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Topological Constraint in Ring Polymers Studied by Monte Carlo Simulation

Suzuki, Jiro
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I studied equilibrium conformations of ring polymers at their theta-conditions usi
ng a Monte-Carlo simulation. The Flory"s critical exponents, nu, were obtained from the dependence of the
radius of gyration, Rg, on the segment number of the polymers, N. At the theta-temperature the excluded v
olumes of linear polymers are screened completely by the attractive force between segments, where the nu v
alue is 1/2 and the trajectories of the chains can be described as a random walk. If the nu value for rin
g polymers is not 1/2 at the theta-temperature for linear polymers, the chain conformations of ring polyme
rs are not described as a closed random walk. 1 reported that the theta-temperature for trivial-, 3 1 and
5 1 ring polymers are lower than that for linear polymers. | also suggested a new simulation algorithm, wh
ere polymer chains were placed on a face-centered cubic lattice and can move not only with the local motio
n but also with the trans-location in the algorithm.



1, AFIEBR LA S 0D 5

(DARWFIERI R TH DR nE FFl e\ V& D —
FECTHHI TR~ —F, Kz oW\ bpsd
D) Ry T el m o TR ORGS0
FEEE) N EL 72D T HNT < DD, L, Vs
R~ —DE e HEH I I N Th o7z, IT
FOT =F EHAEFNOMERE BT 75
VE—Ta EHPENTEDHIT/RHT LT, ik
RV TR~ — O FER D THZ LN TEDHLD
2700 EERE R EBIEROL Il —allb

Tz LB CED I CTEIZZEMN, AL
AR OFEZ/ E O B ThHD,

QARBFIEDY 7R ~—D R Ra Y — T
DT OREBHGREL TEELEZONDN, LU
ObDREY —E, HFEDO—>D 558 LT
RXRIRTHD, AT, Ea T BFE 0

EHRL ) LR OO LB R DH DL
ZHITND,

QAW TEZZTT DI, mRRI 12—
MR R THD, 1> TERAZERDOFH NI
L—ar TV X DR 58 REEEATIZ 8,
Vo 7R~ —DHFIEIET TS Z b= F— %

S I AN V= N1 %= DV NDY 55 WA )

BEATOZENTED,

2, WFZED B Y

(1) [HERS ] =5 M EHI AFE D R s oo ¢l
X THRITIZF DB ES T2 B CH DA,
A HOFRT=H OB AR IR Al K 7et DI
720 TND, — TR 7 EIMEE L, &
IR TEWMBRD — L7 7 Lo
Y THHTDITFER BN EETHLN, FFtw
PR PR DB D FLRIE O FE X SR TH D
BUE, AR R A ORI G TS E
FTOIFIET XTI FRmERFL, 20401
RIBDIFEDPZIIL v T T —a RO A
REDEGTREOMEEAL, WbWpLTT
AF o IMELEL TOREICKRELFHEL TS
TARIRIZ BT B8 0 OB R RS 8
(BRAREH) A VEIEIE P O 53 T OIER0 X, W
B R 2D LI HECEER TE D, ORI
@S TR/ MO AR L 72> TND, 2O X
N, BT ORIE e % R DI
RIRAYF R (H B R 2858 RS20
BRE S T OMMEZ RS DL DNARIZE D
HHITHD,

) [ERHE] B RInEWVORFE S AR
PN oL EMTELWW D O THLE
WEDFDEREF YT IHVE—2 a1z
DI T=DIITL LD ZETH S, HA
BRAU SO BRALBIEE DY E 72l o —# O [
TR BRI 0 DR B MR E N R S
N FORER . IRIRIZBIT A &5 F Ok
B0IX FRELTRFEDOLRMITHB W) B
P —B U723, TR (OSv7) COYERDIE

