Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013

How DNA is Damaged by External Electric Fields:
Selective Mutation vs. Random Degradation

(SUPPORTING INFORMATION)

José Pedro Cerén-Carrasco,*! Javier Cerezo,” and Denis Jacquemin®+9

Departemento de Quimica Fisica, Universidad de Murcia, 30100 Murcia, Spain., CEISAM,
UMR CNRS 6230, BP 92208, Université de Nantes, 2, Rue de la Houssiniére, 44322
Nantes, Cedex 3, France., and Institut Universitaire de France, 108 bd St Michel, 75005

Paris Cedex 5, France.

E-mail: jpceron@um.es; Denis.Jacquemin@univ-nantes.fr

*To whom correspondence should be addressed
tUniv Murcia

tUniv Nantes
TIUF

S-1



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013

Computational Details

ONIOM approach: The geometry of the central guanine:cytosine (GC) base pair was
fully optimized at the M06-2X/6-311G(d,p) level® and the rest of the system was frozen
in space and described with M06-2X/6-31G(d) for border basis pairs and PM62 for the
sugar-phosphate backbone. For the records, the phosphate groups are protonated to en-
sure the electrical neutrality of the system. The M06-2X functional has been shown to
provide an accurate description of van der Waals interactions! and is particularly effi-
cient for the treatment of the GC hydrogen-bonds.? This partial optimization procedure
retains the characteristic double helix form while allowing to relax the central base pairs
for every electric field strengths. Single-point calculations have been performed in the
aqueous media characteristic of living cells. The well-known polarisable continuum model
(PCM)* is used through single point energy calculations performed on the gas phase geome-
tries. These single-point calculations have been performed with larger basis sets (includ-
ing diffuse functions) aiming to provide the most accurate results. The used level of the-
ory can be shortened as: PCM-(M06-2X/6-311++G(d,p):M06-2X/6-31+G(d):PM6) / /M0O6-
2X/6-311G(d,p):M06-2X/6-31G(d):PM6. We computed the equilibrium constant using the

usual expression:

Ko = e"AC/RT (S-1)

where R is the ideal gas constant, T is the temperature (298.15 K), and AG is the Gibbs free
energy obtained from the ONIOM PCM-(M06-2X/6-311++G(d,p):M06-2X /6-31+G(d):PM6)
energies and the thermal corrections from the M06-2X/6-311G(d,p):M06-2X/6-31G(d):PM6
optimizations. All these calculations have been performed with the ONIOM scheme® as
implemented in Gaussian09.°

Molecular Dynamics: The system was formed starting from a DNA dG3:dCs dodecamer
structure (built up with the 3DNA software”) placed in a cubic box of 66 A filled with water

9181 molecules and 22 sodium cations to counterbalance the total electric charge. The final

S-2



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics
This journal is © The Owner Societies 2013

system contained 28319 atoms. To account for the interaccions within the system particles,
the AMBER parambsc0 force field® was used for the DNA residues and the TIP3P model?
for the water molecules. After minimization, MD simulations has been carried out with the
GROMACS-4.5.5 program package'? using a time step of 2fs, keeping all bonds involving
hydrogen atoms frozen. Van der Waals interactions were evaluated using a cut-off radius of
9 A and the electrostatic part was computed using the Particle Mesh Ewald (PME) ! method
with a 9 A cut-off radius for the real part. The system was equilibrated with the Berendsen
thermostat!? (77 = 0.1ps) for 1ns. For the production phase, the thermostat was replaced

13,14 (

by the Nosé-Hoover algorithm 7r = 1.0ps) and a constant electric field was included

when necessary in the selected direction as implemented in GROMACS software.

Additional MD simulations

t=5 ps t=10 ps t=20 ps t=50 ps

Figure S-1: Time evolution of undamaged model B, that is, without any electric field per-
turbation.
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Figure S-2: Time evolution of model B under less intense Z-fields (strengths are given in
1/107* au).
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Induced H;-mutation at E.=

N 0
H 0
N 0
C 1
N 2
C 1
C 1
0 2
C -1
N -2
H -2
H -3
N -1
C -0
N -1
C 0
H 0
C 1
H 2
C 1
N 2
H 3
H 2
N 0
C -1
0 -2

—80 x 107* au
.00000000 0
.00000000 0
.19723900 0
.49379300 -0
.07984600 -0
.14108700 -0
.16859100 -0
.14053000 -0
.07987100 0
.17220700 0
.23880300 0
.01059700 0
.18132400 0
.04216600 0
.09110200 0
.07909400 -0
.04965600 -0
.19964400 -0
.10846500 -0
.16576800 -0
.16002900 -0
.01957200 -1
.10217400 -0
.00896800 -0
.17079900 0
.19652900 0

