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My name is Jiagian Qin and I started working
at the GRC in July 2010 as a JSPS postdoctoral
fellow.

University in June

I received my Ph.D from Sichuan
2010. My

dissertation research focused on the phase

doctoral

stability of materials under high pressure and
high temperature and high pressure synthesis of
novel materials. Duringmy Ph.D, I investigated
the phase stability of MAX phases under high
pressure and high temperature, and first
reported the phase segregation of Ti,AlIC at
high pressure and high temperature. In addition,
I also synthesized the nearly full-densified
and other transition metal
and high

measured the

phase—pure ReB,,

borides under high pressure

temperature, and first

asymptotic—hardness region and elastic
properties of bulk samples, and suggested that
the ReB, is only a hard material but not a
superhard one. Then I calculated the elastic

modulus, Debye temperature and hardness of



transition metal borides using first—principle.

So far, my work involved experimental (Large
Volume Press, Diamond Anvil Cell), analytical
(XRD, SEM, TEM,
Hardness Tester, IR,

ultrasonic measurement,
synchrotron radiation
(Rietveld

refinement, First-Principle calculations).

XRD) and theoretical approaches

My current research interest is high pressure
synthesis of novel materials. During my stay at
the GRC, I would like to design and synthesize
some novel Boron—rich transition metal borides
and Si—C-N compounds under high pressure and
high

performed by using the Multianvil press and

temperature. This project will be

supercomputers at GRC and synchrotron

radiation at SPring-8.
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< Pathways of wurtzite under high pressure

The

crystalline

is the
AMREY

semiconductors, such as GaN, CdSe, and Zn0O. The

wurtzite structure common

form for binary
pressure—induced wurtzite to rocksalt (B4-Bl)

structural transition in binary semiconductors



are fundamentally important for both basic
solid-state science and applied materials
research. Some I -II-VI, ternary semiconductors,
for example LiGaO,, LilnSe,, and AgInS,, also
crystallize with the wurtzite—type structure
(Pna2,). These

semiconductors

ternary wurtzite—type

are regarded as ternary
analogies of A'B®" binary wurtzites, and have
similar energy band gap values as binary
the

in

semiconductors. Investigating
pressure—induced structural transitions
ternary wurtzites therefore is also very
important for our knowledge of transition
deficient
in both the
theoretical and experimental aspects

the

mixed-metal oxide LiGa0,, has been used as the

mechanisms from pure and

wurtzite—type semiconductors

In our recent work, stoichiometric

ternary wurtzite—type model to elucidate the
details of the B4-B1

pressure—induced transitions in pure and

mechanistic

deficient wurtzite—type semiconductors. Using

large—volume multi—-anvil high—pressure

technology, we have discovered two new

high—pressure phases of LiGa0,, tetragonal
y-LiGa0, (/4/m) and cubic J-LiGaO, (Fm3m)
(Fig. 1).

micro—Raman spectra analyses reveal that the Li

Powder X-ray diffraction and
and Ga atoms are randomly distributed on the
in both of these

besides the previously

octahedral sites two

structures. So far,
reported polymorphic hexagonal phase (#3m),
the tetragonal and cubic new phases of LiGa0,
are found to have rocksalt-related structures.
Their be labeled

layered-rocksalt—type, deformed-rocksalt-type,

structures can as
and disorder-rocksalt—type, respectively. The
relationships between polymorphs of LiGaO,
provide some new insights into the pathways of
wurtzite—type semiconductors under high
pressure.

Different from the pure binary wurtzites,
there exist two different cation relaxations in
the LiGa0,. The layer-rocksalt—type (#-3m) and
disordered-rocksalt—type (Fmr3m) phases are
the different products of the B4-Bl transition

from ternary wurtzite-type (FPna2,), and the
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metastable tetragonal /4/m structure LiGa0, is
the
the
2).

found to be the intermediate step between
(Pna2,)
rocksalt-type phases (#-3mand Fm3m (Fig.
(Li Lei)

ternary wurtzite—type and
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2200 —————————— T
2000 |- 2) ® () A
1800 |- Cubie, Fm-3m
L] L L] L ]
1600 |- i
. L]
O 1400 | ) N B
= I Hexagonal, R-3m
E‘mo'[} () 1
i iy e @
g 1000 - ° L] L] 4
E *»
& 800 | o -
= u\ e
800 | L] ° 4
L ]
aofl (F) ° *
so0 | Orthorhombic, Pra2 ° '['cll'-.lgnn:lll. m A
0 L I W S S

o 2 4 & 8 10 12

Pressure (GPa)

