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Chemistry 104, Dr. Batterton 
Help Sheet #4 Ð Chapter 10 (Part II) 

Tony Jacob 
 

CHAPTER 10 (Part II): Reactions; More Functional Groups 
 

FUNCTIONAL GROUPS (the next 8) 
Functional Group Suffix Formula Other Info 
Alcohol (an)ol R-OH  (R !  H); 1û (primary), 2û (secondary), 3û (tertiary) 
Ether alphabetize 

groups + ether 
R-O-R'  (R and RÕ !  H) 

Aldehyde (an)al 
 

C

O

R H  or RCHO 
 

Ketone (an)one 
 

C
O

R R'   or  R(C=O)RÕ 
(R and RÕ !  H) 

Carboxylic acid (an)oic acid 
 

C

O

R O H  or RCOOH 
R C

O

OH R C

O

O- H++  (acidic) 
Ester RÕ + R-C + 

(an)oate 

 

C

O

R O R'   or  P(COO)RÕ 
(RÕ !  H) 

Amide ÒNÐÓ+RÕRÓ 
(alphabetize) + 
R + (an)amide 

 

C

O

R N R'

R''

 or R(CO)NH2 
 

Amine alphabetize 
groups +amine 

NRR'R"  (1 R must !  H); 1û, 2û, 3û, 4û (4û is +1) 
NR3 + H2O NR3H+ + OH-   (basic) 

Alcohol: a ÐOH (hydroxyl) group attached; (RÑ OH); H-bonding 
primary (1û): C with ÐOH has 1 C attached; secondary (2û): C with ÐOH has 2 C attached 
tertiary (3û): C with ÐOH has 3 C attached to it 

Ether: bridging oxygen atom; (RÑ OÑ R'); R and R' ! H otherwise it becomes an alcohol 

Aldehyde: a carbonyl (C=O) 

 

C

O

R H  with at least one H attached; (RÑ CHO) 

Ketone: a carbonyl (C=O) 

 

C

O

R R'  with no H attached; (RÑ COÑ R'); R and R' ! H otherwise itÕs an aldehyde 

Carboxylic acid: RÑ COOH 

 

C

O

R O H ; H is acidic and can come off to yield: RCOO- + H+; H-bonding 

Ester: RÑ (COO)ÐRÕ 

 

C
O

R O R' ; H on carboxylic acid is replaced with R'; R' ! H otherwise itÕs a carboxylic acid 

Amide: RÑ (C=O)ÐNRÕRÓ 

 

C

O

R N R'

R''

; H on carboxylic acid is replaced with NR'R" (RÕ, RÓ can be H); H-bonding 
Amine Ð N with a C attached to it; NRR'R"; H-bonding 

primary (1û): N has 1 C attached; secondary (2û): N has 2 C attached; tertiary (3û): N has 3 C attached 
 
REACTIONS 
COMBUSTION: any C, H, O compound + O2 → CO2 + H2O 
 2C8H18(g) + 25O2(g)  →  16CO2(g) + 18H2O(g) 
 
ALKANES - HALOGEN SUBSTITUTION: add Cl2 or Br2 to alkane using UV light; reactivity: 3û > 2û > 1û 

CH3CH2CH3 + X2 

€ 

UV →   CXH2CH2CH3 + CH3CXHCH3 + 2HX (multiple products) 

Initiation:  Cl2  

! 

UV" # "   2Cl. 

Propagation:  Cl. +   

! 

" # "    +  + HCl 

 Cl2 + (  or )  

! 

" # "   (
Cl

 or 

Cl

) + Cl. 

Termination:  Cl. + (Cl. or  or )  

! 

" # "   (
Cl

 or 

Cl

 or Cl2) 
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ALKENES and ALKYNES – ADDITION  REACTIONS: adding a compound to a double or triple bond 
Reduction (adding H2) - HÕs add across the double bond 

alkene + H2 

! 

Pt, Pd, Rh, Cgraphite" # " " " " "  alkane   and    

CH3CH=CHCH3 + H2 

! 

Pt, Pd, Rh, C graphite" # " " " " "  CH3CH2CH2CH3  
alkyne + H2 

! 

Pt,Pd,Rh,C" # " " " "  alkene + H2 

€ 

Pt,Pd,Rh,C →      alkane      or alkyne + 2H2 

! 

