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Best Practices for New Polymers and Nanoparticulate Systems

How not to be soft with reporting standards

Soft materials include a broad swath of flexible or deformable molecules, polymers, gels, colloids, and composites, many of which are inspired or derived from natural systems and materials. Due to the myriad of applications, from organic electronics to biomedical applications, these materials are of great interest to the materials chemistry community. We have contributed to an ongoing series of editorials and perspectives on best practices to help outline the basic information and data needed to properly report many flavors of new materials and devices, but this will be the first for new polymers and soft nanoparticle-based materials. The goal is to be constructive, and thus eliminate frustration of both authors and reviewers, and to help clarify the standards necessary for publishing in Chemistry of Materials.

In addition to the items indicated below, we also encourage authors to include videos in their Supplementary Information, 1 and to ensure that their experimental sections contain sufficient information to reproduce the work. Authors can integrate a direct link from the main text to the video to make it easy for readers to connect.

New polymers

If you are reporting a new polymer, below is a list of prerequisites that should be included in your manuscript to ensure complete characterization and reproducibility.

 Detailed experimental section to allow the monomer and polymer synthesis, and their purifications to be repeated. The characterization and data presentation of all small molecule intermediates should follow those adopted by conventional organic chemistry practices. Videos are strongly encouraged to assist with experimental reproducibility. Final monomer conversion and, ideally, synthesis yield (obtained after purification), should also be reported.

 Size exclusion chromatography (SEC) to determine the number-average molar mass (M n ), the weight-average molar mass (M w ) and the dispersity (Ð = M w /M n ). SEC chromatograms for all polymer precursors and final products should be given in the SI.  Proton NMR spectroscopy with peak assignments. This information is also useful to determine the M n (via integration of chain-end protons, if possible). Carbon NMR spectroscopic analysis should also be provided. Whenever possible or appropriate, the report of MALDI-TOF MS data of key polymers is the most ideal.  If it is a copolymer: the final composition (molar ratio of the different monomer units) must be determined, usually by proton or carbon NMR.  If it is a block copolymer: the chain lengths of the different blocks must be determined, by proton NMR and SEC.  Direct proof of coupling and yield are required if it is a functional copolymer that is obtained by coupling/grafting or if a polymer is functionalized. Typical methods would be NMR spectroscopy and SEC and/or MALDI-TOF MS. For instance, if click chemistry is performed, direct proof is the appearance of the proton of the triazole ring.

New soft materials nanoparticulate systems

The requirements for inorganic colloids have already been described, and differ from soft materials. 2 The following characterization should be included to substantiate claims of both composition and morphology.

 Detailed formulation method (indicate the volumes of organic/aqueous phases, concentration, pH, buffer composition and strength, vortex time, ultrasound power, duty cycle and time, magnetic stirring rate, speed of the dropwise addition of one of the phases, dialysis molecular weight cutoff and duration, etc.). Videos taken with a smartphone and added to the Supplementary Information are strongly encouraged.  Average diameters (dynamic light scattering (DLS) and TEM/SEM, etc.) with statistics regarding particle size distribution. For DLS, the intensity distribution is generally given as it is considered always correct (the volume and number distributions can be given as well but this should be justified). Be sure to include original data in the SI.  Data regarding morphology/supramolecular organization. If you are using electron microscopy (TEM, SEM), please be sure to include both low and high magnification images. SAXS data is also encouraged.  For porous materials, be sure to include porosimetry and/or physisorption isotherms.  Colloidal stability (in water, PBS, cell culture medium if biological applications are envisioned). Indicate the evolution of the average diameter and of the particle size distribution with time. The colloidal stability should be acceptable for at least the duration of the biological evaluation.  Zeta potential should be given to elucidate surface charge and its evolution with time should be determined.  For surface-functionalized particles, be sure to include quantification of (macro)molecules/ligands/dyes/drugs linked to the surface of the nanoparticle, the coupling yield, direct proof of coupling, and surface functionalization.

 For composite systems (ie, co-self-assembly of different materials like two different block copolymers), please provide proof that the nanoparticles are indeed composites and not a mixture of nanoparticles each composed of the individual materials that comprise the composite. We recognize that this characterization may be difficult, but some consideration and necessary supporting data have to be provided in the main text.  When a molecule is encapsulated, a clear measure of the drug loading (%DL = [entrapped drug/nanoparticles weight] * 100) and the encapsulation efficiency (%EE = [(drug added -free "unentrapped drug")/drug added] * 100) needs to be provided, providing the measuring technique and detailed procedures in addition to standard calibration curve in the SI, if applicable.

The goal of this list of items is to help authors submit papers that are convincing with respect to the soft materials being reported. As scientists ourselves, we understand that not all materials will enable all boxes to be checked, but careful consideration of these experiments will help raise the standards of your paper, and lead to better outcomes with respect to peer review. In this context, a 'minimum information standard' for studies investigating bio-nano interactions has also been recently proposed. 
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