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ABSTRACT:In order to reduce the possible harm caused by air pollution, excellent pergonal

protective materials are attracting more and more attention. Therefore, the researchyof Clean Air
multifunctional materials that catier particulate matter (PM) and volatile organic _‘\'u;
compounds (VOCs) simultaneously is of great cagngie. In addition, in cold weather, Z
water vapor in the exhaled gas condenses into small droplets inside the respiratQl GAHSHIG, .ea airvitn pm
uncomfortable feeling of dampness. Herein, we prepared several types of cyclodextrin- anavoe
containing Janus naboous porous membranes by electrospinning, whichaiently Iter S
PM of di erent sizes in the air,eetively adsorb VOCs, and orientate moisture from eth =
gas to the outside of the membranes to provide a dry and comfortable environment.
advantageous features, combined with the cheap price and easy availability of co
materials and low respiratory resistance, highlight the great potential of these Janus na=
porous membranes in the development of personal wearableeas. puri

KEYWORDS:directional water transfer, Ration, VOC adsorption, Janus hemes porous membranes, electrospinning

INTRODUCTION pollutants. VOC exposure can lead to dyspnea, eye and throat
d irritation, and cancéfr.Therefore, the research of multifunc-

Air pollution aects the environment and climate and . . . :
endangers the safety of human beings and other ordahism 'glonal materials that catter PM and VOC simultaneously is

Studies have shown that air pollution may induce a variety 8ffgreat signcance. Ba_sed on the hagtest Interaction, the .
diseases such as respirafooardiovascular, Alzheimes? research and application range of m.f‘%rocYC“C compounds Is
and even cancér'? or aggravate these diseases. In rece \fer%4"\2'gde' '”C'”.d';gg chiral reco nt roptical proper-

: - 1ies catalysi$"*® nanocarriers*° adsorption, and
years, particulate matter (PM), one of the main pollutants in->’ ! ’ y

the atmosphere, has attracted considerable attention. The§gparat|o?ﬁ On the ot_her hanq, most commercial masks_
fore, personal protective materials with good IEktion are made of hydrophobic materials. When the temperature is

performance have become a research hotspot. An elecg%v-v’ the water vapor in the exhaled gas condenses into small

spinning technology can spin a wide variety of polymers Withd oplets inside the respirator. The hydrophilic materials can

: absorb the water drop but keep them on the materials.
controllable technology. The obtained namous membrane ; o .
has smallber diameter, high porosity, gober uniformity, Therefore, both hydrophobic and hydrophilic materials cause

and light weight. Compared with commiser membranes uncomfortable feeling of dampness. The comfort of masks is

: g : also an important aspect which should be paid more attention.
the air pe_rm_eablllty is higher under the sdtaang eect. Therefore, there is an urgent need for a mask that can direct
Electrospinning produces navers with controlled size,

morphology, and functional grotibdhe resulting brous exhale water vapor or water droplets to the outside of the

membranes have high PM removaliency and low aiow mask.
) ; . : " Janus membranes can solve the above problems well. The
resistance, making them ideal candidate forlttion

applications. Therefore, polymers such as polyacr Ionitrf ont 8_.I’_1d back sides of Janus membranes ha_erendl

PP 1415 . » polyn > polyacry ttability and are used for directional transportation of water
(PAN),***> polycarbonat€, chitosart, polycaprolactone

(PCL),'® polyethylene oxidé, and polyurethar® have :
been used to prepare electrospun membranes dterair  Received: October 15, 2020
Dipole dipole or induced dipole interactions can enhance théccepted: December 4, 2020
binding of PM with the surface of narers, and PAN is Published:January 8, 2021
considered as a good material fiering PM because of its

large dipole moment. Besides PM, volatile organic

compounds (VOCs) are also main components of atmospheric
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Scheme 1. Schematic Diagram of PANID/PCL/ZnO and PAN/ -CD/11% PCL/2% PCL Janus Nanorous Membranes
Prepared by Electrospinning Technology and Their Application in PM, VOC Filtration, and Directional Water Delivery;
Purple Fibers Represent PANCD Hydrophilic Layer, Green Fibers Represent PCL/ZnO or 11% PCL/2% PCL
Hydrophobic Layer
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or oil. Wang et al. reported larous membrane with drent purchased from Kmart (Tianjin) Chemical Technology Co., Ltd.
wettability on the two sides that was superhydrophobic arRCL M., = 80 kDa) was purchased from Dalian Meilun
oleophilic on the PVDP-HFP side but superamphiphobic oRiotechnology Co., Ltd. Hexaroisopropanol was purchased from
the PVDF-HFP/FD-POSS/FAS side, which allowed unidired}€oWns Biochem Technologies LLC. Organosilane-covered hydro-
tional oil-transport just from the PVbF-HFP/FD-POSS/FASphOb'C zinc oxide was purchased from Energy Chemical. All chemicals

