Chemistry 123







Oregon State University

Worksheet 1 Notes






Dr. Richard Nafshun

1.
List "the" three strong acids.  Name them.  Draw the Lewis Structures for them.  Why are Ka values not provided for these acids?  Show the dissociation reactions for these acids.  Draw the Lewis Structures for the products of dissociation.  What is the definition of a strong acid?  Why are these strong?
HCl
hydrochloric acid → H+ + Cl-
HNO3 nitric acid → H+ + NO3-
H2SO4 → H+ + HSO4-
These strong acids dissociate 100%--they are strong acids.  Ka (the equilibrium constant) is an expression of products over reactants.  If the reactant dissociates 100%, the Ka does not "exist."

2.
Consider 1.0 M H2CO3 (aq).  Write the two dissociation steps for H2CO3 (aq).  What species are present in 1.0 M H2CO3 (aq)?


H2CO3 (aq) ↔ H+ (aq) + HCO3- (aq)


HCO3- (aq) ↔ H+ (aq) + CO32- (aq)


Present:
H2CO3 (aq), H+ (aq), HCO3- (aq), OH- (aq), H2O, CO32- (aq)
3.
Draw the Lewis Structure for CH4.  Is CH4 a strong acid?  Is CH4 a strong base?


CH4 is not a strong acid?  If it were to "kick out a proton," even in equilibrium:
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CH4 ↔ H+ + CH3-
CH3- would be produced.  This is called the methide ion and it is not stable.  It leaves a negative charge on the carbon atom, having only three bonds.


CH4 is not a strong base?  If it were to "accept a proton," even in equilibrium:

CH4 + H+ ↔ CH5+.  CH5+ would be produced.  Five bonds to carbon?  With only eight electrons in the system?

4.
Draw the Lewis Structure for NH3.  Is NH3 an acid?  Is NH3 a base?  Draw Lewis Structures of NH3 and products to support your answers.
Ammonia is a weak base.  The nitrogen atom has a lone-pair of electrons and can accept a proton.

:NH3 + H+ ↔ H:NH3+ (AKA NH4+, ammonium ion).

5.
Is CH3CH2CH2CH2CH2CH2COOH a weak acid?  Why?  Identify the acid proton.

CH3CH2CH2CH2CH2CH2COOH is a weak acid.  The molecule contains the –COOH group (carboxylic acid group).  The acid proton is this one:

CH3CH2CH2CH2CH2CH2COOH  It is bonded to oxygen and is near another oxygen atom.

6.
A student titrates 0.6831 grams of KHP (potassium hydrogen phthalate, C6H4(COOK)(COOH), MW=204.2 g/mol) to the equivalence point with 35.42 mL of NaOH (aq).  Determine the concentration of the NaOH solution.


At the equivalence point, moles of KHP = moles of NaOH


moles of KHP = grams KHP / molar mass KHP = 0.6831 g / 204.2 g/mol = 

3.345 x 10-3 moles


moles of NaOH = MNaOHVNaOH  = (MNaOH)(0.03542 L)


Solving for MNaOH, 


moles of KHP = moles of NaOH

3.345 x 10-3 moles = (MNaOH)(0.03542 L)

MNaOH = 0.09445 M

7.
Determine the [H+] of 0.75 M HCl (aq).

HCl → H+ + Cl-
(100% dissociation because HCl is a strong acid)


[H+] = 0.75 M

8.
Determine the [H+] of 0.75 M CH2ClCOOH (aq) (see text for Ka value).  Draw the Lewis Structures for all species.  ID the acid, base, conjugate acid, and conjugate base.  Explain the difference in [H+] you determined for 0.75 M HCl (aq) and 0.75 M CH2ClCOOH (aq).


CH2ClCOOH (aq) ↔ H+ (aq) + CH2ClCOO- (aq)


or, if you prefer H3O+


CH2ClCOOH (aq) + H2O (l) ↔ H3O+ (aq) + CH2ClCOO- (aq)
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Ka = 1.4 x 10-3 = x2/(0.75- x)


x = [H+] = 0.0324


Recall [H+] = 0.75 M for 0.75 M HCl.


Note the pH of this solution can easily be determined:


pH = -log [H+] = -log (0.0324) = 1.49

9.
Write the reaction for water and ammonia.  Write the reaction for acetic acid and potassium hydroxide.  Write the reaction for nitric acid and ammonia.  Write the reaction for KHP and sodium hydroxide.  For each of the previous reactions, identify the acid, base, conjugate acid, and conjugate base.


H2O + NH3 ↔ OH- + NH4+

A
B
 CB
CA

(A = Acid, B = Base, CB = Conjugate Base, CA = Conjugate Acid)


HNO3 + H2O ↔ NO3- + H3O+

A
     B
    CB
     CA


C6H5(COOK)(COOH) + NaOH → C6H5(COOK)(COONa) + H2O

A
     
        B

    
CB  

   CA

10.
A student titrates 25.00 mL of HCl (aq) with 35.22 mL of 0.09227 M NaOH (aq) to reach the equivalence point.  Determine the concentration of HCl (aq).


HCl + NaOH → NaCl + H2O


At the equivalence point the moles of HCl equal the moles of NaOH:


MHClVHCl = MNaOHVNaOH

(MHCl)(0.0250 L) = (0.09227 M)(0.03522 L)


MHCl = 0.1300 M







