CT 5-1

For this reaction at STP (standard temperature and pressure)

  H2 + (1/2)O2  ( H2O  , H = –286 kJ/mol.   

Assume the  H2O is liquid.
Is pV  (A) positive,
(B) negative, or (C) zero?  
Answer: negative.  Gas was converted to liquid, which takes up much less volume at STP, so V < 0.

CT 5-2

Is the magnitude of the internal energy change |U |

(A) greater than 286 kJ/mol, 

(B) less than 286 kJ/mol,  or

(C) equal to 286 kJ/mol ?

Answer: less than 286 kJ/mol  

At constant pressure, H = U + pV (since H = U + pV), and   pV is negative.   So H is more negative than U.  |H| > |U |


CT5-3

Consider the reaction H + H ( H2  taking place in at STP, an isothermal (273K), constant pressure(1 atm), environment. 

TS for this system  is A) positive,  B) negative or,   C) zero.

pV  for this system is A) positive,  B) negative or,   C) zero.

U for this system is A) positive,  B) negative or,   C) zero.

G for this system is A) positive,  B) negative or,   C) zero.

Answers: 

S is negative.  This is not obvious, but here is one plausibility argument.  The number of degrees of freedom decreased from 6N (2N molecules, each with 3 dof’s) to 5N (N molecules, each with 3 trans modes and 2 rot modes, vib modes are frozen out at room temp.)

pV  is negative.  1 mole of H2 gas takes up less volume than 2 moles of H  (at constant pressure)

U of 2 moles of H gas is 2N(3/2)kT = 3NkT where N is Avogadro’s number. U of 1 mole of H2 is N(5/2)kT ,  since 5 degrees of freedom (3 trans + 2 rot). So U is negative.
This reaction can occur spontaneously; it is exothermic. G always decreases for spontaneous reactions, so G is negative. At constant T, constant p, G=U+pV–TS  -- and you can’t tell from this expression whether G is positive or negative, unless you actually perform the calculation.

CT5-4

A ball is rolling back and forth in a valley, which is part of the (infinitely massive) earth.  Everything starts at temperature T.  Eventually, the ball rolls to a stop and reaches equilibrium with the Earth.


[image: image1]
The temperature of the ball 

A) increased
B) decreased 
C) stayed the same
Answer: stayed the same

The entropy of the earth

A) increased
B) decreased 
C) stayed the same

answer: increased  [S = Q/T, and the earth received a non-zero Q.  The heat Q came from the (KE+PE) of the ball.]

The entropy of the ball 

A) increased
B) decreased 
C) stayed the same

answer: stayed the same.  Same ball, same temperature.

The free energy (F = U-TS) of the ball

A) increased
B) decreased 
C) stayed the same

answer: decreased.  U decreased since the ball lost its mechanical energy, but T and S remained constant.

Moral: The reason that balls always roll to a stop (instead of speeding up from rest) is that this minimizes the free energy 

(F=U–TS) which is the same as maximizing the entropy of the universe.

CT5-5
Is internal energy U and entropy S intensive or extensive?

A) both are intensive

B) both are extensive


C) one is intensive, the other extensive

Answer: both are extensive.  If you have two copies of the “same stuff”, you have twice as much U and twice as much S.

CT5-6

I = intensive,  E = extensive,  E+E=E,  E(I=E 
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A) E

B) I


C) meaningless (makes no sense, can’t happen)
Answer: I.  Example pV = NkT,  p/T = Nk/V

CT5-7
A macroscopic sphere of radius R is made up of atoms a distance a apart.  (R is about a centimeter, a is about 0.3 nm.)   Roughly, what fraction of the atoms are on the surface?

A) a/R

B) (a/R)2

C) (a/R)3 


D) some other answer
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CT5-8

If the number of particles N in a system is doubled at constant pressure p and constant temperature T, then

the volume V of the system 


A) doubles 
B) remains constant

C) increases, but does not double


Answer: doubles

the chemical potential  of the system 

A) doubles 
B) remains constant

C) increases, but does not double


answer: stays the same

CT5-9
A macroscopic sample is in equilibrium at temperature T and pressure p.  The temperature T and the pressure p both increase.  The Gibb’s free energy of the sample

A) increased
B) decreased


c) impossible to say, without more info

Answer: impossible to say, without more info 

dG = –SdT + Vdp + dN

When T increases, G decreases. When p increases, G increases. Can’t say which effect wins, without more info.

CT5-10
A graph of G vs. T could look like:
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D) more than one of the above is possible

Answer: slope must be negative.   dG = –SdT + Vdp + dN implies 
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 and S is always positive.

CT5-11
Consider a warm block of copper sitting in a perfect vacuum.   At zero pressure (p = 0) and non-zero temperature (T>0), the equilibrium state of the copper is..

A) solid
B) liquid
C) vapor


D) need more information to answer the question
Answer: IF the block is sitting in an infinitely large vacuum, then after a very, very, very long time, the block will evaporate. But at room temperature, the block will remain for a time at least as long as age of universe. (But I will accept any answer as correct for this question – its just supposed to get you thinking.)
CT5-12
Which is the correct solid/fluid coexistence curve for water?

[image: image7]
Answer: slope is negative.  According to Clausius-Clapeyron, slope = dp/dT = L/(TV).  Liquid water has a smaller volume (is more dense than) the same mass of ice, so V = (Vliq – Vsol)  is negative, and so is the slope.

CT5-12

For most substances, the solid/liquid coexistence line is very steep.  This is because..

A) The latent heat associated with the solid-liquid transition is very large.

B) The volume change associated with the transition is very small.

C) The temperature at which the transition is quite low.

D) None of these. 
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Answer: The volume change V associated with the transition is very small.  slope = dp/dT = L/(TV).  
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