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Dynamics of triple lines at soft interfaces ´rardin, E. Verneuil, A. Constant, S. Dubois, J. Clain, X. Noblin, H. Ge A. Buguin and F. Brochard-Wyart Laboratoire de Physico-Chimie Curie, Institut Curie, CNRS UMR 168 11 rue Pierre et Marie Curie, 75248 Paris Cedex 05, France received 6 January 2005; accepted in ﬁnal form 7 June 2005 published online 13 July 2005 PACS. 68.08.Bc – Wetting. PACS. 68.08.-p – Liquid-solid interfaces. PACS. 68.15.+e – Liquid thin ﬁlms.



Abstract. – A rubber cylinder (R) is pressed against a glass plate (S) through a liquid drop (L). The liquid ﬁlm, entrapped between R and S, dewets and a R/S dry contact, consisting in a band bordered by two straight contact lines, is formed. A row of equally spaced defects, graved on the glass plate, is used to pin and to deform periodically the R/L/S triple line. We observe the relaxation of this line by interference microscopy and we study the relaxation time vs. the period of the defects, the viscosity of the liquid, for hard and soft rubbers. A naive model, based on the balance between elastic and viscous forces, gives a plausible picture for these observations.



Introduction. – Static and dynamics of solid/liquid/air S/L/A contact lines have been widely studied both theoretically [1–4] and experimentally [5–13]. Joanny and de Gennes [1] showed the unusual structure of the line elasticity: if the line undulates in space with a wave vector q and an amplitude uq , the elastic energy Fel is proportional to |q| rather than the classical quadratic expression. In fact, L/A interface distortions give an energy proportional to q 2 but integrated over the penetration length of the deformation (∼ q −1 ), this leads to an energy Fel linear in q. This unusual elasticity has been named “fringe elasticity” [3] and exhibits unusual properties. In particular, the proﬁle of the line deformed by a localized force is logarithmic (and not made of two straight lines as in the case of an elastic string). For these S/L/A systems, the dynamics of line ﬂuctuations has been studied in both viscous [4–6] and inertial regimes [12, 13]. In the present paper we focus on the case of solid/liquid/rubber (S/L/R) triple lines. Here the deformation energy is a combination of capillary energies and elastic energies inside the rubber (of Young modulus E). Thus the wetting features of a liquid, intercalated between a rubber and a passive solid are controled by two major parameters: i) The spreading parameter S = γSR − (γSL + γLR ) (where γij are, respectively, the interfacial energies between S/R, S/L and L/R). We focus our attention on situations of negative S, where a liquid drop does not spontaneously wet the contact. ii) The “elastic length” h0 = |S|/E. At spatial scales larger than h0 , elastic energies are dominant in the rubber. For instance a drop, of size  h0 , at the solid/rubber interface, is c EDP Sciences  Article published by EDP Sciences and available at http://www.edpsciences.org/epl or http://dx.doi.org/10.1209/epl/i2005-10103-6
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Fig. 1 – (a) Schematic representation of the experimental set-up. Inset: RICM image of the rectangular S/R contact bordered by a S/L/R triple line. The black bar represents 10 µm; (b) Pictures of a S/L/R triple line at diﬀerent times during the relaxation: thanks to a quick motion, the indents row (period is 20 µm) generates triple-line sinusoidal undulations at the cylinder edge. The viscosity of the liquid is η = 0.471 Pa s and the Young modulus of the elastomer is E = 0.8 MPa. The white bar represents 10 µm.



not spherical, but has the shape of a ﬂat penny, with a thickness H and a radius R. The scaling law relating H and R is R ∼ H 2 /h0 [14, 15]. Near the triple line (a circle of radius R) the static proﬁle z0 (x) is of the form z0 (x) ∼ = (h0 x)1/2



