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}!l |1| H H H H



Q—q' : draw 3 constitutional isomers of C4HS8. Gl
H

: H-C-H

N
° )
- SO H_C—CmC=Ch s HC—C=Coh
B by H i

/CH\ C|HZ_C‘H2
Ci,—CH, > Cl—CH, » CHpCh=CHCH3

Note: Do’y Tefeat the some constititional $semer”

and acount i s anew one.

" " cH W Chs
| \ 3
Like: | Clg=C=CHy=C=CH5. ey ¢ —clp—CH > Clg—G—CH (Cshaz), has onl} thieg constitutional fsomers.
H H H H Chg
CHs
o o | g '
CHg—C—CHy-C-H CHg-C-Cly-CH | cyg—C-cis | CHh=CHy=Cly The Same ones )
H H H H Chg CH3 Aén‘ce‘ne st

e @5z Draw structural formulas for the three possible isomers of

C,H,0.

oH
|

CHz-CHy-CHo—H . cHz CHCHz »CH3Clp—0—CHig

Q _6: Write a structural formula(hat shows all bondéfor each of the following:
a. CH,CCLCH,  Eypaplied b (CH),C(CH,CHy),

Structyral H
formulog. Hed
g T
R ® u-g-C—G—g-cH
H ¢ H H H y-c-H H H
A
Q-7 Write a structural formula that shows all bonds for each of Notes In ke these YUCKERNS
the following:
> @ach carbon atom, has to have
a. (CH;);CCH,CH,OH b. Cl,C=CCl, o
2. (CH,); S é A four” bonds around 1%
| H
H-C-H clh ¢l
H H i ] .
[ S [ e & Notice that the non-bonded electron pairs on oxygen and chlorine are not shown,
@ H‘C.: —:C - § - C,i ~O0-H @ cl—-C=C-=Cl Not Non-bonded electron pairs are frequently omitted from organic structures, but it is
H H'&'” HOH important to know that they are there.

Q-2 EXfand the fllowing Structites:
@ CHy (CH)CH — CHCHCHCHCHy

CHz

© @Hsc"k)zc (CH), s Clych C.‘ _CHCHe
CHg

Che
B ChCCH),CHCH - Ch-C-chpchy
Che

Notes Neb _necessarfly  extanded Grmulas Just stmpitfd them.

CH

® (CHYCHEH,C(CHa)y > ChCh-Clo—cHyC_cHs
CHz CHg

Note: In ke this

Chg
© CH(CH,CCHCHe  Ciy—C—ClpCHg question s there 1
CH
i OYHJ one correct
answel




_9: Expand each Formula of the followns

CHe
CHz )
1. (CH3)2- CH-CH2-CH3 ,_cp_CH_CHs—Chg o 2. (CH,CH.).— C—(CH,). — CH-Clp-C—Ch-Cle
CHz
Gt e
+ 3. CH,(CH,), CH(CH,), -ch-ciy-CH_Cl 4. C(CH,), > Ch—C-CHg
CH3
o B
- 5. CH3~ C(CH3)2-CH2-CH, —5 chs-¢_cn-c 6. Citi-Cir2 1 —>Cy-ComC
H
CHz Br,
e@-10: (line
c

)}\/ Cl{Hz
C
Write a more detailed structural formula forC c v > L -G~ Chs

expnded Structual formilas
Hddleden atoms are omitted.

c C
- Q—ii: Write a more detailed structural formula for C—C CHs
c

|
c - CHSCHZCHCH2CH3

.12
T Writea line-segment formula for CH;CH,CH=CHCH,CH(CH,;),.

/\/v<

-§-18: Write a line-segment formula for (CH;),C=CHCH(CH,),.

< stands for the carbon skeleton I C

Q _14' b4 Write structural formulas that correspond to the following abbreviated structures, and show the correct
number of hydrogens on each carbon:

/ C';, %Hz
a. /ﬁ/ > C-C-C-C > CHy CH,— C - cHy (@) CH3CHy CcHg) =CH>
Carbon dkeleton.



C \C
c” ¢ b-c” N
b ' R—
. : - C—c > C—c-H
carbon {keleton,. H
C oottt
G chs-ch PAIaE
> C-C_C scug-c— cH () CHs)s CCH)EHs),
C. C' é C”S CH3
carbon keleton,.
C
c” \C/C\ PN
| R |
. - C ¢ ¢
d \ c
carbon dkeleton,.
CHS CHZCHg H H\ /H H /” H H
L O e
CHgCH), CH e, CH(C_HZ) CHe s(oM)e w-c \Cl/ SO
H T S
C 3 CHz H—C\H CHs
CHs

/\O/\ N C—C—O—C—C+CHSCHZ—O—CHZCHS

ComMon > Here
wmistake” 1% isnck
carbon atem
Cnvever)

JUSE & Vacuum.

