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Abstract: Isomeric C4 paraffins separation is an important task in
petrochemical while current adsorbents undergo a trade-off
relationship between selectivity and adsorption capacity. In this work,
the pore aperture of a cage-like Zn-bzc (bzc = pyrazole-4-carboxylic
acid) is tuned by stepwisely installing methyl groups on its narrow
aperture to achieve both molecular-sieving separation and high n-
C4Hio uptake. Notably, the resulting Zn-bzc-2CHj (bzc-2CH3 = 3,5-
dimethylpyrazole-4-carboxylic acid) can sensitively capture n-C4Hjo
and exclude iso-C4H,o, affording molecular-sieving n-C4H10/is0-CsH1o
separation and high n-C,H, adsorption capacity (54.3 cm® g™).
Breakthrough test proves n-C4H;o/iso-C4sHio can be efficiently
separated and high-purity iso-CsHio (99.99 %) can be collected.
Importantly, the hydrophobic microenvironment created by the
introduced methyl groups greatly improves the stability of Zn-bzc
and significantly eliminates the negative effect of water vapor on gas
separation under humid conditions, indicating Zn-bzc-2CHsis a new
benchmark for n-C,H,0/iso-C4H1, separation.

Introduction

Isomeric paraffins, including linear n-butane (n-C4Hi0) and
branched iso-butane (iso-CsHig), are very important chemical
raw materials in petrochemical industry. Iso-CsHio not only can
undergo co-oxidation with propylene to make propylene oxide
and co-production of tert-butanol or methyl tert-butyl ether, but
also can be alkylated together with butene to produce high
octane gasoline!. Besides, by virtue of high energy efficiency,
low noise, and low toxicity, high-purity iso-C4Hi0 is also widely
used as refrigerant®. In addition, n-C4Hio can be used for
cracking ethylene and synthesizing maleic anhydride’™. However,
they are usually obtained from cracking gases and isomerization
products in industry, in which n-CsHi, and iso-CsHio always
coexist™. Although n-CsHiofiso-C4Hio can be separated by
simple distillation based on their boiling points difference (272.66
vs 261.34 K), traditional distillation undergoes high equipment
investment, complex operation processes, and high energy
consumption, ~which cannot meet the requirements of
sustainable development®®.

Compared with the traditional distillation, adsorption
separation relying on various porous materials has some
advantages, such as low investment costs, simple
implementation, low energy consumption, and economic

feasibility”®.. As intriguing crystalline adsorbents, metal-organic
frameworks (MOFs) that can be precisely and purposefully
designed are attracting more and more focus on widespread
separation applications®**. Notably, although some designed
MOF adsorbents have been applied for isomeric CjHio
separation, the reported separation types mainly suffer co-
adsorption, including thermodynamic separation relying on the
differences in interaction forces and kinetic separation based on
distinct diffusion rate, which cause low separation efficiency!>*7,
In_sharp comparison, molecular sieve separation, which usually
possesses very high separation selectivity, is regarded as the
most outstanding separation model™®!. However, due to the pore
size being very close to the molecular size of the targeted
adsorbed gas, MOF adsorbents featuring the molecular sieve
effect usually possess low porosity, which greatly reduced the
adsorption capacity of n-CsH1o™. Hence, although two
molecular-sieving adsorbents have been reported for n-
C4H10/iso-C4H1o separation, the adsorption capacity of n-C4Higis
still low*2Y4. In view of the universal trade-off phenomenon
between adsorption capacity and selectivity, the ideal molecular
sieve adsorbent for efficient separation of isomeric C4 paraffins
should have suitable narrow apertures for molecular-sieving
separation and a relatively large pore cage for enough n-CsHio
adsorption capacity. Whereas, considering the very similar sizes
of n-C4H1p and iso-C4Hyo (Figure S1), it is still a challenge to
tune the aperture size of MOF at the sub-angstrom scale. In
addition, in the practical n-C4H10/iso-C4H1o Separation process in
industry, the existence of water vapor may destroy the MOF
structure and has an adverse effect on C4 separation. Hence, it
is also crucial to improve the chemical stability of MOF and
eliminate the adverse effect of water through the rational design
of MOF structure.

