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Chemical Kinetics

» Béng hoc (Kinetics) la tim hiéu xem phan (ng xay ra nhanh cham nhw
thé nao (study of how fast chemical reactions occur).
« CO0 4 yéu td (factors) anh hwéng lén tdc dd phan trng (rates of reactlons)
— NOng dd tac chat (reactant concentration),
— Nhiét do (temperature),
— Tac dung cua xuc tac (action of catalysts)
— Dién tich bé mat (surface area).

«  Muc tiéu: dé hiéu vé phan rng héa hoc & mirc dd phan ti (to understand
chemical reactions at the molecular level).
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Téc dé cia mét phan teng héa hoc
(The Rate of a Chemical Reaction)

Toc dd phan irng (Reaction Rates)

« Tbc dé cia mdt phan img duoc do bang bién thién néng dé theo thdi gian.

« Xem phan &rng: 2 Fe3*+ Sn°* — 2 Fe?*+ Sn**

Gia st sau khi phan trng bat dau dwoc 38,5 s, [Fe2*] [a 0,0010 M, nghia la sau
At = 38,5 s nén ta co A [Fe?*]=0,0010 M — 0 = 0,0010 M. Nghia la:

Toc dé tao thanh cda Fe3t = A[Fe2*]/ At = 0,0010 M/ 38,55 = 2,6 X105 M s'1
Toc dé tao thanh cda Sn**= A[Sn**]/ At = 0,00050 M / 38,55 =1,3x105 M st
Toc dé bién méat cua Fe3+ = A [Fe3*]/ At = -0,0010 M/ 38,5s =-2,6 X105 M st
Toc dé bién méat cia Sn2*= A[Sn2*]/ At = -0,00050 M / 38,55 =-1,3 x105 M s1

Theo IUPAC, toc d6 chung cuia phan trng (general rate of reaction) clia phan
ung tong quat aA+bB — gG + hH la:

Téc d6 phan trng = - A[A] | aAt =-A[B]/bAt =A[G] / gAt = A[H] / hAt
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Do toc dé phan trng (Measuring Reaction Rates)

Dung dich 3 % oxy gia la thubc sét tring (antiseptic) thwéng dung. Tac dung sat
trung la do oxy sinh ra khi H,O, phén huy.

H,0,(aq) —H,0,() + % O,(0)

TABLE 14.2 Decomposition of H,O,—Derived Rate Data

| I i v v L H2021, M
Reaction Rate 0 232
— A[H203]/ At, 200 2m
Time, s At s [Hz04], M A[H05], M Ms—1 A00 1.72
0 — 600 1.49
400 -0.60 15.0 x 1074 1200 0.98
400 1.72 1800 0.62
400 —0.42 10.5 % 1074 3000 0.25
SO0 1.30
400 -0.32 8.0 x 107 ni6g =
1200 (.98
400 —0.25 6.3 x 107
1600 0.73 2.00 —
400 —0.19 48 % 107
2000 0.54 %
400 -0.15 3.8 x 107 LR
2400 0.39 o,
400 —0.11 28 x 107 B 100 -
2800 .28
DO dobc cua tiép tuyén cua dwong cong 0.50 -

néng do theo thoi gian 1a téc do tire thoi cua

phan trng (instantaneous rate of reaction) R e p—
Tai t=1400s: v =-(-1,70 M / 2800 s) = 6,1 x 10*M st twes
Tait=0:v=-(-2,32M/1432s)=1,71 x 10°M st

Téc dod tai time zero t=0 goi 1a toc dd daucb@rdhan (g (initial rate of reaction) 4



Bal tap

1. Xét phan *ng 2 A + B — C + D & tai thoi diém [A] = 0,3629 M. Sau 8,25 phut

[A] =0,3187 M. Tinh t6c d0 trung binh cGa phan &ng (theo don vi M/s) trong khoang
thoi gian trén.

2. Trong phan &rng 2A — 3B, [A] giam tlir 0,5684 M dén 0,5522 M trong 2,50 phut.
Tinh toc d6 trung binh cda sy hinh thanh B (theo don vi M/s) trong khoang thoi gian
trén.

3. Xét phan ng: H,0,(aq) - H,0(l) + %2 O,(g). Xac dinh:

(a) T6c d6 tire thoi cha phan &ng & 2400 s.

