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Study of Structural organization in lonic Liquids by Hyper-Rayleigh Scattering
and DFT calculations
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In this study, we investigate the local structuve & series of imidazolium lonic Liquids (IL) inwdhg
different anions (namely, [BF [PFg], [TFSI], [SCN] and [(CN)N]) using Hyper-Rayleigh Scattering (HRS). In
particular, we show that the scan polarization ifgefof the harmonic scattered light provide wedfided
signatures due to ‘transient’ ion clusters probéttiiw the observation time of the HRS technique’(1002s).
Combined with DFT calculations from differently s ion clusters, the multipolar analysis of the HRS
measurement reveals mainly the octopolar charadténe hyperpolarisability associated with the edaiary
scattering structure in IL. In this framework, th@culated HRS ‘spherical’ invariantg{,| and|3,=4) converge
towards values approaching the experimental orgecésly for the calculated structures involvinguamber of
neighbors leading to form at least a well-definedirst solvation shell around a central ion (<lnmWe
emphasize that this octopolar contribution to tHRSHresponse originates (at the expense of the atijpuie)
from the strong correlations and non additive ité&ons (cooperative effects) taking place betwiearspecies
in IL. Such cooperative effects lead indeed to mteraction-induced mechanism which reinforces theSH
coherent scattering intensity (moment of zero grdefhis finding is consistent with conclusions repdrin
previous studies especially by OHD-RIKES and loegfiency Raman spectroscopies invoking the colkectiv
nature of the intermolecular motions between impecies in ILs from the analysis of the measuresttsal
densities in the spectral range 10-200"¢éh

dipolar i
9 p 9 dipolar
@ Exp. @ Exp.
8 8|
lon Pair lon Pair
7F 7k
6 6
2 2
= 5r < 5T
> > DR
_> 4r DR lon Pair dimer _F4r
sL P i 3+ Y=Y 7= lon Pair octamer
6/ . lon Pair octamer HQQ‘O %eg
L 4-9=Y y L
2 o e i Y : 2 ) o«
1L e/ octopolar  \_“eg 1L eee™ octopolar  N_T@ g
O 1 1 1 1 1 1 1 1 1 1 J O ] 1 1 1 1 1 1 1 1 1 J
20 0 20 40 60 80 100 120 140 160 180 200 20 0 20 40 60 80 100 120 140 160 180 200
g v

Fig. 1: Comparison between the experimental ellipticdapzation scans (circles) and the correspondioglps calculated from the
different ion pair structures (IP, IP2 and IP8)adtwng [BMI] with [BF 4] (left) and [EMI] with [N(CN)] (right).
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