CHEM4204 Final Exam Objectives

Spring 2009 
1. Define agglutination and explain why it occurs during blood type testing.

2. Explain how whole blood is typed.

3. Describe tests used to characterize a stain as blood.

4. Which test is most commonly used to find trace amounts of blood?

5. Why can’t you use the same blood typing techniques for a dried bloodstain that are used for a whole blood sample?

6. Describe the absorption-elution technique, list the steps, and be able to interpret the results of an analysis.

7. Explain the significance of the precipitin test to forensic serology.

8. Define the term secretor and explain the significance to forensic serology.

9. Describe how the existence of polymorphic enzymes and proteins contributes to blood’s individualization.

10. List the necessary procedures to be taken for the proper preservation of bloodstained evidence for laboratory analysis.

11. Explain the difference between a blood spatter and a blood splatter.

12. List the five types of information that can be deduced from analysis of blood spatters.

13. Explain how the surface that the blood falls on can make a difference in the appearance of the spatter.

14. Be able to determine the direction that a drop of blood was traveling in before it hit a surface from a sample spatter.

15. Be able to determine the angle of impact from a sample spatter.

16. Be able to determine the velocity of impact from a sample spatter.

17. Explain how a forensic scientist would determine the origin of impact based on the blood spatters.

18. What are cast off patterns?

19. Be able to define the following terms:  Forensic Science, Forensic Chemistry, qualitative analysis, quantitative analysis, comparative analysis, adversarial system, the scientific method, expert witness, the Frye Standard, Inclusive evidence, Exclusive evidence, direct evidence, circumstantial evidence, chain of custody, destructive testing. 

20. Be able to list the four functions of a forensic scientist..

21. Be able to give examples of procedures used in destructive testing.  Which procedures are not destructive? 
22. Be able to define the following terms:  Absolute uncertainty, relative uncertainty, mean value, absolute error, standard deviation, accuracy, precision,  %RSD,  95% confidence interval, outlier.

23. Know the rules governing significant figures.

24. Be able to calculate the relative uncertainty of a given measurement.  Know this equation.

25. Be able to calculate the estimated uncertainty and the propagation uncertainty of a given result that is based on measurements.  Know these equations.

26. Be able to describe the shape of a normal error curve.  Why is it this particular shape?

27. Be able to calculate absolute error.

28. Be able to describe the significance of the magnitude of standard deviation and how it relates to reproducibility.

29. Given a standard deviation value and a mean value, be able to calculate the %RSD.  Know the equation for %RSD.

30. Be able to explain why the 95% confidence interval is often a more valid expression of reproducibility as compared to standard deviation.  

31. Would a 99% confidence interval be larger or smaller than a 95% confidence interval?   What about a 90% confidence interval? Why?

32. Explain the process used to determine is a data point is an outlier or a valid data point.  

33. Be able to define the following terms: refractive index, numerical aperture, empty magnification, spectroscopy(and give four examples), spectrometry(and give one example), atomic spectroscopy(and give three examples), molecular spectroscopy(and give three examples), Beer’s Law, fluorescence, phosphorescence, Atomic Absorption (AA), microspectrophotometry, GC, GC/MS.
34. Be able to explain how each of the following microscopes function and what types of forensic evidence might be analyzed by each: compound microscope, comparison microscope, stereoscopic microscope, and polarizing microscope.

35. Be able to list the different regions of the electromagnetic spectrum in order of increasing energy and indicate the event triggered by absorption of energy in each region. 

36. Be able to use Beer’s Law given data (i.e. I supply “A” and “k” and you calculate “c”, I supply a graph for you to interpret or you graph a few points and extrapolate.) 

37. Be able to draw the simple diagram for an Absorbance-transmittance spectrophotometer.

38. Be able to draw the simple diagram for an emission spectrometer and label the components.

39. Be able to discuss the similarities and differences of an Absorbance-transmittance spectrophotometer and an Emission spectrometer.

40. Be able to describe how UV and VIS spectroscopy are used in today’s crime labs.

41. Know what types of compounds (functional groups) will absorb energy in the UV and VIS regions.

42. Is UV and VIS spectroscopy considered a destructive or nondestructive method?

43. Be able to describe how IR spectroscopy is used in today’s crime labs.  Are these analyses qualitative and/or quantitative?

44. Is IR considered a destructive or nondestructive method?

45. Be able to explain how the data from a IR is interpreted.  Know the regions where the following bonds absorb: C=O, C=C, sp2 C-H, sp3 C-H, O-H.

46. Be able to describe the three subregions within the infrared region.  Which one is most commonly exploited in the forensics lab?

