
Chemistry 104 – Dr. Batterton 
Practice Problems that may help you prepare for the 1st exam 

Tony Jacob 
 

Review material mainly 
1. a. WhatÕs the hybridization of the N marked ÒAÓ? 
b. WhatÕs the angle formed by the NÐCÐC atoms marked ÒBÓ? 
c. WhatÕs the bond order for the bond labeled ÒCÓ? 
d. WhatÕs the electron pair geometry for the C atom labeled ÒDÓ? 
e. WhatÕs the orbitals overlap to generate the bonds labeled ÒEÓ? 
f. WhatÕs the molecular geometry of the O atom labeled ÒFÓ? 
g. WhatÕs the electron pair geometry for the C atom labeled ÒGÓ? 
 
2. Given the following molecule, answer the questions. 
 
a. What is the molecular shape at the C labeled a? 
b. What is the hybridization of the C atom labeled b? 
c. How many !  bonds are in this molecule? 
d. What is the hybridization of the O atom labeled c? 
e. What is the angle centered around the C labeled d? 
f. What is the molecular shape around the O atom labeled c? 
g. What is the hybridization of the N atom? 
h. What is the molecular shape around the N atom? 
i. What orbitals overlap between the N and the C that contains the double bonded O atom? 
j. What orbitals overlap between the O atom labeled c and the C atom? 
 
3. In this molecule are there possible resonance structures?  If so, draw the resonance structure. 

O

O-

 
 
4. a. How many grams of Na3PO4 must be used to prepare 125.0ml of a 0.25molar solution? 
b. Suppose 15.0ml of the solution in part ÒaÓ is diluted to a volume of 200.0ml.  What is the molarity of the new 
solution? 
 
5. Given the reaction 3Ca + N2 "  Ca3N2  if 7.55g Ca and 2.25g N2 react 
a. What is the theoretical yield in grams of Ca3N2? 
b. Which is the limiting reactant in the reaction? 
c. Which is the excess reactant? 
d. What mass of the excess reagent remains at the end of the reaction? 
e. If 5.75g of Ca3N2 were recovered, what is the percent yield of the reaction? 
 
(take a nap)
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Functional groups and naming mainly 
6. Identify all the functional groups in this molecule.  Where appropriate, label functional groups cis/trans, or 1û, 
2û, or 3û. 
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7. Give the systematic name for each molecule. 

a. 

Cl

 b.  c.   

d.  e. OH  
 
8. Which of the following functional groups is commonly classified as nonpolar? 
a. alcohol b. alkene c. carboxylic acid d. amine e. none 
 
9. Which of the following statements is incorrect?  If all are correct, select answer ÒeÓ. 
a. Alkanes are saturated molecules. 
b. Alkenes can have both structural and geometric isomers. 
c. An enantiomer pair of isomers will have the same melting points. 
d. The general formula for an alkene with 1 double bond is CnH2n. 
e. All of the above statements are correct. 
 
10. Which of the following functional groups does not exhibit H-bonds? 
a. alcohol b. ether c. carboxylic acid d. 2û amine e. none 
 
11. For decane, C10H22, answer the following questions. 
a. What phase do you expect this molecule to be (s, l, or g)? 
b. What color do you expect this molecule to be? 
c. Will this molecule be miscible (mix) with water? 
d. Will this molecule be miscible (mix) with benzene? 
e. Do you expect the hydrogen bonding in this molecule to be very strong, weak, non-existent? 
f. Is this molecule chiral? 
g. If Br2 is added, will the bromine color fade quickly? 
 
Isomers mainly 
12. cis-2-butene and trans-2-butene exist as different isomers because it is very difficult to rotate through the 
double.  Why is it so difficult? 
 
13. Draw the 7 alkyne isomers of C6H10. 
 
(watch some TV)



14. Draw the following molecules (note that there may be more than one possible answer) 
a. An ester that is a structural isomer of pentanoic acid. 
b. A ketone that is a structural isomer of cyclobutanol. 
c. An alkene with the formula C4H6. 
d. An alcohol that is a structural isomer of diethyl ether. 
e. A cyclic compound with the formula C4H8. 
 
15. A newly synthesized ester has the molecular formula of C4H8O2.  Draw all isomers of this compound that 
are esters. 
 
16. Given C4H8O, draw a compound that contains  
a. both an alcohol and alkene   b. both an ether and an alkene   c. a cyclic ether   d. a cyclic alcohol 
(Note: There are many different possible answers to each of the above questions.) 
 
17. How many chiral carbons does the molecule below have?  
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18. a. Using the formula, C4H9Cl, draw a chiral molecule. 
b. Using the formula, C3H6O2, draw all the ester isomers. 
c. Using the formula, C5H9Cl, draw a 4-membered ring isomer that is chiral. 
d. Using the formula, C3H5Cl, draw a trans-alkene molecule. 
e. Draw all the isomers with the formula C7H7Cl that contain a benzene ring (hint = 4 isomers). 
 
