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This exam is a closed book, closed notes.
Calculators and a molecular model set are allowed.
You must show your work in order to receive partial credited.

Question I (30 points):

Question II (14 points):
Question III (12 points):
Question I'V (13 points):
Question V (10 points):
Question VI (21 points):

Total (out of 100):
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Question |. Multiple Choice (1.5 point each, 30 points total)

a) Piease give the pKa of the MOST ACIDIC proton in each molecule.
1) 2) 3) HO 4) 5)

0 .0 0. 0
. 0
HHERs HaC-J\I)LOCHa &N’ *HaN /\/go \.' l #Z .

A) 12 A)LS A)S Gy 10) A)S
B @ B) 10 B)T§ B) 10
(Zi 25 Ty 12 (€ 16) )20 #(m)
D) 40 D) 20 ﬂ T$ D) 40 L]
E) 45 E) 43 E) 33 E) 45 E) 23

b) Provide the product in the box (3 points) and the Keq for the given reaction

OH © 0 ‘ Oeo

Ph/ULCHs + H3CJL0' Nat e HaC'?Lo"l + Ph)vu‘ﬂ‘la

6) Keq: A) 10"5 C) 10%, D) 10%; E) 10"

7) Number of SP2 hybridized atoms in the following molecule.
/

WY

.

A) 6(B) 7) C) 8; D) 9; E) 10

Select the most acidic compound in the following group of molecules.
8)

0 0 0 0
CF3 \OJK/CFS \QJK/ )K/
B c D

o
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10) . L
w \/?K/@ OZNO\)OJ\/ )?\/NHa
A B _ @ ‘ D

Identify the strongest labeled bond in the following group of molecules.
1) I

CH3-Cl  CHy-NH,  CH,;-OH CH3-PH, CHy-CH,

A B @ D E

12)

CH,=0 ch =5 HyC =AsH CHs-PH, CH3-CH3

) B ¢ D E

13) The number of the longest carbon chain in the following molecuies.

A)12;B) 8; C) 9 E) 11

14) The number of substituted groups on the longest carbon chain.

A) 40) 6;D)7;E)8

18} The molecule with the lowest boiling point.

| Y
/J\vA\ /\/I\ P \_0 - \0 H NN
A B c 5

16) The molecule with the highest melting point.
Joo YNk
® o

A B
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17) Which atom in the following group has lowest electron negativity?
AF; B)O; C)N;(D)H) E)C

18) Rank the strength of the indicated bonds in the following molecule.
1
i
\ .
Z

/ H\a

2 c
A) 1>2>3>4; B) 4>3>2>1; C) 3>1>4>2; D) 2>4>3>1

Question Il. Nomenclature, Lewis structures and isomers (18 points):
2a) Name the following molecules (2 points each, 14 points total).

5-(1,1-dimethylethyl)-3-ethyloctane 2-bromo-N, N-diethyl-1-propanamine

&

A g

% ~bromo - 1~ ethary - 3-(i-methylethyl) hoxane N-ethyl— .3~ dimethyloyclohexanamine
OH cl
\’Jj’\(\ H ~
HO = HONG~""H
2=(2-ethylbutyl) 1. 3 - pentoviediiol ot
or 2-(2 —efhglbufgl)P?MMP - 1,3~ dicl 2 -bromo -1~ chlorobutane

o CH(CH),

OCH,CH,

H H
H

l~efhox3f3 —mefhal —1-putonel

O - ethoy—3-methylbutan- - o
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2b) Draw the Lewis structure of the following molecules {4 points).

C,HBeF CH3N,
- 0 | o
He C» C Bet FO or H"é é BP'F H:CINENY o H_—?—NEN’:
4 H
== [NFeN G3H3Te . i
':o I:E-"s E .T; H"T " H Te H H
om =e Ushes "
.‘F:_Ln:f\’:F: Or .o/ln ’;I'—E: H:C.C- C‘.:H or H- Cl 2 él—"H DY”‘C
= e M (] L3 l
!F suF H H H ]-I\

Qsestlon lll. Rank and éxplain (12 poin’ts):H
3a) Rank the acidity of the following molecules and explain why you expect this rank. (3
points)

OGNS SUNFEN
T O

In /YL:\: the most acidic H is SP-H, s Pka is 25. In JLI. #he most- acidic

H is sp2~-H s Pko is 40, In Ij\the most ocidic H s Sp3-H . e Pka IS 45,

S the higher Pka. the weaker acid , so /\IJ\E is the mest addic one and \@\

iS the least pcidic one.

