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[bookmark: _Hlk31034066]Background
The capacity to isolate and characterize diverse populations of nano-objects and their agglomerates or aggregates, with minimal perturbation of their properties, is critical for operations ranging from materials discovery and preclinical development to regulatory oversight and environmental risk assessment. This need cuts across a wide range of applications.
A group of related separation techniques known collectively as field-flow fractionation (FFF) offers many advantages for nanotechnology applications. The two most widely used commercial variants of FFF, namely asymmetrical-flow (AF4) and centrifugal (CF3), have been addressed in ISO Technical Specification 21362, which was published in June of 2018. Developed in technical committee 229 (Nanotechnologies), TS 21362 specifies the requirements necessary to develop, validate and apply methods based on AF4 and CF3 in nanotechnology applications. In order to promote TS 21362 to a full International Standard, it is necessary to conduct a formal interlaboratory comparison (ILC). This study will generate critical data that will be used to assess the precision, bias and reproducibility of these two techniques using a test material consisting of a multi-component colloidal suspension. This is a partial blind study in which only the project leads know the exact composition of the test material. A quality control (QC) material of the same material class will enable participants to assess their basic ability to perform the necessary measurements and help to identify any potential issues prior to analyzing the test material.
This document contains the ILC protocol for AF4. If you are performing measurements using both CF3 and AF4, two separate protocols are provided. Participants will be required to first analyze the QC material first. If this step is successful, then participants will analyze the test material. The project leads will conduct a full analysis of reported results, including a statistical analysis of uncertainty.
To complete the analysis, participants must have an instrument platform that includes the following detectors:
1. UV-Vis absorbance (single wavelength is sufficient)[footnoteRef:1] [1:  An alternative mass detector, such as a differential refractometer, may be used if it is demonstrated fit for purpose. ] 

