CHUONG IV: PHAN NG OXI HOA — KHU
Bai 12: PHAN NG OXI HOA - KHU VA IPNG DUNG
NOQI DUNG
I. S6 oxi héa
1. Khai niém

Mg\

®

02 + —
\:e°° 24\t
® Mg~ 0

Hinh. Magnesium phan (rng v&i oxygen Hinh. Cbng thirc electron cta hydrogen chloride
Két luan:

H :Cl:

S6 oxi hoa cia mot nguyén tir trong phan tir 13 dién tich cua nguyén tir nguyén té do néu gia dinh
cap electron chung thudc han vé nguyén tir cua nguyén té ¢ d6 am dién Ion hon.

Céch biéu dién sé oxi hoa:
+ n < Sooxihod

X <« Kihiéu nquyén to

— S6 oxi hoa duoc viét & dang sb dai s6, dau viét trude, sé viét sau va viét ¢ phia trén, chinh gita ki
hiéu nguyén té.

+1 -1 +2 -2 +1-1  +1+1-2

Vi du: HCl, MgO, KCl, HCIO

Luwu y: Su khac nhau gitra ki hiéu s6 oxi hoa va ki hiéu dién tich cua ion M trong hinh sau:

S0 oxi hod
+n

MI*
L Dién tichion

Dé biéu dién s6 oxi hda thi viét dau trudc, sé sau, con dé biéu dién dién tich cua ion thi viét sb trudgc,
dau sau.

Néu dién tich 1a 1+ (hodc 1-) c6 thé viét don gian la + (hoic -) thi dbi vai sé oxi héa phai viét day
di ca diu va chix (+1 hoic —1).

2. Xac dinh sé oxi hoa ctia nguyén ttr cac nguyén to6

Quy tic 1: Sb oxi hoa cuia nguyén tir trong cac don chat bang 0.
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0 0 0 0

Vidu: CL,0,, Na, C ..
Quy tic 2: Trong mot phan tir, tong s oxi hod cua cac nguyén tir bang 0.

Vi du: Téng sé oxi hod cua cac nguyeén tir trong phan tir NHs 1a: (-3) + 3 x (+1) = 0.
Quy tic 3: Trong céc ion, s6 oxi hoa ciia nguyén tir (d6i v6i ion don nguyén tir) hay tong s6 oxi hoé cac
nguyén tir (d6i v6i ion da nguyén tir) bang dién tich caa ion do.

Vi du: Sb oxi hoa ciia nguyén tir Na, Cl trong Na*, CI~ lan luot bing +1, —1; sb oxi hoa ciia nguyén
tir C va O trong CO3%™ lan luot bang +4 va —2.
Quy tic 4: Trong da sd cac hop chat, s6 oxi hoa caa hydrogen bang +1, trir cac hydride kim loai (nhu
NaH, CaHy, ...). S5 oxi hoa cua oxygen bing —2, trir OF va céc peroxide, superoxide (nhu H202, NazO»,
KO, ...). Kim loai kiém (nhom 1A) ludn c6 sb oxi hoa +1, kim loai kiém tho (nhdm 11A) c6 sb oxi hoa
+2. Nhém (aluminium) c6 s6 oxi hoa +3. S6 oxi hoa caa nguyén tir nguyén tb fluorine trong céc hop
chat bang 1.

X Kim loai kiém | Kim loai kiém tho -
Nguyén tix | Hydrogen Oxygen Aluminium
(1A) (11A)

So6 oxi hoa +1 -2 +1 +2 +3

-1

A +2 -1
Ngoai ¢ | NaH ,CaH,,..| OF,,H,0,,..

* Nhoém nguyén ti:
S04=-2;NO3 =-1; POs =-3; SO3=-2; OH =-1; AlO2=-1; ZnOz = -2

+1,0,-1 S +(-6)=0
| Symbol OXIDATION S -6 =0
H Elemental NUMBES 5 = O <+ 6“
State
S =+6
Hydrogen Hy H-Iz- L~ ! .
08 Hydroxide 4 + 6 Al 8 — 0
& | H.O
5od2ium Hzl g 1 +6 2
veri | HY NalSO0 /)

Hinh. Vi du vé cach xac dinh sb oxi héa
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Két luan:

Bang. Tém tat sb oxi héa

Xac dinh sé6 oxi hoa S6 oxi hoa
DPon chat 0
Phan tc Téng sb oxi hoa bang 0
lon don nguyén to bién tich cua ion
lon da nguyén tc Téng sbé oxi hoa cac nguyén tlr bang dién tich cla ion
lon fluoride -1

Oxygen trong hop chat (trir OF, va cac
peroxide, superoxide)

-2

Hydrogen trong hop chat (trir céc
hydride)

+1

Il. Phan &rng oxi héa — khtr

Vi du: Cho kim loai Zn phan tng véi dung dich CuSOa4

R

\ ”
l Zn + Cu?t —— zp?t + Cu
3 ‘ Reducing Oxidising Oxidised Reduced
. Agent Agent Product Product

~ N

Hinh. Kim loai Zn phan &ng véi dung dich CuSO,

Nhén electron (qua trinh khir)

[ !

Fe,O,+ 3CO — 2Fe+3CO,

l )

Nhwong electron (qua trinh oxi héa)

Hinh. Minh hoa phan &ng oxi héa — khi

Két luan:
Bang. Phan biét chat khtr va chat oxi hoa
Chét khip Chét oxi hoa
Nhwong electron Nhan electron
S6 oxi héa tang Sé oxi héa gidm
Bi oxi hoa Bi khtr
Quatrinh oxi héa (sw oxi héa) Qua trinh khtr (sw khty)
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Nhwong electron (qua trinh oxi héa)

[ - ( O

© a0 5
0-0-0-6
{

f

Nhan electron (qua trinh khtr)

Hinh. Minh hoa qua trinh khir va oxi hoa

Phan tng oxi hoa — khir 1 phan tng hod hoc, trong d6 c6 sw chuyén dich electron giita cac
chit phan ng hay c6 su thay d6i s6 oxi hoa cua mot sb nguyén tir trong phan tur.

Trong phan wng oxi hod — khir ludn xay ra dong thoi qua trinh oxi hoa va qua trinh khir.
Mot chat co thé vira 1a chat khur vira 1 chat oxi hoa.
* C4ch nhdn biét phan ing oxi hoa — khaz:
- Phai ¢6 sy thay d6i s6 oxi hoa cua 1 hay mot s6 nguyén té trude va sau phan ang.
- C6 mat don chat trong phan tng = phan tng oxi hda — khir.
lll. Lap phwong trinh héa hoc cua phan trng oxi héa — khiv
1. Nguyén tac can bang
Phuong phap nay dua vao sy bao toan e : Y e nhwong = Y e nhan.
Cac buéc thuc hién:

Bwéc 1: Xac dinh sb oxi hoa ctia cac nguyén tir ¢ sy thay doi s6 oxi hoa trong phan wng, tir 6 xac dinh
chat oxi hod, chat khtr.

Buéc 2: Viét qué trinh oxi hoa va qua trinh khir.

Buéc 3: Xac dinh (va nhan) hé sb thich hop vao céc qué trinh sao cho Ye nhwong = Ye nhan.

Buwéc 4: Dit cac hé s vao so dd phan tng. Can bang sé lugng nguyén tir cia cac nguyén té con lai dua
trén cac dinh luat bao toan (bao toan nguyén td) va theo trinh tu sau:

Kim loai (ion duong) — géc acid (ion am) — moéi truong (acid, base) — nudc (can bang hydrogen).

2. M6t sé vi du

Vi du 1: Can bang phuong trinh phan mg oxi hoa — khir don gian, khong c6 méi truong

Fe,0, +H, —*— Fe + H,0

Budre 1 : Xac dinh sb oxi hoa, chat oxi hoa, chat khir

+3 0 0 +1
Fe,0, + H, —“> Fe + H.0

>

+3
Chét oxi hoa: Fe (trong Fe;03) Chét khur: H

Budce 2: Viét cac qua trinh oxi hoa, khir

+3

0
Fe,O, + 2.3e — 2Fe (qua trinh khu)
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0 +1
H, — HO +2.1e (qua trinh oxi hoa)

e ChU Y : Khi chdt oxi héa (khik) ¢é chi s6 I6n hon 1 trong phdn tir thi phdi thém hé sé (bang chi sé

+3 0
trong phan ti) vao qua trinh khwr (oxi hoa) twong vng. O vi du trén : Fe, H co chi so la 2 trong phan

tir twong vng Fe03, Ha do vdy can thém hé sé 2 vao qud trinh khir, oxi héa.
Buére 3: Tim hé s6 cho hai qua trinh oxi hoa va khtr
Boi s6 chung nhé nhat (BSCNN) = 6 do d6 hé s6 mdi qua trinh nhu sau

+3

0
1| Fe,0, + 2.3¢e — 2Fe

+1

0
3|H, — H,0 +2.1e
Budre 4: Dit hé sb chit oxi hoa, chit khir vao phuong trinh

Fe,O3 + 3H, — 2Fe + 3H20

Vi du 2: Can bang phuong trinh phan Gmg oxi héa — khir trong d6 chat oxi hoa (khtr) con ¢6 vai trd lam
moi truong

a. Fe +H,S0,, —— Fe,(SO,), +SO, + H,0

b. KMnOs + HCI - KCI + MnCl; + Cl2 + H20

a. Bwéc 1: Xac dinh sb oxi hoa, chét oxi hoa, chat khir
+3

0 +6 +4
Fe +H,S0,, —"— Fe,SO,), +SO, + H,0

+6 0
Chat oxi hoa : S (trong H2S04) Chat khir: Fe
Budc 2: Viét qua trinh oxi hoa, qua trinh khir

