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Introduction

Preparing high-quality crystalline samples suitable for analysis can be a difficult task, and yet, it is paramount to a multitude of chemical and biochemical studies. With the emergence of X-ray crystallography over the last century, several techniques have been proposed for growing crystals, [START_REF] Nishinaga | Progress in art and science of crystal growth and its impacts on modern society[END_REF] such as solvent evaporation and vapor diffusion, to name a few. Establishing a range of crystallization techniques is essential for the successful growth of crystals, perhaps even rendering new structures accessible. As a result of various difficulties and particularities encountered in crystal growth, such as twinning, it is often referred to as an art. [START_REF] Gilman | The Art and Science of Growing Crystals[END_REF] Cocrystals, which are composed of two or more molecules often interacting via noncovalent interactions, [START_REF] Aitipamula | Salts, and Cocrystals: What's in a Name?[END_REF][START_REF] Grothe | Salts, and Cocrystals: A Proposal for a Feasible Classification System[END_REF] offer the advantage of increased manipulability and the tailoring desirable physicochemical properties, [START_REF] Bolton | Improved Stability and Smart-Material Functionality Realized in an Energetic Cocrystal[END_REF][START_REF] Rybtchinski | Adaptive Supramolecular Nanomaterials Based on Strong Noncovalent Interactions[END_REF] and are tuneable for various purposes by varying the functional groups on one or more components. [START_REF] Liu | Reversible and Adaptive Functional Supramolecular Materials: "Noncovalent Interaction[END_REF][START_REF] Rupasinghe | Mechanical Properties of a Series of Macro-and Nanodimensional Organic Cocrystals Correlate with Atomic Polarizability[END_REF] The preparation of cocrystals can be challenging, [START_REF] Spitzer | Continuous engineering of nano-cocrystals for medical and energetic applications[END_REF][START_REF] Halasz | Real-Time In Situ Powder X-ray Diffraction Monitoring of Mechanochemical Synthesis of Pharmaceutical Cocrystals[END_REF] in part due to the competition between the cocrystallization and the crystallization of the pure components. However, successfully preparing a cocrystal is often fruitful, and has been a subject of investigation, for instance, in pharmaceuticals [START_REF] Qiao | Pharmaceutical cocrystals: An Overview[END_REF][START_REF] Schultheiss | Pharmaceutical Cocrystals and Their Physicochemical Properties[END_REF][START_REF] Remenar | Crystal Engineering of Novel Cocrystals of a Triazole Drug with 1,4-Dicarboxylic Acids[END_REF] and optical materials. [START_REF] Sun | Molecular cocrystals: design, charge-transfer and optoelectronic functionality[END_REF][START_REF] Christopherson | Halogen-Bonded Cocrystals as Optical Materials: Next-Generation Control over Light-Matter Interactions[END_REF] Moreover, cocrystallization allows for the study of non-covalent interactions, for instance, by investigating their X-ray crystal structures or spectroscopic properties. Indeed, a series of cocrystals can offer insights into non-covalent interactions, which has been particularly advantageous in the field of σ-hole based interactions, [START_REF] Politzer | The σ-hole revisited[END_REF][START_REF] Cavallo | Naming Interactions from the Electrophilic Site[END_REF] such as halogen bonding.

Halogen bonding (XB) is a non-covalent interaction between the electrophilic region associated with a covalently bonded halogen, [START_REF] Metrangolo | Halogen Bonding in Supramolecular Chemistry[END_REF][START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] named the σ-hole on the halogen bond donor, [START_REF] Clark | Halogen bonding: the σ-hole[END_REF][START_REF] Politzer | σ-Hole Interactions: Perspectives and Misconceptions[END_REF] and a nucleophile or Lewis base, the halogen bond acceptor. [START_REF] Desiraju | Definition of the halogen bond (IUPAC Recommendations[END_REF] Recently, halogen A c c e p t e d m a n u s c r i p t bonding has experienced a surge of interest, [START_REF] Cavallo | The Halogen Bond[END_REF][START_REF] Gilday | Halogen Bonding in Supramolecular Chemistry[END_REF][START_REF] Li | Halogen Bonding: A powerful, emerging tool for constructing high-dimensional metal-containing supramolecular networks[END_REF][START_REF] Berger | Halogen bonding in polymer science: from crystal engineering to functional supramolecular polymers and materials[END_REF][START_REF] Lieffrig | Expanded Halogen-Bonded Anion Organic Networks with Star-Shaped Iodoethynyl-Substituted Molecules: From Corrugated 2D Hexagonal Lattices to Pyrite-Type 2-Fold Interpenetrated Cubic Lattices[END_REF][START_REF] Riel | The intramolecular hydrogen bonded-halogen bond: a new strategy for preorganization and enhanced binding[END_REF] in part due to the directionality of the interaction favoring bond angles (θ R-X•••Y ) nearing 180 degrees [START_REF] Huber | On the directionality of halogen bonding[END_REF] and its tuneability, [START_REF] Riley | Halogen bond tunability I : the effects of aromatic fluorine substitution on the strengths of halogen-bonding interactions involving chlorine, bromine, and iodine[END_REF][START_REF] Riley | Halogen bond tunability II : the varying roles of electrostatic and dispersion contributions to attraction in halogen bonds[END_REF] altogether allowing for the rational design of frameworks [START_REF] Priimagi | The Halogen Bond in the Design of Functional Supramolecular Materials: Recent Advances[END_REF][START_REF] Mukherjee | Halogen Bonds in Crystal Engineering: Like Hydrogen Bonds yet Different[END_REF] and molecules relevant to biochemical systems. [START_REF] Auffinger | Halogen bonds in biological molecules[END_REF][START_REF] Scholfield | Halogen bonding (X-bonding): A biological perspective[END_REF] The presence of a halogen bond can be further rationalized based on the reduced distance parameter, R XB , which is the quotient of the halogen bond distance (d X•••Y ) and the sum of the van der Waals radii (Σd vdw ), [START_REF] Bondi | Volumes and Radii[END_REF] given in Eq. 1:

