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The use of a surfactant derived from the degradation of natural rubber gloves via cross-

metathesis with methyl acrylate and subsequent saponification of the ester group for the 

stabilization of water in dicyclopentadiene high internal phase emulsions is described. The 

versatility of the resulting high internal phase emulsion was demonstrated by polymerizing the 

continuous dicyclopentadiene phase via Ring-opening Metathesis Polymerization yielding 

macroporous poly(dicyclopentadiene) foams with a porosity of 82 %. The use of the ionic 

surfactant allows for the preparation of foams, which are resistant to absorb water. This property 

was hitherto not accessible with protocols involving the use of non-ionic surfactants commonly 

employed in emulsion templating of polymers.  
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Introduction  

Natural rubber (NR) is an agricultural product produced in about 13.3 million metric tons per 

year (numbers from 2017).[1] NR is used as feedstock in e.g. chemical, transportation or medical 

industries for the production of thermosetting materials, which are typically incinerated at the 

end of their utilization period. In the last years, efforts to reclaiming[2,3] and to chemically 

recycle NR based products emerged as a potentially more sustainable use of the resource.[4,5] In 

particular, Cross Metathesis (CM) based methods are considered a promising way for 

converting NR waste into feedstock for the chemical industry.[6,7] Various protocols for 

obtaining chain-end functionalized oligomeric 1,4-cis-isoprenes from NR and in further course 

also from (vulcanized) NR based products were disclosed in the past.[8,9,10,11,12,13] We 

contributed to these endeavors by demonstrating the potential of electron deficient olefins, 

namely acrylates, as CM-partners in the degradation of NR based goods. The reaction allows 

for the preparation of oligomers containing α,β-unsaturated ester moieties as one end-group, 

which was used for a subsequent [4+2] cycloaddition with cyclopentadiene. Ring-opening 

metathesis polymerization (ROMP) of the resulting norbornene bearing oligomers finally 

yielded polymers with similar thermal characteristics as natural rubber (Fig. 1).[14] Based on 

these results, we herein strive for exploring further applications of semi-telechelic oligomeric 

1,4-cis-isoprenes containing α,β-unsaturated ester end-groups. Specifically, we aim at 

saponification of the ester group. We hypothesized that amphiphilic molecules with a low 

hydrophilic-lipophilic balance (HLB) suited for stabilization of high internal phase emulsions 

(HIPEs) might be accessible by this approach.  

 

 

Figure 1. Previous work on natural rubber degradation and the basic idea for the research 

presented here. The space-fill model shows a saponified oligomer with m = 9 featuring a HLB 

of approx. 6 (as the sodium salt, calculated according of Davies[15]) 
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HIPEs are usually stabilized by non-ionic surfactants and can be used to prepare macroporous 

polymer foams by curing the continuous phase consisting of monomers.[16,17] Such porous 

materials are often named polymerized HIPEs, abbreviated as poly(HIPE)s. Typically, 

materials with open-porous highly interconnected architectures are obtained, which find 

applications in many different fields.[16,17] polyHIPEs are prepared by many polymerization 

techniques but above all (free) radical polymerization of styrenes or electron deficient olefins 

is used.[16] One of the more exotic polymerization techniques for curing HIPEs, first introduced 

by Deleuze et al.,[18,19] is ROMP. ROMP became an important technique, because it enables the 

preparation of polyHIPEs from cheap and readily available dicyclopentadiene (DCPD), which 

exhibit unique and favorable mechanical properties usually not associated with this class of 

porous materials.[20] pDCPD based foams combine high strength with high toughness.[21,22,23,24] 

In other words, the porous materials are stiff and ductile at the same time (the Young's modulus 

of a foam with 80% porosity is about 116  MPa, the modulus of toughness is around 

600 kJ/m3).[25] Moreover, the high unsaturation of the polymer scaffold allows for a huge variety 

of chemistries suited for post-polymerization functionalization of pDCPD foams.[21,26,27,28,29,30] 

The combination of these two features led to the use of emulsion templated pDCPD foams as 

separators in Li-ion batteries,[31] as templates for making porous oxides,[32,33] for making 

composite materials[32,33,34,35,36,37] and carbon foams,[38] for stabilization of enzymes[39] or for 

detoxification of nerve gases.[28] All these HIPE templated pDCPD foams were prepared with 

the aid of non-ionic surfactants. Herein we wish to evaluate the principal feasibility of preparing 

HIPE templated pDCPD foams with an anionic surfactant. 

