Chemistry 134 Your Name: (e v
Prof. Jason Kahn -
University of Maryviand. College Park Your SID #:

General Chemistry and Energetics

Exam i 100 points) Your Section # or time:

March 10, 2017
Y ot have 33 minutes for this exam.

Lxplanations sheuld be concise and clear. There is extra space on the last page if you need it.

You will need a calculator for this exam. No other study aids or materials are permitted.
Generous partial credit will be given, i.e., if you don’t know, guess.

Useful Equations:

K = [HI[A }/[HA] "pH = — log([H]) (Vonb)(P+an’/V°) = nRT
R = 0.08206 I -atm/mole K ky=138x 107" /K InK,, = -AH°*/(RT) + AS° R
R =3.314 J/mole K = 1.987 cal/mole K = N,/ Ink=(-E/RT)+1In A
°oC = °K — 273.15 P(v)dv = CVlexpl-mvi2kT) — x= 22N ;’ _—dac
d
¢+ v, dop . ~ e

I= (c T, ) /o T / Jrowdse fr SO = [ 7 e T dy
Integrated rate laws for 0, 1, 2 order: -
[A] = |A],— kt In[A] = InfA], — &t /[A] = 1/[A], + kt
= [AL/(2H) [y = 20k f = V(KAL)

Honor Pledoe: At the end of the examination time, please write out the following sentence and sign it.

or tali to me about it:

“{ pledge on my honor that I have not given or received any unauthorized assistance on this examinatioz
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1. States of Matter (22 pts)
(a; 12 pts) Sketeha treqting curve for a typical substance as it converts from solid to liquid to gas at constant
pressur . what is happening inthe flat parts?
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(b; 10 pts) Sketch a P/T phase diagram for a generic pure substance. The Phase Rule says that F=C -~ P + 2,

where F = degrees of freedom, C = # of components, and P = # of phases. Explain what the Rule means
in reference to the llquld gas coex1ste,nce curve on your phase diagram.
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2. Ideal and Non-ideal Gases (31 pts)
(a; 8 pts) Why do real gases act more and more like the ideal gas (i) as temperature increases and (ii) as
density decreases (answer (i) and (ii) individualty)?
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(b; 10 pts) What is Dalton’s law of partial pressures? How does it follow from the assumptions made in
deriving the ideal gas equation? Propose an experiment to test Dalton’s law.
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(c: 13 pts) A typical scuba tank holds what was 2200 liters of air at atmospheric pressure, compressed to 200
atm in the tank. Calculate the number of moles of air in the tank and the volume of the tank, assuming
20 °C and ideal gas behavior. What would the pressure in the tank become upon warming it to 40 °C?

Approximating air as pure nitrogen N, (28 g/mole; don’t use this in real diving!), calculate the mass of
the gas in a full tank.
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3. Kinetics Reaction Orders (25 pts)
Consider a reaction A — B that follows first-order kinetics. The integrated rate law is [4] = [A] e 7.

(a; 4 pts) Is this rate law consistent with the reaction being an elementary process? Circle or N 0.@

Does this observed rate law require that the reaction is elementary? Circle Yes o@ @

(b; 6 pts) Based on the integrated rate law and the definitiou of the half life, derive the expression for the
haif-life #,, of the reaction as a function of [A], and .
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{c; 15 pts) Consider a time course for this first order reaction sketched at the left below. At the right, create
the corresponding linear form graph for the same time course. Determine the half-life and the rate

constant fromgrapl or both graphs: give numerical answers for k and 7.
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4. Activation Energy and Kinetics (22 pts
(Adapted from Oxtoby). The rate constant of the elementary reaction below is k=194x10"at 30 °C. The

activation energy E, is 161 kJ/mol.
BH, (ag) + NH," (ag) — BH;NH, (ag) + H, ()
(a: 3 pts) Write down the rate law for this assumed-elementary reaction.
lefo = ~ o(_%f&f-:,l o Lo [”“w] @

(b; 3 pts) What are the units of the rate constant & (and the frequency factor A)‘?
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Note: none of the three parts below require answers to the others.
(c; 4 pts) Calculate the frequency factor A.
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(d; 6 pts) Calculate the rate constant k at 50 °C.
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)
(e; 6 pts) Calculate the initial rate of reaction at 30 °C for .5 M BH, (ag) + 0.75 M NH," (ag).
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2 22
3 /18
4 /13
5 /25
6 /16
7 6

Total /100
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