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pH in the Oceans
Why does it matter? 
Organisms (humans as well), rely on a 

narrow range of pH to control physiological 
processes.  

The humans maintain blood pH to regulate 
the carbon dioxide levels. When the pH of 
the blood changes, then the body 
accumulates too much carbon dioxide. 

Some marine animals, like crustaceans and 
fish, also regulate their internal pH to 
maintain daily life processes, including 
calcification.  



pH in the Oceans

However, many invertebrates are not able to 
regulate their pH very well and therefore 
seawater pH plays a major role in their survival. 

The oceans are acidifying due to increased 
carbon dioxide.  

Why does it matter? 



I. Properties of Acids and Bases

A. Properties of Acids

1. Taste sour (vinegar)

2. Cause dyes (like litmus 

paper) to change color

3. React with 

metals to produce 

H2 gas



Acids React with Metals



I. Properties of Acids and Bases

A. Properties of Acids

4. Acids react with the 

carbonate ion, CO3
2- to 

form carbon dioxide 

gas, water, and another 

compound.

5. Acid solutions 

conduct electricity



Acid and Base Solutions Conduct



I. Properties of Acids and Bases

B. Properties of Bases

1. Taste bitter

2. Feels slippery or 

soapy

3. Cause dyes (like litmus paper) to 

change color

4. Base solutions conduct electricity



II. Arrhenius Model of Acids and Bases

A. Arrhenius acid - any compound that 

contains H+ (hydrogen ions) and ionizes 

to produce H+ in an aqueous solution. 

HCl (g)    H 1+ (aq)   +   Cl1- (aq)



A.Arrhenius acid

(Remember H+ forms H3O
+ in solution)

HCl (g)    H1+ (aq)   +   Cl1- (aq)

(H3O
+ produced by all acids in solution, 

only positive ion)





B. Arrhenius base - any compound that 
contains OH - (hydroxide ions) and 
dissociates to produce OH - in aqueous 
solution.

KOH (s)   K+(aq)     +     OH- (aq)

OH- only negative ion



III. Bronsted – Lowry Acids and Bases

A. Acid - a substance that can 

lose or donate a proton 

(hydrogen ion) to another 

substance in a chemical 

reaction. Proton donor



II. Bronsted – Lowry Acids and Bases

B. Base - any substance that can accept
a proton from another substance. 

Proton acceptor

HCl (s) +  NH3  NH4Cl 

(hydrogen chloride)  (Ammonia) (Ammonium 

Chloride)

Acid Base

Proton (H+) 

exchanges 

places

Proton 

(H+) 

donate

Proton 

(H+) 

acceptor



Arrehenius thought if it was not dissolved 
in water it's not an acid or base

NH3 +      H2O     NH4
1+ +     OH1-

base

Proton 

(H+) 

acceptor

acid

Proton 

(H+) 

donor

acid

Proton 

(H+) 

donor

base

Proton 

(H+) 

acceptor



Water can behave as either an acid or 

a base.

Amphoteric substances can behave as 

acids and bases.



IV. Conjugate Acid-Base Pairs

1. the acid on either side of the 

equation loses protons to become the 

base on the other side

2. the base on either side gains 

protons to become the acid on the 

other side



IV. Conjugate Acid-Base Pairs

3. these acid-base pairs are called 

conjugate acid-base pairs



HCl +      H2O     H3O+ +     Cl-

Acid

Base

Conjugate 

Acid

Conjugate 

Base





IV. Conjugate Acid-Base Pairs

4. If an acid is strong, the conjugate 

base is weak, if a base is strong, the 

conjugate acid is weak



V. Types of Acids and Bases 

Acids such as acetic acid, HC2H3O2, and 
hydrochloric acid, HCl, are called 
monoprotic acids.

Monoprotic acids contain only one 
acidic hydrogen.



V. Types of Acids and Bases 

B. Polyprotic – more than one hydrogen



V. Types of Acids and Bases 

C. Anhydrides – Oxides that become 
acids or bases by adding the elements 
contained in water.

Nonmetallic elements (C, S, N) produce 
acids and metallic elements (Ca, Mg) 
usually form basic solutions.

