Extraordinary properties of Water
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Table 2.1

Electronegativities of Selected Elements
Element Electronegativity*
Oxygen 3.0

Nitrogen 3:0

Sulfur 2.6

Carbon 2D
Phosphorus i

Hydrogen = |
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 The uneven charge distribution i1s
called electric dipole.(3=A})

This causes the water molecule to be polar.
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* sharing of e In the bond Is equal
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Polarity of gases

Nitrogen Nonpolar
Oxygen Nonpolar
Carbon dioxide Nonpolar
Ammonia Polar

Hydrogen sulfide(H.,S) Polar
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Water as Universal Solvent for Life



Solution (&9N)

SOLUTE (£3)
— Substance that i1s being dissolved.
- o)+ &2

SOLVENT (£-#})
— Substance 1nto which the solute i1s

dissolved.
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280 2F
» Hydrophilic (13 &S £o}st=

%1%, AE, obul i, QA

» Hydrophobic (&%) &5 405l

dissolve freely in nonpolar solvents like

benzene and chloroform.
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van der waals interactions

* When two uncharged atoms are brought
close together, their surrounding electron
clouds influence each other.

Dipole moment

Covalent bond
length = 0.095 nm

Van der Waals radius
of oxygen = 0.14 nm

Van der Waals radius
of hydrogen = 0.12 nm
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Fig. 2-6, p.38




Each water molecule can form 4 hydrogen bonds.

acceptors

H—E: ...H_:F:‘ :no.oH— E:

\

acceptors

/
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acceptor

/

Fig. 2-7, p.39



Density of Water (&) 9 %)= ¥}l

 Ice is 10% less dense as a solid than as a liquid
22 =0 =20 £= 0|&

> WFEe YEAo T HAE ol &

Ice T~ Liquid water

Hydrogen bhonds are stable Hydrogen bonds
constantly break and re-form
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Hydrogen bonding between polar groups and water

Between a hydroxyl group
of an alcohol and H,O

0

|  (hydrogen bond donor)
H

(.) (hydrogen bond acceptor)
“H
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Between a carbonyl group
of a ketone and H,0
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Fig. 2-9, p.41



Table 2.5

Examples of Major Types of Hydrogen Bonds
Found in Biologically Important Molecules

Chek

o

~AZEO Of

Bonding Arrangement

Molecules Where the Bond Occurs

—O—HoweseO—
H
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N—HesO—
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>
N—HeeeseO=C
™~
N—HoweN_ [
B
/7N
N—HesessN_ NH
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H bond formed in H,O

Bonding of water to other molecules

Important in protein and nucleic acid structures

Interstrand
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Types of hydrogen bonding in proteins

Intrastrand

Hydrogen bonds between the
strands of a DNA double helix

== =H hond

Interstrand

Table 2-5, p.41
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Some Bond Energies

Energy*

Type of Bond (kJmol™")  (kcal mol™")
Covalent Bonds (Strong) O—H 460 110

H—H 416 100

C—H 413 105
Nonovalent Bonds (Weaker)  Hydrogen bond 20 b

[on—dipole interaction 20 5

Hydrophobic interaction 4-12 1-3

Van der Waals interactions 1 1

© 2006 Brooks/Cole - Thomson

Table 2-3, p.40
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Table 2.4

Comparison of Properties of Water, Ammonia, and Methane

Substance Molecular Weight Melting Point (°C) Boiling Point (°C)
Water (H,0) 18.02 0.0 100.0
Ammonia (NH,) 1703 =771 -334
Methane (CH,) 16.04 -182.5 -161.5

2006 Brooks/Cole - Thomson

Table 2-4, p.40
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What Are Acids (&) and Bases(&J]) ?

Acids are proton donors
bases are proton acceptors.

