This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

VELUHE L UM ) 0 S DR Physics and Chemistry Of Liquids
Physics and Publication details, including instructions for authors and subscription information:
Chemistry of Liquids http://www.informaworld.com/smpp/title~content=t713646857

AN INTERNATIONAL JOUARNAL

Aqueous solutions of a “green” ionic liquid and of lithium chloride

compared and contrasted

Alexandru T. Balaban®; Douglas J. Klein®; Norman H. March™

@ Texas A&M University at Galveston, Galveston, TX, USA ® Donostia International Physics Center,
San Sebastian, Spain © Department of Physics, University of Antwerp, Antwerp, Belgium

Norman H. March

Emeritas Profesios, Oofond Unbee ity UE
M,

Giuseppe G. M. Angilella
{Co-Erfier] Uriversits o Catania, (starcs, Jlsly

To cite this Article Balaban, Alexandru T., Klein, Douglas J. and March, Norman H.(2007) ‘Aqueous solutions of a “green”
ionic liquid and of lithium chloride compared and contrasted', Physics and Chemistry of Liquids, 45: 5, 597 — 600

To link to this Article: DOI: 10.1080/00319100701374179
URL: http://dx.doi.org/10.1080/00319100701374179

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713646857
http://dx.doi.org/10.1080/00319100701374179
http://www.informaworld.com/terms-and-conditions-of-access.pdf

07:36 28 January 2011

Downl oaded At:

Physics and Chemistry of Liquids Taylor & Francis
Vol. 45, No. 5, October 2007, 597-600 Taylor & Francis Group

Letter

Aqueous solutions of a ‘“‘green” ionic liquid and of lithium
chloride compared and contrasted
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iDonostia International Physics Center, San Sebastian, Spain
§Department of Physics, University of Antwerp, Antwerp, Belgium
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Aqueous solutions of (a) a “green” ionic liquid and (b) lithium chloride are considered here.
Proposals are made in respect to momentum transfer as characterized by shear viscosity, 7.
Arrhenius-type behavior as a function of temperature is contrasted with possible power-law
form. More generally, 7 is written as a product of mass density, the velocity of sound squared,
and a characteristic time. Experiments are proposed for testing present ideas also involving the
Debye—Hiickel screening length.

Keywords: Aqueous solution of ionic liquid and LiCl; Shear viscosity; Velocity of sound;
Debye—Hiickel screening length

In an earlier letter published in this journal [1], we have made some proposals
concerning both experiment and theory on “‘green” ionic liquids [2-4]. Here, our
interests are extended to focusing on a particular ionic liquid in aqueous solution.
Besides noting some earlier thermodynamic studies on an aqueous solution of LiCl,
summarized in figure 1 [5], our main focus is on transport properties as a function of
absolute temperature, 7, and in particular the shear viscosity n. We shall generalize here
an earlier study [6] on transport properties of monatomic insulating liquids and liquid
alkali metals. There it is stressed that one must first address the question, in the
temperature range considered, whether »n has an Arrhenius-type factor exp(Eyp/kgT),
where Ey, represents a barrier height to be compared with the thermal energy kpT,
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Figurel. Selected thermodynamic isotherms for LiCl in aqueous solution across the phase diagram (redrawn
from Chaudhari and Patel [5]).

with kg denoting Boltzmann’s constant. If we have Ey/kgT < 1, as in liquid alkali
metals already mentioned above, then a temperature dependency of 7 like 77"/ can be
anticipated.

Motivated at first by dimensional analysis, one can write for a neutral insulating
liquid like argon:

n~—= (M

where d denotes a mass density, & is a correlation length expected to involve two-particle
correlation functions, while 7. is a characteristic time entering the process of momentum
transfer. Turning to an alternative form of equation (1) suitable for Coulomb liquids,
one can rewrite it as

n~ dvit )

where vs (vsound) 18 the sound velocity: a collective property of the aqueous solutions
considered later. In turn, thermodynamics can be used to express vy through the
adiabatic bulk modulus B,4, which is related to its isothermal counterpart Bt by

T 2
By = B;' - (C‘z) 3)
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a being the thermal expansion coefficient, while C,, is the heat capacity per unit volume
at constant pressure.

We next note specifically that a characteristic length in a liquid metal is the
Thomas—Fermi (TF) screening length Lrtg [7]. It is therefore natural in electrolytes to
note that this has the Debye—Hiickel (DH) screening length Lpy as its counterpart.

By the way of illustration, in a liquid alkali metal

Mnv? L
n~ "Vsound “TF (4)

Vthermal

where n is the number density of (monovalent) ions of mass M, while Vgermal =
(kg T/M)"? measures the thermal velocity of these ions in equilibrium at temperature 7.

It is tempting, but will, of course, need testing eventually by confrontation with
experiment, to assume, by comparison, for the aqueous solutions under discussion here
that the characteristic time 7. entering the result (2) will become

L
fo ~ DH

)

Vthermal

where Viermal Will involve an appropriate average M of the various molecular/ionic
masses involved. The introduction of the Debye—Hiickel (DH) screening length Lpy
into the formula (2) for the shear viscosity is the main proposal of this letter. Writing
this length in the form

KkgT\'?
LDH~< B ) ©)

ne?

with K the dielectric constant and e the ionic charge, this leads to the characteristic time

t. from equation (5) as
KkgT\'?
o~ ( : ) . ()

ne?

To conclude, we wish to add some remarks about thermodynamics, for which literature
studies already exist for LiCl in aqueous solution. In particular, figure 1 has been
redrawn from the study of Chaudhari and Patel [5] for the enthalpy of LiCl in aqueous
solution across the phase diagram, some isotherms being displayed there. The
crystallization line is also shown. It should be of obvious interest for the future if
such thermodynamic knowledge could also be obtained for green ionic liquids, to
compare and contrast with the LiCl data.
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