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NanotechnolgyNanotechnolgy

Top-Down Approach 
Lithographic, Manipulation, Industrial process

Bottom-Up
Self-assembly, natural process
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Building BlockBuilding Block

Log, BrickLog, Brick
High energy physicist High energy physicist ––quarkquark
PhysicistPhysicist--proton, neutron, electronproton, neutron, electron

periodic tableperiodic table
ChemistChemist-- moleculemolecule
BiologistBiologist-- cellscells
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How to assemble themHow to assemble them

ThermodynamicThermodynamic
StrongStrong--Weak interactionWeak interaction
Chemical bondChemical bond
Hydrogen bondHydrogen bond
OOther interactionther interaction
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SelfSelf--Assembly Process in NatureAssembly Process in Nature
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Cell Factory ECell Factory E--ColiColi
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Chapter Seven

Review of General & 
Organic Chemistry
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Diameter of a nucleus is only about 10Diameter of a nucleus is only about 10--1515 m.m.
Diameter of an atom is only about 10Diameter of an atom is only about 10--1010 m.m.

Fig 3.1 The structure of an atomFig 3.1 The structure of an atom
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1.6 Elements and the Periodic Table1.6 Elements and the Periodic Table
Periodic Table,Periodic Table, shown below, is a representation of shown below, is a representation of 
113 elements in a tabular format.113 elements in a tabular format.
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Water molecule results when two hydrogen Water molecule results when two hydrogen 
atoms and one oxygen atom are covalently atoms and one oxygen atom are covalently 
bonded  in a way shown in the following bonded  in a way shown in the following 
picture:picture:
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A covalent bond between two hydrogen atoms is A covalent bond between two hydrogen atoms is 
shown in this picture.shown in this picture.

Fig 5.1 A covalent bond is the result of 
attractive and repulsive forces between atoms.
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The value of the freeThe value of the free--energy change (energy change (∆∆G) G) 
determines spontaneity.determines spontaneity.
∆∆G is negative; free energy is released; process is G is negative; free energy is released; process is 

exothermic or exothermic or exergonicexergonic..
∆∆G is positive; free energy is added; process is G is positive; free energy is added; process is 
endothermic or endothermic or endergonicendergonic..
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Fig 5.2  A graph of potential energy versus Fig 5.2  A graph of potential energy versus 
internuclearinternuclear distance for hydrogen.distance for hydrogen.



Peilin Chen©© 20062006 Week OneWeek One 18

The shape depends on the number of charged clouds The shape depends on the number of charged clouds 
surrounding the atom as summarized in Table 5.1surrounding the atom as summarized in Table 5.1
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9.1 Mixtures and Solutions 9.1 Mixtures and Solutions 
Heterogeneous mixtureHeterogeneous mixture: A nonuniform mixture that : A nonuniform mixture that 
has regions of different composition.has regions of different composition.
Homogeneous mixtureHomogeneous mixture: A uniform mixture that has : A uniform mixture that has 
the same composition throughout.the same composition throughout.
SolutionSolution: A homogeneous mixture that contains : A homogeneous mixture that contains 
particles the size of a typical ion or small molecule.particles the size of a typical ion or small molecule.
ColloidColloid: A homogeneous mixture that contains : A homogeneous mixture that contains 
particles in the range of 2particles in the range of 2--500 nm diameter.500 nm diameter.
Solute:Solute: A substance dissolved in a liquid.A substance dissolved in a liquid.
Solvent:Solvent: The liquid in which another substance is The liquid in which another substance is 
dissolved.dissolved.