. " - . . and solvents were used without further gation.
to the PHVF-HFP sidé.In addition to the unidirectional oil- Preparation of Janus Nano brous Membranes. The 12 wiv

transport ability, several materials with asymmetric wettabilgy paN solution containing 50%yclodextrin was transferred to a 5
also show their unique capability to transfer water droplet. SHL syringe with a 23 gauge needle tip, and the spioningte was
et al. reported a self-pumping dressing that could unidireG:3 mm/min. A high voltage of 25 kV was applied, and the distance
tionally drain the excessive hid from its hydrophobic side between the collector coated with aluminum foil and the needle tip
to hydrophilic side, thereby preventing the uldo from was 20 cm. The collector was rotated at 40 rpm. After 5 mL of PAN/
wetting the wount. Dai et al. reported a Janus polyester/ }%/D Vﬁ’a% e'ec”osf?i””ed‘ 1 deof 11 whv %dPCL EO'U“O” containing
i i i ; ; 6 ZnO was electrospinned on it under the same spinning
nitrocellulose textile with conical micropores that COUI&%itions. Dry PANACD/PCL/ZNO Janus nanbrous membrane

weaken undesired wet adhesion and heat loss because of . ; .
was’ collected directly from the aluminum foil-covered collector and

removal of |IQUIEf Inspired by thesendings, it IS believed stored at room temperature. For the PAGD/11% PCL/2% PCL

that the Janus membrane can well solve the discomfort cauggfys nantrous membrane, after 5 mL of PAXID was

by the exhaled water vapor condensation into the face.  electrospinned, 1 mL of 11 w/v % PCL solution and 1 mL of 2w/v
Herein, we prepared three Janus r@oos porous % PCL solution were electrospinned on it under the same spinning

membranes by electrospinning. The hydrophilic sides of tlwenditions. For the PAN/CD/mask Janus narlwous membrane,

three Janus membranes are all PAN bharscontaining 50% the 12 w/v % PAN solution containing 50%yclodextrin was
-cyclodextrin, while the hydrophobic sides are 11% PClglectrospinned on the collector coated with the aluminum foil-

hydrophobic zinc oxide(ZnO), 11% PCL/2% PCL, and afovered commercial mask.

hydrophobic layer stripped from the middle of a commercial Characterization of Janus Nano brous Membranes. Scan-

: . . .ning electron microscopy (SEM, MERLIN Compact, Germany) was
mask, respectively. The hydrophobic layer is doped wi ed to inspect the surface microstructure of the bmans

hydrophobic zinc oxide or 2% PCL in order to increase thgempranes. All membranes were vacuum-dried and then coated
roughness and enhance the hydrophobicity. When used agii@ a thin layer of gold to increase their conductivity. The SEM
mask, the hydrophobic side of the Janus memlisaoger images were captured using a detector with an acceleration voltage of
the face and the hydrophilic side faces outward. The waterkVv. A Fourier transform infrared spectrometer (FTIR) (Bruker-
vapor or condensed water droplets exhaled by the human badNSOR II, Germany) was used to obtain the infrared spectra of
can be directed to the outside of the mask to reduce thg@mples between 4000 and 400.cAm optical contact angle (CA)
uncomfortable feeling of dampness. At the same time, tHe¢ter (DSA100, Germany) was used to measure the water CA at

hydrophilic layer containing PAN anetyclodextrin can ambient conditions. In detail, the membranes were cut into
. - rectangular blocks (¢ 1 cnf) and placed in a vacuum oven
e ectively intercept PM and VOSdheme )1 overnight. A water droplet (8) was dropped on the surface of the

