
 

Instructions for use

Title Light-induced electron emission from polymethylphenyl siloxane oils

Author(s) Koizumi, H.; Lacmann, K.; Schmidt, W.F.

Citation IEEE Transactions on Dielectrics and Electrical Insulation, 3(2), 233-236
https://doi.org/10.1109/94.486775

Issue Date 1996-04

Doc URL http://hdl.handle.net/2115/6049

Rights
©1996 IEEE. Personal use of this material is permitted. However, permission to reprint/republish this material for
advertising or promotional purposes or for creating new collective works for resale or redistribution to servers or lists,
or to reuse any copyrighted component of this work in other works must be obtained from the IEEE.
IEEE,IEEE Transactions on Dielectrics and Electrical Insulation , 3(2), 1996, p233-236

Type article

File Information ITDE3_2.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP

https://eprints.lib.hokudai.ac.jp/dspace/about.en.jsp


IEEE Transactions on Dielectrics and Electrical Insulation Vol. 3 No.2, April 1996 

Light-induced Electron Emission from 
Polymethylphenyl Siloxane Oils 

Hitoshi Koizumi 

Faculty of Engin~ring. Hokkaido University, Sapporo, Japan 

Klaus Lacmann and Werner F. Schmidt 

Bereich Physikalische Chemie, Hahn-Meitner-Institut Berlin, Berlin, Gennany. 

ABSTRACT 
light·induced electron emission from tetramethyl tetraphenyl trisiloxane, (Dow· 
Corning silicone oil DC704) and trimethyl pentaphenyl siloxane (WackerChemie sil· 
kone oil ANt7S) has been measured as a function of photon energy. Absolutequan­
tum yield and threshold energy were determined. The threshold energy of 7.5 eV 
for both siloxanes is comparable to the thresholds of other polymethylphenyl silox­
anes with phenyl/methyl ratios of 1/3 and 1/18, which were already investigated by 
the authors. The quantum yield as a function of photon energy shows a systematic 
change with variation of the phenyl/methyl ratio. This dependence on the molecular 
structure is ascribed to a change of the initial ionization quantum yield. 
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1. INTRODUCTION 

SILICONE oils have been used as liquid insulators and coolants 
in transformers because of their high flash point and their ex­

cellent dielectric properties. Many studies on the electrical con­
ductivity of these oils have been published [1-5]. However, the 
various factors influencing the insulating state are not well under· 
stood. Further information on their electronic properties is an im­
portant prerequisite for improvement of their application. Mea­
surements of photoconductivity and light-induced electron emis­
sion are powerful tools for the study of the energetics of charge 
carrier generation. The photoconductivity threshold Ell. (PC) in 
the liquid is shifted with respect to its vacuum value Eth (gas), 
due to the polarization energy P + of the cation, the electron affm­
ity of the liquid VOl and the broadening of the valence levels due 

(Eth ~ 7.65 eV) is determined by the 7r electrons of phenyl 
groups, while that of PDMS (Eth ~ 8.35 eV) is determined by 
(1 electrons. The difference in the thresholds of PMPS and PDMS 
is ascribed to the different binding energies of 7r and (1 electrons 
[7,9,10]. Within experimental error, the threshold and the abso­
lute quantum yield were found to be independent of the chain 
length of the molecule. However, for the PMPS, the phenyl/ 
methyl ratios influenced the quantum yield. 

~_' to condensation E\J ~I . 

The purpose of this paper is to elucidate the dependence of 
the quantum yield on the phenyl/methyl ratio. We measured 
the photoelectron emission from tetramethyl tetraphenyl trisiJox· 
ane (Dow-Coming silicone oil OC704) and trimethyl pentaphenyl 
siloxane which are PMPS with a higher phenyl/methyl ratio than 
the silicone oils (AP100, AS100 ofWackerChemie) which we mea­
sured previously [81 . 

