CHEM 105 — Dr. Lammi Name:

EXAM Il — Oct. 31, 2019

You may work until 10:50 to complete this exam. Please show all work in the space provided
or on the attached scratch page. Remember to report your final answers with the correct
number of significant figures, as appropriate. A Periodic Table, a table of thermodynamic data,
and a sheet of helpful constants, conversion factors and equations are provided for your use.
GOOD LucCK!

1. (11 pts) Dr. Hanna and | are working with our research students to design and evaluate
compounds to prevent a protein-aggregation process involved in Alzheimer’s disease. Two
compounds made by a Winthrop chemistry student are shown below. Note that (1) they differ
only in the presence of O-CHs versus O-H groups and (2) that lone pairs are not shown.
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a. Choose either one of the structures above and show how this compound engages in
hydrogen bonding with water molecules. Be sure to clearly show the atoms involved in
these interactions.

b. One of the two compounds shown dissolves in water much more readily than the other.
Which one do you think is more soluble in water and how can this be explained on
the basis of intermolecular forces?

2. (36 pts) The U.S. produces approximately 2.6 billion gallons of methanol (CH3sOH) each year. It
is used in fuels, as a solvent for perfumes and dyes, and in the preparation of a wide range of
other chemicals — formaldehyde, plastics, paints, explosives, etc. A common preparation method
involves reacting carbon monoxide and hydrogen gas as shown below:

CO(g) + 2H2(g) — CHsOH (9)

The following questions are related to this reaction (or these substances). Note that your
answer to each part is independent of the others.



Problem 2, continued: CO(g) + 2H2(g) — CHsOH (g9)

a. (8 pts) Which of the two reactants do you expect to have the higher molar entropy at 25
°C? Briefly explain your choice, being sure to specifically discuss intermolecular forces
and at least one other factor influencing molecular entropy.

b. (4 pts) Suppose that you react 1 mole of CO with 2 moles of H2. Which reactant has the
greater partial pressure? How do you know?

c. (4 pts) If all three gases are present in a mixture at 25 °C, which molecules are moving at
the fastest average speed? How do you know?

d. (10 pts) Using the thermodynamic data provided (p. 5), please calculate AH® for this
reaction in kJ per mole of CH3OH formed. Is the reaction endothermic or exothermic?

e. (10 pts) Suppose that an engineer in a chemical plant performs this reaction in a 1500.0-
liter stainless steel vat at 25.0 °C and determines the pressure of methanol to be 25.4 atm.
How many moles of CHsOH were formed?



3. (24 pts) The questions below relate to the following reaction:
P4O10(s) + 6 PCls (g) — 10 CIsPO (g) AHixn = ?7?7

a. Please use the thermodynamic data below to determine AHxn for this process.

Ps(s) + 6Cl2(g) — 4PCls(g) AH = -1225.6 kJ
Ps(s) + 502(g) — P4O1o(s) AH = -2967.3 kJ
PCl3(g) + Cla(g) — PCls(g) AH = -84.2 kJ
PCls (g) + % Oz (g) > ClPO (g) AH = -285.7 kJ

b. How much heat is absorbed or released when 50.0 g of PClIs reacts completely?



4. (22 pts) The over-the-counter remedy called “milk of magnesia” contains magnesium hydroxide,
which neutralizes hydrochloric acid in the stomach. Suppose that you carry out the following
reaction in a coffee-cup calorimeter to determine the heat flow involved:

2 HCl (aq) + Mg(OH)2 (ag) — MgCl2 (aq) + 2 H20 (1)

You add 250.0 mL of 4.00 M HCI to enough Mg(OH)2 to make 500.0 total grams of solution.
Initially, you measure a temperature of 23.6 °C; after reaction is complete, the temperature is
50.3 °C. Calculate AHwxn in kJ per mole of MgClz formed. The specific heat of solution 4.18
J/g °C. [Hint: Start by calculating the heat of reaction.]

5. (12 pts) Another important industrial process is the production of lime (a.k.a. calcium oxide,
CaO) from limestone (calcium carbonate, CaCO3); the US produces approximately 20 million
metric tons per year. Under typical industrial conditions, AHxn = +178 kJ for this process.

CaCOs(s) > CaO(s) + CO2(g)  AH=+178kJ

a. Please predict the sign of AS for this reaction. Briefly explain your reasoning. [Note: No
calculations are needed here.]

b. Under what temperature conditions do you expect this process to be spontaneous?
(Choose from: No T, Low T, High T, or All T). Explain your reasoning. You should refer to
a mathematical equation in your answer, but you need not calculate anything.



Thermodynamic Data:

Substance AH® (kJ/mol
CH3OH (g) -201.0
CO (g) -110.5
H2 (9) 0

BLANK SCRATCH AREA BELOW

If there is material to be graded here, make sure that it is clearly labeled, and that your name is
written on top of this page.



Constants, Conversion Factors and Equations

Constants and Conversion Factors:

*m 2
h=6.626x1034]s c=2.9979 x 108~ 1)=1 €2
Na = 6.022 x 1023 R=0.08206 =*&M 1cal=4.184] =1 x 10-3 Cal

mol * K
1 atm =760 Torr = 760 mm Hg = 1.013 bar
Equations:
Q= m
Y
VvV = % Ephoton =hv
Ex (ejected electron) = Ephoton - ¢
_ 11
AE = =2.18 X 10 18] (F - F) Ephoton = |AE|
f i
Mmatter = =
M;V; = M;Vg
PV =nRT PM = dRT Pa = yaProtal ya= A
Niotal
EK=3mv2 E_K=§RT vmz,/ﬂ
2 2 M
AG = AH - TAS AS°rsn = 2[nS°m (products)] - Z[nS°m (reactants)] (similar for AG°r, AH®f)
q= mCsAT (rxn = ~(soln AH = qr
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