€.

H

! HH\ IH
f C c H—- C_ /C CH Hg
> N/ NeC > H C H,c/ 3 or): cHsC HEH5), CHy
& cu3
(oM 2 (CH;), CH (CHz),CHz
H c /C J_\CH
C TR LY
_ C | il
,lc \C n»\C/ \C—H CK /CH
g. o S e [ A
- N /C H- g /C—H

Carboi skeleton S,



h. -

No Carben
atem here O
-Pecall that®

=<
o MY |-|£Z\ /CHz
(@)
C CH
C 7/ CHa 3
e /
c N SRS
C\ /C e gﬁH
; Su”
C C
7\

34ands for

J.

£ the triple bond-
—_—_ C=C-C=C-C-C > CHCC H)ZCHZCH)"

For each of the following abbreviated structural formulas, write a line-segment formula

P-15:

a. CH,(CH,),CH,
> /\/\/

In line formulas, each line segment represents a C—C bond, and C-H bonds
are not shown . There are a number of acceptable line
structures for CH;(CH,),CH,, three of which are shown here. The orientation
of the line segments on the page is not important, but the number of line
segments connected to each point is important.

Note:

I
b. (CHs),CHCH,CH,CCH3

o Yol can draw another Shake
(This_isn*t imferkant).

c. CH3;CHCH,C(CHs3)3
| > K

OH

H
}C\CH

d. CH3—C{I |
HZC/CH

L, 3



.Q_16°<\/€r %fa:nh()icant Yestion): thMJ:] each of the )@nowm:}
Structures  fonelf sthen » answer on the following GUESEions :

o Notice that
- & I hjdrlen
X e T atom§ al’e€
N d omitted.

®)

(A)

@ what are the formal charde and h)bridization far each tdlcated carbon atom
the ﬁ'ﬂure (AP

* Formal Charde: os423-bs 415 Cssl swg/[g

cwhen Jou determine the formal charde t the fiourés) ke ones above . deal with
carbon akoms as they dorck have hlden atoms obslitel] bk when ot SIDGCTJ[Z/
the Wbridlzation of carbon ctoms sdo mUSt take care of the omilied hddrslen
otoms.Done P Al ight .

. The hibridization: o sP% . by SPS , cs SP°
Owhat a the formal charde and hlbridization faveach Wdfcated carbon atom in
the {rure () 0

Fermal chald€: d5 0. C5 4.2

. The hibridization: d.P% e3P

._QLHCJ;J.QM‘_M: A cluster of atoms which —ablach to each other k) bonds and % distiguishes

the chemtal ComPBind.$ )Qfam each ofhéra Only C-C and C-H Alkane
C=C Alkene
C (triple bond) C Alkyne
[ ] Arene “Aromatic”

Q@-17Find functional groups in each of the following structures.

C-X (X: halogen) Alkyl halide
Note: The SHUCUre S gﬁ‘, Aeohal
H.C - C N CH, W"al'l{: kave Mmore Aldehyde
than one )()Mnc{pnahJ\
\
roMlD galA bJ JL Ketone
AMAE: R i N Dr Kamal Qwetdan. R r
ﬁ (”) Ester
(||) o R"or
cC—H i\l ) Carboxylic acid
B: /\‘/ plehlerpdn  § v
V AlkanesC-C ond CH - [ RZ0H _—
.Alkene: C=C I oo
R” \w/
B
R—NH, Amine

C-S-C Sulfide



O

C: = ;:'3
KU\N T m“le/ )’\D C._ ' F\\
Alkone: C-C and C-H

. K;\
v .Alkene: c=C

Alkane: C-C and C-H
.A\kJner c=C

EO\(E Ether: foo_ R
"
O

O

" CH. C-0-cucH, “Edten R-C Eap
g SRR Alkane: C-C and C-H

0 i
e I ,Ke/‘bo}’)@ E—C—K)\
H,C- C-CH,- N - e Alkanie: C-C and CH
.Alkene: C=C

G: CH,- O - CH,CH,OH Ether: R-o_f
.Alcohel z Lo, Alkene: C-C and CH

Note:(X) belonds to haldens: BYsF.Clsls-.
cAlkY haiides px Ml Tfrbant ones-
-Eiher o s Alkone: c-C ond C-H

- Amine: p-ahs

A\kene c=C

J:

oss Am:l&

Alematic CArene).
Alkane: C-C and C-H
N

Alkane: C-C and C-H

(Alkene: C=C\_, wren) Jdue to

( >_)H|e Puue bond
nek ?crmeel between
fwo adjacent carbon

aoms.



