¢ Organic chemistry is based on carbon compounds;
carbon forms a wide variety of compounds with H, O, N,

(L ACID, BASES, ELECTROPHILES & NUCLEOPHILES )

S, and a few other elements

* Ground state configuration of carbon is 15225222
* Easily hybridizes to produce 4 sp3 orbitals or 3 sp? orbitals

* A Lewis acid is an atom,
molecule or ion that can
accept an electron pair

* A Brensted-Lowry acid

¢ A Lewis base is an atom,
molecule or ion that can donate
an electron pair

* A Bransted-Lowry base accepts a

and 1 p orbital or 2 sp orbitals and 2 p orbitals; carbon is
tetravalent

¢ Carbon ring and chain structures may have single,
double, and triple bonds between carbon atoms

e Carbon can form 4 covalent bonds to other carbons,
forming rings, branched or unbranched chains, or
combinations of rings and chains

e Carbon compounds are relatively unstable to heat

(i.e., decompose at elevated temperatures) 3

donates a proton
* As electrophiles, they are
attracted to electron-rich areas
Examples: H*, ZnCl,, NH,4*,
S0;, Brt, carbocaticns

proton

¢ As nucleophiles, they are
attracted to positive centers
(nucleus)

Examples: HS,, NH,, "OH, ROH,

RNH,, N3, carbanions

(apoiTion

* A reaction in which 2 molecules combine to yield one molecule

e Alcohols are organic
compounds with the
hydroxyl functional ?roup
(-OH) bonded to sp
hybrid carbon atom

e Classified as primary (1°),
secondary (2°) or
tertiary (3°) according to
classification of carbon
that bears the -OH group

R-CHp-OH (19

QH
R-CH-R'

(2°)

* Amines are organic
derivatives of ammonia
(NH;)

* When hydrogen atoms of

ammonia are replaced by

an alkyl or aryl group, the
result is primary (1°),
secondary (2°) or
tertiary (3°)

Amines are pyramidal in

shape

May form hydrogen

bonds, though weaker

than bonds in alcohol

Important industrial

intermediates; used in

production of
disinfectants, soaps, and
insecticides

* Known as organic bases

* Form hydrogen bonds;
they have higher boiling
points than ethers or
hydrocarbons of the
same weight

¢ Short-chain alcohols are
soluble in water

¢ Methanol, propanol, and

butanol are very toxic

Fermentation: C4H,,0,
— 2CH3CH,0H + 2CO,
(fermentation of sugar
using yeast)
CH;-OH

methanol (methyl alcohol)
BP: 64.7°C
MP: -97°C
CH4CH,-OH
ethanol (ethyl alcohol)

BP:¥/8.32C
MP: -114°C

g5

* Amino acids are building
blocks of proteins

Synthesis: Reduction of
nitrogen groups and
azides; reductive
amination of aldehydes
and ketones; Gabriel
synthesis of 1° amines

CH;3CH,NH, CH;3NH,
ethanamine  methanamine
(ethylamine)  (methylamine)
BP: 17°C BP: -6.3°C
MP: -81°C MP: -94°C
R-NHp (9 |,
R©")
o R
1 3
R-N-R" -

small-size rings

Electrophilic
electrophile

=, ¢ WX —s -C-C-

Electrophilic Substitution

o G
Ar-H 4+ E-Y ——

arene

Ar-E +

electrophilic
reagent

(. REARRANGEMENT |

)

bonds around

2° carbocation

* 1 electrons of a double bond attack an

transition state

* Addition frequently occurs at a double or triple bond and sometimes at

Nucleophilic Example: Nucleophile Y
& 5 5 & 0-X bonds to carbon of the
=0 o+ X-Y — c: product C = O group; counter cation
d Ty e (e.g., hydrogen) bonds to

Markovinikov’s Rule

e When HX is added to
alkene, H attaches to
carbon which has more
Hs attached

X * Does not always apply
alkene  hydrogen alky! halide (e.g., addition of HBr with
halide peroxide present)
(_ELIMINATION -

* Reverse of addition; two atoms or groups are removed from a molecule

a).( 18 S Example: A double or triple bond is .
“6-C= —— ©€=C_ + X-Y  formed by the loss of 2 atoms or i
Y groups of atoms ‘