Pt,Pd,Rh,C" # " " " "  alkane 

(CH3)C≡C(CH3) + H2 

! 

Pt,Pd,Rh,C" # " " " "  CH3CH=CHCH3 + H2 

! 

Pt,Pd,Rh,C" # " " " "  CH3CH2ÐCH2CH3  

this can also be written (CH3)C≡C(CH3) + 2H2 

€ 

Pt,Pd,Rh,C →      CH3CH2ÐCH2CH3  
Halogenation (adding X2) - XÕs add across the double bond (X = F, Cl, Br, I) 

alkene + X2 → dihaloalkane (XÕs add across the double bond) 
CH3CH=CHCH3 + Cl2 

€ 

 →   CH3ÐCClHÐCClHÐCH3  

(CH3)C≡C(CH3) + Cl2 

! 

" # "  CH3CCl=CClCH3 + Cl2 

€ 

 →   CH3C(Cl)2ÐC(Cl)2CH3  

this can also be written (CH3)C≡C(CH3) + 2Cl2 

! 

" # "  CH3C(Cl)2ÐC(Cl)2CH3  
Hydrohalogenation (adding HX) - H and X add across the double bond; can yield multiple products 

alkene + HX → haloalkane  
CH3CH=CHCH3 + HCl 

€ 

 →   CH3CH2CHClCH3   
Hydrolysis (adding H2O; literally Òbreaking apart waterÓ) - H and OH add across the double bond; can yield 
multiple products 

alkene + H2O 

! 

H 2SO4" # " "  alcohol 

CH3CH=CHCH3 + H2O 

€ 

H2SO4 →    CH3ÐCH2ÐCH(OH)ÐCH3  
CH3CH2CH=CH2 + H2O 

€ 

H 2SO4 →    CH3ÐCH2ÐCH(OH)ÐCH3 + CH3ÐCH2ÐCH2ÐCH2OH  
Hypohalous (adding HOCl or HOBr) - HO and Cl/Br add across the double bond; can yield multiple 
products 

alkene + HOX 

! 

H 2SO4" # " "  halogenated alcohol (also called halohydrins) 
CH3CH=CHCH3 + HOCl 

! 

H 2SO4" # " "  CH3ÐCHClÐCH(OH)ÐCH3  

CH3CH2CH=CH2 + H2O 

! 

H 2SO4" # " "  CH3ÐCH2ÐCH(OH)ÐCH2Cl + CH3ÐCH2ÐCHClÐCH2OH  
 
BENZENE/AROMATIC SUBSTITUTION 

Nitration:    

! 

HNO3 , H2SO4" # " " " " " 
  

NO2

 

Halogenation:    

! 

Br2 , FeBr2" # " " " 
  

Br

 + HBr   (Cl2/FeCl2 will chlorinate benzene)
 

Alkylation:    

! 

AlCl 3 , CH3Cl" # " " " " 
  

CH3
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OXIDATION ([O] = oxidizing agent; dichromate = Cr2O7
-2 with H2SO4 or potassium permanganate = KMnO4) 

Alcohols 
Primary Alcohol + [O]  →  Aldehyde + [O]  →  Carboxylic Acid 

CH3CH2CH2OH 

€ 

H 2SO4 , Cr2O7
−2

 →       CH3CH2CHO 

€ 

H 2SO4 , Cr2O7
−2

 →       CH3CH2COOH  
 

OH  

! 

H 2SO4 , Cr2O7
" 2

# $ # # # # #  

 

O  

€ 

H 2SO4 , Cr2O7
−2

 →       

 

O

OH

 
Secondary Alcohol + [O]  →  Ketone (product can't be further oxidized) 

CH3CH2C(CH3)HOH 

€ 

H2SO4 , KMnO4 →       CH3CH2COCH3  

OH  

! 

H2SO4 , KMnO4" # " " " " "  

 

O  
Teriary Alcohol + [O]  →  No Reaction 

CH3CH2C(CH3)2(OH) 

! 

H 2SO4 , KMnO 4" # " " " " "  CH3CH2C(CH3)2(OH) 
 

OH  

! 

