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Table 2 Assembly properties of thermally annealed F13-PAAn polymers 
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Sample N[a] d (nm)[b] fPAA Nanostructure 

F13-PAA4 9 3.4 0.58 LAM 

F13-PAA5 10 3.8 0.63 LAM 

F13-PAA6 11 4.0 0.66 LAM 

F13-PAA9 14 4.2 0.74 LAM 

F13-PAA11 16 4.5 0.77 W/LAM 

F13-PAA15 20 4.6 0.82 W/HEX 

F13-PAA18 23 5.1 0.84 W/HEX 

F13-PAA25 30 5.8 0.88 W/HEX 

Sample N[a] d (nm)[b] fPAA Nanostructure 

F13-PAA4 9 3.4 0.58 LAM 

F13-PAA5 10 3.8 0.63 LAM 

F13-PAA6 11 4.0 0.66 LAM 

F13-PAA9 14 4.2 0.74 HEX 

F13-PAA11 16 4.5 0.77 HEX 

F13-PAA15 20 4.6 0.82 DIS 

F13-PAA18 23 5.1 0.84 DIS 

F13-PAA25 30 5.8 0.88 DIS 
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Fig. 2 SAXS profiles for F13-PAAn 
polymers prepared by thermal 
annealing. Numbers indicate degree 
of polymerization (N). Red arrows 
indicate principal peaks (q*), blue 
arrows indicate theoretical position 
of second order peaks (2q). 

Fig. 2 SAXS profiles for F13-PAAn 
polymers prepared by thermal 
annealing. Numbers indicate degree 
of polymerization (N). Red arrows 
indicate principal peaks (q*), blue 
arrows indicate theoretical position 
of second order peaks (2q (LAM), 
√3q/2q (HEX)). 
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Fig. 3 Domain spacing (d) plotted against 
degree of polymerization (N). The dashed 
line shows a fit to the data for the lamellar 
phase using a formula for coil–coil 
polymers in the strong segregation 
regime. The full line shows the fit 
obtained using a formula for high χ rod-
coil polymers in the lamellar phase. The 
fit found with a formula for coil-coil 
polymers in the weak segregation regime 
is very close to that obtained with the 
high χ rod-coil formula and is not plotted 
separately. 

Fig 3. Domain spacing d plotted against degree of polymerisation N. Points in the lamellar 
phase, in the HEX phase and showing weak microphase separation are marked with squares, 
circles and triangles respectively. The points in the lamellar phase have been fitted by a 
formula derived for high 𝜒 rod-coil polymers in this phase, and the parameter determined by 
this fit has been used in the corresponding formula for the HEX phase to predict the domain 
spacings there. The dotted line shows the domain spacings predicted by the HEX formula at 
higher N, where the samples show weak microphase separation. For the final five points, the 
inter-plane spacings reported in Table 2 have been converted to centre-to-centre distances by 
multiplication by 2/√3. 
 



Page 4, paragraph 1, line 11: 
PREVIOUS:   
Polymers where N ≥ 14 show weak intensity higher order peaks, indicating a weakly phase 
separated structure (W) with more ‘liquid-like’ order. 
CORRECTED: 
Polymers where N ≥ 11 show weak intensity higher order peaks, indicating a weakly phase 
separated structure with more ‘liquid-like’ order. 
 
Page 4, paragraph 1, line 21: 
PREVIOUS:   
At N ≥ 20, the weak second order reflection appears to shift closer to q/q* = √3, which would 
suggest a shift from lamellae morphology to hexagonally packed cylinders, although the SAXS 
features for these polymers are too weak to confirm such a transition. 
CORRECTED: 
At N ≥ 20, the second order reflection is too weak to assign a morphology, as such, these are 
considered disordered.  
 
