-
&

PRt , ||
s, _,-r.a i :
Conformational'dynamics of smgle molecules V|suaI|sed inJrealitime}by/scanningforcc Ik

> AN ¥ F I f
«- microscope: macromolecular mobility/ona “ubstrate surfaceinldifferent\vapours
-'1' |4 w

Marat O. Gallyamov,” Bernd Tartsch,™ Alexei R. Khokhlov:!f“] Sergei S. !:ohEIkO | . Krzysztof Matyjaszewskl o Martin Moelle x
V ¥y ’ - &~ H_ v

[a] Department of Physics, M V. Lomonosov Mosczw State Un:vers:ty, Len/nskleEory, 119992 Moscow (RUSSIa)

e [b] Organische Chemie Ill - Makromolekulare Chemie, Universitot Ulm, Albert-Einstein-Allee 11, D-89069 Ulm (Germany)

«  [c] Polymer Science, Universitdt Ulm, Albert-Einstein-Allee 11, D-89069 Ulm (Germany) T f1 m

= [d] Department of Chemistry, Campus Box 3290, Venable and Kenan Laboratories, The Un/vers/ty of NC, 27599 3290 Chapel Hill (USA)

& | [e] Department of Chemistry, Mellon Institute, Carnegie Mellon University, 4400 Fifth Avenue, 15213 Pittsburgh (USA)
[f] Institut fbr Technische Chemie und Makromolekulare Chemie, RWTH Aachen, Veltmanplatz 8,' D-52062 Aachen (Germany)

Boerner,

High-resolution SFM- |mage of PMA-g—PnBuA(I)
brush molecules on mica (a) and on HOPG (b).
Bar size: 150 nm, height scale 5 Nm
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Conformatlonal transitions of the PMA-g-PnBuA(s)
molecules on mica in ethanol and water vapours; a:
Initial image as deposited; b-d: images obtained after
1 min (b),15 min (c), and 25 min (d) exposure to
ethanol vapour; e: image in dry N, atmosphere; f-i:
images obtained after 1 min (f), 15 min (g), 25 min
(h) and 1.5 h (i) exposure to water vapour.
Bar size: 300 nm, height scale: 10 nm

Collapse of long PMA-g-PnBuA(l) brushes on mica in
ethanol vapour; a: initial image; b: image obtained after
20 min exposure to ethanol abs. vapour; c-e: images
obtained 15 min (c), 30 min (d) and 1.5 h min (e) after
humidifying of the ethanol vapour; f-h: images

obtained 10 min (f), 15 min (g), and 25 min (h) after
additional humidifying of the ethanol vapour; i: image
obtained in dry N..

Bar size: 300 nm, height scale: 10 nm

Three cycles (a g flrst h-n: second o-t: third) of coIIapse and subsequent
decollapse for three individual brush molecules on mica in vapours
saturated with ethanol (80%vol. in liquid) and water. a: Initial image;
b,c,h,i,j,0,p: images obtained 10 min (o), 20 min (b,h,p), 30 min (c,i) and
40 min (j) after the exposure to humidified ethanol vapour; a,d,g,k,n,q,t:
drying with nitrogen; e,f,I,m,r,s: images obtained 30 min (e,r), 40 min (f,I,s)
50 min (m) after exposure to water vapour.

Bar size: 250 nm, height scale: 10 nm

Conclusion

Environment controlled scanning force microscopy allowed to study
conformational transition of single poly(methacrylate)-graft-poly(n-butyl
acrylate) brush molecules on mica in real time. The molecules transform
reversibly from a two-dimensional extended worm-like state to a compact
globular state. The dynamics of the conformational transition has been
sufficiently slow in order to allow its observation by scanning force
microscope in real time. The reversible transformation is effected by
coadsorption of water or ethanol from a vapour phase. The reason for
the observed tendency is a competition in spreading on the substrate
surface between the macromolecules and the coadsorbed vapour
molecules.

Conformational changes in vapours of ethyl acetate
and ethylene glycol; a: initial image; b: 1 h exposure
to ethyl acetate vapour; c-e: collapse and aggregation
of the individual molecules 15 min (c), 30 min (d) and
45 min (e) after the humidifying of the ethyl acetate
vapour; f: drying with nitrogen; g-l: images obtained
5h(g), 10 h (h), 15 h (i), 20 h (j), 30 h (k) and 40 h (1)
after exposure to ethylene glycol vapour.

Bar size: 300 nm, height scales: 2.5-10 nm
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Conformational transmons of Iong PMA-g-PnBuA(I)
macromolecules in vapours of ethyl acetate and cyclo-
hexanone; a: initial image; b, c: images obtained after
15 min (b) and 1 h (c) exposure to ethyl acetate vapour;
d: collapse induced by humidifying of the vapour; e:
image in dry nitrogen; f-I: images taken after 1 h (f), 3 h
(g),6 h(h),9h (i), 12 h (j), 18 h (k), 60 h (I) exposure to
cyclohexanone vapour. Bar: 200 nm, height scale: 2 nm
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lllustration of the competition in spreading between
the adsorbed polymer brush and coadsorbed
molecules of a vapour phase; a: the coadsorbed
layer of amphiphilic molecules has lower surface
tension; b: the coadsorbed layer has higher surface
tension

Decollapse of the long PMA-g—PnBuA molecules on
mica in water vapour: images obtained after 15 min (a),
20 min (b), 30 min (c), 40 min (d), 1 h (e), 1.5 h (f),
2h(g),4 h(h)and 15 h (i) exposure to water vapour.
Bar size: 300 nm, height scale: 10 nm
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vapours; a: initial image; b-d: images obtained after
10 min (b), 20 min (c), and 30 min (d) exposure to
humidified ethanol vapour; e: in dry nitrogen; f-i:
images recorded after 20 min (f), 40 min (g), 1 h (h)
and 16 h (i) exposure to water vapour.

Bar size: 250 nm, height scale: 10 nm
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