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Ultrafast pulsed proton radiolysis in water
Delayed solvation time of electron
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Solvated Electron | Q

Protons ionise water molecules to
produce a radical ion and free electron

radiation _ H20+ .

H,0

Through dipolar interactions the
electron is captured by the water,
becoming solvated

e + H,O — e,
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Solvated Electron Il Q

Formation of free and solvated
electrons begin radical generation
processes which are highly reactive
and lead to DNA damage

H,0.t* — H* + HO.

€2q + €aq + 2H,O —= Hy + 20H"
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Water chemistry (a simple overview, not complete)

Q

Physical Stage  Physico-chemical Stage

_
e + H,O0 — €, Solvated electron

lonising X 3

radiationy, H-O" + ¢ ——> ¢ + H — H-

/I nitial species formed, Chemical
Hzo \ vicinity of track

species formed
H O* Dissociation P
X7 TS 1,0 > H' + HO-

I

Bond breaking HO 1l

HZO* —>

Diffusion/migratio

over nanometres

Chemical Stage

(non-homogenous)

]

HO- + HO: — H,0;
HO- + ¢, —» OH
HO- + H- - H,O
H + e, - H
+ e, +2H,0 > H,+20H"
e

aq +H +H20 —> H2+ OHi
H- + H > H,

—

n

eaq
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e ,q - broad photoabsorption band centred on 800nm
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Studying the solvation process using ions Q

Pulsed ion-radiolysis so far limited by
proton pulse duration and probe
synchronisation. “

Solvated electron extensively studied ' ‘
due to it's high absorptivity and broad ’
absorption spectrum. ’

m Chemical scavengers added to ‘ °
determine yields of radiolytic ' ’ '
products. ‘

m For high temporal resolution — ‘

large uncertainty due to ‘ l

concentration of scavenger
required.
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lon interactions in water — Stopping Power and Bragg region
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lon interactions in water — Water behaviour, non Bragg region Q

density (g/cm3)
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Molecular Dynamics Simulations
courtesy of Dr Pablo deVera

Very little motion of water
molecules

Very similar to X-Rays and fast
electrons

(lonisiation, no bulk motion of
water)
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lon interactions in water — Water behaviour, Bragg region Q

densily (g/ecm3)
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Molecular Dynamics Simulations
courtesy of Dr Pablo deVera

Very different behaviout
Very similar to X-Rays and fast electrons

(lonisation, bulk motion of water)
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lon interactions in Water — a schematic of nanocavitation Q@

Outside Bragg peak region | Bragg peak region
H,0 molecule : From Figure 3 the fast nano cavitation front has moved > 1.5 nmin<0.25 ps = >3.3 eVI
| I1;he vertical binding energy of e”,,~3.7 eV. For comparison thermal energy is ~ 0.025eVl
I

N
= Path of proton

Charge distribution on H,0 ipositive (non Bragg region)
‘ Negative

5"

€,q = Solvated electron e =free electron
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Laser incidence

Accelerated @
protons

Blow-off Hot electron
plasma cloud
@
7
,-"/¢

N _Target-normal,
guasi-static
electric field

H. Schwoerer NATURE | Vol 43926 January 2006
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. [\ Queenss University
Target Normal Sheath Acceleration — an ultrafast source

Typical results
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Optical streaking technique ©

a) Top view b) Top view
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Chirped

probe

lon pulse

d) Side view

) Spatially resolved
optical streak
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Observing ultrafast proton interactions in a single shot Q=

Probe beam

Main beam Variable duration

1053 nm, 800 fs
10J

5
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SoimEng T I probe ion induced I

! a) opacity (free electrons |

in conduction) |

_ | b) Photabsoption bands |
Schematic c) Polaristation effects |
(not to scale) I —
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Proton pulse duration measurements using SiO, Q-

3.5 £ 0.7 ps proton pulse duration
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Experimental results optical streak of solvated electron dynamics Q"

Fast electrons and prompt X-rays long Protons from short scalelength conditions
scalelength conditions interacting in water interacting in water
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Experimental results Q
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Experimental results
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Experimental results Q
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Clear evidence of delayed solvation due to nanocavitation
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Q

Demonstrated that TNSA provides a suitable source for
studying nascent radiation chemistry in water

Clear evidence that behaviour is different for electrons/X-rays
and protons

Next step will be to study cytotoxic species simulateously

Thank you for listening
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