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LOI NOI PAU

Hoéa hitu co 1a nganh hoc chuyén nghién ciru cac hop chit cua carbon. Cac
nguyén tir carbon c6 thé hinh thanh lién két v6i cac nguyén tir clia cac nguyén t6 khac
va dac bi¢t con co6 kha nang lién két dugc v6i nhau, hinh thanh hang tri¢u hop chét hiru
co khac nhau ¢6 ciu tric tir don gian dén phire tap. Cac hop chat hitu co dong vai trd
dic biét quan trong trong cac linh vuc khoa hoc k¥ thuat va trong doi séng nhéan loai.
Viéc nghién ctru tim ra cac phuong phap xay dung nén phén tir phic tap voi tinh chat
mong mudn tir nhitng phan tr don gian 1a hét strc can thiét

Gido trinh HOA HUU CO duoc cac can bd giang day cia Khoa Cong nghé
Thuc ph'flm bién soan dua trén dé cuong mon hoc Hoa hitu co ciia Truong Pai hoc Su
pham K§¥ thuat Vinh Long. Pay la gido trinh Héa hitu co danh riéng cho sinh vién
nganh Cong nghé thuc pham dugc chia thanh 12 chuong trong do:

Chuong 1 cung cép nhitng kién thirc co ban vé co so 1y thuyét Hoa hitu co, anh
huong cua thanh phén va ciu tao dén su phan bd mat do dién tir cua cac nguyén tu
trong phéan tir, dén co ché ciing nhu kha niang phan Gmg va tinh chét Iy hoa ciia hop
chat hiru co.

Chuong 2, 3, 4, 5, 6, 7 cung cap nhirng kién thirc co ban vé hda hoc ctia cac
nhom dinh chitc chinh trong Hoa hitu co, cac phuwong phap tong hop chi yéu duoc st
dung va tinh chat Iy héa quan trong cta cac hop chét hitu co. Trong d6, chuong 6 va
chuong 7 cung cap cho sinh vién chuyén nganh Cong ngh¢ Thuyc pham nhitng tinh
chat vat 1y cling nhu nhing bién d6i hoa hoc anh hudong dén chat luong cia thuc pham
trong qué trinh ché bién va bao quan.

Ngoai ra chuong 8, 9, 10, 11, 12, 13 gitip sinh vién van dung ly thuyét vao thuc
hanh dé rén luyén k¥ nang phan tich dinh tinh cac nhém dinh chtc chinh va thuc hién
diéu ché dugc mot s6 hop chat trong Hoa hitu co. Qua do, sinh vién kiém chimg duoc
nhing tinh chat hoa hoc dién hinh nhat cia cac hop chat hitu co. Pong thoi rén luyén
dugc tac phong lam viéc khoa hoc, than trong, chinh xac, trung thyc trong hoat dong
nghé nghiép khi ra truong.

Thém vao d6, trong mdi chwong khong nhitng c¢6 nhiéu vi du co 10i giai rd rang
dé minh hoa 1y thuyét ma con cé nhitng cau hoi 6n tap minh hoa kién thirc co ban va
mang tinh van dung.

Vi thoi gian c6 han va 13 1an dau tién bién soan nén gido trinh khong thé tranh
khoéi nhirng thiéu so6t. Rat mong nhan duoc y kién dong gop, phé binh va xay dung cua
dong nghiép va cac ban sinh vién.

Nhom tac gia xin chan thanh cam on!
Vinh Long, thang 9 nam 2015
Nhom tac gia






Chuong 1

HOA HQC HU'U CO - HOP CHAT HU'U CO
1.1 HOA HQC HUU CO
1.1.1 Péi twong cia Hoa hoc hiru co

Hoa hoc hitu co 1a nganh Héa hoc chuyén nghién ciru cac hop chét caa carbon.
Céc nguyén tir carbon khong chi lién két dugc véi cac nguyén tir ctia nguyén té khac
ma con lién két dugc véi nhau bang lién két twong d6i bén tao ra cac dang mach ho,
mach vong, tir don gian dén cuc ky phurc tap va da dang. Do do s6 luong cac hop chit
cua carbon gap hon muoi lan s6 luong cac hop chit khong chtra carbon cia céac
nguyén t6 khac va ty s6 nay sé ngay cang ting lén.

Trong tong s6 cac hop chét chira carbon chi c6 mot sb rat it 13 hop chét vé co.
D6 1a cac oxide carbon, mudi carbonat, cianua va carbua kim loai,...dai da s con lai 1a
hop chét hitu co. P6 1a cac hydrocarbon (hop chit hitu co don gian nhét chi cdu tao
bdi carbon va hydro) va cac hop chat phirc tap hon tirc 13 trong phan tir ngoai C, H con
c6 cac nguyén té khac nhu O, N, S, P, halogen,...duoc goi 1a din xuat cia
hydrocarbon.

1.1.2 Vai tro cia Hoa hoc hiru co

Tam quan trong ctia hop chét hitu co khong chi boi sé lwong ciia chung ma con
bdi vai trd to 16n ciia ching trong doi séng nhan loai. Cac hop chét hitu co tao ra thirc
an, quan 4o, thudc chita bénh va nhiéu vat dung thiét yéu khac. Cac hop chét hitu co cd
mit & tit ca cac nganh kinh té va cac linh vuc khoa hoc, ky thuat. Chéng han, trong
Nong nghiép, cac hop chat hitu co gifip bao vé va ting ning suat ciy trong va vat nudi;
trong Cong nghé thong tin, cac man hinh tinh thé 1ong tir cac hop chét hitu co dang
dan thay thé cac man hinh truyén thdng,...Hon thé nita, hop chat hitu co con 1a nhiing
hop chat trung tdm cta sy sdng trén hanh tinh cua chung ta. Thuc vy, cac hop chat
hitu co tao ra co thé moi sinh vat, tao ra protein cua mau, thit, da,...tao ra cac enzyme
xuc tac cho cac phan Gmg xay ra trong co thé. Trong qué trinh ho hap, cac hop chat
hitu co cung cdp ning luong cho moi hoat dong cua co thé sdng. Ciing chinh tir cac
hop chét hiru co da hinh thanh nén cac phan tir acid deoxiribonucleic (AND) 14 nhiing
phan tir khong 16 chira dung thong tin di truyén ctia moi sinh vat.

