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l. (15%) The molar Gibbs free energy (G) of incompressible liquid or solid with a constant 

temperature is given by G(p1) = G(pa + (Pr - pJV, 

where Pt and Pi are the final and initial pressure, respectively, and V is the molar volume 

of the substance. (A) For most substances, the molar volume is larger in the liquid state 

than in the solid state. On a G-p plot (Gas they axis and pas the x axis), draw two lines 

that represent the solid and liquid states of this type of substances based on th e equation 

given above. (B) Explain why these substances exist as the liquid state with low pressure 

but make a phase transition to the solid state when the pressure is increased and passes a 

certain critical point. (C) Interestingly, water has a larger molar volume in the solid state 

than in the liquid state around 0°C. Plot a G-p plot for water and explain why ice melts 

under high pressure. 

2. ( 15%) In a particular biological reaction taking place in the body at 37°C (310K), the 

change in enthalpy is 30.5 KJ 11101-
1 and the change in entropy is 100 J K- 1mol"1• (A) 

Given that nG = nH - T tis, calculate the change in Gibbs energy. (B) Is the reaction 

spontaneous? (C) If nH and nS remains the same, what happens to the reaction when the 

temperature drops to 27°C? Please calculate nG and provide your answer based on the 

calculation. 

3. (10%) Molar heat capacitance can be measured under the constant pressure ( CP = 
nH / nT) or constant volume (Cv =nu/ nT) conditions. (A) Given the definition of 

enthalpy H = U + pV, where U is the internal energy,p is the pressure and Vis the molar 

volume, prove that for ideal gas, CP - Cv = R, where R is the ideal gas constant. (B) 

Explain, from the molecular dynamics point of view, why is Cp,m > Cv,m for the ideal 

gas? 

4. (10%) (A) Please explain the process of stimulated emission, and express the equation of 

rate of simulated emission. (B) If one photo hits the atom, how many photons will be 

produced under the condition of stimulated emission. 
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5. (10%) Please derive Bragg' s law (2dhkl sin8 = M), based on which Rl and R2 are 

constructive X-rays diffracted by electrons. n is a positive integral number; A is the 

wavelength of X-ray. 

6. (10%) The IR radiation from the Sun is absorbed by CO2, which contributes to the 

greenhouse effect. The normal modes of vibration for CO2 include asymmetric stretching, 

symmetric stretching and bending. (A) Which of the abovementioned vibrational modes 

are IR-active? (B) Which of the abovementioned vibrational modes are Raman-active? 

7. (1 0%) In NMR spectroscopy, we use chemical shift to characterize the resonances of 

atoms. Can you explain how to define "chemical shift"? Which factors will influence 

Chemical shift? 

8. (10%) Please write down Michaelis-Menten equation and explain how to use the equation 

to distinguish competitive, uncompetitive and noncompetitive inhibitions for different 

inhibitors binding enzymes. 

9. (10%) To determine protein-protein interaction is very important for characterizing 

protein function. Please describe three different methods that enable to determine protein

protein interaction and the binding constant Ko. In your answer, please include the 

principles of how the three methods function. 


