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ABSTRACT  

Polymeric coatings that show tunable mechanical strength, healing ability of mechanical 

damages and proper liquid repellency will be promising in various areas across life and industry. 

However, the exploitation of such coating materials is largely limited by the molecular design. In 

this work, polymeric coatings with ion-controlled mechanics and coloration, damage-healing and 

oil-sliding properties have been demonstrated based on a supramolecular design of dual-

crosslinked polysiloxanes. The coating color and mechanical properties can be adjusted by 

coordinative metal ions with various metal-ligand binding abilities. Dense and dynamic 

hydrogen bonds and coordination bonds lead to the readily healing ability and high durability of 

the coating. The extreme smoothness of the flat silicone coating facilitates not only the sliding of 

impinging oil but also the restoration of topological integrity from mechanical damages. The 

coating can be selectively patterned and applied to large-scale substrates by diverse coating 

operations, making it feasible for versatile applications. 
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Introduction  

Polymeric coatings harnessing optical and mechanical tunability,1, 2 damage self-repairing,3 

reliable liquid-repellency,4, 5 and high bonding capacity to diverse surfaces6, 7 would have great 

technical implications from buildings and automobiles to flexible electronics,8 soft robotics,9 and 

medical devices.10-13 Although individual features have been realized in various materials, a more 

general coating material that could integrate all of them without compromising other 

functionalities is yet to be developed. Technical hindrances come from the diverse and disparate 

requirements on mechanical and chemical properties of the coating material - these factors 

governing overall performance of the coating are interrelated. For example, oil-repellent coatings 

are usually made from fluorinated molecules with sophisticated microstructures, but the low-

surface-energy molecules also lower the substrate adhesion, and the increased surface roughness 

can compromise the transparency and make the coating less tolerant to mechanical damages.14, 15 

While damage-healable coatings based on dynamic polymer networks can recover from 

mechanical damages, they show confined oil-repellency and robustness due to the molecular 

design.3 Moreover, the addition of pigments for coating coloration could weaken the coating 

performance such as mechanical strength and substrate adhesion. In order to maximize the 

coating performance and simplify the downstream manufacturing process, a comprehensive 

consideration on the molecular structure of the coating material is highly desired. 

Silicone-based polymers containing polydimethylsiloxane (PDMS) backbones are usually 

characteristic for water proof, chemical resistance and biocompatibility.16, 17 Traditional silicone 

materials cannot repel organic liquids, and they are lack of capabilities of recycling, damage 

repairing and re-processing as crosslinked by irreversible covalent bonds.18 By directly grafting 
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silicone brushes onto flat substrates, the flexible “liquid-like” PDMS chains have been reported 

to enable exceptional oil sliding/dewetting properties.19-22 In addition, with supramolecular 

chemistry to regulate mechanical integrity via reversible crosslinks such as dynamic covalent 

bonds,23-25 hydrogen bonding26, 27 and metal-ligand coordination,28, 29 silicone-based 

supramolecular materials have emerged with unique features including intrinsic healing, 

malleability and recyclability.30-37 Regarding to coating applications of these supramolecular 

polysiloxanes, however, their mechanical and color tunabilities remain elusive, and their bonding 

capacity on various substrates has not been well accommodated. Moreover, the effect of 

incorporated chemical motifs that provide dynamic bonding on liquid-repellency is ambiguous. 

Such trade-offs make their application as advanced coatings, particularly oil-repellent coating in 

diverse situations elusive. 

Herein, we present a new kind of polymeric coating – supramolecular silicone coating 

composed of dual-crosslinked supramolecular polysiloxanes with ion-controlled mechanics and 

coloration, damage-healing and oil-sliding capabilities. The crosslink density of the 

supramolecular polysiloxanes that contain hydrogen bonding of ureido units and metal-catechol 

complexes can be properly regulated by tuning either the feed ratio of monomers or the chain 

length of PDMS backbone in the siloxane monomer. Through routine coating operations (e.g. 

cast, brush, spin, spray and dip) the coating can be applied to various substrates and show high 

substrate adhesion after cure. The mechanical strength and color of the coating are tunable as 

controlled by coordinative metal ions. This polymeric coating is thermally healable of surface 

defects caused by mechanical damages. Moreover, the coating shows easy oil-sliding abilities 

and the oil-repellency is recoverable from mechanical damages due to the synergy of topological 
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smoothness and dynamic non-covalent bonds, thereby presumably advancing its application in 

various fields such as soft robotics, flexible electronics and medical devices.  