(b) Néng d6 [H,0,] & 2450 s
(Gid sl toc d6 tire thoi cha phan &ng | ! o W :Eacﬁm —
(I;)’A,Zl.lgo)s gitr khong doi trong vong 50 s e sts ruoum wogm o AHO/t
e tiep). 0 2.32
4. Xét phan trng phan hay H,0,. o ot . B AT
St dung bang dit liéu sau xac dinh o 400 . —0.42 105 x 107
[HZOZ] dt=100s. . 400 . -0.32 8.0 x 1074
400 —-0.25 6.3 x 107
o 400 - =019 48 x 1074
o 400 o —0.15 38 x 107t
- 400 o —=0.11 28 % 107
-
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Anh hwéng cta nong dé 1én toc d6 phén ing. Biéu
thire toc do (The Rate Law)

« M6t trong nhirng muc tiéu ctia ddng hda hoc 1a thiét 1ap dwoc mét phwong
trinh dung dé dw doan mdi lién hé gitra tdc dd phan rng va nodng do cua
tac chat. Phwong trinh xac dinh tir thwe nghiém nay goi la biéu thirc téc
dé (rate law) hay phwong trinh toc dé (rate equation)

« Phan tng tbng quat aA + bB — gG + hH - ¢6 biéu thie toc dd nhw sau:
téc dé phan trng = k [A]™[B]"
V&i: [A], [B] 1a ndng d& mol (molarity) ctia A, B

m, n xac dinh t&r thwe nghiém, 1a bac phan tng (reaction order) lan lwot
theo Ava B

k Ia hang sb toc dé (rate constant)

Khi biét biéu thirc tdc do ciia mot phan rng, ching ta cé thé:
« Tinh toan dwoc toc dd ciia mét phan tng tai mdt nong dé tac chat da biét.

« Tim dwoc mét phwong trinh biéu dién ndng do tac chat nhw [a mot ham
cua thoi gian.
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Anh hwéng cua nong dé |én toc d6 phan rng

Phwong phap toc dd dau (Method of Initial Rate)
Xem phan wng: 2HgCl,(aq) + C,0,%(aq) —2 Cl(aq) + 2 CO,(g) + 2Hg,Cl,(s)
Biéu thirc toc dé clia phan ng trén c6 dang:
Tdc dd phan tng = k [HgCL,]M[C,0,2]"
Theo do6i phan wng bang cach do Iwo’ng Hg2C|2(S) tao thanh theo th&i gian trong

3 thi nghiém v&i ndng do cac tac chat ban dau khac nhau. Két qua ghi nhan
tl’Ong béng 143 dU’é" déy TABLE 14.3 Kinetic Data for the Reaction:

Nhan xét:

2HgCly + €042~ —— 2CI™ + 2COz + HgClz

Experiment  [HgClyl, M [C,042 M Initial Rate, M min™"
e TN1& 2: ailr nauvén [HaCl-,l. tan I [HgChl1 = 0105  [C204%); =0.15 Ry = 1.8 x 107
i g g ,y [ g 2]’, ‘g 2 [HgClz]> = 0105  [C,0.7], =030 R, =71x10"
[C,0,%] gap dbi thi toc dd tang bon lan. 3 (HgCl)s =002 [CO7]s =030 Ry =35X107

« TN2 & 3: gilr nguyén [C,0,2], gidm [HgCl,] con mét nira, thi tdc dd gidm con
mot nra.

Vay biéu thire tdc dd cta phan tng trén Ia:
Toc d6 phan wng = k [HgCl,][C,0,27?
Phan (rng trén c6 bac theo tac chat HgCl, 1a bac nhat (first order), theo

tac chat C,0,2 l|a bac hai (second order), bac chung cta phan rng |a bac
ba (third order)

Dortviteita k trong phan teng trén??? 7



Bai tap:
1. Xét phan wrng phan hdy N,O; theo phwong trinh sau:

2N,O: —> 4NO, + O,
Khi néng d6 dau cua [NZOS]O 3,15 M téc d6 dau cta phan trng = 5,45.105 M
s va khi [N,O:], = 0,78 M toc d6 dau ciia phan ing = 1,35.10° Ms . Hay xac
dinh bac cua phan &rng phan huay nay.