S-5

.00000000

.00000000

.00000000

.48960200

. 70995600

.37675100

.40190300

. 76478200

.37140100

. 74436500

.55284500

.92393000

.43766000

.05104600

.22398000

.08684800

.07300000

.42458900

.67902500

.40487600

. 74887100

.04347800

. 75063400

.01138700

.27610600

.52328800

.00000000

.85030100

.96971900

.12344200

.99520300

.02547900

.58718000

.10648600

.70277000

.00543500

.99660000

.51593400

.04213400

.60732900

. 98582300

.61393600

.70314100

.93146100

.45636300

.49800700

.72098400

.15951100

.62978600

.91286300

.58454600

.99579900
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.93382300

.10608200

.28095100

.17435100

.17917800

.84889900

.13780900

.54793500

.20037500

. 78529600

. 77668100

.07627300

.67556300

.50806700

.10887300

.19410400

.34642600

.32614200

.49688000

.79649600

.50528400

.32332100

.50102000

.61957900

.11234100

.69925600

.18920700

S-6

.61128200

.93009000

.22282900

.45291700

.19005300

.85431600

.66882100

. 76559200

.33363200

.18376300

.19354000

.86720600

. 72562200

. 77125500

.36694400

.69222400

.91031900

.63336300

.71778200

.27774900

.31946900

.03661900

.68281400

.20732800

.02950600

.60122200

. 70597800

.10817300

.58428300

.92217000

.48368200

.61664200

.39362800

.17869500

.97686800

.41666700

.38033100

.66271600

.67598600

.87554900

.58397900

. 79999200

.58605100

.50884100

.39565700

.45862600

.82201200

.46350400

.33779900

.31030600

.86025000

.71205200

.95985100

.20265900
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.70101000

.15628000

.46399700

.79433100

.39698900

.69600600

.27287900

.28894000

.33112600

.48391700

.99566100

.96055900

.42946000

.19440600

.63924900

.46126200

.80937200

.23459900

.82268300

.92113400

.47711400

.18501800

.09435200

.51965300

.61671200

.75356700

.07018000

S-7

.51705200

.98529000

.86654500

.70639500

.50971900

.12160800

.91727400

.98431100

.67228400

.26624600

.15326800

.86492200

.35173600

.65159300

. 77685400

.12640100

.41302600

.55321800

.40208700

.88317500

.99131900

.07268800

.39434600

.49806600

.52880800

.93403300

.60312700

.06641100

.28423000

.09570500

.26840600

.59830300

.49221300

.38196100

.27599800

.20993900

.12823700

.91683600

.83979800

.10447900

.23131300

.46639900

.63302900

.07908400

.30354900

.19657800

.42708800

.41666100

.21596400

.26231200

.17240200

.40852400

.99962400

.91986700
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.65479800

.60637800

.48266500

.80842700

.07612900

.40427300

.90998900

.55319700

.83972500

.96773900

.89966900

.80753100

.01213700

.04268000

.35899900

.03420900

.21801100

.91411800

.55080500

.07926100

.19123400

.40699900

.14898900

.28988200

.17644300

.37244500

.81233300

S-8

.45995600

.76224600

.49413200

.10641800

.13370900

.52865000

.05515100

.18994800

.87295900

.23812200

.17794500

.33808800

.34298900

.01249800

.47357800

.48400100

.90575500

.53360600

.49883700

.33628300

.01154200

.46116200

.78843700

.02326800

.42350500

.91260900

.32039400

.83574200

.64434200

.16895000

.00983300

.38565700

.63297200

.44928300

.49619600

.04916500

.20641000

.15361800

. 73520600

.87655100

.74751600

.95158500

.03992100

.22796100

.62769300

. 72977300

.25913100

.20275200

.17186000

.43952100

.84683900

.33847700

.39338400

.96666500
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.59190000

.07355000

.63355700

.24126500

.71406000

.77866200

.23696800

.08971000

.07709000

.67704400

.49073500

.56828400

.29859500

.16792200

.24086500

.27461900

.52058600

. 74643900

.12536700

.23180800

.40064000

.88795000

.27886200

.05672900

.24359000

.79603100

.09851600

S-9

.93918600

.41341100

.38758800

.02565000

.36847800

.86995000

.21314200

.80635500

.39654100

.17386900

.16165700

.43903900

.15067900

.54716800

.31132400

.96613000

.17315900

.33735600

.84289900

.81527100

.97381700

.26042100

.70089200

.99944100

.58466300

.89015400

.11594600

.52253800

.32648500

.32328600

.19813600

.59553500

.76658700

.47815500

.47798400

.40920200

.72169500

.97046100

.34594300

.10198200

.86412000

.29849300

.28959400

.03606900

.78759200

.89948900

.57950300

.64450900

.99916500

.78839400

.21592700

.94646700

.41871000

.70941100
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.44040100

.30386900

.60158400

.23555000

.04886200

.74516300

.66848200

.18420400

.84728500

.20996100

.92356200

.21731800

.88121600

.37360600

.44137900

.40218900

.58820200

.28524200

.50044700

.65868300

.58707600

.25163600

.31910400

.35535500

.18662300

.25199600

.14445000

S-10

.51036800

.83929800

.85984500

.59967700

.95642600

.66084500

.56955400

.46975400

.16712700

.64125700

.82439300

.23316700

.35563500

.14568200

.07273100

.09358300

.15372200

.36647500

.92989200

.96390700

.03514900

.85695500

.87976100

.50535600

.32819100

.71912700

.59138800

.66619400

.92030400

.77271700

.48459300

.42494700

.92961100

.78712400

.25679600

.06725500

.97095200

.07867500

.78120400

.80960900

.86985600

.10309800

.71015900

.59123700

.24966200

.15759800

.58739500

.53843700

.80468300

.11168700

.75658300

.07418800

.94656000

.02359500
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.56633200

.05574500

.31329500

.65008600

.15490200

.50928200

.24390800

.27146100

.62673300

.27719700

.71962100

.34865100

.02005000

.35789900

.24826700

.58445000

.17784400

.67467200

.14892400

.07810900

.45834800

.23416700

.33947000

.99977500

.48940100

.92343100

.94285100

S-11

.30320900

.04795400

.79504600

.61824600

.59408700

.51545600

.59494400

.84992600

.24803600

.93672500

. 76695100

.27078300

.54212200

.63818100

.05157300

.38578000

.54100500

.48655500

.65380900

.25837400

.28339400

.76030000

.26024700

.20143300

.96582000

.50082500

.24565300

.03790500

.64844100

.41496400

.72011200

.69952600

.29077900

.29849900

.12442000

.26327400

.80223700

.95382300

.03036500

.75415800

.02302400

.94113500

.95972400

.23004200

.19858600

.02100200

.92508400

.18688100

.30674100

.05882800

.47844700

.12202800

.44743600

.70610100
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H -0.82347900 0.27375700 11.43475400
H 4.63055300 2.30793600 9.15125400
H 4.94369500 -5.24179900 -6.36435000
Induced H;-mutation at Ee= —100 x 10~* au
N 0.00000000 0.00000000 0.00000000
H 0.00000000 0.00000000 1.87346900
N 0.19518300 0.00000000 -3.97290400
C 1.49040000 -0.49539100 -4.12807500
N 2.07482000 -0.71579300 -2.99955600
C 1.13775000 -0.37966400 -2.02970200
C 1.16955300 -0.40681800 -0.58833000
0 2.13996500 -0.77433900 0.09589000
C -1.07883800 0.37168300 -0.70043300
N -2.17026100 0.74161700 0.00751900
H -2.23089200 0.56204700 1.00234800
H -3.00888300 0.93079600 -0.50961400
N -1.18265900 0.43985300 -2.04407300
C -0.04511300 0.05143900 -2.60794800
N -1.08791100 0.22422800 4.99262300
C 0.07616700 -0.08332700 5.63058000
H 0.03892100 -0.06610600 6.72008400
C 1.20141900 -0.42249000 4.95461500
H 2.10705600 -0.67668000 5.48500900
C 1.17208500 -0.40582900 3.52482300
N 2.17575400 -0.75553500 2.75814800
H 3.03509000 -1.04189900 3.20164500
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.12117000

