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Brillouin scattering spectra of three silicone oils with different viscosity, including two 

polydimethylsiloxanes (PDMS) and one polyphenylmethylsiloxane (PPMS), have been studied under 

high pressure. The acoustic velocity changes of the three silicone oils were measured under pressure and 

the velocity of all the samples increases with increasing pressure in a similar way. The morphology of the 

PDMS changed upon compression, possibly accompanied with structural rearrangement or relaxation, but 10 

no morphology variation was observed in the PPMS. Based on velocity measurements, the refractive 

index, density and bulk modulus of the three silicone oils were obtained and the corresponding pressure 

dependences were compared with some other micro molecule liquids. Obvious differences were observed 

and discussed. The results indicate that more complicated interactions between the long-chain molecules 

in silicone oils might result in for the larger bulk modulus when compared with the micro molecular 15 

liquids. 

 

I. INTRODUCTION 

The molecular structure of Silicone oil is determined by 

various organic side chains that connect to polymerized siloxane. 20 

Polydimethylsiloxane (PDMS) is a type of silicone oils with a 

molecular formula of (CH3)3SiO[Si(CH3)2O]n-Si(CH3)3, where n  

indicates the number of periodic monomer [Si(CH3)2O] unit, and 

its viscosity changes due to the periodic number n variation. 

Particularly PDMS is known for its unusual rheological 25 

properties and is widely used in many medical, chemical 

experiments and industrial applications.1-3 On the other hand, 

since the PDMS has the advantages such as optical transparency, 

chemical inertia, non-toxicity, nonflammability and low volatility, 

it has been used as a pressure transmitting medium (PTM) in 30 

diamond anvil cell (DAC) for high pressure research.4, 5 

Previously, PDMS has been used as a PTM to minimize the 

pressure gradient across the sample chamber in x-ray diffraction 

(XRD), Raman scattering, Brillouin scattering, x-ray absorption 

and Photoluminescence studies 9-18. Because nonhydrostatic 35 

conditions have impact on structural or electronic transitions of 

matter under high pressure, various PTMs have been investigated 

and their hydrostaticity is focused on, such as silicone oil.6-8. For 

example, Piermarini et al. studied the hydrostatic limits in 

silicone oil as well as other liquid and solid PTMs.19 Ragan et al. 40 

reported a preliminary investigation on the hydrostaticity for the 

Dow Corning 200 silicone fluid.4 In 2004, Shen et al. studied the 

hydrostaticity and quasi-hydrostaticity of silicone fluid with the 

viscosity of 1 cst up to 64 GPa.5 They pointed out that this 

silicone fluid as a pressure medium is as good as the 4:1 methanol: 45 

ethanol mixture below 20 GPa, while it becomes better than the 

mixture at higher pressure. 

Though silicone oils are widely used and investigated as PTMs, 

the intrinsic physical properties and their dependences of pressure 

have been rarely studied. The density evolution of silicone oil 50 

from fluid to solid state under high pressure is unclear, due to the 

amorphous structure which consists of long chain micro 

molecules. By conventional x-ray diffraction (XRD) method, it is 

difficult to determine the density of non-crystal materials. In this 

work we measured the high pressure acoustic velocities of three 55 

silicone oils using Brillouin scattering technique. The refractive 

index and bulk moduli of these silicone oils are obtained and 

compared with each other. 

II. EXPERIMENTAL METHODS 

The samples used in this study are Baysilone oil M1000 and 60 

Baysilone oil M30000 (from Sigma-Aldrich Co.), both of which 

are PDMS but with different viscosities, when the number of 

periodic unit [Si(CH3)2O] is different. Silicon oil AP 150 wacker 

(from Sigma-Aldrich Co.), which is known as a kind of 

Polyphenyl-methylsiloxane (PPMS), has also been investigated. 65 

Compared with PDMS, there is one phenyl in the periodic 

monomer units of PPMS whose chemical formula is (CH3)3SiO-

[Si(CH3)(C6H5)O]x-[Si(CH3)2O]ySi(CH3)3. The three silicone oil 

samples have different viscosities：Silicon oil AP 150 wacker 

has the lowest viscosity of 150mPa·s, while Baysilone oil 70 

M30000 possesses the highest viscosity of 30000 mPa·s, which is 

about 200 times larger than that of the AP 150 wacker. The 

general physical properties of the three silicone oils at ambient 

conditions are given in Table I. 

