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S & T 1E3ZHH CsPbl, $5 5K 4K Y BRI H)
Bk ¥k BRE DEA HESF R A

(PR =7 Wy Bl e B PR R A S0, 5 bk K 130012)

BE:ATHNG W BHRT BT ERA TR, ELAR TN LFWRT, 2E—MRAMEN L
AR, AT, AR EFTRUFRLREAFTRMER AN X EEAE, RTEH 4
R R B ] AR, Y4 AT B (CsPbly) AAMBHARFAE, R BRI - FRHER
iR CsPbL, 4y kAR, 3t — B AR AN B Xt TAE, 46 F 5 & £4-7 LRk ki, xt
CsPOlL, W ABEFTETHWREMHFHTHE, KIEHET CsPbl, 4 k5 4 BN, 3 1 o 7T
FEEIARMBELREA AR EE e HARERFRAH TERFRELAET
CsPOL, A KB EMBERXR, MEN A RNERT AXM BN ERLARBEEL R,

XEBIR: )0 ZA5EkE; WA )T AL & & A 1R 4

FE S 05212 X EkFRIRES: A

48 K ALY A5 4K (Metal Halide Perovskites, MHP) HA7 {1 K A4 B fnf Fy 38 PR E . 192 A0 fb 2 ] 1 3%
PEUH SRR 8, 2 — PR R IE A EHATR, FE R ORI L ROE TR OGS R AR
AR B S N . Herb, ALK AR YIS AT CsPbX,(X=CI, Br, I) 2Bt 5 (0 Fa e vk
M BRI T 3RO e UR GRS 8, TR B 2 TCHL K AL S ek 1 & R T 5 . 5 4HA
ELAG v o RN R AT 50 0 A Kb sk, 2 s e I AE 5 R S AE 5 HE ) 3B 1) — 248 Y R L 40 K 5 4 1
P, PRI B R B 9 N 53 O e Y ) R

JESIHE R —Fh B RIS E S50, iR 5E 4 OSSR 90 K bR 25 4 R A5 o 4R T
F-BE 10 Fi) 42 Wi A7 % TS ( Diamond Anvil Cell, DAC) 25258 8 | A ) S 3% i ven He R 55, DA 17T 45 /)8 Jit
TR, P A S A AR, AR, X MHP R 5 SRS T — R B, 4R T T RIE 5 B K
Z O BH R T — 22l 57 18 437 8F, A LA 8 v Ak B R U B AN AR P B O] ALK Y SRR P AR AR
KARFE F BRI T HS2BRGAR I, R I 46 4% AL ( CsPDL,) 55 4k 4 40 KA 14 45 B B 8 TR 375 S i i s 11!
X T4 TOHLES BR T 40 K A AL B BIF 5 R LA AR R BT 8 3

ARHIFGE R FH —F TC At Ak TV AH & B CsPbIy G4 K 19 J7 35, 3 3k o8 92 S5 7 B () 0 5 g 30 8, 6 I 38
FHI CsPbLy 4K MR EATIE S5 A 45, LA Bl R I8 55 35— L 45 Pk R 4519 CsPbl, 44 K5 SR FH X 414k
fir bt (XRD) . HH T B35 (SEM) | 38 it L W Sl B8 (TEM) LB /35 1 48 Ah- AT LW iOoe 1%, Xt
CsPbl, 44 K 1 25 W HEAT 2R AE, 45 4 i TR BORAR ST CsPbl, QUK HE 78 85 5 4514 T B0 BRAs Ak . 39 B s ke
B AR AR A RE B Ry 1 — 25 B 9 45 K - D) B O FR 1 AR 5, A R ke 9 KO L T I FH Y R TR S
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4 0.125 g Cs,CO; (4] 99.9%) . 0.5 mL OAVHTR, Tk 2% 90%) F1 12.5 mL ODE( -+ /\ 4%, Tl 4%
90%) % A = FUI Y, £ A5 3w R E AR NN, [RIeS R RE s i bk, # S S FHR %= 120 <C,
TR, I Cs,CO, &AM TR, SR M PR 2 100 °C % .

¥ 12.5 mL ODE, 1.25 mL OA. 1.25 mL OLA(H &, TkZ% 90%) F1 0.25 g Pbl, (46 99.9%) % A =

FU T, 7R AR N8 IR 120 °C, INPEEE 1 h il PoL, 58 75 28T, SRIERHREIR B3] 170 C,
PO A 2 mL BRI M . FREEORFFIREETE 170 °C JFHiHE, 2 h J5 B & LAY CsPbl, %9, LI
W R om0 B A A IR O CH , (IE C %, 4l 97.0%) 19 5508 i, S67E 8000 r/min
AL 3R B0 5 min, ZRJE7E 8500 r/min AYHS 3 B0 3 min, f 5 8188 L2 AR S 5

K H TEM Fil JEM-2200FS %4 55 43 #¥ 175 51 H 4% ( High Resolution Transmission Electron Microscopy,
HRTEM) (200 kV) XA d 47 3RAE o AERGTH B A28 400 um A XTFR DAC % B b FAT 57 i IR S0 g . i
BCT301 ANEEMAE R, A NIA RAG7E R doo 8 —AS MR, 76 MR S0 85 A B 120 pm 9
E‘L TERURE 28 o KRR 2 ARE A, 21 52 A BROCZE LA 1T, SR FH 20 52 A b R e 28 SE PR R 7 o SR

A=) WL OGS B OGER EIE A (TR 0162, QE65000) Ml 453, 128 I ATUAT -1 KT 4 S oG

2 IWHREITL

2.1 CsPbl, #NKiEHI 53 =4

it TEM, HRTEM F1 SEM X & B A4 CsPbI, 94K Fe e il 45 F B A7 3R AE, an &l 1 A&l 2 FToR o Ak
[ CsPbL, 4 KR 24 3 um (A0 E] 1(a) 7% ) 5 CsPbI, 40 K fl 7 18 18] #E K 0.77 nm, B 5 52 4 3 {000 K
(LI 1(b)) o B 1(c) M 345 % 5 i 8% (STEM) % (22 F f1) FIAH R (9 Cs( i €2) . Pb(£18) Fil
L4 0) TR WL 5. IR 2 0] LA 3], 45 A CsPbI, 94 A A% Al TE 500 LU A0t b, 8 (0 25 e % W . EL
FLO, Ff) ELAR N 478.8 nm, 25 i R AUf . 18] 3 & AL CsPbl, 49K 19 XRD &%, 7T L& H AT 19
CsPbl, 44K hy IE 22 fib R 454, I B HA 34 0 25 it .

