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Scanning force microscopy (SFM) is now widely used as a convenient and powerful
technique to study macromolecular conformational transitions at the single-molecule
level in real time [1-3]. The SFM-observable conformational changes can be induced,
for example, by an exposure of adsorbed macromolecules to a controlled liquid
environment [1]. Recently, we have also reported a possibility to manipulate the
macromolecular conformation of comb-like PMA-g-PnBuA [2] as well as linear
P2VP [3] macromolecules by means of exposure to different vapours. By SFM we
have been able to observe step-by-step reversible coil-to-globule conformational
transitions of individual macromolecules in situ, in real time. The PMA-g-PrnBuA
brushes collapse in vapours of amphiphilic compounds with low surface tension
values (alcohols, ethers, etc.) and extend in vapours of compounds having high
surface tension (water, DMSO, DMF, etc.). Similar reversible collapse-decollapse
dynamics is observed for the P2VP molecules exposed to ethanol or water vapour.

Figure 1. Sequence of SFM micrographs demonstrating the extension of individual PMA-g-PnBuA
brush molecules on mica in DMSO vapour. a: Initial image of previously collapsed molecules (as
deposited on the substrate and exposed to a alcohol-saturated vapour). b-f: The same molecules in
DMSO-saturated atmosphere 2 h (b), 4 h (c), 7h (d), 11 h (e), and 20 h (f) after injection of DMSO into
the environmental chamber of a SPM device. Bar size: 250 nm, height scales: 3 nm(a,b,e), 4 nm (c,d),

2 nm (f).




Although in general the vapour-stimulated behaviour of both the brush-like and linear
macromolecules seems to be the same, there is some subtle difference in the spreading
process. Preliminary compacted brush-like molecules unfold and untwine when they
are exposed to, e.g., DMSO vapour, see Fig. 1. Their individual strands move apart
from one another on the substrate and gradually decrease their curvature. This motion
ceases with time and after equilibration the molecules still have a distinct curvature.
The linear macromolecules unfold more abruptly, see Fig. 2 (obtained in water
vapour). There is no gradual decrease of molecular curvature observed. After
extension the chain dimensions can be described well by a two-dimensional self
avoiding walks statistics. The difference in spreading dynamics is apparently
determined by the molecular structure and will be discussed.

Figure 2. Sequence of SFM images demonstrating the unfolding of partially compacted P2VP
molecules deposited on mica. Selected molecules are marked by coloured outlines. The molecules are
extending in water-saturated atmosphere for 0.5 h (a), 1 h (b), 1.5h (c), 2 h (d), 2.5h (e), and 3 h (f).
Bar size: 100 nm, height scales: 1 nm(a), 0.7 nm (b), 0.5 nm (c-f).
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