HA — — H* + A
a =E

HA + H,O «— — H;O" + A
AL o AEG



(= Al) &ty SIS 280l 2EMK

(CH,)sNH/(CH,) N
"H,;N—CH,COOH/ "H,N—CH,—C00"
"H;N—CHy—C007HN —CH;—C00"

“00C—CH,—COOH/~00C — CH,—C00~
“00C—CHy—COOH/HOOC — CH,—COOH

Question 2-11, p.55



Acid dissociation constant, Ka (& off 2] & =)




Ka2l pKa
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ol: KaJl 104
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OFAFO| pKa

Dissociation Constants of Some Acids

Acid HA A- K, pK,

Pyruvic acid CH,;COCOOH CH,COCOO 3.16 X 1073 2.50
Formic acid HCOOH HCOO~ 1.78 X 1074 3.75
Lactic acid CH;CHOHCOOH CH,CHOHCOO" 1.38 X 104 3.86
Benzoic acid C.H,COOH C.H,COO~ 6.46 X 1075 4.19
Acetic acid CH,;COOH CH,COO~ 1.76 X 1075 4.76
Ammonium 1on NH NH4 2.0 X 10 ™ 9.2D
Oxalic acid (1) HOOC—COOH HOOC—COO~ 59 X 1072 1.23
Oxalic acid (2) HOOC—COO~ "O0C—CO0O° 6.4 X 1075 4.19
Malonic acid (1) HOOC—CH,—COOH HOOC—CH,—COO~ 1.49 X 1073 2.83
Malonic acid (2) HOOC—CH;—COO" "O0C—CH;—COO"~ 2.03 X 10°° 5.69
Malic acid (1) HOOC—CH,—CHOH—COOH HOOC—CH,—CHOH—COO" 3.98 X 107* 3.40
Malic acid (2) HOOC—CHy—CHOH—COO"~ “O0C—CHy—CHOH—COO" 5.5 X 1076 5.26
Succinic acid (1) HOOC—CH;—CH,—COOH HOOC—CH—CH,—COO~ 6.17 X 1075 4.21
Succinic acid (2) HOOC—CHy;—CH—COO"~ 0O0C—CHy—CH;—CO0O" 23X 10°° 5.63
Carbonic acid (1) H,CO, HCO, 4.5 X 1077 0.57
Carbonic acid (2) HCO; CO5 5.6 X 1071 10.20
Citrie acid (1) HOOC—CH—C(OH) HOOC—CH—C(OH) 3.14 X 1077 3.09

(COOH) —CH,—COOH (COOH) —CH,—COO~
Citric acid (2) HOOC—CH;—C(OH) “O0C—CH;—C(OH) (COOH) 1.78 X 1075 4.75
(COOH) —CH,—COO~ —CH,—COO~
Citric acid (3) “00C—CH,—C(OH) (COOH) “O0C—CHy—C(OH) 3.9xX10°° 5.41
H— - -

Phosphoric acid (1) H,PO, H,PO 7.25 X 1073 2.14
Phosphoric acid (2) H,PO RPOs= 6.31 X 107® 7.20
Phosphoric acid (3) HPO?%" PO3~ 3.98 X 1013 12.40
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Kw (22 0|2&
+ Kw=[H"][OH ]=10%4 2} Mo

e -log [H"][OH- ] =-log 1014

* pH+pOH =14



Acid dissociation constant, Ka (& off 2] & =)




Hendeson-Hasselbach equation

[HA ]

pKa + log [&= S & J|]/[S & 4]

opH
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pH = pKa + log [ &S J[]/] A
pH = pKa + log [CH3COO-]/[CH3COOH]

7 = 4.76 + log [CH3COO-]/[CH3COOH]
log [CH3COO-]/[CH3COOH] = 2.24
[CH3COO-]/[CH3COOH] = 10224 = 174 =174/ 1
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2 : N = 2
Unbuffered Buffer
H,O pH 7.0

Add 1 mL 0.1 MHCI

\ 3 1

pH much pH stable
lower with buffer

& 2006 Brooks/Cole - Thomson

Electrode

Unbuffered Buffer
HyO pH 7.0

| __A_, S | = /
pH much pH stable
higher with buffer

Fig. 2-14, p.49
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Buffer action: x A2 % ZOoHO| 2AS&E=

OH™

CHgCOOH(aq = CH3000'(aq) H
(H;C00Na(aq) = CH;000° (aq) + Na“(ag)

CH,C00™ (ag) + H¥{aq) = CH,C00H(ag

H™(aq) + OH (aq) = H,0(1

Fig. 2-16b, p.53



SN HPO3™

— 5=
Buffer [HoPOY] = [HPO;™]
72 = PK{ il . am

region / Inflection
pK,—1— et

HoPO,
| | | | |
% HoPO7F in solution 100 90 50 10 O
% HPO?™ in solution 0 10 50 90 100
HoPO, in excess == i > HPO:‘:_ N excess

© 2006 Brooks/Cole - Thomson

Fig. 2-15a, p.50
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Lactic acid-Not always the bad guy
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Why Is water necessary for life?

