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1. The van Deemter equation describes the relationship between HETP and mobile 

phase flow rate. 
a (2 points). What is HETP an acronym for? 
 
 
b (3 points). Write the van Deemter equation. 
 
 
 
 
 
 
c (5 points). Draw a plot of the change of HETP vs. flow rate for a typical liquid 

chromatographic separation. 
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d (5 points). In analyzing a complex mixture, would you prefer to us an instrument with 

large or small HETP? Why? 
 
 
 
 
 
 
 
 
e (3 points). There are three major contributions to HETP that are associated with the 

chromatographic column. List them. 
 
 
 
 
 
 
 
f (4 points). Which contribution is most important at low flow rates? Why? 
 
 
 
 
 
 
 
i (3 points). Which contribution is completely negligible in an open-tubular gas 

chromatographic column? Why? 
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2. The following data describe a normal-phase liquid chromatography experiment with 
acetonitrile as the mobile phase. 
length of column: 24.7 cm;    VM: 1.37 cm3;     VS:0.164 cm3;     flow rate: 0.313 cm3/min 

 A chromatogram of a mixture of species A, B, C, and D provided the following data 
Species Retention time (min) Width of peak at baseline 
Nonretained 3.1 - 
A 5.4 0.41 
B 13.3 1.07 
C 14.1 1.16 
D 21.6 1.72 

Calculate: 
a (4 points). the number of plates for the peak generated by species D. 
 
 
 
 
b (2 points). the plate height for that species  
 
 
 
 
 
c (4 points). calculate the retention factor and distribution constant for species A 
 
 
 
 
 
d (3 points). the resolution for species B and C. 
 
 
 
 
e (3 points). the length of time spent in the mobile phase for each species? 
 
 
 
 
f (4 points). If you wished to speed the elution of species D, which of the following mobile 
phases would you use: H2O, MeOH, or diethyl ether? Why? 
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3 (10 points). The ion-accelerating voltage in a particular quadrupole mass spectrometer is 
5.00 V. How long will it take a doubly charged benzene ion (C6H6

2+) to travel the length of 
the rod assembly, a distance of 15.0 cm? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4 (5 points). Calculate the resolution required to resolve peaks for CH2N

+ (MW=28.0187) 
and N2

+ (MW=28.0061)
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5 (5 points). C10H6Br2 has a molecular mass of 285.96. This compound is analyzed by a soft 
ionization mass spectrometry method. Sketch the expected spectrum. Explain why the 
spectrum looks this way. 
 
 
 
 
 
 
 
  
 
 
 
 
6a (5 points). Draw a schematic diagram of a magnetic sector mass analyzer. Indicate the 
trajectory of the ions to be analyzed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6b (5 points). Briefly explain how the magnetic sector instrument works. How is mass 
selectivity achieved and how is the mass/charge ratio scanned? 
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7 (5 points). Although the most abundant isotope of calcium is 40Ca (97%), why is the 44Ca 
isotope (2.1%) used to determine the amount of calcium in a sample using ICP-MS? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8 (5 points). Sketch a FIA system to determine lead in water based on the extraction of lead 
ions with a carbon tetrachloride solution of dithizone, which reacts with lead to create a 
strongly absorbing complex. 
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1. The van Deemter equation describes the relationship between HETP and mobile 

phase flow rate. 
a (2 points). What is HETP an acronym for? 
height equivalent to a theoretical plate 
 
b (3 points). Write the van Deemter equation. 
H.E.T.P. = L/n = A + B/u + C u 
 
c (5 points). Draw a plot of the change of HETP vs. flow rate for a typical 

chromatographic separation. 
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d (5 points). In analyzing a complex mixture, would you prefer to us an instrument with 

large or small HETP? Why? 
Small HETP =large N, which provides sharp peaks to resolve components 
 
 
 
 
 
 
e (3 points). There are three major contributions to HETP that are associated with the 

chromatographic column. List them. 
 
eddy diffusion, longitudinal diffusion, and resistance to mass transfer. 
 
