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Abstract

Using time-of-flight mass spectrometer, the femtosecond laser-induced dissociative ionization and Coulomb explosion of ethanol under
irradiation of 130 fs pulse duration laser of linear and circular polarization at 810 nm, have been investigated. Coulomb explgdimibf C
molecule was observed to undergo a two-step process with one bond of @ielCskeleton atoms breaks firstly then the other. The similar
laser intensity dependence of;,OH" (n=1-4) ion yields and the molecular ionldsOH" indicated that they are the results of multiphoton
ionization of inner-valence electrons followed by radiationless transitions to various dissociation channgls@HC By analyzing the
momentum-scaled spectra, the intermediate daughter iop®BHand CH;, C,HZ and OH were concluded to be originated from the
same Coulomb explosion channel ofHgOH?* ion, respectively. The atomic ion’Cshowed an anisotropic angular distribution, which is
reassessed to the geometric alignment mechanism.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction depended sensitively on the characteristics of incident laser
fields[14—16] Recently, Yamanouchi et al. have investigated
Since tabletop femtosecond laser systems becamethe dissociative ionization of ethanolintheintense laserfields
commercially available, a large amount of research work when the linear chirp rate of laser pulse changed. The light-
has been done to investigate the interactions of moleculesdressed potential-energy surface at the singly charged stage
and intense laser fields. When a molecule was irradiated byhas been elucidated to govern the nuclear dynafdick
laser light with an intensity of exceeding HWw/cn?, one Mathur et al. presented that the yields of singly and multiply
electron or several valence electrons may be stripped awaycharged atomic fragments from a series of alcohol molecules,
through multiphoton ionization, tunnel ionization and over- from methanol and ethanol, through hexanol to dodecanol
the-barrier ionization (field ionization). Then dissociation or are suppressed when the circularly polarized light was used.
Coulomb explosion occur to form the ionic fragments. Many Their experimental observation also indicated that the en-
dynamical processes, such as the explosion pathway, théhanced ionization mechanism holds for circularly polarized
enhanced ionization and the spatial alignment, the structurallaser[18].
deformation and explosion process, are understood for di- In this report, the femtosecond laser-induced dissociative
atomic[1-4] and triatomic molecules—8] and polyatomic ionization and Coulomb explosion of ethanol molecule were
molecules with the special structuf®s-13]. For polyatomic experimentally studied by means of time-of-flight (TOF)
molecules, the signal intensity of the ionic fragments mass spectrometer. The characteristics of the ionic fragments
coming from the field ionization and Coulomb explosion are
* Corresponding author. Tel.: +86 1062765884; fax: +86 1062756567 analyzed. The dependences of the ionic fragments on the po-
E-mail addressghgong@pku.edu.cn (Q. Gong). larization of laser are also observed and discussed.
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2. Experimental setup /.*_;;
The experimental setup has been described in detail in our 1 /
previous report$19,20} The employed laser system was a . 1E3 / —
CPA femtosecond Ti:sapphire laser with a central wavelength 5§ ; / —
of 810 nm, pulse duration of 130fs and a repetition rate of g ] / / //
10 Hz. The maximum pulse energy can reach 5mJ. A home- 5 ] / -—
made TOF mass spectrometer with a 35cm long field-free 3 / /
drift tube was used for ion analysis. The femtosecond laser ¢ "&*; .?‘ —® CHOH
pulses were focused into the vacuum chamber of the TOF — ] N _/ v—CHOH
mass spectrometer by a lens with a focal length of 150 mm. / *— CH,OH
A gaseous sample was introduced into the vacuum cham- l * A~ CHOH
ber via a pulsed valve with a 0.2 mm orifice. The produced  1E-54 =— GHOH
ions were accelerated by a two-stage electric field and de- 1E14 e S
tected by a micro-channel plate (MCP). The high transmis- Laser intensity (W/cm?)

sion grids are installed in the mass spectrometer to collect the
ion. The collecting radius of MCP is about 18 mm. The opti- Fig. 2. The signal yields of £4,OH"(n=1-5) ions as a function of laser
mum mass resolution can reach 11érdz=58. The signals ~ intensity.
were recorded using a 1 GHz data acquisition card and then
transferred to a PC for storage and analysis. A half-wave platetrometer axis. The ionic fragments may be divided into three
was inserted into the path of the laser beam in order to rotatekinds. The first kind of ions refers to28,OH" (n=1-5),
the laser polarization direction with respect to the detection which have the EC-O skeleton. The second kind of ions is
axis of the TOF mass spectrometer. A quarter-wave plate wasCH20H" and GH;f (n = 2, 3, 5), which have either the-@&C
inserted into the path of the laser beam in order to obtain the bond or G-O bond when one bond of the-C—-O skeleton
desired laser ellipticity. The pulsed valve, the data acquisition breaks. The last kind of ionic fragments is £t = 1-3),
card and the femtosecond laser pulses were timing scheduled:H%*, Hf (n = 1-2), " (n=1-2), OH and C" (n=1-3).
by a DG535 digital delay and pulse generator. They have neither the-€C bond nor G-O bond.
Fig. 2 presents the signal intensities ofk, OH" (n =

