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WE:ANBEEREWR ZEANBREEREZ - BAEARER, LFERARRTR UK
EREMERE, MEERFONRERINTEANENER . T, EHhRGH, £ ENRE L
SHETREREBEABAKERELA G ATEEEABE., RALDEERAMNEEENE
K FEEE, AR FFEELANAETEETHEENERNES 2 A, ERET: EABE
BEE BE Gy FEE T ok, A1 GPa B B9 1.3x10°* GPa/um 3 K % 30 GPa it #7 5.3x10°%> GPa/um.
ZHEFARARTUNEERRAECGENEESEE HFEAFEFTENRS, AT AL E LR
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TR Wy P2 A G BATE 5 O T i Y R S g Y, DAC 2 FORT T AY 4 KA RN A /NI B R
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T A0 3 P b 22 8 SR P 7 3 0 1) 7 25 I 5% DAC ARG I N B TR 1 20 A o B b 78 B R 2 — Fh 4ok
2 TR 23 43 WO ST R DN A AR U 2 R R R T O K e e R S DN R R R I (BT
KL R BT 20 bR 2% ) RS Ik, LR A BERE MR Ul T DAC IR K RS R S Y 7
BB B BURAEIE U AR S R R R AR R, A BT 7R 2E (R S 7E DAC FE SR T 43
ARG R A5 B o 27k s IR T DA DU F AR 0 sy BRE, vl DASEBE: (1) AR 48 O 1) {5 5 i i
SLRAE; (2) WFRE S A BERR AT BRI, T LUJE AR SR SR B SORE | S BORAS A (3) 7R 5L
06 % S, R = AL

ABIFFE B R 5 WL S AL A i —— GRS VR IR o RETHRRHE — R I R R e i ik, A
WESE A H A RE TR 2 AldRich 24 R (1) /W H 386 =k SUbe, fb2= 3R [(CH,),Si0],S1(CH,),o  FE & i H R 4514
T, KR 0.82 g/em’, FHE N 1.0 cSto R aEM LT LUT JLy T 0% & & e, REME B2 4
HIAE TEAY R, #H T8 T BBARAE A ——4 1 B ZBERAY), B B s | R, A
FIF DAC Hk i i 2R 3805 vk, BIVEE7E &5 R T AR AR, RETIAR SR 3R SRS, Y I e B0 75 A
it e 7723 (] 3 A7 B, 0 25 RSS2 W) SR B 1 7 R A ) S 1 R AR R L B ) 1 S s g A, BT
JE T W # K M RE B AR KR, Hom JEAR AR AT W (EAS 2 — 4R 0F . Ragan 5 A5 fk T 76 &
JI/NF 15 GPa B DU fIE 5 4 - 1 2 FE IR & W AHRL A # K IR PEBE . Shen 5P HGE T R 1 K+
20 GPa B REVH A FK RVEREOL T4 + 1 W O BEIR 59 o Hsieh 5585 3 3o B 5 ik vl () B0 A% S R0 S8R M I
R T H MRS v #5282 2 23 GPa. 5 FiR WSS I, Klotz ZE1! 1 Murata 5520 38 33 H 21 5 A1 3R 7511
JE JIhR 22 R I KETMAE 3~4 GPa B & R A IS A% A2, R BUR MR K . 5ift, Chen 557 R 4L
TR AL % A RARIT 45 A A XRD I W 7 2 2R gt Mol ik i 78 = TR T A AR 64T T 0F9R, 25
SR BT Y B AL I A R AR TR S 3 GPa B, HORHERR 10 GPa DA I H238 & A= 53 4 2 Wk [ - [ A A2
BRI RE . O T T g bt A e Yo 1) g AR AR AT O, AS R 508 45 G v e S 57 v 2 0 5 X ek Y O 1 5 1)
A HEATER T

1 AT RIEIE

Kl 1(a) S B B0 P S 07 REIAT . B BRE S0 OB AR i B () 2 800 nm A ik O, Tk v 5 B
140 fs, AWy 80 MHz. 2, SWOGHE N A ARG . Horbh, B G0 6 I il #4598 %

