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Deep eutectic solvents (DESs) are liquid-state mixtures, which mostly consist of two or more solid compounds, at
room temperature because of the strong eutectic effect. After discovering a liquid-state mixture of choline chloride and
urea (1:2 in molar ratio) at room temperature as DES in 2003, DESs have gotten more attention recently as a new type
of solvent. In this review, we introduce unique DESs consisting of an organic iodide salt, e.g., l-alkyl-3-
methylimidazolium iodides and ammonium iodides, and iodine. The DESs of an organic iodide salt and iodine are easily
prepared: just mixing two components. They show a very high electrical conductivity, typically more than 10 mS cm™.
For example, a 1:2.5 mixture of methylammonium iodide and iodine shows approximately 100 mS cm™' at 298 K. Based
on the viscosity and Raman spectrum, the superior electrical conductivity of the DESs is attributed to the Grotthuss
mechanism. In this article, we also introduce our attempt for differential calorimetry measurements of the DESs, which
possess corrosivity for a wide variety of metals, using a fluororesin-coated aluminum pan.
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Fig.2 Photo on the left-hand side shows [CoMIm]I (white, large
bottle) and iodine (black, small bottle). Photo in the middle shows
addition of 12 to [C2MIm]I. Photo on the right-hand side shows
the liquid state mixture after 10 seconds of adding I>. Reprinted
with permission from Ref. 14. Copyright 2022 Elsevier B.V.

Table 1 Liquid states of 1-alkyl-3-methylimidazolium iodide
mixtures with iodine.

Todide Molar Ratio
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O: liquid state; X: liquid/solid or solid.
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Table 2 Liquid states of ammonium iodide mixtures with iodine.

Todide Molar Ratio
1:0.50 1:0.75 1:1.00 1:1.50 1:2.00 1:2.50 1:3.00 1:3.50 1:4.00 1:5.00

[NH4]I X X X X X
[MeNH;]I X X @) X X X
[MeNH:]I X X X X X
[MesN]I X X X X X
[EtNHs]I X X X X X
[Eta2NH2]I X X X @) (@) X X
[EtaN]I X X X X X
[BuNHs;]I X O O O @) X X X
[BuzNH2]I X O O O O O O O X X
[BusN]I X X X X X

O: liquid state; X : liquid/solid or solid.
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Fig.3 Plots of logarithmic electrical conductivity log(o) vs.
iodine mole fraction Xn, for mixtures of imidazolium iodides
(gray) and ammonium iodides (black) with iodine. Linear fits
for [CoMIm]L, [AMIm]I, [CsMIm]L, [CsMIm]I, [BuNHs]I, and
[BuuNH2]I systems are shown by lines. Note that neat
[CaMIm]I and [CeMIm]I are liquids. Data are taken from Refs.
14 and 15.
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Fig.4 Semilogarithmic plots of viscosity # vs. X for the
liquid mixtures of ammonium iodides with iodine at 298 K.
Black line denotes the exponential fit line for the data, except
for [MeNH3;]I/I2. Data are taken from Ref. 15.
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Fig.5 Logarithmic plots of molar electrical conductivity /4 vs.
! for the mixtures of [BuzNH2]I with 12 at 298 K. Black line
denotes the ideal Walden line. Reprinted with permission from
Ref. 15. Copyright 2023 Elsevier B.V.
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Fig.6 Raman spectra of neat [CeMIm]l and [CeMIm]l/I2
mixtures with the molar ratio of 1:0.75 and 1:1.10. Reprinted with
permission from Ref. 15. Copyright 2022 Elsevier B.V.
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Fig.7 Photos of DES containing iodine in a common
aluminum pan (silver, left-hand side) and a fluororesin-coated
aluminum pan (black, right-hand side). Photos on the left-hand
side and the right-hand side are of just after putting and 14 hours
later, respectively.
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Fig.8 DSC heat flow vs. temperature for biphenyl in a
common aluminum pan and a fluororesin-coated aluminum pan
during the heating process with a scan rate of 5 °C min™".
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Fig.9 DSC chart of 1:2.0 [C2MIm]I/I2 DES. The chart was
recorded in the heating process with a scan rate of 5 °C min'.
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