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Investigating Free Energy Relationships Using Gas Chromatography


Investigating Free Energy Relationships Using Gas Chromatography

Now that you have experience using the Mini GC to separate various types of organic compounds, another well-known application of GC is its analytical capabilities used to obtain purely physiochemical data such as activity coefficients of solutes in various solvents, heats of solution and enthalpies of vaporization of volatile compounds. Here, we introduce calculation of the enthalpy of vaporization using GC retention times. This is typically done by employing the Clausius-Clapeyron equation with measurements of the vapor pressure of the liquid at various temperatures. The enthalpy of vaporization provides information about the size and nature of intermolecular forces in liquids. The stronger these forces are, the larger the heat of vaporization.

Gas chromatography is based on a solute in a mixture partitioning itself between the mobile phase and the stationary phase. With the Vernier Mini GC, the mobile phase is air and the stationary phase is a nonpolar phase capillary column. The amount of time a given chemical spends in the stationary phase relative to the amount of time it spends in the mobile phase is a very important quantity in elution chromatography; it is called the partition ratio or capacity factor, k’, and is given by:
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Eqn. 1

where tR is the retention time of the compound, the amount of time the chemical spends in the column from the point of injection to the point of detection. tM is the time it takes for the mobile phase to pass through the column, typically it is the retention time of a non-retained species. In this experiment, the non-retained compound you will be using is acetone. This is a very important quantity to help standardize the amount of time it takes a species to run though the column and calculate k’. 
The quantity (k’) is also equal to the ratio of the mass of analyte in the stationary phase to the mass of analyte in the mobile phase at any given instant. Therefore, the equilibrium constant which represents the reaction involved in a compound, represented by A, moves from the mobile phase to the stationary phase as shown:

A (mobile) (( A (stationary)

This equilibrium constant, also termed the distribution coefficient Kc, can be related to the retention time: 

Kc = k’β 




        Eqn. 2

where β it the column phase ratio, a quantity typically given by the manufacturer, in the case of the Vernier Mini GC it is 200.

Once the distribution coefficient is known, it is possible to determine various thermodynamic quantities. The standard free energy change involved in the mobile phase – stationary phase transition is calculated by:

ΔG°= -RT ln Kc




Eqn. 3

By analyzing the retention time at more than one temperature, the enthalpy and entropy changes involved in the process can be found:

ΔG°=ΔH°-TΔS°




Eqn. 4

OBJECTIVES

In this experiment, you will

· Measure and analyze isothermal GC data from various samples. 
· Calculate the standard free energy change, standard enthalpy change and standard entropy change of various compounds from GC temperature dependent data. 
MATERIALS

	LabQuest or computer
	3 test tubes

	LabQuest App or Logger Pro
	1 mL graduated pipets

	Vernier Mini GC
	acetone

	1 (L glass microsyringe
	2-butanone

	Kimwipes® or paper towel
	2-pentanone

	vial of acetone for cleaning
	4-methyl-2-pentanone


PROCEDURE

1.
Obtain and wear goggles.

2.
Prepare three known solutions, each using acetone as the standard that will pass quickly through the column.

· Solution 1 is a 1:1 mixture of acetone and 2-butanone. You will not need very much sample, 1 mL total volume will be more than enough. 
· Solution 2 is a 1:1 mixture of acetone and 2-pentanone.

· Solution 3 is a 1:1 mixture of acetone and 4-methyl-2-pentanone.

3.
Prepare the Vernier Mini GC for data collection.

a. Turn on the Mini GC.

b. Connect the USB cable of the Mini GC to the USB port on your computer or LabQuest.

c. Start the data-collection program, and then choose New from the File menu. 

d. Click Collect in Logger Pro, or tap ► in LabQuest, to bring up the Temperature-Pressure profile.  

e. Set the Temperature-Pressure values according to the settings listed for Run 1:

	
	Run 1

	Start temperature
	40(C

	Hold time
	5 min

	Ramp rate
	0(C/min

	Final temperature
	40(C

	Hold time
	0 min

	Total length
	5.0 min

	Pressure 
	4.0 kPa 


f. Select Done to initiate the Mini GC warm up. Note: A new message will appear, “Do not inject until GC is ready”, and the LED on the Mini GC is red. The Mini GC will take a few minutes to warm up and stabilize. When the Mini GC is ready for injection in Step 7, the message will read, “Inject and select Collect simultaneously”, and the LED will turn to green. Continue with Step 4 during warm up.

4.
Follow the steps below to clean and flush the syringe with acetone. Important: The glass syringe is fragile. Be careful not to bend the needle or bend the plunger. Never pull the plunger back more than 50% of its total volume. Be careful not to bend the plunger as you press it down.

g. Depress the plunger fully.

h. Submerge the tip of the syringe needle into the vial of acetone.

i. Pull back the plunger to fill the barrel about 1/3 full of acetone. Examine the barrel of the syringe and estimate the amount of acetone in the barrel.

j. Expel the liquid onto a Kimwipe or a paper towel.

k. Repeat Steps a–d at least two times, until you are comfortable pulling up a liquid into the syringe and measuring the volume in the syringe barrel. Use a Kimwipe or a paper towel to carefully pat around the tip of the syringe needle.

