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Experimental

Materials

Sodium 4-vinylbenzenesulfonate (90%), and Divinylbenzene (DVB, 80%) were purchased from Aldrich, 2,2,6,6-
Tetramethyl-piperidin-1-yl)oxyl (TEMPO, 98%) was from Acros, (Chloromethyl)phenylethyl trimethoxysilane (CPMS)
is from Meryer, fumed silica (Aerosil 200) was from Evonik, styrene (Sinopharm) and DVB passed through a basic
alumina column to remove the inhibitor. Toluene (Sinopharm) was dried over CaH, and distilled. All other chemicals
were purchased with analytical grade from Sinopharm and used without further purification.

Dodecyl polyethoxylate ether (AEO7, 97%) with seven ethoxylate units as average was received from Solvay and
monododecylpolyglyceryl ether (MAGE4, 97%) was bought from Daicel Japan with four glycerol units as average.
They were selected as benchmarks for the physicochemical properties and laundry performance evaluation.

Methods

Nuclear magnetic resonance (NMR) spectra were registered on a Bruker Avance III at 300 MHz. Size exclusion
chromatography (SEC) for polystyrene was performed in THF on a Pl Gel mixed B 10 pm (2*30 cm), 100 A 10 pm
(1*30 cm) columns calibrated by linear PSt standards. SEC for PSSNa was estimated on Waters equipped with four
Ultrahydrogel columns with elution rate 1 mL min'l, the eluent was 0.2 M NaNO; and 0.01 M Na,HPO, in a mixture of
acetonitrile/water (v/v = 2:8), and the molar masses were calibrated by PSSNa standards (Polysciences). The acid-base
titration was performed in water/acetone (v/v = 1:1) with 848 Titrino plus from Metrohm equipped with electrode for
solvent with model of 6.0229.100 (LiCl set in Ethanol). Thermo gravimetric analysis (TGA) was done on a TA
Instruments SDT Q600 machine, with equilibrium at 30 °C and a ramp of 10 °C min"' up to 900 °C under air
atmosphere. The particle size distribution (PSD) of the parent and modified silica particles were measured using a
Malvern Nano ZS using light scattering cells of 10 mm. BET analysis was performed on a TriStar II 3020 prosimeter
from Micromeritics. Gas chromatography (GC) was performed on an Agilent Technologies 7890A System equipped
with both Hydrogen Flame lon Detector (FID) and Electron Ionization Mass Detector (MS) connecting with column:
HP5-MS (30 m x 0.25 mm X 0.25 pm). High performance liquid chromatography (HPLC) was recorded with Agilent
1290 Infinity LC equipped with Refraction Index (RI) detector and column: Shiseido Capcell Pac C18 UG80 4.6 mm x
250 mm x 5 um. Supercritical Fluid Chromatography Mass Spectrometry (SFC/MS) was recorded with Waters Acquity
UPC? system coupled with a Xevo G2-S QTOF Masspectrometer (Electrospray) equipped with column: UPC? BEH 3.0
x 100 mm x 1.7 pm.

The glycerol/dodecanol (G/D) interfacial tensions, i.e. YG/D, were measured on a Sigma 700 tensiometer from
BiolinScientific AB equipped with a Du Noiiy ring set at 3 mm min™' for low interfacial tensions. The droplet size was
measured using an Olympus IX-51 light transmission microscope equipped with a x 10 ocular, x 4, x 10, x 40, and x
100 objectives, and DP2-BSM software. Software Visilog was used to analyze the droplet size.

Surface tension and critical micelle concentration of surfactants were measured on a Sigma 700 tensiometer from
BiolinScientific AB equipped with a Wilhelmy plate and a Du Noiiy ring. Foam height was tested with standard Ross
mile method. Cloud point was obtained with stand method following Chinese standards ASTM D2024-2009. Laundry



performance was measured with Laundrometer SDLATLAS M228 Rotawash from SDL Atlas, Ltd with hard water
(250 ppm) at 30 °C for 1 hour following standard AATCC method. The stains removal rate was calculated based on
Lab value measurement from spectrophotometer ColorQuest XE from Hunter Lab.

