CHEM 202H - 12,13,14 Name

EXAM 2, Spring 2016 Signature

SCORED GRADE (100 max.)

CIRCLE YOUR COURSE SECTION IN THE LIST BELOW

202-12 W 10-12:50 202-13 W 2-2:50 202-14 W 3-3:50

Section 1. Entropy, Enthalpy, and Gibb’s Energy under Standard Conditions (16 pts)
1. Identify the compound in each series with the largest S°.
A.  Hg Bryq) CClyg) CSaqy

CCla)

B. CHsCH,OHg  CHsCH,OHy CH3CH,0Hg  CH3CH,OHag)

CH3CH,0Hg)

For questions 2 — 3, identify the reaction as: A) Spontaneous at all T; B) Non-spontaneous at all T; C) Spontaneous
at low T, but non-spontaneous at high T; or D) Non-spontaneous at low T, but spontaneous at high T.

2. 2 C4Higig) + 13 Oz > 8 COz + 10 H,0( (HINT: This is a combustion reaction)

A) Spontaneous atall T

3. The sublimation of CO,.

D) Non-spontaneous at low T, but spontaneous at high T

4. Select the thermodynamic value on the left with the appropriate term on the right. (NOTE: not all terms on the
right will be used, a term may be used more than once)

A. endothermic

__ B AGy=0 B. exothermic
_C_ ASyw<0 C. endergonic
_ B__ ASur>0 D. exergonic

E. equilibrium
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Section 2. Entropy, Enthalpy, and Gibb’s Energy under General Conditions (14 pts)

5. Write a reaction quotient for the following reactions:

Pz 2
A. 2NO + 2 Clyg = 2Cl0p + Ny Q= sz C|§o o [Nz][ZC:Izo]2
PP, [NOT[CL,]

B. PbSOss) = Pb*(ag) + SO4*(aq) Q :[Soji][Pb%]

6. Select the thermodynamic condition on the left with the appropriate term on the right. (NOTE: Some terms may
be used more than once and some terms may not be used at all.)

_Db___ Q=K A. standard conditions

___C__Q/)Kk>1 B. spontaneous

__A___ Q=1 C. non-spontaneous
B__ Q<K D. equilibrium

Section 3. Fundamentals of Reaction Mechanisms (12 pts)

7. Use the following Reaction Energy Diagram to the answer the following questions:

B D
c
E
A

What is the spontaneity of this reaction under standard conditions? _non-spontaneous_

_(endergonic)_

_endothermic is ok_
What point(s) represents the transition state(s)? __BD
How many chemical steps are involved in this reaction? 2
What value can be calculated by subtracting the energy at A from that at B? ~ _Activation energy_

_(fwd step1)_

8. For the elementary reaction A + B = products, what two conditions must be met for the reaction to occur?

A&B must collide with the proper orientation and sufficient energy
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Section 4. Rates and Rate Laws (10 pts)
9. Consider the following 2 step-reaction:
Aaq) + H20() = Biag) + Ciaq)
Baa) 2 D(aq)
A. Write the overall reaction.

Atag) + H20() = Ciag) + Diaq)

B. Identify any intermediates in the reaction.

B(aq)

C. Write the rate law assuming the first step is the slow step.

Rate = k;[A]

D. |If the first step is fast and reversible and that the second step is slow, the rate law is:

kk,[A]
K, [Cl+Kk,

rate =

Under what conditions would this reaction appear first-order overall?

Low [C] such that k;[C] << k>

Section 5. General Equilibrium (10 pts)

10. The following reaction is at equilibrium. Indicate if the following changes to the system will:
A) shift reaction towards products; B) shift reaction towards reactants; or C) no shift the equilibrium.

HNOs() + CIFg > CIONOyg) + HFg

A. Addition of HF g _ B) shift reaction towards reactants _
B. Addition of HNO3 _ C) no shift the equilibrium _
C. Increasing P by addition of Ny _ C) no shift the equilibrium _
D. Increasing P by reducing reactor V' _ B) shift reaction towards reactants _
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Section 6. Calculations (30 pts). YOU MUST SHOW YOUR WORK FOR CREDIT.

11. The degradation of SO,Cl, occurs via a single elementary step with a rate constant of 2.2 x 10° s, If the initial
concentration of SO,Cl, is 0.0040 M, what is the concentration of SO,Cl, after 1.00 hour?

