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2.#Water;#Acid.base#reac1ons#

BIOCH 755: Biochemistry I                     Fall 2015 

Jianhan#Chen#
Office#Hour:#M#1:30.2:30PM,#Chalmers#034#

Email:#jianhanc@ksu.edu#
Office:#785.2518#

2.1#Physical#Proper1es#of#Water#

•  Key$Concepts$2.1$
–  Water#molecules,#which#are#polar,#can#form#hydrogen#bonds#with#

other#molecules.#

–  In#ice,#water#molecules#are#hydrogen#bonded#in#a#crystalline#array,#but#
in#liquid#water,#hydrogen#bonds#rapidly#break#and#re.form#in#irregular#
networks.#

–  The#aTrac1ve#forces#ac1ng#on#biological#molecules#include#ionic#
interac1ons,#hydrogen#bonds,#and#van#der#Waals#interac1ons.#

–  Polar#and#ionic#substances#can#dissolve#in#water.#

(c)#Jianhan#Chen# 2#
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2.1#Physical#Proper1es#of#Water#

•  Key$Concepts$2.1$
–  The#hydrophobic#effect#explains#the#exclusion#of#nonpolar#groups#as#a#

way#to#maximize#the#entropy#of#water#molecules.#

–  Amphiphilic#substances#form#micelles#or#bilayers#that#hide#their#
hydrophobic#groups#while#exposing#their#hydrophilic#groups#to#water.#

–  Molecules#diffuse#across#membranes#which#are#permeable#to#them#
from#regions#of#higher#concentra1on#to#regions#of#lower#
concentra1on.#

–  In#dialysis,#solutes#diffuse#across#a#semipermeable#membrane#from#
regions#of#higher#concentra1on#to#regions#of#lower#concentra1on.#

(c)#Jianhan#Chen# 3#

Human#Body#Mass#Composi1on#

4 (c)#Jianhan#Chen#
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Structure#of#Water#

5 (c)#Jianhan#Chen#

Water#Hydrogen#Bonding#

(c)#Jianhan#Chen# 6#

Acceptor         Donor 

~1.8 Å, 180o  
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Typical#Bond#Energies#

(c)#Jianhan#Chen# 7#

Hydrogen#bond#networks#of#water/ice#

(c)#Jianhan#Chen# 8#



8/24/15 

5 

Dynamics#of#water#hydrogen#bonding#network#

(c)#Jianhan#Chen# 9#

/Users/jianhanc/teaching/bioch915/coursematerials/tip3p 
(512 waters, 200 ps simulation @ 300K, 1 ps per frame) 

Water#

•  Solvent#of#life#
•  Many#unique#proper1es#

–  Maximum#density#at#4#oC#
•  Ice#is#lighter#than#liquid#water#

–  Polar#molecule#
•  hydrogen#bonding#network#
•  High#specific#heat#capacity#

•  Hydrophobicity#and#hydrophilicity#
–  Solute#polarity#(carry#par1al#charges#or#not)#
–  Salts#(e.g.#NaCl)#dissolve#in#water#readily#
–  Hydrocarbons#(oil)#do#not#mix#with#water#

•  Amphipathic#molecules#
–  Self.assembly#to#micelles,#biological#membranes#

10#(c)#Jianhan#Chen#
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Hydrophilic#Solutes#

(c)#Jianhan#Chen# 11#

Is this compound hydrophilic? 

A.  Yes.  
B.  No. 
C.  What does �hydrophilic� mean?  
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Hydrophobic#Effects:#Aggrega1on#and#Phase#
Separa1on#

•  Hydrophobic#disrupt#water#HB#network#
•  Minimize#expose#hydrophobic#surface#

leads#to#aggrega1on/phase#separa1on#

(c)#Jianhan#Chen# 13#

Which of the following is true regarding the 
hydrophobic effect? 

