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|ntroduction

Poly(ethylene glycol) (X=H) and
poly(ethylene oxide) dimethyl ether
(X=CHy,;) have the same Interior
segments, but different endpoints.

The volumetric properties of the two
systems as a function of chain length
behave quite differently.
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Moelecular Simulatien Technigues

e predeminate: simulation technigues; are
used.

Melecular Dynamics: the system follows
Newten's eguations; o motion, fiellewing thelr
reall dynamical trajectery.

Mente: Carle: the system| randemly. moeves from
OnE state 1o, anether With: no Set: trajectory.

The technigue we use IS Monte Carlo.



DESIgnIng a lvionte: Carlo: Vieve

paTa—>,B Pa—),B 73 pﬂTﬂ—>a P,B—)a
p, = prob. density to be in state &
T = transition prob. for the transfer

a—f

from state « to S.

P _ , =acceptance prob. for the transfer

a— f

from state « to S.

PO!—),B = min[l,(TIB_)a /Ta_)ﬁ)(pﬂ/pa)]



The Benefit of Monte Carlo




VIELFOPOIIS, ACCeptance
Tepse il
P.s=min[l,p,/p,]
Translation and rotation moves:
Pyl p.=AB=exp[~(u, —u,)/K;T]
Volume Fluctuations with outside
pressure bath.



conigurationai=niass ivionte: Cario
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Connectivity-Altering; MC
End-Bridging Move)

. ° End-bridging (EB)
Move! fremi o e [
Use SAEE-CENIC to

fegrow. the
segments

Eor PEG, regrow O
greup: firem y.

Repeat for reverse
move




Double-bridging (DB)
move from o to 3,
and fromy 1o &.

Use SAFE-CBMC to
regrow the segments.
Repeat for reverse
move.




TiraPPE-UA Eorce Eleld

ransteranie potentials e phase
equilivra-tunied atem; fiermk

Enfierces transteranility in the fitting of
REW, groups.

Uiilizes; psetdoe-atems; fer alkylrgroupes
located at caren centers, and treats all
nen=alkyl atems expliciuly:

Eixed hond lengtias



Potential Ferm

Harmonic bond bending potential

K
Uy (0) = =2 (0~ 6,

Cosine series for dihedral interactions

utorsion (¢) 4 C0 L Cl (1 r COS(¢)) i C2 (1 = COSZ (¢))
+C,(1+cos’(g))

LJ + couloumbic terms for non - bonded interactions

uNB(rij) = 45ij
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Parametenzing aPPE-UA

Bended Interactions are: taken firen existing
force fielas.

Lennard-Jones and Coulompic Interactions are
fit te reproduce: vapor-liguid ceexistence CUnves.

Eer PEODME, all'nonbonded parameters were fit
10, sSmall ether melecules.

Eer PEG, all nenbonded! parameters were fit te
smallalkanel and glycel molecules.

OXxygens have negative charges, and methyi,
methylene, and hydrogens have positive
charges.



Simulation Details

Polydisperse melts of PEG and PEOCDNE
Were simulated Wit chain lengiia evenly,
distributed eVer a selectead range.

Simulation runs, consisted off feur runs; of
200,000 M€ cycles (ene M cycle 1s, N'ME
MGVES).

Periedic houndarny conditions Were used.

Pressure and temperature Were: set fiol: each
simulation: rn:



NUumber, molecular weight, and
pPolyadispersity. of polymers

Namge M, (g/mol) M, /M,
PEG-600 : 723 1.05
PEG-1540 20 1560 1.08
PEG-3000 2 3014 1.0%
PEG-45{) 9 4487 1.08
PEG-6000 p921 1.08
PEG-18500 ' 18520 1.0%8

PEODME-60Q 40 619 1.02
PEODME-1000 30 1015 1.03
PEOQDME-3000 12 2998 1.07
PEODME-4300 4319 1.08
PEQODME-6000 D993 1.08




Percentage and aceceptance of
select VIC moves

e EB DB
PEODME (20%) (20°%) (20%)
1.5 0.08 05

PEG  (0%) (30%) (30%)
N/A 0025  0.0031




Center of Mass Movement

Top: PEODME-
3000

Bottom: PEG-
<]0)0)0)

Solid line: both EB
and DB moves

Dotted ine: DB
moeve enly

Dashed line: EB
moeve enly

Dot-dashed line:
neither DB or

EB moves CPU time (h)
used




End-Group Movement

Tep: PEODME-
]0)0)0) 2000

Bottom: PEG- 1500: :
2]0)0)0) o — —
21000 —
Solid line: both EB N — —
and DB moves = 00~ Lo 7
Dotted|line: DB ElUmea e gy —
moeve only E 3[)r .y s A -
Dashed line: EB 5 60 —
moeve enly v 40 —
Dot-dashed! line: 20 op? —
neither DB or 0 | 2|0 | 4'0 | 6|0 | Sl[)
EB move:s CPU time (h)

used



Decay: off End-to-Enadl Vector

Top: PEODME-
3000

Bottom: PEG-
3000

Solid line: both EB
and DB moeves

Dotted line: DB
move only.

Dashed line: EB
move only.
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Doet-dashed line:
nerther DB, or
EB moves it 40
used CPU time (h)




Specific Densities

T (K) p(MPa)} density (g/cm?)

Al exp
PEG-604 38325 0.1 1.061, 1.059
PEG-604) 47175 0.1 0.9 0.9
PEG-60M 471.75  10HL.O 1.061; 1.055
PEG-1540 47460 0.1 009665 0.977
PEC- 18504} 47175 0.1 (0.988, (.1HN)
PEOMME-750 32525 0.1 10862 1.083
PEODME-600 34335 0.1 1042, 1.034
PEODME-600  303.05 0.1 10642 1.067
PEQDME-600  303.05 10400 1.111;, 1.111
PEODME-1000  343.35 0.1 1.063g 1.051




Static Structure Factor (T=383K)

sim, PEODME-3000: solid line
exp, PEG-20000: dotted line




Characteristic Ratio Plot

T o T
Top PEODME .'_' L [ I
Bottom: PEG ¢

Circles: poeints
USIng end-
to-end
distance

Sguares: poeints \
using radii of = 11 SN T S .

gylation Lo

Solid' lines: fit to
circles 0 02 1| 0.04

Dotted lines: fit
o sguares



3-d Radial Distribution Function

3-d radial-angular
distribution
function: 6=angle
for O-CH;—(any
other heavy
atom) for
PEODME (top)
and CH,-O—
(any other heavy
atom) for PEG
(bottom).




Integrall of 3-ai RDE

Distance where the integral of the 3-d Integrating out these curves give a
radial-angular distribution function is total end-group excluded volume: 162
unity at fixed 0, or the distance where angstroms for PEODME and 127
another heavy atom is most likely angstroms for PEG.

present at fixed 6.

solild line:
PEG
dotted line:

PEGDBIME




Conclusions

Endordging and doukle-prdging do:reasenally,
well inreguilivrating the: PECrmelts;, but hetter
for PEODME than for PEG.

The TraPPE-UA force field does ani excellent job
Of repreducingl densities;, andi a geod el of
[eproducing stitcturall properties, off PEO.

Fhe Molecularweight dependence off the
\/OIUMELHC pProperties can e related to
differences; ini excluded velume: of endgreups.