(1)



this is very diﬀerent from the standard capillary behavior, where we would have z ≈ x. For our system h0 is small but sizeable (h0 ≈ 10 nm). To study R/S/L triple lines, we form an adhesive band by pressing a rubber cylinder against a glass plate through a non-wetting liquid (ﬁg. 1). A ﬁlm is squeezed at the R/S interface. It thins by drainage and suddenly dewets. The dynamics of dewetting at soft interfaces has been intensively studied since the pioneer works of Roberts [16] with both viscous liquids [14, 15, 17] and water [18], and interpreted in ref. [19] by a transfer of surface energy into viscous dissipation in the liquid. After dewetting, the dry contact consists in a band limited by two triple lines. We deform the triple line (y-axis in ﬁg. 1a) by using a row of defects, graved periodically on the glass substrate and we observe the dynamics of relaxation. Materials. – The rubber is a commercial elastomer prepared by cross-linking an endfunctionalized poly-dimethylsiloxane (PDMS) supplied in two liquid parts (Sylgard 170 A&B, Dow Corning). The Young modulus of this elastomer can be adjusted by varying the weight proportions of the A : B compounds before reticulation. After curing, we get rubbers whose elastic modulus (measured by classical JKR tests) fall in two groups: “hard” rubber (E  0.8 MPa) for A : B ranging from 70 : 30 to 50 : 50, and “soft” rubber (E  0.2 MPa) for 75 : 25 or 80 : 20. To make cylindrical elastomers, we ﬁrst grave (with a glass knife) two parallel grooves on a non-wettable surface (a ﬂuorinated glass slide). The liquid PDMS is then poured between the grooves (that give to the liquid a cylindrical shape by trapping the triple line) and reticulation is obtained after curing (65 ◦ C for two days). We get half-cylinders (radius ≈ 1 mm, length ≈ 1 cm). As solid substrates, we use glass slides chemically modiﬁed to obtain low surface energies. Slides are silanated with octadecyltrichlorosilane following
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classical methods [20, 21]. Before the silanisation, we print in the glass periodically spaced diamond indents as performed by Martin [17]. The typical size of these indents is 10 µm and we vary the period from 20 to 60 µm. For the liquids, we use ﬂuorinated silicone oils (PFAS) with dynamic viscosities η ranging between 0.47 Pa s and 3.02 Pa s at 20 ◦ C. These liquids are purchased from Roth-Sochiel in three diﬀerent viscosities and we mix them to get intermediate viscosities without signiﬁcative change of the spreading parameter S. Triple-line modulation and observation. – The rubber cylinder is deposited on a dark substrate (to avoid extra reﬂections) which is set on the mobile stage of an upright microscope (ﬁg. 1a). The silanated glass slide is set to a three-axis micromanipulator. We approach the slide normally to the rubber cylinder through a PFAS drop. The R/L interface is observed by interferencial microscopy. The monochromatic illumination is provided by a halogen lamp and an interference ﬁlter (λ = 546 nm) through a 40x objective. Interfaces are monitored with a standard video camera (ﬁg. 1b). We ﬁrst squeeze the rubber cylinder on the glass slide: as shown in ﬁg. 1a, a rectangular contact is established after dewetting. We slowly translate the cylinder to superimpose the triple line and the row of defects. At time t = 0, we suddenly move the row of defects under the elastomer: the triple line is pinned and undulates. Then we measure the proﬁle of the triple line during relaxation. Figure 1b shows a typical sequence of images taken during this relaxation. We observe a dominant wavelength imposed by the indents periodicity. Measurement of the relaxation time τq . – The shape of the triple line is not purely sinusoidal: it is composed of various sinusoidal harmonics which relax at diﬀerent velocities. To extract the ﬁrst harmonic (imposed by the periodicity of the defects), we binarise the pictures and we perform the Fourier transform of the triple-line contour. We denote uq the Fourier transform amplitude associated to the wave vector q. For each spectrum, we collect the amplitude uq for the ﬁrst harmonic (ﬁg. 2a) (for higher harmonics the amplitude is usually too small). The amplitude of a given q-peak follows an exponential decay vs. time (ﬁg. 2b): uq = uq0 exp[−(t − t0 )/τq ], which gives the relaxation time τq . We have explored wave vectors ranging from 0.017 to 0.1 µm−1 for ﬁxed values of the liquid viscosity (η = 0.47 Pa s) and of elastomer elastic modulus (E = 0.8 MPa). This range is very limited for two reasons: on the one hand, for small wavelengths the amplitude of the triple-line deformation becomes too small to be measured with accuracy using an optical microscope. On the other hand, for large wavelengths, there are no more interactions between neighboring defects, and each of them can be seen as an isolated perturbation. Nevertheless, a log-log plot (ﬁg. 2c) of the characteristic relaxation time for the main harmonic vs. q permits to predict a trend concerning its inﬂuence. We obtain τq ≈ q −1.2±0.3 . We have used the same strategy to follow the dynamics of relaxation vs. the liquid viscosity η and the elastic modulus E. We have varied the liquid viscosity from η = 0.47 Pa s to η = 3.07 Pa s (with E = 0.8 MPa and q = 0.05 µm−1 ). For the main harmonic, the relaxation time τq as a function of liquid viscosity η is reported in the log-log plot in ﬁg. 2d. It gives τq ≈ η 1.1±0.3 showing that τq is roughly proportional to the liquid viscosity η. We have repeated the experiment with “hard” and “soft” rubbers by keeping constant the liquid viscosity (η = 0.47 Pa s) and the indents wave vector (0.05 µm−1 ). We ﬁnd a relaxation time τ = 110 ms for the hard rubber (E = 0.8 MPa) and τ = 70 ms for the soft one (E = 0.2 MPa). Note this surprising feature that the “softest” elastomers relax more quickly. Unfortunately, the elastic modulus does not vary continuously with composition and we have only two values for E. To summarize, these observations show that the characteristic relaxation time of the S/L/R triple line is an increasing function of the liquid viscosity and of the wavelength of the applied deformation, and decreases as the Young modulus increases.
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Fig. 2 – Dynamics of relaxation: (a) uq spectrum; (b) uq (t) relaxation: an exponential ﬁt gives the relaxation time τq ; (c) triple-line relaxation time τq vs. wave vector q (log-log plot) for η = 0.47 Pa s and E = 0.8 MPa; (d) τq vs. η (log-log plot) for q = 0.05 µm−1 and E = 0.8 MPa.



