
tion spectrometry; as a result most neu-

‘ron-activation analyses are based on

gammaray data,

In scintillation spectrometry gamma

~ rays are detected by causing them to in-

teract with a material that responds to

the interaction by scintillating, that is,

by emitting photons of visible light

whose intensity is directly proportional

to the energy of the absorbed gamma

ray. The most widely used scintillating

material is a single crystal of sodium io-

dide “doped” with a small amount of the

element thallium. The crystal is coupled

toa photomultiplier tube, which detects

the light emissions and converts them

into electronic pulses. These pulses are

fed into a multichannel pulse-height an-

alyzer, which sorts them according to

amplitude and counts the number of

pulses in each amplitude range during a

given counting period. The result is a

record of the energy distribution of the

gamma rays emitted by the radioactive

nuclei in the sample.

In some cases the gamma rays emitted

by different radionuclides are so similar

in energy that they cannot be adequate-

ly resolved in the gamma ray spectrum.

In these instances the different charac-

teristic decay rates of the individual ra-
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‘MOST RADIONUCLIDES DECAY by emitting beta particles (electrons and positrons) or

dionuclides ¢

ro)isotop

to maxir

one radi

in an

period. The use

ndet iable is

tivation tech-

g the ananaly: st two additional
ipulate to his advantage.factors to ma

"The ability to discrimindto'tn thi

ner depends primarily on the difference

in the half-li

duced in t

periods: ximize the ratio
of short-lived nuclei with respect to

longer-lived nuclei when the longer-

lived ones may give rise to interfering

radiations. By the same token longer ir-

radiation periods are employed to maxi-

mize the long-lived nuclei, and the anal-

yses for these nuclei are completed after

the short-lived nuclei have been allowed

to decay.

Wipes the radioactivity of the indi-
cator nuclide cannot be accurately

measured in the presence of other radio-

nuclides, even after the time variables

are taken into account, chemical meth-

E (MeV)
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gamma rays. The b itticle

cultto resolve in the

of low-energyb

of high-energy

s (top) are diffi-

rarely used for neutron-activation analysis. Gamma ray
with distinct energies that can be readily resolved by scintillation spectrometry (see illus:

trationon opposite page); as a result most neutron-activation analyses use gamma ray dats.

beta particles are

n the other hand, are emitted

tains when the aaa
sired indicator nuclide are eff

masked by more abundant

from longer-lived nuclei_and cant
be resolvedby spectral analysis, Ev
though the element of interest may|]

present in extremely small quantity,
the methods of chemical separation are

the same as those used in normalquan-

titative analyses. Instead ofthe separa-
tions’ being carried out on a microscale,

however, they are facilitated by t ad-
dition of a known amount (aj

ly 10 to 50 milligrams) of the element of

interest to the sample after it has been

irradiated, and then the chemical isola-

tion of a mixture containing the radio-

nuclide induced in the sample and the

added stable element. The analysis is

conipleted by the measurement of the
radioactivity in the isolated mixture.

Since the quantity of the added element

is known, the efficiency of the chemical

separation is easily determined, and the

radioactivity measurements can be cor-

rected for any losses caused by chemical

processing after irradiation. Since the

radiochemical separation need not be

quantitative, the separation procedures

can be shortened and the tedious work

frequently required for quantitative

analysis can be minimized.

Once the radiations of the indicator

nuclide are isolated, quantitative mea-

surements of the induced activity can be

made. In principle the activation tech-

nique is an absolute analytic method,

and the weight of an clement can be

determined directly from the measured

activity and a knowledge of the nuclear

constants and experimental conditions,

But since it is difficult to make an abso-

lute measurement of radioactivity, and

because reaction cross section and neu-

tron flux are seldom known precisely,

activation analyses are not

completed by the absolute method. In-

stead a comparative method is almost al-

ways used. A standard sample contain-

ing a known amount of the element to

be analyzed is irradiated and processed

in the same way as the sample being

analyzed. Since all the terms in the acti-

vation equation except for the number

of target atoms and the induced activity

are the same for the control and the test

sample, the activity of the indicator nu-

clide in the test sample can be directly
compared with the activity of the control

to obtain the weight ratio of the desired

clement in two samples. Analyses by this
method can be completed with an ac-

curacy of about 2 percent of the actual


