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..Adjusting adsorption selectivity …
… and separation in photochromic metal–organic frameworks (MOFs) just by external
stimuli is highly important but still rare. In their Communication on page 7900 ff. ,
F. Luo, G.-C. Guo, and co-workers employ a photochromic diarylethene unit as a light-
triggered selectivity and separation regulator, leading to ultrahigh adsorption selectivity,
for example, for the mixture C2H2/C2H4.
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Abstract: A dual temperature- and light-responsive C2H2/C2H4

separation switch in a diarylethene metal–organic framework
(MOF) is presented. At 195 K and 100 kPa this MOF shows
ultrahigh C2H2/C2H4 selectivity of 47.1, which is almost 21.4
times larger than the corresponding value of 2.2 at 293 K and
100 kPa, or 15.7 times larger than the value of 3.0 for the
material under UV at 195 K and 100 kPa. The origin of this
unique control in C2H2/C2H4 selectivity, as unveiled by density
functional calculations, is due to a guest discriminatory gate-
opening effect from the diarylethene unit.

Metal–organic frameworks (MOFs) have been recently
intensively researched, consequently leading to many appli-
cations, including, but not limited to, luminescence, sensors,
catalysis, storage, and separation.[1–5] In particular, and as an
improvement over traditional zeolites and porous carbon,
MOFs are now used to enable excellent CO2/N2, CO2/CH4,
and CO2/H2 separation.[6, 7] However, for some important
applications, such as that of C2H2/CO2 and C2H2/C2H4

separation, because of their comparable size and physical
nature, most MOFs exhibit only modest separation.[8, 9]

An ideal separation material is viewed to endow both high
selectivity and adsorption capacity.[1b] However, almost all
reported MOFs encounter a so-called trade-off, namely high
selectivity often resulting in low adsorption capacity, and vice
versa.[1b] To address this issue, one possible method is to
anchor exclusive functional site for special guest molecule,
but without sacrificing adsorption capacity, leading to
enhanced adsorption selectivity. MOF-74 presents a good
example of using open metal site to preferentially adsorb CO2

over N2 and CH4.
[10] UTSA-74, a MOF-74 isomer, is observed

to give excellent C2H2/CO2 selectivity and separation, owing
to its unique open metal site of two accessible gas binding
sites per metal ion.[11] In some cases, decorating organic
ligands with functionalized units such as NH2 or amide is also
used to enhance adsorption selectivity.[12] Another interesting
case reported by Kitagawa et al. is based on two ideally
arranged basic oxygen atoms on the pore wall that preferen-
tially adsorbs C2H2 adsorption over CO2, because of the
difference in acidity of the hydrogen atoms.[13] Moreover,
a guest discriminatory gate effect observed in a flexible MOFs
is used to generate inverse CO2/C2H2 selectivity.[14] Very
recently, control in both pore and size by Chen et al. was
employed to generate an ultrahigh C2H2/C2H4 selectivity of
44.8.[15]

In contrast to the above mentioned strategies that demand
precise MOF design,[11–15] the approach followed in the
current work is to utilize external stimuli (for example, heat,
light, magnetic) to modulate adsorption selectivity; this is
demonstrated to be easy to implement. Such a smart material
can be constructed with some specific elements on MOFs that
are responsive to external stimuli, and accordingly shows
dynamical alteration in their physical properties.[16–19] In view
of this, controlling CO2 uptake in MOFs has been achieved by
heat, or light, or a magnet.[20] However, until now no case of
using external stimulus to modulate adsorption selectivity in
MOFs has been reported.

Diarylethene, which not only undergoes a fast, reversible
photoinduced ring-open to ring-closed transformation, but
also affords high photostability for each isomer, has been
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extensively explored in photochemistry and material sci-
ence.[21] Notably, such isomerization usually results in signifi-
cant difference in optical and electronic properties, leading to
an important application as switching material, such as in
fluorescent molecular, photochromic chiral, photocontrolled
conductivity, and liquid-crystal switches.[22] Inspired by this,
anchoring diarylethene in MOFs has been recently developed
to give a CO2 adsorption/release switch,[23] energy transfer
switch,[24] and singlet oxygen switch in living cells.[25] However,
the use of diarylethene to switch gas separation has not been
reported. herein we aim to demonstrate that the use of
photochromic diarylethene unit results not only in enhanced
C2H2/C2H4 separation, but also photoswitching C2H2/C2H4

separation, leading to a significant application as a separation
switch (Scheme 1).

