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Scheme S1. Synthesis of 3-(triethoxysilyl)propyl 2-bromoisobutyramide ATRP initiator.

Scheme S2. Synthesis of SiSP by immobilizing ATRP initiator on SiO2NP followed by two-step 

ATRP of styrene and PEGMA.
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Figure S1. 1H NMR spectra of 3-(Triethoxysilyl)propyl 2-bromoisobutyramide ATRP initiator in CDCl3. 

The symbols ‘•’, ‘▪’, and ‘*’ are for residual CHCl3, CHCl2, and BIBB, respectively. 1H NMR (600 MHz, 

CDCl3), (δ, ppm): 0.62–0.67 (2H, t, SiCH2), 1.20–1.29 (9H, t, CH3CH2OSi), 1.62–1.72 (2H, m, 

CH2), 1.90–1.96 (6H, q, CH3C), 3.25–3.31 (2H, t, CH2NH), 3.78–3.86 (6H, t, CH3CH2OSi), and 

6.9 (1H, s, NH)
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Figure S2. XPS survey spectra of SiO2NPs at different stages of modification: SiO2NP-Initiator- bottom 

panel, SiO2NP-PS-Br-middle panel, SiO2NP-PS-PPEGMA-top panel.

Calculation of the number of immobilized ATRP initiators, tethered PS chains, and styrene 

units on each polymer chain:

The number of immobilized ATRP initiators, tethered PS chains, and styrene units on each 

polymer chain were calculated from TGA weight-loss data. The number of ATRP initiator per 

nanoparticles is given by the following equations:1

# 𝐴𝑇𝑅𝑃 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑜𝑟
𝑆𝑖𝑂2𝑁𝑃

=
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶4𝐻6𝐵𝑟𝑂
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 =  

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶4𝐻6𝐵𝑟𝑂
𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 ×

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑊 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃
1 𝑚𝑜𝑙𝑒 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 .....(𝑆1)

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝐶4𝐻6𝐵𝑟𝑂

=
𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝐶4𝐻6𝐵𝑟𝑂

𝑀𝑊 𝑜𝑓 𝐶4𝐻6𝐵𝑟𝑂 =
𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑜𝑟 𝑆𝑖𝑂2𝑁𝑃 × %𝑊 𝐶4𝐻6𝐵𝑟𝑂

𝑀𝑊 𝑜𝑓 𝐶4𝐻6𝐵𝑟𝑂 .....(𝑆2) 

𝑀𝑊 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 = 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 ×  𝐴𝑣𝑜𝑔𝑟𝑎𝑑𝑟𝑜 𝑛𝑢𝑚𝑏𝑒𝑟 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃

× 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 × 𝐴𝑣𝑜𝑔𝑟𝑎𝑑𝑟𝑜 𝑛𝑢𝑚𝑏𝑒𝑟 = 𝜌 ×
4
3𝜋𝑟3 × 𝑁𝐴   ......(𝑆3)

𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 = 𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑜𝑟 𝑖𝑚𝑚𝑜𝑏𝑖𝑙𝑖𝑧𝑒𝑑 𝑆𝑖𝑂2𝑁𝑃 × (100
― %𝑊 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑜𝑟).....(𝑆4)

Here, %W C4H6BrO is the percentage of weight loss of bromoisobutyrate functional group from 

the TGA decomposition of  SiO2NP-Initiaotor at 170 - 330 °C.2 The radius (r) of SiO2NP is 

calculated from the STEM image by counting 100 SiO2NP. The density (ρ) of SiO2 is 2.07 g/cm3.1 

The %W initiator is the TGA weight loss for the decomposition of the ATRP initiator from 

SiO2NP-Initiaotor. The number grafted PS chains per SiO2NP is calculated from the TGA of 

SiO2NP-g-PS-Br using the following equations:3



Supporting Information

S6

# 𝑔𝑟𝑎𝑓𝑡𝑒𝑑 𝑃𝑆 𝑐ℎ𝑎𝑖𝑛
𝑆𝑖𝑂2𝑁𝑃

= # 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑜𝑟 × 𝑔𝑟𝑎𝑓𝑡𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 =  # 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑜𝑟 ×  
%𝑊 𝑃𝑆 ― %𝑊 𝑖𝑛𝑖𝑡𝑖𝑡𝑜𝑟

1 ― %𝑊 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑜𝑟
.....(𝑆5)

Here %W PS and %W initiator are the weight loss for PS from SiO2NP-g-PS-Br and weight loss 

for ATRP initiator from SiO2NP-Initiaotor in the TGA profile. 