ܴ ଡ଼ = ௗ •••ౕ ∑ ௗ ೡೢ Eq. 1
Halogen bonding has since found prominence in several areas of chemistry, including medicinal chemistry, [START_REF] Ho | Halogen bonding in medicinal chemistry: from observation to prediction[END_REF][START_REF] Wilcken | Principles and Applications of Halogen Bonding in Medicinal Chemistry and Chemical Biology[END_REF][START_REF] Ford | Computational Tools To Model Halogen Bonds in Medicinal Chemistry[END_REF] anion recognition, [START_REF] Ravi | Finding a receptor design for selective recognition of perrhenate and pertechnetate: hydrogen vs. halogen bonding[END_REF][START_REF] Molina | Anion Recognition Strategies Based on Combined Noncovalent Interactions[END_REF] supramolecular rotors, [START_REF] Catalano | Rotational Dynamics of Diazabicyclo[2.2.2]octane in Isomorphous Halogen-Bonded Co-crystals: Entropic and Enthalpic Effects[END_REF][START_REF] Lemouchi | Ultra-fast Rotors for Molecular Machines and Functional Materials via Halogen Bonding: Crystals of 1,4-Bis(iodoethynyl)bicycle[2.2.2octane with Distinct Gigahertz Rotation at Two Sites[END_REF] and catalysis, [START_REF] Chan | Bond Catalyzed Bromocarbocyclization[END_REF][START_REF] Carreras | XBPhos-Rh: a halogen-bond assembled supramolecular catalyst[END_REF][START_REF] Gliese | A halogen-bonding-catalyzed Michael addition reaction[END_REF] to name a few.

Perhaps the most important tool for the investigation of the halogen bond has been single crystal X-ray diffraction (SCXRD), which offers precise atomic coordinates, thereby allowing the halogen bond geometry to be measured. In parallel, solid-state NMR (SSNMR) has been shown to be a powerful complementary crystallographic tool, [START_REF] Vioglio | Solid-state nuclear magnetic resonance as a tool for investigating the halogen bond[END_REF][START_REF] Szell | Solid-State NMR Studies of Halogen Bonding[END_REF][START_REF] Bryce | Solid-State NMR Study of Halogen-Bonded Adducts[END_REF] with many recent studies focused on characterizing the halogen bond by observing changes in chemical shifts, [START_REF] Szell | Comparing the Halogen Bond to the Hydrogen Bond by Solid-State NMR: Anion Coordinated Dimers from 2-& 3-Iodoethynylpyridine Salts[END_REF][START_REF] Viger-Gravel | Correlation between 13 C chemical shifts and the halogen bonding environment in a series of solid paradiiodotetrafluorobenzene complexes[END_REF][START_REF] Vioglio | Natural Abundance 15 N and 13 C Solid-State NMR Chemical Shifts: High Sensitivity Probes of the Halogen Bond Geometry[END_REF] Jcouplings, [START_REF] Viger-Gravel | Probing halogen bonds with solidstate NMR spectroscopy: observation and interpretation of J( 77 Se, 31 P) coupling in halogen-bonded P=Se•••I motifs[END_REF][START_REF] Xu | Mechanochemical Production of Halogen-Bonded Solids Featuring P=O•••I-C Motifs and Characterization via X-ray Diffraction, Solid-State Multinuclear Magnetic Resonance, and Density Functional Theory[END_REF] and quadrupolar coupling constants. [START_REF] Szell | 35 Cl Solid-State NMR and Computational Study of Chlorine Halogen Bond Donors in Single-Component Crystalline Chloronitriles[END_REF][START_REF] Vioglio | 79/81 Br nuclear quadrupole resonance spectroscopic characterization of halogen bonds in supramolecular assemblies[END_REF][START_REF] Viger-Gravel | Direct Investigation of Halogen Bonds by Solid-State Multinuclear Magnetic Resonance Spectroscopy and Molecular Orbital Analysis[END_REF] We have recently advanced [START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] F and [START_REF] Remenar | Crystal Engineering of Novel Cocrystals of a Triazole Drug with 1,4-Dicarboxylic Acids[END_REF] C SSNMR as probes for the occurrence of halogen bonding to perfluorinated halogen bond donors; [START_REF] Szell | 13 C and 19 F solid-state NMR and X-ray crystallographic study of halogen-bonded frameworks featuring nitrogen-containing heterocycles[END_REF] in particular the relevant chemical shifts are sensitive to the local chemical environment. Further, the high sensitivity and the large chemical shift range associated with the [START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] F nucleus is ideal for discerning the starting material from the cocrystals, which is also advantageous in identifying new crystal phases.

