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Introduccion

6 12.0107
Una de las importancias de
CARBON la quimica organica es gque
esta ciencia se relaciona con
diversas areas.

Green
‘Chemistry,
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Introduccion

Group
» Principales atomos que "
“  constituyen la moléculas -~ -~ -~ -~ '~
Li | Be orgénicas. B|IC|N|O| F |Ne
Na | Mg AllSi|P | S|Cl|Ar
K|Ca|Sc|Ti|V|[Cr| Mn|Fe|Co[Ni|Cu|Zn|Ga|Ge|As| Se Kr
Rb|Sr| Y |Zr|Nb|{Mo|Tc |Ru|(Rh |Pd [Ag|Cd|In |Sn|[Sb| Te | B | Xe
] UNIVERSIDAD
Cs(Ba|la[Hf | Ta(W|Re|Os|Ir |Pt|Au|Hg|TH|Pb|Bi|Po| At |Rn DE CHILE
Fr | Ra | Ac
Ejemplos:

CH,0H H
CH,0OH
o 5 |
\ W P

OH HO | ||\|
OH O CH,0H _ CH HO
OH OH N 3
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Estructura del atomo

cloud of electrons
\ Los atomos estan compuestos
Por protones, neutrones y electrones.
NuUmero atdmico: numero de protones

en el nucleo.
UNIVERSIDAD
nucleus Relative orbital energies DE CHILE
(protons and neutrons) A —2p —=2p —2p
FIGURE 1-1 —2s
Basic atomic structure. An atom has energy

a dense, positively charged nucleus
surrounded by a cloud of electrons.
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Estructura del atomo - electrones

Los electrones forman enlaces y determinan la estructura de las moléculas.
Estos se comportan como particulas, pero principalmente como ondas (se
explica mejor su comportamiento).

Donde se encuentran los electrones? Werner Heisenberg

1933
Se encuentran en orbitales alrededor del nucleo.

o . L 5
Principio de Heisenberg: Nunca podemos determinar donde se encuentra el UNIVERSIDAD
electrdn, pero si podemos determinar la densidad electrdnica, que es la posibilidad DE CHILE
de encontrar al electrén en una parte especifica del orbital.

Orbital atéomico: zona o espacio geométrico con un Relative orbital energies
cierto estado de energia, donde es probable definir la A —n  —n

distribucion de la densidad electrdnica, es decir
encontrar electrones. (Definido por una Funcién
matematica “Schrodinger”) W (n, |, m, s). energy

Los electrones se agrupan en capas a diferentes
distancias del nucleo.

29-03-23 UChile-Lihr



Estructura del atomo

1s Tclcclmn density

distance <——

nucleus

29-03-23

La densidad electrénica se encuentra
mayormente cerca del nucleo y decae
exponencialmente al aumentar la
distancia de este desde el nucleo hacia
cualquier direccion.

—— distance from the

UChile-LUhr

UNIVERSIDAD
DE CHILE




Estructura del atomo

Tclcctron density

node node

/\\/\//\

distance <—— — distance
from the from the
nucleus nucleus

nucleus
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Estructura del atomo

ZP/\I%MC\
T

—

I
electron i distance from
density ! the nucleus
|
|
I
|
- ..
.\ directions of axes
' nucleus (z comes out toward us)
UNIVERSIDAD
DE CHILE
nodal
plane \
6 S
the 2p_ orbital the 2p,, 2p,, and 2p,

orbitals superimposed
at 90° angles
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¢, Como se forman los enlaces?

Regla del octeto Enlace covalente

Enlace idénico

UNIVERSIDAD
DE CHILE

Electrones de valencia
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An s orbital A p orbital A d orbital
y T y
. X N ' » X
b4
A 2py orbital A 2py orbital A 2p; orbital
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¢, Como se forman los enlaces? Orbitales atobmicos

Orbital atomico: zona
0 espacio geométrico
donde es probable
encontrar electrones.
(Funcién matematica)
W(n,Il, m,s)
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Combinacion de orbitales atomicos

Combinacion lineal de Orbitales moleculares (CLOA): es el proceso por el cual se suman y restan
funciones de onda dando como resultados nuevas funciones de onda caracteristicas de los nuevos
orbitales formados, por medio de su combinacion y traslape.

