HOA PAI CUONG — GV Nguyén thi Bach Tuyét

CHUONG VII. PONG HOA HOC

1. CAC KHAI NIEM CO BAN

1. Khai niém vé dong héa hoc.

- Nhiét dong héa hoc cung cp cho ching ta nhing co so dé xem xét nhitng qua trinh
hoa hoc ¢ thé xay ra hay khong, xdy ra theo chiéu nao, dén giéi han nao va diéu
kién can bang cua nd... Nhiét dong hoa hoc chi khao sat qua trinh ¢ trang thai dau va
trang thai cudi chir khong quan tdm t6i dudng di cta qua trinh.

- Pong héa hoc khao sat phan ing hoa hoc dién ra nhu thé nao (nhanh hay cham va
qua nhiing giai doan trung gian nao) dé dat trang thai can bang, tirc 12 nghién ctru toc
dd va co ché cua qua trinh héa hoc.

2. Mot s6 khai niém vé phan mg héa hoc.

a. Hé so ty lwong ciia phan tng hoa hoc: 13 nhimg con sb chi sé nguyén tu,
phan tir va ion cia cac chat tham gia twong tac duoc ghi trong phwong trinh
phan tng da can bang.

Vi du: trong phan rng N2+ 3H2 = 2NH;s
Hé s ty lwong ciia N2, H2 va NH3 twong tmg 1a 1, 3, 2.

b. Phan wng don gian va phan &ng phic tap.

- Phan #ng don gian: la phan (g chi xay ra qua mét giai doan

- Phan ing phizc tap: 1a phan ¢ng xay ra qua nhiéu giai doan.

Vi du: phan tng 2N205 = 4NO2 + O3

La phan ang phic tap vi né gdm hai giai doan ndi tiép sau:

N2Os = N2O3 + O2
N20s5 + N2O3z = 4NO2
Mdi giai doan ctia phan ung phirc tap dugc goi la mot tac dung don gian. Tap
hop céac tac dung don gian xay ra trong mot phan @ng phic tap duoc goi 1a co ché cua phan
ung.
c. Phan tir s6 va bac phan &ng.

- Phan t s6: 1a s6 phan tir tham gia vao mot tac dung don gian.
Nguoi ta phan biét phan ang don phan tir, lwong phan tu, tam phdn
tur ..

- Bdc phan #Ng : bang tong sé mii ctia ndng do cac chat phan ung ghi
trong biéu thtrc dinh luat tac dung khéi luong. Néu tong cac sé mii d6
la 1, 2,3 ... thi phan &tng duoc goi la phan #ng bdc mét, bdac hai, bdc
ba ...

Péi vai cac phan ang don gian, bac phan tng = phan tir s6. Trong cac phan tng
phtrc tap, bac caa phan ung duoc xéac dinh boi giai doan ndo l1a cham nhét nén bac
ctia phan &ng khong tring véi phan ti so.
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d. Phan ing dong thé va phan tng di thé.
- Phdn ing dong thé : 1a phan tmg c6 cac chit dau va san pham cudi
nam trong cling mot pha.
- Phan ing d; thé : 12 phan ang dién ra trong hé di thé.

e. Toéc dj phin dmg: 1a s6 tac dung don gian cua phan ng héa hoc dién ra
trong mét don vi thoi gian va mot don vi thé tich (d6i véi phan ng dong the)
hoac trén mot don vi dién tich tiép xdc bé mat phan chia cac pha (doi vai

phan tng di thé)
F O < .- AC
-Toc dg trung binh: v i?t
- Téc dp tic thoi : v=i‘ij_(t7

dday: néuClanong do cua chat phan ing thi lay dau —
néu C la nong do cua chat san pham thi lay dau +
Tbc d6 cua phan ung khong nhiing phu thudc vao ban chat cua phan tng, ma con
phu thudc vao céac yeu t6 khac nhu : ndng do cac chat tham gia phan ng, ap suat (ddi voi
cac phan ung c6 chat khi tham gia), nhiét do, xdc tac, tap chat, kich thuéc hat (d6i véi cac
phan wng cé chat ran tham gia), moi truong (d6i voi cac phan &ng trong dung dich)...

II. CAC YEU TO ANH HUONG TOI TOC PQ PHAN UNG
1. Anh hwéng ciia nong do chat phan tng téi toc dd phan ing.

a. Pinh luit tic dung khoi hrong.

- Pong hoéa hoc quan niém rang: mudn cho phan tng xay ra thi cac phéan tir cia céc
chat phan Gmg phai va cham v&i nhau. S6 va cham cang 16n thi tdc d6 phan tGng cang
16n. Mit khac, sé va cham cang 16n khi s6 phan tir cang nhiéu, ¢ nghia 1a nong do
cac chat phan ng cang 16n. Nhu vay, téc d6 phan tng ty 18 thuan voi nong do céc
chat tham gia phan tmg.

