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CHUONG 9:

AXIT CACBOXYLIC VA DAN XUAT CUA AXIT
CACBOXYLIC

A. AXIT CACBOXYLIC

9.1-Dinh nghia va phin loai:

° Dinh nghia: Axit cacboxylic la loai hgp chdt hitu co ma trong phdn tit ¢6 chita nhém
cacboxyl -COOH lién két véi gbc hidrocachon.
Cong thiic chung cla axit cacboxylic: RCCOOH),
Trong d6: a =1, 2, 3, ... 1a s6 nhém cacboxyl
R la gbc hidrocacbon.

° Phén loai:
* Ty theo dic diém ciu tao clia goc hidrocabon R ta c¢6 cic loai axit cacboxylic khic
nhau:

-Axit cacboxylic no don chic:

C,Hy,:;COOH (n= 0) hay C,H»,0, (n > 1).

-Axit cacboxylic chua no don chiic c6 1 ndi doi:

C,H,,.{COOH (n = 2) hay C,H,,. ,0, (n = 3).

-Axit cacboxylic chua no don chic ¢6 1 ndi ba:

C,H,,_.;COOH (n > 2) hay C,H,,. ,0, (n > 3).

-Axit cacboxylic vong no don chiic:

C,H,,.{COOH (n = 3) hay C,H,,. ,0, (n = 4).

-Axit cacboxylic thom don chiic Ar-COOH :

C,H,,_7COOH (n > 6) hay C,H,, . 0, (n 27) ....
* Ty theo s& lugng nhém cacboxyl trong phan ti ta c6 cdc axit don chifc (c6 1 nhém
COOH), axit da chiic (c6 tit 2 nhém COOH trd 1én: nhu axit dicacboxylic RCCOOH), ...)

9.2-Tén goi :
- Nguyén tic goi tén thong thudng :
Axit + tén lich s tim ra axit do.
- Nguyén tic goi tén qudc t€ IUPAC :
Axit + s0 tht ty ciia nhém thé + tén nhém th€ (theo van

A, B, C) + tén ankan ctia mach chinh + oic :
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Cong thic

Tén thong thudng

Tén qudc t€ IUPAC

HCOOH axit fomic axit metanoic
CH;COOH axit axetic axit etanoic
CH,;CH, COOH axit propionic axit propanoic
CH;CH,CH,COO axit n-butiric axit butanoic
H
(CH3),CHCOOH axit isobutiric axit
2-metylpropanoic
CH;CH,CH,CH,C axit n-valeric axit pentanoic
OOH
(CH;),CHCH,CO axit isovaleric axit 3-metylbutanoic
OH
CH;(CH,),COOH axit n-caproic axit hexanoic
CH;(CH,)s;COOH axit n-caprylic axit heptanoic
CH;(CH,);COOH axit n-capric axit decanoic

CH,(CH,),(COOH

axit lauric

axit dodecanoic

CH,(CH,),,COOH

axit miristic

axit tetradecanoic

CH;(CH,),,COOH

axit panmitic

axit hexadecanoic

CH;(CH,),COOH

axit stearic

axit octadecanoic

CHg(CH2)7CH=CH

axit oleic

axit cis-

(CH,); COOH octadeca-9-en-1-oic
C,7H;;COOH
C,7sH;,COOH axit linoleic axit cis, cis-octadeca-
9,12-dien-1-oic
C,7H,,COOH axit linolenic axit cis, cis, cis- octadeca-
9,12,15-trien-1-oic
C¢H,;;COOH axit axit xiclohexancacboxylic
xiclohexancacboxyli
c
CICH,COOH axit monocloaxetic axit 2-cloetanoic
Cl,CHCOOH axit dicloaxetic axit 2,2-dicloetanoic
C1;CCOOH axit tricloaxetic axit
2,2,2-tricloetanoic
C¢HsCH,COOH axit phenylaxetic axit phenyletanoic
CcHsCOOH axit benzoic axit benzoic

0-CH3C6H4COOH

axit o-toluic

axit 2-metylbenzoic

p-CH3C6H4COOH

axit p-toluic

axit 4-metylbenzoic

m—CH3C6H4COOH

axit m-toluic

axit 3-metylbenzoic

0-CIC¢H,COOH

axit o-clorobenzoic

axit 2-clobenzoic

p-CIC;H,COOH

axit p-clorobenzoic

axit 4-clobenzoic

m-CIC¢H,COOH

axit m-clorobenzoic

axit 3-clobenzoic

0-BrCsH,COOH

axit o-bromobenzoic

axit 2-brombenzoic




p-BrCsH,COOH

axit p-bromobenzoic

axit 4-brombenzoic

m—BrC6H4COOH

axit m-bromobenzoic

axit 3-brombenzoic

0-N02C6H4COOH

axit o-nitrobenzoic

axit 2-nitrobenzoic

p-NO,CcH,COOH | axit p-nitrobenzoic axit 4-nitrobenzoic
m-NO,CcH,COOH | axit m-nitrobenzoic axit 3-nitrobenzoic
0-CH;0 axit o-metoxibenzoic axit 2-metoxibenzoic
CsH,COOH
p-CH;0 axit p-metoxibenzoic axit 4-metoxibenzoic
C¢H,COOH
m-CH;0 axit m- axit 3-metoxibenzoic
CcH,COOH metoxibenzoic
0-C¢H,(COOH), axit phtalic axit benzen-1,2

dicacboxylic

m-C6H4(COOH)2

axit isophtalic

axit benzen-1,3
dicacboxylic

p-C¢H4(COOH),

axit terephtalic

axit benzen-1,4
dicacboxylic

0-HOC¢H,COOH

axit salixylic
(axit o-
hidroxibenzoic)