CO2(g) +   H2O(l)  H2CO3(aq)

CaO(s) +   H2O(l)  Ca2+
(aq) + OH-

(l)



Anhydrides

In both these reactions water is the 
active reactant



VI. Acids Ionization Constants 

A. Strong Bases

Sodium hydroxide, NaOH, is a strong base
because when NaOH dissolves in water, all 
NaOH formula units dissociate into separate 
sodium and hydroxide ions.

The dissociation of the base is complete.

NaOH (s)   Na+ (aq) + OH-(aq)



VI. Acids Dissociation Constants 

B. Strong Acids

HCl is a strong acid because no HCl 
molecules are in a water solution of HCl.

Because of the strong attraction between the 
water molecules and HCl molecules, every 
HCl molecule ionizes.

HCl(aq)   H+(aq) + Cl-(aq)



VI. Acids Ionization Constants 

C. Weak Acids

Acetic acid, HC2H3O2, is a good example of a 
weak acid. The molecular structure of a weak 
acid determines the extent to which the acid 
ionizes in water. A solution of weak acid 
contains a mixture of un-ionized acid 
molecules, hydronium ions, and the 
corresponding negative ions.

HC2H3O2  H+ + C2H3O2
-







D. Ionization Constants For Acids 
and Bases
1. If an equilibrium exists between the 

molecules of an acid and its ions, you 

can derive an acid-dissociation or Ka

value for it.

2. There is a relationship between 

conductivity and the degree of 

ionization at equilibrium



D. Ionization Constants For Acids and 
Bases

HC2H3O2 H+ + C2H3O2
-

Ka = [C2H3O2
-]  [H+]

[HC2H3O2]

Ka = acid-dissociation constant



3. Ka for HC2H3O2 is 1.75x10-5, ionization 

is small, so lots of  molecules and few 

ions, poor conductor, and a weak acid.

4. Ka for the strong acids are very 

large, 100% dissociation HCl,. HNO3, 

H2SO4, HBr, HClO4, HI



Example #1, Strong Acid:  1.0 g of 

pure H2SO4 is diluted to make 1.0 L of 

solution. What is the molar 

concentration of H+ in the solution?



Example #2 Weak Acid:  If 0.015 

moles acetic acid is diluted with water 

to make 1.0 L of solution. What is the 

molar concentration of H+ in the 

solution? Ka = 1.8x10-5



VII. Dissociation Constant for Water (kw) 
1. even though water is a molecular substance, it 

contains a few H+ and OH-.

2. Water molecules collide :

H2O  + H2O H3O
+ +    OH-

easier to write as: H2O H+ +    OH-

Keq = [H+] [OH-]

[H2O]    

(constant, k)



G. Dissociation Constant for Water (kw) (pg. 505)

In pure water the concentration of water 

molecules is constant at constant temperature, 

so [H2O] = K

K x Keq   =   [H+]  [OH-]



G. Dissociation Constant for Water (kw) (pg. 505)

ion product of water = Kw

Kw = [H+] [OH-]

Kw = [1.0x10-7]  [1.0x10-7]   (at 25C)

Kw = [1.0x10-14]



G. Dissociation Constant for Water (kw) (pg. 505)

if increase  [H+], what happens to  [OH-]?

Suppose  [OH-] rises to 1.0x10-5, what will the  

[H+] be?

Kw = [H+] [OH-]

=  [H+]

[H+]  =

1.0x10-14
1.0x10-5

1.0x10-9



VI. pH scale and pH values (pgs. 499-503)
What do we know about the pH scale?

pH is a mathematical scale in which the 

concentration of hydronium ions in a 

solution is expressed as a number from 

0 to 14.

A scale of 0 to 14 is much easier to work 
with than a range from 1 to 10–14 (100 
to 10–14).