Results and discussion 

Linear silicone copolymers (denoted PDMS-CatN, N=1, 2 and 3) comprising PDMS backbones, 

ureido units and terminal catechol motifs were designed and synthesized as the ligand polymer 

(Figure 1a and Table 1), which then coordinated with various metal ions to fabricate 

supramolecular polysiloxanes (termed PDMS-CatN-M, M symbolizing metal ions, Figure 1b). 

Bis-aminopropyl-terminated polysiloxanes with specific chain length of PDMS backbone were 

chosen as the monomer. The inherent flexibility of PDMS backbone would promote the motion 

of polymer chain for material healing, and the “liquid-like” feature of the hanging PDMS chains 

at the polymer surface will be responsible for oil sliding.22, 38 Isophorone diisocyanate (IPDI) was 

selected as the chain extender because isocyanate groups can readily react with the amino group 

at room temperature or even 0°C to form ureido units for providing the polymer with inter/intra-

molecular hydrogen bonding. Meanwhile, IPDI could also inhibit crystallization for higher chain 

mobility due to its steric hindrance effect.39 Terminal catechol motifs perform as ligand to 

coordinate with metal ions for a secondary crosslinking and thus the ion-controlled mechanical 

strength and functions of the polymer.40, 41 Moreover, all the raw materials are in industrial grade 

and easily available; it is promising for mass preparation of the supramolecular polysiloxanes. 

The supramolecular polysiloxanes were then thinned by acetone and coated onto substrates by 

general coating operations (e.g. cast, brush, spin, spray and dip) for manufacture of the 

supramolecular silicone coating (Figure 1b). As an example, Zn(II) ion was chosen as a typical 

metal ion to coordinate with PDMS-Cat1 polymer and obtain the supramolecular silicone coating 
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PDMS-Cat1-Zn for general characterizations. The structures of synthesized polymers were 

confirmed by 1H NMR and Fourier-transform infrared (FT-IR) spectroscopy (Figure S1 and S2). 

The PDMS-Cat1-Zn coating is transparent and amorphous according to the result of UV-vis 

spectroscopy and X-ray diffraction (XRD), respectively (Figure S3). The coating is hydrophobic 

with the water contact angle of 100°, which is consistent with traditional PDMS materials 

(Figure S4). Differential scanning calorimetric (DSC) curves present the glass transition 

temperature (Tg) of polymers and thermogravimetric analysis (TGA) shows that the polymer is 

stable below 200°C (Figure S5). 

The mechanical properties of the supramolecular silicone coating have been revealed by 

rheological test and nanoindentation. To optimize the mechanical performance, the crosslink 

density of PDMS-CatN-Zn coatings was varied by tuning either the feed ratio of monomers or 

the molecular weight of PDMS (MWPDMS, Table 1). The rheological results show that the ligand 

polymers present a viscoelastic liquid property (Figure 2a). After incorporating metal ions, the 

storage modulus increases exponentially (Figure 2b), which provide evidence for the formation 

of coordination bonds and solidification of the coating. Moreover, nanoindentation results agree 

well with the rheological results that coating with higher crosslink density shows improved 

mechanical strength (Figure S6 and Table 2). Rheological temperature sweep illustrates that the 

structure of PDMS-CatN-Zn coatings changes around 70°C (Figure 2c), under which the 

polymer chains are highly mobile and it is favorable for thermal healing of material.32 Besides, as 

the polymer chain elongated by increasing MWPDMS to 3000, both the PDMS-CatN and PDMS-

CatN-Zn polymers exhibit much poorer mechanical properties due to the increasing polymer 

softness and lowering crosslink density (Figure S7). Overall, a higher crosslink density of the 

supramolecular polysiloxanes can lead to higher and preferable mechanical robustness of the 
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silicone coating. Therefore, PDMS-Cat1-M coatings were selected as the optimum samples to 

perform subsequent studies due to their mechanical performance. 