2. Dy doan toc dd dau cda phan trng (xem table 14.3):
2 HgCl, (ag)+ C,0,% (aq)— 2CI (ag)+ 2CO,, + Hg,Cl,(s)
Biét nong do dau ca [HgCl,], = 0,025 M va [C,0,2], = 0,045.

3. M6t phan trng ¢6 phwong trinh dong hoc v = k [A]?[B]
Khi ndng d6 [A] = 1,12 M va [B] = 0,87 M, toc do clia phan trng = 4,78.102 Ms™L.
Hay xac dinh hang sb tdc dé k cia phan tng.

4. Phan tng 2HgCI, + C,0,%> — 2CI + 2CO,, + Hg,Cl,

cO phwong trinh déng hoc la: v = k [HgClL,], [C,0,%]?

Hay xac dinh toc do cha phan wng khi [HgCl,] = 0,050 M va [C,0,%], = 0,025
M.
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Phan trng bac zero (Zero-Order Reactions)

Mot phan trng bac chung 1a zero |a phan rng biéu thirc toc do
matongcac somim+n+-=0
Xem phan wng: A — Products
Biéu thirc tdc dd clia phan ng trén co6 dang:
Toc d phan ing = -d[A]/ dt = k [A]°= k = constant

Xet pt du’(‘)’ng théng y=mX +Db The initial concentration ot
A — the reactant Ais | Ay, that
Ta thay b = [A]O [Aly is, [A] =[A]gatt = 0. [A]
— decreases in concentration
Thay y [A]t * until the reaction stops. This
X=t occurs at the time, t;, where
- [A] = 0. The dope of the
m = -k — line is
Ta duorc: (0 1A _ L&
B (=0
[A]t = -kt + [A]O Time —= 't The rate constant is the
Day |la biéu thiee tich phan A FIGURE 14-3 magative of the Elnpcf:ﬂ]ﬁ
> £ ~ A zero-order reaction: k = —g] =
cua toc do A — products M

(intergrated rate law)

'A]

f A =_kfdr, (Al = [Alg = -k, [Al, = -k +[A]
LAlo .
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Phan trng bac nhat (First-Order Reactions)

Mot phan trng bac chung 14 bac nhat 14 phan tng c6 biéu
thire toc do véi tong cac sOmiim +n + =1
Xem phan &ng: H,O,(aq) — H,O(l) + %2 O,
Biéu thirc toc dd clia phan ng trén c6 dang:
Téc d6 phan wng = -d[H,0,]/ dt = k [H,0,]
Téng quét:
Cho phan trng A — Products
Biéu thirc tc dd clia phan (rng trén c6 dang:
Téc do phan tng = -d[A] / dt = k [A]

A, dl Al i . [A] [A], -
L]n Al = —kj; df, yielding ln[h]; = =kt lnm = —ki

Biéu thire tich phan cua téc dé
In [A], = -kt + In[A],
Ban sinh phan tng (half life) t,,,: 1a thdi gian dé mot nlra tac chat phan ng hét
t,,=(In2)/k=0,693/k
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Phan trng bac nhat (First-Order Reactions)

Cho phan trng a A — Products
Biéu thirc tc dd chia phan (rng trén c6 dang:
Toc do phan wng = -d[A]/ adt = k [A]
A[A] _ 0.693

—— ak{A] Nén IfA]; = —akt + In[A]y and Hp = =

Biéu thirc tich phan cda toc do

In [A], = -akt + In[A],
Ban sinh phan wng (half life) t,,: ty,=(In 2)/ak = 0,693/ ak
Phén (rng pha khi (Reaction Involving Gases): Thay nong dé bang ap
suatriéng phan
Biéu thdre tich phan cua téc d6

In (P,); = -akt + In (P,),
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The Change of Concentration with Time
Half-Life

150

75< ——tz — -

Pressure, CH;NC (torr)

I
0 10,000 20,000 30,000

Time (seconds)
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Phan teng bac nhat (First-Order Reactions)

