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Acid/Base	Equilibria	

Acid-base	definitions	

I. Two	definitions	
A. 	Bronsted	Lowry	definition	à	transfer	of	protons	

1. 	Bronsted	Lowry	Acid	–	proton	donor	
2. 	Bronsted	Lowry	Base	–	proton	acceptor		
3. 	Ex.	Water	and	HCl	à	water	is	BL	base,	HCl	is	BL	Acid	

a. 	Cl-	is	conjugate	base	to	HCl		
b. 	H3O+	is	conjugate	acid	to	water	

B. 	Lewis	definition	à	transfer	of	electron	pairs	
1. 	Lewis	acid	–	electron	pair	acceptor	(Mnemonic:	Acid	Acceptor)	
2. 	Lewis	base	–	electron	pair	donor	(Mnemonic:	b	is	upside	down	d	for	

donor)	
3. 	Ex.	Water	and	BF3	à	water	is	a	Lewis	base,	BF3	is	a	Lewis	acid	

a. 	Boron	lacks	an	octet,	sp2	hybridized,	and	has	an	empty	orbital.	This	empty	
orbital	can	accept	an	electron	pair.		

Ka	and	acid	strength	

I. H2O	+	HA	⇌	H30+	+	A-	
A. 	Water	is	BL	base		
B. 	HA	is	BL	Acid	
C. 	Hydronium	is	conjugate	acid		
D. 	A–	is	conjugate	base		

II. Ka:	acid	dissociation/ionization	constant	
A. 	𝑲𝒂 = 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒔

𝒓𝒆𝒂𝒄𝒕𝒂𝒏𝒕𝒔
= 	 [123

4][67]
[16]

	
1. You	don’t	write	liquids	

III. Strong	acids	donate	protons	easily,	making	the	equilibrium	all	the	way	towards	
products.	This	makes	Ka	very	large	for	strong	acids.	Ka	>	>	1	
A. The	stronger	the	acid,	the	weaker	the	conjugate	base.		

IV. Weak	acids	have	Ka	values	that	are	much	smaller	than	1.		

Autoionization	of	water		

I. When	two	water	molecules	are	near	each	other,	one	will	take	a	proton	off	the	other,	
producing	a	hydronium	ion	and	a	hydroxide	ion.	

II. The	Ka	of	this	phenomenon	is	called	Kw,	the	autoionization	constant		
A. 𝐾𝑎 = 𝐾𝑤 = [𝐻<𝑂>][𝑂𝐻?]	
B. At	25°C,	𝐾𝑤 = (1.0	𝑥	10?E)(1.0	𝑥	10?E) = 1.0	𝑥	10?GH	

1. This	equilibrium	constant	is	much	less	than	1,	meaning	the	equilibrium	lies	far	to	
the	left.		

III. Concentration	of	hydronium	vs	hydroxide	



A. In	the	above	case,	the	two	are	the	same.	When	they	are	the	same,	the	water	is	said	to	
be	neutral.		

B. If	[𝑯𝟑𝑶>] > [𝑶𝑯?],	the	solution	is	acidic	
C. If	[𝑯𝟑𝑶>] < [𝑶𝑯?],	the	solution	is	basic		

IV. Ex.	If	we	have	lemon	juice	with	[𝐻<𝑂>] = 2.2𝑥10?<𝑀,	what	is	the	[𝑂𝐻?],	and	what	kind	
of	solution	is	it?	
A. [𝐻<𝑂>][𝑂𝐻?] = 1.0	𝑥	10?H	

(2.2	𝑥	10?<𝑀)𝑥 = 1.0	𝑥	10?GH𝑀		
𝑥 = 4.5	𝑥	10?GR𝑀	

B. Because	the	hydronium	concentration	is	greater	than	the	hydroxide	concentration,	
the	solution	is	acidic		

Definition	of	pH	

I. 𝑝𝐻 = 	− log[𝐻<𝑂>]	
A. Ex.	pH	of	water	at	25°C	

1. 𝑝𝐻 = − log(1.0	𝑥	10?E) = 7.00	
II. pH	scale	

A. pH	=	7	à	neutral	
B. pH	<7	à	acidic		
C. pH	>	7	à	basic		

III. Ex.	Calculate	hydronium	ion	concentration	from	pH	
A. 3.82 = 	− log[𝐻<𝑂>]	

−3.82 = log[𝐻<𝑂>]	
[𝐻<𝑂>] = 10?<.[R = 1.5	𝑥	10?H	

IV. 𝑝𝑂𝐻 =	−log	[𝑂𝐻?]	
A. Ex.	pOH	of	water	at	25°C	

1. 𝑝𝑂𝐻 =	− log[𝑂𝐻?] = 	− log(1.0	𝑥	10?E) = 7.00	
V. pH	+	pOH	=	14	
VI. Ex.	Calculate	the	pH	of	an	aqueous	ammonia	solution	with	a	[-OH]	of	2.1	𝑥	10?<𝑀	

A. [𝐻<𝑂>][𝑂𝐻?] = 1.0	𝑥	10?GH	
𝑥(2.1	𝑥	10?<𝑀) = 1.0	𝑥	10?GH𝑀	
𝑥 = [𝐻<𝑂>] = 4.8	𝑥	10?GR𝑀	
𝑝𝐻 = − log[𝐻<𝑂>] = 	− log(4.8𝑥10?GR𝑀) = 11.32	

B. 𝑝𝑂𝐻 = − log(2.1	𝑥	10?<𝑀) = 2.68		
𝑝𝐻 + 𝑝𝑂𝐻 = 14	
𝑝𝐻 = 14 − 𝑝𝑂𝐻 = 14 − 2.68 = 11.32	

Strong	acids	and	strong	bases	

I. Strong	acids	ionize	100%	in	solution	
A. 𝐻𝐶𝑙𝑂H, 𝐻𝑋	(𝑋 = 𝐶𝑙, 𝐵𝑟, 𝐼), 𝐻R𝑆𝑂H, 𝐻𝑁𝑂<	
B. Ex.	Calculate	pH	of	a	0.0030M	𝐻𝑁𝑂<	Solution	

1. 𝐻𝑁𝑂< + 𝐻R𝑂	 → 𝐻<𝑂> + 𝑁𝑂<?	
2. In	this	case,	the	nitric	acid	ionizes	100%	into	hydronium	so	



a. 𝑝𝐻 = 	− log[𝐻<𝑂>] = 	− log(0.030𝑀) = 1.52		
II. Strong	bases		

A. Metal	hydroxides	𝑁𝑎𝑂𝐻,𝐾𝑂𝐻, 𝐶𝑎(𝑂𝐻)R,𝑀𝑔(𝑂𝐻)R	
B. Ex.	Calculate	pH	of	a	0.20M	solution	of	NaOH	

1. 𝑁𝑎𝑂𝐻	 → 𝑁𝑎> + 𝑂𝐻?	
2. Because	NaOH	is	a	strong	base,	it	will	ionize	fully	into	hydroxide		
3. [𝐻<𝑂>][𝑂𝐻?] = 1.0	𝑥	10?GH	

𝑥(0.20𝑀) = 1.0	𝑥	10?GH𝑀	
𝑥 = [𝐻<𝑂>] = 5.0	𝑥	10?GH𝑀	
𝑝𝐻 = − log[𝐻<𝑂>] = 	− log(5.0𝑥10?GH𝑀) = 13.30	

4. 𝑝𝑂𝐻 = − log(0.20𝑀) = 0.70		
𝑝𝐻 + 𝑝𝑂𝐻 = 14	
𝑝𝐻 = 14 − 𝑝𝑂𝐻 = 14 − 0.70 = 13.30	

C. Ex.	Calculate	the	pH	of	an	aqueous	solution	that	contains	0.11g	of	𝐶𝑎(𝑂𝐻)R	in	a	total	
volume	of	250ml	
1. 𝐶𝑎(𝑂𝐻)R 	→ 𝐶𝑎R + 2	𝑂𝐻?	
2. 𝑚𝑜𝑙𝑒𝑠	𝑜𝑓	𝐶𝑎(𝑂𝐻)R =

n.GGo

EHp q
rstu

= 0.0015	𝑚𝑜𝑙	

a. This	means	we	have	0.0030	𝑚𝑜𝑙	𝑜𝑓	𝑂𝐻?	
b. [𝑂𝐻?] = n.nn<n	vwx

n.Ryn	z
= 	0.012	𝑀	

3. [𝐻<𝑂>][𝑂𝐻?] = 1.0	𝑥	10?GH	
𝑥(0.012𝑀) = 1.0	𝑥	10?GH𝑀	
𝑥 = [𝐻<𝑂>] = 8.3	𝑥	10?G<𝑀	
𝑝𝐻 = − log[𝐻<𝑂>] = 	− log(8.3𝑥10?G<𝑀) = 12.08	

Weak	acid	equilibrium	

I. 𝑲𝒂 = 𝒑𝒓𝒐𝒅𝒖𝒄𝒕𝒔
𝒓𝒆𝒂𝒄𝒕𝒂𝒏𝒕𝒔

= 	 [123
4][67]

[16]
	

A. pKa	=	−𝐥𝐨𝐠	(𝑲𝒂)	
B. Weak	acids	only	partially	dissociate	in	solution	
C. Ka	and	pKa	values	of	weak	acids	

	 	 Ka	 pKa	
HF	 Hydrofluoric	acid	 3.5	𝑥	10?H	 3.46	

𝐶𝐻<𝐶𝑂𝑂𝐻	 Acetic	acid	 1.8	𝑥	10?y	 4	
𝐶𝐻<𝑂𝐻	 Methanol	 2.9	𝑥	10?G�	 15.54	

D. Increasing	Ka	(acid	strength),	decreasing	pKa.		
E. The	lower	the	pKa,	the	stronger	the	acid		

II. Ex.	Calculate	the	pH	of	a	1.00M	solution	of	𝐶𝐻<𝐶𝑂𝑂𝐻	(𝑎𝑞)	
A. 𝐶𝐻<𝐶𝑂𝑂𝐻 + 𝐻R𝑂 ⇌ 𝐻<𝑂> + 𝐶𝐻<𝐶𝑂𝑂?	

I	 1.00	 	 0	 0	
C	 -x	 	 +x	 +x	
E	 1.00-x	 	 x	 x	



B. 𝐾𝑎 = 	 [123
4][�12�337]

[�12�331]
	

1.8	𝑥	10?y =
(𝑥)(𝑥)
1.00 − 𝑥	

1.8	𝑥	10?y =
𝑥R

1.00	
𝑥 = 0.0042	𝑀 = [𝐻<𝑂>]	
𝑝𝐻 = − log[𝐻<𝑂>] = 	− log(0.0042𝑀) = 2.38	

Weak	base	equilibrium		

I. 𝐵 + 𝐻R𝑂	 ⇌ 𝐵𝐻> + 𝑂𝐻?	
II. Kb:	base	ionization/dissociation	constant		

A. 𝑲𝒃 = [𝑩𝑯4][𝑶𝑯7]
𝑩

	
B. Stronger	the	base,	greater	the	Kb	

III. 𝒑𝑲𝒃 = − 𝐥𝐨𝐠[𝑲𝒃]	
A. The	lower	the	pKb,	the	stronger	the	base		

IV. Ex.	Calculate	the	pH	of	a	0.500M	solution	of	𝑁𝐻<(𝑎𝑞)	
A. 𝑁𝐻<(𝑎𝑞) + 𝐻R𝑂	 ⇌ 𝑁𝐻H> + 𝑂𝐻?	

I	 0.500	 	 0	 0	
C	 -x	 	 +x	 +x	
E	 0.500-x	 	 x	 x	

B. 𝐾𝑏 = 	 ��1�
4�[317]
[�12]

	

1.8	𝑥	10?y =
(𝑥)(𝑥)

0.500 − 𝑥	

1.8	𝑥	10?y =
𝑥R

0.500	
𝑥 = 0.0030	𝑀 = [𝑂𝐻?]	
𝑝𝑂𝐻 = − log[𝑂𝐻?] = 	− log(0.0030𝑀) = 2.52	
𝑝𝐻 + 𝑝𝑂𝐻 = 14.00		
𝑝𝐻 = 	11.48	

	 Ka/Kb	 pKa	 pKb	 Examples	to	know	

Strong	Acids		 Ka>>1	 Smallest	 Largest	 HClO4,	HX(X=	Cl,	Br,	I),	H2SO4,	HNO3	

Weak	Acids	 Ka<<1	 ⇩	 ⇩	
HCOOH,	CH3COOH	

Weak	Bases	 Kb<<1	 	HF,	HCN,	H2S,	H2O	

Strong	Bases	 Kb>>1	 Largest	 Smallest	 NaOH,	KOH,	Ca(OH)2,	Mg(OH)2	

	

Assume x 
<<1  



Acid-base	Properties	of	Salts	

I. SA	+	SB	→	H20	+	Salt	
II. Strong	acids	create	weak	conj	base	therefore	neutral	salts		
III. WA	+	SB	→	salt	(basic	soln)	
IV. SA	+	WB	→	salt	(acidic	soln)	
	

pH	of	Salt	Solution	

Example:	Calculate	pH	of	a	0.25M	soln	of	CH3COONa(aq)	
● Method:	Use	equation	Kb=[CH3COOH][OH-]/[CH3COO]	to	attain	[-OH]	to	ultimately	

calculate	pH	
● Step	1:	Write	equation	

CH3COO-	+	H20	→	CH3COOH	+	OH-	
● Step	2:	ICE	Box(Initial,	Change,	Equilibrium)	

I:	 0.25	 	 	 0	 0	
C:		 	-x	 	 		 +x	 +x	

	 E:	 0.25	-x	 	 	 +x	 +x	
● Step	3:	Use	Ka	equation	and	assume	x<<1,	so	1-x	~	1	

	 Kb	=	[H30+][CH3COO-]/[CH3COOH]	
	 Kb	=	(x)(x)/0.25	

● Step	4:	Use	Ka	to	find	Kb	
	 	 Kw	=	Ka*Kb	
	 	 1.0	x	10-14	=	1.8	x	10-5	*Kb	
	 	 Kb	=	1.2	x	10-5	

● Step	4:	Use	known	Kb	to	find	[-OH]	
	 	 1.2	x	10-5	=	x2/0.25	
	 	 X	=	0.0042	M	H3O+	

● Step	5:	Use	[-OH]	to	find	pOH	and	pH	
	 	 pOH=	-log(1.2x10-5)=4.92	

pH=14-4.92=9.08	
Common	Ion	Effect	

● Attack	similarly	with	the	ICE	box	but	add	the	additional	source	to	the	Initial		
Buffer	Solutions	

● Resist	changes	in	pH	
● Has	substantial	amounts	of	both	weak	acid	and	conj.	HA/A-	that	react	with	SA	and	SB	that	

are	added	
● Henderson-Hasselbalch	equation	pH=pKa	+log[A-]/[HA]	

Example:	What	is	the	pH	of	a	buffer	soln	that	is	0.24M	NH3	and	0.2M	NH4Cl?	
● Method:	
● Step	1:	Use	Henderson-Hasselbach	equation	to	find	pH	since	we	have	a	weak	acid	

and	its	conjugate	base	
	 Ka	=	5.6x10^-10	

pKa	=-log(Ka)	=9.25	
pH=	9.25	+log(0.24/0.20)=9.33	

Example:	Adding	base:	0.005	mol	NaOH	to	0.50	L	buffer	soln,	ph?	



● Step	1:	Write	Equation	
	 	 NH4+	+-OH	→	H20	+NH3	

● Step	2:	Find	molarity	
0.005	mol	/0.5	L=	0.01M	NaOH	

● Step	3:	ICE	Box	
I:0.2				0.01	 	 0.24	
C:-0.01	-0.01	 	 0.01	
E:0.19	 	 	 0.25	

● Step	4:	Find	pH	using	Henderson-Hasselbach	equation	
pH=	9.25	+	log(0.25/0.19)=	9.37	

	
Titrations	

● Goal: to determine the concentration of a soln 
● Parts of a titration: 

○ Titrant → soln w/ known [ ] and v 

○ Tritrand/Analyte → soln with unknown [ ], known volume 

○ Equivalence point →  Point at which amount of titrant added is just enough to 
completely neutralize analyte soln 

■ mol base = mol of acid 
■  soln contains only salt and water 

○ Indicator → weak acid or base, changes color at endpoint 
■ Choose indicator that changes in the range near your equivalence point 
■  

Kind of 
titration 

pH at 
equivalence 

point 

Which indicator 
to use 

Range of pH Color change 

SA-SB pH = 7 Bromothymol 
blue 

6-8 Yellow → Blue 

WA-SB pH > 7 Phenolphthalein 8-10 Clear → Pink 

WB-SA pH < 7 Methyl Red 4-6 Red → Yellow 

 
○ Endpoint → when indicator changes color 

● Titration Curves 
○ SA-SB 



 
■ Point #1: Low initial point because initial is a strong acid 

 
■ Point #3: Equivalence point, halfway up the curve, pH = 7 

○ WA-SB 

 
■ Point #1: Starts higher because it’s a weak acid 
■ Point #3: pH is not neutral at equivalence point, pH >7 because the conj 

base of a weak acid is strong 
○ SA-WB 

 
■ Point #3: pH is not neutral at equivalence point, ph<7 
■ Point #4:Because of weak base the excess does not increase as high as 

a strong base 
○ WA-WB 



 
■ No steep plot, point of inflexion 

● Titration Calculation 
○ How to find concentration using titration 

  Example: To find [HCl] of 20.0ml that had 48.6ml of 0.100M NaOH titrant 
■ Step 1: Write equation 

 
   HCl + NaOH → H2O +NaCl 

■ Step 2: Find mols of titrant 
   [NaOH] = 0.100 M = x mol/ 0.0486L =0.00486 mol NaOH 

■ Step 3: Using molar ratio find moles of Tritrand 
● Since 1:1 ration, there is 0.0486 mol of HCl 

■ Step 4: Use known volume of unknown to find [] 
   [HCl] = 0.00486/0.0200 L = 0.243 M 

■ Shortcut* 
● Molarity*Volumeacid=Molarity*Volumebase 
● Example: x(10ml)=(0.100M)(48.6ml) 

 
Solubility	Equilibria	

 
Common Polyatomic Ions 
 
I. Cation	

A. 	NH4+(Ammonium)	
II.Anions	

A. CH3C00-	(Acetate)	
B. CN-	(Cyanide)	

C. OH-	(Hydroxide)	
D. MnO4-	(Permanganate)	

E. NO3-	(Nitrate)	*More	oxygen	=	-ate	suffix	
F. NO2-	(Nitrite)	*Less	oxygen	=	-ite	suffix	
G. ClO4-	(Perchlorate)	

H. ClO3-	(Chlorate)	
I. ClO2-	(Chlorite)	
J. ClO-	(Hypochlorite)	

K. SO42-	(Sulfate)	
	



L. SO32-	(Sulfite)	
M. HSO4-	(Hydrogen	sulfate	or	Bisulfate)	

N. CO32-	(Carbonate)	
O. HCO3-	(Hydrogen	carbonate	or	Bicarbonate)	

	
P. PO43-	(Phosphate)	

Q. HPO42-	(Hydrogen	phosphate)	
R. H2PO4-	(Dihydrogen	phosphate)	

S. CrO42-	(Chromate)	
T. Cr2O72-	(Dichromate)	

U. C2O42-	(Oxalate)	
V. O22-	(Peroxide)	

W. SCN-	(Thiocyanate)	
X. S2O32-	(Thiosulfate)	

 
Dissolution and Precipitation 

I. Dissolution:	NaCl	(s)	+	H2O	(l)	à	Na+(aq)	+	Cl-	(aq)	
A. Water	=	Solvent	

	
B. NaCl	=	Solute	(solid	ionic	crystal)	
C. Hydration:	partial	negative	on	oxygen	of	water	is	attracted	to	the	positive	

charge	on	sodium	so	they	pull	off	sodium	cations	and	break	ionic	bonds,	forming	
ion-dipole	interaction.	(same	thing	w/	Cl-,	except	partial	positive	hydrogens	are	
attracted	to	Chlorine)	
II. Precipitation:	NaCl	(aq)	+	AgNO3	(aq)	à	AgCl	(s)	+	NaNO3	(aq)	
	
A. Net	Ionic	Equation:	Ag+	(aq)	+	Cl-	(aq)	à	AgCl	(s)	
B. Spectator	Ions:	Ions	that	do	not	change	over	the	course	of	the	reaction.	
	 1.Na+	and	NO3-	

	
C. AgCl	=	Precipitate	



D. Forces	of	hydration	are	holding	chlorine	and	silver	ions	in	solution.	
Positively	charged	silver	ion	is	attracted	to	negatively	charged	chlorine	ion.	
E. Electrostatic	attractions	of	ionic	crystal	must	be	stronger	than	the	forces	
of	hydration	to	form	precipitate.	

Introduction to Solubility and Solubility Product Constant 
I. Ex:	A	chemist	adds	10.00	g	of	PbCl2	to	50.0	mL	of	water	at	25	degrees	C	and	

finds	that	only	0.22	g	of	the	solid	goes	into	solution.	*saturated	solution*	
	

 Calculate	the	solubility	(in	g/L	and	mol/L)	of	PbCl2	in	water	at	25	degrees	C.	
0.22g	PbCl2	=			. 		/			

 
0.05	L	

2.2g	PbCl2	

=	

0.00079	mol	

=	0.016	

mol	

=			.	
 

g	

      
  

0.05	L	

 

L	278.1	 mol	 PbCl2	      
 

B.	Calculate	the	solubility	product	constant	Ksp	(at	25	degrees	C)	for	PbCl2	
 PbCl2(s)	<->	Pb2+(aq)	+	2Cl2-(aq)	
I	
-0.016	M	

0	 0	
C	

E	 +0.016	 +0.016(2)	=	0.032	

  0.016	 0.032	
Ksp	=	[Pb2+][Cl-]2	

*Leave	pure	liquids	and	pure	solids	out	of	eq	expressions.	
 

