
1

Successive Approxs -Complete Example
• For the reaction below, at equilibrium with the concentrations shown. If  [CO] 

is changed to 0.30, what will all of the concentrations be once equilibrium is 
reestablished?
2CO + 2NO=>2CO2 + N2
Equilbrium Concentrations:
CO:0.20M
NO:0.35 M
CO2:0.40M
N2:0.15M

• K=4.90
• Reaction will run L to R (reagent was added)
• (.40+2x)2*(.15+x)/(.30-2x)2*(.35-2x)2 0<x<.15; Q is an increasing  

function of x. As x increases, so does Q.
• x=0.08  Q=101  Q is too large; x is too large
• x=0.04  Q=12.4 better, still too large
• x=0.020  Q= 5.07 clearly the problem has been solved-3 iterations all 

½ interval

A Quick Review of the basics of acid/bases

• Refer to sec 4.2(p. 130) and 4.8 (p. 149) 
• Arrhenius

– Acid: produces an acidic aqueous solution: [H+]>[OH-] 
via hydrolysis  HA + H 2O ó A- + H3O+

– Base: produces a basic aqueous solution: [H+]<[OH-] 
via hydrolysis  B  +  H 2O ó BH+ +  OH- ( this is not 
quite correct for soluble salts of hydroxide-why?)

• Bronsted-Lowry
– Acid: proton, H+, donor-note it is a cation which is 

donated
– Base: proton , H+, acceptor
– Proton transfer HA  + B  ó A- + BH + , Again, H + was 

transferred. The following is incorrect: 
• HA  + B  óA + BH

– Conjugate pairs   HA and A - B and BH +-two species 
related by a proton.

Identifying Acids and Bases
• You are responsible for knowing the common strong acds: HCl, HBr, HI, 

HNO3, HClO4 and H2SO4. The common strong bases are KOH and NaOH. 
There are other strong acids and bases known.

• Neutrals-the conjugate bases of the strong, monoprotic acids are neutral. Ex: 
NO3

-. What are the other neutrals. How might they be “presented?”
• Other conjugates: all other conjugates( of the weak species) are weak
• The formula of a chemical compound is usually presented in a fashion that 

indicates whether the compound has acid/base character. Proper identification 
is the crucial first step in analyzing acid/ base systems. You should look for the 
following
– Is there a leading H? In most cases that hydrogen is acidic. Ex: HNO2.
– Does the compound end in CO2H? This is a carboxylic acid- the most common 

weak acid type. Ex: CH3CO2H. Unfortunately there is some inconsistency here. 
Many authors are writing these as   HRCO2 or something similar.

– Does the compound end in NHx (x=0,1,2,3). These are nitrogen bases, the most 
common type of weak bases. NH3, CH3NH2, (CH3)2NH, (CH3)3 N

– Ions- generally anions will be bases and cations will be acids as they are often 
formed by the loss (anions) and gain (cations) of H+. That is the question you need 
to ask-can this ion be viewed as having been formed by the loss or gain of a 
proton? ClO3

- (weak base);  C5H5NH +(weak acid)
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Presenting Hydrolysis Reactions

• Acid/base hydrolysis reactions will generally 
involve the exchange of a proton between a solute 
and a water molecule. Water may be either the 
acid or the base. 

• A “generic” reaction looks something like this
– HA(B) + H 2O óA-(HB+) + H 3O+(OH-)
– Make note of the charges. An H+ is being transferred.
– Also, these are reversible so can be written in the 

reverse of what’s above. The reverse, however, is not 
hydrolysis.

• Write hydrolysis reactions for the following: HBr, 
CH3NH2, F-, C2H5CO2H, (CH3)3NH+

Presenting proton transfer reactions

• The key to the BL definition of acids and bases is 
the proton transfer reaction. Whether a species 
donates or accepts a proton determines its 
acid/base categorization.