Nhiém vu co ban ciua Héa hoc hiru co 1a: Nghién ctru tong hop cac hop chat
hitu co va tach chiét cac hop chit hitu co tir cac san pham thién nhién; nghién ciru, Xac
dinh cac hop chat hitu co; nghién ctru tinh chét va co ché phan tmg cua cac hop chat
hiru co. Tat ca nham dua dén nhitng ing dung thyc tién dé nang cao chat luong cudce
sdng clia con nguoi. Nhing thanh tyu cua Hoa hoc hitu co con 1a co so dé nghién ctru
héa hoc cua su song va ca qua trinh tu duy cta con ngudi.

1.2 HQP CHAT HU'U CO
1.2.1 Pic diém va phan loai hep chat hiru co

1.2.1.1 Bdc diém chung ciia cdc hop chat hitu co



Tuy khong c6 diém khac biét ro rét gitta hop chat vo co va hitu co nhung cac
hop chat hitu co c6 nhitng dac di€ém sau:

Vé cdiu tao

Céc hop chat hitu co ngoai nguyén tir carbon, con ¢6 cac H, O, N, halogen, S,
P va cac nguyén tir khac. Lién két hoa hoc trong hop chat hitu co thuong 1a lién két
cong hoa tri.

Nguyén tir carbon khong chi lién két v6i nguyén tir ctia nguyén t6 khac ma con
lién két voi1 nhau bang cac lién két twong do1 bén tao ra cac dang mach hd, mach vong
rat da dang.

Vé tinh chit vit ly:

Céc hop chit hitu co man cam v6i nhiét hon hop chat vo co, khong bén & nhiét
do cao dé nong chay va de bay hoi, thuong khong tan hodc it tan trong nudc nhung tan
trong cac dung méi hiru co.

Vé tinh chit héa hoc:

Phan g cua cic hop chéat hitu co thudng dién ra cham, khong hoan toan va
khong theo mdt hudng nhat dinh nén thuong sinh ra nhi€u san pham phu.

1.2.1.2 Phan logi cac hop chat hitu co
Céc hop chit hitu co duogc phan loai theo mach carbon hoac theo nhém chirc.
Theo mach carbon:

Céc hop chat hitu co duoc phan thanh hop chit mach hé va hop chat mach
vong.

Hop chit mach hé dugc chia thanh hop chét no (bdo hoa) néu mach carbon chi
chura céac lién két don va hop chat khong no (khong bao hoa) néu mach carbon c6 chira
lién két bdi carbon — carbon.

Hop chit mach vong gdm c6 hop chat ddng vong (mach vong chi gdm céc
nguyén tir carbon) va hop chat di vong (6 mach vong ngoai nguyén t6 carbon ra con co
cac di t6 nhu O, S, N,...). Hop chat dong vong lai dugc phan thanh hop chat vong
thom va hop chét vong béo (no hodc khong no). Hop chét di vong ciing dugc phan
thanh di vong thom va di vong khong thom (no hoac khong no). Phan loai theo mach
carbon dugc tom tat nhu bang 1.1

Theo nhom chire:

Nguyén tir hodc nhom nguyén tur quyet dinh dic tinh héa hoc ctia hop chit hiru
duoc goi 1a nhom chire. Vi vdy cac hop chit con c6 thé duoc phan loai theo cac nhom
chuc, dugc trinh bay ¢ bang 1.2.

Ngoai cac loai hop chat véi cac nhom chirc nhu ghi & bang 1.2, con c6 nhiéu
loai hop chat chira cic nhém chirc khac. Chang han, cac hop chit co kim (chira lién
két carbon — kim loai), hop chét co photpho (chtra lién két carbon - phospho), hop chat
azo (chira nhom —N=N-), dan xuat cia acid carbonic, polime,...C6 nhiéu hop chat
chira dong thoi cac nhém chire khac nhau, nhu aminoacid (chita nhom —NH, va —
COOH), hydroxyaldehyde (chira nhom —OH va —CH=0),...ching duoc goi 1a hop
chat tap churc.



Bang 1.1 Phin loai hop chit hiru co theo mach carbon
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Bang 1.2 Phin loai hop chit hiru co theo nhém chirc
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1.2.2 Phwong phap tich va tinh ché hgp chat hiru co

Tir ngudn thién nhién hay bang con dudng tong hop, thuong ching ta khong
thu dugc ngay mét hop chat hiru co ma dugc mot hdn hop cac chat hitu co véi ham
lugng khac nhau. bé nghién ctru cAu trac, tinh chit hodc ung dung cua cac hop chit,
can phai tach né ra khoi hdn hop, tirc 1a tinh ché né thanh chét tinh khiét (chat nguyén
chat) Cac phuong phap tach biét va tinh ché hay dung ddi v6i chat hitu co 1a chung
cét, chiét, két tinh va sic ky.

1.2.2.1 Phwong phdp chung cit

Khi dun s6i mot hon hop, chat ndo c6 nhiét ¢ sdi thap hon s& chuyén vao pha
hoi sém hon va nhiéu hon. Khi gip lanh, pha hoi s& ngung tu thanh pha long chta chua
yéu 1a chat co nhiét soi thap hon. Qua trinh d6 duoc goi 1a chung cat. Cé cac kiéu
chung cit chu yéu sau:

a) Chung cdt thuwong

Khi can tach ldy mot chat 1ong c6 nhiét do soi khong cao 1am ra khoi cac chat
c¢6 nhiét o s6i khac biét dang ké so vdi no, ngudi ta dung phwong phap chung cat don
gian nhét goi 1a chung cat thudng. Vi dy, sau khi tinh bot 1én men ruou s& thu dugc
mot hdn hop gdm nude (t°s=100°C), etanol (t°s= 78,3°C), mot it acid acetic (t°g=
118°C)... va ba rugu. Nhu vay, thuc chat nau ruou 1a qua trinh chung cat thuong. Pau
tién chung ta s¢ thu dugc mdt dung dich chua nhiéu etanol hon nudc, sau d6 ham
lugng etanol giam dan, ta duoc ruou tréng. Cho ruou tréng vao binh ciu ¢6 nhanh, lép
ong sinh han, nhiét ké roi chung cat thuong va thu doan s6i & 78,17°C s& c¢6 hdn hop
chtra 96% etanol va 4% nude. Tir rugu 96%, dung chat 1am khan, chung cat tiép thu
san phém 0 doan s61 78,3°C sé€ duogc etanol gﬁn 100%, thuong goi 1a rugu tuyét doi.

b) Chung cdt phan doan

Déi véi hon hop cac chat co nhiét do soi khac nhau khong nhiéu thi chung ct
phan doan 1a mét phuong phap hiéu qua hon chung cét thuong. O day, nguoi ta
thuong dung binh cau c6 nhanh ndi v6i cot cat phan doan. Cot cit phan doan gdm
nhiéu nac, & m01 nac pha hoi dugc ngung tu thanh long roi lai chuyén thanh hoi lién
tuc. Vi vay, mdi nic 1a mét 1an chung cét va chung cit phan doan thuc chét 1a chung

5




cét lién tiép nhiéu lan trén cung mdt dung cy, nhd vay ma thu duoc cac chat c6 do tinh
khiét cao hon so v6i chung cit thuong.