In this work, the aperture size of Zn-bzc (bzc = pyrazole-4-
carboxylic acid) featuring interconnected cage-like cavities was
precisely controlled by installing different amounts of
hydrophobic methyl groups to achieve efficient molecular-sieving
separation for isomeric C4 paraffins. As expected, Zn-bzc-2CHs
(bzc-2CH; = 3,5-dimethylpyrazole-4-carboxylic acid) can
sensitively capture n-C4Hio and efficiently exclude iso-CsHao,
while evident co-adsorption of isomeric C4 paraffins were
observed in Zn-bzc and Zn-bzc-CHs; (bzc-CH3;=3-methylpyrazole-
4-carboxylic acid). Meanwhile, due to the cage-like structure, the
n-C4H1o adsorption capacity of Zn-bzc-2CHjs is higher than the
reported top-performance adsorbents. More importantly, the
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introduction of hydrophobic methyl groups significantly increases
the water stability and eliminates the adverse effect of water
vapor on actual C4 separation of Zn-bzc-2CHjs, providing a new
benchmark adsorbent for isomeric C4 paraffins separation.

Results and Discussion

Ideal C4 paraffins separation adsorbent should have both
suitable pore window size to achieve molecular-sieving effect,
and a large pore cavity to guarantee high n-C4H;o adsorption
capacity. However, due to the very small difference in the
molecular size between n-C4H1o and iso-C4H10, the window size
must be precisely regulated to achieve molecular-sieving effect.
Therefore, in theory, the precise control of aperture size of a
cage-like MOF can be expected to achieve both molecular-
sieving effect and high adsorption capacity of n-CsHie. A
schematic illustration in Figure 1 shows that ultra-fine tuning of
window size by introducing the controllable number of small

groups into a cage-like MOF can achieve efficient C4 separation.

In this work, as a proof-of-concept experiment, different amounts
of hydrophobic methyl groups were installed onto the narrow
neck of a cage-like MOF to achieve efficient molecular-sieving
separation of C4 paraffins. Firstly, we selected a proper potential
matrix MOF (Zn-bzc MOF) with contiguous cages tightly
connected by narrow neck, which can be fabricated through a
solvothermal reaction of commercially available bzc (Figure 2a)
and zinc nitrate tetrahydrate (Zn(NOs); -4H,0)??. The
experimental powder X-ray diffraction (PXRD) patterns of the as-
synthesized Zn-bzc MOF are in accord with the simulated ones,
revealing the successful synthesis (Figure S2). The framework
of Zn-bzc MOF shows orderly three-dimensional interlaced
cage-shaped channels, which include adjacent large pores with
shared narrow necks (Figure 2d). The pore window of Zn-bzc is
constructed by four pyrazole rings, which makes it reliable to
control the window size at the sub-angstrom scale by introducing
small groups. As shown in Figure 2g, the distance of vertical H-
H of the adjacent pyrazole rings is around 5.45 A, which is larger
than both the minimum length of n-C4H1o (3.7 A) and iso-C4H1o
(4.5 A), implying Zn-bzc MOF will cause the co-adsorption of n-
C4H10 and iso-CsHio. Further, the window size of Zn-bzc MOF
was finely controlled by using bzc-CHjs ligand (Figure 2b) and
bzc-2CH3 ligand (Figure 2c) instead of bzc ligand, and the
crystal structure of resulting Zn-bzc-CHsz and Zn-bzc-2CHs are
verified by PXRD patterns (Figure S2). Figure 2(e-f) shows that
the introduction of different amounts of methyl groups can
slightly reduce the size of narrow apertures. The introduction of
a single methyl group in each pyrazole unit renders a distance of
vertical H-H of about 4.83 A (Figure 2h), which is still a little
larger than both the minimum length of n-C4H10 and iso-CsH1o.
For the Zn-bzc-2CHs with two methyl groups in each pyrazole
ligand, the narrow pore window is mainly limited by the four
methyl groups. As shown in Figure 2i, the vertical distance of H-
H is around 4.13 A, which is still larger than the minimum length
of n-C4Hj0 but slightly smaller than that of iso-C4Hi0. Based on
this characteristic, it can be inferred that iso-C4H10 cannot enter
the cages of Zn-bzc-2CH; MOF via the narrow aperture and the
molecular-sieving separation of n-CsHio/iso-CsHio in Zn-bzc-
2CH3; MOF can be achieved theoretically. Ar sorption isotherms
collected at 87 K reveal that the Brunauer-Emmett-Teller (BET)
surface areas of Zn-bzc, Zn-bzc-CH; and Zn-bzc-2CHs; are
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472.9, 414.9 and 378.2 m? g™, respectively (Figure S3). With the
increasing amount of methyl groups, the BET surface area is
gradually reduced due to the spacing placeholder of methyl
groups. It is worth mentioning that, by virtue of the small size,
the introduced methyl did not result in a big drop of surface area.