 
 
 
 
 
f (4 points). Which contribution is most important at low flow rates? Why? 
Longitudinal diffusion – the longer then analyte is on the column, the more time for analyte 

to diffuse. 
 
 
 
 
 
 
i (3 points). Which contribution is completely negligible in an open-tubular gas 

chromatographic column? Why? 
Eddy diffusion – no packing! 
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2. The following data describe a normal-phase liquid chromatography experiment with 
acetonitrile as the mobile phase. 
length of column: 24.7 cm 
VM: 1.37 cm3 
VS:0.164 cm3 
flow rate: 0.442 cm3/min 
 
 A chromatogram of a mixture of species A, B, C, and D provided the following data 

Species Retention time (min) Width of peak at baseline 
Nonretained 3.1 - 
A 5.4 0.41 
B 13.3 1.07 
C 14.1 1.16 
D 21.6 1.72 

 
Calculate: 
a (4 points). the number of plates for the peak generated by species D. 
16•(21.6/1.72)2 =2523 
 
 
 
b (2 points). the plate height for that species  
H=0.0097 cm 
 
 
 
c (4 points). calculate the retention factor and distribution constant for species A 
k’=t’r/tm = (5.4-3.1)/3.1= 0.74,  
K=k’*Vm/Vs = 0.74*1.37/0.164= 6.2 
 
d (3 points). Calculate the resolution for species B and C. 
 
 
R = ∆t/Wav = (14.1-13.3)/((1.16+1.07)/2) = 0.72 
 
e (3 points). What is the length of time spent in the mobile phase for each species? 
3.1 min 
 
f (4 points). If you wished to speed the elution of species D, which of the following mobile 
phases would you use: H2O, MeOH, or diethyl ether? Why? 
 
Both water and methanol are stronger solvents in reversed phase separations.
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3 (10 points). The ion-accelerating voltage in a particular quadrupole mass spectrometer is 
5.00 V. How long will it take a doubly charged benzene ion (C6H6

2+) to travel the length of 
the rod assembly, a distance of 15.0 cm? 
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4 (5 points). Calculate the resolution required to resolve peaks for CH2N

+ (MW=28.0187) 
and N2

+ (MW=28.0061) 
 
R = m/∆m = 2.22 x 103
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5 (5 points). C10H6Br2 has a molecular mass of 285.96. This compound is analyzed by a soft 
ionization mass spectrometry method. Sketch the expected spectrum. Explain why the 
spectrum looks this way. 
 
The spectrum will consist of three peaks at 284, 286, and 288 AMU, in a 1:2:1 intensity 
ratio. Those peaks are produced because bromine consists of two isotopes with mass of 79 
and 81 AMU and with roughly equal abundance. The peaks would correspond to 
C10H6

79Br2  
C10H6

79Br81Br and C10H6
81Br2. 

  
 
 
 
 
 
 
6a (5 points). Draw a schematic diagram of a magnetic sector mass analyzer. Indicate the 
trajectory of the ions to be analyzed. 

 
 
 
b (5 points). Briefly explain how the magnetic sector instrument works. How is mass 
selectivity achieved and how is the mass/charge ratio scanned? 
• Ions are accelerated by electric field produced by metal plates. 
• Ions move through a magnetic field. 
• Deflection is inversely related to M/z. 
• The deflection angle is related to the magnetic field (and accelerating voltage).  
• The magnetic field is scanned to let different ions pass the exit slit and reach the ion 
detector. 
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7 (5 points). Although the most abundant isotope of calcium is 40Ca (97%), why is the 44Ca 
isotope (2.1%) used to determine the amount of calcium in a sample using ICP-MS? 
The huge ion signal generated by 40Ar swamps the signal generated by 40Ca. The 44 isotope 
does not suffer from this interference. 
 
 
 
 
 
 
 
 
8 (5 points). Sketch a FIA system to determine lead in water based on the extraction of lead 
ions with a carbon tetrachloride solution of dithizone, which reacts with lead to create a 
strongly absorbing complex. 
 
 

 
 
 


