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A description is given of the measurements carried out in 
this laboratory in order to determine the self­absorption in pure 
beta sources. 

The beta efficiency, ε«, has been determined for Eß ranging 
^ max 

from 160 to 1390 KeV and sources superficial density ranging from 
0.05 to 0.6 mg/cm2 . 

Use has been made of the nuclides : Nb­95, Co­60, Sc­46, Na­22, 
Au­198 and Na­24. 
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SELF ABSORPTION IN SOURCES OF BETA EMITTERS 

S U M M A R Y 

A description i s given of the measurements 
carried out in this laboratory in order to determine the self 
absorption in pure beta sources . 

The beta efficiency, £.β , has been determined 
for EJ?> ranging from 160 to 1390 KeV and sources super-
ficial density ranging from 0. 05 to 0. 6 m g / c m . 

Use has been made of the nuclides: Nb-95, Co-60 , 
Sc -46 , Na-22 , Au-198 and Na-24 
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I N T R O D U C T I O N 

T h e chief s o u r c e s of e r r o r i n t h e a b s o l u t e 4p i b e t a c o u n t 
ing a r e t h e fo l lowing : 

a) S o u r c e m o u n t , g a s and w a l l s b a c k s c a t t e r i n g 

b) S o u r c e m o u n t a b s o r p t i o n 

c) S o u r c e se l f a b s o r p t i o n 

T h e f i r s t two f a c t o r s c a n be r e a d i l y m e a s u r e d , w h i l e 
the t h i r d o n e , w h i c h depends s i so on t h e t h i c k n e s s of t h e d e p o s i t e d 
m a t e r i a l i n e v e r y po in t of the s o u r c e a n d on t h e d i m e n s i o n s of t h e 
c r y s t a l s in the s o u r c e , i s d i f f icu l t t o d e t e r m i n e . 

M a n y a u t h o r s ( 1 , 2 , 3 , 4 , 5 , 6) h a v e e x a m i n e d t h e a b o v e 
p r o b l e m and the m e t h o d s s u i t a b l e to m e a s u r e t h e s e l f - a b s o r p t i o n . 
T h e s e a r e : 

1) B e t a m e a s u r e m e n t of s o u r c e s of t h e s a m e n u c l i d e a t d i f f e r e n t 
c o n c e n t r a t i o n s ( l ) . A c u r v e i s o b t a i n e d of a c t i v i t y v s . c o n c e n t r a 
t ion t h a t , e x t r a p o l a t e d to i n f i n i t e d i l u t i o n , s h o u l d g i v e t h e t r u e 
d i s i n t e g r a t i o n r a t e . - T h i s m e t h o d h a s i t s w e a k p o i n t i n t h e f a c t 
t h a t the s i z e of t he c r y s t a l s s e e m s t o b e m o r e d e p e n d a b l e o n t h e 
s o l u t i o n t e m p e r a t u r e and s t i r r i n g t h a n o n t h e c o n c e n t r a t i o n . 
At h igh d i l u t i o n the only p a r a m e t e r v a r y i n g w i t h t h e c o n c e n t r a t i o n , 
a l l t he o t h e r c o n d i t i o n s of d e p o s i t i o n b e i n g c o n s t a n t , i s t h e r e f o r e 
the a v e r a g e d i s t a n c e a m o n g t h e c r y s t a l s a n d , t h e n , t h e d i s i n t e g r a 
t ion r a t e o b t a i n e d b y t h i s e x t r a p o l a t i o n i s n o t t h e t r u e o n e . 

2) B e t a m e a s u r e m e n t of S o u r c e s i n w h i c h t h e s i z e of t h e c r y s t a l s i s 
d e t e r m i n e d b y e l e c t r o n m i c r o s c o p e . (2) 

3) B e t a m e a s u r e m e n t of s o u r c e s d i s t i l l e d u n d e r v a c u u m (4) a n d w h o s e 
s u p e r f i c i a l d e n s i t y i s d e t e r m i n e d b y s p e c t r o p h o t o m e t r y . T h e t r u e 
s p e c i f i c a c t i v i t y i s o b t a i n e d by e x t r a p o l a t i o n t o z e r o s u p e r f i c i a l 
d e n s i t y of the p lo t of a p p a r e n t s p e c i f i c a c t i v i t y m e a s u r e d i n 4 p i 
c o u n t e r ( 3 , 6) v s . s o u r c e s u p e r f i c i a l d e n s i t y . 
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4) B e t a - g a m m a c o i n c i d e n c e s counting (5). - The abso lute d i ­
s i n t e g r a t i o n rate N , i s obtained by the 4pi b e t a - g a m m a 
c o i n c i d e n c e method . 
The plot of Ν Λ / Ν , w h e r e Ν Λ i s c o r r e c t e d for backs c atte r ing 
and a b s o r p t i o n in s o u r c e mount , v s . the s u p e r f i c i a l dens i ty of 
the s o u r c e , g i v e s the amount of e r r o r due to the s e l f - a b s o r p t i o n 
as a funct ion of s u p e r f i c i a l dens i ty . . 

In this work use has b e e n m a d e of the above method . 



