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RULES GOVERNING EXAMINATIONS
1.
EACH CANDIDATE SHOULD BE PREPARED TO PRODUCE, UPON REQUEST, HIS/HER LIBRARY/AMS CARD.

2.
READ AND OBSERVE THE FOLLOWING RULES:


No candidate shall be permitted to enter the examination room after the expiration of one-half hour, or to leave during the first half-hour of the examination.


Candidates are not permitted to ask questions of the invigilators, except in cases of supposed errors or ambiguities in examination questions.


CAUTION - Candidates guilty of any of the following, or similar, dishonest practices shall be immediately dismissed from the examination and shall be liable to disciplinary action.

(a)
Making use of any books, papers or memoranda, other than those authorized by the examiners.

(b)
Speaking or communicating with other candidates.

(c)
Purposely exposing written papers to the view of other candidates. The plea of accident or forgetfulness shall not be received.

THE USE OF PROGRAMMABLE CALCULATORS IS NOT PERMITTED 

1.    In each part of this question circle the number(s) corresponding to all statements that correctly complete the sentence. 

Note: there may be more than one correct statement in each part.  Marks will be deducted for incorrect choices.

(A)
The kinetic order of an elementary step in a reaction mechanism is…

(1) always determined by the stoichiometry of the step

(2) not necessarily related to the stoichiometry of the step

(3) always determined by the molecularity of the step

(4) not necessarily an integer number

(5) always the same as the overall order of the reaction

(B) A catalyst can alter the…

(1) rate of a reaction

(2) activation energy of the reaction

(3) equilibrium position of the reaction

(4) half-life of the reaction

(5) rate constant of the reaction

(C) During the isothermal compression of an Ideal Gas using a constant external pressure…

(1) (E = 0


(2) (H = 0


(3) w >0


(4) q > 0


(5) a reversible process takes place  

(D)      The statement “the change in enthalpy of the system is the heat gained or lost at constant pressure” is…

            (1) always true (if only PV work)

            (2) true only at constant T

            (3) true only at constant T & P

            (4) true only for an irreversible process

            (5) true only for reversible processes

(E)
 For the reversible vaporization of a liquid at its normal boiling point …

             (1) (H = qp
             (2) (G < 0

             (3) (S = nCpln(T2/T1)

             (4) (E = 0

             (5) (H = T(S

(F)
 The equation (Ssys + (Ssurr = 0 for a process is …

             (1) always true

             (2) true only at constant T

             (3) true only at constant T & P

             (4) true only for an ideal gas

 
(5) true only for reversible processes

(G)
 The osmotic pressure (() for a solvent is… 

             (1) a colligative property 

             (2) an enthalpic effect

(3) driven by the solvent attempting to equalize its free energy on both sides of a semipermeable               membrane

             (4) dependent upon the presence of a membrane permeable to all solute and solvent

             (5) approximately equal to the quantity… cRT… for a dilute solution

2. a)  Derive (using the definitions of work and entropy, the ideal gas law, and the laws of thermodynamics) the following equation for the isothermal entropy change of an ideal gas:


(S = nR ln (V2/V1)

2. b)  Two moles of a monatomic ideal gas are expanded isothermally and reversibly from 22.4L to 44.8L at 273K. Calculate q, w, (E, (H, (Ssys, (Ssurr, and (Suniv  for this process. Is this process spontaneous?  Explain your answer and show all your work.
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3.        An important biochemical reaction that is used to do work (on muscle, or in transport of chemical 

          species, or in driving biosynthesis)  involves AdenosineTriPhosphate (ATP)  and AdenosineDiPhosphate 

          (ADP) and can be written as:

ATP   +   H2O   (   ADP   +   Pi(   +   H+      


    (Go =  +9.2 kJ/mol

where Pi( is inorganic phosphate.  In biological systems this reaction is, to an excellent appoximation, carried out at constant pressure (1 atm) and constant temperature .

a) Is this reaction spontaneous when carried out with all reactants and products present at standard state thermodynamic conditions? Explain your answer.

b) Calculate (G for this reaction at 25o C and the typical physiological conditions: 

pH = 7

[ATP] = 10(4 M

[ADP] = 10(4 M

[Pi(] = 10(4 M

Is the reaction spontaneous under these conditions? Explain your answer.

4. At 37oC the concentration of Sr2+ inside a cell is 0.050 M and outside is 0.045 M . The cell membrane is permeable to Sr2+.

a) What potential difference in volts would have to exist across the membrane for Sr2+ to be in equilibrium at the stated conditions?

b) The only ions present in addition to Sr2+ are Cl( and a protein ( Prin( / ( ) inside the cell.  The protein  holds a single positive or negative charge.  The Cl(  is at equilibrium across the membrane while the protein is inside the cell and cannot permeate the membrane.  What are the concentrations of [Cl(]in , [Cl(]out and of  [Pr( / ( ]in?  Is the protein positively or negatively charged?

c) What is the osmotic pressure associated with this cell?
5.
For a reaction,   A + B + 2C ( P , the following initial rates of reaction (Ri) for different initial molar concentrations are given below at 0oC.

