Chem 350 Jasperse Ch. 1 Normal Bonding; Drawing Lewis Structures

Normal Bonds (Sections 1.2-1.5)

Summary of Normal, Ideal Bonding (No Formal Charge)

Vaence Vaence Lone
Electrons Bonds Pairs
| 4 4 0
_$_
_'N|'_ 5 3 1
_'CI)': 6 2 2
H— 1 1 0
‘Cl—  iBr—
Cl—  iBr - ) 3
—  F—

Rulesfor Drawing L ewis structuresfor organic molecules: (Sections 1.4-5)

1. Try to providenomal bondngfor C, N, O atomsif possible. (Works > 95% of time)

2. Double or triple bondswill often beinvolved.
¥ Double or triple bondsare often required to achieve normal bonding.

3. Inanyformulatha has acharge there will always be an atom with tha formal charge

4. Inanyformulatha indudes a metal, assume ionic bonding.
¥ Assume postive chargefor themetal,
¥ Assume negéaive chargefor the organic portion.

5. Do notdraw bondsbetween nonnetals and metals, asif they were covdently bound

6. Besureto specify theformal chargeon any atom tha has formal charge

7. Always beaware of howmany lonepars are onany atom
¥ Note: Wewill often omit lonepars. But youmug know when they are there!

L ewis Structure Practice (Section 1-4.5)

1. Draw Lewis structures for thefollowing formulas. (Indudelonepars or forma charges

if necessary)

a CHsCHa;

c. CO,

e. CH3CHO

b. CH3CH,OH

d. HCN

H-C=N:
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Formal Charge(Section 1-7): When an atom does not have it@ normal bonding

¥

Atoms with formal charge dominae reactivity. Therefore the ability to recognize and
identify atoms with formal chargeisreally important!

Skills:

1. ldentify theformal chargefor any atom tha does not have normal bonding

2. ldentify the number of bondsand lone pars associated with any atom whose formal
chargeis specified

Note: Designaion of formal chargeis required. |f you don®write the charge sign next
to an aomtha should have formal charge youwill lose test points!

Forma ChageEquaions

1. FC=group# - (bonds+ unsared e®) (useto calculate FC)
2. Group# - FC = bondst+ undhared electrons (given formal charge use to find lone
pars)
Practical: (memorize)
C 4 bonds =—— neutral
3 bondsand zero lonepars <— cation +1
3 bondsand onelonepar <— anion-1
N 4 bonds =—— cation+1
3 bondsand onelonepar <— neutrd
@) 3 bondsand onelonepar < cation+1
2 bondsand 2 lonepars < neutral
1 bondandthree lonepars <— anion-1
FORMAL CHARGE
# of Bonds C N ©)
4 0 +1
3 -lor 0 +1
+1
2 -1 0
1 -1




Chem 350 Jasperse Ch. 1 Formal Charge 3

Formal ChargePradice (Section 1-7)
1. Assignany formal chargesto aomstha need them:

H H
HH@ HHGg r 0
|| || /C\\/C\
H-G-C-G-H H-G-G-G-H HGH
HHH HHH ©
L. bR
e
H H H H
H..0 HoL. H @
H-C-O: H-C-O-H H-C-O-H
H H

2. Fill in lone pars on any atoms that need them (whether atoms with formal charge or
neutral atoms):

) FI' HoH H H
H C\ / N ! ! @oo | @ |
C@H H-C-C-H f0-C-H H-O-C-H
O H i H H
T
oo Hec @ ¢
. c®.ct
|T| |Tl X H@/,o° H, C H
H-C-C-N-H H=C-N_.. o :0:
T o) -O.
HHH Ho e ©

Notice: With the exception of carbocations, all other C/N/O atoms end up with
a combined total of four when you sum up their bonds and lone-pairs. So apart
from carboations if you know the number of bonds you can fill in the correct
number of lonepars withouteven thinking much!
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Structural Formulas(Section 1-10)

1. Full Structural Formulas

2. Condensed Formulas

3. Line-Angle Formulas

Since organic structures are large and complex, full Lewis structures are often a hasde.
Y ou® need to be proficient in both condensed and line-angle formulas.