VI. pH scale and pH values (pgs. 499-503)
What do we know about the pH scale?

The pH scale is a convenient way to 

describe the concentration of hydronium 

ions in acidic solutions, as well as the 

hydroxide ions in basic solutions.

Think about the pH numbers 0 to 14 and 
the hydronium ion concentration range.

Notice that the pH value is the negative 
of the exponent of the hydronium ion 
concentration.



VI. pH scale and pH values (pgs. 499-503)
What do we know about the pH scale?

For example, a solution with a hydronium 

ion concentration of 10–11M has a pH of 

11.

A solution with a pH of 4 has a 
hydronium ion concentration of 10–4M.

A solution with a pH of 4 has a 
hydronium ion concentration of 10–4M.



VI. pH scale and pH values (pgs. 499-503)
Measuring pH

pH is convenient 
because there are 
simple methods for 
measuring it in the 
lab or in the field.

Indicators register different colors at 
different pHs.



VI. pH scale and pH values (pgs. 499-503)
Measuring pH



VI. pH scale and pH values (pgs. 499-503)
Measuring pH

pH meters are 
instruments that 
measure the exact 
pH of a solution.

pH of 7 is neutral. A pH less than 7 is 
acidic, and a pH greater than 7 is basic.

As the pH drops from 7, the solution 
becomes more acidic. 



VI. pH scale and pH values (pgs. 499-503)
Interpreting the pH scale

As pH increases from 7, the solution 
becomes more basic.



VI. pH scale and pH values (pgs. 499-503)
Interpreting the pH scale?

In a neutral solution, the concentration of 

hydroxide ions and the concentration of 

hydronium ions are equal.





1. pH is the negative logarithm (to the base 10) of 

the [H3O
+] of an aqueous solution; used to 

express acidity

pH = -log [H3O
+]

example: if [H3O
+] is 1.0x10-3, then pH 

is?   
need calculator lessons?

(-) log 1.0x10-3 = 3



example: if pH is 6.2, then what is [H3O
+]?

pH = -log [H3O
+]

2nd log (-) 6.2 = 6.3x10-7



2. pOH - If [OH-] is 1.0x10-11, 

what is the pOH?

if pOH is                      What is pH?  

pH  + pOH = 14

pOH -Log=

= 1.0x10-11

[OH-1]

pOH -Log

11

pOH =



2. pOH - If [OH-] is 1.0x10-11, 

what is the pOH?

if pOH is                         , what is pH?  

pH  + pOH = 14

H+ OH-1 = 1.0x10-14

H+ = 1.0x10-14

1.0x10-11

H+ = 1.0x10-3



2. pOH - If [OH-] is 1.0x10-11, 

what is the pOH?

if pOH is , what is pH?  

? + = 1411

pH = 3

pH  + pOH = 14



IX. Neutralization

The reaction of an acid and a base is 

called a neutralization reaction.



IX. Neutralization

Consider the following neutralization 

reaction.



IX. Neutralization

Hydrochloric acid, HCl, is a common 
household and laboratory acid.

Muriatic acid is the common household 
name of hydrochloric acid.



A solution of hydrochloric acid, HCl, is 
added to exactly the amount of a solution 
of basic sodium hydroxide, NaOH, that 
will react with it.



The general process of determining the 
molarity of an acid or a base through the 
use of an acid-base reaction is called an 
acid-base titration.



The known reactant molarity is used to find 
the unknown molarity of the other solution.

Solutions of known molarity that are used in 
this fashion are called standard solutions.

In a titration, the molarity of one of the 
reactants, acid or base, is known, but the 
other is unknown.

You know that NaOH and HCl react 
completely.



You know the concentration of the NaOH 
solution, so it is your standard solution. 

You can use the reaction, the volumes of 
acid and base used, plus the molarity of 
the base to determine the molarity of the 
unlabeled HCl.



Using a buret   using a buret

http://www.dartmouth.edu/~chemlab/techniques/buret.html


A buffer is a solution that resists 

changes in pH when moderate 

amounts of acids or bases are added.



The End