Ksp	=	[Pb2+][Cl-]2	=	(0.016)(0.032)2	=	1.6	x	10-5	
 
III. How	would	the	results	change	if	we	had	tried	to	dissolve	100	g	of	PbCl2	in	the	same	

volume	of	water?	
	

Still	only	0.22	grams	would	dissolve,	we	would	have	a	bigger	pile	of	
undissolved	PbCl2,	but	the	equilibrium	constant	would	stay	the	same.	

	
*It	is	the	dissolved	portion	of	the	solute	that	determines	the	Ksp	NOT	
undissolved.	

 
Solubility from the Solubility Product Constant 
 
I. Ex:	Calculate	the	solubility	of	copper	(II)	hydroxide	(Ksp	=	2.2	x	10-20	at	25	

degrees	C)	
 Cu(OH)2	(s)	<->	Cu2+(aq)	+	2OH-(aq)	 2+	  -	2	  2	 3	

I	  
0	 0	

Ksp	=	[Cu	-20][OH	]3	=	(x)(2x)	 =	4x	
C	

-x	
2.2	x	10		=	4x	  -7	   

 +x	 +2x	 x=	1.8	x	10	 -7	     

E	
 

x	 2x	 [Cu(OH)2]	=	

      

 1.8	x	10		M	  
    -5	

g/L	

   

  Cu(OH)2	=	(1.8	x	10-7	mol/L)	(97.57	g/mol)	=	1.8	x	10	    



 
Solubility and the Common-ion Effect 
 

I. Ex:	Calculate	the	molar	solubility	of	PbCl2	(Ksp	=	1.6	x	10-
5	at	25	degrees)	in	a	0.100	M	solution	of	KCl.	

 
PbCl2	(s)	<->	Pb2+(aq)	+	2Cl-(aq)	

I	
-x	

0	 0.100	M	
C	

E	 +x	 +2x	

  x	 0.100	+	2x	
Ksp	=	[Pb2+][Cl-]2	=	(x)(0.100	+2x)2	*We	assume	that	x	is	negligible	
1.6	x	10-5	=	x(0.100)2	
1.6	x	10-5	=	=	x(0.01)	x=	1.6	x	10-3	M	
[PbCl2]	=	1.6	x	10-3	M	

 
II. Due	to	the	presence	of	a	common	ion,	the	molar	solubility	of	

PbCl2	decreased	(was	
1.6	x	10-2	in	pure	water).	

III. Le	Chatelier’s	Principle:	a	system	that’s	disturbed	at	equilibrium	will	shift	the	
equilibrium	position	to	relieve	the	applied	stress.	(Increasing	Cl-	ions	causes	
equilibrium	to	shift	to	the	left	and	decreases	solubility	of	PbCl2)	

Solubility and the pH of the Solution 
I. CaF2	(s)	<->	Ca2+(aq)	+	2F-(aq)	

A. Adding	H+	(acid)	->	decrease	pH	->	INCREASE	solubility	
B. Adding	H+	interacts	with	water	forming	H3O+	
C. 2H3O+(aq)	+	2F-(aq)	<->	2HF	(aq)	+	2H2O	(l)	

1. Hydronium	acts	as	an	Acid;	Fluorine	acts	as	a	Base	
2. When	we	add	H+	we	are	decreasing	[F-]	so	shifts	equilibrium	to	right	

to	create	more	F-	(increasing	solubility	of	CaF2)	
3. This	does	NOT	work	for	all	compounds	

II.	AgCl	(s)	<->	Ag+	(aq)	+	Cl-	(aq)			
A. The	Cl-	ion	would	not	react	with	hydronium	ions	because	Cl-	ion	is	a	much	
weaker	base	than	F-	
B. HCl	is	a	strong	acid	and	therefore	Cl-	is	a	weak	conjugate	base	(the	stronger	
the	acid	the	weaker	the	conjugate	base)	
C. The	solubility	of	AgCl	is	unaffected	by	adding	acid/decreasing	pH	

 
Solubility and Complex Ion Formation 
I. Ex:	Calculate	the	molar	solubility	of	AgCl	(Ksp	=	1.8	x	10-10	at	25	degrees	C)	in	

A.	Pure	Water	
 AgCl(s)	<->	Ag+(aq)	+	Cl-(aq)	 Ksp	=	[Ag	][Cl	]	=	(x)(x)-	=	x	 =	1.8	x	10	 
I	

 0	 0	

2	 =10	   +-	      
C	

-x	 +x	 +x	 x	=	1.3	x	10	
-5	
M	

     

      
E	  

x	 x	 [AgCl]	=	
        

 1.3	x	10		M	    

      5	    
             



B.	3.0	M	NH3	

Ag+	(aq)	+	2NH3	(aq)	<->	Ag(NH3)2+(aq)		Kf	=	1.6	x	107	
 

A. Ammonia	=	Lewis	Base	(electron	donor);	Ag+	=	Lewis	Acid	(electron	
acceptor)	

	
B. Formation	of	a	complex	ion	is	a	LA/LB	reaction	
C. Adding	ammonia	->	Complex	ion	formation	->	Increases	solubility	of	

AgCl.	
 

 AgCl	(s)	<->	Ag+	(aq)	+	Cl-	(aq)	
K	
sp	
=	1.8	x	10	

-10	 
7	

 
 Ag	+	       
  (aq)	+	2NH3	(aq)	<->	Ag(NH3)2	(aq)	

K-f	=	1.6	x	10	

 
      +	  

+	
  

          

K	=	Ksp	x	Kf	=	2.9	x	10	

-3	Net	RXN:	AgCl	(s)	+	2NH3	(aq)	<->	Ag(NH3)2	 (aq)	+	Cl	(aq)	

I	
-x	

 3.0	 0	     0	   
C	          

E	  -2x	 +x	     +x	     

   3.0	–2x	 x	     x	     
K	=	[Ag(NH3)2+][Cl-]/[NH3]2	=	(x)(x)/(3.0	–	2x)2	

√2.9			10>?	=	@		/(3.0		2		)D	

5.47	x	10-2	=	x/3.0-	2x	
5.47	x	10-2	(3.0	–	2x)	=	x	
0.16	–	0.11x	=x	
0.16	=	1.11x 
x=	1.4	x	10-1	M	

 
[AgCl]	=	1.4	x	10-1	M	(in	pure	water	is	1.3	x	10-5	M,	so	complex	ion	increased	
solubility)	

 
Dot	Structures	

 
 
Drawing Dot Structures 
 
III. Guidelines	for	drawing	dot	structures	

A. Find	the	total	number	of	valence	electrons.	
	

 Add	an	electron	for	every	negative	charge.	
 Subtract	an	electron	for	every	positive	charge.	

	
B. Decide	the	central	atom	(least	electronegative,	except	for	H)	and	draw	bonds.	

Subtract	the	electrons	used	from	the	total	in	Step	1.	
	



C. Assign	the	leftover	electrons	to	the	terminal	atoms.	Subtract	the	electrons	
from	the	total	in	Step	2.	

	
D. If	necessary,	assign	any	leftover	electrons	to	the	central	atom.	If	the	central	

atom	has	an	octet	or	exceeds	an	octet,	you	are	usually	done	(check	for	formal	
charges).	If	the	central	atom	doesn’t	have	an	octet,	create	multiple	bonds.	

 
IV. Ex:	SiF4	
	

A. Total	Valence	Electrons:	
	

Si	->	4	valence	electrons	(1	atom)	=	4	valence	electrons	
F	->	7	valence	electrons	(4	atoms)	=28	valence	electrons	
28	+	4	=	32	valence	electrons	

	
B. Decide	Central	Atom	->	Silicon	is	least	electronegative.	

8	valence	electrons	involved	in	bonds	
	

32	-	8	=	24	valence	electrons	left	
C. Assign	Leftover	Electrons	to	Terminal	Atoms	

Fluorine	is	in	second	period	and	follows	octet	rule.	
 

24	–	6(4)	=	0	valence	electrons	left	
 
 
V. Ex:	CH2O	

A. Total	 Valence	 Electrons:	
C	->	4	valence	electrons	
H	->	1	valence	electrons	(2	atoms)	=	2	valence	electrons	
O	->	6	valence	electrons	

	
4	+	2	+	6	=	12	valence	electrons	

B. Decide	Central	Atom	->	H	is	least	electronegative	but	can’t	be	H	so	must	be	
	

Carbon	
	

6	valence	electrons	involved	in	bonds	
12	–	6	=	6	valence	electrons	left	

	
C. Assign	Leftover	Electrons	to	Terminal	Atoms	H	

is	in	first	period	and	only	needs	2	electrons	O	
is	in	the	second	period	and	follows	octet	rule	6	
–	6	=	0	valence	electrons	left.	

	
D. Assign	Leftover	Electrons	to	Central	Atom	

C	follows	octet	rule	so	needs:	



	
8	–	6	=	2	more	electrons	
Bring	electrons	down	from	Oxygen.	

 
	
IV.	 Ex:	XeF5+	

VI. Total	Valence	Electrons	
Xe	->	8	valence	electrons	

	
F	->	7	valence	electrons	(5	atoms)	=	35	valence	electrons	

	
35	+	8	=	43	valence	electrons	–	1	electron	=	42	valence	electrons	

	
VII. Decide	Central	Atom	->	Xenon	is	least	electronegative	

atom	10	valence	electrons	involved	in	bonds	
	

42	–	10	=	32	valence	electrons	left.	
	

VIII. Assign	Leftover	Electrons	to	Terminal	
Atoms	F	is	in	second	period	so	follows	octet	
rule	32	–	6(5)	=	2	valence	electrons	left.	

	
IX. Assign	Leftover	Electrons	to	Central	Atom	

 
Add	the	2	electrons	to	Xe	

 
 
 
 
 
Formal Charge and Dot Structures 
 
 
I.	Formal	Charge	=	(#	VE	in	free	atom)	–	(#	VE	in	bonded	atom)	
	

A. NH4+	dot	structure:	
1. Total	Valence	Electrons	N	->	5	valence	electrons	

	
H	->	1	valence	electron	(4	atoms)	=	4	valence	
electrons	5	+	4	=	9	-1	=	8	valence	electrons	

2. Decide	Central	Atom	->	Nitrogen	is	least	electronegative	atom	8	
valence	electrons	involved	in	bonds	

	
8 –	8	=	0	valence	electron	

left.	This	is	the	final	
structure	



B.	Formal	Charge	of	Nitrogen	in	NH4+	#VE	in	free	
atom	=	5	valence	electrons	#VE	in	bonded	atom	=	4	
valence	electrons	FC	=	5	–	4	=	+1	
C.	Formal	Charge	of	Hydrogen	in	NH4+	#VE	in	free	atom	
=	1	valence	electron	#VE	in	bonded	atom	=	1	valence	
electron	FC	=	1	–	1	=	0	
	

II. H2SO4	
	

A. Total	Valence	Electrons	
	

H	->	1	valence	electron	(2	atoms)	=	2	valence	
electrons	S	->	6	valence	electrons	

	
O	->	6	valence	electrons	(4	atoms)	=	24	valence	
electrons	2	+	6	+	24	=	32	valence	electrons	

B. Decide	Central	Atom	->	Sulfur	is	least	electronegative	(minus	H)	
 



Because	an	acid,	Hydrogens	are	bonded	to	
Oxygen	12	valence	electrons	involved	in	bonds	

 
32 –	12	=	20	valence	electrons	left.	

C. Assign	Leftover	Electrons	to	Terminal	
	
	
	

	
Atoms	20	–	20	=	0	valence	electrons	left	

D. Formal	Charge	of	Top	Oxygen	
	

#VE	in	free	atom	=	6	valence	electrons	
#VE	in	bonded	atom	=	7	valence	electrons	
FC	=	6	–	7	=	-1	

	
*also	same	for	bottom	oxygen	

	
E. Formal	Charge	of	Sulfur	

	
#VE	in	free	atom	=	6	valence	electrons	
#VE	in	bonded	atom	=	4	valence	electrons	
FC	=	6	–	4	=	+2	

	
F. Need	to	minimize	number	of	formal	charge	

 
 
 
 
 
 
 
 
 

*It	is	ok	for	sulfur	to	have	an	expanded	octet	since	it	is	in	the	3rd	period	of	
the	periodic	table	

Resonance and Dot Structures 
II. Ex:	NO3-	

A.	Dot	Structure:	
 
 
 
 
 
 
 
 



 
B.	Can	move	electrons	from	any	of	the	other	two	oxygens	to	create	double	bond.	

 



J. These	three	dot	structures	represent	a	resonance	hybrid	of	each	of	these	three	
structures.	

VSEPR for 2 Electron Clouds 
 
JJ. VSEPR	=	Valence	Shell	Electron	Pair	Repulsion	

	
1. Electrons	being	negatively	charged	will	repel	each	other	and	when	those	

electrons	around	a	central	atom	repel	each	other	they	will	force	the	molecule	
 

into	a	particular	shape.	
JJJ. Steps	for	Predicting	the	shape	of	a	molecule	

1. Draw	a	dot	structure	to	show	the	valence	electrons	
	

2. Count	the	number	of	“electron	clouds”	surrounding	the	central	atom	
3. Predict	the	geometry	of	the	electron	clouds	around	the	central	atom	

	
4. Ignore	any	lone	pairs	and	predict	the	geometry	of	the	molecule/ion	

III. Ex:	BeCl2	
 Dot	Structure	

	
	
	

 Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	Predict	Geometry	
of	Electron	Clouds	
2	electron	clouds	in	this	molecule	

 
 
 

Linear	Shape	
 
 

Bond	angle	=	180	degrees	
IV.	 CO2	

I. Dot	Structure	
	
	

J. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	Predict	Geometry	
of	Electron	Clouds	
2	electron	clouds	in	this	
molecule	Linear	Shape	

	
Bond	angle	=	180	degrees	

 
 
VSEPR for 3 Electron Clouds 
 
D. BF3	



 Dot	Structure	
	
	
	
	
	
	
	
	

 Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	Predict	Geometry	
of	Electron	Clouds	
3	electron	clouds	in	this	
molecule	Trigonal	planar	shape	

	
Bond	angle	=	120	degrees	

D. SO2	
	

 Dot	Structure	
	
	

 Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	Predict	
Geometry	of	Electron	Clouds	
3	electron	clouds	in	this	
molecule	Trigonal	planar	shape	

	
Bond	angle	=	120	degrees	

 Ignore	lone	pairs	and	predict	Geometry	of	
molecule	Bent/angular	shape	

	
Bond	angle	=	120	degrees	

 
 
VSEPR for 4 Electron Clouds 
I. CH4	

	
 Dot	Structure	

	
	
	
	
	

 Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	Predict	Geometry	
of	Electron	Clouds	
4	electron	clouds	in	this	
molecule	Tetrahedral	shape	

 
Bond	angle	=	109.5	degrees	



 
II. NH3	



A. Dot	Structure	
	
	
	
	
	
	
	
	
	

B. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	
Predict	Geometry	of	Electron	Clouds	
4	electron	clouds	in	this	
molecule	Tetrahedral	shape	

	
Bond	angle	=	109.5	degrees	

	
C. Ignore	lone	pairs	and	predict	Geometry	of	

molecule	Trigonal	Pyramidal	
	

Bond	angle	=	107	degrees	
	
III. H2O	
	

A. Dot	Structure	
	
	

B. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	Predict	Geometry	
of	Electron	Clouds	
4	electron	clouds	in	this	
molecule	Tetrahedral	shape	

	
Bond	angle	=	109.5	degrees	

C. Ignore	lone	pairs	and	predict	Geometry	of	
molecule	Bent/angular	

	
Bond	angle	=	104.5	degrees	

 
 
VSEPR for 5 Electron Clouds 

I. PCl5	
	

A. Dot	Structure	
	
	
	
	
	



B. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	
Predict	Geometry	of	Electron	Clouds	
5	electron	clouds	in	this	molecule	
Trigonal	Bipyramidal	Shape	

	
Bond	angle	=	120,	90,	and	180	degrees	

 
II. SF4	



A. Dot	Structure	
	
	
	
	
	
	
	
	

B. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	
Predict	Geometry	of	Electron	Clouds	
5	electron	clouds	in	this	molecule	
Trigonal	Bipyramidal	Shape	
Bond	angle	=	120,	90,	and	180	degrees	

C. Ignore	lone	pairs	and	predict	Geometry	of	
molecule	Seesaw	Shape	

	
Bond	angle	=	120,	90	and	180	degrees	

III. ClF3	
	

A. Dot	Structure	
	
	
	
	
	
	

B. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	
Predict	Geometry	of	Electron	Clouds	
5	electron	clouds	in	this	molecule	
Trigonal	Bipyramidal	Shape	

	
Bond	angle	=	120,	90,	and	180	degrees	

C. Ignore	lone	pairs	and	predict	Geometry	of	
molecule	T-Shaped	

 
Bond	angle	=	90	and	180	degrees	

IV. I3-	
 

A. Dot	Structure	
	
	
	
	
	

B. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	
Predict	Geometry	of	Electron	Clouds	
5	electron	clouds	in	this	molecule	
Trigonal	Bipyramidal	Shape	



	
Bond	angle	=	120,	90,	and	180	degrees	

C. Ignore	lone	pairs	and	predict	Geometry	of	
molecule	Linear	Shaped	

	
Bond	angle	=	180	degrees	

 



VSEPR for 6 Electron Clouds 
 
 

I. SF6	
	

A. Dot	Structure	
	
	
	
	
	
	
	

B. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	
Predict	Geometry	of	Electron	Clouds	
6	electron	clouds	in	this	
molecule	Octahedral	Shape	

 
II. BrF5	

	
A. Dot	Structure	

	
	
	
	
	
	

B. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	
Predict	Geometry	of	Electron	Clouds	
6	electron	clouds	in	this	
molecule	Octahedral	Shape	

	
Bond	angle	=	180	and	90	degrees	

	
C. Ignore	lone	pairs	and	predict	Geometry	of	

molecule	Square	Pyramidal	Shape	
	

Bond	angle	=	90	degrees	
 

III. XeF4	
A. Dot	Structure	

	
	
	
	

B. Count	the	Number	of	Electron	Clouds	Around	Central	Atom	+	
Predict	Geometry	of	Electron	Clouds	
6	electron	clouds	in	this	
molecule	Octahedral	Shape	



	
Bond	angle	=	180	and	90	degrees	

C. Ignore	lone	pairs	and	predict	Geometry	of	
molecule	Square	Planar	

	
Bond	angle	=	90	degrees	

 



 
 
Stereochemistry	

 
Structural (Constitutional) Isomers 
 

Structural	Isomers:	all	have	the	same	number	of	atoms	but	differ	in	how	those	
atoms	are	connected	to	each	other.	
	
Structural	Isomers	of	C5H12	

 
 
 
 
 
 
 
 
 
	
	

Structural	Isomers	of	C3H8O	
 
 
 
 
 
 
 
 
	
	
Chiral vs. Achiral 
 
 

I. Achiral:	objects	that	are	superimposable	on	their	mirror	images	
II. Chiral:	objects	that	are	not	superimposable	on	their	mirror	images	

 
Stereoisomers, Enantiomers, and Chirality Centers 

I. Stereoisomers:	isomers	that	differ	in	the	3D	arrangement	of	atoms	
II. Enantiomers:	stereoisomers	that	are	non-superimposable	mirror	images	(Greek	

for	opposite)	
III. Chiral/Chirality	Center:	Tetrahedral	carbon	(sp3	hybridized)	that	has	

four	different	groups	
A. 2n	tells	us	how	many	stereoisomers	we	have;	n	=	number	of	chiral	

centers.	



