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Abstract
As an indispensable raw material for silicon-based semiconductor industry, carbon tetrafluoride (CF4) is widely 
used as plasma etching and cleaning gas in the manufacture of semiconductors. How to efficiently remove the C2F6 
impurity during the CF4 production process is a challenging task as semiconductor industry requires high-purity CF4 
gas. Herein, two fluorine-functionalized porous organic frameworks (F-POFs) named SPPOF-4F and SPPOF-8F 
were synthesized and used for separation of C2F6/CF4 gases. Single-component gas adsorption experiments and 
ideal adsorbed solution theory (IAST) calculations indicate that two porous organic frameworks can selectively 
adsorb C2F6 from C2F6/CF4 mixture. Molecular simulations have further complemented these experimental findings 
by revealing F-induced host-guest interactions between F-POFs and C2F6 at a molecular level. Additionally, dynamic 
breakthrough experiments verified that the F-POFs can capture C2F6 in C2F6/CF4 mixture at practical conditions. 
These results indicate that F-POFs have great potential for application in the separation and purification of CF4 
electronic special gases.
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INTRODUCTION
Carbon tetrafluoride (CF4) is a perfluoro-electronic specialty gas that plays an indispensable role in the 
production of semiconductor electronics[1-5]. The direct fluorination of carbon using F2 gas is the most 
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dominant method to produce CF4 due to the advantages of easily obtainable raw materials, a controllable 
process, and high yield[6-8]. In the direct fluorination of carbon, other fluorinated hydrocarbon impurities 
including C2F6 are also obtained[9]. Removing C2F6 impurities is a key issue to obtaining high-purity CF4.

Facing this challenge, various methods have been employed for CF4 purification including distillation, 
adsorption and membrane separation[10-12]. Cryogenic distillation is presently the predominant method for 
gas separation; however, its substantial investment and energy costs may not be sustainable for the removal 
of trace C2F6 impurities from CF4

[13,14]. Adsorption separation is regarded as a sustainable and eco-friendly 
option for the purification of gases, offering potential energy savings[15-25]. A variety of porous adsorbents, 
including activated carbon (AC), zeolites, porous alumina, metal-organic frameworks (MOFs), and some 
porous organic frameworks (POFs)[26-30], have been documented for the adsorption and separation of 
perfluorinated gases[30-39]. Compared to traditional porous adsorbents such as zeolite and MOFs[40-43], POFs 
with strong covalent bonds show excellent acid resistance[44-47], which are more suitable used in CF4 
purification as fluorination of carbon using F2 usually accompanied by HF gas impurities[9].

Herein, we designed and synthesized two fluorine-functionalized POFs (F-POFs), namely SPPOF-4F and 
SPPOF-8F, to selectively remove C2F6 impurities from CF4. Single-component adsorption experiments and 
dynamic breakthrough experiments demonstrated that SPPOF-4F and SPPOF-8F were able to capture C2F6 
from C2F6/CF4 gas mixtures, and in particular, SPPOF-8F showed an ideal adsorbed solution theory (IAST) 
selectivity of 8.26 when C2F6 : CF4 is 1:99. In addition, density-functional theory (DFT)-based theoretical 
calculations provide insights into the internal mechanism of selective adsorption of C2F6 in F-POFs at the 
molecular level.

EXPERIMENTAL
Chemicals
Chemicals 2,2’,7,7’-Tetrabromo-9,9’-spirobifluorene (referred to as SP-4Br), 1,2,4,5-tetrafluorobenzene 
(referred to as Benz-4F), 4h,4’h-octafluorobiphenyl (referred to as Biph-8F) and Pd(OAc)2 were procured 
from Aladdin. The compound Di-tert-butyl(methyl)phosphonium tetrafluoroborate was obtained from 
Bidepharm. Anhydrous K2CO3 was acquired from Macklin. High-purity (99.99%) C2F6 and CF4 were 
sourced from Wuhan Newradar Special Gas Co. Ltd. Unless specifically specified, all chemicals involved in 
this study are readily available for commercial purchase and utilized without additional purification.

