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Practice Problem Set 10 

Mixed Chromatography Problems 

 

1. Use the following gas chromatogram of a mixture of dioxane and cyclohexane eluted on a 

non-polar column to answer the following two questions. 

 

a. What is the identity of the substance labeled peak A? Explain how you deduced this. 

  

peak A = dioxane,  

explanation: since it is more polar and thus will elute early on a nonpolar stationary phase 

b. The area measured for peak A is 2 cm
2
 and the area measured for peak B is 3 cm

2
. Assuming 

that the detector response is the same for both substances, calculate the mol% of A in the 

mixture. 

mol% A =  2/5 = 40% 

  

2. You are given a sample composed of three compounds, A-C with different polarities. The 

sample is loaded onto a C18 column and eluted with 30% methanol/water mp. After eluting with 

10 mL of solvent and collecting 1 mL fractions, compounds A and B are found to be in the 3rd 

and 6th fractions, respectively.  
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(a) Which compound is more polar, A or B? 

A is more polar than B  

  

(b) Is compound C more or less polar than compounds A & B? 

Compound C is less polar than A or B  

  

(c) After eluting with another 10 mL of 30% methanol/water mp, compound C has still not 

eluted. Describe how you would obtain compound C. 

 The amount of methanol in mobile phase should be increased for C to elute 

  

3.  Define the following terms as they relate to the topics covered in this course. 

1. Eluate  

The gas or liquid exiting the column, containing the mobile phase and the solutes. 

2. Isothermal Elution  

A chromatographic separation carried out at a single temperature (usually in gas 

chromatography). 

3. Gradient Elution  

A chromatographic separation in which the mobile phase composition changes during the run. 

Usually used in liquid chromatography. 

 

4. This question refers to the two chromatograms shown below. 
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These chromatograms were recorded using reverse phase HPLC. 

a. Give an example of a mobile phase that might be used for this type of separation (i.e. reverse 

phase). 

Water/methanol, water/acetonitrile, etc. 

b. Give an example of a detector that might be used for these compounds. 

uv-vis absorption – they are all aromatic organic compounds 

 

c. Give an example of a stationary phase that might be used for these separations.  

C18 (ODS), C8, C4, Phenyl are all acceptable 

d. Chromatogram B was recorded on the same column and with the same sample as 

chromatogram A, but the separation is very different. This is because the mobile phase was 

changed between the two separations.  Explain how the mobile phase was changed to affect the 

separation so dramatically. Be specific.  

 

Chromatogram B was recorded using a mobile phase with a lower eluent strength than 

chromatogram B. For example, Chromatogram A may have been recorded in 90% Methanol and 

10% water, whereas Chromatogram B may have been recorded in 50% Methanol and 50% water. 
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You must mention that the % organic modifier in Chromatogram A is greater than that in 

Chromatogram B. 

 

 The van Deemter equation relates the column efficiency (measured as H) to the mobile phase 

flow rate (u): 

 

a. Sketch a typical van Deemter plot that shows how H depends on u. Clearly label  the axes. 

 

5. There are three terms in the van Deemter equation: the A term, the B term, and the C term, 

each describing a different type of contribution to the band broadening. Explain the type of band 

broadening described by 2 of the 3 terms. 

 

A Term: Multiple path term—solute molecules can take different paths through the stationary 

phase, so some take longer to go through column than others. This is term is independent of flow 

rate. 

B Term: Longitudinal diffusion term—the longer time a solute stays on the column the more 

time it has to diffuse, therefore spreading out its concentration. This term is inversely 

proportional to flow rate (i.e. longer time on column with slower flow rate and vice versa) 

C Term: Mass transfer term—this arises from slow equilibrium for solutes partitioning between 

the mobile and stationary phases. If the equilibrium is slow, while a solute molecule is in the 

stationary phase other molecules will have traveled down the column a certain distance. The 

overall result is band spreading that is proportional to the flow rate. 
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6. Show the van Deemter curve for HPLC differs when using 10 µm particles and 3 µm particles. 

Explain why these curves are different.  

With smaller particles, the A term of the van Deemter equation is smaller because with smaller 

particles the differences in path lengths is less dramatic. This results in the entire curve being 

shifted downward (to lower H). Also, the C term is smaller because the equilibrium between the 

mobile and stationary phases is more efficient. This results in a shallower slope for the curve at 

higher values of u. 

 

7. In open tubular GC, which van Deemter term is normally negligible? 

The A term, since the column is open tubular. 

 

8. Given the chromatograms below (actually one chromatogram with two parts expanded), 

answer the following questions. 
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a) Calculate the resolution of the first two compounds 

Easy, R = 2∆tR/(WA+WB) 

b) Calculate the retention factor for the last peak (the hold-up time (tM) is indicated by the 

vertical ‘tick mark’ on the baseline of the chromatogram). 

K' = (tR – tM)/tM = (26.35 – 2.5)/2.5 = 9.54 

c) The plate number of the column (from the last peak eluted). 

N = 5.54(26.35/0.5)2 = ~ 15386 plates 

d) Is the analysis time unnecessarily long? Why? 

Yes. The last eluting peak should be easily moved to much less retention times (about 17 min) 

 

9. The following questions regard the chromatograms shown below: 
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a) Which column has greater efficiency?  

Evidently, without calculations: column B has a greater efficiency. 

 

b) Which column gives a greater selectivity factor (for X and Y)? 

Column A gives a better selectivity factor 

 

c) Which column gives greater resolution between X and Y? 

