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')\ . GEANT4 chemistry

Water radiolysis with
Scavengers

Many applications of water radiolysis using scavengers
e Calculate initial G-values (G°) of radio-induced species

e Study biological materials
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Simulation of Scavengers

The implementation of scavenger effect in the Monte Carlo model introduces

some problems:

» Due to large number of scavenger particles in the system, the particle-
based representation cannot be used

» In an approximation, the scavenging molecules are modeled as a
continuum which is presented in standard deterministic treatments:

C, : is oxygen concentration,
dX X :is the survival probability of

E — _szX the species
k :is the reaction rate
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A SIMULATION TOOLKIT

G(Species/100 eV)

Time (s) lonizing Radiation Electronic state Decay channel | Fraction |
All ionization states H,O* + H,0 —»H;0* + *OH 100 %
0 €1 H,0 (through proton transfer)
Physical stage excitaV Nﬁaﬂon Excitation state A1B1: H,0* -°0OH + H* 65 %
e | H.o O +e (1b1) — (4a1/3s) H,0* — H,0 + AE 35%
. . N o H,0*
physiceehemical H, + O(D) o/ RO Excitation state BIA1: H,0* > HO*+*OH +e,, 55%
| ro |0 (3a1) > (4a1/3s) H,0* >*OH+'OH+H,  15%
0 H*+HO*  H,+2HO*  HO*+H;0* HO'+H,+OH e, H,0* - H,0 + AE 30 %
2g |
Excitation state : H,0* - HO* +*OH + e, 50 %
Chemical stage VG [ JI-MC D TGO R EL I H,0* — H,0 + AE 50 %
106s | e, H*, HO?, HO,*,OH, H,0*, H,, H,0,

Geant4-DNA: Step by Step (SBS) and
! HsO" Independent Reaction Time (IRT) methods

‘, N »  Using the dynamic time step model

i » Describing the diffusion process

5 corresponding to the Brownian motion (SBS)
8 S e e % Simplifying the multiple particle problem to
06 \é%:g/" the two-particle problem in an approximation

4 (IRT)
0.4 ___——-——-—’K.jggﬁ/——”"‘
0.2 PR :
- Ho H

0 el o el vl el gl vl el vl il
10° 10" 102 10® 10* 10° 10° 10" 10%2 10® 10* 10° 10° 10" 10® 10® 10* 10°
Time (ps) Time (ps) Time (ps)
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Independent Reaction Time Model
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Thanks Wook-Geun and collaborators for this work !
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Independent Reaction Time Model

Scavenger : S
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A SIMULATION TOOLKIT

¢ 0.9
o XXX X% e i 01mM )
= 3.0 X - 0.6 el IR
S % 08 T ~ 50 mM ',' ..........................
: 25 | E T 0.4+ t 100mM 'l!!:..
3 o 2 o7 e 0.2
=] i 8 R SN L B
% 2(] 7 :‘ X CE) ™ ‘ "..7. T PP o g
£ | % 08 R N ( 107 10 10
25 y = -0.78x + 0.76 i .
H* . X Q R Time [s]
-: 1.5+ 7 T TS
2 B 0.5 =
° X 8 X
2 1.0 ‘ E i
5 B O 4 ¢  Measurement
§D 0.5 j X A% Ceantd-DNA (|RT) i s * Geant4-DNA (IRT): 10 us A f
O] HE T T T T T
g i Geant4_DNA (lRT) 2 1S 0.0 0.1 0.2 0.3 0.4
0.0 % % Geant4-DNA (IRT): 1 s (NO; )1 [(mol/)/]
0 5] 10 15 20
Partial Pressure of Oxygen pO: [%] H,0, G value: Scavengers NO, /NO3
. o Reaction (1e19M-1s-1)
Reaction (1e°M-1s-1) o No: SNO Lo 08
e, + 0, O, 1.74 - :
0t O Ho 510 e-,, + NO, -> NO, 0.35
: : Thanks Flore for this work | | |e-aq + NO5"-> NO, 0.97
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chemistry

Step-By-Step Model
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Synchronize in time the steps of all tracks

1.  Define a minimum step time : ts,;,

2.  Forall tracks, compute the minimum
interaction time : ti,;,
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Step-By-Step Model

Scavenger : S
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Synchronize in time the steps of all tracks

1.  Define a minimum step time : ts,,;,

2. For all tracks, compute the minimum
interaction time : ti,;,

New G4DNAScavengerProcess is implemented:

protected

struct

theNumberOfinteractionLengthLeft (...)