19. Using the formula C6H12, draw and name all the 5-carbon chain isomers, both structural and geometric.  Do 
not include isomers that contain a cyclic component or a carbon chain length other than 5 carbons long.  (Hint: 
8 isomers.) 
 
Reactions mainly 
20. Write the balanced molecular equation for each of the following; use molecular formulas. 
a. Write the balanced reaction for the complete combustion heptene. 
b. Write the balanced reaction for the complete combustion 2-propanol. 
 
21. a. A molecule with the formula C4H10 can undergo monochlorination in the presence of UV light and 
generates 4 products.  Draw the 4 structural isomers of this reaction.  b. Which of these products are chrial? 
 
22. Which reaction best describes the reaction of benzene with bromine and aluminum bromide? 
a. addition b. reduction c. oxidation d. condensation e. substitution  
 
23. A 4-membered cyclic molecule with the formula C5H10 undergoes monochlorination using UV light as a 
catalyst.  Draw the possible 4-membered cyclic structural isomers. 
 
(eat some pizza)



24. The following 5 structures will be used for the next question. 

I. 

 

CH3CH2CCH3

O

     II. 
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a. Which of the above structures is a chiral molecule? 
b. Which of the above is an aldehyde? 
c. Which of the following compounds when reacted with ethanol will yield ethyl 2-methylbutanoate? 
d. Of the following compounds, which potentially would have a pleasant odor? 
e. Which of the following will change the color of a solution that contains phenolphthalein, an acid/base 
indicator? 
f. Which of the above molecules can undergo an addition reaction? 
g. Which of the above molecules can be formed via a condensation reaction? 
 
25. Complete the following reactions. 

a. 

O

OH

+ KOH

 

b. H2N
+

O

OH  
 
26. Draw the alkene molecule(s) that could have been used as the reactant in the reaction with HCl such that 
this reactant(s) yield only one product, 3-chlorohexane. 
 
27. Which of the following molecules when exposed to H2SO4/Na2Cr2O7 does not react? 
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28. Xylene, a dimethylbenzene, is found is 3 forms: the ortho-, meta-, and para- versions.  When one of these 
forms of xylene is reacted with Br2/FeBr3, reagents that will monobrominate benzene rings, it produces only 1 
product.  Draw the xylene that does this. 
 

29. Draw all the products formed from the monochlorination of (2-methylpropyl)-1-cyclohexane 

 

 
 
30. Show the products upon complete hydrolysis (or adding excess water) of the following chemicals. 

a. 
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31. Complete the following reactions by drawing all products formed, reactant(s) used, or reagents needed. 

a. 
+ HOCl

 b. 

+ HNO3
H2SO4
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Polymers Mainly 
32. a. Draw the polymer using the following monomer; use 3 monomer units in your polymer.  

H2N

O

OH   Identify if it is a condensation or addition polymerization.  Identify the repeating unit. 
b. Write the polymer reaction using styrene; use 3 styrene monomer units in your polymer.  Identify whether 

this is a condensation or addition polymerization.  

c. Write the polymer reaction from the reaction of 2 diamines, H2N

NH2

 , and 2 dicarboxylic acids, 

O

OH

O

HO

.  Is this a condensation or addition polymerization?  Identify the repeating unit. 

d. Write the polymer reaction from the reaction of 3 monomer units of 

 

CH2 CH

C
O OCH3

. Is this a condensation or 
addition polymerization? 
(eat a Snickers bar)



33. What monomer(s) were used to make each of the following polymers? 
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Proteins and Fats mainly 
34. When the following triglyceride is completely hydrolyzed with water and H2SO4 what products are formed? 
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35. a. Briefly describe the difference between a saturated fat and an unsaturated fat. 
b. Briefly describe the difference between a monounsaturated fat and a polyunsaturated fat. 
 
36. How many proteins with a different primary structure can be generated from 3 amino acids that include ala, 
ala, and gly? 
a. 2 b. 3 c. 4 d. 5 e. 6 
 
37. Draw all possible tripeptide proteins when two cysteine and one phenylalanine amino acids are combined. 
 
38. a. Using the table of amino acids and either their 1- or 3-letter abbreviations, the proteinÕs primary structure 

(amino acid sequence) is what? 
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b. Draw the protein corresponding with tyr-glu-phe-lys (Y-E-F-K). 
 
39. Draw cys in the unionized form and in the Zwitterion form. 
 
(almost done)



40. a. What is the general formula for the functional group associated with fatty acids? 
b. What kind of reaction (condensation or addition) is the formation of a fat? 
c. Give an example of a fatty acid. 
d. Besides fat, what other chemical is needed for saponification? 
e. Besides a fatty acid, what other chemical is needed to form a fat?  Draw the chemical structure. 
f. Draw any one amino acid. 
g. The alpha helix and beta sheets are example of what type of protein structure? 
h. Draw the amino acid gly-val-cys. 
i. What is the amino acid sequence shown in this protein? 
(yea done!) 
 
