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Bipolarons in Conducting Polymers
O New Theoretical Approach with the Density Matrix Renormalization Group Method [J
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Condensed Matter Theory Group, Physical Science Division

Makoto Kuwabara®, Yukihiro Shimoi™, and Shuji Abe™
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Bipolarons and polarons, both of which are characteristic charge carriers in conducting conjugated polymers, are investi-
gated theoretically by means of a newly developed approach with the density matrix renormalization group method com-
bined with lattice optimization. Electron correlation significantly alters the nature of these self-localized carriers in na-
nometer scale. In particular, it stabilizes a bipolaron relative to a separated pair of polarons, when off-site repulsion is

much weaker than on-site repulsion.

gobobooboooboobooboboon
gobooboboobobooboboooboooo
gbooobooboobobooboooboooo
gobooboboobobooboboooboooo
gobooboboobboobboobboooboo
gobooboboobobooboboooboooo
gbhboobbobooobobobobooboooo
gbob0obobobobobooooboooooon
gobooboboobboobboobboooboo
gobooboboobobooboboooboooo
gbooooooboboboboooboobooon
gobooboboobobooboboooboooo
gbooboooobooobooboobon
gobooboboobobooboboooboooo
gboobooboOnbO00DbO0O0bOOO00DOOn
O0pOO00D00ODOODO0ODOODDOODOODOOOD
goboobobooboboobboobboooboo
gboob0ooboboobobooooooo
gbooboboooboobooboboobooo
gobooboboobobooboboooboooo
gobooboboobboobboobboooboo
oooobooon

020

gobooboboobboobboobboooboo
oo oooooooon
gooobooooobbobobooooo -goboobo
goobobooooobbooooobobobooogn
gbooboboboobooboobooboooon
gobobboooooooooboboboboobooaa
gobooboboobboobboobboooboo
oo oooooooon
gobooboboobboobboobboooboo
oo oooooooon
gboobdboo-eb0d0edebd0bonooonO
012000000000000000000O000O

O0000000O000O00O0ObD0Og-2(0D0O

goboboobbobooooobooboboobogaa
gobooboboobboobboobboooboo
gobbobooooobobooooooboboboogoo
gobooboboobboobboobboooboo
oo ooooogo
gobooboboo-0bob0bobooboobgon
gbogbgobobobobobobobuobon
gboobobboboobooboobooobon
goboboboooogoobooog



gooo0ononOni99s.7

googobogooobooboooboobbobbooboobbooboobboobbUooboon
oooooOoooooooboooob@uobo-ODo0o0oooOo0o0obDbO0ooooooooDoboOooo
gbobooooobooboboboboobooooooobobobooboobooooooboobOobob
O oOoooDooooooO00ooo0o00ooo00oooOo0omo0oooooooDooooooo
gobogoobooobdoobooooobboobuoobboobooboobboobbUooboon

gbooooooobonb

gobooobooobboobbooobboon
goooboooobo-ob0bobooboboon
gobooobooobboobbooobboon
goboooboooobobooboboooboon
goboooboboobboobboooboon
gooobooobobobo boooobooboo
gobooobooobboobbooobboon
gobooooboooooboobobooooboon
goooboboboboboboobooboobo
goboooboooobobooboboooboon
gooobooboboboobobooboobon
gooobooobobobobooobooooooooon
gobooobooobboooboooboon
goooboooboboboboboobooobooboo
gobooobooobboobbooobboon
goboooboooobobooboboooboon
000000000 0DOHartree-Fock (HRH)O OO OO
ooobooboobobobooboooboongo
gobooobooobboobboobboon
oo0mboboooboooboooboobooobogon
gobooobooobboobbooobboon
gobooooobooobooboboooboon
goooboobobbooboboobooobgoon
gooobooobgon

goooboobbobooboobo-o0obgoon

goboobboobboobbooboboooo
gobooobobooboboooboboooboooo
gbooboobobz22mpoobgobbooboobgon
goboobobooobboobooobooooo
ooO0@MRG)UOOODOOOODOODODOOO
goboooboboobobooboboooboooo
goboobboobboobbooboboooo
gobooobobooboboooboboooboooo
goboobboobboobbooboboooo
gobooobobooboboooboboooboooo
gbooobooogon