2. Multi-angle light scattering (MALS) and/or dynamic light scattering (DLS). 
The test samples are aqueous. All necessary chemicals to prepare the mobile phase are provided, as is a custom Excel file for reporting.
PLEASE READ THROUGH THE ENTIRE PROTOCOL BEFORE BEGINNING WORK
Test Samples and Measurands
Two samples are included in this study. Both are aqueous colloidal suspensions containing the same type of particulate material. 
1. [bookmark: _Hlk105483272]Quality Control Material (QCM) is a single population with a mean RMS radius of about 20 nm.
2. Test Material (TM) is a multi-component sample containing several size populations of the same material type.
The test samples (approximately 1 mL) are sealed in 1.5 mL glass bottles, and should be stored at room temperature. It is not necessary to refrigerate these materials. Avoid exposure to freezing temperatures, which can irreversibly degrade the samples. The total mass concentration of each sample is roughly 1 mg/mL and 2 mg/mL, for QCM and TM, respectively, and will be used without further dilution.
The principal measurand for this study is particle size (mean radius/diameter of each population in nm). Secondary measurands include retention time (min), number of resolved populations in TM, selectivity in TM (nm/min) and analyte recovery (%). Two size measurement data sets may be reported if the participant has both MALS and DLS detectors online. UV absorption should be monitored at 235 nm and will be used for recovery determination. The user can submit a separate set of data based on their “in-house” practice, but in this case please include all deviations from the protocol in your user comment area.
[bookmark: _Hlk31034943]Other Materials
Participants are provided with 10 g of sodium dodecyl sulfate (SDS) powder. The mobile phase is prepared by the participant prior to beginning measurements by mixing a defined mass of SDS with filtered deionized water. Sufficient SDS is provided to prepare up to 20 liters of mobile phase. 
Mobile Phase Preparation
Add 1.0 g of the SDS powder to 2000 mL of 0.1 µm filtered Type I purified water (i.e., resistivity at 25 °C ≥ 18 MΩ·cm). 
Instrumentation
The protocol assumes the participant is using a commercial variant of the Wyatt Technology or Postnova Analytics AF4 instrumentation, equipped with the necessary pump(s), degasser, manual or auto injector, standard trapezoidal channel, and up-to-date software versions. Report your instrument setup/components and software version(s) in the reporting Excel file. 
Instrument Setup – Wyatt system (e.g., Eclipse models)
[bookmark: _Hlk31035553][bookmark: _Hlk32313167][bookmark: _Hlk101789564][bookmark: _Hlk31035535]Use an aqueous long channel (appropriate for your instrument model) with a 10 kDa MWCO regenerated cellulose membrane and a 350 µm trapezoidal (wide) Mylar spacer. If necessary, the short channel can be substituted with the appropriate 350 µm spacer. Alternatively, and depending on the instrument model, the long channel with a laminated 400 µm spacer can be used (the laminated spacer is more compressible and performs equivalently to the 350 µm Mylar spacer). In addition, a 350 µm “fixed-height” channel can be used in place of the channel with spacer if necessary.
Set UV detector to 235 nm. The MALS detector should be calibrated and normalized according to manufacturer specifications. For this protocol, channel flow rate = detector flow rate (i.e., disable dilution control mode if available).
Instrument Setup – Postnova system (AF2000 or later)
Use the aqueous standard or metal-free analytical AF4 cartridge (280 mm spacer length) with 10 kDa MWCO regenerated cellulose membrane and 350 µm trapezoidal spacer.  Set UV detector to 235 nm. The MALS detector should be calibrated and normalized according to manufacturer specifications.
Size Analysis
Depending on which commercial instrument model/software version is used, there can be several options for determining and reporting online size. For Wyatt systems using the QELS onboard DLS, the single exponential fit should be reported for hydrodynamic size. Typically, QELS is installed at a detector angle of 99°, since the   MALS detector is universally used for intensity calibration. Newer models have more options for selection of the DLS detector angle. If possible, use the scattering angle closest to (but not smaller than) 90°; regardless, report the angle used. For Postnova, the DLS detector is typically a Malvern Zetasizer operating in flow mode. In this case, report the z-average diameter obtained from cumulants analysis. In either case, the analyst should also report the integration time or interval used for DLS measurements. To report the root mean square (RMS) radius (also referred to as radius of gyration), the Zimm model with first order fit should be used. Note that the dn/dc value is not required to calculate the RMS radius; any non-zero value input for dn/dc will produce the same RMS value. Additionally, report results obtained from fitting to the sphere model if available on your software package (if required, use a refractive index of 1.457).
To apply the Zimm model, the user must inspect the angular data and choose which detectors to include in the fit. We recommend the user include at least 8 angles in the fit, and, if possible, examine the R2 values to determine which data points/angles to use for analysis. 
For both hydrodynamic (DLS) and elastic light scattering (e.g., RMS radius) results, only values across the full width half maximum (FWHM) of an eluting peak should be used to calculate the mean size. So the analyst need only be concerned about fit quality across the peak at its half-max intensity; inter-peak values are not relevant and so the quality of fit is not important. Typically, the same set of angles, once determined, will be suitable for all time slices. Note that angles used for fitting the sphere model may differ from that used to fit the Zimm equation.
[bookmark: _Hlk105483464]Report all particle size results as the mean value of data points averaged across the 90° LS peak at FWHM. The FWHM should be estimated from the initial inflection point at the start of a peak (relative to the baseline) up to the peak maximum. Report the mean fit error or R2 value for this set of data points if possible; report the standard deviation for the mean. Mean and SD are automatically calculated using the reporting Excel file provided.
Analysis Procedure for Quality Control Material (QCM) 
1. [bookmark: _Hlk105483562][bookmark: _Hlk31110320]Enter information about your instrumentation in the Instrument tab of the Excel reporting file accompanying this document. [Note: if you have both Wyatt and Postnova instruments and wish to participate in this study using both, please submit two separate copies of the Excel file, one for each system].
2. [bookmark: _Hlk105483590]All elution parameters for fractionation, washing and recovery procedures are provided in table format in the Excel file. Find the appropriate tab labeled “SOP-Wyatt” or “SOP-Postnova”, depending on your AF4 system. Separate sets of parameters are included for QCM (left panel) and TM (right panel) on each SOP tab. Use these settings for all measurement procedures summarized below. Report any deviations from the defined elution programs using the tab for “User Comments”.
3. [bookmark: _Hlk105483771]Begin with a new membrane. Insert the membrane and spacer (ignore if using a fixed-height channel) and assemble the channel according to manufacturer instructions. If temperature control in the channel and/or MALS and/or DLS detector is available, set temperature to 25 °C. Otherwise, operate at ambient temperature. Ensure that the system is clean and conditioned for the study by circulating the mobile phase overnight prior to beginning analysis.
4. [bookmark: _Hlk105483700]Using an autosampler or manual injection, inject 20 µL of QCM following the elution program table for “Separation Method Parameters”.
5. [bookmark: _Hlk105483897][bookmark: _Hlk31118564][bookmark: _Hlk31904767]Perform four (4) independent replicate injections/fractionations. 

