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ABSTRACT

Organic solar cells have become a hot research topic in the field of solar energy due to their
lightweight, flexibility, and ease of large area manufacturing. However, compared to inorganic solar cells,
uncertainties such as the generation, diffusion, recombination of excitons, and electrode-collecting carriers
in organic solar cells lead to lower energy conversion efficiency, hindering their large-scale application. As
the electron transport layer in organic solar cells, the diffusion and recombination processes of internal
excitons of the acceptor material have guiding significance for material structure design. Recently, with the
continuous maturity of ultra-short pulse laser technology and the rapid development of transient time-
resolved spectroscopic technology, it has become an important tool for measuring and researching the
dynamic processes of materials after laser excitation. This article mainly focuses on the dynamics of the
acceptor material PMI-2, dimerized via butadiyne, and the monomer derivatives TPP-PMI and TMOPP-
PMI, which are formed by adding triphenylphosphine bromide and trimethoxyphenyl bromide groups,
respectively. By combining femtosecond time-resolved transient absorption and steady-state absorption
spectroscopy techniques, the internal dynamic processes of the molecules were studied. The specific
research work is divided into the following two parts:

In the first part, the dynamics of symmetry-breaking charge separation mediated by mixed excimers in
the J-type dimer PMI-2 were elucidated via femtosecond transient absorption spectroscopy and steady-state
absorption spectroscopy combined with quantum calculations. It was found that the excimers formed in
PMI-2 are a mixture of local excited states and charge-transfer (CT) states, and the composition ratio of the
excimers mixture can be changed by solvent polarity. In solutions with higher polarity, such as
dimethylformamide, the CT composition ratio of the excimers mixture is higher than that in chloroform
solution, and those with higher CT content can achieve faster charge separation and recombination.

In the second part, the ultrafast kinetics of TPP-PMI, TMOPP-PMI, and monomeric PMI are
investigated using steady-state absorption and femtosecond transient absorption spectroscopy. It was found
that there is no charge transfer within monomeric PMI dispersed in toluene solution. After adding these two

groups, a mixed excited state is found, which contains a localized excited state and a CT state. The
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evolution process from localized excited state to CT state is realized by charge separation. The results also
show that not only the CT state transfer, but also some transfer to the triplet state, enabling long-lived
recombination, is achieved from the excited state, leading to efficient charge separation. This provides new
insights into important kinetic laws for future molecular design and optimization of acceptor materials in

organic solar cells.

KEY WORDS: Transient Absorption Spectroscopy, Ultrafast Kinetics, Organic Photovoltaic Acceptor

Materials, Intramolecular Charge Separation, Triplet state
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JE IR IZ R AT AE Y R TR Bh ) 05
Helios Fire {4 2 7 H #% £ UV(320 nm-650 nm). VIS(420 nm-820 nm). NIR(820 nm-
1600 nm)#ZEHEIA] . ik $E UV I, H 3 SRS R B 2 5 3 CaFa
PRIFEF=HE UV BRELRE, BIh CaFa ik 5 SRR &, FAT AT U A% 20 58 46t
37 B R E G Hy T8O 5 B SR T S B A B E G B E AN, FRATT AT BLidE Y PROBE
MONITOR B Fe R I e i . ik VIS B, “FaBah 3 = A A miE,
fEH A2 0. NIR RS0 1 75 224 FH AN R A BEAROF 800 nm 14906 R £E A BRI
i

\ O

2.4 BIRAB S ot

RAPBES OGS A T BRI S ST DG A, 2 — R i TH, SR
PRI SR, S AN R G RIS 12 R, s 2 B DA A AR
Iy o I HED— SSRGS M, T HER I i A — N AR .
Wb, SR FH I A R B A B 5 R T A AR o BT B B () A AN R /D ) D R . 5
IS4 4t —1F Surface Xplorer H/FHHACEE, FHI U 2-6 Fzn. &R LASEEUGHIAS 1) =
YERS IR) 4 FE R AT R BT, BRI, JEHT ORI A i, S RE
GriTaE, fRIERTTE
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a8 ' I Date: June 03, 2021
" |Sample:
Solvent:
Pump energy (uJ):
~10m-| Pump wavelength (nm):
p: Cuvette length (mm): 2
30m| Comments: Time Zero: 579.390 ps
E Averaging time: 0.1 s

i 3.73pS
aom CUliraiast
£ — SYs5TEuS

a
-som= Number of scans: 11

-60m | D’ i . B .

