Organic Chemistry I Lecture Fall 2016 9/14/15 Wednesday Dr. Hahn Exam#

Name W (print) Name (sign)
Please show work for partial credit and full credit on the Long Answers and in some of the Short Answer Questions.

Multiple choice questions have no partial credit. ~ Please write anything you want graded legibly. If you run out of space,
please continue on the empty back pages but clearly label where the remaining answer can be found. (IfI can't find your

answer or cannot read it, I obviously cannot grade it). Return your entire exam including the seriodic table. (Please

count your exam pages and make sure there are 8 real pages + periodic table )

MULTIPLE CHOICE. Choose the one alternative that best completes the statement or answers the question. (2 pts

each, 30 pts total)
1) Shown below is one of the sex pheremones from the butterfly family. How many sp2 hybridized 1) @

carbon atoms are present in this molecule?

\/ &Cﬁa
A
“w =0
IR

T

A)1 B) 2 Q)3 D)4 E)

2) If an acyclic alkane hydrocarbon contains n carbon atoms, how many hydrogen atoms mustitalso  2)
contain?
A) 2n @2n+2 Cn-2 Din Eyn+2

3) Which of the class of organic compound below contains a carbonyl group as a part of its structure? ~ 3) G
A) ester
B) aldehyde
C) ketone
D) carboxylic acid
Ejall of the above

4) Which of the following statements is correct? 4)
A) Polar solutes tend to be more soluble in nonpolar solvents
B) Induced dipole interactions are usually stronger than dipole-dipole interactions
"C)yThe polarity of a molecule is dependent on its three-dimensional structure
Higher molecular dipole values (u) are associated with nonpolar molecules
E) All polar molecules are capable of hydrogen bond formation

5) A carbon-hydrogen bond in ethane (CH3CH3) is best described a . 5) é ;Z

_A) a multiple bond

B essentially nonpolar
() resonance stabilized
D) ionic

E) highly polar
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6) How many 7 bonds are present in the molecule shown?

,{ff::*\\gf’cﬁ\@-f”/
A0 B)1 @ 2 D) 4 E)6
7) The electronegativity of elements on the periodic table increases going a column and to
the ineachrow. (hint: whereisF)
A) down; left B) down; right @ up; right D) up; left

8) The atomic number of boron is 5. The correct electronic configuration of boron is:
A) 1s22p3 B) 2522p3 @ 1522522p1 D) 152252351 E) 152253

9) The formal charge on the oxygens in the compound below are

Oxygen 2

C) o
fﬁ"i‘}“:ﬁ

H

!

b

W H ,, .
Oxygen1 — (Q _ % —_ b = W(

A) Oxygen 1: -1, Oxygen 2: 0
) Oxygen 1: 0, Oxygen 2: -1
C) Oxygen 1: +1, Oxygen 2: 0
D) Oxygen 1: -1, Oxygen 2: -1
E) Oxygen 1: 0, Oxygen 2: 0

10) Which atomic orbital combination w result in a molecular sigma bond?

A)g+8 @m**téﬂ O oo + ao D)S*’S
11) Which of the following terms comes closest to describing an electrophile?

A) nucleophile

B) nonpolar

C) anion

D) ‘Lewis acid
) Lewis base

12) The compound methylamine, CH3NH2, contains a C-N bond. In this bond, which of the following

best describes the charge on the carbon atom?
A)+1

CE) slightly positive
) neutral

D) slightly negative
E) -1
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13) Which of the following condensed formulas represents the same compound as the line-angle 13) ‘ |

structure shown?

NN

A) CH3ON(CH3)p C‘é‘

B) CH3CHpCHyOCH»CHyCHaN(CH2CH2CH3)o ~
CJICH3CHyOCHN(CH2CHg), ( )

D) CH3CHyOCHN(CHpCHpCH3)p P
E) CH3CHoCHpOCHp N(CHCH3)p

14) In the structure below, the hybridization of the oxygen is and the C-O-C bond angle is

)
-
OJ
A) sp?; 120°
B) sps; 120°
C) spz; <109.5°

(DYsp3;<109.5°

"E) sp; 120°

ollowing-molecules contains a polar covalent bond?
@é}lgd C) He D) NaCl

|

%/( [1s) 9%

Ny
U,{ j&/ ™ [
,}/'

7
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Part II: Short Answers (39 pts)
A. Nomenclature: (3 ptseach, 6 pts)

1. Given the structural formula shown below, give the [UPAC name of the molecule.

a  name 4 — W\ f%é%( 5““//7:’”0%(,%@(,7‘@«(

/ CH3—CH2’€H2}3 {}7 vﬁé:{);,j(
v ’ - v v £
i 2L L{, ‘7 =
O Ay
2. Given the following IUPAC name, draw a structural formula of the molecule (skeletal formula

acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not acceptable -
don't forget to show the hydrogens in your formula unless you are using the skeletal structure.)

