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Déi voi cac nha hoa hoc déu thé ky 19, danh tir "héa hoc hiru co" c6 nghia la nganh khoa hoc
nghién ciru cac hop chét thu duoc tir vat liéu sdng, va ngudi ta nghi ring cac sinh vat nay c6 mot
sinh luc can thiét cho viéc tao thanh cac hop chét hitu co. Nam 1828, Friedrich Wohler da tong hop
duogc hop chat ammonium cyanate, theo phan ting dudi day:

AgOCN (s) + NH,Cl(aq) —2-= AgCI(s) + NH,OCN (aq)

Tinh thé rdn mau tring thu dugc tir dung dich khong c6 cac tinh chét ciia mudi ammonium
cyanate mic di né c6 thanh phan ciu tao twong tu. Hop chit nay khong phai 1a NH4OCN ma la
(NH,),CO-urea, mot hop chit hiru co.

Ké tir thoi diém do, cac nha héa hoc da tdng hop hang triéu hop chat hiru co, va ngay nay cic
hop chit hitu co chiém khoang 98% trong tat ca cac hop chéat da biét. Trong chuong nay, chiing t6i
gidi thiéu mot sd loai hop chat hiru co chinh. Chiing toi tap trung vao cdu tric va tinh chat cua cac
hop chét hiru co cling nhu viée diéu ché va cong dung cua chiing. Trong chuong tiép theo, chiing toi

s& trinh bay cac phan tng chuyén ddi qua lai nhitng hop chét hiru co nay.

H

C Hinny, [TV e H
oy, H H H H

- H g™
\n \n - g

(a) (b) (c) (d)

109.5

Hinh 1.1: Céu tric phan tir methane
(a) Cau tric tir dién. (b) Céu triic phdi canh (dashed-wedged line structure) biéu dién cau tric
khong gian ba chiéu tir cong thirc cdu tao. Puong nét lién (solid line) biéu dién nbi ndm trong mat
phing to gidy. Hinh ném nét dut (dashed wedge) hudng ra xa ngudi quan sat, & sau mat phing to
gidy. Hinh ném nét dam (heavy wedge) hudéng vé phia ngudi quan sat, phia truée mat phiang to

gidy. (¢) M hinh ball-and-stick. (d) Mo hinh space-filling.

1. Tong quan vé hop chét hiru co va ciu tric

Nhu chiing ta da hoc trong phan trude, hop chat hitu co chira nguyén tir carbon va hydrogen
hodc carbon, hydrogen két hop vai mot vai nguyén tur khac nhu oxygen, nitrogen va sulfur. Carbon
duoc chon ra dé nghién ctru dac biét vi cac nguyén tir carbon ¢6 kha niing tao lién két cong hoa tri
manh véi nguyén tir carbon khac cho phép chiing két hop véi nhau tao thanh mach thing (straight
chain), mach nhanh (branched chain) va mach vong (ring). S6 luong cach sép xép noi gfin nhu vo

han ctia carbon giai thich cho su phong phu va da dang ciia céc hop chét hiru co.
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Hop chat hiru co don gian nhat la hydrocarbon, chira hydrogen va carbon - va hydrocarbon
don gian nhat la methane, CHa, thanh phan chinh cta khi thién nhién.

Tir thuyét VSEPR, hinh hoc nhém electron xung quanh nguyén tir trung tim C trong hop chat
CHy 1a hinh t&r dién (Hinh 1.1a). Bén nguyén tar H tuong dwong nhau. Chang cach déu nguyén ta C
va lién két cong héa tri véi C manh nhu nhau. Géc tao boi hai néi C-H bat ky 1a 109,5°. Trong phén
tir CHa, mdi ndi C-H 1a mot ndi o dugce tao thanh bai su xen phi mot orbital 1s ciia hydrogen véi

mét orbital sp’ cua carbon.
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Hinh 1.2: Phéan tir ethane C,Hg
(a) Cong thirc ciu tao. (b) Cau tric phdi canh. (c) M hinh space-filling.

Loai bo mot nguyén tir H trong phan tir CHy tao thanh nhém -CH;. Hai nhom -CHj lién két
cong hoa tri voi nhau tao thanh phén tir ethane (Hinh 1.2). Bang cach gia ting s6 nguyén tir C trong

chudi ddy tao ra nhidu hydrocarbon. Hinh 1.3 mé ta phan tir gdm 3 carbon C3Hg propane.
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Hinh 1.3: Phan tur propane
(a) Cong thure cdu tao. (b) Cong thirc ciu tao thu gon. (¢) Mo hinh ball-and-stick. (d) M4 hinh
space-filling. (¢) CAu tric phdi canh.

Bfmg phan céiu tao (constitutional isomer, structural isomer) trong hop chét hiru co
Pong phdn (isomer): 1a nhitng hop chét ¢ cung cong thirc phan tir (molecular formula)

nhung c6 cong thirc cu tric khac nhau.
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C6 rat nhiéu dang dong phén trong hoa hoc hitu co. Chuong nay dé cap dén ddng phan cau
tao va dong phan lap thé. Pong phin céu tao (constitutional isomer, structural isomer) c¢6 cac ndi

lién két khac nhau nén c6 cau tric khung khac nhau. Vi du C4H,o ¢6 2 dong phan cdu tao nhu sau:

~ K

Butane Methylpropane

Butane gbm mdt mach c6 bén nguyén tir carbon. Methylpropane gdm mot mach c6 ba nguyén
tir carbon, v&i nhoém -CHj ni voi carbon sé hai. Butane duoc goi la hydrocarbon mach théng (mic
dii phan tir nay khong c6 hinh dang thang) va methylpropane 1a hydrocarbon mach nhanh. Boi vi
butane va methylpropane c6 cong thirc cdu tao khac nhau nén ching la nhing hop chat khac nhau
va c6 tinh chat vat li khac nhau. Vi du, nhiét d s6i cua butane la -0.5 °C va ctia methylpropane 1a -
i

SH lugng ddng phan céu tao tang 1én nhanh chong cing véi sé lugng nguyén tir carbon. Vi du,

CsHy; chi ¢6 ba dong phan, trong khi CoHa, ¢6 75 va CaoHaz €6 trén 300000 dong phan.

Vi du 1.1: Xdc dinh dong phan

Viét tit ca ddng phan cAu tao ing véi cong thirc phan tir CsHy,

© V& mach carbon dai nhat c6 nam nguyén tir carbon. Thém nguyén tir H vao dé mdi
nguyén tir C c¢6 bon ndi, tao thanh céu trac (1).

Tiép theo, tim cic dong phan véi mach carbon dai nhat gdm bén nguyén tir C va mot
nguyén tir C & mach nhanh (tdng 1a ndm nguyén tir C). Chi c6 mét trudng hop xay ra, ciu tric (2)
va (2') gidng hét nhau. Thém cac nguyén tir H dé hoan thién cu trac dong phan (2).

Cudi ciing, xét mach carbon gdm ba nguyén tir C v&i hai mach nhanh chira mot nguyén tir

C. Chi c6 mdt truong hop.

H HH H c c HiC HH H C C  HsC CHs
C\ C .*‘C\ C C C C C C /s N\ Y H C C C H3C CH3
HHHHHH HHH H
(1) ) (2) ) (3)

SH clc"mg phan cua CsH,; 1a ba.

Vi du A: Viét 5 ddng phén céu tao (mg véi cong thirc phan tir CgH 4
Vi du B: Viét 9 dong phan ciu tao img véi cong thire phan tir C;H e




Chuong 1: Cu triic ciia cac hop chit hiru co Hoa dai cuong 3

Danh phap

Ban ddu, cdc nha héa hoc hiru co dit tén theo ngudn gdc hodc tinh chét cua cic chit méi.
Acid citric duge tim thay trong trdi cdy chi cam quyt (citrus), acid uric hién dién trong nude tiéu
(urine), acid formic dugc tim thdy ¢ kién (theo tiéng Latin, kién la formica), morphine gy ngu
(xuét phat tir Morpheus, vi than gidc ngii Hy Lap co dai). Vi viéc hang ngan hang ngan hop chat
maéi dugc téng hop, thi mot hé thong tén thudng rd rang khong thé dap mg dugc. Sau nhiéu hé
thdng tam thoi, hé thong danh phap IUPAC ra doi boi Lién minh Quéc té vé Hoa hoc thuan tiy va
Héa hoc (rng dung (International Union of Pure and Applied Chemistry -IUPAC).

Phan gidi thiéu danh phap nay chi xem xét cac hop chat hydrocarbon ma céc nguyén tir
carbon ndi véi nhau bang ndi don C-C (hydrocarbon bio héa, hay alkane).

Vi cac hydrocarbon don gian: CH4 methane, C;Hg ethane, C3Hg propane. VGi C4Hyp, co hai
dong phan ciu tao, butane cho ddng phan mach thang CH;CH,CH,CHs, va isobutane cho dong
phan mach nhanh CH3CH(CH3)s.

D¢ dat tén cho cac phan tir phirc tap hon, dau tién ching ta xét ban chit cua mot sé mach bén
(side chain) co thé c6. Su loai bo mot nguyén tir H cuia alkane tao mach bén l1a nhom alkyl. Tén
alkyl duoc tao thanh bing cach thay thé phin dudi -ane trong alkane tuong tmg bing -yl. Vi du -
CHj3 la methyl, -CH,CH,CH3 1a propyl. Mot mach bén alkyl ciing duoc goi 1a mot nhom thé alkyl
(substituent alkyl group) bdi vi né thay thé mot nguyén tir H trong mach chinh. Bang 1.1 trinh bay
mdt s6 nhom alkyl thong dung,

Tiép diu ngir sec- 1a viét tit cua secondary, rert- 1a viét tit cua tertiary. Cac thuat ngi
primary, secondary va tertiary cung cap cac thong tin vé ban chat clia nguyén tir carbon trong phén
tir hiru co. Carbon nhét cdp (primary carbon) ndi véi mot nguyén tir carbon khac. Carbon & cubi
day alkane ludn la carbon nhat cip. Carbon nhi cip (secondary carbon) néi véi hai nguyén tir
carbon khac va carbon tam cip (tertiary carbon) ndi véi ba nguyén tir carbon khac. Carbon ti cip
(quatenary carbon) néi v&i bén nguyén tir carbon khéc.

Nguyén tir hydrogen ndi v6i carbon nhat cap goi la hydrogen nhat cap (primary hydrogen),
va nhom alkyl duoc tao thanh bang cach bé mot nguyén tir hydrogen nhét cap goi 1a nhom nhat cap.

Tuong tu cho hydrogen nhi cap va tam cap; nhém alkyl nhi cap va tam cap. (Hinh 1.4).

CHs CHs
CH;—CH,—CH—CH,—C—CHj,4 C = carbon nhit cip C = carbon tam cdp
C =carbon nhi cip  C = carbon tf cip
CHj

2,2,4-trimethylhexane

Hinh 1.4: Phan loai nguyén tu carbon va hydrogen
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Hop chét 2,2,2-trimethylhexane c6 5 carbon nhat cip (mau den), 2 carbon nhi cip (mau
xanh), 1 carbon tam cip (mau xdm) va 1 carbon tr cdp (mau do). Nguyén tir hydrogen ndi voi
carbon nhat cdp 1a hydrogen nhit cip. Tuong tu hydrogen nhi cip va tam cap lan luot ndi véi

carbon nhij cap va tam cap.

Bing 1.1: Mot s6 nhom alkyl thong dung

Tén thong thuwong Tén IUPAC Cong thirc cdu tao
Methyl Methyl —CHs,
Propyl* Propyl —CH,CH,CHj
Isopropyl 1-Methylethyl —(IBHCH3

CHj
Butyl® Butyl — CH,CH,CH,CH,
Isobutyl 2-Methylpropyl —CH, cleCH3

CHj3

sec-Butyl’ 1-Methylpropyl —(IBHCHZCHS

CHj
tert-Butyl* 1,1-Dimethylethyl ?Ha

—C—CH;
CHj

“Tiép dau ngit normal hodc n- ding cho alkyl mach thing, nhu n-propyl hay n-butyl
® sec = secondary
¢ tert = tertiary

Pé goi tén hydrocarbon mach nhanh, phai tuin theo cac quy tic theo thir tu sau day:

1. Chon day carbon lién tuc dai nhit trong phan tir lam day chinh va sir dung tén hydrocarbon
ctia diy nay lam tén co s&. Ngoai trir cac tén thong thudng la methane, ethane, propane, butane, tiép
dau ngir Hy Lap chuén tuong quan véi s6 nguyén tir carbon ctia ddy nhu pentane (Cs), hexane (Cg),
heptane (C7), octane (Cyg)...

2. Xem mdi nhanh cta day chinh 1a mot nhom thé alkyl. Vi nhom thé phire tap hon, str dung
quy tac dé cap trude do dé dat tén cho nhém phu, chi y ddi dudi -ane thanh -yl.

3. Panh sé nguyén tir C trén ddy chinh sao cho cac nhém thé c¢é sb chi vi tri thip nhit c6 thé.

4. Goi tén mdi nhém thé kém theo sb chi vi tri carbon ma nhém thé d6 ndi vao. Péi véi cac

nhom thé gidng nhau st dung di, tri, tetra, ... va viét s6 chi vi tri thich hgp ctia mdi nhom thé.
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5. Tach céc chir s6 véi nhau bing dau phay nhung khong c6 khoang cach. Tach chir s6 va chir
cai bang dau gach ndi.

6. Liét ké tén cac nhom thé theo thir tu bang chir cai. Khi xét thr tu tén theo bang chir céi, bo
qua cac tiép dau ngir di-, tri-, sec-, va tert- nhung tiép dau ngir iso- khong dugc bo qua. Nhu vay,

tert-butyl ding trudec methyl trong tén 4-rert-butyl-2-methylheptane.

Vi du 1.2: Goi tén hop chét hydrocarbon alkane
Goi tén IUPAC cho hop chét sau, mot thanh phan quan trong trong xang.

o
HyC—C—CH,—CH—CHs
CHa

© Day carbon dai nhét la nam va cic nguyén tir C duoc danh sb sao cho hai nhom thé
methyl gén vao carbon thr hai (thay vi thir tu theo cach danh sé tir phai qua trai) va mot nhom

methyl gin vao carbon thir tw. Tén IUPAC ciia hop chat nay la 2,2,4-trimethylpentane.

Vi du A: Goi tén IUPAC cho hop chét CH;CH>CH(CH3)CH>CH>C(CHs)>CH>CHs.
Vi du B: Goi tén IUPAC cho hop chit CH;CH,CH(CH;)CH>CH,CH(CH3)CH>CHs

Nhém chire

Nhém chire (functional group) la nhing nguyén tir riéng biét hodc nhém cac nguyén tir ni
v6i mach carbon hay vong ctia hop chét hitu co va tao nén tinh chét dac trung ciia hop chét hitu co.