Full, Condensed, and Line-Angle Structures for Hexane, CgHq4

KRB R H CH3CH,CH,CH,CH,CH; B

/\/\/
HG-G-gogogogh o g
HHH AH H H CHs5(CH,),CH; C
Full Condensed Line-Angle

Condensed Formulas Central atoms are shown with attached atoms, essentially in

seguence
¥ Chdlenges:
1. Handling parentheses
2. Handling doubk and triple bonds
3. Handling branches
4. Handling ketones/aldehydes/esters/amides/carboxylic acids
5. In geneal, recognizing when an oxygen is doubk-bondel off a carbon, and

when it is single bondel both to carbonand to something else.

Line-Angle Formulas

1.
2.

3
¥
¥

Each vertex represents a carbon .
C-H bondsare often omitted: assume enoughHQ@ to give four bondsor the appropriate
formal charge

. Oxygen and Nitrogen atoms mug be specified, and O-H and N-H bondsare not omitted

Line-angle formulas are routindy thefastest and cleanest to draw.
Line-angleis essential and optimal for showing 3-dimensond organic shgpe

Formula Practice (Section 1-10)

3.

Timerace: Draw as many copies of CsH14 hexaneas you can in 20 seconds

Full:

Condensed:

LineAngle:
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4. Draw thefull structure, given the condensed structure. (Note:

H H
EZC\/C.\.Q’.H
CH3CH,0OH H
H\g H _H
H/ \C/C\N-,H
\ |
Hod H H
(CH3)2CHCH2NH2 H
H
I
H\CIZ//C\Cl
CH,CHCI H
Q
H. _C.
H,C\ H
CH5CHO H
H §C|) H
HIC\/ 0.
CH3;CO-H H

5. Fill in the full structure, induding attached hydrogens and attached lone pairs, for the
following line-angle structures. If given acondensed structure, convet it to aline-angle.

H\ /H H\ /H
C C
/
A o A A
H H H H
H
H\ /H I _H 'T' 'TI/H
/\/ Ho \C/C\H /\/ H\C/C\\C/C\H
H HHH HH N
H H
-C H
/\OH H’C\H .O ~ \/ \/C\/ \H
H HHH
H
H H\C/H® .H H H\C'H@ oM
/\G‘)/ \/C\/ \(I;/ “H /\(9/ \/C\/ \(IJ/ H
HH H HH H
O H...C. _H

CH3CH ch ch 20H3 PN

CHsCOH M,
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Resonance Structures (Section 1-9)
Sometimes a single Lewis structure does not provide an adequéte picture.

Example: Os (0zone

.(“/OG @ O.. O . O }
O3 “07®0: 19/@%\0 . 1257O%g 1.2
A B c
2 Resonance Forms Actual Species Is a

Hybrid of the Resonance Forms
Notes/observations
1. Neithe form A nor B can avoid formal charges.
¥ Themagjority of resonance situaionshave some formal chargeinvolvement
2. Therea moleculeishybrid: see picture C
¥ Thecentra oxygen has + chage
¥ Each of theoutside oxygensis-1/2
¥ Both of thebondsto theoutsde oxygensare equd in length/strength
¥ The actud length/strength of the oxygen-oxygen bondsreflect 1.5 bonds(shorter and
stronge than single bonds longe and weaker than doubke bondg
3. Why notjud draw the hybrid?
¥ Hardto do, without first working throughresonance structures first.
¥ Hard to keep track of the electrons which is essential for undestanding reactivity
4. When are Two Structures related as Resonance Structures?
¥ Atoms mug be conrected in exactly the same way. Resonance forms differ only in the
placement of electrons.
¥ |If two Lewis structures have the same atomic connectivity, but differ only in the
placement of some electrons they arerelated as resonance structures.
¥ If the placement/connectivity of atoms differ, then the two structures are not resonance
structures (they may perhaps be related as “isomers”, see later.)
¥ KEY: FOR RESONANCE STRUCTURES, ELECTRONS MOVE BUT ATOMS DO
NOT MOVE. IF ATOMS MOVE, YOU DON’T HAVE RESONANCE STRUCTURES
¥ Note: The real molecule is represented by the hybrid, and electrons are not actually
jumping back and forth.
5. Resonance, when it exists, involves the delocalization of electrons and charge
¥ In ozone, instead of one of the outside oxygens getting stuck with a full negative charge,
that negative charge is shared with the other outside oxygen, and both have a more
manageable -1/2 charge
¥ This delocalization of electrons/charge is stabilizing.
¥ KEY: RESONANCE IS STABILIZING
6. Resonance, when it exists, always involves electrons in double bonds and/or lone pairs (!
electrons)
7. One of the most frequent resonance situations we’ll see is when you a charged atom attached
to a double bonded atom (“allylic” situation”)
8. When resonance structures are equal in stability, the hybrid is the average of the resonance
forms
9. When resonance structures are unequal, the more stable structure dominates the hybrid
¥ Ranking Stability:
¥ More bonds! more stable (but don’t exceed octet rule!). (Priority rule)
¥ Bonds being equal (tiebreaker rule): negative charge is better on more electronegative

