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NOTE

Investigation of Thin Aqueous Films on Silica Using a Modified
Interferometric Technique

were measured. If it did not correspond to the previously measured thickn
The thinning behavior of liquid films between free bubbles and sil-  (evidence of surface nonreproducibility), or if any sign of film instability was

ica is investigated using the interferometric technique. Stable films ~ observed, the cleaning procedure was repeated.

were obtained at higher salt concentrations compared to previous

studies because of the improved cleaning procedure. In contrast to METHODS
the captive bubble technique used in the past, the free bubble method
employed more closely approximates such processes as flotation. Film thickness can be estimated by monitoring capacitance (12) or condi

The results obtained for aqueous films at low and high ionic tance, or using various techniques such as ellipsometry (6) or interferome
strengths are in better agreement with theoretical predictions than  (13). Interferometry is used in this study because it is the most suitable mett
those in previous studies.  © 2000 Academic Press for studying the nonequilibrium behavior of films.

Key Words: micro-interferometric technigue; free bubble method:; Past interferometric work (11, 13—16) on the thinning and rupture of aqueo
disjoinning pressure; thin aqueous films; silica surfactant films has been carried out using the captive bubble method. In 1

method, the gas bubble is gently pressed against the solid substrate, whic
submerged in the solution (Fig. 1a). Since the bubble is motionless, kine
processes such as film thinning and rupture are easily followed.
INTRODUCTION In the free bubble method used in this study, the gas bubble is allowed to r
due to buoyancy until it contacts the solid (9) (Fig. 1b). Therefore, this methc
Thin liquid films that form between liquids, gases, and solids are of significaapproximates flotation and other thin film processes much more realistica
importance in many industrial and biological systems (1-5). Rupture of thet§@n do captive bubble experiments. However, this method has not been u
liquid films (6—10) on solid surfaces is a critical step which governs the efficienéxtensively in the past because of such problems as in controlling the motior
of processes such as detergency and flotation. Here, we have used a modifiedubble and the effect of mechanical vibrations.
interferometric technique and an improved cleaning procedure to accurately
measure the thickness of the thin liquid film between a free gas bubble and a APPARATUS
mineral plate.

Figure 2 shows a cross-sectional view of the apparatus. Nitrogen gas is
MATERIALS leased through a capillary tube (0.06-cm o.d.) at a pressure controlled b
0.25-cc gas syringe (Fisher Scientific). The capillary holder is equipped witt

The solid substrate used was a fused vitreous silica disk (supplied by the OYRitical positioner so that the distance between the capillary tip and the pl
Corporation), 12.7-mm diameter and 6-mm thick, polished flat to within 0.gepttom, and hence the velocity of contact, can be altered. A cathetometer is u
wavelength of visible light. to measure the bubble size. The silica disk is housed in the Teflon cover of

The gas was oil free nitrogen supplied by the T. W. Smith Corporation, whi@egll, which is also made of silica. The Teflon cover rests on the cell only &
was passed through ascarite (Arthur H. Thomas Company) to remoye ceravity, to prevent contamination from sealants. The cover also contains op
passed through distilled water, and then filtered (Qu22-pore size, 25-mm ings for the capillary tube and for a suction tube to remove the solution after t
diameter Milipore MF filter in stainless steel holder) to remove dust. The Kdneasurement.
used was ACS reagent grade supplied by Fisher Scientific, which was roastefine system is viewed from above under monochroma}’tic illumination (100-!
at 663 K for 3 h prior to use. HBO Hg I:amp from Zeiss Corp. fitted with a 546.1-nmZ&iss Corp. or a

The silica and the Teflon cell cover housing the silica plate were cleangd-0-nm AOriel Corp. filter), using a Zeiss Universal microscope. Light re
before every measurement using an elaborate stepwise procedure consideré@ctgd by the film may be directed either to the eyepiece or, through a photott
be an improvement over a previously used method (11). The cell, including % Photographic recording, and the light intensity is read from a photomett
silica plate, was soaked in chromic acid solution (9 Ib of ACS grade sulfurid'e Optical arrangement is the same as that used by Aronson and Princen (
acid and 1 bottle of Manostat cromerge; chromic acid prepared by electroi@ious modifications were made to the Zeiss AC stand to damp out rand
grade sulfuric acid caused the Teflon cell cover to turn yellow) for 15 min. Thébrations (17).
chromic acid was washed away with distilled water. The same procedure was
followed with alcoholic KOH (12.5 g of KOH, 84 ml of 200 proof ethanol, MEASUREMENTS
and 16 ml of distilled water) and with 0.1 M nitric acid (ACS electronic grade,

Amend_ Co.). As suggested by Aronson and Princen (11), all cleaning soluti% Thickness
were discarded after one use.