axit 2-hidroxibenzoic

p-HOC6H4COOH

axit p-hidroxibenzoic

axit 4-hidroxibenzoic

m-H0C6H4COOH

axit m-
hidroxibenzoic

axit 3-hidroxibenzoic

0-H2NC6H4COOH

axit antranilic
(axit o-
aminobenzoic)

axit 2-aminobenzoic

p-HzNC6H4COOH

axit p-aminobenzoic

axit 4-aminobenzoic

m-HzNC6H4COOH

axit m-aminobenzoic

axit 3-aminobenzoic

HOOC-COOH axit oxalic axit etandioic
HOOC-CH,- axit malonic axit propandioic
COOH
HOOC-(CH,),- axit sucxinic axit butandioic
COOH
HOOC-(CH,);- axit glutaric axit pentandioic
COOH
HOOC-(CH,),- axit adipic axit hexandioic
COOH
CH;-CH-COOH axit lactic axit 2-hidroxi-
OH -propannoic
CH,=CH-COOH axit acrilic axit propenoic
CH,=CH- axit vinylaxetic axit but-3-en-1-oic
CH,COOH

CH,=C(CH;)COO
H

axit metacrilic

axit 2-metyl-propenoic




C¢HsCH=CH- axit xinamic axit 3-phenyl-propenoic
COOH
CH=C-COOH axit propiolic axit propinoic
CH;-C=C-COOH axit tetrolic axit but-2-in-1-oic
24.6-(CHz)3 axit mezitoic axit 2,4,6-
CcH,COOH -trimetylbenzoic
Cong thifc ciu tao clia mot sd axit thudng gip:
O)r-coon  oN«{D)-cooH ©~c00H ({O)-cnycoon
axit benzoic axit p-nitrobenzoic  axit sallxﬂlc axit phenylaxetic
COOH COOH COOH
@:COOH
COOH COOH
COOH Br
axit phtalic axit isophtalic  axit terephtalic axit p-bromobenzoic
COOH COOH COOH COOH
CH; NO,
CH;,
axit o-toluic  axit m-toluic axit p-toluic axit 2,4-dinitrobenzoic
Cl-@—CHCHZCOOH (O)-CcH,CH,CO0H
axit 3-(p- clophenyl)butanmc axit 3-phenylpropanoic
HOOOC COOH H COOH
AN / AN /
C=C C=C
e A / AN
H H HOOOC H
axit maleic axit fumaric
(Z-cis) (E-trans)
CH3(CH,);( ,(CH,);00H H _(CH,),COOH
= C=C
W CHyCH)Y
axit oleic axit elaidric
(Z-cis) (E-trans)
H COOH H COOH
¢ Ne=¢’ Se=¢” CH;-CH-COOH  CH=C-COOH
v CH cHY n OH CHs
axit isocrotonic axit crotonic axit lactic axit metacrilic
(Z-cis) (E-trans)
COOH : COOH COOH
HO—H OH H-[-OH GOOH GOOH
H—OH : HO—H oH H—7-OH HO——H
COOH * COOH COOH CH,OH CH,0H

axit D -tactric axir L-tactric axir meso-tactric axir D-glixeric axir L-glixeric

CH2=C‘—CH=CH—COOH
CH;CH,CH,
axit 4-propylpenta-2 4-dienoic

HOO,C CIOOH
CH;-CH-CH -CH,-COOH
axit butan-1,2,3-tricacboxylic




(IZOOH COOH

HOOC—CHZ—(IJ—CHZ-COOH <:>_ COOH
OH HOOC COOH
axit xitric axit bezen-1,3,5-tricacboxylic  axit xiclohexancacboxylic

(axit trimezinic)

C6 thé goi theo danh phdp hdp 1y c6 cdc chi s6 vi tri: o, B, v, 8, &, @ ,...:

w s 8§ Vv B «a
..C-C-C-C-C-C-COOH

Thi du:
CH;CH,CHCOOH  CHiCH- CH-CH,-COOH (O)-cm,cn,cn,coon
CH,3 ~ CH;3 CH,4 ) ) )
axit o -metylbutiric axit 3,7 -dimetylvaleric axit Y -phenylbutyric

?H2CH2CIIHCOOH CH3(IZH-(%H»CH2—COOH @—-QH-?H-CHZ-COOH

cl CH, Br CH, Cl Cl
axity -clo-o . -metylbutyric axitY-brom-f-metylvaleric axit ,Y-diclo-y-phenylbutyric

Tén mudi clia cdc axit cacboxylic : Tén cation + tén cda axit v6i dudi -ic ddi thanh
dudi -at.
Thi du: CH;COOK: Kali axetat ; (CH;COQ),Ca: Canxi axetat
HCOONH,: Amoni fomiat ; C;;H;sCOONa: Natri stearat
@_COOK CH;CH-CH-CHyCOONa CH,CH,CHCOOLI
Br CH, Cl CH;

Kali benzoat  Natri¥ —brom;B -metylvalerat  Liti Y-clo-a -metylbutyrat
(Natri-4-brom-3-metylpentanoat) (Liti-4-clo-2-metylbutanoat)

9.3-Piéu ché':

9.3.1-Phucng phép oxi héa :
¢ Oxi héa ankan cao (tit 25 d&€n 30 nguyén tif cacbon) biing oxi khong khi & nhiét do 80
- 120°C ¢6 mat xidc tic cdc mudi mangan, v6i lugng kiém nhd, bé giy mach cacbon
thanh hdn hgp cédc axit béo (tir 2 d&€n 25 nguyén tlr cacbon), phan ng ndy ttng dung
trong cong nghiép xa phong.

