CHEM 232 University of lllinois U I c
Organic Chemistry | at Chicago

Welcome CHEM 232

Instructor: Prof. Duncan Wardrop
Time/Day: T & R, 12:30-1:45 p.m.
January 12, 2010




Course Website

http://www.chem.uic.edu/chem232

Syllabus
Course Policies
TA office hours and info

Lecture slides (updated each week)
Other handouts
Announcements (Course News)

Course Calendar
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http://www.chadlandrie.com
http://www.chadlandrie.com

Assessment

M Quizzes: 25 x 10 points = 250 points (25%)
M Exams: 3 x 150 points = 450 points (50%)

M Final Exam: 250 points (25%)
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To Do This Week

A 1. Attend your discussion section.
[A a. Check your course registration against TA roster.
[A b. Master functional groups. Prepare for quiz.

[A 2. Purchase Carey and Molecular Models

[ 3. Read Chapter | from Carey.

M4. Read Handouts on Website
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Keys to Success

1. Attend all lectures and discussion sections.

2. Don’t fall behind. Organic chemistry is easy, but each topic
builds on the previous.

3. Don’t memorize. Organic chemistry is conceptual.

4. Work through homework carefully. Take notes.

5. Always ask yourself “Why” for everything you read or hear. You
may not always find the answer, but just asking will help you to find

connections and remember more.
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Origins and Examples of
Organic Chemistry

Introduction




Vitalism

Nonliving.

*posses vital force

ecompounds derived from are
“organic” (coined by ]. Berzelius,
1807)

ecould not be synthesized in the
laboratory
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etermed “inorganic”
*derived from nonliving matter

*can be synthesized in the lab




Wohler Synthesis Debunks Vitalism

F. Wohler
(Germany, 1828)

AgOCN(g + NH4Cloq —¢— AgCli) + NH4OCNqq)

-

Expected Product

)
H-N-H
H

ammonium cyanate
(inorganic)

~

University of U I c
lllinois at Chicago

-

N
Actual Product

7
C

e ~N

HoN" > NH,

urea
(organic)

CHEM 232, Spring 2010
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Self Test Question

What is the minimum requirement,
today, for a chemical substance to be
classified as organic?

A. derived from living matter
B. contains carbon
C. cannot be synthesized

D. bought at Whole Foods
E. combustion yields SO>
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OH

terpinen-4-ol
sold as tea tree oil
or Melaleuca oil

University of U I c
lllinois at Chicago

Vitalism Lives On. ..

CHEM 232, Spring 2010

fructose
“fruit sugar”

also in HFCS
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Organic Chemistry Everywhere

3-methylbutyl acetate
(bananas)

cocaine
2 (analgesic)

University of U I c
lllinois at Chicago

@O/
OH

methyl salicylate
(oil of wintergreen)

CHEM 232, Spring 2010

aspirin
(analgesic)

procaine, "Novocaine"
(analgesic)
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Natural Products

H CsH11

(-)-adalinine

fasicularin

(-)-tetrodotoxin
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Pharmaceuticals

ghl @ 2002 WebMD, Inc. All rights reserved.

Tamiflu Celebrex Morphine
(influenza) (arthritis) (analgesic)

University of . Slide 13
lllinois at Chicago U I c CHEM 232, Sprlng 2010 Lecture 1 January 12




Optics - Transition Lenses?

/ does not absorb
Transitions Lefnses visible light
change from
clear to dark

uv
light

V Q
N does absorb
;N visible light
/C
ITI O
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Atomic Structure
A General Chemistry
Review

Section: 1.1




Atomic Composition

particle

charge

mass
molar mass

proton

positive

1.6726 x 102 g
1.0073 g/mol

neutron

neutral

1.6750 x 102 g
1.0087 g/mol

electron

Bohr Model

negative

9.1096 x 1038¢g
5.486 x 10-4 g/mol

University of .
lllinois at Chicago U I c CHEM 232, Spring 2010
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Atomic Number & Mass Number

~

A = protons + neutrons
/ = protons

6 L .
For neutral molecules, the number of
electrons equals the number of protons.
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Self Test Question

How many neutrons are in
the following atom:

I:C

.14

.6

. 8

.20

.cannot be determined
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Tenets of Schrodinger Equation

z%lll(x, t) = —%VQ\D(Q:, t)_ +V(a:)\1’(a:, t).

