CHEM 221 
Final EXAM Review (First Section Only)
10/3/2007

Remember: While all the information listed here is equally important, it is not possible to test you on all this material on the first section for the Final exam. PLEASE SEE THE REVIEW NOTES FOR EXAMS I-III FOR THE REVIEW SECTION. 

Electrodes and Potentiometry (Chapter 15)

Main Goals:
A. Understanding Potentiometry:

a. What is potentiometry?

b. What is an indicator electrode?

i. Types of indicator electrodes

a) Metal electrodes

1. Pt, other metals

b) Ion-selective electrodes

1. charge separation
2. pH electrode

3. solid state electrode

4. liquid based ion-selective electrode

5. compound electrodes
c. What is a reference electrode?

i. Relationship to Nernst equation

ii. Types of reference electrodes

a) Silver-silver chloride

b) Saturated calomel electrode (S.C.E)

iii. Observed potential is reference electrode dependent

a) How to convert between reference electrodes?

d. What is junction potential?

i. What is the source of the junction potential?

ii. How does it affect the measured potential?

iii. When does it occur?

iv. Charge separation
e. pH glass electrodes
i. How do these electrodes work?
a) Charge separation
ii. Why do they need to be calibrated?
iii. Sources of error in pH measurements
f. General operation of other ion selective electrodes
g. Understand the method of standard addition
i. Corrects for complex matrix
ii. Intercept yields unknown concentration
iii. Don’t need to memorize equation
Redox Titrations (Chapter 16)
Main Goals:
B. Understanding the Details of a Redox Titration Curve: 
a. Redox reaction that goes to completion

i. One component oxidized the other reduced

b. Titration Only Depends on Ratio of reactants

i. Independent of concentration or volume

c. Follow voltage change as a function of titrant 
i. Voltage change related to half-reaction compared to reference electrode
d. Three regions to titration curve:
i. Before, after and at equivalence point

e. Before equivalence point
i. Voltage change caused by change in analyte product/reactant concentrations
a) Potential measured by indicator electrode

ii. Residual amount of titrant is an unknown 

iii. Follows Nernst Equation:
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a)   Remember always write the equation as a reduction
iv. Observed potential is relative to reference electrode
a) 
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v. Special titration point when V = ½Ve
a) Observed potential is related to standard potential (Eo) of analyte.

1. remember to account for the potential of the reference electrode

b) analogous to acid-base titration when pH=pKa

vi. Special titration point when V = 0

a) Voltage can not be calculated

b) Concentration of analyte product is unknown
c) Voltage can never be lower than current needed to reduce solvent.

f. At the equivalence point

i. Both ½ reactions are in equilibrium

ii. [titrant product] = [analyte product] 

iii. [titrant reactant] = [analyte product]

iv. Equivalence-point voltage independent of the concentrations and volumes of the reactants
v. Equivalence point voltage is the sum of the two ½ reactions standard potentials (Eo) relative to the reference potential
g. After equivalence point

i. Voltage change caused by change in titrant product/reactant concentrations

a) Simply opposite of the process before the equivalence point

b) Potential measured by indicator electrode

ii. Residual amount of analyte is an unknown 

iii. Follows Nernst Equation:
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a)   Remember always write the equation as a reduction
iv. Observed potential is relative to reference electrode
a) 
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v. Special titration point when V =2Ve
a) Observed potential is related to standard potential (Eo) of titrant.

1. similar to situation when V= ½Ve
2. remember to account for the potential of the reference electrode

b) analogous to acid-base titration when pH=pKa

C. Asymmetric Titration Curve
a. Occurs when reaction stoichiometry is not 1:1

b. Equivalence point is not center of steepest part of titration curve

D. Redox Indicator

a. Chemical that changes color when it goes from oxidized to reduced form

b. Similar to pH indicator

c. Titration range defined by:
i. 
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d. Know how to select a redox indicator

i. Remember to correct for reference electrode potential
E. Know that Redox Titrations may require preparation before the titration

a. Preoxidation or prereduction to generate the necessary oxidation state of the analyte

b. Unlike other titrations discussed in the course 

F. Know desirable properties of Redox titrants

a. Strong oxidizing or reducing agent
b. Color change

c. Used over a range of pH

Fundamentals of Spectrophotometry (Chapter 18)

Main Goals:
G. Understand the application of colorimetry/spectrophotometry 
a. Used to measured concentration of an analyte
b. Used to determine the chemical structure of an unknown analyte
c. Used to explore the physical properties of an analyte

H. Understand the properties of light
a. Definitions: amplitude, wavelength, frequency, energy

b. Important equations:

i. E = h= hc/
ii.  = c/
c. Understand difference between absorbed and observed light
i. complimentary color

d. Understand difference between ground and excited state
i. What type of photons are absorbed?