14 16 18 20 22

Fig.2 P-T Phase relations of LiGa0,

TREELFD « 11 HICEEE TS 2 [[] TANDEM ¥ > 7K
ez, BHEMOBEGENAD LR T, BUAmME
BROEWITE &< BIZOH R OAZGRIT, ke -
REIETHEZ0NHEOTT (T.1 &Y. M),

202020029202020200002000303030200200002020202020




FRHEERA = 2 — 2 No. 4

Bl

MeSiO, RO TR AA kD AT KEEHTER

HER T~ MO T, bESEICTFET DL
WIRIE L EZEZ N TWDE~ IR 7 L7 A g~ n

TAAA b (pv) D P- 1 TIRAEIT R A BRI R PR 1

MR FROBLIRE 2 R L T~ > bV O AR
ROREREZHRT AT, RNTZEDTER
VEHRTT, I E ThvbiuIbEk 41 v K
< )LFT v ELVEERE & VT, 25-65 GPa, 300-1500
K F CoOWREEFHE T, Wy TH D MgSio,;—pv
D PFTF—AZMEZRIT-TEE L, Shlbivb
L Z OB E SN~ LF T e AT
— X fise T 5=, SPring-8, BLIOXU B — A5 A
SNZBWT, b= —EE A Y KT EE
L%V, B7712 50-110 GPa, 300-2500 K IR FETE
H#EPFHTHHEEITVE LTz, HEEEDNDOIIH
B L7 Mg0 DIRREEF XA E A r—L & LTHW
HZEIZEHST, TNDHD PIFT T—4M5
MgSiO,—pv OIRFEFFEAMNIEMEICIRESND H D &
M Ed,

3000

m DAC

2500 + MA

thef ™

2000 | Geo

1500

1000

Temperature (K)

500

L L L
0 20 40 60 80 100 120

Pressure (GPa)

140

MADONNA 54 KT8 v o DEE

ARFFRIHEENTFED FBR T HRE R E b 45,

SPring-8 M/ /U —2—H—7L—7" ({RF : AfinkF
BIHERERFZ243E) Tl. BLO4ABL ICHRE SN TWHIEA
B3 E SPEED-MkID D H A K7 v v 7 & EiEKFE
TT A & TE72 MADONNA BT A R7a v o
ERMTHE¥EE 9 ARICBZRVWE L, ZhiC
X0 RERIHEEM RO BEFEO—DTH S, b
WAAYEY RT v ELEZ AW T~ > bVHE
BT DML &b, ZOEEIZEIT 5 mEMD
MR R EC, LA U — ORI BN TR X
RERNRIAENET, £7-45%. e A XA Y EH
Wz 6-6 IEFREIZL D, BEETTOXMHRED
GHEEERICLFHAIND TETT,

BRAIA—CTLIZETETO M) —F

7 R —FIEEI O —Bg & LT, FEE 11 A ICERE
SNTEBERTFEI 22— 7 50 THEREE ] BRIC
BT, GRC & & HITHIERBI O N 2R 27> T
WET, 8 AICIBEERSRE2ERMICANEZ, B
TR S LTV E R E O T O —E % s
THELEHIL, TSR APESR (BXAXA
Y) BEOBREHESCLE Lz, ADAHTICE, A
BRI 8m DTV YT b Hy hERTZEAZA YL
fifibin, AMEHFOBHZFIWTWET, 2B, A=
— VT AIBEER 1R ST OMICAEE 5 H A%
Wiz, TREIZUDEL OKHEIC, BRRFOE
HOWFFERL R DRECNE O EE RGO R R E L
TEY, 2EMNICOREREHZEDTWVET,

RBEEAFAVYDORERHK

AREERIHEE I Z 31T D B m [ ER AL E ~ DI H % B
F5 L. FEAE 3 A IZE A & 4172 BOTCHAN-6000 (2 & A it#
FEARRBATOBFIC L v B, EX & HIZ 6. 5mm
~8.0mm FREDOKT L 2 XA ¥ D/N—F U HE KRN
FREIZ/R D £ LT, ZOHEMNBERIZB O TIE, A
FERIHEMERFFEAE DI E D S & BEEAE (BT
WFZEFE D1) . #4 % GRC TR~ R — v — DMK
HFLIREZ R L CVWET, 9§ TicZnsodA
AOMFEEOREIN 50 lHHE Y Ak I TEBY ., £
O—ET7T N E LTI &, S%Ex Rl
JERAEE~DISHRB Z 2bbd FETT,