+3

0
2Fe — Fe ,(SO,), + 2.3e (qua trinh oxi hoa)

+6 +4
S +2e — SO, (qua trinh khtr)

Budre 3: Tim hé s6 cho hai qua trinh oxi hoa va khir

+3

0
1| 2Fe — Fe,(SO,), + 2.3e
+6 +4
3|S + 2¢ - SO,
Buwéc 4: Dit hé s cac chat vao phuong trinh
Do H2S04 vira déng vai tro la chat oxi héa vira dong vai tro la méi trieong (tao mudi) nén hé sé ciia
né trong phwong trinh khéng phdi la hé sé cia qud trinh khir ma phdi céng thém phan tham gia lam moi

trieong (cong thém phan tham gia tao muéi). Vi vdy trong nhitng phan iing dang nay, ta thuong dat hé
$6 vdo phwong trinh theo thir i sau :

Chatkhtt — San pham oxi hda — San pham khtt — Acid (H2SOs, HNO3) — Nudc.
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2Fe + 6H,50,, —“— Fe,(SO,), + 350, + 6H,0

b. Bude 1: Xac dinh sd oxi hoa, chit oxi hoa, chit khir

+7 -1 +2 0

KMnO4 + HCl — K(l + MnCl2 + Cl2 + HZO

+7
Chét oxi hoa : Mn (trong KMnOyg)

-1
Chat khir: Cl (trong HCI)

Bwéc 2: Viét qua trinh oxi hoa, qua trinh khir

-1 0
2C1 —» C, + 2.1e (qué trinh oxi hoa )
+7 +2

Mn +5e — Mn (qua trinh khur)

Buwéc 3: Tim hé s6 cho hai qua trinh oxi hoa va khur

-1 0

5201 - Cl, + 2.1e

+7 +2

2|Mn +5e —> Mn

Budre 4 : Dit hé sb cac chit vao phuong trinh :

Do HCI vira déng vai tro la chdt khir vira déng vai tro la méi triong (tao muoi) nén hé sé ciia né
trong phwong trinh khéng phdi la hé sé ciia qud trinh oxi héa ma phdi céng thém phan tham gia lam
méi truong (cong thém phan tham gia tao muéi). Vi vy trong nhitng phdn img dang nay, ta thuwong ddt
hé s6 vao phwong trinh theo thir tr sau:

Chat oxi hda — San pham khir — San pham oxi hoa — Cac kim loai con lai (K) — Chat khir
(HCI, HBr) — Nudc.

2KMnO4 + 16HCI — 2KCI + 2MnCl2 + 5CI2 + 8H20

Vi du 3: Phan Gng khong xac dinh rd méi truong

Céch giai quyét: Co thé can bang nguyén t bang phuong phap dai s6 khi da xac dinh hé sé cua cac
chit thay doi s6 oxi hda hoic qua trung gian phuong trinh ion thu gon.

B +4 +7 +6 +2
Ap dung: K, SO, + KMnO, + KHSO, —> K, S0,+MnS0,+H,0

+4 +6

5| S—> S + 2e

+7 +2
2X{Mn +5e - Mn

+4 +7 +6 +2
5K,S0,+ 2KMnO, + ?KHSO, — 7K, SO,+2MnS0,+?H,0
Dit cac hé sé hop thuc cua KHSO4 , K2SO4 va H20 laa, b, c.
Bao toan nguyén t6 K: 12 +a = 2b

Bao toan nguyén té H: a = 2c
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Bao toan nguyént6 S: 5+a=b + 2

= Giai hé : a=6; b=9; c=3

+4 +7 +6 +2
Viy: 5K, SO, + 2K MnO, + 6KHSO, — 9K, S O,+2MnS0,+3H,0

Vi du 4: Phan tng c6 nguyén té ting hay giam nhiéu nic

Céch giai quyét:
+ Céch 1: Viét moi phwong trinh thay d6i s6 oxi hoa, dit 4n sb cho tirng nic ting, giam sé oxi hoa

+ Céch 2: Téch ra thanh hai hay nhiéu phan ng véi tirng nac sé oxi hoa tang, hay giam (c6 lgi trong
vigc gidgi toan). Nhan hé sé truéc khi gom cac phan tng lai.

. 0 +5 +3 45 +2 +1
Ap dung: Al + HNO, - AI(NO,),+ NO+N, O+H,0O

0 +3
(3x+8y)| Al — Al+3e
+5

+2
Cach 1: 3x XN +3xe > x N

+5 +1
3x |2y N+8ye — 2y N

+3 45 +2

0 +5 +1
(3x+8y) Al +6(2x+5y) HN O, — (3x+8y) AI(N O,),+3x N O+3yN, O+3(2x +5y)H,0

Céch 2: Tach thanh 2 phuong trinh:

0 +5 +3 +2
ax| Al+4HNO, —»AI(NO,),+ NO+2H,0

0 +5 +3 +1
bx|8AI+30H N O, —>8AI(NO,),+ 3N, O+15H,0

(a+8b) Al + (4a+30b) H N O, —> (a+8b) Al(N O,),+aN O +3bN, O + (2a+15b)H,0
Nhdn xét:
+ Néu la giai toan, cir dé nguyén cac phuong trinh dé tinh toan, khéng can gom lai.
+ Vi 2 phuong trinh trén ta c6 lién hé: a=3x; b=y.

+ Tuy theo dé bai cho ti 16 s6 mol cia NO va N,O thi ta méi xac dinh duoc hé sé cia NO va N20.

Vi du 5: Phan tng tu oxi hoa — ty khir: Trong d6 1 chat vira 1a chat oxi hoa vira la chat khir — ghi he
s6 so khoi bén chat tao thanh.

-1 +5

0 o +5 o -1 +7
Cl, + KOH—Y5KCI+KCIO,+H,0 KClO,—2>KCI+K CIO,

+5 +7
0 +5
1x|Cl, - 2Cl + 10e 3x|Cl— CI +2e

+5 -1
0 oy 1x| Cl+ 6e — CI
5X| Cl, + 2 — 2Cl -

0 0 -1 +5
3Cl, + 6KOH—5KCI+KCIO0,+3H,0 5 Ca
4KCl0, — 5 KCI+3K CIO.
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Vi du 6: Phan tng noi oxi hoa - khir: Trong cing 1 chat ma nguyén té nay dong vai tro 13 oxi hoa,
nguyeén t6 kia dong vai tro 1a chat khir — ghi hé sé so khoi bén chit tao thanh.

+5 -2 o

-1 0
KCIO,——KCI+0,
-2 0
3X[20—> O, + 4e
+5 -1
2x| Cl+ 6e -»ClI

2KCI0, —552KC1 + 30,

M@t sé chat 1a chat khir hay chat oxi héa con phu thude vao méi trwong tién hanh phan &ng:

Chat MB&éi truong tién hanh phan &ng San pham sau phan &ng
Vi du:
} Maoi truong axit (H2SO4) KZ n (MnClz, MnSOy)

+7 . . , +

KMnoO, Moi truong trung tinh (H20) |\}1| n (MnO2, KOH )
Moi truong bazo Kjl n (K2MnOs)

+7 . . . +

K,Cr, O, Moi truong axit (H2SO4) ér Cr2(SOa4)s

Mai truong acid: 10FeSO4 + 2KMnOs + 8H2S04 —> 5Fes(SOs)s + 2MnSO4 + K2SO4 + 8H20
KoCro07 +6FeSOs + 7TH2SOs—» Cra(SOa)s + 3Fea(SOa)s + K2SO4 + 7TH,0
- Mbi truong Hz0 : 3CoHs + 2KMnO4 + 4H,0—> 3 CHa(OH) — CH20H +2MnO; + 2KOH

- Mbi truong kiém: NazSOs + 2KMnO4 + 2KOHgze —> Na2SO4 + 2K2MnO4 + H0

3. Xac dinh san pham oxi héa — khtr
Dé xac dinh ding san pham cua phan tng oxi — hoa khir ta cin nam ving nhitng ndi dung sau :
- Vi H2SOq dic tity theo bén chit ciia chét khiv va nong dé ciia acid ma S*© c6 thé bi khir xuong
cdc trang thdi oxi héa khdc nhau: S* (SO,), S°(S), S? (H2S).
so, T
M + H2SOsdse.nong = M2(SOa)n + {84 | + H20
HST

(M la kim logi, n s0 oxi hoa cao cua kim logi)

X +4
S (x <4) S (S0,)
o +4
C(y<4)!+ HS0,, —"> C(CO,) |+ S0, + H0
z +5
P(z<5) P (H,PO,)
Vi du:
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(1) 2Fe + 6H2S04 dze,nong — Fe2(S04)3 + 3S0,T + 6H0
(2) 3Zn + 4H2S04 gz, none — 3ZnSO0s + SV + 4H0

(3) 4Mg + 5H2S04 gz, nong — 4MgSOs + HzST + 4H.0
(4) C + 2H2S04 gic.nong — CO2T + 2S0,T + 2H,0

(5) 2P + 5H2S04 dze,nong = 2H3POs + 5S0,T + 2H,0

- Véi HNO; tity theo bin chit ciia chit khiv va néng dé ciia axit ma N*° bj khir xuéng cdc trang
thai oxi hoa khac nhau: N** (NO2), N*2 (NO), N*! (N20), N°(Nz), N3 (NH4NO3).