(@ [

\lll

= 1.0 um BF (framel) == 1.0 um CsL==1.0 um PboM ==1.0 um
Bl 1 CsPbly 44K #5HY TEM KR (a). HRTEM &4 (b) MBS EIE (c)
Fig. 1 TEM image (a), HRTEM image (b) and mapping images (c) of CsPbl; nanorods
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<\478.8 nm

3 um

12 CsPbl, 44K 4 (1) SEM E{%
Fig.2 SEM images of CsPbl; nanorods

B00[ |
__ 600t B
g l\/\ Released
;j 400 t -———’N;;::
g 80
200 a
= 6.09 GPa
ol < 5.60 GPa
10 20 30 40 50 60 Z 4.60 GPa
20/¢) E 3.53 GPa
[l 3 CsPbl, 41K i) XRD EI& 2.51 GPa
Fig. 3 XRD image of CsPbl, nanorods 1.54 GPa
1.05 GPa
2.2 SJET CsPbl, K HERTRT L 068 GPa
Xif CsPbly 44 K A 47 J5 A7 e i 4 Hh- 7T I i gzi gia
. a
DRI, 25 AL LP 40 6 DL o, W e
A7t Bl SR 4L, 9 2 B W 55, ELF 7.03 GPa I, 300 200 500 600
W AT DA 1 2R 5 RFLR N % 10.17 GPa B, 3 BLAE f Wavelength/nm
b, EIE AT . A& 5 R, HIE S CsPbI, 44 K #k 4 JiJ) R CsPL AR R IBOR i i) 22 4L
4y HRTEM & fl STEM & & 755, CsPbl, o K 4 i A Fig. 4 Changes of absorption spectra of CsPbl,

nanorods under pressure

REFFR AL, S LB i .

10 nm

5 IR ) CsPbl, 44K #% i) HRTEM [K{4 (a) Al STEM [K1% (b)
Fig. 5 HRTEM image (a) and STEM image (b) of CsPbl; nanorods after decompression

MR A A ) 728 A 15l B ) TSRS A LR AR, DR IR e AN ] T T B 5 - T L i i ' 3 e LA B
CsPbL, KRR I B AL . 8] 6 /s 1 CsPoly Q4K (19 B BE K 1 A2 o ANR) IR T3 R B0 Bt o i
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$ Tauc & A2t X I A0 4 2 fe & R 6 2 09 . LAE J1°8 2.51 GPa B A fil, #IH Tauc plot A=, X
CsPbl KA BE AT L& T
E =1240/2 ©)
Kb ERETRER, A7 eV; UMK, 07 nm, R Kubelka-Munk 284, X CsPbl, 44K #5917 i (L
E TG TR
(ahv)’ = A(hv—E,) (2)
K 4 BNG-FEBESEL, E=hv A ASGTRER, o B EL. Bl 6(b) A CsPbL, YK HETE 2.51 GPa s /1 T
i) Tauc &, HAEEHA E, D5~ (ahv)’, W LI H, 245 14 2.51 GPa i, CsPbL, 44K () BRAE 4 2.71 eV,

2.8
.""‘“-h... .
27t =" 2.51 GPa
26t e
> | o
325 \\ 3
53 o
5 24¢F =
= <
M3t 3
22¢ 2.71eV
2.1 I
0 2 4 6 8 10 2.0 2.5 3.0
Pressure/GPa Photon energy/eV
(a) Band gap energy vs. pressure (b) Bandgap at 2.51 GPa

6 CsPDI, 2K BT 15 J5 7 Y X &
Fig. 6 Relationship between bandgap and pressure of CsPbl, nanorods
i 1 S AT CsPbI, 4 KA ) B (EL BB T 3 224k, T A H - CsPbIy AR FRAEH TR T B9 B 2.75 eV;
B T 77 B3, 7 B AN Wi ), b i TR AR /D, S AR R 25 IR F 3 N3] 10 GPa I, 47 Bl /N 2.14 eV

3 4 2

R FH — T JCAHE AL TR & B CsPbIy 2K AR A 77 3%, 38 3k 3 2 45 G ) S 1oz I [ FNIRLEEE , & hl it JE 5
g — H45 PV R AP AR CsPbLy Z4KRAPRE, A8 B 2L 5 A7 bn R R M SOE 1S, XF CsPbL, 4K HEAT T
R A BRI AR BT I . G R SRR S, CsPbIy KR I AR T 50K S vh T HOGH W T . AP G
JILH CsPbIy 44K A AT A S — A 5, TR0 98 K 06 Ha #1 i9 BEASPE 57 DL ST 3k 1 42 TEHILAS
BRSSO B T 2R R AE, B AP RO TR
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Band Gap Modulation of Orthorhombic Cesium Lead Iodide
Perovskite Nanorods under High Pressure

JIANG Hongmei, CAO Ye, YANG Songrui, MA Zhiwei, FU Ruijing, SHI Yue, XIAO Guanjun

(State Key Laboratory of Superhard Materials, College of Physics, Jilin University, Changchun 130012, China)

Abstract: The all-inorganic halide perovskite is a promising photoelectric material because of its strong

stability and good optical properties. However, it is still a key problem to effectively design the band gap to

meet the practical application requirements. By controlling the reaction time and temperature, the morphology

of cesium-lead-iodine (CsPbl,) nano-material could be controlled, and the rod-like CsPbl; nano-material with

uniform morphology and good crystallinity was synthesized. The band gap changes of CsPbl; nanorods

under high pressure were further studied by using diamond pair anvil and ir situ high pressure ultraviolet-

visible absorption spectroscopy. It is found that the band gap of CsPbl, nanorods decreases under high

pressure, and the tunable band gap lays the foundation for the application of nano-materials in the field of

photovoltaic cells. The results can not only help to establish the structural properties of CsPbl; nanorods on

the atomic scale. It also provides an important clue for the practical application of all-inorganic perovskite

nano-materials.

Keywords: halide perovskites; diamond anvil cell; high pressure; band gap modulation
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&t Ea S E kLT % PbSe-PbS
EaihE &R E M EE

WEELAORLFHRE REX A BLOAELE FEAL EAS
(1. TR B TR AR R 5 TREF B, W R B1E  454000;
2. M T R¥AYH S5 B2, M/ f24E  454000;
3. e NRSERE B e, i 200135)

TE: Al (PbSe) FH — M EAMmARMEZE ZxE, RANRELLE ST ER
% )7 % # % 7 PbSe-PbS B /A 1K A 4 (PbSe, ,S,) , AR T Se/S & &t H 4 My Fu i vy M 56 1
B, BREN: RANME &ML % RES & H PbSe, S, HAEKEGEMNK, mERSE LA
T H Bk 5% b 7 38 2 Se/S th ) 7T L SC B PbSe, S, W HriE M fE Fn o K A oy 4% B A K
A e IR F AT, B E B PbSe MR R H; U x=0.5.77E % 600 K i, PbSe, .S,
W& EFE 0.54, thPbSe B9 &% B H T (0.33@450K ) & 64%.

