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1. Sample Compositions

Table S1. Composition of P3HTPMe3(SDS)x samples.

x P3HTPMe3 conc. (mg mL-1) SDS conc. (mg mL-1)

0.2 8.48 1.52

0.5 6.91 3.09

1.0 5.27 4.73

2.0 3.58 6.42

5.0 1.82 8.18

20.0 0.53 9.47

Table S2. Composition of P3HT-b-P3HTPMe3(SDS)x samples.

x P3HT-b-P3HTPMe3 conc. (mg mL-1) SDS conc. (mg mL-1)

0.2 9.12 0.88

0.5 8.06 1.94

1.0 6.75 3.25

2.0 5.09 4.91

5.0 2.94 7.06

20.0 0.94 9.06

2. Optical Studies on P3HTPMe3- and P3HT-b-P3HTPMe3-Surfactant Complexes            

Figure S1. Normalised UV/Vis absorption spectra for (a) P3HTPMe3(SDS)x and (b) P3HT-b-
P3HTPMe3(SDS)x as a function of composition, x, at room temperature. Total sample concentration = 
0.1 mg mL-1 in D2O.
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Figure S2. Normalised steady-state emission spectra for (a) P3HTPMe3(PFOS)x and (b) P3HT-b-
P3HTPMe3(PFOS)x as a function of PFOS composition, x, at room temperature. Total sample 
concentration = 10 mg mL-1 in D2O. λex = 450 nm. 

3. SANS Data Analysis of CPE-Surfactant Complexes                                

3.1 SANS Form Factor Models 

The SANS scattering profiles were modelled using a non-linear least squares method in the SasView 

programme version 3.1.2 on a Windows 10 64-bit operating system.1 The scattered SANS intensity for 

the following aggregate shapes is given by: 

𝐼(𝑞) = 𝑁𝑉2𝑃(𝑞)𝑆(𝑞) + 𝐵𝑖𝑛𝑐 (S1)

where N is the number of particles per unit volume, V is the volume of the aggregate, P(q) is the form 

or shape factor, S(q) is the structure factor and Binc is the isotropic incoherent background signal. 

Figure S3 shows a pictorial representation of the form factor models discussed in the article. Unless 

otherwise stated the data were fit over the entire q-range of 0.08 < q < 2.2 nm-1.

Figure S3. Schematic illustrations of the form factors, P(q), used in the SANS fitting procedure. r is 
the radius of a sphere or cylinder, L is the length of a cylinder, Ip is the persistence length, LKuhn is the 
Kuhn length, and rcore and Lcore are the radius and length of a core, respectively.
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3.1.1 Spherical Model 

This model provides the form factor, P(q), for monodisperse spherical particles with uniform 

scattering length density. The form factor is normalised by the particle volume, V.2

𝑃(𝑞) =
𝑠𝑐𝑎𝑙𝑒

𝑉 [3𝑉(Δ𝜌)(sin (𝑞𝑟) ‒ 𝑞𝑟cos (𝑞𝑟))

(𝑞𝑟)3 ]2 + 𝐵𝑖𝑛𝑐 (S2)

where scale is a volume fraction, r is the radius of the sphere, Δρ (contrast) is the difference in 

scattering length density (SLD) between the scatterer (sphere) and the solvent and Binc is the isotropic 

incoherent background signal.

3.1.2 Rigid Cylinder Model 

The form or shape factor, P(q, α), for the Cylinder model is given by:2, 3

𝑃(𝑞,𝛼) =  
𝑠𝑐𝑎𝑙𝑒

𝑉

𝜋/2

∫
0

𝑓2(𝑞)sin 𝛼𝑑𝛼 + 𝐵𝑖𝑛𝑐 (S3)

where

𝑓(𝑞) = 2𝑉(Δ𝜌)
𝐽1(𝑞𝑟sin 𝛼)

𝑞𝑟sin 𝛼

𝑠𝑖𝑛(
𝑞𝐿𝑐𝑜𝑠𝛼

2
)

𝑞𝐿cos 𝛼
2

(S4)

where α is the angle between the axis of the cylinder and the q-vector, V is the total volume of the 

cylinder, L is the cylinder length, r is the radius of the cylinder, Δρ (contrast) is the difference in SLD 

between the scatterer (cylinder) and the solvent. J1 is the first order Bessel function of the first kind. 