.02002600

.16221600

.18095800

.93093900

.10608200

.28095100

.17435100

.17917800

.84889900

.13780900

.54793500

.20037500

. 78529600

. 77668100

.07627300

.67556300

.50806700

.10887300

.19410400

.34642600

.32614200

.49688000

.79649600

.50528400

.32332100

.50102000

S-13

.76126000

.01547400

.27749300

.52880200

.61643700

.93009000

.22282900

.45291700

.19005300

.85431600

.66882100

. 76559200

.33363200

.18376300

.19354000

.86720600

.72562200

. 77125500

.36694400

.69222400

.91031900

.63336300

.71778200

.277774900

.31946900

.03661900

.68281400

.68945000

.93047900

.59596100

.99532700

.11324900

.58428300

.92217000

.48368200

.61664200

.39362800

.17869500

.97686800

.41666700

.38033100

.66271600

.67598600

.87554900

.58397900

.79999200

.58605100

.50884100

.39565700

.45862600

.82201200

.46350400

.33779900

.31030600
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.61957900

.11234100

.69925600

.18920700

.70101000

.15628000

.46399700

.79433100

.39698900

.69600600

.27287900

.28894000

.33112600

.48391700

.99566100

.96055900

.42946000

.19440600

.63924900

.46126200

.80937200

.23459900

.82268300

.92113400

.47711400

.18501800

.09435200

S-14

.20732800

.02950600

.60122200

.70597800

.51705200

.98529000

.86654500

.70639500

.50971900

.12160800

.91727400

.98431100

.67228400

.26624600

.15326800

.86492200

.35173600

.65159300

.77685400

.12640100

.41302600

.55321800

.40208700

.88317500

.99131900

.07268800

.39434600

.86025000

.71205200

.95985100

.20265900

.06641100

.28423000

.09570500

.26840600

.59830300

.49221300

.38196100

.27599800

.20993900

.12823700

.91683600

.83979800

.10447900

.23131300

.46639900

.63302900

.07908400

.30354900

.19657800

.42708800

.41666100

.21596400

.26231200
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.51965300

.61671200

.75356700

.07018000

.65479800

.60637800

.48266500

.80842700

.07612900

.40427300

.90998900

.55319700

.83972500

.96773900

.89966900

.80753100

.01213700

.04268000

.35899900

.03420900

.21801100

.91411800

.55080500

.07926100

.19123400

.40699900

.14898900

S-15

.49806600

.52880800

.93403300

.60312700

.45995600

.76224600

.49413200

.10641800

.13370900

.52865000

.05515100

.18994800

.87295900

.23812200

.17794500

.33808800

.34298900

.01249800

.47357800

.48400100

.90575500

.53360600

.49883700

.33628300

.01154200

.46116200

.78843700

.17240200

.40852400

.99962400

.91986700

.83574200

.64434200

.16895000

.00983300

.38565700

.63297200

.44928300

.49619600

.04916500

.20641000

.15361800

.73520600

.87655100

. 74751600

.95158500

.03992100

.22796100

.62769300

.72977300

.25913100

.20275200

.17186000

.43952100
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.28988200

.17644300

.37244500

.81233300

.59190000

.07355000

.63355700

.24126500

.71406000

. 77866200

.23696800

.08971000

.07709000

.67704400

.49073500

.56828400

.29859500

.16792200

.24086500

.27461900

.52058600

. 74643900

.12536700

.23180800

.40064000

.88795000

.27886200

S-16

.02326800

.42350500

.91260900

.32039400

.93918600

.41341100

.38758800

.02565000

.36847800

.86995000

.21314200

.80635500

.39654100

.17386900

.16165700

.43903900

.15067900

.54716800

.31132400

.96613000

.17315900

.33735600

.84289900

.81527100

.97381700

.26042100

.70089200

.84683900

.33847700

.39338400

.96666500

.52253800

.32648500

.32328600

.19813600

.59553500

.76658700

.47815500

.47798400

.40920200

. 72169500

.97046100

.34594300

.10198200

.86412000

.29849300

.28959400

.03606900

.78759200

.89948900

.57950300

.64450900

.99916500

.78839400
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.05672900

.24359000

.79603100

.09851600

.44040100

.30386900

.60158400

.23555000

.04886200

.74516300

.66848200

.18420400

.84728500

.20996100

.92356200

.21731800

.88121600

.37360600

.44137900

.40218900

.58820200

.28524200

.50044700

.65868300

.58707600

.25163600

.31910400

S-17

.99944100

.58466300

.89015400

.11594600

.51036800

.83929800

.85984500

.59967700

.95642600

.66084500

.56955400

.46975400

.16712700

.64125700

.82439300

.23316700

.35563500

.14568200

.07273100

.09358300

.15372200

.36647500

.92989200

.96390700

.03514900

.85695500

.87976100

.21592700

.94646700

.41871000

.70941100

.66619400

.92030400

.77271700

.48459300

.42494700

.92961100

. 78712400

.25679600

.06725500

.97095200

.07867500

.78120400

.80960900

.86985600

.10309800

.71015900

.59123700

.24966200

.15759800

.58739500

.53843700

.80468300

.11168700



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics

This journal is © The Owner Societies 2013

.35535500

.18662300

.25199600

.14445000

.56633200

.05574500

.31329500

.65008600

.15490200

.50928200

.24390800

.27146100

.62673300

.27719700

.71962100

.34865100

.02005000

.35789900

.24826700

.58445000

.17784400

.67467200

.14892400

.07810900

.45834800

.23416700

.33947000

S-18

.50535600

.32819100

.71912700

.59138800

.30320900

.04795400

.79504600

.61824600

.59408700

.51545600

.59494400

.84992600

.24803600

.93672500

.76695100

.27078300

.54212200

.63818100

.05157300

.38578000

.54100500

.48655500

.65380900

.25837400

.28339400

.76030000

.26024700

.75658300

.07418800

.94656000

.02359500

.03790500

.64844100

.41496400

.72011200

.69952600

.29077900

.29849900

.12442000

.26327400

.80223700

.95382300

.03036500

.75415800

.02302400

.94113500

.95972400

.23004200

.19858600

.02100200

.92508400

.18688100

.30674100

.05882800
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H -3
H 2
H =7
H -6
H -0
H 4
H 4