Numero de orbitales iniciales es igual al
numero de orbitales nuevos formados.

Orbitales moleculares: se generan cuando interactian orbitales de atomos diferentes
(interacciones de enlace o de antienlace).

Orbitales moleculares hibridos: se generan cuando interactian orbitales de atomos iguales '

‘ UNIVERSIDAD
(geometria de los enlaces). DE CHILE

bonding region

electrons in this region
o DN
nucleus 1 i e nucleus 2
and mask the positive
charges from repelling each other
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Enlace Sigma - H-H

Las funciones de onda 1s se: suman (refuerzan) constructivamente o se cancelan

destructivamente en el lugar donde se traslapan.

‘Constructive interaction: The two 1s R

\orbitals are in phase and have lhe same sign.

4-’»"'

add
+ +

..

bonding molecular orbital

represented by:

0 bonding MO

/

/Destructive interaction: The two )
\Is orbitals are out of phase.

N

Fn en fase de igual signo en regidn internuclear.

29-03-23

\

represented by:

UNIVERSIDAD
DE CHILE

7

antibonding molecular orbital

node
o* antibonding MO




Enlace Sigma - H-H

node
|
| - -
e : o antibonding

|

: c*

energy
»
Is Is
atomic orbital atomic orbital

bonding

molecular orbital
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Enlace Sigma - dos orbitales p

’ ‘ ’ ‘ - "o @  (lowerenergy)

0 bonding MO
node
I
o ‘ O ‘ ’ ‘ i " ‘ (higher energy)
|
|
|
Px Px 0 * antibonding MO
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Enlace Sigma - orbitalp +s

’ ‘ ‘ — ’ ‘ (lower energy)

Py o bonding MO

UNIVERSIDAD
DE CHILE
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Enlace pi

node

|
|
|
— L] i
@
|
|
‘ ‘ i
destructive (antibonding) interaction n* antibonding MO
energy
UNIVERSIDAD
DE CHILE
* + e — @ -

constructive (bonding) interaction 7t bonding MO

Lewis structure of ethylene

H H H
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Hibridacion orbitales atomicos del carbono

La hibridacion surge de la combinacion matematica de los diferentes orbitales atdmicos para

justificar la formacion de enlaces y sus propiedades. Combinacidn lineal de Orbitales moleculares
(CLOA)

Configuracidn electrénica C

28 1% 2S 20
s T (R
l Promaocion
é 5
3 UNIVERSIDAD
25p DE CHILE
Hibridacion T T T T Deb p .
ebemos dar respuestas por
? 2 medio de teorias a las
25p 2P geometrias que se conocen
L experimentalmente de los
Hibridacion T T T T compuestos organicos.
—
25p 2P 2p

Hibridacion T T T T
—
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Hibridacién sp?3

Combinacion de 1 orbital s y 3 orbitales p, dando 4 orbitales hibridos sp3.

Hybndization ( ‘

==

.. p >3 Four tetrahedral
y & =

/ /" _6 ‘—‘ 2px “ 4 An sp3 orbital

2p, J

Flgure 1.10 Four p° hybrid erbitals, oriznted to the comers of 2 regular tetrahedron, zre formed by combi-
nation of ans orbitzl and threep orbitals (red/blue). The sp3 hybrids have two lobes and are unsymmetrical
about the nucleus, giving them 3 directiondity and allowing them to form strong bonds when they overlap an
orbital flom another atom.

2py
.
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Hibridacién sp3- Metano

Combinacion de 1 orbital s y 3 orbitales p, dando 4 orbitales hibridos sp3.

