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1. Material and Methods

Unless otherwise noted, all materials, reagents and solvents were from commercial suppliers and
used without further purification. Compound C7Se and its control C7 were kindly gifted by
Metaxinmei Inc, and the detailed synthesis was followed according to our previous reported
protocols. [S1]

NMR data were obtained by a Bruker Avance I11-400 spectrophotometer, Jeol Eclipse 500 MHz, or
Bruker AVANCE III 700 MHz NMR spectrometers. For the structural characterization of synthetic
compounds, high-resolution mass spectrum (HR-MS) was performed using an electrospray
ionization (ESI) interface on an Agilent LC/MSD TOF system. Fourier-transform IR (FT-IR)
spectra were recorded by a Thermo Scientific Nicolet iS20 FT-IR instrument.

The thermograms of the adhesive materials were measured using differential scanning calorimetry
(DSC; MDSC2910, TA Instruments). Fast scanning calorimetry was carried employing a Mettler
Toledo Flash DSCI1 device with using the UFS1 twin sensor chip as measuring cell having two
active sensor areas. [S2] The Flash DSCI1 is power compensated differential scanning calorimeter
and allows for heating rates in the range from 0.5 K/s to 4x10*K/s. The accessible cooling rates are
one order of magnitude lower. The flow rate N, purge gas was 40 mL/min.

Dielectric spectroscopy was carried out in a frequency range from 107'to 10° Hz and at temperatures
between —100 and 60 °C with a high-resolution ALPHA Analyzer interfaced to an active sample
head (Novocontrol, Montabaur, Germany). The measurements were carried out in parallel
geometry. The temperature of the sample was controlled by a Quatro Novocontrol cryo-system with
a stability of 0.1 K using nitrogen as heating agent. To avoid the evaporation of water during the
measurements, a custom made hermetically sealed dielectric cell was used for the measurement. For
details see ref S3.

The thermogravimetric analysis (TGA) was carried out using a Netzsch Instruments STA 449 F3
Jupiter analyzer with an automated vertical overhead thermobalance. The samples were scanned
from room temperature to 600 °C at a rate of 10.0 K/min in flowing nitrogen. The adhesion strength
measurements were performed on a pull-off adhesion tester (HY-0580) with a pull rate of 100 mm/s.
The fluorescent images were acquired with the Nicon Ax R microscope in the confocal mode with

100x/1.49 (oil immersion) objectives at a resolution of 1024 x 1024 pixels. The lasers used were
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514 nm (for Ponceau 4R). The sample was loaded onto the slide and covered with a cover glass.

The preparation protocol for C7SeQ,-H; adhesives: C7SeO,-H; is used to abbreviate samples with
C7SeO: water (H) ratio of n: 1 (w/w). C7SeO and pure water were placed in a capped test-tube in
defined ratios (w/w). The sample vial was heated at 80 °C for 1-4 hours until the sample's
consistency matches the gel-like state described in the literature. [S4] The resulting C7SeO-water
adhesive materials was then cooled to room temperature.

The preparation of the adhesive coating: the obtained crown-water adhesive materials were
deposited on different substrates, then covered by another substrate. In order to homogenously cast
the crown-water adhesive materials between two plates, a Farmar was placed onto the substrate-
sample-substrate sandwich overnight.

The low temperatures adhesion tests: To obtain the lap shear strengths at low temperatures, the
substrates adhered by C7SeQ0,o-H; were stored in sealed bags and kept at low temperature for 24
hours, then it was tested quickly (tests can be finished within 20 s).

The adhesion tests of C7SeQ0,o-H; in liquid nitrogen: The steel plates adhered by C7SeQ-H; were
stored in liquid nitrogen for about 5 min. Then the lap-shear tests were finished quickly (within 20
s). In these tests, the temperature of the adhered steel plates was higher than -196 °C (about -185 °C

~-180 °C).

a8  ¢7se0,.-H, adhesive P

Scheme S1. The preparation of the adhesive coating.

