Problem 4

	a)Equilibrium constant                                                   3.2·10-8               (1,3)

	Place for calculations
[HCrO4-][OH-]/[CrO42-] = [H+][OH-]/([H+][CrO42-]/[HCrO4]) = Kw/K1 = 1.0·10-14/3.16·10-7= 3.2·10-8 (2)


Comments: (*) In agreement with the accuracy of the data used to solve the problems, the results (constants and concentration values) must be given with two significant digits, and logarithmic values (pH) must be given with 2 decimal digits after decimal point.
	b) Equilibrium constant                                                 4.4·1013                (1, 4)

	Place for calculations
K = ([CrO42-][H+]/[HCrO4-])2/([HCrO4-]2/[Cr2O72-])/([H+][OH-])2 =
K12/(K2Kw2) = 10-2·6.50/(101.36·10-2·14.00) = 1013.64 = 4.4·10'13.                        (2)


2. Place a checkmark at the correct answer
	The equilibrium will
	shift to left
	shift to right
	not shift

	a)
b)
c)
d)
	×
	×
×

×
	


calculations:
a) and b) the answer is self-evident
c) BaCl2 shifts the equilibrium to the right due to the binding of chromate ion into a poorly soluble compound Ba2+ + CrO42- = BaCrO4
d) this answer may appear as strange, as water is among the products specified in the right part of the equilibrium equation. However, this is too formal. Actually in dilute aqueous solutions the concentration of water may be regarded as fairly constant and the addition of water would not affect it. Nevertheless, the addition of water to dichromate solution leads to the dilution, which in its turn shifts the dichromate ion dissociation equilibrium to the right. Second, in the aqueous solution of K2Cr207 the value of pH < 7 due to the processes described in the problem statement (cf. also the solution to 3b). With the dilution of any aqueous solution pH is varying towards 7, that in this case means the increase of pH. This also shifts the equilibrium to the right.
3. pH values
	     a)                9.25
     b)                4.20
     c)                2.87
	(1,5)
(1,7)
(1,9)


calculations:
a) CrO42- + H2O = HCrO4- + OH-   K = 3.16·10-8 (*)
cCr = [CrO42-] + [HCrO4- ] + 2[Cr2O72-] ≈ [CrO42-],[HCrO4- ] ≈ [OH-] (**)[OH-]2/cCr = K, [OH-]=√kCCr
=√.16·10-8·0,01=l,78·10-5
[H+] = 5.65·10-10, pH = 9.25 (2,6) 
comments:
(*) the value of this constant was calculated earlier, cf. 1a
(**) these approximations can be used just because K is sufficiently small (as chromate ion is a very weak base), while cCr is quite large. In this case for the calculation of pH a short square equation can be solved.
See also the comments to 3b and 3c.
b) Cr2O72- + H2O = 2HCrO4-
K= 1/K2 = 4.37·10-2

HCrO4- = H+ + CrO42-  K=K1=3.16·107
4
1
[H+] ≈ [CrO42-] => [H+] = √KI[HCrO42-] (*)
[HCrO4-] = ?
cCr = 2.0·10-2 M (**) = [CrO42-] + [HCrO4-] + 2[Cr2O72-] ≈ [HCrO4-] + 2[Cr2O72-] (***)
[HCrO4-] = x; K2 = [Cr2O72-]/[HCrO4-]2 = (cCr- x)/2x2; 2K2x2 + x - cCr = 0
x = (-1+√1+8K2cCr)/4K2 = (-1+√1+8 22,9·0,02)/4 22,9 = 1,27·10-2 M (****)
hence [H+] = (3.16·10-7·1.27·10-2)1/2 = 6.33·10-5; pH = 4.20 (*****)

(2,8)
comments:
(*) again, a short square equation can be used
(**) Do not forget that in 0.010 M K2Cr2O7 solution cCr = 2·0.010 = 0.020 M (!!)
(***) As the dissociation constant of HCrO4 is very small, the assumption that [CrO42-] can be neglected
is fair. pH << pK and cCr ≈ [HCrO4-] + 2[Cr2O72-]
(****) Here the full square equation must be solved, unlike as in earlier cases.
(*****) note that the resulting pH is indeed << pK1 = 6.50. Therefore, the assumption (***) is indeed
fair.
c)In 0.10 M CH3COOH [H+] = (Kac)1/2 (*) = (1.8·10-5·0.10)1/2 = 1.34·10-3
pH = 2.87(**)
(2,6,10)
comments:
(*) as in 3a, a short square equation can be used
(**) this value is indeed the value we need! The comparison of this value with pH for 0.10 M dichromate
solution given above (cf. 3b, pH = 4.20) shows that the influence of K2Cr2O7 on pH can be safely neglected.
4. Equilibrium concentrations
	a) b)
	3.0·10-6

3.7·10-3
	(1,11)
(1,11)


calculations:
Two different methods can be used.
Method 1.
a) [HCrO4-]= 1.3·10-2 (*)
[CrO42-] = K1[HCrO4]/[H+] = 3.16·10-7·1.3·10-2/1.34·10-3 = 3.0·10-6 M
 (2, 12)
b) cCr = [CrO42-] + [HCrO4-] + 2[Cr2O72-]
[Cr2O72-] = x (cCr - [CrO42-] - [HCrO4-]) = x(2.0·10-2 - 3.0·10-6 - 1.3·10-2) = 3.7·10-3 M
or otherwise
[Cr2O72-] = K2[HCrO4-]2= 22.9·(1.3·10-2)2 = 3.9·10-3 M
(2, 12)
comments:
(*) from the calculation of [HCrO4-] (cf. 3b) it is evident that if pH << pK, [HCrO4-] is independent on
pH. In our case pH = 2.87 is indeed << pK = 6.50, and therefore this value of [HCrO4-] is equal to that
obtained in 3b.
Method 2.
a) [CrO42-] = x; [HCrO4-] = x[H+]/K1
[Cr2O72-] = K2[HCrO4-] = x2K2[H+]2/K12
cCr= [CrO42-] + [HCrO4-] + 2[Cr2O72-] = 2K2[H+]2/K12x2 + (1 + [H+]/K1)x
K1 = 3.16·10-7; K2 = 22.9; [H+] = 1.34·10-3
8.24·108x2 + 4.24·103x - 2.0·10-2 = 0
x = 3.0·10-6M
(2, 12)
b)[Cr2O72-] = K2[HCrO4-] = K2[H+]2/K12[CrO42-]2 = 4.12·108·(3.0·10-6)2 = 3.7·10-3 M            (2, 12)
