CHUYEN PE 6: PONG HOA HQC

Phin I: HE THONG LY THUYET CO BAN VA NANG CAO

I. TOC PO PHAN UNG

1. Khai niém vé téc do phan ing

Tbc d6 ciia mot phan g hoa hoc (thudng ki hiéu 13 v) 1a d6 bién thién ndng do cua
mot trong cac chat phan Gmg hodc san pham trong mot don vi thoi gian. Theo quy udc,
ndng do tinh bang mol/l, con don vi thoi gian c6 thé 1a gidy (s), phut (ph), gio (h)....

Truong hop chung, tbc d6 v 1a ham cua néng dd va nhi¢t do, nghia la v = f (C,
T). Khi T = const thiy = f(C).

2. Téc d6 trung binh ciia phan ing

Xét bién thién nong do ACtrong khoang thoi gian At, ta co:
.AC

At

Déu (+) tng v&i chit tao thanh san pham), dau (-) tng voi chit tham gia (chat dau).

Gia sir ¢ phan tmg: A + B — C + D, v6i toc do trung binh ctia phan tng trong
khoang thoi gian tir t; dén t, 13 v . Nhu vay tdc d6 phan tng dugc xac dinh theo biéu
thirc:

V=

[A-[A]_ [B.]-[B]_[C]-[C] _[D.]-[B]

V=-—

tz _t1 t2_tl tZ_tl tz_t1
Pbi voi phan ung tong quat:
aA+bB —cC+dD

Mudn cho tdc d6 phan tng don gia (nghia 1a tinh theo bat ctr chat nao: A, B, C hay
D déu cho cting mot gia tri) thi d6 bién thién ndng d6 phai chia cho hé sb ti lwong tuong
ung, nghia la
[D:]-[D,]

2
t2 t1

1

a t-t b t-t ¢ t-t d
__LAA_ 1 A[B]_1 A[C]_1 AD]
a At b At ¢ At d At

Téc dp tire thoi: Xét cac dai lugng bién thién trén du nho, nghia la v = limv

At—0

1 [A]-[A]_ 1 [B]-[B]_1 [C.]-[C]

Lic do: v=+3°
dt
v duogc goi la tdc d6 tirc thoi cua phan tng.
Xét phan tmg tong quat:
aA +bB — cC+dD
Tdc do cua phan tng trén dugc xac dinh béng mot trong cac dai lugng sau:
dC, dC, dC. dC,
Cdt | dt dt odt




Céc dai luong trén co thé khac nhau. Dé tbe do phan tng don gid thi ta viét:
1dc, 1dc, 1dC. 1 dcC,

T a dt b odt c dt d dt

Vi du: Xét phan tng tong hop SOs:

250, (k) +0, (k) = 250, (k)

- Tdc @6 trung binh cta phan tng:

_— A[SO,] _ A[0,] _1 A[SO,]
2 At At 2 At
- Tdc @6 tirc thoi ctia phan ung:
,__1dCy dCo 1 dCy,
2 dt dad 2 dt