Mechanics and color of the supramolecular silicone coating can be controlled by coordinative 

metal ions. With Zn(II), Ca(II), Co(II) and Fe(III) ions as demonstration, the as-prepared PDMS-

Cat1-M coating with higher binding constant of metal-catechol complexes and multidentate 

coordination mode shows improved mechanical strength and stiffness. For example, the PDMS-

Cat1-Fe shows the highest Young’s modulus and stiffness at 190.3 MPa and 16.4 MPa 

(nanoindentation, Figure 2e and Table 2), respectively, storage modulus at 29.8 MPa (rheology, 

Figure 2d) and tensile modulus at 34.5 MPa (Figure S8).42 In addition, tensile tests reveal that 

PDMS-Cat1-M coatings disclose high shear strength on various substrates, such as glass and 

aluminum (Figure 2f). This should be ascribed to the formation of hydrogen bonds or 

coordination bonds between the coating and substrates (Figure 1b).6 Moreover, the PDMS-Cat1-

M coatings exhibit distinct colors and transparency (Figure 2g and S9). By taking the advantage 

of tunable colors, the silicone coating is simply patternable which has been presented by a QR 

code (Figure 2h and 2i). 

Damage-healing ability is the key for mechanical integrity and durability of the 

supramolecular silicone coating. As observed from the surface morphologies in Figure 3a, the 

coating unveils good thermal-healing property after cut by a razor blade, in which the default 

relative humidity (RH) for healing process is 55%. The 3D topographic images from surface 

profiler further confirm the appreciated healing ability of PDMS-Cat1-Zn coating (Figure 3b). 

Moreover, the coating can be healed and recovered from large-area cross-cuts efficiently (Figure 

3c). A higher temperature capable of accelerating the healing process is consistent with the 

enhanced chain mobility of the polymers (Figure 3d). Coatings with lower crosslink densities 
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could demonstrate better healing performance due to their softness and higher polymer chain 

mobility (Table S1). Attenuated total reflectance infrared (ATR-IR) spectra were characterized to 

investigate the surface chemistry of the silicone coating. Virtually no change of absorbance 

peaks of the PDMS backbone, ureido units, and hydroxyl groups suggests that the damage-

healing process would not affect the surface chemistry (Figure S10). Meanwhile, atomic force 

microscope (AFM) scanning proves that the surface smoothness and homogeneity at cut region 

remain the same as pristine after the coating healed (Figure 3e and S11). The AFM phase images 

also show that the silicone coating is slightly phase separated no matter before or after healing. 

Therefore, the flat coating can completely heal topological defects with its surface chemistry 

unaffected. The healing process is assumed that upon heating the polymer chain mobility will 

increase significantly and it leads to softening and a possible phase transition of the material 

(Figure 2d). As a result, the polymer chains will move to the damaged area to repair the defects 

of the coating.32 

Oil-sliding properties of the supramolecular silicone coating were evaluated by contact angle 

hysteresis (CAH) of oil drops. By employing hexadecane as a probe oil, the PDMS-Cat1-M 

coatings show an easy oil-sliding property (Figure 4a), which should be contributed by the 

surface smoothness (Figure S12) and “liquid-like” PDMS chains in the coating surface.19, 22, 38 

Specifically, oil droplets slide more readily on the coating with higher crosslink density, 

suggesting that a suitable molecular configuration is essential for optimization of the oil-

repellency of the supramolecular silicone coating (Figure S13).38 The oil-sliding ability of the 

PDMS-Cat1-Zn coating were further demonstrated by other non-polar alkyl and edible oils, all of 

which show a low CAH (Figure 4b). Moreover, the coating possesses restorable oil 

sliding/dewetting properties. As shown in Figure 4c (taken from Movie 1), the hexadecane drop 
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would be pinned at the cut region when the coating is damaged and can slide as original after the 

coating healed. Such process is repeatable for multiple cycles (Figure 4d), demonstrating the 

good reliability and durable oil-repellency of the coating. The supramolecular silicone coating 

can also be applied to large-scale or shaped substrates via simple brush painting or dip coating 

(Figure 4e). For example, a watch glass and quartz tube coated with the PDMS-Cat1-Zn polymer 

present readily oil sliding/dewetting properties (Figure 4f and 4g, taken from Movie 2). 