: B wl Measurement time: 00:21:22
-Tom? —ik +m 1|2J19H 17:40 : Data cropped to ranges -1ps -
5 e

e 7.19ns,

"hd 'sho ko 'sbo sha b wbo sk kbs sso 7ho e rho s e b a8 KU 114997 nm - 799.9 nm

& 2-6 Surface Xplorer R M

2.4.1 HFESERIEEE

N T IEERIN AR BT A0S, R EEER T 5, BOVREDEMRNDC E 51 2 W

SBHES, REYFMESESMEMN, SHWE5 0. Kk, FRATELBEIXE
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SEISHOGHEN 7RIS T, PR FRATT 7 0 — Lk NSRRI 85 52 0 AT 7 A Ak BR A Y
BHOC MR, X B Surface Xplorer #/F iRt 7 —BERAFRISCRr . IR 2-8,
FEAE BT AL R S BRE HOG I S -
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Print Window... View...

SPECTRA TO AVERAGE
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2-8 Surface Xplorer X HIBRIEBBILIRIERE
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2.4.2 KIRER
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SRR R B 7 A — R IR, SR A28 BR, o HIE 2-0 i B,
Surface Xplorer FfFH )2 bR BRI S, U0 — S840, XD ppt R B, X
SR R 2 T A R 1 R . R A B AR n] DLE BRI, eI N 2 S
Fe N PgieE 5, R R RMRE DB 5 B A, R B A A B PR JE 15 5.
B 2-9 i) N B KRS 25, ATBUE AR B R, AT AT 2 IRER

PR A R, R T AR
"B spikes detection n

Analyze 'specer Analyze kinetics @ Accept

B 2-9 KRERIBTSERERIGXTEL
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2. 4.3 WEMZIE

MR 1T 2 W S R B AL B ) e — 2, X T A B A g 2 i R e R B ) —
o FEBIERAENIERE S, RO, PRIDGI a5 SE B AT R 2% 45 A [
NROLE S EZES, PUAE A O, XS MEN TP & S BERATI S
HIEE (S 5 7 A A 5 SERefE 5 7 A TR AA —E M ESR, iteIB I E8A 8
MIBLG . R 2-10 s, e Son A R T 13l 77 5 h 28I 8] % AN A,
7 R EAT AT A R T 30 0 5 il 2 5 73 fi 2 TR I R R

Surface Xplorer - x
i e Spectra Kinetics Report Help

i L — ronl . - . " " .
. ~1ps "5 "ei
E 4p$ Bis o~ Y P -gm]\ OnmVIS-0 3mW_PMIA-0_CBH4CL2 ufs ]
40m?] I
3 84 [ . & 1w | [Sample:
2::; Solvent: ((Jf 1'%, _Jf,JJ
o Pump energy (uJ): ey
El Pump wavelength (nm):
-1om]
20m3]

Cuvette length (mm): 2

Comments: Time Zero: 579.390 ps
Averaging time: 0.1 s
Number of scans: 11
Measurement time: 00:21:22
?J11411 21:45 : Data cropped to ranges -1ps -
— 7.19ns,
© 1/499.7 nm - 799.9 nm
v vy || ?J]1 1411 21:46 : Spikes removed. Sensitivity: 0.944.

