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Abstract

Following previous studies involving the thermallasation of spirocyclic compounds we
extended our studies to investigate the formatibmano-structured domains in ionic liquids
(ILs). Two compounds, spiropyrarBEP) and spirooxazineS0O) were added to imidazolium
cation based ionic liquids with increasing chaingdbts (G —C;2). Increasing side-chain length
was found to have only minor effects on the ratehefmal relaxation oBSP and SO. BSP was
found to be a suitable probe molecule as linearetations in parameters were observed for this
compound. This is believed to be due to the faat BSP-IL interactions were based on hydrogen
bonding betweerM Cgsp and the cationcompared toM Cso which is limited to electrostatic
interactions thus enhancing the sensitivityM€gsp to the charged polar regions. Increasing the
side-chain of the cation resulted in slight incesasn M C-BSP activation energy from 96.93
kJ.mol* in [CsmIm][NTf,] to 105.27 kJ.mot in [CromIm][NTf,]. MC-BSP AS* and AH* values
also increased with increasing side-chain. Expansiad dispersion of polar regions due to
increasing non-polar interactions may be enhangethtooduction of the bulky probe molecule.
The resulting reorganisation of the system produgesitive entropies of activation, 13.79 J.K
! mol* for Cymim to 46.15 J.K.mol™ for C;omIm, following an increase in disorder due to probe
dye closure fronM C to BSP and migration of dye to regions of preferensalvation The ability

for spirocyclic compounds to form both polar andnhsmolarisomersresulted in the ability t



analyseboth solvent regions using a single probe dye. @dostate equilibrium, K examined
non-polar regions of the IL while equilibrium of taation, K*, examined the polar regions. A
linear response to side chain length to equilibrinfnactivation was believed to be due to the fact
that polar regions were possibly expanding duentrdasing influence of non-polar side chain
interactions upon the over solvent structure. Témult of such reordering and dispersion of polar

regions reducesolvent-solute interactions which increasate ofM C-BSP relaxation.

Introduction

lonic liquids (ILs) are recieving increasing amaaof attention with regard to implementation as
‘green’ alternatives to current laboratory solvents consist entirely of ions in liquid state umde
100°C. The large range of ions available adds sigsher’ aspect to the liquids, meaning that such
liquids could provide solvents with specific tadar properties. Proposed applications include
recyclable solventsand replacements to molecular solvents in catmfysilectrochemistry,
synthesi$ and elemental analySisSeveral reviews have provided detailed insigho itLs and
have promoted their implementation was common latooy solvent$.However, the lack of exact
knowledge of the physical properties has resultedtheir widespread application not being
completely realised. Recent studies have propadsadimidazolium based ILs may form ordered
systems resembling psuedo-crystalline systems baisedacking of mutual charges (aggregation)
or ordered association of cation to surroundingasiand vice versaTheoretical modelling by
Lopes et al examined the formation of such aggesgdtased on the imidazolium cation to
investigate such ordering and its effect on thenfmtion on nanostructured domafhk.is believed
that imidazolium cations in ILs can be divided itteo specific regions: a polar head group where

the ion charge resides and a non-polar region whigle groups extend into space (fig 1). These



polar head groups appear to interact preferentialth one another to form aggregates by three
dimentional z-stacking and mutual association of the chargeddamlium rings with anion|
species to form polar regions. Alkyl side-chainseex away from these regions and through side-

chain/van der Waal interactions form a complex ekwof non-polar regions.

Fig 1: Imidazoliumcation GmIm showing polar (red) and non-polar (green) ragiof the molecule based on findings and
convention of identification by Lopes et al.

Our study intends to elaborate on these theorefindings by the addition of two spirocyclic
compounds to a range of imidazolium based ionicidis. Both compounds, spiropyraBP) and
spirooxazine $0) were previously employed to investigate the safhsolute interactions of 1LY
The compounds have very similar core structurel thié most significant changes being the nitrogen
atom on theB fragment, differentiatinggO andBSP (fig 2). Substituents on the right harig)) side of
each molecule are also vari®EP contained a nitro group, known for its solvatochioeffect on the
moleculé® while SO contained a benzothiophene group which is beligweghhance metal chelation

by assisting in the distribution of the charge iat¢ion?

