PHYSICAL CHEMISTRY 5200
QUIZ2
November 5, 2020

Please write neatly and clearly, and show all working. Allocate time to each question in

proportion to the available credit. Keep any explanations brief and to the point.

LOLLUTIONS

SOME POSSIBLY USEFUL INFORMATION:

Na or L =6.022 x 10% mol’! R=28.314JK" mol
k or kg =R/N,
dU =dq + dw H=U+pV
dw = -pex AV y=Cy/Cy
Perfect gas: pV =nRT and Cp-Cy=nR
- van der Waals gas: p= nRT/(V-b) — a(n/v )?
Adiabat: pVyis constant Heat engine & = (Th— Tc)/Th
A=U-TS G=H-TS

d(InK)/d (1/T) = -AH/R AG = AG®+RT In Q
pH = - logo(aH+) |




1) 20 points \

Consider the dissociation of a general acid HA: HA(ag) = H' (ag) + A" (ag) for which AG® at 298 K
is +13.0 kJ mol” and AH®= +23.1 kJ mol".

a) What is pK, for HA?

b) What is the degree of dissociation ¢ of HA, and the equilibrium pH, of an initially 0.003 M
solution of pure HA at 298 K2 Do not assume a is small.

¢) What is the equilibrium pH of an initially 0.003 M solution of HA at 298 K, to which additional A"

has been added to fix [AT]at 0.1 M?
d) Calculate the pH of an initially 0.003 M solution of pure HA at 273 K.
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2) 10 points

Starting with an expansion of dH, derive an expression for (OV/68S), in terms of S, p and T.
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Second clorivaboires o agpe,| 2

o * (5= (3, .

3) 20 points

Given that at p = 1 bar the boiling point of water is 373 K, and that A,,,H = 40.7 kJ mol™, predict
the boiling temperature in a mountain town where p = 0.85 bar.
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