( susstiTuTion ) ¢

* A reaction in which an atom or group of atoms in a molecule or ion is
replaced by another atom or group of atoms

Nucleophilic Substitution R ALH L
* Nucleophile Y displaces M* Y3 UR—X: — R-Y & M* X
group X (e.g., a halide) nucleophilic alkyl product of  metal
reagent halide nucleophilic  halide
substitution

* An electrophile E displaces a hydrogen atom in the aromatic ring
H-Y

product of electrophilic
aromatic substitution

* Reaction that converts a species to a constitutional isomer by moving .

Example: Intramolecular migration of a hydride or methyl group to
adjacent positively charged carbon results in a more stable carbocation

CH; GHz CHy
= methyl ol
H3C—C—CHCH3 — |HsC—C—CHCHz| —— H;C—C—CHCH;Z
| shift 5 [MEsE |
CHy CH; CH;

3° carbocation




¢ compound names consist of (E) or (Z) + (R) or (S)
r () + locants and substituents + parent chain +
t priority functional group suffix

=D

Parent chain: Largest continuous carbon chain with the most
branches o It is attached to the highest ranked functional
group * All organic compounds are named after their parent
chain

Substituents: Atoms or groups of atoms that replace hydrogen
on the parent chain

Branches: Carbon groups that stem from the parent chain

« They are named as independent units (a branch is named as
a separate molecule, with its own parent chain, locants, and
substituents); they end with -yl

Locants: Numbers that identify position of branches, bonds,
etc. on the parent chain ¢ Each carbon in the parent chain is
numbered in order starting at end closest to highest ranked
functional group ® When the highest ranked functional group
is an equal distance from both ends, number the carbon atoms
beginning at the end nearer the first substituent

Functional groups: Molecular parts that give specific
characteristics to organic compound ¢ Compounds with similar
functional groups will undergo reactions characteristic of that
group

* Or ani

( KEY TERMS

pais :
¢ FUNCTIONAL GROUP ORDER )

€ Free radicals { Alcohols/phenols
@ Cationic compounds (equal rank), thiols
@© Anionic compounds @ Hydroperoxides
O Acids @ Amines

halides ® Imines
es - (M Nitrogen compounds

® Nitriles ® Oxygen compounds
© Aldehydes @ Sulfur compounds
O Ketones {® Carbon compounds

] o
Vi 1, HCH I
R_c\ | methanal (formaldehyde) R-C-0-R'
w__m,__!'!w | BP:-21°C/MP: 92°C bl ik
0
u " o
CH3CH CH;CHZCH |}
ethanal propanal H3CC-0-CHaCH3
(acetaldehyde) (proprionaldehyde) ethyl ethanoate
BP: 21°C BP: 49°C (ethyl acetate)
MP: -125°C MP: -81°C BP: 77°C
MP: -82°C

» Aldehydes have trigonal-planar
geometry; carbonyl group and atoms
attached to it lie in the same plane

' Easily oxidized to carboxylic acids;
obtained by partial oxidation of
alcohols (dehydrogenation)

» Many aldehydes have attractive odors
and pleasant tastes
Formaldehyde is a colorless gas (room
temperature) and dissolves in water;

-l as an antiseptic and pesticide, for

- Jervation, and synthesis of polymers
Acetaldehyde is an intermediate for
synthesis of acetic acid, acetic
anhydride, and ethyl acetate

cr,0
ynthesis: CH;CH,0H ~2— CH3CHO
H+

other

alcohols

o Esters are formed by reacting a
carboxylic acid with an alcohol
(with the elimination of water)

e Polar compounds that lack a hydrogen
attached to oxygen; cannot form
strong hydrogen bonds with each

o Lower solubilities in water than acids
and alcohols; most esters are colorless
liquids and insoluble in water

* Esters may have pleasant odors, unlike
low-molecular-weight acids; used in
the manufacture of synthetic flavors for
confectionery and soft drink industries

Synthesis: Esters can be synthesized by

the reéaction of acyl chlorides with

(-NAMIMG (ORGANIC COMPOUNDS )

ER Locate highest ranked
functional group; usually
identified by suffix added to
end of parent chain prefix

Bl Determine parent chain
(longest continuous carbon
chain that contains highest
ranked functional group)

* Name is a stem
determined by number of
carbons

E Number carbon atoms in
the parent chain, starting
at end closest to the
highest ranked functional
group ¢ If the branch point
is same number of carbon
atoms from each end, then
begin numbering at end
nearer second branch point

B Identify the substituents
¢ Precede the name with
number of carbon atom on
the parent chain to which
it is bonded ¢ Multiple
groups are named with
prefixes di, tri, tetra, penta,
hexa, hepta, octa, nona, etc.

