CHEM 116 
EXAM I Review
Spring 2009

Remember: While all the information listed here is equally important, it is not possible to test you on all this material for the exam. But, the course material that is not included on exam I will have a higher likelihood of appearing on the final exam.

Measurement (Chapters 0-1)
Main Goals:
A. Understanding Proper Lab Notebook techniques:  

a. What information should be included?

i. All reactions, data, measurements, graphs, and results
ii. State what was done and observed in a clear, readable and organized approach 
B. How to read a buret?
a. What is the meniscus?

b. Accuracy of the reading
c. Problem with bubbles
C. Basic understanding of analytical chemistry

a. Difference between qualitative and quantitative analysis

b. Difference between wet chemical methods and instrumental methods

D. Understand the analytical process

a. Formulating the question

b. Selecting the analytical procedures

i. Uncertainty, limit of detection, destroy or preserve sample

c. Sampling

i. What compounds is to be analyzed

d. Sample preparation

i. Convert sample into form suitable for analysis

e. Analysis

i. Replicate measurement

ii. Calibration curve

f. Report and interpretation of results

g. conclusions 

E. Units and Concentrations

a. Definitions of units of measure 

i. SI units (liter, meter, kilogram, etc)\

ii. Prefix for fractions or multiples (kilo, milli, micro, etc)

b. Definition of molarity (M)
c. Definition of Percent Composition

i. Weight percent, volume percent, weight-volume percent

a) Parts per million (ppm), ppb and ppt

d. Dilution of a solution

i. M1V1 = M2V2
Tools (Chapters 2-3)

Main Goals:
F. Understanding how to use basic lab equipment:  

a. Lab notebook
i. Legal document
b. How a balance operates
i. How to weigh by difference

ii. How to weigh using tarring

iii. What are the sources of error?

a) Contamination

b) Vibrations

c) Temperature

d) Buoyancy

iv. How to correct for buoyancy errors
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b) How density of air changes with temperature and pressure

1. How these effect the measured mass?

c. How to use a buret

i. Deliver multiple aliquots of liquid

ii. Read meniscus at the same eye level

a) Estimate reading to 1/10 of a division

Error (Chapter 3)

Main Goals:
G. Understand that error is associated with every measurement:

a. Except simple counting
H. Understand how to use significant figures
a. Minimum number of digits to properly represent the accuracy of the measurement
i. Use scientific notations
ii. Understand when a zero is significant
iii. Last digit is the only number with uncertainty
b. Know how to add, subtract, multiple and divide with significant figures
i. Know how to round-off the number
c. Know how to handle logarithms and antilogarithims
I. Understand the basic rules of graphing data

J. Understand the difference between systematic and random error

K. Understand the difference between accuracy and precision

a. Understand the relationship between precision and random error

b. Understand the relationship between accuracy and systematic error

c. Understand how to describe error

i. Understand the difference between absolute uncertainty and relative uncertainty

ii. Understand how to propagate uncertainty during addition, subtraction, multiplication and division

Gravimetric Analysis (Chapter 27)
Main Goals:
L. Understand the technique of gravimetric analysis:
a. Amount of the analyte is determined by converting it into a solid that can easily be weighted
i. Filter, dry and weigh solid
ii. Calculate mass from mole map using chemical reaction to generate solid
a) Know how to use balanced equations

b. How does combustion analysis work?
i. Know how to convert the weighed mass into the mass, moles and weight percent of the analyte
c. Understand important issues related to Precipitation analysis

i. All the product should form an insoluble solid

a) Factors that effect solubility

1. temperature, solvent

2. solubility equilibrium constant (Ksp)

ii. form a pure, easily filtered solid

a) understand difference between pure crystal and colloidal suspension

b) understand the process of crystal growth

1. relationship between nucleation and particle growth to form desirable crystals

c) Understand problems with impurities

1. types of impurities

2. how to minimize impurities

i. Maximize crystal growth

ii. Digestion

iii. Masking agent

iv. Wash precipitate and re-dissolve

Statistics (Chapter 4)

