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Wei Zhao1, 2, Peiyao Yan1, Haofan Yang1, 2, Mounib Bahri3, Alex M. James1, Hongmei Chen1, Lunjie 19 

Liu1, Boyu Li1, Zhongfu Pang1, 2, Rob Clowes1, Nigel D. Browning3, John W. Ward*1, 2, Yue Wu*1 and 20 

Andrew I. Cooper*1, 2  21 

Covalent organic frameworks (COFs) are typically synthesized using solvothermal conditions (>120 °C, >72 h) in harmful 22 
organic solvents. Here, we report a strategy for rapidly (< 60 min) synthesizing imine-linked COFs in aqueous acetic acid 23 
using sonochemistry and thus avoid most of the disadvantages of solvothermal methods. Using the sonochemical method, 24 
we synthesize seven known COFs. The crystallinity and porosity of these COFs is comparable with or better than the same 25 
materials made by established solvothermal routes. The sonochemical method even works in sustainable solvents, such 26 
as food-grade vinegar. The generality of the method is shown in the preparation of two previously unreported COFs. Fi-27 
nally, a COF synthesized sonochemically acts as an excellent photocatalyst for sacrificial hydrogen evolution from water, 28 
showing a more sustained catalytic performance compared with its solvothermal analog. The speed, ease and generality 29 
of this sonochemical method together with improved material quality makes the use of sound an enabling methodology 30 
for the rapid discovery of functional COFs. 31 

Crystalline covalent organic frameworks (COFs) have received much attention because of their use in catalysis, adsorption, separa-32 
tion, chemo-sensing, drug delivery, and energy storage and production.1-3 The traditional route to COFs is solvothermal synthesis,4 33 
but this often requires the use of sealed, pressurized tubes, elevated reaction temperatures (120–200 ℃), long reaction times (2–7 34 
days) and toxic organic solvents. These drawbacks provide an incentive to develop alternative methods to synthesize COFs. 35 

Alternatives to solvothermal syntheses include microwave synthesis5 and room-temperature syntheses using catalysts.6,7 These 36 
routes can be much faster than solvothermal syntheses, with reaction times of 1-2 hours. However, it is still desirable to avoid the 37 
use of toxic organic solvents and metal catalysts. Solid-state synthesis is one route that eliminates bulk solvent use and reduces 38 
waste generation. p-Toluenesulfonic acid (PTSA), a strong solid acid, was first used as the catalyst for solid-state COF synthesis by 39 
Kandambeth et al..8 However, a large quantity of PTSA (~6 molar equivalents based on the amine monomers) was required during 40 
the synthesis, and high temperatures (90–170 ℃) for 1 minute to 2 days were needed to obtain the crystalline COFs.9,10 Mechano-41 
chemical synthesis is another promising solid-state route. The first examples of COF mechanosynthesis were reported by Biswal et 42 
al.11 Solvent-free mechanochemical processes offer the potential for large-scale COF synthesis but such studies are rare and the 43 
COFs produced have limited crystallinity and porosity.12 For example, the mechanically synthesized COFs, TpPa-1, TpPa-2, and 44 
TpBD, had only moderate crystallinity and low Brunauer-Emmet-Teller (BET) surface areas (61 m2 g-1 for TpPa-1, 56 m2 g-1 for 45 
TpPa-2, and 35 m2 g-1 for TpBD) compared to their solvothermal analogs.11 Recent work by Emmerling et al.13 showed that alterna-46 
tive activation methods such as supercritical CO2 drying14,15 may allow access to the porosity of mechanochemically prepared COFs.  47 

