September, 1970]

BULLETIN OF THE CHEMICAL SOCIETY OF JAPAN

Determination of Rubidium by Photon-Activation Analysis

voL. 43

2823

2823—2827 (1970)

An Internal-Reference Method for the Determination of Rubidium
by Photon-Activation Analysis with Strontium Used
as the Reference Element*!

Hui-Tuh Tsal, Toyoaki KATO and Yoshinaga Oka
Department of Chemistry, Faculty of Science, Tohoku University, Katahira-cho, Sendai

(Received March 17, 1970)

We have studied a method for the determination of rubidium by activation analysis with brems-

strahlung photons, with strontium used as the internal-reference element.

This method is based

on the y-ray spectrometric measurement of the #Rb activities produced by the 85Rb(y,n) reaction
and on the comparisons of those activities with that of 8Rb arising from strontium as a result of the

(y,p) reaction.

The yields of various photonuclear reactions in rubidium and in strontium have

also been examined as a function of bremsstrahlung maximum energies up to 60 MeV, and the best
conditions for the determination of rubidium are proposed. When the maximum energy was set
at 18 to 20 MeV, no interfering reactions occurred ; a rubidium content down to about 2 ug can be
determined accurately. A comparison of solid-state and scintillation y-ray spectrometry in this
method has also been included with respect to the sensitivity and the selectivity.

A minute amount of rubidium can be determined
by a thermal neutron activation method by in-
ducing %Rb activity in an irradiated sample;
this technique has been applied to the determi-
nation of rubidium in a number of materials of
geochemical interest’=® The contents of rubidi-
um and strontium in terms of the rubidium-to-
strontium ratios have been utilized for the age-
determination of these materials.¥ An accurate
and precise analytical method was required in
this work.

The work described here was undertaken for

*1  Study of the Activation Analysis using the In-
ternal-Reference Method. XIV., A part of this work
was presented at the 17th Annual Meeting of the
Analytical Chemistry Society of Japan, Hiroshima,
October, 1968. Part XIII: H-T. Tsai, T. Kato
and Y. Oka, This Bulletin, 43, 2482 (1970).

1) M. ]J. Cabell and A. A. Smales, Analyst, 82, 390
{1957).

2) A.A. Smales, T. C. Hughes, D. Mapper, C. A. J.
Mclnnes and R. K. Webster, Geochim. Cosmochim. Acta,
28, 209 (1964).

3) K. Tomura, H. Higuchi, H. Takahashi, N.
Onuma and H. Hamaguchi, 4nal. Chim. Acta, 43, 523
(1968).

4) E. Anders, Rev. Mod. Phys., 34, 287 (1962).

the purpose of establishing an accurate method for
the determination of rubidium by photon-activa-
tion analysis, using strontium as the internal-
reference element. In order to determine the best
conditions for the determination of rubidium by
this method, some work has also been carried out
on the yields of photonuclear reactions over the
energy range of bremsstrahlung photons up to
60 MeV. When a maximum energy was set at
18 to 20 MeV, no interfering reactions occurred,
and traces of rubidium down to about 2 ug could
be determined accurately. A comparison of the
solid-state detection by means of the scintillation-
detection method is also included with respect to
the sensitivity and the selectivity.

Experimental

Materials and Irradiation. The rubidium chlo-
ride was a guaranteed reagent grade. Strontium car-
bonate of a guaranteed reagent grade was further
purified by repeated reprecipitations. Synthetic mix-
tures of these two compounds, with known weight
ratios of rubidium to strontium ranging from 1.3 x 10—
to 5.4x 1073, were prepared in order to examine the
sensitivity and the accuracy of the method. Each
sample (weight, about 100 mg) was placed in a quartz
tube with an internal diameter of 4 mm for bremsstrah-~
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lung irradiation. All the irradiations were terminated
in 1 hr. The linear electron accelerators of Tohoku
University and of the Japan Atomic Energy Research
Institute were used as the bremsstrahlung sources.
The experimental method involving bremsstrahlung-
flux monitoring and the details of the irradiation were
essentially the same as have been described in detail
in a previous paper.®)

Separation Procedure. The irradiated sample
was dissolved in a small amount of 0.1 N hydrochloric
acid, along with 20 mg of a rubidium carrier. The
solution was evaporated to dryness, and the residue
was dissolved with dilute aqueous ammonia (pH 8) and
then subjected to cation-exchange separation. The
resin used was Dowex 50W x 8, 100 to 200 mesh size.
This was fed into a column 25 cm long and with an
internal diameter of 8 mm. The rubidium was eluted
with a 0.5 M ammonium acetate solution and was pre-
cipitated by the addition of 0.1 N perchloric acid with
ice-cooling. The rubidium perchlorate was filtered
and dried in a vacuum.

