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*Nhiét dong hoa hoc
v'Khao sat trang thai dau va trang thai cudi cua hé.
v'Diéu kién dé pu dién ra: AG = AH - T.AS <0

v'Mc do dién ra ctia qué trinh : K ; AGY% = -RTInK;

*Dong hoa hoc
»>Nghién ctru giai doan trung gian : co ché phan tng

»Phan ng dién ra nhanh hay cham: toc do phan tng

»Cac yéu to anh hudng t6i toc do phan tng



|. MOT SO KHAI NIEM
1. Phan logi phadn wrng

Phan trng don gian — pw dién ra c6 1 giai doan
H, (k) + L(k) = 2HI(k)

Phan trng phtrc tap —pu dién ra qua nhiéu giai doan
MOoi giai doan — goi la mét tac dung co ban
> giai doan ( tac dung co ban ): co ché cua pur.
Vidy 2N,O: = 4NO,, + O,
C¢ hai giai doan: N,O: = N,O; + O,
N,LO. + N,O, = 4NO,



2. Pinh nghia vin téc phdn irng

Vin toc phan ung dwoc Xac dinh bc‘l"ng bién thién néng do
cua mot trong cac chat tham gia hodac san pham trong mot
don vi thoi gian.

, ‘ _ A
Vin toe TRUNG BINH: v —+2%
At
o ‘ AC
Van toc TUC THOIL: v=+Ilim —= id_C
At—0 At dt

Tht nguyén cua van toc phan tng: mol.I-1.s?



Phan @ng dong thé ¢ nhiét do khong doi:
a A + hB = cC + dD

AC, a AC, AC,
AC; b a b

TOC PO TRUNG BINH
1 AC, 1 AC; 1 AC. 1AG,

VES LAt T b At T At T A



Phén g dong thé ¢ nhiét do khong doi (co thé tich khong déi)
a A + bB = cC + dD

dC, a dC, dC,

dC, b a b

TOC PO TUC THOI



[C4HyCl] (M)

0.100

0.090 Toc do tac thoi tai t=0
(tbc d6 ban dau )
0.080
0.070 C,H,Cl(aqg) + H,O(l) —»
C,H,OH(aq) + HCl(aq)
0.060
0.050 !
Toc do tire thot tai t= 600s
0.040 —
&
0.030 =
Y
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I1. PINH LUAT TAC DUNG KHOI LUQONG

Phéat biéu: Vin toc phan ung ty le thuan voi noA‘ng do cac
chat tham gia voi cac so mu khac nhau.

O nhiét do khong doi, pw dong thé, don gidn:
aA + bB = cC + dD

PHUONG TRINH PONG HOQC: v =k.C",.C",
Ca. Cg — nong do cac chat, mol.|-!

m — bac phan ung doi vai chat A;

n - bac phan Gmg d6i voi chat A;
m+n — BAC CHUNG CUA PHAN UNG (BAC CUA
PHAN UNG)
V- vdn toc ciia phén ng; mol.I'1.s?




BAC PHAN UNG

Phan tir sO - 14 sO tiéu phan ( ng tir, phan tir, ion ) ctia chat
pu tuong tac gay nén bién do1 hoa hoc trong 1 tac dung co
ban.(PTS =1,2,3)

Tam phan tur

Don phén ti Sl \\.//
® oo 09
\ﬁéi V(’yi%{r don gian %N %N

PTS=1 — pu donphanta [, (k) = 2I(k)
PTS=2 — pu ludng phan t¢ H,(k) + 1,(k) = 2HI (k)
PTS=3 — pu tam phan tir 2NO (k) + O,(k) = 2NO,(k) £OS



Mot phan ttng bao gom nhi€u giai doan no1 ti€p nhau,

toc do p/w dwoc quyét dinh béi toc dé ciia giai doan chim
nhit

e Cham — quyét dinh toc do

-9 .
6 o o

EOS
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PINH LUAT PONG HQC

aA + bB = ¢C + dD

Toc @0 tic thoi :  V =KC,"C,"

Phan irng don gian  n=a ;m-=5>,

Phan trng phurc tap ., N#a hoac n=a

\m;éb hoacm=D

m-+n — bac phan rng

k — hang s6 toc dd pu , phu thudc vao : beh pu, T, xtic tac
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Vi du - xét phan wrng phtrc tap
2NO(qg) + Br,(g) —» 2NOBTr(9g)
e Toc dd phan rng dugc xac dinh bé’mg thuc nghiém :
v = K[NOJ?[Br,]
e Co ché phan Ung

Kg
K1

Step 1: NO(g) + Bry(Q) NOBry(g) (fast)