The diarylethene MOF (1) was synthesized by using the
previously reported method.[23] The resulted crystals deter-
mined at 293 K is consistent with the reported value and
shown in Figure 1. As UV light cannot penetrate into the
crystal samples, thereby the samples used in this work are
treated by ball milling. The resulted bulk samples are
confirmed by powder X-ray diffraction (Supporting Informa-
tion, Figure S1), SEM (Supporting Information, Figure S2a),
and laser particle size analyzer (Supporting Information,
Figure S2b). It is clear that such mechanical operation does
not affect the framework of 1, and the size of the resulted
particle is around one micrometer. The photochromic feature
is confirmed by UV/Vis absorption spectra, where the
absorption around 330 nm is characteristic of the p–p*
transitions of the diarylethene ligand in the ring-open
conformation, and the new formed absorption around
630 nm implies the ring-open to ring-closed transformation
(Supporting Information, Figure S3).[23]

Before carrying out gas adsorption, the activated samples
of 1a are prepared by a previously reported method.[23]

Previous investigation suggests negligible N2 adsorption but
considerable CO2 uptake. As shown in Figure 1b,c, the C2H2

adsorption capacity of 1a at 100 kPa and 293 K is 36.1 cm3 g@1,

equal to 1.3 times larger than the corresponding C2H4 uptake
of 27.4 cm3 g@1, suggesting preferential adsorption of C2H2 in
1a. Note that at 100 kPa and 195 K the C2H2 uptake largely
increases to be 120.3 cm3 g@1, almost 1.85 times bigger than
corresponding value of 64.9 cm3 g@1 for C2H4 (Figure 2a). The
results imply that at low temperature more preferential
adsorption of C2H2 over C2H4 is observed for 1a. Most
importantly, the C2H2 adsorption isotherm at 195 K (Support-
ing Information, Figure S4), unlike the C2H4 case, shows an
abrupt increase in adsorption at a pressure of 2.0 kPa,
indicative of a typical gate opening behavior under a gate
opening pressure (Pgo).[14] Below Pgo = 2.0 kPa the uptake of
C2H2 is less than 19.6 cm3 g@1, and after Pgo the uptake of C2H2

sharply increases to 78.3 cm3 g@1, at 10 kPa. By contrast,
gradual increase without clear abrupt increase is observed for
C2H4 uptake, and a gradient change at 10 kPa is, as observed
in some MOFs,[8c,13] due to a host–guest interaction between
the MOF framework and C2H4 molecules. Such gate opening
behavior is absolutely distinct with some reported flexible
MOFs such as Zn2(bpdc)2(bpee) (bpdc = 4,4’-biphenyldicar-
boxylate; bpee = 1,2- bipyriylethylene) in which gate opening
effect is observed for both C2H2 and C2H4.

[26] However, this
behavior is similar to the results reported by Kitagawa in a 0-
D framework[14] where C2H2, rather than CO2, is observed to
show a gate opening pressure. Note that our case is also
different from the report by Kitagawa in that in the reported
case gate opening effect leads to the sharp decrease in C2H2

uptake and consequently high CO2/C2H2 selectivity (13 at

Scheme 1. Representation of a separation switch upon UV and visible
light with a diarylethene MOF. Under UV irradiation, the diarylethene
unit undergoes a ring-open to ring-closed transformation, leading to
weak C2H2/C2H4 separation and thus generating mixed C2H2/C2H4

output. Visible irradiation induces recovery from the ring-closed form
to ring-open form, resulting in high C2H2/C2H4 separation, generating
pure C2H2 output.

