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Vermont Tech


CHE2060 Lecture 2 HW: 
Simple structures, functional groups and hydrocarbons

Problems must be solved, or written out, in their entirety with all work shown on engineering graph paper. You must label each set in the upper left hand corner with your name, the date and the chapter. Problems must be identified by number and all work must be shown with answers boxed. Be sure your handwriting is legible. An example is posted in the ‘course basics’ section of our Moodle page.			 

2.1 Drawing molecular structures
1. Write complete structures (showing all atoms) for each of these line-bond structures.
[image: ]

2. For each of molecules drawn below, draw a line-bond representation.
              [image: ]

2.2 Arrow formalism & molecular framework
3. Draw curved arrows to shift these resonance structures. 
[image: ]
 
4. Draw curved arrows to show how electrons move to form the product on the right from  
the reactants on the left.

                 [image: ]

5. Label each of the molecules shown here as:
a. Linear or branched
b. Carbocyclic
c. [image: ]heterocyclic
[image: ]            [image: 330px-Piracetam.svg.png]       [image: Modafinil2DACS.svg.png]


2.3 & 2.5 Introduction to alkanes / IUPAC naming
6. Give the molecular formula for a 20-carbon cycloalkane.	

7. Why are alkanes called “saturated” hydrocarbons?	

8. Write line-bond drawings of each of these alkanes:
a. 2,2,3-trimethylbutane
b. 2,2,3,3-tetramethylbutane
c. 3,4,6-trimethyl-5-propyloctane
d. 5,6-diethyl-2-methylnonane

2.4 Isomers
9. Draw structural formulas for all possible isomers with each of these molecular formulas:
a. C4H9F
b. C3H6

2.6 Alkyl halides and cycloalkanes
10. Write line-bond drawings for each of these alkyl halides:
a. 1-ethyl-3-fluorocyclohexane
b. 1,3-dichloro-4-ethyl-4-fluorocyclopentane

11. Write line-bond drawings of each of these cycloalkanes:
a. 4-cyclopropyl-1-ethyl-2-methylcyclohexane
b. cyclopropylcyclobutane

2.7 Functional groups 
12. Draw structures or line-bond drawings for each of these molecules whose molecular 
formulas are shown next to their functional group names:
a. an alcohol, C4H10O
b. an aldehyde, C3H6O
c. a carboxcylic acid, C4H8O2



13. Compare these pairs of functional groups. Which is more polar and therefore more reactive?
a. alcohols or thiols?	
b. nitriles or amines?	 
c. alkenes or arenes?	 
d. alcohols or ethers?	 

2.8 & 2.9 Alkenes & alkynes
14. Draw line bond examples of molecules with:
a. isolated double or triple bonds
b. conjugated double bonds
c. cumulated double bonds

15. Create line-bond drawings of these alkenes:
a. 2-methyl-1-butene
b. 2-methyl-1,3-butadiene
c. 2-methylpropene

16. Create line-bond drawings of these alkynes:
a. 1-pentene-4-yne
b. 4-methyl-2-pentyne

2.10 Alkene isomers
17. Which of these compounds exist as cis-trans isomers? Draw both isomers if possible.
a. propene
b. 3-hexene
c. 2-methyl-2-butene
d. 2-hexene

2.11 – 2.13  Organohalogens, arenes & molecular formulas
18. Can any / all conjugated ring systems be called arenes? Why or why not?

19. Create line-bond drawings for these aromatic compounds:
a. 1,3,5-trichlorobenzene
b. o-chlorophenol
c. p-dibromobenzene



20. This is the pesticide known as ethylene dibromide (EDB). It’s found in trace amounts in algae & kelp but it’s main source is man as we synthesize large amounts of it. Years ago, EDB was used to be an additive to leaded gasoline and as fumigant & soil pesticide. It’s use now confined to treating stored logs and to killing moths in beehives, and in preparation of dyes and waxes. EDB is a potent carcinogen and causes brain effects like depression & collapse.
a. Give the proper IUPAC name for EDB as shown below.
b. What is the molecular formula of EDB?
c. Does your name include the molecule’s conformation?
d. Draw the other (alternate) conformation and compare its stability to the form shown here. 
[image: ]

[bookmark: _GoBack]21. This small molecule is another fumigant, DBCP. This compound no longer used in American agriculture (banned in 1979), but it was the active ingredient in the nematicide Nemagon, aka Fumazone. Sadly it causes sterility in male mammals at high concentrations. DBCP continutes to be a groundwater contaminant and is very persistent in the environment.
a. What is the IUPAC name of this banned pesticide?
b. What is its molecular formula?
c. How many isomers can it take? Draw them all!
d. Do you think the isomers would have the same chemical and biological effects as DBCP?