The form factor is normalised by the particle volume so that the scale factor of the fit is the total 

particle volume fraction φ = NVs when I(q) has been correctly reduced to absolute units. 

3.1.3 Core-Shell-Sphere Model

The form factor, P(q), for the Core-Shell-Sphere model is given by:2

𝜑𝑉𝑠𝑃(𝑞) =
𝑠𝑐𝑎𝑙𝑒

𝑉𝑠
𝑓2(𝑞) (S5)

where

𝑓(𝑞) = 3𝑉𝑐(𝜌𝑐 ‒ 𝜌𝑠)
[sin (𝑞𝑟𝑐) ‒ 𝑞𝑟𝑐cos (𝑞𝑟𝑐)]

(𝑞𝑟𝑐)3

+ 3𝑉𝑆(𝜌𝑐 ‒ 𝜌𝑠𝑜𝑙𝑣)
[sin (𝑞𝑟𝑠) ‒ 𝑞𝑟𝑐cos (𝑞𝑟𝑠)]

(𝑞𝑟𝑠)3

(S6)

where Vs is the total volume of the outer shell, Vc is the volume of the core, rc is the radius of the core, 

rs is the radius of the core and shell, rs = rc + t where t is the thickness of the shell, and ρc, ρs and ρsolv 
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are the scattering length densities of the core, shell and solvent, respectively.2 This model provides the 

form factor for a sphere with a core-shell SLD profile. The form factor is normalised by the particle 

volume so that the scale factor of the fit is the total particle volume fraction φ = NVs when I(q) has 

been correctly reduced to absolute units. The fitting procedure included polydispersity in the radius of 

the spheres and instrumental q-smearing was applied to provide better fits at the high q end of the 

SANS data.

3.1.4 Core-Shell-Cylinder Model 

The form or shape factor, P(q, α), for the Core-Shell-Cylinder model is given by:4

𝜑𝑉𝑠𝑃(𝑞,𝛼) =
𝑠𝑐𝑎𝑙𝑒

𝑉𝑠

𝜋/2

∫
0

𝑓2(𝑞) 𝑑𝛼 (S7)

where

𝑓(𝑞) =
2(𝜌𝑐 ‒ 𝜌𝑠)𝑉𝑐sin [𝑞𝐿𝑐𝑜𝑠(

𝛼
2

)]
[𝑞𝐿𝑐𝑜𝑠(𝛼

2)]𝐽1[𝑞𝑟𝑠𝑖𝑛𝛼]

[𝑞𝑟𝑠𝑖𝑛𝛼]

+
2(𝜌𝑠 ‒ 𝜌𝑠𝑜𝑙𝑣)𝑉𝑠sin [𝑞(𝐿 + 𝑡)𝑐𝑜𝑠(

𝛼
2

)]
[𝑞(𝐿 + 𝑡)𝑐𝑜𝑠(𝛼

2)]𝐽1[𝑞(𝑟 + 𝑡)𝑠𝑖𝑛𝛼]

[𝑞(𝑟 + 𝑡)𝑠𝑖𝑛𝛼]

(S8)

where α is the angle between the axis of the cylinder and the q-vector, Vs is the total volume of the 

core plus shell, Vc is the volume of the core, L is the length of the core, r is the radius of the core, t is 

the thickness of the shell, and ρc, ρs and ρsolv are the SLDs of the core, shell and solvent, respectively.4 

J1 is the first order Bessel function of the first kind. This model provides the form factor for a cylinder 

with a core-shell scattering length density profile. The form factor is normalised by the particle 

volume.

