MES 601 Fundamentals of Materials Engineering

Homework 1 – due Wednesday October 7, 2009


1. The KSP of lead (II) chloride equals 1.5x10-6.  What is the concentration of lead ions in a pure water solution, and in a pH=2 solution in which the pH was perfectly adjusted by HCl.

KSP=(aPb)(aCl)2= (Pb) (CPb) (Cl)2 (CCl)2.  The activity coefficient can be calculated by the Debye-Huckel equation using I=0.5*(z2C), using the initial activity coefficients equal to one.  The concentration of chloride ion equals 2x the lead ion concentration.  Iterating as the lead concentration (and hence chloride concentration, ionic strength and activity coefficient) changes, yields (after 4 iterations) CPB=9.76x10-3 M.

At pH=2, the system starts with aH=0.01 (and assume H=1, throughout) and the concentration of chloride ion CCl=0.01+S’, where S’ is the concentration of lead ions added by the solubility of lead chloride, so that KSP=(aPb)(aCl)2= (Pb) (S’) (Cl)2 (0.01+S’)2.  This is a cubic equation, which can be solved, either using excel or cubic solvers on the internet.  Nine iterations leads to convergence of the S’=5.69x10-3 M, which is a decrease of ~42%.


2. Compare the mean activity coefficient for zinc sulfate at salt concentration of 0.002, 0.005 and 0.1 molal (from the Table 2.1 on slide 17 of the solution thermo powerpoint or the same table on the first page of MES 601 solution thermo tables pdf) to the values calculated using the basic and extended Debye-Hückel theory.  Comment on the agreement/disagreement between the values from the various methods.

	Concentration
	Table
	Basic DH
	Extended DH

	0.002
	0.61
	0.66 (+8%)
	0.69 (+13%)

	0.005
	0.48
	0.52 (+8%)
	0.59 (+23%)

	0.1
	0.15
	0.05 (-67%)
	0.24 (+60%)



The Debye-Huckel estimates are reasonably accurate at the two lower concentrations.  For the multi-valent ions involved here, the basic version seems to work a little better.  Neither worked particularly well at 0.1 molal.

3. The standard free energies of formation of gaseous and aqueous ammonia are -3.976 and -6.360 kcal/mole at 298 K.  Estimate the Henry’s law constant for ammonia from this data.  Compare this to a literature value (make sure these have the same units).  Comment on the agreement between the values and possible reasons for any discrepancies.

The G for the reaction can be found from the equation G=iGform,i – and the reaction is

(NH3)={NH3}, so that G=-6,360+3,976 cal/mole=-2,384 cal/mole.  
P=exp(-2,384/1.987/298)/55.56 X and X=KHP… Thus, KH=3113 atm.  If concentration units are use then P=exp(-2,384/1.987/298) C and C=KH,cP and KH,c=56.1 (mole/l)*(1/atm).  The literature values I found were 56.9 mole/l/atm [http://dwb4.unl.edu/Chem/CHEM869J/CHEM869JLinks/www.chem.ualberta.ca/courses/plambeck/p101/p01182.htm] and 57.14 mole/l/atm from [http://www.geo.uu.nl/Research/Geochemistry/kb/Knowledgebook/NH3_transfer.pdf].  The error between my value and the literature values was between 1 and 1.5% which is very good agreement.  This error is likely associated with assuming the activity coefficient is 1, and with the assumption that no other solution species are present.

4. From the data in Table 2.7 (slide in 12 in Activity and Complexation powerpoint or page 3 of MES 601 Solution Thermo Tables), draw the speciation diagram (concentration of species on the y-axis, log concentration of ligand on the x-axis) for the Thallium (Tl) – Bromide (Br) complex system.  Make sure to state all assumptions being made and justify those assumptions.  A starting assumption (that you don’t need to justify) is that the total Thallium concentration in the system is 10-4 moles/liter.

Assumptions:

-All activity coefficients are 1 (or really the division of the activity coefficients are 1) – for the univalent species, this is not too bad for low CBr, but the multi-valent species have a non-unity activity coefficient even at low . CBr
-pH=7 – open choice so this is fine
-No other ions (Tl, Br, H, OH) are present – none are given so this assumption is reasonable
-No other species that interact with Tl or Br are present – none are given so this assumption is reasonable
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Speciation diagram for Thallium-Bromide system
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