Induced Hy-mutation at Eq= 460 x 1074

N 0.
H 0.
N 0.
C 1
N 2
C 1
C 1
0 2
C -1
N -2
H -2
H -2
N -1
C -0
N -1
C 0
H 0
C 1

.99977500

.48940100

.92343100

.94285100

.82347900

.63055300

.94369500

00000000

00000000

18207400

.48686400

.08695700

.13905600

.16686900

.17781300

.13134700

.19126100

.17162900

.97171100

.19687900

.06162400

.11931300

.05899600

.04627700

.15097500

au

.20143300

.96582000

.50082500

.24565300

.27375700

.30793600

.24179900

.00000000

.00000000

.00000000

.45496000

.67555700

.36134200

.38538100

. 73645900

.38566500

.70846100

.70679800

.11777200

.43413600

.05432400

.22623300

.10637800

.13221700

.40906000

.47844700

.12202800

.44743600

.70610100

.43475400

.15125400

.36435000

.00000000

.04186400

.92516200

.07886000

.95478600

.99826300

.60845600

.09797700

.67433900

.08322300

.10050100

.40114500

.98669400

.58612000

.00960700

.62547500

.71495800

.90459300
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.08095400

.07363100

.06558600

.88284500

.06534000

.09134100

.20053500

.29269000

.91677900

.10608200

.28095100

.17435100

.17917800

.84889900

.13780900

.54793500

.20037500

.78529600

.77668100

.07627300

.67556300

.50806700

.10887300

.19410400

.34642600

.32614200

.49688000

S-20

.67924100

.33175400

.63585100

.96264000

.69541800

.08018800

.32753600

.60995800

.57521900

.93009000

.22282900

.45291700

.19005300

.85431600

.66882100

.76559200

.33363200

.18376300

.19354000

.86720600

. 72562200

.77125500

.36694400

.69222400

.91031900

.63336300

. 71778200

.39032900

.44071000

.66148000

.16469400

.14501300

.87331300

.56943500

.08689300

.06644500

.58428300

.92217000

.48368200

.61664200

.39362800

.17869500

.97686800

.41666700

.38033100

.66271600

.67598600

.87554900

.58397900

.79999200

.58605100

.50884100

.39565700

.45862600
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.79649600

.50528400

.32332100

.50102000

.61957900

.11234100

.69925600

.18920700

.70101000

.15628000

.46399700

. 79433100

.39698900

.69600600

.27287900

.28894000

.33112600

.48391700

.99566100

.96055900

.42946000

.19440600

.63924900

.46126200

.80937200

.23459900

.82268300

S-21

.27774900

.31946900

.03661900

.68281400

.20732800

.02950600

.60122200

.70597800

.51705200

.98529000

.86654500

.70639500

.50971900

.12160800

.91727400

.98431100

.67228400

.26624600

.15326800

.86492200

.35173600

.65159300

.77685400

.12640100

.41302600

.55321800

.40208700

3

.82201200

.46350400

.33779900

.31030600

.86025000

.71205200

.95985100

.20265900

.06641100

.28423000

.09570500

.26840600

.59830300

.49221300

.38196100

.27599800

.20993900

.12823700

.91683600

.83979800

.10447900

.23131300

.46639900

.63302900

.07908400

.30354900

.19657800
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.92113400

47711400

.18501800

.09435200

.51965300

.61671200

.75356700

.07018000

.65479800

.60637800

.48266500

.80842700

.07612900

.40427300

.90998900

.55319700

.83972500

.96773900

.89966900

.80753100

.01213700

.04268000

.35899900

.03420900

.21801100

.91411800

.55080500

S-22

.88317500

.99131900

.07268800

.39434600

.49806600

.52880800

.93403300

.60312700

.45995600

. 76224600

.49413200

.10641800

.13370900

.52865000

.05515100

.18994800

.87295900

.23812200

.17794500

.33808800

.34298900

.01249800

.47357800

.48400100

.90575500

.53360600

.49883700

.42708800

.41666100

.21596400

.26231200

.17240200

.40852400

.99962400

.91986700

.83574200

.64434200

.16895000

.00983300

.38565700

.63297200

.44928300

.49619600

.04916500

.20641000

.15361800

.73520600

.87655100

.74751600

.95158500

.03992100

.22796100

.62769300

. 72977300
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.07926100

.19123400

.40699900

.14898900

.28988200

.17644300

.37244500

.81233300

.59190000

.07355000

.63355700

.24126500

.71406000

. 77866200

.23696800

.08971000

.07709000

.67704400

.49073500

.56828400

.29859500

.16792200

.24086500

.27461900

.52058600

. 74643900

.12536700

S-23

.33628300

.01154200

.46116200

.78843700

.02326800

.42350500

.91260900

.32039400

.93918600

.41341100

.38758800

.02565000

.36847800

.86995000

.21314200

.80635500

.39654100

.17386900

.16165700

.43903900

.15067900

.54716800

.31132400

.96613000

.17315900

.33735600

.84289900

.25913100

.20275200

.17186000

.43952100

.84683900

.33847700

.39338400

.96666500

.52253800

.32648500

.32328600

.19813600

.59553500

.76658700

.47815500

.47798400

.40920200

.72169500

.97046100

.34594300

.10198200

.86412000

.29849300

.28959400

.03606900

. 78759200

.89948900



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics

This journal is © The Owner Societies 2013

.23180800

.40064000

.88795000

.27886200

.05672900

.24359000

.79603100

.09851600

.44040100

.30386900

.60158400

.23555000

.04886200

. 74516300

.66848200

.18420400

.84728500

.20996100

.92356200

.21731800

.88121600

.37360600

.44137900

.40218900

.58820200

.28524200

.50044700

S-24

.81527100

.97381700

.26042100

.70089200

.99944100

.58466300

.89015400

.11594600

.51036800

.83929800

.85984500

.59967700

.95642600

.66084500

.56955400

.46975400

.16712700

.64125700

.82439300

.23316700

.35563500

.14568200

.07273100

.09358300

.15372200

.36647500

.92989200

.57950300

.64450900

.99916500

.78839400

.21592700

.94646700

.41871000