Bang 1.2 trinh bay cac loai hop chét hiru co chinh véi cac nhom chirc héa hoc duoe to do.
Tinh chét vt li va héa hoc cta phan tir hitu co n6i chung phu thude vao nhém chirc héa hoc riéng
ctia n6. Cac hop chat ¢ cung nhom chire néi chung cé tinh chit héa hoc twong tu nhau. Vi vay, mot
céch thuan tién dé nghién ciru hoa hoc hiru co 1a tim hiéu dic tinh cua cac nhom chirc cu thé.

Trong mot sb trudng hop, mot nhom chire thay thé mot nguyén tir H cta hydrocarbon, nhu
alcohol va alkyl halide (con goi la haloalkane). Khi goi tén céac alcohol va alkyl halide, phai xac
dinh vi tri cia nhém -OH hay nguyén tu halogen trong phén tir.

Vi du: Ba hgp chdt monobromopentane nay c6 ciing khung suon carbon va chi khac nhau & vi

tri nguyén tu bromine trén day carbon.

Br Br
Br TN /K/\ \/l\/

1-Bromopentane 2-Bromopentane 3-Bromopentane
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Bang 1.2: Mot s6 nhom chire cia hop chat hiru co

Cong thire ciu tao chung’ Vi du Tén goi
Alkane R—H CH_;CH]CH:CHch_‘!CH_; Hexane
e e 0
Alkene C=C CH,=CHCH,CH,CH; 1-Pentene
/ s e -7
Alkyn(—,‘ —(C=0C— CH_}.C ECCH}CHQCH:CH:CH} 2‘0Ctyne
Alcohol R—OH CH;CH,CH,CH,OH 1-Butanol
Alkyl halide ~R—X" CH;CH,CH,CH,CH,CH,Br 1-Bromohexane
Ether R—O—R’ CH;—O—CH,CH,CHy 1-Methoxypropane
(methyl propyl ether)©
Amine R—NH, CH;CH,CH,—NH, 1-Aminopropane
(propylamine)©
i i
Aldehyde R—=C—H CH,CH,CH,C—H Butanal (butyraldehyde)®
I ]
Ketone R==E==R CH;CH,CCH,CH,CH;4 3-Hexanone
(ethyl propyl ketone)©
] ]
Carboxylic R—C—OH CH;CH,CH,C—OH Butanoic acid
acid (butyric acid)©
I n
Ester R=AC==OR’ CH;CH,CH,C—OCH; Methyl butanoate
(methyl butyrate)®
| ]
Amide R—C—NH, CH,CH,CH,C—NH, Butanamide (butyramide)®
Arene Ar—Hd @CH3CH3 Ethylbenzene
Aryl halide Ar—Xb° @ Br Bromobenzene
Phenol Ar—OH 4-Chlorophenol

(p-chlorophenol)®

“Nhom chire dugc biéu dién bang mau do. R, R' 1a nhém alkyl.
® X 1a nguyén tir halogen: F, Cl, Br, |

¢ Tén thong thuong
¢ Ar 1a nhoém thom (aryl), vi du vong benzene.
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Vidu 1.3: Viét cong thirc &rng véi hop chit hydrocarbon alkane
Viét cong thire cau tao rat gon cia hop chat O C—C—C— 0=
4-fert-butyl-2-methylheptane.
CH,

|
£ % & e —e—(t—E—E—¢
© Vi hop chat la heptane, nén day carbon

dai nhat la bay. (l-[ L,

Bit dau tur trai qua, gan nhom methyl vao CH;—C—CH;
CH

carbon thir hai. 3 ‘

3 , ) i C—C—C—C—C—C—C
Tiép theo, gian nhom fert-butyl vao carbon

thr tu. (]3“3
Cubi ciing thém nguyén tir hydrogen vao CH; CHy;—C—CH;

dé mdi C ¢6 bén néi. CH; —CH—CH, —CH—CH, —CH,—CHj

Vi du A: Viét cong thirc cdu tao rat gon cua 3-ethyl-2,6-dimethylheptane..

Vi du B: Viét cong thirc cu tao rit gon cta 3-isopropyl-2-methylpentane.

2. Alkane

Trong phan nay, chiing ta s& tim hiéu mét s6 tinh chét cua alkane. Céc phan tir hydrocarbon
alkane chi c6 ndi cong hoa tri don va duogc goi la hop chit hao hoa (saturated).

Alkane c6 cong thire tong quat CyHansz, va mdi alkane khéac alkane phia trude trong chudi mot
nhom -CHa-, nhom methylene. Céc chit ma phéan tir chi khac nhau bai mot nhom khong doi vi du
nhu -CH,- duoc goi 1a diy dong ding (homologous serie). Mdi thanh vién cua diy dong dang nhu
véy thuong co lién quan gn véi nhau vé tinh chit héa hoc va vat li. Alkane khong phén cuc, khong
tan trong nudc va ¢ nhiét 46 nong chay, nhiét do séi tuong déi thip. Bang 1.3 cho thiy nhiét do soi
clia alkane c6 lién quan téi kha nang phan cuc va hinh dang cta chung. Su hip dan lién phan tir
giita cac phan tir mach thang 1a manh nhét va nhitng phén tir nay ¢6 nhiét do sbi cao nhat. Nhing

ddng phan c6 cau tric nho gon hon c¢6 nhiét do soi thap hon.
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Bang 1.3: Nhiét do soi ctia mot sb alkane dong phan

Cong N Nhiét do Cong N Nhiét do
Dong phan Dong phan

thie $6i (°C) thirc $6i (°C)

C4Hyo Butane -0.5 CeH 4 Hexane 68.7
Methylpropane -11.7 3-Methylpentane 63.3

CsH;»  Pentane 36.1 2-Methylpentane 60.3
2-Methylbutane 279 2,3-Dimethylbutane  58.0
2,2-Dimethylpropane 9.5 2,2-Dimethylbutane ~ 49.7

Ciu trang (conformation)

Céhu trang 1a cac sip xép khong gian khac nhau c6 thé co trong mot phan tir. Mot céu trang
c6 thé chuyén thanh cdu trang khac bang cach quay xung quanh néi .

Hinh 1.5 biéu dién mdt trong s6 nhiéu ciu trang cua phan tir CH3CHs. Su sép xép trong khong
gian ctia nguyén tir H ¢6 thé duoc nhin thdy rd hon khi quan sat phan tir doc theo truc C-C (hinh
1.5a). Khi d6, nguyén tir C phia sau bi nguyén tir C phia trudc che khuat (hinh 1.5b), nhung céc ni
cia né voi nguyén tir H van nhin thdy rd. Hinh 1.5¢ biéu dién hinh chiéu Newman (Newman
projection). Nguyén tir carbon phia truéc duge biéu dién bang mot cham & tdm hinh tron, néi C-H
ctia carbon phia trude duoc biéu dién bing duong thang xuét phat tir tim. Nguyén tir carbon phia
sau dugc biéu didn bang mot hinh tron, ndi C-H cua carbon phia sau dugc biéu dién bing duong
thing xuat phat tir trén duong tron.

Céu trang biéu dién ¢ hinh 1.5 la cdu trang léch (staggered conformation). Trong cAu trang
nay, cdc ndi C-H ctia mdt nhém -CH; & chinh giira cac ndi C-H cua nhém -CH; khac va khoang

cach gitra cdc nguyén tir H 1a téi da.

(a) (b) (c)

Hinh 1.5: C4u trang léch cua ethane
(a) Quan sat phan tur ethane theo truc C-C. (b) Nguyén tir C phia sau bi C phia truéc che

khuat. (¢) Hinh chiéu Newman.

10
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Quay nhom methyl & ciu trang léch mot goc 60° quanh truc C-C (hinh 1.6), tat ca nguyén tur
hydrogen ndi véi carbon phia trudc che cic nguyén tir hydrogen ndi véi carbon phia sau. Day la cdu
trang che khuat (eclipsed conformation). Cau trang che khuat va 1éch 1a hai ciu trang dau cubi va

tdt ca cac cdu trang gitta hai cdu trang nay dwoc goi chung la cdu trang bdn léch (skew

conformation).
H M H H H
% F /11 % &£ Hinh 1.6: CAu trang léch va
g€ —C H -C——Com, cdu trang che khuit cua
1[/ \H H H ethane
Khi nhom methyl & bén
H H H phai quay mot goc 60°
H H quanh ndi C-C, cdu trang
II léch chuyén thanh céu trang
H H H [[]1 che khuit.
1 H
Cau trang léch CAu tran g che khudt

Can cung cip ning lugng can thiét dé chuyén dbi tir cdu trang 1éch sang cau trang che khuit,
va ddi voi ethane nang luong nay khoang 12,0 kJ mol™. Do d6 c6 mdt rao can cho su quay ndi bd
(barrier to internal rotation), va vi thé nhém -CH; khong hoan toan quay tu do quanh ndi C-C. Tuy
nhién, rao can ning luong nay du nho dé & nhiét do phong, su chuyén ddi qua lai tir cdu trang nay
sang céu trang khac nhanh chong. Vi li do nay, su quay quanh ndi don C-C doi khi dugc goi 1a sir
quay tir do (free rotation). Rao can nang luong xuat hién bai vi khi phan tir chuyén tir cdu trang 1éch
qua céc clu trang ban 1éch va ciu trang che khuét, ndi C-H ctia mot nhom -CHj tién lai g?m néi C-H
ctia nhom CHs khac va cac electron & nhitng ndi nay chiu luc x6 ddy tang dan. C4u trang che khuét
¢6 mirc niang luong cao nhat.

Su chuyén dbi tir ciu trang nay sang céu trang khac co thé dugc theo doi bang cach sir dung
goc nhi dién 6. Khi = 0°, phén tir & céu trang che khuat va #= 60°, phan tir & cdu trang 1éch. Hinh
1.7 minh hoa su thay d6i ning lugng khi phan tir ethane chuyén déi cdu trang. Su chénh léch vé
ning lugng gitra cdu trang 1éch va cdu trang che khuét duoc goi 1a niing lwong xodn (torsional
energy). Cau trang che khudt c6 ba tuong tac néi C-H nén mdi tuong tac ndi C-H dong gop 4.0 kJ

-1
mol ™.
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16 H
: HH H )
- l H H
' 9
-E; - H H H
= H H H H
= . H t H
of H
s
= Goc nhi dign, 6
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= gbc quay xung
0 | | | quanh ndi C-C
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Hinh 1.7: Gian d¢ Goéc nhi dién, 6, 1ay noi b clia nhém methyl trong ethane

Cung xem xét sur quay quanh ndi C-C & propane CH3CH,CH; dong dang tiép theo cua ethane.
Gian dd nang luong cta propane tuong tu nhu ethane nhung c¢6 mot su khac biét quan trong 1a su
chénh léch ning luong giita cdu trang che khuét va céu trang léch & propane cao hon mot chut 13,6
kJ mol™ so voi ethane 12,0 kJ mol™. Hinh chiéu Newman cua propane tuong tu ethane ngoai trir
mdot nguyén tir H duge thay thé boi mot nhom -CH;. Cau trang che khuét ctia propane cé hai tuong
tac n6i C-H va mot tuong tac gitta ndi C-H va ndi C-CHs. Néu gia str ring mdi tuong tac ndi C-H la
4.0 kJ mol™ nhu trong trudng hop ethane, thi twong tac gitra néi C-H va ndi C-CHj; la (13,6-2x4,0)
= 5,6 kJ mol™. Do dé, tuong tac giira ni C-H va ndi C-CH; chiu su x6 ddy nhiéu hon so véi twong
tac clia hai néi C-H.

H

_ HH
H CH;
H H CH
H H 3
H H
Ciu trang léch Cau trang che khudt

Pdng dang tiép theo la butane CH;CH,CH,CHs. Chung ta ¢6 hai ndi C-C khac nhau, C1-C2
va C2-C3. Quan sat phan tir butane doc theo truc C1-C2, chiing ta ¢6 hinh chiéu Newman cho ciu

trang che khuét va cdu trang léch nhu sau:
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2
H uH C3 C4
H H l l
h CH,CH
H H H g 2 3
Cl' cu,cH, i
Cau trang léch Céu trang che khuat

Khi quan sat phan tir butane doc theo truc C2-C3, mdt s6 cdu trang che khuét va cdu trang
léch dugce trinh bay trong hinh 1.9. C6 hai ciu trang che khuét 1a che khuat (eclipsed) va che khuat
toan phé“m (totally eclipsed conformation); va hai cau trang léch: ddi léch (anti) va ban léch
(gauche). Cau trang che khuat toan phan c6 ning lugng cao nhat vi hai nhém thé 16n nhat che khuat
va gy trd ngai cho nhau (hinh 1.8). Su gay trd ngai ctia cac nhom thé 1on goi 1a churdng ngai lap
thé (steric hindrance). CAu trang dbi léch c6 nang luong thap nhit vi hai nhom methyl & cang xa
nhau cang tot.

chudng ngai lap thé

e N

H""/ \"”H

H H

Hinh 1.8: Chudng ngai 14p thé trong ciu trang che khut toan phén cua butane
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H,C CHj H,C CHj
’ Totally Totally :
eclipsed eclipsed

H H
H : H
i = Eclipsed Eclipsed o H
H CH, 1 CH,

20

Gauche
CH,

Gauche
CH,

10

Potential energy, kJ mol ™!

|
0 60 120 180 240 300 360

Dihedral angle, 6

Hinh 1.9: Gian do thé ning cho su quay quanh ndi C2-C3 cua butane

Vi du 1.4: Xac dinh cAu trang bén nhét cia alkane
V& cdu trang c6 mirc nang luong thip nhét cia hop chat 2,3-dimethylpentane khi quan sat
phén tu doc theo truc C2-C3.

© So db cdu truc hop chat 2,3-dimethylpentane.

;HV\

Mdt nguyén ta H, hai nhom CHj; ndi voi C2. Mét nguyén tor H, mot nhom CHjz va mét
nhém C,H;s ndi véi C3. Céu trang c6 ning lugng thip nhat l1a ciu trang ma cac nhém alkyl & vi tri
léch nhau va su tuong tac giira cac nhém thé 16n va nho nhat.

Biéu dién phan tir theo hinh chiéu Newman doc truc C2-C3. C6 3 cau trang léch (a), (b),
(c). Cau trang (a) c6 hai tuong tac ban léch nhung ciu trang (b) va (c) co ba tuong tac ban léch.

Vi vy, cdu trang (a) c6 ning luong thap nhat.
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CH, CHs CHs
HaC H  CoHs CHy H C,Hs

H CHj H CH; H CHj
CoHs H CHs

(a) (b) (c)

Vi du A: V& hinh chiéu Newman céc cdu trang léch ciia hop chat 2-methylpentane khi quan sat
phén tir doc theo truc C1-C2. Sip xép céc cAu trang theo thir tu ting din nang luong.

Vi du B: Phac hoa gian d6 thé nang cua cac cdu trang cho su quay quanh truc C1-C2 cua hop

chat 1-chloropropane.

Piéu ché alkane

Ngudn chinh dé diéu ché alkane 1a tir ddu mo, nhung mot sb phong thi nghiém ciing c6 thé
diéu ché alkane.

