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Abstract— For decades, enormous efforts have been 

accomplished to design and fabricate passive anti-icing surfaces 

such as superhydrophobic surfaces (SHSs) and slippery liquid 

infused porous surfaces (SLIPS). However considerable progress 

has made in icephobic surfaces and coatings, it is crucial to build 

up the missing fundamentals. Literally, current anti-icing 

surfaces are fabricated from static perspective by modifying 

chemistry and physics of surface or altering the modulus of 

substrate. Nevertheless, time, temperature and external stimuli 

affect structures and properties at ice-substrate interface.  

Besides, low durability of SHSs in high moisture and de-icing 

conditions and also lubricant exhaustion in SLIPs have restricted 

their applications in surface icephobicity. Therefore, 

inadaptability to environmental changes and fragility have 

forced researchers to focus on enabling dynamic changes of the 

chemical/physical states of the ice–substrate interface for 

enhanced anti-icing performances. Significant shift from static to 

dynamic anti-icing surfaces has motivated researchers to 

fabricate dynamic anti-icing surfaces by incorporating novel 

dynamic interface melting agents and meet challenges for harsh 

conditions. Introducing dynamic properties at ice-substrate 

interface provides an opportunity of manipulating interface 

interaction for decreasing ice adhesion strength. However, 

development of an ideal anti-icing coating is still accompanied by 

various challenges. Ionic liquids (ILs) can be promising 

candidates to induce dynamic interface melting. Chemicals with 

very low freezing temperatures such as ILs could initiate 

dynamic interface melting and create a thicker interfacial liquid 

layer. This contribution aims to dissect the application potential 

of ILs in icephobicity.   

Keywords— Ionic liquid, Ice nucleation, Ice adhesion strength, 

Quasi Liquid Layer, Dynamic interface melting. 

 

I. INTRODUCTION 

Excessive snowfall and ice accumulation in urban 

territories is a source of catastrophe to infrastructures 

and equipment. For many years, several solutions have been 

proposed to combat the problems caused by ice-accretion. 

The first generation de-icing methods include the traditional 

ice removal processes employed after ice is formed on 

surfaces, such as; Mechanical de-icing by an external force, 

Chemical salts and Thermal anti-icing/de-icing [1]–[3]. 
These methods are costly, ineffective, time and energy-

consuming and can be environmentally unfriendly. After the 

advent of biomimetic hierarchical superhydrophobic surfaces 

(SHSs) in the 1997, early research was carried out to 

extrapolate the use of these surfaces for anti-icing and anti-

frosting applications. Bioinspired SHSs with hierarchical 

micro-nano-structures and lubricant infused porous surfaces 

(SLIPs) provided fundamental insights to potential solutions 

for water repellence and opened a new realm of icephobic 

class of synthetic materials with anti‐icing properties which 

have been extensively explored in the last decade. 

Development of superhydrophobic and icephobic coatings has 

shown prospects in water repellence, delay in ice nucleation 

and reduce ice adhesion. These passive solutions to anti-icing 

surfaces can be coupled with traditional de-icing methods to 

reduce energy consumption for effective solutions against ice-

accumulation [4]–[7]. 

However, high water contact angle can be principal 

mechanism for lowering ice adhesion strength on smooth 

surfaces and can fail on rough surfaces with asperity 

topography. Additionally, these textured surfaces are 

sometimes more susceptible to greater ice-adhesion strengths 

in high humidity conditions [8]. Consequently, damage of 

surface structures by de-icing and interlocking between ice 

and the surfaces threaten durability of these surfaces and can 

lead to high ice adhesion. Despite the shortcomings, the 

correlation between water contact angle and ice adhesion play 

the important role of atomistic interactions in ice adhesion. 

Depletion of lubricant or oil in SLIPS and low durability of 

self-lubricating surfaces have been also addressed in the 

literature [9]–[11]. 

Moreover, developing an industrially viable synthesis 

process for mass production of such surfaces is a challenge 

due to the expensive nature of texturing processes involved in 

top-down synthesis [12]. In recent years, an interesting shift 

to design anti-icing surfaces can be observed from static 

perspective to focus on dynamic properties at ice-substrate 

interface [13]. 