The number of styrene repeating units and the corresponding PS molecular weight is also 

calculated from the TGA using the following equations:

# 𝑆𝑡𝑦𝑟𝑒𝑛𝑒 𝑢𝑛𝑖𝑡𝑠
𝑆𝑖𝑂2𝑁𝑃 =

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑠𝑡𝑦𝑟𝑒𝑛𝑒 𝑢𝑛𝑖𝑡
𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 =  

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑠𝑡𝑦𝑟𝑒𝑛𝑒 𝑢𝑛𝑖𝑡
𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃

×
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑀𝑊 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃

1 𝑚𝑜𝑙𝑒 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 .....(𝑆6)

𝑚𝑜𝑙𝑒𝑠 𝑜𝑓 𝑠𝑡𝑦𝑟𝑒𝑛𝑒 𝑢𝑛𝑖𝑡 =
𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑠𝑡𝑦𝑟𝑒𝑛𝑒 𝑢𝑛𝑖𝑡

𝑀𝑊 𝑜𝑓 𝑠𝑡𝑦𝑟𝑒𝑛𝑒

=
𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 ― 𝑔 ― 𝑃𝑆 ― 𝐵𝑟 × %𝑊 𝑃𝑆

𝑀𝑊 𝑜𝑓 𝑠𝑡𝑦𝑟𝑒𝑛𝑒 .....(𝑆7)

𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 = 𝑔𝑟𝑎𝑚𝑠 𝑜𝑓 𝑆𝑖𝑂2𝑁𝑃 ― 𝑔 ― 𝑃𝑆 ― 𝐵𝑟 × (100 ― %𝑊 𝑃𝑆).....(𝑆8)

Here %W PS is the percentage of weight loss for PS from . 𝑆𝑖𝑂2𝑁𝑃 ― 𝑔 ― 𝑃𝑆 ― 𝐵𝑟

# 𝑠𝑡𝑦𝑟𝑒𝑛𝑒 𝑢𝑛𝑖𝑡 𝑝𝑒𝑟 𝑃𝑆 𝑐ℎ𝑎𝑖𝑛 =
# 𝑠𝑡𝑦𝑟𝑒𝑛𝑒 𝑢𝑛𝑖𝑡 𝑝𝑒𝑟 𝑆𝑖𝑂2𝑁𝑃

# 𝑔𝑟𝑎𝑓𝑡𝑒𝑑 𝑃𝑆 𝑐ℎ𝑎𝑖𝑛𝑠 𝑝𝑒𝑟 𝑆𝑖𝑂2𝑁𝑃 .....(𝑆9)

𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑃𝑆 𝑐ℎ𝑎𝑖𝑛 = # 𝑠𝑡𝑦𝑟𝑒𝑛𝑒 𝑢𝑛𝑖𝑡𝑠 𝑝𝑒𝑟 𝑃𝑆 𝑐ℎ𝑎𝑖𝑛 × 𝑀𝑊 𝑜𝑓 𝑠𝑡𝑦𝑟𝑒𝑛𝑒.....(𝑆10)
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Figure S3. TGA plots of SiO2NP, SiO2NP-Initiator, SiO2NP-g-PS-Br, and SiO2NP-g-PS-g-PPEGMA (i.e., 

SiSP)
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Figure S4. DLS plots of SiO2NP in MIBK, SiO2NP-Initiator in THF, SiO2NP-g-PS-Br in Toluene, and 

SiO2NP-g-PS-g-PPEGMA (i.e., SiSP) in THF.
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Figure S5. 1H NMR spectra of SiO2NP-g-PS108-g-PPEGMA28 (i.e., SiSP1) SiO2NP-g-PS108-g-

PPEGMA54 (i.e., SiSP2) and SiO2NP-g-PS108-g-PPEGMA129 (i.e., SiSP3)

Figure S6. TGA plots of SiSP1, and SiSP3. 
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Figure S7. DLS plots of SiSP1, and SiSP3 dispersed in THF.
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Figure S8. DLS plots of SiSP1, SiSP2, and SiSP3 dispersed in water.
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Figure S9. SEM micrographs and corresponding contact angle of SiSP2 coated PSF-UF membrane before 

and after surfactant washing.
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Figure S10. Evaluation of oil emulsion filtration performance of UV-SiSP2 coated PSF membrane and the 

comparison of the performance to the unmodified PSF membrane. The process consists of 3-cycles of 

measuring initial pure water flux for 30 minutes, 1h oil emulsion filtration and 80 minutes flux recovery.

Table S1. XPS elemental composition of the SiO2NPs at different stages of grafting.

Elemental composition (atomic %)Sample

Si O C N Br C/Si C/O Br/N

SiO2NP-Initiator 33.2 50.7 14.0 1.1 1.0 0.4 0.3 0.9

SiO2NP-g-PS-Br 4.9 6.8 87.6 - 0.7 17.8 12.9 -

SiSP 2.3 15.6 81.7 - 0.4 35.7 5.1 -
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