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A previously unreported gamma ray  of approxi- 

mately 175 keV and 7% abundance w a s  found i n  t he  

48 decay of Sc . This necess i t a tes  a rev i s ion  ~f 

the  decay scheme t o  include a second be ta  group 

with an end-point energy of approximately 475 keV. 

The presence of the  new yama and second be ta  

group was confirmed by means of ga~runa-gamma and 

beta-gamma coincidence counting techniques. 

h e  decay of ~c~~ has been s tudied i n  numerous labora- 

tories, The most recent  of these  s tud i e s  was repor ted by 

Nooijen 132 i n  which a summary of earlier work i s  given. 

Basical ly,  the  decay scheme of sc4* a s  reported i s  

i l l u s t r a t e d  i n  Fig. 1. A s ing l e  be ta  group with a 651 keV . ' 
end-point energy is  followed by three ganunas (1.04, 1.30, 

and 0.98 M ~ V )  i n  cast% +-!IF- e. ~ p p a r e n  y owevyr, t he  Low- 
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1-5 energy p a r t  of t h e  gamma spectrum has  not  been i n v e s t i g a t e d  . 
I n  t h e  course of an inves t iga t ion6  concerned with 14- 

MeV neutron c r o s s  s e c t i o n  measurements, t h e  gamma spectrum 

51  48 of  Sc48 obtained from t h e  V (n,a)Sc r e a c t i o n  was found 

t o  conta in  a peak i n  t h e  175 keV a r e a  (Fig. 2 ) .  That t h i . s  

48 gamma .(of 7% abundance) belongs t o  t h e  decay of Sc was 

confirmed by t h e  constancy of  i t s  s p e c i f i c  a c t i v i t y  during 

var ious  chemical p u r i f i c a t i o n  procedures,  by t h e  determina- 

t i o n  of i t s  h a l f - 1 i f e . a n d  by t h e  coincidence s t u d i e s  

descr ibed i n  t h e  following s e c t i o n s .  

Prepara t ion  of Sources 

Sources f o r  gamma spectroscopy were prepared by t h e  

51 48 
V (n,a)Sc reac t ion .  Pure vanadium f o i l s  were i r r a d i a t e d  

with 14.5-MeV neutrons obtained from t h e  BNL Van de Graaff 

4 
genera tor  using t h e  T(d,n)He r e a c t i o n .  Sources obtained 

. in.  t h i s  fashion  were except ional ly  pure radiochemically and 

were used d i r e c t l y .  

48 
For sources f o r  b e t a  spectrometry,  t h e  Sc was prepared 

51 48 
by t h e  V ( n , a ) ~ c  r e a c t i o n  by i r r a d i a t i o n  of -100 g of 

vanadium pentoxide.  The oxide was d isso lved  i n  a l k a l i .  

The mixture was a c i d i f i e d .  I ron  c a r r i e r  was added and t h e  

a 
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mixture was rendered a l k a l i n e .  The f e r r i c  hydroxide, which 

48 
c a r r i e d  p r a c t i c a l l y  a l l  of  t h e  Sc , was separa ted  by 

cen t r i fug ing ,  and was cleaned of most of t h e  occluded 

vanadate by d i s so lv ing  i n  a c i d  and r e p r e c i p i t a t i n g  wi th  

base s e v e r a l  t imes.  Most of t h e  i r o n  was then e x t r a c t e d  

i n t o  e t h e r  from a 6-8 N hydrochloric  a c i d  so lu t ion .  A 

smal l  amount of i r o n  c a r r i e r  was then  added and t h e  p u r i f i c a -  

t i o n  procedure was repeated.  The aqueous s o l u t i o n  was then  

brought t o  pH 3 and t h e  scandium was e x t r a c t e d  with a 0.5 M 

s o l u t i o n  of TTA (thenoyPtrifluoroacetone) i n  benzene. The 

benzene s o l u t i o n  was washed s e v e r a l  t i m e s  wi th water t o  

remove a l l  ammonium ch lo r ide  and then  e x t r a c t e d  with 

2 N hydrochloric  ac id .  The a c i d  s o l u t i o n  was washed s e v e r a l  

t imes wi th  benzene t o  remove a l l  TTA. The s o l u t i o n  was 

evaporated t o  a very smal l  volume and then t o  dryness on 

0.25-mil Mylar t r e a t e d  with i n s u l i n .  The source prepared 

i n  t h i s  way was very t h i n  and v i r t u a l l y  f r e e  from i n t e r f e r i n g  

s o l i d s .  The source was grounded with Aquadag. 

