
Capsaicin: C18H27NO3  !

Molecules with the 
same molecular 
formula can have very 
different tastes.!

Prosidol: C18H27NO3 bitter alkaloid (opiate analgesic)  !

Chemical stimuli and taste: 

 Generally, sugars are 
(sweet), amino acids 
(umami), sodium chloride 
and other  (salty), bases/
alkaloids (bitter) and acids 
(sour). !

The Mg2+ Ion is a Lewis Acid
 in the Chlorophyll Molecule;
 Fe2+ Ion is a Lewis Acid in

 normal Hemoglobin 
Simply put, Lewis Acids are represented best by 

cations: eg. H+, Mg2+, Fe2+; Lewis bases are 
represented best by anions & free electrons:     

eg. OH-, :NH3  !



http://chemconnections.org/general/movies/ConjugateAcidBaseActivity.swf!

A.  NH4
+ is an acid and H2O is its conjugate base."

B.  H2O is a base and NH3
 is its conjugate acid."

C.  NH4
+ is an acid and H3O+ is its conjugate base."

D.  H2O is a base and H3O+ is its conjugate acid."
E.  NH4

+ is a base and H2O is its conjugate acid."

In the following equilibrium reaction, which 
statement is correct?  

NH4
+(aq) + H2O(l) D NH3(aq) + H3O+(aq) 

“Conjugate Side”!

H2O(l)	  +	  	  energy	  D	  	  	  H2O(g)	  	  

TIME!
(100 oC)!

TIME!

EQUILIBRIUM!

Water itself is neutral  
It is both an Acid and a Base!

https://phet.colorado.edu/en/simulation/acid-base-solutions!

Water itself is neutral having very very low 
concentrations of ions @ equilibrium 

It is both an Acid and a Base: [H3O+] = [OH-]!



 Kw	  	  =	  1	  ×	  10-14	  at	  25°C	  
 Kw	  	  =	  [H3O+	  ][OH-] = [1	  ×	  10-7M][1	  ×	  10-7M]	  

NOTE: only concentrations [mol/L] are used in the calculation;  
liquids (l) and solids (s) are not included  !

It is amphoteric. (It can behave either as an acid or a base).!

1.0	  M	  HCl	  soluAon	  
K	  =	  [Products	  ][Reactants]	  

K	  =	  1.0	  ÷	  0	  =	  ∞	  (100%	  reacts)	  

1.0	  M	  HOAc	  (vinegar)	  soluAon	  
K	  =	  [Products	  ][Reactants] 	


K	  ≈	  10-‐5	  	  (<<<	  100%	  reacts)	  

CH3COOH	  +	  H2O	  	  D	  	  CH3COO-	  +	  H3O+	  

CH3COOH	  (“Weak	  Acid”)	  

HCl	  +	  H2O	  	  è	  	  Cl-	  +	  H3O+	  

HCl	  (“Strong	  Acid”)	  	  

unAl	  something	  is	  added	  

Reactants	  D	  Products	  

EXPERIMENT #1!
Amount! Amount!

TIME! Reactant! Product!
1! 100! 0!
2! 75! 25!
3! 59! 41!
4! 48! 42!
5! 41! 59!
6! 37! 63!
7! 34! 64!
8! 32! 68!
9! 31! 69!

10! 30! 70!
11! 29! 71!
12! 29! 71!
13! 29! 71!

(“Equilibrium	  Constant”)	  K	  =	  [Products	  ]/[Reactants] 	  

K	  =	  [71][29]	  
K	  =	  2.4 	  

For	  example	  weak	  acids	  

unAl	  something	  is	  added	  

Reactants	  D	  Products	  

EXPERIMENT #1!
Amount! Amount!

TIME! Reactant! Product!
1! 100! 0!
2! 75! 25!
3! 59! 41!
4! 48! 42!
5! 41! 59!
6! 37! 63!
7! 34! 64!
8! 32! 68!
9! 31! 69!

10! 30! 70!
11! 29! 71!
12! 29! 71!
13! 29! 71!

EXPERIMENT #2!
Amount! Amount!