Céc hydrocarbon bat bdo hoa chtra ndi doi hay ndi ba c6 thé chuyén hoa thanh alkane bing
phan g cong hydrogen vao cac ndi da dudi su hién dién cia cac xitc tic kim loai nhu Pt, Pb hay
Ni.

H,C=CH, + H, —PlPdhayNi

H3C_CH3
O phan tmg khéc, alkyl halide phan tng vé&i kim loai kiém tao ra alkane véi sé luong carbon
tang gap doi.

nhiét do, 4p suft

2 CH3CH,Br + 2 Na 2 NaBr + CH3;CH,CH,CH,

Cudi cung, mudi kim loai kiém cua acid carboxylic dugc nau chay véi hydroxide kim loai
kiém. Sodium carbonate Na,COs va alkane it hon mot carbon duoc tao thanh.

CH;COONa + NaOH —2 . Na,CO; + CH,

Alkane tir ddu mé

Céc alkane c6 phan tir kh6i thap hon, methane va ethane duoc tim thdy chu yéu trong khi
thién nhién. Propane va butane dugc tim thdy tir ddu hoa, chiing co thé dugc chiét dudi dang khi va
ban dudi dang khi diu mo hoa long (liquefied petrolium gas - LPG). Céc alkane khéi luong 16n hon
thu dugc bang cach chung cit phan doan dau mo, mot hdn hop phire tap ctia hon 500 chét. Cac

phan doan chinh ctia ddu mé duoc liét ké ¢ bang 1.4.
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Bang 1.4: Céac phan doan dau mo chinh

Khoiang nhiét

Thanh phan  Phan doan Sir dung
-3 as 0O
do soi, "C

Dudi 0 C, t61 Cy Gas Nhién liéu gas
0-50 Cs 161 C; Ether ddu  Dung moi
50-100 Ce to1 Cg Ligroin Dung moi
70 - 150 Ce tdi Co Xang Nhién liéu dong co
150-300  Cjt6i Cyg Dau hoa Nhién liéu méy bay, dau diesel
Trén 300  Ciet6i Cig Dau khi Dau diesel, ngudn cracking
- Ci5 o1 Cyg Dau sap Dau boi tron, dau khoang, nguén cracking

- Cy) to1 Cyo Paraffin sap Nén, gi'c“iy sap

- Cypo tro 1én Phan cin Tam lop nhua, nhua duong, vt liéu chong tham

Khong phai tit ca cac hydrocarbon trong xang déu hap dan nhu nhau vi mét s hydrocarbon
chay ém ai hon mot s6 khac. Hydrocarbon 2,2,4-trimethylpentane, ddng phan ciu tao cia octane, c6
hiéu suét dong co tuyét voi, chi sb octane ctia n6 1a 100. Heptane cé hiéu suit déng co thip, chi sb
octane cua né 1a 0. Hai hydrocarbon nay la hé thong tham chiéu cho chi s6 xang. Chi sé octane
duoc tinh bing cach xédc dinh thanh phan hdn hop n-heptane va 2,2 4-trimethylpentane (isooctane)
¢6 hiéu suat dong co gidng xing thir nghiém. Vi du: xdng c¢6 hiéu suat dong co giéng hdn hop gom
87% 2,2.4-trimethylpentane va 13% heptane co chi sd octane 1a 87. N6i chung, hydrocarbon phan

nhanh c6 chi sé octane cao hon (chay ém ai hon) so véi hydrocarbon mach thing tuong tmg.

(I‘Ii; (I'll;
CH, H
2.2.4-Trimethylpentane n-Heptane
Octane rating: 100 Octane rating: 0

Xang thu dugc bing cach chung cat phan doan dau mé c¢6 chi sé octane 50 - 55 va khong
duoc chap nhén sir dung cho xe 6 td véi yéu cau nhién liéu ¢6 chi sb octane gan 90. Do d6, viée cai
tién phan doan xang la can thiét. Trong cracking nhiét, cic phan tir hydrocarbon 16m bi cit thanh cac
phan tir trong phan doan xdng va su hién dién cua cic xuc tac dac biét thuc day su tao thanh céc
hydrocarbon mach nhanh. Vi du, phan ta CjsHs; co thé bi cit thanh CgH;g va C7H;4. Qua trinh re-
forming, hay déng phan héa (isomerization), chuyén hydrocarbon mach thing thanh mach nhanh va

cac hydrocarbon khac co chi s6 octane cao hon. Trong cracking nhiét va xic tic, mot sb
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hydrocarbon ¢6 phan tir khdi nho két hop lai v6i nhau tao thanh hydrocarbon c6 phan tir khoi Ién
hon boi quy trinh alkyl héa (alkylation).

Chi s6 octane ctia xing c6 thé duoc cai thién bang cach thém hop chat chéng kich nd dé ngan
chan su ddt chay som. Da co luc, tetraethyllead, (C;Hs)4Pb la phu gia dugc ua thich. Phu gia chi da
bi loai bé & hau hat cac qudc gia vi doc tinh ciia nd, va thay vao dé cac chat khac nhu hydrocarbon

oxygen hoa methanol, ethanol dugce sir dung.

3. Cycloalkane

Cycloalkane don gian c¢6 cong thirc tong quat C,Ha,. Dudi day 1a mot sé vi du vé cycloalkane:

A O o O

Cyclopropane Cyclobutane Cyclopentane Cyclohexane
CsHe C4Hg CsHio CeHi2

Cyclopropane la cycloalkane duy nhit ma cac nguyén tir carbon tao mach phing vong.

Str dung quy tic danh phap trang 6 dé goi tén alkane mang nhiéu nhom thé. Vi du, hop chat

0

dudi day la 1,1,3-trimethylcyclopentane:

Stre ciing vong & cycloalkane

Trong phan tir cyclopropane, goc ndi C-C-C chi 12 60°. Gée nbi nay nhé hon gée nbi li tuong
14 109,5° nén phén tir cyclopropane bj cing (strained). Nhu mé ta ¢ hinh 1.10b, orbital carbon sp® &
propane khong xen phii nhiéu nhu & alkane mach thang. Do xen phii kém, ndi C-C & cyclopropane
yéu hon nhiéu so véi & propane ciing nhu cac alkane mach thing khéc, va cyclopropane c6 hoat tinh
hon nhiéu so v6i cac alkane mach thang.

Su xen phu kém
cua cac van dao

(a) (b)
Hinh 1.10: Strc cang vong & cyclopropane

(a) M6 hinh ball-and-stick. (b) Hinh anh ndi héa tri ctia cyclopropane.
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Chung ta c6 thé sir dung nhiét dét chay dé ude lugng sirc cang vong trong cycloalkane. Ning
luong nhiét ddt chay ciia propane, butane, pentane va hexane cing véi cac cycloalkane tuong ting
duoc trinh bay trong bang 1.5. Dbi véi alkane mach thiang, ning luong nhiét dét chay thay déi
khoang 658 kJ mol™ tng v&i mdi nhom CH; dugc thém vao. Diéu nay cho thdy ring méi nhom
CH, déng gop, tinh trung binh, khoang 658 kJ mol”' vao nang luong nhiét dt chay. Cong thirc cua
cycloalkane c6 thé duogc viét dudi dang (CH,), va néu cho rang cac ndi C-C khi néi cac nhom CH,
v6i nhau & cycloalkane gidng nhu & alkane mach thing, thi ning lugng nhiét d6t chay cua
cycloalkane khoang -n x 658 kJ mol™. Nang lugng nhiét dot chdy udc lugng va thuce nghiém dugc
trinh bay ¢ bang 1.5. Su khéc biét gitra gia tri thyc nghiém va tinh toan giup do suc cang vong ¢
cycloalkane. Bang 1.5 cho thdy, tir cyclopropane dén cyclohexane sirc cing vong giam dan va rat
tha vi la cyclohexane khong co stic cang vong.

Bang 1.5 cho thdy cyclopropane va cyclobutane chiu sirc cing vong 16n. Tuy nhién, sirc cing
vong mdi nhém CH, & cyclopropane (39 kJ mol™) nhidu hon & cyclobutane (28 kJ mol™).
Cyclopropane bi cang khong nhirng boi su xen phu orbital kém ma con bai cac nbi C-H che khuét

nhau. Diéu nay thé hién rd & hinh chiéu Newman cua cyclopropane (hinh 1.11).

HH § H

gH C

Hinh 1.11: Hinh chiéu Newman cta cyclopropane

Bing 1.5: Nang lugng nhiét dot chdy va strc cang vong ctiia mot s6 alkane (kJ mol™)

AHUI:Dmh Bé“g gép cua AL’ocnmh AIq‘]mmh Sure
Alkane  thuc mdi nhém CH, Cycloalkane  thue tinh cing

nghiém vao AH' .omp nghiém toan vong*
Propane -2220 Cyclopropane  -2092 -1974 118
Butane  -2877 -657° Cyclobutane -2744 -2632 112
Pentane  -3536 -659 Cyclopentane  -3320 -3290 30
Hexane  -4194 -658 Cyclohexane -3948 -3948 0

*Sur khéc biét gitra cac gia tri AHcomp lién tiép 12 su dong gép ciia mdi nhom CH; vao AH comp.
Vi du, AH  comp (butane) - AH comp (propane) = -657 kJ mol™.

Néu khong co sirc cing vong, nang luong nhiét dét chay 1a -n x -658 kJ mol ™.

“Strc cang vong la su chénh 1éch gia tri AHcomp ndng lugng nhiét dbt chay gitra thue nghiém va
tinh toén.
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Véi cyclopropane, cac nguyén tir carbon nim trong cung mat phing, nhung voi cac
cycloalkane khéc thi khong. Vi du, ca cyclobutane va cyclopentane ¢é hinh dang vong gip xép

(puckered) hon 1a dang mit phang.

H H H
H H H

H H
H H H

Cyclobutane Cyclopentane
Véi cyclohexane, hai ciu trang quan trong la cau trang ghé (chair conformation) va cdu trang
tau (boat conformation). Cau trang tau kém bén hon, nang lugng cao hon 29 kJ mol™' so véi cu
trang ghé. (Hinh 1.12).

H [ H H ) H 7) ‘) " H H
otg o )T/
H H H H H
H H ? % H H
\ (h)

(a)

Hinh 1.12: Hai céu trang quan trong ctia cyclohexane. (a) Dang tau, (b) Dang ghé

Pong phén cis-frans trong cycloalkane mang hai nhom thé

Vong trong mot cycloalkane c6 hai mat phang phan biét, va cac nhém thé ndi vao mot carbon
cu thé & hai mit phing dbi dién ciia vong. Cling xem xét mé hinh ball-and-stick ciia cyclopropane
(hinh 1.10). Néu tap trung vao hai nguyén tir hydrogen ndi vdi carbon & phia sau, ching ta thiy
ring mot nguyén tir hydrogen & phia trén mat phiang tao bai ba nguyén tir carbon va nguyén tir
hydrogen kia & phia dugi mit phang. Néu nguyén tir hydrogen trén cac carbon khac nhau dugc thay
thé boi nhitng nhém thé khiac nhu truong hop 1,2-dimethylcyclopropane hay 1,2-
dimethylcyclohexane sé& co rat nhiéu dong phan.

Ddng phan cis va trans cta 1,2-dimethylcyclopropane

HsC H
<
H

Nhin tif mét bén qua
CH;
H

H /
H
H
4C CHs, &

HoC CHs
H
Nhin tif trén xudng
H

cis-1,2-dimethylcyclopropane trans-1,2-dimethylcyclopropane
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DPdng phan cis va trans cia 1,2- dimethylcyclohexane

trans-1,2-dimethylcyclohexane cis-1,2-dimethylcyclohexane
Trong dong phan cis, hai nhdm thé & ciing phia mit phiang ctia vong va trong dong phan trans,
hai nhém thé & hai phia ddi dién mat phang cua vong. Dé chuyén tir dong phan cis sang trans (hoic
nguoc lai) phai cat dut ndi va tao lai ndi. Dong phan cis-trans chi 1a mot loai cua dong phan ldp thé
(stereoisomerism). Pdng phan 1ap thé la cac ddng phan c6 cung sé lugng, loai cic nguyén tir va cac
ndi, nhung khac nhau vé dinh huéng cac nhom thé trong khong gian.

Vi du: chloromethylcyclohexane co 8 dong phan, 3 trong sé d6 dugc trinh bay dudi day:

ol cl
C{ OLCHS
Q\,u CHs

cis-1-chloro-2- 1-chloro-1-
Chloromethylcyclohexane methylcyclohexane  methylcyclohexane

Cyclohexane
C6 hai loai nguyén tir hydrogen: truc (axial) va xich dao (equatorial). Cac ndi véi hydrogen
truc hudng theo chiéu doc 1én hodc xudng va song song vdi truc tudng tuong di qua tdm cia vong.

Cac ndi vai hydrogen xich dao hudng theo chiéu ngang tir vong.

Huéng 1én

Hudng xudng

Truc tudng tugng
di qua tim ciia vong

Khi di chuyén xung quanh vong, cic nguyén tir hydrogen truc luan phién theo thir tu mot
nguyén tir hydrogen huéng xudng va mot nguyén tir hydrogen tiép theo hudng 1én. Tuong tu cho
cac nguyén tir hydrogen xich dao. Ddi véi cac nguyén tir hydrogen xich dao, can lwu y cac cap ndi

C-H va C-C song song vdi nhau.
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H H
H H
H™ /4 H H 4 H
H-—_ — e H H H

Hinh chiéu Newman cho cdu trang ghé cuia cyclohexane khi quan sat phan tir doc theo cap néi

C-C song song va&i nhau duoge trinh bay nhu hinh duéi day:

Hinh chiéu Newman ¢ trén cho thy cac nbi C-H léch nhau. M6t s6 ndi C-H trong ciu trang
tau che khuat nhau va két qua 1a dang tau c6 niing luong cao hon (kém bén hon) dang ghé.

Phan tir cyclohexane chuyén dbi qua lai nhanh chong gitra hai dang ciu trang ghé bén (hinh
1.13). Su chuyén déi qua lai nay goi la su bat vong (ring flip). Khi bat vong tir mot clu trang ghé
nay sang cdu trang ghé khac, mdi nguyén tir hydrogen truc & mot cdu trang nay tro thanh hydrogen
xich dao ¢ cdu trang kia va nguoc lai. Tai nhiét d6 phong, vong cyclohexane trai qua 100 000 su bat

vong mdi gidy.

%

Cl dichuyéndilén H  C4dichuyén di xudng

Hinh 1.13: Su chuyén di qua lai giira hai cdu trang ghé ctia cyclohexane
Hai c4u trang ghé cua cyclohexane & hinh 1.13 tvong dwong va c¢6 nang lugng nhu nhau. Tuy

nhién, khi thay thé nguyén tir H bing nhom thé khac, hai cdu trang ghé khong con cling mirc niing

luong nira. Vi du, cau trang ghé ctia hop chat methylcyclohexane:
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Tuwong tac 1,3-nhi truc

— N\ e

Kém bén Bén hon

Cau trang v6i nhém methyl & vi tri xich dao c6 nang luong thap hon cau trang véi nhém
methyl & vi tri truc vi khi nhém methyl & vi tri truc, né tuong tic dong thoi véi hai nguyén tir
hydrogen truc (mau xanh). Mdi tuong tac nay goi la neong tdc 1,3-nhi truc (1,3-diaxial interaction)
vi né lién quan dén nhom thé & C3, gia sir ring carbon mang nhom methyl 1a C1.