Synthesis
SPPOF-4F was synthesized following previously reported literature methods with minor modifications[48]. In 
a typical synthesis route, SP-4Br (316.0 mg,0.5 mmol), Benz-4F (111.6 µL, 1.0 mmol), anhydrous K2CO3 
(276.4 mg, 2.0 mmol) and P(t-Bu)2Me-HBF4 (24.7 mg, 0.1 mmol) were dissolved in anhydrous 
dimethylacetamide (DMAc, 15 mL). Pd(OAc)2 (11.2 mg, 0.05 mmol) was introduced into the mixture in a 
nitrogen-filled environment following degassing through freeze-pump-thaw cycles three times. The reaction 
mixture was agitated for 48 hours in a nitrogen environment at 120 °C. After the reaction had been cooled 
to room temperature, the resultant mixture was subsequently transferred into 150 mL of deionized water. 
The resulting precipitates were filtered and subsequently washed with deionized water, methanol and 
tetrahydrofuran (THF). The dark green solid was obtained after being Soxhlet-extracted with methanol for 
24 h followed by THF for another 24 h and then dried overnight in a vacuum oven at 100 °C. In the end, the 
dark gray solid SPPOF-4F was acquired. A final solid of 266 mg was obtained with a yield of 90%.

The synthesis of SPPOF-8F was carried out following the identical procedure used for SPPOF-4F. Initially, 
SP-4Br (316.0 mg, 0.5 mmol), Biph-8F (298.2 mg, 1.0 mmol), P(t-Bu)2Me-HBF4 (24.7 mg, 0.1 mmol), and 
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K2CO3 (276.4 mg, 2.0 mmol) were dissolved in 15 mL of anhydrous DMAc. After degassing by freeze-
pump-thaw cycles under a nitrogen atmosphere, Pd(OAc)2 (5.61 mg, 0.025 mmol) was subsequently added 
to the mixture. Then, the reaction mixture was agitated for 48 h in a nitrogen environment at 120 °C. After 
the reaction had been cooled to room temperature, the resultant mixture was subsequently transferred into 
150 mL of deionized water. The solid particles were subsequently filtered and sequentially washed with 
deionized water, methanol and THF. The dark green solid was obtained after being Soxhlet-extracted with 
methanol for 24 h followed by THF for another 24 h and then dried overnight in a vacuum oven at 100 °C. 
In the end, the dark gray solid SPPOF-8F was acquired.

Analytical characterization
The Fourier transform infrared (FT-IR) spectra were acquired using a Nicolet iS50 attenuated total 
reflectance IR spectrometer. The powder X-ray diffraction (PXRD) patterns of the samples were obtained 
with a Bruker D8 Advance instrument. Scanning electron microscopy (SEM) images were captured using an 
MAIA3LMH microscope. Elemental analysis was conducted via Aztec X-maxN 50mm2 energy dispersive 
spectroscopy (EDS) analyzer. The 13C solid-state cross polarization/magic angle spinning nuclear magnetic 
resonance (CP/MAS NMR) spectra are collected by Bruker 400M. The X-ray photoelectron spectroscopy 
(XPS) tests were conducted by Thermo Scientific K-Alpha+. The thermogravimetric analysis (TGA) of two 
F-POFs was carried out using a TGA instrument (type: NETZSCH TG 209F3) under an air atmosphere and 
a temperature range from 35 to 800 °C at a heating rate of 10 °C/min. All samples were weighed within the 
range (5~6 mg). Nitrogen adsorption/desorption isotherms at 77 K were obtained using a Micromeritics 
ASAP 2460 analyzer. C2F6 and CF4 isotherms at various temperatures were recorded with a BSD-PM2 gas 
adsorption Analyzer from Beishide Instrument Technology (Beijing) Co., LTD. Before each measurement, 
the samples (approximately 150 mg) were subjected to heating at 393.15 K under dynamic vacuum 
conditions for a duration of 12 h. High-purity (≥ 99.99%) gases (C2F6 and CF4) were utilized for the isotherm 
measurements.

