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ABSTRACT

Monte Carlo simulations of polyethylene (PE) nanofiber and nanoparticle were
performed on the second nearest neighbor diamond (2nnd) lattice by including short and
long-range interactions. Both nanofiber and nanoparticle can be obtained from equilibrate
melts snapshots by increasing pericdic side of two or three perpendicular directions to
infinity. There is only one effective periodic boundary condition in the simulation of
nanofiber. The presence of the attractive long-range interactions gives cohesion to the
structure. PE nanofiber and nanoparticie, which contain up to 72 chains of CygoHag4 and have
the radius ~ 5.0 nm, have been produced and equilibrated on the 2nnd lattice. In these
nanoparticles, the density profiles are hyperbolic, with end beads being more abundant than
the middle beads at the surface. There are orientational preferences at the surface on the scale
of individual bond and whole chains. Surface energies can be calculated directly from ihe on-
lattice energies and presented as a function of the nanoparticle radius. Comparison of
nanoparticle with different thickness (the range from 5.6 to 7.6 nm), which contain different
number of chains, does not indicate any significant differences in local and global
equilibrium properties. Simulation of the nanofiber crystallization quenched from the melt to
298 K shows that the nanofiber adopts a configuration dominated by extended chains aligned
parallel to the fiber axis. The vicinity of the fiber axis is less dense, and less well ordered,
than the portions of the fiber located further from the fiber axis. Annealing at ~ 10 K below
its melting temperature finds that this low-density region inside the fiber is not as easily
removed, as is the grain boundary that usually develops inside a free-standing thin film upon
rapid crystallization.
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Method 2: Box expansion in X, y, z direction consecutively.

Bulk p» | Thin Film
y V¥
Droplet | « ' Fiber

71 3.1: msshrandnslmangavesnsdoes
1 ‘ oy
@) swszuuliiiig 3D) =2 sy uaz

o) enszunlaiiliuiia D) = Hduun @) = whilived D) = symeniu




-20-

3. wamiduazmsenta
3.1 aiABaada

311 AvnsTe AU Tail

51 32 ut’fﬂﬂﬂs4ﬁ%’wwmm;mﬂuﬂu‘?;ﬁnnxﬁnqa«umms%"mmuuuiumqaﬁy STh T
snvazdouiunsanandalsznoudiemeldiilaseal$radion awmmmivvessymmnTud
usfisned hivufvinuae lsateg laefidand i noumy Isdeanawe msaszaioarmunn
miFasriivesTnssadniiowemiminvesdanae lneawef luusasfuveanlfonns snauitd
nnamlsausilfdrgudnaiasganananueseymn 1 3.3 waasnsnszvisATUMIIRIE
%’ﬁﬁ‘uaaﬂqmﬂuﬂmfmmﬁzaﬁn (d36 uaz d72) %qwu'imqmmfmmm:ﬁﬁ'r:mtuuniu?iu?nm

‘W o] a
o lusiiieszana 0.7 glom’ figuenqd 509 K

31 3.2: paseymminivveswedefiaauiidszneutumnmuldd v 36 uaqalasuaaalaunu

CINHZM



-21-

Distance from center of droplet (nm)
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a1 3.1: naHeuAmwE M uMImasHTuumMveluanawednied (T,) nozannss?au

Houve el (T)
sTUD T, (x 10’ MCS) B T, x19°MCS) | T./T,
Nifiwui 9.81 0.258 5.22 0.019
ByMAIIY 5.56 0.262 2.31 0.024

(d36)
ayMAMIY 6.83 0.247 2.75 0.023

(a72)

A151911 3.2: 19VEARIAT ‘2’ (MSD ~ ¢) 11nnTIuuL Jog-log veen1svinanmdsasanasiunm

MSD Regime I: t<T_ Regime II: ¢ > T
d72 d36 bﬁlk d72 d36 bulk
g, 0.439 0.425 0.531 0.542 0.559 0.821
g, 0.396 0.382 0471 - - -
g 0.813 0.806 0.811 0.791 0.713 0.974
g, 0.538 0.559 0.473 0.299 0.405 0.608
g, 0.468 0.468 0.446 - - -

* doyafiniavns g, uaz g, ludwfl I mnails MSD esfimasiiluy nnmiinume
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A A 4 o ’ o o Vo ot roa
whsuinuuAsud wmisusasyuueyman Ty Taofandu g, uae g, 2xldfuneuesmeifegaiuiu
1 o o a 4 & o fd 4y
vesrola, g, uae g, 1fugaguinatwaveansimesd, g, uaz g T¥nuneusweiegdnnlaw

i 9 ar o o o u’: -~ o 4.-.[’
voemola g, MWipagudnanuiaveseymmnlu Tasiluiduianuationd dsl

() HadFumsviaiidamesusousmeiiagnioluaold lnsldftansuendds
/ 2
g, = \(Rmid ) -R (0)) ) (3.12)

