Chuong X: Dong Hoa Hoc Nguyén son Bach

Chuong X: PONG HOA HOC
TOC PO VA CO CHE CUA PHAN UNG HOA HQC
(Chemical dynamics — The Velocity and Mechanism of Chemicals Reactions)

. Cac khai niém co ban:

1. Dong hoa hoc

- Nhiét déng héa hoc cung cip nhitng co s& dé xem xét qua trinh hoa hoc ¢é thé xdy ra hay
khong, xay ra theo chiéu nao, dén gidi han nao... Nhu vay, nhiét dong hoa hoc chi khao sat
qua trinh & trang thai ddu va trang thai cudi chi khong dé cap dén céch thirc ma hé chuyén
hoa.

- Péng héa hoc khao sat phan Gmg héa hoc dién ra nhu thé nao (nhanh hay chdm va qua
nhitng giai dogn trung gian nio) dé dat trang thai can bang, tirc 1a nghién ctru téc dp va co
ché ctia qua trinh héa hoc.

2. Tbc d6 phan g

a. Mét s6 khai niém

* Phan wng don gian va phan wng phirc tap

e Phan ung don gian: 1a phan trng chi xay ra qua mdt giai doan.

e Phan itng phirc tap: 13 phan Gmg xay ra qua nhiéu giai doan (c6 thé néi tiép hoic song
song).

Vi du: phan ing 2N,05 = 4NO, + O,
Thuoc loai phan tng phirc tap vi né gém hai giai doan noi tiép:
N>Os = N2O3 + O, (1) N20s + N,O3 = 4NO; (2)

Mai giai doan cua phan tng phuc tap duoc goi 1a mot tdc dung don gian. Tap
hop céc tac dung don gidn xdy ra trong mot phan ing phirc tap dugc goi 1a co’ ché cta
phén Ung.

* Phan tir s6 va bic phan ng

e Phdn tir 56 12 s6 phan tr tham gia vao mot tac dung don gién. Nguoi ta phan
biét phan ung don phan tu, lwong phdn ti, tam phan tu ..

e Bic phdn irng: bang tong s6 mii cua nong do cac chét phan tng ghi trong biéu
thive dinh lugt tic dung khoi lwong. Néu tong cac sé mii d6 1a 1, 2, 3... thi
phan tng dugc goi 1a phan ung bdc mot, bac hai, bac ba ...

Chay:

o Dei véi cde phan vmg don gian, bdc phan g tring phdn tir s6.

o Trong cdc phan itng phirc tap, bdc cia phan ung dwoc xdac dinh boi giai
doan chdm nhdt nén bdc ciia phan vmg khéng tring véi phan tir sé.

o Bdc phan iing cé thé bang khéong hodc khéng phdi la sé nguyén
* Phan ng dong thé va phin \ng di thé :
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e Phan ung dong thé : 1a phan rng c6 tat ca cac chat dau va san pham cudi nam
trong cung mot pha.

e Phan iing di thé : 13 phan tmg c6 cac chat dau va cudi khac pha.

b. Téc dd phan vng va biéu thire toe dd

* Tdc d phan wng: 13 sb tac dung don gian cua phan Gng hoa hoc dién ra trong mot
don vi thoi gian va mot don vi thé tich (d61 véi phan img dong thé) hodc trén mot don
vi dién tich bé mat phan chia pha (d6i vo1 phan tng di the)

Ac

Ay

=t

- Toc dé trung binh : v

A a Ly e _ . dc
- Toc do tire thoi - vt
dt

& day: néuC lanong do cua chat phan Gng thi 1ay dau —
néu C 13 ndng d6 cta san pham thi liy ddu +
Téc d6 cua phan Ung khong nhing phu thudc vao ban chét ctia phan tng, ma

con phu thudc vao cac yéu té khac nhu: nong do cac chat tham gia phan ung, ap sut
(d6i v6i cac phan tng c6 chat khi tham gia), nhiét d9, xuc tac, tap chat, kich thudc hat
(do1 véi cac phan trng c6 chat ran tham gia), moéi truong (doi voi cac phan ung trong
dung dich)...
* Biéu thirc téc d6 va bic phan ng — Pinh luit tic dung khdi lwong (Guldberg va
Waage):

Toc do tirc thoi cia phdan vmg ty 1é véi tich s6 nong do tai thoi diém dé cia cdc

chat tham gia phan ung(voi so mil xac dinh nao do).