A2 PBSI1
'
i: sapphire laser 1 = '
Probe - -
[ | v Silicon oil
Delay line! 5 D ———1 Sound
1€ 7 = oun
S o o T T T T JI : AOM Z || wave
: _"2 111 Pump
—— ] /) 1)
DBP A4 W Y g il Probe
I _ Signal a
I K >acquisition Y Ruby
| Objective PBS? PD
BBO ||
(a) (b)

BT (a) A LI 5 (PBS N MRS RS, V4 N 14 W, A2 2 12 W H, AOM N Seiiil e,
DBP A [ {44334, PD AGHERIES ) ; (b) R A4 ML HE I (Transducer G S AEA o (8996,
R JEE PR A 2 )y TS, BT o i I T 2R YRR ' 8 't i N 7 IR PR AR R AR )

Fig. 1 (a) Schema of the picosecond ultrasonics experiment setup (PBS represents polarization beam splitter, A/4 represents
quarter waveplate, /2 represents half wave plate, AOM is acousto-optic modulator, DBP is dichroic beam splitter, and PD is photodetector);
(b) enlarged diagram of the diamond anvil cell (transducer stands for the opto-acoustic transducer (tungsten foil), optical paths of
pump and probe beams, as well as propagation of sound waves are shown as well in the figure.)
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1 MHz )7 I, 20 B R A1 JF 2k M 4K (beta-barium borate, BBO) Ji, i 1 Hi 800 nm 4% 4 400 nm, % )5 &
S50 M5 TAERE Y 55 R M5 T DAC FES E N . 5L R AT, 00 6 28 00 JE IR 26, SRRl ol Fs b S 4, Fe 2%
WHE T AYEE, WIS Z W I R AT DAC WP, R ENEOLLHE ERAHN 2 um, E/NF £
AT I B B A S ] FE 2 10 pm, BT LA, SGEE RS Xl 6 45 SR T i 3552 )

AHIF 5T R F X FR AL 4 WA R, 4 MIA 5 T 19 RST 8 300 um, 25 5804 B T301 AN, il
JEJE 2R 40 pm, #F EEFL AR 20 140 pme B T3 B A0 A% A7 5t (A i 9 v i kil ) o ik B 40t
ik it Al Sy P, B A R P S v A B S R R G R e BB A BT A MR T AR S O g
AT, PR R B R R R | R R SR R R TR R R SR T N By kAR SRR AR, FE OGN T H ) HE
PRI R R FFRRE o RS 1 AR ZYN 15 wm A BRLASTES A A0RE 28 4 W A % TOURG e I G 1l AR 2
460 um, JEEEZR 0.6 um (AN1E] 2(a)) o 45 9A K05 — 00 %) 4 WA i T 5 & CAn & 1(b)) , B T4l T s
b 21 A ORI AR A A A B TR A 02 21,7 pm AT, SEEES HALT & I
GRAb (1] 2(a)) o S 1) 0 % 225 () Fl R T 35T

(b)

Gasket
Ruby

Reflectivity

53
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2 (a) BT DACURSMENSE G RPN (EAR K 300 pwm) %R 4 NIA A T8, R A

=)

JORSSA, BRI AT 1, 2 A0 3 ARETEARILIE); (b) 4.1 GPa I AT 1 ARRAE R A TS
(¢) BRI A A9 AT HLINAR Y 15755 (d) ¥ (o) AT PR A L A2 A 1 3 B s 55
Fig. 2 (a) Image inside the DAC observed under microscope (The outermost bright-colored circular region stands for the culet area
with diameter of 300 um. The middle-most light-colored circular plate are the tungsten foil, measuring positions 1, 2, and 3, as
well as the location of ruby are labeled.); (b) raw signal of picosecond ultrasonics collected at pressure of 4.1 GPa at Position 1;

