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ABSTRACT 

Current methods of CO2 separation are expensive to install and maintain for current 

industries and are inefficient in their carbon capture capabilities. In this work, a dibenzo-crown 

ether Tröger’s Base (TB)-linked polymer was synthesized and tested as a gas separation membrane 

with measurements made for CO2 and H2 gas. The results show that the carbon dioxide 

permeability is affected by the ether groups due to the gas permeability being soluble controlled.  

Further testing was performed to validate the credibility of the membrane’s selectivity of 

carbon dioxide over other common gases in comparison to other similar membranes. Testing of 

single-strand dibenzene ether membranes along with membranes that replace the ether groups with 

alkane groups is advised for the collection of data warranted for the consideration of the future 

membranes. 

Research for the foreseeable future will incorporate considerations of membrane physical 

properties, gas selectivity, synthesis consistency, and polymerization methods to lead to a greater 

understanding of membrane potential in carbon dioxide gas separation. The true capacity of 

membranes to solve the problem of carbon capture will only be revealed with further research 

developments. 
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1.0 INTRODUCTION 

For decades, the rise in carbon dioxide (CO2) emissions from intensive industrialization 

has become an increasing concern for global warming1. To counter this rising issue, several 

methods, such as solvent absorption2, physical adsorption3, and cryogenic distillation4, have been 

implemented across many industries and power production to remove CO2 from flue gas. 

However, these techniques have largely been unfavorable due to high maintenance cost and long-

term investment. Membrane gas separation methods hold promise in reducing the cost of 

separation by low production price, passive gas transport, and ease of industrial scaling5. 

Many polymer membranes such as pentiptycene6, phosphazene7, and many others8-10, have 

been under extensive study for their gas separation potential. Currently membranes with Tröger’s 

base (TB)-linked polymer have been used for separation of H2, He, and, CO2
11-12. The purpose 

behind these studies is the development of membranes with high permeability and selectivity 

towards the desired gas to be separated. Permeability is increased through an increased an 

increased separation between polymer segments or free volume13 while selectivity is increased by 

the rigidity in the membrane14. 

 

Figure 1: Example of Tröger’s Base Linkage (linkage colored red) 
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Polymer membranes selectively separate gases from mixtures through two main 

mechanisms: diffusivity and solubility. Diffusivity (D) is ability of a molecule to move through 

the membrane which generally correlate with size of the molecule, while solubility (S) is the ability 

of a molecule to dissolve in the polymer membrane based on thermodynamic properties and 

intermolecular interactions.  

TB polymers utilize both membrane rigidity and increased free volume in polymer to 

provide both high permeability and selectivity without compromising either. The TB linkages hold 

these properties due to the V-shaped hydrophobic cavities constructed by the perpendicular 

attachment of two benzene rings15. Several recent studies have utilized TB polymers for these 

useful properties16-18. However, the TB polymer membranes do not intrinsically have selectivity 

toward CO2 separation and rely on the monomer for such properties. 

The implementation of dibenzo-crown ethers as the base monomer contributes to the 

permeability of CO2 due to the addition of double-strands of ethylene oxide chains in the molecule. 

The Lewis basic ether O atoms are known to interact with the Lewis acidic CO2 molecules19-20 By 

applying this CO2-philic property into the polymer membranes CO2 selectivity can be increased. 

From this analysis dibenzo-18-crown-6-ether (DB18C6) was selected due to its wide range study 

and large commercial production21-22. 

In this work TB-linked DB18C6 polymer membranes are prepared and utilized in gas 

separation. Also, a TB-linked dibenzo-ether (DE) polymer membrane is prepared and tested to 

compare the permeability and selectivity changes between the more rigid double-stranded DCE 

membrane and a looser single-stranded membrane.
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2.0 BACKGROUND 

2.1 Dibenzo-crown ethers 

Dibenzo-crown ethers (DCEs) were first discovered in 1967 by Pederson in his research 

on the catalytic activity of vanadium and copper in multidentate ligands23. Since that time DCE 

compounds have been refined and applied into a multitude of different industries and research 

applications. They are utilized for alkali metal ion transport24-29 due to their ability to selectively 

bind to these ions.  

