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| Basics of Molecular Dynamics Simulations

Observables (what we can expect from MD)

g VID prediction for 2D-ice structure vs ab-initio result







Atoms, molecules B Macroscopic

Intermolecular forces = p: properties
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* Modeling the motion of a complex molecule
by solving the wave functions of the various
subatomic particles would be accurate...

_ B2
2Mm

VY +U (X, Y, 2)P(X,Y,2)=E¥(X,Y,2)

« But it would also be very hard to program

and take more computing power than
L anyone has!






Martin Karplus Michael Levitt Arieh Warshel

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Chemistry 2013 was awarded
jointly to Martin Karplus, Michael Levitt and Arieh
Warshel "for the development of multiscale models
for complex chemical systems”
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[ Larger system takes longer to equilibrate .~ I R
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~water, has been



















....................................

:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3:3@3111&[5fifrﬁmiftheziﬁthﬁtfEiﬂE """"""""""""""""" ::.: : >




Lonvention




PP IR S






































































- BRIEF COMMUNICATIONS ARISING

~questioned

- Algara-Siller et al 1 reported the observation of a new phase of water—

----------- ‘square ice'—sandwiched between two graphene layers at room temper-

---------------------- ature. Their key evidence consists of transmission electron microscope

- (TEM) images of a square lattice from small encapsulated crystals,
-~ the detection of oxygen from relatively large regions containing such

----------- crystals and molecular dynamics (MD) simulations indicating ‘square

....... -+ ice’ formation inside hydrophobic nanochannels. Here we propose
- that the reported experimental data can be better explained by salt
~ (for example, NaCl) contaminants precipitating as nanocrystals in the

........... dried-out graphene liquid cells? and common oxide contaminants

-~ in graphene. Consequently, we question the observation of room-
- temperature ‘square ice. There is a Reply to this Brief Communication

~ The observation of square ice in graphene

- ARISING FROM G. Algara-Siller et al. Nature 519, 443-445 (2015); doi:10.]

| arising, we feel it is necessary to inform the readers that our further

Ute Kaiser - 2 years ago

With reference to the previous Comment and Brief Communication

efforts to prepare and visualize square ice have been unsuccessful.
This strengthens concerns that the observed square crystals could be
due to accidental contamination as suggested by Zhou et al. We
strongly believe that the envisaged square-like ice should exist as
shown in our molecular dynamics simulations and confirmed by
several other groups. Visualization of such ice may however require

cryogenic temperatures to avoid rapid movements of water molecules. |-

We are further pursuing this line of enquiry.
Ute Kaiser on behalf of all the authors

Reply - Share»
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Monolayer Ice

Ronen Zangi® and Alan E. Mark

Department of Biophysical Chemistry, GBB, University of Groningen, Nijenborgh 4, 9747 AG Groningen, The Netherlands
(Received 4 October 2002; published 8 July 2003)

We report results from molecular dynamics simulations of water under confinement and at ambient
conditions that predict a first-order freezing transition from a monolayer of liguid water to a monolayer
of ice induced by increasing the distance between the confining parallel plates. Since a slab geometry is
incompatible with a tetrahedral arrangement of the sp® hybridized oxygen of water, the freezing is
coupled to a linear buckling transition. By exploiting the ordered out-of-plane displacement of the
molecules in the buckled phase the distortion of the hydrogen bonds is minimized.

DOI: 10.1103/PhysRevLett.91.025502 PACS numbers: 61.20.Ja, 61.46.+w, 08.15.+e
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""""""""""""  PRL 116, 025501 (2016) PHYSICAL REVIEW LETTERS 15 JANUARY 2016

Two Dimensional Ice from First Principles: Structures and Phase Transitions

I Chen,]’z’a Georg SChUS[EﬁlSCh,2’3'4 Chris J. I"ilf:lc‘clrt:l,3’3"1 Christoph G. Sa]zm;;u‘m,S and Angelos Michaelides' >
i 'London Centre for Nanotechnology, 17-19 Gordon Street, London WCIH 0AH, United Kingdom
8 : — — e DD D LD D L D I D T L L L L L L L D L L D

\ \ \ \ \ \ \ P 1) LT Tttt Tttt tototott sttt tot s s nss s st s s ss s s s s s s

I s 5 s ] o s 1

7 a9 | L C ol o WIPR- o i RS
B8 n N | & ¢ g R A T Bt
AN ;‘ i e || SR L SR
‘.'. ! ! . © 9 © o X S ----------------

3
X
B

’:'
5e
O

(@)}

g
3
X

Confinement width (A)

C N % ‘ X X >4 b b - Sl
‘.".' ‘?’?“"“‘“‘;‘f“' W e PR AT
":":. r E SI TSI

o8
B

o3
Ogl
0.'

§

SR En =

2 Fivarabd 1PN
$ 3 v H

4
i :

O 9. O ¢ £ & o | Lo @ o] i

000 L@ {0 @o [ R HR

o uQ\,‘ : V‘.v‘ ........

L,.L,\.'u.,'\,x."u




PHYSICAL REVIEW B

covering condensed matter and materials physics

Highlights Recent Accepted Collections Authors Referees Search Press § . : . :

AA-stacked bilayer square ice between graphene layers

M. Sobrino Fernandez Mario, M. Neek-Amal, and F. M. Peeters
Phys. Rev. B 92, 245428 — Published 17 December 2015

:;:f| Electric-field-induced structural changes in water confined -

a=2.84 +0.01 A
between two graphene layers
Mario Sobrino Fernandez, F. M. Peeters, and M. Neek-Amal
oo Phys, Rev. B 94, 045436 — Published 27 July 2016
coonnnnnii 0 Reversible structural transition in nanoconfined ice
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https://dasher.wustl.edu/chem430/lectures/lecture-05.pdf