Discard the first replicate (used for membrane conditioning) and use the remaining three (3) for analysis.

6. After each replicate, perform a rinse step (blank injection of mobile phase) following the elution parameters in the appropriate SOP table. The injection volume for the rinse step should meet or exceed that used for the QCM. 


7. [bookmark: _Hlk105483939]Determine mass recovery by injecting 20 µL of QCM without the applied cross flow and without focusing step, according to the elution program table for “Recovery Method Parameters”.

Discard the first “recovery” run and use the remaining three (3) for analysis. 

[bookmark: _Hlk105483972]Mass recovery is determined by integrating the area under the UV signal for the QCM sample eluted with and without cross flow or focusing according to:[footnoteRef:2] [2:  For purposes of consistency, use the elution time at the void peak maximum as the starting point for integration, and extend the integration to the end of the elution period.] 

R%  =
8. [bookmark: _Hlk105484029][bookmark: _Hlk102654067]Calculate and report the arithmetic average of the RMS radius and/or DLS diameter across the FWHM of the QCM light scattering peak measured at an angle of 90°, for each replicate run. The mean of means of these three values should be 20 nm ± 3 nm (for RMS radius) and/or 50 nm ± 5 nm (for hydrodynamic diameter). [footnoteRef:3] [3:  Size may be reported in the native form (radius or diameter) provided by the instrument software. Indicate which form is reported along with the data.] 

9. Insert a graph showing the MALS scattering intensity at 90° and UV absorbance at 235 nm as a function of elution time for the three replicate measurements (overlaid if possible), using the Results-QCM tab in the provided Excel file.
10. [bookmark: _Hlk101795092]Calculate the mean recovery as described above (and in the Results-QCM tab) based on the mean for each set of three replicate QCM fractionations and QCM recovery runs. 
11. If the mean recovery exceeds 70 % and the mean size is within the above stated bounds, then the QCM test is “pass”, and you can move on to the TM sample. If not, troubleshoot to resolve problem (e.g., use new membrane, change tubing, clean MALS cell, etc.). If all else fails, contact the project leads before proceeding further.
Analysis Procedure for Test Material (TM) 
1. [bookmark: _Hlk108506245]If conducting the QCM and TM measurements on different days, ensure that the system is clean and conditioned for the study by circulating mobile phase overnight (as recommended by the manufacturer) prior to beginning analysis. If there is no indication that recovery is dropping significantly, low MALS angle scattering has become very noisy, and/or the fractograms are changing substantially, then the same membrane used for QM can be used for TM. Please indicate if you change membrane (in the area reserved for user comments).
2. All elution parameters for fractionation, washing and recovery procedures are provided in table format in the Excel reporting file under tabs called “SOP-Wyatt” or “SOP-Postnova”. Select the appropriate tab for your instrument. TM tables are listed on the right-side panel. Use these settings for all measurement procedures summarized below.
3. Using an autosampler or manual injection, inject 20 µL of TM, following the “Separation Method Parameters” table of the SOP tab.
4. Run four (4) independent replicate injections/fractionations. 

Discard the first replicate (used for conditioning), and use the remaining three (3) replicates for analysis.

5. After each replicate, perform a rinse step (blank injection of mobile phase) following the elution parameters in the appropriate SOP table. The injection volume for the rinse step should meet or exceed that used for the TM. 
6. Following the four (4) replicate fractionations, determine mass recovery by injecting 20 µL of TM without the applied cross flow and focusing step, according to the elution program table for “Recovery Method Parameters” on the TM SOP tab.

Discard the first “recovery” run and use the remaining three (3) for analysis.

Mass recovery is determined by integrating the area under the UV signal for the TM sample eluted with and without cross flow or focusing according to:[footnoteRef:4] [4:  Refer to footnote 2.] 

R(%)  =
7. Calculate and report (using the table in the Results-TM tab in the provided Excel file) the arithmetic average of the RMS radius and/or DLS diameter/radius across the FWHM for each TM light scattering peak at an angle of 90° for each replicate fractionation. 
8. Insert a graph showing the MALS scattering intensity at 90° and UV absorbance at 235 nm as a function of elution time for each replicate measurement (overlaid if possible), on the Results-TM tab.
9. Calculate the mean recovery as described above (and on the Results-TM tab) using the means from each set of three replicate TM fractionations and TM recovery runs. 
10. Report any deviations from the protocol or other technical issues or relevant observations on the “User Comments” tab.

Thank you. Your analysis is complete. Please return the Excel file with your results to both project leaders.
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