rend . 229, 
650 (1949)) had o b s e r v e d a t l e a s t 3 c o n v e r s i o n e l e c t r o n g roups f r o m t h i s i so tope . The 
m o s t in tense g roup w a s a t 24 kev , which m a y be ident i f ied wi th the M - e l e c t r o n s f r o m 
the 27 -kev g a m m a r a y . 

M. Studier of Argonne Nat iona l L a b o r a t o r y and G. H a r b o t t l e of th i s l a b o r a t o r y 
p r e p a r e d the Pa^^^ s a m p l e s . (G. Scha r f f -Go ldhabe r , M. McKeown) 
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230 Figure 1, L X-ray spectrum of U 
(2-90). For purposes of comparison, L X-ray 
spectrum of Pa^^^-» Ac^^^ (2-89) is shown. 
In the upper part, L lines from Th are shown. 
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Figure 2 (Above). Differential pulse height d is 
tribution of 27 kev y-ray from Pa231 with com

parison of K-radiation of Te. 

Figure 3 (Right). Counting rate of the 27 kev 
y- ray from Pa as function of thickness 
(mg/cm^) of Cd, In and Sn absorbers , showing 
crit ical absorption in Cd, and thus fixing the 

energy between 26.7 kev and 27.9 kev. 

Absorption edges for K-sheils in kev 
Cd 26 7 
In 27 9 
Sn 29 2 

Detector 
Proportional Counter biased to y-ray peak 

CRITICAL ABSORPTION OF 27 kev y-ray 
from Pa23i in Cd.In.and Sn 

The G a m m a - G a m m a C o r r e l a t i o n with Highe r Mul t ipo les (5212) 

Recen t e x p e r i m e n t s on g a m m a - g a m m a a n g u l a r c o r r e l a t i o n s by B r a d y and Deu t sch , 
( P h y s . Rev . 78 , 558 (1950)) and the c o r r e l a t i o n in the l ong - l ived i s o m e r Pb^^"^ o b s e r v e d 
by Sunya r , A l b u r g e r , F r i e d l a n d e r , Go ldhabe r , and G. Scha r f f -Go ldhabe r ( P h y s . Rev . 79, 
181 (1950)) have e m p h a s i z e d the need to ex tend the a n g u l a r c o r r e l a t i o n c a l c u l a t i o n s to 
h i g h e r m u l t i p o l e s . Thus far the only pub l i shed t a b l e s of g a m m a - g a m n n a c o r r e l a t i o n s 
a r e t hose of H a m i l t o n ( P h y s . Rev . 5;8, 122 (1940)), but t h e s e a r e app l icab le only to s u c 
c e s s i v e n u c l e a r t r a n s i t i o n s in which the g a m m a r a y s a r e e i t h e r dipole o r q u a d r u p o l e . 
The ex t ens ion of t h e s e t a b l e s us ing the m e t h o d of Hami l ton , a l though s t r a i g h t f o r w a r d 
in p r i n c i p l e , h a s thus far not been a t t e m p t e d b e c a u s e the amoun t of ca l cu l a t i on r e 
q u i r e d i n c r e a s e s r a p i d l y wi th the h i g h e r nnul t ipoles . 

S e v e r a l a l t e r n a t i v e m e t h o d s of c a l c u l a t i o n a r e noted h e r e which c o n s i d e r a b l y s i m 
plify the p r o b l e m of ob ta in ing W(^) for h ighe r a n g u l a r m o m e n t a . Specif ic r e s u l t s a r e 
g iven for some of the s i m p l e r c a s e s of i n t e r e s t , and then a g e n e r a l me thod for o b t a i n 
ing m o r e c o m p l e t e t a b u l a t i o n s i s ind ica ted : 

(i) Ins tead of ca l cu l a t i ng W(6') for a l l p o s s i b l e t r a n s i t i o n s c o n s i s t e n t wi th the a n 
gu la r m o m e n t u m s e l e c t i o n r u l e s for fixed mul t ipo le o r d e r s of the g a m m a r a y s , a s 
Hannilton h a s done , one can fix the mu l t i po l e o r d e r of one of the g a m m a r a y s , say the 
second , and the sp ins of the i n t e r m e d i a t e and f inal s t a t e s , and v a r y the mul t ipo le o r d e r 
and sp in of the i n i t i a l s t a t e . T h i s m e t h o d i s p a r t i c u l a r l y s i m p l e when the f inal s t a t e 
h a s sp in z e r o . F o r e x a m p l e , for t r a n s i t i o n s of the type : 
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LA: L -(- 1 - ^ >• 1 -^— 

(he re the mu l t ipo le o r d e r of the g a m m a r a y is ind ica ted above the a r r o w ) , one ob ta ins 

W{0) = 1 -I- a2 c o s ^ 0 wi th 

- ( L ^ + L - 3) 

3L'^ -I- 7L -I- 3 

Since m o s t of the nuc le i in which g a m m a - g a m m a c o r r e l a t i o n s have b e e n m e a s u r e d a r e 
p r e s u m e d to have s p i n - z e r o g round s t a t e s , we have s i m i l a r l y c a l c u l a t e d the coef f i 
c i e n t s a2i in W(d) = 1 -̂  Z a^j cos 6 a s funct ions of L for c o r r e l a t i o n s of type : 

, 1 
1 - ? ^ 0 IB: 

HA: 

IIB: 

IILA: 

I I IB : 

L 2 

L -1- 2-

L -h 1-

L -h 3 

L -̂  2-

L 

2 ^ 

2 L 

2 L 

2 L 

_ ^ 

^ 

-* 

_^ 

2 2 
2 -^ vO 

?3 
3 -^ ^ 0 

The r e s u l t s a r e g iven in T a b l e s 3 - 5 . In a l l of the above c a s e s the second nnul t i -
pole is the only one a l lowed by the a n g u l a r m o m e n t u m s e l e c t i o n r u l e , whi le the f i r s t 
mu l t i po le i s t aken to be e i t h e r the m a x i m u m a l lowed (LA, IIA, IIIA) or the next a l lowed 
(IB, IIB, IIIB), to c o v e r the c a s e when the f o r m e r is fo rb idden by p a r i t y . 

T h e s e t a b l e s c o n f i r m the expec ta t ion tha t W(0) should b e c o m e i n c r e a s i n g l y a n i s o 
t r o p i c wi th h igher m u l t i p o l e g a m m a r a y s . It is no tewor thy tha t none of t h e s e c o r r e l a 
t ion functions can exp la in the " a n o m a l o u s " c o r r e l a t i o n in Rh m e a s u r e d by B r a d y 
and Deu t sch ( loc. c i t . ) . It should be r e m a r k e d tha t e x c e l l e n t a g r e e m e n t can be had, of 
the c o r r e l a t i o n t h e o r y wi th the m e a s u r e m e n t s on both d i r e c t i o n a l c o r r e l a t i o n and d i 
r e c t i o n - p o l a r i z a t i o n c o r r e l a t i o n in Rh-̂ *-*" p r o v i d e d one a s s i g n s to the n u c l e a r s t a t e s 
the angu la r m o m e n t a 1, 2, 1, r e s p e c t i v e l y , and t a k e s both m u l t i p o l e s a s e l e c t r i c q u a d 
r u p o l e . Howeve r , t h i s e n t a i l s new dif f icul t ies in tha t an e v e n - e v e n nuc leus is then a s 
s igned a n o n - z e r o sp in , and s o m e add i t iona l s e l e c t i o n r u l e i s then needed to accoun t 
for the w e a k n e s s of the expec t ed c r o s s - o v e r g a m m a r a y , 

(ii) The m o s t ex t ens ive t abu la t ion of a n g u l a r c o r r e l a t i o n funct ions which h a s a p 
p e a r e d so fa r i s tha t of J .W. G a r d n e r ( P r o c . P h y s , Soc . London 62 ,̂ 763 (1949)) who 
t r e a t e d e~ - e~ c o r r e l a t i o n s . T a b l e s of equa l c o m p l e t e n e s s , i . e . , app l i cab l e to t r a n s i 
t i ons of any mul t ipo le o r d e r s p r o v i d e d t h e s e a r e r e s t r i c t e d to the m a x i m u m , and next 
to m a x i m u m a l lowed a n g u l a r m o m e n t a , can a l s o be for the g a m m a - g a m m a c o r r e l a t i o n . 
Indeed, one can u s e the m e t h o d s of G. R a c a h , ( P h y s . R e v . 62, 438 (1942)) which G a r d 
n e r u s e d to obta in d i r e c t l y the g a m m a - g a m m a c o r r e l a t i o n func t ions . Howeve r , t h i s 
nnethod, though e l egan t and nnore wie ldy than H a m i l t o n ' s , would involve an u n n e c e s s a r y 
dup l ica t ion of effort . F o r it h a s b e e n shown by Falkoff and Uhlenbeck ( P h y s . Rev . 79, 
323 (1950)) tha t once c o r r e l a t i o n funct ions have b e e n t abu l a t ed for any s u c c e s s i v e p a r 
t i c l e e m i s s i o n s , t h e s e s a m e t a b l e s m a y be u s e d to obta in W(6') for o t h e r p a r t i c l e s . 



Tab le 3 

a^ in W{6) - I + a2Cos^i9 for y -y C o r r e l a t i o n s of T y p e s lA and IB 

L 

1 
2 
3 
4 
5 
6 
7 
8 

LA 

-2 

-I-.076 
- .103 
- .176 
- .215 
- .239 
- . 255 
- .266 
- ,275 

I B 

^ 2 

- .333 
-I-.429 

.692 

.810 
,871 
.907 
.930 • 
.945 

a2 and a.4. in W(6') = 

Tab le 4 

7 4 1 + a2Cos'^i9 -t a^cos 9 for 7 - y C o r r e l a t i o n s 
of Types IIA and IIB 

L 

1 
2 
3 
4 
5 
6 
7 
8 

ILA 

^2 

- .104 
-F.125 

.313 

.452 

.556 

.635 

.698 

.749 

^ 4 

0 
-(-.042 
- .021 
- .089 
- .149 
- .197 
- .237 
- .271 

I IB 

^2 

-I-.428 
0 

- . 455 
- .721 
- .888 

-1 .000 
-1 .079 
-1 ,138 

^ 4 

0 
- .333 
-F.121 

.433 
,640 
.784 
.889 
.969 

a^, a^, a^ in W{9) for y -

L 

1 
2 
3 
4 
5 
6 
7 

Tab le 5 

y C o r r e l a t i o n s of Types IIIA and IIIB 

IIL\ 

^ 2 

- .176 
+.313 

.554 

.676 

.742 

.779 
.801 

^ 4 

0 
- .024 
- . 014 
-f.045 

.118 

.195 

.264 

^ 6 

0 
0 

.018 

.001 
- .030 
- .067 
- .102 

IIIB 

^2 

-t.692 
- ,439 
- ,441 
- .258 
- .053 
-I-.135 

.302 

^ 4 

0 
.156 
.176 

- .129 
- .522 
- .908 

-1 .260 

^6 

0 
0 

- .161 
- .023 
H-.206 

.447 

.675 



Thi s t h e o r e m was app l ied in de t a i l in the l a s t r e f e r e n c e c i t ed w h e r e H a m i l t o n ' s g a m m a -
g a m m a t a b l e s w e r e adap ted to o the r c o r r e l a t i o n p r o c e s s e s (such as/3-y, e~-y, a-y, 
e tc . ) wh ich involved the s a m e angu la r m o m e n t a . It thus a p p e a r s tha t the m o s t e c o n o m 
i ca l p r o c e d u r e for s y s t e m a t i c a l l y ob ta in ing W{d) for h i g h e r a n g u l a r nnomenta is to 
s inn i la r ly apply the theorenns of Falkoff-Uhle 'nbeck to the t a b l e s a l r e a d y w o r k e d out by 
G a r d n e r . (D.L. Falkoff, N o t r e Danne U n i v e r s i t y ; T. Dan ie l son) 

Hea t P r o d u c t i o n in P o t a s s i u m (5212) 

Recen t d e t e r m i n a t i o n s of g a m m a r a y and be t a r a y e n e r g i e s of the decay c o n s t a n t , 
and the shape of the b e t a - r a y s p e c t r u m of K now p e r m i t a m o r e p r e c i s e eva lua t i on 
of the r a t e of hea t p roduc t ion in p o t a s s i u m . E x p e r i m e n t s of Sawyer and Wiedenbeck 
( P h y s . Rev . 79, 490 (1950)) have shown tha t 28.3 i 1.0 be ta r a y s and 3.6 i 0.3 g a m m a 
r a y s a r e e m i t t e d pe r g r a m K p e r s e c . The g a m m a r a y o c c u r s in the K - c a p t u r e b r a n c h 
and h a s an e n e r g y of 1.47 - 0.01 Mev, an a v e r a g e va lue t aken f r o m the m e a s u r e m e n t s 
of Be l l and C a s s i d y ( P h y s . Rev . 79, 173 (1950)), P r i n g l e , S tand i l , and Rou l s ton ( P h y s , 
Rev . 77, 841 (1950)), and Hofs t ad t e r and M c l n t y r e ( P h y s . Rev . 80, 631 (1950)). 

The p r e d o m i n a n t h e a t e n e r g y o c c u r s in the be t a b r a n c h and e s t i m a t e s thus depend 
s t r o n g l y on the c h a r a c t e r i s t i c s of the be ta r a y s p e c t r u m . A c a l c u l a t i o n of the m e a n 
be t a r a y e n e r g y of K h a s been m a d e b a s e d on the w o r k of Be l l , W e a v e r , and C a s s i d y 
( P h y s . Rev . 77 . 399 (1950)), A l b u r g e r ( P h y s . Rev . TS ,̂ 629 (1950)), and F e l d m a n and Wu 
(Ann. P h y s . Soc . 25-5_, 10 (1950)). T h e i r v a l u e s for the end -po in t e n e r g y have a w e i g h t -
ed nnean of 1.34 i 0.02 Mev, and a l l t h r e e g r o u p s find tha t the s h a p e of the s p e c t r u m 
above 500-700 kev a g r e e s wi th the t h i r d fo rb idden c o r r e c t i o n f a c t o r . Since the d e v i a 
t ions below 500 kev a r e a t t r i b u t e d to s o u r c e t h i c k n e s s e f fec t s , it i s a s s u m e d h e r e tha t 
the s p e c t r u m h a s the t h i r d fo rb idden shape ove r the e n t i r e r a n g e of e n e r g i e s . 

The i d e a l i z e d m o m e n t u m plot for a t h i r d fo rb idden type of be ta e m i t t e r -with e n d -
point a t 1.34 Mev w a s c o n s t r u c t e d us ing the n o n - r e l a t i v i s t i c function f(Z,7]) c o r r e c t e d 
for r e l a t i v i s t i c effects a c c o r d i n g to the t ab le of F e i s t e r ( P h y s . Rev . 78, 375 (1950)). 
Th i s w a s then c o n v e r t e d to the e n e r g y d i s t r i b u t i o n s N(W)WdW and N(W)dW v e r s u s W 
and the a r e a s unde r t h e s e c u r v e s w e r e m e a s u r e d wi th a p l a n i m e t e r . The r a t i o of a r e a s 
g ives a m e a n e n e r g y for K be ta r a y s of 0.605 - 0.10 Mev , s o m e w h a t h i g h e r than the 
o lde r va lue of 0.49 - 0.06 Mev l i s t e d by M a r i n e l l i , Br inckerhof f , and Hine (Rev. Mod. 
P h y s . 19, 25 (1947). 

The t o t a l hea t p r o d u c t i o n u s ing the r e v i s e d b e t a - and g a m m a - r a y e n e r g y v a l u e s 
and Sawyer and W i e d e n b e c k ' s e m i s s i o n r a t e s is r e a d i l y compu ted to be (27 - 1) x 10~° 
c a l / g K / y r . Th i s m a y be c o m p a r e d wi th (22 t 3) x 10"" c a l / g K / y r c a l c u l a t e d by Graf 
( P h y s . Rev , 74, 831 (1948)) f r o m e a r l i e r d a t a . (D.E. A l b u r g e r ) 

Sc in t i l l a t ion S p e c t r o m e t r y (5212) 

A sc in t i l l a t i on s p e c t r o n n e t e r i s u s u a l l y c o m p o s e d of a de t ec t ing head , a l i n e a r a m 
pl i f ier and s o m e p u l s e he ight d i s c r i m i n a t i n g d e v i c e . The de t ec t i ng head c o n s i s t s of a 
s c in t i l l a t i ng c r y s t a l and a p h o t o m u l t i p l i e r t ube ; the b e s t c o m b i n a t i o n of c r y s t a l and 
tube for g a m m a - r a y s p e c t r o s c o p y a p p e a r s to be a t h a l i u m - a c t i v a t e d s o d i u m iodide 
c r y s t a l and an RCA 5819 t u b e . N a l - T l c r y s t a l s , un fo r tuna te ly , a r e h y g r o s c o p i c and 
m u s t be p r o t e c t e d f r o m a t m o s p h e r i c m o i s t u r e . H o w e v e r , we have notfound it n e c e s s a r y 



to p repare these crystals in a dry box. A satisfactory procedure is to smooth the 
surfaces with fine sandpaper, place the crystal in a beaker of itiethyl alcohol, which is 
a good solvent for Nal, and after iO or 15 sec, t ransfer the crystal to butyl alcohol, 
then to xylene, and finally to a beaker of Nujol. Any set of miscible solvents which 
range in solubility for Nal from very good to very poor should do as well a s the three 
mentioned above. 

-. Indirect and qualitative experimental observations make ns strongly believe that 
the most important factor in motjnting a crys ta l on a photoa«iltlplier tube is the a-
chievement of a geometric arrangement of crystal and light reflectors which will allow 
as niiich of the light as possible from one scintillation to pass through the photosensi
tive surface^ With 1.5-cm cubes of Na l -T l , best resu l t s were achieved by placing the 
crystal directly on the face of the photomultiplier tube and covering it with a cone-
shaped alnminum reflector, adding enough oil to coat the c rys ta l and tube face with a 
thin layer. Figure 4 i l lustrates this arrangement and shows a plot and a photographof 
the output of a detector mounted in this fashion when irradiated by an uncollimated 
source of Cs^^ which has one gamma ray of 660 kev. 

| .o 

0.66 M« y-?#f of Cs'*''«$ seen with 

Figure 4. 

The plotted data were taken with a 
single-channel pulse height discriminator 
built by the Electronics Division while the 
photograph was taken with a Polaroid 
camera and a Dumont 248 scope. In a few 

t I I I ™ŝ  1 attempts to use larger c rys ta l s (3-cm 
I .' .. I 1 1 1 cube), better resolution resulted when the 

crysta l was mounted directly on the face 
of the tube. With still la rger c rys ta l s , it 
may be advantageous, as Bell has found, 
to use a light pipe between the crysta l and 
the photo surface. Measurements recent
ly made by the Electronics Division indi
cate that in moat photomultiplier tubes the 
sensitivity of the surface var ies appreci 
ably from point to point. It has been thought 
by some {e.g.. Bell) that if c rys ta ls were 
ittounted directly on the face of the tube, 
resolution would be lost, since scinti l la
tions occurring close to the photo tube 

would give up most of their light to the surface in their immediate vicinity. Scintilla-
tions of equal intensity occurring in different par t s of the c rys ta l would thus produce 
pulses of different size in the wiultiplier tube. More uniform pulses nfiight resu l t if a 
light pipe 3/4 in or more in length were used to distribute the light from each scinti l
lation more uniforntly over the photo-sensitive surface. 

However, since we had not found that a light pipe increased our resolution, thefol-
lowipg experiment was performed to check in a. more d i rec t maimer the nature of the 
process by which light is t ransferred to the photo-sensltlve surface from neighboring 
regions in a crystal . A "search crys ta l" was made by inolding a Nal-Tl crysta l {"̂ .1 
cu cm) into a SHiall lucite button, which was mounted in a standard manner at different 
positions on the surface of an RCA 5819 tube. The tube had previously been tested by 
the Electronics Division for unifofwilty of sensitivity ac ross its cathode. 
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T h r e e p o s i t i o n s w e r e c h o s e n on which to m o u n t t he c r y s t a l : (1) a r e g i o n tha t w a s 
un i fo rmly "good," (2) a r e g i o n tha t v a r i e d f r o m "good" to "bad , " and (3) a r e g i o n tha t 
w a s un i fo rmly "bad , " In p o s i t i o n s (1) and (3) the c r y s t a l w a s ad jacen t to a r e g i o n of 
cons t an t s ens i t i v i t y . After c o r r e c t i n g for the s t a t i s t i c a l effect of l a r g e and s m a l l n u m 
b e r s of e l e c t r o n s l eav ing the pho toca thode , one would expec t b e t t e r r e s o l u t i o n in r e 
g ions ( l ) and (3) than in r e g i o n (2), w h e r e a r e a s of d i f fe ren t s ens i t i v i t y w e r e exposed 
to t he c r y s t a l . Howeve r , t he b e s t r e s o l u t i o n was ob ta ined in pos i t i on (1), t he second 
b e s t in pos i t i on (2) and the t h i r d in pos i t i on (3). We conc lude tha t t he l ight f r o m a g i v 
en s c in t i l l a t i on i s thorough ly d i s p e r s e d th roughou t t he v o l u m e occupied by the c r y s t a l 
and i t s r e f l e c t o r and it i s a lways wel l d i s t r i b u t e d ove r t he p h o t o - s e n s i t i v e s u r f a c e . 
Hence t he a v e r a g e s ens i t i v i t y , and not t he u n i f o r m i t y , of t he pho toca thode i s i m p o r t a n t 
in d e t e r m i n i n g t h e r e s o l u t i o n one m a y expec t with a g iven tube . 

In des ign ing r e f l e c t o r s for s c in t i l l a t i ng c r y s t a l s an i m p o r t a n t f ac to r i s t he l o s s of 
l ight in t he c r y s t a l and i t s s u r r o u n d i n g m e d i u m , A. Scha rd t ca l l ed to our a t t en t i on tha t 
r e s o l u t i o n i s r e d u c e d by fi l l ing t he vo lume be tween the c r y s t a l and r e f l e c t o r with oi l . 
Th i s o b s e r v a t i o n •was con f i rmed by mount ing a 1.5 c m cube of N a l - T l in an a l u m i n u m 
r e f l e c t o r shaped l ike a cone , f i r s t with only a th in l a y e r of m i n e r a l oi l c o v e r i n g the 
face of the photo tube , then \vith t he e n t i r e v o l u m e be tween the cone and c r y s t a l f i l led 
with oi l . The l ine width was 12% in the f i r s t c a s e and 18% in the second . The s a m e 
r e s u l t s w e r e ob ta ined with s i l i cone oi l . However , t h e r e s o l u t i o n h a s a l s o b e e n found to 
depend upon the shape of the r e f l e c t o r . 

In ano the r e x p e r i m e n t a l l s i d e s of a 3 c m cub ica l N a l - T l c r y s t a l excep t t h a t ad ja 
cent to t h e pho toca thode w e r e c o v e r e d with a l u m i n u m foi l , p r e s s e d into c l o s e con tac t 
with t he c r y s t a l . The output p u l s e s i z e was then m e a s u r e d for a s t a n d a r d s o u r c e . T h e 
e x p e r i m e n t was r e p e a t e d with al l s i d e s of the c r y s t a l c o v e r e d by a l u m i n u m , and a 
s m a l l hole l / 4 in. in d i a m e t e r cut in t he face in con tac t with t he p h o t o - s e n s i t i v e s u r 
face. The l a t t e r p u l s e s w e r e l e s s t han l / 2 0 t he s i ze of t he f o r m e r , ind ica t ing t ha t 
a p p r e c i a b l e l ight i s l o s t in r e f l e c t i on f r o m the a l u m i n u m a n d / o r in t r a v e r s i n g the c r y 
s ta l . Hence a r e f l e c t o r should b e so shaped tha t t he l ight i s co l l ec t ed by t h e p h o t o 
ca thode af ter a mininnum n u m b e r of r e f l e c t i o n s o r t r a v e r s e s of the c r y s t a l . 

The m o s t c o m m o n type of s c in t i l l a t i on s p e c t r o m e t e r i s one tha t u s e s a s i n g l e -
channe l , v a r i a b l e p u l s e he ight d i s c r i m i n a t o r . Though s low, t h i s m e t h o d of r e c o r d i n g 
i s r e l i a b l e and quan t i t a t i ve . M u l t i - c h a n n e l d e v i c e s r e d u c e t h e tinne of tak ing da t a and 
al low one to s tudy s h o r t - l i v e d a c t i v i t i e s . Another conven ien t me thod of r e c o r d i n g the 
da ta which i s s p e c i a l l y sui ted for p r e l i m i n a r y s u r v e y work i s to d i sp l ay t he p u l s e s on 
an o s c i l l o s c o p e and to p h o t o g r a p h with a c a m e r a . B e c a u s e of i t s s h o r t p r o c e s s i n g t i m e 
the P o l a r o i d c a m e r a is convenient . With v i s u a l o b s e r v a t i o n , ene rgy m e a s u r e m e n t s can 
be m a d e p r e c i s e l y and quickly by m i x i n g the s igna l f r o m the s c in t i l l a to r with t ha t f r o m 
an e l e c t r o n i c p u l s e r whose output can b e v a r i e d in s i z e . The p u l s e r m a y be c a l i b r a t e d 
wi th s t a n d a r d s o u r c e s and then u s e d to m a t c h the p u l s e s be ing s tudied , 

A c a t h o d e - r a y o s c i l l o s c o p e h a s b e e n u s e d effect ively for d e t e r m i n i n g the t i m e c o 
inc idence of g a m m a r a y s . K one c r y s t a l i s connec ted to the s igna l input and ano the r to 
the input t ha t t r i g g e r s t he S'weep, the s p e c t r u m of g a m m a r a y s in p r o m p t co inc idence 
a p p e a r s a s a s e r i e s of s u p e r p o s e d p u l s e - s h a p e d c u r v e s of d i f fe ren t a m p l i t u d e s , a l l 
s t a r t i n g f r o m z e r o at the o r i g in . T h e " r e s o l v i n g " t i m e i s t h e t h i c k n e s s of t he t r a c e , 
and, with f a s t s c o p e s , t h i s can b e a s s h o r t a s 10"° to 1 0 " ' s e c . Chance c o i n c i d e n c e s 
appea r u n i f o r m l y along the l eng th of t he sweep, M e t a s t a b l e s t a t e s wi th l i f e t i m e s of t he 

file:///vith
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o r d e r of t he r e s o l v i n g t i m e should a p p e a r as a s m e a r s t a r t i n g with t he sweep and fad 
ing exponent ia l ly in the d i r e c t i o n of t he sweep . When s e v e r a l g r o u p s of co inc iden t 
gcimma r a y s a r e p r e s e n t , but one g r o u p i s not in c o i n c i d e n c e with ano the r g r o u p , one 
m a y s e l e c t any one of t he g a m m a r a y s by m e a n s of a p u l s e height s e l e c t o r in t he t r i g 
g e r c i r c u i t and t h u s s e e which g a m m a r a y s a r e in each co inc idence g r o u p . F o r s t u d y 
ing b e t a - g a m m a c o i n c i d e n c e s t he b e t a p u l s e s in an a n t h r a c e n e c r y s t a l a r e u s e d to t r i g 
ge r the sweep . (E. de r M a t e o s i a n , W. F . Hornyak , M. McKeown) 

R e s p o n s e of S c i n t i l l a t o r s to R e c o i l s f r o m 14-Mev N e u t r o n s (5212) 

F r o m the H (d,n) He r e a c t i o n , 14-Mev n e u t r o n s w e r e de t ec t ed with a Na l ( T l ) 
s c in t i l l a t ion c o u n t e r . A d i f f e ren t i a l p u l s e height s p e c t r u m showed d i s t i n c t " e d g e s . " 
Th i s s p e c t r u m could be i n t e r p r e t e d as indica t ing s c i n t i l l a t i o n s c a u s e d by r e c o i l p r o t o n s 
(and p o s s i b l y r e c o i l c a r b o n ions) o r ig ina t ing in t he Nujol s u r r o u n d i n g the Na l c r y s t a l 
and en t e r i ng t h e c r y s t a l with v a r i o u s e n e r g i e s , and a l s o s c i n t i l l a t i o n s c a u s e d by s o d 
ium and iodine r e c o i l s o r i g ina t i ng within t he c r y s t a l i tself, 

A p u l s e he ight c a l i b r a t i o n b a s e d on s e c o n d a r y e l e c t r o n s p r o d u c e d by g a m m a r a y s 
combined with the o b s e r v e d loca t ion of t he edges i n d i c a t e s tha t t he s c in t i l l a t i on p u l s e 
height p r o d u c e d by an ionizing p a r t i c l e i s p r o p o r t i o n a l in good a p p r o x i m a t i o n (for Nal) 
to the e n e r g y and is independent of the p a r t i c l e m a s s . 

Equal i ty of t he o b s e r v e d i n t e g r a l p u l s e height s p e c t r u m with t he ca l cu l a t ed a b s o l 
u t e r e c o i l y ie ld ca l cu l a t i ons c o r r o b o r a t e s the r e c o i l i den t i f i ca t ions . The p h y s i c a l ef
f ic iency ( ra t io of r e c o i l s to n e u t r o n t r a v e r s e s ) was of the o r d e r of 6% for a l / 2 in cube 
of Nal a s m e a s u r e d by the sod ium r e c o i l s . The p h y s i c a l efficiency for the r e c o i l p r o 
t o n s f r o m the oi l i s a p p r o x i m a t e l y 30 t i m e s l e s s a t t h i s n e u t r o n ene rgy . 

The d i f f e ren t i a l p u l s e height s p e c t r u m of t he s c i n t i l l a t i o n s p r o d u c e d by th i s s a m e 
n e u t r o n s o u r c e in a 5 g / l i t e r so lu t ion of t e r p h e n y l in xy lene (in a 2 - i n d i a m e t e r and 1-
in long ce l l ) was a l s o o b s e r v e d . Th i s s p e c t r u m was flat be tween the m a x i m u m p u l s e 
height and a p p r o x i m a t e l y one-ha l f t ha t va lue . T h i s o b s e r v a t i o n is in a g r e e m e n t with 
t he t h e o r e t i c a l l y p r e d i c t e d s p e c t r u m b a s e d on S-wave s ing le s c a t t e r i n g in hydrogen . 
(W.F. Hornyak) 

Act iva t ion of Sc in t i l la t ing C r y s t a l s (5212) 

In a s e a r c h for new sc in t i l l a t i ng c r y s t a l s , s ing le c r y s t a l s of sod ium iodide a c t i v a 
ted by v a r i o u s m e t a l s w e r e g rown by the B r i d g m a n me thod a s adapted by Hofs t ad te r 
(Phys . Rev. 75, 796 (1949); P r o c . L R . E , 38, 726 (1950)), Reagen t g r a d e sod ium iodide 
mixed with a p p r o p r i a t e quan t i t i e s (.05%, - .5%) of s a l t s of d i f fe ren t m e t a l s w e r e m e l t e d 
unde r f o r e - v a c u u m in Vycor c r u c i b l e s . Indium and t in w e r e in t roduced d i r e c t l y in m e 
t a l l i c f o r m . After seal ing-off , t he c r u c i b l e s w e r e l o w e r e d at a r a t e of .2 to .3 i n / h r 
t h r o u g h c o m b u s t i o n tube f u r n a c e s o p e r a t e d a t a t e m p e r a t u r e about 50 C above the m e l t 
ing point of t he hos t c r y s t a l . 

A rough ind ica t ion of the s c in t i l l a t i on r e s p o n s e of t he c r y s t a l could b e ga ined 
t h r o u g h a v i s u a l examina t ion u n d e r u l t r a v i o l e t i l l umina t ion . None of t h e c r y s t a l s t ha t 
fai led to l u m i n e s c e unde r t h i s type of exc i t a t ion showed any s c i n t i l l a t i o n s . However , 
s o m e of the c r y s t a l s tha t f l u o r e s c e u n d e r u l t r a v i o l e t exc i t a t ion fai led to s c i n t i l l a t e . 
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T h e s e f a i l u r e s w e r e a t t r i b u t e d to long p h o s p h o r e s c e n t d e c a y t i m e s . The fol lowing 
a c t i v a t o r s gave the ind ica ted f l u o r e s c e n c e unde r u l t r a v i o l e t i r r a d i a t i o n : 

In - White , i n t ense 
Ag - O r a n g e , weak 
Sn - Yel low - g r e e n , i n t e n s e 
Ba - Yel low, i n t e r m e d i a t e 
Zn - G r e e n , i n t e r m e d i a t e 

Ce -
L a -
P b -
Hg -
Nd -

B lue , i n t e n s e 
P a l e g r e e n , i n t e rnned ia t e 
G r e e n , i n t e r m e d i a t e 
Yel low, i n t e r m e d i a t e 
B l u e , i n t e n s e 

M e t a l s t ha t y i e lded no a p p r e c i a b l e v i s i b l e lunn inescence w e r e Cd, Ni ,Mn, P t , Sb, Cu, 
Bi , Mg, and Ca. As wel l a s the eye could de t ec t , the l u m i n e s c e n c e c e a s e d a s soon a s 
the exc i t a t i on w a s r e m o v e d in a l l a c t i v a t o r s excep t Hg; h e r e the p h o s p h o r e s c e n c e p e r 
s i s t ed for s e v e r a l s e c o n d s . 

The sc in t i l l a t i ng p r o p e r t i e s of e a c h c r y s t a l w e r e d e t e r m i n e d us ing a s t a n d a r d c r y 
s t a l imounting on a 5819 p h o t o m u l t i p l i e r tube connec ted t h r o u g h an Atomic I n s t r u m e n t 
Company 2 0 4 - B l i n e a r ampl i f i e r to a Dumont 248 o s c i l l o s c o p e . P h o t o g r a p h s of t he 
p u l s e d i s t r i b u t i o n s f r o m c r y s t a l s t ha t r e s p o n d e d to g a m m a r a y s w e r e t a k e n with a 
P o l a r o i d c a m e r a . T a b l e 6 l i s t s the p u l s e he igh t s e x p r e s s e d a s f r a c t i o n s of t he he ight 
with t ha l l i um ac t iva t ion . The a p p r o x i m a t e c o n c e n t r a t i o n of t he a c t i v a t o r i s g iven in 
p a r e n t h e s i s . 

T a b l e 6 

A c t i v a t o r 

P u l s e Height 
C o m p a r e d to T l 

In ( . l%) 

1 /5 

Ag(.05%) 

1/6 

Sn(,05%) 

1 /8 

Ba( ,5%) 

l / l O 

Zn( ,5%) 

1/30 

Not l i s t ed i s t he va lue for c a d m i u m ac t iva t ion , s i nce it w a s not p o s s i b l e to r e p r o d u c e 
the r e s u l t s , a l though with one s u c h c r y s t a l , p u l s e s w e r e ob ta ined . 

None of t h e a c t i v a t o r s t r i e d gave p u l s e s a s high a s t h o s e p r o d u c e d by t h a l l i u m . 
Some i m p r o v e m e n t of r e l a t i v e p u l s e he ight could be induced by i n c r e a s i n g t h e t i m e 
c o n s t a n t of t he input to t h e a m p l i f i e r , but in a l l c a s e s t h a l l i u m ac t iva t ion r e s u l t e d in 
t he l a r g e s t p u l s e s . 

C r y s t a l s of t h a l l i u m - a c t i v a t e d p o t a s s i u m iodide gave a p u l s e about l / 4 t ha t of s o d 
ium iodide. T h e b e t a s p e c t r u m of K^*^ was p la in ly ind ica t ed in t h i s c r y s t a l . O the r a c 
t i v a t o r s for p o t a s s i u m iodide have not ye t b e e n t r i e d . P u l s e s in sod ium b r o m i d e (, 1 % 
T i l ) w e r e 1/10 the height of t h o s e in NaL 

When two a c t i v a t o r s w e r e u s e d at t he s a m e t i m e in a hos t c r y s t a l , t he p u l s e height 
lay b e t w e e n t h o s e he igh t s c h a r a c t e r i s t i c of each a c t i v a t o r a lone . 

T h e quant i ty of a c t i v a t o r which ac tua l ly went into t he hos t c r y s t a l in e a c h c a s e was 
not m e a s u r e d . The a m o u n t s ind ica ted r e f e r only to t he quant i ty of m a t e r i a l in i t i a l ly 
m i x e d in t he c r u c i b l e . It w a s noted t ha t t h a l l i u m a c t i v a t i o n gave the sanne p u l s e he ight 
whe ther . 1 %> or .5%. w a s u s e d , and in bo th c a s e s a f te r t h e c r y s t a l had g rown , e x c e s s 
T i l could b e s e e n on top of the c r y s t a l . The r e s p o n s e s of a l l the t h a l l i u m - a c t i v a t e d 
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c r y s t a l s of t h i s c o m p o s i t i o n w e r e t he s a m e a s t h o s e suppl ied by H a r s h a w . When m e 
t a l l i c t in w a s u s e d to a c t i v a t e , t h e r e s i d u a l t in \vas r e c o v e r e d and weighed af ter the 
c r y s t a l w a s g rown. The l o s s of we igh t amoun ted to , 0 3 % , ind ica t ing tha t r e l a t i v e l y 
s m a l l a m o u n t s of t h i s a c t i v a t o r a r e r e q u i r e d . The s a m e p r o c e d u r e can be followed 
with ind ium and p e r h a p s with o t h e r m e t a l s a s wel l to de t e rnn ine t he q u a n t i t i e s of a c t i 
v a t o r r e q u i r e d . 

Me thods a r e be ing deve loped to i n t r o d u c e r a d i o a c t i v e s o u r c e s d i r e c t l y into s c i n 
t i l l a t ing c r y s t a l s . By such p r o c e d u r e s p u l s e he ight d i s t r i b u t i o n s m a y be ob ta ined for 
weakly p e n e t r a t i n g a lpha and b e t a p a r t i c l e s . T h e b e t a s p e c t r u m of In^^'* w a s o b s e r v e d 
in t h i s way. Indium foil i r r a d i a t e d in the r e a c t o r •was p l aced in a c r u c i b l e conta in ing 
sod ium iodide wi th . 1 % Ti l , and a c r y s t a l w a s g rown. In t h i s c r y s t a l the b e t a s p e c t r u m 
toge the r wi th t h e 190-kev g a m m a l ine w e r e c l e a r l y r e v e a l e d . In a s i m i l a r fash ion , 
S n l l " r n -^ag i n t r o d u c e d into a c r y s t a l and the t o t a l i s o m e r i c t r a n s i t i o n e n e r g y was o b 
s e r v e d . S e v e r a l c r y s t a l s have b e e n g rown •which con ta in a lpha e m i t t e r s (Po , P a , and 
Th). (G. W. Johnson , E. d e r M a t e o s i a n ) 

Dif ferent ia l C r o s s Sec t ions in the S c a t t e r i n g of 1 4 - M e v N e u t r o n s by P r o t o n s (5212) » 

B e c a u s e of i t s b e a r i n g on t h e t h e o r y of n e u t r o n - p r o t o n f o r c e s , work h a s been 
s t a r t e d for a p r e c i s e m e a s u r e m e n t of the angu la r d i s t r i b u t i o n of p r o t o n s r e c o i l i n g f r o m 
14-Mev n e u t r o n s . The n e u t r o n s a r e p roduced by d e u t e r o n b o m b a r d m e n t of a t r i t i u m 
t a r g e t in t h e B r o o k h a v e n e l e c t r o s t a t i c a c c e l e r a t o r . P r o p o r t i o n a l c o i n c i d e n c e c o u n t e r s 
w e r e u s e d to d e t e c t the p r o t o n s r e c o i l i n g f r o m a th in po lye thy lene f i lm. The r e l a t i v e 
d i f fe ren t ia l c r o s s s e c t i o n s , n o r m a l i z e d to uni ty in the f o r w a r d d i r e c t i o n , a r e g iven in 
Tab le 7 for t h r e e ang l e s of the r e c o i l p r o t o n m e a s u r e d in t he l a b o r a t o r y s y s t e m . The 
ang les of the s c a t t e r e d n e u t r o n in t he c e n t e r - o f - n n a s s ( c m . ) systenn a r e a l so given. 
The t a b l e i nc ludes the r e s u l t s of the p r e s e n t work and the b e s t p r e v i o u s v a l u e s , o b 
ta ined by B a r s c h a l l and T a s c h e k (Phys , Rev. 75, 1819 (1949)). It will be noted tha t 
within t he i m p r o v e d a c c u r a c y of the p r e s e n t r e s u l t s t h e r e i s s t i l l no ev idence for any 
d e p a r t u r e f r o m s p h e r i c a l s y m m e t r y in n e u t r o n - p r o t o n s c a t t e r i n g at t h i s e n e r g y . 
(E. Wantuch) 

Table 7 

Angular Distribution in the Scattering of 14-Mev Neutrons by Protons 

Proton angle in laboratory system 
Neutron angle in c m . system 
Relative differential c ross section: 

p resen t work 
Barschal l and Taschek 

0° 
180° 

1.00 
1,00 

15° 
150° 

1,01 ± .04 
1,02 t .08 

30° 
120° 

1.01 ± .04 
0.98 ± .08 

n - D S c a t t e r i n g a t 1.4 Mev (5212) 

The a n g u l a r d i s t r i b u t i o n of n e u t r o n s s c a t t e r e d by d e u t e r o n s h a s b e e n m e a s u r e d in 
the p a s t by a n u m b e r of i n v e s t i g a t o r s for n e u t r o n e n e r g i e s fronn 2.5 to 14 Mev. Th i s 
i n t e r a c t i o n is of c o n s i d e r a b l e i n t e r e s t with r e s p e c t to t h e n a t u r e of n u c l e a r f o r c e s 
b e c a u s e it should m a k e it p o s s i b l e to d i s t i n g u i s h b e t w e e n o r d i n a r y and exchange f o r c e s 
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and b e c a u s e it i s the s innplest i n t e r a c t i o n tha t can be s tudied in which n e u t r o n - n e u t r o n 
f o r c e s a r e effect ive. M e a s u r e m e n t s at 1,4 Mev w e r e u n d e r t a k e n in o r d e r to extend the 
ene rgy r a n g e of t he e x p e r i m e n t a l da ta . 

It w a s o r i g i n a l l y in tended t h a t t he n e u t r o n s would b e g e n e r a t e d by the b o m b a r d 
m e n t of l i t h ium by p r o t o n s , but t he vo l t age ob ta inab le by the B r o o k h a v e n e l e c t r o s t a t i c 
g e n e r a t o r p r o v e d to be too low, so t ha t d e u t e r o n b o m b a r d m e n t of a c a r b o n t a r g e t w a s 
u sed i n s t e a d . The d e u t e r o n b e a m p r o d u c e d a v e r y s t rong n e u t r o n b a c k g r o u n d s ince 
v a r i o u s o i l - c o a t e d p a r t s of the m a c h i n e w e r e exposed to it. The da t a ob ta ined with 
t h i s s o u r c e a r e t h e r e f o r e to be c o n s i d e r e d p r e l i m i n a r y . Work i s now in p r o g r e s s on 
a th in t a r g e t c o n s i s t i n g of t r i t i u m a b s o r b e d in z i r c o n i u m . P r o t o n b o m b a r d m e n t of t h i s 
t a r g e t should p r o d u c e n e u t r o n s of the d e s i r e d e n e r g y wi thout b a c k g r o u n d d i f f icu l t i es . 

A b e a m of n e u t r o n s w a s c o U i m a t e d 
by a s lo t in a 12 in b lock of para f f in , and 
m a d e to p a s s do^wn the c e n t e r of a 24 in x 
12 in X 8 in cloud c h a m b e r f i l led wi th d e u 
t e r i u m at a p r e s s u r e of about 65 c m Hg. 
The n u m b e r of b a c k g r o u n d n e u t r o n s a r r i v 
ing f r o m unwanted d i r e c t i o n s •was r e d u c e d 
by sh ie ld ing the cloud c h a m b e r with 12 in 
of wood. The e x p e r i m e n t a l a r r a n g e m e n t 
i s shown in F i g u r e 5. S t e r e o s c o p i c p h o t o 
g r a p h s w e r e t a k e n of the r e c o i l t r a c k s , 
and the ang le in s p a c e and r a n g e of e a c h 
t r a c k w a s ca l cu l a t ed . About 1,000 t r a c k s 
w e r e m e a s u r e d for d e u t e r i u m ; a s m a l l e r 
n u m b e r for hydrogen . T r a c k s t ha t o r i g i 
na ted in p a r t s of the cloud c h a m b e r out of 
the n e u t r o n b e a m w e r e d i s c a r d e d as due 
to b a c k g r o u n d , a s w e r e t r a c k s o c c u r r i n g 
in t he b e a m whose r a n g e and ang le w e r e 
not c o n s i s t e n t wi th e l a s t i c s c a t t e r i n g . 

About 370 a c c e p t a b l e t r a c k s r e m a i n e d , and for t h e m only a s m a l l b a c k g r o u n d c o r r e c 
t ion was n e c e s s a r y . 

The c o n t r o l da ta t aken with h y d r o g e n cloud c h a m b e r f i l l ings a r e shown in F i g u r e 
6. Within s t a t i s t i c a l u n c e r t a i n t i e s t he r e s u l t s a r e c o n s i s t e n t •with t he expec ted i s o t r o p 
ic s c a t t e r i n g . F o r n e u t r o n s c a t t e r i n g a n g l e s l e s s t h a n about 75° t h e e n e r g y g iven to 
the r e c o i l p a r t i c l e i s too low to b e m e a s u r e d , t he m i n i m u m length counted being 6 m m . 

The r e s u l t s for d e u t e r i u m a r e g iven in F i g u r e 7. C u r v e s of B u c k i n g h a m and 
M a s s e y ( P r o c . Roy. Soc. A179, 123 (1941)) have b e e n f i t ted to t he da ta . T h e o r d i n a r y 
f o r c e c u r v e g ives a s a t i s f a c t o r y fit, bu t t he exchange f o r c e c u r v e d o e s not. The r e 
su l t s a r e c o n s i s t e n t with o t h e r e x p e r i m e n t a l da t a at h i g h e r e n e r g i e s . Since t he p r o 
c e s s i s a t h r e e - b o d y one , t he t h e o r e t i c a l c a l c u l a t i o n s a r e difficult , and m a y not be 
a c c u r a t e . As a r e s u l t , one would h a r d l y be jus t i f ied in ru l ing out exchange f o r c e s on 
the b a s i s of t h e s e da ta , (A, T h o r n d i k e , W, Wotr ing) 

C o h e r e n t N e u t r o n - P r o t o n S c a t t e r i n g by Liquid M i r r o r Ref lec t ion (5212) 

A m e a s u r e m e n t of t he c o h e r e n t n e u t r o n - p r o t o n s c a t t e r i n g a m p l i t u d e , u t i l i z ing to t a l 

n-O SCATTERING EXPERIMENTAL ARRANGEMENT 

CLOUD 
CHAMBER 

VAN DE GRAAFF 
SCALE IN FEET 
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Figure 6. 
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Figure 7. 

r e f l ec t ion of s low n e u t r o n s f r o m a l iquid h y d r o c a r b o n , has been r e p o r t e d by Hughes , 
Burgy and Ringo (Phys . Rev. 77, 291 (1950)). As t he r e s u l t ( -3.75 ± .03 x 10"^3 ^ ^ ) 
was s igni f icant ly d i f ferent f r o m ex is t ing v a l u e s , the m e a s u r e m e n t was r e p e a t e d with a 
s e r i e s of ca re fu l ly pur i f i ed h y d r o c a r b o n l iqu ids , by a me thod in which no m e a s u r e m e n t 
of n e u t r o n wave leng th was n e c e s s a r y . The r a t i o of t he a m p l i t u d e of h y d r o g e n to tha t of 
c a r b o n h a s been d e t e r m i n e d with a s t a n d a r d e r r o r of 0.3% and t h e f i n a l va lue of t he hy 
d r o g e n a m p l i t u d e , including the e r r o r (0.5%) in t h e m e a s u r e m e n t of the c a r b o n a m p l i 
t u d e , ' m a d e by Havens and R a i n w a t e r (Phys , Rev. 75, 1296 (1950)) i s - 3 . 7 8 - ,02 xlO"-^^ 
c m ( s t anda rd e r r o r ) . This va lue i s t he •weighted a v e r a g e of the r e s u l t s ob ta ined with 
pur i f ied l i qu ids . (D.J. Hughes; G.R. Ringo, M.T . B u r g y , Argonne Nat iona l L a b o r a t o r y ) 

Ine las t ic S c a t t e r i n g of Low E n e r g y N e u t r o n s in G r a p h i t e (5212, 5260) 

In m i r r o r expe r imen t s^ g r a p h i t e i s v e r y useful a s a f i l te r for p a s s i n g long wave 
length n e u t r o n s . It i s p lanned to u s e a g r a p h i t e f i l t e r for s o m e e x p e r i m e n t s involving 
r e f l ec t i on f r o m a b i s m u t h m i r r o r and the p o s s i b i l i t y was i nves t i ga t ed of i m p r o v i n g the 
t r a n s p a r e n c y of g r a p h i t e at long wave l eng ths by cool ing . The s c a t t e r i n g by g r a p h i t e 
at long •wave l eng ths (> than 6.7 A) i s e n t i r e l y i n e l a s t i c a s t h e r e i s no spin dependen t 
s c a t t e r i n g . Isotopic i n c o h e r e n c e and c a p t u r e a r e a l s o neg l ig ib le . Since t h e r e have 
been s e v e r a l t h e o r e t i c a l i n v e s t i g a t i o n s of i n e l a s t i c s c a t t e r i n g but l i t t l e e x p e r i m e n t a l 
work , it w a s dec ided to check the t h e o r y by m e a s u r e m e n t s at e x t r e m e l y long wave 
l eng ths . The t h e r m a l chopper d e s c r i b e d in P r o g r e s s R e p o r t s B N L - A S - 2 (1949) and 
B N L - S - 4 (1948) i s now in o p e r a t i o n and h a s p r o d u c e d m e a s u r a b l e i n t e n s i t i e s of 20 A 
n e u t r o n s . It i s t h e r e f o r e qui te v a l u a b l e for i n e l a s t i c s c a t t e r i n g m e a s u r e m e n t s , and it 
was u sed for t h i s work. 



17 

T h e o r e t i c a l l y , the i ne l a s t i c s c a t t e r i n g c r o s s s e c t i o n for g r a p h i t e i s p r o p o r t i o n a l 
to wave l eng th and it v a r i e s r a p i d l y with about the 5 /2 power of the a b s o l u t e t e m p e r a 
t u r e . The m e a s u r e m e n t s m a d e so far r e s u l t in a c r o s s s ec t i on of 0.8 b a r n s at 7 A for 

o 
g r a p h i t e a t r o o m t e m p e r a t u r e . In the r a n g e 7 to 15 A, t he c r o s s s e c t i o n i s p r o p o r t i o n 
a l to wave length- The v a r i a t i o n with g r a p h i t e t e m p e r a t u r e has been m e a s u r e d f r o m 
80° to 370° a b s o l u t e . In t h i s t e m p e r a t u r e r a n g e , t he c r o s s s ec t i on c h a n g e s with t e m 
p e r a t u r e l e s s r a p i d l y t han p r e d i c t e d by t heo ry . The p o s s i b i l i t y tha t a d s o r b e d g a s m i g h t 
b e con t r ibu t ing to the c r o s s s e c t i o n i s be ing inves t iga t ed by o b s e r v i n g the n e u t r o n 
t r a n s m i s s i o n of a g r a p h i t e s a m p l e whi le i t i s held at a h igh t e m p e r a t u r e in a s p e c i a l 
fu rnace , (G. W. Johnson , H. P a l e v s k y , D.J. Hughes) 

C o h e r e n t C r o s s Sect ion and R e s o n a n c e s in Te l lur iunn (5212) 

The i n c o h e r e n t s c a t t e r i n g c r o s s sec t ion of t e l l u r i u m for slo\v n e u t r o n s has b e e n 
m e a s u r e d by the m e t h o d d e s c r i b e d in the l a s t q u a r t e r l y p r o g r e s s r e p o r t and i t i s 0.6 -
0.2 b a r n s . The f r e e c r o s s s ec t i on m e a s u r e s 4,6 b a r n s . Sepa ra t ed i s o t o p e s a r e now 
being u s e d to a t t e m p t to account for the i n c o h e r e n t s c a t t e r i n g , P o m e r a n c e r e p o r t s a 
t h e r m a l a b s o r p t i o n c r o s s s ec t i on of 393 b a r n s for Te and 68 b a r n s for Te , with 
only s m a l l c r o s s s e c t i o n s for a l l r e m a i n i n g i s o t o p e s . On the b a s i s of h i s da t a the i d e n 
t i f i ca t ion sugges t ed in t he p r e v i o u s q u a r t e r l y r e p o r t of the p ronounced 2 - e v r e s o n a n c e 
a s due to Te^^'* i s being r e - e x a m i n e d , (I.W. R u d e r m a n , C.S. Heindl , Co lumbia Un ive r 
sity; R . J . W e i s s , Wate r town A r s e n a l , A r m y O r d n a n c e D e p a r t m e n t ) 

Cohe ren t N e u t r o n Sca t t e r ing f r o m G a s e s • (5212) 

M e a s u r e m e n t s on t h e r m a l n e u t r o n c o h e r e n t s c a t t e r i n g f r o m O2, N2, He, and A 
w e r e m a d e at the Oak Ridge r e a c t o r and have been cont inued a t B r o o k h a v e n . A wel l 
co l l ima ted b e a m was to ta l ly r e f l e c t e d at ang le s of 2 - 5 m i n f r o m m i r r o r s u r f a c e s of 
e thylene g l y c o l s , l uc i t e and a l u m i n u m . Gas p r e s s u r e in the s u r r o u n d i n g c h a m b e r was 
v a r i e d f r o m 0 to 150 a t m o s p h e r e s , t hus va r y ing the g a s index of n e u t r o n r e f r a c t i o n . 
Since r e f l e c t e d i n t ens i t y d e p e n d s on the s q u a r e of t h e change of r e f r a c t i v e index a t t he 
g a s m i r r o r i n t e r f a c e , the r e f r a c t i v e index of the g a s , and hence t he c o h e r e n t s c a t t e r i n g 
c r o s s sec t ion , c a n b e deduced f r o m a p r e s s u r e - i n t e n s i t y p lot , a c c o r d i n g to t he r e l a t i o n s : 

1 -
Po 

and S/SQ = nCrVnoCXô  

w h e r e P = g a s p r e s s u r e 
Pf, = p r e s s u r e at which gas and m i r r o r index a r e equal 

6 = 1 - r e f r a c t i v e index of the g a s 
5Q = 1 - r e f r a c t i v e index of the m i r r o r 

n = a t o m i c dens i t y of t he gas 
nQ = a t o m i c dens i t y of the m i r r o r 

o" = c o h e r e n t c r o s s s ec t i on of g a s 
(T/, = c o h e r e n t c r o s s s ec t i on of m i r r o r 

R e s u l t s for oxygen w e r e in good enough a g r e e m e n t wi th t he c r o s s s ec t i on of 4.2 
b a r n s obta ined by Wollan and Shull f r o m di f f rac t ion m e a s u r e m e n t s to ver i fy app l i cab i l i t y 
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of t he s a m e equat ion for i ndex of r e f r a c t i o n in g a s e s . The n i t r o g e n c r o s s s e c t i o n w a s 
about 2,5 t i m e s g r e a t e r than t h a t of oxygen, and d i s a g r e e s wi th t he va lue 4.6 b a r n s 
f r o m di f f rac t ion . M o r e a c c u r a t e m e a s u r e m e n t s wil l be n e c e s s a r y to g ive quan t i t a t i ve 
va lue s for He and A. (A.W. McReyno lds ) 

S t a t i ona ry P r o p e r t i e s of Nuc le i 

M a s s Va lues in the Region Al - S 

,27 :28 

(5212) 

Si29, si^O and S^^ M a s s s p e c t r o g r a p h da ta a r e now ava i l ab l e for t he Al , Si 
i s o t o p e s . B e c a u s e of i n a c c u r a c i e s in t he m a s s d i f f e r e n c e s (Na'^-^ - Na ) and (S - Cl) 
da t a , t he Al to S m a s s e s , l ike t h o s e of Ne and Na ( r e p o r t e d in t he l a s t q u a r t e r l y r e p o r t ) , 
a r e i so l a t ed f r o m o ther i s o t o p e s . Howeve r , it i s not a s t r a i g h t f o r w a r d ca l cu l a t i on , a s 
i t i s in the neon r eg ion , to fit t h e m a s s de fec t s to a g r e e with t he m o r e a c c u r a t e m a s s 
d i f fe rence da ta r e s u l t i n g in t he l a t t e r r e g i o n f r o m the M . L T . g r o u p ' s r e c e n t Q v a l u e s 
( p r i va t e c o m m u n i c a t i o n ) . B e c a u s e of t h i s , a fit of t h e s e f ive m a s s d e f e c t s in t he s i l i 
con r e g i o n has b e e n m a d e by the m e t h o d of l e a s t s q u a r e s . The o b s e r v e d and b e s t - f i t 
v a l u e s a r e g iven in T a b l e 8 and the r e a c t i o n s a r e i l l u s t r a t e d in F i g u r e 8. The o b s e r v e d 
va lue s fit wel l into t h i s s c h e m e so tha t only s m a l l a d j u s t m e n t s a r e n e c e s s a r y . Howeve r , 
a s igni f icant ly d e c r e a s e d p r o b a b l e e r r o r r e s u l t s for t he b e s t - f i t m a s s e s . The Al ° , 
P and p-^'^ m a s s de fec t s have b e e n d e t e r m i n e d f r o m an a p p r o x i m a t e fit of t h e o b 
s e r v e d m a s s d i f f e r ences with t he r e s u l t s of the l e a s t - s q u a r e s a n a l y s i s . T h e b e s t - f i t 
va lue s depend on the v a l u e s of n ,p ,d and a. V a r i a t i o n s in c u r r e n t v a l u e s of a wi l l c a u s e 
a change in t he b e s t - f i t v a l u e s of about 0.02 m i l l i - m a s s - u n i t s (mmu) . 

32 + 
The va lue S = - 1 9 . 1 1 - . 0 7 m m u given by Okuda and Ogata has not b e e n u s e d b e 

c a u s e of i t s l a r g e d i s c r e p a n c y with o the r m a s s s p e c t r o g r a p h da ta of Duckwor th ( p r i 
va te c o m m u n i c a t i o n ) As ton , and Smith ( l a s t q u a r t e r l y r e p o r t ) . The m a s s d e f e c t s g iven 

Tab le 8 

M a s s Defec ts in the Reg ion Al - S 

Quant i ty 

Al2^ 
Si^S 
Si29 
Si30 
S32 

Si^O - Al%^ 
S32 - Si^^ 
Si30 - Si29 
Si29 . s i28 

Al28 
p 3 1 
p 3 2 

B e s t - F i t Va lues 
(mmu) 

-10 .17 ± .06 
- 1 4 . 1 9 t . 0 5 
- 1 4 . 2 9 i .05 
-16 .97 ± . 0 6 
-17 .72 ± .05 

-6 .799 
- 3 . 4 3 ^ 
- 2 , 6 8 
-0 .100 
- 9 . 4 8 ± .06 

-16 .35 i . 0 5 
- 1 5 . 8 9 t .05 

O b s e r v e d Value 
(mmu) 

-10 .20 ± . 0 8 
-14 .19 ± . 0 8 
-14 .33 ± . 1 4 
-17 .10 ± . 1 5 
-17 .63 ± . 0 9 

-6 .799 ± . 0 l 5 
- 3 . 4 4 ^ ± . 0 2 ^ 
- 2 . 5 8 ± . 1 0 
-0 .100 ± .02 



a r e c o n s i s t e n t with the m a s s of A-'" a s g iven by R o b e r t s and Nie r (Bull . A m e r . P h y s , 
Soc. 2A, 7 (1949)) and by r e a c t i o n da ta . The a g r e e m e n t of t h e s e m a n y independen t 
m e a s u r e m e n t s f i r m l y s u b s t a n t i a t e s the r e c e n t m a s s m e a s u r e m e n t s of S-*'̂ . F o u r t e e n 
o t h e r i s o t o p e s a r e l inked to t h e Al - S cha in by one o r m o r e r e a c t i o n s wi th e r r o r s of 
0.1 to 0.3 m m u , A m o r e c o m p l e t e l i s t of m a s s de fec t s and s o u r c e d a t a wil l be p u b 
l i shed for t he r a n g e Z = 10 to Z = 20. (H. Motz) 

T i m e - o f - F l i g h t M a s s S p e c t r o m e t e r (5212) 

The m a g n e t i c t i m e - o f - f l i g h t m a s s s p e c t r o m e t e r , b a s e d on p r i n c i p l e s d e s c r i b e d 
p r e v i o u s l y , i s now deve loped to t he s t a g e w h e r e m e a s u r e m e n t s a r e be ing p e r f o r m e d . 
The p r o b a b l e e r r o r s obta ined to da t e a r e l e s s than 2 mnnu. R e c e n t i m p r o v e m e n t s in 
ion s o u r c e s and v a c u u m condi t ions p r o m i s e b e t t e r p r e c i s i o n in t h e n e a r f u t u r e . 