H 2SO4 , KMnO 4" # " " " " "  

 

OH  
Aldehydes: Aldehyde + [O]  →  Carboxylic Acid 

CH3CH2CHO 

€ 

H2SO4 , Cr2O7
−2

 →       CH3CH2COOH 
 

O  

! 

H2SO4 , Cr2O7
" 2

# $ # # # # #  

 

O

OH

 
Ketones: No Reaction 

CH3CH2(C=O)CH3 

€ 

H 2SO4 , KMnO 4 →       CH3CH2(C=O)CH3  

O  

! 

H 2SO4 , KMnO 4" # " " " " "  

 

O  (no reaction) 
REDUCTION ([red] = reducing agent; e.g., H2; LiA lH4 abbreviated LAH; NaH; NaBH4):  

Producing Alcohols 
Carboxylic Acid + [red]  → Aldehyde + [red]  →  Primary Alcohol 

CH3CH2COOH 

! 

LiAlH4" # " " "  CH3CH2CHO 

! 

LiAlH
4" # " " "  CH3CH2CH2OH  

 

O

OH

 

€ 

LiAlH
4 →     

 

O  

! 

LiAlH
4" # " " "  

 

OH  
Ketone + [red] → Secondary Alcohol 

CH3CH2COCH3 

! 

LiAlH4" # " " "  CH3CH2CH(OH)CH3  

O  

! 

LiAlH
4" # " " "  

 

OH  
Aldehydes: Aldehyde + [LAH]  →  Primary Alcohol 

CH3CH2CHO 

! 

LiAlH4" # " " "  CH3CH2CH2OH 
 

O  

! 

LiAlH
4" # " " "  

 

OH  
Ketones: Ketone + [LAH]  →  Secondary Alcohol 

CH3CH2COCH3 

! 

LiAlH4" # " " "  CH3CH2CH(OH)CH3  

O  

! 

LiAlH
4" # " " "  

 

OH  
Carboxylic Acid: Carboxylic Acid + [LAH] → Aldehyde → Primary Alcohol 

CH3CH2COOH 

! 

LiAlH
4" # " " "  CH3CH2CHO 

! 

LiAlH
4" # " " "  CH3CH2CH2OH 

 

O

OH

 

! 

LiAlH4" # " " "  

 

O  

! 

LiAlH
4" # " " "  

 

OH  
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1. Name each of the following molecules. 

a. 

OH

 b.  c. O  d. O     

e.  f. O

OH

 g. O  h. 

F

O

OH
F

F

  

i. 

O

O  j. 
O

Cl

 k. 

OH

 l. 

O

O  
 
2. Write the line or condensed structures from the given names.   
a. 3-ethyl-4-methyl-2-pentanol    b. ethyl propyl ether    c. 1-ethyl-2,4-dimethylbenzene   d. 2-butanone    
e. 3,3-diethylpentanal   f. 2-methylbutanoic acid   g. 4-ethylhexanoic acid    h. pentyl propanoate     
i. ethyl methyl amine 
 
3. Draw and name all 8 alcohol isomers that can be derived from C5H11OH. 
 
4. Draw all 15 isomers (including geometric and cyclic isomers) for C4H7Cl. 
 
5. Complete and balance the following reactions: 
a. C5H10 + O2 

€ 

Δ →   

b. CH3CH2CH2OH + O2 

! 

"# $ #  
 
6. Draw the 8 monobrominated products when 1,3-dimethyl-2-propylcyclohexane reacts with Br2.  
 
7. Complete the following reactions.  If more than 1 product is expected, write down both/all 
products. 

a.  + Cl2  →   

b.  + HCl  →   

c. ?? + H2O 

€ 

H 2SO4 →    OH  + 

OH

 

d. ??  + 2Br2  →  

Br Br

BrBr  
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8. Complete the following reactions. 

a. 

OH

  

! 

H 2SO4 , Cr2O7
" 2

# $ # # # # #    

b. 

O

OH

  

! 

LiAlH
4" # " " "    

c. 

O

   

€ 

H 2SO4 , Cr2O7
−2

 →         

d. 

OH

  

! 

H2SO4 , Cr2O7
" 2

# $ # # # # #    

e. 
O

  

€ 

LiAlH
4 →       

 
9. Complete the following reactions.  If more than 1 product is expected, draw all products. 

  

! 