Figure 1. The structure of 1. a) The coordination surrounding and the
ligands in 1; b) the 3D framework of 1. All hydrogen atoms are omitted
for clarity.
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273 K and 100 kPa), where in our case such effect enhances
a sharp increase in C2H2 uptake and thus C2H2/C2H4

selectivity (47.1 at 195 K and 100 kPa).
As discussed above, 1a undergoes the gate opening effect

at 195 K, rather than 293 K, suggesting a temperature-depen-
dent adsorption behavior. To further demonstrate such
temperature dependency, additional adsorption experiments
at 273, 253, and 233 K were conducted. As shown in Fig-
ure 2b–d, the C2H2/C2H4 uptake ratio for each temperature
gives the hierarchy of 1.85@195 K> 1.72@233 K>

1.60@253 K> 1.45@273 K> 1.30@293 K, implying that 1 a
shows significant temperature-dependent guest discrimina-
tory gate effect.

To establish the mechanism for such uncommon phenom-
enon observed herein, we first test the flexibility of frame-
work. The unit cell of 1a for the same crystal is determined at
various temperatures. No obvious alteration is seen in the unit
cell (Supporting Information, Figure S5), relative to 1,
excluding any temperature-induced framework movement
and suggesting rigid framework of 1a. Most importantly, after
UV (365 nm, namely 1a-UV) irradiation compound 1 a no
longer shows such guest discriminatory gate effect clearly, as
seen by the comparable uptake of both C2H2 and C2H4 at
195 K (Figures 2d,e) and the absence of abrupt increase plus
distinct adsorption isotherms for C2H2 adsorption at low
pressure (Supporting Information, Figure S6). The observa-
tion of abnormality in the C2H2 and C2H4 adsorption among
the adsorption capacity of 40–50 cm3 g@1 is due to the
incomplete transformation of diarylethene unit and/or host–
guest interactions between MOF framework and guest
molecules. The ratio of C2H2/C2H4 uptake is largely reduced
to be 1.08, which is far less than corresponding value of 1.85
for 1a. It is believed that UV irradiation just induces a ring-

open to ring-closed transformation of diarylethene ligand in
1a. Accordingly, the results agree that such gate opening
effect is directly related to the diarylethene unit. To exclude
that this is resulted from a framework alteration between 1a
and 1a-UV, in situ PXRD is tested (Supporting Information,
Figure S7), where no additional and shifted Bragg peak,
relative to that in 1a, is observed in 1a-UV, but significant
enhancement of (002) intensity is observed for 1a-UV, which
is mainly due to a formation of a dense structure from a ring-
open-to-ring-closed transformation of diarylethene ligand.
Note that under irradiation by visible light, the PXRD
patterns are fully recovered, which is comparable with that in
1a, indicative of highly reversible transformation between 1a
and 1a-UV.

To further elucidate the mechanism for such a guest
discriminatory gate effect, we performed a density functional
theory (DFT) calculations. Both C2H2 and C2H4 can be
incarcerated by diarylethene unit (Figure 3). In the DFT-
optimized guest-loaded structure, each diarylethene unit can
incarcerate one C2H2 or C2H4 molecule via host–guest
supramolecular interactions with the closest C@H···C distance
of 3.48 c for C2H2 and 3.56 c for C2H4 between guest
molecules and thiophene rings. Compared with the structure
of diarylethene unit in 1a, C2H2-loaded structure (Figure 3b)
displays significant change in the diarylethene unit with
a distance of 4.74 c for two specific thiophene carbon atoms
that connect to a methyl carbon, which is 1.29 times larger
than that observed in 1a (3.67 c). A larger alteration in the
diarylethene unit is needed in the C2H4-loaded structure
(Figure 3c) with a corresponding distance of 4.86 c, equal to
1.32 times larger than that in 1a. Furthermore, we also note
that except for the opening movement in the diarylethene unit
the whole diarylethene ligand is maintained, as evidenced by

