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Homework #3 

Due Wednesday, May 4 at start of class 

Important Notes 

You are encouraged to collaborate with classmates on approaches to problems, but worked turned in must be your 

own. Unless otherwise stated,  

 You may use your class notes, assigned readings, handouts/power point slides (available at “go/echem” 

course website), and a periodic table  

 You are free to look up values/units for universal constants (e.g., R) and any unit conversions (e.g., Pa-to-

bar), as needed.  

 If you require an empirical constant that is not available to you (e.g., σ), use the data you do have to 

estimate a value for your problem and explain your reasoning.  

 Showing all work/calculations used in arriving at your answer, including unit conversions, is required for 

full credit.  

 

I am often asking you to predict a property that could be looked up on the Internet or in a book. Looking up the 

answer (instead of reasoning your way to an answer) would be a violation of the honor code. If you believe you are 

missing necessary information, please let me know. Remember that when I ask for qualitative predictions I am 

looking for reasonable answers. I don’t expect your answer to match exactly. I am considerably more concerned 

with the sophistication of your reasoning than with your answer. 

 

 

 

Question 1. 

a) Use the graph provided for 

tetramethylbenzene (TMB) 


LTeMBp , (the saturation vapor 

pressure for a subcooled liquid) at 

20 °C. State and justify any 

assumptions. 

 

b) Calculate the mole fraction of 

TMB in an ideal mixture of 

aromatic hydrocarbons if, at 20 

°C, TMB reaches an equilibrium 

concentration in the gas phase 

above the mixture of 35 g/L. 

Explain your approach and any 

assumptions made. Note: you do 

not need to know the volume of the 

“room”. 

 

 

y = -5756.2x + 23.6

y = -7646.9x + 35.7

4

5

6

7

8

9

10

11

12

0.0020 0.0025 0.0030

1/T (K-1)

ln
 P

* 
(P

a
)

solid

liquid



Costanza-Robinson ©2011  CHEM 270: Environmental Chemistry 

Question 2. Quality Control in a Commercial EPA Lab 

You are the lab manager at a commercial analytical lab that conducts EPA certified analyses for 

Superfund Sites around the country. You are designing a GC analysis protocol for contaminated 

water samples. You focus your protocol on benzene. The GC column you are using would be 

ruined if you injected water onto it, and the chromatography wouldn’t work very well with a 

water solvent, anyway, so instead, you will inject a sample of the headspace (the air above the 

liquid sample) into the GC.  

 

The requirement for a successful protocol is that you are able to determine whether water 

samples are below or above the maximum contaminant level (MCL) for benzene of 5 µg/L.  

 

You will use equipment/supplies that are similar to what we have used in our lab, including 

placing 1 mL of the potentially contaminated water into a 2 mL GC autosampler vial, storing at 

room temperature and then analyzing a sample of the headspace on a GC. Importantly, you 

have two detectors available to you, an FID and a photoionization detector (PID). You are 

familiar with the FID. The PID is another type of detector that is highly sensitive to compounds 

with double bonds, such as aromatics. 

 

Given the information that follows, determine whether your proposed headspace analysis will 

work using either/both of the available detectors. If it will not work with either detector, propose 

qualitative changes to the protocol that would improve the chances of the analysis working.  

 

To receive full credit, please show all your work, step-by-step, including any assumptions, 

calculations, and unit conversions. Define any non-standard symbols. 

 log KH (benzene, 25 °C) = -0.649 

 density (benzene, 25 °C) = 0.879 g/mL 

 benzene quantification limits (note units!) 

o using FID = 0.750 mg/L 

o using PID = 0.450 g/L 
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Question 3. Mayo in Soup 

Let’s suppose 1L of soup (25 °C) contains 500 g of dieldrin, a toxic pesticide covered by the 

Stockholm Convention on Persistent Organic Pollutants. Dieldrin was used as a pesticide in its 

own right, and is also the environmental and metabolic break-down product of the POP pesticide 

aldrin.  

 

 Dieldrin  

o Kow (dieldrin, 25 °C) = 10,548 

o MW = 380.91 g/mol 

 Octanol 

o Density (octanol, 25 °C) = 0.824 g/mL 

o MW = 130.23 g/mol 

 L/mol 0.0180
water

V   

 R = 8.3145 J/(mol K) 

 

To receive full credit, please show all your work, step-by-step, including any assumptions, 

calculations, and unit conversions. Define any non-standard symbols. 

a) How many g of mayonnaise should I add to the soup, allow to reach equilibrium, and 

then remove before consuming the soup, if I am to avoid consumption of 90% of the 

dieldrin mass? Assume dieldrin is non-volatile. State any additional assumptions you 

make. 

b) Calculate the Gibbs free energy (25 °C) for the process of dieldrin partitioning from 

water to octanol (i.e., ΔGow). 

c) Calculate the Gibbs free energy (25 °C) for the process of dieldrin partitioning from 

octanol to water (i.e., ΔGwo). 

 

dieldrin 



Costanza-Robinson ©2011  CHEM 270: Environmental Chemistry 

Question 4. Consider a well-sealed 1-L flask containing at 25 °C: 100 mL of distilled water, 900 

mL of air, and 10 g total of either (a) chlorobenzene or (b) fluorine. For each compound 

separately, use the physicochemical properties provided on the next page and class handouts to 

1) qualitatively predict (and explain) which compound will have a larger KH value. 

2) Use vapor pressure and solubility values/estimates to estimate a KH value for each 

substance and then 

i. calculate the concentration of each compound in the water and in the air.  

ii. calculate the fraction of the compound in the aqueous phase (i.e., Fw) 

3) Estimate KH for each substance directly using the bond-contribution KH-LFER 

discussed in class.  

. 

I do not expect you to look up obscure physicochemical properties in the literature. If the tables 

I’ve handed out do not include a needed parameter for the substance of interest, you will need to 

estimate a value based on the similarity to chemical structures for which table data are available. 

Explain your approach and assumptions. 

 

Chlorobenzene 
Fluorene 

MW = 112.6 g/mol 

Tm = -45.6 °C 

Tb = 132.0 °C 

P
o
(25 °C) =1.6×10

-2
 atm 

MW = 166.2 g/mol 

Tm = 113.0 °C 

Tb = 295.0 °C 

C )C25(sat
w


=1.1×10

-5
 mol/L 

 

 

Question 5. Consider the following VOCs: 

 

 

a) Estimate their Kow values using the atom/fragment 

approach 

b) Compare your estimations to the experimental values provided above and briefly discuss 

evident limitations to the LFER model. 