The Gamma spectrum 

The gammas were de tec ted  using a 3" x 3" N ~ I ( T ~ )  c r y s t a l  

f o r  t h e  h igher  energy gammas and both 3" x 3" ,and 1.5" x 1.5" 
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NaI (TI) c r y s t a l s  f o r  t h e  low-energy gamma. A sample spectrum 

i s  i l l u s t r a t e d  i n  Fig. 2 .  Featured a r e  t h e  1.3-MeV photo- 

peak, t h e  unresolved doublet  a t  1 .0  MeV which have been 

previous ly  observed and i n t e r p r e t e d ,  and t h e i r  a s soc ia ted  

Compton d i s t r i b u t i o n s .  The backsca t t e r  peak assoc ia ted  

with t h e  high-energy gammas h e r e  appears a s  a  shoulder on 

t h e  r i g h t  s lope  of  a ' s h a r p ,  previous ly  unobserved photopeak 

a t  -175 keV. The backsca t t e r  peaks and photopeak of t h e  

o t h e r  nucl ides  i n  t h e  i l l u s t r a t i o n  were used t o  c a l i b r a t e  

t h e  energy. of t h e  new peak. 

Originally t h i s  photopeak w a s  considered t o  have a r i s e n  

from t h e  decay of  Sc47 which may have been formed from t h e  

v50 ( n , a ) ~ c ~ ~  reac t ion .  However, t o  o b t a i n  t h e  160-keV 

gamma of Sc47 i n  such i n t e n s i t y  r e q u i r e s  t h e  r e a c t i o n  t o  

have an i n o r d i n a t e l y  high c r o s s  s e c t i o n  (-1.2 b a r n s ) .  The 

51  47 
formation of ~c~~ from t h e  V ( n , n a ) ~ c  r e a c t i o n  had been 

7 
considered e n e r g e t i c a l l y  un l ike ly .  Borman and coworkers, 

however, i n  determining t h e  e x c i t a t i o n  funct ion  of t h e  

51 47 
V (n,na)Sc reac t ion ,  have measured t h e  1 6 0 - k e ~  peak 

48 
(unresolvable  from t h e  175-keV gamma of Sc ) r e p o r t i n g  

a h a l f - l i f e  of 8 2  hours and a c r o s s  s e c t i o n  f o r  t h e  r e a c t i o n  

with 14-MeV neutrons of 3  2 2 mb. This  h a l f - l i f e  determina- 
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- t i o n  was repeated.  The decay of t h e  peak was followed 

48 
f o r  about t h i r t e e n  h a l f  - l i v e s  of  Sc (seven of S C ~ ~ )  and 

compared with t h e  decay of t h e  1.30-MeV peak ( ~ i g .  3 ) .  

By means of a l e a s t  squares  a n a l y s i s ,  t h e  h a l f - l i f e  of t h e  

1.30-MeV peak, a s  expected, was found t o  be 44.1 t 0.3 

hours.  When analyzed a s  a two-component system wi th  a 

h a l f - l i f e  of t h e  second component assigned a s  3.4 days, 

t h e  h a l f  - l i f e  of t h e  175-keV peak was found t o  be 43.9 + 0.6 

hours  f o r  one spectrometer ga in  s e t t i n g  and 45.2 2 1.5 

hours f o r  a second ga in  s e t t i n g .  The second component 

was found ' t o  be p r e s e n t  i n  7.6 + 2.5% and 7.9 t 1.1% of t h e  

t o t a l  r e spec t ive ly .  Cer ta in ly ,  a t  t h e  i n i t i a l  time of 

counting, no more than 10% of t h e  175-keV gamma was due t o  . 

