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Abstract: Molecular packing controls optoelectronic properties in organic molecular nanomaterials, such as charge carrier mobility, excited state dynamics, and light absorption. Hence, controlling molecular packing and understanding structure-activity relationships are both critical in the search for new molecular organic photocatalysts. Here, we report a donor-acceptor organic molecule, 2,6-bis(4-cyanophenyl)-4-(9-phenyl-9H-carbazol-3-yl)pyridine-3,5-dicarbonitrile (CNP), that exhibits two aggregate states in aqueous dispersions: amorphous nanospheres and ordered nanofibres with - molecular stacking. The molecular packing has a profound effect on photocatalytic performance: the nanofibre form of CNP promotes sacrificial photocatalytic H2 production (31.85 mmol g-1 h-1) while the nanospheres produce hydrogen peroxide (H2O2) (3.20 mmol g-1 h-1 in the presence of O2). This is the first example of an organic photocatalyst that can be directed to produce these two different solar fuels simply by changing the molecular packing. The different packings in these two nanoscale aggregates affect energy band levels, the extent of excited state delocalization, the excited state dynamics, charge transfer to O2, and the light absorption profile. We use a combination of structural and photophysical measurements to understand how this influences the photocatalytic selectivity. This study shows that it is possible to achieve multiple photocatalytic functionalities with a single organic molecule by careful engineering the nanomorphology and the solid-state packing. 

