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ABSTRACT 

Silver dichromate - a suitable dosimeter for radiation 
processing. Hoang Hoa Mai and Nguyen Dinh Duong. {Institute 
for Nuclear Science and Techniques, Vietnam Atomic Energy 
Commission). VAEC-C-026. 1995 

An aqueous dosimeter system based on solution of silver 
dichromate in perchloric acid and spectrophotometry analysis was 
investigated. The optical absorption characteristics of solutions have 
been studied. The molar extinction coefficients and radiation-yield of 
the dosimeter solutions were determined. The machanism of radiation-
induced reactions in the solutions is also considered. A formuiar for 
calculating the dose based on absorbance measurements is presented. 
The G-value of dichromate reduction caused by gamma radiation was 
determined. The value found, 0.397 is close to the values of the other 
authors. Two solutions with different concentrations of dichromate 
have been chosen to match two applicable dose ranges. The solution 
containing 0.5mM Ag2Cr20y in 0.1 M HCIO4 is applied to dose range 
of 1 - 12 kGy and the solution with 0.5mM Ag2Cr2G7 and 2.00mM 
K^Cx^Oj in 0.1 M HCIO4 is app'ied to dose range of 3 to 50 kGy. It was 
found that the relationship between net absorbance AA and radiation 
dose, D is essentially linear over expected dose ranges. The calibration 
curves have been drawn up by using least square method. In routine 
use for gamma radiation the dosimeter show good accuracy, 
reproducibility and stability of the response. 
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I. INTRODUCTION 

The radiation-induced reduction of dichromate ions to dichromic 
ions in dilute acid has been known since the sixties (Showrski, 1959, 
deBaere, 1966). Since then several investigators have made notable 
advances in development and practical application of dichromate 
solution as dosimeter for high dose radiation dosimetry. The dosimeter 
solution mainly contains potasium dichromate in either aqueous 
sulfuric acid (Ellis et al. 1981, Mclaren, 1981, Mathew, 1981) or 
aqueous perchloric acid (Janovski, 1983,1986; Sharpe et al. 1985; 
Thomassen, 1985). Latter, authors have discovered that by adding a 
small concentration of silver dichromate to the dosimeter solution the 
dose response characteristics of dosimeter solutions is considerablly 
improved, mainly precision, stability and independence of response 
upon dose rate. The "response" in this term is defined as the net 
absorbance AA at a given wavelength in functional dependence upon 
the radiation dose. 

The aim of the present work is to develope and find the 
details necessary for using this system as routine dosimeter for 
high dose dosimetry in Vietnam including process of dosimeter 
production and procedures for calibration and application of 
dosimeter for dose measurements in radiation processings. 

II. EXPERIMENTAL METHOD 

II-1 Reagents and dosimeter solution preparation 

Sulfuric acid, perchloric acid, nitric acid, potasium dichromate, 
silver nitrate, and double distilled water was used in this study. All 
chemicals were of analytical reagent grade and were used without 
further purification. The chemicals were supplied by the "MURCK". 
Silver dichromate was obtained from chemical process: 
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K2Cr207 + 2Ag2N03 + HNO3 > Ag2Cr207 + 2KNO3 
boiling 

Two dichromate solutions were made up. The first one, hereafter 
called low dose dosimeter solution, was made from 0.5mM 
Ag2Cr2C>7 in 0.1 M HCIO4 and the second one, hereafter called high 
dose dosimeter solution was made from 0.5mM Ag2Cr2C>7 arid 
2.00mM K2Cr207 in 0.1 M HCIO4. All solutions were saturated with 
air by bubbling overnight. To make dosimeter solutions were filled into 
5-ml pyrex glass ampoules, at least with 3ml of each, and then flame 
seal. 

II-2 Irradiation and calibration 

Irradiation of dosimeter solution with gamma ray was carried 
out at Irradiation Centre using a cobalt-60 irradiation facility named 
RPP-150. It is a semicommercial scale irradiation facility with a 
plaque source sized 60x120cm and total activity of about 110 kCi at 
the loading moment 27th July 1991. Dose field was measured by 
using ferrous sulphate dosimeter - a reference standard dosimeter. 
The Fricke solution used to calibrate dose rate has the following 
composition: 

392mg Fe(NH4)2(S04)2.6H20, 56mg NaCl and 1000ml 0.4M H2S04 

Dose rate and transit dose at irradiation positions were ditermined 
by least quares method. Irradiation of dichromate dosimeters was 
done at these calibration positions. 