A c c e p t e d m a n u s c r i p t

Where large quantities of halogen-bonded materials are desired (>100 mg), crystallization methods requiring solvent evaporation or solvent diffusion can be tedious to perform, often requiring many days or perhaps weeks to achieve the desired product in sufficient quantity. Mechanochemistry has been shown to be a favorable route for the halogen bond synthon, [START_REF] Xu | Mechanochemical Production of Halogen-Bonded Solids Featuring P=O•••I-C Motifs and Characterization via X-ray Diffraction, Solid-State Multinuclear Magnetic Resonance, and Density Functional Theory[END_REF][START_REF] Szell | Mechanochemistry and cocrystallization of 3-iodoethynylbenzoic acid with nitrogencontaining heterocycles: concurrent halogen and hydrogen bonding[END_REF][START_REF] Cinčić | A Stepwise Mechanism for the Mechanochemical Synthesis of Halogen-Bonded Cocrystal Architectures[END_REF]61,62 offering a scalable and rapid method of preparing halogen-bonded cocrystals, [START_REF] Eraković | Halogen Bonding of N-Bromophthalimide by Grinding and Solution Crystallization[END_REF][START_REF] Lisac | Experimental and Theoretical Investigation of Structures, Stoichiometric Diversity, and Bench Stability of Cocrystals with a Volatile Halogen Bond Donor[END_REF] all without the need of large volumes of solvents. However, mechanochemistry by ball milling [START_REF] Katsnis | In Situ X-ray diffraction monitoring of a mechanochemical reaction reveals a unique topology metal-organic framework[END_REF] has the inconvenience of yielding powdered products, requiring further manipulations in order to prepare a sample for SCXRD. Sublimation and deposition, which correspond to the phase transitions from solid to gas, and gas to solid, respectively, are fast and scalable methods for crystal growth. 66 These processes carry several advantages such as simplicity of the experimental apparatus, and the complete absence of solvents. Sublimation performed simultaneously on two compounds has been referred to alternately as codeposition or cosublimation in the literature, [START_REF] Kobyakov | Deposition and characterization of Cd 1-x Mg x Te thin films grown by a novel cosublimation method[END_REF][START_REF] Robinson | Co-crystal formation with 1,2,3,5-dithiadiazolyl radicals[END_REF][START_REF] Qian | A rare case of a dye co-crystal showing better dyeing performance[END_REF] with the technique varying in terms of experimental methodology across studies. [START_REF] Zhang | Preparation of 2:1 urea-succinic acid cocrystals by sublimation[END_REF][START_REF] Eddleston | Screening for polymorphs of cocrystals: a case study[END_REF][START_REF] Shan | The role of cocrystals in pharmaceutical science[END_REF] We proceed with the name cosublimation to emphasize that this process begins with building blocks in their solid state, which are then sublimed in vacuo using a vacuum pump, a heating source, and a surface for the deposition. In the field of halogen bonding, vapor deposition of the donor and acceptor moieties has been shown to form frameworks, but these limited investigations remain focused on surfaces. [START_REF] Boterashvili | On-Surface Solvent-Free Crystal-to-Co-crystal Conversion by Non-Covalent Interactions[END_REF] For example, the preparation of halogen-bonded cocrystals by physical vapor deposition has been reported on a silicon substrate. [START_REF] Shirman | Assembly of Crystalline Halogen-Bonded Materials by Physical Vapor Deposition[END_REF] To our knowledge, only a select instance of cosublimation has been reported for the growth of crystals featuring halogen bonds. [START_REF] Bailey | Molecular Complexes of 1,4-Diazines with Iodine[END_REF] Despite this limited exposure, cosublimation does offer several advantages to the field of halogen-bonded cocrystals, including rapid screening capabilities, and the elimination of all A c c e p t e d m a n u s c r i p t solvent interactions. Here, we apply cosublimation to a series of halogen bond donors and acceptors, in an effort to uncover structures otherwise inaccessible by solvent-evaporation methods. We investigate the potential of cosublimation for growing single crystals, for preparing bulk quantities of product with a vacuum sublimation apparatus, and the potential of purifying powdered cocrystals by sublimation. In order to grow single crystals suitable for SCXRD, the halogen bond donor and acceptor were sealed in vacuo to opposite ends of a 25 cm glass tube. Heating the glass tube in a two-zone tube furnace allows for the separate temperature control of the donor and acceptor, favoring the growth of cocrystals by sublimation. To this end, four halogen bond donors and four halogen bond acceptors with a range of volatility have been selected and shown in Figure 1, focusing on the I•••N motif. All sixteen combinations were explored using two sublimation techniques: using a two-zone tube furnace under static vacuum, and using a sublimation apparatus under dynamic vacuum, henceforth referred to as "overnight cosublimation" and "expedited cosublimation", respectively. The products from both techniques are compared to the products obtained by slow evaporation, and fully analyzed by [START_REF] Remenar | Crystal Engineering of Novel Cocrystals of a Triazole Drug with 1,4-Dicarboxylic Acids[END_REF] C and [START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] F SSNMR, melting point measurements, powder X-ray diffraction (PXRD), infrared (IR) spectroscopy, and elemental analysis. Overnight Cosublimation Procedure. To a 25 cm thin-necked glass tube (see Figure 2a), the halogen bond donor and the halogen bond acceptor were carefully added to opposite ends of the tube. The glass tube was then sealed in vacuo, with a typical pressure of 1x10 -1 mbar. In a home-built, two-zone tube furnace (Figure 2b), both segments of the tube containing the halogen bond donor and acceptor were individually heated from room temperature to an initial temperature of approximately 20 °C below the melting point, and slowly raised to a temperature of 20 °C above the melting point, at a rate of 0.04 °C/minute. The total sublimation times varied, starting from 20 hours, yielding crystals near the center of the tube. The sublimation tube was slowly returned to room temperature over a period of 1 hour, scored with a glass cutting tool, and opened. The crystals were removed and analyzed without further purification. The precise experimental conditions, including pressure, temperatures, and sublimation times for all 16 compounds is given in the Supporting Information.

Expedited Cosublimation Procedure. The halogen bond donor and the halogen bond acceptor were added to a round bottom sublimation apparatus (see Figure 2c). While cooling the cold finger with refrigerated water, the sublimation apparatus was submerged into an oil bath while under a vacuum of 1x10 -1 mbar. The temperature of the oil bath was generally kept between 50 and 100 °C, and varied according to the melting point of the compounds. The sublimation times varied between 10 and 30 minutes, affording the product on the cold finger. See the Supporting Information for the precise experimental conditions for the preparation of all 16 combinations. were referenced to glycine at 176.6 ppm ( 13 C=O) relative to tetramethylsilane (TMS). A consistent spinning speed of 8 kHz was used for all samples, and 512 transients were acquired for all cocrystals. For the cocrystals, the recycle delay was 3 s for series c (DABCO) and d (ADCN), 5 s for series a (TMP), and 20 s for the series b (bipy). Experimental details for the starting materials are given in Table S1 of the Supporting Information. Single crystal X-ray diffraction. Single crystals of 2a, 3a-ii, 4b, and 4c-iii were mounted on a cryoloop, while a crystal of 3d was mounted on a thin glass fibre using paraffin oil. The data were collected on a APEX II Bruker AXS Diffractometer at room temperature for 2a, 3a-ii, 4b, 4c-iii, and at 200(2) K for 3d, using graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å).

