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INTRODUCTION

In a recent review article BEasmisH! pointed out the lack of satisfactory analytical
methods for trace amounts of rhodium. Two colorimetric determinations? arc
applicable in the 25-200 pg region but these are complicated methods requiring
detailed separation procedures. Thermal neutron activation with gross f-ray measure-
ment has been used in this laboratory3.4 to determine trace rhodium content in
samples such as meteorites. ¥ Spectrometry has also been attempted clsewhered but
there was a need for a general evaluation of this method.

The concept of analysis by nuclear reaction is well established and was summarized
a number of years ago by Boypt As applied to rhodium, the nuclear reactions,
103Rh(p,2)103Pcl,193Rh(n,x)100Tc, and 103Rh(xn,y)194Rh + 104mRh are the principal
reactions available to the analyst for qualitative and quantitative analysis. The (p,#)
reaction requires a high-energy positive-ion accelerator and is relatively insen-
sitive from a practical view because of the 17-day 193Pd product. The (7,x)
reaction is more adaptable from the product half-life consideration but presently
available sources of the fast neutrons required for this reaction, limit the sensitivity

to approximately 10 p.p.m. As neutron generators are improved, this reaction will
become more important.
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Fig. 1. Decay scheme of 104Rh isomerss,
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At the present time, however, the (22,y) reaction is the most important for activation
“analysis. This reaction has favorable cross-sections, produces radioactive products
with convenient half-lives and can be run with any source of thiermal nceutrons?. Indeed
rhodium is one of the elements for which thermal neutron activation is optimum.
When irradiated with thermal neutrons, the naturally-occurring mono-isotopic
103Rh nuclei absorb neutrons to form an unstable configuration. Excess energy is
cmitted from this configuration mainly by the emission of prompt y rays until the
nuclei reach the ground state of 194Rh or an isomeric state 194 Rh. The probability
is greater for the formation of 194RI than it is for 194mRh by a factor of 137.0 to 11.8
(f.e. the ratio of the reaction cross-scctions). These isotopes are radioactive and decay
to the ground state of 191Pd by the emission of £ and y rays. The decay of these
isomers is given in Fig, 18,

The analyst can make use of the short-lived isomer (42- or 44-sec depending upon
the reference®*) in a non-destructive method or can take advantage of the cquilib-
rium between the two species (with an effective half-life of 4.4 min) to separate
rhodium chemically from its matrix prior to measurement. This paper describes a
procedure for sub-microgram cquantities of rhodium based on cach of these two
approaches using the Tord Nuclear Reactor at the University of Michigan.

EXPERIMENTAL
Apparatus and reagents

Samples were irradiated in the Ford Nuclear Reactor of the Phoenix Memorial
Laboratory at the University of Michigan. Use was made of the pneumatic tube
system!® which permitted short and precisclyv-timed irradiations coupled with
rapid delivery of the samples into and out of the neutron ficlds. Samples were deliv-
cred within 3 sec by this system to a hood in the neighboring radioisotope labora-
tory. Neutron fluxes, at the center of the irradiating positions, varied from g.¢- 101!
to 1.3-10!2 . cm~2 see~l, Relative values of neutron flux were cletermined for cach
sample by activation of gold foils. Measurement of these pold foils in a calibrated
scintillation well counter permitted normalization of the results for all irradiations
to a flux level of 1012 2 em-2sec1,

A second pneumatic tube system was used to transfer the irradiated samples {from
the laboratory hood to the sodium iodide detector of the scintillation spectrometer.
This system uses 0.5 in. i.d. aluminum tubing and @ vacuum cleaner for suction. The
sample is transported to the detector in 2 see and there triggers circuits which are
designed to start the analyzer when the sample is in position for counting.

Radioactivity assays were made by y-ray spectrometry using a daal-memory,
100-channel, vacuum tube, Radiation Instruments Devclopment Laboratory pulse
height analyzer coupled with a 3 in. < 3 in. NaI(Tl) dctector. Resolution for this
particular phototube and crystal was 10.8%,. Dead time of the analyzer system

-avied with the strength of the samples and was recorded during the counting
operation.

All reagents were C.P. or analyzed reagent grade and were used without further
purification.