00000000000 (DMRG)OOOOOOOO
goooon

00000000oooooo0ooooooooo
0000000000 000O0 19920 S.R. White [
go0o0000O00O0OO0OO0O3mWOoOoOoooooo
0 00O (DMRG: Density Matrix Renormalization Group)
0000000000000 000o0o0ooooo
goooooooooobooooboooooa
00000000oooooo0oooooooood
oo oooooooobooooooo
00000000oooooo0oooooooood
oooodoonoboooooooooooogo
00000000oooooo0oooooooood
goodoooooooonoooboooboooo

030



go0o00n0noni998.7

Oo000oooobooo0oOooooooooboooo
O00000o0o00Doooooooooooog
O0000o0O0ooOOdDoOooOoocOooooogoooo
O0000oDoooo00oo-0000ooooooon
O0o0bOO0OoO0oooOOooUoooooooooo
Hellmann-Feynman OO 000000000 DOOODO
DMRGOOOOOOOOODOOOOODOOOOO
00000000000 000Ooo0ooo0oooon
O0d00OOoOooO0oO0boooOoUooooOoooooo
00000000 0D0O0bOOoDMRGODOOOOOO
O000DOOoO0O0oooOoOoOoooobooOooooo
0000000000000 0ooo0o0ooooon
O000O00DOOoO0oOoOoooOooooooooo
O0000O0000oooobDMRGOODODOODOOO
0000000 ooooOoOoopoooOooooooo
O0000000bOOoO0ooOobDMRGOOOODOOO
OO000O0U0DOOo0oOoOoooOooooooooo
O00oooooooon
O000O00DOOoO0oOoOoooOooooooooo
0000000000 0o0oooooooooooo
O000O00DOOoO0oOoOoooOooooooooo
000000000000 o0oo0o0oooooon
000000 Hubbard-PeierlsC 00 O000O0OOO
00000000000 00000oo0o0ooon
O000O00DOOoO0oOoOoooOooooooooo
00000000000 onooooooooon
LcAOOOODODOOUOODOOOOoDOoOoooooo
O0000OnO00O0D0O0000O0D0000O0O0OODO
O000O00DOOoO0oOoOoooOooooooooo
00000000 0o0oooooooooooooon
O000O00DOOoO0oOoOoooOooooooooo
O000DoOo00o0oooooooooooooon
O000O00DOOoO0oOoOoooOooooooooo
O00o0ooo00o0-00000000000000
O000O00DOOoO0oOoOoooOooooooooo
Ob0oo0ooOooooooooos 0ooooma
OO000O0o0OoOoO0ooOooodonoOooooo
0000000000 bO000O00oooouooo
Oo000OoOnOOO0OO0OOQOO0ODOO voOooo
0000000000000 oooooooonooon
O000O00DOOoO0oOoOoooOooooooooo
000000000 tOb0bODoO0oo0Ooboon

gboobooboboboobooobogobMRGOOOO
gboobooboboogon

| ———
O.OS’WW‘X:XX XXXX:W“'
Yiis1 [ O 1
- ®oeces?
X»&X
.f'“i"'. ;
0.052 XX Xxmﬁ
o | L | L
0 30 60 90 120

site i

00000000000000000000000
i000D00,00y,,0i000#1000000
00000000000000000000000
00000000000e OODMRGOOOOODO
00x DOOHFO000000000000000
U=1.5t, VIU= 0.5, 8 ;= 0.0500

gobooobooobooobooobboon
goboobobooboboooboooboooo
oooobooooboobo/jobooboboioon
bobborIOO00O0O0DODODODOOOOO y,, 000
gboobobobobobobobobooooon
e[ 00OOODMRGUDOODODDODOODOOO
gboooobooboboobHFODOoDoooo
oooooooxboboooobooony,, biooo
gobooboboobboobboobboooboo
gobooboboobobooboboooboooo
gobooboboobboobboobboooboo
00000 =60)0000000000000000
goboobbobooboobbooboobon
gboob0ommopooooooboooboobon
goboobobooboboobboobboooo
o000 om oo
goboobobooboboobboobboooo
gboobooobDMRGUUOOODOODOOODO 250
gbogobobbobbobooobooooboon
gobooboboobobooobbooooboooo
gobooobooobooobooobboon
O0o0obooboboooboOoHFObODbOOn
gboobobooobooboobooboooon
oboobooooobooobg