3. Hing s6 téc do phan tng
- Tr thue nghiém, mot quy luat duoc phat hién 1a: Toc dg ciia mét phan iing ti 16 véi
tich s6 nong do tai thoi diém dang xét cia cdc chat tham gia, moi néng dé do trong
trieong hop don gidn - ¢é s6 mii bang ding hé so cdc chdt trong phdan img. D6 13 ndi
dung cua dinh luat tac dung khéi luong do hai nha bac hoc Nauy la G.Guldberg va
P.Waage dua ra vao nam 1867.
Pbi v6i phan tng:
aA+bB—>C+dD
Ta co:
v=kCiC) (*)
Trong d6: Ca, Cg 1a ndng d6 chat A va B tai thoi diém dang xét.
a, b 1a hé s6 tuong g ctia chat A, chat B trong phuong trinh phan tng.
k 14 hang so toc do ciia phan tng; k cang 16n téc do phan (mg cang 16n. Hang s k
phu thudc vao ban chét cua phan Umg, vao nhiét dg, vao dung moi va vao chat xtc
tac.
Biéu thirc (*) dugc goi 1a phwong trinh dong hoc ciia phdn g héa hoc. Mdi phan
ung hda hoc c6 mdt phuong trinh dong hoc tuong ing.
4. Bac phéan trng. M6t s6 phan &ng don gian
a) Bac phan g
Bic riéng phan cta phan tng 1a tri s6 riéng 1& cia ting s6 mil a, b, ... trong phuong
trinh dong hoc.
Bic toan phan ctia mot phan tmg 13 téng cac s mii ctia cac chit trong phuong trinh
dong hoc cua phan ung do.
Gia str c6 phan Ung:
aA+bB+...>eE+fF+...
Tbc do phan tmg duoc xac dinh theo biéu thirc:
v=KC,CY---



Trong d6 x 14 bac phan tng d6i véi A, y 1a bac phan tng d6i véi B, tong x + y 1a bac
toan phan clia phan Ung trén.

Bac phan tmg thuong 1a nhitng s6 nguyén nhé (0, 1, 2, 3) nhung ciing c6 thé 1 phan
s6. Thong thuong ta gap phan Gmg béac 1, bac 2, bac 3 va cac s mil x, y tring véi gi tri
a, b nén toc do phan tng trén duoc viét:

v=KkCiCy...
b) Mot s6 logi phdn g don gidn
* Phin rng mot chiéu bac nhat
A — San pham (4.1)
Ta co:
v=kCA

Goiala néng dd ban dau cua A tai thoi diém t = 0; néng dd cua A da phan ung sau

thot gian dt 1a x. Khi do:

CA =a-X

dc, d(a-x)
= — A:— = — 4_2
=V " i k(a—x) (4.2)

Biéu thirc (2) 1a phuong trinh dong hoc duéi dang vi phan cia phan tng (1). Ly
tich phan khong xéac dinh hai vé biéu thic (2) ta duoc:
1 a
k==In—— 4.3
t n a—X ( )
Vi du 1: Cho chét xtc tac MnO, vao 100 ml dung dich H,0, 0,05M, sau 60 gidy thu

duoc 33,6 ml khi O, (& dkc). Hay xac dinh hang so toc do k ctia phan tng.

Gidi
H,0, —% 3H.,0 +%02
Mol: 3.10°3 «~ 15.10°3
= Nong do HO, da mat di trong khoang thoi gian 60 gidy 1a
3.10°

X= =0,03M

Vay: k= 1005 =1,527-107%s™"
60 0,05-0,03

e Phin \rng mot chiéu bic hai
C6 hai trudng hop vé loai phan tng nay:
Trwong hop 1: So dd chung 1a
2A — San pham  (4.4)
Hoac:
A+B — Sanpham  (4.5)
Vi ndng d6 ban dau ciia A, B bang nhau. Phuong trinh dong hoc cho hai loai phan
ung trén la



d(a-x) 2
= = k —
pm (a—x)
Lay tich phan hai vé ta dugc:
1 X

t a(a—x) (4.6)
Truwong hop 2: So d6 chung nhu (4,5) nhung néng d6 ban dau cta A va B khac nhau.
Phuong trinh dong hoc 1a
__t ,.b@=x
a-b a(b-x) (4.7)
Trong d6 a>b; ala néng dd ban dau cua chit A; b 1a né)ng do ban dau cua chét B.
* Céc loai phan tng don gian khac
- Phan tng bac 0: Khi d6 v=k
- Phan tng bac phan s6 nhu
H, + Br, — 2HBr
- Phan @ng bac 3 tré 1én it gap.
Vi du 2: Nguoi ta nghién ctru dong hoc ctuia phan ing xa phong hoa etyl axetat:
CH,COOC,H, + NaOH — CH,COONa + C,H.OH

Nong d6 ban dau cua etyl axetat va NaOH déu bang 0,05M. Phan tmg duoc theo doi
bang cach iy 10 ml dung dich hdn hop phan tng & ting thoi diém t va chuan do bang
V ml dung dich HC1 0,01M. Két qua nhu sau:

t (phat) 4 9 15 24 37 53
V (ml) 44,1 38,6 33,7 27,9 22,9 18,5

Tinh bac ciia phan tng, hang s6 tbc do phan tmg va chu ki ban huy ctia phan tng.

