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A precisely characterized narrow and monoenergetic
electron beam with known charge is totally absorbed in a
large volume of Fricke solution. The well-known deposited
energy of the beam and the mass of the solution are used
to calculate the applied dose. Thereof the radiation
chemical yield of the Fricke dosimeter is determined. This
chemical yield relates the oxidation of Fe2+ to the
absorbed dose to water.

The chemical yield is derived with an uncertainty of less
than 1% (k=1) including all corrections factors and Monte
Carlo simulations allowing traceable absorbed dose
measurements in the conventional and FLASH radiotherapy
regime.

Fricke dosimetry is suitable as a primary
standard and can also be used as a
secondary standard, thus forming a basis
for QA in FLASH radiotherapy in clinic.

As with conventional radiotherapy, QA in clinic for FLASH
radiotherapy is based on a traceable measurement of
absorbed dose to water. At METAS, it was shown that the
Fricke chemical dosimeter is suitable for use as a reference
in FLASH beams. Irradiation of the closely water-equivalent
ferrous ammonium sulfate solution with ionizing radiation
causes oxidation of Fe2+ to Fe3+. The resulting
concentration of Fe3+ is proportional to the absorbed dose
and is determined by measuring the change in absorbance
of the solution at well-defined wavelengths in the UV
spectral range. A primary standard for absorbed dose to
water for electron beams is achieved by calibrating the
response of this dosimeter with a total absorption
experiment. This calibrated solution is then filled into small
bags for use in clinical quality beams. This Fricke dosimeter
has been in use at METAS for over twenty-five years.
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e-beam @METAS:
FWHM 3 mm

Energy spread 25 keV

> Glass vessel, closed using a 50mm polyethylene foil
(volume: 1L or 2L)

> continuous steering of the whole Fricke solution
> Temperature stabilised at 25°C using circulating water
> Number of electrons (N) are measured using a calibrated ICT
> Fraction of incident beam electrons energy deposited in the 

Fricke solution: 𝑓𝑝: 92 − 97%

(depending on energy and vessel)
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For nominal 15MeV

organic free chemical composition characterisation of material environmental conditions

e-beam @METAS:
Pulse duration 3us
Rep. rate 1-200 Hz

Energy 4.5 – 22 MeV

Integrating Current
Transformer

Electrometer

Spectrophotometer

1L Fricke solution @METAS:
392.14 mg Fricke salt :: (NH4)2Fe(II)(SO4)2

+ 58.44 mg Sodium chloride :: NaCl
+ up to 1L Aqueouse solphuric acid :: H2SO4, 0.4 mol/L

0

0.2

0.4

0.6

0.8

1

200 220 240 260 280 300 320 340 360 380 400

A
b

so
rb

an
ce

Wavelength [nm]

9F030 unirradiated

9F030 irradiated (~30Gy, 15MeV)

Fe3+

Fe3+
Fe2+

This project 18HLT04 UHDpulse has received funding from the EMPIR 

programme co-financed by the Participating States and from the European 

Union’s Horizon 2020 research and innovation programme


