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Supplementary Materials 

1. Verification of constant CNT content in MWCNT/polymer dispersions 

The sample sets prepared for contrast variation measurements of small-

angle neutron scattering (SANS) with contrast variation need to be verified for 

having a constant CNT concentration, since the model-fitting of the SANS 

patterns require absolute intensity values. As described in the manuscript the 

samples at the different contrasts were prepared by suitable mixing of 

dispersions in fully protiated and fully deuterated DMF, which were centrifuged 

before mixing in order to remove extraneous carbon material and large 

aggromerates. As this reduces the CNT content UV-vis spectra were measured to 

verify constant relative composition in all dispersions. Figure S1 presents the 

absorbance data of MWCMTs/ S124VP12 dispersions thus prepared, at different 

DMF/DMF-d7 solvent compositions for SANS measurements at different 

contrasts.  



 

Figure S1: UV-vis absorbance of the 0.5%wt. MWCNT + 1%wt. S124VP12 (P3605) 

dispersions at five contrasts. Insert shows magnification of the peak area. 

  



2. SANS measurements of S12-4VP12 copolymer solutions. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure S2: SANS measurements of S12-4VP12 copolymer solutions at different DMF-d7 

solvent compositions. 

 

  



3. SANS measurements of dS11.5-4VP11.3 copolymer solutions 

SANS measurements of the copolymer of deuterated styrene block (11.5 

kDA) and 4-vinyl pyridine block (11.3 kDa), at different contrasts, using solvent 

mixtures of deuterated DMF-d7 and DMF, listed in the caption to Figure S3. 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S3: SANS measurements of dS11.5-4VP11.3 copolymer solutions at different 

DMF-d7 solvent compositions. Top to bottom: 10, 50, 70, 85, 100 wt.% DMF-d7. Circle: 

data; dashes: fit of Lorentzian function (eq. 1 in the manuscript) 
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3.1 Parameters used in analysis of the SANS measurements of dS11.5-4VP11.3 

copolymer solutions. 

Table S1. The parameters used to calculate the values of Y in the 

three equations (3) of the manuscript text, at three solvent 

contrasts (10, 85 and 100 wt.% DMF-d7). 
 

Solvent composition 

(wt.% DMF-d7): 
10 85 100 

SLD (10-6 Å-2) (1) 1.26 5.48 6.33 

KPS (10-6 Å-2) (2) 5.03 0.81 -0.04 

KP4VP (10-6 Å-2) (3) 0.61 -3.61 -4.46 

KC (10-6 Å-2) (4) 2.84 -1.38 -2.23 

Y (5) 0.893 -0.295 0.009 

〈𝑅𝑔
2〉𝑎𝑝𝑝 (Å2) (6) 1253 873 1497 

 

(1) SLD   scattering length density 

(2) KPS = SLDdPS - SLDsol (SLD difference between deuterated PS and 

solvent, at each contrast) 

(3) KP4VP = SLDP4VP - SLDsol (as in (2) above, for P4VP) 

(4) KC = KPSWPS + KP4VP(1-WPS); (as in (2,3) above, for the entire 

copolymer) 

WPS =  molecular weight faction of dPS: 11.5/(11.5+11.3) 

(5) Y= WPS KPS/ KC 

(6) 〈𝑅𝑔
2〉𝑎𝑝𝑝 the apparent radius of gyration, as obtained from the fit of 

equation (2) in the manuscript, for each solvent compositions 

(contrasts). 

 



The numerical values of equations (3) in the manuscript: 

〈𝑅𝑔
2〉𝑎𝑝𝑝 = Y〈𝑅𝑔

2〉𝑃𝑆 + (1 − 𝑌)〈𝑅𝑔
2〉𝑃4𝑉𝑃 + 𝑌(1 − 𝑌) 〈𝐿𝑜

2 〉 (eq. 3 of 

manuscript) 

are: 

1497 = 0.009〈𝑅𝑔
2〉𝑃𝑆 + 0.991〈𝑅𝑔

2〉𝑃4𝑉𝑃 + 0.00892 〈𝐿𝑜
2 〉 

873 = −0.295〈𝑅𝑔
2〉𝑃𝑆 + 1.295〈𝑅𝑔

2〉𝑃4𝑉𝑃 − 0.382 〈𝐿𝑜
2 〉 

1253 = 0.893〈𝑅𝑔
2〉𝑃𝑆 + 0.107〈𝑅𝑔

2〉𝑃4𝑉𝑃 + 0.0955 〈𝐿𝑜
2 〉 

The solutions of which are: 

〈𝑅𝑔
2〉𝑃𝑆

0.5 ≈ 32 Å, 〈𝑅𝑔
2〉𝑃4𝑉𝑃

0.5 ≈ 38.5 Å  and 〈𝐿𝑜
2 〉0.5 ≈ 44 Å .  