Lt

“== Introduce ==}
small groups

co-adsorption in cage-like MOF ieving MOF with aperture

Figure 1. The conceptual graphs of precisely regulated MOF materials by
introducing small groups at neck bottles to achieve molecular-sieving
separation.

Figure 2. (a) The bzc ligand in Zn-bzc; (b) The bzc-CHs ligand in Zn-bzc-CHs;
(c) bzc-2CHjs ligand in Zn-bzc-2CHs; The Connolly surface structure of (d) Zn-
bzc, (e) Zn-bzc-CH3, and (f) Zn-bzc-2CH3; MOF containing contiguous large
cages and small cages tightly connected by narrow apertures; The details of
narrow neck in (g) Zn-bzc, (h) Zn-bzc-CHs, and (i) Zn-bzc-2CH; MOF with
marked window distance by green dotted lines.

To explore the contribution of tunable pore window sizes on
the separation accessibility of isomeric C4 paraffins, we
measured the adsorption isotherms of n-C4Hi0 and iso-C4H1o for
the Zn-MOFs with different methyl groups at 298 K. As shown in
Figure 3(a-b), the n-C4Hi and iso-C4Hio uptakes of Zn-bzc
MOF are 75.7 and 64.1 cm® g™ at 1 bar, and the values are
55.17 cm® g and 50.85 cm?® g?, respectively for Zn-bzc-CHs
MOF. These results show apparent co-adsorption of n-CsHio
and iso-C4Hsp in both Zn-bzc and Zn-bzc-CHs. Surprisingly, it is
found that no matter at 273 K or 298 K, no obvious iso-C4H19
adsorption capacity is recorded even at 1 bar, as shown in
Figure 3c and Figure S4. In sharp contrasts, n-C4Hio shows
typical type-1 adsorptions and steep rising thread at low-pressure
regions, and n-C4H1o uptakes are 54.28 (298 K) and 66.27 cm*g’
' (273 K) at 1 bar. These results verify that the Zn-bzc-2CHs
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MOF can efficiently exclude iso-C4H;10 molecules and achieve a
perfect molecular-sieving effect for the separation of n-C4H10 and
iso-C4H1o. Importantly, this proves that it is feasible to introduce
appropriate numbers of methyl groups at the narrow neck of
MOF structure to achieve molecular-sieving separation by
precisely controlling the aperture size of MOF. The detailed
comparison of Zn-bzc-2CH; and other reported materials for n-
C4H10/iso-C4H1o separation was summarized, as shown in Table
S1. For an ideal adsorbent with size exclusion effect, the high n-
C4Hj0 adsorption capacity is an important factor to ensure good
separation performance®?. It should be noted that although a
few MOFs featuring molecular exclusion effect on n-C4Hiof/iso-
CsHio separation have been reported, the n-CsHio adsorption
capacity of ZU-36-Co (49.28 cm® gh)*®, Y-fum (44.8 cm® g™})?
and Ag-Hmpba (20.1 cm® g)?Y are relatively lower than that of
Zn-bzc-2CHs (54.28 cm® g™*), which may be attributed to the
cage-like pore structure of Zn-bzc-2CHjs. In addition, although
Zr-fum-100"! exhibits a higher n-C4H1o capacity than Zn-bzc-
2CHs, its iso-C4Hi0 adsorption capacity (8.96 cm® g?) is
extremely higher than that of Zn-bzc-2CHs (0.65 cm® g™*), which
may be caused by the defective structures in Zr-fum-100.
Obviously, the co-adsorption of iso-C4Hio in Zr-fum-100 is not
conducive to the n-C4Hi0/iso-C4H1o Separation by the nonideal
size exclusions effect. These results reasonably verify that Zn-
bzc-2CH; MOF can be deemed as a new benchmark adsorbent
with both ideal molecular-sieving separation and high n-CsHso
adsorption capacity for isomeric n-CsHip and iso-CsHio