K HR1A): PbSe; A AR MM A 2 BREE; &R AEF

hE £ S:0521.2 XHERFRIRED: A

T 2 DL 850 IO A0 A J0% s 250 14 K R b e — P E A% S I A R R L B L e 4 1) T RE A R,
AT 22 A AL AR L R B . FL AT, LU AR T PERE SR 4 1Y Bi, Te, KEFAHR B4 ke ) ]
Ve DL B 2T M Al R, T 26 T o i DX bR R 22 A L B R AT R BR T IR 2 TR R 4 2
BN A Y GUREY T 22 S H BORTE A Tl i 934 R UM M AR AR (2 DR 25 vl T T R AT
TR F OB R IR, DR AR ok Hp [ H A LA R B 5 A5 I 5200 rb sy i DX R B R A T 5 AR
A,

TR RHIE S 8 G Bl 2 B o AR IR . SRR A AR RO 2 i B IR 7 27t , oo
Z=0S8k(o., S, x 7P AR G 3R | Seebeck REANITER) , THAEXTULE . 08 Bk AR T
(Power Factor, PF) , AT LA i 4% il A4 ) i) 28000 7k B2 . IR R S5 A E AT (I A0 1A S 3 S B8 ply A A
AL PG R PR 2 A, HE A R R R BT S AR U AR A R AT L e 7 R R B
GERE S FORU, B ARG &, SIS s F B B 5 T Bk . DAk, F AT TP e i 2K
SR R DR A T A AR P T R PR IR AR

il AL (PbTe) 2 A IME— R Ml A 7 By r il DX B R AR 1 A PR R WG L 45 1 [R) 1 L A2 P
T B TWRE A S FE 20 SR, T Te 7852 h it B 550U, ks B0k B 5%, T &
TG Te 5 PEREASBEE B B AR T I AT ST A5 o Se 5 Te [AlJ& 55 /8 EREOCER, MiH7eH Se 1975
I EEUY. PbSe Fl PbTe H A AH [ B dh A 25 Ry 17, [ if o H A AR Z AR LA PERE . DA I, G 4F 2K
PbSe R B A4} 52 BB AT RMIT 5T 1) 2 S TN,

* UG FS B HA: 2018-07-14; &[5 H #8:2018-08-12
EETB: WRA A REHER 4 (182300410248) 5 1] 7 B T 2748 95 F 564 (J2016-5) 5 e AR I
i GBI T H (HK012-2018, HK012-2018)
EZ BN 722 (1990—), L, i1, FENF A BFF . E-mail: ymm1911@126.com
BEEE: RO E(1980—), %, W+, JHIm, FZNF & EYHIF5Y. E-mail: zhuhy@hpu.edu.cn
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33 % = JE LY} L 2% Eitd 1

AW FE R BB G 4 A v 45 PbSe M PbSe, S, [EI VA5 B3 A, I i JE 68 25 J7 vk 52 PR
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Thermoelectric Properties of PbSe-PbS Solid Solutions Prepared by Mechanical

Alloying Method and High Pressure Sintering
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HU Qiang’, HU Meihua', LI Shangsheng', SU Taichao'

(1. Institute of Materials Science and Engineering, Henan Polytechnic University, Jiaozuo 454000, China;

2. School of Physics and Electronic Information Engineering, Henan Polytechnic University, Jiaozuo 454000, China;

3. Shanghai Customs District P.R.China, Shanghai 200135, China)

Abstract: Lead selenide (PbSe) has received extensive attention in recent years as a non-tellurium

thermoelectric material. In this paper, PbSe-PbS solid solution alloys (PbSe, S, were prepared by

mechanical alloying combined with high pressure sintering method. The influence of Se/S content on its

structure and thermoelectric properties was studied. The results demonstrate that the mechanical alloying

method can rapidly synthesize PbSe, S, solid solution alloy powder, and achieve rapid densification by high

pressure sintering. The electrical transport properties and conductivity type of PbSe, .S, powder can be

controlled by adjusting the Se/S ratio; solid solution alloy can realize short-wave phonon scattering, which

significantly reduces the thermal conductivity of PbSe material. When x = 0.5 and the temperature is 600 K,
the highest quality factor of PbSe, S, is 0.54, which is 64% higher than that of PbSe (0.33@450 K).
Keywords: PbSe; thermalelectric material; mechanical alloying method; high temperature and high

pressure; figure of merit
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Symmetrization and Chemical Precompression
Effect of Hydrogen-Bonds in H,-H,O System
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Abstract: Hydrogen hydrate (H,-H,O) excited significant interest as an environmentally clean and
efficient hydrogen storage material. Here we conducted a high-pressure experimental research on hydrogen
hydrate combined with in-situ Raman spectroscopy and synchrotron X-ray diffraction measurements. Our
results indicated that the cubic C, phase with stoichiometry 1 : 1 of H, and H,O transformed to a new
tetragonal phase C, after packing more hydrogen molecules above 24.5 GPa. The structure of C, was
determined to be P4, with a 1 : 2 ratio of H,O to H,, and could survive down to 8.6 GPa upon decompression.
Two districted behaviors of guest hydrogen clusters were observed with increasing pressure. One showed
blue-red frequency shift transition similarly as pure hydrogen, the other continuously blue-shifted to higher
frequencies in the whole pressure range. Fermi resonance between the deformational mode and softened
stretching mode was firstly detected, indicating that the hydrogen-bond was symmetrized at around 55 GPa.
The complicated behaviors of hydrogen molecules and interactions with water molecules in hydrogen hydrate
provided a different insight into the guest-host system under pressure.

Keywords: high pressure; hydrogen-bond symmetrization; hydrogen hydrate

CLC number: 0521.2 Document code: A

Hydrogen is the most widespread element in the universe with lots of unique properties and potential
applications. The metallic hydrogen was not only predicted to be a high 7, superconductor at extreme pressures,
but also to be a high energy density material, which would have great applications in military projects and energy
sources!' Y. The pressure-induced insulator to metal transition of hydrogen are of fundamental interest to
condensed matter physics and chemistry as well as planetary astronomy” °!. In view of the difficulties in
technology of pressing pure hydrogen, the metallization pressure of hydrogen is proposed to decrease in the
hydrogen-rich materials because of the chemical precompression effect’’). Many hydrogen-rich compounds are
also high energetic, or potential hydrogen storage materials, attracting considerable attentions in recent years™™).

