HacKONbKO XOpoLwWwo MOXHO
npeacKasbiBaTb MaKpPOCKONUYecKue
CBOUCTBA (MaKpPO)MONEKYNAPHDbIX CUCTEM
C MOMOLLLbIO Me30CKONU4YeCcKoro
KOMMbIOTEPHOro moaenmMpoBaHmA?

NeaHoe B.A.,

Komapoes I1.B., MapmembsaHoea FO.A.,
MapkuHa A.A., Acmaxos A.M.

MTIY um. M.B.JlomoHocoBa, dpusmnueckum pakynorer
TBepcKkou rocyHunsepcuteTt, PU3UKO-TEXHNUYECKUU P-T

CemuHap «CynepkomnbromepHbie mexHos02uu e Hayke, obpasoeaHuu u
npomeiwneHHocmu», Mockea, 09.10.2018



NMnaH

* BBegeHue: MHOromacwTabHoe KoMmnblOTepHOE
MmoaenupoBaHue

* lnccunatmsHaa guHamuKa Yactuy (4A4/DPD) Kak
Me30CKOMNMUYECKMU MeTo.,

* Mpumepbl UCNONIb30BaHUA KPYyNHO3epHUCTbIX (K3/
CG) mopeneun anAa cucrtem:

v opraHnyeckue v BoaHble pacTBOPbI IELLUTUHA U CONel
YeNUYHbIX KUCNOT

v noammumuabi

v NpeKypcopbl yraepoaHbiX BONOKOH Ha ocHose MAH
v noAmepHble HAHOKOMMNO3UTbI

v nonanypeTtaHbl

e 3aKNw4YeHue



Length and time scales in polymer systems

Coil diameter - Figure from:
100 A MC and MD Simulations in Polymer Science.
Persistence length Bond length K.Binder (ed.), Oxford University Press, 1995
~10 A ~1A
Length scales:
1) length of C-C bond - 1A
2) Kuhn segment -10A - .
3) coil size -100 A Critical point:

4) correlation length -1000 - 10000 A (collective phenomena) divergence of
correlation length

Time s.calt_as: 14 and critical
1) oscnl_a.tlons of C-C and C-H bonds -10-*sec slowing down
2) transition "trans-gosh" -10" sec

3) chain relaxation -10%-10-° sec

4) global structural changes - 1 sec and more



Challenges in Molecular Simulations:
Bridging the time and length-scale gap

H2  CHp o f
v y Ha
// ~ \ “Ho x_',u;, CHo :
| ( o 4
1 |
l\\_/
Macroscopic Semi-Macroscopic : Mesoscopic Microscopic (Atomistic) (Sub) Atomistic
Domains, etc L =100 -1000 A L=10-50A 1-3A Electronic structures
4 4 .
T=0(1s) T=10 =10 's F'ei0 e Chemical reactions
Entropy dominates

Energy dominates Excited states

K.Kremer, FFMueller-Plathe, MRS Bulletin, March 2001, p.205.

Elasticity theory, mechanics, Coarse- Molecular Quantum
electrodynamics of continuous grained mechanics chemistry
media, fluid mechanics, FEM models
phenomenological models: microscopic models:
density profiles + geometry of structural units +
some equations (diffusion, SCF) interaction potential

Mapping from atomistic to mesoscopic models and back?
And from mesoscopic to macroscopic? 4



Time and Lenﬂ\tnh Scales

Computational Methods

microscopic (1-10 nm, fs/ps) mesoscopic (10-1000 nm, ns/us) macroscopic (~1 mm, us/s)

Atoms Molecules Molecular ensembles

particles particles/fields  fields  continuum

Particle-in-Cell

QM DFT QMC MM MD MC SMD CG-MC/MD MC-RISM PRISM RISM SCFT  Hydrodynamics
CPMD DPD Field theoretic methods Finite Elements