The cleaning procedure was checked in the following manner: the cell wadn the micro-interferometric method, the relation between the light intensi
filled with either triply distilled water or salt solution and several film thicknesse®flected from the film and the film thickness is expressed by Eqg. [1], assumi
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a and maximum recorded intensities of the reflected light. The advantatyesof
that random reflection of light from outside sources and from the sides of tl
gas bubble may be neglected. The equation for film thickness may be deri
from substitution of Eq. [3] into Eq. [1] (14, 20).

The method just described is suitable only for captive bubbles. Difficultie
arise with the higher sensitivity of the free bubbles to vibration due to their ir
creased mobility. Direct measurement of the maximum and minimum intensiti
with a photometer is not easily achieved due to the small size of Newton’s Rin
(17). Therefore, a new method better suited for free-bubble experiments for
measurement of film thickness was developed.

This method replaces the maximum and minimum reflected intensities |
those of a ruptured film and an infinitely thick film, denoted lyy: and oo,
respectively.lypt is modeled as the intensity of light reflected back from the
silica/air interfacel . is modeled as the intensity of light reflected back from
il the silica/solution interface. In a similar fashion, a ratig, is introduced, so

that random reflections from outside sources and the sides of the gas bubble
be neglected.

Solid
e lf—1
Ay = —— 2 [4]
Irupt -l
As before, substituting Eq. [4] into Eq. [1] and rearranging
Liquid

; [(1 Am)(lrr )+A (1_”)] (14r2r2 =122 —v22) =12 12
COSJ =

FIG. 1. (a) Captive bubble method. Gas bubble pressed against solid. [(1 Am)( 22) +Aw(%)](2r12r2r3—2r2r3)+2r2r3

(b) Free bubble method. Gas bubble contacts the solid due to buoyancy. e i

(5]

From [5] and [2], the film thicknedscan be calculated, whergis the reflectivity
that the incident beam is perpendicular to the film and that light absorptiondéthe silica—air interface and is numerically equalta {).
negligible within the film:

(b) Disjoining Pressure

I r2+r2+ 2rrgcosd o o _
== [1] The disjoining pressure exerted by a stable equilibrium film resists the forc

2.2 ’
lo- Lrjrg + 2rarscos) leading to its thinning. It is denoted Hy and defined asl = P — R, the dif-
ference between the film pressuRe, and the bulk liquid pressuré.

wherel is the intensity of the reflected light amglis the intensity of the incident
light.

_nl—ng r _n2—n1 r _n3—n2 andJ_4JTn2h [2]

1= , = , = , .
N1 + N nz+n’ ° " na+n Py /
r1, rp, andrg are the reflectivities of the silica—air, silica—solution, and the

solution—air interfaces, respectivetylenotes the refractive index (values taken
from Ref. 19), the subscripts 1, 2, and 3 denote the media (silica, solution, ar i a/ ’l’ 'L pf
air, respectively)). is the wavelength of the light used, ami the film thickness
to be determined.

Previous investigators (14, 20) used a ratoto account for background
illumination:

lf — 1
A=STM (3]
Im — Im

wherel; is the recorded intensity for the film ang, andly are the minimum
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FIG. 2. The cell system showing the vertical positioners and cathetometer. FIG. 3. Force balance on a wetting film.
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100 —— 2 BE B B R tension of the bubble—liquid interface. Rearranging and assuming the bubble
90 4 be a perfect spherdr(« r) andd ~ 0,
80 | —

i s
70 K 4gr Ap

In= .
b Y " i

The capillary pressur®; is defined as

Film Thickness, nm
5w
o o
/

30 Pc=Py— R,
20
10 wherePy is the gas pressure.
o (1 For a free bubble,
)
TDW 1E-04 1.E-03 1.E-02 1.E-01 2y

Concentration of KCI, M Pc = s

FIG. 4. Effect of salt on film thickness at a capillary pressure of 2 \ynerey is the surface tension of the air—solution interface.

2
1077 mN/m?, At equilibrium, the film pressure and the gas pressure must be equal, i
) o Pt = Py, and hencell = P.
Performing a force balance on the system, as shown in Fig. 3, Therefore,
V Apg + AR — P R? 4 27 Ry sing = 0. [5] no 7

whereV Apg is the buoyancy of the bubbl® R? is the force exerted by the '

bulk on the bottom cylindrical section of the sphePer R? is the force exerted Combining Egs. [7] and [6] with known values pfandy for pure water at
by the film acting against the bulk, and R sing is the force due to the surface 295 K (assuming\p ~ p), r* = 0.11053R2 in CGS units.

A=433.8 nm. OM KClI

a rz2e0 \ [ ] Results of this study using nitric acid/ethanol cleaning procedure
\ e Results of this study using new cleaning procedure.
( Straight line approximation for h vs logIl )
Results of Aronson and Princen'’. (captive bubble method)
1o —— Theoretical predictions
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FIG. 5. (a) Comparison ofll-h isotherms obtained using the free-bubble and captive-bubble methods. (b) Comparison of theoretical prediction
experimental data for films of high ionic strength.
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