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bulky hexacyanoferrate (HCF) anions or negatively charged water soluble 
nanoclusters of Prussian Blue (PB).10 This method allowed us to increase the 
effective thickness of the resulting structures up to 10 nm, and consequently, 
to provide visualization of isolated polymer chains on glass surfaces with the 
root-mean square roughness about 1.5 nm.  

  
Figure 1. AFM topography images  (Z-range 5 nm) and a cross-sections of 
PMB molecules adsorbed onto the Si-wafer before (a) and after (b) the 
contrasting with HCF; cross-sections are taken along the chain (in image b) 
marked by the arrow (c). 

 
Experimental 

Materials. Synthesis of poly(methacryloyloxyethyl dimethylbenzyl 
ammonium chloride) (PMB) (MW = 6130 Kg/mol, polydispersity index (PDI) 
= 1.6) was described elsewhere.11 Poly(2-vinylpyridine) (P2VP) of molecular 
weight 385 kg/mol was purchased from Polymer Sources Inc. (synthesized by 
anionic polymerization, PDI = 1.1).  

 
We performed a special experiment to precisely monitor the effect of the 

staining on molecular details of the PC conformations deposited onto the 
lithographically-patterned Si-wafer with a relatively high roughness (0.5 nm) 
by scanning always the one place and visualizing the one molecule before and 
after contrasting. The detailed analysis of the AFM data13 indicates that the 
increase of the chain thickness from few angstrom to 1.5 nm upon treatment 
with K4Fe(CN)6 solution occurs virtually without changes of their location, 
contour length and fine details of the conformation within the resolution limit. 
Thus, the deposition of HCF-anion provides visualization of various PC 
deposited onto surfaces with the RMS less then 1nm. However, for 
visualization of PC chains onto surfaces with even higher roughness another 
larger size contrasting agents was used. 

Substrates. In this study we used following substrates: freshly cleaved 
mica, Si-wafer, Si-wafer with gold electrodes deposited by standard 
lithography, or microscope glass slides (Menzel-Glaser, Nr. 01 1101). Before 
experiments Si-wafer (obtained from Wacker-Chemitronics), patterned Si-
wafer or glasses were first cleaned in a ultrasonic bath three times for 5 min 
with dichloromethane (DCM), placed in the cleaning solution prepared from 
NH4OH and H2O2 at 60oC for one  hour. (Note: the NH4OH:H2O2 solution 
reacts violently with organic compounds. Caution should be used when 
handling this solution). Samples were finally exposed to 50% sulfuric acid for 
15 min and then rinsed several times with Milipore water (18 MQxcm).  

Deposition of Au nanoclusters. Firstly, we explored a binding of 
negatively charged Au-nanoparticles (Ted Pella, Inc., D=5 nm) to protonated 
P2VP. Although, some tendency for the adsorption of Au clusters along P2VP 
chains have been found, the binding density was rather low. As seen from 
Figure 2a-c, each P2VP chain (MW=385kg/mol) binds 3-6 Au clusters. The 
calculated contour length of P2VP chains equals to 900nm, therefore a mean 
distance between clusters measured along chains is about 250 nm. The low 
density of the deposited Au clusters can be explained by the high negative 
charge of Au clusters which causes their mutual repulsion. When electrostatic 
interaction were significantly reduced by the deposition from water-ethanol 

Samples preparation. PMB or P2VP were deposited onto the  
substrates from the 0.0005 g/l acid water (pH 2, HCl, Aldrich) solution by the 
dipping of the substrate into the solution or by drop casting. To deposit PC 
chain in stretched conformation we placed several drops of the solution onto 
the substrate rotating at 10000 rpm. The dry samples were investigated with 
AFM.  

Contrasting with HCF anions. The substrate with deposited PC was 
dipped into either K4Fe(CN)6 (Aldrich) solution (5 g/l) in acidic (HCl, pH 2.0) 
water for 3 min at ambient temperature and afterward rinsed in water. Finally, 
the substrate was dried with the Argon flux.  
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mixture (1/9 v/v) we found a decrease of the selectivity for the attachment of 
the Au clusters along P2VP chains.  
 

 
 
Figure 2. AFM topography images (Z-range 10 nm) of the P2VP molecules 
after the attachment of 5 nm Au clusters (a-c). Cross-section are taken along 
the chain in image b. AFM topography (f-g) (Z-range 10nm) and phase (e) 
images of the PMB molecules deposited onto the Si-wafer and then contrasted 
with PB nanoparticles (K4Fe(CN)6/FeCl3 molar ratio - 4/1). The dash line in 
(g) indicates the locus of the cross-sections (d). 
 
The method can be used for the directed self-assembly of Au nanoparticles on 
the surface, however, such a low binding density is insufficient for 
visualization of the molecular conformation with details. 

Deposition of Prussian Blue nanoclusters. Mixing of diluted solution 
of FeCl3 with excess of K4Fe(CN)6 solution in acid conditions (pH 2) leads to 
clear deep-blue dispersions of PB (Fe4[Fe(CN)6]3) clusters stable during 
several months. To visualize PE molecules we set a drop of the dispersion 
onto the Si-wafer with pre-adsorbed PMB and then washed out an excess of 
unattached materials. Figure 2d-g show typical AFM images of PMB-PB 
nanoparticles with beads-on-string morphology obtained upon deposition of 
PB clusters onto the spin-stretched PMB molecules. The attachment of PB 
clusters occurs selectively and homogeneously along whole PMB chain and 
significantly improves both the topography (Figure 2f-g) and the phase AFM 
images (Figure 2e). The distance between adjacent clusters depends on the 
diameter of PB clusters and usually equals to 10-20 nm that considerably less 
then the distance between Au-nanoparticles. The high binding density of PB 
clusters is sufficient for visualization of the molecular details of PC 
conformations on rough surfaces such as microscope glass slides. 
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