Step 2: NOBr,(g) + NO(Q) L» 2NOBr(g) (slow)
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*Vi giai doan 2 cham nén toc d6 phan tmg v = v,
v =V,= k,[NOBr,][NO]

NOBY, 14 chat trung gian khong bén nén nong do NOBr s&
biéu dién qua nong do NO va Br, cua can bing ¢ gdoan 1

VDo = (V1) ep ki [NOJ[Bra] =k_41[NOBr;]

[NOBr2]=kkll[N01[Brz]

Rate = k, kkll[NO][BrZ][NO] ~k, kkll[NO]Z[Brz]

v = K[NOJ2 [Br,]

13



111- THUYET VA CHAM HOAT PONG

14



Phan tng dong thé, don gian, ludng phan tir cua hé khi
1y tuong .

|

» Thuyét va cham hoat dong
» Thuyét phtic chat hoat dong
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Va cham c¢¢6 hi¢u qua

oo «of o W

Before collision Collision After collision

(a) Effective collision
Va cham khong hi¢u qua

wod o o =P

Before collision Collision After collision

(b) Ineffective collision

X . N, — s6 phan #i;
N e N* - so phan tur hoat dong;
— =8 Ea _ ndng lu’o’ng hoat héa, (J.mOI-l);

N O R = 8,314 J.mol-1.K-!;
T — nhiét do, K




Su dinh huéng khong gian gitta cac tiéu phan va cham
cling anh hudng dén toc do phan ung.

I- + CH;—Br — |- CHgy~~Br —»I-CH, +Br-
Chat phan tng Phirc chat hoat dong San pham

Dinh huéng khong thuan 1ot Dinh huong thuan lo1

EOS
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Nang lwong

g Hop chét trung gian

____________________________

Chat tham gia

San pham
| ®®
Thei gian
N =~ N, — s6 phan z;
__ e_ RT N* - 5o phan tu hoat dong;
N 5 E, — nang luong hoat héa, (J.mol?);

R = 8,314 J.mol-1.K-!:
| T —nhiet do, K




Tiéu phan hoat dong — 1a tiéu phan c6 E>E + E*

Chi ¢0 va cham
giira cac tiéu phan
hoat dong ma¢i tao
phan wrng.

Fraction of molecules

E* |— s0 tiéu phan
hoat dong T— v1.

having a certain KE

Temperature 7, > T

<~—Average KE |

/

Molecules
with enough
KE to react

|
|
|
|
|
|
»
L.l
|
|
|

Kinetic energy
EOS
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THUYET PHUC CHAT HOAT PONG

E'=H.cp-H.s — nang lwvong hoat hoa E A
. | , | k=Z7e RTeg R
AS"=Spcip - Sea — dinh hwéng kgian
000
_— e Phirc cha gt‘altie'oz.tt dong
E* oo +E*\ o =E"=134KJ -1 |
@0
e E*,=360kJ

E*t< E*n > AH < 0 ? Reactants

g

L 2 CO+NO, < . .
E t> E n — AH > O .:zj AH=-226Kk] B E C02 +E NO
Hi¢u tmg nhtst | I\ 00000
N4 2 r Products
cua phan wng cos

Progress of reaction
(AH - E*t _E*n )
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Hang so toc do k

>Y nghia vét ly: v =kCHCT
Khi C,=Cg=1mol/l v =k — tdc d0 riéng cta pw

k phu thudc vao: (1) ban chat phan tng,
(2) nhiét o va
(3) chat xuc tac.

> Biéu thire tinh:

*

E Ko —hdng s6 phu thudc Vao ban chdt phan iing,
K =k e_ﬁ E, — nang luong hoat héa, (J.mol?);
— N\g- i R = 8,314 J.mol-1.K1;
T — Nhiet do phan vng, K
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IV- CAC YEU TO ANH HUONG DEN
VAN TOC PHAN UNG

> Ban chat phan tng

>Nong d6 (4p suat ) cua chat pu

» Nhiét do

» XUc tac

> Dién tich bé mit tiép xuc (pu di thé)
» Dung moi (pu trong dung dich)

> Su khuay tron. ...