 

Results and Discussion  

Preparation of the amphiphile 

The published procedure for the degradation of NR glove waste[14] uses finely chopped gloves 

as the starting material resulting in a heterogeneous reaction mixture. As the catalyst the 

relatively expensive oxygen chelated compound M510 (formerly known as M51) and ethyl 

acrylate were used. When performing the reaction with 0.5 mol% catalyst (in respect to double 

bonds in NR) the desired oligomer 1 with m = 3.2 (m is the average number of NR repeating 

units, Scheme 1) was obtained. Furthermore, the reaction mixture contained diethyl fumarate 

and incompletely degraded natural rubber parts. In this work, it was attempted to reduce the 

cost of the degradation step by using the cheaper catalyst M202 (formerly known as M2) and 

by lowering its loading. Key for achieving this task was to thermomechanically predegrade the 

NR gloves.[2] Upon stirring finely chopped NR glove waste dispersed in toluene at 200 rpm for 
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48 h at 110 °C resulted in a polyisoprene solution, which was separated from insoluble parts by 

centrifugation followed by filtration. The resulting polyisoprene is obtained in 75 % yield and 

is characterized by a distinctly reduced molecular weight (Mn = 1300 g/mol, according to SEC 

in THF relative to poly(styrene)). The solution in toluene can be directly used for the CM step. 

Upon addition of 5 equiv. methyl acrylate and 0.1 mol% of M202 (in respect to double bonds 

in polyisoprene) and heating of the reaction mixture for 22 h the desired degradation product 1 

(with m = 6.5) was obtained, after column chromatography, in 67% yield. 

 
Scheme 1.  

The compound mixture 1 was characterized using 1H- and 13C-NMR-spectroscopies and results 

match with literature (Fig. S2).[14] Characteristic peaks in the 1H-NMR comprise a doublet of 

triplet at 6.94 ppm and a doublet at 5.82 (protons of the electron deficient double bond in E 

configuration) and a broadened signal from 5.30-5.00 ppm (olefinic protons of the 

oligoisoprene). The signal for methyl ester group gives rise to a singlet at 3.72 ppm.  

The oligomer mixture 1 was then saponified by dissolving it in ethanol, adding sodium 

hydroxide and heating the reaction mixture for 4 h at 75 °C. Volatiles were removed in vacuum 

and the residue was extracted with cyclohexane. The cyclohexane solution was washed with 

water and subsequently dried. Upon removal of cyclohexane and drying in vacuum, the product 

mixture 2 was obtained in 72 % yield. Infrared spectrometry confirmed the presence of sodium 

carboxylate groups ( = 1554 cm-1), the ester’s C=O stretch vibration ( = 1728 cm-1) 

characteristic for 1 was no longer observed (Fig. S4). In the 1H-NMR spectrum of 2 (in CDCl3) 

the signal for the methyl ester group was missing. The average number of NR repeating units 

m was found to be approx. 7. However, the integrals of the protons of the electron deficient 

double bonds (now at 7.07 ppm and 5.86 ppm) were significantly smaller (approx. 60 % of the 

theoretical value) than expected from the integral of the terminal vinylene group peaking at 

4.69 ppm. This observation points either to a partly consumption of the double bond by another 
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reaction or to an aggregation of 2a in solution. The latter possibility could be ruled out because 

upon addition of 1 drop of trifluoroacetic acid to the NMR sample (i.e. converting the sodium 

carboxylate to the corresponding carboxylic acid) the observed discrepancy remained 

unchanged. Having a closer look to the NMR spectra suggests that side reactions occurred. 

