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Marie Sktodowska Curie

Nobel Prize in Chemistry 1911

Radium and Polonium (1898)

210Pg => 206pPpH + (o (54 MeV, t1/2 =138 days)
226Ra =>222Rn + a (4.9 MeV, t;,, = 1601 years)

First heavy ion sources
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Decomposition of Radium and Water

224Ra => 220Rn + o

222Ra+ H,O0 =>2Rn+ a (He) + H, + ?

Observe only molecular products




Early Studies on Water Decomposition

O. Risse, On the radio-photolysis of hydroperoxide, Z. Physik. Chem.
A140, 133 (1929)

H. Fricke and E. R. Brownscombe, Inability of x-rays to decompose water,
Phys. Rev. 44, 240 (1933)

HZO AAA— Hzoact
H,0Oact > H,O
H,O + reactant —> product

J. Weiss, Radiochemistry of agueous solutions, Nature 153, 748 (1944)

H,0 AA> «H + «OH

Acceptance of radical chemistry



LET Effects in Water

A. O. Allen, "The Radiation Chemistry of Water and Aqueous Solutions”,
Van Nostrand, Princeton, p. 58, 1961.

-dE/dx (eV/A)

First summary of LET effects



Cloud Chamber Tracks

B-particle: C. T. R. Wilson Proc. Roy. Soc. A, 1923, 104, 192

proton: P. I. Dee Proc. Roy. Soc. A, 1932, 136, 727

a-particle: C. T. R. Wilson Proc. Cam. Phil. Soc. A, 1922, 21, 405

Various particles have
tracks that look different.




Visualization of Tracks
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Differences in 10 keV Track Segments at 1 ps
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Radiation Effects due to Nuclear Power

Transuranics are o-particle emitters.
Must deal with legacy of weapons and reactors.


http://rds.yahoo.com/_ylt=A9gnMinJuzdFUIgA0lqJzbkF;_ylu=X3oDMTBjcDR2NTN2BHBvcwM2BHNlYwNzcg--/SIG=1kuf5hmi4/EXP=1161366857/**http%3a//images.search.yahoo.com/search/images/view%3fback=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253F_adv_prop%253Dimages%2526imgsz%253Dall%2526imgc%253D%2526vf%253Dphoto%2526va%253Dradioactive%252Bwaste%2526fr%253Dyfp-t-501%2526ei%253DUTF-8%26w=280%26h=236%26imgurl=www.tepco.co.jp%252Fen%252Fenv-com%252Fenvironment%252Freport%252Fenv_sec%252Flocal%252Fimages%252Fka37_03.jpg%26rurl=http%253A%252F%252Fwww.tepco.co.jp%252Fen%252Fenv-com%252Fenvironment%252Freport%252Fenv_sec%252Flocal%252Fka_37-e.html%26size=20.8kB%26name=ka37_03.jpg%26p=radioactive%2bwaste%26type=jpeg%26no=6%26tt=2,606%26oid=b6b13177858b4686%26ei=UTF-8

Heavy lon Radiolysis in Space

solar/cosmic radiation: H, He, etc.
planetary particles

Applications in space exploration and origin of life.


http://rds.yahoo.com/_ylt=AvRX9PGdnMXrES0jjHd24VdXNyoA;_ylu=X3oDMTEwazFvMmV2BGNvbG8DZQRwb3MDMgRzZWMDc2MEdnRpZANNMDAxXzk2/SIG=1jf5fld48/EXP=1135866179/**http%3a//images.search.yahoo.com/search/images/view%3fback=http%253A%252F%252Fsearch.yahoo.com%252Fsearch%253Fp%253Dphoto%252Bof%252Bsatellite%2526toggle%253D1%2526ei%253DUTF-8%26h=360%26w=360%26imgcurl=www.unc.edu%252F%257Egmcdonal%252Fsatellite.jpg%26imgurl=www.unc.edu%252F%257Egmcdonal%252Fsatellite.jpg%26size=48.5kB%26name=satellite.jpg%26rcurl=http%253A%252F%252Fwww.unc.edu%252F%257Egmcdonal%252Fcolumn%2525201%252520and%2525202.htm%26rurl=http%253A%252F%252Fwww.unc.edu%252F%257Egmcdonal%252Fcolumn%2525201%252520and%2525202.htm%26p=satellite%26type=jpeg%26no=2%26tt=265%252C135%26fr=FP-tab-web-t
http://en.wikipedia.org/wiki/File:STS-134_International_Space_Station_after_undocking.jpg

