Chapter 4 - Water

Important points and Principles:
_ Padlarity and Hydrogen bonding capacity
- lon product of Water (K )
- Buffers - weakacids & conjugate base
- Henderson-Hasselback equation (pH)
- Water asareactant

Helpful topicsfor review:
- Electronegativity of O,N,C & H

. Effect on covalert and non-covdert
interactions

- Structures of functional groups
. Carbonyl, carboxyl, amino, etc.

- Condensationand hydrolysisreactions
- H,O participation

Water Molecules are Unigue

Hydrogen bonding among H,O molecules
- (liquid, crystalline structures)
lonization
~ H,0 = H*+OH-" (slight)
.- Water-solute interactions
~ lonic
- H-bonding
Hydrophobic interactions
- Entropcally -driven

Hydrogen bonding giveswater its unusual
properties
4-1

Melting Point, Boiling Point, and Heat of Vaporization
of Some Common Solvents

Heat of

Melting Boiling vaporization

point (°C) point (°C) (Jg)*
Water 0 100 2,260
Methanol (CH,OH) -98 65 1,100
Ethanol (CH,CH,OH) -117 78 854
Propanol (CH;CH,CH;OH) -127 97 687
Butanol (CHy(CH,),CH,OH) -90 117 590
Acetone (CH;COCH -95 56 523
Hexane (CHy(CH,),CH;) -98 89 423
Benzene (C;Hg) 6 80 394
Butane (CH,(CH,),CH,) -135 0.5 381
Chloroform (CHCly) 63 61 247

*The heat energy required to convert 1.0 g of a liquid at its boiling point, at atmospheric
pressure, into its gaseous state at the same temperature. It is a direct measure of the energy
tequired to overcome attractive forces between molecules in the liquid phase.

The water molecule isatetrahedron
S+
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Greater electronegativity of Oxygen atom
inducesadipole

Interactions between H,,O molecules

Hydrogen bond
0.177 nm

Covalent bond
0.0965 nm

(c)

Hydrogen bonding




Hydrogen bonds are weaker than covalent bonds

Bond Strength (kJ/mole)
. Covalent (GO 200- 400
Hydrogen bond 8-20
lonic
_ Attraction (+/-) 42
- Repulson (+/+) 21
Hydrophobic 4-8
- van der Waals 4

H-bonds are not unique toH,O

N\ C s/ N, c/
Hydrogen I~ l ~ N/
acceptor o} N \C_)/ O 0] N
Hydrogen H H H H H H
donor \ | | | | |
PO S S

H atom must be covalently bound to an

Some biologically important hydrogen bonds
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Polar molecules readily dissolveinH,O

€l ectronegative atom
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Hydrogen bonds are directional
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Some Examples o Polar, Nongalar, and Amphipttic Biomolecules

{Shown as lonic Forms at pH 7)
Water acts —

Clucose CHOH

electrostatically F oW
. g
with charged " e
solutes W,
Hydrophilic - .. —
“water- | oving” O
R ne _ N,
<_> cin—coo
Hydrophobic- | ™ et
Wa[er_fea”ng 8 buotoandn

Water replaces sol ute-sol ute interactions
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High H O dielectric constant favors

dissolution of ions »




Nonpolar gases are poorly soluble inH,O
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Solubilities of Some Gases in Water
Solubility

Gas Structure* Polarity in water (g/L)'
Nitrogen N=N Nonpolar 0.018 (40 °C)
Oxygen 0=0 Nonpolar 0.035 (50 °C}
Carbon —_—— Nanpolar 0.97 (45 °C)

dioxide 0=C=0
Ammonia HHH Polar 900 {10 °C)

N \
N 5

Hydrogen H H Polar 1,860 (40 C)

sulfide Ny

“The arrows represent electric dipoles; there is a partial negative charge (5°) at the head of the
amow, a partial positive charge (5°; not shown here) at the tail.

"Note that polar molecules dissolve far better even at low temperatures than do nonpolar
imolecules at relatively high temperatures.

Many organisms have water-sduble carrier proteins
(Hb, Mb) that facilitate trangport of gases 15

Nonpolar compounds are hydrophohic

- Hydrophilic
“head group”

%, g
“Flickering clusters” of HyO e\
molecules in bulk phase /

Highly ordered Hy0 molecules form
(@) "cages” around the hydrophobic alkyl chains

They force energetically unfavorabe
changes in the structure of H,O 14

Hydrophobic interactions arise by minimizing
contact with H,O - energetically more favorable

Amphipathic biological molecules
- Fatty acids (energy)
- Phophdipds (membranes)
- Proteins (interior vs. exteriar)
- Vitamins (A, D, E)
- Sterols (cholederol , testosterone)
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Amphipathic compounds -
contain polar and nonpolar & -+
regions '
‘
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Nonpolar regions cluster E
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van der Waals | nteractions
. Wedk attractions
. Formedfrom transient dipoles
. Dependent on proximity of atoms
. Van der Waalsradii
- Attraction=repulsion
van der Waals radii
Transient Dipoles 17

Weak interactions are crucial to
macromolecular structure and function
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Weak, transient natur e of non-covalent interactions
allowsfor flexibility in proteins, DNA, and RNA

Most gable structure when w eak banding

possibilities are maximized 19

H, O moleculestend to move from areas of
high to low water concentration

|
-

Osmotic pressure = pressure required to halt
movement of water from high to low concentrati on

lonization of Water, Weak Acids and Weak
Bases

H,O —_ H"+OH

(2H,0«—=— H;O" +OH")

H,O molecules have aslight tendency to
undergo reversible ionization
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Colligative Properties: VP, BP, FP,Osmotic
Pressure

@ )

water and the tendency
of liguid water to enter
acrystal are reduced
Proportionately.

ean contribute to
formation of ice crystals.

Solutes reduce the concentration of H,O'in solutiozrol

Osmosis - movement of
water across semi- /”T«
permeable membranes. Py T
Driven by osmotic pressure

&\ * solution;no net
water movement.

I sotonic

- equal osmalarity solution
Hypertonic

- higher osmolarity solution ;. .
Hypotonic s
- lower osmolarity solution

presaure; coll awells,
may eventually burst.
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lonization of H,O can be measured
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Acid-Base reactionsin H,O are exceptionally f%




pH affects structure and activity of biomolecues
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x Alkaline
phosphatase

Percent maximum activity
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pH of various fluids

- Household bleach

- Household ammonia

9— ——+ Solution of baking
soda (NaHCOy)

- Seawater, ogg white

7 Neutral |~ Human blood, tears
pH of blood and urineisane - i s
mahm Uﬁj In mm ical 5 Black coffee
i J |- Beer
diagnoss : Fipa

- Gastric juice
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Weak acids and their buf fering ranges
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0 1M HCI
6
Participation of H,O in biological reactions
11 f i
R—o—rr—o—rf 0™ + H,0 —— R—O—I"—OH + H()—l"—O’
(o) o O O
(ATP) (ADP)
Phosphoanhydride (@
Hydrolysis
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Theionization of H,Ois expressed by an
equilibrium corstant

A+B C+D
Kg= (CLO)
(A) (B)
(H"XOH)
2