A modified Merrill–Bassett type four-screw DAC with a large 75 

conical opening aperture for Brillouin scattering measurements 

was used. The culet size of diamond anvils is 400 µm in diameter. 
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A pre-indented T301 stainless steel gasket with a hole drilled in 

the center of the indentation was used as a sample chamber. For 

pressure calibration,20 several small ruby chips (annealed) were 

loaded into the chamber together with silicone oil. 

Table I. Physical properties of PDMS and PPMS at room temperature 5 

(25°C) and ambient pressure. 

 Chemical formula 
Viscosity 

(mPa·s) 

Density 

(g/cm3) 
n0 

Silicon oil 

AP 150 

wacker 

(CH3)3SiO[Si(CH3)(C6H5

)O]x[Si(CH3)2O]ySi(CH3)3 
~150 1.070 1.51 

Baysilone 

oil M1000 

(CH3)3SiO[Si(CH3)2O]n 

Si(CH3)3 
~1000 0.970 

1.405~ 

1.407 

Baysilone 

oil 

M30000 

(CH3)3SiO[Si(CH3)2O]n 

Si(CH3)3 
~30000 0.980 ~1.41 

 

Brillouin scattering experiments are performed both in back 

(180°) and symmetric platelet (60°) scattering geometries.21 

Single-frequency 532 nm laser is used as Brillouin excitation 10 

source. The laser comes out of a solid-state diode-pumped, 

frequency-doubled Nd: Vanadate source (Coherent Company). 

The Brillouin spectra are collected by 3+3 pass tandem Fabry 

Perot interferometer, which was designed by Sandercock. Ruby 

fluorescence are recorded through Raman spectroscopy system 15 

by using Acton SpectraPro 500i spectrometer with a liquid-

nitrogen-cooled CCD detector (Princeton Instruments, 1340*100) 

and the excitation laser was the same as that used for Brillouin 

measurements. All the measurements were carried out at room 

temperature. 20 

III. RESULTS AND DISCUSSION 

1. Brillouin scattering spectra and morphology 

When the pressure increases gradually, the morphology 

changes of Baysilone oil M1000 and Baysilone oil M30000 in 

DAC were observed and can be monitored by the microscope. 25 

The morphology changes start at very low pressure. In contrast, 

no morphology change was observed in Silicon oil AP 150 

wacker, which has been confirmed in our several runs of 

experiments. Figure 1 shows the images of Baysilone oil M1000 

and Baysilone oil M30000 in DAC at different pressures. Initially 30 

the Baysilone oil in the chamber looks homogeneous and 

transparent in liquid state, and then an arched boundary appears 

at around 0.27 GPa in Baysilone oil M1000. This arched 

boundary moves slowly from one side to another side and 

disappears eventually, leaving the sample chamber homogeneous 35 

again. For Baysilone oil M30000, similar morphology change is 

observed (Figure 1(e)), i.e., there are two arched boundaries 

appear at 0.1 GPa, which is lower than the pressure for Baysilone 

oil M1000. And thereafter, both arcs move towards each other 

and finally merged in the chamber center, leaving a line mark. 40 

This mark sustains up to the highest pressure as shown in Figure 

1(f), while other space keeps homogeneous and transparent. The 

morphology changes may be related to the structural 

rearrangement or relaxation, as the Raman spectra of Baysilone 

oil at similar high pressure show obvious vibrational transitions.22  45 

 
 

Fig. 1 Images of sample chamber for Baysilone oil M1000 and Baysilone 

oil M30000 at different pressures. The arched boundary appears at 0.27 

GPa for Baysilone oil M1000 and at 0.1 GPa for Baysilone oil M30000, 50 

respectively. And the texture moves when DAC is tightened by tuning the 

screw. 

Brillouin scattering spectra of three silicone oils were measured 

up to 20 GPa both in back and platelet scattering geometries. 

During the morphology changes in Baysilone oil M1000 and 55 

Baysilone oil M30000, the pressure change is subtle and no 

change in Brillouin scattering spectra is detected. Figure 2 shows 

typical Brillouin scattering spectra of Silicon oil AP 150 wacker 

(a) and the Baysilone oil M1000 (b) measured in a symmetric 

platelet scattering geometry at various pressures. As shown in 60 

Figure 2, in the center is the elastic scattering signal (Rayleigh 

scattering), and the forward scattering longitudinal signal (VL) and 

a pair of weak back scattering signals (VB) of sample were 

detected. Because a small amount of incident light is reflected 

from the other side of diamond anvil, it looks like an incident light 65 

in back scattering geometry measurements. This VB peak position 

is in accordance with that measured in the back scattering 

geometry. 

