
tion as a prerequisite to understanding the chemical
manipulations necessary for preparing organ-specific

radiopharmaceuticals.
The equilibrium constants were determined by the

batch ion-exchange method previously used by
Schufle and Eiland (6), and the values of the equi
librium constants obtained in this way were verified
by separating the chloride species using an ion
exchange column.

The data from the batch ion-exchange method
were analyzed using Schufle and Eiland's simplifica
tion of the method of Fronaeus (7) using the fol
lowing notation:

4, = distribution coefficient

(In8@)@+ (InCl2@)R +@ .-
(In@+)+ (InCl2@) + (InCl2@) + - --

TABLE1. ELUATECOMPOSITIONUSING
EXTREMELITERATUREVALUESK,K,T.

In@% InCl'@%InCl2@3326.54.472.123.5262824.231.544.2266.536.847.915.5332282.440.657.1
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Indium-i 13m obtained by the elution of a â€œ85n-
113m[@ generator is gaining increasing importance as

a general-purpose isotope used in clinical nuclear
medicine. Selective scanning agents have been pre
pared for visualizing the liver, spleen, heart, lung,
bone, bone marrow and brain (1â€”4).

Indium is obtained by eluting an alumina or zir
conium oxide column with dilute (0.05 M) hydro
chioric acid; the various scanning preparations are
prepared by altering the chemical composition of the
eluate. Although hydrochloric acid is used as the elu
ent, the chemical form of the indium eluted is uncer
tain. Indium (III) forms the following complexes
with chloride ion:

In(H2O)63@+ Cl
K1

@ In(H2O)5Cl2@+ H20 (1)

K2
In(H2O)5C12@+ Clâ€”@ In(H2O)4C12@+ HO (2)

K3
In(H2O)4C12@+ Clâ€”;Â± In(H20)3Cl3 + H20. (3)

If one assumes the extreme literature values for the
equilibrium constants (5), the eluate composition
can vary greatly. Table 1 shows extreme published
values of the equilibrium constants K1 and K2 to
gether with the eluate composition using 0.05 M
hydrochloric acid as the eluting solution (the for

mation of complex ions higher than In(H20)4Cl2+
has been ignored) . This work was undertaken to
define the equilibrium constants and therefore to
define more clearly the generator eluate composi

(4)
â€” % activity in resin volume solution

â€” % activity in solution X mass resin

where (InS+ )R, (InC12+ )R, etc., are the equilibrium
concentrations of the metal ion and complex ions in
the resin and (1n3+), (InCl2+), etc., are the equi
librium concentrations in solution (for simplicity the
coordinated water molecules have been left from
In(H2O)63@, etc.). The distribution of each corn
plex between resin and solution is given by

d â€”(In3@)R d â€”(InCl2@)R
0 (1n3+) â€˜ â€˜@ (InCl@+) â€˜

d â€” (InCl2@)R d1B1@
â€” (h8@)R (Cl) â€” â€”a;;-

B@ = formation constant on the @thcomplex =

(InCl@8@)
(In@@)(Cl)@@

Received March 4, 1969; original accepted April 25, 1969.
For reprints contact: M. J. Welch, Mallinckrodt Institute

of Radiology, 510 South Kingshighway, St. Louis, Missouri
63110.

C Mallinckrodt Nuclear Company Summer Student Fel
low in Nuclear Medicine.

646 JOURNAL OF NUCLEAR MEDICINE

CLINICAL CHEMISTRY OF THE TIN-INDIUM GENERATOR



.02 .04 .06 .08 .10 .12
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â€” (d0/@3) â€” 1 5 consisting of the identical indium (III) and chlo

c/mi â€” (C1) ( ) ride solution but no resin was also shaken and

d / [B d@Cl) P I@ counted. After shaking, distribution coefficients were
f = 0 (C112@ J -r (6) determined by radioanalysis of aliquots of the blank

solution and the equilibrium solution in contact with
U resin. The amount of indium on the resin was com

x = @:B@(Cl@whereB0= 1. putedbytakingthedifferencebetweentheactivity
d0[l + d(Cl@

If@ =@ , then f = B1@1â€”X2 where

x2= B2+ B3(C1)+ B4(Cl)2.FromEqs.4and5
. lim 1 1it can be shown that â€” = â€” and(C1â€”)_@o4@ d0

lirn@1 â€”B â€”d
(C1â€”)_@o 1 -

From a plot of l/@ vs (Cl), l/d@,can be obtained
by extrapolation to the zero concentration of (Cl ).
The quantity (B1 â€”d) can be obtained by extrapola
tion to zero concentration of (Cl ) on a graph p@vs
(C1 ). Using these values one can evaluate the func
tion f for various (C1 ) values by substitution into

Eq.6.