To establish electron equilibrium conditions the dosimeter 
ampoules were surrounded by polystirene cylinder with a wall thickness 
of 1cm. 
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II-3 Spectrophotometry analysis method 

Dichromate solutions have typical optical absorption 
spectrum as in Fig. 1. The spectrum has maximum peak at wavelenghth 
of 350nm, and a lower peak at 440nm. As can be seen from Fig. I the 
optical absorbance of the solutions at these wavelengths depences upon 
concentrations of dichromate ions in solution . This gives the system a 
high sensitivity to radiation-induced reduction of dichromate ions to 
chromic ions, Cr(III), and by spectrophotometry measurements carried 
out at the given wavelengths the dichromate solution can be used as 
dosimeter for high dose dosimetery. 
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Fig. 1: Spectrum of silver dichromate in 0.1 M HCIO4 
I- 0.1 mM; 2- 0.2mM; 3- 0.3mM; 4- OAmM; 5- 0.5mM and 6-

0.6mM A%2(-r2(~)7-
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Spectrophotometry measurements were done by using a 
double beam spectrophotc °,r (HITACHI U-2000). The 
spectrophotometer is calibrated with standard sample of Holmium filter 
for wavelength and optical density up to 2 with uncertainty no more 
than 1%. 

Spectrophotometry measurements of the low dose range 
dosimeter solution were carried out at wavelength of 350nm and of the 
high dose range dosimeter solution were done at wavelength of 440 nm. 

III. ABSORBANCE AS A FUNCTION OF SILVER DICHROMATE 
CONCENTRATION 

To find the relationship between silver dichromate concentration 
and measured absorbance a series of samples was prepared. The 
concentration range was from 0.1 to 0.6mM. The solution of 0.1M 
HC104 was used as reference in the absorbance measurements. The 
results are given in Table 1 and shown graphically in Fig. 2. It is 
clear from this figure that the relation between concentration and 
measured absorbance at 350nm is strictly linear. This means the 
dosimeter solution obeys the Beer-Lamberts law, A=ExCxl, where C 
is dichromate concentration and 1 is light path in the 
spectrophotometer sell. As the results shown in table 1 the 
determined value of E in average is 3109121. The data also show that 
the absorbance of solutions with a concentration higher than 0.6mM is 
in the range of 1.8 or upwards. This range is not suitable for accurate 
absorbance measurement. Thus for low dose range the initial silver 
dichromate concentration should not be higher than about 0.5mM. 
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Table 1. Relation between silver dichromate concentration and 
absorbance at 350nm and Extinction coefficient^ of dosimeter 
solution. 

Concentration 
1 of 
) Ag2Cr207,mM 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 

Optical 
Absorbance, A 

0.313 
0.628 
0.918 
1.248 
1.540 
1.860 

Extinction 
Coefficient, E 

3130 
3140 
3086 
3120 
3080 
3100 

Average E-value 
l.moi"*.cm~* 

3109±21 

zoo 

£ 1.50 

-S 

-8 1.00 

O.I 0.2 0.3 0.4 0.5 0.6 

Concentration of sJvor—ohromate. mmd 

Fig. 2 Functional relation between absorbance, A and silver 
dichromate concentrations in 0.1 M HCIO4, A=ExlxC[Cr207) 
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IV G-VALUE AND FORMULAR FOR CALCULATING THE 
ABSORBED DOSE. 

One of most important factors of a radiation chemistry system is 
the radiation yield, G-value. It is defined as amount of changed eliment 
of one type caused by an absorbed radiation energy of lOOeV. In 
our case the G-value for reduction of dichromate ions to chromic ionr-
(Cr207~> 2Cr3+) is defined as: 

Number of dichromate ions reduced 
G(-Cr207) = -- - x 100 (1) 

Radiation Energy absorbed (eV) 

If radiation dose absorbed in dosimeter solution is given in D 
kGy, and reduced dichromate coecentration is presented in C mol per 
litre. Then the number of dichromate ions reduced per cubic 
centimetre of the dosimeter solution is 

ACxN/1000 

where N - Avogadro's number = 6.023x10^3 

A radiation dose of D kGy in the dosimeter solution equal 
to Dx6.242xl018 eV per gram of dosimeter solution. 