Surface Xplorer - x
Flle Surface Spectra Kinetics Report Help

3 @Bssrom AN
i BE7NAT L | | | e

| @ ssoom [~
@ sstom [

N I O o

N S N

RN SRR " SUUUOIA NVORNN INURRUS WRVCN WURUN KNS FEURE WRRUIS SR WU SR S
-ips -500fs Os SO0fs 1ips 1Sps 2ps 25ps 3ps 35ps 4ps 45ps Sps SSps 6ps 65ps 7Tps

L el | B ]‘namvsaa.wWMMA = ]
a8 L | [Sample:
Solvent: ((Jf il ,.L)
Pump energy (uJ): ey
Pump wavelength (nm):
Cuvette length (mm): 2
Comments: Time Zero: 579.390 ps
Averaging time: 0.1 s
Number of scans: 11
Measurement time: 00:21:22
5 45 - Aps -
@ 7’?;:;5 21:45 : Data cropped to ranges -1ps
E » Bl 14997 nm - 799.9 nm
‘“’57"‘;&; e s M e ’T & Ay vy ZH 1411 21:716 : Spikes removed. Sensitivity: 0.944.

& 2-11 WERKAR IE FE RO ik
WK (143 R2 AR SR A Surface Xplorer #4:at T LA B3 5 (8 I #AE .  17 SEBILAE B
BT ATER RS S — 8, FRAVEAE R ik 4 AN BA R
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SR S RAT A P IR B DR h /0 2 T
KINER, RRMHEETT G 200 S DI TR 2 2, R IX 2% i 26 =
TERERHEAT “H 77, RIEJE MGG N 2-11 fros, SR 8 A B e i 1

2.4.4 UETHAE

N T B3 BATHY R R SR A s A5 1 B, BRAT = BEATEh 120 E
KEVEARI 0 AE A B0 02 R . Xl 23t — 2D AL B AN 0 Bt AR AN D,
IMTIRITNERATE, T2 LU =F3h 22 it & o7k

(1D ZHZEMeE

KA A G 7, AT RO LB TR 3 52l . AT
It & — DA RIS TE) L R L sh 22 R i = e 18] o A i R . I3 775440
& BUAT DLAE S B2 R BN T B Fy st R, Rt AT DAEAT 22 48 B0ek Bt & 4
B N A dr . —RIGOLT, SRR A A B LB 2 FE SR ORI A .

o =

Sty=e " *Y ide " (2-2)
IRF

t = (2-3

P 2.In2 )

ty TR, A RSB TMRERBIRIE FRATHE ), ¢ 288 DA a, 26
B, IRF AR SR 4o B0 R DAAS 355 i 108 DA S AR A DR T AR, e ek
AL B B T .

(2) & FRE

283 A T S R AR SR B AR BRI, ARIERE S AN, B4R B 3 )
BHHA I HRARN, HAE TRZMBIRREE &, 0T 3RATHER 7 A
LA BN )5 B UL RO i B 0 A a2 AR e 3 R ). BRI, FRATTN 1 BB 0
FEM BN 1l 18, FRATHERS CRD B S RO e i I B A il LA B A3 S, T DA F
F1H 5> fi# (singular value decomposition, SVD) K HERA T &AL 70 I 3h i 2fid i . 3
A JEFR AR T A BRI 7 2R AR EE I AR R AR B, DR AT T A 1) B
e N USERERE. BRI S, AR RE A B 1M BT AT B 1B DR B
B A B ), dfE X SRR B R ) A Sy 3 AT A0 M, AR AT DAIRAS AR
BT 2 B LR 2R3 B 30 5 2 1 BL R ko o5 EE B R
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HE SKIAE LEARE N
AbFR 2 A A3 A AR R T — R E i, AR R SR G
AA=UxSxV (2-4)

HEZg R AT Eah U Ry RSy, DRMENIU MY 1S . Kol &
SES RS E —Hn g, HXEREREMET RN, NiXLmEd, &7 E
It E e e, AT b & R E RO, IR0 BT i) B8 2 S e

(3) &RME

WYL, ARG R T A R AT AL B, M IRATIRAG — HH R b
UL, AN AIE YR BOZ AL LA, BB LA E LR B e . FRA1E
T AR AE A A R B A A R, SRS MG UM A S, TR
TP O FEREAT AL FR 3B, AR A . A T3 B S iy B ARV UE
RN R EE sy, FATT k20 2 A8 40 A J5 B8 R AT 42 SR 4 & b B . i 4 JRy 40
HHIEER, BATH AT USROS R SRIE T A B 5 WL, fE
SERE T ARERA TR T KA B )l R, XS K T 3N = E A F 1.

