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LOI GIGI THIEU

Thyc hién Nghi dinh 43/2000/ND-CP ngay 30/08/2000 ctia Chinh phu quy
dinh chi tiét va huéng dan trién khai Luat Giao duc, Bé Gido duc va Dao tao va
Bo Y t& da phé duyét, ban hanh cic chuong trinh khung cho dao tao Dugc si Dai
hoc. B6 Y t& t6 chtic thim dinh sach va tai liéu day hoc cac mén hoc co sé va
chuyén mon theo chuong trinh méi nham ting budc xay dung bo sach chuén trong
cong tac dao tao Dugc si Dai hoc nganh Y té.

B6 sach Hod huu co duge bién soan theo chuong trinh dao tao moén Hoa hoc
h#iu co thude chuong trinh gido duc ciaa Pai hoc Y Dugdc thanh phd H6 Chi Minh
trén co sd chuong trinh khung da dugc Bd Gido duc va Dao tao, Bo Y t& phé duyét.

No6i dung bd sach chi dé cap nhiing kién thic ly thuyét vé hoa hiiu co, gom
40 chuong va chia lam 2 tap trinh bay nhiing kién thtic co ban vé danh phap, cidu
tric, co ché phan ting, tinh chit 1y hoc va tinh chat hoa hoc ctia cac hgp chat
hydrocarbon, ciac hdp chat don chiic, cac hdp chat da chtc, hdp chat tap chitc, hop
chat thién nhién va hgp chat cao phan t.

Déi1 tugng st dung chinh cta bd sach nay 1a cac sinh vién dang theo hoc tai
Truong dai hoc Dugc — khoa Dudc cac truong dai hoc nganh Y t&. Péng thdi cling
14 tai liéu tham khao t6t cho nhiing hoc vién sau dai hoc.

Sach dudc bién soan dua theo chuong trinh da dugc Bo Y t& ban hanh. Noi
dung sach chi dé cap nhiing kién thtc ly thuyét vé Hoa hiiu co.

Sach Hoad hitu co dudce cic giang vién gidu kinh nghiém cua Khoa Dugc - Dai
hoc Y Dugc — Thanh phd H6 Chi Minh bién soan. Sach da dugc Hoi dong chuyén
moén thdm dinh sach gido khoa va tai liéu day — hoc chuyén nganh Dugc cua B6 Y
t& thAm dinh va dudc B Y t& ban hanh lam tai liéu day — hoc chinh thtc dung
dao tao duge si dai hoc cia Nganh Y t€ trong giai doan hién nay. Trong thoi gian
tit 3 dén 5 nam, sach cin duge chinh 1y, b6 sung va cap nhat.

Vu Khoa hoc va Dao tao, B Y t&€ xin chin thanh cam on Khoa Dugc - Dai
hoc Y Duge — Thanh phd Hé Chi Minh cung céc tac gia da bd nhiéu cong siic dé
bién soan cudn sach nay. Vi l1a 1an dau xudt ban nén chic chin con nhiéu thiéu
s6t, ching t6i mong nhan dude ¥ kién déng gép cta dong nghiép va ban doc dé
cubn sach ngay cang hoan thién.
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M3 PAU

Dé6i tugng cuia héa hoc hitu co:

Héa hoc hitu co 1a mén khoa hoc nghién ctiu thanh phan va tinh chat cac
hgp chat cua carbon.

Trong thanh phan hdp chat hiiu cd, ngoai carbon con c6 nhiéu nguyén t&
khac nhu H, O, N, S, P, halogen... nhung carbon dugc xem 14 nguyén t6 co ban cau
tao nén hdp chat hiiu co.

So lugc lich st phat trién ctia Héa hoc hitu co

Tu xa xua nguoi ta da biét diéu ché va st dung mot s6 chat hiiu co trong
doi song nhu gidm (acid acetic lodng), rugu (ethanol), mét s6 chat mau hiiu co.
Thoi ky gid kim thuat cac nha héa hoc da diéu ché& duge mot s6 chat hitu co nhu
uré, ether etylic...

Cudi thé ky 18 dau thé ky 19, cac nha héa hoc da chiét tach tu dong, thuc
vat nhiéu acid hiiu co nhu acid oxalic, acid citric, acid lactic ... v mot sd base hiiu
co (alcaloid). Nam 1806 1lan d4u tién nha héa hoc ngusi Thuy Dién Berzelius da
dung danh ti “Hoéa hoc hiiu co” dé chi nganh héa hoc nghién ctu cac hgp chét c6
ngudn goc déng vat va thuc vat. Thoi diém nay c6 thé xem nhu c6t méc danh ddu
su ra doi ciia mon hoéa hoc hiiu co.

Nam 1815 Berzelius dua ra thuyét “Luc song” cho riang cac hop chat hitu co
chi c6 thé dudc tao ra trong co thé déng vat va thuc vat nhd mét “luc séng” chi
con ngudi khéng thé diéu ché duge. Thuyét duy tAm nay ton tai trong nhiéu nam
nhung dan dan bi danh d6 bdi cac cong trinh téng hdp cac chit hitu co tit cAc chat
v6 cd.

Nim 1824, nha héa hoc ngusi Dtic Wohler da téng hop dudge acid oxalic bang
cach thuy phan dixian 12 mot chat vo co. Nam 1828 ciing chinh éng, tit chat vé co
amoni cyanat da téng hgp duge uré. Tiép theo Bertholet (Phap) téng hdp dugc
chat béo nam 1854 va Bulerov (Nga) téng hgp dudng glucose tit formalin nam
1861.

Cho dén nay hang triéu chit hiiu co da dugc téng hgp trong phong thi
nghiém va trén quy mé céng nghiép. Con ngudi khéng chi bét chude téng hgp cac
chat giong thién nhién ma con sing tao ra nhiéu chat hiiu co, nhiéu vat liéu hiiu
cd cuc ky quan trong va quy gia ma tu nhién khong c6.

Tuy nhién tén goi hgp chat hiiu co van duge duy tri, nhung khéng phai chi
v6i nghia 14 cac chat c6 nguén goc dong vat va thuc vat ma mang ndi dung méi: d6
14 cac hop chit cua carbon.



Piac diém cta cac hgp chat hitu c¢o va phan tng hitu co

Mic du ra doi mudn hon héa hoc vé ¢ nhung cac hgp chat hitu co rat phong
phi vé s6 luong, chung loai. S luong chat hiiu co cho dén nay nhiéu gap vai chuc
lan cac chat vo co da biét. Nguyén nhan co ban 14 do carbon c6 kha nang tao
thanh mach dai vé tan theo nhiéu kiéu khac nhau. Néi cach khéc hién tugng dong
phan (ttic 14 cac chat c6 ciing thanh phan phan ti nhung khac nhau vé ciu tao) 1a
cuc ky pho bién va dac trung trong héa hoc hitu co.

C4u trdc phén ti cia hop chét hitu co c6 thé don gian nhung cling c6 thé rat
phitic tap, viéc xac dinh cau tric cua ching nhiéu khi rat khé khan, phai st dung
nhiéu phuong phap héa hoc va vat 1y hoc hién dai.

Né&u nhu lién két ion kha phd bién trong hgp chét vo co thi lién két chua
yéu gifia cAc nguyén tu trong phan ti hitu co lai 1a lién két cong hoéa tri. Dic
diém nay anh hudéng nhiéu dén tinh chit ly héa va dac biét 1a kha niang phan
ing cua chung.

Céac phan tng hiiu co thuong xay ra véi téc do cham, khong hoan toan va
thuong theo nhiéu huéng khac nhau, vi vay vai tro cua nhiét déng hoc, dong hoc
va xuc téc trong héa hitu cd rat quan trong.

Vai tro cua héa hoc hiru co

Cac chat hiiu co c6 vai tro rdt quan trong trong doi sdng cta con nguoi.
Khong nhiing hau hét thuc phdm ching ta an (glucid, protid, lipid), vat dung
hang ngay (cellulose, sgi tong hdp, cao su, chat déo . . .) 1a cic chét hiiu cd ma
nhiéu chat hitu co con 14 co sd ctia su sdng (protid, acid nucleic..). Nhién liéu cho
dong co dot trong, cho nha may nhu xéng, ddu 1a hén hop hydrocarbon mach dai
ngén khac nhau. Cac vat liéu hitu co nhe, khong han gi, tién st dung, nhiéu mau
sidc da dang dang ngay mot thay thé cho cac kim loai, hop kim trong nhiéu linh
vuc, ké ca nhiing linh vuc tuéng nhu khong thé thay thé dugec nhu ban din, siéu
dan. . .

Do t4t ca nhiing dic diém trén, héa hoc hitu co duge tach ra nhu mét nganh
khoa hoc riéng doi hoi nhiing phuong phap nghién citiu va thiét bi ngay cang hién
dai hon, doi héi nd luc khong ngiing ctia cac nha héa hoc dé khéng nhiing bit
chuée thién nhién téng hop nén cac chat phtc tap phuc vu cho nhiéu linh vuc cta
cudc sdng ma con vugt xa hon ca thién nhién. T co s6 héa hoc hiiu co, da cé rat
nhiéu nganh nghién ciu tng dung ra doi: héa cong nghiép, héa dau, céong nghiép
dét, hoa thuc pham, duge phadm va héa m§ pham.
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Chuong 1

CAU TRUC DIEN TU' CUA NGUYEN TU CARBON
VA SUTAO THANH CAC LIEN KET TRONG HOP CHAT HUU CO

MUC TIEU
1. Trinh bay duoc cdu tao dién tiz carbon & cdc trang thdi lai héa sp’, sp® va sp.
2. Gidi thich duoc cdch hinh thanh cdc loai lién két:
— Cong hoa tri
— Lién két phoi tri
— Lién két hydro
NOI DUNG
1. CAU TRUC DIEN TU (ELECTRON) CUA NGUYEN TU CARBON
1.1. Thuyét carbon tir dién (Vant Hoff- Le Bel 1874)

Nguyén ti carbon c6 4 héa tri. Bén héa tri cua carbon huéng ra bén dinh cua
mot ti dién. TAm cua ti dién 12 nguyén ti carbon.

2>m9028'

C

Oy O

Cac goc hoéa tri  tAm déu bang nhau va bang 109°28'. Khi nguyén tt carbon
lién két v6i 4 nguyén ti hoic 4 nhém thé dong nhat ta duge mot ti dién déu.

1.2. Cau trac dién t ctia nguyén tir carbon

1.2.1. Carbon 0 trang thdi co ban

z z A N A 9 2 2 1 1
Carbon c6 ¢6 c&u hinh dién ti C 1572572Px2Py = 15228%2p?

1822822132 |T¢| T¢| t | t | |

2 dién tu don doc la p, va p,. Con c6 mot orbital 2p, trong khong c¢6 dién tu
1.2.2. Carbon G trang thai kich thich C*

1
15228 2py2py2p; = 1522812p3

11



Carbon hép thu nang lugng 60-70 kcal/mol, mot dién ti 2s? chuyén 1én trang
thai 2p (orbital 2p,).

152 2sm 1s? 28 2Px 2P 2py
RN e IENENENEN

C 1822822p2 C 1528 12p3

Carbon c¢6 ciu hinh dién ti 1s%2s'2p?® 1a carbon kich thich (1s22s12px2py2pz).

Két qua 1a carbon c6 4 dién ti don ddc tao lién két. Carbon ludn c6 héba tri 4.
Bon dién ti ciia carbon kich thich c6 nang lugng khac nhau do dé cac lién két cua
carbon phai khic nhau. Thuc t& phan ti metan c6 4 lién két C —H hoan toan giéng
nhau .
1.2.3. Carbon O trang thdi lai hoa

Khi tao thanh cac lién két, orbital 2s va mot s6 orbital 2p c6 thé t6 hop lai
tao thanh nhiing orbital c6 dang khéac cac orbital ban dau va c¢6 kha niang xen phu
cao hon do dé lién két duge hinh thanh ciing bén hon. Su t6 hop dé dude goi 1a su
lai héa.

e Lai héa sp?
Kiéu lai héa thit nhat goi 1a lai hoa sp® (con goi la lai héa t@ dién).
Mot orbital 2s va 3 orbital p t6 hop v6i nhau tao thanh 4 orbital lai héa sp3.

&

Su t6 hop 2s va 2p Orbital lai ho4 sp Carbon lai ho4 sp?

Céc két qua tinh toan cho thdy rang néu xem kha ning xen phu cua orbital
s 14 1 thi ctia orbital p 1a V3 va cta orbital sp® 1a 2.

: [}
1 V3 2

e Lai héa sp®.

Su t8 hop orbital 2s vé6i 2 orbital 2p (2p,, 2p,) tao thanh 3 orbltal lai hoa sp?
hay con goi 1a lai héa tam giac. Truc d61 xting ctia 3 orbital sp? ndm trong mot
mat phing va tao nén nhiing géc 120°. Kha ning xen phu tuong d6i cla orbital

2 1~
sp”la 1,99.
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Su t8 hop 2s va 2p Carbon lai hoa 2sp? Orbital 2pz khong lai hoa

Nhu vay trén carbon lai héa sp? con ¢6 mot dién ti trén orbital 2p, khong lai
héa. Orbital nay c6 dang hinh khéi s6 8 néi .
e Lai hoa sp

T6 hop mot orbital s va mdt orbital 2p, tao thanh 2 orbital lai héa sp véi kha
ning xen phu tuong ddi 1, 93 va gbc tao bdi truc do1 xting cua 2 orbital 1a 180° hay
con goi la lai hoa duong thang.

Trén carbon lai héa sp con c6 2 dién ti p khong tham gia lai h6éa 2py va 2pz

Su t6 hop 2s va 2p Orbital lai hoa sp 2 Orbital 2p, va 2p,

Su lai héa gitia orbital s va p ciing xay ra trong cac nguyén tu oxy, nito ...

2. SU TAO THANH CAC LIEN KET
2.1. Su tao thanh lién két cdng hoéa tri - Lién két o va lién két ©

Lién két dugdc tao thanh do su xen phu cuc dai ctia cac orbital nguyén tu
thanh orbital phan ti. Khi ving xen phu cta cac orbital nguyén ti cang 16n thi
lién két (orbital phan ti) dugc tao thanh cang bén va nang luong thoat ra khi
hinh thanh lién két cang 16n. Khuynh huéng ctia su xen phu 1 tién téi cuc dai, d6
14 ndi dung ctia nguyén ly xen phu cuc dai .

Cdc orbital nguyén tu tuong tfic ¢6 hiéu qua véi nhau thanh orbital
phén ti chung phdi théa man 3 diéu kién:
e Naing luong ctua ching gan nhau .
e Sy xen phu 6 mtic do 16n.
e Chung phai c6 cing mét kiéu d6i xting d6i v6i truc néi hai hat nhan nguyén ti.

Nhu vay 2 orbital s, hodc 1 orbital s va 1 orbital p nao c6 truc déi xtng trung
v6i truc noi 2 hat nhan c6 thé tham gia xen pht nhau thanh orbital phan ti.

13



Tuy theo dic diém d6i xting cia cac orbital nguyén ti, su xen phu cia ching
c6 thé theo truc hay & bén truc néi gitia 2 nguyén tu.

Su xen phu theo truc orbital tao lién két .
Su xen phu bén xay ra sé tao thanh lién két .

e Xen pht truc - Tao lién két o

O-O—W@

O 0@ — @
Orbital s Orbital p Lién két o

® Xen phu bén - Tao lién két

8 + 8
Orbital p Orbital p Lién kétn

2.2. Lién két o va lién két n trong cac hgp chat hiru co

2.2.1. Trong cdc hop chét hitu co' lién két o tao thanh do su xen phu
e Orbital s cia nguyén ti hydro véi cac orbital lai héa cta carbon sps, sps, sp.
e Orbital lai h6a cua carbon xen phu véi nhau.
e Orbital lai héa s va p cia nguyén ti oxy hoéc cua nitc véi orbital s cua hydro
hodc véi cac orbital lai héa cua carbon sp?, sp? sp trong cac hdp chat cé lién
két O-H hoéc C-O va trong cac hop chat c6 lién két N-H hosc C-N.
2.2.2. Lién két 7 duoc tao thanh do su xen phu

e Orbital P, hodc P, cua cac nguyén tu carbon xen phu véi nhau tiung déi mot
dé tao thanh lién két n trong C=C hoac trong C =C.

e Orbital p cia nguyén ti oxy, nité xen phu véi orbital p ciia nguyén tu carbon
tao thanh lién két © trong C=0 hoic trong C =N, C=N.

Vi du:

e Su tao thanh lién két ¢ trong cac hop chit etan, ethylen, acetylen, alcol
ethylic ¢6 thé dude minh hoa nhu sau:

14



Cac lién két trong H_E]_(f_H
phén ti etan

. . H
Cé4c lién két trong phan \fc <>
ti ethylen o~ o

Cac lién két trong
phan ti acetylen 1 H—C—C—H

Gc-C
Cac lién két trong I_|I I_|I
phan ti alcol ethylic H—C—C—O0—H
| |
H H oc-0 O

e Su tao thanh lién két wtrong phdn ti ethylen, acetylen cé thé minh hoa nhu sau:

Lién két © trong ethylen dudc tao thanh do su xen phu cuc dai vé 2 phia cua
cac orbital P, khong lai héa. Lién két 7 (orbital phan té m) ndm trong méit phing
théng géc v6i mat phing chia cac nguyén ti C va H.

T
TC
Lién két © H H H H
trong ethylen Ity !
H H : :
n T

Hai lién két 7 trong acetylen dudc tao thanh do su xen phu cuc dai vé 2 phia
clia cac orbital p, va p, tuong ting. Cac orbital lién két T ndm trong 2 mit phing
théng géc véi nhau.

Lién két «t
Cac liéankétetylen
trong phan tf accuy.en
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o Sy tao thanh lién két ntrong hé thong alen C=C=C .

Hé thong lién hgp thong thudng va don gian 14 nhiing hé ma hai lién két «
va mot lién két o (hodc mot cip dién ti chua st dung) phan bd é canh nhau (luan
phién, tiép cach).

CH,=CH-CH=CH-CH=0 ; CH,=CH-CH=CH-CH =CH-OCCH,

Trong hé théng lién hop su xen phu bén ctia cac orbital p da tao thanh mot
orbital phan ti bao trum lén toan bd phan t.

Su tao thanh cac lién két o va 7 trong hé thong lién hop da lam cho d6 dai
lién két o ngin di va d6 dai cta lién két © dai ra.

Heé théng lién hgp thudng cé trong cac chat thudce loai hydrocarbon thom, di vong
thom. Cac lién két 7 trong hé thong lién hgp luén nam trong cling mét mit phang.

2.3. Tinh chatclacaclienkétovar
2.3.1. Su'phan cuc cua lién két

e Khi phéan ti c6 dang A — A dong nhat thi phan ti khoéng c6 su phan cuc.
Nghia 1a cép dién tu lién két hay 1a orbital phan ti lién két dugc phan bd
déu gitia 2 nguyén ti va momen ludng cuc (u)bang khong.

e Khi hai nguyén tu lién két véi nhau khéng déng nhat (phan ti c6 dang
A -B) nhu H —Cl, CH,-Cl ... cdp dién ti lién két sé léch vé phia nguyén ti c6
do Am dién 16n hon. Do d6 trong tdm dién duong va Am khéng trung nhau va
lién két s& c6 momen ludng cuc khac khong (u # 0). D6 1a lién két cong hoéa
tri phan cuec.

Su phan cuc khong nhiing xay ra ¢ cac lién két 0 ma con x4y ra 6 cac lién
két 7 (phan ti c6 dang A =B hoéc A =B).
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Trong cac phan ti H,C =0 va CH, —-C=N, v.v .. ¢6 su phan cuc cta lién két .

DE chi su phan cuc caa lién két o ngusi ta dung mii tén thing (—)va su
phan cuc cta lién két 7 ngudi ta dung mii tén cong (). Chiéu chuyén dich cua
mii tén 14 chiéu chuyén dich dién tti. Hoéc dung ky hiéu 8%, & - nham biéu thi cac
phan dién tich nhd 6 nhiing nguyén ti tham gia lién két .

. + s N ot & It As
Vidu: CH3>Cl . CH?,—C]8 - HpC=0 . HpC=0 hodc: H2C=C‘O8

2.3.2. b¢ tan

Cac hop chat hiiu co c6 lién két cong héa tri (1a nhiing lién két c6 d6 phan
cuc khong 16n) rat it hodc khong tan trong nudc, trai lai tan nhiéu trong ciac dung
moi hitu co. Dung dich cac chat hiiu co thuong 14 khong dan dién.

Cac chat c6 lién két ion dé tan trong nudc va khong hodc it tan trong dung
moi hiiu co, dung dich ctia chiing dan dién.
2.3.3. DG dai lién két

Khoang cach gitia 2 hat nhan nguyén ti lién két thuong goi theo quy uée 1a
do dai lién két. Do dai lién két dude do bang cac phuong phap vat 1y hién dai nhu:
phuong phap nhiéu xa tia X, notron, electron, phuong phap phd héng ngoai.

Nguoi ta nhdn thdy ring:

e D6 dai lién két cong hoéa tri gitia carbon va mot nguyén tii khéic trong cing mot
phan nhém cta hé thong tuan hoan tdng theo s6 thi tu ciia nguyén ti .

C-F<C-Cl<C-Br<(ClI

e D6 dai cua lién két cong hoa tri gitia carbon va mot nguyén ti khac trong cung
mot chu ky gidm khi s6 thi tu ting.

C-C>C-N>C-O>C-F

e D6 dai cua lién két cong hoéa tri gitia 2 nguyén ti cang gidm néu sb orbital T
lién két cang 16n.

C-C>C=C>C(C=C;C-0O0>C=0=>C=0
C-N > C=N > C=N; N-N > N=N > N=N
e D6 dai lién két o gitia carbon véi mot nguyén ti khac phu thuoc trang thdi lai

héa ctua carbon. Ti 1& orbital s trong orbital lai héa cang cao thi dd dai lién két
cang ngan.

3

__ _ C_—_H
CspH > Csp’fH > $
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2.3.4. Nang luong lién két

N#ng lugng cta lién két A —B 14 s6 ning luong thoat ra khi hinh thanh lién
két d6 ti 2 nguyén ti hay 2 goc A va B. D6 ciing chinh 14 néng lugng can thiét dé
lam dat lién két A —B thanh 2 nguyén ti hay 2 géc A va B.

Bang 1.1: Nang lugng lién két (kcal/mol)

Lién két Ning lugng lién két Lién két Ning lugng lién két
H-H 104,2 C-H 98,8
F-F 36,4 C-F 105,4
CI-Cl 58,0 C-Cl 78,5
Br-Br 46,1 C-Br 65,9

-l 36,1 C-l 57,4
N-N 38,4 C-O 84,0
N=N 100,0 C=0 171,0
N=N 226,0 C*-O 255,8
P-P 51,3 C-N 69,7
Cc-C 83,1 C=N 147,0
Cc=C 147,2 C=N 213,0
C=C 194,0 H-F 134.,6
Si-Si 42,2 H-ClI 103,2
O-H 110,6 H-Br 87,5
N-H 93,6 H-I 71,5

Niang lugng lién két 14 gia tri trung binh gan ding.

Khi dung khai niém “nang lugng lién két” c6 nghia la tdt ca cac lién két
C-H trong phan ti alkan déu gidng nhau (thuyc té ning lugng dé phu thudc vao
c&u tao phan ti). Qua bang 1-1 c6 thé thdy ring cac lién két boi (d6i = ; ba =)
khong c6 tinh chat boi vé ning lugng. Ning lugng lién két C =C va C =C khéng
16n gap doi va gap 3 lan lién két C —C. Trai lai niang lugng cua céc lién két N =N
va N =N lai g&p 3 va gap 6 lan ning lugng lién két N —N.

Trong cac phan tii c¢6 hé théng lién hop thi gia tri sinh nhiét clia né thdp hon
téng gia tri nang lugng lién két cha cac lién két c6 trong phan td c6 hé théng
khong lién hop.

D6 chénh léch d6 goi la nang lugng lién hgp hoidc ning lugng cong hudng cua
hé théng lién hop.

Can phan biét nang lugng lién két va nang luong phan ly.

Niang luong phan ly 1a nhiing dai lugng déc trung cho céc lién két trong phan
tt. Nang lugng can dé lam dat lién két C-H tht nh4t khong phai bang 1/4 nang
lugng chung dé phan cit phan ti metan thanh carbon va hydro, ciing khong hoan
toan bang nang lugng ctia mdi lién két C—H trong cac phan ti etan va benzen. Mbi
lién két trong phan ti ¢6 miic ning luong phan ly khac nhau (bang 1-2).
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Bang 1.2: Nang lugng phan ly lién két R-X (kcal/mol)

. X
H Br | OH | CH, R
CH, 102 | 67 51 86,5 |83 83
CH,CH, 98 65 52 87, 82 82
(CH,),CH 89 65 47 845 |74 82
(CH,),C 85 61 45 85, 74 60
CeHs 104 | 71 57 85, 91 103
CgHsCH, 775 |48 39 85, 63 47
HO-OH 52 (CH,), |c -N=N —lc (CH,), 31
CN CN
[oR X elo)o Mo oloN = — 30 (CgHs)sC — N = N — C(CgHa)s 27

2.4. Su tao thanh lién két yéu hon lién két cong héa tri
2.4.1. Lién két hydro
Lién két hydro c6 ban chat tinh dién. Nang lugng lién két nhé (~ 5kcal/mol).
X—H¥ .. Y& ; X< HO . Y5
Diéu kién hinh thanh lién két hydro:
— X6 do Am dién 16n hon hydro sao cho X —H phéan cuc .
— Y c6 cdp dién ti tu do € . Kich thuéc cia X va Y déu khéng 16n .

X va Y thudng 1a nhiing nguyén t& phd bién nhu F, O, N . Tritong hop Y 1a
Cl, S, lién két 1 thi lién két hydro tao thanh sé rat yéu.

C6 hai loqi lién két hydro:

e Lién két hydro lién phdn ti
Lién két hydro dugc tao thanh gifia cac phan ti v6i nhau.

Khi pha loing hop chat c6 lién két hydro lién phan ti trong dung moéi tro
(khong phan cuc), lién két hydro bi cit dit dan.

O ..H-
He g O g g0 B S
Et” Et” O-H ...0

e Lién két hydro noi phén tu
Lién két hydro duge tao thanh trong cing mét phan tu.

Khi pha lodng hgp chat cé lién két hydro noi phan ti, lién két hydro van
duge bao toan. P& hinh thanh lién két hydro néi phan ti ngoai cac diéu kién &
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trén, XH va Y phai 6 gdn nhau sao cho khi tao lién két hydro sé& hinh thanh
nhiing vong 5 ho#c 6 canh. Cac hop chat vong c¢6 nhém chiic 6 vi tri 1, 2 thuong dé
hinh thanh lién két hydro noi phan tu.

C\\ H.,
C, (I)/ 'I|\1H2
ot CH,——CH,
2.4.2. Anh hudng cua lién két hydro dén tinh chét ly -hda hoc va sinh hoc
Su tao thanh lién két hydro anh hudéng dén tinh ch4t ctia hgp chat hitu co.

e Nhiét do nong chay va nhiét dé soi

Lién két hydro lién phan ti lam ting nhiét d6 néng chay t°c va ting nhiét
do sobi t°s nhung lién ké&t hydro noi phan ti khong c6 anh hudéng nay.

Vi du. Hop chit nitrophenol c¢6 3 ddng phan thi déng phan p-nitrophenol cé lién
két hydro lién phan ti c6 t’c 1a 144°C va t°c 1a 241°C. Pong phan o-nitrophenol (c6
lién két hydro noi t°c phan ti) c6 t°c 1a 44°C va t°s 1a 114°C .

O,
\N40 .
“H
/
OZN—@—OH i .o:N—Q—QH .”O:NOOH Qo
¥ ¥ ¥
O (0] (@]

Lién két hydro gitia cAc phan ti p -nitrophenol Lién két hydro ndi phan ti
o -nitrophenol
e Djtan
Cac chat c6 kha nang tao lién ké&t hydro véi nude thi rat dé tan vao nudc.
Lién két hydro lién phan ti gifia chat tan va dung méi lam téng do tan

trong dung méi phan cuc. Lién két hydro ndi phan ti lam tang do tan trong dung
moéi khong phan cuec.

Vi du:
Alcol methanol, ethanol rat dé tan trong nuéc.

p-nitrophenol tan dudc trong nude, con o -nitrophenol khéng tan trong nudec.
Vi vay c6 thé phan riéng o -nitrophenol ra khéi hdn hgp bang phuong phap cat 16i
cudn hoi nuée.

e D¢ bén cua phan tw

Su tao thanh lién két hydro ndi phan ti, dic biét khi lién két d6 c6 kha néng
tao vong, 1am cho déng phan d6 tré nén bén viing hon.

Vi du: Khi 1,2 -dicloethan dang anti bén viing hon dang syn thi 6 ethylenglycol
dang syn lai bén hon dang anti. Vi syn-ethylenglycol c6 kha ning tao lién két
hydro no6i phan ti.
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H Cl H H H OH H H

| | I | 1 I | |
H—(;—CIT—H H—(l_‘.—(l.‘—l-[ I—I—CI.‘—CI'.—H H—g—Q—H
Cl H Cl Cl OH H OH ... OH
Anti-dicloetan Syn-dicloetan Anti-ethylenglycol Syn-ethylenglycol

* Thuat ngii anti va syn sé dude trinh bay 6 chuong dong phan.

o Anh hudng dén mét s6 tinh chdt khdc

Lién két hydro lam thay di cac vach dic trung trong quang phd hong ngoai (IR),
tli ngoai (UV), cong hudng tit hat nhan (NMR), momen ludng cuc, d6 dai lién két.

Lién két hydro ciing c6 tac dung lam thay d6i su tuong téc clia cac chat
trong qua trinh chuyén héa sinh hoc trong co thé dong vat va thuc vat.

2.4.3. Lién két trong phutc chuyén dién tich

Phitic chuyén dién tich tao thanh do su chuyén dich mét phan mat d6 dién ti
ti phan ti cho dién ti sang phan ti hay ion nhdn dién ti. Phiic chuyén dién tich
do su chuyén dich mat d¢ dién ti « goi 1a phic =.

CH3 NO,

Phiic « tao thanh gita

—_— N ..
toluen va trinitrobenzen

O.N NO,
Phan ti nhan

Lién két trong phitic chuyéon dién tich 1a lién két yéu. Khoang cach gitia 2
hgp phan vao khoang 3 - 3,5 A 16n hon nhiéu so véi lién két cong hoéa tri. Phic
chuyén dién tich c6 su thay doi vé do phan cuc va mau sac cua cac chat ban dau.
BAI TAP

1. V& mo hinh orbital nguyén tii 6 trang thai xen phu cho cac hgp chat sau:

a- Propan, propylen, methylacetylen, ceten (HC,=C=0).
b- Cyclobutan, Cyclopentan, Cyclohexan.
c- 1,3-Butadien
2. Hay trinh bay mot s6 dinh nghia:
a- Thé nao 1a lién két cong hoéa tri, lién két hydro ?
b- Thé nao 1a nang lugng lién két va ning lugng phan ly, nang lugng cong hudng ?
3. Trong hén hgp phenol - methanol c6 bao nhiéu "dang" lién két hydro.
Dang nao bén nh4at ? Dang nio kém bén nh4t ? Tai sao ?

4. Alcol va ether, chat nio dé tan trong nuéc hon. Giai thich ?
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Chuong 2
CAC HIEU UNG DIEN TU TRONG HOA HOU O

MUC TIEU
1. Néu duoc cdc loai hiéu ng cam ung, hiéu wng lién hop, hiéu tng siéu lién
hop va tinh chdt cia ching.
2. Biét dugc mot s6 ing dung cua cdc hiéu wng trén.

NQI DUNG

Mat do dién tu trong lién két cong héa tri thuong dude phan bs khong déng
déu gitia 2 nguyén tu cua lién két, khi 4y phan ti chat hiiu co bi phan cuc. Su
phan cuc d6 c¢6 thé xay ra ngay & trang thai tink hodc ciing c6 thé chi xuit hién
nhat thoi 6 trang thai déng (khi phan ti bi tac dong bdi cac yéu t6 cia mobi
truong). Ban chat cua su phan cuc khac nhau con tuy thudc vao cdu tao phan tiu
(phan ti c6 hé thong lién két nhu thé nao). Nhu vay ciu tao phan ti c6 anh
hudéng dén su phan bd mat dd dién ti. Anh hudng d6 goi 1a hiéu tng dién ti
trong phan tu.

