->?1 ?1 U)H=7D?9 ECFEKD:I E<)NO=,DV 9>7FJ;H <HEC J>#BHHE:K9J?ED JE >;C?IJHO !:D;H7B )H=7D?9
7D: ?EBE=?97B::N >JCB L

->?| 8EEA ?1 B?9;DI;: KD:;HR;7J?L; ECCEDIS8O D917 >JJF 9H:7J?L:9ECCEDI EH=B?9:DI;1 80 D9 I7

B?9:Dl; ,:;; J>; B?9;DI; <EH CEH; :;J7?Bl 8KJ J>7J 871?97BBO C;7DI OEK 97D I1>7H; J>?| SEEA 71 BED= 7| OF
9H:;:?J J>; TKJ>EH 8KJ I;; 8;BEM :ED JC7A; CED;O <HEC ?J 7D::E C7A;?J 7L7?B78B; JE ;L;HOED:; ;:Bl; KD:;H .
17C; J;HCI

->?|1 9EDJ;DJ M71 799;1178B; 71 E< ;,9;C8;H 7D: ?J M71 :EMDBE7:;: J>;D 8:0 ,9>C?JP
>JJF B7H:8K9A;J EH2D 7D ;<<EHJ JE FH;I;HL; J>; 7L7?B787?B?JO E< J>?| 8EEA

(EHC7BBO J>; 7TKJ>EH 7D: FK8B?I>;H MEKB: 8; 9H;:?J;: >;H; "EM;L;H J>; FK8B?I>;H >71 71A;: <EH J>; 9KIJECT7!
H;7J?L; ECCEDI 7JJH?8KJ?ED JE J>; EH?=?D7B FK8B?I>;H 7KJ>EHI J?JB; 7D: 8EEA .+# JE 8; H;CEL;: ::?J7I
F;H J>; FK8B?I>;H | H;GK;lJ J>;?H D7C; >71 8;;D H;CEL;: ?D IEC; F7117=;| 'EH; ?D<EHC7J?ED ?1 7L7?B78B; ED J:
FHE@;9J4JJH?8KJ?ED F¥3JF  8EEAI B7H:8K9A:J EH= 7JJH?8KJ?ED >JCB KJC6IEKH9; >;7:;H

EH CEH; ?D<EHC7J?ED ED J>; IEKH9; E< J>?I 8EEA EH M>0 ?J ?1 7L7?B78B; <BH; FH{EEB3JI] BEC; F7=;
>JJF  8EEAI B7H:8K9A;J EH= 2EK 97D 8HEMI; EH :EMDBE?7: 7::?J?ED7B 8EEAI J>;H;
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Chapter 14

Organic Compounds of Oxygen

Opening Essay

)D; E< J>; CEH; <7C?B?7H 9>;C?97B 9ECFEKD:I ED 7HJ> ?I ;J>0B 7B9E>EB ;J>7DEB |J>; ?DJEN?97DJ ?D 7
8:L;H7=;1 ;J>7DEB ?|1 E<J;D I?CFBO 97BB;: 7TBO9E>EB #< ;J>7DEB ?I| :?BKJ;: 71 ?2J ?1 ?D M?D; 8;;H EH C?N;: :H?
78EKJ EP E<B?GKEH 7D: ?<?J ?1 9EDIKC;: ?D IC7BB GK7DJ?J?;| ?J ?1 H;B7J?L;BO I17<; #D ;N9;lIT<EKH EH
?D 7 <;M >EKHIT?J 97KI;| ?DJEN?97J?ED M>?9> ?1 9>7H79J;H?P;: 80 7 BEIl E< 9EEH:?D7J?ED D7KI;7 7D: LE(
C;CEHO 8B79AEKJI

N9;1I?L; ?D=;13?ED E< ;J>7DEB EL;H 7 BED= F;H?E: E< J?C; B;7:1 JE 9?HH>EI?I E< J>; B?L;H 7BJ;H7J?ED E< 8
<KD9J?ED D;HL; :7C7=; 7D: IJHED= F>OI?EBE=7?97B 7::?79J?ED B9E>EB?ICT7D 7::?9J?ED JE ;J>7DEBT?I J>;
I;H?EKI :HK= FHES8B;C ?D J>; .D?J;: ,J7J;| ";7LO :H?DA?D= I>EHJ;DI 7 F;HIEDWI B?<; IF7D 80 9EDJH?8KJ?D=J
27151 E< 3>, B?L;H J>; 97H:?EL7I9KB7H I01J3;C 7D: L?HIK7BBO ;L;HO EJ>;H EH=7D E< J>; 8E:O

#D IC7BB GK7DJ?J?;ITED; EH JME :H?DAI 7 :70T;J>7DEB C?=>J FHECEJ; >;7BJ> #D 7::?J?ED JE J>; FEII?8B;
E< CE:;|IJ 7TCEKDJI E<;J>7DEB 7 9>;C?97B ?D H;: M?D;| H;IL;H7JHEB ?1 J>EK=>J JE BEM;H J>; H?IA E< >;7HJ
+;IL;H7IJHEB <EKD: ?D H;: =H7F;l ?1 7D 7DJ?EN?:7DJ #J ?D>78?Jl J>;, EN?:7J?ED E< 9>EB;IJ;HEB 7D: IK8I;GK
9BE==?D= E< J>; 7THJ;H?;| )D; D;;: DEJ :H?DA M?D; JE =;J J>; 8;D;<?JI E< H;IL;H7JHEB >EM;L;H #J 97D 8; E8J.
80 ;7J?D=J>; =H7F;| EH :H?DA?D= H;: =H7F; @K?9;

J>7DEB 7D: H;IL;H7JHEB 7 F>;DEB 7H; H;FH;I;DJ7J?L;l E< JME E< J>; <7C?B?;l E:
ENO=;D 9EDJ7?D?D= 9ECFEKD:I J>7J M; 9EDI?:;H ?D J>?1 9>7FJ;H -ME EJ>;H 9B7
7B:;>0::1 7D: A;JJED;l 7H; <EHC;: 80 J>; EN?:7J?ED E< 7TB9E>EBI J>;HI 7DEJ>;H
9B7Il 7H; C7:; 80 J>; :;>0:H7J?ED E< 7B9E>EBI
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14.1 Organic Compounds with Functional Groups

IJHK9IKH7B 7THH7D=;C;DJ E
7JECI 7D: EH 8ED:1 J>7J
?CF7HJII 7 M?:; H7D=; E<
?CFEHJ7DJ FHEF;HJ?;1 JE
EH=7D?9 9ECFEKD:I

JAN

LEARNING OBJECTIVE

;I9H?8; <KD9J?ED7B =HEKFI 7D: ;NFB7?D M>0 J>;0 7H; KI;<KB ?D J>; 1JK:C
E<EH=7D?9 9>;C?IJHO

#D>7FJ;H )H=7D?9 >;C?IJHO BA7D;l 7D: "7BE=;D7J;: "O:HE97HSEM):

>7FJ;H  .DI7JKH7J;: 7D: HEC7J?9 "O:HE97H8EDM,; 9EDI?:;H;: [;L;H7B A?D:l
E<>0:HE97H8EDI (EM M; ;N7C?D; IEC; E< J>; C7DO EH=7D?9 9ECFEKD:I J>7J
9EDJ7?D <KD9J?ED7B =HEKFI 0; <?HIJ ?DJHE:K9;: J>; funcendbgroup 7
IF;9?7<?9 IJHK9JKH7B 7THH7D=;C;DJ E< 7JECI EH 8ED:1 J>7J ?CF7HJI 7 9>7H79J;H"
9>;C?97B H;79J?7L?JO JE J>; CEB;9KBERXH EL7B:DJ ED:?D=7D: ,?CFB;
'EB;9KB7H ECFEKD:I ;9J?ED _ #DJHE:K9J?ED JE )H=7D?9 >;C?KWHOEK
KD:;HIJ7D: J>; 8;>7L?EH E< 7 F7THJ?9KB7H <KD9J?ED7B =HEKF OEK M?BB ADEM
;7B 78EKJ J>; =;D;H7B FHEF;HJ?;| E<J>7J 9B71l E<X 9ECFEKD:I #D J>?1 9>7FJ;H 7I
>7FJ;H  )H=7D?9 92:17D: 7I;17D: ,EC; E<->;?H ;H?L7J?L:l M; C7A;7

8H?;< 0;J 101J;C7J?9 IIK:O E< IEC; E< EH=7D?9 9ECFEKD: <7C?B?;| 79> <7C?BO
871, ED 7 9ECCED |?CFB; <KD9J?ED7B =HEKF J>7J 9EDJ7?DI 7D ENO=;D 7JEC E
D?JHE=;D 7JEC ,EC; 9ECCED <KD9J?ED7B =HEKFI 7H/MB8.);: ?0B;9J;:

)H=7D?9 KD9J?ED7B !HEKFI

-78B,; ,1B;9J;: )JH=7D?9 KD9J?ED7B 'HEKFI
7BATD; +" DED,; ane
7BA;D; + o+ ene
7BAOD; + + S S yne
*Ethers do not have a suffix in their co(r:}r:rr?ec:n name; all ethers end with the word
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Namg of General Formula Functional Group Suffix*
Family
7B9E>EB +)" S)" ol
J>7EB +," S thiol
-J>:H +)+ S)S J>H
7B::>0:; al
AJED; one
97HSENOB?9 79?: olc
acid
*Ethers do not have a suffix in their common name; all ethers end with the word
ether.

CONCEPT REVIEW EXERCISES

0>7J ?1 J>; <KD9J?ED7B =HEKF E< 7D 7BA;D; D 7BAOD;

NFB7?D

>7L; 7 <KD9J?ED7B =HEKF

)H=7D?9 ECFEKD:I M?J> KD9J?ED7B 'HEKFI
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ANSWERS

97H8ED JE 97H8ED :EK8B; 8ED: 97H8ED JE 97H8ED JH?FB; 8ED:
(E ?J>71 DEJ>?D= 8KJ 97H8ED 7D: >O:HE=;D 7JECI 7D: 7BB 1?D=B; 8ED:|

KEY TAKEAWAY

R ->; <KD9J?ED7B =HEKF 7 IJHK9JKH7B 7HH7D=;C;DJ E< 7JECI 7D: EH 8ED:I
?1 B7H=;BO H;IFEDI?8B; <EH J>; FHEF;HJ?;| E< EH=7D?9 9ECFEKD: <7C?B?

EXERCISES
0>7J ?1 J>; <KD9J?ED7B =HEKF E< 8KJ7DEB"" " )"
0>7J ?1 J>; <KD9J?ED7B =HEKF E< 8KJOB 8HEC?:, "" H

ANSWER

|

)H=7D?9 ECFEKD:I M?J> KD9J?ED7B 'HEKFI
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14.2 Alcohols: Nome

E<)NO=;D

nclature and Classification

LEARNING OBJECTIVES

#:;DJ?<0 J>; =;,D;H7B IJHK9JKH; <EH 7D 7BO9E>EB

#::DJ?<0 J>; IJHKQIKH7B <;7JKH; J>7J 9B711?<?;| 7BOE>EBI 71 FH?C7HO
[;9ED:7HO EH J;HJ?7HO

(7C; 7TBOE>EBI M?J> 8EJ> 9ECCED D7C;| 7D: #.* D7Ci;l

I DEJ;: ?D >7FJ;H EL7B:DJ ED:?D=7D: ,?CFEB; 'EB;9KB7H ECFEKD7D

alcohol ?1 7D EH=7D?9 9ECFEKD: M?J> 7 >O:HENOB )" <KD9J?ED7B =HEKF ED 7
7B?F>7J?9 97HBED 7JEC ;97KI;)" ?1 J>; <KD9J?ED7B =HEKF E< 7BB 7B9E>EBI M
H;FH;I;DJ 7BO9E>EBI 80 J>; =;D;H7B <EHCKB7 +)" M>;H; + ?I 7D 7BAOB =HEKF E}
CEH; ?D<EHC7J?ED 78EKJ 7BAOB =HEKHRL:H:, )H=7D?9 >;C?IJHO BA7D;l

7D: "7TBE=;D7J;: "O:HE97H8EDI|;9J?ED _ #.* (EC;D9B7JKH; -78B;

ECCED BAOB !'HEKFFH;I;DJI IEC; 9ECCED 7BAOB =HEKFI

BOE>EBI 7H; 9ECCED ?D D7JKH; 'EIJ F;EFB; 7H; <7C?B?7H M?J> ;J>0OB 7B9E>EB
J>7DEB J>; 79J7L, ?D=H;:?;DJ ?D 7BO9E>EB?9 8;L;H7=;| 8KJ J>?| 9ECFEKD: ?I EL
ED; E<7 <7C?BO E< EH=7D?9 9ECFEKD:| ADEMD 71 7BOE>EBI ->; <7C?BO 7BIE ?
IK9> <7C?B?7H IK81J7D9;l 71 9>EB;IJ;HEB 7D: J>; 97H8E>0:H7J;l

IM; DEJ;: ?D >7FJ;H EL7B;DJ ED:?D=7D: ,?CFB; 'EB;9KB7H ECFEKD:I

D EH=7D?9 9ECFEKD: M?J> 7D
)" <KD9J?ED7B =HEKF ED 7D
7B?F>7J?9 97TH8ED 7JEC

+9J?ED  #DJHE:K9J?ED JE )H=7D?9 >;C?IJHS7DEB " )" 7D:;J>7DEB
" )" 7H; J>; <?HIJ IME C;C8;HI E< J>; >SECEBE=EKI I;H?;| E< 7B9E>EBI

Nomenclature of Alcohols

BOE>EBI M?J> ED; JE <EKH 97H8ED 7JECI 7H; <H;GK;DJBO 97BB;: 80 9ECCED D’
M>?9> J>; D7C; E< J>; 7TBAOB =HEKF ?| <EBBEM;: 8@GltehdIEH:
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99EH:?D= JE J>; #DJ;HD7J?ED7B .D?ED E<*KH, 7D: FFB?;: >,C?IJHO #.*
7B9E>EBI 7H; D7C;: 80 9>7D=?D= J>; ;D:?D= E< J>; F7H;DJ 7TBAT®/ EJ/Q ;
)H=7D?9 >:C?IJHO BA7D;l 7D: "7BE=;D7J;: "O:HE97HS8EBU?ED _ #.*
(EC;D9B7JKH; JE ol ";H; 7H; IEC; 871?9 #.* HKB;| <EH D7C?D= 7BO9E>EBI

->: BED=;1J 9EDJ?DKEKI 9>7?D & E<97H8ED 7JECI 9EDJ7?D?D= J>;
=HEKF ?1 J7A;D 71 J>; F7H;DJ 9ECFEKD:T7D 7BA7D; M?J> J>; I7C;
DKC8;H E< 97HBED 7JECI ->; 9>7?D ?I DKC8;H;: <HEC J>; ;D: D;7H;1J
J>; )" =HEKF

->: DKC8;H J>7J ?D:?97J;1 J>; FEI?J?ED E< J>; )" =HEKF ?I FH;<?N;: JE
J>; D7C; E< J>; F7H;DJ >O:HE97HBED 7DrJjB;?D=E< J>; F7H;DJ
7BATD; ?1 H;FB79;: 80 J>; IK<ei?KD 909B?9 7BOE>EBI J>; 97H8ED 7JEC
8;7H?D=J>; )" =HEKF ?I :;I?=D7J;: 8KJJ>; ?IDEJKI;: ?D J>;

D7C; ,K81J?JK;DJl 7H; D7C;: 7D: DKC8;H;: 71 ?D 7BA7D;l

#< CEH; J>7D ED; )" =HEKF 7FF;7HI ?D J>; I7C; CEB;9KB; FEBO>O:HEN
7B9E>EBI [IK<<?N;l IK9=idl7D: triol 7H; Kl;: #D J>;1; 971;1 J>; e
:D:?D=E< J>; F7H;DJ 7TBA7D; ?1 H;J7?D;:

?=KH; #.* +KB:l <EH B9E>EBI I>EMI IEC; ;N7CFB;l E< J>; 7TFFB?97J?ED E<
J>:1; HKB;l

Figure 14.1

BO9E>EBI (EC;D9B7JKH; 7D: B711?<?97J?ED
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The names and structures of some alcohols demonstrate the use of IUPAC rules.