SO,Clyg =2 SOy + Clyg

0.0037 M

12. The rate constant for 2 A = Biis 1.8 x 102 M 5%, Calculate the half-life when the concentration of A is 0.35 M.

79 s

13. The standard Gibb’s energy (AG®) for the following reaction at 298 K is -141.8 kJ/mol.
COC|2(g) + H,0) > COye + 2 HC|(g)

What is AG for the reaction 298 K when: Pcociz = 0.3 atm; Pcoz = 0.6 atm; and Pug = 0.2 atm.

-148.1 kJ/mol

14. The equilibrium vapor pressure of H,0 at 20 °C is 2.30 x 10”2 atm. Calculate the standard Gibb’s energy (AG®)
for the vaporization of H,0 at this temperature. (HINT: How is the EVP related to K?)

H,Op = HyO0

9.19 kJ/mol
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15. At 425 °C, the K, for the following reaction is 4.18 x 10°. At this temperature, if the initial HBr pressure is 1.5
atm, what is the partial pressure of H; at equilibrium?

2 HBrig = Hyg + Br

9.7 x 10° atm

Section 7. Essay (8 pts). Answer in paragraph form comprised of 4-6 full sentences.
16. The combustion of methane gas is a spontaneous process, but the reaction requires a spark to ignite the gas.
Explain this observation in terms of thermodynamics and kinetics.

The combustion reaction is spontaneous, but it requires a spark of energy to overcome the activation barrier before
the reaction can begin. The spontaneity of a reaction is a thermodynamic concept that compares the energy of the
reactants and the products. If the products are lower in energy than the reactants, the reaction is spontaneous but
this does not indicate anything about how the reaction will proceed. The rate of a reaction is a kinetic concept that
depends on the pathway between reactants and products. The pathway includes a barrier associated with the
activation energy. The spark in this example provides the energy for reactants to overcome the barrier and proceed
to products.
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THIS PAGE CAN BE REMOVED FROM THE EXAM

USE THE BACK FOR SCRATCH PAPER IF NEEDED

The Periodic Table of the Elements

S =kInwW

k=1.381 x 102 J/K

1 2
H He
Hydrogen Helum
L0794 4.003
3 5 6 7 8 9 10
Li B C N o F Ne
6941 10811 | 120107 | 1460674 | 159994 [15.99%4032] 201797
11 13 14 15 16 17 18
Na Al Si P S Cl Ar
2089770 26981538 | 280885 |30.973761| 32006 | 34537 | 39948
19 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Se Ti v Cr | Mn | Fe | Co Ni Cu | Zn | Ga | Ge | As Se Br | Kr
00083 | 0078 |4a0ssoio] 47867 | 509415 | s19061 |saossoa| sswas |ssoaso0| sneosa | casde | esao | eors | 7rel | 7aodiee | 786 | oo | sise
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | Cd In Sn | Sb | Te I Xe
ssers | wrer | saoosss | 9iaoa | oasoess | 9sea | om | doror |wao0sso| 10643 | torsesa | i1 | 1vasts | usio | 31760 | 12760 |i2690s7| 13139
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs | Ba | La | Hf | Ta W Re | Os Ir Pt | Au | Hg | Tl Pb Bi Po | At | Rn
13290545 | 137337 | 1360058 | 17840 | 180047 | 1shse | 186207 | 19023 | 192217 | 105078 |1o6esss| 20050 | 2043833 | 2072 [oossmoss| ‘@00 | oioy | ¢
87 88 89 104 105 106 107 108 109 110 111 112 113 114
Fr | Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt
Francium Radwm Actimium | Ruths 4 Dubssum Scabx Bohrum Hassiwm Meitnerium
(223) (226) (227) (261) (262) (263) (262) (265) (266) (269) 272) 277y
58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce | Pr ([ Nd | Pm | Sm [ Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
Cerinm Praseodymiem| Neodymium | Promethssm Samarum Ewropium Gadolwium Terbium Drysprosaum Holmium Erbinm Thubum ¥ therbinm Lutctium
140116 | 14090765 144.24 (145 150.36 151.964 157.25 | 15892534 162.50 | 16493032 167.26 | 168.93421 173.04 174.967
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th | Pa U Np | Pu |Am [Cm | Bk | Cf [ Es | Fm | Md | No | Lr
Thorium Protactenium Uranium Neptunsum Plutonium Americium Curium Berkelium Califomeum Emsteinium Fermium Mendeleviam Nobelium Lawrencium
232.0381 | 231.03588 | 238.0289 r.':l_‘_‘ﬂ (244} (243) (247 {247y 251 (252) (257 {258} (259) (262}
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