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Cyanine dye

Photosensitive pigment
Intensive studies for a century

I Geometric structure I Electronic structure
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|CG (indocyanine green) o

500 600 700 800 900
Wavelength / nm

Low quantum yield of photoreaction from S;: ~107 [Gratz et al. (1999)]

photodetector for specific cancers [sugie et al. (2010)]



Multiphoton reactions under fs irradiation

leuco-form

Transient absorption

Pump pulse: 800 nm, 70 fs, 40 mJ/cm?
Pump-probe delay: 2.5 ns

saturation of
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Today’s topic: Reaction dynamics of photodegradation



Experimental setup (transient absorption)

water flow cell

regenerative
amplifier

800 nm
70 fs
1mJ

1 KHz

probe pulse
f=100 mm \, =150 mm (white light continuum) sample
A A delay stage
VAR ® BV,
.
pump pulse
chopper % =500 mm
wave plate

(magic angle) PC monochoromator

Lock-in amplifier photomultiplier tube

Probe pulse

Cyanine dye in ethanol:
0.6 mM

Thickness of jet:
0.2 mm

Spot size:
pump 0.2 mm
probe 0.1 mm

Sample jet
[Fuyuki et al. 2010, 2011, 2013]



Transient absorption spectra

1 pump — 1 probe measurement
NIR pump fluence = 50 mJ/cm?

Excited state absorption (ESA) [Meyer et al. (1998)]
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Photo-bleaching (PB) of trans-isomer [Ashworth et al. (1996) ]
[Philip et al. (1996)]



NIR pump fluence dependence
1

® photobleaching ]

O leucoforms
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slope=3.9 | | o

1 10 50
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Main photodegraded species were ICG fragments.



Photoproducts vs photobleaching
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NIR irradiation time

[ (800 nm, 70 fs, 10 mJ/cm?2, 1 KHz)
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8 Pump pulse: fs NIR pulse
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ICG fragment
cleavage of carbon double
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Multiphoton reaction paths of ICG/ethanol
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Temporal profile of photobleaching

O Experiment .
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O Experiment
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The profile includes 3 exponential decay components.



Assignment

1.2

_AA (785 nm)

O | 0 Ex;:)erimenlt I
O Model y
0.9 decay 1 (485 ps)] I
A decay 2 (14 ps) | I
06} decay 3 (1.4 ps) - <1-2 ns
‘ S ——o—o6— <10 ps |
0.3 - I cis
E\ isomers
00 MU S S S S T S N I ST SR T S N S N SR S N S
0 10 20 30 40 _ﬂ-“ ms
leuco  trans
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Decay components 1 and 3 correspond to
relaxations in trans singlet system.

14ps time constant corresponds to photofragmentation.
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Decay components 1 and 3 correspond to
relaxations in trans singlet system.

14ps time constant corresponds to photofragmentation.



Conclusions

fstBE/NILABS TICBITAICGH BB RIGA A TFIIRE
5[] 9 B IR GRI B (C R YRR L 1=,

(1) 10 mI/cm2EL FAONIR/NJLABBET T TlE.
SEEMBEOEL/ ILABED2F(ZLEFILT-,

(2) 10 mJ/cm2RL L DIEREEREIE Tl SRED /LY,
SSEEMEICHITAZO0BDELITREDLEA,
DAEDERELLIXIFIZ—ETH-oT=,

(3) /NILARREDIEMIZFEL, D fREES ISR T NIRZS I FRIE D IFEHAS.
2 AnEEmLi=CEETBL TS,

(4) ELGHBEME X RFHEHEISUEB SN T AV FTHS,
(5) TV—FLJ DBEMTOTI7ANIEIDDIEEBER S OMIZLYERSNT -,
(6) 14 psDFEAMNEHFRENLSBRET 1 FIHORERBLTWSERELT=,
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