EXAMPLE 1

I1?7L; J>; #.* D7C; <EH ;79> 9ECFEKD:

,EBKJ?ED

-, D 97HBED 7JECI ?D J>; & C7A;1J>; 9ECFEKD: 7 ;;H?L7J?L; E<
97D; HKB; 7D:J>;)"ED J>; J>?H: 97H8ED 7JEC C7A;1 23 7
3 97DEB HKB,;

->: 97H8ED 7JECI 7H; DKCS8;H;: <HEC J>; ;D: 9BEI;1J JE J>; )"

=HEKF ->7J <?N;l J>; JME C;J>0B =HEKFI 7J J>; I?NJ> 7D:

;?=>J> FEI?J?EDI ->; D7C;?l :?C;J>0B :97DEB DEJ
:?C;J>0OB :;97DEB

?L; 97H8ED 7JECI ?D J>; & C7A; J>; 9ECFEKD: 7 ;;H?L7J?L; E<
F;DJ7D; -ME )" =HEKFI ED J>; <?HIJ 7D: <?<J> 97H8ED 7JECI
C7A; J>; 9ECFEKD: 7 :?EB 7D: =?L; J>; D7C; F;DJ7D;:?EB
HKB;

BO9E>EBI (EC;D9B7JKH; 7D: B711?<?97J?ED
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SKILL-BUILDING EXERCISE

I?7L; J>; #.* D7C; <EH ;79> 9ECFEKD:

BO9E>EBI (EC;D9B7JKH; 7D: B711?<?97J?ED
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EXAMPLE 2

H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:

>:N7DEB
C;J>0B F;DJ7DEB

,EBKJ?ED

->::D:?D= 01?D:?97J;1 7D 7BO9E>EB J>;)" <KD9J?ED7B =HEKF
7D: J>; hex 1J;C J;BBI KI J>7J J>;H; 7H; I?N 97H8ED 7JECI ?D J>;
& 0;1J7HJ 80 :H7M?D= 7 9>7?D E< |?N 97H8ED 7JECI
SSSSSSS

->; ?D:?97J;1 3>7J J>; )" =HEKF ?1 73J379>;: JE J>; I;9ED:
97HB8ED 7JEC

?D7BBO M; 7:: ;DEK=>>0O:HE=;D 7JECI JE =7L; ;79> 97H8ED 7JEC
<EKH 8ED:|

->::D:?D= 0l?D:?97J;| 7D )" <KD9J?ED7B =HEKF 7pedt;
1J;C J;BBI KI J>7J J>;H; 7H; <?L; 97H8ED 7JECI ?D J>; & 0; [J7HJ
80 :H7M?D= 7 9>7?D E< <?L; 97H8ED 7JECI

bBCBCHbCDHCDBbCD

->; DKC8;HI ?D:?97J; J>7J J>;H; ?1 7 C;J>0OB =HEKF ED J>;
J>?H: 97H8ED 7JEC 7D: 7D )" =HEKF ED J>; I;9ED: 97H8ED 7JEC

BO9E>EBI (EC;D9B7JKH; 7D: B711?<?97J?ED
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SKILL-BUILDING EXERCISE

H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:
>,FJ7DEB

C;J>0OB >;N7DEB

Classification of Alcohols

,EC; E< J>; FHEF;HJ?;| E< 7BO9E>EBI :;F;D: ED J>; DKC8;H E< 97H8ED 7JECI 7JJ79>
JE J>; IF;97<?9 97H8ED 7JEC J>7J ?1 7JJ79>;: JE J>; )" =HEKF B9E>EBI 97D 8;
=HEKF;: ?DJE J>H;; 9B7Il;| ED J>?1 8717I

R primary (1j) alcohol ?1 ED; ?D M>?9> J>; 97H8ED 7JEC ?D H;: M?J>
J>; )" =HEKF ?1 7JJ79>;: JBneEJ>;H 97H8ED 7JEC 7D 8BK; #JI=;D;H7B
<EHCKB7 ?I +)"

R secondary (2j) alcohol ?I ED; ?D M>?9> J>; 97H8ED 7JEC ?D H;:
M?J> J>; )" =HEKF ?1 7JJ79>;: tito EJ>;H 97H8ED 7JECI ?D 8BK; #JI
=;D;H7B <EHCKB7 ?)"+

9ECFEKD: M?J> 7D )" =HEKH
ED 7 97TH8ED7JEC J>7J ?I
7JJ79>;: JE EDBO ED; EJ>;H
97H8ED 7JEC

9ECFEKD: M?J> 7D )" =HEKHR
EJDJ;ngJSEE?MgEES >J'>H7;7?I-||8EZ) R tertiary (3j) alcohol ?I ED; ?D M>?9> J>; 97H8ED 7JEC ?D H;: M?2J>
2EC ' J>; )" =HEKF ?1 7JJ79>;: JEareeEJ>;H 97H8ED 7JECI ?D 8BK; #JI

=;D;H7B <EHCKB7 9 +

9ECFED: M?J> 7D )" =HEKF
ED 7 97H8ED 7JEC J>7J ?I
73J79>;: JE J>H;; EJ>;H 97H8ED
7JECI

BO9E>EBI (EC;D9B7JKH; 7D: B711?<?97J?ED
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-78B; B711?<?97J?ED 7D: (EC;D9B7JKH; E< ,EC; BOESERT;| 7D: 9B7117<?;l

IEC; E< J>; I?CFB;H 7B9E>EBI ,EC; E<J>; 9ECCED D7C;l H;<B;9J 7 9ECFEKD:WI

9B711?<?97J?ED 71 I,9ED:3&tOEH J;HI?7THE&t ->;l; 1;1?=D7J?EDI 7H; DEJ KI;:

?D J>; #.* DEC;D9B7JKH; IOIJ;C <EH 7B9E>EBI (EJ; J>7J J>;H; 7H; <EKH 8KJOB

7BOE>EBI ?D J>; J78B; 9EHH;IFED:?D= JE J>; <EKH 8KJOB =HEKFI J>; 8KJOB =HI
oo ?DIHEKY;: ?B7EIH - )H=7D?9 >;C?1JHO BA7D:l 7D:

"7BE=:D7J;: "O:HE97H8EDI;9J?ED _ #.* (EC;D9B7JKH; 7D:J>H;; EJ>;HI

-78B; B711?7<?97J?ED 7D: (EC;D9B7JKH; E< ,EC; BO9E>EBI

)" T C;J>0B 7B9E>ERBC;J>7DEB
)" FH?C7HO :J>OB 7B9E>EB | ;J>7DEB
)" FH?C7HO FHEFOB 7B9E>EBFHEF7DEB
") I;9ED:7HO ?IEFHEFOB 7B9E>HEBEF7DEB
)" FH?C7HO 8KJOB 7B9E>EB| 8KJ7DEB
e I;9ED:7HO sedBKJOB 7B9E-EBKJ7DEB
)" FH?C7HO ?IE8KJOB 7B9EER;J>OB FHEF7DEB
)" J;HJ?7HO tert 8BKJOB 7B9E3EB;J>OB FHEF7DHB

BO9E>EBI (EC;D9B7JKH; 7D: B711?<?97J?ED
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Condensed Structural Class of Common Name IUPAC Name
Formula Alcohol
I;9ED:7HO 909BE>NOB 909BE>;N7DEB

7B9E>EB

CONCEPT REVIEW EXERCISES

#1 ?2IE8KJOB 7B9E>EB FH?C7HO I;9ED:7HO EH J;HJ?7HO NFB77?D

0>7J7?1J>, & ?D ;J>OB >;N7DEB 0>7J ?1 J7A;D 71 J>; & ?D D7C?D=J>;
9ECFEKD: NFB77?D

ANSWERS

FH?C7HO J>; 97H8ED 7JEC 8;7H?D=J>; )" =HEKF ?I 7JJ79>;: JE EDBO ED; EJ
97H8ED 7JEC
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14.3 Physical Properties of Alcohols
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Figure 14.2

The OH groups of alcohol molecules make hydrogen bonding possible.
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Figure 14.3ydrogen Bonding between Methanol Molecules and Water Molecules

Hydrogen bonding between the OH of methanol and water molecules accounts for the solubility of methanol i

water.
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14.4 Reactions That Form Alcohols
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To Your Health: The Physiological Effects of Alcohols
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14.5 Reactions of Alcohols
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Figure 14.4

Oxidation and dehydration of alcohols are considered here.
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©F:D:?D=ED 9ED:?J?EDI ED; 97D FH;F7H; ;?J>;H 7BA;D;| EH ;J>;HI 80 J>;
:>0:H7J?ED E< 7B9E>EBI

+;79J?EDI E< BO9E>EBI
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Note

EJ> :;>0:H7J?ED 7D: >0:H7J?ED H;79J?EDI E9Q9KH 9EDJ?DKEKIBO ?D 9;BBKB7

C;J78EB?IC M?J>;DPOC;| I;HL?D= 7197J7BOIJI 7D: 7J 7 J;CF;H7JKH; E< 78EKJ
Q EHCEH; ?D<EHC7J?ED 78EKJ >0O:H7J?ED H;79JYHt3H;;

.DI7JKH7J;: 7D: HEC7J?9 "O:HE97H8EDI9J?ED >.C?97B *HEF;HJ?;I

E< BA.D:l ->; <EBBEM?D= H;79J?ED E99KHI ?D J>; C8:;DS",O;H>E< F7J>M70
EH CEH; ?D<EHC7J?ED 78EKJ C;J78EB?9 H;793¥H1tH;; D;H=0

1J78EB?IC

BJ>EK=> J>; F7THJ?9?F7J?D= 9ECFEKD:I 7H; 9ECFB;N J>; H;79J?ED ?I J>; I7C;
:B?C?D7J?ED E< M7J;H <HEC J>; IJ7HJ?D= C7J;H?7B ->; ?:;7 ?1 J>7J ?< OEK AD
9>;C?IJHO E< 7 F7THJ?9KB7H <KD9J?ED7B =HEKF OEK ADEM J>; 9>;C?IJHO E<
>KD:H;:l E< :?<<;H;DJ 9ECFEKD:I

Oxidation

*H?C7HO 7D: I;.9ED:7HO 7B9E>EBI 7H; H;7:?BO EN?:?P;: 0; I7M ;7HB?;H >EM C;J>}
7D: ;J>7DEB 7H; EN?:?P;: 80 B?L;H ;DPOC;!I JE <EHC 7B:;>0O:;l ;97KI; 7 L7H?;JO Ex
EN?:?P?D= 7=;DJI 97D 8H?D= 78EKJ EN?:7J?ED M; 97D ?D:?97J; 7D EN?:?P?D= 7
M?J>EKJ IF;9?<0?D= 7 F7THJ?9KB7H ED; 80 MH?J?D= 7D ;GK7J?ED M?J> J>; IOCt¢
78EL; J>; 7THHEM EH ;N7CFB; M; MH?J; J>; EN?:7J?ED E<;J>7DEBT7 FH?C7HO
7B9E>EBTJE <EHC 79;J7B:;>0:;T7D 7B:;>0O:;T7| <EBBEMI
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0; 1>7BB I;; ?D;;9J?ED B::>0::1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l  J>7J
7B:;>0:;1 7H; ;L;D CEH; ;71?BO EN?:?P;: J>7D 7B9E>EBI 7D: O?;B: 97H8ENOB?9 797

+9ED:7HO 7B9E>EBI 7H; EN?:?RetdBes>; EN?:7J?ED E< ?IEFHEFOB 7B9E>EB 80
FEJ7II?KC :?9>HEC7J; ¥4 ) =?L;l 79;JED; J>; I?CFB;1J A;JED;

.DB?A; 7B:;>0::1 A;JED;I 7H; H;B7J?L;BO H:;I1?1J7DJ JE <KHJ>;H ENJZHRED
B:;>0:1 7D: %;JED;I ,JHK9QJKH; 7D: (7C:l |E DE IF;9?7B FH;97KJ?EDI 7H;
H:GK?H:: JE ?IEB7J; J>;C 71 J>;0 <EHC

(EJ; 3>7J ?D EN?:7J?ED E< 8EJ> FH?C7HO7B"I;9ED:7HO + ")" 7B9E>EBI
JME >0O:HE=;D 7JECI 7H; H;CEL;: <HEC J>; 7TBO9E>EB CEB;9KB; ED; <HEC J>;)"
=HEKF 7D: EJ>;H <HEC J>; 97H8ED 7JEC J>7J 8;7HI J>; )" =HEKF

Note

->:1; H;79J?EDI 97D 7BIE 8; 97HH?;: EKJ ?D J>; B7T8EH7JEHO M?J> 9>;C?97B
EN?:?P?D= 7=;DJI )D; IK9> EN?:?P?D= 7=;DJ ?| FEJ7II?KC :?9>HEC7J; ->;
87B7D9;: ;GK7J?ED I>EM?D=EDBO J>; IF;9?;| ?DLEBL;: ?D J>; H;79J?ED 7D J>?
971; ?1 71 <EBBEMI

BO9E>EB EN?:7J?ED ?I ?CFEHJ7DJ ?D B?L?D= EH=7D?ICI DPOC; 9EDJHEBB;: EN
H;79J?EDI FHEL?:; J>; ;D;H=0 9;BBI D;;: JE :E KI;<KB MEHA )D; 1J;F ?D J>;
C;J78EB?IC E< 97H8E>0:H7J;l ?DLEBL;| J>; EN?:7J?7ED E< J>; I;9ED:7HO 7BOE>EB
?D ?IE9Q?JH?9 797: JE 7 A,JED; =HEKF