B TR E0E BN NENZ &R b o7,
ZZTHEEEDIL, S22 BIT DB IRE S T
DYENVIZDONWTE TN Ial—gy
TR 2 A ZERE R OB I B LTz, 5]
TEWT, JORER S FEICOWVWTI Il —
LarEFEITTHEELIZERIRD F DRy —
B &2 B W A+ 7= Self-Consistent
Theory (SCT) TEERFE R LI Iab —alfER
ZIAREICHIA LT, 2NDO5m SO IEFILE
BREICERIRE o T O/ E LTz ECHME 1L
ELEAT - TR, EERIICERIR & 0+ Omits
L TWD, —F CHFEE TR T
n—F bz, TR RE O B e R
BIRZERE U3 RS 2L —ar AT o ¢
WD, ARWFIEILE 5T O ET, AR, PS8R
Ralb—rar eI T CE D
WEEEHSLEZ D,
(3) [HARM72 B 1Y)
© BRRGT O O DR
PN RTOER S 5 IR IR 23 e
DI, JE D53 T ORI~ DR A S
NTNAIENRI Izl —ar b SCT Th
Mo TS, I8 ORI E D737
TOE#LI, VT — a7 /LTl
T&X5, ZOETNTIL, 0 TR AL E
ERRLTZET LV CTEIMMEE 2R T 5
DTHD, JEN 57T ~DIRNIX, 50T K
DIEENENKREEE Z LD, — T,
K OBENT= ST (5 -84 D Hr e £ 3T)
XL BRIRE S T OHEERIEOBIEETHIL
NP TED, £ T, MR o EE M
ZERES F xS g nb e &R
I, S F- DRy — 805 - O iEEh M L PE
BRAAFEICE D XA Z B 2 BT D0
T—AbZE1T9,
@ h~RaY—&4 F-EHOPENY DOFHES
SN T Y TR = —1%, Al
B ORI R BB CRAL S T HZETH
RSN RBR BT oo b LB IR &
DT ThD, /NI, @ OB E S F
LHARTHFNOEHDOMHEE., >E0#HO B
HENLD/NSWNRaY =287 | Ik
NORIHSNLETAETED, —HFTHT
FURNE, B E R CTEHI ST D
F~DIRAPREINATDOND =D LA
DMRKRENEIT THD, 2D DDV
L—ar w3 H2ET BIKE D TO0F
W0 O BAE I DWW T R a1
HZEINTED, EFRD SCT TiL, $HojEhE
Db —IHR E 5 T SR E T -
7oy AR FRITED I S EHE DR — DERIR
B EL TR DT T b7, s




ROy O EERAEL LI, Ho
JERED = b’ — DWW CH ERAY 72 & 5%

L., IVIEMr = ey —HEHE 52528
ZBHWIET D, T2, S TRRETZ 1T TRL,
T AR (FINT8H) 121 A4 T8 D35
DIZOWTHRFEITOZ T 5,
® Rzl —Iar 7 VI3 URLO/ZERR S

IR, HEEE LR TWVAY Il —g
V7T Y AT Bond Fluctuation Model
(BFM) T %, ZO T )LFY R LT, Bifdisr
Tk ORA Ry DT A N ElE
L. B AV 1,V 2, 3 DEIORSR
THHE L Ty #EAESLIR 95, BEM 13, 85
DAZ7E (FTOHT) ZFFSRITH DD
TV R CIRE SR T O PEBR IR FE D
BB IR SN EARIREL B TX
5o LIAL, ZDJFHEIIAR R DA 7% [A]
THEDIT, TAITYRLN (Tl TR NE
HECHER O KIZOZeRn->Tns, |k
FLO B DR R EZ21TH12IE, KiE2R
SR OEMEN L ETHD, 2T, 5t
BHFR O KMEZ 2 EHE 2 B i gilzes 3=
LU—ar T TFYRLDRER AT T IV
VR LD Z Y VEEAREET D,

3, WFFED Ik

(1) FIDIZ 7 TOBRR & 57 IFHE0 23401
SNTWD(Te—IDFEH v=1/3) ZENR D> T
WA, ZAUTEHER 2L — g CELN R
RTHLDOT, FEFHEL TROILZERRGE R &
LSRR ATV, 2D AR D,

(2) ARETIL, IR FNTOHOI /72 F
T, RSy R COFE AAER (FE AR A DT
) ZHGNTT D, EDT-OITHRE FLEME &
o732 —ar T AITYRLTHS FCC
FIEEFFIEANT52EC, HHEEROM E5
His 4 Llblo, 7T X LD Y 2L
WG WD, N2 T, B A OB & INE kA
@ Local-Move 721} T72 <. ¥ # 72 Trans—
Location bEW ANAZEIZT B,

(3) Pt THMEIL 2L —2ar T AT L%
FANWTI 2 — XML | AR (AR
HE) DY 7 R~ —IZ OV THRETELIT), FIDIC
b MR trivial-ring IZOWT7 a2 —U D
REE$ v N 1/2 123 DIRE (v —ZEE) »
linear RU~—L B ANENEHHTT 5, IR
THEOH OHRA LD IRV 3, 5-knotted-ring
RE DL —HRFEICHOWTHREETT,

(4) — %12, linear RV~ —D 2 —2IRHE (FEE
FIRAE) 13, ZOHOIBNI T F LT 4—7 THL
IWEINDZENHBILTND, Vo TR~ —D—
SIRREIZHB W TEDOIBMNIE DX TR B
SNDONERRFTT D, EDT=DIZ, Fix DV T
R~ —Z Ak BIcEx JEbREE R 'S

A MHBI TSN TODIEEENR B A E B
L. SHOMET 2B EL L HZEIT D,

4, WFIERE R

(DXL 7 D trivial-ring DIERV A I 2L —
Ta LR RO ]