(__PARENT CHAIN STEMS )

meth (1) hept (7)
eth (2) oct (8)
prop (3) non (9)
but (4) dec (10)
pent (5) undec (11)

hex (6) dodec (12)

It
H3CC-0-CH3
methyl ethanoate
(methyl acetate)
BP: 57°C / MP: -99°C

¢
¢)-C-0-CH,CHy

ethyl benzoate
(benzoic acid ethyl ester)
BP: 213°C
MP: -35°C

B Identify stereochemistry of molecule

e For (E)-(Z) system, rank groups
according to Cahn-Ingold-Prelog
priorities * For (R)-(S) system, rank
aroups according to Cahn-Ingold-
Prelog priorities

@ Write compound name as a word

« Name and number of substituents are
prefixes, parent chain is the stem, and
the functional group is the suffix

» Hyphens separate prefixes and commas
separate numbers ® Substituents are
arranged in alphabetical order

Example: Name the compound

6 ciiibenide Butena 3 lpnoi-on
CH3CH,CHCH;CHaCHZOH

Locant identifies
position of Prefix is the name of the
methyl group substituent attached to
on parent chain the parent chain

4-melthy|-1-hexlanol

Locant identifies  Parent chain + suffix:
position of -e ending in parent

functional group chain (hexane) is
on parent chain  replaced by -ol suffix
identifying an alcohol

tridec (13) tetracos (24)
tetradec (14) - triacont (30)
eicos (20) hentriacont (31)
heneicos (21) tetracont (40)
docos (22) hect (100)

tricos (23)

= H3CH,C-0-CHz

R-0-R' | ethoxyethane (diethyl ether)
BP: 34.6°C
MP: -116°C

H3CH,C-0-CH3 H3C-0-CH3
methoxyethane methoxymethane
(ethyl methyl ether) (dimethy! ether)

BP: 10.8°C BP: -24.9°C

MP: -113°C MP: -138°C

« Ethers are compounds in which an

oxygen atom is directly bonded to two
carbons, neither of which is part of a
carbon-oxygen double bond

* Most notable property is comparable

lack of reactivity

* Able to form hydrogen bonds with

water

« Ether linkage is stable to most oxidizing

and reducing agents and to action by
dilute acids and alkalis; reacts with
proton donors to produce oxonium salts

o Diethyl ether was used as an anesthetic;

dimethyl ether (gas) is used as
propellant for aerosol sprays

Synthesis: CH;CH,OH + HOCH,CH;

H,S0
2754 CH3CH,OCH,CH;3 + H,0




* Hydrocarbons are compounds that contain only
carbon and hydrogen; consist of aliphatic and
aromatic hydrocarbons ’

* Aliphatic refers to compounds obtained from fats
and oils, with a straight, branched or ring structure,
that consist of alkanes, alkenes, and alkynes

steréoisomer
mirror image jsomet

(_TAUTOMERS | )
« Tautomers are constitutional isomers in
equilibrium with each other that differ
in location of a hydrogen atom and a

double bond; easily interconverted

o The most common are keto-enol
tautomers

« Keto tautomers (e.g., aldehydes,
ketones) are much more stable than
enol tautomers

o

1S,

) A ontai : ’
= Alkanes contain only single bonds; alkenes

contain a carbon-carbon double bond and
alkynes contain a carbon-carbon triple bond

(ALKANES )

« Alkanes are relatively inert to many chemical
reactions; C-C and C-H bonds are very strong and
do not break easily

