Lecture 2: Intermolecular interactions, Acids and bases

Readings: Ch 2, online assignment Friday

2) Hydrogen Bonds (cont.)
· Hydrogen bonds are strongest when linear, angle is 180 
· Typical H-bonds on slide
· NH are good H donors
· Should be able to pick out places where H-bonds can occur, where the acceptor is and donor, etc.
· H-bonds are seen in the interactions between base pairs in DNA 
· ex. Guanine and Cytosine
· ex. Adenine and T
· Bonds play a major role in biopolymers 
· DNA base pairs: G and C have 3 H bonds and A and T have 2 H bonds
3) van der Waals attraction
· All non ionic and non H bonds
· London force (dispersion force) is one of the most important types 
· rely on induced dipoles, induced by some charge in a molecule
· First molecule is neutral and a non permanent transient dipole, next molecule becomes an induced dipole if close to the first one and not has a small force
· There has to be an induced dipole for these forces
· Dispersion forces are stronger between molecules that are more easily polarized (ex. Heavier atoms) and who can fit together snugly
· I2 is the strongest london forces since its easiest to polarize compared to Cl2 and Br2
·  Leaflet from Lipid Bilayer 
· The packed fatty acid tails cause lots of london forces attraction, the head is polar
· Other van der Waals
· Ion-dipole
· Can help stabilize positive charges 
· Like water dissolving a salt
· Dipole-dipole
· Not transient, instead permanent
· Dipole of solvent impacts dielectric constant
· Dielectric constant: the ability of a solvent to stabilize charge
· Water has a very high dielectric constant
· Water can displace another biological molecule very easily in ionic, H, and dipole charge bonds therefore water is usually excluded in biological systems to increase strength of forces
· ex. water is excluded from the inside of folded proteins to increase forces therefore strength
Hydrophobic interactions
· non polar groups cluster together
· ex. Grease and water
· Not an attractive interaction between hydrophobic molecules 
· Due to water
· Major driving force in formation of membrane?
· Hydrophobic vs Hydrophilic
· Bonding is much stronger than london forces 
· Disrupt H bonding network in water when a hydrophobic molecule is placed in there
· H2O at surface has fewer H bonds and is therefore less stable 
Hydrophilic organic functional groups
· ionic groups (acids and bases)
· alcohols
· amines
· carbonyls
Hydrophobic organic functional groups
· hydrocarbon chains
· aromatic and heterocyclic rings 
Amphiphilic molecules 
· have both hydrophobic and hydrophilic functions/part
· ex. Leaflet with polar head group and non polar tails 
· they form micelles, embrace bilayers, and vesicles
· it will form spontaneously 
Table showing relative strengths of forces
· Slide 15
Acid-base Chemistry
· Homeostasis of internal ionic composition, including pH, is critical for structures and functions of biomolecules
· Structure enables function
Bronzed Acids and Bases
· Acid is a substance that can donate a proton
· Base is a substance that can accept a proton
· Acid Base chemistry always follows Le Chateliers principle (go over this)
· Ex. Add more Ha then eq is pushed to the right
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· Equilibrium constant
· Kw = Ionic product of water
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· Strong acids completely dissociates in water therefore all of HCL is consumed
· Weak acids partially dissociate in water so come of it is leftover
· Ka = acid dissociation constant
· pKa = the most common measure of acid strength 
· Strong acids: pKa < -2
· Conjugate base is strong base: pKa > 16 
· Monoprotic Acids: one proton may be lost 
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At the mid-point of the titration: [A"] = [HA]

- HpK +lox HAL

<. pH=pK,+log [HA]
pH=pK, +log 1

- pH=pK,

The pK,, of an acid is the pH
at which the acid is half-dissociated.
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Titration curves and buffers

Titrationcurves can be calculated by the Henderson-
Hasselbalch equation
~ SO i added o the reacton t reacts
compltelywith HA o form &

[A]= 2
vol

x= the quivalens of OH aded and V represents
he valume of th solution. 1w lt £,
represent KA equialentsnlally present, ther:

[HAI = (eox)
vol

We canrencorporate this into the Henderson-
Tesselbatch ean.
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Buffers

Buffers are solutions that resist changes in their pH as acid (H+) or base (OH-)is added.
Typically,bufers are composed of a weak acid and its conjugate base.

Acids = Proton (H+) donors

Bases = Proton Acceptors

HA H* +A

ca conjugate base

At e conugtebesesaeincquitrur, Eula e elsted o th roprtesof the
e ot ek S e vyt e i et St g
property

Tentenytolrzecanbe st nanautbrumension = [HA]

[HA]
Asluton ofa wesk acd tht has a H near ot p, has an equalent amounts o conjugte ase and
weakac,

Typically a weak acid s in its useful buffer range within 1 pH unit o ts pK,.
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Ex.: Required buffer: 0.1M buffer, pH 4.00
— we can use formic acid, pK, =3.75.

[A7]
pH=pK_+ log [HA]

4.00=3.75 + log. [HCOOH]

og IHCOO
[HCOOH]

[HCOO"]

[HCOOH]

=0.25

=100%5=1.78

[HCoO]

a/b=1.78anda+b=0.1
1.78xb+1xb=0.1
b=0.1+2.78 = 0.036
a=0.064

Mix formic acid
(36 mL @ 1M) with
sodium formate
(64 mL @ 1M) and
dilute to 1L with
water.
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Water dissociates:

HO+HO  HO'+OH
_ Im0loH]

= mor

K, = [H;0*][OH]

K,~1x10%M?

Neutrality: [H;0*] = [OH]
[H;0*]=[OH"]=1x 107 M

pH = -log [H;0*]
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Strength of an acid: qualitative measure
strong acids, bases:

HCl+ H,0 CI +H,0*

weak acids, bases:

CH,COOH + H,0 CH,COO" + H,0*
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Quantitative measure of the strength of acids
Acid dissociation reaction

HA —=H" + A~

acid conjugate base
o e
_ e ] pK, = — log K,

Kz« e
[HA]
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Henderson-Hasselbalch equation: derivation

For any acid: H,0+HA H;0* + A"
U X 5
" [H0][HA]
[H;0"] [A]

K= [HZO]'K“: [HA]

log K, = log [H;0*] + log [A] - log [HA]





image5.png
log K, = log [H;0*] + log [A7] - log [HA]

-log [H;0*] =- log K, +log [A"] - log [HA]

pH = pK, + log [A’] - log [HA]
[A]
[HA]

Henderson-Hasselbalch equation

pH = pK,+ log





B -

e o TS Wb i e e 2 i

B N
e e
T T .
T
e L
L

e S e

ot i
e s
e by