According to the literature, it is well accepted that 

formation of interfacial liquid layer donates notable potential 

to reduce friction between ice and substrate [14]. The non-

freezable water can be created by well-oriented hydrogen 

bonds between water molecules and hydrophilic groups on 

polymer chains. This non-freezable water thus forms a very 

thin liquid-like layer between the ice and the surface that acts 

as a lubricating layer [15],[16]. Dynamic melting of ice at 

interface result in creating thicker aqueous layer by 

incorporating chemicals (antifreeze liquid or salts) or thermal 

energy (magnetic thermal energy, electrothermal energy, and 

photothermal energy) [13],[17].  Ionic liquids (ILs) can be 

employed as anti-freeze agents to melt ice at the interface. A 

fundamental literature survey of basic ILs chemistry, their 
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different types and application potential in anti-icing research 

field will be discussed in this paper.  

II. IONIC LIQUIDS (ILS) 

 ILs as anti-freezing agents offer notable potential to 

introduce dynamic anti-icing properties at the ice-substrate 

interface. With advent of ILs in 1800s, ethylammonium nitrate 

([C2H5NH3][NO3]) with melting point of 12 °C was 

synthesised as one of the first ILs by Paul Wladen in 1914 [18]. 

Over time, scientists discovered first generation of ionic salts 

that are liquid below 100°C. These substances are variously 

called liquid electrolytes, ionic melts, ionic fluids, fused salts, 

liquid salts or are known as “Solvents of the future” as well as 

“Designer solvents”. ILs are organic salts which exhibit low 

melting temperature, by convention below 100°C [19]. They 

consist of only ions; cation and anion. It should be noted that 

their properties are strikingly different and more complicated 

from those of molecular liquids that are disserted in details 

[20]. Nowadays, ILs are gaining considerable attention by 

virtue of a wide range of appealing physical and chemical 

properties [21]. 

Asymmetrically substituted cations in ILs with different 

bulky groups anions weaken ionic interaction and 

consequently prevents packing of the cations/anions into a 

crystal lattice which leads to low melting point and being 

liquid below 100°C. Indeed, ILs that are liquid like at or 

around room temperature can be called room-temperature 

ionic liquids [22],[21]. Fig.1 indicates chemical structure of 

some common examples of cations and anions. Appreciable 

wide liquid range of ILs are of great interest for many 

advanced applications. In addition to low melting point, ILs 

possess negligible vapor pressure and huge diversity in terms 

of chemical functionality owing to hydrophilicity and 

hydrophobicity [18]. Extraordinary properties of ILs offer 

striking potential in advanced electrochemical devices, such 

as actuators, lithium batteries, electric double-layer capacitors, 

dye-sensitized solar cells and fuel cells. Negligible vapour 

pressure, non-volatility and tuneable solubilizing properties 

are of great interest for catalysis, extraction and as a 

replacement for organic solvents [23],[24]. 

 

 

 
 Fig.1 Common ionic liquid cations (top) and anions (bottom) 

where R− represents an alkyl group.[21] 

 

III. IONOGELS (IGS) 

There is a challenge to immobilize ILs in devices and 

maintaining their properties at the same time. Being liquid is 

not always an appropriate phase for a given application. 

Formation of homogeneous three-dimensional network, a two 

component system which composed of IL and solid 

component, is one of the most frequent method of ILs 

immobilization. Resulting materials possess solid-like 

behavior which are perceived as Ionogels (IGs) see Fig.2. [25]. 

The term IGs-based materials have been extensively used to 

describe materials contain an IL confined within a gelator, 

which can be either inorganic or organic [26]. For decades, 

substantial efforts have been accomplished to the design and 

fabricate polymer-based IGs with combination of mechanical 

flexibility of polymer and conductivity of ILs for 

electrochemical devices [27],[28]. In recent years, outstanding 

compatibility of imidazolium salts with different polymers 

have been reported. For instance, polyurethane-based IGs for 

containment and decontamination of toxic industrial chemical 

contacted substrates [29], poly(dimethyl siloxane) based film 

containing IL as high-performance and transparent actuator 

[30] and poly(vinylidene fluoride-cohexafluoropropylene)s 

(PVdF-HFP) IGs for lithium batteries have been investigated 

[31].  

