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I. Gi6i thiéu chung vé Benzen va Toluen

1. Benzen (CeHe)
Cong thuc phan tu: CeHs

Cau truc: Benzen c6 cau trdc vong 6 canh déu, phang. Sadu nguyén ti cacbon
va sdu nguyén td hidro cung nam trén moét mat phang. Trong vong benzen, cé
hé lién két it lién hogp chung cho cd 6 nguyén ti cacbon, lam cho vong benzen
rat bén ving.

Tinh chat dac trung: Do cau tric bén viing, benzen thé hién tinh chat hdéa hoc

dac trung la dé tham gia phan ung thé, khé tham gia phan ung céng va

bén véi cac chat oxi héa.
2. Toluen (CsHs hay CeHs-CHs)
Cong thuc phan tu: C/Hs

Cau truc: Toluen cé cau truc gobm moét vong benzen lién két véi mot nhém
metyl (-CHs). Nhédm metyl la nhém day electron, lam tdng mat d6 electron trong

vong benzen, dac biét la & cac vi tri ortho (vi tri 2, 6) va para (vi tri 4).

Tinh chat dac trung: Do dnh huéng cla nhém -CHs, toluen tham gia phan (ng
thé & vong benzen dé dang hon benzen va uu tién thé vao vi tri ortho, para.

Ngoai ra, toluen con cé phan ing @ mach nhanh (nhém -CHs).
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Il. Phan Ung héa hoc dac trung cua Benzen
1. Phdn ing thé (Phan ing dac trung nhat)

Pay la loai phan Gng thay thé nguyén ti H cla vong benzen bang cadc nhém thé

khac.
a. Halogen héa (tac dung véi brom, clo)

Piéu kién: Can co6 xuc tac la bbt sat (Fe) hodc mudi halogenua tuong ng (vi

du: AICIs, FeCls) va dun ndénag.

Giai thich: Xuc tac Fe gilp phan cuc phan ti halogen (Brz, Clz), tao ra tac nhan
electrophin manh (Br*, Cl*) tdn c6ng vao vong benzen. Phan (ng khéng xay ra

néu khong cé xuc tac bot sat.

Vi du 1: Tac dung véi brom khan (xtc tac Fe, t°)
CeHe + Brz --(Fe, t°)--> CeHsBr + HBr

San pham tao thanh la brombenzen va khi hidro bromua.
Vi du 2: Tac dung véi clo khan (xuc tac Fe, t°)

CeHs + Cl2 --(Fe, t°)--> CeHsCl + HCI

San pham tao thanh la clobenzen va khi hidro clorua.
b. Nitro héa (tac dung vaéi axit nitric dac)

Piéu kién: HOn hgp axit gom HNOs dac va H2S0a4 dac, dun néng (khoadng 50-

60°C).
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Giai thich: H2S04 dac c6 vai tro hut nuéc va tao ra tdc nhan nitro hda la ion

nitroni (NO2*). lon nay sé tan céng vao vong benzen dé thé nguyén ti H.
Vi du:

CeHs + HNOs (dac) --(H2S0a4 dac, t°)--> CeHsNO2 + H:20

San pham la nitrobenzen (chat Idng mau vang nhat, mui hanh nhan).

Néu ti€p tuc nitro héa trong diéu kién khac nghiét hon, cé thé thu dugc

dinitrobenzen.
2. Phan ung cong

Phdn Urng cdng phd v& cau trdc vong thom bén viing nén xay ra & diéu kién khé

khan hon (nhiét do, ap suat cao hoac chiéu sang).
a. Cong hidro (Hidro héa)
Piéu kién: XUc tac Niken (Ni) hodc Platin (Pt), nhiét do va ap suéat cao.

Giai thich: Ba lién két doi trong vong benzen bi phd v& va cong 3 phan t& Hz

dé tao thanh vong no.

Vi du:

CeHe + 3H2 --(Ni, t°, p)--> CeH12
San pham la xiclohexan.

b. Cong clo

Piéu kién: Chiéu sdng bang dnh sang t ngoai (UV) hodc anh sang khuéch tan,

khéng cé xuc tac bot sat.
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Giai thich: Dudi tdc dung clia dnh sang, 3 phan ti Cl= cong vao vong benzen.
Vi du:

CeHe + 3Cl2 --(dnh sang)--> CsHsCls

San pham la hexacloran (thudc trir sau 666), mot chat doc.