+;79J?EDI E< BO9E>EBI
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+;79J?EDI E< BO9E>EBI

(EJ; 3>7J J>; EL;H7BB JOF; E< H;79J?ED ?1 J>; I7C; 71 J>7J ?D J>; 9EDL;HI?ED E<
?IEFHEFOB 7B9E>EB JE 79;JED; EH CEH; ?D<EHC7J?ED ED C;J78EB?9 H;79J7E
>7FJ;H  D;H=0 J78EB?IC

-;HJ?7HO 7B9E>EB)" #H; H;1?1J7DJ JE EN?:7J?ED 8;97KI; J>; 97H8ED 7JEC J>7J
97HH?;1 J>; )" =HEKF :E;l DEJ >7L; 7 >O:HE=;D 7JEC 7JJ79>;: 8KJ ?I ?DIJ;7: 8ED:;:
JE EJ>;H 97H8ED 7JECI ->; EN?:7J?ED H;79J7EDI M; >7L,; :;I19H?8;: ?DLEBL; J>;
<EHC7J?ED E< 7 97H8ED JE ENO=;D :EK8B; 8ED: ->KI J>; 97H8ED 7JEC 8;7H?D=
"=HEKF CKIJ 8; 78B; JE H;B;7I; ED; E< ?JI 73J79>;: 7JECI JE <EHC J>; :EK8B; 8ED:
->; 97H8ED JE >O:HE=;D 8ED:?D= ?I ;71?BO 8HEA;D KD:;H EN?:7J?L; 9ED:?J?EDI ¢
97HB8ED JE 97H8ED 8ED:| 7H; DEJ ->;H;<EH; J;HJ?7HO 7BOE>EBI 7H; DEJ ;71?BO E
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EXAMPLE 4

0H?J; 7D ;GK7J?ED <EH J>; EN?:7J?ED E< ;79> 7TB9E>EB .I; 4)5 78EL; J>; 7THHE
JE ?D:?97J; 7D EN?:?P?D= 7=;DJ #< DE H;79J?ED E99KHI MH?J; UDE H;79J7EI
7<J;H J>; THHEM

,EBKJ?ED

->; <?HIJ 1J;F ?1 JE H;9E=D?P; J>; 9B7Il E< ;79> 7B9E>EB 7| FH?C7HO |;9ED:7HC(
EH J;HJ?7HO

->?| 7BO9E>EB >71 J>; )" =HEKF ED 7 97H8ED 7JEC J>7J ?1 7JJ79>;:
JE EDB®@eEJ>;H 97H8ED 7JEC IE ?2J ?1 7 FH?C7HO 7B9E>EB
)N?:7J?ED <EHCI <?HIJ 7D 7B:;>0O:; 7D: <KHJ>;H EN?:7J?ED <EHCI 7
97HBENOB?9 79?:

->?| 7TBOE>EB >71 J>; )" =HEKF ED 7 97H8ED 7JEC J>7J ?| 7JJ79>;:
JE J>H;; EJ>;H 97H8ED 7JECI IE ?J ?1 7 J;HJ?7HO 7B9E>EB (E
H;79J?ED E99KHI

+;79J?EDI E< BO9E>EBI



>7FJ;H )H=7D?9 ECFEKD:I E<)NO=;D

->?| 7TB9E>EB >71 J>; )" =HEKF ED 7 97H8ED 7JEC J>7J ?| 7JJ79>;:
JE JME EJ>;H 97HBED 7JECI IE ?2J ?1 7 I;9ED:7HO 7B9E>EB EN?:7J?ED
=?L;1 7 A;JED;

SKILL-BUILDING EXERCISE

0H?J; 7D ;GK7J?ED <EH J>; EN?:7J?ED E< ;79> 7B9E>EB .I; 4)5 78EL; J>; 7THHE
JE ?D:?97J; 7D EN?:?P?D= 7=;DJ #< DE H;79J?ED E99KHI MH?J; UDE H;79J7EI
7<J;H J>; THHEM

+;79J?EDI E< BO9E>EBI
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CONCEPT REVIEW EXERCISES

#D 7 H;79J?ED 9ECFEKD: 0 M?J> J>; CEB;9KB7H <EHCKBBEDL;HJ;: JE
9ECFEKD: 1 M?J> J>; <EHCKB7) #l 0 EN?:?P;: H;:K9;: :;>0:H7J;: EH
DED; E< J>;l; NFB7?D

#D 7 H;79J?ED CEB E< 9ECFEKD: 2 M?J> J>; CEB;9KB7H ¥*EHCKB7
9EDL;HJ;: JE CEB E<9ECFEKD: 3 M?J> J>; <EHCKB7#| 2 EN?:?P;:
H::K9:: EH D;?J>:H NFB7?D

ANSWERS

EN?:?P;: " ?I H;CEL;:

D;?J>H M7J;H ?I H;CEL;:

KEY TAKEAWAYS

R B9E>EBI 97D 8; :;>0:H7J;: JE <EHC ;?J>;H 7BA;D;| >?=>;H J;,CF;H7JKH,;
N9;Il 79?: EH ;J>;HI BEM;H J;CF;H7JKH; ;N9;ll 7TBOE>EB

R *H?C7HO 7B9E>EBI 7H; EN?:?P;: JE <EHC 7B:;>0:;l

R ,;9ED:7HO 7BO9E>EBI 7H; EN?:?P;: JE <EHC A;JED;I

R -;HJ?7HO 7BO9E>EBI 7H; DEJ H;7:?BO EN?:?P;:

+;79J?EDI E< BO9E>EBI
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+;79J?EDI E< BO9E>EBI

EXERCISES

(7C; J>; I>H;; CT@EH JOF;l E< 9>;C?97B H;79J?EDI E< 7BO9E>EBI

0>0 :E J;HJ?7HO 7B9E>EBI DEJ KD:;H=E EN?:7J?ED 7D 7 J;HJ?7HO 7BOE>EI
KD:;H=E :;>0O:H7J?ED

H7M J>; [JHK9JKH; E< J>; FHE:K9J <EH ;79> H;79J7ED

8
H7M J>; IJHK9JKH; E< J>; FHE:K9J <EH ;79> H;79J?ED

8

0H?J; 7D ;GK7J?ED <EH J>; :;>0O:H7J?ED E< FHEF7DEB JE O?;B: ;79> 9ECFE
JOF;

7 7D 7BA;D;
8 7D ;J>H

H7M J>; IJHK9JKH; E< J>; 7BA;D; <EHC;: 80 J>; ;;>0:H7J?ED E< 909BE>;N7DI
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ANSWERS

>0:H7J?ED EN?:7J?ED 7D: ;13;H?<?97J?ED

7 $) $)0)8) (AN ,s) sos) ) o
s $) $)0)8) (QEANAG,.$) $)08) $) ) o0

+;79J?EDI E< BO9E>EBI
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14.6 Glycols and Glycerol

LEARNING OBJECTIVE

;I9H?8; J>; [JHK9JKH; 7D: KI;I E< IEC; 9ECCED FEBO>0:H?9 7BO9E>EBI

B9E>EBI M?J> JME )" =HEKFI ED 7:@79;DJ 97H8ED 7JECI 7H; 9ECCEDBO ADEML
glycols ->; CEIJ ?CFEHJ7DJ E< J>;I; ?1  ;J>7D;:?EB J>; 9ECCED D7C; ?I
:J>0B;D; =BO9EB 7 IM;;J 9EBEHB;II IEC;M>7J L?I9EKI B?GK?:

DEJ>;H 9ECCED =BO9EB FHEF7D;:?EB ?I 9ECCEDBO 97BB;: FHEFOB;D; =BO¢
F>01?97B FHEF;HJ?;l 7H; GK?J, 1?C?B7H JE J>EI; E<;J>0B;D; =BO9EB

ECCEDBO 97BB;: =BO9;HEB EH =BO9;H?D FHEF7D;JH?EB ?1 J>;, CEIJ ?CFEH.

JH?>0O:HENO 7B9E>EB &7?A; J>; IME =BO9EBI ?J ?17 IM;;J IOHKFO B?GK?: IBO9
FHE:K9J E< J>; >O:HEBOI?I E<<7J1 7D: E?BI EH CEH; ?D<EHC7J?ED 78EKJ <7JI
I;; >7E3H  &?F?:1  ,;93?ED 7J17D: )?BI

J>0B;D; =BO9EB ?1 J>; C7?D ?D=H;:?;DJ ?D C7DO 7DJ?<H;;P; C?NJKH;I <EH 7KJE

D 7B9E>EB M?J> JME )" H7:27JEHI ->; JME )" =HEKFI B;7: JE ;NJ;DI?L; ?DJ;HCEB;9KB7H >0:HE=;D 8ED:?D:
<KD9J?ED7B =HEKFI
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->?| H;IKBJI ?D 7 >?7=> 8E?B?D= FE?DJT Q J>KI;J>0B;D; =BO9EB :E;| DEJ8E?B "’
M>;D 23 ?I KI;: 71 7D 7DJ?<H;;P; #J ?1 7BIE 9ECFB;J;BO C?19?8B; M?J>M7J;H |EBI
E< ;J>0B;D; =BO9EB ?D M7J;H <H;;P;1 73X Q X Q 7D:J>KIFHEJ;9JI 7D
7KJECES8?B; H7:?7JEH :EMD JE J>7J J;,CF;H7JKH; J>OB;D; =BO9EB ?I 7BIE KI;: ?C
C7DK<79JKH; E< FEBO;IJ;H <?8;H 7D: C7=D;J?9 <?BC Kl;: ?D J7F;l <EH H;9EH:;HI 7
9ECFKJ;HI

IBO9EBI 7D: IBO9;HEB
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To Your Health: Glycols and Human Health

J>0B;D; =BO9EB ?| GK?J; JEN?9 ;97KI; ?J ?I IM;;J F;JI E<J;D B7F KF IF?BBI E<

B;7A;: 7DJ?<H;;P; <HEC 7 =7H7=; <BEEH EH :H?L;M70 ,EC;J?C;| F,EFB; ;IF;9?7B
9>?B:H;D :H?DA ?J | M?J> C;J>7DEB ?JI JEN?9?JO ?| :K; JE 7 C;J78EB?J; &7L;
;DPOC;I EN?:?P; ;J>0B;D; =BO9EB JE EN7B7J; ?ED

#D J>; A?:D;0l J>; EN7B7J; ?ED 9EC87D;| M?J> J>; 97B9?RED 7
FH;9?F?J7J?D= 71 97B9?KC EN7BJJ; 7

7 76 ) X716 7 ) |
->:1; 9HOIJ7BI 97KI; H;D7B :7C7=; 7D: 97D B;7: JE A?:D;O <7?BKH; 7D: :;7J>

BJ>EK=> FHEFOB;D; =BO9EB >71 F>01?97B FHEF;HJ?;| CK9> B?A, J>EI; E< ;J>C
=BO9EB ?JI F>OI?EBE=?97B FHEF;HJ?;l 7H; GK?J; :?<<;H;DJ *HEFOB;D; =BO9E
;11;DJ?7BBO DEDJEN?9 7D: ?J 97D 8; Kl;: 71 7 IEBL;DJ <EH :HK=I17D: 71 7

CE?IJKH?P?D= 7=;DJ <EH <EE:| &?A; EJ>;H 7B9E>EBI FHEFOB:;D; =BO9EB ?| E
80 B?L;H :DPOC:I

#D J>?1 971, >EM;L;H J>; FHE:K9J ?1 FOHKL7J; ?ED 7 DEHC7B ?DJ;HC;:?7J; ?D

97H8E>0O:H7J; C;J78EB?IC EH CEH; ?D<EHC7J?ED 78EKJ C;J78EB?9 H;79J?EL
l;; >7FJ;H  D:H=0 "J78EB?IC

IBO9;HEB 7 FHE:K9J E< <7J C;J78EB?IC ?I;11;DJ?7BBO DEDJEN?9

IBO9EBI 7D: IBO9;HEB
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CONCEPT REVIEW EXERCISES

#D J>; EN?:7J7ED E< FHEFOB;D; =BO9EB JE FOHKL?9 79?: M>7J <KD9J?ED7
J>; H;79J7DJ 7H; ?DLEBL;: 0>7J D;M <KD9J?ED7B =HEKFI 7FF;7H ?D J>; FHE:

)JN7B7J; ?ED ?1 <EHC;: 80 J>; EN?:7J?ED E< ;J>0B;D; =BO9EB #D M>7J A?D: I
H;79J?ED ?1 J>, EN7B7J; ?ED ?DLEBL;:

ANSWERS

JME )" =HEKFI 7 A;JED; =HEKF 7D: 7 97H8ENOB?9 79?: =HEKF

FH;9?F?J7J?ED

KEY TAKEAWAYS

R !BO9EBI 7H; 7B9E>EBI M?J> JME )" =HEKFI ED 7:@79;DJ 97H8ED 7JECI
R IBO9;HEB ?1 J>; CEIJ ?CFEHJ7DJ JH?>0:HENO 7BO9E>EB

EXERCISES

0>7J ?1 7 =BO9EB
0>0 ?1;J>0B;D; =BO9EB IE CK9> CEH; JEN?9 JE >KC7DI J>7D FHEFOB;D; =B(
H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:

7 F;DJ7D;:?EB
8 FHEFOB;D; =BO9EB

H7M J>; [JHK9JKH; <EH ;79> 9ECFEKD:

7 >'N7D:?EB
8 =BO9;HEB

IBO9EBI 7D: IBO9;HEB
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ANSWERS

7D 7B9E>EB M?J> JME )" =HEKFI ED 7:@79;DJ 97H8ED 7JECI

IBO9EBI 7D: IBO9;HEB
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14.7 Phenols

LEARNING OBJECTIVE

;I9H?8; J>; [JHK9JKH; 7D: KI;I E< IEC; F>;DEBI

ECFEKD:I ?D M>?9> 7D )" =HEKF ?1 7JJ79>;: :?H;9JBO JE 7D 7HEC7J?9 H?D= 7H;
51?=D7J;: H)" 7D: 97BB;: phenols *>;DEBI :?<<;H <HEC 7B9E>EBI ?D J>7J J>;0 7H
IB?=>JBO 79?:?9 ?D M7J;H ->;0 H;79J M?J> 7GK;EKI IE:?KC >O:HEN?:; (7)" JE<E
17BJI

H)'7G (7)"7G H)77G " )
->; F7TH:DJ 9ECFEKD: " )" ?12JI:B< 97BB:;: F>;DEB D EB: D7C; :CF>7I?P?D=

?2J1 1B?=>J 79?:?JO ddifiolic acid*>;DEB ?1 7 M>?J; 9HOIJ7BB?D; 9ECFEKD: J>7J >7|
7:?13?D9J?L; U>EIF?J7B IC;BBV E:EH

