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INSTRUCTIONS FOR TAKE-HOME EXAM 2 CHEMISTRY  6614

Take Home Exam 2:
Due Wednesday April 25 

(If Doc doesn’t miss his plane)
RULES:  

1)You can work together and use any non-human 

   resources at your command. 

2)All answers are to go on the attached  answer sheets; but if you wish to append work, staple it to the back of the answer sheets. 

Partial credit may be given if work is shown, but answers are wrong.

3)Most numeric answers need only be to 3 sig figs*

*where possible, the answers are normally round  values.
Take Home Exam: Chem 6614


80 points

2.1) Chemical Love Story: chapter 1     8 pts

 Jack has prepared a set of 4 calibration standards containing Cu(II) and Ni(II) for a UV-VIS unknown analysis. Unfortunately, he did so during a `breakup’ with his girl friend Jill who has tired of Jack’s narrow range of interests (eating pizza and watching Star Trek re-runs.)  Jack’s lab book entries (minus tear stains) for the standard preps below reveal a distressingly erratic use of concentration units.

Preparation of Cu standards for UV-VIS Analysis

Made Cu standard #1 by dumping 5.0 grams of CuCl2 * 2H2O (MW=170.44 g/mol)  into 50.0 mL  1% nitric acid, then took a buret and delivered 8.521 mL of this to a 50.0 mL volumetric flask. Ran out of the powdered copper salt so grabbed a 15.885 % w/v solution of Cu(II) (at. wt. =63.54 g/mol)  off the shelf and  finished making Cu standards #2,#3 and #4  by diluting 5.0, 10.0 and 15.0 mL of this stock respectively to 50.0 mL in volumetric flasks. 

Preparation of Ni standards for UV-VIS Analysis

Bought a 100 ppt solution of Ni(II)(at. mass=58.96 g/mol)  from Fisher Scientific and  poured 29.48 mL of it into a 100 mL volumetric. Diluted to the mark with 1% nitric acid.  Then transferred 5, 10, 15 and 20 mL of this stock to 50 mL  volumetric flasks and diluted to the mark  to make final UV-VIS  Ni(II) standards #1 , #2, #3 and #4 .


See if you can compute Jack’s final standard concentrations of Cu(II) and Ni(II) in moles/L from what he has written.

2.2) Chemical Love Story: chapter 2    6 pts

In the next lab period Jack prepares a series of 4 `standard addition’ solutions for an AAS analysis. Being an `emo’ kind of guy, he is having trouble sleeping and pines for the long gone Jill (who has taken up with a rich, body-building ski bum, Lance,  who is also a concert pianist and world famous novelist.) Thus, Jack remains unfocused in his dilution methods, as seen in the lab book entries below:

Preparation of Standard addition solutions for AAS analysis

Cu AAS standard additions

Took 3.934 mL of Cu standard #1 and  diluted it to 100 mL. Diluted this again by taking 20 mL of it and diluting to 100 mL  with 1% nitric acid to make the final standard Cu addition stock. Added 5, 10 and 15 mL of the final Cu  addition stock to 100 mL volumetric flasks to make  #1,#2 and #3 standard Cu addition solutions, respectively.  Spilled the final standard Cu  addition stock (crying too much). To make standard addition #4 I  took 3.2770 mL of Cu standard #4 from UV-VIS calibration, diluted it to 100 mL and then diluted this again by taking 10 mL and filling a 50 mL flask to the mark to make a new final standard addition Cu stock.  Added 4 mL of this new stock to the last 100 mL volumetric standard addition (#4 standard Cu add). I’ll figure out how many standard additions this is later…(too upset right now…I miss Jill.)

Ni AAS  standard additions

Diluted Ni standard #3 from UV-VIS by taking 5 mL of it and diluting to 1105.4 mL .

Added 5, 10, 15 and 20 mL of this to 100 mL  flasks #1,#2,#3 and #4 respectively, which already contain Cu standard adds. 

Unknown addition

Added 5 mL aliquots of unknown to each of the 4 standard addition preps above and diluted to the 100.0 mL mark. Made another `zeroth’ standard addition solution by taking 5 mL of the unknown and diluting to 100 mL. Called it standard addition #0.


Compute the concentrations of Cu and Ni  created in the 4 standard addition preparations in ppm units and figure out how many standard additions the Cu solution has in solution #4.

2.3) Chemical Love Story: chapter 3 (7 pts)

Jack comes to lab after a week of non-stop pizza binging and Star Trek viewing. He’s feeling better, if a bit flabby and greasy. He collects the following data from the Lambda 4B Double Beam UV-VIS spectrophotometer feeling as chipper as any one could who hasn’t changed his clothes or brushed his teeth in 7 days..  

From Jack’s Lab Book:

Table 3: Observed UV-VIS absorbances at 812 and 395 nm for Standards of Table 1 and for Unknown Mixture of Ni(II) and Cu(II)

	Cu standard #
	A(812 nm)
	A(395 nm)
	Ni standard
	A(812 nm)
	A(395 nm)

	0
	0
	0
	0
	0
	0

	1
	0.125
	0.002
	1
	0.001
	0.056

	2
	0.320
	0.006
	2
	0.002
	0.125

	3
	0.621
	0.014
	3
	0.004
	0.169

	4
	0.987
	0.018
	4
	0.0055
	0.220

	unknown
	0.2675
	0.119



Compute the slopes, intercepts and r2 for the data and use them to compute the unknown concentration of Cu(II) and Ni(II) in moles/L .