M + HNOSdac,néng —> M(NO3)“ + NOZ + H0

NO T
N,07T
N, T

2

NH,NO,

M + HNO3|o€mg —> M(NO3)n + + HZO

(M 1a kim loai, n s0 oxi hoa cao cia kim loai)

X +6

S (x<4) S (S0,*)

y 0 +4

C(y<4); + HNO,,.—— <C (CO,) + NO, + H,0
z +5

P(z < 5) P (H,PO,)

X +6

S (x <6) S (S0,)

o +4
C(y<4)} + HNO,,. —*IC(CO,) !+ NO + H,0

3 loang

z +5
P(z<5) P (H,PO,)

Vi du:
(1) Fe + 6HNO;3dsc.nong — Fe(NO3)s + 3NO;T + 3H,0
(2) Fe + 4HNOsiang — Fe(NO3); + NOT + 2H.0
(3) 8Al + 30HNOziang —> S8AI(NOg)s + 3N0T + 15H,0
(4) 4Zn + 10HNOsiang — 4Zn(NOs)2 + NH4NO3 + 3H.0
(5) C + 4HNO3 dze,nong = CO2T + 4NOT + 2H,0
(6) P + 5HNO;3dic,nong — H3POs + 5NO;T + H,0

- Cdc chit khir khi bi oxi héa béi KMnOs thi so oxi héa bién doi nhw sau:

Hda hoc 10 — Hoc ki 1l 9]



X (X 1a C1, Br, I) X,

Fe** Fe’*

+4 +6

S (S0,, S0,>, HSO;") S (S0,)
3 _ KMnO, 5

N (NO,") N (NO,")
-2 0

S (H,S, Na,S) S

-1 -2

0 (H,0,) 0 (H,0)

- V6i KMnOy tity theo méi trwong xdy ra phéin trng ma Mn*" bj khir xuong cdc trang thdi oxi héa
khac nhau:

+ Mbi trudng acid (H*) : Mn*” — Mn*? (t6n tai & dang mudi Mn?*)

+ Moi truong trung tinh (H20) : Mn*” — Mn** (ton tai & dang MnOy)

+ Mbi trudng kiém (OHY) : Mn*” — Mn*® (ton tai & dang Ko;MnOa)
Vi du:

(1) 2KMnO, + 10KI + 8H250; — 2MnSO4 + 512+ 6KzS04 + 8H20

(2) 2KMnO4 + 6KI + 4H,0 —> 2MnO2 + 32+ 8KOH

(3) 2KMnO4 + H202 + 2KOH — 2KoMnO4 + O+ 2H,0

IV. Y nghia cta phan (rng oxi héa — khir
1. Tim hiéu vé sw chay cta nhién liéu

Gas (thanh phan chinh 12 hdn hop propane (CsHs) va butane (C4H1o) duoc hod long) dugc sir dung
lam nhién liéu trong ndu nuéng.

Gas chay trong khong khi, xay ra phan tng oxi hoa — khi, trong d6 cac hydrocarbon bi oxi hoa va
oxygen bi khr, tao thanh san pham carbon dioxide va nwéc.

Céc phan tng nay toa nhigt 16n va luong nhiét nay thudng dugc ding dé nau chin thire in.

Hinh. Gas chay trong khéng khi toa nhiét I&n
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2. M6 ta moét sé phan trng oxi hoa — khir quan trong gan lién vé&i cudc sdng
a) Quang hep 6 thuc vat

Qua trinh quang hop xay ra khi c6 diéu kién anh sang mit troi, khi d6 carbon dioxide va hoi nwéc
duoc digp luc hap thu, tao san pham glucose (CeH1206) dé tong hop carbohydrate va giai phong
oxygen.

Sunlight

Omgen m;
p \ Photosynthesis
c b 6002 + 6H20 % C6H1206 + 602
arbon carbon water glucose oxygen
dioxide I
dioxide
Light
500, + SHO, —i"i'ﬂ—> CH0  + ()
e — do ol £ L L
g < IR

Water

Hinh. Qua trinh quang hop cua cay xanh
b) Luyén kim
Ki thuat diéu ché kim loai doi hoi 4p dung phan ang oxi hoa khir nhu luyén chromium, gang thép,
nhém (aluminium), ...
San xuat gang xay ra qua nhiéu giai doan, trong dé phan tng chinh 1a khi CO khir iron (111) oxide
& nhiét do cao, tao thanh iron néng chay va khi carbon dioxide.

Phuong trinh hoa hoc: Fe;Os + 3CO — 2Fe + 3CO»

Hinh. Sa&n xuat gang
c) bién hoa
Cac qua trinh oxi hoa — khtr xay ra cé sw tham gia ciia dong dién hoac phat sinh dong dién nhu: ma
dién, ma nhling ndng; hoat dong pin — ac quy; dién phan;. ..

Pin dung théng dung hién nay Ia pin kiém (hay pin alkaline). Thanh phan gém zinc, manganese
dioxide va dung dich potassium hydroxide. Trong méi trudng kiém, kém (zinc) phan ang véi
manganese dioxide tao san phdm zinc oxide, manganese(III) oxide va sinh ra dong dién trong pin.
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Hinh. Ac quy va pin

Két luan:

« Mot s6 phan tng oxi hoa — khir quan trong gan lién véi cudc séng nhu sy chay caa than, cui; su
chéy cua xang, dau trong cac dong co ddt trong; cic qua trinh dién phan; cac phan (g xay ra trong pin,
ac quyi; ...

« M6t s6 phan g oxi hoa — khir 1a co' s& ciia qua trinh san xuat trong cac nganh cong nghiép nang;
san xuat cac hoa chét co ban; san xuat phan bon; thudc bao vé thuc vat; dugc pham; ...

CHUONG V: NANG LUONG HOA HOC
Bai 13: ENTHALPY TAO THANH VA BIEN THIEN ENTHALPY CUA PHAN
(PNG HOA HOC
NQI DUNG

I. Phan trng thu nhiét, phan rng téa nhiét

Bang. So sanh dac diém phan (rng thu nhiét va tda nhiét

Phan ng téa nhiét Phan &ng thu nhiét

Phan (rng toa nhiét la phan &ng hoa | Phan ng thu nhiét la phan rng hoa hoc trong
hoc trong d6 cé sy gidi phong nhiét | d6 cé sw hdp thu nhiét nang tr mdi trwong.
nang ra méi trwong.

L. Heat Heat
Khai
niém
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Hinh
anh

a) b)

Hinh. V6i sbng phan (rng v&i nwéc

Hon hgp KCI0, va Mn0,

Hinh. Nhiét ph&n potassium chlorate
Phwong trinh phan (rng
ZKCIOS(s) 302(g) + 2KCl(s)

MnO,, °

B L LG

- Sy dét chay cac loai nhién liéu nhw
xang, dau, con, khi gas,... xay ra
nhanh, tda nhiéu nhiét, d& gay hoa

Nhirng lic néng nwe, pha vién sui vitamin C vao
nwdc dé gidi khat, khi vién sui tan, thdy nwéc
trong c6¢c mat hon, d6 la do xay ra phan &ng thu

hoan, tham chi gay nd manh, rat khé | nhiét.
kiém soét. Vi vay, khi st dung chiing
can tuan tha nghiém ngat cac nguyén
tac phong chay.

- Vao nhirng ngay trdi lanh, nhiéu
ngudi hay ngdi bén bép Ira dé suwdi. )
Khi than, cui chay, khéng khi xung
quanh &m hon do phan (rng tod nhiét

Vidu

e

Hinh. Hoa tan vién vitamin C sai vao céc nwéc

Il. Bién thién enthalpy chuan cta phan rng
1. Tim hiéu vé bién thién enthalpy ctia phan (rng

Bién thién enthalpy cua phan ung (hay nhiét phan img) dugc ki higu ArH%gs, thuong tinh theo don
vi kJ hoac kcal.

Bién thién enthalpy cua phan ¢ng 1a lweng nhiét toa ra hay thu vao cua mét phan @ng hoé hoc trong
qua trinh ding ap (ap suat khong doi).

Piéu kién chuin: &p suét 1 bar (d6i voi chat khi), ndng d6 1 mol/L (d6i véi chét tan trong dung dich)
va thuong chon nhiét ¢o 25°C (hay 298 K).
2. Tim hiéu vé phwong trinh nhiét hoa hoc
DAu cua bién thién enthalpy cho biét phan &ng toa nhiét hay thu nhiét:

Ar H > 0: phan tng thu nhiét.

Ar H < 0: phan trng toa nhiét.
Gia trj tuyét di cua bién thién enthalpy cang 16n thi nhiét luong toa ra hay thu vao cua phan tng cang
nhiéu.
Vi du: Xét 2 phan ing

CHa(g) + H20(g) —*— CO(g) + Ha(l) AH%g5 = 250 kd/mol

2C;HsOH(I) + 302(g) — s 2C04(g) + 3H20(1) AHO%gg = -1366,89 kd/mol
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Két luan:

Phwong trinh nhiét hod hoc 1a phuong trinh phan tng hod hoc c6 kem theo nhiét phan tng va
trang thai cua cac chat dau (cd) va san pham (sp).
lll. Enthalpy tao thanh (nhiét tao thanh)

Enthalpy tao thanh (hay nhiét tao thanh) duoc ki hi¢u AfH, thuong tinh theo don vi kJ/mol hoac
kcal/mol.