At low values of (C1 )
X2=B2+B3(C1) (7)

So from Eqs. 5 and 7 the following relationship can

be obtained:

i@@f= B1@1 â€” B3@(Q).

Thus from a graph of M/@(Cl ) vs
B1 is obtained from the slope of the line and B3 as
the intercept. Using the value obtained for B1 the
value of X2 can be calculated for the various con
centrations of (C1 ) by using Eq. 5. From Eq. 7 a
graph of X2 vs (Cl ) should give a straight line of
slope equal to B3 and intercept equal to B2.

EXPERIMENTS

Determinadon of equilibrium constants. The equi
librium constants were determined by the batch ion
exchange method under conditions of excess chloride
and excess indium.

Chloride in excess. Ten milliliters of a 1.0 X
103M or 1.0 X 106M solution of indium (III) con
taming 113â€•In(half-life 1.7 hr) as a tracer and
various chloride concentrations varying from 1.0 X
103M to 1.0 X 101M were shaken mechanically
with 0.5 gm of oven-dried Dowex 50 W â€”X8 resin.
The ionic strength of the solution was maintained
at 0. 16 M using sodium perchlorate and the pH
maintained at 2.3 1. Solutions were shaken for Â½hr
because comparative experiments showed equiib
rium established after this time. Since indium has
been known to adsorb on glass surfaces, a blank

32
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8

C

I I@ x

FIG. 1. Plotof 1/@against(CI) for casewherechlorideion
is in excess.
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6

(8) Il@x1o4
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FIG. 2. Enlargementof lowersectionof Fig.1.
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FIG. 3. Plotof â€˜Piagainst(Cr).
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in the original solution (represented by the blank)
and the activity in the final solution in contact with
theresin.

Af xitâ€”@
.@A

Indium in excess. Ten milliliters of a 1.5 X
102M indium (III) solution containing flsmln and
chloride concentrations varying from 6.0 X 104M
to 1.55 X 102M was shaken with 0.5 gm of oven
dried Dowex 50 W â€”X8 resin. The ionic strength
was adjusted to 0. 16 M by the addition of perchioric
acid, and the pH was 1. 12. Solutions were analyzed

as in the preceding section.

Chromatography. A 30 X 1.5-cm column of
Amberlite CG-50 was prepared by rinsing with 2 M
HC1 and washing with 0.01 M HC1O4 until the pH
was below 3.0 and the eluate was chloride-free. A so
lution consisting of 10 ml of a 1.0 x 103M indium
solution containing ll3mIn in 0.05 M perchioric acid
or 10 ml of a 1.0 X 103M indium solution in
0.05 M perchloric acid and 1.0 X 10' in chlo
ride was passed through the column. The eluate was
collected in 7-mi portions, and the activity was cor
related with that of a standard composed of 0. 1 ml
of sample solution diluted to 100 ml. Decay correc
tions were made by measuring the standard at various
intervals in the counting of the sample.

RESULTS

Equilibrium constants: chloride in excess. The@
was evaluated from the experimental data using Eq.
1. From a graph of l/@ vs (Ci ) (Figs. 1 and 2; en
largement of lower section of Fig. 1) values of /@for
the various chloride concentrations were obtained by
using Eq. 5 and d@= 2.5 X 10g. These values were
plotted against their corresponding chloride concen
trations (Fig. 3). Extrapolation to zero chloride con
centration gave B1 â€”d = 278 M1.

Values of f were calculated using Eq. 6 and from
the graph of @f/@Clvs @1/i@Cl;B1 was obtained
from the slope of the line and B, as the intercept
(Fig. 4).

Substitution of this value of B1 into f = B1@1X2
permitted the calculation of the various X2's which
when plotted against their corresponding chloride
concentration gave a line with slope equal to B3 and

a zero intercept equal to B2 (Fig. 5).
From these calculations

B=K1=277M1

B2=800=K1K2 K2=2.88M'

B3= 2,600= K1K2K3 K3 = 3.7M1-

Equilibriwn constants: indium in excess. When the
indium (III) concentration is in excess of the chlo
ride concentration, it is assumed that no complex
except the monochloro complex is formed and the
amount of complex ion exchanged on the resin is

. . much smaller than the amount of In(H20)63+ on
msin

the resin.
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FIG. 4. Plotof@ against @/i@A.

12

9

x2 kIO@@

6

3

FIG. 5. Plotof X, against(C1).