membranes, and the CA value was obtained. For each test, three
EXPERIMENTAL SECTION samples were used as a parallel control. X-ragtidn (XRD)
Materials. PAN (M,, = 150 kDa) was purchased from Heowns patterns were measured on a Rigaku SmartLab (Japmipdieter
Biochem LLC.N,N-Dimethylformamide was purchased from using Cu K radiation. The mechanical stability of the rapas
Concord Technology (Tianjin) Co., Ltd-Cyclodextrin was membranes was measured using a universal tensile tester (Instron-
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Figure 1.Characterization of the three Janus fmoos membranes. SEM images of electrasersof (a) PAN/-CD/PCL/Zn0O, (b) PAN/
-CD/11% PCL/2% PCL, and (c) PAN/CD/mask. The top pictures are the hydrophilic side, and the bottom pictures are the hydrophobic side.
FTIR spectra of (d) hydrophilic side and (e) hydrophobic side of FAINPCL/ZnO, PAN/ -CD/11% PCL/2% PCL, and PANCD/mask.

336, USA) with load cell capacity of 10 N. The rmoas atmosphere, the Janus membranes were taken out. The examination
membranes were sectioned into rectangular strips of 4nft of the aniline adsorption capacity was carried out by proton magnetic
(lengthx width), which were therxed to the grips of the tester and resonanced NMR), ultraviolet visible spectroscopy (UWis),
permitted to elongate at an extension speed of 100 mm/min, un@nd directly weighing the Janus membranes before and after aniline
they snapped. The nitrogen adsorption isotherms and pore siegposure. After adsorption of aniline, 20 mg of Janus membranes
distributions of the membranes were measured using an automatic &N/ -CD/PCL/ZnO, PAN/ -CD/11% PCL/2% PCL, and PAN/
adsorption analyzer (Autosurb 1Q, USA). The BrunEoanett -CD/mask) were dissolved in 60Q of DMSOdg; for NMR

Teller (BET) equation was used for determining the surface area fraetection!H NMR spectra were recorded on a Bruker AVANCE
the nitrogen adsorption isotherms at liquid nitrogen temperatures.AV400 (400 MHz). However, in order to facilitate queation,

PM Filtration E ciency and Pressure Drop of Janus about 15 mg of Janus membranes (PAN/PCL/ZnO, PAN/11% PCL/
Nano brous Membranes. The concentration and size distribution 2% PCL, and PAN/mask) adsorbed with aniline were dissolved in
of PM in the presence or absence of Januskmans membranes 600 L of DMSOe, and then, about 10 mg otyclodextrin was
were detected by a hand-held condensation particle counter (CP&jded for NMR detection. The molar ratios between aniline and
TSI model 3007, USA) used to detect PM greater than 10 nm, eyclodextrin were determined by integrating the peak of the
scanning mobility particle sizer (SMPS, TSI model 3936, USA) usetharacteristic chemical shifty ¢orresponding to aniline and
to detect PM between 14.6 and 660 nm, and an optical particle sizgrclodextrin. The amount otyclodextrin is known, so the amount
(OPS, TSI model 3330, USA) used to detect PM between 300 amf aniline adsorbed can be calculated. The procedure for calculating
10,000 nm. The main @rence among CPC3007, SMPS, and OPSthe adsorption capacity of aniline by UV absorption spectrum is as
instruments is that the size range of PM they deteceiisrdi The follows: 15 mg of Janus membranes adsorbed with aniline were
use of three instruments at the same time plays a complementary rdigsolved in 3 mL of dimethyl sulfoxide (DMSO), and the ultraviolet
The air ltration e ciency was calculated as @/ C,, whereC and absorption spectra were measured. By comparing the standard curve
C, are the concentrations of PM with and without thers, of aniline, the concentration of aniline in the sample can be known,
respectively. The pressure dg)prépresenting the resistance acrossand the amount of adsorbed aniline can be further calculated.
the Janus nanbrous membranes, was measured byegediial
manometer. RESULTS AND DISCUSSION

VOC Adsorption of Janus Nanobrous Membranes. Th L
b e ICharacterlzatlon of Janus Nano brous Membranes.

