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S1. SEM images of g-CsN4 nanotubes. (a) the black circle highlights an open end with rolled

character. (b) SEM image of another g-CsN4 nanotube with open end.



Power

Time

S2. Photos of the bubbles generated by probe-ultrasonications at different powers, 200 W
(a,d,g), 800 W (b,e,h), and 950 W (c,f,i). The selected rectangular areas are zoomed in and
displayed in S3.

To observe the bubbles directly, a mixture of ethanol and water without g-C3N4 was treated by
probe-ultrasonication. When the power is 200 W, a dense fog rapidly appear in the solvent (a),
indicating there are plenty of tiny bubbles. And the fog becomes bigger and denser with
increasing ultrasonic time (a,d,g). In this situation, stable bubbles with lifetime longer than one
second are dominant. When the power increases to 800 W, the fog is much lighter and
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independent on ultra-sonic time (b,e,h). It suggests that the fraction of inertial cavitation
increases tremendously. The generation and rupture of the bubbles occur within one second,
which is faster than a single frame. When the power further increases to 950 W, the fog is
similar to that generated at 800 W. Note when g-C3N4 powder was added, the solution was

muddy and thus the direct observation of bubbles was failure.

S3. (a-c) Enlarged images of the areas marked in g-h of S2. (d-f) The rectangular regions of a-

c are further zoomed in and showed in d-f, respectively.

As highlighted by the circles in a, many stable spherical bubbles can be found at the power of
200 W. However, at the power of 800 W, the bubbles become elongated. When the
ultrasonication power is 950 W, the sizes of the elongated bubbles increase evidently. In fact,
these elongated bubbles are quite unstable. They explode immediately after generation. By
further zooming in the rectangular area in a, crowded tiny bubbles are observed. Whereas, the

enlarged image corresponding to (b) display many elongated bubbles with different sizes.
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S5. (a,b) TEM images of the product fabricated by 950W probe-sonication. (c-e) Length (c),

width (d) and aspect ratio (e) distributions of the nanotubes.



S6. Discussion on other 2D materials

Similar ultrasonic treatments on other 2D materials, like MoS2,[RY WS,,[R21 BN, R3] and
black phosphorus®4R® are widely reported. However, usually they are fractured to ultrasmall
QDs due to the shear force-induced exfoliation and scission force-induced cutting. The
difference may be caused by the high flexibility of g-C3aNa4. The g-CsN4 is composed of tri-s-
triazine moieties connecting by a single C—N covalent bond, which render its corrugations and
deformations easily. Previous works show that Young’s modulus of planar g-C3N4 nanosheets
is around 221.62 GPa®® which is evidently lower than those of graphene (1 TPa),.[R"]
hexagonal BN nanosheets (250 GPa), (Rl MoS, (330 GPa),®°! and WS, (238 GPa).[R1
Therefore, in general, corrugation stabilizes g-CsNa4 nanostructures with respect to extended
conformations in comparison to other 2D atomic layers,[R'! indicating that the curving of g-
C3Nj4 sheets to nanotubes is easier.[R'? In principle, the feasibility of this method relies on the
mechanical properties of the 2D materials. The g-CsN4 nanosheets prepared by different
precursors should have similar mechanical properties. And it is logical to expect this method

1s versatile to other flexible 2D materials.
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S7. FTIR spectra of g-C3N4 microsheets (black line) and nanotubes (red line).

Both microsheets and curved nanotubes exhibit very similar FTIR spectra, indicating the

chemical composition and functional groups remain unchanged during the rolling up of planar



g-C3N4 to nanotubes. The wide band between 3000 and 3600 cm* corresponds to the stretching
vibration mode of residual NH2, NH groups at the defect sites of the aromatic ring and also
possibly stretching mode of OH.R3R The strong band locating at 1620 cm™ is associated
with the typical stretching and rotation vibration of C=NR*3R14 The other strong peak at 1490
cm? belongs to tri-s-triazine ring modes.[R3R141 Besides, the band at 805 cm™ also corresponds
to the breathing mode of the heptazine ring arrangement. The bands in the 1000-1350 cm*

region are ascribed to the C—N stretchings.[R*3R14]
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S8. X-ray photoelectron spectra (XPS) of C 1s (a,c) and N 1s (b,d).