C6 cac loai hiéu tng:

— Hiéu ting cam tng I

— Hiéu tng lién hgp C, M

— Hiéu tng siéu lién hgp H

1. HIEU UNG CAM UNG (Inductive effect): Ky hiéu 1a I
Khao sat phan ti n -propan C;Hg va phan ti n-propylclorid C;H,Cl

HHH

I Sgﬂ 8? I 6 5
HC3C2CH HCIT3 IZIICI
H H H H H
n-propan n-propyclorid

Trong phan ti n -propylclorid, lién két C, — Cl bi phan cyc vé phia nguyén
tl clor vi nguyén tu clor c6 d6 Am dién 16n hon. Nguyén ti clor mang mot phan
dién tich Aam & va nguyén ti carbon mang mot phan dién tich duong &1 Vi C,
mang dién tich duong nén cip dién ti lién két caa lién két C, — C, bi dich chuyén
vé phia carbon C,. Két qua 1a lién két C, — C, cling bi phan cuc theo. Nguyén ti C,
mang mdt phan dién tich duong. Dén lugt lién két C, — C, cling chiu anh hudng
nhu vay va két qua nguyén ti carbon C, mang mot phan dién tich duong. Nhung
8,7 >8,">8,". Cac lién két cling chiu anh hudéng nhu thé va két qua cé su phan cuc
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cua lién két C « H. Hydro tré nén linh dong hon. Hién tugng nay khéng chi xay
ra v6i phan tli propan. Nhu vay anh hudng su phan cuc cua lién két C -Cl 1am cho
cac lién két khac bi phan cuc theo va toan phan ti bi phan cuc.

Nguyén tt clor 12 nguyén tu gdy anh huéng cam ing.

Su phan cuc hay su chuyén dich mat d6 dién ti trong cac lién két & goi 1a hiéu
ing cam ting. Hiéu ting cam ting ky hiéu 1a T hodc I (chii d4u cta inductive)

Dé phan loai cac nhém nguyén té theo hiéu Gng cAm tng ngudi ta quy ude
rang nguyén ti hydro lién két véi carbon trong C — H ¢6 hiéu ting I = 0. Nhiing
nguyén ti hay nhém nguyén ti X c6 kha niang hut dién ti (C—X) manh hon
hydro dudc coi 1a ¢6 hiéu tng - I (hiéu ting cam {ing 4m). Nhiing nguyén ti hay
nhém nguyén ti Y c¢6 kha nang day dién ti (Y—C) manh hon hydro dude coi 1a
nhiing nhém c¢6 hiéu tng +1 (hiéu tng cam tng ducng)

Y—C C—H C—X
+1 I= -1

1.1. Hiéu Ung cam ung + |

Thuong thdy & cac nhém alkyl (R-) va cic nhém mang dién tich am.

Trong day cac nhéom alkyl, hiéu Ging cam ting +I ting theo d6 phan nhanh
hay 14 bac ciia nhém .

CH,
|
+1 —CH; < -CH,-CH; < -CH-CH; < -C-CH,
CH, CH,

Trong diy cac nhom mang dién tich Am, nhém c6 d6 Am dién nhoé hon 1a
nhém c6 hiéu tng + I 16n hon .
-0- <-S" < -Se-
1.2. Hiéu Ung cam ung - |
La hiéu tng rit phé bién 6 cac nhém khong no, cac nhém mang dién tich

duong va cac nhém ting v6i nhiing nguyén t6 c¢6 do Am dién 16n (nhu cac halogen,
oxy, nita).

Sy bién thién mtc d6 manh yé&u cta hiéu tng - I trong cdc nhém nguyén tu
tuan theo mot s6 quy luat:

e Nguyén ti carbon lai héa sp ¢6 -I 16n hon nguyén tt carbon lai héa sp? va sp®

'CECR > 'CR1:CR2 > 'CRQ—CR3

e Nhom mang dién tich ducng c6 hiéu tng -I 16n hon nhém c6 cung ciu tao
nhung khong mang dién tich.

+ +
-OR, > -OR NR; > -NR,

23



e Cac nguyén ti ctia nhiing nguyén t6 trong cing mot chu ky nhé hay trong
cung mdt phan nhém chinh cia hé théng tuan hoan, hiéu tng -I cang 16n
khi nguyén té tuong ting cang 6 bén phai (trong cung chu ky) ho#c cang 6
phia trén trong cuing phan nhém).
-F>-Cl>-Br>-I
-F>-OR > -NRg > -CHg.
-OR > -SR > -SeR
Dé am dién cang tang thi hiéu tng cam ing - I cang lén
Biéu hién cu thé cia hiéu tGing cam tng l1a anh hudng cta cac nhém thé khac
nhau dén luc acid va luc base ctia cac acid carboxylic no va ctia cac amin.
Trén bang 2-1, ngudi ta nhan thiy réang néu thay thé& hydro cta acid formic
béng cac goc alkyl c6 + I tiang thi kha nang phan ly ctia acid giam. Con 14n luct thay
thé cac hydro cia amoniac bang cac goc alkyl c6 +I tang thi tinh base tiang lén.

Hiéu Ging + I ting lam cho lién k&t O — H kém phan ly.
H-COOH CHy—C —O0—H
Khi thay thé hydro cia amoniac bang cac nhém cé hiéu ting + I, mat do dién
tu trén nguyén ti nito tang 1én do d6 tinh base cua amin ting.
CH
;3
CHy >N
H-NH, CH,>NH, CHy
Bang 2.1. Anh hudng hiéu ting cam tng dén tinh acid base

Luc acid gidm khi +1 tiing Luc base tiang khi +I ting

Acid hitu co pKa (H0.259) | Base hitu co | pKa (Hy0.259)
HCOOH 3,75 NH, 9.10
CH,COOH ’
CH,C ; Coo 1’76 CHM, 18’22
H;CH,COOH 87 CH,CH,NH, 10.63
CH,CH,CH,COOH 482 (CHy),NH 10.77
(CH,),CHCOOH 4.86 (CH)N 9.8*

Chii y: *S6 di tinh base cua trimethylamin khéng ting 14 do hiéu ting khéng gian.

Hig¢u tng - I tang, lyc acid tdng. Khi thay thé& hydro cuia CH, trong acid
acetic bang cac halogen c6 d6 4&m dién khéac nhau thi tinh acid thay d6i. Nguyén
ti halogen c6 hiéu ting -I hit dién ti anh hudng dén su phan ly cia nhém O —H.

F<CH,C-O-H  CI«<CH,C-O-H  Br«CHL-O-H I«CH,C-O-H H-CH,C-O-H
0 o) 0 0

O
pKa 2,58 2,85 2.9 3,16 4,76
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DPic diém quan trong cua hiéu tng cAdm tng 1a hiéu tng cdm tng lan truyén
trén mach lién két o va yéu dan khi chiéu dai ciia mach carbon ting lén.

a Y
CH,CH,CH,COOH  CH,CH,CHCICOOH CH3CBHC1CH2COOH CH,CICH,CH,COOF
pKa 4,82 2.86 4,05 442
2. HIEU UNG LIEN HOP (CONG HUGNG)
2.1. Hé théng lién hgp
Hé thong lién hgp 1a mot hé thong:
— Céc lién két boi (d6i, ba) luan phién véi lién két don.
C=C-C=C-C=C- (n-m) C=C-C=C-C=0- (n-m).
— Heé théng chita nguyén ti con ciip dién ti p tu do khong lién két truc tiép
v6i nguyeén ti carbon c6 lién két boi.
-C=C-O-R -C=C-Cl (p-m)
Phan ti chta hé théng lién hgp 1a phan ti lién hgp.
2.1.1. Phéan loai hé thong lién hop nhusau:
e Hé thong lién hop - «
— Heé thong lién hgp khong vong

CH,=CH-CH=CH, CH,=C-CH=CH,
CH,4
1,3-Butadien 2-methyl-1,3-butadien (izopren)
CH,=CH-CH=0 CH,=CH-C=N CH2=CH—(|3=O
Aldehyd acrylic Acrylonitril Acid acrylic OH

— Heé théng vong
<=
(0]

— Heé thong lién két lién hgp do tuong tac gitia dién ti p tu do véi lién két n.

e Hé thénglién hop p -7

;\ (: OH (-NH2
CHzfc;g CH,ZCH-OCH, @ @
Vinylclorid Methylvinyl ether Phenol Anilin

2.1.2. Bdc diém cua hé théng lién hop

Trong phan ti khong chi c6 lién két déi hodc lién két don riéng:
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CH,=CH-CH,-CH=CH,; CH,=CH-CH=CH-CH,; CH=CH-CH,-OCH,
Khéng lién hgp Lién hgp Khéng lién hgp

Cac nguyén tu tao hé lién hop luén ndm trong mot mit phang va truc cia
cic oirbtal p song song v6i nhau va thang géc véi mit phang chiia cac lién két .

Butadien Benzen phenol

Phan tt lién hdp bao gic cling ¢6 nang lugng thap hon ning lugng cua nhiing
phan ti khong lién hgp tuong tng. Vi mat d6 dién ti gan nhu gidi téa déng déu
trén cac nguyén tu tao hé thong lién hgp va tao thanh mot orbital n phan ti giai
tda trén toan bd phan tu.

< =
C \C _—C \C
<= e

Orbital phan ti trong hé thong lién hop rat dé bién dang va dé phan cuc khi
ciu tao ciia phan ti lién hop c6 mdt nguyén ti chénh léch vé do Am dién.

Nhu vay trong hé lién hgp c6 su tuong tac gitia cac orbital p v61 nhau. Su
tuong tac d6 goi la hiéu tng lién hgp.
2.2. Hiéu ung lién hop C (M)

Hiéu ting lién hgp 14 hiéu Ging sinh ra do sy phan cuc cua lién két © duge lan
truyén trong hé théng lién hgp

Hiéu tng lién hgp dude ky hiéu 1a C (Conjugate effect) hoac M (Mesomeric effect)

2.2.1. Phén loai hiéu ung lién hop

Can ct vao su dich chuyén dién ti cta cac dién té n. C6 hai loai hiéu tng
lién hgp: Hiéu tng lién hgp + C va Hiéu tng lién hgp - C
o Hiéu ung lién hop - C

Néu thay thé nguyén ti hydro trong nhém CH, cua butadien biang nhém
CH = O, nhém nay tham gia lién hgp véi orbital phan ti n cua butadien. Nho c6
dac tinh phan cuc cia nhém CH =0 nén toan bd orbital ® méi hinh thanh caa
phan ti bi dich chuyén mot phin vé phia nguyén ti oxy.

N\
CH2:C/_H\—CH:/C_H\\—CH:O

Nhém CH = O c6 hiéu ting lién hgp theo co ché hit dién ti nén duge goi la

nhém c6 hiéu tng - C.
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Cac nhom c6 hiéu tng - C la nhing nhém khong no c6 cong thic chung
C =Y, C=Z va mot s6 nhom khéc khong chiia carbon nhu - NO,, - SOgH...

_ Hudng chuyén dich dién ti trong hé théng c6 nhém véi hiéu tng - C duge mo
ta bing mii tén cong. Nhém c6 hiéu ting -C thuong c6 thém hiéu tng cam tng - L.

Cac nhom chic c6 hiéu tng -C :

—co>co>CQ>CQ>CQ> CQ>CQ
: Ql : CH3 : QR -QH : NH2 O -

-CR=0 > -CR > -CR=CR,
-NO,>-0=N > —-0=CR

o Hiéu uing lién hop +C

— Céac nguyén tu hay nhém nguyén ti c6 hiéu tng lién hgp +C 12 nhiing
nhém c6 kha ning ddy dién tu. CAc nhém nay thudng c6 nguyén ti mang
cip dién ti p tu do. Chinh cép dién ti p nay da lién hop véi cac lién két n
trong hé théng lién hgp.

CH,=CH-OCH, CH,=CH-Cl:
— Céac nhém c6 hiéu tng + C : -NH, >-OH ; -O- > -OH

-F>-Cl>-Br>-I
NRg > -OR > -SR > -SeR
— Céc nhém c¢6 hiéu ting + C thudng c¢6 thém hiéu ting cam tng - I.

Hiéu tng lién hgp dude tng dung réng rai dé giai thich co ché& phan tng,
cic cau tao trung gian, dé bén cta céc ion, tinh acid -base ...

— Hiéu ting lién hgp ¢6 anh hudng dén su dich chuyén dién ti. Ching c6 céc
cong thtc trung gian hay con goi la cong thiic gi6i han nhu sau:

Vi du:
Butadien-1,3:

/N V4 T + -
CH,=CH—CH=CH, =— CH,=CH—CH—CH, ~— CH,—CH=CH—CH,
Aldehyd crotonic:

— + - -
CHy~CH=CH—CHL b <~ CHs—CHZ/C-I\H—CH—O<—> CHy— CH— CH=CH-0

Phenol  (:OH +OH +OH &+OH

Ve D00

Hop chat c6 hé thong lién hgp cang dai thi c¢6 nhiéu cong thiic giéi han. Do
bén cua cac cong thic giéi han phu thudc vao khoang cach gitia 2 dién tich trai
dau. Dién tich trai dau cang xa nhau thi cong thtc giéi han cang bén.
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— Khac vé6i hiéu ting cam ting, anh hudng ctia hiéu ting lién hgp khong bi
giam di khi hé lién hgp kéo dai.
Vi du: Nguyén ti hydro trong nhém CH; cua aldehyd crotonic linh dong do
anh hudng cta hiéu tng lién hgp.

[

H—CH;—CH ZQH —CH QO
Aldehyd crotonic IC

Néu kéo dai mach aldehyd crotonic bang cac nhéom vinyl thi hydro cia nhém
CH, van con linh dong.

s Vs s

H—ZQHZ—CH=CH—CH=CH—CH=CH—CH=O

— Hiéu tng lién hop 1am thay d6i trung tAm phan @ng:
Vi du: C6 hgp chat sau:

Oy — Qe

Trong hé thong lién hdp p -w, cép dién ti p khong lién két trén nguyén ti N
da lién hogp véi hé thong lién két n. Nhém NH, da gay hiéu tng lién hop + C.
Nhom NH, c6 tinh base c6 kha nang tac dung v6i proton H*. Nhung do hiéu ting
lién hop, H* khong tac dung vao nhém amin NH, ma tac dung vao nguyén tu oxy
cua nhom carbonyl.

OOt — Oy g0

— Anh hudng ctia hidu @ng lién hgp chi xay ra trong hé théng phing:

Vi du: Phenol (I) c¢6 tinh acid vi nhom OH c6 hiéu tng lién hgp +C.
p-Nitrophenol (IT) ¢6 tinh acid manh hon phenol vi nhém -NO, ¢6 hiéu tng lién hgp
- C. Thay 2 nhém CH; vao vi tri orto so v6i nhém OH duge chat (IIT). Chat (IIT) c6
tinh acid giam chut it so v6i (II). Nhung dua 2 nhém CH, vao vi tri orto so véi nhém
NO, dudc chat (IV). Chat (IV) c6 tinh acid yéu hon (II). Diéu dé chiing t6 2 nhém
CH, 1am cho nhém NO, khong c6 hiéu ting lién hgp - C anh hudng dén chtic phenol.

QQQ

NO,
1

pKa  9.98 7,16 7,21 8,24
S di ¢6 diéu d6 vi trong (III) nhém NO, khong ndm trong ciing mét phing
v6i vong benzen. Hai nhém CH; c6 can trd khong gian lam cho nhém NO, bi 1léch
ra khéi mat phéng cta vong benzen. Hiéu tng lién hgp cta nhém NO, khéng phat
huy tac dung.
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c
NT\R Oy HOY
HO N=0 &00
y 0
o) CHs
v

3. HIEU UNG SIEU LIEN HOP (Hyperconjugate effect)

Ngoai sy lién hgp n-n va p -m d& néu 6 trén con c6 su lién hdp o-n gitia cac
orbital o cua cac lién két C — H trong nhém alkyl va orbital © ctia néi doi, noi ba
hay vong thom.

H H H H H
" S0 A A S0 o
H—Clcf‘—c=c— CH; —C{C=C— CHs—(IZ—C=(|2— CHs —Cx
H ! H | CH; H
3 lién két 2 lién két 1 lién két 3 lién két

Su tuong tac lién hgp gitia orbital o ctia lién két C - H véi orbital n ctia lién
két do1, ba hoidc hé thong lién hop goi 1a hiéu #ng siéu lién hop.
— Hiéu tGng siéu lién hgp cé ky hiéu la H.
— Hiéu tng siéu lién hgp khong nhiing lam thay d6i ban chét caa lién két
d6i ma con lam thay ddi ca tinh chat ctia lién két don C - H.
— Hiéu ting siéu lién hgp 1am thay déi huéng cong hop vao lién két dai.
Vi du: Trong phan ti 2-penten, nhém C,H; c¢6 hiéu ting + I 16n hon nhém CH,,.

Phan ti 2-penten cong hdp véi HBr dang 1& phai tao thanh 3-bromopentan.
Nhung thuc t€ thu dudc 2-bromopentan. Diéu dé chiing t6 anh hudng siéu lién
hgp cia nhém CH; 16n hon anh hudng siéu lién hgp cia nhém C,H; da anh hudng
dén huéng cong hop.

H H
|

H—(?—CH:CH—CHZ—CHe, +HBr — H—C- CHBr— CH,— CH, — CHy
H H

— Hiéu ting siéu lién hgp anh hudng dén tinh chat linh dong cta lién két C -
H trong goc alkyl.

Vi du: Nguyén ti hydro trong nhém CH, ctia aldehyd acetic d& dang bi cat
dit trong moi truong kiém tao carbanion.

Bl ¢
H CI—CH:O +HO" — H—S—CHZO +HyO
H Carbanion

Carbanion tao thanh c¢6 hé théng lién hop p - . Vi vay carbanion nay cé thé
c6 cong thic giéi han:

H N H
| | -
H- QJCH:O «—» H-C=CH—O

Hién tugng trén con j;hé hién trong hgp chat ester ethylacetoacetat
CH,COCH,COOC,H;. Lién két C — H cua nhém CH, c6 siéu lién hgp véi nhom
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carbonyl C =O. Hydro ctia CH2 tré nén linh dong va dé dang bi cit ddt trong moi
truong base dé tao thanh carbanion.

H

o e -
CH3—ﬁ—9—ﬁ~OC2H5 +OH ™ — CH3—ﬁ—CII—C—0C2H5 +Hy0
O H o O H '(')
Carbanion

Carbanion tao thanh c6 hé théng lién hop p -t do d6 c¢6 thé c6 cac cong thiic
gi6i han.

CH3—ﬁ—CI_?—|Cf—OC2H5 DN CH,—¢=C—C—OC;H,
Xo: H 0 :0: H O
Carbanion

— Hiéu ting siéu lién hgp téng theo s6 lugng lién két C —H 6 vi tri a.
CH;- > CH,CH,- > (CH,),CH- > (CH,),C -
— Hiéu ting siéu lién hgp va hiéu ting cam tng +I lu6én xay ra cung huéng.

— Hién tugng phan b lai mat d6 dién ti con c6 thé cé trong cac trudng hop
hé théng carbanion va carbocation.

Vi du: Carbocation allylic CH,=CH-CH" va carbanion allylic CH,=CH-CH".

N~ S~
CH,=CH-CH, C{E:CH_CH2

Trong carbocation c6 hién tugng dich chuyén dién ti ti lién két n dén orbital
tréng cua nguyén ti carbon. Trong carbanion cé hién tugng dich chuyén cap dién
tu tu do cua carbon dén lién két n.

BAI TAP
1. Phat biéu dinh nghia vé hiéu ting cadm tGng, hiéu tng lién hgp va siéu lién hop.
2. So sanh hiéu ting cam ting va hiéu ting lién hgp vé ban chat, dic tinh va quy luat.
3. Can ct vao hiéu tng dién ti c6 thé c6 dé so sanh va giai thich tinh acid cta cac
chit trong cac day sau:

a- n-C,H,CICOOH, nguyén tu clo & cac vi tri khac nhau .

b- m-C1C¢H,(CH3),COOHn = 0,1,2 .

c- m-ClCsH,(CH2),COOHn = 0,1,2

4. Viét cong thic gi6i han ctia san pham tao thanh khi:
a-  NH,~C-NH,

NH +HY —
Guanidin
b- ﬁ—CHZ—ﬁ—CHZ—Q +HO-  —
0 0
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Chuong 3

CAU TRUC PHAN TU HOP CHAT HUU CO
DONG PHAN VA CAU DANG

MUC TIEU HOC TAP
1. Trinh bay duoc cdc loai déng phén gdp trong Héa hitu co.
2. Doc duoc tén cdu hinh cdc hop chdt hitu co dang Z, E va R,S.
3. Xdc dinh duoc cdu dang ghé cia dan chdt cycloalkan.

NOI DUNG

Cac hogp chat hitu co duge cdu tao theo mot trat tu xac dinh. Céng thitc
phan ti cho biét thanh phéan va s6 lugng nguyén ti c6 trong mot phan ti. Cong
thtc cdu tao phan anh ban ghé't va tha tu sap x€p cac lién két trong phan tu.
Mot cong thiic phan ti c6 thé c6 nhiéu cong thiic cdu tao khac nhau hodc nhiing
chat khac nhau.

Hi¢n tuong mét cong thiic phdn t ung vdi hai hodc nhiéu cong thiic cdu tao
khdc nhau duoc goi la hién tuong dong phdn (isomery).

Thuat ngii isomery xuat phat ti tiéng Hy Lap "isos" c¢6 nghia la "cung" va
"meros"c6 nghia 1a "phan".

Duya vao dic diém c&u tric ngudi ta chia thanh 2 loai dong phan: déng
phan phang va dong phan lap thé (dong phan khong gian)

1. DONG PHAN PHANG

Cac nguyén tfi va nhém nguyén ti trong phan ti chat hitu co déu cung ndm
trong mot mat phang. Cac dong phan chi khac nhau vé vi tri va thi tu lién két
gitia cAc nguyén tu tao thanh phan ti. Dong phan phang c6 cac loai sau:
1.1. Péng phan mach carbon

C6 mach carbon sép xép khéc nhau. Mach théng hoéc phan nhanh.

CH;—CH,—CH,—CH;4 CH3—$H—CH3
CH;
n- Butan iso Butan
o
CH,—CH,—CH,—CH,—CH, CH3—?H—CH2—CH3 CH3—§—CH3
CH,4 CH,
n- Pentan iso Pentan neo Pentan
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1.2. Déng phan vi tri nhém dinh chirc

Nhém dinh chtic trén mach carbon & cac vi tri khac nhau. Dung cac chii s6
chi vi tri nhém chitic trén mach chinh cia mach carbon.

CH,
CH;—CH,—CH,—CH,—OH CH;—CH—CH—CH, CH;—C—OH
OH CHs
1-Butanol 2- Butanol 2-methyl-2-propanol
CH,—CH,—CH=CH, CH,—CH=CH-CH,
1-Buten 2- Buten
1.3. Doéng phan nhém chirc
C6 nhém chtc khac nhau.
CH;— COOH HO— CH,— CHO H— COOCHj CH; — CH,— CHO CH;— ﬁ_ CH3
0}
Acid acetic  Aldehyd glycolic Ester methyl formiat Aldehyd propionic Aceton
1.4. Dong phan lién két
Cac nguyén tu trong phan ti c6 cach lién két khac nhau
CH,-CH,
CH,—CH,—CH=CH,
CH,-CH,
1- Buten Cyclobutan
CHQZCH'CH:CHQ CH3'CH'CECH CH3'CEC'CH3
1,3-Butadien 1-Butyn 2-Butyn

Su hé bién

Cé cac trudng hgp cac dong phan véi nhau nhung ching khéng bén trong
nhiing diéu kién x4c dinh va chung c6 thé thay ddi cho nhau tao thanh hén hgp
can bang.

Hién tugng nay goi 1a sw hd bién (hién tuong tautomer - mesomer)

Vi du: Ester ethyl acetoacetat CH,COCH,COOC,H; c6 2 déng phan. Hai
dong phan nay c6 thé phan riéng ting chat chi 6 nhiét d6 -78°C. Hai déng phan c6
dang ceton va dang enol. 0 nhiét d6 cao hon khong thé phan riéng ching dude.
Ching ton tai nhu 12 moét hén hdp 2 chét ¢ trang thai can bing. Dang ceton luén
bién d6i thanh dang enol va nguge lai. Khi ndng dd cac chit trong hdn hdp dude
xac dinh thi ching dat dén trang thai cAn bang. Ching 1a 2 dong phdn hé bién
(mesomer).
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CHy—¢—CH,~COOOC,H; = CHy~C=CH—CO00C,Hj

o OH
Ester ethyl acetoacetat Ester ethyl acetoacetat
Dang ceton Dang enol

2. PONG PHAN LAP THE - DPONG PHAN KHONG GIAN

DPong phan 14ap thé hay con goi 1a ddng phan khéng gian c6 cung cong thic
c&u tao nhung khac nhau vé su phan bd khéng gian (phan bd lap thé) caa cac
nguyén ti hay nhém nguyén tu trong phan ti. Tinh chat va phan ting cua cac
chat hiiu co lién quan chit ché véi su phan bd khong gian ctia cac nguyén ti trong
cau trdc cua chung.

C6 cac loai dong phan khéng gian:
Déng phan hinh hoc
Déng phan quang hoc
Déng phan cau dang
2.1. Péng phan hinh hoc
2.1.1. Cdu tao va danh phdp déng phén hinh hoc
C6 thé biéu dién cong thic cia ethylen theo dang khéng gian:

H H H H
H :
H H . :

T T

Su phan bé cta cic nguyén ti hydro ndm vé 2 phia ctia mit phing chia lién
két  (mét phing ©). Cac nguyén ti carbon khong thé quay tu do xung quanh lién
két o duge vi su can trd cia mit phing n. Né&u thay thé cac nguyén ti hydro cua
etylen bang cac nguyén ti hodc nhém nguyén ti khac nhau thi su phan bd khong
gian cta ching so véi miat phing n sé khac nhau.

Su phan b vé 2 phia clia mit phing cting thudng gip trong hgp chit vong.

H H H
w "/
H
I i f !
H H H H

Su phan bo khéng gian ctia cac nguyén tii hay nhém nguyén ti vé 2 phia cua
mat phing © hay mit phing cta vong lam xuét hién mét loai déng phan. D6 1a
dong phan hinh hoc.

Déng phén hinh hoc la nhfc’ng hop chdt cé cung céng thiic phén ti nhung cé
vi tri khong gian cua cdc nguyen t hay nhém nguyén ti khdc nhau doéi véi mdt
phang 7 hodc mat phang cua vong.
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2.1.2. Phan loai déng phan hinh hoc
— C6 2 loai dong phdn hinh hoc: Péng phan cis va déng phan trans.
+ Dang cis dé chi dong phan c6 2 nguyén ti hodc nhém nguyén ti gidng
nhau & cing mot phia d61 v6i mat phang © hay mét phang vong.
+ Dang trans chi déng phan c6 2 nguyén ti hodc nhém nguyén ti 6 khac
phia v6i mat phang n hay mat phang vong.

CH, CH; CH3 H H, H
\ / \ % -
y C— C\ y C— C\
H Cis H H Trans CHs {tp' hing n
Cis 2-buten Trans 2-buten H H H  CH,

Téng quat: Hop chat c6 lién két n c6 dang abC =Cab , acC=Cab luén ton tai
dong phan hinh hoc cis va trans.

abC=Cab acC=Cab
a\ /a a\ /b a\ ,a a\ - /b
b/C:C\b b/C:C\ /C:C\b /C_C\
a C C a
Cau hinh cis CAu hinh trans Cau hinh cis CAu hinh trans
Vidu:
H H H COOH H H H CH,
, 3
C=—C — c—C C—
v N v AN N v N\
HOOC cis COOH HOOC trans H HOOC” ;o “CH; HOOC trans H
Acid maleic Acid fumaric Acid isocrotonic Acid crotonic

Trudng hdp hop chit c6 dang téng quat abC =Ced ciing c¢6 déng phan hinh hoc
v6i a,b,c, d 12 nhiing nguyén ti hay nhém thé& hoan toan khac nhau vé " dé lén "
— Su phan bd khong gian cac nhém thé& 16n vé mot phia ta c6 déong phan Z
va khac phia ta c6 dong phan E. Z va E 1a nhiing chi dau ciia Zusammen
(cung phia) va Eintgegen (khac phia).

Néua>b, ¢c>d.

abC=Ccd
a\ /C / \ a\ /d
b’C_C‘d a>b;c>d b'C:C‘c
CAu hinh Z (cis) CAu hinh E (#rans)
Vidu:
I Cl
, I\ /H
C—C C=—C
Br/ \H Br/ A
7 E Cl

1-Brom-1-Iod-2-Cloethylen
I>Br>Cl>H VithéeI>Br;Cl>E
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OHC\ /COOH OHC\ /H
y C=— N y C=— C\
H,C H H,C" ¢ CcooH

COOH>CHO>CH3>H ; CHO>CH3;COOH >H
— Nguyén tic xac dinh “dé 16n” ctia nguyén tit va nhom nguyén tu:
+ Nguyén ti c6 sd thii tu trong bang tuan hoan cang 16n thi d¢ 16n cia né
cang 16n
I>Br>Cl>S>P>F>0>N>C>H
-CH,CI > -CH,0OH > -CH,CH;
OCH, OH
%

/
—CH > —CH\
CH,-CH, CH,-CH;,

+ Neéu trong moét nhém nguyén ti c6 mot nguyén ti lién két v6i noi ddi, noi
ba thi xem nhu nguyén ti dé c6 2 1an, 3 1an lién két véi nguyén ti kia.

\
—CH=CH, # —|CH—|CH2 CH=0 F —(ll—?
c C 0 C
Cho nén:
CH, CHs
~CH_ > -CH=CH, > -CH_
CH,CH, CH,

-COOCH; > -COOH > -CONH, > -COCH; > -CHO
-C=N > -C¢H; > -C=CH > -CH=CH,

S6 déng phan hinh hoc tang 1én néu phan ti c6 nhiéu lién két doi

Vi du: Phan ti 1,4-diphenyl-1, 3-butadien c6 3 déng phan hinh hoc

C6H5\ H C6H5\ H H\ H
c=c’ 0 c=c’ CH c=c’ C.H
/ / 6115 / 6115
H Ne=c” H e=c’ CHs Ne=c”
4 N / N / \
H CeHs H H H H
Trans-trans Trans-cis Cis-cis
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Déng phan hinh hoc trong cac hgp chat vong

CH, i Cl i

| ]

] | |
IiI cis H trans H cis H NS ¢

1,3-Dimethylcyclobutan 1,3-Diclocyclohexan

— Cac trudng hop khac vé dong phan hinh hoc.
Déng phan hinh hoc trong hé théng ethylen phiic tap

CH,
CHg Cis CH, CH,

Trans

Déng phan hinh hoc trong hgp chat c6 néi déi C=N va N =N

CH,CH, OH CHCH,
C—N C=—=N
/ ‘ H / \OH
CH; 7 (syn) Butanoxim > E (anti)
C.H
CeHs _CeHs 675N\ —x
N=—N =N
. CH
Z (syn) Azobenzen E (anti) © 3

Chu y: Cac thuat ngii trans, cis, E, Z, anti va syn 1a cac hé thong danh phap
dé goi tén cac ddng phan hinh hoc.

2.1.3. Tinh chét cua cdc déng phan hinh hoc

Do su khac nhau vé khoang cich gitia nhém thé va mic d6 an ngii khong
gian, hai dong phan hinh hoc c¢6 nhiéu tinh chat 1y -héa khac nhau.

o Tinh chdt vit ly
— Nhiét d6 néng chay (t°,.) : Déng phan trans (E, anti ) c6 nhiét d6 néng
chdy cao hon déng phan cis (Z, syn).
— Nhiét do so6i (t°,): Déng phan trans (E, anti ) c¢6 nhiét do sbéi thdp hon
nhiét do so6i ciia dong phéan cis (Z, syn) .

— Momen ludng cuc: Tuy thudc vao ban chat ctia cic nhém thé phan bo
chung quanh lién két d6i hoic vong, momen ludng cuc cac dong phan
hinh hoc ¢6 khac nhau. Néu hgp chat c¢6 dang aCH =CHa thi momen
ludng cuc cua dong phan E (trans) biang khong p, = 0 va momen ludng cuc
cua déng phan Z (cis) 16n hon khong w, > 0.
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Hop chit c6 dang aCH =CHb : Né&u a va b cung c6 ban chat dién ti (nghia 1a
a va b déu cung huit hodc cung diy dién tu thi H, >R Néu a va b khac nhau vé
ban chét dién ti (a hut dién ti con b ddy dién td hodc ngudc lai) thi TR T

Chu y: Xac dinh momen ludng cuc theo nguyén téc hinh binh hanh c6 thé

minh hoa nhu sau:

H H
a N
H\c—c/ SN
aCH=CHa e a w, @
a H
g =0 py, >0
b H H
H
HC=CHb \C—C/ ) :C/
aHC= —
a,b déu hiit electron / \H / \
a a b
g < Mg
H b H H
aCH=CHb No— s N
. 2 ¥ N\ —
a hiit, b day electron a H a/ b
He > Uy

Bang 3.1. Tinh chat vat ly cla mét s6 déng phan hinh hoc

< Nhiét d6 néng chi iét do soi 5
Hgp chat ¢t do nong chay | Nhigt do soi Momen ludng cuc
Trans (E )| Cis (z) |Trans(E)| Cis (z) | Trans(E) | Cis (Z)
CICH=CHCI -500¢ -80,50c | 48,4% | 60,2 0D 2,95D
PhCH=CHCOOH — - 68,00¢c |134,09 - -
p-O,NCH;CH=CHNO},  — - - - 05D | 74D
CH,CH=CHClI - - — - 200 | 1,7D
— D6 bén

Déng phan trans bén hon dong phan cis vé nhiét d6. Dudi tac dung cua
nhiét d6 ddng phan cis c6 thé chuyén thanh déng phan trans.