evaluation of the adsorption performance of Janus membranes rrg-LO .
VOC is carried out with aniline vapor as an example. In detail, 10 fl9Ureé @ c presents the SEM images of the three Janus

of aniline was put into a desiccator with a diameter of 15 cm. Abof#@n0brous membranes prepared by electrospinning. The
50 mg of Janus membranes were placed into the desiccator and se@gdrophilic PAN sides of these three Janus brans
with vacuum grease. After 2 days of exposure in an anilimaembranes were smooth and uniform rheeme with an
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average diameter of about 580 nm. The hydrophobic PCL si‘a
of PAN/ -CD/PCL/ZnO were smooth and uniform nano-
bers with a diameter of 560 nm. The hydrophobic PCL sid
of PAN/ -CD/11% PCL/2% PCL could not form smooth
nano bers because the concentration of 2% PCL was too Ic
and the molecular chains were less entangled in the solutit ~
Instead, nanders with a large number of beads were formec
The average diameter of thHeers was only 80 nm. The
hydrophobic mask side of the PAMID/mask was a
hydrophobic layer stripped from the middle of a commerci:
mask with a wideber diameter range from 1.45 to Tvéand
an average diameter of 3.87. Figure @,e shows the FTIR
spectrum of the three Janus nanous membranes. As shown
in Figure d, the characteristic absorption peaks of cyan
( CN) appear at 2242 cfy and the characteristic absorption 0
peaks of CH, at 2923 and 1452 cfrindicated the successful
construction of PAN nanloers. Moreover, the peak at 3307
cm ! was assigned to the stretching vibration pea®ldf b
and the peaks in the 120M00 cm! region were the
characteristic peaks of the glucose ring, which proved that
cyclodextrin was contained in the nbacs. This comms
that the hydrophilic sides of all of the three Janus membrang s
are PAN/ -CD nanobers. As shown ffigure &, the peaks at ‘ = ' ' e S ®
2944 and 2865 crhwere assigned to the stretching vibration
Figure 2.(a) CA quantitative data, (b)optical images, and (c)
photographs taken by the mobile phone of the hydrophilic side and

peaks of CH, the peak at 1722 chwas assigned to GO,
the peaks in the 1471365 cm? region were assigned to the

the hydrophobic side of PANCD/PCL/ZnO, PAN/ -CD/11%
PCL/2% PCL, and PANfCD/mask.

bending vibration of GH, and the peaks in the 129465
cm ! region were the characteristic peaks @ @. The
above result indicated the successful construction of PCL
nano bers. For the hydrophobic side of PARD/PCL/ 31.7, 34.4, 36.3, 47.5, and Sbdlong to ZnO. PAN/CD/
ZnO, in addition to the characteristic peaks of PCL, the peaki% PCL/2% PCL exhibits a characteristiaction peak of
at 453 cm' was assigned to ZnO. As showfigure & for ~ PAN at 2 = 17 and characteristic daction peaks of PCL at
the hydrophobic side of the PANZD/mask, the peaks at 2 = 21.4 and 23°8(Figure S1b The PAN/ -CD/mask
2950 cm* and 2917 cnt were assigned to the asymmetric exhibits characteristic diction peaks of PP at214.2, 16.9,
stretching vibration peak o€H; and CH,, the peaks at  and 18.8 and the characteristic @iction peak of PAN at 2
2867 and 2837 crhwere assigned to the symmetric stretching= 17 is overlapped with the characteristic peak of PP @t 16.9
vibration peak of CH; and CH,, the peaks at 1454 and (Figure S1c
1376 cm® were assigned to the asymmetric and symmetric In the application of electrospun Janus membranes,
deformation vibration peaks @&@H,, and the peaks at 1166, mechanical property is an important fagigure SZhows
997, 899, and 841 chwere isotactic polypropylene (PP) the stressstrain curves of PAN/CD/PCL/ZnO, PAN/ -
absorption bands. The above results prove that the mater@b/11% PCL/2% PCL, and PANCD/mask. The PAN/-
constituting the mask is PP. As showirigure i, the CD/PCL/ZnO Janus membrane showed an average yield
characteristic peaks of PP appeared in the hydrophilic sidesafength of 3.094 MPa and the elongation at break of 59.662%.
the PAN/-CD/mask may be due to the fact that the The PAN/ -CD/11% PCL/2% PCL Janus membrane showed
hydrophobic mask layer was detected through the pores of tae average yield strength of 5.518 MPa and the elongation at
hydrophilic layer in the process of infrared detection. break of 60.835%. The PANZD/mask Janus membrane

As shown irFigure 2 all of the three Janus membranesshowed an average yield strength of 3.128 MPa and the
showed signtant wettable anisotropy to water on their two elongation at break of 6.56%. These membranes exhibited a