D 7THEC7J?9 9ECFEKD: M?J>|7D
)" =HEKF 7JJ79>;: :?H;9JBO J& 7

8:DP;D; H?D=
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*> DEBI

To Your Health: Phenols and Us

*>'DEBI 7H; M?:;BO Kl;: 71 7DJ?1;FJ?91 IK81J7D9;l J>7J A?BB C?9HEEH=7D?ICI EL
B?L?D=J?IIK; 7D: 71:?1?D<;9J7DJl IK81J7D9;l ?DJ;D:;: JE A?BB C?9HEEH=7D?IC
ED ?D7D?C7J; ES@;9JI IK9> 7| <KHD?JKH; EH <BEEHI ->; <?HIJ M?:;BO KI::
7DJ?1;FJ?9 M71 F>;DEB $EI;F> &?1J;H Kl;: ?J <EH 7DJ?I;FJ?9 IKH=;HO ?D

*>'DEB ?1 JEN?9 JE >KC7DI >EM;L;H 7D: 97D 97KI; I;L;H; 8KHDI M>;D 7FFB?;:

JE J>; IA?D #D J>; 8BEE:IJH;7C ?J 7?17 1013;C?9 FE?IEDTJ>7J ?| ED; J>7J ?I
97HH?;: JE 7D: 7<<;9J1 7BB F7HJI E< J>; 8E:O #JI I;L;H; 1?:; :<<;9JI B:: JE ;7H9>:1
<EH I7<;H 7DJ?I;FJ?9] 7 DKC8;H E< M>?9> >7L; 8;;D <EKD:

)D; I7<;H F>;DEB?9 7DJ?I;FJ?9 ?I >;NOBH;IEH9?DEB
>NOB :?>0O:HENOS8;DP;D; H;|IEH9?DEB ?I1 J>; 9ECCED D7C; <EH
:?>0:HENOS;DP;D; 7D: >;NOBH;IEH9?DEB >71 7 >;NOB =HEKF ED J>; <EKHJ>
97H8ED 7JEC E< J>; H;IEH9?DEB H?D= #J ?| CK9> CEH; FEM;H<KB J>7D F>;DE
=:HC?9?:; 7D: >71 <;M;H KD:;1?H78B; 1?:; :<<;9J1 #D:;;: 23?1 17<; ;DEK=> JE 8;
Kl;: 71 3>; 79J?L; ?D=H;:?;DJ ?D IEC; CEKJ>M7I>;| 7D: J>HE7J BEP;D=;l
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(a) Phenolic compounds help to ensure antiseptic conditions in hospital operating rooms. (b) The compoun
4-hexylresorcinol is mild enough to be used as the active ingredient in antiseptic preparations for use on the
skin.

Source: Photo © Thinkstock

CONCEPT REVIEW EXERCISES

"EM :E F>;DEBI :?<<;H <HEC 7B9E>EBI ?D J;HCI E< |IJHKOQJKH; 7D: FHEF;HJ?;I

"EM :E F>;DEBI :?<<;H ?D FHEF;HJ?;| <HEC 7THEC7J?9 >O:HE97H8EDI

ANSWERS

*>DEBI >7L; 7D )" =HEKF 7JJ79>;: :?H;9JBO JE 7D 7HEC7J?9 H?D= *>,DEBI 7+
M;7ABO 797:79

*>'DEBI >7L; 7D )" =HEKF 7D: 7H; IEC;M>7J IEBKS8B; ?D M7J;H

KEY TAKEAWAYS

R *>;DEBI 7H; 9ECFEKD:I ?D M>?9> 7D )" =HEKF ?I 7JJ79>;: :?H;9JBO JE 7D
THEC7J?9 H?D=
R '7DO F>;DEBI 7H; Kl;: 71 7DJ?I;FJ?9I

*>'DEBI
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EXERCISES

(7C; ;79> 9ECFEKD:

8

(7C; ;79> 9ECFEKD:

8
H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:

7 m?E:EF>;DEB
8 pC;J>OBF>;DEB 9H;IEB

H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:

*> DEBI
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7 JH?D?JHEF>;DEB F?9H?9 79?:
8 :?2:3>0BF>;DEB

ANSWERS

7 oD?JHEF>;DEB
8 p8HECEF>;DEB

*> DEBI
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14.8 Ethers

D EH=7D?9 9ECFEKD: J>7J >[7|

7D ENO=;D 7JEC 8;JM;;D JME|
>0:HE97H8ED =HEKEFI

E<)NO=;D

LEARNING OBJECTIVES

J19H?8; J>; IJHK9JKH7B :?<<:H;D9; 8;JM;;:D 7D 7B9E>EB 7D: 7D ;J>:H J>7J
7<<;9J1 F>01?97B 9>7H79J;H?13?9I 7D: H;79J?L?JO E< ;79>

(7C; 1?CFB; ;J>;HI

JI9H?8; J>; IJHK9JKH; 7D: Kl;l E< IEC; ;J>;HI

0?J> J>; =;D;H7B <EHCKB?7 +)+ eftier C70 8; 9EDI?:;H;: 7 ;;H?L7J?L; E< M7J;H

?D M>?9> 8EJ> >0O:HE=;D 7JECI 7H; H;FB79;: 80 7TBAOB EH 7HOB =HEKFI #J C70
9EDI?:;H;: 7 ;;H?L7J?L; E< 7D 7B9E>EB +)" ?D M>?9> J>; >O:HE=;D 7JEC E< J>; )"
=HEKF ?I1 8;;D H;FB79;: 80 7 I;9ED: 7BAOB EH 7HOB =HEKF

)0) RGP "30 3 & QUERATL 30)

,?CFB:; ;J>;HI >7L; I?CFB; 9ECCED D7C;l <EHC;: <HEC J>; D7C;l E< J>; =HEKFI
7JJ79>;: JE ENO=;D 7JEC <EBBEM;: 80 J>; =;D;H?&iefCEH ;N7CFB;

" 8)s" " " ?1C;J>0OB FHEFOB ;J>;H #< 8EJ>=HEKFI 7H; J>; I7C; J>; =HEKF
D7C; I>EKB: 8; FH;9;:;: 80 J>; FH;<?Ni 71 ?D :?C;J>0B ;J>H "S)S" 7D:
?2,J>0B;J>H " " S)S" "

J>;H CEB;9KB;| >7L; DE >O:HE=;D 7JEC ED J>; ENO=;D 7JEC J>7J?| DE )" =HEKF
->'H:<EH; J>:H; ?I DE ?DJ;HCEB;9KB7H >0O:HE=;D 8ED:?D= 8;JM;;D ;J>;H CEB;9KB;
7D: ;J>;HI J>;H;<EH; >7L; GK?J; BEM 8E?B?D= FE?DJI <EH 7 =?L;D CEB7H C7Il #D
:J>:HI >7L; 8E?B?D= FE?DJI 78EKJ J>; I7C; 71 J>El; E< 7TBA7D;| E< 9ECF7H78B; CEL
C7I11 7D: CK9> BEM;H J>7D J>El; E< J>; 9EHH;IFED:?D= 7BIBBEBI

ECF7H?IED E< E?B?D=*E?DJI E< BA7D;l B9E>EBI 7D: J>;HI

-78B; ECF7H?IED E< E?B?D=*E?DJI E< BA7D;l B9E>EBI 7D: J>;HI

Condensed Name Molar Boiling Intermolecular Hydrogen
Structural Formula Mass| Point (jC) Bonding in Pure Liquid?
FHEF7D; S DE
" :?C;J>0B
) J>H S DE




>7FJ;H

J>:HI

)H=7D?9 ECFEKD:| E<)NO=;D

Condensed Name Molar Boiling Intermolecular Hydrogen
Structural Formula Mass| Point (jC) Bonding in Pure Liquid?
" ;J>0B .
) 7B9E>EHR ol
F;DJ7D; DE
" :?;J>0B
) J>H DE
" 8KJOB )
) 7B9E>ER ol

J>;H CEB;9KB;I :E >7L; 7D ENO=;D 7JEC >EM;L;H 7D: ;D=7=; ?D >O:HE=;D
EDI:GK;:DJBO 7D ;J>;H >71 78EKJ J>; I7C; IEBK8?
?D M7J;H 71 J>; 7TBOE>EB J>7J ?1 ?IEC;H?9 M?J>?J EH ;N7CFB; :?C;J>0B ;J>;H 7I
;J>7DEB 8EJ> >7L?D= J>; CEB;9KB7H <EMOKBH; 9ECFB;J;BO IEBK8B; ?D M7J;H

M>;H;71:?;J>0B ;J>;H 7D: 8KJ7DEB 8EJ> ) 7H; 87H;BO IEBK8B; ?D M7J;H

8ED:?D= M?J> M7J;H CEB;9KB;l

C& E<M7J;H

EXAMPLE 5

0>7J ?1 J>; 9ECCED D7C; <EH ;79> :J>:H

,EBKJ?ED

->; 97H8ED =HEKFI ED ;?J>;H I?:; E< J>; ENO=;D 7JEC 7H; FHEFOB

""" =HEKFI IE J>; 9ECFEKD: ?| :?FHEFOB ;J>;H

->; J>H;; 97H8ED =HEKF ?1 7JJ79>;: 80 J>; C?::B; 97H8ED 7JEC IE ?J ?I
7D ?IEFHEFOB =HEKF ->; ED; 97H8ED =HEKF ?1 7 C;J>0B =HEKF ->;

9ECFEKD: ?I ?IEFHEFOB C;J>0B ;J>;H
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SKILL-BUILDING EXERCISE

0>7J ?1 J>; 9ECCED D7C; <EH ;79> ;J>;H

J>:HI
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J>:HI

To Your Health: Ethers as General Anesthetics

general anesthefi®JI ED J>; 8H7?D JE FHE:K9; KD9EDI9?EKID;ll 7D: 7 =;D;H7B
?DI;DI?J?L?JO JE <;;B?D=EH F7?D ?;J>0OB;J>H " " M71J>; <?HIJ
=:D;H7B 7D;1J>;J?9 JE 8; Kl::

William Morton, a Boston dentist, introduced diethyl ether into surgical practice in 1846. This painting show
an operation in Boston in 1846 in which diethyl ether was used as an anesthetic. Inhalation of ether vapor
produces unconsciousness by depressing the activity of the central nervous system.

Source: Painting of William Morton by Ernest Boaiuttfrdlcommons.wikimedia.org/wiki/
File:Morton_Ether_1846.jpg

?:J>0B ;J>;H ?I H;:B7J?L;BO 17<; 8;97KI; J>;H; ?1 7 <7?HBO M?:; =7F 8;JM;;.D J>;
:El; J>7J FHE:K9;l 7D ;<<;9J?L; B;L;B E< 7D;13>;1?7 7D: J>; B;J>7B :El;

"EM:;L;H 8;97KI; ?J ?1 >?=>B0O <B7CC78B; 7D: >71 J>; 7::;: :?17:L7DJ7=; E<
97KI1?D= D7KI;7 ?J >718;;D H;FB79;: 80 D;M;H ?D>7B7DJ 7D;1J>;J?91 ?D9BK:?D=
J>; <BKEH?D; 9EDJ7?D?D= 9ECFEKD:| >7BEJ>7D; ;D<BKH7D; 7D: ?IE<BKH7D;
.D<EHJKD7J;BO J>;17<;JO E< J>;l; 9ECFEKD:I <EH EF;H7J?D= HEEC F;HIEDD;B
>71 8::D GK:IJ?ED;: EH :N7CFB; <;C7B; EF;H7J?D= HEEC MEHA:HI :NFEI;: JE
>7BEJ>7D; IK<<;H 7 >?=>;H H7J; E< C?I197HH?7=;1 J>7D MEC;D ?D J>; =;D;H7B
FEFKB7J?ED


http://commons.wikimedia.org/wiki/File:Morton_Ether_1846.jpg
http://commons.wikimedia.org/wiki/File:Morton_Ether_1846.jpg

>7FJ;H )H=7D?9 ECFEKD:I E<)NO=;D

These three modern, inhalant, halogen-containing, anesthetic compounds are less flammable than diethyl
ether.

CONCEPT REVIEW EXERCISES

0>0 E;l:?;0>0B;J>H " " )" " >7L;7 CK9>BEM;H 8E?B?D= FE?DJ
J>7D 8KJ7DEB "" " " )"

0>?9> ?I CEH; IEBK8B; ?D M7J;HT;J>0OB C;J>0B ;J>H )™ EH
8KJ7DEB " " " " ) NFB7?D

ANSWERS

?;J>0B ;J>;H >71 DE ?DJ;HCEB;9KB7H >0O:HE=;D 8ED:?D= 8;97KIl; J>;H; ?I DE)
=HEKF 8KJ7DEB >717D )" 7D: ;D=7=;| ?D ?DJ;HCEB;9KB7H >O:HE=;D 8ED:?C

J>0B C;J>0B ;J>;H J>H;; 97H8ED 7JECI ED; ENO=;D 7JEC ?| CEH; IEBKS8B; ~
M7J;H J>7D 8KJ7DEB <EKH 97H8ED 7JECI ED; ENO=;D 7JEC ;L;D J>EK=> ¢
97D ;:D=7=; ?D >0O:HE=;D 8ED:?D= M?J> M7J;H

J>:HI
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KEY TAKEAWAYS

R -E =7L; ;J>;HI 9ECCED D7C;l I?CFBO D7C; J>; =HEKFI 7JJ79>;: JE J>;
ENO=;D 7JEC <EBBEM:;: 80 J>; =;D;H?%heC#< 8EJ> =HEKFI 7H; J>;
I7C; J>; =HEKF D7C; I>EKB: 8; FH;9;:;: 80 J>; FH;<?N

R J>;H CEB;9KB;| >7L; DE )" =HEKF 7D: J>KI DE ?DJ;HCEB;9KB7H >0O:HE=;D
8ED:?D= J>;HI J>;H;<EH; >7L; GK?J; BEM 8E?B?D= FE?DJI <EH 7 =?L;D
CEB7H C71I

R J>;H CEB;9KB;I >7L; 7D ENO=;D 7JEC 7D: 97D ;D=7=; ?D >0O:HE=;D
8ED:?D= M?J> M7J;H CEB;9KB;| D ;J>;H CEB;9KB; >71 78EKJ J>; I7C;
IEBK8?B?JO ?D M7J;H 71 J>; 7TBOE>EB J>7J ?1 ?IEC;H?9 M?J> ?J

EXERCISES

"EM 97D :J>7DEB =?L; JME :?<<:H:DJ FHE:K9JI M>:D >:7J;: M?J> IKB<KH?9 79
(7C; J>;1; FHE:K9JI

0>?9> E< J>;I; ;J>;HI 21 2IEC;H?9 M?J> ;J>7DEBT " )" "
" )" " EH")"

(7C; ;79> 9ECFEKD:
7 ")t ot

8
(7C; ;79> 9ECFEKD:

VAN
g " " )~ " "

H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:

