MET 310
AQUEOUS EXTRACTION, CONCENTRATION
AND RECYCLING 
Spring, 2010

Homework 3

1.  Problem 1 – Kinetics Homework 1 page 158 in the textbook.  Answer on page 181

2. Problem 5 – Kinetics Homework 1 page 158 in the textbook.  Answer on page 182

3. Problem 2 – Kinetics Homework IV page 161 in the textbook.  Answer on page 184

4. 1.	The initial reaction rates between halides organic X and Y with hydroxide ion are given below.  Find the reaction order with respect to each of the reactants and the rate constant.  What will happen if both X and Y are present with hydroxide ions in the same solution and initially at the same concentration.

Reaction X:

	[X]o, M
	0.1
	0.2
	0.2

	[OH]o, M
	0.01
	0.01
	0.02

	Initial rate, 1/(M.s)
	2.1x10-5
	4.2x10-5
	8.1x10-5



Reaction Y:

	[Y]o, M
	0.002
	0.004
	0.002

	[OH]o, M
	0.001
	0.001
	0.002

	Initial rate, 1/(M.s)
	1.5x10-2
	2.8x10-2
	1.4x10-2



Solution methods are integral, half-life and differential.  The data won’t work to get half-life, or really integral.  Thus, differential makes the most sense.  

Therefore, initial rate = kCAnACBnB and log rate = log(k) + nAlogCA + nBlogCB;  plotting log (rate) vs log C while holding one of the initial concentrations constant gives n as the slope and log k + nlogC as the intercept.  The n and c in the intercept are for the reactant held at constant concentration.  From Figure 1, nX = 1, while nOH = 0.95.  Thus, it is likely that for X+OH, the order of both reactants is 1.  Using this gives the rate constant, k, as log k +nBlogCB = -3.6778, with nOH = 1 and COH = 0.01 gives log k = -1.78, so that 
k = 0.0165.

Doing the same for the Y+OH data gives Figure 2.  The order of the reaction with respect to Y is nY = 1; while the order with respect to OH, nOH = 0.  The rate constant k = 2.77.  

What happens when both are in solution depends on the concentration values.  The rate constant of Y-OH is 170x the rate constant of X-OH, thus Y will in general react more quickly than X.  Examining this as rateY/rateX = kYCY/(kXCXCOH) = 170*CY/(CXCOH).  Thus Y will react more quickly than X, as long CY/(CX*COH) > 0.006.  As COH can be related to pH, the final equation for rate shows that as long as log(CY/CX) > 2.22pH-14, then Y reacts faster than X.

[image: ]
Figure 1.  Graph of initial rate data for X+OH.
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Figure 2.  Initial rate data for Y+OH

5. The contact angle between hexadecane and n-hexatriacontane (C36H78, solid) is 46 degrees.  LV for hexadecane is 27.6 mJ/m2.  What is the work of adhesion between hexadecane and n-hexatriacontane?   Assuming the sl between hexadecane and n-hexatriacontane is equivalent to that of decane (lv = 23.9 mJ/m2) and n-hexatriacontane, what is the decane - n-hexatriacontane contact angle?  Do you think this is a reasonable assumption?  Why?  Would it be a reasonable assumption if water were the liquid rather than decane?

(hexadecane-hexatriacontane) = 46		(hexadecane-air) = 27.6 mJ/m2

work of adhesion, Wad=lv+sv-sl	Young’s Equation sv-sllv(cos)	

Thus, Wadlv(1+cos) = 27.6(1+cos(46)) = 46.8 mJ/m2 hexadecane- hexatriacontane

Wad,decane=l,decanev -l,hexadecanev +Wad,hexadecane; 
for decane-air lv= 23.9 mJ/m2; Wad,decane=23.9-27.6+46.77 = 43.1 mJ/m2;
cos()= [Wad,decane/l,decanev)]-1 = 36.7 degrees

