Tea nauKa xcuokocmu: mexncoy meepobiM
mes/ioM U 2a3om.

Fressure

What is a liquid?

Gel, cream or paste
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Mpobnema onNVCaHNA MUOKOro COCTOAHNA - CBA3L C CUCTEMaMW C CUNLHOW
Koppenaunen

XNOKOCTb KaK NNOTHLIW ras. CTpykTypa

XNOKOCTb KakK NNOTHLIW ra3. JuHamMmuka

«TBepoononobHasA» MNOKOCTE - CTRPYKTYDa DAVKHErO NopanKa W (pa3ossle
NnoespalleHun

« I_BE)OHOFIOHOOrIrIII” AUNLAKOCTbL = KOJUIEKTUBHBIE MNPOAOJIBHBIE Y MNOrepeYHbIE
BO30Y/KLAEHWZY = IKCTIEPUMEHT

« rBeo,L OI’IOfloﬁHF]?I» AUNOKOCTbL = KOJUIEKTUBHBIE MNPOAO0JIBHBIE Y NOrNepeYHsIE
BO30DY/MOEHNS - TROpWIS

OT cTexsla K asy - TenJIoeMKoCTb C;OII}OVIFIOB

Kpoccosep OT «TBEPA0NOA0BHOMA» KUAKOCTY K NIOTHOMY rasy B
3AXKPUTYYECKON 0BNacTy
[pobrema «CLUNBKN» «Ta30B0r0» W «TBEPLOTENLHOr0» OrNVICAHW

0



Pa3pbuiB wabnoxos

CycTemMa HebonbLoro Yicna CBA3aHHLIX HENVHEHbIX
OCUWIIIATOPOBE flr‘MOrl(" TOVIPDYROT AVNHaMWIKY BCEX al PDEla THBbIX
COCTOAHVIVI BELWACTE

<<_|r§OIIDrI?I/I// PV F:‘]O/WI DasIVHInNZ Me LY »»ANOKOCTs0 Y T'asoM -
'I"—‘”QOH'JI/I

HAVOKOCTAX MOTYT MIMETH MECTO fOr] 0BbIE MNEepexolsbl 1lro PDOLa C
/I SMEHEHVIEM CTOYKTY Dbl
B0 BCeX MUIOKOCTAX IMEIOTCH ronepaYyHsie B030) KO
POTOHHbIVI MWHWMYM IMEETCH BO BCEX MUAKOCTAX, a HE TOJILKO B
[ eIV
Monenb NJI0OTHOC F/l KPUCTaJUJINYECKUNX (OOrIOrIrI_)I X COCTOAHWV
”v‘Or]/l A0POWO Or]OO raeT oJisa XNOKOCTen v Oayke oJs NAOTHbIX
[@30B
CobCTBEHHbIE BO3 O/)K“QH/I/I B HAVNOKOCTAX HE 3aTyXaioT

]

D CBePXKPUTUN4YeC! KOV 00nacTu PasJiviivie Me<y N OKOCTL0 Y
[d30M COXPaAHACTCA , U UMEETCH COOTEBETCTBYOWan JINHWA
AN HaMWVHECKOI0 KpOCCOB’:‘pE]
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XKUAKOCTU- OTCYTCTBMUE
Manoro napaMerpa.
KuHneTnueckan sHeprua
YacTUL CpaBHUMa C
NOTEHUNANBHOMN.
MpobGnema NONHOCTLIO
3KBMBANEGHTHA
TPYAHOCTAM B CUCTEMAX
C CUNLHOMN
KOppenaumen u B
TEOPUN CUAbHLIX
B3aMMOACHCTBMN B
Teopuu nona. C rasoson
CTOPOHDLI - BKAIOYEHNE
CHALHOTO OK Temperature
B3aUMOAEHCTBMA, C

TBEPAOW CTOPOHDI-

Oudypxaunun pelieHnn

oM HeNMMHeMHLIX

critical
point

Prassure
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Munpxocre- Keasuraz JKuaxKocTb-

1)TexyuecTs TEepaonoaobHan
2)Hyneson Moayns COBUa 1) MNOTHOCTL
3)Manan BA3KOCTb 2) HeHyneeon Moaynb COBUra