After the elution of the rubidium, the strontium was
eluted from the column with 1 ~ nitric acid and pre-
cipitated as strontium carbonate by means of an aque-
ous ammonium carbonate solution. The precipitate
was filtered and dried at 500°C. Either rubidium
perchlorate or strontium carbonate was wrapped with
a thin sheet of aluminum in order to determine the
chemical yield, if needed, and for y-counting.

Counting Equipment. A lithium-drifted ger-
manium detector with an active volume of 36 cm3,
ORTEC 8101-30P, was coupled to a TMC 1024-chan-
nel pulse-height analyzer. The counting system had
a resolution of 4 keV for the 661.6 keV p-line of 137Cs.
The counting efficiency of this detector has been deter-
mined as a function of the source distance and the y-
ray energy by counting a series of calibrated sources
of known activities. A sample was measured at a fixed
position, 9 mm from the active surface of the detector.

A 3” dia. x3” Nal(Tl) crystal was also used as the
detector. This was coupled to an 800-channel pulse-
height analyzer made by the Tokyo Shibaura Electric
Co., Ltd. For the determination of the photonuclear
yields where a much greater resolving power was re-
quired, the Ge(Li) detector was used exclusively; for
analytical purposes, both counting systems were em-
ployed.

Yield Determination. A yield was defined as the
production rate of nuclide due to a certain photo-
nuclear reaction in dps at the end of the irradiation of
one mole of a parent nucleous when a standard amount
of bremsstrahlung radiation with a given maximum
energy has passed through the target during the irradi-
ation period. The initial decay rates of the various
activities produced were determined from a decay-
curve analysis of the counting rate of the relevant photo-
peak area. The corresponding saturation rates were
computed and normalized for the bremsstrahlung in-
tensity, which was measured by means of the amount of
of 1%8Au activity produced by the *7Au(y,n)'*®Au re-
action in a gold foil irradiated together with the sample.
After correcting for chemical yields, counting effici-
encies, branching ratios,® and the internal conversion

5) Y. Oka, T. Kato and N. Sato, This Bulletin,
42, 387 (1969).
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electrons,” the yields were expressed relative to that of
the 3Rb(y,n)8%Rb process or of the #4Sr(y,n)%Sr process.

Results and Discussion

Photonuclear Reaction. Rubidium has two
naturally-occurring isotopes, %°Rb(72.159;) and
87Rb(27.859%,), while strontium has four isotopes,
845r(0.56%), ®%Sr(9.869%), #’Sr(7.029%,), and ®8Sr-
(82.569%,). The experimental results showed that
the rubidium nuclides formed in the irradiations
of the two elements by bremsstrahlung with max-
imum energies up to 60 MeV were 82™Rb (7},=
6.3 hr), #Rb (7y/,=83d), %Rb (7,/,=33.0 d),
84mRb (73/,=20 min), and %Rb (7,/,=18.66 d).
In addition, the production of ®Rb(T/,=4.7
hr) was also observed in an irradiated strontium
sample. In this experiment, y-rays from $'™Rb
could not be measured because of its lower energies
(0.085 MeV with IT) and its relatively short half-
life (31 min). The 8™Rb activity could not be
detected from strontium since it has decayed away
during the separation processes.

From the threshold-energy considerations, the
main reactions which can occur in both elements
with bremsstrahlung and with maximum energies
below 20 MeV are the (y,n) and (y,p) reactions.
Thus, when irradiated with 17.6 MeV bremsstrah-
lung, 84Rb, 8¢mRb, and %Rb, the (y,n) reaction
products, were measured. No nuclides other
than the above were produced at 20 MeV. Since
the 84Rb activity was used in the determination of
rubidium, the irradiation conditions leading to
the production of #Rb from strontium had to be
avoided. The only possible reaction producing
84Rb in the irradiation with bremsstrahlung below
20 MeV is the %Sr(y,d)%Rb reaction (—Q=17.84
MeV). The experimental results showed that
the production of 3Rb from strontium with 20
MeV bremsstrahlung could not be observed in
any appreciable amount.

The yields of various reactions are given as a
function of the bremsstrahlung maximum energy
in Figs. 1 and 2. Since an excitation energy be-
yond 30 MeV covers the giant resonance region
well for most nuclei, and since the main nuclear
event in this energy region is the emission of one
neutron,® the yield value of the (y,n) reaction re-
mains almost unchanged throughout this energy
region. The yield of the reaction with the emission
of more than one nucleon appeared to be strongly

6) The decay schemes used were those listed in G.
M. Lederer, J. M. Hollander and I. Perlman, ‘“Table
of Isotopes,” Sixth Ed., John Wiley & Sons, New York
(1967).

