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Interactions of biomoleculeswith multiply
(singly) charged ions



Fragmentation of adenine under energy COﬂiI’é@/Iet al THE JOURNAL OF CHEMICAL

PHYSICS 130, 114305 (2009)

The CIDEC method merges two well-known
techniques, the double charge transfer spectroscopy
and the mass spectrometry 7
= the fragmentation of adenine dication is studied as a
function of the excitation energy of the molecule.
method is based on the measurement of the Kki
energy loss of the scattered anion projectile CI- for
by double electron transfer during the interaction
the molecule.
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In (a), the mass spectrum is plotted as a
function of the analyzer voltage, leading to the
map of the internal energy of the Ade2+ parent
molecules (b) shows the mass spectrum
integrated over the analyzer voltage. (c)
displays an overview of thepopulation
distributions of Ade2+ parent ions as a function
of the excitation energyor each peak of the
mass spectrum, obtained by projection onto the
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horizontal axis of (a).
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= analysis of the correlation mass spectrum and the measurement
of the kinetic energy release reveal details on the fragmentation
scheme of the molecule
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Energetics and metastability of the adenine dication observed in proton -

adenine coll |SIONSBoretto-Capellest al THE JOURNAL OF CHEMICAL PHYSICS 127, 234311 2007
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(a) Total correlated two-ion time-of-flight spectrum.
(b) Inset of the region of interest
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— KER valueswere evaluated for several channels. Combining these findings with
calculations that use the GAMESS codefivation energies in the 5-6.5 eV rargwith
respect to the ground-state of the adenine dication—were deduced for three-body
fragmentation processes

— observation of long-lived states, i.eagtastabilityin the 100—-200 ns range

— In the specific case of the two-body breakup that involves mass 28;ah&ition states

as well as the fission barriefer the two competing pathways could be identified, with
preferential emission of the H-C—N-H+ ion over the C—N-H2+ ion.

— estimation of the internal temperature of the adenine molecule from thienkfelata via
transition state theory
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Energy relative to the ground state of the internal reaction

coordinates in A. Geometry of the initial

transition state, and final

products are shown for emission of (a) H-C—N-H fragment and (b)

C—N-H2 fragment.
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Isomeric effects in ion-induced fragmentationoefand 3-alaninesosocinsket

al Journal of Physics: Conference Series 101 (2008) 012006

a -alanine B alanine

Geometries ofi- andp- alanine: two commercially available isomers !
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Study of the ion-induced dissociation @f and - alanine by means of mass spectrometry
over projectile charge states ranging from 1 to 20
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Mass spectra off-alanine
(top) and o- alanine
measured following 50 keV
O5+ impact. The dashed
arrows located at m/q = 30,
44 anc 89 amu indicate the
most pronounced differences

— strong geometry-dependence of the fragmentation protlessass spectra exhibit
significantly different peak intensities at m/q = 30 and 44 amu.
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Intensity (arb. units)
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Fragment energy distribution
(left column: H+ fragments,
right column: O+ fragments)
following impact of He+, He2+,
O5+ and Xe20+ projectiles on
a- andp- alanine.

— energy of a given fragment
depends not only on the
fragmentatio channe bul alsc
on the isomer geometry

— some common features. In
particular, O+ and H+energies
largely exceed 30 eV, which
Indicates that fragmentation of
aminoacids generates secondary
lons which can, in turn, induce
severe biological damage.
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Precise Determination of 2-Deoxy-D-Ribose Internal Energies after keV
Proton CollisionSwaradoet al ChemPhysChem 2008, 9, 1254 — 1258

16 g—— *
2 12? B_em__a_ L. g -m=—TkeVH'] _
~, 8F i :,,,...i_,, - - —e—3kevi] LOwer panel: Fragment ion mass spectra
a:) 5 i —a- i ) . .
W g.‘ O oo —omeimecty from collisions of 3 and 7 keV protons
sl with 2-deoxy-d-ribose. Upper panel:

y CHO —3keVH | Most probable excitation energy Eexc
| associated to major fragments for
different proton impact energies (3 keV
and 7 keV) and excitation energy

Relative intensity
(]
[(a]

. 1 | cHO C,H,O' obtaine(by electror impac ionizatior.
0.3 HH c)Hdo} » g
00 . Jv\ iy | ]

0 10 30 40 50 60 70 80 90 10C

miq [ amu

Two obvious conclusions can be drawn:

1) The mass spectrum is only weakly dependent on the kinetic energy of the proton
projectile for the energy range under study.