G RE, NTBEHFRSTROIGEE, FRATZEIW 45 G DL i 8o A 2y 2
FNG3 BT TIVER AR BATHIRE S 3 77 5 7R,

2.5 RSN IE SR IELEE
2.5.1 FRSIRYTSEIEn =

RSO e g & — R B E R M7k, I8 R A R TR IO Y fE
73, AT AT FE R 515 4 6 2 18] KRR EL AR LS W5 70 1 ) LT S R R ) 1 S A 2
IR S — ARSI ETEEAR A EEO TR BE. PR, R8s
CASE IR AL B R G . e, G UEAT At S I B AR S RSO G 1 b AN ] 2D A%
M H AR T SR FDOGIR, RENS SR AL 1 TEBCRVE B KGR AU RO
VR IEB U 7 A AN RIR A Bt DA R i (R A e A B

FEARSEEG , BATTAE AT AR A OGS AR — B XU R 73 06 6 T (Cary-5000,
Agilent). ZAXEREH R, —ACHEH T ERE M BG5S 6s
FIF- IR 2 LRR il (35 1) BOMROE I, ATV BR 0 OGS AN S A 21 (132 A Xt Il B 25
REEETT, BANRNRENE. 72 PR
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S I K A A 3 5T
2.5.2 RASRIAAENE

FAARICCIE R T ROCY B RE I —Ri 5%, L BOAE i i 0 5 B8R T
EHBEROR A, MRARBERETI RERE, P ERICISR .. VARSI IR
a2 e R S . RSV EMES B, RO FEdhib.
R A% AR A B AR SR . e, WORODEIRCR I ROL B DGR, SR A R A o
FEROAOL: AT 0 BB SHE, DUER BRI 20t FF &7 A I3
RS ) 30 o A A A 0 R e S JBOR T 2K

A S5 45 F Y9 FluoroMax-Plus 7306 56 FE v & — g RBUT 2 66 Ml A &, AT
MEARIPA T HIZICR ST, SO R YIS B 208 OO 3
A R RN RS AT B AL PR R G K. BRI OO IR O RO, Tl
BT OO G, Al s TRl 9615 5 - FluoroMax-Plus 73 )66
A e R AU BRI LA R N P Y o

2. 6 BB FITEFR

18] 43 3 B Tt B3 AR (Time-Correlated Single Photon Counting, TCSPC) #& — Ff
R SR R RIS RO, R T AERE S R T R E IR, R SRR ST
RS RSN 24T . BB R S IR oy R . R LSO A B, )
Z N TR A AR T A A

P T H R R A SR R AE AR b SN Ot (R R R o BRI
KIGHENENEORES, RG4S — BN R R AR R S WO B R BRIT,  BEUH LT,
HAEWOR A LT R H-F B R 2 e dr . XL RS 74 0 5 7 BRI 23 A
T T BETM S I 05 T ok e @I 2 Yid s A0 Bl 7 BIE 2RI &5 1 i ],
A DASRAGRE i 7E S [ I 1) s PR SO0 T80, AT F e it o AR W B R AN 5 A
TR — R & e FREUN

nggmm-ﬁ (2-5)

Horb, 1) RGO R I 2 e B i O R IR, [ t = 0 I %GR,
TP EITE A . SOCIIR I ASE —BRIR SE RN, AR A R R AR > — 70 W LAAE 7
I 2SO T AT, BRI, 96T i B H IR A — AN IR G R 22 1/ e I i e 2 A I
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o RIG R E MBI A
8], BT ALERL G 75 i (O I R AT 220 AT Z AR BN &, EASCIR T, A T8 & i 2
—A P A RS R A, an

T = (412 + A, %72 (4 1, + 4, *7,) (2-6)
ASLEG A% F 14X FluoroMax+42 7™ F 35 [E] HORIBA Instruments Incorporated A 7,
ZAGTEHTAZOOE, SHklld, FEame, oA SOk a5 0 4L
A AR B K B A3, ORI RS 375 nm BL& 510 nm.
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B JERBT R — RARAT A YI R R 1 AW T

S=E LSBT BT EMRBRE N

éPd?