Su chuyén d6i cis —» trans

H H a
H H H
Se—=c \c'%é/ Se=c
j— . p—
/ AN / N\ / N
a a a a a H
cis (Z , syn) Quay trans (E , anti)

Céc gia tri phd td ngoai, phd hong ngoai ctia cac déng phan hinh hoc ciing
khac nhau.
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e Tinh chdt héa hoc
Déng phan cis d& tham gia moét sd phan ting loai nudc, tao vong.

Q
H__CoOH H €
t0 \
| —_ | /O + HyO
COOH H ¢
i 0
Acid cis butendioic Anhydrid maleic

2.2. Pdng phan quang hoc
Péng phan quang hoc 1a nhiing chat héa hoc c6 tac dung quay mdt phéng
anh sang phdn cuc.

Ch4t c6 tac dung v6i 4nh sdng phén cuc la chdt quang hoat.

o Anh sang tu nhién

Theo ly thuyét vé anh sang thi anh sang tu nhién gém nhiéu soéng dign tlr co
vecto dién truong huéng theo tat ca cac huéng trong khong gian va thang goéc véi
phuong truyén séng.

Anh sdng ty nhién

\Phu‘dng truyén séng

Vectd dién trudng

o Anh sang phdn cuc, mat phc%ng anh sang phén cuc

Khi cho 4nh sang tu nhién di qua lang kinh Nicon hodc mot chit phan cuc
nao d6 (nhu HgS, KCIlOs....) thi cac vects dién trucng sé hudéng theo mot phuong
dao dong x4c dinh va vudng géc véi phuong truyén séng. Anh sang di ra khoi chat
phan cuc goi 1a dnh sdng phdn cuc. Mdt phdng danh sing phén cuc (mat
phdng phan cuc) 1a mat phazng vuéng géc vdi phuong dao dong cua anh sang
phan cuec.

Mt phing 4nh sdng phin cuc Phuong truyén séng

/ Anh sdng phan cuc
v

) Ling kinh Nicon
Anh sdng ty nhién

e Chdt quang hoat (chdt hoat dong quang hoc)

Khi cho 4nh sang phan cuc qua dung dich ch4t hitu c6 hodc mot chit nao do,
néu chat nay lam quay méit phing anh sang phan cuc mot géc cé gia tri +o hodc
- o thi goi chat d6 1a chat quang hoat (ch4t hoat dong quang hoc).
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ChAt quang hoat Goc quayo
144444 - T 2V,
VARELRAE / = A
== vy

\ / Mit phit %)hﬁng phan cuc

Mit phing phén cyc sau khi qua cha't quang hoat

DPé dac trung kha ning quang hoat ciia mot hop chit quang hoat ngudi ta
dung dai lugng quay cuc riéng hay con goi 1a nang sudt quay cuc riéng va ky hiéu
1a [a].

0 o
[a] = 100 %

Trong do6:

a 1a géc quay cuc xac dinh trén may phan cuc k&, c6 thé c6 2 gia tri + a.

Gia tri +a chi mat phing phan cuc quay phai.

Gia tri -o chi mit phdng phéan cuc quay tréai.

L bé day 16p chat quang hoat ma anh sang phan cuc di qua don vi tinh 1a dm.

C 1a s6 gam chat hoa tan trong 100ml dung moi.

A 1a buéc séng cua anh sang.

t° la nhiét d6 do.

Nhu vay tinh quang hoat ctia mét chét 1a tinh chat ctia phan té gin lién véi

cdu trdc phan td. Su phan bd khéng gian lam cho cdu tao phan ti trd thanh
khoéng déi xiing 1a nguyén nhan chu yéu gay ra dong phan quang hoc.

2.2.1. Phén tur co nguyén tu carbon khéng déi xung

2.2.1.1. Phén tir c6 nguyén tir carbon bat déi ximg

Né&u nguyén ti carbon lién két tryc tiép v6i 4 nguyén ti hoic 4 nhém
nguyén ti hoan toan khac nhau thi goi 1a carbon khéng d61 xiing (bat doi xting,
phi déi xting).

/N b
VALY
/ \ N\
/' recky 5CzC
// NG ~
e T

a,b,c, d 1a cac nguyén ti hay nhém nguyén tt khac nhau. Carbon khéong doé1
xting ky hiéu 1a C*. Phan ti c¢6 carbon khong dé6i xting thi khéng cé cac yéu to doi
xtng (mit phing déi xtng, tAm d6i xtng va truc déi xting) va phan tl c6 dong
phéan quang hoc.
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Vi du: Acid lactic ¢c6 mot carbon bat do6i xiing CHS*CH(OH)COOH.

OOH OOH
/
// \\\
COOH 7N
¢ * OH // *C—\\\GH hay *Ce CHj
CH;CHOHCOOH C | cny / % N
/. N\ H
H OH OH

Néu xem mo6 hinh t dién cta acid lactic 12 mot vat that thi anh ctia né qua
guong 1a mot vat thé tha hai. Vat va anh khong bao gio ¢tring khit 1én nhau khi
quay vat hay anh chung quanh mit phing mét géc 180°.

Guong phang

(+a®) (-a)

Anh va guong 1a hai dong phan quang hoc cia nhau, c6 cdu tao hoan toan
giong nhau, chi khac nhau la néu vat quay mat phang anh sang phan cuc mot géc
+o thi anh quay mit phang phan cuc mot goc -a .

Quan hé gitia phan ti (vat) va anh guong cua né nhu ban tay phai va ban
tay trai.

Vat va anh khéng trung lén nhau (chirality).
Hai dong phan vat va anh 1a 2 déi quang (2 chit nghich quang).
2.2.1.2. Phén tir c6 mét nguyén tir carbon bat déi ximng

Cac dong phan d6i quang (enantiomer, goc ti tiéng Hy Lap enantio 14 ngudc
chiéu) c6 khoang cach giiia cac nguyén tu trong phan ti nhu nhau. Ching dong
nh&t vé cac tinh chat vat 1y, chi khac nhau vé su tuong tac véi anh sang phan cuc.

Hop chat c6 mot nguyén ti carbon khong d6i xting c6 2 déng phan quang hoc.

Mbét déng phan quay méit phidng phan cuc bén phai véi géc (+a) goi 1a ddng
phan quay phai (+)hay 1a dong phan hiéiu tuyén (con goi 1la déng phan d =
dextrogyre).

Mot déng phan quay mit phing phan cuc vé bén trai (-o)goi 14 déng phin quay
trai (-) hay 14 dong phan ta tuyén (trudc day goi 1a dong phan 1 = levogyre).

Néu trén nhiing lugng bing nhau cta 2 chat déi quang (50% dong phan quay
phai va 50% dong phan quay trai) sé dudc mot hon hgp khong cé kha niang quay mit
phéng 4nh sang phan cuc. Hn hop d6 goi 1a bién thé racemic ky hiéu la (+).
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P& thuan tién khi biéu dién cac déng phan quang hoc, ngudi ta biéu dién
cong thiic theo hinh chiéu Fischer (xem muc dong phan c4du dang) nhu sau:

Céac dong phan quang hoc cula acid lactic

*
CH,—CHOH—COOH

OOH OOH TOOH OOH
C—-CHy == H OH ; H3G—/——C\ = HO
v on Hy HO H Hy
(+a®) (+00) (o)

Cong thic ti dién Cong thic chiéu Fisher Cong thic tif dién  Cong thifc chi€u Fisher

2.2.1.3. Phén tr c6 nhiéu nguyén tir carbon bat déi ximg
Hop chat c6 nhiéu carbon bt d6i xting thi s6 déong phan quang hoc ting 1én.

Trong phan tl, cic nguyén tu carbon bdt déi xiing c6 cdu tao khdc nhau thi
s6 dong phan quang hoc 12 2" ; n 14 s6 nguyén ti carbon bat dé1 xing.

Vi du: Monosachcarid C¢H,,04 v6i 4 nguyén tu carbon bat ddi xting cé
2* =16 dong phan quang hoc . D - Glucose la mot trong 16 d61 quang do.

* * * *
CH,OH—CHOH—-CHOH—CHOH—CHOH—CHO

Phan ti acid a,B-dihydroxybutyric ¢c6 2 nguyén tu carbon bat doéi xting nén
c6 4 ddng phan quang hoc. C6 thé minh hoa cac déng phan dé nhu sau:

Céac dong phan quang hoc cla a, B- dihydroxybutyric

* *
CH;—CHOH—-CHOH—COOH

| (0
v ! ! {
COOH COOH COOH COOH
H——OH HO——H H——OH HO——H
H——OH HO——H HO——H H——OH
CHj3 CHj CHj CHj3
I 1 11 v

Ivallla 2 déi quang, III va IV 1a 2 d61 quang véi nhau.

ConIvalll, IvalIV, II vaIIl, II va IV la cac cap déng phdn quang hoc
khong déi quang v6i nhau (diastereoisomer).

Trong phan ti, nhiing nguyén ti carbon cé cdu tao giéng nhau (tuong duong
nhau) lam cho phan ti c¢6 mét phang d6i xting trong phan ti thi s6 déng phan
quang hoc sé€ it hon 2" va c6 thém dong phdn meso.

Vi du: Phan ti acid tartaric c6 2 nguyén ti carbon bat doi xiing giong nhau nén
chi c6 2 dong phan quang hoc va mot dong phdn meso. C6 thé minh hoa nhu sau:
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Céc dong phan quang hoc va dong phan meso cla acid tartaric

HOOC — CHOH—CHOH—COOH

v v v l
COOH COOH COOH COOH
H——OH HO——H H——OH HO——H o
———————————— mp doi xing
HO—/—H H——OH H——OH HO——H
COOH COOH COOH COOH
I Il 11 v
Acid(+) tartaric  Acid(-) tartaric Acid mesotartaric
Trong do:

I va II 14 2 d8i quang (2 dong phan quang hoc). I1I va IV ¢6 mét phing d6i
xting trong phan ti nén ching khong quay mit phang phan cuc, ching khong c6
tinh quang hoat. Ngudi ta goi d6 14 déng phan meso.

Chu y: I1I va IV chi 1a mot cong thiic.

C6 thé giai thich s6 déng phan trong cac trudng hgp s6 carbon bat déi xting
¢6 cAu tao khac nhau va gi@’qng nhau nhu sau: Carbon bat déi xting c6 cau tao khac
nhau thi géc quay mét phang phén cyc khac nhau. Trong truong hgp acid «o,p-
dihydroxybutyric, gid st géc quay cua modi carbon bat d61 1a a va b, a>b. Acid
tartaric c6 2 carbon bat déi véi céu tao giong nhau, goc quay mit phang phan cuc
ctia mdi carbon bat ddi gidng nhau (a=b).

Géc quay méat phdng phan cuc 1a téng gia tri géc quay cla tit ca carbon bat
dé61 trong phan tu.

C6 cac truong hgp:

* *
CH,CHOHCHOHCOOH HOOCEHOH*CHOHCOOH
a>b a=b
ol =(+a)+(+b)= (+a)
o2 =(-a)+(-b) = (o)
o =(+a)+(-b)= (4
a =(-a)+(b)= (-)

ol =(+a)+ (+b) = (+w)

2 ddi quan } "
} quang a2 =(-a)+(-b)= (+a) 2 d6i quang

2d6iquang @3 = (+3)+ (D)= (0} mot ddng pham meso
a4 =(-a)+ (+b)= (0

Két quad: Acid a, B-dihydroxybutyric c6 4 déng phan quang hoc va acid
tartaric chi c6 2 déng phan quang hoc va 1 déng phan meso.
2.2.2. Danh phdp déng phan quang hoc

Danh phép nay diung dé ky hiéu c&u hinh ctia nguyén ti carbon bat d6i.

C6 2 loai danh phap: Danh phap D, L. va danh phap R,S
2.2.2.1. Danh phap D,L

Ngudi ta chia cac chit quang hoat thanh hai day: day D va day L. Loai danh
phap nay c6 tinh chit so sanh, nghia 14 ngudi ta 14y cdu hinh khong gian cua
aldehyd glyceric CHOHCHOHCHO dé 1am chuén so sanh.
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Aldehyd glyceric c6 mdt carbon bat ddi xting c6 2 dong phan quang hoc. Cau
hinh ctia ching dude mo ta dudi day:

Ca&u hinh chuén clia aldehyd glyceric

*
CH,0H—CHOH—CHO

HO
HO HO HO
/C\"CHz()H = H OH va g —  HOHyG—c
H OH HO/ "
) ) CH,OH H,OH
D ( +) Aldehid glyceric L (- ) Aldehid glyceric
1 11
Cong thie i dién Cong thiic chi€u Fisher Cong thic chi€u Fisher Cong thic ti dién

Trong cong thiic I nhém OH & bén phai ngudi ta quy uée né ¢6 cdu hinh D.
Trong cong thiic II nhém OH & bén trai, quy uéc né cé cAu hinh L.

Nhiing hop chit quang hoat c6 carbon bat d61 xting v6i s6 thii tu cao nhat c6
cau hinh giéng cau hinh ctia D - aldehyd glyceric thi ching thudc day D.

Nhiing hop chit quang hoat c6 carbon bat d61 xting v6i s6 thii tu cao nhat c6
cau hinh giéng cau hinh cta L - aldehyd glyceric thi ching thuoc day L .

Vi du: D- Glucose va L - Glucose ¢6 c&du hinh nhu sau:

Trong phan ti glucose carbon bat d6i xiing s6 5 (s6 thi tu cao nhat cia C )
c6 cAu hinh giong D - aldehyd glyceric dudgc goi 1a D - Glucose va gidng L -aldehyd
glyceric la L -Glucose.

C4u hinh cda D - Glucose va L - Glucose
* * * *
C6H2OH—gHOH—EHOH—(SZHOH—2CHOH—(]JHO

ICHO ICHO
—2—OH HO—4—H
HO—+—H H——0H
—4—0H HO—4—H
H——O0H HO——H

6CH20H 6CH20H
D(+) - Glucose L(-) - Glucose

D4u (+) va d&u (-) chi chiéu quay mat phéng anh sang phan cuc.
Danh phap D, L cting 4p dung cho cach goi tén cua cac acid amin.
2.2.2.2. Danh phap R, S (danh phap Cahn - Ingold-Prelog ).

R tu chii Rectus (phai), S tu chii Sinister (trai).

Danh phap D, L c¢6 nhiéu han ché 1a khong chi rd hét cAu hinh cta cac
nguyén ti carbon trong phan té va cé tinh chit so sanh. Danh phap R, S khéc
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phuc diéu d6. Theo hé danh phap nay thi 4 nhém thé& chung quanh nguyén ti
carbon bat d6i xting dugc sdp x&p theo thi tu giam dan vé “dé lén" .

Vidu: C*abed a>b>c>d

Xét su phan b6 cac nhém thé a,b,d,c chung quanh carbon bat d6i xiing ctia vat
va anh trén hinh t dién sao cho nhém thé& nhoé nhat d 6 vao dinh tt dién xa nhat so
v6i mat ngudi nhin va ba nhém thé a,b,c con lai chiém 3 géc cta day tt dién. Néu
theo thti tu " dé I6n " ctia 3 nhém thé a,b, c theo chiéu quay kim doéng hé ta cé6 cau
hinh R, néu thi tu &6 nguwoc chiéu kim déng hé ta c6 ciu hinh S.

: a 3
C b C b N \C
1

. Gu’dng phing
a,b,c theo chiéu quay a,b,c theo chi€u quay
cung chiéu kim déng hd ngugc chiéu kim déng hd
Cau hinh R CAu hinh S

Vi du: Phan tu acid lactic c6 2 dong phan: acid R- Lactic va acid S —Lactic

*
CH,-CHOH-COOH
D6 16n cdc nhém thé OH > COOH > CH, > H

OH OH
c — H--=C
CACOOH H, c COOH HOOC/ \CH oo‘c

acid R Lactic Guong phing acid S-Lactic

D6i véi cac hop chat c6 nhiéu carbon bat d6i xting dé c6 danh phap theo hé
thong R, S ngudi ta 1an lugt xac dinh c4du hinh cta tiing carbon bat doi.

Vi du: Déi véi acid tartaric HOOC -CHOH-CHOH-COOH ta c6 cac dong phan:
acid (2R, 3R )-tartaric
acid (2S, 3S )-tartaric
acid (2R, 3S )-tartaric (aid mesotartaric ).
e Phuong phap xac dinh cdu hinh R,S
— Chuyén cong thtic dang tt dién vé hinh chiéu Fischer.
— Xét 1an lugt tiing carbon bat ddi xting v6i 4 nhém thé ¢ dd 16n khac nhau.
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Theo qui tic:

— Né&u thay d6i vi tri nhém thé& 1 1an thi c&u hinh thay d6i.

— Néu thay d6i vi tri nhém thé& 2 1an thi khong thay d6i cdu hinh.
(Chu ¥ thay d6i sao cho nhém thé bé nhat vé phia duéi).

— Xét chiéu theo tht tu gidm dan dd 16n ctia cadc nhém thé.

Vi du: Xét cdu hinh cta aldehyd D — Glyceric HOCH, - C*HOH - CHO.
C6 mot carbon bat d6i va 4 nhém thé chung quanh

C*1a HO > CHO > CH,OH > H

HOCH,-CHOH-CHO

Cong thifc tif dién Cong thifc chi€u Fisher

HO HO H
// \\\ * //,’ >)‘A
SN * OH CH.O H CH,OHZEACHO
/ *97>CH20H c———-CHZOH 2 2
e ”/ H,0H

Pdivitrilan1  B&ivi tri 1dn 2
I 11 111
R <« R

Tt cong thi ti dién chuyén vé cong thiic chiéu Fischer (I). C&u hinh I 1a c&u
hinh cta aldehyd D -glyceric. Tt (I) thay d8i vi tri 1an 1 thu duge (II). D6i vi tri
tiép tuc lan 2 ta duge (III). Cho H 14 nhém thé bé nhat vé phia duéi. Cau hinh ctua
(III) 14 c&u hinh caa (1)

Xét chiéu quay cua 3 nhém thé OH, CHO, CH,0H. Ta ¢6 OH - CHO — CH,0OH
theo chiéu kim dong ho. (II) ¢6 cau hinh R va suy ra (I) phai c6 cau hinh R.

Vay D- aldehyd glyceric 1a R - aldehyd glyceric .

2.2.2.3. Danh phap Erythro va Threo

Dé phan biét cac déng phan quang hoc khong d6i quang cta cac hgp chét
quang hoat c¢6 2 nguyén ti carbon bat doi xting ngudi ta goi tén theo danh phap
erythro va threo.

Dang erythro 1a dang trong dé 2 d6i nhém thé tuong tu nhau c6 thé dua vé
vi tri che khuat, con dang threo chi c6 mot déi nhém thé tuong tu nhau cé thé & vi
tri che khuat

Vi du: 2-Phenyl -2-butanol c6 dang déng phan erythro va threo nhu sau:
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* *
CH,-CH(Ph)-CHOH-CH,

fHs CH; CH, CH,
H—r—0OH HO——H HO—1—H H——OH
Hg—Ph Ph—1—H H—+—Ph Ph——H
Hs CH, CH; CH,
25 25 25
=-0,69° 2 o =.30,20 = 0
[Oi]D [oc]]2 +0,69 [oc]\D 30,2 [a][l+30,2
2 ddng phan erythro 2 ddng phan threo

2.2.3. Cdc dong phan quang hoc khéng c6 carbon bét déi xung

C6 mot s6 hgp chat trong phan ti khong c6 carbon bat déi xting, nhung do
su can quay lam cho phan ti tré thanh bat d6i xting nén phan ti c6 tinh quang
hoat (c6 déng phan quang hoc). Cac hgp chat thudc day allen, diphenyl,
paracyclophan, thudc loai chat quang hoat khong cé carbon bat déi xting.

O O

a\C_C_C/
Y — L= (CHp)p
b d
R" R"
Hop chat allen Hgp chat diphenyl Hop chat paracyclophan

2.3. Dong phan cau dang

C4&u dang hay con goi 1& hinh thé (Conformation) cia mét phéan ti dung dé
chi cac dang c&u tric khong gian c6 thé hinh thanh khi cdc nhém thé quay tu do
chung quanh lién két don.

Mot chét hitu co cé thé duoc trinh bay theo cdc dang cong thic sau:
Cong thic tt dién
Coéng thtc chiéu Fischer
Coéng thiic phoi canh
Cong thiic Newman
Vi du: Phan tu etan c6 thé duge trinh bay cac dang cong thiic:

H H
H H——H H
H | H
H
}I Pf_____}l I{
H H H
CT ti dién CT chi€u Fisher CT phdi cdnh CT Newman
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Cong thiic phoi canh va cong thic Newman thudng duge dung dé bién dién
cdu dang cac chat hiiu co.

Cong thtc phoi canh duge mé ta trong khong gian 3 chiéu, lién két gitia 2
nguyén tu carbon huéng theo dudng chéo tu trai sang phai va xa dan nguoi
quan sat.

Cé6 2 loai cong thtic phoi canh 14 dang xen ké va dang che khudt.

a
a AN / b Ell (|:
~
b v e
Dung xen ké Dang che khuét

a,b,c 12 nhiing nguyén ti ho#c nhém nguyén ti phadn b6 chung quanh
nguyén tu carbon. Ciing c6 thé mo ta theo duong dam nét (=—),duong chAm cham
(----)va duong nhat (—). Duong dam nét chi rd lién két huéng vé phia trudec mait
phang. Puong chdm chdm huéng vé phia sau méit phang. Pudng nét nhat nam
trong mat phang.

a
G, /b a é
I e
'/ | C% “c
b/ "'c v
Dang xen ké Dang che khuit

Cau dang xen ké c6 ning lugng thap hon (bén hon) cadu dang che khuat (kém
bén). T cong thic phdi canh c6 thé mo ta theo cong thic Newman bing cach nhin
phan ti theo doc truc lién két C, — C,. Ta biéu didn C, bi che khuét bing vong
tron, con C, 6 tAm vong tron. Ba lién két xuat phat ti mdi nguyén ti carbon tao
nén nhiing géc 120° trén mit phing gidy.

e /b a f
e A b 2
S A TP S

CT phdi cdnh CT Newman CT Newman CT phdi cidnh
Dang xen ké Dang che khuit

Trong cac hgp chit vong cac nguyén ti khong phan bé trén cing mit phing.
Chung c6 cac cdu dang khac nhau. Phan ti cyclohexan cé hai loai cdu dang: cidu
dang ghé va cau dang thuyén.
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H H
H H H H
H H
H H
C#u dang gh& Cau dang thuyén

O dang ghé& cic nguyén ti hydro trén 2 carbon canh nhau phan b6 theo cach
xen ké. Con & dang thuyén cac nguyén ti hydro trén 2 carbon canh nhau phan bé
theo cach che khuat. Vi vay cdu dang ghé& bén hon cau dang thuyén (xem 6 phan
cycloalkan).

2.4. Tac dung sinh hoc clua cac déng phan quang hoc

Cac déng phan quang hoc déng vai trd quan trong trong ddi song tu nhién
cla con ngudi va thé gi6i sinh vat. Cac chit chuyén héa, cac chdt men 1a nhiing hé
thong hop chat quang hoat. Thay d8i cac dang d6i quang dan dén su thay déi qua
trinh va cd ché cta su chuyén hoa.

Acid Lactic ton tai (+) Lactic, (-)Lactic va L () Lactic (racemic). Ching c6
cac tac dung sinh hoc khac nhau. D -(+)-glucose 1a duong c6 tac dung sinh hoc lam
chat tiém truyén. Ngudgc lai L -(-)-glucose hoan toan khong cé6 tinh chat d6 ...

BAI TAP

1- Cong thiic phan t& mot hydrocarbon 1a C,H,,. Bao nhiéu déng phan c6 thé c6 ?

2- Cong thic phan ti C,H,,. Bao nhiéu déng phan cé thé c6?

3- Viét cong thiic cdu tao cac dong phan hinh hoc ctia cac chat sau:

a- 2-Penten ; b-2-Phenyl-2-buten ; c¢- 1,2-Dimethylcyclopentan.
d-1-Phenyl-1-clo-2,3,3-trimethyl-1-buten.

Cho biét danh phap cdu hinh cta cac dong phan ds.

Dang déng phan nao bén hon. Giai thich.

4- C6 hgp chat CH,Cl1-CHOH-CHOH-CH,CI.

a- Hop chat nay c6 bao nhiéu nguyén ti carbon dé1 xting, bat doi xting .
b- Hop chat dé c6 bao nhiéu d6i quang va cé loai dong phan nao.

c- V& cong thtc ta dién, cong thtc chidu Fischer, cong thic phéi canh va
cong thiic Newman .

d- Goi tén cac dong phan d6 theo danh phap D, L; danh phap R, S va
danh phap Erythro -Threo .

5- V& cac cau dang ghé va thuyén cta cic chat sau day:
a- cis-1,2-dimethylcyclohexan b- trans-1,2-dimethylcyclohexan.
c- cis-1,3-dimethylcyclohexan d- trans-1,3-dimethylcyclohexan
e- cis-1,4-dimethylcyclohexan f-trans-1,4-dimethylcyclohexan
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MUC TIEU HOC TAP

Chuong 4
KHAI NIEM ACID -BASE TRONG HOA HUU €O

1. Trinh bay duoc cdc quan niém vé acid va base trong héa hitu co.

2. Gidi thich va so sanh duoc dé manh tuong déi tinh acid hodc base ciia mot

s6 hap chdt hitu co.

3. Nam dudc khdi niém acid -base lién quan dén phdn ng cia cdc hop chdt

hu co.

4. St dung khdi niém acid -base cua Bronsted - Lowry va Lewis trong hod hitu

co dé gidi thich vé tinh acid -base ctia cdc chdt va co ché phdn ing.

NOI DUNG

1. KHAI NIEM ACID - BASE THEO BRONSTED -LOWRY (1923)

Acid 1a nhiing tiéu phan c¢6 khuynh huéng cho proton. Base 1a nhiing tiéu
phan ¢6 khuynh huéng nhan proton. Vi du c¢6 chat HA cho proton H*

Theo phuong trinh trén thi sy phan ly tao H" 14 mot qua trinh thuan nghich.

HA — A

+H+

HA 14 acid vi cho proton H*. A™ tao thanh goi 14 base, vi A~ nhan proton dé
tao thanh acid HA. Vi vay c6 thé goi HA 1a acid lién hop cua base A" va A" 1a
base lién hop cua acid HA. Trong bang 4-1 trinh bay mot s6 acid -base lién hgp.

Bang 4.1. Su phan ly cla cap acid — base lién hop

—

HA  H o+ A
Acid lién hgp Proton Base lién hgp
CH;COOH H* CH3COO-
CH,OH H* CH,0'
it e S,
CH3—¢—CH3 H* CH,-O-CH,
H
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Theo bang trén khi BH* phan ly tao thanh base khong c6 dién tich ( -)
BH+ — H+ + B
Két hop ca 2 truong hop ta cé

HA + B & BH + A

Vay phan tng gitia mot acid HA va mot base B 14 su chuyén dich proton tix
acid sang base hay 1a phan ting proton héa. Tinh chat cua acid hodc base khong
phu thudc dién tich cta tiéu phan. Nhu vay c6 nhiing phan ti acid khong mang
dién (H,SO,, HC1, CH,COOH), ¢ phén tt acid tich dién duong (NH,*, [CH,;OCH,]JH™"),
c6 phan ti base mang dién tich am (CH,COO-, CH,0"), c¢6 phan ti base khong c6
dién tich (NH,, CH,OCH,) .

Acid hoa tan vao nudce c6 su tuong tac acid base: Nude 1a dung moi cé tinh base.

CH,COOH + H,0 <= H,0" + CH,COO
Acid Base Acid Base

Hoa tan muéi cta acid hitu co vao nudc, cé su tuong tac acid -base : Nuéc 1a
dung méi ¢6 tinh acid.

H,O + CH;COO™ _— CH;COOH + HO-
Acid Base Acid Base

= Nudc 12 mot dung méi ludng tinh phu thudc vao tinh chit ctia chat hoa tan.
Mot s6 phan ting héa hoc c6 xic tac acid, thuc chat 1a su tuong tac acid - base.

Vi du: Phan tng tao ether ti alcol c¢6 xtc tac acid la su tuong tac acid (H™)
v6i base (alcol) dé tao chit trung gian khéng bén trude khi hinh thanh ether.

+
H,S0, + R-O-H == R-O-H 4 yoor
. H
Acid Base Acid Base
Phan ting cong hdp nube vao olefin cé xtic tac acid cling 12 qué trinh tuong

tac acid -base, tao carbocation trung gian truéc lic tao thanh alcol.

+ -
H,PO,+ CH,~ CH=CH, =— CH,CH-CH, + HPOy
Acid Base Acid Base

Mot s6 phan tng c6 xuc tic base ciing ¢6 qué trinh tuong tac acid base dé tao
carbanion trung gian.

CH3-CHO + HO- == H,0 + CH,-CHO
Acid Base Acid Base (carbanion)

Chu y: Mot acid rat manh thi base lién hgp ctia né 1a mét base rat yéu.

Mot acid rat yéu thi base lién hop cia né 1a mot base rat manh.
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CH3 CHQ-

+ B =— BH' +

Acid vt yéu Base rdt manh  Acid r4t yéu  Base rit manh
HO°, CH3O 1a nhiing base manh
H,0, CH50H 14 nhiing acid yéu

2. KHAI NIEM ACID - BASE THEO LEWIS (1923)

Base 1a phan ti c6 kha ning cung cip cip dién ti (c6 cip dién ti khong lién
két). Acid 14 phan ti c6 nguyén ti ma dién ti 6 16p ngoai cung chua day dua (c6
kha ning két hgp véi cip dién ti ctia base).

Cac chat sau day la nhiing base Lewis:
R-O-R ; R-NH, ; R-OH ; NH3; HO™; RO~
Cac chat sau day la acid Lewis:

+
BF3, AICl3 , FeCly , ZnCl, , SO3 ,NHy

Acid Lewis c6 kha niang tao lién két cong tri (lién két phdi tri ciing 1a mot
dang cua lién két cong tri) véi cac base Lewis nhu H,0, R,0, NH, .

H F HE
HiN: +  BIF — HoN:BLF
H F H F

Base Lewis Acid Lewis

3. HANG SO CAN BANG ACID - BASE
Acid phén ly trong nuéc. Cac ion bi hydrat héa (solvat héa)
HA <—= H* + A- hay HA( nu6c) < Ht(nudc) + A-(nude)

Su solvat héa H T (nudc) va A - (nuée) ¢ thé minh hoa:

o
P
H,0-—-H._ 5Ot H H
|
| H. _H-—A>—-H_ _H
H S T o
! H
OH -
H30 (Hy0), 2 AHy0), O
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Bang 4.2. Gia tri pK, clla moét s chat hiru co

Hop chat Acid lién hop PKy
CH;CONH, CH;—C—NH, 00
H,0 H3€5 -1.7
CH,O0H CH,0H, 22

+
(CH;CH,), 0 (CH,CH,), OH -3.6
tOH
I -6.0
CH,COOH CH;—C—OH '
+ ﬂH
CH,COOC,H; CH,—C—0C,H -6.5
+OH
1 8.0
CH,CHO CH,—C—H -°.
+OH
I 9.0
CH,COClI CH;—C—Cl :
+
CH,CN CH;—C=NH -107

Hing s6 can bing cua phan tng:

HA(nude) == H*mude) + A(nude)
_ [HY[A7]
47 [HA]
K, > 1 thudc nhiing acid manh
K, < 10* thudc nhiing acid yéu

Gia tri K, rat bé thudc nhiing acid rat yéu
St dung dai lugng pK, = -logK, dé danh gi4 d6 manh y&u cia acid
pK, cang bé thi acid cang manh va ngugc lai
pK, < -1 thudc acid manh .
pK, > 3 thudc acid yéu.

Tuong tu ta c6 hang s6 can bang cua base.

B + HpO Lo, BH* + HO-

-—

[BH'I[HO] vi [H,0] = 55,5 M
[B]

St dung dai lugng pKb = - logKb dé danh gia @6 manh cta base.
K, cang 16n thi tinh base cang yéu

Kp =

pK, cang 1én thi tinh base cang manh va ngudc lai



Bang 4.3. Anh hudng clia cac hiéu (mg dén tinh acid

Acid K, .M pK,
CH,COOH 1,8.107 4,74
FCH,COOH 2,6.1073 2,59
F,CCOOH 0,59 0,23
CICH,COOH 1,4.1073 2,86
Cl,CHCOOH 5,5.1072 1,26
C1,CCOOH 0,23 0,64
BrCH,COOH 1,3.1073 2,90
ICH,COOH 6,7.107 3,18
HOCH,COOH 1,5.10 3,83
CH,0CH,COOH 2,9.10 3,54
CH,=CHCH,COOH 4,5.107 4,35
HC=CCH,COOH 4,8.107 3,32
CH,CH,COOH 1,3.107 4,87
NCCH,COOH 3,4.1073 2,46
C¢H;CH,COOH 4,9.1073 4,31

Chu y: Tinh acid va tinh base cia mdt chdt 14 mé6i quan hé bién chting. Mot
chat c6 tinh acid manh thi né 14 mot base yéu. Mot chit c6 tinh base manh thi né
12 mot acid yéu. Ether ethylic C,H;OC,H; 12 mot base yéu, vi vay né chi tac dung
v61 mot s6 acid manh .

