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Outline of Session
Energy Deposition at different physical scales (ch.5)
Types of energy transfer from electrons (ch.6)
Free Radicals
Radiation Chemistry of water
Break
Recombination, Restitution, Repair
Molecular Biology 101
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Dose

size scales ∼1µm
ρ ∼ 1 g/cm3 for water or soft tissue

mass of (1µm)3 ⋅ ρ =(10-4cm)3 ⋅ ρ
=10-12cm3 ⋅ 1g/cm3

=10-12g = 10-15kg
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Mozumder & Magee
[1 MeV “typical” electron]     Portion of energy

deposited
Spurs 6 - 100 eV 65%
Blobs 100 - 500 eV 15%
Tracks 500 - 5000 eV 20%
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Demonstration That 
Events Don’t Interact Much

Spurs are 400 nm apart
1 nm = 10-9 m
400 nm = 0.4 µm
H radical diffusion
8 × 10-5cm2s-1 diffusion constant for H•
Typical lifetime ∼ 10-6s
Typical diffusion dist. = 180 nm
This is smaller than the distance between 
spurs!
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10-16 - 10-12 s Scale 
Events and After

efast + H2O → H2O+• + e- + e-
fast

e-
fast + H2O → e-

fast + H2O* → H• + OH•

H+ + OH•

(<100 eV)

H2O H2O-•
nH2O e-

aq
Solvated
aqueous
hydrated

(10-4s)

H+

Acid H• → H2

~10-11s

H2O
H•, OH•, e-

aq
O• → O2
O2

-•, H2O2

Ionization:

Activation:
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Definition of Yield
G = Yield ≡ Number of events produced per 
100 eV energy deposition

Yield is either unitless or has units of (energy)-1

depending on your perspective

Fricke dosimeter provides a way of measuring 
yield
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Interactions of Energetic 
Electrons With Biological Tissue
Direct
e-

fast + DNA → DNAbroken+e-
fast

e-
fast + Protein → Proteinbroken+e-

fast

Indirect Action
H2O* + e-

fast

e-
fast + H2O 

H2O+• + e-
H2O+e-

fast

log - linear
dose - response

biol response
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Radical Fates/
Damaged Biomolecule Fates

Recombination  A• + B•  → A - B (timescale 10-11s)
Generally A = B i.e. A• + •A → A - A

Restitution:  Non catalyzed regeneration of non-
radical species

A• + X → A + X•

Repair:  Catalyzed regeneration of undamaged 
species
A• + E + R → Amod + E + R•  where E is enzyme

biol
molecule

diffuseable
biol out

biolbiol
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W. H. Brown & J. A. McClarin, Introduction to Organic and 
Biochemistry, 3rd Ed., 1981
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Protein Backbones 
and Nucleic Acid Backbones

R = 20 amino acid sidechain
(Alanine, Glycine,...)

N C
H N C

H N

O

OR

R

SUGAR

P

5'

P

3'

BASE SUGAR

P

3'

P

5'

BASE

2 or 3 hydrogen
bonds