150 4

100 4

Contact angle (
2

=

O
9\
PN QO N

sides. Their water CAs are showFignire 2. The water CAs

plastic behavior and could undergo signt deformation not

of the hydrophilic side and the hydrophobic side were 24.6 arad sudden breakage during stretching. Their mechanical

125.8 for PAN/ -CD/PCL/Zn0O, 17.4 and 118.Tor PAN/
-CD/11% PCL/2% PCL, and 41.7 and 138t the PAN/
-CD/mask. From the optical imagesig(ire b) and

photographs taken by the mobile phdrigufe 2) of a

property is similar or even better than other electrospun
membrane$*°

The surface areas of the Janus membranes were determined
using nitrogen adsorption isotherms, where RER/PCL/

water droplet on the hydrophilic side and the hydrophobic sidenO, PAN/ -CD/11% PCL/2% PCL, and PANCD/mask

of PAN/ -CD/PCL/ZnO, PAN/ -CD/11% PCL/2% PCL,
and PAN/-CD/mask, the dierence of wettability between
the two sides could also be observed.

It can be seen froffigure S1lthat the PAN/-CD/PCL/
ZnO Janus membrane has aadition peak at 2= 17,

exhibited BET surface areas of 10.089, 8.364, and #g796 m
respectively Higure S3ac). Pore size distributions of the
three Janus membranes indicated that the measured Janus
membranes contain micropores, mesopores, and macropores
with a large porosityFigure S3df). Because of the smdier

belonging to the (100) crystal plane, and is also a characteristiameter and many pores of the electrospun Janus membranes,

di raction peak of the cyano group. Theadtion peaks at 2
= 21.4 and 23:®elong to PCL, and daction peaks at

3112

the surface area is large, which is conducive ftraien of
PM and VOC.
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Figure 3.Water unidirectional penetration of the Janus membranes. (a) Water dyed by ethyl violet could easily penetra@®IRE€BPAN/

ZnO Janus membrane from hydrophobic PCL/ZnO to hydrophilic FRéD/direction. (b) Water is blocked on the Janus membrane from

hydrophilic PAN/-CD to hydrophobic PCL/ZnO direction. (c) Water could penetrate the PADI11% PCL/2% PCL Janus membrane

from hydrophobic 11% PCL/2% PCL to hydrophilic PABD direction. (d) Water is blocked on the Janus membrane from hydrophilic PAN/
-CD to hydrophobic 11% PCL/2% PCL direction. Water is blocked on both the (e) hydrophobic side and (f) hydrophilic side ef the PAN/

CD/mask Janus membrane.

Water Unidirectional Penetration of Janus Nano- direction (Supporting Informatioijovie S5 Supporting

brous Membranes. The anisotropic Janus membranes InformationMovie Sk However, at low hydraulic pressure,
show great water unidirectional penetration performanceater droplet was blocked on both sidfégu(e @,f). The
(Figure 3. We use ethyl violet dyed water instead of watehydrophobic mask layer is &n peeled o from the
in order to observe the unidirectional permeability of the Janaemmercial mask. Its thickness cannot be adjusted, and the
membranes more clearly and intuitively. Taking the PAN/ hydrophobic layer is too thick to allow water droplets to
CD/PCL/ZnO membrane as an example, water stained bgenetrate. In addition, the hydrophobic mask layer and the
ethyl violet could penetrate the membrane from hydrophobitydrophilic PAN layer are not tightly bonded as the other two
PCL side to hydrophilic PAN side with low hydraulic pressurdanus membranes, making itcdlt for water droplets to
and it would not spread in the hydrophobic layigu(e 3, penetrate the hydrophobic layer into the hydrophilic layer.
Supporting InformatioriViovie S). It is reported that the In addition to the directional transport performance of
PAN electrospun nartwrous membrane has certain ethyl water, the dry condition of Janus membranes to wet skin and
violet ltration ability;®> and the Janus membrane containswater vapor permeability were tested. Wetted skin covered
PAN electrospun narwers. Therefore, the purple aqueouswith the three Janus membranes became dry after 10 min
solution becomes colorless after passing through theecause of spontaneous directional water transport. However,
membrane (Supporting Informatidvipvie S). However, the wetted skin covered with the hydrophobic mask and
on the opposite PAN side to PCL side direction, water dropldtydrophilic PAN was still wet after 10 nkig(re S49a As
spread on the hydrophilic layer, but it could not penetrate thehown inFigure S4bthe water vapor transmission rate of
Janus membrane, and at high hydrostatic pressure, 5 mLRAN/ -CD/PCL/ZnO, PAN/ -CD/11% PCL/2% PCL,
water was blocke&igure B, Supporting Informatiokiiovie PAN/ -CD/mask, mask, and PANCD was about
S9. The hydrophilic PAN layer and hydrophobic PCL layer0.00765, 0.00758, 0.00785, 0.00724, and 0.0065% g cm
do not separate from each other during the application procdss, respectively. The water evaporation rate of the three
because of the strong electrostatic force during the electidanus membranes was higher than that of the hydrophobic
spinning process. Several possible mechanisms have beask and hydrophilic PAN. The result indicates that the Janus
reported to explain the phenomenon wfl unidirectional membranes have a better promotingce on water
penetration, such as hydrophobic firdegplace pressure evaporation than the hydrophobic mask and hydrophilic
di erencé® hydrostatic pressure, and capillary force fronPAN. Therefore, the wearability of Janus membranes is
hydrophilic laye¥: comparable to that of the commercial respirator.

