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Picosecond lifetime
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Photo-doping pure liquid water

H,O+hv—>HO"+e — H;0"+ OH + € aq

Photo-excitation of water above the “direct band gap” (8-12 eV? 100-150 nm?)

Impulsive photoionization (~0.2 ps) Electron localization (>0.3 ps)

time delay

q

e  delocalized (r~4 nm) for ~0.2ps “fill void” (r~2.5 A), lifetime~100us



Can THz probe H,O photo-ionization?

Optical pump (400 nm, 50 fs, 1 TW/cm?)  Terahertz probe (2 color plasma, 0.1mm GaP)



Can THz probe H,O photo-ionization?

Optical pump (400 nm, 50 fs, 1 TW/cm?)  Terahertz probe (2 color plasma, 0.1mm GaP)

Liquid jet
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Can THz probe H,O photo-ionization?

Optical pump (400 nm, 50 fs, 1 TW/cm?)  Terahertz probe (2 color plasma, 0.1mm GaP)
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Photo-ionizing pump and THz probe
on pure liquid water
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Photo-ionizing pump and THz probe
on pure liquid water

(0eos:tep)
14x10°

12

T T T T T T
-10 -1-05 0.0 0.5 1.0 1.5 20 25 5 10 15 20 25 40 60 80 100 120 150 200 250

1. Short pump-probe delay: high-frequency, short-lived response

2. Long pump-probe delays: low-frequency, long-lived response



Photo-ionizing pump and THz probe
on pure liquid water

1. Short pump-probe delay: high-frequency, short-lived response

2. Long pump-probe delays: low-frequency, long-lived response



Photo-ionizing pump and THz probe
on pure liquid water
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Photo-ionizing pump and THz probe
on agueous solutions

e-donor = larger signal

I"+hy —1+e
I'(aq)
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Adapted from J. Chem. Phys. 145, 074502, 2016




Photo-ionizing pump and THz probe
on agueous solutions

e-donor = larger signal
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» Depends on the number of photo-generated electrons
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Photo-ionizing pump and THz probe
on agueous solutions

e-donor = larger signal

PNAS 120, e2216480120, 2023
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» Depends on the number of photo-generated electrons



Photo-ionizing pump and THz probe
on agueous solutions

e-donor = larger signal
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Photo-ionization of very salty water
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Photo-ionization of very salty water

Pump or fixed-gate scan
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Photo-lonization of very salty water
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THz amplitude [arb.u.]

o =
& o
|

o
o

Photo-ionization of very salty water
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THz amplitude [arb.u.]
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Photo-ionization of very salty water
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THz probes water dynamics associated to pulse photo-ionization of pure water
PNAS 120, e2216480120, 2023
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Photo-doping pure liquid water

H,O+hv—>HO"+e — H;0"+ OH + € aq

Photo-excitation of water above the “direct band gap” (8-12 eV? 100-150 nm?)

Impulsive photoionization (~0.2 ps) Electron localization (>0.3 ps)

time delay

q

e  delocalized (r~4 nm) for ~0.2ps “fill void” (r~2.5 A), lifetime~100us



Photo-doping pure liquid water

H,O+hv—>HO"+e — H;0"+ OH + € aq

Photo-excitation of water above the “direct band gap” (8-12 eV? 100-150 nm?)

Impulsive photoionization (~0.2 ps) Electron localization (>0.3 ps)
— Probed directly with THz radiation

time delay
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Frequency, ogog [cm ]

Pump-probe delay, tpp [pS]

e  delocalized (r~4 nm) for ~0.2ps “fill void” (r~2.5 A), lifetime~100us



Photo-doping pure liquid water

H,O+hv—>HO"+e — H;0"+ OH + € aq

Photo-excitation of water above the “direct band gap” (8-12 eV? 100-150 nm?)

Impulsive photoionization (~0.2 ps) Electron localization (>0.3 ps)
— Probed directly with THz radiation — Probed at NIR-VIS frequencies
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e  delocalized (r~4 nm) for ~0.2ps “fill void” (r~2.5 A), lifetime~100us



“Direct” band gap of liquid water?

* What is the minimum excitation energy required to
generate delocalized electrons: 8-12eV, 100-150nm?

* Electron affinity: 0 to 1.2eV? [Nat. Com. 9, 247, 2018]

»Relevant, e.g., as a fundamental physical question
(electronic properties of liquid water), for chemistry
(electrons used in reactions), and biology (electrons
source of DNA damage).



“Direct” band gap of liquid water?

* What is the minimum excitation energy required to
generate delocalized electrons: 8-12eV, 100-150nm?
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“Direct” band gap of liquid water?

* What is the minimum excitation energy required to
generate delocalized electrons: 8-12eV, 100-150nm?

* Electron affinity: 0 to 1.2eV? [Nat. Com. 9, 247, 2018]
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“Direct” band gap of liquid water?

* What is the minimum excitation energy required to
generate delocalized electrons: 8-12eV, 100-150nm?

* Electron affinity: 0 to 1.2eV? [Nat. Com. 9, 247, 2018]

Probe: VIS/NIR synchronized Pump: tunable 100-150 nm

pulsed laser(~800nm, ~100fs) Length: 50-250fs

(broad absorption by e, (<250 fs for dynamics; <0.1eV

— laser color not critical) bandwidth excitation - >50fs).
Exc. H,0: 167mM e,,/55.4M ~

Abs. H,0O at 10 eV ~250k cm™ 3:103 x 3.35-10%° H,0/cm?3~ 1-10%°

Pen. Depth ~40 nm H,O0/cm?3x 10eV/ph. x J/eV ~

Detect probe change ~10mOD 162J/cm3 x 40nm->®~0.65mJ/cm?

[C=0D/(~15k cm™*-40nm)]: +39C heat/pulse: Rep. rate must be
— need generate ~167mMe’,, <100 MHz ( liquid jet preferable )



Cannot be done with multiphoton!
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