7) The tables in M. E. Rose, “Internal Conversion
Coefficients,” North-Holland Publ. Co., Amsterdam
(1958), were used.

8) R. Montalbetti, L. Katz and J. Goldenberg,
Phys. Rev., 91, 659 (1953).
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(I): %Rb(y,n)*Rb.  (III): 5Rb(y,2n)*Rb.
(ID): %Rb(y,n)*mRb.  (IV): 5Rb(y,3n)2mRb.

Fig. 1. The yield of rubidium nuclides produced
from rubidium as a function of bremsstrahlung
maximum energy.

energy-dependent. In the energy region higher
than 45 MeV, the %Rb(y,3n)®?2™Rb and 8°Rb-
(7,4n)81m-81Rb reactions occurred; the #1Rb and
82mRb activities were also measured from an ir-
radiated strontium sample. An increase in the
yields of the (y,pn) reactions can be seen beyond
45 MeV. The 8Sr(y,pn)®Rb reaction contri-
butes mainly to the production of 8Rb from stron-
tium. At 60 MeV, however, the additional con-
tribution to the total production rate comes from
the 8%6Sr(y,p4n)®'Rb reaction. The main reac-
tion leading to the production of 82mRb in this
energy region is the %Sr(y,pn) reaction.

For analytical purposes, the 8Rb activity as a
result of the (y,n) reaction can be used effectively
with respect to the sensitivity at a given maximum
energy investigated here. Table 1 shows the
photopeak activities of #Rb, together with those of
8Rb from strontium, as a function of the brems-
strahlung maximum energy. In the determination
of rubidium by the use of strontium as a reference,
however, it is necessary to avoid interferences due
to the production of #Rb from strontium through
the (y,d) and (y,pn) reactions. As has been stated
earlier, the irradiation by bremsstrahlung with
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Fig. 2. The yield of rubidium nuclides produced

from strontium as a function of bremsstrahlung
maximum energy.

maximum energies below 20 MeV gives no such
trouble.

Determination of Rubidium. The 0.880
MeV y-ray photopeak of Rb can be utilized for
the determination of rubidium, while the 8%Rb
activity arising from strontium can be used as a
reference. A comparison of the scintillation detec-
tion by the solid-state detection method can be
discussed in terms of the sensitivity and the selec-
tivity by processing the synthetic mixtures.

When a 3" dia. x 3”7 NalI(T1l) detector was used,
we obtained the typical y-ray spectrum shown in
Fig. 3. The sample was irradiated with 20 MeV
bremsstrahlung in this case. It can be seen that
the photopeak appearing at 0.525 MeV is the com-
pound peak of the 0.511 MeV yp-ray from 84Rb and
the 0.521, 0.530, and 0.553 MeV p-rays of ®3Rb.
The area under the latter three different y-rays
of 8Rb were determined from these spectra by the
following sequences:

1) from the spectrum in Fig. 3, the background
activity due to the 1.078 MeV y-ray of 8Rb was
subtracted by the graphical subtraction method;?

2) the area under the 0.880 MeV photopeak,
Agetn(cpm), was obtained ;

3) the 0.511 MeV photopeak area due to 3Rb,

9) “Guide to Activation Analysis,” ed. by W. S.
Lyon, Jr., D. Van Nostrand Co., Princeton, N. J.
(1964), p. 104.
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TABLE |. PHOTOPEAK ACTIVITY OF THE RUBIDIUM NUCLIDES WITH A Ge(Li) DETECTOR
Nuclide Production »-Ray Photopeak activity (cpm/mg)*
reaction (MeV) 17.6 MeV  30MeV  45MeV 60 MeV
8Rb 85R b(y,n) 0.880 5.02x 103 7.71x10% 1.95x 104 1.21x 104
8Rb 8Sr(y,p) 0.553 5.76x10-1 3.03x10° 4.92x10° 6.02x10°

* cpm at the end of 1 hr-irradiation with a standard dose rate of bremsstrahlung photons with a given

maxinum energy incident on 1 mg of the element: With this dose rate, 1.0 £Ci %Au is produced by

the (y,n) process in 1 mg Au.
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compound peak

corrected for decay to the end of the irradiation
through the use of the half-lives of %Rb and #Rb
respectively. In the present experiment, all
separations were performed 12 days after irradia-
tion; all of the 20 min-™Rb had decayed away
to #Rb.

