
Supporting Information 

Materials, sample preparation data, and details on experimental TEM 

and SAXS procedures. 

 

Materials: Poly(4-vinylpyridine)-block-poly(styrene) (P4VP-b-PS) diblock copolymer 

(Mn,P4VP = 5,600 g/mol, Mn,PS = 40,000 g/mol, and Mw/Mn = 1.09) was provided by 

Polymer Source Ltd. and was used without further purification. Phenolic resin (Novolac) 

was supplied by Bayer Ltd. (Vulcadur RB). Cross-linking agent hexamethylenetetramine 

(HMTA) was acquired from Aldrich (99+ %) and tetrahydrofuran (THF) was provided by 

Riedel-de Haën (99.9 %).  

 

Sample Preparation: In order to obtain lamellar structure, the weight percent of PS in 

the complexes was selected to be 60 %. The Phenolic resin/HMTA ratio in all complexes 

was 88:12. Phenolic resin, HMTA and P4VP-b-PS were dissolved in THF separately 

until the solutions were homogenous. The solutions were combined and the mixtures 

were stirred for 1 day at room temperature. THF was slowly evaporated at room 

temperature and thereafter the samples were vacuum dried at 30 oC for 1 day. Curing of 

the sample was performed using the following temperature profile: 100 °C for 2 hours, 

150 °C for 2 hours, and finally 190 °C for 2 hours. Pyrolysis of cross-linked sample was 

performed by slowly heating from room temperature up to 420 oC using the heating rate 

of 1 oC/min without protective gas atmosphere and thereafter sample was isothermally 

kept at 420 oC 120 min. Based on our previous work, these pyrolysis conditions lead to 



microporous carbon based materials, with the average pore diameter of 5.4 Å (Valkama, 

S.; Nykänen, A.; Kosonen, H.; Ramani, R.; Tuomisto, F.; Engelhardt, P.; ten Brinke, G.; 

Ikkala, O.; Ruokolainen, J., Advanced Functional  Materials 2007, 17, 183-190) 

 

Transmission electron microscopy (TEM): Sample preparation for the bulk cross-

linked sample: The sample was embedded into epoxy Eponate 12, which was cured at 60 

oC for 20 hours. Sections thickness of 70 nm were cut using Leica Ultracut UCT 

ultramicrotome with a Diatome diamond knife and sections were collected on 600-mesh 

size copper grids 

Sample preparation for the nanoflakes: The cross-linked sample prior to pyrolysis was 

dispersed in a dilute solution of toluene to yield “hairy” nanoflakes, whereas the 

pyrolysed material was dispersed in ethanol using ultrasonification (Brans Digital 

Sonifier 450-D). Thereafter a drop of solution containing either nanoflake dispersion, was 

casted onto holey carbon TEM grids. Bright field TEM was performed with FEI Tecnai 

12 transmission electron microscope using 120 kV accelerating voltage and Gatan 

UltraScan 1000 CCD camera.  

 

Small-angle X-ray Scattering (SAXS): measurements were performed with a SAXS 

device consisting of a Bruker MICROSTAR microfocus rotating anode X-ray source 

with Montel Optics (CuKα radiation λ = 1.54 Å), where the beam was further collimated 

using four sets of JJ X-ray 4-blade slits. The sample to detector distances of 1.5 m was 

used spanning a q-range from 0.006 to 0.2 Å-1. Scattering intensities were measured using 

a 2D area detector (Bruker AXS). The magnitude of the scattering vector is given by q = 



(4π/λ)sinθ, where 2θ is the scattering angle. The q-values were calibrated using a silver 

behenate standard (d = 58.4 Å). Corrections for spatial distortion and detector response 

were made using a Fe-55 source. The SAXS patterns from the samples were absorption 

corrected and the background scattering was subtracted.  

 

Transmission electron microscopy image of plain PS-P4VP block copolymer. 

 

Figure S1. Transmission electron micrograph of poly(styrene)-block-poly(4-vinyl pyridine) (number 
average total molecular weight, Mn = 45 600 g/mol, 12 wt% poly(4-vinyl pyridine). 