The C 1s spectra for both microsheets and nanotubes can be fitted into two peaks, centered at
284.8 and 288.2 eV (Fig. 5¢), which are ascribed to sp? -C=C— bonds and sp?-hybridized
carbon of C-N=C coordination, respectively.[?5-R2l The N 1s spectra are deconvoluted into
three sub-bands. The peak at 398.6 eV is ascribed to sp?-hybridized aromatic nitrogen atoms
bonded to carbon atoms (C—N=C). The second one at 399.4 eV belongs to the tertiary N— (C)3
groups. And the third peak assigning to the N bonded with H atoms (C—N-H) is found at 400.8

eV.[RISR21Oyerall, the XPS spectra of microsheets and nanotubes are almost the same, further
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suggesting the chemical states and atomic structures of g-C3N4 microsheets and nanotubes are
nearly the same.
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S9. EPR spectra of g-C3N4 microsheets (black line) and nanotubes (red line).

EPR spectra of both samples exhibit a single Lorentzian line in the magnetic field from 3440
to 3530 G. The g values of g-C3N4 microsheets and nanotubes are calculated as 2.0041 and
2.0056. According to the literature, EPR signal is associated with the unpaired electrons of sp?-
carbon atoms within n-conjugated aromatic rings.[R?®R2l For example, the two-coordinated
nitrogen vacancies may donate unpaired electrons to adjacent sp2-carbon atoms within 7-
conjugated aromatic rings in g-CsN4.[R? The intensities of EPR signals are very close
indicating the density of atomic vacancies retains in g-C3Ns nanotubes. However, the
divergence of g values implies the unpaired electron must have gained or lost angular

momentum through spin—orbit coupling due to the change of the shapes.


https://en.wikipedia.org/wiki/Spin%E2%80%93orbit_coupling
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S10. XRD patterns of g-C3N4 microsheets (a) and nanotubes (b). The broad and noised peak
imply the poor crystallinity, which is in good agreement with the SAED result.
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S11. Raman spectra of g-C3N4 microsheets (a) and nanotubes (b) after background and offset

corrections.

A 785 nm laser was used as the excitation source to avoid the strong fluorescent background.
The peaks at 541 and 740 cm™ are ascribed to the twisting vibration and in-plane symmetrical
stretching vibration of heptazine heterocycles, respectively.[R®1 And the 978 cm™ band is
associated with the breathing modes of the heptazine ring.[R?°! These three modes (541, 740,
and 978 cm™) appear at same positions in the Raman spectra of g-CsNs microsheets and
nanotubes. However, the peak at 1165 cm? shifts toward lower frequencies after the
microsheets are rolled up to nanotubes. This peak is ascribed to the =C(sp?) bending vibration,
depending on the C—N covalent bonds.[?*®1 The redshift of this mode suggests the C—N bonds
are stretched. Similar Raman redshift caused by the elongation of C—C bond also exists in
strained graphene, which show shifts of ca. 27.8 and 14.2 cm™ per 1% strain in 2D and G band,

respectively.[R?1]
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S12. Absorption spectra of g-C3N4 microsheets (black line) and nanotubes (red line). The g-
CsN4 microsheets and nanotubes exhibit identical absorption edge at 450 nm, implying the
same direct bandgap of 2.76 eV. While the absorption of nanotubes in the visible range (450-

800 nm) is improved apparently, which is agreement with the steady-state PL spectra.
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S13. (a,b) TRPL decay curves monitored at different emission wavelengths, (a) microsheets (b)
nanotubes. (c) The instrumental response function (IRF) is compared with a TRPL decay curve.
In our system, the IRF is much faster than TR-PL signal. Thus, the IRF has a negligible

influence on the fitting parameters.
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S14. (a) Photodegradation of MB over g-CsNs microsheets and nanotubes under visible
irradiation. (b) In(CO/C) as a function of irradiation time (t). Contrastive experiment without
any catalyst was performed for comparison (Blank), showing that the self-degradation of MB
under visible light irradiation is negligible. Inset: pictures taken during degradation of MB over