1 5)ions, of which the €C-0O skeleton atoms are not de-
3. Results and discussion stroyed, as a function of laser intensity. They exhibited the

same dependences of ion yields on laser intensity, which
3.1. TOF mass spectra under different laser polarization ~ are consistent with the results oL, [21] and CHOH

[22] molecules. This concluded that the observedigOH*

The typical TOF mass spectrum of ethanol induced by (n=1-4) ions occurred as a result of multiphoton ioniza-
810nm, 130fs linearly polarized laser pulses at a laser in- tion ofinner-valence electrons followed by radiationless tran-
tensity of 3.8x 10> Wi/cn? is shown inFig. 1 The laser sitions to various dissociation channels of the molecular
polarization direction was collinear with the TOF mass spec- ion C;HsOH*. The intermediate daughter ions @BH",
CoHZ ,CHI, and OH have a double-peak or a triple-peak
structure in the mass spectrum. These indicated that Coulomb

—_ Oozf | explosion of GHs0OH molecule undergoes a two-step pro-
£ O‘%H-,mo H f'ﬂl cess. One bond of the-€—0O skeleton atoms breaks firstly
o ] b M f then the other does. This is similar to that agfHg molecule
= 1 it I\, 1‘ \,ﬂ \4! ol L. .
% 0.00 PN Motn_J \;—J—f‘wj k , “I“ in intense femtosecond laser fiel@8].
D A 5 mCZ S & cH cn—g OH ‘Hzés ~ Both vertically linear polarization and circular polariza-
> M . “ CH o M ll tion laser were also used to investigate the Coulomb explo-
S I p /,r \\v‘ sion of GHsOH molecule Fig. 3 shows the obtained TOF
g ggg:*w OH mass spectra when the laser polarization vector is parallel (in
% CH CH (\CHon C2H40H+ \ﬂm the upper trace) and perpendicular (in the middle trace) to
o 0014 i \ HOH CH OH\,\ | the TOF mass spectrometer axis and when the laser pulse is
: 23 f\vj\wj \ CHOH \ \ i circular (in the lower trace) at the same intensity. The signal
VL _ : . o
0.0 = intensity of H ion was multiplied by a factor of—o. There
20 25 40 45

is no difference for the ion intensity of €l,OH" (n=1-5)

in the horizontally and vertically linear polarization. While
S v : . ;

Fig. 1. A typical TOF mass spectrum of ethanol induced by 810 nm, 130fs atomic ion C (n - 1_3) ylelds decrease apparently inverti-

linearly polarized laser pulses at an intensity of 8.80'> W/cn?. The laser cal polarization comparing with that in horizontal polariza-
polarization direction was collinear with the TOF mass spectrometer axis. tion, which reveals the result of molecular spatial alignment

Mass to charge
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Fig. 3. The obtained TOF mass spectra when the laser polarization vector
is parallel (in the upper trace) and perpendicular (in the middle trace) to the

TOF mass spectrometer axis and when the laser pulse is circular (in the lower
trace) at the same intensity. The signal intensity dféh was multiplied by ) . .
a factor of 5. tra of intermediate daughter ions @BIH* and CH. It

is clearly noted that the forward and backward ion peaks
in intense laser fields. A significant decrease of ionization of CH,OH* and CH, ions have the same released mo-
for the circularly polarized laser is also observed in compar- mentum, |P//| = 88, 000 amunis. It indicated that they
ing with the linearly polarized laser. It is consistent with the originated from the same Coulomb explosion channel of
conclusion of Ref[18]. The kinds of ionic fragments under  C,HsOH?* ion, C;HsOH?+ — CH + CH,OH*. We also
three different laser polarizations are identical. This indicates gave the momentum-scaled spectra of intermediate daugh-
that the polarization property of laser beam do not affect the ter ions QH}[ and OH ions in the same way (as shown
two-step Coulomb explosion process gfHgOH molecule in Fig. 5. The peaks for forward and backwarobH:Jf

Fig. 4. The momentum-scaled spectra of intermediate daughter ions
CH,OH" andCH; .

in intense laser fields. and backward OH are multiplied by a factor of 1.3, 1.3,
1.1, respectively. The momentum of the forward ion for

3.2. The momentum-scaled spectra of intermediate CzHg“ and OH ions is 83,000amu m/s. This also sug-

daughter ions gested that they arose from the same Coulomb explosion

channel of GHsOH?* ion, that is GHsOH?** — CoHZ +
The signals of CHOH* and CH; ions exhibitthree peaks, OH*. The middle ion peaks of C#DH*, C;HZ, and CH
the forward, middle and backward ion peaks. The forward and are the results of “soft” dissociation of singly charged
backward peaks are formed by ions initially moving toward ion C;HsOH* such as the following dissociative channels:
and backward the detector. They can be used to calculate th&CHzCH,OH* — CH,OH*+CHg, CH3CH,OH™ — CHY +
kinetic energy release (KER4]. The equation is given by CH,0H, CHsCH,OHT — Czng + OH, etc.