~ 10 = .
< E 3 Table 2 shows the relation between the photo-
§ F n peak activity ratios, Ry = (Aqetn/Aret)t=0, and
5 r - the ratios of the weights, Ry=Rb/Sr. A good
< 4
& TaBLE 2. Ry versus R4, FOR RUBIDIUM-STRONTIUM
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(I): The original compound spectrum. E g = o :;2
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Fig. 3. y-Ray spectra of radiorubidium separated i 107 () N __J
from a mixed sample (Rb 7.21 mg+Sr 55.5 E E 3
mg), 29 days after irradiation with 20 MeV ) E 3
bremsstrahlung with a NaI(Tl) detector. > C k; ot
=1 -4 |
5 0o *JR .
A(0.511 MeV), was calculated by: 8 E z 3
A(0.511 M eV) = R Agen E r 3 .
where R is the activity ratio, Asig,(0.511 MeV)/ 0% =
As15,(0.880 MeV), which has been determined E — 3
with the aid of #Rb, and r ]
4) the area under the composite peak of 8Rb . | | B B | ]
100 200 300 400 500 600 700

used as reference, A;or, was then calculated by:
Arer = Am — A(0.511M eV) = Ay, — R Agetn

where A,, is the observed area under the compound
peak at 0.525 MeV. From the spectra obtained
from irradiated mixtures, the Agepn’s and the A;¢’s
were determined, and those activity data were

Channel number

Fig. 4. p-Ray spectra of radiorubidium with a
Ge(Li) detector; (I) separated from a mixed
sample (Rb 0.84mg+Sr 419mg), 11.9 days
after irradiation with 17.6 MeV bremsstrahlung,
and (II) of the rubidium sample.
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proportionality was held between them, and a
relative standard deviation of +2.19;, was ob-
tained under the present experimental conditions:

Rw = (6.0340.15) X 10-3 R 4,

When the amount of rubidium needed to give a
photopeak activity of 10 cpm is selected as the
limit of determination, it can be set at 2 ug.

When a 36 cm® Ge(Li) detector was used, we
obtained the typical y-ray spectrum shown in
Fig. 4, together with that of the rubidium sample.
The much greater resolving power of this detector
made it feasible to distinguish clearly three dif-
ferent y-ray photopeaks of #Rb. The photopeak
area under the 0.553 MeV y-ray was selected as
the reference. The ratios of the area under the
0.880 MeV y-ray to that under the 0.553 MeV
y-ray were computed and corrected for decay to
the end of the irradiation. The relation between
the R4’s and the Ry’s was again discussed from
these activity data. Table 3 shows the results.
The following relationship was obtained:

Ry = (1.1,:£0.05) x 10-3 R,

The relative standard deviation was +4.89,. A
sensitivity of 23 ug for rubidium was obtained in
accardance with the definition described earlier.

With a Ge(Li) detector, the method is less sen-
sitive by one order, but the determination of the
photopeak areas is quite feasible as compared with
scintillation spectrometry. An increase in sensi-
tivity would be expected with a higher brems-
strahlung dose rate and with a longer period of
irradiation.

Determination of Rubidium by Photon-Activation Analysis
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TABLE 3. Ry versus R Ao FOR RUBIDIUM-STRONTIUM
MIXTURES WITH A Ge(Li) DETECTOR

Ry Ry, Rw|R 4,
5.30x10-2 5.01x10t 1.06x10-3
4.28x10-2 3.86x 10t 1.11x10-3
2.95x10-2 2.52x 101 1.17x10-3
1.20x10-2 9.90x 10° 1.21x10-3
5.41x10-3 4.90x% 10° 1.11x10-3

Mean: 1.1;%x10-3
Std. dev.: £0.05%x10-3

The general applicability of this method lies in
the determination of rubidium in samples of geo-
chemical interest, in biological materials, and in
various chemicals. A sample is ready for brems-
strahlung irradiation when it is ground to a powder
along with a known amount of strontium carbonate,
100 mg in most cases. Rubidium often accom-
panies cesium in such samples, and the mutual
separation of them can not be performed by the
procedure described earlier. Considering the
nuclear characteristics of 32Cs (T7;/,=6.5d, B+
0.6%, 7’s), the (y,n) reaction product, however,
does not appear to be a serious source of inter-
ference. The y-ray energies are 0.6678 MeV
(96.7%), 0.6303 MeV(0.85%,), 0.508 MeV (0.5%,),
and others (very weak). When a sample contains
a large amount of cesium, a lithium-drifted ger-
manium detector may be considered to be superior
to a scintillation detector.