~ Trong cong nghi¢p, phuong phap nay dugc sir dung trong cac nha may ruou dé
cat lay con 90°, con 96° hodc ¢ nha may loc dau dé cat lay phan doan khac nhau cua
dau mo.
¢) Chung cat chan khéng (duwdi dp sudt thdp)

C6 thé 4p dung tinh chit ap sudt trén mat thodng giam thi nhiét do soi cua chat
l6ng giam theo, ding cho nhitng chit c6 nhiét d6 sbi cao hodc d& phan huy ¢ nhiét do
cao. Khi thyc hién chung cat dudi ap suit thép, nhirng hop chat nay s¢ giam nhiét do
s01 va tranh dugc sy phan huy hay chay n6. Thyc nghiém cho thay: khi ap suat khi
quyén tren bé mit mot chat 1ong giam di mot nira, nhiét do soi ciia nd bi ha thap di
khoang 15°C.

Léy vi du, d6i véi cac dung moi c6 nhiét do soi thép nhu hexan, benzen hoac
cloroform,...ngudi ta thuong cét loai bé chung bang may ¢6 quay chan khéng, tic 1a
cat & ap suat 20-40mmHg. P6i voi cac chat co nhiét d6 soi cao hon thi phai ding bom
giam 4p suat xuong con mot vai mmHg.

d) Chung cdt 16i cudn hoi mede

Nhitng hop chét hitu co khong tan hodc rat it tan trong nudc, mdc du ¢ nhict
d6 s6i cao nhung khi trén voi nude sé tao ra hon hop sdi ¢ nhiét do xap xi 100°C (¢ ap
suat thuong). Khi d6 ¢ pha hoi s6 mol ctia hgp chat hitu co (ng) va sé mol ctia nude
(n,) sé& ti 16 thuan vé&i ap suat hoi riéng phan cta ching ¢ nhiét d6 s6i cua hdn hop:
Nehe-Nn = Pehc-Pn

Lam lanh pha hoi s& thu dugc pha hitu co (Iéng hodc ran) cung véi nudc 1ong.
Sau d6, ta phai chiét tach cac chat can tinh ché ra khoi nudc bang mot dung mai thich
hop, r6i lai tién hanh cit phan doan dé tach dung méi.

Nguoi ta ap dung phuong phap chung cat 161 cudn hoi nude dé tach biét nhung
chat soi ¢ nhiét do cao, hodc dé tach lay chat dé bay hot cung v6i hoi nude tir hon hop
c4c chat kho bay hoi hon, hay tir hdn hop cac chit nhuya.

Vi dy, khtr nitrobenzen bang sat trong HCl roi trung hoa bang NaOH, nguoi ta
thu duoc mot hdn hop sén sét, mau den gom nudc, sat oxid, sit hidroxid, bot sit du,
nitrobenzen du,...va san phdm chinh 1a anilin. Trong truong hop nay, phuong phap
thich hop nhét dé tach 13y anilin 12 chung cat 161 cuén hoi nudc.

Tir ngan xua, con ngudi di biét chung cat 16i cudén hoi nudc dé tach 1ay tinh
dau thuc vat lam huong liéu va dugc liéu.

1.2.2.2 Phuong phdp chiét

Chlet 1a phuong phap dung moét dung mdi thich hop c6 kha nang hoa tan chat
dang can tach va tinh ché dé tach chat do ra khoi moi truong ran hodc 16ng khac.
Thudng ngudi ta dung mot dung moi sbi thap va it tan trong nudc nhu ete, benzen,
cloroform, hexan,... dé chiét tich chat hiru co tir méi trudng nudce (cac chat hiru co
can tinh ché nay thuong tan it trong nudc hoic ¢ dang nhil twong 1an véi nudc). Sau
khi lac dung mdi véi hon hop chét can tinh ché va nudc, chat d6 s& chuyén phan 16n
1én dung méi va ta c6 thé dung phéu chiét dé tach riéng dung dich thu duoc khoi nudc.
Béng cach 1ap lai viéc chiét mot s6 1an, ta c6 thé tach duoc hoan toan chat can tinh ché
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vao dung moi d chon, sau d6 cat loai dung méi va cat 1y chét tinh khiét ¢ nhiét do va
ap suat thich hop.

Nguoi ta cling thuong chiét mot chat tir hdn hop ran bang mot dung méi hoic
hdn hop dung moi véi mot dung cu chuyén dung dic biét goi 1a binh chira Soxhlet.
Dung mdi dugc dun néng, cho bay hoi lién tuc chay vao binh chira hdn hop can chiét
tach (thuong duoc goi bang giéy loc), n6 s€ hoa tan chat ran can tinh ché va nho mot
ong xiphong, dung dich chay xudng binh cau bén dudi, dung moi nguyén chat lai tiép
tuc duoc cét 1én. Qua trinh duoc tiép tuc cho dén khi sur chiét tach dugc hoan toan.

Phuong phap nay tiét kiém duoc dung mdi va dat hiéu qua twong ddi cao.

Tir xua, Ong ba ta da biét dung phuong phap chiét qua viéc ngdm thao duoc vao
ruou dé sir dung cac hoat chat tan vao ruou hay ngdm 14 cdy cham gid nho trong nudc
dé tach ldy phadm cham nhudm vai,...