47 
t h e  presence of Sc  . These percentages a r e  given a s  upper 

l i m i t s  s i n c e  t h e r e  i s  no r e a l  assurance t h a t  a second 

component had a h a l f - l i f e  of 3.4 days o r  t h a t  it was Sc  
47 

i f  it d id .  Based on t h e  above d a t a ,  t h e  c r o s s  s e c t i o n  f o r  

51 
t h e  V ( n , n ~ ) S c ~ ~  r e a c t i o n  i s  l e s s  than 0.3 mb .  Thus Sc 

47 

was e l iminated  from cons ide ra t ion  a s  t h e  major source of 

t h e  175-keV gamma. 
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Gamma-Gamma coincidences 

The low-energy gamma spectrum i n  coincidence with t h e  

1.30-MeV photopeak i s  given i n  Fig.  4 along with t h e  

" s ing les"  spectrum. Both c o n s i s t  of a 175-keV photopeak 

and of  a backsca t t e r  peak and Compton d i s t r i b u t i o n  which 

were generated from higher  energy gammas. The r a t i o  of t h e  

photopeak he igh t  t o  t h e  Compton d i s t r i b u t i o n  i n t e n s i t y  i s  

g r e a t e r  f o r  t h e  coincidence spectrum than f o r  t h e  " s ing les"  

spectrum. This  is  due t o  t h e  f a c t  t h a t  only t h e  Comptons 

of  t h e  1.0-MeV doublet  a r e  i n  coincidence wi th  t h e  1.30-MeV 

photopeak. The r e l a t i v e  i n t e n s i t y  of t h e  Comptons i n  t h e  

coincidence spectrum i s  thus  expected t o  be reduced by one- 

t h i r d .  

The d a t a  above demonstrate t h a t  t h e  175-keV gamma i s  

i n  coincidence with t h e  1.30-MeV gamma. The d a t a  concern- 

i n g  t h e  coincidences with t h e  0.98-1.04-MeV double t ,  which 

i s  no t  i l l u s t r a t e d  s i n c e  it i s  v i r t u a l l y  i d e n t i c a l  t o  

Fig.  4, demonstrates only t h a t  t h e  175-keV gamma i's i n  

coincidence b u t  does n o t  determine whether it i s  i n  co inc i -  

dence with both gammas. The l a t t e r  ques t ion  i s  resolved  

by examination of t h e  high-energy gammas i n  coincidence 

with t h e  175-keV gamma (Fig. 5 ) .  Since t h e r e  is  v i r t u a l l y  
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no change i n  t h e  r e l a t i v e  peak h e i g h t s  of t h e  0.98-1.04-MeV 

doub le t , and  t h e  1.30-MeV gamma, t h e  175-keV gamma is  i n  

coincidence with both  t h e  0.98-MeV and t h e  1.04-MeV gammas. 

A smal l  a d d i t i o n a l  peak a t  -800 keV i s  i n  t h e  co inc i -  

dence spectrum. By means of  a n c i l l a r y  experiments t h i s  

was shown t o  be an i n t e n s i f i e d  Compton edge caused by 

coincidences with a small  p a r t  of t h e  b a c k s c a t t e r s  of t h e  

high-energy gammas which over lap  t h e  175-keV peak. The 

i n t e n s i f i c a t i o n  of t h e  Compton edge i s  due t o  100% angular  

c o r r e l a t i o n  a t  180° between t h e  b a c k s c a t t e r s  and t h e  Compton 

edge. 

The Beta Spectrum and Beta-Gamma Coincidences 

The b e t a s  were de tec ted  and analyzed by an i ron- f ree ,  

8 
intermediate-image beta-ray spectrometer . I n  order  t o  

ob ta in  maximum transmission t h e  annulus was kept  wide open, 

reducing t h e  r e s o l u t i o n ,  however, t o  4%. The gammas were 

de tec ted  by a 6-mm t h i c k  sodium iod ide  c r y s t a l  coupled t o  

a r e l a t i v e l y  noise-free photomul t ip l ie r  tube  through a 

l i g h t  p i p e  ( t o  remove t h e  tube from t h e  magnetic f i e l d ) .  

When des i red ,  both s i g n a l s  were examined f o r  c o h c i d e n c e .  

I n  t h i s  fashion  were determined t h e  " s i n g l e s "  b e t a  spectrum 



Page 8. 