For decane vs. hexadecane, the assumption of equal sl is quite reasonable as the two liquids are very similar with respect to their non-polar/polar balance.  Both are nearly fully nonpolar.  For water vs. hexadecane, the assumption of equal sl is not very reasonable because water is very polar while hexadecane is not.

sl = s + l – 2*(sdld)0.5 -2*(splp)0.5

where the superscripts d and p refer to the dispersive and polar components of the surface tension, respectively.  Thus, as s is constant, 

sl =l -2*(sd)0.5*(ld,10.5-*ld,20.5) -2*(sp)0.5*(lp,10.5-*lp,20.5)

For the first case, both decane and hexadecane have (lp) = 0 and lp = l so the above equation reduces to sl =l -2*(sd)0.5*(ld,10.5-*ld,20.5) =3.7- 2*(~5)*0.37 = ~0, if the solid dispersive surface tension is about 25 mJ/m2.  As the solid is a long chain hydrocarbon this surface tension is probably reasonable but even a solid dispersive surface tension of 49 mJ/m2 only gives a sl of about -1.5 mJ/m2.  

For water rather than decane the same analysis holds, with the addition of the polar term.  The key here is the solids polar surface tension.  If this is zero, the sl will be about zero as in the decane case.  If the solid has a polar surface tension component of 1 mJ/m2, the polar component will subtract an additional 10-12 mJ/m2 off the sl.  For a polar surface tension component of 10 mJ/m2, the polar component will subtract an additional 25 mJ/m2 off the sl.  Thus, if the solid has any polarity the assumption is poor, but is adequate if the solid surface has no polar nature.

6. Dodecylammonium chloride (DACl, RNH3+ Cl-, diameter = 0.48 nm) was used to float rutile at pH 9.  If the zeta potential of the rutile was measured to be –38 mV, prior to adsorption and the solution contained 2x10-5 M DACl and is at 298 K, what is the adsorption density of DACl on rutile?  What fraction of monolayer coverage is this adsorption density?

Use Stern-Grahame equation =2R(Cbulk) exp(-Gads/RT) –> 2R=0.48 nm 

Cbulk = 2x10-5 M  Gads= zF + n  =-0.038 V, n=12 =-650 cal/mol – plugging in these values =2.22x10-9 mol/cm2 –> mono=1/(2R)2 molecules/cm2=7.21x10-10 mol/cm2 therefore coverage is 22/7.21 ~3 monolayers.

Three monolayers would be difficult to obtain as after the second monolayer there would be many positive groups sticking off the surface.  To check this should use the Stern double layer model to predict surface charge after adsorption.

 Stern model equation is -0 = 1.089x1010(z/r) – z=+1, =0.48/2 nm per layer, r = 78.5 (this value is for bulk water in reality this is likely to be smaller so could use anywhere above 3), and  is in moles/m2.  0 requires rutile pHpzc = 5.9, 
so 0=0.059(pHpzc-pH) = 0.059(5.9-9) = -0.183 Volts.

Thus,  = 0 + 0.033 and  = 0.055 Volts for one layer
 = 0 + 0.066 and  = 0.769 Volts for two layers
 = 0 + 0.099 and  = 1.958 Volts for three layers and
 = 0 + 0.066 and  = 0.293 Volts for one layer with r=39.25.

Thus, even a monolayer changes the sign of the surface charge and the adsorption should stop at less than a full monolayer.  Also the  value for a long chain surfactant probably should be bigger more like about 2.5 - 3 nm (0.48 Headgroup diameter + 1.5 Å for each CH2/CH3 group).  This would change to  = 0 + 0.416 and  = 2.82 Volts for one layer and r should definitely be less than 78.5, which only makes  become more positive.

7. Problem 3, Interfacial Phenomena Homework II, page 66 in the textbook.  Answer on page 167.

8. Problem 1, Interfacial Phenomena Homework III, page 66.  Answer on page 169
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