- Nim 1864, Gulberg va Waage (nguoi Na — uy) dua ra dinh ludt tdc dung khéi heong:
“Trong hé dong thé, & nhiét dp khéong doi, toc do phan vmg ty 1é voi tich s6 nong dé
cdc chdt phdn g véi s6 mii bang hé sé hop thirc cia ching trong phiwong trinh
phan img.” Pinh luat nay chi 4p dung mot cach chinh xac dbi voi cac phan ing dong
thé don gian.

- Pbi véi phan ung phirc tap, dinh luat tic dung khdi lugng c6 thé phat biéu nhu sau:

Doz Vv6i phdn g mot chiéu ¢ nhiét do xdc dinh c6 bdc phan irng dong hoc xac dinh,
toc do tire thoi cua phan wng ty 1¢ voi tich $6 nong do tai thoi diém do cia cdc chat cé
danh hwong dén toc dé véi sé6 mii Xac dinh nao do.

Vi du: Di voi phan g tong quat: aA+bB=cC+dD

Biéu thtc toan hoc cta dinh luét tac dung khdi lugng c6 dang: v =kCICT
O day:v - toe do tire thoi cia phan ting & thoi diém xac dinh

Ca, Cs — ndng d6 tirc thoi ctia cac chit A va B ¢ thoi diém do6.
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k - héng s6 tdc do, phu thudc vao ban chét cua phan rng va nhiét do.
n,m - s mi. Dbi v6i phan tng don gian: n=a, m=b.

Déi vai phan wng phic tap: n = a, m = b.

n + m = bac phan ung.

b. Hiang s6 téc dd k.
v=kC,C{
Khi Ca=Cg=1mol/l, v=Kk
- Y nghia vdt Iy cia hang sé toc dé: hang sé toc do 1a tbe do riéng cua phan tng khi
nong do cac chat tham gia phan tng bang nhau va bang 1mol/l.
= s”

- Biéu thic tinh: k=ae R trong d6 a=ZeR
E" s
Vay: k=Ze RlegR

& day: Z - hé sd, ty 1& vai tong sé va cham cua cac tiéu phan trong mot don vi thoi
gian va mot don vi thé tich.

E* - nang lugng hoat hda cua phan tng.

S” - entropi hoat hdéa cua phan tng.
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Ning lwgng hoat héa E”.
Vao giita thé ky 19, nha bac hoc ngudi Thuy Dién Svante Arrhenius (1859 —
1927, giai thuang Nobel vé& héa hoc nam 1903) d4 dua ra gia thuyét rang:
- Khéng phai moi va cham cuia c4c tiéu phan phan ang déu ¢ thé tao thanh san pham.
- V6i mét phan tng nhét dinh, cac va cham chi ¢é hiéu qua khi nang luong cua cac
tiéu phan va cham phai 16n hon ning luong trung binh ctia hé mot gia tri du ti thiéu
nhat dinh E* nao do.
n A

han va cham c6 dong nang lon

AV
0 E  E+E" E

Gia st c6 phan ung: Ak *+ Ba) = ABk) + B
Khi A tién lai gan B2, khoang cach gitra A va Bz giam dan trong khi khoang céch giira céc
nguyén tir B tang dan:

A.B-B—-A.B.B—>-A-B..B

Nang luong du cua c4c tiéu phan va cham dung dé 1am suy yéu lién két B — B va du
dé tao ra A ... B ... B, goi 1a phirc chat hoat déng. Nang luong téi thiéu ma cac tiéu phan
tham gia va cham phai c6 dé dat dugc phtic hoat dong goi 1a nang liong hoat hoa cia phan
ing. Con céc tiéu phan co nang lugng du dugc goi la cac tiéu phan hoat déng.

Ning legng hoat héa cua phan ang cang nho thi cang c6 nhiéu tiéu phan tré thanh
hoat dong, do d6 téc do cua phan tng cang lon.

c. Entropi hoat héa S".

Khong chi c6 nang luong hoat hda c6 anh huong dén téc do cua phan tng. Két qua
nghién citu cho thay kich thudc, hinh dang va nhat 12 vi tri khong gian khi va cham cia cac
tiéu phan hoat dong ciing déng vai trd quan trong.

Xéc sut dinh hudng co hiéu qua khi va cham duoc dic trung boi dai luong entropi hoat
héa S*

s6 dinh huéng c6 hiéu qua
S*=RIn
tong s6 cach dinh huéng cé thé
S"=RInW
ViIW<1nénS <0

2. Anh hwéng ciaa nhigt dg t6i toc dé phan dng.
a. Quy tic kinh nghlem cia Van’t Hoff (1852 — 1911), nha hoa hoc nguoi Ha
Lan): Khi tang nhiét dé thém 10°, toc dg phan ing tang 1én tir 2 téi 4 lan.

