CHEM 241: SEPARATION TECHNIQUES
INSTRUCTIONS
Answer question one and any other two questions
Useful data are provided
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QUESTION ONE (30 MARKS)
a (i) Describe the principle of solvent extraction.                                                                        (2 marks)
(ii)Outline the disadvantages of solvent extraction                                                                    (1 mark)
(iii)Why must a species be electrically neutral to take part in an interphase partition?        (1.5 marks)
(iv)Why would the species involved in interphase partition have different concentrations in the two phases if the chemical potential are equal?                                                                                            (1 mark)
(v)Why is an extraction more efficient if the extractant liquid is used in several fractions instead of all at once?                                                                                                                                                             (1.5 marks)
b) You wish to extract I2  from 100ml of aqueous phase solution. Take Kd of I2 for extraction with CCl4 is 85.
(i)What fraction of I2  remains in the aqueous phase after a single extraction with 100ml of CCl4   
                                                                                                                                                                    (1 mark)
(ii)What fraction of I2 remains in the aqueous phase after 10 extractions with 10ml of CCl4  (total CCl4 volume of 100ml)?                                                                                                                                  (1 mark)
(iii)Using five extractions, what is the minimum volume of CCl4 required to achieve a 99.9% extraction of the I2                                                                                                                                                         (2 marks)
c(i)How is it that moving one of the phases in the partition convert a difference in partition coefficient to a difference in velocity                                                                                                                            (1.5 mark)
(ii)What is the capacity factor and how is it related to the partition coefficient?                          (1 mark)
(iii)What is a height equivalent theoretical plate and how is it related to band broadening?     (1.5 marks)
(iv)Describe the three principal factors in the Van Deemter equation for band broadening.        (4 marks)
d(i) In a chromatographic separation, the mobile phase  velocity is 4.0cm/s.For a length of stationary phase of 25m calculate void time and the retention of component with capacity factor values of 1.3 and 9.0                                                                                                                                                                  (2.5 marks)
(ii)Explain the usefulness of a table of boiling points in predicting the elution order of compounds separated by gas chromatography                                                                                                        (1.5 marks)
(iii)Why is peak area better related to analyte amount than peak height for the flame detector?  (1 mark)
(iv)Why is an internal standard so often used with gas chromatography                                        (0.5 marks)
e (i)Occasionally in SEC value of k˃1 are observed. How might this phenomenon be accounted for?                         (1 mark) 
(ii)Imagine that following a capillary isoelectric focusing experiment, two polypeptides A and B are immobilized in one section of the capillary as indicated in the figure. The isoelectric point of B is superior to that of A, complete the figure indicating how the pH would increase at the positive end of the capillary while showing the orientation of the corresponding electric field.              (3 marks)
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(iii)Write short notes on paper chromatography.                                                  (2.5 marks)






QUESTION TWO (20 MARKS)
a) Substances A and B have retention times of 16.40 and 17.63min, respectively, on a 30.0-cm column. An unretained species passes through the column in 1.30 min. The peak widths (at base) for A and B are 1.11 and 1.21 min, respectively.
Calculate
(i) The column resolution, (1 mark)
(ii) The average number of plates in the column,(1.5 marks)
 (iii) The plate height, (1 mark)
 (iv) The length of column required to achieve a resolution of 1.5, (2 marks)
(v) The time required to elute substance B on the column that gives an Rs value of 1.5, (1.5 marks)
 (vi) The plate height required for a resolution of 1.5 on the original 30-cm column and in the original time. (1.5 marks)
b)(i)
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                                                                                                                                         (2.5 marks)
(ii)Explain the characteristics of the ideal detector for GC                                                (4 marks)
iii)
[image: ](2 marks)
iv)
[image: ]           (2 marks)
v) 
[image: ](1 mark)
QUESTION THREE (20 marks)
i) Define 
             (i) ion-pairing chromatography (1 mark)
             (ii) Ion chromatography (1 mark)
ii) Assume that in extraction from water into toluene, analyte A has the distribution ratio
D = 10. A 20-mL portion of an aqueous solution of A is extracted with toluene. Which
of the following procedures will result in the most efficient removal of A from the
aqueous phase into toluene?
(a) one extraction with 40mL of toluene;
(b) two extractions with 20mL of toluene each;
[bookmark: _GoBack](c) four extractions with 10mL of toluene each?                                               (2 marks)
iii)
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QUESTION FOUR (20 MARKS)
a) What is the effect of pH on the separation of amino acids by electrophoresis? Why?          (2 marks)
b) What is the principle of separation by capillary zone electrophoresis?   (2 marks)
c) A certain inorganic cation has a electrophoretic mobility of 5.13 × 10cm2 s-1 V-1. This same ion has a diffusion coefficient of 9.1× 10-6 cm2 s-1. If this ion is separated by capillary zone electrophoresis with a 50-cm capillary, what is the expected plate count, N, at applied voltages of
(i) 5 kV? (1 mark)
(ii) 10 kV? (1 mark)
(iii) 20 kV? (1 mark)
(iv) 30 kV? (1 mark)

d) The cationic analyte of Problem c was separated by capillary zone electrophoresis in a 50-cm capillary at 20 kV. Under the separation conditions, the electroosmotic flow rate was 0.65 mms-1 toward the cathode. If the detector were placed 40 cm from the injection end of the capillary, how long does it take in minutes for the analyte cation to reach the detector after the field is applied?
                                                                                                                                        (2 marks)
e)  In an interesting paper, Zheng and coworkers (J. Zheng, L. T. Taylor, J. D. Pinkston, and M. L. Mangels, J. Chromatogr. A, 2005, 1082, 220, DOI: 10.1016/j.chroma.2005.04.086) discuss the elution of polar and ionic compounds in SFC. 
(i) Why are highly polar or ionic compounds usually not eluted in SFC? (1 mark)
(ii) What types of mobile-phase additives have been used to improve the elution of highly polar or ionic compounds? (1 mark)
(iii) Why is ion-pairing SFC not often used? (1 mark)
(iv) Why are ammonium salts sometimes added as mobile-phase modifiers in SFC? (1 mark)
(v) The authors describe an SFC system that uses mass spectrometry (MS) as a detector. Discuss the interfacing of an SFC unit to a mass spectrometer. Compare the compatibility of SFC with MS to that of HPLC and GC with MS.(1 mark)
 (vi) The authors studied the effect of column outlet pressure on the elution of sodium 4-dodecylbenzene sulfonate on three different stationary phases with five mobile-phase additives. What effect was observed, and what was the explanation for the effect?(1 mark)
(vii) What elution mechanisms were considered by the authors? (1 mark)
(viii) Which mobile-phase additive gave the fastest elution of the sulfonate salts? Which provided the longest retention times?(2 mark)
 (ix) Did a silica column give results similar to or different from a cyano bonded-phase column? (1 mark)
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