Computational details
Isotherms fitting
Single-component isotherms of C2F6 and CF4 were modeled using a dual-site Langmuir-Freundlich model 
across the entire pressure range (0~1 bar).

Here, N is molar loading of gas (mmol·g-1), A is saturation capacity (mmol·g-1), B is Langmuir constant 
(kPa-1 or kPa-C), C is Freundlich constant, and P represents the equilibrium pressure of the bulk gas in 
contact with the adsorbed phase (bar).

Isosteric heat of adsorption
The adsorption data for C2F6 and CF4 were modeled using a virial-type expression consisting of 
temperature-independent parameters ai and bi:

where P represents pressure in millimeters of mercury (mmHg), N denotes the amount adsorbed in 
milligrams per gram (mg/g), Ti stands for temperature in Kelvin (K), and m and n are the respective 
parameters ai and bi.
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The isosteric heat of adsorption, Qst, is formally defined as:

where R is the gas constant, 8.314 J·mol-1·K-1.

IAST calculations
The selectivity of C2F6/CF4 in a mixture gas can be defined as:

where x1 and y1 (x2 and y2) represent the molar fractions of C2F6 and CF4 in the adsorbed and bulk phases, 
respectively. The values of x1 and x2 were determined using the IAST developed by Myers and Prausnitz.

Theoretical simulation calculation
Simulation calculations were conducted to investigate the adsorption and separation mechanism of C2F6 and 
CF4 in the POFs. The interaction energy (EInt) distribution and the energetic minimal configuration are 
simulated using the Sorption module of Materials Studio. The Mulliken atomic charge and the electrostatic 
potential distribution of gases, POFs and POFs@gas were calculated by the DMol3 module in Materials 
Studio.

RESULTS AND DISCUSSION
Structure and characterization
In a typical synthesis process, SPPOF-4F and SPPOF-8F were synthesized through the polycondensation of 
aryl fluorides with aryl bromide as per previously reported methods with minor adjustments[48] [Scheme 1]. 
In order to confirm the functional group composition of SPPOF-4F and SPPOF-8F, Fourier infrared 
transform (FT-IR) analysis was performed and the results were shown in Figure 1. In the FT-IR spectra, 
distinct C−F characteristic absorption peaks were observed for the aryl fluoride monomer, with a stretching 
vibration peak near 1,200 cm-1 corresponding to C−F. Furthermore, SP-4Br displayed a prominent peak at 
approximately 520 cm-1 associated with the stretching vibration of C−Br bonds. A comparison of the 
monomer spectra reveals the absence of characteristic absorption peaks attributed to C−Br bonds in the 
spectra of SPPOF-4F and SPPOF-8F, indicating successful condensation of aryl fluoride and aryl bromide. 
Additionally, the stretching vibration peaks related to C−F bonds are evident in the spectra of both 
products, suggesting successful preservation of C−F bonds during the polycondensation reaction[49]. The 
crystallinity of the POFs was assessed using PXRD, revealing amorphous patterns for both SPPOF-4F and 
SPPOF-8F polymers [Supplementary Figure 1].

The chemical bonds and elemental compositions of the two F-POFs were examined using XPS for analysis. 
As shown in Supplementary Figure 2, the XPS spectra of SPPOF-4F and SPPOF-8F revealed the existence of 
carbon and fluorine in their compositions, featuring binding energies of 285.1 and 687.1 eV for carbon and 
fluorine, respectively. The enlarged portions of the XPS spectra in the C1s segment are shown in Figure 1C 
and D.The findings suggest that the C−F bonding signals in SPPOF-8F are notably more pronounced than 
those in SPPOF-4F, likely due to the higher concentration of F atoms present in SPPOF-8F. To further 
validate the molecular structures of the two polymers, 13C solid-state CP/MAS NMR characterization was 
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Figure 1. FT-IR spectra of monomers and POFs: (A) SPPOF-4F; (B) SPPOF-8F; and XPS spectra enlarged views of C1s in (C) SPPOF-4F 
and (D) SPPOF-8F. FT-IR: Fourier transform infrared; POFs: porous organic frameworks; XPS: X-ray photoelectron spectroscopy.

