5.2 Data reduction and analysis using Irena

5.2.1 Import micelle and background ASCII data sets (SAS/Data import & export/Import ASCII SAS data). 00:20-00:55

5.2.2 Subtract background scattering from sample data. Typically, the highest q values (e.g. q > 0.5) show incoherent scattering from the solvent dominating the signal. Scaling the background data to match the sample data over this q range removes any variation due to beam intensity variation and sample concentration. 00:55-01:50

5.2.2.1 Plot the sample and background together on a log-log scale. Verify flat intensity at high q (SAS/Data Manipulation/Data Manipulation I). Compute the sample/background ratio (Data1/Data 2), plot on a linear-log scale, and verify the high-q asymptote.

5.2.2.2 Compute the average (sample/background) ratio over this q range (use a custom macro or copy/paste into a spreadsheet from the data browser).

5.2.2.3 Using the Data Manipulation macro, scale the background (e.g., Modify Data 2) using the ratio computed above and plot the ratio of background-subtracted signal to background vs. q ([Data1-Data2]/Data2), verifying that it now asymptotes to zero at high q. Record this ratio; it should be <1–2% away from 1.0 for each sample.

5.2.2.4 Plot the background-subtracted signal (Data1-Data2) vs. q and save the data with a new name. Do not overwrite the original data.

5.2.2.5 If high-q data is not available, use a scaling factor of 1 for background subtraction, but be aware that inaccuracies may be introduced in q ranges where the signal/background ratio is small.

5.2.3 Open the Modeling macro, (SAS/Modeling), then load and plot the background-subtracted data (Data cntrls/Add data). Do not scale in this macro. 

5.2.4 First, find an approximate model for the external surface of the PCM (micelle size/shape): 01:50-04:30

5.2.4.1 In Data cntrls, select low to moderate q range (e.g., ~0.003Å-1 < q < ~0.1Å-1). If oscillations are visible, include them. 

5.2.4.2 Choose a form factor appropriate for the data. The slope at low q is indicative of nanoparticle shape, which can also be verified through TEM and/or MALS. Use Schulz-Zimm spheroid (q0), cylinder (q-1), or flexible cylinder (q-2) models. Irena provides tools for fitting power laws (SAS/Support Tools for plots and tables). 

5.2.4.3 In Model cntrls, select the first scattering population (1P) and make sure it is the only one in use (Select the Use? checkbox).

5.2.4.4 Select Size dist. for Model and choose the desired Distribution type and Form Factor. Set initial parameters for the search by entering values in the Scale, Mean Size, and Width fields and click Calculate Model to draw the resulting form factor. 

5.2.4.5 Once reasonable parameters have been found, click Fit Model to perform a nonlinear least-squares fit to the data. The Size distribution model gives mean radius and width. 

To calculate polydispersity (PDI) use 

PDI = (stdev/radius)2 = [(width2)/4]/(radius2)

As with any nonlinear fitting procedure, it may be necessary to adjust the data range (q region) and starting parameters in order to obtain a stable, physically reasonable fit. 

5.2.4.6 Once a reasonable fit is obtained, save it (Store in Notebook/Store in Folder). 

5.2.5 Next, model the scattering of the individual polymers within the PCM core. This can be captured by a power law model (e.g., q-2 for ideal chains, q-5/3 for swollen chains, etc.). Irena implements this through a Beaucage model43: 04:30-06:00



where P is the power law and G and B are prefactors.

5.2.5.1 Adjust the data controls to cover the entire q range and replot the model (Calculate Model). Typically, excess scattering will be observed in the moderate to high q range (e.g., q > ~0.1Å-1).

5.2.5.2 Use the data controls to select the q range where excess scattering (>10x the form factor model) is observed.

5.2.5.3 Add a second scattering population (2P) and make sure it is the only one in use (deselect Use? for 1P). 

5.2.5.4 Select Unified level for the model. B and P are the relevant parameters. Use the plotting support tools or the Fit P/B between csrs macro to obtain an initial guess for these parameters, and adjust the Guinier factors G and Rg to ensure that the model does not predict excessive scattering at low q.

5.2.5.5 As for the form factor, perform a nonlinear fit and record the parameters and model. 

5.2.6 Next, If a diffraction peak is present, as in Figure 4, add a third model for a diffraction peak in the q range of interest (q = ~0.22 Å-1 in this case). 06:10-06:45

5.2.7 Once approximate fit values are obtained for the individual scattering populations, turn on all three together (select Use? for each) and optimize the combined fit. 06:45-08:50

5.2.8 Check that each value remains physically reasonable. The result of this procedure should be a composite model that describes the SAXS data well over a large range of size scales, as illustrated in Figure 4. Save the fit using Store in Folder button to store within Igor. 08:50-09:25
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