.70941100

.66619400

.92030400

. 77271700

.48459300

.42494700

.92961100

.78712400

.25679600

.06725500

.97095200

.07867500

.78120400

.80960900

.86985600

.10309800

.71015900

.59123700

.24966200

.15759800
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.65868300

.58707600

.25163600

.31910400

.35535500

.18662300

.25199600

.14445000

.56633200

.05574500

.31329500

.65008600

.15490200

.50928200

.24390800

.27146100

.62673300

.27719700

.71962100

.34865100

.02005000

.35789900

.24826700

.58445000

.17784400

.67467200

.14892400

S-25

.96390700

.03514900

.85695500

.87976100

.50535600

.32819100

.71912700

.59138800

.30320900

.04795400

.79504600

.61824600

.59408700

.51545600

.59494400

.84992600

.24803600

.93672500

.76695100

.27078300

.54212200

.63818100

.05157300

.38578000

.54100500

.48655500

.65380900

.58739500

.53843700

.80468300

.11168700

.75658300

.07418800

.94656000

.02359500

.03790500

.64844100

.41496400

.72011200

.69952600

.29077900

.29849900

.12442000

.26327400

.80223700

.95382300

.03036500

.75415800

.02302400

.94113500

.95972400

.23004200

.19858600

.02100200
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.07810900

.45834800

.23416700

.33947000

.99977500

.48940100

.92343100

.94285100

.82347900

.63055300

.94369500

Induced Hy-mutation at Eqg= +80 x 107* au

N 0
H 0
N 0
C 1
N 2
C 1
C 1
0 2
C -1
N -2
H -2
H -2
N -1
C -0

.00000000

.00000000

.18409600

.48969000

.09031300

.14176800

.16561600

.18476500

.13042900

.19712400

.16439100

.95690900

.19403700

.05995300

0.

0.

.25837400

.28339400

.76030000

.26024700

.20143300

.96582000

.50082500

.24565300

.27375700

.30793600

.24179900

.92508400

.18688100

.30674100

.05882800

.47844700

.12202800

.44743600

.70610100

.43475400

.15125400

.36435000

00000000

00000000

.00000000
.45310500
.67368800
.36048200
.38346200
. 73444700
.38565700
.70286200
.73504700
.14863700
.43437100

.05464700

S-26

.00000000

.03889100

.92450900

.07838400

.95362100

.99837200

.61263200

.09201100

.67713200

.07781300

.09290400

.40848800

.98734100

.58896100
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.11706000

.05668500

.03729700

.15177900

.07928000

.08460600

.08023000

.89140500

.07067000

.07817900

.19019900

.28187400

.91882900

.10608200

.28095100

.17435100

.17917800

.84889900

.13780900

.54793500

.20037500

.78529600

. 77668100

.07627300

.67556300

.50806700

.10887300

.22476500
.11135400
.14056400
.41327200
.68636000
.33158100
.63179900
.96350300
.69924700
.08426700
.33054900
.61690200
.57345100
.93009000
.22282900
.45291700
.19005300
.85431600
.66882100
.76559200
.33363200
.18376300
.19354000
.86720600
. 72562200
. 77125500

.36694400

S-27

.02095200

.64518000

.73494800

.93059200

.42034500

.46371700

.69242700

.20301800

.11685800

.88992800

.57585300

.09643500

.06645700

.58428300

.92217000

.48368200

.61664200

.39362800

.17869500

.97686800

.41666700

.38033100

.66271600

.67598600

.87554900

.58397900

.79999200
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.19410400

.34642600

.32614200

.49688000

.79649600

.50528400

.32332100

.50102000

.61957900

.11234100

.69925600

.18920700

.70101000

.15628000

.46399700

.79433100

.39698900

.69600600

.27287900

.28894000

.33112600

.48391700

.99566100

.96055900

.42946000

.19440600

.63924900

.69222400
.91031900
.63336300
.71778200
.27774900
.31946900
.03661900
.68281400
.20732800
.02950600
.60122200
.70597800
.51705200
.98529000
.86654500
.70639500
.50971900
.12160800
.91727400
.98431100
.67228400
.26624600
.15326800
.86492200
.35173600
.65159300

.77685400

S-28

.58605100

.50884100

.39565700

.45862600

.82201200

.46350400

.33779900

.31030600

.86025000

.71205200

.95985100

.20265900

.06641100

.28423000

.09570500

.26840600

.59830300

.49221300

.38196100

.27599800

.20993900

.12823700

.91683600

.83979800

.10447900

.23131300

.46639900
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.46126200

.80937200

.23459900

.82268300

.92113400

.47711400

.18501800

.09435200

.51965300

.61671200

. 75356700

.07018000

.65479800

.60637800

.48266500

.80842700

.07612900

.40427300

.90998900

.55319700

.83972500

.96773900

.89966900

.80753100

.01213700

.04268000

.35899900

.12640100
.41302600
.55321800
.40208700
.88317500
.99131900
.07268800
.39434600
.49806600
.52880800
.93403300
.60312700
.45995600
.76224600
.49413200
.10641800
.13370900
.52865000
.05515100
.18994800
.87295900
.23812200
.17794500
.33808800
.34298900
.01249800

.47357800

S-29

.63302900

.07908400

.30354900

.19657800

.42708800

.41666100

.21596400

.26231200

.17240200

.40852400

.99962400

.91986700

.83574200

.64434200

.16895000

.00983300

.38565700

.63297200

.44928300

.49619600

.04916500

.20641000

.15361800

.73520600

.87655100

. 74751600

.95158500
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.03420900

.21801100

.91411800

.55080500

.07926100

.19123400

.40699900

.14898900

.28988200

.17644300

.37244500

.81233300

.59190000

.07355000

.63355700

.24126500

.71406000

.77866200

.23696800

.08971000

.07709000

.67704400

.49073500

.56828400

.29859500

.16792200

.24086500

.48400100
.90575500
.53360600
.49883700
.33628300
.01154200
.46116200
.78843700
.02326800
.42350500
.91260900
.32039400
.93918600
.41341100
.38758800
.02565000
.36847800
.86995000
.21314200
.80635500
.39654100
.17386900
.16165700
.43903900
.15067900
.54716800