Aqueous COF synthesis is attractive because it avoids the use of organic solvents. There are a limited number of reports of keto-48 
enamine-based and azine-linked COFs produced using hydrothermal syntheses,16,17 but long reaction times (0.5–3 days) and ele-49 
vated temperatures (>120 °C) were still required in the examples reported. Moreover, the authors concluded that their method 50 
only works well for COFs that are stabilized by keto-enol tautomerism, because conventional imine bonds are susceptible to the 51 
reversible back reaction upon exposure to water. Recently, Martín-Illán et al. developed a protocol for the aqueous synthesis of 52 
imine-linked COFs at 80 °C for 5 days.18 However, a very low concentration of starting monomers was required owing to their low 53 
aqueous solubility and an organic solvent (DMSO) was used to aid solubilization in some cases. Even when microwave radiation 54 
was used to accelerate the reaction, a 5-hour reaction time was still needed to obtain the COF.  55 

Sonochemical reactions are driven by high-energy ultrasound. In sonochemistry, acoustic cavitation occurs because of the for-56 
mation, growth, and implosive collapse of bubbles in a liquid due to ultrasonic shearing. This cavitation produces localized hot 57 
spots that can accelerate reactions.19 One advantage of sonochemistry is that the equipment required—an ultrasonic probe (Fig. 58 
1)—is compact, easy to use, relatively inexpensive (around the cost of a basic rotary evaporator) and amenable to small-scale dis-59 
covery chemistry. To our knowledge, the only reports of sonochemical COF synthesis are by Yang and co-workers20 and by Yoo et 60 
al.21 In those studies, first-generation COFs based on the less stable boroxine chemistry were prepared. Here, we focus on the sta-61 
ble, functional COFs synthesized via imine condensation that are the focus of much current research. 62 



 

We present a strategy for the sonochemical synthesis of imine-linked COFs in aqueous acetic acid. The reaction times are very 63 
short and the resultant materials often have superior properties to the same COFs obtained using other synthetic procedures. To 64 
thoroughly test this approach, we report the preparation of seven known COFs22-27 and two new COFs. These ‘sonoCOFs’ are pre-65 
pared in less than 1 hour with high crystallinity and porosity levels that are comparable to, or better than, COFs formed by sol-66 
vothermal methods. Hazardous organic solvents are avoided, making the method safer, cleaner, more economical and simpler. We 67 
also tested the functional performance of the sonoCOFs against solvothermal COFs for sacrificial photocatalytic H2 evolution. Sev-68 
eral COFs prepared by the sonochemical method had excellent photocatalytic performance; in particular, sonoCOF-3 showed bet-69 
ter sustained hydrogen evolution over 40 hours than its solvothermal analog.  70 

Results and discussion 71 

Sonochemical synthesis of a prototypical COF. To test our hypothesis that sonochemical synthesis may be feasible for imine-72 
linked COFs, we chose a prototypical imine-linked COF known as “TAPB-DMTA COF”, formed from the condensation of 1,3,5-tris(4-73 
aminophenyl)benzene (TAPB) and 2,5-dimethoxybenzene-1,4-dicarboxaldehyde (DMTA), and known for its stability and crystal-74 
linity.22 We discovered that this COF was easily synthesized through the ultrasonic irradiation of a dispersion of amine and alde-75 
hyde linkers in 6 M aqueous acetic acid (AcOH) without the need for any other organic solvents. We therefore selected this COF 76 
(Figure 2a, referred to here as sonoCOF-1) as a model system to explore the synthetic conditions in more detail. Unless otherwise 77 
stated, all of the sonochemical reactions were performed with a 550 W ultrasonic probe in continuous mode using a 3 mm microtip 78 
probe at 50% sonication power (the maximum recommended power for the probe used). 79 

We first investigated the effect of reaction time on product quality and yield. Reactions were run for 5, 10, 30 and 60 min. The for-80 
mation of sonoCOF-1 was confirmed by powder X-ray diffraction (PXRD) and Fourier-transform infrared (FT-IR) spectroscopy 81 
(Figure 2b and 2d). SonoCOF-1 was produced in 38 % yield after just 5 minutes sonication. Yields increased rapidly with reaction 82 
time: 76 % for 10 min, 93 % for 30 min and 93 % for 60 min (Figure 2e). Experiments for 60 min at sonication powers of 10–50 % 83 
in 10 % intervals showed lower yields at lower power but high crystallinity in all cases (Supplementary Fig. 21 and Supplementary 84 
Table 3). 85 