Lattice Models MD/DDFT DDFT FT-CLD Finite Volumes

Peridynamics

Electronic states, Equilibrium mesoscopic structure/morphology, Large-scale structure,
chemical reactions, collective properties/dynamics, deformations, destruction,
structure of molecules, molecular seIEasseminng processes, flows, hydrodynamics
spectrums, local motions phase transitions 5

Slide made by P.Khalatur



The Nobel Prize in Chemistry 2013

“for the development of multiscale models for complex
chemical systems”

Martin Karplus Michael Levitt Arieh Warshel

quantum physics

classical
physics

A ]
3333
L&

dielectric
medium



METOAbI

KOMIMbIOTEPHOIO

MOAEJINPOBAHMSA

ANA NCCINEAOBAHMSA
NOJIMMEPOB

N BUOMNOJIMMEPOB

N G Ska oy

ST PR TR Gl Pt AT

MprHYNbI XOMNEXOTEPHOTO
MOAGAMPOBIHHA MOABKYARDHHA
oicTeMm

Howomarepuanw Nonnanexrponsrs
MembBponmsie cncTems | Yrnepogmsie nomoTpyBum
Cromcrue nanoxpucronnm '*’ XKnaxue xpucronnm
lerepononumepw unss Aenppumepu

Aaan fpenresn
Eepena Cuonr



[{eapro ABIIsSIETCS pealn3anys NoAX01a HalIPaBICHHOTO
MTOMCKa (Au3aliHa) HOBBIX (DYHKIIMOHAJIbHBIX MaTepHajIoB
(B TOM YHCIIE, IIOJJMMEPHBIX M KOMIIO3UTHBIX ) C HY’KHBIMU
CBOMCTBaMH U BBISIBIICHHE (DyHIaMEHTAIbHBIX
3aKOHOMEPHOCTEHN BIUSHUS XUMHUYECKOIO CTPOCHUS

MOJIEKYJI HA MAKPOCKOITUYECKHUE CBOMCTBA MOJIEKYIIAPHBIX
CUCTEM.

JI1s1 TOCTUIKEHMS THUX LieJIe He0OOXOAUMO pa3padaThiBaTh
3(P(PEKTUBHBIC AITOPUTMbI MHOT'OMACIITA0OHOIO
KOMITBIOTEPHOI'O MOJECIUPOBAHUS A1 pacueTa CTPYKTYPhI
1 MaKpOCKOIIMYECKUX CBOMCTB PA3JIMUYHBIX
(MaKpO)MOJIEKYIIPHBIX CUCTEM HA OCHOBE XHUMHUYECKOIO
CTPOCHUS MOJICKYI.



Using Molecular Modeling for Design of New Polymeric Materials

Ideas about structure of a polymer

Output
physical and chemical
- properties of material
ti finout recommendations
correction or inpu not SatiSfaCtorily for synthesis

*synthesis of polymer material
*characterization of its properties
(structure, Tg, E etc.)

Input

chemical structure of monomers,
composition, conditions of
synthesis, ...

new material




P

Coarse-grained methods strategy

-Q:0'0}}O- @"@H H,0

90 H
Polor monomer Nonpolqr monomer‘

Atomistic model

43----

P. V. Komarov Chemical Physics Letters 2010; 487(4-6):291

10



Coarse-Graining in Polymer Simulation: From
the Atomistic to the Mesoscopic Scale And
Back

11



Dissipative particle dynamics (DPD)

[

)

Fz‘]l') =_Y(D2(rij)(r ’ l])

a “blob"
(statlstlcal
segment)

F F Cons FDZSS FRandom

JszTvz,,wm)

F random

Ff =a, (D(r y)

—r./r r.<r
ij " Tcut ij cut
o(r,) = {O

a" = f(XFH;asolv;K)
(Fa(OF(t)) =2k, Tyd,0,8(¢ =11)  rime 1
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Dissipative particle dynamics (DPD)
R.D. Groot, P.B. Warren, J. Chem. Phys., v.107, p.4423 (1997).
P. Espafol, P.B. Warren, J. Chem. Phys., v.146, p.150901 (2017).