.31132400

S-30

.03992100

.22796100

.62769300

.72977300

.25913100

.20275200

.17186000

.43952100

.84683900

.33847700

.39338400

.96666500

.52253800

.32648500

.32328600

.19813600

.59553500

.76658700

.47815500

.47798400

.40920200

.72169500

.97046100

.34594300

.10198200

.86412000

.29849300
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.27461900

.52058600

. 74643900

.12536700

.23180800

.40064000

.88795000

.27886200

.05672900

.24359000

.79603100

.09851600

.44040100

.30386900

.60158400

.23555000

.04886200

.74516300

.66848200

.18420400

.84728500

.20996100

.92356200

.21731800

.88121600

.37360600

.44137900

.96613000
.17315900
.33735600
.84289900
.81527100
.97381700
.26042100
.70089200
.99944100
.58466300
.89015400
.11594600
.51036800
.83929800
.85984500
.59967700
.95642600
.66084500
.56955400
.46975400
.16712700
.64125700
.82439300
.23316700
.35563500
.14568200

.07273100

S-31

11.

.28959400

.03606900

.78759200

.89948900

.57950300

.64450900

.99916500

.78839400

.21592700

.94646700

.41871000

.70941100

.66619400

.92030400

.77271700

.48459300

.42494700

.92961100

.78712400

.25679600

.06725500

.97095200

.07867500

.78120400

.80960900

.86985600

10309800
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.40218900

.58820200

.28524200

.50044700

.65868300

.58707600

.25163600

.31910400

.35535500

.18662300

.25199600

.14445000

.56633200

.05574500

.31329500

.65008600

.15490200

.50928200

.24390800

.27146100

.62673300

.27719700

.71962100

.34865100

.02005000

.35789900

.24826700

.09358300
.15372200
.36647500
.92989200
.96390700
.03514900
.85695500
.87976100
.50535600
.32819100
.71912700
.59138800
.30320900
.04795400
.79504600
.61824600
.59408700
.51545600
.59494400
.84992600
.24803600
.93672500
.76695100
.27078300
.54212200
.63818100