TABLE 14.4 Some Typical First-Order Processes

Process Half-Life, t12 Rate Constant k, s~!
Radioactive decay of U 451 x 10%yr 487 x 107
Radioactive decay of 1AC 573 X 107yt 3.83 x 10712
Radiocactive decay of {3P 143d 561 x 107
Radioactive decay of '3}1 B8.04d 9,98 x 1077
15=(
Ci2H2:0q1(aq) + HaO(D) CeH1204(aq) + CgH;204(aq) B.4h 23 % 107
SUCTOSE glucose fructose
415°C i

(CH3):0(g) CHy(g) + CO(g) 56.3 min 2.05 x 107
ethylene oxide
N ]I'Lm* 1 " '-‘

205(g) —moc— N204(g) + 704(g) 18.6 min 6.21 % 10
CHsCOOH{aq) — H*(agq) + CH3COO aq) 8.9 x 107s 7.8 % 10°
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The Change of Concentration with Time

First-Order Reactions
In[A] =kt +In[A],

— 160 5.2

S 140 Q 5.0

zm'lﬂﬂ ) 4.6

T 80 @ 4.4

© S 4.2

g 60 2 4.0

73 40 S 38

E 20 c 3.6

o Q I l | T 3.4 | I

0 10,000 20,000 30,000 0 10,000 20,000 30,000

Time (s) Time (s)
(a) (b)
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Bal tap

1. Phan rng A - 2B + C la phan &rng bac 1 . Néu néng dd dau cta [A] = 2,80 M va k = 3,02.103
s1. Xac dinh [A] sau 325 s.

2. S dung d6 thj va bang di liéu ddng hoc sau. Chirng té phan &ng phan hiy H,O, sau la phan
tng bac nhat H,0, (aq) — H,O () + % O, (k).

t s [H2O2], M In[H205]
0 2.32 0.842 =

200 2.01 0.698 £

400 1.72 0.542

600 1.49 0.399
1200 0.98 —0.020
1800 0.62 —0.48
3000 0.25 —1.39 600 1200 Tllriixl 2400 3000

3. Xét phan rng bac 1: A — P v&ik =2,95.103s1. Sau 150 s, phan trdm con lai cia A la bao
nhiéu?
4. Mét bao lau dé lwong mau [H,0,] bi phan huy 2/3 so v&i thei diém bét ddu phan (rng. Biét phan
ng phéan huay H,O, tuan theo déng hoc bac 1.
H,O, (aq) —» H,O (l) + 1/20, (k)

5. Di-t-butyl peroxide (DTBP) dwoc dung nhw mot chat xuc tac trong san xuat polymer. O trang thai
khi, DTBP phéan huy thanh acetone va ethane theo phan phan &ng bac 1.

CgH;30,(k) - 2CH;COCH; (k) + CH3;CH,(K)
Néu bat dau DTBP v&i ap suat 800,0 mmHg & 147 OC thi &p suat ciia DTBP & t = 125 phut 1a bao
nhiéu? Néu biét t;,, = 8,0.10- phut .
6. S dung ban di liéu déng hoc (Table 14.4) sau, hdy xac dinh
(@) Ap suat riéng phan clia ethylene oxide
(b) Ap suat khi tong cong sau 30,0 git trong bjnh % an tng & 415 °C, biét 4p suét riéng phlé“%n ban
dau cla ethylene oxide la 782 mmHg.



Phan teng bac hai (Second-Order Reactions)

Cho phan trng A — Products
Biéu thirc tc dd chia phan (rng trén c6 dang:
Toc do phan wng = -d[A]/ dt = k [A]2

Al A 1 1 1 1
ﬁ]ﬂ}.ﬁi__fmf nen _ﬁ-}-[ﬂﬁ:-ﬁ or '[:""'L_]= 'I'm‘
Biéu thirc tich phan cda toc do
1/[A]; = kt + 1/[A],
Ban sinh phan wng (half life) t,,: t,o = 1/ K[A],
Phén (rng gié bac nhat (Pseudo-First-Order Reaction): Khi nong dé mét
tac chat rat Ién so véitac chatcon lai.