The raw data collection and reduction were done with the Bruker APEX II software package. 78 Structures were solved by direct methods (SIR-92) [START_REF] Altomare | SIR92 -a program for automatic solution of crystal structures by direct methods[END_REF] and refined (SHELXL-2014/7) Displacement ellipsoid plots were produced using ORTEP, [START_REF] Farrugia | WinGX and ORTEP for Windows: an update[END_REF] and uncertainties were estimated using PLATON. 83 

Results and Discussion

i -Cocrystal Growth by Overnight Cosublimation

Cocrystallizations by overnight cosublimation (see Figure 2 . As these trials were attempted at the 300 mg scale in order to isolate sufficient quantities for analysis, sublimation times were between 20 and 72 hours, although sublimation times were shorter when performed on a smaller scale. In contrast, crystal growth by slow evaporation typically required several days, with the total time varying according to the solvent and its evaporation rate. Of the sixteen combinations attempted here, twelve combinations successfully cosublimed, from which five new crystal structures were identified: 2a, 3a-ii, 3d, 4b, and 4c-iii. Notably, structures 3a-ii and 4c-iii were only observed by cosublimation, while structures 3a-i, 84 4c-i, [START_REF] Pfrunder | Exploitation of the Menshutkin Reaction for the Controlled Assembly of Halogen Bonded Architectures Incorporating 1,2-Diiodotetrafluorobenzene and 1,3,5-Triiodotrifluorobenzene[END_REF] and 4c-ii [START_REF] Syssa-Magalé | Directed synthesis of a halogen-bonded open porphyrin network[END_REF] obtained from slow evaporation have been previously described. A summary of the XB geometries and selected crystallographic parameters of all the structures are given in Table 1, and Table 2, respectively. As for the four failed combinations (1d, 2b, 2d, and 4d), these cocrystals were also not accessible by slow evaporation, with the failure attributed to donor-acceptor incompatibility.

For instance, the XB acceptor ADCN is the weakest among the acceptors studied here, and only yielded cocrystals with pDITFB, forming structure 3d. In cases 1b and 1c, both the PXRD and 13 C SSNMR support the occurrence of a mixed phase product, perhaps due to the instability associated with cocrystals featuring I 2 . A description of the new crystal structures is given below, highlighting their differences with previously reported structures.

A c c e p t e d m a n u s c r i p t Structure 2a shares the same motif as structure 3a-i, [START_REF] Syssa-Magalé | The tailoring of crystal structures via the self-assembly of organic coordination compounds by N•••I non-covalent halogen bonds: co-crystals of sterically hindered N-heterocycles and 1,4-diiodotetrafluorobenzene[END_REF] featuring an alternating chain of C SSNMR spectra of 3a-ii obtained from overnight cosublimation (see Figure S17 of the Supporting Information), with the chemical shift differences between both molecules attributed to the occurrence of the XB to only one a. In our previous study, [START_REF] Szell | 13 C and 19 F solid-state NMR and X-ray crystallographic study of halogen-bonded frameworks featuring nitrogen-containing heterocycles[END_REF] we reported an increase in the Structure 3d, shown in Figure 3, features the first instance of XB to the nitrile group of ADCN in the Cambridge Structural Database (CSD). [START_REF] Groom | The Cambridge Structural Database[END_REF] The XB geometry (R XB = 0.86, 9)°) is moderately short, consistent with the fact that nitrile groups are not the strongest nitrogen-containing XB acceptors. [START_REF] Laurence | The Diiodine Basicity Scale: Toward a General Halogen-Bond Basicity Scale[END_REF] As a result of the electron donating nature of the adamantyl group, ADCN is a relatively strong nitrile XB acceptor. [START_REF] Questel | Hydrogen-bond acceptor properties of nitriles: a combined crystallographic and ab initio theoretical investigation[END_REF] SSNMR spectrum acquired at a 4 kHz MAS frequency (bottom, black), and the WSOLIDS 95 simulated spectrum (upper, red).

2•••a•••2•••a,
d I•••N = 3.050(4) Å, θ C-I•••N =173.88(
As molecular adamantane is known for its molecular rotations in the solid state, ADCN has been previously investigated for its molecular rotation. [START_REF] Amoureux | study of molecular motions in the plastic phases of 1-cyanoadamantane[END_REF][START_REF] Amoureux | Molecular motions in glassy crystal cyanoadamantane: a proton spin-lattice relaxation study[END_REF][START_REF] Sauvajol | Dynamical properties of 1cyanoadamantane in the disordered phase[END_REF] It can be seen in the crystal structure of 3d acquired at 200(2) K that there is a lack of contacts to the adamantane portion of ADCN, suggesting that related molecular rotations may also be present in the cocrystals. This is further supported by the [START_REF] Remenar | Crystal Engineering of Novel Cocrystals of a Triazole Drug with 1,4-Dicarboxylic Acids[END_REF] C SSNMR spectrum acquired at room temperature under static conditions, which has a relatively narrow line width of 950 ± 25 Hz for the CH 2 carbons, despite the lack of magic angle spinning. This narrowing of the resonances can be attributed to the rotation of the adamantane ring, which results in averaging of carbon chemical shift anisotropy and some dipolar interactions. In comparison, molecular adamantane, which is known for its plasticity, has a linewidth of 270 ± 10 Hz under the same conditions, on the same order as this ADCN cocrystal. In contrast, the [START_REF] Christopherson | Halogen-Bonded Cocrystals as Optical Materials: Next-Generation Control over Light-Matter Interactions[END_REF] N SSNMR performed on the 15 N-enriched ADCN cocrystal, shown in Figure 4b, reveals a sizeable chemical shift anisotropy (δ iso ( 15 N) = 237.0 ± 0.1 ppm; Ω = 425 ± 30 ppm; κ = 1.00 ± 0.2), attributed to the nitrogen remaining fixed in space as a result of XB. The distinctions between the dynamics displayed in the crystal structure and in the SSNMR spectra may be attributed to the temperature difference of nearly 100 K during their acquisitions.