Hydrogen hydrate was known as the typical clathrate hydrates in solid state at high pressures, exciting great
interest for its unusual behaviors under pressure and expected hydrogen storage properties. A series of researches
on solid hydrogen hydrate were performed at various pressures and temperatures by experiments and theoretical
simulations” >, Two typical clathrate structures, filled ice I and Ic (phase C, and C,) at relatively low pressures

were firstly defined in 1993, The guest hydrogen molecules occupied the voids in the host water framework with
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a very high stoichiometry of 1 : 1 in phase C,, which was attractive as a hydrogen-storage material. The
subsequent works suggested the cubic phase would survive up to 60 GPa as long as the structural stability
enhanced with hydrogen-bond symmetrization above 30 GPa!'”! . However, Machida et. a/!'® ') found that
hydrogen molecules extracted from the C, phase at around 20 GPa, giving rise to a transition to poor-hydrogen
phase. The new phase was predicted as the trigonal or tetragonal symmetries in X-ray diffraction (XRD)
measurements and molecular dynamics simulation"* >*"**_ Moreover, the ab initio variable-composition
evolutionary simulations showed that the C, phase would lose stability and transformed to a tetragonal phase with
2 : 1 hydrogen and water molecules™ .

In hydrogen hydrate, the stability of clathrate structure was mainly depended on the framework of host water
molecules, which was assembled by hydrogen-bonds. Therefore, the pressure of hydrogen-bond symmetrization
would be significantly lower than that in pure ice because of the packing efficiency of the guest hydrogen
molecules!'”). The Fermi resonance should also be observed as a convincing evidence of hydrogen-bond
symmetrization, while it has not been detected up to now!'”! . Furthermore, the behaviors of hydrogen molecules
and hydrogen-bonds were expected to show a different insight of precompression effect in this typical of material
with hydrogen contained, because it had been proved that the interaction between hydrogen and water molecules
played a significant role in phase transitions!'*], We expected that a systematic experimental study combined with
diamond anvil cell (DAC) and in-situ spectroscopy measurements would give a clear understanding on the phase
transitions, hydrogen behaviors and hydrogen-bond symmetrization in the hydrogen hydrate system.

Here, the hydrogen hydrate was studied by the in-situ Raman spectroscopy and synchrotron XRD
measurements up to 71.4 and 63.0 GPa, respectively. Two distinct pressure-induced behaviors of hydrogen
clusters were observed above 24.5 GPa. The Fermi resonance appeared at 29.0 GPa and persisted up to 49.0 GPa.
The extrapolation line indicated that the hydrogen-bonds in the water framework symmetrized at around 55 GPa in

hydrogen hydrate.

1 Experiment Details

Symmetric DACs equipped with flat anvils of 300 pm was used to generate pressures in in sifu Raman
scattering and angle-dispersive XRD measurements. Rhenium gasket (with an initial thickness of 200 um) was
preindented to about 30 um and then the sample cavity was drilled in the centre with a diameter of 120 um. The
pressure in the DAC was calibrated by the ruby fluorescence method. A tiny aluminum ball with a diameter of
10— 15 pm and liquid deionized water were loaded in the chamber. The hydrogen was generated after an excess
laser heating run on the aluminum ball at 0.4 GPa. The final products in the chamber were hydrogen and
aluminum oxide**!. The CW solid state laser at 1064 nm was introduced into the optical system using polarizing
beam-splitter cubes and focused into a flat top focal spot from two sides of the DAC using the Mitutoyo near-
IR*20 and x10 long-working distance objective lenses. The focal laser spots were about 10— 15 um in diameter,
making it possible to heat the aluminum balls. The backscattering geometry was adopted for confocal
measurements with incident laser wavelengths of 457, 488, and 561 nm in the Raman measurements (the 488 nm
laser line was used in the current measurement). The XRD experiments were collected at the synchrotron beam
line, sector 13 of the Advanced Phonon Source (APS) of the Argonne National Laboratory with the wavelengths
of 0.3344 A (GSECARS).

2 Results and Discussion

The pure hydrogen hydrate sample was generated after sufficient laser heating runs at 0.4 GPa before further

compression. As shown in Fig.1, the representative vibrons for hydrogen rotons and stretching mode appeared at
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358, 590, 816, 1035 and 4146 cm™'. With further compression to 2.2 GPa, the liquid sample crystallized to phase I
with appearance of several sharp Raman peaks. The phase | was described as clathrates phase C, in the first
study™. In the clathrates structure, the hydrogen molecules occupied the voids of the hydrogen-bonded water
framework, it was therefore recognized as a filled ice phase with space group R3 defined by XRD measurement on
a single crystal. The other clathrates phase (C,) was also observed at 3.4 GPa in this experiment as shown in
Fig.1(a), whose structure was confirmed as Fd3m by XRD in previous study”. The stoichiometry of hydrogen and
water molecules was almost 1 : 1 in phase C,, which therefore attracted many attentions as a potential hydrogen-

storage material.
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Fig. 1 The evolution of Raman spectra of hydrogen hydrate with increasing pressure from 0.4 to 71.4 GPa. (a) The lattice peaks
in the region of 0—1200 cm ', where the spectra in each phase were marked by different colors and divided by dashed lines;
the arrows marked three new broad peaks in high pressure phase IV; (b) The stretching peaks of H, at various pressures,
symbol * referred a new peak at 25.6 GPa in phase III, and the two shoulders at 55.5 GPa were marked by black arrow.

With increasing pressure, the rotation mode of H, at 375 cm ™' splitted into two peaks while other peaks
in the region of 0—1200 cm ' became much broader above 23.0 GPa. A new stretching peak of hydrogen with
frequency of 4929 cm ' appeared at 25.6 GPa. Therefore, it is inferred that a solid-solid transition from C, to a
new phase occurred at 23.0 GPa, which was named as C; by convention in the hydrogen hydrate system. The
pressure dependences of the stretching peaks were plotted in Fig.2. It is notable that the stretching peak at
4929 cm ' blue-shifted to 4254 cm ™' below 38.4 GPa at first, and then red-shifted to 4231 cm ' persistently up to
71.4 GPa. The frequency transition from blue-shift to red-shift was similar to the characteristic behavior of pure

hydrogen under pressure”

. Therefore, it was simply attributed to the extraction of guest hydrogen molecules at
the ultimate pressure in previous experimental studies!® '”). However, similar transformation was also observed in
the S-H system during the synthesis of (H,S),H, from H,S, and (H,S),H, became a currently known highest T
superconductor in its /m-3m phase”* *’!. Meanwhile, the ab initio variable-composition evolutionary simulation

predicted that the C, phase would become metastable and transformed to a novel tetragonal phase C, (P4,) with
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2 : 1 ratio of hydrogen and water molecules'””. In
the predicted phase C,, eight hydrogen molecules
were located at the center of chair-like H-O rings
therefore it had the highest hydrogen concentration
among all hydrogen hydrates. A further XRD
measurement was performed up to 63 GPa here to
explore the structure of C,. As shown in Fig.3, the
phase C, was determined by its characteristic
diffraction lines of (110), (220), (311), (400), (331)
and (422) at 7.6 GPa". Above 24.5 GPa, a splitting
of (220) line was observed, which was marked by
red arrows in Fig.3, indicating the structure
transformed from cubic Fd3m to tetragonal
space?*l. A rough Pawley refinement of the
theorical predicted P4, structure was performed
with our experimental spectrum of 24.5 GPa. The
refined lattice parameters were a = b = 5.046 A and
¢=15.523 A, in consistent with the simulated results®.

