Question 3
In a 5.00 L steel container at 575K, the partial pressure of H2 (g) and O2 (g) are respectively 19.42 and 13.60 atm. The H2 (g) and O2 (g) react together to form H2O (g). The final temperature remains 575 K and the volume remains 5.00 L. What is the final total pressure (in atm)?
PV = nRT
19.42x 5 = nH2 x 0.082x575
nH2 = 2.06 moles
13.60 x5 = nO2 x0.082x575
nO2= 1.44 moles
2H2(g) +O2 (g)……………> 2H2O (g)
To find limiting reagent, divide moles by stoichiometric coefficient
2.06/2 = 1.03 moles
1.44/1 = 1.44 moles
1.03 < 1.44 thus H2 is the limiting reactant.
Moles of watee formed = 2.06 moles
Moles of H2 left = 0 moles
Moles of O2 left = 1.44-1.03 =0.41 moles
Total gaseous moles left = 2.06+0.41 = 2.47 moles
PV = nRT
P = nRT/V = 2.47x0.082x575/5
P = 23.29 atm
Question 2
What mass (in g) of butanol (C4H10O) is required such that the combustion produces 65.8 g of products? The combustion of a compound (containing C, H, and O) is its reaction with molecular oxygen (O2) to produce water and carbon dioxide.
2C4H9OH  + 12 O2 .............> 8CO2 +10H2O
Molecular masses
2{(12x4) +(9x1) + 16+1} + 12(16x2) ……> 8(12+(16x2)) + 10{(1x2)+16}
148 + 384………> 352 + 180
532………>532
sum of reactants on the left-hand side = sum of products on right hand side = 532 g
Mass of products is 65.8 g
532/65.8 = 8.09
We divide the equation by 8.09 g
148 /8.09 +384/8.09 …….> 352/8.09 + 180/8.09
18.29 +47.47 …….> 43.51 + 22.25
Therefore, of 18.29 g butanol are required to produce 65.8 g of products
Question 1
For the reaction A(aq )                   B (aq) the change in the standard free enthalpy is 3.43 kJ at 25 0C and 4.84 kJ at 45 0C. Calculate the value of this reaction’s equilibrium constant at 75 0C.
T1 = 25 0C = 298 k 
G0 = 3.43 x 103 J
ln K1  = G0/RT = (3.43 x 103)/ 298x8.314 = 1.384
k1 = 0.325
T2= 45 0C = 318 k
G0= 4.84 x103
ln k2 = (4.84 x 103)/ 318x8.314 = 1.831
k2 = 0.605
We have 
VantHoff’s equation
ln (k2/k1) = H/R(1/T2-1/T1)
ln (0.605/0.325) =H/8.314 (1/318-1/298)
H= 2583.173 = -2.58 kJ

AG0 =H-TS
3.43= -2.58 – 298S0
 S0 = -0.02 kJ
75 0C = 348 0C
G0  at 75C = -2.58– (348x-0.02) = -4.38 kJ
So G0 = -RTlnKeq
ln Keq = 4.38x100/(348x8.314) = -1.513
keq = 0.22
Equilibrium constant at 750C for the reaction is Keq = 0.22
Question 2
A container encloses 35.0 g of CO2 (g). The partial pressure of CO2 (g) is 2.73 atm and the volume of the container is 31.1 L. What is the average, or root mean square, speed (in m/s)of the CO2 molecules in the container?
Mass of CO2 = 35.0g, partial pressure of CO2 = 2.73 atm
Using root mean square formula 
urms =   where M is molar mass, T temperature (in K), and R universal gas constant.
No of moles of CO2 = given mass/molar mass
       		     =35/44.01
 	                   = 0.795 moles
                               n=0.795
We find T using PV = nRT
T= PV/nR
T = 2.73 x31.1/ (0.795x0.0821
T= 1300.81 K
Substituting T in root mean square formula
urms =  
urms = 858.61 m/s

Question 3
We have 500.0 mL of a buffer solution that is 0.620 M in NH3 and 0.319 M in NH4Cl. We add 500.0 mL of a solution 0.219 M in HCl. The final volume is 1.000 L. The Kb value for NH3 is 1.8 x10-5. What is the pH of the final solution?
n NH3 = MxV = 0.62 x 0.5 = 0.31 mol
n NH4Cl = 0.319x0.5 = 0.16o mol
n HCl = 0.219x0.5 =0.1095
HCl react with NH3 nad form NH4Cl 
ka = Kw/Kb= 10-14/1.8x10-5 = 5.6x10-10
pH calculated using Henderson hasselbach equation
pH = -log Ka + lo (n salt/n acid) 
     = -log 5.6x10-10 + log 0.31-0.1095/0.16+0.1095) = 9.123
pH= 9.123