Overall, this configuration resembles a spinning top, akin to similar reports in the literature. [START_REF] Catalano | Rotational Dynamics of Diazabicyclo[2.2.2]octane in Isomorphous Halogen-Bonded Co-crystals: Entropic and Enthalpic Effects[END_REF] However, a full dynamical analysis of the ADCN rotations is beyond the scope of this study, and has not been investigated further. This preference was previously rationalized as an anti-cooperative effect of the XB in polytopic donors, with the C-I•••N binding energy decreasing with each additional XB. [START_REF] Lucassen | Co-Crystallization of Sym-Triiodo-Trifluorobenzene with Bipyridyl Donors: Consistent Formation of Two Instead of Anticipated Three N•••I Halogen Bonds[END_REF] This was further observed in cocrystals featuring N,N'-diodo-dimethylhydantoin as the XB donor, with the introduction of a XB affecting the neighboring iodine's capability to form XBs. 101 Several cocrystal structures featuring symTFTIB and DABCO have been reported, with donor:acceptor stoichiometries varying from 1: [START_REF] Syssa-Magalé | Directed synthesis of a halogen-bonded open porphyrin network[END_REF] The structure of 4c-iii reported herein and shown in Figure 5 With experimental NMR times of approximately 5 minutes performed on ~12 µL of sample and resulting in an excellent signal-to-noise ratio, 58 19 F SSNMR of the bulk samples obtained from cosublimation served as a useful tool for quickly identifying new crystallographic phases. An example spectrum of combination 4c obtained from cosublimation, shown in Figure 6, is compared to the sample obtained from slow evaporation and the starting material. A new phase can clearly be identified at -75.3 ± 0.6 ppm; this is assigned to structure 4c-iii. This is easily distinguished from the product obtained from slow evaporation, structure 4c-i, with [START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] The crystals obtained by overnight cosublimation were of diffraction quality, with crystal sizes varying according to sublimation times. In some cases, such as for compound 3a-ii, individual single crystals of up to 85 mg were obtained, which can be useful when large single crystals are required, such as in single crystal NMR. In these cases however, rapid cooling of the crystals should be avoided, as the thermal shock resulted in cracking and popping of larger crystals. However, this was easily avoided by simply allowing the furnace to return to room temperature over a period of 30 min to 1 h before removing the sample. Furthermore, of the precluding its analysis by SCXRD. In general, the samples with 1 proved to be the most difficult to prepare by cosublimation, as they were the least consistent with the products obtained by slow evaporation.

1 (one C-I•••N XB) 85 to 1:2 (two C-I•••N XBs).
In six of the seven successful cocrystals featuring a fluorinated halogen bond donor, the products obtained from overnight cosublimation consisted of a single phase, which was investigated by performing both PXRD and SSNMR on the entirety of the products. This homogeneity was achieved by employing temperature ramps on the order of 0.04 °C per minute, along with prolonging cosublimation times upon visual inspection. The steady temperature ramps allowed for all starting material to be sublimed and to migrate towards the center of the tube, while avoiding melting. Initial temperatures were chosen to be approximately 20 °C under the melting point of the compound, and then slowly increased to 20 °C above the melting point of the compound over the course of several hours. In some cases, the temperatures were adjusted to ensure that the XB donor and acceptor were migrating at equal rates. Delightedly, implementing temperature ramps reduced the need for "finding" precise temperatures, as eventually the compounds would sublime and migrate towards the center of the tube. In the cases of volatile starting materials, such as combinations 1a and 1c, heating was not necessary, and simply sealing the two starting materials in vacuo resulted in the formation of cocrystalline product within minutes. An additional advantage of using cosublimation was the possibility of visually following the cocrystallization in the clear glass tube. The cocrystals prepared here had a different morphology than the starting materials, allowing for the temperatures to be adjusted on the fly, or for the cosublimation times to be extended if required. As a result of the soft and solvent-less nature of cosublimation, the experimental aspects discussed here may be valuable 

ii -Expedited Cosublimation & Solid State Purification

The preparation of each cocrystal was attempted by placing both the XB donor and acceptor in a vacuum sublimation apparatus, with this overall process referred to as "expedited cosublimation" in an effort to even further reduce preparation times. The product collected on the cold finger was then compared to the products obtained by slow evaporation and sublimation performed in a glass tube. Expedited cosublimation successfully reproduced the halogen-bonded cocrystals obtained by slow evaporation, with sublimation times ranging between 10 to 30 minutes. As an example, the [START_REF] Remenar | Crystal Engineering of Novel Cocrystals of a Triazole Drug with 1,4-Dicarboxylic Acids[END_REF] indicating that the same product was obtained in each case. Further, apart from preparation 4c, both the PXRD and SSNMR data support the presence of a single phase in the samples successfully prepared by expedited cosublimation. In the case of preparation 4c, a small quantity of a second phase has been observed in the [START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] F SSNMR spectrum, assigned to structure 4c-iii.

While the sample obtained from the slow evaporation method took several days to prepare, and the sample from overnight cosublimation took approximately 93 h, the sample obtained from the expedited cosublimation apparatus took merely 30 min with comparable yields, and no solvent usage. Consequently, the shortened preparation times offered by cosublimation can be particularly advantageous for screening a large array of cocrystals.

In contrast to cosublimation performed in a glass tube, single crystals suitable for SCXRD were not obtained when using a vacuum sublimation apparatus. This may be a result of the crystal growth being performed on the order of 30 minutes, resulting in the growth of microcrystalline sample. Furthermore, structure 3c-ii, which was only obtained by overnight cosublimation, was not observed when repeating the procedure in a vacuum sublimation apparatus, perhaps as the technique favors structures with lower conformational energy. As the vacuum sublimation apparatus does not offer the ability to adjust the temperature of the XB donor and acceptor individually, it was more sensitive to vapor pressure mismatch, which was manifested in lower synthetic yields.