Gidi
a)
CH,COOC,H, + NaOH — CH,COONa + C,H,OH
t=0 005 0,05
t 0,05 —x 0,05 - x
Gia sit phan tmg trén 13 bac 2. Tac: k=2.— % -1 X *)
t a(@a-x) t 0,05(0,05-x)

Theo phép chuan do: 10(a-x) = 0,01V. Xac dinh duoc 0,05 - x tai thoi diém t, thay
vao (*) ta tinh duogc k. Két qua k = const, nghia 1a gia thiét phan img bac 2 1a dung.

= k=0,651 vaty, ~ 30 phut.

¢) Phan ung phurc tap

Khac vé6i phan tng don gian, phan tmg phirc tap dién ra theo nhiéu giai doan trung
gian, do d6 phuong trinh hoa hoc & dang tong quét chi 1a su td hop cta nhiéu phan Gmg
trung gian vi viy n6 khong biéu thi co ché phan ting. Trong truong hop niy bac va phan
tir s6 khong trung nhau. Ta xét hai thi du sau:



Thi dy 1: Sy nhiét phan etanal (CHsCHO) khong tuan theo quy luat don gian vé su
bién thién nong do chat theo thoi gian:
CH3;CHO — CH4 + CO

Phuong trinh ddng hoc c6 dang: v =kC¥

CH,CHO
Bac dong hoc ctia phan ing nay la 3/2.
Thi du 2: Phan ing ion hoa axeton 1a phan tng bac 1:
CH,COCH, + 1, — CH,COCH, | + HI
V= kCCH3COCH3
Pay 1a phan tng phtc tap dién ra theo hai giai doan:
Giai doan 1: CH,COCH, —> CH,COH =CH, (1)
Giai dogn 2: CH,COH=CH, +1, > CH,COCH,I+HI  (2)
Phén tng (1) xay ra chdm hon nhiéu so véi phan tng (2), do d6 téc do phan tng (1)
quyét dinh téc d6 ciia phan ing giira axeton va l,.
d) Thoi gian ban huy
Thoi diém dé lugng ban dau cua chat phan Ung mét di (hay con lai, mot ntra dugc
goi la thoi gian ban huy hay chu ki ban huy. Ki hiéu: t1, hay Tip.

5. So lwgc vé co ché phan ving

Sy mo ta chi tiét qua trinh bién doi tir cac chat tham gia thanh cac san pham goi la
co ché phan tng. Duéi day ta xét mot sb truong hop:

a) Cac phan ung mot giai doan

- Phan ung don phan tu:

Loai phan trng nay xay ra do su tu phan huy chét hodc tu thay ddi trat tu lién két cua
cac nguyén tir trong phén tir. So d6 chung:

A->B+C+...

Pay la loai phan tmg bac nhat, do d6 toc do phan tng: v =kCa

Vidu:

CH,OCH, — CH, +CO+H,

CH>
/ \ —> CH,-CH=CH,
,.C CH

2
- Phan ung luong (hai) phan tu:
Trong loai phan tng ndy, chi c6 mot giai doan, hai phan tir ban dau va cham véi
nhau tao ra san pham. Pay thudng 14 loai phan tmg bac 2. So d6 tong quat:
A+B—>C+.. Tbc dophan tmg v=kCa.Cg
A+A—>B+.. Tbcdophaning v=kC?