4. Comparison of SANS and SAXS measurements of MWCNT/S12-4VP12 

dispersions in 10 wt.% DMF-d7 solvent, and fit of the core-shell cylinder 

model. 

 

 

 

 

 

 

 

 

 

Figure S4: Scattering patterns of 0.5 wt.% MWCNT + 1 wt.% S12-4VP12 dispersions in 10 

wt.% DMF-d7 solvent dispersion obtained by: (a) SANS and SAXS (SAXS data adjusted 

to the SANS intensity scale); (b) fit of the core-shell cylinder model to the SAXS data 

(one adjustable parameter: n. 

5. Validation of the core shell cylinder model parameters for the  0.5 %wt. 

MWCNT + 1%wt. S12-4VP12 dispersions 

The data at intermediate contrasts (40, 50, 70, 80 wt.% DMF-d7 solvents) 

were used to validate the model parameters obtained by fitting the 

measurements at 10 and 100% DMF-d7 solvent (Tables 4 and 5 in the 

manuscript). The requirement was that now the data should be consistently 

fitted without any adjustable parameters. Using the relevant SLDs at each 

contrast, the scattering intensity was calculated using the core shell cylinder 

model. The SLD of the MWCNT was calculated, as before, using the dimensions 

and solvent filling factor determined from the fitting of the 10% DMF-d7 data, as 

discussed in the manuscript text. 

a b 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S5: Validation of the core shell cylinder model parameters: SANS patterns 

of the  0.5 %wt. MWCNT + 1%wt. S12-4VP12 dispersions in 40, 60, 70 and 80% 

DMF-d7 solvent, with the model calculations, without adjustable parameters. 

 

 



Table S2. SLD values used in the core-shell cylinder model 

calculations at intermediate contrasts for parameter validation 

(Figure S5). 

 

 

DMF-d7 wt.% in solvent 

mixture 
40% 60% 70% 80% 

Solvent SLD ]10-6 Å-2] 5.94 6.03 6.07 6.12 

MWCNT core SLD ]10-6 Å-2] 2.94 4.05 4.61 5.17 

Polymer shell SLD ]10-6 Å-2] 2.95 4.08 4.64 5.20 

 

 

 

 

 

6. Validation of the core shell cylinder model parameters for the  0.5 %wt. 

MWCNT + 1%wt. dS11.5-4VP11.3 dispersions 

 

The data at intermediate contrasts (50, 70, 85 wt.% DMF-d7 solvents) were 

used to validate the model parameters obtained by fitting the measurements at 

10 and 100% DMF-d7 solvent (Table 7 in the manuscript), as previously done for 

the MWCNT/S12-4VP12  dispersions, without any adjustable parameters.  

 



 
 

Figure S6: Validation of the core shell cylinder model parameters: SANS patterns 

of the  0.5 %wt. MWCNT + 1%wt. dS11.5-4VP11.3 dispersions in 50, 70 and 85% 

DMF-d7 solvent, with the model calculations, without adjustable parameters. 

 

 

  



 

 

 

7. SANS patterns of solutions and dispersions in 10 wt.% DMF-d7 solvent 

using copolymers of different PS molecular weights. 

 

SANS measurements of dispersions with the S124-4VP12 and S48-4VP11 were 

performed only with the 10 and 100 wt.% DMF-d7 solvent composition. Here the 

data at 10% DMF-d7 is presented. At the 10% DMF-d7 contrast, all the 3 block 

copolymers are nearly matched, therefore, their contribution to the scattering 

intensity is minimal as shown in Figure S7a. At this contrast, the dominant 

contribution to the scattering intensity from the polymer solutions is due to the 

incoherent scattering from hydrogen atoms. The scattering from the MWCNTs 

dominates the patterns from the hybrid dispersions, as shown in Figures S7b and 

c, before and after background subtraction, respectively, where the scattering 

patterns of all three hybrid types almost overlap in the entire q range. 



 
 
Figure S7: SANS patterns of solutions and dispersions in 10 wt.% DMF-d7 solvent using 

copolymers of different PS molecular weight: (a) solutions of S12-4VP12 (black), S48-4VP11 

(blue) and S124-4VP12 (red)  copolymers; (b),(c) MWCNT/polymer dispersions before and 

after background subtraction, respectively. 