Nodal sphere at r= 2
where probability density
1S Z€ro

i

—
2

s

electrons have wave properties

wave equation gives energy of electron at a location

solutions to wave equation are wave functions (¥); a.k.a orbitals
probability distribution = ¥2 (Heisenburg uncertainty principle)
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Probability Distribution vs. Boundary Surface

Probability distribution (¥?) Boundary Surface (Is orbital)
(“electron cloud”) (where the probability = 90-95%)
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Wave Function Values:
Quantum Numbers

* Shrodinger equation — wave function (orbital, ¥)
* many solutions for ¥, energies of electrons in atom

quantum

rinciple orbital magnetic spin
number P P & P

symbol m ms

(mg = —, —+ ...
0..61,1)

s: 1 orbital
examples/ p: three orbitals T l

values +1/2 or -1/2

abbreviations d: five orbitals
f: seven orbitals
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University of
lllinois at Chicago

UIC

s-Orbitals

CHEM 232, Spring 2010

spherically symmetric
possible for n> |
| s-orbitals for each value of n

|s = no nodes, 2s = | nodes,
3s = 2 nodes, etc.

probability of finding s-
electron at nodal surface = 0

s-orbital energy increases
with increasing nodes (as n
increases)

Slide 22
Lecture 1: January 12




p-Orbitals

shaped like dumbells

. not possible for n = | (n>2)
" 3 p-orbitals for each value of
n; they are degenerate (equal

in energy)

wave function changes sign at
the nucleus (node)

x x probability of finding p-
electron at nodal plane = 0

2p, orbital Zpy orbital 2p, orbital

higher in NRG than s-orbitals
of the same shell
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Relative Energies of Orbitals
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Order of Orbitals from Periodic Table

Read left to right starting at the top
left; just like a typewriter.

:,5 {16
C
10 .l‘, 12.011

: 1.3”. \1'4‘ S 16 :
3p si
P Ge

50

:
5IP Sn
30 651 g2 | 83 | "84

g gt Bl m

*Lanthanide series

1 1 1401 14 1 144 24
inium thorum protactiniu
**Actinide series 5?5
| 1
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Electron Configuration: Filling Orbitals

3d 3d 3d 3d 3d

4

n=3/4 — 3p 3p 3p

3s
ﬂ ﬂ ﬂ T spin (ms = +1/2)

2 ﬂ 2p 2p 2p
2s

55
-
v
c
LLl

l spin (ms = —1/2)

. Aufbau principle: fill lowest energy orbitals first.

. Pauli exclusion principle: two electrons with same
quantum numbers cannot occupy a single orbital. Electrons
must have opposite spins in the same orbital.

. Hund’s rule: degenerate orbitals filled singly first.
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Self Test Question

Which of the following orbitals is
highest in energy?

ydogen
1

H

10079
Whium | Gerym
4

Wirogon | oxpen | Moo
7 8 9

3 5
Li | Be B N|O

omnim

1 12 13 15 16

2290 24,305 26982 2 0974
potassium | caicium seandum | Wanum | vansdum manganesa | iron ickal - e arsenic | seknbm

19 20 21 22 23 25 26 30 1 32 33 34

28
K | Ca Sc| Ti Mn| Fe Ni Zn As | Se

30008 0078 44,066 54938 58603 6539 74922
Tubidum |~ strontur yiirim Technetum albdum e Cadmium fin anlimony

37 38 39 43

46 48 52
Rb | Sr Y Tec [Ru Pd|Ag|Cd Sb | Te

87.62 92,906 108 101.07 106.42 11241 12176
Cassium | banum Tutetm Tantaum henum [ osmm platium 9o mercury a = bismuin | pokoium

55 56 il 73 75 76 80 83 84

78
Cs|Ba Lu Ta Re | Os Pt Hg Bi | Po

17497 784 180,95 186,21 19023 20055 o 20898
Tadm Gtencum e duaum Tohrm | Tassium nunalm Turkium

87 88 103 104 105 106 107 108 109 110 m 112

Fr | Ra Lr Db|Sg|Bh|Hs Uun Uub

[262) il 1267] 1264] (269 271 1277]

Tanthanom Neodymhm | promemum | samanum Gadomnum dyspeosim [ hoimim T
57 58 60 61 63

62

59
La|[Ce| Pr|Nd|Pm|Sm Gd| Tb | Dy | Ho Tm

140,12 1409 14424 145 15035 15726 15803 16250 16493 16893
Feotactinum | uraniim | hepuniim | ptonun Curlim | Bemesum | caltombm | @nstemium menasieviin|
93 5 7 99 100 101

**Actinide series 89 91 92 9%

9% 9 98
Ac Pa| U |Np|Pu Cm|Bk| Cf | Es Md

23104 124 1247 1247 1251 1252) [258]

*Lanthanide series
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Self Test Question

Which Is the correct electron
configuration for carbon”?