HNO3 , H2SO4" # " " " " "     
 
10. What reagent, if any, is needed to make the following reactions happen? 

a.  + H2  

! 

???" # "    

b. 

O

  

! 

???" # "   

OH

 

c.   

€ 

??? →    

Br

 

d.  + Br2  

! 

???" # "   Br

Br

 
 
11. What chemical when reacting with bromine would produce 2,3-dimethylpentane? 
 
12. What chemical when reacting with water in the presence of sulfuric acid, H2SO4, and heat yields only 1 
product, 2,3-dimethyl-2-butanol? 
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ANSWERS 
1. a. 3-ethyl-2-hexanol   b. trans-2,5-dimethyl-3-hexene   c. butanal   d. 2-pentanone    
e. cis-2-hexene   f. 2,2-dimethylpentanoic acid   g. 4,4-dimethylpentanal    
h. 2,2,2-trifluoroethanoic acid   i. methyl butanoate   j. 3-chloro-4-ethyl-2-hexanone   k. 2,2-dimethyl-1-butanol    
l. propylpentanoate 

2. a 

CH CH CH CH3H3C

OH

CH3CH2

CH3     b. CH3

CH2

O
CH2

CH2

CH3

   c. 

CH

CH
C

C

C
CH

CH3

CH2CH3

CH3

   d. CH3CCH2CH3

O

   e. 

CH3CH2CCH2C

CH2CH3

CH2CH3
O

H

 

f. 

CH3CH2CHC

CH3 O

OH    g. 

CH3

CH2

CH

CH2

CH2

C

CH2

O

OH

CH3    h. 

CH3

CH2

CH2

CH2

CH2

O

C

O

CH2

CH3

   i. 

HN

CH3

CH2CH3  

3. OH  1-pentanol     

OH

 2-pentanol     OH  3-pentanol    

OH  2-methyl-1-butanol    OH  3-methyl-1-butanol     

HO

 2-methyl-2-butanol  
OH

 3-methyl-2-butanol     OH  2,2-dimethyl-1-propanol 

4. 
Cl

 trans-1-chloro-1-butene;   Cl   cis-1-chloro-1-butene;   

Cl

 2-chloro-1-butene;    

Cl  3-chloro-1-butene;   Cl  4-chloro-1-butene;   
Cl

 trans-1-chloro-2-butene;    

Cl

 cis-1-chloro-2-butene;   

Cl

 cis-2-chloro-2-butene;   

Cl

 trans-2-chloro-2-butene;    

Cl
 1-chloro-2-methyl-1-propene;   

Cl

 3-chloro-2-methyl-1-propene;    
Cl

 1-chlorocyclobutane;   

Cl

 1-chloro-1-methylcyclopropane;  

Cl  1-chloro-2-methylcyclopropane;   

Cl

 1-chloromethylcyclopropane 
5. a. 2C5H10 + 15O2 

€ 

Δ →   10CO2 + 10H2O    b. 2CH3CH2CH2OH + 5O2 

€ 

Δ →   2CO2 + 8H2O 
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6. 

 

Br   

 

Br   

 

Br

  

 

Br

  

 

Br

  

 

Br

  

 

Br

  

 
Br

 

7. a.  + Cl2  →  Cl

Cl

 

b.  + HCl  →  Cl  + 

Cl

 

c.  + H2O 

! 

H2SO4" # " "  OH  + 

OH

 

d.   + 2Br2  →  

Br Br

BrBr  

8. a. 

OH

  

! 

H 2SO4 , Cr2O7
" 2

# $ # # # # #   

O

 

b. 

O

OH

  

€ 

LiAlH
4 →      

OH

 

c. 

O

   

! 

H 2SO4 , Cr2O7
" 2

# $ # # # # #   NR 

d. 

OH

  

! 

H 2SO4 , Cr2O7
" 2

# $ # # # # #   

OH

O

 

e. 
O

  

! 

LiAlH
4" # " " "   

OH
 

9.   

€ 

HNO3 , H2SO4 →        

NO2

 + 

NO2

 + 

NO2

 
10. a. Pt, Pd, Rh, or Cgraphite   b. LiAlH4    c. FeBr2/Br2    d. nothing else needed
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11.  + Br2  

! 

" # "   

Br

Br

 

12.  + H2O  

! 

H 2SO4" # " "   

HO

 