	
	
	
 
Identifying Chirality Centers 

I. Chirality	Center:	tetrahedral	(sp3	hybridized)	carbon	with	4	different	groups	
 

II. Examples:	
 
 

	
	
	
	
	
	
These	two	molecules	

 
have	no	chiral	centers	
	
	

 
 
R,S System 
 
 
 
 
 
 
 

I. R,S	Steps	
	

5. Prioritize	the	four	groups	attached	to	the	chirality	center	by	atomic	number	
6. Orient	the	groups	so	that	the	lowest	priority	group	is	projecting	away	

	
7. Determine	if	the	sequence	1-2-3	is	clockwise	(R)	or	counterclockwise	(S).	

II. Examples:	
a. Lowest	priority	group	pointing	away	

	
	
	
	
	
	

b. Lowest	priority	group	in	front:	assign	priorities	->	decide	whether	R/S	
and	then	take	the	OPPOSITE	

 
 



	
	
Optical Activity 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
K. If	plane	polarized	light	went	through	a	compound	of	optically	active	compounds	the	

plane	polarized	light	leaving	the	compound	will	be	rotated	at	a	different	angle.	
 Dextrorotatory	(+):	observed	rotation	to	the	right	

	
 Levorotatory	(-):	observed	rotation	to	the	left	



E. You	can	change	the	amount	of	observed	the	rotation	by:	
	
	

 Changing	the	concentration	of	compound	
	

 Changing	the	path	length	
	

F. Specific	Rotation:	[a]	=	a/cl	*can	change	depending	on	temperature	+	
wavelength	

	
 [a]	=	specific	rotation;	constant	

	
 a =	observed	rotation	

	
 c	=	concentration	(g/mL)	

	
 l	=	length	(dm)	

G. Enantiomers	have	specific	rotations	that	are	equal	in	magnitude	but	are	
opposite	in	sign.	R/S	has	nothing	to	do	with	negative	or	positive	(this	is	
determined	experimentally)	

H. Chiral	compounds	are	optically	active	but	achiral	compounds	are	not	
 
Enantiomers	and	Diastereomers	
	
I. Enantiomers:	

	
 Stereoisomers	that	are	nonsuperimposable	mirror	images	
 Opposite	configurations	at	all	chirality	centers	

 
 
 
 
 
 
 
 
 
 
 
II. Diastereomers:	

 
 

I	vs.	III	or	IV	=	Diastereomers	
 

II	vs.	III	or	IV	=	Diastereomers	
 
 
 
 
 
 



A. Stereoisomers	that	are	nonsuperimposable	non-mirror	images	
B. Opposite	configurations	at	some	chirality	centers	

 
Cis-trans isomerism 

I. Cis:	identical	substituents	on	same	side	of	double	bond	
II. Trans:	identical	substituents	on	different	side	of	double	bond	
III. Example:	

 



E-Z system 
 
 

I. To	use	Cis/Trans	you	must	have	two	identical	groups	to	compare	
II. E/Z	is	used	when	no	identical	substituents	about	a	double	bond	 	

A. Entgegen	(E):	Opposite	“Eppesite”	
i. When	the	two	highest	priority	groups	are	on	opposite	sides	

A. Zusammen	(Z):	Together	“Zame	side”	
i. When	the	two	highest	priority	groups	are	on	the	same	side.	

 
III. To use E/Z system must assign priority using atomic number 
IV. 	Example:	

 
 
 
 
 
 
 
 
Conformations of Ethane 

I. Conformations:	different	arrangements	of	atoms	that	result	from	bond	rotation.	
 
 
 
 
 
 
 
 
Newman	Projection Saw-horse Wedge	and	Dash	

 
 
 
 
Conformational Analysis of Butane 
 
 
 

180	degrees	 I.			The	staggered	conformation	is	the	most	
 stable	(lower	potential	energy)	
 A.	 Staggered	>	partially	eclipsed	>	
120	degrees	  gauche	>	totally	eclipsed	
 B.	Less	stable/More	steric	hindrance	=	
 

C.	
Greater	PE	

 More	stable/Less	steric	hindrance	=	

60	degrees	  Less	PE	



 
0	degrees	

 
Covalent	Bonds	

 
Electronegativity and Bonding 
 
III. Electronegativity:	the	power	of	an	atom	in	a	molecule	to	attract	electrons	to	itself.	

A. Covalent	Bond:	bond	that	is	formed	between	atoms	that	have	similar	
electronegativities-	the	affinity	or	desire	for	electrons.	

	
1. Non-polar	Covalent	Bond:	bond	formed	between	same	atoms	or	

	
atoms	with	similar	electronegativities.	(ex:	C-C	bond)	

	
i. Difference	in	elecronegativities	~	0-0.5	

2. Polar	Covalent	Bond:	bond	formed	when	atoms	of	slightly	different	
	

electronegativities	share	electrons.	(ex:	C-O	bond)	
i. Difference	in	elecronegativities	~	0.5-1.9	

	
B. Ionic	Bonds:	bond	formed	by	the	complete	transfer	of	valence	electrons	

	
between	atoms,	typically	between	two	oppositely	charged	ions.	(ex:	Na-Cl)	

a. Difference	in	electronegativities	~	>1.7	
	

 
Intermolecular Forces 
IV. Intramolecular	Force:	forces	within	a	molecule	
X. Intermolecular	Force:	forces	between	molecules	

A. Dipole-Dipole	Interactions:	forces	that	occur	when	the	partially	positively	
charged	part	of	a	molecule	interacts	with	the	partially	negatively	charged	part	
of	the	neighboring	molecule.	(ex:	between	C	and	O	of	two	acetone	molecules)	

B. Hydrogen	Bonding:	type	of	dipole-dipole	interaction	that	occurs	specifically	
	

between	a	hydrogen	atom	bonded	to	either	O,	N,	or	F	atom.	(ex:	between	H	and	
O	of	two	water	molecules)	

	
C. London	Dispersion	(van	der	Waals)	Forces:	a	temporary	attractive	force	that	

results	when	the	electrons	in	two	adjacent	atoms	occupy	positions	that	make	
the	atoms	form	temporary	dipoles.	(ex:	between	two	methane	molecules)	

D. Hydrogen	Bonding	>	Dipole-Dipole	Interactions	>	London	Dispersion	Forces	
 
 
Sp3 Hybridization 
 



XI. Ex:	Methane	(CH4)	–	25%	s	character,	75%	p	character	
 

	
A.	Ex:	Ethane	(C2H6)	each	carbon	is	sp3	hybridized.	

 
 
 
 
 
 
 
 
 
 
 
 
 
	
	
	
	
	
	
	
	
	
	
Steric Number and Sp3 Hybridization 
 
 
V. Steric	Number	=	#	sigma	bonds	+	#	lone	pairs	
IV. Ex:	Methane	(CH4)	

A.	SN	=	4	+	O	=	4	
V. Ex:	Ammonia	(NH3)	

a. SN	=	3	+	1	=	4	
	

b. Must	be	sp3	hybridized	since	needs	4	hybridized	orbitals	
IV.	Water	(H2O)	
	

c. SN	=	2	+	2	=	4	
	

d. Must	be	sp3	hybridized	since	needs	4	hybridized	
orbitals	*Reference	dot	structure	notes	for	further	
help	

Dipole Moment 
K. Dipole	moment:	p	=qd	(units:	Debyes)	
III. Ex:	HCl	



a. There	is	a	dipole	moment	for	this	molecule	toward	
the	chlorine	atom,	so	we	can	consider	this	to	be	a	
polar	

 
molecule.	

 
KKK. Ex:	CO2	
	

1. There	 is	no	dipole	moment	 for	 this	molecule	because	there	 is	a	
pull	of	 electrons	equal	 in	magnitude	 in	both	directions,	 so	 they	
cancel	each	other	out.	So,	we	can	consider	this	to	be	nonpolar.	

 
IV. There	is	a	net	dipole	moment	upward	for	this	molecule.	So,	we	can	

consider	this	molecule	to	be	polar.	
 



Sp2 Hybridization 
 
 

L. Ex:	C2H4	-	33%	s	character,	67%	p	character	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I. 1	pi	bond	and	5	sigma	bonds	(2	for	each	Carbon	+	the	one	that	is	shared	
between	them)	

J. The	presence	of	a	pi	bond	prevents	free	rotation	(which	is	seen	with	sigma	bonds)	
	

K. SN	=	3	+	0	=	3;	so	needs	3	hybrid	orbitals	
 
Sp Hybridization 
J. Ex:	C2H2	-	50%	s	character,	50%	p	character	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
III. 2	pi	bonds	and	3	sigma	bonds	(1	for	each	Carbon	+	the	one	that	is	shared	

between	them)	
IV. Like	sp2	hybridization,	the	presence	of	pi	bonds	prevents	free	rotation.	



V. SN	=	2	+	0	=	2;	so	needs	2	hybrid	orbitals	
 
Organic Hybridization 

VI. Identify	the	hybridization	states	and	predict	the	geometries	for	all	atoms	(except	
H)	

 
 
	

	

Separations	and	Purifications	

Simple and Fractional Distillations 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I. Components	of	Distillation	(Simple):	
A Distilling	Flask:	contains	mixture	of	compounds	that	you	want	to	separate	

out	
B Oil	Bath:	helps	maintain	a	constant	temperature	during	process;	doesn’t	

evaporate	
C Thermometer:	measures	what	temperature	your	compounds	are	boiling	out	

at	
D Condenser:	water	cycles	in	and	out	to	keep	the	condenser	cool	allowing	the	

condenser	to	condense	evaporated	compounds	into	receiving	flask	
E Receiving	Flask:	collects	the	condensed	liquid	from	condenser	
F Ice	Bath:	keeps	condensed	liquid	in	receiving	flask	cold	
G Vacuum	Adapter:	lowers	pressure	of	the	system	making	it	easier	to	

vaporize	substances	(especially	if	has	high	boiling	point).	
	



II. Ex:	Hexane	(BP=68	degrees	C)	and	Toluene	(BP=	110	degrees	C)	
A.	On	Graph:	

	
i. At	68	degrees	C	plateau	for	Hexane	phase	change	

	
ii. At	110	degrees	C	plateau	for	Toluene	phase	change	
iii. Plateau	happens	because	during	phase	change	

there	is	no	change	in	temperature!	
	

III. Simple	Distillation:	used	to	separated	compounds	with	pretty	
big	boiling	point	differences	(25-30	degree	diff)	

 
IV. Fractional	Distillation:	used	to	separate	compounds	with	smaller	differences	in	

boiling	point.	
 



Extractions 
 
 

I. Components	of	Extractions:	
	
	
	
	
	
	
	
	
	

A. Separatory	Funnel:	contains	opening	from	the	top	through	which	you	can	
pour	liquid.	

 1.	After	shaking	separatory	funnel	liquids	separate	into	layers	(bc	
diff	densities):	

	
a. Organic	Phase:	on	top;	contains	uncharged	

species/neutral	compounds	
	

b. Aqueous	Phase:	on	bottom;	contains	water	and	
other	charged	species/ions	

	
2. Stopcock:	prevents	liquid	from	flowing	freely	from	the	

separatory	funnel	
3. Flask:	collects	fluid	that	flows	from	separatory	funnel	

II. Ex:	Hexane	and	Propanamine	
A Hexane	is	neutral	and	Propanamine	is	basic	because	of	amino	group	
B In	order	to	get	Propanamine	into	aqueous	layer	must	add	an	acid.	
C Hexane	would	be	in	organic	layer	because	uncharged	

 
III. If	basic	functional	group	add	acid;	if	acidic	functional	group	add	base	

 
a. Use	weak	base	(sodium	bicarbonate)-	bc	will	not	be	able	to	deprotonate	

weak	acid	(phenol)	only	acetic	acid	
	

b. After	Sodium	Bicarbonate	->	Aqueous	phase:	acetic	acid;	Organic	phase:	
hexane,	phenol	

c. Then	add	strong	base	(sodium	hydroxide)	to	deprotonate	phenol	
	

d. After	Sodium	Hydroxide	->	Aqueous	phase:	phenol;	Organic	Phase:	Hexane	
 



Basics/Principals of Chromatography 
V. Chromatography:	an	analytical	technique	commonly	used	for	separating	a	

mixture	of	chemical	substances	into	its	individual	components,	so	that	the	
individual	components	can	be	thoroughly	analyzed.	



II.	 Types:	
 
 
 

Technique	 Stationary	 Mobile	Phase	 Basis	of	 Notes	
Paper	 Phase	

Liquid	
Separation	

Compound	spotted	Chromatography*	 Solid	 Polarity	of	
 (cellulose)	  molecules	 directly	on	cellulose	

    paper	
Thin	Layer	

Solid	(silica	 Liquid	 Polarity	of	 Glass	is	coated	with	thin	Chromatography*	
(TLC)	 or	alumina)	  molecules	 layer	of	silica	on	which	

    is	spotted	the	compound	
     
Liquid	Column	

Solid	(silica	 Liquid	 Polarity	of	 Glass	column	is	packed	Chromatography*	
Size	Exclusion	 or	alumina)	 Liquid	 molecules	 with	slurry	of	silica	
Chromatography	 Solid	 Size	of	 Small	molecules	get	

 (microporous	  molecules	 trapped	in	the	pores	of	
 beads	of	   the	stationary	phase,	
 silica)	   while	large	molecules	
    flow	through	the	gaps	
    between	the	beads	and	
    have	very	small	
    retention	times.	So	
    larger	molecules	come	
    out	first.	In	this	type	of	
    chromatography	there	
    isn’t	any	interaction,	
    physical	or	chemical,	
    between	the	analyte	and	

Ion-Exchange	 Solid	 Liquid	 Ionic	charge	 stationary	phase.	
Chromatography	 Molecules	possessing	

 (cationic	or	  of	the	 the	opposite	charge	as	
 anionic	  molecules	 the	resin	will	bind	
 resin)	   tightly	to	the	resin,	and	
    molecules	having	the	
    same	charge	as	the	resin	
    will	flow	through	the	
    column	and	elute	out	

Affinity	 Solid	 Liquid	 Binding	 first.	
Chromatography	 If	the	molecule	is	a	



 (agarose	or	  affinity	of	 substance	for	the	
 



  porous	beads	    the	analyte	  enzyme,	it	will	bind	  
  on	to	which	    molecule	to	  tightly	to	the	enzyme	  
  are	    the	  and	the	unbound	  
  immobilized	    molecule	  analytes	will	pass	  
  molecules	    immobilized	  through	in	the	mobile	  
  like	enzymes	    on	the	  phase,	and	elute	out	of	  
  and	    stationary	  the	column,	leading	the	  
  antibodies)	    phase	  substrate	bound	to	the	  
        enzyme,	which	can	then	  
        be	detached	from	the	  
        stationary	phase	and	  
        eluted	out	of	the	column	  
        with	an	appropriate	  
 Gas	       solvent.	  
 Chromatography	 Liquid	or	  Gas	(inert	  Boiling	  Samples	are	volatilized	  
  Solid	Support	  gas	like	  point	of	the	  and	the	molecule	with	  
    argon	or	  molecules	  lowest	boiling	point	  
    helium)	    comes	out	of	the	column	  
        first.	The	molecule	with	  
        the	highest	boiling	point	  
        comes	out	of	the	column	  
 
*Falls	under	the	category	of	“Liquid	

 
Chromatography”	

 
 

 
last.	

 
     

 
V. Components	of	Chromatography	
	

A. Mobile	Phase/Carrier:	solvent	moving	through	the	column.	
B. Stationary	Phase/Adsorbent:	substance	that	stays	fixed	inside	the	column	

	
C. Eluent:	fluid	entering	the	column	

	
D. Eluate:	fluid	exiting	the	column	(that	is	collected	in	flasks)	
E. Elution:	the	process	of	washing	out	a	compound	through	a	column	using	

a	suitable	solvent.	
	

F. Analyte:	mixture	whose	individual	components	have	to	be	separated	
and	analyzed.	

 
Thin Layer Chromatography (TLC) 
	
	
Stationary	Phase:	silica	gel	(very	polar)	
	
II.			Mobile	Phase:	any	solvent	
III.			Developing	Chamber:	contains	the	mobile	phase	



and	TLC	plate	
LLL. Must	cover	the	top	of	this	chamber	so	that	

the	mobile	phase	vapor	does	not	escape	
 
IV.	 Mobile	phase	travels	up	the	TLC	plate	via	capillary	

action	
VI. Need	UV	lamp	to	visualize	

 
VI.	 More	polar	substances	won’t	travel	as	far	as	less	polar	substances	



Calculating	retention	factors	for	TLC	
 
 
 
M. Retardation	Factor	(Rf)	=	distance	traveled	by	

solute/distance	traveled	by	solvent	
	
II.	(Rf,A)	=	A/S	=	2/4	=	0.5	III.	
(Rf,B)	=	B/S	=	3/4	=	0.75	

 
IV.	 Compound	B	is	less	polar	and	travels	faster	(more	attracted	to	

mobile	phase)	
 
L. Compound	A	is	more	polar	and	travels	slower	(more	attracted	to	

stationary	phase)	
VI. Compounds	with	a	greater	Rf	are	less	polar	and	compounds	

with	smaller	Rf	are	more	polar	
 
Column	Chromatography	*Types	are	explained	in	the	above	table	

 
 
 
 
 
 
 
 
 
 
Gas	Chromatography	

 
 
 
 
 
 
 
 
 
K. Liquid	sample	injected	into	chromatograph	and	vaporized	into	gas	

	
	
VI. It	is	joined	with	a	stream	of	inert	gas	that	was	already	flowing	and	pushed	onto	the	

long	column	
	
IV. Inside	coiled	column:	

 
 

 Solvent	that	you	dissolved	your	compound	in	appears	as	the	first	peak	
	

 The	second	peak	usually	represents	the	first	compound	in	the	mixture	
VII. Compounds	that	reach	the	detector	faster	usually	have	low	boiling	points	

and	are	vaporized	readily	



VI.	
Compound	that	reach	the	detector	slower	usually	have	higher	boiling	points	
and	prefer	to	spend	their	time	in	the	liquid	phase	

VII.	 If	similar	boiling	points…	
 A.	Size	->	smaller	compounds	move	faster	than	larger	compounds	
VIII.	 Chromatograph	plotted	as	 Intensity	(amount	of	particles	hitting	detector)	vs.	

IX.	

Time	  

Often	run	with	other	analytical	techniques	to	figure	out	the	exact	compounds	



Gel	Electrophoresis	
 
 
 
 
 
 
 
 
 
 

VIII. Gel	Electrophoresis:	lab	technique	used	in	biochemistry	for	separating	out	DNA	or	
proteins	based	on	their	size.	

II.	Gel	can	be	made	out	of	different	substances	such	as	agarose	or	polyacrylamide	III.	
Must	have	electrical	field	passing	through	gel	to	get	the	bands	to	move	
	

i. Cathode	(reduction,	-)	and	Anode	(oxidation,	+)	
ii. Charge	flows	from	Anode	->	Cathode	

 
J. DNA	is	negatively	charged	so	will	move	towards	Anode	(positive	charge)	
VI.	 Must	always	load	DNA	ladder	(standard)	to	compare	to	unknown	samples	
VII.	 Smallest	fragments	travel	the	furthest	

Two	commonly	used	gels:	

VIII.	 
A.	Agarose:	usually	used	for	separating	big	fragments	of	DNA	(>50	bp)	

 
B. SDS-	PAGE:	usually	used	 for	separating	small	 fragments	of	DNA	and	proteins	1.	

Contains	Sodium	Dodecyl	Sulfate	which	is	a	chemical	agent	that	denatures	
 

proteins,	disrupting	any	non	-covalent	interactions	they	may	have	so	that	the	charge	
of	the	proteins	isn’t	a	factor	when	they’re	separating	out	onto	the	gel.	

 
2.	Polyacrylamide	is	the	substance	that	the	gel	is	made	out	of	

 
Resolution	of	Enantiomers	

 
B. Enantiomers:	compounds	that	are	nonsuperimposable	mirror	images	of	each	other.	

	
i. S/R	used	to	identify	which	enantiomer	conformation	(for	only	one	chiral	
center)	

II.			Chiral	Column	Chromatography	
	

i. Chiral	Stationary	Phase:	only	bind	to	one	conformation	(R/S)	
	
III.	If	R	enantiomer	binds	to	stationary	phase,	then	S	will	elute	faster	and	vice	versa	*same	

principal	for	gas	chromatography	
 
 



Nucleic	acids,	lipids	and	carbohydrates	

Nucleic Acid structure 1 

Chromosome made of densely packed chromatin made of tremendous amount of DNA wrapped 
around in histones. 
DNA is made of 3 components (See Fig below): 
1) sugar: deoxyribose (carbons marked in red) 
2) nitrogenous bases (Adenine, Thymine, Cytosine, Guanine) 
3) phosphate group: triphosphate as seen in figure. 

 
The 4 nitrogenous bases we see in DNA (See figure below) 
Purine: adenine & guanine, the 2 ring bases. 
Pyrimidines: thymine & cytosine, the single ring structures. 

 
 
The nitrogenous bases always pair up via hydrogen bonding as A-T (2 bonds) and C-G (3 bonds). A 
DNA strand containing more C-G bonds is harder to denature due to the number of bonds. 



 
For example, we look at adenine and thymine bonding (figure above) the Oxygen in thymine which is 
somewhat negative because it pulls away from carbons in the double bond and the nitrogen in the 
adenine is positive because it pulls electrons away. 
Antiparallel structure of DNA strands 

The backbone of DNA (see fig. below) is a chain of phosphates (pink circle) linked by a 
phosphodiester linkage with a sugar (blue circle.) the complementary nitrogenous bases are what 
links the left and right backbones of DNA together.  
The nitrogen in the bases are electronegative – they can take up more hydrogen protons. 
Why is DNA called an acid if there are many nitrogen (a base) present on the bases? 
Because when the phosphate groups are protonated they are acids. 
Thymine (circled in green) attached to Adenine (circled in orange) and below it cytosine (circled in 
yellow) and guanine (circled in pink) 
The direction they are oriented is important if you look at the left backbone the oxygen is pointing up 
on the riboses whereas the oxygen is pointing down on the riboses in the right backbone.  
On the left side of the figure below we see the numbered ribose sugar, now if we were to number 
the sugars on the left backbone, we notice that on top it starts at the 5’ and ends with the 3’ carbon 
in the bottom ribose. The opposite is true for the right backbone. This is what grants DNA it’s 
antiparallel structure and 5’�3’ complementary to its 3’�5’ 
Saponification- Base promoted ester hydrolysis 

Triglycerols are hydrolysable lipids meaning that they can be broken down into smaller pieces via 
hydrolysis reactions. So the ester portion (the COR groups) during the hydrolysis is what is broken off 
during hydrolysis as seen here:  

 
In the base promoted ester hydrolysis: 



 
 
1) In 1st reaction the OH group is the base (in yellow) nucleophillically attacks the carbon. 
2) We then end up with a tetrahedral intermediate with a carbanion, the electrons from the top 
oxygen then make a double bond with the carbon which then causes the electrons in the bond with 
OR to go to the oxygen and make the OR a leaving group. 
3) A carboxylic acid is formed and in the 3rd step we get an acid base proton transfer with the OR 
group (strong base) that just left. 
The end product is carboxylate anion and an alcohol. 
In the body, this base promoted ester hydrolysis is the starting point of all fat metabolism reaction. 
Lipases facilitates this reaction. 
 
