202-DCP-05 Organic Chemistry 1 — Problem Set 1

Chemical Bonding and Structural Representation of Molecules

1.  Write the ground state electron configuration of each of the following atoms. For each atom, identify the
valence electrons and the core electrons.

(a) Al (b) S (c) O (d) N (e) F

2. Which of the following formula contains at least one ionic bond?

(@) H2 (b) NacCl (c) NaOH (d) CHsONa (e) CHas
(f) HOCH2CH3 (g) LINHCH3 (h) CH3CH2CO2K (i) CeHsNHsCI

3. Rank the following in order of increasing negative partial charge (5-) on carbon, assuming that a covalent
bond exists between the atoms indicated.

(8) CHa-CHs (b) CHa-Li (€) CHs-F (d) CHa-OH (e) CHa-NH

4.  Draw Lewis structures for each of the following molecules:

€) CHsN (contains a ¢ bond between C and N)
(b) CHsNO:2 (contains a ¢ bond between C and N but no bonds between C and O. At least a
double bond between N and one of O’s)

(c) CH20
(d) CHzCl2
(e) BrCN

5.  Draw the following Lewis structures using condensed formulas.

@ HHHH O wppn @ @
H-C-C-C-C-H H-C-C=C-C-H H-C—H H-C~& _H
HHHH H H N A H-C-¢ “H
H-C-C=C-C-H H o
| | H
H H
®  HHH
—c-C
-6 O g
iy 6-G-gon T
H H HHH (f) H H H
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202-DCP-05 Organic Chemistry 1 — Problem Set 1

6. Draw the molecules in Problem 5 using bond-line formulas.

7.  Draw Lewis structures for the following molecules. Include all lone pairs and H atoms.
() OH (b) Cl._ Cl © 0

oot ot O

Hst °

(d) )

8.  Draw each of the species in Problem 7 as a condensed formula.

9.  Convert each of the compounds given in condensed structures, first, into dash-line structures and, finally, into

bond-line structures. Include lone-pair electrons and formal charges, where necessary.

(@) CH2=CHOCH2CH(CH?3)2 (b) (CH3CH2)2CHCH2CH20H (c) (CH3CH2).C=CH:
(d) (CHsCH2)sCOH (€) (CH3)N(CH2CH)z (f) CHaCH2SH

10. Re-write the following cyclic compounds in bond-line formula.

(a) O (b) gz (©) HZC’O\ (d) E
He O cH H,C™~ “CH, G /CH HC™ScH
i L E S G 2¥~C HC. CH
HC\ /CH2 H2C\N/CH2 H \C/
c | H
Ha H

11. Provide a condensed structure for each compound given below.

(@) >/\ (b) 0 © A~ @) ST
OH
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12.

13.

(@)

14.

15.

202-DCP-05 Organic Chemistry 1 — Problem Set 1

Convert each of the compounds given in condensed structures, first, into dash-line structures and, finally, into
bond-line structures. Include lone-pair electrons and formal charges, where necessary.

(@) CH3CH2CH20CH?3 (b) (CH3CH2)2CH(CH2)2NH2 (c) (CH3)2C=CHCH2CHs
(d) CH3sCOCH:s (e) (CH3CH2CH2)3COCH2CH2CH=CHCH2CH20C(CH2CH3)3 (wow!)

For each bond-line structure, a) draw the missing lone-pair electrons on atoms, b) determine the number of C
atoms present, and c) determine the total number of H atoms connected to the C atoms.

/\]/HV (b) \(/ (©) (d OH (¢ O (f) 0
: Iﬁ O O

The molecule shown is the bond-line structure of cholesterol. Re-draw the given structure as a condensed
formula. What advantages do bond-line structures have?

Cholesterol
HO

Each chemical transformation below shows a starting material (i.e. reactant) being converted into a product.
For each reaction, determine whether the product has more, fewer or the same number of C atoms as the
starting material.

(a)(/vr (:/ro (b)(I M(@/\/_,/
0]

16.

Draw Lewis structures for each of the following ions. One atom in each ion has a formal charge that is not
zero. Determine which atom it is, and what the formal charge is.

(&) The CzHs anion  (b) The CHsO cation  (c) The CHeN cation (d) The CHsO cation  (e) the CsHs anion

(all three H atoms
are on the same
carbon)
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17.