atom; positive charge is better on less electronegative atom
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Resonance Problems
1. Which of thefollowing are related as resonance structures?

XN /@\/ B C) )
Y es, no atoms moved No, an H-atom moved
) 0 OH

e iU A AN

Yes, no atoms moved No, an H-atom moved
O @O

g L

Y es, no atoms moved

2. Which Resonance Structure is Better and would make a more than 50% contribution to the
actud hybnd? Why, bondsor electronggaivity?

S)
O (@]
i

L eft, extrabond

b. /@K/ Left, extrabond More bondsis more important
than electronggdivity.
O@

(@]
. e

)\/ Right, both have same bonds But electronegativity
favors oxygen with negaive charge

3. Draw aresonance structure for thefollowing

Y@ O

CH3 CH3
©
OYO o@ 0

b CHg CHa
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Acid-Base Chemistry (Section 1-12-14)

Acidity/Basicity Table

Acid Base
Entry | Class Structure Ka Strength Base Strength
1 Strong Acids H-CI, H,SO, 10> | Most o Q0o Least
acidic cl Hofbfo basic
2 Hydronium H,O0*, ROH* 10° H,0, HOR
cationic neutral
3 Carboxylic 0 107 j\
Acid J\O
R H R O@
. -12
C | o g ) | ;
g R” 'R R/-N-\R
Charged, but only Neutral, but basic!
weakly acidic!
5 Water HOH 10"
HOe
6 Alcohol ROH 107"
RO
7 Ketones and o 10 O
Aldehydes )Q/H )%
. . -33
8 Amine (N-H) (iPr),N-H 10 (iPr),N @LiG-)
9 Alkane (C-H) RCH3 10%° | Least RCH,©O Most
Acidic basic

Quick Checklist of Acid/Base Factors

Charge

Hybridization

SO

Electronegativity
Resonance/Conjugation

Impact of Electron Donors/Withdrawers
Amines/Ammoniums

When a neutral acids are involved, it’s best to draw the conjugate anionic bases, and
then think from the anion stability side.
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More Detailed Discussion of Acid/Base Patterns/Factors to remember

1. Charge: all else equal, cations are more acidic than neutrals, and anions more basic than
neutrals.

2. Electronegativity:

¥

#

K K

Acidity: H-X (halogen) > H-O > H-N > H-C

Basicity: Xe< 69< Ne< Ce

Anion Stability: x5 s N ©

Why: The more stable the anion Z that forms, the more acidic the parent H-Z

will be. All acids H-Z must give up H*. The better off the resulting anion Z is, the

more willing H-Z will be to sacrifice H".

The anion stability directly correlates the love for electrons.

Notice three things:

¥ ANION STABILITY and the ACIDITY OF A NEUTRAL ACID PRECURSOR
ARE DIRECTLY RELATED.

¥ ANION STABILITY and the BASICITY OF THE ANION ARE INVERSELY
RELATED (more stable anion, less basic anion)

¥ ANION BASICITY AND THE ACIDITY OF THE CONJUGATE ACID ARE
INVERSELY RELATED (the stronger the acidity of the parent acid, the weaker
the basicity of the conjugate anion)

KEY: WHEN THINKING ABOUT ACIDITY AND BASICITY, FOCUS ON THE

ANION. THE STABILITY OF THE ANION DETERMINES ACID/BASE

BEHAVIOR.