Su khac biét nang lugng giita dang truc va xich dao ctia mdt sé cyclohexane mang mdt nhém
thé dugc trinh bay trong bang 1.6. Dbi voi nhom alkyl, su chénh léch nang lugng giira dang truc va
xich dao tang dan theo kich thudc ctia nhom, d6 1a hé qua truc tiép cua tuong tac lap thé khong
dugc uu dii. Hiéu ing nay dac biét rd trong truong hgp tert-butylcyclohexane. Chi khoang 0.01%
phan tir nay ton tai dudi dang cdu trang truc & nhiét do phong. Phan tir bi khéa véi nhom rert-butyl

& vi tri xich dao.

Bang 1.6: Su chénh I€ch nidng lugng Gibbs
gifra cau trang truc va xich dao cua

cyclohexane mang mét nhom thé

Nhém thé AG® kJ mol”
-H 0

-CH; 7.1

-CH,CH; 7.3
-CH(CH3), 9.2

-C(CHs); 21

Cung so sanh mot sb dong phan cua dimethylcyclohexane. O hop chat 1,1-
dimethylcyclohexane, mot nhom methyl & vi tri truc va nhém con lai ¢ vi tri xich dao. Su bét vong

tao ra mot cau trang c¢6 nang lugng bing ciu trang ban dau, nhu hinh dudi day:
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Vé&i hop chét cis-1,4-dimethylcyclohexane, ca hai cdu trang ghé dudi ddy c6 mot nhém

methyl truc va mot nhém methyl xich dao. Hai cau trang c6 nang lugng nhu nhau.

Khong giéng dong phan cis, ddong phan rrans co thé ton tai dudi mot trong hai ciu trang ghé
khac nhau. Mot cau trang c¢6 hai nhom methyl truc va cau trang khac c¢6 hai nhém methyl xich dao,

nhu dudi day:

Ning lugng cia cdu trang ma hai nhom methyl & vi tri xich dao thp hon ning lugng cia cdu
trang ma hai nhém methyl & vi tri truc 14,2 kJ mol™, gip doi gia tri & bang 1.6 cho hop chit

methylcyclohexane.

Vi du 1.5: Dy do4n ciu trang nao ciia cycloalkane mang hai nhém thé c6 ning hrong thap

nhéat

V& cdu trang c6 mirc nang lugng thap nhét cia hop chét cis-1,3-dimethylcyclohexane.

© Véi dong phan cis, hai nhém methyl & ciing mot phia so véi mat phang ciia vong, nghia
la hai nhom methyl ciing huéng 1én hoidc cing hudng xudng. Cau trang ¢6 mirc ning luong thip

nhat la cau trang ma hai nhom methyl ¢ vi tri xich dao.
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Vi du A: V& cdu trang c6 mirc nang lugng thap hon ctia hop chat trans-1,3-dimethylcyclohexane.
Vi du B: V& cdu trang ¢6 mic ning luong thdp hon cua hop chit cis-1-tert-butyl-2-

methylcyclohexane.

4. Hién twong dong phan lap thé trong hop chit hiru co

Hinh 1.14 tém tit cdc dang dong phéan khic nhau trong hoa hitu co.

Pong phan
Céc dong phan co ciing cong thirc héa hoc

nhung khac nhau vé cdu tric va tinh chat.

— .

Pong phan ciu tao Pong phan lap thé

Nhirng phan tu nay cé ciing cong Nhirng phan tir nay cé cung cong thuc va
thic nhung khiac nhau vé céch cach ndi nhung khac nhau vé céch sap xép

.
A

noi. cac nhém trong khong gian.

— ™~

Xuyén lap thé phin Doi phin

La nhitng déng phan lap thé Nhitng phén tir nay khong thé

ma khong phai 1a déi phan. hir trung véi hinh anh qua guong

(Vi du: dong phén cis-trans)

Chuing ta da thao luan vé dong phéan ciu tao va hoc vé mdt dang dong phan lap thé 1a dong
phén cis-trans & cycloalkane. Nhu trinh bay & hinh 1.14, dong phan cis-trans con duogc goi 1a xuyén
1ap thé phén (diastereomer).

Phin nay s& dé cap dén mot dang ddng phan lap thé khac — d6i phan (enantiomerism), xudt
hién khi hop chét hiru co c6 mot carbon bat dbi ximg (asymmetric carbon). Mot carbon bat dbi

xtng, con goi la carbon tha tinh (chiral carbon), 1a carbon ndi véi bén nhom thé khac nhau.
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Tinh tha tinh

Nhu di hoc trong céc phan trude, dung dich cia mot hop chit quang hoat ¢6 thé 1am quay mat

phang anh sang phan cuc. Yéu cau dé cé tinh quang hoat 1a phan tir phai bat déi xing, nghia la anh

clia né qua guong khong thé trung khit voi phan tir ban dau. Truong hop nay xuat hién ¢ C tir dién

mang bon nhém thé khac nhau.

Mirror

CH,CH,CHj

o e X
H;,C "7““‘» CH,CH,

H

P

CH,CH,CH,
é:/c ""--..;‘ 4
CH,CH X7 CH;

H

Mirror

(|?l{3CH3CH5
-.-l“‘(“.1

HyCH,CH,C

HyC ~/" ~CH,CHy | H,CH,
H H

Hinh 1.15: Anh qua guong khong chong khit nhau ctia 3-methylhexane

Xét phan tir 3-methylhexane hinh 1.15. Hinh minh hoa cho thay rang cé hai dong phan cua 3-
methylhexane khong chdong khit nhau ¢6 méi lién quan 1a vat va anh qua guong. Hai déng phan nay
duoc goi la @i phdn. Mot phén tir khong tring khit véi anh ctia né qua guong duoce cho 1a thi tinh.

Hop chét ma cau tric tring véi anh guong cta né 1a phi thi tinh (achiral).

‘l* ]F l|l ()ln
---- "(‘.‘F ~ .-»‘“Cﬂi= C Hag,,, C:?.In
PSSR Cl1¥p S g7 000 CH.OHT O%H
/ Br / \ 3T \ :
il Br CH, CH,
Chiral Chiral Achiral Chiral

Nguyén tir C ndi véi bén nhom thé khac nhau cé tinh bat d6i xing, hay 1a mot tim lap thé
(stereocenter). Tam nay doi khi duoc ky hiéu bang diu hoa thi. Cac phén tir c6 mot tam l1ap thé luon
lubn bat dbi xtng. Nhu s& thdy trong chuong 3, cac phan tir c6 nhidu tim 1ap thé khong nhét thiét
phai thu tinh va ¢ rat nhidu phan tir tha tinh trong tu nhién. Nhu sé mo ta & chuong 2, sy ton tai
cta tinh thii tinh c6 thé déng mot vai trd quan trong trong viéc thiét 1ap mot sé co ché phan imng.

Luu y: Dung dich ctia mot d6i phan quay mat phang anh sang phan cuc theo mot huéng trong
khi dung dich cua dbi phan kia quay mat phang anh sang phéan cuc theo hudng ngugc lai. Mot hdn
hop gdm hai ddi phan ty 1¢ 50:50, hén hgp tiéu trién (racemic mixture), khong lam quay mat

phéng anh sang phan cuc.
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Vi du 1.6: Xac dinh mot phan tir thi tinh

Du doan hop chét 2-chloropentane hay 3-chloropentane thu tinh.

© Hop chit 2-chloropentane ¢6 mot C ndi véi bén nhom thé khac nhau nén 2-
chloropentane thu tinh. Tuy nhién, hop chét 3-chloropentane khong ¢6 mot C nhu thé, ciu tric
cua no trung vai anh guong cua nd nén 3-chloropentane phi thu tinh.

THs CH,CH,

C C
/ /
HC / TSCH,CH,CHy,  H / TSCH,CH;
[ cl

2-chloropentane 3-chloropentane

Vi du A: Hop chat chlorofluorohydrocarbon nao sau day thu tinh: a) CF;CH,CCls; b)
CF,HCHFCCl3; ¢) CCIFHCH,CCLLF?

Vi du B: Hop chat chloroalcohol nao sau day tha tinh: a) CH,CICH,CH,OH; b)
CH,CICH(OH)CHj3; ¢) CH(OH)CICH,CHj.

Vi du 1.7: Xac dinh carbon thi tinh trong cycloalkane

Xac dinh carbon thu tinh trong hop chat sau.

CHj
HchCHS

Methylcyclohexane cis-1,3-dimethylcyclohexane

© Khi xem xét cac nguyén tir C cuiia cac hop chat vong nay, chiing ta chi tip trung trén
carbon mang nhom thé. Néu khong c6 nhom thé, nguyén tir carbon ¢6 hai nhém giéng nhau 1a hai
nguyén tir hydrogen) va vi thé khong tha tinh.

Véi hop chit methylcyclohexane, chung ta tép trung vao C1, mang nhom methyl. Theo
chiéu kim ddng hd va nguoc chiéu kim dong hd bit dau tir C1 nhom thé co thanh phan cau tao
giéng nhau (-CH,CH,CH,CH,CH,-) va vi vy, C1 ¢ hgp chét methylcyclohexane khong thu tinh.

CH3

@ @ H3c©0H3 H3c©w3

V6i hop chit methyleyclohexane, c6 su khac biét vé thanh phan cdu tao nhom thé theo

chiéu kim ddng hd va nguge chiéu kim dong hd bat dau tir C1. Thanh phan céu tao theo hudng
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mau xanh la -CH,CH,CH>CH(CH3)CH»-, thanh ph?m cau tao theo huéng mau do la -CH,CH
(CH;3)CH,CH2CH»-) va vi vay, CI thu tinh. Tuong tuy xem xét theo cach do, C3 ciing tha tinh.

Vdy, phan tu cis-1,3-dimethylcyclohexane ¢6 C1 va C3 thu tinh.

Vi du A: Xac dinh carbon thii tinh trong hop chit sau.

Vi du B: C6 bao nhiéu carbon thui tinh trong hop chét 1,1,4-trimethylcyclohexane.

Goi tén d6i phan: Hé théng danh phép R, S
Pé phan biét hai déi phan cdn mot hé théng danh

o o

O - phap chi ra su sip xép hay cau hinh ctia bén nhém xung
\h h/ quanh tim tha tinh. Mot hé thong nhu vay dugc phat trién
a a bdi ba nha héa hoc, R. S. Cahn, C. Ingold, va V. Prelog.

“’_C/*:T.,"b 4--5\\C—d Budc dau tién la xép hang bén nhom thé theo thu tu giam
s w3 sur uu tién.

Gia st rang trong hop chit Cabcd, nhém thé a co thir
tu vu tién cao nhat, b cao thir hai, ¢ cao thir ba, va d thap

nhit. Biy gio dat phan tir (tuong tugng trong dau, trén

gidy, hodc v6i mot bd mo hinh) sao cho nhom thé ¢é thi tu

Hinh 1.14: Sy xac dinh uu tién thap nhit ¢ xa nguoi quan sat (Hinh 1.16). Qua

céu hinh R, S tai tim 1ap thé t&r dién  trinh ndy din dén két qua c6 thé c6 hai cach hai sip xép

cho cac nhém thé con lai (mdt cach cho mdi dbi phan).

Trong hé thong R, S, néu trinh ty tir @ dén b dén c, khi nhin vé phia nhom thé uu tién thap nhét, 1a

chiéu kim dong hd, ciu hinh cta tam lap thé dugc dat tén 1a R (rectus, tiéng Latin, c6 nghia 1a bén

phai). Nguoc lai, néu trinh tu nguoc chiéu kim dong ho, cac tam lap thé duoc dat én 1a S (sinister,

tiéng Latin, c6 nghia l1a bén trai). Cac biéu tuong (R) hodc (S) duoc thém nhu la mét tiép dau ngir

vao tén cua hop chét thu tinh, nhu trong (R) -2-chlorobutane va (S)-2-chlorobutane dudi day. Hon
hop tiéu trién cta hai d6i phan dugc ghi o (R, S) nhu (R, S)-2-chlorobutane.

C|‘I (]‘I
= = /Cm..._ II H ....... |C--._,_ & -

; JCH,
CH,;CH; \ / CH,CH,4
CH, H,C
S (R)
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Quy tiic xdc dinh thir tw wu tién cdc nhém thé

(Quy tic do Cahn, Ingold, and Prelog phat minh)

Quy tic 1. Nguyén tir c6 s6 hiéu nguyén tir cao wu tién hon nguyén tir ¢6 s6 hiéu nguyén
tir thap.

Xét ddi phan cua 1-chloro-1-iodoethane:

e e (L
WO, Tomem cl”” CH,

H™ CH -
3 CH
CI/ a 2

Douutiénl>Cl>C>H
(S) -1-chloro-1-iodoethane
Khi nhin vé phia nguyén tir H (c6 do wu tién thap nhat), thir tu theo do uu tién ngugc chiéu

kim ddng hd. Do d6 déi phan 1a (S) -1-chloro-1-iodoethane.

Quy tic 2. Néu hai nguyén tir géin vao tim 1ap thé ¢6 cung dd wu tién, tiép tuc tién hanh
doc theo hai chudi nhom thé cho dén khi phat hién diém khac biét. Nguyén tir ¢cé sd hiéu
nguyén tir cao hon tai diém nay quyét dinh d¢ wu tién.

Theo quy tic 2, nhom ethyl vu tién hon nhém methyl. Mac du, tai diém ndi v6i tim 1ap thé
mdi nhom thé déu c6 mot C, bang nhau vé do wu tién, tiép theo céc carbon nay nhém methyl ¢6 mot

nguyén tir H va nhom ethyl ¢6 mét nguyén tir C ¢6 do vu tién cao hon.

i 1y
—C—H c6dd vu tién thiphon —C—C—H

I l

H H H

Piéu quan trong la phai hiéu réng viéc quyét dinh do wu tién duoc xét tai diém khac biét dau
tién doc theo chudi nhém thé tuong tu nhau. Khi diém d6 da duoc xac dinh, ciu tao cta phan con

lai ctia chudi 1a khong quan trong.