Similarly, for the PAN{CD/11% PCL/2% PCL Janus E cient PM Capture by the Janus Nano brous
membrane, water could penetrate the membrane froMembranes. The PM ltration experiments were carried
hydrophobic PCL side to hydrophilic PAN sidigure 8, out on a haze day, in a real polluted air environment, and all
Supporting Informationliovie SP but blocked on the the three Janus namwous membranes wereeéive in
opposite PAN side to PCL side directidrigre 4, capturing PMKigures 4S5, and Table BJAir ow with PM
Supporting Informatiorylovie S). For the PAN/-CD/ passes through Janus membranes from hydrophilic PAN sides
mask Janus membrane, at high hydrostatic pressure, 5 mltaohydrophobic sides. As showifrigure 4 c, for all of the
water could penetrate the membrane from hydrophobic matikree Janus membranes after 4 h of PM exposure, many PM
side to hydrophilic PAN side but blocked on the opposit@articles with derent sizes adhered to the surface of the
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Figure 4.Three Janus membranésr PM e ciently. SEM images of electrospoers of (a) PAN/-CD/PCL/ZnO, (b) PAN/ -CD/11%

PCL/2% PCL, and (c) PAN/CD/mask after 4 h PMltration from the hydrophilic side to hydrophobic side. The top pictures are the
hydrophilic side with PM, and the bottom pictures are the hydrophobic side without PM. (d) Remoeglaf the three Janus membranes
measured using hand-held CPC3007. (e) Pressure drop values of the three Janus membranes. (f) SMPS is used to monitor the content of PM v
di erent sizes before and after tition of the three Janus membranes in the air.

hydrophilic PAN nanbers, while PM was not observed on used as the mask is very small. The quality factor (QF),
the hydrophobic side, indicating that the Janus membrands ned as In(1  E)/ P (where E represents the PM
could intercept the PM ectively. The concentration and size removal eciency and P represents the pressure drop), can
distribution of the PM particles in the presence or absence bé used to assess the overall performance of the Janus
the Janus membranes were detected by handheld CPC30®&mbranes, taking both PM removaliency and pressure
SMPS, and OPS instruments. All of the three Januwdrop into account. The QFs of PANZD/PCL/ZnO, PAN/
membranes showed grdatation e ciency of PM. The PM -CD/11% PCL/2% PCL, and PAN/CD/mask were
removal eciency of PAN/-CD/PCL/ZnO, PAN/ -CD/ 0.05885, 0.05159, and 0.1626'Raable S). The PM
11% PCL/2% PCL, and PANCD/mask was 99.99, 99.98, removal eciency was closely related to the BET surface area
and 91.56%, respectiveiyg(re 4). The PAN with a large and microporosity of the Janus nanmus membranes. With
dipole moment can capture the PM well and tightly bind thenmcreasing BET surface area and microporosity, the PM
through the dipoledipole or induced dipole interactions. PM removal eciency was also improveédglre SB