Il,*io'
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Equation 4 for the distribution coefficient becomes

(In3@)R
â€˜I,â€”(h3+) + (InCl2@)

One can substitute (Ifl3@)R = d@(In3+ ) and
(InCl2+) B1(In3+)(C1).
Therefore

â€” @j@(h3+) â€” d0

4,â€”[Jj@3@+ B1(In3@)(Cl)] 1+ B1(Cl)@

rearranging:

(10)

Figure 6 shows a plot of l/@ vs (Cl ). The intercept
is l/d0 and the slope is B1/d0. B1 obtained in this
manner is 286 M1. Since the curve in Fig. 6 is linear

(to a good approximation), Eq. 10 seems to be valid
inthisregion.

Column chromatography. Using column chroma
tography it was possible to obtain two peaks from
indium chloride solutions, one peak being eluted
with 0.01 M HC1O4,the other with 0.05 M HC1O4.
At very low chloride concentrations the activity in
the first peak was very small but increased with in
creasing chloride concentration. It appears that the
first peak contains In(H2O)5Cl2@, In(H@O)4Cl2+,

etc., the second peak In(H20)63+.
If 1.0 X 103M indium (III) in HC1O4 contain

ing 7 X l04M chloride was added to the column,
the separation obtained is shown in Fig. 7. With the
excess indium it is unlikely that ions above
In(H2O)5Cl2@ would be obtained.

Comparing the peak activities to the activity in
the sample:

In(H2O)5Cl2@ = 16.5 Â±2% (average of three
experiments)

In(H2O)63@ = 82 Â±5% (average of three ex
periments)

(InC12@)
Therefore K1 = (In3+)(Cl) 287 M1.

This value for K1 is in very good agreement with
277 M1 and 286 M1 obtained by the batch
method.

As the chloride ion concentration was increased,
the size of the first peak increased. With 0. 1 M chlo
ride concentration the two peaks were:

In(H2O),Cl2@ + In(H2O)4Cl2@ etc. = 94 Â±3%

In(H20)63+= 5.5Â±3%.

Using the equilibrium constants obtained by batch
ion-exchange method would expect this mixture to
contain:

F@ACTICMVIII ( 7 .1 I f'sctth.

10

ACTIVITY

(cciaTs.II
, x xmss)

FIG. 7. Separationof In(H,O)s5@fromchloride-containingspe
cies.

1fl(H2O)6@ = 2.55%

In(H2O)5Cl2@ = 70.0%

In(H2O)4Cl2@ 20.4%

In(H20)3C13 = 7.0%.

DISCUSSION

The values obtained for the equilibrium constants
using the batch ion-exchange method agree very well
with the separations of the ionic species obtained
using column chromatography.

The low value obtained for K2 is in agreement
with the column separation of the 0.1 M chloride
mixture. A higher value of K2 would predict a much
lower 1n3+ concentration than experimentally ob
served.

The equilibrium constants obtained in this way
predict the following ionic composition of the eluate
of the tin-indium generator using 0.05 M chloride
(HC1) as the eluting solution:

In(H2O)63@ = 5.85%

In(H20)5Q2+ = 80.5%

In(H2O)4Cl2@ 11.65%

In(H20)3Cl3 = 2.00%.

Addition of further chloride which has been advo
cated for blood-pool scanning preparations will tend
to give a greater percentage of the higher chloride
states.

Attempts to analyze the generator eluate by di
rect column chromatography were unsuccessful, be
cause the chloride-containing peak â€œtailsâ€•for a long
time. This tailing is presumably caused by an inter
action between the walls of the chromatographic
column and the carrier-free indium.
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Preparations used clinically for spleen and liver
scanning were also separated by column chroma
tography; the analysis varies considerably from one
sample to another, the average values obtained
being

Peaki: 4Â± 1.6%

Peak2 :60Â± 13%.

Although it is impossible to identify these prod
ucts, it seems that the major portion of the activity
behaves as an ionic species, not as small particles
which would be expected to remain on the column.

SUMMARY

Indium-i 13m is a promising, inexpensive, new
broad-spectrum scintiscanning agent. The chemical
nature of the indium as obtained from the tin-indium
generator has been identified and found to be

In(H2O)63@ = 5.85%

In(H2O)5Cl2@ = 80.5%

In(H2O)4Cl2@ 11.65%

In(H20)3Cl3 = 2.00%.

This information is an essential prerequisite to mean
ingful chemical manipulation of the eluate in prep
aration of organ specific radiopharmaceuticals. Based
upon this data, simplified methods using prepared

vials are being developed for brain, kidney, lung,
liver, spleen, bone marrow and blood-pool scanning
agents.
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