3.1 5l

AT RRBRIE R R, AWK R AR AR RN L. EREERAR
i, CRRERXTT, RIMAEER SRR, CAUFWE Lo R P g R,
ANIRSCOR FHBE A R0 HL 28 X0 B R A 155990 J 6 — AR A Tl 4k ol (LHCs)
F R (RCs) , AE25 8] DLSERIB RS, 1088 AT R A% DK 3] e R L A 43 B A
LR 100-02), o Bkt B B B AT 43 B9 (SB-CS) A& HLK BH B i it (OSCs) W T K
FE RS I — PR LF AR T 58 o NATT— BELTE S5 0R 2 5% h N 1 R A SRABE AT ] B 3 2%
Riik —RAR T AL 22 B, B IR SEILE U N TEHDER (OPV)##F. fEWF 7
FIFERE i (PDD) 27, E T KA IS, EA T BRI H SR 2 n-n R 3,
BT R ESOKR G L, FBSB-CS MR T, FIbFEHBORARI4, 5 1R
PJT R  E E P AN B AN M R I A 0 A%, T B L i B2 AR R A R TS
SB-CS AT HIfr 73 By . SR, X L8k bRtz e d Bk = 2k, I Hour &b
W8, PSS LR, BIE TN IE, AT IX SR E) 2 i R A B AR IR AN o

fln, AL R, NS, BRILAE SB-CS H IR AT A 4 2 T A A
BT TIRZ W TL . 1E— 2oy TRk, W F I BOR AR, I Ho2 BAS T 75 Bk
Bl L R RS I R A A BRIRAS 1SS Bt iRIE T T AR, B 7 o A B R R OER
Reit, AHR, EATAT LA —SebhRE i B A 4 8 B R 2R A BB AR AE & 0. AT,
TERB Y T R G TE R HE 5y 7 1T RE R PRl =P R VR &9, 91 J= 3% Frenkel 31
Bi4k Frenkel ¥ 1. CT &M =4O, [ty & & A LAKA I 8] 8O 5 i e A2 00
Wasielewski 5 AN, 76— S8 2R 7 2R R PO S B HE 7 7 = =R AR RS
PR EY): A3 Frenkel JT- (' (5,S,)>), CT & (|CT>) M=FZL ([ (1) >) . AN
[ 752 FE P VR 45 T DA 5 B [ (RO HE RS TR AR, AR5 v 2 385 S [) PR A 3 4 80 3
WA, Bl SB-CS B HFALRET, 78 Kim [ LA, SEHES I PBI — RAK M Ha
(I 5> T B AT Frenkel Fl CT 45ttk:, H CT Fpithidiid BUR SR 45 T 2L HIE B 58, A
IM-3E 1 ps WHIAEH TR SB-CS2L,
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IR Z R AT AE Y TR B) ) R A
Qin WM LW T E K T —Fp PMI “RARMTAEN——PMI-2, X2 —FiEd T —
IR AMOER ) A, WEl 3-16 BrR374, il — Atk PBDB-T, /N2 4k
PMI-2 1 ITIC #% | —Fh = oG WK FHAE f i, l i AR Z AR LL S, Ak 1
WERTES . AT AR WORE D LRBOGEE ), &SRS T 9.34% 1 FLh %
Healge, 0T PMI BIATAYIAE A HLKPH R HIB IR B & — BB R 58k, R B PMI
W] DRy — MR 5 B 0 32 i R

a
l CsH,
L) R= P
J 1oty
0 NS
R
b .
e W ST ik
A (A
& 3-1 PMI(a)F1 PMI-2(b)5 FLE#[E
FERATZ T TAEF, R T NI BIZL A AP B SR UL (fs-TA) J6 i % R A0
TR For M, WL AU 58 B HE 4 TR AS 2 S5 Frenkel WX 1 CT