 

 
Figure 2: Dibenzo-18-crown-6-ether (DB18C6) 

 

2.2 Tröger’s Base  

Tröger’s Base (TB) (CAS: 529-81-7, IUPAC name: 2,8-Dimethyl-6H,12H-5,11-

methanodibenzo [b,f] [1,5] diazocine)  was discovered in 1887 from the reaction of p-toluidine 

and formaldehyde in acidic solution. TB synthesis has been a useful tool for host-guest chemistry 

research. TB compounds are chiral due to two nitrogen-containing stereogenic centers cultivating 

more and more interest from the field of supramolecular chemistry. The synthesis of TB 

derivatives is founded upon an acid induced reaction of an aromatic amine with formaldehyde (i.e., 

O
O

O

O
O

O
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HCHO)30 or equivalent forms (Scheme 1). The mechanisms of this synthesis are divided into 

aromatic moiety, which connects the benzene to the other reagent, and methano diazocine bridge, 

which forms the complete connection of the two amines. The TB linkage between the DCE creates 

a stable and chiral polymer from which the membrane can be formed creating rigidity in the 

membrane. 

 

Scheme 1: Example Scheme of Tröger’s Base Polymerization 

 

2.3 Membrane Gas Separation 

The mechanisms behind membrane gas separation are, at a basic level, a simple dynamic 

pressure system with a feed at high pressure and a feed at low pressure with the difference between 

the two pressures driving the system as seen in the article by Giorno11. The membrane generally 

acts like a sieve, allowing smaller molecules of the feed gas to enter more easily than larger 

molecules. When the feed gas is introduced into the system, it becomes either a retentate gas, 

which does not pass through, or permeate gas, which does pass through as shown in Figure 3. The 

effectiveness of a gas to pass through the membrane is called permeability. This permeability is 

composed of two parts; diffusion, which is determined by molecule and pore size, and solubility, 

which is determined by the intermolecular forces between the molecule and membrane. There are 

three main mechanisms that determine the diffusion of molecules across the membrane:  

1) Knudsen Diffusion: at very low pressures smaller molecules pass through more quickly 

in membranes with large pores. 

NH2

CH3

HCHO

H+

N

NH3C

CH3
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2) Molecular Sieving: the pores of the membrane are so small that only one component can 

pass through 

3) Solution-Diffusion: the most common mechanism across all membranes, the feed gas is 

dissolved into the membrane then diffused through, both at different rates, this occurs as 

the pores in the membrane appear and disappear relative to the movement of the particles 

The mechanism a membrane utilizes are revealed through experimentation however, the inclusion 

of the CO2-philic ether groups in the membranes forced us to test for the solubility of the gas 

through the membrane. 

This leads to the final goal of this gas separation: selectivity. The selectivity of a gas is the 

permeability of itself versus another gas determining the preference of the membrane12. The 

discovery of a membrane’s selectivity of certain gases of others determines the possible uses that 

membrane may have. For instance, a membrane with a high selectivity towards hydrogen gas and 

no other gases would perform well if the separation of hydrogen from other gases was desired. 

 

Figure 3: Membrane Gas Separation Example, where a feed gas contacts a porous membrane 
across a pressure gradient and either passes through to become a permeate gas or is unable to 
pass through and becomes a retentate gas 
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2.4 Crown Ether Polymers 

The inspiration for studying this particular polymer came from an article written by Dr. 

Fraser Stoddart’s group in 201821. In this article, a TB-linked DB18C6 polymer was utilized for 

the ion transport of protons in a water medium for proton exchange fuel cells. The hydrophilic 

properties of DCE allow the polymer to transport protons from the anode facilitating higher battery 

efficiency. With these considerations, we presumed to apply the DCE properties of ion transport 

to the transport of the dipole gas CO2 across a membrane. 
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3.0 METHODOLOGY 

Table 1: Chemical Properties, Sources and Purities 

Chemical Name, 

(Chemical Formula) 

CAS Number Molecular 

Weight (g/mol) 

Source/Purity displayed on 

container 

Catechol, (C6H6O2) 120-80-9 110.1 Bean Town Chemical 

(BTC)/99% 

Bis-2 (chloroethyl) 

ether, (C4H8Cl2O) 