CH;CH,0CH,CH; + H* __, CH3CH28|3CH2CH3
H
4. YEU TO ANH HUGNG DEN TiNH ACID -BASE CUA CHAT HUU cG
Cau tric dién ti cia phan ti anh hudng dén tinh acid -base

Cac nguyén tl, nhém nguyén ti gdy anh hudng cam ting, anh hudng lién
hgp, anh hudng siéu lién hgp c¢6 anh hudng dén tinh acid -base.

Hiéu ting - I, - C lam cho tinh acid ciia mot chat ting (tinh base giam).
Hiéu ting + I, + C lam cho tinh acid cia moét chat giam (tinh base ting).

Cac s6 liéu ghi trong bang 4-3 chting toé diéu do.

BAI TAP
1- Viét cong thiic cia cic base lién hgp ctia cac acid sau:
C:H;COOH, C;H,CH,COOH, CH,CH,NO,, C;H,OH, (CH,);NH"
2- Viét cong thiic cac acid lién hgp cua cac base sau:
NH,, C;H;NH,, CH;0CH,;, CH,COCH,, HC=C-, RO-
3- Vi sao AICl,, ZnClg, NH4", BF, la nhiing acid.
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Chuong 5

CAC LOAI PHAN UNG TRONG HOA HUVU ¢O VA
KHAI NIEM VE CO CHE PHAN UNG

MUC TIEU HOC TAP

1. Trinh bay dugc cdc co ché phan ng thuong gap trong héa hitu co.
2. Viét va gidi thich duoc cdc co ché phan wng: thé (S), cong hop (A), tdach loai (E)

NOI DUNG

C6 nhiéu phuong phap phan loai phan ting trong héa hiiu co. Trong giio
trinh nay cac phan ing dudc phan loai theo huéng phan ting. Cé cac loai phan
tng nhu sau:

1. CAC LOAI PHAN UNG TRONG HOA HUU CO
1.1. Phan (ing thé (Substitution)
Phan ting thé (ky hiéu S) 1a phan tng trong d6 mét nguyén tit hay nhém nguyén
tl trong phan ti dugc thay thé bang mot nguyén tii hay nhém nguyeén ti khac.
R-I + CN- —» R-CN + I"
R-Li + HoO — R-H + LiOH
Téng qudt: R-A +Y > RY +A
A 13 nhém bi thé (nhém dira) A=1-,Li*, ...
Y 14 nhém thé ( nhém di vao) Y=CN-, H
Trong héa hiiu co tén goi cua mot s6 phan ting duge liét ké trong bang 5-1.

Bang 5.1. Tén goi mot s6 phan ing thé
R-A+Y—>R-Y+A

Nhém th& Y San pham th& R-Y Tén phan tng
Halogen X R-X Phan ¢ng halogen héa

NOy R-NO, Phan ¢ng nitro héa
SO3H R-SO3H Phan tng sulfonic hda.
R' R-R' Phdn ting alkyl kéa
Ar R-Ar Phdn @ng aryl héa
R'CO R'CO-R Phdn tng acyl héa
CHO R_CHO Phén dng formyl héa
N=N-Ar R-N=N-Ar Phén dng azo hda
R'COO R'COO-R Phan @ng ester hda
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Mot s& phan ting thé c6 kém theo su loai nudc, alcol, amoniac ...con goi 1a
phan ting ngung tu. Vi du:

R-CHO + CH;COC¢H; — R-CH=NR' +H,0
RCOOC,H; + CH;COC¢H; —» RCOCH,CO C¢H; + C,H,OH

Tuy theo co ché phan ting va tac nhan phan ing, phan tng thé con chia
thanh cac loai phan ting thé khac nhau:

— Phan ting thé ai nhan.
— Phan ting thé goc tu do.
— Phan ting thé ai dién tu.

1.1.1. Phan ung thé di nhdn Sy

RA+Y — RY + A
Y- goi la tac nhan ai nhan
Vidu: CH;Cl + HO- — CH,OH +CI

1.1.2. Phan ung thé gdc tudo SR

R-A+R —» RR + A"
Re 12 goc tu do (nhiing gbc c6 mot dién ti)
Vidu: SO,Cl, + *CiH;, - CiH;Cl + *SO,Cl

1.1.3. Phan ung thé di dién tur Sg

R-A +E* - R-E +A*
E*1a tac nhan ai dién tu
Vidu: Ar—H + NO, — Ar-NO, + H*

Trong phan co ché phan ting sé dé cap vé cac qua trinh xay ra phan {ng thé.

1.2. Phan (ing cdng hgp (Addition)

Phan ting cong hgp (ky hiéu Ad) 12 phan tng trong d6 hai phan tu (hoic ion)
két hop v6i nhau thanh mot phan ti (hoic ion) chat méi.

Phan ting thuong x4y ra trong cac hgp chat c6 néi doi, noi ba:
C=C, C=C, C=0, C=NH, C=N.
Phan ting cong hop x4y ra c6 su thay d6i trang thai lai héa ctia nguyén ti carbon.
HC=CH + HC1 —» H,C=CHCI: Carbon ¢ trang thai sp thanh sp”
R-CH=CH, + Br, — R-CHBr-CH,Br: Carbon 6 trang thai sp thanh sp?
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Tuy theo ciu tao chat phan ing, ngudi ta chia phan ing cong hgp thanh cac loai:
— Phan ting cong hgp ai dién ti P (Adg, Ag)
— Phan tng cong hop 4i nhan P (Ady, Ay)
— Phan ting cong hop goc P (Adg, Ag)
1.2.1. Phan ung céng hop di dién tu (Ade, Ag)
R-CH=CH, +H,0 — R-CHOH-CH,
1.2.2. Phan ung céng hop &i nhan (Ad,, Ay)
R-CH=0 +HCN — R-CH(CN)-OH

1.2.3. Phan ung céng hop géc (Ad, Ag)

Cl Cl Cl
@ + CI' ., ©/ ; ©/ + Cly —> ©i+ cr
Cl

Phan {ing cong gbc c6 anh sang lam xic tac 12 phan tng day chuyén.

Phan tng cong hop hydro vao lién két doi, ta con c6 thé goi la phan tng
hydro héa hay phan ting khi.
1.3. Phan (ing tach loai (Elimination)

Phan tng tach loai (ky hiéu E) 12 phan ting ma 2 nguyén ti hay nhém
nguyén tu tach ra khoi phan ti va khéng c6 nguyén ti hay nhém nguyén ti nao
thay thé.

Phan ting xay ra c6 su thay ddi trang thai lai héa cia nguyén ti carbon.
H-CH,-CH,-OH — CH,=CH, + H,0O: Carbon 6 trang thai sp thanh sp®.
Br-CH,—~CH,-Br + Zn — CH,=CH, + ZnBr,: Carbon 6 trang thai sp thanh sp”

1.4. Phan uing chuyén vi (Rearrangement)

Trong cac loai phan ting da ké & trén c6 lic c6 thé xay ra su chuyén vi lam
chuyén chd mét nguyén ti hay nhém nguyén ti nao dé trong phan ti. Phan tng
XAy ra c6 su chuyén d6i vi tri trong phén ti goi 1a phdn #ng chuyén vi.

Chuyén vi trf
R R\ .
R_(I:_CHZ'X —— R-C-CH, — R-C-CH;-R
R - X R R
Mbét s6 phan tng thé, tach loai, cong hdp c6 thé xem 1a phan ting oxy héa -
khii. Vi trong qua trinh phan dng c6 su thay doi s6 oxy héa cia modt hay nhiéu

nguyén tu trong phan ti. Cic phan {ing c6 su ting va giam sd oxy héa (hay su
nhuong va thu dién ti) goi 14 phdn #ng oxy -héa khi.
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2. KHAI NIEM VE CO CHE PHAN UNG

Phuong trinh héa hoc théng thudng chi trinh bay cac chat dau va cudi cua
hé phan tng ma khong cho biét qua trinh héa hoc dude thuc hién bang cach nao
va tién trinh dién bién ctia phan tng.

Co ché& phan ting héa hoc 14 con dudng chi tiét ma hé cac chit phan @ing phai
di qua dé tao ra san pham. Cac qua trinh phan anh cac budc ¢o ban cia phan tng,
su cat dat lien két, sy hinh thanh lién két méi, hinh thanh chit trung gian va
phiic hoat dong (trang thai chuyén tiép); tién trinh 1ap thé, su solvat hoéa ...

2.1. C4t dut lién két va hinh thanh cac ti€u phan phan iing

Mot lién két c6 thé bi cit dit theo kiéu di Iy hoic dong ly.

Vi du c6 lién két cong hoéa tri gitia hai nguyén ti ho#c hai nhém nguyén tu
A va B:
2.1.1. Sucat dut di ly

Khi lién két bi cit dit, cap dién ta lién k&t thude A hosc B

A:B —, A" + B- hoic A-4B — A~ + B
, :
A" va B 1a cac ion.

— Néu tiéu phan tao thanh A* hoic B* 1a R* thi tiéu phan d6 goi la
carbocation.

— Néu tiéu phan B - hoéc A -~ 1a R - thi tiéu phan d6 goi 1a carbanion.

Carbocation va carbanion 14 nhiing tiéu phan déng vai trd quan trong trong
cac phan ting thé, cong hgp va tach loai.

2.1.2. Sy cat dut dong ly
Khi lién két bi cit dtt, cap dién ti duge phan déi. Trén mdi tiéu phan mang
mét dién ti tu do. Cac tiéu phan d6 goi 1a gée tu do.

A%B — A" + B’

CH,-CH, , CH,=CH-CH, lacdc goctydo
Cac goc tu do tham gia cac phan ting theo co ché géc.

2.1.3. C4u tao va tinh chét tiéu phéan tao thanh khi cat dut lién két

e Carbocation

Carbocation (ky hiéu R*) 1a nhiing cation ma trung tAm dién tich duong &
nguyén ti carbon (trén orbital p khong cé electron - orbital trong).

Carbocation dugc tao thanh khi cat dit di ly lién két cong tri hoac khi cong
hgp proton H* vao néi déi, néi ba.
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CH3CH=CH, + H—> CH;CH-CH

Carbocation c6 ciu tric phing. Ba lién két cua carbon C* ndm trong mét
mit phang. Orbital trong (khong c6 dién ti) c6 truc d6i xting thing gbéc v6i miét
phang d6.

e Carbanion

Carbanion (ky hiéu R*) 1a nhiing anion ma dién tich Am (2 dién ti) tap trung
chti yéu 6 nguyén ti carbon (trén orbital p c6 2 dién ti). Carbanion dudc tao
thanh khi cit dut di ly lién két cong hoa tri .

H-CH,CHO + HO- — ‘CH,CHO + H,0O

Carbanion c¢6 cadu trdc hinh thap, tAm 14 nguyén ti carbon va 4 dinh 1a 3
nhém thé va cédp dién tu.
e Goéctudo

Gdc tu do (ky hiéu R") 1a nhiing tiéu phan c6 chia 1 dién ti tu do (khéng cip
d6i) 6 nguyén tu carbon (trén orbital p c6 1 dién ti). Goc tu do dude tao thanh do
su cat dut dong ly lién két cong tri dudi tac dung ctia anh sang hoidc nhiét. Géc tu
do c¢6 c&u tric phing. Ba lién két ctia carbon C - nim trong mot mét phing.
Orbital p chiia mot dién tu thang géc véi mit phiang d6. Hinh 5.1 minh hoa trang
thai khong gian ctia carbocation, carbanion va géc tu do.

. B}
CH3CHCH3 CH3CHCH3 CH3CHCH3

Cau tric phdng cla carbocation  C&u tric hinh thap cla carbanion  C&u tric phing cia gdc tu dc
orbital p khong c6 eletron orbital p Vdi 2 electron orbital p vi 1 elctron
Hinh 5.1. C4u tric khong gian cla carbocation, carbanion va géc tu do.
e Carben
Carben ky hiéu RR'C: 14 tiéu phan c6 2 dién ti khéng lién két 6 16p ngoai
ciing cua nguyén tu carbon .
Vi du: HoC: , CloC: , CH9y=CHCH:
Néu 2 dién ti phan phoi trén 2 orbital p, carben ¢ dang ludng goc. Néu 2 dién

tl cung phan phdl trén mot orbital p, trén carbon c6 mot orbital p trong khéng c6
dién ti. Carben c6 dang mot ion ducng déng vai tro mot tdc nhan ai dién tu .
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Ion dudng Ludng gdc
H

orbital tréng

orbital sp2

Hinh 5.2. C4u truc cla carben H,*C: va luéng géc CH,

A A - [N A
e D6 bén cua cdc tiéu phan

Do bén cua cac tiéu phan phu thubc vao cdu tric dién ti. Mat d6 dién tich
trén carbocation va carbanion cang giam thi ning ludng ctia ching cang thip va
ching cang bén (dé ton tai trong cac qui trinh phan tng).

Cac hiéu tng electron I, C va H lam giam mdt dé dién tich c6 anh hudng
quyét dinh dén d6 bén viing cta céc tiéu phan.

Carbocation bén viing khi dién tich duong dudc giai téa. Cac hiéu tng T va
*C c6 tac dung lam cho carbocation bén viing hon.

Vi du: CH,* < CH,CH," < (CH,),CH* < (CH,),C" do hiéu ting *I cua CH..
CH," < C,H,CH,'< (C(H;),CH" < (C4H;);C" do hiéu ting *C cua C.H;

Carbanion bén viing khi c6 cac nhém hut dién ti . Hiéu tng -I va -C lam
tang d6 bén cua carbanion.

Vi dyu: CH, - < (CF,),CH- < (C,H,),CH
CH, - CH,CH, < CH,=CH - CH,” < (CH,=CH),CH"

Cac goc tu do kém bén va c6 kha ning phan ting cao. Cac nhém alkyl, aryl
lam ting d6 bén. Géc phenyl CH; - ¢6 kha néng c6 hiéu tng *C hodc -C

Vidu: CH; < CH,CH, < (CH,),CH < (CH,),C"
CH3 < C4H,CH < (C4H,),CH: < (C4H,),C:
Cac nhém thé c6 hiéu ting I, C va H 6 vi tri para trong géc p-X-C,H,CH,:
lam cho do6 bén cua goc ting lén.
2.2. Téc dd phan (ing
Téc d6 v ctia phan tng A+ B —» C c¢6 thé dudc thé hién qua phuong trinh .
v = Fk[Al[Bl=Fkc
Trong d6: ¢ = [A].[B]
k 12 hang s6 téc do phan dng .
[A],[B] 14 ndéng d6 cua cac chat Ava B.
Theo phuong trinh Arrhenius ta c6 .
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Theo @6 thi & ti 1& thuan véi s6 va cham Z. Nhung khong phai tit ca cac va cham
déu din dén phan tng héa hoc. Vi vay cin c6 mot ning lugng t6i thiéu E, goi 1a ning
lugng hoat héa dé dua cac phan tit dén " trang thai kich thich " lam cho cac phan ti
thanh cac tiéu phan giau ning lugng (carbocation, carbanion, goc tu do).

Dé xay ra phan ting, s cac tiéu phan c6é nang lugng t6i thiéu bing niang
lugng hoat héa E, duge xac dinh bdéi dinh luat phan bd ning luong Boltzmann.
Két qua 1a téc dd phan ting phu thudéc manh vao nhiét dd T. Theo phuong trinh
trén, khi nhiét do tang l1én khoang 10°C thi t6c dd cac phan ting héa hoc tang l1én
gdp 2 dén 3 lan.

Khi cac tiéu phan du ning lugng can thiét thi chi c6 nhitng va cham cta cac
tiéu phan & nhiing vi tri khéng gian thich hop méi lam cho phan tng xay ra. Tri
s6 k thuc nghiém thuong nho hon rit nhiéu so v6i gia tri tinh toan duge tu E,, T
va Z. Gia tri k 1y thuyét va k thuc nghiém khac nhau bdi mot dai luong P. Dai
lugng P duge goi 1a hé s6 khong gian hay 1a hé s6 xac suét .

Khi nghién ciiu vé co ché phan ting, toc do phan @ing con dugc tinh toan theo
ly thuyét phiic chdt hoat dong (hay con goi 1a trang thdi chuyén tiép) dé giai thich
cac trang thai dong hoc cua phan tng.

Ly thuyét nay gia thiét ring trén buéec dudng dén sdn phadm cudi clung, cac
phan ti tham gia phan @ing hgp lai véi nhau thanh mot phic chdt hoat déng (hay
la trang thai chuyeon tiép). Trang thdi chuye?n tiép dudc dic trung bang mot cuc dai
nang luong (diém A trong hinh 5-3a) cia cac phan ti tham gia phan ling Phiic
chat hoat dong khong phai 14 mét chét trung gian vi né khéng cé cuc tiéu ning
lugng. Cuc tiéu nang lugng cta chit trung gian trinh bay trén hinh
5-3b (diém B).

A1 Phitc chit hoat dong Al

Ning lugng hoat h6aE, Eal /2 _____ Eal

Cha't trung gian\B

Cha't ban dau
AH

ChAi't cubi

Tién trinh phdn ing i Tién trinh phdn ng
(a) (b)
Hinh 5.3. Gian db nang lugng va tién trinh phan ng

C6 thé xem ning lugng hoat héa E, tuong duong véi entanpi hoat héa AH”.
Mtic d¢ trat tu khéng gian & trang thai chuyén tiép duge dic trung béi dai lugng
Entropi AS” hoat héa. Gia tri AS” hoat hoa cta trang thai chuyén tiép cang Am sé
phan anh mtic d6 cac chit phan ing tuong tac da phan ti hay don phan ti. Biét
gii tri AS” va AH” tiic 1a biét dudc tién trinh vé co ché phan ing xay ra.
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Thuc t& khéng phai néng lugng hoat héa E, ma 14 nang lugng tu do AF” hoat
héa méi 1a yé&u t6 quyét dinh dé chuyén phan ti tir trang thai ddu 1én trang thai
chuyén tiép .

AF# = AH#* - TAS*#
2.3. Co ché phan ing thé
2.3.1. Co ché phan ung thé di nhan

Phan ting thé 4i nhan xay ra theo 2 co ché chinh.

Co ché ludng phan tli Sy, va co ché don phan ti Sy;.
e Coché& Sy,

Co ché ludng phan t& Sy, thé hién trong phuong trinh téc do phan tng c6
nong d6 cua 2 chat phan dng. Phan ting xay ra mot giai doan va cé trang thai
chuyén tiép gitta chit phan tng va tac nhan ai nhan Y -.

Vidu: CH;,C1 + HO- —» CH;0H + CI

Phuong trinh téc d6 phan tng: v = k [CH3Cl] [HO"]

Trang thai chuyén tiép:

H - H
AN - /
HO- + H||7C_Cl — HO— -—-Cl —— HO— C{"H + Cl-
H H
Tdcnhdn dinhdn  Chdtphdndng  Trang thai chuyén ti€p S&n phdm cudi

O trang thai chuyén tiép lién két cii sp bi cit dtt va lien két méi sip tao
thanh. Tac nhan 4i nhan HO - (t6ng quat Y -) tdn céng vao carbon tit phia sau cta
Cl (nhém di ra X) San phdm cta phan tng c6 thay ddi cAu hinh. Néu chit phan
ting ban dau c6 c4u hinh R thi sdn ph4m phan tGng s& c¢6 cdu hinh S va ngudc lai.

e Coché Sy,

Xay ra theo 2 giai doan. Giai doan cham 1a giai doan quyét dinh téc do
phan tng. Trong phuong trinh téc do6 phan dng chi c6 néng d6 ctia chat phan
ting. Giai doan cham quyét dinh tdc dd phan ting 12 giai doan tao ra carbocation
trung gian R".

Vidu: HO- + (CH,);C-Br — (CH;);C-OH + Br-
Phuong trinh téc d6 phan tng: v =k [(CH;);C-Br]
Giai doan cham: (CH,;);C-Br — (CH,,C* + Br-
Giai doan nhanh: (CH,),C* + HO- — (CH,),C-OH
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Phan ting xay ra theo co ché Sy, c6 su racemic héa. Cé su racemic héa vi
carbocation R* tao ra ¢ giai doan cham cé c&u tric phing va tac nhan ai nhéan
HO™ t&n c6éng vao carbon vé 2 phia ciia méat phang véi kha niang nhu nhau. Vi vay
c6 2 san phim véi cdu hinh ngugde nhau da dude tao thanh va ¢ su racemic hoa.
C6 thé minh hoa qué trinh lap thé nhu sau:

HO N HO -
CH, CH,
d \C—OH
HOTCmen, — oy
CH, CH;
S&n phim cudi Carbocation S&n phim cudi

Phan ting x4y ra theo co ché& Sy,, ¢6 carbocation R hinh thanh nén kha
niang cé su chuyén vi va tao thanh san phu la thé hoidc tach loai (xem thém &
phan alcol).

Cac tac nhan ai nhan Y™ trong phéan thé ai nhan c6 thé 1a anion (HO-, Cl-,
Br -, I-), carbanion (-CH,CHO ...), cac tiéu phén c6 cap dién tu lién két (anion
CH,O- ..), ho#c cac phan tl c6 cip dién ti khong lién két (NH....)

Chiu y: Tinh base cia Y cang manh thi tinh 41 nhan cia Y cang manh.
Ngudc lai tinh 4i nhan ctia Y manh khong nhat thiét n6 1a mot base manh.

Vi du: HO™ 1a mot base manh dong thdi HO™ ciing 14 mét tac nhan 4i nhan manh.
Ngugc laiion I”1a mot base rat yéu nhung né 1a mot tac nhan 4i nhan manh.

Co ché phan ting thé Sy, xay ra c6 tinh chat ion gitia tac nhin 4i nhan Y va
carbocation R (hinh thanh ¢ giai doan cham).

Phan tng thé nhém X trong phan ti R —X va tac nhan 4i nhan Y, néu X gin
truc tiép véi carbon bac nhat RCH,— X phan ing cht1 yéu x4y ra theo co ché Sy,

RCH,-X + HO- —» RCH,-OH + X-:cd ché Sy,.

Phan ting thé nhém X trong phan ti R — X va tac nhan ai nhan Y-, néu X gén

truc tiép vé6i carbon bac ba (R),C — X phan ting cht yéu xay ra theo co ché Sy,
(R),C-X + HO - (R);C-OH + X- coché Sy,

Phan tng thé nhém X trong phéan ti R —X va tac nhan ai nhan Y-, néu X gén
tryc tiép v6i carbon bac hai (R)oCH-X phan ting xay ra theo cd ché Sy, hodc Sy,
phu thudc vao cac yéu td ciu tric hodc dung moi.

R),CH-X + HO —» (R),CH-OH + X- coché Sy, hoic Sy,

Dung moéi c6 anh hudéng dén co ché phan ting. Dung méi phan cuc lam cho
phan ting uu tién xay ra theo co ché& Sy;. Dung méi khéong hoic it phan cuc lam
cho phan ting uu tién xay ra theo co ché Sy,.
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2.3.2. Coché phan ung thé di dién tuor S,

Phan ting thé ai dién ti chu yéu xay ra & cac hop chat ctia hydrocarbon thom
va di vong thom (xem thém & phan hydrocarbon thom va di vong). Tac nhan ai
dién t Y * la nhiing tAc nhan mang dién tich duong (*NO,, Br*) hoic phan ti
thiéu dién ti (SO, CO,...). Chat phan tng la nhiing hgp chat vong cé cau tric
thom Ar -H (phu hgp véi cong thic Huckel) .

A Phic T E+

ChA't phdn dn
P e __¥_ E
©/ San phdm

Tién trinh phdn ting

Hinh 5.4: C4c qua trinh cGa phéan (ing thé ai dién ti

Phan ting thé ai dién ti xay ra qua nhiéu giai doan.

— Giai doan tuong tac gitia E* va Ar -H dé tao phic n.
— Giai doan chuyén phtic © & hinh thanh phtc o.

— Giai doan tao san phdm cudi cung.

Thuc té trong phan tng thé ai dién ti thudng c6 vai trd ctia xuc tac (xem
phan hydrocarbon thom).

e — (}_.@_,@ @

Phic u' San phadm

Tt chat phan dng ban dau dén san pham cudi da trai qua su hinh thanh cac
phtic hoat déng (trang thai chuyén tiép tng véi cac cuc dai niang lugng trén gian
d6 néng luong (hinh 5-4).

2.3.3. Co ché phan uing thé géc tu do Sg

Phan ting thé theo co ché goc 1a phan ting day chuyén cé ba giai doan:

— Giai doan khoi mao.

— Giai doan phat trién mach va tao san pham.

— Giai doan tat mach va két thdc phan tdng .

63



Vi du: Phan ting clor hoa alkan xay ra nhu sau .

Giai doan khoi mao: Cl-Cl - Cl- + ClI-
Giai doan phat trién mach: R-H+Cl- -» R- +HCI
tEP tUC..eeeereeeerreeeeree e,

Giai doan tat mach va két thdc phan Gng: R+ +R- - R_R
Cl- +Cl- » CL-CL

Giai doan quyét dinh téc @6 phan tng 1a giai doan phat trién mach .

Géc tu do c6 ciu tric phdng, phan ti Cl, t4n cong tit 2 phia clia mit phéng
(tuong tu co ché thé Sy,) vi vy san phdm phan tng dan dén su racemic hoa.
2.4. Co ché phan (ng cdng hgp (ky hiéu Ad)
2.4.1. Co ché phan ung céng hop di dién tur Ad.

Phan ting cong hop x4y ra giti phan ti E —Y va chat phan tng c6 lién két doi
C =C va lién két ba C =C 1a phan ting cong hgp ai dién ti c6 cac giai doan:

— Giai doan tao tac nhan 4i dién tit E*va anion Y "t phanti E-Y

— Tuong tac cua E* v6i chat phan ing c¢6 nd1 déi, ba tao thanh carbocation R*

— Tuong tac gitia carbocation R* va Y va tao thanh san phdm céng hop.

Tuong tac cua E* véi chat phan tng c6 néi do6i, ba tao thanh carbocation R* xay
ra cham nén né6 la giai doan quyét dinh téc dé phan tng.

Vi du: Phan ting cong hgp ciia HBr vao propylen CH,CH=CH, x4y ra nhu sau:

H-Br - H" + Br H*la tacnhan ai dientd E*; BrlayY -.

/H\
+

N\,
AN

CH,—CH—CH, p
CH,—CH=CH, + H* —[: hodic CH,—CH——CH,

+
Cham CH,—CH,—CH,

+

CH,—CH—CH, + Br” —» CH,—CHBr—CH,
+ } Nhanh

CH,—CH,—CH, + Br- — CH,—CH,—CH,Br

Carbocation tao thanh 1a vong tam giac cdu tao phang. Mat d6 dién tich
duong trén hai nguyén ti carbon 14 nhu nhau. Y - (Br") t4n céng vé hai phia cua
mét phang véi xac sudt nhu nhau. Vi vay cing ldc hai san phdm cong hgp duge
tao thanh. Giai thich diéu d6 theo so @6 duéi day:

Br-
H JH l I|3r
| Vv N
CH3—C|?H— CH, <«—— CH;—CH + CH, —— CH3—?H— CH,

B
r Br- H
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Dung mb6i va ciu tao phin ti E -Y c6 anh hudng quyét dinh dén su hinh
thanh tac nhan ai dién tu E*.

2.4.2. Coché phan ung céng hop di nhan
Phan ting cong hgp 4i nhan thuong xay ra gitia tac nhan 4i nhan Y = véi cac
hop chat c6 néi déi C =0, C=N- ----

Phan ting c6 cic giai doan nhu sau:

e Su tudng tac gitia tdc nhén ai nhan Y - vao trung tdm mang dién tich duong
cta carbon trong nhém carbonyl ( C=0 < *C — O") dé tao thanh ion mang
dién tich am trén oxy.

RCH=0 + Y- » RCHY-O-

e Jon 4m tao thanh sé két hgp ion duong (H*) d€ tao thanh san pham cuéi ciing.

RCHY-O-+ H'-» RCHY-OH

Nhiéu hgp chat c6 chiia nhém chic carbonyl tham gia phan ting cong hop ai
nhin va déng thoi kém theo su tach loai. C6 thé xem loai phan tng nay nhu la
mot loai phan ting thé hoic “phan ting cong va tach"

Il Il
R—C—X +Y ——> R-C—Y + X-

Dién tich duong trén nguyén ti carbon ciia C =0 cang I6n thi kha ning
phan tng cang cao. Thay X bing nhém thé& c6 anh hudng dién té thi kha ning
phan tng thay doi.

0] O (0] O (0]
< TR = il i 9l

R—C—Cl > R—C—Q— —R' > R—C-—0—H > R—C—Q<R' > R—C—O
b\f N O Y

2.5. Co ché phan ing tach loai (ky hiéu E)

Phan ting tach loai tao lién két doi xay ra theo 2 co ché: co ché ludng phdn
tw E, va cd ché don phan tu E,.
2.5.1. Co ché'tdch loai E,

Phan ting xay ra theo cac giai doan.

e Tuong tac gitia mot base manh v6i chat phan tng hinh thanh trang thai
chuyén tiép.

e Su tach loai xay ra va tao san pham c6 lién két déi.

Téng qudt:

| || |
Y+ H-C—C—X — YS—_——H—-C|=‘C|——-X6_—> YH+ C=C + X

Base manh  Chit phan tng Trang thdi chuyén ti€p San phiam
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Vi du: Phan tng tach loai HBr tit ethylbromid duéi tac dung cia C,H,0 la
mét base manh dé tao thanh ethylen c6 co ché& nhu sau:

H. Br H, /Brg_ H. .H
"C . c— c — o=c"
7N o e CON B
H 3
+ 57 +
CrH50 " CoH50 CoH50H

Trang thai chuyén ti€p

Diéu kién vé hoa lap thé cho co ché E, xay ra khi 4 trung tdm phan tng
(H - C = C - Br) ¢ trén mét mit phing. H va Br & vi tri trans v6i nhau (vi tri anti).

Minh hoa cd ché theo cach biéu dién hinh chiéu Newman:

Br Br
~_H CHy; _H

CH, H CH,4 nn- C
3 +CyH50 " @ L ”
H H > H H  -CyHs50H _C—
H H

H

2.5.2. Co ché'tdch loai E,
Phan ting xay ra theo 2 giai doan.
— ChAat phan ting tao carbocation R* 14 giai doan cham-
— Tach H* va tao néi d6i 1a giai doan nhanh.

Téng qudt:
| | | I

HoG=¢—X ™ H-C—C* 4 X* Chim
Chat phan ng Carbocation

| N/
H_-C_?-'- - /C=C> + HF Nhanh
Carbocation San pham

Vi du: Tach HBr khoi 2-Brom-2,3-dimethylbutan .

FH3FH3 CH3 FH3 CHz\C _CH3
H-C—C—Br —_ .~ H-C—CT ——
- Br- -H+t CHy” ““cn
lCH3 kH?, r &H:; bH3 3
Carbocation

Cac phan tng c6 su canh tranh 1in nhau. Khi tién hanh phan tng thé&
thuong kém theo phan tng tach loai. Cac diéu kién nhu dung moéi, néng do, nhiét
do c6 anh hudng dang ké dén co ché phan tng.
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Chuong 6

CAC PHUONG PHAP HOA HOC VA VAT LY
XAC DINH CAU TAO CHAT HUU CO

MUC TIEU HOC TAP

1. Hiéu va biét cdch st dung cdc phuong phdp héa hoc va vdt ly dé xdc dinh
cdu tric cua phén t

2. Ung dung ctia quang phé tiz ngoai, héng ngoai va céng hudng ti hat nhéan
trong viéc xdc dinh cdu triic phdn tu.

NOI DUNG

Mot chat hiiu co dude ting dung trong thuc té phai bao dam do tinh khiét,
phai théa méan vé thanh phan cac nguyén t6 héa hoc va cong thiic cadu tao. Xac
dinh cong thtic cdu tao ctia mdt chat hitu co tach/chiét dugde tit ngudn géc thién
nhién hay téng hgp dude 1a cong viéc rat can thiét va quan trong trong héa hitu
cd. C6 thé xac dinh c&u tao chit hitu co bing phuong phap héa hoc hay vat ly.

1. PHUONG PHAP HOA HOC

Ung dung phuong phap phap héa hoc dé xac dinh cdéng thic phan ti va
nhoém chtic héa hoc bang cac phan ting dic trung.

1.1. Pinh tinh va dinh lugng nguyén té

Dinh tinh va dinh lugng cac chat hitu ¢ 1a xac dinh sy hién dién cac nguyén
t6 va thanh phan dinh lugng ctia cac nguyén t6 trong mot chat hiiu co.

1.1.1. Dinh tinh cdc nguyén té va nhom chuc

DPé xac dinh su c6 mét cac nguyén td c6 trong chat hiiu co, thuong tién hanh
vb cd héa, nghia 1a chuyén cac nguyén t6 vé dang ion va dung cac phan ting dinh
tinh dé xac dinh cac ion d6.

Vi du: V6 co héa hop chét hitu co thi carbon sé chuyén thanh CO, hoic CO,%,
nguyén ti halogen (X ) chuyén thanh X -, nguyén t& N chuyén thanh CN - ...
Dung cac phan tng dinh tinh déc trung dé xac dinh cac ion CO,*, ion X-, ion CN-.