* May undergo oxidation in air and free radical
halogenation

« Acyclic alkanes have carbon atoms joined in a
chain; includes straight chain (unbranched) and

branched chain alkanes

o Cycloalkanes have carbon atoms bonded to form
a ring; nonpolar

e Carbon and hydrogen atoms possess similar
electronegativity (2.5 and 2.1 on Pauling’s scale)

« Isomers are different compounds that
have the same molecular formula

¢ Constitutional isomers are
compounds with same molecular
formula that differ in the order in
which atoms are bonded together

o Stereoisomers are isomers that
differ only in the arrangement of

their atoms in space
( ENANTIOMERS )
 Enantiomers are stereoisomers
that are non-uperposable mirror
images of each other

« Superposability means placing one
object on top of the other so that

( DIASTEREDISOMERS

» Diastereoisomers are stereoisomers
that are not mirror images and are
not superposable

o Includes molecules with more than

all parts of each coincide )
one stereocenter and cis-trans alkenes = ; |
(CPOSITIONAL ISOMERS. ) and cycloalkanes Acyclic Cyclic | ; ::.' ; ?pe-li?g;c
« Positional isomers are compounds 2 D'SUbSt.'tUted alkenes or cycloa[kanes an2n+2 anZn : MP: -182.6°C
which differ in the position of a are designated cis .If both substituents ittt L e T H
given atom or group of atoms on arebon tge sglmg snc(lje of ghe'carbor’- ,
e caibion chain carbon double bond or ring; trans if O HH ethane
they are on opposite sides H-é—é—H BP: -88.2°C
i MP: -183°C
("SKELETAL ISOMERS . . * cis-alkene can be named (Z)-alkene; cyclohexane cyclopentane IS
C RELETAL : J trans-alkene can be named (£)-alkene BP: 81°C BP: 49° it
MP: 6.5°C CMP: -94°C

o Skeletal isomers differ in the order
in which carbon atoms are bonded

together

(SKELETAL ISOMERS )
« Functional group isomers differ in
the type of functional group

Cahn-Ingold-Prelog priorities: Scan
along groups until you find a point of
difference * Atom with higher atomic
number has higher priority o If there is
a multiple bond, then treat as 2 or 3
single bonds to atom e If isotopes,
then heavier isotope has higher priority

(CALKENES _ )
« Alkenes contain carbon-carbon double bonds
« The two bonds of the C=C bond are not
equivalent; the sigma (o) bond is stronger than
the pi () bond
» Trigonal-planar bond geometry (i.e., 2 C atoms
_and 4 directly bonded atoms are in the plane);
there is rio rotation around C=C
« Disubstituted alkenes have cis/trans isomers;
tri- and tetra-substituted alkenes have (£)-(2)
isomers
« React with electrophilic agents (addition reactions)

OH

|
precncolL,
|

| 3-methylphenol (m-cresol) ! _'“—_"T'"'“""'"—'ml_._"m"’i B
BP: 201°C / MP: 11°C ; é CI)_';I'C C CHYC Sk l',==9 B 1102°C
! n2n-2 | . ~169°
“0“ 1-naphthol ¢ ¥iobw SRR | MP: ~169°C
: 2 P: 96°
I f o e Resonance Structures H CH propene
e Phenols contain a hydroxyl group of Carbonate lon ¢=C BP:-_47°SC
(-OH) directly bonded to a « Resonance hybrid is a single cyclopentene cyclohexene W H i
benzene ring structure formed by a BP: 44°C BP: 83°C
o More acidic than alcohols; less combination of contributing MP: -98°C MP: -104°C
than carboxylic acids structures o :
4 (CALKYNES 57 © D

* Resonance theory states that
the actual molecule or ion is
more realistically represented by
a hybrid of Lewis structures
(also referred to as resonance
structures or resonance
contributors)

e Form strong hydrogen bonds;
only moderately soluble in water

e Phenol is the name of the parent
compound C4HsOH
(hydroxybenzene)

Synthesis: Chlorobenzene is heated

at 350°C (under high pressure) with

aqueous sodium hydroxide

Notes: Aldehydes, ketones, carboxylic acids, esters, and amides all contain the
carbonyl group (carbon-oxygen double bond) but differ in what other atom or
group of atoms is connected to the carbon of the carbonyl group  For some
compounds, both the JUPAC and common name are given

« Alkynes contain carbon-carbon triple bonds

e Linear (i.e., no possibility of cis-trans isomerism)

« Carbon-carbon triple bond (one sigma (o) bond
plus two pi (m) bonds) is shorter and stronger than
C-C or C=C bond -

e Slightly soluble in water .