(Fig. . 6 ) ,  t h e  b e t a  spectrum i n  coincidence with 175-keV 

gammas ( ~ i g .  7 ) ,  t h e  gamma spectrum i n  cosncidence with 

316 + 13 keV e l e c t r o n s  from t h e  b e t a  spectrum (Fig. 8 ) ,  

and t h e  gamma spectrum i n  coincidence with 534 + 2 1  keV 

e l e c t r o n s  (Fig. 8 ) .  

I n  c o n t r a s t  wi th  t h e  observat ions  of ~ o o i  jen1'2 and 

coworkers, t h e  " s ing les"  b e t a  spectrum (E'ig. 6 )  was found 

t o  have two b e t a  groups with end-point ene rg ies  of 658 + 26 

and 475 + 23. There appear t o  be some anomalies a t  energies  

below 200 kev which may be due t o  sample th ickness  o r  noise,.  

48 47 i 
Nooi jen ' s  Sc source was s a i d  t o  conta in  some Sc a s  an 

impurity.  When cor rec ted  f o r  t h i s  impuri ty ,  which has  two 

b e t a  groups  with end-point ene rg ies  of 610 (26%) and 450 

(74%) keV, h i s  Kurie p l o t  of  t h e  r e s i d u e  was found t o  be 

s t r a i g h t .  However, t h e  ene rg ies  of t h e  ~c~~ b e t a s  a r e  

48 
s i m i l a r  t o  those  of Sc . Despite  t h e  absence of f u r t h e r  

d e t a i l s  of t h e  c o r r e c t i o n  procedure,  it might be reasonable 

t o  suspect  t h a t  over-correct ion had caused t h e  l o s s  of t h e  

48 
lower energy b e t a  group of Sc which was observed i n  t h e  

47 
p r e s e n t  work. Furthermore, f o r  t h i s  work, Sc i s  p r e s e n t  

a s  an impuri ty  t o  t h e  e x t e n t  of l e s s  than  0.7%. Therefore,  

t h e r e  is  c e r t a i n l y  no c o r r e c t i o n  w,arranted. 
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Much f i rmer confirmation of t h e  low-energy b e t a  a r i s e s  

from t h e  coincidence s t u d i e s .  The r e l a t i v e  i n t e n s i t y  of 

t h e  low-energy b e t a  i s  markedly increased  i n  t h e  b e t a  

spectrum i n  coincidence wi th  175-keV gammas (Fig. 7 ) .  The 

high-energy b e t a s  a r e  due t o  coincidences with Compton and 

backsca t t e r  r a d i a t i o n  of t h e  high-energy gammas. Since 

t h e  175-keV gammas a r e  comparable i n  i n t e n s i t y  t o  t h e  

Compton and backsca t t e r  r a d i a t i o n  under t h e  175-keV peak, 

t h e  r e l a t i v e  b e t a  i n t e n s i t i e s  should a l s o  be comparable. 

I n  t h e  coincidence spectrum, t h e  low-energy b e t a  i n t e n s i t y  

was found t o  be about 42% of t h e  t o t a l .  I n  t h e  " s ing les"  

spectrum, t h e  low-energy b e t a s  were found t o  be about 16% 

of t h e  t o t a l ,  bu t  anomalies observed i n  t h e  lower energy 

p o i n t s  tend t o  render  t h i s  l a t t e r  r e s u l t  a s  t o o ' h i g h .  The 

r e l a t i v e  i n t e n s i t i e s  determined from t h e  gamma spectrum 

i s  p r e f e r a b l e .  

Of i n t e r e s t  i n  t h e  gamma s p e c t r a  i n  coincidence with 

d i f f e r e n t  'energy b e t a s  i s  t h e  na tu re  of t h e  s p e c t r a  i n  

t h e  175-keV a r e a  ( ~ i g .  8 ) .  S i g n i f i c a n t l y ,  t h e  175-keV 

peak is missing i n  t h e  gamma spectrum i n  coincidence with 

534-keV b e t a s  while  it i s  almost completely p r e s e n t  i n  t h e  

spectrum i n  coincidence wi th  316-keV be tas .  These d a t a  
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I 

again demonstrate t h a t  t h e r e  a r e  two be tas ,  one i n  co inc i -  
3r 

dence with a 175-keV gamma. Both b e t a s  a r e  apparent ly i n  

coincidence with t h e  h igher  energy gammas. 

