
CChheemm  44333311  Name :      Final Exam  2008 
 
Answer any seven of questions 1-8. Each question is worth 15 points for a total of 105 
points. 
 

1. A crime has been committed, and a blood sample has been found at the 
crime scene. The blood is typed as A- , a blood type found in 5% of the 
population  A suspect is identified, who also happens to have the A- blood 
type. In addition a DNA profile of the suspect gives the odds of a random 
match of his blood to  the  blood  found at the crime scene of 105 to  1. 
(i) What are the odds that this suspect was present at the crime scene? 

What is the probability that this suspect was present at the crime 
scene? 

(ii) If the odds of a false positive for the DNA profile  are one in a 
thousand, what are the odds that this suspect was present at the 
crime scene? What is the probability that this suspect was present 
at the crime scene? 

(iii)  Explain the flaw in the reasoning of the defense attorney in which 
he states that “…evidence of the blood type has little relevance 
since it simply means that in a city of 1 million any of 50,000 
people could have committed this crime”. 

 
2. The mass spectrum for methamphetamine, mw=149,  is shown below.  

 

 (i) By devising a suitable fragmentation pattern identify the fragments   
responsible for the peaks at 58 and 91: 
(ii) By devising a suitable fragmentation pattern identify the peaks that would 
appear in the Mass spectrum of amphetamine and methamphetaminethat could 
be used to distinguish between these two molecules 
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(iii) Pseudoephedrine,  shown below, is a precursor for illicit production of 
methamphetamine, and its Mass Spectrum is attached. By devising a suitable 
fragmentation pattern identify the fragments that allow you to say: 

a. this is pseudoephedrine 
b. this is a suitable precursor for the synthesis of methamphetamine 

 
3. Quinine, shown below on the left, is a dibasic molecule often used as a cutting 

agent and has  pKa’s of 5.1 and 9.7.  Heroin (diamorphine), shown below 
right, is monobasic with a pKa of 8.0. 

  
 

(i) Briefly describe how you would prepare an aqueous solution of a 
sapmle containing both of these substances 

(ii) Describe in a flow chart a method for  liquid-liquid extraction 
method to separate a sample containing quinine and heroin. 

(iii) Describe in a flow chart a method for  liquid-liquid extraction 
method to separate a sample containing quinine, heroin, lactose 
and starch. 

 
4. Aspirin or methyl salicylate, shown below, has a pKa of 3.5. The pH in the 

stomach is approximately 1 and the pH in the intestine is about 6. 
(i) calculate the % of aspirin that is ionized in each area 
(ii) identify, giving your reasoning, whether more aspirin is absorbed 

into the bloodstream from the stomach or the intestine. 
(iii) Draw the structure of the major initial

 

 product produced by the 
metabolic breakdown of methyl salicylate 

                                 
 

5. A forensic scientist and her assistant  analyzes a narcotic sample for purity 
with the results: 



Scientist   
 
 
Assistant 

 

(i) Identify if the scientist’s data contains an outlier 
If the pooled standard deviation  is 0.055  

(ii) identify whether the two sets of data are statistically different  to a 
confidence level of 95% 

(iii) What judgment can you make about the accuracy and

 

 precision of 
both sets of data 

6. The partial DNA profile for the Blackett family is attached, along with the 
allele frequencies in fractions, as taken from the CODIS database 

  (i) calculate the random match probability, RMP, for Katie 
(ii) based on the profile given and the attached inheritance chart determine 
a possible DNA profile for Steve 
(iii)calculate how many different genotypes would be possible for the 
children of Bob and Anne for the combined D3S1358, vWA, and FGA 
loci.  

 
7. (i) For the locus D3S1358 whose allele frequencies are given, calculate the 

Power of Discrimination (PD) of this locus. 
(ii) For the four children (Buddy, Dick, Janet and Marilyn) whose 
genotype for the locus D3S1358 is also attached identify two possible 
parental genotypes.  
(iii)For both possibilities in (ii) above identify, giving your reasoning, 
which set of parental genotypes would result in a higher value for the 
Power of Exclusion (PE) 
 

8. Shown below is RDX, C3H6N6O6,  a high energy explosive that is often 
used as a component of plastic explosives. It has a molecular weight of 
218.10.  

 
 

 
 

(i) balance the equation for the reaction represented by the explosion 
of RDX 

(ii) By comparing with the equation for the blast of TNT predict, 
giving your reasoning, whether RDX is a more or less powerful 
explosive than TNT. 

(iii) Given the thermochemical data shown above calculate the 
explosive strength (RS relative to TNT ) of RDX: 

5.15 5.03 5.14 5.18 5.20 

5.25 5.23 5.14 5.18 5.2 

∆Hf (RDX) = 14.7 kcal mol-1

∆Hf (CO 2) = -94.4 kcal mol-1

∆Hf (CO) = -26.4 kcal mol-1

∆Hf (H2O) = -57.8 kcal mol-1

Qkv (TNT) = 651 kcal kg-1
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Locus  Allele  Frequency  
D3S1358  12  0.015  
D3S1358  13  0.015  
D3S1358  14  0.1341  
D3S1358  15  0.2896  
D3S1358  16  0.2287  
D3S1358  17  0.1616  
D3S1358  18  0.1616  
D3S1358  19  0.0152  

 

Locus  Allele  Frequency  
VWA       12  0.015  
VWA  14  0.1311  
VWA  15  0.1189  
VWA  16  0.186  
VWA  17  0.2774  
VWA  18  0.189  
VWA  19  0.0884  
VWA  20  0.015  

 

Locus  Allele  Frequency  
FGA        18  0.015  
FGA  19  0.061  
FGA  20  0.125  
FGA  21  0.1799  
FGA  22  0.2287  
FGA  23  0.1311  
FGA  24  0.1463  
FGA  25  0.0945  
FGA  26  0.0183  

 



 
Scientist 

  
Mean 5.14 
Standard Error 0.02949576 
Median 5.15 
Mode #N/A 
Standard Deviation 0.06595453 
Sample Variance 0.00435 
Kurtosis 2.69758224 
Skewness -1.5249099 
Range 0.17 
Minimum 5.03 
Maximum 5.2 
Sum 25.7 
Count 5 

Confidence Level(95.0%) 0.0819 

 
 

Assistant 
  
Mean 5.2 
Standard Error 0.01923538 
Median 5.2 
Mode #N/A 
Standard Deviation 0.04301163 
Sample Variance 0.00185 
Kurtosis -0.6296567 
Skewness -0.3770194 
Range 0.11 
Minimum 5.14 
Maximum 5.25 
Sum 26 
Count 5 

Confidence Level(95.0%) 0.0534061 

 



Grubbs' critical value table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Critical Values of the t-Distribution  

 


	Scientist
	Assistant