In the filled ice structures, the water molecules
were connected by O-H---O hydrogen-bonds and
further formed clathrate framework after crystalli-
zation. As the H proton occupied the midpoint
between two oxygen ions, the O-H---O hydrogen-
bonds became symmetric. In solid water, the phase X
with symmetric hydrogen-bond formed at 60 GPa
and kept stable to at least 210 GPaP'l. It was
reported that the correlation between the v, and
do.y...o 1n hydrogen hydrate was similar as solid
water, making the clathrate a model system for ice
at pressures reduced by a factor 2 because of the
packing efficiency in the filled ice structures” '),
Therefore, it is considered that this symmetric
bonding construction is more important to the
stability of high-pressure phases in hydrogen
hydrate. As shown in Fig.4, the O-H stretching
peaks moved into the diamond 2rd Raman vibration
region and disappeared at 29.0 GPa. Meanwhile, a

-1

weak peak appeared at 1549 cm™ with intensity
increasing gradually. It was assigned to the typical

vibrational coupling between the deformational
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Fig. 2 The frequency shifts of H-H stretching mode in hydrogen
hydrate at various pressures in this work and referred researches.

Symbols: the solid black and blue circles indicated frequency shifts
collected in this work; the red triangle was frequency shift of pure
H, while the rest black triangle, green square and blue circle were

hydrogen in hydrogen hydrate which were cited from previous
experimental and theorical studies'*>**", The pressure boundaries
of each phase were marked by vertical dashed lines.
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Fig. 3 The synchrotron XRD measurement of hydrogen hydrate up
to 63.0 GPa. The phase C, was confirmed by characteristic
diffraction lines (111), (220), (311), (400), (331) and (422) at
7.6 GPa. The splitting of line (220) was marked by red arrows at
24.5 GPa, while the splitting of line (111) at 48.9 GPa was marked
by black arrows. A rough Pawley refinement of the theorical
predicted P4, structure was performed with our experimental
spectrum of 24.5 GPa, the short blue lines showed the calculated
diffraction lines of refined structure with Materials Studio program.

mode and soften stretching mode, which was the characteristic behavior during hydrogen-bond symmetrization

and also had been detected at about 45 GPa in solid ice™". The coupling effect enhanced with pressure increasing

up to 40 GPa and then disappeared above 45.8 GPa, indicating that the soften stretching mode further shifted into
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lower frequency region. Above 53.0 GPa, it is notable that three broad peaks at 539, 783 and 856 cm ' became
more intense with increasing pressure, which were attributed to coupling between the soften stretching mode and
the translational and rotational modes. We further simulated the frequency shifts of the soften stretching mode by
extrapolation of the existed data with the function v, =(v,"~aP)"* given in Ref.[32], where v, and a are parameters,
suggesting a soft-mode behavior. As shown in Fig.4(b), the transition region of 52—-57 GPa was in well
consistent with our Raman spectra as shown in Fig.1(a), suggesting that the hydrogen-bond symmetrized at
around 55 GPa.
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Fig. 4 (a) The soften evolution of O-H stretching peaks with increasing pressure from 2.2 to 29.0 GPa; the intensity of deformational
peak increased above 29.0 GPa owing to the Fermi resonance with the soften O-H stretching mode, which further shifted to low
frequency region above 49.0 GPa. (b) The pressure dependence of the O-H stretching mode; the blue line guided the extrapolation of
the soften O-H stretching mode, the red dashed line showed the O-H stretching mode in solid water for comparison®®".

With increasing pressure, two weak shoulders marked by arrows in Fig.1(b) appeared at 4539 and 4599 cm™
at 55.5 GPa, indicating that the hydrogen-bond symmetrization completed at around 55 GPa and caused further

phase transition from phase C, (space group P4,) to a new high-pressure phase IV (named C, as customary).
1

El

Meanwhile, three broad peaks marked by arrows appeared throughout the region of 400-1000 cm™
which were assigned to the complicated coupling between the soften stretching modes and the translational and
rotational modes"'). Moreover, only one splitting of line (111) which was related to hydrogen atoms of water
molecule was collected in the XRD patterns at 48.9 GPa, indicating that the phase IV was slightly distorted Phase
C, as in the case of phase VII of ice'.

The interactive effect between guest hydrogen and host water molecules played a vital role in stabilizing the
filled ice structure. Basically, it lowered the pressure of hydrogen-bond symmetrization as described above.
Furthermore, it can provide extra positive pressure acting as the chemical precompression effect on the guest
hydrogen molecules. As shown in Fig.2, the stretching peak of guest hydrogen blue-shifted from 4136 cm ™' at
0.4 GPa to 4535 cm ™' at 71.4 GPa, which had not drawn sufficient attentions in previous studies. In the most

recent study, similar abnormal blue-shift behavior of hydrogen vibron was interpreted as a negative chemical
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pressure on H, molecules in Ar(H,),"*"". Obviously, the enhancement of blue-shift was attributed to a larger
chemical pressure coming from packing efficiency. Although the interpretation of a negative chemical effect was
in consistent with the metallization mechanism of molecule dissociation, however, here we preferred to assign this
behavior to the isolated guest hydrogen clusters in the specific filled ice structures, which was differ from the bulk
pure hydrogen sample.

During decompression, the phase transitions were reversible with great hysteresis as shown in Fig. 5. The
phase C, persisted down to 39.7 GPa with disappearance of shoulders marked by red arrows, while the tetragonal
hydrogen rich phase C, even survived to 8.6 GPa with the disappearance of representative stretching peak marked
by black arrows. Moreover, it is notable that the stretching peak at higher frequency showed consistent shifting
tendency in the whole experimental circle, indicating that the pressure induced behaviors of guest hydrogen

molecules were relatively independent to the phase transitions in hydrogen hydrate system.
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Fig. 5 (a) The Raman spectra of hydrogen hydrate under decompression. (b) The comparison of pressure
dependences of the H-H stretching mode during the compression and decompression process.
The red and black arrows marked the disappeared peaks at 39.7 and 8.6 GPa, respectively.

