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ABSTRACT: The growing emission of CO2 is a severe cause of concern
due to its adverse impact on the environment and climate change
worldwide. In the past, various approaches, including synthesis of porous
materials and amino modifications, were adopted for efficient and direct
separation of CO2 from flue gas. Recently, hydrophobicity has been
introduced to protect some of the highly potent porous materials and
membranes from high humidity and aqueous exposures. While these
approaches remained successful in removing CO2 from flue gas, the exact
role of hydrophobicity towards CO2 separation is not yet validated in the
literature. In this current study, an amine-amplified chemically reactive
coating on fibrous cotton has been unprecedentedly developed for facile
tailoring of different water wettability through the 1,4-conjugate addition
reaction under ambient conditions. Further, these amine-amplified
interfaces having tailored water wettability were extended to investigate
independently the role of: (a) amine amplification and (b) hydrophobicity on the performance of CO2 separation at room
temperature and atmospheric pressure. The increased hydrophobicity on the amine-amplified interface played an important role in
improving the CO2 uptake from 24 mmol/L (water contact angle (WCA) of 86°) to 63 mmol/L (WCA of 151°). However,
superhydrophobic coating that lacked the amine amplification process displayed a poor (7 mmol/L) CO2 separation performance.
Thus, controlled amalgamation of amine amplification and bioinspired superhydrophobicity in fibrous cotton lead to a synergistic
impact towards efficient CO2 separation at ambient temperature and pressure, irrespective of the level of humidity present during the
course of the experiments. Thus, this current study would allow to design a more potent CO2 removal material by strategic
association of porosity, amine modulation, and liquid wettability.
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■ INTRODUCTION

Industrial revolution remains instrumental for the advance-
ment of human civilization; however, the uncontrolled
management of different forms of industrial wastes leads to
various severe environmental pollutions, which has an adverse
impact on climate and different ecosystems. For example, the
rapidly growing emission of CO2 due to excessive burning of
fossil fuels, deforestation, vehicular and industrial exhausts, etc.,
has an immense catastrophic impact on the environment and
climate.1,2 In the past, various approaches were adopted to
combat this existing severe challenge.3−6 However, the direct
capture of CO2 from flue gas appears to be a more practical
and promising approach.6 In this process, different porous
organic/inorganic nanomaterials were commonly decorated
with amines for increasing the efficiency of CO2 removal from
air due to the strong and inherent affinity of the amines
towards CO2 gas.

7−12 However, the performance of many such
materials varied depending on the level of humidity present
during the proof of concept demonstrations.9−11 In fact, the

amine modifications rendered the reported materials highly
hydrophilic, which is likely to promote condensation of humid
air in the reported material. Thus, the performance of CO2
separation is expected to vary depending on the humidity in
the surroundings.12−14 For instance, a humidity-dependent
swing in the CO2 capture has been reported in the literature.15

Thus, the design of a material for direct capture of CO2 at
ambient pressure and temperature, irrespective of the level of
humidity, would be important for practical applications.
In the past, the design of highly porous materials remained

an obvious strategy to separate CO2 from flue air.16−19 In this
context, metal−organic frameworks (MOFs), which are
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developed by integrating water-sensitive coordination bonds,
emerged as a prospective approach for capturing CO2 at high
pressure.16−19 However, the poor durability of such materials
under humid conditions and other practically relevant
circumstances is a major concern.13,14 Recently, few special
designs were introduced to improve the stability of the MOF,
where hydrophobicity was adopted following modification of
ligands and depositing a protective layer on top.20−29 Another
important material, that is, a CO2 capturing membrane,30−35

has been rationally decorated with bioinspired superhydro-
phobicity to prevent unwanted blocking of active absorption
sites, where the extreme water repellence restricted the wetting
of membranes by liquid water even in the presence of high
humidity.30−35 However, a detailed and systematic inves-
tigation of (a) amine modification and (b) tailoring hydro-
phobicity on the CO2 separation performance is unprece-
dented in the literature. Moreover, such comprehensive
investigation is likely to pave the way for designing a
sustainable and eco-friendly approach for direct and
unperturbed capture of CO2 at ambient temperature and
pressure, irrespective of the level of relative humidity.
Recently, a clay-based superhydrophobic coating was

