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Investigation of Materials

ADi sturbing the materi al
- applying electric field, magnetic
field, changing volume.

A To change volume
- temperature variation
- pressure variation

A Changing temperature
A Changing Pressure

A Changes are stronger with pressure -
V of Si changes 5% for 100 kbars -
1.8 % for O K to melting.



PRESSURE

latm = 14.7 psi

1 bar = 0.9869 atm
1 Pascal = 1N/m?
1 GPa =10 kbars
100 GPa =1 Mbar
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Pressure at the center of
Aarth = 390 GPa
AUranus = 600 GPa
ASaturn = 1400 GPa
Alupiter = 2000 GPa

Highest static pressure achieved in lab ~ 3 -5 Mbars
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PRESSURE

T

STATIC DYNAMIC
T remains constant T Changes with pressure
Mechanical methods Shock wave
No time limit Short duration
Small samples Larger samples
Laboratory experiment Elaborate setup

5 Mbar 25 Mbar



HIStOrY- the HP forefathers
APer cy nBri dgmanos

ne. experimental work on st
begun in 1908. It was at first confined to pressures of
about 6,500 atmospheres, but he gradually extended the
range to more than 100,000 atmospheres and ultimately
reached about 400,000 atmospheres. In this unexplored
field, he had to invent much of the equipment himself. His
most important invention was a special type of seal, in
which the pressure in the gasket always exceeds that in

the pressurized fluid, so that the closure is self-sealing;
without this his work at very high pressures would not Nobel prize in 1946
have been possible. Later he was able to make full use of

the new steels and of alloys of metals with heat-resistant

compounds such as carboloy (tungsten carbide

cemented in cobalt).o



Histo I'Y- important breakthroughs

A Invention of diamond anvil cell 1958

= Weir, Lippincott, Van Valcanberg and Bunting
J. Res. Natl. Bur. Stand. 63A, 55 (1959)

A Pressure calibration with ruby lines1975

= Piermarini, Block, Barnett and Forman
J. Agpl. Phys. 4

A\2774 (1975)




CrystalFReld Splitting
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Development.of HP

Diamond anvil Cell (DAC)

A high-
pressure Ph.D
student

500 GPa




Principle-of DAC
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Gasketing

A Provides containment for pressure
medium

A Extrudes around the diamonds acting as a
supporting ring

A Prevents failure of anvils due to
concentration of stresses at the edge

Altds introducti on m.
tool



OBSERVING HELIUM-
MICROSCOPE CADMIUM ARGON-ION NEODYMIUM-

LASER LASER YAG LASER
D_ OPTICAL
PYROMETER

FILAMENT

MOVABLE
RAMAN DOUBLE
St m;;g&vaneo MONOCHROMATOR RECORDER
PISTON GASKET
9
-9
CYLINDRICAL DIAMOND
BEARING ANVIL
SPECTROMETER RECORDER

Schematic diagram for Possible Measurements



High Pressure In Materials
Research

ANew state of matter with novel
properties

AUnearthing new phenomena

ALed to discovery of exotic and
iIndustrially useful materials.

- classic example Is synthetic
diamond and cubic BN.



Diamond Synthesis

A Diamond synthesis had to wait for two
development
- An accurate thermodynamic stability field

- High pressure-high temperature apparatus

A Diamond was first synthesized in early fifties
by scientists in G E laboratory, USA

A Actual synthesis of diamond was achieved
without a detailed knowledge of the phase
diagram of carbon



Phase diagram of carbon

Pressure, kbar
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Belt Apparatus
/ %\N \ Pressure around 70 kbar

Temperature 1800 K
(i) AN
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WATER JACKET A

g

HARD STEEL PLUG

TUNGSTEN CARBIDE . q
PYROPHYLLITE Natural diamonds

CARBON HEATER
STEEL BINDING RINGS Invented by Hall

e H.T. Hall, Rev. Sci. Instrun81, 125 (1960)
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Pressure-induced transparency in GaAs

A.Jayaraman, Metals Materials and Procesek(1990)



Direct and Indirect Bandgap
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Pressure effects on GaAs

A Pressure increases (direct) band gap in GaAs
up to 40 kbar

A Above 40 kbar, transforms from direct to
Indirect band gap material.

A Pressure effects on GaAs helped understand
Gunn effect negative conductance effect
- threshold voltage decreases with pressure
- when the energy separation is sufficiently
low the effect vanishes.
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Pressure effects on SmS

A An abrupt anomalously large decrease in
volume at 6.5 kbar

A No change in structure associate with this
volume change (remains NacCl)

A High pressure resistivity studies shows a
semiconductor to metal transition

A Rare-earth monochalcogenides are metal or
semi-conducting depending on the trivalent or
divalent state, respectively



Pressure effects on SmS

A Promotion of 4f electron to 5d conduction
band

A The band gap at ambient conditions is 0.4 eV

A High pressure phase of SmS shows electrical
resistivity of 10+ Wem

A High pressure phase show metallic luster

A One electron per formula unit is released
when the divalent rare-earth ion becomes

Sm?’* and not Sm3*. (heavy fermion
Superconductivity)



Fullerenes under pressure

All closed fullerene have 12 pentagons and
rest of them as hexagons.



