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Supplementary Figure 1. Zeta potentials of GO, Zn (Ac)2-2H>0 and GO-Zn (Ac)2-:2H>0 mixture.

Additional Analysis: As manifested in Supplementary Figure 1, the surface of graphene oxide (GO) is
negatively charged (zeta potential=-40 mV), which originated from the oxygen functional groups
located on nanosheets. After mixing GO and neutral Zn(Ac)2:2H2O (zeta potential=-0.69 mV) in
ethylene glycol (EG) solution, the zeta potential shows a positive switch (-12.5 mV), suggesting the

adsorption of [Zn(EG)2]*" on GO surface.
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Supplementary Figure 2. The reaction process of the formation of ZnO/rGO nanocomposites.

Additional analysis: The possible chemical reactions occurred in the system can be expected as
Supplementary Figure 2. Briefly, EG is first attract zinc cations (Zn?") to form stable chelate
compounds [Zn (EG)2]*" (Supplementary Figure 2 (1)). The positively charged [Zn(EG)2]*" complexes
then assemble with negatively charged graphene oxide (GO) (-40 mV) through electrostatic
interactions, which corresponds to the adsorption process. During solvothermal process, EG could
reversibly react to aldehyde (CH3CHO) and H>O (Supplementary Figure 2(2)). The hydroxyl ions (OH")
produced by hydrolysis of acetate (CH3COO") (Supplementary Figure 2(3)) stimulate the in-situ
transformation of [Zn (EG)?]* complex to Zn (OH), (Supplementary Figure 2 (I-1I)). Meanwhile, GO

1s also reduced to rGO by EG of reducibility. Finally, ZnO/rGO nanocomposites are formed by the

hydrolysis of Zn(OH)2/rGO (Supplementary Figure 2 (II1)) and uniformly anchored on rGO.
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Supplementary Figure 3. Schematic illustration of the reduction of GO.

Additional analysis: GO is covalently functionalized with oxygen containing groups (hydroxyl,
epoxide, carbonyl, etc.) on the basal plane and on the edges. During the solvothermal process, carbon
monoxide (CO), carbon dioxide (CO2) and water (H20) remove from GO surface leading to the

formation of rGO with lots of defects[1, 2].
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Supplementary Figure 4. Illustration of one ZnO cell (Zn green, O yellow).

Additional analysis: The unit cell volume is approximately 47.6 A3. Consequently, ZnO contains
approximately 8.4x10%*? atoms per cm’. The synthetically produced ZnO with the wurtzite structure
may eventually exhibit a crystallographic arrangement different from the pattern established in the

crystallographic records[3].



Supplementary Figure 5. TEM images of various samples synthesized at (a) 0.5 h, (b) 1 h, (c) 2 h, (d)
3 h, (e) 12 hand (f) 24 h.

Additional analysis: The particle number density is almost the same of 9 per 10 nmx10 nm for all
samples synthesized at different time, indicating that the nucleation occurs simultaneously at GO

surface and no new nuclei form during growth process.
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Supplementary Figure 6. High-resolution C 1s XPS spectrum curves of ZnO/rGO-3h.
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Supplementary Figure 7. High-resolution C 1s XPS spectrum curves of ZnO/rGO.



Supplementary Figure 8. HR-TEM images of (a) ZnO/rGO-90°C, (b) ZnO/rGO-120°C, (¢) ZnO/rGO-

150°C, (d) ZnO/rGO-30%, () ZnO/rGO and (e) ZnO/rGO-70%.

Additional Analysis: The samples synthesized at different temperature or with different precursor

concentration show the same particle number density of 9 nanoparticles per 10 nmx10 nm.
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Supplementary Figure 9. Graph of the average particle size and particle number density over
temperature.
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Supplementary Figure 10. Thermogravimetric analysis (TGA) curves of samples prepared (a) at

various temperature and (b) by various precursor concentration.
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(c) XRD pattern, and SEM image of ZnO.

Supplementary Figure 11. (a-b) TEM images,



Supplementary Figure 12. (a-b) TEM images of ZnO/rGO-HO.