 

 

  
Fig.2 Basic overview of Ionogel synthesis 

 

IV. APPLICATION POTENTIAL OF ILS IN ICEPHOBICITY 

It is widely accepted that various forms of frozen water 

threat many aspect of human activities. Breaking the 

sequential chain events of ice formation and accumulation is 

principal of passive anti-icing strategies. Static icephobic 

surfaces with properties like avoiding adhering of liquid water, 

inhibiting ice nucleation, controlling ice growth, restricting 

ice propagation, reducing ice adhesion have been widely 

formulated [32]. However, some novel dynamic anti-icing 

surfaces are observed in academic research with the focus on 

enabling dynamic changes of the chemical/physical states of 

the ice/substrate/ice–substrate interface for enhanced anti-

icing performances. Surfaces with dynamic interface are of 

great interest for anti-icing performance [13]. Also, 

importance of ice-substrate interface has been clearly 

evaluated in reducing ice adhesion. Premelted or liquid-like 

aqueous interfacial layer in dynamic interfaces can effectively 

grant low ice adhesion even inhibited ice formation. It is well 

known that the thickness of interfacial lubricant layer is in 

nanometer scale. Therefore, surfaces with dynamic interface 

melting agents can be proposed to further increase the 

lubricant effects and thickness [33],[34]. 

Low melting point and huge diversity in terms of chemical 

functionality owing to hydrophilicity and hydrophobicity of 

ILs have gained significant interest in anti-icing research field. 

ILs can diffuse into water droplets and depress freezing point 

of water molecules. Despite the common ionic salts, large ILs 

have not been trapped in ice crystals and create thicker 
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interfacial liquid layer for a longer time at subzero temperature. 

However, ILs are commonly integrated in IGs based on the 

literature. Polymer-based IGs are promising candidates to 

introduce for anti-icing. However, they are currently in 

infancy [35], [36]. It is worth underlying that there are many 

notable updates in icephobic gels like hydrogels and 

organogels which can induce a distinct stiffness mismatch 

between ice and substrate to promote interface crack and 

eventually decreasing ice adhesion strength [17]. Several 

experiments and calculations have provided strong evidences 

about the existence of H-bonds in ILs and their roles in the 

properties [37]. Hydrogen bond between the surface and water 

molecules due to presence of IL leads to create interfacial 

quasi liquid layer (QLL), thus delay ice nucleation of coatings 

containing ILs. As shown in Fig.3, diffusion of ILs to 

contacted water droplets and depressing freezing temperature 

and formation of hydrogen bond can result in longer ice 

nucleation time [38]. 

 

 

 
Fig.3 Schematic of IL in lowering ice adhesion 

 

Based upon the reported state of the art anti-icing research, 

non-frozen interfacial liquid layer can grant excellent 

icephobicity [28],[29],[33],[34]. ILs as novel anti-freeze 

agents have been recently gained significant attentions in 

surface science. Deduced mechanism from Zhou et al. [35] 

indicates that prepared IGs containing hydrophilic IL are 

rationally designed to restrict ice nucleation (IN) and followed 

step, ice grow recrystallization (IGR). In such surfaces, 

detachment of ice can be facilitated by depressing freeze 

temperature at interface and afterward creating interfacial 

liquid layer. Literally, diffusion of ions from surface of gel to 

water droplet suppress ice and frost formation. As confirmed 

by molecular dynamic simulation and experiments, diffused 

ions can be rejected by the non-frozen liquid, consequently 

generating interfacial aqueous liquid layer with high 

concentration of ions. These lubricant layer inhibits IN and 

decrease ice adhesion strength. According to Fig.4, to confirm 

the presence of interfacial liquid layer and low ice adhesion, a 

needle is drawn to push ice droplet on IGs surfaces. The ice 

can be easily detached without any bending in needle. As 

shown in Fig.4 e and f, liquid bridge between IG and ice 

droplet is observed which further confirms lowering ice 

adhesion strength.  Regarding to obtained results, the dynamic 

interface melting through ionic liquid as an anti-icing agent 

can provide extremely low ice adhesion within several hours 

holding time, which however still need to be improved on their 

long-term durability and timely ice removal performance. 

Regarding their promising results, future works can focus on 

Imparting hydrophobicity to substrate with purposeful 

selection of polymer matrix parallel embedded ILs which can 

melt contacting ice at ice substrate interface [35]. 

 
Fig.4 Dynamic melting of ice on ionogel surface at -20 °C. (a) 

Frozen droplet on the ionogel surface at 80 min. The green and 

orange dashed lines indicate the shape of the same frozen droplet at 

110 and 140 min, respectively. (b) Probing needle penetrates 

through the ice shell and into the ice-liquid mixture core of the 

same frozen droplet at 375 min. (c-e) Probing needle detaching the 

frozen droplet from the ionogel surface. (f) Liquid bridges 

monitored in detaching the of frozen droplet. (g) Schematic 

showing the slush after IN and ionic liquid diffusion into the droplet 

on ionogel surface. (h)Schematic showing the IGR process of the 
droplet on the ionogel surface [35].  