Main Goals:
M. Understand how statistics are used to determine and analyze errors:

a. What is a Gaussian curve?

i. Understand relationship between mean, standard deviation and Gaussian curve

ii. Understand how to calculate the probability of the next result falling within a given range
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b) Relationship between z and area of Gaussian curve

iii. Understand how to represent the precision of an analytical measurement

a) 
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iv. Understand how to represent the precision of a mean using a confidence interval
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1. understand what a student’s t value is

2. know how to read a student’s t table

3. understand what degrees of freedom are

4. precision increases with the number of samples (n)

b) understand what confidence interval means:

b. Understand definition of average (mean)
i. 
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c. Understand definition of Standard Deviation:
i. 
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d. Understand definition of range and median
e. Understand how to compare two data sets

i. If two results used the same method
a) If calculated t is greater than the value in the Student’s t probability table, then the two results are significantly different at the given % confidence level.
1. 
[image: image7.wmf]2

1

2

1

2

1

n

n

n

n

s

x

x

t

pooled

calculated

+

-

=


2. 
[image: image8.wmf](

)

(

)

2

2

1

1

2

2

2

2

1

-

+

-

+

-

=

å

å

n

n

x

x

x

x

s

Set

Set

j

i

pooled


ii. If two methods of the same sample

a) If calculated t is greater than the value in the Student’s t probability table, then the two methods are significantly different at the given % confidence level.
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f. Understand how to use the Q Test

i. Exclude “bad” data

ii. 
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iii. Know how to read Q test table

iv. Reject if Q calculated is > Q table
Calibration Methods (Chapter 5)

Main Goals:
N. Understand how to obtain and use a calibration curve:

a. What is a Calibration curve?

i. How is it used for an unknown sample?
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ii. Desirable to be a straight line.

b. Understand the equation of a line

c. Understand the basics of how linear-least squares works to determine the best-fit straight line through experimental data points.

i. Understand the uncertainty for the best-fit line

ii. Understand how R2 is used to measure the goodness of the fit of the line

d. Understand the difference between linear range and dynamic range

i. Impact on measuring unknown analyte concentration

e. How to identify “bad” points.

O. Understand Limitations in Calibration Curve

a. Limited to linear range and and range of experimental data points
b. Know how to calculate:

i. Signal detection limit:
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ii. Corrected signal:
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iii. Detection limit:
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P. Understand the Standard Addition Protocol

a. How is it used to determine the quantity of an unknown
i. 
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Q. Understand how internal standards work

a. How is it used to determine the quantity of an unknown

i. Signal from unknown is compared to signal of known

ii. What is response factor (F)?

iii. 
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Chemical Equilibrium (Chapter 6)

Main Goals:
R. Understanding Basic principals of Chemical Equilibrium:  

a. What is equilibrium?

i. All equilibria must be satisfied

ii. Only a single concentration for each component regardless of the number of chemical equilibria

b. What is equilibrium constant?

i. What does the magnitude of the equilibrium constant say about a reaction?

ii. How to deal with pure solids, liquids and gases.

c. Manipulating equilibrium constants

i. Adding chemical reactions

ii. Inverting chemical reaction

d. Le Châtelier’s Principal and chemical equilibrium
i. Reaction quotient
ii. Impact of temperature
iii. Common ion effect
e. Types of chemical equilibrium

i. Solubility (Ksp)

ii. Complex formation (Kf)

iii. Acid-base

a) Definitions:

1. Lewis acid & base

2. Protic acid & base

3. Bronsted-Lowry acid & base

4. Salt

5. Conjugate acids and bases

6. Autoprotolysis

7. pH

8. pK

9. strong acid and bases

10. weak acid and bases

11. polyprotic acids and bases

f. Relationship between Ka, Kb and Kw
Titrations (Chapter 7)

Main Goals:
S. Understanding the Titration process:  

a. What are the basic steps and requirements in a volumetric titration?

i. Terms: titrant, analyte

b. What is the end-point?

i. How an end-point is measured

a) Spectrophometric

b) Electrode

c) Volhard

d) Fajans

c. What is the equivalence point?

d. What is the important difference between the end-point and equivalence point?

i. How is this difference corrected for?

a) Blank titration

b) Back titration

e. What is standardization of a titrant?

i. How does standardization differ from titration?