Quda trinh phdn tng: tao thanh peoxit — xeton — axit cacboxylic :

RCH2CH2R/% RCH—CHZR/—> R—C—CHZR/—> RCOOH + R/COOH
hidropeoxit xeton axit cacboxylic
¢ Oxi héa anken: bing cdc chit oxi héa manh nhu hdn hdp sufocromic (K,Cr,0; +
H,S0,), hoic hdn hgp sunfo-pemanganat (KMnO, + H,SO,) bé giy ndi doi tao thanh
hdn hgp axit cacboxylic hodc xeton:
5RCH=CHR’ + 8KMnO, + 12H,SO, —
5RCOOH + 5R'COOH + 8MnSO, + 4K,SO, + 12H,0
Thi du:
5CH;CH;CH=CHCH; + 8KMnO, + 12H,S0, —
5CH;CH,COOH + 5CH;COOH + 8MnSO, + 4K,SO, + 12H,0
¢ Oxi héa hidrocacbon thom (aren) cé6 mach nhdnh :
Céc chat oxi héa: KMnO, hoic K,Cr,0,...




Ar-R KMnOy4 hodc K,Cr, 04 Ar-COOH

Thi du:
O)-cH;+ 2kMn0,— (O)-COOK + 2MnO,4 + KOH + H,0
Toluen Kalibenzoat

({©)-cook + HCl— (O)-COOH + KCI

Axit benzoic

1/+ KMnO,
CH,CH,CH,; —+KMnO;
©O-ct,chycHy— AR (5)-COOH + CH;COOH

n-propylbenzen axit benzoic axit axetic
0
0,N{O)-cH,—Ku0r 180, 1€ o nD)-coon
p-nitrotoluen axit p-nitrobenzoic
CH3 1/KkMno,, O fc_ COOH
Br 2/HC1 Br
o-bromtoluen axit o-brombenzoic

Diéu ch€ axit benzoic bing cdch cho khong khi di qua toluen & 100°C, 4p sut 6 atm
6 xtic tic mudi coban naphtalenat; oxi héa o-xilen ho#c naphtalen bing oxi khong khi
c6 mit xic tdc V,0s tao ra axit phtalic:

t()
@CH3—>+ 0zt Cp. xt COOH
Than da
hodc didu mé }

axit benzoic
CHj3 T t°C
(rifoming xtdc tic) CH3 [0y V205 COOH
axit phtalic
¢ Oxi héa ancol bdc mét hodc andéhit:
Oxi héa rugu:
RCH,0H + [O] — RCOOH + H,O
RCH,OH —*M%: , RCOOH
Thi du:
CH,CH,OH + 0, - Mengdm , CH.COOH + H,0
(O]
CH3CH2CIHCH20H KM—O> CH3CH2CIHCOOH
CH;4 1 CH,
2-metylbutanol-1 axit 2-metylbutanoic

0
CH3CHCH20HL> CH;CHCOOH
| KMnO, !

n
CH3 ‘ CH'S
rudu isobutylic axit isobutyric

Oxi hoa andehit:
RCH=0 + [O] - RCOOH

RCH=0 — Mm% ,RrcooOH

Thi dy: 2CH,;CH=0 + 0, —M"™°C | »CH,CO0H
2CH,=CH-CH=0 + 0, —M"™-°C_, >CH —CH-COOH
CH;CH,CH=O + [0]—M%4 , cH,CH,COOH



H,0, HgSOy, HyS04,80°C

o > CH3CH=0———F> 7> CH3COOH
CH;CHyOH—u9:300°C M2 ®
l + 0y, men gidm T

D6i véi rugu bac hai hodc xeton phdi diing chit oxi héa manh nhu HNO; hoic
KMnO, + H,SO,, mach cacbon bi bé giy tao ra hdn hdp axit cacboxylic ¢c6 mach
cacbon nhd hon ban diu:

a b 35 CH;3CH,COOH + CH;COOH
[0] Yy [O]
CH}CH2CH2(|:HCH3_>CH3CH2CH2‘9_CH3

OH o) CH;CH,CH,COOH + CO, + H,0

9.3.2-Phuong phap thily phian: Thiily phan cdc din xuit clia axit: clorua axit, anhidrit
axit, este, amit, nitrin,...khi dem thiy phan biing cich dun sbi v6i dung dich kiém hoic
dung dich axit vd cd lam xtc tac :

O

0 D o © P
R—C</ + myo —Hhode OHZ_ g 7
Y OH

+ H-Y

Trong d6 -Y: -Cl : clorua axit
-OCOR’ : anhidrit axit
-OR/ : este
-NH, : amit
Thi du:
N
CH;COCI + H,0—-“C_, CH,COOH + HCI
axetyl clorua axit axetic
+
(CH,CO),0 + H,0—YC_, 2CH,COOH
anhidrit axetic axit axetic
CH;COOC,H;5 + HZO‘_H_+‘ CH;COOH + C,HsOH

etyl axetat axit axetic  rugu etylic

CH,CONH, + H,0 + HCl—“C_, CH,COOH + NH,CI
axetamit axit axetic

Thiy phan dan xudt nitrin:

R-Cl + KCN— R-C=N + KCl

RC=N + 2H,0 —H o0l °C ool + NH,T

hoic: Ar-Cl + KCN— Ar-C=N + KCI

+ - -
Ar-C=N + 2H,0 B hoicOH.C°C A\ cOOH + NH,T

Thi du:
° CH;CH,CH,CH,Cl + KCN — CH;3;CH,CH,CH,C=N + KCI
n-butyl clorua n-valeronitrin (pentannitrin)

CH;(CH,);C=N + 2H,0 + HCI L CHj;(CH,);COOH + NH,CI
axit n-valeric

CH4(CH,):C=N + 2H,0 + NaOH—"S_, CH;(CH,);COONa + NH;1



natri n-valerat
CH;CH,CH,CH,COONa + HCl— CH;CH,CH,CH,COOH + NaCl
axit n-valeric

. @CH2C1 + NaCN —> @CH2CN + NaCl

benzyl clorua phenylaxetonitrin
2(O) CH,CN + 4H,0 + H,80,—>2{O)-CH,COOH + (NH,),S0,

phenylaxetonitrin axit phenylaxetic

S0 db diéu ché& axit thom qua giai doan tao mudi diazoni:

ArH - ArNO, > ArNH, — ArN," —» ArC=N — ArCOOH
h/c nitro  amin ion diazoni  nitrin axit

Thi du:

‘o
NH, Ny Cl CN COOH

HNO3 [H] @NaNO;; @ CuCN H,0

sto4 Oferrc HCI HCI

benzen nitrobenzen anilin phenyldiazoni benzo axit benzoic
clorua nitrin

® Ngoai ra con thiy phan din xuét gem—trihalogen :

Cl KOH _0
R—C Cl+3H20 —»|R— C— _>R—C/OH+ H,O
Cl

Thi du: thiy phin clorofom CHCls:
CHCI; + 4NaOH — HCOONa + 3NaCl +2H,0

clorofom natrifomiat
HCOONa + HCl - HCOOH + NaCl
natrifomiat axit fomic
Cl
@CH3 _+Cly @C Cl_l/+H,0,0H7 on® @—COOH
askt Cl 2/ +HCl
toluen benzotriclorua axit benzoic

9.3.3-Di tir hgp chit co magié:
RBr + Mg —<¥20_, RMgBr

R-MgBr + 0=C=0—> R—I(T‘—o—MgBr

R—C—O-MgBr+H,0 —>» R—C/<O +Mg/Br
I H OH A

o

Thi du:

GHs +Mg GHs +CO, GHs +H CHs
C,Hs— C—Cl—>C2H5 C-MgC1—>C2H5 C—COOMgc1—> CoHs- ¢-COOH
CH3 CH3 CH3 CH

tert-pentyl clorua axit etyldlmetylaxetlc
(2,2-dimetylbutanoic)



(CHy);C-0H 9 (cHy) 001 (CH,),C-MeCl

rugu tert-butylic  tert-butylclorua

+CO, +H
(CH;3);C-MgCl—— (CHj3)3C-COOMgCl — (CH3);C-COOH
axit trimetylaxetic

Hoic diéu ch€ cic axit thom:
ArBr + Mg —<X0_, ArMeBr
ArMgBr + CO, - ArCOOMgBr

ArCOOMgBr + H,0 —", ArCOOH + Mg(OH)Br

Thi du:
Br MgBr COOMgBr COOH
+CO, +H'
+Mg 2 s
CHy-CH CH;-CH CH;-CH CH3~CH
C2H5 C2H5 C2H5 C2H5
p-brom-sec-butylbenzen axit p-sec-butylbenzoic
COOMgBr COOH
CH. CH3 CHj CH, CH3 CH3 + CH;
+ Br, + Mg + COZ
CH; CH; CH;
mezitilen  bromomezitilen axit mezitoic

9.3.4-Phucng phap cacbonyl hda:

& Tuong tdc cacbon oxit vdi kiém hodc véi ancolat kiém & nhiét dé 120-130°C va dudi
dp sudt cao :

0o
tc’ﬂ» R—g—ONa i» R—E—OH
(0]

R-O-Na + CO

t°C, p cao I—IGD

H-0-Na + CO ———>» H—E—ONa — > H“%-OH
(0]

¢ Tuong tdc ciia cacbon oxit va nudc vdi cdc anken, cé mdt ciia niken cacboxyl lam xiic
tdc :
T8ng hgp Reppe:

Ni(CO),
—_—

CH,=CH, + CO CH3'CH2'E‘OH

CH,— CH2] H,0

C4&i bién phuong phdp trén bing cich cho CO tic dung véi olefin trong dung dich
H,SO, diac (tSng hgp Haffe-Koch):

. @ co+mo  “HY
CH;CH=CH, + H—> CH;CHCH; ————>  CH—C-OH



9.3.5-Phuong phap tdng hgp malonic:

Di tir axit malonic: Phuong phdp nay diéu ché axit c6 mach cacbon ting 1én 2C so
v6i din xudt halogen ban dau va c6 thé ting lén nita néu lip lai 1an nita (vi axit
malonic ¢6 2 hidro c6 thé thay thé 2 nhém ankyl).

COOH ,COOC,H; COOC,Hs
B Thso, U Secnon A
a HsON
coon M504 COOC,H, COOC,H;
axit malonic dietylmalonat

COOC,Hs JCOOCHs 1 0w COOH
NaCH — Rl —22 % RcH  —— RCH,COOH
\ —
COOC,Hs COOC,Hs coon %

N&u lip lai 1an nita:

COOC,H. COOC,H.
25 px / 2Hs

RCH — NaCR — > RCR
hoic C,HsONa \ N
COOC,H;s COOC,H; COOC,H;

COOC,H; . COOH R
/ H,0,H / to N
NaCR —2=—» RCR —co CH-COOH

\ —CO,
COOC,H;s COOH
Hoic:

COOC,H;s COOC,Hs
/ Na
2CH, e 2NaCI\-I

CO0C,H, "% N COOC,H,

dietylmalonat
COOC,H
COOC,Hs L-CH, 1 C2H5OOC\ Y, 285
2NaCH —> CHCH,CH
\ 4 N\
COOC,H; C,H;00C COOC,H;

COOC,H. COOH

C,H;00C_ / M5 o e HOOC ,
CHCH,CH — ,CHCH,CH

C,Hs00C COOC,Hs HOOC COOH

HOOC JCOOH |
AN
JCHCH,CH  ——— HOOC-CH,CH,CHy-COOH
HOOC coon €
Thi du:

.
° CH,(COOH), —CHsOH/H  cpy (cOOC,H;), —FE2Hs0Na

NaCH(COOC,Hs), — 2851, ¢, H,CH(COOC,H;) — 12000,

+ 0
C,H;CH(COO0), — ™ C,H;CH(COOH), ——*— CH,CH,CH,COOH
axit n-butiric
N
° CH,(COOH), — 20U |y (cOOC,Hy), —+C2Hs0Na
NaCH(COOC,Hs), —215€, ¢, H,CH(COOC,Hs), —2HsONa