Itration e ciency and air permeability are often an opposite The smaller the particle size of PM, the greater the harm to
relationship, and a balance needs to be found between thdmaman health. Therefore, SMPS and OPS equipment were
Besides high PM removal céency, maintaining good air used to measure the removatiencies of the Janus ndver
permeability is very important. Aadential pressure gauge membranes for PM with érent sizes. The results are shown
was used to measure the pressusgatice between the air in Figures #landS§5 respectively. The results show that PAN/
before and after passing through the Janus membranes. ASD/PCL/ZnO and PAN/-CD/11% PCL/2% PCL have
shown inFigure €, the pressure drop of PANZD/PCL/ nearly 100%ltration e ciency for PM with derent particle
Zn0O, PAN/ -CD/11% PCL/2% PCL, and PANCD/mask sizes. PAN/-CD/mask has nearly 100%ration e ciency
was 156.5, 165.1, and 15.2 Pa, respectively. The pressure doof®M larger than 465 nm, and when the PM patrticle size is
is lower than 0.2% of atmosphere pressure, which is negligilslmaller than 465 nm, PMration e ciency decreases slightly

In other words, the breathing resistance of Janus membramath the decrease of the PM particle size.
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Figure 5.H NMR spectra of aniline-exposed (a) PARD/11% PCL/2% PCL and (b) PAN/11% PCL/2% PCL in DM§O-

VOC Adsorption of Janus Nanobrous Membranes. aromatic region of NMR spectrum (about 6.5 and 7.0 ppm).
The VOC adsorption capability of Janus membranes wa$e molar ratios were calculated by taking into account the
investigated by using aniline as a model which is known iotegration of aniline aromatic peaks at 7.0 ppm and the
form an inclusion complex withCD3? The aniline characteristic peak 6CD at about 4.46 ppm (OH-6) for the
adsorption capability of Janus membranes was investigaldSO+€,; system. The amount of aniline adsorbed was
by directly weighing the Janus membranes before and aftailculated from the content ofCD, and the amount of
aniline exposure. The amount of aniline adsorbed by per uwihiline adsorbed by per unit mass of Janus membranes was
mass of Janus membranes can be calculated by dividing filnégher obtained. The results are summariZétbie 11t was
mass of adsorbed aniline by the mass of the Janus membranes.

The results are summarized @ble S2'H NMR detection Table 1. Amount of Aniline Adsorbed by Unit Mass of Janus
was performed to determine the adsorbed amount of aniline Membranes Were Calculated from thé NMR Spectra of

calculating the molar ratios of aniline a@D. 'H NMR the Janus Membranes after Aniline Exposure
spectra of aniline-exposed PARD/11% PCL/2% PCL,
PAN/11% PCL/2% PCL, PAN/CD/PCL/ZnO, PAN/ Janus membranes aniline (mg/g)
PCL/ZnO, PAN/ -CD/mask, and PAN/mask are shown in PAN/ -CD/PCL/ZnO 247.9
Figures 556, and S7 PAN/PCL/ZnO 168.4

The molar ratios between aniline artyclodextrin were PAN/ -CD/11% PCL/2% PCL 449.8
determined by integrating the peak of the characteristic =~ PAN/11% PCL/2% PCL 238.0
chemical shifts corresponding to aniline a@D. The PAN/ -CD/mask 13.70
particular peaks belong to aniline were observed at the  PAN/mask 10.69

3115 https://dx.doi.org/10.1021/acsami.0c18526

ACS Appl. Mater. Interfac2621, 13, 31093118


http://pubs.acs.org/doi/suppl/10.1021/acsami.0c18526/suppl_file/am0c18526_si_001.pdf
http://pubs.acs.org/doi/suppl/10.1021/acsami.0c18526/suppl_file/am0c18526_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsami.0c18526?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsami.0c18526?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsami.0c18526?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsami.0c18526?fig=fig5&ref=pdf
www.acsami.org?ref=pdf
https://dx.doi.org/10.1021/acsami.0c18526?ref=pdf

ACS Applied Materials & Interfaces WWW.acsami.org

Figure 6.Janus membranes adsorb anilingeatly. (a) Ultraviolet absorption curves oérint concentrations of aniline in DMSO. (b)
Absorbance of dérent concentrations of aniline in DMSO at 297 nm. The ultraviolet absorption curves of the Janus membran€d(c) PAN/
PCL/ZnO, PAN/ -CD/11% PCL/2% PCL, and PANCD/mask and (d) PAN/PCL/ZnO, PAN/11% PCL/2% PCL, and PAN/mask dissolved
in DMSO after adsorbing aniline.