(c) Brillouin oscillations after subtraction of the thermal background; (d) frequency spectrum after Fourier transformation of (c)
Tk i E A DAC J, AHAE 2RI G WA f, Bm B ROE A R AE A - A S R R . Lk R
73 RE RS A R AR WO, 5 B0 DX i B2 S AR T e, AT R AR o K 7 A A I A s ik Y P
PRALRE R IET 1(b) sl A (8 75 1w ) o [R) IS, 400 fik v i Bl SE 3R 2 SR A ity oA 908 5 DI it ) I 2 T A
RN DG — 5 THD B 22 48 PN 1) 181 5 S 10 (A8 /et 3o 5 180 ) B 5, 53— O T A7 o) A5 1% 49 B0 7 0 HCT , —
B Z T IR AR (55 o A7 v 0 75 8 R D' 1 S st B3O R g A BRSO, 7 A IR 15 5
i 7 SEL R 551529, SO £ 2k
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f=2nv/A €))

o v R A BB T, n A BTSSR . R, A LR R 2 R 5 e i 8 A BB T v )
FAE, HAZA BRI 3 n FIERMDEHR A RIS . TR BIARE B4 5 %R S0 1, Rk, il
IR 20 A I JC T R T e B R S T R R R

P 2(b) 7R T —A> B RL A B RDRE R 20 A5 T o G PRIk v 5 SR K o [ B 3 3k 2 9 R T, 2R
T L T TEBOR RS N HRAS O T RE B, S BORE R, R BLA K 2(b) Hh =0 IR RO BRI . 2R
SERFEERCT B RN B PR i AR, o e v PR R R e R RS S RO A LN IR G . IRAR (R S
2 BRI TR (] 2(c)) AR g 8 B A8 48k, BIVAT 075 A LR IR 32 00 0003 05 B (8 2(d)) o HEZ R T
T 7 B R B8 23 B 5 1 T 275 SRR [29-30]

T IR T 7 a3 A T HORE A Il AR 1) 1 3 AN PR D I R, 1L 2 A3 Z TR A TEI A 10 pum,
Horp, VAL TR UG LLF AR A 3 29 2 pm, B TR, BRI 5 0 b 1Y 5 N
3BTy L abnE )5 53 AR PR 393 1) 1 Tk 20 2 0T i TR s

2 HR51e
B2 T 1~30 GPa J& J7 7 Bl R it i v s 1, 2 0 3 A SRR A FL IR 55 1 5 O B3
£1 BET3MNEALRENHEMEFAEMBLEAAREOER

Table 1 Brillouin oscillation frequencies collected at the three measuring positions
and pressures calibrated by ruby at different pressure steps

Frequency/GHz
No. Pressure on ruby/GPa
Position 1 Position 2 Position 3
1 13.07(6) 13.04(6) 13.04(6) 1.0
2 21.56(12) 21.51(12) 21.43(12) 4.1
3 25.52(14) 25.42(14) 25.36(14) 7.0
4 29.38(18) 29.18(18) 28.99(18) 10.2
5 33.17(17) 33.09(17) 33.01(17) 13.8
6 38.10(20) 37.74(20) 37.50(20) 20.2
7 41.98(22) 41.67(22) 41.30(22) 25.0
8 45.79(24) 45.58(24) 45.05(24) 30.0

T A5 3 A SR A G A L IR 997 AR 5510 D 2T 5 A A B R p AR R, PRI, AT DA BRAS AN [

SR AEPE TR AL 3 ARSI RS TR SR X N G R, SR H = 23 T LA, 153
p=6.55-0.99f+0.047 %> —0.000 3 /> )
Aorpe R B 507k GPa, #5R A4 B0 GHz.

