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Abstract : Preliminary femtosecond spectroscopic studies of primary events occurring in the ncat 

dimethylsulfide at 294 K following initial energy deposition are presented. A transient induced absorbance 

in the infrared (1330 nrn) appears in 120 fs after the ultraviolet photoionization of dimethylsulfide. 

Considering scavenging experiments, we assign this signal to the solvated elcctron e,-. In the visiblc 

spectral region (h = 420 nm), a short lived species, formed in less than 300 fs has been observed. A 

tentative assignment of this transient component is directed toward the existence of a solvated or complexed 

form of the primary anion resulting from the direct electron attachment to solvent molecule. 

1. Introduction 

Femtosecond optical techniques allowing the generation of intense optical pulses from the near ullraviolct lo 

the near infrared can bc used in the monitoring of ultrafast photophysical and photochemical reactions in polar or 

nonpolar liquids [1,2]. Indeed, when an electron of excess energy is created inside a molecular liquid, the 

interaction of the charge with surrounding molecules may lead to solvation phenomena for which polarization 

processes are involved. When the solvent exhibits a high electron affinity, electron attachment corresponds to the 

main coupling process, for which an irreversible reaction yielding a secondary anion has been defined. Numerous 

examples in both groups of liquids have been studied [3]. Actually, a third type of electron-hquid intcract~on seems 

to exist involving a solvation process and also a direct elcctron attachment to the solvent. In the liquid 

dimethylsulfide (DMS), solvated electrons [4] and secondary anions CH3SSCH3- have been obscrved at the 

nanosecond regime [5 ] .  Further studies [6] performed at picosecond time scale have pcrmittcd to conclude that the 

formation time of the secondary anion is shorter than 60 ps. 

In ncat DMS, the early formation of CH3SSCH3' and e; was supposed to be two cmbranchmcnts of 

competitive reaction of a common very short lived precursor. This implies that the S-S- bond formation is as fast as 

the electron solvation itself and could occur at the femtosecond range [1,2]. 

The aim of this work is to present preliminary report on dynamics of primary evcnts involving single 

electron transfer in DMS at room temperature. Morc precisely, the electron solvation dynamics is investigated by 
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femtosecond time-resolved absorption spectroscopy. We will discussed our data in the framework exposed above 

considering the likely existence of a competition between electron attachment and solvation. 

2. Experimental 

The topic of generating subpicosecond pulses has been discussed at length elsewhere [7]. In the particular 

experiments on DMS, one part of the amplified fundamental pulse centered around 620 nm is focussed into a KDP 

crystal to generate the second harmonic (5 f 1 pJ at 310 nrn) constituting the pump beam. The ultraviolet pulse of 

100 fs duration is used to initiate the photodetachment of a subexcitation electron from DMS molecule. 

The probe beam is selected in the white light corresponding to the continuum generation and tests the 

excited region of the sample at 10 Hz repetition rate. The test and the reference beams are focussed on the 400 mm 

entrance slit of a 0.25 m spectrometer used in the first order of a 600 grooves per mm grating and directed to two 

diodes. The two signals corresponding to the test and reference pulse energies at a given wavelength are sent 

through an electronic chain to a computer. In one sweep 100 positions of the delay line are examined and 7 of these 

ratios integrated for each position. Indeed, an average number of 1.5 x 1 6  shots are accumulated to allow a good 

signal to noise ratio on the time dependence of an induced absorption. The experiments were performed at 294 K in 

a continuously vibrating fixed volume suprasil cell (2 mm path length) so that, using a laser pulse generating rate of 

10 Hz, each laser pulse excites a new region of the sample. 

The dimethylsulfide was obtained from Aldrich as 99.99% grade. Its ultimate purification over sodium and 

transfer by distillation under vacuum into the photoionization cell has been previously described 143. Solutions of 

biphenyl (0.26 mol.1-1) have been obtained by condensation of purified dimethylsulfide under vacuum on degassed 

fractions of biphenyl (Merck). 

3. ResuIts and discussion 

Femtosecond near-infrared spectroscopy 

The primary event due to the femtosecond photoionization of DMS by ultraviolet pulse is given in 

reaction (1). The ionization potential of DMS in the gas phase is IP = 8.685 eV [8]: 

Then the cation and the electron of subexcitation undergo interaction with the solvent. The time dependence 

of the induced absorption at h = 1330 nm is shown in Fig. 1. The appearance time of this signal is equal to 

T = 120 f 10 fs (insert of Fig. 1) and a partial decay of the absorption occurs within the first 80 ps. When an 

electron scavenger like biphenyl Ph2 (0.26 mol.1-1) is added in DMS, the decay is markedly accelerated through a 

monoexponential law with a time constant of 25 f 1 ps. 



