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Solution-Phase Laser Processing of n-Conjugated Polymers:
Switching between Different Molecular States
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Liquid-phase laser processing, where the laser-irradiated target material is immersed in water for
cooling, has been reported as a promising processing technique for thermally fragile organic materials.
Although nanometer-sized particles have been reported to be obtained with the liquid-phase laser
processing, the physical property did not change because quantum-mechanical size effect does not
exhibit itself in the zero-radius Frenkel excitons. In the present study, we step further to use solution
droplets as a target material, “solution-phase laser processing”, where organic molecules are
molecularly dispersed in organic solvent and, therefore, expected to easily alter the conformation and
the energy state upon laser irradiation. Small volume organic solvent is quickly evaporated upon laser
irradiation, letting the bare organic molecule placed in water and rapidly cooled. To prevent the
chemical decomposition of the target m-conjugated molecule, the specimen was resonantly irradiated
by a ns-pulse green laser, not by a conventional UV laser.

When the solid state spin-coat film made from MEH-PPV chloroform solution was used as a
irradiation target immersed in water, resulting MEH-PPV particles showed similar photoluminescence
(PL) like the PL of the spin-coat film and PL of the chloroform solution, including the 0—1, 0—2
vibrational transitions: this indicates that the energy levels were not modified from the spin-coat film.
In comparison, when tiny droplets of MEH-PPV chloroform solution (orange color) were suspended in
water, laser irradiation gave rise to yellow MEH-PPV particles which showed 550 nm and 530 nm PL
(type B), blue-shifted from the spin-coat film PL 580 nm (type A), suggesting a successful phase
transition of MEH-PPV polymer to type B. Further solution-phase laser processing left the type B state
unchanged. The irreversible phase transition from type A to type B suggests that the type B ground
state has lower energy than type A, which is consistent with the blue-shifted PL of type B, provided
that the excited state energy is similar between the two states. Thermal annealing up to 200 °C of type
A state did not give rise to type B state, which indicates that the activation potential between the two
states is higher than the thermal energy at 200 °C and that only the proposed solution-phase laser
processing enables the system to cross over this potential.

1. IZC®IC

JEFICRIH STV D L—FT7 7 b—a T, T DI FEmLICit> TR - XL
y MEEhlchRERRF 2 —7 > > b (@) & LTVt RS L, MEtElRT2 7 2
=R LoD, BEZERTHRICHE S E L. REHE Y Db wim bk O 2 RO B A 2 1F
"2 Zo0FET, SEBEERLRRT DR ETRNICHA S, Z<OMREEZERHL

RIEREERTE KRER TR B 7EE T¥HK tomioka@isc.osakac.ac.jp
2012 4F 6 H 20 H= B



T&E. 2R, S FBERFEEREOT 2FS 7121, ZOFEXS FOMEL LT-67T 0
THEATE RV, ZNCBEDLL FEE L TGIFERESN TV H00, L —¥ et 7 (KR
FLP) [21Chd. ZodETiEk, BRY—7 vy b (EE) 2K (F38EL),
B\DORE K OWMED I L0 MBI OREZ T 5. WEGITIX, #I2T A ORI
FERIIATRETH D08, WE OB /REEMITE X v, AaED 7 L v 7 VEERE 1 C
I F DR =T N 0 ThHI, BT A ZDRDPHFTERNWNLTH D, RIFIETIL,
MR OB /e = 3L F —RIEZE L 25 E R Z LT, HLREEZ RSS20, HFHORA
TRAF—Z IR, ST oEUREBOWEKRE 2 B 7 — 7y vy Fe LT —¥ T mtr 7
1795 FE (K LP) [Bla¥Fike LTRET L. En FOMEZ T 5720, oL —
PFTEA L, L —FERET 5. ISR R & 2RI & 7R3kt L — Y & &5 7 IR
WToZLicky, niEROMRONET - KA 4-6l48 L T rREINSIEEZ S, h
DEGTDayT7xA—va B el zFE3 5 2 ERHFTx 5.