Health / Therapy Effects due to Track Structure
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Precise dose delivery with heavy ions


http://www.gsi.de/forschung/bio/radiobio.html

Advancement of Heavy lon Radiolysis

Fishbone

< G
gl o A
63 /A N
SPEG \
\ D3 I
) LISE
! L
G2 & —~
ORION N PN

e D1

Y i< SHE co2
\: .'/’. ‘ N

2 gL e e e o] R
H—{ 1551\ Rebunchne N\ Returghar L

Q
it

( ‘ ALPHA 0% _l

(sgllzﬁu css2 css1 co1

Progression from radium salts to advanced accelerators


http://www.scholarpedia.org/article/File:GANIL-figure2.JPG

Radiolysis of Water and Agueous Solutions

H,0 < e, H;0", OH, H, H,, H,0,

€, - electron transfer reactions
H, : explosive, flammable
H,O, : corrosive

OH : biological




DNA Radiation Damage

Direct Effects

DNA - single strand breaks, SSB
double strand breaks, DSB
multiply damaged sites, MDS

Indirect Effects

H,O - OH
n(OH) + DNA > SSB, DSB, MDS




OH Radical Scavenging

H,0 ~Ma> e,5, HyO*, OH, H, H,

k (M-1s?)
eOH + ¢OH — H,O, 5.5 x10°
€aq T eOH - OH- 3.0 x 10%0

. Track .
. Reactions
eOH + HCOOH —> H,O + «COOH 1.3 x 108
eH + HCOOH — H, + «COOH 4.4 x10°
eCOOH + O, —> CO, + eHO,
0
formic acid ”
C



lon Characteristics
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Notre Dame has a core set of ion accelerators.
Each ion has a different track structure, physics and chemistry.



Heavy lon Beamline
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Gamma Radiolysis




Formation of OH Radicals with He lons

J.A. LaVerne Radiat. Res. 1989
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Track Segment and Track Average Yields
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Track Average OH Radical Yields with He lons

J.A. LaVerne Radiat. Res. 1989
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OH Radical Scavenging Capacity

H,0 ~Ma> e,5, HyO*, OH, H, H,

k (M-1s1)
eOH + ¢OH — H,O, 5.5 x10°
€ag T eOH — OH- 3.0 x 10%0

. Track .

. Reactions
eOH + HCOOH — H,O + «COOH 1.3 x 108
eH + HCOOH — H, + «COOH 4.4 x10°
eCOOH + O, — CO, + eHO,

Scavenging Capacity = [HCOOH] x 1.3 x 108 (s)



Track Segment LET Dependence of OH Radicals

T. Maeyama, S. Yamashita, G. Baldacchino, M. Taguchi, A. Kimura, T. Murakami, Y. Katsumura, Radiat.
Phys. Chem. 2011

G(70H-CCA) i (100eV)"

Concentration of 3-CCA / mM
10’ 10°

<
]
1

e
—
i

]l'!llll’ £ L) If'l'll'll

Scavenging time scale / ns

He: 2.3, 6.7 eV/nm
C: 11, 22 eV/nm
Ne: 48, 103 eV/nm
Ar: 98, 148 eV/nm
Fe: 205, 441 eV/nm



Conclusions

Heavy ion studies began in the Curie laboratory.
Heavy ion studies are still important for many applications.
OH radical yields are important for medical applications.

OH radical yields are being determined for a wide variety of
radiation type and LET.

Determining temporal dependence of OH radical yields.

Model techniques are still being developed and compared
with experiment.
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