Case:  Cyanide Poisoning

Introduction
Cyanide, CN-, is a deadly poison.   It binds to the Fe3+ atom of heme a3 of cytochrome oxidase and disrupts the electron transport chain, essentially preventing the production of ATP and causing cells to run out of energy and starve to death.
  If caught in time, antidotes may be administered.  The first antidote is usually an inhaled dose of amyl nitrite, followed by IV sodium nitrite, NaNO2 and IV sodium thiosulfate, Na2S2O3.  The nitrites covert oxyhemoglobin to methemoglobin, which then competes with cytochrome a3 for the CN-.  The thiosulfate then causes the cyanide to be metabolized by the enzyme rhodanese to the nontoxic thiocyanate.

You will have several objectives today.  The primary objective will be to determine whether or not cyanide could have been used to poision a suspect.  You will also investigate the presence of cyanide in several natural foodstuffs.

We will be using a colorimetric method for determination of cyanide.  This involves a series of reactions which eventually leads to a colored product which can then be analyzed by colorimetry (spectrophotometry).  

Part I:  Was the cause of death cyanide poisioning?

In part I of this experiment you will be determining the presence or absence of CN- in the contents of a victim’s stomach, and you will be determining whether there was sufficient cyanide present to cause death.

Procedure:  Using a 1mL volumetric pipette, dilute 1 mL of the “stomach contents” to 100 mL in a volumetric flask.  Be sure to note the accuracy of both pieces of glassware so that you have the correct number of sig. Figs.   Determine the ppm of cyanide in the resulting sample using the cyanide test kit as described.

Part II:  Cyanide in natural products.   A series of natural products including apple seeds and peach and apricot pits contain amygdalin, a glycoside derivative containing a nitrile (CN) group.    In this portion of the experiment, we will see if we can determine the concentration of cyanide in apple seeds.
Procedure:  In a hood, grind 5 apple seeds in a mortar and pestle with about 3 mL of  0.10 M hydrochloric acid, HCl.  Add about 2 mL of 5% sodium bicarbonate solution, and check the resulting pH.  If it is not between 7.5 and 11, add more sodium bicarbonate until the pH is correct.   Transfer all of the solution to a test tube, using about 1 mL of distilled water to rinse the mortar and pestle.  Centrifuge the solution for 5 minutes or so until the solids have settled to the bottom of the tube.  Transfer the supernatant to a 10 mL volumetric flask and dilute to 10 mL with distilled water.   Filter 5 mL of this solution into a clean test tube using a 5 mL syringe and a syringe filter.   Determine the ppm of cyanide in this sample using the cyanide test kit, as described.

Writeup

1.  Objective

2.  Procedure

3.   Results/Calculations

A.  Using the ppm cyanide as determined from the comparator, calculate the ppm cyanide in the original "stomach fluid."  Be sure to show your calculations, including sig figs.
B.  Assume 1 ppm means 1 mg of cyanide / liter of solution.  (What assumption are we making to do this?) Use the ppm cyanide as determined from the comparator to calculate the milligrams of cyanide per apple seed.  Be sure to show your calculations, including sig. figs.

C.  Calculate the molarity of cyanide in the person's stomach.  (Show your calculations)
D.  Assuming the volume of the human stomach to be 2L, how many mg of cyanide did the person ingest?  (Show your calculations)
E.  The lethal dose of sodium cyanide (NaCN) is roughly 200 mg.  How many moles of  NaCN does this represent?  How many moles of cyanide ions?  How many individual cyanide ions?

F.  How many apple seeds would constitute a lethal dose of cyanide?

G.  Because of the toxicity of CN-, we actually used potassium thiocyanate, KSCN, as a substitute for the cyanide in the "stomach contents."  [The cyanide 
from the apple seeds is real.] Thiocyanate reacts with the cyanide test reagents in the same way to give the same blue color, thus results will be very similar to those obtained as if we used cyanide.   Given that the molar concentration of cyanide determined in part C was actually molarity of thiocyanate and that the original volume of solution prepared was 500 mL, how many g of KSCN were used to prepare this sample?
4. Discussion/Conclusion

A.  Could cyanide have been the cause of death?  Is it likely that the person was poisoned or just ate too many apple seeds? Explain.