In some cases, trace quantities of starting materials were observed in the product obtained from the cold finger on a sublimation apparatus. Separating the starting materials from the cocrystal is challenging, as dissolving the product would sacrifice the cocrystals. As sublimation is traditionally regarded as a purification technique, we attempted to purify the compound by subliming the starting materials, leaving the pure cocrystal. This is rationalized by the A c c e p t e d m a n u s c r i p t cocrystallized product having a lower vapor pressure than the starting materials, 105 with sublimation exploiting this difference. To this end, compound 3c was prepared by a multitude of synthetic techniques, purposely adding excess donor in some cases, in order to show that sublimation can be relevant to a range of synthetic techniques. These cocrystal preparation methods include: ball milling, ball milling with 20% excess donor, expedited cosublimation with excess donor and excess heat, liquid assisted grinding in a mortar and pestle with an insufficient grinding time of 1 min, and slow evaporation subsequently doped with 20% excess donor. Once prepared, each product was split into two parts, with only one part purified by sublimation under a vacuum of approximately 1x10 -1 mbar, a temperature of 70 °C, for up to 15 min. Each product was analyzed by [START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] F SSNMR before and after purification, shown in Figure 8, in order to observe the presence of pDITFB starting material. Additional 13 C SSNMR, IR spectroscopy, PXRD, and elemental analysis were performed on each product, the results of which can be found in the Supporting Information. The spectra on the left were acquired before purification, whereas the spectra on the right were acquired on the same samples after purification. The dashed black line corresponds to the starting material.

The impure samples of 3c clearly show an important presence of excess pDITFB in the [START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] F SSNMR spectra, which is denoted by a dashed black line. In contrast, the samples purified by sublimation show a significant reduction in excess starting material, with none being detected in most cases. As for sample 3c prepared by expedited cosublimation, the slight presence of excess pDITFB in the product is attributed to insufficient sublimation times, given the abundance of excess starting material in the impure product. In contrast to the [START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] F SSNMR spectra observing the XB donor, the [START_REF] Remenar | Crystal Engineering of Novel Cocrystals of a Triazole Drug with 1,4-Dicarboxylic Acids[END_REF] C spectra observing the XB acceptor were less clear, given the smaller chemical shift changes of 0.4 ± 0.1 ppm between pure DABCO and the cocrystal.

However, the [START_REF] Remenar | Crystal Engineering of Novel Cocrystals of a Triazole Drug with 1,4-Dicarboxylic Acids[END_REF] C SSNMR spectra support the formation of the cocrystals in each product, with the resulting broader line shape suggesting the presence of excess acceptor in the unpurified products. Upon purification by sublimation, an improvement in the [START_REF] Remenar | Crystal Engineering of Novel Cocrystals of a Triazole Drug with 1,4-Dicarboxylic Acids[END_REF] C line shapes is observed, 

Conclusions

Cosublimation has allowed for the rapid screening of cocrystals, yielding crystals suitable for single crystal X-ray diffraction, in as little as 20 h. This method has yielded novel and previously inaccessible halogen-bonded architectures. Among the new structural motifs investigated here, a distinguishably weaker and less linear halogen bond is present in structure 2a, in comparison to its perfluorinated analogue, 3a-i. The cosublimation method enabled the preparation of the first cocrystal featuring a halogen bond to the nitrile group of 1adamantanecarbonitrile, resulting in a novel solid-state molecular rotor. Thirdly, the structure of the cocrystal formed between the tritopic halogen bond donor symTFTIB and DABCO, observed only in the sublimated product, reveals a donor fully saturated by halogen bonds, thereby overcoming an anti-cooperative halogen bonding effect. When performed in a vacuum sublimation apparatus, cocrystal preparation times were reduced to under 30 minutes. This technique also provides the opportunity to purify powdered cocrystals. Overall, we have shown that sublimation is a promising technique in the areas of cocrystal engineering and halogen bonding, and has performed exceptionally well for the iconic perfluorinated halogen bond donors. As a result of the forgiving nature of the technique to differences in volatility, it is 

Figure 1 .

 1 Figure 1. The pure components of the cocrystals used in this work. The XB donors include: iodine (1, I 2 ), 1,4-diiodobenzene (2, pDIB), 1,4-diiodotetrafluorobenzene (3, pDITFB), and 1,3,5-trifluoro-2,4,6-triiodobenzene (4, symTFTIB). The XB acceptors include: 2,3,5,6tetramethylpyrazine (a, TMP), 2,2'-bipyridyl (b, BIPY), 1,4-diazabicyclo[2.2.2]octane (c, DABCO), and 1-adamantanecarbonitrile (d, ADCN).

A c c e p t e d m a n u s c r i p t

  

A c c e p t e d m a n u s c r i p t

  

A c c e p t e d m a n u

  s c r i p t mail: deposit@ccdc.cam.ac.uk]. Figures were generated with Diamond version 4.5.1.[START_REF] Brandenburg | Diamond ver. 4.5.1[END_REF] 

Figure 2 .

 2 Figure 2. (a) Empty 25 cm thin-necked glass tube. The halogen bond donor and acceptor are

  (a) and (b)) fared exceptionally well, yielding crystals suitable for SCXRD in almost all cases. Examples of

  A c c e p t e d m a n u s c r i p t crystals obtained from sublimation are shown in Figure 2 (d) and (e)
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 3 Figure 3. Detailed view of the halogen-bonded networks from the X-ray crystal structures of the

shown in Figure 3 .

 3 Figures S10 and S11 of the Supporting Information), showing a lower agreement between the

A c c e p t e d m a n u s c r i p t

  The structure 3a-ii, shown in Figure3, was only observed by overnight cosublimation, with the PXRD and[START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] F SSNMR suggesting an absence of this crystalline phase in the product obtained by slow evaporation (See Figures S16 and S18 of the Supporting Information). The structure 3a-ii is unique from 3a-i,[START_REF] Syssa-Magalé | The tailoring of crystal structures via the self-assembly of organic coordination compounds by N•••I non-covalent halogen bonds: co-crystals of sterically hindered N-heterocycles and 1,4-diiodotetrafluorobenzene[END_REF] having a 1:2 ratio between 3 and a, instead of a 1:1 ratio.Overall, the structure features a 3•••a•••3•••a XB chain,with an extra molecule of a not participating in XB. Rather, the molecules of a interact with each other via π-stacking, forming columns of a in alternating right angles. The two unique molecules of a can be discerned in the13 

13 C

 13 chemical shift of the methyl groups of a upon XB, whereas the carbons covalently bonded to the nitrogen decreased in chemical shift. Further, as the XB geometry in 3a-ii (R XB = 0.85, d I•••N = 3.001(4) Å, θ C-I•••N =177.51(15)°) is subtly shorter than the XB geometry observed in 3a-i (d I•••N = 3.158(3) Å), a lower 13 C chemical shift corresponding to the carbons covalently bonded to nitrogen is observed in 3a-ii (147.2 ± 0.2 ppm) than in 3a-i (149.8 ± 0.3 ppm).