/ Form of the potential

stress

Atomistic model

Mesoscopic model

0’

‘ "
Macroscopic properties

13- ¥

] —u—PUR1 T=300
121 —*—PUR2T=300 P
114 —A—PUR1T=235 /’/0
10]| —Y—PUR2T=235 /,,;’/ :

1| —O—PUR2 prepared at T=235, o a
7 deformed at T=300 S

o il A

0.8 1 /.r‘;w" - >
0.7 A

] ,,,é"’ e
0.6 ] {4/;,;}{./ g
05 J_,Ié;i/éA/

7
0.3 -
-y
o M(' 2
A

0.1 4 N
0.0 5%

T o T T T T - T

100 105 110 145 120 125 130 135

lambda

T
1.40

T
145

L
1.50 1.55

>

potentielle Energie U

Lennard-Jones potential

soft potential (X)

—

I':nin ____’
|
|
|

/ Newton's Third Law

F,

for all kinds of forces

Soft-core force
allows one to
use large
timesteps

Correct
hydrodynamics

13



—n [—

dr, —dv, —
d U dt =Je

Fe a;(1=r)ry.r; <1
ij - ’

0,7, >1

d Al (v %1 Yoo
EJ =—)yw (71;5)(7;;' *1';;.‘)’;;.-'3

"e

F = oW (1r;)S; AL 21,
; -
Fy ==K (1 =113

wP(r)=[wR(r)].

7 d b
ﬂ - ZF; +Fij +E‘jr +r

]
i#]

Corerepulsion force

Dissipative force

Random force
Spring force

o =2ykgT

relation to the
Flory-Huggins

Fast Verlet algorithm
r(t+At)=r;(t)+Atv,(t)+ 3(At)*f(¢),

vi(t+ A1) =v,(1)+NAtf (1),
f.(t+At)=f(r(t+A1),v(t+At)),

vi(t+At)=v,(t)+ sAt(£(t)+£(t+At)).

Ao~y

D ) 1
C
— _ + — 1) FY ) - .
1 1 (op | 1 method LOMONOSOV
1= _ ( p ) _______ SUPERCOMPUTER
nkgTkr kgT\dn| .
Ty T
| K =~ 1+02ap/kT" \ \\§
for water ! , \
K water 16 ap ]‘-BT ~T75 . ey e
DPDChem domain-decomposition
How should we parameterize complex system? program parallelization algorithm 14




V.. is the average molar volume of CG

2 ticl
‘/ref(éa _ 5ﬁ) particles
— )(S X is the entropic contribution to the
RT

mixing free energy; usually x, ~ 0 and
can be omitted.

Xop =

Semi-empirical method (Prof. A. Askadskii) where V, is the molar

volume in the

Atomistic molecular dynamics condensed phase and

AH, is the heat of
Hildebrand solubility parameter vaporization.

s e E=E" _E

Etotal 0 Eid 15




Whether the conditions of excluded volume and non-
phantomness of polymer chains can be satisfied in the
course of simulations with «soft» potentials?

Due to the soft repulsion force the polymer chains are phantom, 1.e. can cross each other.

There is a simple way to avoid it if the system dynamics needs to be studied.

a= 2()()

O
* 1= 150
l | x l=|()()
C + 1 =50
‘mnnn B k=2a
I (s | r
Ly >
[ X % X
X X %
0.1

Nikunen P. Phys. Rev. E. 2007. V. 75. P. 036713

Reptational dynamics as well as Rouse dynamics can be observed .