introduced on a fibrous filter paper, where 3-(2-amino-
ethylaminopropyltrimethoxysilane) was used to decorate the
coating with residual amine groups.36 The adsorption capacity
was found to be around 10.90 mmol/L/g after 8 h of CO2
exposure under ambient conditions; however, this separation
performance varied depending on the level of humidity during
the course of the experiment.36 In this current study, a
naturally abundant fibrous substrate, that is, cotton ball, has
been decorated with a porous and chemically reactive
polymeric coating to tune the water wettability through the
1,4-conjugate addition reaction between amine and residual
acrylate moieties under ambient conditions. The chemically
reactive coating (CRC) loaded with residual acrylate groups
was first treated with the polymer, i.e. branched polyethyle-
nimine (BPEI) for amine amplification, prior to treat with
primary amine-containing small molecules (e.g. propylamine,
pentylamine, hexylamine, octylamine, decylamine, and octade-
cylamine), where the length of the hydrocarbon tail of primary
amine-containing small molecules allowed to tune the water
wettability in the synthesized material. The amine-amplified
chemically reactive coating (AACRC) that was post-modified
with octadecylamine (ODA) yielded amine-amplified super-
hydrophobic cotton (AASHC). The synthesized AASHC
lowered the CO2 level with an adsorption capacity of 63
mmol/L over 6 h at room temperature and pressure.
Interestingly, a very similar superhydrophobic cotton that
lacked the amine amplification process displayed poor CO2
separation performance under the same experimental con-
ditions. Thereafter, the controlled tailoring of water wettability
on the amine-amplified interface through the 1,4-conjugate
addition reaction allowed to examine the impact of hydro-
phobicity on CO2 separation performance under ambient
conditions. The efficiency of CO2 separation was compromised
on lowering the hydrophobicity. Moreover, the CO2 separation
performances for hydrophobic and superhydrophobic amine-
amplified cotton were noticed to be completely different at
high humidity. Furthermore, the CO2 separation ability of
amine-amplified superhydrophobic cotton remained independ-
ent of the initial concentration of CO2 present in the model
flue air.

■ EXPERIMENTAL SECTION
Materials. Branched polyethylenimine (PEI; MW ≈ 25 kDa),

dipentaerythritol penta-acrylate (5Acl, MW = 524.21 g/mol),
propylamine, pentylamine, hexylamine, octylamine, decylamine, and
octadecylamine were purchased from Sigma-Aldrich (Bangalore,
India). Absolute ethyl alcohol (CAS 64-17-5; lot 1005150) was
purchased from Tedia Company (United States of America).
Reagent-grade THF was purchased from RANKEM (Maharashtra).
Methylene blue was acquired from Sigma-Aldrich (Bangalore, India).
A Lab Companion vacuum desiccator, UV blocking (Amber 6 L) was
purchased from Tarson (India). CO2 concentration was measured
using a CO2 meter Chauvin Arnoux (C.A 1510, Air Quality
Measurement). Cotton was obtained from a local medical shop in
Guwahati City (Assam, India). Milli-Q grade water was used for all
experiments.

General Considerations. Glass vials that were used for preparing
the polymer solutions were washed with acetone and ethanol prior to
use. FTIR spectra were recorded using a PerkinElmer instrument
under ambient condition by preparing the KBr pellets. Scanning
electron microscopy images were obtained using a Sigma Carl Zeiss
scanning electron microscope (samples were coated with a thin layer
of gold prior to imaging). The water contact angles were measured
using a KRUSS drop dhape analyzer-DSA25 instrument with an
automatic liquid dispenser under ambient conditions. Change in the
CO2 concentration was measured using a CO2 meter. Digital pictures
were acquired using a Canon PowerShot SX420 IS digital camera.