[image: ]
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1.35 Write a structural formula for each of the following compounds, using a line to represent each single bond and dots for
~ any unshared electron pairs:

a. CH;OH b. CH;Cl c. C;Hg
o + d. CH;CH,NH, e. C,HsCl f. CH,O
1.36 Draw a structural formula for each of the following covalent molecules. Which bonds are polar? Indicate the polarity by proper
» placement of the symbols 8+ and 3—.
a. Bl’z b. CH3C1 C. C02
d. HCl e. SFq f. CH,
g. SO, h. CH;O0H

1.37 Consider the X—H bond, in which X is an atom other than H. The H in a polar bond is more acidic (more easily re-
(0]
t © | [
moved) than the H in a nonpolar bond. Considering bond polarity, which hydrogen in acetic acid, CH;C —OH, do you
expect to be most acidic? Write an equation for the reaction between acetic acid and sodium hydroxide.

Structural Isomers

1.38 Draw structural formulas for all possible isomers having the following molecular formulas:

i a. C3H8 b. C3H7Br C. C2H4C12
f d. C;HF, e. C,HF FCH, I
i g. CHs h. CHyO S

1.39 Draw structural formulas for the five isonfrs of CgH 4. As you write them out, try to be systematic, starting with a con-
secutive chain of six carbon atoms.

Structural Formulas

i 1.40 For each of the following abbreviated structural formulas, write a structural formula that shows all the bonds:

a. CH,(CH;),GH; b. (CH,);CCH,CH; ¢. (CH,),CHOH
! d. CH,CH,SCH,  \ e. CH,CICH,OH f. (CH,CH,),NH

1.41 Write structural formulas that correspond to the following abbreviated structures, and show the correct number of hydro-
gens on each carbon: ‘

O R
J
i

h.@

& 1.42 For each of the following abbreviated structural formulas, write a line-segment formula (like those in Problem 1.41).
. 0

g1 [
1 a. CH,(CH,),CH; b. (CH;),CHCH,CH,CCH;
HC—ch

? | ¢. CH;CHCH,C(CHs)s d. CH3—C{-I I
1 o Hac—

CH
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Additional Problems 39

1.43 An abbreviated formula of geraniol is shown in Figure 1.11.

a. How many carbons does geraniol have? .,
b. What is its molecular formula?
€. Write a more detailed structural formula for it.

1.44 What is the molecular formula for each of the following compounds? Consult Figures 1.12 and 1.13 for the abbreviated
structural formulas.

a. benzene b. muscone C. testosterone
d. adenine e. coumarin f. nicotine

Formal Charge, Resonance, and Curved-Arrow Formalism

1.45 Write electron-dot formulas for the following species. Show where the formal charges, if any, are located.

a. nitrous acid, HONO b. nitric acid, HONO,

¢. formaldehyde, H,CO d. ammonium ion, NH,"
e. cyanide ion, CN™ f. carbon monoxide, CO
g. sulfate ion, SO,>~ h. boron trichloride, BCl;
i. hydrogen peroxide, H,0, j. bicarbonate ion, HCO;~

1.46 Consider each of the following highly reactive carbon species. What is the formal charge on carbon in each species?
T
H—? H——Cll- H—(|3= oliHE=Gs

H H H
1.47 Draw electron-dot formulas for the two contributors to the resonance hybrid structure of the nitrite ion, NO, . (Each oxy-

gen is connected to the nitrogen.) What is the charge on each oxygen in each contributor and in the hybnd structure? Show
by curved arrows how the electron pairs can relocate to interconvert the two structures.

1.48 Write the structure obtained when electrons move as indicated by the curved arrows in the following structure:

L3

/
ql
/C\

H H

Does each atom in the resulting structure have a complete valence shell of electrons? Locate any formal charges in each
structure.

1.49 Add curved arrows to the following structures to show how electron pairs must be moved to interconvert the structures,

and locate any formal charges.

1.50 Add curved arrows to show how electrons must move to form the product from the reactants in the following equaﬁon,
and locate any formal charges.

:? :.Ol.:
CHY = NH, % CH; 2C— o@ii™ CH;—Cll—OCHg

H,N —CH3
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