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N A M E:__________________________

Chem istry 231    TA KE-HO M E EXA M  1                              FA LL 2001

Associate Professor:  Dr. Gergens                         DUE 9/26

1. (12) Circle the m ost (highest); underline the least (low est)

basic       NH2
-

                   PH2
-

                 SH
-

acidic         CH3CH2OH       CH3CO2H
                   

CH3NH2

preferred side of

equilibrium

Ph O– +       CH3
–

Ph-O-H+       CH4     

highest boiling isom er
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H
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H
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H
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Cl

H

electronegative atom C  O     N        I

2. (2) In the follow ing, circle ALL com pounds that are covalent:

(NH2)2CO CH3CO2Na CO2 CHBr3 ammonium bromide

3. (2) Draw  in the direction of the bond dipole m om ent and indicate w hich end of the bond is partial 

positive, δ+ , and w hich is partial negative, δ–:

Br—Cl

4. (2)   Com plete the follow ing for carbon-14.

Num ber of neutrons: Num ber of protons: Num ber of electrons:

5. (4) A typical covalent bond is w orth betw een _______ and _______ kcals/m ole in bond strength.

Nonbonding interactions are considerably w eaker.  A hydrogen bond is ________ kcals/m ole, a dipole-dipole

interaction is ________ kcals/m ole, and a dispersion force is ________ kcals/m ole.
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Structure and Bonding

6. (2) M ark w ith an "X" all form ulas that are NOT valid resonance structures of diazom ethane, CH2NN.
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7. (2) For each valid structure in question 6, indicate the form al charge on each atom .

8. (3) Betw een the valid structures of CH2NN in question 6, w hich structure is the m ajor contributor and w hy?

9. (3) Using atom ic orbitals, draw  a three-dim ensional representation (using w edges and dashes lines) of

the structure for the m ajor contributor in question 6 , show ing how  the sigm a and pi bonds are form ed and

w here the electrons are located.

10.  (4)  For the com pound below .

 

H2NCH2(CH2)2CH2O

O

C CHCHCH2C(CH3)3

1

Circle the best choice for the

follow ing:

a.  Draw  the line-angle structure.

0    1   2   3   4   5   6
b. How  m any non bonding electron pairs are in this m olecule?

0    1   2   3   4   5   6
c. W hat is the degree of unsaturation in this m olecule

0    1   2   3   4   5   6
d. How  m any tertiary centers are in this m olecule?

0    1   2   3   4   5   6
e. How  m any atom s in this m olecule have sp2 hybrization?

σ(sp2-sp3)σ(sp2-sp2)π(p-p) f. The bonding m olecular orbital betw een the carbonyl and the CH,

identified as num ber 1.
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11. (3) Valence Bond Theory

a. Based on the experim entally determ ined bond angle for w ater, the predicted H— S— H bond angle in H2S w ould

be 104.5°.  The actual experim ental bond angle in the H— S— H bond angle in H2S has been experim entally

determ ine to be 92°.

b. Draw  the valence bond picture for the experim entally observed bond angle for H2S.

16S
32

12. (3)

O

CH3

O

N

HN

O
CH2OH

N3

2

AZT

3
1

3'-azido-3'-deoxythymidine

a. Indicate the geom etry and hybridization about atom s 1-4.

                 Geom etry                       Hybridization

1. ____________________;_______________________

2. ____________________;_______________________

3. ____________________;_______________________

13. (2) W hat are the predicted bond angles for the num bered atom s in AZT:  1. _____; 2. _____; 3. _____.

14. (8) Nam e or draw  the follow ing com pounds:

(CH3CH2)2C(CH3)CH2CH(CH3)2

1-cyclopropyl-2-(1-ethylbutyl)-5-m ethylcyclohexane

CH3

CH3

CH3

CH3

CH3

isobutyl cyclopentane
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15. (6) Conform ation A nalysis

Draw  the New m an projection for 2-m ethylbutane about the C2-C 3 bond in the eclipsed, staggered, and skew ed

conform ations and label all gauche interactions.  Draw  a graph of the torsional strain observed in 2-m ethylbutane

as it rotates about the C2-C 3 bond.  Show  the dihedral angle and calculated torsional strain for each conform ation.

eclipsing m ethyl groups   >   eclipsing m ethyl-hydrogen   >    eclipsing hydrogen-hydrogen

torsional               3.0 kcal                                    1.3 kcal                                    1.0 kcal

strain

E
n
e
r
g
y

0° 60° 120° 180° 360°300°240°

totally eclisped

16. (6) Chair Conform ations

a. Draw  the chair conform ation for com pound in the box at the left.

CH3Cl

   

b. Circle the m ost stable conform er.

c. Determ ine the energy difference betw een tw o chair conform ers and calculate the equilibrium  concentration of

each conform er at room  tem perature.
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17. (2) Label the reactants in these acid-base reactions as Lew is acids (electrophiles) or Lew is bases (nucleophiles).

Br Br
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CH3 C

O

O H ClH Cl CH3 C

O

O H

H
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⊕
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18. (2) Use curved arrow s to show  the m ovem ent of electrons in the Lew is acid-base reactions of quetion 17.