• 0) 
,~. -

fe, While P + is always negative, Vo may be either positive or neg­
,._ ative. E\J~I is of the order of 0.1 eV. In light~induced electron 

emission experiments the threshold energy for emission in vac­
uo, Eth (vac), is governed by the following relation, 

(2) 

Both techniques combined actually can be used to determine 
r Yo. Baron et a1. [6] measured the VUV photoconductivity of 

some silicone oils. We studied the light-induced electron emis­
t-" sion from these oils [7, 8]. The threshold energies of photoconduc­
?.' tivHy and photoelectron emission of the polymethylphenyl silox­
;. ane oils (PMPS) were found to be lower than those of the poly­
r~: 'dimethyl siloxane oils (POMS). The threshold energy of PMPS 

2. EXPERIMENTAL 

The experimental setup was described previously [7, 8]. A thin 
liquid film was put on the cathode. Vacuum ultraviolet light from 
a deuterium discharge lamp was monochromatized by a vacuum 
monochromator and fell on the cathode through an anode mesh. 
Current induced by photoelectron emission was measured as a 
function of photon energy. The relative light intensity was mon­
itored by the fluorescence of sodium salicylate [11]. Division of 
the current by the intensity of the fluorescence gave the relative 
photoelectron emission yield. The absolute quantum yield was 
obtained from the measurement of the photoemission current of 
a thin gold film, the absolute quantum yield of which was report­
ed by Cairns and Samson [12] . 
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Figure 1. Structure of silicone oils. 

The silicone fluids studied are tetramethyl tetraphenyl trisilox­
ane, (Dow Coming silicone oil DC7(4) and trimethyl pentaphenyl 
siloxane (Wacker Chemie silicone oil AN175). Wacker's AN175 
is equivalent to Dow Coming's DC705. The fluids were used as 
received. The chemical structures of the PMPS oils are shown in 
Figure 1. 
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Figure 2. Photo electron emission quantum yields for silicone oils: 
AN175, DC704, APl00, and ASl00. 

3. RESULTS 

Figure 2 shows the quantum yield curve of photoelectron emis­
sion for OC704 and AN17S. The curves for APl00and ASlOO are 
induded. The quantum yield increases with increasing the ratio 
at low photon energies. above 10 eV these differences disappear. 
The threshold energy was determined by applying a power law 
113,14]' 

(3) 

As shown in Figure 3, the photoelectron emission threshold is 
determined to be E'II = 7.S±O.2eV for DC704 and AN175. The 
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Figure 3. Quantum yields near the threshold region plotted as the 
power function given by Equation (1). 
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Figure 4. Ratio of photo-electron emission yields of0C74C, API OO, 
and A5100 to the yield of AI'JUS plotted as a function of excess en· 
ergy (hv - Etl,). 

onset of another component is observed at 8.5 and 8.6 eV (E:II ) 

in AP and AS, respectively. This is due to the ionization of lone­
pair electrons of the oxygen atom or of (j electrons of Si-C, Si-O 
or C-H bonds. This threshold is only slightly indicated in OC704 
and AN175 with the higherphenyl! methyl ratio. In Figure 4, rel­
ative emission yields are plotted against the excess energy. They 
increase with increasing the phenyl/methyl ratio. 

4. DISCUSSION 

Photoelectron emission involves several processes: absorption 
of a photon, ionization of a molecule, electron transport to the 
liquid! vacuum interface and escape into the vacuum. An in­
cident photon is absorbed by a molecule of the liquid at a dis­
tance between :l" and z + dx from the surface with a probabili­
ty of p. exp( -p.x) dz, where p. is the photoabsorption coefficient. 
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The molecule which absorbed a photon ionizes with an ionization 
quantum yield 't'/. The ejected electron travels in the liquid los­
ing its excess energy with elastic and inelastic collisions becoming 
thermalized, eventually. If the electron has still enough kinetic 
energy when it reaches the surface to overcome the barrier given 
by Vo, the electron is emitted into the vacuum. Koizumi derived 
an equation relating the photoelectron emission yield 't'/ to p, and 
the distribution function of thennalized geminate charge carrier 
pairs, F( b, r) (10]. b is the average thermalization distance, and 
r is the separation distance of geminate pairs. Assuming an ex­
ponential function 

F (r,b) = ~exp [- ~ l (4) 

the quantum yield Y of photoelectron emission is then calculated 
to be 

(5) 

The value of Y is determined by the three quantities, TI, 1-', 
and b. It increases with increasing 1}, p and b. The dependence 
of the photoelectron emission yield on the phenyl/methyl ratio 
may then be due to an alteration of these three quantities with 
the changing of the chemical structure of the silicone oils. 
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Figure 5. Schematic representation of the correlation between 
absorption coefficient 11- and excitation and ionization of poly­
methylphenyl siloxane oils. The coefficient is divided into two com­
ponents: the component 11-1 due to 71" electrons and the component 
/.l~ due to lone-pair and (! electrons. If the excitation of lone-pair and 
u electrons causes no ionization below their ionization threshold of 
8.3 eV, the initial quantum yield of photoionization (1/) between 7.5 
eV and 8,3 eV is given as 1)( Et) = 11-t/(11-1 + Jl2). 