Indications for an oxa-Michael reaction with ethanol as well as double bond migration could be 

retrieved. Two multiplets peaking at 3.72 and 3.56 ppm assigned to the diastereotopic 

methylene group of an ethyl ether derivative are representative for the oxa-Michael derived by-

product 2b, present in approx. 30%. The assignment is based on a model compound derived 

from methyl crotonate, which was saponified using the same protocol as used for 1 (Fig. S7). 

Furthermore, multiplets at 3.08 and 2.77 ppm provide some evidence for a deconjugative 

isomerization of the enoate group leading to 2c,40 i.e. double bond migration from , to , 

position occurred as the second side reaction in about 10 %. As both side reactions hardly 

change the HLB value of the potential surfactant, the product mixture was used for emulsion 

preparation. 

 

Preparation and characterization of pDCPD foams 

The solubility of 2 (with m ≈ 7) in cyclohexane was already considered promising and indeed 

2 is easily soluble (at least up to 10 w%) in DCPD. Accordingly, an emulsion was prepared by 

slowly adding four parts of a 0.25 M NaCl solution in water to one part of a solution containing 

6.5 w% 2 and 93.5 w% DCPD under constant mechanical stirring at 400 rpm at room 

temperature. The addition of the aqueous phase was accomplished in 10 min and stirring was 

continued for further 50 min.  

A sample of the emulsion was placed on a microscope slide, covered with a slip and 

investigated using optical microscopy, revealing the presence of a water in DCPD high internal 

phase emulsion with water droplet diameters of approx. 6.5 µm. The emulsion’s stability was 

further studied by placing 4 mL in an oven operated at 80°C and taking samples after 30, 60 

and 90 min. Optical microscopy revealed a slow increase of the average droplet diameter and 

the droplet diameter distribution over time (Fig. 2). After 90 min an average droplet diameter 

of approx. 10 µm was reached. These findings indicate a sufficient emulsion stability for curing 

the emulsion templated DCPD phase by the usually used protocol operating at 80°C.[23,25] 

Moreover, it is to note, that no sign of creaming or sedimentation could be observed when the 

emulsion is stored at 80 °C for 4 days.  

The polymer foams were prepared by quickly adding a solution of the initiator M202[41] (66.7 

ppm in respect to DCPD) in minor amounts of toluene to the emulsion under vigorous stirring. 
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The slightly pink emulsion was then poured into Teflon molds and placed in an oven operated 

at 80°C for 3 h. Afterwards the samples were cooled to room temperature, demolded and 

subsequently submersed in acetone for 15 min. The specimens were dried under vacuum at 

room temperature until constant weight was reached.  

Foam specimens exhibited a volume shrinkage of about 2% (percentage of the specimens 

volume compared to the molds volume) and featured apparent densities in the range from 0.20 

to 0.21 g·mm-3 (retrieved from dividing the mass of the specimens by their volume). The 

skeleton density determined to be approx. 1.08 g·mm-3 (calculated from mass and assuming 

80% porosity). The porosities of the specimens ranged in between 81% and 82% and were very 

close to the nominal porosity of 80% (calculated from mass increase by immersion of n-pentan-

1-ol) taking the volume change into consideration. The morphology of the foams was studied 

by Scanning Electron Microscopy and the typical throughout open polyHIPE morphology 

characterized by the presence of voids interconnected with windows was found (Fig. 3). The 

median void size was about 12 µm and window sizes were in the range of 1-2 µm. The void 

size distribution was distinctly higher than in the uncured emulsion stored for 90 min at 80°C. 

Void an window sizes are comparable to a pDCPD foam prepared from an emulsion stabilized 

with 1.5w% Pluronics L121 under similar conditions.[32] From infrared spectroscopy it was 

revealed that only minor amounts of 2 remained in the foam (Fig. S10).  