Where X =C (pyran), N (oxazine)

Fig 2: Basic structure of spirocyclic compoundsldine (A) and pyran/oxazine (B) ring.



Photoswitching of spirocyclic compounds involveg thse of light to induce cleavage of the; SP
hybridised carbon of the indoline ring known ag;& Initially, both BSP and SO are uncharged
molecules with the indoline fragmemt) orthogonal to that of its respective pyran orzima fragment
(B). Cleavage of this bond can occur by irradiatiathwJV light (typically around 365-375 nm) to
form the merocyanineMC) isomer. TheMC isomer results from cis-trans isomerisation of the
molecule, which results in a planar molecule wittharge distributed across the molecule. The psoces
is also completely reversible by irradiation wittite light. Photochromic compounds revert to their
more stable ‘ring closed’ isomer known as therneakrsion and proceeds by removing heat from its
surroundings to supply sufficient energy for therientation to occur, this process follows firster

kinetics.

Spiropyran

Spiropyran (BSP)

Merocyanine (M Cggp)

P - ohiy

Splrooxazme (SO) Merocyanine (MCgy)

Spirooxazine

Fig 3: Spirocyclic compounds used in our studied #reir photoswitchable states



The MC isomer issensitive to its immediate molecular environmertt Hrese corresponding specific
and non-specific interactions that occur mediate dbmpound’s equilibrium between both isomers.
Traditionally, polarity was the primary parameteithamvhich rate constants were related, to predict

trends in photoswitching and equilibrium. The M@rser can also interact with specific metal ions,
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Estimates of IL physico-chemical properties hasttethe re-evaluation of polarity as a macroscopic
property that assumes that the entire solventsyat#s as a continuous medium rather than a solutio
with molecular level propertié$:** Polarity probes, such as Reichardts dye, are iieghbased on the
intermolecular interactions between a probe mo&amd solvent molecules through specific and non
specific interactions with dye charge sites. FoicRardts dye, this is based upon an absorption shif
due to solvent interaction with the zwitterionitesi of the compound and its subsequent effect ®n th
excitation band gap of the molecule. To complimeoth single parameter probe studies, the
combination of three dyes (including Reichardt's) Wamlet and Taft has allowed for hydrogen
bonding of solvents to be examin€d’ Both single and multiparameter probe studies hseen
considerable usage in evaluating ILs in an atteroptinderstand trends in their physico-chemical
properties, but it appeatks are much more complex solvent systems capablendergoing many
types of interactions. Characterizing them withirgle ‘polarity’ term fails to describe the typedan
magnitude of individual interactions that make edictunique.**®*% Since spirocyclic compounds
form zwitterionic compounds similar to those usadReichardts studies, it was proposed that such
compounds could possibly act as multi-parametebgsdased on solvatochromic shifts of the MC

isomer, rates of thermal relaxations of MC, andildarium constants.



In molecular solvents, the polarity-kinetic relatéhip is upheld for botBSP and SO with increasing
kinetics observed with decreasing polarity. Kantddt- parameters showed that this was due to
decreasing levels of hydrogen bonding between asbled spirocyclic compound$BSP is known to
form hydrogen bonds when in i C form which meant that its rate of thermal relaxat@uld be
directly affected by interactions with the solvegstem. Experimentally, kinetic trends similar hatt
observed for molecular solvents were observedhiercompound, which implied thBSP could act as

a solvent sensitive probe. We recently reportedpotico and solvatochromic properties of BSP in ILs
containing [NT§]". It was found that the kinetics and thermodynanoicthe SP-MC equilibrium was
sensitive to the nature of the cation. It was albserved that the cation, [emimian even form a
through-space orbital interaction with the merodyanisomer, rather than a simple electrostatic
interaction, thus inhibiting the merocyanine comi@n back to the spirobenzopyran isomer. The same
relationship was investigated in ILs usi8@ but similar trends were not apparent. It is beliteat

the bulky nature of th&Cs and its substituents resulted in the associatieimgorestricted to
electrostatic/non-specific interactior8O was therefore chosen to act as a reference compiound
comparing solvent structure as it relatively weakeliactions meant that its process of thermal

relaxation would be somewhat independent to th#tt@solvent system itself.