However, the coating cannot repel polar organic liquids as the supramolecular polysiloxanes can 

be swollen or even dissolved by these liquids (Table S2). This is because either the hydrogen 

bonds or the coordination bonds are usually vulnerable to polar liquids, and PDMS backbones 

are severely solvated by certain solvents which also facilitate the rupture of the non-covalent 

crosslinks.33, 38 

Conclusion 

In summary, we have reported a supramolecular silicone coating featuring ion-controlled 

mechanics and coloration, proper damage-healing and oil-repellency via dual-crosslinked 

supramolecular polysiloxanes. The coating can be readily applied onto various substrates with 

high binding strength due to the formation of non-covalent crosslinks between polymer and 

substrates. Alteration of coordinative metal ions led to tunable color and mechanics of the 

coating with potential in surface patterning. The coating can repeatedly heal from mechanical 

damages due to dense and dynamic bonds in the polymer network. Moreover, homogeneously 

distributed siloxane motifs on the extremely smooth surface contribute to the oil 

sliding/dewetting abilities of the silicone coating. With the recovery of surface damage, the 

coating can also retrieve oil-sliding ability due to the cooperative effects of dynamic non-
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covalent bonds and extreme smoothness. All the raw materials are in industrial-grade with low 

cost, making the coating feasible for large-scale manufacture. 

Compared to polymers with singular crosslinks, the dual-crosslinked supramolecular 

polysiloxanes reported here exhibit broad potential for material mechanics and multifunctionality 

via regulating the molecular configuration and multiscale bonding. The mechanical strength of 

the polymers can be reinforced by shortening the chain length of PDMS monomers, fabricating 

multi-arm oligomers34 and introducing abundant coordination bonds32 to increase network 

crosslink densities, or adopting metal ions with high binding energy to ligands. In addition, the 

multifunctionality can be realized by incorporating different functional metal ions such as copper 

and titanium or substituting the polymer backbones in the dual-crosslinking system. This work 

delivers a potent tactic for mastering supramolecular coating materials with adjustable mechanics 

and functionalities. Aside from its prospect in protective coatings, we envision that this 

supramolecular silicone coating is also promising in various fields involving antimicrobial, 

catalysis, and biomedical applications. 

Materials and Methods 

Materials. Bis-aminopropyl-terminated polydimethylsiloxane (PDMS, Mn=870 and 3000) was 

purchased from Gelest, Inc. Edible oils (olive oil, canola oil, rice bran oil and grape seed oil) 

were available commercially. Dopamine hydrochloride (DOPA), isophorone diisocyanate (IPDI) 

and other chemicals and solvents were purchased from Sigma-Aldrich. All the chemicals were 

used as received. The substrate materials were treated by ultrasonic washing in ethanol before 

use. 
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Synthesis of PDMS-CatN polymer. The catechol-terminated PDMS-CatN polymers fabricated 

from two different molecular weights of PDMS (870 Da and 3000 Da) were prepared by one-

step copolymerization. Typically, PDMS (5 mmol) and DOPA with different molar ratios (Table 

1) was first dissolved in 35 mL dichloromethane and 7.5 mL dimethylformamide, respectively. 

Then the PDMS-dichloromethane and DOPA-dimethylformamide solutions were purged by N2 

for 10 min and then mixed in a 100 mL flask equipped with a magnetic stirrer. Subsequently, 

IPDI with a certain amount as shown in Table 1 was dissolved in dimethylformamide (7.5 mL) 

and added into the reaction flask dropwise at a stirring rate of 500 r/min under 0°C. The reaction 

was persistently protected by N2 and reacted under 0°C for 4 hours. After the reaction finished, 

the reaction system backed to room temperature and then dichloromethane was removed via 

vacuum rotary evaporation (IKA RV10 digital rotary evaporator). Product was obtained by 

decantation of dimethylformamide as the polymers would precipitate during the removal of 

dichloromethane. The product was washed by deionized water under ultrasonic three times to 

remove residual dimethylformamide and dissolved in diethyl ether to separate deionized water. 

The diethyl ether phase containing product was collected and dried in a vacuum oven for 2 days 

at room temperature to obtain light yellow adhesive product (yield 85%). 1H NMR (500 MHz, 

CDCl3, δ): 7.47 (s, 1H, HO-C-CH), 7.05 (s, 1H, HO-C-CH=CH-C), 5.42–5.25 (m, 2H, HO-C=C-

OH), 3.84–3.65 (m, 12H, NH-CH2-CH2-CH2-Si, NH-CH2-CH2-C), 1.94–1.76 (m, 12H, NH-CH-

CH2-C(CH3)2-CH2), 1.56 (s, 14H, NH-CH2-CH2-CH2-Si), 1.26 (s, 11H, CH2-C(CH3)2-CH2-

C(CH3)-CH2), 0.96–0.73 (m, 7H, NH-CH2-CH2-CH2-Si), 0.10–0.03 (m, 28H, CH3-Si). 