As pressure increases, the peak position shifts remarkably. This 

is a common feature for liquid and soft materials, while the signal 70 

of Diamond is hardly moved because of its high hardness. On the 

other hand, the peak intensity of both VL and VB decreases 

dramatically, and VB becomes too weak to be detected at high 

pressure, especially for the Baysilone oil M1000 which possess a 

larger viscosity so that its scattering intensity decays faster when 75 

compared with AP 150 wacker at similar pressure. Thus more 

accumulation time is required to collect good signal in Figure 

2(b). 

In order to explore the possible isotropy of the velocity in 

silicone oil under high pressure, we measured the Brillouin 80 

spectra in different directions. Figure 2(c) shows the velocity 

variation as a function of rotation angles in Baysilone oil M1000 

before (at 0.1GPa) and after (at 4.0GPa) the morphology change. 

We also checked the isotropy of Baysilone oil M30000 as well as 

silicon oil AP150 which gives the same result and confirms the 85 

isotropic velocity distributions in all the three samples under 

pressure. 

Page 2 of 5RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  3 

 

Fig. 2 Brillouin spectra of Silicon oil AP 150 wacker (a) and the 

Baysilone oil M1000 (b) at various pressures measured in a symmetric 

platelet scattering geometry. R is the Rayleigh peak; VL indicates the 

longitudinal signal of the sample; VB indicates the weak backscattering 5 

signal of the sample. VT is the transverse mode of the sample. More 

accumulated time is used when pressure higher than 8.74 GPa for 

Baysilone oil M1000, indicated by ×2 and ×6. (c) the longitudinal 

velocity variation as a function of rotation angles in Baysilone oil M1000 

at different pressures. 10 

2. Sound velocity and refractive index 

The Brillouin frequency shift (in gigahertz) is related to the 

acoustic velocity V as follows: 

∆ω=2nVsinθ/λ0                                 (1) 

In this expression, λ0 is the wavelength of the exciting radiation; n 15 

is the refractive index of sample; and 2θ is the scattering angle 

between incident light and scattered light (here 2θ=60 degree). In 

experiments with DAC, it can be described as 

Δω180=2nV180/λ0                                 (2) 

for back scattering geometry, where 180 indicates the angle 20 

between the incident and scattered beams ; and 

Δω60=V60/λ0                                      (3) 

for platelet geometry. Obviously, in platelet geometry acoustic 

velocities can be determined without the knowledge of sample 

refractive index. According to Eq. (2) and (3), n=∆ω180/2ω60, the 25 

refractive index of the silicone oil can be obtained at each 

pressure, according to isotropic velocity of the silicone oil. 

The pressure dependence of acoustic velocity and refractive 

index for the three silicone oils were presented in Figure 3. Based 

on the analysis of collected experimental data, the acoustic 30 

velocity increases with increasing pressure for all the three 

samples below 17 GPa. The velocity of AP 150 wacker is lower 

than the other two samples. At around 17 GPa, a sudden increase 

of the velocity of AP 150 wacker was observed, probably 

indicating an onset of the internal structural transformation. This 35 

is similar to the high pressure behavior of SiO2 glass, in which 

the anomalous increase of the acoustic velocity is related to the 

structural densification due to the increase in coordination 

number.23 

The pressure dependence of refractive index of PDMS exhibits 40 

distinct behaviors compared with that of PPMS. Nonlinear 

exponential equation was performed to fit the data and provide a 

guide line for the increasing tendency. Noticeably, there is a 

slight sinking at about 4 GPa for both Baysilone oil M1000 and 

Baysilone oil M30000, and after 8 GPa it increases linearly. The 45 

ambient pressure refractive index is around 1.51 for AP 150 

wacker and 1.41 for Baysilone oil, respectively. The refractive 

index of Baysilone oil (PDMS) increases quickly to about 1.65 

below 2 GPa. After that it changes slowly to 1.75 with pressure 

increasing up to 20 GPa, while for the AP 150 wacker (PPMS), it 50 

increases from 1.51 to ~2.0 at 20 GPa, much higher than that of 

Baysilone oil. The reason why silicon oil AP 150 wacker and 

Baysilone show different response upon compression is 

complicated. One main reason might be the replacement of one 

tetrahedral methyl by planar phenyl in AP 150 wacker silicon oil, 55 

leading to the changes in the molecule stacking and tangling state.  