Vidu:
NO(K) + 0, (k) — NO, (k) + O, (k)
2HI(k) > H, (k) +1,(k)
- Phan ung tam (ba) phan tu:
La phan tng xdy ra do su va cham dong thdi ciia ba phan tir. S6 phan tng loai nay
rat it vi xac suat ba phan tir va cham dong thoi rat nho. So d6 tong quat:

2A+B—>C+ ...

Day la phan tmg bic 3 nén toc d6 phan tng:
v=KkC% -C,

Vidu:
2NO(K) + 0, (k) — 2NO, (k)

Pbi véi phan ung tir tir (bon) phén tir tro 1én rat hiém gip.

b) Cdc phan vmg nhiéu giai doan

Trong phan tmg mot giai doan, bac phan tmg d6i v6i timng chat ding bang hé sb ti
lugng (s6 nguyén) trong phuong trinh héa hoc.

Tuy nhién, d6i véi rat nhiéu phan ting, bac phan tng va do d6 téc do phan ing khong
phu hop vai hé so ti luong, tirc khong tuan theo biéu thire dinh luat tac dung khoi lugng.
Nguyén nhan 1a do phan tmg tong cong bao gdm nhiéu giai doan. Tdc do phan tng dugc
quyét dinh boi tbe d6 cua giai doan cham nhat.

Vi du: Xét phan Gng:

2N, 0, (k) — 4NO, (k) + 0, (k)

V& hinh thitc day 1a phan tng bac 2, nhung thuc nghiém cho biét day 1a phan tng

mot chiéu bac nhat.

V= kCNZOS
Piéu nay duoc giai thich nhu sau: Su phan huy N,Os, xay ra theo ba giai doan:
N,O, — NO, + NO, (Cham) (1)
NO, + NO, - NO+NO, +0, (Nhanh) (2)
NO +NO, — 2NO, (Nhanh) (3)

Moi giai doan trén con dugc goi 1a qud trinh co s&. Tap hop cic giai doan xay ra tao
thanh co ché cia phan ng phan hity N>Os. Trong co ché d6 giai doan cham nhat quyét
dinh téc d6 qua trinh. Giai doan (1) 1a cham nhét nén toc do phan Gmg v = kCy,o, nhu thyc
nghiém da xac dinh chir khong phéi v=kCg , .

6. Anh huéng ciia nhiét d dén téc do phan ing. Niing lwgng hoat dong héa

a) Anh hwéng ciia nhiét dé dén toc dp phan vmg. Phwong trinh tréniuxo

e Khi ting nhiét do, tdc do phan ung ting. Piéu ndy duoc giai thich nhu sau:
Khi nhiét d6 phan ung ting dan dén hai hé qua sau:



- Téc do chuyén dong cua cac phan tir ting, din dén tan sb va cham giita cac phan
tir chat phan Ung tang.

- Tan s6 va cham c6 hiéu qua giita cac phan tir chat phan ung ting nhanh. Pay la
yéu t6 chinh 1am cho téc d6 phan tng tang nhanh theo nhiét do.

* Quy tic Van Hop: O khoang nhiét d6 gan nhiét 46 phong, khi ting nhiét do thém
10°C thi tbc d6 phan tng tang tir 2 dén 4 1an.

Ki hi¢u vy (doc 1a gama) duoc goi 1a hé s6 nhiét d6 cua toc dod phan ung:

Trong d6: k 1a tbc dd phan tmg & nhiét do T,
k' 13 tbc do phan tng & nhiét d6 T
* Phuong trinh Aréniuxo:
E

k=Ae R
Lay logarit hai vé ta duoc:
E
lgk=IgA- 4
J J 2,303RT

Trong do:
A 13 thira s6 Aréniuxo, dugc dic trung cho mdi phan Gng.
R 13 hang s6 khi; R = 1,987 calmol™. 46 hay R = 8,314 J.mol. ¢o™.