A/ Vis A/ UV

Fig 4: Schematic of proposed 3D ordering of imidaao cations withBSP probe in [GmIM][NTf,].

It is proposed that spirocyclic compounds abildyfdrm two distinctive conformations may beed to
examine both regions with the ILs similar to abdfig 4). Thermodynamic and kinetic studies were
carried out to examine the extent of structuringhie ionic liquids based on equilibrium effectd¢em
of thermal relaxation and the effect upon solverdedng due to the introduction of a bulky probe

molecule.

The merocyanineM C) form of the molecules provide a highly polar zestonic system which can
interact with the opposing charges of the polardhgeoups of the solvent system. Upon thermal
relaxation, the molecule returns to its spiB®SP/SO) form which presents a neutral, non-polar
molecule. If nano-structuring existslits then it is would be expected that each form ofctpound
would reside in very different regions within theh@&nt based upon stability of the conformer. As

thermal relaxation occurs, the molecule would bgeeted to migrate from one region to another in the
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solvent system. By increasing the length of sidaitlit is proposed solvent structure could result i
changes to the order of the system itself. Thislccdae related to increased dispersion and a
corresponding expansion of polar regions themsdlyatdissociation of imidazolium head groups from
one another and in response to increasing non-pe¢aons. SincéM C preferentially resides in polar
regions it was anticipated that increasing theasunrding non-polar regions could possibly influence
the equilibrium by shifting it towards the closqare form of the moleculdf structuredpolar domains
exist, then their stabilising influence &MC should reduce the effect of these non-polar regants
subsequently provide rates of thermal relaxatiomhmslower than that expectéot long-chain,non-

polar molecules.

— PN
N
F3C—~a~”e>Nac—CF
N N— 3 SIS 3
e R T
R = ethyl: GmIm O e)
butyl: GmIm
hexyl: GmIm
octyl: GmIim
decyl: GomIm
dodecyl: EmIm

Fig 5: Cations and anion used in this study. 1-alkyl-3hykmidazolium [GmIm]* andbis(trifluoromethanesulfonyl)

amide [NTH] .

Experimental

ILs were synthesised and purified in-house withtssadbtained from Sigma-Aldrich using
previously reported techniquésiLs produced were stored under argon to excludmmgttion of

atmospheric water. Spectrometric studies were edrdut using a Perkin Elmer Lambda 900
spectrometer (Foss Ireland) with Perkin Elmer PTRethperature controller . Samples were

irradiated with UV light at 375nm using in-housdffieated LED (Roithner Lasertechnik, Vienna,



Austria) array. Reichardts dye 30 (Sigma-Aldrich ewficals) and 6-Nitro-1',3",3'-
trimethylspiro[2H-1-benzopyran-2,2’-indolin] 1',®ihdro-1',3’,3’-trimethyl-6-nitrospiro BSP)

(Sigma-Aldrich chemicals) were used as purchaseld mo further purification. 1,3,3-trimethyl-5'-
(2-benzothiazolyl)-spiroindoline-2,3’-naphtho(2,J¢b4) oxazine $0) was previously

synthesized and used as supplied. All samples prengared at room temperature.

Results and Discussion

Polarity and solvatochromic effects

Solvent polarity was examined using the sfETscale by previously explained procedutes.
Spectroscopic shifts relating to solvent-dye intéoas were found to have a linear response i ET
with increasing side-chain length. The linear daseein polarity was however minor when compared
to that of molecular solvents of similar chain sy ETo values of 52.6 kcal.mdl for
[ComIm][NTf;] and 53.2 kcal.mél for [CemIm][NTf,] were observed while similar chain length
molecular solvents with a polar region and extegdion-polar side chain (i.e alcohols) hadsET

values of 51.9 and 48.8 for ethanob@nd 1-hexanol (§ respectively
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Fig 6: ETg values of ILs with iincreasing cation side-cha@mdth.