TIME! Reactant! Product!
1! 0! 100!
2! 10! 90!
3! 16! 84!
4! 20! 80!
5! 22! 78!
6! 24! 76!
7! 25! 75!
8! 26! 74!
9! 27! 73!

10! 28! 72!
11! 29! 71!
12! 29! 71!
13! 29! 71!

(“Equilibrium	  Constant”)	  K	  =	  [Products	  ]/[Reactants] 	  

K	  =	  [71][29]	  
K	  =	  2.4 	  

K	  =	  [71][29]	  
K	  =	  2.4 	  

For	  example	  weak	  acids	  

unAl	  something	  is	  added	  

The	  US	  $	  is	  the	  current	  common	  global	  
currency	  

The	  cost	  of	  a	  McDonald’s	  Big	  Mac	  in	  	  	  US	  $,	  
country	  by	  country,	  provides	  a	  basis	  for	  the	  
relaAve	  global	  market	  equilibrium	  value	  of	  
the	  local	  currency	  

The	  “Big	  Mac	  Index”	  was	  introduced	  by	  the	  
Economist	  magazine	  in	  September	  1986	  by	  
Pam	  Woodall	  and	  is	  published	  annually	  

Currently,	  US	  $20	  would	  only	  buy	  3	  Big	  Macs	  
in	  Geneva,	  Switzerland,	  but	  9	  in	  Moscow,	  
Russia	  

Geneva	  D	  US	  D Moscow	  

Normalized	  to	  1	  Big	  Mac	  in	  US	  $!



http://www.economist.com/content/big-mac-index 

Reactants	  D	  Products	  

(“Equilibrium	  Constant”)	  K	  =	  [Products	  ]/[Reactants] 	  

Reactants	  D	  Products	  

EXPERIMENT #1!
Amount! Amount!

TIME! Reactant! Product!
1! 100! 0!
2! 75! 25!
3! 59! 41!
4! 48! 42!
5! 41! 59!
6! 37! 63!
7! 34! 64!
8! 32! 68!
9! 31! 69!

10! 30! 70!
11! 29! 71!
12! 29! 71!
13! 29! 71!

EXPERIMENT #2!
Amount! Amount!

TIME! Reactant! Product!
1! 0! 100!
2! 10! 90!
3! 16! 84!
4! 20! 80!
5! 22! 78!
6! 24! 76!
7! 25! 75!
8! 26! 74!
9! 27! 73!

10! 28! 72!
11! 29! 71!
12! 29! 71!
13! 29! 71!

(“Equilibrium	  Constant”)	  K	  =	  [Products	  ]/[Reactants] 	  

K	  =	  [71][29]	  
K	  =	  2.4 	  

K	  =	  [71][29]	  
K	  =	  2.4 	  

For	  example	  weak	  acids	  

CH3COOH	  +	  H2O	  	  D	  	  CH3COO-	  +	  H3O+	  

CH3COOH	  +	  H2O	  	  D	  	  CH3COO-	  +	  H3O+	  



Aniline, C6H5NH2, was isolated in the 1800s and began
 immediate use in the dye industry.  What is the formula of the
 conjugate acid of this base?	


A. 	
C6H5NH2
+	


B. 	
C6H5NH3
+	


C. 	
C6H5NH–	


D. 	
C6H5NH+ 	


http://chemconnections.org/general/movies/KwActivity.swf!



https://phet.colorado.edu/en/simulation/ph-scale-basics!

https://phet.colorado.edu/en/simulation/ph-scale!

http://www.chemconnections.org/general/chem108/Acids-Bases%20Guide.html!

The pH Values of Some
 Familiar  

 Aqueous Solutions  

[H3O+]	


[OH-]	


[OH-] = 	

KW	


[H3O+]	


 neutral	

solution	


 acidic	

solution	


  basic	

solution	


[H3O+]>	

     [OH-]	


[H3O+]<	

     [OH-]	


[H3O+] =	

     [OH-]	


   = -log [H3O+]!

In a solution of water at a particular temperature the [H+]
 may be 1.2 × 10–6 M. What is the [OH–] in the same
 solution?  Is the solution acidic, basic, or neutral?	