Bonds in plane

Bond receding of page

into page
N . oo \ H . )
T <> M= F =y J‘\O
\ - /| &
AN _ d
Bond coming
A regular out of plane
tetrahedron .
A tetrahedral
carbon atom

Hybridezation
_—
ooty
energy Y
2, s

29-03-23

/\ valencia las moléculas

Estructura de Lewis
Metano

H

UNIVERSIDAD

Segun la Teoria de Repulsién DE CHILE

H de electrones de la capa de

orgdnicas adoptan diferentes
H geometrias.

Bonding
releases
cnerpy

) \ "7I

Mecthane: tetrahedral

UChile-Luhr



Hibridacién sp3- Etano

Estructura de Lewis
Etano

)
Figure 1.12 The structure of ethane. H_C_C_H

3 o ‘ The carbon-carbon bond is formed by
o overlap of sp? hybrid orbitals. For | |
‘ ‘ ‘ ‘ clarity, the smaller lobes of the H H
sp? hybrid orbitals are not shown.
: 'l A

sp3 carbon sp3 carbon sp”-spz e bond

Combinacion de 1 orbital s y 3 orbitales p, dando 4 orbitales hibridos sp3.

Segun la Teoria de Repulsién
H maz—H - 3 de electrones de la capa de UNIVERSIDAD
\ [ / valencia las moléculas DE CHILE

U / -
C;C\\ J‘ ‘J) organicas adoptan diferentes

H/‘|'154 pm{\H : 5 ’j geometrias.

H

Ethane

B
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Hibridacién sp?

Combinacion de 1 orbital s y 2 orbitales p, dando 3 orbitales hibridos sp? y un orbital p libre.

2p

2S 2P 28
le T l T T Promocién T
25p3

Hibridacién T T T T

] 25p” 20
Hibridacién T T T T

, 25p 20 2P
Hibridacion Th 'T T' 'T

29-03-23

UChile-LUhr

p

sﬁ\A’f‘L

Side view

T e

Top view
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Hibridaciéon sp?- Eteno

Estructura de Lewis

Eteno
Combinacion de 1 orbital s y 2 orbitales p, dando 3 orbitales hibridos sp?y un
orbital p libre. H H
\ /
p orbitals C:C
/ \
H H

Solapamiento de 2 orbitales
sp? forman el enlace sigmay "
los orbitales p libres forman el UNIVERSIDAD

enlace pi. DE CHILE

sp? carbon Carbon-carbon double bond

<N > B -
e S 5 Wy -y
.7 pm G ) 14 7 "\J
== >

sp3 orbital
2p orbital

Ethene
29-03-23 UChile-LUhr



Hibridacion sp

Combinacion de 1 orbital sy 1 orbital p, dando 2 orbitales hibridos spy 2 orbitales libres p.

2S 2p 2S 20
s 1T T (R
l Promocion
1 v —_
25p3
Hibridacion T T T T 1800 e
> ]y O\ 3 ' UNIVERSIDAD
25p 20 - ‘ DE CHILE
Hibridacién T T T T ‘

\
One sp hybrid Another sp hybrid
25p 20 2P

s VN )

29-03-23 UChile-LGhr



Hibridacion sp — Etino (acetileno)

Estructura de Lewis
Etino
Combinacién de 1 orbital s y 1 orbital p, dando 2 orbitales hibridos spy 2

orbitales libres p.

sp orbital
\

\\' " 7(?rbitals

UNIVERSIDAD
DE CHILE

sp orbitals

Carbon-carbon triple bond

‘/7
@
o
&/

o bond
Ethyne
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Rotacion de enlace

H\ /H H\ /H
C@ @>c cc
Hy NH Hy N
H H H H
methyl group methyl group ethane
(rotate )
H N H H H
“cLc,  =— _ Jc—c—H
H'y \H Hy AN
H H H H
eclipsed staggered
!h[
H..., ; ; aweH H-,.,,,,; Z/./"
H/C—C\H H/C—OC\
/ N\
» ()\\t’//(B 0 i
(hold in position | (try to twist
b - overlap destroyed
29-03-23 UChile-Luhr

cis-but-2-ene
bp=3.7°C

AN
H CH,
trans-but-2-ene
bp=0.9°C
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Electronegatividad

Inoreazing electronegativity

2A B 3A 4A 5A B6A 7A
Be " B C N O F
1.6 y 1.8 25 30 34 40 >
Mg " Si P S Cl 2
1.3 1.9 22 26 32 - §,
Br 8
25
2L g =
I -8
27 ©
C is electron deficient. O is electron rich.