(@)

18.

19.

(@)

20.

(@)

21.

202-DCP-05 Organic Chemistry 1 — Problem Set 1

Complete the Lewis structure for each of the following molecules by adding enough H atoms to complete the
tetravalence (N.B. octet) of each carbon. Then, re-draw the molecule in bond-line formula, including lone-pair
electrons and formal charge on atoms, where necessary.

OH O (b) O (c) c
C-C-C-C-C-OH C-C-C=C-C-OH C-C-C-NH,
NH, C

Complete the Lewis structure for each of the following molecules. You may assume that no formal charges
exist on any atoms. (All H atoms are shown; add only bonds and lone pairs of electrons.)

(@) N CHa (b) H (©) H H
o b e -GGG
| 2N ~ACYSN A
o FH ¢ ¢
H/C\(Ii/C\H
H

For each molecule, fill in the missing lone-pair electrons and identify all C atoms that you expect will be
deficient in electron density (partial positive, 6+) by writing 6+ next to them.

Br (b) 0 (© O

Ao, {:ﬁb /J\v/i7<0|

For each of the following compounds, identify any polar covalent bonds. For the covalent bonds identified,
place &+ and 8- symbols in the appropriate locations.

S0 ® "~s; @
o ‘oz JoX
H \)\/ H )\
Atoms having a partial positive charge (8+) within a compound are the places most ‘o
likely to be attacked by an anion, such as hydroxide (OH-), when a chemical reaction )K/\/é-':

takes place. In the compound shown, identify TWO carbon atoms that are most likely
to be attacked by a hydroxide ion.
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202-DCP-05 Organic Chemistry 1 — Problem Set 1

H
22. Identify the formal charge on each atom in the following H-= \ H
species. Assume that all valence electrons are shown. |_|,IC—C\’—H H
H C=C "o
H-C, ,C-Cl.,
c-G -9
N :F:

23. Inspect each structure carefully and draw right numbers of lone-pair electrons on C, N and O atoms to satisfy
the formal charges indicated. If no charges given on an atom, it means the formal charge of zero.

o B  O9_c=N (d) @ H () O O

(a) = o}
O// | N/ )K@/U\
S)

24. Determine the formal charge on O and N atoms below.

25. In the methoxide anion (CHsO"), is it possible for a double bond to exist between C and O, given that the
negative charge resides on O? Explain why or why not by drawing the Lewis structure of the molecule, and
assigning the formal charge on all atoms.
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26.

27.

28.

202-DCP-05 Organic Chemistry 1 — Problem Set 1

The following is a skeleton of a molecular anion having the C”C\ (0]
overall formula CsHsNO". The hydrogen atoms are not (I: /C—C\
shown. ~C N

€) Draw a complete Lewis structure of the species in which -1 formal charge is on N. Include all H
atoms and lone-pair electrons

(b) Do the same for the species with the -1 formal charge on O.

(c) Do the same for the species with the -1 formal charge on the C atom that is bonded to three
other C atoms.

H
Re-draw the following structure of glucose as a bond-line Ho /c');
structure including the lone-pair electrons. Indicate the .. C.:/H
formal charge on atoms, where necessary. H'O\C/C\O.°
H'T  T2H
.. /C\ /C\ /H
O °C. .0,
G
‘e H
OH OH
Re-draw the following structure of sucrose as a complete HO
Lewis structure. Include all hydrogen atoms and lone-pair o O OH
electrons. Indicate the formal charge on atoms, where HO o
necessary. OH 1o OH
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Curved-Arrows

29. (a) Draw curved arrows to show how each chemical reaction is taking place. (b) Indicate which bonds are
formed and broken as a result of the chemical reaction. (N.B. It is always advised that you fill in missing lone-
pair electrons before starting to draw curved-arrows)

(a) O 0
O— —_— /O\
H/C\O,H + O H H/C\O_ + H H
(b) Q HO_ O
H/C\ /CH3 + _O_H H/ \O/CH3
© HO\C’O_ CH ('c?: H -
H/ \O/ 3 H/ \O/ + O_CH3
(d  O-H + HzC—l HsC-OH  + I~
(e) ~0-H HSC\ /CH3 /CH3 o
“H o+ c’ —————  H,C=C - JeX
HZC Cl 2 \CH + Cl + H H
H 3

30. For each reaction, (a) provide bond-line structures of reactants and products, including lone-pair electrons
now shown. (b) using curved-arrows, show how the reaction is taking place. (c) Indicate which bonds are
broken and formed as a result of the chemical reaction.