B.  Might it ever be possible to obtain a false positive using the cyanide test we used in this experiment?  Explain.

C. Describe any sources of error and suggest any potential improvements to this experiment.

Case:  Cyanide Poisoning

Objectives:  (2 points)
Determine the concentration of cyanide in "stomach contents" - was the victim poisoned?

Determine the concentration of cyanide in apple seeds - enough to kill you? 

Procedure:  (2 points) 
Part 1:  1 mL of stomach contents was diluted to 100 mL with water.  This solution was then analyzed for cyanide according to the directions on the cyanide test kit.  The ppm value was recorded. [1]

Part 2:  Five apple seeds were ground in a mortar and pestle with 2 mL of .1 M HCl.  This solution was then neutralized with 10% sodium bicarbonate solution to pH 7-9.  The resulting solution was centrifuged.  The supernatant was placed into a 10 mL volumetric flask (or 25 if overflow) and diluted with H2O.  The resulting solution was then tested using the cyanide test kit as in part 1. [1]

Results/Calculations  (12 points)

A.  Using the ppm cyanide as determined from the comparator, calculate the ppm cyanide in the original "stomach fluid."  Be sure to show your calculations,  including sig figs.  [1 point]

use M1V1 = M2V2   should be about 45 ppm
B.  Assume 1 ppm means 1 mg of cyanide / liter of solution.   (What assumption are we making to do this?  Use the ppm of cyanide as determined from the comparator to calculate the milligrams of cyanide per apple seed.   Be sure to show your calculations, including sig. figs. [2 points]

Assuming the density of the solution is the same as water,  1 ppm = 1 mg/L, multiply by 0.010 L to get cyanide in total solution, then divide by number of seeds to get mg/seed.

C.  Calculate the molarity of cyanide in the person's stomach.  (Show your calculations) [1 point]
From #1, ppm in stomach is known = 45 mg/L   divide 0.45 g by molar mass of cyanide to get moles CN-;  then divide by 1/L gives molarity.
D.  Assuming the volume of the human stomach to be 2L, how many mg of cyanide did the person ingest?  (Show your calculations)  [ 1 point]

Molarity of CN- is known from part 3, multiply by 2 to get total dose.
E.  The lethal dose of sodium cyanide (NaCN) is roughly 200 mg.  How many moles of  NaCN does this represent?  How many moles of cyanide ions?  How many individual cyanide ions? [3 points]

200 mg = 0.200 g ; divide by molar mass of NaCN to get moles NaCN.

Moles of CN is the same since 1 CN- / 1 NaCN

Inividual cyanide ions = * avogadro's number

F.  How many apple seeds would constitute a lethal dose of cyanide?  [2 points]

Lethal dose = X moles CN-
From B, we know the mg/seed - divide by molar mass of CN- to get moles/seed.  Then divide lethal dose (moles) by moles/seed to get # of seeds. 
G.  Because of the toxicity of CN-, we actually used potassium thiocyanate, KSCN, as a substitute for the cyanide in the "stomach contents."  [The cyanide 
from the apple seeds is real.] Thiocyanate reacts with the cyanide test reagents to give the same blue color, thus results will be very similar to those obtained as if we used cyanide.   Given that the molar concentration of cyanide determined in part C was actually molarity of thiocyanate and that the original volume of solution prepared was 500 mL, how many g of KSCN were used to prepare this sample? [2 points]

The determined CN- concentration is in part C.  This gives the SCN- concentration.  Then use molarity = moles/L to solve for moles SCN- in 500 mL of the solution.  Multiply by MM of KSCN to get grams of KSCN in sample.
Discussion/Conclusion  (4 points)
A.  Could cyanide have been the cause of death?  Is it likely that the person was poisoned or just ate too many apple seeds? Explain.  [1.5 points]

Way to many apple seeds to be the issue.

The moles CN- in the stomach is lethal - thus it might be possible.
B.  Might it ever be possible to obtain a false positive using the cyanide test we used in this experiment?  Explain.   Since we know SCN was actually used instead of CN, we know SCN can give a false positive [1.5 points]

C.   Describe any sources of error and suggest any potential improvements to this experiment. [1 point].      Didn’t fully extract, spilled solution, etc..
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