 

 

Figure 2. left) box-whisker/bee swarm plot of droplets diameters of the w/o emulsion directly 

after preparation at 23 °C and after 30, 60 and 90 min at 80 °C as well as the void diameter 

distribution of the cured emulsion (median: horizontal line in the box; quartiles: upper and 

lower limit of the box, the boxes represent a restricted area where half of the overall values are 

included; whiskers: 1.5∙IQR); right) scanning electron micrographs of the (oxidized) foams at 

two different magnifications. 
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This is remarkable considering the simple and short purification procedure and is in stark 

contrast to the behavior of Pluronics L121, which can hardly be removed under similar 

conditions.[42] The solvent uptake of the foam was assessed by determining the weight and 

volume of disc-shaped specimens in wet state and setting it into relation to the foams initial dry 

state. Water, ethanol, acetone, n-pentanol and toluene were tested (Fig. 3). In ethanol, acetone 

and n-pentanol swelling was with 3±0.5%, 6±0.7% and 2±0.3% rather low, indicating a 

predominant accommodation of solvents in the voids. In toluene pronounced swelling of 

419±35 v% was noted and toluene uptake was found to be 1300±250 w%. A similar value was 

found for a foam prepared with 7 w% Pluronics L121 (1148 ± 19 w%).[42] Drying the specimens 

until constant weight was reached and repeating the immersion procedure lead to a decrease of 

the solvent uptake capability with the cycle number. The trend is most pronounced for the 

repeated immersion into toluene but is also noticeable in the case of the other solvents under 

investigation. In particular in the case of toluene, this behavior can be best explained by a 

destruction of the foams structure upon drying (Fig. 3).[42,44] In the other cases no visual 

deformation of the specimens upon drying could be noted and the original sizes and shapes of 

the specimens were recovered.  

 

 

Figure 3. left) mass increase upon immersion into solvents; between cycles the specimens were 

dried until constant weight was reached; right) photographs of a specimen immersed with n-

pentanol (above); with toluene (below, right) and after deswelling the toluene immersed 

specimen (below, left). 

 

Particularly interesting is the specimens’ behavior when immersed into water. In the first cycle 

282±10 w% water was absorbed but in the second and third cycle no water uptake could be 

observed. The foam floated on the water surface and even when the specimen was submersed 

(using an additional weight) no water uptake took place. However, uptake of n-pentanol 
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occurred as expected so that a change of morphology of the foams could be ruled out as the 

reason for the exclusion of water. It is hypothesized that a nonpolar foam surface forms during 

the first cycle (in which water is still taken up to considerable extend). Presumably, the sodium 

carboxylate heads residing at the surface are transformed into less polar carboxylic acid groups 

(the water from the first cycle is with pH 8 slightly alkaline). However, this process is not 

reversible because also tries to adsorb 1 M NaOH solution were unsuccessful. Cleansing away 

of 2 is also unlikely since the surfactant is not water soluble (neither in its basic nor in its acidic 

form). Accordingly, it is suggested that carboxylic acid groups are removed from the surface 

by accommodation in the polymer phase. This phenomenon is known as hydrophobic 

recovery[43] and is the most likely explanation for the resistance of the foams to absorb water. 

The complete exclusion of water by macroporous pDCPD foams prepared with non-ionic 

surfactants is unprecedented.[42,44] In light of the results presented here, it seems plausible that 

conventionally used non-ionic surfactants stay at the polymer surface and conserve a certain 

surface polarity allowing for water-uptake. 

 

Conclusions 

In summary, we herein improved the protocol for the degradation of natural rubber glove 

waste by Cross Metathesis with alkyl acrylates in terms of catalyst costs. An upstream 

mechanothermal predegradation step of the natural rubber glove waste resulted in a 

homogenous natural rubber solution in toluene, which can be directly used in the Cross 

Metathesis step. Using this pretreatment allowed for substituting the previously used catalyst 

M510 for the cheaper catalyst M202 and at the same time, a reduction of the catalyst loading 

to 0.1 mol% in respect to natural rubber double bond was achieved. The resulting isoprene 

oligomers containing α,β-unsaturated ester groups as one end-group were then saponified with 

sodium hydroxide resulting an cyclohexane soluble mixture of ionic amphiphiles featuring 

different oligo(isoprene) chain lengths with an average number of repeating numbers of 7. 

