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1. (8%) A solution of the sugar mannitol (mol wt 182.2) is

prepared by adding 54.66g of mannitol to 1000 g of
water. The vapor pressure of pure liquid water is

Values of Physical Constants

o - . . Quantity Symbol Value® Unies
17.5.4 t9rr E.lt 20°C. Mann‘ltol is nonvolatile and does Pr——— pyrepr— —
not ionize in aqueous solutions. Speed of light in vacuum ¢ M9724B () ms
R . . Permeability of vacutm ™ 4% X 10~ (exact) NA“?
(a) Assuming that aqueous mannitol solutions = 12566370614... 107N A
R Permittivity of vacuum ™ 1/pec? (exact) C*N"'"m~?
behave ideally, calculate the vapor-pressure =R84187817...  10°9CINT me
. N Planck constant .1 6.626 075 5(40) 10°*J5
lowering (the difference between the vapor hizw X L0S45T266(63)  W0M1y
. Elementary charge e 1.602 177 33(49) 10-"C
pressure of pure water and that of the solution) Bohr magoeton, ehi2m, - 9274015 4031) 1047
. Nuclear magneton, #/2m, 5.050 786 (1 10" 3T
for the above solution at 20°C. xm:u;.w,c;m,. N s an
. Bohr radius, i? o/mm.e 0529177 2 10"
(b) The observed vapor-pressurelowering of the Hartree enerpy, ¢ o A et
> : > : El .. 89 7(54. -3
mannitol solution above is 0.0930 torr. Proton mass o tmanioe  demi
« . . ~27
Calculate the activity coefficient (based on mole  Daroarmus ™ sz lme
fraction) of water in this solution. o e o, v e
me = (112m(2C)
Paraday constant F 96 485.309(29) Cmol™
Gas constant * R 8314 510(70) JK™ mol™
Q083 1451 LbarK™ mol™
2. (7%) A reaction is zero order in substance S. Starting Lemae alk-m
with the differential rate law, derive an expression for ~ Botmmmcosaat RN, & 1380 653(12) 102k
t1; in terms of the starting concentration [S]p and the Pt byl kit oy Values ofthe Py

zero-order rate constant k. 7y = half-life

. *Digits in paremtheses are the one-standard-devistion uncartainty in the last digits of the given value.

¢ Mors recent values of physicsl constants sre available oa the web site of the National lastitute of
ey st

Standsrds and

3. (8%) The fundamental vibration frequency of gaseous N0 is1904 cm™.
(a) Calculate the fundamental vibration frequency of gaseous 5N10.

(b) Sketch an energy-level diagram for this problem.

1 1 ()2
UseE, = (v+'?:)hvo Vo= oo —)

4. (7%) For the 1s orbital of the hydrogen atom, calculate the probability of finding the electron within a

distance ao (the Bohr radius) from the nucleus.

"BLE’ Hydrogeﬁic Wavefunctions
./,(15) = ._l._. _)1/2 o~ %rim
v
=12V, _ 2,
¥(2s) on ”Q) (Z—E) Zr/,
W(2p,) = —1—(5)5'1 -2
Y 4V2r \ g, (2)e
=1 (Z -
| w(2p) = ("o) (x) e= %72
wen) = 7= (Z)" e
P = P (e
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5. (6%) Predict the rate law for the reaction
20, < 30,
from the following mechanism
1. 0,0,+0

2. 0+O - 20,

6. (10%) The first order rate constant, k,, for the thermal decomposition of mtrogen
pentoxide increases with temperature as shown below

k,J1075s7! 34 13.5 76 487
Temperature/K 298 308 . 323 - 338

Evaluate the activation energy, E,, and the Arrhenius pre-exponentxal factor
A, for this reaction.

7. (10%) A particle is moving in one dimension between x = a and x = b. The potential energy is such that the
particle cannot be outside these limits and the wave function in between is ¥ = A/x, (a) Determine the
normalization constant; (b) Calculate the average value of x.

8. (6%) Write the Hamiltonian of (a) free-rigid rotor; (b) H,.

9. (8%) Absorption by HCl occurs in the far infrared near 200 cm™', and the spacin g between the neighboring
lines is 20.89 cm™. Find the moment of inertia and the mtemuclear distance in HC

10. (15%) P and N are of the same group. Their configurations are similar.
(a) What is the orbital configuration of P,?
(b) What is the bond order?
(c) What is the paramagnetism?

11. (15%) The diffusivity of hemoglobin in water is 6.9x10” cm?/s at 20°C.
(a) Estimate its molecular diameter.
(b) Calculate the viscosity of water at 37°C.
(The viscous activation energy of water is 12.1 kJ/mol, and the viscosity of water at 20°C is 1 mPa-s.)
(c) What is the diffusivity of hemoglobin at human body temperature (37°C)?
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