Enthalpy tao thanh cua mot chit 1a nhiét kém theo phan tng tao thanh 1 mol chét dé tir cac don
chat bén nhét.

Enthalpy tao thanh trong diéu kién chuan duoc goi 1a enthalpy tao thanh chuén (hay nhiét tao
thanh chuan) va duoc ki hiéu 1a AfHC%gs.

2 Nhiét tao thanh chuan cua cc don chit ¢ dang bén virng nhit bing khong.
Vi du: AiH%gg (02)(g) = 0 kJ/mol.
Vi du 1: Nudc long duoc tao thanh tir khi hydrogen va khi oxygen theo phan ing:
Hz(g)+ 402(g) — H20(1)

O diéu kién chudn, ctr 1 mol H20O(1) tao thanh tir 1 mol Ha(g) va % mol Oz(g) giai phong nhiét lugng
la 285,8 kJ.

Nhu vay nhiét tao thanh ciia nudc 1ong: AH%¢s = (H20(l)) = -285,8 ki/mol.
Vi du 2: Phan tng % N2(g) + % O2(g) — NO(g) c6 bién thién enthalpy:

AHC%95 (NO(g))= +90,3 kd/mol.

Gia tri AH%gg > 0, tirc phan mg ndy 1 phan tng thu nhiét.

IV. Y nghia cta dau va gia tri AH%ss

Nang lugng (kJ)) A
5 H,50,(aq) + 2NaOH(aq)
AgHygg(cd) |-
AH =—111,68k)
Na,50,(ag) + 2H,0(/
AfH?gg(Sp) ________________ 3,50,(aq) L0(/)

Tién trinh phan ding
Hinh. So d6 biéu dién bién thién enthalpy cGa phan trng toa nhiét
Két luan:
- Phéan tng toa nhiét: Y’ ArH%gs (sp) < Y AtH%0s (cd) — ArH %95 < 0
- Phan tng thu nhiét: ' AsH%gs (sp) > Y AtH%gs (cd) — ArH%g5 > 0

- Thuong cac phan tng c6 ArfH%gs < 0 thi xay ra thuan loi.
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Bai 14: TINH BIEN THIEN ENTHALPY CUA PHAN IU'NG HOA HOC
NOI DUNG

l. Xac dinh bién thién enthalpy ctia phan rng dwa vao ning lwong lién két
O diéu kién chuin: AH%gs = Y'Ep (cd) — YEp (sp)
Cho phan tmg téng quat & diéu kién chuan:
aA(g) +bB(g) —» mM(g) + nN(g)
Tinh ArH%gs ciia phan @ng Khi biét cac gia tri ning lwong lién két (Eb) theo cong thirc:
A Hjg = axEp (A) + bxEp (B) — mxEp (M) — nxEp (N) (1)

Tinh bién thién enthalpy cta phan tmg dua vao ning luong lién két duoc ap dung cho phan tmg trong
d6 cac chat déu c6 lién két cong hoa tri & thé khi khi biét gia tri ning luong lién két cua tat ca cac chat
trong phan ng.

* Bang ning lwong lién két ciia mot s lién két cong hoa tri

Lién két Eb (kJ/ mol) Lién két Eb (kJ/ mol)
H-H 432 c-cl 339
H-ClI 427 C-0 358
H-F 565 C=0 745
H-N 391 N-O 201
H-C 413 N=0 607
H-0 467 N=0 631
0-0 204 N=N 418
0=0 498 N=N 945
c-C 347 F-F 159
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c=C 614 Cl-ClI 243
Cc=C 839 Br—-Br 193

Vi du 1: Tinh bién thién enthalpy chuan ctia phan tmg
H2(g) + Cl2(g) —2HCI(g)
Hudéng din giai

Buére 1: Tinh ning lugng can thiét dé pha v 1 mol H— H va 1 mol Cl - ClI

Téng niang luong thu vao dé pha v cac lién két: Ey (4 1y + Eb (1 ciy = 432 + 243 = 675 kJ
Buwéc 2: Tinh nang lugng toa ra khi hinh thanh 2 mol H — Cl

Téng ning luong tod ra dé hinh thanh lién két: 2 x Ep (1 _ciy = 2 x 427 = 854 kJ
Buwéc 3: Tinh bién thién enthalpy ctia phan tmg theo cong thie (1) AfH%gs = 675 — 854 = —179 kJ

Do ArH%gg < 0 nén phan ung toa nhiét.

Vi du 2: Xéc dinh bién thién enthalpy chuan cta phan Gmg
C2Ha(g) + Ha(g) — C2Hs(0)
biét Ep 1wy = 436 kd/mol, En ) = 418 kd/mol, Eb ¢_c) = 346 kd/mol, Ep (c=c) = 612 kd/mol.
Huéng din giai
Bién thién enthalpy chuan ctia phan mg 1a:
ArHCg8 = Ep (c=c) + 4Eb (¢—H) *+ Eb () - Eb c—c) - 6Eb )
=612 +4.418 + 436 — 346 — 6.418 = -134 kJ
Vi du 3: Tinh bién thién enthanpy ctia phan tmg tao thanh ammonia (str dung nang lugng lién két). Cho
biét phan ing thu nhiét hay tod nhiét va v&€ so d6 biéu dién bién thién enthalpy cua phan ng.
3H2(g) + N2(g) — 2NHs(9)
Huéng din giai
ArHC98 = 3xEp(H2) + Ep(N2) — 2xEp(NHs3)
= 3XEb (H-H) + Eb (n=N)— 2X3XEp (N- H)
= 3x432 + 945 — 2x3x391 = —105 kJ.

Do AH%gs < 0 nén phan tng to nhiét.
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Nang lugng (kJ) o
AHS ()| Nilg)+3H,(9)

AFHSQB =-105 kJ

A¢HSog(sp) 2NH(g)

-

Tién trinh phdn (ing

Hinh. So d6 biéu di&n bién thién enthalpy

Il. Xac dinh bién thién enthalpy cua phan trng dwa vao enthalpy tao thanh

Bién thién enthalpy ciia phan (mg duoc xac dinh bang hiéu s giita tong nhiét tao thanh cac chat

san pham (sp) va tong nhiét tao thanh cta cac chat dau (cd).
O diéu kién chuin: AtH%0s = Y AtH%gs (sp) — Y ArH%g5 (cd)
Trong tinh toan cin luu y dén hé s6 ciia cac chit trong phwong trinh hoa hoc.
Cho phuong trinh hoé hoc téng quét: aA + bB — mM + nN
C6 thé tinh duogc bién thién enthalpy chuan ctia mot phan ing hoa hoc (ArHC9s) khi biét cac gia
tri ArH%9s ciia tit ca cac chat diu va san pham theo cdng thirc sau:

ArHC%98 = mxAtH 98 (M) + nxAtHC98 (N) — axArH %08 (A) — bxArH 208 (B) (2)

Vi du 1: Xéc dinh bién thién enthalpy ctia phan tmg sau & diéu kién chuan:
1
$0,(9) +-0,(9) > S0, (1)

biét nhiét tao thanh ArH%sgg ctia SO2(g) 12 -296,8 kJ/ mol, cua SO3(1) 14 -441,0 ki/mol.

Hudéng dan giai
1
Ang98 = Anggs (SO;)() - [A, Hggs ((SO,(9)) + EAnggs (O, (9]
=-441,0—(-296,8 + O%) =-144,2(kJ)
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Vi du 2: Xéc dinh bién thién enthalpy cua phan tng sau ¢ diéu kién chuan:
4FeSy(s) + 1102(g) — 2Fe203(s) + 8S02(qg)

biét nhiét tao thanh ArH%gg cia cac chat FeSa(s), Fe203(s) va SO2(g) 1an luot 14 -177,9 ki/mol,
825,5 kJ/mol va -296,8 kJ/mol.

Hudéng dan giai
Téng nhiét tao thanh cac chét dau la:
D AH3gs (cd) = A Higs (FeS, (5))-4 + A Hgs (0,(9))- 11
=(-177,9).4+0.11=-711,6(kJ)
Téng nhiét tao thanh cac chét san phém la:
ZAnggg (8p) = A H3gs (F&,05(5)).2 + A H24 (SO, (9))-8
=(—825,5).2 + (-296,8).8 = —4025, 4(kJ)
Vay, bién thién enthalpy cta phan tng:
AH3e= D AH%s (sp) - D AH3s (cd) = - 4025,4 — (-711,6)= -3313,8(kJ)

Vi du 3: Cho enthalpy tao thanh chuan ctia cic chét tuong (mg trong phuong trinh.

Chit N204 (g) NO2(g)
ArH%95 (kJ/mol) 9,16 33,20

Tinh bién thién enthalpy cta phan tng sau:
2NO (g) — N204(9)
Theo cong thuc (2), ta co:
ArH%98 = AfH%g5 (N204) — 2xAfH 98 (NO2)
=9,16 - 2 x 33,20
=-57,24 kJ
Do ArH%gg < 0 nén phan ung toa nhiét.

Vi du 4: Cho nhiét tao thanh chuan ciia cac chat twong Ung trong phuong trinh.