Pinh tinh cac nhém chtic bang cac phan tdng dic trung. Vi du: Chic OH
alcol tac dung véi natri c6 hydro thoat ra. Chiic aldehyd cho phan ting trang
guong v6i thude thi Tollens...

Ngay nay c6 cac phuong phap vat 1y dé x4c dinh cac nhém chiic mét cach
nhanh chéng va chinh xac.
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1.1.2. Dinh luong cdc nguyén té
Xac dinh thanh phan phan tram vé khéi lugng cic nguyén t6 trong chat hiiu
co theo 2 phuong phap chu yéu sau:

o Phuong phap Dumas
Dinh lugng cac nguyén t6 C, H, N, S va halogen c6 trong cac chat hitu co.
Nguyén tdc: Dot chay chét hitu co bang mot ludng khi oxy. Cac nguyén to
chuyén thanh CO,, H,0, N,, SO,, X,. Hdp thu cac khi sinh ra vao cac chit thich
hgp. Xac dinh khoi lugng cac khi d6 va suy ra thanh phan phan tram cac nguyén
t6 c6 trong hgp chit hitu co. Ngay nay c¢6 cac may moéc tinh vi dé dinh lugng chinh
Xac cic nguyeén to.

o Phuong phap Kjendall

Ung dung phuong phap Kjendall dé dinh lugng nguyén t6 nitc c6 trong cac
ch&t hitu co. Phuong phap nay rat phé bién dé xac dinh nito trong cac chit amin
va acid amin. Nguyén tic cia phuong phap Kjendall 14 chuyén nite vé dang NH,
hay NH," sau d6 dung phuong phap chuén d¢ xac dinh ham lugng NH, hay NH,*
va suy ra thanh phan phan tram cta nito ¢6 trong chit hiiu co.

2. PHUONG PHAP VAT LY
] ﬁng dung cac phuong phap vat ly d@::’ xac dinh céc tiéu chudn vé d6 tinh
khiét va xac dinh cac nhém chiic, cac lién két c6 trong hop chat hiiu co.
2.1. Cac tiéu chuan vat ly
2.1.1. Nhiét dé nong chady va nhiét do séi
e Nhiét do nong chay

Céc chat hiiu co dang ran tinh khiét c6 nhiét @6 néong chay xac dinh. Nhiét
do néng chay cta mot chat 1a nhiét do ma tuéng ran va tuéng long néng chay caa
ch&t d6 & trang thai cAn bing v6i nhau. Nhiét d6 ma tat ca cac tinh thé déu néng
chay dugc coi 1a diém két thuc cta khoang nhiét d6 néng chay.

o Nhiét d6 soi
Ch4t hiitu co 16ng tinh khiét dude dic trung bang nhiét do so6i. Nhiét do sbi
ciia mot chat 1a nhiét do ma tai d6 chat 16ng bién thanh hoi. Tuéng long va tuéng

hoi 6 trang thai cAn bang. Nhiét do séi cta chat 16ng phu thudc vao ap suat. Chat
10ng tinh khiét luén c6 nhiét do séi xac dinh.

Nhiét d6 néng chay, nhiét d6 s6i 1a nhiing tiéu chudn xac dinh do6 tinh khiét
ctia chét ran hodc chat 16ng.

2.1.2. Chi sé khiic xa

Chi s6 khic xa 1a mot tiéu chuén dé danh gia d6 tinh khiét ctia chat 10ng.
Theo dinh luat Snellius, néu anh sang don séc bi khic xa tai bé mét ranh giéi
gitia hai moi truong ta co:
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Moi truong 1 n=—— =—

! sinp Cy

[}

X Méi truong2  C1 va Cpl1a tdc do dng sdng trong moi trudng 1 va
I

Thuong ngudi ta 14y khong khi 1am méi trudng so sanh. Chi s6 khiic xa phu
thudc vao ndong do, nhiét do va budc séng cua anh sang.
2.2. Cac phuong phap sac ky

St dung cac phuong phap sic ky dé tach riéng cic chét trong hdn hgp va con
dung phuong phap sic ky dé xac dinh d6 tinh khiét ctia mét chét.

Sic ky 14 mét phuong phap vat 1y dung dé tach cac thanh phan ra khéi hén
hop bang cach phan bd ching thanh 2 pha: mot pha c6 bé mat rong goi 1a pha cé
dinh va pha kia 12 mét chét 16ng ho#c chat khi goi 1a pha di dong, di chuyén di
qua pha cd dinh. C6 2 loai séc ky: sic ky 16ng va séc ky khi.

2.2.1. Séc ky Iong

Sic ky 16ng 1a phuong phap sic ky dung chit 1ong lam pha di dong. Trong
séc ky 1ong c6 cac ky thuat:
o Sdc ky gidy: Pha tinh (pha cd dinh) 1a gidy.

— Séc ky 16p moéng: Pha tinh 14 mét 16p méng chat hap phu dude trang bing
phing va déu dan trén mot tAm kinh hodc kim loai.

— Sic ky cot: Pha tinh 1a chit rdn duge nhoi thanh cot. Trong ky thuat sic
ky cot, tily theo ban chat ctia chit ran lam cot con duge chia thanh:

+ Cot c6 dién: Cot don gian véi chét h&p phu thong thudng vé co hoic hiiu co.
Cot trao d6i ion: Cot 1a chat trao d6i ion Am (anion) hodc dudng (cation).

+ Cot gel hoic loc gel (gel filtration) : Pha c6 dinh 1a mot loai gel t6ng hgp
¢6 16 x6p xéac dinh dung dé loc cac chat c6 kich thude phan ti khac nhau.

e Sdc ky long cao dp (high pressure liquid chromatography) con goi 14 sic ky 16ng
hiéu nang cao HPLC (high performance liquid chromatography).

2.2.1. Sdc ky khi

Sic ky khi 1a phuong phap sic ky dung chéat khi lam pha di dong. Dua vao
pha cd dinh, con chia ra:

e Sdc ky khi -rdn: Pha c¢6 dinh 14 chét rén.
e Sdc ky khi -1ong: Pha c6 dinh 14 ch&t 16ng.
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2.3. Cac phuong phap phé

Khi mét chét hiiu c6 h&p thu ning lugng biic xa dién tit thi phan ti c6 thé
trai qua nhiéu dang kich thich. Cac kich thich c6 thé 1a kich thich chuyén dich
dién tu, kich thich quay, kich thich lam thay d6i spin hat nhan nguyén tt, kich
thich 1am bién dang lién két, néu néng lugng cao c6 thé gy ion héa phan tu.

Bang 6.1: Ving b(c xa dién tir

Vung phé dién tir Do dai séng Nang lugng kich thich Dang kich thich
Birc xa gama, tia X <100 nm > 286 Kcal
Va tia vi tru
- Tia tir ngoai
Xa (vung chan khong) 100-200 nm 286 - 143 Kcal bién ti
Gan (vung thach anh) 200-300 nm 143 - 82 Kcal Dién tir
- Kha kién 350-800nm 82 - 86 Kcal Dién t&
- Héng ngoai
Héng ngoai gan 0,8-2,0 um 36 - 14,3 Kcal Bién dang lién két
Héng ngoai 2-16,0 um 14,3 - 1,8 Kcal -nt-
Héng ngoai xa 16,0-300 pum 1,8 - 0,1 Kcal -nt-
- Vi séng cm 104 Kcal Quay
- Tan sé radio mét 106 Keal Thay d8i spin hat nhan

Mbi dang kich thich d&u can dén mot ning lugng nhat dinh va su hap thu
tuong dng v6i mdi muc ning luong sé xay ra 8 mdi viung khac nhau trén phé
dién tt .

Bang 6-1 liét ké viing phd electron, d6 dai séng, niang lugng kich thich va
dang kich thich khi chiéu btic xa vao chat hiiu co.

Néu chiing ta vé do6 thi phu thudc ctia nang lugng btc xa dude truyén qua véi
tan sd (v), s§ séng (v), bude séng (L),ching ta nhan duge mot phd hdp thu. Cac
phén td hiitu cd c6 cdu tao khac nhau thi ¢6 phd hap thu khac nhau. Vi vay quang
phd hdp thu 1a phuong phap xac dinh ciu tric phan ti rat chinh xac va hiéu qua.

Ghi nhitng phd hap thu dudc tién hanh bang nhiing thiét bi (may quang
phd) gom c6 nhiing bé phan cha yéu 1a ngudn biic xa A, mot cuvet do B dé dung
chat khao sat, mot may don séc C (cach ti hay ling kinh) va mot thiét bi phat
hién biic xa D v61 may ghi cac tin hiéu da duge phéong dai E.

Hinh 6.1: So d6 m6t quang phé ké&

Ty thudc vao vi tri tan s6 hap thu trong dai tan s6 cia btic xa dién ti ma ta
goi ching 1a quang phd Ronghen, quang phd electron, quang phé héng ngoai hay
quang phd vi séng. Ngay nay quang phé ti ngoai (UV), quang phé héng ngoai
(IR), quang phé cong hudng tit hat nhan (NMR) va khéi phé 14 nhiing phuong tién
quan trong va chinh x4c dé xac dinh c4u tao cac chit hiiu co.
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2.3.1. Quang phé tirngoai (UV)

Su hap thu trong viung tl ngoai va kha kién phu thudc vao ciu tric dién ti
cta phan ti. Su hdp thu Ay gay ra su chuyén dich cac dién tu tit orbital co ban 1én
orbital c6 néng luong cao hon 6 trang thai kich thich.

Phé tt ngoai chi ap dung dé xac dinh ciu tric cua phan ti c¢6 hé théng lién
két n-n va p -n. Trén phé té ngoai cac vi tri bang (hay con goi 1a dai) hdp thu dudc
do bang d6 dai séng A (lam- da).

Pon vi d6 dai séng trong vang ti ngoai thudng dude biéu thi bing nanomet
(Inm = 107cm). Cudng d6 hap thu dude biéu thi bing d6 h&p thu phan ti &,
hoic 10ge.. - Su hdp thu c6 nhiéu tng dung trong quang phd ti ngoai 1a trong
vung tir 200 - 380 nm, goi 1& viing ti ngoai gan.

Ning luong cta mot phan ti 14 téng cic ning lugng electron, ning lugng dao
dong va néng lugng quay cua ching. D6 16n cac ning ludng nay giam theo thii tu:

Ning lugng dién ti > Ning lugng dao dong > Nang lugng quay

Ning lugng hap thu trong viing td ngoai giy ra su bién d6i nang lugng
electron, do su chuyén dich dién ti héa tri trong phan tu ti orbital trong trang
thai co ban (thuong 12 orbital p khéng lién két hodc orbital  lién két) 1én orbital
c6 nang luong cao hon (orbital phan lién két n* hodc c*).

Bang 6.2: Trinh bay c4u truc dién t va su chuyén dich clia ching
trong mot s6 hgp chét hitu co.

Cau trac Hgp chit Chuyén dich Amax (nm) € max Bing
electron electron hép thu
c Etan 6 —> G 135 - -
n H,O n— o 167 7.000 -
Methanol n— o 183 500 B
n Ethylen T 165 10.000 -
Acetylen * 173 6.000 -
m™T — T
T o— 150 - -
mvan Aceton * 188 1.860 -
n—e 279 15 R
n—nx
-7 1,3-Butadien T o— 217 21.000
mvan Acrolein T o— 210 11.500
n —= 7 tham 180 60.000 Eq
n thom Benzen * 200 8.000 E
T — n*thdm 255 215 82
n — 7 thom
n-G Toluen n —= 7 thom 208 2.460 Eo
% 262 174 B
n —s 7 thom
n-n tham Phenol 1 —» 1 thom 210 6.200 Eo
270 1.450 B
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Mot sé thudt ngit thuong dung trong quang phé'ti ngoai:

Nhom mang mau (Chromophore): 14 nhiing nhém khong no giy ra hép
thu dién ti. Cac nh6m nhém mang mau c6: C=C, C=0, NO.,.

Nhom tang mau (Auxochrome): 12 nhiing nhém chitic no hoéc cé dién ti p
khong lién két. Cac nhém chtic nay cé tac dung kéo dai hé théng lién hop.
Khi gin cdc nhém nay v6i nhom mang mau thi anh huéng dén do dai
song hap thu va cuong do hap thu.

Cac nhém tang mau thuong gdp: -OH, -NH,, - Cl

Hypecromic (Hypechromic): 1a su tang cudng dd hap thu.
Hypocromic (Hypochromic): 12 su giam cuong doé hdp thu.

Chuyén vi huwdng héng hay chuyén vi bathocromic (Bathocromic shift): 1a
su chuyén dich bang hap thu sang budc séng dai hon do c6 cAc nhém thé
hoidc anh hudng ciia dung méi.

Chuyén vi hudng lam hay chuyén vi hypsocromic (Hypsochromic shift): 1a
su chuyén dich bing h4p thu sang budc séng ngin hon do cac nhém thé
hosc dung moéi. C6 thé trinh bay su chuyén dich dién ti trong mét s6 hop
chit nhu sau:

+ Su chuyén dich dién ti ciia phan ti butadien va hexatrien duge mo ta
theo mo6 hinh dudi day:
T, ——— I
T, ——— —
T, —— —_— n, — —
hy 3
T h ; T, —H— 258 nm —
—V 5
T, _H_ 217 nm —— T, —4H— ——
T, —H— —hH— T, —H— —
Trang thdi cd bdn Trang thdi kich thich ~ Trang thdi ¢ ban Trang thai kich thich
cla butadien cta butadien clia hexatrien clia hexatrien
+ Su chuyén dich dién ti ciia phan ti aceton va methylvinylceton:

) m,
TE3
hy hy \ hv (n-7r%)
T T n T T —H—n
TCZ *
Ay T —H—
Aceton Methyl vinyl ceton



— Hap thu dic trung cia mdt s6 nhém chic hitu co.

+ Cac hop chit no chi cé lién két o hoéc electron khéng lién két (n hoic p)
khéng cho cac bang hap thu trong vong ti ngoai gan. Vi vay alcol thudng

duge dung lam dung méi trong viéc do quang phd ti ngoai.

+ Cac hgp chat hitu co chita nhém chiic ¢6 lién két n (C=C, C=N-, C=0,
N=0, S=0) thudng c6 cac bang hap thu dic trung trén phé ti ngoai. Cac
nhém chiic nay goi la nhém mang mau.

Bang 6.3: Do dai song va chuyén dich dién t{f cac nhém mang mau

Nhém mang Ciu tao Vi du A max € max Chuyén dich
mau (nm) electron
Ethylenic RCH=CHR CH,=CH, 165 15.00 T-T
193 10.00 T-7
Acethylenic RC=CR CH=CH 173 6.000 T-T
Carbonyl RR,C=0 CH,COCH, 188 900 n-T
279 15 n-n
RCH=0 CH,CHO 290 16 n-=
Carboxyl RCOOH CH,COOH 204 60 n-n
Amid RCONH, CH,CONH, 208 - n-n
Azometin C=N- (CH,),C=N-OH 190 5.000 n-m
Nitril -C=N CH,C=N 160 - T-T
Azo -N=N- CH,-N=N 347 4.500 n-n
Nitroso -N=0 C,Hy-N=0 300 100
Nitrat -ONO, C,H;ONO, 270 12 n-n
Nitrit -ONO C4H,,NO 218 1.120 n-m
Nitro -NO, CH,NO, 271 18.60 n-n
Sulfon -SO,- (CH;),S0, 180 -

+ Neéu trong phan ti c6 nhém ting mau hodc c6 hé thong lién hgp thi budc
séng A sé tang lén. Vi du:

Bang 6.4: Anh hudng cac nhém tang mau dén budc séng

Hgp chat A A s
CH,COOH 204 - -
CH,4(CH=CH),COOH 254 - -
CeHe 204 256 -
CeHsCl 210 265 -
CgHsOH 210 270 -
CgHsNO, 252 280 | 330
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200 250 300 350 400 A (nm)

Hinh 6.2: Phé tf ngoai clia ceton oxyd mesityl (CH,),C=CHCOCH,

2.3.2. Quang phé héng ngoai (IR)

Cac chat hiiu co hap thu biic xa hong ngoai ¢ nhiing tdn s6 trong ving tu
10.000 -100cm*(1-100pm) va bién thanh ning lugng dao déng ciia phan ti. Trong
nhiing dao déng cta phén ti, cac nguyén ti c6 thé chuyén déng theo chiéu cua
lién két goi 1a dao dong héa tri hodc chuyén dong cia nguyén ti lam bién dang
(quay) lién két goi 1a dao dong bién dang. Nang lugng dao dong bién dang thap
hon niang lugng dao dong hoa tri.

Phéan ti H,0 c6 cac dao dong nhu sau:

3756cm-! 3655cm-! 1595¢cm-!
Dao dong héa tri Dao dong héa tri Dao dong bi€n dang
khong ddi xung doi xung goc lén két

Hinh 6.3: Cac dao dong cla phan t& nuéc

Tan s6 hay d6 dai séng hap thu cta mdi chat phu thudc vao khéi lugng
tuong d61 cua cac nguyén td, vao hing s6 luc lién két, vao cau tric hinh hoc caa
phéan tu.

L K _ mj.m)
Vaa = 2V 7 H m{]+m)
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v 12 tan s6 dao dong cua lién két.
u 1a khéi luong rat gon
m, va m, la khéi lugng ctia 2 nguyén ti lién két véi nhau

K 14 hing s6 luc lién két.

Vi tri dai hap thu dude do bang d6 dai séng A hoic bang s6 séng v,
Don vi d6 dai séng A st dung trong vung hong ngoai 14 micromet - pm (um =

10® m). Don vi s6 séng dugc dung 1a cm .

1o

um

Cm']- =
Cuong do hép thu dugc biéu thi bing do truyén anh sang (Transmittance)
viét tat 1a T, hoac bing d6 hap thu (Absorbance) viét tat 1a A.
A =1log (&
og ()

Xu4t hién mét s6 dai hdp thu nh4t dinh trong phé hdng ngoai 1a dac trung
su ¢6 mat clia mét s6 nhém chiic x4c dinh trong phan tt. Vi vy phé hong ngoai cé
¥ nghia dé phén tich c&u tric phéan ti cic chit hitu co. Cac chit hitu co thudng
hap thu trong ving hong ngoai tit 4.000 - 400cm™ (2,5-25um).

Bang 6.5: Tan sd dic trung céac chiic hitu co

Hgp chat Tan sé cm -1 Cudng do Dao ddng lién két
Alkan 2850-3000 s C-H dao déng hoa tri
1450-1470 s }
1370-1380 s CH, va CHj, bién dang
720 - 725 m
Alken
RCH=CH, 3080-3140 m =C-H
1800-1860 m }
1645 m
990 s C=C
910 s C-H
R,C=CH, 3080-3140 m =C-H
1750-1800 m }
1650 m c=C
890 f C-H
Alkyn
RC=CH 3300 f =C-H
2100-2140 m Cc=C
600-700 f =C-H
RC=CR 2190-2260 tf Cc=C
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Bdng 6.5 (tiép)

Hop chat Tan sé cm -1 Cudng dd Dao déng lién két
Alkyl halogenid
R-F 1000-1350 tf C-F
R-CI 700-850 f C-CI
R-Br 500-600 f C-Br
R-I 200-500 f C-l
Alcol
RCH,OH 3600 % O-H
3400 f O-H
1050 f C-0
R,CHOH 3600 v O-H
3400 f O-H
1150 f C-0
R;COH 3600 v O-H
3400 f O-H
1200 f Cc-0
Ether 1070-1150 f C-O
Acid R-COOH 2500-3300 % O-H
1760 f C=0
Aldehyd R - CHO 1725 f Cc=0
2720, 2820 m C-H

Hinh 6.4 14 phd hong ngoai IR ctia phan tt 2-methylprophanol

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
T ] T T T T T T T T T T
T e
\J\[ |
3360 1200

Hinh 6.4: Phd héng ngoai (IR) clia phan t& 2-methylpropanol.

2.3.3. Quang phé céng hudng tir hat nhan (RMN)

Cac hat nhan nguyén ti cé proton va notron. Nhiing hat nhan cé so 1é
proton ho#c s6 18 notron déu c6 momen ti p.
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Bang 6.6: Tu tinh ca mot vai hat nhan nguyén ti

Hat nhan S6 proton S6 notron Spin Momen tu
H 1 0 1/2 2,79267
2Cc 6 6 0 0.00
8C 6 7 1/2 0,70216
“N 7 7 1 0,40357
%0 8 8 0 0,00
°F 9 10 1/2 2,6275
3p 15 16 1/2 1,1306
325 16 16 0 0,00

Néu mot hat nhan nhu vay ndm trong mot tit trudng tng dung H, (ti trudng
tinh, t¥ truong c6 dinh, tif trudng bén ngoai) thi momen ti u cia hat nhan cé hai
kha ning dinh huéng khac nhau. Kha ning dinh huéng cia p phu thudc vao s6
lugng tu spin cua hat nhan. Pinh huéng tht nhat song song véi hudng cua tu
truong ing dung H, ky hiéu la spin o. Dinh huéng tht hai d61 song véi tit truong
tng dung ky hiéu spin f.

BREES ng

_) N
N\ to
o a
Ho
Momen tir hat nhin Momen tif hat nhan trong tir trudng

Hinh 6.5: Su dinh hudng clia momen ti hat nhan

Spin 6 trang thai dinh huéng song song - spin o ¢6 miic ning lugng thap.
Néu tac dung mot tan sd biic xa thich hgp 1én phan ti hitu co dang dit trong tu
truong H,, proton c6 spin a h&p thu ning lugng, bi kich thich va chuyén dich 1én
mtc ning luong cao hon lam thay d6i dinh huéng thanh spin . Hién tugng dé goi
1a su céng hudng tit hat nhan. Ghi lai nhiing tin hiéu cong hudng, thu dude phd
cong hudng tit hat nhan (NMR).

TL,E

HO

Hinh 6.6: Su thay déi dinh huéng spin do h&p thu nang luong

DPé do trudng hop céng hudng, ngusi ta dua mau hop chit khao sat (chat
16ng hay rén) vao tit truong khong ddi H, (trudng tGng dung). Hop chit dudc bao
quanh bdi mot bobin cam ting tao ra mdt trudong xoay chiéu cao tan cé tan so v.
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Cuong d6 H, cta trudng dugc thay d6i cho dén khi thu dudc trudng hdp cong
hudng. Mau tiép nhan ning lugng clia truong xoay chiéu va nhan biét bdi sy bién
thién ctia nguon phat séng cao tan. Su bién thién dong dién dude do va ghi lai bdi
may ghi.

So @6 may cong hudng tit hat nhan dudc trinh bay trén hinh 6-7

Ong dung miu

5l | S Cuc tir trudng H
() My ghi

Ngudn phit séng cao tin

H, Cyc tu trudng N

Hinh 6.7: So d6 may cong hudng ti hat nhan

Hinh 6.8 1a phé c6ng hudng tit hat nhan ctia ethanol véi do phan giai thap
CHj3

CHp

HO

Hinh 6.8: Phd RMN clia ethanol véi d6 phan giai thap.

e Cdc théng sé phén tich phé RMN:
— Hdng s6 chdn va d6 chuyén dich héa hoc
Néu hat nhan bi che chin bdi mot vo dién ti thi vo dién ti lam yéu tu
truong chung quanh hat nhan. Ta c6 biéu thtc:
Hyisn dung — H, - oH,
o 12 hang s6 che tit (hing s6 chan)

Tin hiéu céong hudng chi xudt hién 6 mot cuong do ti truong bén ngoai H,
16n hon so v6i mot hat nhan khong bi che chén. Hiéu tng nay dude goi la chuyén
dich héa hoc (Chemical shift), béi vi né phu thudc vao thudc tinh dién ti bao
quanh hat nhan (c&u tric héa hoc). P chuyén dich héa hoc ky hiéu 1a 8.
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P& xac dinh vi tri cia mdi dang proton trén phé NMR ngudi ta dung mot
chat lam chuén. Chit chudn thuong dung 1la TMS (tetramethyl silan (CH,),Si).
Miic d6 chénh léch vé vi tri hdp thu gitia proton chat thi va proton chat chuén la
d6 chuyén dich héa hoc cta chit thi. Pon vi ding dé biéu thi @6 chuyén dich héa
hoc 14 § (delta) hodc ppm (phan triéu).

Néu pic cia TMS tai vi tri hap thu 60 Hz (v 60) trong tan so btc xa dién tu
60MHz thi 6 sé 1a 1, 00 hodc 1, 00 ppm.

60

60.106

Trong hé théng don vi & (hodc ppm) ngudi ta qui uée vi tri hap thu caia TMS
12 0 Hz (5 = 0 ppm). D6 chuyén dich héa hoc cta proton chat thi sé dude so sanh
v6i tri s6 nay.

& (hoic ppm ) = 106 = 100

Con c6 hé théng don vi khéc goi 1a t (tao) ciing dude st dung dé do do chuyén
dich héa hoc. Theo hé thong don vi nay thi tri s6 hdp thu cia TMS 1a 10.

T=10,00 -

Phé NMR ctia ethanol (hinh 6-8) ¢6 3 tin hiéu cong hudng tuong ducng véi
nhan hydro ciia nhém OH, CH, va nhém CH,, vi proton cta cdc nhém trén cé
mién phu can khic nhau vé mat héa hoc. Cac proton ctia nhém methyl bi che
chin manh nhéat, proton cia nhém OH bi che chin y&u nhit.

— Su twong tdc spin - spin va hang sé tuong tdc spin -spin J

Khong phai lidc ndo mdi dang proton duong lugng ciing cho mot dinh riéng
biét. Nhiéu truong hgp, mot dang proton lai thé hién sy h&p thu ctia né biing mot
vach hap thu nhiéu dinh. C6 hién tugng dé 14 do cic proton diéng canh nhau
tuong tac spin - spin v6i nhau.

Hién tugng tuong tac spin -spin xay ra 1a vi cac dién ti lién két c6 xu huéng
ghép ddi spin clla né véi spin ciia proton gan nhat bén canh. Spin ghép do6i nay lai
anh hudéng dén proton bén canh tiép theo va giy nén cac ti trudng cua cac hat
nhan bén canh. T truong nay tac dong lén proton va xuit hién su cong hudng
dong thoi cho cac tin hiéu. Cac tin hiéu nay chinh 1a cac dinh ddi (doublet), dinh
ba (triplet), dinh tu (quartet)..., dinh da (multiplet) trén phé NMR. Khoang cach
gitia 2 dinh tach ra dugc do bang Hz goi 1a hang s6 tuong tac spin -spin ki hiéu J
(con goi 12 hang s6 ghép spin).

Can ct vao cac gia tri 8 va J thu dude trén phd NMR ngudi ta bién luan va
tim cong thic c4u tao phu hgp ctaa chat hitu co.

Vi du: Do ethanol trén may c6 d6 phan giai cao, phd NMR ctia ethanol c6 cac
dinh 3, dinh 4.., (hinh 6-9).
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-CH3

-CH»-
ol n TMS
!
5 4 3 2 1 0 ppm

Hinh 6.9: Phd RMN ctia C,H;OH v&i do phan giai cao

2.3.4. Ph6 khéi (MS)

Phé khéi 14 phuong phap phén tich st dung mot chium dién ti c6 nang lugng
cao (70 von electron) ban vao chat can xac dinh cdu tric, pha ching thanh ting
manh (fragmentation) ion mang dién tich duong. MAay phat hién cac ion nay va
ghi thanh pic v6i cuong d6 khac nhau tuong ting v6i khéi lugng ctua chung. D6 1a
khéi phd.

Vi du: Cac manh ion tao thanh khi bidn chum dién t& vao phan tu
2-methylpentan. Trudc tién phan ti mat mot dién ti va bi ion héa. Phan ti ion
nay bi phan chia thanh cac manh mang dién tich duong c6 khéi luong tuong tng:

i i +
CHy;CH,CH,CHCH; + €= —»  2e- 4 | CHyCH,CH,CHCH,|

CH
—  CHCHCH 4+ *eHom, ™Y
CH, CH,
[cHicH,CHyCHCHy T ——  cHy +  CH;CH,CH,CH* m/e 71
m/e 86 CH
>  CH;CH, + CH3gHCH3 m/e 57

Céc tin hiéu vé khoi lugng va cudng d6 ctia cac manh dude ghi lai trén phd
khéi. Hinh 6-10 1a khéi phd ctia phan tt 2-metylpentan.

Ngay nay cac may quang pho c6 thém cac bé phan may tinh, cho nén cac qua
trinh tinh toan va vé phd déu dudc tu dong va két qua phan tich ngay cang dudc
hoan thién hon.
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Cudng do
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80 L
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40

71
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10 20 30 40 50 60 70 80 90 100 m/e

Hinh 6.10: Phé& khéi clia 2-methylphentan
Trén day chi trinh bay khai quat cac phuong phap héa hoc va phucng phap

vat 1y dé xac dinh c&u tric chét hitu co. C6 nhiéu tai liéu chuyén siu vé linh vuc
nay. C6 thé tom tat cac giai doan xac dinh cdu tao chat hitu co theo sé d6 sau:

S¢ dd cac giai doan xac dinh cdu tao chit hitu co

Cha't hitu co tach chiét
hoic téng hop

l Tinh ché (ké&t tinh, chung cit, sic ky)

‘ ChA't hitu co tinh khiét

Xac dinh cac hiing s¢ vat Iy

v
toc s ]
! l

Pinh tinh, dinh lugng
cdc nguyén to

DPinh tinh nhém chidc

‘ uv ’ IR ’ RMN MS

K&t luan vé ciu tric
cha chat hitu co
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Chuong 7

ALKAN - HYDROCARBON NO
(CyHay.2)

MUC TIEU HOC TAP
1. Doc duoc tén cdc alkan thong dung

2. Néu duogc héa tinh cia alkan va ng dung ctia chiing trong cudc séng.

NOI DUNG
1. NGUON GOC THIEN NHIEN - CAU TAO, PONG PHAN, CAU DANG
1.1. Ngudn gdc thién nhién

Alkan 14 nguyén liéu tu nhién c6 tit dau md, khi thién nhién.

Khi thién nhién chta cac khi v6i thanh phan khéng c§ dinh, thuong chta
75% metan, 15% etan, 5% propan, phan con lai 1a cac alkan cao hon va nhiéu chat
khac. Khi thién nhién dugc dung lam nhién liéu va trong qua trinh kj nghé.

Nguon alkan chu yéu 1a ddu mo, thudng thu dudc cac chat sau:

Bang 7.1: Céac alkan trong dau mé

Cac chat Thanh phan t° soi
Khi C,-C, <20
Ether dau hda Cs;—Cq 20-60
Xang Ce—Cq 60-200
Ligroin C, 60-90
Gazolin Cs—Cy, 85-200
Keroxin C,—Cys 200-300
DAau mazut Cis—Cyy 200-400
DA&u béi tron Cis—Cy 300

Atphan dung phuong phap hydro héa than ndu bing cach nghién nhé than
véi dau nang c6 xdc tac sit va H, 6 nhiét do 450°C, ap sudt 200-300 atm, thu dudc
san phém thé, sau khi chung cat thu dudc khi, xang va san phdm diu ning.

1.2. Cau tao

Alkan la hydrocarbon no (hydrocarbon béo hoa, parafin) c6 cong thic chung
C.H,,.,. Chat don gian nhat 1a metan CH,. C&u tao mach thang hay phan nhanh.
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H H H
Hy

metan iso- pentan

1.3. Déng phan

Alkan c6 dong phan mach thing va phan nhanh. S6¢ déng phan ting khi s6
carbon tang.

Bang 7.2: S6 dong phan clia mét sé alkan

Sé carbon Tén chat S6 déng phan Sé carbon Tén chit | S& dong phan
1 Metan 1 7 Heptan 9
2 Etan 1 8 Octan 18
3 Propan 1 9 Nonan 35
4 Butan 2 10 Decan 75
5 Pentan 3 20 Eicozan 366319
6 Hexan 5 30 Tricozan 4,11.10°

1.4. Cau dang

Do tinh ch&t déi xting truc ctaa lién két o, hai nguyén ti carbon lién két véi
nhau c6 thé quay tu do quanh truc lién két. Su quay tu do d6 kém theo su tiéu
hao ning lugng. Chinh vi ¢6 su quay tu do quanh truc lién két C — C nén cac
alkan c6 cdc ddng phan cdu dang (dong phan hinh thé - conformer).

Etan tén tai duéi nhiéu cdu dang khac nhau. Hai dang cidu dang thong
thuong nhat 14 dang che khuat (it bén) va dang léch (bén), hinh 7-1

s et T

N Kh t
Cong thitc 1ap thé ua Léch Khuft Lech

thdng thudng Cong thitc phdi cdnh Cong thitc Newman

Hinh 7.1: Céach biéu dién cac cau dang clia etan

Kol B

Che khuat

Mo hinh phan t& etan
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Khi géc nhi dién bang 0; 120 ; 240 ; 360° c6 cac dang che khuét.
Khi géc nhi dién biang 60; 180 ; 300° ¢6 cac dang léch.