2) The most probable excitation energy is only weakly dependent on the fragmesntouas
depends strongly on the projectile energy. On average, 6.5 eV and 11 eV asitelefor 3

keV and 7 keV proton impacts, respectively.
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0 oo o0 nuclear fragmentation to cluster fragmentation:

Peak integrals of integral fragment iorSignatures of statistical fragmentation

mass spectra from collisions of 3 and 7.5
keV protons (v=0.35 a.u. and v=0.55
a.u.) with 2-deoxy-dribose.
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lonization and fragmentation of tetraphenyl iron (lll) porphyrin chloride
iInduced by slow multiply charged ion impagtiaucet aieur. phys. 1. 0 51, 125-130 (2009)

Sketch of the molecular structure
1100 of FeTPPCI (C44H28CIFeN4)
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= ionizing process much less

FeTPPCI™ violent than collisions with slow
electrons (70 eV)
| | b @ JU{ = the loss of neut_ral Cl-atoms
0 250 500 750 represents thedominant decay
mass / charge (a.u.) channel

Typical fragmentation spectrum obtained in 30 keV-collisions of O3+ ions wWiTPIRE|
molecules. The peaks, characterized by a and b correspond to the loss of blhaedy?
groups in addition to the Cl-atom, respectively.
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| Theary I Theory
[ Experiment 50— [ Experiment |

Isotopic contributions for singly

(upper part: FeTPPCI+ (right) and

FeTPP+ (left)) and doubly

! - B BB _ B charged (lower part) ions.

e e e Comparison of the experimental

results with distributions obtained

_ by taking into account the natural

S iIsotopic  contributions to the
differeni peak. Collision systen:

- O3+ + FeTPPCl at 30 keV.

$,.F. £.8 ¢

Normalized intensity

Mormalized intensity

8

Normalized intensity
Normalized intensity

3330 3335 330 345 3350 3355 3380
Mass per charge Mass per charge

= singly charged ions: general agreement experiment / theory. In the experimeatiia
the intensity of the most prominent peak is slightly reduced in favor of the ma@sse702
and 666/667, respectively: one or two hydrogen atoms are emitted after simgtation
with low probability.

= doubly charged ions: hydrogen loss becomes more important.
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counts

...prompt and delayed processes

/| prompt decay
[\ Shape of the FeTPP+ peak form created
Al \ delayed emission ‘
o, miorsecayne, DY @ prompt decay (< ns) and delayed
IV g | decay (<10us) of the intact molecule
10 A i LU || ‘ ‘ el
| At { AT by emitting a neutral Cl-atom.
My LWV WAL Y
= ="t
Al | ||
7500 7550 7600 7650

TOF (channels)

—> a tail towards longer drift times: contributions due to a decay which occurs
within the extraction region of the Wiley- McLaren —TOF-system.
= from the intensity of the observed tail they could calculate the relative

fraction of the delayed Cl-emission with respect to the prompt process, as well

as the characteristic lifetime, 10% and 8 us, respectively
+ (not shown here) emission of negative charges, either as delayed electrons or
possibly as negative anions is observed increasing the initial positive charge of

the ionized system.
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lon-Induced Biomolecular Radiation Damage: From Isolated
Nucleobases to Nucleobase Clust@tSieet aichem. Phys. chem 2006, 7, 2330 - 2345

Wide-scale mass spectrum for
collisions of 50 keV O5+ with
neutral thymine clusters. The
masses are given in multiples of
the thymine mass. Peak series
due to singly, doubly, and triply
charge: cluster: are indicatet.

intensity

= characteristiadditional fragmentation channease observed in the cluster case:

the most important of these channels are the loss of O and H.

= the fragmentation was compared to existing data on condensed-phase thymine,
where the respective characteristic channel was observed as well.

— these are probably due to the hydrogen bonding between O and H atoms in
thymine, that is, the clusters apparently favor planar geometries over staoked

Clusters 17



Electron spectroscopy in proton collisions with dry gas-phase

uracil baSS/loretto-Capelleet d PHYSICAL REVIEW A 74, 062705 2006

- measurement of the DDCS for the emission of secondary eleatrpnston-dry uracil
collisions, at a fixed angle of 35
MCP

A
H :elastic scattering

|
i ®=90° E(H)=7.16keV
I
|
|

H;" (25keV)

3H (8.33keV)

Schematic of the normalization procedure. Elastic scattering, at righg,ang
H3 + (25 keV) + uracil collisions. The scattered particles are idedtiby time-
of-flight spectrometry and detected by a multichannel plates package.

Electron spectroscopy 18
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in solid line.

Electron spectroscopy 19



Interactions Biomolecules- atoms



Electron capture-induced dissociation of AK dipeptide dications:
Influence of ion velocity, crown-ether complexation and collision gas

Bernigaudet al International Journal of Mass Spectrometry 276 (2008) 77-81

— this work deals with collisional electron transfer between digeplications and a rare gas
= electron capture leads to three dominant channels, H loss, NH3 loss, and N-C bond

breakage to give eithe'r C+Or z+ fragment ions.
1o n U
H;N-G~C~N{C~COOH " M —H

CH CH,CH,CH,CH,NH,
r4

102 A

&

M"=NH 25A

0 50 100 150 200
m/z

ECID spectrum of M2+ = [AK + 2H]2+ One possible structure of [AK + 2H]2+

obtained after electron capture from Na O]Ptﬁi”e‘j at the B3LYP/6-31+G(d) level
of theory.

Larger molecules 21



Probability

The relative importance of these channels has been explored as a

function of ion velocity, the degree of complexation with crown
ether, and collision gas.
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Probability of formation of Probability of formation of
the different ECID ions of the different ECID ions
[AK + 2H]2+after electron after electron capture from
capture from Na as aNa as a function of the
function of the acceleration number of attached crown
voltage. ethers to [AK + 2H]2+.

different ECID ions after
electron capture to [AK +
2H]2+ as a function of the
lonization energies of the
target gases.