• The generic proton transfer reaction:
HA + B  ó A- +HB+

• Proton transfer reactions have far more  variety 
possible than hydrolysis. Each of the following is 
a proton transfer reaction. 
– NH3 + HCl ó NH4

+ + Cl –

– HS- + NO2
-ó S 2- + HNO2

– CH3CO2H  SO 4
2-ó CH3CO2

- + HSO 4
-

– NH4
+ + HCO 2

-ó NH3 + HCO 2H

More on Proton Transfer

Complete the following proton transfer reactions. 
Identify the acid and the base in each.

_________ + __________=>NO3
-+C2H5NH3

+

_________+C6H5NH2=>Br-+ __________
HCN+________=>________+C6H5NH3

+

ClO3
-+C2H5NH3

+=> ________ + _________
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Aqueous Solutions of acids and bases
The initial discussions will all involve aqueous solutions. All acid/base 

properties have an implied “aqueous” in them. HCl is a strong 
“aqueous” acid.

Many substances are capable of being both an acid and a base -these are 
called amphoteric . 

Can an Arrhenius acid or base be amphoteric?
Any amphoteric substance, such as water, is capable of autoionization:

2H2O(l) óH3O+(aq)  +  OH- (aq)
This process has an equilibrium constant, Kw, with a value of 10-14 at room 

temperature
Kw=[H3O+] [OH -]= 10-14  - why no H2O(l) 

In pure water [H3O+]= [OH -]=10-7 M
Assume that a substance  which produces H+ is added to the water

What is the complete description of how the [H +] and [OH-] are 
affected? 

What basic principle of equilibrium is at work here

[H+],pH, etc
• The description of an aqueous solution of an acid (or base) 

begins with the proper identification of the species and 
ends with values being assigned to seven quantities. 
– [H+],[OH-],pH,pOH,[HA]or[B],[A-]or [BH+],% ionization
– This follows from general the hydrolysis reaction noted earlier.
– HA(B) + H2O óA-(HB+) + H3O+(OH-)

• A critical aspect of this is use of p terms, pH,pOH and 
sometimes pK. p X =-log X

• pH=-log[H+],pOH=-log[OH-] and pK=-logK
• Difficulties arise is this area largely because many students 

have not had any formal instruction in the meaning/use of 
base 10 logarithms. Thus, dependence on the calculator 
becomes extreme-often with poor results.

• Since we are dealing with aqueous solutions, where K w is 
the dominant factor
– [H3O+] [OH-]= 10-14

– pH +pOH=pKw=14

Simplifying pH, etc
Suppose you had an aqueous solution where [H+]=0.063. How would you 

determine [OH-], pH and pOH?
One method would be to do the following:

[OH-]=10-14/0.063 =1.6*10-13

pH=-log(0.062)=1.20
pOH=-log(1.6*10-13)=12.8

Likewise, if you were told that pOH=4.35, to get the other values you 
might
pH=14-4.35=9.65
[OH-]=10-4.35=4.5*10 -5

[H+]=10-14/4.5*10-5=2.2*10-10

The approaches noted above will certainly work, but the student needs to 
be aware of the large number of keystrokes required and how easy it is 
to introduce an error. 

There is an approach to these problems which minimizes the number of 
calculator operations as well as being faster and also having a number 
of internal checks.
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In sci notation, [H+]=CA*10-EA and [OH-]=CB*10-EB

If one eliminates the special cases of []s being greater than 1.00 and the 
coefficients of the concentrations (CA,CB) being=1, there are a number 
of very useful simplifications which can be applied to conversions 
between pH, pOH, etc

§ pH=OA.MA  pOH=OB.MB  [H+]=CA*10-EA [OH-]=CB*10-EB

§ OA + O B =13   EA + EB=15  MA + MB =1.00   CA * CB =10

§ OA = EA - 1  OB = EB – 1

§ MA = logCB CB = 10 MA

§ MB=logCA CA = 10MB

§ The critical check is that the lesser C has the larger M and thegreater 
C the lesser M

A Little Practice

5.45

6.7*10 -4

11.67

0.050

pOHpH[OH-][H+]