19. (2) Com plete the resonance structures in quetion 17.

20. (4)  Com plete the reaction and classify the reaction type as either substitution, addition, acid-base, or

elim ination.  If the final product has resonance form s, draw  them .

Reaction Type:

CH3

C

O

CH3

CH3

O

H Cl
H2C

H

••

••

••

••

••

••
+ •

•

••
+       NH3

B.

A.

21. (2) Use curved arrow s to show  the m ovem ent of electrons in the Lew is acid-base reactions of questions 18.

22. (4)  Using your know ledge of Lew is acid-base chem istry, draw  a possible m echanism  for the form ation of carbonic

acid.  Show  all steps, resonance structures, form al charge, and arrow  pushing in your m echanism .  Proceed step-

w ise.  You should have a m inim um  of three individual steps in the m echanism .

HC OO HO carbonic acid
••

••

••

•• ••

••
+
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N A M E:__________________________

Chem istry 231         EXA M  Q UIZ 1           9/26        FA LL 2001

Associate Professor:  Dr. Gergens

1. (6) Nam e the follow ing com pounds:

(CH3)3C

CH2CH(CH3)2

CH3

2. (18) M utiple Choice - Place your answ er in the box at the right.

a. A m olecule of NH 2NH2  has _____ hybrization about each nitrogen atom .

A. sp3 B. sp2 C. sp D. p3

b. A ion of sulfite, SO 3
2–
, has _____ hybrization about the sulfur atom

A. sp3 B. sp2 C. sp D. p3

c. Of the m olecules listed, the one that w ould be linear is

A.  BeF2 B.  SO2 C.  O3 D.  H2S

d-g

O

CH3

O

N

HN

O
CH2

HO

OP

O

O

O

1

2'-deoxythymidine 5'-phosphate

2

DNA nucleotide

d. Indicate the hybridization about atom  1

e. Indicate the geom etry about atom  1.

f. Indicate the bond angle about atom  1

90° 109.5° ~120°104.5° 180°

g. The degree of unsaturation in this m olecule is

h. The predicted bonding m olecular orbital betw een the carbon atom s indicate by

the curved arrow  attached to num ber 2;

    
σ(sp2-sp3)σ(sp -sp2)π(p-p)A. B. C. D.σ(sp3-sp3)

i. Draw  in the direction of the bond dipole m om ent and indicate w hich end of the bond is partial positive, δ+ , and
w hich is partial negative, δ–:

                    δ+δ-δ-δ+δ-δ+ δ- C—OC—OC—OC—OA. B. C. D.δ+
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3. (20) Circle the m ost (highest); underline the least (low est)

acidic       CH3—S—H            CH3—O—H          CH3—NH2

basic         CH3CH2Li     
  
CH3NH2                              CH3COLi

highest boiling com pound CH3 O CH3H N

CH3

CH2CH3H O CH2CH2CH3

stable conform er

CH3

Cl CH3

Cl

Cl

CH3

preferred side of

equilibrium

CH3MgBr +       DOMgBrCH3D+      D2O     

4.  (4)  For the com pound below .

 pyruvic acid

CH3COCO2H

a.  Draw  the line-angle structure.  b.  Show  all non bonding electron pairs.

5. (6) a.  Nam e the com pound in the box below : __________________________________________________

b. W hat is the difference in free-energy betw een the

tw o form s?

c. W hich side of equilibrium  is preferred?

CH3CH2

H

 

H

H

CH3

 CH3 CH3CH2

H

CH3

H

CH3

H

A B

6. (6) For each reaction, indicate the Lew is acid and base.   Com plete the reaction and use curved arrow s

to show  the m ovem ent of electron pairs (i.e., arrow  pushing of electrons).  Show  all form al charges and

resonance structures in the product.

CH3

C

CH

O H

CH3

C

CH

O H Cl

S
OO O H

H2C H2C

••

••••

••

••

•
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•
•••

••
+   Cl

••••

••

resonance structures

••

••

••
+ •

•

•
•

••

••

+     A.

B. ⊕
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d. W hat percentage of each conform er w ill be present at 25 °C?

N A M E:__________________________

Chem istry 231      EXA M  1           9/23    FA LL 1997

Assistant Professor:  D. D. Gergens, Ph. D.

1. (18) Circle the m ost (highest); underline the least (low est)

polar bond                        F-F               I— F             I— Br

electronegative atom O  F     S        Be

basic     CH3COO 
–    CH3 

–    NH4
 +

highest boiling isom er CH3 O CH3 CH3 N

H

CH2CH3 H O CH2CH2CH3

preferred side of

equilibrium

Ph OH +      NH2
-
     Ph-O

-
+       NH3

stable conform er

CH3

CH3

CH3

CH3

CH3

CH3

2. (4) In the follow ing, circle ALL com pounds that are ionic:

NH4HCO3 CH2Cl2 CO2 LiCH3 sodium  acetate

3. (8) Nam e or draw  the follow ing com pounds

CH3CCH2CH2CCH2CH3

CH3 CH2CH2CH2CH3

CH2CH(CH3)2CH3

trans-1-sec-butyl-2-isopropylcyclohexane