The permanent porosity of sonoCOF-1 was assessed by nitrogen adsorption isotherms measured at 77 K. Longer sonication times 86 
led to an increase in BET surface area and total pore volume, reaching a maximum of 2059 m2 g-1 and 1.80 cm3 g-1, respectively, 87 
after 60 minutes (insufficient sample was obtained for reliable measurements from the 5-minute reaction) (Fig. 2c, Fig. 2e). Longer 88 
reaction times (90 and 120 min) showed little further change (Supplementary Fig. 44). Among the conditions tested, 1 hour was 89 
found to be the optimal reaction time for the formation of sonoCOF-1, which is much faster than the 72 hours commonly used for 90 
the solvothermal reaction.22  91 

We also studied the effect of AcOH concentration on the formation of sonoCOF-1. PXRD analysis (Supplementary Fig. 20) showed 92 
that crystalline sonoCOF-1 could also be formed in 1 M and 3 M aqueous AcOH, but lower BET surface areas (261 m2 g-1 for 1 M 93 
and 1392 m2 g-1 for 3 M) and smaller pore volumes (0.22 cm3 g-1 for 1 M and 1.11 cm3 g-1 for 3 M) were obtained. SonoCOF-1 could 94 
even be prepared using food-grade distilled vinegar (~1M AcOH) giving a BET surface area of 380 m2 g-1 and pore volume of 0.32 95 
cm3 g-1. Finally, we investigated the possibility of scaling up the reaction. We found that a 10× scale reaction using a 1.27 cm (1/2 96 
inch) diameter probe at 100 % sonication power gave a good yield (73 %) and the BET surface area (2008 m2 g-1) and crystallinity 97 
were comparable to the equivalent small-scale reactions. 98 

Scope of the aqueous sonochemical method. To demonstrate the generality of our aqueous sonochemical strategy, we synthe-99 
sized a diverse set of 6 more known COFs that were prepared previously using solvothermal methods: sonoCOF-2 (‘COF-JLU5’)23 100 
composed of 4,4',4''-(1,3,5-triazine-2,4,6-triyl)trianiline (TAPT) and DMTA, sonoCOF-3 (‘TPT-COF-4’)27 composed of TAPT and 101 
tris(4-formylphenyl)amine (TFPA), sonoCOF-4 (‘N3-COF’)25 composed of TAPT and 1,3,5-triformylbenzene (TFB), sonoCOF-5 (‘Py-102 
1P COF’)28 composed of 4,4',4'',4'''-(pyrene-1,3,6,8-tetrayl)tetraaniline (PTTA) and terephthalaldehyde (TPA), sonoCOF-6 (‘RT-103 
COF-1’)29 composed of TAPB and TPA, and sonoCOF-7 (‘COF-432’)24 composed of 4,4',4'',4'''-(ethene-1,1,2,2-tetrayl)tetraaniline 104 
(ETTA) and TFB (Supplementary Table 1). The corresponding sonoCOF-x (os, ‘organic solvent’, x = 2–7) series was also synthe-105 
sized in mixtures of 1,4-dioxane/mesitylene or n-BuOH/o-DCB as a control (details in Supplementary Information section 2.2). The 106 
identities of the sonoCOF reaction products were confirmed by elemental analysis, FT-IR spectroscopy, thermogravimetric analysis 107 
(TGA), PXRD, and N2 sorption analysis.  108 