I. Beer’s Law

a. Absorbed light depends on: cell path length, analyte concentration, molar absorpitivity

b. Important equation:

i. A = bc

ii.  depends on compound and wavelength

c. Definitions: transmittance and absorbance

d. Important equations:
i. T = P/P0
ii. A = -log(T)
e. How to use Beer’s Law to measure concentrations

i. Use wavelength with maxima 
ii. How to use with mixtures

a) Choice of wavelength?
iii. How to use calibration Curve
a) Po measured with blank

iv. Error’s associated with Beer’s Law

a) Limited to A between 0.1 to 1.5 
J. What is an Absorption Spectrum?

a. Different compounds have different spectrum

K. What Happens when a molecule absorbs light

a. UV/vis

i. Electron excited to higher energy molecular orbital

a) Electrons involved in bonds (single, double)

b)  – single,  - double, n – non-bonding electrons

ii. Most common transition requires a double bond

iii. Excited state ( change in structure

a) Single state – electron spins opposed

1. high probability

b) Triplet state electron spins are parallel 

1. low probability

b. IR and Microwave

i. Change in vibrational, translational and rotational state

a) Increase in oscillations rotations or movement

c. Understand relative energies:

i. Electronic >> vibrations > rotation

d. Understand excited states need to relax back to ground state
i. Multiple paths back to ground state

ii. Loss of energy as heat, light or collision with other molecules
iii. Each electronic state has multiple, vibrational and rotational states

a) Electronic states can overlap by their vibrational and rotational states

iv. Understand definitions:

a) Internal conversion, intersystem crossing

b) Fluorescence, phosphorescence

1. excitation spectra

2. emission spectra
Introduction to Analytical Separations (Chapter 23)

Main Goals:
L. Understand Analytical separations are used to purify a compound before further analysis
M. Understand the application of extractions
a. Understand the definition of partition coefficient 
b. Solute separated by different solubility in immiscible liquids

c. Extraction Efficiency
i. 
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fraction remaining
ii. p = 1 – q fraction extracted
d. understand the effect of pH on extractions
i. 
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N. Understand the application of chromatography
a. Definitions: stationary phase, mobile phase support
b. Solute are separated by different interaction between stationary phase and mobile phase
c. Understand what a chromatogram is
i. Understand what retention time (tr) is:

ii. Understand terms related to retention time

a) adjusted retention time: 
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b) relative retention: 
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c) capacity factor: 
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1. capacity factor is directly proportional to  partition coefficient
iii. Understand factors that contribute to the efficiency of separation
a) Peak widths and peak retentions
b) Definition of resolution: 
[image: image12.wmf]2

1

2

1

2

/

)

w

w

(

)

t

t

(

R

b

b

r

r

s

+

-

=


1. what is required for complete (Rs) ≥ 1.5 and adequate (Rs) ≥ 1.0 separation.
iv. How to Measure Column Efficiency
a) Number of theoretical plates  (N):
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1.   increase N ( better separation
b) Height Equivalent of a Theoretical plate (H): H=L/N
1. increase L better separation
2. Increase H better separation
3. know experimental factors that effect efficiency
i. flow-rate, size of support, diffusion of solute, sample injection
ii. longitudinal diffusion
iii. finite equilibration
iv. multiple flow paths
v. van Deemter equation
Gas Chromatography (Chapter 24)

Main Goals:
O. Understanding how Gas chromatography works
a. How it differs from liquid chromatography
i. Mobile phase is a gas
ii. No interaction with mobile phase
iii. Separation based on volatility and interaction with stationary phase
b. How to improve column efficiency
i. Temperature programming
ii. Pressure programming
c. Instrumentation
i. Difference between open tubular and packed columns
ii. Types of columns
a) “like dissolves like”
iii. Types of carrier gas
iv. Different types of injections
a) Understand the differences between:
1. sandwich, split, splitless, and on-column
v. Different types of detectors
a) Understand the difference between:
1. thermal conductivity detector
2. flame ionization detector
3. electron capture detector
4. mass spectrometry
vi. Different ways to prepare a sample
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