If the density of dosimeter solution is d gram per cubic meter, 
then we can write following statement: 

Dx6.242xdxl018 eV per cubic centimetre of dosimeter solution 

Turn back to the Eq (1) we have: 

ACxNxlOO ACx9649 
G(-Cr207) = =: (2) 

Dxdx6.242xl018xl000 Dxd 
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If the reduction in dichromate concentration, AC, is determined 
by spectrophotometery measurement, then AC may be substituted from 
the Eq. 

AA = ACxExl (3) 

wh»?re AA is decrease in absorbance of the irradiated solution 
compared with the unirradiated. 

Finally, we have the following formular for calculating of dose, 
D absorbed in dosimeter solution as follow: 

AAx9649 
D = , kGy (4) 

GxExlxd 

Density of dosimetric solution, d, was determined at 25°C using 
pycnometer method. It is about 1.004 g/cm^. 

Radiation - yield G-values of dichromate reduction at different 
dose are given in Table 2. The value of 0.382 in average is in the range 
of the other authors. 

Table 2. Radiation chemistry yield, G-value of reduced Ag2C^07 

Absorbed dose, kGy 
2.00 
3.00 
5.37 
7.45 
10.00 

G[-Cr?07] mol/j 
0.391 
0.381 
0.378 
0.384 
0.377 

Average G-value 

0.382 ±0.004 

7 



V. CALIBRATION CURVES 

To derive reliable calibration curves several conditions should 

be fulfilled. One of the most important conditions is to have a well 

defined point in the irradiation'field with an accurately known dose 

rate. This was succesfully resolved by using the Fricke dosimeter ai:d 

prosedures as described in II-2. Dose rate at calibaration position was 

measured to be 2.58 kGy per hour and transit dose of 0.026 kGy 

was determined with uncertainty less than 4%. 

For the low dose dosimeter, seven sets of three dosimeters 

were irradiated with gamma Co-60 up to dose 1, 2, 3, 5, 7, 9 and 11 

kGy. With the high dose dosimeter, 30 dosimeters, three in one set 

were irradiated upto dose 5, 7, 10, 15, 20, 25, 30, 35, 40 and 50 

kGy. Three of unirradiated dosimeters of each dose range were used 

to determined the reference absorbance Ao. The temperature of 

dosimeter during irradiation was controlled by air flushing and it was 

measured to be 27±2°C. The correction for radiation temperature 

have been done using -0.02% (Sharpe et al., 1985). 

After irradiation optical absorbance measuremants were done 
at respective wavelengths ( 350nm for low dose dosimeter, 440nm for 
high dose dosimeter). The typical dichromate calibration data are given 
in Table 3 and calibration curves are shown in Fig. 3 and 4. The 
calibration curves were drawn up by plotting the AA versus absorbed 
dose,D. Fitting the data was done by means of least squares method. 
The fisrt order polyminal fit was chosen in the forms: A = axD + b . 
The parameters were determined as follow: a= 1.183x10"* and b=-
2.13x10" 3 for the low dose range dosimeter and a= 1.781x10" 2 and b=-
1.213x10" 3 for the high dose range dosimeter. 
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Table 3. Typical dichromate calibration data, approximately 

Low dose range dosimeter 
An= 1.539, 

Dose, kGy 
1.00 
2.00 
3.00 
3.00 
5.00 
6.00 
7.00 
8.00 
9.00 
10.00 
11.00 

A.= 350nm 
AA=An - A 

0.1183 
0.2366 
0.3549 
0.4732 
0.5915 
0.7098 
0.8281 
0.9464 
1.0647 
1.1830 
1.3093 

High dose range dosimeter 
An= 1-137, 

Dose, kGy 

5.00 
7.00 
10.00 
15.00 
20.00 
25.(30 
30.00 
35.00 
40.00 
50.00 

\=440nm 
AA=An- A 

0.0891 
0.1781 
0.2672 
0.3562 
0.4453 
0.5343 
0.6234 
0.7121 
0.8015 
0.8905 

< 
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Fig. 3 The response curve of Low-dose range dosimeter in terms 
of AA as a function of absorbed dose in water 
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Fig. 4 The response curve of High-dose range dosimeter in terms 
of AA as a function of absorbed dose in water. 