If for example, we used NaOH as the base for the reaction the Na+ ion carries throughout the 
reaction and the Na+ at the end will link up with the carboxylate anion making an ionic salt. If it so 
happens that the carboxylate anion was from a triglycerol therefore the R group (see below) is 
actually a fatty acid tail with a really polar head and long non-polar section this salt which is actually a 
soap can dissolve both polar and non-polar molecules (grease, oil). Hence the term, saponification. 

 
 
 
Lipids- structure in cell membranes 
2 main categories: 
1) hydrolysable: triglycerols (for energy storage). phospholipids (structural) 
2) not-hydrolysable 
We now look at specifically hydrolysable lipids 
Phospholipid comes in the form of a phosphodiester “ester” 
due to double bond to oxygen and P group “di”: 
because it occurs twice 
 
 
 



If we take triglycerol and we replace the lower fatty acid with a 
phosphodiester (purple) it would look like this (right), we get a 
phospholipid with a polar section (purple) and non-polar (yellow).  
These phospholipids are seen in cell membranes as a 
phospholipid bilayer (figure right): where the non-polar (yellow) ends are 
facing each other and the polar ends (purple) face away. The non-
polar section keeps water away and keeps fluid either in or out. 
 
 
Sphingolipid is another hydrolysable 
lipid using sphingosine (amino alcohol, 
with lipid characteristics with a 15C 
tail) instead of triglycerol as base. It 
has a structural function in nerve cells, 
in myelin. 
 
Another type of hydrolysable lipid are 
waxes, they are also esters made of high molecular weight alcohol with a fatty acid. It is very 
hydrophobic due to the 2 large non-polar sections. 

 
 
Lipids as cofactors and signaling molecules 

Non-hydrolysable lipids main function in signaling. Example are: 
Prostaglandins: non-hydrolysable lipid molecule that help signal 
inflammation, lower blood pressure. Lower gastric secretions, inhibit 
platelet aggregation. It belonging to a group called eicosanoids (eico- 
greek for 20, so it belongs to a group containing 20 carbons) 
Eicosanoids: known for being local mediators (signals an effect in their 
immediate environment)  
 
 



 
Steroids: tetracycline (4 cyclic rings) lipid, non-hydrolysable eg: 
cholesterol, testosterone (top right), progesterone (bottom right). 
 
 
 
 
 
 
Fat soluble vitamins: non-hydrolysable lipids that function as cofactors, 
help enzyme in our body to perform a function that the body cannot 
synthesize on their own 
Vitamins (fat soluble): 
A: aka retinol, for light sensitivity and mucous membranes 
D: regulate phosphorus and calcium metabolism 
E: antioxidant protecting neurological function 
K: regulates synthesis of prothrombin (helps in blood clotting) 
Carbohydrates – naming and classification 

Carbohydrate: a chemical compound made of carbon atoms that are fully hydrated 
Chemical formula of Cn(H2O)n where we get a 1:2:1 ratio of Carbon : Hydrogen : Oxygen 
monosaccharide: 1 saccharide (Greek for sugar), saccharide it a synonym for carbohydrate 
polysaccharides: several carbohydrates linked together  
  eg: cellulose – making structural backbone of cell walls in plants 
        ribose – 5 carbon sugar supporting transcribed products of genes in RNA 
 
Main task of carbohydrate: fulfilling body’s energy needs, the main energy source for metabolism is 
glucose (a monosaccharide made of 6 glucose) 
Naming: 
 suffix: -ose, is the suffix for sugars 
 prefixes: 2 to consider: 
  1) # of carbons in the chain (below we give an example of the simplest 3   
  carbon sugar glyceraldehyde, the C1 is the functional group carbon from   
  the aldehyde) 
A common hexose we deal with is glucose 
which also has an aldehyde group (seen to the 
right in blue). Having an aldehyde functional 
group, it would be proper to call this sugar an 
aldohexose. 
 
 



 
Now if instead of having this aldehyde functional group we have a 
ketone. We get the 6 carbon sugar called fructose or rather a 
ketohexose. (Note: the bottom CH2O should actually in fact be 
CH2OH) 
   
 

2) stereochemistry of the highest numbered chiral 
center. We look at the Fischer projection of glucose (to the 
right) and focus on the carbon denoted with the yellow dot 
(the highest chiral center) and we decide the 
stereochemistry of that chiral carbon. In this example the 
highest substituent is the hydroxyl group (-OH) on the right 
side it is therefore an R stereochemistry and if it was on the 
left side the we get an L stereochemistry 

Fischer who invented these “Fischer projections” as a naming convention decided that since it was in 
an R stereochemistry and the latin for right handed was “dexter” so it is then assigned a D 
configuration. If we were to draw the enantiomer (mirror image) for the Fischer projection in D 
configuration we would then get the L configuration wherein the highest substituent would be on the 
left hand side. 
Looking back at our example of glucose it would be proper to now name it D- Aldohexose and our 
fructose as D- Ketohexose since both have the hydroxyl groups to the right side. 
Fischer projections 

It is another way of visualizing molecules in 3-D. Below we look at the example using lactic acid. 

  
On the very top of the figure we see the lactic and its only chirality center where we see the yellow 
dot.  
On the bottom left we see the exact same figure however we assign priorities based on atomic 
number that it attached to that chirality center. Based on the numbering of the priorities of the 
groups attached we see that it is in an R configuration. To draw the Fischer projection, we look at the 
figure from the top (represented by an eye) and cut the figure (represented by the dotted lines) in to 
a top half and bottom half at the chirality center. 
Now looking at the middle figure, we see that the two groups that were facing towards the eye (H 
and OH) are represented by wedges. We know to place the OH to the right of this structure since it is 
in R configuration. The two groups that were facing away from our eye (COOH and CH3) have vertical 



lines.  
We can now draw the R configuration of lactic acid and instead of drawing wedges and multiple lines 
we can simply attach the groups via straight lines. If we were to look at the enantiomer of this Fischer 
projection, we draw the mirror image and we see that we get an S configuration. 
 
Let’s now look at the example with a 4 carbon carbohydrate (figure to the 
right), this time with 2 chirality centers (at carbons 2 and 3) with the 
formula: 2n = # stereoisomers (n being # of chirality centers) we know this 
figure to have 4 different stereoisomers  
Now using a saw horse projection (left most structure in the figure 
below), we can get 1 of the possible stereoisomers.  
Looking from above the structure (eye is colored in green) we can tell which groups are facing 
towards the eye and which are facing away from the eye. The yellow dot that’s further back 
represents carbon 2 (1st chirality center) and the yellow dot that’s at the front represents carbon 3 
(2nd chirality center) 
Now looking at the middle structure, the groups that were facing towards the eye are represented by 
wedges and the ones pointing away have the vertical lines.  
The Fischer projection is simply the middle figure but with straight lines (the right most structure). 

 
In the figure below we have the 4 stereoisomers of this carbohydrate. Structure A is the exact same 
as the structure to the right most of the figure above. 
Structures A&B are simply the mirror images of one another (aka enantiomers) 
Since carbons 2 and 3 are chiral centers they can “rotate” this is how we get structures (C&D below) 
Structures C&D being mirror images of one another are also enantiomers. 
Structures A&C (circled in red) are diastereomers meaning they are non-superimposable non-mirror 
images of each other.  

 
Let us now assign absolute configuration of structure A (figure below).  
For chirality center at carbon 2, we notice that as you number the groups (numbered in red) it goes 
counterclockwise (S configuration). However, the hydrogen at position 4 (red wedge) is actually 
coming out to you so with that it actually reverses the rotation making it go clockwise in an R 
configuration. (Note: the carbon numbered 2 in red doesn’t actually have 2 oxygens, but since it’s 
actually double bonded to that carbon you “count” oxygen twice. We are looking at the absolute 
configuration here so only at which atoms are directly connected to the carbon and place them in 



order of priority (priority increases as atomic number increases))  

 
Carbs- Epimers, common names 

Humans enzymatically programed to break down and digest the “D” sugars. 
D and L stereochemistry does not refer to the overall optical activity of the molecule 
If we look for example at the figure to the right, we have a 4 carbon sugar having 2 chiral centers 
therefore 4 stereoisomers. It is D because the lowest chiral center here has an R stereochemistry. 
This particular stereoisomer has an overall optical activity that it rotates plane polarized light counter 
clockwise as opposed to clockwise like you would normally see with R configurations. So even if it is a 
D it is negative (hence “-“) getting a negative sign for its optical activity. 
 
D and L enantiomers differ at every chiral carbon. We take glucose for example (to the right) in D vs L 
configuration. Therefore, the D and L configuration does not only refer to the last chiral carbon as 
represented by the yellow dots but to all chiral carbon centers.  
 
 
This brings us to the next point, if the D and L aldohexoses are enantiomers that means that all 
possible D-aldohexoses have to be diastereomers (non-superimposable, non-mirror images of each 
other) as seen in the figure below. This would be the same for the L configuration of aldohexoses. 
  
Epimers: are diastereomers that differ only at 1 chiral center and in the figure above we look at D-
Galactose and D-Glucose that only differ at C4. 
 
In the figure above, there are 4 chiral centers at each structure meaning there are 24=16 possible 
stereoisomers we see here 8 from the D configuration so the other 8 comes from the L configuration. 
 
Common names for the 5 most commonly seen monosaccharides and how to remember them: 
1) D-ribose: “all right” where all the OH on the right side 
2) D-glucose: it looks like it’s flipping people off with middle finger on the left side groups 
3) D-mannose: think it looks like a man holding a gun on the left side groups 
4) D-galactose: it is the c4 epimer of glucose 
5) D-fructose: ressembles glucose but has a ketone functional groups 



Carbs – Cyclic structures and anomers 

Ring closing process occurs due to some amount of acid and base. 
The process is a carbonyl and alcohol chemical reaction one of the hydroxyl 
groups the pink oxygen to the right and the carbonyl group (CHO on top). 
If there is: 
OH > 1 : we get an acetal or a ketal 
OH = 1 : we get a hemiacetal or a hemiketal 
The oxygen 1st acts as a nucleophile losing its proton and gains an extra set of 
electrons to then attack the carbonyl carbon (green on top) which has a 
partial positive charge due to electron density being favored on the oxygen.  
The electrons from that double bond then transfer onto the oxygen where it 
will attack another proton forming another hydroxyl group. 
This specific oxygen acts as nucleophile because as seen in figure below it 
forms a 6 membered ring conferring the most stability. 

 
 
In the above Haworth diagram: 
-pyranose: 6 membered ring (pyr- meaning a ring and the -ose as the suffix for sugar) 
-furanose: 5 membered ring 
The green C is no longer referred to as a carbonyl carbon but as an anomeric carbon  
By convention, to know which groups are above or under the ring keep in mind “downright, up 
lefting”. We look at the Fischer projection to see which are left and right and in the Haworth diagram 
we draw the ones to right pointing down and the ones left pointed up. As we get to the last carbon 
(C6), if it is a D carbon then it pointed up and an L carbon would be pointed down. 
 
In the above figure (structure to the right) we see a chair conformation. The substituents follow the 
same as the Haworth diagram in terms of what is pointing up or down except for the anomeric 
carbon.  
The anomeric carbon is a special case because the hydroxyl group on the green carbon can be two 
different positions depending if it was an D or L configuration. We either find the: 
-β-anomer: which is cis (pointing up) to C6, is found in the equatorial position 
-α-anomer: which is trans (pointing down) to C6, is found in the axial position 
 



What causes this ring to close in the 1st place is the presence of some amount of acid or base where 
water is capable of being either or. In water, the ring can open or close spontaneously and the C1 & 
C2 bond can actually rotate and upon closing again you form either the alpha or beta product. 
Mutarotation: the process of opening of the ring, rotating of the bon and closing of the ring again. 
The alpha occurs 36% of the time whereas the beta is 64% is due to the transpositioning of the 
hydroxyl group that can create steric hindrance. Therefore, in general the anomeric carbon would be 
most likely found in the cis-position relative the last carbon. 
Carb – Glycoside formation hydrolysis 

How do we progress from hemiacetal to an acetal? 
 
Dehydration of glucose leads to a hemiacetal and finally to an acetal. The functional group added to a 
carbohydrate is bonded by a glycosidic linkage. 

      
The mechanism of glysosidic formation occurs in 4 steps. Outlined below is steps 1-2 

 
We start with Beta-D-Glucose which is a hemiacetal. 
In the presence of a strong acid (HCl), the OH on anomeric carbon is protonated.  
The protonated OH group is now water making it a good leaving group (we have dehydration) 
As water leaves we end up with a carbocation that is resonance stabilized. This planar nature will be 
important in the steps 3-4 below.  
 
Steps 3-4: (Note: the arrows after nucleophilic attack should go from Cl- to H+) 



 
Here we begin with a “planar” carbocation. The planar nature allows the next alkoxy group 
(nucleophilic alcohol, CH3OH) to either attack above or below. 
After nucleophilic attack the oxygen has a slightly positive charge on it. Bear in mind of the Cl- we lost 
in steps 1-2, this takes the extra proton back. This then allows electrons from that bond to go to the 
oxygen which loses its positive charge. 
Our end product either the alpha or the beta glycoside. 
 
Mechanism of Glycoside Hydrolysis 

 
In the previous reaction we saw the dehydration reaction, in the above figure we go over the 
hydration reaction which breaks down these poly-unit molecules. 
 
Steps 1-2 (Note: the 1st arrow should go from alkoxy to water and as seen in above figure) 
The alkoxy group is protonated from hydronium ion. The acetal alkoxy group (CH3OH) is then lost and 
water is made as a byproduct. We then get an intermediate structure that is resonance stabilized 
carbocation. 



  
Steps 3-4: 
We begin with the planar carbocation, water (by product from steps 1-2) can nucleophillically attack 
above or below this molecule. 
The extra electrons on the water can then abstract the proton on the carbocation which then 
stabilizes the hydroxyl group (which was positive). 
We then get 2 possible end products (depending on location of nucleophilic attack) beta-D-glucose or 
alpha-D-glucose. 
Keto-enol tautomerization 

Aldehyde can undergo same reaction 
 
The following 2 figures are actually 1 figure! 

 

 
 
In the above figure, we start with a ketone that’s floating around in water. 
The oxygen from the ketone takes away one proton from the hydronium ion and we get water is a 
byproduct. 
Between the brackets we then get the resulting intermediate that is resonance stabilized in the two 
structures you see in there.  
The above resonance form takes the electrons away from the double bond since oxygen is positive 
after taking away proton from hydronium thus, now making it neutral. 
In the bottom resonance form, with the loss of the double bond the carbon is now positive.  
The water which was a byproduct in the initial reaction can then take the protons away from the 
hydrogen (in pink), leaving the electrons to stabilize the structure by forming a double bond in the 
structure you see at the bottom which is an enol (named due to it being an alkene and also an 



alcohol). 
 
This keto and enol forms are called tautomers. The mechanism is therefore called a tautomerization. 
The ketone is the more stable of the two. 
Disaccharides and polysaccharides 

Multiple units of carbohydrates linked together by glycosidic linkages 
Disaccharides: 2 monosaccharides or carbohydrates linked together 
Polysaccharides: 3 or + carbohydrates linked together 
 
Glycosidic linkages are mostly formed between the anomeric carbon (C1, circled in blue on the 
green) of one carbohydrate and the C4 of another (circled in blue in the red). Based on the 
orientation of the anomeric hydroxyl group that was used to form the linkage we can either have an 
alpha (trans) or beta (cis) linkage like in the case we see to the right. 
 
Common Disaccharides 
-Lactose: galactose + glucose in a beta-1-4’-
glycosidic linkage. 2 pyranoses (6 membered 
carbohydrate ring). The ring to the left is an acetal and 
the one to the right is a hemiacetal. Hemiacetal can 
further be reduced and lactose is therefore a 
reducing sugar. Reducing sugars can further form 
glycosidic linkages with other carbohydrates thus elongating a chain. 
 
-Maltose: glucose + glucose in an alpha-1-4’- 
glucosidic linkage. 2 pyranoses and the right 
glucose is a hemiacetal therefore maltose is also a 
reducing sugar. 
 
 
-Sucrose: the most common disaccharide, 
glucose (a pyranose) + fructose (a furanose) 
linked together by their anomeric carbons. We 
then get an acetal group (a carbon linked to an OR 
group) on each side of the linkage. It is a non-
reducing sugar since acetals cannot be further 
reduced.  
 
Polysaccharides 
A continuous chain of reducing sugars where an acetal group and hemiacetal group is added each 
time so the chain can keep extending. 
 
Cellulose: in cells walls of all plants (support 
and structure) made of repeating glucose 
units joined together by beta-1-4-glycosidic 



linkages. Humans do not have enzyme to break these down.  
 
 
Starch: made of repeating glucose units but 
joined together this time by alpha-1-4-glycosidic 
linkages. Humans have the enzyme to 
breakdown these linkages to use glucose as 
energy source.  
 
 
 
 
Glycogen: Branching off C6 carbon by 
adding more glucoses via alpha-1-6-
linkages. Therefore, it contains alpha-1-4’ 
linkages with lots of branching off of alpha- 1-6’ 
linkages.  
 
 
 
 
Amino	acids,	peptides	and	proteins	

Central dogma of molecular biology 

*Ctrl+ Click blue titles to see corresponding video! 
 
Central dogma of molecular biology 
As proposed by Watson & Crick: 
DNA à RNA à Protein 
 
DNA & RNA: made of nucleic acids 
protein: made of amino acids 
 
Information at the most basic level is stored as DNA which can then be re-stored as DNA (copies itself 
in a process called replication. 
DNA can then be copied into RNA in a process called transcription. 
With the information contained in RNA we synthesize proteins in a process called translation. 
 
DNA, RNA and proteins are linear polymers, meaning that each individual monomer is only attached 
to, at most, two other units. The specific sequence of each monomer thus encodes information.  
The transfer of this sequence is then preserved from DNA to RNA to protein. Each polymer sequence 



is used as a template for the synthesis of the next polymer 

 
 
 
Central dogma – revisited 

Central dogma - revisited 
Some new theories that contradict the findings as proposed by Watson and Crick. 
 
Reverse Transcription: Info flows backwards from RNA to DNA 
using the enzyme reverse transcriptase (RT) that generates cDNA 
(complementary DNA) from an RNA template. RT is needed for 
the replication of retroviruses (ex: HIV), using the host’s genome 
to replicate its own DNA. 
 
 
 
 
 
 
RNA Viruses: Viruses that have their genetic material stored as RNA 
that can have their genome directly used by the host cell replication 
machinery as if it were mRNA (messenger RNA) and then translated 
directly into protein. Alternatively, they can have their RNA serve as a 
template for another RNA strand which is then used for protein 
translation. (ex: coronavirus- SARS, influenza virus- flu)  
 
 
 



 
ncRNA (noncoding RNA): ncRNA is a functional RNA that skips the last 
step of being translated into a protein. It can directly perform 
functions within the cell as an RNA molecule. (ex: 
tRNA and rRNA) 
 
 
 
 
 
 
 
Epigenetics: the study of heritable changes in gene activity that are not 
caused by changes in the DNA sequence. This is not like simple genetics 
where change in phenotype = change in genotype.  
It’s the mechanism where the same DNA sequence can be modified 
resulting in a different phenotype without any changes in the underlying 
DNA sequence. (ex: DNA methylation, histone modification). This basically 
explains why you have the same DNA in all cells of your body but those 
cells don’t necessarily look or behave the exact same way. It allows the 
transcriptions of only certain genes within the genome. 
 
Chemistry of amino acids and protein structure 

Chemistry of amino acids and protein structure 
No video but the text for this portion is found here (Which is also pasted included below): 
https://www.khanacademy.org/test-prep/mcat/chemical-processes/amino-acids-peptides-proteins-
5d/a/chemistry-of-amino-acids-and-protein-structure 
Proteins are large, complex 
molecules that are critical for the 
normal functioning of the human body. 
They are essential for the 
structure, function, and 
regulation of the body’s tissues and 
organs. Proteins are made up of 
hundreds of smaller units called 
amino acids that are attached to one another by peptide bonds, forming a long chain. You can think 
of a protein as a string of beads where each bead is an amino acid. 
 
Amino acid structure and its classification 
An amino acid contains both a carboxylic group and an amino group. Amino acids that have an amino 
group bonded directly to the alpha-carbon are referred to as alpha amino acids. The simplest 
representation of an alpha amino acid is shown below. 
 



 
 
Every alpha amino acid has a carbon atom, called an alpha carbon, 
Cα; bonded to a carboxylic acid, –COOH, group; an amino, –NH2, 
group; a hydrogen atom; and an R group that is unique for every 
amino acid. If you notice in the structure above, Cα is a chiral 
center, that is to say, this carbon atom is attached to four 
different groups. Chirality refers to a molecule that has optical 
activity, so amino acids are optically active molecules. The only 
exception is glycine, the simplest amino acid, in which R = H. 
 
Commonly, amino acids are represented as follows:  

 
 
L and D amino acids 

 
As shown above, L and D amino acids are mirror images of each other and are non-superimposable 
on each other, just like our left and right hands. By non-superimposable, we mean that when the 
mirror image of the object is placed over the original object, they do not have a perfect overlap. Pairs 
of amino acids like these are called enantiomers. 
Only L-amino acids are constituents of proteins. Our body synthesizes most of its own L-amino acids; 
these then get incorporated into proteins. Proteins are catalysts for most of the biochemical 
reactions that take place in our body. Along with DNA and RNA, proteins constitute the genetic 
machinery of living organisms. Proteins are often called the building blocks of life. 
 
Isoelectric point (pI) of amino acids 



Isoelectric point is the point along the pH scale where the amino acid has a net zero charge. Consider 
glycine. Look at the equilibrium below; as we add hydroxide ions—in other words, raise the pH—
different charged forms of glycine exist. Form B has a net zero charge and is called a zwitterion. Form 
A has a net charge of +1, and form C has a net charge of -1. 
 