= H loss and NH3 loss are competing channels whereas the probaldNiCdbond breakage
IS more or less constant.
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= Interactions with charged ions and with atoms

= In the gas phase or in complexation with crown ether

= Different types of targets: nucleobases and small systems, larger
molecules cluster: / effect of the isomerizatiol

= Different processes:. (prompt and/or delayed) fragmentation,
lonization (electron spectroscopy/DDCS)

= Different parameters: excitation energy of the target, coraaiati
spectra, KER, activation energies, fission barriers, transitidasta



Electron biomolecules interactions

Tonizing radiation =generation of secondary electrons
Problem of Transport of electrons in (bio) matter

Tetrahydrofurfuryl alcohol, Tetrahydrofuran
A-'Scattering’ processes simplest analogue of the DNA deoxyribose
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DCS (107" m%sr™)

0.1

Scattering angle: differential cross sections
Transport of electrons....
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B- Excitation/Fragmentation processes

Action of electrons on neutral molecules depends on the incident electron energy ..

>

e emission / e2e

VIP

Electron incident energies

excitation

o
®
<

Neutral Cation .....

v

Investigation of initially charged molecule: mass spectrometry



Scattered e (arb.units)

1-Electronic and vibrational excitation: Electron Energy L ossSpectrometry
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8] E" =EincEexc

Neutral molecule
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Comparison between VUV optical absorption and EEL gectroscopy of formamide

Synchrotron radiation source * ]

‘Table top’ experiment
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2-Low energy part: DissociativeElectron Attachment

‘Big system: DNA’ ‘Molecule’ ‘Tt Doesn't Take Much to Break Up Uracil !'
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3-‘High’ energy part :

30

Electron | nduced Dissociation

Scanning of incident electron energy
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Other example: e+ 5CIU

Loss of OCNH

46

keto-enol Evaluation of dissociation limits

Calcul B3LYP 6-31G(d,p)
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Comparaison with experimental thresholds
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Structure of fragments



EXAMPLE OF SET-UP:

Innsbruck: Quadripole mass spectrometer

Time of flight cell : Toulouse

Tos
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(F glecirodss)



Photon biomolecules interactions

Synchrotron Radiation sources : photo dissociation

Photoion mass spectrometry of adenine, thymine angracil in the 6—22 eV photon energy
range

T T LT
r|T|'l ![!!l“ﬂ| /"T[ ) miz =28 ] Hans-Werner Jochims et al
s \9meea Chemical Physics 314 (2005) 263-282
= v
e =
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Same kind of experiment / electrons: better resolution



Photoelectron spectroscopy

Access to the electronic structure

Valence shells

A study of the valence shell electronic structure of uracil
and the methyluracils

D.M.P. Holland el al

Chemical Physics 353 (2008) 47-58

Photoelectron intensity (arbitrary units)

Uracil Experimental spectrum: hv=80 eV
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theory (OVGF/6-311++G™) 1= 6a'(m)

2 = 4a'(m)
a=16a'{gO)
4=15a"lg Q)
5 = 3a’'(m,)
&= 2a'(m,)

7 =14a'lg
8=13a"lc Q)

T T T T T T T T T T T T T T T T
Theory: ADC(3) / 6-31G
9 = 1’
F 10 = 12a'(5 0)
G 11 = 11a'g)
12 = 10a'(a)
13 = 9a'(a)
14 = 8a'(a)
15 =T7a'(m)
16 = Ba'(a)

g | @ 13

T T T T ?‘ili-iilalﬁl‘ll‘?l|lllj T

15+16

1
ks
T T T

T
10 12 14 16 18 20 22 24
Binding energy (eV)

Fig. 2. Upper frame: The valence shell photoelectron spectrum of uracil recorded at
a photon energy of 80eV for 6 =0° The bar spectrum represents the results
obtained using the OVGF approach. Lower frame: The theoretical photoelectron
spectrum of uracil obtained using the ADC(3) method.



Density of states

Inner shells spectroscopy. 1s electron

Photoelectron intensity (arbirtrary unit)

Radiation synchrotron

E >350eV

photon

Photoelectron intensity (arbitrary unit)
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1s levels: sensitive to conformation



Photodamage to isolated mononucleotides—photodissation spectra and fragment channels
Marcum J.et alPhys. Chem. Chem. Phy2009,11, 1740-1751
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Time of flight heavy fragment

Double lonization of molecule and fragmentatiordiafation
Access to the dynamic of dissociation
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Time of flight light fragment

Theory: Two vacancies in valence orbitals Evolu@iMD+BO-MD + classical mecanism
MF Politis MP Gaigeot MA Hervé Le Penhoat R.VuillenF-Martin, P.Lopez.....



Concluding remarks:

Experiment acces to a large panel of phenomena eft
complex

But interpretation of results....sometimes difficult

NEEDING OF THEORETICAL INVESTIGATIONS