4) HenpepblsHuIli NEPEXol B Ha BLICOKNX 4aCcTOTaX
38KPUTNHECKON 00NaCTY  3)Manble CKaukw

5) OTcyTCTBYE AANLHETO  GOALLWMWHCTBA CBOWCTE NPW
rnopanKka B CTRYKType nNaeBaeHuv
5)y":)¥;<;$°Hem<;ecﬂOVé:g::m 4) HenpepbiBHbI Nepexop B
TBepnoe CTekno
5) CywecteoBaHue bavikHero
N NPOME)KYTOYHOro NopAaKa
B CTPYKTYype
6) «TeeppoTensHasf»
TennoeMKoCTb



JKNOKOCTb- KBa3uras Kak pasinuunuTs

MUNAKOCTL N raz?
= KonuyecTBeHHble m

XapPaKTepPUCTUKU- NNOTHOCTD,
C)KMMaAaeMOCTb, BA3KOCTb... (;as

= «llkonbHoe» onpepeneHwve-
3aHWMaeT BeCb AOCTYMNHbIW
obbem nnu hUKCUPOBaAHHDLIN
obbem

= KavyecTBeHHOe pa3nuniuve-
XXUAKOCTb- CBA3aHHOE
COCTOAIHMe!- ChencTBus:
KOHeYHbI 06beM npun HyneBoM
DaBNEHWWN, BblAEepXXVBaeT
OoTpUUaTenbHblie NaBNEHWNS],
Hanu4ive NOBEPXHOCTU W
NOBEPXHOCTHOr0 HATAXKEHWUA W

T.A. PRESSURE

TEMPERATURE




MUNOKOCTb- KBA3Uras Xuaxocrs -
5TO CBA3AHHOEe CoCcToAHMe?
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JKNOKOCTh- KBa3uras Kpntnyeckas
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TABLE 5.1. Definitions of the critical scaling laws and numerical values of the exponents
Definition T—T: P — P E)’-;p'r32 Classical
o Cy = A(T — Te)™@ -0 0 0.10 % 0.05 o*
o' Cy =A'|T —T-|~ <0 20 o*
B oL — pg = B|T — T |P =0 =0 0.32+0.01 1
v xr=C(T —Tc)™7 =0 0 1.24+0.1 1
v’ x7r =C|T — T~V <0 #0 1
8 |P — Pc|=Dlp — pecl® 0 #0 4.8+0.2 3
v E=&(T —To)™Y >0 0 0.63+0.04 1
v E=¢g)IT —Te|™" <0 #0 1

*Finite discontinuity.



MUNOKOCTb- KBa3uras JKMaoKocTb
- 3TO CBA3AHHOEe COCToOAHMne?
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JKNOKOCTL- KBa3uras CTpykTypa

Sik)
oo
20 \
S(@= | $(g o) do.
s — 0
10 S (O) — nﬂT%T.
a5 CooTHOwWeEHwH
e
- . OpHwTenHa-
/) 2 4 6 8 1A Ll,epHVIKe

Puc. 1. CraTtHyeckHRt  CcTpyKTypHBIH dakTop
S (k) xugkoro rannus npu 600 K, ompeneneH-
HbIf METOAOM pacCefAHHA HeHTpPoHOB [5]



7KNpKOCTL- KBasnras CTpykTypa
S(k)=14+p j'41tr2[g (N—11(sinkr/kr)dr.

E=-—-——Nk T4 ( Np/2)5(p (r)g(rdnridr.
0
2 0
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lim S()=1-+p dV (g () —11 = S22,

—_ - MonHble KOpPpPenAunoHHbIE
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HKNOKOCTb- KBa3uras CTpykTypa Yepes
NnoTeHuwan B3anMonenicTeBns
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HKNOKOCTb- KBa3uras CTpykTypa Yepes
noTeHuuan s3au
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HNOKOCTh- KBa3uras dvHamMmvka
G (r, ) = — <E 8 [r + R, (0) — R, (OI> .