BSP due to its nitro group exhibited solvatochromiceets which allowed for analysis of solvent
polarity based upon the wavelength shift of M€ absorption maximum. Linear hchromic (red)
shifts were observed with increasing cation sidahthlengths as previously established in
molecular solvents of decreasing polafitySimilar solvatochromic effects were not observed f

SO as the compound did not contain a solvatochromietyo
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Fig 7:M Cgsp solvatochromic shift versus cation side-chain léngt

As with ETsp values, the observed shifts were subtle compamethdse observed in molecular
solvents. Such subtleties may be due to the faattthe polar regions of the ILs may somewhat
retain their stabilising influence upon tMeC even with increasing chain length thus bufferimg o

reducing the overall effects of the increasing poharity of the solvent.



Kinetic parameters

Samples were placed in thermostat controlled UV-$fiectrometer and was irradiated in situ
using an LED array to induce cleavage an€ formation. Once UV light source was removed,
the subseqent first order decay curves were thamaed using equatiofl) to find the rates of

thermal relaxation.

Lnﬂ = —kt (1)
[A]

The rates of thermal relaxation were recorded @K2@nd were summarised in table 1. Slight
increases in rates of relaxation were observed imitheasing chain length wheBSP was added
to the ILs. Increasing chain length resulted iresabf thermal relaxation doubling from 1.0Xs3

to 2.0x10%* (fig 8a). Since lengthening of the side-chains ldolbe expected to promote more
inter-chain interactions it is believed that suchtegactions place a strain upon the mutual
interactions of the polar head groups. Such stray cause restrictions which would result in the
head groups having to move away from oneanotheeasing the size of the polar region while
reducing the overall charge density within the oegio accommodate the solute molecdfeBarly
investigations into IL structuring observed dewas from traditional correlations between
viscosity and diffusion for the diffusion coefficis of solutes within ‘wet’ IL$? Further studies
concluded that this could be explained as the I&teay swelling to accommodate the solvent
molecules as observed for studies involving IL/ncalar solvent binary mixtures such as
[bmIm][PFs] and naphthalen®. It is now proposed that the addition of spirocyatompounds,
particularly those photoswitched to the poMKC form, are integrated into the IL structure in a
similar mannerlf dissolution of head groups is occuring upon suttkgration then the resulting

proximity of both the imidazolium ring charge anktC2 proton to th#1 C would be lengthened.



This would imply a reduction in the polar stabitism of the M C molecules. Rates of thermal
relaxation were found to increase and is beliewetd due to this reduction in polar interactions

while the non-polar regions would be anticipatedurdther enhance the conversionB8P.

SO was found to have similar relaxation rates of agpnately 2.3x10s* with no correlation in

all ILs (fig 8b). This agreed with our previousdimgs and was believed to be due the the fact that
the solvent-solute interactions were predomineetlctrostatic and its influence was similar in
each IL? Further support for this hypothesis came fromrites of thermal relaxatiomhich were

ten times faster than that oberved B®P. This would be expected due to considerably weaker
interactive forces stabilising thd Cso. The relatively weak electrostatic forces also mébhatSO

was free tomove within the solvent system with minimal dirénteractions with it.SO may
therefore migrate to an intermediate region betwd®n two regions and was therefore less

sensitive to side chain length and head group actérn.
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Fig 8: Rate of thermal relaxation of (BpP and (b)SO versus cation side-chain length

Thermodynamic parameters

The linear dependence of temperature to the rateesfmal relaxation was plotted using equations
(2) and (3) to find the activation energy {E entropy of activationAS'), enthalpy of activation
(AH") and Gibbs energy of activationG*). An alternative form of the eyring equati¢4) was
also employed to derive the equilibrium of the wmtéd complex of the transition state thetty.

The thermodynamic parameters found were summaiistable 1.