OC 

I 

Fig . 1 - 4pi counter "p i l l -box" for 4pi b e t a - g a m m a coincidences. 



E X P E R I M E N T A L 

1 ) A p p a r a t u s 

F i g . 1 s h o w s t h e a p p a r a t u s u s e d fo r t h e c o i n c i d e n c e s 

m e a s u r e m e n t s . - T h i s 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 s i m i l a r 

t o t h a t u s e d by C a m p i o n (7) . - In the b e t a c h a n n e l a 4p i " p i l l ­

b o x " C H . f low c o u n t e r i s u s e d , w h i c h w o r k s in the p r o p o r t i o n a l 

r e g i o n ; in t h e g a m m a c h a n n e l a N a l ( T l ) 3 " x 3 " s c i n t i l l a t o r . 

T h e b l o c k s c h e m e of t h e a p p a r a t u s i s s h o w n in f ig . 2 . 

¡ource 

H. V. 

C F . n o n o v e r l . 
a m p l i f i e r d i s c r i m i n . 

P . M. 

N a l 

H. V. 

H) 

c o m e . 
Ύ~ 1 psec. 

s c a l e r 

s c a l e r 

4K 

C . F . n o n o v e r l . 
a m p l i f i e r d i s c r i m i n . s c a l e r 

F i g . 2 - B l o c k d i a g r a m of the e x p e r i m e n t a l a p p a r a t u s . 



2) Sources deposition methods 

An examination of the following me thods has been c a r r i e d 
out making use of a Co-60 solution. The superf ic ia l density of the 

-2 2 
source was about 4 x 1 0 " p g / c m . - The e r r o r s r epo r t ed a r e the roo t -
mean-square deviation from the mean value of the £- value s of 5 
sources for each method. 
a) Sijnpl_e_ eya_poration 

An aliquot (10 - 50Λ) of the Co-60 active solution is deposit 
ed on the film by micropipet te and dr ied under an in f ra red lamp 
located about 30 cm above the source . The t e m p e r a t u r e at the 
source level is about 60°C. 
The deposits examined at the meta l lographic mic roscope show 
i r r e g u l a r agglomerates of c rys t a l s p referenc ia l ly d is t r ibuted 
at the b o r d e r s and center of the or iginal drop (fig. 3-1). 

b)_C olloidal _s ilic_a_tr_e_a_tme nt 

After deposition as in a) of the active solution, a 10 - 2 0 \ 
drop of s i l ica solution is added to the f i r s t drop and the whole 
is dr ied under inf rared lamp. 
The colloidal s i l ica used is Ludox S. M. DuPont containing 15% 
of colloidal s i l ica , with par t ic le d iamete r 7 mp and with surface 
a rea , B. E. T. method, 400 m / g r of s i l ica . The dilution used 

3 
was 10 ; with lower dilutions lower Sa values a r e obtained. 

c) Amm^nia_me_tho_d_ 

The sources a r e deposited and dr ied as in a). - Then a drop 
of water is added and the sources a r e r e d r i e d under in f ra red 
lamp in an NH.OH a tmosphere . - A cobalt ammonia complex is 
probably formed (fig. 3-2) (2). 
According to Mer r i t t et al. the ammonia t r ea tmen t is l imi ted to 
e lements which form insoluble hydroxides (5). 

d) ^£ulij^j;r_e_ajtment 

A drop of a solution of insuline obtained by a 100 t imes dilution 
of a 20 vol. solution was used to wet the film. 
After allowing a few minutes for the spreading of the wetting agent, 
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the d r o p i s r e a b s o r b e d . ­ The ac t ive so lu t ion i s then depos i t ed 

and d r i e d as in a) . ­ The examina t ion a t the m e t a l l o g r a p h i c m i 

c r o s c o p e shows a b e t t e r un i formi ty than tha t obtained by the 

s i m p l e e v a p o r a t i o n method . ­ In fig. 4 i s shown c o m p a r i s o n plot 

of ¿ A v s . s o u r c e s sup . dens , r ang ing f rom 0. 05 to 0. 6 m g / c m 

for s o u r c e s obta ined by insul ine and a m m o n i a t r e a t m e n t . 

e ) 5.­L?£.tî'2.ËPJE'̂ :Yi­H§Lîîl?Îll0JÉ 

The ac t ive m a t e r i a l is d i s so lved in a vola t i le so lvent (acetyl 

a c e t o n e , a c e t o n e , e t h e r , a lcohol) and an al iquot (l ­ 10λ) i s in 

t r o d u c e d in a g l a s s c a p i l l a r y conta ining a thin p l a t inum w i r e . 

Applying a po ten t i a l d i f ference of 5000 V be tween the s o u r c e 

m o u n t the p l a t i n u m w i r e the solut ion i s e jec ted . 

The e x a m i n a t i o n at the m e t a l l o g r a p h i c m i c r o s c o p e shows a un i ­

f o r m i t y b e t t e r than tha t obta ined by the o ther me thods , (fig. 3­4) . 

The co inc idence count ing of t h r e e s o u r c e s gave a m e a n value for 

£Q, of 0. 98. 