VD: CH;COOCH,CH; + H0 — CH3CO0OH + CH,CH,OH
Ethyl acetate Acetic ackd Ethanol

Toc d6 phan iwng =k [EA][H,O]
Do dung dich loang tic [H,O] = const  nén rate = k'[EA]
Phan teng thay giai (hydrolysis) cua dd ethyl acetate 0,01 M la phan dmg

gia bac nhat.
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The Change of Concentration with Time
Second-Order Reactions

-4.6
_48 250
—m—0.0 =
2 g
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Bal tap

1. Xeét phan Ung han huay B —> products véi dir liéu dong hoc theo

[B] (M)

X&c dinh bac va hang s6 toc do phan tmg k?

2. X4c dinh bac va hang sb k ctia phan tmg A — products, voi dit

BTN [0 (422 660 [1061 |1448 1800

[Al(M) 0250 0210 0,188 0,150 0,114 0,083
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M6 hinh Iy thuyét cho déng héa hoc

(Theoretical Models for Chemical Kinetics

Thuyét va cham (Collision Theory)

» S0 lugng phan tircang nhiéu thi xac suat va cham clia ching cang cao va
do vay téc doé phan teng cang I&n.

- Nhiét dd cang cao thi cac phan t& cang c6 nhiéu nang lwong va do vay toc
do phan rng cang cao.

»  Khdng phai moi va cham deu dan dén san pham. Chi mot phan nhé sb va
cham dan dén tao thanh san pham

« Pé phan trng xay ra, cac phan t& phai va cham dung huéng va véi nang
lvong du cao dé tao thanh san pham.

e o9

T‘ ' (a) Favorable collision

: o . O
: |
: Aver. : -
1L ) —
Kinetic energy

(b) Unfavorable collisions

Temperature 7, > T,

Fraction of molecules
having a certain KE

Phan bd cla déng nang phan to Chapter 14 19



M6 hinh Iy thuyét cho déng héa hoc
(Theoretical Models for Chemical Kinetics

Thuyét trang théai chuyén tiép (Transition State Theory)
A FE7

N=N—0 + N=0 &= N=N---0---N —3 N=N + O—N
Reactants Activated complex Products

-

]

S E (reverse) = 348 kJ
\g Reaclal‘ls ----- il

2

o

o

== N,0(g) + NO(g) ’
AH= -=139KkJ

Products
Ny(g) + NO,(g)

Reaction progress

Chapter 14
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Anh hwdng cua nhiét dé |1én téc dé phan ng

(

he Effect of Temperature on Reaction Rate)

« Hau hét cac phan &rng déu tang toc do khi nhiét d6 tang (VD:
Thire &n hdng khi khdng dwoc cat trong td lanh)

« Khi hai que phat sang (light sticks) dwoc dat trong nwéc, mot
tai nhiét dé phong va mét trong nwéc da, que tai nhiét do
phong sang hon (brighter) que trong nwdc da

Giai thich: Phan (rng dan dén phat quang phu thudc vao nhiét

dd. Nhiét dd6 cang cao, phan trng cang nhanh va phat quang

cang sang.

Nhac lai thuyét va cham (Collision Theory) lién quan dén nhiét

do: “Nhiét dé cang cao thi cac phan td cang cé nhiéu ndng

Itrong va do vay téc dé phan rng cang cao’.

Vay: nhiét dd cang cao, toc dd phan &ng cang Ion.
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Anh hwéng cda nhiét dé |én téc dé phan rng
(The Effect of Temperature on Reaction Rate)

Xem phan (rng bac nhat

CH,NC — CH,CN
Khi nhiét do tang tw 190 °C
dén 250 °C toc dd phan rng
tang tr 2.52 x 10>s1 |én
3.16 x 103s1

Anh hwéng cla nhiét do 1én
téc do phan trng la rat dang
ké. Tai sao???

Trong biéu thire tdc do khéng
chira nhiét do. Vay nhiét dé
phai nam trong hang sé toc
do k

Chapter 14
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Anh hwéng cua nhiét dé |1én téc dé phan trng
(The Effect of Temperature on Reaction Rate)

Nang Iwrong hoat hda (Activation Energy)
« Theo Arrhenius: cac phan t&r phai s& hiru mdt nang lwong tdi thiéu mai
phan ng dwoc. Tai sao?
— Pé tao thanh san pham, cac néitrong tac chat phai bi dit ra.
— Quartrinh dit noi can phai c6 nang lwong.
* Nang {wg’ng hoat hoa (Activation Energy) E, |a ndng lwong téi thiéu
can dé khoi dau cho mét phan teng hda hoc.




