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as glasses, viscous polymers, proteins, and mem-
branes™ ** In contrast, the fluorescence peak of GO
exhibits a large red-shift with an increase in the
excitation wavelength without the need of low tem-
peratures or viscous solvents.' ** For example; the
difference between the emission peak and the excita-
tion wavelength shows a red-shift of ~220 nm from
the visible 1o NIR in water at room temperature as
the excitation energy changes from the UV to the
visible range.'® Despite the excellent studies of several
groups,"®"®34% the mechanism of strong excitation
wavelength dependent fluorescence of GO remains a
mystery, preventing the development of novel tech-
nologies based on this very intriguing property.
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resolved fluorescence is measured for each ergy because all excited electrons, independent of “m
samples in solvents with different polarities, Ouriex=.  initial energy, have relaxed to the band edge before ‘4WQ<
ﬁ; The limit of band edge emis- ) /F “ﬂk .
mmmww sion is called(Kasha's For example, the fluores-
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a relatively narrow bandwidth, as experimentally de-
monstrated in Figure 1d.

In an interacting environment, such as a polar
solvent, an additional relaxation step (solvation) occurs.
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Covalent organic frameworks (COF), with rigid, highly ordered and tunable
structures, can actively manipulate the synergy of entropic selectivity and
enthalpic selectivity, holding great potential as next-generation membrane
materials for ion separations. Here, we demonstrated the efficient separation
of monovalent cations by COF membrane. The channels of COF membrane are
decorated with three different kinds of acid groups. A concept of confined
cascade separation was proposed to elucidate the separation process. The
channels of COF membrane comprised two kinds of domains, acid-domains
and acid-free-domains. The acid-domains serve as confined stages, rendering
high selectivity, while the acid-free-domains preserve the pristine channelsize,
rendering high permeation flux. A set of descriptors of stage properties were
designed to elucidate their effect on selective ion transport behavior. The
resulting COF membrane acquired high ion separation performances, with an
actual selectivity of 4.2-4.7 for K*/Li" binary mixtures and an ideal selectivity of
-13.7 for K'/Li".

Monovalent cations are essential for energy storage materials, of
which the global demand is expected to reach a million-ton scale in
2025. Extracting monovalent cations from salt lake, seawater, and
brackish water, the major sources of monovalent cations, becomes an
imperative demand’ . For instance, Li" with high purity (>99.5 wt.%) is
usually obtained by separating Li' from ionic mixtures (eg.,
0.003-0.157 wr.X in salt lake and <2 x 107 wr¥ in seawater) with the
coexistence of K" or Na'. Currently, monovalent cation separations are
primarily based on integrated technologies, such as evaporation-

ionic distillation”. Membrane technology holds great superiorities in
separating monovalent cations owing to the non-thermal, low-carbon
footprint attributes. However, the same monovalence, the sub-
nanometer ion size (eg., 1-3 A for naked ions and 6.5-8 A for hydra-
ted ions.), as well as the angstrom-sized difference (<2 A) among difl-
ferent monovalent ions, make it one of the most challenging tasks to
separate monovalent cation mixtures'”.

Till now, quite few researches involve the separation of mono/
monovalent cations. In particular, the overwhelming majority of
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