Main
[bookmark: _Hlk87310042][bookmark: OLE_LINK38]Organic molecular materials are of growing interest in the area of photocatalysis.1–3 For solid-state organic materials, photocatalytic properties are not controlled by chemical structure alone: molecular packing can play an equally important role in controlling electronic and optical properties.4–9 For example, charge carrier mobility can vary by up to six orders of magnitude depending on the degree of order in pentacene.10 Likewise, the control of molecular packing for perylene imides results in different photocatalytic H2 production performance.1,11–13 For molecular solids, there is often a subtle interplay between thermodynamics and kinetics during aggregation processes because of the weak nature of most intermolecular interactions.14,15 In principle, this can be exploited to control the structure of aggregate states and, hence, the photocatalytic performance of organic molecular photocatalysts. To do this, it is essential that we understand the structure-photoactivity relationships that govern photocatalytic activity. Knowledge of these relationships should allow the design of molecular photocatalysts for useful chemical transformations, such as transforming solar energy into storable fuels, such as hydrogen (H2) or hydrogen peroxide (H2O2).16–21 
[bookmark: _Hlk88210024][bookmark: OLE_LINK12][bookmark: OLE_LINK15]Here, we report a donor-acceptor organic molecule, 2,6-bis(4-cyanophenyl)-4-(9-phenyl-9H-carbazol-3-yl)pyridine-3,5-dicarbonitrile (CNP) (Fig. 1a), which exhibits two aggregate states in aqueous solutions: amorphous nanospheres and ordered nanofibres with - molecular stacking. Remarkably, these two CNP aggregate states showed totally different and complementary photocatalytic behaviour, with one producing H2O2 and the other producing H2. Structural and spectral analysis showed that this photocatalysis selectivity switching can be attributed to the two different molecular packing modes in the CNP nanoparticles, which result in contrasting photophysical properties for the two aggregates.
Molecular structure of CNP and its photophysical properties in solution 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK4]CNP is a donor–acceptor (D–A) molecule bearing a pyridinedicarbonitrile acceptor unit (A) and a substituted carbazole donor unit (D) (Fig. 1a). CNP was synthesised and characterized by 1H and 13C NMR spectroscopy, mass spectrometry, and elemental analysis (Fig. S1,2 in Supporting Information). In the solution UV-Vis absorption spectrum of CNP, the lowest energy absorption band at 368 nm in tetrahydrofuran (THF) was not observed for either the separate donor or acceptor fragments that constitute the CNP molecule (Fig.1a,b and S3). Photoluminescence emission spectra of CNP in various solvents showed broad and featureless emission peaks (Fig.1c and S4, and Table S1), which is a common characteristic of charge transfer (CT) states.22 CNP in acetonitrile showed dual emission, which probably arises from population of excited electronic states with differing degrees of charge-separation; for example, emission from both a local excited state or multiple charge transfer states.23,24 The emission spectrum of CNP exhibited a distinct redshift as solvent polarity was increased (Fig. 1c), which is consistent with a CT excited state. Spatially separated highest occupied natural transition orbitals (HONTO) and lowest unoccupied natural transition orbitals (LUNTO) calculated by time-dependent density functional theory again support that the lowest energy excitation of CNP is charge transfer state (Fig. 1d and S5). CNP showed a remarkable Stokes shift of 12,533 cm-1 in acetonitrile, which is one of the largest shifts reported for an organic molecule.24 Analysis of the solvatochromism using the Lippert-Mataga method23 showed that CNP has a large dipole moment of the excited state of 21.4 ± 2.2 Debye (Fig. 1e and S6). This dipole is a measure of polarity and the large dipole moment of CNP is beneficial for photogenerated charge separation.25  
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[bookmark: OLE_LINK3][bookmark: OLE_LINK9][bookmark: OLE_LINK8]Fig. 1 | Molecular structure of CNP and its photophysical properties in solution. a, Molecular structures of CNP plus analogous acceptor and donor molecules. b, Absorption spectra of CNP, the acceptor molecule, and the donor molecule (10 μM) in THF. c, Absorption and emission spectra (λexc = 390 nm) of CNP (10 μM for absorption and emission measurement) in different solvents at ambient temperature. d, Electron density distributions of HONTO and LUNTO calculated by time-dependent density functional theory (TD-DFT) in Gaussian 16 at the CAM-B3LYP/6-31G(d) level. Isosurface = 0.03 a.u., rendered using Avogadro. Blue N, gray C, white H. Blue: positive, red: negative isosurfaces of molecular orbitals. e, Lippert-Mataga plot of Stokes shift (va – vf /103 cm-1) for CNP versus solvent orientation polarizabilities (f).
[bookmark: _Hlk79589597]Morphology and structure of CNP aggregates
[bookmark: OLE_LINK32][bookmark: OLE_LINK31][bookmark: _Hlk79785210][bookmark: OLE_LINK33][bookmark: OLE_LINK34]Nanoaggregates of CNP were prepared using a nanoprecipitation method where a THF solution of CNP was injected into water under continuous sonication (Fig. S7).26 A pale yellow suspension was obtained using a THF/H2O volume ratio of 1/100. By contrast, an orange suspension was formed (Fig. 2a and 2b) when the THF/H2O volume ratio was increased to 1/10. Scanning electron microscopy (SEM) was used to image the particles from the pale yellow and orange suspensions. This revealed that they had nanosphere and nanofibre morphologies, respectively (Fig. 2a and 2b). The average diameter of the yellow CNP nanospheres (CNP-s) was estimated to be around 100 nm (Fig. S8). The orange CNP nanofibres (CNP-f) had a width of about 40 nm (Fig. 2b). There were no discernible diffraction peaks in the powder X-ray diffraction (PXRD) pattern for CNP-s (Fig. 2c), indicating that the nanospheres were amorphous. By comparison, broad diffraction peaks in the PXRD pattern of CNP-f were observed suggesting that the nanofibres had some degree of structural order. To gain further insight into the molecular packing in these nanofibres, we obtained two single crystals of CNP. We initially sublimed CNP at 683 K under dynamic vacuum and obtained crystal 1 (CNP-C1) which crystallised in the orthorhombic space group P212121 (Fig. S9 and Table S2). In this structure, the adjoining aromatics of the D and A unit twist by ~71°, preventing CNP molecules from forming aligned stacks. Instead, CNP intertwines along the a-axis, with - interactions at a distance of ~4.3 Å between D–A and A–A parts of adjacent CNP molecules. The stacks of twisted, intertwined CNP molecules are then held together by a network of C≡N∙∙∙H-C(aryl) interactions at distances of around 2.7 Å. We also obtained crystal 2 (CNP-C2) as poorly diffracting, X-ray-sensitive yellow needles by diffusion of water into a THF solution of CNP (Fig. 2d, 2e, and Table S2). CNP-C2 crystallised in the triclinic space group P1 with two molecules in the asymmetric unit. In this structure, the torsion angle between the donor and acceptor units was only 42°. CNP-C2 shows strong -stacking along the a-axis; that is, along the length of the needle. The packing is extended into the b and c directions (transverse to the length of the needles) by weak C≡N∙∙∙H-C(aryl) H-bonding (Fig. 2d and 2e). CNP-C2 is a solvate, and it also contains a significant proportion of poorly-ordered solvent that occupies the linear voids that extend along the length of the needles (Fig. S10). These voids constitute 16% of the unit cell by volume. Unlike the close-packed CNP-C1 structure, there is no stacking between the donor and acceptor units in neighbouring CNP molecules in CNP-C2. For CNP-C2, the D–D distance is 3.52 Å and the A–A distance is 3.69 Å. The PXRD pattern of CNP-f shows a feature that corresponds to a d spacing of 3.7–3.9 Å, which is consistent with a layered structure with a similar interlayer spacing to CNP-C2. However, as evident from PXRD data (Fig. 2i), the degree of long-range order in the CNP-f nanofibres is much lower than in the two single-crystal forms, CNP-C1 and CNP-C2.