We assume that the dependence of Y on the phenyl/methyl 
ratio is due to differences in 1}. Figure 5 shows a schematic dia­
gram of the absorption coefficients of PMPS. The ionization of the 
7r electrons starts at '"" 7.5 eV, and that of the lone pair electrons 
and the (J' electrons starts at '"" 8.3 eV. Absorption due to elec­
tronic excitation starts several eV below the ionization threshold 
[15]. Between 75 and 8.3 eV, a photon causes ionization of a 7r 

electron or excitation of a (J' electron. If we assume that the latter 
excitation does not cause ionization, in other words, if these ex­
cited states do not autoionize, we can explain the dependence of 
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Table 1. Quantum yield of photoelectron emission (Y) at an excess 
energy of (hv - Ea.) = 0.5 eV and concentration of phenyl groups 
of the polymethylphenyl siloxane oils. 

Compound Quantum yield Pheny!.E:0ups 
phenyl:methyl abs. reI. conc. reL 

1021 cm- 3 

AN175 (53) 5.0xl0 -" 1.0 6.0 1.0 
DC704 (U) 4.1xIO- 4 0.82 5.3 0.89 
AP100 (B) 2.0x 10- 4 0040 3.1 to 3.6<1 051 to 0.60" 
AS100 (US) 6.1 x 10- 6 0.12 7.9 to S.lb 0.13toO.14b 

(a) Calculated for the structure of Figure 1 with n 1 to 99. 
(b) Calculated for the structure of fi ure 1 with n "" 16 to 92. 

the quantum yields on phenyl!methyl ratio. The initial ioniza­
tion quantum yield 't'/ is defined by 

ions produced 
't'/ = photons absorbed 

(6) 

With the above assumption, the ionization is due to the 7r elec­
trons of the phenyl groups and the absorption is due to the 7r 

and (J' electrons in this region. The number ratio of 7r electrons to 
the sum of 7r and (J' electrons increases with increasing phenyl! 
methyl ratio. Hence, 't'/ increases with increasing the phenyl! 
methyl ratio. In the region> 8.3 eV, (J' electrons contribute to 
ionization, in addition. The value of 1} levels off. 

The thermalization distance b depends on the phenyl/methyl 
ratio in a different way. b values of 6.1 to 6.5 nm for POMS ir­
radiated with ionizing radiation were reported by Schmidt and 
Holroyd [16]. Although thermalization distances for PMPS have 
not been reported yet, data for various liquid aromatics 117] and 
alkanes (181 show that the b values for aromatics are smaller 
than those of the corresponding alkanes. Replacement of methyl 
groups by phenyl groups will decrease b. Hence, Y for PMPS 
should decrease with increasing phenyl/methyl ratio contrary to 
our finding. 

An increase of the absorption coefficient I-' would also affect 
the value of Y due to the fact that the attenuation length of the 
light would become shorter thus making it easier for the ionized 
electrons to escape into the vapor space. Measurements of p by 
Baron et aJ. and Sowers et al. do not show a large difference at 
8 eV between rOMS and PMPS oils [19,6]. On the other hand, 
the quantum yield at 05 eV above the threshold correlates nicely 
with the concentration of phenyl groups (see Table 1). This may 
serve as an indication that the ionization in this energy range is 
due to ionization of phenyl groups. 

5. CONCLUSION 

THE increase of the photoelectron emission quantum yield 
with increasing phenyl/ methyl ratio is ascribed to the change 

of the initial photoionization quantum yield due to an increase of 
concentration of phenyl groups. This indicates that states formed 
from the excitation of a cr or lone pair electron, so-called superex­
cited states (20]' have a low probability of autoionization. They 
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will dissociate predominantly into neutral products as is the case 
for superexcited organic molecules in the gas phase I2l]. 
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