Tydrogen
1

H

10079
Whium [ Genium Caton | mirogen | owgen | fuoine

Li | Be B|C|N|O|F

12011 14,007 18008

6941 10811
Sodium Gumnium | shioon | phosphons Thicdine
12 13

14 15 16

17
Na | Mg Si|P|S|CI

22000 | 24305 2 28066 35453
Calcium Wantm | vanadum | chromum | manganesa]  Ton kel Copper Trsenic troming

20 21 22 23 24 25 26 29 31 32 33 34 35

19 28
K | Ca Sc|Ti| V|Cr|{Mn|Fe Ni | Cu As | Se | Br

50012 51,906 56845 rac0g

54938 589 58,693
molybdenum| technetium | ruenum Talldum | shver Todine

B. 1s2. 2s4
. b)
37 38 39 41 42 46 47 8 51 52 53 e
Rb | Sr Y Nb Mo| Tc | Ru P_d Ag Sb | Te l ( :
LR “7‘:‘; —“’7}% ‘;;:‘m o .JI';‘;"; st ‘%’;2’ d vk P . SZ, 282, 282
E.

‘adium Bwrendum | ruiherodion]  duaum | seaboegium | Tassium = Grunailm | anunonim
103 104 105 106 110

87 88 1

108
Fr | Ra Lr | Rf | Db| Sg Hs Uun{Uuu

62] [261] 621 269 o] 1272

none of the above

Tanthanom | cerum Teodymiim | prometm | samanum | ewopum | gadoinum | fertum Tamnm Thum | yfedum
57 58 60 61 62 63 64 65 66 67 69 70

59

La|Ce| Pr|Nd|Pm|Sm|Eu|Gd Dy | Ho Tm| Yb

14012 140,91 145 15036 151,96 15725 9 16250 16493 17304
horm | Frotactinkim TeplunLm | phtcaum | amenchim | curkm T Gatfonuim | Einstenium endeleviin]  hodellum
91

92 93 94 95 96 101 102

89 920 98
Ac|Th|Pa| U [Np|Pu|Am|Cm Cf | Es Md | No

23204 23104 1243 (a7 2 1251) 1252] 1259

*Lanthanide series

**Actinide series
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Bonding and Molecular
Structure

Sections: 2.2,2.3,24,1.3,15,1.6,1.9
You are responsible for sections 1.2, 1.4, 1.7, 1.10

29



What is a Covalent Chemical Bond?

valent = bonding

covalent = electrons shared between two nuclei
- S

Forces involved:

Copyright 2 The MoGraw-Hill Tompanies, Inc. Permission reqeined For reprociuction or display

electron-electron
repulsion

Imternaclear distance —

nucleus-nucleus
repulsion

— 435 klfmeol
[ =104 kcallmaly -

electron-nucleus

attraction electron-electron repulsion < electron-neutron attraction

J
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Three Models of Bonding

Lewis Model:
atoms gain, lose or share electrons in order to achieve a closed-shell
electron configurations (all orbitals fully occupied)
closed-shell for row 2 = 8 electrons (octet rule)
only valence electrons (in outermost shell) are involved in bonding

Molecular Molecular

Atomic Structures Lewis Structures Lewis Structures

‘H H:H H-H
FF F—F

H H

H H
HCCH
H H
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Three Models of Bonding

Valence Bond Model:
* in-phase overlap of two half-filled orbitals
* in-phase = constructive interference
* increases probability electrons between two nuclei

v @

Boundary
Surfaces

Electrostatic
Potential maps:
red = negative
blue = postive
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Three Models of Bonding

Molecular Orbital (MO) Model:
combine atomic orbitals (AO) of all atoms, then extract molecular orbitals
number of atomic orbitals in equals the number of molecular orbitals out
combination possibilites:
e additive = produces bonding molecular orbitals
e subtractive = produces antibonding molecular orbitals

add 1s wave functions o orbital (bonding)

node
|

|
subtract s wave functions o* orbital (antibonding)
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Molecular Orbital Diagram

|
nodal plane E antibonding (0*) MO
e” probability = 0 '
= no bond \j:
|

=2

Rules Still Apply: \ /
|. Aufbau | i

. bonding (c) MO
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Self Test Question

Which is the correct Lewis dot structure
for CH40?