AT R 2 Ak B AT AR R 2 (1) AR X R A A . R, JRAS 00 -6 B (fo) E R AT AR Ry
TR H DL -0 (p-x) KR, A& 3(a) Fion o [l 3(a) WP R 7 B 25 th 348 1 O il iR 25 45 &
K Q)RR . AHER I, FEAFEM R T, KNI T 0 A 0 AR i, ot (5 140 ) iR
B, %k (3 AL B9 R 1B AR . R T ST A M A R R B AR AR B, B 3(b) R TR R R R
TSI Z B 1 2. SR B, s 7 8] 0 3 0 T T R, R AR B R R A T v T K
f20: 1 GPa Ist, B B 35 %, {0~ 1.3x10°* GPa/um, 7E 30 GPa Itf, £ B 11K 5 5.3x1072 GPa/um, 1% 4%
R Chen %57 2R L5 A0 I vk AT W BUIE A7 5 50085 TRl FE Hl, 7224 7 GPa I, A BIF 500 2 1) 466 32 4
6.5x107 GPa/um 5 Chen Z:P7 $3E 19 6.9x107° GPa/pum JEH 4230 . P, ASBIF 9% % FH 0038 07 v ELA 5
ALEEPE ORS00 o BLARAZ BR T DU i 25 B), HRB AR AR R s o0 20 wm 24 L 0 R T 43, (%R B
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TN BT 2278 p = 30 GPa INE LU A B 29 1 GPao ARILHEN, 700 s 5 AR PR T, 404 il R 28 TR AR A
AR, W iy FARps 2 19 e g S50 i Ak (4 1 g 22 18] ] REA7 A 2 35 1R 22

35

(@) (b) —@—10GPa
Lol —8—4.1GPa
30.0 GPa —®—7.0GPa
30r i!\ —8—10.2GPa
\ —@—13.8GPa
hY
e 25.0 GPa 08l ——202GPa
251 e —®-250GPa
—@—30.0 GPa
| = 20.2 GPa
20 - —x . 0.6
- o
S S
= 2
2 15l 138GPa| 2
o e = ax o
= S04t
10.2 GPa
10 = —— -~
7.0 GPa
- e o 0.2
S5t 4.1 GPa
— e =
1.0 GPa
ol . 2 & . g 0t .
0 10 20 0 10 20
Distance to center/pum Distance to center/um

K3 (a) IR AL L, 2 3 AREY IR Iy 04 B 22, (b) % i 5 3 Z I IR T 22 (i 3 BN S IR, RSB E L)
Fig. 3 (a) Pressure distribution at measuring positions 1, 2 and 3; (b) corresponding pressure gradient
(the pressure gradient at point 3 is set to zero)

Je 3 88 25 18] G- A 2 A e A% e A o K s 1R i 0-6
B B AR bR . 18 4 BoR TN RR SR AT AL
A2 L 3 AR TR S bR EZE o AT AR B 15 1 GPa
N, AREZ LT O, UL REI AL TR, fEWE
PRAE AR A K R FRIE; (HN 4.1 GPa JF IR, B ifE
EANE, HEHNZENHKESR (R
7.0 GPa), RIAREM AT AEC £ A A 1 - [FIAHAZ, BI

e
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o
w
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S
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B RS AL AR s #E 7.0~ 10.2 GPa Z 1], b ifE 22 (1) 3 0.1 [ o cpa Y138 GPa

KA Ak, i), 76 13.8 GPa | hnifE 2= #h £k & 4 o LTI GPa . . | |
Wesh; BT, bR 25 S5 B0 H B B AG Pk 4 Kt 0 5 10 15 20 25 30
e, 11 13.8 GPa F 1Y% 0.1 GPa 1 K % 20.2 GPa T Pressure/GPa

17 0.4 GPa L |- £ 13.8 GPa T WL%E Iy 5 3 i P4 IR TR A I R b 22

ST SR OB Sl T S e
OLAE LAAE MBI 5 AT 3 e 380 27, i B4 T i
FE A XAk T AR AR o 72 e 5, HL PR R OUER S B4 S R TR L VT R 2 8 R PN I BB T T K R
I, G BUE T AR HEZERRAR