Synthesis of PDMS-CatN-M polymer. Chelated PDMS-CatN-Zn polymers were prepared by 

coordination of PDMS-CatN polymers and Zn(II) ions with the addition of triethylamine in 

tetrahydrofuran. In a normal process, 2 g PDMS-CatN polymers were first dissolved in 10 mL 
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tetrahydrofuran, followed by addition of ZnCl2 solution (10 mg mL-1, ethanol as solvent) 

dropwise under stirring. The addition amount of ZnCl2 was determined by the molar content of 

catechol motifs in the PDMS-CatN polymers, where the molar ratio of ZnCl2 to catechol motifs 

is 1:2. Then, 0.1 mL triethylamine was added into the solution. The reaction continued for 4 

hours at room temperature under stirring at 500 r/min and the solid product was obtained after 

solvent fully evaporated in the vacuum oven at room temperature for 2 days. For the preparation 

of PDMS-Cat1-Ca, PDMS-Cat1-Co and PDMS-Cat1-Fe polymers, the employed metal salt is 

CaCl2, Co(NO3)2 and FeCl3, respectively, and the procedures were similar to above except the 

molar ratio of FeCl3 to catechol motifs is 1:3. 

Preparation of supramolecular silicone coating. Coordinated PDMS-CatN-M polymers were 

thinned using acetone in a range of concentrations from 20 ~ 200 mg mL-1, adapting for different 

coating operations. Then, the PDMS-CatN-M coatings were applied onto various substrates and 

the supramolecular silicone coating was obtained after curing in room temperature without 

airflow. 

Swelling experiment. The bulk PDMS-Cat1-Zn polymer (0.1 g) was immersed in 10 mL 

solvents (listed in Table S1) for 24 hours at room temperature. Often the solvents cause the 

polymer material to dissolve or swell. The swollen polymer without drying was weighed to 

calculate the swelling ratio by equation (1): 

Swelling ratio =
mswollen−mdry

mdry
× 100     (1) 

where mswollen is the mass of the polymer after immersion in solvents and mdry is the mass of the 

original dry polymer. 
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Surface patterning. Ascribed to the exchange of dynamic coordination bonds, the PDMS-Cat1-

Zn coating can be patterned by printing other metal ions onto the surface. As an example, a black 

iron-coordinated QR code pattern was printed on the PDMS-Cat1-Zn coating. For details, a QR 

code engraved stamper (available commercially) was first dipped in FeCl3 ethanol solution (10 

mM) to wet the bottom of stamper, thereafter the stamper was lightly pressed on preprepared 

PDMS-Cat1-Zn coating for several seconds. The printed coating was then immersed in 

triethylamine aqueous solution (50 mM) for 10 mimutes and washed with deionized water three 

times. A black QR code pattern was obtained after drying the coating in an oven at 60°C.43 

Characterization. 1H NMR spectrum was recorded on a Bruker DRX 500 NMR spectrometer in 

CDCl3 at room temperature (20˚C), chemical shifts are reported in ppm relative to 

tetramethylsilane as an internal standard. Analytical gel permeation chromatography (GPC) were 

performed on a Waters 5510 GPC with THF as the mobile phase. Fourier-transform infrared 

(FT-IR) spectra were tested by a FT-IR spectrometer (Perkin Elmer Spectrum 100). Attenuated 

total reflectance infrared (ATR-IR) spectra were also recorded on Perkin Elmer Spectrum 100 

equipped with an ATR accessory. The atomic force microscope (AFM) images were observed on 

Bruker Dimension Icon in the PeakForce tapping mode. Optical surface profiler images were 

detected on a Wyko NT9300 3D surface profiler. Optical transmittance spectra were 

characterized using a fiber optic spectrometer (USB4000, Ocean Optics). The thermogravimetric 

analysis (TGA) was performed on TA Q600 differential thermal analyzer. The differential 

scanning calorimetric (DSC) curves are recorded on TA DSC25. X-ray diffraction (XRD) curve 

was recorded by a Bruker D2 Phaser diffractometer. The coating thickness and the 

damaged/healed coating surface were observed by an upright optical microscope (Nikon Eclipse 
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Ni-U). The other optical images and videos were taken by a SLR camera (Nikon D5500). 

Contact angles were measured on an OCA 20 system (Data Physics) under ambient conditions. 

Mechanical test. The rheological measurements were performed on a rotational rheometer 

(Malvern Kinexus Lab+) with a circular 20 mm specimen stage. The samples with thickness ca. 