VD R & 2K OB HN R Z TN T D728, TR EEORIGE 2 KO Iz T L,
AT 5 2 L2k, RBHAIR Z MM & L TOKITIEE LT b L—FIRE 21772
sV AL =Y RN KD R OB L0, UMK O AR N ER IR L, dR&
DI CTH 2RI R SR ED - BEET 5. Z OBROIFEERE COREMRA L L
T, REED T OFM LT R L X —RENER TEDLOTERVNEHFTE S,

2. REHERL L BIEHE

S L TR E 2RI - AR T o LR E 7 poly[2-methoxy-5-(2-ethylhexyloxy)-
1,4-phenylenevinylene] (MEH-PPV, Aldrich, Av Mn=40,000-70,000) % A\ 7=. MEH-PPV ®
sank)h, YraaAZy, saaXr¥r, £700E MV UK 200 1l &2 2 ml Offigk
(MEH-PPV [ZRVET, mOAMBEHEKERTHRW) FIZH FL, 15 2l E A LT
MEH-PPV R OMUINER 2 /K P — 12 B S E 5. Rod ofidEileians, SHHELc
L DWo TR ED D, REIOBEEZRET 5720, H/ETIE/2 <, Nd/YAG ns 7SV A L—H
®» SHG Y (JE 532 nm, 25 mdJ 5 ns pulse, 10 Hz, Minilite II, Continuum) % T,
MEH-PPV ikl % 30 sy Mg mhie U7z (i LP AuE) (X1 ()], L —VREHC X 520 #

(a) (c) (d) _:;_jr—/
Nd/YAG o) : o)
Mirror SHG laser , <_Q_\\_>
Micro- - e /n
droplet (b) R A
B -
Suspended Particle WOZ3mm §880+ 4
Droplets Suspension of 2

100pum
M1 (@& FIRIEOWINER 2 R KGR L= boae 2 —4 v ML LT, BT
TRAX—E LML A L—F R IR 2R LP AF ORI ER. (b)/KIEE L7
RRECARL L7z @y Tk - & 2 OERE FBMEE 5 E (). A&7 —/Lb3—(F 100um.
(QFEHTH 5 MEH-PPV 5% T~ D4y T-H .



D78, F/INERE T ORB BRI ER L, #1272 > 7= MEH-PPVE 5 123K & 0 2o Ic i
HENTEERZKT 5 EHfFENS. o 72®, MEH-PPV A v 22— R EZ KTk,
Nd/YAG SHG laserit: & 30 S L7c 56 (RAALPAE) b7, WIThoOFIEDOSLAE D,
ARk L 7=MEH-PPV#cki O %EHR (X1 (b)] St T, 2 b2 NEHL720
AuZz 7T X~ a— b L%, [IEEE 20 kVTSEMBIEL 21T\, ki + DA AR Lz, £
7274 MVt vt (PL) 28T 2854101%, BEEE V7 2K EiIc#E CRETF =
SN—IZ AN, NoBEPHR T L, 2000CE THELL CT7 =—V » J W &21T -7

3. MLV —Y et v JLBKRL—F I uk
v T D

FTHEOZ®, HERBREINTWDHHEEL—F 71
T r 7 (A LP) FEIC K 0, KHizitd 7= MEH-PPV
2B a— ME (EK) 2L —% 7t 7 L= pm
YA ZOWRL TN ER L1273, T DRI AT R b« 5
YART fred, HEDODAEY Y a— MEOWIL AR
MV ART ML b =T EROEIT 0> T [X
2(@]. W#H L H MEH-PPV O4 FEEIERICES V7
=2 %500, Zno60EELELIT RN, T
I%, MEH-PPV &% D=3 /LX —RENEME L —F
oty S TREN Lol Z EERL TN D.