goboobboobbooobooobbooon
gobooboboobobooboboooboooo
goboobobooboboobboobboooo

040



gooo0ononOni99s.7

T I T I
0.02- . - -
= 001 -
N ! RN 2 ]
a \\\\\\ .
Lg) -0.0l——DMRG 1/4 .
< UHF 12 T
-0.021— i —
U

gobobooooobooboboboboboobogonog
o00 2Pp)00D00000ODOOODOOCOODO
BP)ODOOODOODODOOODOOODOOOOUO
gbobobooboobooboobob bR g
OO000HFOOMUHRAOOOOOWVU=0.250 0.5
gbobobooobooboobooboobobobo o
6,000 0.050

goooboboobmoboboboobooooon
goooboobobbooboobooboooo
g0y gg o
gobooobooobboobbooobboon
ggobobobboooooobobbooobobbood
gobooobooobboobbooobboon
oo oUoo
gobooboobooboovuobooobon
goooooobMRGOOODOODOODHFOODOOO
gooboouvoboooboboobbo vobooboo
goboobogbodbuoboooobooobo
gbobobobobooooooobobobobo
viuoooooogoosdoooobMrRGODOODOOO
u=2td0obogobbooobboooobogn
oo oUoo
gooboboboooooobobobboHFOOOOD
(U0 000000000 DOO00ODOO0DOODOOo0ODn
gobooobooobboobbooobboon
0o00ovu=0250000000000000000
gouvbooobooobooobooobooboobo
ggobobbobooooooobboHFODbODbDOdO
gobooobooobboobboooboon
gooobooooogd

gooooo
gobooobooobboobboobboon

goboobboobboobbooboboooo
gobooobobooboboooboooboooo
goboobboobboobbooboboooo
gobooobobooboboooboooboooo
gbobobobobooboobooboooon
ggobobbooooooobboooooonbomoug
voooooooobooobooboboooboooo
goobobooobooobooboboooooo
gbooboboobooboobooboobon
oo0oobooboboooooobooboobon
gboobobboooboobobboboooboon
gobooobobooboboooboooboooo
goboobboobboobbooboboooo
gobooobobooboboooboooboooo
goboobboobboobbooboboooo
gobooobobooboboooboooboooo
goboobboobboobbooboboooo
gobooobooobooobboooboooo
goboobboobboobbooboboooo
gobooobobooboboooboooboooo

guotogboooboobvoboobooooooo

ooooboobobooobooboooooobooo
gbooboobobooboooboobbobo
gobooobobooboboooboboooobooo
gboboboboboboboboboooood

oooo

1.0 Y. Shimoi and S. Abe, Phys. Rev. B 50 (1994) 14781.

2.0 M. Kuwabara, Y. Shimoi, and S. Abe, J. Phys. Soc. Jpn. 67
(1998) 1521.

3.0 S.R. White, Phys. Rev. Lett. 69 (1992) 2863; Phys. Rev. B
48 (1993) 10345.

4.0 M. Kuwabara, S. Abe, and Y. Ono, J. Phys. Soc. Jpn. 66
(1997) 933.

gooood
gogoo
gboboboooboooboon

gobodobbooboon

50



go0o00n0noni998.7

podbodbodboboogbugbuodbogn

o—Uo0dodoododdouoododd—
Installation of a test facility for 10kA superconductors with a 1T ac superconducting magnet
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000000000000000000 (Super-GM) DOOOQOQOQg™

Superconducting Power Device Lab. Noboru Higuchi

Engineering Research Association for Superconductive Generation Equipment and Materials (Super-GM)
Kaoru Takeda™

e-mail:nhiguchi@etl.go.jp”, LDM04314@nifty.ne.jp™

O AC superconducting technology is the key to the future introduction of superconducting power devices such as trans-
formers, fault current limiters and so forth.

O Recently, a test facility was installed for large-scale ac superconductors consisted of a 1.2MVA ac superconducting
magnet, which is one of the largest ac superconducting magnets in the world, and a 10kA current source. The purpose is to
evaluate the superconductors developed by Super-GM, or the Engineering Research Association for Superconductive
Generation Equipment and Materials. Super-GM is taking a role of R&D in the New Sun Shine Project on superconduct-
ing technology including superconducting power generators, helium refrigerators large-scale ac superconductors under an
assignment with NEDO.

O But the most important part of the test facility, the superconducting magnet, requires R&D for the stable operation,
because the research on the stability of large-scale ac superconducting magnets is on its early stage at present, and consid-
erable efforts are necessary to establish the design criteria. A long term research on its electromagnetic and mechanical

characteristics will provide valuable data to assist the progress in ac superconducting technology.
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