Figure 1 : Time dependence of the induced 
absorbance at 1330 nm after the femtosecond 
photoionization of neat dimethylsulfide (DMS) 
or dimethylsulfide + biphenyl (DMS + Ph;? 
0.26 mol.1-1) by ultraviolet pulses (310 nm 
Eexcitation = 4 eV). The smooth line represents 
the computed best fit of the experimental trace 
(DMS + Ph;?) assuming a monoexponential 
signal decay with a time constant of 25 f 1 ps. 
The initial absorbance in presence of biphenyl is 
lower than half of that in neat solvent and 
indicates an ultrafast scavenging of a precursor of 
the longer lived species identified as the solvated 
electron in DMS. The insert represents ultrafast 
time-resolved spectroscopy data for neat DMS. 
The best fit gives a solvated electron appearance 
time constant of T = 120 f 10 fs. 
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The complete recovery of the signal at long time (t = 100 ps) according to a pseudo first order kinetics 

pennits to suggest that the transient infrared component is due to a unique species. Considering previous results 

obtained in the nanosecond time scale [4], it is reasonable to assign the infrared signal to a solvated state of the 

electron. In presence of biphenyl, the fast scavenging process can be defined by the reaction (3) for which the 

estimate of the biiolecular rate constant is in the range value (1.5 f 0.2) x 1011 l .m~l-~.s- l .  

This value is  in agreement with the previous value measured at nanosecond range : 

kes-+m2= (1.3 f 0.2) x 1 0 ~ 1  l.rnol-l.~-~ [4] and supports the assignment to e;. The high bimolecular rate constant 

is due to the great mobility of solvated electron in such media (ke-, = 1.4 x cm2 v-ls-l). A quantitative 

comparison of  the results obtained in absence and in presence of Ph2 also revcals that an 

early capture of excess electrons by biphenyl can occur before this charge gets its solvated state. Additional 

experiments are in progress to clearly establish this ultrafast process and would require to know the 

respective cross sections of multiphoton ionization of DMS and Ph2 at 310 nm. Anyway the fact that the 

maximum absorbance is lower in presence of Ph2 would indicate that even though the cross scction of Ph , would be 

very high, the scavenging efficiency of Ph, on the precursors of e,- is strong enough to deplete the initial 

absorbance by more than 50% (Fig. 1). 
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Transient species in the visible. 

Femtosecond spectroscopy data on DMS solutions show that in the visible spectral range, the time- 

dependence of induced absorption significantly differs from those obtained in the infrared. The analysis of time- 

resolved data in this spectral range (380 - 420 nm) are conducting with a kinetical model which takes into account 

the convolution of the pump-probe temporal profile and the expected signal rise dynamics including the difrercnt 

transient species. 

In the presence of Ph, thc behaviour of the signal at 412 nm is presented in the f gure 2. The kinctical data 

exhibit a short lived component and an additional slower component correlated with the decay of e,- at 1330 nm as 

shown in Fig.1. We assigned the slow growth to the Ph,- formation (h,,, = 410 nm and 

&410 nm = 3.6 x 104 l.mo1-l.cm-1 ). A fast formation of the radical anion Ph;, due to the scavenging of e,- 

precursors, may also occur at very short time and contribute to the early risetime of the signal.at 412 nm. 

1.2 I I I I I I 
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Figure 2 : Risetime of induced absorption of neat DMS or DMS + Pha (0.26 mol.1-1) at 294 K 
following photoionization with 100 fs laser pulses (Lxc = 310 nrn). The test wavelengths are 420 
and 412 nm respectively. In presence of biphenyl, the experimental trace is a combination of at 
least two species : an ultrafast component, as seen at 420 nm in neat DMS, which is assigned to a 
solvated or a complexcd form of the primary anion CH3SCH3-. The incomplete recovery of the 
initial transmittance in presence of Phz is due to the rise of a long-lived component, the radical 
anion Phz-. 

In neat DMS, the same intcnse ultra short-lived spectral componcnt is observed at 420 nm. The maximum 

absorbance itself is particularly intense, almost twice more than in the infrared (Fig. 3). The formation of this 

absorption at 420 nrn is not as short as the pulse duration (<I00 fs) but increases in less than 300 fs. 