0 60 120 180 240 300 360
¢ goéc quay —=

Hinh 7.2: Gian d6 phu thudc nang lugng va géc quay cla cac ciu dang clia etan

(Kj/mol

0 60 120 180 240 300 360
¢ (gbc quay) —=

Hinh 7.3: Gian dé phu thudc nang luong va gbéc quay cac cdu dang cla n-butan
CH; ky hiu la ©

Dang che khuit c6 niang lugng cao hon dang léch.

Su phu thudc ning lugng dude biéu dién trén hinh 7-2. Etan c¢6 mét cuc dai
va mot cuc tiéu ning lugng. Su chénh léch d6 c6 gia tri 11,7 kj / mol

Phan ti butan ton tai nhiéu cdu dang va gian d6 ning lugng ciing phic
tap hon.

Gian d6 ning lugng ctua phan tu butan CH,~CH,~CH,—CH, trinh bay trén
hinh 7-3
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2. DANH PHAP
Cac hydrocarbon no déu cé tiép vi ngii 1a “a an”
2.1. Tén goi cac gdc hydrocarbon thudng gap
CoHonre = CoHon-
an — yl
Nguyén tdc:
Thay vi ngiz "an" trong tén goi clia hydrocarbon no bang tiép vi ngii "yl"

e Cdc goéc bac 1

CHS_ CH3CH2_ CHSCHZCHZ_
methyl ethyl n-propyl
CH3CH2CH2CH2— CH; - QH -CH, -
n-butyl CHj isobutyl
cr
CH,CH,CH,CH,CH,- CH3?HCH2CH2— CH3(FCH2—
- tyl .
n-penty CH; isopentyl CH, neopentyl
G
CH3CH2CH2CH2CH2CH2- CH3(FHCH2CH2CH2- CH3$CH2CH2—
CH
n-hexyl 3 isohexyl CH, neohexyl

e Cdc géc béc hai

CH,GH- CH,
isopropyl
CH, propy CH3CH2éH- sec-butyl

e Cdc géc béc ba

CH;, CH,
CH3é_ CH,CH #-

| tert-butyl 32 tert-pentyl

CH;, CH,

2.2. Danh phap quéc té
. Chon mach chinh 14 mach thing dai nhat.

. Danh s6 carbon trén mach chinh sao cho téng cac chit s6 chi vi tri cia nhém
thé& 12 mot s6 nhd nhat (theo IUPAC). Néu mach nhanh khac nhau 6 khoang
cach nhu nhau so véi hai carbon dau mach chinh thi phai danh s6 ti dau
nao c6 mach nhanh véi s6 carbon it nhat (theo danh phap Genéve).

85



cac
vGl

Néu mach nhanh cé sy phan nhanh thi phai danh s6 mach nhanh bat dau ti
vi tri gdn véi mach chinh.

1 2 34 5 6 7 8 . F e . .
CH,~ CH,- CH- CH - CH~ CH CH,- CH bénh s6 theo nguyén tac tong s6 nhd nhat

g3 7 26l 5 2|4 2y 345 < 4'+6'
CH,CH, CH3 3-etyl-5-methyl octan
8 7 6 5 4 302 1
CH,- CH,~ CH- CH - CH,- CH- CH,- CH,  Nhom methyl quyé&t dinh vi tri danh s&
CH,CH, CH, 3-methyl ,6-ethyl octan
8 7 6 5 4 3 2 1 } . . .
CH - 3 CH- CH2 CH2 CH2 CH- CH- CH Pdnh s theo nguyén tac tdng s6 nhd nhit
122 3t 4 S5 el T8 24347 < 246'+7'
CH, CH; CH,
2,3,7-trimethyl octan
CH Chon mach chinh 12 mach dai mhat
9 8 32 3 , C e y
CH, —CH CH; —C—CH —CH, va ddnh sb theo quy tac tong sd nhd nhat
CH CH CH CH gHz CH CH; 243+6+7 < 3+4+5+7
CH , CHs— CH CH3 Mach nhdnh ¢6 phan n?énh va ddnh s§
mach nhanh tai vi tri gan vao mach chinh
CH,

- 5-(1.1'-di |
2,3,6,7-tetramethyl -5-(1',1'-dimethylpropyl) nonan CH,—C— gH2_ CH,
I ' 3

11 '—dimethylpiopyl
Cach goi tén:
Tén cac géc (mach nhanh) va chii s chi vi tri cac goc gdn vao mach chinh.
Tén goc (mach nhanh) 1an lugt tit don gian dén phiic tap.

Dung cac tit Hylap (di, tri, tetra, penta, hexa, hepta, octa) dé chi s6 luong
nhém thé gidng nhau va goi tén ctia hydrocarbon no cé s carbon tuong ting
s0 carbon trong mach chinh.

3. PHUGNG PHAP PIEU CHE ALKAN

3.1.
3.1.

Pd,

86

Phuong phap giir nguyén mach carbon
1. Khir hoa hydrocarbon chua no

Tac nhan khi 12 hydro phan ti v6i xtc tac ¢6 hoat tinh cao nhu kim loai Pt,
Ni. Phan tng c6 thé xay ra ¢ nhiét d6 thuong.

Ni
R—CH—CH—R + H, ——>» R—CH,—CH,—R

Ni
R—CH=CH—R' + 2H, R R—CH,—CH,—R



3.1.2. Khir hoa dan xuét halogen
Téc nhan khi c6 thé 1a Zn /H* hoac acid hydroiodic dic (HI)
R-X + Zn +H* -»R-H + Zn* + X
R-I + HI —- R-H + 1,

3.1.3. Khir hod alcol

Tac nhan kht 1a HI dic (80%), nhiét do 180-200°C va c¢6 mit phosphos do6
Khi dun néng: 2HI —» 2H + I,

Ban dau alcol chuyén thanh sdn phidm trung gian 14 din xu4t iod va chit
nay lai bi khii é nhiét do cao hon thanh alkan

R-OH + HI - R-I + HOH

R-I + HI - R-H + I,
Vidu:
CH,-CH,-CH,-CH,-OH + 2HI —» CH;-CH,-CH,-CH; + H,O0 + I,
Alcol n-butylic butan

Su c6 mit cua phosphor dd lam ting cuong kha niang khi héa cua HI.
Phosphor tac dung iod tao phosphor triiodid PI, va chit nay khi tac dung véi nude
lai tai tao HI.

3.1.4. Khir hoa acid va dan xuét acid

R-COOH + 6HI — R-CH;, + 2H,0 + 3I,
Phan ing dung diéu ché& alkan c6 mach carbon 1én.
Kh ester d& hon acid.

3.1.5. Thuy phan hop chéat co kim

C,H,,.,Br + Mg/ether khan — C,H,,,;MgBr
C,H, ..MgBr — CH,,., + MgBrOH

3.2. Phuong phap lam tang mach carbon
3.2.1. Phan ung Wurtz

Dan xuét halogen tac dung natri kim loai sé tao hydrocarbon no do hai gdc
ctia dan xuat halogen két hop lai nén mach carbon sé ting gap doi.

2R-X + 2Na — R-R + 2NaX (hiéu suat 80%)
Vi du:
9CH,-CH,I + 2Na - CH,-CH,-CH,-CH, + 2Nal

_ Phan tng diing han ché trong téng hdp cac dan xuat doi xtng. Néu dung hai
dan xuét khac nhau sé thu dude hon hop san pham:

3R-X + 6Na + 3X-R* -» R-R + R-R" + R-R* + 6 NaX

87



3.2.2. Phan ung dién phan dung dich muéi acid (phan ung Kolbe)

CH3CHQCOON3
anod catod
CH3CH,COO" Na*
e +e
CH,CH,COO Na
.co, H,0
CHSCHQ . NaOH + HZ

N

CH;CH,CH,CHj4 CH;CH; + CHy = CH,
chinh phu

3.3. Phuong phap l1am giam mach carbon

C4t khan mu6i kiém, kiém thé cta acid carboxylic v6i voi toi, xdt sé thu
dudc hydrocarbon c6 mach giam 1 carbon so véi acid carboxylic.

R-COONa + NaOH — R-H + Na,CO,
CH,COONa + NaOH — CH, + Na,CO,

4. TiINH CHAT LY HOC
Nhiét do s6i va nhiét @6 néng chay tiang dan khi s6 carbon ting.

Cac alkan phan nhanh c6 nhiét d6 soi thap. Alkan khong tan trong nuéc. D&
tan trong ether, trong cac hydrocarbon khac va trong cac dan xuat halogen.

Pho hong ngoai:

e Cdc tan sé'dao déng hoa tri :
Lién két C-H c6 dao dong héa tri trong khoang 2850-3000 cm™; lién két
C-C c6 dao dong yé&u va thay doi.

e Cdc tan sé'dao dong bién dang

Goc methyl —CH, va methylen —CH,— c6 dao dong bién dang dac trung cta
C-H tu 1400-1700 cm™
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Bang 7.3: Tinh chat vat ly clla mot s6 alkan

Hydrocarbon Nhiét do soi Nhiét dd chay Ty khoi
Metan CH, -161,7 -182,0 -
Etan C,Hq - 88,6 -183.3 -
Propan C;H, 42,6 -187,7 0,5005
Butan C,H,, -0,5 -138,3 0,5787
Pentan C;H,, 6,1 -129,8 0,5572
HexanCgH,, 68,7 - 953 0,6603
Heptan C;H,¢ 98,4 - 90,6 0,6837
Octan CgH ;4 125,7 - 56,8 0,7026
Nonan CgH,, 150,8 - 53,5 0,7177
Decan C,yH,, 170,4 - 29,7 0,7299
Undecan C,H,, 195,8 - 25,6 0,7402
Dodecan C,,H,q 216,3 - 9,6 0,7487
Tridecan C,5Hyg 235,4 -55 0,7564
Tetradecan C,,H;, 253,7 59 0,7628
Pentadecan C,sH,, 270,6 10,0 0,7685
Eicosan Cy,H,, 343,0 36,8 0,7886
Triacontan CgyyHg, 449,7 65,8 0,8097

5. TINH CHAT HOA HOC

~ Trong phan ti alkan chi c6 2 loai lién két: C-H va C-C. Ching la nhiing lién
két hau nhu khong phéan cuc.
5.1. Phan Ung thé - Tinh chat cla lién két C - H
5.1.1. Phan ung halogen hoa -Tdc dung vdi halogen
C.Hy+X, — C.H,. X+HX

Phén ing xay ra theo co ché gdc tu do, c6 xtic tadc Anh sang hodc § nhiét do cao.

Kha néng phan ting ctia halogen sip xép theo F,> Cl, > Br, > I,.

Kha nang phan ting cuia C-H bac3 > C-Hbac2 > C-Hbacl

CH, + 2F, — C + 4HF

Phan ting clor héa metan xay ra qua cac giai doan sau:

Cly ﬂ) . 2CI' AH = +270kcal
CHy +CI' —> CHy + HCl A= -lkel
éH3 + C]2 —> CH3C1 +CI' AH = -23kcal

CHy + Clp — CH3Cl + HCI
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Thuc t& phan tng tao thanh hén hgp san phdm CH,Cl, CH,Cl,, CHCI,, CCl,
Phan tng sé ngiing hén khi cac géc tu do két hop véi nhau.

CI'+Cl" —>  Ch3 Cl +CH3 —> CH3Cl 5 CH3+CH3 —»  CHyCH

Phan (ng clor hda phan tlr propan tao ra nhiéu chat:
CH,—CH,—CH,
Iy y+ CL

v v
CH,—CH, _,L (J:rHéla + CH, _Cﬁ-Clc , CH,
2 2

v Voo v

CH,CI—CH,—CH,Cl + CH;—CHCI—CH,Cl + CH;—CCl,—CH,

+ Cl
2 l+ Cl,

Y '

CH,C1—CHCI—CH,Cl + CH,—CCl,—CH,CI

Brom héa c6 tinh chon loc cao hon qua trinh clor héa. Khi clor hba isopentan
thu dugc hén hop san pham. Con khi brom héa isopentan san phdm thé& brom chu

yéu xay ra ¢ lién két C —H bac 3.

Theo dinh luat Hess, hiéu ting nhiét AH, 1a hiéu s6 ning lugng lién két méi
dugc tao thanh trong phan @ing va nang lugng phan ly cta lién két bi phén cit.

. - 8]
ClI' + H-CHyCH3 —  CLH+  CH)CHj AH = 98- 103 = - 5 kcal. mol-!
Lién k&t phan ly Lién két tao thanh Lién két tao thanh  Lién k&t phan ly

Lién két H-Cl bén viing hon lién két C-H. Phan ting cua goc F* véi mot lién
két C—H c6 hiéu ting nhiét 16n, nghia 14 phan ing xay ra manh liét. Phan ting
gitia goc brom Br® vé6i lién két C—H xay ra cham hon. Nhu vay chiing t6 rang hoat
tinh halogen cang 16n thi d6 chon loc cang nho va ngugc lai.

o Clor hoa:
Gt
CH; —C—CH,—CH,
H
hy ¢ +Cl,
GH: Gt GH: g
CH,Cl=C—CH,—CH;+ CH,—C—CH,—CH,CI + CH;—(—CHCI—CH, + CH,—C—CH,—CH,

H 30% H 15% H 33% Cl  22%
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e Brom hoa:

Hs h GH;
CH3_$_CH2_CH3 + Br, T CH3—$—CH2—CH3 + HBr
H Br

Phan ting iod héa alkan 14 qua trinh thuan nghich:
RH + 1, &> RI + |
Trong diéu kién thudng, phan tng c6 khuynh huéng chuyén vé phia trai tai
tao alkan. Ngudi ta thém mot chit oxy héa nhu acid iodic HIO, dé tach HI va
phan tng chuyén vé phia tao iodoalkan.
5.1.2. Phan ung nitro hoa - Tdc dung vdi HNO,
Phan ting nitro héa 1a phan tng thé nguyén ti hydro cta alkan bang goc NO,'.

O nhiét do thuong alkan khong phan Gng véi acid nitric.  nhiét d6 cao (150-
450°C) alkan tac dung véi acid nitric lodng hodc khi NO, dé tao thanh dAn xuit
nitro. Néu dung acid nitric déc thi alkan bi oxy héa.

(6]
RH + HO-NO, (loang) —»450 RNO, +H,0
Trong phan tng nitro héa ngoai san phdm thé, c6 thé xay ra su cit mach
carbon. Vi du khi nitro héa propan tao thanh hdn hop san phidm sau:

CH3-CHp-CH3 + HNO3 —> CH3-CH»-CH»-NO; 4 CH3—FH—CH3 + CH3-CH»-NOy+ CH3-NO;
25% NO, 409 10% 25%
1-Nitropropan 2-Nitropropan Nitroetan Nitrometan

Phan {ing nitro héa xay ra uu tién thé& vao hydro & carbon bac cao.

Go6c NO,® sinh ra do tac dung ctia nhiét do:

to N
HNO, + HNO, » HO + 2 NO,

Vai trd clia goec NO," trong phan tng nitro héa gidhg vai trdo X trong phan
tng halogen hoa.

5.1.3. Phan Ung sulfon hoa
e Tdc dung vdi acid sulfuric

Acid H,SO, dam d#c 6 nhiét d6 thuong khong tac dung véi alkan. Acid
sulfuric béc khéi (c6 hoa tan SO, - oleum) tic dung véi nhiing alkan c6 mach 6- 8
carbon va tao thanh alkansulfoacid.

H_ SO

2 4
CH,, —> C.H SOH
S0,
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e Tdc dung vdi SO, va Cl, - Phan tng sulfoclor héoa

Alkan tac dung truc tiép vé6i hdn hgp SO, va Cl, 6 nhiét do 20 - 30°C cb
chiéu sang bang dén ti ngoai hodc c6 peroxyd lam chat khoi méao thi thu dudc
alkansulfoclorid.

h
RH + SO, +Cl, ———»RSO,Cl + HCI
hoéc peroxyd

Khi thuy phan hgp chat alkansulfoclorid ¢6 mach carbon 16n (> 10 carbon)
bing NaOH sé thu duge cac mudi sulfonat 14 nhiing chat c6 tac dung tiy rua tot.

RSO,Cl + 2NaOH —> RSO, Na + H,0 + NaCl

e Sulfo oxy hoa

Khi cho hdn hgp SO, va O, véi ti 1& ddng phan tu tac dung véi alkan c6 mach

6- 8 carbon 6 nhiét do 20-30°C, c6 chiéu sang sé& thu dugde hop chat alkansulfoacid.
1 hy

RH + SO2 +§O2 —> RSO ;H

5.2. Cac phan ing thudc lién két C-C
5.2.1. Nhiét phan va cracking

0 nhiét d6 cao khong c6 oxy khong khi, cac phan ti alkan bi phan hay hoac
bé gay mach carbon tao thanh alkan va hydrocarbon chua no ¢6 mach carbon
ngan hon. Qua trinh d6 goi 1a qua trinh cracking.

CiHans = CHuw  + CH, (n=x+y)

Khi cracking n-pentan, phan ing xay ra theo cd ché goc.

CH3 + CH3CH,CH,CHy
CH3CHpCHCH,>CHj3 A

CH3CH, + CH3CH)CH)
CH3 + CH3 —> CH3CH3
CH3 + CH3CHy —> CH3CH)CH3
CH3CHp + CH3CH,CH,CHy — CH3CHpCHpCHpCHpCH3

CH3CHy + CH3CHCHy  — » CH3CH3 + CH3CH=CH,

92



5.2.2. Oxy hoa va dét chdy

O didu kién binh thuong, alkan khong tac dung véi oxy khong khi va cac
chit oxy héa manh nhu H,SO, dic, KMnO,. Nhung 6 nhiét d6 cao, alkan bi oxy
hoa tao thanh cac san phidm chia oxy. Khi dun néng cé6 xtc tac, cac alkan bi oxy
héa béi oxy khong khi tao thanh acid hiiu co tuong tng.

3 xuc tdc
RCH, + = O, —>» RCOOH + H(
37 9 2 © 2

Néu oxy héa manh hon c6 thé xay ra su cit dut lién két C-C va sau d6 oxy
héa tiép dé tao thanh cac acid c6 s6 nguyén ti carbon it hon.

CH,~(CH,),CH, —> CH,(CH,)xCOOH + CH,(CH,6);COOH
oxy hoa n=x+y+2

Khi dot chay alkan tao CO, va hoi nuéc déng thoi giai phéng nang luong.
3n+1

ChH h+, +

oty 0, —>nCO, + (+1) H,0 +Q

CH4+ 202 —»CO2 + 2H20+ 885 kj

Chinh vi vay cac alkan nhu metan, butan, octan ... dugc ding lam nhién liéu.

6. CHAT DIEN HINH

Metan CH,
Téng hop metan:
Be,C + 4H,0 — CH, + 2Be(OH),
ALC, + 12H,0 _»  3CH, + 3A1(OH),
CS, + 2H,S + 8Cu — CH,; + 4Cu,S
Trong phong thi nghiém, diéu ché metan bang cach nhiét phan muéi acetat
kim loai kiém
CH,COONa + NaOH - CH, + Na,CO,
Tinh chdt va vng dung:

Metan 1a khi khong mau, khéng mui, it tan trong nuéc, chay cho ngon lta
xanh nhat va toa nhiéu nhiét (8560 kcal/m®) vi vay lugng 16n metan dugc dung
lam nhién liéu.

D6t metan trong diéu kién thiéu khong khi va trong thiét bi dic biét tao ra
carbon 6 dang b6t min dung lam chat don trong san xuit cao su.

CH, + O, - C + H,0
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Cho metan qua hoi nuéc xtc tac Ni ¢ 850°C thu dugc hén hgp hydro va
carbon monooxyd dung lam nguyén liéu trong téng hop.

CH, + HLO - CO + 3H,
Metan con diung lam nguyén liéu tong hgp acetylen, cac dan xudt clorometan,
acid cyanhydric. . .
BAI TAP
1. Nhiing tén goi sau day ¢6 ding khong :
a- 2-Ethylhexan
b- 2,2,5-Trimethylheptan
c- 3-Ethylheptan
d- 2-Methyl,3-isopropylpentan
e- 1-Methyl,3- ethylnonan
Hay viét lai nhiing tén goi dung.

2- Etan phan tng véi clor theo ty 1& thé tich va trong lugng nao khi diéu ché
ethylclorid ?

3- Khi nitro hoéa va clor héa cac hydrocarbon sau:

Butan, isobutan, n-pentan, 3-methylbutan thi c6 bao nhiéu dan xuat mot
1an thé c6 thé dugc tao thanh ? .

94



Chuong 8
CYCLOALKAN

MUC TIEU
1. Goi duoc tén cdc loai cycloalkan: 1 vong, 2 vong.

2. Viét va trinh bay duogc cdu dang cua cyclohexan.

NOI DUNG

Cycloalkan 12 nhiing hydrocarbon no mach vong. Nguyén ti carbon ¢ trang
thai lai hoa sp®. C6 nhiéu loai hdp chit vong no.

Hop chat don vong: Monocycloalkan
Hop chat da vong: Polycycloalkan.
Phan chia hgp chat da vong thanh cac loai sau:
Hop chat da vong ngung tu,
Hop chat da vong c¢6 mach cau carbon,

Hop chat da vong spiran.

1. MONOCYCLOALKAN
1.1. Danh phap

— Goi tén alkan tuong ting va thém tiép dau ngii "cyclo"

— Néu trong phan ti c6 mach nhanh thi goi tén mach nhanh ti don gidn
dén phiic tap.

— Danh s6 cac nguyén ti carbon trén mach vong xuat phat tt mach nhanh
don gidn va danh s6 theo chiéu sao cho tdng s6 cac chii s6 chi mach
nhanh 14 nho nhat.

CH,4 CH,

CH, CH, ,
A @\ t *CH,CH,CH,;

CH,CH,4
Methylcyclopropan Methylcyclobutan  1-Methyl 3-ethylcyclopentan 1-Methyl, 3-(n-propyl) cyclohexan

1.2. Déng phan

Monocycloalkan c6 s6 dong phan nhiéu hon s dong phan cua alkan cé s6
carbon tuong ting. Vi du: CgH ¢ c6 cAc dong phan vong 3, 4, 6, 7, 8 canh.

95



Trén mdi loai déng phan vong c6 cac mach nhanh nén sé dong phan ting lén.

CH,CH3

CH3 CH3 CHS
CHs
CHj;

Ethylcyclohexan 1,2-dimethylcyclohexan 1,3-dimethycyclohexan 1,4-dimethycyclohexan

Khac véi cac alkan, cycloalkan c6 déng phan hinh hoc cis - trans

CH, CH
- |
&
CH,
cis 1,2-dimethylcyclohexan trans 1,2-dimethylcyclohexan

1.3. Do bén vitng clia vong

Céc hgp chit c6 vong 3, 4 canh kém bén hon so véi vong 5, 6 canh. D& giai
thich hién tugng d6, Bayer dua ra gia thuyét rang: T4t ca cac vong déu cé cdu tao
phéng. Goéc lién két bi bién dang (c6 d6 16n khac 109°28' - goc ti dién) va xuét
hién stic cing cua vong (Stic cing Bayer). Do bién dang cua géc lién két cang 16n
thi stic cing Bayer cang 16n. Vi vay vong c6 ning lugng cao nén kém bén.

Géc bién dang dude tinh nhu sau:

0= 71 [109928'- @ (gbc lién két trong vong phing)

Bang 8.1: S(ic cang Bayer clia mot s6 cycloalkan

Hop chat 0 0 AHO ()
Cyclopropan 60° +24°64' +12,7
Cyclobutan 90° +9°64' +6,8
Cyclopentan 108° +0°64' -18,4
Cyclohexan 120° 5036’ -29,5
Cycloheptan 128°34° 9053 -28,2
Cyclooctan -29,7

135° -12°86'

(*) kcal.mol-1
Theo thuyét stic cang Bayer thi cyclopentan 1a hgp chat bén nhat, tu
cyclohexan tinh bén giam dan. Diéu nay khong phu hop vi thuc té& cyclohexan 1a
hop chat rat bén viing. Cyclohexan khong c6 cdu tao phang, chiing té riang thuyét
stic cing Bayer chi ding véi nhiing chat c6 ciu tao phing .
Do bén cua hgp chit vong con phu thudc nhiéu yéu t6 khac dic biét 1a cau
hinh va nhiét tao thanh. Nhiét tao thanh cang thap thi vong cang bén.
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Cac hop chat & cdu hinh léch c6 nang lugng thap. Do dé néu cac nhém CH,
ké nhau cua vong khong 6 cau hinh léch ma 6 c&du hinh che khu&t thi phai c6 su
tuong tac 1an nhau. Su tuong tac dé goi 1a Stic cang Pitzer .

Dé giam bét stic cing Bayer, stic cing Pitzer, hgp chat vong c6 xu huéng phan bd
khong dong phéng sao cho thuan lgi vé& ning lugng (ndng lugng thap nhat).
1.4. Cau dang cua cycloalkan
1.4.1. Cyclopropan

Ba nguyén ti carbon cing ndm trén mot mit phing. Bayer giai thich tinh
khéng bén ctia vong bing su bién dang cta lién két. Trong cyclopropan cac lién
két H —-C-H tao thanh géc 120°. Do d6 ngudi ta cho rang cac lién két C -C bi uén
cong va su xen phu cuc dai bi vi pham mot phan (hinh 8-1).

Hinh 8.1

@ o S -

Su xen phu cyc dai Su xen pht cuc dai bi vi pham Su xen pht caa cac orbital sp2
va lién két C-C bi udn cong dé tao thanh cyclopropan

1.4.2. Cyclobutan

Cyclobutan cé cau dang gay gap - cAu dang xé&p (hinh 8-2)

H H
%H MH
H HE/TJ
Sy tuong tdc gdy ra sic cingPitzer

Hinh 8.2: C4u tao khdng dong phing ciia phan t& cyclobutan

1.4.3. Cyclopentan

Cyclopentan c6 cdu tao khéng phing. Bén nguyén ti carbon caa cyclopentan
nam trén mot mat phang. Nguyén ti carbon tht 5 ndm ngoai méat phang nay.
Vong cyclopentan c6 hién tugng " gia quay " (pseudorotation) (hinh 8-3).
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H H
HXxUG 4
H Pa—
J) H 3

MO0 hinh phan ti cyclopentan Su tuong tac gay ra stc cang Pitzer

Hinh 8.3: Su bién déi clia phan ti cyclopentan
1.4.4. Cyclohexan
Cyclohexan c6 2 cau dang: dang ghé va dang thuyén (hinh 8- 4) .

Su tuong tdc g@:ra stic cing Pitze

H A
HH n—~ —H
H u HegH  H)-H
H —_—
H H H H
H H H H
Dang ghé Dang thuyén
Hinh 8.4

Trong cadu dang ghé& cua cyclohexan khong cé stic cang Bayer va stic cing
Pitzer, vi vy dang ghé c6 ning lugng thap va bén viing hon cyclohexan cdu dang
thuyén. Cac lién két C — H trong cau dang ghé& dugc chia thanh 2 loai.

Sau lién két C — H song song véi truc d6i xtng goi la lién két axial (a, lién
két truc).

Sau lién k&t C — H sép xép gan song song véi mit phing trung binh goi 1a
lién két equatorial (e, lién két xich dao, lién két vanh) (hinh 8-5).

’ H H
Truc doi xing

H H
—_— H
M - H H

Lien k&t axial Lién k&t equatorial

Hinh 8.5. Lién két axial va lién két equatorial
Lién két equatorial c¢6 nang lugng thap va bén viing hon lién két axial (hinh 8-6).

CH,
a

CH;
Axial o Equaterial
(a)-Methylcyclohexan (e)-Methylcyclohexan

Hinh 8.6: Su chuyén ddi lién két axial thanh lién két equatorial

98



Cac nhém thé c6 thé tich 16n va cidu tao phtc tap thudng tén tai ¢ dang
equatorial. Hgp chat thé 2 1an ctia cyclohexan ton tai cac dong phan hinh hoc.

CH,4 CH, CH; CH;4 CH,4 C CH,4
SN & O
CH,
CH, CH;

Trans1,2 Cis 1,2 Trans1,3 Cis1,3 Trans1,4 Cisl,2

Hinh 8.7: C4c déng phan hinh hoc cla dimethylcyclohexan

T cac ddng phan hinh hoc (hinh 8-7) lai ¢6 cac cadu dang khac nhau.

CHy H CH,8 CH,
& € a (5
H CH, &(‘:Hﬁ CH, w CH,
CH, H CH
& a CH3 e 3¢ a

Cisa,e H Cis e,aCHs Cisa,a Cise,e Cisa,e CH; Cisea

Hinh 8.8: Cac dong phan cdu dang cla cis - dimethylcyclohexan

Trén hinh 8-8 1 cac cdu dang cua cis-dimethylcyclohexan & cac vi tri khac
nhau. Tuong tu cling c6 cic cdu dang trans-dimethylcyclohexan (hinh 8-9)

CH
CH, i CH, 3 H
: CH
H eCHg 3 —7&CH, SCH,
CH; - H 7 CH, S
Pi e
CH H CHj € CH, H '
Trans a,a Trans e,e Trans a,e Trans e,a Trans a,a Trans e,e

Hinh 8.9: C4ac dong phan cdu dang cla trans - dimethylcyclohexan

1.5. Tinh chat héa hoc cua cycloalkan

Cac vong 3, 4 canh thé hién tinh ch&t chua no. Phan tng céng hgp va vong
bi pha va.

Cac cyclopropan khong tac dung véi kali permanganat va ozon.

2H HB Br
JANELR CH3-CH,-CHj ; /N\ Bl cHy-CHOBr /N 2 CH,Br-CH,-CH,Br

Cac cyclohexan thé hién tinh ch4t cta hydrocarbon no. Cé phan ting thé halogen
khi c6 xtc tac 14 anh sang. Khi c¢6 mit xuc tac thich hdp, cyclohexan c6 thé bi oxy héa
tao thanh cyclohexanol, cyclohexanon hoéc vong bi pha vé tao acid adipic.

Cyclohexan bi dehydro héa khi ¢6 xtc tac la Pt hoac Pd.

H Cl
H H Cl Cl
hy
+ 6Cly . + 6HCI
H H Cl Cl
H Cl
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Xic tac

> OH
Cyclohexanol Pt
O 0, | Xic tdc @ . — + 3H
e, o
L Cyclohexanon
Xuc tac
.———> HOOC (CHj)4 COOH
Acid adipic

Tinh chét dic biét cta cac hgp chit cycloalkan 1a ¢6 thé tham gia phan tng
chuyén vi dé tang hay giam d6 16n cua vong.

CH,CH, CH,
AICI; AICl3
e I CH, . —
A ; A
Ethylcyclobutan Methylcyclopentan Cycloheptan Methylcyclohexan

2. HOP CHAT DA VONG
2.1. Hgp chat da vong cd lap

Hogp chat c6 2 vong 6 1ap lién két véi nhau truc tiép hodc bdi moét mach carbon.

OO Qe

Bicyclohexyl 1,2-Bicyclohexyletan
2.2. Danh phap hgp chat vong ngung tu

Hogp chat vong ngung tu 12 nhiing hgp chat ma cac vong ¢6 canh chung v6i nhau.

10 ) 2
8 P 4 4 3 8
7 5 5 7

Bicyclo[4.4.0] decan Bicyclo[4.3.0] nonan
2.3. Hgp chat da vong c6 mach ciu carbon

Hop chat vong c6 cdu 1a hop chat khong c6 canh chung nhung cé cac nguyén
ti carbon chung cho ciac vong. Nguyén ti carbon chung 14 nguyén ti dau cau.

Bicyclo[2.2.1] heptan Bicyclo[2.2.2] octan
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C6 thé c6 hgp chit 3, 4 vong

Tricyclo[3.3.1.37] decan Tricyclo[3.3.1.029] decan  Tetracyclo [2.1.1.0 26,0 3->] hexan

Chi y: 1*7 chi rd mach c6 1 carbon va 2 carbon dau cau la carbon s6 3 va s6
7; 0% chi rd mach khong c6 carbon va 2 carbon diu cau la carbon s6 2 va s6 6.

Hé théng hgp chit da vong c6 danh phap phiic tap. Theo danh phap IUPAC,
dé goi tén hop chit da vong phai xac dinh s6 mach carbon. S6 mach carbon tuong
tng vé6i s6 vong (bicyclo, tricyclo, tetracyclo). Tim vong chinh cé s carbon nhiéu
nhat. Chon mach ciu 14 mach dai nhat tao bicyclo chinh. Panh s6 trén vong
bicyclo chinh xuét phat ti carbon dau cau va dén dau cau kia tit mach cau dai
nh&t dén ngén nhit (chd ¥ nguyén tic téng sé nhé nhat). Sau d6 xac dinh tiép cac
mach cau con lai va chi rd s6 nguyén ti carbon cé trén mach cau dé. S6 nguyeén tu
carbon trén mdi mach cau (khéng ké carbon dau cau) dudc dit trong ngodic vudng
theo thii tu ti 16n dén nhoé. Tén ctia hdp chit da vong 1a tén cua hydrocarbon cé
téng sé carbon tao vong.

2.4. Hgp chat vong spiran

Tt "spiro" ¢6 nghia 1a xodn. Hydrocarbon no loai nay chi rd cac vong lién két
v6i nhau bang nguyén tu carbon chung. Nguyén ti carbon nay goi la carbon spiro.
Co6 hop chat spiro, dispiro, trispiro .. .

