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SELF ABSORPTION IN SOURCES OF BETA EMITTERS

SUMMARY

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

The beta efficiency, EJB , has been determined
for E)%ax ranging from 160 to 1390 KeV and sources super-
ficial density ranging from 0, 05 to 0, 6 mg/cmz.

Use has been made of the nuclides: Nb-95, Co-60,
Sc-46, Na-22, Au-198 and Na-24
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INTRODUCTION

The chief sources of error in the absolute 4pi beta count

ing are the following:
a) Source mount, gas and walls backscattering
b) Source mount absorption

c) Source self absorption

The first two factors can be readily measured, while
the third one, which depends also on the thickness of the deposited
material in every point of the source and on the dimensions of the
crystals in the source, is difficult to determine.

Many authors (1, 2, 3, 4, 5, 6) have examined the above
problem and the methods suitable to measure the self-absorption.

These are:

1) Beta measurement of sources of the same nuclide at different
concentrations (1). A curve is obtained of activity vs. concentra
tion that, extrapolated to infinite dilution, should give the true
disintegration rate. - This method has its weak point in the fact
that the size of the crystals seems to be more dependable on the
solution temperature and stirring than on the concentration.

At high dilution the only parameter varying with the concentration,
all the other conditions of deposition being constant, is therefore
the average distance among the crystals and, then, the disintegra

tion rate obtained by this extrapolation is8 not the true one.

2) Beta measurement of sources in which the size of the crystals is

determined by electron microscope. (2)

3) Beta measurement of sources distilled under vacuum (4) and whose
superficial density is determined by spectrophotometry. The true
specific activity is obtained by extrapolation to zero superficial
density of the plot of apparent specific activity measured in 4pi

counter (3, 6) vs. source superficial density.



4) Beta-gamma coincidences counting (5). - The absolute di-
sintegration rate No' is obtained by the 4pi beta-gamma
coincidence method. :

The plot of NP /No’ where NP is corrected for backscattering
and absorption in source mount, vs. the superficial density of
the source, gives the amount of error due to the self-absorption

as a function of superficial density.

In this work use has been made of the above method.
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Fig.1 - 4pi counter "pill-box'" for 4pi beta-gamma coincidences. -
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EXPERIMENTAL

1) Apparatus

Fig. 1l shows the apparatus used for the coincidences
measurements. - This experimental arrangement is similar
to that used by Campion (7). - In the beta channel a 4pi "pill-
box'"! CH4 flow counter is used, which works in the proportional
region; in the gamma channel a NaI(Tl) 3""x3" scintillator.

The block scheme of the apparatus is shown in fig. 2.

v

- C.F. r;c;;lp?;,f?gi’ ___ discrimin. scaler
P. M.
Nal
7"C=Oi1n;'sec scaler
—re k) : \)
iource 4T
. & b
C.F. | —— r;cr);llp(ﬁ,f?gi. ) discrimin., {—_ scaler
H.V

Fig.2 - Block diagram of the experimental apparatus.
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2)Sources deposition methods

An examination of the following methods has been carried
out making use of a Co-60 solution. The superficial density of the
source was about 4x 10_2 pg/cmz. - The errors reported are the root-
mean-square deviation from the mean value of the £@va1ues of 5

sources for each method.

An aliquot (10 - 50)\) of the Co-60 active solution is deposit
ed on the film by micropipette and dried under an infrared lamp
located about 30 cm above the source. The temperature at the
source level is about 60°C.

The deposits examined at the metallographic microscope show
irregular agglomerates of crystals preferencially distributed

at the borders and center of the original drop (fig. 3-1).

After deposition as in a) of the active solution, a 10 -20 X
drop of silica solution is added to the first drop and the whole
is dried under infrared lamp.
The colloidal silica used is Ludox S. M. DuPont containing 15%
of colloidal silica, with particle diameter 7 mp and with surface
area, B.E.T. method, 400 mz/gr of silica. The dilution used

was 103; with lower dilutions lower EF values are obtained.

The sources are deposited and dried as in a). - Then a drop
of water is added and the sources are redried under infrared
lamp in an NH40H atmosphere. - A cobalt ammonia complex is
probably formed (fig. 3-2) (2).