(a) NHs* + OH - NHs + H20

(b) CHsCOO- + CHsNHs* - CH3COOH + CHsNH2
(© CH3CH20- + NH4" > CHsCH2OH + NH3

(d) CH3CH2CH2NHz* + OH- > CHsCH2CH2NHz2 + H20

31. For each set of reactants to be used in the following acid-base reactions, a) identify the electrophile and the
nucleophile. b) provide the bond-line structures of the expected products including lone-pair electrons and
formal charges on atoms. c) Use curved arrows to show how the reaction is taking place. d) Identify which
bonds are broken and newly generated as a result of the chemical reaction.

(@) NHs + HCI >
(b) HCOs + OH >

©) CHisCH:0- + HCl >
(d) CH:COO" + NHa* >
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Resonance

32.  Which of the following pairs are not resonance structures of one another? All lone-pair electrons may or may
not be shown. ldentify where each lone-pair that is not shown belongs.

(@) (b) (©) (d)
@ @] OH 0] O@ @ @
SIS AN PN
3 VAR
(e)

(f) (@) (h)
S el VI G GG

33. Draw all important resonance structures for each of the following molecules or ions. Be sure to include the
curved arrows that indicate which pairs of electrons are shifted in going from one resonance structure to the

next.
(a) CHsNO2 (b) CH3CO2 (c) CHsCHCHCHz* (d) CsHsN (e) CsHsN
(the ion has two C-C  (aring is formed by (aring is formed by
single bonds) the C and N atoms,  the C and N atoms,
and each H is the N is bonded to
bonding to C) one H, each Cis

bonded to one H)

34. Draw all important resonance structures for each of the following ions. Be sure to include the curved arrows
that indicate which pairs of electrons are shifted in going from one resonance structure to the next. What is
the resonance hybrid of each species?

(d)

() OH (b) ©) (c) )J\
H3C. ‘E /\[M ©) @ @OWO
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35.

36.

37.

38.

202-DCP-05 Organic Chemistry 1 — Problem Set 1

(a) Draw all significant resonance structures of the following ion.
In drawing each additional resonance structure, use curved
arrows to indicate which pairs of electrons are being shifted.

(b) What is the resonance hybrid of the ion?

(c) Which C-C bond is the longest?

(a) Draw all significant resonance structures for the following ion.
Show how the electrons are moved using curved-arrow notation.

(b) What is the resonance hybrid of the ion?

The two species A and B shown are structurally very similar.
Draw all important resonance structures for each species and
determine which is more stable. Explain.

The two species C and D shown are structurally very similar.
Draw all important resonance structures for each species and
determine which is more stable. Explain.

)J\/\/\@

P
® ®
o~
A o B
©
O@ 0
c O D n
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Solutions

1.  Write the ground state electron configuration of each of the following atoms. For each atoms, identify the
valence electrons and the core electrons.

Ground-state Electronic Configuration The number of Valence Electrons (in Red)
(a) Al 1s22s5%2p®3s23p* 3
(b) S 1s225%2p®3s23p* 6
(c) ] 1s22s?2p* 6
(d) N 1s22s22p?® 5
(e) F 1s22522p°® 7

2. Which of the following formula contains at least one ionic bond?

Molecules (b), (c), (d), (g), (h) and (i) contain at least an ionic bond.

3.  Rank the following in order of increasing negative partial charge (8-) on carbon, assuming that a covalent
bond exists between the atoms indicated.

(8) CHa-CHa (b) CHa-MgBr (c) CHa-Li (d) CHs-F (e) CHa-OH (f) CHa-NH:2

Ranking (Least negative) D < E < F < A < B (Most Negative)

4, Draw Lewis structures for each of the following molecules:

@ (b) (© C) (@)
Lewis Struct ‘0" B
ewis Structure Il—l ,,H ||‘|®,/o. 9 'l'l . Br—C=N:
H-C-N: H-C-N_, . :Cl—C-H .
4 H H ..O.:® HH :ClI:

5+6 Draw the following Lewis structures using condensed and bond-line formulas.

