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The ionization current produced in liquid tetramethyl ger-
manium by 60Co-y-radiation was measured with a guard 
ring type, parallel plate ionization chamber. The yield of ion 
pairs as a function of the applied electric field strength was 
determined and the free ion yield without applied electric 
field was obtained to be Gfi (0) = 0.68 ±0.10. 

The study of the radia t ion induced conductivi ty of 
non-polar liquids provides impor tan t informat ion on 
the elementary process of ionizat ion in the condensed 
phase [1,2]. The apparen t ionizat ion yield is deter-
mined by the initial yield and by the processes of 
electron thermalizat ion and electron-positive ion re-
combinat ion. Measurements of the ionization yield as 
a function of electric field can shed light on these 
processes. 

The discovery of high mobili ty excess electrons in 
non-polar liquids opened a new field of research for 
detectors of ionizing radiat ion. Initially, the applica-
tion of such kind of liquids as detection media in 
ionization chambers with electronic read-out was re-
stricted to liquid a rgon and liquid xenon because of 
the purity required. Recently, improved purif ication 
techniques have opened the d o o r for the applicat ion 
of room tempera ture liquids such as tetramethylsi lane 
[3] or te t ramethylpentane [4], 

Liquid hydroca rbons and related c o m p o u n d s com-
prised of spherical molecules incorpora t ing methyl 
groups have shown high yields of radiat ion induced 
carriers as compared to straight chain molecules (see 
[1]). F o r some applicat ions in high energy physics or 
medical physics it would be desirable to have a r o o m 
temperature liquid with high electron density and 
high electron mobility [5]. Tetramethyl ge rmanium 
(TMGe) is such a liquid. It has a density of 

* Permanent address: Departamento de Fisica, Universi-
dade de Coimbra, Portugal. 
Reprint requests to Dr. W. F. Schmidt, Abteilung Strahlen-
chemie, Hahn-Meitner-Institut Berlin GmbH, Glienicker-
straße 100, Postfach 39 01 28, D-1000 Berlin 39. 

13 mm 

Fig. 1. Schematic drawing of the conductivity cell; 1 mea-
surement electrode; 2 guard ring electrode; 3 high voltage 
electrode; 4 UHV-flange; 5 BNC jack; 6 high voltage feed 
through; 7 feedthrough. 

d20 = 0.97 g e m - 3 , and a boiling point of rb = 43°C. 
The electron mobility has been measured to be p e l = 
90 cm 2 V - 1 s - 1 [6]. In this communica t ion we wish to 
report on the yield of ion pairs p roduced by 6 0 Co-y-
radiat ion in this liquid. 

The measurements were carried out with a parallel 
plate guard ring type ionization chamber . A schematic 
drawing of the chamber is shown in Figure 1. The 
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Fig. 2. The radiation induced current as a function of dose 
rate with the electric field strength as a parameter. 

Fig. 3. The free ion yield in liquid tetramethyl germanium as 
a function of the electric field strength; • measured data 
points; • calculated points after Eq. (3) with Gtot = 4.4 and 
fr = 147 Ä. 
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body of the cell was made of stainless steel U H V 
elements. The electrodes and the guard ring were 
made of a luminum which has the same absorp t ion 
properties with respect to y-rays as the liquid itself. 
The diameter of the high voltage electrode and collec-
tor electrode were 2.6 cm and 1.2 cm, respectively. The 
spacing between the electrodes was 0 .11+0 .01 cm. 
The high voltage was supplied by a well regulated 
power supply (Nucletron Mod. N U 315 A) and the 
ionization current was measured with a p ico-ammeter 
(Keithley M o d . 610C). Fo r the irradiat ion, a 
pano rama type 6 0Co-y-source was employed. The 
measurement cell was placed at a distance of approx-
imately 1 m in a cage made of lead bricks of 10 cm 
thickness. A small, opening in this cage admit ted the 
y-rays. This way homogeneous i r radia t ion of the test 
cell was assured. At tenuat ion of the y-rays was af-
fected by lead absorber plates of different thickness. 
Relative dosimetry was carried ou t by filling the test 
cell with neopentane, for which the radia t ion induced 
ion yield has been measured previously [7], 

Tetramethyl germanium (Alpha Products , elec-
tronic grade, 99.999% metal contents) was subjected 
to several f reeze-pump-thaw cycles before it was intro-
duced into the cell through a 2 p m stainless steel frit 

( N U P R O 4TF). The liquid in the test cell exhibited a 
self conductivity of 1 0 - 1 5 c m - 1 , which was less 
than 2 % of the radiat ion induced conductivi ty at the 
lowest dose rate and the maximum field applied. The 
measurements were carried out at (20 + 2)°C. 

Measurements of the ionization current in T M G e 
were carried out at six different dose rates in the field 
strength range of 9 kV/cm to 38 kV/cm. Typical re-
sults are shown in Figure 2. Taking into account the 
measurements with neopentane, absolute ion-pair 
yields as a function of electric field strength were ob-
tained. The results are shown in Figure 3. 

The da ta of Fig. 3 may be analyzed in terms of the 
Onsager model in which the escape of a single ion pair 
under the combined influence of temperature , exter-
nally applied field and C o u l o m b at t ract ion was calcu-
lated [8]. Application of this model to the radia t ion 
induced ion-pair yield gives, 

Gn(E) = Gtot] F(r)P(r,E)dr, (1) 
o 

where G tot is the total number of electron-ion-pairs 
generated per 100 eV of absorbed energy. F( r ) dr is the 
fract ion of electrons that is thermalized between r and 
r + d r f rom its parent positive ion. P (r, E) is the p rob-
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ability that electron-ion pairs of separat ion distance r 
will escape geminate recombinat ion in the presence of 
an externally applied field E. For F ( r ) the Gauss ian 
funct ion provides a good approximat ion [1], 

F ( r ) 4 = e x p ( - ( r / & ) 2 ) . (2) 
Y/Ttb3 

Equat ion (1) and (2) were fitted to the experimental 
da ta with G tot and b as adjustable parameters . The 
best fit was obtained with Gtot = 4 . 4 ± 0 . 2 and 

b = 147 Ä. With these parameters the ion yield at £ = 0 
can be calculated f rom (1). A value of G f i = 0.68 ±0 .08 
was obta ined which agrees with the value obtained 
f rom the extrapolat ion of the experimental curve to 
E — 0. 
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