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radioactive concentration of 0.63 mCi/ml on 1st April,
1976 (H~ = 2.1xl0Sh) and a chemical concentration of
36.9 mg. Tc per ml. The handling of this material was
carried out in fume-cupboard with rubber gloves worn at
all times. Solutions were not pipetted by mouth, there was
no eating and hands were always washed before leaving the
laboratory .

The stannous chlordie solution and the 0.9% NaCl/O.l M
HCL buffer used in this investigation were purged with
nitrogen for 30 mins before use.

10 microlitres of NH499Tc04 solution was taken with
Hamilton syrings and placed in a scintilation vial. 10 ml.
of 0.9 NaCl/O.l M HCI buffer was added; 3 ml of this
solution was taken into a U.V. cell (I ern) and 10 micro-
litres of the solution spotted (in microlitre aliquots) onto
Whatman 3MM paper. 10 microlitres of the stannous
chloride solution was added to the cell content, the time of
addition t = 0 was noted. 10 microlitres of this solution
(after mixing) was immediately spotted on W 3 MM paper
(in 1 microlitres aliquots).

The ultraviolet spectrum of the solution was determin-
ed before and after the addtion of stannous chloride
solution using the 0.9% NaCl/O.l M HCI buffer as reference.
The determination of the absorption spectrum and sporting
of 10 microlitres were carried out at the following time:
t = 30 mins, t = 2 hrs and t = 7 days.

The spots were dried and the papers developed by the
ascending elution technique in an atmosphere of nitrogen
(oxygen free nitrogen) for 30 mins. After development, the
papers were dried under I.R. light and scanned for radio-
activity using thePanax for the detection of the reduced Tc
species. The Rf values of the peaks that emerged were
calculated.

(Received May 30, 1983)

Chromatographic scanning was used to detect the position of activities of the reduced forms of
99 Tc and Rf values correlated with the U.V./visible spectra. The different species of 99 TC that occur
in radiopharmaceuticals when it is reduced by stannous chloride (SnCI2 .2H2 0) appeared to be in the
forms Tc(IV), Tc(V) and Tc(VII).

INTRODUCTION

Of the conveniently available radionuclide, technetium-
99m has by far the best nuclear properties for diagnostic
imaging. With the advent of commercial generator systems,
instant technetium, innovations in chelations, and new
chelating agents, there has been a marked expansion in the
use of 99 Tc labelled compounds. Chemical forms of 99Tc
are presently widely used radiopharmaceutical radionuclide
imaging of the brain, liver, lung and skeleton.

A number of 99Tc radiopharmaceutical preparations
require the reduction of the pertechnetate ion (TcO 4-),
this reduction is often carried out using stannous chloride.
Since the concentrations of 99m Tc is very low in clinical
work (l 0 - 9M), meaningful analysis can be carried ou t only
at higher concentration levels, using the carrier isotope 99 Tc.

The analytical methods that have been used to study
the reduced forms of technetium-99 include polarography
[1, 2 and 3] , chromatography [4, 5 and 6] . None of these
methods have proved useful in identifying the oxidation
states of the reduced species of technetium-99 in radio-
pharmaceuticals. The present investigation, therefore, corre-
lated the chromatographic behavior of 99Tc chemical
species with their U.V./visible spectra when NH4 99Tc04 is
reduced by SnCh. 2H2 0 in order to know in what oxida-
tion states technetium exists in radiopharmaceuticals.

MATERIALS AND METHOD

Ammonium pertechnetate (NH4 99Tc04) was purchas-
ed from the Radiochemical Centre, Amersham. It had a
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RESULTS AND DISCUSSION

The pertechnetate ion in 9.0% NaCl/OJ M HCI buffer
absorbed at 246 and 289 nm before the addition of the

. stannous chlo ride solution and the solution was colorless
(Fig. 1.). It gradually turned yellow 30 mins after the
addtion of the stannuos chloride solution. The yellow
solution shows a new absorption in the U.V. region at
335 nm (Fig. 1). Stannous chlo ride solution in 0.9% NaCI/
0.1 M HCl buffer absorbed in the V.V. region at 215 nm
and hence the peak at 247 after the addition of stannous
chloride solution was difficult to measure. The yellow
solution was stable for several days.

The relative intensities and the Rf values of the peaks
that emerged during the chromatographic scanning (Fig. 2)
were calculated and the results tabulated in Table 1. The
V.V./visble absorption maximum were also tabulated in this
table.

