Chemistry 104, Summer 2022
Exam 1 (100 points)

1. Which of the following statements are true and which — false? For the false statements,
provide a correction and a brief explanation. (11 points)
a. If antimony (Sb), an element found in group 5 (SA), is a semiconductor, arsenic
(As) must be a metal that conducts electricity.
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b. Water containing dissolved CaCl, has higher vapor pressure than pure water at a
given temperature.

Toloe . Pecordin %‘M ?/3\ ?F\YA " wi“ LAVQ (uer VP

0 0

C. Exothermic reactions have greater reactian rates than endothermic reactions.
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d. A substance that has a triple point at a pressure above 1 atm will sublime under
normal conditions.
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e. Germanium doped with phosphorus is a n-type semiconductor.
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f.  Molecular solids usually have lower melting points than'network solids.
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g. Ifthe phase diagram for a substance has a solid-liquid line with a negative slope,
we can conclude that the substance is denser as a solid than as a liquid.
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Exam 1 (100 points)

2. Manganese crystallizes in a face-centered cubic system. The radius of the manganese
atom is 1.30 x 10°® cm. What is the density of manganese? (10 points)
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Chemistry 104, Summer 2022 6
Exam 1 (100 points)

3. In the organic chemistry lab, students often perform a procedure called “liquid-liquid
extraction”. Consider the liquid-liquid extraction of caffeine (structure provided below).
In the beginning of the procedure, caffeine is found in an aqueous solution (that is,
dissolved in water). This solution is vigorously mixed with a liquid that is immiscible with
water. After mixing, water and the liquid form two layers (since they are immiscible) and
a significant amount of caffeine ends up extracted from water into this liquid.

a. Which of the following liquids can be used in liquid-liquid extraction (i.e., |s/are
likely immiscible with water)? Briefly explain your answer. (6 points)
i. Carbon tetrachloride, CCls
ii. - Ethanol, CH3CH2OH
iii. N,N-dimethylformamide (see structure below)
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b. One solvent that is often used in extraction of caffeine from water is
dichloromethane, CHyClz. Provide a plausible explanation why caffeine can be
extracted into CH;Cl,. That is, why would caffeine have better solubility in CHCl>

than in water? (2 points)
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Chemistry 104, Summer 2022 7
Exam 1 (100 points)

4. An experiment was conducted to study the rate of the reaction
H2Se0; (aq) + 6 1 (aq) + 4 H* (aq) > Se (s) + 2 137 (aq) + 3 H20 (l)

The results are found in the table below. All the reactions took place at the same

temperature.

[H2Se0s]o (M) [0 (M) [H*]o (M) Initial rate (M s%)
1.00x 10* ~ 3.00 x 102 2.00x 10 5.30x 107 Y\
2.00x10* ¢/ 3.00x 10?2 2.00x 107 1.06 x 10°
3.00 x 10 3.00 x 1072 4.00x 107 \ 6.36 x 10°
3.00x 10 3.00x 1072 \ 8.00x 102 J 2.54 x 10°
3.00 x 10° 6.00x 102 8.00 x 10 2.04 x 10*

a. Evaluate the orders of H,SeQs, I” and H* in this reaction. (6 points)
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b. Calculate the rate constant k for this temperature with appropriate units. (4

points)
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Chemistry 104, Summer 2022 8
Exam 1 (100 points)

5. The rate equation for the reaction A = products is —d[A]/dt = k[A]2. If [A] =0.400 M
initially and 0.250 M after 15.0 min, what will [A] be after 175 min? (6 points)
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6. Arrange the following aqueous solutions in order of increasing osmotic pressure at 25 °C
(from lowest to highest). Assume complete dissociation of ionic compounds. Briefly
show your work (no need to show very detailed calculations, just your thought process).
(5 points)

a. 0.030 M urea (CON2Ha)
b. 0.010 M glucose (CgH1206) + 0.005 M sucrose (C12H22011)
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7. For the first-order reaction
N20s (g) = 2 NOz (g) + % 02 (g)
the half-life is 22.5 h at 20. °C and 1.5 h at 40. °C.

a. Calculate the rate constants for this reaction at 20. °C and 40. *C. Compare their
values and briefly explain why one of them is larger than the other. (3 points)
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b. Calculate the activation energy of reaction with appropriate units. (6 poin
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Chemistry 104, Summer 2022 10
Exam 1 (100 points)

8. A forensic chemist is given a white powder for analysis. She dissolves 0.50 g of the
substance in 8.0 g of benzene. The solution freezes at 3.9 °C. (For benzene, normal
freezing point =5.5 "C and K= 5.12 "C m%).

a. Can the chemist conclude that the compound is cocaine? (C17H21NO4)? Support
your answer with a calculation. (7 points)
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b. Name one assumption that is made in this analysis. (1 point)
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Chemistry 104, Summer 2022 1
Exam 1 (100 points)

9. Calculate the lattice enthalpy of potassium chloride (KCl) from the following data. Write
a chemical equation for each process when it is missing. (12 points)

Enthalpy L
Process (ki/mol product) Equation
o/ Sublimation of K 9[( o *792 K (s) = K (g)

\/First ionization energy of K ﬂ‘(.; +418.7 @ K(&} - L‘t (i\) 53 &-—
/ Formation of KCI (s) “MP -435.7 @) K (S) " /Z ng (3) — .I(d ((_,)

/  Formation of Cl (g) a , +1214 % Clz (g) > Cl (g)
\
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/  Electron affinity of CI . 348 Cl(g) +e > CI (g)
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Chemistry 104, Summer 2022 12
Exam 1 (100 points)

10. The standard enthalpy of solution (AH"soution) Of LiCl is —37.1 kJ/mol. Recall that the
dissolution of an ionic solid MX in water, MX (s) = MX (aq), can be described as a two-
step process:

MX (s) = M* (g) + X (g) AH";
M* (g) + X~ (g) =2 MX (aq) AH";

a. What is the sign of AH";? Provide a brief explanation. (2 points)
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b. What is the sign of AH";? Provide a brief explanation. (2 points)
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c. Use the AH suution value for LiCl to explain how the absolute values of AH*; and
AH"2 compare to each other for this compound. That is, clearly state whether
|AH"1| = |AH"2], [AH"1] > |AH|, or [AH"1| < |AH";|. Provide a brief
explanation. (2 points)
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Chemistry 104, Summer 2022 13
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11. The reaction coordinate diagram and a proposed mechanism for the multistep reaction
CO + Cl; = COCl; are provided below:

CO+Cl, — COCl,

-

Potential
Energy

AH°= -110kJ

K cocl,

Reaction Coordinate (time)

1. Ch el 2€)

k‘l

k
2. C1+CO _—_k’_—- cocl
-2

k
3. COCl+Cl ——= cocl;

a. Which is the rate-determining step? Briefly explain your answer. (2 points)
W,E 2 - higlonwr Eg
b. List all the intermediates in this reaction. (2 points)
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c. List two aspects of the reaction coordinate diagram that could change and one
that would remain unchanged if a catalyst was added. (3 points)
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Chemistry 104, Summer 2022 14
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d. If the activation energy of the forward reaction is x kl/mol, what is the activation
energy of the reverse reaction in terms of x? (2 points)
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e. Provide a rate law for the reaction consistent with the proposed mechanism. (6
points)
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