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An analysis of the loading rate dependence of the forces required 0.45 v
to rupture an AFM tip from a block copolymer surface is reported
that provides insight into the structure of the surfanegcromol- 04 .
ecule contact, differentiation of the block contacting the tip, a
measure of the polymersurface binding energy, and the rigidity 0.351 y
of the contact. In a poor solvent, a macromolecule may be driven
entirely into contact with a surface if the interaction with the surface 03 | }
is favorable, while in a good solvent, the chain dissolves or at least E
exhibits large fractions extended into solutfoMacromolecular g 026p "
adhesion to surfaces is at the foundation of numerous polymer- &
based technologies and natural biomaterial interfagesadhesion 2 r i
bond measurements to compare with predictive models have often
proven elusive. 015 i
Molecular force spectroscopyi2which probes conformational
transitions as a function of structural loading rate, potentially ol i
provides the ability to examine the structure of macromoleeule .
surface bonds directly. The unloading rate dependence of the °‘°51&> 16
adhesion between the AFM tip and the molecule should provide Velocity (nm/sec)

information that is significantly beyond adhesion strength. The force rigure 1. (Inset) Force-extension data for a polymer chain (a) being
required to rupture a polymer chain from an interacting molecular stretched away from the surface by the AFM tip. After the rupture of the
force probe is illustrated in the inset of Figure 1. In a simple model adhesive bond (arrow), the interaction force falls to zero (b). (Outset) A fit
initially proposed by Bell and Evarid,each linear region seen in ?f the Hummer model (gray line) to the polystyreraurface bond rupture

. . . orce as a function of the velocity of the separation of the two surfaces.
a plot of the transition force versus the logarithm of the loading
rate corresponds to a barrier traversed by the system in the direction
of applied force. From the slopes and intercepts of each linear
region, information about barrier heights, barrier positions for bond 5 b Benti
breaking, as well as rates of reaction can be calculated. Recently, P2VP47000
a more accurate method was proposed by Hummer and S%abo. il
Here, we report experimental rupture data, analyzed by the Hummer
model, to characterize the diblock copolymer interactions with a
silicon nitride AFM tip. This paper provides a description of
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the surface unbinding of individual polymer blocks under condi- i | " o kK i
tions where a specific solvenpolymer-surface structure is ! pu = = 5T
expected. or . ;
Films of the named polymers were spun cast from THF solution i d .
onto glass substrates and examined under 10 mM sodium acetate 0 0.12 ges 0.38

solution, as described previousfThe surface topography of the X (nm) x

block copolymers is irregular with occasional features about 100 ’g ;gg] esi)-n ('gggzd'i:r:sfeegﬁgga’ns;’éfragify‘;‘:‘y‘:éi”?gg;‘ P;;iyﬂozn\sli:]’;rg;iz‘i’n”:
nm tall. Smal.ler ¢50 nm _W'de’ 5 nm high), more O_rqered (P2VP), and a block copolymer separating from a silicon nitride tip in aque-
structures, which appear micellar in natéftel’ are also visible ous buffer AG offsets between curves are unknown. (Upper right) Scheme
(see Supporting Information). These micellar structures are not of polymer-AFM tip bond being loaded, broken, and analyzed. Stiffness
visible in the homopolymer studies. In the ample areas gm?) of polymer-tip surface bond isky*. (Lower right) Bond is loaded by a
that are devoid of height features greater than 15 nm, fediigtance spring of stiffnessks*, comprised of cantilever and polymer chain springs.

plots were then collected. The magnitude of the rupture force as a  These data were analyzed using Hummer’s method to character-

function of the loading rate was then obtained. ize the adhesion reaction surface (see Figure 2). In the Hummer
— . model, the bond is loaded by a flexible chafrand the bond is
IX&YEE%&LZEEPWW characterized by a harmonic potential with a cutoff at a critical
§ University of Toronto. barrier position and height where the loaded bond ruptures. The

4136 m J. AM. CHEM. SOC. 2005, 127, 4136—4137 10.1021/ja0427395 CCC: $30.25 © 2005 American Chemical Society



COMMUNICATIONS

Table 1. Thermodynamic and Kinetic Parameters Obtained for
PS, P2VP, and Their Diblock Copolymers Detaching from a Silicon
Nitride Surface

In this work, it is not determined how many individual “contact
points” there are between a chain and the surface at rupture, though
the heights of the barriers to unbinding are consistent with a single

ot - ® o AGY k) o D contact. If the number of contacts is different between the polymer
molectle () (m) (Gealmo) (57 (m) (o) blocks and the surface, then the rupture process might not be viewed
Eg\z/gé%?)oo 8'4715 g-gg ég 884 %g% 6%-80 as breaking a single contact, which could affect the molecular
PS7800-P2VP10000 082 034 69 012 014 a1 interpretation of the t.)arrler.posmon.s obtalngd by the Hummer
PS13806-P2VP47000 1.2 025 5.4 16 008 31 modz_el, though a full discussion of this effect is beyond the scope
PS60106-P2VP46900 0.91 025 40 7.2 004 19 of this paper.
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An analysis for rupturing different PS and P2VP adhesion bonds
with a silicon nitride surface is summarized in Table 1. The fits
themselves and a description of the fitting process can be found in
Supporting Information. It can be seen that the stiffness of the
adhesion bond for pure polystyrene is nearly 10 times that of pure
P2VP and the diblock copolymers, while the barrier to breaking
the adhesion bond is nearly 6 times smaller. From these data, we
infer that the P2VP block of the diblock copolymers is preferentially
exposed to the aqueous solution. This is reasonable given the polar
nature of P2VP and the nonpolar nature of PS. In addition, we
observe that the distance to the barrier is significantly greater for
rupturing the P2VP-surface bond compared with that for rupturing
the PS-surface bond. This, we speculate, is due to two different
characteristic polymerSizN,4 surface bonds. In the case of PS, it
appears that a tight bond, probably caused by a direct van der Waals

Supporting Information Available: Force versus velocity plots,
an AFM image, and details on experiment/modeling are included. This
material is available free of charge via the Internet at http:/pubs.acs.org.
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