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1. NMR 

 

Figure S1. a) 1H and b) 13C NMR spectrum for PCBU. 

2. GPC  

 

Figure S2. GPC data of PCBU.  

3. X-ray photoelectron spectroscopy (XPS) 

XPS (Kratos AXIS-165) was employed to study the surface of PCBU-CA membrane. The 
pristine CA membrane shows a primary composition of C and O, with trace amounts of N and 
S originating from nitrocellulose and other impurities as shown in Figure S3a. In the case of 
the PCBU-CA membrane (Figure S3b), the elemental N/C ratio of 3/16.6 is close with the 
theoretical N/C ratio in bulk PCBU (3/17), suggesting a uniform PCBU layer on the CA 
membrane surface. The thickness of the PCBU layer is estimated to be close to or greater than 
the penetration depth (~10 nm) of XPS beam, which is consistent with our previous calculation 
(5 to 20 nm) derived from TGA data [1]. 

In the final stage of PCBU-CA membrane preparation, the beta-amino groups in the PCBU 
layer underwent hydrolysis to generate zwitterions. To evaluate the presence of zwitterions on 
the surfaces of PCBU-CA, high-resolution N1s scans were compared between unhydrolyzed 
and hydrolyzed PCBU-CA. As shown in Figure S3c, the quaternary ammonium group was 
observed after hydrolysis, indicating successful hydrolyzation and the generation of zwitterions 
on the PCBU-CA membrane surface. 



 

Figure S3. XPS spectra of a) CA membrane wide scan, b) PCBU-CA membrane wide scan, and 
c) N1s high-resolution scan of non-zwitterionic and zwitterionic PCBU-CA membrane.  

4. Thermogravimetric analysis (TGA) 

TGA (PerkinElmer, USA) was performed on the CA membrane, PCBU film, and PCBU-CA 
membrane. The temperature gradually increased from 50 to 700 °C at a rate of 5 °C/min in an 
air atmosphere, and the temperature was held at 110 °C for 180 min to remove any moisture. 
Figures S4a and S4b show a quantitative analysis of the PCBU coating layer on the membrane. 
Compared with CA membrane, the PCBU-CA membrane shows a notable increase in the 
weight loss peak at 240 °C, which corresponds to the PCBU layer on the membrane. The 
comparison of these TGA curves verifies the existence of a PCBU layer on the membrane. 
These TGA curves confirm the existence of a PCBU layer on the membrane. By comparing the 
weight loss peak at 240 °C between the PCBU-CA membrane and PCBU, we quantified the 
amount of PCBU on the surface of the PCBU-CA membrane as 8.3 wt %. 

 

Figure S4. a) TGA and b) DTG curves of CA membrane, PCBU, and PCBU-CA membrane. 

5. Phage recovery of  CA membrane 



 

Figure S5. a) Virus recovery of spiked blood with a virus loading concentration of 1 × 105 
pfu/mL, centrifuged plasma, plasma filtrated by our device with CA membrane, and plasma 
filtrated by our device with PCBU-CA membrane. b) Comparison of the recovery efficiency of 
phage virus via centrifugation and our virus separation device with CA or PCBU-CA membrane 
as a function of the amplification cycle. 
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