. i Di€m khéc biét diu tién ~—— -
*C—C—CH,Cl  x€&p hang thdp hon *C—C—CH3
H H
Quy tic 3. Noi ddi va ndi ba dwge xem nhwr 1a cic ndi don va sé nguyén tir ciia chiing

~ A N ” . R ” - - A r
dwgc nhan doi va nhan ba tai moi nguyén tir cia noi da. Vi du,
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H H H H
N\ ¥ |
/C =C\ is treated as —C[‘—C{—R
R C C
Bl
||
—C=C—R s treated as —Cl—Cl—R
. C
0] (9] (I.‘

—IC]“.—()H is treated as —Ci"—()
o
Luu y rdng nguyén tir mau do duge thém vao véi muc dich xdc dinh do uu tién cho cdc nhom
chira ndi da; ching that sy khong & d6. Dé minh hoa, nhém -CH,OH c¢6 d wu tién thédp hon nhém -
CHO.
First point of difference
(),/(‘ -}1
*C—C=0 treated as :E:C—C|'—(l) ranks higher than "E:C—(L-—O[l
H I|{ H

Vi du 1.8: X4c dinh d§ wu tién va ciu hinh ciia tAm thi tinh
Xac dinh cdu hinh va goi tén cac hop chit sau day.

CH,CH,CH; OH

C""f.r Cbr”"-‘:
(@) HycH,c~ \“H ® 1\ HCHzCHzBr
| 3

© a) Hop chit nay la 3-iodohexane véi C3 1a carbon thu tinh. P6 wu tién cua cac nguyén tir
ndi véi C3 1a 1> C (ethyl) = C (propyl) > H.

Pé quyét dinh thir hang ctia nhom ethyl so véi nhém propyl, chiing ta xét diém khac biét
dau tién trong chudi diy ciia nhimg nhém thé nay.

Piém khdc biét diu tién

IIIH/ HH\\H

| o1
—C—C—H Xé&p hang thip hon —C—C—C—H
L. L1

H H H HH
Chiing ta thay ring nhém propyl xép hang cao hon nhém ethyl, d6 wu tién la la I > C
(propyl) > C (ethyl) > H.
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Nhin phan tir huéng vé nhom cé do uu tién thap nhat, trat tw do uu tién giam dan theo
hudéng nguoc chiéu kim dong hd, vi vdy tAm 1ap thé c6 ciu hinh S. Tén hoan chinh ctia hop chat
la (S)-3-iodohexane.

b) Hop chét nay la 4-bromo-2-butanol véi C2 la carbon thu tinh. PO uu tién ctia cac nguyén
tr nbi vdi C2 1a O > C (bromoethyl) = C (methyl) > H.

Pé quyét dinh thir hang ctia nhém bromoethyl so véi nhém methyl, chiing ta xét diém khac
biét dau tién trong chudi day ctia nhitng nhom thé nay.

Piém khéc biét diu tién

! / '?\'?
C—H x€p hang thiphon —C—C—Br
‘ o
H H H

Chiing ta thdy ring nhom bromoethyl xép hang cao hon nhom methyl, dé uu tién 1a 12 O >
C (bromoethyl) > C (methyl) > H.

Viéc quan sat phan tir theo hudng c6 d6 uu tién thap nhat H khong hoan toan don gian nhu
& phan a, do nguyén tir H nim trong mat phing to gidy. Chang ta ¢6 thé giai quyét van dé nay
theo mot trong hai cach sau.

Cich 1: cach ddu tién yéu cdu cé cach nhin khong gian ba chidu. Ching ta tuéng tuong
cdm nhom methyl va bromoethyl, quay phén tir sao cho nguyén tir H & ra xa chiing ta

OH OH

b PN

H \"CHoCHzBr HaC CH,CH,Br
CHB\_./

Lic nay, trat tu do uu tién giam dan theo chiéu kim dong ho, vi vay hop chét la (R)-4-
bromo-2-butanol.
Cich 2: chuyén d6i hai nhom thé sao cho nhom c6 do uu tién thap nhét dugc biéu dién

bang hinh ném nét dut (& phia sau mat phang to gidy).

OH
OH
)‘ PR " BrH,CH,C” “CH3
H !aCHZCHzBr boi H va CHchzBr BercHzcth
CH, CH,

Nhin phéan tir méi huéng vé nhom cé d uu tién thip nhat, trat tu do vu tién giam dan theo
huéng nguoc chidu kim dong hd, vi vay tam 1ap thé méi ¢6 cu hinh S. O déy, phan tir méi duge
tao ra 1a d6i phan ctia phan tir ban dau, vi vdy cau hinh cta phan tir ban du la R. Phan tir 1a (R)-4-

bromo-2-butanol.

Vi du A: Céc hop chit sau c6 cdu hinh S hay R.
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OH Cl H

(a) ./Cl,‘am,_,H (b) H;C-..}C..-—Br (c) H;C-...}C/OH
H,C ]

CH,CH;4 CH,CH, COOH

Vi du B: Mdi ciip hop chét sau ddy c6 gidng nhau hay la déi phan cua nhau.

CHy OH (lezCl 1|3r
@ Ho— S~ H H3CH2C’C{“""CH3 (b) HJC’C{“‘"BF CH;CH;~ C\";"'CHA
CH,CH,4 H CH,CH, CH,CI

5. Alkene va alkyne

Alkane c6 cong thirc tong quat CyHansa ¢6 s6 nguyén tir H nhiéu nhét so vai cac hydrocarbon
khac ¢6 cung s6 C. Phan nay thao luan vé cac hydrocarbon chira ndi déi hay ni ba giira cac carbon,
cic hydrocarbon nay bat bao hoa (unsaturated). Phan tir c6 mot noi déi C=C la alkene don gian
hay olefin, c6 cong thirc chung 1a C,Ha,. Alkyne don gian c¢6 mot noi ba C=C va c6 cong thirc
chung 1a C,Hap.s.

Trong cac vi du sau day, tén hé thong dugc viét bang mau xanh, tén thong thuong dugc dat

trong dau ngoac don.
CH,CH,CH,C=CH,

CH,=CH, CH,CH,CH==CH, CH,CH;
Ethene | -Butene 2-Ethyl-1 -pentene
(ethylene)
HC=CH CH,CH,C=CH CH_‘C|‘]-[CECCH_;
CH,
Ethyne 1 -Butyne 4-Methyl-2-pentyne
(acetylene) (ethylacetylenc) (isopropylmethylacetylene)

Mot s6 thay doi dua trén quy tic trang 6 dé goi tén alkene, alkyne:

|. Chon mach chinh 1a mach dai nhat ¢ chira ndi da.

2. Danh s6 nguyén tir C ctia mach chinh sao cho ndi da c6 s6 chi vi tri thap nhat.

3. Str dung dudi -ene cho alkene va -yne cho alkyne.

Tinh chét vat I ciia alkene tuong tu cta alkane. O nhiét do phong, alkene chira 2 dén 4 carbon
1a chat khi, alkene chira 5 dén 18 carbon la chat long, va alkene co nhiéu hon 18 carbon 12 chét rin.

Nhin chung, alkyne cé nhiét d§ soi cao hon alkene va alkane tuong (rng.
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Hién twong dong phén trong alkene
Phén tir 2-butene CH;CH=CHCH3; va 1-butene CH,=CHCH,CH; khéc nhau vi tri ndi doi va

ching 1a hai dong phan ciu tao. Tuy nhién, c6 mot loai déng phan khac & 2-butene duoc trinh bay

dudi day:
H H H CHj
HyC  CHs HyC H

(a) cis-2-Butene (b) trans-2-Butene

Hai ddng phan nay la dong phén 1ap thé vi ching c6 ciu tao gidng nhau nhung khac nhau vé
cach sap xép cac nguyén tir trong khong gian.

Lién két doi gitra cac nguyén tir C bao gdm su xen phu ctia cac van dao lai hoa (hybrid
orbital) tao thanh ndi & va su xen phu bén cua céc van dao p tao thanh ndi . Boi vi ¢6 ndi =, su
quay quanh mot ndi doi bi han ché nghiém trong. Phan tir (a) khong thé chuyén thanh phan tir (b)
don gian bing cach xoay mot dau cuia phan tir mot goc 180°, vi vay hai phén tir trén hoan toan khac
nhau. Dé phan biét hai phan tir nay, ching ta goi la phan tir (a) cis-2-butene va (b) 1a trans-2-
butene. Do su khéc biét vé cau triic phan tir, cac hop chét c6 dac tinh vat ly khac nhau. Vi du, nhiét
dod nong chay cua cis-2-butene 1a -139 °C va cua frans-2-butene 1a -106 °C; nhiét do so6i cua cis-2-

butene 1a 3,7 °C va cua trans-2-butene 1a 0,9 °C.

Piéu ché va cong dung ciia alkene, alkyne

Phuong phép chung diéu ché alkene trong phong thi nghiém 1a phdn img tdch logi
(elimination reaction). Phan (g tach loai 1a phan (g trong d6 cac nguyén tir & cac vi tri lién ké
trén mach carbon bi loai khdi phan tir. Trong mot phan ing tach loai, mét phén tir nho dugc tao

thanh va mot ndi duoc thém vao gitra cac nguyén tir C. Vi du, H,O bi tach loai trong phan tng sau:

HoH
A
HsC-C—C—H —=——> H;CHC=CH, + H,0
[ ] H,S0,4
HO H

Alkene chii yéu trong nganh cong nghiép héa hoc 1a ethene (ethylene). Cong dung chinh ciia
né la dung trong san xuat polymer (chuong 2) mac dii n6 ciing duoc ding dé san xuat cac hoa chat
hiru co khac. Su san xuét thuong mai cua ethylene thu dugc chu yéu bang cach cracking nhiét cac
hydrocarbon khac.

Alkyne don gian nhat 13 ethyne (acetylene), c6 thé duoc diéu ché tir than da, nude, da voi theo

quy trinh gdm ba bude:
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CaCO; & CaO + CO,

CaO + 3C dién phin néngchéy= CaC, + CO
2000 °C

calcium acetylide
(calcium carbide)

CaC, + 2H,O —— HC=CH + Ca(OH),
acetylene

Hau hét cac alkyne khac duogc didu ché tir acetylene nhd vao tinh acid ctia nbi C-H. Duéi su
hién dién cuia mdt base manh nhu sodium amide (NaNH;), anion amide loai proton ra khoi
acetylene tao thanh ammonia va mudi sodium acetylide. Acetylide sau d6 c6 thé phan g véi alkyl

halide nhu CH;Br

HC=CH + Na*NHy
HC=C'Na* + CHzBr —= HC=C-CH3 + Na'Br

HC=C'Na* + NHj

Bing cich tiép tuc phan (g nay, ndi ba c6 thé & vi tri nhu mong mudn trong mach carbon. Vi
du: su téng hop 2-pentyne
HC=C-CH; + Na'NH, — = HsC—C=C'Na* + NHj
H3C—-C=C'Na* + CH;CH,Br — H3CH,C—C=C—-CH3 + Na'Br
Ngay xua, acetylene la mot trong nhirng nguyén liu hiru co quan trong nhat trong cong
nghiép hoa hoc. Hién nay, cdng dung chinh cua acetylene 1a san xuat cac hoa chat khac cho viéc san
xuit polymer, nhu vinyl chloride CH,=CHCI dugc polymer héa thanh polyvinyl chloride (PVC).
Acetylene ciing dugc str dung dé san xuat ngon lira nhiét d6 cao c6 rt nhiéu tmg dung. Vi du,
qua trinh ddt chay acetylene vdi lugng thira oxygen tao ra ngon dudc oxyacetylene str dung dé cit
va han kim loai.

HC=CH (g) + 5/2 0,(g)

2C0Oz(g9) + HO()  AH=-1300kJ

Enthalpy d4m 16n cta qud trinh chay acetylene c6 két qua tir gié tri enthalpy tao thanh
(enthalpy of formation) duong 16n cua acetylene: AH °f [CHa(g)] = +226.7 kJ mol ™.

Alkene va alkyne duoc sir dung dé diéu ché cac hop chat khac. Hoat tinh cia cac hop chét nay
la do cac ndi m va phan (mg dic trung la phan g céng (addition reaction). Phan tmg cong la phan
g ma cac nguyén tir hay nhom cac nguyén tir duge cong vao nguyén tir carbon ¢ hai bén cua ndi
d6i hay nbi ba.

Phan tng cong hydrogen vao cac ndi doi cua alkene tao thanh alkane dudi su hién dién cua
cac xuc tac kim loai nhu Pt, Pb hay Ni:

Pt, Pd hay Ni

H20=CH2 + H2 H3C_CH3
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Phan trng lam mat mau nau do nude bromine, Br; (aq):

H,C=CH, + Br, (aq) — BrH,C—CHJ.Br
niu dé

Ong thi nghiém bén trai chira cyclohexene va bén phai chira

1 I cyclohexane. Khi bromine Br, dugc thém vao 6ng nghiém chira

cyclohexene, mau ndu dé bién mat, boi vi Br, da cdng vao noi déi. Mau

Céac phan rng cong nay dugc sir dung 1am nhirng xét nghiém dinh

- ~ ’ % A ~ A . a P
J nau do van gilr nguyén & dng nghiém chira cyclohexane.
tinh don gian dé xac dinh xem mét hop chat la alkene, alkyne.

Goi tén ddng phéan lap thé ciia alkene mang nhiéu nhém thé. Hé théng danh phap E, Z
Danh phap cis-trans khong hitu ich trong viéc goi tén alkene mang nhiéu nhom thé. Vi du:
dong phan 1ap thé cua 1-bromo-1-chloro-2-fluoroethene, ddng phan nao la cis déng phan nao la
trans?
Br, F Br H
CI>_<H CI>_<F
Trong c4u triic bén tréi, nguyén ti F & vi tri cis vi Br va trans véi Cl; trong cdu trac bén
phai, F & vi tri cis v6&i Cl va frans v6i Br. R0 rang 1a danh phép cis-trans khong ¢ ich cho viéc goi
tén alkene mang nhiéu nhom thé. IUPAC da dé nghi mot hé thong danh phap thay thé: hé théng E,
Z. Dung quy tic Cahn-Ingold-Prelog dé xac dinh d9 uu tién cua cac nhom thé trén C cua ndi doi.
Hoa hoc 14p thé cua ndi déi duoc xac dinh 1a Z (tir tiéng Dt zusammen, nghia 1 “cing nhau), néu
hai nhém thé c6 d6 wu tién cao hon tai mdi carbon ctia ndi déi ¢ cung phia cta phan tir. Néu hai
nhém thé c6 do uu tién cao hon & hai phia déi dién v6i ndi doi, ciu hinh cua ndi doi 1a E (tir tiéng

Dirc entgegen, nghia la “d6i dién”). Y tuong nay duoc tom tit trong so dd sau:

Uu tién cao Uu tién cao Uu tién cao, Uu tién thap
Uu tién thap Uu tién thip  Uu tién thap Uu tién cao
Pdng phan Z Pdng phan E

Chung ta c6 thé sir dung danh phap dé goi tén hai dong phan lap thé cua 1-bromo-1-chloro-2-

fluoroethene:
Br, F Br H
¢ H c’ F
(Z)-1-bromo-1-chloro-2-fluoroethene (E)-1-bromo-1-chloro-2-fluoroethene
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Chu y, nhu danh phap R-S, E hoic Z dugc dit trong ngodc don. Hé thong danh phap E, Z c6
thé sir dung cho tit ca ddng phén 1ap thé cua alkene, va do d6 IUPAC dé nghi nén st dung hé thong

nay. Tuy nhién, nhiéu nha héa hoc van st sung danh phap cis-trans cho mét sb alkene don gian.

