S17 Exam4

Tuesday, April 18, 2017 10:46 AM

Chem 105 Exam 4 Name

This exam is schedule for 75 minutes and | anticipate it to take the full time allotted. You are free to
leave if you finish. In multiple part problems, points awarded will not be penalized for incorrect
answer on previous parts, so simply move on if you get stuck on one part. If you need to, make
up an answer for the previous part. Always neatly show work for partial credit.

1. Define the first and second laws of thermodynamics and explain what impact they have on the important
concepts of thermodynamics that we have discussed in class.
First Law - heat must be conserved. This is the origin of enthalpy during our discussion (AH)

Second Law - The universe tends toward disorder. This was our introduction to entropy and it allows us
to understand how entropy relates to spontaneity and AG.

2. Coal power plants are not 100% efficient; that is, not all of the energy produced from the combustion reaction
results in usable energy.

a. The combustion of coal is shown below. Is this reaction endothermic or exothermic? Explain your
choice.

C(s)+02(g) =CO0O2(9)

Exothermic. Two bonds are being made and only one broken. Making bonds is exothermic.
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b. What happens to the rest of the energy?

It is transferred to the surroundings as heat.

c. Clearly explain how this is related to thermodynamics.

AU=qgq+w

The work done by the system is the usable energy. The heat lost is shown as q. The total energy
exchange is AU

. ASvaporization > AStusion; EXplain why this statement is true. Liquid --> gas creates much more disorder

. Which direction does a reaction “shift” when Q > K. You must clearly explain your choice to receive full
credit.

Reactants Products

If Q > K, this means that there are more products and less reactants than are needed at equilibrium.

What is the sign of AG when Q <K ? positive negative

. Explain why each of the following statements are false.
a. A spontaneous reaction occurs when energy is consumed by a system. Spontaneous reactions do not
require energy.

b. Liquid water has a formation enthalpy of zero (AH]?: 0). Only elements in their most stable form have
values of zero.

c. Brz () has a standard molar entropy of zero (S° = 0) This violates the 3rd law of thermodynamics

d. Endothermic reactions are never spontaneous. They can be if there is a strong entropic favorability

e. Equilibrium occurs when the concentration of products and reactants are equal. Equilibrium occurs
when the rate of the forward are reverse reactions are equal, not when the concentrations are equal.

. Consider the following reactions. Which is most likely to have a negative AS? You must clearly explain your
answer to receive credit.

COz2 (g) + H20 (I) = H2COs (aq) 2 CgHais (I) + 25 Oz (g) = 16 CO2 (g) + 18 H20 (9)

The other reaction is creating more gas molecules. The highlighted reaction is consuming a gas,
producing an aqueous compound, AND it is making one molecule from two. All of these things suggest
it will be unfavorable.

. The synthesis of NO occurs according to the following reaction where Kc = 7.5 x 10° M- at 1000 K.
N2 (g) + 2 02(g) = 2 NO2(9)
a. If 1 M of each gas is mixed together at 1000 K, would the synthesis of NO 2 be spontaneous?

No X &)
b. Determine Kc for this related reaction: 2 NO:2 (g) = N2 (g) + 2 Oz (9)

reny -\ _
sed K'= . = Lk S\
. Ko
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c. Calculate Kp at 1000 K. Include the correct units.

An=a Ko=Ke i

-

Ge= 75X D (L - [D0O)

-
8. Consider the following reaction: K? - o[ 4o !
6 HCI (g) + 2 As (s) = 2 AsCls (1) + 3 H2 ()

a. For each of the following, determine if the equilibrium will shift. If so, determine if products or reactants
will be formed.
i. Magnresiamis added — A~y o C)«a"\j,?

A2 o
ii. | is added.
HCl is adde ?th’, .
iii. The volume of the flask is decreased. o= ¥ 7Y me\(_—{—t/\h BN
?mé,at)o
b. Using the information available at the back of the exam, calculate AG° and AH".
o= . |
LA () & 2Pl == 1A Us (343U ¢) 2 = 3051w/
o o= L\
MAN¢  ~\lo o4 2052 @ are=_ 9.0 W

- o
o - @ 1s7.0

AM= LD - L(Aw) = Ust
~ WD) = b(7) = voS

c. What is the equilibrium constant at 25 °C?
365 Ao =3y (FY ) = 1T
K— 1asxe 3

d. Calculate AS®

205, 100 = ‘H.)(,ob - 19%/7 A%
NG = ’S‘g’)‘aﬂ//le

e. Calculate AG if 0.4 atm of CO, 2.5 atm of CO2, 14 g of S, and 0.98 atm of CS: are added to a reaction
flask at 25 °C.