Scheme 1. Synthetic route of (A) SPPOF-4F and (B) SPPOF-8F.

conducted. The 13C NMR spectra and corresponding C-resonance distributions of the two F-POFs and their 
synthetic monomers are depicted in Supplementary Figure 3. The results show that the resonance signals of 
the aromatic monomers and the carbon atoms on the F-substituted benzene rings were detected in both 
polymers. It is worth noting that SPPOF-8F exhibited a signal at approximately 111 ppm, corresponding to 
the carbon situated at the junction of the two fluorinated benzene rings in octafluorobiphenyl. In contrast, 
SPPOF-4F did not display such a signal in this specific region. The thermal stability of both POFs was 
assessed using TGA [Supplementary Figure 4], and the findings indicated that both SPPOF-4F and 
SPPOF-8F demonstrated exceptional thermal stability with decomposition temperatures exceeding 350 °C 
in an air atmosphere. We performed contact angle tests on the two adsorbents and found that SPPOF-8F, 
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which has a higher fluoride content, exhibited greater hydrophobicity compared to SPPOF-4F 
[Supplementary Figure 5].

SEM was utilized to examine the microscopic morphology of SPPOF-4F and SPPOF-8F. As depicted in 
Figure 2, both F-POFs exhibited irregular morphologies [Figure 2A and C]. Based on this, the composition 
and dispersibility of various elements within the F-POFs were examined using EDS analysis, with the results 
presented in Supplementary Figure 6A-D. It is clear that F is evenly distributed in both F-POFs. 
Additionally, the C/F atomic ratios of SPPOF-4F and SPPOF-8F are approximately 5.02 and 2.92 [Figure 2B 
and D], respectively, which closely align with the theoretical C/F atomic ratios for the two F-POFs 
(C/F = 4.62 for SPPOF-4F and C/F = 2.31 for SPPOF-8F), confirming that the synthesized F-POFs met 
expectations.

N2 adsorption tests were conducted on SPPOF-4F and SPPOF-8F at 77 K, and the resulting adsorption-
desorption isotherms are presented in Figure 3A and B. It can be seen that both F-POFs exhibit 
characteristic Type IV adsorption isotherms with hysteresis in the desorption. Based on the N2 adsorption 
isotherms at 77 K and the Brunauer-Emmett-Teller (BET) adsorption type, the specific surface areas of 
SPPOF-4F and SPPOF-8F were calculated to be 915 m2·g-1 and 971 m2·g-1, respectively. Meanwhile, the non-
local density functional theory (NLDFT) model was employed to calculate the pore size distribution (PSD) 
of two F-POFs, as depicted in Figure 3C and D. It is evident that the main pore sizes of SPPOF-4F and 
SPPOF-8F are concentrated at 1.35 and 1.55 nm, respectively, with some mesopores in 2-10 nm, proving 
that both SPPOF-4F and SPPOF-8F are typical micro-mesoporous materials[50].

Single-component adsorption
As shown in Figure 4, the single-component adsorption isotherms of C2F6 and CF4 were tested at 273 K and 
298 K for SPPOF-4F and SPPOF-8F, respectively. The adsorption capacities of SPPOF-4F and SPPOF-8F 
for C2F6 exhibited a significantly higher affinity compared to that for CF4. At 273 K, the adsorption 
capacities of C2F6 in SPPOF-4F and SPPOF-8F were found to be 39.0 and 40.9 mL/g, respectively. In 
comparison, the uptake of CF4 in SPPOF-4F and SPPOF-8F under identical conditions yielded adsorption 
capacities of 17.8 and 16.0 mL/g, respectively. Besides, the adsorption isotherms of C2F6 showed a rapid 
upward trend throughout the adsorption range, while the adsorption isotherms of CF4 were almost linear. 
Furthermore, it was observed that the adsorption of C2F6 by both F-POFs at 273 K exceeded that at 298 K, 
with complete desorption of C2F6 occurring upon pressure reduction, indicating a typical physical 
adsorption process for C2F6 in SPPOF-4F and SPPOF-8F. We also conducted a comparative analysis of the 
C2F6/CF4 separation performance of adsorbents reported in the existing literature. The findings indicate that 
while SPPOFs may not exhibit the highest adsorption capacity for C2F6, their separation selectivity for 
C2F6/CF4 surpasses that of most documented adsorbents. This suggests that SPPOFs hold significant 
potential for CF4 purification applications. Detailed results can be found in Supplementary Table 1.