:kT—"m:2+4
.

y - hé sé nhiét do.

3 L X 5 , k
k - hang so toc dg.  Tong quat: y" =0
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b. Giai thich sy phu thudc cia toc dd phan wng vio nhiét dd.

- Khi nhiét @6 tang, chuyén dong nhiét cua cac tiéu phan ting, sé va cham giita ching
tang 1&n 1am cho toc do phan wng tang 1én. Tuy nhién khi nhiét d¢ tang, sé va cham
tang khdng dang ké.
Vi du: khi nhiét d¢ tang tir 27°C 1&n 37°C ta c6 thé chieng minh rang dé ting téc d6 khéng
thé do c6 thém nhiéu va cham giira cac tiéu phan.

+ Nhiét ¢6 Kenvin chi tang 3,3%

+ Pong nang trung binh cia cac tiéu phan ty 1& vaéi nhiét do nén dong nang trung
binh cua céc tiéu phan ciing s& ting 3,3%.

+ Pong ning (E = Y2 mv?) s& tang 3,3% khi toc do trung binh cua ching tang 1.8%
(1.82~3.3)

+ Tan sd va cham giira cac tiéu phan ty 18 thuan véi toc do phan tng nén khi ting
nhiét do 1&n 10° tan sé va cham chi 1am tang 1,8% tdc d6 phan tng.

- Khi nhiét do tang sb tiéu phdn tré thanh hoat déng tang.
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266 kT /mol

Theo dinh luat Boltzmann

Trongdd N -6 tiéu phan hoat dong

No — s6 Avogadro — so phan tir o trong 1 mol chat. ’
Khi nhiét d6 tang, so tieu phan hoat dong tang rat nhanh, nén toc do phan tng tang rat
nhanh.

3. Anh huéng ciia xic tac t6i toc do phan ing.
a. Khai ni¢m vé xuc tac va qua trinh xuc tac.

- Xuc tac 1a sy lam thay d6i téc do cua cac phan tng hda hoc hoic gay nén phan tng
néu v& mat nguyén tic phan ung c6 thé Xay ra (AG < 0) duoc thyc hién boi mot s6
chat ma sau phan &ng s& con nguyén ven vé khéi lrong va tinh chat hoa hoc.

- Chat xiic tac 1a nhitng chat gay ra su xdc tac.

- Céc chat lam tang téc d6 phan ung duoc goi 1a chdt xtc tac. CAc chat 1am giam téc
d6 phan tng goi la chdt itc ché.

- Hé xuc tac duoc chia thanh xUc tac déng thé va xUc tac di thé.
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+ Trong cac hé xUc tac dong thé, chat x(c tac va chat phan ¢ng ¢ ciing mét pha (long
hay khi), phan :ng xay ra trong toan bo thé tich hé phan ung.
+ Trong cac hé xUc tac d;i thé, chat xic tac va chat phan tng ¢ cac pha khéc nhau
(thdng thuong chat xdc tac & pha ran, con chat phan ¢ng ¢ pha long hay khi), phan
g chi xay ra trén bé mat cua chat x(c tac.
- Céc dic diém chung cua cac qué trinh xdc tac:
+ Chat xUc tac khong 1am thay doi cac dic trung nhiét dong cua hé phan ang. Néu
mot phan tng 1a khong thé vé mat nhiét dong thi viéc dung chét xdc tac khong thé
lam no xay ra duoc.
+ Chat x(c tac khong lam thay di can bang cua phan @ng ma chi 1am cho can bang
nhanh dat duoc hon.
+ Sy xUc tac c6 tinh chon loc: mot chat x(c tac chi co tac dung xuc tac cho mot phan
rng hay mat loai phan wng nhat dinh; ciing mot chat nén, nhung duéi tac dung cua
cac chat xuc tac khac nhau s& thu duoc nhitng san pham khéac nhau.
Vi dy: C,H,OH —&2" ,CH.CHO
C,H,OH %2 >C,H,
b. Co ché cia qua trinh xuc tac.
Chdt xiic tic c6 tic dung lam gidm ndng lwong hoat héa cia phan ang bang céch
thay ddi co ché cua phan tng, tir &6 1am thay doi tbc do caa phan ang.
- Co ché xUc tac dong thé: Thuong duoc giai thich bang thuyét hep chat trung gian:

Phan ung A+B=AB cham
Khi c6 mat chat xc tac K: A +K=AK nhanh

AK + B =AB + K nhanh
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- Co ché xUc tac di thé: thuong dugc giai thich bang thuyét hap phu: sy hap phu vat
ly chi la giai doan dau cua qua trinh xdc tac, cac phan tir bi hap phu dudi tac dung
cua cac lec hda hoc trén bé miat chét xdc tac trd nén hoat dong. Vay chat xdc tac lam
tang hoat tinh ctia cac phan tir, do d6 l1am tang toc d6 cua phan &ng.
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