TO MONTEAO THE EPIIIXHY (Reptation Model)

H évvola tov coAnva (tube) otic mepieriéelg (entaglements).

T

AMnAemidpaoceic-interpenetration
Tomoloywoi mepropiopol (otnv lateral/xdOetn kivnon)
Tube model [de Gennes ; Edwards — Doi]
- rubber-elastic plateau
Kévouv ta entanglements : - oAAayr oto MW-dependence tov

Ko Tov relaxation time
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Doi-Edwards — reptation model: Adyw mepropiopmv tov tube, n kivinon g aAvcidog

umopet va ewpnBel 611 £xel 500 GLVIGTOGEG:

1.

Rapid wriggling motion oriented along the tube cross-sections. Eivat to Rouse-part
oV QAacpotoc. Averaging over several cycles of this rapid motion gives the mean
positions of the monomers along the tube. Avtd t0 cuvtopdtepo Prjna (path) mov
evavel Ta end groups tng oAvcidag, mov eivor compatible pe v tomoAoyia TV
mpleriEewv, dnwg meptypdoetal and tov tube.

H devtepn cuvictodoa gival ypovikd eEaptopevn e£€MEN avtod tov primitive path,
Kot oVt akpPac n dadikacio odnyel oto disentaglement g alvcidags.

H 0Oewpia Doi-Edwards emkevipovetar otov 0e0tepo  pnyovicpd, Kot €161
«epopilery 10 mPOPANUO Kivmong pog  oAvoidag VIO TOVS  TOTOAOYIKOVG

TEPLOPICHOVS G Eva TAYHO, GTO TPOPANLA YpoviknG eEAPTNoNG Tov primitive path.



Tooo n kavovikn aivcida (actual chain) 66o kot To primitive path ivar ovclooTikd
tuyaia kovBdpla (random coils). AoV £yovv Tig 101€¢ AMOGTACELS KPOV-AKPOL =
Ry = Npaz =1,a, (Ng=segments/alvcido, or = segment length)
onov 1= contour length tov primitive path, o, = oyetucd (associated) sequence length

(xapaxtmpiler v akopyio tov primitive path kot kaBopiletor amd v TomoAoyio Tov

entanglement network).

A0OIKOGT0L «OTEUTAOKNCY

ROV
As the primitive chain

2. O ( diffuses out of the tube.
a new tube 1s continuously
being formed, starting from
3. () M the ends.
This new tube portion 1s
(\) randomly oriented even if the

4. () starting tube 1s not.

‘ what remains of old tube

“Primitive chain”= dynamic object associated with primitive path.

H xivnon tng primitive chain, neptypdeetot cav pa dadikoacioo AIAXYEZHE katd prrog
Tov contour g oAvcidac, niadn Epmon. H oyetildpevn (associated) KopmvuAdypopun
dudyvon (curvilinear diffusion), pmopet va e&oybetl and v oyéon tov Einstein n onoia
oyVEL YeVIKA, aveCdptnta and v didotaon 1 v tomoroyio. O cuvteleoti¢ curvilinear
diffusion eivou :

D=-—, 6mov Go= ovvtedeotng TPIPng oAvcidac.
p



Epocov AEN vrdpyovv mepieribelg péoo otov coinva, C, eivar 10 dbpoispo tov
oLVEIGPOPOV (OAWV TV beads) :
Gp=NrCr
KT
Necr

Onwg delyver kot 10 oynua, mn dwyvtikny kivnon (diffusive) odnyel oe ocvveym

~
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aneyKAoBiopd (amepmiokn) g aivcidac. Otav uépn e aAvcidog eykataleimtovy Tov
apywd (original) coAnva, 10 «Ads0» HEPOG TOL tube yepilel pe GAleg oAvcideg kot
eCapavietor. To amotéAecpa avtig g depyaociag eivor €va cvveyéc shortening tov
apywov  COAVA Kol TovTdypova  pe  ovveyng ovénon tov  Pabuod
EMOVATPOGAVOTOMGHOL TG oAvcidag (amount of reorientation). H  Swadwocio
OTEUTAOKNG EXEL TEAEUDGEL OTAV O APYIKOG GOANVAG £xel eE0Pavichel.

Extipmon amottodpevov ypovov vy mANpn  ameumiokr): o va  omepmAakovv
(disentangle) ot aAvcideg mpémel va dayvBovv Katd andotact (diffuse over a distance)

lpr, SNA0OT TO aPYIKO pKog Tov primitive path. Avtod yperdletan xpovo tg.

o MW-dependence
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Anhadn : 7 :NL: ry ~ N2y
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[eipapa : 1g ~M", v=3.2-3.6 (Bektiwon : McLeish-Milner).
+» H ewova g épmiong divel v 6moTH TPOGEYYIoT).
Awpbaoelg : Constraint release : kivnon yeitovik®v aAvcidmv

Doi-Edwards constitutive equation : Bacwkég Apyéc.




Onwg omv avantvén Rouse, 1 dvvopkn g SodKociog AmeUmAOKNG Umopel va
nmeptypopet ocav vrépBeon amd aveCdptntoa modes. Avrtiotoryo, HUOVO IO XPOVIKN
otabepd mepraapfaveral, o xpovog aneumiokng (disentangling time) t4, Ko omoteAet TNV

KAMpoKo ypdvov yio tnv TApn dladtkacio.

Ymoloyiopol odnyobv o€ po EKEPOCN Yo TO XPOVIKA €EAPTOUEVO HETPO OATUNONG
(shear modulus) otnVv meployn wkpdv cuyvotnTeV (terminal flow region):
‘Exetr v popon:

G=Gp D (t/tq)

!

Plateau modulus

8 1 m’
Onov @ =—- —exp| ——t
z’ ﬁ;m m* p( T4 j
H éx@paon tov Einstein divel curvilinear diffusion yia melt ywpic entanglements :
KT KT 1
D = —=
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To reptation model pog Aéer mwg aAAGlel ovt) M EKEPOCT TAPOLGIN EUTAOK®OV

(entanglements). Ovoctlaotikd, 1 OdKacio amepumAokng ovvoéetar pe €vo shift tov
Kévipov palag Tov molvpepovg popiov over a distance of order of 1, along the primitive

path, kot £161 00MYel o€ éva mean-squared displacement:
<Arf> ~R; =l,a,
E@dcov o cuvtedeotng didryvong o€ 3 katevhuvoelg £xetl TV YeViKn £KQpao:
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Juvenmg, cOpewvo pe To reptation model, n petdfoacn ond non-entangled oe
entangled polymer melt mpénel vo cuvodeveTon amd aAlayn otov ekBETIKO VOUO Yo

TOV GUVTEAESTN O1dYVONG :

D~M" and v=-1 ogv=-2

= [epapatikn emPefoioon : PE, DNA solution.

y = y,sin(or)

o(t)=y,G"(@)sinwt+ G"(@)cos of]
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