1.2.2.3 Phuong phdp két tinh

Ket tinh 14 phuong phap don gian nhung rat hiéu qua dé tinh ché cac chat hiru
co ¢ thé ran. Dya vao su thay d6i do tan theo nhiét d, nguoi ta hoa tan chat can tinh
ché vao dung moéi thich hop thuong 1a & nhiét d6 soi cua dung moi, loc néng, bé cin
khong tan roi dé ngudi hoac lam lanh tur tr, chit ran sé& tach ra dudi dang tinh thé nam
can béng vo1 dung dich bao hoa ctiia no. Loc, rtra, 1am kho s€ thu dugc tinh thé chat
can tinh ché. Vi mang tinh thé chi chita nhitng phan tir gidng nhau nén néu mot chat
thu duoc ¢ dang tinh thé déng nhét thi nd da dugc xem nhu 1a tuong dbi sach. Mot
chét ran dugc coi 1a tinh khiét néu sau nhiéu lan két tinh trong nhitng dung méi khac
nhau ma nhiét d6 néng chay ciia né van khong thay doi. Dung moéi thuong dung la
nudc, ruou etylic, rugu metylic hay mét ruou thich hop khac, aceton, acid acetic, ete,
benzen, cloroform, etyl acetat....hosc d6i khi hon hop giita chung.

Khong nhimg trong phong thi nghiém ma trong san xuit ciing thuong dung
phuong phap két tinh. Chang han, két tinh d€ tao ra duong kinh (duong trang hat to-
RS), muoi tinh khiét, mi chinh (bot ngot c6 kich thudc khong dong déu — hat dai),. ..

1.2.2.4 Phuong phdp thang hoa

Thing hoa 12 mot qua trinh bién d6i pha ctia mot chat tir trang thai ran sang
trang thai hoi ma khong thong qua trang thai long.

Mot sb chat nhur i6t, long ndo, naphtalen, menton, clorua sit (III).... ¢6 kha ning
thang hoa. Vi vay nguoi ta co thé dung phuong ‘phap thang hoa ¢ ap suat thuong hoac
ap suat thap dé tinh ché chung. Phuong phap tién hanh: Gia nhiét mot chat ran dé bay
hoi, 1am lanh hoi cua chat ran do thi ta s€ thu dugc chat ran két tinh c6 do tinh khiét
cao, con tap chat khong thang hoa thi nam lai & day binh. Phuong phap nay don gian,
thoi gian ngin, do tinh khiét cao, gia thanh ré. Tuy nhién, trong thyc té khong ¢ nhiéu
chat thiang hoa.

1.2.2.5 Phuwong phdp sdc ky

Phuong phap sic ky, khoi dau chi dugc ding dé phan tach cac chat c6 mau,
ngay nay da phat trién manh mé va dugc tmg dung rong rai trong phong thi nghiém de
tach biét, tinh ché va dung trong phan tich dinh tinh, dinh lugng cac hdn hop tir don
gian dén phire tap. Phuong phap sic ky dua trén su khac biét vé téc dd duy chuyén cta
cac chat trong pha dong khi tiép xic mat thiét voi pha tinh. Nguyén nhan cua sy khac
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nhau do 1a do kha nang bi héap phu va phan hap phu khac nhau hodc kha nang trao do6i
khac nhau cua cac chat 0 pha dong voi cac chét & pha tinh. C6 nhiéu loai sic ky khac
nhau: sic ky cot, sic ky 16p mong, sic ky khi, ...

a) Sdc ky cot (sac ky hap phu)

Trong phuong phép sic ky cot, nguoi ta ding cac cot thay tinh hay dbi khi bing
Kim loai, c6 kich thudc thong thuong la 15x1; 25%2; 40%x3 hoac 60%4 cm; dung cac
chat hap phu ¢ dang bot, thuong la nhom oxyt, silicagel, tinh bot, bari sunfat... hodc
mot chat bat ky khac khong twong tac v6i chat nghién ciru va dung moi. Hon hop chit
nghién ctru duoc hoa tan trong mot dung moi tro thich hop va cho chay qua cot. Cac
chat trong hon hop nghién ctru dan dan tach khoi nhau va chung chiém cac vi tri khac
nhau trén cot hap phu. Vi lic dau nguoi ta tién hanh trén cot thi nghiém véi cac chat
mau, khi ching ta tach ra tao thanh cac khoanh mau khac nhau trén dng hap phu nén
phuong phap nay dugc goi 1a phuong phap sic ky. Sau d6 nguoi ta tach riéng timg
chat hodc bang cach cat cot hip phu thanh tung doan tng voi tung chat, hoic lién tuc
d6 thém dung méi, cac chét sé 1an luot dugc ria tréi va thoat ra binh himg & cac thoi
diém khéac nhau.

C6 thé dung phuong phap nay dé tach cac chat khéng c6 mau, nhung phai ding
cac chat chi thi hay thudc thir thich hop dé nhan biét khi nao ching bat dau thoat ra
binh hung.

b) Sic ky gidy

Sac ky giay 1a mot dang dic biét cua sic ky phan b do Consden, Gordon va
Martin phat minh nim 1944. Pha tinh & day 1a nudc tham trén gidy loc dic biét
(cellulose tinh khiét). Dung dich chat nghién ctru dugc chim trén mot dau cua dai gidy
(cach mép gidy ching 2,5cm) va mdi giot cach nhau chimg 2cm. Nguoi ta thudng nho
ddng thoi ca dung dich mau d3 biét dé so sanh. Sau d6 dau gidy loc dugc nhing trong
mét dung moi hay hon hop dung mdi thich hgp da béo hoa nudc. Do lyc mao dan,
dung moi sé tham dan 1én gidy sic ky, kéo theo chat nghién ctru chuyen dong lén phia
trén va tao vét trén gidy ma nguoi ta c6 thé nhan biét duoc bang mat thudng hoidc bang
chat chi thi. Ty s6 R; giita do dich chuyén ctia chat nghién ciru va dung méi duoc goi la
hang s6 sac ky, hang s6 nay 1a dai lugng quan trong dic trung cho ting chat.

bé thu duoc két qua tach tdt hon, nguoi ta co thé 13p lai thao tac trén v&i mot
dung moi1 khac va theo chi€u thang goc vaoi chi€u chay lan trudce (sac ky phan bo hai
chiéu).

Sic ky gidy thuong dung dé dinh tinh cac chat, nhung ciing c6 thé dung dé dinh
lugng so bg dua vao do dam va tiét dién cua vét chat nghién ctru.

¢) Sdc ky I6p méng

Nguoi ta tring mot 16p mong chat hap phu (ALOs, silicagel) 1én mot tdm kinh
ki‘ch thudc khoang 10x12cm hoz_“lc‘ 20%x20cm, cham mot giot ,chét nghién cuu lén mot
dau ban (cach mép khoang 2cm) r61 cho dung mdi chay nhu sac ky giay.

