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1. (10 points) Name or draw, as appropriate, the following molecules.

g 2o
(use IUPAC rules
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of nomenclature)

(use IUPAC rules
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of nomenclature)

c. Cis-t-butyl-4-methylcyclohexane

(Most stable conformation
use the template provided)

Trans-1-cyclopropyl-2-methylcyclopentane

7,7-dichloro-2-methylspiro[5.2]octane
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2. (16 points) (a)Draw the two chair conformations of trans-1,4-dimethylcyclohexane,

H.c,_ H

Calculate AG®, explaining the origin of the energy difference,

In A, “Hhove ave Ylp) eH,--H 1,3 -diakial
LAt ra cCt™NonNn S 4 x pA9 kf_ﬁui/wlm{_ =36 ktal /mol .
86° = -3 ead/mol Pom B 4o @

Calculate the ratio of the two conformers at 100°C, show all work,
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(b) Draw a structure for each of the following molecules in the more stable chair conformation.
F
'i
CHy V**C“
«CHs
I @HC

(CH3)sC U CH:




Chem. 3A

3.(12 points) | |

Midterm Exam #1

Page 4 of 10

[
3a Draw a sawhorse projection of the least stable
conformation of hexane CH3(CH3)4CH3 as seen along
the C5-C4 bond .

| It

r[ ~ /
H H 1

CHs CH -
CHEC H,;;

ab Draw a Newman projection of the |
GAUCHE conformation of butane CsHqg |
seen along the C,-C3 bond.

|

3bh. Write a balanced chemical equation for the combu
carbon dioxide is produced by the combustion of 44grams of propane (use C =

stion of propane C3Hg and calculate how much

12, H=1,0=186).

= |
L L R )L —=2 /
CoHyT e SAE T LrHQO
balanced chemical equation
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3c. Match the name of a

o

Weight of carbon  _
dioxide produced

= a
e & 0_1

famous chemist with the following (choose amongst: Grigrlgrd, Lewis,
Kekule, Bohr, Planck, Einstein, Pasteur, van der Waals, Pauling,

Newman, Pauli, Shrodinger).

(i) "No orbital may be occupied by more
than two electrons”

(

2o L:_,L-LI

(i) The concept of intermolecular
attractive forces

van aer (Woals
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4. (13 points)

(i) Which of the following is the stronger acid, (a) water or (b) ammonia?

Answer: /_.{? L \

(ii) 2,4-pentanedione (pKa = 9) is a stronger acid than 2-propanone (pKa = 22). Note that in each
structure below the proton involved in acid base chemistry is highlighted. Write the structure

for the conjugate base of each acid and consider possible resonance forms, then explain

why 2 4-pentanedione is more acidic than 2 propanone.

HyC—C— GH C—CHj >4 nantansdione HsC—C-CHa=H  2-propanone
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iii) Write the electronic configuration and show the orbital energy diagram for Al’ ,gum._/‘r' e Tor 3
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5. ( 12 points).

(a) Name the scientist who introduced the following concept: "Bonds are made
by the in-phase overlap of atomic orbitals”.,

"5

(b) Write the Lewis-dot structure for nitrogen Ny and for nitric acid HNO, (HONO3).
(Show charges if any).

l Answer : /D’d_td-fil

€] :
.L/\ g s N Htg:g-l‘@.éﬂ? H::{_j_'. ND

-

L 2= 4 |

(c) What is the shape and approximate H-C-C bond angle for the molecule of ethyne C,H,? Draw it
/ in Kekule form and explain your answer using VSEPR.

H~=c=¢—H

T e 1 T A S L GO [ e G e L
Ot dct ksl do o *-J*Ltﬂ,,«_qég‘. L szgoh.q::(l}i_’dm1 4. Carhbon
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(e) Using arrows, show which atoms of the molecule of trimethylamine oxide have a s hiny
formal charge. Specify the formal charge by writing it clearly (e.g.: +3) next to the arrow W I An
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6. ( 14 points)

(a) What is the hybridization of C in ethene C,H4. Draw the orbitals involved in bonding the two