Q_’l g: write a structural formula for each of the following:
a. analcohol, G;HO CHgf—Hz CH,0H b. anether, C;H,,O _ cHs (cnz)z —0-CHz (o) CHSCHZ— o— CHZCHS

o) O
[
c. an aldehyde, C;H,O S CHS CHZ- |C'_H d. a ketone’ C3H60 > C H3 -C_ CH\g

o o
e. a carboxylic acid, C;HO, > CHS cnzcl{— OH f. an eSter’ C5H1002 - C Hg Cl‘b Cl-',— ocC HZCH3 (}ne $u~23 &S‘I:EA O”SW@I’"
o mang onel).

Q —/.\.c\: Many organic compounds contain more than one functional group. An example is phenylalanine
(shown below), one of the simple building blocks of proteins (Chapter 17).

(¢}

[
HO—C —ClHCHz

NH,
phenylalanine

What functional groups are present in phenylalanine?

Redraw the structure, adding all unshared electron pairs.

What is the molecular formula of phenylalanine?

Draw another structural isomer that has this formula. What functional groups does this isomer have?

Lottt ool o

o
1]

o Gatbon)) Joup(aarbordiic. acid): R_C_ok
AMino JBF) Amine: 2. MH,
Arene (Afematic  grauF).

0 Wy H-C=cC-\
w Mo ! / \
bs H-8-C-c—c—C G c— GHUNO
-yt e
H H
|
Np-C—-C —C—=C C-H
[ ] \\ /
H H Q_C,/
H H

Functional JreuFs:
Amlide

.Alco}’)o}-



®_20: Write electron-dot formulas for the following species. Show where the formal charges, if any, are located.

a. cyanide ion, CN~ b. nitric acid, HONO, el on ‘H’Iﬁ total.
c. dimethyl ether, CH;OCH; d. ammonium ion, NH," -
e. nitrous acid, HONO f. carbon monoxide, CO f

g. boron trifluoride, BF,; h. hydrogen peroxide, H,0, oFma Charg@-

i. bicarbonate ion, HCO;~

) ol
(1] .o ' o g .93 .o
@ ;/\/] %0: ::CuN: © H-8-N=38: S0: HG:N::5:
H " H Tota) fltnal %harj)é’,zo
e 0O Lod ' L]
@u-c’:-é}_-C‘-H 290t H:g:g:g:ﬂ @ H=AN-H > Jo: H:N:H
EOA T ! i

@ H —6-;\7:6: s Qo: H:C.S-./'\./;:ES, @ C. = 6 2S0:  CHO

@85 E-B-Fiom pgh () WQ - w-g-gonuse WGGH
Note: ) =¥ :E:

o
There are 24 valence electrons (B = 3, F = 7). The structure is
usually written with only 6 electrons around the boron.

B, 1 15252P, CHE12SUP" L vE=3E

“ \(”/ \CH3
Q <l
\qéo \CHS H/(‘\H
[ ]
SolL tioNe
@
/ e \
H H
Q 223 Add curved arrows to show how electrons must move to form the product from the reactants in the following

equation, and locate any formal charges.

HOM

. %5 |
CH3 —gii(fH/z.—(,—OCHg. — CH3—C—O0CH;
[
HO —CHs

@ —23:Add curved arrows to the following structures to show how electron pairs must be moved to interconvert the

Structures, and locate any formal charges.
! X Trangmission £ cleciens

N . octl between the odpcent
[(g—H RS @ZO—H} otoms onéj. JO




() -24: Which of these are true and which are false about resonance?

* Resonance structures are real, and molecules switch back and forth between them
rapidly.

+ All resonance forms for a given molecule make equal contributions toward the
resonance hybrid

+ Generally, neutral resonance forms make a greater contribution to the hybrid than
charged resonance forms

* When choosing between two resonance structures, structures where all atoms have
full octets is generally favored versus those that do not

* When interconverting resonance structures, it is OK to break both pi and sigma bonds
+ Lone pairs can participate in resonance with adjacent pi bonds

+ Atoms with less than a full octet can participate in resonance with adjacent lone pairs
and pi bonds

+ For atoms to be in resonance it is necessary that their p-orbitals must all be capable
of lining up in the same plane

* In the resonance structure of the allyl cation (C3Hs*), the positive charge is delocalized
over two carbon atoms, leading to equivalent C—C bond lengths.

. ANS e [5: Which of these are true and which are false about resonance?

» Resonance structures are real, and molecules switch back and forth between them T F
rapidly.

False - resonance structures are not real entities; the actual structure is a hybrid of the

resonance forms.