\ |&* 8‘/
[+—
a bond dipole

A C-0 bond iz a polar bond.

29-03-23

25 25 25 22
N/ NI/
| Il | T
nonpolar bond nonpolar bond

The small electronegativity difference
between C and H is ignored.

&

UNIVERSIDAD
DE CHILE

a. Color scheme used for electron b. Electrostatic potential plot
density
] increasing
electron density 8¢
']
S'C
. H'd H
l decreasing H
electron density
UChile-Luhr



H

H

¢$,Como dibujar los compuestos organicos?

Kekulé
H H H
C—C—C
H H H
H :Br: H
C—C—C
H H H
H 0" H
C—C—(
H

H
C=C (|'
h

29-03-23

H

H

OH

Br:

Condensed

CH3CH»CH3

Br
(_‘l'i_';(.‘H(‘H:(‘H:Bl'

O

CH;CCH=—CH,

HC=CCH,OH

Inverted order to

Bond-Line Formulas show C-C bond Not inverted
FE j/\ﬂ\/ ‘4 | j/\z
HC \ H H N\

Inverted order to Inverted order to
Br show O-C bond show N-C bond
- TBr
UNIVERSIDAD
DE CHILE
O
|
H—C—H Condensed structures
H H H CH3
[ | | / \
H—?—?—CI—?—H = CH3CHCHCH;z or CH3CH;CH(CH3),
OH U HHH
UChile-Lihr



Grupos funcionales

29-03-23

Carbon frame
provides
structure

Y ..

- :
-~ e

¥ 9
Function

K

Functional
group imparts
reactivity

UChile-LUhr
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Introduccioén: electronegatividad

H

2.1 He

Li |Be BICIN|[O[F/|pn

10|16 20125|30|35| 40

Na (Mg Al [Si| P | S| Cl Ar

0912 1518|2125 30

K|Ca|Sc|Ti[V |Cr|Mn|Fe|CofNi[CulZn|Ga|Ge|As|SefBr|,.
08(10|13|15(16|(16|15[/18|19|19|19|16|16 1820|2428

Rb|Sr| Y |Zr|(NbD|Mo|Tc|Ru|Rh|Pd|Ag|Cd|[In |Sn|Sb| Te| I Xo
08|10|12(14|16|(18|19|22|22(22(19|17|17|[18|19]|21|25 ,,
Cs|Ba|lLa|Hf | Ta|W|[Re|Os|Ir| Pt |Au|Hg| Tl | Pb| Bi | Po | At
07/09|10|13|15|17|19|22|22(22|24|19|18|19| 19|20/ 21 Rn UNSE/ECRHSIIE? D

Figure 2.2 Electronegativity values and trends. Electronegativity generally increases from left to right
across the periodic table and decreases from top to bottom. The values are on an arbitrary scale, with F = 4.0
and Cs = 0.7. Elements in red are the most electronegative, those in are medium, and those in green
are the |east electronegative.

Enlaces polares existen debido a la diferencia de electronegatividad
entre los atomos que los conforman
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Polaridad

chloromethane

29-03-23

>

4

chloromethane

UChile-LUhr
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FIUNCTIONAL GROUPS IN ORGANIC CHEMISTRY

HEMICAL REACTIONS OF TH MOLE
X' REPRESENTS ANY HALOGEN ATOM

NAL GR ARE G

(8
IN THE GENERAL FORMULAE SHOWN

. YOROCARBON MPLE OXYGEN ML TEROATOMIC ALOGEN ME TEROATOMIC ARBONYL COMPOUNL NITROGIEN § it A UR BASIL AROMAY

uthE ALKENE ALKYNE ALCOHOL ETHER EPOXIDE HM DALKANE

Noming: -ene auide Narning: holo

ATOMS IN ORGANK JLECULES THAT ARE RESPONSIB HE ( "-‘-."“ It » 1IC
BELOW FOR EACH FUNCTIONAL GROUP, R REPRESENT f-‘! \:'-,'I.' HE MOLECULE, AND

