
WATER 
Reference: Nelson & Cox 
Lehninger: Principles of 

Biochemistry 5th ed (2008) Chap. 2 



OBJECTIVES -Water 
1. Recognize and interpret physical and 

chemical properties of water including: 
 a. Colligative properties 
 b. Dielectric constant 
 c. Viscosity and surface tension 
 d. Types of bonds 
  i.  Covalent 
   ii. Hydrogen bond 
  iii. Electrostatic 
  iv. Van der Waals forces 

  e. Hydration properties and requirements  

2. Distinguish between states of water   
  a. Solid 
  b. Liquid 
  c. Gas 
     

        



pH and Buffers 
 1. Define and interpret pH 

 a. Calculate pH given hyrogen ion conc 
 b. Calculate hydrogen ion conc given pH 
 c. Draw a titration curve of a strong acid 

        with a strong base 
 d. Draw a titration curve of a weak acid 

         with a strong base 
  2. Recognize normal and abnormal pH 

values 
 a. under various physiological activities 
 b. during states of health and disease 
  i. Tooth decay 



pH and Buffers (contin) 
3.  Define and be able to interpret a 

titration curve in terms of pK’s and 
maximum and minimum buffering 
power. 

4.  Distinguish between a weak and a 
strong acid and be able to calculate pH 
values of buffering systems using the 
Henderson –Hasselbach equation. 

5.  Explain and be able to calculate 
buffering capacity. 

 





Workers in cane fields, construction and other labor intensive jobs 
suffer repeated episodes of severe dehydration resulting in kidney 
failure  such as the patient in the picture above. 



 Water Requirement per Day 

Women =   91 oz        Ie  11   8 oz glasses 
Men      =  125 oz       Ie.  15   8 oz glasses 
 
But water comes from other beverages  
   ie, juice, milk, coffee, soft drinks etc 
   as well as foods – ie  fruits and vegetables 
 
Requirement depends on environment, genetics, 
physical activity level,   etc 
 
 





2% increase in body water can result in severe 
cerebral edema 



  
`Water intoxication' kills radio contestant  
  
Tried to consume as much as possible without urinating in bid for video 
game 
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SACRAMENTO, Calif.–A woman who competed in a radio station's contest 
to see how much water she could drink without going to the bathroom 
died of water intoxication, the coroner's office said Saturday. 

Jennifer Strange, 28, was found dead Friday in her suburban Rancho 
Cordova home hours after taking part in the "Hold Your Wee for a Wii" 
contest in which KDND 107.9 promised a Nintendo Wii video game 
system for the winner. 

"She said to one of our supervisors that she was on her way home and 
her head was hurting her real bad," said Laura Rios, one of Strange's co-
workers at Radiological Associates of Sacramento. "She was crying and 
that was the last that anyone had heard from her.'' 

Initially, contestants were handed eight-ounce bottles of water 
(equivalent to about 237 ml) to drink every 15 minutes. 

"They were small little half-pint bottles, so we thought it was going to be 
easy," said fellow contestant James Ybarra of Woodland. "They told us if 
you don't feel like you can do this, don't put your health at risk.'' 



Water as an Economic Factor 
While water in developed countries is abundant and cheap much 

of the world’s population has inadequate supply. A global 
water crisis may be THE major issue of the 21st Century. 

Per capita water consumption in the US is 69.3 gal/day: 
    Use         % Total Use                    Use            % Total Use 
   Toilets          26.7                       Clothes Washer       21.7 
   Showers       16.8                        Faucets                  15.7 
   Leaks           13.7                        Other Domestic        2.2 

   Baths             1.7                        Dishwashers            1.4 
Bottled water is also of major economic importance with spending 

of $21 billion for 8.4 billion gal by Americans in 2009-10. 
  

























COULOMB’S LAW 

F = Kq1q2 

  Dr2 

F = force between two electronic charges (q1q2) 

D = dielectric constant 

K = proportionality constant 

R = distance 



















Colligative Properties 
!   Vapor Pressure 
!   Boiling Point 
!   Melting (Freezing) Point 
!   Osmotic Pressure 

  Depending on the number of solute particles 
 (molecules or ions) in a given amount of solvent 
 expressed in Molal (m) units or   moles of solute 

 1000g solvent 

























Effect of increased global warming – Increased CO2 dissolved in 
oceans so pH decreases. Left: 400ppm CO2;  Right:2,850ppm CO2 
Lobsters get bigger but sea urchins get smaller       pH = 0.1 unit 



   This diet claims that foods with low 
 pH values such as  meat and dairy 
put stress on the body, causing wt 
gain  and inflammation   so we 
should consume alkaline -type foods 
such as  green vegetables to keep slim 
   In reality pH of digested foods is 
controlled by digestive enzymes.. 



