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Chemistry 130A, Prof. Groves

EXAM #1 Sept. 22,2003

4 problems: 100 points

Please:

Write in pen

Do not use whiteout

Circle your answer clearly

If you use the back of the paper, be sure to mark clearly in the space under the problem
where your work can be found.

Information:

Gas constant R =83145 K" mol" =0.08205 L atm deg™ mol’
Boltzmann constant k= 1.38 x 10 J K™ mol

Conversion Latm=101.3]J

55.6 moles of water in 1 liter
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1. (25 pts total)
a. (10pts) Indicate which of the following quantities are state variables:

)
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b. (15pts) Consider a container of ideal gas, which can exchange heat and work with
the surroundings, but nothing else. Indicate true or false for the following statements ‘L_
and provide a reason for your response (10 words or less for each). é 5 astion ‘K’C"’;'” ) \

The first and second laws of thermodynamics apply to this system.

Tywe , la'. & Z /4_._,;).{ c_.lwcu7.r &/7/7/7.

) If the system energy increases by AU, the energy of the surroundings must
decrease by AU.

Tyve . C‘M‘“Z"WC‘ e/%[u -Zrcrﬂl Afu\/

If the system expands irreversibly at constant T, W = -Qirr.

—T;"-Ue LanJJ%TaM[”@S du=O= LI+ =D W= "'8,5\,\

If the system expands reversibly at constant T, ASeys + ASgur > 0.

fau\fe, A'-Soy.s “ ;-%—5’ BS serr ‘-L_.- op ASrn, ¢ ¢85, 20
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2. (25 pts Total) The antidepressant drug Prozac blocks the action of the
neurotransmitter serotonin by competing for the binding site on the serotonin
receptor.

Prozac-receptor = Prozac + receptor 7, AH (20 °C) = 1200 kJ/mol

a) (10 pts) Which form has the lower internal energy, bound or unbound Prozac?
Eomak g‘fV“‘ (o‘s ,'-J:'Vt Ay, M//¢'</~

b) (15 pts) Calculate AH per mole for the reaction at 37 °C.
- Prozac-receptor complex molecular weight = 42,000 g/mol
- The difference in heat capacity for complexed and uncomplexed
Prozac, AC, = C,(complexed) — C,(uncomplexed) = 1.35 J/(X gram)
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3. (25 pts Total) Consider a mixture of ideal gases consisting of molecule types A and
B. The molecular weight of A is 30.0 g/mol.

<

a) (10 pts) What is the molecular weight of B if its root-mean-squared velocity is
half that of molecule A. You may assume the two species of molecule are at the

same temperature.
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b) (15 pts) Draw a sketch of what you expect the molecular speed distribution
functions to look like for molecule A at two different temperatures, T, and T,,
where T, > T,. Draw two distribution functions, clearly label them, and provide a
15 word or less explanation for their differences.
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4. (25 pts Total) The following problem concerns the expansion of an ideal gas from V,
to V,, under various conditions.

a) (5 pts) Calculate the work (w) and heat (q,.,) for a reversible isothermal
expansion. Express your answer as an equation in terms of V., V,, T, and n.

1
Explain how you obtained your result. —» & Guattory car le w,‘) l' o
Reversible =0 fx= Ot = NRT 2w plasa e
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b) (10 pts) Imagine that the isothermal expansion takes place in a series of steps,
each of which occurs rapidly enough that no molecules from the gas collide with
the container walls while the walls are moving. Calculate w and q for this
process, and explain any assumptions you make. Is it reversible? .
Woerk.  dori whee prolecole collikter w- ¥4 Al Vs
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c) (10 pts) Imagme the expansion is adiabatic and occurs against a constant external
pressure, P,. Calculate w and q. How does the temperature of the gas change?
Express your answer for AT as an equation in terms of the relevant heat capacity
and other quantities you may need Explam ‘any assumptions you make.
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