The f i r s t new m a s s e s m e a s u r e d w e r e 
t h o s e of Rb85 and Rb^^ , n a m e l y , 84.9305 ± 
0.0015 and 86,929 ± 0.0015. T h e m a s s of 
K^^ was m e a s u r e d a s 2,000 ± ,002 l a r g e r 
than the kno'wn m a s s of K^^', which is 
38.975. 

In o r d e r to avoid s y s t e m a t i c e r r o r s , 
85 t he m a s s of Rb w a s r e f e r r e d to the m a s s 

of C5H12 (84.1204 ± 0.0003) by m e a s u r i n g 
the r a t i o of t h e i r t i m e s of fl ight, A fl ight 
pa th of 6 r e v o l u t i o n s w a s m o s t su i t ab le 
for o b s e r v a t i o n s , the t i m e being about 900 
u s e e which could be m e a s u r e d with an e r 
r o r of about .01 ixsec F o r Rb a lone , f l ight 
p a t h s of 1 0 r e v o l u t i o n s could b e u s e d with 
a f l ight t i m e of 1400 | j , sec 

Figure 8. Reactions used for determining mass 
values of isotopes of A l to S. T h e p r e c i s i o n m e a s u r e m e n t s have r e 

vea led t ha t s y s t e m a t i c e r r o r s m a y b e 
c a u s e d by e l e c t r i c a l s u r f a c e p o t e n t i a l s . 
T h e s e affect the t i m e s of flight of d i f fe ren t 

m a s s e s in a n o n - l i n e a r way and, m o r e o v e r , t h e i r effect m a y change f r o m day to day. 
By c o m p a r i n g t h e t i m e s of f l ight of two known m a s s e s , such a s C6H12 and C^H^, i t w a s 
found tha t p e r t u r b i n g f ie lds w e r e u s u a l l y l e s s t han 2 m v / c m and c a u s e d an e r r o r of l e s s 
than 1 in 10"*"̂  when n n a s s e s one uni t a p a r t w e r e be ing c o m p a r e d . 

The t i m e m e a s u r e m e n t s a r e m a d e by m e a n s of a p u l s e - m a t c h i n g s y s t e m s i m i l a r 
to t ha t u s e d in L o r an nav iga t ion . It w a s c o n s t r u c t e d by t h e BNL E l e c t r o n i c s Divis ion. 
( E . E . H a y s , P . I . R i c h a r d s , S.A. Goudsmi t ) 

K r a m e r s ' T h e o r e m and N u c l e a r Effec ts in P a r a m a g n e t i c A b s o r p t i o n (5212) 

Shor t ly a f te r the d i s c o v e r y of the hyper f ine s t r u c t u r e in so l id s by P e n r o s e (Na tu re 
163, 992 (1949)), P r y c e (Na tu re 164, 116 (1949)) poin ted out a r e l a t i o n s h i p b e t w e e n AH, 
the s e p a r a t i o n of the hyper f ine s t r u c t u r e componen t s of t h e coba l t ion, and 6, the ang le 
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be tween the c r y s t a l l i n e ax i s and the appl ied m a g n e t i c f ield. L a t e r I n g r a m ( P r o c . P h y s . 
Soc, A 6 2 , 664 (1949)) showed t h a t t h i s s a m e r e l a t i o n appl ied to the c o p p e r ion. It 
s e e m e d a p p r o p r i a t e , t h e r e f o r e , to i n v e s t i g a t e t he cond i t ions unde r which P r y c e ' s r e 
l a t i on would b e va l id . His r e l a t i o n a p p e a r s to be a c o n s e q u e n c e of K r a m e r s ' t h e o r e m 
( P r o c . Akad, A m s t . 35, 1272 (1932)), when the effect of t h e n u c l e a r m a g n e t i c m o m e n t 
i s t aken into accoun t to the f i r s t a p p r o x i m a t i o n . 

L e t \pi and \p 2 be t he wave funct ions of a double d e g e n e r a t e e l e c t r o n g round 
s t a t e of a p a r a m a g n e t i c ion. In t he p r e s e n c e of a m a g n e t i c f ield, t h e d e g e n e r a c y wil l 
be r e m o v e d and the wave funct ions of the two s t a t e s b e c o m e s 

Ŵ = [ s j . s i n ^ i + (g.g^i co%e)4i^ / [ 2 g ( g - g „ cos^)] ^ (1) 

f .^ "" [-(E-g|| cos5)^/'j + g|_ s i n f t / z j ] / [ 2 g ( g - g , | c o s ^ ) ] ^ (2) 

c o r r e s p o n d i n g to the m a g n e t i c e n e r g i e s l /2 jxggH and - l / 2 n g g H . H e r e g i s given 
by (g,, cos i9 + g^ aiTT'OY' . The quan t i t i e s g and g j^ wil l depend, of c o u r s e , upon 
the p a r t i c u l a r ion and the c r y s t a l l i n e e l e c t r i c field, but t he f o r m of t he wave funct ions 
a s given above wil l be the s a m e for any ion. T h e i n v a r i a n c e r e q u i r e m e n t l e a d s to the 
following e x p r e s s i o n for t he n u c l e a r i n t e r a c t i o n p o t e n t i a l : 

V = a j L - I + a j C a i T s - r / r ^ - I - S ) + a g l ' S ( 3 ) 

If J i s a good quan tum n u m b e r , t he above i n t e r a c t i o n po ten t i a l can be e x p r e s s e d in the 
f o r m ajl* J. In addi t ion , t h e r e i s t h e t e r m r e p r e s e n t i n g t h e i n t e r a c t i o n of t he n u c l e a r 
m a g n e t i c m o m e n t with t he e x t e r n a l m a g n e t i c f ield. T h e d iagona l e l e m e n t s of equat ion 
(3) can b e w r i t t e n 

(1 ,m |v | l ,m) = - (2 ,m|v |2 ,m) = Am 

w h e r e m = I, I - 1, L T h i s fo l lows f rom a r e l a t i o n pointed out by K r a m e r s . The 
wave func t ions ( l ) and (2) then y ie ld 

i±%, ra|v|±W, m) = ±Amg| cas6/% 

and, for t he of f -d iagonal e l e m e n t s 

I I + g , sinO i4 
(+W, m + l | v |+ !4 , m) = i B [ l ( I + 1) -m(m + 1 ) ] 

2g 

The e igen v a l u e s a r e 
E(M.m) = Mg/l̂ H + [ (WAi/,, g,/g+7H)^cos^e + (MAl/ĵ  g^/g+-yH)*s in*^] ^ 

E(-H,m) = Wg/JgH - [(-i4^v„g„/g+7H)^cos^e + {-^At\v^ gj^/g+TH) s in^^ ] 

In t he above r e s u l t , \/Zi^v^^ and l/2A7^j_ w e r e subs t i t u t ed for A and B, s i n c e t h e s e 
q u a n t i t i e s can be identif ied with one-ha l f of the e x p e r i m e n t a l l y o b s e r v e d s e p a r a t i o n of 
the hyper f ine s t r u c t u r e componen t s for p a r a l l e l and p e r p e n d i c u l a r f i e lds . F o r a l lowed 
t r a n s i t i o n s , A m = 0 , a s s u m i n g y H i s s m a l l c o m p a r e d to A;> .. and i^v ^ , t he ene rgy 
s e p a r a t i o n for l e v e l s be tween which t r a n s i t i o n s a r e a l lowed i s 

E(W,m) - E(-W.ni) = / ^ g H ^ + — [ A v ^ ' g i^^cos '0 + A^^'g^^^^ i n ^ ^ j 
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w h e r e AH i s t he s e p a r a t i o n be tween ad jacen t hyper f ine s t r u c t u r e c o m p o n e n t s in m a g 
net ic field u n i t s . A s i m i l a r r e l a t i o n , in a s l ight ly d i f fe ren t f o r m , has b e e n g iven by 
P r y c e . (C. Kikuchi , Mich igan Sta te Col lege) 

High E n e r g y P a r t i c l e P h y s i c s 

Nuc lea r Ef fec ts in P a r a m a g n e t i c A b s o r p t i o n (5212) 

The p r e s e n t s tudy was u n d e r t a k e n to i n v e s t i g a t e t h e o r e t i c a l l y t he p o t e n t i a l i t i e s of 
the p a r a m a g n e t i c a b s o r p t i o n t e c h n i q u e for t he m e a s u r e m e n t of c e r t a i n n u c l e a r c o n 
s t a n t s , n a m e l y s p i n s , m a g n e t i c m o m e n t s , and e l e c t r i c q u a d r u p o l e m o m e n t s , and for the 
study of e l e c t r i c and m a g n e t i c i n t e r a c t i o n s of nuc le i in so l i d s . F o r t he p a i r of r a r e 
e a r t h i ons , Gd"'"''"'' and Nd , it w a s concluded tha t t h e s e p a r a t i o n of hyper f ine s t r u c 
t u r e c o m p o n e n t s for Gd"'"'""'" m igh t b e s m a l l , whi le tha t for Nd'*""'""'" m igh t be l a r g e . Th i s 
conc lus ion h a s in fact b e e n con f i rmed in a r e c e n t e x p e r i m e n t a l ^work by B leaney and 
Scovil ( P r o c . P h y s . Soc. 63A, 1369 (1950)). A phenomeno log i ca l n u c l e a r i n t e r a c t i o n 
po ten t i a l was a s s u m e d in an a t t e m p t to c o r r e l a t e s p e c t r o s c o p i c , p a r a m a g n e t i c , and n u 
c l e a r speci f ic hea t m e a s u r e m e n t s . It was found tha t t he hyper f ine s t r u c t u r e coupling 
c o n s t a n t s computed f r o m the t h r e e m e a s u r e m e n t s a r e in good a g r e e m e n t if i t i s a s 
s u m e d tha t t he d i p o l e - d i p o l e t e r m for c r y s t a l l i n e ions is s m a l l in c o m p a r i s o n with t he 
e l e c t r o n - s p i n - n u c l e a r - s p i n t e r m . In t he c o u r s e of t h i s i nves t iga t ion , a g e n e r a l r e l a 
t ion for the angu la r dependence of the s e p a r a t i o n of hype r f ine s t r u c t u r e c o m p o n e n t s 
was ob ta ined : 

g* ( A H ) J = g* (AH)||' COS^^ + fi* (AH)1 s in^e 

w h e r e ( A H ) ^ , (AH), , , and (AH)J_ r e s p e c t i v e l y a r e the hyper f ine s t r u c t u r e componen t 
s e p a r a t i o n s when the m a g n e t i c field m a k e s the a n g l e s 6 , 0, and 90° wi th r e s p e c t to the 
c r y s t a l l i n e a x i s . (C. Kikuchi , Mich igan State Col lege) 

A T h e o r y of Diffusion Cloud C h a m b e r s (5212) 

The following p h e n o m e n a m u s t be explained by a quan t i t i ve d e s c r i p t i o n of diffusion 
c h a m b e r s : 

1. The dep th of t he c h a m b e r t h r o u g h which t r a c k s a r e f o r m e d is u s u a l l y not m o r e 
than 3 in high. G r e a t e r dep ths up to p e r h a p s 5 in have b e e n o b s e r v e d , but s e e m to be 
only t r a n s i e n t - - tha t i s , m a y o c c u r be fo re c o m p l e t e t e m p e r a t u r e e q u i l i b r i u m has b e e n 
r e a c h e d . 

2. Diffusion c h a m b e r s work about equal ly wel l ove r a r a n g e of d i f fe ren t t e m p e r a 
t u r e d i s t r i b u t i o n s . 

3. C h a m b e r s f i l led with a i r o r a r g o n a t p r e s s u r e s os s e v e r a l a t m o s p h e r e s g ive t r a c k s 
only t h r o u g h a m o r e r e s t r i c t e d depth , whi le hyd rogen and h e l i u m c a n b e u s e d only a t h i g h e r 
p r e s s u r e s and a r e u n s t a b l e a t n o r m a l p r e s s u r e i f t h e vapo r diffuses d o w n w a r d s . 
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4. If a diffusion c h a m b e r i s i r r a d i a t e d con t inuous ly at a r a t e g r e a t e r than 3 to 5 
t i m e s tha t of c o s m i c r a d i a t i o n at s e a l eve l , the vapor supply is soon exhaus ted and no 
t r a c k s can be seen . However , r a t h e r i n t e n s e pu l sed r a d i a t i o n s can be t o l e r a t e d if an 
e l e c t r i c sweeping field is appl ied bet 'ween the p u l s e s . 

F r o m (4) one conc ludes tha t the supply of vapor in a diffusion c h a m b e r i s e a s i l y 
exhaus ted by d r o p w i s e condensa t i on on ions . T h e r e f o r e the t h e o r y m u s t t a k e c o n d e n 
sa t ion into accoun t . Condensa t ion on u n c h a r g e d nuc le i i s a d i s t u rb ing p h e n o m e n o n 
which b e c o m e s m o r e p ronounced a t high t e m p e r a t u r e s but m a y be neg l ec t ed at lower 
t e m p e r a t u r e s w h e r e diffusion c h a m b e r s g e n e r a l l y o p e r a t e b e t t e r a s r e g a r d s qua l i ty of 
the t r a c k s and s tab i l i ty of the g a s in t he c h a m b e r . 

To f o r m u l a t e a t h e o r y , t he following equa t ions have b e e n s e t up : 

1. A diffusion equat ion t a k e s accoun t of the t r a n s p o r t of vapor f r o m r e g i o n s at 
h igher t e m p e r a t u r e s to t h o s e at l ower t e m p e r a t u r e s , w h e r e super s a t u r a t i o n t a k e s 
p l ace . The vapor dens i ty i s t h u s d e t e r m i n e d in p a r t by the flux of vapor . 

2. The g r a d i e n t in vapor flux i s d e t e r m i n d by the amoun t of condensa t i on tak ing 
p l a c e in the s u p e r s a t u r a t e d r e g i o n , whi le the amoun t of condensa t ion on any d r o p is 
d e t e r m i n e d by the vapor dens i ty . Thus a diffusion equa t ion for the vapor diffusing t o 
ward the d r o p i s se t up . As the d r o p g r o w s i t s t e m p e r a t u r e i n c r e a s e s , b e c a u s e of the 
r e l e a s e of l a t en t hea t . T h e r e f o r e the vapor p r e s s u r e of the d r o p i n c r e a s e s , p a r t i a l l y 
c o u n t e r a c t i n g t he diffusion p r o c e s s . Another equat ion d e s c r i b e s the conduct ion of hea t 
fronn the d r o p . 

3. While a d r o p is growing it f a l l s at an i n c r e a s i n g speed d e t e r m i n e d by S tokes ' 
equat ion. Thus the condi t ions a round the d r o p change a s it t r a v e l s into r e g i o n s of low
er t e m p e r a t u r e and lower vapor dens i t y . Th i s would c o m p l i c a t e c o n s i d e r a b l y the boun
d a r y cond i t ions for the equa t ions of diffusion and hea t conduct ion a round a d r o p , w e r e 
it not tha t one can show tha t the d r o p fa l l s so s lowly tha t the r e s u l t i n g t r a n s i e n t s can 
be neg lec ted . T h e r e f o r e , s e m i - s t a t i o n a r y so lu t ions of the d r o p l e t p r o b l e m m a y b e u s e d . 

4. The g r a d i e n t in vapor flux a s affected by d rop f o r m a t i o n depends upon the i on i 
za t ion d e n s i t y in the g a s , 

5. The e n e r g y i s ba l anced by hea t suppl ied to t he g a s . The r e s u l t a n t heat ing is 
used to c a l c u l a t e the ve loc i ty t he g a s will a s s u m e when e q u i l i b r i u m is e s t a b l i s h e d with 
hea t exchange to t he wa l l s of t h e c h a m b e r by convec t ion . 

A r e s u l t i n g i n t e g r a l equat ion h a s been solved for a n u m b e r of c a s e s , giving the 
t e m p e r a t u r e d i s t r i b u t i o n n e c e s s a r y to obta in c r i t i c a l super s a t u r a t i o n t h r o u g h a given 
v o l u m e . The following g e n e r a l r e s u l t s have been ob ta ined : 

1. The t e m p e r a t u r e a t the b o t t o m , a s well a s t he in i t ia l t e m p e r a t u r e g r a d i e n t at 
the bo t tom of the c h a m b e r , m u s t be a r b i t r a r i l y chosen . The g r a d i e n t n e c e s s a r y to s u s 
t a in c r i t i c a l super s a t u r a t i o n t h r o u g h a given dep th of the c h a m b e r i s then a c h a r a c t e r 
i s t i c of the g a s , the g a s p r e s s u r e , t he v a p o r , and the ion iza t ion dens i ty . T h e r e is a l 
ways a p o s s i b l e t e m p e r a t u r e d i s t r i b u t i o n tha t is n e a r l y l i n e a r , and t h i s i s the e a s i e s t 
one to obta in unde r con t ro l l ed cond i t ions . The l i n e a r g r a d i e n t i s c a l cu l a t ed to be about 
3. 7 ° C / c m for a i r a t 1 a t m o s p h e r e , and about 6. 5 ° C / c m for a i r at a p r e s s u r e of 3 a t 
m o s p h e r e s . The c a l c u l a t i o n s a s s u m e the u s e of m e t h a n o l a s a vapor in al l c a s e s b e c a u s e , 
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of the v a p o r s u s u a l l y u sed in cloud c h a m b e r s , it h a s t he lo^vest m o l e c u l a r weight , and 
the s m a l l e s t amoun t of super s a t u r a t i o n is r e q u i r e d for the g rowth of d r o p l e t s . The 
t e m p e r a t u r e g r a d i e n t r e q u i r e d for o p e r a t i o n at 3 a t m o s p h e r e s of a i r r e s u l t s in top 
t e m p e r a t u r e s so high tha t o p e r a t i o n would be diff icult , b e c a u s e of b a c k g r o u n d fog and 
d i f fuseness of t he t r a c k s . 

2. F o r o p e r a t i o n at m o d e r a t e t e m p e r a t u r e s , p r e s s u r e s have b e e n ca l cu l a t ed at 
which o the r g a s e s wil l behave l ike a i r at a g iven p r e s s u r e with i t s o p t i m u m t e m p e r a 
t u r e d i s t r i b u t i o n . It i s found tha t 1 a t m o s p h e r e of a i r should o p e r a t e a s wel l a s about 
10 a t m o s p h e r e s of hydrogen , 5 a t m o s p h e r e s of h e l i u m , o r 0.7 a t m o s p h e r e s of a rgon . 
Since o p e r a t i o n w^ith a i r -would be u n s u c c e s s f u l at 3 a t m o s p h e r e s , one i n f e r s tha t a 
p r e s s u r e l i m i t for hyd rogen is to b e found n e a r 30 a t m o s p h e r e s . 

3. An i n c r e a s e in t he amoun t of r a d i a t i o n f r o m 3 to 5 t i m e s t ha t of t he c o s m i c 
r a d i a t i o n a t s e a l eve l h a s t he s a m e effect a s an i n c r e a s e of 2 to 4 t i m e s in p r e s s u r e . 
T h e r e f o r e e l a b o r a t e sh ie ld ing m a y be n e c e s s a r y for o p e r a t i o n n e a r a c c e l e r a t o r s . If 
s t r o n g e r r a d i a t i o n s a r e to be u s e d it i s n e c e s s a r y to g ive the vapor supply a c h a n c e to 
r e c o v e r by pu l s ing the r a d i a t i o n . C o s m i c r a d i a t i o n fal l ing on a diffusion c h a m b e r at 
m o u n t a i n a l t i t u d e s m a y not o v e r l o a d it , but i n t e n s i t i e s a t a i r p l a n e a l t i t udes a r e p r o b 
ably too high. (R. P . Shutt) 

Ope ra t i on of Diffusion Cloud C h a m b e r s at High P r e s s u r e s (5212) 

High p r e s s u r e c loud c h a m b e r s a r e wel l su i ted for t he s tudy of n u c l e a r i n t e r a c t i o n s 
in g a s e s . S ince high p r e s s u r e expans ion c h a m b e r s canno t be cyc led f r equen t ly enough 
for efficient u t i l i z a t i on of a c c e l e r a t o r s , a con t inuous ly s e n s i t i v e c h a m b e r for p r e s s u r e s 
up to 20 a t m o s p h e r e s has b e e n c o n s t r u c t e d . It c o n s i s t s of a s t a i n l e s s s t e e l cy l inde r 
3/16 in th ick , 13 in, in d i a m e t e r , and 11 in high, wi th a 1 in th ick s t ee l bo t tom welded 
to it , and an O - r i n g - s e a l e d l uc i t e or g l a s s window, 5 - 1 / 2 in x 3 in, A 2 in th ick a l u m i 
num disk c a r r y i n g a g l a s s window 3 in. in d i a m e t e r at the c e n t e r i s c l a m p e d to a f lange 
welded to the top of the s t a i n l e s s s t e e l cy l inde r . Hea t i s suppl ied e l e c t r i c a l l y by m e a n s 
of r e s i s t a n c e w i r e wound with a s b e s t o s co rd and pushed t h r o u g h l / 4 - i n c o p p e r tubing, 
which i s s o l d e r e d a round the s t e e l cy l i nde r . Heat can a l so be suppl ied to the top by 
m e a n s of s i m i l a r un i t s lying in g r o o v e s cut in the a l u m i n u m d isk . A b l ack C a r r a r a 
g l a s s p l a t e f o r m s the background a t t he bo t tom. Methano l vapor i s e v a p o r a t e d f r o m 
t h r e e c o n c e n t r i c copper t r a y s a t t ached to the top d i sk . The un i t s t ands in a c i r c u l a r 
t r a y fi l led with a m i x t u r e of a lcohol and c r u s h e d d r y i c e . " K i m s u l " i s u s e d for t h e r m a l 
insu la t ion . T e m p e r a t u r e d i s t r i b u t i o n s can be m e a s u r e d by m e a n s of t h e r m o c o u p l e s . 

With a i r or a r g o n a t p r e s s u r e s above 2 a t m o s p h e r e s , it b e c o m e s i n c r e a s i n g l y dif
f icul t to ob ta in t r a c k f o r m a t i o n t h r o u g h an a c c e p t a b l e dep th of the c h a m b e r . With 1 a t 
m o s p h e r e of a i r a n e a r l y l i n e a r t e m p e r a t u r e g r a d i e n t of 3 . 9 ° C / c m r e s u l t s in a t r a c k -
s e n s i t i v e dep th of 2 - 1 / 2 in. At 3 a t m o s p h e r e s of a i r and with the o p t i m u m t e m p e r a t u r e 
g r a d i e n t of 7 ° C / c m th i s depth i s only 1-1/2 in and m u c h backg round fog due to t he f o r 
m a t i o n of u n c h a r g e d d r o p s can b e seen . 

With t he vapor diffusing downward , and he l ium or h y d r o g e n a s g a s e s , t he c h a m b e r 
b e c o m e s s t a b l e only a t p r e s s u r e s of s e v e r a l a t m o s p h e r e s . With h y d r o g e n a t 12 a t m o s 
p h e r e s an a v e r a g e g r a d i e n t of about 3 . 6 ° C / c m r e s u l t s in a t r a c k - s e n s i t i v e l a y e r 2 - 1 / 2 
in deep . In a l l e x p e r i m e n t s t he bo t t om t e m p e r a t u r e w a s kep t at - 6 0 ° C , whi le t h e t e m 
p e r a t u r e of the evapora t ing l iquid \vas kept n e a r 10 C, excep t for the e x p e r i m e n t w^ith 



24 

3 a t m o s p h e r e s of a i r , w h e r e a t e m p e r a t u r e of 30 C had to be u s e d . 

Moving p i c t u r e s have b e e n t a k e n succes s fu l l y at a r a t e of 8 and 16 f r a m e s p e r sec 
w^ith a i r at 1 l / 2 a t m o s p h e r e s and with hyd rogen at 12 a t m o s p h e r e s . L igh t f r o m a 
1,000-w p r o j e c t o r bulb b e a m e d by m e a n s of a condens ing l ens was u s e d a s a s o u r c e of 
i l l umina t ion . With t h e s e p i c t u r e s the amount of r a d i a t i o n t ha t can be t o l e r a t e d by a 
diffusion c h a m b e r and the effects of an e l e c t r i c sweeping field a r e be ing i n v e s t i g a t e d . 
(D.H. M i l l e r , E .C . F o w l e r , R . P . Shutt) 

Effect of P r o t o n E n e r g y on M u l t i p l i c i t i e s 
in S t a r s F r o m L a r g e and Smal l Nuc le i (5212) 

By m i c r o s c o p i c e x a m i n a t i o n of pho tog raph ic e m u l s i o n s exposed to c o s m i c r a y s in 
high-f lying b a l l o o n s , it h a s been p o s s i b l e , a s s e e n in p r e v i o u s BNL r e p o r t s , to d r a w 
c e r t a i n c o n c l u s i o n s about m e s o n p r o d u c t i o n when high e n e r g y p r o t o n s d i s i n t e g r a t e the 
nuc le i of t he ennulsion. To u n d e r s t a n d the r e s u l t s to be r e p o r t e d now, it i s helpful to 
r e c a l l t h a t among the e a r l i e r f indings w e r e the fol lowing: 

(1) The "number of p r o n g s " ( t r a c k s d e n s e r t han shower t r a c k s and c a u s e d m o s t l y 
by emi t t ed p r o t o n s and h e a v i e r p a r t i c l e s ) iden t i f i es the s i z e of t he n u c l e u s , and any 
s t a r with 9 or m o r e p r o n g s r e p r e s e n t s t he d i s r u p t i o n of a heavy n u c l e u s . 

(2) The m e a n mu l t i p l i c i t y of s h o w e r t r a c k s ( p r e d o m i n a n t l y fas t m e s o n s ) p r o d u c e d 
by 1-8 Bev (median ene rgy 2 Bev) p r o t o n s is about 1.4, the s a m e whe the r f r o m d i s i n 
t e g r a t i n g l ight nuc le i (C, N and O) o r f r o m heavy nuc le i (Ag and B r ) , 

(3) When the m e d i a n ene rgy of t he p r o t o n s i s i n c r e a s e d to about 14 Bev (all e n e r 
g i e s above 8 Bev) , t he m e a n m u l t i p l i c i t y of shower t r a c k s f r o m light nuc le i i s aga in 
1,4 but tha t f r o m heavy nuc le i i s 4 ,2 . 

It was concluded f r o m t h e s e f ac t s tha t p l u r a l c o l l i s i o n s within a nuc l eus a r e m a i n 
ly r e s p o n s i b l e for t he l a r g e r s h o w e r s in the heavy nuc le i . 

In cont inuing the a n a l y s i s , t he l a r g e s t a r s have b e e n c l a s s i f i ed into two g r o u p s , one 
g roup with 9-15 p r o n g s and the o t h e r g r o u p with 16 or m o r e p r o n g s , and a t t en t ion h a s 
been f o c u s s e d on the r e l a t i v i s t i c shower t r a c k s due to fas t m e s o n s . The following 
t ab l e shows the m e a n m u l t i p l i c i t i e s of shower p a r t i c l e s of each g r o u p , a s a funct ion of 
the m e d i a n ene rgy of t he inc iden t p r o t o n s (va r i ed a s b e f o r e by f l ights a t d i f fe ren t l a t i 
t udes ) . The m u l t i p l i c i t y p e r co l l i s i on i s defined a s the r a t i o of the n u m b e r of shower 
t r a c k s to t h e t o t a l n u m b e r ( including t h o s e without shower t r a c k s ) of p r o t o n - i n d u c e d 
s t a r s , whi le t h e mu l t i p l i c i t y p e r s h o w e r is t he r a t i o of t he n u m b e r of shower t r a c k s to 
t he n u m b e r of p r o t o n - i n d u c e d s t a r s with at l e a s t one shower t r a c k . 

The a n a l y s i s a l so shows tha t , in both c a s e s , t h e s t a r s with 16 or m o r e p r o n g s a r e 
in about t he s a m e r a t i o to t h o s e wi th 9-15 p r o n g s , i . e , , t he f o r m e r a r e about t h r e e 
t i m e s nnore n u m e r o u s than the l a t t e r . Th i s r e s u l t shows tha t t he n u m b e r of p r o n g s in 
t he s t a r s i s not s y s t e m a t i c a l l y r e l a t e d to t he e n e r g y of t h e incoming p ro ton . One i s 
left then wi th the conc lus ion tha t the n u m b e r of heavy p r o n g s , and, b e c a u s e of t he c o r 
r e l a t i o n b e t w e e n prong n u m b e r and m u l t i p l i c i t y shown in t he t a b l e , the m u l t i p l i c i t y of 
t he shower p a r t i c l e s a r e d e t e r m i n e d by s o m e s t a t i s t i c a l p a r a m e t e r of the co l l i s ion . 
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Such a p a r a m e t e r i s the r a d i u s of t h e impac t , tha t i s , t he c o n s i d e r a t i o n of whe the r the 
i m p a c t i s h e a d - o n or g lanc ing . 

T a b l e 9 

M e a n Mul t ip l i c i ty of Shower T r a c k s in S t a r s 
Induced by P r o t o n s in Heavy Nuc le i* 

Shower M u l t i p l i c i t i e s 

S t a r s with 9-15 p r o n g s 
p e r co l l i s i on 
p e r m e s o n shower 

S t a r s with 16 p r o n g s 
p e r co l l i s i on 
p e r m e s o n shower 

Med ian E n e r g y of Inc ident P r o t o n s 

2 Bev 

0.8 
2 . 0 

2 . 3 

5.1 

14 Bev 

3.2 
4 . 0 

3.2 
5 .7 

*The s t a n d a r d e r r o r s a r e about 20%. 

Such c o n s i d e r a t i o n s m a y a l s o thro^w s o m e l ight upon t h e v a r i a t i o n , sho^wn in t h e 
t a b l e , of shower m u l t i p l i c i t i e s with p r o t o n ene rgy . Ev iden t ly the shower m u l t i p l i c i t y 
in t he s t a r s of 9-15 p r o n g s is m o r e s e n s i t i v e to the e n e r g y of the incoming p r o t o n than 
is tha t in t he l a r g e r s t a r . 

Th i s effect i s m o s t c o n s p i c u o u s in c o m p a r i n g t h e n u m b e r s of s t a r s which have no 
shower t r a c k s . In the 2 - B e v g r o u p , t h e s e cons t i t u t e half of the s t a r s with 9-15 p r o n g s 
but only one-f if th of t h o s e with m o r e t han 16 p r o n g s , whi le in the 14-Bev g r o u p the 
f r a c t i o n s a r e one-f if th and o n e - t e n t h , r e s p e c t i v e l y . 

So f a r , no d i s t i nc t i on has b e e n m a d e be tween p r o n g s , but they m a y be subdivided 
into "b lack" p r o n g s and " g r a y " p r o n g s , a c c o r d i n g to t h e i r g r a i n d e n s i t i e s . C u r r e n t 
v iews r e g a r d g r a y p r o n g s a s r e c o i l p r o t o n s of f r o m 0.07 to 0.7 Bev e n e r g y , and b l ack 
p r o n g s a s s t i l l l e s s e n e r g e t i c p r o t o n s o r h e a v i e r p a r t i c l e s evapo ra t ed f r o m the d i s r u p 
ted n u c l e u s . F o r the 14 -Bev p r o t o n s , we find the a v e r a g e mu l t i p l i c i t y of g r a y t r a c k s i s 
0.7 t 0.2 in d i s i n t e g r a t i o n s of l ight nuc le i and 5.0 I 0.4 in d i s i n t e g r a t i o n s of heavy n u 
c l e i , a r a t i o of 1 to 7. Since t he c o r r e s p o n d i n g m u l t i p l i c i t i e s of shower t r a c k s i s 1 to 
3 ( s ee i t e m (3) of t he f i r s t p a r a g r a p h ) , i t i s s een tha t in going f r o m a l ight to a heavy 
nuc l eus bo th m e s o n s and fas t r e c o i l p r o t o n s b e c o m e m o r e n u m e r o u s , a s one would e x 
p e c t if they a r e p r o d u c e d by p l u r a l c o l l i s i o n s . The o b s e r v a t i o n tha t the m u l t i p l i c i t y of 
r e c o i l p r o t o n s i n c r e a s e s with n u c l e a r s i z e m o r e t han tha t of the shower p a r t i c l e s s u g 
g e s t s tha t the l a t t e r m a y a l s o p r o d u c e r e c o i l p r o t o n s by c o l l i s i o n s wi th nuc leons a s 
they l e a v e t he n u c l e u s . 

When the s t a r s f r o m heavy nuc le i a r e divided into t he two g r o u p s , 9-15 p r o n g s and 
16 or m o r e p r o n g s , it i s found t h a t the mu l t i p l i c i t y of g r a y p r o n g s is 3.4 - 0.3 in the 
f o r m e r g roup and 6.7 t 0.5 in t he l a t t e r . E v a p o r a t i o n , r e c o i l and shower p a r t i c l e s a r e 
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al l m o r e n u m e r o u s in the l a r g e s t a r s . The l a r g e s t a r s t h e r e f o r e r e p r e s e n t a g r e a t e r 
t r a n s f e r of e n e r g y but not n e c e s s a r i l y a m o r e e n e r g e t i c p r i m a r y . (M. Blau , J. H o r n -
b o s t e l , E. Salant , J, Smith) 

Nuc lea r D i s r u p t i o n s Under G r a p h i t e (5212) 

The s t a r s c o n s i d e r e d in the foregoing d i s c u s s i o n v /e re p roduced by r e l a t i v i s t i c 
ionizing p a r t i c l e s in e m u l s i o n s u n p r o t e c t e d by a b s o r b i n g m a t e r i a l o the r than the 15 
g s m / c m ^ of t h e a t m o s p h e r e above t h e m . On the s a m e f l ight , t h e b a l l o o n s a l s o c a r r i e d 
e m u l s i o n s p l aced b e n e a t h a h e m i s p h e r i c a l she l l of g r a p h i t e , in tended for s tudying the 
a b s o r p t i o n of the p r i m a r i e s and the n u c l e a r d i s r u p t i o n s p r o d u c e d by s e c o n d a r y p a r t i 
c l e s f r o m the g r a p h i t e . C a r b o n w a s c h o s e n b e c a u s e of t he ex t ens ive i n f o r m a t i o n a l 
r e a d y gained about nuc le i of t he s i z e of C f r o m s t u d i e s of t h e s t a r s f r o m light nuc le i 
in the e m u l s i o n s . The t h i c k n e s s of the g r a p h i t e was about a t h i r d of a c o l l i s i o n m e a n 
f r e e pa th for g e o m e t r i c c r o s s s ec t i on so tha t t h r e e - f o u r t h s of the p a r t i c l e s inc iden t 
upon the g r a p h i t e w e r e t r a n s m i t t e d with only the ioni^zation ene rgy l o s s e s . The d i s t r i 
but ion in n u m b e r of p r o n g s of t he s t a r s p r o d u c e d by s e c o n d a r i e s f r o m the g r a p h i t e 
has b e e n deduced f r o m the o b s e r v e d d i s t r i b u t i o n of a l l s t a r s unde r t he g r a p h i t e by 
s u b t r a c t i n g t h r e e - f o u r t h s of t he n u m b e r in e a c h c l a s s o b s e r v e d in an equal a r e a of t he 
u n p r o t e c t e d e m u l s i o n s . 

C o n s i d e r only t h o s e s t a r s p r o d u c e d by r e l a t i v i s t i c ionizing p a r t i c l e s , the s o - c a l l e d 
p - s t a r s ; the r e m a i n d e r , p r o d u c e d by the s e c o n d a r i e s f r o m the g r a p h i t e , had a r e m a r k 
ably d i f fe ren t d i s t r i b u t i o n in p rong n u m b e r f r o m s i m i l a r l y p r o d u c e d s t a r s in the u n 
p r o t e c t e d e m u l s i o n s . W h e r e a s l a r g e s t a r s of 9 or m o r e p r o n g s c o n s t i t u t e about half of 
the p - s t a r s in t h e u n p r o t e c t e d e m u l s i o n s , few, if any, of t h o s e p roduced by the g r a p h i t e 
s e c o n d a r i e s had a s m a n y a s 9 p r o n g s and t h e r e w e r e about equal n u m b e r s in the two 
g r o u p s of 1-5 p r o n g s and of 6-8 p r o n g s . (See T a b l e 10.) 

Number of Stars of Various Pro 

Table 10 

ng Numbers per Day per gm of Emulsion 

Exposure 

(A) Unprotected 

(B) Under graphite 

(B) -3(A)/4 

1-5 

121 
(91)* 

140 
(97) 

49 t 16 

^Figures in parentheses indicate 
emulsions unprotected and undei 

Nunnber of Prongs 

6-8 

51 
(39) 

80 
(55) 

42 ± 13 

9 

116 
(87) 

69 
(48) 

-18 ± 15 

Total 

288 
(217) 

289 
(200) 

73 - 28 

actual numbers of s t a r s measured in 
graphite. 

If i t i s a s s u m e d tha t the s e c o n d a r y p a r t i c l e s f r o m the g r a p h i t e a r e a l s o p r o t o n s , 
the s m a l l e r p r o n g n u m b e r s of t h e s e c o n d a r y - p r o d u c e d s t a r s a s c o m p a r e d with t h o s e of 
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the p r i m a r y - p r o d u c e d s t a r s in t he u n p r o t e c t e d e m u l s i o n s can only m e a n tha t t he e n e r 
g i e s of t he s e c o n d a r i e s a r e l o w e r . Howeve r , t h i s conc lu s ion conf l i c t s wi th t he fac t 
tha t the t r a c k s of the s t a r - p r o d u c i n g p a r t i c l e s a r e r e l a t i v i s t i c , s i nce the p r i m a r y p r o 
ton s p e c t r u m a l r e a d y ex tends down to 1 Bev at the l a t i tude (57°N) w h e r e t he t r a c k s b e 
gin to be m o r e heavi ly ion ized . It m a y t h e r e f o r e be conc luded tha t the s e c o n d a r y s t a r -
p roduc ing p a r t i c l e s a r e not p r o t o n s , and m u s t be m e s o n s . A d i f fe rence in c h a r a c t e r 
of t h e s e s t a r s i s a l s o found in the fact tha t t h e i r shower mu l t i p l i c i t y i s only half tha t 
tha t c h a r a c t e r i z e s t he s t a r s p r o d u c e d by p r i m a r y p r o t o n s . 

A check on the r a t e at which the s e c o n d a r y p a r t i c l e s f rom the g r a p h i t e p r o d u c e 
s t a r s i s ob ta ined f r o m a ca l cu l a t i on of the n u m b e r of m e s o n s expec ted f r o m the m u l t i 
p l ic i ty of shower p a r t i c l e s f r o m s t a r s in l ight nuc le i o b s e r v e d in e m u l s i o n s . One a s 
s u m e s aga in t h a t o n e - q u a r t e r of t he inc iden t p r o t o n s p r o d u c e such s t a r s in t he g r a p h i t e . 
In mak ing th i s ca l cu l a t i on i t i s a s s u m e d tha t the c r o s s s ec t i on for s t a r p roduc t i on by 
m e s o n s i s a l s o g e o m e t r i c . The n u m b e r of s t a r s so ca l cu l a t ed a g r e e s wi th in s t a t i s t i c a l 
e r r o r s with the o b s e r v e d n u m b e r s . 

The l a t i tude of t h i s fl ight was the s a m e as tha t at which P .H. F o w l e r of B r i s t o l 
d e t e r m i n e d the e n e r g y s p e c t r u m of m e s o n s emi t t ed f r o m s t a r s , and the m e s o n s e jec ted 
f r o m the g r a p h i t e should have about the s a m e ene rgy d i s t r i b u t i o n . Fowler '"s work 
p laced the a v e r a g e k ine t i c ene rgy of t he m e s o n s at about 200 Mev, and the a v e r a g e 
ava i l ab l e e n e r g y , including the r e s t ene rgy , at about 350 Mev. 

It was r e c e n t l y r e p o r t e d f r o m Columbia U n i v e r s i t y tha t 350-Mev p r o t o n s f r o m the 
Nevis c y c l o t r o n p r o d u c e d no s t a r s in e m u l s i o n s with m o r e than 8 p r o n g s , and tha t the 
s m a l l e r s t a r s p r e d o m i n a t e d . A s i m i l a r d i s t r i b u t i o n c h a r a c t e r i z e s our s t a r s , p r o d u c e d 
by m e s o n s of about the s a m e to t a l ene rgy . Hence it a p p e a r s t ha t t h e c h a r a c t e r of d i s 
i n t e g r a t i o n s in t h i s e n e r g y r e g i o n d e p e n d s on t h e t o t a l e n e r g y t r a n s f e r r e d and not on 
the c h a r a c t e r of the p a r t i c l e nor i t s m o m e n t u m . 

A flight with e m u l s i o n s u n d e r a g r a p h i t e a b s o r b e r was m a d e at l a t i t ude 31° n o r t h ' 
w h e r e the m e d i a n p r o t o n ene rgy is 14 Bev. H e r e s o m e of t he s e c o n d a r y - p r o d u c e d p -
s t a r s had m o r e than 9 p r o n g s . Th i s shows tha t the m e s o n s f r o m c a r b o n nuc le i a r e 
m o r e e n e r g e t i c , on t he a v e r a g e , when p r o d u c e d by 14 -Bev p r i m a r i e s than when p r o 
duced by 2 - B e v p r i m a r i e s . Th i s r e s u l t i s a l so to be expec ted f r o m our o l d e r r e s u l t s 
on shower m u l t i p l i c i t i e s in l ight e l e m e n t s , ( j . H o r n b o s t e l , E. Salant , J. Smith) 

The Nucleonic Componen t of Ex t ens ive Ai r Showers (5212) 

A c o m p o n e n t of l a r g e a i r sho^wers h a s b e e n found by s e v e r a l a u t h o r s which d i f fe r s 
f r o m both e l e c t r o n s and f i - m e s o n s . It has b e e n g iven the n a m e " N - c o m p o n e n t " b e c a u s e 
of the s i m i l a r i t y of i t s effects wi th t h o s e of the nuc leon ic componen t of the c o s m i c r a y s 
u n a s s o c i a t e d wi th a i r s h o w e r s . Howeve r , the ident i ty of t he N - c o m p o n e n t of a i r show
e r s with t he u n a s s o c i a t e d nuc leonic componen t cannot be c o n s i d e r e d def in i te ly p r o v e n , 
and it p r e s e n t s s o m e p r o b l e m s of r e m a r k a b l e i n t e r e s t . The in tens i ty of t h e s e p a r t i c l e s 
i s about 1% of the e l e c t r o n i c componen t , indica t ing t ha t they a r e p r o d u c e d a s a c a s c a d e . 
T h e i r e n e r g y , of c o u r s e , d e r i v e s f r o m the p r i m a r y of t h e e l e c t r o n i c shower which m a y 
be in the r a n g e 10^^ -̂ Q IQ ev, but the m e c h a n i s m by which the nuc leonic c a s c a d e s 
deve lops i s s t i l l unknown. 

In app roach ing th i s p r o b l e m , the f i r s t ques t ion is the following: Do the N - c a s c a d e s 
and the e l e c t r o n i c c a s c a d e s deve lop independent ly a f te r be ing s t a r t e d by the s a m e 
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Figure 9. Frequency f(5)of air showers which 
are coincident with a penetrating shower and 
whose density exceeds 6 electrons per square 
meter . Points a re shown for separations of 5.5 

and 0 mete rs between the two detectors. 

p r i m a r y , or d o e s one componen t con t inu
ously r e p r o d u c e the o the r a s i t p a s s e s 
down t h r o u g h the a t m o s p h e r e ? 

In s t u d i e s c a r r i e d on a t t he m o u n t a i n 
s t a t ion in C o l o r a d o , the i n t ens i t y of t he N -
componen t i s be ing o b s e r v e d by the u s e of 
a p e n e t r a t i n g sho^wer d e t e c t o r o p e r a t e d in 
co inc idence with widely s e p a r a t e d coun t 
e r s t ha t d e t e c t e x t e n s i v e a i r s h o w e r s . 
M e a s u r e m e n t s have b e e n m a d e a t v a r i o u s 
e l eva t ions above s e a l eve l up to 14,000 ft, 
with an a p p a r a t u s c o m p r i s i n g two hodo-
s c o p e s . One of t h e s e , conta in ing 23 c o u n 
t e r s , m e a s u r e s t he m u l t i p l i c i t y of p e n e t r a 
ting shower p a r t i c l e s unde r a th ick lead 
s c r e e n . S imu l t aneous ly , t he o t h e r , which 
con ta in s 80 c o u n t e r s and is loca ted 5 m e 
t e r s away , m e a s u r e s the e l e c t r o n dens i ty . 

T h e r e s u l t s a r e s i m p l y t h a t t h e d e n 
si ty of t h e N - c o m p o n e n t i s p r o p o r t i o n a l to 
the e l e c t r o n dens i ty for a i r s h o w e r s whose 
d e n s i t i e s differ by a f ac to r of 100. The 
s a m e p r o p o r t i o n a l i t y f a c t o r ho lds a t a l l 
e l e v a t i o n s w h e r e m e a s u r e m e n t s have b e e n 
m a d e , though the f r equency of o c c u r r e n c e 
of a i r s h o w e r s changes by a f ac to r of 20. 

F i g u r e 9 shows a l o g a r i t h m i c plot of 
t he f r e q u e n c y f(6) of a i r s h o w e r s tha t a r e 
co inc iden t with a p e n e t r a t i n g shower and 

whose d e n s i t y e x c e e d s 6 e l e c t r o n s p e r s q u a r e m e t e r . At the lower d e n s i t i e s t h e p r o b -
ab i l i t y fo r de t ec t i ng a p e n e t r a t i n g s h o w e r i s p r o p o r t i o n a l to the dens i t y of the N - c o m p o n 
ent and the l i n e a r i t y r e p r e s e n t s t he known power l aw s p e c t r u m of e l e c t r o n d e n s i t i e s . 
F r o m o ther o b s e r v a t i o n s t h i s s p e c t r u m i s known to follow a power l aw ove r the whole 
r a n g e of e l e c t r o n d e n s i t i e s and the k n e e o b s e r v e d a t about 100 p a r t i c l e s p e r s q u a r e 
m e t e r i s not a d e p a r t u r e f r o m t h i s la^w but i s to be accoun ted for by a s a t u r a t i o n of the 
p e n e t r a t i n g s h o w e r a p p a r a t u s . 

F o r e l e c t r o n d e n s i t i e s above 100 p e r m the dens i t y of t he N - c o m p o n e n t b e c o m e s 
so g r e a t tha t t he p r o b a b i l i t y of r e s p o n s e when a shower o c c u r s in it a p p r o a c h e s uni ty 
and is no longe r p r o p o r t i o n a l to t h e dens i t y . C o m p a r i s o n of t he shower f r e q u e n c i e s , 
o b s e r v e d with t h e p e n e t r a t i n g s h o w e r d e t e c t o r in c o i n c i d e n c e , with t h o s e o b s e r v e d with 
e l e c t r o n d e t e c t o r s a lone shows tha t the p e n e t r a t i n g shower d e t e c t o r r e s p o n d s with a 
p r o b a b i l i t y of 10"^ when the e l e c t r o n dens i ty i s 1 p e r m . F r o m th i s d a t u m the p o s i 
t ion of the k n e e m a y be c o r r e c t l y p r e d i c t e d . Th i s p r e d i c t i o n i s b a s e d upon two a s s u m p 
t ions t ha t m a y t h e r e f o r e be r e g a r d e d as e s t a b l i s h e d : 

(a) The N - c o m p o n e n t i s in t he s a m e r a t i o to t he e l e c t r o n componen t in a l l a i r 
s h o w e r s . 

(b) E a c h p e n e t r a t i n g shower i s p r o d u c e d by a s ing le p a r t i c l e of the N - c o m p o n e n t . 
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F i g u r e 10 shows a s e m i l o g plot of t he 
v a r i a t i o n wi th a t m o s p h e r i c p r e s s u r e of 
the f r equency of a i r sho^wers co inc iden t 
with a p e n e t r a t i n g sho^ver, w^hose e l e c t r o n 
ic d e n s i t y i s g r e a t e r t han t h r e e d i f fe ren t 
v a l u e s , A i , A2 and A3. T h e i r l i n e a r i t y 
and s lope ind ica t e exponen t ia l a b s o r p t i o n 
with a m e a n f r e e pa th of 133 g m c m , the 
s a m e for a l l d e n s i t i e s , and a g r e e i n g with 
the f r e e p a t h s for a b s o r p t i o n m e a s u r e d by 
Cocc in i and H i l b e r r y w^ithout the p e n e t r a 
t ing shower r e c o r d e r . Th i s a g r e e m e n t 
m a y be t a k e n a s ev idence tha t the e l e c 
t r o n i c and the N - c a s c a d e s p r o p a g a t e i n -
t e r d e p e n d e n t l y , though, of c o u r s e , the i -
den t i ty of t h e i r a b s o r p t i o n coef f ic ien ts 
m i g h t be a co inc idence . Ho\vever , the a s 
s u m p t i o n t h a t t he N - c o m p o n e n t i s p r o d u c e d 
in the c a s e of t h e show^er by high e n e r g y 
e l e c t r o n s and photons a l s o p e r m i t s an ex 
p lana t ion of t he c o n c e n t r a t i o n of N - p a r t i -
c l e s wi thin t he s h o w e r . T h e l i m i t e d ex 
p e r i m e n t a l i n f o r m a t i o n now^ a v a i l a b l e on 
the angu la r s p r e a d of s e c o n d a r i e s f r o m 
nuc leon ic c o l l i s i o n s i n d i c a t e s tha t an i n d e 
penden t ly deve loped N - c a s c a d e should d i 
v e r g e m u c h m o r e t han the e l e c t r o n c a s 
c a d e s or the a s s o c i a t e d N - c o m p o n e n t o b 
s e r v e d in t h e s e e x p e r i m e n t s . Though the 

p h o t o g e n e r a t i o n hypo thes i s i s s a t i s f a c t o r y in t h e s e two r e s p e c t s t h e r e i s s o m e d i f f icu l 
ty in account ing for t he c r o s s s ec t ion needed to y ie ld t he o b s e r v e d i n t e n s i t i e s of the N -
component . (O. P i c c i o n i , R. Cool) 

Figure 10. Frequency of air showers (plotted 
as ordinate) whose electronic density is in ex
cess of Aj , A2iand A3 as function of atmos
pheric p ressure in cm Hg. The open circles 
and crosses represent air shower intensities 
measured by Hilberry and Cocconi; the solid 
circles represent the present work. Data are 
also shown for penetrating showers (HS) and 

for free (x-mesons. 

T h e o r e t i c a l T o p i c s 

S t a t i s t i c a l T h e o r y of C a s c a d e Showers (5212) 

The m a i n r e s u l t s ach ieved so far in t h e e l e c t r o n - p h o t o n c a s c a d e shower t h e o r y 
a r e a c c u r a t e c a l c u l a t i o n s of t he a v e r a g e ene rgy s p e c t r u m , m o s t r e c e n t l y t h o s e of Sny
de r and B e r n s t e i n of t h i s L a b o r a t o r y , However , t he c a l c u l a t i o n s needed for the i n t e r 
p r e t a t i o n of e x p e r i m e n t s should inc lude in fo rma t ion on t h e f luc tua t ions f r o m th i s a v e r 
age . Even f u r t h e r , i n fo rma t ion on the a c t u a l d i s t r i b u t i o n in n u m b e r of p a r t i c l e s at a 
g iven dep th i s needed . F o r i n s t a n c e , i t i s not y e t p o s s i b l e to c a l c u l a t e t h e c h a n c e t h a t 
an e l e c t r o n of a few Mev wil l p a s s t h r o u g h a th in lead p l a t e without t he p r o d u c t i o n of 
s e c o n d a r i e s , t h u s giving the a p p e a r a n c e of a n o n - r a d i a t i n g p a r t i c l e l ike a m e s o n . 

The p r e s e n t work s t a r t s f r o m e a r l i e r r e s u l t s of Scot t and Uhlenbeck , and, u s ing a 
me thod r e c e n t l y p r o p o s e d by Bhabha , along with s o m e r e c e n t i d e a s of J a n o s s y and 
F r i e d m a n , d e v e l o p s a f o r m a l i s m for a g e n e r a l s t a t i s t i c a l t h e o r y of s h o w e r s . Th i s a p 
p r o a c h r e p r e s e n t s a fundamenta l i m p r o v e m e n t on the l i m i t e d m e t h o d s r e c e n t l y u s e d by 
A r l e y . A s impl i f ied m o d e l i s u s e d in w h i c h e l e c t r o n s and photons a r e t r e a t e d iden t i ca l ly 
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but the g e n e r a l i z a t i o n to the a c t u a l c a s e is not difficult . 

The m a i n idea i s the u s e of a se t of m a s t e r func t ions Ppg- (Eg; Ej^, E 2 , . . Eĵ f; t) 
dEj,* . . dEjsj which give the p r o b a b i l i t y tha t at a dep th t t h e r e a r e exac t ly N p a r t i c l e s 
whose e n e r g i e s fal l wi thin dE^ at E i , dE2 a t E2 , e tc . E Q is the ene rgy of t he s ing le 
p a r t i c l e in i t i a t ing t he shower at t = 0, Equa t ions for Pj^j m a y be w r i t t e n down, with in 
c l u s i o n of t he effects of ion iza t ion ene rgy l o s s . D i r e c t so lu t ion d o e s not s e e m p o s s i b l e , 
but f r o m the m a s t e r equa t ions , one m a y w r i t e equa t ions for a se t of funct ions K tha t 
give the a v e r a g e p r o d u c t of the n u m b e r s of p a r t i c l e s wi th e n e r g i e s in d E i . . dEn, Of 
t h i s se t , Ki i s the a v e r a g e e n e r g y s p e c t r u m , and the u s u a l equat ion for it i s obta ined. 

It i s t h e n p r o v e d tha t a so lu t ion for Kj^ c a n b e ob ta ined f r o m K^^.j and fu r the r 
tha t t he Pjsj- m a y be obta ined f r o m al l the K^. T h u s , in p r i n c i p l e , t he a v e r a g e ene rgy 
s p e c t r u m con t a in s a l l the i n f o r m a t i o n p o s s i b l e about a shower . 

The p r o b l e m of mak ing c a l c u l a t i o n s with t h i s f o r m a l i s m i s d i s c u s s e d , f i r s t v/ith 
the adjoint t h e o r y in t roduced by F r i e d m a n . D i f f e r e n t i a l - i n t e g r a l equa t ions d e r i v e d 
f r o m p h y s i c a l c o n s i d e r a t i o n s a t the beginning of t he shower t u r n out to have an adjoint 
r e l a t i o n s h i p to t h o s e developed f r o m the end of the shower . J a n o s s y h a s w r i t t e n t he 
equat ion for a g e n e r a t i n g funct ion for t he p r o b a b i l i t y of t h e r e be ing a t t , N p a r t i c l e s of 
e n e r g y g r e a t e r t han E. The adjoint t h e o r y l e a d s to s o m e i n t e g r a l equa t ions for th i s 
function, and e s t a b l i s h e s what a p p e a r s to be the only p r o p e r and adequa t e b a s i s for f u r 
t h e r work in t h i s field. 

The m a t h e m a t i c a l d e t a i l s a r e g iven in an a r t i c l e p r e s e n t e d to t h e P h y s i c a l Rev i ew 
for pub l ica t ion . (W. T. Scott , Smi th Col lege) 

On C r i t e r i a for Mul t ip le S c a t t e r i n g (5212) 

C a l c u l a t i o n s have been m a d e f r o m the m u l t i p l e s c a t t e r i n g t a b l e s of Snyder and 
Scott on s e v e r a l t y p e s of m e a n va lue useful for e x p e r i m e n t a l c o m p a r i s o n . Use of t h e 
r o o t - m e a n - s q u a r e for e x p e r i m e n t a l p u r p o s e s depends on a g e n e r a l t h e o r e m conce rn ing 
m e a n s q u a r e s which i s independent of any c a l c u l a t i o n s . It i s g e n e r a l l y not useful b e 
c a u s e t h e l a r g e r a n g l e s , for which the s t a t i s t i c s a r e p o o r e s t , a r e ove rwe igh t ed . 

The m e a n a b s o l u t e s c a t t e r i n g ang le (p ro jec ted in a p l ane ) i s , howeve r , a usefu l 
c r i t e r i o n in s o m e c a s e s . In o t h e r s , t h e poor s t a t i s t i c s for l a r g e ang l e s can b e b e t t e r 
o v e r c o m e by us ing the m e d i a n ang le , li backg round m a k e s d i f f icul t ies at l a r g e a n g l e s , 
they m a y b e d i s c a r d e d a l t o g e t h e r , and the ha l f -wid th or l / e width can be u s e d . The l a t 
t e r u t i l i z e s s o m e w h a t m o r e da ta than t h e f o r m e r , and i s v e r y convenien t to u s e in t he 
G a u s s i a n a p p r o x i m a t i o n . As a m a t t e r of fact , the a c c u r a t e c a l cu l a t i ons fit a G a u s s i a n 
e x p r e s s i o n qu i te wel l out to t he l / e width. A fifth me thod of c o m p a r i s o n i s to fit a n o r 
m a l i z e d G a u s s i a n to t he c e n t r a l m a x i m u m of t he s c a t t e r e d d i s t r i bu t i on . The G a u s s i a n 
n a t u r e of the c e n t r a l p a r t of the d i s t r i b u t i o n i s shown by the fac t tha t the G a u s s i a n s c a l 
cu la ted f r o m t h e l a s t t h r e e c r i t e r i a a r e n e a r l y the s a m e . Indeed, G a u s s i a n s ca l cu l a t ed 
f r o m the r e c e n t t h e o r i e s of M o l i e r e and B u t l e r g ive a l m o s t i den t i ca l r e s u l t s . 