Vi du: P6i véi phan Gmg tong quat: aA+bB=cC+dD

Biéu thuc toan hoc cua dinh luét tac dung khdi luong c6 dang: |[v ~ kC .C.

e V:tdc do tirc thoi cia phan tng & thoi diém xac dinh.
o CupCp: néng dd tirc thoi cua cac chat A va B & thoi diém do.
o k: héng s6 toc do, phu thudc vao ban chét cta phan rng va nhiét do.
e n, m:sbmil. Dbi voi phan tng don gian: n=a, m=b.
Dbi voi phan tmg phirc tap: n = a, m = b.
n + m = bic phan ung.
*Hang s6 toc dd k: KhiCa=Cg=1mol/l => v=k

- Y nghia vat Iy cua hing s6 toc dg K : hing so toc do K 1a tdc dd riéng cia
phén tng khi ndng do cac chit tham gia phan Gmg bang nhau va bang 1mol/l.

=k phu thuoc vao ban chat, nhiét do va chat xic tdc.

£ s”

- Bieu thuc tinh: K=0a¢g BT trong d6 a =74 R
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S
Vay: k = Ze ®" e " | ( Thuyét hoat hoa Arrhenius)

£

o Z:hésd, ty 1€ voi téng s6 va cham cua cac tiéu phan trong mgt don vi thé
tich va mot don vi thoi gian .

e E": ning lugng hoat hoa ciia phan ng.
e S entropi hoat hoa cua phan tng.
* Ning lwong hoat héa E .

- Khéng phai moi va cham cua cac tiéu phan phan Gmg déu c6 thé tao thanh san
pham.

- V6i mot phan Gng nhit dinh, cac va cham chi c6 hiéu qua khi ning lugng cua
cac ti€u phan va cham phai 16n hon nang lugng trung binh cuia h¢ mdt gia tri du
to1 thi€u nhat dinh E nao do.

Gia str c6 phan ung: A(k) + Bg(k) = AB(k) + B(k)
Khi A tién lai gan B,, khoang cach giita A va B, giam dan trong khi khoang cach giita
cac nguyén tir B tang dan:
A.B-B—-A..B.B—->A-B..B

Ning luong du cia cac tiéu phan va cham dung dé 1am suy yéu lién két B — B
va du détaora A ... B..B, goi la phiic chdt hoat déng. Nang luong tdi thiéu ma céac
tiéu phan tham gia va cham phai co6 dé dat dugc phtrc hoat dong goi 1a nang luong
hoat héa ciia phan irng. Con céc tiéu phan c¢6 ning luong du duge goi 1a cac tiéu phdn
hoat dong.

Ning luong hoat héa cta phan tmg cang nho thi cang c6 nhiéu tiéu phan tre
thanh hoat dong, do d6 toc do cua phan ung cang 16n.

* Entropi hoat hoa S

Khong chi ¢6 ning luong hoat héa ¢ anh hudng dén téc do cua phan tng. Két qua
nghién ctru cho thiy kich thudc, hinh dang va nhét 13 vi tri khong gian khi va cham
clia cac tiéu phan hoat dong cling dong vai tro quan trong.

Xéc suat dinh huéng c6 hiéu qua khi va cham duoc dic trung boi dai lugng entropi
hoat hoa S

s6 dinh hudng c6 hiéu qua
S*=RlIn

tong s6 cach dinh hudng c6 thé
S"=RInW
ViW<1nénS <0
3. Cic yéu té anh hwéng dén toéc dd phan tng héa hoc (Influencing factors)

a. Anh hwéng ciia ndng do chit phan &ng téi toc d6 phan ng.

Dinh luat tac dung khéi luong.
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*Trong hé dj thé: toc d6 phan ng khong nhimg phu thugc vao rjéng d6 chét phan ng
ma con phu thudc vao dién tich bé mat tiép xdc pha. Dién tich tiép xuc cang 1én thi toc
d6 cang cao.

b. Anh hwéng ciia nhiét do téi toc dd phan Gng.

* Quy tic thwe nghiém ciia Van’t Hoff

Khi tang nhiét do thém 10°C, toc do phan vmg tang 1én tir 2 t6i 4 lan.
7/ = k TYT10 = 2 = 4
k T
e v : hé sb nhiét do (1a sb 14n ting 1én cua tc do phan tng mdi khi tang 10°C).

e k : hang sd toc do.