At this test wavelcngth, no species is created instantaneously i.e. within the pump-probe corrclation. Thcsc 

dynamical results will be discussed at length in a forthcoming paper. In summary, kinctical analysis pcrmils to 

exclude the contribution of directly excited or ionized states of dimeLhylsulfide. 
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Figure 3 : Typical normalized kinetics of induccd absorption vs time in neat DMS at 294 K for 
two test wavelengths (420 and 1330 nm) following femtosecond ultraviolet excitalion. The 
maximum of absorbance at 420 nm is about twice that value obtained at 1330 nm. The absorbance 
at long time is due at least partially to the formation of the secondary anion CH,SSCH,-. At 420 

nm, the transient species exhibits a lifetime of 280 + 10 fs 

The experimental results rule out also the assignment of the 420 nm absorbnncc to a cation, considering that 

the absorption band of the primary catlon (CH3)2S+ pcaks in the near UV (h,,, = 285 nm) and does not extend 

around 400 nm [ a ] .  
The formation of the secondary cation by complexation with a second molecule of solvent is not fast 

enough to explain the early decay obselved within the first 2 ps. The complexed cation (CI-13)2SS(CH3)2+ 

absorbing the visible light with a maximum at 480 nm [9j (&480 (CH3)2SS(CH3ht = (6.2 f 0.4) x 103 1.mol-l.cm-1) 

has been observed in picosecond pulse radiolysis experiments on neat DMS [6] .  If it was produced by the ion- 

molecule reaction (3), the pseudo-first order time constant of this reaction would bc too long (z = 52 ps) compared 

to the observed relaxation dynamics at the femtosecond time scale. 

At 420 nm, the transient species responsible of this absorption is not directly produced by the laser 

excitation but may therefore be a non fully relaxed anion. As discussed in earlier works [ti], the precursor may be 

the negative adduct CH3SCH3-, arising from an ultrafast attachment of a non-equilibrium clcctronic state to solvent 

molecules : 

(CH3)2S + e > electron attachrncnt 

In this way the early decay of the 420 nm transient component can be fitted to a monocxponcntial law 

within a time constant of T = 280 f 10 fs. This pseudo first order kinetics can be reasonably assigned to the last 

step of an ion-molecule reaction involving a primary negative adduct such as (CH3)zS- or its complcxcd or solvated 

states, respectively (CH3)2SS(CH3)2' or ((CH3)2S-),,, . 
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T' 
n(CH3)zS + e- ->-.. Intermediates ...- > C2H6 + (CH~SSCH~-)DMS (6) 

states 

Among the other species observed at 100 picoseconds following ionization of DMS by pulse radiolysis was 

CH3SSCH3- (A,,,., = 420 nm [lo]), almost stable after one nanosecond and which does not react with biphenyl 

[5,6]. The incomplete recovery of the signal at 420 nm in neat DMS (Fig. 2) could be assigned to the contribution 

of this anion for which a spectral band centered around 420 nm has been previously obsewed by nano and 

picosecond radiolysis [5,6]. 

Additional experimental works are of interest to discriminate whether : 

i) ultrafast formation of the secondary anion CH3SSCH3- may involve pre-structurated dimers in the 

solvent. 

ii) early reaction of the primary anion with electron scavenger (Phz ...) can occur concomitantly to the 

secondary anion formation 

In conclusion, we address the problem of resolving at the femtosecond time scale the absorption by the 

excess electron in neat DMS starting from injection up to full solvation or attachment. 

The first results obtained in photoionized dimethylsulfide at the femtosecond range demonstrate the 

existence of an ultrafast dynamics of electron solvation (solvation time = 120 fs at 294 K). This fully relaxcd 

electron absorbs in the near infrared and is readily scavenged by the biphenyl. In the visible (420 nm), a very short 

lived species (lifetime 280 fs) is tentatively assigned to a precursor of the secondary anion CH3SSCH3-. This 

precursor (solvated or complexed form of (CH3)2S-), will be generated through an electron reaction with the 

solvent. Its optical absorption spectrum seems to extend in the same range of wavelength as that of CH3SSCH3- 

and possibly of (CH3)2SS(C~3)2+ and has to be established. Experimental works are in progress to investigate 

primary events leading to dual behaviour of excess electron in dimethylsulfide. 
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