111-44-4 143.0 BTC/99% 

n-Butanol, (BuOH) 71-36-3 74.1 BTC/99.4% 

Sodium Hydroxide, 

(NaOH) 

1310-73-2 40.0 Fisher Scientific/ 98.1% 

 

Hydrochloric Acid, 

(HCl) 

7647-01-0 36.5 VWR Chemicals/36.5-38% 

Chloroform, (CHCl3) 67-66-3 119.4 Macron Chemical/99.8% 

Acetic Acid, (AcOH) 64-19-7 60.1 Macron Chemical/glacial 

Ethanol, (EtOH) 64-17-5 46.1 University Stock Room/100% 

Hydrazine Hydrate, 

(N2H4·H2O) 

7803-57-8 32.0·18.0 BTC/98% 

4-Nitrophenol, 

(C6H5NO3) 

100-02-7 139.1 BTC/99% 

Triethylene glycol, 

(C6H14O4) 

112-27-6 150.2 BTC/99% 

Potassium carbonate, 

(K2CO3) 

584-08-7 138.2 BTC/99% 
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N,N-

Dimethylformamide, 

(DMF) 

68-12-2 73.1 VWR Chemicals/99.8% 

Dimethoxymethane, 

O2(DMM) 

109-87-5 76.1 VWR Chemicals/99.8% 

Triflouroacetic acid, 

O2(TFA) 

76-05-1 114.0 Alfa Aesar/99% 

Ammonium 

Hydroxide, (NH4OH) 

1336-21-6 35.0 VWR Chemicals/28-30% 

4-Toluenesulfonyl 

Chloride, (TsCl) 

98-59-9 190.7 Alfa Aesar/98% 

Potassium 

Hydroxide, (KOH) 

1310-58-3 56.1 BTC/99% 

Tetrahydrofuran, 

(THF) 

109-99-9 72.1 Macron/99% 

Dichloromethane, 

(DCM) 

75-09-2 85.0 VWR Chemicals/99% 

 

3.1 Synthesis of DB18C6 

This procedure was obtained from Mane32.  Catechol (29.7 g, 270 mmol) was added to a 

1000 mL three-neck round bottom flask along with 180 mL of n-BuOH and agitated until the 

catechol dissolves.  NaOH (10.95 g, 270 mmol) was added and the solution was heated at reflux 

(~117 ºC). During the increase in temperature, a solution of bis-2 (chloroethyl) ether (19.95 g, 140 

mmol) and 18 mL of n-BuOH was prepared. Soon after the temperature reaches 117 ºC, the 

solution of bis-2 (chloroethyl) ether in n-BuOH was added dropwise over 2 h to the original 

solution, after which the solution was left under reflux for 1 hour with no other change. Then 

another 10.95 g (270 mmol) of NaOH was added to the solution, after the reaction temperature 
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was lowered to 90 ºC, it left for 1 h. Finally, a final solution of 19.95 g (140 mmol) of bis-2 

(chloroethyl) ether and 18mL of n-BuOH was added dropwise over 2 h and then left for 16 h under 

reflux. Over the course of the wait the reaction as depicted in Figure 10 takes place. The synthesis 

was confirmed by ATR-FTIR spectrum (Appendix A Figure 1A). 

 

Scheme 2: Reaction Scheme for the synthesis of DB18C6 

Proceeding the wait time, 1.34 mL of 12 M HCl was added to the solution for the 

acidification of the solution. 10 min afterward the solution was put under distillation for the 

removal of most of the n-butanol in the solution. Deionized water was added as a replacement for 

the product to undergo vacuum filtration and washed with alternating solvents of distilled water 

and acetone until a grey-white solid was obtained. This was the monomer DB18C6 with an average 

yield of 36.3%. 

 

3.2 Nitration of DB18C6 

For the nitration, 5.1 g (14.15 mmol) of DB18C6 was placed into a solution of 105 mL of 

chloroform and 75 mL of acetic acid in a 250 mL round-bottom flask12. The solution was stirred 

and dissolved, then a mixture of acetic anhydride and nitric acid was added dropwise. The reaction 

was set to reflux for 5 h at ~50 ºC. After, the reaction was filtered and recrystallized at 150 ºC in 

dimethylformamide (DMF). Finally, the solvent was removed under vacuum to obtain a white 

powder of di(nitrobenzo)-18-crown-6-ether (DNB18C6).  

