Master | Chemoinformatique - Deuxiéme Session (Juin 2009}

Examen de "Interactions inter- et intramoléculaires dans les systémes complexes”
Enseignant : Rachel Schurhammer

Durée : 2h
Aucun document de cours n'est autorisé.
Calculatrice et Dictionnaire Frangais - Anglais autorisés.

1) Questions de cours :
a) Donner et décrire en quelques lignes deux méthodes utilisées pour simuler des
cristaux tiguides.
b} Quels types de problémes peut engendrer un traitement strict par un cutoff des
interactions & longues distance ? Quelles sont les alternatives que vous pouvez
proposer pour pallier a ces problemes ?
c) Quels sont les différents moyens dobtenir des paramétres de liaisons pour
effectuer une simulation de dynamique moléculaire ?

2) Soivant implicite et explicite en dynamique moléculaire classique (DM) :
Dans les cas suivants, quel est, selon vous, le traitement le plus adéquat pour le solvant ?
Justifier,

a) Nitrobenzene liquide pur

b) Complexation de lion K* par le 18Cé dans l'eau

¢} lons Cl- dans un cristal liquide

2) Simulations de polyméres
Apres lecture de l'extrait de la publication donnée en Annexe 1, répondez aux questions

suivantes

a) Décrire le champ de force utilisé par les auteurs. En quoi est-il différent d'un
champ de force "classique” comme AMBER ?
b) Comment les chaines de polyméres sont-elles modélisées?

¢) Décrire en quelques lignes le principe des simulations "corse-grained”.



d} A quoi correspond la courbe donnée FIG 2 b} 7 Quelles sont les implications sur la
conformations de chaines de polymeéres simulées ?

) Comment les interactions non-liées sont-elles traitées 7

f) Quelle autre méthode de recherche conformationnelle les auteurs auraient-ils pu

utiliser dans le cas de ce systéme?



Annexe 1

Extrait de larticle :

"On the construction of coarse-grained models for
linear flexible polymer chains Distribution
functions for groups of consecutive monomers”

J. Baschnagei, K. Binder, W. Paul, M. Laso, U.W.
Suter, |. Batoulis, W. Jilge and T. Burger
J. Chem. Phys. 1991, 95(8), 6014-6025

. MONTE CARLO BTUDY OF MODELS FOR
POLYETHYLENE

Ezven tor polyeibylene, a chemically simple polymer
chain, thereis not yel complete agrecment on the choice of'a
detuiled model potential. The parpose of this section and the
following one hence is twofold: (i) to test to whal cxtent the
disieibitiong P (13, P, (i) ohiained from our coarse-grain-
ing procedures differ for different choices of the model po-
tential, (i) to devise cfficient Monte Carlo procedures for
the generation of equilibraied configurations of single
chains, from which she desired informationon P, (1), P, ()
can readily be oblamed,

The most detailed mode! which we have studied is alse
useal by Righy and Roe,'” where both bond length and bond
angle Buctuations are included, the torsionul potentiub taken
is that of Ryckaert and Bellemans,'® and *nonbonded” n-
teractions between segments separated by more than three
bonds slong the chain backbone arce deseribed by a truncated
Lennard-Jones 6-12 potential. The total Hamiltonian thus
i, for a chain of ¥ scgments
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Thus the chains are modeled [Fig. 2{a}] as sequences ol
spherical segments (deseribing CH, as united ntoms) con-
nected by springlike valence bonds with equilibrium bond
lenaih [, and spring constant £, it their harmonic putential
The valence angle O between suceessive bonds is maintained
¢lose 10 the tetrahedral value ©,, by a potentisl harmonic ir
cars €, with anol her “spring constant” £, The “torsional” m
“diltedral” angle ¢, defined by three successive bonds, is con
struined to lie mainly in teans and gauche rotational states by
u torsional potential [ Fig. 2(b}] defined in terms of the con-
stants fy, {a,, # = 1., S[a;=1 ]} The 6-12 Lennard
Tones potential is truncated at adistance r, = 1.50. The res-
soit for this unusually shoit truncation disiance (the
siandard choice'! is rather r, = 2.5¢) is that this choice war

made by Rigby and Roe'* and we wish to work with exactly
the same made] here, to allow for a comparison. In addition,
this poteatiel acts only on segments separated by morc than
three bonds along the chain: all thesc restrictions are sym-
bolically indicated by the prime on the summiation yign in
Eq. (1). The parameters describing this potential, as well as
thase for the two olher models for polyethylene mentiond
below, are collecied in Table 1.

If one uses the potential Eq. (1) for an isolated long
polycthylene chain, the configurations of the chain genera-
ted will not correspond to an “unperturbed™ chain in a 6
solvent """ or a mely,? bur rather one must abtam vither a
“swallen' sonfiguration relating to a gowd solvent or a “vol-
lapscd” configuration relating 1o a bad solvem, depending
on the iemperature chosen, This featurc is undesirable, since
we want to uie the generated informarion on 2, (7}, £, (&)
for bulk polymeric meterial, and thus we have simplificd Eq.
(1) by setting ¢ = 0 1o obiain ideai chain configurations.
The cffeet of including a suitable reatricted Lennard-Jones
interaction will be studicd in a later publication. Note also
that any specific effects relnting to the fact that the end
groups of the chain are ~CH, - rather than -CH, - are com-
pletely ignored, as done in Ref. 15.
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FIG. 2 (8) Schematic moded of the palyethylene chan melecule. The
spherical segment (labeled by index r= 1,. N) demites a CH, unit The
segmenis are cannecied by harmonic bands, Lhe bond length beang /. 1 heee
1ecconsive segments define a bond sngle G.. asd four tuccessive segmentu 2
mrsonal angic 8, Cwhich i zeco m the planwr all-roms conbguralicn
sbown). Tt ix the angle baween the plancs Formed from Lthe segments
(8 20 Layand G4 - L 4 1) Segmenes separated by more than three
Iavnds slong (e chein (¢.§ , segmenia:  }oandd « 1) interect acoording 1o
# truncaled Lennard-jones poiential, |b) Pl of 1he tomional potential se-
carding to the Rigby-Roe iodel (Ref. [4) {ful! tirve) and secording in an
ab Mitic calculation [broken curve). The squarey correspomd w the vlues
of RT3 parameters {Tahte I}
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