3 Conclusion

Raman spectroscopy and synchrotron XRD measurements of hydrogen hydrate were performed at high
pressures. A new tetragonal hydrogen rich phase C; was identified above 24.5 GPa by experiments in
consistent with previous theorical simulation. The Fermi resonance of the deformational mode and the
soften stretching mode was firstly observed in Raman spectroscopy between 29.0-45.8 GPa,
providing strong evidence of hydrogen-bond symmetrization at around 55 GPa. Two distinct pressure-
induced behaviors of guest hydrogen molecules were observed in the sample, presenting complicated
interactions among guest hydrogen molecules, host water molecules and external pressures. These

behaviors would give a further understanding of the guest-host system.
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Fig. 1 Raman spectrum collected at ambient conditions
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Table 1 Assignments and vibrational frequencies (cm™) of observed Raman modes of C,,H,, at ambient condition

Frequency/cm’’
This work Ref.[20] Ref.[17] Ref.[16] Assignment Mode
2941 2944 2943 2940 Vig C-H stretching mode
2916 2917 2913 2915 Vi7 C—H stretching mode
2893 2895 2983 2894 Vie C—H stretching mode
2847 2845 2847 Vis C—H stretching mode
1474
1450
1434 1437 1440 1435 Via CH, scissor mode
1367 1371 Vi3 CH bending mode
1315
1225 1223 1225 1221 Vi2 CH bending mode
1197 Vit
1193 Vio
1097 1102 1097 ) C—H rock mode
974 972 976 971 Vg C—C stretching mode
950 951 V7 C—C stretching mode
761 760 759 759 Ve C—C stretching mode
640 Vs Lattice mode
441 443 440 442 V4 C—C—C deformation mode
399 V3 Lattice mode
187 V2 Lattice mode
184 Vi Lattice mode
(a) "’ (b) an =
 —— S0 "
5.9 GPa 600
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450 [Vin cttbbb § 3 & a00 @

63GPa _
- *
5 :j 5.0 GPa £ 400} /mt»»».»
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R 250 «
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A Vs 200 ¢ mEGEXXEDEA AL A 4 A
L v °®
" 150 ! ...::.... gm ®m ®
" . . oop e
120 160 ”4()0 500 600 700 0 5 10 15 20 25
Raman shift/cm™ Pressure/GPa

2 298 K. KT 25 GPa [E /1T C,H,, HI IR shG M HAL S A0 it & 1 97454k

Fig. 2 Lattice vibration modes of solid C,,H,, measured to 25 GPa at 298 K (a) and
the pressure dependence of the corresponding Raman shift (b)

s, JF H— E R RIAR SR A e R ) o BRILZAE, BRI ) vs (974 em™") B ZLRLP AN W v, Fll v, o
FE 1107 em' Kbt BE 1 9058 A W6, B2 1 B9 38 DR T A ] A2 5 7 1110 e bt B T — S R 4
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Fig. 3 Representative Raman spectra of C, H,, of internal vibrational modes (a) and
the Raman shift versus pressure (b) in the frequency range of 7001300 cm™'
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Fig. 4 Representative Raman spectra of C,(H,, of internal vibrational modes (a) and
the Raman shift versus pressure (b) in the frequency range of 1300-1500 cm™'

B S e 5 TP TR AR RO O P08 1193 e #1197 em! W3 AEH B o W], v B 2L
U, T vy BE S 3 AN . X BB AR AL R U 0.6 GPa B C H, ¢ & 25 B & I H R 19 JC 7 H Ay A
(P42,c) WA, IXASE A P FIAR Z B o W IX AN Fy B9 VU7 AR EEAT RS 20 M ol 0, BEIS B W%A
90 /7 37 Y7 2 ik Iy U, T A A UL I 8 F) 47 2 IR Sl A ROz /s T BB R, IZ B S AR AR 2
M HATIERERE T B9 73 7458 b, I HONEY, AR ST ARG B 2 3% B &, A4 5T ARGER Y 4,
[F Fsf 6 265 — R A2 Hh UL 0 1) SR PP 25 2 A S AT I B B R o XM 22 S W B oy T 9T R 88 48 ) 20
B A BT S 2

ARZEIN KR 1.7 GPa, v ARS8 2400 3 AU, I H B K 7 938 K, BF ZGBORB . [RII, 7Ev, 1)
R, BT — A SEAL (1451 em™"), S T 7 A3 K, FLoi 8 o bl 2 30 58, B0 B0 A S0 i die i SR 7, e
5 B L 28 o TSR . T AE Rao SFU AYHGE Y, ELF 2.7 GPa A BRI BIiX — B o K 4R 3 71 A AR
I 30 DX [ 6 HF BT W WA PR32 ) i C o H o A T S5 AR S, BRIZHTAR Ry A . 4R ZE N %225 GPa, 1E
1431 cm ™ A BL T —ANSEAL, B 0 B3Ok, o B MOR B GE . 24 K 73R F) 3.2 GPa i, 7E 1103 cm™!
AL T — BT, L 2 R ES R . TR i R LU Y, B — y MR AR e — B8 i B A i

051101-4



%334 BN G RIE i T T 55

3200

252 GPa @ (b) >
22.9 GPa 3150k N
15.9 GPa : < <
7.7 GPa 3100 > <
T >«
= 6.3 GPa g » < v Y
3 S 3050+ > o
> |5:0GPa 253, > < Y A A
Z [32GPa £ 3000} SRR
= < Vig g v VA:
% 20501 WA (IAS
vi; %, 'XZ °°
SIS
V17 2900 vm"ﬁ'
02GPa"s N\ -
. 18 v
, . . , 28501 “a® . . . .
2800 2900 3000 3100 0 5 10 15 20 25
Raman shift/cm™ Pressure/GPa

K5 CH, 1 C-H 4RSI (2800~3100 cm ')(a) I HFi 4552 (b) BfiE 77 (0748 1k
Fig. 5 Representative Raman spectra of C, H,, of C—H stretching modes (a) and
the Raman shift versus pressure (b) in the frequency range of 2800-3100 cm'

P2, I AEBERI S . Rao &1 IR B — y ML AR e 1 45k 2.8 GPa, SR #E 3.1 GPa B Al ]t 08 ) 1)
JERF AR F 1100 em™' (Y UETF 46 AR 15 AR XTHR, BIPTIE 9 BF 2L, 215 ) KT 3.1 GPa B fi 2 W A4 52 2RI HK
yHMRLE 0 Itk B — v 25 5 A8 2ok AR & AE HE AN i g DX ] 9 58 1A o