Figure 2. The C2H2 and C2H4 adsorption performance of 1a (at various temperatures) and 1a-UV. a) The adsorption isotherms of 1a for C2H2 and
C2H4 at 195 K. b) The adsorption isotherms of 1a for C2H2 at various temperatures. c) The adsorption isotherms of 1a for C2H4 at various
temperatures. d) The difference in adsorption capacity of C2H2 and C2H4 at 100 kPa and various temperatures for 1a. e) The adsorption isotherms
of 1a-UV for C2H2 and C2H4 at 195 K. f) The difference in adsorption capacity of C2H2 and C2H4 at 100 kPa and 195 K for 1a and 1a-UV.
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the comparable distance for two pyridine nitrogen atoms of
the diarylethene ligand between 1 a (13.83 c) and C2H2-
loaded structure (13.52 c). The results agree that local
opening in the diarylethene unit, rather than overall alter-
ation within the MOF skeleton, could enable additional
adsorption of C2H2, which is consistent with the experimental
results. However, by contrast, C2H4-loaded structure gives
a distance of 11.27 c, implying a 2.56 c compression for the
whole diarylethene ligand, relative to that in 1a. The results
mean that, for C2H4, to occur such incarcerated phenomenon
within diarylethene unit as observed for C2H2, 1a needs

undergo not only local movement of diarylethene unit but
also intense alteration in the whole diarylethene ligand.
However, such intense alteration in the whole diarylethene
ligand is fully rejected by the rigid nature of MOF framework,
consequently resulting in the incarceration of C2H4 in diary-
lethene unit within 1a to give additional adsorption, as
observed for C2H2, being completely blocked. In this regard,
the observation of comparable adsorption of C2H2 and C2H4

in 1a-UV is reasonable, owing to a ring-open to ring-closed
transformation of the diarylethene unit that inherently
refuses the incarceration phenomenon as observed in 1a.

Furthermore, preferential adsorption of C2H2 over C2H4

in 1a is also reflected in the data of isosteric heat of
adsorption (Qst). The calculation of binding energy of C2H2

and C2H4 based on the use of the Clausius–Clapeyron
equation[27] is used to represent the isosteric heat of adsorp-
tion. The Qst of C2H2 is approximately 17 kJmol@1, which is
larger than the corresponding value of 11.5 kJ mol@1 for C2H4,
indicative of stronger host–guest interactions for C2H2 over
C2H4 (Figure 4a).

To establish the feasibility of C2H2/C2H4 separation, we
first performed ideal adsorbed solution theory (IAST)
calculations for adsorption selectivity,[28] and the results at
195, 273, and 293 K for materials of 1a and 1a-UV are shown
in Figure 4b. Particularly remarkable is the ultrahigh C2H2/
C2H4 selectivity of 47.1 at 195 K and 100 kPa, even superior to
the recorded value of 44.8 by Chen et al. in SIFSIX-2-Cu-I,[15]

suggesting its promising potential in C2H2/C2H4 at low
temperature. However, with increase of temperature the
selectivity is largely reduced with 3.2 at 273 K and 2.2 at
293 K, respectively. Such a 21.4-fold reduction in C2H2/C2H4

selectivity suggests highly temperature-dependent C2H2/C2H4

separation in 1a, which is viable of the application as
temperature-response C2H2/C2H4 separation switch. On the
other hand, light as an easy-to-obtain source is also facile to
control the C2H2/C2H4 adsorption selectivity. The samples
after UV irradiation, 1a-UV, only give a selectivity of 3.0 at
195 K and 100 kPa (Figure 4 b), resulting in a 15.7-fold
alteration relative to the value in 1a, leading to a potential
as light-response C2H2/C2H4 separation switch.

The performance of industrial fixed-bed adsorbers is
dictated by a combination of adsorption selectivity and
uptake capacity. To further evaluate the temperature- and
light-dependent gas separation of 1a, we performed transient
breakthrough simulations using the simulation method de-
scribed before.[11, 14, 15] Figure 4c presents the data on simu-
lated transient breakthrough of C2H2/C2H4 mixture contain-
ing 50% C2H2 mixture in an adsorber bed packed with 1a at
various temperatures and 1a-UV. The transient breakthrough
simulation results are presented in terms of a dimensionless
time t (x-axis). The y-axis is the dimensionless concentrations
at the outlet of the adsorber, normalized with respect to the
inlet feed concentrations. As C2H4 could not be incarcerated
in diarylethene unit, within adsorber bed of 1a at 195 K it
breaks through firstly with t = 417 and t for C2H2 to breaks
through is 1030, suggesting a 2.47 times longer breakthrough
times within the adsorber bed for C2H2. By contrast, with the
increasing temperature the ratio of breakthrough time for
C2H2/C2H4 is largely reduced in the order 1.84@233 K>