« All resonance forms for a given molecule make equal contributions toward the T F
resonance hybrid

False - some resonance forms make major contributions to the resonance hybrid,

whereas the contrribution of others can be extremely minor or negligible
+ Generally, neutral resonance forms make a greater contribution to the hybrid than T F
charged resonance forms

Generally true since neutral molecules will have full octets, among other factors

* When choosing between two resonance structures, structures where all atoms have T F
full octets is generally favored versus those that do not  Yes - full octets more important

* When interconverting resonance structures, it is OK to break both pi and sigma bonds T F

False - sigma bonds do not participate in resonance (although sometimes we break
these rules when discussing hyperconjugation)
+ Lone pairs can participate in resonance with adjacent pi bonds T F
True - this is the concept of ‘pi-donation”
+ Atoms with less than a full octet can participate in resonance with adjacent lone pairs T F
and pi bonds
True - this helps to distribute positive charge over a greater volume, which is stabilizing
for carbocations
+ For atoms to be in resonance it is necessary that their p-orbitals must all be capable T F
of lining up in the same plane
True - this is called “conjugation” and it's necessary for resonance
+ In the resonance structure of the allyl cation (C3Hs*), the positive charge is delocalized T F
over two carbon atoms, leading to equivalent C—C bond lengths.
. True - the positive charge is split over the two terminal carbon atoms
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The answer: d

forms?

a pair of

©<—>O

2‘ NH,

—26:
@  Which of these

i — o

The angwer: C

Nu,

Q_ 2 g 9 Rank the following carbocations in order of stability (1 = most stable, 4 = least stable)

CHy (2 CHy CHy
@%cm ©/°\© O«%\O O«%\cm
A B Cc D

The answer: Al have the Same
bolal $opmal chardes So1 more (&) and (1)
bond$ s means more S{:abmtg
(8>C>AYD)

All of these carbocations are tertiary (attached to 3 carbons)
They differ in the number of adjacent aromatic rings (capable of stabilizing the
carbocation through resonance)

The more aromatic rings the carbocation is attached to, the more stable it is.

Q -2¥= Which of these a pair of forms?
2 o
C.,.H s
He N Rl H,c’c","@')1
CH, CHs
Yot e
H;C—?—?—?—CH; PN H:,C—(E-CI-(I:-CH:,
HHH HHH
H H NH,
C=N_ R “c=N
NH, H
o H ®..n
: 0 0
AT A
® The onswer: A
Q=29 e (A The anmwer: A
©
A 0© B o f,o
PN n,@r?\.é)\ H?NM
[+ D . )
o® o ©°  fssible Jcrans)()qma‘cpm
u{n”\/@k u,ii/\/j\

O g O © Which resonance form contributes the most to
® the resonance hybrid of

A o.
Z?:
c
INII
@ CH,
c s:
n
g
©'Men,

eDraw a more important contributing resonance structure
*for both examples below. Use curved arrows and show all
formal charges.

H,;C —@% .

- @-31:

<« HC—N=N Tetal_
+1

<~ HC-C-¢=Cl,
H H Total
F'.

HC=C-C=CH, (®)
H H

® ©
-&
H,C-C=CTCH,

=

0-32:

Draw the two other contributing structures for this species

HN— 2

(o]

—>

Draw in the curved arrows to convert the left-hand resonance
Q — g g < formtothe right-hand resonance form

10t :09
(€]
H;cJégH ~ H;,CAN_H

o ©

-
®
15 2 _o
- 0

s Sy
N7 “CHy N

Q gﬁr. Draw two resonance structures and use curved arrow notation to show
* how they can be interconverted.

@N 29 HaC o\ )
oon Y e
H

H;C -
Y "
H H
CH T
y HJC\F N\GI)I\OCH
- 3
(L\HI\OCH;, HooH




® _85 « Provide three (3) additional reasonable resonance structures
for the following compound.

o] [o}

/”\,I,/\)’\

‘0

. =o~.ﬂl ‘0: @:b :0: :0: 0t 10
Sollkion: AgsI 4 )L,l,é\@/‘\ e&kf'}\fgl\ PN )OLT//\;L

Draw both resonance forms of diazomethane (CH,N,). Show
Q—Sé: lone pairs and any formal charge.

/Q;Cf/f\?—H o N=C=N-N ohEN=f ohE-N=/
H

H

Q—g?: Draw all other reasonable resonance structures of the following molecules
.one. onide

~f'o"@ ¢ @ oNanNCce
0 " \ o /\/ o fes
©<°H rendl 4 SErUCHUTES

Cc %J-OFW\S 4 bonlS W\O\XTWMVW’Z])

@ . -
OMe :OMe .
4 ®=0Me
N - 7z e
R
A/u\/ - — NN
Q _ 3 (? e Provide three (3) additional str
@ for the following compound. oo,
G "0
@" P >
SAMCART ) Bk

fecall that:
The formal charge on an atom in a Formal _ number of valence electrons  (unshared  half the shared
covalently bonded molecule or ion charge ~ in the neutral atom electrons  electrons
is the number of valence electrons or, in a simplified form,

in the neutral atom minus the
number of covalent bonds to the
atom and the number of unshared
electrons on the atom.

Formal number of valence electrons

charge ~ in the neutral atom — (dots + bonds)






