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Abstract: We demonstrate control of the photodissociationtriaddide, solvated in ethanol, via
phase-shaped UV pulses. The second-order chirpndepee of the diiodide yield hints at
additional pathways involving higher-lying potehtmergy surfaces.
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1. Introduction

Photodissociation in the solution phase is comm@it®y the involvement of solvent cages, leadingltiered
reaction and energy disposal pathways comparedegitiivalent gas phase experiments [1]. In the ché@odide
(I3) in ethanol, certain gas phase dissociation prisdare not seen in the solution phase and doulngineon the
number of pathways involved in dissociation viaitton to the high-lying absorption band (peak82@nm)
[2,3]. Here we perform coherent control and pumpbprexperiments to examine the influence of thersg:order
chirp and the energy of excitation on the diiodidg yield. Our observations point to additional matkas
involved in the photodissociation that haven't aplfeen discussed [2,3].

2. Experimental methods

The sample tetra-butylammonium triiodide (TBAT, Sigma-Aldrich) watssolved in UV-grade ethanol (Uvasol,
Merck Millipore) and carried through a home-buidjuid delivery system involving a 100 pm-path ldnfiow cell
(Starna), a sample reservoir, and a peristalticgutith Teflon tubing (Cole Parmer). The reservoaintains
concentration of the sample (OD~1 at 290 nm) duttiregcourse of an experiment due to the partiagnshility of
dissociation. A commercial Ti:sapphire ultrafastdasystem (Coherent Elite USP) provides ~35 fg-light pulses
at 800 nm used for monitoring the photoprodydogwith an absorption band around 750 nm) and asapdor a
home-built two-stage NOPA, whose output is freqyeshmubled to generate transform-limited pulsesSét 2m
(~60 fs) for excitation of triiodide. For closedsip coherent control experiments and controllinthefsecond-order
chirp rate we used a home-built pulse shaper, baseth AOM in the 4f-geometry [4] and designedrfod-UV
operation with a technical efficiency of ~50% ard®®0 nm. In open-loop control experiments thepchias
varied from -10000 fsto 10000 f§ and the excitation energy from 100 nJ to 425 nJ.

T T T T T T T T 0.05 e
879 TR ' 425nd 10 P 425nd

- @) # ‘\\ g (b) G % = ()
R " 1N 2004
. A/ “w 3
360 P S 1 8 AN ” 8
o ey 7 et T E 003
355} e-vartt® T T = I S
262 = ! k ; = A
=y 300nJ : 300nJ 7 >0.02 /.
¥
260 i N 65 ; . '/\\ 1 2 ‘
e \ - Z
= = 6 o ey =
! o \ [
2 s i S o = it - Qoo
- g N A
B 56| reeeer — 5N s
4 a
2 — ¢}
S 1728 _— 200nd - E 46 Vaa 200nJ 014
°
3 % < E i =
81723 i Tiggugpo 442 P *\v 013 g
S / - - 2 L
@ 171.8 7\ & s ast
2 ~ petd H A 2012
<4713 S B B4fereey VN e @ ¥
i i i i i i i i i i i i o i ‘Eomn i
& y
90.1 100nJ 2 P 100nJ 2 P
/ - o Py S o1 e
920 ? A A ] . 7 e [ 4
/ / VA -
89.9 wan J 18 v s L e X 1 009f v
89.81 i g 16ped VN e ..\ \/\, 1 S8
10 8 6 4 2 0 2 4 6 8 10 10 8 6 4 =2 0 2 4 6 8 10 0 50 100 150 200 250 300 B850 400 480
Linear chirp [1000 fs®] Linear chirp [1000 fs®] Pump energy [nJ]

Fig. 1. (a) Chirp-dependence of sample absorptioh(e) AA. The chirpAA plots were all taken with a constant pump-probkay of 100 ps.
The excitation energies used in (a) and (b) ar&edbon the corner of each subplot and as ticks)in€) Excitation energy-dependence of the
relative b yield, AA/excitation energy (upper) and the sample transionis(lower).
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3. Results and discussion

Optimization of the diiodide yield using a closed coherent control protocol at 450 nJ excitadnargy
(~1.24x10° photons/crf) results in an optimal pulse with a shape vergelw transform-limited (TL) pulse. Chirp
scan shows asymmetry in the absorbed energy whireakiodide yield (proportional to the differesitabsorption
AA monitored at 800 nm) is symmetric with respedhi® sign of the chirp and is maximal for TL-puégeall
excitation energies applied (Fig. 1a,b). The retadiiodide yield AA/E,,. grows slightly with increasing excitation
energy (Fig. 1c; note that deviations at low exwtss is from contribution of scattering to measusegnals),
indicating that the whole range lies mostly witthie linear regime of dissociation, and excluding plssibility of
two-or-more-photon absorption in the sample. Thagmission of the sample (at 290 nm) starts toa@tat high
excitation levels (> 250 nJ; see in Fig. 1c, lowanel), and fitting to 2-level system ([5], Eq.8p#/s more
discrepancies towards high excitation level. Tregratures suggest the opening-up of additiondivpays
involving excited state absorption of triiodide.
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Fig. 2. (a) The energy diagram of thel} system. The solid arrows represent the pump (290amd probe (800 nm), the dashed ones
dissociation from the upper surfaces, the dottezs @rabsorption of the pump pulse, and the wavyer@mbination. (b) Pump-probe traces
measured with different chirp rates with 450 nJtexion (1 ps and 50 fs time step in the main plud the inset, respectively).

The pump-probe traces in Fig. 2b exhibit an initést rise up to ~10 ps, dominated by photoprothrabation,
then followed by a slow delay when recombinationgesses (geminate or non-geminate) outrun disgmtjathich
lasts until hundreds of picoseconds and furthds. diemonstrated here that the TL pulse is morer&ble to
photoproduct formation than chirped pulses atmbpd time delays and photoproduct formation ietisgive to
the sign of the chirp, which reaffirms the chirguisgesults. In Fig. 2a we present a diagram inolyigliable
additional excited states in the photodissociagimtess. The two-photon cascaded-absorption aktnetant could
be more effective for short pulses, and in the cdselditional dissociation from higher excitedts(a) the overall
I, yield will be higher. Absorption of excitation pioms by b during a long excitation pulse can be a parasitic
effect that suppresses its absorption of the pphiméon. The interplay between the two dissociatioannels ofJ
can eventually lead to the observed behavior of,thgeld in our coherent control and chirp scan ekpents.

Taking into account the chirp dependence of themlien, our work shows that the photodissociatbn
triiodide can be controlled even in the regime vehtbie relative yield is nominally excitation-indeplent. In this
regard, the excitation energy-dependent featurpitde in Fig. 1a (the shift of the maximal absatleaergy
towards the positive chirp side and the appearahaeadip on the negative chirp side) deserve furitnestigation.
Spectrally-resolved studies are in progress tostigate if other unknown species formed at higlitaetions
influence pump-probe signal in the same spectgibre or a spectral shift of the Bbsorption band due to, e.g.,
dissociation of the solvent [5].
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