Simulation Methods

The C7Se0Oyp-H; sample in MD simulations contains 400 C7SeO molecules and 1000 water

s4



molecules. Here, C7Se01y-H; is used as an abbreviation for samples with a C7SeO: water (H)
weight ratio of 10:1, the corresponding molar ratio is C7SeO:water = 1:2.5 (400:1000). The
TIP4P/2005 potential are used to describe the water-water interaction. This model is an enhanced
version of the TIP4P (Four-Site Transferable Intermolecular Potential) water model, and has been
widely used in molecular simulations for more accurately describing water behaviour. [S5] C7SeO
molecule are described by the general Amber force field (GAFF). [S6] Long range electrostatic
interactions were treated by using the particle—particle particle-mesh method with a real-space
cutoff distance of 12 A. The 12-Acutoff distance was also applied to the van der Waals interactions.
The MD simulations are performed by using the GROMACS 2009 package in the constant-pressure
and temperature (NPT) ensemble with a time step of 2.0 fs. [S7] The temperature was controlled by
the Nosé—Hoover thermostat. The pressure is controlled by the Parrinello-Rahman coupling method
at 1 bar. For a given temperature, the simulation time is 400 ns. Periodic boundary conditions are
used in xyz directions. The spatial dimensions of the simulated box are 6.5%6.5x6.5 nm? after

equilibrium. Data of the last 20 ns are collected to analyse the structure of the system.

The geometries of C7Se0-H,0O complexes are optimized at using the density functional theory
(DFT) at B3LYP/6-311++G(d,p) level [S8] with DFT-D3 correction. [S9] All DFT calculations are
performed by using the Gaussian 09 software package. [S10] The strength of hydrogen bonds is
estimated by the equation Eyg (kcal/mol) = -223.08*pgcp (a.u.) + 0.7423, where ppcpis the electron
density at the bond critical point of hydrogen bonds. [S11] pgcpis calculated by Multiwfn software.

[S12]
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2. Synthesis of compounds and analytical data

2.1 Preparation and characterization of selenoxide-containing crown ether C7SeO
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Figure S1. a) Synthetic route of C7SeQ, b) and c) molecular electrostatic potential (MEP) maps of

C7Se and C7Se0, obtained at B3LYP/6-311++G(d,p) level with DFT-D3 correction.

Compound C7Se (30 mg, 1.0 eq.) was dissolved in deionized water (6.75 mL) with a concentration
below 10 mM. Subsequently, hydrogen peroxide (30%) (20.74 uL) was added to the solution. The
mixture was stirred at room temperature (20 °C) for about 3 hours. The progress of the reaction was
monitored by TLC until C7Se was completely consumed. Following this, the reaction mixture was
filtered using a syringe filter (0.22 pum), and water was removed by freeze-drying for at least 48
hours. The resulting product was obtained as a white solid. '"H NMR (500 MHz, CDCl;, 298 K) § =
7.28 (d,J=19 Hz, 1H), 7.12 (d, /= 1.9 Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H), 4.18 (dtd, /= 14.8, 5.0,
3.0 Hz, 4H), 4.05 — 3.84 (m, 8H), 3.77 — 3.64 (m, 8H), 3.41 (d, J = 13.2 Hz, 2H), 3.14 — 3.03 (m,
2H). BC NMR (126 MHz, CDCls, 298 K) J = 152.94, 148.94, 127.03, 120.06, 119.17, 117.29,
113.71, 70.95, 70.88, 69.82, 69.65, 69.36, 68.96, 64.75, 64.65, 49.09; 7Se NMR (95 MHz, CDCls,
298 K) 0 = 852.97. HR-MS (ESI) m/z [M+Na]" calcd. for C19H,;NNaO;Se*: 484.0845. Found:

484.0772.
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Figure S3. *C NMR spectrum (126 MHz, CDCls, 298K) of C7SeO.

S7



+400

—852.97

O/‘jo 1300
NC@( Y
OK/O\'_JOJ L200
WM“M'MWLMNWWWWWNWWWMMWW hilh WFW “MWW}M"\*W’ s

1100 1000 900 800 700 600 500 400 300 200 100 0 -100 -200 -300
1 (ppm)

Figure $4. 77Se NMR spectrum (95 MHz, CDCl;, 298K) of C7SeO.