47. Be able to describe a hollow cathode lamp and the process of sputtering.

48. Know the difference between AA and Flameless AA.

49. Know whether the instrumental methods that we have covered in this chapter are qualitative and or quantitative.

50. Know how many elements can be measured at a time using AA.  Explain.

51. Is AA considered a destructive or nondestructive method?

52. Know the types of spectroscopy that are commonly used with microspectrophotometry.

53. Be able to list three examples of physical evidence that may be analyzed using microspectrophotometry.

54. Be able to explain how the data from a GC is interpreted.  

55. Is analysis by GC qualitative and/or quantitative?

56. Be able to list three types of forensic samples that might be tested by GC.

57. Be able to list the limitations of the GC method.

58. Be able to draw the simple diagram for a GC and label the components.

59. Be able to list and describe three types of detectors for a gas chromatograph.

60. Is GC considered a destructive or nondestructive method?

61. Indicate the two categories commonly used for classifying fibers and give examples of each.

62. Be able to classify all of the fiber examples given in lecture.

63. Be able to state and describe the two types of man made fibers and give an example of each.

64. Be able to list the two types of natural fibers and give an example of each.

65. Be able to describe the appearance of a cotton fiber.

66. Describe the structure of a polymer.

67. List the seven properties of man-made fibers that are most useful for forensic comparisons.

68. Be able to explain how the cross-sectional shape of a synthetic fiber is formed.

69. Be able to explain how the possible use of the fiber can be determined from the cross-sectional shape?

70. Be able to define birefringence and explain how a man made fiber can be birefrigent.

71. List two methods of analyzing the dye in a fiber.  Which method is destructive and which is nondestructive?

72. Be able to state the “Locard Exchange Theory”.

73. Describe the cuticle, cortex, and medulla of the hair.

74. Explain the distinction between animal and human hairs.

75. How can the cortex of a hair be observed using a microscope?

76. What type of microscope is used to observe the scale pattern of the cuticle?

77. What is the Medullary Index?

78. What is a common Medullary Index for human hair?

79. List four medulla patterns and briefly describe each. 

80. List hair features that are useful for the comparison of human hairs.

81. Is hair typically class evidence or individualizing evidence?

82. Be able to determine whether a hair has fallen out naturally, pulled out, or violently pulled based on a description of the hair.

83. Be able to list and describe the three growth phases of human hair.

84. Be able to define the following terms: sample preparation, partitioning, internal standard, surrogate spike, matrix spike, headspace method, hydrophilic, hydrophobic, lipophilic, lipophobic, ionization centers, dry extraction, liquid-liquid extraction (LLE), dynamic headspace (DHS), purge and trap (PT), solid phase extraction (SPE), normal-phase SPE, reverse-phase SPE, Solid phase microextraction (SPME), solid phase stir-bar extraction (SPSE), thin-layer chromatography (TLC), immunoassay, antigen, antibody, immunogen, hapten, polyclonal antibody, monoclonal antibody, Hybridoma Cells, competitive immunoassay, noncompetitive immunoassay, Homogeneous Assay, Heterogeneous Assay, Radioimmunoassay (RIA), Fluorescent Polarization Immunoassay (FPIA), Enzyme-Multiplied Immunoassay Technique (EMIT), and Enzyme-Linked Immunosorbent Assay (ELISA).
85. Be able to explain the difference between extraction and digestion.

86. Be able to explain when and why an internal standard or spike might be added to a sample.

87. Be able to list the two fundamental requirements for a successful separation of an analyte from a matrix by any method. 

88. Be able to explain which equilibrium is being exploited and how is that equilibrium is being manipulated in the following partitioning techniques:  headspace method, SPE, LLE, immunoassays, dry extraction.

89. Be able to write an equilibrium expression for the following terms:  Ka, Kb, Ksp, KOW (Log P) and KD.
90. Be able to explain how the pH of the solution can change the KOW for many drugs and other larger analytes.

91. Be able to list six properties (or interactions) that are the basis for a compound’s affinity for one partition (phase, layer, etc.) over another.

92. Be able to list, recognize, and classify the basic and acidic functional groups that common occur in the structures of drugs. 

93. Know the relationship between pH and pKa (Henderson-Hasselbalch Equation).  Given the pKa value(s) for an analyte, determine the pH necessary for the compound to be 100% ionized.  Also determine the pH necessary for the compound to be 100% un-ionized.  How does this differ for an acidic, a basic or an amphoteric compound? 

94. Be able to describe (with words and diagrams) an Acid-Base-Neutral Preparation (LLE) and be able to predict which solutions will contain the neutral water soluble compounds, neutral water insoluble compounds, strong acids, weak acids, and the basic compounds.