Column B gives a better resolution, due to much smaller peak widths 

 

10. How does temperature affect the van Deemter B term in GC? 

Temperature will increase DM which increase HETP and lowers efficiency. However, due to high 

carrier gas flow rates this contribution to band broadening is decreased. 

 

11. Why is the van Deemter B term in GC much greater than in HPLC? 

Because of the very high diffusivity of gases, especially at high temperatures 

 

12. What is the most common way to increase retention of analytes in gas chromatography? in 

HPLC? 

In GC: use high percent loading of stationary phases and work at lower temperatures 

In HPLC: use smaller flow rates and use mobile phases of different polarity than mobile phase 

 

MULTIPLE CHOICE  

Choose the BEST answer for the following questions. 

1. Of the following compounds, which would you expect to elute first from a nonpolar gas 

chromatographic column? 
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a. Methanol (CH3OH) (lowest boiling point) 

b. Ethanol (CH3CH2OH) 

c. n-Propanol (CH3CH2CH2OH) 

d. n-Butanol (CH3CH2CH2CH2OH) 

e. n-Pentanol (CH3CH2CH2CH2CH2OH) 

 

2. Of the following compounds, which would you expect to elute last from a reverse-phase liquid 

chromatography column? 

a. Methanol (CH3OH) (lowest boiling point) 

b. Ethanol (CH3CH2OH) 

c. n-Propanol (CH3CH2CH2OH) 

d. n-Butanol (CH3CH2CH2CH2OH) 

e. n-Pentanol (CH3CH2CH2CH2CH2OH) 

 

3. Which of the following is not a common detector for gas chromatography? 

a. Refractive index detector  

b. Flame ionization detector 

c. Thermal conductivity detector 

d. Mass spectrometry 

e. All of these are common detectors for gas chromatography. 

 

4. In gas chromatography, if two solutes with short retention times co-elute (i.e. are not 

resolved), what is the simplest way to attempt to resolve the peaks? 

a. Use a longer column 

b. Use a higher column temperature 

c. Use a lower column temperature (at lower T elution times are longer) 
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d. Use a more polar solvent 

 

5. In normal phase HPLC, 

a. the mobile phase is polar and the stationary phase is nonpolar. 

b. the mobile phase is nonpolar and the stationary phase is polar. 

c. eluent strength is increased by adding a more polar solvent to the mobilephase. 

d. eluent strength is increased by adding a less polar solvent to the mobile phase. 

 

Resolution is proportional to the 6.  

A. number of theoretical plates in a column 

B. square root of the number of theoretical plates in a column 

C. square of the number of theoretical plates in a column 

D. cube root of the number of theoretical plates in a column 

 
Which of the following detectors uses He as the carrier gas? 7.  

A. Electron capture detector 

B. Field ionisation detector 

C. Thermal conductivity detector 

D. All of the above 

 
Split injection is carried out by 8.  

A. splitting the sample into smaller portions to inject sequentially 
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B. 
splitting the sample into smaller portions to inject at the same time through parallel 

ports 

C. splitting off some of the sample so that it does not enter the column 

D. none of the above 

 
What does the retention factor, k', describe? 9.  

A. The distribution of an analyte between the stationary and the mobile phase 

B. The migration rate of an analyte through a column 

C. The velocity of the mobile phase 

D. All of these 

 
Theoretical plates are used to  10. 

A. estimate the efficiency of a column 

B. determine the thickness of the stationary phase 

C. measure the distribution of the analyte between mobile and stationary phases 

D. None of the above 

 
What does the selectivity factor describe? 11.  

A. The proportional difference in widths of two chromatographic peaks 

B. 
The maximum number of different species which a column can separate 

simultaneously 

C. The relative separation achieved between two species 
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D. None of the above 

 
Helium is generally preferred as carrier gas over hydrogen because 12.  

A. it is inert 

B. it has a lower viscosity 

C. it doubles up as a party gas for balloons and funny voices 

D. all of above 

 
The column is heated to 13.  

A. prevent analyte condensation within the column 

B. control elution of the different analytes 

C. reduce band broadening to get sharper peaks 

D. all of these 

 
What are the benefits of decreasing the column internal diameter? 14.  

A. Increased sample capacity 

B. Increased resolution 

C. Reduced risk of column overloading 

D. All of the above 

 
Column bleeding occurs when 15.  

A. elution of the analyte is extended over time 
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B. the column is cracked and stationary phase leaks out 

C. traces of the stationary phase are eluted 

D. the column breaks during installation and causes personal injury 

 
Doubling the column's length increases resolution by a factor of 16.  

A. (2)0.5 B. 2 

C. 3 D. 4 

 
Sample injection is considered successful if 17.  

A. all of the sample in the injector has been progressively added to the column 

B. the sample is concentrated at the start of the column 

C. the sample is spread evenly along the column 

D. the sample is homogenously spread along the column 

 
Which of the following gases is unsuitable for use as a GC carrier gas? 18. 

A. Nitrogen 

B. Helium 

C. Oxygen 

D. All of the above 

 
Which of these effects result from slow injection of a large sample volume? 19.  

A. Increased resolution 
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B. Decreased resolution due to band broadening 

C. Non-linear detector response 

D. Constant resolution 

 
The GC graph obtained after an experiment is called a 20.  

A. chromatograph B. chromatogram 

C. chromatophore D. graph 

 
Which of the following detectors give concentration-dependent signals? 21.  

A. Electron-capture detector 

B. Thermal conductivity 

C. Infra-red detector 

D. All of these 

 
What useful information can be found from a Van Deemter plot? 22.  

A. The selectivity factor 

B. Optimum mobile phase flow rate 

C. Optimum column temperature 

D. Optimum column length 

 
 

 