Vi du 1.9: Xéc dinh ciu hinh ciia alkene
Xac dinh cdu hinh va goi tén cac hop chit sau day.
H,C
cl CH, FH,C  CH,CH,

(@) CIH,C  CH,CHjy (b) HsC CH;
CH; CI

© a) O carbon sp’ nbi véi Cl va C, Cl ¢6 dd uu tién cao hon. O carbon sp’ con lai, nhém
isopropyl c6 dd uu tién cao hon nhom ethyl. Hai nhom ¢ do uu tién cao nhat nim cung mot bén
ctia ndi d6i. Hop chét (a) 1a (Z)-1,2-dichloro-3-ethyl-4-methylpent-2-ene.

b) Lam tuong tu nhu cdu a. Hop chit (b) la (E)-2-chloro-3-ethyl-4-(fluoromethyl)-5-

methylhex-3-ene.

Vi du A: Xéc dinh cau hinh cua céc alkene sau:

HsCH,C  H Br.  CH,Br CH,CH,C  F

(a) H  CH,CH, (b) CI"  CHg (6) HiCH,C H
Vi du B: V& va dan nhan dong phan E, Z cho céc hop chat sau:

(a) H3CH,CHC=CHCHj (b) HyCH,C~C=CHCH,CH;  (€) HsCH,C~C=CHCH,@
Cl CHs

6. Hydrocarbon thom
Hydrocarbon thom c6 céu triic vong véi ndi carbon-carbon bat bdo hoa trong vong. Hau hét

hydrocarbon thom dua trén phén tir benzene CsHe MOt sb vi du cua hydrocarbon thom:

CH,4

Toluene o-Xylene Naphthalene Anthracene

Toluene va o-xylene 1a hop chit benzene mang nhom thé (substituted benzene), va
naphthalene va anthracene 1a cac vong benzene néi véi nhau (fused benzene ring). Khi cac vong
duoc ndi voi nhau, cdu truc tao thanh co it hon hai C va bdn H so véi céu tric ban dau. Vi du, cong
thirc cua naphthalene 1a CsHg + C¢Hg — 2C — 4H = CoHg; anthracene 1a C,yHg + C¢Hg — 2C — 4H =

CisHyo.
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Dic tinh cua hydrocarbon thom

Hydrocarbon thom rat d& chay va ludn ludn cin thao tac can than. Hit hoi benzene trong thoi
gian dai lam giam su san xuat t& bao hdng cau va bach cau va cé thé dan dén tir vong. Benzene ciing
la mot chét gay ung thu. Benzene va mot s6 hop chét thom doc hai khac da duoc ¢ 1ap trong nhua
thude 1a khi dét chay, trong khong khi bi 6 nhiém va trong san pham bi phan hiy cia md dong vat
khi nuéng thit bing than da.

Khao sat cdu triic cua cac phan tir thom cho thiy ching déu cé hai dic diém chung:

e Cac hop chét thom 1a nhirng phan tir vong phang.

e Cac hop chit thom cé hé thdng ndi lién hop (conjugated bonding system) — hé thdng sap
xép cac ndi giita cac nguyén tir cia vong thom gdm cac ndi don va ndi doi luan phién. Hé thdng
phai trai dai khip vong va dam may electron 7 lién quan dén sé ndi doi thoa cong thirc (4n + 2)
electron, voin=1,2 ...

Nhu vay, benzene co sau electron w: (4 x 1) + 2 = 6. Napthalene c6 (4 x 2) + 2 = 10. Va
anthracene c6 (4 x 3) +2 = 14.

Khong phan tir nao trong hai phan tir sau la hop chat thom. 1,3,5-Hexatriene CH,=CH-
CH=CH-CH=CH, c6 sau electron 7 trong hé thong ndi lién hop nhung phén tir nay khéng phai 1a
hop chit vong. 1,3-cyclopentadiene 1a hop chéat vong nhung chi c6 bon electron © trong hé thdng
ndi lién hop nhung khong trai khip vong.

Benzene va dong ding ctia né ciing tuwong tu nhu cac hydrocarbon khac khong tan trong nude
nhung tan trong cac dung moi hiru co. Nhiét do soi ctia cac hydrocarbon thom hoi thap hon so voi
alkane co cung s6 carbon. Vi du: hexane CgH 4 s0i & 69 °C trong khi benzene s6i ¢ 80 °C. Piéu nay
la do cdu tric phing va mat do dién tich electron bat dinh x(r clia benzene lam tang luc hip dan giita
cac phan tir. Cau tric dbi ximg ctia benzene cho phép sap xép cac phan tir gin nhau hon ¢ trang thai
két tinh va do do benzene c6 nhiét d6 nong chay cao hon hexane. Benzene néng chay & 5.5 °C va
hexane ndng chay & -95 °C.

Hai nhém hop chit thom quan trong 1a phenyl va benzyl. Hai nhom phenyl ndi véi nhau, nhu
la biphenyl hay nhom thé phenyl trong nhitng phéan tir khac, nhu 1a phenylhydrazine duoc sir dung
dé phat hién duong.

O O~ QO Ot

Phenyl group Benzyl group Biphenyl Phenylhydrazine
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Goi tén hydrocarbon thom

Str dung hé thong danh s thir tu cdc nguyén tir C trén vong dé goi tén cac dan xuat cia
benzene. Néu tén ctia hgp chat thom dua trén tén thong thuong hon 1 benzene (vi du toluene), thi
nhom thé dac trung (vi du -CHj3 ¢ toluene) dugc chi dinh vi tri “1” trén vong benzene. Mét khac,
cac nhom thé duoc liét ké theo thir tu bang chir cai va cac C trén vong duoc danh s6 sao cho céc

nhom thé ¢é chi sd vi tri nho nhat co thé, vi du hop chét 1-bromo-2-chlorobenzene.

Cl
3-Bromotoluene 1 -bromo-2-chlorobenzene  |.4-Dichlorobenzene 2-Chlorotoluene
(m-bromotoluene) (o-bromochlorobenzene) ( p-dichlorobenzene) (o-chlorotoluene)
Thuat ngir ortho, meta, va para (o-, m-, p-) c6 thé duogc st dung khi cé hai nhom thé trén
vong benzene. Ortho cho nhom thé trén carbon bén canh, meta cho nhom thé ¢ cach mot carbon,

va para cho nhém the ¢ vi tri doi dién trén vong.

Cong dung ciia hydrocarbon thom

Hang nam, tai My, hon 90% hang ty pound benzene dugc san xut tir ddu mo. Qua trinh nay
bao gdm dehydrogene va dong vong hexane tao thanh hydrocarbon thom. Céng dung quan trong
nhét ctia benzene dugc san xudt tir ddu mo 1a tao ra ethylbenzene cho san xuét nhya styrene. Nhitng
timg dung khac bao gdm san xuat phenol, téng hop dodecylbenzene (cho chét tdy rira), va la chat
lam tang chi s6 octane trong xang. Su san xudt hop chét thom bing cach dehydrogene cac alkane

sinh ra lugng 16n khi hydrogen, mét tac chét quan trong dé tong hop ammonia.

7. Cac nhom chire hitu co
Alcohol va Phenol

Alcohol va phenol dugc dic trung bai nhoém chire hydroxyl, -OH. Trong cac hop chét alcohol,
nhom hydroxyl ndi véi nguyén tir carbon lai hoa sp’. Néu C nay néi véi mot nhém R (va hai H) thi
alcohol nay la alcohol nhit cép (primary alcohol). Néu C nay ndi véi hai nhém R (va mot H) thi
alcohol 1a alcohol nhi cip (secondary alcohol). Cudi cuing, néu C nay ndi voi ba nhém R (va khong
ndi véi H), alcohol 1a alcohol tam cép (tertiary alcohol). Danh phap ciia céc alcohol sir dung tiép vi

ngir -ol. Trong cac hop chat phenol, nhém hydroxyl ndi véi vong benzene.
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OH OH
H CH, CH, O,N NO,
[ 2
CH;CH,CH,—C—0H C[-]ACHI—("—E JH CH;—C—O0H
H H CHj; )
1 -Butanol 2-Butanol Methyl-2-propanol ) NO,
(butyl alcohol) (sec-butyl alcohol) (terr-butyl alcohol) Phenol 2.4.6-Trinitrophenol

(a primary alcohol) (a secondary alcohol) (a tertiary alcohol) (carbolic acid) (picric acid)
Mot phén tir ¢6 thé c6 nhiéu nhom chic. Phan tir ¢6 hai nhom hydroxyl goi la diol (hay
glycol), ¢6 nhiéu hon hai nhém hydroxyl goi la polyol. Ethylene glycol, mot diol, dugc sir dung lam
dung dich chdng dong trong xe 6 t6; glycerol, mot polyol 1a mot phan tir sinh hoc quan trong duoc

str dung dé luu trir chat béo trong co thé.

(|“n:—c|1[3 CH,—CH—CH,
OH OH OH OH: OH
1.2-Ethanediol 1.2.3-Propanetriol

(ethylene glyceol) (glycerol)

Tinh chat vat li cua cac alcohol béo chiu anh hudng manh bai lién két hydrogen. Tuy nhién,
khi chiéu dai ddy tang, anh huong ctiia nhém hydroxyl phan cuc 1én tinh chét ctia phan tir giam.
Phén tir tré' nén kém ua nudc va ua hydrocarbon hon. Céc alcohol ¢6 khdi luong phén tir thip c6 xu
hudng tan trong nudc trong khi cac alcohol ¢6 khdi lugng phan tir cao thi khong. Nhiét do s6i va do

tan cua cac hop chit phenol rit da dang, phu thudc vao nhitng nhém thé khéc trén vong benzene.

Piéu ché va cong dung cua alcohol

Hai phuong phap dé tong hop alcohol 1a hydrate héa alkene va thuy phan alkyl halide.

OH
H,SO
H,C=CH—CH; + H,0 ———* PN (A)
propene 2-propanol
(propylene) alcohol isopropyl
B o ——= o~ OH (B)
1-bromopropane 1-propanol

Phan tmg (A) 1a phan img cong (addition reaction) va phan tng (B) la phan img thé
(substitution reaction). Trong phan tmg cong, mdt hay nhidu nguyén tir cong vao mot phén tir.
Trong phan Gmg thé, mot nguyén tir hay mot nhom duge thay thé béi nguyén tir hay nhém khac.

Methanol (alcohol gd) la alcohol don gian nhét. D6 1a mot chat rat doc c6 thé gdy mu lda hay
tir vong néu udng vao. Hau hét methanol dugc san xuét tir carbon monoxide CO va hydrogen.

350 °C
CO + 2H ————— CH.OH
2(9) 200 atm CH3CH (g)

Zn0, Cr;045
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Methanol la alcohol duoc san xuat nhiéu nhit. N6 dugc st dung dé tong hop nhitng héa chét
khac, sir dung lam dung mdi va cong dung quan trong tiém ning Icua methanol 1a nhién liéu dong
Co.

Ethanol CH3CH,OH, la rugu ngii céc, dugc tim théy trong cac do uéng ¢6 con. No dugc san
xuat mot cach dé dang bang cach 1én men nudc mia hay nhitng vat liéu khac chira duong tu nhién.
Trong cong nghiép, ethanol dugc san xuit bang cach hydrate hoa ethylene véi xtc tac acid sulfuric
(turong tu phan tng A).

Ethylene glycol HOCH,CH,OH, tan trong nudc va c6 nhiét do séi 197 °C cao hon nudc.
Nhirng dic tinh nay khién cho ethylene glycol 1a chit chéng dong khong bay hoi, gitr dugc lau
trong bo tan nhiét xe hoi. N6 ciing dugc sir dung trong san xuat dung moi, chat ty son va chat lam
mém déo.

Glycerol (glycerin) HOCH,CH(OH)CH,OH, la san pham phu trong qua trinh san xuit xa
phong. N6 la chét long ¢6 vi ngot nhu xi 1o, ¢ thé tan vo han trong nudc. Bai vi kha nang hit 4m
khong khi, glycerol dugc dung dé giir cho da ém va mém trong my pham va chét dudng da.

Mot dan xudt hiru ich va tha vi cua alcohol 12 ion alkoxide, RO™ mot dang deprotonate hoa cia
alcohol. Ton alkoxide duoc tao thanh tir phan tng cua kim loai natri hay kali véi alcohol. Vi duy, ion
methoxide CH;0™ dugc didu ché theo phuong trinh sau

CH;OH + Na — CHsONa* + 1/2H,(g) (C)

Phan tng (C) l1a thir nghiém dinh tinh don gian doi khi duoc ding dé xac dinh mot hop chét
c6 phai la alcohol hay khong. Phan Ung cua kim loai natri véi alcohol tao thanh bong bong khi.
Phan tmg (C) dugc sir dung thuong xuyén dé diéu ché ion alkoxide, ion nay dugc ding trong cac
phan ting khac. Vi du, ion alkoxide c6 thé phan g v&i haloalkane tao thanh ether nhu dudi day.

CH30" + CH3CH,Cl ——= CHsOCH,CHs + CI"

Ether
Ether 1a hop chat c6 cong thire chung la R-O-R’, véi R va R’ ¢6 thé 1a nhém béo (aliphatic)

.. D QL

Dimethyl ether Diphenyl ether Methyl phenyl ether

hodc thom (aromatic).

~
Dimethyl ether c6 ciing cong thirc phan tir véi ethanol nhung hai chat nay co tinh chat vt li

va hoa hoc kha khac nhau boi vi mdi chit c6 mot nhom chire khac nhau (bang 1.2). Dimethyl ether

va ethanol 1a dong phén cau tao.
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Ether c6 thé dugc xem la alkane hay hop chat thom mang nhom alkoxy. Hé théng danh phap
IUPAC goi tén ether la alkane mang nhom thé alkoxy, tirc 1a alkoxyalkane. Nhom thé nho hon la
phan nhém alkoxy va nhom thé 16n hon la day chinh. Vi du, tén IUPAC ctia ethyl methyl ether 1a
methoxyethane va anisole la methoxybenzene.

Ether ciing co thé 1a hop chat vong. Vi du, néu mdt nguyén tir oxygen thay thé nguyén tir mot
nguyén tu carbon tao thanh ether vong. Nguyén tir oxygen goi la di nguyén nir (heteroatom) (vi no
khong phai la carbon), va hgp chit nay goi 1a hgp chét di vong (heterocyclic compound). Hé thng
goi tén ether vong don gian nhat 1a sir dung tiép dau ngir oxa- dit trudc tén cycloalkane. Tiép dau
ngir oxa- cho biét mot nguyén tir carbon dugc thay thé bai mot nguyén tir oxygen. Vi vay, hop chit

sau co tén la oxacyclohexane.

Piéu ché va cong dung ciia ether
Ether d6i xtmg, nhu diethyl ether, c6 thé duoc diéu ché bang phan tng loai nude tir hai phan
tur alcohol véi mot tac nhan dehydrate manh nhu H>SO,4 dam déc.