BpemMeHHan Koppenauua G (r, ©o)=p.
F(k )= | drexp ¢k 7 G (r, t)

MNpomMexyToYHana PYHKUNA
Sk, @)= dtexp (—iwt) F (k, )=

— VY drdtexpli (3 F—w Dl G (r, 1)
HOvHaMmuiecknin |
CTPYKTYPHBIV * / A
(hakTop / N
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5 (h W)

Puc. 4. Cxema, NOACHAOILAA CBA3L
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HNOKOCTb- KBa3uras InHaMmnka

Mopenb «CBA3aHHbLIX»

Teopus BzanmMojelicTByONME Mo GAIHPYIOTCH HA
oboDImEeHHOM HHTErpatLHO- TR hePEHITHATEHOM VPaB-
HeHnH Jlanxepena, oGMENpPHHATOMY LI ONHCAHHH pPe-
JMAKCAIHOHHBIX NPOIECCOB B HEVIIOPH I0YEHHLIX Cpelax

T = [ -ty + F o
0

{T[w] ~ e1R[w] + coR2[w]
Y[w] ~ F2w]

R(t)~ At + Bt " 0<a<1;0<b< 1

L - f(k)

2
4o Q2kya(k, 1)+
dr
+ﬁj{k]-[dth{k r_:}“"t’“fc -
(2} k I k
Q(k) = @'?(k) = Tn“ff"ﬁ
H}[k] (2) kgT -
(k) = 20 _ oD = 3222
(k) m

+ %Jd}'g(r)[l — cos(kr)IViU(r) - Qi (k).

[Q3(k) + Q3 (k) 1M (k, @)

S(k, @) = S(k][f{k)a(m] ;

T [0 - Q) + Qi) Mk, 0)] + [0Q3() Mk, o)] |
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1) MNOTHOCTL

2) HeHyneBow Moaynb CABUra Ha BLICOKUX YaCTOTaX
3)Manble ckavyku 60NbWWHCTBA CBOWCTB NPYU NNABNEHUN

4) HenpepbiBHbLIW Nepexon B TBepaoe CTekno

5) CywecTeoBaHue 6nv)KHero n NPoOMe)xXyToYHOro NopanKa B

CTPYKType
6) & _# - D

Structure Factor, S(q)
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Da3oeble NpeepalleHnn mexay
MOANGDUKALUAMKN PacniaBa C PasHbIM
GAnXXHuUM nopaaKom

iquid = L
Q L

crystal |

Temperature
Temperature

Pressure
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Figure 2 Structurs factor, S{@), for liquid P at several pressures. The letters in
parenthases indicate data points in Fig. 1 whera the measuremeants weare parformead.
Enargy dizpersive X-ray diffraction was parformad using whita X-rave. To cover 2 wida
wavenumbear range, diffraction data were collectad at zaveral diffraction angles, from 3.0°
fo 20,07, The structure factor Si%) was obtainad using a program developed by

Funzkoshi™

" hasad on an empirical method proposad by Tsuji™



Makpockonuyeckoe pasaenexHue a3 Kak
cBMaeTennCcTBo hasosoro nepexona I-ro

poaa -pacnnae pochopa
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Fig. 1. Radiographs for phosphorus at various pressures and temperatures. Insets indicate =-ray
diffraction patterns measured at the positions indicated by the arrows. (A) Black P at 0.77 GPa and
765°C. (B) Low-density fluid phosphorus [LDFP) at 0.8 CPa and 1000°C. (C) A drop of high-density
liquid phosphorus (HDLP) in LDFP at 0.86 GPa and 995°C upon compressing. (D) The sample space
filled with HDLP at 1.01 GPa and 990°C. (E) A drop of HDLP in LDFP at 0.84 GPa and 993°C upon
decompressing. The =-ray aperture was restricted by the anvils. Sharp lines in the radiographs are
probably due to textures in the sample assembly.

REPORTS

Fig. 2. Snapshots of drops of HDLP in LDFP during the transition. A sample container made of
pyrophillite was used. (A) There are a large drop and several small drops. (B) One of the small
drops grew into a large drop, and the two large drops are side by side. (C) The two drops coalesced

to form a larger drop.
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Fig. 3. X-ray absorption profile of liquid phos-
phorus in a sapphire ring at various pressures and
1000°C. The scan was along an axis parallel to
the ring as shown in the upper figure.
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Fig. 4. Pressure dependence of density of liquid
phosphorus at 1000°C.