A.  Hydrophobic bonds are the association of nonpolar 
molecules or groups with other nonpolar molecules 

B.  Nonpolar molecules interrupt the hydrogen-bonding 
pattern of water 

C.  Water molecules that surround a less polar 
molecule are more restricted in their interactions 
with other water molecules 

D.  B and C 
E.  All of the above 
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Amphiphiles#and#Self.Assembly#

•  Hydrophobic#+#hydrophilic#
tails#

(c)#Jianhan#Chen# 15#

Protein#folding#is#
also#largely#a#self.
assembly#process!#

Osmosis#and#Osmo1c#Pressure#

(c)#Jianhan#Chen# 16#
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Dialysis:#(Selec1ve)#Diffusion#of#Solutes#

(c)#Jianhan#Chen# 17#

2.2#Chemical#Proper1es#of#Water#

•  Key$Concepts$2.2$$
–  Water#dissociates#to#form#H+#and#OH–#ions,#with#a#dissocia1on#

constant#of#10–14.#
–  The#acidity#of#a#solu1on#is#expressed#as#a#pH#value:#pH#=#.#log#[H+]#

–  An#acid#is#a#compound#that#can#donate#a#proton,#and#a#base#is#a#
compound#that#can#accept#a#proton.#

–  A#dissocia1on#constant#varies#with#the#strength#of#an#acid.#
–  The#Henderson–Hasselbalch#equa1on#relates#the#pH#of#a#solu1on#of#a#

weak#acid#to#the#pK#and#the#concentra1ons#of#the#acid#and#its#
conjugate#base.#

–  A#1tra1on#curve#demonstrates#that#if#the#concentra1ons#of#an#acid#
and#its#conjugate#base#are#close,#the#solu1on#is#buffered#against#
changes#in#pH#when#acid#or#base#is#added.#

–  Many#biological#molecules#contain#ionizable#groups#so#that#they#are#
sensi1ve#to#changes#in#pH#

(c)#Jianhan#Chen# 18#
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Water#Disassocia1on#(Ioniza1on)#

•  No#actual#free#proton:#H3O+#(hydronium#ion),#and#other#larger#
water#clusters#

(c)#Jianhan#Chen# 19#

Proton#Transfer#Between#Waters#

(c)#Jianhan#Chen# 20#

Proton Jumping Occurs Rapidly 
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Water#Disassocia1on#

•  No#actual#free#proton:#H3O+#(hydronium#ion),#and#other#larger#
water#clusters#

•  Ioniza1on#constant:#Kw#=#10.14#(under#standard#condi1ons)#
•  Pure#water:#[H+]#=#[OH.]#=#10.7#

•  Defini1on#of#pH:#pH#=#.#log#[H+]#(#=#7#for#pure#water#@#25oC)#
–  One#pH#unit#corresponds#to#10#x#change#in#[H+]#

•  Acidic:#higher#[H+]#(lower#pH)#
•  Basic:#lower#[H+]#(higher#pH)#

(c)#Jianhan#Chen# 21#

Relationship of pH, [H+], and [OH-] 



8/24/15 

12 

What is the pH of a 0.01 M NaOH solution? 

A.  10 
B.  11 
C.  12 
D.  13 
E.  14 

Acids#and#Bases#

•  Acid:#donate#protons#(lower#pH)#
•  Base:#accept/sequester#proton#(higher#pH)#

•  Acid.base#reac1on:#

•  pKa#=#.log#Ka#

•  Lower#pKa#means#stronger#acid:#stronger#tendency#to#donate#
proton#

(c)#Jianhan#Chen# 24#
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(c)#Jianhan#Chen# 25#

Acids#and#Bases#

•  Acid:#donate#protons#(lower#pH)#
•  Base:#accept/sequester#proton#(higher#pH)#

•  Acid.base#reac1on:#

•  pKa#=#.#log#Ka#
–  Lower#pKa#means#stronger#acid:#stronger#tendency#to#donate#proton#

•  The#rela1ve#concentra1ons#of#acid#and#base#determines#the#
solu1on#pH:#Henderson.Hasselbalch#equa1on#

(c)#Jianhan#Chen# 26#
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Buffers: Titration Curves of Weak Acids 

“Buffering” capability: slow 
change in solution pH with 
addition or removal of proton 
 
Buffering capacity is maximal 
near the pKa value of the 
weak acid/base  
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Buffers: Titration of a Polyprotic Acid 

Summary#

•  Unique'physical'properties'of'water'
•  Hydrophilicity,'hydrophobicity'
•  Water'ionization:'pH'
•  Acid<base'reactions:'buffers'

•  Coming'up:'Amino'acids'and'proteins'

30 (c)#Jianhan#Chen#