C u r v e s have b e e n p lo t ted for t he five q u a n t i t i e s a s funct ions of the r a t i o of t he pa th 
length t to t he m e a n f r e e pa th for s c a t t e r i n g . All t he c u r v e s m a y b e f i t ted to within 
about Z% by sinnple l o g a r i t h m i c f o r m u l a s . 
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Setting Z = t/X. we have , 

2 
M e a n : Ij = Z (0.95 + 0.827 log^Q Z) 

Med ian : V^ed = ^ (0.16 + 0.62 log^o Z) 

1/2 width: v\/2 = I '^O Z logiQZ 

l / e width: T ) ^ / ^ = Z (0.50 + 2.50 logiQ Z) 

Ini t ia l va lue of n o r m a l i z e d c u r v e : W^(0) = [ir Z (0.68 + 2.70 log^Q Z)] "^ 

T h e s e r e s u l t s have b e e n r e p o r t e d to the New England sec t ion of t he A m e r i c a n P h y 
s i ca l Society a t Wes l eyan U n i v e r s i t y , N o v e m b e r 4, 1950, and wil l be inc luded in a m o r e 
extended f o r m in an a r t i c l e being p r e p a r e d for t he P h y s i c a l Rev iew. (W. T. Scott , Smi th 
Col lege) 

A P h e n o m e n o l o g i c a l T r e a t m e n t of P h o t o - M e s o n P r o d u c t i o n f r o m D e u t e r o n s (5212) 

A c a l c u l a t i o n which depends n e i t h e r on m e s o n t h e o r y nor on the s t r e n g t h of m e s o n -
nucleon coupling is m a d e of the p roduc t i on of s ing le p h o t o - m e s o n s f rom d e u t e r o n s , r e l 
a t i ve to tha t f r o m f r e e n u c l e o n s . The m o s t i m p o r t a n t a p p r o x i m a t i o n i s b a s e d on the 
s m a l l n e s s of the m e s o n Compton w^ave length c o m p a r e d to the r a d i u s of the d e u t e r o n . 
The d e u t e r o n c r o s s sec t ion for t h i s p r o c e s s t u r n s out to be s m a l l e r than t ha t of a f r e e 
nucleon, p a r t l y b e c a u s e of binding effects and p a r t l y b e c a u s e of the exc lus ion p r i n c i p l e . 
The f o r m e r can be p r e d i c t e d , whi le the l a t t e r depends only on the p r o b a b i l i t y of a sp in 
change by the nuc leon which e m i t s the m e s o n . As a c o n s e q u e n c e , an e x p e r i m e n t a l c o m 
p a r i s o n of the Hi (y,T7 n) and H2 (7,if n) r e a c t i o n s can yie ld t h i s spin change p robab i l i t y . 

T h e e x p e r i m e n t a l infornnation of S t e i n b e r g e r and B i shop (Phys , Rev . 78, 494 (1950)) 
about IT-mesons p r o d u c e d by g a m m a r a y s inc ident on f r e e p r o t o n s h a s not thus far been 
s a t i s f a c t o r i l y i n t e r p r e t e d , even though t h i s i s one of t he s i m p l e s t m e s o n r e a c t i o n s . The 
difficulty l i e s in p r e s e n t m e s o n t h e o r y which is i n c a p a b l e of mak ing q u a n t i t a t i v e p r e 
d ic t ions . It s e e m s n e c e s s a r y t h e r e f o r e to fal l back t e m p o r a r i l y to a p h e n o m e n o l o g i c a l 
d e s c r i p t i o n of m e s o n r e a c t i o n s and le t the e x p e r i m e n t s show the way. One p i e c e of 
e x p e r i m e n t a l i n f o r m a t i o n w^hich s e e m s l ike ly to be of va lue in sugges t ing or t e s t i n g a 
fu tu re t h e o r y is the p robab i l i t y t ha t the p r o t o n spin should flip in the p h o t o - m e s o n e -
m i s s i o n . The m o s t na ive p i c t u r e of t h i s e m i s s i o n p r o c e s s would l iken it to the pho to 
e l e c t r i c effect, in which c a s e t he p r o t o n would s e r v e m e r e l y a s the b inding c e n t e r of a 
m e s o n cloud and suffer no spin change . The a l r e a d y o b s e r v e d angu la r d i s t r i b u t i o n of 
the emi t t ed m e s o n s shows tha t such a p i c t u r e i s i nadequa t e , howeve r , sugges t ing tha t 
the p ro ton p l a y s a m o r e d i r e c t p a r t . It i s the p u r p o s e of t h i s p a p e r to show how the 
spin flip p r o b a b i l i t y can be m e a s u r e d by c o m p a r i n g the n u m b e r of m e s o n s emi t t ed when 
the t a r g e t p r o t o n is bound in a d e u t e r o n to the n u m b e r emi t t ed when it is f r e e . 

F e s h b a c h and L a x (Phys . Rev. 76, 134 (1949)) have a l r e a d y pointed out t ha t u n l e s s 
the p r o t o n spin c h a n g e s , the d e u t e r o n c r o s s s ec t i on for p h o t o - m e s o n p r o d u c t i o n wil l be 
d i m i n i s h e d r e l a t i v e to the f r e e p r o t o n c r o s s sec t ion . Th i s i s b e c a u s e t h e two n e u t r o n s 
will be left in a t r i p l e t spin s t a t e and due to t he P a u l i p r i n c i p l e can have only odd o r b i 
ta l angu la r m o m e n t u m . F o r g a m m a r a y e n e r g i e s p r e s e n t l y a v a i l a b l e f r o m s y n c h r o t r o n s 
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and b e t a t r o n s , t he r e l a t i v e e n e r g y of t he two n e u t r o n s is l ike ly to be of the o r d e r of 15 
Mev, or even l e s s when the m e s o n is emi t t ed f o r w a r d . The exc lus ion of S s t a t e s can 
r e d u c e t he a v a i l a b l e p h a s e s p a c e c o n s i d e r a b l y . It i s to be shown in an ex t ens ive p a p e r 
for the P h y s i c a l Rev i ew tha t the exc lu s ion p r i n c i p l e effect m a y be e x p r e s s e d in t e r m s 
of the sp in change p robab i l i t y wi thout r e f e r e n c e to m e s o n t heo ry . The c o n c l u s i o n 
r e a c h e d , t h e r e f o r e , i s tha t t he r a t i o of d e u t e r o n to p r o t o n c r o s s s e c t i o n s can be u sed 
to d e r i v e t he sp in flip p r o b a b i l i t y no m a t t e r what t h e o r y of m e s o n s and t h e i r coupling 
to nuc l eons t u r n s out to be c o r r e c t . 

F o r m u l a s a r e a l so given which a l low the e x p e r i m e n t a l i s t to c a l c u l a t e t h e r e l a t i v e 
p robab i l i t y of a nuc leon spin change du r ing IT e m i s s i o n , a t a g iven ang le r e l a t i v e to 
the inc iden t photon d i r e c t i o n , if he h a s m e a s u r e d t h e r a t i o of t he c r p s s s e c t i o n s a t t h i s 
angle for d e u t e r o n s and p r o t o n s . The c a l c u l a t i o n of t h e s e f o r m u l a s i s b a s e d on the a s 
sumpt ion tha t the m e s o n field s u r r o u n d i n g the p r o t o n in a d e u t e r o n d o e s not differ a p 
p r e c i a b l y f rom t h a t s u r r o u n d i n g a f r e e p ro ton . Throughou t t he p a p e r t he IT m e s o n has 
b e e n t r e a t e d a s though it had z e r o spin . Actua l ly the f inal r e s u l t s do not depend on th i s 
point , (G. F , Chew, U n i v e r s i t y of I l l ino is ; H. W. L e w i s , U n i v e r s i t y of Ca l i fo rn ia ) 
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E l e c t r o n i c s Div i s ion 

P u l s e Height A n a l y s i s 

In t he l a s t 3 m o n t h s , t h r e e m a j o r i m p r o v e m e n t s h a v e b e e n m a d e : a ne^w non-
o v e r l o a d a m p l i f i e r , a ne^w expander a m p l i f i e r and a ne^w a n t i - c o i n c i d e n c e c i r c u i t for 
u s e with d i s c r i m i n a t o r c i r c u i t s in t h e p u l s e a n a l y z e r p r o p e r . Fu l l d e s c r i p t i o n s wil l 
be submi t t ed for pub l i ca t ion in t h e n e a r fu ture . T h e b a s i c c i r c u i t s a r e shown in t h i s 
r e p o r t and the following b r i e f d e s c r i p t i o n wil l s e r v e to i n d i c a t e t he m e t h o d s u s e d : 

The n o n - o v e r l o a d ampl i f i e r ( F i g u r e 1) m a k e s u s e of two d u o - t r i o d e s . B e c a u s e 
of t he l a r g e ca thode r e s i s t o r s , no g r i d c u r r e n t wi l l b e d r a w n for s i g n a l s of l e s s t han 
50 V a m p l i t u d e . The m a x i m u m p l a t e s igna l s a r e about 25 v. Nega t ive feedback i s 
t a k e n f r o m the output p l a t e c i r c u i t to the r i g h t - h a n d g r id of t he input tube . T h e r e i s 
a l so a p o s i t i v e feedback loop in t h e c i r c u i t of t h e r i g h t - h a n d tube . T h e ga in of t he 
s t age i s 10, wi th a r i s e t i m e l e s s t han 0.1 [jisec. The b a l a n c e d s t a g e s t o g e t h e r with 
t he feedback g ive g r e a t e r ga in s t ab i l i t y than conven t iona l p u l s e a m p l i f i e r c i r c u i t s . 
A c o m p l e t e a m p l i f i e r with p u l s e s h a p e r , i n v e r s i o n , a t t e n u a t o r and h i g h - l e v e l output 
s t age h a s b e e n bu i l t and t e s t e d , (R,L. Chase ) 

The expande r a m p l i f i e r ( F i g u r e 2) c o n s i s t s of a b a l a n c e d input s t a g e u s i n g 6 A H 6 S , 

a 6AN5 second a m p l i f i e r and a 5687 ca thode fo l lower . The ca thode fo l lower a s s u r e s 
low output i m p e d a n c e and a l s o i s u s e d to " b o o t s t r a p " t h e p l a t e r e s i s t o r of t h e 6AN5. 
High and low f r equency feedback a r e p rov ided a s shown. One of t h e d iodes in t h e 
p l a t e c i r c u i t of t he 6 A H 6 s e t s the a m p l i f i e r cut-off at t he point w h e r e the c u r r e n t i s 
evenly d iv ided b e t w e e n the input t ubes ; t he o the r e l i m i n a t e s capac i ty f e e d t h r o u g h of 
fas t s i g n a l s . T h i s ampl i f i e r wi l l a c c e p t 100-v p o s i t i v e p u l s e s without d r a w i n g g r id 
c u r r e n t ; ga in i s 10; m a x i m u m output r i s e t i m e i s ,05 |j.sec for 50 v into 100 p.|i.fd. 
( R . L . C h a s e , W.A. Hig inbotham) 

In t he a n t i - c o i n c i d e n c e c i r c u i t ( F i g u r e 3), t he 100 |j,|J.f c a p a c i t o r s a r e c h a r g e d 
dur ing t h e r i s e of t he p u l s e and d i s c h a r g e d dur ing the r e c o v e r y . If only the lower 
d i s c r i m i n a t o r i s t r i g g e r e d t h e r e wil l b e an output s igna l f r o m t h e p u l s e t r a n s f o r m e r . 
If bo th d i s c r i m i n a t o r s a r e t r i g g e r e d , both c o n d e n s e r s wi l l b e d i s c h a r g e d when the 
lower d i s c r i m i n a t o r r e c o v e r s and t h e r e wil l b e no ne t s igna l a c r o s s t he t r a n s f o r m e r . 
The d i s c r i m i n a t o r s a r e conven t iona l . The s y s t e m r e s p o n d s to p u l s e s a s n a r r o w as 
0.1 jjLsec and wil l a l s o work with s low p u l s e s out to h u n d r e d s of u s e e in width. It i s 
su i t ab le for s i n g l e - and m u l t i p l e - c h a n n e l a p p l i c a t i o n s . (W.A, Hig inbotham) 

S e v e r a l of t he c i r c u i t s d e s c r i b e d have b e e n bui l t and t e s t e d , t o g e t h e r wi th t he 
i n s t r u m e n t s d e s c r i b e d in t h e l a s t q u a r t e r l y p r o g r e s s r e p o r t . The Atomic I n s t r u m e n t 
Co. has s t a r t e d p r o d u c t i o n of 15 s i n g l e - c h a n n e l a n a l y z e r s for AEC d i s t r i b u t i o n u n d e r 
s u p e r v i s i o n of B r o o k h a v e n Nat iona l L a b o r a t o r y . D e l i v e r y i s expec ted to s t a r t in Apr i l . 
Spec i f ica t ions a r e for 0 - 100 v input , expander ga in of 10, channe l width ad jus t ab le 
f r o m 1/2 to 5 V at t he input , s t ab i l i ty of channe l 1% of channe l width, s t ab i l i ty of p o s i 
t ion of channe l b e t t e r t han l / 2 % of input ( l / 2 v), output p u l s e 15 v nega t ive . 
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F i g u r e 1. Non-ove r load ampl i f i e r . 
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F i g u r e 2. Expander ampl i f i e r . 
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F i g u r e 3. A n t i - c o i n c i d e n c e d i s c r i m i n a t o r c i r c u i t s . 
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A t r a p e z o i d a l p u l s e g e n e r a t o r was des igned for t e s t i n g t he speed of o p e r a t i o n of 
d i s c r i m i n a t o r s and p u l s e he ight a n a l y z e r s . It g e n e r a t e s a t r a p e z o i d a l or t r i a n g u l a r 
p u l s e with ad jus t ab l e l i n e a r r i s e and fal l . (W.A, Hig inbo tham) 

A s impl i f ied 10-channe l a n a l y z e r h a s been d e s i g n e d which u s e s only 22 t u b e s . 
However , i t wi l l only work on p u l s e s s e v e r a l j isec in width. V e r s a t i l e m u l t i p l e - c h a n 
nel i n s t r u m e n t s have b e e n so s impl i f i ed tha t t h i s d e v e l o p m e n t h a r d l y s e e m s to b e 
w o r th p u r s u i n g . (S.J . K r a m e r ) 

Sc in t i l l a t ion S p e c t r o m e t e r s 

An i n v e s t i g a t i o n i s be ing m a d e of t h e f a c t o r s t h a t inf luence t h e r e s o l u t i o n of Na l 
(Tl ac t iva ted) c r y s t a l s p e c t r o m e t e r s , and to d e t e r m i n e how m u c h of the s p r e a d in 
p u l s e he ight i s c a u s e d by the s t a t i s t i c a l f luc tua t ions in t he p r o c e s s . 

A wide v a r i a t i o n in t h e r e s o l u t i o n h a s b e e n found which can b e ob ta ined with 
d i f ferent p h o t o m u l t i p l i e r s , and s e v e r a l t e s t s have b e e n deve loped to d e t e r m i n e t he 
d i f f e rence b e t w e e n t u b e s . The v a r i a t i o n of s ens i t i v i t y o v e r t he ca thode s u r f a c e of 
t he 5819s and t h e r e l a t i v e quan tum ef f ic ienc ies of d i f f e ren t c a thodes have b e e n m e a s 
u r e d for about 20 t u b e s . T h e r e s u l t s have b e e n c o r r e l a t e d with the r e s o l u t i o n of i n 
t e r n a l c o n v e r s i o n l i n e s at d i f fe ren t e n e r g i e s . T h e width of the peak in t h e p u l s e height 
d i s t r i b u t i o n c u r v e a t half m a x i m u m , in p e r c e n t a g e s , i s g iven in T a b l e 1. 

T a b l e 1 

Mul t ip l i e r Tube 

High s e n s . - n o n - u n i f o r m 
Low s e n s . - n o n - u n i f o r m 
Low s e n s . - u n i f o r m 
High s e n s . - u n i f o r m 

27 kev 

30 - 40% 
50 - 60% 
50 - 60% 
30 - 35% 

670 k e v 

12 - 15 % 
14 - 17 % 
1 0 - 12 % 

9 - 10% 

At high e n e r g i e s n o n - u n i f o r m i t y i s m o r e i m p o r t a n t , w h e r e a s a t low e n e r g i e s 
quan tum eff iciency i s m o r e i m p o r t a n t . All r e s o l u t i o n m e a s u r e m e n t s have b e e n m a d e 
with the s a m e c r y s t a l ( l / 2 - i n cube) and op t ica l s y s t e m . 

The p lo t of peak width v s . e n e r g y shows the expec ted s t a t i s t i c a l s p r e a d in t he 
low e n e r g y r e g i o n 8 - 5 0 kev . At h ighe r e n e r g i e s t h e width i s g r e a t e r t han p r e d i c t e d , 
indica t ing tha t t he r e s o l u t i o n i s not dependen t on t he e n e r g y a lone . 

O p t i m u m l ight co l l ec t ion o c c u r s when the c r y s t a l i s p l aced d i r e c t l y on t h e p h o t o 
tube wi th a f i lm of "nujo l" o r s i l i cone oi l be tween the s u r f a c e s . A con ica l r e f l e c t o r 
i s p l aced ove r a l l . No s u c c e s s h a s b e e n ach ieved in i m p r o v i n g the r e s o l u t i o n wi th 
l ight p i p e s . 

T h i s s y s t e m w a s a l so u s e d for t h e c o m p a r i s o n of s e v e r a l o r g a n i c p h o s p h o r s , 
us ing the C s l 3 7 c o n v e r s i o n l ine a s t he s o u r c e and a n t h r a c e n e a s the s t a n d a r d . 
(W. B e r n s t e i n , A. W. Schard t ) 
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Rad ia t i on M e a s u r i n g I n s t r u m e n t s 

A d i r e c t i o n a l coun te r for de t ec t i ng I ^ ^ was bui l t for t he Med ica l D e p a r t m e n t . 
A Nal c r y s t a l w a s u s e d with two 1 P2 1 p h o t o m u l t i p l i e r s and a co inc idence c i r c u i t to 
r e d u c e b a c k g r o u n d coun ts . (P. P r e n t k y ) 

An i n s t r u m e n t i s p a r t i a l l y c o m p l e t e d for r e c o r d i n g the ac t iv i ty along a p i e c e of 
coppe r w i r e which h a s b e e n ac t iva ted in t h e r e a c t o r . Th i s wil l p r o v i d e an easy way 
to r e c o r d t he d i s t r i b u t i o n of n e u t r o n s in the p i l e . (W. B e r n s t e i n ) 

A l a r g e B F 3 coun te r and a s s o c i a t e d c i r c u i t s w e r e a s s e m b l e d for a n e u t r o n 
c r y s t a l s p e c t r o m e t e r . (C. Z. Nawrock i ) 

Among t h e s p e c i a l c o u n t e r s p r o d u c e d in t h e r e v i e w p e r i o d w e r e a B F 3 fi l l ing 
in a V i c t o r e e n " T h y r o d e " she l l for m o n i t o r i n g a n e u t r o n b e a m , and a m u l t i p l e w i r e 
p r o p o r t i o n a l c o u n t e r with 2 - in d i a m e t e r th in a l u m i n u m window for h a r d b e t a s . 
(C.Z. Nawrock i ) 

The e n e r g y sens i t i v i t y of t he s c in t i l l a t i on t ype of c iv i l de fense m o n i t o r was m e a s 
u r e d , and su i t ab l e a b s o r b e r s w e r e d e t e r m i n e d to ^ i v e a good a p p r o x i m a t i o n to the 
d e s i r e d r e s p o n s e . 

M i s c e l l a n e o u s C i r c u i t r y 

O r d e r s have b e e n p l aced for p r o d u c t i o n of t he p r e c i s i o n high vo l tage supp l i e s 
p r e v i o u s l y d e s c r i b e d , both 1500 and 5000 v nnodels . The supp l i e r i s B u r l i n g a m e 
A s s o c i a t e s ; t h e p r i c e is about $450 and $650 , r e s p e c t i v e l y . 

C i r c u i t s have b e e n d e s i g n e d for con t ro l l i ng a cloud c h a m b e r f rom c o i n c i d e n c e of 
counts in two p r o p o r t i o n a l c o u n t e r s ope ra t i ng in t he cloud c h a m b e r v o l u m e . The 
c i r c u i t s inc lude a m p l i f i e r s , c o i n c i d e n c e c i r c u i t , t i m i n g c i r c u i t s and m e a n s for 
r e m o v i n g the high v o l t a g e f r o m the c o u n t e r s p r i o r to expans ion of the c h a m b e r , 
(A. Del Duca) 

An expanded s c a l e v a c u u m tube v o l t m e t e r has b e e n des igned for u s e wi th t h e 
g e n e r a t i n g v o l t m e t e r on t he P h y s i c s D e p a r t m e n t ' s e l e c t r o s t a t i c g e n e r a t o r . It c o n s i s t s 
of a s t ab i l i zed A,C, amp l i f i e r , d iode peak r e c t i f i e r , and D.C, amp l i f i e r . T h e r e c t i f i e r 
s ec t ion m a y b e b i a s e d in s t e p s so t ha t t h e m e t e r wi l l r e a d any 10% i n t e r v a l of the 
m a x i m u m input vo l t age . (A, Del Duca) 

A r a d i o - f r e q u e n c y t i t r i m e t e r w a s des igned for t h e C h e m i s t r y D e p a r t m e n t and i s 
now unde r t e s t . (S. J. K r a m e r ) 

The t i m e r for t he t i m e - o f - f l i g h t m a s s s p e c t r o m e t e r h a s b e e n in o p e r a t i o n for 3 
nnonths. A v a r i a b l e gain a m p l i f i e r h a s b e e n p r o v i d e d . T h e t iming c i r c u i t p r e s e n t s 
the ion p u l s e of t he f i r s t and n*" r e v o l u t i o n of a g iven m a s s on t h e ind ica t ing scope . 
The v a r i a b l e ga in ampl i f i e r p e r m i t s independent a d j u s t m e n t of the ga in of t he a m p l i 
f ier for t h e s e two d i f fe ren t t i m e s . The b a s e l i n e s of t he two sweeps a re s e p a r a t e l y 
con t ro l l ed , (S, Rankowi tz ) 



G.M. T u b e s 
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E q u i p m e n t h a s b e e n se t up for tak ing da t a on shelf l i fe , l i fe in u s e and t i m e 
d i s t r i b u t i o n of s p u r i o u s coun ts in G.M. t u b e s . C o n s i d e r a b l e da t a have b e e n co l l ec t ed 
and wil l b e d i s c u s s e d in t h e fu tu re . ( J .B .H. Kupe r , C .Z . N a w r o c k i , F . L a c e y , 
P . P r e n t k y , J . J . Tuff ley) 

Hea l th P h y s i c s Div i s ion 

Bui ld ing Su rvey 

T h e r e h a s b e e n a s t ead i ly i n c r e a s i n g vo lume of s u r v e y -work at t h e r e a c t o r a s 
in i t i a l o p e r a t i o n s and e a r l y e x p e r i m e n t s have p r o c e e d e d . A t h o r o u g h f i lm s u r v e y 
was m a d e of t he sh ie ld ing to l o c a t e vo ids in t he c e m e n t and l e a k s a t e x p e r i m e n t a l 
h o l e s . X - r a y f i l m s w e r e u s e d , 5 in x 7 in o r 14 in x 17 in; s e v e r a l hund red w e r e r e 
qu i r ed to c o m p l e t e t he job. In addi t ion , a t h o r o u g h s tudy h a s b e e n m a d e of t he g a m m a 
r a y and n e u t r o n f luxes f r o m the r e a c t o r f r o m t h e po in t of v iew of r a d i a t i o n safe ty . 

T h e extent of r e a c t o r m o n i t o r i n g can be judged f r o m the following l i s t of a c t i v i t i e s 
r e q u i r i n g t h e s e r v i c e s of h e a l t h p h y s i c i s t s : a i r s a m p l i n g for A r g o n - 4 1 dur ing an e x 
p e r i m e n t wi th fans not o p e r a t i n g , f r equen t r e m o v a l and r e p l a c e m e n t of s e c t i o n s of t he 
top of t he r e a c t o r , t e s t i n g of t he p n e u m a t i c t u b e s , r e m o v a l of c o n t a m i n a t e d g r a p h i t e , 
loading and un load ing of u r a n i u m s l u g s , evening and weekend m a i n t e n a n c e and t e s t i n g 
a c t i v i t i e s , p r o t e c t i v e a r r a n g e m e n t s for a n e u t r o n b e a m b rough t a c r o s s a ba l cony , r e 
m o v a l of i s o t o p e s f r o m the r e a c t o r , s u r v e y of i on i za t ion c h a m b e r s r e m o v e d f r o m t h e 
r e a c t o r , t e s t s of ac t iv i ty of w a t e r in t h e cana l , t e s t s of ac t iv i ty of c o n d e n s a t e f r o m t h e 
hea t e x c h a n g e r , i s su ing Hea l th P h y s i c s I n s t r u c t i o n s for m a i n t e n a n c e j o b s , c o n t a m i n a 
t ion s u r v e y s in a l l p a r t s of t he a r e a . 

Survey a c t i v i t i e s in o t h e r l a b o r a t o r i e s have con t inued . A s e r i e s of c o n t a m i n a t i o n 
c o n t r o l p r o b l e m s have deve loped in connec t ion wi th t he w a s t e c o n c e n t r a t i o n e x p e r i 
m e n t s a t t h e s e m i - w o r k s a r e a of t he Hot L a b o r a t o r y . An ex t ens ive s u r v e y w a s m a d e 
of t he new X - r a y i n s t a l l a t i o n a t t h e Bio logy D e p a r t m e n t and s u i t a b l e s a f e g u a r d s w e r e 
s e t up. P l a n s for loca t ion of f e n c e s a round the p r o p o s e d 2 0 0 - c u r i e i r r a d i a t i o n f ield 
have b e e n m a d e in c o o p e r a t i o n wi th t he Biology D e p a r t m e n t and a d e s i g n of a r e m o t e 
ly o p e r a t e d s o u r c e - l i f t i n g m e c h a n i s m i s unde r way. The p r e s e n t i r r a d i a t i o n s o u r c e 
was a s s a y e d and r e p a c k a g e d . T h e effect ive s t r e n g t h of t h i s s o u r c e w a s found to b e 
16.4 c u r i e s . A 2 - c u r i e c o b a l t - 6 0 s o u r c e was s e t up in a field and d o s a g e m e a s u r e d 
as a funct ion of d i s t a n c e out to 50 ft. T h i s se tup w a s m a d e in s u c h a way a s to a p p r o x 
i m a t e the Biology field s i tua t ion . It was found tha t bo th pocke t c h a m b e r s and the sh ie ld 
r e a d i n g s of f i lm b a d g e s followed an i n v e r s e s q u a r e l aw c lo se ly . T h e i m p l i c a t i o n i s 
t ha t s c a t t e r i n g i s not an i m p o r t a n t fac tor in t h i s r e g i o n . T h e p r e s e n c e of soft c o m 
ponen t s w a s ind ica ted by t h e fac t tha t t he r a t i o of d e n s i t i e s for open window and s h i e l d 
ed p o r t i o n s of t he f i lm b a d g e s v a r i e d with d i s t a n c e . Va lues of 1.33, 1.22 and 1.18 w e r e 
obta ined a t d i s t a n c e s of 4 , 15 and 50 ft, r e s p e c t i v e l y . 

P r o b l e m s of e x p o s u r e c o n t r o l in connec t ion wi th t u n e - u p of t he 6 0 - i n c y c l o t r o n 
and the 4 - M e v e l e c t r o s t a t i c g e n e r a t o r have b e e n worked out. X - r a d i a t i o n h a s b e e n 
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the principal hazard thus far. Excellent cooperation from the staff of the accelera tor 
group and special ar rangements for taking visual observations have combined to make 
possible real ly safe tune-up procedures for the cyclotron. 

Area Survey 

An internal repor t on the status of the background radiation monitoring p rogram 
up to the t ime of the reac tor startup, BNL-80 (1-12), has been written and d is t r ibu
ted. This document covers the history of the program, the instrumentation, an analy
sis of cos ts , an evaluation of station efficiency and a summary of the resu l t s obtained 
in measuring background radiation. Average values for the chain of 16 a rea moni tor
ing stations during the year ending June 30, 1950 a r e given in Table 2. 

Table 2 

Background Data for Year Ending June 30, 1950 

Apparatus Average Reading Range of Readings 

A 
B 
C 
D 
E 
V 
F 
F 

: / : 

a 

30 C/m 
31 
25 
15 
34 

1.7 m r / w k 
2.2 c / m 

26 c /m 

26 - 37 
25 - 37 
20 - 31 
13 - 17 
29 - 37 

1,3 - 2,0 
1,2 - 3,2 

22 - 34 

c /n t i 
II 

11 

M 

tl 

mr/wk 
c / m 
c / m 

A - 35 mg/cm'^ glass-walled G,M, tube (Eck and Krebs type) 
•D « 11 '1 11 11 11 '1 " 1' 11 11 11 

C - Same as A and B but with 83 mil b r a s s shield 
D - Same as A and B but with 1 l / 2 - i n lead shield 
E - Battery operated ra temeter using same type of tube 
V - Ionization chamber and dynamic condenser e lect rometer 
F-a - Continuous dust monitor and scintillation alpha counter 
F - p y - " " " " mica end window G.M. tube 

Numerous peaks of activity due to the radioargon in the cooling air from the 
reactor were noted during operation in the 1-5 megawatt region. An example of a 
peak of gamma radiation is shown in Table 3. The disturbances to background thus 
far have been too small and infrequent to permi t a comparison between the dosage 
values predicated by the meteorologis ts and those measured by the a rea monitoring 
stations. This comparison will become possible with increased power and operation 
of the reactor over a longer period of t ime. 

The over-a l l operating efficiency of a rea monitoring stations (fraction of possible 
data actually obtained) was determined to be 87% for the month of October. This is 
the highest value achieved thus far. Some of the loss of data comes from the necessi ty 
for servicing the equipment, and it is felt that an efficiency of 90% is about as high a 
value as can reasonably be expected. 



T a b l e 3 

T y p e of A p p a r a t u s 

Py coun te r (g lass ) 
py coun te r (g l a s s ) 
Py coun te r ( b r a s s sh ie ld) 
G.M. r a t e m e t e r 
Ion iza t ion c h a m b e r 

N o r m a l L e v e l 

28 c / m 
28 c / m 
27 c / m 
40 c / m 

0,25 m r / d a y 

P e a k L e v e l 

41 .0 c / m 
39.5 c / m 
35.6 c / m 
78 c / m 

0,33 m r / d a y 

P e r s o n n e l Mon i to r i ng 

P e r s o n n e l m o n i t o r i n g f i lms and pho tog raph i c f a c i l i t i e s a r e u s e d e x t e n s i v e l y for 
d o s a g e m e a s u r e m e n t s in connec t ion wi th i r r a d i a t i o n e x p e r i m e n t s conduc ted by the 
sc ien t i f ic d e p a r t m e n t s . In t h i s connec t ion , c a l i b r a t i o n c u r v e s have b e e n d e t e r m i n e d 
for both t he s e n s i t i v e and i n s e n s i t i v e f i l m s conta ined in t he p e r s o n n e l m o n i t o r i n g 
p a c k e t s o v e r a wide r a n g e of d o s a g e s . T h e s e n s i t i v e f i lm shows the expec ted r e v e r s 
al of d e n s i t y above about 150 r , bu t t h e v a r i a t i o n of d e n s i t y wi th d o s a g e i s insuff ic ient 
for p r a c t i c a l u s e above 10-20 r . The i n s e n s i t i v e f i lm i s usefu l up to 50 r , bu t above 
tha t l eve l b e c o m e s too d e n s e to b e u sed . A s p e c i a l f i lm known a s "Adlux" h a s b e e n 
c a l i b r a t e d for u s e in t he high d o s a g e r eg ion . The d e n s i t y of t h i s f i lm s a t u r a t e s at 
about 10,000 r , bu t i s m o s t usefu l ove r the n e a r l y l i n e a r p o r t i o n of i t s c a l i b r a t i o n 
c u r v e which ex tends f r o m 100 to 1500 r . 

T h e r e h a s b e e n a g r a d u a l i n c r e a s e in r e q u i r e m e n t s for p e r s o n n e l m o n i t o r i n g 
s e r v i c e s . In D e c e m b e r , a p p r o x i m a t e l y 4000 f i lm b a d g e s , 5500 p a i r s of pocke t c h a m 
b e r s and 700 n e u t r o n f i l m s w e r e p r o c e s s e d . T h e r e w e r e no e x p o s u r e s ove r the w e e k 
ly l i m i t of 300 m r , a l though s e v e r a l ind iv idua l s r e c e i v e d m o r e than 50 m r on i n d i v i 
dual d a y s . T e s t s have ind ica ted t h a t w e a r i n g of t he n e u t r o n f i lm for s e v e r a l w e e k s 
i s p e r m i s s i b l e without undue l o s s of t r a c k s due to fading of t he l a t en t i m a g e s . Other 
t e s t s show t h a t an e x p o s u r e of n e u t r o n f i lm to g a m m a r a d i a t i o n up to 1 r i s t o l e r a b l e 
be fo re t he r e s u l t i n g fog a d v e r s e l y af fec ts t h e count ing of p r o t o n t r a c k s due to e x p o s 
u r e . 

U r i n a r y E l i m i n a t i o n of S t r o n t i u m 

Dur ing the p r e p a r a t i o n of a S r ' ^ s o u r c e about a y e a r ago , c o n s i d e r a b l e ac t iv i ty 
was r e l e a s e d into t he a i r of the l a b o r a t o r y and inha led by an e x p e r i m e n t e r . A s tudy 
h a s b e e n m a d e of t he u r i n a r y e x c r e t i o n of S r ' ^ by t h i s ind iv idua l s i nce v e r y l i t t l e 
h u m a n da t a i s a v a i l a b l e on t h i s sub jec t . It i s of p a r t i c u l a r i n t e r e s t s i n c e t h e r e had 
b e e n no p r e v i o u s inges t ion of t h i s m a t e r i a l , the e x p o s u r e was an a c u t e one s h a r p l y 
loca l i zed in t i m e , and a l l of t he u r i n e e x c r e t e d i m m e d i a t e l y af ter the i nc iden t was 
co l l ec ted . T h e amoun t of S r ° ^ p e r m a n e n t l y fixed in t h e body h a s p r o v e n to b e only 
a s m a l l f r a c t i o n of t he t o l e r a b l e amoun t . 

F i g u r e 4 shows the dai ly e x c r e t i o n of Sr ' a c t iv i ty . T h e r a t e of e l i m i n a t i o n 
p e r day d ropped p r e c i p i t o u s l y f r o m 20,300 d i s i n t e g r a t i o n s / n n i n on the f i r s t day to 
130 d i s i n t e g r a t i o n s / m i n on the 27th day. Fol lowing t h i s t h e r e i s a p e r i o d of about 
3 m o n t h s du r ing which ac t i v i t y i s e l i m i n a t e d wi th an effect ive ha l f - l i fe of 23 d a y s , 
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p r e s u m a b l y f rom m a t e r i a l tha t i s not 
t ight ly bound whi le depos i t ed in the body. 
The e l i m i n a t i o n leve led off at 16 d i s i n 
t e g r a t i o n s / m i n , ind ica t ing a v e r y s m a l l 
depos i t i on in the b o n e s . Data i s insuff i 
c ien t to d e t e r m i n e the effect ive ha l f - l i fe 
of e l im ina t ion for t h i s f i r m l y fixed s t r o n 
t i u m . 

De ta i l s of t he handl ing of t h i s c a s e 
at the L a b o r a t o r y c l in ic and of t h e 
c h e m i c a l s e p a r a t i o n of the s t r o n t i u m , 
which w a s c a r r i e d out at Oak Ridge 
Nat iona l L a b o r a t o r y , wil l b e found in 
an a r t i c l e to b e pub l i shed in t h e A m e r 
i can J o u r n a l of Roentgenology. 

Days After Exposure 

Figure 4. 

M i s c e l l a n e o u s 

A r r a n g e m e n t s have b e e n m a d e with 
a m a n u f a c t u r e r of l a n t e r n s l i d e s to p r o 
duce and offer for s a l e s e t s of s l i de s of 
c u t s a p p e a r i n g in t he "Effects of Atomic 
W e a p o n s . " T h i s was done a s a seque l to 
the t r a i n i n g c o u r s e in de f ense a g a i n s t 
a tomic a t t a c k tha t was given at B r o o k 
haven Nat iona l L a b o r a t o r y l a s t s p r i n g . 
While t he L a b o r a t o r y has no d i r e c t r e 
spons ib i l i t y for c iv i l i an de f ense , excep t 
for the i n t e r i m r a d i o l o g i c a l m o n i t o r i n g 
t e a m , indiv idual m e m b e r s of t he Hea l th 

P h y s i c s Divis ion have g iven n u m e r o u s t r a i n i n g l e c t u r e s and publ ic t a l k s to g r o u p s i n 
t e r e s t e d in c iv i l i an de fense p r o b l e m s . 

A d e c o n t a m i n a t i o n l a u n d r y h a s been se t up and o p e r a t i o n s t a r t e d by t h e A r c h i 
t e c t u r a l P l ann ing and P l a n t M a i n t e n a n c e D e p a r t m e n t . All p r o t e c t i v e c lo th ing f r o m 
r a d i a t i o n a r e a s wil l h e n c e f o r t h b e l a u n d e r e d by th i s fac i l i ty . 

T h e r e have b e e n an a v e r a g e of one o r two c a l l s a week for t he Hea l th P h y s i c s 
e m e r g e n c y mcin. 

T h e r e s e a r c h and d e v e l o p m e n t p rog rann of t h e Hea l th P h y s i c s Div i s ion h a s b e e n 
e s t a b l i s h e d a s a s e p a r a t e ac t iv i ty known as "B iophys i c s R e s e a r c h " effect ive J a n u a r y 1, 
1951. 

P u b l i c a t i o n s 

W.C. H e r m a n , B e t a c a l i b r a t i o n r a c k us ing u r a n i u m ox ide , Nuc leon ics 7, 73 -4 , 
D e c e m b e r (1950) ~ 
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C. F. S t e a r n s , Inexpens ive d ry ing cab ine t for i n s t r u m e n t s t o r a g e . Nuc leon ic s 1_, 
7 4 - 5 , D e c e m b e r (1950) 

S. Block, A s u r v e y m e t e r for m e a s u r i n g soft b e t a r a d i a t i o n s in the a t m o s p h e r e . 
Nuc leon ic s (in p r e s s ) 

F , P . Cowan, L . B . F a r a b e e , and R.A. Love , Hea l th p h y s i c s and m e d i c a l a s p e c t s of 
a s t r o n t i u m - 9 0 inha la t ion inc iden t , A m e r i c a n J o u r n a l of Roentgenology (in p r e s s ) 

M.M. Wei s s and J .B.H. Kupe r , S ta tus r e p o r t - b a c k g r o u n d r a d i a t i o n m o n i t o r i n g 
p r o g r a m , BNL R e p o r t 80 (1-12), July 1, 1950 (for official u s e only) 

J. Hand lose r and R.A. L o v e , R a d i a t i o n d o s e s f r o m d i a g n o s t i c X - r a y s t u d i e s , A m e r 
i can J o u r n a l of Roentgenology (in p r e s s ) 



A C C E L E R A T O R P R O J E C T 

C o s m o t r o n (5214)* 

The p a s t t h r e e m o n t h s have s e e n the p r e l i m i n a r y t e s t i n g of the m a g n e t p o w e r 
supply, one q u a d r a n t of the m a g n e t , the l o w - p o w e r end of the r a d i o - f r e q u e n c y s y s 
t e m , and many p a r t s of the v a c u u m s y s t e m . A qual i f ied f a b r i c a t o r for the v a c u u m 
c h a m b e r h a s f inally been loca ted , and a p u r c h a s e o r d e r i s s u e d which , unhappi ly , 
does not specify the d e l i v e r y of the c o m p l e t e c h a m b e r unt i l S e p t e m b e r 1, 1951. 
T h i s i s s o m e m o n t h s l a t e r t han the e s t i m a t e d comple t ion date for a l l the r e m a i n i n g 
connponents . To m a k e effect ive use of t h i s i n t e r v a l , a p r o g r a m i s be ing i n s t i g a t e d 
for t e s t i ng a l l c o m p l e t e d c o m p o n e n t s t o g e t h e r in o r d e r to u n c o v e r the inev i tab le 
m i n o r t r o u b l e s be fo re the v a c u u m c h a m b e r i s i n s t a l l e d . The y e a r 1951 s t i l l s e e m s 
a p o s s i b l e one for the c o m p l e t i o n of the a c c e l e r a t o r . 

Scheduling 

In o r d e r tha t s p a c e , t i m e , and m a n p o w e r m a y be u t i l i zed to the fu l les t advan tage , 
a r a t h e r de t a i l ed schedul ing p r o c e d u r e h a s b e e n o r g a n i z e d for a l l w o r k n e c e s s a r y to 
c o m p l e t e the f ab r i ca t i on of the C o s m o t r o n . T i m e e s t i m a t e s of the p a r t i c u l a r s of j o b s 
a s s o c i a t e d with e a c h of the componen t s of the m a c h i n e have b e e n s tudied in an effort 
to f o r e c a s t a r e a l i s t i c c o m p l e t i o n date for e a c h componen t and for the a c c e l e r a t o r a s 
a whole . T h e s e data have b e e n a n a l y z e d to d e t e r m i n e the des ign , f a b r i c a t i o n , m a n 
p o w e r , f loor a r e a , f a c i l i t i e s , and m a i n t e n a n c e r e q u i r e m e n t s for the c u r r e n t c a l e n d a r 
y e a r . F r e q u e n t r e g u l a r c h e c k s of the s c h e d u l e s wi l l be m a d e to d e t e r m i n e the o v e r 
a l l e f f ic iency and s t a t u s of o p e r a t i o n . (W.H. M o o r e ) 

Injection 

The in jec tor Van de Graaff m a c h i n e h a s b e e n d e l i v e r e d by High Voltage E n g i n 
e e r i n g C o r p . , C a m b r i d g e , M a s s . and in s t a l l a t i on in the Cosm.otron bui ld ing i s e s s e n 
t i a l ly c o m p l e t e . After s e a r c h i n g , wi th l i t t le s u c c e s s , for a s a t i s f a c t o r y solut ion to the 
e l e c t r o n loading p r o b l e m with the 6- in a p e r t u r e a c c e l e r a t i n g tube of h i g h e r pumping 
speed , the t a p e r e d a p e r t u r e a l u m i n u m tube i s now be ing r e i n s t a l l e d in the m a c h i n e to 
p e r m i t the s t a r t of in jec t ion s t u d i e s . 

R e v i s i o n s of the beann a n a l y z e r m a g n e t and c o r o n a feedback c i r c u i t s have been 
s t a r t e d to i m p r o v e t h e i r s t ab i l i t y . I m p r o v e m e n t s of the r e g u l a t i o n of the focus , the 
p robe and t e r m i n a l a c c e l e r a t o r p o w e r s u p p l i e s , and the b e a m puls ing c i r c u i t r y a r e 
u n d e r w a y . 

All componen t s of t he in jec t ion ion op t i ca l s y s t e m a r e c o m p l e t e excep t for s o m e 
m i n o r c h a n g e s . I ts c o n t r o l c e n t e r i s c o m p l e t e and in s t a l l ed and i n t e r - w i r i n g i s in 
p r o g r e s s . ( C M . T u r n e r , J .G. Cot t ingham) 

For explanation of these numbers, see Foreword. 
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Tes t ing of the m o t o r - g e n e r a t o r s e t tha t wi l l supply power for the m a g n e t coi l of 
the C o s m o t r o n h a s been cont inuing . The Ign i t ron tank se t s have b e e n d e g a s s e d and 
the p h a s e s checked of the 1 2 - p h a s e A .C . g e n e r a t o r output . The bui ld ing power p h a s 
ing w a s c o r r e c t e d to m a k e power ava i l ab le for an t i c ipa t ed future n e e d s . A t h r e e -
phase l ine r e a c t o r h a s been i n s t a l l e d in the 2400-v f eede r to the r a d i o - f r e q u e n c y 
power supply p la te t r a n s f o r m e r and t e s t s wi l l s t a r t in J a n u a r y . 

The 1200-kw m o t o r - g e n e r a t o r se t , capab le of supplying 7000 a m p s a t 250 v, w a s 
connec ted to Quadran t 1 of the m a g n e t for shakedown t e s t s . (A. Wise , G.K. G r e e n ) 

Magnet 

A. Coil F a b r i c a t i o n : The e n t i r e m a g n e t coi l h a s been a s s e m b l e d and the l a s t 
s tage of final c l amping i s p r o c e e d i n g on the l a s t q u a d r a n t . The n o r t h w e s t and n o r t h 
e a s t q u a d r a n t s a r e c o m p l e t e excep t for final connec t ion and a d j u s t m e n t of the w a t e r 
t u b e s . One-ha l f of the e n t i r e g roup of wind ings h a s been l e a k - t e s t e d and w o r k i s p r o 
ceeding on the r e m a i n d e r . 

The n o r t h w e s t quad ran t ( Q u a d r a n t I) h a s been v o l t a g e - t e s t e d to 10,000 v D.C. 
f r o m coi l to g round for 30 s e c ; n o r m a l vo l tage is 3000 v D.C. R e s i s t a n c e , a t t h i s 
vo l t age , to g round is 2 m e g o h m s . Coil l a y e r to coi l l a y e r r e s i s t a n c e w a s found to be 
8 m e g o h m s at 2500 v D.C. app l ied for 60 s e c . N o r m a l vo l tage i s 750 v D.C. 

The equ ipmen t for handl ing and purifying the w a t e r tha t wi l l cool the m a g n e t coi l 
h a s been put into o p e r a t i o n . The con t ro l c i r c u i t s for t h i s w a t e r - c o o l i n g s y s t e m have 
been t e s t e d . (J.A. Kosh, L .D . Stoughton) 

B . R e s u r v e y of Magnet B l o c k s : P r i o r to the D.C. t e s t s m a d e on the m a g n e t , a 
check w a s m a d e upon the t i g h t n e s s and leve l of the m a g n e t b locks to d e t e c t any c h a n g e s 
that m a y have o c c u r r e d du r ing the s ix m o n t h s s ince e r e c t i o n . T igh ten ing w a s r e q u i r e d 
b e c a u s e of the dry ing of the f i shpaper i n su l a t i on be tween the l a m i n a t i o n s . Survey ing , 
c a r r i e d out ma in ly by W.L. H o m e r , of the A r c h i t e c t u r a l P lann ing and P l a n t M a i n t e n 
ance Divis ion, r e v e a l e d tha t the a v e r a g e a z i m u t h a l d i s p l a c e m e n t of the f ront face of 
the upper m a g n e t j aw with r e s p e c t to the lower had not changed within the l i m i t of 
m e a s u r e m e n t of i 0 . 0 3 in; tha t the a v e r a g e of the r a d i a l l eve l of the lower p o l e - f a c e 
r e m a i n e d wi th in t 0 . 0 0 3 in . in 3 ft; and tha t the change in the t i l t of the g e o m e t r i c a l 
m e d i a n p lane of the e n t i r e m a g n e t r ing r e m a i n e d within the l i m i t of m e a s u r e m e n t , 
l 0 . 0 0 5 in. in 30 ft. (L.D. Stoughton, W.H. M o o r e ) 

C. D.C. T e s t on Magnet Quadran t : Quadran t I (the n o r t h w e s t q u a d r a n t ) h a s been 
e n e r g i z e d to full c u r r e n t , 7000 a m p s , by t e m p o r a r y connec t ion to the 1200 kw g e n e r a 
t o r , ope ra t ing o v e r l o a d e d . The r i s e t i m e in t h i s t e s t w a s quite long, of the o r d e r of 
1/2 m i n . The b e h a v i o r of the coi l w a s quite s a t i s f a c t o r y , but the n e c e s s i t y for some 
a d j u s t m e n t in the w a t e r - c o o l i n g s y s t e m w a s r e v e a l e d . P r e l i m i n a r y def lec t ion m e a s 
u r e m e n t s on the s t e e l p l a t e s have been m a d e and, a s expec ted , show tha t the m a x i m u m 
def lec t ions o c c u r in the end b l o c k s . The m a x i m u m def lec t ion m e a s u r e m e n t , at 7000 
a m p s , w a s 0.08 in. S t r a in g a g e s w e r e d i s t r i b u t e d th roughou t the q u a d r a n t on the co i l 
c l a m p s , t ie b a r s , and s p r e a d e r b a r s . The m a x i m u m s t r e s s on the co i l c l a m p s w a s 
about 6000 p s i ; thus , t h e i r d e s i g n i s quite s a t i s f a c t o r y . 
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F u r t h e r t e s t s on th i s q u a d r a n t , including field m e a s u r e m e n t s , •will b e conc luded 
shor t ly . It i s p lanned to power e a c h q u a d r a n t ind iv idual ly in t h i s way. (G.K. G r e e n , 
J .M. Kel ly , J .A. Kosh , W.H. M o o r e , L. W. Smith , L . D . Stoughton, A, Wise) 

P o l e - F a c e Windings 

The p o l e - f a c e wind ings , which wil l b e i n s e r t e d at t he top and bo t tom of t he m a g 
net gap in o r d e r to c o r r e c t t he s h a p e of the m a g n e t i c f ield, a r e in the f i r s t s t a g e of 
f ab r i ca t ion . The copper b a r s for t he windings a r e on hand, and a p r o c e s s for winding 
t h e m with f i b e r g l a s s has been e s t a b l i s h e d . The p o l y e s t e r r e s i n in which they a r e to 
be imbedded is a l so on the s i t e , and e r e c t i o n of t he m o l d s is now taking p l a c e . The 
f i r s t ca s t ing w^ill b e pou red n e a r t he end of J a n u a r y . 

P e r f o r m a n c e spec i f i ca t ions for t he g e n e r a t o r s for t he p o l e - f a c e windings have 
been f o r w a r d e d to leading m a n u f a c t u r e r s of r o t a t i n g m a c h i n e r y , and nego t i a t i ons a r e 
in p r o g r e s s . (J. J. Mede , W.H. M o o r e ) 

R a d i o - F r e q u e n c y S y s t e m 

The i n t e g r a t o r , which p r o v i d e s the f requency comput ing s y s t e m with a s igna l 
p r o p o r t i o n a l to the m a g n e t i c f ield, h a s been f in ished and t e s t e d along with i t s cycl ing 
c i r c u i t s . A d y n a m i c t e s t on t h e whole s y s t e m of i n t e g r a t o r , d i o d e - n e t w o r k c o m p u t e r , 
and r a d i o - f r e q u e n c y o s c i l l a t o r showed tha t t he d y n a m i c and s t a t i c c h a r a c t e r i s t i c s 
check within 0.05 %. F u r t h e r t e s t i n g of t h i s s y s t e m h a s b e e n t e m p o r a r i l y i n t e r r u p t e d 
by the f a i l u r e of the c y c l e - c o u n t e r . 

Con t ro l c i r c u i t s for the high l eve l power ampl i f i e r have been c o m p l e t e d and p a r 
t i a l ly t e s t e d . F i n a l t e s t i n g i s awai t ing r e m o v a l to t he C o s m o t r o n f loor . Work on the 
wa te r s y s t e m , a i r f i l t e r s , and o t h e r a u x i l i a r y p a r t s of t h e ampl i f i e r i s u n d e r way. 
The a u t o m a t i c v o l u m e con t ro l and gat ing c i r c u i t s for t he power ampl i f i e r have b e e n 
des igned and l a b o r a t o r y - t e s t e d . F i n a l c o n s t r u c t i o n i s in p r o c e s s . ( J , P . B lewe t t , 
J. Logue , M. P lo tk in , L . C . L . Yuan) 

Vacuum S y s t e m 

A s s e m b l y of the 20 - in diffusion p u m p s t a t i o n s i s now c o m p l e t e . All of the o p t i c a l 
ly d e n s e baff les have been i n s t a l l e d . All of t he s t a t i o n s have been l e a k - t e s t e d and a l l 
l e a k s r e p a i r e d . P r i o r to final i n s t a l l a t i o n , a l l t he diffusion p u m p s wil l be t e s t e d and 
condi t ioned with a c h a r g e of Oc to i l -S ; e x p e r i e n c e with t h e p r o t o t y p e uni t c o r r o b o r a t e s 
the opinion of o u t s i d e c o n s u l t a n t s on t h e s u p e r i o r i t y of O c t o i l - S ove r Myvane 20 in t he 
p u m p s . 

The f a b r i c a t i o n of the t r a n s i t i o n c h a m b e r s , b e t w e e n the p u m p s and t h e v a c u u m 
c h a m b e r , i s c o m p l e t e and the u n i t s have been r e c e i v e d h e r e in good condi t ion . Many 
of the s m a l l e r componen t s of t he v a c u u m s y s t e m , s u c h as expans ion j o i n t s , v a c u u m 
v a l v e s , p ipe f i t t ings and p ipe for t h e f o r e - v a c l i n e s , have b e e n o r d e r e d and r e c e i v e d . 

The c o n t r a c t for w^elding the s t r a i g h t s ec t i on conta in ing the r a d i o - f r e q u e n c y c o r e 
has been le t to t he Chicago B r i d g e and I ron Co. , G r e e n v i l l e , Pa , Comple t ion of t he 



45 

w e l d m e n t s is schedu led for t h e end of J a n u a r y , and final mach in ing at the L a b o r a t o r y 
in M a r c h . 

A l 6 - i n diffusion pump s ta t ion and f o r e - p u m p has b e e n bui l t for u s e in l e a k - t e s t 
ing the s e c t i o n s of the vacuum c h a m b e r and o the r l a r g e componen t s of the f inal s y s 
t e m . (C. L a s k y ) 

Vacuum C h a m b e r 

The v a c u u m c h a m b e r h a s b e e n r e d e s i g n e d and s impl i f i ed to e l i m i n a t e the " s k y 
hook" s u p p o r t s and the saw cut and sp ine s t r u c t u r e out l ined in p r e v i o u s r e p o r t s . The 
new c h a m b e r now has a top and bo t tom s t r u c t u r e c o n s i s t i n g of a g r id of s t e e l b a r s , 
a p p r o x i m a t e l y 2 in wide , suppo r t ed only at the ends , w h e r e t h e r e a r e ho ld -down s t r i p s 
for the a i r t i g h t m e m b r a n e t ha t e n c l o s e s t h e whole g r i d s t r u c t u r e . A c o n t r a c t for t he 
f ab r i ca t i on of t he vacuum c h a m b e r has b e e n le t to the Wel lman E n g i n e e r i n g Co . , 
C leve land , Ohio, and work is to s t a r t i m m e d i a t e l y . 

A 4-ft long p r o t o t y p e of the newly des igned v a c u u m c h a m b e r has b e e n bui l t and 
evacua ted . M e c h a n i c a l de f lec t ions and v a c u u m t i g h t n e s s at t he v a r i o u s g a s k e t e d jo in t s 
w e r e i nves t i ga t ed and checked s a t i s f a c t o r i l y , 

A new r u b b e r , M y v a s e a l , of low vapor p r e s s u r e , h a s been shown to be a su i t ab l e 
a l t e r n a t e to K e l - F for t he a i r t i g h t m e m b r a n e of t he v a c u u m c h a m b e r and to have c o n 
s i d e r a b l e m e c h a n i c a l a d v a n t a g e s ( r e p o r t e d in "Spec ia l I n v e s t i g a t i o n s , " be low) . A l 
though to da t e no f a b r i c a t o r h a s been ab le to m a k e s a t i s f a c t o r y 36- in s e a l s with 0 .010-
in K e l - F , the m e m b r a n e m a t e r i a l p r e v i o u s l y unde r c o n s i d e r a t i o n , s a t i s f a c t o r y s e a l s 
have been m a d e in the l a b o r a t o r y and equ ipmen t i s be ing des igned to c a r r y out a fu l l -
s c a l e sea l ing job h e r e , if r e q u i r e d . Th i s equ ipment wil l a l so be su i t ab l e for v u l c a n 
izing M y v a s e a l s e a m s . 

The equ ipmen t for handl ing and i n s e r t i n g t he v a c u u m c h a m b e r in t h e m a g n e t gap 
has been des igned . A p r o g r a m for c l ean ing , a s s e m b l i n g , l e a k - t e s t i n g , e t c . , i s in t he 
planning s t age . (D.D. J a c o b u s , I. Polk , L. W. Smi th , L .D . Stoughton) 

Con t ro l and Wir ing 

F a b r i c a t i o n of the m a s t e r t im ing s y s t e m , which p r o v i d e s t i m e m a r k e r p u l s e s , 
de layed p u l s e s , e t c , with r e s p e c t to a s t a r t e r p u l s e , i s n e a r l y c o m p l e t e . De l ive ry i s 
an t i c ipa ted b e f o r e the end of J a n u a r y . 

E q u i p m e n t for the d e r i v a t i o n of a t iming p u l s e r f r o m the m a g n e t co i l c u r r e n t and 
the field is in t he p r o c e s s of d e s i g n and c o n s t r u c t i o n . 

S c h e m a t i c s for the c o n t r o l ^viring of al l the m a j o r c o m p o n e n t s of t he Cosnnot ron 
a r e in f inal f o r m , and w i r e s c h e d u l e s have b e e n p r e p a r e d f r o m t h e s e s c h e m a t i c s . I n 
s t a l l a t i on i s p r o c e e d i n g on t h e c o n t r o l wi r ing on the m a i n f loor . The loca l c o n t r o l 
c e n t e r s for t he f o r e - v a c u u m s y s t e m , t he in jec to r s y s t e m , and the w a t e r - c o o l i n g s y s 
t e m have b e e n i n s t a l l e d and wi red . The c o m m u n i c a t i o n s c e n t e r for the publ ic a d d r e s s 
s y s t e m , the p r i v a t e t e l ephone s y s t e m , and the i n t e r c o m s y s t e m h a s b e e n w i r e d . 
(E. Dex te r , R.R. K a s s n e r , J .M. Kel ly , F . J . Seufer t , J . L . Walsh) 



46 

Building 

S e v e r a l bui lding mod i f i ca t ions ( d o o r s , safety f e n c e s , p l a t f o r m s , a u x i l i a r y s t e a m 
supply, e t c . ) have been m a d e for e x t r a ssifety and conven i ence . The g a s - h a n d l i n g 
equ ipment for t he in j ec to r Van de Graaff m a c h i n e has b e e n ins ta l l ed , ( j .S . Medd, 
L .D. Stoughton) 

Specia l I nves t i ga t i ons 

A. E l e c t r o n Loading in Van de Graaff T u b e s : The c l e a n v a c u u m s y s t e m and d iode , 
men t ioned in the l a s t p r o g r e s s r e p o r t , have b e e n c o m p l e t e d and a s tudy of h igh field 
e l e c t r o n e m i s s i o n f r o m c o n t a m i n a t e d s u r f a c e s i s u n d e r way. Th i s d iode c o n s i s t s of 
a w^ire ca thode and a coax ia l c y l i n d e r anode; with i t s u s e , high f ie lds can be appl ied 
to the w i r e wi thout us ing high v o l t a g e s . The effects o b s e r v e d in the p a r a l l e l p l ane 
diode have b e e n con f i rmed and ex tended . Heat ing of the w i r e p r o d u c e s a m a r k e d i n 
c r e a s e in e m i s s i o n . B o m b a r d m e n t in a g a s d i s c h a r g e d e s t r o y s t he e m i s s i o n . A v o l 
t age t h r e s h o l d for in i t i a t ion of e m i s s i o n h a s b e e n noted , ju s t a s i s o b s e r v e d for e l e c 
t r o n loading in Van de Graaff m a c h i n e s . 

A s tudy of the e l e c t r o n load ing phenomenon in t he in jec tor Van de Graaff m a c h i n e 
i tself , us ing a l a r g e d i a m e t e r v a c u u m tube , h a s not g iven any s a t i s f a c t o r y so lu t ion of 
the p r o b l e m and wil l be d i scon t inued , ( j . P . B lewe t t , S. Golian, C M . T u r n e r ) 

B. Eddy C u r r e n t A n a l y s i s : A t h e o r e t i c a l s tudy h a s b e e n m a d e of t h e d i s t u r b a n c e s 
in the m a g n e t i c field of t he C o s m o t r o n gap to b e expec ted f rom eddy c u r r e n t s in n e a r 
by c o m p o n e n t s . Of p a r t i c u l a r i m p o r t a n c e a r e the eddy c u r r e n t s in t he wa l l s of the 
v a c u u m c h a m b e r . E x t e n s i v e a n a l y s i s of t he eddy c u r r e n t s in the p r e v i o u s " s a w cu t " 
d e s i g n for t h e top and bo t t om of t h e v a c u u m c h a m b e r showed tha t mod i f i ca t i ons needed 
for a m e c h a n i c a l l y sound s t r u c t u r e would r e s u l t in d a n g e r o u s effects on t he s h a p e of 
the m a g n e t i c f ield. In the r e d e s i g n of the v a c u u m c h a m b e r , fu r the r eddy c u r r e n t 
s tud ies have se t l i m i t s on t he d i m e n s i o n s of i t s c o m p o n e n t s . 