 

In addition to interfacial slippage, sliding angle lower than 

10 is another appropriate feature to facilitate detaching and 

removing ice. IGs offer promising potential to overcome 

loosing easy-sliding feature of current surfaces for long-term 

usage. If the polymer chain and IL are miscible with each 

other and immiscible with water, the generated IG exhibits 

easy-sliding property for water. Fig.5 demonstrates behaviour 

of designed easy-sliding IGs for oil and water droplet mobility. 

According to obtained results from Ding et al. strong 

interactions between polymer chains and the imidazolium 

based ILs provide stable soft quasi-liquid surfaces with ILs 

trapped in the crosslinked polymer network. The anion 

trifluoromethansulfonate yields the smallest water CSA 

(critical sliding angle) about 2° whereas hexafluorophosphate 

shows the largest water CSA about 18° [36]. 

 

 
Fig.5 Demonstration of different easy-sliding IGs for drop 

mobility [36]. 

 

 

Very recently, a thermoplastic polyurethane endogenous 

ionic liquid infused coating through thermally induce phase 

separation process has been reported by Wang et al. As shown 

in Fig.6, 1-octyl-3-methylimidazolium tetrafluoro-borate 

([OMIM]BF4) as the lubricant/diluent guarantees the low ice 

adhesion strength by creation lubricant layer through phase 

separation during cooling. According to the obtained wetting 
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properties and icing time, anti-icing mechanism of such 

surfaces is similar to that of superhydrophilic surface. 

Compared with the hydration layer on superhydrophilic anti-

icing coating, the ionic liquid can work at a much lower 

temperature. 

 

 
Fig.6 (a) Schematic picture of the fabrication process of ionic 

liquid infused surface (ILIS), (b) Icing time and ice adhesion 

strength on glass and ILISs under -20 °C, (c) Phase separation 

process of 30 wt.% TPU/[OMIM]BF4 solution under a hot-stage 

microscope and (d) Cycled de-icing 
test on ILIS under -20 °C.  

 

V. CONCLUSIONS 

Less attention on designing and tailoring surface properties 

particularly anti-icing characteristics of different surfaces 

containing ILs have generated considerable interest to 

investigate their icephobicity from coating perspective. 

Pioneering studies on this regard have motivated researchers 

to develop dynamic properties of icing interface for shedding 

new light on the design of new coatings containing ILs to meet 

challenges of harsh conditions including extremely low 

temperature and/or long working time. Outstanding surface 

wetting behaviour improvement of hydrophobic ILs because 

of lubrication effect has been also demonstrated in the 

literature. Although, there is no report about their potential in 

anti-icing applications. Besides, capacity of ILs to depress 

freezing point has been described which guarantees their anti-

icing performance. However, little information is available on 

their anti-icing mechanism. Therefore, future works can focus 

on fabrication of novel icephobic coatings containing ILs. 

Design strategy to enhance anti-icing and mechanical 

robustness of icephobic coatings containing ILs can further 

motivate new realm of anti-icing coatings. 

 

ACKNOWLEDGMENT 

The authors acknowledge all support from the Natural 

Sciences and Engineering Research Council of Canada 

(NSERC), and Université du Québec à Chicoutimi (UQAC).  

 

 

REFERENCES 

[1] Z. Wang, “Recent progress on ultrasonic de-icing technique used 

for wind power generation, high-voltage transmission line and 

aircraft,” Energy and Buildings, vol. 140, pp. 42–49, 2017. 

[2] M. Ruan et al., “Superhydrophobic and anti-icing properties of sol–

gel prepared alumina coatings,” Russian Journal of Non-Ferrous 

Metals, vol. 57, no. 6, pp. 638–645, 2016. 

[3] T. R. Society, P. Transactions, and E. Sciences, “Ice Accretions on 

High-Voltage Conductors and Insulators and Related Phenomena,” 

Philosophical Transactions : Mathematical , Physical and 
Engineering Sciences, vol. 358, no. 1776, pp. 2971–3005, 2013. 

[4] J. S. Wexler, I. Jacobi, and H. A. Stone, “Shear-driven failure of 

liquid-infused surfaces,” Physical Review Letters, vol. 114, no. 16, 
2015. 

[5] P. Kim, T. S. Wong, J. Alvarenga, M. J. Kreder, W. E. Adorno-

Martinez, and J. Aizenberg, “Liquid-infused nanostructured 
surfaces with extreme anti-ice and anti-frost performance,” ACS 

Nano, vol. 6, no. 8, pp. 6569–6577, 2012. 