7 C;J>0B ;J>0B ;J>:H
8 tert8KJOB ;J>0B ;J>:H

H7M J>; [JHK9JKH; <EH ;79> 9ECFEKD:

7 :??IEFHEFOB ;J>;H
8 909BEFHEFOB FHEFOB ;J>;H

J>:HI
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ANSWERS

#DJH7CEB;9KB7H 8EJ>J>;" 7D: J>; )" 9EC; <HEC J>; I7C; CEB;9KB;
>0:H7J?ED =7L;I ;J>0B;D; ?DJ;HCEB;9KB7H J>; " 9EC;| <HEC ED; CEB;9KB;
7D: J>; )" 9EC;lI <HEC 7DEJ>;H CEB;9KB; :;>0O:H7J?ED =?L;l :?;J>0B ;J>;H

7 C;J>0OB FHEFOB ;J>;H
8 ;J>OB ?IEFHEFOB ;J>;H

J>:HI
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14.9 Aldehydes and Ketones: Structure and Names

LEARNING OBJECTIVES

#::DJ?<0 J>; =;:D;H7B IJHK9JKH; <EH 7D 7B:;>0:; 7D: 7 A;JED;
1; 9ECCED D7C;I JE D7C; 7B:;>0:;l 7D: A;JED;I
A3 J> #.* 1013;C JE D7C; 7B:;>0:;1 7D: A;JED;l

->; D;NJ <KD9J?ED7B =HEKF M; 9EDI?:garBonyl group >717 97H8ED JE
ENO=:D :EK8B; 8ED:

7HB8EDOB =HEKFI :;<?D; JME H;B7J;: <7C?B?;| E< EH=7D?9 Q9ECFEKD:I J>; 7B:;>0
7D: J>; A,JED;I

Note

->; 97TH8EDOB =HEKF ?I K8?GK?JEKI ?D 8?EBE=?97B 9ECFEKD:| #J ?| <EKD: ?LC
97HBE>0O:H7J;1 <7J1 FHEJ;?DIl DK9B;?9 79?:1 >EHCED;| 7D: L?J7C?DITEH=7D?"
9ECFEKD:1 9H?J?97B JE B?L?D= 101J;ClI

#D ketone JME 97H8ED =HEKFI 7H; 7JJ79>;: JE J>; 97H8EDOB 97H8ED 7JEC ->;
<EBBEM?D= =;D;H7B <EHCKB7I ?D M>79> + H;FH;I;DJI 7D 7BAOB =HEKF 7D: H I1J
7D 7THOB =HEKF H;FH;I;DJ A;JED;I

9ECFEKD: M?J> 7D 97H8ED
JE ENO=;D :EKS8B; 8ED:

D EH=7D?9 9ECFEKD: M>El,
CEB;9KB;l >7L; 7 97H8EDOB
<KD9J?ED7B =HEKF 8;JM;;D JME
>0:HE97H8ED =HEKEFI
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D EH=7D?9 9ECFEKD: M?J> ]
97H8EDOB <KD9J?ED7B =HE

7D:;?3>H 7 >O:HE97H8SED
=HEKF EH 7 I;,9ED: >O:HE=;D
7JEC

4

#D 7@ldehyde 7J B;71J ED; E< J>; 7JJ79>;: =HEKFI CKIJ 8; 7 >O:HE=;D 7JEC ->;
<EBBEM?D= 9ECFEKD:I 7H; 7B:;>0:;l

#D 9ED:;DI;: <EHCKB7I M; Kl; ") JE ?:;DJ?<0 7D 7B:;>0:; H7J>;H J>7D )" M>?9>
C?=>J 8; 9ED<KI;: M?J> 7D 7B9E>EB ->?| <EBBEMI J>; =;D;H7B HKB; J>7J ?D 9ED:
IJHK9QIKH7B <EHCKB7I " 9EC;l 7<J;H J>; 7JEC ?J ?1 7JJ79>;: JE KIK7BBO ( EH)

->; 97H8ED JE ENO=;D :EK8B; 8ED: ?I DEJ I>EMD 8KJ KD:;HIJEE: JE 8; FH;l;DJ

;97Kl; J>;,0 9EDJ7?D J>; I17C; <KD9J?ED7B =HEKF 7B:;>0:;1 7D: A;JED;I I>7H; C7D(
9ECCED FHEF;HJ?;l 8KJ J>;0 IJ?BB :?<<;H ;DEK=> JE M7HH7DJ J>;?H 9B7117<?97
JME <7C?B?;l

Naming Aldehydes and Ketones

EJ> 9ECCED 7D: #DJ;HD7J?ED7B .D?ED E< *KH; 7D: FFB?;: >;C?IJHO #.*

D7C;l 7TH; <H:GK;DJBO KI:: <EH 7B:;>0:;1 7D: A;JED:I M?J> 9ECCED D7C:l
FH;:EC?D7J?D= <EH J>; BEM;H >ECEBE=I| ->; 9ECCED D7C;l E<7B:;>0:;l 7H; J7A;]
<HEC J>; D7C;| E< J>; 79?:1 ?DJE M>?9> J>; 7B:;>0:;1 97D 8; 9EDL;HJ;: 80
EN?:7J?ED EH CEH; ?D<EHC7J?ED 78EKJ 97THS8ENOBZFIN?:| WH=7D?9

9?2:17D: 71;17D: \EC; E<->;?H ;H?L7J?L;l ,;9J?ED 7HBENOB?9 97?:I
JHK9JKH:I 7D: (7C;l J>HEK=z9J?ED _ *>0I?97B *HEF;HJ?;l E< 7HS8ENOB?9

97?:1

KF J>7J
>71 7D >0O:HE=;D 7JEC 7JJ79>;:

B:;>0O:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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Note

->:|J;Cl <EH J>; 9ECCED D7C;| E< J>; <?HIJ <EKH 7B:;>0:;l 7H; 7| <EBBEMI

97H8ED 7JEG@rm
97H8ED 7JECacet
97H8ED 7JECpropion
97H8ED 7JECbutyr

;97KI; J>; 97TH8EDOB =HEKF ?D 7 A;JED; CKIJ 8; 73J79>;: JE JME 97H8ED =HEKFI
I?7CFB;1J A;JED; >71 J>H;; 97H8ED 7JECI #J ?1 M?:;BO Aldeigiond/ KD?GK;
D7C; KDH;B7J;: JE EJ>;H 9ECCED D7C;l <EH A;JED;I

I'D;H7BBO J>; 9ECCED D7C;l E< A;JED;I 9EDI?IJ E< J>; D7C;l E< J>; =HEKFI
73J79>;: JE J>; 97THB8EDOB =HEKF <EBBEM;: 80Ketphk=HEJ; J>; I7C?B7H?JO JE
J>; D7C?D=E<;J>;HI DEJ>;H D7C; <EH 79;JED; J>bn&thyl ketone>;

A;JED; M?J> <EKH 97H8ED 7JECI ?1 ;J>0B C;J>0B A;JED;

B:;>0O:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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EXAMPLE 6

B711?<0O ;79> 9ECFEKD: 71 7D 7B:;>0:; EH 7 A;JED; '?L; J>; 9ECCED D7C;
<EH ;79> A;JED;

,EBKJ?ED

->?| 9ECFEKD: >71 J>; 97H8EDOB =HEKF ED 7D ;D: 97H8ED 7JEC IE ?J ?I
7D 7B:;>0:;

->?| 9eCFEKD: >71 J>; 97H8EDOB =HEKF ED 7D ?DJ;H?EH 97H8ED 7JEC IE
?17 A;JJED; EJ>7BAOB =HEKFI 7H; FHEFOB =HEKFI ->; D7C; ?I J>;H;<EH;
:?FHEFOB A;JED;

->?| 9ECFEKD: >71 J>; 97H8EDOB =HEKF 8;JM;;D JME 7BAOB =HEKFI IE ?J
7 A;JED; )D; 7BAOB =HEKF >71 J>H;; 97H8ED 7JECI 7D: ?l 7JJ79>;: 80 J>;
C?::B; 97H8ED 7JEC ?J?|1 7D ?IEFHEFOB =HEKF =HEKF M?J> ED; 97HB8ELI
7JEC ?1 7 C;J>0OB =HEKF ->; D7C; ?1 J>;H;<EH; ?IEFHEFOB C;J>0B A;JED;

B:;>0O:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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SKILL-BUILDING EXERCISE

B711?<0 ;79> 9ECFEKD: 71 7D 7B:;>0:; EH 7 A;JED; '?L; J>; 9ECCED D7C;
<EH ;79> A;JED;

"'H; 7H; IEC; I?CFB; #.* HKB;l <EH D7C?D= 7B:;>0:;| 7D: A;JED;l

->; |J;C D7C;l E< 7B:;>0:;1 7D: A;JED;l 7H; ;;H?L;: <HEC J>EI; E<

J>; F7H;DJ 7TBA7D;l :;<?D;: 80 J>; BED=;lJ 9EDJ?DKEKI 9>7?D & E<
97H8ED 7JECI J>7J 9EDJ7?DI J>; <KD9J?ED7B =HEKF

EH 7D 7B:;>0:; :HEF J>e<HEC J>; 7TBA7D; D7C; 7D: 7:: J>; ;:D:?D=

al "J>7D7B ?1 J>; #.* D7C; <EH <EHC7B:;>0:; 7D: ;J>7D7B ?1 J>;

D7C; <EH 79;J7B:;>0:;

EH 7 A;JED; :HEF J>e<HEC J>; 7TBA7D; D7C; 7D: 7:: J>; :D:?D=

one *HEF7DED:; ?1 J>: #.* D7C:; <EH 79:JED; 7D: 8KJ7DED: ?I J>:

D7C; <EH ;J>0B C;J>0B A;JED;

-E ?D:?97J; J>; FEI?J?ED E< 7 IK81J?JK;DJ ED 7D 7B:;>0:; J>; 97TH8EDC
97H8ED 7JEC ?1 7BM70I1 9EDI?:;H;: JE 8; ?J ?I KDD;9;lI7HO JE
:1?=D7J; J>?1 =HEKF 80 DKCS8;H

-E ?D:?97J; J>; FEI?J?ED E< 7 IK81J?JK;DJ ED 7 A;JED; DKC8;H J>; 9>7
?D J>; C7DD;H J>7J =?L;l J>; 97HS8EDOB 97H8ED 7JEC J>; BEM;IJ FEII?
DKC8;H #D 909B?9 A;JED;I ?J ?1 KD:;HIJEE: J>7J J>; 97HBEDOB 97HSI
7JEC 2l

B:;>0:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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EXAMPLE 7

1?L; J>; #.* D7C; <EH ;79> 9ECFEKD:

,EBKJ?ED

->:'H; 7H; <?L; 97H8ED 7JECI ?D J>; & ->; C;J>OB =HEKF?I'7
IK81J?JK;DJ ED J>; I;9ED: 97H8ED 7JEC E< J>; 9>7?D J>; 7B:;>0;
97H8ED 7JEC ?1 7TBM70I1 ->; D7C; ?l ;;H?L;: <HEC F;DJ7D; HEFF?D=
J>; e7D: 7::?D=J>; ;:D:?D=al=?L;| F;DJ7D7B ->; C;J>0OB =HEKF ED J>;
I;9ED: 97H8ED 7JEC C7A;l J>; D7C; C;J>OBF;DJ7D7B
->:'H: 7H; <?L; 97H8ED 7JECI ?D J>; & ->; 97HS8EDOB 97HS8ED 7JEC ?I
7D: J>;H; 7TH; C;J>OB =HEKFI ED 7D: ->;#.* D7C;?I

:?C:;J>0OB F;DJ7DED;
->:H; 7H; I?N 97H8ED 7JECI ?D J>; H?D= ->; 9ECFEKD: ?1 909BE>;N7DED;

8;97Kl; 7BB I1?N 97H8ED 7JECI 7H; ;GK?L7B;DJ

B:;>0O:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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SKILL-BUILDING EXERCISE

I?7L; J>; #.* D7C; <EH ;79> 9ECFEKD:

B:;>0:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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EXAMPLE 8

H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:

9>BEHEE9J7D7B
C;J>0OBS >;N7DED;

,EBKJ?ED

->: octan F7HJ E< J>; D7C; J;BBI KI J>7J J>; & >7I;?=>J 97H8ED
7JECI ->;H; ?1 7 9>BEH?D; B 7JEC ED J>; I;L;DJ> 97H8ED 7JEC
DKC8;H?D= <HEC J>; 97H8EDOB =HEKF 7D: 9EKDJ?D= J>; 97H8EDOB
97HBED 7JEC 71 M; FB79; J>; B 7JEC ED J>; |;L.;DJ> 97H8ED

7JEC

->; hexanF7HJ E< J>; D7C; J;BBI KI J>7J J>; & >711?N 97H8ED
7JECI ->; C;7DIJ>7J J>; 97H8EDOB 97H8ED 7JEC ?I 7D J>7?I
9>7?D 7D:J>; J;BBIKIJ>7JJ>H; ?1 7 C;J>0OB =HEKF 7J

SKILL-BUILDING EXERCISE

H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:
8HECE ?E:E>;FJ7D7B

8HECE ;J>0OB >;FJ7DED;

B:;>0:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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CONCEPT REVIEW EXERCISES

1?7L; J>; IJHK9JKH; 7D: #.* D7C; <EH J>; 9ECFEKD: J>7J >7| J>; 9ECCED
D7C; m8HECES8;:DP7B:;>0:; |;; ?=KH; LEC: #DJ:H:1J?D= B::>0:l <EH
J>; IJHK9JKH; E< 8;DP7B:;>0:;

I?L; J>; #.* D7C; <EH =BO9;H7B:;>0O:; ")" ")"") "?DJ 717
IK81J?JK;DJ J>;)" =HEKF ?1 D7Clydroxy

ANSWERS

8HECES8;DP7B:;>0;;

:?>0O:HENOFHEF7D7B

KEY TAKEAWAYS

R ->; 9ECCED D7C;I E< 7B:;>0:;l 7H; J7A;D <HEC J>; D7C;| E< J>;
9EHH;IFED:?D= 97HS8ENOB?9 79?:| <EHC7B:;>0:; 79;J7B:;:>0:; 7D: IE ED
R ->; 9ECCED D7C;l E< A;JED;| B?A; J>El; E< ;J>;HI 9EDI?I1J E< J>; D7C;l
E< J>; =HEKFI 7JJ79>;: JE J>; 97TH8EDOB =HEKF <EBBEM;: 80 J>; MEH:
ketone
R ,J;CD7C;l E< 7B:;>0:;| 7D: A;JJED;I 7H; :;H?L;: <HEC J>EI; E< J>;
F7H;DJ 7BA7D;| KI?D=&D:?D=<EH 7D 7B:;>0:;|1 7D: 76ne;D:?D=
<EH 7 A;JED;

B:;>0:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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EXERCISES

(7C; ;79> 9ECFEKD:

(7C; ;79> 9ECFEKD:

H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:

7 8KJOH7B:;>0O:;
8 >;N7DED;
9 pD?JHES;DP7B:;>0:;

H7M J>; IJHK9JKH; <EH ;79> 9ECFEKD:

7 ;J>OBE9J7D7B
8 9>BEHEFHEF7D7B
9 >O:HENO F;DJ7DED;

B:;>0O:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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ANSWERS

FHEF7D7B EH FHEF?ED7B:;>0O:;
8KJ7D7B EH 8KJOH7B:;>0O:;

F:DJ7DED; EH :?;J>0B A;JED;
8:DP7B:;>0O:;

O 0N

B:;>0:;1 7D: %;JED;l ,JHK9JKH; 7D: (7C;l
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14.10Properties of Aldehydes and Ketones

LEARNING OBJECTIVES

NFB7?D M>0 J>; 8E?B?D= FE?DJI E< 7B:;>0:;l 7D: A;JED;l 7H; >?=>;H J>7D
J>El; E<;J>;HI 7D: 7BA7D;| E< 1?C?B7H CEB7H C7IlI;| 8KJ BEM;H J>7D J>ElI,
E<9ECF7H78B; 7BOE>EBI
ECF7H; J>; IEBK8?B?J?;| ?D M7J;H E< 7B:;>0:;| 7D: A;JED;| E< <EKH EH
<;M;H 97H8ED 7JECI M?J> J>; IEBK8?B?J?;| E<X 9ECF7H78B; 7BA7D;l| 7D:
7B9E>EBI
(7C; J>; JOF?97B H;79J?EDI J7A; FB79; M?J> 7B:;>0:;l 7D: A,JED;I
;I9H?8; IEC; E< J>; KI;I E< 9ECCED 7B:;>0:;1 7D: A,JED;]

->; 97H8ED JE ENO=;D :EK8B; 8ED: ?I GK?J;, FEB7H CEH; FEB7H J>7D 7 97H8ED J
ENO=;D I1?D=B; 8ED: ->;;B;9JHED;=7J?L; ENO=;D 7JEC >71 7 CK9> =H;7J;H 7JJH79
<EH J>; 8ED:?D=;B;9JHED F7?HI J>7D :E;l J>, 97H8ED 7JEC ->; 97H8ED 7JEC >7I

F7HJ?7B FEI?J?L; 9>7H=; 7D: J>;, ENO=;D 7JEC >71 7 F7HJ?7B D;=7J?L; 9>7H=;

#D 7B:;>0:;1 7D: AJJED;l J>?1 9>7H=; I;F7H7J?ED B;7:1 JE :?FEB; :?FEB; ?DJ;H79J7E
J>7J 7H; =H;7J ;DEK=> JE 1?=D?<?97DJBO 7<<;9J J>, 8E?B3B= FEERBPD=

*E?DJI E< ECFEKD:I "7L?D= ,?C?B7H 'EB7H '71I;1 8KJ ?<<;H:DJ -OF;l E<
#DJ;HCEB;9KB7H EH$fEMI J>7J J>; FEB7H I?D=B; 8ED:I ?D ;J>;HI >7L; B?JJB; IK9>
;<<;9J M>;H;71 >O:HE=;D 8ED:?D= 8;JM;;D 7BO9E>EB CEB;9KB;! ?I ;L;D IJHED=;H

-78B; E?B?D=*E?DJI E< ECFEKD:I1"7L?D=,?C?B7H 'EB7H '7Il;| 8KJ ?<<;H;DJ
-OF;| E< #DJ;HCEB;9KB7H EH9;l

. Molar Type of Intermolecular Boiling Point
Compound Family Mass Forces (iC)
7BATD; :?IF;HI?ED EDBO S

) n " ,J>,H M,?A ?FEB,
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)H=7D?9 ECFEKD:| E<)NO=;D

. Molar Type of Intermolecular Boiling Point
Compound Family Mass Forces (iC)
" 7B:;>0:; IJHED= :?FEB,;
)" | 7BO9E>EB >0:HE=;D 8ED:?D=

EHC7B:;>0:; ?1 7 =71 7J HEEC J;CF;H7JKH; 9;J7B:>0:; 8E?BI7J Q 7D 7D EF;D
L;i;B ?J 8E?BI 7TM70 ?D 7 M7HC HEEC 'EIJ EJ>;H 9ECCED 7B:;>0:;| 7H; B?GK?:1 7
HEEC J;,CF;H7JKH;

Note

BJ>EK=> J>; BEM;H C;C8;HI E< J>; >ECEBE=EKI I;H?;| >7L; FKD=;DJ E:EHI
C7DO >?=>:H 7B:;>0:;| >7L; FB;717DJ E:EHI 7D: 7H; Kl;: ?D F;H<KC:I 7D:
7THJ?<?9?7B <B7LEH?D=I |<EH J>; A;JJED;| 79;JED; >717 FB;717DJ E:EH 8KJ CE
J>; >?=>;H >ECEBE=I1 >7L; H7J>;H 8B7D: E:EHI

->: ENO=;D 7JEC E< J>; 97H8EDOB =HEKF ;D=7=;| ?D >0O:HE=;D 8ED:?D=M?J>7 N
CEB;9KB;

-> |[EBK8?B?JO E< 7B:;>0:;| ?1 J>;H;<EH; 78EKJ J>; I7C; 71 J1>7J E< 7TB9E>EBI 7D:
:J>:HI EHC7B:;>0:; 79;J7B:;>0:; 7D: 79;JED; 7H; IEBK8B; ?D M7J;H | J>;

97H8ED 9>7?D ?D9H;7I;1 ?D B;D=J> IEBK8?B?JO ?D M7J;H :;9H;7I;| ->; 8EH:;HB?D
IEBK8?B?JO E99KHI 7J 78EKJ <EKH 97H8ED 7JECI F;H ENO=;D 7JEC BB 7B:;>0:;
A;JED;I 7H; IEBK8B; ?D EH=7D?9 IEBL;DJI 7D: ?D =,D;H7B 7H; B;ll :;DI; 3>7D M7J;F

Oxidation of Aldehydes and Ketones

B:;>0:;1 7D: A;JED;I 7H; CK9> 7B?A; ?D C7DO E< J>;?H H;79J?EDI EM?D= JE J>;
FH;I;D9; E< J>; 97HBEDOB <KD9J?ED7B =HEKF ?D 8EJ> ->;0 :?<<;H =H;7JBO >EN
ED; CEIJ ?CFEHJ7DJ JOF; E<H;79J?ED EN?:7J?ED B:;>O:;| 7H; H;7:?BO EN?:?P;:
97H8ENOB?9 79?:1 M>;H;71 A;JED;| H;I1?1J EN?:7J?ED

*HEF;HJ?;l E< B:;>0O:;1 7D: %;JED;|
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->; 7B:;>0:;1 7H; ?D <79J 7CED= J>; CEIJ;71?BO EN?:?P;: E< EH=7D?9 9ECFEKD:I
->;0 7H; EN?:?P;: 80 ENO=;D D 7?H JE 97H8ENOB?9 797l

+") ) +))"

-> 71 EX EN?:7J?ED >;BFI 9>;C?1J1 ?::DJ?<0O 7B:;>0:;l 1K<<?9?;DJBO C?B:
EN?:?P?D= 7=;DJ 97D :?1J?D=K?I|> 7B:;>0O:;| DEJ EDBO <HEC A;JED;| 8KJ 7BIE <HE
7B9E>EBI -EBB;DIW H;7=;DJ <EH ;N7CFB; ?1 7D 7BA7B?D; IEBKJ?ETEBE< I?BL;H
9ECFB;N;: M?J> 7CCED?7 (" M>?9> A;;FI J>; = ?ED ?D IEBKJ?ED

= T

0>:D -EBB;DIW H:;7=;DJ EN?:?P;| 7D 7B:;>0:; J>?ED ?I1 H;:K9:;: JE <H;: I?BL;H

;FEI?J;: ED 7 9B;7D =B71l IKH<79; J>; I?BL;H FHE:K9;| 7 C7PHHELH
B:;>0:; +;79J?EDI  )H:?D7HO A;JED;| :E DEJ H;79J M?J> -EBB;DIW H;7=;DJ

*HEF;HJ?;l E< B:;>0O:;1 7D: %;JED;|
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Figure 14.5\|dehyde Reactions

A reaction related to the TollensO reaction is often used to silver mirrors. These ornaments were silvered by <
reaction. Glucose, a simple sugar with an aldehyde functional group, is used as the reducing agent.

Source: Photo courtesy of Krebs Glas Lhtipafiegmmons.wikimedia.org/wiki/File:Silvering.jpg

BJ>EK=> A;JED;| H;I?1J EN?:7J?ED 80 EH:?D7HO B78EH7JEHO EN?:?P?D= 7=;DJI
KD:;H=E 9ECS8KIJ?ED 71 :E 7B:;>0:;l

Some Common Carbonyl Compounds

EHC7B:;>0:; >71 7D ?HH?J7J?D= E:EH ;97KI; E<?JI H;793?L?JO ?J ?I :?<<?9KBJ.
>7D:B; ?D J>; =7I;EKI 137J; EH C7DO KI;I ?J ?1 J>;H;<EH; :?IIEBL;: ?D M7J;H 7D:
IEB: 717 JE 7GK;EKIIEBKJ?ED 97BBarmalin EHC7B:;>0:; :;D7JKH;I

FHEJ;?DI H;D:;H?D= J>;C ?DIEBK8B; ?D M7J;H 7D: H;1?137DJ JE 879J;H?7B :;970
CEH; ?D<EHC7J?ED 78EKJ FHEJ;Z&MF0;H ~ C?DE 9?:1 *HEJ;?DI 7D:

DPOC;I ,;9J?ED _ *HEJ;?DI EH J>?I H;7IED <EHC7B?D ?I1KIl;: ?D ;C87BC?D=
IEBKJ?EDI 7D: ?D FH;I;HL?D= 8?EBE=?97B IF;97C;DI

B:;>0::1 7H; J>; 79J?L; 9ECFED;DJI ?D C7DO EJ>;H <7C?B?7H IK81J7D9;| &7H=;
GK7DJ?J?;| E< <EHCT7B:;>0:; 7H; Kl;: JE C7A; F>;DEB <EHC7B:;>0:; H;I?DI <EH =Bk
J>: MEE: I>::J1 ?D FBOMEE: 7D: 71 7:>:1?L;1 ?D EJ>;H 8K?B:?D= C7J;H?7BI

*HEF;HJ?;l E< B:;>0O:;1 7D: %;JED;|
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,EC;J?C;| J>; <EHC7B:;>0:; ;I97F;| <HEC J>; C7J;H?7BI 7D: 97KI;| >;7BJ>
FHES8B;CI ?D IEC; F;EFB; 0>7B; IEC; F.EFB; I;;C KD7<<;9J;: EJ>;HI ;NF;H?;D9;
9EK=>?D= M>;:P?D= :0; ?HH?J7J?ED 7D: EJ>;H IOCFJECI

9;J7B:;>0:; ?1 7D ;NJH;C;BO LEB7J?B; 9EBEHB;II B?GK?: #3 ?1 7 1J7HJ?D= C7J;H?
J>; FH;F7H7J?ED E< C7DO EJ>;H EH=7D?9 9ECFEKD:l 9;J7B:;>0O:; ?I <EHC;: 71 7
C;J78EB?J; ?D J>; <;HC;DJ7J?ED E< IK=7HI 7D: ?D J>; ;;,JEN?<?97J7ED E< 7B9E>E
B?L;H B:;>0O:;l 7H; J>; 79J7L; 9ECFED;DJI E< C7DO EJ>;H <7C?B?7H GEKH?7BI

LEC: #DJ:H;:1J?D= B:;>0::l

Note

->; E:EH E< =H;;D B;7L;| ?I :K; ?D F7HJ JE 7 97HS8EDOB 9ECEEKN;D7B
M>?9> M?J> H;B7J;: 9ECFEKD:I ?1 Kl;: JE ?CF7HJ 7 U=H;;DV >;H87B E:EH JE

I>7CFEEI 7D: EJ>;H FHE:K9JI

Figure 14.6
)
|
C—H
@)
O
|
H,CO C—H
HO
()
CH,CH, CH,CH,
C=cC C=C
/ /
H H H

*HEF;HJ?;l E< B:;>0O:;1 7D: %;JED;|

0
I
C=CH—C—H
CH,CHO
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(a) Benzaldehyde is an oil found in almonds; (b) cinnamaldehyde is oil of cinnamon; (c) vanillin gives vanilla it
flavor; (dris-3-hexenal provides an herbal odor; amdr(gP-cis6-nonadienal gives a cucumber odor.

9;JED; ?1 J>; I?CFB;1J 7D: CEIJ ?CFEHJ7DJ A,JED; ;97KI; ?J ?1 C?19?8B; M?J>
M7J;H 71 M;BB 71 M?J> CEIJ EH=7D?9 IEBL;DJI ?JI1 9>?;<KIl; ?1 71 7D ?D:KIJH?7B IEI
<EH ;N7CFB,; <EH F7?DJl 7D: B79GK;HI #J ?| 7BIE J>; 9>?;< ?D=H;:?;DJ ?D IEC,; 8
E<D7?B FEB?I> H;CEL;H

*HEF;HJ?;l E< B:;>0O:;1 7D: %;JED;|
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To Your Health: Acetone in Blood, Urine, and Breath

9;JED; ?1 <EHC;: ?D J>; >KC7D 8E:O 71 7 80 FHE:K9J E< B?F?: C;J78EB?IC EH
CEH; ?D<EHC7J?ED 78EKJ C;J78EB?9 H;79J3FRI;H; D;H=0

J78EB?IC  (EHC7BBO 79;JED; :E;l DEJ 799KCKB7J; JE 7D 7FFH;9?78B; ;NJ;DJ
8;97KI; ?J ?I EN?:?P;: JE 97H8ED :?EN?:; 7D: M7J;H ->; DEHC7B 9ED9;DJH7J?ED
79;JED; ?D J>; >KC7D 8E:0 ?I B;lIl J>7D C= C& E<8BEE: #D 9;HJ7?D :?I;7I,
1J73;1 IKO> 71 KD9EDJHEBB;: :?78;J;1 C;BB?JKI J>; 79;JED; 9ED9;DJH7J?ED H?I;l
JE >?=>:H B;L;Bl #J ?1J>;D ;N9H:;J;: ?D J>; KH?D; M>;H; ?J ?1;71?BO :;J;9J;: #D
I;L;H; 971;1 ?JI E:EH 97D 8; DEJ;: ED J>; 8H;7J>

%;JED;| 7H; 7BIE J>; 79J7?L, 9ECFED;DJI E< EJ>;H <7C?B?7H IK8137D9;! |IEC; E<
M>7?9> 7H; DEJ;: ?D J>; 799ECF7DO?D= <?=KH;

H 0
H,C  CH, é g
U
o o T
CH |c| ! CH H
3 3 CH,
@ (b)
0
H,C CH,
CH,
0
CH

(© (d)

Some ketones have interesting properties: (a) Butter flavoring comes from 2,3-butanedione; (b) -ionone is
responsible for the odor of violets; (c) muscone is musk oil, an ingredient in perfumes; and (d) camphor is L
in some insect repellents.