Ui — U 2
EKER = (W = U2)" 5 ) AP,
8md 0.024
whereU1 is the potential voltage of the repeller platg, is ] .83 83

that for the first acceleration platejs the distance between
these plateq is the charge of the ion, anit is the differ-
ence in the arrival times between the forward and backward
accelerated ions. If we assume thgits the flight time at the
center of these two peaks corresponding to zero momentum. - ]
The measured TOF mass spectrum can be transformed into U_
the momentum-scaled spectrum along the direction parallel Rl e ,....‘_/\_\
to the TOF mass spectrometer axis by using the following T
equation, -0.024
q(U1 — Us)(t — to) 300 200 -0 0 100 200 300

o
=
?
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The momentum-scaled mass spectrumcan help us IdentlfyFig. 5. The momentum-scaled spectra of intermediate daughter Lthhat C

the Coulomb explosion pathway of doubly charged ethanol ang o . The peaks for forward and backwardig and backward OH
ion CoHsOH2*. Fig. 4 shows the momentum-scaled spec- are multiplied by a factor of 1.3, 1.3, 1.1, respectively.
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Fig. 6. The angular distribution of the molecular ioaHgOH" at a laser

Fig. 8. The TOF mass spectrain horizontally linear polarization and circular
intensity of 3.8x 10" W/cn?. 9 P y P

polarization with equal electric field along the detection axis of the TOF mass
spectrometer. The signal intensity of kbn was multiplied by a factor of
L . . 1

3.3. Angular distributions of the molecular ion 10°

C,HsOH* and atomic ion &*

The angular distributions of the ,850H* and C* in horizontally linear polarization. The nearly identical signal
ions at a laser intensity of 3:810'5W/cn? are shown in intensity suggested that the geometric alignment is dominant
Figs. 6 and 7respectively. The angular distribution of the Under our experimental conditions.

molecular ion GHsOH™ exhibits spatial isotropy. While the The ratio of C* ion yield in the direction of the laser
signal intensity of the atomic ion® is maximum in the di- polarization vector and the orthogonal direction is 1.6. The

rection of the laser polarization vector and minimum in the Other two reasons are also responsible for it except for the

orthogonal direction. The dynamic and geometric alignment Molecular geometric alignment: Coulomb explosion of the

mechanisms have been proposed to explain the anisotropi€thanol molecule undergoes a two-step process and the angle

angular distribution of the atomic id@5,26] Itis significant ~ P€tween the €C bond and the €0 bond is 109.4in the

importance to reassess the contribution of these two mecha-Structure of the ethanol molecule. These effects lead to the

nisms to the observed anisotropic angular distribution of the féduction of the ratio of € ion yield with a parallel polar-

ionic fragments. The method that introduced by Ellent et al. 1Zation versus orthogonal polarization.

was used to evaluate which alignment mechanism is predom-

inant in our experimen27]. Fig. 8 presents the TOF mass

spectra in horizontally linear polarization and circular polar- 4. Summary

ization with equal electric field along the detection axis of the

TOF mass spectrometer. The signal intensity dfieh was Femtosecond laser-induced dissociative ionization and

multiplied by a factor ofl—lo. The signal intensity of & ion Coulomb explosion of gHsOH have been studied by us-

coming from the Coulomb explosion of ethanol molecule in ing TOF mass spectrometer. The ionic fragments in the

circular polarization is about 14 0.1 times higher thanthat  whole mass spectrum present apparent characteristics. The
CoH,OH' (n=1-4) ions were assigned to the various disso-
ciation channels of the molecular ioni@sOH*. The appear-

0.003 4 ances of intermediate daughter ions CH*, C,H | CHY,

and OH with a double peak or a triple peak structure in-
0.002 dicated that Coulomb explosion of,Bs0H molecule un-
i dergoes a two-step process. The momentum-scaled spectra

' were used to identify that G#OH" and CH}, C;HZ and

0.000+ OH* ions originated from the same Coulomb explosion chan-

nel of GHsOH2* ion, respectively. The angular distribution
0.001+ of CoHsOHY ion presents spatial isotropy. While thé*Gon

shows the anisotropic angular distribution. By comparing the
00021 signal intensity of the & ion in horizontally linear polariza-
0.003] tion and circular polarization with equal electric field along

Fig. 7. The angular distribution of the atomic ioR'Gut a laser intensity of

3.8x 105 W/cm?.

270

the detection axis of the TOF mass spectrometer, we con-
cluded that the geometric alignment mechanism is dominant
under our experimental conditions.
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