H,S0, dd
40 °C

CH3CH,OH + HOCH,CH; CH3CH,OCH,CH; + H,0

Ether tuong d6i khong hoat dong vé mat hoa hoc. Lién két ether bén vai hau hét cac chat khir
va oxy hoa, ciing nhu véi acid lodng va kiém.

Diethyl ether dugc dung lam chit gdy mé phd bién, lam giam su cang co. N6 anh huong dén
mach dap, nhip thd va anh hudng nhe 1én huyét 4p. Tuy nhién n6 hoi kich thich cac dng hd hip va
gy non. Methyl propyl ether (neothyl) ciing dugc sir dung lam chat gdy mé nhung kém kich thich
cic ong ho hap hon. Dimethyl ether, mét chat khi ¢ nhiét do phong, duoc sir dung lam chat day
trong cac binh xit. Cac ether c6 khdi lugng phan tir cao hon duge ding lam dung méi cho vec-ni va
son mai. Methy! rert-butyl ether MTBE, mot ether bat d6i ximg dugc sir dung lam chét tang chi sb
octane trong xang. Tuy nhién, bdi vi do tan trong nudc tuong ddi cao (~ 5g/100g H,0), & mot s6
khu vie né gy ra 6 nhiém nudc ngam do ro ri tir cac thung chira & dudi dat; va hién nay né khong

dugc str dung nira.
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Aldehyde va ketone
R R'
Aldehyde va ketone chira nhom chirc carbonyl O . Néu R hay R’1a nguyén tir H thi hop
chét la aldehyde. Néu R va R’ 1a nhom alkyl hay aryl thi hop chat la ketone.

0 0 0

Il Y B o i C H
H—C—H CH_‘L{H—CHI—(' H )
Cl

Methanal 3-Chlorobutanal Benzaldehyde
(formaldehyde) ( B-chlorobutyraldehyde)

0] O 0]
CH;—C—CH;,4 CH;,CH,—C—CH,CH;4 ©—('—CH_‘
Propanone 3-Pentanone 1 -Phenylethanone
(acetone) (diethyl ketone) (acetophenone)

Aldehyde va ketone thuong cé nhimng dic tinh va mui vi d& nhan ra. Vi du, 2-heptanone 1a
chét long c6 mui gidng dinh huong ¢ trong mii ctia nhidu loai trai cAy va san pham tir sita. Mot s6
aldehyde va ketone dugc dung lam chét tao gia vi. Vi du, vanillin, hgp chit tao mui va-ni 1a mot
aldehyde. Alpha-demascone va 2-octanone la hai ketone lan luot ¢c6 mui ddu va mui ndm.
Butanedione la chat 1ong mau vang, ¢c6 mui giéng pho mat.

Hé thdng danh phap IUPAC cho aldehyde str dung tiép vi ngir -al. Day chinh la day dai nhét
mang nhém chuc aldehyde. Aldehyde c6 bén carbon dugc goi la butanal vi tén xuét phat tir alkane
(butane) v6i -e dugc thay thé bing -al. Panh s6 thir tu ddy bét dau tai carbon ctia nhom aldehyde;
n6 ludn ludn 6 vi tri 1 va khong can ghi o ra. Vi vay 3-chloro-2-methylbutanal la

Cl H

HaC o)
CHa

3-chloro-2-methylbutanal
Hé thong danh phap IUPAC cho ketone str dung tiép vi ngit -one. Day chinh phai mang nhom
chirc carbonyl va duoc danh s6 sao cho nhém carbonyl ¢6 s6 chi vi tri cang thdp cang tét. Vi du
cl O

Hi3C CHj
CHs3
4-chloro-3-methyl-2-pentanone

Diéu ché va cong dung ciia aldehyde va ketone
Aldehyde c6 thé dugc diéu ché bing cach oxi hoa alcohol nhét cép vdi tac nhan oxi héa nhu
1a ion dichromate trong dung dich acid. Tuy nhién, aldehyde vira méi tao thanh nhanh chong bi oxi

héa tao thanh acid carboxylic.
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Crzoyz_ CI"EOTZ_
CH3CH,OH ———— CH3CHO —— CH3COOH
H H*
ethanol acetaldehyde acid acetic
(alcohol 1°) (aldehyde) (acid)

Dé dirng phan tng tai aldehyde cAn mot téc nhan oxi héa ém diu hon trong méi truong khong

nudc. Su oxi hda mot phan co thé thuc hién duoc véi pyridinium chlorochromate (PCC) trong dung

=
\@ | C|CF03-

PCC, CH,Cl, \
CHa(CHp)gCH,OH ————2"2 > CH,(CH,)sCHO M (PCC)

moi hiru co nhu dichloromethane.

(PCC dugc tao thanh duéi dang tinh thé cam tir phan g giira CrO; va HCI trong pyridine.)

Oxi hoa alcohol nhi cé‘ip tao ketone.

)Oi CrQO?z-’ )CL

H +
2-propanol acetone
(alcohol 2°) (ketone)

Ketone khang duoc sur oxi hoa manh hon aldehyde va alcohol. Luu y rang, alcohol tam cip
khong thé bi oxi hoa thanh aldehyde hay ketone vi carbon tam cap ndi véi ba nhom alkyl va khong
thé tao ndi doi voi nguyén tir oxygen trir khi mot ndi carbon carbon bi bé gay. Oxi hoa alcohol tam
cap khé va can tac nhan oxi hoa manh.

Aldehyde va ketone hién dién nhiéu trong tu nhién. Mot sé ngudn tu nhién chira aldehyde va

HsC CHs
H H
o) N7 70

H,C %

ketone la

Benzaldehyde Cinnamaldehyde Camphor
(hanh nhén) (qué) (thu dudc tir

cdy Camphor)
Aldehyde c6 thé bi khir thanh alcohol nhat cp va ketone c¢6 thé bi khir thanh alcohol nhi cip
bai sodium borohydride NaBH4. Vi du, 2-hexanone bi khtr thanh 2-hexanol boi NaBHa.

O NaBH, OH
\/'\)'I\ H,0 \/\/]\

Phan g bao gom hai budc: (1) su tin cong cua ion hydride (H') vao nhém carbonyl; (2) su

proton hoa ciia nguyén tir oxygen carbonyl.
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Aldehyde va ketone duoc ding lam nguyén lidu dau va tac chat cho su tong hop cac hop chit
hiru co khac, va noéi chung aldehyde hoat tinh hon ketone. Nguyén tir carbon trong nhém carbonyl
hoi duong dién va dé bi tan cong boi cac nhoém thich cac tim duong dién.

Aldehyde don gian nhit la formaldehyde (H,C=0), mdt chat khi khong mau d& tan trong
nudc. Hang ti kilogram formaldehyde duoc diing trong san xuét nhua tong hop mdi nam. Mot
polymer ciia formaldehyde 1a paraformaldehyde duoc ding lam chat khir triing va thude trir siu.

Acetone la mot trong nhitng ketone quan trong nhat. N6 1a chat long dé bay hoi (nhiét do soi
56 °C) va dé& chay. Acetone l1a dung mai tot cho mot loat hop chét hiru co va dugc dung nhiéu lam
dung moi cho vec-ni, son mai va chat déo. Khong gidng nhiéu loai hop chit hiru co thong thuong

khéc, acetone tan vo han trong nudc.

Acid carboxylic
R.__OH
Acid carboxylic chira nhém chirc carboxyl (carbonyl va hydroxyl) ©
Trong nhiéu hop chit, R 1a phin béo. Céac hop chit nhu vy goi la acid béo vi nhitng hop chit
c6 khdi lugng phén tir cao cuia cac acid béo nay ton tai trong tu nhién dudi dang md va dau. Néu
acid c6 hai nhém carboxyl thi duoc goi la acid dicarboxylic. Nhém carboxyl ¢ thé ndi véi vong
benzene.
@]
0 0 OH
/ji OH HO\WJLOH OH
OH (@] 0o

acid acetic  acid benzoic acid oxalic acid phthalic
Acid mach thiang hay mach nhanh c6 thé duoc goi tén theo danh phap IUPAC hoic sir dung
chir cai Hy Lap két hop vdi tén thong thuong. Cycloalkane véi nhom thé -COOH dugc goi tén acid
cycloalkanecarboxylic, nghia 1a phan cudi carboxylic néi véi tén cua cycloalkane. Acid thom duogc
goi tén nhu 1a dan xudt ctia acid benzoic. Sau day la mot sb vi du:

0O

COOH
cl o [i] E::IkaH
5%W3)LOH OH

Acid 3-chlorobutanoic  Acid cyclohexanecarboxylic  Acid 2-hydroxybenzoic
Acid B-chlorobutyric Acid o-hydroxybenzoic
Acid salicylic
Luu y 12 ¢ acid carboxylic mach thiang hay mach nhanh nguyén tir C trong nhém -COOH la

C1, nhung & acid thom va acid vong nguyén tir C ndi véi nhom -COOH la C1.
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Acid carboxylic dugc tim thay nhiéu trong tu nhién. Rau bi-na, ciy dai hoang va cac loai rau

xanh khéc rat giau acid oxalic. Sira chua va céc co bi dau c6 nhiéu acid lactic. Qua chanh cé nhiéu

acid citric.
0] o Os~__OH
HO 0] (0]
OH OH HO OH
OH o OH
Acid lactic Acid oxalic Acid citric

Acid carboxylic dic biét 1a cac acid co khdi lugng phéan tir thdp c6 mui dic trung. Acid
ethanoic (acid acetic) tao ra mui dic trung cua gidm. Acid butanoic gép phan vao mui thom cia
nhiéu loai pho-mat, va acid (£)-3-methyl-2-hexenoic la thanh phan chinh gdy ra mui mé héi &
ngudi.

Mot s tinh chét cua acid carboxylic ¢ thé dugc giai thich dua trén kha nang cua phan tir acid
carboxylic tao lién két hydrogen giira chiing hay véi cac phan tir khac nhu nude. Vi dy, cac acid
carboxylic khdi lugng thip c6 thé tan trong nude vi ching ¢6 thé tao lién két hydrogen véi nudc.
Ciing nhu vay, acid carboxylic c6 nhiét do soi va nhiét do nong chay tuong dbi cao boi vi lién két
hydrogen.

Acid carboxylic 1a acid yéu khi hoa tan trong nuéc. Mot cach don gian dé kiém tra mot hop
chat co phai 1a acid carboxylic hay khong 1a cho chét dé vao dung dich sodium hydrogen carbonate
NaHCO; (aq) hay dung dich sodium carbonate NaCOjs (aq). Néu hop chat la acid, s& nhin thy bong
béng khi CO; (g), nhu phan Ung sau

2 RCOOH (ag) + Na,COs (ag) — 2 RCOONa (aq) + CO, (g) + H,0 (1)

Diéu ché va cong dung ciia acid carboxylic

Acid carboxylic c6 thé diéu ché trong phong thi nghiém bang cach oxi héa alcohol nhét cap
hay aldehyde. Tac nhan oxi hoa phd bién la KMnOy4 (aq) trong moi truong kiém. Bai vi mdi trudng
kiém, nén san phdm la mudi potassium, nhung acid carboxylic tu do c6 thé duoc tai tao lai trong
mdi truong acid.

+

nOy + H +
CH3;COO K" — CH3COOH + K

OH™ nhiét

CH4CH,OH
KMnO, , H .
CHSCHchchQOH —_— CH3CH20H2COO'K O CH3CH20H2COOH + K
OH", nhiét
Acid carboxylic c¢6 thé dugc didu ché bang cach thuy giai nitrile. Su thuy giai nitrile c6 thé
xay ra trong dung dich acid hoac base, nhu sau

H* hay OH"

R-C=N + 2H,0 RCOOH + NHj
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Néu phan ting xay ra trong dung dich base, anion carboxylate dugc tao thanh. Dé thu dugc
RCOOH, dung dich phai dugc acid hoa.
R
Dan xuét cua acid carboxylic  ©  duoc goi la nhom acyl. Tén goi nhom acyl xuat phat tir

tén acid thay thé -ic bang tiép vi ngir -y/,nhu dudi day.

0] (0] 0]
C—H —C—CH; s—— —
IUPAC name: Methanoyl Ethanoyl Benzoyl
(from methanoic acid)  (from ethanoic acid)  (from benzoic acid)
Common name: Formyl Acetyl Benzoyl

(from formic acid) (from acetic acid)
Tén IUPAC ciia cac nhom acyl nay hau nhu khong duoc str dung. Dan xuét acetyl cta acid o-

hydroxybenzoic (acid salicylic) dugc biét dén 1a aspirin, acid acetylsalicylic (ASA).

O

COOH

Acid acetylsalicylic
(Aspirin)

Ester
Cong thirc chung cua ester 1a RCOOR’. So sanh cong thirc chung ciia ester vdi cong thire
chung ctia acid carboxylic, chung ta thdy rdng nhém hydroxyl trong nhom chtc cua acid carboxylic
dugc thay thé bing nhom alkoxyl. Trong phong thi nghiém ester c6 thé dugc diéu ché bang phan
tg cua acid carboxylic véi alcohol. San phdm cuia phan mg nay 12 ester va nudec.
O . R O
CH3OH + Hac/U\OH LnITet HSC)LOCH3 + H0
Bai vi phan tng trén thuan nghich nén mot luong thira alcohol duge sir dung dé dam bao hiéu
suat phan tmg cao. Tén ctia ester gdm hai phan. Phan dau la phan alkyl. Phén thir hai la tén acid
carboxylic v6i dudi -ic dbi thanh -ate. Sau day la mot s vi du:
o} 0 /@ o}
)LO/\\ \)I\O /\)LO/‘\/‘\/
Ethyl ethanoate = Phenyl propanoate Pentyl butanoate
(Ethyl acetate)  (Phenyl propionate) (Pentyl butyrate)
Khong gidng mui hiang cua acid carboxylic, céc ester tao tir cac acid nay ¢6 mui thom dé& chiu.

Mui huong thom ngat ctia nhiéu loai hoa va trai cdy xudt phat tir mui ester ma chung chira. Ester
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duoc sir dung trong nudc hoa va chét tao mui huong trong banh keo va nudc ngot. Hau hét cac ester
la chat 1ong khong mau va khong tan trong nude. Nhiét d6 nong chay va nhiét do soi cua chiing

thap hon ciia acid va alcohol ¢6 cuing s6 carbon. D6 1a do su thiéu lién két hydrogen trong ester.

Amide

Thay thé nhém hydroxyl trong nhom chirc cua acid carboxylic bang nhém -NH, tao ra nhoém
chitc amide. Vi dy, butanamide dugc tao thanh bing cach thay thé nhom hydroxyl trong acid
ethanoic biang nhém -NH,.

0]

A~

Butanamide

2

Tén cna amide dugc tao nén tir phin alkane cia tén acid cong vdi tiép vi ngir -amide. Néu
nguyén tir hydrogen trén nguyén tir nitrogen dugc thay thé biang nhimg nhém khac, ching ta c6
amide mang nhém thé, vi du nhu cac phan tir sau.