WIZ MEH-PPV @7 o a kLA %E 1 O G &
KIZH T L, BERAEL T, 7ok AR oms
Wi 2 K PIC ) — 12 B S B 7%, Nd/YAG SHG ns /¢
NAL—H% 3 0 RS Lz (AR LP). ik LP
RLERIC X0, AR D BT OIS AN b EOICE(L L,
SEM Bl ORER, Fum YA XK1 & A X 1um &K
TS DWRL TN BEERR LTS Z 3o 72 (K1 (0)].

X2 FIEAT MOk, ()7 7 a iV AR D
L e A B a— MR (5EHR) &l LP LB L7 % : .
ELom— ME ) )2y m— N () LR | D
LP LBk (7 =—V » 7Hi, WR), W7 =—1U
% GERR, 012 f5ITHE/]N) . FIEIABLE 7 v a kL A,
©7 v BV ARENOER LAY v a— M (52
) IR LP ABERRRI 7 (T =—V 7%, .
vraua AR RN OIER LAY a— MNEEE
R LP ALBERRR 7 (7T =— U 7 1%) 1358 RICER > T
W5 (R . (DEIROFR. ERITT 7 am 2 2 8%

W, T R RUP U, 1 AR mak L e . . T
e e e 500 550 600 650 700 750
LR, BRI BV TR (]



LTS LB AT LY, Fum YA KoK Tk Solution-Phase
e L7 U RT3k (W5 A 7 A LIEER) AL Laser Procesing
WZ &, P X dum Rl OBRI T OLHELRED HHEE L /7x§¥ Excited State

TR AT HAY Tl 1, TEHIRIARIE 200nm T o 72) uyK

TR T N LRI - 3 (B S A 7 B LIRS Hﬂ‘ PLg
g Z oz (K2 ()], ZAUZRiRE 200nm DAL E

FHTiX, MEH-PPV O 3 )L —IREENEIL LTV 5D (LA

Bs 47 B O RLEPELIRE) ©LamLTpy, JPEA

VAR LP ALBLIZ K D IO BEAEMN R CE /-2 &2 /R LT Ground
WA, i), Hum ¥ RO TClE, MEH-PPV 785 g State
LTV B bbb TR DT %X —IREEAZRT Z L1, Type B
DTREICL D =R L F—RENEL TWDHOTITE LN T N
WZ L ERBLTWAS. MEH-PPV @O L= UK (B &

7'Z A, EELPALELIZMEH-PPV
DX A TARREE LV HKEIRET
FNFXF—DERNF A TBIKREIZ AR
AICERE S 5. ZowriEll
%, ZA TBIRIED iR EAL L
RN ERTIELER -ELT
W5, 2AREMOTEMEL = R L ¥
—I% 200°CTOETR/LF—kT L
D HRZ.

WZEDAEa— ME) b7 vrR/LVARK (BXORZED
A a—NME) LRIUAAT A B —%R1L
(X 2], Wi LP B LY %A 7 B DT R /LF—Ik
REIZHRR LT,

Yrnun AL TITEIRIRIEE T TIZZ A4 7 B O3k
ZrL [M2(@], MEH-PPV1 5775 ThH% A7 BD
TRNXIREEZIY DB Z N7 P AR
WA LPALER L7 & 2 A, ki 134 14 7 B =% /L
F—REOEET, Bln2hotz [K20@)]. £z, 7
o ROV IAREIES A T AL X AT BOZFLF IR
REOIREREZ RBT SR L ootz WThOEEL—EX A 7 BICiEk LR a2 S 6 I1I2E
WRLPRFRL T, A FTAITRDZ &dkhol-. L, A 7TAXV XA FBDOTRL
F—IRiE CGEERE) OF NIV F—DNENZ 2R LTS [K3]. FhiEREo = xLF
—Z/hS T, Btz rFd— (BB LY —) BEATBOFRRENI L EHR—
BELTWbEtrx5.