*HEF;HJ?;l E< B:;>0O:;1 7D: %;JED;|
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Note

;HJ7?D 1J;HE?: >EHCED;I >7L; J>; A;JED; <KD9J?ED7B =HEKF 71 7 F7HJ E< J>;?}
[JHK9JKH; -ME ;N7CFB;l 7H; FHE=;IJ;HED; 7 >EHCED,; I;9H;J;: 80 J>; EL7H?;I
J>7J 1J?CKB7J;1 3>; =HEMJ> E< 9;BBI ?D J>; KJ;H?D; M7BB 7D: FH;F7H;l ?J <EH
73J79>C;DJ E< 7 <;HI?B?P;: ;== 7D: J;1JEIJ;HED; J>; C7?D C7B; I;N >EHCED;
->;1; 7D: EJ>;H I;N >EHCED;| 7<<;9J EKH :;L;BEFC;DJ 7D: EKH B?L;l ?D
<KD:7C;DJ7B M70l EH CEH; ?D<EHC7J?ED 78EKJ J>; I;N >EHCHBJ;H;

&?F?:1  ,:9J?ED JHE?:I

CONCEPT REVIEW EXERCISES

0>7J <;7JKH; E< J>;?H IJHK9JKH; C7A;l 7B:;>0:;1 ;71?;:H JE EN?:?P; J>7D
A;JED;I

"EM :E;l J>; 97H8ED JE ENO=;D 8ED: E< 7B:;>0O:;l 7D: A;JED;l :?<<;H <HEC J>;
97H8ED JE 97H8ED 8ED: E< 7BA;D;l

ANSWERS

J>; " ED J>; 97H8EDOB 97H8ED 7JEC

->; 97H8ED JE ENO=;D :EK8B; 8ED: ?I FEB7H J>; 97H8ED JE 97H8ED :EK8B; 8
?| DEDFEB7H

KEY TAKEAWAYS

R ->; FEB7H 97H8ED JE ENO=;D :EK8B; 8ED: 97KI;| 7B:;>0:;| 7D: A;JED;I
JE >7L,; >?=>;H 8E?B?D= FE?DJI| J>7D J>El; E<;J>;HI 7D: 7BA7D;| E<[?C?B7
CEB7H C7II;1 8KJ BEM;H J>7D J>EI; E< 9ECF7H78B; 7BO9E>EBI J>7J ;D=7=;
?D ?DJ;HCEB;9KB7H >0O:HE=;D 8ED:?D=

R B:;>0:;l 7H; H;7:?BO EN?:?P;: JE 97TH8ENOB?9 79?:1 M>;H;71 A;JED;|
H;I1?1J EN?:7J?ED

*HEF;HJ?;l E< B:;>O:;1 7D: %;JED;I
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EXERCISES

0>?9> 9ECFEKD: ?D ;79> F7?H >71 J>; >?=>;H 8E?B?D= FE?DJ

7 79JED; EH FHEF7DEB
8 :?C;J>0B:;J>:HEH 79;J7B:;>0:;

0>79> 9ECFEKD: ?D ;79> F7?H >71 J>; >?=>;H 8E?B?D= FE?DJ

7 8KJ7D7B EH 8KJ7DEB
8 79;JED; EH ?IE8KJ7D;

H7M J>: [JHK9JKH; E< J>; 7TB9E>EB J>7J 9EKB: 8; EN?:?P:: JE ;79> 9ECFEKD:

7 909BE>;N7DED;
8 C;J>OB FHEF7D7B

H7M J>; IJHK9JKH; E< J>; 7TBOE>EB J>7J 9EKB: 8; EN?:?P;: JE ;79> 9ECFEKD:

7 F.:DJ7DED;
8 0C;J>0B8;DP7B:;>0:;

9;J7B:;>0:; ?1 JH;7J;: M?3> ;79> IK8IJ7D9;

7 = 7GT0>7J ?DEH=7D?9 FHE:K9J ?<7DO ?I <EHC;:
8 % H) ?D7D 79?: IEBKJ?EDT0>7J EH=7D?9 FHE:K9J ?<7DO ?| <EHC;:

9;JED; ?1 JH;7J;: M?J> ;79> IK81J7D9;

7 = 7G T0>7J ?DEH=7D?9 FHE:K9J ?<7DO ?|<EHC;:
8 % H) ?D7D79?: IEBKIJ?EDT0>7J EH=7D?9 FHE:K9J ?<7DO ?I<EHC;:

*HEF;HJ?;l E< B:;>0O:;1 7D: %;JED;|
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ANSWERS
7 FHEF7DEB
8 79;J7B:;>0:;
OH
7
CH3(|ZHCHO
. CH,

7 1?BLHC.J7B =
8 79379797 " ))"

*HEF;HJ?;l E< B:;>O:;1 7D: %;JED;I
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14.11 Organic Sulfur Compounds

9ECFEKD: M?J>7D "
<KD9J?ED7B =HEKF

LEARNING OBJECTIVES

#::DJ?<0 J>?EBI C;H97FJ7DI 80 J>; FH;I;D9; E< 7D ," =HEKF
->' C?B: EN?:7J?ED E< J>7EBI =?L;| :?IKB<?::|

‘97KI: IKB<KH ?1 ?D J>; I7C; =HEKF E< J>: F;H?E:?9 J78B; 7l ENO=:D J>; JME
:B:C:;DJI >7L; IEC; 1?C?B7H FHEF;HJ?;l 0; C?=>J :NF;9J IKB<KH JE <EHC EH=7D?9
9ECFEKD:I H;B7J;: JE J>EIl; E ENO=;D 7D: ?D:;;: ?J :E:l

Thiols 7BIE 97BB;: C;H97FJ7DI M>?9> 7H; IKB<KH 7D7BE=I| E< 7B9E>EBI >7L; J
=:D;H7B <EHCKB7 +," ;.J>7D;J>?EB 7BIE 97BB;: C;J>0OB C;:H97FJ7D >71J>; <EHC
" " J>7D;J>?EB ;J>0OB C;H97FJ7D ?1J>; CEIJ 9ECCED E:EH7DJ <EH B?GK?:

FHEF7D; &* =7I
->: C?B: EN?:7J?ED E< J>?EBI =?L;| 9ECFEKD:I1 97BB;: :?IKB<?::l

34) ({°°3443

I M; DEJ; ?D>7FJ;H  C?DE 9?:1 *HEJ;?DI 7D: DPOC;l ,;9J?ED

*HEJ;?DIl J>; 7C?DE 79?:1 901J;?D; 4", " " (" ))"5 7D: C;J>?ED?D;

A ))"'5 9EDJ77?D IKB<KH 7JECI 71 :E 7BB FHEJ;?DI J>7J 9EDJ77?D
J>;1; 7C?DE 79?:1 ?IKB<?:; B?DA7=;l S,5,S 8;IM;;D FHEJ;?D 9>7?DI 7H; ;NJH;C;BC
?CFEHJ7DJ ?D FHEJ;?D IJHK9JKH,

->?E:J>:HI M>?9> 7H; IKB<KH 7D7BE=I E< ;J>:HI >7L; J>; <EHC =;:D;H7B <EHCKB7
D :N7CFB:; ?1:?C;J>0OBIKB<?:; " M>?9> ?| H;IFEDI?8B; <EH J>; IEC;J?C;l
KDFB;717DJ E:EH E< 9EEA?D= 97887=; 7D: H;B7J;: L;=;J78B;| (EJ; J>7J C;J>?ED?D
>717 J>?E;J>;H <KD9J?ED7B =HEKF



>7FJ;H )H=7D?9 ECFEKD:I E<)NO=;D

JH=7D?9 ,KB<KH ECFEKD:I

Career Focus: Paramedic

*7TH7C;:?91 7H; >?=>B0O JH77?D;: ;NF;HJI 7J FHEL?:?D= ;C;H=;D90 C;:?97B
JH;7JC:DJ ->;?H 9H?J?97B :KJ?:| E<J;D ?D9BK:; H;I9K; MEHA 7D: ;:C;H=:D90O
C;:?97B FHE9;:KH;| ?D 7 M?:; L7H?;JO E< |;JJ?D=I IEC;J?C;| KD:;H ;NJH;C;BO
>THI> 7D: :?<<?9KBJ 9ED:?J?EDI &?A; EJ>:H 19?:D9; 87I;: FHE<:II?EDI J>;?H ME|
H;GK?H;| ADEMB;:=; ?D=;DK?JO 7D: 9ECFB;N J>?DA?D= 71 M;BB 717 =H;7J :;7E
J;9>D?97B IA?BB ->; H;9ECC;D:;: 9EKHI;| <EH FH;F7H7J?ED ?D J>?| <?;B: ?D9BK
7D7JECO F>OI?EBE=0 C;:?97B J;HC?DEBE=0 7D:TDEJ IKHFH?I?D=BOT9>;C?
D KD:;HIJ7D:?D= E< 871?9 FH?D9?FB;| E< EH=7D?9 9>:C?IJHO <EH ;N7CFB; ?I
KI;<KB M>;D F7H7C;:?91 >7L; JE :;7B M?J> IK9> JH7KC7I 71 8KHDI <HEC <K;B
>0:HE97HBEDI EH IEBL;DJ 7B9E>EBI ;J>;HI ;I1J;HI 7D: IE ED <?H;l 7D: 7TBO9E>E
7D: :HK= EL;H:El;l

-E 8;9EC; 7 F7TH7C;:?9 H;GK?H;l S O E<JH7?D?D= 7D: KIK7BBO ?D9BK:;| 7 13?D.
7D ;C;H=;D90 C;:?97B J;9>D?9?7D '- D '- FHEL?:;1871?9 97H; 97D

7:C?D?1J;H 9;HI7?D C;:?97J?EDI 7D: JH;7JC;DJl IK9> 71 ENO=;D <EH H;IF?H7JE}
FHES8B;CI 7D: ;F?D;F>H?D; 7:H;D7B?D <EH 7BB;H=?9 H;79J?EDI 7D: >71 IEC;
ADEMB;:=; EX9ECCED C;:?97B 9ED:?J?EDI F7H7C;:?9 ?D 9EDJH7IJ CKIJ >7L;
;NJ;DI?L; ADEMB;:=; E< 9ECCED C;:?97B FHES8B;CI 7D: 8; JH7?D;: JE

7:C?D?13;H 7 M?:; L7TH?;JO E< ;C;H=;D90 :HK=|

*TH7C;:?91 KIK7BBO MEHA KD:;H J>; :?H;937ED E< 7 C;:?97B :EQJEH M?J> 7 J?JE
IK9> 71 UC;:?97B :?H;9JEH V ,EC; F7TH7C;:?9I 7H; ;CFBEO;: 80 <?H; ;;F7HJIC;DJI
7D: C70 MEHA <HEC 7 <?H; ;D=?D; J>7J 97HH?;l C;:?97B ;GK?FC;DJ 71 M;BB 7| <
<?=>J7?D==;7H ,EC; MEHA <HEC >EIF?J7B IFEDIEH;: 7C8KB7D9;| 7D: 9EDJ?DK;
97H; <EH J>;?H F7J?;DJI 7<J;H H;79>?D= J>; >EIF?J7B ;C;H=;D90 HEEC ,J?BBE
F7H7C;:?91 MEHA <EH 7 =EL;HDC;DJ :;;F7HJC;DJ H;IFEDI?8B; <EH ;C;H=;D90
>,7BJ>97H; ?D 7 IF;9?<?9 =,E=H7F>?97B 7H;7 ?D7BBO IEC; MEHA <EH FH?L7.
9ECF7D?;1 3>7J 9EDJH79J JE FHEL?:; I;HL?9; <EH 7 =EL;HDC;DJ 8E:O

D ;NF;H?;D9;: F7TH7C;:?9 >71 7 8HE7: H7D=; E< ;CFBEOC;DJ EFJ?EDI ?D9BK:?D-
JH7?D?D= <EH CEKDJ77?D EH E9;7D H;I9K; MEHA?D= M?J> FEB?9; :;F7HJC;DJ |
M;7FEDI 7D: J79J3?91 ,0 - J;7CI EH MEHA?D= ?D ?IEB7J;: ;1J3?D=| IK9> 7] ED
E?B H?=I 0?J>J>;?H ;NF;HJ?I; 7J JH;7J?D= 7D: 13787?B?P?D= F7J?;DJI 8;<EH; GK
CEL?D=J>;C JE 7 >EIF?J7B F7H7C;:?91 E<J;D FHEL?:; J>; <?HIJ 9H?J?97B 1J;FI °
I7L?D= 7D ;D:7D=;H;: B?<; ->; <EBBEM?D= GKEJ7J?ED ?DI9H?8;: ED J>; HB?D=
(7J?ED7B ;C;J;HO >;7:1JED; E< HCO &?;KJ;D7DJ + :7ClI EMB;O M>E ?I

E<J;D 97BB;: J>; U<7J>;HV E< |>E9A JH7KC7 C;:?9?D; I;HL;l 71 J>; CEJJE <EH
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C7DO F7H7C;:?9 KD?JI U(;NJ JE 9H;7J?D=7 B?<; J>; <?D;13 J>?D=7 C7D 97D :E
I7L; ED; VT 8H7>7C &?D9EBD

CONCEPT REVIEW EXERCISES

0>7J ?1 J>; <KD9J?ED7B =HEKF E< 7 J>?EB 0H?J; J>; 9ED:;DI;: IJHK9QJKH7B
<EHCKB7 <EH ;J>7D;J>?EB ;J>0OB C;H97FJ7D

0>7J ?1 J>; <KD9J?ED7B =HEKF E< 7 :?IKB<?:; 0H?J; J>; 9ED:;DlI;: [JHK9IKH7B
<EHCKB7 <EH :?FHEFOB :?IKB<?:;

ANSWERS

SESES B

KEY TAKEAWAY

R ->7EBI J>?E;J>;HI 7D: :?IKB<?:;;l 7TH; 9ECCED ?D 8?EBE=?97B 9ECFEKD:I

EXERCISES

9ECCED D7JKH7B =71 E:EH7BRHBKJIOB C;H97FJ7D 0>7J ?1 ?J1 9ED:;Dl;:
[JHK9IKH7B <EHCKB7

0H?J; J>; :GK7J?ED <EH J>; EN?:7J?ED E< ;J>7D;J>?EB JE :?;J>0B :?IKB<?:;

ANSWER

JH=7D?9 ,KB<KH ECFEKD:I
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Chapter Summary