separation.
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Figure 3. The n-C4H; and iso-CsH1o adsorption isotherms of (a) Zn-bzc, (b)
Zn-bzc-CHjs, and (c) Zn-bzc-2CHj; at 298 K, respectively.

Theoretical insight into the separation process with
molecular-sieving effect was further revealed by using first-
principles density functional theory (DFT) calculations®®®. The
minimum energy path (MEP) associated with the transport of n-
C4Hio and iso-C4Hs via a jump sequence from cage to cage by
passing through the narrow apertures was performed over Zn-
bzc, Zn-bzc-CHsz, and Zn-bzc-2CHz; MOFs. The selected
diffusion paths are corresponding to a length of ~7.5 A, including
the passage between the large cage and the small cage
connected by the tailorable aperture size with different amounts
of methyl groups (Figure 4a-4c, Figure S5-S10 and Table S2).
The calculated MEP profiles show that n-C4Hio molecule can
migrate through the shared aperture with a favorable energy
release of -19.0 kJ mol™ due to the suitable window size of Zn-
bzc (Figure 4a). Similarly, the iso-CsHio molecule can pass
through the aperture of the parent Zn-bzc MOF with a quite low
energy barrier of 16.6 kJ mol™. This indicates that n-C4Ho and
iso-C4H10 molecules prefer to co-adsorb over Zn-bzc MOF. With
respect to the Zn-bzc-CH; MOF (Figure 4b), the diffusion
energy barriers for n-C4Hi0 and iso-C4H1o are slightly increased
to 20.4 and 23.8 kJ mol™®, respectively, also suggesting an easy
transport for both gases due to the low energy barrier and small
barrier difference of 3.4 kJ mol™. This is in line with the poor
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separation efficiency of n-CsHio/iso-CsHyo oObserved in
experiment. As for the Zn-bzc-2CH; MOF (Figure 4c), the
diffusion energy barrier of n-C4Hsp is raised from 20.4 to 36.0 kJ
mol™, whereas the barrier for iso-C4H1 increased dramatically
from 23.8 to 131.6 kJ mol™, implying it is kinetically forbidden for
iso-C4H10 molecule to transport through the narrow aperture.
This suggests that an ideal molecular-sieving effect is modeled
on n-C4Hio/iso-CsHyo separation by precisely controlling the
window size of cage-like MOF via tunable methyl groups.