‘ AT

, n — T+ — 10
ToOng quat: 4 } hay: VT+AT - VT'YIO

)
TD: O 100°C, mét phan tng két thiic sau 3h . Hé s6 nhiét do cia phan tng la 3.
Khi tdng nhiét do phan (g 1én 130°C thi thoi gian phan tng sé la:

A. 20 phat B. 60 phut C. 400 giay D.30 phut

E 130—-100 , .
kriar = ky X yto = kp X 37 10 =27 X k. Nghia la toc do tang 1én 27 l1an.
= Thoi gian két thic phan tng 1a: % = 400s (C)

* Giai thich sw phu thudc ciia toc do phan ving vao nhiét do.

- Khi nhiét d6 tang, chuyén dong nhiét cua cac tiéu phan tang, s6 va cham gitra
chung tang 1én lam cho toc d phan tng tang 1én. Tuy nhién khi nhiét d¢ tang, so va
cham tang khong dang ké.

- Khi nhiét d6 ting sb tiéu phdn tré thanh hoat dong tang.
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Hinh 10.1. Anh hwong cua nhiét do
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Theo dinh ludt Boltzmann — =

Trong do N’: 6 tiéu phan hoat dong

N : s6 Avogadro — s6 phan tir c6 trong 1 mol chat.

Khi nhiét d¢ ting, sb tiéu phan hoat dong tang rit nhanh, nén toc d6 phan tng ting
rt nhanh.

c. Anh hwong cua xuc tac toi toc do phan wng.

* Khai niém vé chat xUc tac

XUc tac la sy lam thay déi téc do cua cac phan tng hoa hoc hodc gy nén phan
ung neu vé mat nguyén tic phan Gmg c6 thé xdy ra (AG < 0) dugc thyc hién boi
mot s6 chat ma sau phan ng s& con nguyén ven vé khéi luong va tinh chat hoa
hoc.

Chdt xiic tdc 12 nhitng chat gdy ra sy xuc tac.

Céc chat 1am tang toc do phan tng duoc goi 14 chdt xiic tdc. Cac chat 1am giam
toc do phan ung goi 1a chat vrc che.

H¢ xuc tac dugc chia thanh xuc tac dff)ng thé va xtc tac di thé.

+ Trong cac hé xiic tdc dong thé, chit xuc tac va chat phan tng & cung mot pha
(16ng hay khi), phan trng xay ra trong toan bg thé tich h¢ phan tng.

+ Trong cac hé xiic tdc di thé, chat xtic tic va chat phan ng & cac pha khac
nhau (thong thuong chat xtc tac & pha ran, con chat phan Uing ¢ pha long hay
khi), phan tng chi xdy ra trén bé mdt cua chat xtc tac.

Cac dac diem chung cua cac qua trinh xuc tdc:.

+ Chat xtc tac khong lam thay doi cac dic trung nhiét dong cua hé phan ung.
Néu mot phan tng khong thé xay ra vé mat nhié¢t dong thi viéc dung chat xtc
tac ciing khong thé lam no xay ra dugc.
+ Chét xuc tac khong 1am thay d6i can bang ctia phan tng ma chi lam cho can
bang nhanh dat dugc hon.
+ Su xuc tac ¢6 tinh chon loc: mot chat xtc tac chi ¢6 tac dung xtc tac cho mdt
phan ung hay mot loai phan ung nhat dinh; cuing mdt chat nén, nhung dudi tac
dung cua céc chat xuc tac khac nhau s€ thu dugc nhirng san pham khac nhau.
Vi du:

C,HOH —" > cCcH CHO *H,

C,HOH —™*>c H, TH,0

2

* Co ché cua qua trinh xuc tac.

Chdt xiic tdc ¢é tac dung lam giam ndng lwong hoat héa cia phan ing bang
cach thay doi co ché cua phan g, ttr 6 1am thay doéi toéc do cia phan tung.
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- Co ché xic tic dong thé: Thuong duoc giai thich bang thuyét hop chdt trung

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

AK + B=AB + K nhanh
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Hinh 10.2. Su thay doi co ché khi ¢é mdt xiic tdc

- Co ché xiic tdc dj thé: thuong dugc giai thich bang thuyét hap phu. Su hap phu
vat 1y chi 1a giai doan dau cua qua trinh xuc tac, cac phan tir bi hap phu dudi tac
dung cua céc lyc hoa hoc trén bé mit chét xtc tac trd nén hoat dong. Vay chat
xuc tac lam tang hoat tinh cuia cc phan tir, do d6 lam tang téc do ciia phan ung.
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Hinh 10.3. Su thay doi nang lwong hoat héa khi cé mat xiic tac
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