C atoms to each other. Label these orbitals showing their type (e.g. s or sp, elc..), in what
types of bonds are formed betWEenit_t}e hm)_x:;arhcms and indicate their type with a Gre er:
al f 1
S ety
H=—C =C—H
_,-/ .;-'.
L7 53 't' 3 1'5
72 5P
{55 K:/’ T Yy ﬁ"
\ G p o ba”’@'
= A Attraehun gf
é P Orbiiuls
(b) What isthe approximate bond angle in the following triatomic molecules?
~\ BeH, H2S -
7
Answer: | % 0O° = Answer: | 0g & °
(c) Name the process used to convert alkanes into aromatic compounds.
"\ ~
Answer: A 1S m‘w A on ) Ve o '”Wli"‘-é),
A
(d) Arrange the following alkanes in order of increasing boiling points.
(1) 2-methylbutane ( 2) propane {3} pentane {4] 2 2 dlmathyipmpane
'f_--'..-. B -
= K g =
! z} i J-—'-I !
L= {;‘ 3 | '—-:- =
lowest highest ; 4 k. =
i (L2



I

— —

Chem. 3A ~ _ Midterm Exam #1 Page 8 of 10
7. (11 Pnints}b

(a) In 1,2-dichloroethane at room temperature, the ratio of molecules in the ANT! to GAUCHE
conformation is 7.6 to 1. Calculate the difference in energy between these two conformations.

Show equations and detailed calculations.

5
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(b) Calculate the equilibrium constant for the reaction below.

CH;CO0H + NHy —— CHsCO0O™ + NH," Show detailed equations & calculations.

a) CHLLoOH +H,De—> CH o™ + HD" pka=9.34
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8. (12 points) (a) The monobromination of propane affords one major product . Write the
propagation steps for the preparation of the major product and calculate AH® for the overall

reaction.
EH, CH CHy By, —DCH,CHCH,Br ¥ H Ry

Proposgtion #l:C H;;.CHAQHE iR — C.HECH;CH;‘ + H Er

Ronels bpokens BHUEHIEH, — R 45 etalimol
Bonos madet: K — Ry 58 Keatfmol
Fq"',fr?t;llr’
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(b) Draw and label the energy diagram for the formaton of the major monobromination product of

propane.
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Note: There are no questions to be answered on this page, it only contains data that may
be of use in solving the questions contained in this exam. Not all of the data given is needed.
Value of gas constant: R = 2.0 cal deg’’ mol™ pK, of CH;COOH = 4.76

+ —
Value of e (base for natural logarithms) e = 2.718 PKaOf NH4= = 9.24

Value of absolute zero (kelvin) = -273°C

Bond dissociation energies (in kcal mole™): RCH,—H 98 R,CH—-H 95

R,C-H 91; CI—Cl 58 Br—Br 46; H-Br 88 H-Cl 103 RCH,—Cl 81
RCH,—Br 68 R,CH-Cl 80  RpCH-Br 68  RsG-Cl 79; RsC-Br 65;

Values of strain energies:
Each CH3- H eclipsing interaction: 1.5 keal mol”

Each H - H eclipsing interaction: 1.0 kcal mol™
Each CHs - CHy eclipsing interaction: 2.5 keal mol”

Each CH5 - CH; butane-gauche interaction: 0.9 kcal mol ™

Each t-Butyl - CH5 gauche interaction: 2.0 kcal mol™
Each CHs- H 1,3-diaxial interaction: 0.9 kcal mol”’
Each Cl- H 1,3-diaxial interaction: 0.25 kcal mol™
Each CH4- CH3 1,3-diaxial interaction: 1.6 keal mal”
Each H - CN 1,3-diaxial interaction : 0.1 kcal mol™
Each H - C(CHs)s 1,3-diaxial interaction: 2.5 keal mol™

Partial periodic table of the elements

1A : 0
1 2
e
1.00794 1A A IVA VA VIA VIIA 4.00280
3 4 5 6 7 8 | 9 10
Li | Be BICIN]|O/|F |Ne
£.941 q.01218 10.811 1 12.011 14.0067 | 15,9994 | 18.9984 20.17497
113 12 13 14_ 15 16 17 18
Na | Mg AllSi| P | S |Cl|Ar
22.9898 | 24,3050 1B e |26.9815 | 28.0855 |30.9738 | 32.066 | 35.4527) 39.948
P
19 20 29 a0 i 32 33 34 35 a6
Ca CulZn!|Ga|Ge|As |Se | Br | Kr
39.0983 | 40.078 £3.546 £5.19 89723 7181 74.9216 | 7B.96 79.804 B3.80
el




