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4. Differences in entropy between the supercooled liquid and crystalline ph
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Then how are these curves to be extrépola.féd below T,_?, Certainly it is un-
thinkable that the entropy of the liquid can ever be very much less than that of
the solid.” It therefore seems obvious that the “true” or “non-vitreous” curves

1

7 It could conceivably become slightly less at finite temperatures because of a ‘‘tighter’
binding of the molecule in the highly strained liquid structure, with consequent higher
frequencies of vibration and a lower density of vibrational levels.
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Supercooled liquids, glass transitions, and the Kauzmann paradox

Frank H. Stillinger
AT&T Bell Laboratories, Murray Hill, New Jersey 07974

(Received 19 January 1988; accepted 1 March 1988)

Many liquids have heat capacities that substantially exceed those of the corresponding crystal,
and this discrepancy magnifies in the supercooled regime. Thus, liquid entropy declines more
rapidly with temperature than does crystal entropy, and the former paradoxically seems to fall
below the latter for temperatures below the Kauzmann point 7. Although laboratory glass
transitions inevitably intervene to prevent observation of this entropy crossing, it has often
been argued that a second-order “‘ideal glass transition” in principle should occur at 7. The
inherent structure theory of condensed phases has been modified to describe supercooled
liquids, and has been applied to this Kauzmann paradox. The conclusion is that an ideal glass
transition of the type normally associated with the Kauzmann phenomenon cannot occur for
substances of limited molecular weight and with conventional intermolecular interactions. This
result also subverts theoretical expressions for shear viscosity (such as the Tamman-Vogel-
Fulcher and the mode-coupling formulas) that diverge to infinity at an ideal glass transition
temperature.
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THE ATOMIC ARRANGEMENT IN GLASS

By W. H. ZACHARIASEN
RECEIVED MAY 13, 1932 PusLisHED OCTOBER 5, 1932

1. Introduction

It must be frankly admitted that we know practically nothing about the
atomic arrangement in glasses. Glasses are described as supercooled
liquids or as solids. The former term is justifiable from the point of view
of physical chemistry, the latter from the theory of elasticity. It seems
rather futile, however, to try to decide which of the two descriptions is the
proper one to use, when we are ignorant about the characteristic properties
of the atomic arrangement.
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Period

1 18
1A VIIA

Periodic Table of the Elements

Atomic Atomic
Number Mass
Symbol
Name
El t symbol ts state at t t Electron Shells
lement sym represents state at room temperature. s conﬁgumﬁm
Solid, Liquid or Gas
3 4 5 6 7 8 9 10 11 12
1B IVB VB ViB VIIB ( Vil \ 1B B
3B 4B 5B 6B 7B 8 1B 2B

21 wwe gy w3 w4 s g5 s gg  ssus g7 e g wen g9 e 30 en(a] @

Sc Ti \Y) Cr Mn Fe Co Ni Cu Zn

Scandium Titanium Vanadium Chromium  Manganese Iron Cobalt Nickel Copper Zinc
2892 28102 28112 28131 28132 28142 28152 28162 28181 28182
(Ar]3d1as? (Ar]3d2as? (Ar]3d%as? (Ar]3d5as! (Ar)3d5as? (Ar)3d%as2 (An)3d7as2 (A1)3d%as? (Arj3d" 045! (Arj3d1 0452

39 88906 40 91224 44 92906 49 9595 43 98907 44 101.07 45 102906 46 10642 47 107868 48 112414 | 4C

Y Zr Nb Mo Tc Ru Rh Pd A Cd

Yttrium Zirconium Niobium  Molybdenum Technetium  Ruthenium Rhodium Palladium Silver Cadmium
281892 2818102 2818121 2818131 2818141 2818151 2818161 281818 2818181 2818182
[Krjad 552 [Kr4d25s2 [Krl4d4ss! [Krl4d5ss! [Krl4d55s2 [Krl4d75s! [Krl4d®ss! [Kri4d10 [Krl4d 055! [Krl4d 10552

72 17849 73 180948 74 18384 75 186207 76 19023 77 192217 7@ 195085 7Q 196967 () 200592 | @+

Hf Ta W Re Os Ir Pt Au Hgv

Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Merc:
281832102 281832112 281832122 281832132 281832142 281832152 281832171 281832181 281832182
Xelaf'45d26s2  [Xelaf'45d6s?  [Xelaf'dsd6s?  [Xelaf'dsdS6s?  [Xelaf'dsdBes?  IXelaf'dsd’es?  IXelaf'dsd%s!  [Xelaf'4sd106s!  [Xelaf'45d106s2

104 (261 105 2621 106 [266] 107 2641 108 2691 109 2681 110 2691 111 2721 112 277]

Rf Db S Bh Hs Mt Ds R Cn

Rutherfordium  Dubnium  Seaborgium Bohrium Hassium Meitnerium Darmstadtium Roentgénium Copernicium
2818321882 28183232102 28183232112 28183232122 28183232132 28183232142 28183232152 28183232162 28183232172 28183232182
[Rn]7s2 Rnisf146d27s2"  [Rnlsf196d37s2"  [Rnlsf1d6d?7s2”  [Rnisf146d57s2"  [Rnisf146d67s2"  [Rnisf1d6d77s2"  [Rnisf196d®7s2"  [Rnisf146d97s2"  [RniSf146d10752"  [RniSf

Lanthanide
Series

Actinide
Series

Alkaline
Earth

Transition

Metal Metalloid
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Direct Imaging of a Two-Dimensional Silica Glass on Graphene

Pinshane Y. Huang,dr’. Simon Kurasch, "™ Anchal Srivastava,¥© Viera Skakalova,¥! Jani Kotakoski, "+
Arkady V. Krasheninnikov,"1 Robert Hovden, Qingyun Mao,’ Jannik C. Meyer,i’” Jurgen Smet,*

David A. Muller,*’T’D and Ute Kaiser®”*
Nano Lett. 2012, 12, 1081-1086

Q Crystalline n P ¢ C Amorphous
O 0 o, g
- o ,D. - - g~ ) >R
b |







Clos o —p ol e d ﬁr\ «aSSe S

SUPERCOOLING OF LIQUIDS - |ase

By F. C. Frank
H. H. Wills Physics Laboratory, Bristol University

I shall concentrate upon reviewing the important recent change in our appreciation
of the facts of supercooling which has been brought about particularly by the work
of Turnbull at the General Electric Research Laboratory in Schenectady. Isuppose
that most of us, talking about supercooling a couple of years ago, would have
divided substances into two classes, one with simple crystal structures like gold,
and all the other ‘good’ metals on the one hand, and those with complex crystal
structures, such as glycerol and the silicates on the other; saying that whereas the
latter class can be very much supercooled, and will form glasses, the former class
can only be supercooled a very few degrees. Then we would have added that
there are some ‘bad’ metals, with moderately complex crystal structures, such as
antimony or bismuth, which can be supercooled some tens of degrees, forming an
intermediate class.
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Ficure 1 Ficure 2

Fraure 1. Construction of a two-dimensional Voronoi polygon.

Co Wg/&ﬂm I-/—M o :FFOC/: © —:\"‘ir Ficure 2. (a) Two typical irregular Voronoi polyhedra. (b) Two regular Voronoi

polyhedra, derived from hexagonal and cubic close-packing respectively.
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partycls

https://github.com/jorisparet/partycls

UNSUPERVISED LERE N\ G

from partycls import Trajectory, Workflow

traj = Trajectory('grains.xyz"')
wf = Workflow(traj, descriptor='ba', clustering="'kmeans"')

wf.run()
traj[0].show(color="'1label', backend='ovito')
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