Hanbonee BaXKHble pe3ynbTaThl:

cnocobbl yny4ylleHmna CBOUCTB NMPEKYypcopos
Yr/1IepOAHbIX BOJTIOKOH Ha OCHOBE
NOJIMAKPUNOHUTPUAA (MO NTOram n3yyeHmsa BANAHUSA
XMMMNYECKOTO CTPOEHUA KOMMOHEHT U YC/IOBUM
npouecca BbITAKKM BOJIOKHA Ha €ro NoOpmUCToCTb)

BblAB/1IeHNE YHUBEPCAJ/IbHbIX CBOWCTB npouecca
KPUCTaN1nM3aunun B Pa3/1INYHbIX K1aCCaX NOJTIMMEPOB

NPOTOTUMNbI MAaTEPMANIOB ANA UCKYCCTBEHHbIX
MemMbpaH Ha OCHOBE NeUUTUHA U CONEN KEeNYHbIX
KUCNOT

MOJEeNNpPOBaHUE MEXaHNYECKNX CBOMUCTB (KPpUBbIX
pacTaXXeHuA) NoOANYPETaHOB C PAa3/INYHbIM

XUMHUYHECKUM CTPOEHNEM MOJTERY 17
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n
CN

e

/WYW Synthesis of carbon fiber from

C¥\_C polyacrylonitrile (PAN):

CX¥\ _CK\ _CK\ _CK\
S S L C N ' ‘. 1) Polymerization of acrylonitrile to
A PAN,
2) Cyclization during low
v temperature process,

/\/]A/I\m 3) High temperature oxidative
treatment of carbonization
SN N NZ SN N NZ

(hydrogen is removed).

After this, process of graphitization
starts where nitrogen is removed
and chains are joined into graphite
planes.

18



o,
#E g

Mapping Atomistic Objects onto DPD Model
o

Atomistic model
|I9pOW 3|BISOSIIA

DPD is a highly effective method for simulation of soft matter materials. It allows us access much larger
time- and length-scales. We use the same rules of mapping of different groups of atoms of the atomistic
model onto beads of the coarse-grained model as in our DDFT model. As a result, we have got 4 types of
DPD beads, namely B-beads are corresponded to DMSO solvent, the C— water, and A,D - PAN-IA copolymer
(here IA is itaconic acid, AN- acrylonitrile). 19



The structure of the simulation cell.

Comatant
OMSOwater
ratio

h

simulation cell at the initial state

The simulated system is placed in cell size of L, xL xL,, where L,=L << L,. The length of L,
is equal to No , the L, will be varied and selected on the base of compromise between
reasonable simulation time and maximal width of simulation cell in order reproduce real
fiber diameter (~60 pum).

The dope solution and coagulator are separated at initial conditions. The volume which
is occupied by the dope solution (nascent fiber) is defined by a parameter H,. Within an
interval h, at the right side of the cell, the ratio of DMSO:Water is keeping constant, that
assumes constant composition of the coagulation bath.

20



Koarynauymm
NONNAKPUIOHUTPUNA B
pacteope DMSO un Boabl
(cBepxy NnoKka3aHa BCH
CUCTEMA, HA HUXKHEM
PUCYHKEe NOKa3aHbl TO/IbKO
monekynbl MAH).

—— DMSO

CpaBHeHMe npodunen
—rvae KOHLEHTPaL MM KOMNOHEHT
" B MOZENbHOM cUCTEME C
3KCNepMMEHTaIbHbIMU

1000

g AAHHbIMU CKaHUPYIOLLLEN
Bath  5nekTpoHHOM
Spining solutm MUKPOCKONUM ANa cpes3a
Interpretation BONIOKHa (B.I.Ceprees).

Simulation cell
OwnameTtp BONOKHA nopAaaKa 50 MUKpPOH. lueiliKka mogenmpoBaHUA NOKa3aHa KPacHbIM LBETOM. 21



lNpeKypcopbl yrnepoaHbIX BONOKOH Ha ocHoBe [MAH

1.

Pa3paboTaHa KpynHO3epHUCTAA MOAENb, KOTOPAA NO3BOAAET
onuncaTb NpPoUEecc Koaryaaunum NoOANaKPUAOHUTPUAG B
cmelwlaHHom pacteoputene (DMSO+Boaa) Ha XapaKTEPHbIX
NPOCTPAHCTBEHHbIX U BPpEMEHHbIX MacwTabax,
COOTBETCTBYHOLUX peanbHbIM pasmepam npekypcopos NAH-
BO/IOKOH M peanbHbIM BpeMEHaM npouecca Koarynauymm.
Moaenb noaxoaAnT ANA U3YYEHMA TaKXKe HEKOTOPbIX M3
NO34HWUX 3TAaNoB NOArOTOBKM BOJIOKHA.

