
KER measurements

Time of Flight

T02

T01min1T

max2T

qE

P
TT

qE

P
TT

2
02max2

1
01max1

−=

−=

KER

Two body case : 

P1=-P2
Eci=P²/2mi

E

MCP

101 tTT ∆−=

202 tTT ∆+=

101 MT ∝

202 MT ∝

min1T max2T

0
rr

=∑
i

iP

Ionisation and fragmentation of radiosensibilizing mo lecules upon
100 keV protons collisions:

evidence for keto →→→→ enol tautomerism for Uracil and halogenated derivatives.
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Experimental method

Keto →→→→Enol tautomerism

Single ionisation

Double ionisation : the example of 5 – Bromo - Uracil

proton source
and accelerator

selection magnet

Projectile optics

and pulser

collision and
detection chamber

100 keV protons

Mass separation of product
ions and ionic fragments

Coincidence detection
of all ionic products for 
each single event

MCP

TOF

Thermal evaporation (ca 120° C)

oven

TOF

-240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40

5-Fluoro-Uracil

-240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40

Uracil

-240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40

Thymine

-240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40

MASS LOSS m
parent

(m
fragment

/z)-(m
parent

/z) (amu)

5-Iodo-Uracil

-240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40

5-Bromo-Uracil

-240 -220 -200 -180 -160 -140 -120 -100 -80 -60 -40 -20 0 20 40

5-Chloro- Uracil

Initially, all molecules are in their keto form.
The enol form is quasi-degenerate but is separated
from the keto by a barrier of about 2 eV.

Keto Enol

Molecules under investigation
Thymine: X = CH3

Uracil: X = H 
5-X-Uracil: X = F, Cl, Br, I
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The only way to loose a fragment of mass 70
is to first form the enol tautomer then fragment!
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Calculation are underway to establish the reaction path
and the associated energetics.
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Channel A  : two body dissociation with charge separataion

Channel B : three body sequential dissociation with initial charge separation

Channel C : three body sequential dissociation with initial charge separation
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++

190++ 147+ 43+ 28+             43+ 119°

+
+

+ +
+

+
+

-4 -2 0 2 4

-6

-4

-2

0

2

4

6

P
1

P
2

-4 -2 0 2 4

-8

-6

-4

-2

0

2

4

6

8

p
1

P
ne

u
tra

l

-6 -4 -2 0 2 4 6

-8

-6

-4

-2

0

2

4

6

8

P
2

P
ne

u
tra

l

Slope = -2.4 1.4 -0.7  (exp)
Slope =-2.5 1.5 -0.6  (th. 1)
Slope =-0.7 -0.2 0.4  (th. 2)

3 body sequential dissociation: 2 possible sequences
1- ABC++ → AC+ + B+ → A+ + B+ + C°

PB= (-mB/mAC) PA ; Pc= (mC/mAC) PB = -(mC/mA) PA

2- ABC++ → A+ + BC+ → A+ + B+ + C°
PB= (-mB/mBC) PA ; Pc= (mC/mB) PB = -(mC/mBC) PA