 

Fig. 3 Pressure dependence of acoustic velocities (a) and refractive index 

(b) for the three silicone oil samples. The solid line among the refractive 

index is guided for eyes. 60 

3. Density and bulk modulus 
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Fig. 4 Pressure dependence of density for three silicone oil samples. The 

solid line among the experimental points is guided for eyes. 

As the refractive index and density are related by the Clausius–

Mossotti equation, 5 

2 2( 1) / ( 2) (4 / 3)( / ) /n n Mπ ρ α− + =          (4) 

where ρ, α, and M are density, electronic polarizability, and 

molecular weight, respectively. Then with values at a referenced 

condition, represented by a subscript 0, it can be expressed as the 

following equation: 10 

2 2 2 2

0 0 0 0( ) ( ) ( 1)( 2) ( 2)( 1)n n n nρ ρ α α    ∗ = − + + −             (5) 

If the electronic polarizability under high pressure is known, the 

density can be calculated. As there are no reports on the 

electronic polarizability data of these silicone oils, a plot of 

pressure dependence of ρ(α/α0) is presented in Figure 4, with the 15 

density and refractive index values at referenced room conditions 

as shown in Table I. Considering previous high temperature 

Brillouin scattering studies on other similar amorphous material 

such as glass materials,24,25 the electronic polarizability is 

supposed to be almost constant within a wide temperature and 20 

pressure region, which  means the α/α0 approximately equals to 1, 

and therefore the density of silicone oil can be deduced. Different 

behavior of density evolution between PPMS and PDMS under 

pressure mainly comes from their distinct molecular structures. 

As we know, the bulk modulus B derives from the density and 25 

velocity by B=ρV2, which gives bulk moduli for the three silicone 

oils (Fig. 5). Obviously, under pressure the bulk moduli basically 

incenses linearly above 2GPa. Because most liquid will transform 

into solid state at above 4GPa, we select a few typical micro 

molecular liquid, such as water (H2O), ammonia (NH3), methane 30 

(CH4) and a mixture of water and ammonia with molar ratio 

2:1(H2O-NH3),
21, 26-28 and compare their high pressure behaviors 

with the silicone oils at low pressure range. As seen from the 

insert (a) of Fig. 5, the bulk moduli of methane is lower than 

those of other liquids and has minimum dB/dP coefficient, 35 

suggesting a relatively large volume compressibility. This can be 

understood by the fact that methane molecule possesses a filled 

shell structure, the main interaction force in liquid methane is 

Wan der walls force which is much weaker than others such as 

covalent, ionic or metallic interactions. While for water, ammonia 40 

and their mixture, hydrogen bonds in the samples may decrease 

their compressibility under pressure and thus their bulk moduli is 

larger than that of methane. The bulk moduli of silicon oils in this 

study increase quickly within 1GPa and the slope slows down 

afterwards. Such behavior is related to the vitrification process of 45 

silicon oils, that is, the fluid mobility becomes weak and the 

vitreous state becomes dominant after 2GPa. On the other hand, 

the larger bulk modulus of silicon oil than those of micro 

molecular liquids reflects more complicated interactions between 

the long chain molecules in PDMS and PPMS. 50 

 

 

Fig. 5 Pressure dependence of bulk moduli for the three silicone oil 

samples (solid symbols), comparison between these silicone oil and micro 

molecular liquid is presented (empty symbols). The solid line among the 55 

experimental points is guide for eye. Insert (a) Zoom-up presentations 

corresponding to the dotted rectangle; Insert (b) comparison of the 

velocities between these silicone oil and micro molecular liquid. 

 

ⅣⅣⅣⅣ. CONCLUSION 60 

In this work, Brillouin scattering spectra of three types of 

silicone oils have been studied both in platelet and back 

geometries under high pressure and room temperature. The 

pressure dependence of acoustic velocity, refractive index and 

density are obtained. We found distinct behaviors for PDMS and 65 

PPMS due to their different molecular configurations. The bulk 

modulus of the three silicone oils are further calculated and 

compared with other liquid micro molecule systems. The results 

show that the interactions between the long-chain molecules of 

silicone oil are more complicated compared with the other micro 70 

molecular liquids, which might be responsible for the larger bulk 

modulus of silicone oils.  
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