The d e s i g n of o the r s t r u c t u r e s in the C o s m o t r o n i s being m o n i t o r e d for i t e m s 
tha t would c r e a t e p o s s i b l e eddy c u r r e n t or f e r r o m a g n e t i c d i s t u r b a n c e s in the m a g n e t i c 
field. (M.H, Blewet t ) 

C. P a r t i c l e O s c i l l a t i o n s : An a n a l y s i s h a s b e e n m a d e of t he fo rced b e t a t r o n o s 
c i l l a t i ons in a s y n c h r o t r o n wi th s t r a i g h t s e c t i o n s . T h i s t r e a t s of the mod i f i ca t ion , 
engendered by the i n s e r t i o n of t h e s t r a i g h t s e c t i o n s r e q u i r e d in the F o u r i e r a n a l y 
s i s (in t he c a s e of a c i r c u l a r m a c h i n e ) of t he a z i m u t h a l m a g n e t i c i n h o m o g e n e i t i e s 
and t h e i r effect on the b e t a t r o n o s c i l l a t i o n s of t he p a r t i c l e s be ing a c c e l e r a t e d . 
(N.M. B l a c h m a n ) 

D. Vacuum T e s t i n g : T e s t s on the vacuum p r o p e r t i e s of v a r i o u s p l a s t i c m a t e r i a l s , 
a s d e s c r i b e d in the l a s t p r o g r e s s r e p o r t , a r e cont inuing . Of c o n s i d e r a b l e p r a c t i c a l i m 
p o r t a n c e i s t he r e c e n t ava i l ab i l i t y of a s p e c i a l f o r m of r u b b e r , M y v a s e a l . T h i s r u b b e r 
evolves g a s a t a r a t e c o n s i d e r a b l y g r e a t e r than K e l - F , bu t i t s m e c h a n i c a l p r o p e r t i e s , 
f rom the s tandpoin t of joining and fo rming l e a k - t i g h t s e a l s at the g a s k e t s , i s so s u p e r 
ior to K e l - F t ha t it a p p e a r s b e t t e r su i ted to our n e e d s . The g a s s i n g m a y be r e d u c e d 



47 

by f in ishing by g r ind ing , or by g r e a s i n g , the s t e e l s u r f a c e s unde r the M y v a s e a l . 

The following t a b l e g ives the u l t i m a t e p r e s s u r e in a t e s t c h a m b e r , and t h e g a s s i n g 
r a t e ( r i s e in p r e s s u r e in 100 sec with the p u m p s b lanked off) for v a r i o u s m a t e r i a l s . 
The d e s i g n of t he t e s t c h a m b e r and punnping s y s t e m g i v e s va lue s a p p r o x i m a t e l y t h o s e 
of the f inal s y s t e m . 

M a t e r i a l Fornning Cover 
of T e s t C h a m b e r 

Stee l 
K e l - F 
M y v a s e a l on rough s u r f a c e 
M y v a s e a l on m a c h i n e d s u r f a c e 
M y v a s e a l wi th Apiezon N on 

m a c h i n e d s u r f a c e 

T a b l e 1 

U l t i m a t e P r e s s u r e 
a f te r about 10 Days 

0.8 X lO"^ m m Hg 
1.0 
4 . 0 
2 . 0 

1.8 

U s e of l iquid n i t r o g e n r e d u c e s t h e s e v a l u e s by a f a c t o r 
All da ta r e f e r to T = 25°C. 

Gas Evolu t ion 
(Ap/lOO sec ) 

4 x 1 0 " ^ m m Hg 
— 

80 
75 

18 

of about two. 

In view of t h e s e r e s u l t s , p l a n s now ca l l for the u s e of a M y v a s e a l s h e e t ove r a 
v a c u u m c h a m b e r with a 3 2 - m i c r o i n c h f in ish . It i s not expec t ed to be n e c e s s a r y to 
apply v a c u u m g r e a s e to the s u r f a c e s . (J. C. S t r ee t , G.B. Col l ins ) 

6 0 - I n c h Cyc lo t ron (5214) 

Fol lowing a r e l a t i v e l y s h o r t p e r i o d of o p e r a t i o n a t only m i n o r b e a m c u r r e n t s , 
c o n s i d e r a b l e r a d i o a c t i v i t y o c c u r r e d within t he v a c u u m tank and a round the d e e s . 
F r o m th i s i t w a s a p p a r e n t tha t af ter even a l imi t ed amoun t of runn ing , it would b e 
e x t r e m e l y difficult to m a k e changes in the s t r u c t u r e without subjec t ing p e r s o n n e l t o 
t he h a z a r d s of e x c e s s r ad i a t i on . Acco rd ing ly , a v e r y t h o r o u g h t e s t of t he dee s t r u c 
t u r e and de f l ec to r was u n d e r t a k e n without a b e a m p r e s e n t in o r d e r to u n c o v e r weak 
po in t s in d e s i g n whi le it w a s s t i l l r e l a t i v e l y s i m p l e to c o r r e c t t h e m . 

The r a d i o - f r e q u e n c y sho r t i ng b a r was moved to pernn i t o p e r a t i o n a t a s l ight ly 
(0.4 m c ) h igher f r equency . F i r s t , a b r e a k d o w n of t he c u r r e n t f inger c o n n e c t i o n s , d e e 
s t e m to s h o r t i n g b a r , o c c u r r e d and w a s r e p a i r e d . T h e n , t h e ou t s ide con tac t f la t l i ne 
f i n g e r s b e t w e e n the shor t ing b a r and the obround (the o u t s i d e o v a l - s h a p e d con ta ine r 
for t he dee s t e m s ) b u r n e d up and w e r e r e p l a c e d with a new des ign , which fa i led af ter 
a running p e r i o d of 12 d a y s . A t h i r d v e r s i o n of t he sho r t ing b a r - o b r o u n d con tac t s 
r e s u l t e d in 10% h igher d e e vo l t age , but af ter 11 d a y s of t e s t , t he shor t ing b a r - d e e 
s t e m c o n t a c t s fai led, A r e d e s i g n e d con tac t a r r a n g e m e n t was i n s t a l l ed but fai led the 
next day, t h i s t i m e be tween the sho r t i ng b a r and obround . At p r e s e n t , a new c l a m p e d 
r ibbon c o n t a c t f inger i s on t h e d ra f t ing b o a r d . (W.W. M e r k l e ) 
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G.E. E l e c t r o s t a t i c G e n e r a t o r (5214) 

T h e c o n t r a c t s e t t l e m e n t wi th t he G e n e r a l E l e c t r i c Co. conce rn ing t h i s m a c h i n e 
now a l lows the p lanning of a l o n g - r a n g e p r o g r a m of mod i f i ca t ion and i m p r o v e m e n t , 
chiefly in t h e ion a c c e l e r a t i n g s y s t e m , including the a c c e l e r a t i n g tube , the ion s o u r c e 
and the vacuuin s y s t e m . In t he m e a n t i m e , r e s e a r c h wi th t h i s m a c h i n e i s con t inu ing , 
with s t u d i e s of g a m m a - r a y s p e c t r a and p a r t i c l e e m i s s i o n f r o m the l ight e l e m e n t s 
unde r p r o t o n and d e u t e r o n b o m b a r d m e n t . ( C M , T u r n e r ) 



CHEMISTRY D E P A R T M E N T 

E igh t een indiv idua l r e p o r t s , c o v e r i n g v a r i o u s p h a s e s of t h e Depa r tnnen t ' s r e s e a r c h , 
a r e g iven in t he following s e c t i o n s . The de t a i l in which t h e d i f fe ren t r e p o r t s a r e p r e 
sented v a r i e s c o n s i d e r a b l y , depending on the n a t u r e of t h e p r o b l e m and the d e g r e e of 
c o m p l e t e n e s s of t he work . 

E x p e r i m e n t s on the lovr t e m p e r a t u r e a b s o r p t i o n s p e c t r a of r a r e e a r t h and heavy 
e l emen t c o m p o u n d s have b e e n cont inued . The s p e c t r a of sol id u r a n i u m t e t r a c h l o r i d e 
and u r a n i u m t r i c h l o r i d e a r e r e p o r t e d as wel l a s t he s p e c t r a of t h e i r s o l u t i o n s . S i m i 
l a r o b s e r v a t i o n s on gado l in ium b r o m i d e and e u r o p i u m c h l o r i d e a r e r e p o r t e d . The lo'w 
t e m p e r a t u r e t e c h n i q u e h a s a l s o b e e n employed to s tudy the a b s o r p t i o n s p e c t r a of c h l o r 
ophyll ; s p e c t r a l ev idence for a second componen t in ch lo rophy l l b i s found at low t e m 
p e r a t u r e . 

T h e D e p a r t m e n t ' s 2 - M e v e l e c t r o n Van de Graaff h a s b e e n employed in s e r v i c e i r 
r a d i a t i o n s and in s t u d i e s on the r a d i a t i o n d e c o m p o s i t i o n of w a t e r , aqueous ha l ide s o l u 
t i ons , and aqueous p e r o x i d e so lu t i ons . C h e m i c a l m e t h o d s for m e a s u r i n g t h e d o s a g e due 
to t he 2 - M e v X - r a y s have b e e n s tud ied . The ox ida t ion of f e r r o u s su l fa te so lu t ions f u r 
n i s h e s t h e m o s t s a t i s f a c t o r y m e t h o d at p r e s e n t . 

The e l e c t r o n t r a n s f e r exchange r e a c t i o n s b e t w e e n f e r r o u s and f e r r i c i r o n , t h a l l o u s 
and tha l l i c t h a l l i u m , and f e r r o c y a n i d e and f e r r i c y a n i d e have b e e n f u r t h e r i n v e s t i g a t e d . 
The k i n e t i c s of t he r e a c t i o n in t he f i r s t s y s t e m a r e now wel l out l ined. In the second , 
new in fo rma t ion on the effect of c h l o r i d e is r e p o r t e d . In t he t h i r d , p a s t w o r k h a s b e e n 
extended but no e s s e n t i a l l y ne'w r e s u l t s have b e e n ob ta ined . The k i n e t i c s of t he e x 
change r e a c t i o n b e t w e e n n i cke lous ion and i t s c o m p l e x wi th e t h y l e n e d i a m i n e t e t r a - a c e -
t a t e have b e e n inves t iga t ed . E a r l i e r t r a c e r m e a s u r e m e n t s on the m e c h a n i s m of t he 
Wi l lgerodt r e a c t i o n have b e e n ex tended , and i t i s p r o v e d tha t no s k e l e t a l r e a r r a n g e 
m e n t s o c c u r . In connec t ion wi th t h i s i nves t iga t ion , s o m e q u e s t i o n s of t echn ique b e a r 
ing on the va l id i ty of p r e v i o u s C work have been s tud ied . 

I n t e r e s t in p r e d i c t i n g the i s o t o p e effect on t he m a s s s p e c t r a l p a t t e r n of i so top ic 
a c e t y l e n e s h a s led to t he ca l cu l a t i on of t he n o r m a l c o o r d i n a t e s for t he s t r e t c h i n g m o d e s 
of t h e s e m o l e c u l e s ; the a n a l y s i s of t he s t r e t c h i n g f r e q u e n c i e s i s r e p o r t e d . New da ta on 
the r e l a t i v e abundances of t he neon i s o t o p e s have b e e n obta ined. An i m p r o v e d me thod 
for the m a s s s p e c t r o m e t r i c d e t e r m i n a t i o n of d e u t e r i u m in w a t e r h a s b e e n deve loped . 
B a s e d on the quan t i t a t i ve c o n v e r s i o n of w a t e r to e thane , it m i n i m i z e s m a n y of t he dif
f icu l t i es e n c o u n t e r e d in the convent iona l p r o c e d u r e of c o n v e r t i n g w a t e r to h y d r o g e n and 
m e a s u r i n g the l a t t e r . 

Some o b s e r v a t i o n s on the e f fec t iveness of T T A - m e t a l c o m p l e x e s in S z i l a r d - C h a l -
m e r s s e p a r a t i o n s a r e d e s c r i b e d , A p r e c i s e m e a s u r e m e n t of t he ha l f - l i fe of 1^^° h a s 
been m a d e , leading to a va lue of 1.72 x 10 ' y r . With c e r t a i n a s s u m p t i o n s , t h i s i s m a d e 
t h e b a s i s for an e s t i m a t e of t he t i m e i n t e r v a l be tween the f o r m a t i o n of the e l e m e n t s 

g 
and the f o r m a t i o n of the ea r th ; t h e va lue ca l cu la t ed i s 2.7 x 10 y r . The p r o c e s s of the 
e jec t ion of e l e c t r o n s f rom an a t o m undergo ing a lpha d e c a y h a s b e e n s tud ied t h r o u g h 
m e a s u r e m e n t s on the c h a r a c t e r i s t i c lead X - r a y s emi t t ed f r o m Po ; t he r e s u l t s a r e 
c o m p a r e d with t h e o r y . 
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Absorption Spectra of UCI4 and UCI3 at 77°K in Solid and Solution (5311)* 

S. Freed and K. Sancier 

Abstract 

Fur ther work has been done on the ultraviolet i rradiat ion of solu
tions of anhydrous UCI4 in 10% n-propyl alcohol, 90%) hydrocarbon 
(1:1 propane-propene) at 77°K. It is established that the UCI4 is r e 
duced photochemically to UCI3 in solution. Anhydrous UCI3 was p r e 
pared by reduction of UCI4 with H2; during this process an in termed
iate is obtained. The spectra of anhydrous UCI4 and UCI3 at 77°K as 
well as that of the intermediate a re reported. 

As reported in BNL 64 (S-6), p. 29, a solution of anhydrous UCI4 in 10% n-propyl 
alcohol, 90%) .hydrocarbon (1:1 propane-propene), hereinafter called "proper" alcohol 
solution, is t ransformed from a green to a purple solution at 77°K by i r radiat ion with 
a hydrogen discharge tube. Previously, it was found that a few hours ' i r radiat ion p ro 
duced a purple coloration that disappeared upon warming from 77°K to 230°K. Succes
sive cycles of i r radiat ion and warming produced a condition in which no further purple 
coloration would form, although the solution appeared to the eye the same as the or ig i 
nal green. 

It nnay be mentioned that in the initial experiments of the preparat ion of "proper" 
solution of anhydrous UCI4 some uranyl salt was formed; upon extended i rradiat ion, 
its charac ter is t ic fluorescence disappeared, presumably because of photochemical r e 
duction. 

In order to obtain a high concentration of the purple solution, all of a small volume 
of UCI4 solution was i r radiated. This was done in a quartz cell 1 x 10 x 20 mm-^ con
taining 0.2 cc. The following procedure was used in preparing the "proper" solution of 
anhydrous UCI4: In an extension of the quartz absorption cell, anhydrous UCI4 (kindly 
supplied by N. Elliott) was dried at 150°C in an atmosphere of hydrogen chloride and 
sublimed into the absorption cell at about 500°C in vacuum. The extension was then 
sealed off. The sublinned UCI4 formed a continuous thin film which was observed spec
tral ly before dissolving. To obtain its "proper" solution, anhydrous n-propyl alcohol 
was condensed upon it, rapidly dissolving the UCI4. Into this solution 1:1 mixture p ro 
pane-propene was condensed, and finally mixed by agitation at 230°K (propane bp). 

This solution was irradiated for 100 hr at 77°K and spectra were taken per iodi
cally. It was possible by use of a microscope to view the 1-mm cross section and thus 
have a 10-mm path length. With the hydrogen lamp irradiat ing the 10 x 20 mm side of 
the cell, the solution f irs t became purple at the neares t quartz interface. This color 
slowly, over many hours, diffused throughout the solution. Pr io r to diffusion it was 
possible to take spectra of both the green and purple solutions concurrently. Figure 1 
shows the spectra l changes upon irradiat ion. In the near infrared (Figure 3), d i scre te 

* F o r e x p l a n a t i o n of t h e s e n u r r b e r s , s e e F o r e w o r d . 
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s t ruc ture appears ; simiilar s t ruc ture a p - ' 
pea r s in the spectra of anhydrous UCI3 
crys ta l s and of aqueous UCI3 solutions 
but not in those of UCI4. Fur ther evidence 
that the purple solution is due to U"*"-* ions 
comes from the following facts : (1) Aque
ous solutions of U"*"̂  ions a r e purple; (2) 
cifter removal of the solvent, a chemical 
analysis of the rat io of ch lo r ide - to -u ran
ium gave 3.2, The solution i r radia ted for 
100 hr at 770K remained purple at 300°K 
when the volatile hydrocarbon but not the 
alcohol was removed. 

The visible spectrum of the i r radiated 
UCI4 solution at 77°K, cor rec ted for the 
possible p resence of UCI4, cannot at p r e 
sent be brought into s t r ic t correspondence 
with the spectrum of the aqueous solution 
(M. Fred and C.J. Rodden, Analytical 
Chemistry of the Manhattan Project , Chap
te r VII, Photometric Methods) of UCI3 at 
room tempera tu re nor with the spectrum 

of anhydrous UCI3 c rys ta l s at 77°K. The general absorption between 5000A and 6OOOA 
of the i r radia ted UCI4 solution is somewhat unexpected, but it may possibly be account
ed lor by shifting and merging of the two intense bands of the aqueous UCI3 at 5200A 
and 62OOA; this is not typical of r a r e - e a r t h - l i k e ions. On the other hand, it may pos 
sibly a r i s e from the "solvated" chlorine atom formed in the process of the reduction at 
the low tempera tu re . 

WAVELENCTH 

Figure 1. Spectra at 77°K of anhydrous UCI4 
in "proper" alcohol solution before and after 

ultraviolet irradiation. 

In order to check this behavior it was proposed to p repare chemically a solution of 
anhydrous UCI3 and measure i ts spect rum at 7 7 0 K , 

The spect rum of anhydrous UCI4 at 77°K, prepared as described above, is shown 
in Figures 2 and 3. No discre te s t ruc tu re is observed in the near infrared (Figure 3). 
The ul t raviolet spectrum exhibits general absorption below 4000A. The absorption 
spectrum of anhydrous UCI4 at 77 K recently reported by Freymann et al. (M. F r e y -
mann, R. Freymann, R. Rohmer, and P. Hamon, Compt. Rend., 1524-6, April , 1950) 
agrees in general with resul ts found-here, but differs in some par t i cu la r s . 

For the purpose of preparing the "proper" solution of anhydrous UCI3, anhydrous 
UCI4 was reduced in a quartz cell with hydrogen. In the initial experiment the UCI4 
was heated at about 500 C for 2 hr in slowly flowing hydrogen. The evacuated product 
was heated to 500°C to sublime off unreacted UCI4. The product, having much the same 
light yel low-greenish color as UCI4, was analyzed spectral ly at 77°K (Figures 2 and 3). 
Its spectrxim does not correspond to UCI4, nor to UCI3 (later to be described) . That 
this reduction product is not UCI3 seems clear fronti the absence of infrared absorption 
(Figure 3); it is not UCI4 as evidenced from its spectra and its non-volatility. It may 
be a mixed valence salt, perhaps U2CI7, as is suggested by analogy with U^^^, 

Reduction of this product with hydrogen at 700°C produced olive green needle-l ike 
crys ta ls of UCI3 so small as to make impossible d i rec t spectral examination of single 
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PARTIAL REDUCTION PRODUCT 
OF UCI. 
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Figure 2 (Above left). Spectra at 77'-'K of anhydrous UCI4 and UCl3 crysta ls 
(above), and the partial reduction product of anhydrous UCI4 . 

Figure 3 (Above right). Spectra at 77°K of anhydrous UCI4 in "proper" alcohol 
solution after ultraviolet irradiation, and of anhydrous UCI3 crystals . Anhy
drous UCI4 crystals and their "proper" alcohol solution do not absorb in this 

region. 

c r y s t a l s wi th our m i c r o s c o p e . The c r y s t a l s w e r e b i r e f r i g e n t , a p r o p e r t y tha t p e r 
mi t t ed t h e i r s p e c t r a l examina t ion : by p lac ing the s p e c i m e n a t 77°K b e t w e e n the 
c r o s s e d n i co l s of a m i c r o s c o p e , a l l l ight except tha t p a s s i n g th rough the c r y s t a l was 
blocked. 

T h e a n h y d r o u s UCI3 s p e c t r u m shown in F i g u r e s 2 and 3 i s s h a r p e r t h a n the spec
t r u m of UCI4 and the l ines a r e g rouped in m o r e r a r e - e a r t h - l i k e c h a r a c t e r . 

A b s o r p t i o n Spec t ra of Gado l in ium B r o m i d e and E u r o p i u m C h l o r i d e (5311) 

S. F r e e d and K. Sanc ie r 

GdBr3-6H20 

The a b s o r p t i o n s p e c t r u m of gado l in ium b r o m i d e h e x a h y d r a t e w a s e x a m i n e d in 10% 
" p r o p e r " a l coho l solut ion a t 77°K us ing a 65 c m solut ion path . It was p o s s i b l e to 
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e x a m i n e the 2700A and the 3000A g r o u p s in the f i r s t and second o r d e r of the g r a t i n g , 
but it was not p o s s i b l e to e x a m i n e the 2500A g r o u p , p r o b a b l y b e c a u s e of e x c e s s i v e l ight 
s c a t t e r i n g . 

The a b s o r p t i o n l ines of gado l in ium in the " p r o p e r " so lu t ions a r e a l m o s t a s s h a r p 
a s t h o s e found for the c r y s t a l . F u r t h e r m o r e , the wave l eng ths of t h i s Gd -^ in so lu t ion 
and in t h e c r y s t a l (S. F r e e d and F .H , Spedding, J. Am. C h e m . Soc, 52, 3747 ( I 9 3 0 ) ) a r e 
n e a r l y co inc iden t wi th only s l ight shif ts up to 5A. 

EuCl-3 

The a b s o r p t i o n s p e c t r u m of anhydrous e u r o p i u m t r i c h l o r i d e a t 77°K was s tudied 
u s ing the c r o s s e d n icol t e c h n i q u e to p e r m i t o b s e r v a t i o n of l ight tha t p a s s e d t h r o u g h 
c r y s t a l s , and no o t h e r . The s p e c t r a l r e g i o n f r o m 3600A to 9000A w a s e x a m i n e d in t he 
f i r s t , s econd , and t h i r d o r d e r of t he g r a t i n g , and with an effect ive c r y s t a l t h i c k n e s s of 
about 1 m m . 

A s a m p l e of E u C l 3 ' 6 H 2 0 was d e h y d r a t e d by p a s s i n g HCl ove r the s a l t at about 
190 C T h i s s p e c t r u m exhib i t s fewer l i nes tha t tha t r e p o r t e d for EUF3 (S. F r e e d and 
S.I. W e i s s m a n , J. Chem. P h y s . 8̂ , 878 -9 (1940)). 

F u r t h e r d e h y d r a t i o n in an HCl a t m o s p h e r e a t 250 C r e d u c e d t h e n u m b e r of l i ne s 
in t he s p e c t r u m e n o r m o u s l y , e s p e c i a l l v in the 4000A g r o u p . In addi t ion , the 5798A and 
5835A l i n e s d i s a p p e a r e d , and the 5362A l ine and o t h e r s in t he n e a r i n f r a r e d a p p e a r e d . 

When hea ted f r o m 190 C to 250 C, s o m e of t he l ight a m b e r EUCI3 c r y s t a l s b e c a m e 
coated with a d a r k l a y e r suff ic ient ly th ick to m a k e a few c r y s t a l s opaque . The s p e c t r a 
of the indiv idual c r y s t a l s r e v e a l e d no d i f f e rence b e t w e e n the d a r k and l ight v a r i e t i e s . 

The A b s o r p t i o n S p e c t r a at Low T e m p e r a t u r e s of Solut ions of 
Ch lo rophy l l a, and of Ch lo rophy l l b (5311) 

S. F r e e d and K. Sanc i e r 

A b s t r a c t 

The v i s i b l e and u l t r a v i o l e t ab so rp t i on s p e c t r a of c h l o r o p h y l l s a 
and b w e r e m e a s u r e d in so lu t ions of 10% p r o p y l e the r and 90% 1:1 
p r o p a n e - p r o p e n e a t 230 K and 77°K. V a r i a t i o n s in the s p e c t r u m of 
ch lo rophy l l b a t 77 K for two di f ferent s a m p l e s s u g g e s t s the p r e s e n c e 
of a second componen t in ch lo rophy l l b . 

The a b s o r p t i o n s p e c t r a of so lu t ions of ch lo rophy l l a and of ch lo rophy l l b at 230OK 
and 77°K w e r e obta ined to o b s e r v e r e f i n e m e n t s in t h e s p e c t r a which a r e to b e expec ted 
f r o m a r e d u c t i o n in t e m p e r a t u r e . The so lvent w a s a fluid cons i s t i ng of 10% by 
vo lume d i - n - p r o p y l e the r and 90%o h y d r o c a r b o n , equal ly divided be tween p r o p a n e and 
p r o p e n e . 
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The chlorophylls had been prepared and purified at the University of Minnesota by 
R. Livingston and his associa tes who also generously sent the absorption spectra of 
their solutions in anhydrous ethyl ether. These spectra resembled ra ther closely those 
obtained by Zscheile and his col laborators (e.g., F .P . Zscheile and G. Comar, Bot. Gaz. 
102, 463 (1941)), 

The f i rs t stage in the preparat ion of the solution, that of dissolving chlorophyll in 
di-n-propyl ether, followed a suggestion of Professor Livingston: The di-ethyl ether 
was displaced after successive additions of di-n-propyl ether and subsequent par t ia l 
evaporations of the resulting solvent almost to dryness at 273 K with immediate addi
tion of m o r e propyl ether. This procedure led to a solution having an estimated con
tent of less than 0.01% di-ethyl ether. The solutions of the chlorophylls in di-n-propyl 
ether were brought to the t empera tu re of dry ice, and then propane and propene (Re
search Grade, Phillips Petroleum Co.) were condensed in, thus homogeneously diluting 
the ethereal solution. At 230°K, the boiling point of propane, the solutions were high
ly nnobile; at 77°K, the viscosity appeared to be about that of glycerine at room t em
pera ture . The final chlorophyll concentration was about 2 x lO"'* M. 

The absorption spectra were taken by means of a Cary double beam spectrometer 
through a path length of about 1 mm. The fused quartz absorption cells were thorough
ly washed with distilled water to remove t races of any acid, then flamed under high 
vacuum. The quartz in the two beams was made alnnost optically equivalent and 
complete compensation for quartz , solvent and coolant at the t>vo t empera tu res was 
achieved by obtaining balances with the multipot over the ranges studied. 

Table 1 

Maxinna of Absorpt 

230°K 

Wave Length X. 
(Angstroms) 

2500 
2800 
2960 
3100 
3280 

3810 
4150 
4250 
5000 
5350 
5800 
6200 

6650 

Intensity I 
(Density Units) 

.25 

.01 

.06 

.01 
,2 

.7 
3.0 
4.0 

.02 
,04 
. 10 
.3 

1.3 

ion for Chlorophyll â  

77°K 

Wave Length \ 
(Angstroms) 

2600 

3020 
3330 
3410 
3620* 
3900 
4200 
4400 
5150 
5400 
5850 
6200* 
6350 
6700 

Intensity I 
(Density Units) 

.15 

.35 

.02 
, 5 
.04 

1,2 
>3.0 
>4.0 

.02 

.03 

.02 

.06 
1.30 
1.4 

*New band. 
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Table 2 

Maxima of Absorption for Chlorophyll b 

230°K 

Wave Length \ 
(Angstroms) 

2530 
2580 
2880 

3050 

3330 
3600 
3800 
4300 
4700 

5550 

5950 

6500 

Intensity I 
(Density Units) 

,2 
1.02 

,02 

.1 

.1 

.02 

.02 

.4 
1.5 

.01 

.07 

.5 

77°K 

Wave Length K 
(Angstroms) 

2530* 
2550 
2590* 
2900 
3030 
3140 

J3400* 
13440 
3680 
3890 
4500 
4800 
4815* 
5200* 
5600 
5850* 
6050 
6300* 
6600 

Intensity I 
(Density Units) 

.02 

.4 

.02 

.02 
,01 
.4 
,02 
.4 
.04 
.06 
.6 

1.75 
.1 
,01 
.04 
.01 
.15 
,2 
.5 

*New band. 

In general , reduction in tempera ture as can be seen fronn the spectra brings about 
a sharpening of the bands and a shift of the corresponding peaks toward longer wave 
lengths, s imilar to thatobserved in the spectra of carotene (S. Freed and C.J. Hochan-
adel. Science HO, 298 (1949)). Reduction in tempera ture from 230°K to 770K enhances 
the intensity of most bands. However, in Figures 1-4, intensities of the spectra at the 
two tempera tures a r e not to be compared because of differences in concentration 
caused by precipitation of a small fraction of the chlorophylls upon lowering the t e m 
pera ture of these solutions. Changes in s t ructure of the spectra brought about by r e 
duced tempera ture a re the p r imary consideration. 

In Tables 1 and 2 are tabulated in angstroms the wave lengths, X., of the maxima 
of the absorption bands appearing at 230°K and 77°K for chlorophylls â  and b, r e spec 
tively. The estimated relat ive intensity within a spectrum of each band in density 
units, read from the Cary instrument, is also given to help cor re la te the band move
ments. 

In the spectrum of chlorophyll a_ shown inF igures 1 and 2, all bands a re shifted to the 
red upon lowering the tempera ture . The 6200.^ and 6350^ bands at 77°K seem to a r i s e from 
the 6200^ band at 230°K. But the 3620^ band at 770K seems to have no counterpart at 2 3 0 0 K . 
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2500 3 0 0 0 3500 4 0 0 0 

WAVELENGTH IN A 

5000 6000 7000 

WAVELENGTH IN A 

F i g u r e 1. Changes with t e m p e r a t u r e of 
u l t r a v i o l e t a b s o r p t i o n s p e c t r u m of so lu 
t ions of ch lo rphy l l a. 

230OK, ~-; 770K, 
(Curves taken at different c o n c e n t r a t i o n s . ) 

F i g u r e 2. Changes with t e m p e r a t u r e of 
v i s ib l e a b s o r p t i o n s p e c t r u m of so lu t ions of 
ch lo rophy l l a. 

230OK, , 770K, . 
( C u r v e s taken at different c o n c e n t r a t i o n s . ) 

2500 3000 3500 

WAVELENGTH IN A 

4000 
4000 5000 6000 

WAVELENGTH 

8000 

F i g u r e 3. Changes with t e m p e r a t u r e of 
u l t r a v i o l e t a b s o r p t i o n s p e c t r u m of so lu 
t i ons of ch lorophyl l b . 

230°K, ' 770K, 
(Curves t aken at di f ferent c o n c e n t r a t i o n s . ) 

F i g u r e 4. Changes with t e m p e r a t u r e of 
v i s ib l e a b s o r p t i o n s p e c t r u m of so lu t ions of 
ch lorophyl l b . 

230OK, ; 77OK, . 
(Curves t aken at different c o n c e n t r a t i o n s . ) 
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In t he s p e c t r u m of ch lo rophy l l b shown in F i g u r e s 3 and 4, s t r u c t u r e a p p e a r s a t 
77*-*K w^hich w^as o b s c u r e at 230°K. At p r e s e n t the c o r r e l a t i o n of a b s o r p t i o n m a x i m a 
i s in s o m e doubt for i n t e n s i t i e s equal to or l e s s than .02 ( s e e T a b l e 2). The 4800A 
and 6300A b a n d s a t 77°K a r e new, and in two d i f fe ren t s a m p l e s t he i r i n t e n s i t i e s v a r y 
t oge the r r e l a t i v e to the r e s t of t he s p e c t r u m ( see t he two s e t s of c u r v e s in F i g u r e 4). 
The 4 3 0 0 ^ (230°K) or 4500A (77°K) band a l s o shows in t ens i ty v a r i a t i o n s a c c o r d i n g to 
s a m p l e , and a t low t e m p e r a t u r e i t s in tens i ty p a r a l l e l s t he i n t ens i ty b e h a v i o r of t he new 
bands ; t h i s band a t 300°K i s i nd i s t i ngu i shab l e f r o m r e p o r t e d s p e c t r a . On t h e p o s s i b i l 
i ty tha t so lva t ion of the ch lo rophy l l with r e s i d u a l e thyl e t h e r in the so lven t m i g h t be 
r e s p o n s i b l e for t he new b a n d s , about 30%) ethyl e the r was added to the p r o p y l e t h e r . 
However , no change was o b s e r v e d in the s p e c t r a at 77°K. The b e h a v i o r of t h e s e t h r e e 
bands s u g g e s t s the p r e s e n c e of a componen t c l o s e l y r e l a t e d to ch lo rophy l l b , d e t e c t 
able at low^ t e m p e r a t u r e b e c a u s e f iner d i s c r i m i n a t i o n i s p o s s i b l e t h e r e and b e c a u s e 
the r e l a t i v e shift of wave length of the two s u b s t a n c e s a s a funct ion of t e m p e r a t u r e 
m a y be f a v o r a b l e . 

After t he ch lo rophy l l so lu t ions had been a t 77°K, t he 230°K s p e c t r u m was r e t a k e n 
with the ch lo rophy l l comp le t e ly d i s s o l v e d and was found to be unchanged . The r o o m 
t e m p e r a t u r e s p e c t r a ( ch lo rophy l l s in ethyl e t h e r ) w e r e f inally t aken and found to a g r e e 
in a l l r e s p e c t s with p r e v i o u s work . 

Rad ia t ion C h e m i s t r y 

A , 0 . Allen 

Ope ra t i on of G e n e r a t o r 

The D e p a r t m e n t ' s 2 - M e v e l e c t r o s t a t i c g e n e r a t o r o p e r a t e d v e r y s a t i s f a c t o r i l y 
th roughout the q u a r t e r . It w a s u s e d in t ens ive ly for t he r e s e a r c h e s in r a d i a t i o n c h e m 
i s t r y d e s c r i b e d in t he following s e c t i o n s . In addi t ion, the following s e r v i c e i r r a d i a t i o n s 
w e r e m a d e for o the r g r o u p s : 

F o r G. F r i e d l a n d e r and E, Wilson ( C h e m i s t r y D e p a r t m e n t ) , t e s t s on c o l o r a t i o n by 
X - r a y s of v a r i o u s t ypes of g l a s s for windows in r a d i a t i o n s h i e l d s . 

F o r A. E d e l m a n n and G. Mateyko (Biology D e p a r t m e n t ) , c a t h o d e - r a y i r r a d i a t i o n of 
the p i t u i t a r y gland in l iving r a t s . 

F o r H.A, S c h e r a g a and L . F . N i m s (Biology D e p a r t m e n t ) , i r r a d i a t i o n by X - r a y s of 
f ib r inogen so lu t ions . 

An i n t e g r a t i n g c u r r e n t m e t e r , deve loped by the E l e c t r o n i c s Div is ion w a s p l aced in 
s e r v i c e . T h i s g ives a r e a d i n g of t h e to ta l d o s e of r a d i a t i o n d e l i v e r e d by the m a c h i n e , 
and a l so a l lows a c c u r a t e r e a d i n g of c a t h o d e - r a y c u r r e n t s ove r a v e r y •wide r a n g e of 
c u r r e n t . 

E x p e r i m e n t s on the d e c o m p o s i t i o n of w a t e r and aqueous so lu t ions and on d o s i m e t r y 
m e a s u r e m e n t s a r e d e s c r i b e d in t he following s e c t i o n s . 
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D e c o m p o s i t i o n of Wate r and Di lute Hal ide Solut ions with 2 - M e v X - R a y s (5311) 

E,R, Johnson and A.O. A l l en 

It i s shown tha t d i lu te p o t a s s i u m iod ide or b r o m i d e so lu t ions d e 
c o m p o s e in a r e p r o d u c i b l e m a n n e r to h y d r o g e n and oxygen. At high 
d o s a g e s with 2 - M e v X - r a y s a m a t e r i a l b a l a n c e betw^een t h e s e p r o d u c t s 
i s not ob ta ined , ind ica t ing the p r e s e n c e of o t h e r p r o d u c t s . 

Some c o m p a r i s o n betw^een the d e c o m p o s i t i o n of ha l ide so lu t ions 
and w a t e r i s given. 

It i s a w e l l - e s t a b l i s h e d fac t tha t du r ing X - r a y b o m b a r d m e n t of p u r e w a t e r l i t t l e d e -
c o m p o s i t i o n o c c u r s , but in the p r e s e n c e of d i lu te s a l t s such a s KBr or KI m e a s u r a b l e 
d e c o m p o s i t i o n d o e s o c c u r . T h i s r e s e a r c h i s c o n c e r n e d with the m e c h a n i s m by which 
t h e s e s a l t s i n c r e a s e t he d e c o m p o s i t i o n yield of w a t e r . A tho rough u n d e r s t a n d i n g of 
t h i s p r o b l e m should p r o v i d e n e c e s s a r y i n fo rma t ion for the u n d e r s t a n d i n g of m o r e c o m 
p l ex so lu t ions . T h e o r i e s r e g a r d i n g the m e c h a n i s m of t h i s p r o c e s s have been p r e s e n t e d 
in the l i t e r a t u r e (A.O. Al len , J. P h y s . Colloid Chem. 52, 479 (l 948); Dainton, ib id . , 490). 

E x p e r i m e n t a l 

The w a t e r u s e d in t h e s e e x p e r i m e n t s i s r e d i s t i l l e d f r o m p e r m a n g a n a t e , t hen d i -
c h r o m a t e followed by hyd rox ide , and co l l ec t ed in a q u a r t z r e c e i v e r . F i g u r e 1 shows 
the g e n e r a l a r r a n g e m e n t for f i l l ing t h e s a m p l e b u l b s . The bu lbs a r e b lown fronn 2 - m m 
p y r e x c a p i l l a r y tubing which is f i r s t hea ted to softening u n d e r a c o n s t a n t s t r e a m of oxy
gen to r e m o v e any a b s o r b e d o r g a n i c m a t e r i a l . Dur ing the ac tua l b lowing, t h e b r e a t h i s 
f i l t e red t h r o u g h cot ton and g l a s s wool. The s a m p l e bu lbs (about 10 -cc vo lume) a r e f i r s t 
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f i l led with p u r e w a t e r and then a l lowed to soak for 24 h r , a f te r which t i m e they a r e 
empt ied and s ea l ed to the l ine (p ro tec t ed f r o m o r g a n i c v a p o r s f r o m the b r e a t h wi th a 
d r y i ce t r a p ) . The so lu t ion bulb (A, F i g u r e 1) i s t r e a t e d in a f ash ion s i m i l a r to t he 
r e a c t i o n b u l b s . 

The p r o c e d u r e for fil l ing the bu lbs i s a s fo l lows: The so lu t ion to b e i r r a d i a t e d i s 
p laced in bulb (A) and f r o z e n wi th l iquid N2 whi le t he e n t i r e s y s t e m i s be ing pumped 
down. When the p r e s s u r e i s l e s s than 1x1 0"^ nnm (as m e a s u r e d by an ion gauge) , t he 
l iquid N2 t r a p i s r e m o v e d f r o m the so lu t ion bulb and the so lu t ion boi led ( a b o u t 4 0 - 5 0 ° C ) 
and r e f r o z e n . When the p r e s s u r e i s aga in l e s s than 1x10"^ m m , tha t p a r t of t h e l ine 
conta in ing t h e so lu t ion and r e a c t i o n bulb i s s ea l ed off f r o m the r e m a i n i n g p o r t i o n by 
m e a n s of t he heavy wal led tubing (C), The so lu t ion is t hen b r o u g h t to r o o m t e m p e r a 
t u r e and t h e r e a c t i o n bu lbs f i l led by s imply pou r ing in t h e solut ion. The b u l b s a r e 
sea led off in s u c h a fash ion tha t when the so lu t ion is at r o o m t e m p e r a t u r e only t he l i 
quid p h a s e i s p r e s e n t . Th i s i s a c c o m p l i s h e d by a r r a n g i n g the bulb as shown in F i g u r e 
2. The m e t a l cup i s kep t f i l led wi th l iquid N2 and the c a p i l l a r y s e a l e d off about 8-9 m m 
above t h e f r o z e n l iquid l eve l . 

CURRENT = 150-
TIME 

in 

2 

= 3000 sec 

= = = 

-155/nA 

= ^ ^ 

yy 
>-^^3^ 

J^ 

I 25 I 50 

MILLIONS OF VOLTS 

175 20 

Figure 3. Analysis line. 
Figure 4. Yields of hydrogen and oxygen from 

pure water. 

The i r r a d i a t e d s a m p l e s a r e ana lyzed in a s i m p l e vacuunn s y s t e m shown in F i g u r e 
3. The s a m p l e i s p l aced in t r a p (A), and when a v a c u u m of l e s s t han 1x10"° m m i s o b 
t a ined , s topcock 1 i s c losed and an n -bu ty l b r o m i d e b a t h ( -118°) i s p l aced on t r a p ( B ) . 
After a few m o m e n t s a d r y i c e and ace tone ba th i s p l a c e d u n d e r t r a p (A); t h i s f r eez ing 
m i x t u r e c a u s e s the bulb to b r e a k in about l / 2 h r . Af ter the bulb has b r o k e n , t he s a m 
p le i s d e g a s s e d by pumping , boi l ing t he l iquid , f r eez ing with d r y i c e and a c e t o n e , p u m p 
ing aga in , un t i l t he so lu t ion i s g a s - f r e e . The n -bu ty l b r o m i d e t r a p r e m o v e s t h e w a t e r 
vapor only and d o e s not t r a p out any CO2 tha t m a y be p r e s e n t . The g a s e s a r e held in 
t he M c L e o d sec t ion of t he s y s t e m dur ing the pumping by t h e m e r c u r y c a p i l l a r y t r a p on 
top of the T o e p l e r p u m p . When t h e s a m p l e has b e e n tho rough ly d e g a s s e d ( the only 
g a s e s known to be p r e s e n t a r e H2. 0 2 . a n d CO2, p l u s s o m e H2O v a p o r ) , it i s r e m o v e d 
f rom the l ine and ana lyzed for H2O2. The g a s e s a r e ana lyzed in t he conven t iona l 

m a n n e r . 
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Table 1 

Observed and Calculated Values for Degassing 

Values 

observed 
calculated 

observed 
calculated 

observed 
calculated 

observed 
calculated 

and Combustion Procedures 

Degassing 
(cc N.T.P,) 

0.260 
0.261 

0.322 
0,333 

0,507 
0.518 

4.40 
4.94 

Combustion (Gas Remaining) 
(HIM) 

389 
392 

511 
508 

905 
926 

567 
578 

Both the methods of degassing and analysis of the products were checked with 
known samples and found to be reproducible within about 2%) for the p r e s s u r e range 
studied. Table 1 l i s ts the observed and calculated values obtained for both the degas
sing and combustion procedures . Combustion procedures a r e reported in ternns of 
residual gas after combustion. 

Results 

All i r radiat ions unless otherwise noted were ca r r i ed out 15 cm from the ta rge t 
and at a current of 155 |j.amp. The dose - ra te was about .16 r / j iamp/sec as determined 
by Victoreen chambers . (Work in this laboratory on dosimetry indicates that the Vic-
toreen chamber readings a r e high. Until nnore definite information can be obtained, 
the present values must stand,) Dosage is reported here as a simple function of cur 
rent X t ime which appears to be m o r e convenient at this writing. Multiplication of the 
current x t ime readings by the factor 1600 will give dosages in roentgens. 

Litt le work on the decomposition of pure water has been done in this laboratory. 
The information obtained so far, in general , supports the work of o thers , which indi
cates that the decomposition, even eifter high dosages, does not exceed 8-10 fiM/l of 
hydrogen plus some oxygen. 

The data that have been obtained on the deconnposition of pure water a re shown in 
Figure 4. This is a plot of mic ro -moles of gas l iberated in a given t ime as a function 
of accelerating voltage. The dosages a re 16,000, 45,000, 80,000 and 100,000 r r e s p e c 
tively at the points shown in the figure. At a dosage of 300,000 r , one would not antici
pate any m o r e decomposition than that found at the 2-Mev point in Figure 4 (8 ( I M / 1 of 
H2). It may be added that the resu l t s with water a re often e r ra t ic . Several ideas have 
been advanced to explain this; the one receiving the most support is that this is due to 
t r aces of organic impuri t ies . 
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Figure 5. Yields of hydrogen and oxygen from 
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Figure 6. Yields of hydrogen and oxygen from 
potassium iodide solutions. 

In c o n t r a s t to w a t e r , a d i lu te n e u t r a l 
so lu t ion of KBr or KI shows c o n s i d e r a b l y 
m o r e d e c o m p o s i t i o n and the r e s u l t s a r e 
m o r e r e p r o d u c i b l e . F i g u r e s 5 and 6 show 
the r e s u l t s obta ined for KBr and KI s o l u 
t i o n s , r e s p e c t i v e l y . In the r a n g e of KBr 
c o n c e n t r a t i o n s employed , 0.5 to 5x10"^ 
M / 1 , t he y ie ld was independent of c o n c e n 
t r a t i o n . In n e i t h e r c a s e ( F i g u r e s 5 or 6) 
w a s t he r e a c t i o n c a r r i e d out to a s t eady 
s t a t e condi t ion , •which would p r e s u m a b l y 
b e r e a c h e d a t s o m e high d o s a g e . T h e h igh 
e s t d o s a g e g iven to any of t h e s e s a m p l e s 
(not shown h e r e ) was about 350,000 r . At 
t h i s poin t t h e s t eady s t a t e cond i t ion had 
not b e e n a t t a i n e d . The s l o p e s of t he hy 
d r o g e n y i e ld for both t he KI and K B r s o l u 
t ions a r e i d e n t i c a l a s a r e t h o s e of the oxy 
gen c u r v e s ; t he effect of t h e ha l ide ions 
a p p e a r s to b e the s a m e . 

It h a s not b e e n p o s s i b l e to effect a 
m a t e r i a l b a l a n c e in t h e s e s t u d i e s (KBr and 
KI so lu t ions ) excep t a t low d o s a g e s . At 
h ighe r d o s a g e s , c o r r e s p o n d i n g to 120 on 
the c u r r e n t x t i m e o r d i n a t e , t h e m a t e r i a l 
b a l a n c e i s off by 40%), T h i s i s f a r beyond 
the e x p e r i m e n t a l e r r o r and c a n only m e a n 
tha t s o m e o t h e r p r o d u c t i s p r e s e n t . T h e r e 
a r e i n d i c a t i o n s tha t s o m e ox id ized f o r m of 
t he ha logen is p r e s e n t , and a l so tha t t h e r e 
i s s o m e f r e e ha logen . T h i s , of c o u r s e , i s 
a v e r y c r i t i c a l poin t and it i s hoped tha t 
def in i te ev idence wil l b e found s h o r t l y to 
s u p p o r t t he above i n d i c a t i o n s . 

At high d o s a g e s t he oxygen y ie ld ( F i g u r e s 5 and 6) a p p e a r s to l e v e l off. T h i s l ev -
eling-off i s p a r a l l e d by the a p p e a r a n c e of an equ iva len t amoun t of h y d r o g e n p e r o x i d e . 
D i s c u s s i o n of t h i s i n t e r e s t i n g fac t wil l be pos tponed to a l a t e r t i m e when m o r e i n f o r 
m a t i o n will b e ava i l ab l e . 

S tud ies on the D e c o m p o s i t i o n of Hydrogen P e r o x i d e Solutions 
with 2 - M e v X - R a y s (5311) 

E.R. Johnson 

It i s g e n e r a l l y a s s u m e d tha t , in t he deconnpos i t ion of n e u t r a l o r a lka l i ne so lu t ions 
of KI o r K B r , h y d r o g e n p e r o x i d e is a p r i m a r y p r o d u c t which r ap id ly deconnposes to 
yie ld oxygen. In ac id so lu t ions of t h e s e ha l ide s a l t s , h y d r o g e n p e r o x i d e i s indeedfound 
( H , F r i c k e and E. Ha r t , J. Chenn. P h y s . 3̂ , 364 (1935)). Consequen t ly i t i s of i n t e r e s t to 
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DECOMPOSITION OF H^Oj 
-(961 /iMOLAR 

SOLUTION) 

obta in s o m e i n f o r m a t i o n about t he r a t e of d e c o m p o s i t i o n of hyd rogen p e r o x i d e in p u r e 
w a t e r , d i lu te ha l ide so lu t ions and in t h e p r e s e n c e of t he p r o d u c t s f o r m e d d u r i n g the d e 
c o m p o s i t i o n of ha l ide so lu t ions (hydrogen and oxygen) . No i n f o r m a t i o n on t h e l a t t e r 
h a s b e e n obta ined a t t h i s w r i t i n g . 

In F i g u r e 1 a r e p lo t ted d a t a on the 
d e c o m p o s i t i o n of a 96,1 ^iM so lu t ion of hy 
d r o g e n p e r o x i d e in p u r e w a t e r . The r a t e 
of d e c o m p o s i t i o n i s not v e r y r a p i d and a 
s t eady s t a t e condi t ion i s a t t a ined af ter a 
to t a l d o s a g e of l e s s than 80,000 r . The 
m a t e r i a l b a l a n c e found (after t ak ing a c 
count of t he hydrogen f o r m e d ) i s within the 
e x p e r i m e n t a l e r r o r . Other d a t a have been 
co l l ec t ed on m o r e c o n c e n t r a t e d so lu t ions 
(4,000 HLM/1) but a r e not suff ic ient ly conn-
p l e t e to p r e s e n t h e r e . 

40 60 
CURRENT X TIME 

Figure 1. Radiation decomposition of hydrogen 
peroxide solutions. 

The r a t e of evolu t ion of oxygen a s a 
funct ion of hydrogen p e r o x i d e c o n c e n t r a 
t ion h a s b e e n s tudied a t low d o s a g e s (8,000 
r ) . In a g r e e m e n t with the r e s u l t s of o t h e r 
w o r k e r s , it was found to be p r o p o r t i o n a l 
to the s q u a r e roo t of t he c o n c e n t r a t i o n 
( F i g u r e 2) at c o n c e n t r a t i o n s of about 5,000 
[ X M / I or l e s s . Above t h i s , t he d e c o m p o s i 
t ion b e c o m e s s l ight ly g r e a t e r . 

Dur ing the d e c o m p o s i t i o n of H2O2, h y 
d r o g e n i s l i b e r a t e d ; a fact not r e p o r t e d by 
o the r w o r k e r s . At low d o s a g e s t he h y d r o 
gen l i b e r a t e d i s independent of c o n c e n t r a 
t ion ( F i g u r e 2) but at h ighe r d o s a g e s t h e r e 
i s s o m e c o n c e n t r a t i o n d e p e n d e n c e . A plot 
of h y d r o g e n f o r m a t i o n as a funct ion of d o s 
age is shown in F i g u r e 3, C u r v e A r e p r e 
s e n t s the h y d r o g e n f o r m e d f r o m so lu t ions 
v a r y i n g in c o n c e n t r a t i o n f r o m 1200-3000 
| J . M / 1 , while c u r v e B r e p r e s e n t s the h y d r o 
gen fronn a 96.1 p.M solut ion. The effect 
of in i t i a l pe rox ide c o n c e n t r a t i o n on h y d r o 
gen p roduc t ion i s not v e r y l a r g e . F o r a 
twenty- fo ld i n c r e a s e in in i t i a l c o n c e n t r a 
t ion , t h e r e i s only a two-fold i n c r e a s e in 
the s t eady s ta te c o n c e n t r a t i o n of hyd rogen . 

It i s i n t e r e s t i n g to note the in i t i a l s lope of Curve A, F i g u r e 3, i s the s a m e a s tha t for 
the h y d r o g e n c u r v e s of F i g u r e s 5 and 6 of the p r e v i o u s p a p e r . In addi t ion to i n t e n s i t y 
m e a s u r e m e n t s , f u r t he r e x p e r i m e n t s on hydrogen p roduc t ion a s a function of in i t i a l 
pe rox ide c o n c e n t r a t i o n at h igh d o s a g e s a r e be ing c a r r i e d out. 
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Figure 2, Decomposition of hydrogen peroxide 
solutions at various concentrations. 

In the p r e s e n c e of iodide ion, t h e r a t e of d e c o m p o s i t i o n of hyd rogen p e r o x i d e i s 
a c c e l e r a t e d to about 2.5 t i m e s a s f a s t a s in t he a b s e n c e of iodide ion. In F i g u r e 4 i s 
shown a p lo t of the d e c o m p o s i t i o n of 45.4 fiM so lu t ion of hydrogen p e r o x i d e in the 
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p r e s e n c e of 1 O"'* M KI. After an e x p o s u r e of only 8000 r the solut ion is about 75% d e 
c o m p o s e d . Sufficient da ta a r e not yet ava i l ab l e to show the c o n c e n t r a t i o n dependence 
(with r e s p e c t to the iodide ion and the in i t i a l p e r o x i d e ) of the r a t e s of d e c o m p o s i t i o n of 
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Figure 3. Hydrogen fronn hydrogen peroxide 
solutions as a function of dosage. 
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Figure 4. Radiation decomposition of hydrogen 
peroxide solutions containing iodide. 
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Figure 5. Hydrogen yield from hydrogen per
oxide-iodide solutions. 

p e r o x i d e in t h e s e s y s t e m s , but i nd ica t ions 
a r e t ha t t he k i n e t i c s wil l be complex . 

Hydrogen p r o d u c t i o n du r ing the d e 
c o m p o s i t i o n of h y d r o g e n p e r o x i d e in t h e 
p r e s e n c e of iodide ion g ives s o m e i n d i c a 
t ion of t he complex i t y of t he s y s t e m . F i g 
u r e 5 shows the r a t e of h y d r o g e n p r o d u c 
t ion a s a funct ion of d o s a g e for t h r e e i n i 
t i a l H2O2 c o n c e n t r a t i o n s : A = 4500 p.M/l, 
B = 2200 |JLM/1 and C = 45.4 | J . M / 1 . The 
d i f f e r e n c e s in in i t i a l s l o p e s a r e neg l ig ib le 
and the b r e a k s in the s l o p e s a r e r e a l . The 
da ta for c u r v e s A and C a r e not connplete , 
but if c u r v e B i s a m e a s u r e of t he s i t u a 

t ion, one can say tha t t he only e s s e n t i a l d i f f e rence i s in the s t eady s t a t e c o n c e n t r a t i o n 
of hydrogen . 

In c u r v e C m o r e than 90%o of t he hyd rogen p e r o x i d e has b e e n d e c o m p o s e d b e f o r e 
t he b r e a k in t h e c u r v e a p p e a r s . It s e e m s un l ike ly t h a t t h e s m a l l r e s i d u a l p e r o x i d e 
(3-4 H-M) p r e s e n t i s d i r e c t l y r e l a t e d to t h i s a c c e l e r a t e d d e c o m p o s i t i o n of t he w a t e r , 
but r a t h e r s o m e o the r componen t o r c o m p o n e n t s of t h e s y s t e m . F u r t h e r s u p p o r t for 
th i s v iew is found in t he s y s t e m plo t ted in F i g u r e 6 of t h e p r e c e d i n g p a p e r . H e r e , a t 
high d o s a g e s ( w h e r e the O2 c u r v e l e v e l s off) t h e r e i s p r e s e n t about 5-6 ^I .M/1 of h y d r o 
gen p e r o x i d e , and t h e r e i s no b r e a k in t he hyd rogen c u r v e . However , in t h i s s y s t e m 
the m o l r a t i o of hydrogen to oxygen (at the high d o s a g e s ) i s s l ight ly g r e a t e r than 2 
whi le in the f o r m e r s y s t e m ( c u r v e C, F i g u r e 5) t he r a t i o i s l e s s t han 2. The effect of 
hyd rogen and oxygen in t h e s e s y s t e m s i s be ing i nves t i ga t ed f u r t h e r . 
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D o s i m e t r y of 2 - M e v X - R a y s (5311) 

A. Levy and A.O. Al len 

No a c c u r a t e s t a n d a r d e x i s t s for dose m e a s u r e m e n t s on high e n e r g y , high i n t ens i t y 
X - r a y s of t he t ype p r o d u c e d by the D e p a r t m e n t ' s e l e c t r o s t a t i c g e n e r a t o r . The p r o b 
l e m of deve lop ing m e t h o d s of d o s e m e a s u r e m e n t fa l l s into two p a r t s : the a c c u r a t e d e 
t e r m i n a t i o n of r e l a t i v e d o s e s , and the d e t e r m i n a t i o n of a b s o l u t e d o s e i n t e r m s of e n e r g y 
input to t he i r r a d i a t e d m a t e r i a l s . T h e f i r s t of t h e s e q u e s t i o n s is n o w b e i n g s tudied; the 
second p r o b l e m will be a t t a c k e d by c a l o r i m e t r i c m e t h o d s in the n e a r f u t u r e . 

X - r a y d o s e s can b e d e t e r m i n e d by m e a s u r i n g the ion iza t ion p r o d u c e d in a i r in a 
c h a m b e r , o r by d e t e r m i n i n g the amoun t of a c h e m i c a l r e a c t i o n p r o d u c e d by the r a y s . 
The ion iza t ion c h a m b e r m e t h o d is p r e f e r r e d by r o e n t g e n o l o g i s t s , who u s u a l l y o p e r a t e 
with lower e n e r g y X - r a y s a t l ower d o s e - r a t e s than we have to dea l with. E x t e n s i v e 
e x p e r i m e n t s wi th s t a n d a r d c a l i b r a t e d V i c t o r e e n t h i m b l e c h a m b e r s have b e e n p e r f o r m e d 
h e r e . It was found n e c e s s a r y to s u r r o u n d the c h a m b e r s with l / 4 in of p l a s t i c to obta in 
e q u i l i b r i u m wi th Compton e l e c t r o n s ; wi thout t he p l a s t i c , r e a d i n g s w e r e m u c h too high, 
the m e t e r s a p p a r e n t l y be ing affected by e l e c t r o n s g e n e r a t e d by X - r a y s in t he s u r r o u n d 
ing lead sh ie ld ing . Even with t h i s p r e c a u t i o n , h o w e v e r , t h e p e r f o r m a n c e of t h e s e m e t e r s 
h a s b e e n v e r y u n s a t i s f a c t o r y . They f r equen t ly g ive a b e r r a n t r e a d i n g s for no obvious 
r e a s o n , and t h e r e is s o m e s u s p i c i o n t ha t they m a y r e a d low at high r a d i a t i o n i n t e n s i 
t i e s b e c a u s e of i n c o m p l e t e c o l l e c t i o n of ions . 

A c h e m i c a l d o s i m e t e r in p r i n c i p l e i s p r e f e r a b l e in our c a s e , w h e r e t he r a d i a t i o n 
i s to be u s e d for p roduc ing c h e m i c a l r e a c t i o n s , and t h e d o s e s given a r e consequen t ly in 
the r a n g e convenien t ly m e a s u r e d by c h e m i c a l m e a n s . Many r e a c t i o n s have b e e n r e p o r 
ted in the l i t e r a t u r e a s having b e e n t r i e d for t h i s p u r p o s e . The idea l r e a c t i o n s h o u l d b e 
r e a d i l y m e a s u r e d , should not o c c u r in the a b s e n c e of X - r a y s , and i t s ex ten t should be 
p r o p o r t i o n a l to the quant i ty of e n e r g y input, and independen t of the wave leng th of the 
X - r a y s and t h e i r i n t ens i ty . 

F r o m the above c r i t e r i a , t he b e s t known r e a c t i o n and m o s t f requen t ly u s e d is t he 
oxida t ion of d i lu t e a i r - s a t u r a t e d so lu t i ons of f e r r o u s su l fa te in n o r m a l su l fu r i c ac id . 
This r e a c t i o n , d e t e r m i n i n g c o l o r i m e t r i c a l l y by a t h i o c y a n a t e me thod the amoun t of f e r 
r i c ion f o r m e d by the r a d i a t i o n , h a s b e e n s tud ied . Smal l g l a s s v e s s e l s , s u r r o u n d e d by 
1/4 in of l uc i t e and conta in ing 3 m l p o r t i o n s of t he so lu t ion , a r e i r r a d i a t e d in fixed p o s 
i t ions n e a r the X - r a y t a r g e t , wi th v a r i o u s c u r r e n t s in t he m a c h i n e for v a r i o u s l eng ths 
of t i m e . 