22



1. Anh hwéng ciia nong dy chat pw dén toc do pu

» Phan tmg dong thé v =kC 2 .C,"
o Phan tng di thé

Vhh =2 Vg = V= Vi

Vi, <<V|y — V=V, V=KSC/

23



2. Anh hwéng cua nhiét dé téi toc dé phan teng

a. Quy tac kinh nghiém cua Van’t Hoff

y = kT+1O _ V140 —2-4 7,“ — kT+1On

K; V; K-

24



PT Vean “1“('(2
VE T=T
—{5.:‘ S T ,L o T, =T4
! I 1S
= 'L P = R
MV B 6 ) &
Tl
: 6 g‘;
——> g; - ((oil"ﬂ = Qe0-150 -— 9'{{; (}o[a‘f) - QOOOC
e 2

= AL = £238€) ¥ €0C
(965 g2l )
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Tior & kel £
b AT
g T4 = ANs
1
:
02 (=9 o % .
xf -2 .,)Q’of;IOLCf:;)-—‘E;VQM?,/ ,QU’,OZ,S(
— = = /vameOZ.(f _
) 2] = — ' F (OO (AO,-c/to)‘
=T =Yg ;7";, ="Tit6T = j20°C
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b. Phwonq trinh Arr*henius

E

V., =k, .C"C" = (k,.e T*).C"C!

E*

Vi, =K, Co.Cq = (Ko -e_ﬁ)-CE-CS

Ea
RT x
Vip K, €7 _E [1 1)
- - E, RI\T T
VTl le _RTl 1 2

€

Khi Tt — s0 tiéu phan hoat déng N 11 2> v 11. =



43}0{;& AOOCZ[#/'

4

T —————

30%

=& 3
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3. Anh hwéng cua xtc tac téi toc dd phan rng

> Chit xiic tac — lam ting toc do pw hod hoc ¢6 AG <0
> Bic diem — lwong nho

- Sau pu dvwoc tra lai du luwong va chat
> Chiit xtic tdc - chi tham gia ¢ giai doan trung gian tao

phire chat hoat déng trung gian lam gidm ndang lwong hoat
hod cua pu — thay do1 co ché pu — tang toc do pu.

29



Phan loai

Xiic tac dong thé - chdt xic tac va chdt pw 6 cing mot
pha ( long, khi ) pw xay ra trong toan bo thé tich.

Xuc tac di thé- chdt xic tac (rin) va chit pw (khi) ¢ cdc

pha khdc nhau, pw xdy ra trén bé mdt chat xic tdc.

Da so cac xuc tac trong cong nghiep deu la xuc tac di the .

30



Tinh chat cua chat xuc tac

> Khong lam thay doi cac dic trung nhiét dong
cua hé (AU, AH, AS, AG).

> Khong 1am chuyén dich cin bang ciia phan
trng ma lam cho cin bang nhanh dat hon.

» Sw xuc tac co tinh chon loc

31



Energy (K]/ mol)

Co ché xtic tac dong thé
( Thuyéet hop chat trung gian)

Khéng xuctac A+ B =AB chéam , E’
Coxuctac K A+ K=AK nhanh ,E'< E*
AK+ B =AB + K nhanh E<E*

=00
TIncatalyzed
Eeaction
200 —
Catalyvzed
100 — Reaction
B, =115 _KI
o
Eeactants
0
cis —CyHe +1215 ois —CyHg +1 fraves —CyHg + I Products
frans —CyHe + 121,
—100

Feaction progress — =



Xuc tac dong the

«2H,0,(dd) — 2H,0(1) + O,(k) rat cham

*Khi c6 mit ion Br thi pu dién ra rat nhanh:
—2Br-(dd) + H,0,(dd) + 2H+(dd) — Br,(l) + 2H,0O(l).
—Br,(l) mau nau.

—Br,(l) + H,0,(aq) — 2Br-(aq) + 2H+(aq) + O,(k).

—Br la xuc tac vi n6 dugc hoan tra lai ¢ giai doan cudi
cua phan urng

33



Energy ——>

Uncatalyzed reaction

H202 -4 2H20 =1 BI'Z

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

Reaction pathway




Potential energy

Xtc tac dong thé

Uncatalyzed reaction
Catalyzed reaction

Phan irng phan huy
O; vo1 xuc tac Cl

0,+0+Cl

20,+Cl

Progress of reaction
EOS
35



Co ché xuc tac di the
(Thuyét hap phu)

»Khuéch tan chat pu tir ngoai dén bé ngoai mit chat xuc tac
> Hap phu chat phan Ung trén bé mat (tai tAm hoat dong
cua b€ mat xuc tac)
>Phan tng trén bé mit
»>Giai hap san pham phan tng
khoi bé mt

»Khuéch tan san pham tir

bé mat ra ngoai

36


../../PC users click here/Media_Portfolio/SurfaceReaction/SurfaceReacHydrogenation.html
../../PC users click here/Media_Portfolio/SurfaceReaction/SurfaceReacHydrogenation.html

Potential energy

Co ché xuc tac di thé

Uncatalyzed reaction
Surface-catalyzed reaction

Nhiéu pu dugc xuc tac
trén nhirng bé mat cua
chat ran thich hop .