Cl O Cl
O

O
O

O
O

O

OH

OH
catechol bis-2 (chloroethyl) ether

NaOH

n-butanol
reflux

+

DB18C6
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To verify the completion of the reaction, H1-NMR (DMSO-d6) and ATR-FTIR spectra 

were taken. In the H1-NMR spectrum (Appendix B, Figure B.1), peaks at 7.24 ppm, 7.72 ppm, and 

7.89 ppm indicate the presence of aromatic H, while the peaks at 3.88 ppm and 4.21 ppm point to 

the alkyl H. 

 

Scheme 3:  Nitration of DB18C6 

 

3.3 Reduction of Dinitrobenzo-18-crown-6-ether 

Approximately 5 g (11.96 mmol) of the above-produced DNB18C6 was dissolved in 170 

mL of EtOH along with 0.5 g of 10% Pd/C. The mixture was stirred with a magnetic stir bar and 

refluxed at 90 ºC as 35 mL (700 mmol) of hydrazine hydrate was added over 20 min13. The mixture 

was then left under reflux for 5 h. The Pd/C was removed by filtration and washed with EtOH to 

produce a white crystalline product after crystallization at 80°C under vacuum. Furthermore, the 

diaminobenzo-18-crown-6-ether was verified with H1-NMR spectrum (Appendix B Figure B.2) 

and ATR-FTIR spectrum (Appendix A Figure A.1). For the H1-NMR spectrum, the appearance of 

the peak at 4.63 ppm confirms the formation of the amine group as all other relevant peaks remain 

the same. 

O
O

O

O
O

O Chloroform
Acetic acid
84.6% yield

O
O

O

O
O

O

O2N

NO2

DB18C6 di(nitrobenzo)-18-crown-6-ether

HNO3
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Scheme 4: Reaction Scheme of the Reduction of Dinitrobenzo-18-crown-6-ether 

 

3.4 Synthesis of Triethylene glycol di(p-toluenesulfonate) 

A solution of triethylene glycol (15.4 g, 102.8 mmol), TsCl (58.8 g, 308.8 mmol), and THF 

(200 mL) was formed in a 1000 mL round-bottom flask with stirring from magnetic stir bar. After 

cooling the solution to 0 °C, a solution of KOH (38.0 g, 678.4 mmol) and H2O (60 mL) was added 

dropwise over 30 min. Then, the solution temperature was raised to room temperature and stirred 

for 2 d. The resultant liquid was partitioned between H2O (200 mL) and DCM (250 mL) with the 

organic layer being washed with H2O (400 mL), brine (400 mL) and dried with MgSO4. The 

filtered dried solution was mixed with methanol to crystalize the product, which after filtration 

was a white crystal and a yield of 45.9%. This reaction was shown in Scheme 5. Characterization 

was not taken for this reaction. 

 

O
O

O

O
O

O

O2N

NO2

di(nitrobenzo)-18-crown-6-ether

N2H4*H2O

Ethanol
71.8% yield

O
O

O

O
O

O

H2N

NH2

di(animobenzo)-18-crown-6-ether

Pd/C

KOH

THF
HO

O
O

OH +

Triethylene Glycol
S Cl
O

O

O O
O OS

O

O S
O

O
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Scheme 5: Reaction Scheme of Triethylene glycol di(p-toluenesulfonate) 

 

3.5 Synthesis of Dinitrobenzene Ether 

This procedure was acquired from Xi33. First, 4.17 g (30.0 mmol) of 4-nitrophenol and 

12.42 g (89.87 mmol) of K2CO3 added to 100 mL of DMF in a 500 mL round-bottom flask and 

stirred with a magnetic bar at 40 °C for 10 min to dissolve the components. After dissolution, the 

reaction was set to reflux at 90 °C while 21.25 g (46.35 mmol) of triethylene glycol di(p-

toluenesulfonate) was added dropwise. The mixture was left to reflux for 18 h then was filtered 

and washed to produce a pale-yellow powder with a yield of 43.0%. Characterization was 

performed with FTIR spectrum (Appendix A Figure A.2) and H1-NMR spectrum (Appendix B 

Figure B.3).  