Figure 3. A comparison of diarylethene ligand among a) 1a, b) C2H2-
loaded structure, and c) C2H4-loaded structure. ? The special thio-
phene carbon atom in the diarylethene ligand. The arrow indicates the
distance between two special thiophene carbon atoms or the span
between two pyridine nitrogen atoms of the diarylethene ligand.
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1.54@253 K> 1.42@273 K> 1.36@293 K, and the relative
breakthrough time (Dt), defined by the difference of
t value between C2H2 and C2H4, sharply decreases from

Dt = 613 at 195 K to Dt = 99 at 293 K, suggesting strong
temperature-dependent separation. Alternatively, owing to
the removal of additional adsorption for C2H2 from diary-
lethene unit, light facilitates to switch the C2H2/C2H4 separa-
tion, as attested by just 1.48 times longer reservation time
within the adsorber bed of 1a-UV for C2H2 than C2H4 and
a largely reduced relative reservation time of Dt = 225.

Note that for such an application of light-responsive C2H2/
C2H4 separation switch, acquiring its conversion ratio of
diarylethene unit between the open- and closed-ring isomers
is highly important, and thus we carried out the test of the 13C
MAS NMR spectra. As shown in the Supporting Information,
Figure S8a, the as-synthesized samples do not show typical
signal of the closed-ring form at 67 ppm, suggesting 100%
open-ring form of diarylethene unit. However, for the
samples after UV irradiation for 10 min, not only a new
peak at 67 ppm, typical for the closed-ring form, appeared,
but also an intensity-decreased peak at 120 ppm, typical for
the open-ring form, were observed. This strongly suggests an
incomplete ring-open to ring-closed transformation and
coexistence of ring-closed and ring-open forms in the resulted
samples (Supporting Information, Figure S8b). Accordingly
a 61 % conversion of diarylethene unit from ring-open isomer
to ring-closed isomer is estimated. These results are consistent
with the UV/Vis absorption spectra. Notably, 100 % recovery
from the ring-closed form to ring-open form can be obtained
if visible irradiation (650 nm) is used on the colored samples
(UV irradiation) for 30 min, as seen by the disappearance of
the peak at 67 ppm and intensity-increased peak at 120 ppm
(Supporting Information, Figure S8c). Furthermore, some
previous reports have revealed that temperature has little
effect on the ring-open to ring-closed transformation of
diarylethene unit, whereas the inverse ring-closed-to-ring-
open transformation is highly temperature-dependent; espe-
cially at low temperature, this is almost prohibited.[29] In this
regard, we tested such a temperature-dependent photochro-
mic property. As observed in reported cases,[29] the ring-open
to ring-closed transformation of diarylethene unit is not
temperature-dependent, since even at 77 K a single crystal of
1 under UV irradiation underwent smart photochromic
reaction, consequently leading to the color change from
yellow to blue. By contrast, inverse photochromic reaction
under visible irradiation is stopped at such low temperature,
because there is no detectable color change, but can be
activated at a higher temperature such as 139 K, leading to the
recovery of color change from blue to yellow. This is further
confirmed by UV/Vis absorption spectra (Supporting Infor-
mation, Figure S10), where the absorption around 630 nm,
typical for ring-closed form, disappeared for the colored
samples after visible irradiation (10 min) at 139 K.

In conclusion, we have demonstrated the first use of
diarylethene MOF to separate C2H2/C2H4 mixture. Owing to
a unique recognition to C2H2 within the diarylethene unit,
a ultrahigh adsorption selectivity of C2H2 over C2H4 with the
value of 47.1 is achieved at 195 K. Our investigation shows
that such separation is very sensitive to temperature and light,
leading to a significant switching effect and thus capability of
using it as a temperature- and light-responsive C2H2/C2H4

separation switch.

Figure 4. a) The isosteric heat of adsorption for C2H2 and C2H4 in 1a.
b) IAST calculations of 50/50 C2H2/C2H4 adsorption selectivity of 1a at
195 K, 273 K, 293 K, and 1a-UV at 195 K. c) Simulated transient break-
through of C2H2/C2H4 mixture containing 50 % C2H2 mixture in an
adsorber bed packed with 1a or 1a-UV. The bulk gas phase is at set
temperature and 20 kPa total pressure. The partial pressures of C2H2

and C2H4 in the inlet feed gas mixture are, respectively, p1 = 10 kPa,
p2 =10 kPa.
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Experiments. 