Furthermore, side reactions of the enoate groups occurred. The such obtained amphiphile 

mixture was used as the surfactant for stabilizing water in dicyclopentadiene emulsions and 

curing of the continuous dicyclopentadiene phase by Ring-opening Metathesis Polymerization 

resulted in the formation of opened macroporous poly(dicyclopentadiene) foams constituting 

the first example of using a ionic surfactant for high internal phase emulsion templating of this 

polymer. The use of the ionic surfactant allows for the preparation of pDCPD foams which are 

resistant to absorb water, a property hitherto not accessible for this type of materials. 
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Experimental Section  

Materials and Methods 

NR Gloves (Kimberly-Clark Professional KIMTECH* PFE), DCPD (adcr), M202 ([1,3-Bis(2,4,6-

trimethylphenyl)-2-imidazolidinylidene]dichloro(3-phenyl-1H-inden-1-

ylidene)(tricyclohexylphosphine) ruthenium(II), UMICORE), ethanol (Aldrich), acetone (Aldrich), 

n-pentanol (Fisher Scientific), toluene (Aldrich), methyl acrylate (TCI) and methyl crotonate 

(Aldrich) were used as received.  

SEC chromatographic analysis was performed on a WGE Dr. Bures SEC3010 with THF as eluent 

(1 mL/min) and RI-detection. Poly(styrene) standards were used for calibration. 

NMR-spectra were measured on a Bruker Avance 300 MHz equipped with an auto sampler. 1H-

NMR spectra were measured at 300.36 MHz and 13C-NMR at 75.53 MHz at a temperature of 25°C. 

NMR samples were prepared using CDCl3 from Eurisotop. The 1H-NMR spectra were calibrated at 

the solvent peak at 7.26 ppm respectively 77.16 ppm in the case of 13C-NMR. The relaxation time 

was set to 5 s in order to grant full relaxation and thereby a more accurate chain length 

determination.  

SEM images were taken with a Jeol JSM-5410 Microscope at an acceleration voltage of 5000 V by 

Robert Saf. In order to get non-deformed features visualized, the sample monoliths were oxidized 

and broken.[21] Before taking the images, samples were sputtered with gold using a Biorad Gold-

coating system.  

IR spectra were taken on an ALPHA-P FT-IR Spectrometer from Bruker with a diamond based 

ATR module.  

The microscope images were taken on an Olympus BX60 microscope connected to an Olympus E-

250 camera.  

Filtration was performed using a Büchner funnel (Ø4 cm) with MN 85/70 filter paper from 

Macherey-Nagel and vacuum from a water jet pump was applied during filtration. 

 

Syntheses 

Thermal pre-degradation of natural rubber 

18.21 g (267.3 mmol) NR gloves were cut into small pieces (~1 x 1 cm) and toluene (500 mL) was 

added. The reaction mixture was heated to 110 °C and was stirred for 48 h with a mechanical stirrer 

(200 rpm), resulting in a polyisoprene solution featuring some suspended particles. The particles 

were removed by centrifugation at 4000 rpm over 20 min and subsequent filtration with filter paper 

of a pore size of 0.6 µm. Toluene was removed and the product is dried under vacuum. Yield: 14.17 

g (77.8%, Mn = 1300 g/mol, Ð = 2.2). 

ATR-IR:  = 2961, 2919, 2853, 1712, 1662, 1446, 1373, 1307, 1241, 1126, 1084, 1038, 1012, 

887, 834, 729, 692, 502 cm-1. 