Panh s6 carbon xuat phat tit vong bé va bat dau & carbon gan carbon spiro
va theo chiéu sao cho carbon spiro (carbon chung) c6 s6 bé nh4t. S6 carbon trén
moi mach dit trong ddu méc va theo chiéu danh sé.

10 1112 1
6 T X DX, (O
4 2
Spiro[3.4] octan Spiro[2.4] heptan Spiro[4.5] decan Dispiro[2.1.4.1] decan Dispiro[2.1.5.2] dodecan
BAI TAP
1. V& cac dong phéan hinh hoc c6 thé c6 cua cac ddng phan caa cyclohexan cé
CTPT CyH,s. Goi tén cac dong phan doé.
2. V& cac cdu dang c6 thé c6 cua diclocyclohexan.
3. Viét CTCT cua cac chat c6 tén goi sau:
a. Bicyclo[4.1.0] heptan; b-Bicyclo[3.2.0]heptan ; c-Tricyclo[5.1.0.0**]octan
d. Spiro [3.3] heptan; e-Spiro [4.4] nonan; f- Dispiro [5.1.6.2] hexadecan
4. Goi tén theo danh phap IUPAC cua céc chat ¢6 cong thic sau:
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Chuong 9

ALKEN - HYDROCARBON ETYLENIC
[GNHZN]

MUC TIEU HOC TAP
1. Trinh bay duoc cdu tao alken, xdc dinh déng phdn hinh hoc va danh phdp
Z -E cua ching.
2. Néu dugc cdc tinh chdt héa hoc cua alken.

Alken con goi la olefin. Chung la nhiing hydrocarbon chua no, khong vong,
trong phan ti c6 mot néi doi. Alken c6 cong thiic tong quat C H,,.

Déi v6i hop chat vong c6 mot ndi doi cé cong thiic tong quat C,H,, , va goi la
cycloalken, cycloolefin, hydrocarbon vong chua no.

1. CAU TAO CUA ALKEN

Sau nguyén ti cta phan ti ethylen ndm trong mét miat phing. Lién két o
cia C —C tao thanh do xen phu cta orbital sp® Lién két n dugc tao thanh do 2
orbital p tu do xen phu véi nhau. Mt phéng chia lién két n thing géc véi mat
phéng chiia cac nguyén ti carbon va hydro ciia ethylen. Orbital s caa hydro va
orbital sp? cia carbon xen phu véi nhau tao thanh lién két o cua H-C (hinh 9-1).

—;

SP _Csp2

Hinh 9.1: Cic nguyén tit H,C clia ethylen Lién két o tao thanh do Lién két  tao thinh
ndm trén mot mit phing 2 carbon lai héa sp? do 2 orbital p tw do
D6 dai lien két cia H-C 14 1,076 A, ctia C =C 12 1,330 A
Goc lién két H-C-H 1a 116, 6° . Goc lién két H-C=C 1a 121,70 -
2. PONG PHAN
2.1. Déng phan ciu tao

Ngoai déng phan vé mach carbon, alken con cé cac déng phan do vi tri cua
noi déi. Do d6 alken c¢6 s6 dong phan ciu tao nhiéu hon alkan c6 cung s6 carbon
tuong tng.
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Alken S6 déng phan Alkan S6 déng phan
Buten CyHg 3 Butan C4Hqq 2
Penten CgHqq 5 Pentan CgH 1o 3
Hexen CgH42 12 Hexan CgH14 5

2.2. Pong phan hinh hoc - Péng phan cis-trans

Cac nhém thé khong thé quay tu do chung quanh lién két d6i ma ton tai méot
cach tuong ddi vé hai phia cua lién két d6i. Do d6 alken c6 déng phan hinh hoc.
Hai nhém thé cung phia so v6i mét phing = thi goi 1a déng phéan cis. Hai nhém
thé khac phia so v6i mat phéng n thi goi 1a déng phan trans.

a . a c CH3\ /CH3 CH3\ /H
N / N, /7 c=C c=C
_C=C =C / /7N

b \b b Nd H H H CH,

C6 dong phan cis-trans (g ddng phanz-E Cis -2-buten Trans -2-buten

C6 thé hinh dung mé hinh phan ti 2-buten nhu sau.

= 2

Dang trans bén hon dang cis vi dang trans c¢6 ning lugng thap. Trong dang
cis cac nhém thé ciing phia c6 tac dung diy nhau.

CH3\ B /H CH\;\C_C/CH3
AN -~ AN < CH,CH,CH=CH,
H CH, H

Trans -2-buten (74%) Cis-2-buten (23% ) 1-buten (3%)

Déng phan cis-trans ton tai khi cic nhém thé chung quanh lién két déicoa=b

Cac nhém thé chung quanh lién két déico a#b #c = d thicé déng phan Z - E.

CH;CH,CH,CH, CH; ~ CHCH,
C= C\ / = C\
/
H CH,CH, H CH,CH,CH,
Z -3-ethyl-2-hexen E -3-ethyl-2-hexen

Chu y: Cac tu cis - trans hoac Z (zusammen - cung phia) - E (eintgegen -
khdc phia) 1a cac danh phap dé chi d@éng phan hinh hoc trong cac trudng hgp
khéac nhau.
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3. DANH PHAP
3.1. Danh phap théng thudng

Goi tén alken bang cach 1ay tén alkan c6 s6 carbon tuong tng thay tiép vi
ngt "an" thanh "ylen".

CH =CH CH_CH=CH CH_.CH CH=CH
2 2 3 2 3 2 2

Ethylen Propylen Butylen

Danh phép nay chi dé goi tén nhiing alken don gian

3.2. Danh phap ethylen

C6 thé xem cac alken don gian nhu la dAn xudt cua ethylen. Nguyén tu
hydro cta ethylen lan lugt duge thay thé bdi cac goc alkyl. Su thay thé nay cé thé
doi xting hodc khéng déi xting 6 hai dau lién két dai.

G
CH3CH=CH2 CHS—CH=CH—CH3 CH3_CZCH2
Methylethylen Dimethylethylen d8i xting Dimethylethylen khong ddi xtiing

3.3. Danh phap IUPAC
— Goi tén nhu hydrocarbon no va thay vi ngii "an" bang vi ngii "en"
— Chon mach chinh 14 mach dai nhat chtia lién két dai .

— Danh s6 carbon trén mach chinh sao cho néi déi ¢6 s6 bé nhat.

Vi tri nhanh + Tén nhanh + S& chi vi tri ndi doi + Tén mach chinh + en

1C|H3

3 4 1 2C|2H33 4 s i
CH3CH=CH, > CH3-CH=CH-CHj3 ; CH3-C=CH-CH3 ;§H3—EH—§H2—4CH2—3&—CH2—CH3
Propen 2-Buten 2-Methyl-2-buten 6-Methyl-3-ethyl-3-hepten

3.4.Danhphap Z - E

Danh phap Z- E dung dé goi tén cac dong phan hinh hoc méa cic nhém thé
chung quanh lién két d6i hoan toan khac nhau. Theo quy uéc 2 nhém thé trén 2
carbon cua lién k&t d6i c6 @6 16n nhat sdp x&p vé mot phia cia mit phing thi goi
14 dong phan Z va ngudc lai goi 1a déng phan E.

N /€ a\c_c/d

. . c=cC =
Khia>bvac>d b~ \d b~ Ne
DPéng phan Z DBdng phan E

Xac dinh do6 16n nhém thé theo quy uéc Cahn -Ingold-Prelog, danh phap R,S
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R- Rectus - bén phai, S - Sinister - bén trai

CICH,CH, C/CH2C1

C=
= AN
LN CH,CH CH,
CH; H Cl

CH,CH,( CH,CH,

Z -3-methyl-3-hexen E -1,4-diclo,2-methyl-3-(2-clorethyl) -2-penten

4. PHUONG PHAP PIEU CHE
4.1. Tach hydro halogenid tir cac dan xuat monohalogen

Cac dan xuat monohalogen no, dic biét 1a dAn xuat bac ba, khi tuong tac véi
cac dung dich base manh nhu KOH, NaOH, EtONa trong alcol va dun néng sé bi
tach mot phan ti hydrohalogenid tao ra alken tucng ting. Tuy cadu tao ctia dan
xuét halogen no, alken thu dugc c6 thé 1a mot hdén hgp dong phan va mot lugng
nhd san pham cua phan tGng thé 4i nhan 14 ether.

Su tach loai HX theo kha néng: R-I>R-Br >R-CI>R-F.
Vi nang lugng lién két: C-1 51 keal.mol-1; C-Br 585 C-C181; C-F 116

H
¢ Dung dich KOH / alcol GHs
R—CH—C—CH, > R-CH=C-CH, + HX

H X

Dung dich KOH/alcol khi dun néng da xay ra su cin bang sau:
ROH + OH®W «—— RO~ + HZO
Su tach loai HX tuén theo qui tic Zaixep.

Khi tdach HX khoi dan xudt halogen, X sé bi tdch cung vdi nguyén ti hydro
gan tai nguyén tu carbon 6 lién bén canh cé bdc cao nhdt.

Qui tic Zaixep ding ca trong hai trudng hgp tach loai E7 va Eg.
4.1.1. Phan ung tdch loai Eq 6 alkylhalogenid

Cham + -
R—CHZ—FH—CH:; —> R-CHp-CH-CHj3 + X
X

+
+ hanh > R-CH=CH-CH; + H (D)
R-CH)-CH_CH; —2n 3

L+ R_CH,-CH=CH, + H® (1)

Néu X cung tach loai véi H 6 bac cao hon sé& hinh thanh olefin (I). Olefin (I)
c6 ning lugng thap hon so v6i olefin (II) vi hiéu Ging siéu lién hgp cua CH, v6i lién
két doi C =C c6 s6 lién két C -H nhiéu hon.
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+ + H H +
R-CH,-CH-CH3 ~ =— R—CH,—CH=C}H — R—@}CH—CH3
H H

Cé6 3 lién két C-Hsiéuliénhgp  C6 2 lién két C-H siéu lién hop

H H
R—CH=CP{QDH Cé6 3 1ién két C-H ; R@Hchlz Chi c6 2 lién két C-H
(I H H (D)

4.1.2. Phan ung tdch loai E, 0 alkylhalogenid

Phan tng E, xay ra trong diéu kién c6 base manh va dung moi kém phan cuc.

EtOK
CH3CH)CH,CHBIrCH3 —— > CH3CH,CH=CHCH3+ CH3CH,CH,CH=CH4+ CH3CH,CH,CH(OEt)CH,
EtOH 41% 25% 20%

Trong cd ché E, c6 thé hinh thanh trang thai chuyén tiép sau:

HO ...H
CH3CH2&H—C=HCH3

Br® Brd

Trong trudng hop tach loai theo co ché E, (ciing nhu E;) san phdm tao thanh
tuan theo quy tic:

Khi tdach HX khoi dén xudt halogen sé thu dudc olefin c6 s6 nguyén tu H, doi
vdi lién két doi la 16n nhdt
CH,
CH3-EH-CHy~CH=CH-CH3  C6 5 H,,
CH,
CH;-CH-CH=CHCH,~CH3 C63 H,

CH,
CHy-CH-CHy-CH-CHy-CHs
X

Hiéu suat olefin thu duge phu thudc vao diéu kién phan ting .

EtOK GHy
CH3CHyCBr(CHz)y ———» CH3CH=C(CH3), + CH3CH,C=CH,
CH4),COK
&, 28% 72%
(CH3);COH
GH3OK 1105 89%
(C,Hg)3COH

Tée d6 phan ting E, phu thudc vao néng d6 cia alkylhalogenid, nong d6 base
va phu thudc vao ban chit cia nhém X.
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Phan tng c¢6 anh hudng bdi cac lién két: Lién két C—X dé bi cit ddt hon lién
két C-H.

Phdn ing c6 tinh ldp thé: Nguyén ti hydro va nguyén ti X bi tach phai luén
luén & trén cing mot mat phéng.

® CgH CGH‘F\ H H H
CgH ". o5 \f—é/ ° 5_. HBr +/C:{ = g;é 5

N\
C6H Base Br CgHs

(R,R) 1,2 -dibromo-1,2-diphenyl etan (Z) 1-bromo-1,2-diphenyl ethylen

H )—Cetis H\C T e N H H __CgHs
- — 65 c:< —
H > CHs _B”]_é/ ——> HBr + J/ B@\

AN Base CeHs CgHs CeHs

Meso-1,2 -dibromo-1,2- diphenyl etan (E) 1-bromo 1,2-diphenyl ethylen

4.2. Tach loai nudc tir alcol
C6 thé tién hanh tach loai nudc khai alcol no theo 2 phuong phap:

4.2.1. O pha Idng
DPun néng alcol v6i acid manh (H,SO,, H;PO,) hodc v61 KHSO, sé tao alken.

H2$O4
RCH,CH,OH —_— > RCH=CH, + H>O
180°C

Phan tng xay ra qua giai doan tao ester vo co sau d6 sé hinh thanh alken
hoic san phdm phu la ether .
H7S504
RCH,CH,OH —2—4» RCH,CHy0803H  +  Hy0
1400C
RCH,CH,OSO3H _ RCH=CHy +HySOy4

RCH2CH20H
RCH,CH,OSO3H > RCHyCH,OCHyCHyR + HySOy4

Déi v6i nhiing alcol bac 1 ¢é s6 carbon n > 4 thi tao hdn hdp cac alken. Vi du
khi loai nuéc khéi 1- octanol ¢6 thé tao thanh hén hgp cac alken:

H3POy4 ,A

CH3(CH;)gCH,OH CH3(CH,)sCH=CH, + CHj3(CHy)4CH=CHCH;

C6 hién tugng trén 1a do su chuyén vi cta hydro trong carbocation tao thanh.

H H H/3
CH3(CH2)6CH20H—O>CH3(CH2)6CH CH2—> CH3(CH2)5CH CH- CHz— CH3(CH2)4C H-CH,—CH3— -
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Phuong phéap nay dudc dung dé thay déi vi tri ciia chic alcol.

Alcol bac 2, bac 3 dé loai nuéc trong méi trudng acid. Phan tng theo co ché E,.

OH
é HySO4 62%
CH3CH2CH2 HCH3 95—0> CH3CH2CH=CHCH3 + HyO
Coché E,
OH +OH2

+ _ + g+
CH3CHZCH2&HCH3 E»CH3CH2CH2JZHCH3 19 cHycnycHyCHCH; Ha CH3CH,CH=CHCHj
C6 truong hop xdy ra sw chuyén vi:
CH, OH CH, CH,
Ht "\%’“ + |
CH3-|C——CH-CH3 - CH3-C— H—CH3 — CH3-C——CH-CH3

t |

H

|
|
CH, CH, CH,

.\ ?H3 CH, ?H3
+
CH3—F—CH—CH3 -H CH2=F_EH_CH3 + CH3—?=C—CH3
CH;4 CH, CH,4

4.2.2. O pha hoi

Alcol duéi tac dung ciia Al,O;3 350 - 400°C ciing tao alken theo co ché:

A1203
CH3CH20H —> CHp=CHp + H,O
300-400°C
R+
~ H
O/
I OH + R¥ TOH, T
—Al— — —Al— _ A —> _—Al— 4 alken —» __ A1, HO

4.3. Tir dan xuat dihalogen

Su tuong tac gitia dihalogen trén 2 carbon lién nhau véi bot kim loai (Zn,Cu)
sé thu dugc alken.

Cl Cl

|
RCH-CHR' + Zn —> RCH=CHR' + ZnCl,

4.4. Phuong phap dehydro hoa, cracking hydrocarbon no

Trong cong nghiép cac alken thudng dugc diéu ché bang cach dehydro héa

cac alkan dudi tac dung cla xuc tac thich hop (Vi du crom trioxyd & 450°C). T
butan, isobutan diéu ché& dugc buten va isobutylen.
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CI‘O3
CH3CH,CH,CHj3 W CH3CH2CH:CH2 + Hj;

Cac alken cting dudce tao thanh khi nhiét phanC, cracking cac hydrocarbon no.
n-CeHy4 700-800C CHy + CHy=CHp + CH3CH=CH, + Sénphdm khic
15% 40% 20% 25%

Propen 1a nguyén liéu dé san xuét polypropylen. Alken quan trong trong
cong nghiép 1a buten va ethylen dudc diéu ché bang phuong phap dehydro héa
hodc cracking nguyén liéu thu dugde tit dau mo.

5. TINH CHAT LY HOC

Ba thanh phin dau tién cta day dong déng ¢ diéu kién thuong la cac chit
khi. Cac thanh phin trung binh 1a nhiing ch4t 16ng. Cac thanh phan cao hon la
chat ran. Tinh chat vat Iy dac trung clla mot vai chat hitu co duge trinh bay trong
bang 9-1.

Bang 9: Tinh chéat ly hoc cla cac alken

Cong thife Tén goi {Ochdy | t9s6i | T§ khoi
CHp=CH, Ethylen -169,4 |-103,9 | 0,566
CH3CH=CH, Propylen -1852 | -47,0 | 0,609
CH3CH,CH=CH, 1-Buten -130,0 5,0 | 0,668
CH3CH=CHCH3 cis 2-Buten -139,0 35 | 0,635
CH3¢=CH) isoButylen -140,0 6,0 | 0,566

CH,
CH3CH,CH,CH=CH, 1-Penten -138,0 +29,9 0,640
CH3CH,CH=CHCHj 2-Penten -139,0 | +36,4 | 0,651
CH%II{{S CH=CH, 3-Methyl-1-buten | -135,0 | +25,0 | 0,648
CH3{=CHCH3 2-Methyl 2-buten | -124.0 | +384 | 0,668
CH,

Phé hong ngoai:

Lién két -C=C- alken c6 vach h&p thu gan 1650 cm -1. Tuy nhién cuong do
va tri s6 ctia vach nay con phu thudc vao cdu tao phan ti cta alken (lién hgp véi -
C=C- ho#c -C=0). Cac vach hap thu do dao dong cta lién két C -H cia nhém
-CH=CH, c6 tin s6 khoang 3100, 1420 va 915 cm -1

. Lién két doi dé bi phan cuc. Phan ti alken c6 momen ludng cuc thay déi tiuy
thudc vao ciu tao cua alken.
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TN N d A TNy M Ty
R—>CH=CH, —C& >:c :c >
H \Cl H \H H \
n=0 u= 295D u= 1,97D u= 171D

6. TINH CHAT HOA HOC

Trong lién két doi, ning lugng lién két ¢ 16n hon niang lugng lién két n. Do
chénh léch vao khoang 20 kcal.mol™. Diéu nay giai thich tinh kém bén cua lién
két m va kha nang phan tng cao cua lién két doi. Lién két do6i 1a trung tAm phan
ting cua alken. Cac phan ting quan trong nhit déi véi alken 1a phan tng cong,
phan ting oxy héa va phan ting trung hop.

6.1. Phan ing céng hop

Lién két n bi bé gay va két hgp véi hai nguyén ti hodc 2 nhém nguyén ti
méi tao hop chat no. Lién két ddi -C=C- c¢6 tinh 4i nhan. So d6 chung cta phan
tng cdng hgp vao nodi déi nhu sau:

6.1.1. Phan uing hydro hod cd xtic tdc

Cong hop hydro vao alken tao alkan. Phan tng chi x4y ra khi ¢6 xtc tac. Xuac
tac thuong dung 1a Pt, Pd hodc Ni. Phan tng tda nhiét (AHO= - 32,7 kcal.mol) .

Nec”
e + H2
N xuc tac (F\

Dang nickel hoat dong manh la "nickel Raney”. Nickel Raney dugdc diéu ché
ti hop kim nickel -nhém. Khi ché& héa hgp kim nay véi dung dich NaOH, nhom bi
hoa tan. Nickel thu dudc 6 trang thai bot rat min va dé boc chay. Nickel Raney
hinh thanh theo phan ting.

2Ni-Al + 2HO + 2H,0 —>  2Ni + 2A10; + 3H,1

Cac hgp chat ctua luu huynh, phosphor, arsen lam mat tac dung hoat héa
cua cac xuc tac. Phan ting hydro héa alken xay ra trén bé mit ctia xtc tac va theo
co ché cong hop cis.

Hy H C2H4 H M CHyrCHy  H_CH,-CH,-H
T -— —> IITTI77N777077

Bé mit xiic tic
Su cong hdp cis vao lién k&t d6i ¢6 thé trinh bay trong phan tng sau:

H;C COOH HOOC COOH HOOC, H
e’ H \ ! H3C
) H3C \ //CH3 _ 3 \ ((/\\
— V:—C\ = /C— ~CHj
H
H,C COOH H OOH

Phén tng hydro héa c6 xtc tac do Sabachiqe va Sendoren phat minh nam
1899 va trd thanh phuong phap quan trong va pho bién ctua héa hiiu co.

110



6.1.2. Phan ung céng hop di dién tur (Ag)

Phén ting xay ra gitia alken va tac nhan ai dién td (electrophile). C6 2 giai
doan sau:

Giai doan I

Tac nhén 4i dién ti két hop véi carbon cta lién két d6i giau dién té n hon dé
hinh thanh ion carboni. Day 1a giai doan cham quyét dinh téc d6 phan tng.

) 8- &5t A
Y—X o+ >;\=)=Q _Chim x—%:—é/ + Y

N
Giai doan I1
Ion carboni ké&t hgp véi phan con lai ciia tac nhan tich dién Am.
+ ] |
B G T S
|

Cac tac nhan phan tng halogen X, (Cl,, Br,, I,), cac hydrohalogenid HX
(HC1, HBr), cac acid hypohalogenoc HOX (HOCI1, HOBr), nudc, acid sulfuric déu
cong hop vao lién két doi cia alken theo co ché 4i dién ti va tao thanh hop chat
no tuong ting.

+ Bry —%j_ #)—
Br By HOP cha't dibromo
+ HOCI é #
. —C —
¢l On  Hop chit clorhydrin
0" &t + H»SO
==8< 2774 _I&_ IE_ Ester ciia acid sulfuric
H OSOH
+ HCI y
- > —C—C—  Hop chit monocior
H I
+ HyO ,H*
— —&_ l&— Alcol don chiic
| OH

o Coéng hop HX
2-Methylpropen cong hop véi HCL. Trudc tién lién két doi tac dung véi
proton H ¥ tao thanh carbocation trung gian. Sau d6 carbocation két hop véi ion
clorid C1 - va tao thanh tert —butylcloid.
~ -

H—ClI

CH H CH3._ H ;

}/C=c\ — o — Se— ey
CHy H CH3 H cf H
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Alken khong dé6i xting tac dung véi proton tao thanh carbocation bén viing.

CH, CH, CHy
CH3b=CH2 + HCl — » CH3—&—CH3 khong tao thanh CH3—4:—CH2
+

H

Phan ting xay ra theo qui tic Markonikov
Cac hydrohalogenid cong vao lién két doi theo kha nang HI > HBr > HCI

Tac dung cua dung dich nuée clor hodc brom véi alken tao san phim
halogenohydrin. Trong trudng hdp nay tac nhan phan ting 1a acid hypocloré HOC1
hoac hypobroms HOBr

CH,CH,CH=CH, + HOCl —» CH,;CH,CHOH-CH,Cl (Butylen clorohydrin)

Carbocation trung gian cé thé bi chuyén vi hydro cho nén khi alken tac dung
v6i HX c6 thé tao ra hdn hop cac alkylhalogenid.

CH3CH2CH = CHCH3 + HBr
2-Penten

H N 3-Bromopentan
[cH,cH,CH, -CHCH, Br] —» CH,CH,CH, -CHBICH,

2-Bromopentan

+ -
{ |:CH3CH2CH -CH,CH, Br| —» CH,CH CHBr -CH CH,

e (Céng hop vdi nudc H,O

Hydrat héa alken 1a phuong phap quan trong dé diéu ché alcol trong coéng
nghiép. Phan ting cong hop nudc thuong xay ra trong moi truong acid. Phan ting
qua giai doan tao carbocation trung gian. Carbocation tac dung véi nude dé tao
thanh alcol.

CH,4 CH CH; CH,4
| + [ 3 + HyO | | +
CH3C=CHy + H _— CH3g_ CHj3 = CH3?— CHjy - CH3‘F— CH3+ H
*+OH, OH
Isobuten Carbocation t-Butanol

Cac quy tac dinh huéng trong phan ting cong hdp vao alken

e Quy tdc Markonikov

Trong phan ting cong hgp, tac nhan khong d6i xting (HX...) tac dung v6i mot
alken khong déi xting thi nguyén ti hydro cia HX sé tdn cong vao nguyén tu
carbon ctia néi déi c6 nhiéu hydro hon, con X sé tdn cong vao nguyén ti carbon
con lai ctia néi doi.

CH3CH=CH, + HCl— CH3?H — CHj3
Propylen Cl isopropylclorid
C6 thé giai thich theo cac trang thai ciia phan tng.
o Trang thai tinh

Trong phén té propylen do tac dung ddy dién ti ctia nhom metyl vé phia
lién két doi (hiéu tng +I va hiéu ting siéu lién hgp) 1am cho lién két nay phan cuc.
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Mat d¢ dién tu n dich chuyén vé phia nhém CH, (carbon bac th&p) va nhém nay
mang mot phan dién tich 4m &, con nhém methyl =CH mang mot phan dién tich
duong §°.

Do d6 su phan bd mat do dién ti trong phéan ti propylen cé thé trinh bay
nhu sau.

.
H(I{::—»gﬁ = éi_Hz

Khi cho H*CI” tac dung véi propylen, phan cation H* (tac nhan ai dién ti) sé
tan coéong vao carbon mang dién tich 4&m § va phan anion Cl” tdn cong vao carbon
c6 dién tich duong &*.

e Trang thai dong
Vi phan tng xay ra theo co ché& cong hop ai dién ti (Ay), giai doan quyét

dinh téc d6 phan ting 1a giai doan cia H* tdn cong vao phan ti propylen. Gia thiét
c6 2 carbocation tao thanh:

H H H
+ + + +
CH3-CH - CH3 (1) H(@CH@H(I) va CH3-CHy - CHy (1I) CH3@ CHy (1)
H H H

Phan ting xay ra theo qua trinh nao 1a phu thudc vao ning lugng va do bén
cua carbocation trung gian. Carbocation cé ning lugng cang thap va do bén cang
16n khi dién tich duong trén nguyén ti carbon ctia carbocation cang dudc giai toa.

Diéu d6 xay ra khi dién tich duong cta carbon lién hdp véi cang nhiéu dién
tl o cua cac lién két C -H.

Carbocation c6 d6 bén cang 16n thi thoi gian ton tai cang lau va dé hinh thanh.

Carbocation (I') lién hop véi 6 lién két oy . Carbocation (IT) chi lién hgp véi
2 lién két o oy. Do d6 ion (I) bén va dé hinh thanh hon ion (II).

Diéu d6 giai thich vi sao khi cong hgp HCI vao propylen thi isopropylclorid
1a san phadm cht yé&u. Trén co s6 giai thich su cong hgp vao alken theo quan diém
trang thai dong, c6 thé phat biéu quy téc Markonikov nhu sau:

Phan ing céng hop di dién tiz vao alken xdy ra chi yéu qua dang ion carboni
trung gian cé6 dé bén lon nhdt

e Phdn ing céng trdi qui tac Markonikov - Hiéu iing Kharasch

Khi cong hop HBr vao hop chat c6 néi doi véi su c6 mat ciia mot it peroxyd
thi san ph4m tao thanh trai quy tic Markonikov
peroxyd
CH3CH=CH2 + HBr ———» CH3CH2—CH2BI‘

peroxyd
CH,=CHCH,Br + HBr

BrCH,—CH,>CHy

Cac peroxyd nhu dibenzoylperoxyd (CcH;CO),0,, Peracetic CH;COOOH.
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Anh hudng ctia peroxyd d6i vé6i phan ting cong hop goi 1a hidu tGing peroxyd
hoac hiéu ting Kharasch. Phan ting x4y ra theo cd ché& cong hop géc qua cac giai
doan sau:

R-O-O-R ——> 2R-O- AH = +35 kcal
R-O- + HBr—> ROH +Br AH = -23 keal
Br' + CH3CH=CH) — > CH3CH-CH,Br AH= -5kcal

CH3CH-CHyBr + HBr— > CH3CHy CH,Br + Br AH= -1k

Phan ting két thic khi cac goc tu do két hop véi nhau  Bre + Bre — Br,

C6 thé giai thich su tao ra san phadm trai véi san phdm Markonikov bing d6
bén cua goc tu do tao thanh. Khi nguyén ti brom Bre tac dung véi alken c6 kha
ning tao ra 2 goc tu do (I) va (IT). Géc tu do (I ) bén va dé hinh thanh hon ( II).
Gdc tu do (I) chiu anh hudng ctia 2 géc diy dién ti vé phia carbon mang dién tu
don doc .

—> CH3CH-CHyBr (I) = CHy—> CHe— CH,B
Br + CH3CH=CHy—

> CH3CHBr_CH, (I) = CH3CHBr—> CH,

Kha nang tao thanh va dd bén cta géc tu do gidm dan theo thi tu:

Goc bac 3> Goc bac 2 > Goc bac 1

o Qui tac Wagner

Tac nhan khong ddi xting tac dung véi alken, trong d6 hai nguyén ti carbon
mang ndi doi 1a dong bac lién két véi 2 goc alkyl khac nhau 14 methyl thi phan
anion X~ctia tac nhan sé& két hop véi carbon cia néi d6i mang nhém methyl.

CH3CHy—-CH=CH-CH3 + HBr —= CH3CH,-CHy—CHBr—-CH3

C6 thé giai thich quy tic trén theo quan niém:

— Tao carbocation trung gian bén viing.

— Giai thich theo hiéu ting cam tng va hiéu ting siéu lién hgp.
o Céng hop Halogen

La phan {ing quan trong cua lién két doi

|
>C==< + Xy > X__(E__(‘j__X Xy =Clp,Brp.)

Phan tng xay ra nhanh. Cé thé xem phan tGing nay nhu 14 mot phan tng thé

41 nhan vao nguyén tu halogen. Alken 13 tac nhan 4i nhan. Phan ti alken tin
cong vao phan ti halogen theo so d6 sau:
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~ ) Br .
ﬁ;\BrﬁBr — | + Br ; Br—l?—E<+ Br — Br—F—?—Br

PN ~C
Trén carbocation c6 nguyén ti carbon thiéu dién ti va nguyén ti halogen

c6 3 cip dién ti khong lién két. Ching c6 kha ning tao thanh ion halonium vong.

X X - Q X< X
\ +.-7 D tad . - S~ /+\ e
FK = ) /Z %\ TN

Sy tao thanh ion halonium vong

Vi vay su cong hgp halogen c6 tinh 1ap thé. Anion halogen X - tuong tac véi
vong halonium tit phia ngudc véi halogen trong vong. Su cong hgp halogen thucng
tao thanh san pham trans. Piéu d6 thuong thay trong cac hgp chit vong chua no.

Br

- - Br
X b
SN I O e [ G

Cyclopenten :]_-3{
Trans 1,2-dibromocyclopentan

San pham cong hgp halogen véi alken 14 chét trung gian trong téng hdp hiiu co.
6.2. Hydroboran héa

Phan tng cta lién két doéi véi diboran B,Hg 12 mot phan {ing quan trong cta
alken. Lién két B-H cong vao lién két d6i v6i hiéu suét cao va nhanh dé tao thanh
trialkylboran

6RCH=CH, + B,H; - 2(RCH,CH,),B

6.3. Phan (ting oxy héa
Alken bi oxy héa bdi cac chat oxy héa khac nhau.
6.3.1. V6i KMnOy4

Alken tac dung nhanh véi kali permanganat KMnO,. San phdm tao thanh
phu thudc vao néng do ctia cac chat phan tng.

V61 dung dich kali permanganat lodng thi tao thanh diol canh nhau (glycol)

N e loding .\ e
3 C=c{_+ 2KMnO4 * 4H0 24 3 _C—_ + 2Mn0, + 2KOH

-~ OH OH
Phan {ing xay ra theo co ché& cong hop cis
H o /H
3 \ ~2O| H,0 OH
) o 3 [OF ] 2. O
to O O \ OH
H ‘H
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Vé6i dung dich kali permanganat dam dic, lién két doi bi cit va tao hdn hgp
ceton va acid carboxylic.

R! R KMHO4 R: I KMnO
R">C==<H — R“>C==O +HO-C-R ; RCH=CH, —3* RCOOH +CO,

6.3.2. Vdi ozon (0O;)

Phan ting oxy héa alken bang ozon tao thanh aldehyd, ceton hodc acid tity thudc
ciu tao cua alken. Phan ting trai qua giai doan tao chat trung gian 1a ozonid.

Ozonid kho6 phén riéng duge va bi thuy phan tao thanh san pham.