Procedure for preparation of random sulfonated polystyrene

Styrene (50 mL, 0.435 mmol) and 4-(bromomethyl) benzoic acid (243 mg, 1.13 mmol) were introduced in a 100 mL of
Schlenk fitted magnetic bar. Copper (I) bromide (163 mg, 1.13 mmol) and 2, 2’ bipyridine (354 mg, 2.26 mmol) were
mixed to give a black powder and then added to the mixture. The mixture was degassed through three cycles of frozen-
vacuum-thawed and then polymerized at 110 °C with stirring for 24 h. After terminated by exposure to air and diluted
with THF (50 mL), the solution passed a neutral alumina column to remove the copper salts. The obtained solution was
concentrated by rotary evaporator and precipitated in large excess of methanol. After precipitated for another time,
polystyrene was dried in the oven at 40 °C in vacuo overnight. 22.5 g of polystyrene were recovered. M,(NMR) = 22.0
Kg mol™!, M,(GPC) = 26.6 Kg mol™ (PDI = 1.20).

In a round-bottomed flask with a solution of above polystyrene (2.0 g, M, (NMR) = 22.0 Kg mol) in 1,2-
dichloroethane (30 mL), acetic anhydride and sulfuric acid 98% (molar/molar = 2:1), were successively added drop
wise under stirring according to the desired sulfonation degree. The homogeneous mixture was stirred at 25 °C between
11 h and 52 h until the desired sulfonation degree was reached (monitored by '"H NMR in acetone-d°). After all the
volatiles were removed through rotary evaporator, the residue was dissolved in acetone and precipitated in excess of
diethyl ether. The sulfonated polystyrene was recovered with centrifuge at 10000 rpm for 5 min. After two times
precipitation and centrifugation, the obtained yellow sulfonated polymer was lastly lyophilized from dispersed water
solution. Related data were listed in Table 2.

Procedure for preparation of block sulfonated polystyrene

To a two neck of 250 mL round flask fitted with magnetic bar, sodium 4-vinylbenzenesulfonate (5.0 g, 24.2 mmol),
TEMPO (0.378 g, 2.42 mmol) were dispersed in mixed solvents of ethylene glycol and deionized water (20 g, v/v =
4:1). Nitrogen was bubbled for 30 min to remove oxygen at 60 °C. K,S,05 (0.327 g, 1.21 mmol) and Na,S,05 (0.154 g,
0.807 mmol) predegassed respectively in 3 mL and 1 mL of deionized water were added and stirred at 60 °C for another
30 min. The temperature was then raised to 125 °C and kept stirring for 4.5 h. The mixture was precipitated in methanol
(100 mL). After centrifugation (10000 rpm for 5 min), the polymer was washed with methanol and dried under vacuum
at 50 °C overnight. 4.86 g of polymer (PSSNa) was yielded. M, (GPC) = 6500 Kg mol™' (PDI = 1.27).

The solution of prepared PSSNa (2.0 g) in ethylene glycol and deionized water (10 mL, v/v = 9:1) was degassed for 30
min with nitrogen, following by the addition of styrene (3.4 mL, 30 mmol) and predegassed K,S,05 (56 mg, 0.21 mmol
in 1.5 mL of water) and Na,S,05 (36 mg, 0.19 mmol). After the mixture was stirred at 35 °C for 30 min, the
temperature was raised to 120 °C and kept for 4 h. The mixture was precipitated in large excess of a mixed solvent of
diethyl ether and MeOH (v/v = 6:4). After centrifugation (10000 rpm for 5 min), the obtained polymer was further
washed with THF and then dried under vacuum at 50 °C overnight.

