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Effects of Radiation Damage to TMP, TMS and Liquid Argon Solutions
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The effects of exposure of calorimeter liquids like

tetramethylsilane (TMS), 2,2,4,4-tetramethylpentane (TMP) and liquid argon

solutions to the large doses of ionizing radiation expected in the SCC

environment is examined. Like other organic liquids TMS and TMP are

decomposed by radiation to various products; thus, we must consider the

effects these products may have on the calorimeter operation. Questions

considered include how will radiation effect electron drift velocity and

lifetime? Will gaseous products produce significant pressure buildup?

Are dose rate effects significant? Do we expect different effects from

neutrons compared to minimum ionizing radiation?

Radiation damage. The radiation chemistry of alkane liquids in

general and TMP and TMS in particular has been studied in some

detail.^"^ The major products formed have been identified and their

yields measured. Typically, about 10 molecules of a hydrocarbon liquid

are destroyed per 100 eV of ionizing radiation absorbed in the liquid;

that is, G(-reactant) = 10. This means that for a dose of 107 rads 1.3%

of the liquid will be converted into various products. Considering that

extremely high purity is required in a calorimeter liquid, one might
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use wouid not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof. The views niivrninfiTiirti n r -rw* r>"-vi--*-"*T m mi l l U i r c n
and opinions of authors expressed herein do not necessarily state or reflect those of the DISTRIBUTION Or IKiS Qta«U»<t*ilT S3 UMUMUtU
United States Government or any agency thereof.



expect these products to affect the detectors performance. Fortunately,

the products are mostly other saturated and unsaturated hydrocarbons or

silanes which do not attach electrons. The major products in the

radlolysis of TMP, TMS and neopentane are shown in Tables I-III.

Table I. Major Radiolysis Products of TMSa

50 pkeV x-rays - Dose 3.5 x 1020 eV/ml

G (molecules/100 eV)

Hydrogen 2.9

Methane 4.8

Ethane 0.7

CH3-CH2Si(CH3)3 0.6

a) Ref 2.

Table II. Major Radiolysis Products of TMP.b

Cs 1 3 7 y rays - Dose 1 x 1020 eV/g

G (molecules/100 eV)

Hydrogen 2.2

Methane 1.2

Isobutane 1.0

Isobutene 3.8

Neopentane 4.8

2,4,4-Trimethylpentene-l 1.2

Ĉ i, Hydrocarbons 0.7

Dimer 0.2

b) From Ref. 3.

c) 3,4-bis(1,l-dimethylechyl)2,2,5,5-tetraraethylhexane.



Table III. Major IJadiolysis Products of Neopentane.

Co60 y-rays - Dose = 3.5 x 1020 eV/ml

G (molecules/100 eV)

Hydrogen 1.3

Methane 3.6

Ethane 0.5

Isobutene 1.2

Neohexane 0.5 »

TMP 0.2

2,2,5,5-Tetraraethylhexane 0.4

d) From Ref. 4.

Common to all three room-temperature liquids is the formation of the

gaseous products: hydrogen, methane and ethane. Thus some pressure

buildup is expected (see below). The other major products are mostly

various branched hydrocarbons. These products result from scission of

carbon-hydrogen or carbon-silicon bonds producing radicals or smaller

molecules; for example in TMS:

Si(CH3)H —'w\_>. CH3- + Si(CH 3) r (1)

Si(CH3)lt — ' v w — » H* + •CH2Si(CH3)3 (2)

(The dot denotes the species is a radical.)