Ink=E/RT+InA (2)
In (k/T) = -AHY/RT + In (ke/h) +ASTR  (3)
k = (KT/h)K* (4)

where,

R = gas constant
h = plancks constant
k, = Boltzmann constant



BSP was found to have linear correlations between herrhodynamic parameters and rates of
thermal relaxation but such changes were deemduktminor due to relatively small observed
changes. AS* values were positive and increased with chain tler{tble 1). Changes in this
parameter were obvious f&SP with entropies from 13.79 JKmol* in [CamIm][NTf] to 46.15
J.Kt.mol* in [C;omIm][NTf,]. Entropy of activation was a measure of the anmiaxf reorientation

of BSP within the system relating to the rigidity of teelvent and the overall thermal stability of
the system. Positive values implied that the sysi® therefore temperature dependent BSEP
undergoes significant reorientation during thermsxation fromM C. The observed increase in
values may be due to increasing ordering of nomprdgions as increasing chain lengths would
imply increasing intra-molecular interactions. &tesffects from solvent-solvent and solveMc
interactions could result in expansion of polarioeg allowing for more apparent molecular
movements duringyl C-BSP conversion. At short chain lengths ;@m), it would be expected
that little ordering exists and solvent molecules @ random motion much like molecular
solvents. Since ordering occurs at longer chairghés) the solvent system is believed to lean
towards structuring similar to that of a solid kiill retaining increased freedom of molecular
motion . The introduction of a spirocyclic compouadd its subsequent transition frokhC
(charged) toBSP (uncharged) would result in considerable reoriéotabf the solvent system
around the charge sites. The physical size of tidecwle itself would also cause significant
change to the solvent system by forcefully inseritself into the solvent system and subsequently
disrupt the established structure. Movement ofttedecules during their transition froMC to
BSP/SO would also involve reorganisation to accommodéie active solute molecules and so
increasing the entropy of the system. Positiveagriés would also imply that the interactions of
the solvent molecules was weak enough for the spalec compound to disrupt the system. This

meant that the liquid structure itself was ‘fluidhough to facilitate solute movement and acted



similar to traditional molecular solventSO once again showed no clear correlation in entropies
of activation which implied that similar reorientat processes occurred fol C-SO thermal

relaxation in all ILs and the the process was soh@wndependent of the solvent system itself.
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Fig 9: Entropies of activation &SP (a) andSO (b) versus cation side-chain length.

The related parameters of activation energies 4Bd enthalpies of activatioAd*) were found to

also slightly increase with increasing chain lengithis appeared contradictory as increasing



energy barriers would be expected to yield slovates of relaxation. This could be possibly be
explained as a compensation for the dispersiorhafge sites with increasing non-polar influence
on solvent structure. Such changes in the solvgatemn would be expected to produce an
environment that was generally less polar that tdfathorter chain cations and less favourable to
MC stability. Since imidazolium cations are known tderact through pi-stacking and charge
association (corodinated by anions in polar regitnjvould be expected thanhtra-molecular
interactions wold dominate. The exansion of sudteys therefore reduces these interations. This
may allow for inter-molecular interactionsMC-IL) to occur more readily than previously
possible. Such interactions would result in inceghstability of theM C form of the compound
and thus increase the energy barrier requiredhfembal relaxation to occur. However, the thermal
relaxation process provided far greater energy th& energy barrier and so, although the
activation energy and the enthalpies of activatioorease, the overall equilibrium has a
dominating influence on the process and so incngasates of relaxation with increasing side

chain length was observed.

For SO the thermodynamic parameters showed little or niamae with increasing chain length.

Since SO is believed to interact with the ILs primarily thugh electrostatic interactions it was

proposed that the process of thermal relaxation alas somewhat independent of the IL itself.
The bulky nature of the substituents 8 may have provided sufficient hindrence to avoid
interactions (hydrogen bonding) of close enoughximnity to influence the relaxation process. The
ability for the molecule to move somewhat freelytihe solvent would have also meant that the
could reorgnise itself with relatively low inter&m with the solvent. As a result, the process for

thermal relaxation is similar in all ILs
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Fig 10: Activation energy of1 C-BSP thermal relaxation versus cation side-chain length.