VI. MECHANISM 

When dosimeter solution is irradiated there will be a lot of 
reactions occuring in solution (Sharpe P.H.G. and Sehested K.,1989). In 
the view point of dosimetry the following processes will be considered: 

H2O —- Gamma ray — + Cb --> H. + OH. + H2 + H2O2 + HO2 (a) 
H?+ Cr(VI) > Cr(V) + H+ (b) 
H 2 0 2 + Cr(VI) + H20 > Cr(V) + 0 2 + 2H30+ (c) 
OH. + Cr(V) > Cr(VI) + HO" (d) 

It is clear that hydrogen atoms (H) and hydrogen peroxide 
(H2O2) both will reduce Cr(VI) to Cr(III) with reactions (b) and (c), 
whilst" hydroxyl radiacals (OH.) reoxidise Cr(III) back to Cr(VI) with 
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reaction (d). When radiolytic hydrogen (H2) is allowed to build up in 
the solution (in case of high dose rate for example) the reaction 

OH. + H2 —> H. + H20 k = 3.4xl07 drrAnol-U"1 

may occur, which converts the oxidising OH. radical into a 
reducing hydrogen atom. This results in increase in the reduction yield 
of Cr(VI), G(-Cr207). The added silver ion Ag+ is known to be a 
e fficient scavenger of OH. radicals by reaction 

OH. + Ag+ —> Ag(II) + OH" k = 1.5xl0l°dm3mol-1s-1 

This will keep G(-Cr207) stable. The present of ion Ag+ in 
solution also keeps the dosimeter solution not to suffer from severe 
dose rate effects due to the reaction 

OH. + OH. — > H 2 0 2 k = 6x109 dnAnol-V1 

For this reason the solutions not containing Ag+ are not 
recommeded as dosimeters. 

VII. CONCLUSIONS 

In a survey investigation of dichromate dosimeter the main 
aspects of the system have been considered. The investigated problems 
included the chosing composition of the dosimeter solutions, the 
optical absorption characteristics, the behaviour of dosimeter 
solutions under irradiation conditions. It also included the 
establishing procedures for pioduction of dosimeters, and the 
procedures for calibration and use of dosimeters. It has been found that 
silver dichromate has attractive qualities as a dosimeter system for 
radiation processing. Two chosen composition solutions have 
shown reliable dosimetry qualities for respectively applicable dose 

11 



ranges. The response of the dosimeter to radiation is easily 
measured by ordinary spectrophotometry. The relation between net 
absorbance and radiation dose is stricly linear and thus the reading out 
of the dosimeter can be done with high precision and simplicity. 

Determination of the molar extinction coeficient of si\ver 
dichromate in the actual solution has been made and the value fauna is 
very close to that of potasium dichromate in dilute sulfuric acid. 
The G-value of radiation-induced reduction of dichromate in our 
solutions is found to be close to the values published by previous 
authors. 

The experiments show that silver dichromate dosimeters have 
a good reproducibility. Dosimeter solutions are stable both before 
and after irradiation. This can be seen from the constant of the 
absorbance for long time of unirradiated and irradiated solutions. 

The obtained results indicate that the exprimental procedures 
included the solution preparation, dose calibration methods, dosimetry 
systems and the epuipment used in the Radiation Dosimetry 
Laboratory of Irradiation Centre are reliable. 

Although further investigations must be continuing in order 
to evaluate the accuracy and precision of the system as well as the 
effect of the external factors to the response of the dosimeter, we may 
say that dichromate dosimeter is a suitable dosimeter system for 
radiation processing in developing countries generally and in Vietnam 
particularly. The dosimeter can be produced locally in labolatories and 
readout method do not need high technique or very expensive 
equipment. 

In our opinion the dichromate dosimeter may considered as a 
candidate for the secondary standard dosimeter systems. 
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