Chét N20a4 (g) CO(g) N20 (g) CO2(0)

ArH g5 (kJ/mol) 9,16 -110,50 82,05 -393,50

Tinh bién thién enthalpy cta phan tng sau:
N20 (g) + 3CO(g) — N20(g) + 3CO2(g)

Theo cong thuce (2), ta co:
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ArH %95 = AfH %08 (N20) + 3xAtH%08 (CO2) — AfH %98 (N204) — 3xAtH%gs (CO)
= 82,05 + 3x(~393,50) — 9,16 — 3x(~110,50)
=-776,11 kJ

Do ArH%gs < 0 nén phan ng toa nhiét.

CHUONG VI: TOC bO PHAN 'NG

Bai 15: PHWONG TRINH TOC DO PHAN NG VA HANG SO TOC BQ PHAN
NG

NOI DUNG
I. T6c dé phan (rng
1. Khai niém

Khi phan tmg hoé hoc xay ra, lugng chat dau giam dan theo thoi gian, trong khi lwong chét san
pham tang dan theo thoi gian.

Khai niém tdc d phan vng hoa hoc dung dé danh gia mirc d6 xdy ra nhanh hay chim cia mot
phéan tng

Nong do

San pham

Chét phén ting

0 Thasi gian phan ting
Hinh. D6 thi biéu dién sy thay dbi ndéng dd chat phan (rng (mau tim) va s&n phdm (mau xanh) theo

thoi gian
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Két ludn:
« Téc d phan ng cua phan tmg hoa hoc 14 dai lwong dic trung cho sw bién thién nong d¢ ciia mot
trong cac chit phan tmg hodc san phim trong mot don vi thoi gian.
« Ki hiéu 1a v, c6 don vi: (don vi ndng d6)/ (don vi thoi gian).
« Pon vi: (don vi ndng do)/(don vi thoi gian)™ vi du: mol.L™ .5 hay M.s? ; s la giay.
« Téc d trung binh cia phan tmg 1a tdc d6 dugc tinh trong mot khoang thdi gian phan ung.
2. Tinh téc d6 trung binh cta phan (rng hoa hoc
Cho phan tng téng quét: aA + bB — ¢C + dD
Biéu thirc toc do trung binh cua phan tmg;

s Ly Bl 1 AG 1 Al
a At b A c At
Trong do:

v : téc d6 trung binh cua phan tng;

AC = Cz — C1: su bién thién né)ng do;

At =t — t1: bién thién thoi gian;

C1, C2 1a ndng d6 ctia mot chat tai 2 thoi diém twong tng ti, ta.
Vi du: Trong phan g hoa hoc: Mg(s) + 2HCl(aq) — MgClz(aq) + H2(Q)

Sau 40 giay, nong d6 ctia dung dich HCI giam tir 0,8 M vé con 0,6 M. Tinh tdc d6 trung binh ctia phan
ung theo nong @6 HCI trong 40 gidy.
Huwéng din giai

Thoi gian phan Gmg: At = 40 (s); bién thién ndng d¢ dung dich HC11a AC = 0,6 — 0,8 = —0,2 (M); h¢
s0 can bang cuia HCI trong phuong trinh héa hoc 1a 2.

Téc d6 trung binh ctia phan Gng trong 40 gidy la:

1AC,,  1(0,6-0,8)
2 At 2 40

Il. Biéu thirc toc dd phan trng

=2,5.10°Ms™"

Vip =

Dinh luat tac dung khéi lwong

Nam 1864, hai nha bac hoc Guldberg (Gau-bdc) va Waage (Qua-ge) khi nghién ctru sy phu thudc
cua tbe do vao néng do da dua ra dinh luat tac dung khéi luong: O nhiét do khong ddi, toc do phan ing
ti 18 véi tich s6 ndng d6 cac chat tham gia phan ing véi s6 mii thich hop.
Xét phan tng: aA + bB —— dD +eE

« Mbi quan hé giita nong d va toc do tirc thoi ctia phan ng hoa hoc dugc biéu dién bang biéu thirc:

v =k.CiC

Trong dé: v : tdc do tai thoi diém nhat dinh

k : hing s6 toc do phan tmg, chi phy thudc vao ban chat ctia phan Gmg va nhiét do.

Hda hoc 10 — Hoc ki 1l 20 |



CA,CB: néng dd cua cac chit A B tai thoi diém dang xét.

« Khi néng do cht phan tmg bang don vi (1 M) thi k = v, vy k 1a téc d6 cna phan tng va duoc goi la
toc do riéng, day 13 y nghia cta hang sb tbc d6 phan tng.

« Hang s6 k chi phu thudc vao ban chit cuia chat phan tmg va nhiét do.
Vi du: Xét phan ung: 2NO + O2— 2NO2 (1)
Tir thue nghiém, xac dinh duge mdi lién hé giita tbe do phan tng (1) va ndng do cac chat tham gia
phan tmg: v = k.CﬁIO.C02
Trong do: C,q va Co, 12 ndng d6 mol ctia NO va O tai thoi diém dang xét.
v: toc d tai thoi diém dang xét.
k: héng s6 tde do phan tng, chi phu thudc vao nhiét do
Xét tai thoi diém Cy, =1 Mva C, =1 M, khi d6 V =k. Nhu vay: hing s6 toc do k 1a toc do phan
g khi ndng do cia tat ca cac chit dau déu bang don vi.
Bai 16: YEU TO ANH HUONG PEN TOC PO PHAN NG HOA HOC
NOI DUNG
|. Anh hwéng cta néng do
Két luan:
« Khi tiing nong d¢ chit phan tng, toc dd phan @ng ting.

« Nong d6 ctia cac chit phan tng ting lam ting s6 va cham hiéu qua nén téc d6 phan tng ting.

¢ [*Y (W) er“, [ @
© M4 v ‘//:); z ¢
37\ 17 V\Y\
40z @ ¥ (%)
@ IV My ¢ ML
b A" o [\ < 0>
. ‘2“143 e Bl
(= | ANN(W (4}
S, @ ‘)E’Q o= ¥
pL e WX 9 350 -
rl,V‘.‘ ) P
@) (b)

Hinh. Hinh minh hoa chat phan (rng c6 néng dé Ién (a) va néng dd bé (b)
Giai thich:

- Anh huong ciia ndng do dén téc do phan tmg c6 thé giai thich nhu sau: trong qua trinh phan tng,
cac hat (phén tir, nguyén tir hodc ion) luén chuyén dong khong ngimg va va cham v6i nhau. Nhitng va
cham c6 niang lugng da 16n pha vo lién két cii va hinh thanh lién két méi dan t6i phan tng hod hoc,
duoc goi la va cham hiéu qua.

- Khi ndéng d6 chit phan tng ting 1én, sb va cham giita cac hat ting 1én, 1am s6 va cham hiéu qua
cling ting 1én va dan dén téc d6 phan tng ting.
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Hinh. Néng do thap (trai) va néng do cao (phai)

»9

s

Il. Anh hwéng cua nhiét do
Két lun:
« Khi ting nhiét d, toc dd phan vng ting.

« Mbi quan hé gitra nhiét do va tde do phan tng hoa hoc duogc biéu dién béng cong thuec:

Trong do:y = 2 — 4 ( néu tang 10°C ): h¢ s6 nhiét 36 Van’t Hoff.
V1, V2 1a tc d6 phan mg & 2 nhiét do t; va to.
+ Quy tic Van’t Hoff chi gin diing trong khoang nhiét d9 khéng cao.

+ Gia tri y cang 16n thi anh hudng cua nhiét d6 dén toc d6 phan ting cang manh.

® w |

- T4
s
8 &

(a) (b)

Hinh. Minh hoa chuyé&n ddng cta chéat phan tng khi chwa dun néng (a) va duwgc dun néng (b)

Giai thich:

- O nhiét d6 thudng, cac chat phan ting chuyén dong voi toc do nho; khi ting nhiét dd, cac chat s&
chuyén dong véi tdc do 16n hon, dan dén ting s6 va cham hi¢u qua nén toc do phan g ting,

- Thuc nghiém, khi nhiét d6 ting 1én 10°C, tc d6 cta phan 16n cac phan tng ting tir 2 dén 4 lan.

- S lan tang nay duoc goi 1a h¢ s6 nhiét 46 Van't Hoff (Van-hép), ki hi¢u la vy.
lIl. Anh hwéng cta ap suat
Két ludn:

« Dbi v6i phan tig co chat khi tham gia, toc dd phan wng ting khi ting ap suit.
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(a) Low pressure (b) High pressure

Hinh. Anh hwéng cta ap suat dén téc dd phan rng
Giai thich:
- Trong phan tng hoa hoc c6 su tham gia chat khi, ap suét c6 anh huéng dén tdc do phan tmg.

- Trong hdn hop khi, ndng d9 méi khi ti 1¢ thuin véi 4p suit ciia né. Khi nén hdn hop khi (giam
thé tich) thi ndng do mdi khi ting 1én. Viéc ting 4p suat hdn hop khi ciing twong ty nhu ting ndng do,

s& 1am tdc do phan ng tang.