Peilin Chen©© 20062006 Week OneWeek One 20

10.4  Water as Both an Acid and a Base10.4  Water as Both an Acid and a Base

Water is neither an acid nor a base according to Water is neither an acid nor a base according to 
Arrhenius acidArrhenius acid--base theory since water does not base theory since water does not 
contain appreciable amount of Hcontain appreciable amount of H33OO++ or OHor OH--.  .  
However, according to However, according to BronstedBronsted--Lowry acidLowry acid--
base theory, water is both an acid and a base.base theory, water is both an acid and a base.
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Table 10.1 Relative strengths of acids and basesTable 10.1 Relative strengths of acids and bases
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10.8 Dissociation of Water10.8 Dissociation of Water
Like all weak acids, water is slightly dissociated into Like all weak acids, water is slightly dissociated into 
HH++ and OHand OH-- ions.  The concentrations of the two ions ions.  The concentrations of the two ions 
are identical. At 25are identical. At 25ooC, concentration of each ion is C, concentration of each ion is 
1.00 x 101.00 x 10--77..
Ion product constant for water, Ion product constant for water, kkww::

kkww = k= kaa[H[H22O] = [HO] = [H33OO++][OH][OH--]]
= [1.00 x 10= [1.00 x 10--77][1.00 x 10][1.00 x 10--77]]
= 1.00 x 10= 1.00 x 10--1414 at 25at 25ooC.C.

Product of [HProduct of [H33OO++] and [OH] and [OH--] is a constant. Therefore, ] is a constant. Therefore, 
in an acidic solution where [Hin an acidic solution where [H33OO++] is large and [OH] is large and [OH--] ] 
must be small.must be small.
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10.9 Measuring Acidity in Aqueous 10.9 Measuring Acidity in Aqueous 
Solution: pHSolution: pH

A pH value between 0 and 14 is used to indicate A pH value between 0 and 14 is used to indicate 
concentration of Hconcentration of H33OO++ or OHor OH-- in solution.  in solution.  
Mathematically, the pH of a solution is defined as the Mathematically, the pH of a solution is defined as the 
negative common logarithm of the Hnegative common logarithm of the H33OO++ concentration:concentration:

pH = pH = --log [Hlog [H33OO++ ]  or]  or
[H[H33OO++ ] = 10] = 10--pHpH

Acidic solution: Acidic solution: pH < 7pH < 7 [H[H33OO++ ] > 1.00 x 10] > 1.00 x 10--77 MM
Neutral solution: Neutral solution: pH = 7pH = 7 [H[H33OO++ ] = 1.00 x 10] = 1.00 x 10--77 M M 
Basic solution:Basic solution: pH > 7pH > 7 [H[H33OO++ ] < 1.00 x 10] < 1.00 x 10--77 MM
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Fig 10.7 Lungs and kidneys relation with the bicarbonate Fig 10.7 Lungs and kidneys relation with the bicarbonate 
buffer systembuffer system
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12.1 The Nature of Organic 12.1 The Nature of Organic 
moleculesmolecules

Organic chemistryOrganic chemistry: The chemistry of carbon : The chemistry of carbon 
compounds.compounds.
Carbon is tetravalent; it always form four Carbon is tetravalent; it always form four 
bonds.bonds.
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Organic moleculesOrganic molecules

CHCH
CHO, CHSCHO, CHS
CHNCHN
C=OC=O
COOCOO
CONCON
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12.7 Properties of 12.7 Properties of AlkanesAlkanes
Melting points and boiling points of straight chain Melting points and boiling points of straight chain 
alkanesalkanes increases with molecular size.increases with molecular size.
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Alkenes are hydrocarbons that contain Alkenes are hydrocarbons that contain 
carboncarbon--carbon double bonds.carbon double bonds.
Alkynes are hydrocarbons that contain Alkynes are hydrocarbons that contain 
carboncarbon--carbon triple bonds.carbon triple bonds.
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13.4 Properties of Alkenes and 13.4 Properties of Alkenes and 
AlkynesAlkynes

NonpolarNonpolar, insoluble in water, soluble in , insoluble in water, soluble in nonpolarnonpolar
organic solvents.organic solvents.
Less dense than water as a result floats on water.Less dense than water as a result floats on water.
FlammableFlammable
NontoxicNontoxic
Alkenes display Alkenes display ciscis--trans isomerism whereas trans isomerism whereas 
alkynes do not.alkynes do not.
Both alkenes and alkynes are chemically reactive.Both alkenes and alkynes are chemically reactive.
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Unlike alkenes, benzene does not undergo Unlike alkenes, benzene does not undergo 
addition reactions.addition reactions.
BenzeneBenzene’’s relatively lack of chemical s relatively lack of chemical 
reactivity is due to its structure. reactivity is due to its structure. 
There are two possible structures with There are two possible structures with 
alternating double and single bonds.alternating double and single bonds.
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14.1 Alcohols, Phenols, and Ethers14.1 Alcohols, Phenols, and Ethers