AG = 30510 ¥ 54 (19t 0\) [~ Q

9. Consider the following reaction.
3F2(g) + N2 (g) = 2 NF3 (9)

a. 2 atm of Fz and 1 atm of N2 are combined in a sealed reaction flask at 100 °C. Once equilibrium has
been reached, the pressure is the flask is 1.706 atm. Determine the equilibrium constant at this

temperature.
S RPN — L N 2 -3k % \—k pX = 1700
T + ( 7 A K =\700
. -3X AN 'L( X=— o.LU?
>l ~
C -3 \-X X Mgy = L9 (54)

'\DN\’:. 0293 \ (o,—w-b(b-oﬁ

Y(/,\"/ O.DSﬁ \(\"//La\x(b%
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b. When the temperature is raised to 200 °C, the pressure of F2 decreases to 0.01 atm.

i. Is this reaction‘endothérmic ohexothermic? Justify your selection.

T A enss NS ff‘\é_mb Hen

ii. Optional (bonus): calculate AH.

K \nozet= cs T (nUe=s»

NN >

A A
= TS & TS
GCJ 8 Prod
10. —
W | React N
] o
™ Prod ™
» «» | React
o] O
o Q
(O] (O]
» »

Consider the two reaction coordinates below. Answer each of the following questions. If it is not possible
to determine, say that. Partial credit will be considered if your answer is explained.

a. Which reaction is spontaneous? p}

b. Which reaction has a larger equilibrium constant? A

c. Which reaction has a larger rate constant?

d. Which of these reactions is endothermic?

QUQ%'kA\
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11.

Which reaction might have AH > 0 and AS < 0?

[\

Complete one of the problems on this page. You can answer more for extra credit. Please use the next
page to show your work if you need more space.

Determine the total pressure at equilibrium if 14 grams of carbon, 1.82 atm of Hz, and 2.33 atm of CH4 are( 3.2¢ <4~ )
added to a reaction flask at 500 °C.

19104 -\ 1 T -
C(s)+2H: (@)= CHi(@)  Kp=2600am™at500°C . 5 T4 =191 Uh 4 AL = L3y 44
\ ¥ L 1?7 - 6 LL4ad = £ 22— - s
e A o Amoen QL™ OoXx T = \GTEY K + T )
Using th‘e‘l‘nforma;it)'n in the table below, determine the heat capacity of solid CS: if 2.34 kJ of heat is )( -
released when 10 grams of liquid CSz is cooled from 46.3 °C 10 -150 °C. Ak =% -79(=16.} =69 €93

0|3\ mel ALy -6V Alh- 41

4 7L Py —
. ASvap of CSz is 86.55 J mol? K1, Using the information in the table below, determine the tfoilino;rtem“?;gfaﬁ\urte. 3)\) -LLe Xy

AG=>=>0H-TA /,1_;_ é,H-_- TaLiy VT K A\l - -b\.’ﬁ(.l‘)\)

Thermodynamic AaX =Taf A versT B
values for CS; _GH-\_’-— —6. 55
T (C) Tm('C)  AHusion Abhaporzaion C (s0lid)  C (liquid)  C (gas). Al v AW — -1.T X7
(kJ/mol) (kJ/mol) J/ (r)'nol J/ (r)'nol J/ (r)'nol \-\
K K K
— _o137 =4t
-110.8 4.39 27.65 78.99 46.55 =1 e A = o A

. A4z o1 (CD (-\\;ﬁ——llo.@

1368 kJ of heat is required to decompose 112.04 grams of CO (g). Noting that the bond enthalpy of a CO
triple bond is 1072 kJ mol2, calculate the bond enthalpy of a CO double bond.

2CO(g) = C(s) + CO2(g)

Incomplete combustion of natural gas produces carbon monoxide and water vapor (see unbalanced reaction
below).

CHa (g) + 02 (g) = CO (g) + H20 (9)

Determine AH® for this reaction from the data below:

CHa(g) +2 02 (g) = CO2 (g) + 2 H20 (g)  AH° = -802 kJ mol?

2.CO (g) + Oz (g) = 2 CO2 (g) AHe = -566 kI molt e~ L) ?\O
A e o

Using the information at the back of the exam, determine the temperature that is needed to make this
reaction spontaneous.
6 HCI (g) + 2 As (s) = 2 AsCls3 (s) + 3 H2(g)
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Periodic Table of the Elements