Isosteric heat of adsorption
The Qst is widely used to evaluate the thermodynamic adsorption affinity of an adsorbent toward a gas 
molecule. Herein, the Qst of C2F6 and CF4 were determined using the Virial equation based on adsorption 
isotherms. The Qst curves of SPPOF-4F and SPPOF-8F for the two gases show different trends, as shown in 
Figure 5. Specifically, at near-zero coverage, the Qst values of SPPOF-4F for C2F6 and CF4 are 29.0 and 
20.5 kJ/mol, respectively [Figure 5A]. Similar results are also observed for SPPOF-8F with Qst values of 28.5 
and 11.4 kJ/mol for C2F6 and CF4, respectively, at near-zero coverage [Figure 5B]. The results indicate that 
the thermodynamic affinity of both F-POFs for C2F6 is greater than that for CF4. In contrast, the difference 
in the Qst values of SPPOF-8F for C2F6 and CF4 is larger than that of SPPOOF-4F in total coverage, 
suggesting that SPPOOF-8F shows higher adsorption affinity in a different C2F6/CF4 gas mixture.

https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202408/cs3079-SupplementaryMaterials.pdf
https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202408/cs3079-SupplementaryMaterials.pdf
https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202408/cs3079-SupplementaryMaterials.pdf
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Figure 2. Morphology images of (A) SPPOF-4F and (B) SPPOF-8F obtained by SEM; EDS analysis curves for (C) SPPOF-4F and (D) 
SPPOF-8F. SEM: Scanning electron microscopy; EDS: energy dispersive spectroscopy.

Figure 3. N2 adsorption and desorption isotherms: (A) SPPOF-4F and (B) SPPOF-8F. PSD calculated by NLDFT method: (C) SPPOF-4F 
and (D) SPPOF-8F. PSD: Pore size distribution; NLDFT: non-local density functional theory.
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Figure 4. Adsorption and desorption isotherms of C2F6 and CF4 in (A) SPPOF-4F and (B) SPPOF-8F at 273 and 298 K.

Figure 5. Qst of (A) SPPOF-4F and (B) SPPOF-8F for C2F6 and CF4.

Adsorption selectivity
To predict the separation efficiency of SPPOF-4F and SPPOF-8F for gas mixtures (C2F6 and CF4), C2F6/CF4 
ideal adsorption solution theory (IAST) selectivity was determined by fitting the adsorption isotherms with 
the Langmuir-Freundlich model. Figure 6A and B shows the IAST selectivity of F-POFs for C2F6/CF4 at 
different ratios (C2F6 gas content from 1% to 99%). At 298.15 K and 1 bar, SPPOF-4F and SPPOF-8F 
demonstrate maximum IAST selectivity for C2F6/CF4 at low C2F6 gas concentration (C2F6 : CF4 =1:99, v/v) 
with values of 6.72 and 8.26, respectively. As the percentage of C2F6 in the mixture increases to 99%, the 
IAST selectivity of C2F6/CF4 decreases to 4.90 and 5.98 for SPPOF-4F and SPPOF-8F, respectively. The IAST 
selectivity demonstrates a consistent decrease with the increase in the percentage of C2F6 in the gas mixture. 
It is worth mentioning that higher fluorine content of SPPOF-8F leads to a stronger F-induced interaction 
force between the F-POFs and C2F6, resulting in its higher IAST selectivity compared to that of SPPOF-4F 
for mixed gases across all compositions.