Materials and Physical Measurements. All the reagents, except for the diarylethene ligand 

that is synthesized by reported method,
23

 used in this work are purchased from Alfa without 

any purification. X-ray powder diffraction were collected by a Bruker AXSD8 Discover 

powder diffractometer at 40 kV, 40 mA for Cu Kα, (λ = 1.5406Å). The simulated powder 

patterns were calculated by Mercury 1.4. The purity of the bulk products were determined by 

comparison of the simulated and experimental PXRD patterns. In-situ PXRD is also 

performed for the same sample without any movement on Bruker AXSD8 Discover powder 

diffractometer equipped with an UV or Vis equipment to provide UV (365 nm) and visible 

light (650 nm).  

The gas sorption isotherms were collected on a Belsorp-max. Ultrahigh-purity-grade 

(>99.999%) C2H2 and C2H4 gases were used in this adsorption measurement. To maintain the 

experimental temperatures liquid nitrogen (77 K), temperature-programmed liquid nitrogen/ 

acetone bath (195 K, 233K, 253K), ice water bath (273 K), and water bath (293 K) were used 

respectively. 

The samples in this work are prepared by ball milling as follows. Single crystal samples 

(500 mg) were placed in a 500 mL stainless steel jar, along with thirty-five 20 mm diameter 

stainless steel balls. Then, they are ground for 30 min in a PM-2L mill (Shanghai Precision 

Instrument Co., Ltd.) at 10 Hz. 

Before carrying out adsorption experiments, the samples of 1a (150 mg) were immerged 

in CH3OH for three days, then degassed automatically in Belsorp-max at 60ºC for 24 h to 

generate the activated samples of 1a.  

   The adsorption data of 1a-UV is obtained based on the samples 1a after UV irradiation for 

10 min.  

    The UV and Vis irradiation is carried out by MejiroGenossen MUV-165 (3.8 W/cm
2
) and 

MVL-210 (3.5 W/cm
2
) with 365 nm and 650 nm filters, respectively. The samples were 

directly exposed under UV and Vis light with a distance about 80 cm between the light source 

and samples.  

DFT calculations. The structural optimization of 1a was performed with DMol ab initio 

quantum chemistry software of Accelrys’ materials studio. The calculations were performed 

with the DNP basis sets, double numerical basis sets supplemented by polarization 



functions.The generalized gradient approximation (GGA) with the Perdew–Burke–Ernzerhof 

exchange-correlation functionwas adopted. SCF density convergence, optimization energy 

convergence and gradient convergence equal to 0.00001, 0.0001 and 0.02 a.u, respectively.  

The calculations of guest-incarcerated configuration were carried out using the Gaussian 09 

program package, where wb97xd method with 6–31G (d) as basis sets was used. During the 

calculation, the full relaxation of 1a cluster involving diarylethene unit was performed, and 

gas molecule was fixed.   

 

Fitting of pure component isotherms. 

The pure component isotherm data for C2H2 and C2H4 in 1a at various temperatures and 

1a-UV at 195 K were fitted with the dual-site Langmuir-Freundlich isotherm model 
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The fitted parameters are provided in Table 1, and Table 2. 

Table 1. Dual-site Langmuir-Freundlich parameter fits for C2H2 and C2H4 in 1a. 

 Site A Site B 

qA,sat 

mol kg
-1

 

bA0 

A
Pa  

A 

 

EA 

kJ mol
-1

 

qB,sat 

mol kg
-1

 

bB0 

1
Pa


 

B 

 

EB 

kJ mol
-1 

C2H2 1.4 

 

6.5410
-25

 3.3 57.2 3.8 

 

4.3710
-8

 1 16.6 

C2H4 1.2 

 

1.4110
-18

 2.9 32.6 1.8 

 

4.210
-7

 1 12 

 

Table 2. Dual-site Langmuir-Freundlich parameter fits for C2H2 and C2H4 in 1a-UV. 