o

S8



x10" |+ESI Scan (rt: 0.075-0.991 min, 56 scans) Frag=200.0V SY055_200625.d

o 1081 scan crt: 0.075-0.981 min. 38 scems) Fraz-on.ov sYOss_sowezs. d

9- R g G |
8.5 1 (\O (o] E . d : [C7Se0+Na]
NC. (o] ! 3 i * ;
8- \©: Se=0 e . [c7se0H] 2
0 : . £ [C7S80+K] ]
75 K/O o] g s :
- e G ;
71 = : g !
C7Se0 : : : E ) : :
857 ChemicalFormula:C4gHo7NO;Se || = !
- ExactMass:461.10 =5 | (& C :| |z 1
: o 3 £ |z i
MolecularWeight:460.40 3 RN BAHIR :
557 : ‘ : } INIIE :
§ LI o Fal J i -
B f . 2 s i .
45 -
1 E
3.5 i
S 5
25 .
[2C7SeO+H]"
] : 2
: -
15 : P
: . 1] o™
! 8- : s i
a =i © :
EE E ;?; E § j=] o~ R
] 2= T 2 3 K
08 o> . © o N
g e | Il 8 g o
0 . CL bbb bl ol I " L i i
T T

50 100 150 200 250 300 350 400 450_.5[)0.' 550 600 650 700 750 800 850 900 950 1000
Counts vs. Mass-to-Charge (m/z)

Figure S5. HR-MS of C7SeO.

S9



2.2 Enhanced hydrogen bonding in C7SeO compared to C7
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Figure §6. LCST of C7SeO and C7 (100 mM) in water. The red dots represent the heating process,

while the blue dots represent the cooling process.

The lower critical solution temperature (LCST) behavior can provide insights into hydration and
hydrogen bonding. Compounds that show a lower critical solution temperature (LCST) behavior in
an aqueous solution is soluble below LCST due to extensive hydrogen bonding interactions between
crown ether and surrounding water molecules. When water molecules are repelled from the crown
ring at elevated temperatures, hydrogen bonds between water and crown ether are broken resulting
in a positive change in enthalpy. In addition, entropy increases as water molecules are no longer
constrained. Hence, based on Gibbs free energy equation (AG = AH — TAS), phase transition from
clear (soluble) to turbid (insoluble) becomes spontaneous as the temperature gets above the
threshold value (LCST) due to so-called “hydrophobic effect”. The stronger hydrogen bond strength
is, the higher LCST is. [S13] Compared to C7, there is only slightly decrease in transmittance at
elevated temperature (even at 80 °C) in C7SeO aqueous solution, indicating stronger hydrogen

bonding strength between C7SeO and water molecules.
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2.3 DOSY NMR for C7SeO in aqueous solution states
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Figure §7. 2D DOSY spectrum (500 MHz, D,0, 293 K) of C7SeO (10.0 mM).
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Figure §8. 2D DOSY spectrum (500 MHz, D,0, 293 K) of C7 (10.0 mM).
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Compound D (x10'19 m2 s Ry (nm) T2 (s)
C7SeO 1.07 2.29 0.44
C7 4.10 0.60 3.11

Table S1. DOSY NMR and T2 measurements of C7SeO and C7 at 10 mM in D,O at 25 °C. The

hydrodynamic radii of the species were calculated according to the spherical approximation using

the Stokes-Einstein equation: D = kg-T/6zxnRy, where kg is the Boltzmann constant, 7 the absolute

temperature, 7 the viscosity and Ry the hydrodynamic radius of the species under investigation.

These results demonstrate that both of the two compounds not to from aggregates at 25 °C at 10

mM.

2.3 Concentration-dependent "H NMR of C7SeO
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Figure S9. "H NMR spectra (500 MHz, D,0, 298 K) of C7Se0. a) l mg mL!, b) 2 mgmL, ¢) 5
mg mL!, d) 10 mg mL!, e) 25 mg mL!, f) 50 mg mL"!, g) 100 mg mL"'. Zoomed-in region of

Figure S9, corresponding to the CH, groups adjacent to the selenoxide.



In concentration-dependent 'H NMR spectra in D,0, noticeable peak shifts and broadening effects
were observed at higher concentrations (> 25 mg mL!), indicating the aggregation of C7SeO into

polymeric structures.

2.4 Moisture absorption behavior of C7 and C7Se

_I6HA M, _I648

Figure S10. Moisture absorption behavior of C7.

/10940, /0938, /10938, /0339,

Figure S11. Moisture absorption behavior of C7Se.

From Figure S10 and S11, C7 and C7Se did not show obvious moisture absorption behavior in
ambient condition [25 °C, relative humidity (RH), 40%].