H3C— N=C: ——

T
w
)

S H3C—CEN:

Energy —»

C

— HC

(Activated
complex)

HB\('.‘;—'Q'.'J%\\\~
M
H.C—C=N

Reaction pathway
Chapter 14
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Anh hwéng cua nhiét dé |én téc dé phan irng

Phwong trinh Arrhenius (The Arrhenius Equation)

» Nam 1889, Arrhenius phat hién ra rang hang s6 toc do k cua
nhiéu phan &rng thay doi theo nhiét 6 phu hop véi phwong.
trinh sau:

—E,

k = Ae RT

— k1a hang so toc do (rate constant), E, la nang luwong
hoat hda (activation energy), R hang sb khi ly twédng (gas
constant = 8.314 J/K mol) va T la nhiét dé K.

— A la thira s0 tan so (frequency factor).

— A cho biét xac suat va cham hiéu qué (measure of the
probability of a favorable collision).

— Ca Ava E_ la dac thi cho mot phan (rng cu thé.
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Temperature and Rate

» Néu c6 di dir liéu, ta c6 thé xac dinh E, va A tlr d6 thi cla pt
Arrhenius bién doi : Ky

E —6.0 - 0 :
RT 8.0 - ‘ :
=
O
= 100 -
-12.0 - ().S()xlo 3
=l Slope = 0)0 v l\(.).. = 12 X10°K

| | ! | | |
3.00 310 320 330 340 350 3.60 <1073

1T, K™}

» Néu khong du dir liéu, ta co6 thé st dung:

nﬁ_Ea 1 1
Ko R Ty Tl
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Co’ ché phan trng (Reaction Mechanisms)
Co’ ché phan trng (reaction mechanism) l1a mé ta chiNtiét trng
giai doan (step-by-step) cua mbt phan rng héa hoc. Maoi giai doan
dwoc goi la giai doan co ban
Giai doan co’ ban (Elementary Steps)
. Giai doan co’ ban (Elementary step): bat clr qua trinh nao
xay ra trong mét giai doan (single step)
« Phan tde s6 (Molecularity): so phan tl tham gia vao mét giai
doan co ban.
— Unimolecular: mét phan ti trong giai doan co ban,
— Bimolecular: hai phan t&r trong giai doan co ban, va
— Termolecular: ba phan to trong giai doan co ban.

It g&p cac qua trinh termolecular processes (statistically

improbable).

 Chattrung gian (Intermediate): la chat xuat hién trong mét
giai doan co ban nhwng khﬁcqa%egpéi la tac chat hay san pham



Co’ ché phan trng (Reaction Mechanisms)

Biéu thirc toc do cua giai doan co’ ban (Rate Laws of
Elementary Steps)

. Biéu thire tc d0 ctia mot giai doan co ban dwoc xac dinh b&i phan tir s6
cua no: -

— Quatrinh dorn phan tir (unimolecular processes) la bac nhat,
— Qua trinh nhi phan tw (bimolecular processes) la bac hai,
— Quatrinh tam phan tw (termolecular processes) la bac ba.

» S0 mii ctia nong d6 trong biéu thirc tbc dd clia mot giai doan co ban
giong nhw hé so ti lwong twvong rng cua phwong trinh phan rng cua giai
doan nay.

« Céc giai doan co ban 1a thuan nghich (reversible) va c6 thé dat can bang.

» Chat trung gian khong xuat hién trong phuong trinh phén (ing tong
(overall chemical equation) va biéu thire téc dé tong quat (overall rate law).