Condensed Formula Bond Line Formula
@ CH3CH2CH2CHs e
(b) CH3CH=CHCHs or CHsCHCHCHs (No e

double bond drawn)
(c) CHsC(CH3)=CHCHs or CHsC(CHs)CHCHs

(No double bond drawn) )\/
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(d)

(e)

()

7+8

@)

(b)

(©

(d)

(e)

202-DCP-05

Organic Chemistry 1 — Problem Set 1

H,C~C
HQC\C/

Hy
CH,
Ho

written in condensed form.

H,C~ &
HZC\C/

Ho
CHCH,CH,CHs
Ha

CH3OCH2CHs

Ring structures cannot be

v
Q_ﬁ

Draw Lewis structures and condensed formula for the following molecules. Include all lone pairs and H

atoms.

Lewis (Dash-Line) Structure

| [
H H H o H
H-C—H
H
0"
H //
H-?/'\N.
y-C~Z
H H
—C
.. /7 N\ H
H-C-0—C ‘c—C=Cc—C-H
H \C:C H
H H

Condensed Formula
CH3CH=CHCH(OH)CHs

CH3CH2CH2C(ClI)2CHs

(CH3)2CHCH2C(=0)OCH2CH3

0"
/]
Ho— S .
| L]
Hzc\\é?
H
HC—CH
e/ N\ _
H,CO—C C—C=CCH,
HC=CH
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® H\ ,H I-/IC—-C{-| ’
AR Hd”  Nc—C—CH,
H-C C—C—C-H Ho=ch @
\ /@
c=C :
H H
() HH HH H H,C—CH; CHsg
_C \C,H /
H/ NP 7 HoC CH=CQ
.G C—CO CH
H /- "N\ _H H,C—CH, 3
H’Cl;—cl;‘H H/C\H
H H
(h) H H H H H HZC——CHz CH
/\C—C/ W H,C \or—ci 3
H , yah 2 -
N c—c/ " O/ “eh
H\ o/ H’\C,H H,C—CH 3
A
(i) H H H H H .. ® ©)
o | I I 9.0 NH5CH,CH,CH,CH,CO;
R
H H H H H

9.  Convert each of the compounds given in condensed structures, first, into dash-line structures and, finally, into
bond-line structures. Include lone-pair electrons and formal charges, where necessary.

Bond-line structures

(a) CH2=CHOCH2CH(CH3)2 /\O/Y

/\(\/O\ H
(c) (CHsCH2)2C=CH> /\f

(b) (CH3CH2).CHCH2CH20H

(d) (CH3CH2)sCOH o e
(e) (CH3)N(CH2CHa)2 L .
N7
|
) CH3CH2SH /\S/H
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10. Re-write the following cyclic compounds in bond-line formula.

11. Provide a condensed structure for each compound given below.

Bond-line Condensed structures
structures
(@) (CH3)2CHCH20H
>/\OH
(b) (0] (CHz3)2CHC(=0)CH(CHz3)2

(©) CH3CH2CH=CHCH=CHCHj3

(d) (CH3CH2)2NH

NN
/\N/\
H
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12. Convert each of the compounds given in condensed structures, first, into dash-line structures and, finally, into
bond-line structures. Include lone-pair electrons and formal charges, where necessary.

Bond-line structures

€) CH3CH2CH20CH3s f e
O
(b) (CH3CH2)2CH(CH2)2NH: ||'|
N
/\(\/ “H
(c) (CH3)2C=CHCH2CHs W
(d) CHsCOCHs S 0 ‘

(e) (CH3CH2CH2)3COCH2CH2CH=CHCH2CH20C(CH2CH?3)3

NN .
N 5§\
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13. For each bond-line structure, a) draw the missing lone-pair electrons on atoms, b) determine the number of C
atoms present, and c) determine the total number of H atoms connected to the C atoms.