All sonoCOFs exhibited good crystallinities as gauged by PXRD. By contrast, not all sonoCOFs could be prepared as crystalline 109 
products in the organic solvents we tested; for example, sonoCOF-3 (os) and sonoCOF-7 (os) were almost amorphous (Supplemen-110 
tary Fig. 23). These results suggest that the aqueous sonochemical synthesis of imine COFs may be more robust than equivalent 111 
syntheses in organic solvents. As shown in Figure 3, the experimental PXRD patterns of sonoCOF-1–7 are consistent with the struc-112 
tures reported in the literature. The unit cell parameters of sonoCOF-1–7 were refined by the Pawley method (Supplementary Ta-113 
bles 3–9). We note that sonoCOF-3 shows an unassigned peak at around 5.6 °, which was also observed in other reports27,40.This 114 
peak is thought to arise from stacking faults. Scanning electron microscopy (SEM) showed that the sonoCOF samples comprised 115 
sub-micron crystallites (Supplementary Figs. 25–42). 116 

The permanent porosity of the sonoCOFs was assessed by nitrogen adsorption-desorption isotherms measured at 77 K after de-117 
gassing at 120 °C for 12 h. For sonoCOF-1 and sonoCOF-2, the adsorption isotherms show characteristic type IV features (Supple-118 



 

mentary Figs 43a and 43b) with BET surface areas of 2059 and 1890 m2 g-1, respectively. For sonoCOF-3–7, the adsorption iso-119 
therms showed a rapid uptake at a low relative pressure of P/P0 < 0.01 and reached saturation at P/P0 < 0.1, which is characteristic 120 
of a type I isotherm for a microporous solid (Supplementary Figs 43c–43g ). All sonoCOFs showed some hysteresis at higher pres-121 
sures, likely due to the inter-particle mesoporosity formed from the aggregation of the COF nano-particles. Application of density 122 
functional theory (DFT) showed the pore size distribution of sonoCOFs-1–7 to be centred at ~3.17, 2.95, 1.84, 1.34, 2.40, 1.49 and 123 
1.52 nm, respectively. The porosity of the sonoCOF (os) materials was measured under the same conditions as a control. All sono-124 
COFs exhibited higher BET surface areas and total pore volumes than their sonoCOF (os) analogs (Extended Data Fig. 1).   125 

Comparison of literature BET surface areas and total pore volumes for the solvothermal analogs of these sonoCOFs showed similar 126 
or higher values for the sonoCOFs (Table 1) with one exception (sonoCOF-5). We note here that BET surface areas are sensitive to 127 
the relative pressure range used for the calculation. Also, the increase in total pore volume might be ascribed, at least in part, to 128 
inter-particle gas condensation for some of the sonoCOFs (e.g., sonoCOF-3, see Supplementary Fig. 108), which typically comprise 129 
smaller microparticles than the analogous solvothermal materials.  130 

Investigation of sonochemical COF formation. We next performed a series of control experiments to show that it is indeed 131 
sound energy that is driving these reactions. Reaction mixtures of the same composition used for sonoCOF-1-7 were treated under 132 
three different conditions:  133 

Control-1: The amine and aldehyde monomers were added to an aqueous solution of acetic acid in a 4 mL vial and left at room 134 
temperature for 1 hour without stirring or sonication. 135 

Control-2: The amine and aldehyde monomers were sonicated in aqueous acetic acid solution using a much less powerful standard 136 
laboratory ultrasonic cleaning bath at 25–38 °C for 1 hour, as opposed to using an ultrasonic probe. 137 

Control-3: The amine and aldehyde monomers were stirred in an aqueous acetic acid solution at 80 °C in a heating block for 1 hour.  138 

In Control-1, COFs were formed with significantly lower crystallinity and yield, except sonoCOF-2 and sonoCOF-3, which did not 139 
form at all under these conditions. The Control-2 and Control-3 conditions were more favorable, but again, products showed lower 140 
surface areas, lower total pore volumes and lower yields in all but one case. Notably, sonoCOF-3 did not form under any of the con-141 
trol conditions. These results are summarized in Supplementary Table 1.  142 