The reduction of the pertechnetate ion in 0.9% NaCI/
0.1 M HCI buffer with stannous chloride showed from the
Rf values that there are 3 species of the reduced form Tc,
the Rf values are 0.05, 0.73 and 0.92 for each spot. (Table
1), the Rf value of 0.73 is close to that obtained with the
pertechnetate ion in 0.9% NaCI/O.1 M HCI buffer when no
stannous chlo ride was added. This value (0.73) is probably
due to the unreduced pertechnetate ion and the other Rf
values of 0.05 and 0.92 must be due to the reduced forms
of technetium. These values are close to the literature
values for Tc(V) and Tc(IV) respectively[4]. The V.V.
absorption spectrum of TcO;j'showed maximum absorption
at 247 and 289 nm and these values are close to the litera-
ture values [7,8]. The wavelength of maximum absorption
(335 nm) obtained after the addition of stannous chlo ride
solution (Fig 1) is close to the literature value of 338 nm
for TcCI~ [4]. It is, thus, possible that when the per-
technetate ion (Tc041 is reduced in 0.9% NaCl/OJM HCI
buffer, TcCl6 = is formed in solution. The following
reaction may be taking place:

Sn(I1) ~ Sn (N) + 2e

Tc(VII) + 3e ~ Tc(IV)

The Tc(IV) probably formed a complex with HCI to give
TcCl6 =. The formation of this complex when Tc(VII) was
reduced by ascorbic acid in the presence of HCI has been
reported in the literature[2] . The absorption maximum of
338 nm was also reported for this complex. It can, there-
fore, be suggested that Tc(VII) was reduced to Tc(IV) in
0.9% NaCl/O.IM HC} buffer when reduction was carried
·1
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out with stannous chloride solution since the Rf value of
0.92 obtained in this work is close to the literature value of
0.90 for Tc(IV)[4] with the same chromatographic
conditions,
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Figure 1:

The reduction of TcO"with SnCl2 in 0.9% NaCl/0.1M HCL in
A represents the U.V. spectrum of TcO" when no SnCl2 solution
was added
B represents the U.V. spectrum of TcO" at time t = 0 mirr
C t = 30 min
D t = 120 min
E t = 7 days.
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Figure 2

The radioactive scan of the chromatography paper for the detection
of the activities of the reduced Tc species when TeD" is reduced
with SnCl2 in 0.9% NaCI/0.1M HCI buffer.

1 represents the scan at time T = 0 min
2 represents thescan7 days after the addition ofSnCl2 solution.

The scans for t =30 and 120 min were the same as the one for
. the scan for 7 days.

S.F = solvent front, P = point of application.

The variations in the Rf values obtained in this investi-t
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Table 1. Rf values of the reduced Tc species and the spectra data for the reduction of Tc04 with
SnCl2 in 0.9% NaCl/O.IM HCl buffer.

Time Rfvalues Relative intensities (%) A Maximum Extinction

No SnCl2 - 0.79 - - 58- 247 289 - 0.94
Omin. 0.07 0.75 - 6 40 - 247 289 335 - 0.95 0.6
30 min 0.07 0.79 0.97 17 35 39 247 289 335 - 0.97 0.7
120 mind 0.06 0.76 0.92 14 39 50 247 289 335 - 0.98 0.8
7 days 0.05 0.77 0.91 8 70 35 247 289 335 - 0.98 0.7

gation (Table 1) for a particular spot is probably due to the
fact that when Tc(VII) is reduced to different oxidation
states, there are many possible products of each oxidation
state due to the hydrolysis and complex formations, for
example, the Tc(IV) has been shown to exist in solution as
Tc02, TcCl6 ". Tc(OH), Tc(V) OCI~ and Tc(V)0(OH)C14 =
[4,2] . All these species will absorb differently in the U.V./
visible region and will probably not have the same Rf
.values. The identification of the reduced species of Tc-99
.when reduced by stannous chloride solution in Tc-99
radiopharmaceuticals is still faced with analytical problems
because of various hydrolytic products that exist in
solution during the reduction process; but to a good appro-
ximation it could be suggested from the results obtained in
this investigation that the Tc-99 exists in the forms:
Tc(VII). Tc(V) and Tc(IV) corresponding to the oxidations
of 7,5 and 4 when reduction is carried out with stannous
chloride solution. The investigation also suggested that
these various valency states of Tc-99 existing in solution
during the reduction of pertechnetate ion with stannous
chloride solution may be separated by ascending paper
chromatography (using Whatman 3MM paper) using O.3M
HCl as solvent and the running time of at least 30 min.
The paper can be scanned radioactively for the detection
of the Tc-99 species by using the Rf values of the emerged

peaks.
It appears this will be a useful method for the deter-

mination of Tc-99 in Tc-99m radiopharmaceuticals.
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