R e s u l t s a r e r e p r o d u c i b l e to about - 2 % . At a g iven p o s i t i o n and c u r r e n t , the i r o n 
oxid ized i s exac t ly p r o p o r t i o n a l to t he t i m e of i r r a d i a t i o n . At a low c u r r e n t , howeve r , 
the amoun t ox id ized i s s l ight ly g r e a t e r t han tha t p r o d u c e d by the s a m e e n e r g y input a t 
h igher c u r r e n t s . The y ie ld of t h e r e a c t i o n - - t h a t i s , t he amoun t of r e a c t i o n p e r g iven 
e n e r g y input - - thus a p p e a r s to d r o p at high r a d i a t i o n i n t e n s i t i e s . Other r e s e a r c h e r s 
working a t l ower i n t e n s i t i e s have r e p o r t e d tha t t he y ie ld i s independent of i n t ens i ty . 
E i t h e r t h i s i ndependence f a i l s to hold a t h igher i n t e n s i t i e s , o r e l s e the X - r a y i n t ens i t y 
p roduced by our m a c h i n e i s not s t r i c t l y p r o p o r t i o n a l to t he c u r r e n t . T h i s point i s b e 
ing fu r the r i nves t i ga t ed . 
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In t h e hope of c o r r e l a t i n g r a d i a t i o n e x p e r i m e n t s wi th t h e k i n e t i c s of t h e r m a l r e 
ac t i ons involving f r e e r a d i c a l s , i r r a d i a t i o n s w e r e m a d e of f e r r o u s su l fa te in ac id s o l u 
t ions conta in ing a lcohol . The r e s u l t s a r e c o m p l i c a t e d , and m u c h fu r the r work would 
be r e q u i r e d to ob ta in a c o m p l e t e p i c t u r e . R e s u l t s w e r e sought which could be c o m 
p a r e d wi th A.I . M e d a l i a ' s w o r k on the r e a c t i o n b e t w e e n f e r r o u s ion and h y d r o g e n p e r 
oxide in t he p r e s e n c e of a lcohol and oxygen. The r a d i a t i o n r e s u l t s s u g g e s t t ha t t he 
yie ld of oxid ized i r o n i n c r e a s e s wi th oxygen c o n c e n t r a t i o n and d e c r e a s e s •with f e r r i c 
ion c o n c e n t r a t i o n , a s would be expec ted f r o m the t h e r m a l r e a c t i o n ; t h i s a t l e a s t i s not 
in d i s a g r e e m e n t with t h e idea tha t s i m i l a r m e c h a n i s m s a r e ope ra t i ng in t he two c a s e s . 
C o n s i d e r a t i o n of t he expec ted f r e e r a d i c a l m e c h a n i s m s shows tha t s i m p l e r and m o r e 
ea s i l y i n t e r p r e t a b l e r e s u l t s m a y be found if f e r r o u s su l fa te i s i r r a d i a t e d u n d e r h y d r o 
gen. Such e x p e r i m e n t s will be t r i e d , and, if the r e s u l t s a r e f a v o r a b l e , wil l b e c o m 
p a r e d wi th e x p e r i m e n t s on t he t h e r m a l r e a c t i o n of f e r r o u s sulfate v^ith h y d r o g e n p e r 
oxide u n d e r hydrogen . 

L a r g e y i e l d s of h y d r o g e n p e r o x i d e w e r e ob ta ined w^hen a e r a t e d a q u e o u s a lcohol 
was i r r a d i a t e d . Th i s r e a c t i o n did not a p p e a r p r o m i s i n g for fu r the r s tudy b e c a u s e of 
t he difficulty of d e t e r m i n i n g a l l t h e p o s s i b l e o r g a n i c r e a c t i o n p r o d u c t s . 

F e r r o c y a n i d e so lu t ions , i r r a d i a t e d in t h e p r e s e n c e of a i r , w e r e ox id ized , but t he 
y ie ld d e c r e a s e d with i n c r e a s i n g d o s a g e , and the r e a c t i o n i s obvious ly l e s s su i t ab l e for 
d o s i m e t r y than the f e r r o u s su l fa te oxidat ion. 

T e m p e r a t u r e and C h l o r i d e Effec ts on t he R a t e of the 

F e r r o u s - F e r r i c Exchange R e a c t i o n (5311) 

J. S i l v e r m a n and R. W. Dodson 

A b s t r a c t 

The r a t e of t h e f e r r o u s - f e r r i c e l e c t r o n t r a n s f e r exchange r e a c 
t ion h a s b e e n inves t iga t ed a s a function of ac id c o n c e n t r a t i o n , c h l o r 
ide c o n c e n t r a t i o n and t e m p e r a t u r e . In 0.55 f̂  p e r c h l o r i c ac id , t h e ac id 
independen t t e r m in t he r a t e e x p r e s s i o n h a s an ac t i va t ion e n e r g y of 
about 9 k c a l / m o l e . C h l o r i d e c a t a l y z e s t h e r e a c t i o n in a way t h a t s u g 
g e s t s t he p a r t i c i p a t i o n of F e C l in t he exchange . 

In the p r e c e d i n g p r o g r e s s r e p o r t s (BNL 64 (S-6) , p . 3 1 , and BNL 82 (S-7) , p . 54) 
it has b e e n shown tha t t h e r a t e of the f e r r o u s - f e r r i c e l e c t r o n t r a n s f e r exchange r e a c 
t ion in p e r c h l o r i c ac id so lu t ions i s p r o p o r t i o n a l to the p r o d u c t of the t o t a l f e r r o u s and 
t o t a l f e r r i c c o n c e n t r a t i o n s and i n c r e a s e s l i n e a r l y wi th t h e r e c i p r o c a l of t h e ac id c o n 
c e n t r a t i o n . The acid effect h a s now b e e n s tudied ove r a wider r a n g e of ac id i ty , and a t 
d i f fe ren t t e m p e r a t u r e s . In add i t ion the effect of c h l o r i d e ion h a s b e e n s tudied a t 
d i f fe ren t t e m p e r a t u r e s . The r e a c t i o n i s a c c e l e r a t e d by c h l o r i d e . In t he p r e s e n c e of 
c h l o r i d e , i t r e t a i n s i t s second o r d e r c h a r a c t e r wi th r e s p e c t to t h e i r o n c o n c e n t r a 
t ions . 
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Figure 1 (Above left). Reaction rate vs reciprocal acid concentration in per
chloric acid - sodium perchlorate solutions. |J, = 0.55 formal. 

Figure 2 (Above right). Reaction rate vs chloride concentration in HCI-HCIO^ 
solutions. (H+) = 0.55 formal. 

The e x p e r i m e n t a l m e t h o d s have been d e s c r i b e d p r e v i o u s l y . AH e x p e r i m e n t s w e r e 
c a r r i e d out a t a vo lume fornnal ionic s t r e n g t h of 0 ,55. In the e x p e r i m e n t s on the ac id 
effect NaC104 was subs t i tu t ed for HCIO4 in v a r i o u s p r o p o r t i o n s . The e x p e r i m e n t s with 
c h l o r i d e w e r e c a r r i e d out a t c o n s t a n t ac id c o n c e n t r a t i o n , (H"*") = 0.55 f o r m a l , H C l b e i n g 
subs t i tu ted for HCIO4 in v a r i o u s p r o p o r t i o n s . 

Acid Effect 

F i g u r e 1 shows the effect of ac id i ty on r a t e in p e r c h l o r a t e so lu t ions a t four t e m 
p e r a t u r e s r a n g i n g f r o m 0, 0°C to 21 .6°C. The da ta a r e s e e n to follow t h e r a t e l aw p r e 
v ious ly r e p o r t e d . 

R = (FeI l ) (FeI I l ) ki + 
H-' 

In the i n t e r p r e t a t i o n g iven in BNL 82 (S-7) , k , i s t he speci f ic r a t e c o n s t a n t for t he 
r e a c t i o n b e t w e e n the unhydro lyzed s p e c i e s Fe'' '+ and Fe"'"''"''", whi le k2 i s a combina t i on 
of t he spec i f i c r a t e c o n s t a n t s and h y d r o l y s i s c o n s t a n t s . The cons t an t k^ i s g iven by 
t h e i n t e r c e p t s of t he c u r v e s in F i g u r e 1, a l though the ex t r apo l a t i on canno t be c o n s i d e r e d 
a c c u r a t e a t t he h igher t e m p e r a t u r e s . The v a l u e s so ob ta ined lead to an ac t i va t i on e n 
e rgy of about 9 k c a l / m o l e for the exchange r e a c t i o n be tween unhydro lyzed ions . 

Effect of C h l o r i d e 

In t he c o r r e s p o n d i n g e l e c t r o n t r a n s f e r r e a c t i o n b e t w e e n tha l lous and tha l l i c t h a l 
l ium, c h l o r i d e e x e r t s a profound effect on the r e a c t i o n r a t e , inhibi t ing o r a c c e l e r a t i n g 
i t depending on the c o n c e n t r a t i o n of c h l o r i d e (G. H a r b o t t l e and R. W. Dodson, J. Am, 



67 

Chem. S o c , in p r e s s ; L, E i m e r and R.W. Dodson, s e e r e p o r t which fol lows) . The da ta 
g iven in F i g u r e 2 show tha t c h l o r i d e a c c e l e r a t e s t he f e r r o u s - f e r r i c exchange r e a c t i o n 
ove r t he r a n g e of c h l o r i d e c o n c e n t r a t i o n 0 - 0.55 f o r m a l . The n e a r l y l i n e a r d e p e n d 
ence of r a t e on (Cl~) s u g g e s t s t h a t a c o m p l e x ion involving a s ing le c h l o r i d e (e .g . , 
FeCl"*""*") p a r t i c i p a t e s in t he r e a c t i o n a t a g r e a t e r r a t e than the u n c o m p l e x e d s p e c i e s . 
The da t a have not a s ye t b e e n quan t i t a t ive ly ana lyzed to the point w h e r e they can be i n 
t e r p r e t e d in t e r m s of the known e q u i l i b r i u m c o n s t a n t s of t he c h l o r i d e c o m p l e x e s of 
i ron . 

It i s of i n t e r e s t tha t , in c o n t r a s t to the t h a l l i u m s y s t e m , the ca t a ly t i c effect of 
c h l o r i d e i s r e l a t i v e l y weak, and tha t no r e g i o n of inh ib i t ion by c h l o r i d e i s o b s e r v e d . It 
i s a l s o to b e noted t ha t c a t a l y s i s by t r a c e s of c h l o r i d e i s connpletely neg l ig ib le . 

The o r d e r \vith r e s p e c t to i r o n was checked for t he c h l o r i d e c a t a l y z e d r e a c t i o n by 
independent ly va ry ing the f e r r o u s and f e r r i c c o n c e n t r a t i o n s . The r e s u l t s a r e g iven in 
T a b l e 1. 

Check of R e a c t i o n 

F e l l 
( fo rmal x 10^) 

1.03 
2.05 
4.10 
4.10 
4,10 

(0 ,0°C, (H+) 

F e l l l 
( fo rma l x 10^) 

1.05 
1.07 
1.11 
2.15 
3.18 

Tab le 1 

O r d e r in P r e s e n c e of C h l o r i d e 

= 0.55 f, (CI") - 0.51 f) 

H a l f - T i m e 
(sec) 

691 
4 7 7 

2 7 9 
2 2 4 
196 

Second O r d e r R a t e Cons tan t = 
R / ( F e I l ) ( F e I I l ) 

(nnole"^ - l i t e r - s e c " ^ ) 

4.82 
4.65 
4 .77 
4.95 
4.86 

m e a n 4.81 ± 0.08 

It i s s e e n tha t c h l o r i d e does not change the r e a c t i o n o r d e r with r e s p e c t to i ron . 

Effect of Ch lo r ide on the T h a l l o u s - T h a l l i c Exchange R e a c t i o n (5311) 

L . E i m e r and R. W. Dodson 

It has b e e n r e p o r t e d (G. H a r b o t t l e and R.W. Dodson, BNL C o n f e r e n c e R e p o r t B N L -
C - 8 , p . 226, and J, A m . Chenn. S o c , in p r e s s ) tha t c h l o r i d e h a s a m a r k e d effect on t he 
r a t e of t he t h a l l o u s - t h a l l i c e l e c t r o n t r a n s f e r exchange r e a c t i o n , caus ing a g r e a t i n 
c r e a s e in r a t e a t c h l o r i d e c o n c e n t r a t i o n s of the o r d e r of a t en th f o r m a l and h i g h e r , 
but a d e c r e a s e ( c o m p a r e d to t h e r a t e in the a b s e n c e of ch lo r ide ) at l ower c o n c e n t r a 
t ions , A de ta i l ed s tudy of t h i s effect i s be ing c a r r i e d out. Data have now b e e n obta ined 
at ionic s t r e n g t h 0.5 and 30°C which m a p out the c o m p l e t e c o u r s e of the c h l o r i d e effect 

file:///vith
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Tha l l i c 
C o n c e n t r a t i o n 
( fo rmal x 103) 

1.18 
3.94 
3.94 
3.94 
3.94 
3.94 
3.94 
3.94 
3.94 
3.94 
3.9 
3.94 
3.94 
3 . 9 
3 .9 
4.02 
3 .9 
3 .9 

* E x t r a p o l a t e d \ 

Tab le 1 

Ch lo r ide Ca t a lyzed Thal lou 

((H+) = 0 . 5 f o r m a l , (C104") 

Tha l lous 
C o n c e n t r a t i o n 
( fo rmal x 103) 

4.64 
9.3 
9 .3 
9 .3 
9.3 
9 .3 
9 .3 
9 ,3 
9 .3 
9 .3 
9.2 
9 ,3 

9 .3 
9.35 

,998 
.519 
.998 
.998 

C h l o r i d e 
C o n c e n t r a t i o n 

( formal ) 

0 
.000101 
.000500 
,00131 
.00200 
.00400 
,00500 
,00600 
.00700 
.00800 
.0100 
.0130 
.0180 
.0300 
.0390 
.0595 
.1200 
.265 

ralue. 

s - T h a l l i c 

f (Cl") = 

(CI") 
(Tl III) 

0 
. 0 3 
. 1 3 
. 3 3 
. 5 

1.0 
1.27 
1.52 
1.78 
2.01 
2 . 5 
3 .3 
4 . 6 

7.58 
10 . 

1 5 . 
3 1 . 

67.9 

Exchange 

0.5 f o r m a l 

(mm) 

11,100 
5,200 
4,900 
9,900 

11,600 
56,000 

130,000 
134,000 
100,000 

82,000 
67,500 
34,500 
11,400 

7,200* 
4 ,900* 
2,040 

4 9 0 
100 

) 

R a t e Cons t an t 
( fo rma l ' r n i n ) 

.0107 

.0101 

.0107 
.0053 
.0045 
.00094 
.00040 
.00039 
.00052 
.00064 
.00079 
.0015 
.0046 
. 0 0 7 3 * 
. 029* 
.075 
.289 

1.4 

through the region of decreased ra te and into that of strongly accelerated ra te . These 
data a r e summarized in Table 1 and plotted in Figure 1. The figure, in which the s ec 
ond order ra te constant is plotted on a log-log bas is against the ratio between the num
ber of moles of chloride and the number of nnoles of thallic thallium, exhibits the s t r ik
ing minimum in ra te which occurs at chloride concentrations of the same order of mag
nitude as the concentration of the thallic species. 

The measurements a re somewhat tedious, since the half-time of runs near the 
minimum is about 3 months. Each run was continued until exchange was about 90% 
complete, except where the half-life is indicated as "extrapolated value" in the table. 
In spite of the long t ime elapsed, the data were reproducible and followed the proper 
"first o rde r" exchange law. 

The minimum in the ra te (Figure l) occurs where the chloride concentration is 
about 1,5 t imes the thallic concentration. It has been reported (G. Harbottle and R.W. 
Dodson, preceding reference; P, Benoit, Bull, Soc. Chirm, de France 5-6, 518 (1949)) 
that thallic thallium fornns stable chloride complexes of the type TlCl"̂ "*", TICI2''', TICI3, 
and TICI4. The present data show that the lower complexes TlCl"*"^ and TICI2 reac t 
only very slowly with thallous ion, much slower than does uncomplexed thallic ion. 
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F i g u r e 1. Effect of ch lo r ide on r a t e 
of t h a l l o u s - t h a l l i c exchange r e a c t i o n . 
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Ferrocyanide-Fer r icyanide Exchange Reaction (5311) 

L. Eimer and R.W. Dodson 

The ferrocyanide-ferr icyanide electron t ransfer exchange reaction is of par t icu
lar interest not only because the ions involved a re la rge , symmetr ical and highly 
charged negative ones, but also because there exists in the l i te ra ture many conflicting 
repor ts as to whether it is a rapid or extremely slow exchange. Seaborg et al. (unpub
lished work mentioned by G. T. Seaborg, Chem. Revs, 27, 199 (1948)) failed to observe 
any exchange, Heanny (University of Lausanne, Switzerland, Pr iva te communication 
mentioned by W,B. Lewis (below)) found a half-life of exchange of at least several days. 
W.B. Lewis (Tech. Report #19, ONR Task Contract N5-ori-07806, Isotopic Exchange 
by Electron Transfer Between Complex Ions, MIT, Jan., 1949) duplicated the procedure 
of Seaborg by using the ferr ic ion to separate the species and he found complete ex
change in 30 sec. He also separated the ferrocyanide as argentous and plumbous salts 
and found complete and rapid exchange in both cases . R.C. Thompson ( j . Am. Chem, 
Soc 70, 1045 (1948)) reported connplete exchange within 1 min. He employed a chemi
cal separation of the ferrocyanide, by precipitation of KCeFe(CN)^. Cobble and Adann-
son (J. Am. Chem. Soc. 72, 2276 (1950)) avoided chemical precipitation methods of 
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s e p a r a t i n g t h e tw^o c h e m i c a l s p e c i e s , s ince such p r o c e d u r e s m a y induce exchange . U s 
ing a diffusion s e p a r a t i o n t e c h n i q u e tha t r e q u i r e d f r o m 4 to 17 hr they found 100% e x 
change . E l e c t r o p h o r e t i c s e p a r a t i o n , t ak ing 5 h r , showed 100% exchange , a s did an ion 
exchange r e s i n s e p a r a t i o n tha t took 4 m i n . 

On the h y p o t h e s i s t ha t t he r e p o r t s of c o m p l e t e exchange m a y m e a n tha t the r e a c 
t ion is a c tua l l y e x t r e m e l y r a p i d r a t h e r t han ca t a lyzed to comple t ion by the v a r i o u s 
s e p a r a t i o n m e t h o d s , e x p e r i m e n t s w e r e r u n in which bo th c o n c e n t r a t i o n and t e m p e r a 
t u r e w e r e r e d u c e d a s m u c h a s f e a s i b l e in o r d e r to s low down the r a t e . C o m p l e t e e x 
change was found in t he s h o r t e s t t i m e s employed (10 sec to 1 m i n ) . 

The t r a c e r u s e d was F e , ob ta ined f r o m Oak Ridge . A s tock of K4Fe(CN)^ c o n 
ta in ing ac t i ve F e ^ ^ was s y n t h e s i z e d by the addi t ion of a m m o n i a and sol id p o t a s s i u m 
cyan ide to a so lu t ion of f e r r i c c h l o r i d e , followed by e v a p o r a t i o n to d r y n e s s . The r e s i 
due was l e a c h e d with hot w a t e r and the p r o d u c t pur i f i ed tw ice by r e c r y s t a l l i z a t i o n f r o m 
w a t e r - e t h a n o l m i x t u r e s . The e x p e r i m e n t s w e r e c a r r i e d out by mix ing a so lu t ion of t he 
ac t i ve f e r r o c y a n i d e with a so lu t ion of o r d i n a r y p o t a s s i u m f e r r i c y a n i d e and s e p a r a t i n g 
t he tw^o s p e c i e s a s quickly a s p o s s i b l e . 

In one se t of e x p e r i m e n t s t h e s e p a r a t i o n w a s a c c o m p l i s h e d by p r e c i p i t a t i o n of f e r 
r o c y a n i d e a s t he t ha l lous calciunn double sa l t . Af ter t h i s p r e c i p i t a t e w a s f i l t e r ed off, 
the f e r r i c y a n i d e was p r e c i p i t a t e d a s i t s c a d m i u m sa l t . In s e p a r a t e e x p e r i m e n t s the 
c h e m i c a l s e p a r a t i o n was shown to be c o m p l e t e and quan t i t a t i ve . Both p r e c i p i t a t e s w e r e 
counted. Typ ica l r e s u l t s a r e t abu la t ed in T a b l e 1. 

Tab le 1 

K4Fe(CN)6 
( fo rmal ) 

r .001 
.0005 
.0005 

K3Fe(CN)6 
( formal) 

.001 

.0005 

.0005 

T e m p e r a t u r e 
(°C) 

29 i 2 
27 i 2 

0 

Contac t T i m e 
(min) 

1,2 
0.8 
0.8 

E x c h a n g e 

(%) 

103 
101 
102 

E x t r a c t i o n t echn iques w e r e inves t iga t ed in hope of finding a r a p i d m e t h o d a p p l i c a 
b l e to low c o n c e n t r a t i o n s . An a t t e m p t e d s e p a r a t i o n by ex t r ac t i ng t he f e r r o c y a n i d e f r o m 
4N HCl so lu t ions with t r i bu ty l p h o s p h a t e was u n s u c c e s s f u l due to i r r e p r o d u c i b i l i t y and 
back e x t r a c t i o n d i f f icu l t ies . It w a s found however t ha t e s s e n t i a l l y a l l the f e r r o c y a n i d e 
was e x t r a c t e d f r o m a so lu t ion a p p r o x i m a t e l y 3 x 10" X in each s p e c i e s and tha t only 
about 50% of t h e f e r r i c y a n i d e w a s e x t r a c t e d . 

A c h l o r o f o r m e x t r a c t i o n of f e r r i c y a n i d e f r o m so lu t ions containing a l a r g e e x c e s s 
of t e t r a p h e n y l a r s o n i u m c h l o r i d e was m o r e p r o m i s i n g . In so lu t ions 1.8 x 10 f̂  in e a c h 
r e a c t a n t , t he f e r r o c y a n i d e was not e x t r a c t e d and about 96%i of the f e r r i c y a n i d e was ex 
t r a c t e d . A c r u d e r u n at a c o n c e n t r a t i o n of 1,3 x 10~-^£in r e a c t a n t s and at r o o m t e m p e r 
a t u r e gave e s s e n t i a l l y 100% exchange within the t i m e r e q u i r e d for t he s e p a r a t i o n (about 
10 sec ) . Th i s me thod will be s tudied f u r t h e r , at l ower c o n c e n t r a t i o n s . 
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Kine t i c s of t he Exchange of Nicke l Ion with Nickel 

E t h y l e n e d i a m i n e t e t r a - A c e t a t e Ion (5311) 

C M . Cook, J r . and F .A. Long* 

A b s t r a c t 

The exchange r e a c t i o n bet 'ween n i cke lous ion and i t s c o m p l e x 
with e t h y l e n e d i a m i n e t e t r a - a c e t a t e has b e e n m e a s u r e d with t r a c e r 
n i cke l . The r e a c t i o n is found to p r o c e e d in t h r e e pa ths differ ing in 
t h e i r dependence on the ac id c o n c e n t r a t i o n . The k i n e t i c s a r e d i s 
c u s s e d . 

In t roduc t ion 

E t h y l e n e d i a m i n e t e t r a - a c e t i c ac id , which wil l be a b b r e v i a t e d a s H4Edt , i s known to 
f o r m s t ab l e c o m p l e x e s with d i - and t r iva len t ions of m a n y m e t a l s . The n i cke lous c o m p l e x , 
NiEdt~, i s suff iciently s t ab l e not to r e a c t with sod ium hydrox ide , d i m e t h y l g l y o x i m e , or 
a m m o n i u m su lph ide so lu t ions . The b lue co lo r of t h i s c o m p l e x ion and the o b s e r v a t i o n 
by K l e m m and Radda tz (Z. ano rg . a l lg . c h e m . 250, 204 (1942)) tha t t h i s ion h a s n e a r l y 
t he s a m e m a g n e t i c suscep t ib i l i t y a s n icke lous ion i nd i ca t e tha t the Edt~ g r o u p does not 
f o r m a s q u a r e c o m p l e x with t he n icke lous ions . The e t h y l e n e d i a m i n e t e t r a - a c e t a t e ion 
con ta ins 6 p o s s i b l e coord ina t ing g r o u p s ; s i nce t he ac id H2NiEdt i s s t r o n g in both p r o 
tons , it i s l ike ly tha t a l l 6 g r o u p s a r e coord ina t ed and tha t t he c o m p l e x i s o c t a h e d r a l . 

The s t ab i l i t y of t h i s c o m p l e x is such tha t exchange be tween n i cke l in t h e c o m p l e x 
and f r e e n i cke lous ions i s slow. The da ta r e p o r t e d h e r e show tha t t he k i n e t i c s of t h i s 
exchange a r e qu i t e c o m p l e x in t h a t a t l e a s t t h r e e s e p a r a t e p a t h s a r e involved . 

P r e p a r a t i o n of R e a g e n t s 

Nicke l m e t a l powder con ta in ing Ni (hal f - l i fe , 85 y e a r s ; m a x i m u m p~ e n e r g y , 63 
kev) was obta ined f rom Oak Ridge Nat ional L a b o r a t o r y . The m e t a l w a s d i s s o l v e d in 
n i t r i c ac id and then pur i f ied f r o m ac t i ve Co and F e c o n t a m i n a n t s by add i t ion of c o b a l t -
ous and f e r r i c ion c a r r i e r s to t h e so lu t ion followed by p r e c i p i t a t i o n of n i cke l d i m e t h y l 
g lyox ime . After s e v e r a l r e p e t i t i o n s of t h i s p r o c e d u r e , fo re ign ac t iv i ty had b e e n r e 
duced to a neg l ig ib le l eve l . 

E t h y l e n e d i a m i n e t e t r a - a c e t i c ac id was r e c r y s t a l l i z e d s e v e r a l t i m e s f r o m hot w a t e r 
unt i l t he w a t e r ehowed no t e s t for t he sod ium su l fa te con t aminan t n o r m a l l y p r e s e n t . 
The acid w a s t hen o v e n - d r i e d a t 105°C. L a b e l e d n i cke l hydrox ide in s l igh t e x c e s s w a s 
d i s so lved in a so lu t ion of t he ac id , and suff icient sod ium hydrox ide w a s added to r a i s e 
the final pH of t he solut ion to 10. The e x c e s s n i cke l hydrox ide p r e c i p i t a t e d a t t h i s pH 

•Cornell University, Ithaca. New York. 
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and was f i l t e r ed f r o m the solut ion. The c o n c e n t r a t i o n of NiEdt was d e t e r m i n e d by 
a n a l y s i s of t he so lu t ion for n i cke l . 

E x p e r i m e n t a l Me thods 

The exchange be tween n i cke lous and NiEdt" ions was in i t i a ted by p ipe t t ing quickly 
a known p o r t i o n of n icke l c h l o r i d e so lu t ion into a so lu t ion containing the l abe l l ed c o m 
plex ion and buffer in known c o n c e n t r a t i o n s . Dur ing the c o u r s e of the exchange a l i -
quo t s •were r e m o v e d f r o m the so lu t ion and the n i cke lous ion was s e p a r a t e d f r o m the 
c o m p l e x by addi t ion of e x c e s s sod ium hydrox ide and f i l t r a t i on of t he r e s u l t i n g n icke l 
hydrox ide . The n icke l was subsequen t ly p la ted upon coppe r d i s k s and i t s ac t iv i ty d e 
t e r m i n e d in a w indowles s p r o p o r t i o n a l c o u n t e r . In a l l c a s e s t h e p l a t ed s a m p l e s w e r e 
effect ively " inf ini te ly th i ck" and had iden t i ca l count ing g e o m e t r y . 

The r a t i o of t he speci f ic ac t iv i ty of the s e p a r a t e d n icke l to tha t at i so top ic equ i l i 
b r i u m g ives t he f r ac t i ona l e x c h a n g e , x / x ^ , be tween the n i cke lous ion and the c o m p l e x 
ion. The da ta w e r e plot ted on a g r a p h of log( l - x/x(j,)vs r e a c t i o n t i m e , t h e b e s t s t r a i g h t 
l ine was d r a w n t h r o u g h the r e s u l t i n g p o i n t s , and the r a t e of exchange was ca l cu l a t ed 
f rom the s lope of t h i s l ine and the c o n c e n t r a t i o n s of the r e a c t a n t s . (E .g . , s e e G . F r i e d -
l ander and J. Kennedy, In t roduc t ion to R a d i o c h e m i s t r y , John Wiley and Sons , 1949, 
p . 287.) In n e a r l y al l r u n s t h i s r a t e could be d e t e r m i n e d to within 1 5 % . F o r al l r a t e 
c o n s t a n t s , c o n c e n t r a t i o n s a r e in m o l e s p e r l i t e r and t i m e is in m i n u t e s . 

R a t e L a w for t he E x c h a n g e 

The k ine t i c da ta for the exchange show tha t it goes by t h r e e compe t ing m e c h a n i s m s , 
so tha t the o v e r - a l l r a t e e x p r e s s i o n i s 

R = RO + R i + Rz = ko(Ni++)(NiEdt=) + ki(H'^)(Ni"'"''")(NiEdt=)+ k2(H"'")^(NiEdt''). 

At pH v a l u e s of f r o m 1 to 2, R2 i s t he dominan t t e r m ; at pH va lues of f r o m 3 to 4 , R^ 
i s dominan t . R Q , t he s t r a i g h t b i m o l e c u l a r t e r m , i s dominan t at pH v a l u e s of 4 .5 and 
h igher . 

The R Q and R][ t e r m s in t h i s r a t e e x p r e s s i o n w e r e d e t e r m i n e d f r o m the r e s u l t s of 
r u n s m a d e in t he pH r e g i o n 3.5 to 5, The n icke lous and c o m p l e x ion c o n c e n t r a t i o n s 
w e r e v a r i e d by a fac to r of 2 and t h e hyd rogen ion c o n c e n t r a t i o n was v a r i e d by a fac to r 
of 30 for t h e s e r u n s . T h e s e r u n s can be divided into t h r e e s e r i e s , wi th n i cke lous and 
c o m p l e x ion c o n c e n t r a t i o n s held c o n s t a n t and h y d r o g e n ion c o n c e n t r a t i o n v a r y i n g wi th 
in any one s e r i e s . P l o t s of R v s log l /(H' ' ' ) a r e shown in F i g u r e 1, with s m o o t h c u r v e s 
d r a w n t h r o u g h the e x p e r i m e n t a l po in t s c o r r e s p o n d i n g to t he t h r e e s e r i e s . The va lues 
of kQ and kĵ  d e r i v e d f r o m the da t a of F i g u r e 1 a r e shown in T a b l e 1. 

• 
The da ta show def in i te ly t ha t in t h i s pH r e g i o n the r a t e i s f i r s t o r d e r in both n i c k 

elous and c o m p l e x ion c o n c e n t r a t i o n s and tha t for t he R^ t e r m the r a t e a l s o depends 
on hyd rogen ion to the f i r s t p o w e r . The va lue of k^ i s g iven wi th f a i r p r e c i s i o n by the 
data; it i s s e e n to d e c r e a s e wi th i n c r e a s i n g ionic s t r e n g t h . The l i s t e d va lue of kg i s 
l e s s wel l known. 
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The da ta shown in F i g u r e 1 w e r e o b 
ta ined in so lu t ions in which the p^H w a s 
r e g u l a t e d by a c e t a t e b u f f e r s . When p h t h a -
l a t e buffer ing was u s e d , in an a t t e m p t to 
extend the PcH r a n g e beyond 5, t he o r d e r s 
of t he k ine t i c t e r m s in t h e r a t e e x p r e s s i o n 
w e r e u n a l t e r e d , but kg and k][ w e r e l ow
e r e d to about half of t h e i r p r e v i o u s v a l u e s . 
T h e s e da ta a r e shown in T a b l e 2. A s i m 
i l a r effect was not iced in t he r e g i o n of 
p^H = 3 when an a t t e m p t was m a d e to shift 
f r o m a c e t a t e to c h l o r o a c e t a t e buffer ing. 
T h i s effect i s be ing i n v e s t i g a t e d fu r the r ; 
p r e s u m a b l y , it i s due to a s m a l l amoun t of 
c o m p l e x f o r m a t i o n b e t w e e n the f r e e n i c k 
e lous ion and the buffer ion. 

The R2 t e r m in t he o v e r - a l l r a t e ex 
p r e s s i o n w a s i nves t i ga t ed in the r e g i o n 
PpH 1 to 2. The va lues of R Q and R i in 
t h i s r e g i o n w e r e computed f r o m the p r e 
v ious ly d e t e r m i n e d v a l u e s of kg and k j 
and then s u b t r a c t e d f r o m the o v e r - a l l r a t e 
to y ie ld R2 . The da ta l i s t e d in T a b l e s 3 
and 4 show tha t R2 i s second o r d e r in 
h y d r o g e n ion, f i r s t o r d e r in NiEd t " ion, 
and z e r o o r d e r in n i cke lous ion; k2 , a v e r 
aged o v e r 20 r u n s , i s 6 . 4 t 2 . 5 x l 0 " ^ I'^M"^ 
m i n . The study of the exchange i s c o m 
p l i ca t ed in t h i s low p^H r e g i o n by the a c i d -
induced d i s s o c i a t i o n of t h e c o m p l e x ion, 

which r e s u l t s in l a r g e " i m m e d i a t e " exchange . T h i s effect h a s b e e n u s e d to s tudy t h e 
d i s s o c i a t i o n c o n s t a n t of the NiEd t " ion; r e s u l t s of t h i s s tudy wil l be r e p o r t e d s e p a r a t e l y . 

Figure 1. Rate of exchange plotted against nega
tive logarithnn of the hydrogen ion concentration 
(p H) for three ser ies of runs: 
(a) (Ni++)= 0.00361, (NiV")= 0.00185, (1=0.029 
(b) (Ni++)= 0.00180, (NiV=)= 0.00185, (i= 0.017 
(c) (Ni++)= 0.00180, (NiV=)= 0.00093, M-= 0.014 

Table 1 

Determination of kg and kj in the PcH Rang e 3.3 to 5.0 with Acetate Buffer 

Series 

a 
b 
c 

Ionic Strength 

0.029 
0.017 
0.014 

(Ni++) 

0.00361 
0.00180 
0.00180 

(NiEdt-) 

0.00185 
0.00185 
0.00093 

ko 

0.004 
0.004 
0.004 

kl 

170 
210 
220 

Only s u p e r f i c i a l s t u d i e s of ionic s t r e n g t h effects have so far b e e n m a d e . P r e s e n t 
da ta do not g ive kg wi th suff ic ient a c c u r a c y to d e t e c t ionic s t r e n g t h effects . The va lue 
of k][ a p p e a r s to follow the e x p r e s s i o n log kĵ  = log kĵ  - 3 V ĴL ove r t he r a n g e of ionic 
s t r e n g t h s f r o m |i. = 0.01 to 0 .03, The s ign and m a g n i t u d e of t h i s effect a r e about a s e x 
pec ted for a r e a c t i o n b e t w e e n ions with the g iven c h a r g e s . The va lue of k2 a p p e a r s , 
r a t h e r unexpec ted ly , to be independen t of ionic s t r e n g t h in t he r e g i o n |J. = 0.05 to 0.20; 
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Tab le 2 

D e t e r m i n a t i o n of kg and k^ in the pH Range 4.8 to 5.8 with P h t h a l a t e Buffer 
1 

S e r i e s 

d 
e 
f 

Ionic S t r e n g t h 

0.031 
0.031 
0.028 

(Ni++) 

0.00392 
0.00196 
0.00181 

(NiEdt ) 

0.00201 
0.00201 
0.00093 

ko 

0.002 

k l 

120 

Tab le 3 

Effect on k2 of Change in Acid C o n c e n t r a t i o n 

((Ni+'*') = ,0017 M, (NiEdt ) = .00085 M, Ionic S t reng th = . l o ) 

(H+) 

,0207 
.0397 
.0988 

O b s e r v e d R a t e 
(xlO^) 

5.55 
14.63 
71.8 

Ca lcu la ted R2 
(xlO^) 

2.77 
9.27 

68,5 

^ 2 K 
(H+)^ (NiEdt=) ^'^ 

7,3 
6.6 
8.9 

Effect on 

Tab le 4 

k2 of Change in Ni"*""*" and NiEdt" C o n c e n t r a t i o n s at Cons t an t Acid i ty 

((H"*") = 0.06 M, Ionic S t r eng th = ,07) 

(Ni++) 

.00093 

.00182 

.00180 

.00181 

(NiEdt") 

.00089 

.00179 

.00089 

.00090 

(Ni^^) 
(N iEd t - ) 

1.05 
1.02 
2.02 
2.01 

O b s e r v e d R a t e 
(xlO^) 

27.9 
57.4 
30.4 
34.3 

Ca lcu la ted R2 
(xlO^) 

22.7 
37.4 
20.3 
24.0 

^ 2 

7.2 
5.9 
6.4 
7.4 

this point is still being studied. 

Various mechanisms can be devised to account for the observed kinetic ternns. 
The bimolecular t e rm which gives kg without doubt resu l t s from a s imple collisional 
p rocess , 

Ni"'"'' + NiEdt^ + Ni"'"''' + NiEdt" (Slow 

The t e rm which gives kj can be explained by a mechanism of the type 
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H"'' + NiEdt^ = H N i E d t ' (EquiL) 

Ni''"'" + HNiEdt" = HNiEdt" (Slow) 

The t h i r d t e r m which g ives k2 is independent of t he n i cke lous c o n c e n t r a t i o n . T h e r e 
fo re , t he r a t e - d e t e r m i n i n g s t ep m u s t be d i s s o c i a t i o n of the complex . One p o s s i b i l i t y i s 

, * * _ 
H"̂  + N iFd t = HNiEdt (Equil . ) 

H'^ + HNiEdt" = Ni"'""'" + H2Edt~ (Slow) 

Work i s cont inuing on the r e a c t i o n at high pH and on the effect of c h a n g e s in ionic 
s t r e n g t h . 

Studies on the M e c h a n i s m of the W i l l g e r o d t R e a c t i o n 
I. The O v e r - A l l M e c h a n i s m (5311) 

E.V. Brown* , E. C e r w o n k a * * and R.C, A n d e r s o n 

A b s t r a c t 

Whether t h e r e i s a s ing le m e c h a n i s m of t he Wi l lgerod t r e a c t i o n 
w^ith n o n - r e a r r a n g e m e n t of the c a r b o n s k e l e t o n or •whether t h e r e a r e 
two p a t h s , one involving r e a r r a n g e m e n t , a r e q u e s t i o n s tha t have b e e n 
s tudied r e c e n t l y by t r a c e r m e t h o d s . The o v e r - a l l c o u r s e of t he Wi l l 
g e r o d t r e a c t i o n on ace tophenone has b e e n r e i n v e s t i g a t e d us ing C . By 
employing the Hofmann d e g r a d a t i o n in t he s tudy of the r e a c t i o n p r o d u c t s 
p h e n y l a c e t i c ac id and p h e n y l a c e t a m i d e , it i s sho'wn tha t no s k e l e t a l r e 
a r r a n g e m e n t s o c c u r . Data a r e a l so p r e s e n t e d ind ica t ing tha t t h e r m a l 
d e c a r b o x y l a t i o n p r o c e d u r e s m a y b e the s o u r c e of u n r e l i a b l e i n f o r m a 
t ion conce rn ing m e c h a n i s m s t u d i e s . 

The m e c h a n i s m of the Wi l lge rod t r e a c t i o n h a s b e e n of i n t e r e s t to m a n y i n v e s t i g a 
t o r s s i nce Wi l lge rod t pub l i shed ( j , p r a k t . Chem. (2) 80, 192 (1909); and B e r , 2 1 , 534 
(1888)) the r e s u l t of h i s o r i g i n a l e x p e r i m e n t with ace tophenone . 

(NH4)2SS^ 
C^H5COCH3 > C^H CH2CONH2 + C6H5CH2COONH4 

H2O 

The ke tone w a s hea ted with a m m o n i u m po lysu l f ide in a sea led tube for 5 h r at 2 0 0 - 2 2 0 ° . 
P h e n y l a c e t a m i d e was the m a i n p r o d u c t , whi le s m a l l a m o u n t s of a m m o n i u m p h e n y l a c e -
t a t e and p h e n y l a c e t i c acid w e r e a l s o i so la ted . 

•Fordham University, New York, 

**AEC Pre-Doctoral Fellow. 
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L a t e r the scope of the r e a c t i o n was seen to inc lude o lef ins , a c e t y l e n e s , a l d e h y d e s , 
a l coho l s and m e r c a p t a n s in addi t ion to the o r i g i n a l a r y l a lkyl k e t o n e s . (For a r e v i e w 
of th is work , s e e C a r m a c k and Sp ie lman , Organ ic R e a c t i o n s , John Wiley and Sons , New 
York, Vol. I l l , Chap te r 3.) C o n c u r r e n t l y t h e r e deve loped f r e s h i n t e r e s t in t h e m e c h a n 
i s m , and the i d e a s of both Wi l lge rod t and Kindler w e r e r ev i ewed . T h e f o r m e r had v i s 
ua l i zed the m i g r a t i o n of a funct ional g roup along the cha in , and hence no c a r b o n s k e l e 
ton r e a r r a n g e m e n t . Kindler (Ann. 4 3 1 , 193, 222 (1923), and Kind le r and L i , B e r , 74B, 
321 (1941)), h o w e v e r , pos tu l a t ed a r e a r r a n g e m e n t of the cha in which involved the m i 
g r a t i o n of a phenyl g roup . 

In the c a s e of a r y l a lkyl k e t o n e s , the ques t ion could be dec ided by d i s c o v e r i n g 
whe ther i s o v a l e r o p h e n o n e y i e ld s a - m e t h y l - y - p h e n y l b u t y r a m i d e (A) or p - m e t h y l - y -
p h e n y l b u t y r a m i d e ( B ) . 

C^H5COCH2CH(CH3)CH3 > C£,H5CH2CH2CH(CH3)CONH2 (A) 

or C6H5CH2CH(CH3)CH3CONH2 (B) 

The a - m e t h y l i s o m e r (A) is the ac tua l p r o d u c t , a c c o r d i n g to Wi l lgerod t . The p - m e t h y l 
compound (B) would r e s u l t f r o m m i g r a t i o n of the phenyl g roup . M o r e o v e r , t h e i s s u e 
a p p e a r e d to be conc lus ive ly se t t l ed by the work of C a r m a c k and D e T a r (J. A m . Chem. 
Soc. 68, 2029 (1946)) and M c M i l l a n and King ( J, Am, Chem, Soc. 68, 632 (1946)). Both 
g r o u p s r e p e a t e d the e x p e r i m e n t and both a g r e e d tha t the p r o d u c t i s a - m e t h y l - y - p h e n y l -
b u t y r a m i d e (A), 

C a r b o n i s o t o p e s have b e e n employed by two g r o u p s of w o r k e r s who have i n v e s t i g a 
ted t he Wil lgerodt r e a c t i o n m e c h a n i s m . The Kind le r modi f i ca t ion of t he o r i g i n a l Wi l l 
g e r o d t r e a c t i o n was s tudied by Shantz and R i t t e n b e r g (J. Am. C h e m . Soc. 68, 2109 (1946)) 
who employed a c e t o p h e n o n e - ( c a r b o n y l ) - C ^ •̂ . They r e p o r t e d tha t the p h e n y l a c e t i c ac id , 
obtained by h y d r o l y s i s of t he t h i o m o r p h o l i d e , •was not r e a r r a n g e d , 

Dauben, Reid , Yankwich and Calv in ( j . Am. C h e m . Soc. 68, 2117 (1946)) s tudied 
another mod i f i ca t ion of the o r i g i n a l Wi l lgerod t r e a c t i o n in which the ke tone i s t r e a t e d 
with sul fur , a m m o n i a and p y r i d i n e in a sea led tube . They f i r s t r e p o r t e d tha t a c e t o -
p h e n o n e - ( c a r b o n y l ) - C ^ y i e l d s p h e n y l a c e t a m i d e - a - C and p h e n y l a c e t i c a c i d - ( c a r b o x y l ) 
-C^"*. The a m i d e was sa id , t h e r e f o r e , to be f o r m e d by m i g r a t i o n of a funct ional g roup 
along the c a r b o n cha in , while the acid was p i c t u r e d a s r e s u l t i n g f r o m a d i f fe ren t m e c h 
a n i s m involving r e a r r a n g e m e n t of t he c a r b o n cha in . 

In a second pub l i ca t ion Dauben and c o - w o r k e r s ( j . Am. Chem. Soc. 72, 121 (1950)) 
have modif ied t h e i r o r i g i n a l con ten t ion and feel tha t t he r e a r r a n g e m e n t t a k e s p l a c e only 
to a m i n o r ex tent . 

I n t e r e s t in the p r o b l e m w a s a r o u s e d h e r e by the f i r s t pub l ica t ion of Dauben ' s g roup , 
s ince it a p p e a r e d un l ike ly to u s tha t two m e c h a n i s m s would o p e r a t e , one y ie ld ing a m i d e , 
the o the r ac id . The conc lu s ions of t he second p a p e r modi f ied the o r i g i n a l h y p o t h e s i s of 
t h e s e w o r k e r s . However , i ndependen t s tudy of t he m a t t e r u s ing both a c e t o p h e n o n e - a -
C-'̂ '* and a c e t o p h e n o n e - ( c a r b o n y l ) - C has s ince b e e n comple t ed at t he L a b o r a t o r y . 
Wi l lge rod t r e a c t i o n s w e r e c a r r i e d out on each and the p r o d u c t s s tud ied . The k e t o n e s 
w e r e p r e p a r e d by the following s e q u e n c e s of r e a c t i o n , the yie ld for each s tep being i n 
d ica ted in p a r e n t h e s i s to t he r i g h t of the equat ion. 
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C ^ ^ H 3 l + N a C N .• C ^'*H3CN + Nal (70%) 

CI4H3CN + CeHgMgBr — • C6H5COCI4H3 (70%) 

a n d 

(CH3)2S04 + N a C l 4 N .• CH3CI4N + NaCH3S04 (90%) 

CH3C^'^N + C ^ H s M g B r ^ i P» C6H5C^'^OCH3 (70%) 

The s y n t h e s i s of a c e t o n i t r i l e - 2 - C follo^wed the m e t h o d of Auger (Compt . r e n d . Acad. 
145, 1287 (1907)), modif ied by conduct ing the r e a c t i o n in a s ea l ed tube a t r o o m t e m p e r 
a t u r e (K i lmer and duVigneaud, J. Biol , Chem. 154, 247 (1944)). A f r a c t i o n , bp 76-100° 
C, •was d i s t i l l ed f r o m the m i x t u r e and the d e s i r e d n i t r i l e w^as e x t r a c t e d f r o m the •water 
by m e a n s of b e n z e n e in a c lo sed l iqu id - l iqu id e x t r a c t o r of t h e type d e s c r i b e d by Col l ins 
( j . Am, C h e m . Soc, 70, 2418 (1948)). In adding the d r y b e n z e n e so lu t ion of t he n i t r i l e 
to the G r i g n a r d r e a g e n t , a r a t i o of 1 M of n i t r i l e to 4 of a r y l m a g n e s i u m s a l t was e m 
ployed. Th i s i s in a c c o r d a n c e wi th t he sugges t i on of S h r i n e r and T u r n e r ( j . A m . Chem. 
Soc. 52, 1267 (1930)) whose p r o c e d u r e was followed in i t s en t i r e ty . W a l d e n ' s o r i g i n a l 
i n s t r u c t i o n s ( B e r i c h t e c h e m . G e s . 40 , 3214 (1907)) w e r e followed for the p r e p a r a t i o n of 
a c e t o n i t r i l e - 1 - C ^ . Al though K i l m e r and duVigneaud d e c l a r e d th i s m e t h o d to be u n s a t 
i s f ac to ry (using C^-^) no difficulty was e x p e r i e n c e d h e r e . F*ure d ime thy l su l fa te w a s 
added in s m a l l p o r t i o n s to an aqueous solut ion of t he r a d i o a c t i v e s o d i u m cyanide . The 
p r o d u c t was d i s t i l l ed and the r e s t of the p r o c e d u r e w a s tha t followed with a c e t o n i t r i l e -
2 -C14 . 

The Wi l lge rod t r e a c t i o n s w e r e a c c o m p l i s h e d by t r e a t i n g e a c h of t he l abe led a c e t o -
phenones with sul fur , a m m o n i a and p y r i d i n e in a s e a l e d tube for 5 hr at l65'-'C. The 
p r o d u c t s , p h e n y l a c e t a m i d e and pheny lace t i c ac id , w e r e s e p a r a t e d and pur i f i ed . 

To d e t e r m i n e the r e l a t i v e a m o u n t s of ac t iv i ty in each compound, t he k e t o n e s , a m 
ides and a c i d s w^ere c o m b u s t e d by a modif ied Van S l y k e - F o l c h r e a g e n t . The evolved 
c a r b o n d ioxide was t r a p p e d f i r s t in sod ium h y d r o x i d e - h y d r a z i n e su l fa te so lu t ion , then 
in a b a r i u m h y d r o x i d e - b a r i u m c h l o r i d e r e a g e n t . The d r i e d b a r i u m c a r b o n a t e p r e c i p i 
t a t e f r o m e a c h c o m b u s t i o n w a s counted in a N u c l e o m e t e r and the speci f ic ac t iv i ty in 
each c a s e (as l i s t ed in T a b l e s 1 and 2) r e p r e s e n t s coun t s p e r m i n u t e , above backg round , 
p e r s q u a r e c e n t i m e t e r of a b a r i u m c a r b o n a t e l a y e r of inf ini te t h i c k n e s s . The me thod of 
a s s a y and c a r b o n a n a l y s i s •will be pub l i shed sho r t l y . It follo^ws in a g e n e r a l way the 
me thod d e s c r i b e d by R. S tee le and T. Sfor tunato in " T e c h n i q u e s in the U s e of C^'^" 
( B N L - T - 6 ) . 

E a c h pur i f i ed a m i d e was sub jec ted to a Hofmann d e g r a d a t i o n wi th b a r i u m hypo-
b r o m i t e (Hoogewerf and von Dorp , Rec , t r a v . c h i m . _5, 251 (1886)). The evolved c a r b o n 
d ioxide was obta ined d i r e c t l y a s b a r i u m c a r b o n a t e and the a m i n e was d i s t i l l ed f r o m the 
a lka l ine f i l t r a t e . It was subsequen t ly c o m b u s t e d a s t he c r y s t a l l i n e h y d r o c h l o r i d e . The 
f r e e ac id ob ta ined in each Wi l lge rod t r e a c t i o n was c o n v e r t e d to a m i d e by way of t he 
acid c h l o r i d e . The a m i d e so ob ta ined was a l so d e g r a d e d with b a r i u m h y p o b r o m i t e . 

D i a g r a m s 1 and 2 s u m m a r i z e s the r e a c t i o n s wi th a c e t o p h e n o n e - a - C ^ 4 and a c e t o -
phenone-(carbonyl)-C- '^ '*, r e s p e c t i v e l y . The " p e r c e n t a g e speci f ic a c t i v i t y " f i g u r e s w e r e 
computed f r o m the da ta of T a b l e s 1 and 2, to which the " s t a n d a r d e r r o r " (- 1.5%)was 
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Tabl 

Compound 

(A) C6H5COCI4H2 
(B) C^H5CH2Cl40NH2 
(C) c"4o 
(D) C6H5CH2NHP 
(E) C^HsCHzC^^OOH 
(F) C^H5CH2Cl4oNH2 
(G) C^4o2 
(H) C6H5CH2NH2 

e 1 

Specific Act iv i ty 

600 (8x75) 
600 (8x75) 
600 

0 
592 (8x74) 
608 (8x76) 
612 

0 

Tabl 

Compound 

(A) C^HsC^^OCHs 
(B) C6H5C^^H2CONH2 
(C) CO2 
(D) C £ , H 5 C 1 4 H 2 N H 2 

(E) C ^ J H S C ^ ^ H ^ C O O H 

(F) C 6 H 5 C ^ 4 H 2 C O N H 2 

( G ) C 0 2 
(H) C6H5CI4H2NH2 

e 2 

Specific Act iv i ty 

640 (8x80) 
632 (8x79) 

0 
630 (7x90) 
640 (8x80) 
624 (8x78) 

0 
637 (7x91) 

appl ied . When the c a r b o n d iox ide i s evolved f r o m the i so top ic c a r b o n a t o m exc lus ive ly , 
a s for e x a m p l e in the Hofmann d e g r a d a t i o n of C5H5CH2C^'*ONH2, t he spec i f ic ac t iv i ty 
i s equal to the n u m b e r of coun t s above background d i r e c t l y ind ica ted . When, howeve r , 
the c a r b o n d ioxide i s evolved f r o m the o the r c a r b o n a t o m s (as well a s in t he c o m b u s 
t ion of the s a m e a m i d e ) the n u m b e r of counts ind ica ted i s mul t ip l i ed by 8 in o r d e r to 
c o r r e c t for d i lu t ion by the 7 n o n - r a d i o a c t i v e c a r b o n a t o m s in the m o l e c u l e . 

On the b a s i s of t he above r e s u l t s no r e a r r a n g e m e n t of the c a r b o n ske l e ton i s i n d i 
ca ted in t he f o r m a t i o n of e i the r the p h e n y l a c e t a m i d e o r the pheny lace t i c ac id obta ined 
in t h e Wi l lge rod t r e a c t i o n u s ing ace tophenone . 

Deca rboxy l a t i on of P h e n y l a c e t i c Acid 

A n u m b e r of e x p e r i m e n t s have b e e n c a r r i e d out in which labe led p h e n y l a c e t i c ac id 
was d e c a r b o x y l a t e d in the p r e s e n c e of a m e t a l l i c c a t a l y s t . The r e s u l t s obta ined w e r e 
not n e a r l y so unequ ivoca l a s t h o s e found by m e a n s of the Hofmann d e g r a d a t i o n . Th i s 
o b s e r v a t i o n h a s a l so been m a d e by Dauben. 

Deca rboxy la t i on of o r g a n i c a c i d s •with m e t a l l i c ox ides •was s tudied c o m p r e h e n s i v e l y 
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(I-A) C6H5COCI4H3 (100%) 

(I-B) C6H5CH2CI40NH2 (100%) 

Willgerodt Reaction 

Hofmann Degradation 

( l - C ) ' c l 4 o 2 (l-D) C6H5CH2NH2 

1 
(I-E) C6H5CH2CI40OH (100%) 

(Not Isolated) C6H5CH2CI40CI 

(I-F) C6H5CH2CI4ONH2 (100%) 

Hofmann Degradation 

(I-G) Cl402 (I-H) C6H5CH2NH2 

(100%) (0%) 

Diagram 2 

(II-A) C6H5Cl/*OCH3 (100%) 

Willgerodt Reaction 

I 
(II-B) C6H5CI4H2CONH2 (100%) 

Hofmann 

(0%) 

Degradation 

i i 
(II-C) CO2 (II-D) C6H5CI4H2NH2 

(100%) 

(II-E) C£,H5C^^H2COOH (100%) 

(Not Isolated) C6H5Cl'^H2COCl 
I 

(II-F) C 6 H 5 C ^ 4 H 2 C O N H 2 (100%) 

Hofmann Degradation 

f i 
(II-G) CO2 (II-H) C6H5C^'*H2NH2 

(0%) (100%) 

by Sabatier, Senderens and others (Catalysis in Organic Chemistry. Translated by 
E. Emmet Reid, D, Van Nostrand and Co., N, Y,, 1922, paragraphs 831-9). Shepard, 
Windlow and Johnson ( j . Am. Chem. Soc. 52, 2083) in 1930 introduced the use of quino-
line in the decarboxylation of halogenated furoic acids. The function of the quinoline 
was to combine with the liberated halogen acid, thus preventing resinification of the 
halogenated furan products. The catalysts used by Johnson were "reduced nickel" and 
"copper bronze." In the l i t e ra ture (Fieser , Experiments in Organic Chemistry. John 
Wiley and Sons, 2nd Ed., p. 201; Dauben and Coad, J. Am. Chem. Soc. 71, 2928 (1949)) 
the copper bronze catalyst is erroneously refer red to as copper powder. 

Thus far, there has been no study reported in the l i te ra ture of the products resu l t 
ing from the decarboxylation of phenylacetic acid with copper bronze or copper powder. 
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Shantz and R i t t e n b e r g a s s u m e d the p r o d u c t to be m o s t l y d ibenzy l ke tone in t h e i r d e 
c a r b o x y l a t i o n of pheny lace t i c a c i d - a - c l - ^ with i r o n f i l ings . However , they did not i s o 
l a t e t h i s p r o d u c t but oxid ized the r e s i d u e to benzo ic ac id . Deca rboxy la t i on of t h i s b e n -

•JO 

zoic ac id accoun ted for only 80% of t he expec ted C •'. Al though t h i s d i s c r e p a n c y d o e s 
not n e c e s s a r i l y i nva l ida t e the r e s u l t of t h e i r e x p e r i m e n t , it po in t s up t he fac t t ha t t he 
t r u e r e a c t i o n equat ion is unknown. 

Dauben and Coad, on the o t h e r hand, a s s u m e d t h e r e a c t i o n p r o d u c t to be to luene . 
P a r t i a l ox ida t ion of t h i s p r o d u c t i s p r e s e n t e d a s the exp lana t ion for the a p p e a r a n c e of 
t r a c e s of 0 ^ 4 in t he c a r b o n d iox ide obta ined by d e c a r b o x y l a t i o n of p h e n y l a c e t i c a c i d - a -
C l 4 . 

In a c c o r d a n c e •with a s u g g e s t i o n given by Dauben and Coad, an a t t e m p t was m a d e 
a t f i r s t to d e c a r b o x y l a t e p h e n y l a c e t i c ac id •with c o p p e r powder and qu ino l ine . F^ire 
copper m e t a l (Mal l inckrod t ) w a s hea ted with the ac id and quinol ine in t he p r e s e n c e of 
" p r e p u r i f i e d " n i t r o g e n . No d e c a r b o x y l a t i o n was o b s e r v e d up to a t e m p e r a t u r e of 2600C, 
Copper c h r o m i t e c a t a l y s t was t hen succes s fu l l y employed u n d e r t he s a m e cond i t ions . 
Th i s c a t a l y s t had b e e n m a d e by t h e me thod of H a r m a n (J, Am. Chem. Soc. 64, 2293 
(1942)) for t he s y n t h e s i s of m e t h y l i o d i d e - C ^ ^ (Melv i l l e , R a c h e l e and K e l l e r , J. Biol . 
C h e m . 169, 419 (1947)). The c a t a l y s t w a s u s e d in i t s u n r e d u c e d f o r m . Deca rboxy la t i on 
was o b s e r v e d to s t a r t at about 170°C (sand bath) and to p r o c e e d smooth ly at an o p t i m u m 
t e m p e r a t u r e of 230°C, Yie lds of CO2 v a r i e d in d i f fe ren t e x p e r i m e n t s f r o m 40 to 80%, 

F o u r l a b e l e d pheny lace t i c a c i d s w e r e then d e c a r b o x y l a t e d by th i s me thod . They 
w e r e (1) p h e n y l a c e t i c acid-Q-C^^4 ob ta ined d i r e c t l y f r o m the Wi l lge rod t r e a c t i o n , (2) 
p h e n y l a c e t i c a c i d - ( c a r b o x y l ) - C l 4 obta ined in the s a m e m a n n e r , (3) p h e n y l a c e t i c a c i d -
a -C l ' * p r e p a r e d by saponi f i ca t ion of p h e n y l a c e t a m i d e - a - C l ' * , (4) p h e n y l a c e t i c a c i d -
( c a r b o x y l ) - C p r e p a r e d by saponi f ica t ion of p h e n y l a c e t a m i d e - ( c a r b o n y l ) - c I ' * . Tab le 
3 s u m m a r i z e s the r e s u l t s . 