* {State

» GADNAScavengerProcessState : public G4ProcessState

» Added to GAEmMDNAChemistry constructors by
G4PhysicsListHelper

» SetProcessSubType(65)



(f"\ o EANT4 DNA chemistry

G4DNAScavengerProcess:: PostStepGetPhysicallnteractionLength

G4DNAScavengerProcess

Reaction

Data

PostStepGetPhysicallnteractionLength

» Multi-Scavengers are randomly chosen by propensity functions
» A scavenger table is used to count the change of scavenger concentration in time
» Compatible with the new mesoscopic model for simulations beyond 1 us (please,

see : Parallel EM: EM — 2)

10
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9 _

s [

L/
7 F o \n
* [NO, ] from [0.125 uM- > 1.25 M]

-6 r
P « [NO;] =5x10-4 M
%4 _ =@=This work
% . O exp. acrylamide(Armstrong et al., 1959)

3 ¢ ¢ exp. KBr (Allen and Holroyd, 1955)

5 O exp. C2H50H+NaNO3 (Draganic and Draganic, 1969)
A exp. C2H50H+C3H60 (Draganic and Draganic, 1969)
1 F ¢ exp. NaNO2+NaNO3 (Wasselin-Trupin et al. 2002)
O C 1 L1111l 1 L1111l 1 L1111l 1 L1111l 1 L1111l 1 L1111l

1.0E+4 1.0E+5 1.0E+6 1.0E+7 1.0E+8 1.0E+9 1.0E+10
k (OH+S) x [S]/s-1

11
Ngoc Hoang Tran, CENBG, Geant4 Annual Collaboration Meeting



(')\ GEANT4 chemistry

A SIMULATION TOOLKIT

User interface : No need to change reactions from G4EmDNAChemistry_OptionX

Read from a file Full macro file
] # .
B e T T TR #second order reaction
# Definition of Reservoir Molecules #/chem/reaction/add e_aq + OH -> OHm
| BH BB BB RN R R At i = #/chem/reaction/add H + H -> H2
reservoir molecule: NO2 10.00e-3 E y P .
concentration in [mol/|] e
reservoir molecule: NO3- 1.00e-3 o oy or #/chem/react%on/add eag + H afs 2 Ll
¥ #/chem/reaction/add e_aq + e_aq -> H2 + OHm + OHm
e #/chem/reaction/add H30p + OHm ->
# Reactions Implemented in Geant4-DNA #/chem/reaction/add OH + H ->
| RERRBERRHRRHRRNHRNHRAR RN RARRRARRRARRR :
#/ch it H H -> H202
11 reaction III: e aq + e aq + [H20] + [H20] -> H2 + OH- + OH- ,/6.36e9 /chen/reac ?°"/add D ¢
12 reaction II: e aq + OH -> OH- , 2.95010 #/chem/reaction/add e_aq + H202 -> OHm + OH
13 reaction I: e aq + H + [H20] -> H2 + OH- 2.50e10 #/chem/reaction/add e_aq + H30p -> H + H20
14 reaction IV: e aq + H30+ -> H + [H20] , 2.11el0
15 reaction II: e aq + H202 -> OH- + OH , 1.10e10 # oH and Scavenger in environment (envD
16 reaction II: OH + OH -> H202 , second order reaction | 5.50e9 P 9
17 reaction II: OH + H -> [H20] , rate in [l/(s mol)] 1.55e10 /chem/env/pH 1
18 reaction I: H+H->H2, 5.03e9 /chem/env/Scavenger 02 19 %
19 reaction III: H30+ + OH- -> [H20] + [H20] , 1.13ell #/chem/env/Scavenger NO2m 1 mM
#
2 S S S S S e S e ) .
# Reactions with Medium NO2-/NO3- /chem/reaction/print
BRBRERBRRRRRRRRRRARRRRAARARRARIIAFTS
| reaction VI: OH + [NO2-] -> NO2 + OH- ,/8.e9 /run/verbose 1
reaction VI: e aq + [NO2-] -> NO2 i 3.5e9 . . .
26 reaction VI: e ag + [NO3-] -> NO3 X 9.7e9 #/prlm?ryKlller/set81ze 5335 um
27 # /tracking/verbose 0

/scheduler/verbose 1
/scheduler/endTime 1000 s

12 #/scheduler/maxNullTimeSteps 50
/scheduler/ResetScavengerForEachBeamOn true
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Conclusion
» New chemistry example of Geant4-DNA for scavengers

» The example may be released from version Geant4 11 and

feedback is welcome

Thank you very much

Ngoc Hoang Tran, CENBG, Geant4 Annual Collaboration Meeting