Additional Analysis: The sample ZnO/rGO-H>O was synthesized using the same process as that of

ultrafine ZnO/rGO nanocomposites, except that the solvent EG was changed to deionized water.



Supplementary Figure 13. (a-b) TEM images of ZnO/rGO-EtOH.

Additional Analysis: The sample ZnO/rGO-EtOH was synthesized using the same process as that of

ultrafine ZnO/rGO nanocomposites, except that the solvent EG was changed to EtOH.



Supplementary Figure 14. TEM images of (a) CdO/rGO, (b) CoO/rGO, (¢) CuO/rGO, (d) Fe203/rGO

nanocomposites at different magnifications.



Supplementary Figure 15. TEM images of (a) MgO/rGO, (b) LaxO3/rGO, (¢) MoO3/rGO, (d)

Nb20s/rGO nanocomposites at different magnifications.
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Supplementary Figure 16. TEM images of (a) ZnS/rGO and (b) MoS»/rGO nanocomposites at different

magnifications.
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Supplementary Figure 17. (a) Cd 3d XPS pattern of CdO/rGO[4]. (b) Co 2p XPS pattern of
CoO/rGO[5]. (c) Cu 2p XPS pattern of CuO/rGO[6]. (d) Fe 2p XPS pattern of Fe2O3/rGO[7]. (e) Mg
Is and (f) Mg 2p XPS patterns of MgO/rGO[8]. (g) La 3d XPS pattern of LaxO3/rGO[9]. (h) Mo 3d

XPS pattern of MoO3/rGOJ[10]. (i) Nb 3d XPS pattern of Nb,Os/rGO[11].

Additional Analysis: The chemical compositions of metal oxide in nanocomposites were confirmed

by XPS according to references.
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Supplementary Figure 18. Thermogravimetric analysis (TGA) curves of CdO/rGO, CoO/rGO,
CuO/rGO, Fe;03/rGO, Lax03/rGO, MgO/rGO, MoO3/rGO, ZnO/rGO and NbxOs/rGO under air

atmosphere.
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Supplementary Figure 19. Illustration of the preparation of ZnO/rGO membranes through vacuum
filtration.

Additional analysis: As illustrated in Fig. S18, the vacuum-induced pressure gradient results in
dynamic flow which drives rGO nanosheets to deposit on the basic membranes (PVDF). When the
surfaces of rGO nanosheets are parallel to the basic membrane surface, the movement is kinetically
favorable. While the configuration that rGO nanosheets are perpendicular to the film surface is
intrinsically unstable[12]. Also, interaction of m-m stacking promote partial interlocking and

overlapping of rGO nanosheets[13, 14].
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Supplementary Figure 20. (a-b) AFM images of GO.

Additional Analysis: As shown in Supplementary Figure 20 and Fig. 2g, the 2D nanochannel spacing

of ZnO/rGO membrane is estimated at ~0.8 nm.



Supplementary Figure 21. (a) Digital photograph, (b) top-view SEM image and (c) cross-section SEM

image of ZnO/rGO/nylon membranes.
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Supplementary Figure 22. Contact angle of water on (a) GO/Nylon and (b) ZnO/rGO/Nylon.



Supplementary Figure 23. Example of a large-area ZnO/rGO/nylon membrane fabricated by vacuum

filtration.

Additional Analysis: The large-scale production of ZnO/rGO membranes can be achieved by varying
the surface area of nylon membranes and sand core. As shown in Fig. S22, the diameter of ZnO/rGO

membranes can be broadened from 40 mm to 75 mm.



Supplementary Figure 24. SEM images of (a) 0.14 mg cm™, (b) 0.27 mg cm™, (c) 0.41 mg cm™, (d)
0.54 mg cm™, and (e) 0.68 mg cm? ZnO/rGO loading amount on nylon membranes. (f) 0.54 mg cm™

loading amount of GO on nylon membrane.

Additional Analysis: From cross-section SEM image (Fig. S18), GO membrane presents a uniform
laminar structure, while the layers in ZnO/rGO membranes were wrinkled with larger interlayer

spacing.
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Supplementary Figure 25. Water permeance and MB rejection for 30% ZnO/rGO membranes and
(50%) ZnO/rGO membranes. Error bars represent standard deviations from measurements of three

different samples.