Two Step Quick Estimate of pH for Strong Acids 

i.e.  HCl = 0.00035 M 

 

STEP 1:  PUT IN EXPONENTIAL FORM 

  H+ = 3.5 x 10-4 M 

 

STEP 2:  ESTIMATE pH:  SINCE HCl IS 100% DISSOCIATED 

  -log [H+] = -(-4 + log 3.5) = -(-4 + 0.54) = 3.46 

 

For weak acids use Henderson Hasselbach Equation 



Titration of Strong Acid 















Dissociation of Phosphoric Acid 
H3PO4 

 

pK1  2.2 

 

H2PO4
- + H+ 

 

pK2  7.21 

 

HPO4
-2 + H+ 

 

pK3  12.0 

 

PO4
-3 + H+ 



Titration Curve 





PREPARATION OF BUFFER SOLUTIONS 

EXAMPLE 
 Prepare 1L of 0.5M Phosphate Buffer at pH 7.5 

 You have available:   H3PO4 

     KH2PO4 

     K2HPO4 

     K3PO4 

 Pks are 2.02, 7.21 and 12.3 

         



i.e.  If pH 7.5 use pair with pK = 7.21 or H2PO4
-, HPO4

-2 

 

 H2PO4
-1               HPO4

-2 + H+    pK = 7.21    

STEP 1:   DETERMINE WHAT ARE THE PRINCIPAL 
                 COMPONENTS OF THE SYSTEM 



STEP 2: USE HH EQUATION TO CALCULATE ACID:BASE 

pH = pKa + LOG [HPO4
-2] 

   [H2PO4
-] 

LOG  [HPO4
-2]  

          [H2PO4
-] 

So  [HPO4
-2] 

       [H2PO4
-] 

Ratio is 1.95 parts of [HPO4 
-2 ] to 1 part [H2PO4

-] 

Total parts are 1.95 + 1.0 = 2.95 

 % HPO4 
-2 = [1.95/2.95] x 100 = 66.2 

 % H2PO4 
- = [1.0/2.95] x 100 = 33.8 

= 7.5 – 7.21 = 0.29 

= 1.95 



STEP 3: SELECT SALTS TO PROVIDE THESE IONS 

 HPO4
-2  comes from K2HPO4 

 H2PO4
-1

  comes from KH2PO4 

STEP 4: CALCULATE THE #GM OF EACH 

# Moles K2HPO4 = 0.662 x 0.5 Moles/L = 0.33 Moles/L 

# Moles KH2PO4 = 0.338 x 0.5 Moles/L = 0.169 Moles/L 

Substitute Molecular Weights: 

 0.33 Moles/L x 174.2 G/Mole = 57.7 G/L K2HPO4 

 0.169 Moles/L x 136.1 G/Mole = 23.0 G/L K2HPO4 



STEP 5: WEIGH OUT THESE AMOUNTS 

Dissolve in water 

Dilute to 1L and check pH 

Adjust pH if necessary 







EROSION OF TOOTH ENAMEL 

Ca10(PO4)6(OH)2          10 Ca+2 + 6 PO4
-3 + 2 OH -1 

H+ 













Local soft drink consumption 
surpassed only by U.S., Mexico 

Global soft drink data: 
1997 Top 10 per capita consumption 

(annual number of eight-ounce servings per person) 

1.  U.S.      861   267,900   $26,980 
2.  Mexico      535     97,563       3,320 
3.  Puerto Rico   528       3,622       8,403 
4.  Norway      500       4,404     31,250 
5.  Canada      471     30,295     19,380 
6.  Chile      453     14,509       4,160 
7.  Australia      435     18,439     18,720 
8.  Ireland      432       3,556     14,710 
9.  Belgium      419     10,204     24,710 
10.  Israel      405       5,535     15,920 

8-oz 
servings 

Population 
(in millions) 

Gross National 
Product 

(per capita) 

Caribbean Business, Thursday, September 16,1999 









Sugars and Caries 
Answer the following 2 questions: 
TRUE or FALSE 
 1.  Sipping a soft drink for a longer time 

increases caries risk than if consumed over 
a shorter time period. 

 2.   Sour candy has a greater risk for caries 
than sweet candy with the same sugar 
content. 