« Hydrogen atom of a terminal alkyne is slightly acidic

« React with electrophilic agents (addition reactions)

\ Acyclic | H-C=C-H Eg:y_”;,,ﬂzcety‘e”e)

| R ‘ : MP: -81°C

NPT, \ propyne
H-C=C-C-H gp: 23°C

N MP:-102C



« Requirements of aromaticity:
cyclic, planar, all atoms of

e ring are sp? hybrids,

+ 2)r electrons

(" BENZENES (ARENES

Resonance Forms: Closed
bonding sheli of delocalized ©
electrons ¢ C-C bonds are
neither single nor double
bonds ¢ BP: 80°C; MP: 5°C

- equiv.
to

£

¥

i
i
i4
%
)
§

resonance resonance
contributors hybrid
Bond Lengths & Angles
H\ /H
g8 120°
f__ o cubinn
10947\ /2
emm— 120°
/C 139A c\ 2

¢
H3CC-CH3
propanone (acetone)
P: 56.1°C / MP: -95°C

0
I}
H3CC-CH,CHaCH3
2-pentanone
BP: 102°C / MP: -78°C

0
[}
H3CC-CH,CH3
butanone (methyl ethyl ketone)
BP: 80°C / MP: -86°C

HC-OH

methanoic acid (formic acid)
H BP: 101°C / MP: 8.4°C

I
HyCC-OH

ethanoic acid (acetic acid)
BP: 118°C / MP: 17°C

0
il
H3CH,CC-0H
y ':?opanoic acid (propionic acid)

BP: 141°C / MP: -21°C

i 1'{:-@

il

806021\

503595

IR

“DISUBSTITUTED (ORTHO, META,
(_BENZENE DERIVATIVES " " &

« Prefixes 1,2-, 1,3-, and 1,4- (if given) can
also be named o- (ortho-), m- (meta),
and p- (para-), respectively, to designate
the positions of substituents on the ring

™

({POLYCYCLIC AROMATIC COMPOUND
 Molecules that have 2 or more benzene
rings fused together

* At points of fusion, 2 C atoms are
common to both rings

(CHETERGGYELIC AROWATIC COMPOUNDS

« Ring contains element other than
carbon; they are commonly
encountered in biochemical systems

« Stability and chemical behavior
resemble that of benzene

« Heterocyclic compounds containing

nitrogen, oxygen, and sulfur are the

most common

o Ketones have a trigonal-planar geometry;
carbonyl group and atoms attached to it lie
in the same plane

o Polar and less reactive than aldehydes

o Acetone is miscible with water in all
proportions (unlike many organic solvents);
volatile, highly flammable, and toxic liquid;
and a good solvent for many organic
substances (including varnishes, lacquers,
and plastics)

« Other ketones include camphor, carvone,
progesterone, and testosterone

OH (0]

P+ bigy crpil
Synthesis: CH;CHCH; — CHyC— CH3
Oxidation of secondary alcohols

« Carboxylic acids are weak organic acids that
contain COOH; polar organic substances

« Ka for formic acid = 1.78 x 1074,
acetic acid = 1.74 x 1075; propionic acid =
1.35 x 10-5; butyric acid = 1.55 x 10~

o Able to form strong hydrogen bonds with
each other and with water; high boiling
points

o Low molecular weight carboxylic acids
generally show appreciable solubility in
water

o Acetic acid is responsible for the sour taste of
vinegar; sodium and potassium salts of
long-chain carboxylic acids are major
ingredients in soap

Synthesis: Oxidation of primary alcohols by

potassium permanganate in basic aqueous

solution

ISBN: 1-55080-602-5

Contributors: V. Lanzilotta, BSc; C. Bello, MASc; S. Farrah, PhD; TK. Varga, MASC; S. Skonieczny, PhD
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Hydrocarbons