According to Merritt et al. the ammonia treatment is limited to

elements which form insoluble hydroxides (5).

A drop of a solution of insuline obtained by a 100 times dilution
of a 20 vol. solution was used to wet the film.

After allowing a few minutes for the spreading of the wetting agent,



the drop is reabsorbed. - The active solution is then deposited
and dried as in a). - The examination at the metallographic mi
croscope shows a better uniformity than that obtained by the
simple evaporation method. - In fig.4 is shown comparison plot
of 6(5 vs. sources sup.dens. ranging from 0. 05 to 0. 6 mg/cmZ

for sources obtained by insuline and ammonia treatment.

The active material is dissolved in a volatile solvent (acetyl
acetone, acetone, ether, alcohol) and an aliquot (1 - 10>\) is in
troduced in a glass capillary containing a thin platinum wire.
Applying a potential difference of 5000 V between the source
mount the platinum wire the solution is ejected.

The examination at the metallographic microscope shows a uni-
formity better than that obtained by the other methods. (fig. 3-4).
The coincidence counting of three sources gave a mean value for
5(3 of 0. 98.

The method is however not quantitative and, therefore, is not

suitable for the purposes of this work.

In table I an intercomparison is reported of the above describ
ed methods. - In the present work the ammonia method is used hence

forth for the Co-60 sources.

T A B L E 1

Preparation method &ﬁ
Simple evaporation 0.785 + 0. 037
Colloidal silica treatment 0.861 + 0. 005
Ammonia method 0. 883 + 0. 007
e N Uy S
Insuline treatment 0.905 + 0.011
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3)Carrier solutions and sources preparation

In table II are shown the nuclides used, with their decay
characteristics. - The gamma reported are only those detected
in the coincidence measurements.

The sources have been deposited on plastic films of poly-
vinyl chloride (VINW) of superficial density ranging from 5 to
10 p.g/cm2 (9). - The films have been coated with a thin layer

of gold on both sides by vacuum evaporation.

T A B L E II

Nuclide le_ Emax/g (MeV) EU (MeV)
Nb-95 35 d 0.158 0.765

Co-60 5.2 vy 0.312(99%) 1.17; 1.33
Sc-46 84 d 0. 360 0.885; 1.118

F—————— ] ————— P ———— — — —— -1l

Na-22 2.6 vy 0. 540 1.275
Au-198 2.69d 0.960(98.6%) 0.411

Na-24 14.9 h 1. 39 1.37; 2.754

In order to obtain a plot of the EB vs. superficial density
of the sources for every beta emitter, carrier solutions have
been used.

The area of the sources being about 0.5 cm2 and assuming
that the beta particle absorption is indipendent of the atomic num
ber, the concentration of the solutions has been so calculated as
to give deposits varying from 0. 05 to 0.6 mg/cmz. - The carriers

used for the various nuclides are shown in table III.
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T A B L E III

Nuclide Carrier solutions
Na-22 Né.Cl

Na-24 NacCl

Sc-46 ScC13

Co-60 Co(NO3)2
Au-198 HAuCl4

DATA

In fig. 5 are shown the beta efficiencie vs. superficial
density plots for the various nuclides examined.
In fig. 6 are shown the plots of beta efficiencies vs.

EmaxP for various superficial density of the sources.



DISCUSSION OF THE RESULTS

The main sources of error in our measurements are:

a) Preparation of the carrier solution
b) Pipetting of the carrier and active solution

c) Non uniformity of the deposits

a) The error introduced by weighing and diluting may always

be kept under 1%.

b) The error made by depositing a 50 A drop from a micro-
pipette (for our purposes, this is the optimum size) has

been measured to be = 1, 5%,

The total error due to items (a) and (b), should not, therefore,

exceed 2%.

c) In order to evaluate the dispersion in E/Z, five sources each

time have been measured.

- The dead time of the beta channel of our apparatus has been
measured to be 1.5 psec for counting rates < 103 c/s, which
is our case. - The error is therefore neglectable in comparison

with the previously discussed errors.
- The resolving time (7°) of the coincidence unit was 1 psec.

The standard deviation of the é/@ is taken to represent the
uncertainty of the data.
The reported data show, as expected, an increase of standard

deviation with increasing superficial density.
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Fig. 5
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Fig. 6
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