[C,HsC(COOC,H;),]Na* —FH3Cl | o H.C(CH,)(COOC,Hs),

_ +
—H0.O0 ;¢ HyC(CH;)(CO0"),—H 5 C,H;C(CH;)(COOH),




_1"C¢.CO , CH,CH,CH(CH;)COOH
axit 2-metylbutanoic

9.4-Tinh chat 1y hoc:

9.4.1-Nhiét do soi cia axit cacboxylic:

Nhiét do soi clia cdc axit cacboxylic cao hon nhiét dd so6i clia cdc ancol do lién két
hidro cta axit bén hon lién két hidro cla rugu: bdi 2 1i do: thi nhat lién k&t O-H trong
axit phin cwc manh hon trong ancol, thi hai nguyén t oxi trong C=0 cua axit giau mat
do dién tich 4m; d6i vdi rugu chi ¢ lién k&t hidro dang mach thing, d6i véi axit ngoai
lién k&t hidro dang thing con c6 lién két hidro dang dime mach vong:

Lién k€&t hidro dang dime:

RS
§@.0***H-0:3®
R—-CZ ~C=R
O-Hee- (%SC)

Lién k&t hidro dang polime:

XY} O\\C\/O—Hc oo O\\C\:/O—Hc oo O\C/O—H- X3
R R

|
R

Ning lugng lién két hidro clia axit 1 ~ 7 kcal, ciia ancol 12 ~ 5 kcal.

9.4.2-Nhiét @6 néng chay:
TAt c4 cdc axit monocacboxylic déu 14 nhitng chit 18ng hoic rin, cic axit thom déu
12 chat rin.

Trong khi nhiét do soi clia cac axit monocacboxylic mach thing khong phin nhinh
(axit n-ankanoic) ting déu theo s& lugng nguyén tif cacbon, thi nhiét do néng chdy cla
chiing lai ting mot cach luan phién theo “dudng ring cua zic-zic”, tic 1a ddng ding c6
s6 cacbon chin c6 nhiét dd néng chiy cao hon ddng ddng ding c6 sd cacbon 1& trude
va sau né & 2 bén. Sy luin phién nhu thé€ 13 do sy khdc nhau vé cau tric tinh thé cda
axit. Axit c6 sd cacbon chin ddi xing hon do d6 tinh thé sip x&t chit khit hon, nén
nhiét d6 néng chdy cao hon axit c6 sd cacbon 18.

CH, CH, CH, CH, CH, CH, @n CH, CH, CH, CH,

’CHu CH, CH, @ @{_})CHZ CH, CH, ’:gé;:/CHz CH, CH,

D4 thi bi€u thi sy bi€n thién nhiét @6 néng chdy clia axit n-ankanoic:
‘cl

1001

50

N

-501

-

S6 C

Gian d6 bi€u thi sy bi€n thién nhiét dd néng chiy
clia day dong ding axit n-ankanoic.



9.4.3-Vé db tan:

Céc d6ng ding thap: axit fomic, axit axetic, axit propionic tan vd han trong nudc, con
cdc axit béo cao khi mach cacbon trong gdc R ting, tinh ki nudc ting, dd tan gidm dan,
dé&n mitc dd nao d6 né hoan toan khong tan (tir Cy, trd 1€n).

Gidi thich do tan trong nudc clia cdc axit 1a do sy tao thanh lién k€t hidro cla axit
véi nuéce:

H Uuanudc
i nud S I
wﬁ@o et H-0e++H-05®
R—CZ ~CR
O-Hess O-Hees 07—

: i s© kinudc

vanuéc H

Khi mach cacbon ting, d§ tan gidm do phan ki nudc ting (gdc -R 16n dan), trong khi
d6 phan wa nudc 12 nhém -COOH 1a khong ddi.
MO hinh biéu thi dd tan cta axit n-ankanoic:

ki nudc (-R) s

(-COOH) va nudc

Mo hinh biéu thi d6 tan trong nuéc clia
axit n-ankanoic khi mach cacbon ting

9.5-Tinh chat héa hoc ciia axit cacboxylic:

9.5.1-Ban chit va dic di€m nhém cacboxyl va kha niing phdn @ng cia axit
cacboxylic:

H
. Lo
Axit cacboxylic ¢6 cau tao: R—CII—ICIJ—O—H
H O
Ar—ﬁ-o—H
(6]

Tinh chdt héa hoc cd bdn cla axit thé hién & nhém COOH, d6 1a sy t6 hgp clia nhém
C=0 va nh6ém OH: xuit hién hiéu @ng lién hdp gifta electron ty do & nguyén tif oxi
trong -O-H véi cédc electron ©t trong -C=0:

S 3®
{6-n ,LO—H
4 o 4
hoac c6 thé viet —

BN N
(050 2050

Do hiéu dng lién hgp C (lién hgp p-n) néi trén din t6i 2 két qia:

- Lién k&t O-H ban than né da phan cuc manh vé phia O do oxi ¢c6 d6 4m dién 16n
hon H, lai cang phan cyc manh hon do ¢6 hi€u @ng lién hgp -C cia nhém C=0, nén sy
phin cuc cia nhém O-H manh hon so v§i O-H trong rugu R-O-H, d6 1a nguyén nhan co
bdn gidi thich tinh axit cia cdc axit cacboxylic .



- Nhém C=0 trong axit khong con gilt nguyén nhitng dic diém nhu nhém cacbonyl
trong andehit va xeton: né khdng tham gia dugc nhiéu phan @ng dic trung nhu d6i vdi
andehit va xeton.