[6] M. Shamshiri, R. Jafari, and G. Momen, “Potential use of smart 
coatings for icephobic applications: A review,” Surface and 

Coatings Technology, vol. 424, no. June, p. 127656, 2021. 

[7] S. Heydarian, R. Jafari, and G. Momen, “Recent progress in the 
anti-icing performance of slippery liquid-infused surfaces,” 

Progress in Organic Coatings, vol. 151, no. December 2020, p. 

106096, 2021. 

[8] K. Maghsoudi, E. Vazirinasab, G. Momen, and R. Jafari, 

“Icephobicity and durability assessment of superhydrophobic 

surfaces: The role of surface roughness and the ice adhesion 
measurement technique,” Journal of Materials Processing 

Technology, vol. 288, no. May 2020, p. 116883, 2021. 

[9] D. Chen, M. D. Gelenter, M. Hong, R. E. Cohen, and G. H. 
McKinley, “Icephobic surfaces induced by interfacial nonfrozen 

water,” ACS Applied Materials and Interfaces, vol. 9, no. 4, pp. 

4202–4214, 2017. 

[10] A. M. Emelyanenko, L. B. Boinovich, A. A. Bezdomnikov, E. V. 

Chulkova, and K. A. Emelyanenko, “Reinforced Superhydrophobic 

Coating on Silicone Rubber for Longstanding Anti-Icing 
Performance in Severe Conditions,” ACS Applied Materials and 

Interfaces, vol. 9, no. 28, pp. 24210–24219, 2017. 

[11] C. Tao et al., “Highly icephobic properties on slippery surfaces 
formed from polysiloxane and fluorinated POSS,” Progress in 

Organic Coatings, vol. 103, pp. 48–59, 2017. 

[12] M. Nosonovsky and V. Hejazi, “Why superhydrophobic surfaces 
are not always icephobic,” ACS Nano, vol. 6, no. 10, pp. 8488–8491, 

2012. 

[13] F. Wang, Y. Zhuo, Z. He, S. Xiao, J. He, and Z. Zhang, “Dynamic 

Anti-Icing Surfaces (DAIS),” Advanced Science, vol. 8, no. 21, pp. 

1–26, 2021. 

[14] A. Azimi Yancheshme, G. Momen, and R. Jafari Aminabadi, 

“Mechanisms of ice formation and propagation on 

superhydrophobic surfaces: A review,” Advances in Colloid and 
Interface Science, vol. 279, p. 102155, 2020. 

[15] M. Shamshiri, R. Jafari, and G. Momen, “Icephobic properties of 

aqueous self-lubricating coatings containing PEG-PDMS 
copolymers,” Progress in Organic Coatings, vol. 161, no. May, p. 

106466, 2021. 

[16] R. Dou et al., “Anti-icing coating with an aqueous lubricating layer,” 
ACS Applied Materials and Interfaces, vol. 6, no. 10, pp. 6998–

7003, 2014. 

[17] Y. Zhuo et al., “Gels as emerging anti-icing materials: a mini 
review,” Materials Horizons, vol. 8, no. 12, pp. 3266–3280, 2021. 

[18] C. Austen Angell, Y. Ansari, and Z. Zhao, “Ionic Liquids: Past, 

present and future,” Faraday Discussions, vol. 154, no. 1, pp. 9–27, 
2012. 

[19] G. G. Eshetu, M. Armand, B. Scrosati, and S. Passerini, “Energy 

storage materials synthesized from ionic liquids,” Angewandte 
Chemie - International Edition, vol. 53, no. 49, pp. 13342–13359, 

2014. 

[20] J. Yuan, D. Mecerreyes, and M. Antonietti, “Poly(ionic liquid)s: An 
update,” Progress in Polymer Science, vol. 38, no. 7, pp. 1009–

1036, 2013. 

[21] J. P. Hallett and T. Welton, “Room-Temperature Ionic Liquids: 
Solvents for Synthesis and Catalysis,” ChemInform, vol. 42, no. 36, 

p. no-no, 2011. 

[22] O. Green, S. Grubjesic, S. Lee, and M. A. Firestone, “The design of 
polymeric ionic liquids for the preparation of functional materials,” 

Polymer Reviews, vol. 49, no. 4, pp. 339–360, 2009. 



5 of 5 

[23] M. J. A. Shiddiky and A. A. J. Torriero, “Application of ionic 
liquids in electrochemical sensing systems,” Biosensors and 

Bioelectronics, vol. 26, no. 5, pp. 1775–1787, 2011. 