G Th 5 J1 % 6.3 GPa B, £F 109 em™' i B HBE T 37 1 g Ak sl 06, Ani&l 2(a) Th Sk TR, X2
AR E o AR . X — IR U C\ H, KA TR RIS MR AR, FRATARZ oM, X IFAJE Rao 4517
N SF SRR o (EAS T B A2, TR0 ) 8, ACHR 3l DXCI T V56 8 0 th 90, d WA 1 45 0 A A2
BTz e kA28 Ak, EHEE S35 3] 7.7 GPa I}, vk S BE S A, 3 AN, 5 B 2 7 N BBt & A T AR
1k, ZEIE 3 IMIAE L5 . 22.9 GPa i), 7 888 em ' b H B8 T — -, W&l 3(a) ik TR, IF L H
JE I3 R38R, Hnm B s, Ui CH, o R T RE & A8 T 28 4 MR, FRIZFIAH M el . T 22Ul 1Y /2, £
Vijayakumar 558 Xf C,H, ¢ 1475 F [ 25 8 5 X SR 5E Hh IF A7 & B 2 IR AR 3 IRAHAR, T g A
i X SR B H R 028 Ak, 15 2 ORISR 3 YRAHAR M vl AR R H R T IARfk 5 R W . AHAR IS 19
1o RS H IR T T 22 (B SR B E, Wb AT S SE 0 L m RIS TR . 3 Ak, MK 2(b)~ & 5(b) R LA
B, A2 PRSI Y T RS K R AR RS, U B A D ) 1% 18] 25 BE A R T ) 38 R A
INHFEH I BAEAR SEE0 R e I, A TR A

3 & #

Xt 4 WIBE 1 i TR 2 i AT TESY, BB RIGEE R HER T & i Ta->p—>y > - el —
ZAVAHAS, MR S350 90 0.6, 1.7, 6.3 Fi122.9 GPa, 5 AIRE IS5 RAHYI & . 1 IRAEPLE 6% I
PRI B 57 3 YORH AR 1 B8 v AR IR B i AR Ak o ELAAR 1% /55 R S5 4 i A R T W) 20 AR 5 XS ZeAin i DA B s
JEFRIS TR E

S22 3CH:

[1] DUCLOS S J, BRISTER K, HADDON R C, et al. Effects of pressure and stress on Cq, fullerite to 20 GPa [J]. Nature, 1991,
351(6325): 380-382.

[2] VAUGHAN G B M, HEIEY P A, LUZZI D E, et al. Orientational disorder in solvent-free solid C,, [J]. Science, 1991,
254(5036): 1350-1353.

[3] KITAIGORODSKI A 1. Organic chemical crystallography [M]. New York: Consultants Bureau Enterprises, 1961: 113.

051101-5


http://dx.doi.org/10.1038/351380a0
http://dx.doi.org/10.1126/science.254.5036.1350
http://dx.doi.org/10.1038/351380a0
http://dx.doi.org/10.1126/science.254.5036.1350
http://dx.doi.org/10.1038/351380a0
http://dx.doi.org/10.1126/science.254.5036.1350
http://dx.doi.org/10.1038/351380a0
http://dx.doi.org/10.1126/science.254.5036.1350

33 % = JE Ll i 2% i 55

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

AMOUREUX J P, BEE M, DAMIEN J C. Structure of adamantane, C,,H,, in the disordered phase [J]. Acta Crystallographica
Section B: Structural Crystallography and Crystal Chemistry, 1980, 36(11): 2633-2636.

AMOUREUX J P, BEE M. A cubic harmonic analysis of the plastic crystal structures of adamantane, C,H,, and
adamantanone, CH,,0, at room temperature [J]. Acta Crystallographica Section B: Structural Crystallography and Crystal
Chemistry, 1980, 36(11): 2636-2642.

NORDMAN C E, SCHMITKONS D L. Phase transition and crystal structures of adamantane [J]. Acta Crystallographica, 1965,
18(4): 764-767.

MUIJICA A, RUBIO A, MUNOZ A, et al. High-pressure phases of group-IV, III-V, and II-VI compounds [J]. Reviews of
Modern Physics, 2003, 75(3): 863.

HEMLEY R J, ASHCROFT N W. The revealing role of pressure in the condensed matter sciences [J]. Physics Today, 1998,
51(8): 26-32.

JAYARAMAN A. Ultrahigh pressures [J]. Review of Scientific Instruments, 1986, 57(6): 1013—1031.

PARISE J B. High pressure studies [J]. Reviews in Mineralogy and Geochemistry, 2006, 63(1): 205-231.

STOFFLER D. Minerals in the deep Earth: a message from the asteroid belt [J]. Science, 1997, 278(5343): 1576-1577.
WILLIAMS Q, HEMLEY R J. Hydrogen in the deep Earth [J]. Annual Review of Earth and Planetary Sciences, 2001, 29(1):
365-418.

ITO T. Pressure-induced phase transition in adamantane [J]. Acta Crystallographica Section B: Structural Crystallography and
Crystal Chemistry, 1973, 29(2): 364-365.

MURUGAN N A, RAO R S, YASHONATH S, et al. High-pressure study of adamantane: variable shape simulations up to
26 GPa [J]. The Journal of Physical Chemistry B, 2005, 109(36): 17296—17303.

MURUGAN N A, YASHONATH S. Pressure-induced ordering in adamantane: a Monte Carlo simulation study [J]. The Journal
of Physical Chemistry B, 2005, 109(5): 2014-2020.

BURNS G, DACOL F H, WELBER B. Lattice vibrational study of the phase transition in the plastic crystal adamantane
(C,oH,6) [J]. Solid State Communications, 1979, 32(2): 151-155.

RAO R, SAKUNTALA T, DEB S K, et al. High pressure Raman scattering studies on adamantane [J]. The Journal of Chemical
Physics, 2000, 112(15): 6739-6744.

VIJAYAKUMAR V, GARG A B, GODWAL B K, et al. High-pressure phase transitions in adamantane [J]. Chemical Physics
Letters, 2000, 330(3/4): 275-280.

BISTRICIC L, BARANOVIC G, ILIJIC S. Raman study of structural relaxation and boson peak in amorphous films of
adamantane [J]. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 2005, 61(7): 1537-1546.

XN, SR, SRR ZEHE | TRk SR T 2RI (] SRt RL, 2006, 14(6): 485-490.

LIU S, GUO J W. Structure analysis, solubility and thermodynamics properties of adamantine [J]. Chinese Journal of Energetic
Materials, 2006, 14(6): 485—490.

AOKI K, BAER B J, CYNN H C, et al. Raman study of molecular rearrangement in HCN under pressure [M]/PUCCI R,
PICCITTO G. Molecular Systems under High Pressure. North-Holland: Elsevier Science, 1991: 283.

