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In the first TV ad. it was reverse. [(Girl) | cook,...] Feminists complained about it and the ad. changed.
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but she/he should understand the theory completely
and make the code that has no error.

2JIF - AT OF - EFNF

Thermodynamics, Stat. mechanics., Q. mechanics

25 Theory

T I{t, Formulation
MUEETE Numerical cal.

22 X 2% Programming
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at least we should understand what’s going on inside the
code, what we should do prepare 7
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Garbage In — Garbage Out

l

Model <: Exp.

l feedback

J un k | N —> J un k O Ut junk: objects that have little value

l

Model <: Exp.

l feedback

SomethingIn — Something Out
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User& U TC: tool

Amber Dr. Sokolov once tried, but ... €8

Insig ht Dr. Sokolov once tried, but ... €8
DL'POLY 2 USGF fnendly, free, update frequently@g

¥~ The DL_POLY Molecular Simulation Package by W. Smith,
CSE Department, CCLRC Daresbury Laboratory

http://www.cse.scitech.ac.uk/ccg/software/DL._ POLY/index.shtml

Please download the manual (300 pages) from there and
check it out

DL_POLY is supplied to individuals under an academic licence, which is free of cost to academic
scientists pursuing scientific research of a non-commercial nature. 6
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Molecular Simulation

- P FOERDOHEFRICDONT
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for molecular ensembles such as liquid, SAM, and protein

) JUT%TCJ: 57'—61%/3—\%1:# <

have a virtual image
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using one of the simplest method with a high accuracy
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( =2
final goal: evaluate the thermodynamic properties.




Molecular dynamics FE171F A

]) E?z LE}J<j]F 7&‘:_']' '5"%0 cal. the force on atom i
DHIRY #a=/\% ABEEOs—OVEEERE

Classical: bond=spring, Coulomb interaction between point charges

= = N w -A
ST/1FHN ga-37 EFR TEAEKER
Quantum mechanical: bond=electron, nucleus, DFT

2) L?x%l@ﬁa:gébﬁ*%ﬁ% _7“7IJ'<o solve the eq. of motion
&

" dt?

3) EE - RE GEHE) - NICOVWTOHERR
1850 ()} 10i(t)}, {Fi(t)}

obtain the numerical solution of the time dependence of the atomlc position,
velocity(momentum), and force.
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4) FEE . EE (EBEIE) - AICDOWTHE
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FEITEEE - ZEEMEREZETE U
tl:% Il_: % SR & z) o cal. the time average,

space-time correlation and get thermodynamic properties.

5) REETZXRILF—, TVFILE—ICDWV
CIEBEICHEHOENDD, Ty MOE—
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It 1s easy to cal. inner potential and enthalpy but we need some trick

to cal. free energy and entropy and it 1s time consuming.
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DL-POLY 2 : IRYX current status

e g ClcFortrany —X 11— RIZAFBFH We got
Fortran source code.

WS DO DUNIXNY ¥ —> ETOVIRAIUIET
The source code 1s already compiled on some Unix machines.

« [BFEODOUNxAVY Y K~ BERR, 770)LOIE=-F4, E17
T77ANZINY T2V Y RESEDANVYRE) &T774
)bODUnixJ:’C“O)I‘fﬁEE(%)%, ViDtEWEKSITESH, EADIFH

L&D ) DVETH D, D TDYHKEZIT S /OT 7Y
2" (Fortran, C, C++) 155 IC K > TIRHEDL D UNELY, ]

Some¢ Unix commands and the program to make the 1nitial atomic
positions may be necessary.

Dr. V. SokolovE ADY, 7K/NJLZ1E - B2 HERE
{ I:Hj% A AR - 1A MR | KR
= -I_ %E}E :?i- > 7‘2_55%,%\35 D o Dr. V. Sokolov

used the MD code and cal. water, SAM, IL, IL|W interface.
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JEREICEER - ¥ —>IT K54\ - Free of charge

Fortran or C &5 5% GNU(http://gee.gnu.org/)ic & DiEENT WS,

BIITHAR - 1 K (Th—TOK)

JIS FORTRANAF (L) %O F— EXHR

FORTRAN/SEZIXZ>TWSDIZIZEB AN H D, (HFICEUEFE R E
http://www.komoto.org/fortran/
http://members.at.infoseek.co.jp/kitaurawa/fortran.html

*%EE’JfJC%EE—C%J:L\O http://www9.plala.or.jp/sgwr-t/index.html
or ZEBECESZBAF—MNICEERIT AV Y RTRIEICDL (BITE) =557 =
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Problem 1

Now we consider the system which contains N argon (Ar)
atoms.