A drop of HDLP sometimes mpidly moved
in LDFP and would move from one end of the
capsule to the other within a few video
frames. LDFP has a low enough viscosity to
allow rapid motions, which i1s consistent with
the molecular houid model. The rapid coa-
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FIG. 2. Melting temperatures of nitrogen at high pressures up
to 71 GPa. Dots are data from this work. Open squares are data
from Young ef al. [15]. Solid lines are linear least square fits to
our data.
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FIG. 3. Proposed nitrogen phase diagram. The solid line traces
the experimental melting curve with results from this work
(closed circles) and from Young er al. [15] (open squares).
The reported molecular liquid to polymeric liquid transition is
shown by the dot-dash curve [10], which passes through the
point labeled 1 at 90 GPa and 7000 K. The modified liquid to
liquid transition line 1s shown by the dotted line, which connects
the observed melting-curve maximum to the point 1. The ex-
perimental melting curve is extrapolated up to 110 GPa, the
transition pressures for the formation of the cg-N structure. The
solid molecular nitrogen to the solid polymeric nitrogen tran-
sition is denoted by the short-dashed line. The point labeled 2 is
the equilibrium pressure of the transition between molecular and
nonmolecular nitrogen [8]. The dashed line gives the probable
melting line for the polymeric nitrogen which passes through
2000 K, which is the melting temperature of nitrogen at
115 GPa, as observed by Eremets et al. [9].



AsS
Tpu HKUWAKOCTHU B OAHOM CcoeAAMHEeHun

Temperature ("C)

[T T | T | T | T | T | T T T | T | I—
900 |- -
-ASS melt talic 1
800 L "Polymeric” Iow-viscosity |
high-viscosity
200 i nonmetallic
[ Molecular-based )
[ low-viscosity
600 Fnonmetallic ]
500 | |-to-1| High-Pressure phase _
/ i >
400 » T e e e - - - » _
I
300 . -
- 1l-to-1 ; T
200 - Molecular realgar 7
100 | -
D | 1 | 1 | L | L | 1 | 1 | 1 | 1 |

0 1 2 3 4 5 6 7 8
Pressure (GPa)



[lepexopn 1ro popa B
nepeoxnaxAeHHOW Boae



Temperature

HMuaxocTh - «TBEepaan»
KonnextusHbie Boa6y)KAeHua

adbh A sraciir e me -

gas-like

Frenkel line

Pressure



Pa3zHan

T L 4
=~ 06rp=1, 7=1.325 ]
AVHaMWKa | =
DBWXKEHMA  : o2 (A7
£ 0.0 1 o
yactmue - @ o
p n KOCT" Vi U 1 Tilie ) e 0'5Tirne 10 1.5

4r p=1,7T=1.325 (€)1

rase (npw
OAMHAKOBOM N
nnotHocTr!!!) A

-0.2 D,.D . 0j2 . 054 . DjB |
=1_, 7=100 (d)

%
X
= = N W
o O o O O
L L R
\.\ % )'\.\
.
<
o .~—-
(A

-2 1770 2 4 & 8
Displacement x



DOOHOMNDI

Amin &

| = d

W ;umin =2d /\
to maEximum H
/‘\?’T@r\ N[I‘E] nptlcal
n=3 a
| acoustic

M =1 }"'I"I'"I-EIK = 2L

frequency [THz]

&

s
® (THz)

[ )

1
* NaCl I o |%"e -T/a 0 k— n/a
. e M s ';’\ﬁ_‘lff- 80K Il Cu@296K
* ! B . _ | B
”.....“gd"”giooooggg....... ..u' 10k .' . "4'- : | .
..- *‘.- .. o® — * Jj % e ! f A
B C TR | s |17 251§ L LT A e || 4 o .
. ® To o L. - -
| ® + B EZ20F « J* LI = ss B . e
» . ® . ® 8 | = s 7 "' ™ e * . .
e* oo o 3 15k ¢ 4 L . — o - . .
- .lll..l eo_" . 8 : a - 4 . 4 R | d
¥ | . -« ® i 10T . / — \\ ' .
s Q° | ., . J DFT AANE SR P e le
.o : ¢ ‘s Sk « Exp. = “elof
o.. : .; :. | 'ﬂ . :
.' H I' X K I’ LT X K I’
X K r L

wavevector



density of modes (109 sfcm*3)

MNOTHOCTL (DOHOHHLIX COCTOAHUN W

P2
=]
|

i
=
|

enb lleban.