O
/C_C\_>> \é Cl/ “\ />
< N 0—0
Molozonid Ozonid
O
~~~ N~
C C N ~
TN _J Tt H0 T _C=0+ 0=C + Hy0y

C6 thé dung phan tng nay dé xac dinh ciu truc caa alken.

CH;  _CHCH; 05 CH3\C/O\ .CH,CH,4
CH/ —Q > CH»;/ \ / \H E— CH3—E—CH3 + CH3CH2CHO + H202
3 H > 0 H>O o)

Ozonid
6.3.3. Vdi cdc peroxyd
Alken bi oxy héa bing cac peracid. San pham tao thanh I cac oxiran (epoxyd)

0
C6H5\ H
H/c:< + CH3COO00H —» CgHs --C C-H *+ CH3COOH
CoHs H CeHs

Trans-Stilben Trans-2,3-diphenyl oxiran

I(é)OOH CH £\ COOH
3(CHp)3CH—CH),
— 1-butyl oxiran +
CH3(CHp)3CH=CH,  + a 1-2-epoxyhexan c
1-Hexen Acid 3-cloro peroxybenzoic ~ 1-oxydhexen Acid 3-cloro benzoic

6.4. Phan ung trung hgp (phan (rng polymer héa)

Phan ting trung hop cac alken hoic cac hgp chat chua no khéc c¢6 tam quan
trong dac biét trong cong nghiép héa hoc. C6 thé c6 s6 d6 chung nA — (A)y,.

A '1a cac monomer, (A) n la chat cao phan ti (polymer), n 12 hé s6 trung hop.
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Tuy theo ban chat va diéu kién phan ting, su trung hop xay ra theo cac co ché
khac nhau. Polymer tao thanh c6 ciu tao khac nhau va hé s6 trung hgp khac nhau.
Co ché phan ting trung hop c6 thé 1a co ché goc, co ché ion (anion hoic cation)

6.4.1. Phan ung polymer hoa theo co ché géc tu do
Xay ra qua céc giai doan.
. Su tao goc tu do:
Y+ CHy=CH, —» Y-CH,CH,

. Su phat trién mach:

Y-CH,CH, + CHy=CHy —3%  Y_-CH,CH»-CH,CH, —3 Y-(CH,CHy);-CH,CHj

. Su két thic phan tng:

Y-(CHQCHz)n-.CH2CH2 —» Y-(CHyCH»),-CH>CH3+ Y-(CHyCHy)n-CH=CH;
Y—(CHzCHz)n-.CH2CH2 —> Y-(CH2CH2)n-CH2CH2CH2CH2-(CH2CH2)H-Y

6.4.2. Phan ung polymer hod theo co ché cation
C6 cac qua trinh
. Qua trinh tao cation: (CH,),C=CH,+ H* —» (CH,),C*
. Qua trinh phat trién mach polymer.
« Qua trinh két thic
« Trong qua trinh trung hgp c6 cac dimer, trimer dudc tao thanh

CH
cham + I
(CH3)2C=CHy —3 (CH3)3C-CH,-C(CH3)y —» (CH3)3C-CH=C(CH3)p+ (CH3)3C-CH;-C=CH,
20%
80%

6.4.3. Phan uing theo co ché anion
Xuc tac tao anion thudng la cac hdp chit co kim.
(CH,),” Li* + CH,=CH, - (CH,),C-CH,-CH, Li*

Hén hop gom R,Al + TiCl, goi 1a xtc tac Zigler -Natta dudc st dung trong
phan ting polymer héa theo co ché anion.

Cac polymer thuong gap: Polyethylen (PE), Polypropylen (PP), Teflon X-(CF-
CF),-Y, Polystyren.

6.5. Phan ung thé
6.5.1. Thé 6 vi tri allyl

Tuy theo c4u tao su thé vao vi tri allyl xay ra 6 cac diéu kién khac nhau
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500-600°
CH3-CH=CH, + Cl, ——— CICH,-CH=CH, +HClI

Nhiét do phong
CH3—C|:=CH2 + C12 —_— > CICH2—|C:=CH2 +HCl
CH, CH,

Phan ing xdy ra theo co ché nhu sau:

CH3—F=(§H2 + c1@ — CH3_J¢_CHZC1 +ClI

CH; CH,
+ d
+ -H | CH2=|C_CH2C] San pham chinh
CH;-C-CH»Cl
CH,4 Cl
+CI CH3—¢—CH2C1 S4n phim phu
CH,4

6.5.2. Thé vao vi tri vinyl

X3y ra ¢ diéu kién khoé hon su thé& vao vi tri allyl. Nguyén ti hydro lién két véi
carbon cé néi ddi (goi 1a hydro vinyl) bang lién két oqy. Lién két ooy ¢6 ning lugng
lién két 16n hon nhiéu so véi cac lién két C — H khac. Phan ting theo co ché goc.

200-600°

CHy=CHy + Cly CHy= CH-CI + HCI

Su thé ¢ vi tri allyl con thé hién qua phan t@ng tu oxy hoa

Cac alken dé xay ra phan tng oxy héa tai vi tri allyl va tao thanh cac
peroxyd. Su oxy héa xay ra & nhiét d6 thuong va bang oxy khong khi. Phan tng
nay la nguyén nhan cac dau, md bi oxy hoéa.

CH3CH2CH2—CH=CH2 + Oy — > CH3CH2?H—CH =CHp
O-O-H

7. CHAT DIEN HINH

Chat khi khong mau, khong mui, hau nhu khong tan trong nuéc, héa 16ng 6
-105°C. Ethylen chay cho ngon ltia sang hon metan, tao thanh CO, va hai nude

Hoén hgp ethylen va oxy né manh vi phan tGng d6t chay téa nhiéu nhiét, c6
thé dung hén hgp nay dé céit han kim loai nhu acetylen.

Ethylen két hgp véi nudc tao alcol ethylic.

Ethylen tac dung v6i dung dich clor trong nudc tao ethylen clorhydrin va tu
clorhydrin c¢6 thé diéu ché ethylen oxyd
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Cly KOH

CH,—CH, ——>» CH,—CH, — CH,—CH,
HO 4 om 0
ethylen clorhydrin ethylen oxyd

Ethylen tac dung v6i benzen xtc tac AlCl; tao ethylbenzen, tu ethylbenzen
tao styren diing san xuét polystyren va cao su tong hgp BuNa -S.

AlCl, H,
@ + CHy—CHy; ——> CH,CH; —> @— CH = CH,

ethylbenzen styren

Trung hgp ethylen tao polyethylen 14 hgp chat cao phan ti c6 nhiéu tng
dung trong ky thuat va doi séng

Ethylen cé t:élc dung kich thich sy hoat dong cua cac enzym lam qua mau
chin, dugc ding dé ddm chin qua xanh nhu ca chua, chudi . . . § néng dd rat loang.
BAI TAP
1. Viét cong thiic cau tao cua cac chit sau:

a. 3-Methyl-1-penten; c. 2,2-Dimethyl-3-ethyl-1-octen.

b. 2,4-dimethyl-1-penten,; d. Dipropylethylen khong déi xting.

e. Diisopropylethylen d61 xting.

Goi tén theo IUPAC cua cac chat c6 CTCT duéi day:

cl
|
CH3\C JCHy . BrCH, ~ CHC(CHy);  CH,CH,CHCH, ~ H 4. c,=¢
a- X=C > b- A=K ;e A= T CH,CH,CH(CH
H CHZCH3 CH3 CHg H CHZC H3 2072 ( 3)2

_CH,CH,Br

2. Khi dun néng 3- bromo-2-methyl pentan véi kiém rugu thu dugec mot
hydrocarbon chua no. Viét phuong trinh phan tng. Trong cic diéu kién 4y sé
nhan duge hydrocarbon nao, néu di tu:

a. Isobutyl iodid. d. 4- Bromo-2,2 -dimethyl pentan.
b. 2-bromopentan. e. 2- Bromo-2-methyl butan.
c. 3-cloropentan.

3. Nhiing hgp chit nio dugc tao thanh khi oxy héa cac chat duéi day bang dung
dich KMnO, loang ¢ nhiét do thap:

a. 2-Hepten.  b. Metyl isopropyl ethylen d61 xting.  c. Trimethylethylen.

4. Hay viét CTCT cta cac hydrocarbon ethylenic biét rang ozonid ctia ching bi
thuy phan trong méi truong acid thi tao thanh cac chat:

a. Formaldehyd HCHO va aldehyd methylacetic CH;CH,CHO
b. Aceton va aldehyd propionic CH,CH,CHO
c¢. Methylisopropylceton CH,COCH(CH,), va formaldehyd.
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Chuong 10

ALKYN - HYDROCARBON ACETYLENIC
(cNHZN-Zl

MUC TIEU HOC TAP
1. Trinh bay duoc cdu tao va goi tén cdc alkyn.
2. Néu dugc cdc tinh chdt héa hoc cua alkyn.
3. Viét duoc so dé cdc phdn ing chuyén héa tao thanh sin pham.

Alkyn hodc hydrocarbon acetylenic 1a hgp chit khong vong chua no ¢6 chta
mot lién két ba ting véi cong thic chung C, H,, .,

1. CAU TRUC DIEN TU

Alkyn 1a nhiing ch4t chta lién két ba -C=C-. Nguyén ti carbon ctia néi ba 6
trang thai lai hoa sp. Lién két ba gom mot lién két o va 2 lién két n. Lién két o
C-C dugc tao thanh do sy xen phu véi nhau cua 2 orbital lai héa sp cta carbon.
Su xen phu cua orbital lai héa sp cua carbon v6i orbital s ciia hydro tao thanh
lién két o C-H. Lién két © ctia alkyn dugc tao thanh do su xen phu tiing déi mot
ctia cac orbital p tu do ctia nguyén tu carbon lai héa sp. Hai lién két n ctia alkyn
nidm trong 2 mit phing thing géc véi nhau.

T - -
#F5K o5 Cs O
Carbon lai h6a sp  C4c electron p tu do ctia carbon 2 orbital p tu do ciia carbon  orbital s ctia hydro

Acetylen ¢6 c&u tao thdng. Do dai lién két C =C (1,24 ) ngén hon lién két C -C.

Lién két C -H (1,06A) ngén hon lién két C -H trong ethylen (1,083) va trong
etan (1,104 ). Hinh duéi day mé ta su tao thanh lién két ba:

0
0
1,20 A e}
I,QA / Hyg Csp CS%FCSp Hlsﬂcsp
wegeon (02O <)
C C H
180 ° H
D6 dai va géc lién két Su tao lién k€t o trong phn ti acetylen Su xen phi ctia cdc orbital p

Ndng luong kién két:

Déi véi lien két ba 14 199,6 kcal.mol ™, ctia lién két doi 1a 145,8 kecal.mol ™! va
cua lién két don 1a 82,6 kcal.mol™'. Mat do dién ti © tap trung chu yéu & khoang
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gitia hai hat nhan cta 2 nguyén ti carbon. D6 Am dién cua carbon lai héa Csp >
Csp? > Csp®. Diéu d6 giai thich kha ning phan tng cong hop 4i dién ti cua lién
két ba kém hon so véi lién két doi.

2. DANH PHAP VA PONG PHAN

2.1. Danh phap IUPAC

Céac alkyn déu c6 tan cung 14 yn. Mach chinh 1a mach dai nhat c6 lién két
ba. Danh s6 mach chinh sao cho lién két ba c6 s& nhé nhat.

Vi tri nhanh + Tén nhanh + Vi tri lién két ba + Tén mach chinh + yn

CH
4 372 1 1

CH;
- 2 5 6l 77
CH3—CH—CECH 3-Methyl-1-butyn, CH,—C

3 4
C-CH,-CH,~CH-CH, 6-Methyl-2-heptyn

2.2. Danh phap hgp ly - Danh phap acetylen

Cac alkyn don gian dugc xem nhu dan xuét clia acetylen
CH,C=CH Methyl acetylen
(CH,),CHC=CCH, Methylisopropylacetylen

F,C-C=CH Trifluoromethyl acetylen
2.3. Tén cac gdc
-C=CH Etynyl CH,;C=CH Propynyl CH,.C=C-CH,- 2-Butynyl

Dc=CH Etynylcyclopentan - <:>—CECCH3 Propynylcyclohexan
- Cyclopentylacetylen Methylcyclohexylacetylen

2.4. Dong phan

Cac alkyn c6 déng phan cdu tao vé mach carbon va déng phan cé vi tri ctia
néi ba . Khac véi alken, cic alkyn khong c6 ddng phéan 1ap thé.

3. PHUONG PHAP PIEU CHE
3.1. Tach loai 2 phan t& HX tir hgp chat gem va vic -dihalogen
Nguyén tac: Tt gem dihalogen - — -C=C- + 2HX
Tw vic -dihalogen - CHX-CHX- — -C=C- +2HX
Phan @ng xay ra qua 2 giai doan:

-CBrp-CH>- Nhanh Cha
——> _CX=CH- ==
-CHBr-CHBr-
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Su tach loai xay ra khi c¢6 mat cia KOH hodac NaOH trong alcol va nhiét d5 .

Icol
cH,cH cHBr, KOMTCO oy c=cH + 2 1B

tO
B
Br, |r ]|3r KOH alcol
CHCH=CHCH, ———> CHCH-CHCH, — o > CgHsC=C-CHs +2HBr
ete 6577-81%) 3 t (66-69%)
Stilben 1,2-Dibrom-1,2-diphenyletan Diphenylacetylen
Br Br

[
— cHcH-cH, RO oy c=cH 4 omBr
Methylacetylen

CH,CH=CH, + Br,
1,2-dibromopropan

Propen
Natri amidid NaNH, 14 mét base manh c6 thé st dung dé tach HX trong

phan ting diéu ché cac 1-alkyn.

RCX5-CHj
NaX NaNH2 - +
RCHX-CHy X + 2NaNH, NaAL R_C=C_H ——> R-C=C-Na + NH3
- NH3

RCH,-CHX»

R-C=C-Na' + H,0 —»  R.C=C-H + NaOH

Phan ting tach HX trong diéu kién c6 mdt base manh va nhiét @6 thuong cé6
thé xay ra su chuyén vi cia néi ba.

o
KOH alcol t CH,-C=C-CH,

CH,;CH,-C=C-H
2-Butyn

1-Butyn

3.2. Phuong phap alkyl héa acetylen
Anion acetylid 12 mot tAc nhan 4i nhan manh (mot base manh) dé dang tac
dung véi alkylhalogenid dé tao thanh alkyn c6 mach carbon dai hon.

RX
H-C=C-H +Na —> H-C=C-Na +—> H-C=C-R +NaX

+ CH3CH21
—>  CH;-C=C-CH,CH;5 + Nal

CH;-C=C-H + Na —> CH;-C=C-Na
2-Pentyn

Propyn
C6 thé st dung natri amidid dé tao acetylid trong phan ting alkyl héa acetylen.

n-C4HqBr _
479 CH,(CH,);-C=C-H

NH3_(10n§) H-C=C-Na H 1 (89%)
exyn- 0

_C=C_H + NaNH
H-C=C-H 2 -330C Natri acetylid

3.3. Tir hgp chat tetrahalogen
Céc hop chit c6 4 halogen gén trén 2 carbon canh nhau tac dung véi bot Zn
kim loai trong diéu kién thich hgp cling tao dugc lién két ba.
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X X
|

R—F—?—R' + 27Zn —> R-C=C-R' + 27ZnX,
X X

4. TINH CHAT LY HOC

Su tao thanh lién két o C-C= dugc tao thanh do xen phu cua orbital lai héa
Csp?® cua metyl va orbital lai héa ctia carbon acetylenic . Mot orbital sp cé tinh
chat cta orbital S nhiéu hon orbital sp®. Két qua la lién két c6 chénh léch vé do

am dién. Mat d6 dién ti trén lién két o C—C= 1a khong doéi xting va xuit hién
momen ludng cuec.

CH,CH,C=CH (sp®’va sp) CH,CH,CH=CH, (sp® va sp?) CH,C=CCH,
u=0,80D u=0,30 D u=0

Hop chat alkyn khéng c6 dong phan hinh hoc nhu hgp chat alken vi acetylen
c6 ciu truc thing.

Mot vai tinh chat vat 1y cta alkyn duge trinh bay & bang 10-1.

Bang 10: Tinh chat vat ly clia cac hgp chat alkyn

Hop chat t° soi t° néng chay Ty khai
Etyn - 84,0 - 89
Propyn -23,2 -102,7
Butyn-1 8,1 -122,5
Butyn-2 27,0 -32,3
Pentyn-1 39,3 -90.0
Pentyn-2 55,5 -10,0
Hexyn-1 71,0 -132,0 0,7152
Hexyn-2 84,0 - 88,0 0,7317
Hexyn-3 81,0 -105,0 0,7231
Phenylacetylen 143,0 -43,0
Diphenylacetylen 300,0 -63,5

5. TINH CHAT HOA HOC
5.1. Tinh acid cta alkyn

Lién két C -H phan cuc manh vé phia carbon ctia lién k&t ba "C=C>«H" lam
tang momen ludng cuc cua lién két va tiang kha ning tdch hydro duéi dang
proton. Do d6 tinh acid ctia acetylen 16n hon so véi etylen va etan.

Gia tri pKa cia mot s6 chat sau day:

Hgp chét H,O Alcol Acetylen NH, Ethylen Metan
pKg 15,7 16-19 25 35 44 50
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CH3- CH4
Luyc base CHy=CH ~ CHy=CH, Luc acid
HC=C- HC=CH

Tinh base cua cac anion khic nhau vi nguyén tti carbon mang dién tich 4am 6
cac trang thai lai héa khac nhau.

H H
N NS =
Hc< ) — Hc=c )
/C \sp3 /C C\ ~ Sp2 A sp
H H H
Anion methyl Anion vinyl Anion acetylid

Cac alkyn c6 ndi ba 6 ddu mach (cac 1- alkyn) ciing rat dé tao carbanion khi
tac dung véi anion amidid trong amoniac 16ng.

R-C=C-H +NHy" == R-C=C" + NH3

Céac carbanion RC =C-, CH,=CH- va H,C" c6 d6 bén khac nhau.
e Nguyén ti hydro trong lién két =C—H con thé hién cdc phdn tng sau day:
— Acetylen va 1-alkyn tac dung véi kim loai kiém, CuCl trong amoniac,
AgNO; trong amoniac déu tao thanh acetylid hosc alkynylid kim loai.
R-C=C-H + AgNO, +NH, —= R-C=C-Ag + NH,NO,
R-C=C-H + Cu(Cl +NH3 — R-C=C-Cu + NHyClI
— Acetylen cOng hogp véi aldehyd formic nhu 14 mot tac nhén ai nhén.

H-C=C-H + 2HCHO — HOCH,-C=C-CH,0OH
Aldehyd formic 1,4-Butyndiol

— Alkyl lithium tach proton khoi alkyn.
CH,(CH,),C=CH + n-C,H,Li -» CH4(CH,),C=CLi + n-C,H,,
5.2. Phan g cdng hop
5.2.1. Céng hop voi hydro
Alkyn tac dung v6i hydro c6 xic tac tao thanh alkan

Pt (Pd, Ni
R-C=C-R' +2Hp EGEEND

R-CHyCHy-R'
Phan ting thuong xay ra 2 giai doan. Giai doan mot toa nhiét hon giai doan hai.
HC=CH +H, — CH,=CH, AH =-41.9 kcal mol-1

H,C=CH,+H, — CH,CH, AH =-32,7 keal mol-l
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Su hydro héa c6 thé ding lai & giai doan tao alken khi dung xtc tac da dude
lam giam kha n#ing hoat héa mot phan. Héon hogp xic tac d6 14 Pd—CaCO,, Pd-
BaSO,-Quinolin.

Pd-BaSOy4 CzHS\C_ _C,H;

CH,CH,-C=C-CHCH; + Hy  ~oroom 0 "

3-Hexyn cis-3-Hexen

Su cong hydro ciing c6 thé xay ra khi st dung natri kim loai trong amoniac 10ng.

Gy /
Na/NH3(16 N —
C,H,C=CC,H, a/NHz(long)  NH,OH H/C—C\C "
4
5-Dekyn Trans- 5-deken

5.2.2. Phan ung céng hop i dién tu

Phan ting cong hop ai dién ti x4y ra tai lién két ba theo 2 giai doan va
tuan theo qui tdc Markonikov. Céc tac nhan cong &i dién ti c6 thé 1la X,
(halogen), HX, H,O0.

+X
Re=cR X2, Rex=CxR T2+ Rex,—CX,R'
+HX

RC=CH RCX=CH, RCX,—CH;

Khi cong hgp vao néi ba, carbocation dang vinylic R -C*=CH,, dugc tao thanh
va dé dang tac dung véi cac tac chat 4i nhan cé trong moi trudng phan dng. Vi du
su tao thanh vinyl clorid:

CH=CH + H* - CH,=CH™; CH,=CH* + CI- - CH,=CHCI

+CI-

+
HC=C—CH=CH, + H* — H,C=C—CH=CH, H,C=CCl—CH=CH,

Phan tng cong hdp véi nude c6 xdc tac xay ra qua giai doan tao chit trung

gian enol. Enol khéong bén dé bi chuyén vi dé tao thanh aldehyd hoéc ceton .

(@)

HgS04-H,S0, Hy I

R—C=C—H + Hy0 ———= [R—'C:CHJ — R-C—CHj,
1- Alkyn Dang enol Ceton

0
= HgSO,4-H,SO I
CHy—C=C—H + Hy0 224 727% ¢y —C—CH,
1- Hexyn Methylbutylceton

5.2.3. Cong hop ai nhan

Khac véi alken, cac alkyn tham gia phan tng cong hgp v6i cac chdt 4i nhan
nhu alcol, amin, acid carboxylic, amid, HCN dé tao thanh cac hdp chat tuong tng.
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ROH
RoNH

H,C=CH—OR Ether vinylic
H,C=CH—NR, Vinyl amin
RCOOH

H-C=C—H H,C=CH—OCOR  Ester vinylic

| RCONH) H,C=CH—NHCOR Amid

HCN H,C=CH—-CN Acrylonitril

5.2.4. Phan ung carbonyl hod vao lién két ba

Khi cé xic tac 1a cac carbonyl kim loai va ap suét, acetylen tuong tac véi hon
hgp gdm carbon oxyd (CO) va cac chat c6 hydro linh dong (nuéc, alcol, amin bac
mdt va hai) thi tao cac chit nhu acid, ester, amid...

CO+HO_ H,C=CH—COOH Acid acrylic

+ H
H—C=C—H €0+ RO >

H,C—CH—COOR Ester acrylat

+
CO RzNH, HyC—CH—CONR; Amid cuya acid acrylic

5.2.5. Phan ung vdi diboran B,H;

Alkyn tac dung diboran & 0°C tao cac ch4t trung gian trivinylboran. Khi c6
mat cua acid acetic thi tao thanh alken ¢ dang cis.

1

R R 3 CHACOOH e
3R—C=C—R' + %B2H6 _,(H/C:C/ >3B 3 _C=C__

AN H

H
A=

H
3 = 1 ReerH) B 3 cHzcO0H RS =
R—C=C—H + 7B2H6 . /C_C\ 3 q
H
Phan tng ciing c6 thé xay ra véi bor dialkyl va theo cd ché cong cis
CH,CH,—C=C—CH,CH, CH3CH2} _CH,CH; CH3CH2\C: <
R | 0°C

B
R cis 3-Hexen (90%)

CH,CH,

H

Lién két C-B trong hop chat vinylboran dé bi oxy héa bdi nudc oxy gia
(H,0,) dé tao thanh enol va sau d6 chuyén vi thanh aldehyd ho#c ceton.

BoH Hy0p CiHo — H
C,H,C=CH —=% = C4HgCH,CHO

OH- H™ 0) Hexanal
1-Hexyn
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5.3. Phan ung trung hgp

O cac didu kién thich hop vé xdc tac, nhiét do va ap suit, cic alkyn c6 thé bi
nhi hop, tam hgp dé tao thanh cac chit tuong dng.

Cu(NH»)»Cl

2 HC=CH M HC=C—CH=CH, Vinylacetylen
Carbon ,600°C

3HC=CH © Benzen

O 200 - 300°C khi ¢6 bot déng lam xtc téc, acetylen bi trung hdp tao polyacetylen
con goi 1a chat cao phan ti Cupren.

0
nHC=CH 200-3009C
u

—CH=CH; Cupren hay viét (CH)n

6. CHAT DIEN HINH
Acetylen C,H,

Diéu ché
— Thuy phan carbur calci (dat dén)
CaC, + 2H,0 — HC=CH + Ca(OH),

— Tu khi thién nhién: Phan tng quan trong trong cong nghiép dé diéu ché
acetylen la dién cracking va cracking oxy héa nhiét metan.

+ Dién cracking:

Cho CH, di qua céc dién cuc, dién thé mot chiéu 8000V, nhiét d6 phan tng
1600°C, toc dd dong khi 1000 m /s. Hén hop khi thoat ra duge 1am lanh ngay.

2CH, — HC=CH + 3H, AH%q4s = 91 kcal/mol

Hoén hgp khi chita 13% acetylen

+ Cracking oxy héa nhiét

6CH, + 40, — HC=CH + 8H, + 3CO + CO, +3H,0

Ty 1¢ CH,: O, = 1:0.65. Nhiét d9 16 phan ting 1500°C, tdc d¢ khi di qua 16
rat 16n. Lam nhanh sé& thu dugc hén hgp khi v6i khoang 8% acetylen.

Tinh chdt va ng dung.

Acetylen 1a ch4it khi khong mau, nguyén chit khong mui, nhe hon khong
khi, it tan trong nudc, tan nhiéu trong cic dung méi hiiu co nhu alcol, ether, tan
rat nhiéu trong aceton.

Acetylen khéng bén vé méit nhiét dong, né c6 thé bi phan huy tao C va H,
kém theo hién tugng nd. Phan ting nd tod nhidu nhiét, AH g = -54.9 kcal/mol,
nhiét d6 khi ldc d6 1én téi hang ngan do.
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Acetylen chay trong khéng khi cho ngon lia sang, tao CO, va nudc, nhiét
lugng téa ra rat 16n. Khi dung hén hgp C,H,-O, lam khi han, cit kim loai mau,
muén han tét phai dung khi tro (Argon) dé oxy khoéng tiép xuc truc tiép lén bé
mat kim loai han.

BAI TAP
1. Viét cong thtc cau tao ctia hydrocarbon sau:

a- 2- butyn; b- 2- methyl-3-hexyn; c- 2,2,5-trimethyl-4-hexyn; d- isopropylacetylen.

2. Goi tén nhiing hgp chit sau:

GHs CH;  CH,
a- CH3- i CH2 CHp- FH ;b CH3—|b{EC—§—CH3 ; c- D—CECH
HC= CH; CH3-CHp CH;

3. Viét phuong trinh phan ting gitia dung dich kiém - rugu du véi cac chat duéi day:
a- 1,1- dibromobutan;
b- 2,2- dibromo-3,3- dimethylbutan;
c- 2,2- diclopentan
4. Viét phuong trinh phan tng gitia B,Hs-H,0, - OH" véi cac chat sau:
a- 1-butyn; b- 2-butyn; c- 2- pentyn; d- methylisopropylacetylen.
5. Viét so @6 phan ting cla acetylen v6i nhiing chat sau:
a- alcol ethylic;
b- acid cyanhydric;
c- aldehyd formic;
d- aldehyd acetic;

e - aceton .
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Chuong 11
AREN - HYDROGARBON THOM

MUC TIEU HOC TAP
1. Gidi thich cGu tao ctia nhén thom.
2. Goi tén dudc cac hydrocarbon thom.

3. Trinh bay cdc tinh chdt héa hoc ctia benzen: co ché Sy,

Aren hay 1a hydrocarbon ma trong phan ti c6 mit cia mot hay nhiéu nhan
benzen. Aren con goi la hydrocarbon thom - hydrocarbon huong phuong

1. BENZEN VA NHAN THOM
1.1. Cau tao benzen

Benzen c6 cong thiic phan ti CgHys. Nam 1825 1an dau tién Faraday M. phat
hién benzen trong khi d6t. Nam 1834 Mitscherlich E. A. diéu ché& benzen ti acid
benzoic thu dudgc tit cAy Styrax benzoin. Nam 1845 Hofmann tim thay benzen
trong nhua than da. Benzen c6 mot s tinh chat dic trung goi 1a " tinh thom ".
Dé giai thich tinh ch&t dic trung d6 cAc nha héa hoc da dua ra cac dang cong thic
cau tao cua benzen.

1.1.1. Cdc dang céng thitc cé dién

0=0 g ¥ @ O O

Kekule Closs Ladenburg Amstrong Dewar Thiele

Cac cong thiic trén khong gidi thich day du tinh chat héa hoc dic trung ctua
benzen. Coéng thiic benzen theo Kekule c6 3 lién két doi suy ra benzen dé tham gia
phan ting cong hop hon phan ing thé va benzen khéng bén véi tac nhan oxy hoéa.
Trén thuc t& benzen dé tham gia phan tng thé, khé cong hop va rat bén véi cac
ch4t oxy hoa.

Cac cong thiic Closs, Ladenburg, Amstrong, Dewar va Thiele déu chua thoa
man diy du cac tinh chat héa -ly ctia benzen nhu do dai lién két va kha ning
phan ting.
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1.1.2. Khdi niém hién dai vé cdu tao benzen
Bing cac phuong phap vat hién dai: phuong phap Ronghen, quang phd va
nhiéu xa dién ti, cdu tao cua ben zen da dudc xac dinh nhu sau:
. Benzen c6 cdu tao vong phing, 6 nguyén ti carbon va 6 nguyén td hydro
déu nam trong mot mit phang. Vong benzen hoan toan d6i xtng.
. Khoang céich giiia cac nguyén ti carbon trong vong déu bing nhau 1,398 A
14 dai lugng trung gian gitia d6 dai lién két don thuan tay va (1,54) va lién
. . N .~ , A , N A N N
két doi (1,35A ). Goc gitia cac lién két C—C-C va C-C-H déu bing nhau va
c6 gia tri 120° (hinh11-1 a)

Hinh 11.1:

Lién két n

H)I 200

H H
¢1,3‘98A ‘

H =7 H o

H

a b c

GO6c va do dai Sy xen phi cdc orbital Cdc orbital ptwdo  Xen pht cédc orbital p ty do

lién k€t tao lién két 6 C-C va 6 C-H  trén cdc nguyén ti carbon v tao lién két r

e MBbi nguyén ti carbon tao 3 lién két 5. Trong d6 c6 2 lién két ¢ do su xen phu
ctua 2 orbital lai héa sp? giiia carbon—carbon bén canh nhau. Con moét lién két o
gitta C-H do xen pht cta orbital lai héa sp? ctia carbon va ctia orbital s ctia hydro
(hinh11.1b).

. Trén mdi nguyeén ti carbo con mét orbital p chua lai héa.
. Truc cac orbital nay thdng goc véi mit phing ctia vong benzen (hinh 11.1c).

Tat cad cac orbital nay xen phu lan nhau tao thanh mot orbital phén ti =
chung duy nhat (hinh 11.1d). Nhu vay cac orbital p trong vong benzen da lién hgp
v6i nhau thanh mot hé théng lién hop hoan chinh. Do hé théng lién hgp nay ma
khoang cach gitia cac nguyén ti carbon trong vong benzen hoan toan déng nhat.

Benzen tré nén bén viing, khé tham gia phan tng cong hdp, khé bi oxy héa va dé
tham gia phan ting thé. Tinh chat dic trung nay ctia benzen goi 1a "tinh thom".

Vay: "Tinh thom " 14 kha ning cia mot hgp chat: D& cho phan ting thé, kho
cho phan ting cong hop va phan ting oxy héa

C6 thé tugng trung cong thiic cAu tao ctia benzen nhu sau:

Q O 9 €
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1.2. Ning lugng cdng hudng cua benzen

Néu dehydro héa cyclohexan dé tao thanh cyclohexatrien phai cdn nang
lugng 81,4 kcal.mol™'. Néu chuyén héa cyclohexan thanh benzen thi chi cAn mot
ning luong 12 49,3 kcal.mol™.

Diéu d6 khéng dinh ring benzen khong phai 1a cyclohexatrien.

Hé thong lién hgp hoan chinh ctia benzen 1a nguyén nhan giam ning lugng 6
trén. Hiéu s6 ning lugng ctia 2 truong hgp trén goi 1a ning lugng cong hudng cua
benzen (hay con goi nidng lugng thom hoéa, nang lugng lién hgp) Ag = 81,4-49,3 =
32,1 kcal.mol™ (hinh 11-2).

Nang luong cong hudng _4 _______ ©

-1
-30 kcal mol / 0 -
AH = -24,5 kcal mol !

o-{T.5

AH = 26,5 kcal mol !

0o -
AH = -28.4 kcal mol

0 -1
AH = -49,3 kcal mol

1

Hinh 11.2: Gian d6 nang lugng cong hudng cla benzen

1.3. Nhan thom

Benzen 12 hop chat c6 tinh thom co ban nhat .

Nhiing hop chat khéc c6 cdu tao vong phéng, chua no va lién hgp c6 s6
electron p tao hé thong lién hgp théa man voi cong thic Huckel 4n+2 déu cé tinh
thom tuong tu benzen. Trong cong thiic Huckel, n 14 s6 tu nhién n = 0,1,2, 3...
Nhiing phan tt ho#c ion théa mén céng thiic trén goi 1a nhdn thom. Céac ion c6 thé
la carbocation hoéc carbanion.

Vi du: Vé cac nhan thom véi cac gia tri n khic nhau.
+

- A
2 electron Cation cyclopropenyl
S |
n=1 | .
6 electron N/ ITI
Anion Cation T H
Toluen cyclopentadienyl cycloheptatrienyl ~ Pyridin Pyrrol
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