Preparation of Amine-Amplified Superhydrophobic Cot-
ton. First of all, the naturally abundant medical cotton (1 gram) was
rinsed with ethanol and acetone to remove the deposited
contaminants. Next, the precleaned cotton was placed in BPEI
solution (10 mg/mL ethanol) for 2 h. Afterward, the BPEI-modified
cotton was placed in the chemically reactive nanocomplex (CRNC)
solution, which was prepared by mixing ethanolic solutions of 5-Acl
(132.5 mg/mL) and BPEI (50 mg/mL) with an appropriate
composition (5Acl/BPEI = 10:3) for 1 h. The deposition of the
CRNC on the fibrous cotton yielded a chemically reactive coating
(CRC). Next, the CRC was washed with ethanol to remove the
unreacted and loosely bound nanocomplexes and was dried under
ambient conditions. Thereafter, the CRC was post-modified with
BPEI for amine amplification. The BPEI-treated CRC is denoted as
amine-amplified chemically reactive coating (AACRC). Finally, the
AACRC was exposed to solution (5 mg/mL in THF) of
octadecylamine (ODA) for 8 h for adopting superhydrophobicity.
After the ODA treatment, the synthesized material was washed
thoroughly with THF for 1 h to remove the unreacted ODA
molecules and allowed to air-dry under ambient conditions. Then, the
water wettability of the as-modified cotton pieces was examined with
digital images and contact angle measurement. This post-covalent
modification of AACRC provided the amine-amplified super-
hydrophobic cotton (AASHC).

Similarly, AACRC was post-modified with lower analogues of
ODA, including propylamine, pentylamine, hexylamine, octylamine,
and decylamine for tailoring water wettability. After post-modification
with these selected amine-containing small molecules, cotton pieces
were rinsed with THF for 1 h and were dried under ambient
conditions. After successful post-modification with different amines,
the wettability of the cotton pieces was examined by measuring the
water contact angle. Meanwhile, in the absence of the amine
amplification process, the direct post-covalent modification of CRC
with octadecylamine yielded another superhydrophobic interface,
which is labeled as without amine-amplified superhydrophobic cotton
(WOAASHC).

Carbon Dioxide (CO2) Separation. To understand the CO2
adsorption capability of the AASHC, a Tarson 6 L desiccator was
taken in which 1 g of uncoated and modified cotton along with the
CO2 sensor was placed. Thereafter, a desired amount of 99% pure
CO2 was introduced into the desiccator using a syringe and the
change in CO2 concentration was monitored using a CO2 sensor for
24 h. These changes were recorded using a data logger present inside
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the sensor and later transferred to PC. Afterwards, this cotton piece
was placed at 60 °C in a conventional oven for 2 h for desorption of
the adsorbed CO2 gas. Moreover, the CO2 separation studies for
other cotton pieces including pristine cotton and superhydrophobic
cotton were performed in a similar manner.

■ RESULTS AND DISCUSSION

Synthesis of Amine-Amplified Chemically Reactive
Coating (AACRC). In the recent past, interfaces consisting of
residual amine groups were found to be an effective approach

for separating CO2 from flue air.16−19 In this context, branched
polyethyleneimine (BPEI) has been widely used for modifying
various metal oxides and zeolites for demonstrating the CO2

separation performance.16−19 However, the controlled tailoring
of hydrophobicity on amine-modified interfaces and its impact
on the CO2 separation process at practically relevant settings
are rare in the literature. In our current design, an amine-
amplified chemically reactive coating has been introduced for
(a) tailoring of water wettability and (b) investigating its
impact on CO2 separation performance. In the recent past, our