[24] Y. L. and J. L. Hongtao Liu, “Ionic liquids in surface 
electrochemistry,” Physical Chemistry Chemical Physics, vol. 12, 

no. 8, pp. 1685–1697, 2010. 

[25] J. Le Bideau, L. Viau, and A. Vioux, “Ionogels, ionic liquid based 
hybrid materials,” Chemical Society Reviews, vol. 40, no. 2, pp. 

907–925, 2011. 

[26] M. A. Néouze, J. Le Bideau, P. Gaveau, S. Bellayer, and A. Vioux, 
“Ionogels, new materials arising from the confinement of ionic 

liquids within silica-derived networks,” Chemistry of Materials, vol. 

18, no. 17, pp. 3931–3936, 2006. 

[27] L. Chen, C. Zhao, X. Duan, J. Zhou, and M. Liu, “Finely Tuning 

the Lower Critical Solution Temperature of Ionogels by Regulating 

the Polarity of Polymer Networks and Ionic Liquids,” CCS 
Chemistry, pp. 1659–1669, 2021. 

[28] E. Mohammadi et al., “Ion Gel Dynamic Templates for Large 

Modulation of Morphology and Charge Transport Properties of 
Solution-Coated Conjugated Polymer Thin Films,” ACS Applied 

Materials and Interfaces, 2019. 

[29] R. M. Martin, D. I. Mori, R. D. Noble, and D. L. Gin, “Curable 
Imidazolium Poly(ionic liquid)/Ionic Liquid Coating for 

Containment and Decontamination of Toxic Industrial Chemical-

Contacted Substrates,” Industrial and Engineering Chemistry 
Research, vol. 55, no. 22, pp. 6547–6550, 2016. 

[30] N. Terasawa, “High-performance transparent actuator made from 

Poly(dimethylsiloxane)/Ionic liquid gel,” Sensors and Actuators, B: 
Chemical, vol. 257, pp. 815–819, 2018. 

[31] R. Tamate and M. Watanabe, “Recent progress in self-healable ion 

gels,” Science and Technology of Advanced Materials, vol. 21, no. 
1, pp. 388–401, 2020. 

[32] T. Maitra et al., “Erratum: Nanoengineering of superhydrophobic 

and impalement resistant surface textures below the freezing 
temperature (Nano Letters (2014) 14:1 (172-182) DOI: 

10.1021/nl4037092),” Nano Letters, vol. 14, no. 2, p. 1106, 2014. 

[33] X. Sun, V. G. Damle, S. Liu, and K. Rykaczewski, “Bioinspired 
Stimuli-Responsive and Antifreeze-Secreting Anti-Icing Coatings,” 

Advanced Materials Interfaces, vol. 2, no. 5, pp. 25–27, 2015. 

[34] Z. He et al., “Bioinspired Multifunctional Anti-icing Hydrogel,” 

Matter, vol. 2, no. 3, pp. 723–734, 2020. 

[35] Y. Zhuo, S. Xiao, V. Håkonsen, J. He, and Z. Zhang, “Anti-icing 
Ionogel Surfaces: Inhibiting Ice Nucleation, Growth, and Adhesion,” 

ACS Materials Letters, vol. 2, no. 6, pp. 616–623, 2020. 

[36] Y. Ding et al., “Ionic-Liquid-Gel Surfaces Showing Easy-Sliding 
and Ultradurable Features,” Advanced Materials Interfaces, vol. 2, 

no. 10, pp. 2–7, 2015. 

[37] S. and J. W. KunDong, “Understanding the Hydrogen Bonds in 
Ionic Liquids and their Roles in Properties and Reactions,” Chem. 

Commun., 2016,52, 6744-6764, vol. 52, pp. 6744–6764, 2016. 

[38] J. Chen, Z. Luo, Q. Fan, J. Lv, and J. Wang, “Anti-Ice coating 
inspired by ice skating,” Small, vol. 10, no. 22, pp. 4693–4699, 

2014. 

[39] Y. Ren et al., “Ionic liquid – based click-ionogels,” Science 
Advances, vol. 5, no. 8, p. eaax0648 23, 2019. 

[40] B. Liang, G. Zhang, Z. Zhong, Y. Huang, and Z. Su, 

“Superhydrophilic Anti-Icing Coatings Based on Polyzwitterion 
Brushes,” Langmuir, vol. 35, no. 5, pp. 1294–1301, 2019. 

 