3.1.5 Lamellar Sheet Model 

The scattered SANS intensity in the lamellar model is given by:5, 6

𝐼(𝑞) = [2𝜋𝑉𝑃(𝑞)𝑆(𝑞)]/(𝑑𝑞2) + 𝐵𝑖𝑛𝑐 (S9)

where V is the scattering volume, d is the lamellar spacing and Binc is the isotropic incoherent 

background signal. The interparticle structure factor, S(q), which accounts for the interference of 

scattering from different particles in concentrated suspensions, is assumed to be one. The form factor, 

P(q), for neutron scattering from lamellar sheets is given by:5, 6

𝑃(𝑞) =
2∆𝜌2

𝑞2 (1 ‒ cos (𝑞𝛿)𝑒
‒

𝑞2𝜎2

2 ) (S10)

where Δρ2 is the difference in SLD between the scatterer and the solvent (i.e. the contrast), δ is the 

bilayer thickness and 𝜎 is arbitrarily fixed at δ/4. 
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3.2  Procedure to Check SANS Model Fits 

When possible each fit to the SANS data has been checked by calculating the theoretical volume mass 

of dry material the fit represents, φdry. φdry can be estimated from: 

𝜑𝑑𝑟𝑦 = 𝐶𝑤.
𝑃𝑚

𝑃𝑠

(S11)

where Cw is the mass of solid sample in the solution, Pm is the density of the mixture of sample and 

solvent and Ps is the density of the solid. 

3.3 Aggregation numbers

From the SANS fitting it is possible to calculate the number of polymers or surfactant molecules in an 

average particle using:

𝑁𝑎𝑔𝑔 =
𝑉𝑑𝑟𝑦 ‒ 𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒

𝑉𝑚𝑜𝑙𝑎𝑟
 ×  𝑁𝐴

(S12)

where Nagg is the aggregation number, Vdry-aggregate is the volume of the dry aggregate, Vmolar is the molar 

volume and NA is Avogadro’s number, NA = 6.0221 × 1023 mol-1. Note that in the case of core-shell 

models; Vdry-aggregate = Vdry-core + Vdry-shell, where Vdry-core is the volume of the dry core and Vdry-shell is the 

volume of the dry shell. 

3.4  Supporting SANS Figures

Figure S4. Guinier plot of P3HTPMe3 in D2O (10 mg mL-1) at T = 25 °C. The Guinier plot involves 
plotting Ln[I(q)] vs. q2. The slope = Rg

2/3, where Rg is the radius of gyration of the scattering objects.
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Figure S5. SANS data of SDS and PFOS in D2O and d4-MeOD. The concentration of each sample 
was 10 mg mL-1. T = 25 °C. There is no clear scattering pattern observed from the surfactants in 
methanol, suggesting that the cmcs in MeOH are greater than the highest concentrations used in this 
study.  

Figure S6. SANS data of P3HTPMe3(SDS)5 in D2O. The overall concentration was 10 mg mL-1. T = 
25 °C.
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Figure S7. SANS data of (a) P3HTPMe3 and (b) P3HT-b-P3HTPMe3 with selected charge ratios of 
PFOS in D2O. The overall concentration was 10 mg mL-1. T = 25 °C.
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3.5 Tables of Parameters Obtained from SANS Model Fits

3.5.1 Effect of the Surfactant (SDS) Charge Fraction on the SANS Fitting Parameters of CPE-SDS Complexes.  

Table S3. Structural parameters obtained from SANS data for P3HTPMe3(SDS)x in D2O: α is the scattering exponent of the defined q region. Rg is the radius of 
gyration calculated from the corresponding Guinier plot. Tsheet is the sheet thickness, r is the radius of the sphere or cylinder and L is the length of the cylinder 
obtained from the best fit to the data using the Cylinder, Lamellar and Spherical Models in SasView. Xsol is the calculated solvent fraction in the aggregates. 
Unless otherwise stated the data were fit over the entire q-range of 0.08 < q < 2.2 nm-1.