Scheme 1. (A) Chemical Reaction of the 1,4-Conjugate Addition Reaction between Representative Amine and Acrylate
Groups. (B) Chemical Structure of Branched Polyethylenimine (BPEI). (C) Schematic Illustration of Chemically Reactive
Nanocomplex (CRPNC) Loaded with Residual Acrylate, Which Was Synthesized by Mixing BPEI and Dipentaerythritol
Penta-acrylate (5Acl). (D, E) Illustrating the Deposition of CRPNC on the Fibrous Cotton That Yielded The Chemically
Reactive Coating (CRC). (E, F) Schematic Representation Depicting the Amine Amplification Process of CRC through the
1,4-Conjugate Addition Reaction for Achieving Amine-Amplified Chemically Reactive Coating (AACRC; F). (G) Post-
Covalent Modification of AACRC with Octadecylamine (ODA) Yielded Amine-Amplified Superhydrophobic Cotton
(AASHC). (E, H) Post-Modification of CRC (E) with ODA Provided Superhydrophobic Coating that Lacked the Amine
Amplification Step, and Such a Material Is Denoted as Without Amine-Amplified Superhydrophobic Cotton (WOAASHC, H)

Figure 1. (A) FTIR spectra of chemically reactive coating (CRC: violet), amine-amplified chemically reactive coating (AACRC: black), and amine-
amplified superhydrophobic cotton (AASHC: red). The peaks at 1409 and 1735 cm−1 correspond to symmetric deformation for the C−H bond of
the β-carbon of the vinyl group and the carbonyl stretching, respectively. (B, C) FESEM images of pristine cotton (B) and chemically reactive
coating (C) on fibrous cotton. (D−G) Digital images (D, F) and contact angle images (E, G) of amine-amplified superhydrophobic cotton
(AASHC; D, E) and without amine-amplified superhydrophobic cotton (WOAASHC; F, G) respectively.
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research group has extended the 1,4-conjugate addition
reaction (Scheme 1A) between BPEI (Scheme 1B) and
dipentaerythritol penta-acrylate (5Acl) to synthesize chemi-
cally reactive polymeric nanocomplex (CRPNC, Scheme 1C)
loaded with residual acrylate group.37,38 In the past, the spray
deposition and layer-by-layer deposition of this CRPNC
provided chemically reactive coatings for customizing different
water and oil wettability through appropriate post-covalent
modification with the selected small molecules.39−42 Further,
this CRPNC was successfully deposited on fibrous cotton to
develop a chemically reactive coating (CRC, Scheme 1D,E),
where the post-covalent modification of the coating with
octadecylamine (ODA) provided durable superhydrophobic-
ity, which was extended for remediation of oil spillages
following an environment-friendly selective absorption and
filtration approach.43 In contrast to these earlier designs, a
facile and covalent amine amplification process has been
integrated to this CRPNC-derived chemically reactive coating
through post-covalent modification with BPEI polymer
(Scheme 1E,F). This coating is labeled as AACRC in the
rest of the text. Next, the synthesized AACRC was modified
with a hydrophobic small molecule (i.e. ODA) through the
1,4-conjugate addition reaction, to achieve amine-amplified
superhydrophobic cotton (AASHC, Scheme 1G). The
deposition of CRPNC on a fibrous substrate followed by the
amine amplification process prior to ODA treatment was
characterized through FESEM and FTIR analysis, as shown in
Figure 1A−C and Figure S2. The characteristic IR peaks at

1410 cm−1 and 1735 cm−1 represent the symmetric
deformation of the ß-carbon of the vinyl group and the
carbonyl stretching, respectively, revealing the presence of
residual acrylate groups in the CRPNC deposited cotton, as
shown in Figure 1A (violet spectrum). Further, the FESEM
images of the uncoated (Figure 1B) and coated (Figure 1C)
fibrous cotton confirmed the successful deposition of CRPNC,
where the random aggregation of granular domains in CRC
provided the essential hierarchical topography to achieve the
bioinspired water wettability. The residual acrylate groups in
the CRC further allowed the covalent immobilization of BPEI
polymer, as confirmed with FTIR analysis. After the treatment
of CRC with BPEI polymer, a significant change in the IR peak
was observed in the region of 3200−3600 cm−1, where two
prominent humps indicate the inclusion of primary amines
from BPEI. Further, the IR peak intensity at 1410 cm−1, which
corresponded to the symmetric deformation of the ß-carbon of
the vinyl group, decreased significantly with respect to the
normalized carbonyl stretching at 1735 cm−1, as shown in
Figure 1A (black spectrum). During this amine amplification
process, ∼28% of the total residual acrylate groups in CRC is
consumed on the reaction with the amines of BPEI polymer
through the 1,4-conjugate addition reaction. The remaining
acrylate groups in AACRC were post-modified with selected
small molecules for adopting the desired extreme water
repellency. The FTIR analysis after the reaction of AACRC
with ODA revealed the significant depletion of the IR signature
for the ß-carbon of the vinyl group at 1409 cm−1 with respect