  While the C≡N•••I bond angles in the CSD range between 90 and 180°, here, the XB is coordinating the apex of the nitrile group, resulting in a C≡N•••I bond angle of 167.43°.
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Figure 4 .

 4 Figure 4. 13 C and 15 N (right) solid-state NMR spectra of compound 3d. (a) Experimental 13 C
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Figure 5 .

 5 Figure 5. Crystal structures of 4b (left) and 4c-iii (right), obtained by cosublimation.

  , has a 1:2 stoichiometry between the donor and acceptor molecules, and importantly features a full saturation of the donor with all three iodines participating in C-I•••N halogen bonds. Notably, this structure has only been observed in the sample obtained from slow overnight cosublimation. Three unique XBs are observed in the structure (R XB = 0.79,d I•••N = 2.801(4) Å, θ C-I•••N =176.56(16)°; R XB = 0.81, d I•••N = 2.855(3) Å, θ C-I•••N =168.80(13)°; R XB = 0.82, d I•••N = 2.909(4) Å, θ C-I•••N =167.73(13)°),resulting in a zig-zag C-I•••N backbone complemented by DABCO molecules each participating in one C-I•••N XB (see Figure 5). The large ~0.1 Å distinction between the XB lengths can be rationalized by the anti-cooperativity of the shortest XB, which weakens the next two iodine donor sites. The second shortest XB further weakens the third iodine, resulting in a longer XB. In contrast, despite the different acquisition temperature, the d I•••N XB lengths are much shorter in structure 4c-i, which exhibits a single C-I•••N XB (d I•••N = 2.757(3) Å), presenting a difference of 0.15 Å in comparison to structure 4c-iii. To our knowledge, only three reports are available inA c c e p t e d m a n u s c r i p t the literature featuring a fully-saturated symTFTIB XB donor with neutral XB acceptors, including cocrystals with 4-(N,N-dimethylamino)pyridine, 102 1,3,4-oxadiazole derivatives, 103 and a N-salicylidene Schiff base. 104 Shown in Figure 6, 19 F SSNMR was able to rapidly identify new phases in a sample that otherwise includes structures 4c-i and 4c-iii.

Figure 6 .

 6 Figure 6. 19 F solid-state NMR (ν MAS = 25 kHz) spectra of sample 4c obtained from slow

  F

A c c e p t e d m a n u s c r i p t 20 chemical

 20 shifts of -62.1 ± 0.3 ppm and -70.8 ± 0.3 ppm. The lower 19 F chemical shift observed in structure 4c-iii is attributed to the presence of three concurrent XBs, with the three fluorine atoms sharing similar chemical environments. However, structure 4c-i features only one C-I•••N XB to DABCO, one C-I•••I type II contact, and one I•••F contact. Consequently, two fluorine atoms are situated adjacent to the C-I•••N XB, while the third fluorine is participating in the I•••F contact. Due to the nearly 2:1 signal intensity observed for the compound obtained via slow evaporation, the fluorine atom participating in the I•••F contact has been assigned to the lower chemical shift of -62.1 ± 0.3 ppm while the fluorine atoms adjacent to the C-I•••N XB have been assigned to the resonance at -70.8 ± 0.3 ppm. In general, as a result of the advantages of 19 F SSNMR, it proved to be the most valuable analytical tool in characterizing the fluorinated samples. The general trend observed here is that the 19 F chemical shifts decrease upon C-I•••N halogen bonding, with the resulting spectrum being a rapid and unambiguous indicator of cocrystallization, along with the identification of new crystallographic phases. In contrast, although the 13 C chemical shifts of the carbon covalently bonded to nitrogen generally increased upon the formation of a halogen bond, experimental times were significantly longer, required more sample, and the chemical shift changes were small.
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  cocrystals studied here, only compound 1c yielded a powder by overnight cosublimation,

A c c e p t e d m a n u s c r i p t 22 for

 22 the preparation of cocrystals based on non-covalent interactions other than halogen bonds, such as the emerging chalcogen, pnictogen, and tetrel bonds.
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Figure 7 .

 7 Figure 7. 13 C CP/MAS (a) and 19 F (b) MAS solid-state NMR spectra of compound 4b obtained

C and 19 F

 19 SSNMR spectra of compound 4b prepared by slow evaporation and both sublimation techniques (in a sealed glass tube and a sublimation apparatus) are shown in Figure 7. The line shapes are superimposable across all synthetic methods, A c c e p t e d m a n u s c r i p t

A c c e p t e d m a n u s c r i p tFigure 8 .

 8 Figure 8. 19 F solid-state NMR spectra of compound 3c prepared by several synthetic techniques.The spectra on the left were acquired before purification, whereas the spectra on the right were acquired on the same samples after purification. The dashed black line corresponds to the starting material.

A c c e p t e d m a n u

  s c r i p t resulting in superimposable spectra across all samples. Control experiments consisting of heating combination 3c at atmospheric pressure suggest that the overall purification process is primarily due to sublimation rather than the thermal formation of cocrystals (see FiguresS45 and S46of the Supporting Information). Although heating did result in the formation of cocrystals, it did not remove excess starting materials from the powdered product.