Additional Analysis: GO-based membranes are great promising for advanced nanofiltration in water
treatments, but there is a trade-off between water flux and selectivity. Large interlayer spacing leads
to high water flux and low rejection, while small interlayer spacing leads to low water flux and high
rejection. To coordinate the water flux and dye selectivity of ZnO/rGO membranes. We have prepared
Zn0O/rGO nanocomposites with different ZnO contents in nanocomposites. As shown in Fig. S23, the
30% ZnO/GO membranes at the same mass loadings are prepared, which exhibits only 87% selectivity
of MB, though the water flux reaches 310 L m™ h ! bar "' In practical application, selectivity of dye

molecules shall be at least 95%. Therefore, we choose the (50%) ZnO/rGO membranes for further test.
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Supplementary Figure 26. Separation performance of ZnO/rGO for mixed dye molecules of methyl

blue/methyl orange (MB/MO). Error bars represent standard deviations from measurements of three

different samples.



Supplementary Table 1. Gibbs free energy of various reaction on GO surface functional groups.

Functional groups AG (I) /eV AG (IT) /eV AG (III) /eV AGiotal /€V
-OH -0.349 -7.376 1.292 -6.433
-COC -1.089 -6.868 0.958 -6.999
-COOH -1.036 -7.282 1.710 -6.6.08
-CO -1.072 -6.733 0.046 -7.759
without GO -6.412 1.539 -4.873

*AG (I): Gibbs free energy of reaction adsorption of Zn** onto GO surface;
AG (II): Gibbs free energy of reaction Zn*"*—Zn(OH)>*;
AG (III): Gibbs free energy of reaction Zn(OH)>*—ZnO*;
AGtotar: Gibbs free energy of the whole reaction.



Supplementary Table 2. Roughness of GO and ZnO/rGO membranes.

Membranes Ra (nm) Rq (nm)

GO 0.286 0.414
Zn0O/rGO 3.95 4.61




Supplementary Table 3. Nanofiltration performance comparation of GO-based membranes.

Loading . MB Water
Thickness .
Membranes mass Rejection Permeance Ref
(mgom?) (MM (%) (L m?2 ! bar)
GO 0.54 1.4 98.2 20 This work
Zn0O/rGO 0.54 0.845 98.1 225 This work
PEI-
GO/PAA/PVA/ 99.3 0.87 [15]
GA
PDDA/GO 0.01 99.2 6.42 [16]
PAN/GO 100 5.5 [17]
GO/OCNTs 99.3 7.24 [18]
ZIF-8@GO 0.105 100 49.81 [19]
GO/g-C3N4 0.0247 100 76.6 [20]
C-BCGO-Au-
4 24.4 32.4 [21]
stc-M
GO/COF 2.7 99.53 58.58 [22]
DES/GO 0.0035 96.7 21 [23]
PVDF/SDS-

18.6 92.79 4.63 [24]

GO/TiOz




Supplementary Table 4. Chemical structures and sizes of five dye molecules used in this

work[25].
Organic dye  Molecular Solute = Molecular Chemical structure
weight Charge size
(g mol?) (nm*nm)
Methylene ; rr ‘_}/ 0 n S
319.85 + 1.25%0.51 Pprs }*f { © ¢ e ¢
Blue (MLB) ‘f} Y T
Methyl °
Orange 327 1.13%0.42 NELL e
RS S
(MO) - S o !
®
Chrome
Black T 461 1.55*0.88
(CBT)
Rhodamine
479 + 1.13*%1.20
B (RhB)
Congo Red
696 - 2.56%0.73 o
(CR)
®
Methyl Blue
799.8 - 2.36*1.74
(MB)
Evans Blue
960 - 3.1¥1.3
(EB)

* C: grey balls; H: white balls; S: yellow balls; O: red balls; N: blue balls; CI: green balls. The



molecular sizes were calculated using ChemOffice2014.
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