3b) Rank the polarity of the following molecules and explain why you expect this rank.
(3 points)

EN G G
L R

(¥ =l

—
of
In the Structure ofF /ﬁ\ bosed on octet rule. the fovored shuchare is /éa 7719

separpied chorge makes #his molecule highest- polaﬁt_q. Sine. O has o higher

thmnegatiuitf) than N} and A/ has o higher electroneqati u:‘tg than C . therefore | the

=0 is more polar than C=N than C=C . $p +he polarity order 1s
NH

/\g\ >)?\>/J\ >/u\

:r.—f*-m
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3c) Rank the stability of the following molecules and explain why you expect this rank.
(3 points)

A\ Bl \_/ ©
> © > ® >‘e
A>c>DB
Between A and €, A is sp2 hybridization , Cis Sp2 hybridization . Sine@ S chorocter
cor  Stablize neqative charge, therefore A is more stable thon €. And S choracter
will unstoblize poOSitive  chowge - therefcre B 18 least SHauie.

3d) Rank the length of the following labeled bonds and explain why you expect this
rank. (3 points)
H CH3

®) —%cH, B>C7>A

SR \ (— M bon ndon the
W/ The fengeh andl strength of 0 (~H bord ba&mdf«(a@_ 0
H hybh‘dizaﬁon of the Corbon o which the H is ocHucked. The moe

S chorocter, the ghorter oncl stronger js the bord berause an
> orbital Iscloser to the nucleus than s a p orbital. lerfrit

ot

B spe) s loger tan C (o) and Copa) is lorgerthon A (sp)

Question IV. Questions XMS said going to be on the exam (13 points):
4a) Draw energetic profile of butane C2-C3 bond rotation with clear identification of
energy value (4 points)

E D
T / ﬂf
\ 7 \ I
/ b |<COLl/mo'| / 4‘5 km‘%m\
45keol o)
of 4
| S ot |
0° 60° 120° 150° 290° 300" . 360"
¢H th abot
e A A, e B
R H H R 3 ER H

i
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4b) Draw the most stable chair structure of the following two molecules (3 points)
HaC

I H I H

4c) Draw the double-Newman projection of the following molecule through the two

highligﬁhted bonds. Make sure pay good attention to the a and e bonds (3 points)

4 &

37 2 !
CH,

4d) DMSO and acetone are both commonly used solvents. The oxygen has electro
negativity 3.8 while O is 2.5 and S is 2.5. Based on this number, the C-O and $=0
should have similar polarity. However, DMSO is much more polar than acetone.
Explain why? (3 points)

o 0
g :
HaG~ "CHs HsC™™ “CHg
acetone DMSO
. " . li
The lewis sthucture of accione oG~ -
The lewis shructure of £
i 201 base on ocet rule
®
VAR

Thorefore  although thoy hove Snmlar ekchonagtiviey difference. the separatef
charge . makes DM mpre polar

(2
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Question V. Acid and base questions (10 points);
5a) Identify the most acidic proton of the following molecules and estimate the pKa (1
point, 6 points total)

HS . _ CH
HCZC-CH,OH = T\ Cﬁ ‘o
Nx/ ~H
16 i 10

o
CHj OH ©: H
o)
HNIj @LIOH °]<fr >
- 0
20

35 10

§b) Which one of the following molecule is more acidic and why (2 points, 4 points total)
 The cojuguted oo 7% con form the reconana

is more acidic

)
The conjugated bose hos more vesonorce- strucinres . making it more

Slable | therefore M is more puadic.
Question V. Identical question from homework {21 points):
6a) Which is a stronger acid? Circle the stronger acid.(1 point each, 2 points total)
A} CH,=CHCOOH CH,CH,COOH

Chopter 2 O 4 a

B) CHsCH,NH, CH3CH,SH

Copter 2 853

Sucdure 1o stoblize the negadive charge tharefore g&H

v
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6b) A single bond between two carbons with different hybridizations has a small dipole.
What is the direction of the dipole in the indicated bonds?(1 point each, 2 points total)

l

Choptar 2 857

6c) Give the products of the following acid-base reactions and indicate whether
reactants or products are favored at equilibrium.(2 points, § points total)

0
fl -
CH;—C—OH *+ CHO

Chopter2 Q55

0
” + CHaNH2 —_—

CHaCHzOH + -NH2 S
CH3CH20H + HCI

6d) Are the following compounds primary, secondary, or tertiary? (1 point each, 3 points
total)

CH, CHg CHa
HgC=C-Br HsC~C-OH HaC =€ -NH,
CH, GHa &H,
Chapter 3 K25
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6e) Rank the following compounds from highest dipole moment to lowest dipole
moment. (2 points)

O & o &
C/\gf/tgr/ R 63

6f) Predict the approximate bond angles. (1 point each, 4 points total)

the C-N-C bond angle in (CH;).NH.*
the C-N-H bond angle in (CH;),NH C’Laffﬂr I &s0

the C-O-H bond angle in CH,OH

the C-N-C bond angle in (CH,),NH

The end!

10