5.
Follow the process in Step 4 to clean and flush the syringe with Solution 1.

6.
Collect a volume of the mixture for injection.
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Submerge the needle into the vial of Solution 1 one last time. 

m. Draw up approximately 0.1 (L of liquid. It is not critical that the volume be exactly 0.1 (L; a tiny bit more or less is all right.

n. After collecting your sample, gently wipe the needle from, barrel to tip, with a Kimwipe.

7.
Prepare for injection and the start of data collection. It is important for you and your lab partner to divide the tasks in this step. One person will operate the syringe and the other person will operate the computer controls.

o. When the Mini GC has reached the correct start temperature and pressure, the message reads, “Inject and select Collect simultaneously”, and the LED on the Mini GC is green.

p. To insert the needle of the syringe into the injection port of the Mini GC,[image: image2.png]Plunger drawn to 0.2 ul



 hold the syringe with one hand and steady the needle with your other hand. Insert the needle into the injection port until the needle stop is fully seated. Do not force the needle into the injection port. If the needle sticks, rotate it slightly while inserting. Do not move the plunger yet (see Figure 3).
q. Simultaneously, depress the syringe plunger and select Collect to begin data collection. Pull the needle out of the injection port immediately.

8.
While the data collection proceeds, repeat Step 4 to thoroughly clean the syringe and needle. It may take more than three flushes to feel the syringe plunger move smoothly again, which is your indicator that the syringe and needle are both suitably clean.

9.
Data collection will end after five minutes.


10.
Analyze your chromatogram and write your comments in your data table. Consider these points when you make your comments.

· How long does it take for all of the peaks to appear?

· How well are the peaks separated from each other?

· How sharp are the peaks?


11.
To store the data, choose Store Latest Run from the Experiment menu in Logger Pro or tap the File Cabinet icon in LabQuest.

12.
Change the temperature profile for the next run. Continue to do isothermal runs in increments of 15°C until 115°C. 

r. Click Collect in Logger Pro, or tap ► in LabQuest, to bring up the Temperature-Pressure profile. Change only the temperature values. Click OK to initiate the Mini GC profile. 

s. While the Mini GC adjusts to its new Temperature-Pressure profile, repeat Steps 5 and 6. 

t. After the Mini GC is ready, repeat Steps 7–11 using your sample.


13.
Repeat Step 12 until you have completed all four temperature runs for all three solutions.


14.
Obtain an unknown sample from your instructor and repeat Steps 5–12 with your unknown.


15.
When you have completed your final data collection run, turn off the Mini GC and clean up your lab area as directed.
DATA TABLE
Solution 1

	Temperature 
(°C)
	Retention time for standard compound 
(min)
	Retention time for test compound (min)

	40
	
	

	55
	
	

	70
	
	

	85
	
	

	100
	
	

	115
	
	


Solution 2

	Temperature 
(°C)
	Retention time for standard compound 
(min)
	Retention time for test compound (min)

	40
	
	

	55
	
	

	70
	
	

	85
	
	

	100
	
	

	115
	
	


Solution 3

	Temperature 
(°C)
	Retention time for standard compound 
(min)
	Retention time for test compound (min)

	40
	
	

	55
	
	

	70
	
	

	85
	
	

	100
	
	

	115
	
	


DATA ANALYSIS

1.
Using the experimental data you collected and equations located in the introduction of this laboratory experiment, complete the following data table for each solution.

Solution 1

	Temp (°C)
	tR 
(min)
	tM 
(min)
	k
	Kc
	-T
(K)
	ΔG (kJ/mol)

	40
	
	
	
	
	
	

	55
	
	
	
	
	
	

	70
	
	
	
	
	
	

	85
	
	
	
	
	
	

	100
	
	
	
	
	
	

	115
	
	
	
	
	
	


Solution 2

	Temp (°C)
	tR 
(min)
	tM 
(min)
	k
	Kc
	-T
(K)
	ΔG (kJ/mol)

	40
	
	
	
	
	
	

	55
	
	
	
	
	
	

	70
	
	
	
	
	
	

	85
	
	
	
	
	
	

	100
	
	
	
	
	
	

	115
	
	
	
	
	
	


Solution 3

	Temp (°C)
	tR 
(min)
	tM 
(min)
	k
	Kc
	-T
(K)
	ΔG (kJ/mol)

	40
	
	
	
	
	
	

	55
	
	
	
	
	
	

	70
	
	
	
	
	
	

	85
	
	
	
	
	
	

	100
	
	
	
	
	
	

	115
	
	
	
	
	
	


2.
Plot a graph of –Temperature (K) versus ΔG (kJ/mol K) for each test compound. Evaluate the slope and y-intercept to obtain the ΔS° and ΔH° from Eqn. 4.
3.
Using the information acquired in Question 2, calculate ΔG° at 25°C for each test compound.

4.
Of the three test substances investigated, rank them according to increasing number of carbon atoms. Generate a plot of Number of Carbon Atoms versus ΔG° (kJ/mol) at 25°C.

5. 
Discuss how the sign of the thermodynamic measurements is consistent with the experiment you ran.
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