2,2 3-trimethylheptane f ¥, C, l/}}

U\} *”(Q C’““’"C’L]) QLA/C{/ Cl—/;
Cis \4/

L. (a) Give the electron conﬁguration for the element As (2 pts)

15 25h 2ph (558 et dst 30? G p

(b) Give the valence electron configuration for the element As (2 pts)
&3t 4 f’}

(c) How many valence electrons is in the element As (2 pts)

e
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2. (a) Given the following formula, calculate the number of valence electrons for the molecule. Show
work. C2O2NF; Hs (2 pts)

5 (48) +2(6e) + (5e)+ 022 +200)= +oe
c 0 . F b

(b) Given the following 2 Lewis Dot structures (for the formula above), circle the correct one. (2 pts)

T - —_
| O\ H 4 101 o .
st <l % PR tec
i f“?”‘g «N(‘)_”‘(i--——-H (F==N ;\—0««(;; —H
\\\({im T n o \F A H

(c) Give at least one reason why the structure which you did NOT choose above is the incorrect structure.

ON, C Cannot ey pand pulad
@ @) ras Wi #e Lot 1roliac ©

()

VSEPRT:  Given the Lewis Dot structure which you chose above in (2b), for the atom with t

a) What is the number of electron domains (VSEPRT electron pairs).around the atom with the *
(1 pts each, 6 pts total) . @\\1

% tetvaledral

c) What is the structure of the electron pairs at the atom with the * Y, H 7
@ CVigodd lp Gy Viorn (e

d) What is the structure of the molecule at the * kﬁfﬁ ] ‘

e) Draw in dipole moment arrows in the Lewis Dot structure which you chose above in (2b).

b) How many lone pairs on the atom with the

(f) What is the intermolecular force in the molecule above ?

@ Aieals \f&%\ydj /4
@ ’\}/f. Y
i
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4. Given the following molecule, fill in the parenthesis with the letter of the functional group.
(A)alkene (B)alkyne (C)arene (D)alkyl halide (E) alcohol (F)ether (G)amine

(H) aldehyde  (I) ketone  (J) carboxylic acid  (K) ester (L)yamide  (M)acid halide  (N) acid
anhydride (You may use the same letter multiple times) (3 pts each, 6 pts total)

5. For the following condensed molecular formula, write out the skeletal molecular formula. (5 pts)

o)

CH3-CHy~CH; -0 ~CH, ~CH,-N~CHs
CH,
¢H;

6. Draw one resonance structure for the molecule shown below. There are several potential
resonance structures for the molecule. (4 pts) e

[ (@]
/O\ ‘

H— 3/‘E»——cn S H»C@E}”C%CQ( — {

W @

@

el
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Part III: ~ Long Answers (31 pts)

1. Given the following molecule shown, give at least 3 constitutional isomers (also called structural
isomers) of the molecule. (15 pts)
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2. For the following molecule give the Newman Projection formula of (a) the most stable and the (b) the
most unstable form of the molecule shown. Draw the Newman Projection formula between carbon
2 and carbon 3 with carbon 2 drawn in front. Please note the eye (shown in the normal organic
chemist’s notation). (16 pts, 8 pts each letter)

Lo, QHCH O
%HrgHré/Hz{&_%__—_.———C Z en, .

&HzCHz. H,CH;s

a) The most stable form L}/V

w7
r
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Name (print) Name (sign)

Please show work for partial credit and full credit on the Long Answers and in some of the Short Answer Questions.
Multiple choice questions have no partial credit.  Please write anything you want graded legibly. If you run out of space,
please continue on the empty back pages but clearly label where the remaining answer can be found. (If I can't find your
answer or cannot read it, I obviously cannot grade it). Return your entire exam including the seriodic table. (Please

count your exam pages and make sure there are 8 real pages + periodic table )

MULTIPLE CHOICE. Choose the one alternative that best completes the statement or answers the question. (2 pts
each, 30 pts total)

1) Shown below is one of the sex pheremones from the butterfly family. How many sp2 hybridized 1)
carbon atoms are present in this molecule?

C H 3
‘x, P

A1 B) 2 O3 D)4 E) 5

2) If an acyclic alkane hydrocarbon contains n carbon atoms, how many hydrogen atoms must italso ~ 2)
contain?
A) 2n B)2n+2 Cn-~-2 Din Eyn+2

3) Which of the class of organic compound below contains a carbonyl group as a part of its structure? ~ 3)
A) ester
B) aldehyde
C) ketone
D) carboxylic acid
E) all of the above

4) Which of the following statements is correct? 4)
A) Polar solutes tend to be more soluble in nonpolar solvents
B) Induced dipole interactions are usually stronger than dipole-dipole interactions
C) The polarity of a molecule is dependent on its three-dimensional structure
D) Higher molecular dipole values (1) are associated with nonpolar molecules
E) All polar molecules are capable of hydrogen bond formation

5) A carbon-hydrogen bond in ethane (CH3CH3) is best describeda . 5)
A) a multiple bond :
B) essentially nonpolar
C) resonance stabilized
D) ionic
E) highly polar
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6) How many nt bonds are present in the molecule shown? 6)

s f,;;«*\/

A)0 By1 Q2 D) 4 E) 6
7) The electronegativity of elements on the periodic table increases going a column and to 7)
the in each row. (hint: whereis F)
A) down; left B} down; right C) up; right D) up; left
8) The atomic number of boron is 5. The correct electronic configuration of boron is: 8)
A) 1s22p3 B) 2522p3 C) 1s22522p1 D) 152252351 E) 152253
9) The formal charge on the oxygens in the compound below are . 9
Oxygen 2
i %
R
OGN
: & HOH
~bxygen 1