 
 
The titration curve of glycine will look something like the one 
shown below; at pH=2.34(pKa1) 
forms A and B will be in equilibrium—i.e., the 
concentration of A equals the concentration of B. At pH = 9.6 
forms B and C will be in equilibrium—i.e., concentration of B 
equals concentration of C.  
 
 
 
 
 
Mathematically, isoelectric point, pI, for glycine is calculated using the formula below: 

 
Every amino acid has a different pI, which largely depends on the nature of the side chain present. 
Acidic and basic side chains affect pKa1 and pKa2 values, thus affecting the pI of the amino acid. 
 
Classification of different amino acids 
 

 
 
There are 20 common amino acids. Based on the nature of the R group, they are classified as follows:  



 
 
Let's summarize the flowchart above: 
-Hydrophobic amino acids have nonpolar side chains, such as alkyl groups or aromatic groups. 
-Hydrophilic—neutral—amino acids contain polar side chains, such as hydroxyl, -OH and sulfhydryl, -
SH, groups. 
-Hydrophilic—acidic—amino acids have side chains that contain carboxylic acid, COOH, groups. 
-Hydrophilic—basic—amino acids have side chains that contain amine, -NH2 groups 
 negative, N, H, start subscript, 2, end subscript, groups. 
 
 
 
How are amino acids joined together? 
Amino acids are joined together through peptide bonds. Peptide bonds are covalent bonds formed 
by the nucleophilic addition-elimination reaction between the carboxylic group of one amino acid 
and the amino group of another amino acid; this reaction releases a molecule of water as the by 
product. A peptide bond is essentially an amide bond. 
 
Mechanism of peptide bond formation 
The simplest way to represent a peptide bond formation is as follows. Let’s consider two amino acids 
with side chains, R1 and R2 respectively. 
 



 
Step 1: The nucleophilic amino group of the second amino acid attacks the electrophilic carbonyl 
group of the first amino acid. 
Step 2: The carbonyl bond reforms with the elimination of hydroxide ion. 
Step 3: The hydroxide ion abstracts a proton—elimination of water—and the positive charge on 
nitrogen is neutralized. This results in the formation of a new bond—a peptide bond between the 
two amino acids. 
 
Please note that this is a very simplistic representation of the mechanism of a peptide bond 
formation. The mechanism gets complicated in the context of peptide-protein synthesis in biological 
systems where catalysts, cofactors, and enzymes are involved. 
 
The double-bond character of the peptide bond 
If you were asked to draw a peptide bond, you might draw a single bond between the nitrogen and 
the carbonyl carbon atoms. But in reality, this single bond is not a conventional single bond; in fact, it 
has a double-bond character. This double-bond character comes from the various resonance 
structures of a polypeptide. The next question would be: what are resonance structures? 
Resonance structures are different representations of the same molecule; the arrangement of the 
atoms remains the same, but the electrons are distributed differently amongst the atoms. Resonance 
structures exist when there is a possibility of movement of electrons between neighboring functional 
groups, as in the case of polypeptides. 
Let’s draw three amino acids connected to each other through peptide bonds. 
 



 
As illustrated above, electrons can move across the amide, O=C-N, bond generating the two 
structures A and B respectively. Structure C is the overall hybrid representation of the two resonance 
structures A and B, where the entire peptide bond, O=C-N, is shown to have a partial-double-bond 
character, represented by a solid line with a dotted line running parallel to to it. So, as a result of 
resonance, the bond between the carbonyl carbon and nitrogen acquires a partial-double-bond 
character, and, just like any double bond, rotation around this peptide bond is now restricted. Also, 
as with all double bonds, the atoms of the peptide bond have planar geometries. This planar 
geometry causes the peptide bond to be either in the cis or the trans configuration. In the cis 
configuration, the two alpha carbon atoms fall on the same side of the peptide bond. In the trans 
configuration, these groups are on opposite sides of the peptide bond. 
 
 
 
 
 
 
 
 
 
 
 
Take home message: 



 
 
Different levels of protein structure 
 
The four levels of protein structure are: primary structure, secondary structure, tertiary structure, 
and quaternary structure. This concept can get a bit confusing, so let’s try to understand it through a 
simple analogy. 
 
Can you imagine being able to write a paragraph if alphabets didn’t exist? In fact, we have to go 
through a hierarchy of complexity before we can even attempt to write a paragraph. The alphabet is 
needed to construct words; words are needed to construct sentences; and sentences are needed to 
construct a paragraph. Similarly, a fully functional protein is assembled through four levels of 
hierarchy as illustrated below. 
 



 
 
 
Primary structure simply refers to the linear sequence of amino acids 
joined to each other through peptide bonds. The sequence of amino acids 
determines the basic structure of the protein. 
 
 
 
 
 
 
 
Unlike the rigid peptide bond, the bond linking the amino group to the alpha carbon atom and the 
bond linking the alpha carbon atom to the carbonyl carbon are single bonds—as shown in the image 
below. These two bonds are free to rotate about the amide bonds, allowing the amino acids in the 
polypeptide chain to take on a variety of orientations. 



 

 
 
 
The enhanced freedom of rotation with regards to these two bonds allows proteins to fold into a 
variety of shapes. These folded structures are referred to as secondary protein structures and are 
essentially of two types—alpha helix and *beta pleated sheets. These folded secondary structures 
are stabilized by the formation of hydrogen bonds between the amino acids. 
 
-Alpha-helix: 
In an α helix, the amino acids get oriented in such a manner that the carbonyl, C=O, group of the nth 
amino acid can form a hydrogen bond with the amido, N-H, group of the (n+4)th amino acid. This 
results in a strong hydrogen bond that has an optimum hydrogen to oxygen, H…. O, distance of 2.8 Å. 
The hydrogen bonds between the amino acids stabilize the α-helix structure. The structure of a α 
helix is shown below: 

 
 
-Beta-pleated sheet: 



In β sheets, however, hydrogen bonding occurs between neighboring polypeptide chains rather than 
within the same polypeptide, as in the case of an α helix. Sheets exist in two forms. The first, the 
antiparallel β sheet, has neighboring hydrogen-bonded polypeptide chains running in opposite 
directions—i.e., one polypeptide chain starts from the terminal carboxylic group and ends at the 
terminal amino group, left to right, while the other polypeptide chain starts from the terminal amino 
group and ends at the terminal carboxylic group, left to right. The second form, the parallel β sheet, 
has hydrogen-bonded chains extending in the same direction. You can see the two forms in the 
cartoons below. 
 

 
Tertiary structure: When several secondary structures come together, tertiary structures are formed. 
In tertiary structures, in addition to hydrogen bonding, amino acid side chains of the various 
secondary structures start interacting with each other in a number of ways. These interactions 
include hydrophobic interactions, ionic interactions, and disulfide bonds as illustrated below. 



 
 
Quaternary structure:When several tertiary structures come together, a quaternary protein 
structure is formed. For example, hemoglobin is a functional quaternary protein formed by the 
coming together of four tertiary structures, called globin proteins. The same forces of interactions 
operate in a quaternary structure as operate in a tertiary structure. 
 
Forces that keep the different protein structures together 
 

 
 
In summary, the primary structure of a protein simply refers to the linear polypeptide with its amino 
acid sequence. The secondary structure is the folded version of the linear polypeptide stabilized by 
hydrogen bonding. The tertiary structure is formed by the coming together of several secondary 
structures that are held together by various types of interactions, and finally a quaternary structure is 
formed by the combination of several tertiary structures, again held together via different types of 
interactions. 
Peptide bonds: Formation and cleavage 

Peptide bonds: Formation and cleavage 



 
Amino acids are linked together by peptide bonds. Multiple peptides make a polypeptide chains. 
Folded polypeptides make proteins. 
 
How are peptide bonds formed? (below) 
There is a nucleophilic addition-elimination reaction between two amino acids.  

1) The electrons from the amino group of the 2nd amino acid forms a bond with the carbonyl 
carbon from the 1st amino acid. Water is released. 

2) We now have our newly formed dipeptide with the peptide bond (drawn in yellow). This 
dipeptide is resonance stabilized as seen in the structure to its right where the electrons from 
the nitrogen causes a formation of a double bond 

 
More amino acids can be added to this chain and we can notice a pattern forming in the backbone as 
seen in the lowest structure below (this pattern is repeated as more amino acids are added): 
Nitrogen—alpha-carbon—carbonyl carbon—REPEAT 
 
Left side is always N terminal and right side is C terminal 
 

 
 
How do we breakdown this bond? (figure below) 
 
Using hydrolysis we can go back and get the amino acids. 
The hydrolysis of a peptide bond is accomplished by: 
 1) Strong acids: In an acid hydrolysis combined with heat, it is a nonspecific way of      

cleaving peptide bonds. So a long polypeptide chain would just end up with a jumbled up mix 
of amino acids. 
2) Proteolytic enzymes: Specific cleaving bone by a protease. You can choose which 
polypeptide bonds to cleave, for ex: trypsin only cleaves on the carboxyl side of basic amino 
acids like arginine and lysine. In the example to the bottom right, trypsin would cleave 
(cleavage sites are the red arrows) that polypeptide into 3 fragments. 



 
Special cases: histidine, proline, glycine, cysteine 

 
Special cases: Histidine, proline, glycine, cysteine 
Special due to side chain that sets them apart from the rest 
 
Histidine: Close to physiological pH, 
therefore it exists in both protonated and 
deprotonated forms making it useful to have 
in the active site of a protein to stabilize or 
destabilize a substrate. 
 
 
 
 
 
 
-Proline & glycine 
 
Proline: has a secondary alpha amino group, the 
side chain forms a 2nd bond with the alpha 
nitrogen. 
 
Glycine: The side chain of glycine has 2 
hydrogens, either coming towards or away from 
you. Therefore, alpha carbon is achiral, unlike 
the rest of the amino acids which are chiral and 
have optical activity. 
It is considered very flexible (lots of free 
rotation) due to the hydrogen present in its side 
chain. 
 
The 2 amino acids are grouped together due to their role in disrupting a particular pattern found on 
the secondary protein structure, the alpha helix. They introduce kinks in the helical structure, they 
are referred to as alpha helix breakers (as seen in the diagram above)  



Cysteine: contains a thiol group (-SH). If in close 
proximity with another thiol, cysteines can form a 
bond between the two Sulphur atoms called a 
disulfide bridge.  
 
In the 2 middle cysteines in the figure to the right, 
the 2 thiol side chains are in reduced form (you 
will more likely find these thiols in a reducing 
environment ex: intracellular). You are more likely 
to find these oxidized cystines in an oxidizing 
environment (ex: extracellular), the 2 hydrogens 
circled in green will be lost and we will see the 
formation of a disulfide bridge. To help remember, 
think about antioxidants which are molecules inside the cell, just by the name it stifles any oxidizing 
reactions therefore the inside of the cell must be reducing. 
 
Cysteine is reduced form 
Cystine is oxidized form 
 
Reminder in redox reactions:  
OIL RIG 
Oxidation Is Loss (OIL) 
Reduction Is Gain (RIG) 
Amino acid structure  

Amino acid structure 
 
An amino acid has an alpha carbon between it’s amino group on the left side and its 
carboxyl group on the right. On this alpha carbon you also find a Hydrogen and an R 
group. This alpha carbon is a chiral center for all amino acids except for glycine 
since it’s R group is an H making the amino acid achiral. 
 
Using Fischer projections, the vertical bonds are coming 
out of the plane and away from you and the horizontal 
bonds are coming out of the plane and towards you. (Right 
figure: L configuration and D configuration left and right 
respectively). They are enantiomers. To easily distinguish 
look at the amino group, in the L configuration the amino 
group is on the left and in the D configuration the amino 
group is on the right.) 
*The L-configuration is what you find in the human body. 
 
Isoelectric point and zwitterions 

Isoelectric point and zwitterions 



pI (Isoelectric point) point along the pH scale at which molecule is in a neutral form with zero charge. 
Knowing pI we can predict if amino acid is charged or not. 
 
How to figure out pI of an amino acid? 
Look at generic amino acid amino group and carboxylic group, it has a 
net charge of 0. When both a positive and a negative charge are 
present it is called a zwitterion. 
 
What would happen if we put that amino acid in very low pH 
solution? 
Since there is an excess of protons (H+) then the carboxylic group 
would gain a proton and we would have a net positive charge since 
the NH3 remains positive. The molecule is then positive 1 (+1). 
 
What would happen in a solution of very high pH? pH=12 
Since there is an excess of hydroxide ions (OH-), the amino group will be deprotonated and will have 
a neutral charge. The carboxylic group will also be deprotonated and have a negative charge which 
gives us a net negative charge of -1 
 
From +1 at low pH all the way up to -1 charge at high pH. 
To find the exact pH where we find the zwitterion, we take the average pKa of the two functional 
groups. The pKa varies between different amino acids however the amino group has an average pKa 
of 9 whereas the carboxylic acid group has an average of 2. Here is an example: 
 

 
Classification of amino acids 

Classification of amino acids 
They are classified according to: -charge 

-H bonding ability 
-acidic vs basic 

 
1st group: non-polar, hydrophobic 
There are 2 subgroups: alkyls and aromatics 
 



  
 
2nd group: polar amino, hydrophilic 
There are 3 subgroups: neutral, acidic and basic 

      
 
In Neutral subgroup: tyrosine can also be considered aromatic 
 
For acidic subgroup: when the side chains donate hydrogen, they are left in their anion form and the 
amino acids are referred to as aspartate and glutamate respectively. 
 
In Basic subgroup: Lysine should be CH(CH2)3NH2 
Four levels of protein structure 

Four levels of protein structure 
Amyloid: clump of misfolded protein 
 
1) Primary structure: linear sequence of amino acids, determined by peptide bonds linked between 
amino acids 
 



2) Secondary structure: linear sequence of amino acids folding upon self, determined by backbone 
interactions primarily by hydrogen bonds 

-Alpha-helix: take a polypeptide and wrap it 
around itself into a coil-like structure 
-Beta-sheet: looking like zig-zag pattern, when 2 
lined up side by side we have the parallel 
configuration, when it wraps around and bonds 
with itself we have antiparallel configuration. 
 

 
3) Tertiary structure: a higher order of folding, many different folds within a polypeptide which then 
fold upon each other again. It depends on distant group interactions stabilized by:  

-hydrogen bonds 
-van der waals interactions 
-hydrophobic packing: ex: a folded protein within watery polar environment, in the exterior 
we find all the polar interactions and in the interior we find all the nonpolar interactions 

-disulfide bridge: bonding through sulphur by cysteine. 
 
4) Quaternary structure: bonding between multiple folded polypeptides. 
# of polypeptides: 1=monomer 
    2=dimer 
    3=trimer 
    4=tetramer 
 
Proper conformation of protein: term for completely properly folded up protein. It is achieved 
through proper primary, secondary, tertiary and quaternary structure. 
Conformational stability: protein folding and denaturation 

Conformational stability: Protein folding and denaturation 
Conformation: a proteins folded 3D structure, it is active 
Denatured: unfolded, inactive protein 
 
Solvation shell: force that helps to stabilize a proteins conformation. It is a 
layer of solvent that is surrounding a protein. To the right we have protein 
that is positively charged on the exterior residues, on the outside we have 
the water molecules positioned so that the oxygen (negative ends) point 
towards (attracted to) the positive charge on surface of the protein. The 
electronegative oxygen atoms are stabilizing the positively charged amino 
acid. 
 
The conformational stability is also affected by: 
  a) temperature: destroys 2°,3° and 4° structure. 1° structured is still preserved 
  b) pH: changing surrounding pH = disrupt ionic bonds 
  c) adding chemical denaturants: often disrupts hydrogen bonding therefore,  destroys 
2°,3° and 4°structure. 
  d) adding enzymes: breaks down all H bonds, they take the linear polypeptide chain and 



bonds are broken into individual amino acids 
The structure and function of globular proteins 

The structure and function of globular proteins 
 
No video but the text for this portion is found here (Which is also pasted included below):  
https://www.khanacademy.org/test-prep/mcat/chemical-processes/amino-acids-peptides-proteins-
5d/a/the-structure-and-function-of-globular-proteins  
Proteins are linked-together amino acids 
Unlike human-sized machines, which are often built from a bewildering variety of different parts, 
globular proteins are put together from one class of components, called amino acids. There are 20 
different types of amino acids. A protein consists of a unique combination of amino acids drawn from 
this 20-member library. The amino acids that make up a protein are linked together into long linear 
chains, like a train made up of lots of individual box cars connected together, one after another. 

 
The reason amino acids can be linked together into long linear chains is because the right side of any 
one amino acid is strongly attracted to the left side of any other amino acid. When you bring two 
amino acids close together, with the left side of one lined up to the right side of the other, they stick 
together, much like two magnets that have been aligned so that the north pole of one meets the 
south pole of another. When two amino acids stick together in this way, chemists say that a peptide 
bond has formed. 
The purpose of a gene is to tell a cell what amino acids, and in which order, make a particular 
protein. Once the molecular mechanics of a cell link the specific amino acids together into a linear 
chain, with each amino acid joined to its two neighbors by peptide bonds, the protein folds up into a 
complex three-dimensional shape, called the native conformation. The native conformation is 



analogous to a plane with all its parts in the right place: when a protein is in its native conformation, 
it’s ready to work. When something happens to knock it out of its native conformation, its 
effectiveness decreases or gets lost all together. 
 
Protein in their native conformations have multiple levels of structural organization 
What does a protein in its native conformation look like? There are four levels of structural 
organization for proteins in their native conformations. 
The primary structure of a protein refers to the specific amino acid sequence of the protein, plus the 
peptide bonds that join each of these amino acids together. In other words, the primary structure of 
a protein is fixed as soon as the amino acids are linked together. Primary structure is the two-
dimensional component of the eventual three-dimensional shape. 
The secondary structure of a native conformation refers to the three dimensional organization of the 
main chain atoms of a protein. The main chain atoms of a protein are the atoms that all amino acids 
in a protein have in common (shown in the picture below in black). Main chain atoms are named in 
contrast to side chain atoms, which are the atoms in an amino acid—leucine, say—that distinguish it 
from another amino acid—isoleucine, for example (shown in the picture below in blue). 

 
As it happens, the two most common types of secondary structures that occur in the main chain 
atoms of proteins resemble coils and zigzags. The coils are called alpha helices. 

 
The zigzags are called beta sheets. 

 



Different types of proteins have different distributions of alpha helices and beta sheets: some have 
lots of the former, and few of the latter; some have lots of the latter and few of the former; and 
others have a mix of both. 
The tertiary structure of a native conformation refers to the three dimensional organization of all the 
atoms—including side chain atoms—in a protein. Perhaps the best way to visualize what tertiary 
structure looks like is to imagine taking an amino acid sequence with primary and secondary 
structure and crumpling it up into a ball. Just as each type of protein has its own unique primary and 
secondary structure, it also has its own unique tertiary structure. 
The quaternary structure of a native conformation refers to the three dimensional organization of all 
the atoms in a multi-subunit protein. Multi-subunit proteins consist of two or more individual amino 
acid chains, each with their own primary, secondary, and tertiary structures. The way these individual 
chains fit together into an overall three dimensional arrangement is called quaternary structure. Only 
multi-subunit proteins have quaternary structure. 
 
 
All 4 levels of protein structure are determined by amino acids interacting with each other and their 
environment 
Why do native conformations happen? Like anything else, the ultimate explanation involves the laws 
of physics. As we already said, amino acids first come together to form primary structures because of 
attractions between the left and right sides of neighboring amino acids. Similarly, secondary 
structures form primarily because of attractive and repulsive forces generated by interactions 
between the main chain atoms of neighboring amino acids. And, finally, tertiary structure mostly 
arises from interactions between side chain atoms of amino acids and the water molecules from the 
surrounding environment. 
What does this mean? Well, the laws of thermodynamics conspire to maximize the free movement of 
water molecules at the molecular level. When a protein is stretched out—when it isn’t folded up into 
a secondary and tertiary structure—the freedom of movement for the water in the surrounding 
environment is limited. It turns out that crumpling proteins up into specific tertiary or quaternary 
structures maximizes the freedom for water molecules to move. 
 
Many diseases are caused by errors in protein structure 
When it comes to people-sized machines, we know that changing the structure of the machine can 
alter its function. A plane can’t fly unless all its parts are put together in the right way. The same is 
true for proteins. So true, in fact, that you can think of many diseases as errors of protein structure: 
something happens in the body that causes a protein to lose an aspect of its native conformation, 
and this loss of structure causes a loss of function. 
The most well known example of this happens in sickle cell anemia. The hemoglobin protein is 
responsible for transporting oxygen through your blood. People with sickle cell anemia have a 
genetic mutation that alters the shape of their hemoglobin molecules, and this alteration causes the 
proteins to aggregate together into useless clumps. 
Another example of changes in protein structure that lead to disease happens in something called 
fatal familial sleeping sickness. The main symptom of this disease, as the name suggests, is 
permanent, incurable, and ultimately deadly insomnia. Like sickle cell anemia, the cause is a 
mutation that leads to a malformation of a protein, called major prion protein. 
It’s not all doom and gloom, though. In some cases—they’re rare, but they exist—a change in protein 
shape leads not to a broken protein, but rather to one that does its job better. For instance, the 



famous Finnish cross-country skier Eero Mäntyranta (1937-2013), who won multiple Olympic gold 
medals and set many world records, was found by anti-doping authorities to have surprisingly 
elevated red blood cell levels, considered a tell-tale sign of EPO abuse (EPO is a hormone that 
increases red blood cell counts, and hence a person’s ability to transport oxygen to their muscles 
during exercise). 
However, it was soon discovered that, rather than being a cheater, Eero Mäntyranta’s super-human 
red blood cell levels were caused by a genetically-caused change in native conformation in the 
receptors he produced for EPO. This change in three-dimensional shape for the EPO receptors in 
Mäntyranta’s cells caused them to be super-sensitized to the presence of naturally occurring 
hormones. This is one example of an inherited error in protein structure that results in a happy 
ending—world records and gold medals—rather than a debilitating disease. 
 