3. Phan ung oxi hda

a. Oxi héa khong hoan toan

Ké&t luan: Benzen rat bén véi cac chat oxi héa. N6 khéng lam mat mau dung
dich thu6c tim (KMnOQa4) & diéu kién thuong cling nhu khi dun néng. Day la mét
tinh chat quan trong dé phan biét benzen véi cac hidrocacbon khéng no khac

va véi dong dang cla nd nhu toluen.
b. Oxi héa hoan toan (Phan irng chay)

Khi bi dét chdy, benzen chay trong khéng khi tao ra COz va H:20, téa nhiéu nhiét

va c6 nhiéu khéi den (mudi than) do ham lugng cacbon cao.
Phuong trinh téng quat:

2CsHe + 1502 --(t°)--> 12C0O2 + 6H20

I1l. Phan ing hdéa hoc dac trung cua Toluen

Do anh hudng cia nhém metyl (-CHs), toluen cé hai trung tam phan Ung: vong

benzen va mach nhanh.
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1. Phan ing thé
a. Thé é vong benzen (dé hon benzen)

Quy tac thé: Nhom -CHs la nhém ddy electron, lam hoat héa vong benzen va

dinh hudng phan (ng thé vao céac vi tri ortho (o-) va para (p-).
Vi du 1: Tac dung véi Brom (xuc tac bot Fe, t°)

Phan (ng xay ra dé dang hon benzen, khéng can dun néng. San pham chinh la

hén hgp o-bromtoluen va p-bromtoluen (san phdm para chiém ti 1é cao hon).

e CeHs-CHs + Br2 --(Fe, t°)--> 0-Br-CeHs4-CHs3 + HBr (o-bromtoluen)

e CoHs-CHs + Br2 --(Fe, t°)--> p-Br-CeHs-CHs + HBr (p-bromtoluen)
Vi du 2: Tac dung véi HNOs dac (xuc tac H2S04 dac)

Phan Ung cling xay ra dé hon benzen, tao ra hon hgp san phdm thé & vj tri

ortho va para.

e CeHs-CHz + HNOs3 --(H2S04 dac)--> 0-NO2-CeHa-CHs + H20 (o-nitrotoluen)

e CeHs-CHs + HNOs3 --(H2S04 dac)--> p-NO2-CeHa-CH3z + H20 (p-nitrotoluen)

Khi phdn Gng véi hon hop axit dam dac va dun néng, ca ba vi tri ortho va para
déu bi thé, tao ra sdn pham 2,4,6-trinitrotoluen (TNT), moét loai thudéc né manh.
CeHs-CHs + 3HNOs (dac) --(H2504 dac, t°)--> CeH2(NO2)3CHs + 3H:20

b. Thé 6 mach nhanh

Piéu kién: Phan (ng xay ra khi dun néng hoac chiéu sang, khdong cé xuc tac

bdt sat. Phan (ng xay ra theo co ché goc tu do, tuong tu ankan.
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Vi du: Tac dung véi Clo khi dun néng hoac chiéu sang
Nguyén t& H cia nhédm -CHs bj thé béi clo.

CeHs-CHs + Clz2 --(t° hoac anh sang)--> CsHs-CH2Cl + HCI
San pham la benzyl clorua.

2. Phan ung oxi héa
a. Oxi héa khong hoan toan

Pay la phan &ng quan trong dé phan biét toluen va benzen.

Hién tuong: Toluen lam mat mau dung dich KMnQa khi dun néng. Nhédm -CHs

bi oxi héa thanh nhém cacboxyl (-COOH).

Phuong trinh:

CesHs-CHs + 2KMnQa4 --(t°)--> CsHs-COOK + 2MnO:2 (két tia den) + KOH + H20
Sau do axit hdéa sdn pham, ta thu duoc axit benzoic (CeHs-COOH).

CeHs-COOK + HCI --> CsHs-COOH + KCI
b. Oxi héa hoan toan (Phan tng chay)
Toluen chéy trong khéng khi tao ra COz va H:20, cling cé nhiéu khéi den.

Phuong trinh:

C7Hs + 902 --(t°)--> 7CO2 + 4H20
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IV. Badng téng két so sanh tinh chat héa hoc ciia Benzen va

Toluen

Thuéc tha

Benzen (CsHes)

Toluen (C7Hs)

Dung dich
Brz (xuc tac

Fe, t°)

Dung dich
Brz (chiéu

sang)

Clz (chiéu

sang)

HNO: dac /

H2S0. dac

Dung dich

KMnOa

Phan irng xay ra, tao

CsHsBr.

Khéng phan ing.

Phan ng cdng tao

CsHeCle.

Phan Gng xay ra, can dun

néng, tao nitrobenzen.

Khéng phan ung, khong
lam mat mau thuoc tim

(k€ cd khi dun néng).
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Phan (tng xay ra dé hon, tao hén
hop san pham thé & vi tri ortho

va para.

Khéng phan ing & vong, nhung
néu la Brz khan cé thé phan Ung

thé & nhanh.

Phan Ung thé H @ mach nhanh

tao CeHsCH2CI.

Phan (ng xay ra dé han, tao hén
hgp o-nitrotoluen va p-
nitrotoluen. Piéu kién khac

nghiét tao TNT.

Khéng phan ing & nhiét do
thuong. Lam mat mau thudéc tim

khi dun néng.
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