MR EY. BEJa 1 SB-CSidRe, RIHEZ 7 MIRBEWIF AN CT LIRS, IR IER
FIFFLEZ) 20 ps W SER, 13X TRIAE iy AR VEVA ST P 22 i J . CT 25 1075 i th il o5 ¥
AR AR AL, ARAEBR, CT 25K amllia, X2 M T e CT BZBEHAF P
A AR, PMI-2 B R #E 7 T AF 9 T4 2548 SB-CS H R IERRAT
HLH AR SR B KR

3.2 HmiblE

PMI 1 PMI-2 B & B f2 2 5 © 2 it . PMI 43 T K AL S VRS ] —
W RN HAE IS . HIERREE (n = 2) EFHEA R EY) PMI-2. E 4 (CHCl3) A1 — H
FE R % (DMF) AR 61 RO HE R AE AR . T FAEZRMAEE FHTEREst
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= RN BRARAT AR IR BN 1 S A
P&, CHCl: A1 DMF # FHA/EHRE N 1 x 104 mol/L MIAEF . 78 1x10°5 mol/L & 1x104
mol/L ) CHCly ¥ Hb % PMI-2 #E1T A8 Uk B a8 (B 3-2) .

1.0 FPMI-2 in CHCI,
—_ -4
S 08k 1><1O_5
5} - 5x10
%—; 0.6} 1x107
)
=
a3]
= 04F
2
]
< 02}
00 i .. i 1 M 1 2 1 n sl
400 450 500 550 600 650
Wavelength(nm)

3-2 PMI-2 £ CHCL; F A Z5 3R B IR U e i

3.3 MRAESHERH
3.3.1 BAKIE SIS

P 3-3a 7& PMI H4KF1 PMI-2 - 5RAAYE CHCL; (e = 4.81,n = 0.57) il DMF (¢ = 36.7,n
= 0.92) VAW S50 5 — A RS IR R R SO . 7E CHCL Hr, PMI R IR USG5 2
400 nm-550 nm 3 B I 7E 510 nm(0-0) A1 485 nm(0-1) BT A P 4 I R [ . 5 PMI H
PRAHEE, 7E PMI-2 (582 nm) (RSO 8 & B 7B 72 nm 2082 . [H,  BL0-0 Dy
O 1) HL TR BN AR T 0-1 Ab ARS8 B B I, Xt T ARV AR I LR IR . IR K
T 110 mol/L I, IX Rt & ALIG AN TR A A4k (] 3-2), AT B 1 FRAT TR 55 1
AIIFARAEES TN, BT TRETENNR . LA T IRNIE R R
] PMI-2 A BTG 2[RI AEAE A SR 405760, PMI-2 78 CHCLs F (115 Y M T B AR 41
¥4y 52 nm, K XIRAE A 2 I 750 nm.
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a) _ b) -
1O} g <o, 1.0 Lar O g B
E ': - —|’\1|i2ii)\,ﬂ'- E g ‘l\—l.- - -Pi\M-S-[JMF: E
:% 0.8} 0 10.8 %‘ g 0.8} ' ‘.‘ 10.8 (5?’
Z 0.6} fos2. 3 o6} 10.6 2.
= ¢ SR
2 04} 042 2 04} A 1042
g : S i g
vy 7] (B
£ L L5 =
2 02} {022 Z 02} W 028
0.0 0.0 0.0b==£ =2 ‘ 2= = = 0.0
400 500 600 700 800 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
¢) CHCI, d)
S50 Sala’
o LUMO o o &
£ 50 S eh
£ 5
E4
> X
23 ;
= " “ i ,
g .'Jiﬁ\ﬂ CC“&
inf HOMO ‘@@ “
fas]
Sl 5 : 5 : ﬁs‘k “‘
2 300 400 500 600 700 800 |ii|? = |7.82% + 0.009 + 0.002] 2 = 61.21 d (CHCl3)