 

 

Scheme 6: Reaction Scheme of Dinitrobenzo-ether 

 

3.6 Reduction of Dinitrobenzene Ether 

To perform the reduction, 5 g (12.74 mmol) of dinitrobenzene ether were dissolved in 170 

mL of ethanol (EtOH) together with 0.5 g of 10% Pd/C. The solution was stirred and refluxed at 

90 °C while 35 mL (700 mmol) of hydrazine hydrate was added dropwise over 20 min and left to 

reflux for 5 h. The Pd/C was removed by filtration and washed with EtOH to produce a white 

O2N

OH

Nitrophenol

+ O OTs
K2CO3

DMF
Reflux O O O O

O2N

NO2

OTsO
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crystalline product after crystallization at 80 °C under vacuum. FTIR (Appendix A Figure 2A) and 

H1-NMR spectra (Appendix B Figure 2B) were taken to confirm product formation. 

   

 

Scheme 7: Reaction Scheme of the Reduction of Dinitrobenzo-ether 

 

3.7 Synthesis of Polymer 

Each monomer is mixed together with . in a round-bottom flask in an ice bath. TFA is 

then  added dropwise over 15 min at 0 °C and vigorously stirred with a magnetic stir bar after 

which the reaction temperature is left to rise to room temperature and stirred for 48 h. The 

resulting liquid was added to an aq. NH4OH solution and stirred for 1 h, then filtered, soaked in 

water, washed with MeOH, THF, and acetone, before being dried at 80 °C under vacuum for 

collection. The schemes of DB18C6 and 1,2-Bis[2-(4-aminophenoxy) ethoxy] ethane for this 

reaction are shown in Schemes 8 and 9 respectively. Both polymers were characterized by ATR-

FTIR spectrum. The formation of Tröger’s base linkage is supported by the appearance of C-N 

stretching bands at points 1360 and 1090 cm-1. (Appendix A Figures A.1 and A.2).  

O O O O

O2N

NO2

NH2NH2*H2O
Ethanol
Reflux O O O O

H2N

NH2
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Scheme 8: Reaction Scheme of Tröger’s Base Polymerization of Binitrobenzo-18-crown-6-ether 

 

  

\ 

Scheme 9: Reaction Scheme of Tröger’s Base Polymerization of Biaminobenzo-ether 

 

3.8 Membrane Casting 

Each membrane was cast by dissolving the synthesized polymer in CHCl3 and poured into 

a 60-mm diameter petri dish. The solvent was permitted to evaporate completely over night to give 

membranes of 0.09 mm thickness. 
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3.9 Membrane Gas Separation 

To test the permeability of gases through the membrane, all separation experiments were 

performed using an in-house-made high pressure cell based on established literature methods 

(Figure 4).  

 

  
 

Figure 4: Diagram of Gas Separation Equipment34 

 

The membranes were masked with aluminum foil tape to control the area of the membranes 

exposed to the feed gas and protect them from breaking through direct contact with the o-ring, 

though breaks still can occur. All experiments were performed at room temperature (~295 K) in 

this work. The membranes in the masks were placed into the membrane holder and the system was 
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then sealed with bolts around the holder. The vacuum pump was activated to purge the system of 

residual air and the outflow valve was closed. Next, the chambers were filled with the experiment 

gas until a predetermined pressure was reached as relayed by pressure sensors attached to the 

chamber. Once the pressure threshold was reached, the feed valve was closed to close off the 

membrane chamber from the rest of the system. As soon as the feed valve was closed the data 

collection of pressure of gas that passed through the membrane was taken over time. Once the 

chamber reached equilibrium or the sufficient data was collected for an accurate measurement, 

both valves were opened and the gas was vacuumed out to be replaced by the next testing gas. This 

process was repeated for every tested gas. This data was then formed into a cumulated volume 

over time graph. The data of the graph applied to the equation for permeability. 

The permeability of a gas is measured by the rate of gas cumulative that has passed 

through the membrane as shown below by Eqn. 1: 

P = #$%&'()
*+,-.

