Problem 3

1. 
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2. а) If we assume that half-lives of all radium decay products, except those of RaD and Po, are negligible compared to the time of experiment, 83 days, then all radon atoms formed from radium atoms decay (this assumption introduces an error of about 5%). Therefore, each decayed radium atom gives four (-particles.

б) The approximate total number of helium atoms formed during the experiment:

NHe = 4xmt = 4((3.42(1010)(0.192((83.0(24(3600) = 1.88(1017.
3. 
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4. The number of radon atoms reaches a quasi-stationary state, which is otherwise called the radioactive equilibrium. The correct graph is С.
5. The rate of formation of (-particles increases during the experiment, because first they are emitted by radium atoms only and later – by decay products also. The correct graph is F.

6. а) In the quasi-stationary state, the rate of radon formation is equal to the rate of its decay:

k1 NRa = k2 N(Rn,

whence
N(Rn = k1 NRa / k2.

б) The rate constant of radioactive decay is related to half-live:
k = ln 2 / T1/2.

The rate of radon formation is:

k1 NRa = xm,

whence
N(Rn = xmT1/2(Rn) / ln 2 = (3.42(1010)(0.192((3.83(24(3600) / ln 2 = 3.14(1015.
7. During radon decay to RaD 3 (-particles are formed, hence, the total number of helium atoms that could be formed from radon atoms remaining at the end of experiment
N(He = 3NRn = 3(3.14(1015 = 9.42(1015.
8. а) A more accurate estimate of the number of helium atoms:

NHe = 4xmt – N(He = 1.88(1017 – 9.42(1015 = 1.79(1017.
б) A more accurate estimate of the Avogadro’s number:
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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)
ANSWERS AND POINTS TO THEORETICAL PROBLEMS

(points are given in square brackets)

PROBLEM 7.

1. [1] point for each correct atom, [-1] for each wrong choice. Maximum value [4].  
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2. Total [6].

Fill in the left column with the structures of stereoisomers of Х, and the right column with the corresponding structures of dehydration products (when such structure does not exist write a minus sigh there). [1] point for each correct structure, [-1] point for incorrect structure.
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3. Total [2].

The reaction of stereoisomer of Х with NaOH - [1] point
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The reaction of stereoisomer of Y with alkali - [1] point
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4. Total [7].

	The molar mass of А, g/mol
	308

[2]
	Calculations


[1] point will be given if right calculations are written, but wrong answer is obtained. 

The reactions leading from Х1 to А - [5] points.
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       [1]



     [4]

5. Total [4].
The transformation of А to С - [2] points.
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The reaction of С with water - [2] points.
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6. Total [4].
The structure of compound Х - [4] points.
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7. Total [4].
The transformation of В to А - [4] points.
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8. Total [1].
Place a checkmark into the square near the correct statement

___ Yes, А and В are diastereomers

_V_ No, А and В are not  diastereomers - [1] point

_1226005961.bin

_1226007950.bin

_1226008879.bin

_1226043009.bin

_1226043559.bin

_1226044263.bin

_1226043194.bin

_1226042286.bin

_1226008216.bin

_1226006342.bin

_1226007421.bin

_1226007584.bin

_1226006073.bin

_1223225595.unknown

_1223225624.unknown

_1223222888.unknown