PNV A =PI KD ndeBRES IR S, LD EIERL L T D ATREMEIZ DWW T, v/ =
0 A X RO RS HIL « TN &I LP ALEE T BTk O WIN « B FE—TH 5
ZEE, b0z F—REBLE—ThH Y, (LFRBEITERT 5 It S E L T 5.
TTFWBNRTARZOTYr7aaRE RENEA T BOZRX VX —IREEZ L HHIEX, g0k
Ao THTELENDRETIERL, V7 a A X ORERICEID 10 T0ar T r A—v
2 VBbE L TREIDZFELRLTND.

Crun A2 ORI, MEH-PPVES T4 2 A 7BLEMAT LT REIZEESED
ERxD. TN, vy AR WENOEo T A v a— MEE 2000CETT=—U 7 LT
Vrru AR EEETERICBREL TS, AT MEF A TBRLELS B Lo Tz,
g, ZATBADERENDD D TEEZNR ] TIERW, DFVEERR 2o Hk b THE
FaIhbdl 2R THY, FAHFELTHLEERD.

K2 Tix, 47 BIREOEDHENART M2 A4 T AREORKEY—7 2> Tk0, Z



PITISE LP WA A3 707c b 2 A 7 BIRIE L X A 7 AREORGKEIC > T o N b2 L
EZoND. FEZ oL ARIROEKR LP AR 25 75 &, ¥4 7 AREDOR I E—
IWEDKREL R, ERFERoT. ZTHIEIFA T BREEE XA T AFITRR DB INE
RS LTERY, F—0RBHHICIRETE 52 L, ZOIRMELRITEE LP ARSI X » T L
THZEERLTND.

4. WAL "ADFarvRY) a— a Vi EAEFBBI R NLE— L S5FIEHT
RIVE—DRE

HATARREL X A4 T BIRREREEL, DORRDGIEENEE L B L T, MEH-PPV &%
%ﬁ@”%%@izw% L nE %@ BIEBRT ALY —% AL 5720, X2 Oz %L
R UT21%, BHART MV ERRD S TIEEERICT 2R 2— Lz (X4). Bk

HINCIE, JeFm= R AF—E,, MEAE, Zbo0 v 2 5mogriEE (1) & LTRIEAN

J NNVET 4T 4T LT

2
1, (E)= Zl exp{— (EAEi} (1)
H—L Y OMb LIER, BIEANT MV EHBITE oo, ZOFERE, MYy T7 =
BF JXERORTHFEERD S D, N R¥y v 7LD R F—MOZE[R9] & [F U X
212, MEH-PPV & +D%EH, D FIRENZE S N T U= N FEK &0 9 SRR EI<
FRRKEIC LD, BIECEBO AR @R XE SN TND Z EERB LT D.

M4zR5E, MEH-PPVOZ B u RV AERKRE X O M= RN GE- LA a— |k
JEORTHN AN MV, 1.85eVUL EDOFIRTIE, 4 FIREEZ D 00K (Ea), 0—1E

#£1 BHEAXRZ "AOTFarRY a— g

b
(&> THELNZ, K0 FRIERIIHIST S (b

solvent Av  A[nm] E[eV] AE[eV]

B =qr®— NS MEHPPV &7 (hjoroform 528 235 021

L7 Lz, (@A v a— ME, 549 226 0.12
(b)¥ I LP 4LH. 0—>0 579 2.14

0->1 614 202 -0.12

(a) 0—2 639 1.94 -0.20

solvent ~ Av  A[nm] E[eV] AE[eV] toluene 530 234 0.20

chloroform 0— 0 590 2.10 556 2.23 0.09
0>1 642 1.93 -0.17 00 579 2.14

toluene 0—>0 593 2.09 0—1 611 2.03 -0.11

0>1 646 1.92 -0.17 02 653 1.90 -0.24

dichloro- 528 2.35 0.23 dichloro- 530 2.34 0.26

methane 549 2.26 0.14 methane 551 2.25 0.17
0—>0 593 2.09 0—>0 596 2.08

0—>1 626 1.98 -0.11 0—>1 626 1.98 -0.10

0—>2 653 1.90 -0.19 0—>2 653 1.90 -0.18




% (Ba) [I0]O 2 50T Y A5MOERGOETISHEHRIND Z 013 D0 5. 1.8eVILILTO
DI RTEHHT, 022 A FIRBEBO DTN RFHEIILDbDOTHS ) LfEREND.

