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Two-Photon Absorption Properties of Two Kinds of Compounds with
Fluorene as Centre

LI Xiao-Jing LI Jing WANG Chuan-Kui*
(College of Physics and Electronics, Shandong Normal University, Jinan 250014, P. R. China)

Abstract:  The two-photon absorption properties of two newly synthesized compounds containing fluorene as a 7
centre (denoted SK-G1 and NT-G1) were calculated using a response function method with density functional theory.

Results show that both compounds have large one-photon and two-photon absorption abilities. In the low energy
region, the maximum one-photon absorption strength of NT-G1 is twice as much as that of SK-G1 and its maximum
absorption is red shifted compared to that for SK-G1. The maximum two-photon absorption cross section of NT-G1 is
about five times as large as that of SK-G1 and those are found for the second excited states. Furthermore, NT-G1 has a
wider two-photon absorption energy band. The optical properties of the molecules are closely related to their charge
transfer processes when they are excited. The solvent effect on their one-photon absorption properties was calculated
using the Onsager model. The numerical calculation is found to be in good agreement with experimental

measurements.
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Fig.1 Schematic structures of compounds SK-G1 and
NT-G1
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Fig.2 Optimized structures of compounds SK-G1

and NT-G1
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Table 1 The oscillator strength p,,, excitation energy
E, and one-photon absorption wavelength A, of
the six lowest excited states of molecules
SK-G1 and NT-G1 in gas phase

Excited SK-G1 NT-G1
state  E/eV Ap/mm  py(au.)  E/eV Ao/nm Ppop(a.u.)
1 3.33 372.5 0.18 3.20 387.1(365"")  1.31
2 3.35 370.2 0.10 3.46 3579 0.61
3 3.63 341.6 0.05 3.56 3479 0.23
4 3.63 341.2 0.01 3.63 341.7 0.17
5 3.76 329.8(342"™  0.60 3.67 338.2 0.09
6 3.84 323.2 0.00 3.87 320.4 0.08

calculated at the B3LYP/6-31G level
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Table 2 Oscillator strength p,,, excitation energy E and one-photon absorption wavelength A, of
the six lowest excited states of molecules SK-G1 and NT-G1 in gas phase with
different basis sets and hybrid exchange-correlation functions
Molecule Excited B3LYP/6-31G* B3LYP/6-31G™* B3PW91/6-31G B3P86/6-31G
state EleV  Ayp/mm  pyau.) EleV  Ay/nm  p,fa.u.) EleV  Ay/nm  py(a.u.) EleV  Ay/nm  pyflau.)
SK-G1 1 3.29 377.4 0.20 3.28 377.7 0.20 3.33 372.2 0.18 3.33 372.6 0.18
2 3.31 374.9 0.10 3.30 375.2 0.10 3.35 370.0 0.10 3.35 370.4 0.10
3 3.58 346.1 0.08 3.58 346.6 0.09 3.63 341.3 0.04 3.63 341.7 0.04
4 3.59 345.4 0.01 3.59 345.7 0.01 3.64 340.8 0.02 3.63 341.2 0.01
5 3.69 335.9 0.57 3.69 336.4 0.56 3.77 329.0 0.61 3.76 329.4 0.61
6 3.75 330.3 0.00 3.75 330.5 0.00 3.84 322.1 0.00 3.84 322.7 0.00
NT-G1 1 3.16 392.9 1.32 3.15 393.6 1.32 3.21 386.6 1.31 3.20 387.0 1.31
2 3.42 362.2 0.62 3.42 362.9 0.62 3.47 357.7 0.60 3.46 358.0 0.59
3 3.51 353.3 0.18 3.50 354.0 0.18 3.57 347.4 0.24 3.57 347.8 0.24
4 3.57 347.4 0.21 3.56 348.0 0.21 3.64 340.8 0.18 3.63 341.2 0.18
5 3.61 343.3 0.11 3.61 343.9 0.11 3.67 337.7 0.09 3.67 338.1 0.09
6 3.82 324.3 0.05 3.82 324.9 0.05 3.88 319.9 0.09 3.87 320.3 0.09
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Table 3 Two-photon absorption cross section o, of
the six lowest excited states of compounds SK-G1 and
NT-G1 in gas phase with excitation energy E and the
corresponding wavelength A,

Excited SK-G1 NT-G1
state  E/eV Ap/mm  0,/GM E/feV Ap/am 0,/GM
1 3.33 7427 48.76 320 7729 19.66
2 3.35 7382 121.73(10"") 346 714.8 636.10(39"")
3 3.63 681.3 14.10 3.56 694.7 382.68
4 3.63 681.3 18.54 3.63 681.3 131.34
5 3.76 657.7 76.88 3.66 675.7 103.08
6 3.83 645.7 0.03 3.87 639.1 299.66

1 GM=10" ¢cm"-s* photon™
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Fig.3 Two-photon absorption spectra in lower energy
region for compounds SK-G1 and NT-G1

The dot line indicates the two-photon absorption cross sections at

incident wavelength of 800 nm.
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Table 4 The charge (a.u.) of donor, acceptor, and 7 center in the ground state Sy(Qam), Qs Qam) and in
the charge-transfer state S5(S1)(Q'xpp Q'm» Q'am) and the net charge AQ(a.u.) between the two states