2

Namr ¢ Nomung: -ene Noming: yne

eg :Y‘ 30 eg ethene eg. ethyne be e g chioroethane

eg ethanol g methax yethane eg. ethene axde

i i | i
C C 5 i - > 5 UNIVERSIDAD

H R R, R” “OH ‘ : X ; 2 R” X
DE CHILE

ALDEHYDE KETONE CARBOXYLIC ACID ACID MHYIFIDE ESTER AMIDE AEYl HALIDE

Nomng o Narmng: Naming: -¢f -oote Noming: -avrecle Navrang vl habde
eg cthana e.& propancone e.g cthanoic acid e g. cthanoic ar "‘ wirice eg cthyl ethancate e g. ethanamide e.g cthanoyl chioride
R
N Na R
R—NH, R—C=N I i, N=N_ R—SH n
RSN, . .
AMINE NITRILE IMINE lSUCvA‘MT[ AZ0 COMPOUND THIOL ARENE
Naming. -armne Norming: -nitrile Namg: -wrnne Narm yl socyanore Noming: azo Namvng: -theo! Noming: - ben
€2 ethanamne e B ethanenitrie ¢.2. etharmmine .2 ethyl IsoCyanate e aroethane wihanethl e.g. ethyl benzene
@ D COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www. facebook com/compoundchern ) e 0 e o
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Grupos funcionales

H3c\'/CH3
CH, [O
N
H,C H\n)\ NJI\CHZI
H
O,N O
O OCH
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Grupos funcionales

[BYu's
H C CH
»\md( \|/ - Amlda
i ¢ 5 &Kp

H.C H
Nitro ’ CH,l

2
group O N 0

mde

DUp Jk/\/ 3
CH—'N Ether group

29-03-23 UChile-LGhr
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Ejercicios

Draw a Lewis structure for methanol, a compound with molecular formula CH,O.

UNIVERSIDAD
DE CHILE
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Ejercicios

Draw a Lewis structure for methanol, a compound with molecular formula CH,O.

Step [1] Step [2] Step [3]
Arrange the atoms. Count the electrons. Add the bonds and lone pairs.
H 1Cxd4e = 4¢
HCOH 10x66 = 6o Add bonds first... ...then lone pairs.
H 4Hx1e = 4¢ -
e four atoms around C 14 e total *[' —_— SYf!
e two atoms around O H—(E—O—H - H—?—Q_H UNIVERSIDAD
H H DE CHILE
OGS valid structure
only 10 electrons used

In Step [3], placing bonds between all atoms uses only 10 electrons, and the O atom does not yet
have a complete octet. To complete the structure, give the O atom two nonbonded electron pairs.
This uses all 14 electrons, giving every H two electrons and every second-row element eight. We
have now drawn a valid Lewis structure.

29-03-23 UChile-LGhr



What orbitals are used to form each of the C-C and C-H bonds in CH3;CH,CHj5 (propane)? How
many ¢ bonds are present in this molecule?

UNIVERSIDAD
DE CHILE
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What orbitals are used to form each of the C-C and C-H bonds in CH3;CH,CHj5 (propane)? How
many ¢ bonds are present in this molecule?

EachHusesa——H H H
1s orbital. I 1| I=—All single bonds are Each C—C bond is Csp®-Ca°.
H7C—C—C—H  bonds. Each C—H bond is Csp®His.
HHH
. Total of 10 o bonds. =
Each C has 4 groups and is UNIVERSIDAD
sp® hybridized. DE CHILE
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What orbitals are used to form each bond in methanol, CH;OH?

UNIVERSIDAD
DE CHILE
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What orbitals are used to form each bond in methanol, CH;OH?