0.040
0.035
0.030
0.025

0.020

Density of states (cm)

0.015

0.010

0.005

0.000

S 0.030

fregquency (1012 radrs)

[
in

[
20

a0 0.025

0.020

Phonon DOS [states/cm'1]

0.030

0.015

0.010

Density of states (cm)

0.025

0.020

0.015

0.010

0.005

0.000

0.005

0.000

0.035

0.030

0.025

0.020

0.015

Density of slates (cm)

0.010

-200

0

200

400 600 800 1000 1200 1400 1600 0.005

Frequency [cm'1] 0.000 -

100 200 300 400 500 600 J00 800
Frequency (cm™")

T

T

200 400 E00 800 1000 1200 1400
Frequency {cm™ )

150 200 250 300 350 400
Frequency (cm ')



NMNOTHOCTL COCTOAHMM B XXMAKOCTAX M

cTeKiax
loffe-Regel
.!?(L-'J) A cmﬁi-;mrer
mobility
edge
o \
ISAS W
ey ™, — -
Phonons Diffusons Locons

P.B.Allen, J.L.Feldman et al., Phil. Mag. B 79, 1715 (1999)



MNOTHOCTL COCTOAHMMN B XMAKOCTAX M

o.na

Q.nE

004

Siabas’| Alam may )

onz2

g B

F.B. Allen, J.L. Feldman, J. Fabian,

F. Wooten. Phil. Mag. B 79, 1715 (1999).

0 20 40

w (meV)

cTéKnax

Density of states (arb. uniis)

[
=

5 —_— ———
B - Tatal
E 5 —N

L in
= - I'JIJ 'l'l
— - 0
g 10 -;|r.e“h e, NI p Y .
= i ll; i
= g 3 k£ -
| 3 1 7
= i S il
-‘1-.; E L T -l':. i I.'-"-.- ]
[ a 1oa 1 50 200

o (e

W_ Jin, P. Vashishta, K. K. Kalia, J P. Rino

Fhys. Rev. B 48, 9359 (1993).

""""""""""" Pasquarello etal
simulation)

Transverse
density

L-::m|g1|1wﬂ|r'|:=|lJr -
densily P

-
=

|||||||||||||||||||||||||||||||||||||||

a 100 200 300 400 2S00 600 2ToOo o BOO

Frequency (em "~ )



JINVVAGNA MUVAGNULID NMGEI LEDBNI VD Yy IV
XKECTKOCTb Ha BbICOKMX YacToTax w>2n/T ().
Frenkel 1932)

YOON H. JEONG, SIDNEY R. NAGEL, AND 5. BHATTACHARYA

S [ e
o194
3 T,
YNbTpa3ByK B ¢ il ke
ﬂUE 99 0 W
rivuepuHe % %",
::15 mm%%'ﬁ‘:ﬁumhm“
| A = A, 180
| .ié X
! & 3 %
e, ST
oy & | L
d“‘ a® :Ju 'l'.*._,l_ "
me G”mﬂﬂmwmf_&n oog Jﬁ 0
240 270 300 330
T(K)

FIG. 2. Plots of velocity v and attenuation e vs temperature T at 2 MHz (0 ), 10 MHz (0, and 27 MHz (4 ).
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FIG. 1 (color online). S(Q, w)/S(Q) at Q = 6.7-10.6 nm ™
(circles with error bars) together with the resolution function
(dashed curve at the bottom). Solid curves indicate the best fits
and residuals of 1DHO and 2DHO models. See the text for

details.
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FIG. 2 (color online). Dispersion relation of transverselike
(open circles) and longitudinal (solid triangles) modes obtained
from the fits. The solid curve gives the peak energies of the
transverse current spectra, and the dotted curve is those of the
quasitransverse branch seen in the longitudinal current spectra,
both obtained by an orbital-free ab initio MD simulation. See the

text for details.
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FIG. 1 (color online). The neutron scattering intensity in su-
perfluid *He at saturated vapor pressure and 7 = 1.3 K on a

logarithmic scale as a function of wave vector (J and energy,
from Ref. [1]. The line shows the dispersion of the quasipar-
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Hubbard and Beeby [11] have derived the expression for the longitudinal phonon

frequencies wy,(¢) and the transverse phonon frequencies wr(q) as [11,12],
2
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and Figure 3, Position of predicted collective peak of S(k, @) plotted as a function of
k (heavy curve), and w, calculated from (48) (broken curve). The width (at half-