2NV 7D linear AU < —13%., #EHAIZRYEDD D
I ChL7a—VOE e v IZIEEENIRE
ERIC 1/2 THHZEIF LN TWVD, — T,
trivial-ring 1% 1/3 (2722 Z L IXHFEE L ORI
FoTT Tz EINTWD( ].Suzuki et.al., J.
Chem. Phys. 131, 144902 (2009).72&), ARAHFFEFR
REDOFFEET, ZORERE 1Bkl FE5RfS
BB 21T o728 2A, AT RS —8L
URalb—variE ROZYBYENRH LN o7,
MegEim SL(v) TR D AR AT ST,

QUETH RS I2L—ar T AT X LD
%]
HEEEDLOEDE T hNrn 32— 3T
FERTAEHE T/ TU X AL, bond fluctuation
model ZfE L CTx7=, L)L, 2O FHiEXE S F
FHOR RO/ RZ AL TG A IHEE LT 5
70y T A EOFNANEME TR AR N R85
KL/ > T, FZTHIBEESN., BRI
RUYROI7vAREEZ20WT VT Y X A
FCC(face—centerd cubic) Lattice &L 7=,
FCCIIREB R THHD T, i Ef 1 54 R
CRTTHREAUE, FREAICR RO rn AN E 2 7
WHIETHD, AT, TR EE LRI T 57
DT, BT A NOE)X|T trans—location DENEZR
Mz Tme ZOT NIV A LT ERICa—T 7L
TRl — ARG LU, YERRIRTEZ RO linear 748
Vv—%3Iab—hL, Z£ZITET A NMEADF| )
ZH 2725 ER I I BRI R A i ik L IR R
HEORIE N2 T LN DT, £z
trans—location ZE A LU7=34 . 5D F8RIE D
L2 EIRFEIH O T AN, B ROl
. trans—location & £/ W HEF —THHZ L
TR DT, ZOFBBAR LI 12 —F &
HZET, FHRFFR OEMENEKAL, FERLOMFZEEK
RAELZEICHB LT, TV VR LD FE% 3
Fam (@), (D), (i) CRHA FEE L TRIT LI,

(3)[ A ERBEIZ F31F 5 trivial-, 31, 5i—knotted-ring
R)~—D —HiR ]

i R BB (0N 85) 12 38 W\ T trivial-, 31, 51—
knotted-ring R~ —723 v=1/2 L7p B — 4R E
GEEERIE) Z BT L 72> 2L —# TR
7~ Z A, linear, trivial, 3;, 51 DAY —F k&
EMEL 2D ML 2o 7=, AT T A
a7 B OV T RIGEEEEE OYENY ThH
B [EIHR R D T F SR IE, AT ABD 1/2
THDHZENHMDL LT WD (I E R
B=<Rg">/Relimear> & E o AL TN 7 AL
B=1/2), FD#E 5 trivial Vo 7 D3ME— B > 1/2
ER20 BT AT AT BIZIRL . T LIS DY
V71X BLL/2 TRMEL TWDZENDhoT-, &




Dt LT MESERR L), (i) TS 21T -T2,
(D[ AT IR BEIZ I3 1T B trivial-, 31, Bi—knotted-ring
RY~—DHEFHI 7]
linear, trivial-, 3, 51—knotted-ring &RV~ — D4y
TRIZBT D ALE OB A NEBEEE r 08
3 A BAE 0) DIRFEAR A7 Z S 2L — D615
(B A M n IZA R THRETL 72, n=2048),
FEAMCHREMNT AT o282 A, v=1/2 ERDIREI
BT, linear RV~ —D At T AT AL OB 45
i E 72 B LITBE I TH D, FEA DV T RY
7 —IZOWT ) ERFILIZAE R, v=1/2 D5
T O trivial DIHBEACT- AT ABHOMF TRBLE
NHZENR D>z, ZONRREIE, Vo7 i trivial
DOhREY—IZEEINDT-DIZEL >1/2 T
HY . o AUTIFEENRE CTHAAL TR
REELND P JE LIRREZR R 69D Z L&) TH
DI LTZ, ZORE R HEFERR SLO T E AT
77
() #aFE]
O [ARWFFETRLZEIT2ZLE]
FRREOINT, ST F T A R (L
SEEH) DS 7R YEIN DO KR E X FERHIZR I
DEFEREARIRE TIT-> TE -, Bbn- 15 #
IZRDFD—2D55FDIBITONTTHD,
ERD @Gy FBADYENRY /FHDOTAZ DN T
KD & D linear ARV~ — % Fog |2 R L AL
a s TET-, L L, AFZEicksl, K
AR, FRBIC IR Y — N EESNDY
VT RY~—1%, linear RY~—L BB ME
DG /2o TET, Tz X, MRy —%
BETHEHDET L THD, Z2FET
WARTMEE L, ROFDOE G T D55
DNZHONTOMWE TH5,
o [ffkizm]
B TENDLETEHY TR~ Z— B FIFE
WEDWERIX, 73— DD ETZEDWY
BOMWENRETHZLRTLEAE RN, %L
X205 T OERMPIEK T2/ 7 0FD
FHROPEE R Ty S0y
F LR DO BRI E Lo T F D4y T4 H
DIERENTODIRREE B ETHXLERHD
OB, &5 FDOMRay — R34+ FFE
HAERIZIWLTE DI E L 52 ThD
DNDBELEZHED T\,

