Unit 2

[bookmark: _Hlk493669495]Quantitative Analysis: Nuts and Bolts

The second unit of this course is built on the foundations of equilibrium. Which will be utilized in titrations, gravimetric, and combustion analysis techniques to quantify an analyte. We must remember that this builds off of the quality controls, statistics, and error minimization from unit one.

By the end of this students should be able to:
1. Understand the different forms of quantification techniques presented, including multiple titrations, gravimetric analysis, and combustion analysis.
2. Perform calculation on all of the aforementioned methods to determine the quantity of an analyte.
3. Perform all of the quality control and statistical analysis of the presented methods to determine their absolute and relative quality.

Equilibrium Review
Reading: Chapter 1 (section 5), Exploring Chemical Analysis 5th ed., D. Harris 
Memorize the table 8-1 of common strong acids and bases in your, book  
Equilibrium Constant


· How do you define equilibrium?


· What does K tell us?


· What is excluded from the K expression? 


STOP
· Consider the reaction above. Assume that the value of the equilibrium constant is very large.
a. Which species predominate at equilibrium, reactants or products?

b. Which reaction has the larger rate constant, the forward or the reverse?


STOP
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Titration Basics
Reading: Chapter 6 (sections 1-3), Exploring Chemical Analysis 5th ed., D. Harris 
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Discuss as a group the following questions
· When is the solution clear?


· When does the solution turn purple?


· What error does this introduce? 


· State in your own words the diff b/t equivalence point and end point.



STOP
[image: ]
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· Think back to when you took general chemistry and you learned how to perform an acid base titration. As a group write out the basic steps to determine the concentration of a weak acid from a titration with a weak base.









STOP
Generic Approach to Quantitative Analysis
1.   
2.   
3.    
4.    
*Our known must really be known, how do we get that?


· In the previous unit we learned about primary standards for use in calibration curves, standard addition curves, and internals standards. Can your group think of a way to use a standard to standardize your titrant?



STOP
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· Standard oxalate was made by dissolving 3.514g of Na2C2O4 (FM 134.00) in 1.000 L of 1 M H2SO4. A 25.00 mL aliquot required 24.44 mL of KMnO4 for titration, and a blank required 0.03 mL of KMnO4. Find the molarity of KMnO4 so it can then be used as a titrant.
5C2O42- + 2MnO4- +16H+ →10CO2+2Mn2++8H2O










STOP
· A 20.00 mL aliquot of unknown oxalic acid solution required 17.81 mL of 0.01131 M KMnO4 solution to reach the purple end point. A blank titration of 10 mL of similar solution containing no oxalic acid required 0.02 mL to exhibit detectable color. What is the concentration of the oxalic acid unknown? 







STOP
Solubility Product and Common Ion Effect
Reading: Chapter 6 (sections 4-6), Exploring Chemical Analysis 5th ed., D. Harris 

· As a group decided how would you explain solubility product (Ksp).



STOP
· What is the concentration of Pb2+ in a saturated PbI2 solution if you know the Ksp=7.9×10‑9?







· What is the concentration of I- in the same PbI2 solution?









STOP


· Which way would the previous reaction for the solubility of PbI2 go if you tried to dissolve PbI2 in a solution NaI? Why?






STOP
· Instead of just dissolving PbI2(s) in H2O lets dissolve it in the presence of 0.0300 M NaI(s) which dissociates completely. What is the concentration of Pb2+ in solution? *note sometimes we need to make approximations to neglect small contributors to the value so we can solve eqn. 















STOP


· If I add Ag+ to a mixture of I- and Cl- which should precipitate first? ie. Which salt favors solid formation?
Ag++I-→AgI(s)  Ksp=8.3⨯10-17
Ag++Cl-→AgCl(s) Ksp=1.8⨯10-10







STOP
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· In the titration curve above (Fig 6-5) 40.00 mL of unknown solution containing I- and Cl- were titrated with 0.0915 M Ag+. What is the concentration of both ions?












STOP
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Equivalence vs. End Point
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 To account for the difference b/t equivalence
and end point we can measure a blank
titration.
— The volume required to produce the same

noticeable change w/o the presence of the
analyte is subtracted from subsequent titrations.
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Standards and Standardization

* The key to being able to relate titrant to analyte is
in knowing the concentration of the titrant

— Done via primary standard

* ie. Na,C0O;, can be made pure enough that weighing it out
gives an exact mass that when made in soln. only includes
random error

* Does not decompose and must be stable when dried
— Titrant is standardized via a primary standard and

then the known concentration of the titrant can be
used in the future.
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Titration of a mixture
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Volhard Titration

* A back titration including Ag* to determine
[CI]
Ag* + CI™ — AgCl) + excess Ag™

Fixed amount

Ag* + SCN™ — AgSCN() + excess SCN™

Fixed amount

SCN~ + Fe3* — FeSCN?~
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Types of Titrations

Direct Titration (1 step)
Analyte + Titrant ->Product

Back Titration (at least 2 steps)
Analyte + Reagent 1->Product+ Excess Reagent 1

Excess Reagent 1+ Reagent 2->Product

Gravimetric Titration
* Titrant measured by mass
Concentration given as (moles reagent)/(kg of soln.)
* Why would we use this type of titration?