3. Confined water identification in supramolecular polymers

3.1 Dielectric Spectroscopy Evaluation of Complexed and Free Water Molecules
Broadband Dielectric Spectroscopy (BDS) offers a broad frequency range spanning in principle
from 103 Hz to 10'° Hz. Within this extensive dynamic range, it is possible to investigate molecular

fluctuations, charge transport mechanisms, and polarization effects at phase boundaries. This is
S13



particularly true for investigating systems containing water due to the high dipole moment of water.
Therefore, the behavior of water within supramolecular materials can be investigated by BDS. The
molecular dynamics of water within the current supramolecular system are predominantly governed
by its interactions with the materials themselves. Consequently, various states of water, such as
bulk-like water, bonded water, and confined water, can thus be discerned and characterized.
Furthermore, BDS will yield valuable insights into understanding the molecular mobility and the

charge transport phenomena of water containing systems in both the dry and the wet state.
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Figure S12. The real part of the complex conductivity versus frequency of a C7SeOs-H; adhesive

at the indicated temperatures.

The frequency dependence of the real part of the complex conductivity spectra of C7SeQs-H; shows
the typical conductivity-frequency behavior expected for semiconducting materials. [S14] The

observed plateau in the data corresponds to the DC conductivity ?D¢.. 9DC s estimated by fitting the

Jonscher equation to the data. [S15] The Jonscher equation reads

= 1 _—
o))

[of

S14



The exponent n has values between 0.5 and 1. f. is a characteristic frequency characterizing the

onset of the dispersion.
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Figure S13. Dielectric loss versus frequency of a C7SeQOs-H; adhesive at the indicated

temperatures.
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Figure S14. Dielectric loss versus frequency of C7SeOyo-H; and dry C7SeO at 208 K.

For both samples y processes and the o relaxation is observed. First, the absolute value of the
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dielectric loss is higher for C7SeQo-H,; compared to C7SeO. This is due to the higher dipole
moment of the homogeneously incorporated water molecules. Secondly, for C7SeQ0,(-H; the o
relaxation shifts to lower frequency compared to the dry material. This shift points to an increased

interaction due to hydrogen bonds between water and C7SeOQ.
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Figure S15. The frequency of a-relaxation versus temperature of C7SeQ;o-H; and dry C7SeO.

The a-relaxation is only clearly observed for the dry C7SeO and C7SeQOy-H;. For C7SeOs-H; it is

strongly overlaid by the conductivity contribution and the y-relaxation. The data for C7SeO and

C7Se0,y-H; are close together which suggests that the a-relaxation is related to C7SeO.
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Figure S16. The intensity of y-relaxation of C7SeO,-H, at 208 K.
From Figure S16, with the increase in the concentration of water, the intensity of the y relaxation is
approximately constant till the composition of 5:1. For higher concentration of water, the intensity

of the y relaxation increases strongly with the water content. Figure S16 displays two regimes in the

concentration dependence indicating two different states of water in the system.
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3.2 Flash-DSC measurement of C7SeO,-H; materials
We apply fast scanning calorimetry (Flash-DSC), which can provide a heating rate more than four

orders of magnitude higher than that of conventional DSC. This allows us to avoid the evaporation

of water.
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Figure S17. Flash DSC heat flow curves at heating rates ranging from 103 to 8*103 K/s for a) C7
and b) dry C7SeQ. The glass transition is observed for ¢) C7 and d) dry C7SeO at approximately

10 °C and 20 °C, respectively.
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Heating Rate Te(©)
(K/s) C7Se0,-H; | C7SeO;-H, | C7SeOs-H, | C7SeO;y-H; C7Se0
100 1.5 0.4 -17.1 -11.8 8.6
300 2.0 2.3 -12.7 -9.98 11.4
500 4.0 4.2 -10.1 -9.0 12.6
1000 6.4 6.2 -7.8 -6.9 16.8
2000 9.1 9.6 -4.3 -4.3 19,6
3000 11.6 10.9 -3.1 -2.72 20.7
4000 12.3 11.4 ) ) 21.1
5000 13.8 12.6 ) )
6000 14.0 i ) )
7000 14.9 i ) )

Table S2. Glass transition temperatures (T,) of C7SeO,-H, at different heating rates.
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Figure S18. The glass transition temperatures (Tg) at 100 K/s for the C7SeQ,-H; materials versus

the water contents.