The obtained PSSNa-b-PSt (2.5 g) was further acidified with a hydrogen exchange resin (4.2 eq. g'') in water and THF
(v/v =1:1) for 6 h. As the proton exchange occurred, the solution became white. After resin was removed by filtration,
THF in the solution was evaporated; the remained aqueous solution was lyophilized. White copolymer PSSA(Na)-b-PSt
was obtained and its acidity data was listed in Table 2.

Procedure for preparation of sulfonated polystyrene grafted silica nanoparticles

To a 500 mL of three necked round bottle fitted with condensed column, the activated silica particles (10 g) were
charged and dried under vacuum overnight at 50 °C. Under nitrogen atmosphere, 200 mL of dried toluene were added
to generate the dispersion. The dispersion was heated until refluxed. CPMS (18.7 g, 68 mmol) was introduced. After the
mixture was refluxed for 16 h, toluene was evaporated. The particles were purified by dispersing in acetone and then
centrifuged (10000 rpm, 20 min) for several cycles. The CPMS-grafted particles were dried in vacuum at 50 °C
overnight. 6.2 g of CMPS@SiO, were obtained, yield: 62%. TGA: 5.7% of weight loss (see Fig. S1), FTIR (cm™', KBr):
667, 1383, 1634, 2928, 3435.



To a 250 mL of Schlenk flask, 3 g of above prepared CPMS grafted silica (0.5 mmol ATRP sites), styrene (1.0 mmol,
120 mL), CuCl, (26.2 mg, 0.2mmol), CuCl (195 mg, 2.0 mmol) and 2, 2’-bipyridine (673 mg, 4.3 mmol) were
charged. After three frozen, vacuum and thawed cycles, the flask was put into an oil bath at 90 °C and kept under
stirring for 24 h. The grafted particles were precipitated in MeOH (100 mL). After removal of the organic solvents, the
solid particles were dispersed in dichloromethane (100 mL) and washed several times with an EDTA aqueous solution
(100 mL, 6 g L™"). The organic phase was concentrated and precipitated in methanol (100 mL). The polymer was
filtered and dried at 50°C in vacuum overnight. 5.4 g of PSt@SiO, were recovered. TGA weight loss is 46.2% (Fig.
S1).

The obtained PSt@SiO, was sulfonated using the method as described for polystyrene. Lastly, PSt-co-PSSA@SiO,
particles were yielded from lyophilization from their water dispersion. Related characterization data were listed in Table
3.

Procedure for interfacial tension and emulsion preparation

The samples were dispersed in dodecanol (30 mL) in an ultrasound bath for 30 min, glycerol (30 mL) was then
introduced slowly, and the system was stabilized at 35 °C for 24 h. The system was sent for interfacial tensions
measurement with a Du Noily ring. The moving rate of ring was set at 1 mm min™' for low interfacial tensions.

Before the emulsification tests, both glycerol and dodecanol were placed in a thermostated bath (Julabo) at 35 °C for
at least 30 min. A first series of G/D emulsification tests were carried out using a series of polystyrenes and its grafted
silica particles. The G/D emulsions were prepared in 10 mL glass tubes at 35 °C under vigorous shearing (13000 rpm,
ultra-turax Fluko FA25) at a G/D volume ratio of 1:1 (w/w = 6:4) and a catalyst concentration of 1 wt% adapted from
our previous work.*>#* % After the preparation, the temperature was raised to 70 °C to survey the emulsion stability and
droplet size with microscope.