Although sonocrystallization is known to lead to crystals with better uniformity, regularity, and less agglomeration in some cases, 143 
the mechanisms for these effects remain contentious because it is difficult to probe sonochemical processes on the time and length 144 
scales at which they occur.41 Performing the reaction in aqueous acetic acid seems to be part of the reason for the high crystallinity 145 
and porosity observed, because the analogous reactions in mixtures of organic solvent and acetic acid were, in general, less suc-146 
cessful. Certainly, water plays an important role during imine COF formation and other reports have shown that it aids COF crystal-147 
lization.42-44 We note for reaction mixtures in aqueous acetic acid, the amine monomers, with the exception of TAPT, were found to 148 
be highly soluble owing to protonation by acetic acid; by contrast, the aldehyde monomers were found to be sparingly soluble. As 149 
such, we believe that the COF reaction occurs under monomer starved conditions, but that formation and precipitation of the COF 150 
shifts the equilibrium, allowing more monomer to dissolve. 151 

Our results do not agree with the conclusions of Thote et al.16 and Martín-Illán et al.18 who suggest that it is not possible to obtain 152 
imine-based COFs in high concentration aqueous AcOH solutions due to the protonation of the amine monomers. Our results clear-153 
ly show that COFs can be formed under such conditions, at least when using sonochemistry. 154 

 155 

Discovery of COFs. Having developed a robust method for the synthesis of seven known 2D COFs, we attempted the synthesis of 156 
two unreported COFs: a 2D COF with pendant functionalization, and a COF with 3D connectivity (Fig. 4). SonoCOF-8 is constructed 157 
from a chirally-functionalized building block TPB2,45 forming an isostructural backbone to the TFB-TAPB COF ‘RT-COF-1’,29 while 158 
sonoCOF-9 is a 3D COF based on the substitution of TFPB with TFPT in the family of 3D ETTA-containing COFs.46 Formation of 159 
sonoCOF-8 and sonoCOF-9 was corroborated by FT-IR and CP-MAS 13C NMR spectroscopies (see Supporting Information, section 160 
3.2 and 3.8).  161 

PXRD measurements for sonoCOF-8 (Fig. 3h) and sonoCOF-9 (Fig. 3i) showed diffraction peaks that were consistent with their 162 
simulated structures. The experimental PXRD pattern for sonoCOF-8 matched well with a simulated eclipsed AA-stacking ar-163 
rangement (Supplementary Fig. 17). SonoCOF-9 exhibits good crystallinity with intense and sharp low-angle reflections, displaying 164 
a diffraction pattern very similar to the isostructural 3D-ETTA-TFPB COF.46 However, rather than the previously reported phase 165 
3D-ETTA-TFPB COF, we found that our diffraction data matched better with a monoclinic structure that we simulated with the ffc 166 
net (Supplementary Fig. 18). The crystal structure of sonoCOF-9 was assigned to the space group Cm with unit cell parameters of a 167 
= 74.42 Å, b = 43.95 Å, c = 23.44 Å, β = 89.89°.  168 



 

Both sonoCOFs possessed permanent porosity, as shown by nitrogen adsorption-desorption isotherms measured at 77 K (Supple-169 
mentary Fig. 43). The BET surface area was calculated to be 154 m2 g-1 for sonoCOF-8 and 984 m2 g-1 for sonoCOF-9, with total 170 
pore volumes of 0.19 and 0.52 cm3 g-1 at P/P0 = 0.97 for sonoCOF-8 and sonoCOF-9, respectively.  171 

Photocatalytic H2 evolution. Recently, COFs have prompted interest as heterogeneous catalysts for photocatalytic water split-172 
ting.47 Since high crystallinity is thought to be favourable for photocatalytic performance,47,48 we tested these sonoCOFs for sacrifi-173 
cial photocatalytic H2 evolution. 174 