To ensure that you understand the material in this chapter, you should review the meanings of the following bold tern
the summary and ask yourself how they relate to the topics in the chapter.

functional group ?1 7DO 7JEC EH 7JEC =HEKF J>7J 9ED<;HI 9>7H79J;H?13?9 FHEF;HJ?;| JE 7 <7C?BQO E< 9E(

->: >0O:HENOB =HEKF )" ?I J>; <KD9J?ED7B =HEK#cBkals;->; 7TBO9E>EBI 7H; H;FH;I;DJ;: 80 J>; =;D;H7B
<EHCKB?7 +)" B9E>EBI 7H; :;H?L;: <HEC 7BA7D;l 80 H;FB79?D= ED; EH CEH; >O:HE=;D 7JECI 80 7D )" =HEKF
primary (1j) alcohol +" )" >71J>;)"=HEKF ED 7 97H8ED 7JEC 7JJ79>;: JE ED; EJ>;H 97H8ED 7JEC 7
secondary (2j) alcohol + ")" >71J>; )" =HEKF ED 7 97H8ED 7JEC 7JJ79>;: JE JME EJ>;H 97H8ED 7JECI| 7D: 7
tertiary (3j) alcohol + )" >71J>;)"=HEKF ED 7 97H8ED 7JEC 7JJ79>;: JE J>H;; EJ>;H 97H8ED 7JECI

->; 78?B?JO JE ;D=7=; ?D >O:HE=;D 8ED:?D= =H;7JBO ?D9H;7I;| J>; 8E?B?D= FE?DJI E< 7B9E>EBI 9ECF7H;: J|
>0:HE97HS8EDI E< 9ECF7H78B; CEB7H C71l B9E>EBI 97D 7BIE ;D=7=; ?D >O:HE=;D 8ED:?D= M?J> M7J;H CEE
7D: J>El; M?J> KF JE 78EKJ <EKH 97H8ED 7JECI 7H; IEBK8B; ?D M7J;H

'7DO 7B9E>EBI 97D 8; I0DJ>;1?P;: 80 J>; >O:H7J?ED E< 7BA;D;| ECCED 7B9E>EBI ?D9BK:; C;J>7DEB ;J>7DE
?IEFHEFOB 7B9E>EB 'J>7DEB ?| GK?J; FE?IEDEKI #J 97D 97KI; 8B?D:D;ll EH ;L;D :;7J> J>7DEB 97D 8; FH;F
<HEC ;J>0B;D; EH C7:; 80 <;HC;DJ7J?ED #J ?1J>; U7TBO9E>EBV ?D 7BO9E>EB?9 8;L;H7=;| )D E997I1?ED F;EFB;
C;J>7DEB 80 C?1J7A; J>?DA?D=?J ?1 J>; 8;L;H7=; 7BOE>EB )D E997I?ED KDI9HKFKBEKI 8EEJB;==;HI |;BB C
JE KDIKIF;9J?D= 9KIJEC;HI #D ;?J>;H 971; J>; H;IKBJI 7H; E<J;D JH7=79

+K88?D= 7B9E>EB ?| KIK7BBO 7 7GK;EKI IEBKJ?ED E< ?IEFHEFOB 7B9E>EB J>7DEB ?| 7BIE Kl;: ?D IEC; F
7B9E>EB <EHCKB7J?EDI

0>;D M7J;H ?I H;CEL;: <HEC 7D 7B9E>EB ?D 7 :;>0O:H7J?ED IJ;F J>; H;IKBJ ?I ;?J>;H 7D 7BA;D; EH 7D ;J>;H
;F;D:?D= ED J>; H;79J?ED 9ED:?J?EDI| *H?C7HO 7B9E>EBI 7H; EN?:?P;: JE 7B:;>0:;| EH 97H8ENOB?9 79?:1 7
[;9ED:7HO 7BOE>EBI 7H; EN?:?P;: JE A,JED;I -;HJ?7HO 7BOE>EBI 7H; DEJ ;71?BO EN?:?P;:

BOE>EBI 9EDJ7?D?D=JME )" =HEKFI ED 7:@79;DJ 97H8ED 7JEQlytdiD7BB;:
Phenols H)" 7H; 9ECFEKD:| >7L?D= J>; )" =HEKF 7JJ79>;: JE 7D 7THEC7J?9 H?D=

Ethers +)+ +)H H)H 7H; 9ECFEKD:I ?D M>?9> 7D ENO=;D 7JEC ?| @E?D;: JE JME EH=7D?9 =HEKFI

D: E< >7FJ;H '7J;H?7B
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->; carbonyl group 7 97H8ED JE ENO=;D :EK8B; 8ED: ?I J>; :;<?D?D= <;ald¢hyees 7D: ketones #D

7B:;>0:;1 73 B;71J ED; 8ED: ED J>; 97H8EDOB =HEKF ?I 7 97H8ED JE >O:HE=;D 8ED: ?D A;JED;| 8EJ> 7L7?B78
8ED:| ED J>; 97H8EDOB 97H8ED 7JEC 7H; 97H8ED JE 97H8ED 8ED:I B:;>O:;| 7H; IODJ>;I1?P;: 80 J>; EN?:7J?El
FH?C7HO 7B9E>EBI ->; 7B:;>0:; 97D 8; <KHJ>;H EN?:?P;: JE 7 97TH8ENOB?9 79?: %;JED;| 7H; FH;F7H;: 80 J>;
EN?:7J?ED E< |;9ED:7HO 7B9E>EBI '?B: EN?:?P?D= 7=;DJI EN?:?P; 7B:;>0:;| JE 97H8ENOB?9 79?:|1 %;JED;| 7}
EN?:?P;: 80 J>;I; H;7=;DJI

thiol ?1 7 9ECFEKD: M?J> 7D ," <KD9J?ED7B =HEKF

D: E< >7FJ;H '7J;H?7B
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D: E< >7FJ;H '7J;H?7B

ADDITIONAL EXERCISES

;I9H?8; IME M701 J>7J ;J>7DEB 97D 8; FH;F7H;: 0>?9> C;J>E: ?I KI;: JE
FHE:K9; 7BO9E>EB?9 8;L;H7=;l

I7L; J>; IJHK9JKH; E< J>; 7BA;D; <HEC M>?9> ?IEFHEFOB 7B9E>EB ?1 C7:; 80
H;79J?ED M?J> M7J;H ?D 7D 79?:?9 IEBKJ?ED

J>7DEB ?I KlI;: 71 7 IEBL;DJ <EH IEC; :HK=I1 J>7J 7H; DEJ IEBK8B; ?D M7J;H 0>
?1 C;J>7DEB DEJ Kl;: ?D C;:?9?D;l

I7L; J>; IJHK9JKH; E< J>; 7BA;D; J>7J ?1 C7:; <dEGKJOB 7B9E>EB
4" )"5 80 H;79J?ED M?J> M7J;H ?D 7D 79?:?9 IEBKJ?ED

B711?<0 ;79> 9EDL,;HI?ED 71 EN?:7J?ED :;>0O:H7J?ED EH >0O:H7J?ED EDBO .
EH=7D?9 [J7HJ?D= C7J;H?7B 7D: FHE:K9J 7H; I>EMD

7o

B7117<0 ;79> 9EDL;HI?ED 71 EN?:7J?ED :;>O:H7J?ED EH >0:H7J?7ED EDBO .
EH=7D?9 [J7HJ?D= C7J;H?7B 7D: FHE:K9J 7H; I>EMD

7oy

8 )" ) D)l
9 "yt )

0>0 ?I C;J>7DEB IE CK9> CEH; JEN?9 JE >KC7DI J>7D ;J>7DEB

79> E< J>; <EKH ?IEC;H?9 8KJOB 7B9E>EBI ?| JH;7J;: M?J> FEJ7II?KC :?9>HE
% H) 2D 792 17L;J> FHE:K9J ?< 7DO ;NF;9J;: <HEC ;79> H;79J?ED

H7M J>; IJHKQJKH;l 7D: =?L; #.* D7C;| <EH J>; <EKH ?IEC;H?9 7B:;>0:;l
>7L?D= J>; <EHCKB7 )

0H?J; 7D ;GK7J?ED <EH J>; H;79J?ED E< F>;,DEB M?J> 7GK;EKI (7)"
O0H?J; 7D ;GK7J?ED <EH J>; ?ED?P7J?ED E< F>;DEB ?D M7J;H

H7M J>; IJHK9JKH;l 7D: =?L; J>; 9ECCED 7D: #.* D7C;l <EH J>; J>H;;
?IEC;H?9 A;JED;| >7L?D= J>; <EHCKB7)

I M; I>7BB I;; ?D>7FJ;H  7TH8E>O:H7J;l :?>0O:HENOFHEF7D7B 7D:
:?7>0:HENO79;JED; 7H; ?CFEHJ7DJ 97H8E>O:H7J;l H7M J>;?H IJHK9JKH;I
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D: E< >7FJ;H '7J;H?7B

IBKJ7H7B:;>0:; F;DJ7D;:?7B ?1 7 =,HC?9?:; J>7J ?| H;FB797?D= <EHC7B:;>0:; 7
713;H?B?P?D=7=,DJ #J ?|1 B;ll ?HH?J7J?D= JE J>;;0;l J>; DEI; 7D: 1A?D OH™.
9ED:;DlI;: IJHK9QIJKH7B <EHCKB7 E< =BKJ7H7B:;>0:;

0>0 :E;l J>; EN?:7J?ED E< ?IEFHEFOB 7B9E>EB =?L; 7 A;JJED; M>;H;71 J>;
EN?:7J?ED E< ?IE8KJOB 7B9E>EB =?L;| 7D 7B:;>0O;;

#:;DJ?<0 ;79> 9ECFEKD: 71 7D 7B9E>EB 7 F>,DEB EH 7D ;J>;H B7I1?<O 7DO
7BO9E>EBI 7| FH?C7HO Q [I;9ED:7HO Q EH J;HJ?7HO Q

7 mn n 11} )Il
CH3C|HCH3
8 OH
OH
9
CH,CHOCH,
I
CH

3

#:;DJ?<0 ;79> 9ECFEKD: 71 7D 7BO9E>EB 7 F>;DEB EH 7D ;J>;H B711?<O 7DO
7B9E>EBI 7| FH?C7HO [;,9ED:7HO EH J;HJ?7HO

7 "oty
ik
CH3C|CH3
8 OH

9
CH3C|HCH2CH2CH3

OH

-,BB M>;J>;H ;79> 9ECFEKD: <EHCI 7D 79?:?9 7 871?9 EH 7 D;KJH7B IEBKJ?E
M7J;H

CH,CHOCH,
; &,

CH,CHCH,OH
: OH

@/OH
9
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0>:D M7J;H ?1 7::;: JE ;J>0OB;D; ?D J>; FH;I;D9; E< 7D 79?: 97J7BOIJ EDBO ED;
FHE:K9JT;J>7DEBT?I FEII?8B; "EM;L;H M>;D M7J;H ?17::;: JE FHEFOB;D;
JME FHE:K9JI 7H; FEII?8B;T FHEF7DEB 7D: FHEF7DEBT8KJ EDBO FHEF7D
<EHC;: #D J>: +KII?7D 9>;C?1J /B7:?C?H / 'THAELD?AEL FHEFEI;: 7 HKB;
JE FH;:?9J J>; FHE:K9JI E< IK9> H;79J?EDI EDI?:;H?D= M7J;H JE 8;")" J>;
>0:HE=;D 7JEC E< M7J;H =E;| ED J>; 97H8ED 7JEC E< J>; JME ?DLEBL;: ?D J:
:EK8B; 8ED: J>7J >71 J>; CEIJ >O:HE=;D 7JECI 7BH;7:0 8ED:;: JE ?J ->; )"
=HEKF =E;l ED J>; 97H8ED 7JEC M?J> <;M;H >O:HE=;D 7JECI .I;
'"THAELD?AELWI HKB; JE FH;:?9J J>; FHE:K9J E< J>; 7::?J?ED E<M7J;H JE ;79
9ECFEKD:

7 C;J>OBFHEF;D;
8 8KJID;

9 C;J>0B F;DJD;
: C;J>0B F;DJ;D;

J>0OB 7B9E>EB B?A; HK88?D= 7B9E>EB ?IEFHEFOB 7B9E>EB ?| E<J;D KIl;:
873>l 0>7J FHEF;HJO E< 7B9E>EBI C7A;l J>;C KI;<KB <EH J>?| FKHFEI,

#D 7::?J7ED JE ;J>7DEB J>; <;HC;DJ7J?ED E< =H77?D FHE:K9;| EJ>;H EH=7D?
9ECFEKD:I 9EBB;9J?L;BO 97BB;: <KI;B E?BI ) ->; <EKH FH?D9?F7B )
9ECFED;DJI 7H; FHEF7DEB ?IE8KJOB 7BO9E>EB C;J>OB 8KJ7DEB 7D:

C;J>0B 8KJ7DEB H7M 7 IJHK9JKH; <EH ;79> ) ?l1 GK?J; JEN?9 7D: 799EKL
?D F7HJ <EH >7D=EL;HI

H7M 7D: D7C; J>; ?IEC;H?9 ;J>;HI J>7J >7L; J>; <EHCKB?7 )

"DI>EB ?I 7D ?D=H;:?;DJ ?D C;DJ>EB7J;: 9EK=> :HEFI 7D: D717B IFH70OI #J
FHE:K9;1 7 9EEB?D= H;<H;|>?D= I;DI7J?ED M>;D HK88;: ED J>; IA?D 7D: |IE ?I
Kl;: ?D I>7L?D= BEJ?EDI 7D: 9EIC;J?9] ->OCEB J>; THEC7J?9 ;GK?L7B;DJ E<
C,DJ>EB ?1J>; <B7LEH?D= 9EDIJ?JK;DJ E< J>0OC,;

CH, CH,
OH OH
CH CH
7\ 7\
H,C CH, H,C CH,
Menthol Thymol

7 -EM>7J9B71l E< 9ECFEKD:I :E;l ;79> 8;BED=
8 7L, 7D 7BJ;HD7J; D7C; <EH J>OCEB

0H?J; J>; ;:GK7J?ED <EH J>; FHE:K9J?ED E< ;J>7DEB 80 J>; 7::?J?ED E< M7J;
:J>0B:;D; "EM CK9> :J>7DEB 97D 8; C7:; <HEC A= E<;J>0B;D;

D: E< >7FJ;H '7J;H?7B
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tJ>7DEB ?I DEJ F7HJ?9KB7HBO JEN?9 JE H7JI #< C;J>7DEB M;H; D;MBO :?19
7D: J;13;: <EH JEN?9?JO ?D B78EH7JEHO 7D?C7BlI M>7J MEKB: OEK 9ED9BK
?2J1'17<;JO <EH >KC7D 9EDIKCFJ?ED

->: 7C?DE 79?: 901J;?D; >71 J>; <EHCKB7 ", " (" )" 0>7J 21 J>;
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