EXAM # 3
ANALYTICAL CHEMISTRY

CHEM 421/821, Spring 2006
Wednesday April 5th, 2006
NAME_____________________________________

Some useful constants: Some useful constants: h = 6.63x10-34J.s




  c = 3.00 x 108 m/s




  k =  1.38066 x 10-23 JK-1



  F = 96485.31 C mol-1



  e = -1.602177 x 10-19C
1) Given the following series of Van Deemter plots comparing the performance of  various liquid chromatography systems:
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a. What are the typical labels for the X and Y axis?

X -  =  linear velocity (flow-rate x Vm/L)


Y - H =  total plate height of the column
b. What do these plots tell us about the relative performance of the four methods? 
Small H (plate height) better performance:
D >> C>B>>A
c. How would you use this plot to determine the optimal operation of method A?
Operate at the flow rate (~ 0.8) where plate height is a minimum.
d. What factors does the Van Deemter plot quantify? (not the same answer as (a)) 

Factors that contribute to band-broadening, such as: eddy diffusion, mobile phase mass transfer, longitudinal diffusion, stagnant mobile phase, and stationary phase mass transfer

e. Explain one of the factors that are described by the Van Deemter plot/equation.

Eddy diffusion – a process that leads to peak (band) broadening due to the presence of multiple flow paths through a packed column.
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Longitudinal diffusion – band-broadening due to the diffusion of the solute along the length of the column in the flowing mobile phase.
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Mobile phase mass transfer – a process of peak broadening caused by the presence of different flow profile within channels or between particles of the support in the column. 
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2) The following chromatogram illustrates the LC separation of a mixture of two aromatic compounds labeled A and B. The expected chromatogram for each component is overlaid on the experimental data. A 50 cm packed non-polar column under isocratic conditions and a flow rate of 5 mL/min was used
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a) Calculate the capacity factors for each peak and the separation factor for the separation of A and B

Capacity factor (k’) = (tR –tM)/tM

tM = 12.5 min



k’A = (25 – 12.5)/12.5 = 1.00


k’B = (30 – 12.5)/12.5 = 1.40

separation factor( = k’B/k’A 

 = 1.40/1.00 = 1.40
b) Calculate the resolution of the two peaks.

Rs  =
WAb ~ 10 min  WBh ~ 10 min
Rs =  (30 – 25)/((10 + 10)/2) = 0.5
c) Suggest one approach that may result in the increase in the number of theoretical plates to achieve baseline separation.
Reverse phase HPLC separation uses a non-polar stationary phase and polar mobile phase, where more non-polar analytes are retained on the column.  Improved separation of peaks A and B may be obtained by using a gradient elution starting with a weaker mobile phase such as water or methanol and a strong mobile phase such as acetonitrile or chloroform.  

d) What is the relative polarity of compounds A and B?

B is more non-polar than A
e) Suggest a potential strong and weak mobile phase for this separation? 

weak mobile phase such as water or methanol 

strong mobile phase such as acetonitrile or chloroform.  
4) (a) Describe a “universal” detector used for GC.

Thermal Conductivity Detector (TCD): measures ability to conduct heat away from a hot-wire (i.e., thermal conductivity). Thermal conductivity changes with presence of other components in the mobile phase. 


Change in amount of heat removed from resistor results in a change in resistor’s temperature and resistance and corresponding voltage change 
 (b) Describe a “universal” detector used for LC

Refractive Index Detector (RI): Measures the overall ability of the mobile phase and its solutes to refract or bend light.  As solute passes detector, the amount of bending changes which decrease the amount of light reaching PMT. A corresponding decrease in voltage occurs


(c) Why are “universal” detectors important?

May know little to nothing about the properties of compounds in a mixture to determine how to detect the compounds (mass, UV/vis absorbance, fluorescence, etc). But need to be able to detect their presence as eluting from GC or LC column.

(d) list three important differences between the general application of GC and LC

1)  GC –mobile phase only carries analytes 
2) GC separates based on interactions with stationary phase and volatility. LC separates based on relative interaction between mobile and stationary phase.
3)  GC requires analytes to be volatile (gas phase) LC requires analytes to be soluble in mobile phase.

4)  GC requires temperature control where temperature gradient can improve separation. LC uses solvent gradient to improve separation


(e) list three important differences between the general application of LC and SFC

1) SFC requires pressure and temperature control 
2) SFC improves separation using a pressure gradient, LC using a solvent gradient

3) SFC is faster than LC ( lower plate heights at higher flow rate)
4) SFC has no environmental or toxicity issues with mobile phase.
5)    Match the mixtures with the best chromatography method for purification:




_iii_ Size-exclusion chromatography





_ii_ Capillary electrophoresis





_v_ Ion-exchange chromatography





_iv  Adsorption chromatography





_i _ Reverse phase chromatography

(i) mixture of peptide fragments
(ii) mixture of DNA fragments
(iii) crude-oil alkanes

(iv)




(v)

6)   Assuming spherical proteins with similar net charge:
(a) Sketch the results of a slab gel electrophoresis for a protein mixture containing: protein A (MW=9 kDa, pI=5.5), protein B (MW=21 kDa, pI=6.9), protein C (MW=35 kDa, pI=9.2) and protein D (MW=97 kDa, pI=9.5)

(b) Sketch the gel if a pH gradient ranging from 4 to 11 is used. 

7) Given the following Electrochemical cell:


(a) Write the two half cell reactions for the electrochemical cell.

Cd2+ + 2e- ( Cd(s)
cathode, reduction

Al3+ +  3e- ( Al(s)
anode, oxidation
(b) Based on the indicated flow of electrons, write a net reaction. Label the half-cell reaction in (a) that takes place at the anode and cathode. Label the oxidation and reduction reaction.


3Cd2+ + 6e- ( 3Cd(s)

2Al(s) ( 2Al3+ + 6e-

3Cd2+ + 2Al(s) ( 2Cd(s) + 2Al3+
(c) Write the short-hand notation for the electrochemical cell.


Al|Al3+(aAl3+=1.00)||Cd2+(aCd2+=1)|Cd
(d) If Ecell = 1.305, would this be a galvanic or electrolytic cell?



galvanic
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