Time-dependent adsorption kinetics
In order to investigate the kinetic adsorption of gas in F-POFs, we conducted tests on the adsorption rates 
of C2F6 and CF4 in SPPOF-4F and SPPOF-8F at 298.15 K and 1 bar. As depicted in Figure 7, both SPPOF-4F 
and SPPOF-8F exhibit initial high adsorption rates for both gases, followed by a rapid decrease with 
increasing adsorption time. The maximum adsorption rates of SPPOF-4F for C2F6 and CF4 were 20.4 and 
8.0 mL·g-1·s-1, respectively [Figure 7A and B], while the maximum adsorption rates of SPPOF-8F for C2F6 
and CF4 were 20.0 and 11.0 mL·g-1·s-1, respectively [Figure 7C and D]. Interestingly, both SPPOF-4F and 
SPPOF-8F showed higher adsorption rates of C2F6 than CF4, indicating preferential adsorption of C2F6 into 
F-POFs.
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Figure 6. The IAST selectivity of (A) SPPOF-4F and (B) SPPOF-8F to various ratios of C2F6/CF4 gas mixture (ranging from 1% to 99% 
C2F6) at a pressure of 1 bar and temperature of 298.15 K. IAST: Ideal adsorbed solution theory.

Figure 7. Time-dependent adsorption kinetics of (A) C2F6 and (B) CF4 in SPPOF-4F and adsorption rates of (C) C2F6 and (D) CF4 in 
SPPOF-8F at 298.15 K under 1 bar.

Dynamic breakthrough experiments
In order to assess the practical applicability of SPPOF-4F and SPPOF-8F, breakthrough experiments were 
conducted at 298.15 K to investigate the dynamic separation of C2F6/CF4 gas mixtures. The feed gas 
consisted of a 1:1 (v/v) volume ratio mixture of C2F6 and CF4, with a constant flow rate of 80 mL/min. Gas 
composition was monitored using an INFICON Mass spectrometer. In Figure 8, it is shown that during the 
test, CF4 initially passed through the packed column until the relative concentrations of both CF4 and C2F6 
stabilized at around 1. For SPPOF-4F, CF4 reached adsorption saturation at 2.4 min/g after the start of the 
experiment, while the adsorption saturation time for C2F6 was 5.1 min/g [Figure 8A]. In contrast, for 
SPPOF-8F, CF4 reached adsorption saturation at 2.9 min/g after the beginning of the experiment, whereas 
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Figure 8. Breakthrough curves of C2F6/CF4 gases mixture in (A) SPPOF-4F and (B) SPPOF-8F.

C2F6 adsorption saturated at up to 6.3 min/g [Figure 8B]. The adsorption saturation time for C2F6 was 
significantly longer than that for CF4 for both polymers, which further confirms the potential of samples in 
separating C2F6. It is noteworthy that the time windows for the purification of CF4 by the two F-POFs were 
relatively limited, approximately 2.7 min/g for SPPOF-4F and 3.4 min/g for SPPOF-8F, which may be 
attributed to the utilization of a shorter packing column in this experimental setup.

Theoretical simulation and calculation of gas adsorption mechanism
Theoretical calculations employing DFT were conducted to enhance our comprehension of the adsorption 
mechanism of C2F6 and CF4 in F-POFs. Repetitive structural unit fragment models of the polymers were 
constructed using Material Studio Visualizer, and calculations were performed with the DMol3 module. The 
electrostatic potential distribution of the gas molecules and POFs structural units was computed using 
Mulliken analysis, as depicted in Figure 9A-D. The blue region represents areas of low potentials, while the 
red-covered region indicates high potentials. The intensity of the color is indicative of the magnitude of the 
electrostatic potentials. Notably, a dark blue color is observed in the region where the F atoms are located, 
signifying a strong negative potential. Simultaneously, the center of the benzene ring and the H atoms are 
depicted in red, indicating high positive potential. The introduction of F atoms apparently induces 
polarization in the porous polymer, resulting in a potential gradient on the pore surface. This enhances the 
electrostatic force exerted by the polymer on the C2F6 molecule due to the presence of positive potential 
centers[51,52]. Additionally, C2F6 molecules with more F atoms have a stronger negative electric field than CF4, 
so theoretically F-POFs have a stronger affinity for C2F6.