Hydrogen :.m..._
1 i
H = —> Mereu He
1.04 Average relative masses Name v Atomic 4.00
21l 2 are rounded fo two 80 <— Number B 15 18 17 )
Tiam | Beryim decimal places. Boron | Carbon | Phtogen | Oxygen | Fluone | Heon
¥ 3 All average masses are to mm:dg_ - I u o 5 7 4 . 10
Li Be be treated as measured B c N 0 F Ne
694 | 001 quantities, and subject to 200.59 < Average 1081 | 1201 | 1401 | 16.00 | 19.00 | 20.18
1.0 15 ignificant figure rules. 2 Mass 20 25 30 15 40 —
Sodium ity Momiwm | Shicon | Phosphonss|  Sulfur Chiceine | Augen
1 12 Electronegativity .———> 1.9 13| 1 15 16 17 18
Na | Mg Al Si P ] cl Ar
2299 | 4.3 26,98 | 28.09 | 3087 | 32.07 | 3545 | 39.85
09 12 3 4 5 L T 8 i bl b 12 15 18 21 25 30
Potsisiom |  Calcum Scandium | Téanwem | Vanadim | Chroeum Iren Cobalt ickil Coppar e Galium Arsanic il ] Hrypton
18 20 2 22 23 24 26 2% 27 2% 2 30 3 3 33 34 35 3
K Ca Sc Ti \ Cr | Mn | Fe | Co Ni Cu | Zn Ga | Ge As Se Br Kr
3910 | 40.08 4496 | 47.88 | 5094 | 5200 | 5494 | 5585 | 5893 | 5869 | 63.55 | 6539 | 69.72 | 72.61 | 7492 | 78.96 | 79.80 | 83.80
08 1.0 13 15 16 16 15 18 18 18 18 16 16 18 20 24 28 30
Rutsium | Stontum Yirmm | Zeconkm Nubwm Ruanium | Rhodaum Paliadin Sivor Cadmum Irafium T Antemrry Tolurium bocknay Xaron
37 3 3 40 # a2 43 44 45 4 a7 48 " 50 51 52 53 54
Rb | Sr Y Zr | Nb | Mo | Tc | Ru | Rh Pd Ag | Cd In Sn Sb | Te I Xe
8547 | 87.62 8891 | 91.22 | 9291 | 9594 | (98) |101.07 [102.81 | 106.42 | 107.87 | 112.41 | 114.82 | 11871 | 121.76 | 127.60 | 126.90 | 131.29
038 10 12 14 16 18 19 22 22 22 19 1.7 17 18 19 2.1 25 26
Cesium Barium Lusetium Hatrium | Tartalum Tungiten | Fhenium Onmiven I Platewm Gold Marcury Thalen Lead Bismuth Polorum Astaing Rapdon
55 56 5110 T T2 T3 T4 75 T6 T T8 79 B0 1] a2 B3 B4 a5 e
Cs Ba . Lu Hf Ta W Re Os Ir Pt Au Hg TI Pb Bi Po At Rn
132.91 | 137.33 174.97 | 178.49 | 180.95 | 183.84 | 186.21 | 190.23 | 192.22 | 19508 | 196.97 | 20059 | 204.38 | 207.20 | 20898 | (209) | (210) |(222)
of 02 11 13 15 17 19 22 22 22 24 19 18 18 19 2.0 22 24
Francam Radum L Dubnium Bohrium | Hassium | Meitnanum < Urnrtrioms | Flesovium Jw. i
ar a8 9102 103 104 105 106 107 108 109 110 11 112 113 114 115 116 17 118
Fr Ra - Lr Rf Db Sg Bh Hs Mt Ds Rg Cn | Uut Fl Uup | Lv | Uus | Uuo
(223) | (226) (262) | (261) | (262) | (266) | (264) | (269) | (268) | (271) | (272) | (277) | (284) | (289) | (288) | (293) | (294) | (284)
07 02 - - - - - i - - Y - - — - - . -
Carm [ I | Samaem | Eurcpim | Godsanem | Tabiam | Dysprosum] Homum | Eum Thidism | ¥iierbhm
» . 57 58 59 60 61 62 63 [ 65 66 67 68 59 70
lanthanides | 13 | Ce | Pr | Nd | Pm | Sm | Eu | Gd | Tb | Dy | Ho | Er | Tm | Yb
138.91 [ 140.12 | 140.91 | 144.24 | (145) |150.36 | 151.97 | 157.25 | 158,93 | 162.50 | 164,93 | 167.26 | 168.93 | 173.04
11 1.1 11 1.1 11 12 11 12 1.1 1.2 12 12 13 11
Actisum | Thorum et Uransum | Maptunium | Plotoesum | Amenclum | Curem Barkodum ﬁk_ﬁih_-m!_g Fermuem | Mendsigvum | Mobalam
e [ 20 91 92 23 1 95 % 97 E 9 100 101 102
actinides | ac | Th | Pa | U | Np | Pu | Am | Cm | Bk | Cf | Es | Fm | Md | No
(227) | 232.04 | 231.04 | 238.03 | (237) | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259)
1.1 13 15 14 14 13 13 13 13 13 13 13 13 13

0
AGY

0
AHY

k) molt kJ mol?

-259.0
-137.2

-305.2

AsCls (1)

-110.5

HCl (g)

Equations

AG® + RTInQ

AG =

AG® = —RTInK

AH —TAS

AG =

—pAV AG = =TASyniverse

w=

AU=q+w

8.314 ) moltK?

R=

0.08206 L atm mol* K*

11
1_21) k-
T, T,

&-A_H(
Ki R

AT In

AH =

—b+Vb%-4ac
2a

X =

Kc (RT)*new

Kp =
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