* The unique fitness of water for forming
hydrogen bonds determines the properties
of many important biomolecules.

 Water can also act as an acid and a base,
giving It great versatility in biochemical
reaction.
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How to make buffer?

S DX of= SEE 2l pHaL
IR pKaztS 2= A2 M EEHTY

. 2= KXY pKa +/- 12| pH

 SAALTU AIZERE A Z)2 HlE=
2 defLl.

(Henderson-Hasselbach Equation At&)



pH 7.091 2 E = HO| H| X

. pKa 8f0| pH 7.0t Hl=gt 2tieks HERSHLE S
oKazgl 0] 7.201 C1AHO| &M A BHLH.
H, PO, (&) = H* + HPO,> (ZJ]) (pKa 7.20)

. S/ =HZ )2 Hle= 28 etL.

d A
pH = pKa + log [ & J|])/[S G &t
7.0=7.2 +log [SGEI|)/[=G 4t
[SEEIN)[SE A =0.63

]
]




Oxalic acid (1) HOOC—COOH HOOC—COO~ 59X 1072 1.23
Oxalic acid (2) HOOC—COO0 “00C—C00" 6.4 X 1079 4.19
Malonic acid (1) HOOC—CH~COOH HOOCG—CH,—C00" 149 X 107 2.83
Malonic acid (2) HOOC—CHy—CO0" “00C=CH;~C00" 203X 10°° 5.69
Malic acid (1) HOOC—CH;~CHOH—COOH HOOCG—CH,—CHOH—CO0" 398 X 107 340
Malic acid (2) HOOC—CH;~CHOH—COO" "00C—CHy~CHOH—CO0" 5.5 X 1076 5.26
Succinic acid (1) HOOC—CH,—CH,—COOH HOOC—CHy—CH—CO0™ 6.17 X 107 4.21
Succinic acid (2) HOOC—CH,—CH,—C00" -00C—CH,—CH—~C00" 93X 1078 5,63
Carbonic acid (1) H,CO, HCO; 43X 1077 6.37
Carbonic acid (2) HCO; CO3° 5.6 X 1071 10.20
Citric acid (1) HOOC—CHy—C(OH) HOOG—CH,~C(OH) 8.14 X 10 309
(COOH) —CH,—COOH (COOH) —CH,—CO0~
Citric acid (2) HOOC—CH,—C(OH) “00C—CHy—C(OH) (COOH) 178 X 1072 4.75
(COOH) —CH—C00" —CH—C00"
Citric acid (3) “00C—CHy—C(OH) (COOH) “00C—=CHy—C(OH) 3.9%10°° 541
—CH—CO0" (CO0")—CH~—CO0"
Phosphoric acid (1) H,PO, H,PO, 7.25 X 1073 2.14
Phosphoric acid (2) H,PO; HPO3- 6.31 X 107 7.20
Phosphoric acid (3) HPOZ- PO; 398 X 10-13 1240

& 2006 Brooks/Cole - Thomson




Ol AF (CFL A X AN Q] pKa

H,PO, =H*+H,PO, (pKa2.14)
H,PO, = H*+HPO,2>  (pKa 7.20)

HPO,2 = H*+ PO, (pKa 12.40)




pH 7.091 2 E = HO| H| X

. pKa 8f0| pH 7.0t Hl=gt 2tieks HERSHLE S
oKazgl 0] 7.201 C1AHO| &M A BHLH.
H, PO, (&) = H* + HPO,> (ZJ]) (pKa 7.20)

. S/ =HZ )2 Hle= 28 etL.

d A
pH = pKa + log [ & J|])/[S G &t
7.0=7.2 +log [SGEI|)/[=G 4t
[SEEIN)[SE A =0.63

]
]
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