Table 3 

Compound 

(2) C^HsCHpC^^OOH (l-E) 
(1) C6H5CI4H2COOH (II-E) 
(4) C6H5CH2CI40OH 
(3) C6H5CI4H2COOH 

Percentage of 
Specific Activity 

83% 
9% 

95, 99% (Two runs) 
5, 0, 3, 0% (Four runs) 

Yield CO2 

80% 
70% 

40-50% 
40-50% 

The d i s c r e p a n c i e s in t h e s e r e s u l t s have not ye t b e e n expla ined . It i s no tewor thy , 
however , tha t if t he r e a c t i o n p r o c e e d s a c c o r d i n g to t h e equat ion 

(A) 2 C6H5CH2COOH •C6H5CH2COCH2C6H5 + CO2 + H2O 

the expec ted y ie ld of c a r b o n d iox ide b a s e d on p h e n y l a c e t i c ac id i s 50%; a s c o m p a r e d 
with a y ie ld of 100% f rom 

(B) C6H5CH2COOH *• C6H5CH3 + CO2 
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M o r e o v e r , wi th t he p r o d u c t i o n of to luene t h e r e e x i s t s t he p o s s i b i l i t y of i t s ox ida t ion , in 
p a r t , by an unknown m e c h a n i s m . The p roduc t i on of t o luene a s wel l a s i t s ox ida t ion 
p r o d u c t s would r e s u l t in a h igher yield of c a r b o n d iox ide , a s was t h e c a s e w^ith c o m 
pounds ( l ) and (2). The c o n s e q u e n c e of such oxida t ion m i g h t be to i n t r o d u c e in the c a s e 
of (1) s o m e n o n - r a d i o a c t i v e c a r b o n d ioxide and in t he c a s e of (2) r a d i o a c t i v e c a r b o n 
d ioxide . The amb iguous n a t u r e of the d e c a r b o x y l a t i o n da ta s u g g e s t s t he d e s i r a b i l i t y of 
knowing the r e a c t i o n m e c h a n i s m involved, so t ha t a t t e m p t s could be m a d e to i s o l a t e 
and a s s a y bo th f r a g m e n t s of the d e g r a d e d m o l e c u l e . 

E x p e r i m e n t a l 

The coppe r c h r o m i t e c a t a l y s t u s e d in the p r e p a r a t i o n of m e t h y l i o d i d e - C and in 
the d e c a r b o x y l a t i o n of p h e n y l a c e t i c ac id was p r e p a r e d by the m e t h o d of Harnnan. Methyl 
iodide-C^"* was s y n t h e s i z e d by the me thod of Me lv i l l e , 

P r e p a r a t i o n of A c e t o p h e n o n e - a - C 

Methyl i od ide -C (7.75 gm, .055 M) was shaken for 24 h r in a s ea l ed tube with 
sod ium cyan ide so lu t ion conta in ing 3 gm (, 061 M) of the sa l t in 6 m l of w a t e r . The s o 
lut ion w a s slowly d i s t i l l ed in a m i c r o d i s t i l l a t i o n a p p a r a t u s f i t ted with an indented f r a c 
t ionat ing co lumn . A f r a c t i o n , bp 7 6 - 1 0 0 ° C , amoun t ing to 4.0 m l w a s co l l ec t ed a s c r u d e 
a c e t o n i t r i l e - 2 - c I . The f r a c t i o n was then e x t r a c t e d 10 t i m e s with b e n z e n e in a l i qu id -
liquid e x t r a c t o r t h a t had b e e n e s p e c i a l l y c o n s t r u c t e d for work with r a d i o a c t i v e l i qu id s . 
The a c e t o n i t r i l e - b e n z e n e was d r i e d with a l i t t l e a n h y d r o u s sod ium su l fa te b e f o r e being 
added to a 0.16 M solu t ion of p h e n y l m a g n e s i u m b r o m i d e . The me thod of add i t ion a s 
well a s t he s e p a r a t i o n and h y d r o l y s i s of t he r e s u l t i n g k e t i m i n e w e r e p e r f o r m e d a c c o r d 
ing to t he p r o c e d u r e of S h r i n e r and T u r n e r . The ace tophenone r e s u l t i n g f r o m h y d r o l y 
s i s of the k e t i m i n e h y d r o c h l o r i d e was d i s t i l l ed in a s h o r t pa th s t i l l u n d e r r e d u c e d p r e s 
s u r e . T h e r e w a s obta ined 3.5 g m of-liquid, bp 8 3 - 8 5 ° C / l 2 m m , r e p r e s e n t i n g 53%) of 
the t h e o r e t i c a l yield b a s e d on m e t h y l i o d i d e - C l 4 . 

P r e p a r a t i o n of A c e t o p h e n o n e - ( c a r b o n y l ) - C ^ * 

To a so lu t ion of 4 .9 g m (0.1 M) of r a d i o a c t i v e sod ium cyan ide in 1 0 m l of w a t e r 
t h e r e was added in s m a l l p o r t i o n s 12.6 gm (0.1 M) of f r e s h l y d i s t i l l ed m e t h y l su l fa te . 
E a c h addi t ion was followed by shak ing , which in i t i a ted t h e e x o t h e r m i c r e a c t i o n , w h e r e 
upon the so lu t ion was cooled in an i c e ba th . The p r e p a r a t i o n should be c a r r i e d out in 
the hood and, if p r o p e r l y p e r f o r m e d , t h e r e should be no l o s s of a c e t o n i t r i l e by v o l a t i l i 
za t ion a s a r e s u l t of t he e x o t h e r m i c c h a r a c t e r of the r e a c t i o n . After addi t ion of a l l t he 
m e t h y l su l fa te , t he so lu t ion was d i s t i l l ed in the s a m e m a n n e r a s noted in t he p r e p a r a 
t ion of a c e t o n i t r i l e - 2 - C l 4 , y ie ld ing 8.6 m l of a f r a c t i o n which boi led at 7 6 - 1 0 0 ^ 0 . 

A c e t o n i t r i l e - 1 - C was e x t r a c t e d f r o m aqueous solut ion by the u s e of b e n z e n e , t he 
b e n z e n e so lu t ion of n i t r i l e was added to the G r i g n a r d r e a g e n t and the r e s u l t i n g c o m p l e x 
was hydro lyzed in t he s a m e m a n n e r a s d e s c r i b e d in the p r e p a r a t i o n of a c e t o p h e n o n e - a -
C^"^. The p r o d u c t , a c e t o p h e n o n e - ( c a r b o n y l ) - C , was co l l ec t ed and d i s t i l l ed u n d e r r e 
duced p r e s s u r e in a s h o r t p a t h s t i l l . T h e r e w a s ob ta ined 7.5 g m of l iquid , boi l ing a t 8 3 -
8 5 ° C / l 2 m m . Th i s r e p r e s e n t e d a yie ld of 6 3 % b a s e d on the weight of sod ium c y a n i d e - C l * . 
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The Wi l lge rod t R e a c t i o n 

In a C a r i u s t ube w e r e s ea l ed 3.75 gm sulfur , 2.5 gm ace tophenone , 3.0 m l p y r i d i n e 
and 5.0 m l of 15 M aqueous a m m o n i a . F ive such t u b e s w e r e c h a r g e d with a c e t o p h e n -
o n e - a - C l 4 and five o t h e r s wi th a c e t o p h e n o n e - ( c a r b o n y l ) - C "*. The t u b e s w e r e hea ted 
for 4 hr in a c a l i b r a t e d e l e c t r i c f u r n a c e at 165°C. After cool ing, t he t u b e s w e r e opened 
and the r e a c t i o n p r o d u c t s f r o m the r u n with a c e t o p h e n o n e - a - C l ' * w e r e washed into a 
s ing le b e a k e r wi th c o n c e n t r a t e d a m m o n i a solut ion. The p r o d u c t s of the r e a c t i o n •with 
a c e t o p h e n o n e - ( c a r b o n y l ) - C l 4 w e r e t r e a t e d in t he s a m e way. T h e r e s p e c t i v e r e a c t i o n 
p r o d u c t s and w a s h i n g s w e r e e v a p o r a t e d to d r y n e s s on the w a t e r ba th . E a c h d r y r e s i 
due •was g round in a m o r t a r , t hen e x t r a c t e d with 200 m l of boi l ing w a t e r in s e v e r a l 
p o r t i o n s . Upon cool ing , t he f i r s t c r o p (10 gm) of c r u d e p h e n y l a c e t a m i d e c r y s t a l l i z e d , 
and was r e m o v e d by f i l t r a t ion . A second c r o p of about 1.2 gm •was obta ined by e v a p o r 
a t ion of t h e f i l t r a t e to half i t s v o l u m e , follo^wed by cool ing . At th i s t i m e the f i l t r a t e was 
acid (pH = 5), which was no doubt due to d e c o m p o s i t i o n , at l e a s t in p a r t , of a m m o n i u m 
p h e n y l a c e t a t e to p h e n y l a c e t i c ac id du r ing the p r o c e s s of evapora t ing t he r e a c t i o n m i x 
t u r e to d r y n e s s . 

In o r d e r to r e m o v e the r e s i d u a l a m i d e b e f o r e e x t r a c t i n g t he f r e e ac id , it w^as n e c 
e s s a r y to m a k e the f i l t r a t e a l k a l i n e wi th sod ium c a r b o n a t e . By e x t r a c t i n g five t i m e s 
with e the r the r e m a i n i n g a m i d e (0.5 to 1,0 gm) was c o m p l e t e l y r e m o v e d , s i n c e no r e s 
idue r e m a i n e d af ter a l lowing a d r o p of the f inal e x t r a c t to e v a p o r a t e on a wa tch g l a s s . 
The f i l t r a t e w a s now m a d e acid wi th h y d r o c h l o r i c ac id and the p h e n y l a c e t i c ac id p r o d 
uc t of t he Wi l lge rod t r e a c t i o n w a s r e m o v e d by e x t r a c t i o n with e the r . F i v e such e x 
t r a c t i o n s w e r e p e r f o r m e d . E v a p o r a t i o n of t h i s e the r y i e lded 0.5 g m c r u d e p h e n y l a c e 
t ic acid in the f o r m of an oi l . T h i s oil was d i s s o l v e d in a l i t t l e aqueous s o d i u m c a r 
bona te so lu t ion , f r o m which c r y s t a l l i n e pheny lace t i c ac id was obta ined by s low addi t ion 
of h y d r o c h l o r i c ac id . The p h e n y l a c e t a m i d e was r e c r y s t a l l i z e d f r o m hot w a t e r and m e l t 
ed at 156 .5 -157 .5°C . T h e r e w a s obta ined 80% of t he t h e o r e t i c a l amount . The p h e n y l 
ace t i c ac id w a s r e c r y s t a l l i z e d f r o m p e t r o l e ther and m e l t e d at 7 6 . 5 - 7 7 . 5 ° C , t he yield 
amount ing to 2 % of t h e o r e t i c a l . 

C o n v e r s i o n of P h e n y l a c e t i c Acid f r o m Wil lgerodt R e a c t i o n to P h e n y l a c e t a m i d e 

P h e n y l a c e t i c ac id (100 mg) w a s re f luxed with 1 m l of th ionyl c h l o r i d e in a m i c r o -
d i s t i l l a t i o n f l ask fit ted wi th a r e f lux c o n d e n s e r . After 10 rnin the m i x t u r e was cooled 
and the e x c e s s th ionyl c h l o r i d e , with s o m e h y d r o g e n c h l o r i d e , •was t a k e n off u n d e r v a c 
uum. The c r u d e ac id c h l o r i d e was d i s s o l v e d in 1 m l of abso lu t e e the r and added d r o p -
wi se to 5 m l of cold c o n c e n t r a t e d a m m o n i a . E v a p o r a t i o n of t h i s e the r gave c r y s t a l l i n e 
p h e n y l a c e t a m i d e . To obta in t he b e s t p o s s i b l e y ie ld , t he a m m o n i a c a l so lu t ion was e v a p 
o r a t e d to d r y n e s s and the c r u d e a m i d e r e c r y s t a l l i z e d f rom hot w a t e r . P h e n y l a c e t a m i d e 
obta ined in t h i s way m e l t e d a t 156. 7 -157 .5°C . (The yie ld w a s 75% b a s e d on p h e n y l a c e 
t ic ac id . ) 

Hofmann Deg rada t i on of P h e n y l a c e t a m i d e 

P u r e p h e n y l a c e t a m i d e (45 m g , .33 mM) was suspended in 6.0 m l of 0,18 M b a r i u m 
hydrox ide and b r o m i n e (.67 mM) w a s added to t he f lask by m e a n s of a l a m b d a p ipe t t e . 
The r e c e i v e r f l ask was t hen a t t a ched to an a p p a r a t u s t ha t conta ined a t h r e e - w a y s t o p 
cock p e r m i t t i n g evacua t ion and sea l i ng of t he r e c e i v i n g f lask. B e f o r e evacua t ion , 
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however , the con ten t s w e r e f rozen with l iquid n i t r o g e n to p r e v e n t l o s s of b r o m i n e . 

After t he evacua t ion and sea l ing , t he f lask was a l lowed to w a r m to r o o m t e m p e r a 
t u r e and was shaken unt i l a l l the a m i d e d i s so lved in the b a r i u m h y p o b r o m i t e . The d e 
g r a d a t i o n r e a c t i o n s t a r t e d a t 70°C (hot wa te r ba th) a s show^n by p r e c i p i t a t i o n of b a r i u m 
c a r b o n a t e and was c o m p l e t e in 3 or 4 m i n . Coagu la t ion of the p r e c i p i t a t e was effected 
by i m m e r s i n g the f lask in boi l ing w a t e r for an add i t iona l m i n u t e . After cool ing the 
f lask , the v a c u u m was r e l e a s e d by m e a n s of the s topcock . The p r e c i p i t a t e was s e p a r 
a ted on a suc t ion funnel and washed with two or t h r e e p o r t i o n s of w a t e r to r e m o v e a s 
m u c h b e n z y l a i n i n e a s p o s s i b l e . 

The b a r i u m c a r b o n a t e s t i l l conta ined t r a c e s of a m i n e and cyan ide and was r e p r e -
c ip i t a ted b e f o r e count ing. The p r e c i p i t a t e was t h e r e f o r e d i s s o l v e d with c o n c e n t r a t e d 
su l fur ic ac id in an a s s a y a p p a r a t u s and the evolved c a r b o n d ioxide •was co l l ec t ed in 
b a r i u m hydrox ide solut ion. 

The a l k a l i n e f i l t r a t e , b a r i u m c a r b o n a t e - f r e e w^ith w a s h i n g s , was then s lowly d i s 
t i l led in a m i c r o d i s t i l l a t i o n a p p a r a t u s with an indented co lumn. The oily b e n z y l a m i n e 
d i s t i l l ed wi th the f i r s t few m i l l i l i t e r s of w a t e r . Addi t ion of two d r o p s of c o n c e n t r a t e d 
h y d r o c h l o r i c acid to the d i s t i l l a t e c o n v e r t e d t he a m i n e to i t s h y d r o c h l o r i d e . To obta in 
the d r y sa l t the so lu t ion was e v a p o r a t e d to d r y n e s s in vacuo . B e f o r e t he b e n z y l a m i n e 
h y d r o c h l o r i d e was c o m b u s t e d it w a s r e c r y s t a l l i z e d f r o m butanol and m e l t e d at 256 C. 
The yie ld of b a r i u m c a r b o n a t e w a s quan t i t a t i ve b a s e d on p h e n y l a c e t a m i d e , whi le t he 
yie ld of a m i n e was 70-80% of t he t h e o r e t i c a l amount . 

De ca rboxy l a t i on of P h e n y l a c e t i c Acid 

P h e n y l a c e t i c ac id (50 mg) and 50 m g of c o p p e r c h r o m i t e c a t a l y s t •were p l aced in a 
s m a l l f lask f i t ted wi th a r e f lux c o n d e n s e r and a g a s in le t tube . F*urified quinol ine (5 
ml ) was added and the m i x t u r e w a s f lushed for 20 m i n with " p r e p u r i f i e d " n i t rogen . The 
m i x t u r e was t hen hea ted in a sand ba th a t 230°C for 30 m i n with n i t r o g e n being p a s s e d 
in con t inuous ly and the evolved c a r b o n d ioxide w a s p a s s e d with the n i t r o g e n s t r e a m 
t h r o u g h t h e top of the c o n d e n s e r into a b a r i u m hydrox ide b u b b l e r . The r e a c t i o n m i x 
t u r e was a l lowed to cool whi le the a p p a r a t u s was f lushed •with n i t r o g e n for an add i t i on 
al 1 0 m i n . In o r d e r to r e m o v e t r a c e s of qu ino l ine , t he b a r i u m c a r b o n a t e was d i s s o l v e d 
in c o n c e n t r a t e d su l fur ic ac id and the evolved c a r b o n d iox ide r e p r e c i p i t a t e d f rom b a r 
ium hydrox ide solut ion , a s in t he t r e a t m e n t of the b a r i u m c a r b o n a t e r e s u l t i n g f r o m the 
Hofmann d e g r a d a t i o n of p h e n y l a c e t a m i d e . Yie lds of b a r i u m c a r b o n a t e w e r e 4 0 - 8 0 % 
b a s e d on p h e n y l a c e t i c ac id . 

Dr . R . B . Loftfield gave va luab l e s u g g e s t i o n s in the work , and H.C. P r o s s e r p r e 
p a r e d the m e t h y l i od ide -C . 



84 

N o r m a l C o o r d i n a t e s f o r t h e I s o t o p i c A c e t y l e n e M o l e c u l e s 
H C C H . H C C D , a n d D C C D ( 5 3 1 1 ) 

0 , A , S c h a e f f e r 

A b s t r a c t 

T h e s t r e t c h i n g f r e q u e n c i e s f o r t h e a c e t y l e n e m o l e c u l e s , H C C H , 
H C C D a n d D C C D h a v e b e e n f i t t e d t o a s i n g l e s e t of v a l e n c e t y p e f o r c e 
c o n s t a n t s . F o r t h i s p o t e n t i a l , t h e n o r m a l c o o r d i n a t e s f o r t h e s t r e t c h 
i n g m o d e s h a v e b e e n c a l c u l a t e d . 

In o r d e r t o p r e d i c t t h e i s o t o p e e f f e c t o n t h e m a s s s p e c t r a l p a t t e r n of a m o l e c u l e b y 
t h e m e t h o d r e c e n t l y p r e s e n t e d ( O . A . S c h a e f f e r , J . C h e m . P h y s . ]_8, 1501 ( 1 9 5 0 ) ) , i t i s 
n e c e s s a r y t o h a v e t h e n o r m a l c o o r d i n a t e s f o r t h e s t r e t c h i n g m o d e s of t h e m o l e c u l e s i n 
q u e s t i o n . F o r t h i s r e a s o n t h e n e c e s s a r y c a l c u l a t i o n s w e r e m a d e f o r s e v e r a l i s o t o p i c 
a c e t y l e n e m o l e c u l e s . A s t h e n o r m a l c o o r d i n a t e s a r e of p a r t i c u l a r i n t e r e s t , t h e y a r e 
p r e s e n t e d a t t h i s t i m e . 

T h e S e c u l a r E q u a t i o n s 

T h e l i n e a r s y m m e t r i c a l m o l e c u l e s H C C H a n d D C C D h a v e t h e p o i n t s y m m e t r y D^^. 
T h e u s u a l g r o u p t h e o r y a r g u m e n t s s h o w t h a t of t h e t h r e e s t r e t c h i n g m o d e s of v i b r a t i o n , 
t w o w i l l b e of s p e c i e s Z^g a n d t h e o t h e r o n e of s p e c i e s I'^n. In s y m n n e t r y c o o r d i n a t e s , 
t h e s e c u l a r e q u a t i o n w i l l f a c t o r i n t o a l i n e a r a n d a q u a d r a t i c e q u a t i o n . 

L e t R i , R 2 . R 3 b e t h e i n t e r n a l c o o r d i n a t e s . R^ a n d R 3 r e p r e s e n t t h e d i s p l a c e m e n t s 
f r o m e q u i l i b r i u m of t h e i n t e r n u c l e a r d i s t a n c e s , H - C o r D - C , a s t h e c a s e m a y b e . R 2 
r e p r e s e n t s t h e d i s p l a c e m e n t f r o m e q u i l i b r i u m of t h e C - C i n t e r n u c l e a r d i s t a n c e , A 
s u i t a b l e s e t of s y m m e t r y c o o r d i n a t e s f o r e i t h e r H C C H o r D C C D i s : 

S , = ( i ) ' / ^ ( R , . R 3 ) 

S2 = R 2 (1) 

S3 = ( f ) ' / ' ( R i - R 3 ) 

S^ a n d S2 h a v e t h e s y m m e t r y I g a n d S3 h a s t h e s y m m e t r y 2 u . 

A s s u m i n g t h e f o r c e s t o b e h a r m o n i c a n d n e g l e c t i n g a l l c r o s s t e r m s , t h e p o t e n t i a l , 

V, i n i n t e r n a l c o o r d i n a t e s i s : 

2 V = k i R j ^ -f k 2 R 2 ^ + k i R j ^ (2) 

w h e r e k]^ i s t h e f o r c e c o n s t a n t f o r a C - H d i s p l a c e m e n t a n d k 2 t h e f o r c e c o n s t a n t f o r 
a C - C d i s p l a c e m e n t . In s y m m e t r y c o o r d i n a t e s t h e p o t e n t i a l b e c o m e s : 

2 V = k i S i ^ + k 2 S 2 ^ + k i S 3 ^ (3) 
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The non-vanishing elements of Wilson's (J. Chem. Phys, ^ , 76 (1941)) inverse kin
etic energy matr ix , G, in symmetry coordinates a r e : 

G22 = 2/m^ 

^12 = G21 = - (2 )^ /Vr 

Gi l " G33 = (1/m^) + ( l /mx) 

' m . (4) 

where m^, is the m a s s of a carbon atom and m-^ is the m a s s of a hydrogen or deuter
ium atom, depending on which molecule is being considered. 

The secular equation in symmetry coordinates for HCCH or DCCD factors in the 
two equations: 

and 

-(2)^/^ k2/m^ (k i /m^) + ( k ^ / m j - \ 

(2k2/m^) - X -(2)1/2 ^^^/^^ 

(kj /m^) + (ki /mx) - \ = 0 

(5) 

2 2 2 Where \ = 4 n c v , v i s a fundamental frequency in •wave numbers . 

HCCD is linear but unsymmetr ica l and has the point symmetry C . All three of 
the stretching vibrations a r e of s^ymmetry species Z , and the secular equation is a 
cubic. There is no need to use symmetry coordinates. Choose as internal coordinates 
R j , R2, R3. Rl is the displacement of the H-C internuclear distance from equilibrium, 
R3 is the displacement of the D-C internuclear distance from equilibrium, and R2 is 
the same as above. In internal coordinates the non-vanishing elements of G a r e : 

< 1̂1 = ( 1 / " ^ H ) + ( 1 / " ^ C ) 

G12 - G21 

G22 = 2 /m 

^23 = G32 = - l / m ^ 
(6) 

G33 = (l/rno) + (l/"^c) 

where rnjj is the m a s s of a hydrogen atom and rriQ is the m a s s of a deuterium atom 

The secular equation for HCCD assuming the potential given by equation (2) i s : 

( k i / m n ) + (ki/m^,) - \ -k2 /mc 0 

-k^ /m^ (2k2/mc) - X -ki / r r ic 

0 -k2 /mc ( k i / m o ) + (kj /m^) - \ 

The Normal Coordinates 

The infrared and Raman spectra have been thoroughly investigated (G. Herzberg, 
Infrared and Raman Spectra of Polyatomic Molecules. D. Van Nostrand, New York, 

= 0 (7) 
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1945; E . E . Be l l and H.H. N i e l s e n , J. Chem, P h y s . 18, 1382 (1950)) and v i b r a t i o n a l a s 
s i g n m e n t s a r e wel l e s t a b l i s h e d . R a t h e r than a d i f fe ren t se t of f o r c e c o n s t a n t s for e a c h 
m o l e c u l e , a s H e r z b e r g c h o s e , a s ing le se t of f o r c e c o n s t a n t s was t r i e d . The f o r c e 
c o n s t a n t s w e r e ad jus ted to g ive t he b e s t a g r e e m e n t with the o b s e r v e d f r e q u e n c i e s . V a l 
u e s for t h e fundamenta l f r e q u e n c i e s , c a l cu l a t ed by the u s e of the s e c u l a r equa t ions (5) 
and (7) and a s ing le se t of f o r c e c o n s t a n t s , a r e c o m p a r e d to o b s e r v e d v a l u e s in T a b l e 
1. The a v e r a g e dev ia t ion b e t w e e n o b s e r v e d and c a l c u l a t e d va lue s i s 0 . 3 % . Th i s a g r e e 
m e n t i n d i c a t e s t ha t the po t en t i a l u s e d is a good a p p r o x i m a t i o n to the t r u e po t en t i a l . 

Wave 
N u m b e r s 

^1 
^2 
V3 

Table 1 

O b s e r v e d and Ca lcu la t ed Va lues of t he F u n d a m e n t a l 
F r e q u e n c i e s for Some Isotopic A c e t y l e n e M o l e c u l e s 

HCCH 

a 
O b s e r v e d 

3373 
1974 
3282 

Ca l cu l a t ed 

3381 
1979 
3300 

HCCD 

O b s e r v e d ^ 

3335 
1851 
2584 

Ca lcu la t ed 

3345 
1853 
2569 

DCCD 

O b s e r v e d 

2700 
1762 
2427 

Ca lcu la t ed 

2688 
1760 
2423 

Values a c c o r d i n g to Be l l and N ie l s en . 
Va lues a c c o r d i n g to H e r z b e r g , 

The n o r m a l i z e d coef f i c ien t s , L-• , in the t r a n s f o r m a t i o n f r o m i n t e r n a l to n o r m a l 
c o o r d i n a t e s , 

Qi = Xj L - j - l Rj (8) 

a r e g iven in T a b l e 2. The L^:" v a l u e s w e r e c a l c u l a t e d by the m e t h o d out l ined by Wil-

T a b l e 2 

Va lues of Lj j for the S t r e t ch ing 
of HCCH, HCCD and 

N o r m a l i z e d Coeff ic ien ts 
( x l 0 - 1 2 g l / 2 ) 

Lu"! 
^ 1 2 
L 1 3 - I 

^ 2 1 " ^ 
L 2 2 - I 
L 2 3 - I 
L 3 1 - ^ 
L 3 2 - I 
I -33"l 

HCCH 

0.826 
- 0 . 5 2 8 

0.826 
0.392 
3,244 
0,392 
0.879 
0 

-0 ,879 

M odes of V ib ra t i on 
DCCD 

HCCD 

1,197 
-0 .418 

0.0664 
0.350 
3,095 
1,071 
0,2366 
1,203 

-1 ,394 

DCCD 

0,884 
-1 ,421 

0,884 
0.944 
3.101 
0.944 
1.197 
0 

-1 .197 



The transformation from normal to internal coordinates: 

Rl = Sj Lij Qj 

has the normalized coefficients listed in Table 3. 
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(9) 

Tab le 3 

Va lues of Li i for t he S t r e t ch ing M o d e s of V ib ra t i on 
of HCCH, HCCD and DCCD 

N o r m a l i z e d Coeff ic ien ts 
( x l 0 l 2 g l / 2 ) 

L l l 
L l 2 

L l 3 
L 2 1 

L 2 2 
L 2 3 

L 3 I 
L 3 2 
L 3 3 

HCCH 

0.562 
0.0914 
0.569 

-0 .136 
0.286 
0 
0.562 
0.0914 

-0 .569 

HCCD 

0.797 
-0 .071 

0.093 
0.105 
0.239 
0.179 

-0 .044 
0.219 
0.547 

DCCD 

0,380 
0.174 
0.418 

-0 .231 
0.217 
0 

0.380 
0.174 

-0 .418 

These t ransformations completely define the normal coordinates in t e r m s of inter
nal coordinates. 

The Relative Abundances of the Isotopes of Krypton and Neon (5311) 

O. A. Schaeffer 

Recently A.O. Nier (Phys. Rev. 79, 450 (1 950)) has remeasured the abundances of the 
isotopes of the r a r e gases and has corrected for systematic e r r o r s by using a kno^wn 
mixture of separated argon isotopes. The abundances of the krypton isotopes were 
measured independently at this Laboratory by a method that was thought to be free from 
systematic e r r o r s . The comparison in Table 1 of Nier ' s recent values with those of 
this Laboratory shows that such was indeed the case. 

The relat ive abundances of the neon isotopes have been measured at this Labora
tory by the same method used to measure the krypton abundances, magnetic scanning 
and a high ion accelerating voltage. The resu l t s of these measurements a r e compared 
to Nier ' s values in Table 2. In this case the values found here do not agree , within the 
precision of the measurements , with Nier ' s resu l t s . The disagreement may be caused 
by the fact that Nier ' s nneasurennents were complicated for the case of neon by the in
terference of residual water vapor in the m a s s spect rometer , causing a possible e r ro r 
in the measurement of the ( A 3 O / A ^ ^ ) + + rat io of the calibrating gas. The comparison in 
Table 2 of the molecular weights computed fronn the relat ive abundances to the interna
tional value, based on a gas density measurement , indicates that abundances found in 
this r e sea rch a re probably more nearly cor rec t that Nie r ' s values. The molecular 
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Table 1 

Relative Abundances of the Krypton Isotopes^ 

Mass 

78 
80 
82 
83 
84 
86 

^The 

BNL 

0.353 ± 0.001 
2,29 - 0.01 

11.58 ± 0.01 
11.51 i 0,02 
56.95 ± 0.04 
17.31 ± 0,03 

Nier 

0.354 i 0.002 
2.27 ± 0.01 

11,56 t 0.02 
11.55 ± 0.02 
56.90 ± 0.10 
17.37 i 0.02 

e r r o r s listed a re probable e r r o r s . 

Table 2 

Relative Abundances of the Neon ] sotopes 

Mass 

20 
21 
22 

Atomic Weight 

BNL 

90,49 - 0.03 
0.257 i 0.001 
9.25 ± 0.03 

20.181 

Nier 

90.92 ± 0,04 
0.257 ± 0.001 
8.82 ± 0.04 

20.172 

^The e r r o r s listed a r e probable e r r o r s . 
International atomic weight = 20.183, 

weights of neon were calculated on the assumption that the neon isotopes, Ne , Ne , 
Ne22 have the m a s s e s 19,9987, 20.9986, 21.9986, respectively, and that the conversion 
factor from the chemical to the physical atomic weight scales is 1.000278. 

The Determination of Deuterium in Water (5311) 

L. Fr iedman and A.P. I rsa 

Abstract 

An improved method for determining the deuterium content of 
water samples has been developed. The method is based on quantita
tive conversion of the hydrogen to ethane, through reaction of the water 
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with z inc d ie thy l . The e thane is ana lyzed in a m a s s s p e c t r o m e t e r . The 
m e t h o d i s app l i cab l e above ""̂  0.5 M% d e u t e r i u m . The a c c u r a c y i s 
^-Z% of t he p e r c e n t c o m p o s i t i o n in t h i s r a n g e on r o u t i n e a n a l y s e s . 

The conven t iona l ana ly t i c a l p r o c e d u r e for t he r a p i d d e t e r m i n a t i o n of d e u t e r i u m in 
wa te r s a m p l e s of l i m i t e d s i z e , of the o r d e r of 1 0 m g , invo lves i t s c o n v e r s i o n to h y d r o 
gen by r e a c t i o n with a su i t ab l e m e t a l at e leva ted t e m p e r a t u r e (D. R i t t e n b e r g , P r e p a r a 
t ion and M e a s u r e m e n t of I so topic T r a c e r s . E d w a r d B r o s . , Ann A r b o r , M i c h . , 1946) 
follo^wed by m a s s s p e c t r o m e t e r a n a l y s i s (R.B. A l f i n - S l a t e r , S.M. Rock and M. S^wislocki, 
Anal . C h e m . 22, 421 (1950)). T h i s me thod suf fe rs f r o m " m e m o r y e f fec t s " r e s u l t i n g 
f r o m h e t e r o g e n e o u s exchange of h y d r o g e n •with •water in t he m a s s s p e c t r o m e t e r and the 
c o n v e r s i o n a p p a r a t u s . F r a c t i o n a t i o n of t he i s o t o p e s and vo l t age d i s c r i m i n a t i o n in the 
m a s s s p e c t r o m e t e r m a k e f r equen t e m p i r i c a l c a l i b r a t i o n of t he i n s t r u m e n t n e c e s s a r y 
for a c c u r a t e r e s u l t s . 

A m o r e eff icient p r o c e d u r e would be the q u a n t i t a t i v e c o n v e r s i o n of •water to m o l e 
cu le s which would not exchange h y d r o g e n with w a t e r and which would be of suff ic ient ly 
high m o l e c u l a r weight so tha t f r a c t i o n a t i o n and vo l t age d i s c r i m i n a t i o n effects in t he 
m a s s s p e c t r o m e t e r •would i n t r o d u c e neg l ig ib le e r r o r s when the i so top ic s p e c i e s w e r e 
d e t e r m i n e d . A p r e l i m i n a r y i nves t i ga t i on of the r e a c t i o n of w a t e r w^ith a l u m i n u m c a r b i d e 

6 H2O + AI4C3 >• 3 CH4 + 2AI2O3 (1) 

r e v e a l e d t ha t a s i d e r e a c t i o n p r o d u c i n g h y d r o g e n w a s v e r y difficult to e l i m i n a t e . In a d 
di t ion, i t •was found tha t t he m e t h a n e - m e t h y l d e u t e r i d e s y s t e m was u n s a t i s f a c t o r y for 
s p e c t r o m e t e r a n a l y s i s . In sp i t e of t he fact t ha t t h e cond i t ions of m o l e c u l a r weight and 
nonexchange with a d s o r b e d w a t e r a r e fulfi l led, t h e a n a l y s i s i s i n t e r f e r e d with by the 
v e r y s a m e a d s o r b e d •water tha t i n t r o d u c e s the m e m o r y effects m e n t i o n e d above . Any 
h y d r o x y l - c o n t a i n i n g m o l e c u l e tha t i on i ze s on e l e c t r o n i m p a c t to p r o d u c e m a s s e s of M/e 
= 17 and M / e = 1 6 m u s t be kep t out of t he s p e c t r o m e t e r if the i n s t r u m e n t i s to be u s e d 
for d e u t e r i u m a n a l y s i s via t h e m e t h a n e - m e t h y l d e u t e r i d e s y s t e m . 

Orch in , Wender and F r i e d e l (Anal. Chein, 2 1 , 1072 (1949)) have adap ted the Z e r e -
witinoff ac t i ve h y d r o g e n d e t e r m i n a t i o n (Ber . 40 , 2023 (1907)) for t h e a n a l y s e s of d e u 
t e r i u m in w a t e r . They found tha t the r e a c t i o n s 

OH 
C H j M g l + H2O ^ CH4 + Mg^j (2) 

CH3MgI + Mg; » CH4 + MgO-Mgl2 (3) 

r 
did not p r o d u c e quan t i t a t i ve y i e l d s of m e t h a n e . They a s s u m e d no f r ac t i ona t ion of i s o 
topes in t h i s p r o c e s s and t h i s a s s u m p t i o n s e e m s to be b o r n e out by t h e i r r e s u l t s . 

The c o n v e r s i o n of w a t e r to e thane by r e a c t i o n with z inc d ie thy l 

H2O + Zn(C2H5)2 »- ZnO + 2C2H6 

show^ed s o m e p r o m i s e of v i r t u a l l y e l imina t ing m a n y of t he d i f f icul t ies a s s o c i a t e d with 
both the h y d r o g e n p r o c e d u r e and the Zerewi t inoff r e a c t i o n . Th i s p a p e r d e s c r i b e s a 
p r o c e d u r e for t he quan t i t a t i ve c o n v e r s i o n of w a t e r to e thane and t h e m a s s s p e c t r o m e t r i c 
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d e t e r m i n a t i o n of e thane ethyl d e u t e r i d e m i x t u r e s . 

E x p e r i m e n t a l 

S tanda rd s a m p l e s of w a t e r a r e c o n v e r t e d to e thane in the a p p a r a t u s shown in F i g 
u r e 1. F l a s k A is ca re fu l ly d r i e d , cooled to r o o m t e m p e r a t u r e and a 10 \ s a m p l e of 
w a t e r i s i n t roduced into it u s ing a ca re fu l ly d r i e d m i c r o p i p e t t e which has b e e n f lushed 
s e v e r a l t i m e s wi th s a m p l e s of t h e w a t e r to b e ana lyzed . The f l a sk , a 1-cc bulb on the 
end of a s t a n d a r d t a p e r 12 /30 jo in t , i s t hen a t t ached to t he a p p a r a t u s , cooled wi th l iquid 
n i t r o g e n and evacua ted . Af ter al l t he a i r i s r e m o v e d , t he d r o p l e t of w a t e r should be in 
the bo t t om of t he bulb; if not , the f l ask i s w a r m e d and t h e w a t e r i s condensed on the 
bo t t om of t he bulb us ing l iquid n i t r o g e n . Zinc d ie thy l i s t hen d i s t i l l ed f r o m the r e s e r 
vo i r f lask B into the r e a c t i o n f l a sk A. A p p r o x i m a t e l y l / 2 to 1 cc of l iquid i s t r a n s 
f e r r e d for a r u n us ing 1 0 X of w a t e r . The e x c e s s c a n b e a l m o s t q u a n t i t a t i v e l y r e c o v e r e d 
when t h e r e a c t i o n i s comple t ed . T h e l iquid n i t r o g e n b a t h s u r r o u n d i n g it i s r e m o v e d 
and a s soon a s the z inc d ie thy l s t a r t s to nnelt, b u b b l e s of e thane m a y be o b s e r v e d e v o l v 
ing f r o m the l iquid . A l a r g e e x c e s s of z inc d ie thyl i s d e s i r a b l e to avoid loca l o v e r 
heat ing which m a y induce a v io l en t d e c o m p o s i t i o n r e a c t i o n . Al though s a m p l e s of w a t e r 
a s l a r g e a s 0.1 cc have b e e n d e c o m p o s e d , the h a z a r d of a r e a c t i o n in which the z inc 
ethyl i t se l f d e c o m p o s e s i n c r e a s e s with s a m p l e s i ze . 

VACUUM LINE 

Figure 1. Apparatus for conversion of •water to ethane 

The r e a c t i o n a p p e a r s to p r o c e e d in two s t e p s . C o n v e r s i o n p r o c e e d s smoo th ly to 
50-75%o of c o m p l e t i o n a s A g r a d u a l l y w a r m s to r o o m t e m p e r a t u r e . At t h i s point b u b 
b l e s m a y c e a s e to evolve and t h e l iquid a s s u m e s a v i s c o u s ge l a t i nous a p p e a r a n c e . Gen
t l e w a r m i n g wi th t he hand or w a r m w a t e r wil l i n i t i a t e f u r t h e r r e a c t i o n which p r o c e e d s 
v i g o r o u s l y for s e v e r a l m i n u t e s . The z inc d ie thyl b e c o m e s m o r e fluid and s o m e z inc 
oxide m a y p r e c i p i t a t e f r o m the solut ion. In o r d e r to i n s u r e c o m p l e t e r e a c t i o n , t he z inc 
ethyl i s re f luxed four or f ive t i m e s for 5 - to 1 0 - s e c i n t e r v a l s by hea t ing cau t ious ly wi th 
t he l uminous f l a m e of a m i c r o b u r n e r a f te r the second p h a s e of t he r e a c t i o n h a s s topped . 
The e thane and any wa te r vapor e n t r a i n e d by it i s t hen condensed into A us ing a l iquid 
n i t r o g e n ba th . T h i s i s r e p l a c e d with a d r y i ce a c e t o n e ba th and the e thane i s condensed 
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in the f i r s t t r a p us ing l iquid n i t r o g e n . The s topcock b e t w e e n A and the r e s t of t he a p 
p a r a t u s i s c l o s e d and A i s gent ly hea t ed with a l u m i n o u s f l a m e re f lux ing t h e z inc ethyl 
again . 

The t h r e e t r a p s in s e r i e s a r e cooled with a c e t o n e d r y i c e , s e c o n d a r y butyl c h l o r 
ide - l iqu id n i t r o g e n s l u s h and l iquid n i t r o g e n . The e thane i s t aken t h r o u g h t h e s e t r a p s 
and any e n t r a i n e d zinc ethyl i s s e p a r a t e d by condensa t i on . T r a c e s of e thane in A p r o 
duced by the l a s t hea t ing a r e a l s o co l l ec t ed in the t h i r d t r a p . F ina l l y , t he l iquid n i t r o 
gen b a t h on t h e t h i r d t r a p i s r e p l a c e d by the s e c - b u t y l c h l o r i d e b a t h and t h e p r o d u c t 
e thane i s condensed in t he evacua ted s a m p l e bulb C. The t i m e r e q u i r e d for the c o n 
v e r s i o n of 10 X of w a t e r , following the p r o c e d u r e out l ined above , i s a p p r o x i m a t e l y 1/2 h r . 

T h e p r o d u c t e thane was ana lyzed in a C o n s o l i d a t e d - N i e r m o d e l 21-201 m a s s s p e c 
t r o m e t e r . P a t t e r n s for e thane and ethyl d e u t e r i d e w e r e d e t e r m i n e d a t 1500 v ion a c c e l 
e r a t i n g p o t e n t i a l u s ing m a g n e t i c s cann ing . A r a t i o of t h e s e n s i t i v i t y coef f ic ien t s of t he 
two g a s e s i s r e q u i r e d for t he s u p e r p o s i t i o n m e t h o d of a n a l y s i s . The m o d e l 21-201 m a y 
b e adapted for t he d e t e r m i n a t i o n of s ens i t i v i t y coef f i c ien t s in the fol lowing m a n n e r : A 
2 0 0 - c c bulb i s a t t ached to one of the two s a m p l e i n l e t s to s e r v e a s a g a s r e s e r v o i r . 
E thane i s i n t r o d u c e d t h r o u g h the o the r in le t and c o m p r e s s e d to a p r e s s u r e of 100-110 
m m by r a i s i n g t he T o e p l e r pump to t he point a t which t h e check va lve i s s e a t e d by the 
m e r c u r y . Gas p r e s s u r e i s t hen r e a d and r e c o r d e d . T h e g a s i s then expanded into t he 
r e s e r v o i r bu lb and a final p r e s s u r e , c o m p a t i b l e wi th t he r e q u i r e m e n t s of t h e s p e c t r o m 
e t e r tube and l eak , i s ob ta ined . The s ens i t i v i t y coeff ic ient i s then determi ined with a 
p r e c i s i o n l i m i t e d by the p r e c i s i o n in r e a d i n g a p r e s s u r e of be tween 100 and 110 m m on 
the s a m p l e s y s t e m m a n o m e t e r , a p p r o x i m a t e l y 0 .5%. 

The p u m p - o u t t i m e of e thane in the s p e c t r o m e t e r , u s ing a c e t o n e d r y i c e r e f r i g e r 
ant on the s p e c t r o m e t e r t r a p , w a s 2 m i n . Sample s of l ight e thane r u n d i r e c t l y af ter 
99.8%) ethyl d e u t e r i d e on t h i s pumping schedu le showed l e s s than 0 . 1 % c o n t a m i n a t i o n 
due to m e m o r y effect or ho ldover of t he ethyl d e u t e r i d e . M e m o r y effects in t he c o n 
v e r s i o n a p p a r a t u s •were not o b s e r v e d c a r r i e d to comple t i on . After a l a r g e n u m b e r of 
r u n s a g r a y i s h whi te d e p o s i t e of z inc oxide i s o b s e r v a b l e on the g l a s s , and at t h i s poin t 
it i s p ro f i t ab l e to c l e a n the a p p a r a t u s . 

D i s c u s s i o n and R e s u l t s 

Typ ica l c a l i b r a t i o n da ta , r e q u i r e d for a n a l y s i s of t he e t h a n e - e t h y l d e u t e r i d e s y s 
t e m i s p r e s e n t e d in T a b l e 1. Data obta ined by T u r k e v i c h et a l . ( j . Am, Chem, Soc. 70, 
2638 (1948)) and S tevenson and Wagner ( j . Chem, P h y s , , in p r e s s ) f r o m s a m p l e s p r e 
p a r e d by the G r i g n a r d r e a c t i o n a r e inc luded for c o m p a r i s o n . The d i f f e r e n c e s in t he 
s e t s of da ta a r e c o n s i d e r e d to b e for t he m o s t p a r t i n s t r u m e n t a l . It i s i m p o r t a n t to 
no te tha t the r a t i o s of t he s e n s i t i v i t y coeff ic ients for d e u t e r i u m subs t i t u t ed h y d r o c a r 
bon and t h e i r p r o t i u m ana logues a r e not n e c e s s a r i l y un i ty , and tha t t h e s e r a t i o s m a y 
v a r y i n s t r u m e n t a l l y . 

The r e s u l t s obta ined f r o m a n a l y s i s of a s e r i e s of w a t e r s t a n d a r d s p r e p a r e d by 
weight d i lu t ion f r o m d i s t i l l ed w a t e r and 99.8% D2O a r e p r e s e n t e d in T a b l e 2. E a c h 
va lue r e p o r t e d in t he t a b l e r e p r e s e n t s a s e p a r a t e c o n v e r s i o n of a . 0 1 - c c w a t e r sannple. 
M a s s s p e c t r o m e t e r p r e c i s i o n in a n a l y s i s of any p a r t i c u l a r g a s s a m p l e w a s found to b e 
b e t t e r than 0 . 3 % . The M% D was ca l cu l a t ed f r o m t h e r e l a t i v e ion i n t e n s i t i e s of t he 30 
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Mass Sp ectra and 

Table 1 

Sensitivities for Ethane and Ethyl Deut eride 
1 

Mass 

31 
30 
29 

Sensitivity at 
Pa ren t Mass 

C2H6 

F 

1,00 
0.74 

1.06 

S 

1.00 
0.765 

1.00 

T 

1.00 
0.676 

-

C2H5D 

F 

1.00 
0.701 
3.06 

1.00 

S 

1.00 
0.608 
2.47 

1.00 

T 

1.00 
0.731 
3.304 

-

Table 2 

Analyses of Deuterium in Water 

Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Experimental 
M % D 

0,560 
0.567 

1.90 

3.99 
4.01 

4.91 

10.4 
10.9 
10.8 

30.6 
31.2 

48.8 
49.4 

68.0 
68.6 

78.6 

84.6 
84.5 

Calculated 
M % D 

0.563 

1.89 

4.025 

4.94 

10.95 

31.2 

49.0 

68.8 

79.0 

84.45 
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and 31 p e a k s in the o b s e r v e d s p e c t r a us ing the c a l i b r a t i o n da ta p r e s e n t e d in T a b l e 1. 

Th i s me thod can be u s e d ove r a wide r a n g e of d e u t e r i u m c o n c e n t r a t i o n . The loMver 
l i m i t i s se t a t b e t w e e n 0.5 and 1.0 M% b e c a u s e of n a t u r a l C^-^ i n t e r f e r e n c e . The u p p e r 
l i m i t depends e s s e n t i a l l y on the p a t t e r n s tab i l i ty in t h e m a s s s p e c t r o m e t e r and the 
qual i ty of heavy w a t e r ava i l ab l e for c a l i b r a t i o n p u r p o s e s . S a m p l e s conta in ing 95% D 
r e q u i r e a s p e c t r o m e t e r p r e c i s i o n of 0 ,1% to ob ta in an a c c u r a c y of 2% , 

A s tudy i s in pa"ogress to d e t e r m i n e the p r e c i s i o n and a c c u r a c y tha t m a y b e e x 
pec ted in t h i s c o n c e n t r a t i o n r a n g e of 0 ,5 -5 .0% if t he p r o c e d u r e a s out l ined i s u s e d a s a 
r o u t i n e m e t h o d of a n a l y s i s . 

It i s ev ident tha t m o s t e r r o r s in the me thod a r i s e in the c h e m i c a l c o n v e r s i o n of 
w a t e r to e thane . If r e a s o n a b l e c a r e i s t aken , e r r o r s in s ampl ing and handl ing the 10 X 
of •water can be r e a d i l y e l i m i n a t e d . The p r o b l e m of d e c o n t a m i n a t i o n of t he e thane f r o m 
u n r e a c t e d z inc d ie thy l i s ea s i ly d i s p o s e d of if the p r o c e d u r e i s ca re fu l ly follo^wed. The 
m o s t diff icult e r r o r to e l i m i n a t e i s the p r o b l e m of f r a c t i o n a t i o n of the i s o t o p e s in the 
c o n v e r s i o n , i . e . , d r iv ing the r e a c t i o n to connpletion. 

An inves t i ga t i on of t he r e l a t i v e r a t e s of t he r e a c t i o n of H2O and HDO with z inc 
ethyl u n d e r the condi t ion of the c o n v e r s i o n was m a d e us ing w a t e r conta in ing 4 M% HDO, 
The r e a c t i o n was r u n with s e p a r a t e s a m p l e s of w a t e r , quenched (by cool ing wi th l iquid 
n i t rogen) a t a p p r o p r i a t e d e g r e e s of comple t ion ; t he ex ten t of r e a c t i o n in e a c h c a s e was 
determiined by m e a s u r i n g the p r e s s u r e of gas p r o d u c e d in the in i t i a l and final s t a g e s . It 
was a s s u m e d tha t the c o n c e n t r a t i o n of D2O in t h e w a t e r was neg l ig ib le and tha t t he a -
moun t of C2H5 p r o d u c e d f r o m r e a c t i o n of HDO could a l s o be neg lec t ed . Since in a l l 
c a s e s a l a r g e e x c e s s of z inc d ie thy l was u s e d the r e a c t i o n i s k i n e t i c a l l y f i r s t o r d e r and 
the following e x p r e s s i o n i s ob ta ined : 

^HDO 

H 2 O 

In 

In 

1 
1-xf 

1 

1-f 

w h e r e f i s t he f r a c t i o n of the t o t a l w a t e r c o n v e r t e d and x is t he f r a c t i o n of to t a l d e u t e r 
ium c o n v e r t e d . 

The r e s u l t s of t h i s f r a c t i o n a t i o n study a r e p r e s e n t e d in T a b l e 3. Dur ing the f i r s t 
half of the c o n v e r s i o n the r e a c t i o n is p r i m a r i l y b e t w e e n zinc d ie thy l and i c e , kj^QQ/kpj^O 
is a p p r o x i m a t e l y 0.9. Th i s r e l a t i v e l y s m a l l va lue for a p r o t i u m - d e u t e r i u m s y s t e m 

Table 3 

Fractionation of D in the Water Conversion 

% Reaction 

6.3 
23.8 
46.0 
54.2 

% D Converted 

42.0 
44.0 
50.6 
56.2 

^DAH 

.88 

.84 
.86 
.92 
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( j . B i g e l e i s e n , Sc i ence 110, 14 (1949)) a t t e m p e r a t u r e s 0°C and be low meiy b e a r e s u l t 
of t he h e t e r o g e n e o u s n a t u r e of t h e r e a c t i o n in which s u r f a c e l a y e r s of i c e a r e r e m o v e d 
by the r e a g e n t . E s s e n t i a l l y c o m p l e t e r e a c t i o n o c c u r s in s u c c e s s i v e e l e m e n t s of v o l 
u m e . Only one point was d e t e r m i n e d for a l m o s t c o m p l e t e r e a c t i o n (95%o r e a c t i o n , 
89,2% d e u t e r i u m c o n v e r t e d ) . A s s u m i n g tha t the r e a c t i o n p r o c e e d s s t e p w i s e and tha t , 
in the l a s t half, e thane is p r o d u c e d homogeneous ly f r o m the r e a c t i o n of z inc d ie thyl 
with (C2H5)Zn(OH) or a s i m i l a r i n t e r m e d i a t e , the r a t i o of r a t e c o n s t a n t s c a l c u l a t e d 
f r o m the 95% point for t h i s m e c h a n i s m i s k ' o D / k ' O H - ^-2 . A c o n s i d e r a b l y g r e a t e r 
f r a c t i o n a t i o n of i s o t o p e s o c c u r s in t h e l a s t half of t he r e a c t i o n and consequen t l y s e r i 
ous e r r o r s a r e m a d e if t he r e a c t i o n i s not d r i v e n to comple t ion . 

S z i l a r d - C h a l m e r s S e p a r a t i o n s with M e t a l - T T A C o m p l e x e s (5311) 

J,A, M i s k e l 

In connec t ion with e x p e r i m e n t s on t he c h e m i c a l s e p a r a t i o n of n u c l e a r i s o m e r s , t he 
u s e of TTA (thenoyl t r i f l u o r o a c e t o n e ) c o m p l e x e s of m e t a l ions for S z i l a r d - C h a l m e r s 
s e p a r a t i o n s h a s b e e n t r i e d . M e t a l TTA c o m p l e x e s w e r e p r e p a r e d by e x t r a c t i o n of a q u e 
ous so lu t ions of m e t a l ions with a 0.05 M so lu t ion of TTA in b e n z e n e . The b e n z e n e l a 
y e r was s e p a r a t e d f r o m the aqueous one and e v a p o r a t e d to d r y n e s s ; t he sol id was then 
hea ted with an i n f r a r e d l a m p to r e m o v e any uncombined T T A r e m a i n i n g . C o m p l e x e s 
of F e ( l l l ) , Cu(Il) and Hf(lV) w e r e p r e p a r e d . 

The so l id c o m p l e x e s w e r e i r r a d i a t e d in t he r e a c t o r , d i s so lved in b e n z e n e and the 
solut ion e x t r a c t e d with H2O. T h e speci f ic a c t i v i t i e s of both f r a c t i o n s w e r e c o m p a r e d 
and the t o t a l ac t iv i ty d e t e r m i n e d . The r e s u l t s a r e p r e s e n t e d in T a b l e 1. 

Table 1 

Solid Complexes 

Fe(TTA)3 
Hf(TTA)4 
Cu(TTA)2 

Yield 

50-80% 
20-30% 

no separation 

Enrichment Factor* 

100 
10 

*Specific activity aqueous phase 
Specific activity benzene phase 

An e x p e r i m e n t was m a d e to d e t e r m i n e if t he exchange of Hf(lV)aq with Hf(TTA)4 
(benzene) would account for t he low y ie ld and e n r i c h m e n t of t he hafnium c o m p a r e d to 
i ron . An i r r a d i a t e d s a m p l e of Hf(TTA)4 was d i s s o l v e d in b e n z e n e and t h r e e a l iquo t s 
p r e p a r e d . T h e s e a l iquo t s w e r e t hen e x t r a c t e d wi th aqueous so lu t ions of t he following 
c o m p o s i t i o n s : 

E x t r a c t i o n so lu t ion 1: 1 nnl Hf(lV)aq so lu t ion + 3 m l H2O 
E x t r a c t i o n so lu t ion 2: 2 m l Hf(lV)aq so lu t ion + 2 m l H2O 
E x t r a c t i o n so lu t ion 3: 4 m l Hf(lV)^q so lu t ion + 0 nnl H2O 
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The speci f ic a c t i v i t i e s of t he Hf02 obta ined f r o m t h e s e e x t r a c t i o n s w e r e found to 
b e in t he r a t i o 4 : 1 . 4 : 1 . Th i s i n d i c a t e s tha t exchange b e t w e e n Hf(lV)aq and Hf(TTA)4 
(benzene) i s not l a r g e du r ing the s e p a r a t i o n t i m e . 

Ha l f -L i fe of 1^29 and the Age of t h e E l e m e n t s (5311) 

S. Katcoff, O.A. Schaeffer and J .M. Has t ings 

A b s t r a c t 

The spec i f ic a c t i v i t i e s of s e v e r a l s a m p l e s of m e t h y l iod ide c o n 
ta in ing l l ^ ' w e r e m e a s u r e d wi th p r o p o r t i o n a l c o u n t e r s and the r a t i o s 
of l'-'^^ to l l 2 7 v /e re d e t e r m i n e d •with a 60° s e c t o r type m a s s s p e c 
t r o m e t e r . The ha l f - l i f e of l I29 ^ a s found to b e (1.72 ± 0.09)xl0'^ y r . 
T h e t i m e i n t e r v a l b e t w e e n t h e f o r m a t i o n of t he e l e m e n t s and the f o r 
m a t i o n of t he e a r t h c a l c u l a t e d f r o m th i s va lue i s 2.7 x 10° y r . It w a s 
a s s u m e d tha t m o s t of t he Xe I29 now p r e s e n t on the e a r t h , o r i g i n a t e d 
f r o m d e c a y of l'-^^ a i t e r t he f o r m a t i o n of t h e e a r t h and tha t t he o r i g i 
na l c o s m i c abundance of l I 29 was about equal to tha t of t he s t a b l e I . 

1 7 Q 
The ha l f - l i f e of l'-^^ was found by m e a s u r i n g t h e a b s o l u t e d i s i n t e g r a t i o n r a t e s , i s o 

topic c o m p o s i t i o n s , and t o t a l iodine con t en t s of s e v e r a l s a m p l e s obta ined f r o m f i s s i o n 
p r o d u c t iod ine . Th i s l a t t e r w a s s e p a r a t e d f r o m a u r a n i u m slug tha t had r e c e i v e d a 4 -
y r i r r a d i a t i o n in the Oak Ridge r e a c t o r and had cooled for 21 m o n t h s . 

F o r t h e c h e m i c a l s e p a r a t i o n , t he u r a n i u m w a s d i s s o l v e d in c o n c e n t r a t e d h y d r o 
c h l o r i c ac id to which a few m g of iodine c a r r i e r had b e e n added. Af ter ox ida t ion with 
h y d r o g e n p e r o x i d e , t he e l e m e n t a r y iodine w a s r e m o v e d by c o u n t e r - c u r r e n t e x t r a c t i o n 
into c a r b o n t e t r a c h l o r i d e . It w a s pur i f i ed by s ix or e ight ( s ee below) c h e m i c a l c y c l e s 
cons i s t i ng of r e d u c t i o n to iod ide , e x t r a c t i o n into w a t e r , r e - o x i d a t i o n to iod ine and r e -
e x t r a c t i o n into c a r b o n t e t r a c h l o r i d e . The iodine was f inal ly p r e c i p i t a t e d a s Pdl2 which 
was washed and d r i e d . T h e n i t w a s d e c o m p o s e d by hea t ing to 350° in an evacua ted g l a s s 
s y s t e m ; t he evolved iodine vapor w a s co l l ec t ed in a t ube conta in ing m e t h a n o l and r e d 
p h o s p h o r u s . T h i s m i x t u r e was hea t ed to 110° for 1 h r to m a k e m e t h y l iod ide , which 
was t hen p a s s e d ove r a n h y d r o u s c a l c i u m c h l o r i d e to s e p a r a t e i t f r o m e x c e s s m e t h a n o l . 
The m e t h y l iodide was u s e d for t he ac t iv i ty m e a s u r e m e n t s and the i s o t o p e r a t i o d e t e r 
m i n a t i o n s . 