The Vogel-Fulcher-Tammann (VFT) formula is an empirical equation to describe thermos-kinetic

data of glassy materials. [S17] For the heating rate {3 it is expressed as:

log p=1log B, -
T=To Bos i the heating rate reach infinite glass transition temperatures. Ty is the

so-called Vogel or ideal glass transition temperature. A is a fitting parameter which is related to an

apparent temperature dependent activation energy.
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3.3 TGA measurements of C7SeO,-H; adhesive materials.
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Figure S19. TGA measurements of C7SeO,-H; adhesive materials.

These TGA results demonstrate that C7SeO is stable at high temperature, and only starts to

decompose above 300 °C irrespective of the initial content of water.
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Weight ratio of Molar ratio of

Samples
C7SeO to water C7SeO to water
C7Se0,9:H; 10:1 1:2.5(0.39)
C7SeOs:H; 5:1 1:5(0.19)
C7Se05:H; 3:1 1:8.5(0.12)
C7Se0,:H; 2:1 1:12.8 (0.078)
C7SeO;:H; 1:1 1:25.6 (0.039)

Table S3. The weight ratio and molar ratio of C7SeO,-H;. The numbers in parentheses indicate the

molar fraction of C7SeO to water.
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Figure S$20. Segmented TG of C7SeO,-H; (n = 10, 5) adhesive materials.

From the segmented TG of C7SeQO,-H; (n = 10, 5) adhesive materials, there are two stages in the

desorption process of water. The water fraction that desorbs below 60 °C is labelled type-I, and
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those requiring heating between 60—180 °C, type-11. Type-I water desorbs readily into dry nitrogen
upon heating and is partially lost during the TG setup. Type-II water desorbs into nominally ‘dry’
nitrogen only at elevated temperatures. Type-II water has stronger bonding than Type-I water. [S18]
In Figure S20, n,, is the mole ratio of desorbed water molecules in this stage to all the crown ether
molecules in the sample, which indicates the degree of hydration. The calculation of Type-I water

of C7Se0y-H; was used as an example:

Myater 1

= MWoater _ 100 x 18.00 028
w Me75e0(total) 10 '

MW ¢7500 (10 + 1) x 460.3850

Both the C7SeO,¢-H; and C7SeOs-H; samples show the very similar pattern as the temperature
increases. As shown in Figure S20, two stages exist in both samples, type I ny, type Il ny. The main
difference is the amount of bound water, C7SeQs-H; showed higher type II ny, which was roughly
doubles compared to C7SeO;p-H; under the same heating condition. This value is in accordance

with the theoretical amount of water should have in C7SeOs-H; and C7SeO(-H;.
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3.4 IR spectroscopy of C7SeO,-H; materials
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Figure S21. Full ATR-IR spectra of dry C7SeO, C7Se0,-H; and C7SeQ(-D;.

From Figure S21, compared to dry C7SeO, the selenoxide stretching peaks almost disappeared in

the spectra of C7SeOp-H; due to the strong hydrogen bond between selenoxide and water

molecules.
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Figure S$22. Fitting example of ATR-IR spectra in the region of 2600-3800 cm! of dry C7SeO.

The OH stretching band was modelled with four Gaussian functions.
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Figure 823. Fitting example of ATR-IR spectra in the region of 2300-3800 cm! of C7SeQ4-D;.

The OH stretching band was modelled with five Gaussian functions.
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Figure $24. Fitting example of ATR-IR spectra in the region of 2600-3800 cm™! of C7SeO;-H;.
The OH stretching band was modelled with four Gaussian functions, which is similar to the

assignments of five-Gaussian components of OH stretching in bulk water [S19].

3.5 All-atom molecular dynamics (MD) simulations of C7SeO,-H; materials

a) (HZO)" Ncluster b)
"Gse.ow

1 > 10y CNge.ow 110
2 10 Inow
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Figure §25. a) The system in Figure 4a contained a large water ball (~888 water molecules), 56
water monomers, 10 water dimers, 3 water trimers, 2 water tetramer, 1 water pentamer, 1 water
hexamer, 1 water heptamer and 1 water octamer. b) gs..ow and gn.ow, and corresponding CNs._ow

and CNy.ow, respectively.
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Figure $26. a) Snapshot from (MD) simulations of the C7SeQ1(-H; materials at 270 K. b) gose.nw
and corresponding CNose.nw- €) ose.ow and gog.ow, and corresponding CNose.ow and CNog.ow. (d)

Zse-ow and gn.ow, and corresponding CNg. ow and CNy.ow, respectively.