Figure 2. (A) Plot illustrating the reduction in the concentration of CO2 by pristine cotton (black), without amine-amplified superhydrophobic
cotton (WOAASHC: green), and amine-amplified superhydrophobic coating (AASHC: violet). (B) Plot displaying the CO2 separation
performance using AASHC at high (black) and low (red) concentrations of CO2. (C) FTIR spectra of amine-amplified superhydrophobic cotton
before (black) and after (red) performing CO2 separation, whereas the violet curve accounts for the IR spectrum after desorption (violet) of CO2 at
60 °C for 2 h. (D) Plot illustrating the recyclability of AASHC in separating CO2 for five consecutive cycles.
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to the normalized carbonyl stretching at 1735 cm−1. This
simple study confirmed the successful post-chemical mod-
ification of AACRC with selected small molecules, as shown in
Figure 1A (red spectrum). The water wettability was
monitored at each step, and AACRC remained super-
hydrophilic with a water contact angle of 0° as similar to
uncoated cotton, as shown in Figure S1. However, after ODA
treatment, the same AACRC displayed superhydrophobicity,
where water droplets were beaded with a contact angle of 151°,
as shown in Figure 1D,E. This coating on fibrous cotton will be
denoted as amine-amplified superhydrophobic cotton
(AASHC) for further discussion. During this amine
amplification process, CRC was exposed to different
concentrations of BPEI, prior to treatment with ODA. Beyond
a certain concentration (125 mg/mL) of BPEI treatment,
AACRC failed to display superhydrophobicity, as shown in
Figure S3. The amine amplification was performed with 125
mg/mL concentration of BPEI polymer solution for the rest of
the CO2 separation experiments. As expected, after ODA
treatment, the as-synthesized CRC, without any amine
amplification, also displayed superhydrophobicity with a
water contact angle of ∼156°, as shown in Figure 1F,G; and
this coating on fibrous cotton was denoted as without amine-
amplified superhydrophobic cotton (WOAASHC).
Investigation on CO2 Separation Performances by

AASHC and WOAASHC. In this current study, two distinct
superhydrophobic coatings with (AASHC) and without
(WOAASHC) amine amplification were extended to examine
the role of embedded biomimicked superhydrophobicity on
the performance of CO2 separation. For direct comparison,

uncoated cotton, WOAASHC, and AASHC, with the same
weight (1 g), were individually exposed to a constant
concentration (68 mmol/L) of CO2 gas at a relative humidity
of 40% and ambient temperature and pressure. Over time,
AASHC gradually lowered the concentration of CO2 in the
experimental system, and after 6 h, the concentration of CO2
reduced from 68 to 5 mmol/L (Figure 2A). However, under
similar experimental conditions, both uncoated cotton and
WOAASHC failed to perform, as evident from Figure 2A.
Further, the CO2 separation performance of AASHC was
compared at settings having different initial concentrations of
CO2. As a proof of concept demonstration, AASHC was
separately exposed to two different concentrations of CO2
including 68 and 113 mmol/L. After 6 h of exposure, AASHC
lowered the CO2 concentration with equal efficiency (63
mmol/L), irrespective of differences in the initial concen-
tration of CO2, as shown in Figure 2B. Further, AASHC
continued to separate CO2 over 24 h, in contrast to
WOAASHC, as shown in Figure S4. After 24 h, the reduction
values in the concentration of CO2 by WOAASHC and
AASHC were 10 and 87 mmol/L, respectively. To understand
the mechanism of the efficient separation of CO2 by AASHC,
an FTIR analysis was performed on AASHC before and after
conducting the CO2 capture, as shown in Figure 2C. With
respect to the normalized IR signature at 1735 cm−1 for the
ester carbonyl stretching, prominent appearance of IR peaks
for the C−N (1310 cm−1) and amide CO stretching (1650
cm−1) revealed chemisorption of CO2 on AASHC through a
mutual reaction between the residual amine and CO2 gas.
Further, these intense IR signatures for the C−N (1310 cm−1)