ANSWERS 
1. a. sp3   b. 180û   c. 1.5   d. trigonal planar   e. #: sp2(O)Ðsp2(C); ! : pÐp   f. bent   g. tetrahedral 
2. a. tetrahedral   b. sp2   c. 3   d. sp3   e. 120û   f. bent   g. sp3   h. trigonal pyramid   i. N(sp3)ÐC(sp2)    

j. O(sp3)ÐC(sp3) 

3. 

O-

O

 2 areas of resonance: benzene ring and ÐCOO- group (carboxylate group) 
4. a. 5.125g Na3PO4   {0.125L x 0.25M = 0.03125mol Na3PO4; 0.03125mol Na3PO4 x (164g Na3PO4/1mol Na3PO4) =  

5.125g Na3PO4}  
b. 0.01875M    {M 1V1 = M2V2; (0.25)(15) = (x)(200); x = 0.01875M} 
5. a. 9.31g Ca3N2    {7.55gCa x (1mol Ca/40.0g Ca) x (1mol Ca3N2/3mol Ca) x (148g Ca3N2/1mol Ca3N2) = 9.31g Ca3N2;  

2.25g N2 x (1mol N2/28.0g N2) x (1mol Ca3N2/1mol N2) x (148g Ca3N2/1mol Ca3N2) = 11.89g Ca3N2; smaller amount is the 

theoretical yield = 9.31g Ca3N2}  
b. Ca    {from the calculation above in part ÒaÓ, the reactant that gives the smaller amount is the limiting reagent} 
c. N2    {from the calculation above in part ÒaÓ, the reactant that gives the larger amount is the excess reagent}  
d. 0.488g N2 left over    {left overs = starting amount Ð amount used; amount used =  

7.55gCa x (1mol Ca/40.0g Ca) x (1mol N2/3mol Ca) x (28.0g N2/1mol N2) = 1.76g N2 used;  

left overs = 2.25g Ð 1.76g = 0.488g N2}  
e. 61.8%    {%yield = actual yield/theoretical yield x 100% = (5.75g/9.31g) x 100% = 61.8%} 
6. A = trans-alkene; B = ether; C = 2û amine; D = 2û alcohol; E = aromatic/benzene; F = ketone;  

G = carboxylic acid 
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7. a. 2-chloro-3,3-dimethylpentane   b. 1,3-diethylbenzene or meta-diethylbenzene or m-diethylbenzene 

c. 1-ethyl-2-propylcyclopentane   d. 2,4,4-trimethyl-2-hexene   e. 4-methyl-1-hexanol 
8. b    {other groups have ÐOH or trigonal pyramid N compounds which are polar} 
9. e  
10. b    { for H-bonding there must be a H bonded to N, O, or F; ethers do not have this}  
11. a. liq   (C1 Ð C4 "  gases; C5 Ð C17 "  liquids; C18 Ð higher "  solids) 

b. colorless (alkanes are colorless)   c. no   (polar and nonpolar are immiscible)    
d. yes   (nonpolar and nonpolar are miscible)   e. non-existent; H bonded to N, O, or F for H-bonding   f. no    
g. no   (Br2 + alkene reacts fasr, not with alkanes) 
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12. The !  bond needs to be broken to allow rotation through the double bond. 

13. 
 

  
 

  
 

  

 

  

 

  

 

  

 

 

14. a. 
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17. 2 

18. a. 
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O

  O
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  c. Cl   d. 

Cl

  e. 

Cl

 Cl  

Cl

 Cl  

19. 

 

 2-methyl-1-pentene; 

 

 3-methyl-1-pentene; 

 

 4-methyl-1-pentene;  
 

 2-methyl-2-pentene; 

 

 trans-3-methyl-2-pentene; 

 

 cis-3-methyl-2-pentene;   

 trans-4-methyl-2-pentene; 

 

 cis-4-methyl-2-pentene 
20. a. 2C7H14 + 21O2  "   14CO2 + 14H2O   b. 2C3H8O + 9O2  "   6CO2 + 8H2O 
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22. e.  

23. 
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24. a. IV    b. II    c. IV (need a carboxylic acid to form an ester)   d. III    e. IV   f. V   g. III 

25. a. 
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26.   or   
27. IV and V 

28. 

 

 para-xylene; 1 product: 

 

Br

 answer is para-xylene 
 

 ortho-xylene; 2 products: 

 

Br   

 

Br ; 

 

 meta-xylene; 3 products: 
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30. a. 
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31. a. 
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32. a. 
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33. a. 
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34. 

 

HC OH

H2C OH

H2C OH ; 

 

C

O

HO (CH2)13CH3 ; 

 

C
O

HO (CH2)18CH3 ; 

 

C

O

HO (CH2)16CH3  
35. a. A saturated fat contains a long carbon chain that is an alkane while an unsaturated fat contains at least 1 

or more alkene units, C=C.  b. A monounsaturated fat contains 1 C=C unit while a polyunsaturated fat 
contains many alkene, C=C, units. 

36. b    (ala-ala-gly, ala-gly-ala, gly-ala-ala) 

37. 
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38. a. Ser-Tyr-Asn-Ala or S-Y-B-A    b. 
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40. a. R
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