Consider the following: gene therapy seeks to fix errors in protein structure at the source 
Given the central role of structure for the proper function of proteins, one might wonder if there 
have been any attempts to cure diseases of protein structure by prompting the body to produce 
properly-shaped versions. 
Something called “gene therapy” can be thought of as one such attempt. If proteins stop working 
correctly because of changes to shape, and they undergo these changes because of alterations to 
their amino acid sequence, then the obvious thing to do is fix the problem at its source, by changing 
the instructions that specify the amino acid sequence of the protein: the gene. The idea is that if you 
can tell your cells to start using the right amino acids to build a protein, you should be able to get rid 
of the disease. 
Somewhat surprisingly, the obvious problem with this approach—how can you tell a cell how to start 
using the right amino acids to build a protein?—has largely been solved, at least in theory. Gene 
editing techniques such as CRISPR-cas9 allow scientists to cut and paste DNA sequences into the 
genome of living organisms. Although this technology is still in its infancy, it should eventually allow 
doctors to identify and replace mutated portions of a gene coding for a misshapen protein. The 
remaining roadblocks largely have to do with unintended consequences of such techniques. Editing 
the DNA of a certain gene has so far proven to introduce accidental changes in other parts of the 
genome, which often times results in permanently altering the production of other proteins. And 
these unintended alterations in protein production can lead to cancer. In other words, we don’t yet 
know, in general, how to cure one disease without potentially causing another. Recent developments 
have shown promise in controlling the unintended consequences of gene therapy, and potential 
cures for genetic diseases and certain types of cancer via gene therapeutic routes are in clinical trials 
now. 
Proteins	

Amino acid structure 

*Ctrl+ Click blue titles to see corresponding video! 
Amino acid structure 
 An amino acid has an alpha carbon between it’s amino group on the left side and 
its carboxyl group on the right. On this alpha carbon you also find a Hydrogen and 
an R group. This alpha carbon is a chiral center for all amino acids except for glycine 
since it’s R group is an H making the amino acid achiral. 
 



Using Fischer projections, the vertical bonds are coming 
out of the plane and away from you and the horizontal 
bonds are coming out of the plane and towards you. (L 
configuration and D configuration left and right 
respectively to the figure on the right). They are 
enantiomers. To easily distinguish look at the amino group, 
in the L configuration the amino group is on the left and in 
the D configuration the amino group is on the right.) 
*The L-configuration is what you find in the human body. 
Alpha amino acid synthesis 

Alpha amino acid synthesis 
2 methods to synthesize amino acids 

1) Gabriel synthesis: 

 
a) Using a base, Thad is alkylated 
b) Acid hydrolysis leads the phthalimide group to be hydrolyzed along with the 2 esters 
c) Using heat, the molecule is decarboxylated (on the upper group) and we get our alpha-

amino acid. 
 

2) Strecker synthesis: 
Considered as an “elegant” way since it is more simple and efficient 
3 essential components: 
1) NH3: precursor for amino group 
2) KCN: precursor for the carboxylic acid group 
3) aldehyde or ketone: scaffold on which amino and carboxylic acid groups will be bound 
The mechanism is seen below: 



 
 
Classification of amino acids 

Classification of amino acids 
They are classified according to: 
-charge 
-H bonding ability 
-acidic vs basic 
 
 
1st group: non-polar, hydrophobic 
There are 2 subgroups: alkyls and aromatics 
 

  
 
 
 



 
2nd group: polar amino, hydrophilic 
There are 3 subgroups: neutral, acidic and basic 

      
 
In Neutral subgroup: tyrosine can also be considered aromatic 
 
For acidic subgroup: when the side chains donate hydrogen, they are left in their anion form and the 
amino acids are referred to as aspartate and glutamate respectively. 
 
In Basic subgroup: Lysine should be CH(CH2)3NH2 
 
Peptide bonds: formation and cleavage 

Peptide bonds: Formation and cleavage 
 Amino acids are linked together by peptide bonds. Multiple peptides make a polypeptide chains. 
Folded polypeptides make proteins. 
 
How are peptide bonds formed? (below) 
There is a nucleophilic addition-elimination reaction between two amino acids.  

1) The electrons from the amino group of the 2ns d amino acid forms a bond with the carbonyl 
carbon from the 1st amino acid. Water is released. 

2) We now have our newly formed dipeptide with the peptide bond (drawn in yellow). This 
dipeptide is resonance stabilized as seen in the structure to its right where the electrons from 
the nitrogen causes a formation of a double bond 

 
More amino acids can be added to this chain and we can notice a pattern forming in the backbone as 
seen in the lowest structure below (this pattern is repeated as more amino acids are added): 
Nitrogen—alpha-carbon—carbonyl carbon—REPEAT 
 
Left side is always N terminal and right side is C terminal 
 



 
 
How do we breakdown this bond? (figure below) 
 
Using hydrolysis we can go back and get the amino acids. 
The hydrolysis of a peptide bond is accomplished by: 
 1) Strong acids: In an acid hydrolysis combined with heat, it is a nonspecific way of      

cleaving peptide bonds. So a long polypeptide chain would just end up with a jumbled up mix 
of amino acids. 
2) Proteolytic enzymes: Specific cleaving bone by a protease. You can choose which 
polypeptide bonds to cleave, for ex: trypsin only cleaves on the carboxyl side of basic amino 
acids like arginine and lysine. In the example to the bottom right, trypsin would cleave 
(cleavage sites are the red arrows) that polypeptide into 3 fragments. 

 
Four levels of protein structure 

Four levels of protein structure 
 Amyloid: clump of misfolded protein 
 
1) Primary structure: linear sequence of amino acids, determined by peptide bonds linked between 
amino acids 
 



2) Secondary structure: linear sequence of amino acids folding upon self, determined by backbone 
interactions primarily by hydrogen bonds 

-Alpha-helix: take a polypeptide and wrap it 
around itself into a coil-like structure 
-Beta-sheet: looking like zig-zag pattern, when 2 
lined up side by side we have the parallel 
configuration, when it wraps around we have 
antiparallel configuration. 
 
 
 

3) Tertiary structure: a higher order of folding, many different folds within a polypeptide which then 
fold upon each other again. It depends on distant group interactions stabilized by:  

-hydrogen bonds 
-van der waals interactions 
-hydrophobic packing: ex: a folded protein within watery polar environment, in the exterior 
we find all the polar interactions and in the interior we find all the nonpolar interactions 
-disulfide bridge: bonding through sulphur by cysteine. 

 
4) Quaternary structure: bonding between multiple folded polypeptides. 
# of polypeptides: 
1=monomer 
2=dimer 
3=trimer 
4=tetramer 
 
Proper conformation of protein: term for completely properly folded up protein. It is achieved 
through proper primary, secondary, tertiary and quaternary structure. 
Conformational stability: protein folding and denaturation 

Conformational stability: Protein folding and denaturation 
Conformation: a proteins folded 3D structure, it is active 
Denatured: unfolded, inactive protein 
 
Solvation shell: force that helps to stabilize a proteins conformation. It is a 
layer of solvent that is surrounding a protein. To the right we have protein 
that is positively charged on the exterior residues, on the outside we have 
the water molecules positioned so that the oxygen (negative ends) point 
towards (attracted to) the positive charge on surface of the protein. The 
electronegative oxygen atoms are stabilizing the positively charged amino 
acid. 
 
The conformational stability is also affected by: 
-temperature: destroys 2°,3° and 4° structure. 1° structured is still preserved 
-pH: changing surrounding pH = disrupt ionic bonds 
-adding chemical denaturants: often disrupts hydrogen bonding therefore, destroys 2°,3° and 4° 



structure. 
-adding enzymes: breaks down all H bonds, they take the linear polypeptide chain and bonds are 
broken into individual amino acids. 
Non-enzymatic protein function 

Non-enzymatic protein function 
Proteins can bind various biomolecules specifically and tightly 
 
2 main classes (not all proteins are either or they can have the characteristics of both): 
  a) enzymatic: catalyzes reactions (ex: DNA polymerase, amylase) 
  b) non-enzymatic: 4 sub-classes as follows: 
 
1) Receptors/Ion Channels 
Receptor: protein that binds or receives a signaling molecule 
To the right, we have bilayer drawn in red lines, the receptor 
protein in blue which binds the signaling molecule in green (aka 
ligand) which will induce a chemical response in the cell.  
In the figure, we have our ligand insulin. In response to an 
increase in blood glucose, the pancreas releases this insulin 
binding to the receptor and leads to a cascade of signals within the cells which allows it to accept the 
glucose into the cell. 
In yellow, we have an ion channel that spans the bilayer acting as a pore or channel which lets certain 
ions enter or exit the cell. 
 
2) Transport proteins 
Responsible for binding small molecules and transporting them to other locations in a multicellular 
organism. 
Must have high affinity for ligand when ligand is 
present in high concentration and the reverse is 
true at low concentration, you have low affinity. 
In the example, the hemoglobin picks up oxygen 
that’s high in the lungs and delivers it to tissue 
where it is present at low concentrations 
 
3) Motor proteins 
Crucial for cellular motility: 
-myosin: specifically, for generating forces exerted by 
contracting muscles 
-kinesin: intracellular transport 
-dynein: intracellular transport, plays a role in motility of 
cilia and a mutation in dynein can lead to primary ciliary 
dyskinesia. This mutation causes failure in the cilia along 
the respiratory tract to function properly à decreased in mucous clearance à pneumonia or 
bronchitis. 
 
4) Antibodies 



Protein components of the adaptive immune system whore 
purpose is to find foreign antigens and target them for 
destruction. An antigen is essentially just the antibody’s particular 
ligand. The 
antibody acts as a red flag of the immune system letting us know that 
the foreign body is not supposed to be here.  The 
antibody’s affinity for its target antigen is extraordinarily high. 
Carbohydrates	

Carbohydrates	
	
Carbohydrates- di and polysaccharides 
I. Acetal	and	Ketal	Formation	

A. Cyclic	carbohydrates	can	react	with	R-OH	->	Acetals/Ketals	
II. Monosaccharides	are	linked	together	to	make	an	Acetal	(Glycosidic	Linkage)	
III. 2	Monosaccharides	=	Disaccharide	

A. Glyosidic	linkage	usually	between	C1	and	C4	
B. If	anomeric	carbon	is	cis	to	C6	=	beta		
C. If	anomeric	carbon	is	trans	to	C6	=	alpha	

IV. Common	Disaccharides:	
A. Lactose	

- Galactose-Beta-1.4-Glucose	Glycosidic	Linkage	
B. Maltose	

- Glucose-Alpha-1,4-Glucose	Glycosidic	Linkage	
C. Sucrose	

- Glucose-Alpha,Beta-Fructose	
- Both	linked	by	anomeric	carbon	
- 2	acetals	formed	

V. Common	Polysaccharides	
A. Cellulose	

- Repeating	glucose	units	
- Beta-1,4-Glycosidic	Bonds	
- We	lack	enzyme	to	break	down	these	linkages	
- Unbranched	

B. Starch	
- Repeating	glucose	units	
- Alpha-1,4-Glycosidic	Bonds	
- We	can	break	down	these	linkages	for	energy	

C. Glycogen	



- Alpha-1,4-	Glycosidic	Linkages	
- Alpha-1,6	Branches	

	
Carbohydrates- cyclic structures and anomers 
I. 1:2:1	ratio	of	C:H:O	
II. OH	>		(excess)	->	Acetal/Ketal	
III. OH	=	1	->	Hemiacetal/Hemiketal	
IV. Haworth	Diagrams	

A. Pyranose	=	six	carbons	
B. Furanose	=	five	carbons	
C. “Down	right,	Up	lefting”	

- Substituents	on	RIGHT	side	of	Fischer	diagram	point	DOWN	
- Substituents	on	LEFT	side	of	Fischer	diagram	point	UP	

D. In	D	sugars,	last	group	points	UP	
V. Mutarotation	

A. Glucose	–	32%	alpha,	64%	beta	
	
Carbohydrates- absolute configuration, epimers, common names 
I. D	and	L	refer	to	stereochemistry	but	not	overall	optical	activity	of	the	molecule	
II. 2n	possible	stereoisomers;	n=	number	of	chiral	carbons	
III. L	and	D	are	enantiomers		

A. Enantiomers:	nonsuperimposable	mirror	images;	differ	at	every	chiral	carbon	
	
Carbohydrates-naming and classification 

I. General	formula:	Cn(H2O)n	->	1:2:1	ratio	
II. #	of	Carbons	

A. 3->	Triose	
B. 4	->	Tetrose	
C. 5	->	Pentose	
D. 6	->	Hexose	

III. Aldehyde	or	Ketone?	prefix	
A. Aldo-	
B. Keto-	
C. Ex:	Glucose	is	an	Aldohexose	

IV. R	or	S?	
A. R	->	D-sugar	
B. S	->	L-sugar	

	
Keto-enol tautomerization  

I. Keto	form	is	more	stable	than	Enol	form	
II. Catalyzed	by	an	acid	or	base	



	
 
 
Alpha-carbon	chemistry	

Aldol Reactions in Metabolism 
• The	first	step	of	Kreb’s	cycle	(commonly	also	referred	to	as	the	‘citric	acid	cycle’	or	the	

tricarboxylic	acid	(TCA)	cycle)	involves	the	addition	of	oxaloacetate	to	acetyl	CoA.	This	reaction	
follows	an	aldol	reaction	mechanism.	

• In	gluconeogenesis	(sugar	building)	biochemical	pathway,	glyceraldehyde-3-phosphate	(GAP)	
and	dihydroxyacetone	phosphate	(DHAP)	condense	together	to	form	fructose	1,6-bisphosphate	
via	an	aldol	reaction.	

• The	cleavage	of	the	1,6	phosphate	diester	of	fructose	in	glycolysis	(sugar	burning)	pathway	is	an	
example	of	a	retro-aldol	reaction.	
Before	we	get	into	the	details	of	the	above	biochemical	reactions,	let	us	first	revise	what	an	aldol	
reaction	is.	
Aldol	reaction:	its	chemistry	and	mechanism	
Typically,	aldehydes	and	ketones	undergo	an	aldol	reaction.	This	reaction	involves	3	basic	steps:	
Step	1:	Electrophilic	attack	of	a	base	at	the	alpha-carbon	(Cα)	of	the	aldehyde	or	ketone	to	
generate	an	“enolate”	carbanion.	The	carbon	atom	adjacent	to	the	carbonyl	carbon	is	referred	to	
as	alpha-carbon.	
Step	2:	Nucleophilic	attack	of	the	above	enolate	at	the	electrophilic	carbonyl	carbon	of	a	second	
molecule	of	aldehyde	or	ketone.	
Step	3:	Protonation	of	the	product	formed.	
If	heat	is	applied	then	an	irreversible	fourth	step	can	take	place:	
Step	4:	A	dehydration	step	to	yield	a	αβ-unsaturated	aldehyde	or	ketone.	
Just	a	clarification,	if	the	mechanism	involves	steps	1	to	3	only,	then	it	is	termed	as	an	
aldol	addition	reaction	(or	simply	an	aldol	reaction).	But	if	step	4	takes	place,	then	it	
becomes	an	aldol	condensation	reaction	(because	a	water	molecule	is	lost	in	the	event).	
Aldol	reactions	can	be	base-catalyzed	or	acid-catalyzed.	For	our	discussion,	we	will	restrict	
ourselves	to	base	catalyzed	aldol	reactions.	Now	let’s	walk	through	a	real	example.	Let’s	pick	the	
simplest	aldehyde,	acetaldehyde	(CH_33start	subscript,	3,	end	subscriptCHO).	
Step	1:	Formation	of	enolate	intermediate	of	acetaldehyde	after	abstraction	of	an	alpha-
hydrogen	by	a	base	(the	carbon	atom	adjacent	to	the	carbonyl	carbon	is	referred	to	as	an	α-
carbon,	and	α-hydrogens	are	hydrogens	bonded	to	this	α-carbon).	



	
The	enolate	carbanion	is	resonance	stabilized	as	shown	below.	

	
Step	3:	Protonation	of	the	product	formed	in	step	2	to	form	an	aldol	product.	
	



	
As	you	can	see,	the	above	product	contains	both	an	aldehyde	and	an	alcohol	functional	group,	
thus	the	name	'aldol	reaction'.	Also,	an	aldol	reaction	always	leads	to	the	generation	of	a	new	
carbon-carbon	bond.	
As	mentioned	earlier	if	the	reaction	is	taking	place	under	elevated	temperatures,	then	an	
additional	step	4	will	take	place.	
Step	4:	Loss	of	a	water	molecule	(H+	and	OH-)	to	form	the	final	product,	a	αβ-unsaturated	
aldehyde.	
	

	
Aldol	reactions	in	metabolism	
In	biochemistry,	enzymes	act	as	catalysts	for	any	chemical	reaction;	and	the	class	of	enzyme	that	
catalyzes	aldol	reactions	is	called,	quite	intuitively,	'aldolase'.	Let’s	now	discuss	the	first	step	of	
Kreb’s	cycle:	acetyl	coenzyme	A	(acetyl	CoA)	condenses	with	oxaloacetate	to	produce	(S)-Citryl	
CoA	through	an	aldol	mechanism.	Here,	instead	of	an	aldehyde	or	a	ketone,	a	thioester	acts	as	
the	nucleophilic	partner	as	illustrated	below	in	the	reaction	mechanism.	
The	net	reaction	is:	
	



	
Step	1:	Base	(B:)	abstracts	a	α-proton	to	form	enolate	of	acetyl	CoA.	
	

	



Step	2:	The	enolate	attacks	the	electrophilic	carbonyl	carbon	of	oxaloacetate	ion.	

Step	3:	Protonation	of	the	above	product	to	form	the	final	product,	(S)-citryl	CoA.	

	
As	you	can	see,	the	aldol	reaction	leads	to	the	generation	of	a	new	carbon-carbon	bond	and	a	new	
stereo-center.	This	stereo-carbon	happens	to	have	an	‘S’	configuration.	In	fact	in	biochemistry,	



stereocenter	is	created	by	the	specific	stereo-requirements	of	the	enzyme’s	active	site	where	the	
reaction	takes	place.	
Now	let’s	discuss	a	particular	reaction	that	takes	place	in	the	gluconeogenesis	(sugar	building)	
biochemical	pathway.	It’s	the	reaction	between	two	3-carbon	containing	sugars,	glyceraldehyde-
3-phosphate	(GAP)	and	dihydroxyacetone	phosphate	(DHAP),	to	form	a	six-carbon	product,	
fructose	1,6-bisphosphate.	This	particular	reaction	also	follows	an	aldol	reaction	mechanism,	
and	is	catalyzed	by	the	enzyme,	fructose	1,6-bisphosphate	aldolase.	This	enzyme	belongs	to	
'Class	II'	aldolase,	in	which	a	metal	cation	-	generally	Zn^{2+}2+start	superscript,	2,	plus,	end	
superscript,	is	bound	in	the	active	site	of	the	enzyme.	This	helps	to	stabilize	the	negative	charge	
of	the	enolate	intermediate	formed	(as	will	be	illustrated	in	the	mechanism	below).	
The	net	reaction	is:	

	
Let’s	chalk	out	a	mechanism	for	the	above	reaction.	We	simply	have	to	reiterate	the	steps	of	an	
aldol	reaction	once	again!	
Step	1:	An	α-proton	of	DHAP	is	abstracted	by	a	base	(B:),	leading	to	the	formation	of	an	enolate	
intermediate	of	DHAP.	
	

	



The	above	carbanion	enolate	intermediate	is	stabilized	by	resonance,	and	the	negative	charge	on	
the	enolate	is	further	stabilized	by	the	aldolase	enzyme-bound	zinc	cation	(Zn^2+)	as	shown	
below.	

	
Step	2:	The	nucleophilic	attack	of	the	enolate	carbanion	on	the	electrophilic	carbonyl	carbon	of	
glyceraldehyde-3-phosphate	(GAP).	

	
Step	3:	Protonation	of	the	product	formed	in	step	2	to	form	the	final	product,	fructose	1,6-
bisphosphate.	Source	of	proton	donor	is	water	(H2O).	



	

	
As	you	must	have	already	noticed,	in	this	case	also	the	aldol	reaction	leads	to	the	generation	of	a	
new	carbon-carbon	bond	and	a	new	stereocenter.	This	stereo-carbon	has	an	‘R’	configuration.	
This	enzyme-catalyzed	reaction,	not	surprisingly,	is	completely	stereospecific:	the	DHAP	
substrate	is	positioned	in	the	active	site	such	that	the	attack	of	the	GAP	carbonyl	group,	leads	to	
an	R	configuration	at	the	new	stereocenter.	
Retro-aldol	reaction	
Now	let’s	change	gears	and	talk	about	‘retro-aldol’	reactions.	As	the	name	suggests,	retro-aldol	is	
exactly	the	reverse	of	an	aldol	reaction.	Here,	a	carbon-carbon	bond	is	broken	to	form	two	
fragments.	