Figure 3. (A, B) Schematic illustration of amine-amplified chemically reactive cotton (AACRC; A) that was post-modified with amine-containing
small molecules (B) through the 1,4-conjugate addition reaction for tailoring water wettability. (C) Plot displaying the static contact angle of
beaded water droplets on amine-amplified chemically reactive coating after post-modification with different amine-containing small molecules
including propylamine, pentylamine, hexylamine, octylamine, decylamine, and ODA. (D) Plot accounting for the CO2 separation performance of
AACRC after post-modification with different amine-containing small molecules including propylamine (red), pentylamine (gray), hexylamine
(yellow), octylamine (green), decylamine (blue), and ODA (violet).
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and amide CO stretching depleted significantly with respect
to the ester carbonyl stretching at 1735 cm−1 after heating
cotton at 60 °C for 2 h (violet spectrum; Figure 2C). This
study suggested the successful desorption of CO2 from
AASHC. Interestingly, the same AASHC was successfully
and repetitively used for separating CO2 for five consecutive
cycles, as shown in Figure 2D, without compromising its
separation performance. At the end of each cycle, the AASHC
was treated at 60 °C for 2 h for the desorption of CO2 gas.
Further, this repetitive adsorption and desorption of CO2 has
no impact on the integrity and antiwetting property of the
AASHC. Hence, this study implies that the as-synthesized
AASHC could be a potential candidate for practical
applications owing to its highly durable and recyclable
property.
Effect of Change in Water Wettability on CO2

Separation Performance. In the past, few reports have
focused on the extremely liquid-repellent interfaces to improve
the CO2 separation performance, where the extreme water
repellence emphasized on protecting the CO2 separating
interface from unwanted wetting by the liquid phase.30−35

However, the impact of different liquid wettability on CO2
separation performance is yet to be demonstrated in the
literature. The residual acrylate groups in the amine-amplified
chemically reactive cotton (AACRC) allowed to tailor the
liquid wettability by post-modification with various alkyl
amines through the 1,4-conjugate addition reaction, as
shown in Figure 3A,B. The extent of hydrophobicity was
tailored by selecting appropriate alkylamines (i.e., propylamine,
pentylamine, hexylamine, octylamine, decylamine, and octade-
cylamine). The water contact angle gradually enhanced on
increasing the hydrocarbon chain length in the selected

alkylamine, as shown in Figure 3C. Afterward, these amine-
amplified interfaces having different water wettability were
explored for examining the CO2 separation performance.
Interestingly, the CO2 separation ability significantly compro-
mised on decreasing the hydrophobicity in the amine-amplified
interface. For instance, the propylamine-treated AACRC,
which is extremely hydrophilic, reduced the concentration of
CO2 by 12 mmol/L over 6 h, whereas the octylamine-treated
AACRC, which displayed moderate hydrophobicity with a
water contact angle of 122°, reduced the concentration of CO2
by 38 mmol/L over the same time duration (6 h), under an
identical experimental setup. However, under similar exper-
imental conditions, the concentration of CO2 was depleted
significantly (63 mmol/L) by AASHC (ODA-treated AACRC)
that embedded with biomimicked superhydrophobicity, as
shown in Figure 3D. The initial concentration (68 mmol/L) of
CO2 and relative humidity (40%) were kept identical for
examining the performance of CO2 separation by amine-
amplified cotton (1 g each) with tailored water wettability.
Thus, the reduction in the concentration of CO2 significantly
changed with variation in the water wettability (Figure 3D).
Therefore, this study affirms that the change in water
wettability indeed has a significant impact on the CO2
adsorption capability for the amine-amplified interface.
When evaluating CO2 separation performance for flue gases,