Initially, the photocatalytic activities of the sonoCOFs were screened using a high throughput instrument (see Supporting Infor-175 
mation Section 1). As shown in Fig. 5a, sonoCOF-3, sonoCOF-6, and sonoCOF-9 exhibited high efficiency for photocatalytic hydro-176 
gen evolution with ascorbic acid as the sacrificial electron donor. 177 

The best performing catalyst, sonoCOF-3 was studied in more detail. In the presence of ascorbic acid as a sacrificial electron donor, 178 
with Pt as a co-catalyst, sonoCOF-3 gave H2 evolution rates of up to 16.6 mmol h–1 g–1 under visible light (λ > 420 nm, 300 W Xenon 179 
lamp) (Fig. 5b). This is one of the highest sacrificial hydrogen evolution rates reported for a COF (Table S13). An external quantum 180 
efficiency (EQE) of 3.71 % was determined for sonoCOF-3 at 420 nm (Fig. 5c); for comparison, 3.2 % was reported for FS-COF47 at 181 
420 nm and 0.44% for N3-COF49 at 450 nm. We also compared the photocatalytic performance of sonoCOF-3 with its solvothermal 182 
analog (solvoCOF-3) in longer-term photocatalysis experiments under visible light irradiation (λ> 420 nm) (Fig. 5b). Both COFs 183 
continue to show hydrogen evolution for 40 hours, but sonoCOF-3 maintains very high activity at the end of the run while the cata-184 
lytic efficiency of solvoCOF-3 is reduced. The PXRD pattern for sonoCOF-3 catalyst showed that crystallinity was retained after 185 
long-term irradiation to a greater extent than for solvoCOF-3 (Supplementary Fig. 102). In the course of this study, Thomas et al.40 186 
also reported high H2 evolution rates using a COF (‘TtaTfa’ in their naming scheme) with the same chemical structure as sonoCOF-187 
3. TfaTfa was synthesized using solvothermal conditions and the photocatalytic experiments were conducted under similar condi-188 
tions. Degradation of catalytic activity and loss of crystallinity over longer-term photocatalysis was also observed for TtaTfa. 189 

There are several microstructural differences between solvoCOF-3 and sonoCOF-3 that may contribute to the differences in their 190 
photocatalytic activity. Nitrogen adsorption porosimetry (Supplementary Figs 104-106) shows that sonoCOF-3 has a significantly 191 
higher BET surface area (1587 m2g-1 compared with 1043 m2g-1) and pore volume (1.04 cm3g-1compared with 0.50 cm3g-1) than 192 
solvoCOF-3, as well as a different pore-size distribution (Supplementary Fig 105). Although both samples show a bimodal distribu-193 
tion, the dominant pore size in sonoCOF-3 corresponds to the expected main pore (18.4 Å), while in solvoCOF-3 a smaller pore 194 
(15.2 Å) is overrepresented. This difference in pore distribution may arise from different concentrations of the stacking faults, as 195 
discussed previously. TEM images (Fig. 5) show that both sonoCOF-3 and solvoCOF-3 form rectangular particles, but the sonoCOF-196 
3 particles are around half the length and width (~50×100 nm compared with ~100×200 nm); they are also thinner. In general, 197 
larger surface-to-volume ratios, as well as increased internal surface area, are expected to correlate with increased catalytic activi-198 
ty, particularly if the platinum cocatalyst is located on the surface of the COF particles, rather than in their pores.48 Despite their 199 
smaller size, the sonoCOF-3 crystallites are well defined and highly crystalline, as evidenced by the HRTEM images. It is possible 200 
that the high crystallinity of the sonoCOF-3 particles or a greater degree of polymerization (Supplementary Fig. 107) enhances 201 
their resistance to thermal degradation, which is one possible explanation for their sustained hydrogen production. SonoCOF-3 202 
also exhibits greater dispersibility in aqueous media (Supplementary Fig. 110), which is known to favor photocatalytic activity for 203 
materials of this type.50  We also observed in several TEM images that the Pt co-catalyst appeared to be more evenly dispersed on 204 
the sonoCOF-3 particles (Supplementary Fig. 117), and improved resistance to Pt agglomeration will tend to enhance photocatalyt-205 
ic performance.  206 