T. Understanding the titration curve:

a. What are the regions of the curve?

b. How to predict a titration curve from the equilibrium constant.

i. Using pX

c. Relationship between titration curve and equilibrium constant

d. Titration curve of mixtures

Activity (Chapter 8)

Main Goals:
U. Understanding the theory of activity:

a. What is ionic strength?

i. How is it calculated?

b. What is hydration?

i. What determines the size of the hydration sphere?

c. What is the ionic atmosphere?

i. How is this related to ionic strength?

d. How is activity related to hydration shell and ionic atmosphere?

e. How is activity related to ionic strength?

i. Relationship to common ion effect

f. How is activity related to concentration?

i. What is the effect on an equilibrium equation and constant?

g. How are activity coefficients calculated?

i. Limitations of Debye-Hϋckel Equation

ii. Relationship to hydration sphere and ionic atmosphere

V. Analyzing equilibrium reactions with activity coefficients

a. Interpreting activity coefficients from tables or Debye-Hϋckel Equation

b. Activity coefficients for:

i. Dilute solutions

ii. Pure solids, liquids and gases

iii. Very low ionic strength

iv. High ionic strength

c. pH and activity

d. using ionic strength and common ions

e. successive approximation

i. assume an activity coefficient to calculate ionic strength

ii. iterate calculates until values converge

W. Systematic Treatment of Equilibrium

a. Know how to deal with complex chemical equilibria

b. Know how to calculate a charge balance equation

c. Know how to calculate a mass balance equation

d. Know how to make assumptions to simplify calculations

i. Set activity coefficients to 1 to calculate ionic strength

ii. Set concentrations to zero for relatively low equilibrium constants

iii. Is the solution expected to be acidic or basic

iv. Check assumptions
EDTA Titrations (Chapter 12)

Main Goals:
X. Understanding the EDTA Titration process:  

a. What is a complexation titration?

i. Lewis acid-base titration

ii. What is a chelating agent?

b. What is a formation constant (Kf)?

i. High Kf values for EDTA titration

c. Important chemical features of EDTA

i. 7 different acid-base forms

ii. 6 different pK values

iii. The most basic form (Y4-) primarily reacts with metal ion

iv. The fractional composition () of Y4- is strongly pH dependent

v. EDTA binds tightly to multiple metal ions

a) Kf is modulated by pH
1. may need auxiliary complexing agents to prevent insoluble metal hydroxide formation
2. must bind metal ion weaker than EDTA
b) Kf decreases with increasing acidity
1. Y4- decreases with increasing acidity
d. Important features of an EDTA titration

i. Titration needs to be buffered to treat Y4- as a constant

ii. Relationship between Kf’ and Kf
iii. Relationship between formal EDTA concentration and Y4-
iv. EDTA complex formation equilibrium constant

e. Calculate EDTA titration curve

i. Reaction goes to completion

a) Large Kf
ii. Monitor pM = -log [M]

iii. Three regions

a) Before equivalence point, metal ion concentration decreases proportional to added EDTA

b) At equivalence point, free metal ion concentration is determined by Kf
c) After equivalence point, free metal ion concentration determined by excess EDTA

d) Account for dilution during titration

iv. Slope of titration curve depends on Kf
a) Larger Kf( larger slope ( easier identification of equivalence point
f. How to determine EDTA Endpoints

i. Ion-selective electrode

ii. Metal-ion indicator

a) How to choose an indicator?

1. pK vs. pH of titration

2. indicator needs to be unprotonated to bind metal ion

3. lower Kf relative to EDTA

b) change in color when it binds metal ion
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