Week 10 Workshop
Equilibrium Law
· Do not include pure solid, pure liquid because their concentration will not change (significantly)
· At equilibrium Q = K (G=0); Q>K products decompose into reactants (G = positive); Q<K reactants form products (G = negative)
1. In a sealed 1.75 L vessel at 250 °C, equilibrium is established between PCl5(g) and its dissociation products, PCl3(g) and Cl2(g). The quantities found at equilibrium are 0.562 g PCl5, 1.950 g PCl3, and 1.007 g Cl2. What is the value of Kc for the reaction PCl5(g) → ← PCl3(g) + Cl2(g)? What is the value of Kp?
Ans: PCl5(g) → ← PCl3(g) + Cl2(g)

PCl5: [30.97 + 5(35.45)] = 208.22 g/mol. 

PCl3: [30.97 + 3(35.45)] = 137.32 g/mol. 

Cl2: [2(35.45)] = 70.90 g/mol. 


Kp = Kc(RT)Δn, Δn = (1+1) – 1 = 1; R = 0.0821 L·atm/mol·K; T = 250 + 273 = 523 K

Kp = 4.28×10–2[(0.0821)(523)]1 = 1.84
Le Chatelier’s Principle (Q vs K)
2. Given reaction: NO(g) + CO(g) <--> COCl2(g).
How would the equilibrium be affected under the following conditions?
a) A substance that absorbs CO is added to the container  towards reactant
b) Temperature is decreased  towards products
c) Pressure of the entire system is increased  towards products
d) Catalyst is added  does not change
Ideal Gas Law  beware of units!!
3. The density of air at 25.00°C, and 1.00 Atm is 1.224 g/L, what is the average molecular weight of air?
Ans: n = PV/RT = (1.00 atm)(1 L)/(0.0820575)(298.15 K) = 0.04087398 moles
 1.224 grams/0.04087398 moles  = 29.9 g/mol
4. 25.00 grams of H2 and 10.00 grams of O2 are placed in a container at 300.0 K and 101.325 kPa. The mixture is ignited to form gaseous water. The container is cooled back to 300.0 K after the reaction. Determine the total pressure in the container at this point.
Ans: [image: ]
Acids and bases and salts
5. It is known that a given HCl solution of 25.0 mL can be completely neutralized by 15.0 mL of NaOH solution. If the initial NaOH solution has a pH of 13.06, what is the initial pH of the titrated HCl solution?
Ans: [H+] = 10^(-13.06) = 8.71*10^-14 M. [OH-] = [NaOH] = 10^(-14)/[H+] = 0.115M. (0.115M)(15.0mL) = (x M)(25.0mL)  x = 0.0689 M  pH = 1.16
6. A) A solution was prepared by dissolving 0.02 moles of acetic acid (HOAc; pKa = 4.8) in water to give 1 liter of solution. What is the pH?
B) To this solution was then added 0.008 moles of concentrated sodium hydroxide (NaOH). What is the new pH? (In this problem, you may ignore changes in volume due to the addition of NaOH).
C) An additional 0.012 moles of NaOH is then added. What is the pH? 
Ans: 
[image: ]
[image: ]
Specific heat & heat capacity
[image: Related image] 
7. Assuming that all the values on the graph are correct, what phase would we end up with in the following conditions? 
a) 300g water at 56℃ mixed with 30g vapor at 100℃
Ans: release max = 30*2261 = 67,830J; absorb max = 300*4.18*44 = 55176J. 67830-55176 = x*2261 x = 5.6  324.4g water & 5.6g vapor both at 100℃
b) 35g ice at -22℃ mixed with 50g water at 85℃
Ans: release max = 35*2.06*22+334*35 = 13276.2J; absorb max = 50*4.18*85 = 17765J. 17765-13276.2 = 85*4.18*T =>  T = 12.63℃
c) 50g ice at -30℃ mixed with 25g vapor at 110℃
Ans: Release max = 25*2.02*10+25*2261 = 57005J; Absorb max = 50*2.06*30 + 50*334 + 50*4.18*100 = 40690J. 57005-40690 = x*2261  x = 7.22g  7.22g vapor & 67.78g water, both at 100℃
Enthalpy 
· Adding reactions  add enthalpy
· Flipping reactions  flip sign of enthalpy
· Heat added to reactant = endothermic  deltaH >0
· Heat added to product = exothermic  deltaH <0
Thermodynamics
[image: https://d1whtlypfis84e.cloudfront.net/guides/wp-content/uploads/2018/02/01084319/cccccccccccccc.png]
8. The diagram shows a Carnot engine that contains 10.0 mol of gas. Th = 700K, TL = 500K. Assume 1  2 and 3  4 are reversible expansion. V1 = 2.2L, V2 = 5.4L, V3 = 6.0L, V4 = 2.4L. What is the total work done after one cycle? What is qin and qout?
Ans: 
	