3. Resonance/Conjugation: Since anion resonance is stabilizing, an acid that gives a
resonance-stabilized anion is more acidic. And an anion that forms with resonance will
be more stable and less basic.

¥

Oxygen Series Examples:
Acidity: sulfuric acid > carboxylic acid > water or alcohol

Anion Basicity: 28 <i@ < ~&
y: Ho—g—o S o)

Anion Stability: 9@>o@>/\@
nion Stability: Ho_g_o )J\O o

Note: Resonance is often useful as atiebreaker (for example, moleculesin which
both have O-H bondsand both have equd charge so tha nather thechargefactor nor
the electrongydivity factor could predict acidity/basicity)
NOTE: Resonance can sometimes (not always) trump electronegdivity or even
chage
0 Example of resonance versuschage A carboxylate anion, with serious
resonance stabilization, endsup beng so stabilized tha it iseven less basic
than aneutral, unchaged amine A hydrogen sulfate anion from sulfuric acid
isless basic than not only neutral amines but also neutral oxygen (water, etc.)
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4. Hybridization: For lone-pair basicity, (all else being equal), sp’ > sp’ > sp > p

5. Electron donating/electron withdrawing substituents:

Electron withdrawing substituents stabilize anions, so they increase neutral acidity

and decrease anion basicity

10

Electron donating substituents will destabilize anions, so they decrease neutral acidity

and increase anion basicity.

6. Ammomum Cations as Acids and Neutral Amines as Bases

Neutral amines are more basic than any neutral oxygen (electronegativity factor), and

more basic than some resonance-stabilized oxygen anions

Ammonium cationsare more acidic than neutral nitrogen compoundsor mog neutral

oxygen compounds butless acidic than oxygensthat give resonance-stabilized
anions (In this case, resonance factor trumpsthe chargefactor).

Acid/Base Problems
Choose the More Acidic for Each of the Following Pairs: Single Variable Problems

NH
1. 3 DNH, Charge, second one
®
P
2. OH, ~oH First one, charge
P
N OH “>NH, ~"CHs
O-H most, N-H second, C-H least. Electronegativity and conjugate anion stability
X
4. OH /\OH
First one more acidic. Gives a resonance stabilized oxygen anion
Pt
5. Nz 7 ONH,

First one more acidic. Gives a resonance stabilized anion

6. RanktheAcidity from1! 5, 1 bangmost acidic. (Think Anion! And Draw Anion!)
0]

L

HF H.0 CH3NH; H™ ~OH CH,
1 3 4 2 5

7. Fortheanionsdrawn in problem 6, rank themfrom 1! 5 interms of badcity.
5 3 2 4 1
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Choose the More Basic for Each of the Following Pairs (Single Variable

1. NH, NaNH, Charge. (Nais cation, Nitrogen is anion)
2. NaOH H,0 Charge. (Nais cation, oxygen is anion)
3. NH, H,O Electronegativity. Oxygen, being more electronegative, is

less willing to share a lone pair, and less willing to take on formal positive charge.

0
4. PG Ph)J\g

First oneis more basic, becauseit@ less stable. The second has resonance, and
thusis more stable and less basic.

G A~

5. ~
Nitrogen anionis more basic, because it less stable, based on electr onegativity factor.

Predicting Acid/Base Equilibria: Any add base equilibrium favorsthe sidethat hasthe
more stable, lessreactive base
6. Draw arrow to show whether equilibrium favors produds or reactants. (Why?)

H,0 +@NH2 Som + NHg
Favors produd side(right), because of electronegativity. Favorsthe more stable oxygen anion
ove theless stable nitrogen anion.

0]
0]
HZO + H)J\o@ @OH + HJI\OH

Favors reactant side (left) because of resonance. Resonance-stabilized oxygen anion on theleft
ismore stable than theoneontheright. More stable anionis preferred.