/
(01

       ----------------(1) 

where V
perm

 is the volume of permeate (cm3), ⍙P is the rise in permeate pressure (Pa), A is the 

effective membrane area (cm2), t is time (s), T is the temperature (K), R is the gas constant 

(cm3·Pa·K-1·mol-1),  ϕ	is the support porosity (g/cm2), I is the membrane thickness (cm), ⍙p
i
 is 

the driving force exerted by the pressure gradient on the membrane(m3·Pa·g-1), and P is the 

permeability in barrer (mol·m·m-2·s·Pa). 

The diffusivity was calculated separately through the Eqn. 2: 

D = /5

67
        ----------------(2) 

where l is the membrane thickness (cm), θ is the time lag (s), and D is the diffusivity (cm2/s). 

The solubility was calculated through the Eqn. 3: 
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P = D ∗ S       ----------------(3) 

where D is diffusivity (10-8 cm2/s), S is solubility (cm3 (STP) cm−3 cm−1 Pa−1), and P is 

permeability (barrer, mol cm cm-2 s Pa).  

Finally, the selectivity was calculated as a simple ratio as shown with the equation 4: 

α<= =
)1
)>

       ----------------(4) 

where Pi is the first gas permeability, Pj is the second gas permeability, and α?/= is the selective 

permeability of gas i over gas j.  
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4.0 RESULTS AND DISCUSSION 

4.1 Membrane Analyzation 

The DB18C6 membrane was hard to handle and manipulate making testing difficult as the 

membrane was liable to break if care was not taken. This rigid nature was highly likely to be caused 

by the duel strands of ether connecting the two benzene rings together and Tröger’s base-linkage. 

The combination of these two connections led to high rigidity due to the lack of rotation in the 

molecule.  

The dibenzo ether membrane was far more flexible, being able to be bent before breaking. 

This property was caused by the single-strand ether connection which, unlike the double-stranded 

DB18C6, allows for the polymer backbone to rotate, increasing its flexibility. These properties 

hold importance in the application of these membranes, as a membrane that breaks will 

compromise the CO2 separation. The solution to this may be to augment the DB18C6 membrane 

with ionic liquids to give more flexibility. Both membranes reported thicknesses of between 0.050 

and 0.150 mm. 

 

4.2 Tröger’s Base DB18C6 Membrane Gas Separation 

The data for the gas permeability of the membrane came from four feed gases, along with 

CO2 which are hydrogen (H2), oxygen (O2), nitrogen (N2), and methane (CH4). These gases 
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were fed to membrane chamber to permeate through the membrane. The amount of the permeate 

volume accumulation over time were recorded and used to construct a graph like the one seen 

Figure 5. The data was then input into the equations for permeability, diffusivity, and solubility to 

produce Table 2. 

 

Figure 5: Typical Graph from Gas Separation Equipment34 

Table 2: Tröger’s Base-linked DB18C6 Permeability Data 

 Gas  

(Kinetic 

Diameter, 

Å) 

Diffusivity 

(10-8 cm2/s) 

Solubility  

( (STP) cm−1 

Hg−1) 

Permeability 

(barrer, mol·m 

·m-2·s·Pa) 

H2 (2.34) 129 0.04  5.38  

CO2 (3.30) 0.60  3.40  2.66  

O2 (3.46)  2.07 0.23  0.61  

N2 (3.64) 0.50 0.35  0.23  

CH4 (3.80) 0.55  0.53  0.19  
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From the data collected, two immediate conclusions become apparent; the relationship 

between permeability and molecule size, and the comparison of the H2 diffusivity and CO2 

solubility. This property has been show amongst other TB polymer membranes15-16. The gases that 

are used for separation each have different molecule diameters from the smallest H2 (2.34Å) to the 

largest CH4 (3.80Å) and these sizes correlate the permeability of each of the gases. This 

relationship follows the trend of: P(CH4) < P(N2) < P(O2) < P(CO2) < P(H2), and diameters: 

CH4(3.80 Å) > N2 (3.64 Å) > O2 (3.46 Å) > CO2 (3.3Å) > H2 (2.34 Å), demonstrating an inverse 

relation between the diameter and permeability. This follows with gas separation principles as seen 

in Giorno15. The second observation depicts the diffusivity-controlled permeability of H2 and 

solubility-controlled permeability of CO2. This coincides with Quan5, proving that the ether groups 

in DB18C6 did contribute to the facilitation of CO2 transport across the membrane due the highly 

increased solubility of the CO2 compared to the other gases. 

