Chemistry 3A - Spring 2000

Midterm 1
Professor Jean Fréchet Your full signature "
February 16, 2000 Print your full name .
(Last name, First name, Middle)
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Please check the section number and name of your GSITA.
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121 Blackwell, Bethany ____471 Evans, John
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141 Werkema,Evan ___421 Duncan,Andrew
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If you are making up an |-grade, indicate the semester
you took 3A and the Professor i

designated spaces. Please do your scratch work on
the backs of the exam pages. Write only one answer to
each problem; multiple answers will receive po credit,
even if one of them is comect. -

Note; This examination runs for a total of 90 minutes.
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exam begins. Please write legibly; ambiguous or
messy answers will receive no credit.
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A partial periodic table and data needed for calculations
can be found on page 10 of the exam.
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Chem. 3A ; ~ Midterm Exam #1 Page 2 of 10
1. (13 points) Name or draw, as appropriate, the following molecules.

i L {_____________ -

o ’ ’ ; e ’ .
(use IUPAC rules . - -
, of nomenclature) , ' l . . ;
5
Cl
(use IUPAC rules | |
of nomenclature) | ‘ - |

c. cis-3,4-dichloro-1,1-dimethylcyclohexane |
(chair form, use the template provided)

d. Acetic acid

e 1,6-dimethylspiro[4.5]decane
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~ Chem. 3A |  Midterm Exam #1. |  Page 30f10
2.(16points)

Za Calculate the furmal charge on each of the atoms mdlcated by an arrow in the structure
below. Wnte the answer in the appropriate box (do not forget the sign!) '

2b. Use Lewis-dot and all appropriate arrow notatlons to write all the major resonance forms

_ for the NITRATE anion [N03]‘1 (Hint: in at least one of the structures, the nitrogen atom is
_ Surrounded by three oxygen atoms and the sum of all formal charges in this ion is -1. Do not

'ffarget to use curved arrows to show the movement of electrons. )

2c For each of the structures below wnte one p!ausm!e resonance form. Use curved arrows to
_show the movement of electrons.
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Chem. 3A ~ Midterm Exam #1 ~ Page4of10
3.(11 points)

3a. Draw a sawhorse projection o‘f;the'gauche conformation of butane CH3CH,CH,CHj,
~ (As seen along the central C,-C3 bond) ‘

3b. ,vDraw a Newman projection of the most stable conformation of 2-methylbutane as seen
_ along the C2-C3 bond ' ‘

HsC—CH—CH,—CH,

CHs

3c. Write clear structures for all of the monochlorinated products (containing 5 C atoms) that
can be obtained by free-radical chlorination of 2-methylbutane. Circle the maior product.
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. ChemsAa ~ Midterm Exam #1 ~ Page50f10
4.(13 points) ' L |

(4a) Calcu!ate AH° for the followmg reactmn that takes place under strong exposure to light.
' LLO...MQ.LQ@J_Q@M
CHal + HI v CHy + 1, _ (see data on page 10) Show vou

i

- ; - ]

Answer AH" = [

(4b) Wnte an equatlon for the mmatmn step for the radical cham reactlon above

(4c) Writé the propagations steps for the radical chain reaction of part 4a above

(4d) Consader the equmbnum below for whlch the equmbnum constant is 0.4. Write an
fequation for the equilibrium constant and calculate the percentage of butane gauche conformer
at equlhbnum Show the details of your calculation.

~ Butane anti conformer ———= Butane gauche conformer

i~



Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle

Vivian
Rectangle


Chemy- 3A ’ - . Midterm Exam #1 : ~ Page6of 10

5 (12 'pbi'nts)“ (a) 'Dra'w the two chair confcrmatibns for compound A. Surprisingly, the equilibrium
between these conformations favors that with the t-butyl group axial. Compare the two structures and
explain clearly (with words and energy values) the reasons for this unexpected finding.