The products of the radiolysis of TMS can be accounted for by subsequent

reactions of the radicals formed in reaction 1 and 2. For example,

abstraction by methyl:

CH3- + Si(CH3)4 > CH4 + -01231(0113)3 (3)

or dimerization:

2.CH2Si(CH3)3 ?• (CH3)3SiCH2Si(CH3)3 (4)



Drift Velocity

The products formed by radiation may reduce the drift velocity of

electrons in the liquid. For binary mixtures the log of the electron

nobility is proportional to the composition, Figure 1. Fortunately one of

the products (G = 0.26) of the decomposition of TMS: hexamethyldisilane,

has a mobility of 20 cm2/V-s.^ Thus, at 1% decomposition there should

not be a significant reduction in drift velocity; but at the 102

decomposition level a reduction in velocity of 20 to 40% is likely.

Interestingly a major product of the radiolysis of TMP is

neopentane, which has a higher drift mobility than TMP itself. Thus at

the 1% decomposition level the solution should be 0.5% neopentane. This

would tend to increase the drift velocity while other products would

reduce it and the net effect would probably be little change in the drift

velocity. Note also that the inverse is true, TMP is a minor product of

the radiolysis of neopentane (Table III).

Electron Lifetime. Operation of calorimeters requires that the

calorimeter liquid remain free of electron capturing impurities. Although

small doses of radiation are reported to improve the electron

lifetime;7>8 £t j s likely that large doses can produce products which

are detrimental. Several samples have been exposed to long term

irradiation in our laboratory." Two samples were 5 ml of TMP contained

in pyrex cells with platinum electrodes. The electron lifetime, first

increases at low doses then decreases at higher doses. The lifetime of

the better sample decreased to 2.5 us at 3 x 106 rads and 1.5 ^s at

107 rads (solid line, Figure 2). Another sample was 10 ml of

2,2,4-trimethylpentane in a stainless steel cell with glass spacers



between the electrodes. The lifetime was 65 |j.s initially and decreased to

0.6 (is at 3 x 10 rads (dashed line, Figure 2). A lifetime of 1.0 |is

corresponds to the presence of some electron attaching solute at the

16 ppb level, assuming a rate constant similar to that for SF6. This

would be a minor product with a yield of about 10"** molecules/100 eV.

Alternatively these results could be explained by a product formed in

larger yield which is less reactive. Walls and/or other components of the

cell may be the source of these electron-attaching solutes. As shown in

Figure 3 the efficiency of charge collection (Q/Qo) depends on the ratio

R = electron lifetime/drift time according to

Q/Qo = 2R + 2R2(e"1/R - 1) (5)

Thus for an electron lifetime of 1 jxs the efficiency is 93%, assuming a

drift time of 0.2 us.

Pressure Buildup. Gases are produced by the radiolysis and at least

in the case of TMS yields are linear with dose up 10 raegarads (see

Fig. 4) .2 in the case of neopentane the yield of hydrogen decreases

with increasing dose due to reaction of the precursor hydrogen atoms with

unsaturates.^ Consideration needs to be given therefore to the

magnitude and consequences of pressure buildup.

For TMS G(H2) is 2.9 molecules/100 eV. At a dose of 107 rads, which

is equivalent to 6.24 x 10 eV/g, the number of moles of hydrogen

produced in a liter would be:

G(H2)/l00 x dose in eV/g x No. of grams r avogadros No. or for a

liter of TMS which is 648 grams, .0195 moles of H2/liter/10
7 rads.

The gas formed will be partitioned between the liquid and vapor

phases depending upon the solubility of the gas. Although the solubility

of H2 in TMS is unavailable, the solubility of H2 in



2 ,2 ,4 - t r ime thy lpen tane is known; the Ostwald c o e f f i c i e n t , L, i s about

O . I , 1 0 tha t i s the r a t i o | H , ] , . / lH 7 ] is 0 . 1 , where
' hq. L gas

[H 2L. is the concentration of H2 in the liquid. For the purpose of

calculation let us assume we have 1% vapor phase (10 ml above one liter of

TMS).