The ground state equilibrium, Kand transition state equilibrium,*Kwere also examined to
determine the effects of chain length and solvedeoon the form that the spirocyclic compounds

were predominently stabilised as. Ground statdlibgia were determined using equati()

e:[l\/|C] - A (5)
[BSH &xC-A

Where,
C = concentration oBSP/SO
€ = extinction coefficient. 3.5x201cm™ for BSP. 7.85x10Mcm*for SO.

Ground state equilibrium constants were not foumtd inconsistent in relation to increasing side-
chain length of cation for botBSP and SO. K. values around 7xIdfor BSP and 5x10° for SO
were observed in each of the ILs. This implies tiet spirocyclic compounds remained in their
closed form in each of the ILs. Since the closgikosforms of the comounds had a lower energy
level than that ofMC it would be expected that at equilibrium that thempound would be

primarily in its closed form. However, polar reggowithin the solvents would be expected to have



shifted the equilibrium towards the open form. Exaation of the shorter chain (more polar) ILs

showed little change in equilibrium compared totthfilong chain cations. This would appear to

reinforce the existence of domains within the sptvsystem. If the spirocyclic compounds are

residing in the non-polar region when in their spiorms then it would appear that changing the

size of such region had little effect as the commbthermodynamically favoured this form and so

resided in similar regions in each IL.
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Fig 11: (a) Ground state equilibria aftg) equilibria of activation oBSP versus cation side chain length



To examine polar regions of the ILs, the transitatate equilibrium, K was determinedThe
equilibrium is based on the thermodynamic inter@sion betweerM C to BSP/SO and the
process of relaxation based upon which is the pedfestate of the moleculddC, due to its
zwitterionic nature is believed to reside in thgiom of the polar head groups and migrate to non-
polar regions as it thermally relaxes to its closggiro form. Therefore the transition state
equilibrium was based on the molecule residing ha polar region of the solvent. A linear
increase in equilibrium constant was found withr@asing chain lengths which implied that
increasing structuring and distribution of polamgimns had a significant effect on tHdC
relaxation process. Unlike the ground state equilih constants, where the compound was in its
most stable (closed) form predominantly, thieC form is inherently unstable and favourably
relaxes to its closed form a8C molecules are at a thermodynamically higher enengy will
therefore preferentially relax. This results ineeffs due to the interactions of tMeC with the
polar regions and the competing influence of the-polar regions upon the equilbrium and the
corresponding rates of relaxation. Since the clokwdh of the molecule requires significant
energy to formM C, the ground state equilibrium is somewhat biaseth&oclosed form by the
availability of non-polar regions. This may explaitny there is little relationship between the rate
constants and the equilibrium constants. In the cd$/1 C thermal relaxationthe opposite occurs
as the compound must now relax to its closed fawmfits higher energetic state. The influence
of the equilibrium is apparent as the levels okrattion and availability of polar regions with
respect to non-polar regions can slow down or iaseethe rate of this thermal relaxation. With
increasing chain length, structuring within thevsoit would be expected to disperse the polar
regions and weaken their relative strengths ofradtgon. Theoretical models by Lopes agreed
with this convention with [&mIm]* based ILs showing a majority of non-polar regicnspared

to that of [GmIm]* ILs. Reduction in the strength dfl C-IL interactions results in reduced



stability and greater influence by non-polar regiapon the compound. This would in turn shift
the equilibrium toward the closed form of the compd. This was observed with increasing K
values from 1.65x18° in [C4mIm] to 3.22x10° in [C12mIm]'. For SO the response inKvalues

due to chain length was not as clear as that obdefor BSP. This was believed to be due to the

passive nature oM Cgo -IL interactions and the relatively independentumatof the relaxation

process resulting from this.
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Fig 12: (a) Ground state equilibria and (b) equikbof activation ofSO versus cation side-chain length.