  All[START_REF] Politzer | Halogen Bonding: an electrostatically-driven highly directional noncovalent interaction[END_REF] F NMR experiments were performed at 7.05 T (ν L ( 19 F) = 282.5 MHz) on a Bruker Avance spectrometer, using a Bruker 2.5 mm HX MAS probe with a spinning

19 F solid-state NMR. frequency of 25 kHz. A Hahn echo (π/2 -τ -π -τ) was used with a π/2 pulse length of 2.30 µs, a τ delay of 2 rotor periods, a recycle delay of 20 s, and 16 transients were collected. The spectra were referenced to BF 3 •OEt 2 at -152.8 ppm relative to CFCl 3 .

[START_REF] Scheler | High-speed MAS-NMR investigations on radiation-modified fluoropolymers[END_REF] 

Table 1 .

 1 Summary of the halogen-bonded cocrystals obtained by cosublimation performed in a glass tube and in a vacuum sublimation apparatus.
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	Acceptor \ Donor	I 2 (1)	pDIB (2)	pDITFB (3)	symTFTIB (4)
	TMP (a)	successful	new structure	new structure	successful
	BIPY (b)	inconclusive	no cocrystals	successful	new structure
	DABCO (c)	inconclusive	successful	successful	new structure
	ADCN (d)	no cocrystals	no cocrystals	new structure	no cocrystals

Table 2 .

 2 Summary of the I•••N halogen bonding geometries observed in this study. The parameters include: the halogen bond length (d I•••N ), the normalized distance parameter of the halogen bond (R XB ), the halogen bond angle (θ R-I•••N ), the CSD reference number, and appropriate citation. Experimental errors are given in parentheses.

	compound	XB length	R XB	a	XB angle	CSD No.	Reference
		(d I•••Y ) / Å			θ R-I•••N (˚) b		
	1a	3.086(4)	0.87	177.5	VUKDOU	R.D. Bailey et
							al. 75
	1b	2.604(1)	0.74	179.4	CECZAL	S. Pohl 87
	1c	2.366(4)	0.67	178.4	HEKZEE	A. Peuronen et
							al. 88
	1d	-	-		-	-	no cocrystals
	2a	3.298(5)	0.93	167.25(17)	-	this work
	2b	-	-		-	-	no cocrystals
	2c	2.928(5)	0.83	175.4(2)	VOMHOV	D. Cinčić et
		2.959(5)	0.84	176.3(2)		al. 89
	2d	-	-		-	-	no cocrystals
	3a-i	3.067(2)	0.87	177.15(7)	JAQMAQ	J.-L. Syssa-
							Magalé et al. 84
	3a-ii	3.001(4)	0.85	177.51(15)	-	this work
	3b-i	3.158(7)	0.89	169.61(11)	ISIJEZ01	J.-L. Syssa-
							Magalé et al. 84
	3b-ii	3.111(3)	0.88	169.37(9)	ISIJEZ	M. Bolte 90
	3c	2.739(5)	0.78	173.09(2)	ISIHUN01	Cinčić et al. 91
		2.748(5)	0.78	174.2(2)	ISIHUN02	and Pfrunder et
							al. 86
	3d	3.050(4)	0.86	173.88(9)		this work
	4a	2.991(3)	0.85	178.09(12)	SAJCUE	P.M.J. Szell et
		2.993(3)	0.85	179.81(11)		al. 58
	4b	2.968(6)	0.84	170.0(2)	-	this work
		2.969(6)	0.84	171.8(2)		
	4c-i	2.757(3)	0.78	173.89(11)	DATCIM	M.C. Pfrunder
							et al. 85
	4c-ii	2.874(4)	0.81	166.11(15)	RORWIG	J.-L. Syssa-
		2.866(4)	0.81	172.55(15)		Magalé et al. 86
	4c-iii	2.801(4)	0.79	176.56(16)	-	this work
		2.855(3)	0.81	168.80(13)		
		2.909(4)	0.82	167.73(13)		
	4d	-	-		-	-	no cocrystals

a R XB values were calculated from Eq. 1 using a Σd vdW of 3.53 Å. b R denotes the substituent (I or C).

Table 3 .

 3 Selected single-crystal X-ray crystallographic data for compounds 2a,

3a-ii, 3d, 4b, 4c.

  

	compound	2a	3a-ii	3d	4b	4c-iii
	empirical formula	C 14 H 16 I 2 N 2 C 22 H 24 F 4 I 2 N	C 20 H 30 F 4 I 2 N	C 16 H 8 F 3 I 3 N 2 C 18 H 24 F 3 I 3 N
			4	2		4
	FW (g/mol)	394.37	674.25	724.34	665.94	731.11
	crystal color	colorless	colorless	colorless	colorless	colorless
	crystal size (mm)	0.24 × 0.23	0.45 × 0.38	0.507 ×	0.27 × 0.08	0.03 × 0.02
		× 0.18	× 0.09	0.252 ×	× 0.06	× 0.01
				0.129		
	crystal system	triclinic	triclinic	monoclinic Orthorhomb	triclinic
					ic	
	crystal space group	P -1	P -1	P 2 1 /n	P n a 2 1	P -1
	T (K)	296(2)	296(2)	200(2)	296(2)	296(2)
	a (Å)	6.1555(11) 7.3019(11) 6.8334(5)	7.7491(13) 6.5306(5)
	b (Å)	6.2811(11) 9.6012(14) 10.4688(8) 9.4426(17) 10.5839(7)
	c (Å)	10.4557(19) 10.0739(15) 19.0137(15) 25.814(5)	18.9338(13)
	α (˚)	78.165(6)	69.341(4)	90	90	80.694(2)
	β (˚)	88.432(6)	69.659(4)	96.662(4)	90	88.633(2)
	γ (˚)	85.422(6)	82.976(5)	90	90	72.192(2)
	V (ų)	394.37(12) 619.63(16) 1351.01(18) 1888.9(6)	1229.13(15)
	Z	1	1	2	4	2
	R 1 (final)	0.0431	0.0398	0.0325	0.0257	0.0361
	wR 2 (final)	0.1143	0.0791	0.0808	0.0595	0.0672
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anticipated that cosublimation may find broad usage across the field of crystal engineering and in the study of non-covalent interactions. The method enables broader explorations of the polymorphic energy landscape.
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