	12
	23
	34
	41

	U
	0
	3/2*10*8.314*(-200)=-24942J
	0
	3/2*10*8.314*(200) = 24942J

	W
	-nRln(5.4/2.2) = 
-74.65
	+24942J
	-nRln(2.4/6) = 76.18
	-24942J

	q
	+74.65
	0
	-76.18
	0
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©) After the addition of another 0.012 moles of NaOH, all of the HOAc has been converted to NaOAc. thus, [0Ac] = 0.02 M. Since only the "base form” of the HOAc is now present, this is a class 2
problem
- - Hi0 e HOAc = O Keg=
OAc 20— HOAc + OH" Ku= sy
Tnital Cone 0.02 M [H;0] 0 0
Chamge X X XX
Net 002X [H0] X X
So,
£, - HOACTIONT _ 0909 _ 0™
[OAC] 002-X)  T6x10%
Neglecting the denominator gives,

X% 02 =6.25x10°10
X2 =125x1012
X=35x100=[0H]

H=19"3.5x1016 =29 x10°
pH=854

Note: Every problem involving titration and buffers is similar to the sample problem just given. The addition of strong base (or acid) affects the initial concentrations of HA and A”. The pH can then be
determined using the appropriate class 1, 2, or 3 solutions. Given the pH, the ratio of A7HA can be determined from the Henderson-Hasselbalch Equation. The concentrations of A” and HA can be
determined if the total concentration (A” + HA) is known, or if the concentration of either species is known.
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H, +120, =

25.00 grams H, 1000 grams O,
L+ 20159 g/mol L+ 319988 g/mol
12,401 moles H, 031251 moles O,
L x (1 mol H,0/1 mol H,) L x (1 mol H,0/1/2 mol O,
12,401 moles H,0 0.6250 moles of H,0

Since the 10,00 grams of oxygen will make few moles of water than the 25.00 grams of hydrogen,
the O s the limiting reactant and all the 10.00 grams of 2 is used up and there is some H: left
over. Since the 10.00 grams of O will make 0.6250 moles of water, 0.6250 moles of H, are used
upand (12401 - 0.625 =) 11.776 moles of Ha are left over. Thus, after the reaction there are
11776 moles of H and 0.6250 moles of H;O (for a total of 12.401 moles of gas) in the container

Just like in problem 2, there are two ways to proceed: You can use the initial conditions to find the
‘volume of the container and then use that to find the new pressure or you can use the combined gas
Iaw to find the new pressure

[
PV=nRT orv= "KL L=
O n o,
o (2401403125)B31447X3000) _ 35 g v, =[E)n)
(101325) )
po nRT _
v
12,401 mol)(831447)300.0 101325 kPa
{ ) C0O -, ( ) (12.401 moles)
(31298) 12714 moles
P= 988344 kPa P, = 98,8344 kba
P=9883 kPa
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2) This is a class 1 problem. a
HOAc = H~ + 0Ac PK,=48K,=16x10°M
Inital Cone 0.02 M -0 0
Chasge X XX
Net 002X X
k= IOACT] 009 ¢ 05

[HOAC]  (002-%)

[HOAC]ipii > 100 x Ka, so... X can be ignored in the denominator.

*0.02=16x10% ; X2 =32x107
X=56x10%M=[HT]
pH=-log(5.6 x10%)=3.25

b) NaOH is a strong base. It will react nearly quantitatively with HOAc to produce OAc

HOAc + OH == OAc’ +H,0
0.008 moles HOAc + 0.008 moles OH" == 0.008 moles OAc"

Amount of HOAc remaining = 0.02 - 0.008 = 0.012 moles. Thus,
[HOAc] = 0.012 M and [0Ac] = 0.008 M

Since both [HOA] and [0Ac"] are present, this is a class 3 problem.

[0AcT]
[HOAC]

0008
=48+log——° =48+1og(0.6
025515 log(0.67)

pH = pK, + log

48-017
pH =463

11:59PM
H O Type here to search ACID-BASE Week 10 Work.