Similar to the C7SeQ(-H; system at 240 K, when the temperature increased to 270 K, the system
contained a large water ball (~836 water molecules), 61 water monomers, 12 water dimers, 7 water
trimers, 4 water tetramer, 1 water pentamer, 1 water hexamer, and 2 water heptamer (Figure S26a).
The SeO-water hydrogen bond was ~1.80 A, and each selenoxide group could form ~1.2 hydrogen
bonds with water molecules (Figure S26b). The nearest distance between O atom in selenoxide
group and O atom in water molecules was also 2.76 A (Figure S26¢). However, the number of water
molecules around ether groups and cyano groups was only 0.1 and 0.2, respectively, which
suggested that there were nearly no water molecules around ether groups and cyano groups (Figure

S26 ¢ and d).
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Figure §27. Optimized structure and estimated hydrogen bond strength of C7SeO-H,O complex

with O atom of a) selenoxide group, b-d) ether group and e) cyano group acting as the hydrogen

bond acceptor. f) water dimer. All structures are optimized at B3LYP/6-311++G(d,p) level with

DFT-D3 correction.
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4. Low temperature adhesives of C7SeO,-H; materials

a) 20°C -20°C -30°C -80°C-196°C b) 10:1 5:1 3:1 2:1

Figure $28. Macroscopic view of C7SeO,-H; (n= 10, 5, 3, 2) a) at different sub-zero and extremely

low temperatures; b) rewarmed to room temperature.

As shown in Figure S28a, C7SeQ;,—H, is tolerant to low temperatures. There are no cracks in the
sample until the temperature decrease to -20 °C, only fewer cracks were observed in the low
temperature range (from -30 to -80 °C), indicating that C7SeO,,—H; is flexible enough at low
temperatures. Bulk cracks appeared when cooled in liquid nitrogen, which also significantly
depressed the adhesion performance of C7SeQ;,—H; after immersed in liquid nitrogen (Figure 5c).
Meanwhile, it is obvious that the low-temperature resistance of the C7SeO—water copolymer is
closely related to its water content. High-water-content C7SeQ,—H,; samples became turbid solids
at low temperatures. Carefully analyzing the turbid solids demonstrated that the water in these
samples turned to ice. [S20] These differences are ascribed to the different functions of water
molecules: in high-water-content C7SeOQ,—H; samples, water is used to solvate C7SeO molecules;
hence, there are no polymeric supramolecular structures, and these samples behave more like bulk
water than viscous supramolecular polymers. However, in C7SeQ,o—H; sample, water molecules
play a role of “confined water”, which are tightly bonded to C7SeO molecules. These results are
consistent with BDS measurements.

When C7Se0,—H, samples were warmed to room temperature, C7SeO;o—H; returned to its original
state completely, indicating that the C7SeO molecules remain firmly bonding with water molecules

as inseparable units in the polymeric structure during the cooling-warming process, preventing the
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aggregation/crystallization of water and the structural destruction of the polymeric structure.

However, the other samples (n = 5, 3, 2) showed varying degrees of structural destruction.

Figure $29. Macroscopic view of C7,-H, (n = 10, 5) at room temperature.

As shown in Figure S29, C7,-H; samples are transparent and viscous glue-like material with low

viscosity.
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Figure S30. SEM images of C7SeO,y-H; at 25 °C.

No detailed structures, such as fibers and three-dimensional networks, were found in the C7SeO,-
H; sample, indicating that the morphology properties of confined water polymeric adhesives and

supramolecular polymer gels are different.
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0°C -10°C -20°C -30°C -40°C
Figure S31. Macroscopic adhesive tests of C7SeQ,-H; on glass (25 mm x 20 mm) at different

temperatures. The weight of the Farmar is 100 g.

0 day 10 day 20 day 50 day

Figure S32. Time-dependent adhesion performance of C7SeO;¢-H; on steel at -40 °C. In this
experiment, a refrigerator was used to maintain a constant low temperature, and a 6 kg dumbbell

was utilized.

The C7Se0(-H; adhesion exhibit good low-temperature resistant and long-term stability at low

temperature.
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o
NC\C[O(\ O;Bezo
o s’ 2.36 40

C7Se0,y-H; (this work)

Table S4. The comparison of C7Se0,p-H; with reported supramolecular adhesives [S21] in lap

shear strengths at low temperature.
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