IOFarvRY) a—arhb, 2EOAE Y a—MELY, XA TAREOETFESRT FLX
—I% 1.93eV, S FIREI=RAF—1 0.17eVE, F—DE LD, 7 v iR AFKRBS L0 ML
TUREN SER L 72 A ¥ a— RMEFOMEH-PPVIZFE-—REEZH-> TWD Z LM -7 [F
1@]. Y7uu XX OWENMHER LAY 22— MEIZIE, Epi=2.26eV, Ep:=2.35eVD 2
DDA TBREEE—7 NHE L, R naR/V AR « MVZURIEE R~ R VX —0

18 19 2 21 22 23 24 25 18 19 2 21 22 23 24 25
[eV]

X4 B2 D 0 FIRIES~DBITAXZ MAOTFTarR) a—rar. BipdyIRE)
BB Ea, Ea, ElEZRALF—[METIHATND Z L 2BEICT 5720, i+
TRAF—TRLEE. pHELIEAE—7 2B EIT 1 RER TR L. Zb 2850
ICHEE L THRLAZHB AT FL CRWER) (ZIZFZERITITOFN AT~ ()
&—E LTz, (a-() A m— M, (A)- O IKLPAEERRL 1. (2),(d) 7 v 1RV AR5,
(b),(e)¥ 7 v A RN, (0),(0) b= B B E.



HATARNEE—7Ero, Ear, Eaat/NEWRERHIEFELTWDZ ENbo72. EptEpdt
— 7 [Hl&EI% 0.09eV T, & A 7 AREDHFIRENHEIE 0.17eVE D &/h& <, ¥ A 7B¥NEp1, Epz
MWEAATAFRNEITRRLIEREZ DT LEZREBLTND.

RIRLPALEER: DI IART "MV aET 2R ) =— b LRI, 7 e RV A K, hroy
BB LY 7 nn 22 AEEONTINBER LSS bR — 0% A 7B /¥ —Ep,
EpZ L [#£ 1b)], BFETLIHNFA TARNKE —2 LD 5O ERGDE L L ToRt
AR MVEBEICHE T [M4D-0O]. KAnbHWdsL, 720K 2— L TKRD

FRHIRE DL | 1] 0 1 1] EHIEEROTEIC Lo TEBHLTWS. 25, ALysna

1AL RN OIER L A a— ME L PRI LP AAERAOR 1 IXIRIE R U IR E &2 7~ .
ZoHEFEE, (1) MEH-PPV 53 FICHIT2E T - & THAERAPEEEOFEEIC X - T
AT 58, 120 (2) ZOZRITEEMAAIE L% S [RLE] SndFE, Z2RBLTNn5S.
Zo TiE 2R E2 b7z b EMo—>o1X MEH-PPV &4 F0ary 73— a L Thh. bbb
EWBEICE T 72y PPV @0 FAWBIZREIC e D Ko, 2 OIS A 0 L 7z o A3
MEH-PPV TH v, Zi o OMHEAIBEIMESER JRps) O MEH-PPV 23 FIE{E )T
%. MEH-PPV @53+ (H2HWIZOMEH) Ofruthinzn i (2 7+—va ) BZEDD &,
Z ORI NRED S OT, MEH-PPV &4 FOENMTWS (BXRH) =R X—HA 0N 0T
HEEZOND., ZOXIRAI=ALIZLEY, MEH-PPV &5+ (HHWIZZEOMEE) D=
Tr—va B A TALZAT B OEEREZRLVF—DZ L b7 6T L TE 5.
BA - R FHAEERAOBSICOWT SR ESS AN TEETH 5. AL, MEH-PPV 4+
D w BAH g EHITIH - T OLFRIIREET) IREH L TV 2 hklikiEd & KIRBIZER T2
L&, nEEHOMIEESHZ2FHE L Cof X —0 A REHET— NICHE X 2R (BT - K1
FHEHORE) &, 20 MEH-PPV &4 (HAHWIEZEDOMEH) a7 r—3a RS
NTWDLERRTORIRYRBEZTHAD.