g-CsaN4 nanotubes.
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S15. Adsorption of MB by g-CaN4 microsheets and nanotubes in dark. The adsorption—
desorption equilibriums are established after stirring for three hours. The adsorption abilities

of the microsheets and nanotubes are pretty close.
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Photodegradation: Photodegradation of MB solution under visible light (A>420 nm) is
conducted in a home-made reactor. An external cooling water circulator was equipped to keep
the reactor at a constant temperature. In detail, 50 mg photocatalysts were dispersed into 100
mL MB solution (10 mg L), and the suspension was stirred overnight in the dark to ensure
the establishment of an adsorption—desorption equilibrium before irradiation. A 300 W xenon
lamp with a 420 nm cut-off filter to remove any irradiation below 420 nm was used as the
visible light source. At certain time intervals (5 min), the reaction solution was sampled and
centrifuged to remove the photocatalysts. The residual MB concentration was determined by
the intensity of the absorption peak at 664 nm.

The photocatalytic activity of the g-CsN4 nanotubes was evaluated by photodegradation of
methylene blue (MB) under visible light (S 14). It was found that the photocatalytic activity of
g-CsNs nanotubes was obviously improved than that of g-CsN4 microsheets. A 100 mL MB
solution (10 mg L) was almost thoroughly photo-bleached in 55 min by g-CsN4 nanotubes,
while only ca.80% MB was degraded by the microsheets under the same conditions. The
adsorption experiments in dark were conducted to exclude the improved photocatalytic
performance of nanotubes is caused by the increased adsorption ability due to the possible large

surface area (S15).
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S16. A comparison of the C3N4 nanotubes to the references.

H12-C3N4Z
diameter: 80 t0108
nm; wall
thickness: 23 nm
H24-C3N4Z
diameter: 80 t0108
nm, wall
thickness: 12 nm
The inner and
outer diameters
are 150 and 300
nm, respectively.
The diameter of
the nanotubes is
300-600 nm

The wall thickness
of the nanotubes is
about 15 nm while
the inner diameter
is about 18 nm.
Tube wall
thicknesses of less
than 10 nm

Wall thickness of
20 nm

Diameters of 0.5—
3 pum and lengths
of several tens to
hundreds
micrometers

Inner

diameters of 50—
100 nm and wall
thicknesses of 20—
50 nm

The lengths of the
nanotubes are
about 0.2-2.7 pm.
And the diameters
span from 20 to
250 nm.

27.8°

27.7°

27.5°

27.3°

27.5°

27.4°

27.4°

27.4°

25°

27.5°

PL in the range of 410
nm to 550 nm and
centered at ca. 470 nm.

PL in the range of 410
nm to 550 nm and
centered at ca. 450 nm

PL in the range of 410
nm to 550 nm and
centered at ca. 420 nm

PL in the range of 410
nm to 600 nm and
centered at ca. 460 nm

PL peak at 462 nm
PL lifetime: 15.37 ns

The PL spectra of the
CsN4 nanotube exhibit
a strong emission peak
centered at 402 nm
Strong PL emission
peak at about 450 nm,

N.A.

PL in the range of 400
nm to 550 nm and
centered at ca. 425 nm.
Lifetime: long
parameter ~10 ns, short
parameter ~3 ns.
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The RhB photodegradation
rates for bulk-g-CsN4, H12—
CsN4 and H24-C3N, are
0.005, 0.06 and 0.03 min?,
respectively.

RhB degradation rate is 0.074
min.

The hydrogen evolution
efficiency of is 28.5 mmol h?
RhB solution can be degraded
completely after the
irradiation time of 180 min for
tubular g-C3N4, which is
superior to the bulk g-C3Ns
RhB degradation rate: 0.01
min-?

The achieved apparent
guantum yield (AQY) of
optimal structure for H2
evolution with a green LED
(525 nm) reaches 1.3%,

N.A.

The photocatalytic CH;OH
production rate 0.2 umol h™*

g—l

N.A.

MB degradation rate is 0.042
min-!
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