[TOKa3aHoO, YTO NOPUCTOCTb BOJIOKHA MEHbLLIE ANA K MATKOW»
BaHHbI (c 6onee BbICOKMM coaepaHnem DMSO), uto
COornacyertca c aKCnepmmeHTanbHbIMU AaHHbIMMU.
JKCNo3MuUMA BOIOKHA B BO3AYLWIHOM 3a30pe nepes
nonagaHuem B KOAryasauUMOHHYO BaHHY 3ameansaeT npouecc
Koarynaumm, To ectb 3ddeKT BO3AYLIHOro 3a3opa aHaAorm4yeH
3P PeKTy OT UCNOb30BaAHMA Bolee « MATKOU» BaHHbI.
MoaTBep*aeHa BO3MOXHOCTb POPMMPOBAHUA TOHKOTO
NO/IMMEPHOrOo CN0A Ha NOBEPXHOCTU BOJIOKHA.

22



Hanbonee BaXKHble pe3ynbTaThl:

cnocobbl yny4lleHna CBOMCTB NPEKypcopos
YrnepoaHbIX BOJIOKOH Ha OCHOBE
No/IMAaKPUNOHUTPUAA (MO UTOram U3y4yeHUsa BANAHUA
XUMMNYECKOro CTPOEHUS KOMMOHEHT U YC/I0BUMA
npoL.ecca BbITAXKWU BONOKHA Ha ero NopuCcToCTb)

BbIfiB/IEHME YHUBEPCA/IbHbIX CBOMCTB NPOLLECcCa
KpUCTaNan3aumm B pasnnYHbIX Klaccax NnoaMMeposB

NPOTOTUMNbI MAaTEPMANIOB ANA UCKYCCTBEHHbIX
MemMbpaH Ha OCHOBE NeUUTUHA U CONEN KEeNYHbIX
KUCNOT

MOJEeNNpPOBaHUE MEXaHNYECKNX CBOMUCTB (KPpUBbIX
pacTaXXeHuA) NoOANYPETaHOB C PAa3/INYHbIM

XUMHUYHECKUM CTPOEHNEM MOJTERY 93



Mesoscale computer simulation of

crystallization in polyimides

To develop and parameterize a coarse-grained model for
polyimides R-BAPB (semi-crystalline) and R-BAPS (amorphous).

To study the role of intramolecular stiffness in crystallization
process of aromatic polyetherimides, molecules with similar
chemical structure but with different intramolecular stiffness.

The difference in the model between these two polyimides is in

the intramolecular stiffness only.
R-BAPB

T -0

R-BAPS

OO OO OO Ol

24



Coarse-graining scheme for PI

Angle fluctuations can prevent crystallization?

-
Angles CSC = NCS = B Incommensurabiliy- \

0<B <180

Crystallization
Monomer- CNCO N_NJ\ possible?

Linear chains with minimal possible set of elements.
End fragments = ? Assumption: both ends compose a single
fragment at one of the ends. 25



R-BAPB
$=180°

OO0 SO

R-BAPS




YHuBepcanbHble CBOMCTBA NpoLecca Kpuctannamsaumm B
)KECTKOLI,EI'IHbIX MyanMGnOK-cononumepax

£
S 1.0
q
% 0.8
=
Y]
N
S 0.6
o« 04
x
Q o2
©
=
Q 0.0

A. Markina, V. lvanov, P. Komarov, S. Larin, J. Kenny, S. Lyulin,

Bua auenkn mogenmpoBaHua Npu
yBennyeHuu (cnesa Hanpaso)
»ecTkoctu (Ka) ueneir. PasnnyHbim
LBETOM NOKa3aHbl MOHOMEpPHbIe
3BeHbeB Pa3HbIX TUNOB (3BeHbA 04HOro
TMNA NPUTATMBAKOTCA APYT K Apyry).