 Site A Site B 

qA,sat 

mol kg
-1

 

bA0 A 

 

EA 

kJ mol
-1

 

qB,sat 

mol kg
-1

 

bB0 B 

 

EB 

kJ mol
-1

 



A
Pa  

1
Pa


 

C2H2 2.2 

 

1.7810
-23

 2.8 61 2.2 

 

3.3210
-6

 1 8 

C2H4 1.9 

 

8.6310
-21

 3.2 36.7 2.4 

 

7.5110
-7

 1 10.6 

 

Isosteric heat of adsorption. 

The binding energy of C2H2 and C2H4 is reflected in the isosteric heat of adsorption, Qst, 

defined as 

q

st
T

p
RTQ 














ln2  (3) 

IAST calculations of adsorption selectivities. 

We consider the separation of binary C2H2/C2H4 mixtures. The adsorption selectivity for 

C2H2/C2H4 separation is defined by  

21

21

pp

qq
Sads            (4) 

q1, and q2 are the molar loadings in the adsorbed phase in equilibrium with the bulk gas 

phase with partial pressures p1, and p2. 

Transient breakthrough of C2H2/C2H4 mixtures in fixed bed adsorbers. 

For the breakthrough simulations, the following parameter values were used: length of 

packed bed, L = 0.3 m; voidage of packed bed,  = 0.4; superficial gas velocity at inlet, u= 

0.04 m/s. 

The total bulk gas phase is at settemperature and 20 kPa. The partial pressures of C2H2, 

and C2H4 in the inlet feed gas mixture are, respectively, p1 = 10 kPa, p2 = 10 kPa.The transient 

breakthrough simulation results are presented in terms of a dimensionless time, , (x-axis), 

defined by dividing the actual time, t, by the characteristic time, 
u

L
. They-axis is the 

dimensionless concentrations at the outlet of the adsorber, normalized with respect to the inlet 

feed concentrations. 



 

Figure S1. The PXRD patterns of samples after ball milling and the data simulated from the 

single crystal data. 

   

Figure S2.The morphology and size of particle of samples after ball milling.a) SEM image of 

samples after ball milling; b) size distributing of particle by laser particle size analyzer. 

 

Figure S3. Absorption spectra of 1a and 1a-UVin the solid. 1a-UV is obtained by UV 

irradiation on the samples 1a for 10 min.  

 

Figure S4. The C2H2 and C2H4 adsorption isotherms of 1a at low pressure. 

a) b) 



 

Figure S5. Crystal lattice parameter (a-, b, and c-axis length) of 1a (crystal samples) 

determined at various temperatures. 

    

Figure S6. The C2H2 and C2H4 adsorption isotherms of 1a-UVat low pressure. 

    

Figure S7. a)The in-situ PXRD patterns of 1a under UV (365 nm, irradiation for 10 min) or 

visible light (650 nm, irradiation for 10 min). b) The change in intensity monitored by (002) 

peak for pristine 1a, and it under UV irradiation for 10 min or visible light irradiation for 10 

min. 



 

Figure S8.
13

C CP/MAS NMR spectra of 1, 1a-UV, and regenerated 1a. The signal at 173 ppm 

is derived from carboxylate carbon atom. Signals among 151-126 ppm result from both 

carboxylate and diarylethene ligands. Signals around 120 ppm are ascribed to the thiophene 

carbons and carbons connecting to F atoms. Signal at 67 ppm is the carbon atoms connecting 

to CH3 group for the samples after UV irradiation. Signals around 13 ppm are CH3 group. 

Signals at 30 ppm, 35 ppm, and 163 ppm are the free DMF solvent molecule, where due to 

many times UV/Vis operation spontaneous loss of free DMF solvent molecule induces the 

gradual decrease of peak intensity.  

    

    

Figure S9. Photograph of crystal of 1 and it under UV or Vis irradiation at set temperature.  

UV, 1 min,76K 

Vis, 5 min, 139K Vis, 5 min, 76K 



 

Figure S10. Absorption spectra of the solid samples, regenerated via Vis irradiation on the 

colored samples (UV irradiation for 1 min) for 10 min. 
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