observed that the amount of aniline adsorbed by per unit maBsable 2. Amount of Aniline Adsorbed by Unit Mass of Janus
of PAN/ -CD/11% PCL/2% PCL (449.8 mg/g) is higher Membranes Were Calculated from the U¥Is Spectra of
compared to PAN/11% PCL/2% PCL (238.0 mg/g); PAN/ the Janus Membranes after Aniline Exposure
CD/PCL/ZNnO (247.9 mg/g) is higher compared to PAN/ —

PCL/ZnO (168.4 mglg); and PANACD/mask (13.70 mg/ Janus membranes aniline (mg/g)

g) is higher compared to PAN/mask (10.69 mg/g). The PAN/ -CD/PCL/ZnO 114.6

results indicated that the presence-6D increased the PAN/PCL/ZnO 70.65
adsorption of aniline on thbrous membranes becaugD PAN/ -CD/11% PCL/2% PCL 237.2
are capable of forming inclusion complexes with aniline due to ~ PAN/11% PCL/2% PCL 166.2
their relatively hydrophobic cavity. In addition, there are many PAN/-CD/mask 21.73

PAN/mask 12.56

hydroxyl groups on-CD, which can adsorb aniline through
hydrogen bonding. The content €D in PAN/ -CD/11%
PCL/2% PCL, PAN/-CD/PCL/Zn0O, and PAN/-CD/mask hlgher Compared to PAN/PCL/ZNnO (7065 mg/g)’ and

is about 45.11, 44.44, and 29.02%, respectively. So the ordgs N/ -CcD/mask (21.73 mg/g) is higher compared to PAN/
aniline adsorption capacity is PARUD/11% PCL/2% PCL  mask (12.56 mg/g). The order of aniline adsorption capacity is

> PAN/ -CD/PCL/ZnO > PAN/ -CD/mask. All of the paAN/ -CD/11% PCL/2% PCL > PANLCD/PCL/ZNO >
above results indicate that th@D in these Janus membranes paN/ -CD/mask.

plays an important role in the adsorption of aniline.
The adsorption performance of aniline was also tested by CONCLUSIONS

ultraviolet spectrophotometry. The results of UV detection aig symmary, three Janus membranes of PGN/PCL/
shown irFigure 6The ultraviolet absorption spectra of aniline zno pAN/-CD/11% PCL/2% PCL, and PANCD/mask
DMSO solutions with dérent concentrations were measuredpgye been successfully prepared. The water vapor or
(Figure @), and then, a standard curve was draigorg 6). condensed water droplets exhaled by the human body could
Then, Janus membranes adsorbed with aniline were dissolpj@getrate the membranes from hydrophobic PCL sides to
in DMSO, and the ultraviolet absorption spectra wergydrophilic PAN sides, then directed to the outside of the
measuredHigure 6,d). mask to reduce the uncomfortable feeling of dampness. The
By comparing the standard curve of aniline, the amount gfM removal eciency of PAN/-CD/PCL/ZnO, PAN/ -
aniline adsorbed by per unit mass of Janus membranes cargpy11% PCL/2% PCL, and PAN/CD/mask were 99.99,
calculated. The results are summarizetiaiie 2 It is 99.98, and 91.56%, and the pressure drop of R/
consistent with the results'sf NMR detection, the amount PCL/ZnO, PAN/ -CD/11% PCL/2% PCL, and PANCD/
of aniline adsorbed by unit mass of PAGID/11% PCL/2% mask was 156.5, 165.1, and 15.2 Pa, showing that besides high
PCL (237.2 mg/g) is higher compared to PAN/11% PCL/2%PM removal eciency, the Janus membranes also maintain
PCL (166.2 mg/g); PAN/-CD/PCL/ZnO (114.6 mg/qg) is good air permeability. In addition, the Janus membranes with
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highly porous structure coulceetively adsorb VOCs in the script. All authors analyzed and discussed the results and
porous structure of narieers or form inclusion complex with reviewed the manuscript.
-CD. The high PM removal eiency, low aiow resistance,  Fynding

e ective VOC adsorption, and great water unidirectionathis work wasnancially supported by the National Natural

penetration performance make the obtained Janubmoaso  scjence Foundation of China (grant nos. 21672113, 21772099,
membranes hopeful to be candidates for laiation 21861132001, and 21971127).

applications, especially for protective masks.
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