Finally, the selectivity of each gas was obtained using the equation ⍺1/2 = P1/P2 providing 

the data for Figure 6. The CO2 selectivity shows that CO2 has a significantly higher rate of 

permeation than all other gases except H2 demonstrating that the TB-DB18C6-membrane is 

applicable to preferred CO2 separation. However, in comparison to other studies performed for 

the selective membrane gas separation of CO2, the TB-DB18C6-Polymer membrane had a lower 

selectivity to CO2/N2 with 12.3 compared to the significantly higher 60 at a temperature of 30 °C 

as seen in the Poly (ethylene glycol) diglycidyl ether membrane of Quan17. 
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Figure 6: Bar Graph of TB-DB18C6-Polymer Gas Selectivity 

4.3 Future Research 

At the time of writing, the gas separation data for the single-strand dibenzo ether 

membrane has not been obtained. However, the same criteria will be applied, and the same five 

gases will be used for the feed streams. The membrane is predicted to have similar gas selectivity 

to the double-strand DCE membrane, but it will likely be more permeable to all the feed gases 

due to the capacity to rotate by the ether groups.  

The exchange of the ether groups for alkyl groups has already begun to be explored with 

the planned synthesis of dibenzo crown alkane and dibenzo alkane. This change was proposed to 

determine to the effectiveness of the CO2 ether groups to the theoretically weaker interaction of 

the alkane groups in CO2 gas separation. These new monomers (as shown in Scheme 10) will be 

polymerized with Tröger’s base linkages. In the long term, alterations to the structure based 

changes to hydroxide positions from ortho-position (catechol) to meta-position (resorcinol) or 

para-position (hydroquinone) as seen in Figure 7. As well as extensions to the ether groups 
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forming monomers such as dibenzo-24-crown-8-ether and dibenzo-30-crown-10-ether (Figure 

8). These new configurations permit further testing on a possible relationship between crown size 

in the particle and permeability. 

A

 
B 

 
Scheme 10: Reaction Scheme of Dibenzo-alkane (A) and Bibenzo-16-crown-4-alkane (DB16C4) 
(B) 

 
Figure 7: Molecular Structure of Hydroquinone and Resorcinol 

 

   

Figure 8: Molecular Structure of benzo-24-crown-8-ether (DB24C8) and dibenzo-30-crown-10-
ether (DB30C10) 
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APPENDICES 

Appendix A: FTIR Spectra 

 

Figure A. 1: FTIR spectra of DB18C6 products. (a) DB18C6, (b) dinitroDB18C6, (c) 
diaminoDB18C6, (d) TB-linked DB18C6 polymer
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Figure A. 2: FTIR spectra of single-strand Dibenzo-ether products. (a) dinitroDibenzo-ether, (b) 
diaminoDibenzo-ether, (c) TB-linked Dibenzo-ether polymer 
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Appendix B: H1-NMR Spectra

 

Figure B. 1: H1-NMR Spectrum of Dinitrobenzo-18-crown-6-ether: Peaks A, B, C correlate to 
the aromatic hydrogens, Peaks D, E correlate to alkyl hydrogens, Asterisk (*) peaks relate to 
water and DMSO4 

 

Figure B. 2: H1-NMR Spectrum of Diaminobenzo-18-crown-6-ether: Peaks A, B, C correlate to 
the aromatic hydrogens, Peaks D, E correlate to alkyl hydrogens, Peak F correlates to the amine 
group hydrogen, Asterisk (*) peaks relate to water and DMSO4 
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Figure B. 3: H1-NMR Spectrum of Dinitrobenzo-ether: Peaks A, B correlate to the aromatic 
hydrogens, Peaks C, D correlate to alkyl hydrogens, Asterisk (*) peaks relate to water and 
DMSO4 

 

Figure B. 4: H1-NMR Spectrum of Diaminobenzo-ether: Peaks A, B correlate to the aromatic 
hydrogens, Peaks C, D correlate to alkyl hydrogens, Peak E correlates to the amine group 
hydrogen, Asterisk (*) peaks relate to water and DMSO4 