(0]
0 O

~
)j\ N~ TI \)I\ NN
H I
N-methylethanamide N,N-dimethylbenzamide  N-ethyl-N-methylpropanamide

Nhu céc vi du trén, chung ta goi tén amide mang nhom thé bang cach sur dung tiép dau ngir N-
& trudec mdi nhom thé trén nitrogene.

ndi peptide

N-(4-hydroxyphenyl)ethanamide
(Tylenol®)

Mac du co su hién dién cua nhéom -NH; trong amide don gian, chung khong phai la base
Brensted nhu amine hay ammonia boi vi su cdng hudong trong nhom amide.

( S
O: o}
H3C—< -— H30—<@ cOng hudng trong amide
Q\]Hz NH,
Poi dién tir doc than trén nitrogen bét dinh xir vurgt qua nhém carbonyl theo huéng lam cho
nguyén tir oxygen giau dién tir hon. Su proton héa oxygen ctia nhém carbonyl thuong la budc dau

tién quan trong trong phan (g clia ester va amide trong diéu kién acid.
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Diéu ché va cong dung ciia amide

Mot cach dé diéu ché amide la cho acid carboxylic phan ting véi ammonia, tao thanh mudi
ammonium, tiép theo la gia nhiét tao thanh amide. Chudi sau ddy tom tit con duong diéu ché
ethanamide.

O O O
Hsc)J\OH + NHy —— |-13<:JJ\0'NH4+ 4 . H3C)LNH2 + HO

Tuy nhién amide hiém khi dugc diéu ché theo cach trén. Mot cach hiéu qua hon dé chuyén
héa CH;COOH thanh CH3;CONH; la dau tién cho acid phan tng véi SOCI, chuyén acid thanh acid
chloride CH3COCI hoat tinh hon, va sau d6 cho acid chloride phan tng véi ammonia.

Amide c6 thé chuyén hoa thanh cic hop chét khac, nhung so sanh voi nhitng din xuét cua
acid carboxylic khac amide twong déi kém hoat tinh. D9 bén cua cac cdu tric sinh hoc va tinh chét
ctia polyamide, nhu to lua va nylon, phu thugc phan nao d6 vao ndi amide. Tuy nhién amide c6 thé
chuyén thanh nitrile, R-C=N, béng cach st dung mét tac nhan dehydrate manh nhu P4O.

@]

)I\ P404q

chHzc NHz -_— CH3CH2_CEN + Hzo

Amine
Amine la din xuat hiru co ctia ammonia NHs, trong d6 mét hay nhiéu nhém hitu co (R) thay
thé cho nguyén tir H. Su phén loai amine dua trén sd luong nhém R ndi voi nguyén tir nitrogen -

mot cho amine nhat cap, hai cho amine nhi cédp, va ba cho amine tam cap.

N
|
“ONH, Cr O o N

Ethylamine Diphenylamine Ethylmethylpropylamine
(amine nhdtcidp) (amine nhi cip) (amine tam cép)

Phuong phéap chinh dé diéu ché amine 1a khir hop chat nitro.

Mot phuong phap khac dé didu ché amine 1a phan tng giita ammonia va alkyl halide.
Methylammonium bromide tao thanh phan ing vgi ammonia dugc thém vao tao ra amine.
NH;3 + CH3Br — CH3NH; 'Br
CH3;NH;'Br~ + NH; — CH3NH, + NH,'Br
V6i phuong phép nay, viéc diéu ché amine nhét cap tinh khiét 1a rit khé boi vi amine nhét cap

vira duoc tao ra cé thé tham gia phan tng thé vai alkyl halide tao thanh amine nhi cap, vi du
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CHj,
CH3;NH, + CH;Br — CH;NH + HBr

Dimethylamine tiép tuc phan (ng v&i bromomethane tao thanh amine tam cép
trimethylamine.

Amine ¢6 khéi lugng phén tir nho 1a chat khi va d tan trong nude tao dung dich base. Nhirng
thanh phan dé bay hoi ¢c6 mui tuong tu mui ammonia, nhung ¢6 mui tanh giéng mui ca hon. Amine
nhat cdp va nhi cap co thé tao lién két hydrogen nhung nhirng ndi nay yéu hon lién két hydrogen &
nude vi nitrogen kém dm dién hon oxygen. Gidng nhu ammonia, amine c6 cdu tric kim ty thap tam
gidc voi cap electron doc than ¢ trén nguyén tir N. Ciing nhu ammonia, tinh base cua amine 1a nho
cap electron doc than nay. Cac amine thom c6 tinh base yéu hon ammonia. Cac amine béo ¢6 tinh

base hoi manh hon ammonia.

NH; + H,0 = NH,* + OH~ K,=18X1075
CH;NH, + H,0 == CH;NH;* + OH~ K, =42 %1075
methylamine
@an + H,0 = ONU; + OH™  K,=74x10710
aniline

Dimethylamine 1a chét lam ting tc cho viéc tdy long trong qua trinh thudc da. Butyl- va
pentylamine duoc dung lam chat chong oxy héa, chdng &n mon, va san xuat xa phong tan trong dau.
Dimethylamine va triethylamine dugc san xuit trong nhua trao déi ion. Nhirng tmg dung khac 1a
san xuét thudc sat trung, thude trir sau, thude diét co, thudc uéng, thudc nhudm, thude diét nam, xa
phong, my phdm, va thudc trang phim. Nhiéu amine c6 hoat tinh sinh hoc bao gdm cocaine,
nicotine, morphine, quinine, vitamin B6...

Dan xuat quan trong cia ammonia 1a mudi tetraalkyl ammonium. Cation trong mudi nay c6
b6n nhém hitu co ndi véi nitrogen va duoc goi 1a ion ammonium tir cap. Trong ion ammonium tir

cép, nguyén tir nitrogen c6 dién tich hinh thirc 1+.

o
HzC—N*—CH 0
L PP

CHj, 10 S SRR

lon tetramethylammonium Acetylcholine

lon ammonium tir cdp, nhu 1a acetylcholine, & trong hé thong truyén cac xung than kinh ¢ co
thé con nguoi. Nhiéu chit doc anh huong dén hé than kinh trung wong chira nhém ammonium tir

I3
-

cap.
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Hop chit di vong

Trong hau hét cac hop chat vong dé cap dén luc nay, tit ca cac nguyén tir trén vong 1a carbon
va nhitng hop chét ndy goi la carbocyelic. Tuy nhién, trong nhiéu hgp chat tu nhién va tong hop,
mdt hay nhiéu nguyén tir ciia vong khong phai la carbon. Nhirng hop chét nay goi la hop chét di
vong heterocyclic. Cac hé thong di vong hau hét chira N, O va S véi cac kich ¢& vong da dang.

Pyridine c6 cAu tric tuong tu benzene nhung thanh phan khac nhau mot nguyén tir nitrogen
(nitrogen analogue of benzene). Khong gidng benzene, né tan trong nudc va cé tinh base (doi
electron khong dung chung trén N khong nam trong dam mdy electron 7 cia hé thong vong).
Pyridine 1a chat long c6 mui kho chiu, truée ddy né duge san xuat doc nhat tir nhua than da, nhung
bay gio c6 nhiéu phuong phap téng hop dé san xuét hop chét nay. Pyridine dugc dung trong san
xuat duoc pham, nhu 1 thude sulfa va thude tri di ing, diing 1am chét bién tinh ethyl alcohol, dung

mdi cho cac hop chét hitu co, va dung trong san xuét chit chong thdm nuéc cho vai dét.

(a) (b)
Hinh 1.17: Pyridine.
Trong phan tir pyridine CsHsN, mot nguyén tir nitrogen thay thé mot don vi CH ctia benzene.

(a) Cong thic cdu tao. (b) M6 hinh space-filling

Cich goi tén cic hop chit ¢6 nhiéu nhém thé
Goi tén cac hop chit sau day nhu thé nao?

(a) OH (b) OH

© D6 uu tién cia mot sé nhom chire thong dung nhu sau:

Acid carboxylic (D¢ wu tién cao nhdt) > ester > amide > aldehyde > ketone > alcohol > amine
> alkoxy (D wu tién thap nhat)

Luu y: nhém chire véi hai di nguyén tir (acid carboxylic, ester va amide) co do uu tién cao

hon nhém chirc c6 mét di nguyén tir.
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Thir tu d6 wu tién cho phép chung ta quyét dinh phén tir (a) la acid, cu thé 1a acid pentanoic.
Tiép dau ngir oxo duoc sir dung cho nhém chirc carbonyl. Vi vdy hop chit (a) 1a acid 3-methyl-4-
oxopentanoic.

Tiép déu ngir cho nhom -OH 1a hydroxy va nhom -NH, l1a amino. Tén hop chat (b) la 5-
hydroxy-6-methyl-2-heptanone.

8. Tir cong thirc phan tir dén cdu tric phén tir

Tién trinh dé nghi cdu triic phan tir khi biét cong thirc phan tir va mét sé ddu hiéu nhan biét
hoa hoc cho biét cac nhom chirc héa hoc ¢6 thé hién dién trong phén tir nhu thé nao?

Dau tién, xac dinh d6 bat bao hoa trong phan tir. Do bt bao hoa, nhu l1a ndi doi, ndi ba hay
céu trac vong, lam cho sé nguyén tir hydrogen trong phén tir nho hon sé nguyén tir toi da c6 thé co.
Mot hydrocarbon bdo hoa vdi #n nguyén tir carbon ¢o 2n + 2 nguyén tir hydrogen, s6 t6i da co thé
¢6. Cong thurc chung C,H,, la danh cho alkene hay cycloalkane, alkene hay cycloalkane cé it hon
hai nguyén tir hydrogen so véi so toi da c6 thé 6. Chiing ta két luan ring, véi mdi ndi m carbon -
carbon hay cdu tric vong s6 nguyén tir hydrogen giam di hai.

Vi du, phan tir CsHyo ¢6 it hon hai nguyén tir hydrogen so v6i sé nguyén tir hydrogen tdi da c6

thé c6 va n6 c6 thé c6 mét trong céc céu trac sau: E( >=\ ... (c6 nhitng ddng phéan khac
nita, hay vé& cdu triic cac dong phan con thiéu).

Trén day, chiing ta mai dé cép dén cac phan tir chi chira carbon va hydrogen. Céach xac dinh
do bét biao hoa ctia phén tir chira nguyén tir O, N va Cl can giai thich thém. Trong hop chat hitu co,
nguyén tir halogen, nhu chlorine, la nhitg nguyén tir cudi, khong phai nguyén tr & gitra. Vé mat
nay, halogen tuong tu nhu hydrogen. Khi xac dinh do bat bao hoa, nguyén tir halogen duoc tinh

nhu nguyén tr hydrogen. Vi vay CsHoCl c6 do bat bao hoa la 1 vi 9 + 1 nho hon sé nguyé tir

nhitg dong phén khac nita, hay v& cdu tric cic dong phan con thiéu).

hydrogen tbi da c6 thé c6. Mot sb cau tric cia CsHoCl nhu sau: .. (¢
Trudng hop xuit hién nguyén tir oxygen trong phén tir, do bat bdo hoa cua hop chét chira C,
H, O dugc tinh nhu hop chat chi chira C va H va bo qua O. Dé hiéu tai sao, hay ciing xem xét phan
tir ¢6 chira mot nguyén tir oxygen. Sau déy 1a céc lién két c6 thé co:
O

_o. L

R-OH R R R™ "R'(hay H)
Alcohol Ether Ketone (hay aldehyde)
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Vi mot alcohol hay ether, ching ta thiy ring nguyén tir oxygen dugc chén vao giira nguyén
tur carbon va hydrogen hodc vao giita nguyén tir carbon va carbon. Khéng cé cdi nao trong céac lién
két nay lam giam sé nguyén tir hydrogen do d6 khong anh hudng dén do bat bao hoa. Ching ta c6
thé néi réng, néu cong thirc cua mot hop chit la CnH2p+20, thi hop chit do la alcohol hay ether
khong c¢6 nbi 7 hay vong.

Tuy nhién, trong hop chét carbonyl, nguyén tir oxygen thay thé vi tri cua hai nguyén tir
hydrogen. Vi vay hop chat carbonyl ¢6 d6 bét bdo hoa la 1 va c6 cong thirc chung 1a C,Hy,0.

Dé minh hoa cho diéu nay, ciing xem xét phan tir C3HeO. Vi ba nguyén tir C, s6 H tdi da la

tam. Bo qua nguyén tir O, sé nguyén tir H nhé hon s t6i da 1a hai, vi vay hop chit c6 do bat bao

; ; xn >':0 ;
hoa Ia 1. Sau diy 1a ba cdu tric c6 thé co: > o [>—OH .... (c6 nhimg déng phan
khac nira, hay v& cdu trac cic ddng phan con thiéu).

Phan tir C3HgO c6 do bit bio hoa bing khong. Vi vay, khong c6 ndi © hay vong trong phén

tir. Sau day 1a hai cdu tric co thé co: >~ OH O~ . (c6 nhimg dong phan khac nira, hay
v& cau tric cac dong phan con thiéu).
Vi cac phan tir 6 nhiéu oxygen, vi du C3HeO». Mot 1an nita, nguyén tir oxygen duoc bo qua
khi xét do bat bao hoa. Béi vi c6 sau H khong phai tam, nén d bat bao hoa la 1. Hai dong phan c6
0] 0]

\)J\OH \g\

ciu tric cac dong phan con thiéu).

thé 1a acid carboxylic hodc ester: ... (c6 nhirng ddng phan khac nita, hay v&
Nguyén tir nitrogen ciing hién dién trong hop chét hitu co, va cach xac dinh dé bt bao hoa
cia hop chit nay nhu thé nao? Cung xem xét phan tir C3HoN véi hai dong phan nhu sau:
"
TUNH NN . Ca hai phan tir déu bio hoa va chira sé nguyén tir hydrogen t6i da c6 thé
c6. Lam thé nao ching ta c6 thé xac dinh do bat bio hoa cho phan tir nay? Y tuong quan trong cho
van dé nay la véi mdi nguyén tir nitrogen hién dién trong phén tir, s6 nguyén tir hydrogen duoc tinh
giam di mot. Vi vay, s6 nguyén tir H duoc xem xét la 8 (khong phai 9), bang véi s nguyén tar H
duoc mong chd ddi véi phan tir bao hoa chira ba carbon.
V6i hop chat C4HgN, sé nguyén tir H hitu hiéu 1a 8. M6t phan tir bio hoa c6 4 carbon s& c6 2
X 4 + 2 = 10 nguyén tir hydrogen. Vi phan tir hiru hiéu c6 8 hydrogen (it hon sé téi da la 2), nén
C4HoN c6 do bat bdo hoa 1a 1. Hai dong phan cé thé c6 ciia C4H9N nhu sau: NONH,
NH,

Er ... (co nhimg ddng phan khac nira, hiy vé cdu triic cac dong phén con thiéu).
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