Based on the above results, we constructed adsorption models for the two F-POFs with C2F6 and CF4, as 
illustrated in Figure 9E-H. The electrostatic potential simulation shows that gas molecules preferentially 
adsorb near the benzene ring with a positive potential [Supplementary Figure 7]. The simulation results of 
Mulliken atomic charge indicate that the charge transfer induced by SPPOF-8F with a higher F content to 
C2F6 is 0.0046 (a.u.), which is significantly greater than the 0.0016 (a.u.) observed for SPPOF-4F 
[Supplementary Table 2]. These findings suggest that a higher F content contributes to the enhancement of 
electrostatic interaction between F-POFs and C2F6. DFT calculations show that the absolute values of the EInt 
for both SPPOF-4F and SPPOF-8F with C2F6 are larger than those with CF4 (-43.42 vs. -23.09 kJ/mol and 
-46.12 vs. -26.01 kJ/mol). Overall, it can be inferred that the high selective adsorption separation of C2F6/CF4 
in two F-POFs is attributed to the unique affinity of their positive potential points for the more 
electronegative C2F6 gas through electrostatic interaction.

https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202408/cs3079-SupplementaryMaterials.pdf
https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202408/cs3079-SupplementaryMaterials.pdf
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Figure 9. Simulated structures and the electrostatic potential maps of (A) CF4, (B) C2F 6, (C) SPPOF-4F and (D) SPPOF-8F; The EInt 
between the POFs and gas molecules: (E) SPPOF-4F@ CF4, (F) SPPOF-4F@C2F 6, (G) SPPOF-8F@CF4 and (H) SPPOF-8F@C2F 6. POFs: 
Porous organic frameworks.

Evaluation of reusability and stability
The practical application requires crucial considerations of the reusability and stability of adsorbents; as 
illustrated in Figure 10A, it is evident that the adsorption capacity of SPPOF-8F for C2F6 and CF4 remained 
relatively constant after six consecutive cycling tests at 298 K, demonstrating excellent reusability and 
stability of both F-POFs. In addition, we soaked the two POFs in 1 M hydrochloric acid and 1 M NaOH 
solutions at room temperature for two days to evaluate their chemical stability. The treated samples were 
subsequently gathered, analyzed using FT-IR, and exposed to C2F6 adsorption trials at 298 K and 1 bar. 
Additionally, the C2F6 adsorption isotherms [Figure 10B and C] and FT-IR spectra [Supplementary 
Figure 8] of the two POFs treated with HCl and NaOH exhibited minimal changes compared to those 
before treatment, indicating strong resistance to acid and alkali for the F-POFs.

https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202408/cs3079-SupplementaryMaterials.pdf
https://oaepublishstorage.blob.core.windows.net/articlepdfpreview202408/cs3079-SupplementaryMaterials.pdf
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Figure 10. (A) Cyclic adsorption tests of C2F6 and CF4 in SPPOF-8F at 298.15 K and 1 bar; Comparison of C2F6 adsorption isotherms of 
POFs before and after HCl or NaOH treatment: (B) SPPOF-4F and (C) SPPOF-8F at 298 K. POFs: Porous organic frameworks.

CONCLUSIONS
In this study, two F-POFs were synthesized and exhibited high adsorption selectivity for C2F6/CF4 
separation. The adsorption capacities of SPPOF-8F for C2F6 and CF4 were 40.9 and 16.0 mL/g at 273 K and 
1 bar, with the IAST selectivities as high as 8.26 (C2F6 : CF4 =1:99, v:v). The C2F6 adsorption affinity of two 
POFs was verified through heat of adsorption calculation and time-dependent adsorption rate experiments. 
Breakthrough experiments also demonstrated the ability of F-POFs to purify CF4. DFT calculations 
elucidated the adsorption mechanism of F-POFs for C2F6 gas at the molecular level, demonstrating that the 
adsorption selectivity of POFs for C2F6/CF4 is achieved through F-induced electrostatic interaction at the 
F-POF surface. Our study serves as a reference indicating the potential applications of F-POFs in purifying 
CF4 from a C2F6/CF4 mixture.
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