Alkane CH3CH3 ethane
Alkene H,C=CHy ethene
Alkyne HC=CH ethyne
Diene H20=CHCH=CH£ .1 ,3-buta.d'ié:le e

Arene @

benzene

Halogen-Containing Compounds

Alkyl halide CH3CH,Cl chloroethane

Allyl halide H,C=CHCH,Cl  3-chloro-1-propene
Oxygen-Containing Compounds

Alcohol CH3CH,0H ethanol

Phenol @OH phenol

Ether CH3CH,0CH,CH; ethoxyethane
Epoxide Hzc\:,cnz oxirane

Aldehyde ,,ch,, ethanal

Ketone Hacgcm 2-propanone
tarboxylic acid Hscgm, ethanoic acid

Carboxylic Acid Derivatives

0
ACyI halide Hacém

00
Acid anhydride . ccoccH,

ethanoyl chloride

ethanoicanhydride

9
Ester HoCCOCH,CH3 ethyl ethanoate
g = 3
Amide Hac(“;NHz ethanamide
Dicarboxylic g_ . 1,2
acid 2 benzenedicarboxylic
G-0H acid
0

Nitrogen-Containing Compounds

Amine CH;C=N

propanamine

Nitrile CH3CH,CHNH,

ethanenitrile

Nitro compound CH3NO2

nitromethane

Sulfur-Containing Compounds

Thiol CH3SH methanethiol

Thioether CH3SCH; dimethy! thioether

Sulfoxide HiCaCHs dimethyl sulfoxide
9

Sulfone "30‘.3.)‘3”3 dimethy! sulfone

« A functional group is an atom or group of atoms in
a molecule that determines the molecule’s reactions

» Compounds with the same functional group that differ
only by a length of an alkane chain belong to

a homologous series

© Mindouice Technologies Inc. 2001.08. All rights reserved. Trademarks are the property of their respective owners.
1-800-387-3626

« Successive members of the series differ by -CH,-
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Aromohcs -
- benzene ©B)

As 4 of bonds mcreases, bond lenglh decreases.
fs B of bonds ncereases, hbend CRErgy jncreases

———celectfons

sideiieilsls =

-absorbs Y\ :,@5

\ SEPR
Nolence Shell Elecvon pair Repulsion
“theory explains shape of molecwle

VSE in Hhe cential arom(s) awe imperfant
" NSE afe poured in molecules | polyatemic

Ien s

- bonded pairs and  Jone pairs ale equal

" NSE repel each efher elechostabcally
- moleculor w.gf Is determined when
VOE afre mex olistance 251

Genefal | Bond lene . otal glection Pair Molecslar (xeometry
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AREs . 3 oo NG, BIE  jinear /- yerrahedval
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Polanty of Molecsles
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1 add Vectois
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! | - meth Carbeny\ - contaamng (empounds
L WP y PR , € =0 carbonyl
~ Rydrecarbon: Alkane, Alkene, Atkyne To nome - . B A gifAP Adehyde - anal
= 0Xyqen - 932:_.3. Alcohol, Evner, Ester, . ColM {ongest chain of carbons, I buy -carbonyl bonded 4o 4erminal €
Covboxylic Acid, Ketone, | 2- Find an subshiutes (lowesh 4) 27 pent Kehne - anone |- oxo
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“ooly (-H ond € C bonds c E e ¢ GO
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CH, - CH3 edhy) ey it x L & \n,z h@wa mertny lene -derofwe of carboxylic acid v
CHa- CHy- CHy propy| T e - pleasond smelis «
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—cloubie bonels ave poinr T OH s acidie v efgan bonded o | ¢ Aiine - arpifle i ey
of interest because chem pecause ¢-o bend - 0- CHy- CHs 0+.SOX< uO«@D,:.h?:f‘ mc;vmjf;m& ammo i o )
ey repcs Won'y  jonize vonded 40 2 ¢ “Hoas replaced by alkan (basic) AMMONIG
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-soluble, buj
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Aty s
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- Not very soluble

N- Cept. atkonel (alkane ITamidel]

ned as selupie
Physical Properies

Alkenes
Akanes, Alkenes, Altkynes
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Ha + Talkene ] — ral lKane