To gain deep insight into n-CsHyg adsorption behavior with
Zn-bzc-2CH; MOF, further modeling studies based on DFT
calculations were conducted. The DFT calculated n-CsHio
configurations show that n-C4Hip molecules in Zn-bzc-2CHs
MOF primarily located in two different environments, including
large cage with methyl groups facing outwards and small cage
with methyl groups inwards. In the large cage of Zn-bzc-2CHjs
(Figure 4d-4e), n-C4H1o locates at the corner of the cage with a
binding energy of 40.01 kJ mol®, and it forms multi-point
interactions with Zn clusters, pyrazole rings, as well as methyl
groups on the pyrazole rings. The independent gradient model
(IGM)2™ petween n-CsHio molecule and MOF framework in
Figure 4f shows the specific interaction region, and the host-
guest interactions mainly are derived from contributions of atoms
in the inorganic clusters, pyrazole rings, and methyl groups of
MOF as well as the multiple C and H atoms in n-C4H1o molecule.
When n-C4Hy is adsorbed in the small cage of Zn-bzc-2CHj, it
locates at the center of the cage and forms multiple weak
interactions with multiple methyl groups on the surrounding
ligands (Figure 4g-4h), affording a static adsorption energy of
45.28 kJ mol™. The IGM analysis (Figure 4i) further proves that
the interaction between MOF and n-C4Hio in the small cage is
mainly from the contribution of multiple methyl groups in Zn-bzc-
2CHa.
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Figure 4. DFT calculated energy barrier for n-C4Hyo and iso-C4Hsq diffusion
along the MEP for (a) Zn-bzc, (b) Zn-bzc-CHjz, and (c) Zn-bzc-2CHg,
respectively. The DFT calculated configurations of n-C4Hyq in large pore cage
(d, e) and small pore cage of Zn-bzc-2CH3 MOF (g, h) (Color code for d, e, g,
and h: O, red; N, blue; C, gray; H, white; Zn, light violet; C in n-CsH,0, yellow).
The IGM isosurfaces for n-C4Hyo in large cage (f) and small cage (i) of Zn-bzc-
2CHg, respectively (Blue, green, and red isosurfaces indicate interaction
strength from strong attraction to weak van der Waals interaction and strong
repulsion in sequence while the red, green, and blue atoms indicate strong,
medial and poor contribution on the host-guest interactions).
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To evaluate the actual separation ability of Zn-bzc-2CHs
MOF for the n-C4Hiliso-C4Hio mixture, the fixed-bed
breakthrough test was applied by inputting continuous gas
mixtures flow of n-CsHi0/iso-C4Hio (V/iV = 1:1) at 298 K. As
depicted in Figure 5a, the iso-C4H;0 immediately broke through
the fixed-bed while n-C4H1o was thoroughly adsorbed by Zn-bzc-
2CH3 MOF until around 1200 s, and the gas chromatography
results testify that iso-C4Hio with purity up to 99.99% can be
collected from the outlet. Besides, the desorption experiment of
Zn-bzc-2CHg; after breakthrough test was measured by heating
the fixed bed at 120 °C with an Ar flow rate of 10 mL/min. As
shown in Figure S11, both the adsorbed n-C4Hi0 and a small
amount of iso-CsHyo in the dead volume of the fixed bed were
continuously detected in the first 20 mins. The high-purity n-
C4Hio (>99%) was then collected in the following desorption
process, further indicating the high n-C4H10/ iso-C4H1o separation
efficiency of Zn-bzc-2CHs. In addition, in industrial applications,
water vapor is unavoidable in the environment, which could have
a negative impact on the separation process because of the
strong competitive adsorption between water molecules and
target gas molecules®?. Further, the dynamic column
breakthrough experiment of Zn-bzc-2CHs for n-C4H10/is0-CsHi1o