S S5(S1) AQ

QA(D» Q(ﬂ) QA(D) Q;\(D) Q(’m Q/’\(D» AQA(D) AQ(m AQA(D»
SK-Gl1 0.0081 -0.0168 0.0087 0.0081 -0.0016 -0.0065 —0.0001 0.0152 -0.0151
NT-G1 0.0186 —0.0378 0.0192 0.1107 —0.2042 0.0935 0.0921 —0.1664 0.0743

AT T8-S 25T, A5 2] TR G B0 T
Wi (UL 3). FH EI3 AT UL, 7£800 nm4tk, SK-G1F1
NT-G1 43T TPA #1292 28 1 102 GM,
FAHZE 3.6 1, H I R ke — 2. TR
B2, NS THA 25 R T ac il . B2
B S PR o] LAYA 28 R 53R JLAS . — 2 H AT ELS T 5
R T i ok, A % ek vimk. —2E H Al
H RIS TR A 25 R RN . (H 2% R0 590 (A vk
FEARAK(0.01 mol - L) Fl 43— 45 44 0 R i, vT LASE
EFRNRON e iess. BRtL, 7E—E IR RUT, SAHTHA
SEHLAT LRSI i 25 R . R WA ROt
oA EAER. EA IR A RERY, 2 EN
TEAEAT BT HP ARG IR, e AL AR AL 10 T 368 ) 5
UG43 F RO F WIS T A7, 21 A SR TETE
PR A5 2L B, SEEHl A5 21 TPA #H 77
TEE —EMANER M. FF 2 R, SEA XTI
BT NS T AR E 2, XA 4 RO
TR AR,
2.4 HBEEBERE

TEAPLILYE > F B S, WA R 8 X 41
T ek R IGEE . 40 F ISR R
JCTE e 2N N e A O I 1 W TR e st 2 NG O )
FRIWFFE I 20 T30, SK-G1 43 T i K HL i i
BRESE TBURZS, T NT-G1 43T 5 R B i f 745
B —BURAS. N T AT R R, T8 T W1
MBS BRAT B i e B S B o FEREBI N o
RO HL A R B (L3 4). & 4TI H, 245
T IS BRIT B W AT L B A8 B), X T SK-G1 732k
Ui, FELAar DN ar FFC o) R s ) R R IR L 7S, o fap
ik 0.0152 a.u., ZARMRMEILE RE A5 2] H T, BT LA
TR A-m-A TS AT NT-G1 43R 1,
HA, i DA T 3 118 = O i Bk ) h O B B B R
0.1664 a.u., —RJEIEE REHA R ol F, BOZ T
D-7-D B4y 7. W Ah, NT-G1 43 714 i ff 5% 7% 2 Js
KF SK-G1 43F, Mt T NT-G1 43 F H A
Ly SREhpl ey dpin

2.5 AT

i 2.2 795 A] UL, BUE SR A S I B (A —
E I 225, 22 B A, B T ST A R,
NN RS R Y VR e R I R S o e 2 e
SRXERE, FAT TR F ST T IR0

TEAE 5% 35 ) 8500 I, >R T Onsager #5274,
Onsager A& AU R PR L (I A HL B E0CR & 193
SYEESEAY 5T, VA 53T DU Bl LT ph X i S HL A
J3e I BSLR AR T, 98 B 4 RV 0 O3 5 A EL AR A,
IR B HIEM™. Onsager [ w3 f % FHERIE I 57|
FEAR, BRI A2 s B 7 B BE N b e b 2 Dt
TG R R R X MR AR E B T
S Bl o3 L 2= Z (R 328 2k, DR T A %5 PR AR
AHEAE AN U

£ THF 35 h P~ 43+ B 506 IR IsCg 50 i
%545, R 5 AL, THF %5705t SK-G1 43Tl
NT-G1 43 H 506 F WS R B s ma AR /)N, A —Jr T
ik, XA TR RFRIY 37, A R AR5
/N, RHGES ) 737 RN B 205 RO AR B A FHAR 55 . 5
— R HE, Onsager FE A J&—Afa] A RS, AN RETR
UF MR VA RN SR, B AR BT i 2 AL (PCM)
Je— NIRRTk, B i TASCI RS 1
FA K, e H TR A 0F T IRE A T 25 L. H I,
N T PR R TR B, W 2 TRy TR sh Tk

# 5 AR THF v4FHANRRBEATH
PRFSREE po, TNHE BB S FIRIGEAK Aoy
Table 5 Oscillator strength p,, and one-photon
absorption wavelength A, of the six lowest excited
states of the two molecules in THF

Excited SK-G1 NT-G1
state Ap/nm Pop(au1) Agp/nm Ppop(a.u.)
1 3729 0.18 387.2 1.31
2 370.7 0.10 358.0 0.60
3 342.1 0.04 348.0 0.23
4 341.5 0.02 341.7 0.17
5 329.7 0.61 338.2 0.09
6 323.5 0.00 320.4 0.08
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