Sample q-α (q<0.02) Model Rg (nm) r (nm) L (nm) Tsheet (nm) Xsol

P3HTPMe3 - - 2.1 - - - -

x = 0.2 -1.71 ± 0.05 Rods - 1.8 48.3 - 0.53

x = 0.5 -2.22 ± 0.05 Sheets - - - ~1.0 -

x = 1.0 -2.61 ± 0.04 Sheets - - - 1.8 -

x = 2.0 -1.83 ± 0.01 Sheets - - - 1.3 -

x = 5.0 -0.46 ± 0.09 Spheres - 2.5 - - 0.34

x = 20.0 -0.26 ± 0.10 - 1.9 - - - -
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Table S4. Structural parameters obtained from SANS data for P3HTPMe3(d25-SDS)x in D2O: α is the scattering exponent of the defined q region. Rg is the radius 
of gyration calculated from the corresponding Guinier plot. Tsheet is the sheet thickness, r is the radius of the sphere or cylinder and L is the length of the cylinder 
obtained from the best fit to the data using the Cylinder, Lamellar and Spherical Models in SasView. Xsol is the calculated solvent fraction in the aggregates. 
Unless otherwise stated the data were fit over the entire q-range of 0.08 < q < 2.2 nm-1.

Sample q-α (q < 0.02) Model Rg (nm) r (nm) L (nm) Tsheet (nm)

P3HTPMe3 - - 2.1 - - -

x = 0.2 -1.30 ± 0.11 Cylinder - 1.7 10.6 -

x = 0.5 -1.97 ± 0.06 Lamellar - - - -

x = 1.0 -2.69 ± 0.02 Lamellar - - - 3.4

x = 2.0 -1.96 ± 0.03 Lamellar - - - 3.7

x = 5.0 -2.08 ± 0.12 Lamellar - - - 2.6

x = 20.0 No scatter - - - - -
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Table S5. Structural parameters obtained from SANS data for P3HT-b-P3HTPMe3(SDS)x in D2O: α is the scattering exponent of the defined q region. Lcore, rcore 

and Tshell are the core length, core radius and shell thickness, respectively, obtained from the best fits to the data using the Core-Shell-Cylinder Model in SasView. 
Xsol-core and Xsol-shell are the calculated solvent fractions in the core and shell, respectively. Unless otherwise stated the data were fit over the entire q-range of 0.08 
< q < 2.2 nm-1.

Sample q-α

(q<0.02)
q-α

(0.02<q<0.07)
q-α

(q>0.07)
Model Lcore (nm) rcore

 (nm) Tshell (nm) Tsheet (nm) Xsol-core Xsol-shell

P3HT-b-P3HTPMe3 -1.61 ± 0.15 -5.42 ± 0.08 -2.64 ± 0.72 Core-shell cylinder 51.8 4.7 6.9 - 0.05 0.82

x = 0.2 -1.17 ± 0.05 -5.02 ± 0.08 -2.71 ± 0.35 Core-shell cylinder 58.1 3.4 7.6 - 0.09 0.76

x = 0.5 -1.41 ± 0.06 -4.31 ± 0.10 -3.68 ± 0.32 Core-shell cylinder 54.1 4.9 8.7 - 0.01 0.79