It	
is	important	to	emphasize	that	aldol	reactions	are	highly	reversible	in	nature;	in	most	cases,	the	
energy	levels	of	reactants	and	products	are	not	very	different.	Thus,	depending	on	the	metabolic	
conditions,	aldolases	can	also	catalyze	retro-aldol	reactions	(i.e.	the	reverse	of	aldol	reactions,	in	
which	a	carbon-carbon	bond	is	broken).	As	a	typical	example;	fructose	1,6-bisphosphate	
aldolase	is	involved	in	two	divergent	pathways.	

• the	sugar	synthesis	(gluconeogenesis)	pathway,	as	we	have	already	discussed	



• the	sugar	breakdown	(glycolysis)	pathway	
In	the	latter	glycolytic	pathway,	the	zinc	bound	aldolase	enzyme	catalyzes	the	retro-aldol	
cleavage	of	fructose	1,6-bisphosphate	into	DHAP	and	GAP	as	shown	below.	

	
Mechanism	of	the	above	reaction:	
Step	1:	Abstraction	of	a	proton	by	base	(B:).	Notice	how	the	electrons	move	around	leading	to	
breakage	of	the	carbon-carbon	bond,	generating	glyceraldehyde-3-phosphate	(GAP).	The	enolate	
ion	serves	as	the	leaving	group	as	depicted	below.	
	

The	enolate	intermediate	is	stabilized	by	resonance,	as	shown	below.	The	negative	charge	on	the	
enolate	is	further	stabilized	by	the	Zn^{2+}2+start	superscript,	2,	plus,	end	superscript	bound	to	



the	active	site	of	fructose	1,6-bisphosphate	aldolase	enzyme.	

	
Step	2:	Protonation	of	the	enolate	carbanion	resulting	in	the	formation	of	dihydroxyacetone	
phosphate	(DHAP).	

	
 
Aldehydes	and	Ketones	

Nomenclature of aldehydes and ketones 

Aldehydes	are	named	by	replacing	the	–e	at	the	end	of	the	alkane	name	with	the	suffix	–al.	If	the	
aldehyde	is	attached	to	a	ring,	the	suffix	–carbaldehyde	is	used	instead.	Ketones	are	named	by	



replacing	the	–e	with	the	suffix	–one.	When	naming	ketones	by	their	common	names,	the	two	
alkyl	groups	are	named	alphabetically,	followed	by	–ketone.	When	ketones	are	named	as	
substituents,	use	either	the	prefix	oxo–	or	keto–.	 
Physical properties of aldehydes and ketones 

The	physical	properties	of	aldehydes	and	ketones	are	governed	by	the	presence	of	the	carbonyl	
group.	The	dipole	of	the	carbonyl	is	stronger	than	the	dipole	of	an	alcohol	because	the	double-
bonded	oxygen	is	more	electron-withdrawing	than	the	single	bond	to	oxygen	in	the	hydroxyl	
group.	In	solution,	the	dipole	moments	associated	with	these	polar	carbonyl	groups	line	up,	
causing	an	elevation	in	boiling	point	relative	to	their	parent	alkanes.	However,	even	though	
aldehydes	and	ketones	have	dipoles	more	polar	than	those	of	alcohols,	the	elevation	in	boiling	
point	is	less	than	that	in	alcohols	because	no	hydrogen	bonding	is	present.		
 
Reactivity of aldehydes and ketones  

The	physical	properties	of	aldehydes	and	ketones	are	governed	by	the	presence	of	the	carbonyl	
group.	The	dipole	of	the	carbonyl	is	stronger	than	the	dipole	of	an	alcohol	because	the	double-
bonded	oxygen	is	more	electron-withdrawing	than	the	single	bond	to	oxygen	in	the	hydroxyl	
group.	In	solution,	the	dipole	moments	associated	with	these	polar	carbonyl	groups	line	up,	
causing	an	elevation	in	boiling	point	relative	to	their	parent	alkanes.	However,	even	though	
aldehydes	and	ketones	have	dipoles	more	polar	than	those	of	alcohols,	the	elevation	in	boiling	
point	is	less	than	that	in	alcohols	because	no	hydrogen	bonding	is	present.		
 
Formation of hydrates 

In	the	presence	of	water,	aldehydes	and	ketones	react	to	form	geminal	diols	(1,1-diols).	In	this	
case,	the	nucleophilic	oxygen	in	water	attacks	the	electrophilic	carbonyl	carbon.	This	hydration	
reaction	normally	proceeds	slowly,	but	we	can	increase	the	rate	by	adding	a	small	amount	of	
catalytic	acid	or	base. 
Formation of hemiacetals and hemiketals 

When	one	equivalent	of	alcohol	(the	nucleophile	in	this	reaction)	is	added	to	an	aldehyde	or	
ketone,	the	product	is	a	hemiacetal	or	hemiketal.	Hemiacetals	and	hemiketals	can	be	
recognized	by	the	retention	of	the	hydroxyl	group.	This	“halfway”	step	(hence	the	hemi–	prefix)	
is	the	endpoint	in	basic	conditions.	When	two	equivalents	of	alcohol	are	added,	the	reaction	
proceeds	to	completion,	resulting	in	the	formation	of	an	acetal	or	ketal.	
 
Acid and base catalyzed formation of hydrates and hemiacetals 

Formation of acetals 

Acetals as protecting groups and thioacetals 

Formation of imines and enamines 

Nitrogen	and	nitrogen-based	functional	groups	act	as	good	nucleophiles	due	to	the	lone	pair	of	
electrons	on	nitrogen,	and	react	readily	with	the	electrophilic	carbonyls	of	aldehydes	and	



ketones.	In	the	simplest	case,	ammonia	adds	to	the	carbon	atom	and	water	is	lost,	producing	
an	imine,	a	compound	with	a	nitrogen	atom	double-bonded	to	a	carbon	atom.	This	is	an	example	
of	a	nucleophilic	substitution/	condensation	reaction.	Imines	and	related	compounds	can	
undergo	tautomerization	to	formenamines,	which	contain	both	a	double	bond	and	a	nitrogen-
containing	group.	This	is	analogous	to	the	keto–enol	tautomerization	of	carbonyl	compounds		
 
Formation of oximes and hydrazones 

Addition of carbon nucleophiles to aldehydes and ketones 

Formation of alcohols using hydride reducing agents 

Aldehydes	and	ketones	can	also	undergo	reduction	to	form	alcohols.	This	is	often	performed	
with	hydride	reagents.	The	most	common	of	these	seen	on	the	MCAT	are	lithium	aluminum	
hydride	(LiAlH4)	and	sodium	borohydride	(NaBH4),	which	is	often	used	when	milder	
conditions	are	needed.	 
Oxidation of aldehydes using Tollens’ reagent 
When	aldehydes	are	further	oxidized,	they	form	carboxylic	acids.	Any	oxidizing	agent	stronger	
than	PCC	can	perform	this	reaction.	Some	examples	include	potassium	permanganate	(KMnO4),	
chromium	trioxide	(CrO3),	silver(I)	oxide	(Ag2O),	and	hydrogen	peroxide	(H2O2).		
 
Cyclic hemiacetals and hemiketals 

	
reaction	creating	hemiacetal	

The	above	reaction	exemplifies	the	formation	of	an	intermolecular	hemiacetal.	These	are	
intrinsically	unstable	and	tend	to	favor	the	parent	aldehyde.	
Molecules	(aldehyde	or	ketone),	which	contain	both	an	alcohol	and	a	carbonyl	group,	can	instead	
undergo	an	intramolecular	reaction	to	form	a	cyclic	hemiacetal/	hemiketal.	These,	on	the	
contrary,	are	more	stable	as	compared	to	the	intermolecular	hemiacetals/hemiketals.	Stability	of	
cyclic	hemiacetals/hemiketals	is	highly	dependent	on	the	size	of	the	ring,	where	5	&	6	
membered	rings	are	generally	favored.	



	
reaction	creating	cyclic	intramolecular	hemiacetal	

Intramolecular	hemiacetal	and	hemiketal	formation	is	commonly	encountered	in	sugar	
chemistry.	Just	to	give	you	an	example:	in	solution,	~	99%	of	glucose	exists	in	the	cyclic	
hemiacetal	form	and	only	1%	of	glucose	exists	in	the	open	form.	

	
honey	bee	indicating	honey	is	sweet	because	it	contains	glucose	and	fructose	

Cyclization	of	glucose	to	its	hemiacetal	form	
Let’s	first	draw	a	molecule	of	glucose	(C_66start	subscript,	6,	end	subscriptH_{12}12start	
subscript,	12,	end	subscriptO_66start	subscript,	6,	end	subscript).	The	simplest	way	to	do	so	is	
by	using	the	Fischer	Projection	as	shown	below	

	
fischer	projection	of	glucose	highlighting	its	aldehyde	group	and	hydroxyl	group	

Glucose	has	an	aldehyde	group	and	five	hydroxyl	groups.	Does	that	ring	a	bell?	Yes,	glucose	can	
form	an	intramolecular	cyclic	hemiacetal.	Let’s	now	show	the	formation	of	hemiacetal	of	glucose	
starting	from	its	open	structure	(Fischer	projection).	



	
diagram	showing	how	to	form	a	hemiacetyl	of	glucose	from	its	original	open	form,	seen	in	the	

fisher	projection.	
So	why	doesn’t	the	hydroxyl	attached	to	C-4	react	with	the	carbonyl	group?	Why	does	the	
carbonyl	group	react	with	the	hydroxyl	attached	to	C-5?	C-4	hydroxyl	attacking	the	carbonyl	
group	will	lead	to	the	formation	of	a	5-membered	ring,	while	the	attack	of	C-5	hydroxyl	at	the	
carbonyl	group	will	generate	a	6-membered	ring	(as	shown	in	the	above	figure).	In	the	case	of	
glucose,	a	6-membered	ring	is	thermodynamically	more	stable	than	a	5-membered	ring,	thus	
favoring	the	formation	of	a	6-membered	ring	over	a	5-membered	ring.	
Now	let’s	shift	our	focus	to	the	hemiacetal	of	glucose	(Haworth	projection).	If	you	notice	this	
cyclization	process	creates	a	new	stereogenic	center,	C-1,	which	is	referred	to	as	the	anomeric	
carbon.	Glucose	can	exist	as	an	α	or	a	β	isomer,	depending	on	whether	the	OH	group	attached	to	
the	anomeric	carbon	(C-1)	is	on	the	same	side	as	the	CH2OH	group	or	is	on	the	opposite	side.	
These	two	forms	are	referred	to	as	anomers	of	glucose.	



	
haworth	projection	and	chair	conformation	

PS:	when	you	move	from	a	Haworth	projection	to	a	chair	conformation,	the	groups	pointing	
upwards	in	the	former	become	equatorial	and	the	groups	pointing	downwards	become	axial	
respectively	in	the	latter.	
In	aqueous	solution,	glucose	exists	in	both	the	open	and	closed	forms.	These	two	forms	always	
exist	in	equilibrium.	In	the	process	of	converting	from	closed	to	open	form	and	then	back	to	
closed	form,	the	C-1→	C-2	bond	rotates.	This	rotation	produces	either	of	the	two	anomers.	We	
term	this	phenomenon	of	opening	of	the	ring,	rotation	of	the	C-1→	C-2	bond	and	the	subsequent	
closing	of	the	ring	as	mutarotation.	So	as	a	result	of	mutarotation,	both	the	α	and	β	anomers	are	
present	in	equilibrium	in	solution.	In	the	case	of	glucose,	β	anomer	is	more	predominant	than	α	
anomer.	This	may	not	be	the	case	with	all	the	monosaccharides.	

	
diagrams	of	monosaccharides	

Cyclization	of	fructose	to	its	hemiketal	form	
Now	let’s	change	gears	and	apply	the	same	principles	(as	applied	to	glucose)	to	a	molecule	of	
fructose.	Fructose	has	a	ketone	group	and	five	hydroxyl	groups.	So,	fructose	should	also	be	able	
to	cyclize	to	form	an	intramolecular	hemiketal.	



	
diagram	of	D-fructose	

There	are	in	fact	two	ways	in	which	a	molecule	of	fructose	can	cyclize.	The	first	is	as	illustrated	
below	

	
diagram	of	fructose	cyclizing	

Here,	as	you	can	see,	the	hydroxyl	attached	to	C-5	attacks	the	carbonyl	group,	yielding	a	5-
membered	ring	(furanose	form).	
In	the	second	scenario	(as	shown	below),	the	hydroxyl	attached	to	C-6	attacks	the	carbonyl	
group,	resulting	in	a	6-membered	ring	(pyranose	form).	



	
 
Alcohols	and	phenols	

Alcohol Nomenclature 

Alcohols	are	named	in	the	IUPAC	system	by	replacing	the	–e	ending	of	the	root	alkane	with	the	
ending	–ol.	If	the	alcohol	is	the	highest-priority	functional	group,	the	carbon	atom	attached	to	it	
receives	the	lowest	possible	number.		
When	the	alcohol	is	not	the	highest-priority	group,	it	is	named	as	a	substituent,	with	the	
prefix	hydroxy–.	
Aromatic	alcohols	are	called	phenols.	The	hydroxyl	hydrogens	of	phenols	are	particularly	acidic	
due	to	resonance	within	the	phenol	ring.	When	benzene	rings	contain	two	substituents,	their	
relative	positions	must	be	indicated.	Two	groups	on	adjacent	carbons	are	called	ortho–,	or	
simply	o–.	Two	groups	separated	by	a	carbon	are	called	meta–,	or	m–.	Two	groups	on	opposite	
sides	of	the	ring	are	called	para–,	or	p–.	
	
Carboxylic	acids	belong	to	a	class	of	organic	compounds	in	which	a	carbon	(C)	atom	is	bonded	to	
an	oxygen	(O)	atom	by	a	double	bond	and	to	a	hydroxyl	group	(−OH)	by	a	single	bond.	A	fourth	
bond	links	the	carbon	atom	to	a	hydrocarbon	group	(R).	The	carboxyl	(COOH)	group	is	named	
after	the	carbonyl	group	(C=O)	and	hydroxyl	group.	

	
Diagram	of	a	carboxylic	molecule	

In	general,	carboxylic	acids	undergo	a	nucleophilic	substitution	reaction	where	the	nucleophile	(-
OH)	is	substituted	by	another	nucleophile	(Nu).	The	carbonyl	group	(C=O)	gets	polarized	(i.e.	



there	is	a	charge	separation),	since	oxygen	is	more	electronegative	than	carbon	and	pulls	the	
electron	density	towards	itself.	As	a	result,	the	carbon	atom	develops	a	partial	positive	charge	
(δ+)	and	the	oxygen	atom	develops	a	partial	negative	charge	(δ-).	In	some	cases,	in	the	vicinity	of	
a	strong	electrophile,	the	partially	negatively	charged	carbonyl	oxygen	(δ-)	can	act	as	a	
nucleophile	and	attack	the	electrophile	(as	you	will	notice	in	the	example	of	acid	chloride	
synthesis,	discussed	later	in	this	tutorial).	
Compounds	in	which	the	−OH	group	of	the	carboxylic	acid	is	replaced	by	other	functional	groups	
are	called	carboxylic	acid	derivatives,	the	most	important	of	which	are	acyl	halides,	acid	
anhydrides,	esters,	and	amides.	
Properties of Alcohols 

Intermolecular	hydrogen	bonding,	which	results	in	significantly	higher	melting	and	boiling	
points	than	those	of	analogous	hydrocarbons.	Hydrogen	bonding	causes	increased	melting	
points,	boiling	points,	and	solubility	in	water.		Molecules	with	more	than	one	hydroxyl	group	
show	greater	degrees	of	hydrogen	bonding.		
Hydrogen	bonding	occurs	when	hydrogen	atoms	are	attached	to	highly	electronegative	atoms	
like	nitrogen,	oxygen,	or	fluorine.	Hydrogen	bonding	is	the	result	of	the	extreme	polarity	of	these	
bonds.	In	the	case	of	a	hydroxyl	group,	the	electronegative	oxygen	atom	pulls	electron	density	
away	from	the	less	electronegative	hydrogen	atom.	
	

Alcohols have higher B.P. than alkanes due to hydrogen bonding 
 

Alcohols are also water soluble due to hydrogen bonding and polarity 
 

The more carbons on your alkyl group of the alcohol molecule, the less soluble 
the entire molecule will be due to the carbons being non-polar and hydrophobic. 

 
Preparation of Alkoxides 

 
 
 
 
 
 
 
 
 
 

Example: 
 
 
 
 
 

Alternate way to form alkoxides using Group 1 Alkali Metals: 
 
 
 
 
 



 
 
 

Example: 
 

Oxidation of alcohols  

The	first	step	of	the	alcohol	metabolism	process	is	the	conversion	of	the	alcohol	to	another	class	
of	organic	molecules	called	an	aldehyde.	
CH3CH2OH+NAD+→CH3CHO+NADH+H+	
This	aldehyde	is	called	acetaldehyde	or	ethanal.	Ignore	the	NAD^\text{+}+start	superscript,	plus,	
end	superscript/NADH	in	this	equation	for	now;	we	will	come	back	to	that	in	a	moment.	
The	second	step	is	the	conversion	of	acetaldehyde	into	acetic	acid.	
CH3CHO+NAD+→CH3COOH+NADH+H+	
Acetic	acid	is	an	example	of	another	class	of	organic	molecules	called	a	carboxylic	acid.	The	
overall	reaction	shows	how	an	alcohol	is	oxidized	in	biochemistry.	Now	there	are	various	
definitions	for	oxidation,	but	the	one	I	want	to	use	is	“oxidation	is	the	gain	of	oxygen”.	Actually,	
the	very	first	scientists	to	discover	oxidation	and	the	opposite	reaction,	reduction,	studied	the	
addition	and	removal	or	oxygen.	This	definition	works	well	here	because	you	can	see	that	the	
alcohol	molecule	has	gained	an	oxygen	atom.	The	overall	change	is	from	–OH	to	–OOH.	
	

“Alpha” carbon is the carbon attached directly to the – OH group 
 

You must have at least 1 “alpha” hydrogen attached to the “alpha” carbon for the mechanism to 
work. 

 
o  Must be a 1° or 2° alcohol 

Oxidation will increase the number of bonds from the carbon to the oxygen 





If you oxidize something, something else is being reduced. We gained a bond to oxygen, 
but lost a hydrogen. 

	
Oxidation of alcohols (examples) 

PRIMARY ALCOHOL RXNS: 
 
Jones Reagent (for oxidation of 1°&2° alcohols): 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
Pyridinium Chlorochromate (PCC) reagent – will stop the oxidation at an aldehyde instead of 
carboxylic acid. 



 
 
 
 
 
 
 
 
SECONDARY ALCOHOL RXNS: 
 
With 2° alcohols a ketone is the only result. You can use EITHER Jones or PCC reagent and 
will end up with same result. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
WHAT ABOUT THOSE 3° ALCOHOLS WITH NO HYDROGENS ON THE ALPHA 
CARBON? 
 

 
 
  
 
 

Protection of Alcohols 

Protecting groups protect -OH group from reacting; can be removed later 
Organolithiums cannot act as nucleophile without protecting group in place 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Preparation of mesylates and tosylates 

The	hydroxyl	groups	of	alcohols	are	fairly	poor	leaving	groups	for	nucleophilic	substitution	
reactions.	However,	they	can	be	reacted	to	form	much	better	leaving	groups	called	
mesylates	and	tosylates.	A	mesylate	is	a	compound	containing	the	functional	group	–
SO3CH3,	derived	from	methanesulfonic	acid.	Tosylates	contain	the	functional	group	–
SO3C6H4CH3,	derived	from	toluenesulfonic	acid.	These	compounds	are	produced	by	
reaction	of	alcohols	with	p-toluenesulfonyl	chloride,	forming	esters	of	toluenesulfonic	acid.	
Mesyl	and	tosyl	groups	can	also	serve	as	protecting	groups	when	we	do	not	want	alcohols	
to	react.	
	
	



 



 
SN1 and SN2 reactions of alcohols 

SN2 mechanisms require: nucleophile, electrophile, leaving group 
SN2 example 

 



 
SN1 example 
No chiral center in the carbocation, so there is no stereochemistry to worry about 

 
Biological redox reactions of alcohols and phenols 

The following rxn is what happens in the liver:  
 
LEO THE LION GOES GER – Loss of e- = oxidation; Gain of e- = reduction 
NAD+ is reduced because ethanol is oxidized NAD+ will gain the electrons 
 
NAD+ is the oxidizing agent for ethanol – it allows ethanol to be oxidized 
 
Rxn is reversible. Ethanal can be reduced to ethanol and NADH will be oxidized to NAD+ 



 

 



 
Aromatic Stability of benzene 

	
Benzene	is	more	stable	than	cyclohexene	–	Benzene	is	AROMATIC	
	
How	to	determine	Aromaticity:	
	
Contains	a	ring	of	continuously	overlapping	P	orbitals	(planar)	Has	4n+2	(Huckel’s	Rule)	pi	
e-	in	the	ring	



	
Aromatic heterocycles 

 
Heterocycles – a compound that contains any atoms other than carbon inside the ring ie. 
Pyridine 
 
Heterocycles can be aromatic 



 
Carboxylic	acids	

Carboxylic acid reactions overview 

Carboxylic	acids	belong	to	a	class	of	organic	compounds	in	which	a	carbon	(C)	atom	is	
bonded	to	an	oxygen	(O)	atom	by	a	double	bond	and	to	a	hydroxyl	group	(−OH)	by	a	single	
bond.	A	fourth	bond	links	the	carbon	atom	to	a	hydrocarbon	group	(R).	The	carboxyl	
(COOH)	group	is	named	after	the	carbonyl	group	(C=O)	and	hydroxyl	group.	