(b) Draw all the possible isomers of 1,2-dichlorocyclohexane showing all the chair conformations
they may adopt. Circle the conformer you would expect to have the smallest dibole moment.
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Che’m. 3A - Midterm Exam #1 Page 7 of 10

- 6 (12 points) (a) Draw a clear structure showing all orbitals of the methyl anion. What is the shape

_ of the anion? what is the hybridization of C in this anion? What is the value of the H-C-H bond angie?
(Hint: Use VSEPR) ‘ :

Shape:

HybridiZation: l, H-C-H bond l l
, . angle:

(b) Singlet methylene :CH, is an ususual moiety in which the two non-bonding electrons are paired in
~ asingle orbital. Draw a clear structure of singlet methylene showing all orbitals. What is the shape of
the molecule? What is the hybridization of C? What is the value of the H-C-H bond angle? '
_ (Hint: Use VSEPR) f ' '

" Hybridization: H-C-H bond -
, angle:

(c). foite”the electrbhit: configuration for silicon (Si, Z = 14)

Answer:
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' C,heym. 3A ~ Midterm Exam #1 . ~ Page8of10
7. (12 Pomts) (a) The fuel a drttve MTBE has the formula given below.

Calculate how many grams of oxygen would be required for the complete combustion of 8.8 grams of
MTBE (C=12.0; H=1.00; O = 16 0). Show a balanced equation and the details of your calculation.

‘ H3
ch "‘"('; "f"O“"‘"C H3

| Answer: 'Wei,ght of oxygenl l
‘\\ S : Lo e

(b) calculate the equmbnum constant for the reaction of CH, with Cl, to gwe CH3CI and HC! at 127°C ‘
For this reaction AS = +0.004 kcal moie‘1 K Show the details of

et

Note that other useful data“zs glven on the Iast page of the . exam

o
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~Chem'.3A . . Mid,t‘erm Exam #1 - Pagegofm

8. (11 points) For multiple choice questions 5a-c, credit will be given for each correct answer, ,,
and 1 point will be deducted for each incorrect answer (no credit if no answer is given). For questions
5d and 5e, credit will only be given for correct answers’(incorrect answers will not be penalized).

5a. Consider the following pairs of isomeric compounds. Within each pair circle the compound

that has the higher heat of combustion.

5b. For each pair of compounds, circle the stronger acid

H,O

Nitric acid HNO,  Picric acid

pKa=-13 pKa=04

\QKa,=,15.7

' Sc Circle the strongest base (hint: 'cdnsider’ the pKa values given in 5b)

..
NO, . me® A O

5d. ‘lnk,a'cf:ompetitidn reaction, equimolar amounts of the four alkanes Iisted below were allowed to react '
with a limited amount of Cl, at 300°C. Which one of these alkanes would be depleted most from the
mixture? (a) Propane, A (b) 2-Methylpropane, (c)’Peqtane, ~ (d) Butane

Answer: |

Se.f'A'cfertairi organic compaund was 1ouna on compusuon analysis 10 contain 84% carbon and 16%
_hydrogen (C = 12.0 and H = 1.00). A molecular formula for the compound could be:

B S S

Answer:
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Chem. 3A Midterm Exam #1 | Page 10 of 10

Note There are no questians to be answered on this page, it only contams data that may
be of use in solving the questlons contained in this exam. Not all of the data given is needed

Value of gas constant: R= 2 0 cal deg mol™

Value of e (base for natural logarrthms)v e=2718

Value o‘f‘absmute zero (kelvin) = .273°C | ,

‘Bond dissociation energies (in kcal mole™): CI-Cl 58; CH;-H 105; CH;-Cl 85; H-CI 103
 CHyI 57; H-I 71; LI 36 |

Values Qf stram energies:
Each CH;-H ecilpsmg mteractlon 1 5 kcal moi

Each H - H eclipsing interaction: 1.0 kcal mol™

Each CH; - CH3 eclipsing interaction: 2.5 kcal mol™

Each CHj - CH3 butane-gauche interaction: 0.9 kcal mol!

Each t-Butyl - CH3 gauche interaction: 2.0 kcal mol™

Each CH3- H 1,3-diaxial interaction: 0.9 kcal mol™
Each Cl- H 1,3-diaxial interaction: 0.25 kcal mol’’
Each CH; - CH3 1,3-diaxial interaction: 1.6 kcal mol™
Each H - CN 1,3-diaxial interaction : 0.1 kcal mol™
Each H - C(CHs); 1,3-diaxial interaction: 2.5 kcal mol™

' |

Partial eriodictabl of the elements

" IVALENCES +1  +2

; PER!OD '
:oos, ,

Ll Be‘
: 6.941 19012 |

1o 8l 14.01 16.00
- 1 12 | | 13 15
- 3 Na M§ Al
. 12299]24.31 26.98 ,809 30 97 3206
, 19 | 20 31 32 33 | M
K | Ca| | Ga Ge | As
39 m 4008 , 69 72 7" 59 74 92 78.96
' 8547 876"_' 7.6

n4 8 1187 ms




