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Linear Viscoelastic Data Analysis and Modelling of a Polystyrene 

     The analysis of example 1 (main paper) is applicable in general, not just to the solution styrene-

butadiene rubber of the main paper.  This is demonstrated here by repeating the linear viscoelastic 

analysis with another polymer: a commercial polystyrene (PS) represented by dynamic moduli, G’ 

and G’’, as measured in SAOS frequency scans at seven temperatures, Figure S1a. Higher 

temperatures resulted in lower G’, G’’ for the PS, which becomes more visible in the multi-frequency 

heating scan, Figure S1b. Horizontal shifting combines the entire data set into master curves, here at a 

reference temperature of T=205oC, Figure S1c.  By applying time-temperature shift to this polymer, 

the experimental frequency window is significantly broadened. The horizontal shift factor, aT, follows 

the well-known WLF format (Ferry 1980), Figure S1d. The continuous spectrum, H(), Figure S1e, 

calculated with the parsimonious model (Baumgärtel and Winter 1989, 1992), allows calculation of 

many more material functions (Ferry (1980) , such as the relaxation modulus G(t) and the creep 

compliance J(t), Figures S1f and g. For linear polymers, it has been shown that SAOS data allow the 

prediction of the molar mass distribution (Dealy, et al. 2018, Thimm, et al. 1999). Here we used the 

model of Cocchini and Nobile (2003) as implemented in IRIS Rheo-Hub and predict the molar mass 

distribution of the PS sample, Figure S1h. 
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Figure S1: Dynamic mechanical data of a commercial polystyrene (PS). The frequencies range from 

=0.1 to above 100 rad/s at temperatures between 132oC and 269oC. The measured dynamic moduli, 

G’ and G’’, were entered into IRIS Rheo-Hub and analyzed using the interactive IRIS analysis and 

plotting: (a) small amplitude oscillatory shear (SAOS) data input from experiment; (b) the same 

SAOS data plotted as multi-frequency heating scan; (c) the SAOS data get shifted horizontally to a 

reference temperature T=205oC; (d) the temperature shift factor belonging to the combined G’, G’’ of 

1c, obeys the WLF format (see fit function plotted and as insert); (e) the continuous relaxation time 

spectrum at T=205 oC gets determined with the parsimonious model of Baumgärtel and Winter; (f) 

from that, the relaxation modulus G(t) derives, belonging to the SAOS data at T=205 oC;  (g) and the 

corresponding creep compliance J(t) belonging to SAOS data at T=205oC; (h) the molecular weight 

distribution as derived from the above SAOS data using the Cocchini/Nobile Method.  



 

 
Figure S2: Complex viscosity as determined from the complex moduli of Figure S1a. (a) Cox-Merz 

format of the complex viscosity; (b) same as 2a, but using the complex modulus G* as abscissa 

(instead of frequency ); (c) applying time-temperature superposition in preparation of the viscosity 

master curve at 205oC. The master curve has been shifted to a new temperature, which is chosen here 

as 180 oC. The so derived viscosity can be expressed with the Carreau-Yasuda  function (line drawn 

through the 180 oC data in Figure S2d). The parameter values in the Carreau-Yasuda function 

 
are A0=3.90 Pas; A1=1.31Pas; A2=5.52s; A3=0.82; A4=0.54, with the shear rate denoted as “x”.  

  

 

The dynamic moduli of Figure S1a can be combined to express the complex viscosity as shown in 

Figure S2. The Cox-Merz format (Cox and Merz 1958), Figure S2a, often serves as substitute for the 

steady shear viscosity function ( )  . The steady shear viscosity () has its counterpart in a complex 

viscosity *(G) (Winter 2009), Figure S2b. The Cox-Merz viscosities were shifted into a master 

viscosity curve, again at 205 oC, Figure S2c, which is ready to be used at other temperatures within 

the experimental temperature range. To demonstrate this, the master curve was shifted to 180 oC and 

expressed in Carreau-Yasuda format, Figure S2d,   

 

Filament Stretching  data of additional M&A polymers were published by Poh et al. (2021a). 

Tabulated relaxation time spectra can be found there also. The spectra published by M&A were 

replaced by the parsimonious model (Baumgärtel and Winter, 1989) so that the experimental data 

could be expressed more closely. 
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