PacnnaB rubkouenHoro mynbtmubnok-
conoammepa (npu BbiIbpaHHOM
noTeHuuane B3aMMOAEACTBUA MeXKAY
MOHOMepamMu) octaeTca amopdHbIM.
Mpu NnoBbILWEHUU BHYTPULLENHOMN
YKeCTKOCTU BO3HMKAET NOC/I0MHOoe
ynopagoyeHue 3BeHbeB Pa3/INYHOTO
Tuna (MukpodgasHoe paccaoeHue).
9TOT Nnepexon o4eHb pe3kuit (cuHan
KpuBaa Ha rpadukKe cnesa). Mpum
AAaNbHeNLeM YBEJIMYEHUM KECTKOCTH
NNaBHO pPacTeT CTerneHb

0

1

2

Ka

3

KpUCTananMyHoctn obpasua (3eneHasn
Kpusas).
27
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Hanbonee BaXKHble pe3ynbTaThl:

cnocobbl yny4lleHna CBOMCTB NPEKypcopos
YrnepoaHbIX BOJIOKOH Ha OCHOBE
No/IMAaKPUNOHUTPUAA (MO UTOram U3y4yeHUsa BANAHUA
XUMMNYECKOro CTPOEHUS KOMMOHEHT U YC/I0BUMA
npoL.ecca BbITAXKWU BONOKHA Ha ero NopuCcToCTb)

BblAB/1IeHNE YHUBEPCAJ/IbHbIX CBOWCTB npouecca
KPUCTaN1nM3aunun B Pa3/1INYHbIX K1aCCaX NOJTIMMEPOB

NPOTOTUMNbI MAaTEPMAIOB ANA UCKYCCTBEHHbIX
MeMbpaH Ha OCHOBE JIeLlUTUHA U CONEN KeNnyHbIX
KUCNOT

MOJEeNNpPOBaHUE MEXaHNYECKNX CBOMUCTB (KPpUBbIX
pacTaXXeHuA) NoOANYPETaHOB C PAa3/INYHbIM

XUMHUYHECKUM CTPOEHNEM MOJTERY 08



Computer simulation of lecithin-bile salt solution by means of DPD

1) Lecithin

OO'Na* COO'Na*
OH OH
OH
OH

OH
sodium cholate (SC) sodium deoxycholate (SDC)
0
N/\/SO3N3+ N/\/SO3N3
H H
OH OH
OH
OH OH

sodium taurocholate (STC) sodium taurodeoxycholate (STDC)
29



Subsystem Structure 5= (#ﬁ
COARSE GRAINED MODEL
C SN 16.3
lecithin | W O 18.4
60x60x60 o

oM A~
o(1) o 21.2

C )\/OY

o
bile salt
©
obf ® \ D
N

‘ P ~"0—P—0_ 39.4

\ /- 1

648 ths. o
particles 0O(2) OH 41.0

o)
0(3) )J\OH 410
SOLVENT:

a) sodium cholate (SC)

organic solvent

water
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Be3uKynbl U3 MOJIEKY/ IeLUTUHA U CONEU KEeNUYHbIX
KUCNOT B OpraHMYecKnx U BoAHbIX pacTBopax

Mpumep BE3UKY/IbI MONEKYA
NeUUTHHA U CONeil XKeNUHbIX KUCNOT B
OpraHU4ecKom pacTsopurene

. _(HenonspHble rpynnbl nexar Ha

L% 98t nosepxHoCTH).

Cepbim LBETOM OoTMeuYeHbl rMapodop6bHbIe
(HenonapHbIE) rpynnbl aTOMOB, @ KPacHbIM,
rony6bim u LLBETAMM OTMEYUEHDI

ruapodunbHbie (NONAPHbIE) rpynnbl aTOMOB.
Be3uKynbl nonyyeHbl B npouecce camocbopKu.