Conclusions 207 

We present a rapid and clean method for COF synthesis using sonochemistry. Seven previously reported COFs and two new COFs 208 
were prepared. These materials were obtained in just 60 minutes by simply mixing and sonicating the reagents in water with ace-209 
tic acid, and the products showed high porosity and high crystallinity. The temperature of the solutions increased during soni-210 
cation, but control experiments with simple heating (Control 3; Supplementary Table 1) showed that the materials properties ob-211 
tained are superior under sonication conditions. These sonochemical methods are more facile than conventional solvothermal 212 
syntheses, and this fast and convenient method is particularly suited to high-throughput discovery approaches.  213 
Aqueous sonochemical synthesis has several advantages: the cost and toxicity of the process is reduced, and the need for solvent 214 
screening to optimize crystallinity is avoided. The functional properties of COFs can be improved through aqueous sonochemical 215 
routes, both in terms of porosity levels and other functional properties, such as photocatalytic activity. Moreover, the low reaction 216 
temperatures broaden the range of COF monomers that can be considered to encompass functionality that is thermally less stable, 217 
providing that is that these monomers can tolerate acidic conditions. We believe that sonochemical synthesis could be a powerful 218 
tool for the synthesis of COFs and that it deserves broader investigation for other functional materials, such as porous amorphous 219 
organic polymers, conjugated microporous polymers, or perhaps porous organic cages. 220 

 221 

Methods 222 

Synthesis of sonoCOFs via the sonochemical method. In a typical synthesis, the amine and aldehyde monomers are weighed 223 
into a 4 mL vial and aqueous acetic acid (2 mL) is then added. The mixture is sonicated using a 3 mm diameter microtip probe 224 



 

driven by a 550 W Branson Sonifier SFX550 cell disrupter running at 20 kHz in continuous mode and at 50% power for 60 min. 225 
The resulting solids are washed in sequence with acetone, dichloromethane, and methanol, followed by a 24 h Soxhlet extraction 226 
with methanol. The sample is then dried under high vacuum for 24 h. For controls with organic solvents, the aqueous acid phase 227 
was replaced by the mixture of 1,4-dioxane (1 mL)/mesitylene (1 mL)/6M AcOH (0.2 mL) or n-BuOH (1 mL)/o-DCB (1 mL)/6M 228 
AcOH (0.2 mL). 229 

Data availability 230 

All data supporting the finding of this study are available within this article and its Supplementary Information. The experimental 231 
procedures and characterization of all COFs are provided in the Supplementary Information. 232 
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Tables 249 

Table 1. Comparison of total pore volumes and BET surface areas of sonoCOFs with equivalent materials reported in the literature 250 
prepared under solvothermal conditions. SonoCOF reaction conditions: 60 min reaction time; reaction temperature starting at 251 
ambient temperature, ~20 ℃, and stabilizing at ~78 ℃ after 10 minutes sonication, Supplementary Fig. 111. Literature reaction 252 
conditions: 120 ℃ for 3–7 days.  a Pore volume not reported. b Pore volume is calculated at P/P0 = 0.97. c BET surface areas are cal-253 
culated under P/P0 =0.01–0.2 (see Supporting Information, Section 3.7).  254 

SonoCOFs 
Pore vol. (cm3 g-

1) 
This work (cm3 g-

1) b 
SBET (m2 g-1) This work (m2 g-1) c 

Theoretical 
SBET (m2 g-1) 