x = 1.0 -1.90 ± 0.04 -3.21 ± 0.16 -3.52 ± 0.30 Lamellar  - - - 5.9 0.60 -

x = 2.0 -1.87 ± 0.08 -2.83 ± 0.13 -4.00 ± 0.18 Sheets - - - 8.8 0.83 -

x = 5.0 -1.68 ± 0.10 -1.97 ± 0.14 -4.00 ± 0.10 Sphere a - 2.7 - - - -

x = 20.0 - - -4.00 ± 0.34 Sphere a - 2.3 - - - -

a These data were only fit between 0.27 and 2.4 nm-1 with fitted scattering length densities (SLDs) of 2.38 × 10-4 nm-2 and  3.63 × 10-4 nm-2 for x = 5.0 and x = 20.0, respectively. 
It was not possible to calculate the solvent fraction.
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Table S6. Structural parameters obtained from SANS data for P3HT-b-P3HTPMe3(d25-SDS)x in D2O: α is the scattering exponent of the defined q region. Lcore, 
rcore and Tshell are the core length, core radius and shell thickness, respectively, obtained from the best fits to the data using the Core-Shell-Cylinder and Lamellar 
Models in SasView. Xsol-core and Xsol-shell are the calculated solvent fractions in the core and shell, respectively. Unless otherwise stated the data were fit over the 
entire q-range of 0.08 < q < 2.2 nm-1.

Sample q-α

(q<0.02)
q-α

(0.02<q<0.07)
q-α

(q>0.07)
Model Lcore 

(nm)
rcore

 

(nm)
Tshell 
(nm)

Tsheet 

(nm)
Xsol-core Xsol-shell

P3HT-b-P3HTPMe3 -1.61 ± 0.15 -5.42 ± 0.08 -2.64 ± 0.72 Core-shell cylinder 51.8 4.7 6.9 - 0.05 0.82

x = 0.2 -1.49 ± 0.06 -5.41 ± 0.06 -2.16 ± 0.27 Core-shell cylinder 48.3 3.9 6.5 - 0.02 0.75

x = 0.5 -1.74 ± 0.03 -4.95 ± 0.09 -1.71 ± 0.13 Core-shell cylinder 47.6 4.0 7.1 - 0.10 0.82

x = 1.0 -1.97 ± 0.07 -4.64 ± 0.08 -3.07 ± 0.21 Core-shell cylinder 47.7 5.0 7.1 - 0.02 0.81

x = 2.0 -1.58 ± 0.02 -4.06 ± 0.11 -1.97 ± 0.27 Lamellar - - - 7.8 - -

x = 5.0 -1.54 ± 0.08 -4.04 ± 0.08 -3.19 ± 0.48 Lamellar - - - 8.2 - -

x = 20.0 -1.51 ± 0.03 -3.89 ± 0.16 -1.42 ± 0.49 Lamellar - - - 8.1 - -
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3.5.2 Effect of Hydrogenated vs. Perfluorinated Surfactants on the SANS Fitting Parameters of CPE-SDS Complexes.

Table S7. Structural parameters obtained from SANS data for pure P3HTPMe3 and P3HTPMe3 with a 1:1 charge ratio of PFOS, d25-SDS and SDS in D2O. α is 
the scattering exponent of the defined q region. Rg is the radius of gyration calculated from the corresponding Guinier plot. Tsheet is the sheet thickness, 
respectively, obtained from the best fits to the data using the Lamellar Model in SasView. Xsol is the calculated solvent fractions in the sheet. Unless otherwise 
stated the data were fit over the entire q-range of 0.08 < q < 2.2 nm-1.

Sample q-α (q < 0.02) Model Rg (nm) Tsheet (nm) Xsol

P3HTPMe3 - - 2.1 - -

with PFOS -2.31 ± 0.07 Lamellar - 4.8 0.71

with d25-SDS -2.69 ± 0.02 Lamellar - 3.4 0.6

with SDS -2.61 ± 0.04 Lamellar - 2.0 0.37

Table S8. Structural parameters obtained from SANS data for pure P3HT-b-P3HTPMe3 and P3HT-b-P3HTPMe3 with a 1:1 charge ratio of PFOS, d25-SDS and 
SDS in D2O. α is the scattering exponent of the defined q region. Lcore, rcore, Tshell and Tsheet are the core length, core radius, shell thickness and sheet thickness, 
respectively, obtained from the best fits to the data using the Core-Shell Cylinder and Lamellar Models in SasView. Xsol-core and Xsol-shell are the calculated solvent 
fractions in the core and shell, respectively. Unless otherwise stated the data were fit over the entire q-range of 0.08 < q < 2.2 nm-1.