Reactants

Adsorbed Surface
intermediates reaction

Products

Adsorbed products

Progress of reaction

EOS
37



Xuc tac di thé
Phan irng hydrogen hoa etylen
C,H,(g) + H,(g) »> C,H(g), AH =-136 kJ/mol.
<Phan wng rat cham khi khong cé xtc tac.
“*Su c6 mat c1:1a xuc tac kim loai (Ni, Pt hay Pd)
phan ung dién ra nhanh tai nhiét do phong.
— Ddu tién phén tii" etylen va hydro bi hip phu lén taim
hoat dong cua bé mat kim loai.
— Lien k‘e"t hydro bi dirt va nguyén tir hydro di chuyén
tréen be mat kim loai

38



— Khi 1 ng tir H va cham vdi 1 phin tiv etylen trén bé mt
thi Ik £ C-C bi dut va 1 lk o C-H dwo'c hinh thanh

— Khi phén tir C,H; tao thanh thi né sé dwoc gidi hap ra
khoi be mat cua xuc tac.

— Khi etylen va H,, bi hdp phu Ién bé mt xiic tic thi ning
luwong cat dut lk va nang luwong hoat hoa cua pw sé nho
hon so voi khi khong dung xuc tac.

39



Xuc tac di the

o =

Carbon

Active site




Eelative number of molecules

N

0.8

0.7

L] L]
(g b

f:b'
H=

with a given energy
L) L)
(o] wa

)
—

Lower temperature
P

|

/ * Higher temperature
L T ¥
f \
¢ 3

! \
!
T } X
! 1
v

Minimum kinetic energy

raiirard o ran ot
L "'\.1'-1.].]. R L L=y L

i
v T
y 2

Kinetic energy

266 k] /mol
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Phwong trinh Arrhenius

*

Eagay Ea o)
kX — Ae RT . - RT
t K. =Ae
V K 1 . .
N —n -t = = (E, w0~ E, '«

Vit Kioq “RT

42



Phwong trinh Arrhenius

*

_Ex
_ RT
K = A8 Vi —jp K _ L (Eoe —E'x)
. Vo o RT
_Bux
_ RT

038 = 2 [Baey -57] 2 O [3r30- 5541
N o L oaew x/z.lq £2g3 ="
= 2%,444 =)
:’> '\9)«'

T: i '(.l”,)(??’,zf'(s)") :&C’f ‘bdd (/?a:n) ]




A _ oA _ 238
e [ B ~Ef] = ﬂf;{i% [7—3’347, 368 {

= 27,484 6&;&)

~ cep( 23,48 ooy 2 ) Ve /Fﬂi)
LT ) .
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V. DANG PHUONG TRINH PONG HQOC CUA
PHAN UNG VOI CAC BAC KHAC NHAU
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. PHUONG TRINH PONG HOC CUA PU BAC 1

A —

t=0 C,
t=7 C

san pham
0 [mol/l]
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Phan Ung sau xay ra trong mot binh co the tich khong do:
(CH:;)- O(k)——+CH4(l\ CO(k) ~ Ha(k)
Phan tng ¢6 bac la 1. Ban dau chi cé (CH;3)» O vOl ap suat do duoc la P
300 mmHg. Khi phan ung thuc hien dugc 10 giay. do duoc ap suat chung cua
hé 1a P = 308.1 mmHg. Tinh hang so toc dg k va thoi gian nira phan tmg U

<C’H5)2.OCU —> CHyqy +C0q, * Hyq,
/#B”‘L‘i' (“f"‘) Fa — — N

BN (ab X
Aﬁ Cm [Af'ﬂ) Po"x- X X 24

9/3,[)/ it Bo: ZP = B-x 43X =B 42X (abn)
A,I;WMJ{W.;C«LM‘ Po'
B P -P . 3 2x

(495) (t=0)
Vd“l: X = PQP’/( Do dd: P‘,—-x: Po "(22&)
=dp _
zfo } 3



2. PHUONG TRINH PONG HOC CUA PU BAC 2

2A — san pham
1dc,

= k,C?
2 dt A
1 _ 11 1
LT o e *“2t|C C,
2 0™~0 - B
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o= LT Beirmo

a) Ve~ ekl baa 4
X8 o {‘/\.aolfj ZEX
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= 0,04 £0
C(’ - %Ce =) “p( = {L/Q X = ST 1. ‘n—l-.
B = ato ropiFeod o = OP T
€) Ce = -—:—L—)'a"" g0 L &
g oS
;) _e 1. Co-—- C(' o= Q/__?;j——(g" = _@-———/ = I ; L‘f.i;
s S L L
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R Qua trinh phong xa tuan theo phuong trinh dong hoc bac 1:
Bal tap 6 L
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