Question 1
The reaction A (aq )                  B (aq) is a first order reaction with respect to A (aq). The concentration of A (aq) is reduced to 33.9% of its initial value in 1.55 minutes. What is the reaction’s half-life (in s)?
1.55 mins = 93 seconds
t1/2 = = 
A/A0 = e-kt
33.9/100 = e-93k
k= -ln 0.339/93
k=0.012
t1/2  =  = 0.693/0.012
t1/2  = 57.75 s

Question 2
The reaction A (aq )                   B (aq) + C (aq) is a first order reaction. The half-life of A (aq) is 95.0 s at 25.0 0C and its half-life is 72.9 s at 45.0 0C. What is its half-life (in s) at 65.0 0C?
T1 = 25 0C = 298k
t2 = 45.0 0C = 318 k
t ½ 1 = 95 s 
t ½ 2 = 72.9 s 
k1 = 0.693/ t ½ 1 = 0.693/ 95 = 7.29x10-3
k2 = 0.693/72.9 = 9.506x10-3
ln(k2/k1) = Ea/R (1/T1-1/T2))
ln (9.506x10-3/7.29x10-3) = Ea/8.314(1/298-1/318)
0.2654 = Ea/0.00175
Ea= 9090.37 j/mol
so T3 = 65 = 338 k
ln (k3/k2) = Ea/R (1/T1 -1/T3)
ln k3/7.29x10-3 = 9090.37/8.314(1/298-1/338)
lnk3 /7.29x10-3=0.432
k3 = 1.12x10-2
t1/2 =0.693/k3 = 0.693/1.12x10-2 = 61.875 
At 65.0 0C half-life is 61.875 s
Question 3
The half-life of 14C is 5730 years. A sample contains 91.7% of the 14C that it would contain if it were still part of a living being. What is the age (in years) of this sample?
k = 0.693/t1/2
k = 0.693/5730
k= 1.209 x10-4
A/A0 = e-kt
91.7/100 = e-1.209x10^4 t
t=716.29 years
Question 2
The solubility product of Cu (OH)2 is 4.8 x 10-20. Calculate the value of pCu2+, or –log [Cu2+], in an aqeous solution of NaOH which has a pH of 12.89 and is saturated at Cu(OH)2.
Cu (OH)2;;;;;;;;;;;;;; Cu2+ + 2O-
ksp = 4.8x10-20
Ksp of Cu(OH) = [Cu2+] [OH-]2  = sx92s)2 = 4s3 = 4.8x10-20
s=2.289x10-7
pCu2+ = -log [Cu2+] = 6.6403
NaOH of pH 12.89 is added 
pOH =1.11
-log[OH‑] = 1.11
[OH-] = 7.76 x10-2
Ksp = [Cu2+] [OH-]2
4.8x10-20 = [s][2s+7.76-2]2
 4.8x10-20      = [s][0.07]2
[s] = 8.734x10-18 M
[Cu2+] = 8.734x10-18 M
pCu2+ =-log [Cu2+] = 17.06
Question 3
The equilibrium constant for the formation of Cu(CN)42- is 2.0 x10-30. Calculate the value pCu2+, or –log [Cu2+], if we were to dissolve 2.37 g of CuCl2 in 1.000 L of a solution 0.950 M in NaCN.  The addition of CuCl2 does not alter the volume (the final volume is still 1.000 L)
kf = 2.0 x10-30
one mole of Cu2+ requires 4 moles of CN to form Cu(CN)42-
moles of CuCl2 = given mass/ molar mass = 2.37/134.45 = 0.017 moles
1 mole of Cu2+ are produced in solution by dissolving 1 mole of CuCl2
0.017 mole of CUCl2 produces 0.017 moles of Cu2+
moles of CN- from NaCN 
Moles of NaCN = molarity x volume
                          0.950 x 1.00
                          = 0.950 mol
1 mole of NaCN produces 1 mole of CN 
then 0.950 mol of NaCN produces 0.950 mol 0f CN-
From the balanced equation 0.017 mole of Cu2+ requires 4x0.017 =0.068 moles of CN-
Cu2+ is the limiting reactant 
moles of Cu(CN)42- formed = 0.017 moles
moles of CN- left = 0.95-0.068
                                = 0.882 mol
concentration of Cu2+
kf = 
2.0x1030 = 
[Cu2+] = 1.405x10-32
pCu2+ = -log 1.405x10-32
           = 31.85
Therefore pCu2+  = 31.85