Interpretation. – We propose here a scaling estimate of the relaxation time τq incorporating elastic eﬀects in the rubber and viscous friction in the ﬂuid slab (of thickness z(x)). The critical assumption is that the perturbation extends over a width ∆x ≈ q −1 (comparable to the wavelength of the modes along y). This is a natural assumption since both the elastic and the viscous ﬁelds are controlled by Laplacian equations. a) Elasticity. A ﬁrst approximation to the slit proﬁle z(x) is a simple displacement from the unperturbed, static form z0 (x) ∼ = (h0 x)1/2 . If we call u the amplitude of the line deformation u(y) = uq cos 2π(qy) (ﬁg. 3), it gives ∂z0 . z(x, y) ∼ = z0 (x + u(y)) ∼ = z0 (x) + u ∂x The resulting deformations are of order  ∂z  ∂z0   ε =   = quq ∂y ∂x



(2)



(3)



and the over all elastic energy (integrated over x and z, ∆x ≈ ∆y ≈ q −1 , in the rubber) per unit length in the y-direction is  1 2 Eε dx dz ∼ (4) Fel = = Eh0 u2q q. 2 Thus Fel is comparable to the capillary energy proﬁle minimizes the sum of both).



1 2 2 γquq



(as would be expected, since the
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Fig. 3 – A modulation of the line induces a deformation of the rubber and of the R/L interface in the hatched region. ∂u



b) Viscous dissipation. As the line relaxes, at velocity u˙ q = ∂tq , the liquid is put into motion. We assume that the rubber is purely elastic (in some cases the viscoelastic dissipation in the rubber can play a major role [22]) and we neglect the viscous dissipation at the contact line in the liquid wedge of size h0 . All the dissipation takes place in the liquid squeezed at the R/S interface (the liquid wedge contribution is smaller by a ratio qh0  1). The same approximations used to describe the dynamics of the contact growth [19] have been conﬁrmed experimentally for the elastomer. Per unit length in the y-direction, the  same 2 ) dx dz (where S˙ and v ∼ the viscous dissipation is T S˙ = η( ∂v = u˙ q are, respectively, ∂z  entropy production rate and the velocity in the liquid). Here the integration dz takes place over the slit thickness z0 (x) and the result is T S˙ ∼ = η u˙ 2q (h0 q)−1/2 .