Sk T G b i R R A i B 5 ), AR S R S EAT T R SR A P i IR FH Y Horiba 24
A% LabRAM HR Evolution $i7 2 Y614, 3 & SR 0 3 K 633 nm, Ri&HTE] K 60 s, HEEAMF 5 53
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Kotk 2 R DIARIS S AR LG . B OGS IS BRI AT B, PR, 230 R4 T 300~ 1100 em ' AAIRIR BB AN
2700~3300 ecm™" A9 =5 I E B 045 5, 207 SCOLEE T AE 1332 om T BRI S WA B msR B R 25 S .
SR 1Y 7 55 0.3~36.8 GPa X 1], Yl &g B F IR 5 o AR, BEE R TR, PR B
) HSC S W YRR 8 ) v U AT 1) RS B, LAY i 0 e R 1Y) 0 9T U 55 RO W 1 MG . AR TE B TR 4 o B PO
A I RSN 55, B A JC 8 i RS B B A W RE T 25 M A8 Ak o SR, (B4 B A R O
WA B AE 2 9.6 GPa B 19 55 1% O - PEAR I BB, IR B A5 52 2% ) A1 B W 7E R 40 %8 9.6~13.3 GPa X [H]
I B /0N W %) 38 T 5385 O 20 5 70 v e BB, IR S I 2 /1 W U8 %) T ST 0 508 5 E 24 9.6 GPa I 98 SR U5,
Bifi 5 , BTV TE 13.3 GPa HBUIG5E . AL 7 = (5 55 58 3 114 58 SR A8 AR AR T 58 15 e 9 19 AH A8 AH G, Z U3
SA R TESCHR [31] R A B o 255K 4 TR B9 0 b oE 22 B08E Rk R RE A 0 AH AR AR B A a0
T YRR T 7 GPa B, H A M 22 [ 7 B T e T B RS K, s T REM AT REC 4 Ty 1 B RS AL
AR AR AR R R S U T R B AS B SR AT 7.0~ 13.8 GPa i [l NI, ARifE 22 & 4R T 3
W Bh, %R 1 B 5 HE 5 5 i WS B 1 Ik 2 W5 B Y 2R SR 55 (FF 9.6 GPa [T ) W4, 156 HH £ 3 PTG
KT - EARAR o 2Rl AR AR (E B STk [27] A s A A R A XRD R T AT S AR 2
13 GPa It 90 5 % 4 iR B8 2, 12 7 o AR ME B IS AL 5% 8 5 1S 09 ) o [ Ak B AT A g, B AT R A AE T
[ - [ AHAE

o
T 2330M
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Fig. 5 Raman spectra of silicon oil at different pressures
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Pressure Distribution Investigation in Silicon Oil Compressed
in Diamond Anvil Cell

XU Tiancheng, DENG Yuanhao, HONG Chen, HUANG Haijun, XU Feng
(School of Physics and Mechanics, Wuhan University of Technology, Wuhan 430070, Hubei, China)

Abstract: Diamond anvil cell (DAC) is a kind of widely used static-high-pressure device. Benefitting from
its wide pressure range, excellent optical applicability and convenience of use, DAC provides a tremendous
boost to the development of high-pressure science. However, at high pressures, factors like solidification of
pressure transmitting medium may cause destruction of the hydrostatic pressure condition in the DAC
sample chamber, leading to the generation of pressure gradients. In this work, a new method of using the
technique of picosecond ultrasonics to investigate acoustic signal distribution at various locations within the
sample chamber was proposed, which can analyze the pressure distribution via the acoustic observations.
Limitations in the continuity of signal acquisition, sample selection, etc. can be overcome in this experimental
technique, which could be built and manipulated in an ordinary laboratory. Here, pressure gradient in silicon
oil was carried out under compression using this technique, and the results revealed that the pressure gradient
in the sample chamber increased from 1.3x10™* GPa/um at 1 GPa to 5.3x107> GPa/um at 30 GPa. In addition,
the anomalous change of standard deviation of the pressure distribution was analyzed by combining it with
in-situ Raman spectroscopy, then the possible phase transitions of silicone oil at high pressures were
discussed.

Keywords: diamond anvil cell; pressure gradient; picosecond ultrasonics; silicone oil; phase transition
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