1 oo height) of the collective peak is indicated by the bars. The theory is poor at small @

rj=1 Slag) — 1)gsin(gr)da. 5 {below horizontal broken line).
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Normal mode analysis of the velocity correlation function
in supercooled liquids

B. Madan, T. Keyes, and G. Seeley
Department of Chemistry, Boston University, Boston, Massachusetts 02215
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Localization transition of instantaneous normal modes and liquid diffusion

Vasile lulian Clapa, Tsampikos Kottos, and Francis W. Starr
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FIG. 5. The distribution P(s) of unfolded frequency spacings s limited to a
frequency range where we see either (a) delocalized or (b) localized behavior,

demonstrating the expected transition from the Poisson to Wigner behavior.
The data shown are for T = 0.44.
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The main equations of the GCM approach for the case of
pure systems can be found in Ref. 16. The general scheme of
GCM analysis consists in the calculation of the generalized
hydrodynamic matrix T(k) on a chosen basis set of dynamic
variables and finding its eigenvalues and eigenvectors. The
pairs of complex-conjugated eigenvalues correspond to
propagating modes, while purely real eigenvalues have the
meaning of inverse lifetimes of corresponding nonpropagat-
ing relaxation processes. The corresponding eigenvectors al-
low to calculate so-called mode strengths (weights) of the
dynamic eigenmodes in relevant time correlation functions
or the dynamic structure factors. In this study the matrix
elements of the generalized hydrodynamic matrix T(k) were
estimated for each k-point directly from MD simulations
avoiding any fitting procedure. The GCM analysis of MD-
derived time correlation functions was performed within the
thermoviscoelastic five-variable dynamic model for the case
of longitudinal dynamics

ABk,1) = {n(k,1),J (k1) h(k, 1), J5(k, 1), h(k,0)}. (3)

Every sixth timestep we sampled spatial Fourier transtorms of density of particles
n{Q,t), density of mass-current J{(Q,t), and energy density e(Q,t) from the instantaneous
positions r(t), velocities vi(t) and single-particle energies &(t) of N particles as follows:

1 iRl T _
nm,r}—ﬁge O Q.=

LT

|
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1 i07;
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Van der Waals supercritical fluid: Exact formulas for special lines
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FIG. 5. (a),(b) Lines of maxima at constant temperature of the vdW fluid for the thermal expansion coefficient « p, isothermal compressibility
. isobaric heat capacity c,. and Riemannian thermodynamic scalar curvature |R| in the p-T phase diagram (a) and the p-T phase diagram
(b). (c).(d) Lines of maxima at constant pressure of the vdW fluid for the thermal expansion coefficient «p, isothermal compressibility Sr.
isobaric heat capacity ¢, and Riemannian thermodynamic scalar curvature in the p-T phase diagram (c) and the p-T' phase diagram (d). Is_
denotes the critical isochore; the critical isochore lies on the ¢ may line in (b).
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FIG. 3. (a),ib) Lines of maxima at constant temperature of the LY fluid for the thermal expansion coefficient @ p, isothermal compressibility
fir . isobaric heat capacity ¢, and Riemannian thermodynamic scalar curvature R in the o-T phase diagram (a) and the p-T phase diagram (b)
(c).(d) Lines of maxima at constant pressure of the LJ fluid for the thermal expansion coefficient «p. isothermal compressibility gy, isobaric
heat capacity c,, and Riemannian thermodynamic scalar curvature in the o-T phase diagram (c) and the p-T phase diagram (d). The solic
circles are calculated from the Kolafa-Nezbeda EOS [14]. Is,. denotes the critical isochore.
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