95. Be able to list the five factors to consider when choosing a solvent for LLE.

96. Be able to explain when and why solid phase extraction may sometimes be successful at separation of an analyte(s) from the matrix when liquid-liquid extraction would not.

97. Be able to describe the process and theory behind solid phase extraction.

98. Be able to list at least five common interactions between an analyte and the solid phase in a SPE.

99. Know the most commonly used solid phases for SPE.  Be able to list three polar and one nonpolar solid phase.

100. Give a developed TLC plate, be able to calculate Rf values for each of the analytes.

101. Be able to list common developing techniques for TLC plate.  Specify the analytes they are used to detect if they are exhibit specificity for one or a group of analytes.

102. Be able to describe the difference in a noncompetitive and a competitive immunoassay.

103. Describe the similarities and differences in the following techniques: Radioimmunoassay (RIA), Homogeneous Assay, Fluorescent Polarization Immunoassay (FPIA), Enzyme-Multiplied Immunoassay Technique (EMIT), and Enzyme-Linked Immunosorbent Assay (ELISA).
104. Be able to define the following terms: anabolic steroid, alkaloid (give four examples), analgesic(give three examples), central nervous system, classification, Controlled Substances Act, cutting agent, depressants(give three examples), designer drug, DFSA(give three examples), drug, drug abuse, drug impurity, drug contaminant, forensic toxicology, hallucinogen(give three examples), human-performance drug(give three examples), inhalants, medicine, metabolites, narcotics(give three examples), natural product, NSAID, opiate, paraphernalia, physical dependence, postmortem toxicology, precursors, predator drugs(give three examples), psychological dependence, drug profiling, semisynthetic(give three examples), stable isotope ratio, stimulants(give three examples), and synthetic(give three examples), tryptamines(give two examples), phenethylamines(give three examples). 
105. Know the significance of the 5 P’s.  Be able to list the 5 P’s and give two examples of each.

106. Know the three common drug ingestion modes.

107. Be able to explain the difference between a drug and a medicine.  Give one example.

108. Know the % of physical evidence submitted to the crime lab that is drug-related.

109. Know the criteria for each of the drug classification systems.  Be able to list the categories in which classification system and give one or more examples of drugs in that category.

110. Be able to classify the following drugs using each classification system if possible:  cocaine, morphine, marijuana, phencyclidine(PCP), methadone, amphetamines, mescaline, methamphetamines, valium, LSD, heroin, aspirin, MDMA(ecstasy), codeine, psilocybin, ethanol, barbiturates, glue or solvent sniffing, hydroxybutyrate(GHB), and oxycodone.

111. Be able to list the two effects of anabolic steroids.

112. Know how the Controlled Substances Act deals with designer drugs and drug precursors.

113. Be able to describe the goals of drug profiling.

114. Be able to list the two main goals of a forensic toxicologist.  What other questions might they also try to answer?

115. List the three common types of biological samples obtained from a living subject that may be submitted to the forensic toxicology lab.

116.  List the ten common types of postmortem biological samples that may be submitted to the forensic toxicology lab.

117. Be able to define the following terms: anabolic steroids, barbiturates, color test, cystolithic hair, GHB, GBL, hashish, LSD, Marquis Reagent, spot test, tetrahydrocannabinol, THC.
118. Be able to list screening or presumptive tests.

119. Know what types of analyses are required to determine the identity of a drug for the purpose of admitting the evidence in a court case.

120. Given the analytical procedures used to determine the identity of a drug, know whether the drug identity evidence is admissible in court.

121. Be able to explain how a color test reagent can be used as a developer for TLC.

122. Know the reactants, how they function, the drug functional group that reacts with the reagent, the chemical species that produces the color for a positive test, for each of the following color tests:  Marquis Test, Mandelin’s test, Simon’s test, Froede’s test, Duquenois-Levine Test, and Scott Test (Cobalt Thiocyanate Test).

123. Know which drugs produce a color change and the resulting color for the following color tests:  Marquis Test, Mandelin’s test, Simon’s test, Froede’s test, Duquenois-Levine Test, and Scott’s Test (Cobalt Thiocyanate Test).

124. Be able to explain why microcrystal tests are not commonly used as presumptive drug tests of drug related physical evidence.

125. Be able to recognize the molecular structure of each of the following drugs:  GHB, Δ9-tetrahydrocannabinol (THC) or marijuana, an anabolic steroid, a barbiturate, amphetamine, methamphetamine, MDMA, LSD, psilocybin, cocaine, morphine, heroin, phencyclidine, ethanol and aspirin.

126. Know the color test(s) and other tests used to identify each of the following drugs:   Δ9-tetrahydrocannabinol (THC) or marijuana.

