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1. Consider a Carnot engine in which the working substance is at temperature T}, as it absorbs heat from
the hot reservoir, and at temperature T, as it expels heat to the cold reservoir. Under most circumstances
the rates of heat transfer will be directly proportional to the temperature difference as fotlows:

G, Q
—A?:K(?-;J _Y}JW) and A_;z K(Tcw —T::)

We assume here for simplicity that constant K are the same in these situation. And we also assume that
both process take the same amount of time, so the Af’s are the same in both of these equations.

(a) Describe all the steps of Carnot cycle with proper processes, such as adiabatic. Then draw two

diagrams {temperature versus entropy and pressure versus volume) with the steps you labeled. (5%)

(b) Assuming that no new entropy is created during the cycle except during the two heat transfer process,
derive an equation that relates the four temperatures T, Te, Thw, and Tew. (3%)

(c) Assuming that the time required for the two adiabatic steps is negligible, write down an expression
for the power (work per unit time) output of this engine. Use thermodynamics first and second law to
write the power entirely in terms of the four temperatures (and constant K), then eliminate T, using
the result of part (b). (3%)

(d) Show that, for fixed T and 7, the expression you found in part (¢) has a maximum value at

T,.= %(Th +(T. /T, ) . Find the corresponding expression for To. (5%)

() Show that the efficiency of this engine is 1— ,/ T, /7, . Evaluate this efficiency numerically for a

typical coal-fired steam turbine with 7, =600°C and T, =25°C, and compare the ideal Carnot

efficiency for this temperature range. Which value is closer to the actual efficiency of a coal-fired
power plant of approximately 40%? (5%)

(f) Based on thermodynamics, why do you think a fuel cell is usually much more efficient than a heat
engine? (5%)
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2. The surface forming the boundary between two given phases generally has a fixed thickness, regardless
of its area. The additional Gibbs free energy of this surface is therefore directly proportional to its area;
the constant of proportionality is called the surface tension, o :

o= ibo_:;_d_w_w_' |
If you have a blob of liquid in equilibrium with its vapor and you wish to stretch it into a shape that has
the same volume but more surface area, then o is the minimum work that you must perform, per unit of
additional area, at fixed temperature and pressure.

(a) Consider a spherical droplet of water containing N, molecules, surrounded by N — N, molecules of

water vapor. Neglecting surface tension for the moment, write down a formula for the total Gibbs free
energy of this system in terms of N , ¥,, and the chemical potentials of the liquid and vapor. Rewrite N, in
terms of v, , the volume per molecule in the liquid, and r , the radius of the droplet. (5%5)

(b) Now add to your expression for G a term to represent the surface tension, written in terms of7 and o .
(3%)

(c) Sketch a qualitative graph of G vs. r for both signs of 4, — 4, and discuss the implications. For which

sign of ¢, — 4, does there exist a nonzero equilibrium radius? Is this equilibrium stable? (5%)

(d) Letr, represent the critical equilibrium radius that you discussed qualitatively in part (c). Find an

expression forr, in terms of 1, — 4, . Then rewrite the difference of chemical potentials in terms of the

relative humidity (RH), assuming that the vapor behaves as an ideal gas. The relative humidity is defined
in terms of equilibrium of a vapor with a flat surface, or with an infinitely large droplet. (Consider the
reference pressure to be the vapor pressure in equilibrium with a flat surface of the liquid) (5%)
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£ 545 % (Food browning) L # B EHRE - LHERBEERTHEIT -
& B Awd F Polyphenol oxidase #9484t » ¥ 5% Phenol 9 EibtmE £ F &6
Quinone’ RE—HAE LR ERKEE -

OH
Oxygen Melanin
HO ‘08 Coppér o Y Brown Pigmentationl
2.4 dihydroxyphenol phenol Oxidase  Qrtho-quipone

Browning catalyzed by phenol oxidation or copper ion

X ehMek £ &8y Epigal locatechin gallate (L& FTH )P A X LBY
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Epicatechin (left), gallic acid (middle) and epigallocatechin gallate (right)
ARERBENBET 0 Lilid) Catechin BILAHHMRWE X EROTAHBERER

# Polyphenol oxidase #4tH f.16i@#2 MLk Quinone $1bb-4 - LM E X
Pt CERLRERIR -

Polyphenol + 0, —22 5 Quinone

Reduction

Oxidation

Ascorbate Dehydroascorbate
(Vitamin C)

Chemical process during tea wi thering
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NPRARMRARIEACE TR % $ 28 4 B B 79 #4878 X X » Paracetamol #3824 —
R Ko B » 78 NP o SRR 20 g/l » SRR A AR« 2 -
Paracetamol A4 ¥ pH (T.45) ¥ B RsEM » Ak > AFBEIT R TR = H Y
Biotransformation » T HMALA KA E G FEAEHR - L& > REFHSE K
BRHBRE  REENEMHNER -

paracetamol

D/ \n/ Glucuronidation /©/ Y

Sulfation Gch
M-Hydroxylation
and
rearrangement
{CYP-mediated) \\ 6’

NAPQ!

Zj \n/ GSH conjugation ; - \I(

! Toxicreactions with
i proteins and nuclei acids :

Biotransformation of paracetamol in liver

el FEAE RBBANKE  JSHBAXRT LB TREOCEAE L0 g/ml-

C

I I '
2 4 t (hr)
Plasma concentration of paracetamol after oral administration
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