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[bookmark: OLE_LINK1]Fig. 2 | Morphology and structure for CNP aggregates. a,b, SEM images of CNP-s and CNP-f Inset pictures showing CNP-s and CNP-f aqueous suspension. (scale bar is 300 and 200 nm for CNP-s and CNP-f, respectively). c, PXRD patterns of CNP-s and CNP-f. d, Single crystal structure of CNP-C2. Adjacent building blocks are held together by intermolecular C≡N∙∙∙H-C(aryl) H-bonding (red). Gray, carbon; blue, nitrogen; white, hydrogen. e, The strong -stacking along the a-axis. f, Scheme showing proposed molecular packing structure in CNP-f. g, Raman spectra of two single crystals (CNP-C1 and CNP-C2), CNP-s solid, CNP-s in water, CNP-f solid, and CNP-f in water (785 nm laser). For CNP-C2 measurement, the laser was focused on single crystal particle. h, Conformers of CNP in three states. i, Simulated PXRD patterns of CNP-f and CNP-C2, and experimental PXRD patterns of CNP-f and CNP-C2 (detailed simulation method for CNP-f is in the Method Section).
[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK39][bookmark: OLE_LINK40]Raman spectroscopy analysis revealed that CNP-f and CNP-C2 had similar Raman spectra, with two stretching frequencies for the cyano groups at around 2230 cm-1. By contrast, only one stretching vibration for the cyano groups was observed in CNP-s and in CNP-C1 (Fig. 2g). For the CNP-C2 and CNP-C1 measurement, the laser was focused on a single crystal particle. The dried, solid CNP-s and CNP-f samples showed similar Raman spectra to CNP-s and CNP-f in suspension, respectively. DFT calculations revealed that the different bond lengths of the cyano groups in the crystals can explain the observed cyano Raman shifts (Fig. S11–13, Fig. 2h). All four cyano (CN) groups of the CNP molecule in CNP-C1 have similar calculated Raman shifts, which merge into a single peak in the calculated spectrum. By contrast, CNP-C2 has two distinct calculated Raman shifts for the CN groups due to the presence of different cyano group bond lengths in CNP-C2. By analogy, this suggests that there are different CN bond lengths in the CNP-f nanofibre packing. CNP-f and CNP-C2 have similar UV-Vis absorption profiles in the liquid, dispersed state, in contrast with CNP-s and CNP-C1 in solid-state (Fig. S14). Also, CNP-f and CNP-C2 were obtained from the same solvent mixture (THF/H2O). In addition, the simulated XRD pattern of CNP-C2 agrees with the PXRD pattern of CNP-C2, and it shows diffraction peaks at similar 2θ compared to the PXRD pattern of CNP-f. Refining the lattice parameters of CNP-C2 based on the observed PXRD pattern of CNP-f indicates that there is a limited expansion of the lattice dimensions a change and reconfiguration of the cell angles; the change in cell volume is less than 10 %. The simulated profile, incorporating peak broadening and preferred orientation consistent with the nanofibre morphology, is in broad agreement with the observed PXRD pattern of CNP-f (Fig. 2i). Taken together, these data suggest that the aggregate structure in CNP-f is composed of similar molecular conformers and a similar -stacked packing as found in the single crystal, CNP-C2 (Fig. 2e), albeit with a much lower degree of long-range order. 
Aggregation-dependent photophysical properties
Fig. 3a shows the UV-Vis absorption spectra of CNP nanoaggregates in H2O after removing THF by heating. This heating did not alter the nanoaggregate morphology, as shown by SEM imaging (Fig. S15 and S16). CNP-s in water showed a similar UV-Vis absorption profile to the CNP molecule in THF (Fig. S17). In CNP-f, the lowest energy absorption band red shifts to 412 nm. DFT calculations confirm that HONTO and LUNTO are localised orbitals due to the large - stack distance in CNP-C1, but the closer - stacking in CNP-C2 results in a delocalised excited state (Fig. 3b and 3c). CNP-f showed a red shift of 70 nm in emission spectrum of fluorescence compared with CNP-s (Fig. 3a). The fluorescence quantum yields of CNP-s and CNP-f in water were determined to be 0.19 and 0.007, respectively, as measured using quinine sulfate (Φf = 0.577 in 0.1 M H2SO4, λexc = 350 nm) as the standard. The weaker emission intensity of CNP-f compared to CNP-s again supports increased charge separation in the nanofibres. We suggest that this is driven by both (i) reduced h+/e- binding energy in the exciton, owing to increased charge delocalization, and (ii) increased ordering, providing a facile route for charge migration. 
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Fig. 3 | Aggregation-dependent photophysical properties. a, Absorption and emission spectra (λexc = 390 nm) of CNP-s and CNP-f in water after THF removal. b and c, Electron density distributions in the HONTO and LUNTO of 4 molecules layers extracted from CNP-C1 and CNP-C2. Isosurface = 0.03 a.u. Blue N, gray C, white H. Blue: positive, red: negative isosurfaces of molecular orbitals. The light blue colour is used to distinguish overlapped molecules. d, e, f, Transient absorption spectra of CNP in THF (d), CNP-s (e), and CNP-f (f) in water at pump-probe time delays. An excitation wavelength of 380 nm is used for CNP in THF and 410 nm for CNP-s and CNP-f in water (all at 750 µW). The disconnect in the transient absorption spectra axis reflect the removal of the twice pump laser scatter (820 nm) and the break in separate experiments (480–900 nm and < 480 nm). g, Kinetic traces of CNP-s probed at 840 nm in different gas environments (Ar and O2). 
[bookmark: _Hlk105832717]To gain further insight into the character of the excited electronic states, we carried out transient absorption (TA) spectroscopic studies on both CNP dissolved in THF and its CNP-s and CNP-f nanoaggregates in water (Fig. 3d–g). Excitation of CNP in THF solution (380 nm) and in aggregates (410 nm) was achieved using a femtosecond laser (ca. 170 fs duration). The TA spectra of CNP in THF show a photoinduced absorption (PIA) across the visible region with a broad peak between 650–900 nm (Fig. 3d, ca. 825 nm at 10 ps) and a sharp, intense band at 432 nm (Fig. S18c and 19c). To assign the TA spectra of CNP we performed spectroelectrochemical measurements of both CNP and its respective donor and acceptor subunits (Fig. S20–23). These measurements show that the PIA between 650–900 nm is assignable to the reduced pyridinedicarbonitrile acceptor unit of the charge transfer state. Supporting this assignment is the sensitivity to O2 band for CNP-s on the picosecond timescale (Fig. 3g). The reduced CNP also has a UV-Vis bands at 440 nm and a weaker shoulder at 550 nm, which partially overlaps with the spectroelectrochemical features of the oxidized carbazole (400–550 nm, Fig. S23a).27 Therefore the TA spectra of CNP in THF on the ps timescale is assignable to rapid (< 1 ps) formation of a charge transfer state. Over the first 150 ps, the bands between 650–900 nm in the TA spectra of CNP in THF continue to evolve, all showing a blue shift in peak position (Fig. S24 and 25a); we propose this is due to a combination of intramolecular reorientation, likely twisting around the D–A bond and solvent reorganisation.28 We note that CNP in acetonitrile exhibits dual emission (Fig. 1c), consistent with these relaxation processes. 