Carbon Nanotubes

Can be thought of in simple terms as a combination

of buckyball hemispheres with roles of graphite



Solid Fullerene




Pressure-induced amorphization
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Raman Shift (cm™)
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Chandrabhas et al Phys. Rev. Lett. 74, 3411 (1994)
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C-o At high pressures

ne Raman modes vanish and a broad peak
ppears.

ne broad peak resembles amorphous carbon.

A Polymerization of fullerenes at high pressure.

A It

IS reversible, all Raman modes appear at

ambient conditions, unlike Cg,

A Carbon carbon distances are quite far between
iInter molecular space in C,, unlike Cg,.



2D image of a powder(LgBon a CCD detector




High Pressure Studies
Sn,N, and its implications

Acknowledgments to
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Elastic properties and stability
of 2-A N, ( A= Si, Ge Sn) Nitrides

A;N, polymorphs are promising candidates in the search for
superharanaterials

High bulk modulus is expected.

Electronic band gap aSi;N, has been predicted to be in an
attractive range for optoelectronic applications .

The existence of the heavier elemspinelnitridesa-Ge;N, & o--
SnyN, should open for &road range of band gagngineering and
propertytailoring, similar to the IHV nitrides.

Hardness along with semiconducting nature makes them suita
for replacement of diamond.

A. Zerret al, Nature,400, 340 (1999Hoffman et alJ. Vac. Sci. Technél.13(3)(1995)




Structure of 2-A;N, (A= Si, Ge, Sn) Nitrides

Spineltype structure
The general formula adpinel is AB,X,. Distortedfcc array ofanions
X. 1/8 of thetetrahedralintersticesand %2 of th@ctahedralones are
occupiedby cationsA and B. InA;N,, both A and B sites are occupiec
by the same element A = SiGeor Sn(A®]A°],N,)

Space group Fd3m, Z=8

Bulk modulus (B) Is determined
mainly by the nitrogen sublattice
but modulated by the choice of
cations.

B, = 306 GPa (,), 286 GPa

(GeN,) [Expt.]

Shemkunagt al, J. Mater Red.9, 1392 (2004)
E. Soignard et al, J. Phys.: Condens. Ma@er
557 (2001) _

_ B, = 186 GPa (SN,) [Predicted]
N. Scotti et al Z. Anorg. Allg. Chem. 625 (1999)




Lattice Bulk
pararneters Band gap modulus  Mulliken charge Bond ordersilength
E, E, Total Bond EBond Bond Bond
AFE direct indirect B bond order length  order  length
Crystal a (&) v {eVids Ny (eV)  (eVy (GPay B Y OF O ode AN ANA) BN BN(&)
c-Ce Ny 6.8952 0.3833 1.14 3TT6 (336 370 363 527 8647 0358 1592 0241 1669
c-igly TR372 0.3844 3.45 2801 376 265 258 605 BET0 0362 1824 0241 1.889
o-Cregly B2110 03841 222 2686|314 281 Z.BD b90 T.900 0327 1907 D0DZ20 1.981
gy 89658 0.3845 1.29 2036 498 271 270 597 6958 0284 2089 0195 2160
c-Tigly 84459 03833 025 007 2656|356 3090 320 562 8474 0353 1950 0236 2044
-1y 91217 0.3830 040 023 22531417 306 317 565 8609 0356 2,101 0240 2210
c-C5i,My  LE 7.5208 03811 —0.64 1.34 1,26 3005 272 414 444 475 11,231 0299 1,708 0368 1835
c-SiC,My  HE 7.2867 0.3885 3.09 Iletal 3277 469 245 371 53 BZ60 0359 1748 0225 1.729
c-Chey 0 7.7407 0.3701 0.00 1.36 266.0 353 367 279 568 B284 0361 1610 0225 1874
c-GeCoMy HE 7.4284 03943 3.84 0.71 3101 422 285 367 54h 7816 0317 1857 0220 1.726
c-mileglly LE BOBTI 03773 —0.26 1.85 2771 302 310 291 577 9999 0564 1783 0229 2003
c-GesiMNy HE BO011 0,388 0.44 264 255 2583 204 302 253 598 BIZ60 0320 1939 0238 1889
c-CTiM;  LE 78351 03837 —1.85 Iletal 3003 399 371 323 b4 D005 0383 1543 0248  Z2.051
c-TiC,Ny,  HE 7.5400 0.3936 451 097 0862 3173 313 297 377 537 B030 0352 187h 0217 1756
c-5iTi,My  LE B2Z168 0.3749 —142  Metal 2745 199 251 331 572 9075 0366 1778 0256 2055
c-TiSi My Unstable
c-eTisMy LE 84002 03829 —0.43 MWletal 2b32 1898 290 318 hBB BEHY 0323 1934 0253 2.036
c-Tilzesly HE 83158 03837 0.80 227 187 2666 282 308 291 577 B231 0378 1926 0217  2.009
c-TiZrsMNy HE 89276 03800 0.95 032 015 2275 246 314 314 564 B48Z 0339 2010 0240 2188
c-Zr TigMy Unstable




Phys. Rev. B, 63, 06
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The structure and electronic properties of tin nitride has not been
as extensively studied as its lighter congeners {8}, Ge;N,)

To search for other SN, polymorphs that may be stable at higher
pressure than thespinel structure.

Structural transition in A ;N, & AB ,N, systems s interesting in
understanding the electronic behavior with cationic size
substitution

Accurate determination of EOS and Bulk Modulus




Experiments at Bl staig\r;wof CHESS