Mpumep Be3UKYNbI MONEKYN
NeuUTUHA U CONei }KeNYHbIX KUCNOT B
BoAe (nonapHblie rpynnbl AeXKar Ha
NOBEPXHOCTH).

Markina A., Ivanov V., Komarov P., Khokhlov A., Tung S.H., Chemical Physics Letters, v. 664, p. 16-22 (2016).
A. Markina, V. lvanov, P. Komarov, A. Khokhlov, S. H. Tung, J. Phys. Chem. B, vol.121, pp.7878-7888 (2017).
31



Fraction of big clusters (N > 300) in the

a)

number of clusters, %

50

lecithin/bile salt mixtures

40-

30+

204

SDC

SC

10
C+100%

15

20

Experimentally obtained zero-shear viscosity n,
of the lecithin/bile salt mixtures in water as a
function of NaCl concentration.
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Hanbonee BaXKHble pe3ynbTaThl:

cnocobbl yny4lleHna CBOMCTB NPEKypcopos
YrnepoaHbIX BOJIOKOH Ha OCHOBE
No/IMAaKPUNOHUTPUAA (MO UTOram U3y4yeHUsa BANAHUA
XUMMNYECKOro CTPOEHUS KOMMOHEHT U YC/I0BUMA
npoL.ecca BbITAXKWU BONOKHA Ha ero NopuCcToCTb)

BblAB/1IeHNE YHUBEPCAJ/IbHbIX CBOWCTB npouecca
KPUCTaN1nM3aunun B Pa3/1INYHbIX K1aCCaX NOJTIMMEPOB

NPOTOTUMNbI MAaTEPMANIOB ANA UCKYCCTBEHHbIX
MemMbpaH Ha OCHOBE NeUUTUHA U CONEN KEeNYHbIX
KUCNOT

MOJEeIMPOBaHNE MeXaHNYEeCKUX CBOUCTB (KpUBbIX
pPaCcTAXKEeHMA) NO/IMYPETAHOB C Pa3/INYHbIM

XUMNYEeCKUM CTPOEeHUEM MOJ1EKY/I 33



3aBMCUMOCTU HanpAXKeHnAa oT agedopmauum Ana NONAUYPETaHOB

C Pa3/I4YHbIM XUMHNYECKUM CTPpOEeHNnemMm LI,EI'IEﬁ
1.6

Ha ocHose amux pe3ynbmamoes

sbipabomuatibl pekomeHOayuu 0na »
CUHme3a1 I21 aAUypemaHos c
yAy4weHHbIMU MexaHu4ecKumu A »
ceolicmeamu. | "
? o | YCNOBHbIE
@ 2] =t PUR1| 9603HaueHus
17 | —s—1t PUR?2| nonmypertaHos c
0.6 v t_PU R8| PasHbIM
“ - t_PUR6 XUMMUYECKUM
0.4 - « t PUR7| cTPOeHUEM
7 & t_PUR:.)) MONIEKYN
0.2 =
0.0 I T I 1 [ 1 I 1 I 1 I Ll l
1.1 1.2 1.3 1.4 1.5 1.6 17
lambda

Lambda - oTHOWweHMe AnHeliHOro pasmepa pactaHyToro obpasua K MHeliHoOMY
pa3smepy ucxogHoro HegepopmupoBaHHOro obpasua
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Conclusions
Coarse-grained models can be used for:

* fast equilibration of initial configurations on large length
scales;

e for studying those stages of phase transitions which are
governed by universal properties of (macro)molecular
systems.

But we are still far away from systematic multiscale computer
design of materials (all macroscopic properties from their
chemical structure) because of:

e tiny interplay of different factors = predictive power is quite
reduced;

* too many sets of parameters have to be checked = too time
consuming.

A good group of chemists can still do it better than a group
working on computer simulations. However, the computer
simulation group will understand better why and how
everything is working. 35
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