RUN

[Ao]

[Bo]

[Co]


Ri (M s-1)


1

0.40

0.40

0.20


24


2

0.40

0.20

0.10


3


3

0.80

0.20

0.10


3


4

0.80

0.10

0.20
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a) Determine the kinetic order (ie. the value of x,y,and z) for each reactant where

Rate = k [A]x [B]y [C]z


                                                                                                        x =







          y =







               z =

b) Determine k at 0oC
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k =

c) Given that the activation energy for this reaction is 100 kJ mol(1, calculate the rate constant at 100oC
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k =

6. The high-temperature gas phase reaction ,

                       2NO (g)    +    2H2 (g)   (   N2 (g)     +     2H2O (g)

goes essentially to completion and obeys the kinetic rate law,

                               +d[N2]/dt  =  k [NO]2  [H2]  at 820 oC. 

Show that the proposed mechanism below agrees with this experimental rate law.  `Steady State Assumptions’  may be used in your derivation.

 2NO   (  (NO)2     
      fast equil. Keq=k1/k-1  
 (NO)2  + H2   (   N2O  +  H2O    slow (k2)

 N2O  +  H2  (   N2  +  H2O         fast (k3)

7. a)  Give the mechanism of an enzymatic reaction that leads to the following rate equation.  Explain the term [E]t in the equation.


[image: image7..pict]

   b) Show that when substrate concentrations [S] are large, the rate of formation of product, V, becomes zeroth order in substrate and likewise when [S] is small the rate with respect to substrate becomes first order.

8. Explain how you could differentiate between the following pairs of molecules using the spectroscopic technique specified:

a) Using NMR:

b) Using IR:


c) Using any one of the spectroscopic methods discussed in CHEM 205:


[image: image2.png]9. Refering to the spectra below, solve the structure. Provide a short analysis of the spectra (full credit will not

be given for the correct structure without some analysis).
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USEFUL SPECTROSCOPIC DATA

UV-VISIBLE ABSORPTION BANDS

CHROMOPHORE

Amax (nM)

C=0 (carbonyl ketones and aldehydes)

250-350 (weak)

CH=CH-CH=0 (conjugated carbonyl)

200-300 (strong) and 300-400 (weak)

C=C (alkenes and conjugated alkenes)

160-340 (strong)

Benzene and derivatives

200-300 (moderate-strong)

VIBRATION v (cm’)

C-C stretch,bend | 700-1250

C-H stretch 2850-2960 (strong)
C-H bend 1340-1465

C=C stretch 1620-1680

C=0 stretch 1600-1850 (strong)
C=C stretch 2100-2260

C=N stretch 2100-2300

O-H stretch 3590-3650 (strong)
C=N stretch 2215-2275

N-H stretch 3200-3500 (strong)
Hydrogen-bonds | 3200-3570 (broad)

SELECTED ISOTOPES AND THEIR MASSES

ISOTOPE | NATURAL MASS
ABUNDANCE (%)

'H 99.98 1.00783
e 98.9 12.0000
C 1.1 13.00336
“N 99.6 14.0031
0 99.8 15.9949
PF 100.0 18.99840
>Cl 75.8 34.9689
'Cl 24.2 36.9659
"“Br 50.7 78.9183
*Br 49.3 80.9163

NMR PROTON CHEMICAL SHIFTS

TYPE OF PROTON Downfield Shift
d from TMS

RCH; 0.8-1.0
RCH,R 1.2-14
R;CH 1.4-1.7
R,C=C(R)-CH; 1.6-1.9
ArCH; (Ar 1s benzene ring) | 2.2-2.5
RCH,CI 3.6-3.8
RCH,Br 3.4-3.6
RCH,I 3.1-3.3
ROCH,R 3.3-3.9
RCH,0OH 3.34.0
RC(=0)CHj; 2.1-2.6
RC(=0)H 9.5-9.6
R2C=CH2 4.6-5.0
R,C=C(R)H 5.2-5.7
ArH 6.0-9.5
RC=CH 2.5-3.1
ROH 0.5-6.0
RC(=0)OH 10-13
ArOH 4.5-7.7
R-NH, 1.0-5.0

COMMON FRAGMENTS AND THEIR MASSES

FRAGMENT | MASS

CH; 15

CH,CH; 29

HC(=0) 29

HOCH, 31

CH;C(=0) 43

HOC(=0) 45

NMR C CHEMICAL SHIFTS
GROUP “C SHIFT
RANGE (d)
TMS 0.0
-CH; (with only H or R at C,, or Cp) 0-30
-CH, (with only H or R at C, or Cp) 20 - 45
-CH (with only H or R at C, or Cp) 30-60
C quaternary (withonly Hor R at C, or Cg) | 30-50
O-CH, 50 - 60
N-CH; 15-45
=C 75-95

C=C 105 - 145
C(aromatic) 110 - 155
C(heteroaromatic) 105-165
-C=N 115-125
C=0 (acids, esters, amides) 155 - 185
C=0 (aldehydes, ketones) 185 — 225
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