.05157300

S-32

.71015900

.59123700

.24966200

.15759800

.58739500

.53843700

.80468300

.11168700

. 75658300

.07418800

.94656000

.02359500

.03790500

.64844100

.41496400

.72011200

.69952600

.29077900

.29849900

.12442000

.26327400

.80223700

.95382300

.03036500

.75415800

.02302400

.94113500



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics

This journal is © The Owner Societies 2013

.58445000

.17784400

.67467200

.14892400

.07810900

.45834800

.23416700

.33947000

.99977500

.48940100

.92343100

.94285100

.82347900

.63055300

.94369500

.38578000

.54100500

.48655500

.65380900

.25837400

.28339400

.76030000

.26024700

.20143300

.96582000

.50082500

.24565300

.27375700

.30793600

.24179900

Induced Hy-mutation at Eeg= +100 x 107* au

N 0
H 0
N 0
C 1
N 2
C 1
C 1
0 2
C -1
N -2

.00000000

.00000000

.18634500

.49329100

.09464600

.14538200

.16604300

.19199100

.12969200

.20471000

0
0

0

S-33

.00000000

.00000000

.00000000

.44993600

.66993200

.35912700

.38003500

.72732100

.38403400

.69333300

.95972400

.23004200

.19858600

.02100200

.92508400

.18688100

.30674100

.05882800

.47844700

.12202800

.44743600

.70610100

.43475400

.15125400

.36435000

.00000000

.03570800

.92378600

.07792700

.95235200

.99810100

.61562300

.08947500

.68004900

.07251400



Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics

This journal is © The Owner Societies 2013

.15271100

.94199000

.19148000

.05787400

.11424400

.05403900

.02731600

.15266000

.07691800

.09670500

.09736100

.90180700

.07512100

.06237800

.17794100

.26799300

.92186100

.10608200

.28095100

.17435100

.17917800

.84889900

.13780900

.54793500

.20037500

. 78529600

.77668100

S-34

.77169200

.17386000

.43267500

.05405000

.22354400

.11844300

.15348700

.41914500

.69727400

.32963600

.62481400

.96377600

.69760900

.09191100

.33707400

.62971200

.56977400

.93009000

.22282900

.45291700

.19005300

.85431600

.66882100

.76559200

.33363200

.18376300

.19354000

.08313100

.41689000

.98792100

.59153000

.03273000

.66537200

.75536100

.95723100

.45122500

.48779700

. 72489500

.24189100

.09921700

.90749200

.58274100

.10619800

.06653300

.58428300

.92217000

.48368200

.61664200

.39362800

.17869500

.97686800

.41666700

.38033100

.66271600
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.07627300

.67556300

.50806700

.10887300

.19410400

.34642600

.32614200

.49688000

.79649600

.50528400

.32332100

.50102000

.61957900

.11234100

.69925600

.18920700

.70101000

.15628000

.46399700

.79433100

.39698900

.69600600

.27287900

.28894000

.33112600

.48391700

.99566100

S-35

.86720600

.72562200

.77125500

.36694400

.69222400

.91031900

.63336300

.71778200

.27774900

.31946900

.03661900

.68281400

.20732800

.02950600

.60122200

.70597800

.51705200

.98529000

.86654500

.70639500

.50971900

.12160800

.91727400

.98431100

.67228400

.26624600

.15326800

.67598600

.87554900

.58397900

.79999200

.58605100

.50884100

.39565700

.45862600

.82201200

.46350400

.33779900

.31030600

.86025000

.71205200

.95985100

.20265900

.06641100

.28423000

.09570500

.26840600

.59830300

.49221300

.38196100

.27599800

.20993900

.12823700

.91683600
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.96055900

.42946000

.19440600

.63924900

.46126200

.80937200

.23459900

.82268300

.92113400

.47711400

.18501800

.09435200

.51965300

.61671200

. 75356700

.07018000

.65479800

.60637800

.48266500

.80842700

.07612900

.40427300

.90998900

.55319700

.83972500

.96773900

.89966900

S-36

.86492200

.35173600

.65159300

.77685400

.12640100

.41302600

.55321800

.40208700

.88317500

.99131900

.07268800

.39434600

.49806600

.52880800

.93403300

.60312700

.45995600

.76224600

.49413200

.10641800

.13370900

.52865000

.05515100

.18994800

