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Introduction

Interfacial properties of the ionic liquid [bmim]
[triflate] over a wide range of temperatures

Jose L. Rivera, ©** Luis Molina-Rodriguez” Mariana Ramos -Estrada”
Pedro Mavamo-Santos© and Enrique Lima?

‘We carsed out molecular dynamics simulations of the Bguidivacuum equiiibrum of the komc Bguid Jomem]
ltriflate] in & wide range of Emperatures (3231510 57315 KL The el showsd liguid phases with lgh
dengtes aven at temperatures doss 1o the decampostion temperature of e iQuid. The density and
surisce tenmon behaaors ase Bnear aoross ths wide range of temperatures, which is an extension of the
benanaces of these ysieme ot low Empestumss, whees thess properies have bosn sapeamentally
measured. The interfacial region shows peaics of adsonption of the jons; they are cedened, with the aliol
chairs of the Jomim] cations poimting cut of the quid, and the taling angle of the dhans becomes 907
at higher Eempestuses. The alid chans are part of the outermost mterfacal regeon, where intra- and
ntermiolecular tangential fosces are in equiibium; Tus, ey do not contibute o the iotal surface
tenmon. Unkke simpler cegamc bquids, the surface femsion s composed of postee nonmal contributions
of mermolecular nesctons; hese are aimast n equiibrum wath the negative noemal contbutions of
mramolecular interactions, wiich are marnly vibations of fie distance and the angle of valence. The
pemure profiles show that the maecules as i “oushed conformations mbemally n e bulk Bgud and
even mone 5o m the noomal direction at fhe merface The tolal presure profiles show values wath
piy=cal meanang, whens the tangental peakes show higher values Than nosmal pressunes and gree s o
the muface tenmon. Short cutoff mde for fie cloulsbon of mtermolecular forces fess than 365 &)
poduce a system at s not mechanically stable in the mgion of the bl iquid (confirmed by radial
dstribution functon caboulatons) this produces a difference betwesn the nonmal peoure and te
average of the tangential pressuses, which afiects the calculaton of the surface tension due o
owenestimation by up o 20X when usng the gldbal expression, wiech = extensvely used for the
calculaton of surface tension. The use of a sufficently long cutoff radius avoids these mechamcal
aEnce peoDlETE.

ameaof ~20 nm®and 5 ns for sampling ind icabe the pre s noe of
amphiphilic inte faces This is dee to ordering in the interfaces

Tonie liguids combine rehtvely bge oganic cations and
arganic and inoganic anions; this prevents the fomation of
ordered eryals over a wide range of tempemtunes, incloding
sy teemype ratwre, These liguids ame more complex than omndi-
mary arganic liguids, amd it is thought that they can be best
degeribed as Huids that selFascemble into amphiphilic namo-
srschure s Simulations of maolecular dymamdes in the Diguid 7
vacwm egquilibriom usng 368 pairs of ions with a simu laton
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bacause the alkyl chains of diverse ionie liguids based on
imddamnnle Jeave the bulk Hguid, poimting towands the vacuemg
this is @milar to the behavior of complexes that form water
bridges with amphiphilic maobkscu ks ® Other simubtions, with
smaller samples 216 pais of iong), a smaller surBiee area
[~17 nm*}, and 2 ns for sampling, produece similr el
On the other hamd, the thermophysical properties of onic
liguidds are unmigue, Their vapor pressure is ectremely o, amd
the dependence of their surface tendon, 5, 0n temperatune s
different from that of most organie lguids [y T Tonic
liguids behave almost lineardy with mespect @ temperature;
themfore, the linear van der Waals—Guggenbeim egquation,
which describes the behavior of molten metals, also accumbely
deeribes the behowvior of many domic lguids.® Some eooe piomns
oy this lirear behavior have been attrbuted to problems adsing
durng the prepamtion of the liquids, such as insuficient
purnfication.® The behavier of 5 with respect o the
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Densities and Viscosities for Binary Liquid Mixtures of
n-Undecane + 1-Heptanol, 1-Octanol, 1-Nonanol, and 1-Decanol

from 283.15 to 363.15 K at 0.1 MPa
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ABSTRACT: This densities and viscosities of hinary
mixtnres of m-undecane with 1-alcohols with carhon atoms from C,
tofmﬁmlﬂﬁ.lﬁb.}ﬁa.lﬁ:ﬂ::&] MPa. Dhensibies are meeasured
mqam;mm@m,ﬂm&nﬁmnipﬁt
microvis mmeter . Excess molar volomes and viscosity deviations are
ctultadfrmdttupmmﬂlﬁta.ﬁtm malar volom =
l-actanol, and 1-nomana. The excess molar volomes of n-undesane
+ l-decano] present negaiive deviations at kower temperatures. The
the entire Also we present 3 correlation for the
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linematic vismsity based npon the adivation (Gibhe energy.

1. INTRODUCTION
Dengities and viscosites of mixmures are osed in indnstrial
appliations of mass and heat transfer. Corrently, the mdsuores
of nalkanes + @daohol have been become relevant becmse of
ﬂtm.q:ph:ﬂumu;dﬁuuﬂmhﬂﬂmﬂthﬂmd
]:t'l:mr_'h-u'nn.'l indnstries | This work i .:.-nu:rl:nmhm af oar
previows report of mealkanes + l-abohals ™ * Densities and vis-
cosites of hinary mismres of soondecane + laloshols have
been mesxured by Peleteiro et al* and fylesias-Siva et al* Den-
sities and vis maities with s-undecane + 1-hgptanol, + l-actanal,
+ l-nonanol, and + l-<dezna do not exist in the Heratore.
This wark reports the densities and vismsities for mdxbures
of n-undeane with 1-heptano] through l-deana at (L1 MFa
f:mlﬂl]imd\-ﬁl]i K over the entire compasition range.
A Redlich—Kiseer® tp'peaqm‘hmhubbul.'umd.tu ooarrelate
excess malar volume and vismsty deviations. The MNava Rios
et al” equation is wsed to comelae the exvperimental kinematic
mmm:lu."l'}u:athu'l.n a semithearetical equation based
'u.]:mﬂt]-'[n'n]]utﬂ' principles.

2. EXPERIMENTAL SECTION

Samples. The samples are from SAFC for sundeane
(99.4% in mass fraction), Fhuks for 1heptinal (99.98% in mass
fradion), Aldrich for l-octanol [99_54% in maes fraction),
Fluka for 1-nonanal [99.5% in mass fradion ], and Aldrich for
ldecanol (99% in mass fadion] Samples are prepared wsing
an mnalytical balnce [(Ohans mode] A5 1305) with an acooracy
af 0.1 mg Sobsianes e used as received and kept in airtight
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Table 1. Sample [ndoom ation
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cantainers. Table | shows the specifictions for all of the sub-
stances.  Mibomres are ared wsing an analytical balane
[Ohans model AS130S) with an acowracy of (L1 mg. We hawe
a2 standard noncertsinty in the male fraction of less than
0000x

Apparatuses and Procedwres. Dlensitizs are measured
using a vibrating tube densimeter (Anton Paar, DMA imﬁ]].
Dthikdﬂltdﬂmmdﬂhathmn:putﬁdpﬂmm}p The
demsimeter has a staed reprodocibility by the manufactorer of
1 3 10~ g-emi~ fiar the density and 0001 K for the temperatnre.
The densimeter was calibrated by the mamBomrer nsng twa
reference flwids: nhrapure waier and dry air” The standard
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