Phuong phép sic ky 16p méng thuong cho hiéu qua tach cao, thoi gian ngan,
luong chat it, thuong duoc dung dé dinh tinh va tach cic hop chét thién nhién. N6
cling dugc cac nha hoa hoc tong hop sir dung thudng xuyén dé nhanh chong phan tach
cac chét thu dugc trong phan tng.



d) Sdc ky khi, long

Nhitng ndm gin day sic ky khi, 1ong duoc phat trién manh mé&, mo ra kha ning
16n trong phén tich va tach cac hop chat d& bay hoi. Phuong phap thong thuong 1a cho
vai microlit chat 16ng phan tich vao thlet bi bay hoi r61 dung dong khi mang (thuong la
He) 16i cubn hoi cua ching qua mét 6ng dai nung ndéng nap didy mot chat ran XOp
(gach chiu ltra tin nho, nhém oxide, silicagel, than hoat tinh...) duoc tim bang chat
10ng kho bay hoi nhu dau silicon, polyetylen glycol, cac este soi cao...Khi do xay ra sy
phan bd cac chat giira pha long va pha khi, dong thoi chi can c6 sy khac nhau nhé
trong sy phan bd nay gilta cac ciu tir trong hdn hop ctng du dé phan tach hoan toan
cac chat long trong hon hop, vi né duoc lap di lap lai nhiéu lan trong ong dai. Nguoi ta
thudng nhan biét timg chat thoat ra & cudi 6ng bang cach do sy thay d6i d6 dan nhiét
cua khi thoat ra. Tuy nhién viéc phat hién mét pick trong so d6 séc ky khi moi la dleu
kién can, nhung chua du vé do tinh khiét ctia mot chat, phuong phap sac ky khi van rat
hiru ich khi phan tich mot lugng nhé hdn hop ciing nhu dé tach va tinh ché cac chat.

Can nhan manh rang, trong phwong phép sic ky, néi chung ciu triic phan tir ciia
cac hop chét ¢ anh huéng 16n dén can bang hép phu, ciing nhu hé sO phan bd cua
chung gitra cac pha, do do lién quan chat ché den hang s6 Ry. Vi vay két qua phan tich
sac ky ciing cho ta thdy nhitng thong tin bo ich vé cdu trac ctia hop chat.

Sau qua trinh tinh ché, ta can kiém tra do tinh khiét ctia hop chat thu dugc bang
cach do nhiét do nong chay (d6i voi chat ran) hodc nhiét do so6i (d6i voi chét 1ong)
hodc do ty khdi, chi sb khuc xa, chup phé... Mdt chit duoc coi 1a tinh khiét néu qua
nhiéu 1an tinh ché, cac hang s6 vat 1y ciia n6 khong thay doi.

1.3 CAU TAO PHAN TU HQP CHAT HU'U CO
1.3.1 Cong thikc phan tir hop chit hiru co
1.3.1.1 Phan tich nguyén t6 va cong thirc thiee nghiém

Pé xac dinh va biéu dién thanh phan nguyén té cia mot hop chat, ngudi ta can
tién hanh phan tich dinh tinh va dinh luong roi thiét 1ap cong thirc thuc nghiém

a) Phan tich dinh tinh, phan tich dinh heong nguyén to

Phan tich dinh tinh dé xac dinh xem hop chét (hay hdn hop) c6 chira nhing
nguyén t6 nao. Mubn vay nguoi ta dung cac phan (mg hoa hoc chuyen cac nguyén to
trong hop chat hiru co thanh cac hop chat vo co don gian va dé nhan biét.

Vi du, khi @6t chay hoan toan hop chét hitu co thi carbon chuyén thanh CO,,
hydro chuyén thanh H,0, clo chuyén thanh HCI,...Nguoi ta nhan biét CO, thoat ra
bang phan ng 1am dyc nudc voi trong, H,O dugc nhan biét bang cach ngung tu trén
phan lanh cta ong ddt hay bang CuSO, khan, nhan ra HCI nhd dung dich AgNOs;
trong HNOs,...

Phan tich dinh luong nham xac dinh ham lugng cac nguyén t6 c6 trong hop
chét (ty 18 % vé khdi luong hoic ty sb nguyén t). Cling glong nhu phan tich dinh tinh,
nguoi ta dung cac phan tmg hoa hoc dé chuyén céc nguyén t6 trong hop chat hitu co
thanh cac chit vo co don gian nhu CO,, H,0, N,,... r6i dinh luong cac san pham do
bang phuong phap trong luong, phuong phap thé tich hodc cac phwong phap hién dai
khac nhu sic ky khi, ...



Thong thudng, carbon va hydro dugc xac dinh déng thoi bang cach nung néng
mot lugng can chinh x4c (dén 0,1mg hodc thip hon) hop chét hitu co véi CuO trong
dong oxi, c6 mit CuO trong 6ng thach anh, rdi hip thy hoi nuéc thoat ra bang
perclorat magie (MgClO,); CO, hip thu bang bong tim xut (NaOH). Cac chat hip thu
nay dung trong ong chir U va khdi luong cua ching duoc can chinh xéc trudc va sau
khi thi nghiém két thuc. Hiéu sé khdi luong giita hai 1an cén cho ta biét khdi lwong
H,O va CO, bi hip thu.

Néu trong thanh phan chét nghién ctru c6 halogen, luu huynh, nito, ching c6
thé tao ra cac oxid cua nito, cua luu huynh, halogen va cac oxid halogen hydric va
chung co thé anh huong dén két qua can céac ong hap thu. Dé loai trir ching, trong 6ng
nung & phan cudi, nguoi ta ding cac soi bac dé giit halogen va oxid luu huynh, dung
P,0s dé phan huy oxit nito.

Ham luong oxy trong cac hop chét thuong dugc xac dinh mdt cach gian tiép,
tic 1a ta lay khéi lugng miu dem d6t trir di khoi luong tong cac nguyén td vira Xac
dinh theo cac phuong phap trén, hodc 1ay 100% trir di hop phan cua céac nguyén t6 da
xac dinh duoc. Con cac kim loai thudng duge xac dinh bang phuong phap phd hap thu
nguyén ftu.