	
Diagram	of	a	carboxylic	molecule	

In	general,	carboxylic	acids	undergo	a	nucleophilic	substitution	reaction	where	the	
nucleophile	(-OH)	is	substituted	by	another	nucleophile	(Nu).	The	carbonyl	group	(C=O)	
gets	polarized	(i.e.	there	is	a	charge	separation),	since	oxygen	is	more	electronegative	than	
carbon	and	pulls	the	electron	density	towards	itself.	As	a	result,	the	carbon	atom	develops	a	
partial	positive	charge	(δ+)	and	the	oxygen	atom	develops	a	partial	negative	charge	(δ-).	In	
some	cases,	in	the	vicinity	of	a	strong	electrophile,	the	partially	negatively	charged	carbonyl	
oxygen	(δ-)	can	act	as	a	nucleophile	and	attack	the	electrophile	(as	you	will	notice	in	the	
example	of	acid	chloride	synthesis,	discussed	later	in	this	tutorial).	
Compounds	in	which	the	−OH	group	of	the	carboxylic	acid	is	replaced	by	other	functional	
groups	are	called	carboxylic	acid	derivatives,	the	most	important	of	which	are	acyl	halides,	
acid	anhydrides,	esters,	and	amides.	
Carboxylic Acid Derivatives 

	
Diagram	overview	of	carboxylic	molecule	reactions	
Let’s	list	down	some	common	properties	for	the	above	shown	carboxylic	acid	derivatives	



Each	derivative	contains	a	common	group,	termed	as	an	acyl	group	(R-C=O),	which	is	
attached	to	a	heteroatom	
They	can	all	be	synthesized	from	the	“parent”	carboxylic	acid	
They	are	all	formed	through	a	nucleophilic	substitution	reaction	
On	hydrolysis	(i.e.	reaction	with	H_{2}2start	subscript,	2,	end	subscriptO),	they	all	convert	
back	to	their	parent	carboxylic	acid	
Now	let’s	discuss	each	carboxylic	acid	derivative	individually,	and	outline	the	reaction	
mechanism	by	which	they	are	formed	starting	from	the	parent	carboxylic	acid	
Acid	chloride	(ROCl)	
Acid	chlorides	are	formed	when	carboxylic	acids	react	with	thionyl	chloride	(SOCl_{2}2
start	subscript,	2,	end	subscript),	PCl_{3}3start	subscript,	3,	end	subscript	or	PCl_{5}5start	
subscript,	5,	end	subscript.	They	are	the	most	reactive	derivatives	of	carboxylic	acid.	

	
Diagram	of	the	formation	of	acid	chloride	(ROCl)	
Mechanism of acid chloride formation with SOCl_{2}2start subscript, 2, end subscript 
(Please follow the movement of electrons carefully) 

	
Diagram	of	the	mechanism	of	acid	chloride	formation	with	SOCl2	
The	electrophilic	sulfur	atom	is	attacked	by	the	nucleophilic	oxygen	of	carboxylic	acid	to	
give	an	intermediate	six	membered	transition	state;	which	immediately	decomposes	to	the	
intermediate	(A)	and	HCl	respectively.	This	intermediate	(A)	then	reacts	with	the	HCl	
molecule,	just	produced,	to	give	an	intermediate	(B)	which	then	collapses	to	form	the	



corresponding	acyl	chloride,	sulfur	dioxide	and	hydrogen	chloride.	This	final	step	is	
irreversible	because	the	byproducts,	SO_{2}2start	subscript,	2,	end	subscript	and	HCl,	are	
gases	that	evaporate	off	and	thus	push	the	reaction	in	the	forward	direction.	
Ester	(RCOOR’)	
Esters	are	derived	when	a	carboxylic	acid	reacts	with	an	alcohol.	Esters	containing	long	
alkyl	chains	(R)	are	main	constituents	of	animal	and	vegetable	fats	and	oils.	Many	esters	
containing	small	alkyl	chains	are	fruity	in	smell,	and	are	commonly	used	in	fragrances.	

	
Diagram	of	the	formation	of	ester	(RCOOR’)	
The	acid-catalyzed	esterification	of	carboxylic	acids	with	alcohols	to	give	esters	is	
termed	Fischer	esterification	
Mechanism	of	Fischer	esterification	

	
Diagram	of	the	mechanism	of	Fischer	esterification	
Thioester	(RCOSR’)	
Thioesterification:	A	thioester	is	formed	when	a	carboxylic	acid	reacts	with	a	thiol	(RSH)	in	
the	presence	of	an	acid.	



	
Diagram	of	the	formation	of	thioester	(RCOSR’)	
Thioesters	are	commonly	found	in	biochemistry,	the	best-known	example	being	acetyl	CoA.	
The	mechanism	of	thioesterification	is	the	same	as	esterification	(discussed	above);	only	
difference	being	that	instead	of	an	alcohol	(R’OH),	a	thioalcohol	(R’SH)	is	involved.	As	a	
practice,	try	writing	down	the	mechanism	of	thioesterification.	
Acid	anhydride	

	
Diagram	of	the	formation	of	acid	anhydride	
As	you	can	see,	an	acid	anhydride	is	a	compound	that	has	two	acyl	groups	(R-C=O)	bonded	
to	the	same	oxygen	atom.	Anhydrides	are	commonly	formed	when	a	carboxylic	acid	reacts	
with	an	acid	chloride	in	the	presence	of	a	base.	Let’s	now	discuss	the	mechanism	by	which	a	
carboxylic	acid	anhydride	is	synthesized.	



	
Diagram	of	mechanism	by	which	a	carboxylic	acid	anhydride	is	synthesized	
Similar	to	the	Fischer	esterification,	this	reaction	follows	an	addition-elimination	
mechanism	in	which	the	chloride	anion	(Cl^\text{-}-start	superscript,	negative,	end	
superscript)	is	the	leaving	group.	In	the	first	step,	the	base	abstracts	a	proton	(H^\text{+}+
start	superscript,	plus,	end	superscript)	from	the	carboxylic	acid	to	form	the	corresponding	
carboxylate	anion	(1).	The	carboxylate	anion's	negatively	charged	oxygen	attacks	the	
considerably	electrophilic	acyl	chloride's	carbonyl	carbon.	As	a	result,	a	tetrahedral	
intermediate	(2)	is	formed.	In	the	final	step,	chloride	-	a	good	leaving	group	-	is	eliminated	
from	the	tetrahedral	intermediate	to	yield	the	acid	anhydride.	
Amide	
The	direct	conversion	of	a	carboxylic	acid	to	an	amide	is	difficult	because	amines	are	very	
basic	and	tend	to	convert	carboxylic	acids	to	their	highly	unreactive	carboxylate	ions.	
Therefore,	DCC	(Dicyclohexylcarbodiimide)	is	used	to	drive	this	reaction.	

	
Diagram	of	the	formation	of	amide	
The	structure	of	DCC	is	shown	below	



	
Diagram	of	the	structure	of	DCC	(Dicyclohexylcarbodiimide)	
A	carboxylic	acid	first	adds	to	the	DCC	molecule	to	form	a	good	leaving	group,	which	can	
then	be	displaced	by	an	amine	during	nucleophilic	substitution	to	form	the	corresponding	
amide.	The	reaction	steps	are	shown	below:	
Step	1:	Deprotonation	of	the	acid.	

	
Diagram	of	deprotonation	of	the	acid	
Step	2:	Nucleophilic	attack	by	the	carboxylate.	

	
Diagram	of	nucleophilic	attack	by	the	amine	



Step	3:	Nucleophilic	attack	by	the	amine.	

	
Diagram	of	nucleophilic	attack	by	the	amine	
Step	4:	Proton	transfer.	

	
Diagram	of	proton	transfer	
Step	5:	Dicyclohexylurea	acts	as	the	leaving	group	to	form	the	amide	product.	

	
Diagram	of	dicyclohexylurea	acting	as	the	leaving	group	to	form	the	amide	product	
Relative	reactivity	of	the	carboxylic	acid	derivatives	towards	a	nucleophilic	substitution	
reaction	



	
Diagram	of	nucleophilic	substitution	reaction	with	a	nucleophile	(Nu)	
Let’s	view	the	carboxylic	acid	derivatives	as	an	acyl	group,	R-C=O,	attached	to	
a	substituent	(X).	These	derivatives	also	undergo	a	nucleophilic	substitution	reaction	with	a	
nucleophile	(Nu)	as	shown	above.	The	reactivity	of	these	derivatives	towards	nucleophilic	
substitution	is	governed	by	the	nature	of	the	substituent	X	present	in	the	acid	derivative	
if	the	substituent	(X)	is	electron	donating,	it	reduces	the	electrophilic	nature	of	the	carbonyl	
group	by	neutralizing	the	partial	positive	charge	developed	on	the	carbonyl	carbon,	and	
thus	makes	the	derivative	less	reactive	to	nucleophilic	substitution	
if	the	substituent	(X)	is	electron	withdrawing,	then	it	increases	the	electrophilic	nature	of	
carbonyl	group	by	pulling	the	electron	density	of	the	carbonyl	bond	towards	itself,	making	
the	carbonyl	carbon	more	reactive	to	nucleophilic	substitution	

Derivative	 Substituent	(X)	 Electronic	effect	of	X	
Relative	
reactivity	

Acid	chloride	 -Cl	 electron	withdrawing	
1	(most	
reactive)	

Acid	anhydride	 -OC=OR	 electron	withdrawing	
2	(almost	as	
reactive	as	1)	

Thioester	 -SR	 weakly	electron	donating	 3	

Ester	 -OR	
alkoxy	(-OR)	group	is	
weakly	electron	donating	 4	

Amide	

-NH_{2}2start	subscript,	2,	
end	subscript,	NR_{2}2start	
subscript,	2,	end	subscript	 very	strongly	donating	 5	

Carboxylate	ion	

-O^\text{-}-start	
superscript,	negative,	end	
superscript	

Carboxylate	ions	are	not	
reactive	because	their	
negative	charge	repels	the	
approach	of	other	
nucleophiles	

6	(least	
reactive)	

Thus,	on	a	reactivity	scale,	the	order	of	reactivity	of	various	carboxylic	acid	derivatives	
towards	nucleophilic	substitution	is	as	follows:	
Acid	halide	>	acid	anhydride	>	thioester	>	ester	>	amide	
 



Carboxylic acid nomenclature and properties 

Reduction of carboxylic acids 

Preparation of esters via Fischer esterification 

Preparation of acyl (acid) chlorides 

Preparation of acid anhydrides 

Preparation of amides using DCC 

Decarboxylation 

Alpha-substitution of carboxylic acids 

Carboxylic	acid	derivatives	

Enzymes	

Introduction to Enzymes and Catalysis 
I. Acid/Base	Catalysis:	helps	with	proton	transfer	

A. Ex:	keto-enol	tautomerization	
II. Covalent	Catalysis:	helps	with	electron	transfer	

A. Ex:	decarboxylation	reaction		
III. Electrostatic	Catalysis:	helps	with	stabilizing	charge	
IV. Proximity	and	Orientation	Effects:	helps	increase	the	frequency	of	successful	

collisions	
	

Induced Fit Model of Enzyme Catalysis 
I. Enzymes	make	reactions	“go”	faster	
II. Enzymes	lower	a	reaction’s	transition	state	
III. Substrates:	any	molecule	an	enzyme	will	act	on	
IV. Active	site:	location	on	the	enzyme	where	substrates	bind.	

A. Because	enzymes	have	unique	active	sites	we	say	that	they	are	specific	to	certain	
substances.	

V. Induced	Fit	Model	
A. Enzyme	and	substrate	don’t	actually	fit	together	like	puzzle	pieces	
B. Enzyme	and	substrate	will	both	change	their	shape	a	little	bit	so	that	they	bind	

really	tightly.		
VI. Enzymes	don’t	necessarily	bind	to	only	one	substrate	
VII. Allosteric	Binding	

A. When	something	binds	to	the	enzyme	at	places	other	than	their	active	site	



B. Ex:	when	inhibitor	binds	to	enzyme	and	changes	the	shape	of	the	active	site,	
thereby	inhibiting	the	enzyme	from	binding	to	its	intended	substrate.	

C. Allosterically	binding	molecules	can	be	activators	or	inhibitors	
	

Six Types of Enzymes 
I. Transferase	

A. Move	a	function	group	from	one	molecule	to	another	
B. Ex:	reaction	that	occurs	during	protein	translation	by	peptidyltransferase	

II. Ligase	
A. Catalyzes	reactions	between	two	molecules,	that	are	combining	to	form	a	

complex	between	the	two.	
B. Ex:	DNA	replication:	two	strands	of	DNA	are	being	joined	together	b	DNA	

ligase		
III. Oxidoreductase	

A. Reactions	involve	transferring	electrons	from	one	molecule	to	another	
B. Oxidase:	directly	involved	in	oxidizing/taking	electrons	away	from	a	

molecule	
C. Reductase:	directly	involved	in	reducing/giving	electrons	to	a	molecule	
D. Oxidoreductases	can	usually	catalyze	both	the	forward	and	reverse	reactions	
E. Ex:	lactic	acid	fermentation	by	lactate	dehydrogenase	

IV. Isomerase	
A. Involved	in	reactions	where	a	molecule	is	being	converted	to	one	of	its	

isomers.	
B. Ex:	conversion	of	glucose-6-phosphate	->	fructose-6-phosphate	by	

phosphoglucose	isomerase	
V. Hydrolase	

A. Use	water	to	cleave	one	molecule	into	two	molecules	
B. Ex.	Hydrolysis	reaction	that	can	occur	to	peptide	bonds	by	serine	hydrolase	

VI. Lyase	
A. Catalyze	the	dissociation	of	a	molecule	into	two	molecules	without	using	

water	or	oxidation/reduction.	
B. Ex:	cleavage	of	arginosuccinate	into	arginine	and	succinate	by	

arginosuccinate	lyase	
	



An introduction to enzyme kinetics 
I. Enzymes	speed	up	reactions	by	lowering	the	

delta	G	of	the	transition	state	or	lowering	the	
activation	energy	of	a	reaction.		

II. For	this	to	happen,	the	reacting	substrate	will	
bind	to	the	enzyme	and	form	the	enzyme	
substrate	complex	before	being	turned	into	
product	

III. Enzymes	are	not	used	up	when	they	catalyze	
reactions,	which	is	why	they	appear	on	both	
sides	of	the	reaction	

IV. Rate	of	reaction	=	speed	that	the	reaction	
goes	at.	
A. To	increase	the	rate	of	product	we	can	do	

this	by:	
i. Increasing	[S]	
ii. Increasing	[E]	

V. Vmax:	at	high	[S],	the	enzymes	will	be	saturated	and	this	is	the	absolute	maximum	
rate	that	the	reaction	can	go	

VI. Assumptions	made:	
A. Our	solutions	are	behaving	ideally		
B. Our	constants	are	indeed	constant	
C. S	->	P	without	enzyme	is	negligible	

 
Allosteric regulation of feedback loops 

I. Allosteric	site:	any	site	on	an	enzyme	where	regulators	can	bind	
II. 2	types	of	regulators	

A. Allosteric	activators:	increase	enzyme	activity	
B. Allosteric	inhibitors:	decrease	enzyme	activity	

	
	
	

III. Michaelis-Menten	Equation:	

	
IV. Feedback	Loops	

A. Downstream	products	regulating	upstream	reactions	
B. Positive	Feedback	Loop:	product	downstream	increases	activity	of	reactant	

upstream	
C. Negative	Feedback	Loop:	product	downstream	decreases	activity	of	

reactant	upstream	



V. Lineweaver-Burk	Plots	

 
Kinetics	

	
Rate of Reaction 
I. Rate	=	Change	in	concentration/Change	in	time	

	



Rate Law and Reaction Order 

	
	
	
	
	
	
	
	
	
	
	
	



Experimental Determination of Rate Laws 

	
 
Plotting data for first-order reaction 
I. ln[A]t	=	-kt	+	ln[A]0	
II. First	order	reaction	slope:	-k;	linear	

 
Half-life of a first-order reaction 

I. [A]t	=	[A]0e-kt	
II. Half-life:	time	it	takes	for	the	concentration	of	a	reactant	to	decrease	to	half	of	

its	initial	concentration.	
	



Plotting data for a second-order reaction 
I. Second	order	reaction	slope:	M-1s-1	

 
Collision theory 

I. Molecules	must	collide	to	react	
II. Collisions	must	have	the	correct	orientation	in	space	
III. Collisions	must	have	enough	energy	

Arrhenius equation 
I. k=Ae-Ea/RT	
II. A=	frequency	factor	

	
 
Equilibrium	

Reactions in Equilibrium 
I. aA	+	bB	<->		cC	+	dD	
II. Keq	=	[products]/[reactants]	=	[C]c[D]d/[A]a[B]b	
III. Concentrations	in	moles/liter	or	Molarity	
IV. Keq	<	1	favors	reactants	
V. Keq	>	1	favors	products	

	
Le Chatelier’s Principle 

I. If	adding	more	reactants	then	forward	reaction	more	favored	(products	favored)	
II. If	adding	more	product	then	reverse	reaction	more	favored	(reactants	favored)	
III. Le	Chatelier’s	Principle:	when	you	stress	a	reaction	that’s	in	equilibrium	the	

reaction	will	favor	one	side	of	the	reaction	to	relieve	that	stress.		
IV. If	increasing	the	pressure	of	a	gas	then	reaction	will	favor	the	side	with	the	least	

amount	of	moles	of	gas	
	

Changes in free energy and the reaction quotient 
I. DG	=	DG0	+	RTlnQ	
II. DG	<	0	reaction	is	spontaneous	
III. DG	>	0	reaction	is	nonspontaneous	
IV. DG	=	0	reaction	is	at	equilibrium	
V. Ex:	Calculate	the	change	in	free	energy	for	the	following	reaction	at	25oC	given	

the	following	set	of	partial	pressures:(R	=	8.314	J/mol*K)	

Q	=	(1.0)2/(1.0)(1.0)3=	1.0		
DG	=	DG0	+	RTlnQ	=	(-33.0	kJ)	+	RTln(1.0)	=	-33.0	kJ	+	0		
DG	=	-33.0	kJ	->	spontaneous		



	
Standard change in free energy and the equilibrium constant 

I. DG0=	-RTlnKeq	
II. Ex:	calculate	the	equilibrium	constant	for	the	following	reaction	at	298K	

	
DG0	=	-RTlnKeq		
-33.0	x	10^3	J/mon	=	-(8.314	J/mok*K)(298K)lnKeq	
Keq	=	6.1	x	10^5	DG0	<	0	Keq	>	1	so	spontaneous	and		favors	products	

III. When	DG0	<	0	then	K	>	1	
IV. When	DG0=0	then	K	=1	
V. When	DG0>0	then	K<1	

 
Galvanic cells and changes in free energy 

	
I. DG0	=	-nFe0	

DG	=	DG0	+	RTlnQ	
Q	=	[Zn2+]/[Cu2+]	=	(1.0)/(1.0)	=	1.0	
	
DG	=	DG0	+	RTln(0)	à	DG	=	DG0	+	0	à	DG	=	DG0		
DG	=	-212	kJ	spontaneous	reaction	under	standard	conditions		

II. DG	=	-189.2	kJ/mol	
DG	=	-nFe	
e=	0.98V	

III. At	equilibrium	e	=	0	
 



Bioenergetics	

	
An analogy for Gibbs free energy 

I. DG	=DH-TDS	
DS	 DH	 DG	
(-)	 (+)	 (-)	
(+)	 (-)	 (+)	
(+)	 (+)	 (+/-)		
(-)	 (-)	 (+/-)	

II. Temperature	plays	a	big	role	in	determining	whether	or	not	a	reaction	is	
spontaneous	or	not.		
	

Bioenergetics: The transformation of free energy in living systems 
I. Photosynthesis:	process	of	adding	energy	to	the	system	and	creating	glucose.	
II. Cellular	Respiration:	process	of	breaking	down	glucose	into	a	useable	form	of	

energy.	
A. Glucose	->	Pyruvate	giving	off	ATP	
B. Pyruvate	->	Acetyl	CoA	->	TCA	Cycle	->	production	of	CO2	+	NADH	+	FADH2	-

>	ETC	->	ATP	
	



Why we need metabolism? 

	
	
Insulin and glucagon 

I. Metabolism:	flow	of	energy	throughout	body	
II. Insulin:	regulates	the	storage	of	glucose	

A. 	decreases	glucose	concentration	in	blood	by	storage	
B. Glycolysis	(converts	glucose	into	ATP)	->	IRREVERSIBLE	
C. Glycogenesis	(formation	of	glycogen	to	store	glucose	short-term	in	

liver/muscle)	->	REVERSIBLE	
D. 	Lipogenesis	(producing	lipids/FAs	to	store	long-term	in	adipose	tissue)	->	

IRREVERSIBLE	 	
III. Glucagon:	regulates	the	release	of	glucose	from	storage	(insulin	inhibits	

glucagon)	



A. Increases	glucose	concentration	in	the	blood	by	release	
B. Glycogenolysis	(break	down	of	glycogen	into	glucose)	->	REVERSIBLE	
C. Gluconeogenesis	(converting	amino	acids	into	glucose)	->	REVERSIBLE	
D. Ketogenesis	(converts	FAs	into	ketone	bodies)	->	IRREVERSIBLE	(energy	to	

be	used	only	by	heart	and	brain-	during	starvation	mode)	
IV. Hyperglycemia:	excess	of	glucose	in	the	blood;	>120	mg/dL	of	glucose	->	eye,	

nerve,	kidney	disease	(diabetes)	
V. Hypoglycemia:	deficiency	of	glucose	in	the	blood;	<70	mg/dL	of	glucose	->	tired,	

lethargic,	coma,	death	
	

Tissue specific metabolism and the metabolic states 
Absorptive	State	

	



Postabsorptive	State	

 
Thermodynamics	

Thermochemistry	