 

Cross-metathesis of pre-degraded natural rubber with methyl acrylate yielding oligomers 1 

A stock solution of pre-degraded polyisoprene in toluene was prepared (20 mg/mL). 55 mL (1 eq., 

16.1 mmol) of this stock solution was placed in a 100 mL Schlenk-flask. 7.32 mL (5 eq., 

80.8 mmol) of methyl acrylate was added, and alternately vacuum and N2 flow were applied three 

times. After bubbling N2 through the solution for 15 min, the mixture was heated up to 80 °C. 

15.3 mg (0.1 mol%, 16.1 µmol) of catalyst M202 dissolved in 1.53 mL toluene were added. The 

reaction was held at 80°C for 22 h after addition of the catalyst solution under N2 counter flow. The 

volatiles were removed under vacuum and the residual brown sludge was purified via column 

chromatography (ethyl acetate:cyclohexane = 1:50, silica: 35 mL). The solvent was removed at the 

rotary evaporator and the product, a yellow oil, was dried under vacuum. Yield: 855 mg (67 %, 

chain length: 6.5). 
1H-NMR (300 MHz, 25 °C, CDCl3): δ = 6.94 (dt, 0.88H, -CHtrans=CH-COOCH3); 6.21 (m, 0.12H, 

-CHcis=CH-COOCH3); 5.83 (d, 3J = 15.7 Hz, 1H, -CHtrans=CH-COOCH3 – submersed –CHcis=CH-
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COOCH3); 5.30-5.00, (m, 6.48H, -C(CH3)=CH-); 4.70, 4.68 (s, 2H, -C(CH3)=CH2); 3.72 (s, 3H, 

COOCH3); 2.34-1.92 (m, 30.1H, -CH2-CH2-); 1.72, 1.68 (s, 22.4H, -C(CH3)=CH-, -C(CH3)=CH2). 
13C{1H}-NMR (75 MHz, 25 °C, CDCl3): δ = 167.1 (-COOCH3); 149.2, 146.0, 145.7 (-CH=CH-

COOCH3, -C(CH3)=CH2); 135.3, 135.1, 133.8 (-C(CH3)=CH-); 126.3, 126.1, 125.4, 125.2, 125.0 

(-C(CH3)=CH-); 121.2 (-CH=CH-COOCH3); 110.1, 109.9 (-C(CH3)=CH2); 51.5 (-COOCH3); 38.2, 

38.1 (-CH2-C(CH3)=CH2); 32.4, 32.2, 32.1, 31.0, 30.9, 30.8, 30.5 (-C(CH3)=CH-CH2-, -CH=CH-

CH2-); 26.5, 26.3, 26.2 (-CH2-C(CH3)=CH-); 23.5, 23.4, 22.6 (-C(CH3)=CH-, -C(CH3)=CH2). 

ATR-IR:  = 3380, 2958, 2921, 2854, 1728, 1655, 1491, 1443, 1372, 1309, 1259, 1186, 1082, 

1026, 965, 886, 803, 745, 708, 667, 570, 490 cm-1. 

 

Saponification of semi-telechelic polyisoprene oligomers yielding stabilizer 2 

855 mg (1 eq., 1.44 mmol) of the oligomers 1 was dissolved in 150 mL of ethanol and 4 mL (53.1 

eq., 76.5 mmol) NaOHaq 50% was added. The reaction mixture was stirred for 4 h at 75 °C. 

Afterwards, volatiles were removed in vacuum and the residue was redissolved in 100 mL 

cyclohexane. Extraction with 2 x 50 mL of water, subsequent drying of the organic phase over 

Na2SO4, removal of the solvent and drying in vacuum gave the saponified oligomers. Yield: 760 

mg (72 %, chain length: 7.1).  