the presence of water vapor cannot be overlooked. In the past,
various materials including zeolites, ionic liquids, carbon-based
materials, and MOFs were explored for CO2 adsorption.
However, many synthesized materials explored in the past for
CO2 adsorption failed to perform on exposure under moist/
humid conditions. The adsorption of water vapors into the
adsorbent material is known to reduce the CO2 adsorption

Figure 4. (A−C) Plots illustrating the reduction in the concentration of CO2 in different humid conditions including 40% (black) and 90% (red)
for amine-amplified chemically reactive coatings (AACRC) that were post-modified with ODA (A), octylamine (B), and pentylamine (C).
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capacity under humid conditions. Therefore, the CO2
separation performance of AASHC derived from AACRC
was compared under low (RH: 10%; Figure S5), moderate
(RH: 40%), and high (RH: 90%) humid conditions. The CO2
separation ability of AASHC at three distinct RH values was
found to remain unperturbed, as shown in Figure 4A and
Figure S5. However, the same AACRC, that is, post-modified
with octylamine, displayed moderate hydrophobicity and
became inefficient for separating CO2 at high relative humidity
(RH: 90%), as shown in Figure 4B. Moreover, such depletion
of the CO2 separation performance was observed for
pentylamine-treated AACRC (that is, embedded with an
even lower WCA ≈ 86°) at high relative humidity (RH: 90%),
as shown in Figure 4C. Hence, under a highly humid
environment, the CO2 separation performance is tremendously
affected on decreasing the hydrophobicity in the amine-
amplified interfaces. Such compromise of CO2 separation at
high humidity is likely due to the easy penetration of moisture
in the less and moderately hydrophobic amine-amplified
cotton; however, the long hydrocarbon tail of the covalently
immobilized ODA in the AASHC restricts the condensation of
moisture. Thus, the embedded superhydrophobicity merely
has any impact on separation of CO2 (see Figure 2A), but this
extreme water repellence displayed an immense impact on the
CO2 uptakeonce it is integrated with the amine-amplified
interface. Further, the AASHC continued to perform under
practically relevant high humid conditions. Therefore, the
coexistence of bioinspired superhydrophobicity and amine
amplification is important for efficient and uninterrupted CO2
separation at practically relevant diverse settings.

■ CONCLUSIONS

In conclusion, an amine-amplified chemically reactive cotton
(AACRC) has been introduced through strategic use of the
1,4-conjugate addition reaction between residual acrylate of
CRC and amines of BPEI polymer. The residual acrylate
groups in CRC provided facile basis for both (i) associating
amine amplification and (ii) tailoring various water wettability,
including bioinspired superhydrophobicity. The performance
of CO2 separation was compared for amine-amplified coating
that embedded with different water wettability. The CO2
separation performance was observed to improve with
increasing hydrophobicity in the amine-amplified interface,
where AASHC that displayed superhydrophobicity was found
to be the most efficient in separating CO2 at ambient
temperature and pressure. Thus, improved hydrophobicity
on the amine-amplified interface has a positive impact on CO2
uptake. However, without amine amplification, the super-
hydrophobicity has merely any impact on CO2 uptake. Further,
this CO2 separation performance of AASHC remained
unperturbed at high relative humidity, irrespective of the
initial concentration of CO2 present in the experimental
system. Such a material would be useful in developing a more
effective green house facility. Further association of AASHC
with an appropriate catalytic component would allow to
convert the separated CO2 to useful chemicals.
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