2) HenFunmsvdanideaesveswousmei iegatoluaely lavldyaguinatanaves

symmnTudlufidadss
g: = ((Ruia () - Rea ()]~ [R i (0) - R (O)])) (3.13)
@) Htgumsviaddiaesvesgaguinaranaveme g inolfRidanouends
g; = (R () -R, O))) (3.14)

< o o n e o' ]
@) HarfFumsviasiderosrogaguinanuavetss Islaslfyagudnainnaveseynn

w Tudhufifiad e
850 ={(Ron ()~ D oy D] [R, (0) - D (O] (3.15)
5) HefsunnusamdsaesvemenomoifoflaomolsTasldftanouend s
2o =((Roua ()~ Ry O ) (3.16)

(6) Mfsumsviasideassvsweusweifefilawnwislavldgaguinmunaveseynin

wludlusifad e
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g5 ={(Rus ()~ R (0]~ [R, (0 - R, (O] (3.17)
(7) MidunsviadfassyssgaguinatinveseymmnTuldisameusnd s

25 = (D ()-De (@) (3.18)
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fug,(t) ~ g, (1) Fmfut << 1, vaieh g,(t2 1) »<Rg’ >. dwmiu g® ﬁuﬂzﬁwqﬁﬂssuﬂﬁw
fUATSLIUMILRTHUUSI TUAMAY Y 18t g () at, FeneHammd @z Haad
Sunsiiondery mundeuiivesdnuimutumeldwiaiudanddadiegaotuluega Sufiam
1 g, wiidnvuzadiofy g, o t<<t, uAvliganadafl t>>1,, g(t—w)=2<R% >.
ﬁ1ﬁ%’u1}1qgaa1§uqﬁ t<< 1, T Shsdn g/g, veguing 2

Foyadreduihumamsinnennnmsasund mimaseunyyiiasasidesde S oufioy
ﬁnnamiﬁmmuwTnmqmms:unﬁ"lajﬁﬁuﬁuzﬁamﬁnymsﬁaﬁ'ﬁmmwﬁ'ﬂffq 5918 (2, & 2, £,
war g) Yoo ldwuiHadsunsviavemousmesaziimandeniivnsdiadumsumsuuy 'l
auyseifeu Tae g, uaz g, szalsenw 2 AouSedhw llgdwmannsuuuanyseiiina o> T, awwe
Wmnonnuueineund dudiednd lududeunsunsuuumuyseives g, uaz g, feufiy 0.53 uaz
0.47 My vazil g uay g, seimnsilusnmdmnaniieimammifaidunasadiunisia
doufugaguinatanailfilunseudds dauilasdunisusavesgagudnalauiassings
nssumaunsuvy limysalTae g, Srualsmy ' do 1 < T, uazezalfoudumamsuyudnfdle
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whdnvasmsunsesuisooniiu 2 Sufiuandfu fo 923 > T, wagd ¢ < T, AVBNTIEL @
nmEIRUE MSD ~ ¢ Tugniaewanilunsed 3.2 dmiudaee< Ty fu HafFunsuiaves
ususweidufiogniolulmanauazyaguinataaszidnasdunuy hivnd (msnIafiudu
Friwaa dautn ¢ < T, U nudirves g, g, waz g, AmiueymanTuesesndluszuui bl
i usmes g, uay g, v WuanA191in tavenids o 984 g, ung g, sxfimdeondwusziives g, 1z
uAnnaNdmiueymau Tu dau g, uay g s hififeunnsausethsls nindieyadnaiai
'lﬁ’ﬁz1J'l€f'i1ﬁnﬁﬁr’ﬁmai'mmqehuﬁeg'mtﬂuawTCﬁi}:Lﬁﬂﬁu'lﬁi’hn'm'uthu t < T, diedoufy
szuufaidfu

dwmiudw > T, T rrinaitedfumania (g g,and ) Wrqehddrnsfuiiovoniutl
fAATHIL g, g, UaS g, 11U 1.65 nm’, 6.50 nm’uag 9.20 nm’ (3310 436) muidnduntivved
’ﬂQf'i'a?un'rs-u%’ﬂ‘luti1uf‘:1|ms:uuﬁ‘lﬁﬁﬁuﬁwxﬂ1nﬁ'ﬁvhmﬁ’uniﬁﬂuizuuaumﬂuﬂuuazﬁﬁma
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~ cw a - a 4 a e ] o _ W
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Umenazgagudnarnnaveddumananedmes

ST Ty x Tox T3x Tax Tsx | To/T | T/t | 14T | T/
10 10 10 10 10

(mcs) | (Mcs) | (Mcs) | (Mcs) | (mMcs)

151d - - . - - 074 | 3.73 | 029 | 8.89
hifinu | 7.25 6.85 16.5 2.65 NA | 094 | 228 | 037 | NA
£
(Znnd)
aymamn | 6.5 59 16.2 0.82 471 | 091 | 249 | 0.13 | 725
Tu (d36)
oy | 8.2 7.2 20.0 1.10 53.8 088 | 244 | 013 | 656

T}a @d72)
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