Raman Scattering Investigations of Adamantane under High Pressure
HUANG Yanping, CUI Tian

(College of Physics, Jilin University, Changchun 130012, China)

Abstract: Results of Raman scattering measurements under pressure up to 25 GPa on adamantane (C,,H,,)

carried out at room temperature are reported. The analysis of Raman data indicated four phase transitions.

The ambient pressure disordered Fm3m structure (a-C, H,¢) transformed to a high pressure ordered phase at

0.6 GPa. Continue to pressurize to 1.7 GPa, the second structure phase transition began, and completely
accomplished until 3.2 GPa. The third transition began at 6.3 GPa, ended at 7.7 GPa. C,;H,, transformed to a
new phase at 22.9 GPa. Because of the new lattice peak occurred during the third transition, it was defined to

a first-order transition.

Keywords: adamantane; high pressure; Raman scattering; phase transition
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FE 120 C HEFE AR IR 12~23 h BR/K o 8 B2 4F 6 3% { R A ThermoFisher Nicolet iS50, I %% X [H]
400~4 000 cm™', 3 FER 2 em'

2 GRS
2.1 XRD ©#f

B A AT VA K4 61.4 F 83.8 GPa iy 23.8 GPa
FE 45 125 1 A5 B 19 XRD 15 40181 3 7%, ik IR N
HUWE 4 55 B AR 36 9 260 X ] 27°~35°, Horp El o M
31.59Rb 5 — AN LS /NI, [ 3 bR i A i) z G
W AR A AP 3 LU R e 2 rystalline
33.1°MEE 90 (221) A1 (213) ST ATAUE, T BLIA tanie | | PR
yng}\T%ﬁE*}EE%J le/a 7’:H[8]; (21T)\ (002)\ (211) (002) (221)&(212) (130)&(022)
(130) 1 (022) & 10 A7 55 1 B 2 v o 6 0 A T 5 270 275 295 300 330 340 345 35.0
B R IEE W T, HLAN B R 4 20/)
ST P2, Ja I 5 AT G I 7F 83.8 GPa it B3 5 n A A & 2 61.4 GPa #il 83.8 GPa
FRE T LT 385 56 A% O, 1 8 25 0 4 10 o o 75 I PR it 5 R 679 XRD %

(ERF ARSI T B KRDLT g T S RRE el  oL4 O
T . XRD U 066 B (1) 75 b 1T J52 I R i 460 095 '
S5 an R AR S O . DL FR0E (211) S, R 0 ek BB A A5 R R b A R Y 8 TE O 0.155,
61.4 GPa I} 4y 0.183( 754k 18%) , 83.8 GPa I}y 0.234( 754k 51%) o

76 XRD B3 H, (217) A1 (022) & 1 AT 59 06 Bl 25 o o 1 0 0 T 5 ) s A B2 O 1) D B2, (002) A
(130) & [F A7 S5 0 1) I A7) 32 7 1) 553 A A%, 2R WD v ot v eV RIS A 7 26 107 7 B o R GSAS A
X} 3 20 XRD B 0E A7 S5 HRG 15 (20 X 18]k 27°~35°), 253 W3 1, Hirh wRp Al Rp L& 2%, C° A
AE. SR ER: S (a. b, c. )R ARFL(V) YRl o e i T w0 o Ui B AR A0 7
wh v AR, — 7 T R B A, B B, (P AT e e RS R 5 — T, TR
Ve BOR AR G5 A8 IS B, BD B0 o 3 28 L[R2 nT e S ma A A v SR ) A 4 T L 5 A SR A
) 3 2 R [

&1 XRDIEZEDHIEHRIE
Table 1 Rietveld refinement data by XRD patterns

Pressure/GPa alA b/A c/A pI(°) VIA® wRp Rp c*
0 7.10 8.77 6.60 113.82 376.37 0.11 0.08 3.79
61.4 7.06 8.74 6.58 113.81 371.75 0.07 0.06 3.08
83.8 7.05 8.72 6.56 113.79 368.86 0.04 0.04 1.18
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Table 2 Influence of shock and a-decay radiation on structural units of crystalline titanite

Structural unit Impact of shock a-decay radiation
[CaO,] polyhedra Decrease in IR intensity by 63% Decrease in IR intensity by 49%
[TiOq] octahedra Decrease in IR intensity by 61% Decrease in IR intensity by 77%
[SiO,] tetrahedra Increase in IR band width by 19% Increase in IR band width by 59%
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A Comparative Study on Influence of High-Pressure Shocking
and Radiation Damage on Titanite

LIU Sunli', BAI Bin', HE Hongliang?, CHU Jian', SUN Yaping', WANG Xu',
WANG Honglong', ZHANG Ming'

(1. Institute of Materials, China Academy of Engineering Physics, Jiangyou 621907, China;
2. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, China)

Abstract: High pressure shock and o-decay radiation are two extreme conditions capable of leading to
damages on crystal lattices of solid materials. The present work investigated the influence of shocking on the
structural variations of titanite (CaTiSiO;) using a gas gun shock-wave technology. The results were used to
compare the similarities and differences in spectral and structural changes between shocked and o-decay
radiation damaged titanite, as a-decay radiation process was considered as involved in a fast high pressure
process. The results showed that high pressure shock and a-decay radiation can both produce defective
crystal lattice and even amorphous phases in titanite, resulting in a decrease in band intensity, a line boarding
and a loss of spectral details in X-ray diffraction patterns, infrared and Raman spectra. However, there are
distinct differences in the detailed processes and damage mechanisms between the two processes. High-
pressure shock causes the main peak of the Ti-O stretching vibration in titanite shifts to a lower frequency,
which is opposite to its behaviour in radiation damaged samples. Furthermore, shocking leads to a reduction
of unit cell parameters a, b, ¢ and cell volume V, quite contrary to a unit-cell swelling caused by radiation
damage.

Keywords: titanite; shock; high pressure; radiation damage; amorphous
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Melting of MB2 Alloy under Shock Compression
TAN Ye, XIAO Yuanlu, XUE Tao, LI Jun, JIN Ke

( National Key Laboratory of Shock Waves and Detonation Physics, Institute of Fluid Physics,
CAEP, Mianyang 621999, China)

Abstract: Reverse impact experiments were performed at a shock pressure range from 30 GPa to 73 GPa to
investigate the dynamic response of magnesium aluminum alloy. A displacement interferometer system for
any reflector was employed to measure the impact velocity and sample/window interface particle velocities.
The Hugoniot data obtained in this study had a good agreement with the data published before, however, the
sound velocities extracted from our experiments showed a transition from longitudinal to bulk sound
velocity. This discontinuity is attributed to melting transition under shock compression, and the transition
pressure range is estimated from 40 GPa to 57 GPa.

Keywords: shock compression; melting; sound velocity; magnesium aluminum alloy; phase transition
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