Page 4, paragraph 2, line 1: 
PREVIOUS:   
The extremely short length of the molecules leads to some differences from the standard 
behaviour of high χ block copolymers. As a preliminary, rough illustration of this, we have 
performed some simple theoretical modelling with a view to gaining insight into these new 
materials to pave the way for future studies in this area. Accordingly, we compare fits to the 
plot of d against N for the lamellar phase obtained using three simple models, each based on 
different assumptions about the nature of the molecules. We use the values of N listed in Table 
2, and have checked that using a definition of N that takes the volume of the repeat unit of one 
of the blocks as a reference volume (as is often done in fits to domain spacing data40) does not 
significantly change our results.  
 Firstly, we fit the plot of d against N for the lamellar phase with the standard strong segregation 
formula d = cN2/3, where c is an adjustable parameter.41 This formula is valid for high values 
of χN, and leads to a fit, shown with a dashed line in Fig. 3, that has a steeper slope than our 
data. Having noted this, there are two main ways in which the shortness of the molecules can 
be taken into account. The first is to suppose that the F13 block is so short that it should be 
treated as a rod. Support for this assumption is provided by simulations of PTFE,42 which find 
that these polymers have a Kuhn length of 2.3 nm, longer than the molecular length of the F13 
block itself. We therefore fit the data with a formula derived43 for high χ rod-coil block 
copolymers in the lamellar phase, d = cN2/3fPAA−1/3 (solid line in Fig. 3). This gives improved 
agreement. Alternatively, it can be supposed that the value of χN is low enough for the sample 
to be in the weak segregation regime,41 where d = cN1/2. The fit obtained using this formula is 
very similar to that obtained using the formula for rod-coil polymers (although it would give a 
straight line on the log–log plot above without the slight curvature of the rod-coil graph) and 
is not plotted separately.  
 In short, further investigations are needed to determine which of the final two models is more 
applicable here. 
CORRECTED: 
The short length of the molecules means that standard block copolymer theories40, which rely 
on the degree of polymerisation N being large, are unlikely to be appropriate here. To gain 
insight into these new materials and pave the way for future studies in this area, we have 
performed some simple theoretical modelling of the dependence of the domain spacing d on N 
(Fig. 3). To take the shortness of the molecules into account, it is supposed that the F13 block 
is so short that it should be treated as a rod. Support for this assumption is provided by 



simulations of PTFE,41 which find that these polymers have a Kuhn length of 2.3 nm, longer 
than the molecular length of the F13 block itself. The domain spacing in the lamellar phase is 
therefore fitted with a formula derived42 for high 𝜒 rod-coil block copolymers, 𝑑 =
𝑐𝑁!/#𝑓$%%

&'/#, where c is an adjustable parameter. We use the values of N listed in Table 2, and 
have checked that using a definition of N that takes the volume of the repeat unit of one of the 
blocks as a reference volume (as is often done in fits to domain spacing data43) does not 
significantly change our results. 
 Fig. 3 also includes two points in the HEX phase and three where there is evidence of weak 
microphase separation, but the morphology cannot be identified for certain. To study the HEX 
points, a formula provided in Ref. 42 for the centre-to-centre spacing of the cylinders as a 
function of N in the HEX phase is used. This formula includes the same adjustable parameter 
c as the formula for the lamellar spacing and can therefore be used to predict the behaviour in 
the HEX phase based on the fit to the lamellar data. The prediction of this formula for the 
numerical values of this spacing is slightly too high. However, when the calculation is 
continued to higher values of N, it can be seen that the slope of all the final five points is 
reproduced well by this second formula. This suggests that the three points may retain some 
hexagonal order, even if this is too weak to be identified in the SAXS experiments. In the case 
of F13-PAA18, this is in line with the TEM image shown in Fig. 4(b). Note that, for all the final 
five points, the inter-plane spacings measured in the SAXS experiments and reported in Table 
2 have been converted to centre-to-centre distances by multiplication by 2/√3. 
 Given that only one free parameter is used, the fit to the lamellar data and the prediction of the 
slope of the higher-N points is reasonable. However, further investigations are needed to 
determine what kind of model is appropriate here. 
 
Page 5, paragraph 1, line 8: 
PREVIOUS:   
The ‘liquid-like’ order of W/HEX can be seen in the TEM image of F13-PAA18 (Fig. 4b). 
CORRECTED: 
The ‘liquid-like’ order of F13-PAA18 can be seen in the TEM image (Fig. 4b). 
 
Page 5, paragraph 1, line 8: 
PREVIOUS:   
The ‘liquid-like’ order of W/HEX can be seen in the TEM image of F13-PAA18 (Fig. 4b). 
CORRECTED: 
The ‘liquid-like’ order of F13-PAA18 can be seen in the TEM image (Fig. 4b). 
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