H

A. D. n:c::o:n

H

E. none of
the above
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Structural, Bond-line and Condensed Formulas

Structural

Bond-line

Condensed

*format varies; typically most
covalent bonds are drawn out
ebonds are lines

*only lone-pair (nonbonding)
electrons are drawn as dots

*only atoms written are those
that are not C or H bound to C
*intersection of two lines is C
eterminus of a line is -CH3 group
*# H atoms is assumed for C
echains drawn as “zig-zag”

*all or most covalent bond lines
are omitted

egroups are separated by
parentheses (infers group is
attached to carbon with available
valency on left or right)

O

CH3CH2CH2CHO

CH3sCH(OH)CHs

(CH3)2CHCH2CH2CO2H

University of U I c
lllinois at Chicago

CHEM 232, Spring 2010
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VSEPR: Quick Review

& Thi W eClnims- HED Conngsin s, [ P it s el iy regred S & thipl

VESEPR and Malecular Geometry

el
Repaalsiae of e in Wl o ular Muabecular
ekecinen pairs pairs & hiap maodel

Compoiarsd Structural tamula

e e e

?u

Cerbon bas for Talrshadral Teba®edral

bowsdid pais

Methara IR 2y
[ZH 3 H'h,_'l.h'” 5
1o 5= %=H
W L1095

108y Cevgen Fas bwa Tetrzhedrl
H, bomded pairs
+

Ewe unshanmd
pairs

Telrshedial Trigonal

PImIma 1 fetrogen has
pyramidal

[HHh Thiee bonded
18 i
i
ong prsdared

| Bl

Borom triflacncs Homn has threi

[2F 41

Fesmaldahyla
HLLO)

Carban diteide
G0,

boredied pairs

Carbesn Bas e
hondad pais
t
fire dndihibe Dond,
which ks
counied as onie
Bondesd peir

Carban has b
oot bands,
whick ane
counted 2 hwo
beorediedl pairs
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Self Test Question

Which bond-line drawing correctly
represents the following condensed
formula?

CH3CH(OCH2CH3)CH2Br

/\O
)\/Br

O

inoinnt crices WG CHEM 232, Spring 2010
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Functional Groups

Sections: textbook inside cover, Table 4.1 (pg. 140)

39



Memorize These Functional Groups NOW

Cropyregit & The WeGinrs-Hill Comissis, e, Panmiasion mesuned b mprodudicn or dogkay

funCtional group: a deﬁned Organie Compaunds

Twerinralived fepresentlalive

Chass abbreviation® examphe Hame of example!

group of atoms with a specific | =

Ayl halide RCl CHLCHZCI Chioroathare
Armiree! KEHH.. CHLCHMH. EEhanamine

Ao/ Epausich [ Hai—GHz ]
connectivity s
. . Ether ROR CHLCHDCHCH, Diethyl cther
°responsible for properties | .. i G
Sl KSR CHLECH, Dirmethyl sulfjde
Thiod ReSH CHLLHZSH Ethanethinl

epredictable reactivity :

Alcdsbpde H CHLCH Exhanal
*well-defined nomenclature | 0

arbecorglic soad ROH HL Efhanoic acid

Carbocylic acid derivatives

Memorizing: “What is the minimum
number of atoms needs to define a

functional group and in what order

are they bonded?” Flashcards!

Aoyl halide - CHLCC Exhanaygl chionds
Acid ankygdncks LOCR Erhangie ankipdris
Ester COR Ethyl ethancate
Armide 1 i3CHHx Ethanamide

Table 4.1, page 140 it s e, o et sy b o s

PN COPTEDAETES ok T TLA0 AR 00 AP LT
¥ i

e s e e ol Ay T e Ol essd sy am
\ ATy mines g EaM
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Next Lecture...

Sections: 1.5, 1.8, 1.10-1.17
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