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fro m  Spectrophotom etric D ata
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In tro d u ction
A m o r e  complete knowledgc of thc characteristics of 
the colloidal radioactive gold is needed in view of the 
growing use of this compound in thc clinical rescarch. 
The mean size of the partióles, the dispersión degree 
and the number of particles per volume unit are 
between the more important paramctrrs. The latter 
can be easily calculated from the valué of the partido 
mean size and the gold concentration of the suspen­
sión.

C a r o  and Tn o r a n d  have rccently reported11* a 
simple spectrophptometric proccdure for determining 
thc particle mean size of thc colloidal gold prepara- 
tions. The procedure is routincly used in our 
laboratorios with good results.

On the contrary, thc conventional chemical deter- 
mination of the gold concentration in gold sois is a 
slow procedure and, for this reason, it is unsuitable 
to tile analysis of the radioactive preparations, due 
to thc short half life of the Au19S.

In this note vve study a procedure to determine the 
gold sois concentration hy absoiption spectropliotom- 
ctry; the dctermination is based 011 the Mib. 
thcory*2* of the optical behaviour of gold sois wilh 
different particle sizes. By determining at 526 m/i 
the optical density of the colloidal suspensión, we can 
estímate with an accuracy of approximately 10 per 
cent, the concentration of gold sois with particle 
diameters between 30 and 400 A. These sizes are 
those of the commonly used radiogold colloids.

P rin cip ie  o f  the m ethod
The concentration of gold sois c can be calculated 

from the valúes of its optical density, (o.d.) =  
log (/„//), determined by spectrophotometry, using 
the following equation:

_ (o.d.)

C  =

0-43/a (1)

4-49 x 107 (o.d.)
T i (2)

The coefTicient of volume extinction K, for particles 
witli a diameter smaller than 300 A, is given by:

nk
(„» _  k2 + 2h02)2 + 4nW (3)

A, nn and n are respectively the wavelengtli of the 
incident light in the vacuum, the refractive índex of 
thc dispersing médium, thc rcfractive parameter of 
the colloidal particle and k is its absorption parameter. 
n and k are a function of both thc wavelcngth of the 
inéident light and the particle size. R o e m e r  and 
Fn.MíSTr.iN*’1* hnvc detcrrninrd exporiment ally l¡>c 
n and k valúes for gold colloids with dilfercnt 
partirle diameters at several waveiengths. (Tiic 
particle diameter can be obtainrd from the ratio 
of the optical densities measured at two different 
waveiengths.) 1 lie valúes for solid gold have 1)ccn 
given by H a o en s  and R u d e n s(4) and by O t t e r . (s>

I f  the K  valué is needed for sois with a particle 
diameter greater than 300 A, it is nccessary to intro­
duce in thc calculations thc second and third terms 
of thc Mic series.

In the presen t paper wc have selected the wave- 
letigth of 526 in/< for which tlic « and k valúes are 
wcll ktiown, a» a convenient one for deit ¡mining the 
colloid concentration. Sliorter wavelcngth valúes 
are unsuitable, because, for these, the plasma eíTect 
describcd by S e r a f iu n ,*6* which has not been taken 
into account in equation 3, becomes much more 
important. As the experimental determination of 
the optical density at large waveiengths can be 
affected by light scattering in some spectrometers,

_L ___

where K  is the coefficient of volume extinction and l 
the thickness of the solution. In this equation c 
is the ratio of total volume of the gold particles/ 
volume of the suspensión. I f  we wish to gíve the 
concentration C  as /tg of gold per mi of the colloidal 
suspensión, the equation is:

Fio. 1. Optical density (o.d.) at 526 m/i of a 
10 ftgjm l gold colloid as a function of thc particle

mean size.
■ Theoretical.

A Experimental valúes
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ir,g e r  th a n  5 5 0  m //we have not used wavelengths 
either.

By using the equations (2) ana 
k valúes for gold colloids, we hav 
tion I) the optical density at 52C 
gold sol as a function of the p aticle  diameter. A 
similar function (function II) was also calculated with 
the n and k valúes for solid gold 
given by J e p p e s e n  and B a r l o w  
have introduced into the calculad 
third terms of the Mié series.

We expected that the first furíction (n and k  for 
colloids) would give a better fit with the experi­
mental valúes. However, the plasma eflcct, which is

(3) and :the n and 
e calculated (func- 
m/t of a! 10 /íg/ml

by using the data 
(7) These authors 
ans the second and

difficult to evalúate quantitativeh 
the actual optical density of gold

, produces a rise of 
sois with i a particle

size smaller than 150 Á. Therefo-e we have madc a
rough estimation of the contribu 
effect togethcr with an evalúa
involved by adopting the equations with ri< and k  for

tion of the plasma 
ion of the errors

for colloids. We 
function which, by

nsity were obtained 
size, the valúes

solid gold and those with n and 
have in this way obtained a new 
counterbalancing the errors, agroca betteí with the 
experimental data. In this function (solid line in the 
Fig. 1) the valúes of the optical de 
by averaging, for each partid ; 
obtained by the function I and II¡.

On this basis we have prepared, in order to simplify 
the calculations, a nomograph for finding the con­
centraron of the gold sois froi its optical density 
(Fig. 2). The first column ebrresponds to the 
particle mean diameter in A, the second to the 
concentrations in //g Au/ml and the third to the óp­
tica! densities of the colloid at 526 mp , Moreover, 
on the fíght slde of the first coúiffirt We have also 
plotted the corresponding valuesjof the (0.d.)626m/1/ 
(o.d.)492míJ ratios. These ratios áre used for calcu- 
lating the mean particle diamete!!.*1*

E x p e rim e n ta l

We have prepared gold colloidslof different particle 
sizes, by the procedure given by Henry et 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 then compared, with a 
well-type ionization chamber, the activity of this 
solution to the activity of the colloidal preparations.

At the same time, for checking the absence of
ionic gold in the colloids, the 
analysed by paper chromatograph
acetone¡water:conc hydrochloric acid (7 :2 :1 ). In

preparations were 
y with the solvent-

all cases the ionic gold content v, 
per cent.
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Fio . 2. Nomograph for caleulating the concen- 
tration of gold sois. The diameter is given ¡h 
Á, the concentration in 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 fig  Au/ml. The 
absorption spectra of the sois 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 médium of the 
colloid, does not produce serious errors.*11 All the 
preparations were analysed in several spectrophotom- 
eters: the optical density valúes 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 m/i and 492 mfi. 
With this valué, 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 mft on the third column. The intersection of 
the straight line with the second column gives the 
concentration of the sol.

R e su lts

The solid line in the Fig. 1 represents the calculated 
óptica! density of a lOjugAu/ml sol of gold as a 
function of the particle mean sizej On the same 
graph are plotted the experimental valúes of
/q ^ \

Ó P  '"^ w^ere 0 *s ^le 8 ° ^  concentration of each

preparation as obtained by radiomc»iic analysis. We 
can observe that the experimental Valúes agree with 
the theoretical ones within 10 per cent. The differ- 
ence may be explained either by possible experi­
mental errors— in the determinatioln of the optical 
density and in the radiometric análysis—or by the 
intrinsic limitations of the theoretical treatment. 
These limitations have been discusi 
by C a r o  and I n g r a n d 11* on the i 
the particle size.

We think, however, that the simple and lást pro- 
cedure we propose can be used as 
for determining the concentration 
since its accuracy is suitable to the dccuracy required

;ed in the paper 
letermination of

routine method 
)f radiogold sois,

by most of the uses of the colloidal gold in the biologi- 
cal and clinical research.
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