0.5 mm were prepared by a PTFE mould. For frequency sweep, the temperature and strain was 

set as 25°C and 0.1%, respectively. For temperature weep, the frequency and strain was set as 1 

Hz and 0.1%, respectively. Nanoindentation tests were performed on a Hysitron UBi1 

Nanoindenter, in a displacement-controlled mode. Shear strength tests were performed on 

Instron 5566 to acquire the break stress, where the two substrates were adhered by the PDMS-

Cat1-M polymers and in a vertical direction. Tensile tests were also conducted on Instron 5566. 

The strain rate for both shear test and tensile test was 10 mm/min. 
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Figure 1. Design and fabrication of the supramolecular silicone coating. a) Synthesis of the 

ligand polymers PDMS-CatN. b) Fabrication of the dual-crosslinked supramolecular 

polysiloxanes and supramolecular silicone coating. 
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Figure 2. Ion-controlled mechanics and coloration. Rheological frequency sweep of a) PDMS-

CatN and b) PDMS-CatN-Zn polymers. Rheological temperature sweep of c) PDMS-CatN-Zn 

and d) PDMS-Cat1-M polymers. MWPDMS=870. e) Nanoindentation load-displacement curves of 

the PDMS-Cat1-M coatings. f) Tensile shear strength of PDMS-Cat1-M coatings on glass and 

aluminum surfaces. g) Optical images of four PDMS-Cat1-M coatings. Scale: 2.5 cm × 2.5 cm. 

h) Diagram of patterning the silicone coating by printing metal ion solutions. i) QR code was 

encoded on PDMS-Cat1-Zn coating by printing iron ion. Scale bar is 1 cm. The QR code was 

scanned and decoded using a barcode-reading application (CortexScan) on a smartphone. 
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Figure 3. Damage-healing property. a) Microscopic images of the PDMS-Cat1-Zn coating cut 

by a razor blade before (left) and after (right) healing. b) Optical surface profiler 3D images of 

damaged and healed PDMS-Cat1-Zn coating. The healing condition is at 80°C/RH 55% for 3 h. 

c) The supramolecular silicone coating heals cross-cut damages. d) The relationship between 

healing temperature and time of PDMS-Cat1-Zn coating. e) AFM topographic images (top) and 

phase images (bottom) of healed PDMS-Cat1-Zn coating after one and four damage-healing 

cycles. 
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Figure 4. Oil-sliding capability. a) Sliding property of hexadecane droplets on PDMS-Cat1-M 

coatings. CAH is the difference between advancing contact angle (θAdv) and receding contact 

angle (θRec). b) Oil-sliding property of PDMS-Cat1-Zn coating toward alkyl and edible oils with 

different surface tensions (labelled under oils). c) Hexadecane droplet (10 µL, oil red dyed) was 

pinned at the cut region and slid freely after coating healed at 80°C for 3 h. Tilt angle ~10°. d) 

Durable oil-sliding ability of the silicone coating for multiple damage-healing cycles. e) The 

supramolecular silicone coating can be applied to large-scale and shaped substrates via brush 
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painting or dip coating, and show repellency to hexadecane, presented on f) a watch glass (d=10 

cm) and g) a quartz tube (d=5 mm, L=80 mm) as examples. 

 

Table 1. The feed amount of monomers and molecular weight of PDMS-CatN polymers 

(MWPDMS=870). For tuning the crosslink density of polymers, another MWPDMS of 3000 was used. 

PDMS-

Cat 

Feed of 

DOPA 

(mmol) 

Feed of 

IPDI (mmol) 

Feed of 

PDMS 

(mmol) 

Mn
a Đa 

Units of 

ureidob 

Units of 

catechol 

1 1 5.5 5 4450 1.17 6 2 

2 0.5 5.25 5 8387 1.18 9 2 

3 0.25 5.125 5 20640 1.26 20 2 

a Given by gel permeation chromatography (GPC); b Calculated by Mn. 

 

Table 2. The analysis information of nanoindentation curves. 

Sample Modulus (MPa) Hardness (MPa) 

PDMS-Cat1-Zn 172.0 10.7 

PDMS-Cat2-Zn 136.7 7.0 

PDMS-Cat3-Zn 90.2 4.5 

PDMS-Cat1-Ca 162.5 12.4 

PDMS-Cat1-Co 166.9 13.1 

PDMS-Cat1-Fe 190.3 16.4 
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