[bookmark: _Hlk105833382]The TA spectra of CNP-s in water following 410 nm excitation is like that observed for CNP in THF (Fig. 3e); notably, the observance of the oxidised donor feature at 444 nm and reduced accepter band at 835 nm, supports the formation of an exciton with localised oxidised donor/reduced acceptor character (Fig. 3b). Little spectral evolution was observed in the TA spectra during the first 20 ps, after which, only a very small blue shift occurs alongside the decay of the shoulder band at 835 nm (Fig. S25b). The lack of change of the TA spectra of CNP-s indicates no evolution of the initially generated charge transfer state on the ps timescale and is in-line with the limited rotational freedom of CNP within the aggregate. 
[bookmark: _Hlk105833503]The TA data of CNP-f in water shows distinct differences to the analogous data for CNP-s and CNP in THF (Fig. 3f). At 1 ps, the TA spectrum for CNP-f has three maxima between 700–900 nm (746, 830, 880 nm), and a negative signal below 500 nm assigned to ground state bleaching. This highlights that the character of the exciton formed in CNP-f differs from that in CNP-s. The similarity in the 1 ps spectra of CNP in THF and CNP-s is consistent with the formation of a delocalised exciton for CNP-f (Fig. 3c). The initial TA spectrum red shifts and the highest wavelength TA band appears to decay rapidly over the first 20 ps. The red shift of the main TA bands of CNP-f contrasts with the TA spectra of CNP-s and CNP in THF, where a blueshift occurs over time (Fig. S25c). This difference lies in the relaxation mechanisms open to each species. CNP-f is expected to have reduced conformational flexibility compared to CNP in THF owing to the close packing of CNP layers in this semi-crystalline aggregate. We propose that the exciton undergoes charge separation with the crystalline structure facilitating charge transport on the picosecond timescale after formation with the red-shift potentially arising from the optical Stark effect. This is consistent with the low fluorescence quantum yield and broad emission spectrum obtained for this nanofibre aggregate. 
Morphology transformation
We observed that nanospheres could transform into nanofibres over time, depending on the THF/H2O ratio (Fig. 4a). Nanospheres were formed first after precipitation; these then transformed to nanofibres over a few days at THF/H2O ratio of 1/25. A much faster transformation (around 30 min aging) was observed with a THF/H2O ratio of 1/10 (Fig. S26). THF/H2O ratios lower than 1/25 resulted in the formation of stable nanosphere suspensions, while THF/H2O ratios higher than 1/10 lead to the immediate formation of nanofibres (or at least, no nanospheres could be observed on our measurement timescales). Adding THF into a stable aqueous nanosphere suspension can also promote the transformation into nanofibres (Fig. S27). We did not observe the transformation from nanofibres to nanospheres, suggesting that the nanospheres are a kinetic product and the nanofibres are the thermodynamic product in the presence of THF.
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[bookmark: _Hlk106000211]Fig. 4 | Morphology transformation. a, Scheme summarizing the morphology transformation. b, UV-Vis absorption spectra of CNP-f (THF/H2O = 1/10) growth process (recorded every 2 min), inset Fig. showing the kinetics of CNP-f growth process (absorbance at 475 nm). c, Emission spectrum of CNP-f (THF/H2O = 1/10) growth process under 390 nm excitation (recorded every 1.5 min). Measurements were carried out at ambient temperature. d, TA spectra of CNP-f (THF/water = 7%) growth process (recorded every 1 hour, top panel = 0 hours) probed at the region of 440-908 nm, 410 nm excitation under an argon gas atmosphere. The break (480 nm) is due to the data being recorded in two separate experiments (480–900 nm and < 480 nm).
In-situ UV-Vis absorption spectra of the CNP nanoaggregate evolution process showed that a CT absorption band of the peak at 377 nm was formed initially, and its peak maximum was close to that of CNP in THF solution (Fig. S28). During aggregate transformation from nanosphere to nanofibre, the absorption band at 408 nm appears gradually at the expense of the CT absorption band because of increased charge delocalization in the nanofibres (Fig. 4b). This suggests that a switch to - stacking is driving the morphological change of the nanoaggregates from nanospheres to nanofibres. The observation of an isosbestic point at 392 nm indicates a stoichiometric conversion from nanospheres to nanofibres. The growth of CNP-f occurred after a lag time and exhibited a nonlinear sigmoidal transition (inset, Fig. 4b). This implies that the transformation includes two kinetics: the nucleation of seeded nanospheres and the elongation of nanofibres.15 In-situ photoluminescence emission spectra of the transformation process showed bathochromic shift of the emission peak maxima and reduced intensity, consistent with the change of aggregate morphology from nanosphere to nanofibre (Fig. 4c). TA spectroscopy was also used to follow the transformation of the aggregates from spheres to fibres over a 5-hour period in a THF/water = 7% mixed solvent (Fig. 4d); ground state UV-Vis spectra recorded over the same time period are shown in Fig. S29. At 0 h, the solution contains CNP-s and the TA spectrum matches that seen for CNP-s in water (Fig. 3e). Over the 5-hour period, an evolution of the TA spectra occurs until, the spectrum matches that of CNP-f in water (Fig. 3f), clearly demonstrating the correlation between aggregation state and photophysics. 
Switching photocatalytic selectivity
[bookmark: OLE_LINK37][bookmark: OLE_LINK41]CNP-f loaded with platinum (Pt) as a hydrogen evolution reaction (HER) catalyst showed much higher activity than CNP-s, both under solar simulator (wavelength interval: 350 nm–1000 nm) irradiation and LED irradiation in the presence of ascorbic acid as an electron donor (Fig. 5a,b and S30). CNP-f had a H2 production rate (31.85 mmol g-1 h-1) that was more than 72 times higher than CNP-s (0.44 mmol g-1 h-1). By contrast, under an O2 atmosphere, CNP-s generated H2O2 at a high production rate of 3.20 mmol g-1 h-1 from neat water under simulated solar light, while CNP-f produced H2O2 at much lower rates at neutral and acidic conditions (Fig. 5a and Fig. S31). We therefore have a unique case of an organic molecular catalyst that can produce either hydrogen or hydrogen peroxide, selectively, depending on its aggregation state.
Kinetic H2 evolution measurements under visible light irradiation (> 420 nm) showed that CNP-f afforded an average HER of 11.7 mmol g-1 h-1, with no reduction in activity observed during 34 hours of photoreaction (Fig. 5c). The amount of H2 generated after 22 h irradiation was 644.5 µmol for CNP-f, which is more than 17.5 times higher than CNP-s (36.7 µmol). The apparent quantum yields (AQYs) for CNP-f were determined to be 2.69% at 490 nm, 4.43% at 420 nm, 3.76% at 405 nm, and 3.08% at 395 nm, broadly following the absorption spectrum of CNP-f and suggesting that the hydrogen generation is a photocatalytic process (Fig. S32). Deuterium isotope experiments were carried out using D2O for photocatalytic sacrificial hydrogen production, and the produced gases were detected by mass spectrometry (Fig. S33). The majority of the produced gas was D2 indicating that the gas is produced from water. The H2O2 production over 6 hours under visible light irradiation (> 420 nm) in pure water showed an average rate of 343.2 µmol g-1 h-1 and 56.8 µmol g-1 h-1 for CNP-s and CNP-f, respectively (Fig. 5d). Table S3 and S4 are the summaries of the reported photocatalytic H2O2 and H2 production performances on selected organic photocatalysts, it was found that the CNP-f and CNP-s are among the most efficient small organic molecule-based photocatalysts, respectively, compared to their literature counterparts. 