3-3 a) PMI-2 £ DMF #1 CHCL; R SR AN & 511, £% PMI £ CHCL F RSN RN A

SiE; b) £ DMF 1 CHCL i+ 8 PMI-2 BUIRUTFI & §1381E, £ PMI 7£ CHCL: HR B IRUCFN & 5

Jti&; ¢)PMI-2 £ CHCl; FRITERBFEFERALIE (CTS); d) PMI-2 £ CHCL 89 HOMO. LUMO
HiEFN PMI-2 £ DMF 1 CHCI; A EKITIBAR%E

A, FRATT I I B R) A 5% B 7 1H 3 (TCSPC) I & EL ¢ 1 4k PMI /F 548 nm £
582 nm K YFUE R F a5 B AR PMI-2 £ 730 nm A 750 nm K57 B 56 A (]
3-4). A[LAE H, PMI-2 7 750 nm PRI H L iR S 06 3 K ok Fe . ARE 2
TR T, 20F. B RSP AN 6 fr R R B HE 2 T IE R 7, 5 B AR LE,
PMI-2 7E WSO 1% 1R S5 06 1 2 18] BAT A B S AR M AR 1k o 3X W PMI-2 (¥ LA 4544
A2 WRa e A M R TE IR, 22 SR /NSO, 5 CHCIs A EL, PMI-2 #£ DMF I
WA HE S, HA 588 nm. 533 nm UEF1 500 nm JEU§. DMF H )58 it — B e,
X CHCL IO BRI R, HBADNLIES] 820 nm, MRS T HITE K.
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= JRHI G R AT AE Y R R B ) AW ST

a) b)
BMI in CHC PMI-2 in CHCl,
T mn -y 2
_ —1—548 nm 1=0.92 ns — _:_::3 ::1 t;gg? ::
=} —1=582 nm 1=0.91 ns =} - e )
8 & ~=1==730 nm 1=4.38 ns
2 2 —I1—750 nm t=4.88 ns
2 £
5] : 2
= g E
j 3,
) ij
10 'i! 1
" -I "ﬂ F a ll i My 1 Lo mEa 4
0 5 10 15 0 10 20 30 40 50
Time (ns) Time (ns)
C) d).
PMI in DMF PMI-2 in DMF
MI in 3 L 0 0<
—I1—548 nm 1=1.15ns _I_igﬁ e t_g‘z‘: ns‘
3 —i— 582 nm t=1.12 ns 3 s
o - ' = —1—730 nm 1=4.46 ns
; E —1—750 nm 1=4.35 ns
= =
& 2
= h=
‘A!"$ u.l:ll'ﬁ' i
0 5 15 0 10 20 : 30 40 50
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3-4 CHCL;i%&i®& % a) PMI #1 b) PMI-2. DMF i&i& = c) PMI #1 d) PMI-2 7£ 506 nm H & HK T

E&BHEKAL BRI FD
BT R HS (DFT) N5 ) 25 B2 2 o 392 (TDDFT) Bet% F 40 #r AR file PMI-2 [
WOk . BIRHUE = T ELE (HOMO) FHEAR AR 5 2 FHUiE (LUMO) (K& 3-3d)

F 0 PMI-2 1) SO — S1 Hp LB ffjn-n* BRiE, 284lF PDI 8¢ PBI R 4KB1821, HOMO F
LUMO 7 FARANT AR E A B2 B I s o 2 A R TG, JF H
FEUEX T HARKDGIG L . PMI-2 A2 7€ 454 2V i AR I, RS FIEOR S IS
BTG MR ) i R A AR PR FPA R 3 /N T ~ 300 BF R T 4R IE () TDDFT
ARG b P I T S8 RS/ R S i A =X (] 3-3b) o B IRR B, DMF it/ &
SEGTE AR T CHCL H RS/ R S G TS AT 088, X 252 i T m i v 771 o BE i 1)
T NER . AT BRI R & (] 3-3d) o 7SR . N T8 T
PMI-2 WO v B [ A bk, BEAT 17 3 T8y 8] HEL A7 85 4% (TFCTT) 20 BT B HEL A7 A A% Ol 1
(Charge-transfer spectrum, CTS), & LAVEAL Fr B o3-S0 AR Bela) L 13 B 0 &%
GIRWOBIE R TTRR, JTVEIT
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