MET 310
AQUEOUS EXTRACTION, CONCENTRATION
AND RECYCLING 
Spring, 2010

Homework 2

1. To a 1 liter solution of 1 M HCl, 98.98 grams of CuCl are added. (This is problem 9 on page 104 in your textbook).

	a) How many copper-bearing species are expected to exist, assuming that no oxidation or precipitation occurs?
	b) Calculate the molality of these species.

a) From Table 2.7 on page 78 of the book, the Cu-Cl system is listed to have Ks0 – Ks3, 

with no precipitation the <CuCl> solid will not form.  Thus, the relevant equations are








Examining these equations indicates that 4 copper bearing species will be present.

b) To solve this problem, we need the solution copper balance, the solution chloride balance or the solution charge balance.  From the given data, we know the total copper and the total chloride added.  In addition, the added hydrogen ion is known.  Thus, any of the balances should work.  Using the copper balance, and Cutot=g added/molecular wt./solution volume=98.98/98.98/1 = 1 mole/liter


 is a good start, but we do know neither the CCu nor the CCl, we only know the total for both.  Thus, we need a second balance to account for two unknowns.  Using the chloride balance and Cltot=Cl from <CuCl>+ Cl from HCl = 1+1= 2 mole/1liter


, however, together these still have two unknowns. Thus, we need the charge balance too.




The solution in the book does not consider hydrogen and hydroxide and one can’t get a correct solution without these (and I used hydrogen instead of sodium.  If you don’t consider the hydrogen, hydroxide and in the book problem case sodium, The solution in the book does not give the correct chloride content – the book solution gives total chloride as about 0.5 M rather than the 2 M added.  Doing the full balance gives (assuming the density of the solution is 1 g/ml (so that molality and molarity are equal aqssuming the mole fraction of the species are negligible)

CCu=8.4x10-2 M; CCl=0.017 M; CCuCl=7.6x10-3 M; CCuCl2=0.98 M and CCuCl3=0.0074 M.  This answer is the same with NaCl or HCl addition.  If NaCl is added, the pH stays around neutral (and the hydrogen and hydroxide balance in the charge balance).  With HCl the concentration of hydrogen stays at 1 M, but the rest of the balance is the same as with NaCl.

The predominant species in this case is CuCl2-


2. Copper has two ions that could exist in water solution, Cu+1 (Gf=12.0 kcal/mole), and Cu+2 (Gf=15.53 kcal/mole).  A) Find the Eo value for the three reactions that are possible between the copper species and B) show and describe which species are stable.  (15 points)

Solution:	<Cu>={Cu+}+e	GRo=Gf,iono=12.0 kcal/mole
		<Cu>={Cu2+}+2e	GRo=Gf,iono=15.53 kcal/mole
		{Cu+}={Cu2+}+e	GRo=Gf,R2o-Gf,R1o=15.53-12.0=3.53

A.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]GRo=nFEo  for copper(I) ion Eo=-(12,000)/[(-1)*(23061)=0.52 Volts

GRo=nFEo  for copper(II) ion Eo=-(15,530)/[(-2)*(23061)=0.34 Volts

GRo=nFEo  for copper(I) to copper(II) Eo=-(3,530)/[(-1)*(23061)=0.15 Volts


B.

 (
Eh
pH
<Cu>
{Cu
+
}
<Cu>
{Cu
2+
}
0.52
0.34
{Cu+}
{Cu
2+
}
0.15
)

From the diagram, since copper metal (<Cu>) is the lowest oxidation state of copper, this species must be located at the bottom of the diagram.  Therefore, the line dividing the two ions at Eh=0.15 occurs before either ion is stable with copper and is therefore not stable.  To compare copper metal with its two possible ions, copper metal to copper(II) occurs at lower Eh than copper metal to copper(I).  Thus, copper metal is oxidized to copper(II) ions before any copper(I) ions are formed, and copper(I) ions are not stable at room temperature without complexation.

3.	Calculate the equilibrium concentration of {Zn2+} from <ZnCl2 > at 298 K in pure water and 0.5 M NaCl solution.  The free energy of formation of <ZnCl2 > is -88.255 kcal/mol; that of {Zn2+}is -35.184 kcal/mol; while that of {Cl-} is -31.35 kcal/mol.




Ksp=exp(-/RT)=11.5x106.  Apply Debye-Huckel equation as above, and solve iteratively.



Pure water =254.9 M; 0.5 M NaCl -- =254.9 M ie the concentration of chloride added is so small compared to the amount from the zinc chloride, no change occurs.

4.	Determine the distribution of species in the mercury (Hg)-cyanide (CN) system from the data given on slide 11 of the lecture 3 powerpoint, make a graph of this distribution similar to those on slides 16 and 17 in the lecture 3 powerpoint.  Assume the total concentration of mercury is 0.001 M.  If activity coefficients were included in the calculation, are any changes in the expected?  Why or why not?

[image: ]
Figure 1. Mercury-Cyanide distribution of species diagram.

[image: ]
Figure 2. Mercury-Cyanide distribution of species diagram over reasonable concentration range.


If activity coefficients are used, the denominator of the CHg equation changes to  and the mercury, complex and cyanide activity coefficients can be estimated from Debye-Huckel Theory nd this gives Figure 3 which is compared to Figure 2.

[image: ]
Figure 3. Mercury-Cyanide distribution of species diagram over reasonable concentration range using activity coefficients.  

In general, the differences are large in percentage when the species concentration is small, but the absolute deviation is generally small, as the maximum magnitude of deviation being 1.7x10-5.

5.	For the cadmium (Cd)/{Cd2+}system, E0=-0.403 volts.  What is the Eh when the pure water contains{Cd2+}=10-2 M?  How will the solution potential change if 0.1 M NaCl is added to the system, assuming the only effect is to alter the activity coefficient?  If cadmium nanoparticles are desired, what metals can act as reductants for cadmium in these situations?


using the Debye-Huckel theory, the activity coefficient can be determined.  In the first case, we can take I=0.01/2; while in the second case I=0.1+0.01/2.  Therefore E=-0.3423 Volts without added NaCl and E=-0.3387 Volts with added NaCl.

6.  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%.
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