- Ngodi ra, su ¢c6 mit cia nhém COOH con 4nh hudng tdi sy phan cuc clia lién két
C-H & cacbon anpha (H,), 1am cho cdc nguyén t& H, linh dong hon so v6i cdc nguyén
ti H khdc trong goc R.

Dua vao dic di€m néi trén ta c6 thé qui cdc phan ng clia axit cacboxylic vé 4 loai
phdn ing sau:

| R_C//O . Phén ting lam dit lién két O-H, d6 1a céc phan dng:
) \O-:*H phan li axit, tao mudi vdi cdc kim loai...
6_ 2 A 1N i~y

6@0 Phan ting vao nhém cacbonyl C=0: da s0 la nhiing

+ -

2) R—C\/ phédn tng véi tdc nhin nucleophin Y, lam dut lién két

Y/ OH C-OH.

3R '/C//O(\" Phdn iing décacboxyl héa hay la tdch nhém
| \O»-'IH cacboxyl.

4) R—C//O Phdn ting & géc hidrocacbon bao gdm nhitng phan

4 oH Ungth€d viufoava phdn dng th€ § gdc thom.

’

9.5.2-Tinh axit cua axit cacboxylic:
¢ Su phdn li trong nudc :

O—H o®
+ H,0 = R—C\\ + Hj

O 0]

Axit cacboxylic 1a nhitng axit yéu, vi vy cin bing trén thudng léch vé bén trdi.
Hiing s6 can bing ciing goi 1a hiing s6 phan li axit K, dugc tinh bing hé thic:

[RCOO™][H307]
~ [RCOOH]
Sau khi phan li, anion gdc axit c6 dang cAu tao nhu sau :

o®

a

{0® L0+o
/ > 2
R—C hoic c6 thé viet R—C
N\ NG
G050 050

Bing phudng phdp do tia Roentgen, trong anion gdc axit fomic HCOO™ ngudi ta da
xdc dinh dugc do dai 2 lién k€t C-O 1a hoan toan bing nhau va bing 1,27A° = do dai
trung gian gitta do dai lién k&t don C-O (1,42A°) va lién két d6i C=0 (1,21A°). Piéu d6
chitng t8, 2 lién k&t C-O trong anion goc axit RCOO™ 1a hoan tdan tuong ducng, dién
tich Am dudc phin b déu cd 2 nguyén tir oxi. Ning luong lién hdp trong goc axit
RCOO’ 16n hon trong axit RCOOH, lam cho anion cé d6 bén 16n hon, diéu d6 kich thich



su phan li clia axit cacboxylic d€ tao ra anion cacboxylat RCOO . So sdnh d9 phan li
giifa axit va rugu, ta thdy do phan li clia rugu kém hon nhiéu, mot phian chinh 1a vi
trong anion ankoxilat RO™ cia rugu khong c¢6 hi€u ng lién hdp nhu trong anion
cacboxylat RCOO’, 1am cho anion RO” kém bén hon. Sy chénh léch vé mit ning lugng
gilra sy phan li cla axit cacboxylic va rugu tuong ing vao khodng 10 kcal/mol.

Mtc do phén li ciia axit dugc ddnh gid bing hing s& K, hoic pK, (pK, = -logK,) :
Tinh axit manh khi K, 16n (hay pK, nhd) va ngudc lai tinh axit y&u khi K, nhé (hay pK,
16n).
+Axit cacboxylic no: Khdo st hiing s& phan li clia cdc axit cacboxylic no sau:

Tén axit Cong thic ciu tao Hing so p/li
K,.10°
axit fomic HCOOH 17,7
axit axetic CH;COOH 1,75
axit propionic CH;CH,COOH 1,33
axit monocloaxetic | CICH,COOH 136
axit dicloaxetic Cl,CHCOOH 5530
axit tricloaxetic C1;CCOOH 23200
axit butiric CH;CH,CH,COOH 1,52
axit a-clobutiric CH;CH,CHCICOO 139
H
axit f-clobutiric CH;CHCICH,COO 8,9
H
axit y-clobutiric CH,CICH,CH,CO 2,96
OH
axit monofloaxetic | FCH,COOH 260
axit BrCH,COOH 125
monobromaxetic
axit monoiotaxetic | ICH,COOH 67
axit phenylaxetic C¢Hs;CH,COOH 49
axit p- p- 14,1
nitrophenylaxetic | O,NC¢sH,CH,COO
H
axit benzoic Cs¢H;COOH 6,3

Duva vao bdng hiing s& phan li cdc axit, ta rdt ra nhitng nhin xét sau:
® Trong diy ddng ding clia axit no don chifc, tinh axit gidm din khi mach cacbon
ting, do sy ting dan hiéu &ng cim ng duong +I clia gbc ankyl R:
HCOOH > CH;COOH > CH;CH,COOH

® Vitri clia clo cang gin nhém COOH tinh axit cang manh:

Nguyén nhin do dic di€m cda hiéu Gng cdm ng 4m -I clia clo gidm din khi mach
cacbon kéo dai:

CH;CH,CHCICOOH > CH;CHCICH,COOH > CH,CICH,CH,COOH



® S8 lugng clo cang nhi€u thi tinh axit cang ting, do hi¢u &ng cdm dng am -I cang
16n:
CI;CCOOH > C1,CHCOOH > CICH,COOH > CH;COOH
® Din xuAt axit halogen thé gidm dan khi do 4m dién clia halogen gidm, do halogen
c6 dién tich hat nhin cang nhd, do Am dién cang 16n thi khd ning hit electron biing
hiéu ng cdm tng 4m -1 cang 16n:
FCH,COOH > CICH,COOH > BrCH,COOH > ICH,COOH
® Nhan phenyl cing gdn nhém -COOH tinh axit cing ting, do nhém phenyl 14 nhém
th€ hiit electron.
p-0O,NC¢H,CH,COOH > CcHsCOOH > C¢HsCH,COOH > CH;COOH
+Axit cacboxylic chua no:
So sdnh giita hiing s6 axit no va axit chua no tuong ng, thdy cdc axit chua no cé
hiing s6 phan li 16n hon:

Tén axit cong thifc ciu tao hiing s phan li
K,.10°
axit propionic CH;CH,COOH 1,33
axit butiric CH;CH,CH,COO 1,52
H
axit acrilic CH,=CH-COOH 5,56
axit vinylaxetic CH,=CH- 4,62
CH,COOH
axit crotonnic CH;CH=CH- 2,04
(trans) COOH
axit tetrolic CH;-C=C-COOH 2228

Khdo sét cac dit liéu trén, ta thiy rd:
- Cédc lién két C=C va C=C déu 1a nhitng nhém c6 hiéu tng cAm ng 4m -1, lién k&t ba
hiit electron manh hon lién k&t doi:

CH;-C=C-COOH > CH;CH=CH-COOH > CH;CH,CH,COOH
- Lién k€t chua no cang & gan nhém -COOH, axit phan li cang manh, § xa hon mot
nguyén t& C, hiing sd phan li gidm di:

CH,=CH-COOH > CH,=CH-CH,COOH > CH;CH=CH-COOH

Ly (A H
CH=CH=C=0) CH,=CH< CH,—C—0) H R WA Wb
— — | H I
1 OH 1 OH — OH
+I, H
COOH
Hiing s& phin li clia mdt s6 axit benzoic thé:

R
(trong nudc, & 25'C) Ka-l()5

R CH; H OH | OCH; | NO, F Cl
ortho | 124 | 6,3 105 82 670 | 54,1 | 120
meta | 54 6,3 8,3 82 32,0 | 13,6 | 15,1
para | 4,2 6,3 2,6 3,3 36,0 | 7,2 [103




Tu bang trén, khi nghién citu 4nh hudng clia cdc nhém th€ & cdc vi tri meta va para dén
hiing s6 phan li clia cdc axit benzoic - thé€ ta rit ra nhitng nhan xét sau:

- C4dc nhém thé ddy electron nhu gdc ankyl c6 hiéu @ng +I, +C lam gidm tinh axit
clia axit thom; khi nhém th& & vi tri para, tinh axit gidm nhiéu hon so vé6i & vi tri meta.
D6 1a do hiéu ting siéu lién hgp clia nhém CH; 1am tdng mat do electron & vi tri para
nhiéu hon so véi vi tri meta.

COOH COOH COOH COOH

“>0 >0
O™>0 > OQu>Q
ER

- Cdc nhém th€ hiit electron ¢6 hiéu dng -1, -C nhu NO, 1am ting tinh axit 1én rat
manh, nhém NO, & vi tri para 1am ting tinh axit nhiéu hon so véi vi tri meta. D6 1a do
hiéu tng -C ctia nhém NO, lam gidm mat do electron nhiéu nhat & vi tri ortho va para,
khi & vi trf meta nhém NO, chi phédt huy tdc dung hiéu @ng -I nén dnh hudng y&u hon.

COOH COOH COOH COOH

. 7 @ -C 7 ©\&92>

NOys 1 1

- Céc nhém th€ ¢6 hiéu ng -1 nhung +C nhu -OH, -OCHj, -F khi ching & vi tri meta
thi 1am ting tinh axit, nhung khi ching & vi tri para lai lam gidm tinh axit, trit trudng
hdp F khi & vi tri para, tinh axit vin hoi ting. Tinh axit ting khi cdc nhém thé nay & vi
tri meta 1a do hiéu tng -I phdt huy tdc dung; con tinh axit gidm khi ching & vi tri para 1a
do hiéu @ng +C Iic ndy phat huy tdc dung. Riéng F, do hiéu ¢ng -1 rit manh, nén du khi
& vi tri para, hiéu tng +C van khong thing dugc hiéu ¢ng -1 nén tinh axit van hoi ting.

COOH COOH COOH COOH
OH
S &
I on}ty
COOH COOH COOH COOH
OCH3_©
@ - OCH3> % @ +C
Hﬂl OCHa; Y
COOH COOH COOH COOH
>0, >O >
“ +
-1 F}/_}
COOH COOH COOH COOH
& 56 >E
¥ clA

- Céc axit ortho-benzoic th€ c6 hiing s& phan li 16n hon hin so v6i khi nhém thé & vi
tri para va meta 1a do hiéu iing ortho. Hiéu iing ortho 13 su t6 hgp clia nhiéu hiéu tng:



+ Hi¢u iing khong gian bdc nhdt: do tuong tic truc ti€p gitta nhém th€ v4i nhém
COOH, khong qua cdc lién k&€t ma qua khdng gian, hiéu ng nay con dugc goi 1a hiéu
ung truong.

+ Hiéu iing khong gian bdc hai: 13 1am 18i loan tinh chit ciing trén mit phing clia
nhém cacbonyl va vong benzen, do dp luc clia nhém th€ bén canh gy ra, hiéu ng d6
lam gidm mot phin hoic triét tiéu hoan tdoan sy lién hgp cla nhém cacbonyl véi vong
benzen.