A. 	
1.2 × 10–20 M; acidic	

B. 	
1.2 × 10–20 M; basic	

C. 	
8.3 × 10–9 M; basic	

D. 	
8.3 × 10–9 M; acidic	


Kw = 1.00 × 10-14 = [H+] [OH-] = [H3O+] [OH-]!



pH Estimation!
http://chemconnections.org/general/movies/pHEstimation.swf!

pH = -log [H3O+]!

1.5 x 10 -2!

5.8 x 10 -2!

_._  x 10 -5!

_._  x 10 -7!

2 !

2 !

5 !

7

pH = -log [H3O+]!

http://chemconnections.org/general/movies/pHEstimation.swf!

2 (<2)!

2 (<2)!

5 (<5)!
7 (<7)!

1.5 x 10 -2!

5.8 x 10 -2!

_._  x 10 -5!

_._  x 10 -7!

 1.82!

 1.24!
 4.35!

 6.41!

An environmental chemist obtains a sample of rainwater near a
 large industrial city.  The [H+] was determined to be 3.5 × 10–6

 M.  What is the pH, pOH, and [OH–] of the solution?	


A. 	
pH = 5.46 ; pOH = 8.54; [OH–] = 7.0 × 10–6 M	

B. 	
pH = 5.46 ; pOH = 8.54; [OH–] = 2.9 × 10–9 M	

C. 	
pH = 12.56 ; pOH =1.44 ; [OH–] = 3.6 × 10–2 M 	

D. 	
pH = 8.54; pOH = 5.46; [OH–] = 2.9 × 10–9 M	


Kw = 1.00 × 10-14 = [H+] [OH-] = [H3O+] [OH-]!
pKw = 14.00 = pH + pOH!

pH = -log [H3O+] = -log [H+]!

The drainage water from the Iron Mountain Mine is the 
most acidic water on Earth; some samples collected in 
1990 and 1991 have been measured to have a pH value of 
-3.6, which is the lowest pH observed globally in a natural 
environment.!



http://chemconnections.org/general/movies/pHofSaltSolutions.swf!

The following salts were dissolved to form separate 0.10M
 solutions at the same temperature so that their concentrations
 were all equal.   Arrange them in order from lowest pH to
 highest pH.	


  NaCl;      NH4NO3;     Na(C2H3O2)	


A. 	
NaCl; 	
 	
NH4NO3;        	
Na(C2H3O2)	

B. 	
Na(C2H3O2); 	
NaCl; 	
 	
 	
NH4NO3        	

C. 	
NH4NO3; 	
 	
NaCl; 	
 	
 	
Na(C2H3O2)	

D. 	
NH4NO3;   	
Na(C2H3O2); 	
 	
NaCl 	
 	
	


Na(C2H3O2) = CH3COONa!

In the following equilibrium: 

HCO3
- (aq) + H2O (l) D H2CO3

 (aq) + OH- (aq)!

A) HCO3
- is an acid and H2CO3 is its conjugate base."

B) H2O is an acid and OH- is its conjugate base."
C) HCO3

- is an acid and OH- is its conjugate base."
D) H2O is an acid and H2CO3 is its conjugate base."
E) H2O is an acid and HCO3

- is its conjugate base."



hmp://chemconnecAons.org/general/chem121/Buffers/Buffers-‐Med-‐
Pres.htm	   hmp://chemconnecAons.org/general/chem121/Buffers/Buffers-‐CO2-‐

Oceans-‐2011.htm	  

CO3
-2! CO3

-2!

CO3
-2!

CO3
-2!

CO3
-2! CO3

-2!

HCO3
-1! HCO3

-1!HCO3
-1!

HCO3
-1!HCO3

-1!

Which is the buffer?!

One is bicarbonate!
 buffer to pH ≈ 8 - 9.!
     One is water plus 
sodium hydroxide,  
pH ≈ 8 - 9.!

Volunteers to  
experiment and find!
out which is which?!

acid!
conj. 
base!

HCO3
-1!

Energy	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Global	  Warming	  

Economy	  
(Jobs)	  

(Carbon)	  

(CO2)	  

(Carbon)	  

(CO2)	  

hmps://www.co2.earth/	  

Your	  Future?	  