Hién nay, viéc phan tich dinh luong (dong thoi ciing 1a phan tich dinh tinh)
duoc thyuc hién trong cac phong thi nghiém chuyén biét v6i cac may phan tich tu dong,
nguoi ta co thé tién hanh phan tich vi luong hodc ban vi lugng (ham lugng chat phan
tich chi & vai mg) ciling du cho ta két qua déng tin cdy ma chi trong khoang thoi gian
vai phut.

b) Cong thirc thuc nghiém:

Tu két qua phan tich dinh lugng, ngudi ta tinh dugc ty s6 mol nguyén tir cua
cac nguyén to cu thanh hop chat bang cach chia ty s6 % cho nguyén tu khéi trung
binh cua nguyén t5. Chang han, voi két qua phan tich: C chiém 45,80%; H chiém
10,57%; N chiém 13,24%; suy ra O chiém 30,39% thi ty s6 mol nguyén tir ciia C, H,
N, O trong phan tir hop chat da cho la:

4580 10,57 13,24 30,39 3.81:10.49: 0.95: 1.90

et fH NGl = 79017 1,008 14,01 16,00 0 IO

Ty s nguyén tu giuqc quy vé ty s cta cac s6 nguyén tdi gian, chang han bang
cach chia cho s6 nho nhat trong chiing (0,95), r0i ghi vao dudi chén céc ki hi¢u nguyén
to ta thu dugc cong thirc thuc nghiém.

45,80 10,57 13,24 30,39

Ny Ny = : : : =4,01:11,04:1,00:2,00 = 4:11:1: 2
e Mai N o = 957011008 14,01 16,00 RS

Cong thtrc thuc nghiém la C4H{;NO,

Khi lap cong thic thyc nghiém, ty s6 nguyén tr di dugc quy vé ty sb cac sb
nguyén tu t6i gian, vi thé cong thirc thyc nghiém con dugc goi la cong thirc don gian
nhat. Cong thie thyc nghiém cho biét thanh phan dinh tinh, dinh luong cac nguyén t6
c6 mat trong phan tu nhung khong dong nhat véi cong thire phan tir vi mot cong thire
thyc nghiém co thé biéu dién thanh phan ctia nhiéu chit ma céng thirc phan tir cia
chung 13 boi s6 cua cong thire thue nghiém.
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Vi dy, cac cong thirc phan td CH,0, C,H,0,, C3Hg0s,.. .déu co cong thic thyuc
nghi¢m la CH,0.

Can lyu y rang, viéc 1am tron trong khi lap cong thire don gian nhat (cling nhu
khi 1ap cong thirc phan tur) déu phai cha y dén sai sb thuc nghiém (sai sd trong phép
phan tich nguyén t6, phép xac dinh khéi lwong phan tir). Do sai s6 thuc nghiém, tir cac
s0 liéu phan tich nguyén t6 ¢ thé xac dinh duge mot vai cong thirc thuc nghiém.

Vi du, v6i s liéu phan tich nguyén t6: C chiém 76,31%; H chiém 10,81%; N
chiém 13,52%, néu sai s6 ciia moi phép xac dinh +0,3% thi ta s& xac dinh dlg:(_)’(: cac
cong thuc thuc nghiém sau: 7C13H20N2; Ci3H21Ny; CyoH3oNg3;.. . DE lya chon lay cong
thirc thue nghiém dung va dé thiét lap cong thire phan tir can phai biét thém mot dai
luong quan trong la phan tir khoi.
1.3.1.2 Xdc dinh khoi lwong phdn tir cua mot chat

Dé tim duoc cong thirc nguyén (cong thirc phan tir) ciia mot hop chat, ta phai
xac dinh khoi luqng phan tir, hay néi chinh xac hon la x4ac dinh phan tr gam cua chat
nghién ctru. C6 nhi€u phuong phap xac dinh phan tir luong.

a) Néu mdu chat nghién ciru la chat long dé bay hoi, ta cho bay hoi ¢ nhiét do
thich hop, do thé tich hoi ¢ di€u kién dé roi tinh phan tr lugng cia n6 theo phuong
trinh:

RT
pV = nRT = MRT - M= mp_V

Trong do :

p - 4p suét;

V - thé tich hoi chat nghién ciru;

m - khéi lwong chét bay hoi;

M — khéi luong phén tir chat bay hoi;

T - nhiét d6 tuyét d6i Kelvin (T =t + 273)

R - hing s6 khi (R = 0,082 hodic R = =)
b) Néu do duwoc ty khéi hoi ciia chdt hitu co da cho d6i véi mot chat khi nao do

nhu: hydro, oxy, khong khi, & cling diéu kién. . .ta c6 thé tinh dugc phan tir gam ctia né
mot cach dé dang theo biéu thirc:

M(g) chdthttuco m
M’(g) chatkhi ~ m’

Trong do, m va m’ lé}n luot 1a khoi luong cua cung mot thé tich k‘hi hoac hoi
(V) chat hitu co va mdt chat khi (khong khi, hydro, oxy) trong cung diéu kién nhu
nhau.

d =

Truong hop ty khéi hoi cia chat hitu co so véi khong khi ta c6 biéu thire: M =
29d; so v&i hydro la: M = 2d va so véi oxy la: M = 32

Vi du, hoi chat A nang gip 25 lan H, thi phan tir lwong ctia né phai la:
MA:25X MH2:25x2:50
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C) Dua vao dinh ludt Raoult

Dung dich mgt chét kho bay hoi trong mot dung méi nao d6 c¢é luén c6 nhiét do
s01 cao hon, nhiét do dong dac thép hon so v&1 dung méi nguyén chat va do tang diém
sOi At (phwong phap nghiém sbi) hay do ha diém két tinh At (phwong phap nghiém
lanh) cta dung dich (chira m gam chét hitu co trong p gam dung dich) c6 gia tri M
theo biéu thirc:

m. 1000

p. At
hay At=K.C

K 13 hang sd nghiém lanh (trong phuwong phap nghiém lanh) hoic hang sb
nghiém soi (trong phuwong phap nghiém séi). K chi phu thudc vao ban chat ctua dung
moi.

C - nong do mol/l hay khéi lwong mol phéan tir/1000 g dung méi
Phuong phap nghi¢m lanh dugc dung rong rai hon phuong phap nghi¢m soi.

Bang cach do muc ting nhiét do soi (phuong phap nghiém s6i) hoic muic ha
diém két tinh (phuong phap nghiém lanh) ctua dung dich chat nghién ctru trong dung
méi chét thich hop, ta dé dang xac dinh duoc nff)ng dd chat tan va do d6 xéac dinh duge
phan tir gam cua chiing.

d) Cac phwong phap khac

Bang cach twong tu, ngudi ta cling c6 thé do ap sut thim thiu cua dung dich
chét tan, do do nhét cua dung dich hodc biang phuong phap khéi phd, tir 46 xac dinh
duoc khdi lugng phan tir chat di cho. Néu biét rd sé nhom chirc trong mot phan tir
chét nghién ctru, bang cach xac dinh s6 nhom chic cling cho phép xac dinh phén tir
luong cua ching.