(5)



Frequency spectrum of the “triplons”. – The transfer of elastic energy dFel /dt into viscous dissipation T S˙ leads to (6) −|S|quq ≈ η u˙ q (h0 q)−1/2 . Equation (6) shows that, for a mode corresponding to a wave number q with an amplitude deformation uq , the amplitude deformation uq should relax exponentially: uq = uq0 e−t/τq with a relaxation time τq : η ηE 1/2 τq ≈ ≈ . (7) 1/2 |S|3/2 q 3/2 |S|h0 q 3/2 This expression for τq suggests two remarks: i) τq increases with the elastic modulus. This result is surprising: soft systems are usually slower than hard ones. It can be explained by a larger viscous dissipation. Indeed, larger elastic modulus E corresponds to smaller elastic length h0 . The parabolic liquid surface proﬁle is more ﬂattened and the viscous dissipation increases. ii) This relaxation time predicted by eq. (7) is very diﬀerent from that obtained in S/L/A triple lines in viscous regime [3], where the viscous dissipation inside a liquid wedge does not depend upon q. Discussion. – We now compare our experimental results for the relaxation time to τq (given by eq. (7)): i) Relaxation time vs. wave vector. The q-dependence is in rough agreement with the experimental results: we get the experimental relation τq ∼ q −1.2±0.3 , whereas eq. (7) predicts τq ∼ q −1.5 . The diﬀerence between both exponents is not very signiﬁcant since our experiments cover only half a decade of q vectors. ii) Relaxation time vs. viscosity. We observe that τq is nearly linear with the liquid viscosity η : τq ∼ η 1.1±0.3 . This result is compatible with our model (which predicts τq ∼ η).
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iii) Relaxation time vs. elastic modulus. In a qualitative way, we observe what theory expects: “soft” elastomers relax more quickly than “hard” ones. In a more quantitative way, “soft” elastomers relax more slowly than predicted. The ratio of the two measures of τq for E = 0.8 MPa and E = 0.2 MPa gives 1.6, instead of 2.0 predicted by the model. This might be explained by a hysteretic behavior of “soft” elastomers (observed in diﬀerent experiments by Clain [23]). When compressing or decompressing a glass slide on a “soft” elastomer, slower velocities are observed for the contact zone when moving forward (compression) than backward (decompression) whereas for “hard” elastomers, both fronts move at the same velocity. In our case, when the triple-line relaxes, one front moves forward and the other moves back. This contribution tends to increase the relaxation time τq for “soft” elastomers. Concluding remarks. – To our knowledge, we performed the ﬁrst experiments on the relaxation of triple lines at soft interfaces, “soft triplons”. We found a way to study S/L/R triple line relaxation: we press a hydrophobic glass plate with indents row on it, through a PFAS drop, against a cylinder rubber. After the liquid dewetting, a relative displacement of the cylinder and the defects row generates triple line periodic undulations. This experimental set-up allows us to measure S/L/R relaxation time τq as a function of the liquid viscosity η and the wave vector q. We ﬁnd the experimental relation τq ≈ η 1.1 q −1.2 . We also change the elastic modulus E of the elastomer and observe that “soft” elastomers relax more quickly than “hard” ones. We construct a scaling theory to explain these observations. It is based on a balance between elastomer elastic deformation and viscous losses in the liquid. It explains reasonably well our experimental data on the variation of the relaxation time τq vs. wave vector and viscosity. This model also explains why softer elastomers relax faster than hard ones. However we are limited to a narrow range of variation of the elastic modulus. For too soft rubbers, the velocity dependence of the peeling energy cannot be neglected and our approximation of dissipation inside the liquid only is not valid. Reinforced rubbers would allow to achieve higher E values. The modes of a contact line which have been observed here may also play a role for the fracture of a rubber immersed in a liquid [24]. ∗∗∗ We thank P.-G. de Gennes for numerous discussions. REFERENCES [1] Joanny J.-F. and de Gennes P. G., J. Chem. Phys., 81 (1984) 552. [2] de Gennes P. G., Rev. Mod. Phys., 57 (1985) 827. ´ re ´ D., Capillary and Wetting Phenomena: [3] de Gennes P. G., Brochard-Wyart F. and Que Drops, Bubbles, Pearls, Waves (Springer, 2003). [4] Brochard-Wyart F. and de Gennes P. G., Langmuir, 7 (1991) 3216. ´ M., Nature, 352 (1991) 418. [5] Ondarc ¸ uhu T. and Veyssie [6] Ondarc ¸ uhu T., Mod. Phys. Lett. B, 6 (1992) 901. [7] Paterson A. et al., Phys. Rev. E, 51 (1995) 1291. [8] Sauer B. B. and Carney T. E., Langmuir, 6 (1990) 1002. [9] Nadkarni G. D. and Garoff S., Europhys. Lett., 20 (1992) 523. [10] Di Meglio J. M., Europhys. Lett., 17 (1992) 607. [11] Marsh J. A. and Cazabat A. M., Europhys. Lett., 23 (1993) 45. [12] Poujade M., Guthmann C. and Rolley E., Europhys. Lett., 59 (2002) 862. [13] Noblin X., Buguin A. and Brochard-Wyart F., Langmuir, 18 (2002) 9350.