X))

7 Ry T TR ORI & RIR 72 AKIZBB L, = =D/ S ek OV A L—H
THIBFHET S LW, FHAEKL—Y oty U S FEABER L. BEEZ—4Fy T
LUIERDO V=Y Tt o 7 TIEE S FOWIREBEL 2R Z 20D, AFECL > THRLA
ey FOWRL IRV FEER Y7 L, @O TOMEBEBEZZER TE. ZOMEBERITIAR
T, &L= Faki 7R 2000C~DT =— 1 T ORBICRL o712, 55
Tk D FEJERIRRE I T OIRRE L W = R X —IC 2@ b L, IR IED = L — 28k H3/)N
SWNETHUE, THERAEDNEREY 7 PLEZEEHER-BLTWS., 7T=—U 7 ORERIT
Z OFER DOTEMHE L= R L F—7% 2000C TOBT XL F— L) REWFELZRL, o FoiikiEs
A=y NETRWRRL—Y T a7 ORN, YIMEBEOREIC X SR - oWERE~ L
P S HLDICAITHHL Z L 2R LTV,

AL

KB IMBAT = o N—DF I OWTARZEREFENHRZIZ, Wik Am N HERORIHIZ W T
A OVE MEBFZ T, YEEELE N T2 0k - ORI RS A R E I OV TARSFEAITEH R T, B



HERIC 2D E L, AWFEO — I SCE R A R AT R B A B & R (C) D3, —#EERs:
Befe LRI O SR 252 TR L 7.

BE R

1) T. Lucatorto and M. D. Graef, “Laser Ablation and Desorption”, in “Experimental Methods in the
Physical Sciences” vol 30, ed., R. F. Haglund and J. C. Miller, Academic Press (1997).

2) D. Bauerle, “Liquid-Phase Deposition, Electroplating Laser Processing and Chemistry”, Chap. 11,
Springer-Verlag (2011).

3) K. Takada and A. Tomioka, “Solution-Phase Laser Processing of n-Conjugated Polymers:
Switching Between Different Molecular States”, J. Phys.: Conf. Ser., 358 012012 1-7 (2012).
4) M. Liess, S. Jeglinski, Z. V. Vardeny, M. Ozaki, K. Yoshino, Y. Ding and T. Barton,
“Electroabsorption spectroscopy of luminescent and nonluminescent m-conjugated polymers”,
Phys. Rev. B., 56, 15712-15724 (1997).

5) S. Abe, “Exciton vs Interband Absorption in Peierls Insulators”, J. Phys. Soc. Jpn., 58, 62 -65
(1989).

6) T. Ogawa, and T. Takagahara, “Optical absorption and Sommerfeld factors of one-dimensional
semiconductors: An exact treatment of excitonic effects”, Phys. Rev. B, 44, 8138-8156 (1991).

7) J. Zhang, Z. Wang and T. Kobayashi, “Vibrational fine structures revealed by the real-time
vibrational phase and amplitude in MEH-PPV using few cycle pulses”, Phy. Rev. B, 77, 153202
1-4 (2008).

8) A. Nabetani, H. Tamaru, A. Tomioka, T. and K. Miyano, “Optical properties of two-dimensional
dye aggregate”, J. Chem. Phys., 102, 5109-5117 (1995).

9) A. Tomioka and K. Miyano, “Numerical study of excitons in a two-dimensional organic dye
aggregate”, Phys. Rev. B, 54, 2963-2967 (1996).

10) K. Pickler, D. A. Halliday, D. D. C. Bradley, P. L. Burn, R. H. Friend and A. B. Holmes, “Optical
spectroscopy of highly ordered poly(p-phenylene vinylene)”, J. Phys.: Condens. Matter, 5, 7155
-7172 (1993).