Alcohol: A compound that has an Alcohol: A compound that has an ––OH group bonded to OH group bonded to 
a saturated, a saturated, alkanealkane like carbon atom, Rlike carbon atom, R--OH.OH.
Phenol: A compound that has an Phenol: A compound that has an ––OH group bonded to OH group bonded to 
an aromatic,  benzene like ring, an aromatic,  benzene like ring, ArAr--OH.OH.
EtherEther: A compound that has an oxygen bonded to two : A compound that has an oxygen bonded to two 
organic groups, Rorganic groups, R--OO--R.R.
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14.9 14.9 ThiolsThiols and Disulfidesand Disulfides

ThiolsThiols (R(R--SH) are sulfur analog of alcohols SH) are sulfur analog of alcohols 
(R(R--OH).OH).
The systematic name of a The systematic name of a thiolthiol is formed by is formed by 
adding adding --thiolthiol to the parent hydrocarbon name.to the parent hydrocarbon name.

ThiolsThiols have characteristic foul smell.have characteristic foul smell.
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ThiolsThiols (R(R--SH) react with mild oxidizing agents SH) react with mild oxidizing agents 
such as Brsuch as Br2 2 in water to yield disulfide (Rin water to yield disulfide (R--SS--SS--R).R).
The reverse reaction (RSThe reverse reaction (RS--SR SR 2RSH) 2RSH) occurs occurs 
when a disulfide is treated with a reducing agent.when a disulfide is treated with a reducing agent.
SS--S bonds between two amino acid S bonds between two amino acid cysteinescysteines
gives protein molecules their required shapes in gives protein molecules their required shapes in 
order to function.order to function.
Hair protein is rich in SHair protein is rich in S--S and S and ––SH groups.  SH groups.  
When hair is When hair is ‘‘permedpermed’’ some of the disulfide some of the disulfide 
bonds are broken and new ones are formed bonds are broken and new ones are formed 
giving hairs a different shape.giving hairs a different shape.
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15.1 Amines15.1 Amines
Amines are compounds that contain one or more Amines are compounds that contain one or more 
organic groups bonded to nitrogen.  They are classified organic groups bonded to nitrogen.  They are classified 
a primary, secondary, and tertiary according to how a primary, secondary, and tertiary according to how 
many organic groups are bonded to the nitrogen atom.many organic groups are bonded to the nitrogen atom.
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15.1 Amines15.1 Amines
Amines are compounds that contain one or more Amines are compounds that contain one or more 
organic groups bonded to nitrogen.  They are classified organic groups bonded to nitrogen.  They are classified 
a primary, secondary, and tertiary according to how a primary, secondary, and tertiary according to how 
many organic groups are bonded to the nitrogen atom.many organic groups are bonded to the nitrogen atom.
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The reaction is reversible.  The reaction is reversible.  HemiacetalsHemiacetals
rapidly revert back to rapidly revert back to aldehydesaldehydes or or ketonesketones
by loss of alcohol.by loss of alcohol.
AcetalAcetal FormationFormation
In the presence of a small amount of acid In the presence of a small amount of acid 
catalyst, catalyst, hemiacetalshemiacetals are converted to are converted to 
acetalsacetals.  .  AcetalsAcetals have two have two ––OR groups OR groups 
attached to what was the original carbonyl attached to what was the original carbonyl 
carbon. carbon. 
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Fig 16.3 Acetaldehyde and its Fig 16.3 Acetaldehyde and its hemiacetalhemiacetal and and 
acetalacetal