424



[14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24]



EUROPHYSICS LETTERS



Martin P. and Brochard-Wyart F., Phys. Rev. Lett., 80 (1998) 3296. Martin P., Silberzan P. and Brochard-Wyart F., Langmuir, 13 (1997) 4910. Roberts A. D. and Tabor D., Proc. R. Soc. London, Ser. A, 325 (1971) 323. Martin A., Buguin A. and Brochard-Wyart F., Langmuir, 17 (2001) 6553. Verneuil E., Clain J., Buguin A. and Brochard-Wyart F., Eur. Phys. J. E, 10 (2003) 345. Brochard-Wyart F. and de Gennes P.-G., J. Phys. Condens. Matter A, 6 (1994) 9. ´ger L., Phys. Rev. Lett., 66 (1991) 185. Silberzan P. and Le Brzoska J. B., Shahizadeh N. and Rondelez F., Nature, 360 (1992) 24. ´ A., Nature, 379 (1996) 432. Shanahan M. and Carre Clain J., Th`ese de doctorat, University Paris 6 (2004). de Gennes P.-G., C. R. Acad. Sci. Paris, Ser. II, 304, no. 11 (1987).



























des documents recommandant













Fast Dynamics of Floating Triple Lines 

contact line has been produced by the deposition of a row of small equidistant .... lens, composed of two spherical caps. The Neumann ... The concept of surface pressure ... The problem is not exactly the .... measuring f for different angles, we obt










 








Beam dynamics at ThomX 

Effect of Beam Dynamics Processes in the Low Energy. Ring ThomX ... New beam dynamics regime. ... ThomX Technical Design Report, LAL RT 14/21, SOLEIL.










 








"Biomolecules at Interfaces". In: Encyclopedia of Polymer ... .fr 

relatively weak forces (van der Waals, ionic, solvation, donor/acceptor), ..... analogous to those used to derive equations 4â€“6 (97), and (2) high surface mo-.










 








Friction mechanisms at polymerâ€“solid interfaces 

techniques, along with the shear force transmitted by .... The theoretical predictions agree qualita- .... detailed theoretical description, at molecular level, of.










 








Interfaces Cerveau-Machine Interfaces Cerveau Machine Interfaces 

robustness and speed. 5l tt. / i t. ~ 5 letters /minute. Current improvements : - Adaptive classification to optimize p p bit-rate. - Word selection instead of spelling l tt.










 








Triple Clamp Mounting Triple Clamp Mounting - RevZilla 

acheter des boulons longs 4 x 65 mm pour remplacer les boulons 4 x 60 mm fournis. Ceci permet de s'assurer que l'on a un engagement sur le filetage d'au moins 12 mm. Phone: +61 (0)2 4271 8244. Email: [email protected]. Web: www.barkbusters.net. Ma










 








liquid interfaces 

where their complex properties continue to puzzle the researchers' minds. A major challenge in foam science is posed by the need to protect the tightly packed ...