Vi duy, 0,92 g mot alcol don chirc tac dung véi mot luwong du Na cho 0,2241 H,
(dktc) thi phan tir lugng cua alcol phai la:

0,92

———X224=4
0,224 x 2 ’ 6

* Phwrong phdp khoi lwong (khéi pho)

Khi cho cac phén tir hitu co di qua may khdi phd, chung bi v& thanh timg manh
(thudng 1a cac ion duong) do bi va cham béi mot dong electron véi tée do 16n. Chi rat
it phan tir di qua dugc mot cach nguyén ven. Trén khdi phd d6 ciia mot chét co rat
nhiéu pick tng voi cac manh khac nhau, véi khdi lugng mol khac nhau va ham luong
khac nhau (thé hién ¢ vi tri va cudng do caa pick). Pick ung voi khéi lugng mol cao
nhat (cudng do thuong rat thap) cho biét khéi lugng mol ctia chét hitu co duoc khao
sat.Vi du, khéi phd cua aceton (ki hiéu 13 X) c6 dang nhu sau:
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cudmg do4
tuong déi
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U 10 20 30 40 50 60 70 .khdi

luong tuong dﬁit
Hinh 1.1 Phé khdi lwong ciia aceton

Tiéu phan 16n nhit twong Gmg véi mot phan tir nguyén ven chi bot di mot
electron la X* ¢6 khoi luong mol 1a 58 gam. Ta suy ra M = 58
1.3.1.3 Cong thirc phan te

Céng thire phdn tir 12 cong thirc chi 16 s6 luong nguyén tir cia timg nguyén to
trong phan tur.

Vi du, cong thirc phan tir cua etan la C,Hg, cta acid acetic la C,H40,, cua acid
aminoacetic la C,HsNOs,...

Pé thiét 1ap cong thire phan tir, thdng thuong phai tién hanh phan tich dinh
luong nguyén t6 (muc 1.3.1.1, a) va xac dinh phan tir khdi ciia hop chat (muc 1.3.1.2).
Tir két qua phan tich nguyén t6 sé& thiét 1ap duoc cong thirc thyc nghiém (cong thirc
don gian nhat). Néu cong thirc don gian nhat ctia hop chat 1a CxHyN,O; thi cong thirc
phan tu cﬁq n6 c6 dang CHpyN,, Oy hodc viét gon la (CyHyN,Oy),(n=1,2,3,...). Néu
phan tir khoi cua no xac dinh dugc 1a M thi tinh dugc gia tri ciia n nhu sau:

M= (12x +y + 14z + 16t). n
n=M: (12x +y + 14z + 16t)

Vi du, mdt hop chét co thanh phan nguyén t6 1a: C chiém 45,80%; H chiém
10,57%; N chiem 13,24%; con lai la O. Ty khoi hoi cta hop chat so vei khong khi la
3,62. Hay lap cong thirc phan tir cua hop chat.

Ttr s6 liéu phan tich nguyén o, ta 1ap dugc cong thirc thue nghiém cua hop chat
la C4H11NO; (myc 1.3.1.1, b). Dwa vao ty khoi hoi so v6i khong khi ta tinh dugc phan
tur khoi

M = 3,62 .29 = 104,98 ~105.
Ta co: (C4H11N02)n =105
n=105: (12.4+1.1+ 14+16.2) = 1

Viy cong thirc phan tir ciia hop chét da cho 1a C4Hy;NO, tring véi cong thire
thuc nghi¢m.

Nguoi ta ¢O thé 1ap cong thirc phan tir cua hop chét,béng cac cach tinh toan
khac khong qua cong thl’Ig thuc pghiém. Tuy nhiéq, thuc chat ciia moi1 cach tinh toan
khong c6 gi khac nhau, tat ca déu phai dwa vao so liéu phan tich dinh Iugng va xic
dinh phan tur khoi.

Phuong phap hién dai xac dinh cong thirc phan tir 1a dya vao phé khéi leong
phdn gidi cao. O phd khoi lugng phan giai cao, phan tir khoi va khoi lwong cdc manh
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phan tir duoc xac dinh chinh xac dudi 10* dvC. May tinh s& chi ra mot vai t6 hop
nguyén tir cac nguyén té phu hop v6i phan tir khdi va khéi luong cac manh do, tic 1a
dua ra mot vai cong thic phi hop voi két qua ghi phd. Nha nghién ctru s& lya chon 1iy
két qua dung. PO phan giai cang cao (duéi 10 dvC) thi két qua ma mdy dwa ra cang
dan t6i don gia (tire 14 chi mot cong thie xac dinh). Ngay nay, phuong phap nay rat
duoc wa chudng bai cho két qua phan tich c6 do tin cdy cao, tuy nhién gia thanh cia
may pho khdi luong con kha cao nén tinh phd bién cta né chi tap trung & cac tinh
thanh phd 16n.

1.3.2 Céu tao hda hec va @dng phan cau tao
1.3.2.1 Thuyét cdu tao hda hoc

Pé giai thich vé thir tu va cach thtrc lién két ctia cic nguyén tir trong phan tu,
nam 1861 T} huyet cdu tao hda hoc dugc Nha héa hoc Nga A. M. Butlerop dua ra gdbm
nhirng luan diém co ban nhu sau:

+ Trong phdn tir hop chdt hitu co, cdc nguyén tir két hop véi nhau theo mot thiv
tw nhat dinh va theo dung hoa tri cua chung. Thir ty két hop do duoc goi la cau tao
hoa hoc. Sw thay doi thir tw két hop ciia cdc nguyén tir trong phén tir (tiee la thay doi
Cdu tao hda hoc) sé tao ra phan tir hop chat khdc.

+ Trong phan @ hop chdt hitu co, carbon ludn c6 hoa tri 4. Cac nguyén tur
carbon khéng nhitng cé thé lién két véi nguyén tir ciia cdc nguyén té khdc ma con lién
két véi nhau tao thanh nhitng mach carbon khac nhau (mach khong nhdanh, mach co
nhanh, mach vong,...).

+ Tinh chdt ciia hop chdt hitu co phu thudc vdao thanh phan phén tir (ban chat,
50 lwong nguyén tir) Va cau tao hoa hoc (thir tw lién két cac nguyén tw). Cac nguyén tir
trong phan tir c6 anh huong qua lai lan nhau.