Sample q-α

(q < 0.02)
q-α

(0.02 < q < 0.07)
q-α

(q > 0.07)
Model Lcore 

(nm)
rcore

 

(nm)
Tshell 
(nm)

Tsheet 

(nm)
Xsol-core Xsol-shell

CPE -1.61 ± 0.15 -5.42 ± 0.08 -2.64 ± 0.72 Core-shell cylinder 51.8 4.7 6.9 - 0.05 0.82

with PFOS -2.23 ± 0.01 -4.81 ± 0.12 -2.77 ± 0.45 Core-shell cylinder 46.7 5.9 7.8 - 0.16 0.85

with d25-SDS -1.97 ± 0.04 -4.64 ± 0.08 -3.07 ± 0.21 Core-shell cylinder 47.7 4.9 7.1 - 0.02 0.81

with SDS -1.90 ± 0.04 -3.21 ± 0.16 -3.52 ± 0.30 Lamellar - - - 5.9 0.60 -
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3.5.3 Effect of Solvent on the SANS Fitting Parameters of CPE-SDS Complexes. 

Table S9. Structural parameters obtained from SANS data for P3HTPMe3 and P3HTPMe3(SDS)1 in d4-MeOD: α is the scattering exponent of the defined q 
region. L, r and LKuhn are the length, radius and Kuhn length, respectively, obtained from the best fits to the data using the Cylinder, Flexible Rod and Lamellar 
Models in SasView. Xsol is the calculated solvent fraction in the aggregate. Unless otherwise stated the data were fit over the entire q-range of 0.08 < q < 2.2 nm-1.

Sample q-α (q < 0.02) q-α (0.02 < q < 0.07) Model L (nm) r (nm) LKuhn (nm) Tsheet (nm) Xsol

P3HTPMe3 -1.22 ± 0.02 -1.22 ± 0.02 Cylinder 286.5 1.3 - - 0.79

Flexible Cylinder 90.1 1.3 22.6 - 0.85

P3HTPMe3(SDS)1 -1.86 ± 0.04 -2.50 ± 0.04 Lamellar Sheet - - - 4.7 ~0.50

Table S10. Structural parameters obtained from SANS data for P3HT-b-P3HTPMe3 and P3HT-b-P3HTPMe3(SDS)1 in d4-MeOD: SLDsol is the scattering 
length density of the solvent, α is the scattering exponent of the defined q region. Lcore, rcore and Tshell are the core length, core radius and shell thickness, 
respectively, obtained from the best fits to the data using the Core-Shell Cylinder Model in SasView. Xsol-core and Xsol-shell are the calculated solvent fractions in the 
core and shell, respectively. Unless otherwise stated the data were fit over the entire q-range of 0.08 < q < 2.2 nm-1.

Sample q-α

(q < 0.02)
q-α

(0.02 < q < 0.07)
q-α

(q > 0.07)
Lcore (nm) rcore

 (nm) Tshell (nm) Xsol-core Xsol-shell

P3HT-b-P3HTPMe3 -1.81 ± 0.10 -4.39 ± 0.05 -1.90 ± 0.13 57.3 5.3 7.7 0.15 0.86

P3HT-b-P3HTPMe3(SDS)1 -1.82 ± 0.07 -4.93 ± 0.04 -1.64 ± 0.14 54.3 5.4 7.4 0.19 0.85
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7. Supporting Cryo-TEM Figures 

Figure S8. Cryo-TEM micrograph of P3HTPMe3(SDS). Total concentration = 10 mg mL-1. 

8. AFM Images of CPE and Surfactant Thin Films                              

Figure S9. AFM tapping mode images of (a,b) SDS and (c,d) PFOS. Drop-cast onto silicon from 
solutions of surfactants in D2O (10 mg mL-1). Left: height images; right: phase images.
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Figure S10. AFM tapping mode images of (a,b) SDS and (c,d) PFOS. Spin-coated onto silicon from 
solutions of surfactants in MeOH (10 mg mL-1). Left: height images; right: phase images.
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