Peilin Chen©© 20062006 Week OneWeek One 40

17.1 Carboxylic Acids and Their 17.1 Carboxylic Acids and Their 
Derivatives: Properties and NamesDerivatives: Properties and Names

CaboxylicCaboxylic acids have an acids have an ––OH group bonded to a OH group bonded to a 
carbonyl group.  In their derivatives, OH is carbonyl group.  In their derivatives, OH is 
substituted by other group.  Such as,substituted by other group.  Such as,
Esters have a Esters have a ––OR group bonded to a carbonyl group. OR group bonded to a carbonyl group. 
Amides have an Amides have an ––NHNH22 group bonded to a carbonyl group bonded to a carbonyl 
group.group.
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Biochemical Building BlockBiochemical Building Block

Protein  Protein  -------- Amino AcidAmino Acid
Lipid Lipid ---------- fatty acidfatty acid
Carbohydrate Carbohydrate ---------- sugarsugar
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All amino acids present in a proteins are All amino acids present in a proteins are αα--
amino acidsamino acids in which the amino group is in which the amino group is 
bonded to the carbon next to the carboxyl bonded to the carbon next to the carboxyl 
group.group.
Two or more amino acids can join together Two or more amino acids can join together 
by forming amide bond, which is known as a by forming amide bond, which is known as a 
peptide bondpeptide bond when they occur in proteins.when they occur in proteins.
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18.2 Amino Acids18.2 Amino Acids
20 amino acids nature 20 amino acids nature 
uses to build all amino uses to build all amino 
acids in living organisms acids in living organisms 
presented in the Table presented in the Table 
18.318.3
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Because they are Because they are zweitterionzweitterion, , 
amino acids have many amino acids have many 
properties that are common for properties that are common for 
salts.  Such assalts.  Such as

amino acids crystallineamino acids crystalline
amino acids have high amino acids have high 
melting pointsmelting points
amino acids are water amino acids are water 
soluble.soluble.
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The charge of an amino acid molecule at any The charge of an amino acid molecule at any 
given moment depends on the identity of the given moment depends on the identity of the 
amino acid and pH of the medium.amino acid and pH of the medium.
The pH at which the net positive and The pH at which the net positive and 
negative charges are evenly balanced is the negative charges are evenly balanced is the 
amino acidamino acid’’s s isoelectricisoelectric pointpoint-- the overall the overall 
charges is zero.charges is zero.
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18.6 Molecular Handedness and 18.6 Molecular Handedness and 
Amino AcidsAmino Acids

Like objects, organic molecules can also have Like objects, organic molecules can also have 
handedness, that is they can be handedness, that is they can be chiralchiral..



Peilin Chen©© 20062006 Week OneWeek One 48

18.6 Molecular Handedness and 18.6 Molecular Handedness and 
Amino AcidsAmino Acids

Like objects, organic molecules can also have Like objects, organic molecules can also have 
handedness, that is they can be handedness, that is they can be chiralchiral..
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18.6 Molecular Handedness and 18.6 Molecular Handedness and 
Amino AcidsAmino Acids

Like objects, organic molecules can also have Like objects, organic molecules can also have 
handedness, that is they can be handedness, that is they can be chiralchiral..
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24.1 Structure and Classification 24.1 Structure and Classification 
of Lipidsof Lipids

LipidsLipids are naturally occurring molecules are naturally occurring molecules 
from plants or animals that are soluble in from plants or animals that are soluble in 
nonpolarnonpolar organic solvents.organic solvents.
Lipid molecules contain large hydrocarbon Lipid molecules contain large hydrocarbon 
portion and not many polar functional group, portion and not many polar functional group, 
which accounts for their solubility behavior.which accounts for their solubility behavior.
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Fig 24.4  Membrane lipidsFig 24.4  Membrane lipids



Peilin Chen©© 20062006 Week OneWeek One 52



Peilin Chen©© 20062006 Week OneWeek One 53

In RNA, the sugar is ribose.  In RNA, the sugar is ribose.  
In DNA, the sugar is In DNA, the sugar is deoxyribosedeoxyribose. . 
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