The concentration of the H2 in the vapor phase is therefore

0.177 mol/liter and in the liquid .0177 mol/liter. Thus 902 of the H 2 is

in the liquid. Since the pressure, equals [H2] x RT, the hydrogen
gas

pressure is 4.4 atm. The pressure Is proportional to dose but independent

of the size of the calorimeter. It will be the same for 1, 10 or

10 liters. The pressure does depend somewhat on the amount of vapor

volume, however. If we had assumed 100 cc of vapor space for each liter

of liquid then the pressure would be about one-half of the above value.

Methane is the other large gaseous product formed in TMS at a yield

of G = 4.8 molecules/100 eV. Fortunately, methane is more soluble. We

estimate, based on the solubility of methane in 2,2,4-trimethylpentane

that the Ostwald coefficient is 0.4 in TMS. A calculation similar to that

for hydrogen indicates the methane pressure after 107 rads would be

1.9 atm. The total pressure would be the sum: P + P or

6.3 atra. Ethane is neglected since its yield is small and its solubility

is greater.

Radiolysis of Argon Solutions. Radiation damage to solutes is

expected to be much more severe in argon solutions. Energy deposited in

the argon will by charge exchange and/or excitation transfer cause

decomposition of the solute molecules. For solutions of methane,11

ethane,1' ethylene1^ or propane1-* in argon the solutes are consumed



Table IV- Argon-Methane Solutions.1

Co 6 °-gamma ray s.

% Methane

36

10

0 . 5

G (ethane)
1.9

1.6

1.0

even at low concentrations. Methane solutions have been proposed as a way

to increase neutron sensitivity.^ Methane is converted by radiation to

ethane and other hydrocarbons. As shown in Table IV the yield of ethane

does not change much as the percent of methane is varied. Small amounts

of ethane would be of little consequence but larger amounts might

seriously affect the electron drift velocity because the mobility in

ethane is low like hexane. Propane-argon solutions have been studied^

with similar results. The yield of decomposition is in this case similar,

G(-propane) = 1.8. For solutions of ethylene in argon, the yield of

decomposition is higher, G(-ethylene) = 15. Thus, at 107 rads, the

ethylene would be 100% decomposed in a 1% solution in argon. As in the

methane case, the yields of products acetylene (G = 2) and ethane (G = 1),

are nearly independent of ethylene concentration.

Neutron Damage. Neutrons produce recoil protons in TMP and TMS,

generally in the 1-10 MeV range. Higher energy protons would be expected

to produce product distributions similar to those found in minimum

ionizing radiation. But recoil protons in the 1-10 MeV range have a high

rate of energy loss, dE/dx, between 1 and 10 eV/A. This means there will

be a higher density of ionization and excitations along the track which

favors recombination reactions over abstraction. There should be a lower

yield of methane from reaction 3, for example, and more ethane from:

CH3 + CH3 *C 2H 6 (6)



This is speculative in the absence of a detailed study. One compound that

has been studied is cyclohexane. As shown in Figure 5 there is some

decrease in the yields of heavier products in this dE/dx range, but the

yield of hydrogen is fairly constant. The total yield of radicals in the

radiolysis of 2,2,4-trimethylpentane is 10% lower for 18.5 MeV deuterons

than for Co gamma rays.15 Thus as a conservative guess we estimate

that radiation damage by neutrons is equal to or less than that by minimum

ionizing radiation.

Dose Rate Effects. The average dose rate in the SSC environment is

quite low. Charge recombination is thus not expected to be a problem and

efficient collection of electrons is expected. There is a more subtle

problem due to positive ion buildup and space charge effects which

increases the pulse height at high particle fluxes.*6
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Plot of log of electron mobility vs mole fraction for
mixtures. Solid line is for neopentane-n-hexane (ref. 5).
dashed line is presumed behavior for TMS-hexamethyldisilane
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Figure 3. Fraction of charge induced (Q/QQ) as a function of R
electron lifetime/drift time Ref. 9.
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Figure 4. Effect of dose on the yields of principal gases in TMS;
reproduced from Ref. 2.
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