The me thod i s howeve r not quant i ta t ive and, t h e r e f o r e , i s not 

su i t ab l e for the p u r p o s e s of th i s work . 

In tab le I an i n t e r c o m p a r i s o n i s r e p o r t e d of the above d e s c r i b 

ed m e t h o d s . ­ In the p r e s e n t w o r k the a m m o n i a method i s used hence 

fo r th for the Co­60 s o u r c e s . 

T A B L E I 

P r e p a r a t i o n me thod 

S imp le e v a p o r a t i o n 

Col lo ida l s i l i c a t r e a t m e n t 

A m m o n i a me thod 

Insu l ine t r e a t m e n t 

¥ 
0. 785 + 0. 037 

0. 861 + 0. 005 

0. 883 + 0. 007 

0 .905 + 0 .011 
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3) C a r r i e r s o l u t i o n s a n d s o u r c e s p r e p a r a t i o n 

In table II a re shown the nuclides used , with thei r decay 
c h a r a c t e r i s t i c s . - The gamma r epo r t ed a r e only those detected 
in the coincidence m e a s u r e m e n t s . 

The sources have been deposited on plas t ic films of poly­
vinyl chloride (VINW) of superf icial density ranging from 5 to 
10 pg /cm (9). - The films have been coated with a thin layer 
of gold on both sides by vacuum evaporation. 

Τ Α Β L E II 

Nuclide 

Nb-95 

Co-60 

Sc-46 

Na-22 

Au-198 

Na-24 

Τι 
2 

35 d 

5. 2 y 

84 d 

2. 6 y 

2. 69 d 

14. 9 h 

Ε β (MeV) m a x ^ v ' 

0. 158 

0. 312 (99%) 

0. 360 

0. 540 

0 .960(98. 6%) 

1. 39 

Ε Υ (MeV) 

0. 765 

1. 17; 1. 33 

0. 885; 1. 118 

1. 275 

0. 411 

1. 37; 2. 754 

In order to obtain a plot of the £ Q vs . superf ic ia l density 
of the sources for every beta emi t t e r , c a r r i e r solutions have 
been used. 

2 The a r ea of the sources being about 0. 5 cm and assuming 
that the beta par t ic le absorption is indipendent of the atomic num 
be r , the concentrat ion of the solutions has been so calculated as 

2 
to give deposits varying from 0. 05 to 0. 6 m g / c m . - The c a r r i e r s 
used for the various nuclides a re shown in table III. 
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Τ Α Β L E III 

N u c l i d e 

Na­22 

Na­24 

Sc­46 

Co­60 

Au­198 

Nb­95 

C a r r i e r solutions 

NaCl 

NaCl 

ScCl3 

Co(N0 3 ) 2 

HAuCl. 4 

H 2 C 2 ° 4 

D A T A 

In fig. 5 a re shown the beta efficiencie vs . superficial 

density plots for the various nuclides examined. 

In fig. 6 a re shown the plots of beta efficiencies vs . 

E ß for var ious superficial density of the sources , 
max' r 
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D I S C U S S I O N O F T H E R E S U L T S 

The main sources of e r r o r in our m e a s u r e m e n t s a r e : 

a) P r e p a r a t i o n of the c a r r i e r solution 
b) Pipet t ing of the c a r r i e r and active solution 
e) Non uniformity of the deposits 

a) The e r r o r introduced by weighing and diluting may always 
be kept under 1%. 

b) The e r r o r made by depositing a 50 Λ drop from a m i c r o -
pipette (for our purposes , this is the optimum size) has 
been m e a s u r e d to be — 1. 5%. 

The total e r r o r due to i tems (a) and (b), should not, the re fo re , 
exceed 2%. 

c) In o rde r to evaluate the d i spers ion in £β, five sources each 
t ime have been measured . 

- The dead t ime of the beta channel of our appara tus has been 
m e a s u r e d to be 1. 5 psec for counting r a t e s < 10 c / s , which 
is our case . - The e r r o r is therefore neglectable in compar i son 
with the previously d iscussed e r r o r s . 

- The resolving t ime (τ) of the coincidence unit was 1 psec . 

The s tandard deviation of the ζ, β is taken to r e p r e s e n t the 
uncer ta inty of the data. 

The repor ted data show, as expected, an i n c r e a s e of s tandard 
deviation with increas ing superf ic ia l density. 
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We deeply thank Dr. Anna Mar ia Del Turco and Mr. Renato 
Lanz for help given in sources p repara t ion and Dr. Roberto Fantechi 
for helpful d iscuss ions . 





Photographs of sources viewed at the metallographic microscope ( magnification 165 ) 

Fig. 3 





Fig A 

0.5 
m g / c m 2 

Β counting e f f i c iency as a function of sup. dens, for Co 60 sources 

deposited with ( o ) and without ( · ) insuline 

0.6 

Η 





Fig. 5 

— ■ 1 1 1 1 1 L Ι ι ■ ■ ι 
0 j

 &2 03 α« 05 0.6 07 0 0.1 02 03 OA 
mg/cm* 

β counting efficiency dependence on the source superficial density 

0.5 0.6 07 0.8 03 1 
mg/cm

1 

ι 





Fig. 6 
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