Structure after filling-in lone- # of carbon # of hydrogen atoms
pair electrons atoms connected to carbon atoms
H
(a) /\[(N\/ 5 10
. O,
(b) 6 14

(no lone-pairs)
(c) 12 18

(no lone-pairs)

(d) Heg ) 6 5
() T 6 10
(f) R 7 10

14. The molecule shown is the bond-line structure of cholesterol. Re-draw the given structure as a condensed
formula. What advantages do bond-line structures have?

CH(CH3)CH,CH,CH,CH(CH3)»

Hy, CHs / The bond-line structure avoids
H C/C\é/CH writing of C and H atoms, drawing
CH2 | \CH of C-H bonds and clutter; thereby,

22 | 3C|)H e / 2 allowing quicker drawing of the

~
HQC/ \(|)/ \(|;/H (I-:|2 molecule.
|
oo CH C I~ CH2
HO/ \ﬁ/ \(H;/
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15. Each chemical transformation below shows a starting material (i.e. reactant) being converted into a product.
For each reaction, determine whether the product has more, fewer or the same number of C atoms as the
starting material.

Number of carbons Number of carbons
in reactant in product

(@) O/ (jo 7 6

O iw 8 ;
(@]
(C) /\/ L / 4 4

16. Draw Lewis structures for each of the following ions. One atom in each ion has a formal charge that is not
zero. Determine which atom it is, and what the formal charge is.

@ (b) (c) (d) (e
The C2Hs anion The CHs0 The CHsN The CHsO The C3Hz anion
cation cation cation
Lewis structure H H H H H H H H H ©)
Lo c=g® Lo NBAO) ! _=
H—C|:—(|3. C 0 H—CI)—Il\l—H H—IC—(I): H—CI)—C:C.
H H H H H H H
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17. Complete the Lewis structure for each of the following molecules by adding enough H atoms to complete the
tetravalence (N.B. octet) of each carbon. Then, re-draw the molecule in bond-line formula, including lone-pair
electrons and formal charge on atoms, where necessary.

Lewis structure Bond-line structure
G) H 0.
00 Y
H H H*O" JOLINON
1 11l e H ¢ o H
H-C-G-C-C-C-0-H
HHHH
®) AR NHp
H-C-C-C=C-C-0-H )\/Yo_.
H| HH :
N> “H
H H
(©) H
H-C—-H
o nw A
H—CI)—C—CIZ—N;
H|w M
H—Q—H
H

18. Complete the Lewis structure for each of the following molecules. You may assume that no formal charges
exist on any atoms. (All H atoms are shown; add only bonds and lone pairs of electrons.)

(@) (b) (c)
1 -Cris .H o
o &N ; H-G-0=0-K=G;
HC™c” C H H
O.:FH H. _.C_ __H
i
H \(If “H
H

19. For each molecule, fill in the missing lone-pair electrons and identify all C atoms that you expect will be
deficient in electron density (partial positive, 3+) by writing 6+ next to them.

@ g (b) 0 © o
A 5+’ St CI .
e Ejg%s S

8+
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20. For each of the following compounds, identify any polar covalent bonds. For the covalent bonds identified,
place 5+ and 6- symbols in the appropriate locations.

@ 5 oo (b) 5o R
O o7 3107 & "L
& 5+H,O\/6+K§O:H 5 )

Polar covalent bonds are Polar covalent bonds are
indicated in red Polar covalent bonds are indicated in red
indicated in red

21. Atoms having a partial positive charge (8+) within a compound are the places most .‘O‘.
likely to be attacked by an anion, such as hydroxide (OH-), when a chemical reaction )\'Z\S;CI .
takes place. In the compound shown, identify TWO carbon atoms that are most likely St o
o e
to be attacked by a hydroxide ion.

.H
22. Identify the formal charge on each atom in the following H-N
species. Assume that all valence electrons are shown. H,\(I3—C\/—H H

H C=C o
As for formal charges, only two atoms in Red have H-C, ,C-C_.
formal charges as shown in the left structure. All c-c .00

other atoms have the formal charge of zero (and Q[}I i
shown to be neutral). N

23. Inspect each structure carefully and draw right numbers of lone-pair electrons on C, N and O atoms to satisfy
the formal charges indicated. If no charges given on an atom, it means the formal charge of zero.