Non-destructive method using 44-see 194Rh

Samples containing varying amounts of rhodium (RhCly in 1 N HC1) were scaled
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DETERMINATION OF Rh BY THERMAL NEUTRON ACTIVATION 2771
in medical grade polyethylene tubing, enclosed in a 1 in. x 3 in. polvethylene
“rabbit’”’ and irradiated in a thermal neutron flux of ~ 1012 1z cm-2 sec-! for 42 sec.
At thecend of the irradiations, the samples were returned to the laboratory, repackaged,
and sent to the scintillation detector. The elapsed time from the end of irradiation to
the start of the counting periocd varied from 19 sec to 54 sec,

¥ Radiations from the samples were detected, analyzed, and stored for 1 min in the
memory of the analyzer. This information was then recorded both graphically on an
X-Y recorder and in digital form by a Hewlett-Packard printer. The number of
scintillation counts/min in the 0.50-MeV photopeak is proportional to the weight of
rhodium present. All counts were normalized for decay (to the end of irradiation), for
analyzer dead time (to 09;), and for neutron flux (to 102 2z cm~2 sce-1). Background
radiations from other activities were climinated by an extrapolation of the base
line under the photopeak as illustrated in Fig. 2.
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IFig. 2. p-Ray spectruin of 104Rh
{(from 0.3 to 1.0 Mc¢V) showing ex-
trapolation of basce line under 0.56
MeV photopeak to climinate contri-
bution of other activities. Sample:
0.25 pg Rb as RhClgin HCL; g2-scc
irradiation; 23-sec transfer time;
1-mincounting time; 79 dead time;
04 0.5 0.6 o7 0.8 0.9 9,107 counts in peak: 4o = 13,398
ENERGY (MeV) counts/min,

ACTIVITY (COUNTS/MIN)

100

Destructive method using 4.4-nein 103m R

Rhodium samples, with and without other elements, were pickaged as described
above and irradiated for 5 min. When returned to the laboratory, they were cut open
and cautiously added to ten times their weight of previously heated sodium peroxide.
The melt was heated for 1 min, cooled by dipping the outside of the nickel crucible in
cold water while rotating the crucible to coat the inside, and dissolved by cautiously
adding zo ml of concentrated hydrochloric acid.

5 ml of RhCl3 carrier solution (1 mg/ml in 1 N HC!), 1 ml of 10Y, tartaric acid,
and 8 ml of pyridine were added and the solution was filtered into a sceparatory
funnel!l. An additional 5 ml of 6 N HCI was used to rinse the crucible and filter. The
solution was then made basic with 15 ml of 12 NV sodium hvdroxide. After thorough
mixing for 1 min the pyridine layer was separated. An aliquot was then measured by
y-ray spectrometry. The chemical yield of the separation procedure was determined
by measuring the pyridine- rhodium complex absorbance at 440 mgu. The counts in
the 0.56-MeV photopeak were corrected for elapsed time, analyzer dead time,
ncutron flux variations, and for the chemical yields.
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RESULTS AND DISCUSSION

Calibration data for the non-destructive analysis of rhodium were obtained by 42-sec
irradiations of known amounts of the element and subsequent analysis of the y-ray
scintillation spectra. Part of such a y-ray spectrum from 0.3 MeV to 1 MeV obtained
with 0.25 ug of rhodium is shown in Fig. 2.

Table I gives the results of these calibrations. The method is probably accurate to
within ~ - 69, over the weight range of 0.1 to 1 ug of rhodium. In the range of o.0x

TABLE 1

CALIBRATION DATA FOR NON-DESTRUCTIVIE RHODIUM ANALYSIS BY THERMAL NEUTRON ACTIVATION
ANALYSIS (1012 3 em-2sec=1) usING g4-sce 104Rhb

Iin I‘Imluup.rul;'. . ifi Suf
(cutinls msn=t at Specific activity

Rhadinum Trrad. time Transfer time

Sample (rne) (sec) (sce) endd of frrad. ) (cotunts min=t ug-1)
RhClain 1 N HCI 0.01 42 I19) 575 57,500
RhClzin t N HCI 0.10 42 32 5,391 53,010
RhClsin 1 N HCI 0.25 42 23 13,308 53,502
RhClgin 1 N HCI 0.50 32 54 27,525 55,050
RhClyin 1t N HCI 0.75 42 25 41,340 55,120
RhClgin 1 N HCI 1.00 42 28 57,074 57,074

Average 5.5?'7-;;:_2 DY,e

8 Corrected for analyzer dead time and neutron flux variation.

v Average of threce determinations. All other values are from a single determination,

¢ Lrror is “standard deviation®” of the six values. Statistically the higher counting values of A1y
arce more significant and hence some weighting factor should probably be used in determining
the error. Such a procedure would tend to reduce the value of this error.