Thuyét cdu tao hoa hoc da giup 1am sang to ban chat cua hién tuong d‘ong ding,
dong phan va biéu dién ching bang cong thirc cau tao. Trén co so Thuyét cAu tao hoa
hoc, nguoi ta da tién doan va diéu ché duoc rat nhiéu hop chat hiru co méi. Han ché
ctia Thuyét cau tao hda hoc 1 khong dé cap t6i cau triic khong gian ciia phén tir, phan
tir chi duoc biéu dién trén mat phang.

Ngay nay, cdc Nha hoa hoc da xay dung dugc ly thuyét vé cau triic khong gian
va ciu truc electron cua phan ti. Nhirng thuyet nay bao trum ca ndi dung cua Thuyet
cAu tao h6a hoc va mang lai nhimg hiéu biét sdu sic ve ban chat cua khéi niém ciu tao
hoa hoc. Tuy vy, ngudi ta van thudng dung thuat ngit "cau tao hda hoc" véi nghia ban
dau ciia no, tic 1a thir tu lién két cia cac nguyén tir trong phan tir thé hién trén mit
phang ma chua bao ham su phan b trong khong gian.
1.3.2.2 Céng thitc cdu tao

Cong thirc ciu tao biéu dién thir ty va cach thic lién két ctia cac nguyén tir
trong phan tur.

Viduy: Cong thirc phan tu:

C4H1o (butanee) C4Hg(but-1-en)
C4Hg(cyclobutanee)
Cong thirc cu tao
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Dé don gian, thuong sir dung cong thic ciu tao thu gon bang cach viét gop
nguyén tir carbon va cac nguyén tir hydro lién két v6i né thanh moét nhom: - CHs:
nhoém metyl; = CH,: nhém metilen; =CH: nhoém metin) rdi viét cac nhdm d6 canh nhau
theo dung thir tu va cach thirc lién két (lién két don, d6i, hay ba) cua ching, riéng lién
két don c6 thé bo qua. Doi khi ngudi ta chi can dung cic doan thing dé biéu dién lién
két giira cac nguyén tir carbon va quy wdc rang dau mut cua cac lién két d6 chinh 1a
cac nhdm CHy véi X ddm bao cho C ludn di hoa tri 4, néu dau mut ctia lién két 1a
nguyén tir khac carbon thi phai ghi dung ki hiéu ctia n. Cach dung céc doan thiang va
goc nhu vy co thé tam goi 13 c¢dng thire cdu tao thu gon nhdt.

Vi du:
Cong thirc ciu tao thu gon: H
CH3-CH,-CH,-CH; CH,=CH-CH,-CHj; 4C\
HC” CH
H3C—(|2H—CH2—OH Hz(lj—clin Hé\ /gH
CH, H,C—CH, C
H
Hoac
CH3CH,CH,CHj3 CH,=CHCH,CH;

Cong thirc cAu tao thu gon nhat twong Ung:

N /\/ /]\/OH

Cong thirc cdu tao thu gon nhat dugc sir dung rat pho bién trong céc tai liéu hoa
hoc hién nay, nhét 14 d6i voi nhitng hop chét phuc tap.

1.3.2.3 Khdi niém déng dang, dong phdn
a) Pong dding:

Nhitng hop chit hitu co ¢6 thanh phan phén tir hon kém nhau mét hay nhiéu
nhom nguyén tir nhét dinh nhung co tinh chat héa hoc tuong tu nhau goi 1a nhitng chét
dong dang. N6i 16 hon, nhitng chat hiru co c6 thanh phan phan tir hon kém nhau mot
hay nhiéu nhom nguyén tir nhét dinh nhung co cAu tao hoa hoc tuong tu nhau, do do
tinh chat hoa hoc ciing twong tw nhau, goi 1a nhiing chdt dong dang, chung hop thanh
day dong dang.

Vi du: Cac dong diang hon kém nhau mét hay nhiéu nhém CH,, nhu:

+ Dy dong dang ciia metan: CH,; C,Hg; CsHag; ... ; CoHonsz
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+ Day déng déng cua metanol: CH;0H; C,H;OH; C;H,OH;....;CH5.+1OH

+ Diy dong dang cua acid fomic: HCOOH; CH;COOH; C,HsCOOH; ...;
CnH2n+1COOH;

Viéc dua thém (hay bdt di) nhém -CH,- (mdt nguyén tir C no va hai nguyén tu
H) vao phan tir thudng khong 1am bién d6i dang ké cdu tao hoa hoc, nhét 1a khong 1am
bién d6i ban chat ciia nhém chre, vi thé khong lam thay d6i dang ké tinh chét hoa hoc.

Vi dy: Cac hop chét sau day c6 thanh phan hon kém nhau mét hay nhiéu nhom
-CH(OH):

H,C—CH=0 H2C—(|3H—CH=O
| |
OH OH OH
H2(|3—CH—CH—CH=O HZC—C|?H—C|JH—$H—CH=O
|
OHOH OH OHOH OH OH

Chung c6 ciu tao va tinh chat tuong tu nhau nén ciing duoc xem la mot diy
dong dang

b) Pong phdn:

Nhitng hop chat c6 cung cong thirc phan tir nhung c6 cau tric héa hoc khac
nhau nén co tinh chat khac nhau goi 1 nhitng chat dong phan.

Khéi niém cau tric héa hoc, goi don gian la cAu tric, bao gém thir tu, cach thirc
lién két ctia cac nguyén tir trong phan tir (ciu tao hda hoc) va ca sy phan bd khong
gian cua cac nguyén tir trong phan tir (cdu trac khong gian).

Vi dy, but-1-en va but-2-en déu c6 cbng thirc phan tir C4Hg nhung c6 ciu tao
khac nhau: CH,=CH-CH,-CH; va CH3;-CH=CH-CHa;; But-2-en c6 hai dang trans va
cis khac nhau vé vi tri khong gian ctia cac nhoém nguyén tir trong phan tir:

H,C H H;C CH,4
\ / \ /
C=C C=C
/ \ / \

H CH, H H

trans-but-2-en cis-but-2-en

Hai chat trén day 1a dong phan 1ap thé cta nhau va ciing 1a dong phan cua but-

1-en:
H CH
C=—C
/ \
H H

Néu xét cau trac hoa hoc cua hop chit bao gém ca trat tu lién két, cach thirc
lién két cua cac nguyén tir ¢6 mit trong phan tir trong mit phang va trong khong gian
nhu d3 trinh bay & trén thi dong phan dugc phan loai nhu hinh 1.2 bén duéi:
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