Procedure for etherification process

Glycerol (3.68 g, 0.04 mol), dodecanol (1.86 g, 0.01 mol) and catalysts, were added into a 20 mL tube. The mixture was
homogenized at 35 °C under vigorous shearing (13000 rpm, ultra-turax Fluko FA25), sealed with a cap. The reactions
were performed in an oil bath at 150 °C under vigorous stirring at nitrogen atmosphere or in static vacuum for 24 h.
After the reaction, the conversion of reaction was first measured by GC. Regarding to the purification procedure,
pyridine was added to neutralize the catalysts, and then mixture was precipitated in large excess of THF/diethyl ether
(v/v = 1:1), the bottom layer was removed after few hours storage. The obtained solution was concentrated by rotary
evaporator. After most of dodecanol were removed through distillation under high vacuum, the residue was dissolved in
methanol/H,O (50 mL, v/v = 10:1), further washed with heptane (50 mL). The remaining solution (bottom layer) was
concentrated by rotary evaporator and further dried in vacuum oven at 50 °C overnight. The obtained product was
characterized by "H NMR, GC, HPLC and SFC/MS. The NMR spectrum was shown in Fig. S4.
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Fig. S2 Interfacial reduction of the G/D interface with selected polystyrene and its grafted silica particles at
concentration of 0.01 wt% and 0.05 wt%.
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Fig. S3 Microscopic pictures of the emulsion at 30 min after shearing A) SiO,-TM at 30 min with concentration at 1
wt%, droplets of glycerol in dodecanol; B) SiO,-C40 at 30 min with concentration at 1 wt%, droplets of glycerol in
dodecanol; C) RC»,Ss; at 30 min with concentration 0.1wt%, droplets of glycerol in dodecanol; D) BCgSs, at 30 min
with concentration 0.1 wt%, droplets of dodecanol in glycerol; E) SCysSs9 at 30 min with concentration 0.1 wt%,
droplets of dodecanol in glycerol.



Table S1 Summarized PIC etherification results obtained with different amphiphilic bifunctional catalysts

Entry Catalyst (1&3@?}3@3@22&1, Conv. Sur?ésidazgve Sslfrlf:ct:ev:c};iiloe Yield of  Selectivity
eq.) of D (%) products (%) products (%) DE (%) to DE (%)
1 RC;,1Ss6 0.10 19 18 95 1 5
2 RC;,1Ss6 0.08 20 19 96 1 4
3 RC;,11Ss6 0.05 17 16 97 1 3
4 RCy11Ss6 0.03 13 13 97 0 2
5 RCy11Ss6 0.01 10 10 99 0 1
6 BCy6Ss0 0.08 18 16 93 1 7
7 BCy6S50 0.05 17 16 95 1 5
8 BCy6S50 0.03 12 11 95 1 5
9 BCy6S50 0.01 3 3 93 0 7
10 SCy6So0-WR 0.05 63 52 83 11 17
11 SCy6Ss9-WR 0.04 51 44 86 7 14
12 SCy6Ss9-WR 0.02 22 18 80 20
Reaction conditions: 150 °C for 24 h under vigorous stirring at nitrogen atmosphere.
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Fig. S4 Typical '"H NMR spectrum of reaction mixture after etherification.
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Fig. S7 SFC/HRMS results. Unit for X-axis is minute and unit for Y-axis is ion strength percentage (ES+).

Table S2 Laundry performance results of cotton, polyester&cotton and polyester

Entry Stains AEO7 MAGE4 AGEM1 AGEM2 AGEM3
1 JBO1 19 18 19 16 15
2 JB02 6 7 8 8 6
3 JB03 15 16 14 11 8
4 CS61 27 26 27 26 37
5 EMPA 11 10 12 12 10
6 Sum on cotton 78 77 80 73 77
7 20C 5 3 2 1 0
8 20D 14 10 10 11 6
9 20PF 11 8 6 6 2
10 Sum on Polyester&Cotton 30 22 18 17 8
11 30C 20 19 16 19 3
12 30D 18 14 10 4 1
13 30PF 10 7 6 5 1

14 Sum on polyester 48 40 32 28 5
15 Total SUM 155 138 130 118 90

JBO1: carbon black with oil on cotton; JB02: egg protein on cotton; JB0O3: sebum on cotton; CS61: Beef lard on
cotton; EMPA: lipstick on cotton; 20C: pigment, lanolin on polyester/cotton 65/35; 20D: pigment, sebum on
polyester/cotton 65/35; 20PF: pigment, vegetable fat on polyester/cotton 65/35; 30C: pigment, lanolin on polyester;
30D: pigment, sebum on polyester; 30PF: pigment, vegetable fat on polyester.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