- Viéc thay d6i 4p suat khong lam anh huong dén tdc d6 ciia phan ing khong c6 chit khi tham gia.

| : ‘ Phan ti cac chat khi
tham gia dugc nén lai
Lo&F & 6
= 9.9 9 i
Q , | 1
© 2 o ¥ > ~ — |
a2 \O @
o ¢ o-2Ae 08="5"'—p\\
=3 "'® O N\ 0=
Ap suat thudng Ap suat cao hon

Hinh. Minh hoa khi ting &p suét cla cac chat khi tham gia phan (rng
IV. Anh hwéng ctia bé mat tiép xic
Két luan:
« Khi ting dién tich bé mit tiép xuc ctia chit phan tng, toc dd phan tng ting.

Phuong trinh hoa hoc cta phan tng: CaCOs(s) + 2HCl(aq) — CaClz(aq) + H20(l) + CO2(g)
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Hinh. Minh hoa thi nghiém nghién ctru &nh hwéng clia bé mat tiép xdc dén téc d6 phan (rng

Dung dich HCl phan ting Dung dich HCl phan ting
v6i CaCO, khéi v6i CaCO, hat nho

4 ® .
5 9 Gidm kich thudc hat ‘g
9 Ting téng dién tich tiép xtic

- og “a

Q

Hinh. Minh hoa dung dich HCI phan trng vé&i CaCOs c6 kich thwéc khac nhau
Giai thich:
- Khi tang dién tich bé mat tiép xtc, s6 va cham gitra cac chét dau tang 1én, s6 va cham hiéu qua cling
tang theo, din dén téc d6 phan tmg ting.
- Néu kich thudc hat cang nho thi téng dién tich bé mat cang lon, nén co thé tang dién tich tiép xuc
béng cach dap nho hat. Ngoai ra, co thé tang dién tich bé mit ciia mot khdi chit béng cach tao nhiéu
dudng ranh, 16 xp trong 1ong khdi chét d6 (twong tu nhu miéng bot bién). Khi d6 dién tich bé mit bao

gém dién tich bé mat trong va di¢n tich bé mat ngoai.

e o &g[y
s

Hinh. Anh hwéng ctia bé mat tiép xuc

V. Anh hwéng ctia chat xuc tac
Chit xic tac, dugc ghi trén mii tén trong phuong trinh hoa hoc.
Két luan:
« Chat xtc tac 1am ting téc dd cta phan tng hoa hoc, nhung van duoc bio toan vé chét va lwong
khi két thiic phan Gng.

Phuong trinh hod hoc ctia phan tng:

2H,0,(aq) —==— 2H,0()) + O,(g)

2 mL dung dich
H,0,30%
2 mL dung dich
H,0,30% MnO
2

Ong nghiém (1) Ong nghiém (2)
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Potential Uncatalyzed Catalyzed

Energy reaction reaction
J_W

2H,0, + 2Br~ + 2H*

bybe & ¢ N

2H,0 + 2Br~ + 2H* + O,

‘_ +
o o2
0 Reaction Progress

Hinh. Thi nghiém nghién ctru &nh hwéng cla xuc tac dén tbc d6 phan &ng
Giai thich:

- Anh hudng cta xic tac dén téc d6 phan ing duogc giai thich dua vao ning lugng hoat hoa. Pay 1a
nang luong tbi thiéu can cung cip cho cac hat (nguyén ttr, phan tir hodc ion) dé va cham gitta chiing gay
ra phan ung hoa hoc.

- Khi ¢6 xtic tac, phan tmg s& xay ra qua nhiéu giai doan. Mdi giai doan déu c6 ning luong hoat hoa
thap hon so véi phan tng khong xuc tac. Do d6 sb hat c6 du ning luong hoat hoa s& nhiéu hon, dan dén
tdc d6 phan tng ting 1én.

- Sau phan Ung, khéi luong, ban chat hoa hoc cua chat xtc tac khong ddi, tuy nhién, kich thudc, hinh

dang hat, do x6p.... c6 thé thay doi.

Nang Iwong

Tién trinh phan irng
Hinh. Nang lwong hoat héa khi khdng cé xuc tac va cé xuc tac
VL. Y nghia thuc tién cua téc dd phan (rng trong doi séng va san xuat

Keét luan:
Kiém soat toc do cac phan ing dién ra trong doi song, san xuat khi van dung cac yéu to anh hudng

nhu: ndng dg, nhiét dJ, 4p suat, bé mat ti€p xtic va chat xuc tac giip mang lai cac gia tri hi¢u qua.
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Dung binh chira oxygen thay cho dung khong khi @& Thyc pham niu trong ndi ap suat s& nhanh

dbt chay acetylene, img dung trong dén xi acetylene chin hon so véi khi niu & 4p suét thuong

= ting ndng d6 oxi = tbc d6 phan tng ting. = ting ap sudt = tdc do phan ung ting.

Céc chat dbt ran nhu than cai néu ding cing mot Bdo quan thirc an trong tu lanh d€ thirc dn
khéi lugng ma co kich thudc nho s& chdy nhanh hon. 18u bi 6i thiu.

= tang dién tich tiép xic = téc do phan tmg taing. = gidm nhiét d0 = tdc do phan Ung giam.

Rac men vao tinh bdt da dugc nau chin (com, ngd, khoai, san, ...) dé u ruou

= dung chat xiic tic = tc d phan mg ting.

Bang. Tom tét yéu t6 anh hwdng dén tbc do phan trng

o Téc dd phan trng
Cac yeu to - - SE—
Chat khi Chat Iéng Chat ran
1. Tang ndng do6 1 1
2. Tang ap suét 1 X X
3. Tang nhiét do 1 1
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4. Tang dién tich tiép xdc

5. Thém chét xdc tac

Trong d6:“1”: téc d6 phan ng ting; “X”: khong anh hudng dén téc d6 phan tng.

CHUONG VII: NGUYEN TO NHOM VIIA - HALOGEN
Bai 17: TINH CHAT VAT Li VA HOA HOC CAC DON CHAT NHOM VIIA

NOI DUNG

l. Vj tri cia nhém halogen trong bang tuan hoan

L2179 189
via L7~ g
. 7 Fluorine | ,+”
L VA VIA viA 17 Bas
: d
Chlorine
3 .. 35 91 ~~ —
e T S — S Br
4 .. T Bromine
=0 — — — 53 12690 ‘\\
] | B
el — — — lodine
‘. | 5 o
= = T At
' e
S 17 0
T Ts
S~ [Tennessine
Hinh. Vi tri nhém halogen trong béng tuan hoan
F Cl Br I At Ts
Chu ki 2 3 4 5 6 7
Téen Fluorine Chlorine Bromine Iodine Astatine | Tennessine

Il. Trang thai tw nhién cua cac halogen
Halogen trong tu nhién khong ton tai & dang don chit, chii yéu ton tai dudi dang mudi cia
cac ion halide (F-, Cl-, Br—, I-).

lon fluoride dugc tim thiy trong cac khoang chat nhu fluorite (CaF2); fluorapatite (Cas(POa)sF) va
cryolite (NazAlFs).
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lon chloride c6 nhiéu trong nuéc bién, trong quing halite (NaCl, thudong goi 1a mudi mo), sylvite
(KCI).
lon bromide c6 trong quang bromargyrite (AgBr); ion iodide trong iodargyrite (Agl), ... cac ion nay

cling c6 trong nudc bién va cac mo muoi.

(@) Fluorite (b) Sylvite (c) Cryolite

Hinh. Mét s6 khoang chét chira ion halide
lIl. Cau hinh electron I&p ngoai cling ctia nguyén tir cac nguyén té halogen. Pac diém
cau tao phan tir halogen
Lép electron ngoai cling ctia nguyén tir cac nguyén to halogen déu ¢ 7 electron: phan 16p s c6 2
electron, phan I6p p ¢o 5 electron.
Do c6 7 electron & 16p ngoai cung, chua dat cAu hinh bén virng nhu khi hiém, nén & trang thai tu do,

hai nguyén tir halogen gép chung mét cip electron d¢ hinh thanh phan tir.
e o0 o0 [ X ]
] L] ® L ] [ ] L]
[ ] X + ® X ® - L] X [ ] X L]
e o0 L] L X
V6i X la ki hiéu cdc nguyén t6 halogen. Cong thirc cau tao ciia phdn tir halogen: X — X.
Dé nhén thém 1 electron dé dat duoc cu hinh electron bén cua khi hiém gén nhét. Do vay, s0 oxi
hoa dic trung cua cac halogen trong hop chat 14 -1.
Tuy nhién, khi lién két voi cac nguyén t6 co d6 am dién 16n, cac halogen co thé co cac sb oxi hoa

duong: +1, +3, +5, +7 (trtr fluorine c6 d¢ am dién 16n nhat, nén fluorine ludén c6 so oxi hoa bang -1

trong moi hop chat).

F~ Cl™ Br— I~

Hinh. C4u hinh ion halide

Két luan:
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Pon chit halogen ton tai & dang phan tir X2, lién két trong phan tir 13 lién két cong hoa tri khong
phén cue.

IV. Tinh chét vat li halogen

Céc halogen it tan trong nudc, tan nhiéu trong dung méi hiru co khong phan cue nhu hexane
(CsHa4), carbon tetrachloride (CCly), ...

Bromine gay béng sau khi tiép xuc voi da. Hit thé khong khi co chira halogen véi ndng d6 vuot
ngudng cho phép lam ton hai niém mac té bao duong ho hap, giy co thit phé quan, khé tho.
O nhiét do cao, iodine thiing hoa, chuyén tir thé rin sang thé hoi duéi 4p thuong.