TARBLE 1
ANALYSIS OF STANDARD RHODIUM SAMPLES BY NEUTRON ACTIVATION ANALYSIS

i i
Sample ITrradiation time Matrix Chemical separation -

Added Fosnd

! 42 see IO - 116} None Q.01 0.01 1%

2 42 see HaO—HC) None 0.01 0.009®

3 42 see HaO— HCI None 0.01 o.012%

4 42 see H20O—HCI None ©0.01 0.01 3%

5 2 see 101101 None 0.0l 0.012%

6 J2 soe H20-HC] None 0.01 0.0118

7 2 see HaO--11C1 None 0.10 0.005%
8 g2 see Silica gel None 0.50 0.53%
9 }2 sce Silica gel None 1.00 1.029
10 5 min H.O-11C1 P’yridine extraction 0.10 0.08b
tt 5 min FlaO - FC Pyvridine extraction 0.50 0..480b
12 5 min 13O~ HCle Pyridine extraction 1.00 1.10b
13 5 min HaO - HCle Pyridine extraction 1.00 1.02b
14 5 min F2O - HCle Pyridine extraction 1.00 1. o8P
15 5 min Silica gel Pyridine extraction 1.00 1.04%

» Based on 55,374 counts min-1 4g-t Rh at 1012 n em-2sec~?
b Based on 3,608 counts min—! gg-! Rhat 1ol 4y cm~2 sec-t
o Contained approximately 100 p.p.m. K, Sr, Ce, Zr, Ru, ’d, Ag, Zn, In, Sb, and Re
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to 0.1 ug, this accuracy is probably within ~ 4 209%,. These data, along with the
results of several standard sample analvses, are given in Table II. The average
time per analysis is 7 min for this non-destructive method using the short-lived
radioactive isomer.

It can be seen from Table II that at the o.50-ug level of rhodium even such a
“problem’’ matrix as silica gel offers little trouble in this non-destructive method
since the 44-scc isomer has such a high sensitivity for activation analysis. One might,
however, expect that clements such as silver, iodine, bromine, tungsten, arsenic,
antimony, copper, zinc, and others with y-ray peaks near 0.56 McV might interfere
if present in the matrix in much larger concentrations than the rhodium (see Fig. 27
of ref. 12 for a graph of relative calculated sensitivities).

When such interferences are found in samples, a chemical separation is necessary
before a radioactive assay can be made. A calibration curve for rhodium analysis was
prepared using the separation techniques of sodium peroxide fusion and pyridine ex-
traction to isolate the 4.4-min 194#Rh pure cnough for y-ray spectroscopy. These
calibration data are given in Table III and the results for several standard samples
analyzed by this method are included in Table 1I. The method is probably accurate
to within ~ 4- 209, over the range of 0.10 to 1 ug of rhodium. The average time per
analysis using the 4.4-min isomer is 20 min including 5 min for the irradiation.

TABLE LIL

CALIBRATION DATA FOR RHODIUM ANALYSIS BY THIZ PYRIDINE EXTRACTION METIOD USING THE
4. 4 min 10imRh FOR THERMAL NEUTRON ACTIVATION ANALYSIS (xo‘-’ ncm- scc-l)

lo I'/lutupa ak-
(umnh min=t at
end of irrad.)

Sprrn/u activily

. Rhodium Frrad. tisne  Time for Jiemistrey
Sample (Cowunts min=) jg=")

{1g) { min) {min)

RhClain 1 NV HCI 0.10 8.3 3.43® 3.430

5
RhClyin 1 N HCI 0.50 5 7.1 1.880 3,71:0
RhClgin 1 NV HCI 1.00 5 7.8 3.903 3.903

1\\'(.r.1g¢, 3 098 4: 5. 4%
L] (,uru_ctt.d for .m.xlyzcr dcad time, ncutron flux variation, .m(l (.lu.mxcnl y u:ld

b Average of three determinations. Other values are from a single determination,

¢ Erroris ‘standard deviation' (scenote ¢, Table )

The short-lived 194Rh also has a y-ray peak at 1.24 McV. In this region of the y
spectrum there are fewer potential interferences (indium, silicon, argon, and cadmium
being the principal ones!®) However, since the sensitivity of the peak is less than
that of the 0.56-MeV peak by a factor of ~ 20, the lower-energy peak will probably
be used for most non-destructive analyses.