The c o u n t e r s (W, B e r n s t e i n and R, B a l l a n t i n e , Rev . Sci . I n s t r . 2_1, 158 (1950)) w e r e 
2 c m in d i a m e t e r and 30 c m long with s i l v e r c a thodes and 2 m i l wo l f r am c e n t e r - w i r e s . 
They w e r e o p e r a t e d in the p r o p o r t i o n a l r e g i o n •with a 5000 v power supply , a n o n - o v e r 
loading p u l s e a m p l i f i e r and an A t o m i c I n s t r u m e n t Co, s c a l e r , m o d e l 101 A, T h e coun te r 
g a s was m e t h a n e at 1 a t m o s p h e r e . P r e l i m i n a r y e x p e r i m e n t s w e r e p e r f o r m e d to study 
the effect of adding s m a l l a m o u n t s of m e t h y l iodide to t he m e t h a n e . It w a s found tha t 
t he coun te r p l a t e a u d i s a p p e a r e d and tha t the counting r a t e of a Co g a m m a - r a y s t a n d 
a r d s t a r t e d to d e c r e a s e a s t h e p a r t i a l p r e s s u r e of m e t h y l iodide w a s i n c r e a s e d above 
50 ĵL. T h e r e f o r e , t h e m e a s u r e m e n t s w e r e m a d e with t h e r a d i o a c t i v e m e t h y l iod ide 
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s a m p l e s at p a r t i a l p r e s s u r e s be tween 17 and 38 [x and with the c o u n t e r s o p e r a t i n g at 
3800 V on bo th vo l tage and ga in p l a t e a u s . E a c h s a m p l e was counted at l e a s t tw ice for 
p e r i o d s of 20 to 150 m i n for to ta l r e c o r d e d counts >104. Then the coun te r was cooled 
to - 1 9 5 ° for 1 hr and the m e t h a n e pumped off leaving the m e t h y l iodide behind . By 
w a r m i n g the coun te r to r o o m t e m p e r a t u r e , t he m e t h y l iodide was d i s t i l l ed into a s m a l l 
tube con ta in ing a 3 0 - m g p i e c e of sod ium and cooled with l iquid n i t r o g e n . Th i s tube was 
se t a s i d e for t he quan t i t a t ive iod ine d e t e r m i n a t i o n . 

The coun te r was re f i l l ed with rne thane and the b a c k g r o u n d counting r a t e d e t e r m i n e d . 
Th i s was u s u a l l y found to be s o m e w h a t h igher than it had b e e n b e f o r e t he a c t i v e m e t h y l 
iodide had b e e n in the c o u n t e r . A p p a r e n t l y a n y w h e r e f r o m 0-12% ( a v e r a g e 5%) of the 
me thy l iodide r e m a i n e d in t h e c o u n t e r s . The b a c k g r o u n d s u sed in the c a l c u l a t i o n s w e r e 
t h o s e m e a s u r e d af te r the m e t h y l iodide was d i s t i l l ed out. The o p e r a t i o n o f t he c o u n t e r s 
was a lways checked by m e a n s of t h e C o " ^ s t a n d a r d . Its count ing r a t e , c o r r e c t e d for 
p 2 9 ac t iv i ty and b a c k g r o u n d , r e m a i n e d the s a m e wi th in 1%, independen t of t h e coun te r 
u s e d and the amoun t of a c t i v e m e t h y l iodide t h e r e i n . The to ta l v o l u m e s and ca thode 
v o l u m e s of t h e c o u n t e r s w e r e m e a s u r e d a t t he conc lu s ion of t he e x p e r i m e n t s by adding 
wa te r to t h e m f r o m a b u r e t . It w a s shown by B e r n s t e i n and Ba l l an t i ne tha t for C , t he 
ca thode v o l u m e i s equal to the s e n s i t i v e v o l u m e and tha t •within t h i s v o l u m e , t he o b 
s e r v e d counting r a t e i s v e r y n e a r l y equal to t he a c t u a l d i s i n t e g r a t i o n r a t e . In the p r e 
sen t work , it w a s a s s u m e d tha t t h e s e cond i t ions apply a l s o . 

The s m a l l t ube , conta in ing the m e t h y l iodide t r a n s f e r r e d f r o m the c o u n t e r , was 
hea ted wi th t h e sod ium to 250° for 20 m i n in o r d e r to f o r m NaL Then w a t e r vapor d i 
luted with h e l i u m was p a s s e d in to r e a c t wi th the e x c e s s sod ium. The m i x t u r e in t he 
tube was d i s s o l v e d in 3 m l of w a t e r and i t s iodine con ten t d e t e r m i n e d quan t i t a t i ve ly by 
a p o t e n t i o m e t r i c t i t r a t i o n with 1.01x10"'* M s i l v e r n i t r a t e so lu t ion a g a i n s t a c a l o m e l 
e l e c t r o d e . T h i s a n a l y t i c a l m e t h o d w a s f i r s t t e s t e d by t i t r a t i n g eight 22-fig s a m p l e s of 
iodide f r o m a s tock solut ion. The m e a n dev ia t ion f r o m the a v e r a g e was l e s s than 2%, 
and t h e a g r e e m e n t with a g r a v i m e t r i c a n a l y s i s of the s tock so lu t ion in which two 1 3 . 5 -
m g s a m p l e s of s i l v e r iodide w e r e p r e c i p i t a t e d was b e t t e r t han 4 % . The a n a l y t i c a l 
me thod was a l s o t e s t e d by fi l l ing c o u n t e r s with a m o u n t s of i nac t ive m e t h y l iodide m e a s 
u r e d with a m a n o m e t e r and expanded by a known amoun t , adding an a t m o s p h e r e of 
m e t h a n e , and t hen p r o c e e d i n g a s in t h e final e x p e r i m e n t s . In f ive s a m p l e s , w i t h m e t h y l 
iodide p r e s s u r e s be tween 16 and 142 p. t he a v e r a g e a g r e e m e n t was 7%, but the m e t h y l 
iodide p r e s s u r e d e t e r m i n a t i o n s w e r e not v e r y a c c u r a t e and no c o r r e c t i o n w a s m a d e f o r 
t he m e t h y l iod ide tha t r e m a i n e d behind in t he c o u n t e r . In one run , •when no m e t h y l i o 
d ide was added, a z e r o b lank w a s ob ta ined . 

Two d i f fe ren t i so top ic a n a l y s e s w e r e p e r f o r m e d . The f i r s t , no. 1, was done with 
t h e CH3I p r e p a r e d f r o m t h e iod ine t ha t had b e e n t h r o u g h s ix p u r i f i c a t i o n c y c l e s and 
f r o m which s a m p l e s l a - I d w e r e t aken . I so topic a n a l y s i s no. 2 and s a m p l e s 2 a - 2 e w e r e 
t aken f r o m the iodine tha t had u n d e r g o n e eight p u r i f i c a t i o n c y c l e s . The s ing le c o l l e c t o r 
60° s e c t o r - t y p e m a s s s p e c t r o m e t e r (O.A. Schaeffer and J .M. H a s t i n g s , J. Chem. P h y s . 
18, 1048 (1950)) tha t was u s e d had 7 0 - v ioniz ing e l e c t r o n s , a 4 0 0 0 - v ion a c c e l e r a t i n g 
po t en t i a l , and m a g n e t i c scann ing . S e v e r a l p r e l i m i n a r y r u n s w e r e m a d e with o r d i n a r y 
CH3I (only I ^ ^ ' ) . F o r a n a l y s i s no. 1, t he r a t i o s of t he ion c u r r e n t at m a s s 129 to tha t 
at m a s s 127 (1+ peaks ) in s ix s u c c e s s i v e r u n s w e r e : 0 .0707, 0.0703, 0 .0701 , 0 .0701 , 
0.0713 and 0,0702. The a v e r a g e w a s 0.0704. In a n a l y s i s no. 2, the r a t i o s in four r u n s 
w e r e : 0.0714, 0 .0691, 0 ,0685, 0.0682; a v e r a g e : 0.0694. Since a c o m p e n s a t i n g h a i r p i n -
type l eak was u s e d , a c o r r e c t i o n for f r a c t i o n a t i o n had to be m a d e . T h e r a t i o s w e r e 
mu l t i p l i ed by ( m a s s of C H s I ^ ^ ^ / m a s s of CH^l^^'^) ' . T h u s t he c o r r e c t e d r a t i o s for 
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a n a l y s e s no. 1 and no. 2, r e s p e c t i v e l y , a r e : 0.0699 and 0,0689; or 6.53 and 6.45 a t o m i c 
% I ". F o r s o m e of the r u n s , the c o m p l e t e s p e c t r u m w a s computed us ing t h e s e r a t i o s 
and the s t a n d a r d p a t t e r n for o r d i n a r y CH3I. The m a x i m u m dev ia t ion w a s l e s s t han 2% 
for any m a s s . Even c o n s i d e r i n g the p o s s i b l e s y s t e m a t i c e r r o r s , t he i so top ic r a t i o s 
found a r e p robab ly a c c u r a t e to i 2 % . 

Tab le 1 g ives the da ta and r e s u l t s for e a c h s a m p l e . The a v e r a g e of t he n ine v a l u e s 
for t he ha l f - l i f e of I-'-29 i s 1.72x10 y r with an o v e r - a l l e s t i m a t e d p r o b a b l e e r r o r of 5%. 
Th i s f igu re s u p e r c e d e s e a r l i e r t en t a t i ve e s t i m a t e s (S. Katcoff, O.A. Schaeffer and 
J. H a s t i n g s , BNL 64 (S-6) , p . 87) which r a n g e d f r o m 0.7x10^ to l ,7x lo '^ y r . A ha l f - l i fe 
of ( 3 t l ) x l 0 y r b a s e d on e x p e r i m e n t s in which the ac t iv i ty of sol id s a m p l e s of Agl c o n 
ta in ing p 2 9 w a s m e a s u r e d has b e e n r e p o r t e d by P a r k e r , C r e e k , H e r b e r t , L a n t z and 
M a r t i n (Oak Ridge Nat ional L a b o r a t o r y R e p o r t No. 286 (1949)). They a l s o r e p o r t a 
m a x i m u m b e t a - r a y ene rgy of 100-135 kev in good a g r e e m e n t •with t he va lue of 130 kev 
found in t h i s •work by o b s e r v i n g tha t the r a n g e of t h e b e t a r a y s in a l u m i n u m i s about 
22 m g / c m ^ . 

It was f i r s t pointed out by H.E. Sues s (Zei t . f. P h y s i k 125, 386 (1948)) t ha t a l ower 
l i m i t for the t i m e i n t e r v a l , t, bet^ween the f o r m a t i o n of t he e l e m e n t s and the f o r m a t i o n 
of the e a r t h ' s a t m o s p h e r e could be ca lcu la ted if the ha l f - l i f e of l'-^" w e r e known. Any 
I'-^y s t i l l in e x i s t e n c e when the e a r t h was f i r s t ab le to r e t a i n i t s a t m o s p h e r e , m u s t have 
decayed to "Ke^^^ and t h e r e f o r e i n c r e a s e d the abundance of t h i s i s o t o p e ove r i t s p r i m e 
val va lue . By mak ing the p l a u s i b l e a s s u m p t i o n tha t the o r i g i n a l abundance of 1^29 was 
a p p r o x i m a t e l y equal (H.E. S u e s s , Ze i t . f, N a t u r f o r s c h . 2a, 311 (1947); J. M a t t a u c h and 
S. F lugge , N u c l e a r Sc ience T a b l e s , I n t e r s c i e n c e P u b l i s h e r s , Inc. , New York , p, 104) to 
tha t of p 2 7 i^ ig only n e c e s s a r y to c o m p a r e the p r e s e n t abundance in t he e a r t h ' s c r u s t 
of 1I27 with tha t of Xe^ '^ ' . S u e s s u s e d 1 g / c m ^ and lO"'^ g /cm'^ , r e s p e c t i v e l y , for t h e s e 
abundances and ca l cu l a t ed a lower l i m i t for t of 10 I^29 h a l f - l i v e s . F r o m t h e s y s t e m -
a t i c s of n u c l e a r abundance da t a , he thought t ha t Xe^29 d o e s not have an a b n o r m a l l y high 
abundance c o m p a r e d to t he o the r Xe i s o t o p e s . 

A.H.W. Aten, J r . ( P h y s . Rev. 73, 1206 (1948)), h o w e v e r , h a s poin ted out tha t in a l l 
c a s e s w h e r e an odd i so tope o c c u r s b e t w e e n two even o n e s , the odd one is a lways l e s s 
abundant t han the s u m of t he a b u n d a n c e s of the o the r two. The only excep t ion i s Xe^29_ 
Its abundance i s 26 .23% whi le X e l 2 8 ^nd X e l 3 0 have a b u n d a n c e s of 1.90% and 4.07%., 
r e s p e c t i v e l y . It i s l ike ly , t h e r e f o r e , t ha t m o s t of t he Xe^29 p r e s e n t in the a t m o s p h e r e 
today o r i g i n a t e d by decay of 1^29 af ter the f o r m a t i o n of t he e a r t h a s did the A**" o r i g i 
na te f rom decay of K^'-', 

It was sugges t ed by Dr. M a u r i c e Goldhaber of t h i s L a b o r a t o r y tha t t p r o b a b l y 
could b e ca l cu l a t ed m o r e a c c u r a t e l y by c o m p a r i n g the V-^'/K. abundance r a t i o wi th 
the Xe^29 /A^^ abundance r a t i o . In t h i s way, the t e r r e s t r i a l abundance da t a , g iven by 
V,M. G o l d s c h m i d t (Geochem. V e r t e i l u n g s g e s e t z e IX, V i d e n s k a p s a k a d e m i e n , Oslo (1937)) 
can be appl ied d i r e c t l y ; a s a f i r s t a p p r o x i m a t i o n it c an b e a s s u m e d tha t t he a t m o s p h e r e 
con ta in s t he s a m e f r ac t i on of t he e a r t h ' s Xe^29 tha t it does of the e a r t h ' s A*^. The 
following equat ion was u s e d : 

( l l27 e - ^ V K 4 0 ) ^ 3 (Xe l29 / A 4 0 ) . 

p 2 ' r e f e r s to an abundance of 0.24 a t o m s p e r 10" a t o m s of Si; \ i s t he d i s i n t e g r a t i o n 
cons tan t of I-'29j K'* r e f e r s to t h e n u m b e r of a t o m s (per 10° a t o m s of Si) which have 
decayed to A'*'' in t i m e T, t he age of t he e a r t h (3.35x1 0^ y r (A. H o l m e s , N a t u r e 159, 
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127 (1947))). Its p r e s e n t abundance w a s t a k e n a s 0 ,0119% of the t o t a l K abundance of 
44,200 a t o m s p e r 106 Si a t o m s . Its ha l f - l i f e was t a k e n a s 1 , 2 7 x 1 0 ' y r (G.A. Sa-wyer and 
M.L. Wiedenbeck , P h y s . Rev. 79, 480 (1950)), wi th 12% decaying to A^^^. The A'^O, in 
the equat ion , r e f e r s to i t s abundance in t he a t m o s p h e r e by v o l u m e , 0 .93%; X e ^ ^ ' r e 
f e r s to t h e r a d i o g e n i c Xe^29 which i s a s s u m e d to b e 20% of t h e t o t a l Xe a b u n d a n c e in 
the a t m o s p h e r e (SxlO'^fo Xe by v o l u m e (G. D a m k o h l e r , Z. E l e k t r o c h e m 4 1 , 74 (1935))). 
T h i s l e a v e s 6.23%> Xe^29 which i s not r a d i o g e n i c . T h u s the r u l e of A ten i s a p p r o x i 
m a t e l y s a t i s f i ed and the r u l e t h a t two odd i s o t o p e s of an e l e m e n t have rough ly t he s a m e 
abundance i s not s e r i o u s l y v io la t ed (abundance of Xe-'̂ -̂'̂  i s 21 .2%) . 

T a b l e 1 

No. of 
Sample 

l a 
l b 
I c 
I d 

2 a 

2 b 
2 c 
2d 

2 e 

No. of 
Coun te r 

7 
8 
7 

8 

6 
7 

8 
10 

8 

Cathode Vol. 
To ta l Vol. 

0.859 
0,867 
0.859 
0.867 

0,864 
0.859 
0.867 
0.864 
0.867 

C H s I i n 
Counte r 

(M X lO-"?) 

1.698 
1.468 
1.838 
1.995 

0.970 
0.925 
1.434 
1.810 
1.688 

Coun te r 
Bkd. 

( c / m ) 

127 
117 
183 
137 

169 
148 

1 1 9 
95 

131 

Act iv i ty of 
I^^^ ( c / m ) 

( C o r r . for Bkd.) 

4 6 7 
376 
4 7 0 
5 0 6 

2 5 0 

2 3 8 
3 7 0 
4 6 2 
4 2 7 

Half -Li fe 
(Yr x lO^) 

1.62 
1.75 
1.74 
1.77 

1.71 
1.71 
1.72 
1.73 
1.75 

Solving the equa t ion for t g i v e s 15.4 h a l f - l i v e s of I-'̂ 29 or 2.7 x 10 y r for t he 
t i m e b e t w e e n the f o r m a t i o n of t h e e l e m e n t s and the f o r m a t i o n of t h e e a r t h . T h u s t he 
age of t he e l e m e n t s (T + t) i s 3.6 x lO" y r . T h i s c a l c u l a t i o n of t i s v e r y i n s e n s i t i v e 
to the a c c u r a c y of the a s s u m p t i o n s and a p p r o x i m a t i o n s t ha t w e r e u s e d . F o r e x a m p l e , 
if the a m o u n t t a k e n for r a d i o g e n i c Xe^2 9 ig wrong by a fac tor of 10 t he e r r o r in t i s 
only 22%. 

Enniss ion of L e a d X - R a y s in t he Decay of Po (5311) 

W. Rub inson and W, B e r n s t e i n * 

A b s t r a c t 

The low ene rgy pho tons f r o m Po s o u r c e s have b e e n i n v e s t i g a 
t ed by m e a n s of a p r o p o r t i o n a l c o u n t e r p u l s e a n a l y z e r . The pho tons 
have e n e r g i e s c o r r e s p o n d i n g to t he K, L , and M X - r a y s of a t o m s wi th 
a t o m i c n u m b e r in t h e ne ighborhood of P b . By c o m p a r i s o n of t he L^ 

•Electronics Division. 
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l ine f r o m the Po^^^" s o u r c e , with t he c o r r e s p o n d i n g l i ne s exc i ted by 
a lpha p a r t i c l e b o m b a r d m e n t of T l , Pb and Bi , and by c r i t i c a l a b s o r p 
t ion e x p e r i m e n t s on t he Lo l i ne , it has b e e n e s t a b l i s h e d tha t t he L 
l i n e s , at l e a s t , a r e c h a r a c t e r i s t i c X - r a y l i n e s of P b . The yie ld of L 
pho tons pe r n u c l e a r d e c a y i s : LQ,, 5,2 X 1 0 ~ 4 ; Lg , 2 x 1 0 (with an 
e r r o r of p e r h a p s 25%) . A s s u m i n g a Pb f l u o r e s c e n c e yie ld of ~ 0 . 5 , 
t h i s m e a n s tha t -when a Po210 n u c l e u s d e c a y s , t he c h a n c e t ha t i t s e lec
t r o n i c c o r t e g e e m i t s an L e l e c t r o n i s ~ 0 . 1 4 % , Th i s i s above f ive 
t i m e s a s g r e a t a s p r e d i c t e d by M i g d a l ' s t h e o r y . 

P a r t I 

210 The e m i s s i o n of low e n e r g y pho tons f r o m Po s o u r c e s was f i r s t o b s e r v e d and 
s tudied e x p e r i m e n t a l l y by C u r i e and Jol io t ( j . P h y s . R a d i u m VII _2, 20 (1931)) and i t h a s 
been not iced by o t h e r s (S. DeBenede t t i and E.H. K e r n e r , P h y s , Rev, 7J., 122 (1947)); 
B. Za jac , E. B r o d a and N. F e a t h e r , P r o c . P h y s , Soc. 60, 501 (1948)). C u r i e and Jol io t 
u sed ion iza t ion c h a m b e r s , •with an e l e c t r o s c o p e to d e t e c t t h e s e pho tons and a b s o r p t i o n 
coef f ic ien ts to identify t he photon e n e r g i e s . They found tha t , -within e x p e r i m e n t a l e r r o r , 
the photon e n e r g i e s •were t h o s e to b e expec ted for t h e L and M X - r a d i a t i o n s of Po , F u r 
t h e r , they thought tha t t he i n t ens i ty of t he r a d i a t i o n s i n c r e a s e d with t he t h i c k n e s s of t he 
Po"^^" s o u r c e . Since they u s e d s o u r c e s of rough ly c o n s t a n t a r e a and up to ~ 5 0 m c in 
s t r e n g t h , they w e r e inc l ined to b e l i e v e tha t t he r a d i a t i o n s w e r e Po X - r a y s exci ted by 
a lpha p a r t i c l e b o m b a r d m e n t of t he undecayed Po a t o m s in t h e s o u r c e . Ho^wever, i t 
m i g h t •well be expec ted tha t t he r a d i a t i o n s a r e P b X - r a y s ; t he e m i s s i o n of an a lpha p a r 
t i c l e f r o m a P o ^ ^ ^ nuc l eus m a y be a c c o m p a n i e d by e j ec t ion of an e l e c t r o n f r o m the 
e l e c t r o n i c c o r t e g e of t ha t n u c l e u s ; t he subsequen t e l e c t r o n i c t r a n s i t i o n s , t ak ing p l a c e 
in t h e field of a P b n u c l e u s , would give r i s e to r a d i a t i o n s c h a r a c t e r i s t i c of P b . Th i s 

p o s s i b i l i t y was r e c o g n i z e d by C u r i e and Jol io t , bu t t h e i r a b s o r p t i o n t e c h n i q u e could not 
d i s t i n g u i s h b e t w e e n Po and Pb X - r a y s . 

The t h e o r y (A. Migda l , P . P h y s . (U,S.S.R.) IV, 449 (1941); E .L , F e i n b e r g , ib id , , 
p, 424; J . L . L e v i n g e r , T h e s i s , C o r n e l l U n i v e r s i t y , June , 1948) of t he e jec t ion of an 
e l e c t r o n f r o m the e l e c t r o n i c c o r t e g e , on e m i s s i o n of a c h a r g e d p a r t i c l e by the n u c l e u s , 
r e c o g n i z e s two p r o c e s s e s tha t c an c a u s e such e jec t ion of an e l e c t r o n . The f i r s t of 
t h e s e p r o c e s s e s i s " c o l l i s i o n " b e t w e e n the d e c a y p a r t i c l e and the o r b i t a l e l e c t r o n , s i m 
i l a r to the c o l l i s i o n of a c h a r g e d p a r t i c l e f r o m an e x t e r n a l s o u r c e wi th an o r b i t a l e l e c 
t ron . The second p r o c e s s i s t he " sudden" p e r t u r b a t i o n (in t he quan tum m e c h a n i c a l 
s e n s e ) on the m o t i o n of t he o r b i t a l e l e c t r o n by the sudden change in n u c l e a r c h a r g e . 

The p r o b a b i l i t y of t r a n s i t i o n of an o r b i t a l e l e c t r o n f r o m a g iven s t a t e 4'r^ i^i an 
a t o m of n u c l e a r c h a r g e z to a f inal s t a t e ^-^ of con t inuum ene rgy E in t he f ield of an 
a t o m of n u c l e a r c h a r g e z ' , t h e t r a n s i t i o n being induced by the n u c l e a r d e c a y , i s c o m p u 
ted by s t a n d a r d p e r t u r b a t i o n t h e o r y . The a p p r o x i m a t i o n s t h a t a r e m a d e by t h e t h r e e 
a u t h o r s r e s t r i c t t he app l i cab i l i t y of t h e r e s u l t s to c a s e s of be t a p a r t i c l e s wi th v e r y 
l a r g e speed , o r a lpha p a r t i c l e s wi th v e r y s m a l l speed a s c o m p a r e d to t he speed of t h e 
o r b i t a l e l e c t r o n . A l s o , hyd rogen i c wave funct ions a r e u s e d , so t ha t t he t h e o r y i s a p p l i 
cab le only to e l e c t r o n s in the d e e p e s t s h e l l s . T h e change of n u c l e a r c h a r g e m u s t b e 
s m a l l c o m p a r e d to the n u c l e a r c h a r g e i tse l f if p e r t u r b a t i o n t h e o r y i s to be appl ied . 

Within t h e s e r e s t r i c t i o n s , Migdal shows tha t for be t a d e c a y the e jec t ionof e l e c t r o n s 
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by collision •will be small compared to ejection by "sudden" change of nuclear charge if 

where Z is the effective nuclear charge (of the product nucleus) seen by the electron 
concerned. All three theories show that the efficiency of ejection of orbital electrons 
in beta decay is proportional to l/Z^2_ The proportionality constants computed in the 
theory a re different for electrons in different initial s ta tes . In a subsequent paper, the 
current experimental study of the beta effect will be reported. 

This paper is concerned with the ejection of orbital electrons in alpha decay. The 
theory is applicable to this case since for all kno^wn alpha-active nuclides the speed of 
decay alphas is much less than that of the orbital electrons in inner shells. Migdal 
t r ea t s the problem by means of the small perturbat ion potential -2e2/ r ( t ) of the alpha 
par t ic le , and using hydrogenic wave functions, computes the mat r ix elements of the 
electronic t ransi t ions. Levinger makes a s imilar calculation, but in addition to this, 
he makes a separa te computation of the effect of the perturbation due to sudden change 
of nuclear charge and simultaneous nuclear recoil . In this latter case , according to 
Levinger, it is not the alpha velocity, but the velocity of the center of charge of the a l 
pha par t ic le and the nucleus, that must be taken into account. The theory shows that in 
alpha decay the effect of the sudden perturbation is much less than the collision effect. 

Pa r t II 

As par t of a program to study experimentally the ejection of orbital electrons on 
emission of a charged par t ic le from a nucleus, the X-rays from Po210 sources have 
been investigated. For that purpose an improved verision of a proportional counter X-
ray spectrometer has been used (W. Bernstein, H.G. Brewer , J r . and W. Rubinson, 
Nucleonics b^, 39 (1950)). The improvements consist of better stabilization of high vol
tage supply and filament supply, and more carefully constructed counter tubes. By this 
means , the stability of the instrument has been greatly improved and the resolution 
considerably bettered. With the 10.5-kev As K X-rays from a Se '^ (K capture) source, 
peaks can now be had with full width at half-height of '̂  15%. With the instrument in its 
previous state it could not be done better than ^20%. The present counter tubes a re 
b r a s s or aluminum coated g lass , 12 in long and 4 in, in diameter , with a center •wire of 
4 mil wolfram or stainless steel. The window is a 1-in diameter hole in the center of 
the cylindrical counter wall, covered with 5 mil Be. As counter gas, a 10:1 mixture of 
argon and methane has been used mainly at a total p r e s s u r e of 1 atmosphere. 

The Po2^^ was obtained from Oak Ridge. It was not tested for radiochemical pur 
ity beyond checking that a source of ~10° alpha decay/min covered with 3 mg/cnn2 of 
cellophane and 5 mg/cm2 of Al gave a counting ra te only a few t imes background onthe 
Geiger counter, and that the half-life was correc t . The Po^^^ was dissolved in 0.5N 
HNO3 solution, and a source was prepared by evaporating (with a heat lamp) an aliquot 
of this solution in a shallow depression, 1 mm deep and 15 mm in diameter , in a poly
styrene disk. The disk was then fitted into a well in an aluminum plate, and covered 
with cellophane 2.7 mg/cm2 in thickness. The strengths of most of the sources were 
initially of the order of 1 mc, and the sources showed practically no visible deposit. 

In Figure 1, the curve "No AS2O3 absorber" shows the L X-ray peaks from a 
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Figure 1. L X-rays fronn Po on polystyrene mount, 

P o ^ i " s o u r c e of a lpha decay r a t e 1.23 x 10° d / m , se t at a d i s t a n c e of 1 3 /8 in f r o m the 
coun te r window. The counting r a t e at t he top of t he m a i n p e a k w a s 960 c / m . 

It h a s b e e n e s t a b l i s h e d tha t t h e s e p e a k s a r e f r o m P b L X - r a y s by t he following 
e x p e r i m e n t s . 

The Pb and Bi L l i n e s , a s l i s t ed in Compton and A l l i s o n ( X - r a y s in T h e o r y and 
E x p e r i m e n t . D. Van N o s t r a n d and Co . , New York, 1935, Appendix V, T a b l e II) and the 
c o r r e s p o n d i n g l i ne s of Po obta ined by e x t r a p o l a t i o n a r e l i s t ed in T a b l e 1. 

Energies in Kev 

Siegbahn Notation 

Transi t ion 

Element 
82Pb 
83Bi 

84P° 

Laz 

Ljij-Miv 

10,466 
10,748 

(10.99) 

Table 1 

of L Lines o 

L a i 

L i n - M y 

10.568 
10.856 

(11.14) 

f Pb, Bi, and Po 

L p i 

L j j -My 

12.634 
13,044 

(13.45) 

^P2 

L i n - N y 

12.634 
13.000 

(13.39) 

Ly^ 

Ln-Nv 

14.787 
15.272 

(15.7) 

(1) The pos i t i on of t he m a i n peak in F i g u r e 1 i s e x p e r i m e n t a l l y i d e n t i c a l with tha t 
of the As K peak f r o m a S e ' ^ (K c a p t u r e ) s o u r c e , which h a s e n e r g y 1 0.53 kev . T h e r e f o r e 
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n of Po^lO 10 5 Kv Line-
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Discriminator Setting 

F i g u r e 2, C o m p a r i s o n o f Po 10.5 kev l ines 
f r o m s o u r c e s on d i f ferent b a c k i n g s . 

2 0 Nov 50 

F i g u r e 3. L l ines fronn P o ^ ^ ^ on Be backing 
a b s o r p t i o n in As and Se. 

t h e m a i n p e a k h a s a p p r o x i m a t e l y t h e c o r 
r e c t e n e r g y t o b e t h e L ^ l i n e of P b . B u t 
t h e r e s o l u t i o n of t h e i n s t r u m e n t i s n o t g o o d 
e n o u g h t o a l l o w r e j e c t i o n of t h e p o s s i b i l i t y 
t h a t t h e s e l i n e s a r e B i o r e v e n P o l i n e s . 

(2) F o u r P o 2 1 0 s o u r c e s of i d e n t i c a l 
s t r e n g t h (~ 1 m c ) w e r e p r e p a r e d a n d m o u n 
t e d , r e s p e c t i v e l y , o n t h i c k b a c k i n g s of 
p o l y s t y r e n e , P b , B i a n d T I 2 O 3 . T h e a l p h a 
b o m b a r d m e n t of t h e h e a v y - e l e m e n t b a c k 
i n g s e x c i t e s t h e m t o e m i t t h e i r c h a r a c t e r 
i s t i c X - r a y s , w h i c h a r e s u p e r p o s e d o n t h e 
X - r a y s f r o m P o . T h e i n t e n s i t y of t h e h e a v y 
e l e m e n t L r a d i a t i o n s p r o d u c e d i n t h i s 
w a y i s aibout e q u a l t o t h e i n t e n s i t y of t h e 
L r a d i a t i o n s f r o m t h e P o ^ ^ ^ , F i g u r e 2 
s h o w s t h e m a i n L p e a k f o r e a c h of t h e s e 
f o u r s o u r c e s . In o r d e r t o a s c e r t a i n t h a t 
t h e i n s t r u n n e n t d i d n o t d r i f t w h i l e t h e d i f 
f e r e n t c u r v e s w e r e b e i n g t a k e n , a c u r v e 
w i t h a p o l y s t y r e n e - b a c k e d s o u r c e ( w h i c h 
h a s n o f l u o r e s c e n t r a d i a t i o n s i n t h i s e n e r g y 
r e g i o n ) w a s t a k e n o n h e a v y - e l e m e n t b a c k 
ing i m m e d i a t e l y b e f o r e a n d a f t e r e a c h of 
t h e c u r v e s of P o , B e a b s o r b e r w a s u s e d 
t o d e c r e a s e t h e X - r a y i n t e n s i t y (if t h e i n 
t e n s i t y g e t s t o o h i g h , t h e r e s o l u t i o n b e 
c o m e s p o o r e r ) . S i n c e t h e B e c o u n t i n g 
r a t e w a s a b o u t t w i c e t h a t of t h e o t h e r 
s o u r c e s , a l e s s e r t h i c k n e s s o f B e w a s u s e d 
f o r t h e p o l y s t y r e n e - b a c k e d s o u r c e i n o r d e r 
t h a t i t s t o t a l c o u n t i n g r a t e s h o u l d b e a p 
p r o x i m a t e l y e q u a l t o t h a t of t h e o t h e r s . 
T h i s w a s d o n e b e c a u s e i t w a s f o u n d t h a t , 
d u e t o a n i n s t r u m e n t a l e f f e c t , t h e a p p a r e n t 
p e a k p o s i t i o n s h i f t s s o m e ^ v h a t t o w a r d l o w 
e r e n e r g i e s if t h e c o u n t i n g r a t e i s g r e a t l y 
i n c r e a s e d . It i s s e e n i n F i g u r e 2 t h a t t h e 
p o l y s t y r e n e - b a c k e d s o u r c e g i v e s a p e a k 
i d e n t i c a l i n p o s i t i o n w i t h t h a t of t h e P b -
b a c k e d s o u r c e , a n d l y i n g b e t w e e n t h e o t h e r 
t w o . H e n c e t h e L ^ l i n e f r o m t h e P o s o u r c e 
i s a c h a r a c t e r i s t i c l i n e of P b , 

(3) T h e r e i s no e l e m e n t w i t h a n a b 
s o r p t i o n e d g e of e n e r g y l y i n g b e t w e e n t h e 
L(j e n e r g i e s of P b a n d B i , b u t S e h a s a n 
a b s o r p t i o n e d g e of 1 2 , 6 7 5 k e v , w h i c h l i e s 
b e t w e e n t h e P b L Q ( 1 2 . 6 3 4 k e v ) a n d t h e B i 
L p ( 1 3 . 0 0 a n d 1 3 . 0 4 4 k e v ) . T h e r e f o r e , if 
t h e L R l i n e s f r o m P o a r e t h o s e of a n 
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e l e m e n t h ighe r than P b , they wil l be c r i t i c a l l y a b s o r b e d in Se. F i g u r e 3 shows c u r v e s 
without a b s o r b e r , wi th 24 m g / c m 2 of Se oxide a b s o r b e r , and with 13 m g / c m 2 of AS2O3 
a b s o r b e r . It i s s e e n t ha t t he Se a b s o r b e r a b s o r b s a s m a l l e r f r ac t i on of t h e L Q than of 
t he Lg^, a s i s to be expec ted for P b L r a d i a t i o n s . T h e As a b s o r b e r , wi th an a b s o r p t i o n 
edge at 11,886 kev , t a k e s out the L Q l ine c o m p l e t e l y , a s i s to be expec ted . 

(4) B e f o r e the e x p e r i m e n t s d e s c r i b e d u n d e r (2) and (3) w e r e done , t he following 
e x p e r i m e n t e l im ina t ed the p o s s i b i l i t y tha t the o b s e r v e d r a d i a t i o n s w e r e Po X - r a y s e x 
c i ted by a lpha p a r t i c l e s . Two Po^'- s o u r c e s w e r e p r e p a r e d which d i f fe red only in tha t 
in p r e p a r i n g one of t h e m , 1 mg of Bi in HNO3 so lu t ion w a s added to the Po210 a l iquot 
be fo re evapo ra t i on . T h e r e w e r e about 4 x 1 0 ' * t i m e s a s m a n y Bi a t o m s in t h i s s o u r c e 
a s Po a t o m s , and the to ta l quan t i ty of so l ids on th i s s o u r c e was v i s ib ly m u c h g r e a t e r 
than in t he s o u r c e f r e e of B i . Howeve r , the i n t ens i t y of the X - r a d i a t i o n s f r o m the 
s o u r c e conta in ing Bi was only s l ight ly g r e a t e r t han t h a t f r o m the s o u r c e conta in ing no 
Bi, Th i s i s not in c o n t r a d i c t i o n wi th the e x p e r i m e n t s d e s c r i b e d u n d e r (2), w h e r e P o 2 i ' J 
was mounted on a heavy Bi back ing . Th i s f a i r l y wel l e l i m i n a t e s t he p o s s i b i l i t y tha t t he 
X - r a d i a t i o n s f r o m Po s o u r c e s a r e Po X - r a y s exc i ted by a lpha p a r t i c l e b o m b a r d m e n t . 

It i s un l ike ly tha t t he e l e c t r o n e jec t ions giving r i s e to t h e s e P b X - r a y s can be 
c a u s e d by any p r o c e s s o t h e r than the ones c o n s i d e r e d h e r e . I n t e r n a l c o n v e r s i o n of the 
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wel l -known 0.8 Mev g a m m a of Po h a s b e e n shown to be of t he o r d e r of 10% in t he 
K she l l , and ^ 2 % in the L she l l (D.E, A l b u r g e r and G. F r i e d l a n d e r , P h y s . Rev . , in 
p r e s s ) . Since t h e r e is only one 0.8 Mev g a m m a e m i t t e d p e r 10 a lpha d e c a y s , t h i s 
would a l low of an L X - r a y y ie ld of l e s s than 10"° p e r a lpha decay , which i s about 
1/1000 of what h a s b e e n m e a s u r e d . 

It m i g h t s t i l l be a r g u e d t h a t s o m e n u c l e a r g a m m a of lower e n e r g y i s be ing c o m 
p le te ly c o n v e r t e d . Th i s ^vould have to b e a v e r y g e n e r a l phenomenon , b e c a u s e X - r a y s 
have b e e n o b s e r v e d f r o m a l l of t he s e v e r a l nuc l i de s t r i e d . In any c a s e , i t i s r a t h e r too 
fo r tu i tous tha t t he in tens i ty of t h i s hypo the t i ca l c o m p l e t e l y c o n v e r t e d g a m m a be such 
a s to g ive an X - r a y in t ens i ty of t h e s a m e o r d e r of m a g n i t u d e a s t ha t p r e d i c t e d t h e o r e 
t i ca l ly for p a r t i c l e decay . 

P a r t III 

? 1 n 
To d e t e r m i n e t he eff iciency of p r o d u c t i o n of P b LQ, and L Q r a d i a t i o n s in Po^^ d e 

cay r e q u i r e s a m e a s u r e m e n t of t he a lpha d i s i n t e g r a t i o n r a t e of t he s o u r c e , a m e a s u r e 
m e n t of t h e n u m b e r of photons p e r m i n of e a c h kind de t ec t ed by the c o u n t e r , and a c o m 
puta t ion of the coun te r eff iciency and g e o m e t r y for e a c h kind of photon. 

T h e a lpha d i s i n t e g r a t i o n r a t e of t he s o u r c e was d e t e r m i n e d by a lpha -coun t ing t h r e e 
100 X a l iquo t s of a 5 x 10^-fold d i lu t ion of the P o ^ ^ ^ s tock so lu t ion , e v a p o r a t e d onto P t 
d i s k s . A r e l i a b l e m e t h a n e - f l o w alpha coun te r was u s e d , and a l p h a - c o u n t i n g g e o m e t r y 
was a s s u m e d to be 5 1 % . T h e p r e c i s i o n of t h i s m e a s u r e m e n t w a s v e r y good. The s tock 
so lu t ion p r o v e d to have a d i s i n t e g r a t i o n r a t e of 1.47 x lO-*̂ ^ d e c a y / m i n / m l on 10 May 
1950. 

The n u m b e r (per min ) of L Q and L Q photons d e t e c t e d by the coun te r w a s d e t e r m i n e d 
by g r a p h i c a l i n t e g r a t i o n of t he c u r v e s in F i g u r e 1. The c u r v e without added a b s o r b e r 
w a s n o r m a l i z e d to 100 at t he L^ peak . The c u r v e t aken t h r o u g h AS2O3 a b s o r b e r , which 
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ex t ingu i shes t he L Q , w a s n o r m a l i z e d to 94, s i nce a g r a p h in which both c u r v e s w e r e 
n o r m a l i z e d to 100 showed tha t t he L R l i ne s m a k e a con t r i bu t ion of about 6% to t he L̂ ^ 
peak he ight . The d i f f e rence c u r v e , excluding the b u m p a t d i s c r i m i n a t o r se t t ing ^ 54 
(which i s due p r i m a r i l y to f l u o r e s c e n c e r a d i a t i o n s f r o m the coun te r wa l l s ) g ives the 
L Q l ine c o m p l e t e l y s e p a r a t e d f r o m the L Q , The L Q in t ens i ty i s p r o p o r t i o n a l to t he a r e a 
unde r t he c u r v e t aken t h r o u g h AS2O3, and L Q in t ens i t y i s p r o p o r t i o n a l to t h e a r e a u n 
d e r t h e d i f f e r ence c u r v e . T h e s e ar-eas m u s t be c o r r e c t e d . As the g r a p h s t a n d s , uni t 
a r e a i s c o u n t s / m i n / c h a n n e l - w i d t h x uni t of d i s c r i m i n a t o r se t t ing . T h e channe l w a s 
1.5 vo l t s wide , and a unit of d i s c r i m i n a t o r se t t ing w a s 0.5 vo l t s . T h e r e f o r e un i t a r e a 
is c o u n t s / m i n x 1/3, 

The o v e r - a l l counting eff iciency ( including the g e o m e t r y ) of t h e coun te r was a-
chieved by a t e d i o u s n u m e r i c a l i n t eg ra t i on . Suppose tha t the s o u r c e i s a poin t s o u r c e 
at t he o r i g i n of r e c t a n g u l a r a x e s , with the z ax i s m e e t i n g the c e n t e r of t he window at 
a d i s t a n c e h f r o m the s o u r c e , and the coun te r ax i s p a r a l l e l to t he y ax i s and d i s t a n t 
p f r o m it. Then , if v p h o t o n s / m i n (of a g iven ene rgy) a r e emi t t ed by the s o u r c e , the 
counting r a t e J r e g i s t e r e d by the c o u n t e r wil l be 

2TT 

s e c dill^C + Mflh + M-„t) ^ j . ^ - ^ g s e c 6 ( z - h ) ^ ^ ^ 
H It K M 

o o 
H e r e : 

ipl 
0 and 0 a r e s p h e r i c a l c o o r d i n a t e s of t he p a t h of a photon. 
|i.^C is t he a 'osorpt ion coeff ic ient of ce l lophane t i m e s the t h i c k n e s s of t he c e l l o 

phane c o v e r of t he s o u r c e . 
jXĝ h i s t h e a b s o r p t i o n coeff ic ient of a i r t i m e s t h e d i s t a n c e f r o m s o u r c e to window. 
|i..^t i s the a b s o r p t i o n coeff ic ient of the window m a t e r i a l ( h e r e Be) t i m e s window 

t h i c k n e s s . 
Jig i s t h e a b s o r p t i o n coef f ic ien t of t he count ing g a s , and z i s g iven by 

p + \ / p ^ - ( p ^ - a ^ ) ( t a n ^ 6 c o s ^ 0 + 1 ) 

t a n ^ 6 c o s ^ 0 + 1 

w h e r e p i s t he d i s t a n c e b e t w e e n the coun te r ax i s and the y a x i s , and a i s t he coun
t e r r a d i u s (1.94 in). 

^ m a x i s e a s i l y computed a s t h e a r c t an of the r a t i o window r a d i u s ; d i s t a n c e of 
s o u r c e f r o m window. 

T h e n u m e r i c s u s e d in t he i n t e g r a t i o n a r e g iven in T a b l e 2. The a b s o r p t i o n coeff i 
c i en t s w e r e obta ined by i n t e rpo l a t i ng da t a g iven in Compton and A l l i s o n ' s book, or f r o m 
e m p i r i c a l f o r m u l a s tha t m a y b e found t h e r e . 

F o r t he n u m e r i c a l i n t e g r a t i o n , a q u a d r a n t of t h e sol id angle sub tended by the win
dow with r e s p e c t to the s o u r c e w a s divided into 6 p i e c e s (not a l l equal in s i ze ) . The 
p r o b a b i l i t y of count ing a photon p a s s i n g t h r o u g h t h e c e n t e r of each p i e c e was computed , 
t h e s e p r o b a b i l i t i e s w e r e weighted by the a r e a s of the c o r r e s p o n d i n g p i e c e s , and the 
s u m of t h e 6 weighted p r o b a b i l i t i e s mu l t i p l i ed by 4 (4 q u a d r a n t s !) i s t he i n t e g r a l . 

Comput ing for a point s o u r c e 1 3 /4 in f r o m the c o u n t e r window, the r a t i o of 
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Tab le 2 

N u m e r i c s Used in Comput ing Counting Eff ic iency of C o u n t e r 

A b s o r p t i o n Coeff ic ients 

JX^h 
f^cC 

|jLt/in of A r g o n (.9 a tm) 
|jit/in of Me thane (.1 a t m ) 

L^ (10,5 key) 

,0176 
.0136 
.0180 
.205 
.00034 

Lp (12,6 kev) 

.0105 
,0083 
.0112 
,122 
.00021 

o b s e r v e d photons to emi t t ed photons is 

J/V = .0153 for L^, .0106 for Lo 

The a s s u m p t i o n of a poin t s o u r c e (the s o u r c e h e r e was 7 m m in r a d i u s ) i n t r o d u c e s 
a comp le t e ly neg l ig ib le e r r o r , a s shown by a c a l c u l a t i o n us ing B l a c h m a n ' s equat ion ( see 
t h e A p p e n d i x in B . B u r t , Nuc leon ic s 5_, 28 (l 949)) for t he g e o m e t r y of an ex tended s o u r c e . 

T h e s e compu ted va lue s of t he counting eff ic iency, t o g e t h e r with the i n t e g r a t e d 
counting r a t e s of 10480 c o u n t s / m i n for L Q and 2810 coun t s /nn in for Lp and the a lpha 
d i s i n t e g r a t i o n r a t e of 1,23 x 10° d e c a y / m i n of our Po210 s o u r c e give a s the p r o b a b i l i t y 
for e m i s s i o n of photons p e r a lpha decay 

L Q = 5,15 X 10"^ 
Lp = 2.07 X 10-4 

L Q + Lp = 7,2 X 10-4 

The e r r o r on th i s i s p robab ly not g r e a t e r t han 2 5 % . C u r i e and Jo l io t found tha t 4 x l O 
" P o " L pho tons w e r e emi t t ed p e r a lpha decay . To ge t the p r o b a b i l i t y of e jec t ion of an 
e l e c t r o n f r o m one of the L s h e l l s , the photon p r o b a b i l i t y m u s t be d iv ided by the f l u o r 
e s c e n c e y ie ld of t h e she l l c o n c e r n e d . Such f l u o r e s c e n c e y i e l d s for t he L s h e l l s of P b 
do not s e e m to have b e e n m e a s u r e d , but f r o m S t e p h e n s o n ' s r e s u l t s with U, and f r o m 
t h e o r y (Compton and Al l i son , p . 490) one can a s s u m e a f l u o r e s c e n c e y ie ld of ~ 0 . 5 , 
T h e r e f o r e , t he m e a s u r e d p r o b a b i l i t y of the e jec t ion of an L e l e c t r o n in Po '^^" a lpha 
decay i s ~ 0,14%. 

It wil l b e noted tha t in t h i s ca l cu la t ion , the p r o d u c t i o n of ho les in t he L she l l by 
e l e c t r o n t r a n s i t i o n to d e c a y - i n d u c e d ho l e s in t he K she l l h a s been neg l ec t ed . Howeve r , 
bo th t h e o r y and the l i t t l e e x p e r i m e n t a l ev idence a v a i l a b l e i nd ica t e t ha t the e jec t ion of 
e l e c t r o n s f r o m the K she l l by d e c a y i s about o n e - t e n t h a s f r equen t a s e jec t ion of L 
e l e c t r o n s . 

In M i d g a l ' s t h e o r y , t he p r o b a b i l i t y P^ i tha t an e l e c t r o n wi th q u a n t u m n u m b e r s n 
and 1 b e e jec ted when the nuc l eus e m i t s an a lpha p a r t i c l e i s 

n l 
- n l 
7 * 2 
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Level 

L j 

Lii . L m 

Table 3 

Probabil i t ies of Electron Ejection 
L Shells According to Migda! 

Cnl 
Z*2 

^ • ^ - 1 8 " 10-3 
3969 

^ ^ • ^ . 3 . 6 x 1 0 - 3 
3697 

/vV 

.048 

.051 

from Different 
's Theory 

P 
nl 

8.6 X 10-5 

18.4 X 10"5 

2.7 X 10-4 = ^Q^^^ 
probability 

where V is the speed of the alpha par t ic le , v is the speed of the electron concerned, 
and the Cnl a r e constants. Z* is the effective charge of the product nucleus, in this 
case, Pb. 

In order to compute these theoret ical probabil i t ies for the case of Po^^^ decay, 
the follo'wing process was used: 

2 

E a ™ ,726 

Eg M Eg ( i n k e v ) 

where EQ is the kinetic energy of the Po21" a, 5300 kev. 

Eg is the kinetic energy of the orbital electron concerned, which is equal to its 
ionization energy. 

m electron m a s s , -,-, i r>-4 — = = 1.37 X 10 
M a m a s s 

For Z , 82- (r is used where <T is the screening constant for an electron in the shell 
concerned. The screening constants were read carefully from Figure 16.16 of White's 
book, "Introduction to Atomic Spectra", McGraw-Hill, New York, 1934. 

The theoretical probabili t ies computed in this fashion a r e given in Table 3. 

It is this total probability that must be compared with the experimentally de te r 
mined total probability, even though none of the lines measured has Lj as its lowest 
state. If an Lj electron is ejected from the atom, the Lj hole will be filled by a r a -
diationless t ransi t ion of an electron from Lji or L m , and the subsequent t ransi t ion 
to fill the hole in Ljj or L n i will give r i s e to a satell i te line of the corresponding 
diagram line (F.R. Hirsch, J r . , Rev. Mod. Phys, 14, 45 (1942)). Our instrument cannot 
distinguish betv^een a diagram line and a satelli te line. 

It appears , then, that Migdal 's theory gives a resul t that is too small by a factor 
of about five. 
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^ 

•n 1 

j. 1̂̂  
VAVA^ 

Ml 

i 
1 

K lm,8 {?)from Po^ ' " 

ntilUtlon Counter .nd 
Pulte Analyitr 

,wA'>^vn| 

F i g u r e 5. P b K l i n e s (?) f r o m P o ^ ^ ^ a s d e t e r 
mined with a sc in t i l l a t ion counter and pu l se 

a n a l y z e r . 

T h e s e r e s u l t s wi l l not b e c o m p a r e d with L e v i n g e r ' s t h e o r y , s i n c e h i s t h e s i s c o n 
t a i n s s o m e e r r o r s tha t he h a s not yet r ec t i f i ed ( J . L . L e v i n g e r , p r i v a t e c o m m u n i c a t i o n ) . 

P a r t IV 

Pho tons of ene rgy "̂  3 kev emi t t ed by the Po210 s o u r c e s have a l s o b e e n o b s e r v e d 
( see F i g u r e 4). T h e s e a r e p r e s u m a b l y Pb M l i n e s . The peak of F i g u r e 4 i s d o u b t l e s s 
a c o m p o s i t e of s e v e r a l p e a k s , inc luding s a t e l l i t e l i n e s , a s can b e s e e n f r o m the l a r g e 
ha l f -wid th . Since t h e s e l i n e s have not b e e n u n r a v e l l e d , a n u m e r i c a l p r o b a b i l i t y for 
t h e i r p r o d u c t i o n cannot ye t be given. T h e s e X - r a y s a r e d o u b t l e s s the " P o " M l ine s o b 
s e r v e d by C u r i e and Jol iot , who m e a s u r e d t h e i r f r e q u e n c y of p r o d u c t i o n a s 15 x 10" 
p e r a lpha decay . 

F i g u r e 5, obta ined with a Po^^^ s o u r c e by u s e of a sc in t i l l a t i on coun te r (Nal(Tl) 
c r y s t a l ) in conjunct ion with a p u l s e a n a l y z e r , a counting r a t e m e t e r , and a B r o w n r e 
c o r d e r , shows a peak at ~ 7 0 kev. T h i s i s m o s t l ike ly a c o m p o s i t e of P b K l i n e s , a s 
ind ica ted by s o m e e x p e r i m e n t s u s i n g c r i t i c a l a b s o r b e r s , but t h e s e s t u d i e s a r e not ye t 
comple ted . 

It m a y be noted in F i g u r e 5 tha t t h e r e i s no s ign of a peak a t 105 kev , s u c h a s 
Za j ac , e t -a l , thought t hey o b s e r v e d with an in t ens i t y abut l / 4 tha t of ano the r peak at 
84 i 4 kev ( p r e s u m a b l y t h i s L a b o r a t o r y ' s 70 kev peak) . 

8-20 24 28 52 38 40 44 48 52 56 80 64 68 72 76 80 64 88 82 

Discriminator Setting 

F i g u r e 4. Po on p o l y s t y r e n e M l i n e s . 



REACTOR SCIENCE AND ENGINEERING DEPARTMENT 

Reactor Operations 

During this review period, the reac tor has been brought up to the point where it 
is operated routinely for the benefit of the r e sea r ch p rograms throughout the Labora
tory. It is now running at a power of about 10 megawatts with a maximum central 
flux of better than 2 x 10^2 neu t rons / cm2/sec . The full loading has not yet been 
achieved and various operating difficulties must be overcome before full power will 
be achieved. The data taken on startup of the reac tor is still being worked up, and 
memoranda a r e issued from t ime to t ime as some phase is completed. This work, 
and other classified p rograms of the Department, is being reported in a separate c l a s 
sified p rogress repor t . The unclassified p rograms of the Department a re covered in 
the succeeding i tems. 

Reactor Physics 

Long-Lived Delayed Neutrons (5263)'!' 

During October and November, observations taken with a BF3 counter after shut
downs in the reac tor seemed to indicate the presence of delayed neutrons with periods 
considerably longer than 1 min. A prel iminary investigation was subsequently made 
with a se r i e s of rhodium and indium foils inserted near the center of the reac tor dur
ing the period following shutdown, A long decay to the equilibrium level of the sub-
cr i t ical reactor was observed. The f i rs t par t of the decay had a period of 5 or 10 min, 
and the second par t was much smal ler in intensity and seemed to have a period of the 
order of hours. The yield of these long-lived delayed neutrons is estimated roughly 
to be 1 per 10 neutrons found in fission, or about 1 per 104 delayed neutrons. 

In December the apparatus was revised and improved, and investigations into 
periods and yields a r e being continued. The possibility that these long-period delayed 
neutrons a re photo-neutrons produced by fission-product gamma- rays will also be 
investigated, ( j . W, Kunstadter, J.J, Floyd) 

Double Beta Decay and Other Ra re Types of Nuclear Events (5263) 

A program to investigate very r a r e types of nuclear disintegrations involving 
ionization of soft par t ic les (e.g., double beta decay, pair creation in H2 and D2, etc.) 
has been started. A cylindrical self- tr iggering cloud chamber counter^ (12-in dicim-
eter and 4 l / 2 - i n depth) has been constructed. This chamber has been made to oper
ate with H2 and He gas at 1 l / 3 a tmosphere p r e s s u r e . Helmholtz coils for this cham
ber which will produce a magnetic field of 1200 gauss, uniform to 1% over the cham
ber volume, a re now being constructed. Apparatus for viewing and measur ing t rack 

•For explanation of these numbers, see Foreword. 
^E.L. Fireman and C M . McHaney, Rev. Sci. Instruments Tl, 813-5 (1950). 
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c u r v a t u r e s in s t e r e o s c o p i c p h o t o g r a p h s i s now being des igned , (E .L, F i r e m a n ) 

Sca t t e r ing C r o s s Sect ion (5263) 

A p p a r a t u s for t he m e a s u r e m e n t of s c a t t e r i n g c r o s s s e c t i o n s in t h e t h e r m a l and 
e p i - t h e r m a l r e g i o n i s now be ing i n s t a l l ed . T h i s a p p a r a t u s i s s i m i l a r in p r i n c i p l e to 
the R a m a n tube for op t i ca l s p e c t r a . It c o n s i s t s of an evacua ted tube which r u n s c o m 
p le t e ly t h r o u g h the r e a c t o r . T h e s c a t t e r i n g s a m p l e is p l a c e d in t h e tube at the c e n t e r 
of t h e r e a c t o r and n e u t r o n s f r o m t h e s a m p l e p a s s out t h r o u g h a c o l l i m a t i n g s y s t e m a t 
one end of t h e p ipe . The c o l l i m a t i o n i s so fine t ha t only n e u t r o n s s c a t t e r e d f r o m the 
s a m p l e can e m e r g e and en t e r t he de tec t ing s y s t e m . T h i s a p p a r a t u s w l l g ive a "b r igh t 
l i n e " type of s c a t t e r i n g s p e c t r u m . (L .B . B o r s t , V ,L . Sa i l o r ) 

Double C r y s t a l S p e c t r o m e t e r (5263) 

C o n s t r u c t i o n and i n s t a l l a t i o n of a double c r y s t a l s p e c t r o m e t e r for n e u t r o n s i s 
nea r ing c o m p l e t i o n . The c o l l i m a t i o n s y s t e m , the h e a v y - d u t y second d r y s t a l t a b l e , 
and the count ing a p p a r a t u s a r e c o m p l e t e and have b e e n u s e d du r ing t h e p a s t m o n t h a s 
a s ing le c r y s t a l s p e c t r o m e t e r . The sh ie ld ing i s p a r t l y in p l a c e and the f i r s t c r y s t a l 
t a b l e i s r e a d y for i n s t a l l a t i on . S tudies of t he e c c e n t r i c i t y and e r r o r s in t he g r a d u a t e d 
c i r c l e s , r e p r o d u c i b i l i t y of angu la r s e t t i n g s , and a l i g n m e n t of t he v a r i o u s a x e s and 
p l a n e s show tha t t h e i n s t r u m e n t m e e t s d e s i g n spec i f i c a t i ons wi th m i n o r e x c e p t i o n s . 

P r e l i m i n a r y e x p e r i m e n t s , u s i n g t h e i n s t r u m e n t a s a s ing le c r y s t a l s p e c t r o m e t e r , 
have inc luded t r a n s m i s s i o n v s . n e u t r o n ene rgy m e a s u r e m e n t s for i nd ium, s t u d i e s of 
t he e n e r g y s p e c t r u m of t h e t h e r m a l n e u t r o n s f r o m t h e r e a c t o r , and r o c k i n g c u r v e s for 
c a l c i t e ( c leavage) and L i F (111) c r y s t a l s . It i s p lanned to u s e t he i n s t r u m e n t for a c t i 
va t ion and t r a n s m i s s i o n s t u d i e s of s e v e r a l e l e m e n t s in t h e r a r e e a r t h r e g i o n to s t a r t 
t he r e s e a r c h p r o g r a m . (V,L. Sa i l o r ) 

R a d i o i s o t o p e P r o d u c t i o n (I^^^) (6400) 

The equ ipmen t r a c k was p l aced in Hot Cel l # 1 and s e v e r a l r u n s w e r e m a d e , at 
bo th cold and t r a c e r l e v e l s . The r e m o t e o p e r a t i o n of t h e equ ipmen t was qu i t e s a t i s 
f ac to ry and no difficulty was e x p e r i e n c e d in following the p lanned p r o c e d u r e . The 
p e r i s c o p e s p r o v e d to b e conven ien t to u s e and to g ive an adequa t e v iew of a l l t h e 
equipment ; m u c h h a s been l e a r n e d about t he p r o p e r p l ac ing of equ ipment and l i n e s for 
o p t i m u m v i s ib i l i t y . 

The t e l l u r i u m s e p a r a t i o n p r o c e s s , a s modif ied by t h e r e s u l t of r u n s in t he equ ipment 
and work in the l a b o r a t o r y , h a s b e e n d e m o n s t r a t e d to w o r k s u c c e s s f u l l y and i s e s s e n 
t i a l ly f rozen . Sufficient d e c o n t a m i n a t i o n f r o m f i s s i o n p r o d u c t s i s ind ica ted and y ie ld 
should be s a t i s f a c t o r y . It i s e s t i m a t e d tha t t he t i m e for a c o m p l e t e c y c l e f r o m i n t r o 
duct ion of the j acke ted slug to r e m o v a l of t he iod ine g e n e r a t o r f r o m the hot ce l l wil l b e 
of the o r d e r of 14 h r , A new equ ipmen t r a c k h a s b e e n bu i l t i n c o r p o r a t i n g changes found 
to be d e s i r a b l e f r o m e x p e r i e n c e ga ined in the o p e r a t i o n of t he f i r s t r a c k . T h e new r a c k 
will be sa fe r and m o r e conven ien t to o p e r a t e . Af ter it i s t e s t e d , it i s p lanned to u n d e r 
t ake a f u l l - s c a l e hot r u n us ing m a t e r i a l i r r a d i a t e d in t he n u c l e a r r e a c t o r . 
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The iodine generator was built and operated successfully. The model, as 

originally designed, incorporated a sintered s tainless steel frit; this was found to 
corrode excessively, and an improved model has been built. There is still some 
corrosion, but the technique of operation and the ma te r i a l s of construction a r e under 
investigation and it is felt that the corrosion problem will be eliminated. 