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Fig. 5 | Switching photocatalytic selectivity. a, Photocatalytic H2 (the left side) and H2O2 (the right side) production activities of CNP-s and CNP-f (0.5 mg catalyst in 5 mL water; light source = solar simulator, 1 sun; irradiation time = 1 hour). Condition for H2 production: degassing with N2; ascorbic acid (0.04 M); Pt loading: 3 wt. %. Condition for H2O2 production: degassing with O2, pure water. b, Photocatalytic H2 production activities of CNP-s and CNP-f (0.5 mg catalyst in 5 mL water; light source = LED; irradiation time = 1 hour; ascorbic acid = 0.04 M; Pt loading = 3 wt. %. c, Time course of H2 production for CNP-s and CNP-f, irradiated by 300 W Xe lamp fitted with a λ > 420 nm filter. Testing condition: 2.5 mg catalyst in 25 mL water; ascorbic acid (0.1 M); Pt loading: 3 wt. %. d, Time course of H2O2 production for CNP-s and CNP-f, irradiated by 300 W Xe lamp fitted with a λ > 420 nm filter using 5 mg of the catalyst in O2 environment. e, Photocatalytic H2O2 production activities of CNP-s in the different gas environments (0.5 mg catalyst in 5 mL water; light source = solar simulator, 1 sun; irradiation time = 1 hour). f, Schematic diagram of the energy levels for CNP-s and CNP-f (pH = 7).29 
[bookmark: _Hlk105831540][bookmark: _Hlk105831864]Increasing the concentration of O2 in the reactor gave an increase in the H2O2 production rate (Fig. 5e). Isotopic labelling experiments using 18O2 detected the percentage of 18O2 in the decomposed product of the formed H2O2 (increased from 1.2% to 71% over 70 h) (Fig. S34). Combined with observations on the effect of different scavengers on the photocatalytic activity (Fig. S35), we conclude that H2O2 is produced via an oxygen reduction pathway. The electronic energy levels of CNP-s and CNP-f were estimated by combining Mott-Schottky analysis (Fig. S36) and Tauc plots (Fig. S37). Both CNP-s and CNP-f are thermodynamically suitable for water reduction, oxygen reduction, and water oxidation reactions (Fig. 5f). CNP-f has reduced driving forces because of intermolecular interactions leading to delocalization of electrons across adjacent aligned CNP molecules. The proposed reduction of O2 by CNP-s but not CNP-f is supported by TA spectroscopy, which shows that the PIA around 800–840 nm, which we propose is a signature of the reduced acceptor decays at an accelerated rate in the presence of O2 with CNP-s, but not CNP-f (Fig. 3g and S38,39).
[bookmark: _GoBack]After 32 hours photocatalytic H2 evolution, no decomposition of structure or morphology in CNP-f was observed, as revealed by 1H NMR (Fig. S40) and HRTEM (Fig. S41). Lattice spacing and EDX analysis confirmed the presence of Pt on CNP-f and CNP-s with well-defined similarly sized Pt nanoparticles after photocatalysis (Fig. S42,43). CNP-s showed continuous H2O2 production over 125 hours of irradiation (Fig. S44). However, 1H NMR spectra of CNP-s after long-term photoreaction showed partially decomposition of CNP (Fig. S45). No decomposition of CNP-s was observed for the photocatalytic H2 evolution reaction (Fig. S40). Scanning electron microscopy characterisation of CNP-s and CNP-f before and after photocatalytic H2 and H2O2 production were conducted and no significant changes in morphology was observed, except for CNP-s after H2O2 production where a small number of irregular sphere aggregates were found (Fig. S46), most likely due to partial decomposition during photocatalysis. In the photocatalytic water oxidation reaction to produce H2O2, the formation of N2 was observed as a self-oxidation product of the nitrogen-containing CNP photocatalyst (Fig. S47). We therefore inferred that the decomposition of CNP-s is mainly due to the self-oxidation by photogenerated holes, which is a known cause of instability for organic polymer photocatalysts.30 The long-term photostability of organic materials in photocatalytic H2O2 production requires further attention, as raised in a recent study.31 
Discussion
When prepared at a low ratio of THF/H2O, CNP-s has an amorphous structure and shows charge transfer character with localised excitons in the excited state. At high ratio of THF/H2O, the morphology transforms from amorphous nanospheres to ordered CNP-f nanofibres. At the same time, the conformer structure of CNP changes; specifically, its D–A unit twist angle and bond length adapt to the molecular - stacking arrangement in the nanofibres. As a result of this structural transformation, CNP-f shows improved H2 production efficiency of CNP-f compared to CNP-s. By contrast, CNP-f is significantly less active for photocatalytic H2O2 production from water in the presence of O2, while CNP-s shows a high H2O2 production rate. This clearly indicates that the change in catalytic activity is due to a change in the aggregation state of CNP (see Supporting Information for a discussion of the effect of molecular conformations on the charge transfer state of CNP, Fig. S48 and Table S5). 
There are several factors that may be important for efficient photocatalytic hydrogen evolution performance. One is the effective photodeposition of the Pt cocatalyst and subsequent transfer of electrons to the Pt nanoparticles. TA spectroscopy shows that following photodeposition, the lifetime of the 850 nm band assigned to the reduced acceptor in the charge transfer state is decreased (Fig. S49,50) for CNP-f, indicating that a portion of the photogenerated charge can transfer to the hydrogen evolution co-catalyst on the ps timescale. By contrast, sensitivity of the 850 nm band CNP-s to the presence of Pt on any of the timescales studied was minimal. This demonstrates that electron transfer to Pt cocatalysts is less efficient from this localised CT state in CNP-s compared to CNP-f.  Also, - stacking in CNP-f is beneficial for photocatalytic H2 production because of intermolecular charge transfer, resulting in improved charge transfer and longer charge transfer distances compared to CNP-s. The quantum yield for emission is much lower for CNP-f than for CNP-s showing that fast radiative decay still occurs at high levels with CNP-s. Slow transient absorption spectroscopy (Fig. S51–53) reinforces this point, showing that the charge transfer state of CNP-f persists for microseconds, while for CNP-s it decays on the nanosecond timescale. Taken together, these observations explain the much higher photocatalytic hydrogen evolution rate observed for CNP-f.
Electron transfer to O2 is critical in the photocatalytic H2O2 production reaction. TAS analysis revealed that in the presence of O2, the PIA (800–840 nm) of the reduced acceptor species in CNP-s decays at an accelerated rate compared to CNP-f, supporting the improved charge transfer to O2 from excited CNP-s. Also, it was found that CNP-f can produce 1O2 at a much higher rate than CNP-s (estimated quantum yields of 1O2 formation of ca. 5 x10-4 and 1 x10-1 for CNP-s and CNP-f, respectively, see Fig. S54,55). The formation of 1O2 is a hence a competitive reaction to the production of H2O2 for CNP-f. In addition, CNP-f has reduced redox potentials for oxygen reduction and water oxidation compared to CNP-s due to the delocalization of electrons across aligned CNP molecules. Together, this explains the lower photoactivity for H2O2 production observed for CNP-f. 