1) How many degree of freedom does the system has? The
degree of freedom is equal to the number of the coupled
equation of motion that we should solve.

2) We assume that the interaction between two Ar atoms
depends on the interatomic distance. Then an Ar atom feels
the force from the remaining N-1 Ar atoms. How many atom
pairs we should consider for this system? The computation
time strongly depends on the number of the interatomic
potential!

3) How can we define the temperature of this system?




Problem 2

» Consider the vibrational motion of carbon monoxide
CO molecule. Solve the equation of motion when
the force constant wx=g of C-O is given by k, mass

of carbon and oxygen is given by m+1 and mo.
respectively. The equilibrium distance between C
and O is ro. The vibrational frequency of CO is 2170

cm!. Determine the value of k / Nm-1.

C O
ro

Get the potential energy V of the vibration. F = - dV/dr

13




Problem 3

* Next we consider linear CO2 molecule. How many
does this molecule has the degree of freedom for
vibration? (Hint: translation:3, rotation:2 ) Show the
vibrational frequencies of the mode that the
vibrational motion is confined in the molecular axis.
The force constant of CO is k' and the atomic mass is
the same as problem 2. The equilibrium distance

between C and O is r. Using this model can we get
the experimental vib. frequencies 1333, 2349 cm-1?




Answer

* 1. 3N, N(N-1)/2, the velocity is Maxwell-
Boltzman distribution

e 2. X(0O) = xo(O)+Aexp(-iwt), X(C) = xo (C) +
Bexp(-iwt), m2 A+ m1 B =0, w?=k(m1 + m2)/
(m1mz2), Xo(O) - xo (C) = ro, k=1900 Nm-! V=

(1/2)k(x-X0)?, X = [X(O) - x(C)], F(O) = -k[x(O)
- X(C) - Xo]

3. 4 degree of freedom, w?=k’/m2(symm.),
w?=k’(m1+2m2)/(m1m2) (anti-symm),
2349/1333=1.76, [(m1+2m2)/(m1m2)]°>/[1/
m2]%> = 1.91

15




& 7 2 > :Proposed Study Plan

http://www.users.kudpc.kyoto-u.ac.jp/~d54649/web_material/selfstudy.html
cHDET TRERBEERTIA1 "TRERBREZERH2A " XERBEEE3IA
ZETFS o EBFTHLEE WV, REHA SDL-POLY2Dmanual lc > THETLEIT DT, DA DERA]
BEELSBLAATEWTEITNIEEWTD,

N
SHEMD FXa2L—3Y C(Classical Molecular Simulation

2. A FENEIZIaL—3Y MD (Molacular Dynamics)

MD self-study note B ./ — I (pdf more than 70 pages by MY) —1EB ARBMH L7z

BEEER by MY KXZERIEREER 1IN XRZEREXZER2AN KEREEEFSE3IA
LJ-Potential MD program (Fortran)  LJ-Potential MD input data: liquid case
LJ-Potential MD input data: solid case
radial distribution function G(r) for LJ solid and liquid
mean square displacement of LJ- solid and liquid
movie of LJ-liquid
Link: The DL POLY Molecular Simulation Package by W. Smith
Amber Home Page
VMD(visual molecular dynamics)

Please download the some files from http://www.users.kudpc.kyoto-u.ac.jp/~D54649/web_materia/MD2006 04.pdf,
http://www.users.kudpc.kyoto-u.ac.jp/~D54649/ web_material/func_sol cheml.pdf, http://www.users.kudpc.kyoto-u.ac.jp/
~D54649/web_material/fun_liq 2.pdf, http://www.users.kudpc.kyoto-u.ac.jp/~D54649/web_material/fun_liq 3.pdf. We
will have a seminar using the DL-POLY manual next, so it is my great pleasure if you will learn something from {lgem.
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| will send the second
correspondence
on request.

three examples for DL-POLY

1) Argon gas, liquid, solid (LJ)
2) Water (O-H, H-H rlgld) (LJ + charge)
3) Water (flexible) (LJ + charge, bond distance and angle)
4) 1 ,2-dich|oroethane (flexible) (LJ + charge, bond distance ,angle and torsion)