.87295900

.23812200

.17794500

.83979800

.10447900

.23131300

.46639900

.63302900

.07908400

.30354900

.19657800

.42708800

.41666100

.21596400

.26231200

.17240200

.40852400

.99962400

.91986700

.83574200

.64434200

.16895000

.00983300

.38565700

.63297200

.44928300

.49619600

.04916500

.20641000

.15361800
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.80753100

.01213700

.04268000

.35899900

.03420900

.21801100

.91411800

.55080500

.07926100

.19123400

.40699900

.14898900

.28988200

.17644300

.37244500

.81233300

.59190000

.07355000

.63355700

.24126500

.71406000

.77866200

.23696800

.08971000

.07709000

.67704400

.49073500

S-37

.33808800

.34298900

.01249800

.47357800

.48400100

.90575500

.53360600

.49883700

.33628300

.01154200

.46116200

.78843700

.02326800

.42350500

.91260900

.32039400

.93918600

.41341100

.38758800

.02565000

.36847800

.86995000

.21314200

.80635500

.39654100

.17386900

.16165700

.73520600

.87655100

.74751600

.95158500

.03992100

.22796100

.62769300

. 72977300

.25913100

.20275200

.17186000

.43952100

.84683900

.33847700

.39338400

.96666500

.52253800

.32648500

.32328600

.19813600

.59553500

.76658700

.47815500

.47798400

.40920200

.72169500

.97046100
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.56828400

.29859500

.16792200

.24086500

.27461900

.52058600

. 74643900

.12536700

.23180800

.40064000

.88795000

.27886200

.05672900

.24359000

.79603100

.09851600

.44040100

.30386900

.60158400

.23555000

.04886200

.74516300

.66848200

.18420400

.84728500

.20996100

.92356200

S-38

.43903900

.15067900

.54716800

.31132400

.96613000

.17315900

.33735600

.84289900

.81527100

.97381700

.26042100

.70089200

.99944100

.58466300

.89015400

.11594600

.51036800

.83929800

.85984500

.59967700

.95642600

.66084500

.56955400

.46975400

.16712700

.64125700

.82439300

.34594300

.10198200

.86412000

.29849300

.28959400

.03606900

.78759200

.89948900

.57950300

.64450900

.99916500

.78839400

.21592700

.94646700

.41871000

.70941100

.66619400

.92030400

.77271700

.48459300

.42494700

.92961100

.78712400

.25679600

.06725500

.97095200

.07867500
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.21731800

.88121600

.37360600

.44137900

.40218900

.58820200

.28524200

.50044700

.65868300

.58707600

.25163600

.31910400

.35535500

.18662300

.25199600

.14445000

.56633200

.05574500

.31329500

.65008600

.15490200

.50928200

.24390800

.27146100

.62673300

.27719700

.71962100

S-39

.23316700

.35563500

.14568200

.07273100

.09358300

.15372200

.36647500

.92989200

.96390700

.03514900

.85695500

.87976100

.50535600

.32819100

.71912700

.59138800

.30320900

.04795400

.79504600

.61824600

.59408700

.51545600

.59494400

.84992600

.24803600

.93672500

.76695100

.78120400

.80960900

.86985600

.10309800

.71015900

.59123700

.24966200

.15759800

.58739500

.53843700

.80468300

.11168700

.75658300

.07418800

.94656000

.02359500

.03790500

.64844100

.41496400

.72011200

.69952600

.29077900

.29849900

.12442000

.26327400

.80223700

.95382300
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.34865100

.02005000

.35789900

.24826700

.58445000

.17784400

.67467200

.14892400

.07810900

.45834800

.23416700

.33947000

.99977500

.48940100

.92343100

.94285100

.82347900

.63055300

.94369500

S-40

.27078300

.54212200

.63818100

.05157300

.38578000

.54100500

.48655500

.65380900

.25837400

.28339400

.76030000

.26024700

.20143300

.96582000

.50082500

.24565300

.27375700

.30793600

.24179900

.03036500

.75415800

.02302400

.94113500

.95972400

.23004200

.19858600

.02100200

.92508400

.18688100

.30674100

.05882800

.47844700

.12202800

.44743600

.70610100

.43475400

.15125400

.36435000
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