¢ All C-H bonds are formed from Cgys—Hys.
* The C-0 bond is formed from Cgp2—Ogp.
¢ The O—H bond is formed from Ogp2—Hys.

UNIVERSIDAD
DE CHILE
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Answer each question for the molecule acetone, drawn below:

CHg a. Determine the hybridization of the indicated atoms.
\ .. b. What orbitals are used to form the C-0O double bond?
_70_9 “  c. Inwhat type of orbital does each lone pair reside?
— CH3
acetone

UNIVERSIDAD
DE CHILE
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Answer each question for the molecule acetone, drawn below:

CHg a. Determine the hybridization of the indicated atoms.
\ .. b. What orbitals are used to form the C-0O double bond?
—»C=0Q«— . . .
/T c. In what type of orbital does each lone pair reside?
— CH3
acetone
CHs
a. three groups around C \ .. three groups around O
sp? hybridized — /C=Q <« sp? hybridized
CHs

T

four groups around C
sp® hybridized

29-03-23 UChile-LGhr
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Which of the indicated bonds in each pair of compounds is shorter?

CHg
\ .e .
a. CHy—C=C—H or C=CH C. CH,=N—H or CH;—N—H
H
H '
b. _,C= or H—C—-OH
/ = T' -+
H H

UNIVERSIDAD
DE CHILE
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Which of the indicated bonds in each pair of compounds is shorter?

CHg
\ . .
a. CH3—CEC$H or  _, C=CH, C- CH;=NzH o  CHy—N=H
i 1 1
H_ W
b. __c=0 o  H;C-OH
7 e 1 1 ..
H H

Bond length and bond strength are inversely related: longer bonds are weaker bonds. Single

bonds are weaker and longer than double bonds, which are weaker and longer than triple bonds.

Increasing percent s-character increases bond strength and decreases bond length.

a. CHy—C=C—H or /‘(3:(;;142 c. CHp=N—H or CHg—N_—H
Csp—H1s H Nsp®Hi1s
Csp”His
50% s-character 33% s-character 33% s-character Nsp?™-His
shorter bond shorter bond 25% s-character

H H
b. __Cc=0 or H—(:)—QH

H H‘\Csp"’—Hls

Csp*His 25% s-character

33% s-character

shorter bond

UNIVERSIDAD
DE CHILE




Label the polar bonds in each molecule. Indicate the direction of the net dipole (if there is one).

/CH3 Br Cl
a. CHBrs d. O=C\ e. C[ f. /©/
b. CH3CH,OCH,CHs CH, Br Cl

c. CBr,

UNIVERSIDAD
DE CHILE
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Label the polar bonds in each molecule. Indicate the direction of the net dipole (if there is one).

/CH3 Br Cl
a. CHBrs d. O=C\ e. C[ f. /©/
b. CH3CH,OCH,CHs CH, Br Cl

c. CBr,
a. CHBry c. CBr, ﬁr '}” fai
H e.
°x  net dipole UNIVERSIDAD
. T
Br‘%g\& T net dipole - '//C’tgl?r no net dipole Br DE CHILE
b. CH4CH,0CH,CH; CHa c '
S d. =0 f. no net dipole
NS CH/ — ClL~
I
Tnet dipole —_
net dipole

29-03-23 UChile-LGhr




Ketene, CH,=C=0, is an unusual organic molecule that has a single carbon atom doubly bonded to two different atoms.
Determine the hybridization of both C atoms and the O in ketene. Then, draw a diagram showing what orbitals are used to form
each bond (similar to Figures 1.12 and 1.13).

UNIVERSIDAD
DE CHILE
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Ketene, CH,=C=0, is an unusual organic molecule that has a single carbon atom doubly bonded to two different atoms.
Determine the hybridization of both C atoms and the O in ketene. Then, draw a diagram showing what orbitals are used to form
each bond (similar to Figures 1.12 and 1.13).

o: Csp-Csp*
xCpCp sp sp?

UNIVERSIDAD
DE CHILE

[For clanty, only the large bonding lobes of the hybnd orbitals are drawn.]
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