 








Stability of phytoplankton dynamics 

We present a model of the phytoplankton dynamics. The model is de- scribed by a transport equation which contains terms responsible for the growth of ...










 








Dynamics of the LevitronTM 

of this paper is to work from first principles, analysing .... first two are inertial parameters and the third the ratio of magnetic to ..... Our objectives are to say.










 








Jump conditions and dynamic surface tension at permeable interfaces 

tension defined as a capillary action due to intermolecular forces at the interface between two immiscible fluids. Here, we ... Until now, in simulations the traction.










 








Interfaces of social psychology with situated and 

This paper briefly reviews social psychological research and theory related to ..... harming others (Milgram, 1974) are not driven by ...... In Obedience to authority.










 








base lines 

COLOUR FASTNESS TO WATER. SOLIDITÃ‰ Ã€ L'EAU. WASSERECHTHEIT. WATERECHTHEID. THERMAL RESISTANCE ... DIMENSIONAL STABILITY.










 








Adhesion at Poly(Butylacrylate)â€“Poly(Dimethylsiloxane) Interfaces 

The glass transition temperature is Tg Ñ˜Ð�54 C [4] and its surface energy is c Â¼ ... MQ resin with a thickness of 150nm as measured by ellipsometry was obtained ...










 








66 - The Sign Of The Triple Distelfink 

A BIRTHDAY PRESENT FOR YEARS, BUT. I'VE AE Aye KNOWN WHAT ... THE TRICKY PART! )Øª. Ù… Ù�ÙŠ ÙˆÙˆ. 60 .... MOVE THIS PARTY. INDOORS! BESIDES ...










 








Title of presentation max 2 lines 

9 juin 2016 - RÃ‰SEAU FRANCHISE. JET TOURS CAP 5 VOYAGES ARRAS. AUX COULEURS DE LA CROISIÃ‰RE AVEC MSC ...










 








Lamouret (2001) Lines and dots. Characteristics of 

Disambiguation could occur for both uniform and non-uniform velocity fields, even though in the ... most studies have only used uniform motion (fronto- parallel translation). ..... the Incoherent conditions subjects' answers were not statistically ..










 








SYSTEMS Interfaces 

Complete list of supported vehicles/systems in FiatECUScan. 3.2 .... You can scroll down to see the complete wiring diagrams of ...... GRANDE PUNTO VAN.










 








Plasticity of User Interfaces: A Revised Reference 

... developed so far in HCI [11] provide a sound basis, they do not cover all ... been introduced and a title for every deck (i.e., WML page) has been added to ...










 








COMPUTER INTERFACES 

2 A power transformer. I feed the output to a bridge ... and provide some isolation. U2 is a 5-V powered ... teristic makes it easy to fully isolate the radio and the ...










 








Magnetic Fields of Transmission Lines and 

Cohort Study. The adjusted mean Beck Depression Inventory scores did not differ by exposure, providing ...... Weissman MM, Bland RC, Canino GJ, et al. Cross- ...










 








TANGENTIAL GENERATION CURVES AS ENVELOPES OF LINES 

Mar 25, 2017 - With projective geometry and the concept of duality be- tween points and lines in the plane in nineteenth century the punctual and tangential ...










 








Adaptation and Plasticity of User Interfaces 

orthogonal axes (see Figure 1): ... once to serve multiple sources of variations, thus minimizing development and ... It does not, therefore, cover adaptation to users' .... the System Task Model of the Palm Pilot version to access the calendar, ...










 








Soft Care® 

Distribue le contenu des cartouches Soft Care® de 600 mL de savon liquide pour les mains. • Permet des réglages d'écoulement de produit de 0,75 à 1,2 mL.










 








Soft CareÂ® 

S'utilise avec le distributeur de mousse Soft CareÂ® pour rÃ©duire les coÃ»ts mensuels en savon. â€¢ Le savon en mousse utilise 62,5 % de savon de moins que sous ...










 














×
Report Dynamics of triple lines at soft interfaces





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