€) (j///zo
.'Clil)'.
O G5 emy:
© “0-c=N®
(d) " @ H
0 p
® |’
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24,

(i) —

(ii)

25.

(e) o

..O .o

AN

©

)J\O/\ (i) — : O*
/ (iv)
(Vi) — '.N|/ (viii)
(ix) —
(vii) — NH,

Determine the formal charge on O and N atoms below.

H

)

O

Formal Charge
(1) 0
(i) 0
(iii) -1
(iv) +1
(v) +1
(vi) 0
(vii) 0
(viii) +1
(ix) -1

In the methoxide anion (CH30O"), is it possible for a double bond to exist between C and O, given that the

negative charge resides on O? Explain why or why not by drawing the Lewis structure of the molecule, and
assigning the formal charge on all atoms.

26.

H..0
H-C-0:
H

methoxide ion
(i.e. conjugate base
of methanol CH3;0H)

Correct Structure

H

H-C=0 |

H

A double bond is NOT possible as
carbon violates the octet rule.

The following is a skeleton of a molecular anion having the

overall formula CsHeNO-. The hydrogen atoms are not
shown.

(b)
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(© ‘0%

T..

only tertiary

(89 carbon
27. 28. H
H T | H '|_|
\C/o o. H\(|:/O:
° o H I H L)
Glucose in "0 CL .. .\C/
bond-line H 7 Yo% oA H
structure | T G
e _C__CM e 0N
«0"/ ¢ o7 | o
L | H |\H o o C\—H H||_|
Ho 0. '
ee 'H -.O\
L ] H

Curved-Arrows

29. (a) Draw curved arrows to show how each chemical reaction is taking place. (b) Indicate which bonds are
formed and broken as a result of the chemical reaction. (N.B. It is always advised that you fill in missing lone-
pair electrons before starting to draw curved-arrows)

(a) KL RIS
(u) broken ©-.. Q K
/C\OH + : Q_H /C\..@ + H/O\H

H (@] H (o
\—/formed "

b ». . . . o,
(b) © broken " HO. “0:©
/C\ /CH : _H S — AN A
oot + ) h 0 CH,
; g < formed
ormga . . N
(c) HQ\C./O.: © (I)I o-
~US /CH _— DAY . -
H G0 3 Hoo r TQTCHs
* broken Tt
d broken
e .. ..0
O-H + oy — = HC-OH + :T°
formed
(e) Q- HaC_ CH, CH, . .
° .O_ + HZC:C + :CI : + H/O\H
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30. For each reaction, (a) provide bond-line structures of reactants and products, including lone-pair electrons
now shown. (b) using curved-arrows, show how the reaction is taking place. (c) Indicate which bonds are

broken and formed as a result of the chemical reaction.

(@ NHszt + OH-> NHs + H0
E@broken .
). N ‘o
~INJ + . O—H N + IS
"h " : bl B de . d
ond-forme
Bond Broken
1 NH formed 1 OH

(b) CHsCOO- + CHsNHsz*> CH3COOH + CHsNH:

9 broken CH, C”) .
|
/C\.. + /C\ ,H + SN
H3C o ,f’?‘ﬁ HsC™ 20", HsC y H
- b
Bond Broken Bond-formed
formed 1 NH 1 OH
() CHsCH20" + NHs4*> CHsCH20H + NHs
broken 1 N
NGo +ro en CNC:L) o l\ll
. \_/H |l| H - .0’ + H L H

formed Bond Broken Bond-formed
1 NH 1OH
(d) CHsCH2CH2NH3* + OH-»> CHsCH2CH2NH2 + H20
Q-- broken ® . .
TR . NS - . Jo: N
\_/H |l| H H H + H |l|\/\

Bond Broken

formed 1 NH

Bond-formed

1 OH
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31. For each set of reactants to be used in the following acid-base reactions, a) identify the electrophile and the
nucleophile. b) provide the bond-line structures of the expected products including lone-pair electrons and
formal charges on atoms. ¢) Use curved arrows to show how the reaction is taking place. d) Identify which
bonds are broken and newly generated as a result of the chemical reaction.