A glance at the decay scheme of these rhodium isomers (Fig. 1) shows that a
large percentage (98.5%,) of the decay is by # emission directly to the ground state
rather than through the 0.56-(1.4%,) or 1.24-(0.19,) MeV yp rays. Thus, activation
analysis of rhodium by mecasuring tlic high-energy f ray of 1%4Rh should give con-
siderably higher sensitivities!3 than reported above. Unfortunately fi-ray measure-
ment cannot be made as discriminating as y-ray spectrometry and hence samples
with few other activating impurities would probably be required to utilize the very
high sensitivity of the 44-sec 194Rh. Suitable designs of regular or low-background
counting equipment could, however, be used with good radiochemical separations
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(as developed above or adapted from ref. 14) to lower the limit to at lcast 10-% g with
thermal neutron fluxes of 1012 2 cm~2 sec~1. Similar procedurces should give scn-
sitivitics approaching ug levels of rhodium with low cost neutron generators such as
arc now availablet2.15,

IFor most practical situations requiring high sensitivity, however, it would appear
that at present the non-destructive method using a reactor and y-ray spectrometry
will be of most importance because of its simplicity.
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SUMMARY

Trace amounts of rhodium have been determined by thermal neutron activation analysis using
both destructive and non-destructive methods. With a ncutron flux of 102 g cm-2 sec-? the lower
limits of detection ire about o.r ug and o.01 ug, respectively. A rapid sodium-peroxide fusion
followed by a pyridine extraction was used in thedestructive method toseparatethe 4.4-min 104nRh
from its matrix, The gg-scc WWIRh wis used in the non-destructive method, Both radioactive
isomers were mueasured by p-ray spectrometry with o multichannel pulse height analyzer, The
average time required per non-destructive analysis wis 7 min while the chemical method averaged
20 min. i N

RIZSUMI

Pes traces de rhodinm ont pu &tre analysées par activation au moyen de neutrons thermigues,
en utilisant soit une mdéthode destructive (fusion avece peroxyde de sodium et extraction dans la
pyridine pour séparer 'imRhE (4.4 min), soit une méthode non-destructive (utilisant 194Rh (44sc0)).
Ces deux isomeéres riadionctifs ont ¢té mesurés au moyen d'un spectromdtre p & plusicurs canaux.

ZUSAMMENFASSUNG

Spurcnmengen von Rhodium konnen durch Aktivierung mit thermischen Neutronen bestimmt
werden unter Anwendung von destruktiven (Aufschluss mit Natriumperoxyd und Isolicrung des
4.4-Min 104-RN) oder nicht destruktiven Verfahren durch Verwendung von gg-sce 1o4-Rh Dic
heiden radioaktiven [somere werden miteinem Mehrkanal-Gammastrahlen Spektrometer gemessen.

RIZIFIERENCES
Vo B Beasusi, Talanta, 1 (1958) 18,
t T, B, SANDELL, Colorimetric Determination of Traces of Melals, Interscience, New York, 1950,
WAL Mitske, .8, Atomic IZnergy Conon., Progress Report 7, Contract No.o At (11-1)-70,
ALCU-3887, 1958,
U. SCHINDEWOLYE AND M. WANLGREN, Geocltim. et Cosmochim. AActa, 18 (1000) 36.
C. LK. Mirver, U.S. dtomic Evergy Comm., Report ORNL-2715, 1959,
G. L. Bovyo, Adnal. Chenm., 21 (1949) 335.
W, W, MEINKE AND R, B ANDERSON, Adual.Chem., 25 (1953) 778.
D, SrroMINGER, J. M. HOoLLANDER AND G, T\ Sapora, Kev. Mod. Phys., 30 (19538) 585.
WL HL SuLLivan, Zrilinear Chart of Nuclides, U.S. Government Printing Office, Washington 25,
D, C.,1957.
oAV, W, MuEINKE, Nucleonices, 17, No, 9 (1959) 80,
1, D, CoryELL AND N, SUGARMAN, Radiochemical Studies, McGraw-11ill, New York, 1951,
2R 8. Mabpocik AND WAV MieINKE, U.S. cltontic Energy Comne., Progress Report g, Contract
No. AT(11-1)-70, T'ID-11009, 1960,
WO WO MeINRE, Anal. Chen,, 3t (1059) 792.
G. R. Cuorerin, N uclear Science Servies Report NAS-NS-3008. Subcommiittee on Radiochemistry,
National Researeh Council, Washington 25, 1D.C,, 19060,
WL WL MEiNkeE, IAEN, Conference on the Use of Radioisotopes in the Physical Scicices and 1n-
dustry, Paper RICC/283, Copenhagen, Detimark, 19oo,

e o

T X

13
143

15

Anal, Chim., dlela, 26 (19062) 269-274