Generic acid/base reaction, with anionic base and neutral acid:

HA + B@ A@+ BH

Stronge acid!  weaker conjugéae base
Weaker acid! stronge conjugae base

¥ Acid-base reactionsaways favor formation of theweaker acid and weaker base
¥ Theweaker acid and weaker base are always on the same side
¥ Themore stable anionis theweaker base

THEREFORE:

¥ Theequilibrium will always favor the WEAKER, MORE STABLE ANION

¥ |[EYOU CANIDENTIEY WHICH ANION ISMORE STABLE, YOU CAN PREDICT
THE DIRECTION THE REACTION WILL GO.

¥ Thislogic can beused to predict whether an anion can successfully deprotonae a neutral
Species.

7. CanHsC© deprotonae H,O?
Y es, taking a proton from water resultsin formation of an oxygen anion. Which is more stable
than theorigind carbonanion. Making a supeior anion fromaless stable oneis favorable.
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Some Arrow-Pushing Guidelines (Section 1.14)

1.

2.

Arrows follow electron movement.

Some rules for the appearance of arrows
¥ The arrow must begin from the electron source. There are two sources:
a. An atom (which must have a lone pair to give)
b. A bond pair (an old bond that breaks)
¥ An arrow must always point directly to an atom, because when electrons move,
they always go to some new atom.

Ignore any Spectator Atoms. Any metal atom is always a “spectator”
¥ When you have a metal spectator atom, realize that the non-metal next to it
must have negative charge

Draw all H’s on any Atom Whose Bonding Changes

Draw all lone-pairs on any Atom whose bonding changes

KEY ON BOND CHANGES. Any two-electron bond that changes (either made
or broken) must have an arrow to illustrate:

¥ where it came from (new bond made) or

¥ an arrow showing where it goes to (old bond broken)

Watch for Formal Charges and Changes in Formal Charge
¥ If an atom’s charge gets more positive " it’s donating/losing an electron pair

" arrow must emanate from that atom or one of it’s associated bonds. There
are two “more positive” transactions:
¥ When an anion becomes neutral. In this case, an arrow will emanate
from the atom. The atom has donated a lone pair which becomes a bond
pair.
¥ When a neutral atom becomes cationic. In this case, the atom will be
losing a bond pair, so the arrow should emanate from the bond rather
than from the atom.

¥ If an atom’s charge gets more negative " it’s accepting an electron pair " an
arrow_must point to that atom. Ordinarily the arrow will have started from a
bond and will point to the atom.

When bonds change, but Formal Charge Doesn’t Change, A “Substitution” is
Involved

¥ Often an atom gives up an old bond and replaces it with a new bond. This is
“substitution”.

¥ In this case, there will be an incoming arrow pointing directly at the atom (to
illustrate formation of the new bond), and an outgoing arrow emanating from
the old bond that breaks
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Examples of OA row PushingOand OMechanismO(Section 1-14)

Reaction: HO@ + CH3Br

HOCHj + B>

Mechanism, with arrows to show how electrons move,
how the new bond forms, and how an old bond breaks:

.. O B S ..O
HQ:Q¢—Br: — H.O.—¢—H + IBr:
H H
Notes:

¥

¥

¥

oo

Arrows are drawn to show how electron pars are moving as new bondsform or old bonds
break.

Mechanisms hdp usto undestand and generalize when and why bondsmake or break, so
tha we can undestand when and why reactionswill occur and wha produds will form.

Each arrow aways goes from an electron source (either an atom with a lone par or else a
bondpair) to an acceptor atom

Terms:

a NucleophileO= source of electon par (A ewis baseQ

b. CElectrophileO= acceptor (Qewisacid)

An arrow always proceedsfrom a nudeophile and points toward an electrophie.
Arrow-pudhingisvery hdpful in relating two resonance structures

. Use arrows to show how the dectrons Gnove from the first to the second resonance

structures:

. oo

0" 0.0
<O
({o : /go'.
b, e o
oo e
gi/ :/OK:/
C. ®
2. Use arrows to show the mechanism for thefollowing acid-base reaction.
0
. . 0
HQ%NH%.J\H HO-H  + 'gg)LH

3.

Use arrows to show the mechanism for the following two-step reaction. For the first step,
identify the GhudeophileOand the CalectrophileQ

Step One ‘0 @/\ H@

. o /‘\ 4\
U CHa Step Two CH,

.-




