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Determination of Gold Sol Coneentrations
from Spectrophotometric Data
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Introduction

A Mmore complete knowledge of the characteristics of
the colloidal radioactive gold is needed in view of the
growing use of this compound in the clinical research,
The mean size of the particles, the dispersion degree
and the number of particles per volume unit are
between the more important paramcters. ‘Lhe latter
can be casily calculated from the value of the particle

mean zize and the gold concentration of the suspen-

sion.

CAaro and Tncranp have recently reported™ a
simple spectrophotometric procedure for determining
the particle mean size of the colloidal gold prepara-
tions, The procedure is routinely used in our
laboratories with good results. ‘

On the contrary, the conventional chemical deter-
mination of the gold concentration in gold sols is a
slow procedure and, for this rcason, it is unsuitable
to the analysis of the radioactive preparations, due
to the short half life of the Aul?®8. ‘

In this note we study a procedure to determine the
gold sols concentratinn by absorption spectrophotom.
etry; the dectermination is based on the N
theory!® of the optical bchaviour of gold sols with

different particle sizes. By determining at 526 mu.

the optical density of the colloidal suspension, we can
estimate with an accuracy of approximately 10 per
cent, the concentration of gold sols with particle
diameters between 30 and 400 A, These sizes are
those of the commonly used radiogold colloids.

Principle of the method

The concentration of gold sols ¢ can be calculated
from the values of its optical density, (o.d.) =
log (I,/I), dctermined by spectrophotometry, using
the following equation:

(o.d.)
= 1
* = 043K M

where K is the coefficient of volume extinction and [/
the thickness of the solution. In this equation ¢
is the ratio of total volume of the gold particles/
volume of the suspension. If we wish to give the
concentration C as ug of gold per ml of the colloidal
suspension, the equation is;

“incident light and the particle size.

449 x 107 (0.d.)
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The coeflicient of volume extinction K, for particles
with a diameter smaller than 300 A, is given by:

367 nk
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A, ny and n are respectively the wavelength of the
incident light in the vacuum, the refractive index of
the dispersing medium, the refractive paramcter of
the colloidal particle and 4 is its absorption parameter.
n and k are a function of both the wavelength of the
RoeMer and
Foacsrrw®™  have determined experimentally  the
n and k& values for gold colloids with different
particic diamcters at several wavelengths.  (Tiie
particle diamecter can be obtained from the ratio
of the optical densities measured at two different
wavelengths.) The values for solid gold have been
given by Hacens and Rupens®? and by OTTER.(®

If the K valuc is needed for sols with a particle

" diameter greater than 300 A, it is necessary to intro-

duce in the calculations the second and third terms
of the Mie series.

In the present paper we have sclected the wave-
length of 526 mip for which the n and & values are
well known, as a convenient one for deteymining the
colloid concentration. Shorter wavelength values
arc unsuitable, because, for these, the plasma eflect
described by SErapiun,{®) which has not been taken
into account in equation 3, bccomes much more
important. As the experimental determination of
the optical density at large wavelengths can be
affected by light scattering in some spectrometers,

(».d)

Fig. 1. Optical density (o.d.) at 526 mu of a
: 10 ug/ml gold colloid as a function of the particle
mean size.

Theoretical.
A Experimental values



328

we have not used wavelengths T4rger than 550 mu
either.

By using the equations (2) ana; (3) and the n and
k values for gold colloids, we ha calculated (func-
tion I) the optical density at 526 mp of a' 10 ,ug/ml
gold sol as a function of the pafticle diameter. A
similar function (function IT) was also calculated with
the n and k values for solid gold by using the data
given by JeppesEN and Barrowl|!? These authors
have introduced into the calculations the s¢cond and
third terms of the Mie series.

We expected that the first furiction (# and & for
colloids) would give a better fit with the experl-
mental values. However, the plasma effect, which is
difficult to evaluate quantitatively, produces a rise of
the actual optical density of gold sols withia particle
size smaller than 150 A. Therefore we have madc a
rough estimation of the contribution of the plasma
effect together with an evalua ion of the errors
involved by adopting the equatlo s with n and £ for
solid gold and those with n and k for collpxds We
have in this way obtained a new ffunction which, by
counterbalancing the errors, agrées better with the
experimental data. In this functipn (solid line in the
Fig. 1) the values of the optical density were obtained
by averaging, for each particle size, the. values
obtained by the function I and I]ﬁ.

On this basis we have prepared,‘ in order to simplify
the calculations, a nomograph for finding the con-
centration of the gold sols fro1 | its optical density
(Fig. 2). The first column corresponds to the
particle mean diameter in A, ‘the second to the
concentrations in g Au/ml and the third to the op-
tical densities of the colloid at 526 mu.. Moreaver,
on the tight side of the first column we have alsd
plotted the corresponding values! of the (0.d.)sogmuf
(0.d.)49gmu ratios. These ratios are used for calcu-
lating the mean particle diameter.t}

Experimental

We have prepared gold colloids|of different particle
sizes, by the procedure given by Henry ef al.,8) from
small gold wires irradiated in| the reactor RAI

Their concentrations were determined radiometri- .

cally as follows. We have prepared, with' equal
specific activity gold, a solution of known content of
chloroauric acid. We have the% compared, with a
well-type ionization chamber, the activity of this
solution to the activity of the colElo:dal preparations.

At the same time, for checking the absence of
ionic gold in the colloids, the|preparatlons were
analysed by paper chromatographyy with the solvent—
acetone:water:conc hydrochlori} acid (7:2:1). In
all cases the ionic gold content was smaller than 0-5
per cent,
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Fi6. 2. Nomograph for calculating the concen-

tration of gold sols. The diameter is given in

A, the concentration in pug Au/ml. The
optical density is indicated by (o.d.).

After the radiometric determination, the colloidal
preparations were diluted with distilled water to a
concentration between 10 and 70 pg Au/ml. The
absorption spectra of the sols were determined
against blanks of distilled water. In our case a
distilled water blank, instead of a solution with
the same composition as the dispersing medium of the
colloid, does not produce serious errors.) All the

preparations were analysed in several spectrophotom-

eters: the optical density values obtained in the
different instruments were in agreement within 2 per
cent.

The mean particle size was calculated from the
ratio of the optical densities at 526 my and 492 mu.
With this value, a straight line was plotted from the
first column of the nomograph to the point corre-
sponding to the optical density of the preparations at
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526 mp on the third column. The intersection of
the straight line with the second column gives the
concentration of the sol.

Results

The solid line in the Fig. 1 represents the calculated
optical density of a 10 ug Au/ml sol of gold as a
function of the particle mean size; On the same

graph are plotted the experimental values of
(o'd‘)526mu
0-1¢

preparation as obtained by radiomcyric analysis. We
can observe that the experimental values agree with
the theoretical ones within 10 per dent. The differ-
ence may be explained either by(J possible ‘experi-
mental errors-——in the determination of the optical
density and in the radiometric analysis—or by the
intrinsic limitations of the theorgtical treatment.
These limitations have been discussed in the paper
by Caro and INGRAND?Y) on the Aetermination of
the particle size. ‘

We think, however, that the simile and fast pro-

where ¢ is the gold concentration of each

cedure we propose can be used as 4 routine method
for determining the concentration of radiogold sols,
since its accuracy is suitable to the accuracy required
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" by most of the uses of the colloidal gold in the biologi-

cal and clinical research.
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