2.4. Chemical Love Story: chapter 4    





3 pts

After a brusque phone call from Jill asking him to FEDEX all her stuff from his apartment to Vail, Colorado where Lance (her new squeeze) has a 6000 sq foot ski lodge, Jack is feeling glum again.  Matters are made worse because he can’t remember how to run the PE Analyst 200 AAS for Ni and Cu and must look up conditions to run the solutions prepared in Table 2. He schlumps to the lab to figure it out, wondering if he has Alzheimer’s disease.

Establish the conditions to run Ni(II) and Cu(II) for the concentrations you computed in Table 2 (consult PE Analyst 200 software and  past lab reports for details)

2.5. Chemical Love Story: chapter 5




6 pts

Unwashed, depressed and now worried about memory loss, Jack sets up the AAS and analyzes the 5 standard addition solutions at wavelengths appropriate for Ni(II) and Cu(II).
  From Jack’s Lab book
Table 4: Observed AAS Absorbances for Standard  Addition Solutions of Table 2

	Std solution
	A(Cu)
	A(Ni)

	0
	0.200
	0.074

	1
	0.250
	0.113

	2
	0.301
	0.151

	3
	0.352
	0.188

	4
	0.450
	0.224



Compute the implied concentration of the unknown Ni(II) and Cu(II)  the standard addition solution also present in the solutions analyzed above. Note that the solution for # 4 does not necessarily correspond with actual number standard additions for Cu

2.6. Chemical Love Story: chapters 6 and 7  (28 total)

After consuming 2 Meat Lover extra large pan pizzas, a pitcher of beer and  15 bread sticks at Pizza Hut, Jack realizes he is on a downward spiral. Determined to get a grip, he marches waddles home and starts cleaning up the stuff Jill has left behind. He finds two bottles in the medicine cabinet whose labels have disintegrated from the abysmally wet conditions of the bathroom. (Jill took really long showers.) The chemist in him re-awakens and Jack decides he needs to identify their contents.  He takes the two bottles and collects the IR and MS attached. 


1)   Identify the two compounds



   (4 pts each/8 pts total)

2a) Also identify of the impurity evident in IR #1 and why you think its there


    (2 pts)

2b) Assign at the 4 main modes of the major IR bands for each IR


   (4 pts each/8 pts total)

3)  Assign the major MS fragment identities for least 5 (five) major fragments 

    (5 pts each/10 pts total) 

2.7. Chemical Love Story: chapters 8 and 9    (15 pts)

Invigorated by his chemical exercises in MS and IR, Jack decides to branch out. First, he starts to evolve by selling all his old Star Trek tapes. He also decides to look for trace impurities in bottles #1 and  #2. Both bear odors not entirely in accord with his assignment of their main contents, nor anything like what he’s used to smelling in his apartment (mostly old gym socks and  residue of Doritos).  Jack sets up the HPLC as described on the attached 

Take-home Exam 2:    Love story chapter 8 & 9 (continued)

chromatogram. Being impatient, Jack doesn’t bother to insert a 10 inch main HPLC column but decides to rely on the 3 cm C-18 reverse phase guard column as the separation site.

He tries several injections. By the third one a stable chromatogram results, which is attached.


1.  Given that As = 485714*VS + 250 where Vs= absolute volume of S in uL, what is the  % volume S in the injected sample ?

To confirm the peak ID of S Jack collects a sample of the peak as it exits from the HPLC.

The IR and MS of this sample are recorded and attached here. Jack asserts the data is consistent with S being benzene.

2) Provide 5 reasons why this data does, or doesn’t support Jack’s assignment 

2.8 Chemical Love Story: chapter 10   

(6 pts)

To further confirm the identity of the impurity S, Jack –who has now stopped eating pizza and has visited a gym (once, where he pulled a groin muscle from lifting the 5 lb free weights)- hobbles to the GC. 


Provide an outline of a GC protocol (flow rate, column type, temperature(s) of column, detector) he should use to best see and separate the `S’ component if he injects a 1 uL: sample from bottle #2 into the GC. Sketch what you think the GC chromatogram will look like, including ~ retention times and magnitudes. Hint: you will need to look up boiling points of each component in bottle #2 

2.9 Chemical Love Story: The final chapter      9 pts

Jack’s new found industry gains the notice of Doc Fong, who enters him in the Chemical Jeopardy Show, hosted by Alex Tripeptide.  Jack `cleans’ up and wins over $120,000 before losing on a question-ironically about the properties of semiconductors mentioned in Star Trek.1 The ten questions he was successful answering are on the answer sheet. After the show, Jack is called by Jill who wants to get back together again, after Lance cheats on her. But Jack turns her down flat. “Sorry, Jill,” he says, “I have a new love, milady Chemistry You’re history. Anyways, sweetie, I just bought the complete Star Trek Next Generation DVD set and Netflix has released all four seasons of Enterprise. I don’t need you.

Answer the ten general instrument knowledge questions on the answer sheet.
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