Aromohcs

- Hemegeneous additions
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nelegen  halegen
[alkene 1 4 halogen -
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alkenes
addinor

1Hz0

oot
4% : Y
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. 1 \ i i \ a1l - x| p\* d
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Thermochemistry
“chonge in chemcal eperqy

- AH |5 change i Qi:a:é

“tnhalpy : change 1 gencral
heed energy

- AHygnwerse s consd ant
- _uzimzi : ~>zc>22wn_

o be fepresented
graphically, with enthalpy

AR 05 a separade ferm
9

¥ <0) q:wmo_f:@

AR ey combiyshon
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Half Life
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yhamic Equilibrium
- feachions ave yeversible (foywarad
and reverse yeachon)
occyrs when
~revess\ble pyocess, Yale of
opposing changes owre equal
= obseivable properhes arc
onsiant (no changes)
~ closed sysiem
2 coan e approached oM
tither difechon

(04 eecse

M no case s Fhe reachng
Spectes  completely tonsymed

Keg equilbrivm copstant (uniless)

reatpad produck
AT T81%  reactant

Whete ap +bB— ¢ C+dD
M divechion 1y ys weitien, ) nel
difection 1§ (s geing
#solids de pot affect Keq because
they do not change concenhation
* cockhiaents = epopent s

(0 Cporunrg =

Ksn

Keq 71 prod » react; reachion
proteeds twWofds compiehion
Keg =1 prod: react; reachion
proceeds rowovas parhal
completion

Keq «1 prodl << react; barely

Keq Manipulation

NSWI T

4

Reachion Quohent (Q)

-same foymula &5 Keq

- colevloted vsing  cencentration af
.\_:a when o ony given point (et equiliby(ym)
feachon \vs veversed
FSQZ“:AO.QJ: ;, Q

readien ys muihplied
by n

Q>K Tpred 1 decseases, [yeact] jncrease
revexse olirechon

G = K [pied T no change, Tyeadd I ne chang
o equilibrium

feo chive Enen =K Ky i 2 reachions
are added rogether G <K T[predd jnereases, [reatt] clecrease
| \CE Tobles Kp = Keq (RT)®905 gy fevwovcl divecnon
‘ NS - :
- Ininel, Change, Equilibyiom 906 phase equilibria Solubility

- WNBCE X = 4 $nCONC
-5uh Jalues ywho Keg

tquohen and sclve
*vemember coefficient
equahion

A wnten in meles JL
Temperature :

- endothermic (R4 energy= P)

- teARIMIE (R2 P+ energy)

Inevease siwfis i clireehion
hat deesp 't procucte

CHErgy 4o v (ol

)

Approximahions

-con . alse be ysed

" sahvroded splunon : 4he mox omount of

stlufe is dissolved jn Hw solvent kor
hod Jemperature

- Ksp Kof solubiivky procluct
-selhds do ned count in K gquafien, -
st golid = gglides jn K% = LA1LiR]
A B = Ppe.. Brag
T st | CE dable fv solve Ay x

when Veq €\ oy Keq ™),
eppreximatiens can be
used 4o m:sw:z
calolations

2% Ryle : -z

L.S?o«n e x becauvse
W SyEas e iop i

(VWS C Ry ¥eq>2) g
M feachion q0¢s 4o
empletion

el |on Prodyct

echbteliers prinuple

When sysiem 15 glisivibed, equilibium
siifis yn divechion < wupkeract it
(onceniration . .
Increase shifs o eppositt of +he
side addea A yeach fquilibrium
Decrease shidts 4o same direction
of side taken awoy Y0 Vtach
equil byivm
¥ caralysys go nod 25:% ehytetien,
bt inuense foxt
Einerd gases de not (ca &, obbect
con ten ot on of preduet [ reacian,

s S P By e T (ST PRI U 1 -

Decrease shifls in clivectien
that produces energy 4o
S WA M

Volyme

Increase (decyease i
pressure) shifts yn direction
wWith wmore ymeles 4o Al
Space

pecrease (ingrease (n
PYESSULE) slufts in chrechion
With 1ess meles o p space

.ﬁﬁ:éw can hove yno effect
pien when one T V. Are
ﬁsaa&mg
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