~ o n c l u s i o n s  

The r e s u l t s  presented  i n  t h e  preceding s e c t i o n s  

48 
demonstrate t h a t  t h e  decay scheme of Sc r e q u i r e s  two 

b e t a  groups, one followed by t h r e e  gammas i n  cascade and 

t h e  second followed by four  gammas i n  cascade. This i s  

9 
i l l u s t r a t e d  i n  Fig.  9 along with t h e  l a t e s t  information 

48 
on t h e  decay of V . From t h e  log f t  va lue  (6.4), t h e  

475-keV b e t a  t r a n s i t i o n  may be allowed or  f i r s t  forbidden.,  

48 
The s p i n  and p a r i t y  of t h e  Sc ground s t a t e  has  been 

1 9 
repor ted  a s  6+ by Nooijen , although t h i s  h a s  been quest ioned ., 

48 
On t h i s  b a s i s  t h e  s p i n  of t h e  3.51 l e v e l  of ~i can be 

5, 6, o r  7+. I n s u f f i c i e n t  d a t a  i s  a v a i l a b l e  t o  improve 

t h i s  assignment. 

' .I am indebted t o  D r .   avid E. Alburger f o r  t h e  use of 

t h e  Van de Graaff and f o r  a i d  i n  t h e  b e t a  spectrometry 

experiments, and t o  var ious  members of t h e  Nuclear chemistry 

. Group of BNL ' s  chemistry Department and t o  s e v e r a l  members 

of t h e  Hot Laboratory f o r  va luab le  d i scuss ions .  M r .  J. Daane 

i 
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and M i s s  J. Ford helped wi th  some of t h e  chemical separa- 

t i o n s .  
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48 
Decay scheme of Sc . 

48 
Gamma spectrum of Sc . 

48 
Decay curves of photopeaks from t h e  Sc gamma 
spectrum: a )  t h e  1.30-MeV photopeak v, 
b )  t h e  0.175-MeV photopeak f o r  one spectrometer 
ga in  s e t t i n g  -, and c )  t h e  0.175-MeV 
photopeak f o r  a h igher  g a i n  s e t t i n g  (expanded 
s c a l e )  A .  Curves a r e  d i sp laced  f o r  c l a r i t y .  

Gamma s p e c t r a  of Sc48 i n  t h e  175 keV a rea :  
a )  s i n g l e s  spectrum ---------49, and b )  spectrum 
i n  coincidence with 1.30-MeV gammas V. 

48 
Gamma s p e c t r a  of Sc i n  t h e  high energy a r e a :  
a )  s i n g l e s  spectrum ---------0, and b )  spectrum i n  
coincidence with 175-keV gammas. Window of 
gammas'in 175 kev a r e a  used f o r  coincidence 
experiment. 

48 
Kurie p l o t  of b e t a  spectrum of Sc . 

48 
Kurie p l o t  of b e t a  spectrum of Sc i n  coincidence 
with 175-keV gammas. 

48 
Gamma s p e c t r a  of Sc : a )  s i n g l e s  spectrum 9 

b )  spectrum i n  coincidence wi th  316 5 13 keV 
e l e c t r o n s  --------0, and c )  spectrum i n  coincidence 
with 534 f_ 21 keV e l e c t r o n s  -. 

48 
Decay schemes of ~c~~ and V . 



.. ,. . . 
Figure 1 



50 

CHANNEL NUMBER 

I 1.0 MeV I 
c : ~ ~  BACKSCATTER 0.184 MeV 

A 
co60 BACKSCAT TER 

~o~~ 0.123 MeV 

~a~~ BACKSCATTER 

- 
s c  48 

1.3 MeV 

- 

I 1 I 



200 400 600 

TIME - HOURS 



COINCIDENCES 
19 HR COUNT 

CHANNEL NUMBER 

Figure 4 



COINCIDENCES 

20 40 60 80 

CHANNEL NUMBER 

Figure 5 



200 400 600 

ENERGY - keV 

Figure 6 



400 600 

ENERGY - keV 

Figure 7 



CHANNEL NUMBER 

Figure 8 



Figure g 