+ Sy hinh thanh lién két mdi gitta nhém thé v6i nhém cabonyl: ¢6 thé hinh thanh lién
k&t cong héa tri, hoic lién k&t phdi tri, hoic lién k&t hidro:

o—H,\Slién k&t hidro s
C//'O } axit salixylic K,=105.10

\O*H
Ta cang thiy rd 4nh hudng clia sy tao thanh lién két hidro dén sy phan li axit, khi
xét tinh axit clia axit 2,6-dihidroxibenzoic: 1a axit manh do tao thanh 2 lién k€&t hidro
ndi phin t :
O-H:\; lién k&t hidro

“

C\Q-H axit 2,6 dihidroxibenzoic: Ka= 500
O-H)zlién k&t hidro

¢ Tdc dung vdi kim loai hoat dong :

2RCOOH + 2Na — 2RCOONa + H,T

2CH;COOH + Mg — (CH;COO),Mg + H,T

6HCOOH + 2Al — 2(HCOO);Al + 3H,T

¢ Tdc dung vdi bazo va oxit bazo :

RCOOH + NH; —» RCOONH,

RCOOH + NH,R’ - RCOONH;R’

RCOOH + NaOH — RCOONa + H,O

2RCOOH + Cu(OH), — (RC0O0),Cu + 2H,0

2RCOOH + CaO — (RCOO0),Ca + H,0

Thi du:

HCOOH + NH; - HCOONH,

axit fomic amoni fomiat

CH;COOH + C¢HsNH, — CH;COONH;C¢Hjs

axit axetic anilin phenylaminoaxetat

CHj;(CH,),(COOH + NaOH — CH;(CH,),COONa + H,0
axit lauric natri laurat

2CH;COOH + Cu(OH), —» (CH3;C00),Cu + 2H,0

axit axetic ddng (II) axetat

2CH;COOH + CuO — (CH;COO0),Cu + H,O

¢ Tdc dung véi mudi cacbonat:

2RCOOH + Na,CO; — 2RCOONa + CO,T + H,0

RCOOH + NaHCO; — RCOONa + CO,T + H,0

2RCOOH + CaCO; — (RCO0),Ca + CO,T +H,0

Thi du:




2CH;COOH + Na,CO; — 2CH;COONa + CO,T + H,O
CH;COOH + NaHCO; — CH;COONa + CO,T + H,O
axit axetic natri axetat

C¢HsCOOH + NaHCO; — C¢HsCOONa + CO,T + H,O
axit benzoic natri benzoat

2CH;COOH + CaCO; — (CH;COO0),Ca + CO,T +H,0
axit axetic canxi axetat

9.5.3-Cac phan wng ¢ nguyén tif cacbon cacbonyl :
¢ phan itng tao clorua axit :

SOCl, SO, +HCI
RCOOH +{PCl; | — RCOCI+{H;POj;
PCls POCI; +HCI

CH;(CH,);COOH + SOCI, — CH;(CH,);(COCI + SO,T + HClI
axit stearic thionyl clorua stearoyl clorua

3CH;COOH + PCl; LN 3CH;COCI + H;PO5

axit axetic axetyl clorua
100°C
COOH + PCly ———> COCl + POCI; + HCI
photpho

axit benzoic benzoyl clorua

pentaclorua

Phdn dng tao amit:
So db phan &ng chung:
RCOOH —3_, RCOONH, —29°C_, RCONH,
mudi amoni amit
SOCl, NH;
RCOOH ———+=— RCOCI ———>RCONH,

cloruaxit amit
Thi du:

CH,COOH —¥3_, CH,COONH, —122°C_, CH,CONH,
amoni axetat axetamit
C¢H;CH,COOH —>°2_, c 1 cH,coCl—5 5 ¢ H;CH,CONH,
axit phenylaxetic phenylaxetyl clorua phenylaxetamit
¢ Phdn vng khit :
Rg-o-t AN HOmOo_ b on
(0]

Qda trinh phdn dng x4y ra nhu sau :
R—E—O-H + LiAlH;—> R—g—O@AlH3Li®+ H,
© LiAlH, LiAlH,
R-COO” — > R-CH=0 — > R-CH,0H

Phdn ttng tdng quit x3y ra nhu sau :



R—C-0-H + LiAIH; —> [(R—C-O)AILi + 4H, + LiCl
0 Oi H,0,HCl

R—CH,OH + AICl; + LiCl
Hay :

4R—C-0O-H + LiAlHy —> [(R—E—O)]4A1Li + 4H, + LiCl
(0]

o=

[(R—lC—O)]4AlLi + 8H,; + 4HCl —> 4R—CH,0H + AIC]; + LiCl + 4H,0
(6]

COOH CH,OH

e G e &
e CH, CH;

axit m-toluic rugu m-metylbenzylic

Tdc nhan khit ¢ hi€u qiia hon so vdi liti nhom hidrua (LiAlH,) 1a diboran (B,Hg).
Piboran khit dugc ca este, nhung chdm hon.
¢ Tinh tro trong cdc phdn iing cong vao nhém cacbonyl:

RCOOH + R-MgBr - RCOOMg'Br + R-H
Khi bi thily phan, mudi RCOOMg*Br lai tao ra axit cacboxylic ban dau:
2RCOO'Mg'Br + 2HCI — 2RCOOH + MgCl, + MgBr,

¢ Phdn ting este héa:

Phén ing este héa 1a phdn ng thudn nghich xay ra nhu sau:

0} 0}
Co ché phdn iing :
-Phin @ng x4y ra rdt chdm theo cd hai hudng, n€u khong c6 mit cda mot axit vo cd
manbh:

0° O-H
N, & ’ /
R—C=0-H + H—0-R == R7GZOH<=RZC-OH <= r—C-0-R
Il R—O=H R=0 -H,0 |

0]

-Khi ¢6 xic tdc axit v co manh thi proton k&t hgp véi ciip electron tw do cla axit
cacboxylic hodc clia ancol:

, . ,®
R—C-0O-H + H® == R—C-O-H hoic R-0-H +HO== R-O-H
I ol S

Sy tao thanh Rig-H} lam gidm kha ning phdn @ng ciia rugu
Ill vé phia nguyén tit cacbon cacbonyl.

N&u lugng axit vd co khong nhiéu, thi proton chi k&t hgp vé6i oxi clia nhém cacbonyl
trong RCOOH, vi luc k&t hdp proton clia nguyén ti oxi nay manh hon trong rugu. K&t
qua lam cho phin @ng este héa xdy ra nhanh hon do ting cudng kha ning electrophin
ctia cacbon cacbonyl :



