MES 601 – Module 2

Physical Chemistry of Surfaces

Take Home Test – Do 4 of the 5 problems – Due December 8, 2008

1.
Given the accompanying data for sodium dodecylsulfate adsorption on alumina at pH 2.9, what is the heat of adsorption at each concentration?  Is this data (comparison of the heat of adsorption at different concentrations) what you would expect?  Why?  Is the adsorption most likely to be physical or chemical adsorption.

	log C
	log adsorption density

	Temp K
	284 
	291 
	298
	305
	312

	-4
	-9.75
	-9.8
	-9.79
	-9.81
	-9.82

	-3.1
	-9.14
	-9.17
	-9.28
	-
	-

	-2.75
	-8.79
	-8.89
	-9.01
	-9.03
	-9.06


2.
The contact angles of the surfaces in the previous problem were also measured and are summarized in the accompanying table.  Explain the observed results in terms of the surface chemistry particularly with respect to the effect of temperature, and the surface coverage/surface phase.

	
	Contact Angle, degrees

	Temp, K
	<3x10-10 mol/cm2
	>3x10-10 mol/cm2

	<298
	0
	0

	298
	43
	0

	>298
	43
	52


3.
From the data in the table below determine the adsorption density of ethanol at the water-air interface.  What does this data imply about the ability of beer to form a large “head”.  The head on a beer is composed of a large number of tiny air bubbles stabilized by the surfactant.  Eventually thegas in the bubbles escapes and the foam collapses.  

If one wishes to retain a head on the beer for a longer amount of time, a) should the air bubbles be large or small, and b) should the beer be kept at room temperature, colder than room temperature or warmer than room temperature (assuming the bubble size and beer viscosity are relatively independent of temperature).  Ethanol density is 0.79 g/ml.  Assume beer density equals water density =1 g/ml and that these values are not a function of temperature over the range studied. 

	
	Concentration, Volume %

	Temperature, K
	0
	9
	18
	40

	
	Surface Tension, mJ/m2

	288
	75.5
	51.6
	41.0
	30.6

	298
	72.8
	50.0
	40.0
	30.0

	308
	70.1
	48.6
	39.3
	29.5


4.
Gas (diameter=0.6 nm, 28 g/mole) is passed over 100 m2 of surface.  The weight change of the adsorbing surface was measured and the following data obtained.  A carrier gas is used to keep the total pressure constant at atmospheric pressure which is 0.95 atm.  Find the equilibrium constant for the adsorption reaction for each data set.  What is the heat of adsorption?  Is the adsorption of the gas and the surface most probably chemical adsorption (chemisorption) or physical adsorption (physisorption)?

	P(atm)
	0.025
	0.05
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7

	T (K)
	Mass change (mg)

	298
	2.29
	3. 95
	6.15
	8.02
	9.28
	10.03
	10.48
	10.90
	11.03

	318
	0.431
	0.833
	1.58
	2.82
	3.86
	4.60
	5.37
	5.88
	6.38

	358
	0.095
	0.181
	0.355
	0.69
	1.013
	1.307
	1.604
	1.878
	2.134


5.
During the past few years, research and development activities have been focused on finding processes and materials that eliminate the need to depend on chlorofluorocarbon (cfc) solvents for cleaning. No-clean soldering has emerged as a viable process option. One major problem with no-clean soldering is the formation of solder balls.  As shown in the accompanying figure, solder balls seem to form most on metallized edges on the board.  Experiments have shown that roughening the surface and increasing the amount of flux worked best to reduce the occurrence of solder balls during No-clean soldering.  Explain these results through surface chemical principles.  A typical No-clean solder flux is a water-soluble organic material with a surface tension of 28 mJ/m2 at room temperature, while a typical solder may have a surface tension of 500 mJ//m2 when melted at 473 K.
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