The mock-up of the shipping container and its auxil iaries was completed and 
design ca r r i ed to a point from Vî hich detail dra^wings and construction can proceed. 
The container is compact and will requi re a minimum number of connections for 
operation, A tempera ture regulator for the iodine generator has been selected which 
will give adequate control for safe and fool-proof operation at moderate cost, 
(L,G. Stang, J r . , W.D. Tucker) 

Permanent Disposal of Radioactive Wastes (4582) 

Work is continuing in an effort to determine the degree of fixation achieved when 
montmorillonite clays, containing radioactive ions, a r e subjected to high t empera tu res . 
Tests a re being car r ied out using clays containing 4-year-o ld mixed fission products. 
It has been found that some clays when heated to 800-900°C for 24 hr re ta in 95%, 
99.8% and 99.97% of their activity after being t reated for several months with nitric 
acid, sea water, and distilled water , respectively. 

We are now in the process of determining the fixation charac te r i s t ics of each of 
the long-lived isotopes that occur in fission. Replacement tes t s using clays contain
ing Ce^44-Pr l44 gj^^ Z r ' ^ -Nb"- ' in contact with distil led water and sea water a r e now 
in p rog re s s . Similar experiments eniploying Cs^-^4 and Ru^^^-Rh^''^ a r e due to be 
started shortly. (Tests involving S r " ' were reported previously.) 

Some pre l iminary work is being done on the effect of added c a r r i e r ions on the 
pick-up activity on clays, and the degree of fixation as a function of t empera ture . 
Initial resu l t s in the case of Ce - P r indicate that fixation is m o r e efficient when 
c a r r i e r is added than when c a r r i e r - f r e e Ce^44 jg used. 

In collaboration with J.E. Atherton of the Metallurgy Group, we a re at tempt
ing to determine the s t ructura l changes induced in the clay as a resu l t of the high-
tempera ture t reatment , and possibly, the position of the fixed ions. This is being done 
by means of X-ray diffraction studies on bar ium-sa tura ted clays that had been heated 
to various t empera tu res . (L,P. Hatch, W.S. Ginell) 

A number of ion exchange experiments utilizing columns containing beds of mont
moril lonite supported on asbestos have been performed. Some of the factors under 
investigation a re (a) the determination of optimum flow ra t e s sufficiently slow to p e r 
mit equilibrium to be established and (b) the effect of cation concentration and c lay- to-
asbestos ra t ios on the observed exchange capacity. The calc ium-saturated montmor
illonite is being treated with solutions containing C s ^ ^ ' and Na*^ as t r a c e r s . (J.A. Fau-
cher, R. W. Southworth, H.C. Thomas (work performed at Yale University)) 



I l l 

W a s t e C o n c e n t r a t i o n (4582) 

The p r o b l e m of the Was te C o n c e n t r a t i o n Group h a s b e e n to deve lop a p r o c e s s 
tha t will r e s u l t in an effluent t ha t c an be safe ly d i s c h a r g e d to t he e n v i r o n m e n t (3 x 
10-12 c u r i e s / m l ) . It has b e e n e s t i m a t e d tha t t h i s l a t t e r r e q u i r e m e n t wil l involve a 
d e c o n t a m i n a t i o n f ac to r of the o r d e r of 10 ' f r o m c o n c e n t r a t e to effluent. S e v e r a l 
p r o c e s s e s have b e e n deve loped •which involve s i m p l e e v a p o r a t i o n follo'wed by v e r y 
efficient d e - e n t r a i n m e n t . Deve lopmen t work on t h e s e p r o c e s s e s i s d e s c r i b e d in 
BNL I- IO, BNL 49 (T -16 ) , and BNL 59 (C-12) . Dur ing t h e l a s t q u a r t e r a s u m m a r y 
r e p o r t was p r e p a r e d and pub l i shed c o v e r i n g t h e w o r k to da t e (BNL 90 (T-20)) , 

•n 

It h a s b e e n found tha t a d e c o n t a m i n a t i o n fac to r of a t l e a s t 10 ( c o n c e n t r a t e to 
effluent) can b e obta ined by s i m p l e e v a p o r a t i o n follo'wed by d e - e n t r a i n m e n t u s ing a 
f i b e r g l a s s f i l t e r (B,N.L, F i l t r a t i o n P r o c e s s ) , T h e eff iciency of t he p r o c e s s i s r e l a 
t ive ly i n s e n s i t i v e to o b s e r v e d c h a n g e s in o p e r a t i n g v a r i a b l e s . The p r e s e n c e of fine 
suspended so l i d s tha t m a y a d s o r b ac t iv i ty in t he c o n c e n t r a t e , b e e n t r a i n e d in the 
vapor , and l a t e r i m p a r t c o n t a m i n a t i o n to the c o n d e n s a t e by d e s o r p t i o n i s a l imi t ing 
fac tor to t he d e c o n t a m i n a t i o n of n o n - v o l a t i l e f i s s i o n p r o d u c t s by t h i s p r o c e s s . 

The fol lowing e x p r e s s i o n i s c o n s i d e r e d to b e a d e q u a t e for a c o n s e r v a t i v e d e s i g n 
of a s i m p l e s u b m e r g e d coi l e v a p o r a t o r with offset c o n d e n s e r when e v a p o r a t i n g a non 
vo la t i l e f i s s i o n p r o d u c t so lu t ion conta in ing fine s u s p e n d e d s o l i d s : 

D ,F , = 42 G O - 9 ( G = 5 to 50) 
and D,F , = 2,9 x 10^ O ' l - ^ (G = 50 up) 

w h e r e D, F, = c o n c e n t r a t e ac t iv i ty ( s t i l lpo t ) / e f f luen t ac t iv i ty ( condensa te ) 
and G = B o i l - u p r a t e ( l b / h r / f t 2 of d i s e n g a g i n g a r e a ) 

F o r c a s e s of l iquid e n t r a i n m e n t only, i, e . , no s u s p e n d e d so l ids p r e s e n t or s u s 
pended so l id s t ha t do not r e a d i l y a d s o r b t he a c t i v i t i e s p r e s e n t , the following e x p r e s 
s ion i s c o n s i d e r e d to b e a d e q u a t e : 

D ,F . = 6,4 G^-"^^ (G = 10 to 30) 
and D.F , = 3.5 x l O ^ G-3 .7 f r o m G := 30 up 

w h e r e D.F, and G have t h e s a m e m e a n i n g a s above. 

E c o n o m i c s t u d i e s (BNL 59 (C-12)) have ind ica ted t h a t c o m p r e s s i o n d i s t i l l a t i o n 
would b e an a d v a n t a g e o u s e v a p o r a t i v e m e t h o d for B r o o k h a v e n L a b o r a t o r y cond i t ions , 
A s ena i -works s c a l e c o m p r e s s i v e s t i l l , including a f i b e r g l a s s f i l t e r , h a s b e e n d e s i g n e d , 
f a b r i c a t e d , and i n s t a l l ed . Dur ing t h e r e v i e w p e r i o d an e x p e r i m e n t a l p r o g r a m h a s been 
in i t i a t ed which wil l inc lude a d e c o n t a m i n a t i o n eva lua t ion of t h e f i l t e r , a d e c o n t a m i n a 
t ion eva lua t ion of t he 85 g a l / h r v e r t i c a l tube e v a p o r a t o r , and an eng inee r ing e v a l u a 
t ion of t h e e n t i r e uni t . (B. Manowi tz , R.V. H o r r i g a n ) 

M e t e o r o l o g y 

October 1950 m a r k e d the beg inn ing of the f inal p h a s e of d e v e l o p m e n t of t he 
m e t e o r o l o g i c a l con t ro l p r o g r a m , for dur ing tha t m o n t h t he n u c l e a r r e a c t o r r e a c h e d 



112 

sufficient power to cause perceptible radiation dosage at ground level. Although the 
dose - ra te s were sufficiently intense to be differentiated from fluctuations in natural 
background radiation, the data cannot be used for a quantitative comparison with 
meteorological calculations. Such comparisons must await sustained operation at 
higher pow^er. 

A summary was made of the dates and t imes during the month at which radiation 
from A4i might have been observed at each of the Health Physics monitoring stations 
on the bas is of observed weather conditions. Simultaneously, the Health Physics 
Division prepared a detailed analysis of their r ecords for the month. In all, 27 dose-
ra te peaks or groups of peaks were reported by Health Physics , of which 21 were in 
close agreement with meteorological calculations. Of the remaining six, five were 
almost certainly not caused by reac tor operat ions, either because the reac tor was 
inoperative or because the wind flow was from a different quadrant. From the me teor 
ological point of view, dosage would have been anticipated in a number of additional 
cases , where none is evident in the Health Physics r eco rds . This is not at all su r 
prising, since the peak readings in the most favorable situations were only slightly 
above background. 

Sustained reac tor operations at the higher power levels that have been reached 
in the recent past will permi t quantitative comparisons between meteorological ca l 
culations and radiat ion data during the next several months. (P.H. Lowry, M.E. Smith) 

A se r i e s of experiments have been undertaken in cooperation with the Health 
Physics Division to determine the react ion of the radiation monitoring instruments to 
an elevated source of unknown intensity. The geometry of the ins t ruments , the absorp
tion of gamma radiation in a i r , and the scattering induced by t e r ra in features and veg
etation a r e all factors influencing the accuracy of the measurements that will be used 
for comparison with meteorological calculations. 

Cobalt-60 has been chosen as the radiation source, because of the s imilar i ty of 
the gannma radiation from A and Co . A 500-lb tes t nylon line has been suspended 
between the tops of Ace and King towers , and a pulley system is used to r a i s e the 
source without danger to personnel . Data have been obtained at slant ranges (instru
ment to source) from 72 to 500 ft and elevation angle from 12° to 90°, These data 
a re current ly being processed. (P.H. Lowry, D.A. Mazzarel la , M.E. Smith) 

The instrumentation used in measur ing oil-fog concentrations has been consider
ably improved and expanded. The new ground level densitometer (#3), designed and 
constructed by the Electronics and Instrumentation Division, has proved to be so 
sensitive and rel iable that another identical unit has been completed. These two in
struments now serve as the basic measur ing devices for all oil-fog runs . 

A t ransmiss ion fluorometer has recently been completed as an experimental de
vice for obtaining oil-fog concentration measurements . The basic design of the device 
is relat ively simple. Ultraviolet light is passed through a section of filter paper on 
which oil has been collected. The fluorescent light from the oil par t ic les then passes 
through a second optical filter and is picked up by a photoelectric cell. The amplifying 
circuit is identical to that used in the new dens i tometers . Initial t e s t s of the device 
have been connpleted with definitely promising r e su l t s . (D,A. Mazzarella) 

The wind speed records given by standard D. C, generator units a re no longer 
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c o m p l e t e l y su i t ab l e for the w o r k of the Group , In the e a r l y s t a g e s of the p r o g r a m 
t h e r e was c o n s i d e r a b l e advan t age in having a con t inuous r e c o r d of i n s t a n t a n e o u s 
speed for e v e r y l eve l on t he t o w e r s , so tha t a c o m p l e t e s tudy of g u s t i n e s s could b e 
comple t ed . Now tha t 2 full y e a r s of da ta a r e a v a i l a b l e , wind speed r e c o r d s in t he 
f o r m of s h o r t - t e r m a v e r a g e s a r e m o r e va luab le for m o s t l e v e l s , e s p e c i a l l y s i n c e 
they r e d u c e the p r o c e s s i n g t i m e by a l a r g e fac to r . 

The F r i e z A e r o v a n e a s s e m b l y i s u s e d as t h e s t a n d a r d wind equ ipmen t by t h e 
Group and a new con tac t ing a n e m o m e t e r uni t has b e e n d e s i g n e d to fit i n s i d e t h e A e r o 
vane hous ing . T h i s uni t will u t i l i z e t h e s t a n d a r d A e r o v a n e p r o p e l l e r , and wil l not 
a l t e r the m o m e n t of i n e r t i a of the v a n e . T h u s , t he c h a r a c t e r of the r e c o r d s wil l be 
changed, bu t the m e a s u r i n g un i t wi l l r e m a i n t he s a m e . (P.H, Low^ry) 

A t m o s p h e r i c Stabi l i ty 

The U.S. Wea the r B u r e a u r e s e a r c h uni t at the L a b o r a t o r y is i nves t i ga t i ng t he 
t r a n s i t i o n f r o m s t ab l e to u n s t a b l e a t m o s p h e r i c flow in t he l owes t 410 ft wh ich o c c u r s 
following s u n r i s e on c l o u d l e s s m o r n i n g s . Va lues of t he c r i t i c a l R i c h a r d s o n n u m b e r , 
a g e n e r a l l y a c c e p t e d c r i t e r i o n for the condi t ion of " j u s t - n o - t u r b u l e n c e " in a c o m 
p r e s s i b l e fluid having a v e r t i c a l g r a d i e n t both in d e n s i t y and wind speed , have b e e n 
found to l i e b e t w e e n 0.28 and 0,55 for a i r l a y e r s above 150 ft. T r a n s i e n t c h a n g e s in 
the dens i t y and speed g r a d i e n t s a r e o b s e r v e d , w^hich i n d i c a t e t ha t t h e s e " c r i t i c a l " 
va lue s a r e s o m e w h a t l a r g e r in m a g n i t u d e than the a c t u a l c r i t i c a l n u m b e r apply ing 
s t r i c t l y to the l a y e r in which t u r b u l e n c e i s i n c r e a s i n g . It i s supposed tha t , in g e n e r a l , 
m e a s u r e m e n t s on t o w e r s •with i n s t r u m e n t s at fixed and w^idely s e p a r a t e d l e v e l s y ie ld 
o v e r e s t i m a t e s of t h e c r i t i c a l n u m b e r . (R. C. Wanta) 

Geology 

M o s t of t he r e v i e w p e r i o d was spent in p r e p a r i n g for and in running a pumping 
t e s t at L a b o r a t o r y supply wel l # 2 , A to t a l of 9 s p e c i a l o b s e r v a t i o n we l l s w a s u s e d . 
One of t h e s e was a 4 - i n wel l , equipped with a s t a n d a r d f loat t ype of r e c o r d e r . T h e 
o the r 8 we l l s w e r e 2 l / 2 in or l e s s in d i a m e t e r and f loat r e c o r d e r s could not b e u sed . 
However , two of t h e s e we l l s w e r e equipped with e l e c t r i c a l l y o p e r a t e d r e c o r d e r s , r e 
bui l t to o p e r a t e f r o m s t o r a g e b a t t e r i e s . T h e pumping t e s t w a s e n t i r e l y s u c c e s s f u l and 
when the c a l c u l a t i o n s have b e e n f in i shed , should p r o v i d e m u c h b e t t e r q u a n t i t a t i v e v a l 
u e s for t h e hyd ro log ic p r o p e r t i e s of t h e g l a c i a l aqui fe r t han now exis t . 

In t he c o u r s e of t h e t e s t , 16 ga l of a m m o n i u m c h l o r i d e - a l c o h o l t r a c e r so lu t ion 
was i n t r o d u c e d into an o b s e r v a t i o n wel l 30 ft f r o m the pumping wel l . The a r r i v a l of 
the t r a c e r w a s de t ec t ed wi th a "flow t h r o u g h " conduc t iv i ty ce l l which d r e w w a t e r f r o m 
the pump d i s c h a r g e at a r a t e of about 1 g a l / m i n . The conduc t iv i ty of t h e c e l l w a s 
m e a s u r e d wi th a 1,000 cyc l e e l e c t r o n i c b r i d g e . T h e t r a c e r w a s ea s i l y d e t e c t e d at a 
d i lu t ion of 1 to 10,000 and could j u s t b e de t ec t ed at a d i lu t ion of 1 to a m i l l i o n . The 
a r r i v a l c u r v e w a s s h a r p enough so t ha t t he t r a v e l t i m e could be d e t e r m i n e d to wi thin 
~ 2 % . It wi l l p r o b a b l y not b e p o s s i b l e to check t h i s o b s e r v e d t i m e a g a i n s t a t r a v e l 
t i m e ca l cu l a t ed f r o m the o b s e r v e d v a l u e s of p e r m e a b i l i t y and head l o s s , for t he a r e a 
c o v e r e d was wel l within the zone of c o n v e r g i n g flow l i n e s a round the s c r e e n of t h e 
pumped wel l . As n e a r l y a s could b e d e t e r m i n e d , 8 5 % of the t r a c e r i n t r o d u c e d into t he 
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o b s e r v a t i o n wel l a r r i v e d at the p u m p e d wel l , but t h i s d e t e r m i n a t i o n was not so exac t 
a s the o t h e r m e a s u r e m e n t s . P r o b a b l y not l e s s than 10 % of the t r a c e r was a d s o r b e d , 
however . What effect t h i s a d s o r p t i o n had on t h e t r a v e l t i m e i s of c o u r s e not known. 

It was noted in t he study of t he a r r i v a l c u r v e t h a t i t took a s long for t h e t r a c e r 
to p a s s t h r o u g h af ter it had once shown up a s it did for the t r a c e r to put in i t s f i r s t 
a p p e a r a n c e . In t h i s c a s e , t h e f i r s t a r r i v a l a p p e a r e d 7 1/2 hr af ter i n t roduc t ion and 
the l a s t of t he t r a c e r was pumped t h r o u g h af ter 15 h r . Going back ove r t he o t h e r 
c u r v e s of t r a c e r r u n s u s i n g the n a t u r a l g r o u n d - w a t e r flow, w h e r e t he t i m e i n t e r v a l s 
w e r e d a y s i n s t e a d of h o u r s , t h e s a m e r e l a t i o n a p p e a r e d to hold wi thin t he e x p e r i 
m e n t a l e r r o r . (W. d e L a g u n a , N . J , L u s c z y n s k i ) 



BIOLOGY D E P A R T M E N T 

Bio log ica l Ef fec ts of R a d i a t i o n s 

Re la t ion Be tween Chronnosome B r e a k a g e and Mito t ic Inhibi t ion (6400)=!' 

A p o s s i b l e r e l a t i o n s h i p be tween ch romosonne b r e a k a g e and the i n c r e a s e in t i m e 
r e q u i r e d to p a s s t h r o u g h c e r t a i n s t a g e s in the n u c l e a r cyc l e has been s tud ied in 
T r i l l i u m . The t i m e r e q u i r e d to go fronn f i r s t m e i o t i c m e t a p h a s e and f r o m e a r l y i n 
t e r p h a s e to m i c r o s p o r e d iv i s ion h a s been d e t e r m i n e d in c o n t r o l and i r r a d i a t e d a n t h e r s . 
P r e l i n n i n a r y r e s u l t s ind ica te tha t s e n s i t i v i t y to inhib i t ion v a r i e s the s a m e way and 
a p p r o x i m a t e l y to the s a m e d e g r e e a s b r e a k s e n s i t i v i t y - - i . e . , m e t a p h a s e is m u c h 
m o r e s e n s i t i v e to r a d i a t i o n - i n d u c e d inhibi t ion than is e a r l y a n a p h a s e . It h a s a l s o 
been shown tha t in a popula t ion of m i c r o s p o r e s t h o s e showing the m o s t s e v e r e b r e a k 
d a m a g e tend to go t h r o u g h d iv i s ion l a t e r than those showing a s m a l l e r amoun t of 
b r e a k a g e . T h e s e o b s e r v a t i o n s ind ica te a r e l a t i o n s h i p be tween c h r o m o s o m e b r e a k a g e 
(without l o s s of c h r o m a t i n ) and the d e g r e e of m i to t i c inhibi t ion . Howeve r , it h a s not 
yet been shown tha t the two a r e c a u s a l l y r e l a t e d . (A.H. S p a r r o w ) 

R e g e n e r a t i o n of I r r a d i a t e d T r a d e s c a n t i a (6400) 

R e g e n e r a t i o n of T r a d e s c a n t i a p l an t s r e m o v e d f r o m the g a m m a field in la te S e p 
t e m b e r is being s tud ied . Speed of r e g e n e r a t i o n following r e m o v a l of m o s t of the fo l 
iage is p r o p o r t i o n a l to field e x p o s u r e . P l a n t s exposed to 128, 82 and 67 r p e r day 
have shown no r e g e n e r a t i o n excep t for u n d e r g r o u n d p o r t i o n s t ha t w e r e p a r t i a l l y 
sh i e lded by so i l , but the p l a n t s a r e s t i l l a l i v e . P l a n t s wi th a b n o r m a l t e r m i n a l g r o w t h s 
( those exposed to 50, 30 .5 , 22 and 15 r p e r day) have shown mu l t i p l e shoot g rowth 
a f te r r e m o v a l f r o m the r a d i a t i o n field. In e x t r e m e c a s e s , a s m a n y as 30 shoo t s have 
been p r o d u c e d f r o m a s ingle t e r m i n a l p r o l i f e r a t i o n ( see F i g u r e s 1-4). When roo ted , 
t h e s e shoots behave a s n o r m a l shoo t s excep t tha t g rowth s e e m s to be s o m e w h a t s l o w 
e r than u s u a l . Th i s i m p l i e s tha t the a b n o r m a l t e r m i n a l s , both vege t a t i ve and r e p r o 
duct ive t y p e s , a r e due to phys io log ica l d i s t u r b a n c e s r a t h e r than to mu ta t ion . (A.H. 
S p a r r o w , E . C h r i s t e n s e n ) 

C y t o c h e m i c a l A n a l y s i s of X - r a y Ef fec t s (6400) 

In the l a s t p r o g r e s s r e p o r t it w a s shown tha t , in both l iv ing and fixed T r i l l i u m 
pol len m o t h e r c e l l nuc l e i , t h e r e i s v i r t u a l l y no change in nuc le i c ac id conten t following 
i r r a d i a t i o n . H o w e v e r , it w a s f u r t h e r shown tha t , if the c e l l s a r e sub jec ted to a slow 
h y d r o l y s i s t ha t b r i n g s about the d e g r a d a t i o n of the nuc le ic ac id m o l e c u l e , the nuc le ic 
a c id s of the c e l l s i r r a d i a t e d a f te r f ixat ion a r e h y d r o l y z e d m a n y t i m e s f a s t e r than the 
c o n t r o l s , whi le the c e l l s i r r a d i a t e d in the l iv ing s t a t e a r e h y d r o l y z e d much s lower 
than the c o n t r o l s . F u r t h e r m o r e , in f ixed T r i l l i u m c e l l s t h e r e is a d e c r e a s e in the 
m e t h y l g r e e n r e a c t i o n ( d e p o l y m e r i z a t i o n ) . 

•For explanation of these numbers, see Foreword, 

115 



116 

F i g u r e 1. Abnormal r e g r o w t h m T r a d e s c a n t i a dur ing r e c o v e r y f rom chron ic 
i r r ad i a t ion . After 114 days of cons t an t exposure to 30 r / d a y of g a m m a i r r a 
diat ion, a much inhibited f lower bud development began r e g r o w t h with ab 

n o r m a l fo rmat ion of new leafy shoots during a 39 day r e c o v e r y pe r iod 

F i g u r e 2. N o r m a l T r a d e s c a n t i a i n f lo re scence at m a t u r i t y . No addi t ional leaf 
growth IS m a d e f r o m such a c l u s t e r under n o r m a l cond i t ions . 
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F i g u r e 3. A b n o r m a l grov<.-th of i r r a d i a t e d T r a d e s c a n t i a plant during r e c o v e r y 
per iod following 114 days of g a m m a i r r a d i a t i o n at 30 r / d a y . Length of r e 
covery ne r i od 47 days . New grov^'th m th i s p lant is a r i s i ng en t i re ly f r o m 

p rev ious ly formed but much modifiea flov<.ei bud c l u s t e r s . 

F i g u r e 4. U n i r r a d i a t e d T r a d e s c a n t i a showing n o r m a l f lowering and g rowth of 
new shoots f rom underg round po r t i ons of plant . 
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Work h a s con t inued on th is p r o b l e m in an effort to s ee if t h i s i s an effect c o m 
m o n to di f ferent t i s s u e s , and the frog l i ve r w a s c h o s e n a s a su i t ab le t e s t t i s s u e . P r e 
l i m i n a r y ind ica t ions a r e tha t in t h i s nna te r i a l , c o n t r a r y to the o b s e r v a t i o n s in T r i l 
l ium, t h e r e i s l i t t l e or no change in the m e t h y l g r e e n r e a c t i o n following i r r a d i a t i o n 
of the fixed m a t e r i a l . Howeve r , t h e r e does a p p e a r to be an i n c r e a s e d s u s c e p t i b i l i t y 
to ac id h y d r o l y s i s , a l though it i s not a s m a r k e d a s in T r i l l i u m . 

It has been s u g g e s t e d tha t one of the s igni f icant m e t h o d s of X - r a y d a m a g e in 
l iving s y s t e m s is the p r o d u c t i o n of f ree hydroxy l r a d i c a l s f r o m H2O2 f o r m e d in 
w a t e r a s a r e s u l t of the i r r a d i a t i o n . The nuc le ic ac id r e a c t i o n s offer a p o s s i b i l i t y 
of t e s t i n g t h i s h y p o t h e s i s . F r e e OH g r o u p s f o r m e d f r o m H2O2 by F e S 0 4 have been 
shown to p r o d u c e d e p o l y m e r i z a t i o n of nuc le ic a c i d s in so lu t ion , a s w e l l a s o t h e r ef
fec ts p r o d u c e d by X - r a y s . To inves t iga t e t h i s f u r t h e r , s e c t i o n s of f rog l i v e r w e r e 
t r e a t e d wi th the H2O2 - F e S 0 4 m i x t u r e and changes in " p o l y m e r i z a t i o n " and h y d r o l y -
zab i l i ty a s in the i r r a d i a t e d s e c t i o n s w e r e looked for . P r e l i m i n a r y r e s u l t s ind ica te 
tha t , a s in the i r r a d i a t e d s e c t i o n s , t h e r e i s no change in d e g r e e of p o l y m e r i z a t i o n a s 
ind ica ted by the m e t h y l g r e e n s t a inab i l i t y . (M.J . M o s e s , R. Appleg i t , A.H. S p a r r o w ) 

Effect of X - r a y s on F i b r i n o g e n (6400) 

The l a s t p r o g r e s s r e p o r t ind ica ted tha t , by a s tudy of the e l e c t r o p h o r e t i c and 
u l t r a c e n t r i f u g e p a t t e r n s , it i s p o s s i b l e to get a qua l i t a t i ve p i c t u r e of the type of 
d e s t r u c t i o n taking p l a c e in so lu t ions of f ib r inogen sub jec ted to r a d i a t i o n . C u r r e n t 
e x p e r i m e n t s a r e c o n c e r n e d with the p r o t e c t i v e ac t ion of v a r i o u s c o m p o u n d s a g a i n s t 
the d e s t r u c t i v e effects of X - r a y s on f ib r inogen . It h a s been found tha t t h i o u r e a , c y s 
t e i n e , me th ion ine and g lu ta th ione a r e a l l f a i r l y effect ive p r o t e c t i v e a g e n t s . One is 
t e m p t e d to g e n e r a l i z e a t the p r e s e n t t i m e and say tha t s u l f u r - c o n t a i n i n g c o m p o u n d s 
have by far the g r e a t e s t p r o t e c t i v e ac t ion of a l l c l a s s e s of c o m p o u n d s so far i n v e s t i 
ga ted . ( L . F . N i m s ; H.A. S c h e r a g a , C o r n e l l Un ive r s i t y ) 

A d r e n a l C o r t i c a l R e q u i r e m e n t s of A d r e n a l e c t o m i z e d , X - I r r a d i a t e d R a t s (6400) 

P r e l i m i n a r y r e s u l t s w e r e r e p o r t e d in BNL 82 (S-7) on the amoun t of a d r e n a l 
c o r t i c a l h o r m o n e r e q u i r e d to m a i n t a i n an X - i r r a d i a t e d , a d r e n a l e c t o m i z e d r a t in the 
s a m e condi t ion a s the X - i r r a d i a t e d c o n t r o l r a t . T h e s e r e s u l t s have b e e n c o n f i r m e d 
and ex tended . R a t s w e r e a d r e n a l e c t o m i z e d and m a i n t a i n e d by in jec t ion of m i n i m a l 
q u a n t i t i e s of a d r e n a l c o r t i c a l e x t r a c t . The a n i m a l s w e r e then exposed to 600 r of 
t o t a l body X - i r r a d i a t i o n and the a m o u n t of e x t r a c t a d m i n i s t e r e d w a s ad jus t ed to 
c o u n t e r a c t we igh t l o s s . R e s u l t s i nd ica te : 1) tha t m o r e than 2 - 1 / 2 t i m e s the m i n i m a l 
amoun t of e x t r a c t p e r a n i m a l i s r e q u i r e d to inhibi t weight l o s s for 3 days p o s t - i r r a d 
ia t ion . 2) After t h i s p e r i o d , the r e q u i r e n n e n t s fal l off unt i l p r e - i r r a d i a t i o n l e v e l s a r e 
a p p r o a c h e d . 3) A n i m a l s cont inued on m i n i m a l e x t r a c t i n j ec t ions af te r i r r a d i a t i o n 
exhibi t s e v e r e we igh t l o s s and a r e m o r i b u n d the 5th day p o s t - i r r a d i a t i o n . Th i s shows 
tha t p a r t of the nornnal r e a c t i o n of an a n i m a l to r a d i a t i o n i s a g r e a t l y i n c r e a s e d a d 
r e n a l c o r t i c a l ac t iv i ty for about 3 days p o s t - i r r a d i a t i o n . (S. Ka t sh , A. Edelnnann) 

Effect of Glucose Inject ion on the Rad ia t ion S y n d r o m e (6400) 

It h a s been r e p o r t e d by L o i s e l e u r and Vel ley (1950) t ha t g lucose in jec ted 
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intraperitoneally 45 min before i r radiat ion will have a significant protective action 
against the radiation. Their experinnents have been repeated. The resul ts indicate: 
1) that all animals show severe weight loss subsequent to irradiat ion; 2) only one 
glucose-treated ra t remains alive 25 days pos t - i r radia t ion while two of the controls 
a re alive at this t ime; 3) that glucose- t reated animals died more rapidly after i r r a d 
iation than did the controls . Thus, the resu l t s of Loiseleur and Velley a re not con
firmed. (S, Katsh) 

Water Metabolism Following X-Irradiat ion (6400) 

It has previously been reported that there is an increased urine output following 
X-irradiat ion in r a t s . This diuresis occurs in two s tages, the f irs t starting almost 
immediately after i r radiat ion and lasting about 36 hr , and the second start ing about 
5 days after i r radiat ion and lasting about 2 days. It was further shown than there is 
a decreased amount of circulating antidiuretic hormone following irradiat ion. In a 
further effort to analyze this effect, ra ts have been hypophysectomized and then sub
jected to i r radiat ion in doses of either 200 r or 650 r . P resen t indications a re that 
the initial d iures is is not present in these ra t s ; however, the second peak may appear. 
This gives further indication that the poster ior lobe of the pituitary is at least second
ari ly, and possibly pr imar i ly , responsible for the first period of d iures is ; the second 
period remains unexplained. 

In a further experiment, the adrenal glands have been shielded in r a t s and their 
water metabol ism studied. These r a t s show a diures is comparable in every respect 
to that shown by the normal following irradiat ion. Thus, it seems safe to say that the 
adrenal gland has been effectively eliminated as a possible cause of the d iures i s . 

As a, continuation of this work, the effect of X-i r radia t ion on the water and food 
intake, urine volume and ur inary sodium, potassium, chloride, ascorbic acid and total 
nitrogen is being studied in guinea pigs. P re l iminary resu l t s indicate that there is no 
change in water metabol ism following i r radiat ion in the guinea pig, as there is in the 
ra t . (A. Edelmann, S, Katsh, C,S, Nagareda) 

The Role of the Adrenal in the Irradiat ion Syndrome (6400) 

It has previously been reported that when the adrenal glands of ra t s a re shielded 
from X-rays , survival following X-ir radia t ion is considerably increased. It was fur
ther shown that when ra t s were adrenalectomized and maintained on whole gland ad
renal extract , the dose of extract after i r radiat ion would have to be increased by at 
least a factor of 3 in order to prevent a severe weight loss and increased mortal i ty. 
These experiments indicated strongly that the adrenal gland plays a major role in the 
reaction of the body to irradiat ion. They have now been extended and it is possible to 
show that there is an increased concentration in adrenocorticotrophic hormone con
centration in the pituitary of ra t s 1 hr after 1,000 r whole body irradiat ion. This 
further substantiates the idea that the pituitary is activated immediately following 
irradiat ion. This activation in turn activates the adrenal gland to increase i ts output. 
If the adrenal gland itself has also been subjected to i r radiat ion then it presumably 
cannot put out as much hormone as if it had been shielded. 

As a further substantiation of these ideas, ra t s were adrenalectomized at various 
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p e r i o d s of t i m e a f t e r i r r a d i a t i o n and t h e i r s u r v i v a l t i m e s w e r e noted. When a d r e n a l 
e c t o m y i s p e r f o r m e d wi th in l / 2 h r a f t e r i r r a d i a t i o n t h e r e i s a d e c r e a s e in s u r v i v a l 
of about 75% f r o m the n o n - i r r a d i a t e d a d r e n a l e c t o m i z e d r a t . A d r e n a l e c t o m y p e r 
f o r m e d wi th in 3-4 days a f te r i r r a d i a t i o n r e s u l t s in s ignif icant r e d u c t i o n in s u r v i v a l 
t i m e but the effects beg in to be los t a t 5 d a y s . Th i s g ives added weigh t to the idea 
t h e r e is a g r e a t l y i n c r e a s e d r e q u i r e m e n t for a d r e n a l h o r m o n e for 3 days a f te r X -
i r r a d i a t i o n . (A. E d e l m a n n , S. Katsh , G. Mateyko) 

S u c r o s e S t o r a g e in C o r n P l a n t s (6400) 

In a t t e m p t i n g to s tudy the genet ic c o n t r o l of s u c r o s e s t o r a g e in the s t a l k s of 
m a i z e , s e v e r a l c o m p l i c a t i n g p r o b l e m s have a r i s e n . S u c r o s e is an ac t i ve m e t a b o l i t e 
in the p lant and t h e r e f o r e s u c r o s e l e v e l s in the s t a lk a r e con t inua l ly changing . Be fo re 
gene t i c s t u d i e s could be a t t e m p t e d , it w a s f i r s t n e c e s s a r y to s tudy s u g a r m e t a b o l i s m 
in the n o r m a l i n b r e d s t r a i n s . F o u r highly i n b r e d s t r a i n s have been s tud ied . In half 
the p l a n t s , e a r d e v e l o p m e n t w a s t h w a r t e d by p r e v e n t i n g po l l ina t ion . At v a r i o u s s t a g e s 
in the plant g rowth , s t a l k s w e r e cut and the s t a lk ju ice e x p r e s s e d . P e r c e n t to t a l d i s 
so lved so l ids w e r e e s t i m a t e d f r o m r e a d i n g s on the index of r e f r a c t i o n of the e x p r e s s e d 
j u i c e . Some of the s a m p l e s w e r e sub j ec t ed to c h e m i c a l a n a l y s i s for s u c r o s e and r e 
ducing s u g a r s in an a t t e m p t to c o r r e l a t e the index r e f r a c t i o n r e a d i n g s wi th s u g a r c o n 
c e n t r a t i o n . 

It w a s found tha t in a g e n e r a l way the index of r e f r a c t i o n r e a d i n g s w e r e p r o p o r 
t iona l to the s u g a r con ten t . The r e s u l t s of t h i s s tudy a r e p r e s e n t e d in F i g u r e 5, which 
shows the change in the p e r c e n t d i s s o l v e d so l id s a s a function of t i m e , both wi th and 
without e a r f o r m a t i o n . It wi l l be s e e n tha t the p a t t e r n of change i s s i m i l a r for s t r a i n 
C103 and Ind. 3 8 - 1 1 , but t ha t the a b s o l u t e c o n c e n t r a t i o n in t h e s e two is qu i te d i f fe ren t . 
T h e s e two s t r a i n s then would be su i t ab l e for gene t ic s t u d i e s . The o the r two s t r a i n s , 
Wf and Te , a l s o show s i m i l a r p a t t e r n s , but the abso lu t e c o n c e n t r a t i o n s in the two a r e 
so n e a r l y the s a m e a s to m a k e t h e m unsu i t ab l e for gene t i c s t u d i e s . Th i s s tudy is 
cont inuing in an a n a l y s i s of g r a i n y ie ld and when the a n a l y s i s i s c o m p l e t e , it wi l l be 
p o s s i b l e to m a p a fu tu re p r o g r a m . (R. Van Reen) 

The Effect of G e n e r a t i o n T i m e on Muta t ion Ra te in B a c t e r i a (6400) 

A s e r i e s of e x p e r i m e n t s have been in p r o g r e s s for s o m e m o n t h s to d e t e r m i n e 
the r e l a t i v e s e n s i t i v i t y of b a c t e r i a to X - r a y s and b e t a - r a y s a s a function of the t i m e 
and n u m b e r of c e l l d i v i s i o n s . In o r d e r to do t h i s , it w a s f i r s t n e c e s s a r y to show tha t 
the i r r a d i a t i o n i tse l f had no a p p r e c i a b l e effect on the g rowth r a t e . A c c o r d i n g l y , a 
r a d i a t i o n - r e s i s t a n t s t r a i n of b a c t e r i a , E . co l i B / r , w a s s tud ied . T h e r e w a s no d e 
t e c t a b l e effect on g rowth r a t e du r ing cont inuous i r r a d i a t i o n a t the r a t e of 5,000 r / h r 
Th i s c h a r a c t e r i s t i c w a s sub jec ted to e x t r e m e cond i t ions of d i f ferent t ypes of m e d i a 
in a r a n g e of inoculuna v a r y i n g a mi l l i on - fo ld . The r e s u l t s a g r e e wi th p r e v i o u s f ind
ings in p 3 2 e x p e r i m e n t s in which no mod i f i ca t ion of g rowth k i n e t i c s w a s o b s e r v e d 
with high c o n c e n t r a t i o n s of P-^2 in the m e d i a in t h i s s t r a i n of b a c t e r i a . It i s p o s s i b l e 
to c o n t r o l the r a t e of c e l l d iv i s ion du r ing i r r a d i a t i o n by v a r y i n g the p r o p o r t i o n of 
i nocu lum to f r e s h m e d i a . F o r e x a m p l e , if a c o m p l e t e l y g rown c u l t u r e i s m i x e d wi th 
an equa l amoun t of f r e s h m e d i u m , the b a c t e r i a m a y be e x p e c t e d to go t h r o u g h one 
d iv i s ion . If the r a t i o i s changed to c o r r e s p o n d to one p a r t of c u l t u r e to t h r e e p a r t s 
of f r e s h nnedium, t h e r e would be two d i v i s i o n s , e t c . 
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C u l t u r e s w e r e i r r a d i a t e d a t a r a t e of 5,000 r / h r and for cons t an t t i m e s so tha t 
a l l c u l t u r e s r e c e i v e d the s a m e to t a l d o s e . C u l t u r e s w e r e then chosen which could be 
expec ted to go t h r o u g h f r o m 0 to 4 g e n e r a t i o n s du r ing the e x p o s u r e t i m e . Since it 
a l r e a d y h a s been e s t a b l i s h e d tha t the full e x p r e s s i o n of the m u t a n t s i s de l ayed af te r 
i r r a d i a t i o n , the m u t a n t popu la t ions w e r e fol lowed for a s m a n y a s 22 g e n e r a t i o n s af te r 
i r r a d i a t i o n . 

R e s u l t s a r e not ye t c o m p l e t e , so only t en t a t i ve c o n c l u s i o n s can be d r a w n . It 
a p p e a r s , ho 'wever, tha t i m m e d i a t e l y a f te r i r r a d i a t i o n t h e r e w^as an i n c r e a s e in the 
n u m b e r of m u t a n t s which v a r i e d d i r e c t l y wi th the n u m b e r of g e n e r a t i o n s t h r o u g h 
which the c u l t u r e s had g rown whi le be ing i r r a d i a t e d . H o w e v e r , when the c u l t u r e s 
w e r e fol lowed t h r o u g h s u b s e q u e n t g e n e r a t i o n s , it a p p e a r e d tha t the c u l t u r e s tha t had 
gone th rough 1, 2 o r 3 g e n e r a t i o n s du r ing the i r r a d i a t i o n showed no d i f f e r ences in 
the peak n u m b e r of m u t a n t s o r in the t i m e of a p p e a r a n c e of t h i s peak . T h e r e s e e m 
to be s o m e d i s c r e p a n c i e s in the 0 and 4 g e n e r a t i o n g r o u p s , but it a p p e a r s p r o b a b l e 
that the g e n e r a l p a t t e r n wi l l be fol lowed in t h e s e g roups a l s o . 

The i n e s c a p a b l e conc lus ion to be r e a c h e d a t the m o m e n t i s tha t b a c t e r i a l c e l l s 
differ f r o m t h o s e of h i g h e r o r g a n i s m s in tha t the n u m b e r of m u t a t i o n s p r o d u c e d s e e m s 
to be independen t of c e l l d iv i s ion . 

Th i s i s a r a t h e r sweep ing conc lus ion and e x p e r i m e n t s a r e now in p r o g r e s s to 
check it f r o m e v e r y p o s s i b l e ang le . (B.A. Rubin) 

Effect of X - I r r a d i a t i o n on Blood P r o t e i n s (6400) 

P r e l i m i n a r y e x p e r i m e n t s i nd i ca t e tha t whole body X - i r r a d i a t i o n in r a t s l e a d s to 
a d e c r e a s e in the l eve l of the m e t a l - b i n d i n g p r o t e i n in blood p l a s m a . The a p p a r e n t 
d e c r e a s e o c c u r s s e v e r a l days a f t e r i r r a d i a t i o n , co inc id ing t e m p o r a r i l y wi th o the r 
known changes in c o m p o s i t i o n of blood p l a s m a . ( J .R . Klein) 

T r a c e r S tud ies of B io log i ca l P r o b l e m s 

The Effect of S u b s t r a t e on the Endogenous R e s p i r a t i o n of a Mold (6400) 

An inves t iga t ion w a s u n d e r t a k e n to d e t e r m i n e the effect of s u b s t r a t e on e n d o g e n 
ous r e s p i r a t i o n . The mo ld , S t r e p t o m y c e s c o e l i c o l o r , wh ich h a s a high endogenous 
r e s p i r a t i o n , w a s a l lowed to grow in a m e d i u m conta in ing C • '•4-glucose. The r a d i o a c t 
ive mediuna w a s w a s h e d out a f te r t h e r e w a s a fa i r c o n c e n t r a t i o n of the C^4 i^ ^he naold. 
The endogenous r e s p i r a t i o n in the m o l d w a s followed by co l l ec t ing the C ^ 4 o 2 tha t it 
g e n e r a t e d . When a n o n - r a d i o a c t i v e r e s p i r a b l e s u b s t r a t e , g lucose o r p y r u v a t e , w a s 
added , it w a s found tha t the endogenous r e s p i r a t i o n did not change a p p r e c i a b l y . One 
would infer f r o m t h e s e e x p e r i m e n t s t ha t endogenous CO2 p roduc t i on p r o c e e d s v ia 
m e t a b o l i c pa thways c o m p l e t e l y s e p a r a t e f r o m t h o s e involved in s u b s t r a t e oxidat ion, 
(M, Gibbs ; V. C o c h r a n e , W e s l e y a n U n i v e r s i t y ) 
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The Effect of Din i t rophenol on P h o s p h a t e M e t a b o l i s m (6400) 

A p r e l i m i n a r y e x p e r i m e n t has been c a r r i e d out in c o l l a b o r a t i o n with Dr . Sinex of 
the Med ica l D e p a r t m e n t on the effects of d in i t ropheno l on phospha t e t r a n s f e r s in the 
r a t d i a p h r a g m a s the e x p e r i m e n t a l ob jec t . It has b e e n w e l l e s t a b l i s h e d than d i n i t r o 
phenol in su i t ab le c o n c e n t r a t i o n m a r k e d l y s t i m u l a t e s the r e s p i r a t i o n of t i s s u e s and 
even t i s s u e m i n c e s . It h a s f u r t h e r b e e n e s t a b l i s h e d tha t d in i t ropheno l wi l l b lock the 
i n c o r p o r a t i o n of a m i n o a c i d s into t i s s u e s l i c e p r o t e i n s , and it h a s b e e n p o s t u l a t e d tha t 
t h i s i s due to the b locking of the p h o s p h o r y l a t i n g m e c h a n i s m of the ce l l . P r e l i m i n a r y 
r e s u l t s ind ica te tha t the t u r n o v e r r a t e of the labi le p h o s p h o r u s of the a d e n o s i n e t r i -
phospha te in the p r e s e n c e of d in i t ropheno l w a s not m a r k e d l y r e d u c e d below the va lue 
ob ta ined in the c o n t r o l s . The oxygen c o n s u m p t i o n of the d iaphragna , h o w e v e r , w a s 
i n c r e a s e d by m o r e than 50% above that of the c o n t r o l s . T h i s r e s u l t f u r n i s h e s a d d i 
t iona l ev idence that the p h o s p h o r y l a t i n g m e c h a n i s m is only one of the pa thways of 
m e t a b o l i s m in the in tac t c e l l . (J . Sacks) 

D i s a p p e a r a n c e f r o m Mouse T i s s u e s of C a r b o n f r o m A s s i m i l a t e d S u c r o s e (6400) 

Ten m a l e naice , C57 b l a c k s , 3 l / 2 to 6 l / 2 m o n t h s old, w e r e each fed a s ing le 
dose of un i fo rmly e n r i c h e d C-'-4 s u c r o s e . To t a l s u c r o s e fed w a s 5.0 to 8,3 m g p e r 
g r a m m o u s e body -weight. Stock m o u s e pe l l e t d ie t p r e c e d e d and followed the d o s e . 
At v a r i o u s t i m e s , f r o m 3 l / 2 h r to 36 d a y s , a f te r C-^4 s u c r o s e inges t ion m i c e w e r e 
k i l l ed by w i thd rawing h e a r t blood unde r n e m b u t a l a n a e s t h e s i a and d i s s e c t e d i m m e d 
ia t e ly . D i s s e c t e d p a r t s •were p o w d e r e d a t l iquid n i t r o g e n t e m p e r a t u r e and p o r t i o n s 
sub jec ted to c o m b u s t i o n . The r e s u l t i n g CO2 w a s counted a s B a C 0 3 . Specif ic ac t iv i ty 
w a s e x p r e s s e d in m/zc p e r m g t i s s u e c a r b o n for 1 ^c C^4 fed p e r g r a m m o u s e body 
weight . F o r the c a r b o n of e a c h of 31 o r g a n s or t i s s u e s , the l o g a r i t h m of the speci f ic 
ac t iv i ty w a s p lo t ted a g a i n s t e l a p s e d t i m e . E a c h c u r v e w a s r e s o l v e d into a s m a n y 
s t r a i g h t l ine c o m p o n e n t s a s n e c e s s a r y for i t s d e s c r i p t i o n . O r g a n s c o n c e r n e d with 
a l i m e n t a t i o n r e q u i r e d f o u r - c o m p o n e n t d e s c r i p t i o n , m o s t o t h e r o r g a n s r e q u i r e d t h r e e . 
The o rgan i c c a r b o n of the sol id p o r t i o n of long bone h a s a componen t wi th a ha l f - l i f e 
of about 200 d a y s . The 3 1/2 h r c o n c e n t r a t i o n of t h i s c o m p o n e n t i s about 0,05 m/zc 
p e r m g c a r b o n for 1 /xc C-'-4 s u c r o s e fed p e r g r a m m o u s e body weigh t . Abdomina l 
s t o r a g e fat has a v e r y low t u r n o v e r r a t e a s m e a s u r e d by t h i s me thod . Th roughou t 
the 36 d a y s , i t s C-'-4 c o n c e n t r a t i o n r e m a i n e d a round 0.12 m/j-c p e r m g c a r b o n for 1 /xc 
C s u c r o s e fed p e r g r a m m o u s e body we igh t . (R. Stee le) 

E x c h a n g e Be tween P l a s m a I ron and Red C e l l s (640C) 

To d e t e r m i n e w h e t h e r n o r m a l l y bound p l a s m a i r o n (as opposed to i r o n added to 
blood in a f lask) is t aken up by r e d c e l l s on incubat ion , a duck w a s in jec ted i n t r a p e r i 
tonea l ly with F e ^ 5 and b led af te r 30 m i n when the p l a s m a / e r y t h r o c y t e ac t iv i ty r a t i o 
w a s high. Th i s blood w a s incuba ted and it w a s found tha t t h e r e w a s a t r a n s f e r of 
F e ^ ^ f r o m p l a s m a to c e l l s c o m p a r a b l e to tha t obta ined if i n o r g a n i c i r o n is added 
d i r e c t l y to b lood. It i s conc luded tha t the i n c o r p o r a t i o n of i r o n in henaoglobin, which 
h a s been o b s e r v e d to o c c u r on incuba t ion , t a k e s p l ace by the s a m e m e c h a n i s m a s when 
the i r o n is in the f o r m of n a t u r a l l y o c c u r r i n g p l a s m a i ron , (L ,M. S h a r p e , J ,R, Klein) 
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MEDICAL D E P A R T M E N T 

Div is ion of t he Hosp i t a l 

B io log ica l Effec ts of Rad ia t ion : C a n c e r Con t ro l (6Z10)^ 

Dur ing the q u a r t e r ended D e c e m b e r 3 1 , 1950, t he h o s p i t a l cont inued to g row. 
T r e a t m e n t of p a t i e n t s \vith m e t a s t a t i c thy ro id c a r c i n o m a -was cont inued •with 1-131. 
P a t i e n t s with h y p e r t h y r o i d i s m w e r e a l so t r e a t e d with 1-131, P a t i e n t s with o v a r i a n 
c a r c i n o m a , agnogenic mye lo id m e t a p l a s i a , e n c h o n d r o m a , f i b r o s a r c o m a and g l i o b l a s 
t o m a m u l t i f o r m e have b e e n a d m i t t e d for c a r e , t r e a t m e n t and s tudy. Studies a r e a l so 
cont inuing on c h i l d r e n with t h e n e p h r o t i c s y n d r o m e . (C,G. F o s t e r , J .L . G a m b l e , J r . , 
J. S. R o b e r t s o n , L. E. F a r r ) 

Div i s ion of B a c t e r i o l o g y 

Bio log ica l Effec ts of Rad ia t ion : Immunology (6300) 

The new coba l t s o u r c e i s p r o v i n g to be v e r y s a t i s f a c t o r y for s tudying the effects 
of r a d i a t i o n on infect ion. We have a c c u r a t e l y d e t e r m i n e d the LD-'^ for m i c e and find 
tha t we can dup l i ca t e our r e s u l t s without difficulty. Work is cont inuing on t h e p r o b 
l e m s p r e v i o u s l y out l ined. C o l l a b o r a t i v e work wi th Dr . B a c o n Chow f r o m Johns 
Hopkins U n i v e r s i t y h a s b e e n s t a r t e d th i s q u a r t e r u s i n g our coba l t r a d i a t i o n s o u r c e for 
s tudying t h e effect of nu t r i t i on on s u s c e p t i b i l i t y to r a d i a t i o n . T h e r e have b e e n 105 
b a c t e r i o l o g i c a l d e t e r m i n a t i o n s done for t he hosp i t a l . (W.M. Hale , R.D. S tone r , 
H.T. G a r d n e r ) 

Effects of Rad ia t ion on B a c t e r i a l M e t a b o l i s m (6300) 

Work i s cont inuing on t h e effects of r a d i a t i o n on t h e p n e u m o c o c c u s t r a n s f o r m i n g 
s u b s t a n c e . ( R . M . Drew) 

Div is ion of Pa tho logy 

Influence of M e c h a n i c a l In jury, Rad ia t ion Injury, 
and D i s e a s e S ta tes upon Body P r o t e i n S t o r e s (6300) 

Work i s continuing on c e r t a i n a s p e c t s of p r o t e i n and amino acid m e t a b o l i s m 
dur ing in jury and d i s e a s e s t a t e s . (S.C. Madden , J.A, F a n c h e r , J r . , L .V. Hankes ) 

*For explanation of these numbers, see Foreword. 
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Div i s ion of B i o c h e m i s t r y 

Combined Dete rnn ina t ion of To t a l C a r b o n and C Act iv i ty (6300) 

The m e t h o d s for wet c a r b o n c o m b i n a t i o n out l ined in t he A p r i l - J u n e p r o g r e s s 
r e p o r t have b e e n re f ined and extended. The p r o c e d u r e b a s e d on Van S l y k e - F o l c h wet 
c o m b u s t i o n and m a n o m e t r i c m e a s u r e m e n t of t he CO2, fol lowed by quan t i t a t i ve t r a n s 
fer of t he CO2 to t he B e r n s t e i n - B a l l a n t i n e gas c o u n t e r , h a s b e e n extended so t ha t it 
has b e c o m e p r a c t i c a l to m e a s u r e spec i f ic a c t i v i t i e s a s l i t t l e a s 0.01 a s g r e a t a s t h o s e 
m e a s u r a b l e by c u r r e n t p r o c e d u r e s b a s e d on count ing the C^'* a s B a C ^ ^ 0 3 . With the 
gas coun te r N a 2 C ^ ^ 0 3 - N a 2 C ^ ^ 0 3 so lu t i ons can b e s t a n d a r d i z e d in m i l l i m i c r o c u r i e s 
p e r m g of c a r b o n to b e t t e r t han I 1% a c c u r a c y , for u s e in s t a n d a r d i z i n g BaC^ '^03 
c o u n t e r s , w h e r e a s t he s t a n d a r d B a C ^ ^ 0 3 p r e v i o u s l y ob ta inab le had a i e r r o r of 10%. 
(D. D. Van Slyke and J. P l a z i n in c o l l a b o r a t i o n wi th R. S tee le , Biology D e p a r t m e n t ) . 

D e t e r m i n a t i o n of C^'* in t h e C a r b o x y l G r o u p s of F r e e Amino Acids (6300) 

The r e a c t i o n of f r e e a m i n o a c i d s with n inhydr in , by which the a m i n o a c i d s a r e 
d e c o m p o s e d a c c o r d i n g to t h e r e a c t i o n , R" C H ( N H 2 ) ' C 0 0 H — RCHO + CO2, deve loped 
for quan t i t a t i ve m i c r o d e t e r m i n a t i o n of f r e e amino a c i d s by Van Slyke and Dil lon, 
has b e e n appl ied to d e t e r m i n a t i o n of C^^ in the c a r b o x y l g r o u p s of f r e e a m i n o a c i d s . 
The CO2 evolved i s m e a s u r e d and counted in t he g a s coun te r by t he t e c h n i q u e out l ined 
above , and has b e e n appl ied in s tudying t h e i n c o r p o r a t i o n of a m i n o a c i d s into t i s s u e 
p r o t e i n s . (F .M. Sinex) 

F a c t o r s Affecting I n c o r p o r a t i o n of Amino Ac ids into T i s s u e P r o t e i n s (6300) 

Surv iv ing r a t d i a p h r a g m s w e r e incuba ted in so lu t i ons conta in ing a l a n i n e l abe l ed 
with C^* in t he c a r b o x y l g roup . T h e i n c o r p o r a t e d a l an ine was m e a s u r e d by h y d r o l i z -
ing the i s o l a t e d m u s c l e p r o t e i n s , and d e t e r m i n i n g the c a r b o x y l C of t h e a m i n o ac id s 
in t he h y d r o l y s a t e by the me thod out l ined in t he p r e c e d i n g p a r a g r a p h . Addi t ion of i n 
su l in to t he incuba ted m i x t u r e a c c e l e r a t e d t he i n c o r p o r a t i o n of the C^'* into t h e p r o 
t e i n s . C o r t i s o n e , on t he o the r hand , w a s found to d e c r e a s e t he amoun t of c a r b o n - 1 4 
found in t he p r o t e i n . Work now in p r o g r e s s i s d i r e c t e d t o w a r d u n d e r s t a n d i n g the 
m e c h a n i s m by which amino a c i d s a r e c o n c e n t r a t e d wi th in t i s s u e p r i o r to t h e i r i n c o r 
p o r a t i o n into p r o t e i n . (F .M, Sinex) 

Div i s ion of Phys io logy 

Th i s d i v i s i o n was ac t iva ted on Oc tober 1, 1950. 

C h e m i c a l Ana tomy of t h e Body F l u i d s and M e m b r a n e P e r m e a b i l i t y (6300) 

Work p r e v i o u s l y begun in t h e Div i s ion of B i o c h e m i s t r y i s cont inuing on the d i s 
t r i b u t i o n of body fluids and m e m b r a n e p e r m e a b i l i t y . N a - 2 4 s tud i e s w e r e c a r r i e d out 
on 11 p a t i e n t s d u r i n g t h e p e r i o d , t o g e t h e r wi th r e n a l funct ion t e s t s , e s t i m a t i o n of to t a l 
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r e d ce l l m a s s , and o b s e r v a t i o n s of e x t r a c e l l u l a r fluid v o l u m e with s u c r o s e , t o g e t h e r 
with to t a l body w a t e r e s t i m a t i o n us ing a n t i p y r i n e and d e u t e r i u m . Methods a r e p r e 
sen t ly be ing r e v i s e d to i n c r e a s e a c c u r a c y of a n a l y s e s , ( J ,L , G a m b l e , J r . , J .S . R o b e r t 
son, C.G. F o s t e r , L .E . F a r r ) 

Effects of In t e rna l l y A d m i n i s t e r e d I so topes on R e n a l Func t ion (6210) 

At t he m e e t i n g of the A m e r i c a n A s s o c i a t i o n for t h e A d v a n c e m e n t of Sc ience in 
C leve land , D e c e m b e r 30, 1950, a p a p e r was p r e s e n t e d f r o m the Div i s ion giving a 
r e p o r t on s t u d i e s to da t e of effects of 1-131 a d m i n i s t r a t i o n on r e n a l funct ion of p a 
t i e n t s wi th m e t a s t a t i c c a r c i n o m a of t he t h y r o i d : 

T'welve p a t i e n t s wi th thy ro id c a r c i n o m a have r e c e i v e d t o t a l 
d o s e s of 1-131 r ang ing f r o m 4 to 360 m c . Included in t h i s s e r i e s 
a r e 4 p a t i e n t s who have r e c e i v e d v e r y l a r g e s ing le d o s e s of t he 
i s o t o p e r ang ing f r o m 200 to 300 m c . R e n a l funct ion t e s t s c a r r i e d 
out on t h e s e p a t i e n t s at v a r y i n g t i m e i n t e r v a l s af ter i so tope a d 
m i n i s t r a t i o n up to ove r 2 y e a r s have fa i led thus fa r to d i s c l o s e 
any r e n a l a b n o r m a l i t i e s c a u s e d by r a d i o a c t i v e i so tope a d m i n i s t r a 
t ion . 

F r o m t h e s e p r e l i m i n a r y s tud i e s which a r e be ing extended and 
e n l a r g e d , i t would a p p e a r t ha t d o s e s of 1-131 which have in t he p a s t 
b e e n a d m i n i s t e r e d with h e m a t o l o g i c a l safe ty to p a t i e n t s wi th m a l i g 
n a n c i e s a r e un l ike ly to p r o d u c e s ign i f ican t a d v e r s e effects on r e n a l 
funct ion. ( J . L . G a m b l e , J r . , J .S . R o b e r t s o n , C.G. F o s t e r , L . E . F a r r ) 