* M0t giai doan co ban c6 thé xay ra rat cham so v&i cac giai doan khac va
quyét dinh toéc do cua phan ng. Qua trinh nhw vay goi la giai doan toc
dinh (rate determining step).
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Co’ ché giai doan cham truée réi dén giai doan sau nhanh (A
Mechanisms with a Slow Step Followed by a Fast Step)

Xem phan &ng: 2ICI(g) + H,(g) — 1,(g) + 2 HCI(g) co biéu thirc toc d6
toc dé phan wrng = k[H,][ICI] (*) xac dinh tr thwe nghiém.
Co ché phan &ng: ‘

(1 , Sl ]:—I2 + {1 —— HI + H{C] T —— —KIKV—Acli\'alion energy forstep |
(2) Fast:  HI + IC1 —= 1, + HCI e T e =
. .. | my@ +21cK8) fReaclion intermediate :
COroerall. Hs + 2IC1 — I + 2HC(CI g
Glal dOan (1) Chém |é. glal dOan téC dlnh § e —Activation energy for step 2
~ < HCl(g) + Hl(g) + ICI(g)
nen. |
X ~ > , AH* = =218 kI mol 1!
téc do phan wng=rate (1) = k,[H,][ICI] (**) ;
~ p L(g) + 2 HCl(g) |
Vay, ta co: e ;
téC d@ phén l’J’ng — kl[Hz][ICI] — k[Hz][IC” . Reaction progress
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Co’ ché giai doan thuan nghich nhanh trwéce réi dén giai doan
sau cham (A Mechanisms with a Fast reversible First Step
Followed by a Slow Step)

Xem phan ng: 2NO(g) + O,(g) — 2NO,(g) c6 biéu thirc toc do:
toc dé phan trng = k[NO]2[0,] (*) xac dinh tte thwe nghiém.
Tuy nhién phan &ng nay khong thé l1a phan irng mét giai doan co ban (GThich!)

Co ché phan rng: Fast 2N g) :—JI N3O+l g)

) k- _
Slow: NaOyg) + Oxg) — ZNOy(g)
Owerall:  2NO{g) + Oslg) — 2NOL(g)

Giai doan cham la giai doan toc dinh nén: tbc dd phan rng = k,[N,O,][O,] (**)

Tai can bang: ky[NOJ? = k 4[N,0,] néntaco:y, - ;f _ [N2Oa] hay [N,0,]=K,[NOJ?
-1 [NOJ?

Thay vao biéu thirc (**) ta dwoc biéu thire (*)
toc dé phan rng = k,K, [NO]2[0,] = k[NO]?[O,]
Vé&i k = kK, = k,k,/k 4
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Xuc tac (Catalysis)

« M0t chat xUc tac (catalyst) sé& lam thay déi toc dd ciia mot
phan rng hda hoc.

« C0 2 loai chat xuc tac:
— XUc tac dong thé (homogeneous catalysts)
— XUc tac dj thé (heterogeneous catalysts)

VD: Clo nguyén ttr la xuc tac cho qua trinh phan huy cua
ozone.

Sw xuc tac dong thé (Homogeneous Catalysis)

« Chét xuc tac, tdc chat va san pham dong pha.

« Hydrogen peroxide phan huy cham:
2H,0,(aq) — 2H,0(1) + O4(9).
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Xuc tac (Catalysis)

Xuc tac dong thé (Homogeneous Catalysis)

« Chat xuic tac, tac chat va san pham dong pha.

VD: Hydrogen peroxide phan huy cham:
2H,0,(aq) — 2H,0(1) + O4(9).

Khi c6 mat ion bromur (bromide ion), qua trinh phan huy xay ra
nhanh chong:

2Br(aq) + H,0O,(aq) + 2H*(aq) — Br,(aq) + 2H,0(l).
Br,(ag) mau nau.

Bry(aq) + H,0,(aq) — 2Br(aq) + 2H"(aq) + O(9).
Br- khdng mau. Br- 1a chat xuc tac
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Xuc tac (Catalysis)

Xuc tac dong thé Homogeneous Catalysis

Catalyzed
reaction

2H,0, +
oBF + 2HT

/
HEEI'2 + EHED + BrE

Energy —>

Uncatalyzed reaction

2H,0,+0, +

\ 2Br 4+ 2HT

Reaction pathway
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Xuc tac (Catalysis)

Xuc tac dong thé (Homogeneous Catalysis)

. XUc tac c6 thé tac ddng bang cach tang s6 va cham hiéu
qua (increasing the number of effective collisions).

* Nhuw vay, tir phwong trinh Arrhenius: xuc tac lam tang k
bang cach ting A hay giam E.,.

« Chéat xuc tac c6 thé lam gia tang sb chat trung gian clia phan
rng.