Bang. Mot s dac diém cutia cac nguyén té nhém halogen

F(Z=9) Cl (z = 17) Br(z=35) | 1(Z=53)
Pon chat (X») = Cl, Br, I
Mau sac Luc nhat Vang luc Nau dé Tim den
C4u hinh e I&p ngoai cuing 2s%2p°® 3s23p° 4s%4p° 5s%5p°®
Ban kinh nguyén t&r (nm) 0,072 0,100 0,114 0,133
Nguyén t& khéi trung binh 18,99 35,45 79,90 126,90
b6 &m dién 3,98 3,16 2,96 2,66
Thé (20°C) Khi Khi Léng Ré&n
Nhiét do nong chay (°C) -220 -101 -7 114
Nhiét do séi (°C) -188 -35 59 184
Do tan trong nwéc & 25°C Phan vng manh
(mol/ lit) liét v&i nwée M M M

Két luan:
[ T fluorine dén iodine:

— Trang thai tap hop ctia don chit ¢ 20°C thay doi: fluorine va chlorine & thé khi, bromine & thé 1ong,
iodine & thé ran.

— Mau séc ¢dm dan tir fluorine dén iodine.

— Nhiét d6 nong chay va nhiét d6 soi tang dan.
[ Nhiét do néng chay va nhiét dd sdi ciia don chat halogen bi anh hudng boi twong tac van der Waals
giita cac phan tir. Ttr fluorine dén iodine, khéi lugng phén tir va ban kinh nguyén tir ting, lam ting tuong
tac van der Waals, dan dén nhiét do néng chay, nhiét do soi ting.
V. Tinh chéat héa hoc cta halogen

Halogen c6 cdu hinh electron 16p ngoai ciing 1a ns? np° , nén nguyén tir ¢6 xu hwéng nhan thém 1
electron hodc dung chung electron véi nguyén tir khac dé dat cdu hinh electron bén vimng cua khi hiém
tuong ing.

So d tong quat: X + le — X~
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Tinh chit hoa hoc dic trung cua halogen 13 tinh oxi hoa manh, tinh oxi ho& giam dén tir fluorine
dén iodine.

1. Tac dung véi kim loai
Fluorine tac dung duogc véi tat ca kim loai.
Vidu: 2Ag + F2 —> 2AgF
Chlorine tac dung voi hau hét cac kim loai (trir Au, Pt).
Vi du: 2Fe + 3Cl; — 2FeCls
Bromine phan tmg voi nhiéu kim loai, nhung kha ning phan tng yéu hon so véi fluorine va chlorine.
Vi du: 2Na + Br, — 2NaBr
lodine phan tng v&i kim loai yéu hon so véi bromine, chlorine va fluorine.
Vi du: trong phan tng v6i aluminium, bromine phan tmg manh & diéu kién thuong, iodine can nudc

. H,0
lam xtc tac dé phan ung xay ra: 2Al + 312 = 2All;

Chlorine phan tng véi ddy sdt néng do lodine phan wng voi bot nhom, xiic tac nuwdc

Hinh. Thi nghiém halogen phan t&ng véi kim loai
2. Tac dung véi hydrogen
Fluorine phan ng né manh ngay ca trong bong t6i, nhiét do rat thap (—252°C);

0 -1
H, +F,——2HF

Chlorine phéan tmg trong diéu kién can chiéu sang hodc dun nong;
0 Kt -1
H, +Cl, —* 52HCI

Bromine phéan ung khi dun nong 200 — 400 °C;
0 . -1
H, +Br,——2HBr
lodine phan tmg khé khan hon, can dun néng 350 — 500°C, chat xuc tac Pt va phan tmg xay ra thuan
nghich.

0 0 o -1
350°C - 500°C, Pt
H,+1, 2HI

Bang. Nang lwong lién két cia HX
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Nang lwong lién két (Eb) H-F H-Cl H-Br H-I
kJ/mol 565 427 363 295

3. Tac dung véi dung dich kiém
Halogen phan tmg voi dung dich kiém, san phidm tao thanh phu thudc vao nhiét d§ phan tng.
Vi du: chlorine phan tng véi dung dich NaOH & nhiét d6 thuong va nhiét d6 trén 70°C:
Cl, + 2NaOH —— NaCl + NaClO + H,0
3CL, + 6NaOH _>7°"C | 5NaCl + NaClO; + 3H,0

Dung dich hon hop NaCl va NaClO dugc goi 1a nuwée Javel, c6 tinh oxi hoa manh nén duoc dung
lam chat tiy mau va sat trung.

Phén g cta chlorine véi dung dich kiém duoc ding dé san xuét cac chat tay rira, sat tring, tay tring
trong nganh dét, da, bot gidy, ... nhu calcium hypochlorite (Ca(ClO)2); calcium oxychloride (CaOCly),

4. Tac dung vé&i dung dich mudi halide

Phuong trinh hod hoc ctia cac phan tng:
Cl2 + 2NaBr — 2NaCl + Br»
Br2 + 2Nal — 2NaBr + I

5. Tinh tdy mau cua khi chlorine am

Phuong trinh hod hoc ctia phan tng diéu ché khi Cly:
2KMnO;4 + 16HCI — 2KCl + 2MnCl, + 5Cl,T + 8H,0

Bang. Tém t&t tinh chat hda hoc clia halogen

Flo (F2) Clo (Cl2) Brom (Br2) Iot (I2)
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Tinh oxh manh nhat *Tinh oxi héa
TCHH Tinh oxi hoéa va tinh khtt | Tinh oxi hoéa va tinh kht
(chi ¢ tinh oxi héa). L<Br2<Cl2<F2
Cac halogen phan ting véi kim loai thé hién cadc mc d6 khac nhau, tao mudi halide.
F2 oxi hoa tat ca cac | ¢ nhiét d6 thudng or O nhiét d6 cao O nhiét d6 cao hodc
T4 kim loai A £ 0 0 +1 -1 | XUc tac.
ac e L khoéng cao lam 2Na+Br, oNa Br o L
dun 2Ag+F, —2AgF o o o r
& o ’ 2Na+Cl,—>2NaCl . . 2Na+l, —2Nal
fe e ) i 2 Sodium bromide
voi kim | Sijyer fluoride P
: Sodium chloride SR 8o Sodium iodide
loai 2&u+3<|1: ZXUE 2Fe+3Br,—— 2FeBr, o o 3 -1
2 8 0 0 +3 -1 31, +2 Al—12 5 2A] |,
. 2Fe+3Cl,——2FeCl Iron (IIT) bromide
Gold fluoride ’ ? Aluminium iodide
Iron (IIT) chloride
* P& n6 manh véi Hz | Can 4nh sang (4nh sang | O t° cao (200-400°C) O t cao (350-500°C)
Tac . KN 10 < . ; ; 0 0 . 1 1 . : A
trong béng t6i va t | mdt troi or anh sang H, +Br, — > 2HBr xt: Pt, p¢ thuan
dung | 14t thap. chdy Mg) hodc dun néng nghich.
. Hydrogen bromide
Vo1 0 0 +1-1 askt 0 0 <10 +1-1
hod H,+E—22C5o0F | Cl + H: ——— 2HC H,+l,c——2HI
ydroge _
Hydrogen fluoride Hydrogen chloride Hydrogen iodide
NLLK
(Ex) HEF: 565 K]J/mol HCI: 427 KJ/mol HBr: 363 KJ/mol HI: 295 KJ/mol
b
Oxi héa dugc nude, | Chlorine tan vira phai Phan tng rat chdm vd6i | Hau nhuw I khong tac
p& manh liét & nhiét , \ . nuwac. dung véi nudc.
— nudc clo mau vang
Tac | do thuong. nhat, 1 phan Chlorine | Brz: vita khit via oxi héa
d
ung tac dung cham véi nuwdc | HCI: hydrochloric acid
voi )
, Clz: vira khik viea oxi hoa | HCIO: hypochlorous acid
nudc
HCI: hydrochloric acid
HCIO: hypochlorous acid
* HCIO: Hypochlorous acid ¢6 tinh oxi hod manh nén chlorine trong nudc c6 kha nang diét khuan,
tay mau va duoc ¢ing dung trong khtr tring nuwde sinh hoat.
= Khi chlorine dm c6 tinh tdy mau do Cl2 phan ting véi nudce tao HCIO va HCL.
- Halogen phan ting véi dung dich kiém, san pham tao thanh phu thudc vao nhiét d¢ phan ting.
X, +2NaOH — NaX + NaxXO+H,0
3X, + 6NaOH —"—»5NaX + KXO, +3H,0
Tac (X, :Cl,Br,,1,)
dung | DPay la nhitng phan &ng ty oxi héa — khi
véi - Vi du, chlorine phan tng v6i dung dich NaOH 6 nhiét d6 thuong va nhiét do trén 70°C:
dung | Cl,+2NaOH— NaCl+NaClO+H,0
dich Nuéc Javel
kiem | - NudcJavel (chita NaClO (sodium hypochlorite), NaCl va mot phan NaOH du) dwoc dung lam chat
tay riva, khir trung.
- Khi dun néng, Cl2 phan ting v6i dung dich kiém tao thanh mudi chlorate:
3Cl, +6NaOH —""C_5NaCI + NaClO, +3H,0
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3Cl, + 6KOH—="C 55K Cl + KCIO, +3H,0

Potassium chlorate (KClOs) 1a chat oxi hoa manh, duoc st dung ché tao thudc nd, hdn hop dau que

diém,...