(viv = 1/1) mixture in a 100% relative humidity environment was
measured at 298 K, as shown in Figure 5a. It can be found that
the breakthrough time of n-C4Hio is almost consistent with the
situation in dry conditions, rationally implying that water vapor
hardly competed with the adsorption of n-C4Hio. In addition, the
separation performances of Zn-bzc-2CH; under different
humidity levels, including relative humidity of 50%, 80%, and
90% have also been measured. As shown in Figure S12, the
breakthrough times of n-CsHio were also almost consistent with
that of dry environments, which further proves that the wet
environment will not adversely affect the separation performance
of Zn-bzc-2CHs. To further investigate the influence of water
vapor, the single component breakthrough tests of n-C4Hio for
Zn-bzc-2CH; MOF in dry and humid environments were
measured, respectively. As shown in Figure 5b, the
breakthrough times of n-C4Hio in the dry and humid
environments were almost consistent, further affirming water
vapor has a negligible effect on n-C4Hio adsorption. This is
because the introduced methyl groups create a hydrophobic
microenvironment in the pores of Zn-bzc-2CH3, which leads to
weak water vapor adsorption ability™®. To verify this point, the
water vapor breakthrough tests in Zn-bzc and Zn-bzc-2CH; MOF,
as well as the n-C4H;o breakthrough tests of Zn-bzc in the dry
and humid environments were measured, respectively. As
shown in Figure 5c, the water molecule cannot be captured by
Zn-bzc-2CH3 and instantaneously went through the adsorbent
column, while Zn-bzc maintained a continuous adsorption
process towards water molecule with a retention time up to
around 2100 s. The water adsorption isotherms show that Zn-
bzc possesses high water adsorption capacity of 235 cm® g*
while Zn-bzc-2CHj can hardly adsorb water molecules even at
high P/P, region (Figure S13). In addition, compared with the
results in dry environments, the n-C4Hio breakthrough time of
Zn-bzc in the humid environments was reduced from 1800 s to
650 s (Figure 5d), which shows obvious competitive adsorption
between water vapor and n-CsH;0. These results reveal that the
hydrophobic microenvironment created by the hydrophobic
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methyl groups can greatly eliminate the adverse effect of water
vapor on the actual n-C4H,0/iso-C4H10 separation in industry.
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Figure 5. (a) The dynamic column breakthrough experiment of Zn-bzc-2CHs;
MOF in dry and humid environments for n-C4H1¢/ iso-C4H1o separation (v/v =
1:1) at 298 K, respectively; (b) dynamic column breakthrough experiment of
Zn-bzc-2CH3 for n-C4Hqo in dry and humid environments, respectively; (c)
breakthrough curves of single-component water vapor for Zn-bzc and Zn-bzc-
2CH3; MOF at 298 K; (d) dynamic column breakthrough experiments of Zn-bzc
for n-C4H1o in dry and humid environments, respectively.
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Figure 6. (a) The PXRD patterns of Zn-bzc MOF and Zn-bzc-2CH3; MOF after
different treatments by immersing in water for 72 h and in the air for 30 days,
respectively; (b) Adsorption isotherms of single component n-C4H4o at 298 K
for Zn-bzc-2CH; MOF after different treatments; (c) Adsorption isotherms of
single component n-C4H1 for 10 cycles at 298 K; (d) Cycling breakthrough
tests for n-C4H1¢/ is0-C4H1o separation with Zn-bzc-2CH3; MOF at 298 K for five
times. The column was reactivated with a helium flow at 140 C for two hours