δ = 7.07 (dt, 0.5H, -CHtrans=CH-COONa); 6.33 (m, 0.1H, -CHcis=CH-COONa); 5.86 (d, 3J = 

15.7 Hz, 0.6H, -CHtrans=CH-COONa – submersed –CHcis=CH-COONa); 5.55 (bs, 0.2H, -CH2-

CH=CH-CH2-COONa) 5.30-5.00, (m, 7.05H, -C(CH3)=CH-); 4.71, 4.68 (s, 2H, -C(CH3)=CH2); 

3.72, 3.56 (bm, 0.9H, CHOCH2CH3); 3.20, 3.10, 2.77 (m, 0.4H, -CH2-CH=CH-CH2-COONa); 

2.56-2.00 (m, 36.2H, -CH2-CH2-); 1.72, 1.68 (s, 24.4H, -C(CH3)=CH-, -C(CH3)=CH2); 1.23 (t, 

0.9H, OCH2CH3). 
13C{1H}-NMR (75MHz, 25 °C, CDCl3): δ = 177,4, 174,3, 171.6 (-COONa); 151.9 (-C(CH3)=CH2); 

146.0 (-CH=CH-COONa); 135.4, 135.1, 133.5 (-C(CH3)=CH-); 126.5, 125.4, 125.2, 125.0 (-

C(CH3)=CH-); 120.8 (-CH=CH-COOH); 109.9 (-C(CH3)=CH2); 75,7, 64.9 (CHOCH2CH3); 38.25 

(-CH2-C(CH3)=CH2); 32.4, 32.2, 31.0, 30.3, 29.8 (-C(CH3)=CH-CH2-, -CH=CH-CH2-); 26.5, 26.3 

(-CH2-C(CH3)=CH-); 23.6, 23.4, 22.6 (-C(CH3)=CH-, -C(CH3)=CH2). 

ATR-IR of the sodium carboxylates:  = 3368, 2958, 2921, 2854, 1648, 1554, 1493, 1444, 1377, 

1307, 1238, 1083, 996, 975, 926, 883, 826, 728, 694, 671, 641, 583, 516 cm-1. 

 

Preparation and characterization of the foams 

700 mg (1.04 mmol) of the stabilizer (2), 9.84 g (71.5 eq., 74.4 mmol) DCPD and 100 µL toluene 

were placed in a 250 mL three necked flask and a homogenous solution was formed under stirring 

with a mechanical stirrer. 600 mg (9.90 eq., 10.3 mmol) NaCl, dissolved in 40 mL of water, were 

added dropwise. The resulting white, viscous emulsion was stirred for 1 h at 400 rpm before adding 

4.7 mg (66.7 ppm, 5.0 µmol) of M202 dissolved in toluene (200 µL). The reaction mixture was 

poured into Teflon molds (Ø 30 mm x 2 mm) and placed in the drying cabinet at 80°C for 3 h. The 

resulting white, solid monoliths were then submersed in acetone for 15 min and dried at room 

temperature in vacuum. 

 

Swelling/deswelling of polyHIPE disks 

Disks of a height of 2 mm and diameter of 30 mm were prepared as described above. Five solvents 

of different polarities, namely water (ε = 80), ethanol (ε = 25), acetone (ε = 21), n-pentanol (ε = 15) 

and toluene (ε = 2.4) were placed in a different beakers. The disks were immersed into the solvents 

for 24 h for swelling. The swollen disks were then placed in acetone for 15 min and left to dry for 

24 h for deswelling. The swelling and deswelling was performed three times for every disk and 

their weight and dimensions were recorded for each step.  
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Void-, window- and bubble-size evaluation 

In order to monitor the HIPEs stability and to characterize the polyHIPE, the void-, window- and 

bubble-sizes were measured. Therefore, in case of the HIPE, microscope images were taken. At 

least five different images were evaluated thereby using at least one hundred measurements per 

image to determine median droplet diameters and their distribution. 

In the case of the foams, sample monoliths were oxidized and subsequently broken according to 

literature.[22] After sputtering gold onto the surface SEM images were recorded on a Jeol JSM-5410 

microscope using an acceleration voltage of 5000 V. At least 100 void and window diameters were 

measured for determining the median void and window diameters as well as their distributions. 

 

Supporting Information containing NMR and IR spectra as well as optical and scanning 

electron micrographs is available as separate file. 
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