A) Oxygen 1: -1, Oxygen 2: 0
B) Oxygen 1: 0, Oxygen 2: -1
C) Oxygen 1: +1, Oxygen 2: 0
D) Oxygen 1: -1, Oxygen 2: -1
E) Oxygen 1: 0, Oxygen 2: 0

10) Which atomic orbital combination would result in a molecular sigma bond? 10}

A>8+8 B) mo + o= C) oo + mo D)S*g

11) Which of the following terms comes closest to describing an electrophile? 11)
A) nucleophile
B) nonpolar
C) anion
D) Lewis acid
E) Lewis base

12) The compound methylamine, CH3NH2, contains a C-N bond. In this bond, which of the following  12)
best describes the charge on the carbon atom?
A)+1
B) slightly positive
C) neutral
D) slightly negative
E)-1
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13) Which of the following condensed formulas represents the same compound as the line-angle 13)
structure shown?

/\O/\N/\

A) CH3ON(CH3)2

B) CH3CHpCHyOCH>CHpCHaN(CHp CHoCH3 )2
C) CH3CHOCHa2N(CHpCH3)2

D) CH3CHyOCHN(CHCH2CH3)p

E) CH3CHoCHOCH N(CHyCH3)o

14) In the structure below, the hybridization of the oxygen is and the C-O-C bond angle is 14)

e C}

J
A) sp?; 120°
B) sp>; 120°
) spz; <109.5°
D) sp3; <109.5°

E) sp; 120°
15) Which of the following molecules contains a polar covalent bond? 15)
A)Hp B) CHzCl C) He D) NaCl E) Fp
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Part II: Short Answers (39 pts)

A Nomenclature: (3 pts each, 6 pts)

1. Given the structural formula shown below, give the IUPAC name of the molecule.

a. name

CH;CH2CHz €-H—CH €HCHy

CHs—CHzQHz}JH—-CH_z

2. Given the following IUPAC name, draw a structural formula of the molecule (skeletal formula
acceptable, condensed structure, Lewis Dot structure acceptable, molecular formula not acceptable -
don't forget to show the hydrogens in your formula unless you are using the skeletal structure.)

2,2,3-trim¢thylheptane

B. Short Answer Part of Short Answer:

1. (a) Give the electron configuration for the element As (2 pts)

(b) Give the valence electron configuration for the element As (2 pts)

(¢) How many valence electrons is in the element As (2 pts)
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2. (a) Given the following formula, calculate the number of valence electrons for the molecule. Show
work. C; O N F; Hs (2 pts)

(b) Given the following 2 Lewis Dot structures (for the formula above), circle the correct one. (2 pts)
o H 1ol F
e ii:«\—‘%j:ﬁ—*f —
IFy H tF H

(c) Give at least one reason why the structure which you did NOT choose above is the incorrect structure.
(2 pts)

|98

VSEPRT:  Given the Lewis Dot structure which you chose above in (2b), for the atom with the *

a) What is the number of electron domains (VSEPRT electron pairs).around the atom with the *
(1 pts each, 6 pts total)

b) How many lone pairs on the atom with the *

¢) What is the structure of the electron pairs at the atom with the *

d) What is the structure of the molecule at the *

e) Draw in dipole moment arrows in the Lewis Dot structure which you chose above in (2b).

(f) What is the intermolecular force in the molecule above ?

Organic Chemistry | Lecture Dr. Hahn  Fall 2016



4, Given the following molecule, fill in the parenthesis with the letter of the functional group.
(A)alkene (B)alkyne (C)arene (D) alkyl halide (E) alcohol (F)ether (G) amine

(H) aldehyde  (I) ketone  (J) carboxylic acid  (K) ester (L)amide (M) acid halide  (N) acid
anhydride (You may use the same letter multiple times) (3 pts each, 6 pts total)

5. For the following condensed molecular formula, write out the skeletal molecular formula. (5 pts)

0
CH;-CHy~CH;—£-0 ~-CHy—~CHy-N-CH;
EH,
¢H;

6. Draw one resonance structure for the molecule shown below. There are several potential
resonance structures for the molecule. (4 pts)

2O
H—-ﬁj\—é i
H
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PartIII: ~ Long Answers (31 pts)

1. Given the following molecule shown, give at least 3 constitutional isomers (also called structural
isomers) of the molecule. (15 pts)
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2. For the following molecule give the Newman Projection formula of (a) the most stable and the (b) the
most unstable form of the molecule shown. Draw the Newman Projection formula between carbon
2 and carbon 3 with carbon 2 drawn in front. Please note the eye (shown in the normal organic
chemist’s notation). (16 pts, 8 pts each letter)

CH;CHs CHs

CH;-CHzCHy-Co———C —CHs <—~
HoCH; éHzCHz

a) The most stable form

b) The most unstable form
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