Conclusion
In conclusion, CNP is a donor-acceptor molecule that has two different nanoaggregates with strongly contrasting photocatalytic activity for solar fuels production. While this selectivity switch is the unique feature of the study, the magnitude of the photocatalytic activities for photocatalytic H2O2 production (CNP-s) and H2 production (CNP-f), respectively, are also among the highest observed for organic molecular systems (Table S3, S4). The distinctly different photophysical behaviours of the two aggregates are a result of the energy band levels, the extent of excited state delocalization, the excited state dynamics, the rate of charge transfer to O2, and the light absorption profiles. These differences can be ascribed to the differences in molecular packing in CNP-s and CNP-f. This study highlights the major impact of molecular packing in aggregate states on the behaviour of organic molecule-based photocatalysts. Such understanding should allow us in the future to design multiple photocatalytic functionalities for a given molecule by engineering molecular packing. For example, beyond H2 and H2O2 production, one might expect that the reaction selectivity in photoorganocatalysis using organic molecular catalysts could be polymorph dependent.
Methods
Materials and characterizations
[bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: _Hlk96096046]All the reagents and solvents used for the synthesis were commercially available from Alfa Aesar, Sigma-Aldrich, Fluorochem, TCI Europe, Carbosynths, and used as received without further purification. Tetrahydrofuran (anhydrous, inhibitor-free) was obtained from Sigma-Aldrich. The deionized water was obtained from a Milli-Q System (ρ = 15 MΩ). 1H and 13C NMR spectra were carried out on Bruker Avance 400 NMR spectrometer at 400 MHz and 100 MHz, respectively. The scanning electron microscope (SEM) measurements were performed on Hitachi S-4800 cold field emission scanning electron microscope (FE-SEM) at a working voltage of 10 kV and a working distance of around 8.4 mm. The transmission electron microscope (TEM) measurements were operated on a JEOL 2100 Plus microscopy at an accelerating voltage of 200 kV. Scanning transmission electron microscopy (STEM) images were performed using a Cs-Corrected JEOL 2100FCs Microscope operating at 200KV. Powder X-ray diffraction (PXRD) measurements were performed under high throughput transmission mode, using a Panalytical Empyrean diffractometer, X-ray focusing mirror, and PIXcel detector with Cu Kα radiation. Raman spectroscopy was performed on inVia reflex Qontor confocal Raman microscope using 785 nm laser (For CNP-C2 measurement, the laser was focused on single crystal particle). UV-Vis absorption spectra were recorded on a Cary 5000 UV-visible-NIR spectrophotometer at room temperature. For in-situ measurement, 0.5 mL of THF containing 0.1 mg of CNP was added into 5 mL of deionized water, and then half of this solution is added into a quartz cuvette quickly before recording the adsorption spectrum every 1.5 min. Steady-state photoluminescence spectra were performed on an Edinburgh Instruments LS980-D2S2-STM spectrometer. For in-situ emission, 0.5 mL THF containing 0.5 mg of CNP was added into 5 mL deionized water, and then this solution is added into a quartz cuvette quickly before recording emission. Single crystal X-ray diffraction intensity data for CNP-C1 were measured on a Rigaku MicroMax-007 HF rotating anode diffractometer (Mo-Kα radiation, λ = 0.71073 Å, Kappa 4-circle goniometer, Rigaku Saturn724+ detector) with the temperature during data collection maintained at 100.0(1) K using an Oxford Cryosystems cooling device. Data were integrated and reduced using CrysalisPro,32 and the structure solved by dual-space methods using SHELXT33 integrated within the Olex2 suite.34 Least-squares refinement was conducted using SHELXL35 against F2. Intensity data for CNP-C2 were measured using synchrotron radiation (λ = 0.6889 Å, fixed-χ goniometer, Pilatus 300 K detector) at the Diamond Light Source (beamline I19, EH1).36,37 Data were integrated and reduced using the in-house processing pipeline, and solved and refined as above.
Synthesis of CNP
Synthesis of 2,6-bis(4-cyanophenyl)-4-(9-phenyl-9H-carbazol-3-yl)pyridine-3,5-dicarbonitrile (CNP): 4-(2-cyanoacetyl)benzonitrile (5 mmol, 0.850 g), 9-Phenyl-9H-carbazole-3-carboxaldehyde (3 mmol, 0.813 g), and ammonium acetate (15 mmol, 1.15 g) were discharged into the reaction flask, then 15 ml acetic acid was added. The reaction mixture was heated to 110 oC for overnight. The resultant precipitates were filtered and washed with methanol. Then, the solids were oxidised with 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ, around 5 mmol, 1.13 g) in acetic acid solution (30 mL) under 110 oC for 1 hour, followed by filtration and methanol washing. The solids were purified by column chromatography, giving the final product as an orange powder (around 1.18 g, yield: 83%). 1H NMR (400 MHz, DMSO) δ 8.80 (1H), 8.33 (1H), 8.31-8.25 (4H), 8.18-8.10 (4H), 7.92 (1H), 7.78-7.70 (4H), 7.67-7.59 (2H), 7.55 (1H), 7.48-7.37 (2H). 13C NMR (101 MHz, DMSO) δ 161.57, 160.23, 141.80, 141.44, 140.99, 136.66, 133.12, 130.94, 130.83, 128.80, 127.88, 127.78, 127.49, 125.55, 123.25, 122.91, 122.78, 121.44, 121.17, 118.75, 116.48, 114.10, 110.71, 110.52, 108.55. Chemical Formula: C39H20N6, Elemental Analysis: calcd., C, 81.80; H, 3.52; N, 14.68; found C, 81.31; H, 3.47; N,14.57. HRMS (ESI, m/z): [MH]+ calcd. 573.1822; found 573.1816.
Synthesis of nanostructures
The CNP molecule was dissolved in anhydrous THF with concentrations of 10, 5, 2.5, 1, 0.5, and 0.25 mg mL-1, respectively, serving as stock solutions. A specific volume of stock solution was added rapidly into a vial containing 5 mL of deionized water under continuous sonication for around 5 seconds, resulting in the formation of CNP-s-X and CNP-f-X, where X is the THF to water ratio. To prepare nanospheres, 50 µL of 10 mg mL-1, 100 µL of 5 mg mL-1, and 200 µL of 2.5 mg mL-1 stock solution were used to produce CNP-s-1/100, CNP-s-1/50, and CNP-s-1/25, respectively. To prepare nanofibres, 500 µL of 1 mg mL-1, 1 mL of 0.5 mg mL-1, and 2 mL of 0.25 mg mL-1 stock solution were used to produce CNP-f-1/10, CNP-f-1/5, and CNP-f-2/5, respectively. For photocatalytic measurements, THF is removed by placing all samples in a cover-free sample holder on a hot plate at 130 °C for 5 hours. 
Simulation of PXRD profile of CNP-f
The unit cell of CNP-C2 was refined against the experimental PXRD profile of CNP-f using a Pawley refinement performed in TOPAS-Academic version 738 (Rwp = 1.64 %, Rp = 1.47 %, 2 = 1.09) to obtain the approximate lattice parameters a = 3.981(1) Å, b = 18.29(3) Å, c = 26.36(4) Å,  = 94.3(1)°,  = 68.3(1)°,  = 80.9(1)°, V = 1741(4) Å3. It was not possible to perform a full structural refinement of the framework due to the broadened diffraction profile of CNP-f. Modifying the unit cell of CNP-C2 to the lattice parameters obtained from the Pawley refinement preserved the connectivity of the framework, with some non-physical bond angles. A Lorentzian size broadening term was included, which was manually set to 40 nm; the approximate width of the nanofibers observed by SEM. The March-Dollase model39 was used to simulate the non-random distribution of diffracting planes, indicated by strong (h00) and weak (0k0) and (0kl) reflections. The axis was set to account for this pattern of intensities and the preferred orientation parameter was manually set to r = 0.6 based on the comparison between the simulation and the experimental PXRD pattern (Fig. 2i).
Photocatalysis experiments
[bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: OLE_LINK24][bookmark: OLE_LINK23]The high throughput measurements: The catalysts (0.5 mg) were dispersed into 0.04 M ascorbic acid water solution (5 mL) with diluted hexachloroplatinic acid solution as a platinum precursor (3%) in small vials (volume = 12 mL). After purging with nitrogen in a Sweigher Chemspeed Technologies robot for 3 hours, these vials were sealed with pierceable caps. Then, all sample vials were irradiated under a solar simulator (AM1.5G, Class AAA, IEC/JIS/ASTM, 1440 W xenon, 12 × 12 in., MODEL:94123A) equipped with a roller device. Gaseous products were analyzed on a Shimadzu GC-2010 equipped with Shimadzu HS-20 through injecting a sample from the headspace sampler via a transfer line (temperature 150 °C) onto a Rt-Msieve 5 Å column with He as the carrier gas (30 mL min-1). Hydrogen was detected with a barrier discharge ionization detector referencing against standard gas with a known concentration of hydrogen. Control experiments showed that no hydrogen production occurred in the absence of a photocatalyst, illumination, or a hole scavenger. For H2O2 measurement, the catalyst solutions (0.5 mg in 5 mL water) with or without sacrificial agents (10 mM) or adjusting pH with 0.1M H2SO4 were sealed in small vials (volume = 12 mL). After purging with oxygen for 2 min, all sample vials were irradiated under a solar simulator (AM1.5G, Class AAA, IEC/JIS/ASTM, 1440 W xenon, 12 × 12 in., MODEL:94123A) equipped with a roller device. 1 mL of solution was filtered with a 0.22 μm filter to remove the photocatalyst, and the amount of H2O2 generated was quantified using UV-Vis spectroscopy. 
[bookmark: OLE_LINK22]The Kinetic measurements: Kinetic H2 production measurements were conducted in a 75 mL quartz flask using a 300 W Newport Xe light-source (Model: 6258, Ozone free) equipped with a λ > 420 nm cut-off filter. 25 mL of CNP-s or CNP-f aqueous solution (0.1 mg mL-1), 440 mg of ascorbic acid, and a certain amount of hexachloroplatinic acid solution were added into the flask. This solution was then purged with N2 for at least 30 min to remove O2. Gas products were taken with a gas-tight syringe and then run through a Molecular Sieve 13X 60-80 mesh 1.5 m × ⅛” × 2 mm ss column at 50 °C with an argon flow of 40.0 mL min-1 by using Bruker 450-GC gas chromatograph equipped with a thermal conductivity detector referencing against standard gas with a known concentration of hydrogen. Hydrogen dissolved in the reaction mixture was not measured. Kinetic H2O2 production measurements were conducted in a 75 mL quartz flask using a 300 W Newport Xe light-source (Model: 6258, Ozone free) equipped with a λ > 420 nm cut-off filter. Around 30 mL of CNP-s or CNP-f (5 mg) aqueous solution was bubbled with oxygen for 15 min. At certain time intervals, 1 mL solution was sampled and filtered with a 0.22 μm filter to remove the photocatalyst. Then the amount of H2O2 generated was quantified using UV-Vis spectroscopy. Kinetic O2 production measurements were carried out on the Perfect Light system at 12 °C using a 300 W xenon lamp with λ > 420 nm cut-off filter. 50 mg of CNP-s were dispersed in 100 mL of 10 mM AgNO3 (aq) solution with 0.2 g La2O3 in the reaction cell with a magnetic stirrer. 
Hydrogen peroxide analysis: The amount of H2O2 was analyzed by iodometry.40 0.5 mL of filtrated solution, 1 mL of 0.1 mol L-1 potassium hydrogen phthalate (C8H5KO4) aqueous solution, and 1 mL of 0.4 mol L-1 potassium iodide (KI) aqueous solution were mixed, which was then kept in dark for 30 min. The H2O2 molecules reacted with iodide anions (I-) under acidic conditions to produce triiodide anions (I3-) possessing a strong absorption at around 350 nm.38 The amount of I3- was determined by means of UV-Vis spectroscopy on the basis of the absorbance at 350 nm, from which the amount of H2O2 produced during each reaction was estimated.
Transient absorption spectroscopy
fs-ns timescale transient absorption spectroscopy: TA spectra were collected on a Harpia-TA spectrometer (Light Conversion). The pump light was generated using a Pharos-SP-10W (Light conversion, FWHM ~ 140 fs, 10 kHz, 1030 nm) coupled to an OPA (Orpheus), an internal chopper lowers the pump frequency to 5 kHz. The white light probe beam was achieved by focusing a portion of the Pharos-SP-1030 nm output onto a sapphire crystal within the Harpia spectrometer. Due to minimal white light generation at short wavelengths (< 480 nm) using 1030 nm excitation of sapphire, two separate experiments (480–900 nm and < 480 nm) were carried out. For probe wavelengths < 480 nm the second harmonic of the 1030 nm beam (515 nm) is is focused onto the sapphire crystal. Samples were excited with a 325, 380 or 410 nm pump light with a power of 750 µW. The pump beam (ca. 0.6 mm diameter) and the probe beam (ca. 0.4 mm diameter) were overlapped on the sample position. Data was initially collected using the Harpia-TA spectrometer and analysed using Carpetview software (Light Conversion). Individual molecules were dissolved in THF (100 µM) and then transferred into a quartz cuvette with a 1 mm path length, sealed with a rubber septa cap, and degassed by Ar bubbling for 10 minutes. For the in-situ experiment, 350 µL of CNP in THF (1 mg mL-1) was added to 5 mL H2O and then transferred into 2 mm quartz cuvette degassed by Ar bubbling for 10 minutes. CNP aggregates (0.1 mg mL-1) were prepared in water and transferred into a 2 mm quartz cuvette degassed by Ar or O2 bubbling for 20 minutes. 
µs-s timescale transient absorption spectroscopy: Measurements were carried out using the third harmonic output of a Nd:YAG laser (Continuum, Surelite I-10, 355 nm, 6 ns pulse width) for 355 nm excitation. The laser output was transmitted to the sample via a liquid light guide. Samples were excited at an excitation fluence of 0.40 mJ cm-2 at 0.66 Hz. A 100 W tungsten lamp coupled to a monochromator (OBB Corp., typically set to 4 nm resolution) was used as the probe light and the change in optical density of the sample was calculated by measuring the transmitted light using a Si Photodiode and a homemade amplification system coupled to both an oscilloscope (Textronix TDS 220) and data acquisition card (National Instruments NI-6221). The oscilloscope data were used to study the microseconds time scale while the DAQ card covered milliseconds to seconds. The data is averaged over 200 laser shots per wavelength. Samples were prepared by the same method as that in ultrafast TA experiment.
Apparent quantum yield measurements
The apparent quantum yield for the photocatalytic H2 evolution was measured using a λ = 395 nm LED, λ = 405 nm LED, λ = 420 nm LED, and λ = 490 nm LED controlled by an IsoTech IPS303DD power supply. For the measurement, 8 vials of CNP-f sample (each vial containing 0.1 g NaBr), prepared by nano-precipitation strategy, were mixed together and then diluted to 25 mL with deionized water. Then, 440 mg of ascorbic acid (0.1 M) and diluted hexachloroplatinic acid (3% loading) were added before illuminating with LED. The light intensity was measured with a ThorLabs S120VC photodiode power sensor controlled by a ThorLabs PM100D Power and Energy Meter Console and the apparent quantum yield was estimated using the equation below:

DFT calculations
The structure of CNP was optimized by CAM-B3LYP density functional,41 together with the 6-31G* basis set, using the Gaussian 16 software. A frequency calculation was carried out to ensure there is no imaginary frequency. The effect of solvation by DMF was accounted for by using the PCM/SMD solvation model. The lowest-lying excited states were studied by the TD-DFT method based on the optimised geometry with the same level of theory. Properties of excited states were calculated by Multiwfn.42,43 The overlap between the hole distribution and the electron distribution index Sr is 0.37 a.u., electron-hole separation distance index D is 5.2 Angstrom, charge separation index t is 2.92 Angstrom, these three parameters all indicate that electron and hole are largely separated. The dipole moment of ground state 7.6 Debye and that of excited state 17.5 Debye, which is consistent with experimental measured value 21.4 Debye, also confirm the charge separation for the first excited states.
Electron density distributions of HONTO and LUNTO calculated by time-dependent density functional theory (TD-DFT) in Gaussian 1644 at the CAM-B3LYP/6-31G(d) level.45 Isosurface = 0.03 a.u., rendered using Avogadro.46
Mott–Schottky measurements
Mott–Schottky measurements were performed using a three-electrode setup containing working electrode (samples on FTO), counter electrode (Pt plate), and reference electrode (Ag/AgCl) on Bio-logic SP200 workstation. The electrolyte (0.5 M Na2SO4) was degassed for 30 min by bubbling with N2 before the measurement. For sample preparation, 0.5 mg of samples were mixed with 50 µL of water and 5 µL of Nafion (5 wt. %). After sonication for 10 min, 20 µL of this mixed solution was dropped onto FTO glass for measurements (1 cm2).
Isotopic exchange experiments (18O2)
A vial was charged with 50 mg CNP-s and 35 mL H216O and sealed with a rubber septum, then bubbled with Helium (He) for 10 min, 18O2 gas (purity : 99%, ca. 10 mL) was subsequently injected by a syringe. The vial was illuminated by a Xe lamp with a filter (λ > 420 nm) for 70 h, then He gas was bubbled again to remove the 18O2 gas. After that, the reaction solution was injected into a vial containing MnO2 and He gas, and the gas produced from the decomposition phase was detected by an Agilent 7890B GC-MS system. The same procedures were applied for the 0h experiment, except for the lack of irradiation. This shows that 18O isotopically labelled H2O2 is produced in the irradiated case. The 16O2 was from the air as the gas samples were injected into the GC with a syringe.
Isotope labelling experiments (D2O) 
CNP-f (2.5 mg) was dispersed in a D2O (20 mL) containing 352 mg of ascorbic acid, and a certain amount of hexachloroplatinic acid solution (3% Pt loading) by ultrasonication before degassing thoroughly by Argon bubbling for 30 minutes. The mixture was placed in a quartz vessel and sealed in a reactor under Argon. The sample was illuminated with a 300 W Newport Xe light source with a filter (λ > 420 nm) (Model: 6258, Ozone free) for the time specified at a fixed distance under atmospheric pressure. The Xe light source was cooled by water circulating through a metal jacket. Gas samples were analyzed at the time periods specified by a customized HPR-70 batch sampling system from Hiden Analytical using a HAL3F/301 triple filter mass spectrometer with a faraday detector for analysis.
Fluorescence quantum yields
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]The fluorescence quantum yields ( f) were determined with quinine sulfate as standard (ST = 0.577 in 0.1 M H2SO4, λexc = 350 nm). The values were calculated with Equation below
, where ,  represent the fluorescence quantum yield and refractive index of the solvent,  represents the gradient from the plot of integrated fluorescence intensity vs absorbance. Symbols with f and ST stand the corresponding parameter for the sample and standard respectively.
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Abstract:


 


Molecular packing controls optoelectronic properties 


in


 


organic molecular 


nanomaterials


, such 


as charge carrier mobility, excited state dynamics, and light absorption. Hence, controlling molecular 


packing and understanding structure


-


activity relationships are both critical in the search for new molec-


ular 


organi


c


 


photocatalysts. Here, we report a donor


-


acceptor organic molecule, 2,6


-


bis(4


-


cyanophenyl)


-


4


-


(9


-


phenyl


-


9


H


-


carbazol


-


3


-


yl)pyridine


-


3,5


-


dicarbonitrile (CNP), that exhibits two aggregate states in 


aqueous dispersions: amorphous nanospheres and ordered nanofib


res with 


p


-


p


 


molecular stacking. The 


molecular packing has a profound effect on photocatalytic performance: the nanofibre form


 


of CNP


 


pro-


motes sacrificial photocatalytic H


2


 


production (31.85 mmol g


-


1


 


h


-


1


) while the nanospheres produce hydro-


gen peroxide (H


2


O


2


) (


3.


20


 


mmol g


-


1


 


h


-


1


 


in the presence of O


2


). This is the first example of a


n organic


 


photo


catalyst that can be directed to produce these two different solar fuels simply by changing the 


molecular packing. The different packings in these two 


nanoscale 


agg


regates affect energy band levels, 


the extent of excited state delocalization, the excited state dynamics, charge transfer to O


2,


 


and the light 


absorption profile. We use a combination of structural and photophysical measurements to understand 


how this inf


luences 


the 


photocatalytic selectiv


i


ty. This 


study shows that it is possible to


 


achieve multiple 


photocatalytic functionalities with a single organic molecule by careful engineering 


the nanomorphology 


and the 


solid


-


state packing.
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