(@) NHs (Nucleophile) + HCI (Electrophile) - (acid-base reaction)

formed
. H
ot I ..O
H/'}lﬁ;@] P N®  + R
H broken HyH
base acid conjugate conjugate
acid base

(b) HCOs (Electrophile) + OH-(Nucleophile) > (acid-base reaction)

@6 H broken 9 acid o 0 o

f0- . . Cost JON

S AP o
e e PO conjugate

base formed Ezgjeugate acid

(c) CHsCH20- (Nucleophile) + HCI (Electrophile) - (acid-base reaction)

acid
/\d.@ + A - > ~o-H
. v H—u(.:.l . -.O,- + Conjugate base
base formed broken

Conjugate acid

(d) CHsCOO- (Nucleophile) + NHas* (Electrophile) -> (acid-base reaction)
.-O’. . .

X broken H o
Co0 + ©)] + AN
HC @ HCE‘H Hie 207 HyyH
base \/ acid conjugate conjugate

formed acid base

Resonance

32.  Which of the following pairs are not resonance structures of one another? All lone-pair electrons may or may
not be shown. ldentify where each lone-pair that is not shown belongs.
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(a) (b) (c) (d)
@ 0] OH o) O @ N@ @
S 7 ly
(e) ()

(9) (h)
S F |
™ F
M @)/\/\ F /\/ K/ _ \©\\©/ w) \H

Only pairs C, D and E are considered resonance structures of one another.

33. Draw all important resonance structures for each of the following molecules or ions. Be sure to include the
curved arrows that indicate which pairs of electrons are shifted in going from one resonance structure to the
next.

@ [ w50 ' 0% ]

®) T RENCR [ o ]

(d) @

(e)

~ _ () ; |
(P —C— L3 Dr—P—0)

34. Draw all important resonance structures for each of the following ions. Be sure to include the curved arrows
that indicate which pairs of electrons are shifted in going from one resonance structure to the next. What is
the resonance hybrid of each species?
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(b)

(©)

35.

202-DCP-05 Organic Chemistry 1 — Problem Set 1

________________

OH OH

E Start from here

The resonance hybrid is

combination of 3 resonance structures

‘0" .‘O/H the combination of 4

® - |® resonance structures
® The resonance hybrid is the
= ) X ‘5 = N X combination of 2 resonance

structures
©,
Y| — [0 L

O-. Q@ E [ ©". The resonance hybrid is the

| - -

N .
. OWO -

©

. OM@@O g
T

R

(NGO

The resonance hybrid is the combination of 4 resonance structures

(a) Draw all significant resonance structures of the following ion.
In drawing each additional resonance structure, use curved
arrows to indicate which pairs of electrons are being shifted.

(b) What is the resonance hybrid of the ion?

(c) Which C-C bond is the longest?

)W@

. l@
© © ©
The resonance hybrid is the combination of the four structures.
This bond (in red) is the longest C-C bond as it is not a part of electron delocalization and excluded from the

resonance stabilization.
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36. (a) Draw all significant resonance structures for the following ion. ®
Show how the electrons are moved using curved-arrow notation. X
(b) What is the resonance hybrid of the ion?

The resonance hybrid is the
combination of the five structures.

37. The two species A and B shown are structurally very similar.
Draw all important resonance structures for each species and
determine which is more stable. Explain.
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— @ — _ _ _ _ @
® el _ | |
s - > @ . N obtained from pushing arrows in blue
i .\ 1 . 9\ ...E)\
A R B . . .
A has 5 resonance structures | obtained from pushing arrows in red
| O8]
©
(e o~ o7 o
® o
B
B has 4 resonance structures
Structure A has more resonance structures; therefore, gains a greater amount of
resonance stabilization (More stable)
| . o o=
38. The two species C and D shown are structurally very similar. (@)
Draw all important resonance structures for each species and
determine which is more stable. Explain.
c O D n
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FO.. i .. .. ..
:0: : (O ‘O
v e, o
. > > .
.0. .O. © .o. .O.
C C has 4 resonance structures
SO . o™ E ‘o
e, | |
~- I obtained from pushing arrows in red
i CH [
: BEL-ENE :d.
L - o — Ce ° - L @ _
D has 5 resonance structures : X obtained from pushing
! ! arrows in green

same molecule

Structure D has more resonance structures; therefore, gains a greater amount of resonance stabilization

(More stable)
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