Tac
dung

voi
Ne
muoi

halide

- Chlorine ¢4 thé oxi hod ion Br- trong dung dich mudi bromide va ion I- trong dung dich mudi iodide,
bromine c6 thé oxi hod ion I- trong dung dich mudi iodide.

Cl, +2NaBr — 2NaCl + Br,

Cl, +2Nal — 2NaCl +1,

Br, +2Nal — 2NaBr +1,

- Trong cdng nghiép, phan ting gitra chlorine va ion bromide dwgc ting dung dé diéu ché bromine tir

nudc bién.
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VI. 'ng dung cua halogen

Ung dung cia fluorine trong san xudt kem déanh rdng

365).Tim viéc

Cong thirc lau d&i nhat
dugc biét dén cho kem
danh rang c6 thé dén tir

Ai Cap co dai.

Fluorine:

- San xuét cac chat déo ma sat thap, nhu
teflon phu trén bé mat chao chéng dinh

- Mot s6 hop chat khac cua fluorine nhu
cryolite ding trong san xuit nhom;

- Sodium fluoride st dung nhu mot loai
thudc trir sau, chdng gian;

- Mot sb mudi fluoride khac duge thém

vao thuoc danh rang, tao men rang, ...

Ung dung chlorine trong san xudt dung méi hiru co

Chloroform

Chlorine:

- La chit oxi hoa manh, duoc su dung lam
chat tay trang va khtr tring nudc.

- San xudt cac dung méi nhu carbon
tetrachloride (CCls), chloroform (CHClIs),
1,2-dichloroethylene (C2H2Cly), ...

Ung dung ciia bromine trong san xuat phim cuon

g

Bromine:

- Pugc sir dung dé diéu ché thudc an than,
thudc trir sau, thuéc nhudém, muc in;

- Silver bromide (AgBr) 14 chat nhay véi
anh sang, dung dé trang phim anh, phy gia

chong an mon cho xang, ...

lodine dung lam muoi an

BAC LIEU

Ly

Mnmsaﬂm 6
ST, GTNCRHO S 06y e
L ooy

lodine:

- La nguyén t6 vi luong can thiét cho dinh
dudng cia con ngudi, thiéu iodine co thé
gay nén tac hai cho strc khoé nhu gy bénh
budu cb, thiéu ning tri tué, hdn hop
ethanol va iodine 13 chit sat tring phd
bién.

- Cac hop chat iodide dugc sir dung lam

chat xtc tac, dugc pham va thuée nhudm.
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Bai 18: HYDROGEN HALIDE VA MOT SO PHAN I’NG CUA ION HALIDE

NOI DUNG

I. Tinh chat vat li caa hydrogen halide

Hydrogen halide 1a hop chit ciia hydrogen v6i halogen, cong thirc tong quat 13 HX, véi X 1a halogen.

Hau t6 “ide” trong hydrogen halide dugc thay thé tir hau td “ine” cua tén halogen.

Bang. Bang mo ta dic diém, tinh chét vat Ii clia hydrogen halide (HX)

Hydrogen halide HF HCl HBr HI
R p Hydrogen ' Hydrogen | Hydrogen | Hydrogen
Tén hop chat fluoride chloride bromide iodide
Thé, 20°C Khi Khi Khi Khi
Mau sdc Khong mau | Khongmau | Khongmau | Khdng mau
Nhiét d6 si (°C) 20 -85 -67 =35
Da tan trong nuidic 60 °C (%) vo han 42 68 70
D dai lién ket H-X & 0,92 1,27 141 1,61
Ban kinh ion halide (nm) 0,133 0,181 0,196 0,220

O diéu kién thuong, hydrogen halide ton tai & thé khi, tan tét trong nuGc, tao thanh dung dich

hydrohalic acid tuong ung.

Hinh. Lién két hydrogen gitra cac phan tlr HF

..

Hinh. Twong tac van der Waals gilra cac phan t&r HX

Két luin:
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« Nhiét dd sdi cua cac hydrogen halide ting dan tir HCI dén HI. Nguyén nhan 1a do khdi luong
phan tir ting, lam ting ning luong can thiét cho qua trinh sbi; dong thoi, su ting kich thudc va sb

electron trong phan tir, din dén tuong tac van der Waals giita cac phan tir ting.

« Céc phan tir hydrogen fluoride hinh thanh lién két hydrogen lién phan tir, loai lién két nay bén
hon tuong tac van der Waals, nén nhiét do soi ciia hydrogen fluoride cao bat thudng so véi cac hydrogen
halide con lai.

Il. Tim hiéu tinh acid cta cac hydrohalic acid

Céc hydrogen halide tan trong nwéc, tao thanh hydrohalic acid tuong ng.

Tinh acid cia cac hydrohalic acid ting din tir hydrofluoric acid dén hydroiodic acid.

Hydrofluoric acid (HF) la acid yéu, nhung co tinh chat dic biét Ia An mon thuy tinh, phuong trinh
ho hoc ctia phan ung: SiO; + 4HF — SiF4T + 2H,0

Céc dung dich HCI, HBr, HI 14 nhitng acid manh, c6 ddy du tinh chat hod hoc chung cua acid:

+ Lam quy tim chuyén sang mau do;

+ Tac dung v6i kim loai dimg trude hydrogen trong day hoat dong hoa hoc;

+ Tac dung voi basic oxide, base va mot s6 mudi.
Minh hoa phan ung:

Fe + 2HCI — FeClz + Hy

CuO + 2HCI1 — CuCl2 + H20

Fe(OH)s + 3HC1 — FeCls + 3H20

CaCOs3 + 2HCI1 — CaCl; + CO2 + H20
Ngoai ra hydrohalic acid con ¢6 tinh khir, vi du: 2KMnO4 + 16HCl— 2KC1 + 2MnCl; + 5Cl> + 8H20
lll. Tinh khir cua cac ion halide

Trong ion halide, cac halogen c6 s oxi hoa thdp nhét 1a -1, do d6 ion halide chi thé hién tinh khur
trong phan g oxi hoa - khu.

Tinh khir ctia cic ion halide ting theo chiéu F-< ClF<Br-<I-.

Khi dun néng cac muoi khan halide véi chit oxi ho4 manh, nhu dung dich H2SO4 dic, ion chloride
khong khir dugc H2SO4 dac nén chi xdy ra phan wrng trao doi.

KCl + H,80, 4, —= 225 KHSO, + HCIT

2KCl + H,80, 4y, — 25 K,S0, + 2HCIT

Ion bromide khir H2SO4 ddc thanh SOz va Br™ bi oxi hoa thanh Bra, san phém c6 mau vang dam.

-1 +6 0 +4

2KBr + 2H,50, ;o) — Br, + SO,T +K,S0, +2H,0

Ton iodide c6 thé khir H,SO4 dic thanh HzS, S, SO tuy vao diéu kién phan g va I” bi oxi hoa thanh

I> ¢4 mau den tim.
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-1 +6 0 +4
2KI +2H,50, 4 — L4 + $0,T +K,80, +2H,0

-1 +

6 0 0
6KI +4H,50, 4., — 3L + SL+3K,80, +4H,0

-1 +6 0 -2
8KI +5H,50, g0 — 41,1 + H,S T + 4K,SO, +4H,0

(c)
Hinh. Cac mudi KCI (a), KBr (b), Kl (c) phan &ng véi dung dich H.SO, déc

IV. Nhan biét ion halide trong dung dich

Hau hét cac muoi halide déu dé tan trong nudce, trir mot s6 mudi khong tan nhu silver chloride, silver

bromide, silver iodide va mdt s0 muoi it tan nhu lead chroride, lead bromide.

Phén biét cac ion F~, CI™, Brva I~ bang cach cho dung dich silver nitrate (AgNO3) vao dung dich

muoi cua chung.

AgN03

0 Tring Vang nhat Vang dam
g

Cl- Br- I-

Bang. Nhan biét ion halide trong dung dich

F~ (NaF)

Cl- (NaCl)

Br~ (NaBr)

I~ (Nal)

Dd AgNO;

Khdéng hién twong

Két tha trang
AgCl

Két tha vang nhat
AgBr

Két tia vang dam
Agl

Phuong trinh hod hoc cua cac phan ung:
NaCl + AgNO3; — AgCH + NaNOs3
NaBr + AgNOs; — AgBr{ + NaNOs3
Nal + AgNOs — Agll + NaNOs

Dung dich NaF khong phan tmg v6i dung dich AgNOs.
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Hinh. Mau cuda két taa silver iodide, silver bromide, silver chloride

V. Ung dung cua cac hydrogen halide
Hydrogen fluoride:

Dung dé tay cin trong cac thiét bi trao doi nhiét; cht xtic tic trong nha méy loc dau, cong nghé lam
giau uranium, san xuét dugc phém,
Hydrogen chloride:

Dung dé loai bo gi thép; san xuat chét téy ria nha vé sinh, cac hop chit vo co va hitu co phuc vu doi
séng, san xuat, ...
Hydrogen bromide:

Lam chét xtic tac cho cac phan tng hitu co, tong hop chét chdng chay chira nguyén t6 bromine nhu
tetrabromobisphenol A, diéu ché nhya epoxy, san xuét céac vi mach dién tu, ...
Hydrogen iodide:

Dung lam chat khir phd bién trong cac phan mg hoé hoc; san xuit iodine va alkyl iodide, ...
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