References 

SonoCOF-1 
1.28 

1.80 
2105 

2059 2327 
22 

1.28 1927 30 

SonoCOF-2 
1.59 

1.45 
1632 

1890 2173 

23 
– a 1314 31 

1.15 1036 32 
SonoCOF-3 – a 1.04 1132 1587 1886 27 

SonoCOF-4 

0.56 

0.67 

1142 

1425 1509 

25 
0.66 1000 33 
0.55 1149 34 
0.55 1163 30 

SonoCOF-5 
1.09 

1.51 
2210 

1746 1755 

28 
– a 1520 26 

1.25 2039 35 

SonoCOF-6 

– a 

0.81 

1268 

1013 1513 

36 
– a 687 37 
– a 888 38 
– a 420 39 

0.44 435 34 
SonoCOF-7 0.43 0.54 895 940 986 24 
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 256 



 

Figure captions 257 

Figure 1. Apparatus and conditions used for sonochemical synthesis, the COFs studied, and the monomers used to synthesise 258 
them. (Left) Amine and aldehyde monomers used for COF synthesis. (Center) Schematic of the sonochemical apparatus and reac-259 
tion setup. (Right) Structures of the COFs synthesised, their designations and their amine and aldehyde components. 260 

Figure 2. Systematic investigation of the effect of reaction time on the prototypical COF ‘TAPB-DMTA’ formed by sonochemical 261 
synthesis (‘SonoCOF-1’) in aqueous acetic acid (a) Synthesis route for sonoCOF-1. (b) PXRD patterns show similar crystallinity 262 
regardless of reaction time. (c) N2 adsorption isotherms show an increasing porosity at longer reaction times (d) FT-IR spectra 263 
show the presence of unreacted aldehyde at very short reaction times. All samples show the presence of the C=N bond, indicative 264 
of successful COF formation. (e) The yields (blue bars) and total pore volumes (pink bars) of sonoCOF-1 increase with greater reac-265 
tion time. 266 

Figure 3. The structures of sonoCOFs-1–9 confirmed by Pawley refinements based on modeled crystal structures. (a–i) Pawley 267 
refinements against the PXRD patterns of sonoCOF-1–9. Pink lines: yobs, experimental PXRD data; black dots: ycalc, Pawley refine-268 
ment profile; blue lines: yobs – ycalc, residual; yellow marks: hkl positions calculated for that phase. Insets: Modeled crystal struc-269 
tures. C, grey; H, white; N, blue; O, red.  270 

Figure 4. Synthetic routes for the unreported COFs sonoCOF-8 and sonoCOF-9. SonoCOF-8 contains a bulky pendant functional 271 
group, while sonoCOF-9 is the only sonoCOF with a 3D connectivity. 272 

Figure 5. Photocatalytic hydrogen evolution experiments and characterization of sonoCOFs. (a) Screening of sonoCOFs for sacrifi-273 
cial photocatalytic hydrogen evolution. Conditions: 2 mg of COF catalyst, 16 μL H2PtCl6 solution (0.8 wt % in water), 5 mL 0.1 M 274 
ascorbic acid as a sacrificial electron donor, 2 h solar simulator illumination. Blue bars = aqueous sonoCOFs; pink bars = organic 275 
sonoCOFs (os). (b) Plot showing sacrificial photocatalytic hydrogen evolution as a function of time for sonoCOF-3 and solvoCOF-276 
3 over 40 h (5 mg catalyst in water, diluted H2PtCl6 solution as a platinum precursor (4 wt % loading), 0.1 M ascorbic acid (25 277 
ml), λ > 420 nm). The sample was degassed after 5 h and 10 h to prevent saturation of the detector, then left under continuous il-278 
lumination for 15 h and again degassed after 30 h and 35 h. After 30 h, 1.25 mmol of ascorbic acid was added.  (c) Overlay of the 279 
UV/vis absorption spectrum of sonoCOF-3 with external quantum efficiency (EQE) for the photocatalytic hydrogen evolution reac-280 
tion with sonoCOF-3 at two different incident light wavelengths. (d) TEM images of solvoCOF-3 and sonoCOF-3 before and after 281 
photocatalytic testing and (e) HRTEM image of sonoCOF-3 clearly showing the hexagonal pore structure of a single crystallite. 282 
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