Conclusions

Imidazolium based ILs appeared to present themsedgepseudo-crystalline systems consisting of
distinct polar and non-polar domains. Spirocychenpounds added to ILs of increasing side chain
length to investigate their ability to probe sucbnthins resulted in moderate changes due to
possible increases in structural integredy withicHangth. BSP was found to be sufficiently
sensitive to quantify thermodynamic and kineticgmaeters due to its intimate interaction with the
cation when in its zwitterioniM C form. SO failed to achieve the same effect and this was
believed to be due to its inability to form hydroagbonds and its restriction to electrostatic
interactions. Probing of ILs witBSP found that the molecule was able to reside in eagion of
the solvent. Ground state equilibria found that tiesed form of the molecule was similar
regardless of size of polar region which impliedtteuch regions may have been of similar size in
each IL. This may have implied that the ratio ofoancation was the same in each IL but that the
structuring of the IL with increasing chain lengtbsulted in strain and possible dispersion or
expansion of such regions from@Im]* to [CiomIim]*. The lack of great variation in activated
complex parameters reinforced this theory as simiigeractions would logically result in similar
levels of stabilisation of the respective formstioé spirocyclic compound. Interestingly, positive
dS values meant that the compound underwent sogmifireordering within the solvent system
during thermal relaxation. This implies that theirgpyclic probe was disrupting the solvent
system upon its introduction and migration througththe regions. This interaction with the ILs
may be a reason why rates of relaxation of relaraare found to be slow in ILs compared to
molecular solvents. Previous studies have fountghasphonium based ILs present rigid systems
with negative entropies of activation and so thigynimply that the structuring of imidazolium
based ILs is due to pi-pi stacking and various speeific interactions. This in great contrast to

that of phosphonium ILs where specific interaticngh as Van Der Waals produced stronger



systems and was reflected in the solvents viscosity
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Table 1

Physicochemical properties of spirocyclic compoundsolecular solvents and ionic liquids

. Referencei@alin parenthesis

SO
Arrhenius Eyring
IL Amax MC Kos ETso Ke E. A A AH* AGY s K*
(hm) (x10°sY)  (kcal.mol®) (x10%) (kJ.mot") (J.K~.mol") (kd.mof)  (kJ.mol") (x10%)
C,mim NTf, 642 2.3 52.6(52.6) 6.62 95.23 1.11E+15 34.92 92.80 82.39 3.68
C,mim NTf, 642 25 52.4(50.0) 4.38 95.18 1.14E+15 35.20 92.75 82.26 3.95
Cemim NTY, 644 2.2 53.3(51.9) 3.84 92.35 3.16E+14 24.52 B9.9 8261 3.51
Cgmim NTf, 646 25 51.2(51.1) 4.97 90.79 1.91E+14 20.31 B8.3 82.30 3.82
Ciomim NTf, 644 2.3 51.6(51.0) 3.77 92.87 4.39E+14 27.23 £0.4 82.33 3.68
Comlm NTf, 646 2.6 51.2 5.03 95.32 1.34E+15 36.48 92.89 .0B2 4.20
BSP
Arrhenius Eyring
IL Amax MC Kos ETso Ke E. A A AHF NG K
(hm) (x10°sY)  (kcal.mol%) (x10%) (kJ.mol") (J.K mol?) (kd.mol)  (kJ.mol')  (x10)
C,mIm NTf, 552 1.2 52.6(52.6) 8.66 106.69 6.43E+15 49.55 204  89.49 2.02
C,mim NTf, 552 1.0 52.4(51.6) 7.02 96.93 8.71E+13 13.79 ®4.4  90.38 1.65
Cemim NTY, 554 1.0 53.3(51.9) 11.60 98.84 2.67E+14 21.48 416.  90.01 1.65
Csmim NTf, 556 1.7 51.2(51.1) 5.31 103.34 2.18E+15 40.55 gm0 88.82 2.71
Ciomim NTf, 558 1.8 51.6(51.0) 7.94 106.68 1.02E+16 52.42 104.24 88.62 2.96
Cpmlm NTf, 559 2.0 51.2 7.63 105.27 5.73E+15 46.15 102.14 88.39 3.22