127. Be able to write the balanced chemical equation for the combustion of methane.

128. Define heat of combustion, ignition temperature, and flash point.

129. Why do some oxidation reactions produce flames while others do not?

130. Give an example of an oxidation reaction that does not produce flames.

131. List the three requirements necessary to initiate and sustain combustion.

132. Define pyrolysis and explain what it has to do with combustion of solids.

133. Describe how physical evidence must be collected at the scene of a suspected arson or explosion.

134. List the components of Black Powder.

135. Describe laboratory procedures used for the detection and identification of hydrocarbon and explosive residues.

136. Like fire, an explosion is a product of combustion accompanied by the creation of __________ and ____________.

137. Explain how explosives are classified.  Explain the difference between the two classifications. 

138. Be able to classify all explosives we covered in class.

139. What type of explosive is also called a primer?

140. Explain the differences between an initiating and non-initiating high explosive.

141. What does present-day straight dynamite contain?

142. What type of explosive is used in “plastic explosives”?

143. What is C-4?

144. What does military dynamite contain?

145. What are the explosives commonly used in grenades?

146. What is safety fuse and what explosive does it typically contain?

147. What is primacord and what explosive does it typically contain?

148. What is a blasting cap and what explosive does it typically contain?

149. List some common laboratory tests employed for the detection of explosives.

150. Describe how X-ray diffraction works and the significance of the results versus atomic absorption and emission spectroscopy.

151. Be able to draw and recognize the chemical structures of nitroglyerin, lead azide, lead styphnate, mercury fulminate, TNT, PETN, RDX, and tetryl.

152. Know the three fundamental principles of fingerprints.

153. Do identical twins have identical fingerprints?

154. Given a sample fingerprint, be able to locate and name four types of characteristic ridges.

155. Know the skin layer that determines the friction ridges characteristics that are observed in fingerprint impressions.

156. List the 8 classifications for fingerprint ridge patterns and be able to identify each given sample prints.

157. Of the three main classes of fingerprint ridge patterns, know the percentage occurrence of each.

158. Be able to identify a delta, a core, and type lines.

159. Be able to explain how AFIS works and how it is used.

160. List the three types of fingerprints that may be found at a crime scene and describe each.

161. List seven techniques used to visualize latent prints.  Know how each technique works and on what types of surfaces each technique works best.  Know whether the technique is destructive or nondestructive to the print.

162. Be able to name the chemical compound that is sold under the commercial name “Super Glue”.

163. Explain three methods of rifling a gun barrel.

164. Be able to identify “lands” and “grooves” on a diagram of a gun barrel and indicate which one comes in contact with a fired bullet.

165. Be able to explain how a gun’s caliber is determined.

166. Be able to explain how a shotgun’s gauge is determined.

167. Know which has a larger bore:  22 Caliber rifle versus 30 Caliber rifle; 20 Gauge shotgun versus 12 Gauge shotgun; etc. 

168. List possible class characteristics that can be obtained from a fired bullet.

169. Describe the differences and similarities of shotgun ammunitions and rifle ammunitions.

170. Describe the difference in a shotgun barrel and a rifle barrel.

171. What important information can be deducted from the wad of a fired shotgun ammunition if found at a crime scene?

172. Know which agencies developed DRUGFIRE and IBIS and know how these databases are used.

173. What is NIBIN?

174. What do positive results for a Greiss test indicate?  Write a chemical equation showing the Greiss Reagent reacting with nitrite.

175. What do positive results for a Rhodizonate Test indicate?  Write a chemical equation of Rhodizonate reacting with lead.

176. How are lasers and infrared light used in gunpowder observations?

177. Explain how firing distance can be determined for a shotgun.  If given a 12-gauge shotgun example, determine the firing distance.

178. Define choke.

179. List and describe the techniques used to test for primer residues.

180. List substances that will give a false positive for the diphenylamine test.

181. Explain how Atomic Absorption Spectrophotometry is used to test for gun powder residue.  What is the theory behind this technique?  What are the pros and cons to this method?  Is it a qualitative analysis?  Is it a quantitative analysis?

182. Explain how Neutron Activation Analysis is used to test for gun powder residue.  What is the theory behind this technique?  What are the pros and cons to this method?  Is it a qualitative analysis?  Is it a quantitative analysis?

183. Explain how Scanning Electron Microscope (with X-ray analyzer) is used to test for gun powder residue.  What is the theory behind this technique?  What are the pros and cons to this method?  Is it a qualitative analysis?  Is it a quantitative analysis?

184. Explain how an etched serial number can be restored.  Why does this technique work?  Write a balanced chemical equation that represents the chemical process used here.