5, T am L5

UdeaEam ] (FR T X CalEpifd & im0 G

4 47)

i. “Chain conformations of ring polymers under
theta conditions studied by Monte Carlo
simulation”
iro Suzuki, Atsushi Takano and Yushu
Matsushita, J. Chem. Phys., 139, 184904
(2013).

DOI: http://dx.doi.org/10.1063/1.4829046

ii. “ Topological constraint in ring polymers

under theta conditions studied by Monte

Carlo simulation”

iro Suzuki, Atsushi Takano and Yushu

Matsushita, J. Chem. Phys., 138, 024902

(2013).

DOI: http://dx.doi.org/10.1063/1.4773822
ili. “The Theta—Temperature Depression Caused

by Topological Effect in Ring Polymers
Studied by Monte—Carlo Simulation”
iro Suzuki, Atsushi Takano and Yushu
Matsushita, J. Chem. Phys., 135, 204903
(2011).
DOI: http://dx.doi.org/10.1063/1.3663383

iv. “Dimension of Ring Polymers in Melt Studied
by Monte—Carlo Simulation”
iro Suzuki, Atsushi Takano and Yushu
Matsushita, Prog. of Theor. Phys. Supp., 191,
130 (2011).
DOI: 10.1143/PTPS.191.130

(R (9 1)

iU FREICHBI BB S T O MR —
EYEAV DFEBEE”
EEARRER, mBFEE, I TS, 562 Bl
2y FRtEmEs, 2013.09.12, &R &R KF
=] I A

ii. “EEEBREOV I R)Iv—DrReY —&
JESODOFHES”
BRI, BEFHCE, BT, % 62 E
O HFERERKE, 2013.05.31, FUARH I
TS

iii. “fEERT OV 7R~ —D R ey —L
JESOFHES”
SSARRER, mBPEAE, I T, &6l Bl
T FEEIRKS, 2012.05.31, R /<>
7 AR

iv. [#F# ] “Theta-Temperature Depression
Caused by Topological Effect in Ring
Polymers”
iro  Suzuki, Atsushi Takano and Yushu
Matsushita, 2012 Spring Western Section
Meeting, American Mathematical Society ([E
PR 2 ), 2012.03.04, Manoa, Honolulu,
Hawaii, United States of America, Hawaii
University at Manoa.

V. “MEREBICRILERRE S T oMY —L
JESODOFHES”
EEARIRER, mBFEE, I T, 560 Bl
oy FatEm 4y, 2011.09.28, [ L [ 1Lk
BB Ty /A

vi. “I7F R TR — D NIy — &5
SHOYENRV DFEEE”
SSARRER, mBPEAE, I FHF5, 560 [\l
P FERFERKS, 2011.05.25, KK K
P =l B > 38



LYol —va s Lo x DY 7Y
~—DO IR Y — RV OF B
ESARRED, mBPEE, TR, & 59 Bl
4y F R4y, 2010.09.15, ALBR T ALiEHE K
Sl AN o PRV
viii. [K#EFEE] “Dimension of Ring Polymers
in Melt Studied by Monte—Carlo Simulation”
iro Suzuki, Atsushi Takano and Yushu
Matsushita, Statistical Physics and Topology
of Polymers with Ramifications to Structure
and Function of DNA and Proteins ([E &
%), 2010.08.05, Kyoto, Japan, Panasonic
Auditorium, Yukawa Institute for Theoretical
Physics, Kyoto University
iX. “NZIZBFAE L DY TR~ —DHPEN
DA~DIRBEY =R —vIab—Ta i
Hr”
SYARWELS, mBFEGE, TR, 559 BlE
T ERRFIR KRS, 2010.05.28, i oSy
ZEEL; i
[PEEWPERE] 3%4720L

6, WFZERH
- WFRARERSE
AR WREB (Jiro Suzuki)
i TRV — R AR SE A I AR A S e
&’ A ER 2 — WFSCH AT
W25+ 40415047

WHIEo A 7L

EHERTTEE 7R

S