VD: Khi co6 Br-, Br,(aq) dwoc tao thanh nhw 1a chat trung gian

trong qua trinh phan huay cua H,0.,.

. Khi mét chat xdc tac lam gia tang sb chat trung gian, ndng
Iwong hoat hba cuda cac giai doan déu giam so véi khi
khong cd xuc tac
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Xuc tac (Catalysis)

Xuc tac di thé (Heterogeneous Catalysis)

« Chét xuc tac khac pha véi tac chat va san pham.

« Tiéu biéu: xuc tac ran, tac chat va san phdm khi (converter xuc
tac trong xe hoi).

» Hau hét xdc tac trong cong nghiép (industrial catalysts) la xdc
tac di thé.

» Giai doan dau tién la hap thu (adsorption), cac phéan tl téc chat
lien két (binding) v&i bé mat xdc tac (catalyst surface).

Céc chat hap phu (nguyén ti hay ion) la rat hoat déng (Adsorbed
species (atoms or ions) are very reactive). Cac phén tir dwoc hap
phu trén cac tam hoat déng (active sites) trén bé mat xuc tac.

« CA4c chat hap phu phan rng v&i nhau tao ra san pham.
« San pham tao thanh dworc gidi hap & trang thai khi.
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Xuc tac (Catalysis)
Xuc tac di thé (Heterogeneous Catalysis)

Rh Rh
(a)
800008
Rh . & % = % W Rh
(b)

090 9 000
Soveod
Rh o - >~ = < Rh
(c)

A FIGURE 1418
Heterogeneous catalysis in the reaction

2CO + 2NO -252C0O,+ N,

cllaper 14
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Xuc tac (Catalysis)

Xuc tac di thé (Heterogeneous Catalysis)

Potential energy

Reactants

Adsorbed Surface
reactants reaction

Products
Adsorbed products

Reaction progress

A FIGURE 14419
Reaction profile for a surface-catalyzed reaction 37



Xuc tac (Catalysis)
Xuc tac men (Enzymes) E
«  XUc tdc men (Enzymes) la cac chat xuc tac sinh hoc (biological catalysts).

« Hau hét enzymes la phan t& protein (protein molecules) v&i phan ti khoi Ién
(10,000 to 10% amu).

« Cac enzymes c0 hinh dang dac thu (specific shapes).

« Hau hét enzymes xuc tac cho cac phan &ng riéng biét.

« TA&c chat (substrates) S phan &rng tai cac tam hoat ddng (active site) cla
enzyme tao thanh phirc ES (enzyme-substrate complex).

« M&t phan tng phan hily nhanh xay ra tao ra san pham P va tra lai enzyme
E.

Substrate

E+5{‘—*ES
-1

i
FS = E+P

ol
k'} ite

Enzyme-substrate complex Enzyme

(a) (b) (c)

Enzyn
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Xuc tac (Catalysis)

Xuc tac men (Enzymes) E

- Chi nhirng substrates vira khit v&i enzyme lock m&i €6 thé
tham gia phan &ng.

» Néu mét phan tir gan qué chat voi mét enzyme den mirc
substrate khac khong thé thay thé vao do thi tam hoat dong sé
bi khoa chat (blocked) va chat xuc tac bi rc ché (enzyme
Inhibitors).

. S0 events (turnover number) catalyzed 1a I&n cho cac enzymes
(103 - 107 mai giay).
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Catalysis

Nitrogen Fixation and Nitrogenase

 Nitrogen gas cannot be used in the soil for plants or
animails.

 Nitrogen compounds, NO,, NO,-, and NO5 are used in
the soil.

« The conversion between N, and NH, is a process with
a high activation energy (the N=N triple bond needs to
be broken).

* An enzyme, nitrogenase, in bacteria which live in root
nodules of legumes, clover and alfalfa, catalyses the
reduction of nitrogen to ammonia.
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Catalysis

anima

| waste

&EE? 3
T -_ - =

o R
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Catalysis

Nitrogen Fixation and Nitrogenase

 The fixed nitrogen (NO4, NO,", and NOy") Is consumed
by plants and then eaten by animals. |

« Animal waste and dead plants are attacked by
bacteria that break down the fixed nitrogen and
produce N, gas for the atmosphere.
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Chemical Kinetics

End of Chapter 14
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