after each breakthrough test.

The outstanding water stability and regeneration abilities of
absorbents are also crucial for the adsorptive separation of n-
C4Hio and iso-C4Hso hydrocarbons in industrial production®. To
explore the stability of Zn-bzc-2CH; MOF and the contribution of
the introduced methyl groups on stability, Zn-bzc MOF and Zn-
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bzc-2CH3; samples were immersed in water for 72 h and stayed
in the air for 30 days, respectively. The PXRD patterns of the
treated samples are shown in Figure 6a. In stark contrast, the
highly consistent patterns compared with the fresh sample prove
that the framework integrity of Zn-bzc-2CHs; can be kept after
these treatments, whereas, the characteristic peaks of Zn-bzc
MOF almost completely disappeared. In addition, the n-C4Hio
adsorption isotherms of Zn-bzc-2CH; after the above stability
treatments were also tested, as depicted in Figure 6b. The
adsorption isotherms of the treated samples were almost the
same as the fresh simple. This indicates that Zn-bzc-2CHs; can
still maintain its intact structure without a phase transformation
or skeleton collapse after soaking in water for 72 h or exposing
in the air for 30 days, verifying that it is able to satisfy the daily
transportation and storage'®?. This means that the introduction of
methyl groups can greatly improve the stability of the framework
for Zn-bzc-2CH; and well meet the precondition of industrial
application. It is well known that most reported Zn-based MOFs
are unstable in water, even in the atmosphere®**, due to the
weak coordination bonds between Zn and carboxylic acid.
Herein, the excellent water stability of Zn-bzc-2CH; MOF can be
attributed to the shielding effect of abundant hydrophobic methyl
groups on the coordination bonds of MOF, which can efficiently
repel the attack of water molecules®®.

The recycled n-CsHyo adsorption and n-CsHio/iso-CaHio
separation at 298 K were tested to investigate the recycling
performance of Zn-bzc-2CH; MOF. As depicted in Figure 6c,
the uptakes of n-CsHio in the ten cycles did not have any
observed decrease. Additionally, the PXRD patterns of Zn-bzc-
2CHjs after ten adsorptions perfectly matched the fresh sample
(Figure S14). Besides, both the recycling breakthrough tests in
dry environments (Figure 6d) and 100% humid environments
(Figure S15) show that the breakthrough times for n-CsHio are
around 1200 s in each breakthrough experiment, which
manifests Zn-bzc-2CH; possesses good cyclic separation
performance in both dry and humid environment. Therefore, the
perfect molecular sieving separation of n-C4Hio over iso-CsHo,
high n-C4H;0 adsorption capacity, strong humid resistance for
mixture separation, as well as excellent water stability and
regenerability deem Zn-bzc-2CH; MOF as a new benchmark for
N-C4H10/iso-CsH1o Separation.

Conclusion

In summary, in order to solve the trade-off phenomenon
between n-C4Hio/iso-C4Hio selectivity and n-C4Hio adsorption
capacity of adsorbents, the aperture size of cage-like Zn-bzc
MOF was finely regulated by installing the controllable number
of methyl groups in the pore window to achieve efficient
separation of isomeric n-C4Hip and iso-C4Hio. Notably, the
obtained Zn-bzc-2CH3; MOF exhibits a strong affinity for n-C4Hio
and selective size exclusion for iso-C4Hio at 1 bar and 298 K,
affording an ideal molecular-sieving separation of n-C4Hjo/iso-
CsHio. Owing to the cage-like pore structure, the n-C4Hio
adsorption capacity at 1 bar in Zn-bzc-2CH; also surpasses
previous reported molecular-sieving adsorbents for n-C4H;0 and
iso-C4Hio separation. Besides, the introduced methyl groups
create a hydrophobic microenvironment, which endows Zn-bzc-
2CH3; with excellent water stability and humid resistance in
dynamic breakthrough experiments for n-C4Hi0/iso-C4H1o
separation. Hence, this work not only proposes an idea to
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realize an ideal molecular-sieving effect on n-C4H10/iso-C4H1o
separation by precisely controlling the pore windows size of a
cage-like MOF, but also provides a benchmark adsorbent with
outstanding n-C4Hio adsorption capacity and ideal molecular-
sieving effect on n-C4Hi0 and iso-CsHi0 separation under humid
conditions.
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Both molecular-sieving separation and high n-C4Ho uptake are achieved by installing methyl groups on the pore window of a cage-
like MOF. The hydrophobic microenvironment created by methyl groups stigmatically eliminates the adverse effects of water vapor on
the stability of MOF and n-C4H;0/iso-C4H10 separation.
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