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1972
2 PA Organic Dyes
Rodamine 6G & B
1931 TPA Cros-Section Measured
Theoretical 15 G-M (532 nm)
Prediction of
2-Photon Abs.

1998
2-Photon Pumped Cavity Lasing
Hollow Fiber & Doped Polymer Rod
APSS Synthesized 3800 G-M (800 nm)
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1961
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1930 1960 [1970 1980

1990 2000

1967
Multi-photon
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1993 1999
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1 Goppert-Mayer (G-M) = 1 x 10® cm‘sec/photon molecule
Abb. Compound name : see Table 1
* Laser Scanning Confocal Microscopy
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H 2. TPE Cross Sections at Selected Wavelengths

1907 0%
Dyes Wa:l/(elen)gth (10°% cm®s/ | (10" cm*s/

nm photon) photon)

Rhodamine B 840 - 21055

Fluorescein(pH~11) 782 - 38+9.7

Indo-1 (free) 700 45+13 12+4

Indo-1 (high Ca) 700 12104 2106

Bis-MSB 691 6.0+18 6.3+1.8
Dil 700 95+28
Coumarin 307 776 19£55
Cascade Blue 750 21106
Lucifer Yellow 860 095+0.3
Dansy Hydrazine 700 0.72+£02

DAPI 700 0.16£0.05

Bodipy 920 17+49

75 : The fluoroscence quantum efficiency of the dye.
0’y : The two-photon absorption cross section.

AF-10 AF-80 AF-50A
0, =390 634 9.70

Increasing effective conjugation length

§50 G5

AF-50B
11.56 (11.94)* 1084

Increasing side chain leogth

Solvent : THF (benzene)*
o,’: X 107 cm* » sec / photon

% 5. Effects of conjugation lengths and side
chain lengths on two-photon cross-section value
(675 1 X 10%7 cm*.sec/photon) .
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X 3. Two-photon Cross-section Values for Several Chromophores

Co d A {nm) TPA Emission o'y° calc. 0’y
mpounds " Amaknm) | A,{nm) [(1075° cm*-s/photon) | (1075 cm*-s/photon)
- oo - 514 ; 12(8) 273
JJ%{C 374 606(<620)® | 410 210(110) 202.4
N
Vel (C 408 730(~725) 455 995(635) 680.5
~, -
e . ~
L C 428 730(~725) 480 900(680) 670.3
e ™
Q o i 456 775(~1750) 509 1250(1270) 712.5
d%g 472 835 525 1940 950.0
w4 ™ 513 825(815) 580 480(650) 570.4
3
IS el SV G 554 970 641 1750 .
AR WP Aa
- s
Bl oty > 618 975(945) 745 4400(3700) -
Q .
d%g 424 ~800 490 450 -

% 6’, values were determined by 2-photon-excited fluorescence measurements with 5-ns, 10 Hz pulses from a Nd:
yttrium-aluminum-garnet-pumped optical parametric oscillator-amplifier system.

b Determined with femtosecond laser.
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I 4. Optictal Properties of the Chromophores at
800 nm in THF

B a o MW
(cm¥/GW)| (x 10 % | (% 10 ¥em*
at002 | secph sec ph-
mol/L | molecule) | molecule)

Angfnm)
Linear Abs.
(Upconv. Em,

Compounds

390(465) ( 0.2 490 0.7

Qg0
il Fo

430(521)| 14 285 2.7

388(488)| 47 | 970 | 197
Q
QO@V} 3845(478) 47 | 794 | 161

3%}*@ 320494 | 51 | 1061 | 175

390(492); 56 | 1156 161

........

367(485)1 19 39.0 92

Qoo | ) 56 | s | 28
3%@ 392600)| 50 | 103 | 196

345(410)} 006 | 131 02

QCQ’JCQ}\O 3835(492) 38 | 794 | 111
Ta i o (

347(453)| 06 139 35

388(488) | 33 68.4 172

g3l o]|Fx} ofy] Aow 2w AL F YUE 3
AL 718 AR xRl S84 LES v
Ak o7le] 291 BgEEE  2,5-dimethyl-4-
(p-nitro phenylazo)anisole, 2,4,7-trinitro-9-fluo-
renone, 9-ethylcarbazole® X 3sl= TE=A9}
poly ( N-vinylcarbazole) S-o]9le™ o] @ 800 nm
o] gl A Ag ol 5 Ghits/cm®o] U} &E
3 HZ olg]zy} W5k Mardersd Perry 349
olFAt Fa Axdl Fio] JHed HYIIE ®
5l FAE wide e 18 8adt o] mie-
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LrEE 79, 1959 3% HEGol JFF )
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7b dlolA o] o]5 ¥ w B FPo oJsly

o flo

IEAtEEtn 7l A 11 ¥ 23 20003 49

400
300+

200 }

Output intensity

100

0 100 200 300 400
Input intensity (MW/cm?)

18 6. Measured output intensity as a function of the
input intensity based on a 1-cm-path AF-50 solution
sample in benzene of d,=0.045 M/L. The solid curve is
the theoretical data with a best-fit parameter of §=
21 em/GW.
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Two-photon read-back
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(a)
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(b)
a8} 7. 3D Optical data storage (a) 800 nm excited
two-photon induced fluorescence, Lateral separa-
tion : 1 pm, Layer separation : 3 um (b) 488 nm Excit-
ed single-photon fluorescence, Spectral shift was used
to store data, Lateral separation : 1 pm, Layer separa-
tion : 6 m.
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Collimated Laser Beam

L.ocalized photo-
polymerization

45 @04 10.8kY

(b)
%l 8. (a) Localized photonchemistry by two-photon
process, (b) 3-D Lithographic microfabrication.
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Ti:Sapphire Regencrative |
laser a 1

Microlens array

Pinhole array Q

Monitor
CCD camera
L}

(b)
a8l 9. (a) Opticals of a real-time two-photon fluo-
rescence microscope with a microlens array and a re-
generative amplifer, (b) An image of celis of the a
mouse stained by DAPI.
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W Scanning Optics

Objective
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8] 10. Two-photon laser scanning confocal micro-
SCOpY.
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Solid State Polymer Laser

=== APSS/Epoxy | S

Near IR
at 800 nm

Upconverted lasing
at 555 nm (~ 2.3% conversion)

J3 11. Two-photon pumped upconverted lasing.
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